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Abstract

Both sorghum and pearl millet are staple food crops fergbor people in the semi-arid tropics
(SAT). However, during the last two decades both cropsbacoming less important as staple
foods in SAT countries. Demand for coarse cereals (sacdoeghum and pearl millet) as human
food is decreasing in many countries, due to increasedugtoxh and availability of preferred
cereals (such as rice and wheat) at subsidized pricespddrdarmers in rainfed SAT cannot grow
other crops, and are economically impacted negativeltheasdo not get reasonable price for their
produce. However, possibilities of alternative usesasghum and pearl millet are creating new
opportunities that have potential to increase marketadal and income to farmers.

An Expert Meeting on "Alternative Uses of Sorghum and P&#illet in Asia” was
organized to: (i) synthesize the available informatiad assess the future outlook for increasing
the demand and expanding market opportunities for atere uses of sorghum and pearl
millet with special reference to alternative novel foobgqucts, livestock feed, starch and
brewing/distilling industries; (ii) assess existingdammproved sorghum and pearl millet
cultivars for suitability of alternative uses mentionaabve; and (iii) identify potential players
and opportunities for stimulating the institutional atices among public, private, industry and
N GO sectors to enhance alternative uses and market den&rty participants from China,
India, Indonesia, Pakistan, Thailand, USA and ICRISATculsed the various aspects
(mentioned above) to enhance the utilization of sorghaoh gearl millet that would lead to
sustained market demand for these crops. This, in turn, dveasure increased income and
better livelihoods for the resource-poor sorghum and pediet farmers in the SAT countries.

The proceedings document the 22 papers presented axfieat meeting to serve as a
valuable reference book on alternative uses of sorghumpaarl millet.
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Foreword

In a joint undertaking by the Common Fund for Commodities, FAO and
ICRISAT, an "Expert Meeting on Alternative Uses of Sorghum and Pearl
Millet in Asia" was held in Patancheru, India, from 1 to 4 July 2003, financed

by the Common Fund for Commodities.

The meeting brought together international experts on sorghum and pearl
millet processing, food, feed, alcohol and brewing and other industrial and
alternative uses. The experts analyzed current and future demand and
identified constraints to various uses of sorghum and pearl millet, including
high quality grain and fodder, food and feed processing, as well as new product
developments and marketing.

About 50 representatives from governments, industry and research institutes
from China, India, Indonesia, Pakistan, the Philippines, Thailand, the United
Kingdom, the United States of America and international organizations
attended the meeting, which concentrated on:

(i) the identification ofdevelopment issues for sorghum and pearl millet;

(i) the priorities for the development of sorghum and pearl millet; and

(iii) the formation of proposals for interventions on the basis of the

identified development priorities.

The meeting noted that sorghum and pearl millet offered considerable
opportunities in the context of poverty reduction and food security in Asia.
However, sorghum and pearl millet were facing increasing competition from
other industrially produced grain crops from temperate regions, which could
lead to marginalization of producers in semi-arid tropic areas. The
development of alternative uses and new products from sorghum and pearl
millet would be among the most effective mechanisms to maintain and
improve the economic base of farmers in the semi-arid tropics of Asia.
The expert meeting is an example of the Common Fund's commitment to
assist commodity producers in marginal areas in developing countries to
maintain their source of income and to successfully participate in an
increasingly integrated world economy. It is hoped that the meeting and its
proceedings will contribute to the sustainable development of the semi-arid

tropic regions in Asia.

Dr. Rolf W.Boehnke

Managing Director

Common Fund for Commodities
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Welcome Address
WD Dar?

Exploring alternative uses of sorghum and pearl
millet in Asia

Guests and colleagues from ICRISAT, good morning. AMome to
welcome all of you to this "Expert Meeting on Alternae Uses of
Sorghum and Pearl Millet in Asia". This will go on frotoday (1 July)
until 4 July 2003.

First of all, | would like to thank the Common Fund for
Commodities (CFC) for its financial support and for jdin organizing
this workshop with ICRISAT. The same thanks also go thet
Intergovernmental Group on Grains, FAO, Rome, for dspport. My
special thanks are also due to Mr Andrey Kuleshov &A@ and Mr Myles
Mielke of FAO for all their whole-hearted support to thisitiative. |
would also like to thank Dr Guy Spielberger, ManagingrB¢tor of Effem
India for their financial support. Effem India is anoth@eew partner of
ICRISAT, further broadening our partnership with theiyate sector.

This is just one aspect of ICRISAT's total research progr which is
guided by our new vision: "improved well being of the poof the semi-
arid tropics through agricultural research for impacfld attain this, we
are committed with our mission "to help the poor of themi-arid tropics
through science with a human face and partnership-dasesearch and
development to increase agricultural productivity anfdod security,
reduce poverty and protect the environment in SAT protdan systems.”

ICRISAT's vision is guided by the seven planks okethew CGIAR
vision and strategy. This is also anchored on our cacoanpetencies and
thematic comparative advantages, strategic analysispgortunities in the
semi-arid tropics and potential impacts on the livedods of the poor. In
order to pursue our vision and mission, we have mapped @ix global
research themes which form the core of our researchtsgy. These are:
1. Harnessing biotechnology for the poor
2. Crop improvement, management and utilization for fosacurity and

health

1. ICRISAT, Patancheru 502 324, Andhra Pradesh, India.



3. Water, soil and agro-diversity management for ecosystesalth
4. Sustainable seed supply systems for productivity

5. Enhancing crop-livestock productivity and systems diiéication
6. SAT futures and development pathways

As you can see from the foregoing, we are very much involved i
improving crops and managing natural resources. The Glohheme-2
(GT-2) on Crop improvement, management and utilizatioor ffood
security and health is one of the major themes dealing witih mandate
crops. These are sorghum, pearl millet, chickpea, phpea and
groundnut. These crops are grown by the poor farmers in thmisaid
tropics ofthe world.

GT-2 has regional projects in Asia and Africa. But for therpose of
this meeting which is focused on Asia, | would like to menrtithat this
theme has two major projects in this region: one dealing widfop
improvement and management and the other dealing witlparaglization
including alternativeusesand novel foods. This meetingill focus mainly
on alternative utilization strategies, which can open upceas to
diversified high quality products, novel foods and feedrhalations and
should ultimately look at the market issues.

| am happy to inform you that since January 2003, ICRISATong
with other partners has already initiated a DFID-fundedjpcct. This is
titled "Exploring marketing opportunities through a reselaindustry and
userscoalition: Sorghum poultry feed". We hope that this pgojwill lead
to the establishment of market links between sorghum farmmed poultry
feed manufacturer. This is a pilot project to explore tHeeenative uses of
the crop leading to commercialization.

| am very happy to see a wide range of participants from anber of
countries from Asia, and also from USA; and a range of pardneresearch
institutions, private sector seed companies, NGOs, feeanufacturers,
alcohol and beverage industry, sugar industry, snackh &mod processors,
market specialists, farmers' organizations and farmetsam therefore
confident that the results of this meeting will signifrtdy boost our
initiatives in alternative uses of sorghum and pearl mtlie Asia. But most
of all, our work should reach the most marginalized, disattaged and
hungry. We must therefore tailor our research efforts toemmeeal human
needs: reducing poverty, hunger, environmental degtexda and social
inequity. This is the heart of doing science with a humacefa



You are going to discuss a subject of futuristic importardagring the
next 4 days. ICRISAT remains fully committed to this irdtive of CFC
and supported by many other partners on alternative usesoogdhum and
pearl millet in Asia.

| wishyou all success imhis workshopandhopeyouwill enjoy your
brief stay at ICRISAT.

Thank you.



Opening Remarks by the CFC

A Kuleshov !

Distinguished Director General, Dr William Dar
Distinguished representative of the FAO

Dr Gowda, Global Theme Leader

Colleagues, Ladies and Gentlemen

It is a pleasure for me to greet you on behalf of the Managing
Director of the Common Fund for Commodities (CFC), Dr Rolf W
Boehnke in this Expert Meeting on utilization of sorghum amdllet in
Asia. First of all,  would like to thank ICRISAT, whose kdnassistance to
this project has made this meeting possible. | would aliske Ito say how
pleased | am to visit the state ofAndhra Pradesh on this siooa | want to
express my gratitude to the people of Andhra Pradesh forcwmling the
participants ofthis international meeting. Finallywlould like to thank all
international participants for taking time to join the ntegg.

The current meeting stems from two project proposals subed to
the CFC some 4 years ago concerning the realization of theekbgpment
potential of sorghum and millet in the semi-arid tropicSAT). While the
CFC recognized the importance of sorghum and millet fooducers'
livelihoods and for general food security in the SAT, thenGultative
Committee of the CFC also noted the complexity of theuessinvolved.
In particular, the many programs currently being implemeadin this field
make prioritization essential in order to justify contindu@onor support
for this undoubtedly worthy cause.

First and foremost, | see the meeting's purpose as to iidgndand
prioritize the problems of sorghum and millet developmen Asia and to
work out actionable recommendations addressed to the atiro
development community. A systematic approach to the sabjwould
avoid duplication and would help alleviate poverty and deailth the
problems of nutrition in the sub-region.

In particular, | hope that this Expert Meetimgll:

* ldentify and prioritize the development issues in respettsorghum and
millet
* Work out a set ofinterventions on the basis ofthe develepmpriorities

1. Common Fund for Commodities, EO. Box 74656,1070 BR Amdtan, The Netherlands.



« Explain the nature of problems and development priostief the two
commodities
* Provide such knowledge to donor agencies as a bagigdint action.
This meeting follows a similar meeting in West Africand it is
financed as a project under the CFC Fast Track Projecility. This in
itselfis anindication ofthe attention givento thewklopment of sorghum
and milletinthe SAT The Common Fund Member countriesua listen
with attention to the practical recommendations emergifmgm expert
discussions here in the next few days, and the decsiorade afterwards
will depend on theclarity and relevance otheserecommendations to the
overall development of the region.
Ladies and Gentlemen, | wish you a successful meeting



Message from FAO

The Food and Agriculture Organization of the United Nats (FAO) is
glad to know that the International Crops Research Ind@tior the Semi-
Arid Tropics (ICRISAT) and Common Fund for Commoditi¢€FC) are
organizing an Expert Meeting on Alternative Uses of Slough and Pearl
Millet in Asia. However, the FAO regrets not being allle attend this
important event but wants to express its sincere thankstlie invitation.
By a way of contributing to the discussions, FAO is proimgd this brief
statement, reflecting on developments in Asian pearllet and sorghum
markets and providing its latest assessment of the glotereal market
situation.

It may be important to draw attention to a collaboratiwtudy
conducted by FAO and ICRISAT on world sorghum and milllmarkets
(Source: FAO and ICRISAT 1996. The world sorghum and nmatll
economies: Facts, trends and outlook). Reflecting oe thain findings of
that study, it could be said that little has changed orghum and millet
economies, both in global as well as regional terms, sitme@publication of
the results in 1996. Sorghum and millet remain importaateals in Asia,
although well behind rice, wheat, maize and barley. Nbeét¢ss, nearly
80% ofthe sorghum crop and over 85% ofthe millet crop aonsumed as
food in Asia. Food consumption of sorghum and millestheen declining
gradually over the past decade across most Asian coestrin India, the
largest sorghum consumer, the per caput food consunmptibsorghum has
declined from over 11 kg in the 1990s to around 7 kg ement years; for
millet, the per caput food consumption has fallen frono@md 10 kg to less
than 9 kg. These declines are mostly driven by a coningudecrease in
production during the past two decades, of sorghumparticular. Total
sorghum production in Asia has dropped by almost 50i%ces the mid-
1980s, to around 11 milliont, due mostly to smaller owttpin India as well
as in China, the second largest sorghum market in Asdilahough planted
area has also declined in China, reduction in yields is fidaator for smaller
sorghum production in both countries. In fact, as it wasoastated in the
joint FAO and ICRISAT study, slow productivity growth dnlower
producer prices have reduced the competitiveness ofetidnd sorghum,
resulting in crop substitution in many areas.



Trade patterns in these cereals have also changed liiiléhe past
decade. In the global context, trade in millet is very simahd the Asian
share is about 20% and generally stable. For sorghum,odthe estimated
world trade volume of 7- 8 million t, Asian countries regent roughly
30% but nearly all ofthose imports are made by one coyntiapan. With
trade largely neutral to domestic market developments @fghum and
millet in most Asian countries, the declining trend in the@roduction
could reflect a continuing contraction in overall demand fbese cereals.
This could be an important issue for discussions in thigp&x Meeting.

At this point, it may be opportune to draw the Group's atien to
FAO's latest views on the current market situation for akseAccording to
the information reported in Food Outlook, June 2003,bgbcereal output
in 2003 is estimated at 1914 million t (including rice in dt equivalent),
up some 4% above from the previous year's below-averagelleWorld
wheat production in 2003 is forecast at 584 million t, up 2a%ove the
previous year's poor crop, although below the averagehefpast five years.
At the regional level, output is forecast to rebound strstgin North
America, Oceania and in North Africa. In Asia, output cduecline by 2%
and this largely due to China, India and Pakistan, wherg conditions have
caused area reductions. World coarse grains output in3209 seen to
increase by 6% to 934 million t. As in the case of wheat, year-on-year
increase would be largely due to an expected recovery indpcdoion in
North America and Oceania following 2002 drought-reducedops.
However, output is also set to rise sharply in South Ameriwhere Brazil
has gathered a bumper maize crop. Elsewhere, in Asiajcafand Central
America the coarse grains output is forecast to remain reédy unchanged
in 2003. World production ofsorghum in 2003 is forecast atnbillion t, up
5 million t from 2002 with most of the expansions in the iWed States.
World production of millet is forecast to expand by nearlym3llion t in
2003 to nearly 27 million t, with a large increase expecin India.

As for rice production, based on the harvest results in slo@thern
hemisphere so far, and the early indications of plantingentions in the
northern hemisphere, overall global output in 2003 is tast at 396
million t (592 million t in paddy terms), 2% higher than ttpgevious
year's reduced level. However, this figure is still highentative, since the
final outcome will depend largely onthe timing, extentdadistribution of
the Asian monsoon rainfall.



Preliminary indications for world cereal utilizationni2003/04
marketing season point to a possible increase of aroun3fo lto 1981
milliont. Cereal food consumptionislikelyto keep pacetWwipopulation
growth and cereal feed use is expected to show an incredsaraound
1.6%, mainly on expectation of a strong production reboundseveral
developed countries. Early indications for global c&rstocks by the end
of seasons in 2004 point to a significant draw down fdretfourth
consecutive season. World cereal stocks at the end ohtrees' marketing
seasons in 2004 are tentatively put at 399 million t, soBemdllion t or
15% below their opening levels. Although a bigger globabg@uction is
expectedin 2003, the projected total cereal utilizatiar2003/04 would
still exceed the anticipated production, thus necessitat another
significant release of stocks. As in the previous seaso@&ina would
account for the bulk ofthe reduction in world stocks.

FAO's first forecast of the global trade in cereals in 3004
marketing seasons stands at 231 milliont, which would espnt a 3.5%
contraction compared to 2002/03. It is expected thadéeran nearly all
major cerealswill decreasein the newseasonwith the most significant
decline projected for wheat. International wheat trace2i003/04 could
fall to a five-year low ofjust 100 million t, with impds down 6 million t
from the reduced 2002/03 estimated level. Most of the eaiptated
decline is expected in the European Union, where imporesfarecast to
be cut sharply following the recent imposition of an impa@muota system
that would prevent large imports of cheap wheat, espégifrlom Ukraine
and the Russian Federation. Global trade in coarse grairs0i03/04 could
be 105 milliont, about 1.5 milliontlowerthanin2002/03g&in, most of
the decrease would be concentrated in developed countmwdsre total
imports are forecast to reach a five-year low of arouBdn3illion t, down
3 million t from 2002/03, mainly on account of smaller maipurchases
by Canada. Among the individual coarse grains, reducedzeaind barley
trade would account for most of the anticipated declinewiarld trade.
Worldtrade in sorghum is forecastto remain stable atuard 7 million tin
2003/04 while trade in millet could contract slightly tobaut 160
thousand t. International trade in rice in 2003 is fordces reach 27.1
million t, pointing to a contraction of 1 million t fromhe previous year.
The year-to-year drop mainly reflects expectations o$herp decline in
exports by India and Australia, following production setka in these two



countries, while on the import side, it results from shealdeliveries to
some of the major rice markets, including the Philippindsdonesia, the
Islamic Republic of Iran and Iraq.

International prices of most cereals remained generallymfisince
April but the outlook for the coming months is mixed. Forheat,
exportable availabilities among non-traditional expeand are forecast to
drop. However, favorable crop prospects among major ekgms, coupled
with the forecast contraction in world import demand in 2008, could
put prices under downward pressure in the coming monthsrt d¢aarse
grains, with an anticipated sharp decline in maize exporms &tocks in
China and much smaller feed wheat supplies in world magkethe
2003/04 global supply and demand seems fairly balanced,d an
international prices are expected to remain close to thearys levels.
Prospects for international rice prices over the comimgnths point to
some increases, since supplies available for export hawvenec under
pressure in the face of a resurgence in international demagredticularly
by Brazil and some countries in Africa. However, beyomdstperiod, the
price outlookwill be influenced by thestatusof paddy crops in northern
hemisphere countries.

Under the scenarios mentioned above, the expert meeting on
alternative uses of sorghum and pearl millet is extremedyexplore ways
to enhance production and utilization so that poor farsnarthe semi-arid
tropics can benefit. FAO wishes all participants a sustels meeting
during the next four days.



Objectives of the Expert Meeting on
Alternative Uses of Sorghum and
Pearl Millet in Asia

CLL Gowda *

On behalf of the Organizing Committee, 1 would like to wette® all the
participants to this Expert Meeting on Alternative Use$ Sorghum and
Pearl Millet in Asia. A special welcome and thanks to Mndrey Kuleshov
from the Common Fund for Commodities (CFC), and delegatesm
China, India, Indonesia, Pakistan, Thailand and USA; arfdcourse my
colleagues from ICRISAT, including Dr AB Obilana who hasmveled from
Nairobi. Special thanks to Mr Myles Mielke, Secretary dfAO's
Intergovernmental Group on Grains for his support to diolg the meeting.

Sorghum (Sorghum bicolor) and pearl millet (Pennisetglaucum) are
the two most important cereal crops grown largely undeinfead conditions
in the semi-arid tropics (SAT) of Asia, Africa and the Ameas. Sorghum is
grown over 90 countries in the world; Asia accounts 28%d Africa 52% of
42.8 million ha of total world area. In Asia, India accosnd4%, China 8%
and Thailand 1.4% of the total 12.5 million ha area. Theridoestimated
sorghum production is 59 million t, with a productivity of41t ha'. India's
total production is estimated to be 9.5 milliont, 74% ofAsfrom a total of
10.5 million ha grown. Productivity in India is low, with.0 t ha' in rainy
season and 0.8 t ha"in postrainy season. On the other hand, China's
productivity is estimated to be 2.8 t Hawith a total production of 2.7
million t accounting 21% of Asia's production. Thailandopuces 0.17
million t (1.3% of Asia) from 0.11 ha with a productivityfd.57 t ha'.

Pearl millet is a crop adapted to drought-prone, low fdtti] saline
and acid soils and is reported to be cultivated in 30 cowstrof Asia and
Africa over 26 million ha, ofwhich 46% is in Asia (11.5 ma with India
accounting for 43% (10.7 m ha) of the total world area. ptrsoductivity
ranges from 0.6 to 0.7 t ha both in Asia and Africa. India produces 9
million t with a productivity of 0.75 t h& China 1.94 million t with a
productivity of 1.43 t hd. Thailand has potential to cultivate pearl millet
in marginal soils.

1. ICRISAT, Patancheru 502 324, Andhra Pradesh, India.
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In most of the developing countries of these continents hbot
sorghum and pearl millet contribute significantly to foadd nutritional
security of the rural and urban poor people. Currentindila, China and
Thailand in Asia are playing a major role in the developmefhtsorghum
and pearl millet cultivars in public and private sectorspi@rtnership with
ICRISAT. The adoption ofimproved and high-yielding civiars is variable
between crops and countries especially in India having >6&%he area in
sorghum, and 80% in pearl millet. However, farmers do nodt g
remunerative prices. One ofthe reasons for the low farmegatces is the
several layers of traders between farmers and consumensthk rainy
season, sorghum is affected by grain molds, a disease damse& complex
of fungi, mostly including Fusarium spp and Curvularia spp, which
produce fumonisin, a mycotoxin that is reported to be casgenic and
immunosuppressive agent.

Both sorghum and pearl millet were staple cereals for theorpo
people in the SAT when ICRISAT was established 31 years &fjmwever,
both crops are becoming less important in the economiesthef SAT
countries, and the demand for these grains as human food k&n b
declining in the past 30 years (Source: Ryan and Spencer 20@udture
challenges and opportunities for agricultural R&D in theemi-arid
tropics). This is more evident in Asia (especially in Soutki&d), where
their share of food budgets of poor in SAT index fell from 1l7Poearly
1970s to around 6% in early 1990s. The implication is thaddurctivity
improvement of these cereals has also led to price reductiloms is made
worse by the government policies favoring ric@ryza sativa) and wheat
(Triticum aestivum),at the cost of sorghum and pearl millet. For example,
in India the subsidized rice and wheat available under tRablic
Distribution System, at prices lower than the price ofgloum and pearl
millet have adversely affected the market price ofthe lattéaturally, the
poor farmers of rainfed SAT who cannot grow crops other thangdum
and pearl millet are economically impacted negatively,they cannot get
reasonable price for the produce and thereby are forced theovicious
cycle of poverty and indebtedness.

However, there is hope. Recent growth and future projecsiof
aggregatedemand patternsuggestthat therewill be substantialincrease
in the demand for animal products (meat, milk and eggs) ewvedoping
countries by 2020 (Source: Ryan and Spencer 2001. Futuedlenges and
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opportunities for agricultural R&D inthe semi-arid tgocs). In addition to
this, there are possibilities of other alternative uséssorghum and pearl
millet such as novel foods, processed foods and indadtuises - starch,
beverages and ethanol.

Sorghum and pearl millet improvement research at IGRIT makes
great success stories, especially in the context afiéan which is the largest
producer of both crops in Asia. More than 50 hybrids ssfrghum and
more than 70 hybrids of pearl millet are grown on 60-66%he total area
under these two crops in India. About 70-80% of these g are based
on ICRISAT-bred male-sterile lines, or on proprietaparental lines
developed from ICRISAT-bred germplasm.

Very little of the above would have occurred had it nlogen for
productive public-private sector partnerships withvelise sectors in both
crops. ICRISAT firmly believes in the power of partnaips, which brings
together their complementary skills and resources toegate the synergy
required to enhance the pace of technology developmeand
dissemination.

Commercialization of alternative food, feed and usdrial products
is one of the ways to increase market demand for sorghamd pearl
millet. This, however, would require innovative insdtional alliances. |
am convinced that this meeting will be able to identdgmmercializable
food, feed and indirect products, identify research addvelopment
priorities, and also identify potential partners to @éep innovative
institutional alliances.

There is urgent need to develop and strengthen newalgek and
relationships between commodity producers (the smedlder farmers),
commodity-based science, and commodity markets, inchg industrial
users. Innovations, both technical and institutionaked to be promoted
through a broader and more iterative set of relatiopshithan those
embodied in conventional research-extension-farmer mlod of
agricultural innovation. Giving context and urgency tthis is the
increasing evidence that lack of access to markets gseamter constraint to
the diversified livelihood strategy of contemporaryqgrorural households,
than the lack of access to food per se. In the case afseocereals, private
sector industrial utilization has created market opfuorities and there is
potential for expansion both in terms of scope and wvoku However, the
institutional arrangements (rules and norms) and tielaships

12



(partnerships and alliances) linking science, prodniscand markets need
to operate in a much more effective fashion than theynaaov.
A majority ofthe papers at this meeting discuss the vasi@aspects of
these existing and potential alternative uses of thepsroTherefore, the
three major objectives of the meeting are to:
 Synthesize the available information and assess thtrfe outlook for
increasing the demand and expanding market opportesit for
alternative uses of sorghum and pearl millet with spécieference to
alternative novel food products, livestock feed, starand brewing/
distilling industries.

« Assess existing and improved sorghum and pearl mildattivars for
suitability of alternative uses mentioned above.

 ldentify potential players and opportunities for stinating the
institutional alliances among public, private, indugtand N G O sectors
to enhance alternative uses (including industrial uzaiion) and market
demand.

| sincerely hope that together we can map out the styatéor
diversified alternative uses and nurture the necessangtitutional
alliances. | wish you all the best for a successful maegti
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Importance and Economics of Sorghum and
Pearl Millet Production in Asia

B Dayakar Rao, BS Rana, S Hyma Jyothi, K Karthikeyan,
KA Bharath Kumar and N Seetharama

Abstract

The relative importance of sorghum and pearl millet as food grains in Asia is
decreasing in terms of cultivated area and production. The same trend is in India
except that the productivity of pearl millet is increasing. Generally the above
changes can be explained in terms of increasing incomes, change in consumer
preferences and tastes, subsidized supply of wheat and rice through Public
Distribution System (PDS), etc. Despite the decline in their consumption, food use
still accounts for major share, especially of pearl millet. Sorghum is passing a
transition stage from mere food and fodder crop to a valued industrial raw
material such as feed (in India), sweet sorghum alcohol (in China and Thailand)
and forage (in Pakistan).

Cotton, groundnut, pulses and castor are the major crops replacing sorghum
in many areas. Soybean is the competing crop, especially in central and wester
India replacing sorghum.  Cotton, sunflower, maize, groundnut, pulses and
soybean are replacing pearl millet. Some factors responsible for replacement of
sorghum and pearl millet by these competing crops are low productivity and
profitability of sorghum and pearl millet vis-a-vis competing crops, increased
irrigation availability and price support to other cash crops. The net returns from
irrigated sorghum are up to five times that of dryland sorghum in India, making a
pathway for its future  commercialization.

The investment in R&D and outcome of research from private sector is
growing at a faster rate than the public sector. Industrial uses such as animal feed,
alcohol production (grain and sweet sorghum), jaggery and syrup (sweet
sorghum), processed foods, malt/brewing and red sorghum exports will be the
driving forces for commercialization of sorghum and pearl millet.

Productivity enhancement (maximization ofyields) is the alternative in the
absence of prospects of any increase in real prices of output. This will result in
lowering per unit cost of production. Thus, vyield improvements and value-addition
through industrial utilization may enhance the profitabilty and alleviate rural
poverty. Marketing, contract farming and farmer-industry linkages are the niches
for commercialization of these crops.

1.
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Sorghum Gorghum bicolor)is cultivated over 42 million ha in the semi-arid
regions of Asia, Americas, Australia and Africa. Worpdoduction of sorghum
trails behind rice (Oryza sativa), maize (Zea mays), wheat (Triticum
aestivum) and barley (Hordeum vulgare). The developing countries in Asia
and Africa contribute 90% of total sorghum area and 70%total sorghum
production. Asia alone contributes 30% of world sorghumoguction. The
sorghum area to total cereals area is a meager 3.69%; hewet is the fifth
important cereal in Asia. Sorghum production in Asiaciesnhcentrated mainly
in India and China, which together contribute 86% of &sitotal sorghum
production. Other Asian countries like Myanmar, ThaitgGnPakistan and
Yemen have relatively a smaller share. Of the two majooducers of Asia,
India alone contributes 67% of Asia's total sorghum puotion. Area and
production of sorghum in India, China and Asia exhilmtdownward trend
during the last decade (Figs. 1 and 2). Sorghum is gehegalown for food and
fodder by the resource-poor farmers in the dryland regiof the semi-arid
tropics offering food and fodder security to them. Thedative importance of
sorghum area to the total cereal area is shown in TableThe area under
sorghum as a percentage oftotal area under cereals igively low, ie, about
10% in India and 1% in China. But in countries like Yemamd Saudi Arabia,
sorghum area contributes significantly to the extent 8% and 26%,
respectively to the total cereal area.

18.
mafles China -= l - |ndia volls ¢ Asia

16.
14, i ""1‘.1‘!‘"‘
'..____'_ _-_-"..f.‘l.""-'lll.lll.

[EEN
N
y

[EEN
o
4

@

Araa (milkon ha)

ISk

l—'.—._-.—.—-ﬂ-—._.__._._.

0' L] 1 T T T T T T T T
1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002

Figure 1. Recent trends in sorghum area in India, China and Asa.
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Figure 2. Recent trends in sorghum production in India, China and Asia.

Pearl millet (Pennisetum glaucumlaccounts for almost half of the global
millet production and is the most important millet spes both in terms of
cropped area and its role in providing food security in aredions of Africa
and Asia. It is highly resistant to drought and high temgteires, adaptable to
poor soils, low vulnerability to diseases and insect pestd has good nutritive
values, including a superior protein quality and highdat content (6%)
among cereals. Pearl millet grows well where other orogenerally fail

Table 1. Relative proportion of sorghum area to total cere  als area in Asia in triennium
ending 2002.

Total cereals area Sorghum area Sorghum area to total

Country (million ha) (million ha) cereals area (%)
China 83.01 0.81 0.97

India 97.95 278 o8-

Korea (DPR) 1.24 0.01 0.80
Pakistan 12.29 0.37 3.00

Saudi Arabia 0.61 0.16 26.47
Thailand 11.25 0.11 0.98

Yemen 0.65 0.37 58.03

Asia 314.16 11.62 3.69

Source: FAO (2003).
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completely. In Asia, it is mainly grown in India, PakistamdaYemen. In the
Near East Asian countries the area and production ofrlpemillet has
increased during the past decade (Figs. 3 and 4). Indiald¢de probably the
single country which is witnessing the largest decredse area under pearl
millet.

In this paper we discuss the Indian context only, due ttee non-
availability of separate statistics on pearl millet inhet Asian countries, which
is actually pooled under broader group of millets. Peaillst in India forms
67% of Asia's total millet area contributing 57% of totalillets production.
Thus, anychangein India's production perspectiveill have a major impact
on Asian millet scenario.
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Figure 3. Changes in millet area in Asia.
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Trends in production

Changes in area, production and productivity of sorghum

Sorghum is currently grown on 11.2 million ha in Asia. Theea has declined
in all the Asian countries, except Saudi Arabia. In Indibbne, about 4.83
million ha sorghum area was replaced by other crops. Aligh India is the

major sorghum-growing country in Asia, the change in gloum area between
triennium ending (TE) 1990 and TE 2002 is about -33% (Tablan? Fig. 5).

Some of the plausible reasons for this are: cultivation omwgmaal lands, low

input use, adverse agroclimatic conditions and unfavbealgovernment

policies. In all other Asian countries, although the pentage change in area
under sorghum is significant, the absolute area underghum is low. As a
consequence of reduction in land area, the total produrctalso dropped in
almost all Asian countries except Saudi Arabia.

Sorghum production in Asia declined steeply by 5.22% pernam
between 1994 and 2002 (Fig. 5). Though sorghum producdealined, India
ranks first in area and production, but ranks seventh indurativity which is
very low when compared with other Asian countries (Fig.. 6h India, the
productivity of sorghum differs between the regions witarying rainfall and
soil type and also between seasons. For example, thayraeason sorghum
yields an average of 2-2.25 t Hain areas with favorable soil and rainfall, while
the postrainy season sorghum grown under unfavorable cdooms yields

Area Production
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Figure 5. Changes in area and production of sorghum in India, China and
Asia. (Note: Data are for TE 1990 for China and India and TE 1994 for
Asia.)
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Figure 6. Changes in sorghum productivity in India, China and Asia.

around 500 kg ha thus the total production and productivity are considéyab
low. It appearsthat the higher productivity achieved!l the 1990s might have
plateaued; hence this staggered productivity was unableide over the steep
decline in sorghum area to other competing crops and reslulin negative

growth rate in production. This was also true in other magorghum-growing

countries in Asia. Thus, in India, the low average produttl levels are mainly

due to low yield levels of postrainy season sorghum whosepprtion in the

total area is on the increase. Latest data revealed thatrpioy season sorghum
contributes 58% oftotal sorghum area in the country.

In China, the decline in production can be explained inntsrof sharp
decline both in area [cumulatiye growth rate (CGR) -5.6%d yield (CGR
-7.5%), while in India it is mainly due to decline in are€ GR -3.2%) rather
than the yield (CGR -0.06%). The highest yield levels in@&sire recorded in
China. With current yield levels over 3 t Hait appears that there are no
further productivity improvements possible in sorghumGhina, thus eroding
its competitiveness. Thailand and Saudi Arabia recordedosd and third
higher yield levels in Asia. In Thailand, the growth rateyield is the highest
(2.6%); however, this factor could not keep sorghum compet due to shift
in area to other crops. Saudi Arabia is the only major somghgrowing
country in Asia, where sorghum remained competitive wipbsitive area
growth of 2.7% per annum in spite of low productivity growtdte of 0.6% per
annum. Consequently, production growth rate remained ifppos and
relatively high (3.8%).
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Crop distribution and utilization of sorghum in Asia

Present vs future

Overall in Asia sorghum is primarily used for food compmgi66% of total
utilization, while the rest is utilized for feed and induistlr uses. In India, itis
mostly used for food, while in China itis used for food, fleend brewing. The
declining trend in utilization can be attributed to two majfactors: (1) the
overall reduction in sorghum production during the refece period; and
(2) the population growth rate surpassed the growth in sanglproduction
(Asia comprising China and India, the most populous coileg).

The per capita utilization of sorghum decreased mainly dwe the
reduction in food use, and factors such as changing consutastes and
preferences, rapid urbanization, social status attalche wheat and rice
consumption and unfavorable government policies toward®rgbum
cultivation. Previous studies have shown that the insesh feed usage of
coarse grains offsets the decrease in food use of these c(6psmaminathan and
Sinha 1986).

The breakup of utilization of sorghum for various end use@s some
Asian countries shows notable trends (Table 3). All theuwrtries in Asia
registered a negative growth in food, feed and other useginh the
reference period. Sorghum grain is primarily used as food éeed while the
stalk is used as forage; the stalk of sweet sorghum is userd alcohol
production (Table 4).

China

In China, declining food use of sorghum at a higher raté.%5%) than the
feed use (-0.2%) revealed its importance for livestock fedd is mainly
cultivated in Liaoning, Shanxi, Julin, Heilongiang, eei and Sichuan
provinces. The rapid economic development witnessed in n@hialso
changed the role of sorghum from food and feed crop to a highue
industrial raw material for brewing industry. The changkrole may be due
to improvement in the agricultural production conditionshift in consumer
preferences from sorghum to rice and wheat, increase onskehold income
over the period, reduction in production and increased intpoce of other
uses of sorghum (other than food). However, during mid Ad9%here was a
considerable decrease in sorghum area for food purposetdueecline in its
consumption.
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Table 4. Utilization of sorghum grain and stalk in Asia.

Country Grain Stalk

Rainy season sorghum

India Food, feed, alcohol Dry fodder (livestock), forage
(livestock), alcohol (industrial)

Myanmar Food Fodder

Pakistan Feed (less emphasis) Dry fodder (livestock), forage

(livestock - dairy)
Thailand Feed (livestock) Dry fodder (livestock)

Postrainy season (winter) sorghum

India Food Dry fodder (livestock)

Summer sorghum

India (limited) Food Dry fodder (livestock)
Iran Feed (livestock), syrup, Forage (livestock - dairy)
particle board (industrial)

Cool temperature sorghum

China Feed (livestock), alcohol, Sweet sorghum (alcohol)
minor alternative uses
CIS Feed (livestock)

Rice fallow sorghum

Philippines Feed (livestock)
Indonesia Feed (livestock)

Source: Gowda and Stenhouse (1993).

India

In India, which is the largest producer of sorghum, botltodoand feed use is
declining at 3% (FAO 2003). However, some farm-level stwdielearly

indicate the transforming roles of food and fodder in ladihe latter emerging
as being of primary importance. The recently conductedaarsitive industrial
surveys in India pointed that sorghum was utilized natlyoin animal feed
industry (0.57 to 0.86 million t) but also in alcohol indug (0.09 to 0.10
million t) and projected that the utilization of sorghumrfanimal feed would
go up to 2.11 to 3.7 million t in 2010 AD. With the projectiomf positive

growth in livestock industry, there would be a huge demdodsorghum grain

in future. Kumar (1998) projected that by 2020 the demardead grainwill
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grow to 14.5-23.0 million t comprising 9-14 million t of cs® grain and the
remaining from other crop sources. In future, sorghum iwebtock feed
utilization, especially poultry feed industry depends oup such factors as
availability of maize (sorghum's potential competitorjelative price with
maize and providing knowledge and removing apprehensiomsua feed usage
of sorghum among its users. According to the above mengibnsurveys,
currently rainy season sorghum grain was found to havalesihed alternative
uses in India, as a raw material in potable alcohol prodastand to a lesser
extent in starch industry, which may increase sorghumliatition especially
when the crop is facing challenges due to decrease in houset@onsumption
for food.

Myanmar

In Myanmar, sorghum is grown only under rainfed conditsomand occupies the
second largest area only after rice among cereals. It asnty grown as a food
and fodder crop in Magway, Mandalay and Sagaing divisios&gates) in semi-
arid tropics followed by Chin and Kayah states in sub-trespic

Pakistan

In Pakistan sorghum is cultivated for both food grain andfasage crop, and
90% of production is consumed on-farm as food and seed.gBom area is
equally divided between rainfed and irrigated cultivatieand at least one
quarter of rainfed and half of irrigated crop is grown mhbjinfor forage use.
Sorghum is cultivated for green fodder during winter atice feed usage of

sorghum grain is increasing.

Thailand

Sorghum in Thailand occupies third position after rice amdize. But the
increasing demand for animal feed (thus the derived demdord sorghum
grain) compensates the decrease in export demand, thustmiaming the area
of its cultivation. Thailand also foresees a considerathéanand for sorghum as
there is no sufficient production of maize to be used in aalinfeed. In
Thailand alternative uses of sorghum such as ornamentabeusof sorghum
spikes/spikelets and supplementing the fodder for milcdws with fresh
stalks are practiced extensively. Also, research is goon for exploring ethanol
production from sweet sorghum.
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Changes in area, production and productivity of pearl m illet in
India

In India, pearl millet alone accounts for 9.4 million hatotal cereals area and
6.9 million t of total cereals production (Table 5). Thghu India recorded the
highest decrease in area during the past decade, it shomcgease in production
and productivity (Fig. 7). Although pearl millet is grownnder highly

unfavorable rainfed conditions, the ever increasing @e@mmtion from crops such
as maize, cotton Gossypium sp), groundnut(Arachis hypogaea)and sunflower

(Helianthus annuus)is also affecting its production. In India, the westestates

(Rajasthan, Gujarat and Maharashtra) have more sharpearl millet area and
production than the rest of the country. India, thegkst millet producer in the
world, accounts for about 40% ofthe world's output wher@aarl millet alone
contributes to two-third of this total world millet produoih. In some parts of
India, especially in Gujarat, pearl millet production olves a high degree of
commercialization as the crop residue is a valued foddemfdch animals. Also,

in areas where double cropping is practiced, it involveghhivalue crop
cultivation. Despite the harsh environments in whichdtciultivated the growth
in pearl millet productivity is the reward for the adopni@fimproved cultivars
especially in some favorable environments. Most of ttr®p improvement in
India was by development of high-yielding varieties (HYNM&and matching
production-protection technologies which are speciadgopted to favorable
environments.
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Figure 7. Area (A), production (?) and yield (Y) of pearl millet in India.
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Utilization of pearl millet in Asia: present vs future

Over 95% of pearl millet grain production in Asia is uiaeéd for food use and
the rest is used in feed industry. It is primarily growar fgrain, stover, and
sometimes as a green fodder in India, Pakistan and Yenlems also used as
green forage in Thailand and the Republic of Korea (&l@ and Ramakrishna
1996). Previous studies show that the food usage of pedtlet is declining

over the study period in India at a lower rate (-0.7%6%Though it is

nutritionally equal or even superior to other cereal$¢s consumption has
decreased due to rising incomes, changing food prefees and supply of
wheat and rice at subsidized prices (in India). Howev#ds, cultivation will

continue under subsistence farming, where other cropanot be grown. In
more favorable areas of Asia, grain is produced, andsibften used in rations
for draft and milch animals, and for poultry. Stover used during the dry
season to maintain rations for cattle in areas wheregham stover is not
readily available (Hash 1996). The usage of pearl milier forage purpose and
as a cover crop or mulch crop for intensive legume prodogton tropical arid
soils is becoming increasingly important.

Causes of changes in area and replacement crops

Sorghum

Sorghum cropped area was replaced by a host of competmps grown
under the same ecology across Asia. In India, variousliets based on on-farm
surveys reported that cotton, groundnut and pulse cragdaced rainy season
sorghumtill 1980s, while in 1990s it was replaced by crops such as soybea
(Glycine max) (Madhya Pradesh and Maharashtra), casto(Ricinus
communis) (Andhra Pradesh), moth beanVigna aconitifolia) (Rajasthan and
Gujarat) and other pulse crops. Postrainy season somgtvas relatively stable
due to absence of any alternative crops that can be gramder similar
situations, ie, receding soil moisture and drought. Howee whenever
irrigation was possible, crops such as wheat, maize sandflower were grown
instead of sorghum. Interestingly, in the rainy seasomps like cotton were
also increasingly replaced by a commercial crop liloyylsean. In central India
(Madhya Pradesh), it appears that sorghum is again bengnpiopular due to
the climatic conditions and need for fodder in the regi(Dayakar Rao et al.
2003). In China, it was reported that sorghum area was tyareplaced by
maize and its cultivation has moved from fertile semi-hidmregions to
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semi-arid regions with poor soil fertility. The croppingattern here also
changed from monocropping to intercropping with paotat[Solarium
tuberosum) or wheat and sequential planting after wheat.

In India, area changes under rainy season sorghum areentonspicuous
than postrainy season sorghum. One of the earliest issudby Kelley and
Parthasarathy Rao (1993) pointed that sorghum produtyigirowth at national
level has lagged behind other competing cereal cropshsag wheat, rice and
maize. Sorghum prices have also failed to keep pacehwtompeting crops such
as wheat, rice, pulses and oilseeds. Together, these fagctors have weakened
the competitiveness of the crop over time, translatingo reduced area under
sorghum cultivation. The low competitiveness at farmdeand the factors such
as lack of consumption demand at household level and lxofitability of
sorghum vis-a-vis competing crops were responsible folme loss of
competitiveness of sorghum. The Government of India®lipy to supply
subsidized rice and wheat in sorghum-growing regiond I® a shift in
consumption in favor of the former. Another study byaH and Yoganand
(2000) listed that better irrigation facilities, impred transport and marketing
facilities and government policies favoring oilseedops through price support
also led to substitution of sorghum by other crops. A recsetudy by Dayakar
Rao et al. (2003) confirmed earlier findings that adaytiof HY Vs facilitated
high productivity levels of sorghum under constant orciasing consumption
regime (due to changes in tastes and preferences), whichurn led to a
situation where sorghum area was spared for other contimaé crops.

Kaur and Kaur (2002) analyzed the changes in area, prdin and
productivity of coarse cereals (which include sorghumdamearl millet) in
India during 1949-50to 2000-01. Itwas found that dugit966-67 to 1997-
98, the gross cropped area under coarse cereals droppeth 28 to 16%
owing to absence of effective price support, procuremegrbgrams and
inadequate technological improvements.

The sorghum area in Thailand is declining due to ladlexport demand
and competition from other crops such as sunflower aradzm.

Pearl millet

The area under pearl millet is relatively constant dueit® adaptability to

harsh habitat. However, in better ecological regimesd amith protective

irrigation cotton, sunflower, maize, groundnut, rapede(Brassica napus) and
mustard (Brassica sp), pulses and sorghum have replaead pnillet in India.

The extent of replacement by these crops varies acrostesstiam India.
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The changes in the cropped area of pearl millet ardoth directions. It
is usually replaced by other crops where permanent lamgriovements are
made, either in terms of soil health orirrigation fatiés. Thus the cultivation
of pearl millet is relegated to marginal lands. When denillet cultivation is
continued in a region, its area has actually increasednhyadue to three
factors: (1) availability of only few other crop (pactilarly cereal)
alternatives; (2) strong preference for millet as thajar staple in the region;
and (3) preference for millet straw as a highly valuedelstock feed.

The results of recent farm surveys (Dayakar Rao et al. 3008/ealed
that the lack of crop alternatives and continued prefeems staple diet and
fodder for livestock have attracted farmers to continyesarl millet
cultivation, especially in states like Rajasthan. Homee, in Maharashtra and
few other states pearl millet lost its competitivenes®cduse of increasing
availability of crop alternatives with remunerative @uit prices. As in
sorghum, the adoption of HYVs has also resulted in redaowctof pearl millet
area without any significant reduction in total produet, thus sparing land
for other commercial crop alternatives. Besides, thexaisignificant decline in
household demand for food.

Pearl millet is often grown under highly unfavorable nddtions and
hence has low productivity. Government policies on inpsubsidies and
output prices are lopsided towards wheat and rice. Theeket interventions
also do not adequately support this crop. The bulk pnmeeuent of pearl
millet for supply through Public Distribution System PB) may be necessary
to increase its demand in India.

Food and nutritional security

As discussed earlier, sorghum and pearl millet aremiyaproduced and consumed
as main staple food by the rural poor in developing colest of Asia and Africa,
providing 80% of their energy requirement and nutrieetscept vitamin A and
vitamin C. A study by the National Institute of NutritiopNIN), Hyderabad,
India in 1996 has shown that a balanced diet contaimahdeast 460 g of cereals
besides pulses, vegetables, milk, etc should be coresubto attain a minimum
daily per capita energy requirement of 2738 k cal. Aatiogly the per capita
requirement of cereals should be around 165.6 k§.yr

The average per capita energy requirement of around82k3al day'
iIs mainly supplied by cereal consumption. In India thequired energy
supply mainly comes from rice and wheat, except for thajom sorghum-
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growing states like Maharashtra and Karnataka wherarhe 19% of daily
energy requirement is supplied through sorghum and thst from other
cereals. Sorghum and millets also supply the neededrients to the poor
people who cannot afford other expensive sources ofseéheessential
nutrients, and thus can be an effective shield againsddfand nutritional
insecurity.

Sorghum and millets are nutritionally superior to otheereals, but their
downward demand in cereal basket may be caused byofactike rising
incomes, social status attached to fine grains, sub®idigupply of fine grains,
low productivity of coarse cereals, short shelf life dbur and more effort
needed in making chapati (unleavened bread). Efforts tar be made by the
government (especially in India) to include sorghumRIDS.

Sorghum and pearl millet for improved livelihood

Sorghum is also cultivated for feed in many countriesAsia. In India, it is
perceived as a crop meant for human consumption lardgelythe rural poor
and to a lesser extent by the urban poor and the rurdi.rio India, sorghum is
considered an important staple food after rice and whel®spite a continuous
decline in its consumption. The relevance of sorghunthie livelihood ofthe
poor is established in the context of food, fodder, incomeneration and
source of employment. Dayakar Rao (2000) concludedttimajority of the
sample households pursued mixed livelihood strategiéscross wealth
groups). In postrainy season sorghum-growing distrjctsorghum constituted
55% of total cereal consumption while it was 58% in raisgason sorghum-
growing districts. Food habits ofthe rich families igdaly determined by taste
and preferences and crops they grow, while in case effgbor it is determined
by price, kind of payment (for labor) and crops they groln rainy season
sorghum areas, quality of rainy season sorghum andsmklibed supply of
wheat and rice motivate people to consume the prefemmerkals. When both
rich and poor household consumption patterns are exawnhinegether,
sorghum contributes over half of the total cereal samption. A study by
Azam-Ali and Start (1999) revealed that sorghum condsuto be an
important staple for the urban poor where there is a icuéint supply to meet
the demand and also price is the major determinant.

The National Sample Survey Organisation (NSSO) datapem capita
consumption of sorghum for major rainy season sorghgmwing districts in
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selected Indian states showed that out of 24 districts thensaonption
remained stable in 13 districts while a major decline (geeahan 20%) was
witnessed in districts where introduction of irrigatiorrrdered changes in
cropping patterns.

Sorghum and pearl millet are also the preferred cereal cesdues for
milch and draft animals in India and their importance hasremsed manifold
due to increase in demand for milk products and realized &addcarcities
during drought periods. Sorghum as fodder is quantifieduamd 20-50% of
total value of sorghum crop. Dayakar Rao (2000) revealedtt86% of total
stover fed to livestock in postrainy season sorghum aread &8% in rainy
season sorghum areas is sorghum. Nearly 38% householdsositirainy season
sorghum area allocated their land based on fodder demaniijewonly 28%
households allocated land in rainy season sorghum areasTlone of the key
determinants for sorghum area is the household demand fdddn.

Source of employment

Sorghum is gaining importance as a source of employmentaostqm@ainy season
sorghum areas where crop alternatives are absent or KBthitbut is less
important in rainy season sorghum areas (Dayakar Rao 2000)sorghum-
based cropping pattern, mostly family labor is engaged amious operations.

Source of income

The contribution of sorghum to the gross income was very lo&;, about 2%
(Dayakar Rao 2000). It is mainly due to relatively low prifter sorghum and
lesser share of sorghum in total cropping pattern. For theorpfarmers,
sorghum offers buffer cash at times of distress or urgershcaeeds. The grain
set apart for food is generally sold to meet such situatioH®wever, when
grain is in short supply, it is usually bought from open matrke

In India, traditionally sorghum grain is offered as paymdor wages to
agricultural laborers. However, in good rainfall yearsuéting in bumper crop,
laborers opted for a mix of cash and grain, but preferengxemnore towards
cash. In bad years of crop production, laborers opted mgmrans than cash
because of high prices of grain as they can sell it to buy phedoods. As new
technologies and market access offered diverse livelihagdhortunities to
farmers, sorghum became less attractive because of its poswe and low
profitability compared to other cash crops.
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Dual-purpose roles of sorghum and pearl millet

In the semi-arid tropics of Asia, sorghum and pearl milbge widely seen as
dual-purpose crops (grain and fodder) where the cromdtock (mixed)
farming system is widely practiced. Nearly 70% of raimsgason sorghum
grown was for dual purpose with less importance attachledgrain yield
(NRCS 1998).

In rainy season sorghum areas, grain is considered asomu$ and
sorghum stalk as main product by rich farmers (Dayakam R0D00). The
importance of sorghum is more pronounced in areas whdneestock
enterprise is one ofthe important livelihood strategodgpeople. In the states
of Rajasthan, Punjab, Haryana, Gujarat, Uttar Pradeshdhra Pradesh and
Madhya Pradesh where cattle population is more, sorglwdtivation is key
for supplying fodder, while in states like Maharashtaad Karnataka sorghum
iIs grown over a large area with equal importance fotlbgrain and fodder. In
Maharashtra and Karnataka, the large area under swmgltompensates for
fodder demand and thus dual-purpose plant type maximigeain yield. In
other states with less area under sorghum, tall foddersyare cultivated to
meet the fodder demand. Dayakar Rao et al. (2000) alsmfea that 40% of
sample farmers in selected postrainy season sorghunridis of Karnataka
and Maharashtra and 33% in rainy season sorghum disdriof Maharashtra
cultivated sorghum mainly for green fodder. Also, 31686 respondents in
postrainy season districts and 48% in rainy seasatrdcts grow sorghum with
equal importance to grain and fodder usage.

Dual-purpose sorghum in Myanmar is usually taken spaasecond crop
after early sorghum or legumes in the mid-monsoon seasar green fodder,
sorghum is sown at the onset of monsoon, as a sole crpal-purpose
sorghum is either sole cropped or intercropped with gogpea (Cajanus
cajan), mung bean (Vigna radiata), groundnut or sunflower.

Private sector investment in sorghum and pearl
millet research

Since 1985, public sector investment in agriculturalsearch in India is
growing at a slower rate compared to private sector mgiweents in plant
breeding research which has recently doubled betweea ghriod 1995 and
2002. During 1987-95 the private sector investments i@ Rincreased from
Rs 55 million (US$1.2 million) to Rs 200 million (US$5.8ihion) through
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increased number of private firms from 17 to 38. A medisnzed private
seed company operating in five states with an annual salesaver of Rs 150-
200 million, spends 7-10% of it on R&D, while large seed gamies limit
their R&D expenditure to 3-5% of their annual sales turnavePrivate
research is growing more rapidly than public research, blué¢ total R&D
expenditures in the private sector still amounted to onlg% of the total
funding of Indian agricultural research in 1998.

There are very few corporate players in the animal feedustdy. The
bulk of animal feed is produced by the small scale or coapiere sector
units. Besides, many farmers prepare their own animal feeikes. The
share ofthe corporate sector in the animal feed industrypaarly 33% and is
rising. The research arms of animal feed firms essentiatlhst new
ingredients, reducing anti-nutritional factors and testew additives
provided by other firms.

The widespread use of hybrids in Asia is attracting privatgeistments
in breeding and seed production. According to the seed sty sources, at
present private sector investments in India in product depenent and
marketing of sorghum and pearl millet are Rs 280 million &s219 million,
respectively. This may be due to strong R&D of public secdpread across the
country. The International Crops Research Institute flog tSemi-Arid Tropics
(ICRISAT), Patancheru, India is engaged in developing higbparental lines
and private firms make use of them for development of hybridrhus, it
appears that private sector in the past was not constdatmeinvest much on
R&D inthesetwo crops.

The market share of private sector sorghum hybrids is aseadily
increasing due to lack of support of seed production to lputsector notified
hybrids. In Andhra Pradesh (sorghum) and Karnataka (pemillet and
sorghum) private sector hybrids have significantly cobtried to the yield of
these crops. In case of sorghum, in Karnataka both privaté public sector
HYVs have shown positive significant effect on yield while case of pearl
millet, private sector HYVs of Karnataka and public sectéttYVs of
Maharashtra have exerted a positive and significant iaflce on yield (Table 6).

In sorghum, seed quantities produced by private companded not
increase substantially and only increased from 6000 t iPA-®1 to 6050t in
1998-99, but in terms of private hybrids as percentage aéaldybrids, the
increase was from 20% to 50%. In pearl millet due to redantin seed supply
of public sector hybrids, the market share of private camigs increased
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Table 6. Effect of private and public sector sorghum and pearl millet high-yielding
varieties (HYVs) on yield in India during 1998 .

Crop/state Private HYVs Public HYVs Estimation technique
Sorghum

Andhra Pradesh 0.0027* (1.92) -0.09(1.54) Random effect
Karnataka 0.0083** (2.34) 0.44** (2.99) Random effect
Maharashtra 0.008(1.54) 0.23* (1.88) Fixed effect

Pearl millet

Andhra Pradesh 0.007 (0.27) -0.84(1.1) Fixed effect
Karnataka 0.01* (1.91) 0.02 (0.32) Fixed effect
Maharashtra -0.002(0.11) 0.39** (3.2) Random effect

1. * = Estimates significant at 10% level; ** = Estimates significant at 5% level; figures in parentheses are respective t-values.

Source: Ramaswami et al. (1999).

from 50% to 63% during the same period. Such a situatoould not be
encountered in pearl millet where total seed supply remea@irsame for the
periods 1990-91 and 1998-99 with noticeable increaseirivate sector seed
supply up to 63%. Private seed companies appeared morfecieht in

maintaining seed quality of their proprietary hybridadasupplying in time to
the farmer in a cost-effective manner.

Relative economics of irrigated and dry sorghum and
pearl millet

Besides China, India is the major sorghum and pearl mideawing country in
Asia. Hence, economics ofthese crops have been dealhwitly in the Indian
context. Almost entire rainy season sorghum in India isinfad, while
scattered areas are irrigated in postrainy season. lterdadn that most of the
irrigated area accounted belongs to summer sorghum cafg in certain
belts of Maharashtra, Karnataka and Tamil Nadu. With areder rainy season
sorghum being eroded, irrigated summer sorghum was saged to mitigate
peak fodder shortages during summer in these regionsmi8ar sorghum is
mainly an early hybrid producing clean grain for consumom as food and
fodder primarily for farmers' own livestock; about 10-%0Osurplus fodder is
sold in the market.

The economics of sorghum production in India was studiedernthree
situations: (1) rainy season sorghum; (2) postrainysseasorghum; and
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(3) irrigated summer sorghum. The economics of pearl mtilproduction was
examined only under dryland conditions due to lack of kalde related literature.
In Maharashtra sorghum vyields under irrigated situatiomsere about five
times as that of dryland yields (rainy and postrainy sitoead). The irrigated
summer sorghum yielded substantially high net returns maidue to high
grain and fodder yields which usually fetch higher pricés.postrainy season
sorghum, though the grain fetches high prices the yields generally very
low. Postrainy season sorghum is typified by the absentehigh-yielding
cultivars under moisture stress. The yield of rainfed spr@iny season
sorghum is half that of irrigated summer sorghum. Thougle rlainy season
sorghum vyields relatively higher output than postrainyasen sorghum, its
per unit grain price is quite low to make it competitive ovies replacement
crops.

In case of economics of pearl millet in Ahmednagar, Mabsrtra, the
net returns are positive (Rs 1720 ha with output-input ratio of 1.2:1
(Table 7), because of its cultivation in lands with bettgesil and water
environments. In the states like Rajasthan usually netures are negative
when fixed costs are accounted. In the latter, output ustg low and prices
are also not so remunerative. However, its cultivatiosnnot discontinued
because of lack of other crop alternatives. In Maharaghtdue to adoption
of HYVs the yields are better. However, its area is dechiggwith decline in
consumption levels.

Table 7. Economics of sorghum and pearl millet producti  on in Maharashtra, India.

Sorghum Pearl millet
Rainy Postrainy Summer (Rainy)

Particulars (2000/01) (2000/01) (2002/03) (2000/01)
Crop yield (t ha™)

Main crop 1.93 1.06 2.61 1.18

Byproduct 3.76 3.30 5.50 2.47
Total cost (Rs ha') 9720 8259 12198 7168
Cost of production (Rs t*) 3669 6951 4659 6036
Price received (Rs t)

Grain 4347 6700 5000 6003

Fodder 695 704 1000 711
Net returns (Rs ha') 1313 1200 6392 1720
Output-input ratio 11 11 15 12
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Future thrust: commercialization and potential new
niches

As a consequence of commercialization of agriculture, ooty in developed
world but also in the developing world, the traditionalbsistence crops like
sorghum and pearl millet have also entered into commercialtigation. In
Asia, these crops are transforming from subsistence lewelsémi-subsistence
and heading for commercial level of cultivation.

In India, various farm-level studies confirmed that the ated surplus
of sorghum could be up to 30% of total production of farmshich is mainly
marketed through village-level non-regulated markets ¢(Mand and
Parthasarathy Rao 1999). Commercialization can be prodotthrough
maximization of grain/stalk yields, where the emphasisoshd be on
productivity enhancement. The current low productivityeveéls render
sorghum non-competitive with other crops both at farm leaed at utilization
level with presently used raw material in its alternativses. Contract farming
and promotion of industrialuseswill enhancethe demand. According to
Kumar (1998), the average yield of coarse cereals in Inghauld be improved
by 16% by 2010 and 36% by 2020 in order to meet the domestmadal. For
commercialization ofthese crops, potential niches needhe identified where
these can be commercially exploited for income generation

Forage sorghum

In areas with need for dual-purpose varieties the majoseaechable concern
should focus to introduce such dual-purpose sorghum whiarh also be grown for
quality green forage production elsewhere in other statebndia to sustain their
dairy industry and other livestock. Sweet stalk sorghunttwhigh photosynthetic
rate and biomass production potential may add to highemahiproductivity.

Development of dwarf short-duration hybrids for rainy seas on

Demand for labor is very high during harvest of rainy s@masoops. Therefore,
limited labor (family/hired labor) is deployed for harvest high-value crops.
Sorghum remains in the field for longer time even after nraty and is prone
to grain mold as conditions become more favorable. Therefodevelopment
of early-maturing dwarf genotypes which are amenable foomdined
harvesting are necessary to get clean grain when there pgak demand for
labor. The economy in harvest operation and mold-free,antgrain harvest
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will ensurebetterfood and market prices. Such early-maturidgvarfcultivars
will also fit in intercroppingsystemsbasedon low canopy crops such as
soybean and groundnut which replaced sorghum in thd.pas

Sorghum production in rice fallows for market surplus

Introduction of sorghum in rice fallows, especially non-conventional areas
appears to be potentially promising. Planting of sorghin late December to
January ensures high fodder yield to meet the stovemamd of these areas.

Red sorghum for feed and exports

To meet the feed demand in high rainfall regions, redigrsorghum (imparts
rich yellowness to yolk of egg) may be targeted as potaintaw material for
poultry. The red grain types have good demand in manyndoies for feed. In
Japan, sorghum is considered as a valued constituertvimstock feed rather
than maize (imparts more yellow colorto the meat) assuomers prefer white
colored meat. Hence, Indian sorghums may be exploitedthis purpose.

Industrial alternative uses

Animal feed

Sorghum grain is perceived to be utilized as a raw miglein animal feed,
especially poultry feed. At present in India abouts4L.7 million t of sorghum
grain is being used for animal feed. Genetic enhancemandigestibility of
grain will ensurebetternutrition. The poultry feed industriewill continue to
be the major user of sorghum in the future (Fig. 8).

2001-02
2010

Figure 8. Relative contribution of alternate uses of sorghum in India.
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Potable alcohol from grain

Another important potential niche could be utilizatiai sorghum grain for
alcohol production. At least ten manufacturing units India are already
utilizing grain for the production of potable alcohol.iwh the implementation
of Government of India's new policy to blend ethanol Wwigetrol, initially up
to 5% and increase up to 10%, huge demand is created faanethproduction.
It is likely that sugarcane (Saccharum officinarum) molasses can be used as
raw material for bio-fuel production, while sorghum gmamay be used in
potable alcohol sector owing to its better quality agabp created by diversion
of molasses.

Sweet sorghum as bio-energy source

Sweet sorghum is an excellent source for bio-fuel prodan. The stalks
which are rich in sugar can be used for ethanol prodaowrt or jaggery
production. Sweet sorghum is similar to grain sorghum tierms of wide
adaptability. It can produce up to 5,000-7,000 L ethkbha® which makes it
highly attractive to supplement petroleum reserves. Stweerghum, with
one-third water requirement of sugarcane, supplemendserl in the lean
period and increases the capacity of utilization of téwegar plant. A techno-
economic feasibility study undertaken by the NationRésearch Centre for
Sorghum (NRCS), Hyderabad with M/s Renuka Sugars Ltdelg&um,
Karnataka, India indicated that the cost of productiohethanol from sweet
sorghum stalks worked out to be Rs 13.11'lin comparison with sugarcane
molasses from Rs 9.25°L (own molasses generated in sugar factory) to Rs
12.55 L'* (from purchased molasses).

Malt

Another potential area could be the use of sorghum nmeadd as an adjunct in
brewing industry. Malted sorghum is used for brewingeben Ghana and
Nigeria. Sorghum's comparative advantage would be lidsv output price,
especially in production regions of rainy season sorghimmndia over that of
existing raw material.

Processing for other food uses

Apart from these industrial uses many traditional valag@ded products can be
prepared from sorghum and millets owing to their nutvid value. These
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include diabetic foods with high fiber content (antiakints) and in various
bakery products like bun, bread, cakes, cookies amgicbits which should
target the urban consumers.

Pearl millet feed and food products

More recently pearl millet is being used as a low-costssitibte for maize in

poultry and dairy feed, which is gaining momentum. Indadon, there are

other niches for pearl millet:

« Due to its rich protein content, the grain can be used fpreparation of
protein-rich foods.

e The bran is rich in oil; hence it can complement riceab in oil
extraction.

« Pearl millet can also be used for brewing in those ofible areas with
marketed surplus where the factories are located.

* The high fiber content in the grain can be exploitt@dprepare health foods.
Diabetic food products can also be prepared.

Increasing the productivity through improved techngies and quality
of product would result in reduced cost of productionrpenit or increased
profitability per unit area. Due to this reduced cosdprghum and pearl
millet may be extensively used in value-added and istdual applications
which may fetch high remuneration for poor farmers shuwlleviating
poverty. To hasten this process, aspects like marketiogntract farming and
farmer-industry linkages should be strengthened tmaay result in a fair
degree of commercialization. To minimize competitionitl preferred
cereals, improvements in shelf life of flour and sadility are essential
features.
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Sorghum and Pearl Millet: Health Foods and
Industrial Products in Developed Countries

JA Dahlberg !, JP Wilson ? and T Snyder*

Abstract

Sorghum and pearl millet are important staples to millions of people worldwide.
The use of these cereals in the developed world has been primarily restricted to
animal feed and littte work has been done to evaluate them in industrial food
systems. Recent work has suggested that these cereals possess uniqu
characteristics that have both nutritional and functional properties that lend
themselves to the development of healthy, nutritious foods. Both cereals are gluten-
free, have wunique phenolic compounds, which are being identified as having
medicinal properties and contain proteins and starch characteristics that lend
themselves to functional food uses that may impact health. In Africa and Asia,
these cereals have been used in traditional food products, but now their use in
industrial settings is being explored. Both developed and developing countries
have similar problems in using these two crops for high-end food systems. These
problems form the foundation that keeps the ‘technology bridge' from collapsing as
research is moved to market development. These foundations are stable, reliable
sources of relatively inexpensive high quality grain and new market development
in Africa and Asia. Without these basic requirements, development of new food
markets for sorghum or pearl millet will be extremely difficult.

Sorghum (Sorghum bicolor) and pearl millet (Pennisetum glaucum) are the
major cereal crops throughout the world. In 2002, 42.1llioin ha of sorghum
were harvested worldwide, with a total production of 5m3llion t. Africa,
India and the United States are the largest producers odglsom representing
approximately 54.0%, 23.5% and 7.2%) of the total hateelsarea and 37.8%,
14.5% and 17.5% of the total world production, respectyvelThe average
productivity of sorghum is approximately 3,181 kg han the United States,
while it is 920 and 808 kg Hain Africa and India, respectively. Pearl millet is
planted on 36.9 million ha worldwide with a total produahti of 25.8 million t.
Africa represents 57.0% ofthe total world production whiladia accounts for
32.5%. Very little millet is grown for grain in the United &¢&s. Africa and
India produce 83.0% of the millets consumed worldwide, hehthe United
States produces only 0.3 milliont (FAO 2003).

1. National Grain Sorghum Producers, PO Box 5309, LubboTkxas 79408, USA.
2. USDA-ARS, Coastal Plain Experiment Station, PO Box 748fton, Georgia 31793, USA.
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In most developed countries, both sorghum and milletim@arily pearl
millet, have been used as animal feed. Pearl millet isngr@rimarily for forage in
the United States, though it is beginning to be usedaasomponent in poultry
rations. Sorghum grain has traditionally been used eed rations for beef and
dairy cattle, poultry, pork and sheep, while sorghumafes are widely used in the
beef and dairy industry. Sorghum grain can be pelletexdyweded, steam-flaked,
rolled, cracked and fed whole (Doggett 1988, Smith andderiksen 2000).

Sorghum and millets provide an important componenthe diets of many
people in the world in the form of unleavened breads,|bdiporridge or gruel,
malted beverages, and specialty foods such as poppeich grad beer. Syrup is
made from sweet sorghum. Rooney and Waniska (2000] mi®van excellent
review of sorghum use in food and industrial utilizatiomowever, these foods are
primarily consumed in developing countries. Traditiolyalsorghum has been used
in unfermented and fermented breads, porridges, cawscaice (Oryza sativa)-
like products, snacks, and malted alcoholic and noahbtdic beverages. In many
cases, the same is true for millet. Andrews and Kumh992), FAO (1995) and
Murty and Kumar (1995) provide excellent reviews of pearillet uses in food
systems, but again these are primarily uses found wnttiéveloping countries.

Recently, interest in both sorghum and millet in highd food products,
especially in health food markets, has begun in regiohshe world that have
traditionally not used these grains in human food syste Japan has taken the
lead in developing snack-food products using sorghum,d amterest in
sorghum's 'gluten-free' properties has developed a dednéor high quality
food sorghums within the United States. The pros andscohcreating food
markets for sorghum and millet primarily in the UniteStates and also in
other developed countries are discussed.

Grain characteristics of sorghum and pearl millet for
use in food products

Sorghum and millets in the developed countries havenbesed for animal
feed and therefore there has been little breeding warkiévelop these grains
for high-value food uses. Genes have been incorporatedybrids and lines
that make use of light colored grain and glumes that oedthe amount of
staining and increase quality of the grain enablinge tievelopment of
acceptable food products. In 2003, approximately 810® of food-grade
sorghums were planted in the United States. Food-gradbeghums are
defined as types having white grain with both tan plaand glume
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characteristics. The National Grain Sorghum ProducéNsGSP), Texas, USA
have developed a program to assist in the identity presgon of these grains.

Caryopses of pearl millet and sorghum consist of threeatamically
distinct components, the pericarp, endosperm and germoulghh pearl millet
tends to be approximately one-third the size of sorghuime proportion of
germ and bran tend to be greater (Table 1). Chemical and amagid

composition of both sorghum and pearl millet are outldnien Table 2.

Table 1. Caryopsis makeup of sorghum and pearl millet.

Description Sorghum Pearl millet
Endosperm (%) 84.2 75.0
Germ (%) 9.4 17.0
Pericarp (%) 6.5 8.0

Source: Andrews and Kumar (1992), Waniska and Rooney (2000).

Table 2. Chemical composition and essential amino acid

and pearl millet.

composition of sorghum

Composition Sorghum Pearl millet
Chemical composition (%)
Protein 11.0 14.5
(7.3-15.6)" (8.6-19.4)
Fiber 2.7 2.0
(1.2-6.6) (1.4-7.3)
Lipid 3.2 5.1
(0.5-5.2) (1.5-6.8)
Ash 18 2.0
(1.1-4.5) (1.6-3.6)
Starch 70.8 71.6
(55.6-75.2) (63.1-78.5)
Essential amino acids (%)
Lysine 2.2 3.0
Threonine 3.3 3.6
Valine 5.4 3.9
Methionine 14 2.3
Isoleucine 4.1 4.6
Leucine 14.7 9.6
Phenylalanine 5.0 55

1. Range values are given in parentheses.

Source: Andrews and Kumar (1992), Sema-Saldivar and Rooney (1995), Waniska and Rooney (2000).
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Both grains develop in 'open' panicles and this enwiment is more
favorable for fungi that produce low levels of regulatadd non-regulated
mycotoxins (for a greater review of mycotoxins, see S8R 2003). Both
aflatoxin and fumonisin can be major issues in maif@a mays),but are
typically not serious issues in either sorghum or inapemillet (Table 3).
Storage fungi can develop in grain that is improperlyndbéed and storage
practices are important in preventing the deterioratimingrain quality.

Sorghum and pearl millet grains are small and this hasnbeerceived as
a problem for their use in food products within the Unit&dates. However,
extensive research has shown that both cereals can &é@ immsa wide range of
processing technologies that lends itself to food protdu Andrews and
Kumar (1992) and Rooney and Waniska (2000) provide exxetlreviews of
the grain characteristics of sorghum and pearl milletd how they fit into
processingtechnologies.

Because both cereals tend to be grown under marginaldcooans and
with little input, variability within the crops due to ehenvironment leads to
a wide range of quality of the grain. The definition ofigh grain quality’
depends upon the characteristics considered to be dbbkr In the African
context, the subsistence crop, which provides food tfloe household can

Table 3. Results of assays for mycotoxins in pearl mille t grain produced in the
southeastern United States.

Maximum Preharvest levels in crops Mycotoxin levels after
preharvest grown side-by-side’ high moisture storage®
levels’ (PPb) (PPb)

Mycotoxin (PPb) Maize Millet Initial Final
Aflatoxin 290 0-564 0-21 290 1750
Fumonisin 240 0-80,000 0-250 0 0
Zearalenone 170 0 400
Deoxynivalenol 10 400 400
Nivalenol 420 400 400
Moniliformin 184 0 0-200 11 11
Beauvaricin 1044 0-118 0-1000 2190 2190

1. Data from 1990-93, 1996-98, 2000-01.

2. Evaluation conducted over 13 planting dates in 2000 and 2001.

3. Grain stored at approximately 22% moisture for 1 month. Common fungi in high moisture grain were Aspergillus
glaucus, A. candidus, A, niger and A. flaws. Grain was stable for several months when treated with either propionic acid
or ammonium propionate at 1 to 1.5%.

Source: Wilson et al. (1993,1995, 2000, 2002), DM Wilson, University of Georgia, College of Agricultural and

Environmental Sciences, Tifton, Georgia, USA (personal communication).
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differ from the cash crop sold to industrial processofshe small holder
subsistence farmer often uses low-yielding 'traditid'navarieties with
preferred food and taste qualities. The grain is exteéyn hard and resists
insects in storage, and can store well for years while mtaining seed
viability. Storage problems are more common when fars adopt higher
yielding varieties that tend to have softer endospermshich are more
susceptible to insect and mold infestation (FAO 200ZFood-grade quality
varieties that have hard, white, round grain would hetable for industrial
processing. The lack of a reliable, consistent supplygdin for commercial
and industrial food uses has been the biggest obstaolegrneater use of
sorghum and millet in food systems.

Health factors in sorghum and pearl millet food
products

Sorghum and pearl millet could find a significant niche the nutritional
foods market in developed countries. Unique health foathat have high
levels of insoluble dietary fiber, phytates and phytootieals could be made
from sorghums with high levels of catechins, flavonsjdphytates and harder
to digest proteins. Tannin sorghums contain high levefsantioxidants and
may have anticancer properties (Chung et al. 1998). nBh® in some
sorghums range from 4.1 to 20.9 mgl'g(dry weight basis) while the
condensed tannins (catechin equivalents) range fromo036.8 mg g .
Converted to a dry weight basis, blueberrie¥agcinium spp) have 3.4 to
24.2 mg g*' of phenols (Heinonen et al. 1998). Thus, the concanion of
phenols in some sorghums is comparable to or higher thtdomat of
blueberries. Phenolic compounds, especially flavorsgidhave been found to
inhibit tumor development (Huang and Ferraro 1992xnt grain sorghums
have been found to contain these useful compounds (&hahnd Naczk
1992). Polyphenols and tannins are found in pearl mi|l however, little
work has been done in USA to evaluate them. Sripriya et(4l996) reported
phenolic contents of 51.4 and 43.1 mg 106giry weight of pearl millet and
sorghum, respectively. Further research is neededt bwen the values
reported by these authors pearl millet would seem toehaxcellent levels of
antioxidant compounds.

The phenolic compounds, flavonoids and tannins are conceted in the
pericarp and testa, which can be abrasively milled pooduce ingredients
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providing health benefits. Dry milling using decorttion separates the pericarp
from the endosperm, which concentrates the phenolso47+fold in the bran
fractions. Brans of several tannin-containing sorghumwesorticated 10-15% had
140-180 mg catechin equivalents'dtannin) and 53-72 gallic acid equivalents
g ! (phenolic compounds). White sorghum bran and wheranbwere less than
10% of these values (Awika 2000). LW Rooney and cowaskeTexas A & M
University, Texas, US A have identified and analyzedlig, protocatechuic, p-
hydroxybenzoic, vanillic, caffeic, p-coumaric, feragliand cinnamic acids in
sorghum (Hahn et al. 1984). Eight other phenolic acigsevunidentified.
Oxygen radical absorbance capacity (ORAC) of branmrohe brown,
tannin-containing sorghum was the highest [410 umod[bx equivalents (TE)
g !]. ORAC values of the brown and black sorghum brans whigher than
those of blueberries (Tables 4 and 5). White sorghum arhckeat (Triticum
aestivum) bran had the lowest ORAC values due to their low lewdlphenols.

Table 4. Levels of phenols and fiber in bran and other prod wucts (dry matter basis).

Dietary

Phenols Tannins Anthocyanins ORAC! fiber
Bran/Component (mg g (mg g)  (absg'ml*)  (umol TE g-) (%)
Red wheat 3 - - 31 48
White sorghum 4 - - 27 41
Brown sorghum 107 175 31 401 45
Black sorghum 22 10 520 114 43
Blueberries 26 20 50 - -
Berries’ 1-22 ; ; 63-282 ]
1. ORAC = Oxygen radical absorbance capacity; TE = Trolox equivalents.
2. Source: Prior et al. (1998).
Table 5. Phenolic compounds and dietary fiber added to bre ad.

Bran Phenols Tannins ORAC?

Bran' (9 56 g- (mg 569™) (mg 5697 (umol TE 56g™)
Red wheat 5.4 14 149
White sorghum 5.4 18 123
Brown sorghum 5.4 504 828 1900
Black sorghum 5.4 106 47 539

1. Calculated from bran data; 15% bran loaf® of bread.
2. ORAC = Oxygen radical absorbance capacity; TE = Trolox equivalents.
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Positive correlations were observed between the ORAC walaed tannins
(r = 0.89) and phenols (r = 0.94) in the sorghum brans. Thghhlievels of
dietary fiber in these fractions could offer additionalnedits. Dietary fiber
levels in the bran fractions ranged between 36.1 and 42.9%doy weight
basis. Wheat bran had a dietary fiber value of 47.6%. ®amg bran fractions
have produced bread with excellent quality containing higkels of phenols
with good antioxidant values.

Sorghum brans could be exploited as a source of phytonmtsien foods.
Substituting 15% of each of the four brans for wheat floesulted in breads
with similar physical properties: specific volume of 4426 cm® g'!, similar
loaf appearance (shape), compression force of 3.8-5.1 tdew at 2 h,
moisture of 39.6-40.0% and an additional 1.9-2.3 g drgtdiber per 56 ¢
serving. These treatments were selected as the optimwmldefor addition of
the bran because of their higher dietary fiber and pheanalontent while still
maintaining desirable attributes. Adding 15% brown oadk sorghum bran to
bread yields brownish, dark-colored loaves, without taeédition of caramel
color, and adds significant levels of phenolic compoundsd adietary fiber.
Such breads have a rich flavor and dense texture like maagpmercially
available specialty breads, including dark rye SeCale cereale) and
pumpernickel breads, and could be marketed as nutracelufpcaducts.

Nutraceuticals is the fastest growing segment of thedandustry (Sloan
1999). The market is expected to remain strong and stablearG, with the
increasing demand for antioxidant rich foods and produych®w sources are
bound to play an important role in this market. Specialtygdoum brans are a
promising source ofthese compounds, given their exadlleoloring ability and
antioxidant activity. The brown, tannin sorghums aredesirable for animal
feeds and human foods where they reduce the nutritionalevdly 15 to 30%
depending upon animal species and feeding and processinthads (Rooney
and Pflugfelder 1986). Phytate and dietary fiber levelssorghum pericarp are
high as well; thus in addition to antioxidants, the sorglsueould reduce caloric
value of foods and add dietary fiber. Research conductegp®ar|l millet would
also suggest that this grain would have similar propestas sorghum and could
be further exploited in these new markets with additionademch.

The starches in sorghum are released more slowly than thosether
cereals (Klopfenstein and Hoseney 1995), and so it isscdered beneficial to
diabetics (more than 30% of Americans have diabetic redapeoblems). Pearl
millet has a very hig (§-amylase activity, about 10 times that of wheat. Maléo
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and D-ribose are the predominant sugars in the flour, whftuctose and
glucose levels are low (Oshodi et al. 1999). Foods with & bdycaemic index
are useful to manage maturity-onset diabetes, by impngvinetabolic control
of blood pressure and plasma low-density lipoprotein clsééeol levels due to
the less pronounced insulin response (Asp 1996).

Hamaker et al. (1987) reported that sorghum proteins agaitcantly less
digestible than other cereal proteins; however, this ttes potential of being a
health benefit for certain dietary groups. Protein quwlid primarily a function
of its amino acid composition. Grain proteins are classlfiaccording to their
solubility characteristics: albumin (water soluble)ogulin (soluble in dilute salt
solution), prolamin (soluble in alcohol) and glutelin texctable in dilute alkali
or acid solutions). Albumin + globulin levels are higher prarl millet than
sorghum. Millet contains fewer cross-linked prolamins,hih may be an
additional factor contributing to higher digestibility pearl millet proteins.

Gluten intolerant persons (celiacs) allergic to gliademprolamin specific
to wheat and some other common grains, comprise approxehyats00,000
people in the United States or 1 in every 541 people (basedUu8nCensus
Bureau resident population estimate, 1998). Sorghum aedrl millet are
gluten-free; however, more information is required to deratrate that they
can be used in the diets of celiacs.

Celiac disease (CD) is a malabsorptive disorder, pnésin genetically
predisposed individuals, that is the result of ingestiolhgbuten proteins in
wheat, or related proteins from barley (Hordeum vulgarg)e, and possibly
oats (Avena sativa) (Trier 1983, Marsh 1992, Feighery 9R9Exposure to
these proteins in CD patients causes damage to the smaélstiime, thereby
limiting the ability to absorb nutrients, ie, malabsorpt. Symptoms of CD
are variable in intensity and all symptoms are not presanali patients (Trier
1983, Marsh 1992, Maki and Collin 1997, Feighery 1999). m$oms
include, diarrhea, pale (often gray colored) stools,aggkd abdomen, physical
wasting, anorexia, vomiting, anemia, loss of appetit@atigue, infertility,
anxiety, depression, osteoporosis and weakness. The apeece has been
estimated at ~ 1:5000 in USA; however, a number of resemlieel that this
Is too low and that many cases of CD go undiagnosed (Falch@89). Some
estimate rates as high as 1:200 (Feighery 1999).

CD is a reaction to gluten proteins (Kasarda 1981, Marsh2)9%Gluten
is a complex mixture composed primarily of two classes of thheat storage
proteins, gliadins and glutenins (Kasarda 1981). Gliadimre generally
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recognized as the primary agent responsible for the depement of CD in
genetically predisposed people (Cornell 1996). Mosttloéd research into the
toxic effects of gliadins has been done with a fractiofh tt-gliadins, called
A-gliadin, either intact or digested into small pepted¢Cornell 1996, Silano
and De Vincenzi 1999). However, all classes of gliadime aeported as toxic
(Cornell 1996, Silano and De Vincenzi 1999).

Proteins from rye, barley and oats produce toxic eféeatthough oats are
not as much of a problem (Kasarda 1981, Marsh 1992). Rind maize
proteins do not cause toxic effects in CD patients (fheiy 1999). Little
work has been done on CD with either sorghum or pearl etillISorghum is
more closely related to maize, which has not been repdrmto cause CD when
consumed by celiacs. Because maize has been found tomdretoxic to CD
patients, it is reasonable to expect that sorghum woalsb be safe. Prolamins
from rice, maize, sorghum and millet did not cross redaot monoclonal
antibodies to A-gliadin from wheat, indicating structd dissimilarity (Ellis et
al. 1998). Unfortunately, the specific type of milletaw not indicated. Pearl
millet is likely to be non-toxic; however, pennisetindiet class of prolamins in
pearl millet, differ from the somewhat homologous prolimnmzeins in maize
and kafirins in sorghum (Marcellino et al. 2002). If stingm and pearl millet
were found to be safe for CD, they would represent new aomewhat novel
food items that could be wused for CD patients. More coetpl
characterization of sorghum and pearl millet proteimsdaheir functionality
would provide useful information for marketing celiaodds.

Processing and food product technologies and shelf lif e

Extensive research information is available on the ge®sing and product
development of sorghum. Rooney and Waniska (2000) pdevan excellent
review of the current state of research on sorghum for iusdood products.
Their basic conclusion is that sorghum can be used imilar fashion, with
slight modifications, as other grains in production fefod products through
processing technologies that are currently availabResearch and technologies
are not limiting factors in the production of these puxzds. Andrews and
Kumar (1992) also present a similar survey of the cutredechnologies
available for use in pearl millet. Research is somewhiatited on this cereal
butitcould be used in various food products with additabmesearch. Because
both grains would be typically used as a whole grain, ehés potential for
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some shelf life problems, especially in pearl millet (bes@a of its high
proportion of germ which is rich in oils), though with prep processing,
handling and storage these should be somewhat irrelevasuess

Applications of current technologies to the production liigh-value
snacks made from sorghum are currently under way in Japat several
snack-food products are available in the market. Techgglos not limiting use
of either sorghum or pearl millet; it is the availability afthigh quality, reliable
supply of these grains that is the major limiting factoo use in food
production systems.

Price structure and commercialization: The current
sorghum market as a case study

Grain sorghum marketing fits no ordinary marketing modelhviin the United
States. Traditionally only 8 to 9% of the crop carries ovim the next
marketing year. There are two primary reasons for this loavryover. First,
grain sorghum as a commodity moves in and out of feeding céknas a
replacement for maize in most markets due to lower priceeca®d, the
traditional market for grain sorghum is a replacementrshasource market.
Markets for starch include binders for making wallboarddafor ethanol
production. In the United States, one of the fastest gimgvareas of new
utilization is in the production of ethanol, which now usgsproximately 12%
of the total sorghum grain production in the country.

Prices of sorghum in central USA and the Gulf Coast often équma
exceed maize pricing. In the major sorghum belt, large woé ethanol
consumers and pet food manufacturers boost the grain songlprice. In
regions without access to either ethanol or other high unoé starch
consuming manufacturers, such as in the Texas Panhangitain sorghum
prices fall many times to 30 or 40 cents below maize.

There are new value-added markets developing for grain Bong
exports. Japan and Mexico have raised the awareness thain gsorghum
benefits from specific marketable traits. Mexico impontarieties preferably
having high protein and starch, primarily for use in powylfgroduction. Japan
has begun to import high quality food-grade (white seedéan plant, tan
glume) sorghum for its high protein content, color and fileixity of use in
snack-food systems. These traits usually confer higheueatio sorghum that
typically bring in significantly greater market prices.
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The challenge to new markets

Traditionally, sorghum has been viewed within the Uadt States as simply a
replacement for maize in both industrial utilization afeked. Those that have
worked to move sorghum into new markets have been sgdnby what can be
termed as 'death valley' (Fig. 1). Fundamental reseasohunique uses of
sorghum has taken place within the United States foves&l years (Rooney
and Waniska 2000). But, the difficulty has been movingogucts from
experimental consideration to actual market developmeWe have lacked
the 'technology transfer bridge' to cross over our reskdindings into market
opportunities (Fig. 1). The need is for the foundatiohthis ' bridge ' to be
built so that products can move from development to protdan.

In many ways, these are the same hurdles that countriesthe
developing world face in introducing new food producte consumers: Is
there a demand? Whawill market it? Who will produce it? Is there a

Death valley

R&D (LISS)

Private

Public

Technology
transfer

Fundamental Commercial

research ——_’ implementation

Figure 1 Technology bridge that fills the gap between basic research and
commercialization (Source: Peter Johnsen, USDA-ARS-NCAUR, USA).
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consistent supply of high-quality product? Another termatthas been coined
for such a dilemma is ' the chicken or the egg' syndromeisTitas been one of
the major stumbling blocks to get sorghum into the food mdrikethe United

States. In the sorghum example, the egg could be qualifeedupply, while the
chicken would be a new consumer product.

Dr Rooney may have been one of the first food researchersoimghum in
the United States to run into these issues when he tried mggtprivate
industry involved in food development using sorghum. Hadhdeveloped the
‘chicken', a food product, but only had a limited supplytbé& 'egg' in this
case, a high quality food-grade sorghum needed by industryddévelop the
product. Without the two, the interest in a marketableoguct was
effectively shelved. This has been the difficulty in trygimo generate interest in
food products made from sorghum.

New market development in pearl millet

In traditional regions, the area dedicated to pearl milledltocvation is
decreasing, as is per capita consumption of the grain.tdfacinfluencing these
trends include the stigma of poverty associated with itsnwmption, time
and energy required to prepare millet-based foods, ima@dée infrastructure
for storage, marketing, and transportation, poor preceg techniques,
competition with alternative crops and uses for land resesar and availability
of low-cost, subsidized alternative products (FAO 1995pretti 1997).

The reduction in acreage planted to millet is to be expecdseddiets are
diversified. Given the economic and socio-cultural caasnts, it would be
naive to suggest that caloric and nutrient needs are bemtgsfsed by current
diets in many African countries, but the overall decr@@gsidemand for pearl
millet suggests that greater diversity is being introddcento diets. This
phenomenon may reflect a developing trend for the role ehrp millet
changing from a staple to a dietary component, which isirddse from the
nutritional standpoint of a population.

Although traditional markets for the grain are slowly ding, they will
continue to play a key role in defining research and markgtplans for the
foreseeable future. Convenience-formulations of tradmal products should
find significant markets in traditional areas. The esinf this portion of the
ethnic-food market in the UnitedStateswill remain limited. Many of the
traditional products such as porridges, fermented breadsl opaque beers
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will have only limited penetration into US markets. Research into
convenience formulations oftraditional products shoble balanced with new
product development for non-traditional regions.

Expanding the total market share in traditional remso can be
accomplished by substituting pearl millet for wheat inaditional wheat-
based products. Pearl millet flour can substitute for to 10 to 20% of
wheat flour in ' whole-grain ' breads. The substituticate is limited by the
effects on product color and loaf density. Composite fl®wcan be used but
are usually not desired. If composite flours are proddg¢ fats in the non-
wheat component may reduce shelf life. Substitution t=tgses are a valid
approach to temporarily support local economies by ewsing market
outlets for a locally-produced grain, but its value asomg-term strategy is
questionable for well-established food products. Asnarketing strategy for
the United States, substitution of pearl millet for oaéthe more common
commodity grains is unlikely to be successful, sinceoguct quality is often
inferior to current standards and the practice does mntribute to
supporting local economies.

To integrate pearl millet into the US market, new pratds will be
required and research should focus on their developmeBased upon
popularity of specific foods in the United States, pradsithat are likely to be
successful might include pearl millet as a component oked whole-grain
breads, crackers and pretzel-like snacks, or use as a alternative. Use in
tortillas, dry and creamed cereals, and as a componi@ntspecialty beers
would be a secondary consideration. Use of pearl millepproducts should be
highlighted, and an effort should be made to redefibe role from that of a
staple crop in subsistence agriculture to that of albleatem with superior
nutritional qualities.

Adoption of pearl millet into US markets will requirer@pducts that are
formulated for convenience and taste. Because of thdewpread practice of
fortification, nutritional qualities and health bentef of the grain are an
advantage from a marketing standpoint, but are lessicait from a dietary
standpoint. The novelty of the use of peanmillet will permit some entry into
the health food market of the United States, but expahdee in the
processedfood industry will depend upon itsflavor and/or functionality in
formulations. Unless pearl millet represents a subst@intomponent of the
diet, its nutritional qualities are relevant not in doast to, butin contextwith
other dietary items.

54



Specific combinations with other products should be idéietd that
make pearl millet a desirable ingredient in formulations pecipes. Its
contribution to product flavor will most likely be a regudf factors associated
with its inherently high levels of lipids and/or proteins combination with
other ingredients. It will be important to determine theadiay and stability of
flavor when blended with other grains, meats, fruits andgetables in
convenience formulations. As has been demonstrated instdvgghum industry,
product development is unlikely until food-grade peariliet becomes readily
and consistently available.

Future efforts

New food-grade sorghums and specialty sorghums are cutlyeavailable in
the US market and can be used for food and for the nutritiod health food
specialty markets. Markets in north central USA currentbell grain
sorghum-based products while making very significant Itlea claims
attributable to the benefits of whole grain sorghum. Kigpin line with these
research efforts and the demand for attribute specific kedimg, NGSP has
undertaken the task of identifying and building new marketso the '"human
consumption' food chain, specialty medical markets, foedd applications and
expanded animal feed markets.

To further differentiate quality grain, the 'NGSP Ceingl Sorghum'’
program was developed to provide the infrastructure Bsagy to build
confidence in grain sorghum as a 'non-GMO"' (genetigcaillodified organism),
gluten-free, identity preserved food source for human swmption. It
provides trait specific marketing for medicine and funatad foods under our
‘Specialty' label and will help facilitate new marketsrfonternal use and
export trade by providing a traceable source for grain samghunder the
‘Certified Sorghum Food' label. By building this programMGSP believes it
will reestablish the different varieties of grain sorghumo new and existing
growth oriented marketing channels. The program does oeitify seed. It
does, however, provide approved varieties for delivery oinapproved
marketing channels. This will allow the producer to selk ldr her grain and
have a reasonable expectation of gaining a profit in a newxpanded market.

The advent of the 'NGSP Certified Sorghum' program and the
development of other value-added programs should ensuee atinfidence of
the seed industry, marketers, manufacturers and conssinoérgrain sorghum.
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We continue to work on solving the 'quantity' issue andriw@n reintroducing
sorghum tothosein the food market whowill developfood products.With the
guantity and quality issues being resolved, grain sorghcam be traded into
markets where specific food quality sorghums are reqdireéNow, an East
African country can request 'food sorghums' and be assofeal specific set of
guality characteristics and an adequate supply for deliv@8 his is how research
and marketing grain sorghum has worked together to carcdtthe 'technology
bridge' that spans the gap between research and marketldewment.

In Africa and Asia, similar issues hinder the developmexftprofitable
sorghum and pearl millet products. Food processors in @édrand Asia face
problems of limited production of reliable, high qualityorghum or pearl
millet that are critical to the development ofnew fooxdhrkets. Then how will
Africa and Asia build the necessary foundation to ensuhe t'technology
bridge' does not collapse and prevent the developmenotbhér markets?

A serious issue in Africa is that many countries lack iedsified market
that would help stabilize the market and provide a cotesis and stable grain
price. Without the development of alternative marketsicls as a feed market,
the price of sorghum and pearl millet will continually béfected by wild price
fluctuations that will hinder the ability ofa food compaby produce a product
that is viable in the market. Creation of new markets othlean for human
consumptionwill provide avenuesfor selling the commodities in times when
quality is anissue, and will help to stabilizepricing. Development ofthese
marketswill requirestorageand transportation infrastructure thahsuresready
supplies of grain. Without these basic requirements, elepment of these new
food markets for sorghum or pearl millet will be extreimaifficult.
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Recent Technologies in Pearl Millet and
Sorghum Processing and Food Product
Development

S Sehgal, A Kawatra and G Singh *

Abstract

Pearl millet and sorghum are highly valuable in semi-arid regions because of
their short growing season and higher productivity under heat and drought
conditions. Both pearl millet and sorghum grains are nutritionally comparable
and even superior to major cereals with respect to protein, energy, vitamins and
minerals. They are also a rich source of dietary fiber, phytochemicals and
micronutrients.

In spite of huge production, consumption of sorghum and pearl millet is
restricted to the poorer section of population. Utilization of pearl millet and
sorghum can be increased by various processing treatments including blanching,
malting, dry heating, acid treatment, popping, etc. All these treatments decrease
the level of antinutrients, improve digestibility and increase shelf life. Pearl millet
and sorghum can be utlized for development of various food products. These
include traditional products (porridges, flat breads, chipphakri, suhali, khichri,
dalia, shakkerpara, etc), baked products, extruded products, health products,
weaning and supplementary foods. Products developed from processed flour have
longer shelf life and higher starch and protein digestibility than products prepared
from unprocessed flour.  Utilization of pearl millet and sorghum for novel product
development will help in diversifying their use which will be beneficial for human
health and increase profits to farmers. However, there is a need to popularize the
new products developed from sorghum and pearl millet.

Millets are highly valuable small-seeded crop species gedious to many areas
of the world. They can grow under low soil fertility, low nmsdure and hot
environmental conditions. They are valuable in the semidaregions because
of their short growing season and high productivity underath and drought
conditions.

Millet grains are nutritionally comparable and even superio major
cereals with respect to protein, energy, vitamins anchemals. Besides they
are a rich source of dietary fiber, phytochemicals and mitutrients and
hence, they are rightly termed as 'nutri-cereals'. Howewtde utilization of

1. College of Home Science, CCS Haryana Agricultural UnivigrsHisar 125 001, Haryana, India.
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millets for food is still mostly confined to the tradamal consumers and
population of lower socioeconomic strata, partly dueth® non-availability
of these grains in ready-to-use or ready-to-eat forms (Mahli and
Desikachar 1985).

Sorghum Gorghum bicolor) and pearl millet (Pennisetum glaucutn)have
a place of prominence because of their widespread cutiowa in different
parts of the globe and large-scale food uses and feedievalOther millets
grown in India are finger millet (Eleusine coracana),foxtail millet (Setaria
italica)) kodo millet (Paspalum scrobiculatum), proso millet @anicum
miliaceum), little millet (Panicum miliare) and barnyard millet (Echinochloa
frumentacea)

Both sorghum and pearl millet are important cerealsthe diet of many
people in Africa and India. Sorghum ranked fifth with 69.1 Imon t total
production in 1996. Pearl millet is one ofthe most pbgrucrops in India and
during 1999 its production was 8.1 milliont (FAO 2000).

Structure and physical properties

Pearl millet grain is a caryopsis and the pericarp is cotately fused to the
seed. The kernel is composed of pericarp, endosperm gadm, which

comprises 8.4, 75.1 and 16.5% of total kernel weight,spreectively

(Abdelrahman et al. 1984). Pearl millet has one to twoelaythick epicarp, a
mesocarp that varies in thickness due to genetic factord an endocarp layer
that contains cross and tube cells.

Pearl millet varieties from the world collection haweore variation in
physical characteristics than any other millet (McDaomwngh and Rooney
1985). Kernel color ranges from white, gray, yellow, greenblack. Kernel
shape has five major classes: obovate, hexagonal, ldateo globular and
elliptical.

The sorghum kernel is a naked caryopsis and consistshoée main
anatomical parts: pericarp (outer layer), endospernor@ie tissue) and germ
(embryo), which generally account for 6, 84 and 10% tbe seed mass,
respectively. Sorghum is the only cereal grain knowmn have starch in the
mesocarp layer of pericarp. The endosperm, composed leftirane layer,
peripheral, corneous and floury areas is the main gferéissue. The 1000-
seed mass of pearl millet varieties ranged from 6.75 1668y whereas that of
sorghum varieties ranged from 19.0 to 28.5 g (Sehgaale 2002).
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Nutrient composition of pearl millet and sorghum

The nutrient composition of grains is affected by bothvemnment and

genetics and varies widely among species.

Pearl millet

In pearl millet the percentage of crude protein ranges from27to 13.67, fat
from 4.0 to 7.8, crude fiber from 0.5 to 4.0 and ash ocamtfrom 0.25 to 2.54
as reported in various analytical studies (Table 1). Pearllet grain bran,
which represents about 8% of grain is rich in non-proteiitrogen; non-
protein nitrogen ranges from 39.02 to 73.0 mg 100@nd true protein content
from 9.9 to 12.2% (Aggarwal 1992).

The total quantity of proteins and their amino acid ncmosition is
important for better nutritional quality. The amino acidoprie of pearl millet

is better than that of sorghum and maiZ{ea mays)and is comparable to

Table 1. Proximate composition (g 100g ™)of pearl millet grains.

Moisture Protein Fat Ash Fiber Reference
- 10.6 - - - Andrews (1990)
- 10.5-11.1 4.0-6.3 15-1.8 0.8-1.2 Saxena et al. (1992)
- 10.4 6.0 16 - Aggarwal(1992)
- - - - 15 Navita and Sumathi (1992)
- 9.4 6.5 2.0 - Kumar and Chauhan (1993)
10.7 154 5.2 17 - Almeida-Dominguez et al. (1993b)
- 12.7 4.3 15 - Hadimani and Malleshi (1993)
10.3 17.9 6.7 18 - Serna-Saldivar et al. (1994)
- - 6.1-7.5 - - Dalvi (1995)
- 8.1-13.9 3.4-7.4 1.1-2.4 - Hadimani et al. (1995)
- 12.3 5.3 24 - Bashay(1996)
7.4 -84 8.7-10.8 6.0-6.4 - - Elkhalifa and Singh (1996)

11.30-11.49 11.3-13.2 7.2-7.8 1.9-2.1 1.64-1.99 Archana(1997)
11.26-11.37 12.8-13.1 6.2-7.4 1.9-2.1 1.74-1.95 Rekha(1997)
- 8.5-15.1 2.7-7.1 1.6-2.4 2.6-4.0 Abdalla et al. (1998)

} 16.9 5.1 15 16 Malleshi and Klopfenstein (1998)
- - 6.2 - - Banger etal. (1999)
- 11.4 - - - Oshodi et al. (1999)
7.13 12.2 4.5 0.25 0.54 Akubor and Obiegbuna (1999)
8.1-9.26 10.9-13.3 5.8-7.1 1.4-20 0.8-1.1 Malik (1999)
8.78 10.36 7.63 2.03 1.26 Poonam (2002)

10.12-13.30 8.83-13.67 4.42-6.90 1.74-2.54 1.30-2.50 Sehgal etal. (2002)
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wheat (Triticum aestivum), barley (Hordeum vulgare) and rice (Qryza sativa)
(Ejeta et al. 1987, Hadimani et al. 1995, Abdalla et 4998). The endosperm
protein fraction of pearl millet contains low level of lysin(1.4 g 100§

protein) whereas the germ contains 5.16 g |I00grotein. The amino acid
composition of protein is also influenced by relative amowhspecific protein
class present in total protein. It was found that prolaesinand glutelins
account for about 60% of total protein. Albumin and globulon an average
account for 15 and 9% protein, respectively. The albumnd globulin have
been found to be rich in basic amino acids, ie, lysine,imrge, histidine,
cystine and methionine. The prolamines of pearl millet argh in glutamic
acid, proline and leucine.

Carbohydrate in pearl millet is comparable with other aése Total
carbohydrate ranges from 59.8 to 77.3% (Sawhney and Naik919Rekha
1997). Soluble carbohydrate in pearl millet ranges from0lto 2.78%. About
63% of soluble carbohydrate is sucrose and 29% is raffinog@ther
carbohydrates include stachyose, glucose and fructoBetal sugar in pearl
millet ranges from 2.55 to 2.93%, non-reducing sugar fr@m5 to 2.57% and
reducing sugar from 0.34 to 0.39% (Rekha 1997, Poonam 2002)

Starch is the major component in pearl millet and conséisuabout 56-65%
oftotal carbohydrate. Wide variation in the starch cortén3.0 to 70.3%) among
different varieties was also recorded by Hadimani et al998). Raghuwanshi et
al. (1999) reported amylose content in the range of 28.810%.

The mineral content in pearl millet is higher than other aése Sodium,
magnesium and copper in pearl millet are reported to be atwidh wheat
whereas potassium, phosphorus and iron are higher than heaw. Calcium
content in pearl millet varieties ranges from 10.0 to 80n@ 100g' and
phosphorus from 185 to 990 mg 100ggrain. Iron content in pearl millet as
reported in various studies varies from 3.0 to 18.0 mg 18Qqgable 2).

Antinutritional factors

Pearl millet has high nutrient content but the bioavailaly is low due to the
presence of certain antinutritional factors. Phytate isnaturally occurring
organic compound found in seeds (seed coat and germ), raotd tuber
(Mahgoub and Elhag 1998). It forms insoluble or nearlyuddé compounds
with mineral elements including calcium, iron, magnemi@and zinc. Most of
the phosphorus in cereals is reported to be present in thenfofrphytic acid
which is not available to human system. Phytates interaathwprotein
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Table 2. Mineral composition (mg 100g ') of pearl millet grains.

Phosphorus  Calcium Iron Zinc  Copper Manganese Reference
185.0-363.0 13.0-52.0 4.0-5.83 1.0-6.6 0.6-21.2 0.2-1.8 Jambunathan and Subramanian (1988)
302 51.4 16.3 2.67 121 1.53  Alpana(1989)
- 50.0 18.0 2.7 Khetarpaul and Chauhan (1991)
290 54.8 11.8 4.09 Aggarwal(1992)
272-326 27-46 - - - - Saxenaetal.(1992)
- 51.4 16.3 2.67 Kumar and Chauhan (1993)
300.5 - 3.00 - - - Hadimani and Malleshi (1993)
355 79.0 - Serna-Saldivar et al. (1994)

349.0-376.7 45.7-50.0 8.9-9.7 2.7-29 111-1.23 1.16-1.20 Archana (1997)
364.0-385.6 44.5-49.7 8.9-9.4 2.7-2.8 1.16-1.23 1.16-1.23 Rekha(1997)
450.0-990.0 10.0-60.0 7.0-18.0 5.3-7.0 1.0-1.8 1.8-2.3 Abdallaetal. (1998)
- 19.9-225 8.3-9.9 2.8-3.2 0.9-1.0 Malik (1999)
348.40 39.60 8.16 285 0.99 1.20 Poonam (2002)

reducing their availability. Phytic acid inhibits thectavity of protease,t-
amylase and trypsin and thus reduces starch utilizati®hytate content in
different pearl millet varieties as reported by variousnkers ranges from 354
to 857 mg 100y (Aggarwal 1992, Kumar and Chauhan 1993, Rekha 1997,
Abdalla et al. 1998, Malik 1999, Poonam 2002). The phgtdevel in plant
material is found to decrease during certain food procegsiperations such as
milling, germination, fermentation and heat treatmentaffag et al. 1995,
Chaturvedi and Sarojini 1996, Mahgoub and Elhag 1998).

Polyphenols occur mostly in pericarp of seed. Polyphenare major
antinutritional factors because they inhibit activitied several hydrolytic
enzymes such as trypsin, chymotrypsin, amylases, ta&dhs and ﬂ-
galactosidase (Singh 1984) and also form tannin proteimplexes, thus
limiting protein and starch utilization (Thompson and Yod®84, Pawar and
Parlikar 1990). Phenols also reduce availability of mialsr and vitamins
(Singh and Nainawatee 1999). Various workers reported evihariation in
concentration of polyphenol in pearl millet which rangem 285 to 790 mg
100g! (Khetarpaul and Chauhan 1991, Aggarwal 1992, Chaughd993,
Rekha 1997, Malik 1999, Poonam 2002).

In vitro digestibility

Pearl millet has been found to have low protein and starctedigility which
is attributed to the presence of antinutritional factams grain. Protein and
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starch digestibility is inhibited by polyphenol and phyti@cid insoluble
complexes with amylase artbi-glucosidase are formed by polyphenols, and
protein mineral complexes are formed by phytic acid.

Protein digestibility in pearl millet varieties ranges mo54.2 to 59.2%
(Alpana 1989, Kumar and Chauhan 1993). Different studiaspearl millet
have shown that protein digestibility ranges from 49.9 ta®% (Rekha 1997),
57.9t0 60.4% (Malik 1999) and 55.73% (Poonam 2002).

Starch digestibility of pearl millet has been reportedramge from 12 to
18.7 mg maltose released per g and was found to be negatominelated with
phytic acid content (Aggarwal 1992, Archana 1997, Pomn2002).

Sorghum

Starch is a major grain component in sorghum followed by pint Most of
the sorghum starch contains 70-80% branched amylopectid 20-30%
amylose. Waxy or glutinous sorghum varieties contain shatbat is 100%
amylopectin.

Chemical composition of sorghum grain was studied by Bachu#&sen
and Munck (1985), Rooney et al. 1986 and Torres-Cepeda.e{l896) (Table
3). In sorghum grain, approximately 80% of the protein isthe endosperm,
16% in the germ and 13% in the pericarp (Taylor and Schus$B#86). Kafirin,
an alcohol soluble protein, comprises 50% or more of tmetpin. Kafirin is
rich in proline, aspartic acid and glutamic acid and consalittle lysine.

Sorghum contains high levels of insoluble fiber with low é¢v of (3-
glucans. Most of the crude fiber is present in the pericangl endosperm cell
walls. The fiber is composed mainly of cellulose, hemicédbse and small
quantities of lignin. Some of the high tannin sorghums hdwgher levels of
dietary fiber because of complexes between sorghum tanrand proteins
(Bach Knudsen and Munck 1985).

Constraints to utilization of pearl millet and sorghum

In spite of greater availability, low cost and comparatiwegood nutritional
value, use of pearl millet and sorghum in food industry isw¢eittle. Pearl
millet has remained a food for economically weaker sectiofisesikachar
1975) because of some constraints that limit its acceptabilThe major
constraints are gray color and poor shelf life of the floworghum has fibrous
seed coat, colored pigment and characteristic astringéamof.
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Table 3. Typical composition of sorghum grain

Constituent Mean Range Number of samples

Proximate analyses

Protein (%) 11.6 8.1-16.8 1463
Ether extract (%) 3.4 1.4-6.2 1462
Crude fiber (%) 2.7 0.4-7.3 1383
Ash (%) 2.2 1.2-7.1 1436
Nitrogen-free extract (%) 79.5 65.3-81.0 1372
Fiber (%)

Dietary insoluble 7.2 6.5-7.9 2

Dietary soluble 11 1.0-1.2 2

Acid detergent 3.3 2.9-3.6 2
Protein fractionation
Prolamine (%) 52.7 39.3-72.9 5
Glutelins (%) 34.4 23.5-45.0 5
Albumins (%) 5.7 1.6-9.2 5
Globulins (%) 7.1 1.9-10.3 5
Essential amino acids (g 100g ™ protein)
Lysine 2.1 1.6-2.6 640
Leucine 14.2 10.2-15.4 582
Phenylalanine 5.1 3.8-5.5 582
Valine 54 0-5.8 582
Tryptophan 1.0 0.7-1.3 92
Methionine 1.0 0.8-2.0 582
Threonine 3.3 2.4-3.7 582
Histidine 2.1 1.7-2.3 582
Isoleucine 4.1 2.9-4.8 582

1. All values are expressed on dry matter basis.
Source: Bach Knudsen and Munck (1985), Rooney et al. (1986).

Rapid development of rancidity and bitterness in theul has been a
major problem in the acceptability and utilization ofgreé millet flour (Kaced et
al. 1984). Pearl millet grain can be stored for longeripds without substantial
quality alteration if the kernels remain intact (Kacetda. 1984, Kachare and
Chavan 1992). However, once the grain is decorticated anmodigd the quality
of flour deteriorates rapidly (Varriano-Marston and $bmey 1983, Reddy et al.
1986). Both hydrolytic and oxidative changes are repdrtia the lipids of the
meal (Lai and Varriano-Marston 1980, Varriano-Marstand Hoseney 1983)

resulting in release of free fatty acid and formationpe&froxides.
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Chauhan et al. (1986) suggested that the degree of ungtitun in pearl
millet lipids is one of the main factors responsible fdrevelopment of
rancidity in pearl millet flour. Odor developed durintpea storage of pearl
millet flour is probably due to high fat content, higinsaturated fatty acids,
non-occurrence of natural antioxidants and high enztmahydrolytic
activities (Hoseney et al. 1981, Kaced et al. 1984, Redtwpl. 1986). Water
soluble phenolic and peroxidase activity, concentratexsihy in germ fraction
of grain appeared to be responsible for odor generairorstored pearl millet
(Banger et al. 1999).

Another major constraint for utilization of pearl mdt is gray to yellow
green color of pearl millet flour which is not preferrdoddy many consumers
(Panwal and Pawar 1989). Presence of gray, brown or mgedie pigments in
pearl millet limits its use in bakery products (Naikagteal. 1986). Removal of
pigments enhances its acceptability (Panwal and Pawa39). The removal of
bran containing pigments to obtain white flour is the mapbjective in pearl
millet processing (Naikare et al. 1986). Phenolic pigmis are easily removed
by acidic solution and high temperature during extraatiprocess (Miean and
Mohamed 2001).

Processing of grain

Various processing treatments like milling, decorticati germination,
malting, blanching, fermentation and popping improthe nutritional quality
as well as the consumer acceptability of pearl milletdamsorghum.
Enhancement of nutritive value and shelf life of peanlillet flour depends
upon the grain processing techniques.

Pearl millet

Milling

Millets are normally decorticated and ground with martand pestle prior to
use. Most millets can be decorticated in rice mills ohet modified mills.

Millets are also decorticated using abrasive disks iecimanical dehullers and
ground into flour in hammer mills. Pearl millet with thk pericarp is more
easily decorticated than those with thin pericarp. Pearllet has a tendency
to become rancid after being ground into flour. An effi’ee milling operation

should be able to remove most of the germ to increasdfdife of the flour.
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Starch yield from pearl millet after wet milling is repodeto be
significantly lower than that obtained from maize or sorghuDecortication
has been found to reduce the fat, fiber, ash, calciumonj lysine and
methionine content, but it improves the digestibility mitrients.

Bookwalter et al. (1987) also reported that both processhdated at
97°C for 2 min) and unprocessed millet were milled to 50% an@%8
extraction flours. The 80% extraction flour contained gefmactions, which
resulted in much higher protein, lipid, thiamine, ribda¥in, niacin, iron, zinc,
available lysine and protein efficiency ratio than 50% madtion flour. The
decorticated grains contain fewer phenolic acids than wh&érnels. In vitro
protein digestibility could be increased by 69.1% afteehdlling the grain
(Ramchandra et al. 1978).

Ground millet storage stability is improved by dry millingogesses that
remove the major lipid containing portions of grain (idhetgerm and covering
layer) from the endosperm (Bookwalter et al. 1987). Detccation of raw
grains significantly increases apparent protein and drgttar digestibility.
However, decortication resulted in loss of protein, ihswe dietary fiber, fat,
ash, lysine and other amino acids (Serna-Saldivar et a&994). Debranning
reduces the phytic acid, amylase inhibitors and polyphsnahd thus increases
the digestibility (Sharma and Kapoor 1996, Malleshi antbgfenstein 1998).

Malting

Malting helps to improve the availability of nutrients, ns®ry attributes and
extendsthe shelflife. Sorghum andmillet malts find use as a cereabasefor
low dietary bulk and calorie-dense weaning food, suppéatary foods, health
foods and also amylase-rich foods.

Malting of pearl millet grain is described by Chaturvedi amsdrojini
(1996), Rekha (1997) and Archana (1997). For malting,rpewillet grains are
soaked in 0.1% formaldehyde solution for six hours. Afthat aeration is
done for three hours and grains are again steeped in fregsmdbdehyde
solution for 16 hours. The grains are germinated for 12, 36, 48 and 72
hours, dried in oven and vegetative growth is removed by sibeaaction.
Malting improves the germination of grains in such a way asdegrade or
modify the endosperm with minimal loss in grain weight. dtso helps in
mobilization of seed reserves and elaboration of the ac¢yivof a- andf-
amylase, lipids and protease. The process results in highretein efficiency
ratio and bioavailability of minerals (Rao 1987).
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Malting of grains results in improvement of total proteifat, ash, certain
amino acids, total sugars and B group vitamins. Maltingses significant dry
matter loss in grain and it is attributed to the metabolctiaity and separation
of vegetative growth (Chaturvedi and Sarojini 1996). kmoet al. (1981)
analyzed the pearl millet malt and reported a reduction5ef 66, 21, 10, 82
and 17% in moisture, lipid, ash, carbohydrate, phytic aard total calcium,
respectively and also significant increase in proteingniin, fiber, soluble
calcium and all vitamins (Table 4).

After malting, pearl millet starch is more susceptible amylolysis than
foxtail millet starch. The grain is malted, mixed with lemge flour and offered
as porridge to infants. The malt enzyme decreases thsxzosgity of foods and
improves the palatability of products for children. Pearlllet combined with
cowpea (Vigna unguiculata) produces acceptable weaning foods (Almeida-
Dominguez et al. 1993Db).

About 97% increase in the in vitro starch digestibility,7% in protein
digestibility and 71 % in total sugar is obtained by stegppearl millet in water
for 16 h followed by germination for 72 h (Chaturvedi and ari 1996).

Malting helps to decrease the starch, protein, crudeeribfat and
polyphenol content and increases soluble protein, framino acids and
reducing sugars (Pawar and Pawar 1997). Malting produbegsh amount of

Table 4. Proximate analysis of pearl millet grain and m  alt.

Constituent Grain Malt
Moisture (%) 10.2 4.3
Protein (%) 8.6 11.8
Lipid (%) 75 2.5
Ash(%) 4.1 3.2
Lignin (%) 1.3 4.4
Fiber (%) 10.4 18.6
Carbohydrate (%) 53.9 48.5
Tannin (%) 16 0.83
Total phenol (%) 0.32 0.485
Total oxalate (%) 0.619 0.433
Soluble oxalate (%) 0.502 0.068
Phytic acid (%) 0.264 0.045
Total calcium (mg 100g™) 20.4 16.8
Soluble calcium (mg 100g™) 2.4 14.12

Source: Opoku et al. (1981).

69



reducing sugars and high amylase activity (Nirmala et2000). Malting for 72
h has been observed to decrease the polyphenol content b9%l@nd phytic
acid from 52.8% and increase the protein digestibility by.2% and starch
digestibility by 112.7% (Archana et al. 2000).

Blanching

Blanching aids in increasing the shelf life of pearl milleBlanching has been
observed to be effective in retarding enzymatic activitydahus improves the
shelflife of pearl millet flour without much alteration irhé¢ nutrient content
(Chavan and Kachare 1994). Blanching is usually done by psiteg the grains
in boiling water (at 98°C) (1:5 ratio of seeds to boiling watdor 30 sec and
drying at 50°C for one hour.

Blanching of seeds at 98°C for 10 sec in boiling water befardling
effectively retarded the development of fat acidity in dloand enhanced shelf
life by 25 days (Kadlag et al. 1995) (Table 5). Fat aciditicrieased by about
6-fold in untreated pearl millet flour whereas it remaineldhast unchanged in

Table 5. Effect of hot water blanching of seeds on chan ges in lipids of pearl millet
during storage.

Treatment 0' 5 10 15 20 30
Fat acidity (mg KOH 100g ™ meal)
Unblanched (control) 13.7 60.6 108.0 1474 201.3 267.6
Blanched at 98+ 2°C
10 sec 8.7 9.5 31.3 32.5 4.4 71.8
20 sec 10.6 11.7 30.3 33.2 45.6 80.2
Free fatty acid (%)
Unblanched (control) 0.8 4.8 6.5 8.7 11.7 16.8
Blanched at 98+2°C
10 sec 0.6 2.1 2.1 2.7 3.1 4.1
20 sec 0.7 3.1 2.2 24 3.6 4.6
Peroxide value (meq kg ™ oil)
Unblanched (control) 17 0.4 6.0 3.7 2.7 2.1
Blanched at 98+2°C
10 sec 7.1 3.0 4.9 4.8 3.1 2.3
20 sec 5.9 4.9 38 36 2.8 2.6

1. Storage period in days.
Source: Kadlag et al. (1995).
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flour obtained from grains blanched in boiling water (98°@rf30 sec)
(Chavan and Kachare 1994). Blanching of pearl millet seato reduced
polyphenol by 28% and phytic acid content by 38% (Table Bat acidity has
been found to reduce significantly in blanched pearl milfltur as compared
to raw flour after 28 days of storage (Rekha 1997).

Acid treatment

Gray color of pearl millet and its products is the main reasfmr non-
preference by consumers. Pigments in pearl millet make products bitter.
The pigments glyceosylvitexin, glycoxyl orientation dralkali-labile ferulic
acid are responsible for natural gray color of peripheealdosperm and are
highly sensitive to change in pH.

Acid treatment helps to reduce the gray color and thus iowves
acceptability of the product. Various studies have retgar that soaking of
pearl millet in acidic solutions like sour milk and tamadin(Tamarindus
indica), markedly reduces the color of the grain. The acidiolution
penetrates the whole grain through areas around the embBbmhulled grains
decolorize faster than whole grains because the acgbtution penetrates the
grain faster (Reichert and Youngs 1979).

Dilute hydrochloric acid (HC1) was a more effective chieml treatment
in removing pigments from whole grain before milling asntpared to citric
acid and acetic acid (Naikare et al. 1986). Soaking ggamdilute HCI for 15
to 24 h reduces a major portion of these pigments and thaeks in the
production of creamy white grains.

Acid soaking of pearl millet grain (0.2 N HC1) fd¥, 12, 18 and 24 h is
effective in reducing the polyphenol and phytic acid (Tealf). Acid treatment
for 6 and 24 h increases the in vitro protein digestibility 9.0 and 59.3%,

Table 6. Effect of malting and blanching on polyphenols and p hytic acid content of
pearl millet (mg 100g * dry matter).

Treatment Polyphenols Phytic acid

Control 755.04+1.44 858.72+2.22

Malting (48 h) 449.35+0.41 (-40.49)" 481.42+1.41 (-43.94)

Malting (72 h) 420.53+0.40 (-44.30) 429.5011.75 (-49.98)

Blanching 529.85+0.047 (-29.82) 565.58+1.16 (-34.14)
CD at 5% 2.40 4.96

1. Figures in parentheses indicate percentage over control.
Source: Rekha (1997).
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Table 7. Effect of acid on

the antinutrient content of pearl millet (mg 100g

1 odry

matter) *.
Treatment Phytic acid Polyphenol
Control 710.15 687.26

Acid treatment
6h

411.16 (42.10)

450.33 (34.47)

12 h 286.20 (59.70) 294.93 (57.09)

18 h 234.30(67.01) 203.70 (70.36)

24 h 182.50(74.30) 153.06(77.73)
P<0.05 2.01 1.38

1. Data is mean + SE of three independent determinations. Figures in parentheses indicate percentage over control.

respectively and the in vitro starch digestibility by 39.7nda 84.6%,
respectively (Table 8) (Pawar and Parlikar 1990, Poonad®2). Soaking of
grain in 0.1 N has been shown to improve the grain color ofores varieties of
pearl millet (Reichert and Youngs 1979).

Fat acidity was found to increase by 1.5-fold in acid soakedimg flour
during storage as against 6-fold increase in untreated dnyg heated grain
flour (Chavan and Kachare 1994).

Dry heat treatment

Lipase activity is the major cause of spoilage of pearl Imil meal, so its
inactivation before milling is essential. The applicatiaof dry heat to meal

effectively retards the lipase activity and minimizes idp decomposition

Table 8. Effect of acid on the in vitro digestibility of pe arl millet *.

In vitro protein digestibility In vitro starch digestibility
Treatment (g 100g™) (mg maltose released g™)
Control 55.73 14.03
Acid treatment
6h 71.93(29.07) 19.60(39.70)
12 h 80.40 (44.27) 22.00 (56.80)
18 h 86.73 (55.62) 24.66 (75.77)
24 h 88.80 (59.34) 25.90 (84.60)
P<0.05 2.04 0.62

1. Data is mean + SE of three independent determinations on dry matter basis. Figures in parentheses indicate
percentage over control.
Source: Poonam (2002).
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during storage. Pearl millet seeds were given dry heaatmsent in hot air oven
at 100x2°C for different time periods, ie, 30, 60, 90 ah?d0 min and then
cooled to room temperature. Increase in fat acidity anc ffetty acids in the
meal obtained from heated pearl millet grains was 3- to 4dfdwer than the
meal from unheated grain. Heating of grains for 120 min wasstmeffective

for maximum retardation of the lipolytic decomposition tipids during

storage (Kadlag et al. 1995). Fat acidity, free fatty aant lipase activity was
reported to decrease significantly during 28 days of ager in pearl millet
flour given acid (18 h) and heat (120 min) treatment (Table Also heat

treatment increased the shelf life of pearl millet floas compared to raw
flour (Poonam 2002).

Popping
Popped grain is a crunchy, porous and precooked prod®otpping improves
taste and flavor and leads to the development of pleasimgiuee. Popped

Table 9. Changes in fat acidity, free fatty acids and li  pase activity of acid and heat

treated pearl millet flour during storage .

Treatment 0? 7 14 21 28 CD at 5%

Fat acidity (mg KOH 100g )

Control 30.30 42.40 58.10 87.30 123.70 3.36

Acid treatment 35.10 35.00 36.20 38.60 38.00 1.82

Heat treatment 28.00 30.90 34.40 41.20 50.50 1.27
CD at 5% 2.56 2.17 1.26 3.65 2.56

Free fatty acids (mg 100g " fat)

Control 282.00 427.30  789.00 942.00  1115.00 4.32

Acid treatment 208.00 210.30  216.00 221.00 230.30 4.27

Heat treatment 67.00 70.00 75.00 80.00 84.00 5.68
CD at 5% 3.82 3.94 5.99 6.82 5.20

Lipase activity °

Control 3.69 5.60 10.34 12.35 14.61 0.06

Acid treatment 2.90 2.93 3.01 3.08 3.21 0.06

Heat treatment 0.89 0.93 1.00 1.06 1.12 0.08
CD at 5% 0.05 0.05 0.08 0.09 0.07

1. Data is mean + SE of three independent determinations.
2. Storage period in days.

3. Enzyme activity (%) on fat (%) basis.

Source: Poonam (2002).
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grain/product formulation has very low moisture, whibklps in minimizing
deterioration during storage and thus increases thelfdife of products.

Popping can be done using common salt as heating medirumn open
iron pan (grain to salt in the ratio of 1:10) at 240 t602C for 1 5-25 seconds.
Salt can be removed by sieving. Popped starch exhibibegher in vitro
enzyme digestibility. More than 50% of popped pearlillmt starch was
reported to be hydrolyzed by pancreatic amylase withil20 minutes
(Murlikrishna et al. 1986).

Popping in different varieties of pearl millet varies frof2.3 to 79.2%.
Maximum popping percentage was found in HHB-60 and mmmuim in HHB -
68 (Sehgal et al. 2003).

Sorghum

Milling

Most traditional foods in Asian and African countrieseaproduced from
decorticated sorghum which is milled into flour. Highlrefined sorghum
products are produced by abrasive removal of pericafpllowed by
‘degermination’ and physical separation and/or clasation of dry milled
fraction. Industrial sorghum decortication involves thuse of mills with
abrasive disks or carborundum stones. Mechanical dahgllimproves both
the quantity and quality of sorghum grits or flour (Munclab5).

Decortication of sorghum reduces the amount of fibernerals, proteins
and lysine. It resulted in 40% loss of lysine in manwsalrghum decortication
(yield = 75-80%) and 14% loss in mechanical sorghum de¢ication (yield =
90%). Nutrient digestibility of decorticated sorghum slightly higher than
that of whole grain, but nitrogen retention and proteafficiency ratios are
considerably lower in decorticated grain because tleeng fraction with the
highest amount of lysine is partially lost.

Decortication of brown sorghum significantly reducesetlamount of
condensed tannins and can overcome the deleteriouscefdétannins on the
nutritional value of sorghum grain (Mwasaru et al. 1988he decortication
process reduced the tannin content from 4.5 to 0.2 clatecquivalent in
the kernel in which 37% of its original weight was remové@hibber et al.
1980).

Dehulling improves the sensory qualities abti (flat, unleavened
bread) made with sorghum flour and also minimizes vaaledifferences
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with respect to grain hardness, without affecting thodlrng and kneading
qualities ofroti (Vimala et al. 1996). For making a good quality godum

flour, a 60-mesh sieve could be used for sieving thegharm flour milled

by either traditional chakki mill or hammer mill (Table 10) (Naikare
2002).

A small-scale unit for dehulling and milling sorghum svdeveloped by
rural industries innovation center in Botswana. The cimiame allows
progressive abrasion of outer layer of grains throughthe length ofthe barrel
(Mmapatsi et al. 1994).

Malting

Sorghum malt is produced by traditional process andaanndustrial basis in
Africa (Daiber and Taylor 1995) and India. Diastatictasdty developed during
malting depends on temperature, moisture content, dwmatof malting,
germination level and types of grain used. Sorghum tmsalhigh inf-amylase
and low in |3-amylase for use in brewing lager beersdas during malting are
about 20%. Traditional and industrial sorghum maltimgolves the following
steps: (1) steeping (1-3 days); (2) germination (2a§%); (3) sun drying; and
(4) grinding with mortar and pestle.

Naikare (2002) has described standard malting proceddor the
popular sorghum variety M 35-1. Malting of sorghum ieases protein
content, fat, fiber, minerals, in vitro protein digestidy (IVPD) and in vitro

Table 10. Overall nutritional composition of sorghum flo  ur obtained by traditional
chakki and hammer mill *.

Constituent? Traditional chakki Hammer mill
Moisture (%) 1.2 8.0
Protein (%) 9.8 10.2
Fat (%) 19 2.3
Total carbohydrates (%) 79.8 77.9
Starch (%) 76.7 74.3
Soluble sugars (%) 15 18
Ash (minerals) (%) 13 16
Crude fiber (%) 1.6 18
IVSD (mg maltose g meal per 5 min) 73.0 75.0
IVPD (mg maltose g™ meal per 5 min) 82.0 84.0

1. Data is mean of three determinations.
2. IVSD = In vitro starch digestibility; IVPD = In vitro protein digestibility.
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starch digestibility (IVSD). The malting process of gmasorghum has
improved the overall physico-chemical and nutritionadlues of resultant
flour (Table 11).

Germination reduces effect on viscosity of cereals. WHlobehavior
indices of sorghum approached unity with increased ngieration time.
Appreciabled-amlase activity was obtained 48 h after germination.

Parboiling

A good quality parboiled sorghum could be processedslyaking the grains
for 24 h in hot water, draining, steaming for 10 min inepsure cooker (15
Ibs psi), drying and finally grinding into flour or gritsSuch produce was
opaque, had low calorie content and remained in gooandition in

vacuumized pack (Naikare 2002). The yield of parboilgrdts (suji) was 80 -

82%, while that of fine flour was 18-20% when resultant mees sieved
through 40-mesh sieve, and no bran was obtained. Norolital spoilage or a
physical damage was observed up to 6 months when packed
polypropylene flexible bags after vacuumization andretd under ambient
conditions. The parboiled grains can be used for vasiamnack food items
especially for diabetic patients. The fine flour of parled sorghum can be
used in gruel preparation.

Table 11. Chemical composition of malted flour from thr  ee sorghum cultivars *.

M 35-1 Swati CSH 5
Constituent? Unmalted Malted Unmalted Malted Unmalted Malted
Moisture (%) 5.1 5.2 54 5.1 5.0 5.4
Protein (%) 9.6 9.9 9.4 9.7 9.0 9.5
Fat (%) 1.7 1.2 1.6 1.0 1.3 1.0
Carbohydrate (%) 82.4 82.2 82.3 82.2 83.3 82.4
Fiber (%) 1.4 1.6 1.6 1.8 1.8 1.9
Minerals (%) 1.2 15 1.3 1.6 1.4 1.7
IVPD (mg maltose g 73 77 72 75 70 74
meal per 5 min)
IVSD (mg maltose g 84 87 80 84 80 82

meal per 5 min)

1. Data is mean of three determinations.
2. IVPD = In vitro protein digestibility; IVSD = In vitro starch digestibility.
Source: Naikare (2002).
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Popping

The grain puffing/popping process is based on thenprple of heat shock
treatment, which causes expansion of the grains withhops and crunchy
texture and roasted flavor. At this time the grain resout 17% moisture
content. The grains are soaked in brine water for abo@thlprior to roasting.
The grains are roasted along with fine sand in an isknllet at about 200-
230°C for about 5-7 min. The grains are puffed quicklyttwcrackling sound.
Sorghum pops can be made available in the market byuuat packaging/
nitrogen flushing (Naikare 2002). Characteristics ofpp®d grain of four
sorghum cultivars are presented in Table 12.

Utilization of pearl millet and sorghum in food products

In India pearl millet and sorghum are used in prepaoatof conventional
foods such as porridge,roti or bhakhri (stiff rot), made from either
coarsely or finely ground flour. But the major constmaiis that the flour
becomes rancidwithin a few days after milling. To ogeeme this problem,
the grains of pearl millet and sorghum are subjected goocessing
treatments like blanching, malting, popping and dry hera&atment before
product development, which produces a flour with longereld life and
better nutritional profile. The products prepared fropmocessed flour
were found to have longer shelflife than those prepareanf unprocessed
flour.

Table 12. Characteristics of popped grain of four sorgh  um cultivars.

Characteristics M 35-1 Local CSH 15 Swati SE CD at 5%
Popping (%) 80.0 88.5 73.5 78.0 10 3.0
Expansion volume (pop:grain) 3.5:1 4:1 31 3.4:1
Flake size Big, full  Big, full  Small, full  Big, full
Color of popped grains White White White White
Organoleptic quality characteristics

Color White White White White

Flavor Good Good Good Good

Taste/crispiness Good Good Good Good

Overall acceptability Good Good Good Good

Source: Naikare (2002).
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Pearl millet products

In Africa pearl millet is consumed, primarily in the formf ohick and thin
porridges (fermented or unfermented), flat breads (fenteal or
unfermented), steamed or boiled cooked products, snackkgohalic
beverages, and in composite flours for bread, cookies,dhesy etc.

Traditional products

Porridges. Porridges are made in both Asia and Africa using varioushods.

In some preparations, the flour may be soaked overnighthwsour milk or

fermented briefly, before cooking. In Africa porridge isepared by steeping
the whole grain for 2 or 3 days in water before it is crushexd @ahe bran
removed. As a result, seeds germinate with the resultanangés in

endosperm and germ. Germination and fermentation have bssown to

improve the nutritive value through improved protein qugland digestibility

and increased vitamin content (Serna-Saldivar et al. ()99

Flat breads. In many countries in Asia and Africa, pearl millet flowrused for
making flat, rounded, unleavened bread. This is baked on iflan over hot

fire. For making fermented breads, the flour is first mixeith water and a
starter and allowed to ferment for 12 to 24 h, and then cookeédhigh

temperature or in clay oven.

In Nigeria, pearl millet is dry milled into flour and imed with wheat
flour for production of bread.Chapati prepared from pearl millet flour
enriched with soybean@Glycine max)flour produced high protein efficiency
ratiowith minimal thickness and increased puffing and wrirhity ofcolor and
texture. Chapati prepared with bleached pearl millet has better acclepitiy.
Overall acceptability score odhapati prepared with acid-treated pearl millet
flour and heat-treated pearl millet flour increasedrdigcantly as compared to
that prepared from raw flour (Poonam 2002).

Other products. Attempts have been made by many workers to incorporate
processed pearl millet flour in other traditional prodsicto improve the
nutritive value and shelflife of products and also to reelilbe cost of products.
Rekha (1997) incorporated blanched and malted pearl nifleur in

various traditional products and the products were found be
organoleptically acceptable. An earlier study by Chaudha(1993) also
indicated that traditional products prepared from pemilllet were not only
acceptable, but their protein and starch digestibilitiesre also better.
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The products developed using blanched and malted Ipedtliet flour
were highly acceptable and had longer shelf life up 3omonths. Use of
processed flour in comparison to raw flour has been foundreduce the
antinutrients and increase the digestibility (Sing@03).

Baked products

Attempts have been made by various researchers to inertdas consumption
of pearl millet flour by incorporating itin various baée@roducts. Millet flour

itselfis not a good raw material for baking industryince it does not contain
gluten and forms dough of poor consistency (Haber bt 8980). Cookies
made from pearl millet flour do not spread during bakinhese have a poor
top grain character and are also dense and compacti(Bad Hoseney 1976).
However, if the millet flour is hydrated with water and idd and

supplemented with 0.6% unrefined soylecithin, the smhieg characteristics
of cookies are similar to those of soft wheat flour.

Pearl millet biscuit had better amino acid compositidrmerefore, biscuit
prepared from combined pearl millet and chickpeg&icer arietinum) had
better true digestibility and net protein utilizatioas compared to that
prepared from finger millet and chickpea (Geervaniaét 1996).

Various types of biscuits and cakes were developed udilagpnched pearl
millet flour and all were organoleptically acceptableef@gal et al. 2002).
Different types of biscuits andankhatai were developed by incorporating
different levels of blanched as well as malted pearl mtllflour. All the
products were in the range of slight to moderate acabgity and the
products stored well up to three months.

Extruded products

Noodles, macaronies and pasta can be prepared fromemiflour (Desikachar
1975). Extruded snacks prepared with millet flour mikevith either rice
flour and/or maize flour and/or cassav@Manihot esculenta)starch in various
proportions have acceptable appearance, color, textamd flavor (Siwawij
and Trangwacharakul 1995). Porridge prepared from edéed pearl millet
after blending with press-dried cowpea produces highrntwonal quality with
intermediate consistency, smooth texture, pleasaribcand flavor (Almeida-
Dominguez et al. 1993a).

Inclusion of extruded pearl millet and sorghum (60% lRawith roasted
mung bean(Vigna radiata) (30%) and non-fat dried milk (10%) increased the
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dietary fiber content up to 7.6 to 10.1%. Extrusion cookialgo enhanced the
in vitro protein digestibility of foods. Extruded prodtsc have been prepared
from blanched pearl millet flour in combination with soye flour or mung

bean flour or chickpea flour. The developed pasta was owoly acceptable but
also had high protein and fiber content (Sehgal et al02)

Supplementary and weaning foods

Germination and malting increase the food value of cergralins and addition
of legume flour and vitamins can produce a balanced wearfod (Malleshi
and Desikachar 1986). Weaning mixtures prepared with 45%cpoked pearl
millet flour, skimmed milk powder, groundnut(Arachis hypogaea)oil and
sucrose have high nutritive value and an efficient diet the treatment of
protein energy malnutrition (Guiro et al. 1987).

Pearl millet-based baby food prepared from 70% flour, 18%lt and
17% milk powder increased digestibility and lowered the casity of the
foods and provided adequate protein and energy level for-paa&r-old
children (Badi et al. 1990). Extrusion of baby food prepdrfrom 70% pearl
millet and 30% cowpea supplied 1 7% of the daily needspodtein, 72%
lysine and 110% ofthreonine in two-year-old children (Adma-Dominguez
et al. 1990).

Four types of supplement mixtures using whole wheat oarpeamillet,
chickpea or mung bean, groundnut, amarantAm@ranthus sp) leaves and
jaggery (40:10:10:10:40) were developed wusing roastingnd amalting
techniques and all the products were organoleptically ptzlele (Dahiya and
Kapoor 1994).

Homemade weaning food produced from pearl millet combineidh
mung bean, amaranthus and jaggery was comparable to nueérivalue of
Cerelac, a commercial weaning food in India. The proteirficgéncy ratio
ranged from 2.04 to 2.13, biological value from 79.6 to.80net protein
utilization from 66.8 to 67.9, net protein retention frolm1l3 to 2.76 and
protein retention efficiency from 34.1 to 44.2 (Gupta anchgd 1992).

Six weaning mixtures having pearl millet (raw/malted/bthed),
cowpea or mung bean, skim milk powder, sugar and ghee (ftkar butter) in
the ratio 45:25:25:15:5 had high organoleptic acceptapiand stored well up
to one month. Weaning mixture prepared from processed flamas more
acceptable in terms of all sensory attributes and had imme@ashelf life
(Archana 1997).
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Health foods

Various types of health foods can be prepared from pearlletihs it contains
relatively higher proportion of unavailable carbohydeatand the release of
sugar is slow, making it suitable for diabetic personsx Rcipes of commonly
consumed foods (pearl millet, sorghum, finger millenung bean) were tested
in western India for their glycemic index (GIl). Recipe basen pearl millet
was found to have lowest Gl (55) as compared to other rescifgéis suggests
that presence of high phytin phosphorus content of peaillen influences the
glycemic response (Mani et al. 1993).

Pearl millet, fenugreek (Trigonella foenum-graecum)seeds and legumes
were used after processing to formulate three nutritiousbédtic Indian food
products - dhokla, upma and laddu; of these upma had lowest GI (17.60),
followed by laddu (23.52) anddhokla (34.96) (Pathak et al. 2000). Other
products were developed for diabetic persons after ipooating bleached
pearl millet, fenugreek and chickpea in different propons. Results showed
that minimum GI was observed in pearl millet-basehbkla (38) followed by
chapati (48), instantidli (52), pasta (54) and biscuit (58). The products had
high fiber content as compared to control and could be useddiabetics
(Archana 2002).

Sorghum

In India, sorghum is traditionally used for food productskdiroti, bhakri,
porridge, khicheri, popped grain and roasted grain.

Traditional foods

Porridge. Sorghum is used extensively for making porridge. Couscoaumade
from sorghum and millet in West Africa (Galiba et al. 1987988). It is made
by agglomerating flour with water, steaming the coverdduf, mixing and
sizing the partially cooked flour and adding mucilaginouaterial during final
steaming. Sometimes couscous is dried and used as conveaieod.

Flat bread. Parboiling has been used to produce good products fronghswom
and millet (Young et al. 1990, Serna-Saldivar et al. 199%he cooked product
has excellent texture and coloRoti made from sorghum has been shown to
be organoleptically acceptable.

Bhakri. Sorghum flour has been successfully used ftiwakri preparation and
lot of research is being conducted for increasing the shédf Bhakri prepared
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from M 35-1 sorghum flour with addition of phosphatideasch (5%) or guar
(Cyamopsis tetragonolobagum (3%) using standard method, then packed ir
low density polyethylene pouch (150 guage) or polyprbgrye pouch or
laminated pouch, hermetically sealed after vacuumimatiand stored under
ambient condition remained in the acceptable condmtitor about two days
without any sign of spoilage or staleness (Naikare 2002).

Flakes. Good quality sorghum flakes can be prepared by boilomgautoclaving
grains for 30 min, then flaking and drying up to 5.0-80Omoisture content.
The flakes exhibited excellent taste and crispinesheTfinished products
stored well up to 75 days in vacuumized package withoapoilage and
breakage (Naikare 2002).

Chips. Acceptable tortilla chips can be produced from blendsitaining 50%
sorghum and 50% maize (Serna-Saldivar et al. 1988).uFlérom white
sorghum can replace up to 20% of wheat flour for the guotion of tortillas
(Torres et al. 1993).

Papad. Sorghum can be effectively utilized fgapad making. A good quality
papadfrom malted sorghum can be prepared by addition dbhpbnalted finger
millet, which improves the nutritional value and quiiof sorghumpapad
(Naikare 2002). Vacuum packaging significantly extenldthe shelf life.

Baked products

Sorghum flour does not contain proteins that produceweedastic gluten as in
wheat. Sorghum and wheat flour blends have been usecgrimduce baked
products including yeast leavened breads, cakes, muffinookies and biscuits
(Morad et al. 1983, Torres et al. 1993, Suhendro 1998kudlly 5-50%
sorghum flour is substituted for wheat flour.

Sorghum flour at 15% produces acceptable breads withafiécting the
loaf volume, crust color and crumb texture (Ilwuoha et 4097, Rao and Rao
1997). Sorghum and wheat composite flour in the propomti&0:50 produced
organoleptically acceptable biscuit (Orewa and 114889, Priyolkar 1989).

Blends of wheat, sorghum and soy flour at 65:30:5 hawserb used to
make bread, and at 40:55:5 to make biscuits. Replacenoémtheat up to 20%
with sorghum flour is acceptable for bread while furthgubstitution up to
55% by sorghum flour gave acceptable biscuit. Blend76%) sorghum flour
and 30% detoxified cassava starch produced acceptablead and cakes
(Olatunji et al. 1989). Sorghum flour was added to whedbufr for
preparation of bread and biscuit; bread prepared wb% sorghum and 30
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ppm cystine gave acceptable bread by straight dough hmdt Also, high
quality biscuit was prepared by addition of 20% sorghfiowur and cystine (60
ppm100g*flour).

Pasta

Sorghum with soft texture, yellow endosperm with whigericarp and without
pigmented testa produce the best pasta products. Nexdtom 100% sorghum
flour were not equal in quality to rice noodles but thegng edible and could be
cooked without losing their texture (Lekalake 1993, kKum 1997).

Health foods

High fiber contents are very important for reducing tasintestinal

problem of diabetics. Sorghum is rich in fiber as wald mineral content and
incorporation of sorghum in various products increasks fiber content and
decreases sugar level. Consumption of whole sorghum peeciresulted in
lower glucose level, lesser peak rise in glucose anddesrea under curve in
diabetics, compared to dehulled sorghum and wheat reeifLukshmi and
Vimala 1996). Various types of cookies and biscuits wepeepared for
diabetic diets using malted and unmalted sorghum floGCmokies prepared
from 40% wheat flour blended with 60% malted sorghum utoincreased
fiber content and calories whereas biscuits prepared frb0w® refined flour

blended with 60% malted sorghum flour and 8% bran werpeguor in terms

of cooking quality. The products remained acceptabletmoiut any sign of
spoilage or development of off-flavor or rancidity fobaut 3 months after
packaging in vacuumized low density polyethylene (LBP pack (Naikare
2002).

Conclusion and recommendations

All millet-based food products generally have strongvbr and aroma. These
products have more nutritional value and health betrsefas compared to
similar products developed from major cereals. Moreovtkese value-added
products are not available in the market. The cosmolfiet-based value-added
products is about 50% less than that of traditional producBut the health
benefits are more and cannot be quantified.

The technology of acceptable millet-based products bantaken up by
housewives at household level as the raw ingredientsadready available in
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their homes. The consumption alieseproductswill improve thenutritional
status and provide many health benefits.

Efforts can be made to popularize millet-based low-tchsgh protein and
energy rich products among population through ongoimgutritional
intervention programs. Development and consumptionsath value-added
food claiming health benefits could go a long way mproving the nutritional
status of the population especially those sufferingrfir@rotein malnutrition
and other deficiency diseases.

The preparation and production of such products at hormaed
commercial level would initiate the production units emall scale in rural
and urban areas to raise the income level of housewives. mhaufacture of
millet-based value-added products will help to upgeadot only the health
status but also the economic status of growers.

Industrial linkages for development and commercialiioa of these food
productswill securemarket formillet especially pearlmillet and sorghum.
The developed value-added, baked, supplementary andtheaods in spite
of being inexpensive, acceptable and nutritionally stipr are not taken up by
industries for commercialization as people are not aavabout the production
technology and health benefits. There is a need to cr@atareness about the
technical know-how of the processing and product deypah@nt. There is
scope for commercialization of various products from hbeaand cost point of
view.

Future strategies

* There is a need to popularize the developed and standaddmillet-based
products to common masses for adoption oftechnologh@isehold level.

* Some simple processing techniques for sorghum and Ipedatlet can be
taken up at household level/commercial level.

« Blanching of pearl millet grain before milling at conemcial level needs to
be taken up by milling industries as it will help in ina®ng the shelf life of
the flour. Also, milling industries can take up the esaf pearl millet flour.

* To resolve the problem ofgray color of pearl millet @lg bleaching process
using HC1 or other organic acid could be initiated atasimscale.

* Industrial linkage needs to be strengthened for upt@k developed products
for commercialization. Efforts are required to populaas and commercialize
health food including diabetic food and weaning fooasbd on millet.
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Dynamics of Utilization, Markets, Trade and
Coalitions: Sorghum and Millets in Asia

P Parthasarathy Rao, AJ Hall and MCS Bantilan *

Abstract

Production and consumption patterns of sorghum and millet in Asia have changed
significantly in the last decade. While food use is declining, non-food or industrial
uses are on the increase. This has implications on crop production and marketing
with the entry of private industry in coarse cereal economies. This paper highlights
the recent trends in the production, consumption and trade of sorghum and millet
and spells out the need for a stronger coalition of sector stakeholders as a way of
developing the non-food market by effectively linking farmers with new sources of
demand for these crops.

Production and consumption patterns of sorghuorghum bicolor) and
millet have changed significantly in Asia in the laseahde and this has
important implications for cereal improvement progranpsarticularly those
seeking to support the livelihoods ofrural householt®tably, an increasing
shift from food to non-food uses has made private intdysa much more
important player in coarse cereal economies. In thipgra recent trends in
the production, consumption and trade of sorghum andens are reviewed.
The implications for institutional changes associatedtlw the way public
research programs might constructively interact wiphivate companies,
farmers and intermediary organization such as non-gyaowmental organization
(NGO) and farmer-operated enterprises such as assi@mss and
cooperatives are discussed.

The dilemma embodied by these developments is thdatoardy there are
clear social benefits to be derived for a crop that isnparily grown by small
farmers in marginal production environments but aldoere is a need to
ensure a smooth transition from food to markets forextluses. A coalition
approach might be a useful way to strengthen links bedw scientists,
industry and farmers so as to negotiate and generagehnical and
institutionalinnovations thawill fulfill theagendasfall stakeholders. This is
discussed in the final section of this paper.

1. ICRISAT, Patancheru 502 324, Andhra Pradesh, India.
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Evolving sorghum and millet economies: an overview

In 2002, Asia produced 22% of the world's sorghum and 39% of the world's
millet?. Of approximately 987 million t of cereals produced in Asia in 2002,
sorghum and millet account for 11.7 and 12.6 million t, respectively. Sorghum
and millets are primarily grown in low rainfall and drought-prone areas that are
unsuitable for growing other crops unless irrigation is available. Production is
characterized by semi-extensive system under low input conditions. In contrast,
in developed countries intensive commercialized production systems exist with
yields averaging 3-5 t ha'; the grain is used and traded mainly for livestock feed.

Both sorghum and millet contribute to household food security in some
of the most insecure regions of Asia. However, during the last two decades,
several factors are contributing to a change in the traditional role of these
crops as food security crops. Firstly, on the supply side the area planted to
these crops is declining, due to slow productivity growth compared to
competing crops and low/declining producer price. On the demand side, food
use particularly for sorghum has declined due to income growth, urbanization
and change in tastes and preferences, further lowering the prices. But
utilization patterns in Asia are in a dynamic phase. Sorghum and to lesser
extent millet grain are moving from their traditional use as a food crop to
alternative uses such as livestock and poultry feed, bakery products [blended
with wheat (Triticum aestivum)], potable alcohol and starch industry. In non-
traditional uses, price competition from competing crops like maize (Zea
mays) is an important determinant of demand for sorghum and millet. The
straw/stover of these crops, however, continues to be valued as an important
source of feed for livestock particularly in areas where other fodder sources
are limited or year round fodder supplies are not available.

Sorghum and millet research needs to be placed in the context of current
and future market forces that would have a bearing on the future prospects of
these crops in various uses. In several niche areas where only sorghum and
millet can be grown, they will continue to play an important role as a food
security crop. But even here productivity increases can translate into higher

incomes for the marginal and small farmers.

2. The Food and Agriculture Organization of the United Nations (FAO) does not publish
separate data for pearl millet. For this analysis, area and production for all millets are
reported. For the major millet-growing countries in Asia, pearl millet accounts for 10% of
total millet production. Pearl millet accounts for 90% of millet production in Bangladesh,
58% in India, 85% in Mynamar and 90% in Pakistan (ICRISAT and FAO 1996).
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In the sections that follow, the changes in the prodoati consumption
trade and marketing patterns for sorghum and millets giaAwith particular
reference to India are discussed.

Area and production

Asia accounts for 11.8 million t of sorghum (trienniumddng 2002), with an
average yield of one t g except China where yields averaged 3.5 t'ha
comparable to yields in developed countries. India ismajor producer
accounting for 68% of total production in Asia followéxy China. Sorghum
area and production declined in major producing couadrin Asia, and thus all
Asia level (Table 1). Sorghum yields, however, increasad all countries
averaging 1.1% annual growth between 1980 and 2002. drto@ is capable of
higher yields but is constrained since in many coundrigke India, China and
Pakistan it is increasingly being pushed to more andren marginal areas

Table 1. Sorghum area, production and yield in major pr oducing countries in Asia,
triennium ending, 2000-02.

Annual growth rate (1980-2002) (%)

Area Production Yield
Country/Region (million ha)  (million t) (t ha) Area Production Yield
Asia
India 10.0 8.0 0.8 -2.7 -1.6 11
China 0.8 2.7 3.3 -5.7 -4.1 17
Yemen 04 04 10 -2.5 -0.5 2.1
Pakistan 04 0.2 0.6 -0.3 0.03 0.3
Saudi Arabia 0.2 0.2 1.2 39 7.3 3.2
Thailand 0.1 0.2 15 -4.8 -3.0 19
Bangladesh 0.001 0.001 12 -4.7 -2.4 2.4
Syrian Arab Republic 0.004 0.003 08 6.0 4.4 -1.5
Region
Asia 11.9 11.7 10 -2.9 -2.3 0.7
South Asia 10.4 8.3 0.8 -2.7 -1.6 11
Developing 38.2 42.8 11 -0.2 -0.2 -0.1
Developed 4.3 14.7 34 -2.4 -1.8 0.7
World 42.4 57.5 14 -0.4 -0.7 -0.3

Source: FAO (2003).

95



(Kelley and Parthasarathy Rao 1993). Developed colestraccount for only
10% of the total global area under sorghum but account flomost 26% of
global production.

Asia produces 12.6 million t millets and as in the case sorghum, India
and China are the major producers. Unlike sorghum, depg&lg countries
account for bulk of millet production. Average yields acéose to one t ha,
with the exception of China, where yields are higher. Betw 1980 and
2002, as for sorghum, millet area too declined in atluatries in Asia. Yield
increases are generally positive thus dampening thelidecin production
(Table 2).

Thus, despite technological change for both sorghum amidlet, area
under these crops is declining. Relative profitability obnepeting crops,
declining role as a food crop at the aggregate level, lowearket prices,
urbanization, income growth and change in tastes aredgrences are some of
the factors explaining decline in area and production.

Table 2. Millet area, production and yield in major prod ucing countries in Asia,
triennium ending, 2000-02.

Annual growth rate (1980-2002) (%)

Area Production Yield

Country/Region (million ha)  (million t) (t ha') Area Production Yield
Asia

India 12.3 9.6 0.8 -2.0 0.1 2.1
China 1.2 2.1 18 -6.2 -5.4 0.9
Pakistan 0.4 0.2 0.5 -1.3 -1.2 0.1
Nepal 0.3 0.3 11 4.3 51 0.8
Myanmar 0.2 0.2 0.7 19 13 -0.6
Bangladesh 0.1 0.1 0.7 -0.5 -0.6 -0.1
Yemen 0.1 0.1 0.6 -0.3 11 -0.8
Saudi Arabia 0.01 0.01 12 -1.2 -2.3 3.6
Region

Asia 14.8 12.6 0.8 -2.3 -1.4 0.9
South Asia 13.1 10.1 0.8 -1.9 0.1 2.0
Developing 35.1 26.0 0.7 0.2 0.4 0.2
Developed 17 16 0.9 -4.1 -3.4 0.8
World 36.8 27.5 0.7 -0.1 0.1 0.2

Source: FAO (2003).

96



Utilization

Sorghum

The role of sorghum and millets as food staples at thereggte level has
declined since 1980. In Asia, sorghum for food use colmated 5.7 kg

capita® yr! and millets 5.2 kg capitd"yr* in 1980. In 2000, it declined to 2.3
kg capita® yr* for sorghum and 3 kg capita'yr* for millets. During the same
period the per capita availability of all cereals in Asimcreased marginally
from 164 kg capitd yr*to 171 kg capitd yr* (Table 3). Per capita availability
of sorghum and millets declined in all countries incladi China, India and
Pakistan. In India, the per capita availability of sbiugn reduced by more than
half and for millets by less than one-third. Despite tloav and declining per

Table 3. Food use (kg capita " yr'') of total cereals, sorghum and millet in Asia '

Total cereals Sorghum Millet
Country/Region 1980 2000 1980 2000 1980 2000
Asia
Myanmar 192 215 - - 19 2.9
China 186 183 4.5 0.9 4.4 0.9
Syrian Arab Republic 171 177 0.6 0.0
Bangladesh 168 179 0.1 0.0 0.4 0.4
Nepal 164 194 - - 7.2 10.7
Thailand 153 126 - -
Yemen 148 164 616 18.3 18 3.3
Saudi Arabia 145 154 12.4 9.7 0.7 05
Pakistan 144 149 2.3 13 1.1 0.6
India 140 159 13.4 6.6 12.2 9.0
Region
Asia 164 171 5.7 2.3 5.2 3.0
South Asia 143 160 10.7 51 9.8 7.1
Developing 157 162 7.2 5.0 58 4.5
Developed 130 129 0.2 0.4 1.2 04
World 150 155 5.3 4.0 4.6 3.6

1. Domestic availability for food use, ie, domestic production - exports + imports * stock changes - feed and other
industrial uses.
Source: FAO (2003).
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capita availability of sorghum and millets at the aggregatevel their

importance as food crops cannot be underestimated. Poamele, in the

Indian states of Gujarat, Rajasthan, Maharashtra and Ktaka, coarse cereals
accounted for 20-30% of the total cereal consumption in 929000. For

households below the poverty line in these states, coaeyeats account for
more than 50% of the total cereal intake (Chand and Kumar 2300
Additionally, for many poor livestock keepers in the marginareas sorghum
straw is the only source of feed for bovines throughout tleary(Kelley and

Parthasarathy Rao 1994, Hall 2000).

The Indian government's agriculture and food policy geatewards
rice (Oryza sativa) and wheat played an important role in reducing
consumption of coarse cereals. Due to subsidies on farputs (irrigation,
electricity, fertilizers), production of rice and wheamncreased faster than
the population growth rate. Also, subsidies on sale oéeriand wheat
through Public Distribution System (PDS) further contrited to
reduction in sorghum and millet consumption (Chand and kKun2002).
Due to high tariffs on edible oil imports, oilseeds produxn became more
competitive replacing sorghum and millets (Gulati andlkg 1999, Hall
2000).

Besides its traditional use as food grain crop in Asia, dum is used as
feed grain in China, Thailand, Japan and South Korea, fquér production
in China and as a green fodder crop in India, Pakistan andn&hiln recent
years its use as feed grain and to a limited extent other food uses is
increasing in countries where it is traditionally used atoad crop (Table 4).
In Asia, 35% of sorghum grain is used as livestock feed anlleotindustrial
uses; 58% is used in China and 8-10% in India and Pakistana ktudy on
industrial uses of sorghum in India, it is projected tha% 20 4.3 million t of
sorghum will be used in industrialusesby 2010, ie, three- tofour-fold
increasefrom its currentusagelevels in 1998. Poultry feedill account for
bulk of the use followed by dairy feed, alcohol productiomda starch
production (Kleih et al. 2000).

With expanding dairy and meat industry due to rising demarod f
livestock products (Ryan and Spencer 2002), forage sanghhas become
important in many Asian countries. It is increasingly bgigrown both under
irrigated and dryland conditions. However, data on areaer forage sorghum
are not readily available.
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Millet

Food use is still the most important use of millets. In BQM®nly 14% oftotal
grain production in Asia was used for feed and other non-fasels. Feed use is
high in China and Pakistan. In India, although, only 6%mdflet production is
used for feed its importance is increasing in recent yedfer example, in
Tamil Nadu in southern India, farmers growing improved tewdrs of pearl
millet (Pennisetum glaucum are able to market their surplus to the animal
feed sector, mainly poultry and cattle feed manufacturungts (Ramaswamy
et al. 2000).

In contrast to sorghum and millet, more than 70% of neaproduction is
used as feed and other industrial uses (starch, bakeryyatsd in Asia as also
at the global level. However, there are countries in Alike India, where its
use as feed grain is only 15%). Globally, maize is orfdhe® main competing
crops to sorghum and millets in non-food uses.

Table 4. Feed and other industrial uses (% to domestic a vailability) of sorghum, millet
and maize in Asia.

Sorghum Millet Maize

Country/Region 1980 2000 1980 2000 1980 2000
Asia

Syrian Arab Republic 98.5 96.8 68.4 - 94.3 95.4
Thailand 91.9 99.4 100.0 100.0 64.3 90.3
China 37.3 57.7 20.5 42.5 59.4 78.2
Saudi Arabia 12.5 5.0 26.7 5.0 95.0 99.1
Pakistan 10.6 10.0 55.0 55.3 39.9 37.7
Bangladesh 10.0 10.0 0.0 0.0 10.0 15.5
Yemen 8.8 8.0 4.0 4.0 36.3 48.6
India 7.8 8.2 6.3 6.5 14.5 14.3
Myanmar - - 15.0 15.0 28.1 58.2
Nepal - - 10.7 10.5 16.4 27.6
Region

Asia 36.1 35.4 12.7 13.9 59.6 71.1
South Asia 7.9 8.2 14 75 17.5 18.5
Developing 40.0 46.9 15.7 16.7 54.3 64.0
Developed 97.1 88.5 25.6 71.3 89.0 79.1
World 56.8 55.8 16.5 20.0 75.4 71.6

Source: FAO (2003).
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Trade

International trade

Sorghum

In 2002 about 7 million t of sorghum (13% of global produxn) was traded
globally indicating a decline from 11 million t (20% offr@eduction) in 1980
(Table 5). Global sorghum trade compares favorably Wwitade in all cereals,
which is about 12-13% of production. Developed coumrtriaccount for the
bulk oftrade in sorghum, which is mainly for feed uskid. 1). In Asia, major
sorghum-growing countries account for a small fractioh global trade, and
their share has been declining over time (Fig. 1). Tlhad was a major
exporter of sorghum in the 1980s and China in the eatB90s. Exports from
Asia declined drastically in 2001, reflecting the griomg demand for sorghum
in non-food uses.

Sorghum imports to Asia declined from 5.4 million t #©80 to 2 million t
in 2001. Japan accounts for bulk of these imports. ChiNalaysia, Republic of
Korea and Yemen import small quantities, with no discédeatrend (Table 6).

Table 5. Sorghum exports in Asia.

Exports (‘000 t) Exports as % of production
Country/Region 1980 1990 2001 1980 2001
Asia
Thailand 180.6 19.8 0.3 76.2 0.2
Indonesia 12.6 - - - -
Singapore 9.8 0.1 0.2 - -
Pakistan 54 0.0 0.02 2.3 0.01
China 1.0 289.3 19.0 0.015 0.7
India 0.1 0.0 0.4 0.001 0.004
Region
Asia 209.5 309.5 20.6 11 0.2
South Asia 55 0.0 0.4 0.05 0.005
Developing 2,053.7 1,501.9 518.8 5.1 12
Developed 9,125.7 7,362.6 6,494.5 53.2 40.2
World 11,179.4 8,864.5 7,013.3 19.5 11.6

Source: FAO (2003).
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Table 6. Sorghum imports (‘000 t) in Asia.

Country/Region 1980 1990 2001
Asia

Japan 4,219 3,763 1,908
China 417 33 37
Israel 314 367 55
Cyprus 99 0.002 0.007
Saudi Arabia 31.9 0.5 0.1
Singapore 19.8 04 0.1
Malaysia 12.7 2.3 0.3
Republic of Korea 12.2 92.3 4.2
Bangladesh 5.7 0.0 0.0
Yemen 2.5 18.7 0.5
India 15 0.0 0.0
Thailand 0.1 13 0.9
Iraq 0 155.0 0.0
Lebanon 0 0.0 45
Philippines 0 0.3 4.5
Turkey 0 25.8 0.0
Region

Asia 5,144.4 4,468.0 2,015.7
South Asia 7.1 0.004 0.013
Developing 3,659.3 3,556.0 5,301.9
Developed 7,372.6 5,035.9 2,265.6
World 11,031.9 8,591.9 7,567.5

Source: FAO (2003).

Millet

Around lessthan 1% ofglobal production ofmilletis tradé his figure could
be an wunderestimate since substantial quantities of atilltrade are
unrecorded (ICRISAT and FAO 1996). Official records omces, etc are also
not regularly published. Unlike sorghum, both developeddadeveloping
countries are important exporters of millet, and exportavér generally
increased overtime (Fig. 1). Asia accounts for one-fifflgpmbal exports and
China and India are the major exporting countries (TableUhlike sorghum,
share of Asia intotal exports of millet has increasedrohene although from a
small base (Fig. 1). Asia imported about 66000t of millens2i001. Japan and
Republic of Korea account for bulk of the imports (Table. 83everal other
countries in Asiaimport small quantities mainly fordd use.
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Table 7. Millet exports in Asia.

Exports ('000 t) Exports as % of production
Country/Region 1980 1990 2001 1980 2001
Asia
China 5 39 21.4 0.09 1.09
Sri Lanka 14 0.002 0.005 8.90 0.12
Singapore 04 0.3 0.02 - -
Thailand 0.03 13 0.2 - -
Iran, Islamic Rep of 0.03 0.0 2.0 0.29 22.2
Turkey 0.002 0.6 0.8 0.01 12.3
India 0 4.5 19.1 0 0.17
Yemen 0 0.0 01 0 0.21
Kazakhstan 0 0.0 1.7 0 1.98
Region
Asia 6.9 13.6 45.7 0.04 0.3
South Asia 14 4.7 19.1 0.01 0.2
Developing 118.1 81.1 106.0 0.51 0.4
Developed 96.7 105.9 142.3 5.12 9.7
World 214.9 105.9 142.3 5.12 9.7

Source: FAO (2003).

Domestic trade in India

Large quantities of sorghum are traded within India frdhe major growing
areas to urban centers, to non-sorghum growing areas alsd between
growing areas. The trade is mainly to meet demand forgham from urban
consumers and to meet quality requirements of consumemwsmfrdifferent

income groups. For example, poor consumers prefer sorglguown in the

rainy season because it is cheaper than sorghum growthenpostrainy season,
which is of superior quality. Sorghum is traded over lodigtances mainly for
non-food uses like poultry feed, cattle feed, alcoholamufacture, etc
(Marsland and Parthasarathy Rao 1999).

Prices

World market

At the global level sorghum is almost exclusively tradesd faed grain and its
market price is closely related to production and traafeother feed grains
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Table 8. Millet imports (‘000 t) in Asia.

Country/Region 1980 1990 2001
Asia

Japan 47.4 26.2 12.9
Kuwait 11 0.1 04
Republic of Korea 1.0 0.1 15.4
Saudi Arabia 0.8 0.0 5.2
Thailand 0.6 1.8 39
Singapore 05 1.0 0.1
Malaysia 05 2.2 3.2
Philippines 0.035 0.3 1.8
China 0.00 3.6 4.0
Indonesia 0.00 1.6 7.6
Israel 0.00 0.3 11
Sri Lanka 0.00 0.0 2.3
Turkey 0.00 0.0 19
Region

Asia 52.2 41.6 65.9
South Asia 0.002 0.4 2.9
Developing 114.5 38.4 108.1
Developed 170.1 164.4 152.4
World 284.6 202.9 260.5

Source: FAO (2003).

such as maize, wheat and barleyHdrdeum vulgare) There are no published
data on sorghum trade and prices for food use due to smallmebutraded.
The closest competitor for sorghum in most non-food usesnaize. Maize is
preferred over sorghum when there is no price differencewlzen the two
crops. Generally international market prices of sorghare lower than maize
prices by 5-10% (Fig. 2). The price difference varies froyear to year
depending on production of maize in the major growing orpexting

countries.

Domestic prices in India

Index of real wholesale prices of sorghum in India declirshdrply until early
1990s and rose above the rate of inflation since 1995 (bhd881 = 100),
perhaps indicating renewed demand for sorghum particlylafior non-food
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uses. Since the mid-1990s real prices of rice and wheat (since 1997) have
increased faster than the inflation rate. Due to an effective procurement price
policy for rice and wheat, market prices are not a true indicator of demand for
these crops. Sorghum prices are generally more volatile (large year to year
fluctuations) compared to rice and wheat prices since its production is
dependent on rainfall (Fig. 3a). In contrast, the real price of sorghum straw
increased faster than the grain price leading to a sharp increase in the straw to
grain price ratio over time, reflecting a growing demand for livestock feed, to
meet the rising demand for milk and meat (Kelley and Parthasarathy Rao
1993). Compared to cereals, pulse price index increased sharply, with the
index value around 135 in 2001 (Fig. 3b). The sharp rise in real prices of
pulses has made it an attractive crop, with area under different pulse crops
expanding, substituting area under coarse cereals.

As indicated earlier, maize is an important competitor for sorghum in
alternative uses. As at the global level, even in India 10-15% lower market
price for sorghum compared to maize is a minimum requirement for feed
manufacturers and other industrial processors to partially substitute sorghum

for maize. Wholesale market prices for sorghum and maize are assembled for
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(@) Cereals; and (b) Cereals and pulses.

a few select markets in India and are shown in FigurelAe ratio of sorghum
to maize price is equal to or lower than maize pricesBimhraich, Chindwara,
Kanpur and Calcutta markets in India except in few yearBen sorghum
prices are higher than maize prices. If sorghum prices banconsistently
lower than maize prices by 10-15% the prospects of sulbsitmg larger
quantities of sorghum in non-food uses would be enhancAccording to
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industry sources, besides price, sorghum usage for indaltuses would
depend on continuous supply throughout the year. Accogdto industrial
processors, maize supplies are more consistent in anyngiear.

Marketing in India

The marketing system for sorghum in India is generally freé major
distortions and is not a constraint to marketing of sorghusnaafood grain.
Although linked or tied output and credit markets lead totiss sale by small
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and marginal farmers, existing marketing arrangemenésy mot be optimal for
industrial users of sorghum and millet. Industrial useray wish to bypass the
regular channels and obtain sorghum and millet moreaaéintly through new
institutional arrangements. Thus, twin track markegins envisaged for
sorghum, one for food sorghum and another for industuisdrs (Marsland and
Parthasarathy Rao 1999).

Promoting innovations in the coarse grain sector
through science-industry coalitions

What clearly emerges from the trends discussed abovenags sorghum and to
alimited extent millet crops are making the transitiomm food to non-food
markets. Supporting this transition with relevant postvest interventions is a
potentially important way of ensuring that new markedtree found for a crop
which farmers in marginal environments have little cb®ibut to grow. The
central empirical question concerns what the nature bétt postharvest
intervention should be.

Research and technology development in this area haslimited success.
A major study of sorghum utilization in India (Hall 20POconcluded that
increased utilization of sorghum in the industrial smchas happened despite
any specific technical breakthrough in the formal picbkesearch sector. The
same report goes on to emphasize that one of the critneeaknesses of current
institutional arrangements is weak linkages betweenlIpuland private sectors.
This is unfortunate given the considerable amount ofeleach that has been
carried out on alternative utilization of coarse cereals

Exploration ofthe potential role ofthe Indian privwasector in relation to
creating incentives for different coarse grain quadtgireached a broadly similar
conclusion (Hall et al. 2000). Again the recommendatibrom that study
focused on the need for partnerships between industry reseéarch as well as
institutional innovations (such as contract farming)athlink farmers to
industry. While this constraint affects the postharwvsesctor in particular, it is
a more general feature of the nature of relationshipsweetn the public and
the private sectors in India (Hall et al. 2002).

Before going on to discuss how these issues could be vesloit is useful to
briefly reflect on postharvest innovation systems. Tlisows us to investigate
the implicationsthesehave for developing institutional arrangements thaldti
simultaneously support industrial utilization of cearcereals as well as ensure
that the strategy also supports the livelihoods of poomfars.
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Postharvest innovation systems

Postharvest R&D seems to be placed uncomfortably in tb@nventional
arrangements for agricultural research. Crop improvameesearch, for example,
can clearly identify plant breeders (and increasinglglecular biologists) as the
central scientific personnel. The product - new varieties well defined and the
systems for disseminating this technology and the ralé®xtension services and
seed supply agencies are relatively straightforwarde Thain client, the farmer, is
clearly identified, as is the role ofthe client in applgithis new input technology.
In this view of agricultural research the number of playdas fairly limited -
scientist, extension workers, farmers - and their roles alearly defined and
mutually exclusive. While this is a stylized descriptiohthe R&D process and the
way it is arranged, it is all too recognizable as the conwemdl model of
agricultural research that persists in many parts ofwwoeld.

Postharvest R&D, on the other hand, cannot be so neaHiegorized.
Professionally the sector spans engineering, food s®@enpathology, marketing
systems, economics and other disciplines. The poststrvsector is also
characterized by its linkages and relationships betw@emducers and consumers
and between rural and urban areas, with markets playirgrge role in mediating
these linkages. The sector includes technology clientsd aimtermediary
organizations from the whole range of organizationapey, from both public and
private sectors and from an equally diverse set of stakddr agendas and
interests. Furthermore, postharvest technology amilons often form part of
complex techno-economic systems where many players amlved, each with
different skills, responding to different incentivesAs a result postharvest
innovation is frequently embedded in a wider set of teaships and contexts
than is implied by the conventional research-extensiomrs model of R&D.
Managing postharvest innovation and doing so in walgattsupport a pro-poor
policy goal is therefore challenging. It is increasipghrgued that conceiving
postharvest innovation as a process emerging from stesy of supportive actors,
relationships and institutional context, is a policy peective that can be used to
plan R&D more effectively (Hall et al. 2003).

A coalitions approach to postharvest innovation

To operationalize this concept of a postharvest innovati®ystem, scientists
from the International Crops Research Institute for tBemi-Arid Tropics
(ICRISAT), Patancheru, India have recently begun expenting with a
coalitions approach to research. The approach involvasestigating and
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strengthening the institutional context of the researchdertaken, with a
view to building local innovation system capacity. The dgcof the coalition
type project is specified in broad development terms Keatthan narrow
scientific terms) so as to articulate the identified promlen a way that
includes the interests of both non-scientific as well aseatific stakeholders.
Furthermore, instead of having a fixed workplan the apgoto uses an action
research methodology whereby the program of work and thengas in the
coalition involved can evolve along the way to match emeggtnrcumstance
and findings. The idea is that by building the right coadit of partners around
an intervention task, the research element of the projeetomes linked to
andinformedby those whowill use and operationalize research products.

The focus ofthis experimentat ICRISAT isthe promotiofrsorghum by
the poultry industry. The coalition, made up of breederspreomists, poultry
scientists, poultry feed manufacturers and sorghum fam@m is testing new
varieties in poultry rations. The projectis exploringsitmtutional arrangement
that would allow a contract growing scheme to develop anthiem longer term
building a new relationship between sorghum breeders ame& industrial
sectorthat will increasingly determine the utilizationaity characteristics of
the crop. The novelty of this approach is not only the dbiey of partners
involved in the process, but also that the outcomes of thejgct are both
technical and institutional.

While it is too early to predict the outcomes ofthis cidedn experiment
at ICRISAT, evidence from other postharvest intervemtsoof this type
suggest that it can bring about significant innovatiomampact (Clark et al.
2003). Given what is already known about innovation preces the
postharvest sector it is apparent that if the industrudilization of coarse
cerealsin Asia will evolve in ways that support the livelihoods of poor
producers, institutional development is likely to be damportant as
technological change. A critical part of institutionalevelopment will be
stronger and more effective linkages between scienceusnidy and farmers.

Conclusions

In recent years production, consumption and trade pattdomscoarse cereals
in Asia indicate a shift from food to non-food uses. Strong®alitions of
sector stakeholders should be promoted as a way of devetophe non-food
market and building stronger and more effectively linkifegmers with new
sources of demand for their crops.
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Demand-driven Sorghum and Millet Utilization:
Failures, Successes and Lessons Learned

LW Rooney*

Abstract

Sorghum and millets have excellent quality for processing. However, generally,
the grain available for processing from market channels has variable, poor
quality. The key to producing profitable sorghum and millet products is a
consistent supply of grain that can be processed into convenient, cost competitive,
attractive products that provide an alternative for higher cost imported products.

The concept of supply chain management starts during development of new
cultivars and continues through production, harvesting, storage, processing and
marketing. There must be sufficient value added during the process to improve
and share prof its with all participants. This system is difficult to initiate but is an
essential need all over the world. The development of adequate supply chains from
producers to processors will allow profitable production of new products.

Several myths about sorghum tannins and poor digestibility negatively
affect the perceived nutritional and processing quality of sorghum, making many
potential users afraid to use sorghum. Thus, the advantages and disadvantages of
sorghum and millets must be clarified to potential users.

Development and marketing of value-added products from millet and
sorghum is progressing. Demand is emerging, but systems linking seed and grain
quality to production, food processing and marketing must be promoted. Many
failures are behind us; the future looks promising if we can meet the challenges of
providing a good quality grain supply at competitive prices.

Many fantastically good foods have been produced frearghum [Sorghum
bicolor) and millets in pilot projects conducted by numeroudestists and
companies around the world. These grains can be precskssato a wide
variety of foods and food ingredients. However, most tfettime the
technology and products fail because there is an evaxhte supply of grain
that can be profitably processed.

Good products that were well accepted when they weredemwith
good quality grain failed dramatically with consumevbken grains from local
markets were utilized. Basically, the situation "Whicdomes first, the
chicken or the egg?" applies since an adequate supglgrain cannot be

1. Cereal Quality Laboratory, Soil & Crop Sciences DepartrheTexas A & M University,
2474 TAMUS, College Station, TX 77843-2474, USA.
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obtained until one produces and sells a good quality prddahat is
competitive with existing products. Farmers cannot aftfoto preserve the
identity and market good quality grain unless they are peaxdra; processors
cannot compete with imported foods without good grain digga Thus the
cycle goes on. However, rising incomes and the need for eamance, good
taste,proper texture, etc provide an opportunity for niche maikg thatwill
grow dramatically.

Some of my experiences with sorghum and millet products dher past
35 years are summarized. Also, some thoughts about reutuesearch and
development needs to improve their consumption in profieabfoods
demanded by urban consumers are presented.

Consumer demands

Urban consumers want food products that deliver conveneendaste,
texture, color and shelf-stability at an economically coanigive cost.
However, wup-scale sorghum and millet products that meeteseh
requirements are usually not available in urban areas.

Our laboratory and collaborators in sorghum producing doies around
the world have made excellent prototype products fromgdam and millet
using existing technology and grain with good processinglgy. However,
acceptable value-added products cannot be made proliytdty using grain
purchased in the local markets.

The major constraints to sorghum and millet utilization:are
* Lack of consistent, uniform quality grain supplies
« Logistics/markets
« Subsidized imported cereals
« Extension of existing processing technology unavailable
« Few shelf-stable convenience foods
« Governmental policies, value-added tax on sorghum in tRoAfrica
e Subsidized food systems based on maifBea mays), rice (Oryza sativa)

or wheat (Triticum aestivum)
« Poor image of sorghum and millet
« Nutritional myths, tannins and poor digestibility
« Grain molds

The greatest obstacle to utilization is the lack of a cetesit supply of
grain that can be processed into economically competitpreducts. Other
constraints affecting the utilization of sorghum and meitd, though serious, can

114



be overcome once a supply of grain of consistent quyailstavailable. In the past,
opportunities were lost by governmental policy chasgthat discriminate
against local cereals by easing import restrictions onefgn grain.

In spite of all these problems, local grain products bhedang profitably
sold with increasing demand for export and domestic keas in some areas.
This is especially true in Dakar, Senegal where a wiageiety of high quality
pearl millet Pennisetum glaucum products are marketed profitably. The
products are based on local traditional products, eguscous and related
products, a higher value yogurt containing pearl milbatd puffed snacks.

These processors have learned to produce high quartyducts that are
in demand by local consumers in spite of poor quality graupplies. Their
success is stimulating a demand for supplies of improgqedlity grain because
they recognize the need to produce a quality product.eskh processors
started with a very small niche scale operation and seame cases have
expanded significantly. Other similar operations hawldéd because they did
not provide quality products.

Thus, there may be more demand for sorghum products tlwa realize.
For example, in South Africa, in spite of a local 14% weladded tax on
processed sorghum products (Mabella Meal), significamamounts of
decorticated sorghum are sold to consumers. The pcoduade from local
sorghums with red or brown grain color is consumed eviemutgh it costs more
than white maize meal. In Botswana, white sorghum meapieferred and has
taken market share away from maize meal. Significantlgager decortication is
required to make light colored meal and flour from redrgdlums imported
from South Africa.

Progress has been made in recent years in the UniSedes to provide
identity-preserved white food sorghums for use in dmitic ethnic and dietary
foods and for export to Japan for snacks and other progslubdtany new ethnic
and special dietary recipes have been developed andipluddl. The identity-
preserved food sorghums have stimulated significamteiest and demand for
sorghum food products. Reasonable chances for growtthe@se markets exist,
provided progress to produce good quality sorghum oouds.

Value-added supply chain

The value added supply chain includes:
» Seed supplier (seed production) - quality and purity
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« Grain producer

« Harvesting

« Storage

« Handling and transportation
* Processing into products

« Marketing

Developing a value-added grain supply chain is a chadlee All the
components in some form or another are necessary to ntbet needs for
demand-driven food and feed products. More efficienttmeds of threshing
and cleaning the grain to remove sand and other impesdtiare essential.
Development of the supply chain involves extensive coumncations and
promotion of good will and understanding among all th&rticipants.

Simple methods to assess quality are required to faxti€¢ supply chain
management. A set of standards along with practical speations for each
important quality criteria is required. These specifiioms must be agreeable
and practical to producers, grain traders and processdike. Contracts are
required along with credit systems to build grain sigpedacilities to hold grain
throughout the year to assure a consistent supply ofngrfar the processor.
Profit for all is necessary to make the scheme work.

Communications are critically important. It is inheréwntdifficult for
producers and processors to understand each otherésisnand problems. A
long-term relationship between producers and processoy required and
must be developed over time. The best way to make irkvos to start small
and grow as experience is obtained. Efforts to work wiahge processors have
failed since supply logistics are a major problem. SeVéaage mills producing
sorghum flour in Africa failed because obtaining andarnsporting large
guantities of sorghum to and from a central locationdamrban areas were
iImpossible to do profitably.

Some varieties and improved cultivars are available most countries
that have significantly improved processing quality. Aupply chain
management scheme would facilitate the introductiomnew cultivars with
improved quality and grain yields. In Mali, N'Teneméassa white grain, tan
plant color photosensitive sorghum variety that avoidsatt bug and molds,
has demonstrated excellent processing properties andg baen identity
preserved, stored, handled and processed into flowescorticated rice-like
products, and sold as clean whole grain. Farmers andseorers prefer the
products made from N'Tenemissa over other local varietie
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Likewise, in Central America, farmers prefer certain wd grain, tan plant
color sorghum varieties for use in tortillas and baked duots. In fact, some
farmers are growing the tan plant varieties, storing th&m, milling itinto flour
and marketing the flour as bread, cookies and related pcosiun urban areas.
These vertically integrated operations are small but arevpding opportunities
for producers to enhance their profits. The linkage bedwerop improvement
programs andprocessorsis important. New cultivarswill be adopted more
rapidly ifthey can increase the profitability of farmeryg Increasing the value of
the crop for transformation into food products.

Functionality of sorghum and millets

There are many different sorghums that can be used in vanus. Therefore,
it is necessary to consider what sorghums are availabl® leow to choose among
them. The color and composition of sorghums vary from whived types to
brown high tannin types. Each of these sorghum varietias aAdvantages and
disadvantages for utilization. For example, our ladbtory has documented that
the brown, high tannin sorghums have levels of antioxitdaaqual to or higher
than those of blueberries (Vaccinium corymbosum) and otHeuits and
vegetables. Over the years tannin grains have been elinihdtom commercial
production in the United States because they decrease ¢e efficiency of
livestock rations. However, tannin sorghums for use inegplty foods for
dietary purposes may become important in the future.

Moreover, the flavor and color of the brown sorghums findlpations
in baked products where the natural colors are an advantéiges possible that
sorghum with tannins will find new applications in thed@ industry in many
countries.

We have developed in our sorghum improvement program, tehgrain,
tan plant color, food-type hybrid sorghums for use in foog@placations.
Functional advantages for food sorghums include a whilight color, bland
flavor, lack of GM O (genetically modified organism) contamation, and
excellent processing properties for use in snacks, bfieesskcereals and an array
of flours, grits, meals and porridges. The bland flavoddight color of food-type
sorghums affords a real advantage in functionality to samgh Sorghum does
not contain gluten and is hydrolyzed slowly, making itrattive to diabetics,
celiacs and ethnic groups. In addition, it is an altdima to rice for extruded,
processed foods because of its bland flavor, light cedad good expansion.
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We recently reported that these white food-type sorghunan de
extruded as whole grain in direct expansion extruders todpice snacks,
breakfast foods and other products. In many areas, ricelid at a much higher
price than sorghum, so the white food-type sorghums can pet®m as food
ingredients, replacing more expensive rice products. Heoave the quality ofthe
grain must be excellent and the kernels cannot be moldewemthered.

Pearl millet has a strong flavor and dark color that isided in millet
consuming areas, which affords an opportunity for protluwith different
characteristics. Some white and yellow grain types taxaitst in Namibia have
functional advantages for processed foods with lightedocoand milder
flavors. Certain varieties in Senegal have better quafor use in composite
bread flours, while others have significantly improvedIhmng properties.
Theseimproved typeswill be used in Senegal ifthey can be introduciato
the supply system fotocal processors. Over time thigill happenbecauseit
can improve profitability for all.

Rice is considered a convenience food in many areas in Afbie@ause it
is available in different forms as ready-to-cook produc$®smilar products, eg,
meal, couscous, flour, grits and snacks made from sorghand millet are
competitive with rice in these areas. There are severadngxdes of small
entrepreneurs in Bamako, Mali that profitably sell ldgamilled maize,
sorghum, millet and fonio products because they producetreély high
guality products free of sand, ready for cooking. Some loéste business
women are maintaining good consistent quality by secgrsupplies of high
quality grain for processing. This market is limited in peobut it has
continued for many years. During thistime, | have obsergethe larger maize
milling operations that failed quickly because they praéd very poor quality
products. The high cost of cleaning millet and sorghumremses prices, which
limits the ability of the grains to compete with imported puxcts.

Plant breeding and improvement of grain quality

The efforts to develop improved cultivars with built in @luty for processing
are critically important for successful utilization @nincreased profits for
farmers as well. The goals of plant breeding programs mhesttonsidered in
terms of yield of useful quantities of food produced perit of land. The
major objectives of sorghum and millet breeding prograans:

* Maximize yield of useful products per hectare
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* Focus on economic grain yields and quality
» Develop genotypes with value-added characteristicel amold/head bug/
weathering resistance

Breeding foryield without regard for quality is a majorshake. Farmers in
the semi-arid tropics have not planted many improvedrghum varieties
because they are susceptible to weathering and heads,buand have
unacceptable processing and food properties. For examwomen will not
accept a thin pericarp sorghum because the work requtoedehull it by hand
pounding is increased by 50% or greater. Therefore, important that sorghum
breeders recognize that food quality is critically inrpant and is an essential
part of grain yield. This is illustrated in Central Ames, where several white
grain, tan plant color food-type sorghums are preferbgdfarmers because they
have good tortilla-making qualities and can be used anvariety of baked
products with superior quality. These sorghums are uisedommercial bakeries
to extend wheat flour for sweet breads and other products

In the more humid areas of West Africa, a major priorityoshd be to
develop improved local varieties that have photosensty#f and good food
guality (tan plant color, straw color glumes). Such vares could be utilized
for identity preserved sorghum production for value-addproducts. Until
we obtain superior quality sorghums that consistentlpi@ damage by molds,
sorghum food use in urban areas is doomed.

We do need to develop sorghum varieties that are resistammolds and
weathering. However, mold resistance is very diffictdtselect for because it is
guite complex. Thus, in my opinion, the photosensits@ghums are desirable
since they can avoid at least some of the mold and weanige problems.
Research to improve mold resistance is highly signifitgabut it is likely to be a
long-term effort. In the meantime, the use of photosens varieties can be
effective, as judged by the progress previously men&d in Mali.

Food utilization of sorghum and millet

Proper sorghum and millet cultivars can be processetbia wide variety of
very acceptable commercial food products. These graias be extruded to
produce a great array of snacks, ready-to-eat breakfastls, instant porridges
and other products. The flakes of a waxy sorghum obtairbgd dry heat
processing can be used to produce granola products wktleléent texture and
taste. Tortillas and tortilla chips have been produdedm sorghum and pearl
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millet alone or with maize blends. The sorghum produbtse a bland flavor
while pearl millet products have a unique strong flaward color. Again, the
critical limitation is cost-efficient, reliable supplseof grain.

Neither sorghum nor millet have gluten proteins. Hende, produce
yeast-leavened breads, they are usually substituterdpfart of the wheat flour
in the formula. The level of substitution varies depemgiupon the quality of
the wheat flour, the baking procedure, the quality of th@rghum or millet
flour and the type of product desired. In biscuits (co®X)j, up to 100%
sorghum or millet flour can be used. The non-wheat flgives the biscuit a
drier more sandy texture and so the formula must bedinied to make it
more acceptable to consumers. White sorghum has a dwfiadvantage over
maize and millet in composite flours because of its bldled’or and light color.
However, molds and discoloration are major constraintsat must be
recognized. Thus, we do not recommend that white foggdet sorghums be
grown in the Coastal Bend of Texas, or other similar hunardas, since molds
are often significant problems there.

Dry milling quality

The milling quality of sorghum and milletis determinedimly by kernel shape,
density, hardness, structure, presence of a pigmeresta, pericarp thickness
and color. Kernels with a high proportion of hard endesm, and a white, thick
pericarp without a pigmented testa have outstandinpulbeng properties. Soft
floury kernels disintegrate during dehulling and camnme milled efficiently. For

hand dehulling, a thick starchy mesocarp layer in theiparp reduces labor by
50% or more. Long, slender pearl millet kernels have veryor dehulling

properties, while spherical kernels produce the highgi®elds of decorticated
grain. The white grain, tan plant color food sorghumsavé significantly

improved yields of light-colored flour and decorticat&ernels.

Feed utilization of sorghum and millet

Both feed and food use of sorghum and millet are comipletj not all grains
will have desirable food processing properties, so plo®r quality grain will go
into feeds. Obviously, care must be taken to avoidlplems with mycotoxins.

Sorghum is a very good feed grain as long as it is propesudpplemented
for the particular species fed. Sorghums without a piged testa have 95%
or greater the feeding value of yellow dent maize fol species of livestock.
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Pearl millet has outstanding feed value for poultrydaswine because of higher
fat content and increased essential amino acid contértimals fed rations
containing high tannin sorghums usually consume mook the ration to

produce similar weight gains, which reduces the feeticeéncy significantly.

However, the concern that animals will not consume rtian sorghums is
erroneous.

Effect of molds, insects and weathering on quality

Molds discolor the grain, break down the endosperm andnigicantly

deteriorate processing qualities. Mold damaged or vheaed grain cannot be
easily decorticated due to softness of the grain; theulting flour or grits are
badly discolored and cannot be used for food. This peablcan be overcome
by the production of photosensitive sorghums having wehgrain, tan plant
color and straw-colored glumes. This is critically imgant in West Africa
where most new improved types have been devastated &sdhbugs and
mold. For example, N'Tenemissa recently released inliMas the first tan
plant photosensitive sorghum released that has improxcadracteristics for
processing into a wide variety of food products rangifigopm biscuits to
decorticated rice-like convenience foods. Producti@f N'Tenemissa and
related lines has led to improved quality food producBystems to produce
and supply the grain for value-added processing arelwwg. The concept
works and if a market exists that is profitable it will melapted over time.

Mycotoxins

Unlike maize, sorghum does not develop aflatoxins priorharvest. Sorghum
contains Aspergillus flavus and other fungal species, but apparently the
exposure of the grain to the atmosphere prevents signnfidavels of aflatoxin
formation in the field. However, improper handling astorage can increase
levels of aflatoxin significantly in sorghum. In addotm, sorghum does not
produce significant amounts of fumonisins compared toizea The relative
resistance to field contamination of sorghum by thesgortant mycotoxins is
a major advantage for sorghum over maize. As maize is gramaer more
marginal conditions, the risk of increased levels ofaoyoxins to populations
consuming maize should be considered. Sorghum definitdlgys fewer
problems with mycotoxins than maize.
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Sorghum image - tannins

The alleged 'poor nutritional quality’ of sorghum due tbe presence of
tannins, resulting in poor protein digestibility, is apor problem as opined by
some people. Often, key nutritionists, scientists anddusatry personnel
believe that all sorghums contain tannins, and thereltpare potential users
away. For example, a poultry nutritionist from India icéated he would only
feed sorghum if it was priced at 60 to 70% the value @fiine "because of the
tannins in sorghum", even though most, if not all, Iadisorghums do not
contain condensed tannins. The same is true of Central Acee where
poultry producers are wary of using sorghum since "#&shtannins". Even
though tannins are not present, fear of them significprdffects the demand
for sorghum.

The sorghums without a pigmented testa do not cont@mnins and so
they should be referred to as ‘'tannin free'. Often Iladories use general
phenol assays to measure tannins, which results in exesas information
since all sorghums contain phenols but most do not eoemttannins. The
tannin sorghums (brown sorghums) have a very definetipigmented testa,
which is caused by the combination of dominant-B,-S- genes, and
constitute a small proportion ofthe soybeaGlycine max)grown today. Such
sorghums have significant levels of condensed tanninghwrnesistance to birds
and grain mold.

The tannin sorghums decrease feed efficiency by 5 6&2when fed to
livestock, depending upon feeding systems and livektspecies; however,
they have high antioxidant activities and may be a veygod source of
nutraceuticals. Thus we might someday use the sorghwmtsh a pigmented
testa and dominant spreader genes as potent sources odxasants that are
more efficiently produced than fruits or berries.

Improving sorghum digestibility

Many people consider sorghum protein as indigestibled amelieve that
sorghum should not be used in products like weaning fooldlse combination
of misinformation about tannins and poor digestibilityten causes difficulty
in gaining approval for sorghum foods. Sorghum is an ekert food that when
properly processed, has good digestibility, and hastaimgd millions of people
over the centuries. However, like all cereals it is daéint in lysine and other
essential amino acids and must be processed propedy uUse in foods.
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A significant body of knowledge indicates that sorghumoteins are only
slightly less digestible than maize when measuremenftsligestibility other
than pepsin protein digestibility are used. Also, thrdarmation using pepsin
digestibility shows that digestibility is significantiynprovedwhen sorghumis
cooked by extrusion or a combination of moisture and meaulkal energy
(such as the energy that occurs when porridges are diraend beaten
vigorously).

Soft, digestible sorghums are destroyed by molds he tfield prior to
harvest except in very dry areas like Sudan and Ethioptaus, efforts to
enhance digestibility of sorghum must be done with calre.s difficult to
improve digestibility without enhancing the susceptiby of the grain to
deterioration since sorghum kernels are exposed to @ambconditions during
maturation, and are prone to attack by molds and ¢hse

Increasing the levels of lysine and tryptophan in slug is extremely
valuable in terms of human and animal nutrition. Deveilog high-yielding
sorghums with improved levels of lysine and trypotophamwuld greatly
enhance its value for both humans and animals. With timereasingly
widespread use of quality protein maize, the comparatigrotein quality
(lysine and tryptophan) of sorghum will be significaptlower. Hence, more
work is needed to improve sorghum protein quality.

Strategy for value-added products

The strategy for value-added products include the feling activities or
components:
 ldentify up-scale products
* Promote niche markets (supermarkets)
« Develop sorghum and millet products
« Use low input, appropriate technologies
« Use identity preserved grain
» Specify variety and hybrids
* Educate farmers and producers
» Share the profits with members of the supply chain

The best strategy for developing convenient, shelf-sséaBbrghum and
millet foods is to use identity-preserved grains to prodihigh-value products
that can be priced slightly lower than imported producTshe targets should
be middle class and wealthy people who can afford tyg peices high enough
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to provide profits for all. There is no need to develop loest; inferior quality

foods that do not provide significant profits. The praduon of high quality

products is working in Senegal where an expanded snackdfmsobeing sold

profitably. The snack is a combination of pearl millet, maiand rice flour

which is puffed, flavored, packaged and sold in small paskdtocal supplies
including packaging are used; the product sells so fasit it does not require
costly imported long-term packaging material. Since I$tiée is not a problem

for this company, whole grains can be used for extrusiovd uffing. This

strategy works for the company. However, shelf life ispaoblem for some
products. Innovative ways of extending shelf life can theveloped through
new technology or marketing strategies. Educational peogs to promote and
correct misinformation about sorghum and millet progest are necessary to
promote acceptance by the food and feed industries.
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Effects of Mycotoxins on Cereals Grain Feed
and Fodder Quality

F Waliyar, SV Reddy and RP Thakur *

Abstract

The mycotoxigenic mold funghspergillus, Penicilliumand Fusarium were shoum to
be associated with grain molds in sorghum and pearl millet. These fungi produce
several mycotoxins, some of which can affect human and animal health. The most
important mycotoxins that occur at biologically significant concentrations in cereals
are aflatoxins, ochratoxinA, fumonisins, zearalenone, deoxynivalenol apnd toxin.
Reports indicate that aflatoxinB; was associated with liver cancer, synergistic with
hepatitis B virus and childhood cirrhosis in humans. Several outbreaks of
aflatoxicosis in poultry and livestock were reported. The fumonisins were associated
with oesophageal cancer and , Ttoxin with alimentary toxic aleukia in humans.
Fusarial mycotoxins have been implicated as causative agents in various animal
diseases such as leucoencephalomalacia, pulmonary edema, infertility, diarrhea,
vomiting, reduced growth rate, drop in egg production and immunosuppression.
Mycotoxin contamination of cereals can cause economic losses at levels of
food and feed production including crop distribution, processing and animal
production.  Health risks associated with consumption of contaminated cereals
were recognized and several countries have recommended permissible levels of
mycotoxins. At ICRISAT, Patancheru, India, we have developed an enzyme-linked
immunosorbent assay (ELISA)-based technology to detect aflatdjn aflatoxin
M;  ochratoxin A and fumonisins in food and feeds.

A large number of agricultural commodities are vulneralb infestation by a
group of fungi that produce toxic secondary metabolitmedled mycotoxins.
Mycotoxins are a group of chemically diverse secondangtabolites that
exhibit a wide array of biological effects. Some of the coyoxins can be
mutagenic, carcinogenic, embryo-toxic, nephro-toxteratogenic, oestrogenic
or immunosuppressive. Among the various mycotoxins, la&fxins,
ochratoxins and fusarial toxins (fumonisins) assumensfigance due to their
deleterious effects on human beings, poultry and livekt The toxins are
produced on cereal grains both in field and storage.

In sorghum (Sorghum bicolor) and pearl millet (Pennisetum glaucum),
grain molds are importantinrelationto mycotoxin damination. Grain mold
fungi grow on orin seed (Williams and McDonald 1983). Thafyect sorghum

1. ICRISAT, Patanchem 502 324, Andhra Pradesh, India.
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and pearl millet grown in warm and wet conditions betwedawering and
harvest (Williams and Rao 1981, Williams and McDonald8B9. They are
much more widespread in sorghum than in pearl milletawse of the nature
of the growing environments of the two crops. The promlef grain mold is
encountered throughout the humid tropical and subtrapicegions. It is
particularly serious in areas where improved, short- ameédium-duration
cultivars that mature before the end of the rains havenbeultivated. Under
these conditions, the fungi such aAspergillus spp, Penicilium spp and
Fusarium spp can infect these crops and produce mycotoxins n(B@padhyay
et al. 1988, Stenhouse et al. 1997).

According to Charmley et al. (1994), 25% of the woddfood crops are
affected by mycotoxins each year. The American Phytdwlogical Society
(APS) reports that the loss in USA is estimated to be UG®illion per year
(Source: APS Net). The most important mycotoxins that tguently occur at
biologically significant concentrations in cereals ar&flatoxins, ochratoxins,
fumonisins, zearalenone, moniliformin and trichotlkees (deoxynivalenol,
nivalenol and F toxin). These compounds can occur naturally in clre&ither
individually or as specific clusters oftwo or more degleng on the fungal species
(or strain) implicated. These mycotoxins are associatadhwcausative agents in
various human and animal diseases. Mycotoxin contamiovatof crops cause
economic losses at all levels of food and feed chain,ludeng crop and animal
production. Under certain environmental conditions thentamination of various
cereal grains with mold fungi and mycotoxin is unavoitke Therefore, the
prevention of mycotoxin contamination of grain is theain goal of food and
agricultural industries throughout the world. This repaeviews some general
information on the occurrence of toxigenic fungi andpey of mycotoxins they
produce in sorghum and pearl millet and their affect oimmlam, animal health and
economic losses. Most of the information has been aewksom the book
‘Mycotoxins in agriculture and food safety' (Sinha aBHatnagar 1998).

Toxigenic fungi on sorghum and pearl millet

Fungi that belongs to more than 40 genera are associatetth molded grain
including Fusarium spp, Aspergillus spp and Penicilium spp. These fungi
produce mycotoxins in cereal grains and oil seeds (Fig. The literature on
toxigenic abilities ofFusarium species contain significant number of confusions,
caused by usage of several taxonomic systems, wrongtifieation of toxigenic
isolates or incorrect identification of mycotoxins (Clkewsky 1989).
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A. flavus that produce aflatoxin
harvest

Contaminated maize seed

Figure 1. Groundnut and maize seeds affected by fungi that produce
mycotoxins.

Effect of mycotoxins on human and animal health

Aflatoxins

Toxicologically, the aflatoxins, particularly aflatomi B, (AFB;) should be
regarded as a quadruple threat, ie, as a potenttoxingisagen, teratogen and
mutagen. AFB induces liver cancer in several animal species, and &iz®
been linked to liver cancer in human beings (Wang et al. 6)99Statistical
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correlations between contaminated food supplies andhhifrequencies of
human hepatocellular carcinomas in Africa and Asia davmplicated
aflatoxins as risk factors in human liver cancer. Alliegpmiological studies of
aflatoxins and liver cancer conducted in Africa and asnvolving populations
subjected to hepatitis B virus (HBV) infection indicatessgible synergistic
effect of aflatoxins and HBYV infection in the etiologgf liver cancer (Van
Rensberg 1986, Groopman and Kensler 1996, Montesanal.ett997). Amla
et al. (1974) presented circumstantial evidence toicmade that children
exposed to aflatoxins through breast milk and dietatgms may develop
cirrhosis. They detected AFB, in 7% ofurine samplesrrcirrhotic children.

No animal species are resistant to the acute toxie&ld of aflatoxins. A
wide variation in LDsg values has been obtained in animal species testechwit
single doses of aflatoxins. For most species, theslg®alue ranges from 0.5 to
10 mg kg' body weight. Animal species respond differently in eih
susceptibility to the chronic and acute toxicity of afbxins. Environmental
factors, exposure level and duration of exposure besiége, health and
nutritional status of diet can influence the toxicity.

Several outbreaks of aflatoxicosis in poultry have bemported from
India. The disease symptoms included severe and sudameorexia, loss of
weight, staggering gait, convulsive movements, feedusal and drop in egg
production. Post-mortem examination of dead birds raee liver lesions of
varying severity (Char et al. 1982, Choudary 1986). Arcrease in blood
clotting time increases the susceptibility of the ca&sao bruising even at
doses below that to have an effect on growth. In poultaflatoxins impair the
availability of bile salts, which decreases vitamin Production. This causes a
decrease in the absorption of fat-soluble vitamins.

Several outbreaks of aflatoxicosis in cattle have bemsaported. The
lesions were confined mainly to the liver, showing e@éegrative changes with
biliary proliferation and finally leading to diffuseirrhosis (Allcroft and Lewis
1963). Aflatoxin My (AFM ) is a major metabolite of aflatoxin Bfound in
milk of animals that have consumed feeds contaminateidhwaflatoxin B;.
The toxic and carcinogenic effects of AFMhave been convincingly
demonstrated in laboratory animals and therefore A FiNl classified as class
2B human carcinogen. A F Mis relatively stable during pasteurization, storage
and preparation of various dairy products. Therefore, M Fcontamination
poses a significant threat to human health especiddychildren, who are
major consumers of milk.
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Ochratoxin A

Ochratoxin A has been implicated with a fatal human kidnegedse referred
to as 'Balkan Endemic Nephropathy' (BEN) characterizeg dontracted
kidneys. Ochratoxin A has been found more frequently inds@amples and in
the serum taken from people in villages with BEN than in aredsere the
disease is unknown (Petkova-Boeharova et al. 1988). fildxan is nephrotoxic
to most of the animal species and induces liver and kidnemdrs. The renal
lesions associated with diseases include degeneratiothefproximal tubules
and interstitial fibrosis in the renal cortex. Pigs fedtwmiochratoxin A, showed
reduced feed intake, weight loss, increased water comstuon, followed by
polyurea diarrhea.

Fusarium toxins

Species of Fusarium are widespread in nature as saprobes in decaying
vegetation and as parasites on all parts of plants. Manyseadiseases of
economically important plants. There are a number ofcsgpe that produce
mycotoxins, mostly fumonisins, zearalenone and tricthedenes (7} toxin,
deoxynivalenol and nivalenol). A few common examplese adiscussed

below.

Fumonisins

An outbreak of poisoning, characterized by abdominal npaand diarrhea,
caused by the ingestion of fumonisin-contaminated maigga mays) and
sorghum in India was reported. People in 27 villages in Kaaka, India were
affected and the disease was seen only in households whichswued
sorghum or maize contaminated with fumonisin (Bhat et al9917).
Consumption of fumonisin-contaminated maize has been ¢ithk to
oesophageal cancer in humans in Transkei region of Soutticaf China and
other countries (Rheeder et al. 1992). Ingestion of bumsin-contaminated
maize has been associated with spontaneous outbreak C
leucoencephalomalacia in horses, a neurological symig characterized by
focal, often extensive, liquefactive necrosis of the wdhimatter of the
cerebrum, and white acute pulmonary edema in pigs. Althlolgpatic injury
has been observed in all vertebrate species studied, a ewumdf species-
specific effects have been induced experimentally by thendnisins on other
target organs including renal injury and liver cancer inatsr
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immunosuppression in chicken, toxicity to broiler chiagkeand chicken
embryos, nephrotoxicity and brain hemorrhage in rabbikkarasas 1995).

T, toxin

Of the Fusarium trichothecenes, J is the most toxic though less widely
distributed than deoxynivalenol. The effects of the fitsichothecene toxin,
T,, documented was in the 1940s where it was associated witbudhreak of
alimentary toxic aleukia (ATA). At its peak, in 1944, theopulation in the
Orenbury district and other districts of the then USSR sudfe enormous
casualties; more than 10% of the population was affectad many fatalities
occurred (Joffe 1986). The term 'alimentary toxic' msféo the fact that the
toxin is consumed in food and ‘'aleukia' refers to the reduceumber of
leucocytes or white blood cells in the affected person.hé&t symptoms
included bleeding from nose and throat, and multiple, bauaneous
hemorrhages. The infected food in this case was milletjaohhmade up a great
part of the diet ofthe people in the region, and at timesgridg World War |1,
it was notuncommon to allow the millet to be left standimgthe fields over
winter because bad weather in the fall prevented its harvais the proper
time. During late winter and early spring the millet wouldclmene infected
with various fungi, includingF. tricinctum, and when the people gathered and
ate this fungus, many were affected with what was diagnossd ATA.
Thousands were affected and many died (Joffe 1986).

In pigs, the clinical signs of Jtoxicosis include emesis, posterior paresis,
lethargy and frequent defecation. At low levels of contamtion in the diet §
toxin causes reduced feed intake and animal performance. Mgh
concentrations (>2 mg Kb in the diet it produces diarrhea, emesis and feed
refusal. T, toxicosis in poultry causes oral lesions, reduced fe@thsumption,
reduced growth rate and egg production in laying hens. Iminants the |
toxicosis results in a wide range of responses, such asl frefusal, leukopenia,
depression, diarrhea, coagulopathy, enteritis and poeteataxia. Reduction of
humoral immunity is a common effect for pigs, poultry andminants and
when exposed to low concentrations of Toxin in the diet showed increased
susceptibility to other diseases.

Zearalenone

Zearalenone and related metabolites pose strong estiogeativity and can
result in severe reproductive and infertility problem whéad to domestic

133



animals in sufficient amounts. Pigs appear to be moatsstive; therefore, they
are most frequently reported with problems caused learalenone, which
include enlargement or swelling and reddening of thdvauin gilts and sows,
swelling of mammary gland and atrophy, and prolapse lod tovaries, vagina
and rectum. In young male pigs zearalenone can cause smgldif the prepuce,
testicular atrophy and enlargement of the mammary glandbjle in boars it
causes reduced libido and marginal reduction in spemnalgy.

Deoxynivalenol

Deoxynivalenol is also called vomitoxin and is the mosportant trichothecene
because ofits high incidence in cereals, but it is not ohthe most acutely toxic
of this group of mycotoxins (Rotter et al. 1996). At ceHullevel the main toxic
effect is inhibition of protein synthesis via binding tdbosomes. In animals, the
overt effect at low dietary concentrations (>2 md)gappears to be a reduction
in food consumption and weight gain, while higher doses20>mg ¢) induce
feed refusal, diarrhea and vomiting. Deoxynivalenol isokwnn to alter brain
neurochemicals, and serotoninergic system appearsldg p role in mediation of
the feeding behavior and emetic response. Animals few ldoses of toxin are
able to recover from initial weight loss, while higher dosesluce more long-
term changes in feeding behavior. Pigs are more sensitiaa other livestock to
the presence of deoxynivalenol in their feed. Most of diimical signs caused by
the ingestion of deoxynivalenol are also observed wnitalenol, the latter being
generally more toxic.

Economic losses caused by mycotoxins in sorghum
and pearl millet

Some factors that influence the degree of fungal inféei®t@ and mycotoxin
contamination in cereals are the prevailing weatherndaitions and the
susceptibility of the crop to fungal invasion and noptoxin contamination
(Visconti 1996). During the seasons of extensive mycatoxontamination,
grain shortages may occur leading to elevated prices goain and costs for
livestock and poultry producers and consumers of graiproducts.
Mycotoxigenic fungal infestation may reduce crop yigJdseed germination
rates, seedling vigor and grain quality. Mycotoxin daminated grains are
downgraded from food to feed, and additional cleaningl amilling procedures
may be required to reduce contamination, and export mégkare affected.
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Among all the mycotoxins, aflatoxin Bis the most toxic, carcinogenic
and immunosuppressive agent to human beings and livestddkcotoxin
exposure in humans increases medical and welfare costsgd aeduces
income potential of the individual. Consumer problems aelated to less
nutritious food, increased health risks in years of sevemg/cotoxin
contamination, higher product prices and long-term chroreffects from
low contamination.

Most economic losses due to consumption of mycotoxin comteated
diet by farm animals result from reduced animal produatiand increased
disease incidence. Livestock producers are affected bgremased production
cost due to higher mortality rates, reproductive failur@bortions), reduced
feed efficiency and overall quality loss. Presence ofcmfoxins in poultry feed
causes adverse effects on laying hen and broiler chicks. redvoer,
consumption of feed containing a combination of toxins laagreater adverse
effect on poultry than when feeds containing a single toxare fed. Pigs are
very sensitive toFusarium mycotoxins in their diet. Deoxynivalenol can cause
reduced feed intake, vomiting and reduced body weight gaddelay in the
time taken for pigs to reach the ideal marketing body wdighmarketing pigs
below normal weight can have serious economic consequent®s pig
producers. Economic implications of animal feed contamted with
fumonisins are significant, especially if contaminatioesults in death of
livestock.

Mycotoxin contamination in cereal and legume byproducdshampered
by strict regulation of many countries. Groundnut exparas significantly
reduced both in Asia and Africa because of very low pernbks levels of
aflatoxin B;.Thus the reduction in the level of mycotoxins in agriauldl
products for food and feed is of high importance. Table 1 wshothe
permissible level of some of the mycotoxins in cereals.

Detection technologies

Several physio-chemical methods are available for esatimn of mycotoxins.
These methods are expensive and time consuming. At therhmational Crops
Research Institute for the Semi-Arid Tropics (ICRISAT)atBncheru, Andhra
Pradesh, India, we have developed an ELISA (enzyme-linkethunosorbent
assay)-based detection technique, which is cost effectiand less time
consuming. We have produced monoclonal and polyclonalibaotties for
aflatoxin B; and determined the AFBquantities in various foods and feed
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Table 1. Worldwide recommended regulatory limits on Fusarium mycotoxins in
cereals and cereal products.
Country Mycotoxin Commodity Limit (ng g*)
Austria Deoxynivalenol Wheat, rye/durum wheat 500-750
Zearalenone Wheat, rye, durum wheat 60
Brazil Zearalenone Maize 200
Canada Deoxynivalenol Uncleaned soft wheat (food) 2,000
Deoxynivalenol Diets for swine, young calves, lactating 1,000
dairy animals, cattle, poultry 5,000
All mycotoxins Feedstuff for reproducing animals 0
France Zearalenone Cereals 200
Netherlands All mycotoxins Cereals (products) 0
Romania Zearalenone All foods 30
Russia T, toxin Cereals (wheat, hard and strong type), 100
flour, wheat bran
Zearalenone Cereals (wheat, hard and strong type), 1,000
flour, wheat bran
Switzerland Fumonisins Maize (products) 1,000
Uruguay Zearalenone Maize, barley 200
USA Deoxynivalenol Finished wheat products (food) 1,000

Deoxynivalenol
Fumonisins

Grains and grain byproducts for feed
Maize (products) for feed

5,000-10.000"
5,000-50,0007

1. 5,000 ng g™ feed for pigs (not exceeding 40% of the diet); 10,000 ng g™ feed for ruminating beef and feed lot cattle
older than 4 months and for chicken (not exceeding 50% of the cattle or chicken total diet).

2. Feed for horses (5,000 ng g™), pigs (10,000 ng g™), and beef cattle and poultry (50,000 ng g™).
Source: FAO (1997).

materials. We have also produced polyclonal antibodigairast aflatoxin M
and ochratoxin A, and developed technology to detect tht@s@ns in milk,
foods and feeds. We are in the process ofrefining the EA1&st for fumonisin

detection.
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Recently we produced polyclonal antibodies to fumoni8in Like most
of the mycotoxins, fumonisins are also low molecular wreigcompounds.
Since the low molecular weight compounds do not stimeldhe immune
system in warm-blooded animals, it is essential to tagseheompounds to a
bigger protein molecule, such as bovine serum albumin (BSAo produce
polyclonal antibodies for fumonisinBwe prepared fumonisin-BSA conjugate
(Feng-Yih Yu and Chu 1996). The rabbit was immunized 5 tsme¢3
subcutaneous and 2 intra-muscular) each with 250 mg FBI-Bc®Ajugate
and 8-9 bleedings were made for serum collection. Higtteted antibodies
were obtained and an ELISA method was standardized.

Several animal feed samples were tested for fumonisintenohusing the
antibodies produced. Different extraction methods wergedt We faced
some difficulties in extraction of fumonisin from crop rdges. One hundred
sorghum straw samples meant for cattle feed were collédrem markets of
Andhra Pradesh and analyzed for aflatoxins and fumonBjnAll the samples
were free from aflatoxins; however, 45% of the samplestaomed >100 ug
kg'fumonisin B, (range 100-1600 ug k§). As we have recently developed the
test for fumonisins, we can now test many more samples tbeustand better
the importance of fumonisin contamination and its implicat on human and
livestock health.

Conclusions

Mycotoxins are distributed widely in cereal crops, to thetent ubiquity in
certain crops grown in specific regions and seasons. Inatgregyrain quality as
well as straw quality are important in relation to animadefl purpose.
Mycotoxin contamination in sorghum and pearl millet gravas reported in
different parts ofthe world. However, literature availabi on mycotoxins in
cereal straw is scanty. Since cereal straw is used for ahimed very extensively,
it is essential to monitor the cereal straw for mycotoxcontamination.
Moreover, after crop harvest, cereal straw in storages gexposed to high
temperature and high humidity that are conducive for thewth ofmold fungi
and subsequent mycotoxin production. To some extent, tlesgrce of small
amounts of mycotoxins in cereals and related food produgtsniavoidable. This
necessitates monitoring ofthe food and feed samples gulag intervals. Some
ofthe technologies available at ICRISAT can help differgroups of people for
better monitoring and analysis oftheir products for myexins.
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Cereal Grain Procurement, Storage and
Handling Systems for Commercial Use

S Sivakumar !

Abstract

For historical reasons, the grain procurement, storage and handling systems in
India have evolved to suit a shortage economy. The focus has been on maximizing
production, productivity and minimizing wastages in that order Supply-driven
value chains built in such a context create a disconnect between the way a farmer
sells (physical properties), a processor adds value (chemical properties) and a
consumer buys (rheological and organoleptic properties). Aggregation of grain
without preserving its identity while storing at FClI warehouses in the Government
system, and while transporting frommandis in the private marketing system
creates the classical ‘lemons problem'.

Consumer-centric market economy must be supported by demand-driven
storage and handling systems. The information related to the varied needs of
multiple market segments needs to flow back seamlessly along the chain to enable
producers deliver  differentiated  products to the consumers  efficiently.
Agribusiness firms in the developed world have met this need for identity
preservation through models like vertical integration and contract farming.
Large-scale replication of such models in India is not viable because the Indian
farmers are fragmented, dispersed and heterogeneous. The problem is further
compounded by weak infrastructure - physical, social and institutional.

However, Dby deploying information technology creatively through models
like virtual integration, one can build efficient value chains even in India,
notwithstanding above constraints. Information technology also helps in building
traceability systems, which ensure visibility of the grain identity to the whole
chain during the entire process of storage and handling from farmer to the
consumer. Success of such a system depends heavily on linkages with the scientific
community for decoding product chemistry from  consumer perspective.

Grain procurement, storage, and handling systems ididnhave evolved to
suit a shortage economy. Research and extension effatsgovernment
organizations have primarily been oriented towardslyli improvements and
increasing total production by crop commodities. TheirMmum Support
Price Scheme for rice and wheat has eventually made theegnment the
primary buyer. Grain procurement is facilitated througbhe Food

ITC Limited, 31 Sarojini Devi Road, Secunderabad 50030 Andhra Pradesh, India.
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Corporation of India (FCI). A combination of traditiah and modern
infrastructure exists for safekeeping and wastage rmddan during grain
storage and handling. Thus, the focus has been on maximgizgrain
production and productivity, and minimizing wastage.

The food value chain

The food value chain primarily has three elements (aswsthon Fig. 1):

1. Primary production: High grain yields depend on faalble climate, soil and
water resources, and other agricultural inputs, indlug high-yielding
varieties.

2. Processing: Efficient methods of milling, curingdapreserving are essential.

3. Retail: Quality products can be made available thgbwefficient systems for
grading, packaging and merchandizing.

The market functions include exchange (buying, sellingphysical
infrastructure (storage, transportation, processinghd facilitating (financing,
information, risk bearing) functions.

Food economy in India and its implications

The supply-driven value chains differ in the exchange cesses along the
chain. For example, the farmer sells the product (grabmsed on physical
properties; a grain processor adds value based on ch@&lmproperties of grain;

[ * Primary productionx“;} Processing Retail >
Climate Milling Grading
Soil/Water Curing Packaging
Agri-inputs Preserving Merchandizing
Market functions
Exchange Physical Facilitating
' Buying Storage Financing

Selling Transportation Information
Processing Risk bearing

Figure 1. A diagrammatic
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and the consumer buys the products based on organoleptigperties.
Farmers grow multiple varieties to suit different agliotatic conditions (soil
fertility, soil type, rainfall pattern, temperature,cgt However, the grain loses
its source identity after aggregation while storing atrelfasouses by the
government and transporting by village traders arhk tprivate sector. The
aggregation of grain without preserving its identity wds in the classical
‘lemons problem’.

Consumer-centric market economy must be supported dgmand-
driven storage and handling systems. Consumers prefefedeht products to
suit varied food preparations and individual tastes. eThnformation on
consumer preferences and requirements of multiple mnearkegments need to
flow seamlessly along the chain to enable producersiviegl different products
to the varying needs of different consumers efficientlyhe infrastructure
should be equipped with traceability systems to presendentity of the
source (of different varieties of the same crop).

Agribusiness firms in the developed world have pressd the source
identity of the grain produced through models such astical integration of
the food value chain and contract farming. Large-scalelicgition of such
models in India is not viable because the landholdings ofiam farmers are
small, fragmented, dispersed and heterogeneous. Thelalkomperative of
achieving global competitiveness in emerging economlike India is to bring
the power of scale to the small farmers rather than disipigcthem. The
problem is further aggravated by weak infrastructurehypical, social and
institutional). Numerous intermediaries are presentthe agricultural value
chains of developing economies. These intermediariesmaddlemen are a
necessary evil. They are necessary because they noy ovdke up for the lack
of infrastructure but also block the information flow c&armarket signals for
their own benefit, thereby making the chain uncompetéet Many
‘middlemen' have exploited the small farmers by spinnimg cycle of
dependency starting with credit, leading to input saknd then on to output
purchases. No matter whether the input is of spurious dgyadir the price bid
for output is low, farmers have to go back to the saméermediary because
the person offers the most flexible financing option. $hénvironment has
held the Indian food and agricultural chain at a low-levequilibrium,
notwithstanding the potential upside, in light of the largrable land in
multiple agroclimatic conditions as well as sound pubégricultural research
system.
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Alternatives in market chain

Several alternatives have been tried from time to titoepull the sector out of
this vicious cycle. Producers' cooperative has been soeh system. While
there are a few success stories among cooperatives, rafpbo across different
crops on a large scale has not been satisfactory. Furtihere are limitations in
technology acquisition and marketing capabilities. Ttheee-tier cooperative
structure of Amul (the most successful among the prodstemnoperatives in
India, dealing with milk and milk products), led by shhdarmer production,
aggregated processing at the district level and a furthggregated marketing
at the state level, is a supply-driven model that is mampropriate in a
shortage economy. The transition to a demand-drivemmpetitive market
condition will be an interesting challenge to overcontgyen the prevailing
land ownership structure.

Contract farming is another viable solution although has not been
successful on a large scale due to credit risks and figdts. Theoretically, it is
the most efficient link between the consumer and thenfar because the
contracting company can provide the available inpubgl &est practices to the
farmers, besides providing market linkages. The efifle@tess is, however,
limited to some crops (such as perishable, horticulturabps) that have
natural reciprocal dependency in the value chain bedwdhe farmer and the
company that provides an economic incentive for thenmstay together in the
long run. Large volume commodities such as grain crops aot the ideal
candidates for contract farming because the naturalipmxcal dependency is
not very high.

Eventually, there is a need for the emergence of comsuoriented
business enterprises spanning the food and agricultgeator. But the current
Government policies - notably high and multiple taxesgstrictions on
movement of goods - benefit the unscrupulous players in mhaerket chain
because there are larger profits in tax evasion and tedation, making the
long-term oriented, consumer-focused businesses uneiab

The future

Despite the above constraints, efficient value chains ba built even in India
by using information technology creatively through nedd like virtual
integration. The value chain should be demand drivemthwthe farmer having
a freedom of choice on farming decisions (contrasted wtihle exploitative
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cycle of dependency spun by the traditional intermediaryd middlemen).
The business model should be able to deliver effective servat low cost
notwithstanding the fragmentation, dispersion, hetpgoeity and weak
infrastructure. The ITC Limited's eChoupal [a village gpusing information
and communication technology (ICT)-based information rsh@] is built on
these very principles. It gives the farmer an end-to-end plete solution
(information like commodity prices and local weather foasts, knowledge on
best farm practices, quality inputs, and access to cracid output markets).
It empowers the farmer to transact sale of grain from hommestead of
incurring transportation cost to the market-yard, aguiged in the traditional
marketing system. Because the grain is bought directlynfrithe farmer at the
village, there is a source identity even as the productschreaonsumers.
Information technology also helps in building traceabyl systems, which
ensure visibility of the grain identity to the whole chaimrdng the entire
process of storage and handling, from the farmer to thasamer.

Long-term success of demand-driven value chain dependavilhe on
linkages with the scientific community for assessing protdwuality from a
consumer perspective, using rapid testing equipment that tink physical
properties with chemical properties of grain, as wellvagh the organoleptic
properties, to eliminate the disconnect that exists in supply-driven value
chains.

145



Sorghum: A Potential Source of Raw Material
for Agro-industries

RB Somani' and JRN Taylor ?

Abstract

Adaptation to poor habitats, poor resource base and production and consumption
by poorer sections of the society have made sorghum crop an indispensable
component of dryland agriculture. It is a drought hardy crop, can withstand
waterlogging and thus excels over maize;, it is also ecologically sound and
environment friendly demanding little pesticide use for crop ~management.
Notwithstanding the moderate contribution of sorghum to the national food
basket, this crop offers enormous advantages such as early maturity, wide
adaptation, ease of cultivation and good nutritive value of both grain and fodder
With the green revolution and availability offine cereals in remote places, proper
disposition by value addition and establishing food, feed, beverages, sugars and
alcohol industries will not only generate employment potential but also improve the
regional economy. Sorghum is a valuable food grain for many of the world's most
food insecure people. Much of Africa and India is characterized by semi-arid
tropical climatic conditions. Sorghum is undoubtedly and uniquely adapted in the
Afro-Asian regions. Sorghum in Africa and Asia is processed into a very wide
variety of nutritive food products. Documentation, standardization,
popularization and commercial  exploitation  of traditional products need
attention. A large number of accessions are available. Proper selection for the
requirements of the end users is necessary. Use of new biotechnological tools such
as anti-sense gene technology to incorporate desired traits is now possible.

Continuing focused fundamental and applied research is essential to
unleash sorghum's capacity to be the cornerstone in food, feed, fuel and fiber
sectors in Afro-Asian countries. Sorghum types of both the continents are different;
in Africa it is 'milo’ based whereas in the Indian subcontinent it is ‘caudatum’
type. More attention on dehulling and debranning of red sorghum and mold
resistance in white sorghum is anticipated. The future for sweet sorghum or high
energy sorghum is also bright. Combined efforts of research institutions, private
seed sector, industry and the government are necessary for its commercial
exploitation. So far, there was a concept of developing agro-based industry.
However, we now have to think of industry-based agriculture.

1.
2.

"Kavita", Opp. Tilak Park, Ramdaspeth, Akola 444 004, Maashtra, India.
Department of Food Science, University of Pretoria, terea 0002, South Africa.
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Cereal grains have been the principle source of calorregshie human diet,
with starch contributing 80% of human calories intake. Angomereals,
sorghum (Sorghum bicolor) is rated very high for dry mataecumulation rate
when compared on a daily basis. Similarly, sorghum has thghdst food
energy per unit cultural energy, exceeding maize (Zea maylwge, sugarcane
(Saccharum officinarum) and maize grains. Being a C4 gxecit is one of the
most photosynthetic efficient plant species produciaigectly fermentable
sugars as well as grains. It is one of the most ideal crigrssimultaneous
production of food and energy that can be cultivated in bodimperate and
tropical environments due to its drought tolerance.

After USA, India is the second largest producer of sorghgrain. In
India, sorghum is being growninrainy and postrainy seasémsasonable level
of stability in grain yield has been reached in the lastatkc in the state of
Maharashtra, India. Introduction of photo-insensitivehost-duration and
high-yielding hybrids on an acreage of >92% in rainy seassufted in higher
productivity, ie, up to 1.8t h'a However, even with the increase in human
population, the consumption of this coarse cereal has imgteased even in
those regions where sorghum has been the traditionapletgrain in the past.
According to the National Sample Survey Organisation (&8p8consumption
of sorghum as food is 44.3, 31.7, 17.02 and 16.41% in Mahdras
Karnataka, Gujarat and Madhya Pradesh, respectively. Hwewge per capita
consumption of sorghum has declined from 23.2 kg'yn 1981 to 14.4 kg
yr'*in 1989. In Maharashtraconsumption declined from 106 Kgiyn 1961 to
66.7 kg yr in 1989. A sample survey undertaken by the first author in
Amravati division of Maharashtra during 1992-93 revealadther decline in
consumption of sorghum, whereas there is a slight inadasdemand in urban
areasonly for postrainy seasonsorghum. Thefall in consumption even in
remote areas could be attributed to price factor, statushef grain, easy
availability of fine cereals such as wheat (Triticum tigem) and rice (Oryza
sativa) through Public Distribution System (PDS) and fromead network.

In Vidarbha, Marathwada and Khandesh regions of Mahattesh
southern Gujarat and western Madhya Pradesh, sorghumuallysgrown in
rainy season as a rainfed crop. The crop is usually caughdiims at grain-filling
stage and the grains become discolored due to molds. Theokhsed grains
cannot be stored for long periods and have low nutritivéuea Considering
these factors, producers bring their discolored produmenediately to the
market and due to glut, it fetches very low price. Howevéarmers cannot
switch over to some other more remunerative crops such asflewer
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(Helianthus annuus)and soybean (Glycine max) since there is no alternative/
substitute to sorghum in rainfed cropping system for drgdder. Unless
substitute for cattle fodder is suggested, sorghum habe@rown irrespective
of market price of grain. Therefore, diversification d$ uses for making this
crop more remunerative is essential.

Since highly productive short-duration hybrids are undeultivation,
prices come down when production exceeds the demand. Therghus no
incentive for increasing sorghum production and many farsneend to keep
the production at subsistence levels, without any inceeas input costs,
even when output potential of the crop is quite high. duoers are
influenced by two factors; one is the market price, whiishoften lower than
wheat and maize. The second factor is that demand for somghas a degree
of inflexibility, in that some buyers cannot easily changeed/food
formulations.

In Africa, sorghum is still largely a subsistence food probut it is
increasingly being used in bakery and beverage industri€®rghum grains
from South Africa have brown/red pericarp and some genosypave colored
testa. This is due to condensed tannins known as proantdmicyns located in
the testa and pericarp of the grain. Tannins confer coerable agronomic
advantages. Tannin sorghums are less attractive to biredation, a major
problem in southern Africa. The tannins also protect thesorghums from
insect pests and diseases. However, tannins bind withhktde grain proteins
and enzymes of the digestive tract and thus reduce the niotratl value of the
grain. The tannins also adversely affect the quality oflimlay reducing the
enzyme activity. However, as a drought resistant croprghum may enjoy a
bright future, especially with genetic inputs to new fooaéfl grain strains.
Sorghum is crucially important to food security in Africa at is uniquely
drought resistant among cereals and can withstand periods high
temperature. A yield trial of 30 entries in Zimbabwe (28 slugh genotypes
and 2 maize hybrids) showed that under irrigation the rmahzbrids ranked
11 and 22 whereas under drought conditions they ranked 28 30. In fact,
sorghum is not only drought resistant but also can witmgtaperiods of
waterlogging.

Diversification of crop use can make sorghum production rmo
remunerative and can result in certainty of the market dednand price. The
research should be oriented in this direction. The wholanplutilization
concept and source of raw material for agro-industriegchenore attention. It
is truly a 'F4' (food, fodder, feed and fuel) crop with addital prospects of
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being a good source of sugars (Somani 1996). Severalnpateareas where
sorghum cannot be used are discussed in this paper.

Export

At present Japan, Mexico, West European countries, Isamel Taiwan are the
major importing countries. Except in some Asian counsri@and Africa,

sorghum is used as feed. Due to more emphasis on increasesj production
in China, Korea, former USSR, etc, the prospects forlus¢con of sorghum in
feed rations have brightened. In Vietnam, egg producthas gone down due
to higher feed prices; maize can well be replaced by sorghammprove the
situation. Sorghum production in Asia is around 20 millibifTable 1). Share
of India and China to total sorghum production in Asia is 54%d 31% in
1988 and 69% and 20% in 2000, respectively. It is estimated after 2000,
Yemen (N), Pakistan and China will have deficit of sorghsopply and India
will have surplus production (Kelley et al. 1991). Impodémand of Iran and
OPEC (Organization of the Petroleum Exporting Countries)ll suddenly

rise in near future to fulfill the requirements ofsugars and dextrin.
Considering the scope, feed type of sorghum needs to beowaged for
growing on larger areas. In India most ofthe high-yielginarieties and hybrids
are dwarfand early maturing and fulfill the internatidnaiterion of feed and
national requirement of food and fodder. Improvementtloé trading sector
and export agencies, both public and private, is essennbiaduccessfully utilize

Table 1. Projected production and consumption (million t ) of sorghum in 2000 in
selected countries in Asia.

Country Production Food Feed Total Surplus/Deficit
India 13.74 10.47 1.34 11.81 +1.94
China 4.08 1.80 5.11 6.91 -2.82
Australia 1.04 0.03 0.85 0.88 +0.16
Yemen (N) 0.21 0.82 0.82 +0.60
Thailand 0.38 0.03 0.12 0.15 +0.23
Pakistan 0.19 0.22 0 0.22 -0.03
Taiwan 0.26 0.02 1.29 1.31 -1.05
Israel 0 0.05 0.16 0.21 -0.21
Japan 0 4.32 4.32 -4.32
Total Asia 19.91 13.44 13.19 26.63 -6.72

Source: Kelley et al. (1991).
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the surplus. Attempts by the government to export had besde but the
price fetched for discolored grains was US$68 tn 1994. Hence, it was
proposed for value addition rather than export. Howevetgday the
international rate is around US$13&1 hence, export can be profitable. Since
there are no tannins in Indian sorghums, dsceptancewill be more at the
international market; cultivars grown world over have nhutannins in the
grains (Somani 1996).

Food

Sorghum cultivars having high caloric value and no tarsniawre desired for
food purposes. Total digestible protein should be suifdictly high and the
endosperm should not be more corneous as milling is aidft and flour
recovery is less (requires higher grinding energy). Honr, such quality
grains are highly susceptible to grain molds. Thereforéggevelopment of
cultivars with aforementioned desired traits and well atkap for postrainy
season needs intensive research efforts. Such produtehds good market
price. However, rainy season produce has to be utilizeddl@wohol, glucose,
high fructose syrup, etc, since hardly 2/5 of this produgoes for food
purposes.lincreasing purchasing power and elasticity of demand be the
driving forces behind the future increase in consumptiohanimal food
products in India. It is predicted that the change in IddiBbood consumption
patterns will be similar to those experienced by other countries such as
Japan and Korea (Mc Kinsey 1997). Normally cereal consuimptdeclines
and protein consumption goes up as per capita income iseea The
National Statistical Survey confirms this for both rural damurban India
(Table 2).

Table 2. Relative consumption (million t) of cereals and p ulses in rural and urban

India.
Commodity 1970 1990
Urban
Cereals 36 26
Pulses 20 25
Rural
Cereals 54 37
Pulses 15 21
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Feed

Cultivars good for food are good for feed. Protein binder, ie, tannin is not
present in Indian sorghums. With the increasing per capita income, demand
for meat, eggs and milk has gone up. However, consumption as compared to

other countries is low (Table 3).

Poultry feed

The demand for sorghum in poultry feed largely depends on price and
availability of maize. Inclusion of sorghum up to 10% for layers and 15% for
broilers is common. However, this rate goes up in the years of higher prices of
maize. If sorghum has to be made more competitive, the price should be
around 70 to 80% that of maize. Poultry sector is likely to grow at 8 to 10% per
annum in the case of layers and around 15% for broilers. Thus, the increasing
demand for sorghum from poultry feed sector is expected to result in deficit
in energy source considering low availability of maize in the country and higher
import price. It was also revealed during discussion with layer industry people
in Andhra Pradesh, India that sorghum is less preferred than maize because of
low carotene that gives less yellow color to yolk. However, supplementation
using other cheaper carotene sources is possible. The gene for more carotene
production could be incorporated through genetic engineering. Another
misconception and misunderstanding with feed manufacturers is that
sorghum grains contain more tannins and discolored grains contain more
aflatoxins besides less energy value in comparison to maize. Itis necessary to
bring to the notice of entrepreneurs and extension workers some facts about
sorghum grain. The technology for primary processing of sorghum has been
already developed. All cultivated white- grained sorghums contain practically
no tannins and there are less chances of aflatoxin contamination. Samples

analyzed at various national and international laboratories did not reveal

Table 3. Per capita per annum consumption of milk and poult ry products in 1992.

Commodity India China USA
Milk (kg) 65 3 104
Eggs (pieces) 26 163 181
Poultry meat (kg) 0.5 4 40

Source: World Bank (1996).
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presence of aflatoxins. Studies undertaken by the NatWRasources Institute
(NRI1), UK revealed mycotoxins below tolerance levels in samples and very
interestingly, the levels decreased during storage, nghs in all other grains
the trend was generally reverse. It might be due to adonacid present in the
sorghum grains (Hodges 2000); however, it needs conéitimn. Sorghum is
more or less at par with maize as regards to energy. Maizenhase oil as
compared to sorghum; calorific value for the fat is coamgated by higher
starch and protein in sorghum. In case of moldy grainsrehis reduction in
starch content; however, protein is unchanged and changeamino acid
profile was in desired way.

Near Pune, India two persons who graduated from Edinburgt are
using solely sorghum as poultry feed for a long period wiahoany adverse
effect on production of eggs and meat. Saxena (1994) a@oned that
sorghum shall be preferred over maize and the Universitsdall come out
with the data to impress upon the poultry feed industry. Wevar
information the industry has is based on milo-based sorghu@ome see it as
a good energy alternative to maize, whereas others comdide energy level in
sorghum as low. These disparities may be due to the quatitysorghum
examined. The Project Directorate on Poultry, Hyderabdddia reported
that apparent metabolizable energy of sorghum is muchdaighan maize and
pearl millet EPennisetum glaucum).Composition of layer mash used on
commercial farms included 21% sorghum (Saxena 1994). ®atical studies
on feeding of highly discolored sorghum grains to broilees Akola,
Maharashtra indicated that maize can be replaced up to 75%howit any
adverse effect on body weight, hematological and biocheahi parameters
when compared to normal sorghum; however, maize has shadvetter
response than sorghum (Joshi and Joshi 1996). But with tloeemn tools of
genetic engineering it is possible to manipulate and impooate desired trait
considering that sorghum is an established traditionalpcia the rainfed
agriculture system. Washed and sun-dried, highly discetb sorghum grains
when fed to poultry birds improved humoral and immune res® when
compared with normal sorghum and maize grains (Joshi ashiJ 1996).

Animal feed

In India on an average, 250 g grains are consumed per ydanimal.
Consumption of sorghum grain by dairy cattle is highest inrthern India and
lowest in southern India. Considering the population afimaals and the
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Government policy for white revolution, the requirenteaf grains by feed
industries will be quite high. Total feed production hgdne up from 0.48
million tin 1974 to 2.9 million tin 1996-97. The WorldaBk estimates deficit
of 2.6 milliontin concentrate feed and 251 million trolighages. According to
Dairy India (1997), the annual growth rate of milk mhoction was about 5%
during 1980s and 1990s. During 1998-99, 4 million t ofirgafeed was
produced by the commercial sector. The standard daatyon comprises 10%
grains, which corresponds to 0.4 million t ofgrainsrmnnum. Assuming annual
growth rate at 3%, the requirement will be around 0.44Inoin t by 2002.

In sorghum-growing areas, sorghum in substantial quints consumed
on farm by small-scale dairy farmers. Besides cost, bktaiity and quality of
sorghum the common problem for feed millers is grainorage. Feed
manufacturers are more keen about the price ratheanthhe quality and
hence prices for 'Disco' grade are usually quoted ason@plied. Such moldy
grain cannot be stored for long periods as it deteriosafterther under storage
conditions. In the 1990s the Maharashtra State Govermtmauctioned
deteriorated grains stored in their godowns at very Ipwce and the feed
industry people in Gujarat purchased them. Maize is maogreone to
deterioration as compared to sorghum and mycotoxinelegoes down in
sorghum during storage. Hence, it is advantageous for lpopation of
sorghum in animal feed formulations. The utilization £drghum as feed in
North America is 97% as against 27% in Asia.

Considering the nutritional value of sorghum (Table 4ndaprobable
shortage of grain and roughages and limitations of maczétivation in the
country, therewill be wide scopefor more inclusion of sorghum in feed
formulations. If comparative price trend &lfarif (rainy) season sorghum over

Table 4. Nutritional values of grains for dairy cattle .

Protein (%) Energy (k cal kg™
Dry matter TDN Ca P
Grain (%) Total ~ Digestible  (o6)  Digestible Metabolizable %) (%)
Barley 90 8.7 6.9 79 3483 - 0.06 0.33
Pearl millet 89 11.9 5.1 61 2665 2185 0.12 0.46
Sorghum 87 15.2 7.3 86 3772 3093 0.12 0.44
Maize 89 8.9 6.8 81 3571 2928 0.02 031
Oat 89 11.8 8.8 68 2998 2458 0.10 0.35
Wheat 89 13.0 10.1 78 3449 2820 0.50 0.40

1. TDN = Total digestible nutrients; Ca = Calcium; P = Phosphorus.
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years is considered, its price was 10 to 30% lower than tfamaize. It is
available in sufficient quantity during October-Januanynauch low rate and
thereafter, theratesincrease. Nevertheless, the priegell be lower than that
of maize (Table 5). Thus considering the demand of grains eedf and
limitations in importing maize, sorghum has a bright du¢. Unless there is
good demand for sorghum, farmers in rainfed agriculturesteyn are not
prepared to increase inputs for increased production.

Processing

Sweet sorghum

A well grown sweet sorghum crop harvested at physiolofgigeain maturity
yields about 1-2 t of grains, 10-15 t of fresh leaves and tapd 40-50 t of
stripped stalks. The crop maturity is attained in 125-139sd The juice can be
extracted by crushing stalks using roller mills commpnilsed in sugar mills to
crush sugarcane or diffuser. The juice extraction rate Ostd 45% with two-
roller extractor; however, it can be up to 55% with cane bheus The juice is
acidic having pH 4.5-5.2 due to presence of aconitic acidixBeading is 14 to
21 and specific gravity is 1.05 to 1.08. The juice also @am$ starch ranging
from 0.5 to 2.0%. The ratio of sucrose to reducing sugarsesrigom about 10:1
in high sucrose type to about 3:1 in low sucrose varieti€systallization of
sucrose is a bit difficult due to presence of aconitic aand starch. The
technology has already been perfected to get crystalliaeghr in the laboratory.
Use of amylases reduces starch which mostly interfere wityhstallization.
Invertase activity is fast under central and southern andconditions. However,
excellent results have been obtained in Iran (Kulkarnalkt1995). Technology
for sugarcane purification can very well be utilized to gatellent crystal clear
syrup which can replace cane sugar in many commercialdpcos, viz,
beverages, confectionery and ice cream. The processalsasbeen developed to
convert both cane juice and sweet sorghum stalk juice ta@@de syrup.

Table 5. Indicative average price (Rst ') of maize and sorghum grain paid by feed
industries in India.

Crop 1993-94 1994-95 1995-96 1996-97 2001-02
Maize 2370 4980 5130 5200 5340
Sorghum 2020 4730 4680 4500 4700
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The juice can also be fermented to get good quality alcofidle yield of
alcohol can be estimated by using the formula:

(Brix -3) x specific gravity x 0.59

The effluent generated is lesswith low biological oxygegemand and
chemical oxygen demand as compared to that generated imrcage
molasses-based unit. Interestingly, the yeast strainmscinverting cane juice
or sorghum grain are not efficient to convert sweet doum juice.
Acidification of juice and heating converts starch to simugars; also, no
sterilization is necessary. The process has been stamdaddand ready for
commercialization. When the whole stalks are subjectedhe é&xtraction
process, the impurities in the rind and the leaf sheathidajlwaxes, phenol
compounds, pigments, proteins, etc) also get extracteadmf the rind. If
juice is extracted from the pith (without rind) the impties will
automatically be eliminated. It is necessary if crystaél sugar or syrup is to
be produced.

Bagasse can be used for fodder purpose or for silage @dgoutritive
feed can be prepared by taking 40-60% of finely chopped owgered
bagassdo which 40% molasses, 5% cereal grains and puhsd waste and 10%
minerals are added. Compressed blocks can be prepared dey storage.
Bagasse sprayed with 2% urea is good feed for animals. Gouredity particle
board can also be prepared and the process has been deve&dp@€drisberg
Research Laboratory, Denmark.

Grain processing

Except for much smaller size and generally oval shape thmicstire of
sorghum grain is remarkably similar to that of maize. Bothigs have floury
and horny endosperm and fat-rich germ. Neither grain hasua thull. This
means that processing technologies such as methods ofaddywet milling
applied to maize can be applied to sorghum. Pericarp ojsom grain appears
to be more friable. It is disadvantageous in dry millingthe flour can become
contaminated with bran. The friable nature of the pericarpy be due to
presence of starch granules. Sorghum proteins like thds&llocereals except
wheat, do not have the ability to form a gas-holding, visselastic dough.
However, leavened bread-type products have traditiondlégn produced in
Africa using sorghum. Similarly, in Indiatoo, some ofthraditional products
prepared from sorghum are organoleptically good. Staddezation on
documentation and commercial exploitation is necessary
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Sorghum grain is usually processed by dry milling take flour for bread.
Other processing methods include rolling, steamingkiha, popping, parching,
malting and fermentation. Dehulling (pearling) is pteoceed only in some parts
of the country particularly, the southern Indian stat®ehulling is commonly
done by hand pounding, which is laborious and time caniswy. Mechanical
dehullers not only save time but large quantity of geaiben be processed with
uniform and better quality. Several types of mills havweh developed in India
for dehulling; however, these mills have not becomepplk@ar among the
consumers. Tangential abrasive dehulling device (TADDB commonly used
worldwide. Dehulling removes coarse fibrous outer coattisat the product is
more appealing to consumers. It is very useful in remmgvihe outer black coat
(due to grain molds) of grains damaged by rains. Howevgopd amount of
starch is lost in dehulling. Prairie Research Laborgt¢PRL) dehuller was first
developed in Canada and is very commonly used in tlhécsntinent. The
drawbacks of the PRL dehuller for industrial milling isatththe batch size is
rather small. Besides, milling losses can be very huphto 30%. To overcome
theseproblems, a small rollemill has been developed. Thisill consists of 2 or
3 pairs of rollers and a vibrating screen sieving devioeremove bran from the
flour. Typically, such mills have a capacity of 500 k. Research has shown that
with moderate pre-conditioning (to 16% moisture), mndg with such a roller
mill can consistently produce sorghum meal of higherraxtion, and slightly
lower ash and fat content compared to debranning andrhar milling.

In India dry milling of grains for bread purpose is cardi®ut in small
guantities always, since staling of flour is common. Thiay be due to aconitic
acid or some free fatty acids. Sorghum flour is commonlgdisn preparation
of red 'Kankoo' since its plasticity is less at ambient temperatusecampared
to other cereal grains. Indian sorghums have white graamd are susceptible
to grain molds resulting in enormous losses. The cologedin sorghums can
also be grown since they are resistant to grain moldd deterrent to birds.
The tannins can be removed by various processes. Thengraie more floury
and waxy and thus have advantages in industrial usesmBng from colored
glumes was obtained (Somani 2000). This color can be usedfood
preparations also. China is now producing a good quiantf natural color
from non-tan stalk sheath and glumes.

Grit  production

Information on dry milling of sorghum is scanty and cently available
technology is inadequate. Sorghum is harder than whéadre corneous grains
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on dehulling can be processed for semolina production. Tible wheat rolling

machines in Maharashtra can be used for semolina prodwmcwiid h little change

in sequence of processing. The semolina is in good demarssirnhern states for
uttapa and other similar preparations. However, only gogrdins can be
processed for the purpose. The recently developed hybridi SIS has been
found to give more grit output. Grits can be used as adjundieer making.

Starch production

Grain sorghum is similar to maize in its composition andgadies (Table 6).
Hence, the technology developed to extract starch fromzen can be used for
sorghum with slight modifications. The technology deveddpin Germany for
maize processing failed to give desired results when usedsfarch extraction
from sorghum. The work done in the past at the Internatlo@eops Research
Institute for the Semi-Arid Tropics (1CRISAT), Patancherindia and other
institutions on starch extraction yielded off-white sthrcHowever, the
modifications in steeping, coarse grinding and fiber wiaghsystem have yielded
good quality of absolutely white starch. Few starch indies in Gujarat and
Madhya Pradesh are using sorghum when either maize isvomtssupply or the
cost is relatively very high as compared to sorghum. Somghstarch before
drying is mainly used for starch powder or liquid and glseoproduction.

Dextrin produced from sorghum has shown superiority omaize.

Table 6. Chemical composition of maize and sorghum grain

Constituent Sorghum Maize
Starch (%) 70 68.5
Protein (%) 9 6.2
Fats (%) 3.6 4.6
Ash (%) 1.94 1.7
Crude fiber (%) 1.90 19
Starch granule size (mm) 6-25 10-30
Amylose content (%) 23-28 24

Oil in germ (%) 52 52-58
Oil extraction (on grain weight basis) (%) 2-2.3 34
Color of oil Dark red Pale
Starch extraction rate (%) 50-54 57-61
8% starch solution viscosity (Brabender unit) 630-858 650-865
Viscosity at 95°C after 1 h (Brabender unit) 370-550 375-575
Viscosity at 50°C (Brabender unit) 938-1075 930-1110
Viscosity at 40°C (Brabender unit) 1078-1580 1075-1580

157



Of the three methods tried, adding lactic acid (1%) itgr steeping or
addition of lactic acid bacterial culture gave compavaiy higher starch yield and
good quality white starch. Viscoamylograph of sorghstarch thus extracted has
shown similar trend to that of maize starch. At presesdme industries in Gujarat
and Madhya Pradesh are utilizing sorghum for starchration. There is a
misconception amongst users that the starch of sorghsimot as good as that of
maize. In fact, actual users could not differentiate dorgm starch and maize
starch. Sorghum starch has good application in dextromenohydrate, liquid
glucose, dextrin and sorbitol production besides its ewom utilization as binders,
glue, thickeners, and for adsorption of radioisotopesnireffluents generated in
heavy water plants and in synthetic polymers. Sorghummgemre small and
recovery of oil is also less as compared to that from mageem. The color
intensity of sorghum oil is much higher and hence lessfprred by users for
edible purposes. At present, it has application in simalustries. Oil contains low
levels of stearic acid (4%) and palmitic acid (10%).

In starch separation process, a good amount of pemtddeae material is
separated which can be exploited to produce high gyabtue, xylose and
xylitol. Research is also necessary to lower the cotaltue of germ oil since
there is no market demand for intense colored oils.

Sugars

Ifthe production of sugars, viz, glucose and high fra¢ syrup (HFS) from
sorghum is successful, it is estimated that sugars froneals may replace 30-
40% of cane sugar in bakery, confectionery, biscuits améverages.
Traditionally, starch is first separated from the grmiand then acid hydrolyzed
(pH 1.8-2.0). Dehydration occurs within the dextrosm@lecules giving rise
initially to 5-hydroxymethyl furfuraldehyde, with fdher transformation
taking place to yield levulinic acid or polymers of hydymethyl
furfuraldehyde. A recombination of dextrose also oczuto form
disaccharides having 1-6 alpha and 1-6 beta linkagdse Tate of formation of
degradation product increases with the strength ofdactoncentration of
starch and reaction temperature. For economic reasonsufdiciently high
concentration of starch has to be used to avoid the nemh@f large quantities
of water at a later stage. The major limitation is the @detely random nature
of acid hydrolysates which makes the sugar compositemhely dependent on
the degree of hydrolysis. This makes it difficult to addjpe properties to the
highly diversified requirements of modern food industsi
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Liquid glucose, glucose powder and dextrose monohydrate usually
produced universally by starch industries. Starchrsyuprior to drying is
subjected either to acid hydrolysis for production of l@wxtrose equivalent
(DE) liquid glucose, or to acid-enzyme or enzyme-enzyprecess to get high
DE liquid glucose. High DE liquid glucose is usually ocarted either to
glucose powder or dextrose monohydrate or fructose pyrtlowever, for
starch extraction, moldy grains cannot be used and tHisposal of moldy
grains remains a problem.

A process has been developed by Somani et al. (1995)rwimeno starch
separation is required and whole grains of any qualiay be used to convert to
sugars. However, in this method yield of sugars is high.chse of sorghum,
much of the starch is present in the mesocarp and it s Blong with the
effluent since no efficient system had so far been kkde to separate it. In
the technology developed at Dr Panjabrao Deshmukh Kiri¥idyapeeth
(PDKV), Akola, Maharashtra, the whole starch preseimt the grains,
irrespective of its distribution, is converted and w@emsion efficiency is more
than 95%. Moreover, high DE liquid glucose is obtainedcheTpatent for the
process is pending.

A mini (pilot) plant has recently been erected at Akoladamial run will
be taken very shortly. However, testing of all sectionstloé mini plant has
been done and found satisfactory. The whaleit will be run shortly. Samples
will be sentto endusersto know their reaction. The@rocessmay bemodified
to suit the requirement of various industries utilizinigglid glucose. If this
process proves to be successful, small independentsucah be commissioned
and grains of any quality could be used. The yield ofulid glucose, however,
would depend upon the quantum of starch present indhans.

Grain spirit
India had been producing ethanol from molasses that Wwascheapest source due
to controlled price and regulation of supplies by the @owvment of India. But
decontrol of price and supplies resulted in escalatibproce from merely Rs 144
t!' to Rs 2000 t in Maharashtra and up to Rs 4000 in other states. This has
increased ethanol prices to Rs 18-20 in different states from only Rs 6.60%in
1994. This has resulted in partial capacity utilizatiohexisting distilleries in
India. The molasses-based distilleries hardly run 1&0 to 170 days a year.

The ongoing economic liberalization in India has maideobligatory on
the part of Indian liguor industries to improve the quglofethyl alcohol so as
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to compete globally. Ethyl alcohol obtained from molassontains sulfur and
hence the quality is inferior to that from non-molassesodlol even after
purification. Moreover, the process is not eco-friepdds it generates more
effluents. In the developed countries, ethanol is madenf maize, wheat and
rye (Secale cereale). In China, maximum ethanol prodagtis from sweet
sorghum. In Brazil, ethanol is produced mostly from caonece followed by

sweet sorghum. Now most of the leading breweries havigned a

Memorandum of Understanding (MOU) to manufacture worfdmous

brands in India. Hence there is a new market for good ¢gya&lcohol from

feed stocks other than molasses.

Superiority of alcohol from sorghum grains has attractedny foreign
investors and liguor manufacturers since the cost ofduotion is less in India.
The alcohol produced from grains is neutral alcohol andedse very less
refinement to meet international standards whereas tfradm molasses is
rectified spirit and needs much refinement even thougwould not be of
high quality. The technology was developed and demoatdd at PDKV and a
simple single compact column to yield more than 90%esigth alcohol was
also developed. An effluent treatment process using wva@oration
technology was also developed. Around 22 to 26% dlistid' grains containing
27 to 28% protein is also obtained, which is an excelléegd. Soluble solids
are concentrated using multiple vacuum evaporator anded with distillers'
grains and dried; the product has export potential too.

The advantages of preparing neutral alcohol from samghgrain over
molasses are given below:

* Alcohol production from sorghum can be a farm-basiediustry. Micro
distilleries can be established.

e Only 3 to 4 columns are required as against 7 to 9 in nesdashased
industry for extra neutral alcohol.

« Aroma and purity of alcohol is far better than from maas. All over the
world, grain spirit is only used for potable purposediapmaceuticals and
perfumery since it does not have sulfur odor.

* Industry can run round the year as distillery in sugadustry runs only for
150-170 days yr.

 Storage of molasses, acid resistant equipment and mpoHution are the
disadvantages in the sugar industry. However, in somgfhhased industry,
there is no storage problem and high pressure or acidtrast equipment is
not required.
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* Quantity of spent wash is around 1/4 of that in molassesetaunit.
Chemical oxygen demand, biological oxygen demand andorcaf spent
wash are very less in grain-based distillery.

« Raw material is easily available round the year. Grainamf quality can be
used; rain-damaged and moldy grains also can be processed.

« Excess rainy season production and blackened grains call e disposed
off by value addition.

* In India there is no price restriction on the sale of graimrigpvhereas there
Is restriction for molasses-based alcohol.

No license is necessary for manufacturing alcohol fromn-mwlasses. The
Government of Maharashtra has been empowered to take tloesida for
permitting alcohol production from sorghum grains. Séien of yeast strains
and conditions for maximum yield have already been worketatuP DKV The
machinery for all the products is indigenously availabGansidering the utilities
of the sorghum crop, it can be said that itis a F4 (food,dBxd feed, fuel) crop
and is an excellent raw material for many industries. Néaded research is
necessary so that menu-made sorghum can be delivered (So&(02).

Sweet sorghum has enormous potential where bagasse camséé for
particle board, or feed or for pulp purposes. In shorvorghum has a bright
future and research should be oriented to improve the iqgpualonsidering the
requirements of industries. Rainy season sorghum, whishusually damaged
due to rains, can well be disposed offto produce value-aduediucts. In case
producers get good price for their produce that will beimoentive for intensive
cultivation with more farm inputs to increase output andghimdia may be a
leading country in exporting not only grains but also gréased products.

Traditional sorghum foods and beverages

The importance of sorghum in Africa can be adjudged from thet that there
is an almost bewildering variety of African traditionabrghum foods and
beverages. These include: whole grain rice-type productggads and
pancakes, dumplings and couscous, porridges, gruelsagoe and cloudy
beers, and non-alcoholic fermented beverages.

A characteristic of many African sorghum foods and bevesagethat as
part of their production, they undergo a lactic acid fermatnon by lactic acid
bacteria, generally of the genudactobacillus. These so-called 'fermented
foods' are appetizingly sour in taste. The fermentatien also of critical
importance with regard to shelf life and safety of food infrika. The
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production of lactic acid lowers pH ofthe food, whichwl®down or prevents
its spoilage. Apart from food safety issue, many otherrmtibnal advantages of
lactic acid fermentation have been found and claimed. Fermtion increases
in vitro carbohydrate availability and starch digestibyli Similarly, sorghum
protein in vitro digestibility is improved. The B vitamipsparticularly
thiamine, are increased. Even though fermentation doed nlbange the
guantity of minerals, there is probably some improvememtheir availability,
since the quantity of phytate (myoinositol hexaphosphatea powerful
chelator of divalent metal ions present in sorghum and otltereals, is
substantially reduced by fermentation. Two fermented doand beverage
products, injera and sorghum beer, are described to ithtgtthe importance
and potential of traditional sorghum foods in Africa.

Injera

Injera, a large circular, fermented pancake-like breadthie staple food of Ethiopia.
It is produced from a number of cereal flours, but primptieff (Eragrostis tef)and
sorghum, either singly or in combination. Although neithd these grains contain
gluten, injera is a leavened bread with attractive sporeggture.

To make injera, the grain is first debranned, then grountbia fine flour
using disk mill. The flour is mixed with water in 50:50 rataond kneaded to
form dough. Starter culture from a previous fermentatignadded to initiate
fermentation. The dough is covered and allowed to stand fe3 Aays. A
portion of the dough, about 5%, is mixed with water. Thisirsy is added to
the dough and cooked to make a gruel. The gruel, whichtaions gelatinized
starch, acts as a binder and provides viscosity. When thamf collapses the
batter is spread on a hot griddle and baked covered. Gooatanjs so flexible
that it can be folded or rolled.

Recently, there has been a rapid growth in Africa in many derm-type'
fast foods, including flat breads and 'wraps' containfigings. Injera has huge
potential for commercialization in this market. In addihi, the technology of
gelatinizing part of the flour to make a viscous batt¢he so called 'custard
process has also successfully been applied to make coneealileavened pan
bread from sorghum.

Sorghum beer

Throughout sub-Saharan Africa, sorghum is the grain bbice to produce
traditional cloudy and opaque beers. The key ingredi@fitthese beers is
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sorghum malt, which provides hydrolytic enzymes (espdgiahmylases to
ferment sugars to ethanol and carbon dioxide), starch (dource of
fermentable sugars), yeast nutrients and beer flavor anl@rceubstances.

Malting

In southern Africa, malting sorghum for opaque beer bregvihas developed
into a large-scale commercial industry with some 150,000 sarghum being
commercially malted annually. This figure includes a smaount of sorghum
malted for the production of a sorghum malt breakfast clerédaltabela’.
Sorghum is also malted on large-scale in Nigeria for the pratdon of lager
beer and stout and for nonalcoholic malt-based beveragése quality
criterion is malt with high diastatic activity.

The sorghum malting process, both traditional and modesmmercial,
is splitinto three unit operations: steeping, germinationd drying. Steeping is
immersing the grains in water until it has imbibed suféiet water to initiate
the metabolic processes of germination. Besides, it idphd to remove
tannins and broken grains by washing and floatation. Imeation of tannins by
soaking sorghum grain for 4-6 h at the beginning of steepma@ very dilute
solution of formaldehyde is widely used. However, diludbkali seems to be
safer and is now being used instead of formaldehyde.

Germination involves seedling growth in warm water-satexh air. In
floor malting, the steeped grains are spread out on a omtecfloor, in a layer
10-30 cm deep. The germinating grain may be covered withagk ©r shade
cloth to reduce moisture loss. The grain is watered at rvdks. In South
Africa, nearly 100,000 t of sorghum are malted annually this process.
Pneumatic makings are used to produce sorghum malt fdusarial brewing.
They comprise rectangular or circular chambers 1-1.5 mpdaed up to 100
m long. The germinating grain rests on a slotted, steedefdloor, below which
is a plenum (chamber). The grain is aerated by fans blowimghrwrough the
plenum and up through the bed of malt. During germinatior tdrain is
watered by spraying and turned by helical screws which trewehe chamber
frequently.

Drying involves reducing the moisture content of grain slugn malt to
around 10% to produce shelf-stable product. Drying isegahly carried out in
a box with a perforated floor, similar to germination boxthis rather deeper.
Warm air is blown through the green malt. The air temperatshould not be
more than 50°C. In some outdoor floor malting, the maltsim-dried.
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Brewing

Large-scale commercial brewing of opaque beer now takeacelin many
countries in southern, central and eastern Africa. Howevenly in South
Africa, Botswana, Zimbabwe, Namibia and Swaziland brewins carried out in
the traditional way using sorghum malt. In other counsriefood-grade
industrial enzymes are used as the source of hydrolyticyeres. Total opaque
beer production in southern and eastern Africa is aroun®0@,million L yr*.
At least twice this volume is home brewed using commerciahgnufactured
sorghum malt. In South Africa, there is strong evidencettlas consumers
become more affluent they prefer lager beer to sorghurar.be

A modern, efficient sorghum beer brewing process - thétsgour, double
cook process - is described. There are considerable vanatin processes
depending on regional tastes and the equipment availalmleai particular
brewery. The lactic acid fermentation known as souring israegral part ofthe
brewing process. Souring involves incubating 8-10% syuof sorghum malt at a
strictly controlled temperature of 48-50°C for a periog to two days. The
lactic acid bacteria culture is maintained. Adjunct comdginvolves boiling slurry
of cereal for 1.5-3 h at atmospheric pressure, or for &heatshorter time under
pressure. These long periods both gelatinize and soladithe starch. A portion
of the sour is cooked together with the adjunct and a secodipn of sour is
added during mashing; hence the name 'split sour'. Tihgt portion of the sour
lowers the pH ofthe mash to around 4.5, close to the optinfamthe sorghum
malt amylases. The serial mash is then cooled using platetubular heat
exchangers. Mashing or as it is known in opaque beer brgwimonversion' is
then carried out, and a quantity of conversion malt (abd®B% of cereal
adjunct) is added. Conversion is at constant temperatoreapproximately 1.5
h. Mashing aims to solubilize and enzymatically hydrolythe cereal to create a
fermentable wort. At the end ofthe mashing period, theoselcportion of sour
iIs added to bring the pH to the desired pH of the beer, arouHd3p8. The
whole mash is then cooked again; hence the name 'doubl&'cddis gelatinizes
all the conversion malt and second sour starch. This steyatfy improves the
efficiency of the process. To obtain the desired viscgsayshort mashing period
of about 15 minutes at around 60°C is performed after cogkih small
guantity of malt or industrial amylase is added to thin thasm.

The spent grain is removed by a process known as strainTrhge mash is
strained at elevated temperature using high-speed cengalf decanters.
Decanters separate primarily on the basis of gravity and oneeninsoluble
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material such as raw starch insoluble protein and fib&fter decanting, the
wort is invariably passed through fine vibrating scmeéo remove coarse
material of low density such as malt pericarp.

The wort is then cooled to 30°C by heat exchange andhpdtcwith active
dried yeast. The pitched wort is then either fermentadoulk for draught sale
or packaged into containers. A wide range of sizes oftamers are used, from 1
to 20 L, and differ in type from non-returnable cardboagartons and low-
density polyethylene bottles to returnable high-depgiblyethylene bottles and
drums. Allthe containers have in common small slits ents in the top to allow
the escape of carbon dioxide from the actively fermegtbeer. Opaque beer is
distributed and consumed while actively fermenting.

Non-traditional food and beverage products

Sorghum instant soft porridge

‘Morvite', a product of King Food in South Africa (paoff the Tiger Foods
group) is pre-cooked sorghum with added vitamins (henlce name), plus
citric acid, sugar and other sweeteners. It is a dry powadewhich one simply
adds either hot or cold water or milk to make an instbhngakfast porridge or
beverage. Morvite (100 g) makes a substantial conatibn to the
recommended dietary allowance (RDA) for protein, vntans A, B, C, D and
E, and minerals such as calcium, phosphorus, iron andni@edi

Morvite was originally developed as an easy to prepamd consume mid-
shift nutrient supplement for miners. Later, it was ati®g by provincial
governments in South Africa for school meals. Perhaps tmimserestingly,
Morvite has found a place on the supermarket shelves.c&ia000, annual
production has increased by 20% and is now about 1@,00which is 15 to
20% of South Africa's entire commercial sorghum millipgoduction. Morvite
Is such a success that King Food is investing in addialomanufacturing
capacity and is bringing out flavored varieties.

An instant sorghum porridge like Morvite is relativelgimple to
manufacture. In additiontothe normal dehulling andlimg machines, it requires
equipment for dry cooking, such as an extrusion cookegun puffer and a ribbon
blenderto mix the dry ingredients. Due to its ease ofiafacture, Morvite is sold
in the supermarket at about halfthe price of dAvena sativa)porridge and one-
third the price of cornflakes. Hence, this type of valagded sorghum product is
an attractive choice for both the manufacturer and coresum
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Malt beverages

In Nigeria, a wide variety of non-alcoholic malt beveesgare very popula
These include both bottled 'brewed’' non-alcoholic maélinks such as '"Malt:
products of the Guinness and Heineken companies and holt ared cocoa
powder-based drinks such as 'Milo', a Nestle product. Tradally these
products are produced using barleyHdrdeum vulgare) malt extract. Mal
extract is a sweet, sugar-rich wort (unfermented beer),iahh can be
concentrated by evaporation to a dark-colored, richly fieed syrup or dr
powder. In 1988, the Nigerian government banned the impmfrbarley anc
other cereals, to save foreign exchange. This forced food &everag:
manufacturers to develop local cereal alternatives.t&hlie sorghum cultivars
such as the white Farafara for beer brewing and yellowrSiKowrie for malt
beverages have been selected and now cultivated on largke.s&Sorghun
malting in Nigeria has now become a major industry both legger and stou
beer brewing and for malt beverage manufacture, with appmately 15,00(
t of sorghum being malted annually.

To completely gelatinize and solubilize the starch and tmserve (3
amylase activity of the sorghum malt, which as stated asher low, specia
mashing processes have been developed. These are basedeopriticiple of
decoction, whereby a portion of the mash containing thedtas removed
cooked to gelatinize the starch and then added back to theakthe mash t
be enzymatically hydrolyzed into sugars. Decoction may leried out in ¢
single step, or in a number of steps of progressively insime@ temperature
The latter method provides more optimum conditions fifferent malt
enzymes. Technologies have also been developed to roagghson malt for
malt beverages to produce the required color and a complextty, swee
chocolate aroma, characteristic of barley malt.

Despite the fact that the ban on cereal import has lomces beer
rescinded, local sorghum has become the grain of choic®liigeria for both
beer brewing and malt beverage manufacture. These deveé¢mps have
benefited local farmers and led to industrial developmas well as saving th
cost of unnecessary imports.

Lager beer

As described, sorghum brewing in Nigeria started out odessity. However
because ofits cost-effectiveness and unique propertsesghum is being used f¢
lager brewing elsewhere in Africa. The South African BrevesrMiller group,
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which runs many breweries throughout Africa, after mucdvelopment work,

has begun commercial brewing of sorghum lager beer in dganThe Uganda
story will be described as it is anticipated thatwitl serve as a model for similar
schemes in other African countries where the use of lyardeuneconomical.

Development of local commercial sorghum farming is thajor aim of the
project which began in 2001 with selection of a suitalleal variety for brewing.
Epuripur, a tannin-free, corneous endosperm, whiteHged variety was selected.
It was developed by the Serere Animal and Agriculturads&arch Institute in
Uganda and first released in 1995. It has a yield poinof 2.5-3.0 t ha. In
January 2002, seed multiplication started. Sorghum is beimg grown in Soreti
and Kumi districts that previously grew cottorsgssypiumsp) but have for many
years been without a cash crop. Farmers growing thisglsom variety under
contract for Nile Breweries can expect a good guaranteede of US$ 150, It is
anticipated that any surplusesll be readily sold tdood aid organizations such as
the World Food Programme, as Epuripur is a high qualidgd-grade sorghum.
Interest from farmers has been almost overwhelming, wadplications from
every area in Uganda from nearly 1000 farmers or farmewupgs.

Although the details ofthe brewing process are not mépd, itis known
that sorghum grain (not malt) is used and the processlvasconversion with
industrial enzymes. What is particularly interesting that sorghum was
selected, rather than maize, because it was found thatetis no fat rancidity
problem with sorghum. The beer, which is called Eaglgdra was launched in
January 2003 and so far sales are exceeding all predidstimates. It is
anticipated that the annual requirement for sorghum wshlortly be around
3,000 t. It is clear that brewing lager beer with sorghumthis way can result
in a quality product, which is much more affordable thlb@er brewed with
barley malt. Increased demand resulting from affordéaliwill lead to greater
requirement for sorghum bringing direct benefit to &ddarmers.

A report on "An overview of the potential of sorghum amntllets for
industrial uses in India" has been prepared for NRI, wdiarthe present
utilization and scope have been highlighted (Soman©@RQR Recently a joint
survey by NRI, ICRISAT PDKV and the National Research n€Cee for
Sorghum (NRCS), Hyderabad was taken up to study théficalties in
utilizing sorghum in various agro-based industries. Jhisurvey and
guestionnaires revealed that there is some misunderkstegy with the feed
industries and variations in the policies of the Statev@rnments. It is
necessary to capitalize this crop for improving rurado@aomy especially in
rainfed agriculture system.
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Processing of Sorghum and Pearl Millet for
Promoting Wider Utilization for Food

SZ AM, MS Meera and NG Malleshi !

Abstract

Sorghum and pearl millet, the major coarse grain cereals in Asia and Africa, are
being predominantly used for food purposes after conversion to traditional
products. Although sorghum is now emerging as an important feed material, pearl
millet has still remained a food crop in India and Africa. Diversified utilization of
these crops for food, feed and industrial purposes is expected to promote their
increased production and utilization in the future. Absence of appropriate primary
processing technologies to yield shelf-stable flour/products has been the major
limiting factor in their utilization for diversified food uses and development of
value-added products. Some recent works have shown this possibility. Technologies
for production of shelf-stable refined flour, grits and semolina from sorghum and
millet have been developed and laboratory studies have demonstrated their
successful utilization and incorporation into various traditional foodsdli, dosa,
chakli, papad, etc) and newer convenience health products (vermicelli, noodles,
plain and ready-to-eat flakes, extruded products, weaning and supplementary
foods, and bakery products). Efforts are needed for popularization and wider
adoption of the successful technologies to promote these grains for diversification
of their utilization among the non-traditional urban population.

Sorghum (Sorghum bicolor), maize (Zea mays), pearl millet (Pennisetum
glaucum) and other millets are classified as coarse grain cereglerhaps
because of their hard grain texture (Murty and Kumar 199%While
sorghum and pearl millet are important staple food grainsAisia and
Africa, they are used as the main component in feed formwlasiin other
parts of the world. Grown generally in non-irrigated andnfaeid lands, with
very little agricultural inputs as compared to whedTriticum aestivum)
and rice (Oryza sativa), they are important for food security in Asia and
Africa.

Both sorghum and pearl millet complement well with lysinieh
vegetable (leguminous) and animal proteins and form ntaémally balanced
composite foods of high biological value. Carbohydratdssorghum and pear!

1. Department of Grain Science and Technology, Centralodorechnological Research
Institute (CFTRI), Mysore 570 013, Karnataka, India.
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millet comprise a large proportion of starch (65-70%) aadgood amount
(16-20%) of non-starchy polysaccharides (NSP). The N®mich constitute
nearly 95% ofthe dietary fiber ofthe grain, are deriveat mnly from bran but
also from the endosperm cell walls. There are no reportangfadverse effects
of regular consumption of sorghum and millet, especially the Indian
subcontinent. On the other hand, incidence of diabetedlituss and gastro-
intestinal disorders are minimal among the population gsthese grains as
staple food.

Constraints in processing and wider utilization

Although sorghum and pearl millet are nutritious and stafpleds for millions
in the under-privileged section of the society, their i@&@sed utilization and
diversification is impeded by problems mostly related tollnmg and storage
characteristics (Varriano-Marston and Hoseney 1983).edeh grains are
known for their high (3-7%) fat content; the kernel, brand germ contain a
major portion of the lipid material (Serna-Saldivar andoRey 1997).

Relatively less work has been carried out on the nutritilogaality of
pearl millet. The protein efficiency ratio (PER) of pearliliret is higher than
that of sorghum or wheat (Rao et al. 1964, Pushpamma et1#®72, Oke
1977). The nutritional quality of sorghum is generally eéted due to the
presence of tannin and poor protein digestibility. Tamrnih sorghum reduces
digestibility and efficiency ofutilization of absorbadutrients by 3 to 15% and
hence animals that consume brown or high tannin sorghunmha&t same or
slightly higher rates do not gain as much weight (Waniska &ooney 2000).
The content of tannin can be reduced by processing such a®rtieation,
malting, fermentation and cooking.

Another anti-nutritional factor is the presence of phytiacid and
phytates in the aleurone layers, and to a lesser extenthengerm of sorghum.
Phytic acid forms complexes with the essential mineralskmg them
unavailable for absorption (Lasztity and Lasztity 1990en®Rto and Miller
1998). Phytate content can be reduced by abrasive millmgich removes the
pericarp and aleurone (Doherty et al. 1981, 1982). Femtation and malting
are other effective methods to decrease the content otighgcid. Malting of
pearl millet reduces the content of oxalic acid, an angitntional compound
shown to form an insoluble complex with calcium, and thuduees its bio-
availability (Opoku et al. 1981, Whitney et al. 1987).
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Another major limitation in utilization of sorghum woédwide is the
occurrence of molds (and weather damage) that reducesngyield and
guality which further affects the physical propertiesprocessing,
nutritional value and market value (Glueck and Roone98Q). Mold or
weather-damaged grains cannot be decorticated, sinee filbur and grits
are badly discolored and cannot be used for food angwing. Kumar et al.
(1991) have shown that milling and popping of mold-isted grains
reduced the intensity of seedborne microflora. Excesscwnsumption of
pearl millet has been implicated in the occurrence of emdc goitre in
some areas of Sudan (Osman and Fatah 1981). The phenfddivonoid
compounds, C-glycosyl flavones and their metabolitesg dahe factors
responsible for causing goitrogenecity (Birzer and olgfenstein 1988,
Gaitan et al. 1989). The compounds are also shown to ls@aesible for
the gray color and off-odors (Reddy et al. 1986). Antiyroid properties
of pearl millet can be reduced by autoclaving and decmating the millet
grains.

Traditional foods from sorghum and millets

Various foods from sorghum and pearl millet are tradinally prepared and
consumed over centuries in the Indian subcontinentridd and in Central
America. Majority of them are made from flour, eitherofm the whole
grain or partially decorticated grains. These includeleavened pancakes
from fermented or unfermented dough, stiff or thin piadges, snack
foods, deep-fried products, sweet or sour opaque beeon-alcoholic
beverages and boiled (as for rice) decorticated grainig.(R). Table 1 gives
the list of these foods with specific names prevalent he tcountries where
they are normally consumed (FAO 1995, Rooney and Wkai2000).

A decline in the consumption of sorghum and millets hasrbreticed in
the past two to three decades in the countries known Heirt production and
traditional consumption and this is true in both urbas well as rural
households in India also. This has been ascribed toeiaxe in the family
income and the purchasing power accompanied by incéaavailability of
wheat and rice (FAO 1995). In some parts of India, thisntdeéias resulted in
decline in the nutritional status of population belongingp lower
socioeconomic status.
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Figure 1 A few products from sorghum and pearl millet: (a) sorghumoti;
(b) sorghum noodles; (c) pearl milet noodles; (d) processed sorghiaiii; and
(e) processed pearl milletidli.




Table 1. Traditional foods made from sorghum and pearl mi  llet.

Type of food Common names Countries/Region

Sorghum/Pearlmillet

UnfermentedRoti India

pancake

Thick (stiff) Ugali, tuwo, saino, dalaki, aceda, atap, Africa, India, Mexico, Central
porridge bogobe, ting, tutu, kalo, karo, kwon, America

nshimba, nuchu, to, tuo, zaafi, asidah,
mato, sadza, sankati

Thin porridge Uji, ambali, edi, eko, kamo, nasha, bwa, kal, Africa, India, Central America
obushera, ogi, oko, akamu, kafa, koko, akasa

Steamed cooked Couscous,  degue West Africa

products

Snack foods Popped, sandige, papad, chakli India

Sorghum

Nixtamalized Tortilla Mexico, Central America
pancake®

Boiled rice-like Annam, acha Africa, India, China, Mexico
foods

Sweet/sour Burukutu, dolo, pito, talla West Africa

opaque beers

Sour opaque Marisa, busaa, merissa, urwaga, mwenge, Sudan, South Africa, India
beers munkoyo, utshwala, utywala, ikigage

Non-alcoholic Mehewu, amaheu, marewa, magou, leting, Cameroon, South Africa,
beverages abrey, husawa Sudan, Uganda, Zambia,

parts of Tanzania

1. Nixtamalization is an Aztec word that refers to the cooking of maize and sorghum in lime solution or leachate of wood ash.
The resulting product is called masa, which is pressed into circles and cooked into flat unleavened breads. It originated in
southern part of North America. This process increases the bioavailability of calcium and niacin.

Processing for food purposes

Traditional methods

In India, traditional grinding stones were used to prepdoaf from sorghum
and millets. But nowadays the grains are custom milledni@mchanized disc

mills located even in remote villages in the country. Wetlimg ofthese grains
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is done traditionally by soaking the grains overnighlthe soaked grains are
ground between two stones to form a batter or paste inkstefaflour. This

method is usually adopted when products requiring fentegion have to be
prepared. Traditionally, in most places of Africa,rgdhum is first debranned by
hand pounding after sprinkling sufficient quantity @fater on the grains,
followed by winnowing or sieving to remove bran anthdé grain particles.
Subsequently, dry, moistened or wet grains are poundeith a wooden pestle
in a wooden or stone mortar. Usually grains are moistemg adding 10%
water which results in moist flour. It is estimated thate woman must spend
an hour to mill 1.5 kg grain, which may be required foetpreparation ofthe
day's food for the family (Perten 1983). Pounding givasnon-uniform

product with poor keeping quality.

Recent advances in processing and value addition

Milling and decortication

Milling of sorghum and millet results in decorticatioor debranning of the
kernels for use similar to that of rice, and also in vedion of size similar to
that of wheat for semolina, grits and flour. The gramr® normally pulverized
and a small portion of coarse bran is sieved offto use tlour for traditional
foods such as unleavened breagot), thin porridge (ambali) and stiff
porridge (mudde) (Pushpamma et al. 1972). Sorghum milling has recdive
considerable attention and it has been reported thatipient moist
conditioning of the grain facilitates separation of teeed coat in the abrasive
or friction type mills to prepare decorticated grains edkachar 1975). On
the other hand, by incipient moist conditioning fragmiation ofthe seed coat
iIs minimized and hence, major portion ofthe bran candeparated by sifting
or aspiration of the pulverized material. This principile utilized to produce
refined flours from sorghum and millets in roller mills atdustrial scale in
Nigeria and also for customilling purpose. TheMini Grain Mill, developed
at the Central Food Technological Research InstitutdcT®1), Mysore, India
Is a small capacity mill that works on this principle toepare refined flour and
semolina from sorghum and millets (Shankara et al. 198&ig. 2).
Decortication of sorghum is also carried out by abradihg kernels in a series
of emery-coated discs (Desikachar and Malleshi 1987). wHdwoer,
decortication of sorghum with or without moist condotiing does not
separate the embryo efficiently and the presence of eyobaffects the storage
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stability of the sorghum products
although the proportion of embryo in
sorghum is insignificant. Recent studies
at CFTRI have shown that the
decortication or debranning of sorghum
or millet without any pre-treatment is|
possible in an abrasive type mill (suc
as carborandum discs). Decorticatio
or debranning after incipient moist
conditioning is achieved effectively in a
friction type mill. Although moist
conditioning grinding and sieving
minimize pulverization of the seed
coat, the method has Ilimitations
because the germ also gets pulverize
and mixed with the milling fractions Figure 2. A mini grain mil

which affect the shelf life of the geveloped at CFTRI, Mysore, India.
product (Hadimani 1994).

In pearl millet, especially in traditional varieties,uhes form part of
the seed coat, and being a non-edible component of thenél, necessitates
its separation. Hence, pearl millet decortication ihwes degluming in
addition to debranning. While the millet could be daged in friction type
mills (huller), debranning could be efficiently achied using an abrasive or
friction type mill.

Very recently, a new method for improving the shelf lidé sorghum and
millet products has been developed at CFTRI (Meeralet2802). The process
involves moist heating of the grains followed by dryirtg about 10-12%
moisture content and decortication to the desired degror pulverization as
such. This process improves the milling characteristodssorghum and pearl
millet varieties even with high proportion of floury dasperm and also enables
to prepare grits/semolina from the grains which mayveeas a substitute for
wheat semolina. The meal or the flour prepared from ¢hgsains by following
this process has a longer shelf life. Figure 3 shows tdteanges in the
development of free fatty acids (FFA) of the flour fronorghum and pearl
millet with or without prior wet heat treatment of theagns, packed in low
density polyethylene (LDPE) bags and stored at ambieartdetions. The flour
from wet heat treated and decorticated sorghum couldtoeed for about 8-10
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months, and that from pearl millet for about 3-4 months, during which the FFA
content remained below limit of perceptible deteriorative condition (10%). The
oxidative rancidity also remained low, as the flours are refined. The technology
can be adopted at industrial level and is simple enough for adoption at
household level as well. The process was demonstrated to a large number of
consumers and entrepreneurs. This method makes it possible to market the
flour/semolina commercially, particularly in urban areas. Lack of such shelf-
stable and marketable flour/grits may be one factor, which forces the people to
switch over to readily available flour/semolina from wheat. Further, this
development also makes it possible to prepare a variety of products for
commercial marketing. Another advantage of this process is that the microbial
load on the grain surface is drastically reduced. Table 2 shows the effect of wet
heat treatment on the level of microbial infestation before the treatment and
also at various stages of processing after treatment.

In pearl millet, the characteristic odor and the dark gray pigments also
hinder the acceptability of the products. Improvements have been made
possible by treating the partially decorticated millet with mild organic acids
such as acetic, fumaric and tartaric acids, and also by the extracts of natural
acidic material such as tamarind (Tamarindus indica) (Hadimani and Malleshi
1993). Soaking the grains for a few minutes in the aqueous tamarind extract,
or such other organic acids improves the product quality by reducing
polyphenols and other anti-nutritional factors and thus increases the
consumer acceptability (Fig. 4).

Wet milling of sorghum is practiced to a small extent as compared to maize,
mainly to prepare starch, that too from low-grade sorghum but wet milling of

pearl millet is scanty. Since wet milling facilitates separation ofthe germ, which is

Table 2. Effect of processing on fungal infestation (%) in grain of two sorghum varieties *.
CSH5 CSH 5

Process (A)? (B)? M 35-1

Raw, as is 100 15 1

Raw pearled 12 2 Nil

Steamed 5 min, pearled 3 Nil Nil

Steamed 15 min, pearled Nil Nil Nil

Steamed 25 min, pearled Nil Nil Nil

1. After surface sterilization tested by blotter method.
2, Samples are from two different sources, A and B.
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an oil- and mineral-rich component,
as a separate entity, it may be
valuable byproduct that could find
application in various food
industries.

Even though India is one of
the major producers of sorghum

and pearl millet, there are no

Pearl millet grains:

dedicated custom/industrial level Figure 4.
This whole grain, untreated  (left);

milled, untreated (center);

the economy and marketability Ofand mllled,. treated with  tamarind
extract (right).

mills for these commodities.
aspect needs attention to improve

these crops.

Flaking

Flaking of cereals is one of the traditional methods foreparation of
convenience foods in the Indian subcontinent and to imrolve digestibility of
feed in the developed countries. Flaking essentially ines hydrating grains
followed by steaming and bumping or pressing of the stedmm®ins. Extensive
work has been carried out on sorghum flaking at CFTRI| andowssiprocess
parameters such as soaking time and temperature, andthkoconditions of
wet heat or dry heat treatment have been standardized (AFI®85). The
grain soaked to its equilibrium moisture content is steamedoasted to fully
gelatinize the starch, dried to about 18% moisture conteabnditioned,
decorticated and then flaked immediately by passing thiowagpair of heavy-
duty rollers. Efforts to hand pound or flaking in an edge man (used in cottage
level industry for flaking of rice in India) have achieddittle success. The
thickness of sorghum flakes could be adjusted to 0.4-1 ndepending on the
end use. Proper drying after flattening minimizes the kbluecg and retains the
shape of the flakes without any fissuring or breakage. Thiener flakes are
suitable for preparation of traditional snack foods likppitu after boiling and
seasoning. The thicker flakes could be deep-fried or downsted to prepare
expanded crunchy snack products. The flakes could also cbated with
requisite additives including vitamins and minerals to imape their nutritional
quality. The oil absorption of sorghum flakes is comparatddhat of rice flakes.
The deep-fried sorghum flakes, seasoned with spices,ni®xcellent snack and
scores higher than a similar product from maize.

178



Wet heat treatment of sorghum is known to lower its digedtip. This
characteristic feature could perhaps be used to market lswomg flakes as
diabetic flakes. During flaking process, the starch umgbes retrogradation
leading to formation of resistant starch or enhancing thietary fiber
contents (Mangala et al. 1999). This added advantage maye hgreat
potential in exploiting sorghum flakes in the dietary mapagnt for the
diabetics.

Results of exploratory studies on flaking of pearl milledllowing the
method adopted for sorghum have been promising. Millekihg would be a
new avenuefor its widespreadutilization, since themillet flakes will have
better shelf life due to stabilization of the oil during kiag. Also, the bran
separated as a byproduct of the flaking industry could sewe source of the
edible oil similar to that ofrice bran oil. Deoiled branofm millet and sorghum
would have less ash and silica content as compared to ahdeoiled rice bran
and hence could be efficiently used as a source of dietaberf Unlike
sorghum bran, pearl millet bran contains high proportionsofuble dietary
fiber and could be tapped for hypocholestomic and hypecglkmic effects.
Hence, fiber regulated sorghum and millet flakes, expadhdy hot air or sand,
could be an ideal snack or supplementary food for the obasd calorie
conscious people (Hadimani and Malleshi 1993).

Popping

Grain popping is one of the ancient technologies to prodéss cereals by dry
heat (roasting) methods. Generally, fine sand is usedeast transfer medium
for popping at household- and cottage-level industriAsthough hot sand as a
heat transfer medium is very effective in expansion, iteafs the consumer
acceptability because of the adherence of fine sand he trevices of the
expanded endosperm. Popped sorghum is also marketed in rdsitaa and
Rajasthan states of India as a proprietary food. Sinceppog involves formation
of steam and development of pressure inside the kerneltimpm moisture
level and popping temperature play an important role imlgy of the popped
cereal. Varietal variations exist largely with respect topping characteristics
and special sorghum varieties, viz, 'pop sorghum’', ar&tivated and marketed.
Most ofthe sorghum varieties could be popped to an expansmume of about
20 ml g! by suitable pre-treatments. The optimum conditions doain popping
are equilibrating sorghum and millet to about 16% moistana subjecting the
grains to high temperature; ie, short time treatment abw 230°C for a
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fraction ofa minute in an air popper developed 3
CFTRI (CFTRI 1985). The machine is highly
suitable for value addition to sorghum and mille
by popping (Fig. 5).

Popping of pearl millet is not very popularg

fiber and carbohydrates and the expansion®
volume ofthe popped milletis about 7-10 mlg |
The varieties with hard endosperm and mediu
thick pericarp (Fig. 6) exhibit superior popping
quality (Hadimani et al. 2001). The lipolytic
enzymes are denatured during the process }
popping. The nutritional advantage ofthe popped Flgure 5. Popplng machine
millet is utilized in developing formulations for developed at CFTRI,
supplementary foods or weaning foods forMysore, India.

children and lactating mothers (Bhaskaran et al.

1999). Popped millet could be consumed in the formladdu or sattu and
chikki. Popped millet flour blended with popped or toastedjumes, such as
puffed chickpea (Cicer arietinum), and jaggery or sugar makes delicious and
nutritionally balanced convenience foods for growingildmen and lactating
mothers. The product has the advantage of low cost padmits addition of
other flavoring ingredients [eg, groundnufArachis hypogaea) and coconut
(Cocos nucifera)] for improving the taste and nutritional quality.

Nutritious food supplements based on popped sorghumnankets could be
served to mothers and children in the nutrition intemtien program. Since
sorghum and pearl millet are rich sources of micronutteeand phytochemicals,
such products may score over similar products from ricd amheat.

Figure 6. Pericarp thickness in different varieties of pearl millet:
(@) thick pericarp; (b) medium pericarp; and (c) thin pericarp.
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A nutritious blend, containing popped sorghum or pearlllmti, with
chickpea, soybean lycine max) and jaggery and pressed into a pellet burfi-
like product was developed at CFTR1, and has proved to beoravenient
nutritious food. About 70 g ofthe product supplied in the foof 3 pieces of
burfies provides 300 calories and 12 g protein, which is recommegzha@s the
nutritional supplement to undernourished children. Pegppsorghum and
millets could also be utilized as adjuncts in brewing. Apping largely destroys
seedborne microflora, it may be advantageous to utilizetdohnique to process
microbially infected sorghum and millet (Kumar et al. 1992

Malting

Malting is one of the early biotechnological processes thedn adopted for
cereal processing for food and brewing. Although barléyordeum vulgare)
malting is common, sorghum malting is also practiced at redwdd and
industrial scale in Africa, especially for the prepamati of lactic acid
fermented brew.

The ratio of a- tc[i-amylases elaborated during germination of sorghum is
lower than that of barley. Hence, sorghum malt requiragpppdementation of
amylases from external source to prepare yeast fermenteger labeers.
Alternatively, sorghum malt is used as an adjunct in indiadtbrewing based on
barley. Wide varietal variations have been reported for timal characteristics of
sorghum. Malted sorghum has better nutritional charasteas than the native
sorghum (Malleshi and Desikachar 1986). However, cauti® needed for use of
sorghum malt for food purposes because of the presenceunfim, a cyanogenic
compound in the rootlets. Hence it is necessary to remofie tootlets
completely from the sprouted sorghum. Moreover, sorghisnmsusceptible to
mold infestation during germination; thus it may requingpéication of chemical
or natural anti-microbial agents during steeping and g&m@tion. Use of sorghum
malt (prepared after removing the rootlets and the pepfan formulation of
weaning food has been successfully demonstrated (Mallesfl. 1989). Weaning
foods based on malted sorghum exhibit good growth promgtiqualities
compared to those from roller dried and popped sorghunarlPaillet malting
has not been promising because of the presence of the eatipase enzyme and
due tomold growth during germination. However, the radfa- ancﬂ-amylase in
millet malt is highly favorable in comparison to other tropl cereals. If malting
conditions are suitably adopted, millet malt could be aodaaw material for
nutrient dense specialty foods. Utilization of malted gloum in bakery products
has also been reported.
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Application of modern processing technologies

Extrusion cooking

Extrusion cooking is a very versatile, modern food pessing technology
followed throughout the world for preparation of snacksupplementary
foods as well as pet foods. Voluminous literature is aahié on extrusion

cooking of maize, wheat and rice, but such informatiem sorghum and
millets is scanty. The available data reveal that sarghgrits as well as millet
flour could be extruded to prepare ready-to-eat produc®ince the seed coat
or the bran affects the expansion ratio and also theingatquality of the

products, it is desirable to use grits and flour, preftelly of less than 40 mesh
size, prepared from decorticated or debranned grainuiBfQrating the flour to

about 18% moisture content and extruding in a singletwim-screw extruder

at about 150°C and 200 rpm, produces products with anaegpon of 1.5-2

times. The products have crunchy texture and could beated with

traditional ingredients to prepare sweet or savorycksa Alternatively, the

grits could be mixed with spices and condiments prior kdresion to obtain

ready-to-eat snacks of desirable taste. Acid-treatedarp millet vyields

products of better acceptability as compared to thosenf decorticated

millet. Sorghum and millets, blended with soybean oopain-rich ingredients
such as legumes or groundnut cake, on extrusion giverimiwonally balanced

supplementary foods (Malleshi et al. 1996). The lowst dedicated extruders
used in nutrition intervention programs in several desyang countries could
be conveniently utilized for the preparation of divefisd, value-added

extruded products from these grains. The dietary bubluld be reduced and
texture ofthe extruded foods could be improved by migiamsmall proportion
of cereal malt and warming the slurry. This improves tlaste of the product
also. Althoughthe investment on extrusion cooking raxery is high, the low
processing cost and small capacity extruders that arevadays readily

available, makes the process viable for commercial exg@ton. This

technology could be utilized to prepare pellets whicdncbe flaked to yield
high quality flakes from these grains.

Vermicelli-noodles

Noodles and pasta-like products, in spite of their @m¢iorigin, have undergone
considerable evolution and migration as the productscamee increasingly
globalized. There is a phenomenal increase in the cormsuom of noodles in India
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also. While wheat noodles are very common throughowt ¢buntry, rice noodles
are popular in southern India. Utilization of sorghum apdarl millet for
vermicelli-noodles is very rare. Sorghum and milleearniqgue with respect to
taste and aroma and also provide dietary fiber. Researchk was undertaken on
their use for noodles and a process has been successfaMgloped (Sowbhaghya
and Ali 2001a). The noodles on cooking in water retairbd texture of their
strands and firmness without disintegration and théiddoss was less than 6%
(Sowbhaghya and Ali 2001b) (Table 3). Noodles from bestdrghum and pearl
millet were readily acceptable in the form of savourydaaweet. Since the present
trend ofthe populationistowards low fat and high fibeods, noodles from these
cereals have a great future not only in the domestic ke&ibut also for export to
other developed countries.

Conclusion and future perspective

Being mainly rainfed crops and grown with marginal aguitural inputs, the
value of sorghum and millets for stretching the availaly of food is well
established. With increasing realization that water iecoming a limited
resource,thesecrops will assumehigher significance in future. Considerable
crop production knowledge base has been created fourfi application. The
knowledge base on grain quality, processing and valdeision needs to be

Table 3. Composition and physico-chemical properties of s orghum and pearl millet
flour and noodles .

Texture?
Crude Elastic
fiber Fat  Ash  Protein Amylose Solid  Firmness recovery
Samples B ) (%) (%) (%)  loss 08 (w) (%)
Pearl millet
Flour, whole 0.57 524 135 12.2 25.8
Flour, debranned 0.19 334 0.92 9.8 29.6
Noodles 0.18 158 2.12 8.6 26.8 9.7 45 20
Sorghum
Flour, whole 138 336 1.42 10.4 26.8
Flour, debranned 0.26 245 111 10.2 29.1
Noodles 0.12 0.88 2.12 8.3 28.7 6.5 50 30

1. Composition based on as is condition.
2. Chopin-Inra Viscoelastograph, an instrument, used to measure the texture.
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addressed although efforts in this direction are now iasiag with recent
R&D work across the world. Special features of sorghund pearl millet, in
comparison to rice and wheat, have been established tbhatdcform the basis
for their future exploitation for value addition and widieng the scope oftheir
utilization. Feasibility of production of shelf-stabfeour from pearl millet and
sorghum has been established which would pave the way fmmmercial
production offlour and semolina for promotion ofbulkage for urban as well
as rural population. There is a great scope for thesengréo be utilized for
increased alternative food uses.
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Alternative Uses of Sorghum - Methods and
Feasibility: Indian Perspective

CV Ratnavathi, PK Biswas, M Pallavi, M Maheswari,
BS Vijay Kumar and N Seetharama *

Abstract

In India, sorghum is traditionally consumed in the form of unleavened flat bread
(roti). In southern India, it is consumed in the form s@nkati, annamand ganji

(thin porridge). Popped sorghum and sorghum noodles are eaten as breakfast or
snack foods. The rainy season grain sorghum consumption has declined during the
last decade mainly due to grain deterioration by molds. Therefore, rainy season
sorghum grain is priced lower than maize; hence it can replace maize as a raw
material in many of the alternative uses.

The possible promising alternative food products from sorghum are bakery
products, maltodextrins as fat replacers in cookies, liquid or powder glucose, high
fructose syrup and sorbitol. Malted sorghum can be a good alternative for baby
weaning  foods.

The industrial products made from sorghum grain include alcohol (potable
grade) and lager beer. Commercialization of alcohol production from grain is
already in practice.  Other technologies such as production of glucose,
maltodextrins, high fructose syrup and cakes from sorghum are yet to be scaled
up. The sweet sorghum with its juicy sweet stalk has potential as a bio-energy
crop. Ethanol can also be produced from sweet sorghum stalk juice. Sweet sorghum
products like syrup and jaggery have received good attention from dryland
farmers. Shelf life and nutritive value of syrup and jaggery made from sweet
sorghum and sugarcane are similar. Attempts for scaling up the technology for
alcohol production from sweet sorghum were successful, but more work is needed
to integrate the current production with potential market.

Sorghum (Sorghum bicolor)is an important food and fodder crop of the semi-
arid tropics (14-24° Nto 70-82° E). India is the thirddast producer (7.06
million t) of sorghum in the world after USA and Nigeria (PASTAT 2002),
and has the largest area under this crop (9.5 million ha)e Thiny season
sorghum grain is often damaged due to mold; so it fetchesva poice in the
market. However, it has high potential for use in the naod and industrial
sectors for various value-added products.

1. National Research Centre for Sorghum (NRCS), Rajendgana Hyderabad 500 030,
Andhra Pradesh, India.
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At present, most of the sorghum produced in India is aoned as
human food in the form ofroti bhakri or chapati (unleavened flat bread).
The sweet sorghum with juicy sweet stalk has enormous poadénds a bio-
energy crop. Sorghum is known to have high dry matter pradwuty rate (50
g m? day') and is reported to surpass the productivity of sugarcane
(Saccharum officinarum), another G plant (Somani et al. 1997).

Alternative uses of sorghum encompass utilization of grand sweet stalk
in food and non-food sectors for the production of commellyiavalued
products, such as alcohol (potable and industrial gradgyups (natural and
high fructose), glucose (liquid and powder), modifiedrstees, maltodextrins,
jaggery, sorbitol and citric acid (downstream producterr starch).

Global and domestic demand for animal and poultry feed isidhp
rising. Sorghum can be a prominent energy source in poubimd animal feed
(Kleih et al. 2000). Similarly, demand for starch and isdual and potable
alcohol is increasing. However, sorghum always has comtpenh from maize
(Zea mays) for various industrial uses. Demand can also be created fo
sorghum in beverage industries as malt and adjunct (urnexhlcereal
component used for beer preparation). The gradual shiéinf traditional uses
to potential use of sorghum as value-added food and non-foodustrial
products is discussed.

Traditional food products of sorghum and their
commercialization

The most preferred traditional food form of sorghum rii, bhakri or chapati
(unleavened flat bread) mainly in the states of Mahatash Karnataka and
parts of Andhra Pradesh in IndiaRoti can be stored for several days in the
crisp dehydrated form without loss in quality. It is comsedd along with
different kinds of dishes (food) depending on the socimeemic status ofthe
consumer (Subramanian and Jambunathan 1980).

There is a decline in the consumption pattern of sorghum rhyadue to
the urbanization and availability of subsidized ric@®ryza sativa) and wheat
(Triticum aestivum)at a cheaper price. In the recent past, there is a growing
awareness among the urban population that sorghum is anll@endehealth
food for diabetics. A survey conducted in 2003 by the Na#brResearch
Centre for Sorghum (NRCS), Hyderabad, Andhra Pradeshihdicated that
nearly 20 t of grain montHh are being consumed in the form odti in small
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hotels in Hyderabad. The other traditional sorghum prapeons like annum
(cooked, same as rice)sankati (toh) and ganji (gruel) are popular with
farmers as a preferred diet (Murty and Subramanian 1981)odNes made
from sorghum are not very common. Although the acceptabilof sorghum
noodles was not a problem, it was not given adequate atbentiThe
technology for noodle preparation from sorghum makes threduct cheaper
and healthier as sorghum products are known to have higéwegls of vitamin
B and dietary fiber (Hulse et al. 1980).

Alternative commercial grain products of sorghum

The alternative commercial products include both food amén-food
products. The main food products are bakery and industpirdducts.

Bakery products

Common bakery products such as bread, cakes and biscuite weepared
and tested at NRCS. Finely ground sorghum flour equal to dbesistency of
fine wheat flour (maida) was made from pearled rainy season sorghum grair
using 300 um sieve. This flour in combination witrhaida was used for the
preparation of various bakery products like bread (maddyofrom sorghum),
mixed bread [from sorghum, finger mille(Eleusine coracana)and pearl millet
(Pennisetum glaucum)in 2:1:1 ratio], cakes and biscuits. The methodology for
the preparation of these bakery products is similar to thaéd with wheat
flour.

Bread

Finely ground sorghum flour was mixed witimmaida, salt, sugar, fat and bread
improvers and was made into dough. Baker's yeast was addethe dough

and allowed for fermentation for a longer time (10-12 H)ah for the normal

wheat bread; after fermentation, the dough was baked far hour. For

improved leavening and softness ofthe bread, compamrewheat bread, more
yeast and external gluten were added. A mixture of 30403 maida and 68%

sorghum flour resulted in tasty bread (Fig. 1).

Cakes

Preparation of sorghum cake is similar to cake preparednmfrmaida. Fine
sorghum grain flour was used for the preparation of caké&snely ground
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Figure 1. Bakery products from sorghum: bread (left) and plum cake (right).

sorghum grain flour was mixed with required quantitied sugar, egg,
emulsifiers and fat. The dough was made slightly soft arnuds were used to
decorate the top. The dough along with the mold was kiepan oven for an
hour for proper baking (Fig. 1). Sorghum flour was comavely superior to
wheat flour (in terms of taste) for cake preparation. Treguirement of sugar
was also less as the sorghum grain was sweeter than whresan.

Biscuits

Biscuits were prepared from 80% sorghum flour and 20®8aida. Sorghum
flour was mixed withmaida, vegetable fat, sugar, baking powder and essence.
The mixed dough was then compressed in a mold and bakethe required
temperature (225°C). Studies on the parameters suchoaspcessibility and
breaking strength showed that sorghum biscuits hadelebseaking strength
than wheat biscuits. The panel score in terms of quaklibg taste was high for
cakes and biscuits made from sorghum compared to wheat.

Pilot studies are in progress in collaboration with MadeFood Industry,
Uppal, Hyderabad. Non-stickiness upon eating is a spetrait of sorghum
bakery products. Studies on the shelf life, a key tactlirectly related to the
economy of bakery industry, indicated that the shelélvaried from 24 to 72
h for bread, 7-12 days for cakes and more than 30 daysbfecuits and was
comparable with wheat products.

Industrial products

The various industrial products prepared from sorghumimgraurrently are
potable alcohol, glucose, high-fructose syrup, moddie starches,
maltodextrins and starch downstream products like stmrlband citric acid.
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Alcohol

Commercially viable and potable alcohol can be prepareanf molded grain
(mold score above 3.5, on a scale where 1 = free from maldd 5 = severely
molded grain). Severely molded grain (mold score 4 and aboalso can be
used. This alcohol, graded as potable, is used as liguod an the
pharmaceutical industry. Among the cereals, sorghum canabcompetitive
raw material for alcohol production because of its lowaigr price. A number
of industries are currently using sorghum in alcohol protina. The use of
sorghum alcohol production in different distilleries 1s7520 kl yr' in Kedia
industries, 16060 k|l yr in Square D&J Singh, 3650 k|l yrin Amar industries
and 3540 kl yr* in G Galeon industries. With modern technology, the
inclusion of sorghum in alcohol production does not haveg anajor technical
constraint. Industries buy molded grain at low price. Ahood made from grain
sorghum, though not very economical when compared with tHhHeadem
molasses, can be a good alternative to produce ethawoolbfiended petrol
(gasohol); in addition, the grain is processed in brewimgustry to produce
alcoholic beverages. The alcohol recovery from grain i04010 L t! and the
byproduct can be used as cattle feed. Sorghum variedreBybrids with high
starch and moderate protein content in the grains are tmibesired by the
industry. A study conducted by NRCS with Seagram R &D Insté&, Nasik,
Maharashtra revealed that CSH 16 and CSH 18 are the soapéibrids for
alcohol production (Seetharama et al. 2002).

The alcohol industry is quite eager to explore altetimatsources of raw
material following the Government of India's policy tammdlude ethanol in
petrol (initially 5% and may increase up to 10% or more)o far, sugarcane
molasses is the major raw material for ethanol productidor both potable
and industrial purposes. It is projected that there wobkda short supply of
molasses in some states, and sorghum finds a niche.

Starch and starch byproducts

Sorghum grain contains 63.4-72.5% starch, 17.8-21.9%ylase, 7.9-11.5%
protein, 1.86-3.08% fat and 1.57-2.41% fiber (Ratnava#lid Bala Ravi
2000). The recovery of starch from sorghum grain is 5-8%s lehan maize, but
is equally good in quality. Increasing grain size and reichgcprotein and fiber
contents can increase the recovery. Sorghum being a cheaper sotioc the
production of starch and starch byproducts can substadlytieeplace maize.
Liquid glucose and high-fructose syrup can be preparerbnf starch.
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Maltodextrins prepared from sorghum starch are used ia pmeparation of
low-calorie low-fat cookies in the baking industry (Anonyms 2002).

Sorbitol

Sorbitol is used as a syrup base in the pharmaceutical Strgu Starch is
hydrolyzed and chemically converted into sorbitol using@nRy Nickel as
catalyst. The conversion percentage from glucose to Hotbis 90%
(Anonymous 2003). However, attempts are being made to wusero-
organisms to convert starch into sorbitol (Rainer and 8ita 2003).

High-fructose syrup

High-fructose syrup can be prepared from sorghum graimis is a highly
valued product in the pharmaceutical industry. It is lifhés sweeter than
sucrose (common sugar). It can be utilized as a sweetengrharmaceutical,
soft drink and food processing industries. It was succeldgfprepared by using
native invertase enzyme in NRCS laboratory. The sweetgham variety
RSSV 9 was best suited for the preparation of high-fructosgrup
(Anonymous 2003). The standardized technology is avddalwith the
Marathwada Agricultural University, Parbhani, Mahahasa.

Glucose

Liguid and powder glucose can be prepared economicallynfraorghum grain.
Glucose also can be produced from starch enzymaticallye Tshandardized
technology is available with Agro-Product Development €mren Panjabrao
Deshmukh Krishi Vidyapeeth, Akola, Maharashtra and tDepartment of
Food Technology, Marathwada Agricultural Universitya®hani (Anonymous
2003).

Malt

Commercially, malt is prepared from sorghum grain and thiasltmis used in
the preparation of baby food and beverages. Milo is a soanghdrink
prepared from sorghum malt. The diastatic activity ofrgloum is 80% of
that of barley Hordeum wvulgare). The optimization of conditions for
sorghum malt preparation was carried out at NRCS (BalaviRand
Ratnavathi 1991). The diastatic activity measured in SarmhDiastatic
Units (SDU) varied with genotypes tested: 144.5 SDU in IS 843 151
SDU in SPV 824 and 200 SDU in WS 1297. A malting loss of 27-39%
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recorded in these genotypes can be minimized by reduciitgaad water
supply. Micro-malting technique of sorghum grain (sampled0 g) was
established for rapid screening of germplasm lines andeehbreeding lines
for diastatic activity (Jaya et al. 2001).

Adjunct

Grain sorghum flakes are used as an adjunct in the brewingstrg. Sorghum
can be a cheaper raw material compared to maize. Presendéligenflakes or
broken rice is being used in the brewing industry. A studywnducted by NRCS
in collaboration with the International Crops Researchtitiste for the Semi-
Arid Tropics (ICRISAT), Patancheru, Andhra Pradesh rahesl that sorghum
cultivars CSV 11, CSV13 and CSH 5 are best suited as adjufRe&tnavathi
and Bala Ravi 2000). A further study in collaboration withcammercial
brewery at Mumbai, Maharashtra revealed that three relyenteleased
cultivars of sorghum (CSH 13, CSH 14 and CSH 17) can be wsza@fficient
adjuncts and pilot studies in this direction would definpjesncourage higher
sorghum grain usage in breweries.

Alternative uses of sweet-stalk sorghum

Sweet-stalk sorghum is a potential raw material for thepgaration ofjaggery,
syrup and ethanol. Production of jaggery from sweet sonmghis identical to
sugarcane and the jaggery obtained from sweet sorghum ispeaoable to
sugarcane jaggery. Cultivation of sweet sorghum is eaoital in rainfed areas
where sugarcane cultivation is not possible. The seed aat@ sowing pattern
recommended for grain sorghum can be adopted. Howevefrertilizer dosage
of 120 kg nitrogen ha" and 60 kg ROs ha' is suggested for increasing the
sweet sorghum cane yield.

The variety SSV 84 has yielding ability of 40.4 t hajreen cane (with an
average brix value of 18.4%) and 1.38 t harain. Sweet sorghum cane juice
has 5 pH, 12 to 13% sucrose, 0.8 to 1.8% reducing sugars afdta.1.8%
starch. Thus, it consistently produced a minimum of 12%rese or at least
15% total fermentables with 50-60% juice recovery.

Ethanol as biofuel

Sweet sorghum stalk with 65% juice recoveryis a compettraw material for
the production of ethanol. Most of the sweet sorghum v@Aaei® mature
between 115 and 125 days during rainy season. Stalks cahalbeested along
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with grain, or 4-5 weeks after harvest of panicles forigtaThe green cane
yield varies from 30 to 50 t hd"and grain yield from 0.8 to 2.0 t Ha"with a

brix value of 16 to 23%. Sweet sorghum varieties and hybrbded at NRCS
have potential to produce biomass up to 48 t*hal.5 to 2.9 t hd grain with

brix value of 14 to 18% (Table 1). Sweet sorghum cangsewn throughout
the year, with minimum irrigation requirements and pliased inputs, which
is an advantage over sugarcane.

Five sweet sorghum genotypes [Keller, SSV 84, BJ 24@yray
(varieties); NSSH 104 (hybrid)] were evaluated for tbtsugar, alcohol
production and fermentation efficiency (Fig. 2). Exttable juice and sugar
content results showed varietal differences. Extractablece (per five
plants) varied from 1080 ml (Wray) to 1790 ml (SSV 84Total sugar
content varied from 4.66 t hato 7.35 t ha. Among the five genotypes,
SSV 84 showed high juice extractability (34.4 kl ha The brix value was
high in Keller, and therefore high ethanol productioasvobtained from the
juice of this variety. Reducing sugar content of the juicaried from 1.10 to
2.80% (w/v).

Table 1. Promising sweet sorghum genotypes for ethanol pro  duction.

Plant Cane Grain

height yield yield  Extraction Brix TSS? RS®  Sucrose
Genotype (cm) (tha™) (tha™) (%) (%) (%) (%) (%)
RSSV 59 317.8 48.44 2.24 50.1 17.7 15.1 15 13.6
RSSV 46 293.9 47.68 2.80 42.5 16.2 13.1 17 11.3
RSSV 24 343.5 45.67 1.50 46.7 16.1 13.1 14 11.2
RSSV 45 347.6 45.48 2.01 39.1 16.8 14.1 18 11.9
RSSV 57 317.1 45.29 2.48 45.7 16.6 13.7 13 12.0
RSSV 44 276.4 44.49 2.63 43.1 159 13.2 13 12.3
SSV 84 273.9 43.58 177 47.1 16.5 14.1 2.1 11.8
RSSV 58 299.8 42.42 2.17 46.1 17.2 13.3 14 11.9
NSS 219 282.2 40.51 2.05 42.3 16.6 14.1 2.0 12.0
NSS 216 306.4 39.16 2.74 41.3 16.2 13.8 19 11.7
NSS 218 279.7 38.57 2.24 39.4  16.9 13.0 2.2 10.6
NSS 209 293.3 38.11 1.76 46.3 16.9 13.6 15 11.6
NARISS 41 295.5 34.49 1.94 48.8 14.2 12.9 13 9.5
AKSS 01-03 282.3 28.72 2.91 44.8 14.9 11.6 19 9.6
NARISS 83 238.7 27.85 2.28 41.1 16.2 14.4 19 12.3

1. TSS = Total soluble sugars.
2. RS = Reducing sugars.
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Figure 2. Total sugar and ethanol production yieldsrréive sweet sorghum
varieties.

The presence of reducing sugars in sweet sorghum preven
crystallization. Fermentation of juice from SSV 84 yield 4.5 kI ha' ethanol
whereas high fermentation efficiency (ie, the efficogn of yeast to produce
alcohol per unit of juice) of 91% was observed with géyme Keller. High
biomass production was observed with variety BJ 248.

The finished product of the fermentation, ie, ethyl ahol (C,HsOH)
has high commercial value. Ethanol is a 'clean burnifugl' with high octane
rating and the existing automobile engines can be opedawith petrol
blended with 20% ethanol (80% petrol) without need forngee
modification. The sweet sorghum juice can be used asaav material to
produce alcohol.

A pilot study in collaboration with a sugar factory inakKnataka was
conducted successfully for the production of alcoholings sweet sorghum
juice from variety SSV 84. Total fermentable sugars wegrough to achieve
maximum fermentation efficiency for alcohol produchio Sweet sorghum
cultivars have 90% fermentation efficiency. Pilot dteas showed that recovery
of alcohol from sweet sorghum cane juice economically about 9%. Pilot
production studies are encouraging and indicate costedffeness of sweet
sorghum raw material for ethanol production.
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Natural syrup

Sweet sorghum cane juice is concentrated and sterilizedntke natural
syrup, which can be used in confectionery industry as a sem@t The
syrup can also be used instead of honey with breakfast fofdsy. 3).
Syrup from sweet sorghum juice was also prepared commdtlgian
Kentucky and Alabama in USA (University of Kentucky 2003).
'"MADHURA, syrup from sweet sorghum juice, is being markdt by
Nimbkar Agricultural Research Foundation, Phaltan, Maashtra at US$1
for 400 ml. The chemical composition of sweet sorghum syrup
nutritionally equal to that of honey. It is very rich in cabuam and iron
(Anonymous 2003).

Jaggery

Sweet sorghum juice can be concentrated to make jaggerygushe same
technology used for making sugarcane jaggery (Fig. 4heTyield is 3 to 3.5
t ha' and is economical compared to sugarcane jaggery. Jggge
preparation is mainly dependent on the invertase actyiviBome genotypes
with very low invertase in the stalks do not get invertedheTgenotypes
NSSV 6, NSSV 7 and NSSV 8 have been identified as good fgge¢ay
crystallization. Jaggery from sorghum may be better fhabetic patients
due to rich fiber content. Sugars in sweet sorghum stalklude sucrose,
glucose and fructose. Among the six cultivars of sweet $um evaluated
for jaggery quality, NSSV 6 yielded good quality jaggery witbest
crystallization followed by NSSV 7. Jaggery prepared frowh6SH 104 and

Figure 3. Syrup from sweet sorghum. Figure 4. Jaggery from sweet sorghum.
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SSV 84 had good confectionery taste. However, maximumggg was
produced from SSV 84 (7.67% of cane weight) followed by NSSV 6
(5.88% of cane weight).

Institutional alliances necessary for scaling-up
technology

The main industries that can use either grain sorghum or svw®eghum are
food industries for bakery products, starch industry,eWwing industry and
alcohol industry (both grain-based and molasses-basddaize is the main
competing grain for starch and food products. Sugarcan@lasses is the
competing raw material to sweet sorghum for alcohol prodan. Industries
are generally interested in cheaper raw material withouwting the benefits of
byproducts and quality of the final product. In case ofigrhased alcohol
industry, this is quite possible. However, for the soghup of any technology
the following aspects should be considered:

* Need for machinery modification

* Location of industry near raw material available zone

« Coordination between industry, research institute ahd farmers

Contract farming may be taken up by industries to ensure theured
supply of sorghum at reasonable price. This would bendfotth the farmers
and industries. Price incentives similar to sugarcanewd be given to farmers
to encourage them to grow sweet sorghum for ethanol productiThere is a
proposal from the industry to procure grain from the farméor a fixed price
with the support of R&D organizations and state agriculfumeniversities
involved in sorghum research. This type of a liaison frome tindustry is much
needed for the benefit of farmers.

Food industries are mostly based in the states of Karnataka a
Tamil Nadu in India. Grain sorghum uptake by food indussrien these
states would certainly enhance the utilization of sorghufrhe uptake of
sorghum by industries at cheaper price compared to maize ou
certainly improve the farmer's net returns and ultimatetllye loss of
sorghum area to some other competing crops can be arrestublic
institutions should encourage technological developmentwith
necessary support either to farmers or industries to enage prosperity
to poor farmers in dry areas.
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Alternative Uses of Sorghum - Methods and
Feasibility: Chinese Perspective

2 2

Li Guiying *, Lu Qingshan * and Zou Jiangiu

Abstract

China, one of the major sorghum producers in the world, ranked fifth in harvested
area and sixth in production during 2000-02. According to incomplete statistics,

there are more than 40 types of traditional sorghum foods in China. Now sorghum
IS grown mainly for liguor and vinegar production, and only a small part is used

as staple food. Around 2.6 milion t of sorghum per year is wused for liquor

production. New products such as popped food and sorghum pigment are being
commercialized. Rut more attention needs to be paid to the development of other
products.

Archaeological research shows that sorghumSorghum bicolor) has been
cultivated for at least 40-50 centuries in China. It useglay an important role
in promoting crop production and guaranteeing food segurdspecially in the
arid, semi-arid and waterlogged areas in China. In thdye20'" century, sorghum
area accounted for 10-26% of the total crop area, and rdntard after rice
(Oryza sativa) and wheat (Triticum aestivum) (Song Renben et al. 2002).

Since the founding of the People's Republic of China in 9494reat
changes have taken place in sorghum production, with th@rowement of
living standard, readjustment of agricultural productiostructure, and
transformation from planned economy to market economyrgdam area and
production has also been changing with social demands.

In 1952, sorghum area was historically highest (9.4 millidm),
accounting for 7.5% of the cultivated area of all cropsheTaverage yield of
sorghum was 1.19 t Kh Since then sorghum area gradually decreased,
dropping by 34.4% in 1965 compared to 1952. During thisipdr sorghum
had been grown mainly for staple food.

During 1966-76, sorghum area further decreased to 4.33limml ha in
1976, declining by 29.6% compared to 1965. But productinoreased greatly
(8.7 million t), and yield was around 2.0 t ha Sorghum was still grown
mainly for staple food, but a higher proportion was usesl f@aed or raw
material for liquor production.

1. Institute of Crop Science, Chinese Academy of AgricultuBSdiences, Beijing 100081, China.
2. Institute of Sorghum, Liaoning Academy ofAgricultural i8eces, Shenyang 110161, China.
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During 1977-88 when China reformed and was open to the detsi
world, agricultural production developed quickly and Img standards
improved greatly. Sorghum area decreased sharply althouty slightly
increased in some years. However, yield continued insme@ and was 3.15 t
ha' in 1988. Proportion of sorghum used for staple food réased gradually
until 1988 when its uses for food, feed and brewery was altmaamilar.

Sorghum area continued to decrease during 1989-2000.0Alshe
production decreased; however, yield increased. Moné amore sorghum was
used for producing liquor. Currently sorghum area is areun7-0.8 million
ha, with a slight increase in production (Fig. 1). About¥®Gorghum is used
for brewery, and less than 10% for food or feed. It is an sp@&insable raw
material for producing high quality Chinese liquor andetimost important
source of income for farmers in sorghum production areas.

Traditional sorghum grain products and their
commercialization
Since ancient times sorghum grain has been used in Chinaoad &nd as raw

material for Chinese liquor, starch, vinegar and KaaigaYi (caramel). For
many centuries, sorghum was staple food for the popwatin the arid and
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Figure 1. Changes in area, yield and production of sorghum in China
(1952-2002) (Source: FAO  2003).
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semi-arid areas. Later, for many years people did notssmaghum. Increasing
number of people are now eating it, not as staple food, utealthy foods for

balanced nutrition.

Traditional foods

There are many traditional sorghum foods in China, withioas processing
methods. According to Zhao Shukun (1987), it was foundtthteere were
around 40 traditional sorghum foods, which could be soritetd three groups
based on raw materials and processing methods: polisheth goeods, flour
foods and popped foods (Table 1). Some of the importaootds are: sorghum
hele (a kind of vermicelli), cut noodles, planed noodles, steambread,
dumpling, leavened cake and tdratcake (Lu
Qingshan 1999).

sorghum-vegetable roll,

Table 1. Traditional food products of sorghum grain in Chi na.
Category Description Typical products
Polished Cooked grain meal  Cooked sorghum with less water, cooked sorghum
grain foods washed with cold water, cooked sorghum with other
cereal grain or legumes
Conjee Conjee of whole polished grain, conjee of mashed
grain, conjee of sorghum grain and legumes, alkali conjee
Flour foods Dough made with Hele (a kind of vermicelli made from sorghum
cold water powder), fried dumpling, Chinese pancake, cut
noodle, planed noodles
Dough made with Dumpling, steamed bread, steamed roll, fish-like
hot water noodle, lump soup, flapjack
Glue flour paste Fried dumpling, fried bread, batter cake
Dried flour Parched flour, conjee
Moist flour Soft cake
Leavened dough Cake (steamed or toasted), sour soup, rolled bread
three-color cake
Sticky flour Sticky cake, sticky steamed bun filled with bean
paste, sticky baked cake, sticky fried cake
Popped Popped grains Popped shortbread, puffed sorghum grain
products
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Cooked foods
Sorghum hele.

Prepare dough with 5 kg sorghum flour, 0.25 kg elm badwder, a little

wheat flour and 2.5 L water.

« Boil water in a pot.

» Place ahele-bed [a wooden board with many holes (3 mm in diameter)]
above the pot with boiling water. Press prepared doughtloa hele-bedto
form noodles, which directly drop into boiling water.h®€ cooked noodles
are calledhele in Chinese.

« Prepare thick gravy of personal favorite.

Mix cooked noodles with thick gravy and serve.

Cut noodles.

» Prepare dough with 5 kg sorghum flour and 2.5 L wates d¢bdove).
* Roll the prepared dough with a rolling pin into a flatape.

« Cutwith a knife into noodles.

* Follow the steps as imele preparation for cooking and serving.

Planed or flat noodles.

* Prepare dough as above with sorghum flour.

« Hold the dough with one hand, and cut the dough witlsharp knife into
thin, flat noodles

* Follow the steps as imele preparation for cooking.

Steamed foods
Steamed bread.

* Prepare dough as above with sorghum flour.
+ Make the dough into a bun-like shape with a hole e tbottom.
« Steam the shaped dough.

Dumpling.

« The preparation is similar to wheat dumpling.

* Prepare dough with sorghum flour and cold water or hoteva

« Take a small piece of dough and roll it using a rollipon into a round flat
shape (8-10 cm in diameter).

 Prepare filling with various vegetables, meat and seaspn
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* Make dumplings by placing the filling in the flat dougdnd covering the
filling.
» Cook or steam as desired.

Leavened cake.

« Blend sorghum flour (5 kg) with water (approximatelyL3d, then leaven it.
« Add appropriate dose of sodium bicarbonate and mixroughly.
* Put the dough in a steaming box, 6-7 cm thick, and steam

Steamed twisted vegetable-sorghum flour roll.

* Prepare dough with sorghum flour.

« Prepare vegetable filling.

* Roll the dough to about 2-3 mm thin pieces.

« Spread a layer of oil and vegetable filling.

* Roll up the dough, cut into segments with filling anldetn steam.

Baked foods
Batter cake.

Batter cake is one of the most popular foods in China. Thgredients used

are: 5 kg polished sorghum grain, 0.25 kg maigfea mays)flour, a little

soybean (Glycine max) flour, a little cooked rice and 3.5 L water. The

preparation process involves the following steps:

« Soak polished sorghum grain in water overnight andcaird the water.

* Mix soaked grain with other ingredients.

e Grind with millstone into a paste.

* Pre-heat a cake pan and spread a layer of oil.

« Take a scoop of paste onto the pre-heated cake pan,tfa@nd swiftly extend
it on the full surface.

« After 1-2 minutes, the cake is ready for eating, eitlpéain or with filling.

Traditional secondary products of sorghum grain

Chinese liquor

China has thousands of years of history in producingudgwith sorghum; a
characteristic taste has been formed since a long tiBgperience of liquor
making shows that only sorghum grain can turn out hgthguality liquor. All
famous Chinese liquors are produced by using sorghunmasn raw material.
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In recent years, around 2.6 million t of sorghum has beenduaenually to
produce liquor. Thus, sorghum has played an important robd only in
revenue but also in providing employment. It is estimatbdttthere are about
40,000 breweries across China, which employ more thao twmillion workers,
most of them farmers.

The following characteristics of sorghum make it an idealwrmaterial to
produce high quality liquor: (1) high starch content; (2nnan and anthocyanin
could be turned into fragrant aroma that is characteristicthe liquors; and
(3) crushed sorghum grain remains loose after cooking, omhiis good for
production.

Through years of practice, Chinese liquors have been madéhw
different special technologies, by which different flavand brand types of
products have been formed. The most favorite brands Braotai, Wuliangye,
Fenjiu, Luzhoulaojiao, Yanghe, Jiannanchun and Dongjithe features of four
top brands of liquors are discussed.

Maotai. Maotai is well known at home and abroad. The earliest bagwwas
built in 1704. It used to be a national liquor served at mEc@ens of senior
foreign guests. It is made with local sorghum as main rawemiatl, through
fermentation wusing wheat starter. Maotai is sauce-fragratype with
complicated aroma components; total aldehyde content ighéi than other
famous brand liquors and alcohol content is around 53% (v/v)

Wuliangye. Wuliangye liquor is being produced for more than 1000 gedt is
made from sorghum mixed with rice, sticky rice, wheat andiz@e through
fermentation for a long period of 70-90 days. The fermatmon silos now used
were built during Ming dynasty. This liquor has excellequality with special
flavor and color. It tastes pure mellow and is sweet andeaeliing. It belongs
to strong fragrant type with high content of ethyl butyeat

Fenjiu. Fenjiu liquor is being produced for more than 1500 yeatsis made
with local common sorghum as raw material, using barldyofdeum vulgare)

or pea (Pisum sativum)starter. The main aroma component is ethyl succinate
(1.36 mg 100m1*, thrice as high as in Maotai). Fenjiu is colorless, framgrand
refreshing. It belongs to traditional delicate fragranpey

Luzhoulaojiao. Luzhoulaojiao liquor is being produced for more than040
years. It is made from sticky (glutinous) sorghum usingeah starter, and
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filling with rice husk. Itis strong mellow type with maim@ama component of
ethyl hexanoate. It is cool and refreshing, with strong lepfragrance.

Vinegar

Vinegar is a traditional condiment in China. In southernil€h edible vinegar
iIs made from sticky rice. In the north, edible vinegar isualdy made from
cereals. Sorghum is one of the best raw materials. Songhvinegar is very
popular in northern China.

Kaoliang Yi (caramel)

Kaoliang Yi is caramel made from sorghum starch and sudtars a traditional
sorghum food.

Alternative commercial products of sorghum grain

Chinese sorghum beer

Chinese sorghum beer was first made with sorghum as main material in

the Institute of Sorghum, Shanxi Academy of Agriculturatiéhces in early
1980s based on traditional technology for barley beer.iAm acid content in
sorghum beer is higher than common beer, especially lysioetent, which is
30% higher than common beer. Total sugar and lactoflavimteats are same
as common beer, with flavor typical of common beer.

Popped food

Popped sorghum is a newly developed food in recent yearsspgCand popped
sorghum made with special popping machine is popular.

Sorghum pigment

Sorghum pigment (red) is chemically a derivative of flavelnke compound,
whichis anatural pigmentwith no toxicity or flavor. Udllyaitis ared powder
or lumpy solid, and can also be processed into liquid ore@as needed. It can
be dissolved in water. Sorghum pigment can be widely used dokoring

processed meat and fish, soybean products, cake, drindendy, medical
capsules, etc.
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Potential for commercializing alternative sorghum
grain products

Sorghum beer

There is a great potential for the development of sorghunerbeBeer is
becoming increasingly popular in China with the improvemeaf living
standard. But in recent years, barley, mainly importédés been used in beer
production. The cost of beer production is increasing,ieth has affected beer
market. Research has shown that sorghum can substituteyyakleeping flavor
similar to common beer but with higher nutrition. Sorghusmmmuch cheaper
than barley, so it could be predicted that sorghum beer wlobhave a great
potential in the future.

Sorghum pigment

Sorghum pigment has been wused in food industry and paraoceddi
industry. Because it can be produced with simple technologthhe

production cost is relatively low. Sorghum pigment is atural product

with no toxicity and no side effect. So it is more populamthartificially

synthesized pigments.

Institutional alliances necessary for technology
up-scaling

Because sorghum has not drawn as much attention as rice alndaty
institutional alliances become more important for reséaand technology up-
scaling. In China, an institute alliance has been formetesi 1960s. Research
fund mainly comes from the government, with a limited poopion coming
from industries. Fund shortage has affected the routineeaech work on
sorghum.

Because sorghum is not as popular as rice and wheat, and seec
companies are reluctant to manage sorghum seed, it is asy €or farmers
to get new sorghum varieties or relevant technologies tlaa¢ desired.
Sometimes research results cannot meet requirements ioeny. So it is
necessary to establish a coalition of research institutgggoducers and
processing companies.
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Significance for improved livelihood and income
generation

In the past, sorghum was grown mainly for staple food. Buwtwnit is an
important industrial crop and people consume it as healidhod. Although it
IS not as popular as rice and wheat, it still plays an impot role in the
improvement of livelihoods of farmers in the arid and seamid areas.
Sorghum has even become an economic mainstay in some sor@roming
areas.

In recent years, local governments in some regions havech&té much
importance to sorghum production due to its high yieldsiseance to drought,
and higher price than maize. For example, in Wanzhou rdcstand Jiangjin
city, Sichuan province and Xinzhou district, Shanxi proge, the local
governments have put sorghum production on their work ndge But
sorghum production is far from what it should be. To pramoits
development, wide international cooperation is needed bireeding, crop
production and developing new products.
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Alternative Uses of Cereals - Methods and
Feasibility: Pakistani Perspective

SR Chughtai, J Fateh, MH Munawwar, M Aslam and HN Malik !

Abstract

The six cereals produced in Pakistan are wheat, rice, maize, sorghum, millet and
barley. Wheat is in the leading position while sorghum and millet rank fourth and
fifth, respectively. Sorghum and millet contribute 3% in area and less than 1 % in
total cereal production. In the dryland areas, however, they are the leadingfood and
fodder crops. Sorghum production remained unchanged while its area slightly
declined in the last two decades. Millet area and production also slightly declined.
The yields have shown marginal improvements. Sorghum is mainly consumed as a
food grain (87%) while only 5% of it goes into feed. Sorghum is the most important
summer fodder crop with increasing importance in the irrigated areas near towns.
Millet is also an important fodder crop specially in the dryland areas. About 45% of
millet is used in human food while about 50% is used in rural poultry and cattle
feeding but not in commercial poultry rations. Both the commodities are utilized at
the village level and are not industrially processed, and thus have no alternative
uses. The fodder utilization of both can be improved further provided ensilage is
adopted by the rural farmers. With the current level of production and utilization in
Pakistan, there is not much scope of industrial processing and non-conventional
utilization of sorghum and millet in the near future. They will continue to play a
significant role in fulfilling the food, feed and fodder requirements in the dryland
areas. Therefore, they deserve more attention by researchers, extension workers and
policy makers.

In Pakistan, six cereals are produced. WheS@iticum aestivum)is in the
leading position followed by rice(Oryza sativa) and maize Zea mays)
(Table 1). Sorghum Sorghum bicolor) and millet rank fourth and fifth,
respectively. In the semi-arid regions, these are the miomsportant staple
foods. Because of their ability to grow in harsh enviromth® where other
crops do not grow well or produce poor yields, they wilbndinue to
significantly contribute to the household food securitydamutrition of the
inhabitants of these areas. These crops are still the gpiaml sources of
energy, protein, vitamins and minerals for millions dfe poorest and the

1. Institute of Field & Horticultural Crops, National Agridwral Research Centre,
Islamabad, Pakistan.
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Table 1. Area, production and yield ofthe cereals grown in Pakistan in 2002.

Share in Share in

Area total Production total Yield
Cereal ('000 ha) area (%) ('000 1) production (%) (kg ha')
Wheat 7983 67.39 18475 69.86 2314
Rice 2040 17.22 5776 21.84 2831
Maize 992 7.95 1664 6.29 1766
Sorghum 357 3.01 222 0.84 632
Millet 417 3.52 216 0.82 531
Barley 107 0.90 92 0.35 860

Total 11846 26445

most food-insecure people in these areas. Therefore, rompments in
production, utilization and otheraspectsof these poor people'scrops will

significantly improve the livelihood of many smallholdeariners in the low
rainfall and drought-affected agro-ecoregions in Pakmastand other similar
regions. This paper presents an overview of the productamd utilization of
cereals in Pakistan with special reference to sorghum andlemni It also
reflects on the alternative uses ofthese cereals iniRRaR.

Area and production trends

Like many developing countries, the available data on duotion and
utilization of sorghum and millet in Pakistan are less aata because these
are primarily grown in outlying areas as subsistence crofkso, in the hot
and dry agro-ecoregions, they are grown as dual-purpospsir where both
grain and stover are highly valued outputs. This furthermpbicates the
situation making it even difficult to accurately recordetigrain and fodder
production of these two crops. Because of their least cdrution in total
cereal production, no specific surveys have been conducted accurate
estimation ofthe area, production, productivity andligation.

Sorghum, locally known agowar, is an importantkharif (rainy) season
crop grown in most districts south of latitude 34° N. It isrpicularly
important in the districts of DG Khan, Rahim Yar Khan, Rawindi, Attock
and Jehlum (Punjab); Sukkar, Khairpur, Dadu, Nawabshamd Sanghar
(Sindh); Nasirabad, Lasbela, Kacchi, Kalat and SibbialBchistan); and DI
Khan, Bannu and Kohat (NWFP) (Kambal 1988). Grain sorghwumgrown
on 375,000 ha of land with a total production of 222,000ntdaan average
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yield of 632 kg ha' (FAO 2002). Sorghum production in Pakistan has tiky
remained unchanged during the last two decades (Fijg. During the same
period, sorghum area has declined from 390,000 to 350,0@. Sorghum
yields have shown signs of marginal increase from 56%2& kg ha* in the last
two decades (Anonymous 1981-2002).

Millet is grown in Pakistan on an area of 417,100 hajthv a total
production of 216,400 t, and a yield of 519 kg haFig. 2) (FAO 2002).
Millet in Pakistan is a dominant crop in the districts ofidrparker, Sanghar
and Hyderabad (Sindh), DI Khan and Karak (NWFP); DG Khaargodha
and Rawalpindi (Punjab); and Kacchi, Sibbi and Gowadd&al(ichistan).
During the last two decades, millet area and producthmve shown a slight
decline from 438,000 to 418,000 ha and 220,000 to DD®, t, respectively.
The yields during the same period slightly improved fird02 to 517 kg hd
(Anonymous 1981-2002).

The contribution of both sorghum and millet towards dbtcereal
production in Pakistan has been progressively decrgasihhis is in contrast
to annual increases in the area, production and produtyi of other major
cereals, ie, wheat, rice and maize (Fig. 3) (Anonymou®81-2002).
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Currently sorghum and millet, each contribute about 3%tlod cereal area
and slightly less than 1% of cereal production (Table 1).

Thus, with marginal yield improvements and slightly dedhg areas,
the total production of sorghum and millet in Pakistanstagnant. Due to the
improvements in the competing crops especially maize, durotion of
sorghum and millet is shifting to more marginal areas whesubsistence
nature of these crops further limits the improvement production.
Production and productivity of sorghum and millet arekdly to improve in
the near future in Pakistan, until and unless more effoots research and
extension are made. The trend has to be changed in the pesdirvection if
the food security and nutritional levels and the livelgofthe small poorest
farmers in the hot and dry agro-ecoregions of the countrg dao be
improved.

Utilization

Cereals are mainly used as human food in Pakistan (TableC2)yeal grains and
green and dry fodder are also used in livestock feeding.

Human food

Wheat is the most important cereal in Pakistan becausis ithe staple food
and is the largest cereal crop in terms of its productidme average wheat
consumption as food was 10 milliontin 1981-85 and increate 19 million
tin 1995-2000. The overall growth rate of wheat (1981-200n food was
4.28%. About 91% ofwheat is used for food while the remaghB® is used
for feed and other uses (Table 2). Per capita consumption wbfkat
progressively increased from 113 kg in 1981-85 to 144 kgl1895-2000
(Anonymous 1981-2002).

Food consumption of maize in Pakistan was 57,000 t in 1-8%1which
increased to 907,000 t in 1996-2000 with an overall growaherof 2.97%.
Per capita consumption of maize increased from 6 kg in 1-8% to 7 kg in
1996-2000 (Anonymous 1981-2002).

Food consumption of sorghum in Pakistan was 190,000 t ir8B11-85
which slightly increased to 200,000t in 1996-2000. Thershaf sorghum in
food almost remained stagnant (86-87%) during the ptagb decades but
has recently declined (-2.54). Consequently, per capitaasaamption of
sorghum decreased from 2 kg in 1981-85 to 15 kg in 1996-2000

214



Table 2. Consumption (‘000 t) of cereals in Pakistan.

Year Total Food (%) Feed (%) Others (%)
Wheat

1981-85 11283 10051 (89.08)* 231 (2.05) 1001 (8.87)
1986-90 13582 12248(90.18) 260(1.91) 1074(7.91)
1991-95 16607 15086(90.84) 314(1.89) 1207 (7.27)
1996-2000 20739 18915(91.20) 385(1.86) 1438(6.93)
Growth rate (%) 4.22 4.28 3.41 2.10
(1981-2000)

Maize

1981-85 988 570 (57.69) 197(19.94) 220 (22.27)
1986-90 1126 662 (58.79) 226 (20.07) 238(21.14)
1991-95 1226 722 (58.89) 244(19.90) 260(21.21)
1996-2000 1565 907 (57.96) 344(21.98) 314(20.06)
Growth rate (%) 2.90 2.97 3.45 2.27
(1981-2000)

Sorghum

1981-85 220 190(86.36) 11.2(5.09) 19.2(8.73)
1986-90 229 198(86.46) 11.4(4.98) 19.4(8.47)
1991-95 235 204(86.81) 11.8(5.02) 19.2(8.17)
1996-2000 231 200 (86.58) 11.6(5.02) 19.0 (8.23)
Growth rate (%) 0.47 0.48 0.31 -0.46
(1981-2000)

Millet

1981-85 250 107(42.80) 125(50.00) 19.0(7.56)
1986-90 206 87 (42.23) 103(50.00) 15.8(7.67)
1991-95 181 76(41.99) 91 (50.28) 13.8(7.62)
1996-2000 178 74(41.57) 89 (50.00) 15.0(8.15)
Growth rate (%) -2.0 -2.2 2.11 -1.5

(1981-2000)

1. Percentage values are given in parentheses.

(Anonymous 1981-2002). The traditional use of sorghuffour for food
purposes is mainly in the form abti or chapati (unleavened flat bread). It is
estimated that as in India (Murty and Subramanian 1982)uab00% of the
sorghum grown in Pakistan could also be used for makratg

Sorghum flour can be blended with wheat flour up to 10%tmaut
seriously affecting the baking quality of the composite Uto Such blending

could help in easing the food situation in the countagd help to save the
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wheat for export purposes. In parts of Sindh and Punjadbrgbhum grains are
popped and sometimes mixed with raw sugar and used as sna€ksmli{al
1988).

Food use of millet in Pakistan was 107,0001 in 1981-85 andliched to
74,000 tin 1996-2000 (Table 2). The share of millet as foadgred from 42
to 44% of its total consumption during the past two decadeke per capita
consumption of millet has significantly declined from 1.2 kn 1981-85 to
0.4 kg in 1996-2000 (Anonymous 1981-2002). Sorghum and letilare
both used by the rural community as part of their food. Ardase in the per
capita consumption may be due to the preference of peopléakistan to use
more wheat in their diets.

Animal feed

Wheat, maize, rice, sorghum and millet are basically growar human
dietary needs but they are also used as animal feed. Befloeedievelopment
of commercial poultry feed industry, the grains of theseops were
basically used to feed livestock and rural poultry. Howevewith the
advancement of poultry industry, the grains of these croge being
effectively utilized as ingredients of commercial rateomore precisely in
the poultry feed. Maize grains arc used up to 40% in the powlrations.
However, when the maize price increases it is substitutatthwother cereal
grains or their byproducts. Wheat is also used in poultrediemg and in
commercial dairy farming system. However, wheat use inufdoy feed
formulations does not exceed 15% because it has adversectsffon egg
laying. Sorghum is used up to 5% level in commercial poultegd. Millets
are not used in commercial poultry feeds but are used fordivek feeding.
Although milled rice is not incorporated in the livestock dampoultry
rations, its byproducts (rice bran, rice tips, rice pdl) are utilized for
commercial poultry and livestock feeds.

Since the development of livestock and poultry feed indiedr in
Pakistan in the mid-1970s, the annual use of cereal gramn feed increased at
a rate of 2.53% and their byproducts at a rate of 3%. Althlowmgheat in feed
represents a smaller proportion (2%) of its total produatiat is still the
largest cereal grain utilized for this purpose (Table 3)hé&¥%t grain used for
livestock feed was 231,0001 in 1981-85 and increased to @86,t in 1996-
2000 at an annual growth rate of 3.41%. The projected fesee of wheat in
2010 is 654,000 t.
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Table 3. Utilization ('000 t) of cereal grains in livest ock feed in Pakistan.

Year Wheat Maize Millet Sorghum Total
1981-85 231 197 125 11 564
1986-90 260 226 103 11 600
1991-95 314 244 91 12 661
1996-2000 385 344 89 12 830
Projected 2010 654 489 89 11 1243
Growth rate (%) (1981-2000) 3.41 345 2.11 0.31 2.53

Maize is the second most important cereal in livestock feedPakistan.
Utilization of maize in feed was 197,000 t in 1981-85 and sBwged to
344,000 tin 1996-2000 (Table 3). The average annuawgtth rate of maize in
feed (3.45%) is the highest among the cereals. Its pragédademand for feed is
489,000 t for 2010. Maize in livestock feed is used up to 22% its
production. Currently, in poultry feed rations, the carecomponent is
composed of 40% maize, 40% rice (byproducts), 18% whamad 2% sorghum
with no millet and barley(Hordeum vulgare)included in commercial poultry
rations (M Sadiq, Sadig Brothers Poultry, Rawalpindi, kiBaan, personal
communication).

Millet is the third most important cereal in livestock feen Pakistan.
The use of millet in feed shows a constantly declining trend 1981-85,
125,000 t of millet was used in feed while in 1996-2000 onl9,B00 t was
used (Table 3). It is estimated that the usemaflet in feedwill notincreasein
future. Thus, the projected demand for millet in feed is B®Q t for 2010.
The use of millet in feed is very conventional, and for thestltwo decades
50% of the millet produced has been utilized for this purposteis a major
contributor in the feeding of rural cattle and poultry tbit is not used in
commercial poultry rations. In Pakistan, millet is the stopopular bird seed
commonly fed to pet birds.

Sorghum grain has been conventionally utilized for livesk feed.
However, a very small portion ofthe total sorghum produabdout 5% or less)
goes into the feed. The average sorghum consumption in fesed 11,200 t in
1981-85 which slightly increased to 11,600t in 1996-2000thvian average
growth rate 0f0.31% (Table 3). Also, the projected slough demand for feed
for 2010 is only 10,500 t which is slightly less than its camt utilization.

Among the industrial byproducts of cereals, wheat anderbrans, rice
tips and polish, maize oil cake and gluten 20% and gluten 6% used in
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livestock and poultry feeds (Rasool et al. 1996). Thse uof all these
byproducts has been increasing at an average annual growate of 2 to 3%
since early 1980s. This trend continues and with inceeds industrial
processing of these major cereals, the utilization of thyproducts is
expected to increase. In case of rice, only the indiedtbyproducts and not
the grain itself are used in livestock and poultry fe@doducts. Since
sorghum, millet and barley are currently not industfya processed in
Pakistan, their byproducts are not likely to be utidikzin the feed industry in
near future.

Animal fodder

The stover of sorghum and millet, after the harvest odigs, is used as a
dry fodder, particularly during winter when feeds anesually scarce.
Stover represents up to 50% of the total value of thepsr and its value
and contribution increases in drought years. The petaga of the total
area of sorghum and millet devoted to fodder productiiesnnot known.
According to some estimates (PARC 1977), at least 50%thaf irrigated
and 25% of the rainfed sorghum area is harvested for foddefore the
grains are formed. However, it is generally believedwdhat the area
harvested for fodder is increasing rapidly, particularhear towns. In
addition, both these crops are specifically grown foroduction of green
fodder. In fact, sorghum is the most importarkharif fodder crop in
Pakistan and its fodder utilization is increasing pauliarly in irrigated
areas near towns (Table 4).

Table 4. Area, production and yield of  kharif fodder crops in Pakistan.

Share in Fodder Share in Fodder

Area total production total fodder yield

Crop ('000 ha) area (%) (000 t) production (%) (t ha™)
Sorghum 515 35.85 7877 39.08 15.29
Millet 105 7.36 758 3.75 7.21
Guar 311 21.67 3545 17.58 11.38
Maize 48 3.34 961 4.76 19.96
Moth 1 0.10 17 0.10 12.15
Others 45 31.68 6997 34.71 15.37

Source: Coordinated Programme on Fodder Crops, National Agricultural Research Centre, Islamabad, Pakistan.
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Large quantities of maize, sorghum and millet crop resglare available
in Pakistan, which are of good nutritive value and can betérutilized by
ensiling. However, the technology of making silage is curtlg not in practice.
Agro-industrial byproducts are important sources of prnoatsupply but their
availability is limited and a major part is used in poultiged industry.

Forage sorghum hybrids have yielded up to 78% higher greeddér and
75% higher dry matter than the improved open-pollinatediefar (Hussain et
al. 1996). Improved varieties of sorghum yield up to thrieméd higher than the
local variety (Rasool et al. 1996). However, these etéids and hybrids could
not be extended to the farmers who still grow the convemaiolow-yielding
local landraces and varieties.

Alternative uses

Wheat, maize, sorghum, millet and barley are used for fobekd and other
purposes. The byproducts from wheat and rice are mainly usedivestock
feeding and also in poultry feeding. Maize is processed wet milling
industries basically to produce starch for textile indusst The other major
products are liquid glucose and cooking oil. Among otheogucts, maize oil
cakes and gluten are used in commercial poultry rations amdlivestock
feeding. Sorghum and millet are both utilized at the vidalgvel and thus no
byproducts are produced. The contribution of cereals imesitock feeding
over the last twenty years ranged from 6 to 9% while in poulfteed it ranged
from 31 to 34%. Thus, cereal grains are used more in poultrgd$s than in
livestock feeds. The contribution of cereal grains espdgiamaize in
commercial poultry feed is expected to increase since withplioving
incomes and lifestyles, the poultry industry is going toutosh in future at a
rate of 4.5% annually. The ruminant feed consumption in iP@n is
projected to increase annually at a rate of about 7.0% by020However, the
contribution of cereals in ruminant feeding is projected decline to about
2% by 2010.

Very insignificant amounts of millet are used in bakery guats in
combination with other cereals. With improvements in ftoprocessing of
sorghum and millet, their non-conventional utilization human food, pet
foods and health foods may be initiated. However, curtgntnon-
conventional food utilization and industrial processimg these cereals are
not feasible.
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Alternative Uses of Cereals - Methods and
Feasibility: Thailand Perspective

Prasit Jaisil *

Abstract
Methods and feasibility on alternative uses of sorghum in Thailand are discussed.
The use of sweet sorghum for ethanol production is proposed. As sorghum is one of
the most efficient crops in terms of producing fermentable sugars as well as grain, it
is one of the most ideal crops for the simultaneous production of energy and food.
Technology for ethanol production adapted from the sugarcane industry can be
utilized almost directly to produce ethanol from sweet sorghum. Comparative
studies on various raw materials available in Thailand for ethanol production are
analyzed. Minor uses of various types of sorghum are also discussed.
Sorghum (Sorghum bicolor)is an important cereal crop grown in Thailand and
ranks third following rice (Oryza sativa) and maize (Zea mays). It is
cultivated for its grain and primarily used for animal feed. In 2002, total
production of sorghum in Thailand was 300,000 t from an apdaabout
160,000 ha; the yield was about 1,875 kg'*hg'FAO 2002).

There are four classes of sorghum commonly grown in Thadlan
grain sorghum, fodder sorghum, sweet sorghum and broomcoMajor
emphasis is on grain sorghum production. This paper fosusan the
alternative uses of sorghum as a renewable resource fdhamol
production and the potential of growing sweet sorghum asaaternative
cash crop for Thai farmers. Other uses of various types ofghum are
also discussed.

Direct use of sorghum grain

In Thailand, sorghum grain is primarily utilized for the #&stock feed
industry. However, high tannin sorghum grains are noti@#ntly utilized by

monogastric animals. Vast quantities of sorghum stovereha high potential
for use as ruminant diets to maintain live weights during tdry season.
However, the utilization in this form is still very low in Bhland because a
large amount of rice straw is available for beef and daiaynfers.

1. Department ofAgronomy, Faculty ofAgriculture, Khon Ka&niversity, Khon Kaen 40002,
Thailand.
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Sweet sorghum as a source of fermentable sugars
for energy

Sweet sorghum has a long history of cultivation in Astayrope and America.
Recently, high-sucrose sweet sorghum cultivars have nbel®eveloped with
potential as a sugar crop. Because of the rapid ineeascrude oil prices that
occurred during the 1970s, sweet sorghum has been ingatdd as a potential
source of fermentable sugars for ethanol fuel productidmis is because of
the crop's high sugar content and biomass production, ewgeographic and
climatic adaptation, and relatively low water and fi¢ider requirements
(Nathan 1978). It has been grown for making sweet syimuphe United States.
It is also suitable for feeding to animals as forage, ®Elagqd hay.

Despite the long history of cultivation in many courds, little attention
has been paid to sorghum in Thailand because of its minepnemic
importance, and there has been little improvement maide this crop.
Although many promising varieties of sweet sorghum h&een introduced to
Thailand more than 20 years ago, their utilization is Istimited.

Following the energy crisis of the world, which started 1973 when the
petroleum cartel OPEC (Organization ofthe Petroleurp&rting Countries) in
Vienna, Austria initiated a series of price increasex dater mounting political
instability among several OPEC members, much emphasss heen placed on
alternate and renewable energy resources and energyeperdence. In the
developing countries, one alternative to the energisis is the production of
bioenergy from biomass. Ethanol is an appropriate ralae¢ive fuel.

Traditionally, ethanol has been produced mainly fronugarcane
(Saccharum officinarum) molasses. Sweet sorghum provides grain from the
panicles and sugar (and hence ethanol) from its stalkse bagasse is an
excellent fodder for animals. Thus it provides food, fueend fodder. No other
crop yields all these products together.

Recently, the Thai government promoted the use of gaso(gasoline +
10% of 99.5% ethanol) and also tried to promote the w$ diesohol (diesel
+ 10% ethanol) in the future. Daily domestic consumpti@n20 million L of
gasoline and 55 million L of diesel imply the need féwuge quantity of
ethanol. Mixing 10% of ethanol in both gasoline andeskl results in the
requirement of 7.5 million L day of ethanol.

Of the raw materials, ie, rice, cassavéManihot esculenta), sugarcane,
molasses and sweet sorghum for producing ethanol inilama, only cassava and
molasses were cost effective (Table 1). Use of cassama@ molasses as raw
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materials for producing ethanol can generate more medhan selling as cassava
chips, cassava pellets and raw molasses. Productiomrtbénol from rice and
sugarcanevill decreasdhe value ofthe crops. Selling rice asdgarcanéan terms
of grain andsugarwill generatemore income than usinthesetwo crops as raw
materials for producing ethanol.

It is impossible to use all exported cassava and nedasfor producing
ethanol because of competition with permanent marke¥lany experiments
on sweet sorghum production have been done at Khon K@derversity, Khon
Kaen, Thailand. It is already proved that sweet sorghsnome of the suitable
crops for use as an energy resource. It can grow in aewiahge of geographical
areas. It has a production capacity equal or superiosugarcane. It is a short-
maturing crop and at least two crops per year can be pceduunder rainfed
conditions. It has a potential for low unit costs becauseequires less water
and fertilizer than sugarcane.

On-shelf technologies

Ethanol from cassava and molasses has been produceiddhnuns at the Thailand
Institute of Science and Technology, Bangkok about yZars ago. Recently, the
Thai government announced the new policy on energye TNhiational Ethanol
Committee approved eight ethanol production plants agd-scale for energy.
Sweet sorghum can be used for ethanol production byp&ithg the technology
available for sugarcane industry (Schaffert and Gourl382).
In Thailand, the normal harvesting period for sugarcame from

November to April while the proposed harvesting peribod sweet sorghum

Table 1. Analysis of cost effectiveness of various existin g raw materials for ethanol
production.

Production Export value Estimated ethanol Estimated value

(million t) (million production of ethanol? Difference’
Raw materials’ Domestic  Export US$) (million L) (million US$)  (million US$)
Rice 8.9 6.7 1783.8 2513 658.4 -1125.4 (-63.1)
Cassava 4.1 14.5 543.6 2610 683.8 140.2(25.8)
Sugarcane 15.9 36.6 833.3 2562 671.2 -162.1 (-19.5)
Molasses 14 1.0 33.3 260 68.1 34.8 (104.5)

1. One ton of rice, cassava, sugarcane and molasses yielded 375, 180, 70 and 260 L of ethanol, respectively.
2. Cost of ethanol = US$0,262 L™
3. Percentage values are given in parentheses.
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is from June to October with planting beginning at tbhaset of rainfall in
March orApril. In this casethe two crops supplement each other and when
used together increase the period of industrial oper@ati decrease the unit
cost of ethanol production, and increase the total amoafethanol that can
be produced by a distillery in one year. The same equapiis used to process
both sugarcane stalks and sweet sorghum stalks. Consdbyemnttie interest is
given to the superior productivity of sugarcane or sweerghum. However,
the economic production of both sugarcane and swesigbum are considered
important.

Sweet sorghum productivity and quality

Sweet sorghum is a relatively unknown crop in Thailand.is considered an
underutilized crop and never grown as a commercial crepw researchers work
on this crop. At Khon Kaen University, some improvediedires of sweet sorghum
introduced from the International Crops Research Ind@tdor the Semi-Arid
Tropics (ICRISAT), Patancheru, India and USA yielded-62 t hd.

The quality ofjuice from sorghum is usually slightly ierfior to juice from
sugarcane. Two types of sweet sorghum have been devdlopEl) syrup
varieties which contain invert sugars in the juice trrepent crystallization; and
(2) sugar varieties which contain mostly sucrose andyviettie invert sugars in
the juice for crystallization. Both types of sweet sorghproduce ethanol. But
good types that produce ethanol need not be associateth high sucrose
purity ofthe sugar types or the quantity and qualitysgfup produced per ton
of stalks of the syrup types. The total amount and extractof total invert
sugars (fermentable sugar) is important for ethanol protdon.

Economics of producing ethanol from sweet sorghum

The Thailand Ministry of Industry reported the produeh costs of ethanol in
various raw materials (Table 2). Based on productiostcamnly cassava, sweet
sorghum and molasses are the most suitable raw materfalr producing
ethanol. The production costs should not be higher thd®§$0.15 L*
otherwise it cannot compete with the fossil energy.

Significance for improving livelihood and income gener ation

Sorghum grain is mainly used in Thailand for animal feegl In 2002, the
production of sorghum grain was 300,000 t, valued US898illion at farm
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Table 2. Estimated production costs of ethanol from various raw materials.

Cost of raw Ethanol yield Production cost of
Raw material material (US$ ) (L th ethanol (US$L™)
Molasses 37.5 260 0.144
Sugarcane 14.6 70 0.209
Sweet sorghum 10.0 70 0.143
Cassava 25.0 180 0.139
Maize 87.5 375 0.233
Rice 200.0 375 0.533

Source: Modified from Thailand Ministry of Industry (2001).

level. Although it gave less value compared to rice and maithe crop is
drought tolerant, has very good adaptability and can grownmarginal lands.
Thesetraits will be of great benefit to the poor farmers in dayeas.However,
an alternative use of sorghum grain as human food is very lasThailand
because rice is still surplus.

The energy crisis, which started in 1973, initiated theeegence of
bioenergy. An integrated food, feed, biofertilizer andeegy production
system using sweet sorghum may be an economical and &bgiesponse for
energy production. At present, sweet sorghum is not proetl by the Thai
farmers. After the establishment of eight approved ettlaproduction plants,
sweet sorghum has very high potential for use as a raw makeidn this case,
we estimated at least 40,000 ha of planting area could predl.8 million t of
fresh stalks which valued about US$19 million at farm level.

Minor utilization of sorghum

Sorghum panicles as ornamental flowers

According to Thailand policy on generating income for ThHarmers through
the promotion 'One Tambon One Product' (Tambon compriseany

villages), sorghum was included in this project. Valuedaidon of sorghum

panicles (heads) can be done by making ornamental floweksed et al.

1995). Sorghum panicles are cut at 5 days after flowerinlgied at room

temperature for 1-2 weeks, bleached in 50% hydrogen pe®xsolution for

10 minutes and dried again for 1-2 weeks. The panicles aentllyed with

different colors. Sorghum panicles as ornamental flosvemn generate more
money than selling grain.
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Broomcorn

Broomcorn is grown almost entirely for the elongated hola@s to the panicle,
which are used for the manufacture of brooms. The crop iewgr on a small
area. The price of the brooms depends on how beautiful,ovative and
creative the products are. The brooms are usually exported

Using sorghum grain as fungal medium for mushroom
production

Mushroom producers in Thailand prefer to use sorghumirgras the fungal
medium stock. Mushroom can grow very well on steamed sorghgrain.
Sorghum plays an important role in mushroom productionncsi a large
amount of grain is used.

Forage sorghum

Forage sorghum also offers great potential for supplemmegtifodder
resources and a great opportunity for producing both geilaand hay.
However, very few researchers work on forage sorghum in Tdrad. There
iIs only one seed company which promotes forage sorghumaisiSudax’
(sorghum X sudangrass) as a commercial hybrid. This comypalso promotes
pearl millet (Pennisetum glaucum)as a fodder resource. However, the
utilization of forage sorghum and pearl millet is limitednee they face high
competition with forage grasses, cassava and maiZea( mays).

Conclusion

Although sorghum production in Thailand is low compared thexr cereals (rice
and maize), it has very high potential to expand productiSmweet sorghum as an
energy source is the most attractive for alternative uskesorghum. If the large-
scale production of ethanol for fuel from sweet sorghum dmees a reality, the
future ofthe cropwill be bright. Itwill producereasonableyields of ethanol per
hectare on marginal lands with minimum production costg. pkesent, we use
surplus crops as well as divert some ofthe current cropdpiction to ethanol fuel
programs. Future programs will bring new marginal landsoiptoduction of sweet
sorghum though theareawill be verylesscompared to that of other industrial
crops. Research on sweet sorghum breeding, cultural practmprovement and
the process for ethanol production are urgently needed.
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Strategy for Commercialization of Sorghum

IR Nagaraj®

Abstract

The paper discusses the need for a business model for commercialization and
recommends the use of 'Product centric’ and ‘'Value chain' approaches to enhance
impact of technologies. The possible derivatives of the sweet stalk sorghum are
used to describe the stages in product development, the use of tools to analyze the
cost-benefits and the steps for building a value chain to create alternative

livelihoods for the poor in the semi-arid tropics.

There is a great opportunity for R&D centers, working time development-
oriented programs, to adopt the business model for contiedization for
enhancing impact of improved technologies. Two suchib®&ss concepts are
discussed in this paper: (1) Product centric approachd g8) Value chain
approach

Scientists work on solving problems related to cropsod, nutrition and
poverty and roll out products or technologies that canphsolve the target
problem. These products include high-yielding, drougbt pest resistant
varieties, analytical reports and policy guidelines pmoblems of the poor. In
many instances though these are referred to as proguct real sense they
may not qualify as 'products’' when commercial rules arelagd.

Characteristics of a product

Inthe commercial parlance, a product is one that providdangible value and
also provides a satisfying experience to the customir.today's context of
customer-driven markets both have to co-exist in a duot.

For every product the customer provides a feedback. Thaeetwo types
of feedback: (1) 'sales-feedback' for the product; ad {(profit-feedback' for
the enterprise. High sale indicates that the customeedikhe product. The
second element of feedback, ie, profit, is a recognitfonthe effectiveness of
the product. Higher profiis a result of higher satisfaction ofthe customer due
to the high effectiveness of the product.

Now let us apply this principle to our work in developnmeof new
varieties of crops. When varieties are released, raté extent of adoption is the

1. ICRISAT, Patancheru 502 324, Andhra Pradesh, India.
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equivalent to sales feedback. Large-scale adoption ofaaiety indicates the
preference of the farmer to the crop. If this large-scaldoption and the
effectiveness of the variety bring higher yields and fpr® to the farmer, then
that is the feedback on improvement in livelihoods. Thsseiquivalent to the
feedback of profit for commercial products discussed liear Scientists
producing new varieties with unique traits should pondare we successful in
commercializing the products we create to enhancelitielihoods of the poor?
Though there are some success stories of commercialonatthere is
scope for improvements. Adoption ofthe product ceataipproach and value
chain approach in product development for commercialiaa can enhance
the success rates. The ultimate objective of any prdduevelopment
initiative is creating competitive advantage for theopwuct. This can be
achieved in two ways; provide a higher value than the pemng products
(variety) for the same price. Alternatively, provide tlsmme value of the
competing products at lower costs than the competingdurat or variety.

Product development

A system approach to product development will be a veffective method to
tackle all the dimensions of product development and itmpact in the
market. A product development process model is given Figure 1. All

product development processes are linked to the missad the organization
or an objective of the program. At each of the stages frphanning to

production ramp-up, we have to do sensitivity anddeaoff analysis to help us
in moving forward or to exit the product developmentctsy.

Congap
devalopmant

E® ECO ENEROEEG

‘ Go/No-go decision gates

. Sensitivity and trade-off analysis

Figure 1. Schematic representation ofa product develept process model.
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While all the components of the above process are impotf 'concept
development'stagewill be discussed in detail, as it is vemyitical for the
success of any product.

Who is the customer?

Traditionally, we target the farm community as our coamtr. It is perfect as
long as the consumption ofthe product is at the faemell. If our objective is
to create a livelihood value, then the product we prbevito the farmer is only
an inputin the value chain, as the produce will be teddo reach the ultimate
customer - the consumer.

The challenge in commercialization is to identify mupie customers
along a value chain. The interesting aspect of a prodiscthat the perceived
value (trait) by the scientist need not be the realizedue (higher yield) or
commercial value (marketability) to the farmer. Estislling the sync
between the perceived value, realized value and contmedr value is the
process for establishing a value chain for a product.

Case study of value chain model for sweet stalk
sorghum

Figure 2 expounds the model of value chain for sweet ssadkghum (Sorghum
bicolor). From this model, we can appreciate that there are mplayers with
different set of competencies and resources needed tddba value chain.
Building these types of value chains for the products weduce provides
greater chance of success in enhancing the livelih@bédhe poor. Establishing
such a coalition of partners and players requires carepudnning and
identifying the right segment and intermediate custome

The concept development process

Figure 3 indicates the various stages and processes requfor a successful
commercialization of a product. Here, we need to elaberéahe economic
analysis processwhich will help us to determine theiability of the product.
This process is also referred to as Business Case Asialyor Product
Economics. The most common method used is Net Presehnie/4NPV). The
process is explained in Figure 4.

230



Industry |
Objectives
Sugar and
alcohol from
sorghum
Research
Program Farm
iacti i Industry II
o MY
Mission Objectives Objectives Objectives
| Toenhance | | Enhance * Increase stalk/ Fine chemicals |
livelihood | commercial traits Elr'alr?glelgr ' and syrups from
| in sorghum . C(;% tenLtJ?n sorghum
' | stalk
f Comm'unity Industry I
Objectives Objectives
Save organic
fuel, clean
environment

Figure 2. A model value chain for sweet stalk sorghum.

There are two distinct time span stages in a product m@mcialization
process: (1) Development time; and (2) Payback timeurihg these two
stages money is invested for product development andkméeng. The pace of
investment, though high during development stage, svent later. When the
sales revenue surpasses the investment curve, opegapirofit is achieved.
However, net profit is achieved only when sales revenwss up and the
revenues cover all operating costs resulting in cashpkus.

Mason | ideniify E stntisnh Genersie Hesinct Tosl St ——
stmiseniont | cusipees 9 Dwpel produce product product il dewnatreum | esCOmant
| rmen spocifications | | concepts concepas) | | concmptis) apeciicafions dovalnpmany |—Eor s
F Parform economs: andadyss
Banchmark compatiiee products
Buikd and tes! moosis Bnd prototypes

Figure 3. Schematic representation of concept develofgnpencess.
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Figure 4. Product development cash flow.

The critical factor is to predict as closely as possibleetcurrent
investments, the future cost and the anticipated returihthe product and its
associated services. Both cost and time dimensions deitee the profitability
and eventual success of the product. Besides this the sienyi and trade-off
analysis will support the product development decisiorfor example the
social or political aspects ofthe economy where the pradiscto be deployed
can be well analyzed in the sensitivity analysis.

Conclusion

Where there are constraints for financial resources,idt important for
development institutions to adopt business models tonplalevelop and
commercialize products. The concepts and models deladva will provide a
better understanding for scientists working on intermatal public goods to
enhance the livelihoods of the poor.
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The Commercialization of Sorghum and Pearl
Millet in Africa: Traditional and Alternative
Foods, Products and Industrial Uses
In Perspective

DD Rohrbach! and AB Obilana 2

Abstract

Sorghum and millets are primarily grown as subsistence food crops in Africa. Less
than 5% of annual production is commercially processed by industry. The

expansion of agro-processing and industrial utilization depends on the growth of

per capita incomes and urbanization. However, for sorghum and pearl millet to be

competitive with alternative grains, gains are also required in farm productivity

and market efficiency. High marketing costs represent a particular problem in

many regions of Africa where market density is low and production levels are

unstable. Entrepreneurs need assistance in evaluating the trade-offs in using
alternative grain inputs. They also need more information about alternative

processing technologies and end uses of these crops. The varied experiences witl
sorghum and pearl millet commercialization that are evident in diverse regions of

Africa need to be publicized. A strategic framework of public and private sector

partnership is proposed as a basis for addressing these challenges.

Sorghum (Sorghumbicolor) and millets are major food crops in Sub-Saharan
Africa. The two grains account for 56% of the area plahte cereals in this
region, and 41% of cereal production. In comparison, maiZea mays)
accounts for 36% of cereal grain production. Ri¢@ryza sativa) and wheat
(Triticum aestivum) make up most of the remaining 23%.

Postharvest processing and utilization (PPU) of sorghamd millets are
major ingredients for food and feed security; and when dap@ropriately,
become a significant strategy for cash income and divecaifion oflivelihood of
people in the semi-arid tropics (SAT) of Africa. TogetheritWw increased
production and productivity, appropriate PPU responaand enhances market
demands within the different village/community-natidaegional level
continuum. Processing technologies and equipment fokizdtion of sorghum
and millets for several intermediate and end products $thdie appropriate to
the specific needs of consumers and processing industineAfrica. We have to

1. ICRISAT, Box 776, Bulawayo, Zimbabwe.
2. ICRISAT, PO Box 39063, Nairobi, Kenya.
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acknowledge the co-existence of these postharvest telognes at the three
socioeconomic levels: communal/cottage industry, thedimuwen scale/service
level, and the large industrial scale. The status ofé¢hB# U technologies varies
and at present more communal/cottage-level and mediualesindustries serve
the community and peri-urban needs. It is necessary foimusfrica to develop

from this scenario and tilt the balance of PPU towardsren@f medium- to

large-scale industries. Thiwill enhancethe growth of the industries and
increase quantity and quality ofend products as well ldasva R & D responses to
new innovations in the use of sorghum and millets.

In Southern Africa, the sorghum industry diversified frdme originally
common use in brewing opaque beer into products of mealurflothin
porridges, energy drinks and other cereal products. Hweve these are
product areas associated with other cereal crops likezmaand wheat. A
similar scenario of industrial change is now occurring \West Africa and
Kenya, and beginning in other countries of East and CelnAfaica (Tanzania,
Rwanda and Uganda). This diversification necessitatee development and
use of sorghum varieties and hybrids with appropriatepemies, acceptable
to both processors and consumers. It also pitched sorghmntompetition
with the commonly used cereals, maize and wheat in the argiThis
development now requires sorghum as a cereal crop toelkee@ and used for its
unigueness in developing or modifying technologies realetvto appropriate
products. Producers, consumers, processors and tradews lhmave to interact
more closely with market situations.

Throughout Africa, there is a huge resource of genetic mats and
expertise in sorghum and millet utilization. The huge maituand improved
genetic resources need to be identified and enhanced foquemess and end
use properties. An attempt at this started in the South&frica region in the
1980s, and earlier in the West Africa region. Some progresas reported
through databases generated on grain quality assessni@iitdana 1985, 1994,
1998, Okon and Uwaifo 1985, Gomez et al. 1997, Murtyaé 1997, Manful et
al. 2001). Expertise in sorghum and millet processing anidization also exist
and have beenreported in several publications (FIIR@6,9kafor and Aniche
1980, Aisien 1990, Bogunjoko 1992, Taylor 1992, 1993, San 1993, Daiber
and Taylor 1995, Nicholson and Taylor 1997, Ndoye 2001).

Available literature shows that expertise in posthartvesrocessing
technology and utilization lies with indigenous knowlga, small enterprises,
large-scale food and feed processors, research institiged universities.
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However, there is a major problem of information disseminat access and
retrieval for use. In Africa researchers have not been abledpitalize on the
available information regarding this expertise. This ischuse they are
scattered and buried in R&D reports with individuals in famgroups,
institutions, organizations and industries within couety and across the
regions of Africa. They are not shared, resulting in lettor no awareness of
such expertise. The situation must change if Africa is togpess in increased
production and commercialization of sorghum and millebhgaugh improved
postharvest processing and utilization science and tebdgies. There must be
linkages across the continuum of producers-processoaddrs/markets-
consumers for Africa to achieve these PPU objectives imarket-oriented
goal and environment.

Despite their relative importance in regional food systemery little
sorghum or pearl millet (Pennisetum glaucum)is commercially processed.
Rough estimates suggest less than 3% of Sub-Saharan As$riccdrghum
production is used in the formal food and feed industriesg ttemaining
>90% is traditionally processed into foods and beveragdsadustrial
utilization of pearl millet is rare.

The relative importance of these crops in Africa's tradntad food
systems suggests substantial opportunities should exisér their
commercialization. In the first instance, commercialopessing can provide
urban migrants from sorghum or pearl millet production e®pmwith a familiar
food product. As incomes grow, demamdll evolve toward moreprocessed
food products. In the longer term, the dominant share @fghum and pearl
millet may be consumed in Africa as animal feed.

However, many factorswill influence the level andspeed of this
transition. Industrial processing of the crops is curtlgnconstrained by low
and variable levels of production, high assembly and pssteg costs, and
uncompetitive grain prices. Further, many commercialaigr processors
remain unfamiliar with the use of these grains. They theregtion consumer
preferences for sorghum- and pearl millet-based food amedf products.
These grains must compete for attention with better-knowammercial
inputs such as maize, wheat and rice.

This paper reviews the traditional sorghum and pearl mtilpgoducts,
their commercialization and industrial utilization in Ata. It starts with the
status and development needs of processing and utiloaatiechnologies, and
provides a brief overview of available data on the curreamels of commercial
utilization of these grains. It then highlights producmnioand marketing
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constraints limiting the growth of industrial processin§everal strategies are
proposed, including strategic, public and private groéinmgtitutional
partnerships, for resolving these constraints.

Sorghum and pearl millet production

Accordingto FAO (Food and Agriculture Organization of tbeited Nations)
data (FAO 2003), Sub-Saharan Africa annually producesuabb8 million t of
sorghum and 13 million t of millet (Table 1). The publishe&&ta do not
distinguish between various species of millet. We estienthat approximately
87% of this is pearl millet, 10% is finger mille{Eleusine coracana)and the
remainder comprising fonio(Digitaria exilis) and teff Eragrostis tef), mostly
(ICRISAT and FAO 1996). This compares with the produatiof about 27
million t of maize, the closest cereal grain substitute imtlh production and
commercial processing systems.

Equal production areas are planted to sorghum, millet anaize. But
since maize tends to be grown in higher rainfall zones, fexd higher average
yields. Sorghum and millet yields tend to remain low be®atlsese crops are
mostly adapted to, and grown in drier, drought-prone ragio
Correspondingly, sorghum and pearl millet are better kmoas food security
crops.

The lack of a commercial market for sorghum and pearl millats h
discouraged investment in the development and adoptibnew varieties and
crop management practices. At least 5% of the sown areaooflsum is still
planted to traditional, landrace varieties. More tha@% of pearl millet area
sown in Sub-Saharan Africa is similarly sown to traditiowvakieties. Fertilizer
use on these crops is rare and many farmers do not even uskl@eamanure.
As a result, there has been virtually no growth in averageimgnaields of
sorghum and pearl millet in Sub-Saharan Africa during thetpa0 years.

Table 1. Area, yield and production of major coarse grain s in Sub-Saharan Africa,
1999-2001.

Crop Area (million ha) Yield (t ha) Production (million t)
Sorghum 21.8 0.8 18.1
Millets 20.0 0.7 13.1
Maize 21.0 13 27.2

Source: FAO (2003).
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On-shelf technologies

Postharvest processing begins with threshing of theimgr@emoval of grain
from panicle and separation from glume), winnowing andaaliemg (removal of
sand, stone and extraneous matter), followed by primareh{dling) and
secondary processing (milling and malting). For each dokske stages,
mechanical threshing and milling should be the norm. Handaft power
threshing, usually result in the grain becoming dirty amthtaminated with
sand and other microbes (like mold). Because sand and i@l
contaminants are difficultto eliminate, machinery candamaged resulting in
unpalatable and gritty food products, which could also haggins due to
molds. Each of these stages, except for winnowing and rdleg have
implications on genetic variation and grain quality of tharieties. These
varietal differences have been documented in grain qua#valuation data
generated in Southern Africa for pearl millet (Monyo B99and for sorghum
(Obilana 1994, 1998).

Grain quality parameters related to and of importance i@ pmocessing
technologies have been identified to include: grain hast water absorption,
flour yield (milling quality), tannin content, particle z8 index, pericarp
thickness, seed coat (testa), endosperm texture, kewre$ht, size and shape,
diastatic power, germinability and germination vigor (aHlated to malting
quality) (Gomez et al. 1997). Tables 2 and 3 show the graialgy traits in
different sorghum (database of over 500 samples) and Ipmallet (database
of over 100 samples) lines. The databases generated imcldata for both
improved and farmer varieties.

Recently, the importance of using appropriate equipmienprimary and
secondary processing for the promotion of sorghum prdduicn Senegal was
documented by Ndoye (2001). As much as there are sevgmgst of cereal
threshers, dehullers and mills manufactured in Europeg tissues of
processing technologies and equipment have to take a pewmspective for
Africa. This approach focuses on the use of successfatghum and millet
processing technologies and equipment, which have beercallp
manufactured to address the problems faced with using im@drEuropean/
American equipment. Problems with application of such maes and
technologies from the developed world include: high costry high material
throughput, high complexity, sophisticated maintenaneguirements and
lack of robustness (JRN Taylor, University of Pretoriagtria, South Africa,
2002, personal communication).

237



Table 2. Grain quality traits related to processing and utilization for different

types from Southern Africa.

Range of values

Grain trait White sorghums Red sorghums Brown sorghums
Testa Absent Absent Present
Hardness score! 2.6-4.8 1.7-4.7 1.4-3.8
Flour/milling yield (%) 72.60-90.82 69.23-88.20 64.20-86.20
Water absorption (%) 3.8-11.8 4.2-13.1 5.1-14.8
100-seed mass(Q) 1.57-3.88 1.44-3.32 1.25-2.95
Grain size? Medium to large Medium to large Small to large
Floaters (%) 11-85 23-100 55-100
Flour color®

Dry Agtron reading 68.2-82.5 59.5-76.8 50.7-72.1

Wet Agtron reading 48.8-63.6 32.2-55.4 24.4-48.8
Malting quality (SDU values) 14.68-73.34 15.90-72.62 28.28-74.17
Tannin content (% ce) 0 0.0-0.5 0.5-5.0
Crude protein (%) 10.9 10.9 10.9

1. Score on a 1-5 scale where 1.0—25 = soft, 2.6-3.4 = intermediate, 3.5-4.5 = hard, and 4.6-5.0 = very hard.
2. Grain size: Large = >4.00 mm, medium = 2.60-4.00 mm, small = <2.60 mm.

3. The higher the reading the lighter is the product color.
Source: Modified from Obilana (1998).

Table 3. Grain quality traits related to processing and

cultivars in Southern Africa.

utilization of some pearl millet

Grain traits

Range of values

Visual hardness score*
Proportion of floury endosperm
Particle size index
100-seed mass(Q)
Floaters (%)
Dehulling loss (%)
Milling yield (%)
Water absorption (%)
Size fractions?
Large
Medium
Small
Flower color (Agtron reading) (dry)

2.4-3.3
0.25-0.53
9.17-12.14
0.92-1.41
53-93
4.60-11.90
81.00-93.50
8.50-12.80

8.51-72.07
27.71-91.18
0.15-1.79
48.00-56.40

1. Score on 1-5 scale where 1 = very soft and 5 = very hard.
2. Large = >2.6 mm; Medium = 1.77-2.6 mm; Small = <1.7 mm.
Source. Modified from Monyo (1998).
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Threshing and dehulling process

To increase and diversify sorghum and millet utilizatiomechanical threshing
and dehulling has become the norm. We are aware ofesarachines that have
been developed or modified and put into use in Soubh&frica. In Namibia,
for example, an agricultural machine company manufacsusenall portable
petrol-powered pearl millet threshers. The same Namibcompany is trying
to modify a larger tractor Power Take Off (PTO) maize tdlrer for pearl
millet and sorghum. Modification is still continuing witheplacement of the
larger mesh screen in the PTO by a smaller screen of 6-meshm and the
thresher fan which is too powerful for the smaller grains.

Several threshing machines imported from developed ¢oes, specific
for threshing wheat, barley Hordeum vulgare) and oats (Avena sativa), can
also be modified for threshing sorghum and pearl millédlthis is already
happening in Zimbabwe. In Senegal, mechanical thresheade in France and
specifically adapted for pearl millet are used. Thesednfoed threshers range
in output of 300 kg R (small) to 1000 kg K (large).

Dehullers suitable for sorghum and modifiable for peanlillet are
manufactured in Botswana and Zimbabwe. The dehullemisnufactured by
the Rural Industries Innovation Center (RI1C), Kanye, t®®ana. The
throughput speed is 10 kg mih and 400-600 kg W. A significant
development with this sorghum dehuller is that it has beemmbined to a
hammermill by the RIIC to createa dehulling-milling package/chain teease
milling process and make it more time and cost effictieThe dehuller on its
own can be used for both commercial and service operation

For the purpose of adapting these dehullers to Westiédry it should be
noted that current dehulling technology is not yet veffficient for sorghum
and pearl millet. Research and development effort islstdeded to develop
a dehulling technology that removes the germ clean fromgéam and pearl
millet grains. The theoretical and scientific reasoninigehind this
recommendation is that both grains (sorghum averagesg2f8 100g') have
large oil-rich germs (more so in pearl millet, 3.0 ¢ 1®0g*'). For example,
to produce sorghum meal of low fat content (< 1.0 g f&0& '), up to 40%
of the grain must be decorticated by dehulling. With sugmount of loss,
excessive dehulling of sorghum and millets may becomeua®conomical
process and may not be viable. To make the dehullingcesse viable, the
market for the byproduct, which is bran, must be putplace for animal
feed production.
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Milling

In general, sorghum (dehulled or undehulled) is milled ngsieither the
hammer mill or roller mill. The hammer mill, although a&w simple and
effective technology for breaking up whole or dehullghin into meal, is not
adequate to produce meal and flour of uniform particleesrequired to
produce quality baked (eg, bread or biscuits) or steanpgdducts. The
hammer mill produces rough meal fogadza or bogobe (stiff porridge) and
tchwala (thin porridge) in Southern Africa. These products areugh in
texture and require larger grain milled product of 50008@m granulation.
The hammer mill fabricated at RI1C has three mesh sizesdidferent grades
of meal.

However, finer meal and flour for same food products {s@nd thin
porridges) are obtained from roller mill. The finer mealropucts of
granulation 300-500 um are sold for higher prices in therked. When the
grains are conditioned to about 16% moisture and rollaftled, the quality
and yield of the flour is better, finer and smoother. D¢é¢led grain that is
roller-milled also gives close to the quality obtained twi moisture-
conditioned roller milling. It is this type of fine flour fo250-500 um
granulation that is required for making the smooth produttoor tuwo (stiff
porridge) and ogi/akamu (thin porridge) commonly consumed in West and
Central Africa. For composite flour (with wheat) and bafiflour for flat or
semi-leavened breadskisra, injera) and biscuits, superfine flour of <250 um
granulation is required.

Milling equipment

There are several good dehulling and milling machines thatveh been

fabricated or modified in Southern Africa (South AfricaBotswana and
Zimbabwe) and East Africa (Kenya). A multi-component mnlg line for the

production of sorghum meal was established by the Kenya stdal Research
and Development Institute (KIRDI) in 1985 and 1991 as pidotd small-scale
commercial production plant, respectively. Its vialji and present status
needs investigation. At the time of establishment, it fuloned as a semi-
detached four-machinery system linked with intensivedabperations. It was
inefficient. The Millrite grinding mill from Zimbabwe s mobile (wheels can
be attached or detached) and portable with fine sieves, @ard be mounted
on pickup vehicle making it possible to move around the ageé or market

240



centers. Thus it can be used for both service and commermiidl operations.

The sorghum dehuller-hammermill combined machine from Rlils unique
and can be set up in a line system for dehulling and millingohe process. It
could be a better and more practical machine for testind adaptation for
small- and medium-scale millers in the rest of Africa. Aldg can be fabricated
at RIIC to buyers'/users' specifications, and 85% af ptarts are available in
Botswana or West Africa. The Maximill equipment can betaimned with full

parts from South Africa. One outstanding development ine tprocessing
equipment research is the small-scale, double roller Imfrlom Namibia. It

produces sorghum grits and meal of high quality. Thereneed for R&D to
adapt it to produce meal from millet, and fine meal and floduom both

sorghum and millet. One of the latest innovations in preteg equipment
fabrication is the development of a fonio dehuller in Sgamle The dehuller
seems to be very effective and can be adapted for dehullitigero smaller
millet grains like finger millet.

Malting

Sorghum and millets have been traditionally used for biregv cloudy and
opaque beers in Southern, Eastern and Central Africa. gitaens are used both
in the form of malt and unmalted adjunct. In Southern and t€&IhAfrica,
traditional beer brewing has long been a large-scale memcial enterprise
(Taylor 1992, 1993). More recently in Nigeria, technoileg have been
developed to commercially brew clear lager beer and dadutstwith sorghum
malt and sorghum grain as adjunct (FIIRO 1976, Okafor andche 1980,
Obilana 1985, Okon and Uwaifo 1985, Aisien 1990, Bogurgok992, Murty et
al. 1997). These latter technologies of utilization inding production of non-
alcoholic sorghum malt beverages by the breweries, anadfbeverages by agro-
food industries in Nigeria and South Africa, have greattential throughout
SAT for widespread commercialization and income diversation.

In recent times, much effort is being made to improve the muty and
quality of cereal proteins by using processing techniqueshsas malting and
fermentation. Enhancing these efforts would positivelyspend to the
increasing need for raising the overall nutritional statamd health of
consumers of sorghum and millets, especially in the SATaltNing, which
simply involves the limited germination of cereals in mobigir under
controlled conditions, is a technique that can positivalffect the physico-
chemical composition of cereals by improving their nutoital value. Two
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methods have been used in the commercial malting proc&ssSouthern

Africa, namely, floor malting (large-space open air genation and drying of
steeped grains) and pneumatic malting. Steeping (in cdnstael vats or
rectangular containers) is common to both methods, butngeation and

drying are different. In any of these malting processes (eneo in the floor
malting) itis very difficultto remove or reduce the heawgntamination with
molds, which are serious problems faced with malting amadWwn to produce
mycotoxins in malts. The technology of malting process bhaen perfected in
South Africa and used on a large commercial scale. Thesé&tim@ processes
resulting in opaque beers have been described in detail Ay ®r and Taylor
(1995). In efforts to enhance use of malted sorghum and etibly processors
for food, drink and health of consumers, collaborativee@sh is required to
develop and implement simple technologies to produceimgraf good

microbial quality and to prevent mold growth during malgin

Traditional sorghum and millet products and their
commercialization

To increase and diversify sorghum and millet utilizatioit is no good copying
existing products made from other cereals, eg, pasta.e@Gadty, these products,
ifmade from sorghum and millets, become inferior and unfabde to compete
with those made from cereals with the desirable functiool&racteristics. It

therefore follows that such substitute products will lexft badly on sorghum
and millets. The emphasis should therefore be on explagitihe potentially

useful intrinsic qualities of sorghum and millets, andhbe develop and produce
unigue and alternative value-added products. Productibsubstitute products
using sorghum and millets, for which these cereals hava@&®irable traits, has
been one of the reasons for limited commercial succesgesising them for

composite bread and baked or extruded products.

One other concern is the general expectation that songland millets
should be cheaper than other cereals for them to be comm#gcutilized in
different end products. It is not correct to think thatlhet and sorghum will
be acheapfiller for other cerealsMillet and sorghumwill and should always
be at least expensive as other cereal grains. The cost@dypctionwill always
be similar, and attempts to sell at lower prices than estlterealswill be
disadvantageous and further impoverish the resource-gaomers ofthe SAT.
It will also render their production uneconomical and not veabResearchnto
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their productivity to encourage prices and enhance useraag materials in
industry is increasing and should be highly prioritizedossr Africa.

Primary foods: meal, flour, baked and steamed products

As stated earlier, food wuses must be appropriate to thetipaar
characteristics of millet and sorghum. In Southern and CahAfrica, very
little sorghum and millets flour and meal is used in stibfrpidges (except in
Botswana asbogobeand in Namibia asmhungameal). This is contrary to the
situation in West Africa where stiffand thin porridgessorghum and millets
(with couscous) are staple foods. In Kenya, however, a uriguuation exists
where thin porridgesuji mixes) of sorghum, pearl millet and finger millet are
very common and commercially available in supermarketswall-packaged
forms on the shelf. Sometimes, these are also fortified wsblgbean {Glycine
max), or composited with wheat or maize flour. We believe thabre
intensive research into the improvement of processing dedelopment of
already existing stiff(to/tuwo) and thin amu, ogi) porridge flours, with
better packaginginto ready-made products on the shelfyill enhance
commercialization of such food products in West Africa.

Neither sorghum nor millet grains possess gluten. Thueythcannot
substitute directly forwheatin bread and other bakeddgoddowever, with good
milling technologies (and appropriate handling oftheydose and amylopectinin
the grains) to produce suitable flour, meal and grits, a evrdnge of excellent
textured baked and steamed food products can be produced,example,
couscous, steamed and deep-fried dumplings, flat breads$ sas chapati and
tortilla, and even semi-leavened breads suchigera and kisra. Networking
throughoutAfrica will bringtheseproducts and the technologies to produce them
to the attention of people in different parts of the coemb who had not been
familiar with them. An example is the interchange betweemN@a and Senegal.
In Namibia, pearl millet porridge is a staple, and the cqrto®f using pearl millet
to make couscous as is done in Senegal has elicited gnéateist.

Levels of industrial utilization: processing of second ary foods
and products

Estimates ofthe quantities of grain being industriallppessed are difficultto
obtain. A partial summary of available estimates for slougn and pearl millet
iIs outlined in Table 4. This includes estimates for Boasw, Kenya, Mali,
Nigeria, Rwanda, South Africa, Tanzania, Uganda and Zimwab
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Table 4. Examples of commercial utilization of sorghum and pearl millet in Sub-

Saharan Africa annually.

Country Sorghum Pearl millet
South Africa (2001/02) 113,000 t malt ; No significant commercial
66,000 t meal; utilization

11,300 t grits;
16,200 t animal feed

Nigeria
(1992 estimates) 120,000 t brewing (malt No significant commercial
and adjunct); utilization; but about 1,000,000 t
17,000 t malt/malt extracts informally exported to five
for food and beverages; sorrounding countries annually
25,000 t animal feed in cross border trading
(19S5 estimates) 200,000 t brewing;
25,000 t food industry
(2005 projections) 1,500,000 t both brewing
and food industries
Botswana 60,000 t meal; No significant commercial
(1999 estimates) 4,000 t malt utilization
Zimbabwe 17,500 t brewing (mostly 75 t animal feed;
(2000 estimates) malt); 30 t brewing
1,800 t animal feed;
150 t meal
Tanzania 1000 t brewing (mostly No significant utilization
(2002 estimates) adjunct);
80 t meal;
800 t school feeding
program;
5 t animal feed
Kenya 100 t meal-based food 15 t food products;
(2003 estimates) products 50 t finger millet for breakfast
porridge mixes
Niger 50 t biscuit flour No significant utilization
(2000 estimates) <51 for couscous
Rwanda 2000 t brewing (mainly No significant production;
(1998 estimates) adjunct) finger millet informally used
Uganda <50 t brewing (mainly No significant production;
(2002 estimates) adjunct) 100 t finger millet for composite flour

beverage/food products

Source: Bogunjoko (1992), Rohrbach et al. (1993), Rohrbach (2000), Rohrbach et al. (2000), Rohrbach and Kiriwaggulu
(2001), SAGIS (2003); and ICRISAT data files.
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In general, the level of industrial processing appears madosely related to
per capita income levels than to the quantities of graindureed. Nigeria, Sudan,
Ethiopia, Burkina Faso and Tanzania are the largest preduof sorghum in Sub-
Saharan Africa, accounting for about 75% of the region'sdurction. However,
South Africa is the largest commercial processor of thiaigr It has one of the
highest per capita income levels in Sub-Saharan Africagd ane of the strongest
agro-industrial bases. It also has one of the highese¢lkewf urbanization.

South Africa annually produces 200,000-300,000 t of sargh from
which up to 206,500 t can be commercially processed (TableAh additional
50,000 to 60,000 t of grain was exported. Virtually all dfig grain was
obtained from less than 1000 large-scale commercial fasmer

About 90% of South Africa's commercially processed sorghisnused for
food products. The majority of this is allocated to the puation of opaque beer
malt. This includes grain malted for sale as beer powderald ws grain malted and
used directly by the industrial breweries. Approximatedy,000 t is milled and
sold as sorghum meal. The remaining 10% ofindustrial uatian is accounted for
by the animal feed industry. Pearl millet is grown commaity in South Africa as
a forage grass and virtually none ofthe grain is commeidgigrocessed.

The second largest commercial processor for which dat arailable is
Nigeria. This country annually produces about 7.5 millibrof sorghum and
5.8 million t of millet. Estimates derived from a survey mducted by the
International Crops Research Institute for the Semi-dAfliropics (ICRISAT)
in 1992 suggest about 150,000 t of sorghum is commerciallpcessed -
about 2% of annual production. Most of this is used as arc®wf starch in the
brewing of lager beer, or as a source of malt in the prodarctof non-alcoholic
malt drinks. A residual of about 17,000 t and 25,000 t ar¢ireated to be
used in the agro-food and animal feed industries, respetyi Later estimates
from the breweries and food industries in 1995 and projetsidor 2005 show
increases in use of sorghum as malt and adjunct to be abo0{0D® t brewing
(malt and adjunct), 25,000t food beverages and 1 milliomdwing and food
beverages. However, 90% of sorghum production, anduwatly all pearl millet
production, is still consumed without commercial procegsi

Botswana is the third largest commercial processor of &amg. An
estimated 60,000 t of sorghum is commercially processedthg milling
industry into sorghum meal, despite the fact that this mioy only produces
about 11,000 t of grain annually. The combination of rigimcomes and rapid
urbanization has led to a sharp increase in the demand fomnecercially
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processed meal. In addition, the government has perialdyc purchased a
sorghum-based weaning food for use in drought relief paows. An estimated
4,000 t of sorghum is used as malt for the commercial prodarctof opaque
beer. This is entirely imported as processed malt. Virtyalo sorghum is used
in animal feeds. Small amounts of pearl millet are producedbtswana, but
not commercially processed.

Zimbabwe annually produces about 100,000 t of sorghum abd@0 t of
pearl millet. About 20% ofthe sorghum is commercially pgesed, mostly for use
as malt in theopaquebeerindustry. The animal feed industwill use sorghum if
this is available at prices substantially lower than thecprof maize. However,
average levels of utilization remain small. Several mitldhave expressed interest
in the commercial production of sorghum meal. But investis here have
recently been constrained by grain price and movementrodosit Small quantities
of pearl millet are also used for beer malt and animal feed.

Tanzania annually produces about 750,000 t of sorghumt, dummercially
processes less than 2,000 t on an annual basis. Approxilmatee-half of this is
used for the production of opaque beer, though entirely aswrce of starch. The
single, commercial opaque beer brewer in the country impoits malt
requirements from South Africa. Approximately 100 t o&gn are processed each
year for sale as sorghum meal. In 2002, 800 t of sorghumngwas processed, for
the first time, for school feeding programs. Tanzania pogs about 175,000 t of
pearl millet, but virtually none of this is industriallygcessed.

Kenya produces about 130,000 t of sorghum annually butustdially
processes only about 100 t yrinto meal-based products such as breakfast
foods. Less than 15 t of the country's 30,000 t pearl milletindustrially
processed.

Niger annually produces about 500,000 t of sorghum. Butehalso,
commercial processing remains extremely limited. Onekdrahas recently
experimented with the use of about 50 t of sorghum in thedwrction of
sweet biscuits. A small amount of grain is processed and centially sold as
couscous. Virtually none of the country's 1.5 million tegrl millet is
industrially processed.

Both Rwanda and Uganda also commercially process sorghbmt in
very small quantities. In Rwanda, from the brewery's 19%8imates, about
2000 t of sorghum is used as adjunct for lager beer brewinganda's use of
sorghum commercially is only just beginning and is stillslafian 50 t adjunct,
annually.
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Major industrial products and potential for increased
commercialization

The industrial processing of sorghum and pearl millet in i&Af&r has largely
developed as a commercial investment in the supply of tradial food and
beverage products.

Beers and malt drinks

The most common commercial use of sorghum, south of thear8ahis in the
production of opaque beer (sorghum beer), clear lager leaed malt products.
Opaque sorghum beer is a traditional drink in much of Eastand Southern
Africa. Thisis commonly brewed by farm households seekimgtpplement their
income or by small-scale traders associated with peri-orberkets. As incomes
have increased, sorghum beer production has been commezeda This provides
urban consumers a more convenient and consistent productsome countries,
particularly in Southern Africa, powdered beer malt iddsto households seeking
to produce their own beer. In Nigeria, where clear lagerrband stout are
pioneered using sorghum malt or adjunct, non-alcoholelindrinks offer a related
beverage to pregnant women, lactating mothers, coneceales, invalids and the
Moslem populations. These malt drinks are now also beind s Eastern Africa.

Preferences for sorghum-based beer allow some brewersoffer a
premium price for sorghum used for malting. However, ndhare limits to this
advantage. Shortages of clean sorghum have led opaque eissewn Zambia
and Tanzania to produce 100% maize beer using industrredymes as malt.
Brewers unwilling to invest in malting may use sorghum simms a starch
source adding a traditional flavor and color to their hed&@he quantity of
sorghum used, compared with alternative sources of stanedh sas maize,
depends on the relative grain prices.

Sorghum use as malt or starch source (adjunct) in the pcoidn of lager
beer and stout is increasing in West Africa, though remaiekatively rare in
Eastern and Southern Africa. Breweries in Nigeria sedrtusing sorghum as
malt (with 100% replacement of barley malt) as far back a87, and as
adjunct later when the price dropped below that of maizeal aalso when
imported enzymes were being used in the brewing processwever, brewers
in most Eastern and Southern African countries have beenctaint to pursue
such experimentation, except in Rwanda and Uganda wherghaon is now
being used mainly as adjunct in clear lager beer produrttio
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Milling

The main traditional use of sorghum and pearl millet isaathin or thickened
porridge. However, industrial processing of sorghum gme@rl millet meal has
been relatively limited. Maize isthe mostcommon intiially milled grain in
Sub-Saharan Africa, and wheat processing is rapidly wimg as pure or
composite flours for baking.

The dominance of maize milling, particularly in Easteand Southern
Africa, can be attributed, in part, to the relativeligher productivity of maize
grown in the region's higher rainfall zones. However, aoercial investments in
maize production and processing have also been reioddrby historical market
supports favoring this crop. These include price sugppo and public
stockholding arrangements. In regions of West Afriwaere sorghum and pearl
millet are dominant, industrial grain milling systemseaimply less developed.

One of the main constraints to industrial milling of stign and pearl
milletis the contamination ofgrain with sand andrsé¢s. This results from the
common practice ofthreshing the grain on the groumaad then sweeping the
threshed product into grain bags destined for the marKelte cleanliness of
sorghum grain supplied to the milling industries in SblAfrica and Botswana
Is assured because this grain is all mechanically hatee and threshed.
Experimentation with the use of small-scale threshehowever, failed in
Zimbabwe because millers could still not assure thldtgaain bags delivered to
the factory gate were clean. This has led to more sudaéssxperimentation
with mechanical grain cleaning systems involving screeaspiration systems
and destoners. But the cost of this equipment remains pgridhve without
throughput of at least 5,000 to 10,000 t¥r

Nonetheless, once grain supply constraints are res@Jvthe experiences
of South Africa and Botswana show that sorghum meal bansold at prices
competitive with maize meal on the retail market. Siarilindustries can be
expected to develop in other parts of the continent asomes grow and
countries become more urbanized. The prospects for comnciaé production
of pearl millet meal are less certain because of the hbrg cost and less
consistent supply of this crop.

Livestock feed

More than 95% of the sorghum produced in higher incomeduistrialized
countries, and the majority of millet are used for aniniaed (ICRISAT and
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FAO 1996). In contrast, the levels of sorghum and millse¢ dor feed in Sub-
Saharan Africa remain extremely limited. The justificats for this limited
utilization meritfurtherinvestigation.

Part of the problem is that animal feed manufactureaskl consistent
access to low priced grain. Cheap grain may be widely abélaafter a
particularly favorable rainy season. But this grain bmes, prohibitively
expensive following drought. Since drought is most commin sorghumand
pearl millet growing regions, price fluctuations are comm Such variability
of grain supply also demands flexibility in feed formulahis, a practice easier
for large experienced feed manufacturers than smallemnareoperations.

Nonetheless, grain price competitiveness may be less pfeblem than
common uncertainty about the feed value of sorghum areédrpb millet.
Informal ICRISAT interviews with animal feed manufactus in Botswana,
Nigeria, Tanzania and Zimbabwe reveal common misconcepdi about
tannins. We have heard arguments that 'the tannins inglsom killed my
chickens' or that 'all sorghum has tannin'. Related giwast arise about the
risks of mycotoxins. Some argue that the digestibilitysorghum is 25-30%
lower than that of maize. Others complain about low pratkevels or the lack
of amino acids. Data about feed values from universigbdratories and
research trials are discounted. Manufacturers argue tih&y need proof of
the value of these grains from other feed manufacturieréfrica.

In addition, feed manufacturers complain that sorghum, piarticular,
does not mill well. Whereasmaize can be cracked in a hammaerll, softer
sorghum grains mill to powder; this is said to furtheduee feed efficiency.

We know, however, that there are varieties and types afghum that
have very hard grains with high milling yields, especiallyetwhite-grained
sorghums and some red-grained varieties, both of which hawetannins
(Table 2). Since the feedmillers' and farmers' beliefe &@rroneous, more
research data and information need to be generated in botktion with the
feed manufacturers and made widely available to the suser

Information on the use of sorghum and millets for livestofeed in
ruminants, monogastrics and poultry is scanty but atdd in disaggregated
forms. We believe, however, that animal scientists anthmercial farmers have
precise data about the feed value of different types ogkam grain (white, red
or brown), whole plant (forage, silage or crop residuefpdamilling/malting
byproducts (bran/brewers waste/spent grain) for diéfietr feeding applications.
Such know-how and precision information need to be effeelyvshared among
R &D specialists and other processors/farmers in Afritoabe able to move up

249



from the plateau of little restricted use to larger scale and wider use of sorghums
in livestock feed to achieve crop diversification of raw materials and
commercialization goals. The level of expert know-how about feed value of
various millets is presumably good but less precise and less known.

Atwo-pronged effort is required to increase sorghum use as livestock feed.
Firstly, farmers and feedstock manufacturers must be made aware of and
trained in the use of 'alkali-bleach test', a simple test for distinguishing between
tannin (brown) and condensed tannin-free (white and red) sorghum grain.
Secondly, animal scientists must collaborate and run feeding trials using
sorghum and millets with farmers and feedstock manufacturers to show them
the true feed value of millet and sorghum types in various applications.

One such example is the cattle feed program considered by cattle producers
in Zimbabwe during the mid-1990s when there was deficit ofthe popularly used
maize crop (in food and feed). The cattle feed program, developed by the Cattle
Producers Association (CPA), Zimbabwe has a ratio of 50% maize:50% sorghum
(Diet A). The cattle equivalence (feed value) obtained in the use of this feed
ration compared to whole maize (Diet B) is shown in Table 5. The feed program
ration (Diet A) gave higher daily gains of steers (8.6%) and equal feed conversion
ratio compared with whole maize ration (Diet B). According to the CPA, the
farmer using this tested cattle feed in Diet A, need only put the sorghum through
a hammer mill, without using the screen (this will ensure that the grain is just
crushed and not milled into a meal) and out into the feed. The CPA has observed
that both red and white sorghums are suitable for ruminant stockfeed (cattle and
sheep) but white is better suited for monogastric (pigs and poultry) requirements.
This is 'feed for thought' for the rest of Africa in the development and promotion

of sorghum and millet in livestock (animals and poultry) feed use.

Table 5. Cattle equivalence resulting from feeding tri als using two diets in

Zimbabwe ®.

Components/Observations Diet A Diet B
Maize (%) 32.23 63.9
Sorghum (red) (%) 32.23 0
No. of steers in trial 20 21
Initial liveweight (kg) 276 281
84-day daily gain (kg day®) 1.65 1.52
Feed conversion ratio (kg kg") 7.25 7.22

1. Diet A contains 50% maize and 50% sorghum; Diet B contains 100% maize.
Source: Anonymous (1998).
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Food products

Conventional food products like stiff and thin porriglg of various types
from different processes are already available in i&&. Indigenous
knowledge and industrial technologies in its rudimemntastages are also
available. This expertise, as earlier stated, is highlywadgregated and
compartmentalized in large-scale and small-scale stdies and enterprises,
farmer groups, and research organizations, private oblpy and also cuts
across countries and regions. Complicating this problesnthe lack of
awareness of expertise that exists with others. Veryselaollaboration and
linkages will need to be forged among all stakeholddoy developing,
testing, improving existing ones and promoting end-dsed products from
sorghum and millets. Information flow and technologyxclange process
should be improved and strengthened. There will be adnéer continued
intense training of food scientists and technologists Africa. Effective
networking among regional networks and related orgatimas, public and
private, is imperative.

The Namibian Ministry of Higher Education with assistanof FAO is
implementing a very indigenous project for the developmand promotion
of new pearl millet products. The Council for Scientifitnd Industrial
Research in South Africa are producing sample quaestiof a range of
concept products, such as instant porridges and sraolds. Thesewill be
consumer evaluated in Namibia to determine the preédr concept
products. At the same time a pearl millet food product mfacturing
training facility is being constructed in northern Nama. Food technologists
at the facility will train entrepreneurs to manufactundheseproducts. This
project should serve as a model for other millet and $arm producing
countries to follow.

Novel food products and traits

There are novel food products which could be vehiclesimproving nutrition
and health of consumers and diversify income sourcespodducers and
processors. They could also be sufficiently attraetivfor resource
mobilization. Some ofthese novel foods are alreadingdooked into in South
Africa, like Power Flow otherwise known as Amylase RiElour. This flour is
used to thin weaning porridges to make them more palatabnd increase
their nutrient density. Others include: Maltabela (a lteal sorghum baby
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porridge), Instant Mageu/Maheu (white or red sorghum redoeholic drink
which can be flavored, Morvite (pre-cooked sorghum and rmeaiar instant
drink) and Kings Brew Beer Powder (red sorghum malt-alclhbp These are
convenience foods and drinks well presented in good packagend
commercially available. A new product is the Popsorghumieth is very
simple to produce and serves as a nutritive convenienaad finat can be well-
packaged.

The intrinsic uniqueness of sorghum and millets, added he fact that
they originate from Africa and are genetically diversfi, make the two crops
a haven of novel traits. Most of these traits are still napped. Intense
research-for-development using both agronomic and bibtedogicall/
molecular tools would be required for basic informativelesxxe and applied
research to be undertaken to unravel the goodness of thr@sest and improve
their quantities and quality. Some of these novel traitéated to foods and
health include:

* yellow endosperm (occurring mostly in the indigenous 'Ka'usorghums of
Nigeria; and some farmer varieties of pearl millet in NigerTogo, Burkina
Faso and Mali) for pro-vitamin A (beta-carotene) levels

 glossy seedling leaves for high amylopectin in grain

» stay-green for terminal drought stress (for productiitncrease under
drought) and forage/crop residue quality (for animal feed)

« polyphenols (mostly tannins, and other phenolic compds like
anthocyanin and anthocyanidins) for antioxidants and ronped health with
nutrition

« germoil containing lipids with 0.01 % cholesterol and 0% 4itosterol (both
sterols), and 68% triacylglycerols (neutral lipids)

« sweet stem in sorghums for sugar and molasses [replacingarsane
(Saccharum officinarum) in drought/semi-arid areas], and ethanol
production

« malting quality for development and promotion of malt fepdnalt drinks
and beverages, glucose and malt confectioneries, and brgwroducts like
lager beer

e micronutrients like calcium, zinc and iron in the grainrfenhanced plant,
animal and human nutrition and health

« use of hydrophobic proteins of sorghum in biofilms for fruand vegetable
protection in export trade
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Uncompetitive grain prices

The combination of problems of grain availability, cleaning and processing,
along with uncertainty regarding consumer demand, place sorghum and pearl
millet at a distinct disadvantage relative to alternative grain inputs in Sub-
Saharan Africa's agro-industrial sector. These relationships are highlighted in
recent data collected on industry prices for alternative grains in Zimbabwe
(Table 6). Prices for sorghum and pearl millet are generally heavily discounted
compared with those for maize - the closest grain substitute. Uncertainty
about these inputs also leads to large variation in the factory gate prices
offered within the same industry.

The opaque beer industry in Southern Africa tends to offer intake
prices for sorghum and pearl millet that are marginally lower than those for
maize. Ifthe industry is particularly short of sorghum, these prices may rise
marginally above those for maize. Again, this is because sorghum is viewed as
a necessary ingredient for opaque beer production. Yet if sorghum costs rise
too high, the industry will shift to using imported enzymes instead of
sorghum malt.

Sorghum and pearl millet tend to be most heavily discounted in the
animal feeds industry. These prices range around 70 to 80% of the prices
offered for maize. Two of the three millers processing sorghum in
Zimbabwe similarly indicated they would purchase sorghum or pearl

millet if the price dropped less than 75% the price of maize. The miller

Table 6. Coarse grain buying prices (Z$ t ') offered by industry at the factory gate in
Zimbabwe, June 2001.

Industry Buyer/company Maize Sorghum Pearl millet

Brewing Chibuku 7500 7000 No purchases
Ingwebu 7500 6500 7000

Milling Jati Millers 8500 5557 No purchases
Blue Ribbons 8000 No purchases No purchases
National Foods 8200 8000 7000

Animal feed Feeds & Feeds 7500 5500 5000
National Foods 8200 8000 7000
Agrifoods 8400 6900 8000
Premier Milling 8300 6000 6500

Grain trading Grain Marketing Board 7500 5500 5000

Source: ICRISAT surveys.
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offering the highest price was the company most experienced with these
grains.

These discounts are reflected in the government set prices offered by the
national Grain Marketing Board. While government prices are supposed to
establish a floor under the market, these strongly influence the prices offered
by the private sector.

Such prices place sorghum and pearl millet producers at a large
disadvantage. Not only do they receive a lower payment at the factory gate,
but in addition, marketing costs for sorghum and pearl millet are commonly
higher than those for maize. In many countries these grains are being drawn
from outlying semi-arid regions and thus face higher transport costs. But in
addition, farmgate prices are influenced by low trade volumes which lead to
higher marketing costs per unit of grain sold.

The severity of this relationship is apparent in a recent assessment
of marketing margins in Tanzania (Table 7). Here it may take a trader a
week or more to collect enough grain to fill a 15 t truckload. Each bag
must be checked for contamination and grain quality. Local village taxes
must be paid. Ultimately, the farmer earns only 60% of the cost of grain
delivered to the nearest business center. And the farmer earns only 42%
of the factory gate price for grain delivered to an agro-processor in Dar es

Salaam.

Table 7. Example of grain trading margins in central Tanz ania, 2002.

Trading margin

Description Unit (Z$ per unit)
Grain Bucket (16 kg) 900 (52.94)!
Grain bag 1 bag 300 (3.00)
Village stay 1 week 2000 (0.33)
Village storage Room 8000(1.33)
Guard 2 per week 2500 (0.42)
Tax levy Bag 300 (3.00)
Labor for filling bags Week 1500(0.25)
Loading Bag 150(1.50)
Truck hire to Dodoma Bag 2150(21.50)
Unloading Bag 150(1.50)
Grain cost Bag 8577 (85.77)

1. Margin in Z$ kg™ is given in parentheses.
Source: ICRISAT surveys, 2002.
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In these circumstances, farmers complain that theyndd earn enough
to justify expanding production. But given such highanketing costs, grain
processors can barely afford to pay more. The pricesodbfer are capped by
the prevailing prices for maize grown in higher potentiagions ofthe country
where trading volumes are higher, and market infrasture is more
developed.

Grades and standards

The present commercialization trends are not too emaging, except for the
industrial uses in South Africa, Nigeria, Botswana anianbabwe, which also
need a lot of up-scaling. As a beginning, there is need frong

documentation of data and information on alternativeesu and processing
technologies of the crops. A critical analysis of theseu¥d help identify

further gaps, assess the needs and rationalize the fmaward.

Grain end-use quality

As emphasized earlier, in order to diversify and incse millet and sorghum
utilization, it is essential that grain with known amsditable end-use quality
characteristics is always available for processing. hsly, since grain crops
availability in individual countries fluctuate betweea surplus and deficit
situation, there must be greatly increased regionaldérain millet and
sorghum. This demands internationally accepted stadslafor millet and
sorghum grain end-use quality and appropriate methbéarsdetermining 'in
trade' whether batches of grain meet these standar@sRISAT has made a
large contribution to this area through the publicatiom 1997 on methods
for evaluation of sorghum and pearl millet quality (@ez et al. 1997). A
project sponsored by the United States Agency for Ime&dional
Development (USAID) in 2001 was undertaken in SoutmeAfrica and
entitled 'Development of Simple, Common Grain QualiBtandards for
Sorghum to Facilitate Grain Trade in Southern Africda’his resulted in five
standards for sorghum grain and simple methods to memadlhem. These
were:
« Detection of tannin sorghum by the alkali-bleach test
« Determination of defects in sorghum grain, includingewil damage
« Classification of sorghum grain according to color we, red and
brown)
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« Estimation of sorghum grain hardness (very soft, intediate and very
hard)
* Determination of germinative energy of sorghum
The methods have been included in the draft sorghumndgards for

Botswana and have been submitted to the Internationao&sation for Cereal
Science and Technology for approval as draft internaéiloetandards methods
(JRN Taylor, University of Pretoria, Pretoria, South rAda personal

communication and consultancy report). Obviously, theaetivities only

represent initial steps in what has to be an ongoingcess to develop and
implement comprehensive trading standards for sorghaumd millet grain, as
these exist for other grains. However, in the shortneit is proposed that the
developed methods and standards should be appliedCtRISAT and sorghum
breeding programs in Africa and that similar methods asthndards be
developed and applied for millets. The baseline data oultivar end-use
quality developedvill help ensurethe constantavailability of grain of suitable
quality for utilization and lead to an ongoing improment in grain end-use

quality.

Food products quality

It is suggested that an Africa-wide database of tradmab, new, alternative
and improved millet and sorghum food products and fuétails of the
processing technologies used to produce them be cealde availability of
such datawill encourage entrepreneurs and institutions in couedrio test
millet and sorghum food products that are novel to thefthe example of
the interest in pearl millet couscous in Namibia has beea&ntioned.

Packaging

In Southern Africa, sorghum and millet foods and beveagre packed in
diverse (plastic bags, jute sacks, food cardboard boaesl bottles) and
convenient containers of different shapes, strengthjoco sizes and with
logos of manufacturers. Packing is done mostly by fublr partial
mechanization. In West Africa, only plastic and jutegs are used mostly,
and packing is also mostly manual. For effective and waid
commercialization in West Africa, we need to start mgiconvenient and
attractive packaging of the food products (as is presgndking done for
beverages from the breweries).
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Public and private partnerships

The successful commercial processing of sorghum in d¢oes like South

Africa and Botswana suggests potential for the developmmef these markets.

However, available evidence from neighboring counsrialso suggests the
need to resolve a number of inter-linked constraintsindustrial processing.

Improvements in production productivity are essential sorghum or pearl

millet to become more competitive with grain inputs e¢ikmaize. Larger

quantities of grain must be consistently sold by farmen order to both

reduce per unit marketing costs, and assure industrg odliable input. Grain

destined for food processing must be cleaned. Industpirmicessors need to be
educated about the processing characteristics of thapeits, and the food or
feed value. Entrepreneurs must be willing to take sisikh developing new
markets.

The pursuit of this combined set of solutions requires ngavtnerships
between public and private agencies willing to combimeestments in the
development of these markets. These are best definedthim context of
specific investment strategies targeting the expansioh particular agro-
industrial outputs.

Institutional alliances

The importance of technology exchange in increasing amversifying millet
and sorghum utilization cannot be overemphasized. Awated in the
introduction, there is a huge resource in Africa of neifl and sorghum
expertise; the problem is how to create the necessangergies to fully exploit
this resource. The idea of a database of traditional detgeloped millet and
sorghum food products and the full details of the pg®ging technologies used
to produce them has already been mentioned.

One most effective way for technology exchange to tgkace would
be for organizations involved in the promotion of mitland sorghum such
as ICRISAT, the USAID supported INTSORMIL, regional ansub-
regional forums like CORAF (West and Central African @mocil for
Agricultural Research in Eastern and Central Africa)da@ILSS; advanced
research institutes like CIRAD (Centre coapération internacionale en
recherche agrnomique pour dévelc}ppemtnt) (all in West Africa region)
to obtain and provide funding for technical and informaniexchange visits
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for millet and sorghum scientists, technologists and cteers between
institutes in the various millet and sorghum producinguatries in Africa.
Such activitieswill bestbe regional or cross-regional in naturevolving the
three regional forums, CORAF, ASARECA (Association f8trengthening
Agricultural Research in Eastern and Central Africagnd SACCAR
(Southern African Center for Coordination of Agricultalr Research),
through their respective networks.

The training of food/feed scientists, nutritionists atechnologists, and
fostering their networking with public and private cder organizations or
industries can be set to enhance postharvest processaimd utilization in
Africa. A concrete mass of food/feed processing and keding scientists and
nutritionists, including engineers/equipment fabrices and information
technology specialists is still a requirement in Africdor promotion of
commercialization of underutilized and under reseaadhthough nutritional,

cereal crops.

Premium market

One option is to pursue a few premium or niche markets mehe sorghum
or pearl millet grains have unique values; for exampleg tiiroduction of
malt for malt beverages and drinks, opaque beer, for wegnfoods or
glucose manufacture. In these circumstances, traderd prmocessors may
be willing to pay a premium price for high quality graipecially suited to
their manufacturing process. This premium price mayledst partly offset
the higher costs of finding, assembling and cleaningestd grains, or
organizing the grain market. The premium market could cmrage
farmers to invest in new technologies promoting the expi@n of their
production.

In order to support this option, crop breeders need toedep varieties
with traits specifically suited to the target niche nkat. Breeders and seed
producers need to be sure these varieties are multiplaed distributed to
farmers capable of producing for the commercial marketche. Farmers and
industry may also benefit from public support for grainoskholding
necessary to assure a consistent production and supphigh quality grain.
However, the justifications for such public investmenmhay be reduced by
the limited number of beneficiaries. Private investorsosahd be encouraged
to participate.
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Low cost market

Alternatively, the development of sorghum and pearl mtlhearkets may be
pursued by targeting deliveries of low cost grain - for evpde, for animal
feed. This market probably has the highest potential goowth in Africa as
incomes rise and the demand for livestock products cgro@slingly increases.
The logical primary target would be the expansion ofetlpoultry feed
industry.

In the initial stages of market development, sorghum grechrl millet
may only be used when available at substantial (20-4086)ce discounts
relative to maize. This, at least, could help establashloor price under grain
prices when rains are favorable. However, over time, as &memal feed
industry gains greater familiarity with these grainsych discounts should
decline and eventually fade away.

Public support for this strategy could involve the cadtion of grain
stocks following favorable harvests, and sale of thesecks later in the year.
Public investment could also encourage industry expexntation with the
processing and feed use of these grains. On-farm triaks mow a common
component of publicly funded agricultural research. ckay trials could
similarly be a component of research programs encour@gihe growth of
commercial grain processing. Industry should be enaged to articulate
what research and trial programs are needed.

Again, however, the problem with this strategy is its ltmd scope.
Farmers may benefit from higher grain prices followingvbrable rainfall
seasons. However, it is unlikely that this will be enough to encourage
investments in better varieties and crop management gsa0g to develop a
more commercially competitive agro-industrial enterggi The scenario could
change with appropriate policy interventions in relavaountries.

Economies of scale

A third market development option would encompass efi§oro promote the
use of sorghum or pearl millet as a common, industriaplyocessed, food
product - for example sorghum meal or sorghum breakfastrigge. If grain
demand is assured in most seasons, farmers may be molieng to invest in
better varieties or crop management practices. Largerd aore consistent
trade volumes can lead to reductions in per unit markegtioosts with
consequent gains in farmgate prices, and a possible cedun in the costs of
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grain at the factory gate. Thaveragesearchand assemblyostsfor grain will
decline. More consistent demand may also encourage tsaderhold larger
inventories, reducing seasonal price fluctuations, arsguaing commercial
processors of a consistent flow of grain throughout ttear.

Governments can do many things to facilitate such privateestments
necessary to develop these markets. A starting pointoisekamine where
governments are already facilitating the production anade& of alternative
commodities such as maize or rice. In many countries, stgriatgrain stocks
are still held and subsidized by governments. In Tanzanoa, dxample, the
national Strategy Grain Reserve is made up entirely of zmai The
replacement of 10% of this maize reserve with sorghum dotufiple
commercial market flows overnight. Currently, governniesupported school
feeding programs only use maize, even if these are opegaitinsorghum and
pearl millet growing regions. The conversion of these progs to 50%
sorghum or pearl millet could lead to a doubling of commiaicdemand for
grain from the central part ofthe country.

In Botswana, grain import controls designed to protecomastic
producers led to a rapid decline in sorghum consumptioningithe 1980s.
The removal of import controls, and the promotion of smallants to
entrepreneurs interested in establishing small-scalgbam mills, stimulated
aten-fold increase in commercial sorghum milling in thedriate 1990s.

In Zimbabwe, a new experimental program is encouraginghmercial
milling of sorghum for food relief programs targeting wi consumers. The
miller involved recognizes the potential market for gaum meal, but wants
more proof of the potential size of this market before hgands his own
investments in sorghum milling. The aid program may be axbdg to provide
this proof.

In sum, we commonly accept the need to subsidize farmershwiublic
investments in the development of production technolsgi€¥et the incentive
to apply these technologies commonly depends on the denfandhe grain
productinthe commercial market. Similarinvestmentsthe development of
product markets, orinlinkingtechnology flow with efferto facilitate market
development, can offer substantially larger impacts amnfer, processor and
consumer welfare in the long run. Historically, these pwebimvestments have
favored crops such as maize and rice in Africa. Strongeestments in market
facilitation may benefit larger numbers of poorer faams if directed toward
commodities such as sorghum and pearl millet.
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Sorghum and Pearl Millet for Poultry Feed
A Rajashekher Redely !, VLK Prasad*, CLN Rao” and D Sudhakar °

Abstract

This paper reviews the chemical composition, nutritive value and utilization of
sorghum and pearl millet. Sorghum is almost comparable to maize but pearl millet
has better protein value. The energy source of these ingredients is lower than that
of maize. However, these can be used as energy ingredients for poultry, replacing
maize partly or completely in poultry diets. Hence alternative energy ingredients
like sorghum and pearl millet can share the increased demand of maize. Further,
there is a need to study the nutritive value and utilization of sorghum and pearl
millet cultivars developed in recent years.

Sorghum Gorghum bicolor) and pearl millet (Pennisetum glaucumhave food
value for human consumption particularly by rural peopTéhe quality of the
grain depends on the season, varieties and agronomic tigeesc Use of
sorghum in poultry feed is discouraged mainly due to thespnee of tannins
and grain molds. The chemical composition and nutritivdue of the grain
varies and is dependent on many factors. Recently, manyiwars with
improved yield and grain quality have been developed. Poufeeds contain
cereal grains to the extent 0f40-60% and these ingrediewntstribute energy.
Among the cereals, yellow maizdglLea mays) and wheat [Triticum aestwum)
are commonly used depending on their availability. Masmrbean (Glycine
max) ingredients are extensively used to meet the completetrient
requirement of poultry diets. Alternatively, sorghumdapearl millet are also
used in poultry feeds on the basis of least cost formudat

Grain structure

A briefreview has been attempted on the use of sorghum aradlpsillet in
poultry feed. Genetic and environmental factors plagmdficant roles in
determining the grain composition. An extensive reviewswamade on
sorghum and pearl millet (FAO 1995). Sorghum and pearllet grains show
considerable diversity in color, shape, size and certainatamical

1. Acharya NG Ranga Agricultural University, Rajendranagétyderabad 500 030, Andhra

Pradesh, India.
2. Janaki Feeds, Pavani Estates, Himayatnagar, Hyderabad02@0Q Andhra Pradesh, India.
3. AP Poultry Federation, Hyderguda, Hyderabad 500 029, AradRradesh, India.
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components (Table 1). Grain structure is similar in slugn and pearl
millet. The principal components are pericarp, endogpeand germ.
Pericarp is the outermost layer comprising of sub-layemgmely epicarp,
mesocarp and endocarp. The pericarp consists of the eamds, which is
often pigmented and hypodermis, which possesses thrgersaof thickness.
Mesocarp thickness is associated with mold resistaand it varies widely
among the genotypes. Grains with thick mesocarp are feomeed for
dehulling by hand-pounding. The seed sub-coat or tdsda just below the
endocarp and its color and pigments are variable andegieally controlled.
Brown sorghums have dark seed sub-coat. If the cultivaositain tannin,
most of it is in the testa.

Endosperm is the major storage tissue comprising theuedne layer
and peripheral corneous and floury zones. Aleurone scedle rich in B-
complex vitamins, minerals and oil and contain hydrpiyg enzymes. The
protein bodies in the endosperm of sorghum and pearl etildre spherical.
In sorghum, the number of protein bodies decreases witéh tise in starch
content from peripheral zone to the central core whetlee floury
endosperm is located. In pearl millet the protein basliare more numerous
in the floury zone than in the corneous zone. Novelliedahiebenberg
(1976) have reported the presence of several enzymed sas protease, 3-
glucosidases, 3-galactosidase and phosphatase in phetein bodies of
sorghum. The germ comprises the scutellum and is ricHipnds, protein,
enzymes and minerals. The ratio of endosperm to germ tigelain sorghum
than in pearl millet (Table 1).

Table 1. Structural features of sorghum and pearl mille t grains.

Parameter Sorghum Pearl millet

Grain color White, yellow, red, brown Gray, white, yellow, brown, purple
Grain type Caryopsis Caryopsis

Grain shape Spherical Globular, hexagonal, globose
1000-seed mass(g) 25-30 2.5-14

Seed coat or testa Single layer, sometimes Single layer, sometimes pigmented

pigmented (brown
sorghum is dark colored)

Starch granules 20-30 urn diameter 10-12 um diameter
Protein matrix size 0.3-3 urn 0.6-0.7 urn
Endosperm:germ ratio 8.4:1 4.5:1

Source: FAO (1995).
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Chemical composition

Chemical composition and nutritive value of maize, sorghand pearl millet
reported in Nutritional Research Council (1994) and reveelwby Rama
Subba Reddy (1998) and Rama Subba Reddy and Nageswara RHDO)2are

presented in Tables 2 to 4.

Protein

Sorghum and pearl millet contain high protein levels comgdirto maize
(Tables 2 and 3). Grain proteins are broadly classifiedoifour fractions
according to their solubility characteristics. These aasdbumin (water

soluble), globulin (salt soluble), prolamin (alcohol sbla) and glutelin (alkali

Table 2. Chemical composition and nutritive value of d ifferent cereals used as feed.

Parameter Sorghum Pearl millet Maize
Dry matter (%) 87 89 89
Metabolizable energy (kcal kg™) 3288 2675 3350
Crude protein (%) 8.8 14 8.5
Fat (%) 2.9 4.3 3.8
Crude fiber (%) 2.3 3.0 2.2
Linoleic acid (%) 1.13 0.84 2.20
Calcium (%) 0.04 0.05 0.02
Total phosphorus (%) 0.30 0.32 0.28
Non-phytin phosphorus (%) 0.09 0.12 0.08

Source: Nutritional Research Council (1994).

Table 3. Chemical composition of sorghum and pearl mille t on dry matter basis.

Parameter Sorghum Pearl millet Maize
Dry matter (%) 88.4-99.2 88-89.3 88.4-89.6
Crude protein (%) 10.0-14.1 7.1-14.4 8.8-10.4
Crude fiber (%) 1.5-5.9 2.3-3.0 2.3-2.8
Fat (%) 1.8-5.7 4.3-5.1 1.8-3.8
Total ash (%) 1.77-3.60 2.6-6.2 1.8-3.2
Nitrogen-free extract (%) 65.3-84.2 64-90
Calcium (%) 0.01-0.36 0.03-0.31 0.02-0.07
Phosphorus (%) 0.13-0.69 0.11-0.77 0.11-0.45
Available carbohydrates (%) 56-63 60.8 -

Source: Rama Subba Reddy (1998), Rama Subba Reddy and Nageswara Rao (2000).
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Table 4. Chemical composition and nutritive value of so  rghum cultivars and maize on
dry matter basis.

Sorghum cultivars

Parameter CSV 15 CSH 16 PSV 16 S35 Maize
Dry matter (%) 93 92 93 92 92
Crude protein (%) 9.40 10.32 10.80 11.90 9.3
Fat (%) 3.01 2.85 2.40 3.73 3.8
Crude fiber (%) 3.20 2.48 2.81 4.02 2.20
Ash (%) 1.13 1.30 1.37 153 1.30
Nitrogen-free extract (%) 83.26 83.05 82.62 79.22 83.4
Metabolizable energy (kcal kg™?) 3422 3196 3402 3238 3700

Source: Laxmi Tulasi (2003).

and acid extractable). Solubility fractionation studigsdicated higher levels
of albumin plus globulin in pearl millet varieties tham sorghum, while
amounts of the cross-linked proIamiB--proIamin, were higher in sorghum
than in pearl millet (Table 5).

Studies on amino acid composition of the protein fraats of sorghum
grain (Ahuja et al. 1970) showed that the albumin and gilob fractions
contained high amount®f lysine and tryptophan and in general were well
balanced in their essential amino acid composition. e other hand, the
prolamin fraction was extremely poor in lysine, arginind,stidine and
tryptophan and contained high amounts of proline, ghlmta acid and
leucine. Present in the form of protein bodies, proianwas found to be the
predominant protein fraction directly associated withe protein content of

Table 5. Distribution of protein fractions (% of total p  rotein) in sorghum and pearl
millet grains.

Sorghum Pearl millet
Fraction Range Mean Range Mean
Albumin + globulin 17.1-17.8 17.4 22.6-26.6 25.0
Prolamin 5.2-8.4 6.4 22.8-31.7 28.4
Cross-linked prolamin 18.2-19.5 18.8 1.8-3.4 2.7
Glutelin-like 3.4-44 4.0 4.7-7.2 55
Glutelin 33.7-38.3 35.7 16.4-19.2 18.4
Residue 10.4-10.7 10.6 3.3-5.1 39

Source: FAO (1995).
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the grain. Glutelin, the second major protein fraction, as structural
component that represents the protein matrix in the pkeimmal and inner
endosperm of the sorghum kernel.

Sorghum contained high tryptophan, while pearl milletnt@ained higher
levels of essential amino acids as compared to maize (T&)leAmino acid
composition varied with cultivars. The cultivar S 35 haigh essential amino
acid content. The amino acid digestibility in sorghum isigéltly less as
compared to maize (Table 6).

Carbohydrates

Sorghum and pearl millet slightly differ in characteristiof starches (Table 7)
and composition of souble sugars (Table 8). In many sorghunstarch
digestibility is low and starch content more variable (Wagnl982).

Fat

Crude fat content of sorghum is 3%, which is lower than that of maize and
pearl millet. The germ and aleurone layers are the main contributors to the
lipid fraction. The germ itself provides about 80% of the total fat. Average
fatty acid composition of sorghum and maize is given in Table 9.

Table 6. Amino acid composition (% of protein) of sorgh  um (SG) and maize and their
digestibility coefficients.

Digestibility

SG cultivars coefficient (%)

Pearl

Amino acid SG  millet Maize S35 PSV 16 CSV 15 CSH 16 SG Maize
Methionine 0.17 0.25 0.18 0.17 0.17 0.15 0.16 88 91
Cystine 0.16 0.24 019 019 0.16 0.17 0.18 80 88
Lysine 0.24 0.45 027 022 0.20 0.20 0.20 78 82
Threonine 0.31 0.48 032 033 0.30 0.27 0.29 80 84
Tryptophan 0.10 0.08 007 012 011 0.09 0.10 85 80
Arginine 037 0.74 044 040 0.36 0.33 0.34 78 90
Isoleucine 0.34 0.37 031 040 0.36 0.31 0.35 88 89
Leucine 099 114 1.07 131 1.19 0.79 1.16 93 93
Valine 0.44 0.49 042 051 047 0.46 0.45 86 88
Histidine 0.20 0.39 0.26 - - - - 86 91

Crude protein (%)10.5 15.7 9.0 105 9.52 8.27 9.08 - -

Source: Nutritional Research Council (1994), Degussa Feed Additives (2001).
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Table 7. Characteristics of starch of sorghum and pearl millet.

Viscosity (amylogragh -

Water Brabend)
Gelatinization binding  Swelling Solubility After ~ Cooled
Amylose temperature () capacity at90C at90C At93 holding to 35 or
Grain (%) Initial Final (%) (%) (%) to95C at95C 50C
Sorghum 24.0 68.5 75.0 105 22 22 600 400 580
Pearl millet 21.1 61.1 68.7 87.5 13.1 9.16 460 396 568

Source: FAO (1995).

Table 8. Composition (%) of soluble sugars in sorghum a  nd pearl millet grains.

Number of Total Glucose +
Grain cultivars sugar Sucrose fructose Raffinose  Stachyose
Sorghum 10 2.25 1.68 0.25 0.23 0.10
Pearl millet 9 2.56 1.64 0.11 0.71 0.09

Source: FAO (1995).

Table 9. Average fatty acid composition of sorghum and m aize.

Selected fatty acid (% of feed ingredient)

Dry Ether
Grain matter extract Ci20 Cis0 Cis0 Ci61 Ciso Cis1 Cis2 Cis:s
Sorghum 89 2.8 0.56 0.15 0.03 0.89 1.13 0.06
Maize 89 3.8 0.62 - 0.10 1.17 1.82 0.09

Source: Nutritional Research Council (1994).

Fiber

The fiber content of sorghum is higher than maize but is quite variable (Table
4). Karim and Rooney (1972) reported that the pentosan content of sorghum
varied from 2.51 to 5.57%. Pentosans occur in cell walls of cereal grains and
are a heterogeneous mixture of polysaccharides; many of which contain
proteins. Earp et al. (1983) identified the mixed linked ﬂ-—glucans in sorghum
pericarp, aleurone and endosperm. These are water soluble and form viscous,
sticky solutions. This property may be important in malting of sorghum but it
is a disadvantage in the alimentary tract of birds. Cholesterol lowering

property is seen in glucans isolated from sorghum.
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The fiber content of pearl millet is higher than sorghum amaize (Table
2). Pentosans of pearl millet represent arabinose, xylasd galactose, follwed
by rhamnose and fucose (Bailey et al. 1979). Pearl millettains 0.66% water
soluble non-starch polysaccharides and 3.88% water lsl@ non-starch
polysaccharides.

Minerals

Mineral composition of sorghum is compared with pearl heitl and maize
(Table 10). In sorghum grain, minerals are unevenly dilsated and are more
concentrated in the germ and seed coat.

Vitamins

Choline, niacin, pantothenic acid and riboflavin are hiigh sorghum and pearl
millet as compared to maize (Table 11). Sorghum contdihegher biotin than
maize. Pearl millet contained almost double the quantioy thiamine
compared to maize.

Nutritional inhibitors and toxic factors

Antinutritional factors can be classified broadly as thosaturally present in
the grains and those occurring due to contamination whicly rha of fungal

Table 10. Mineral composition of sorghum, pearl milleta nd maize.

Mineral Sorghum Pearl millet Maize
Calcium (%) 0.04 0.05 0.02
Phosphorus (%) 0.30 0.32 0.28
Non-phytin phosphorus (%) 0.09 0.12 0.08
Sodium (%) 0.01 0.04 0.02
Sulfur (%) 0.06 0.13 0.08
Potassium (%) 0.35 0.43 0.30
Chloride (%) 0.09 0.14 0.04
lron (ppm) 45 25 45

Magnesium (ppm) 0.15 0.16 0.12
Manganese (ppm) 15 31 7

Copper (ppm) 10 22 3

Selenium (ppm) 0.2 - 0.03
Zinc (ppm) 15 13 18

Source: Nutritional Research Council (1994).
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Table 11. Vitamin composition (ppm) of sorghum, pearl mi  llet and maize.

Vitamin Sorghum Pearl millet Maize
Biotin 0.26 - 0.06
Choline 668 793 620

Folacin 0.2 _ 04
Niacin 41 53 24

Pantothenic acid 12.4 7.8 4.0
Pyridoxine 5.2 - 7.0
Riboflavin 1.3 16 1.0
Thiamine 3.0 6.7 35
Vitamin E 7 - 22

Source: Nutritional Research Council (1994).

origin or may be related to soil and other environmedniafluences. These
factors modify the nutritional value of grains and somkethem have serious
nutritional and health consequences. The antinutrientd &oxic substances
associated with sorghum and pearl millet are discdskelow.

Phytate

Phytic acid is the main phosphorus store in mature grainreadily forms

complexes with minerals and proteins. Most phytate-aletomplexes are
insoluble and make several minerals unavailable in aismand birds. Bran and
aleurone layers ofthe grain are a major source of phg/tartd total phosphorus
in sorghum. The phytate content of sorghum and milled almost similar to

that of maize and it is not a serious problem in diets fbrc&ken.

Polyphenols

Widely distributed polyphenols in plants are not dirbctinvolved in any
metabolic process and are therefore considered sexmmgndmetabolites.
Phenolic compounds in sorghum can be classified asnphie acids, flavonoids
and condensed polymeric phenols known as tannins. Phenacids, free or
bound as esters, are concentrated in the outer layetheofyrain. They inhibit
growth of microorganisms and probably impart resis@aragainst grain mold.
Flavonoids in sorghum, derivatives of the monomeric ypwhenol flavon-4-ol
are called anthocyanidins. The two flavonoids in sorghare luteoforol and
apiforol. Jambunathan et al. (1986) observed thatistasice to grain molds
rather than to birds (Subramanian et al. 1983) was assediwith flavon-4-ol
content of the grain.
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Tannins are polymers resulting from condensation o&vidn-3-ols.
During grain development, flavonoid monomers are syagized and then
condensed to form oligomeric proanthocyanidins of fous ®ix units.
Tannins, while conferring the agronomic advantage oifrd resistance,
adversely affect the grain's nutritional quality (Butlet al. 1984). Tannins
are generally located on the outer seed coat of sorghlggein. There is no
clear relationship between seed coat color and tanoemtent. High tannin
sorghums are usually darker in color, but some dark cetosorghums are
low in tannins.

A quick test was developed to cut the seed and obsepvesence of
pigmented tannin in the testa. A bleach test for presemceabsence of
pigmented testa gives a fair indication of tannin in gmai About 20 ¢
sorghum is mixed with 5 g potassium hydroxide and 75 nilhousehold
bleach. The mixture is shaken until potassium hydroxidigssolves and then
it is set aside for 20 minutes. Grains are stained andgethwith water and
placed on a paper towel. Potassium hydroxide removes dhter pericarp
and so the testa is exposed. High tannin grains appeak daown or black
while low tannin grains are bleached white or yellow fs®n and Summers
2001). Tannins in grain can be estimated by spectraphmetric method
(Burns 1971, Porter et al. 1986). The adverse effectsaahins are reduced
digestibility and growth retardation in chicken whemrotein in diet is
marginal.

Different methods have been tried to inactivate or abeify the
tannins in bird resistant sorghums to improve their nuitonal quality.
Some of these methods are moisturizing with alkali, dduaqueous
ammonia, Mugadi soda solution, formaldehyde and pohpdene glycol
(FAO 1995).

Digestive enzyme inhibitors

Inhibitors of amylases and proteases have been ideatifin sorghum and
some millets (Pattabhiraman 1985). The nutritional sig@ance of the
enzyme inhibitors present in sorghum and millets is nédacly understood
and hence further research is needed.

Goitrogens

Goitrogens were identified in pearl millet (Osman akdtah 1981). Feeding
trials in rats showed that goitrogen inhibited deiodiioen ofthyroxine (T;) to
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triiodothyronine (T3). lodine supplementation did not alleviate the
goitrogenic effect of pearl millet. Yellow colored pearhillet was less
goitrogenic than brown or gray millet.

Mycotoxins

Like other cereals, sorghum and pearl millet are susceptibl fungal growth
and mycotoxin production under certain environmental cidrochs. Storage
fungi, mostly species oAspergillus and Penicilium are found on food grain
stored with moisture content greater than 13% (Sauer 198B8l)oldy
sorghum panicles were reported to be contaminated withtakliams B and G
(Tripathi 1973). Infestation of pearl millet by paragtifungi, Claviceps
fusiformis, caused an outbreak of ergotismFusarium spp on sorghum
released JF toxin.

Sorghum utilization in poultry diets

The information available on the growth of chicks fed on sloug to replace
maize part by part or isocalorically have been reviewed bymRaSubba
Reddy and Nageswara Rao (2000). Data indicated that swmghcan be
included up to 60% in broiler diets replacing maize withoaffecting the
performance. The broilers tolerated up to 0.26% tannins heit diet. The
addition of tallow at 6% improved feed conversion ratio (FCRt highest
dietary tannin content (0.65%) (Pour-Reza and Edriss 1)99Reduction in
body weight and FCR due to high tannin content intake canyqudrtially be
improved by the addition of animal fat. Improved FCR resudtfrom
reduction in the rate of passage of digesta (Pour-Reza amds& 1997). In
broiler chicks, Sharma et al. (1979) observed superiodtyearl millet over
maize, wheat and sorghum.

Effect of feeding sorghum to broilers on meat quality wasidded by
Cherian et al. (2002). Sorghum feeding may improve the cdtability of
meat by its antioxidant effect. Tannin and related phesompounds are as
effective as vitaminE as an antioxidant.

Supplementation of sorghum grain diets with methionine18%) and
choline (0.2% of 25% purity) resulted in significant imprement in weight
gain and FCR. Polyvinylpyrrolidone (1%) completely atterad the tannic
acid effect in broilers. Layer birds on sorghum diets at 56dal00%
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replacement of maize have resulted in similar perfonm@ as compared to
maize (Rama Subba Reddy and Nageswara Rao 2000).

Pearl millet utilization in poultry diets

Inclusion of pearl millet at high rate (47.1%) promotéast efficiency of
protein digestion. Pearl millet replaced total maize broiler diet without
affecting the broiler performance. Singh and Barsaul {&P have observed
improvement in the FCR when pearl millet replaced mainebiroiler diets.
When pearl millet replaced maize part per part or isocedally and
isoproteinically, the performance of chicks was eitheomparable or better
than those fed with maize (Ayyaluswami et al. 1967, @&imand Barsaul 1976,
Sharma et al. 1979, Asha Rajani et al. 1986, Nagra etl®87, Satyanarayana
Reddy et al. 1989, Purushothaman and Thirumalai 1995, ®Rd&ao et al.
1997). As such, maximum level used in the experimen2&.% to 60%) could
be taken as the maximum level ofinclusion of pearl metlin diet. Pearl millet
was included at 27.8% in unground form or ground form o2dt8% unground
form plus 27.8% ground form. The performance was simihWahether pearl
millet was in ground form or unground form. In two sied on layers, pearl
millet was included at 32% part per part for maize and6@%) part per part or
isocalorically and isoproteinically at the expense odime. In all the cases, the
performance of layers with pearl millet feed was compdaeato those on
maize diet, but for yolk color (Ramachandra Reddy andd&e 1970, Srilatha
Rani 1995).

Digestibility of dry matter, ether extract, crude &b nitrogen-free
extract and balance of calcium and phosphorus remainedffiected at 3
and 9 weeks of age (Singh and Barsaul 1976). Energy arodgin deposition
in broilers when fed on pearl millet was observed to bedtler than when fed
on maize diet (Sharma et al. 1979). Satyanarayana Redtyal. (1991)
observed no effect of pearl millet diet on abdominal fatdameady to cook
yield in broilers while Rama Rao et al. (1997) reportedher abdominal fat
when broilers fed on pearl millet diet than on maize di&burce of energy in
the diet did not influence egg production, indicatingat pearl millet can be
used as an alternative to yellow maize without affectiegg production in
broiler breeder diet. Kumar et al. (1991) and Purushaoblan and
Thirumalai (1995) did not find differences in egg prowdtion due to feeding
of pearl millet.
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Potential of Sorghum for Feed Industry in
Thailand and Indonesia

B Boonsue *

Abstract

Maize has been a traditional feed grain in Thailand and Indonesia for many

decades. Recently, there was a big shortage of maize supplies due to increasing
demands from the rapidly growing poultry industry.  Consequently, large

guantities of maize grain have to be imported annually to balance the deficits in
both countries. The chance to increase maize production seems limited due to
continuous  environmental  stresses  resulting in unfavorable  conditions for

profitable maize cultivation at subsistence levels. As sorghum is drought tolerant,
it may be a good alternative feed grain in these areas. The essential need is to
develop a sound breeding program to breed more adaptable varieties and hybrids
with  better yield and quality.

Feed consumption in Southeast Asia has steadily increasednd the last four
decades. Since 1960, the total maiz€eé& mays) feed consumption in the
region increased 16-fold from less than 1 million tin 196Gtout 16 million
t in 2002. Thailand and Indonesia consume about half of thqusntity. The
poultry industry has been rapidly growing in these coundgrie

Thailand, with 62 million people, is the major poultry pnoder for
exports. It exports about one-third of its total annual puotion while
Indonesia's poultry production is mainly for domestic samption having a
population of 225 million (Fig.1).

Maize, a traditional cereal in the region, is the only nragoain source for
the feed industry in both countries. Most maize farmers atill farming at
subsistence levels. Although Thailand has long been know@ anaize exporter,
now it is crucial for Thailand to import maize to meet therie&sing demand of
domestic feed consumption (Fig.2). A similar situatios iaking place in
Indonesia where more than 1 million t maize is importedwaally to meet the
requirement of the growing demand of feed industry (Fig.3).

It is anticipated that sorghumSErghum bicolor)with its unique ability to
better withstand environmental stresses such as drougltulgsh be seriously
studied to be an additional alternative feed grain for twist tropical region.

1. Charoen Pokphand Group, 313 Silom Road, Bangrak, Bakgkl0500, Thailand.
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Figure 2. Production (P), feed consumption (FC), exports (E) and imports (I)
of maize in Thailand, 1960 to 2002. (Source: USDA 2003.)
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Figure 3. Production (P), feed consumption (FC) and imports (I) of maize in
Indonesia, 1960 to 2002. (Source: USDA 2003.)

The marginal lands that are not suited for maize may beeptial areas for

sorghum production.

Feed grain improvement in Thailand

In 1966 the National Corn and Sorghum Research Program wgandzed as a
cooperative effort involving Kasetsart University, tiMinistry of Agriculture
and Cooperatives, and the Rockefeller Foundation. Tphrogram provided
Thai farmers with improved maize and sorghum varieties andtivation
practices, resulting in 5-fold increase in maize prodwatiwithin two decades.
Maize was then (until 1985) produced mainly for exportdbdat 60-70% of
annual production).

However, in the last two decades maize areas steadily aedifrom
maximum 2.3 million ha to the current 1.1 million ha. Buts rather
consistent annual production of about 4 million t was mt@iined by higher
yields of many superior hybrids released from private seednganies (Fig.
4). In the meantime, the booming feed industry absorbedsmof the
production until some imports startingfrom 1991 till date balanced the

deficits (Fig.2).
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Figure 4. Harvested area, production and vyield of maize in Thailand, 1960
to 2002. (Source: USDA 2003.)

The challenge is how to utilize the 1 million ha old maizeas for feed
grain production again. Most of these areas were natueah forests where
farmers, after deforestation, had exploited virgin soelrffility and good rainfall
for maize cultivation with profitable yields in the pastveeal decades.
Consequently these lands became depleted in soil fentilihd moisture and
were unsuitable for growing more profitable maize crop.stitable sorghum
varieties with satisfactory economic returns to farmersildbbe developed for
these marginal lands, at least 1-2 million t of feed grapbuld be produced to
substitute for current maize imports.

On the contrary, the nation-wide sorghum production, melhne, was
not significantly increased as compared to maize. Sorghtaa was maximum
in 1985/86 and reached only 280,000 ha; later, it dradtycaropped down to
the present level 0f 90,000 ha (Fig.5}.

The highest annual production of about 400,000 t alsburced to around
150,000 t despite the average vyield increase from 1.25
1.75 t ha'. The yield improvement was attributable to improved véids
from public institutions and commercial hybrids fromipate seed companies.
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Figure 5. Harvested area, production and yield of sorghum in Thailand, 1968
to 2002. (Source:  Ministry  of Agriculture and Cooperatives 1960-2002.)

The following are some main facts attributable to thbove sorghum
phenomena:

« Most sorghums are planted as second crop after maizeuplands and
depend only on residual moisture after maize harveste Tést are grown as
main crops in areas where seasonal rains are more uleggand risky for
maize.

« The average yields of sorghum under above situationscaresistently lower
(about 50%) than those of maize under good conditiard are not good
choices when farmers have other alternatives.

« Farmers normally use less improved production inpuie, fertilizers and
cultural practices) than used for maize to reduce tdest of sorghum
production and make more profits.

« Price of sorghum grain is normally lower (about 10%)abhthat of maize.

« Farmers have more difficulties in handling sorghum crppoduction (ie,
bird damage, drying and storage facilities). Theselplems often result in
poor grain quality and field losses.
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Feed grain development in Indonesia

Maize has long been a traditional food and feed crop in Iredoa. Since 1960
farmers had depended on unimproved local varieties witnhawerage yield of
about 1 t hg. After the government's promotion on foreign investméat
maize seed industry in 1981, notonly high-yielding varestand hybrids were
commercially developed but also high quality seeds weraden available to
farmers on industrial scale (Boonsue 1988).

Consequently, maize production doubled inthree decademf3 million
t in 1975 to more than 6 million t in 2002, while planting aremmained
almost the same at about 3 million ha (Fig.6). Obviouslye fhroduction
increase was due mainly to the improved yields of newietaes and hybrids
from both public and private seed enterprises.

Four distinct maize production systems in Indonesia arecdidbed by Mink
(1984). The most common practice (55%) is monoculture oizeafter maize
for two or three crops per year by using short-season viesetThe second
(24%) is a single maize crop per year, normally intercroppadh upland rice

(Oryza sativa) or cassava (Manihot esculenta) for the tegal (upland) areas. In
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the third system (10%), early maize varieties, mostly icte@pped with soybean
(Glycine max) and mung bean(Vigna radiata), are planted either before or
after rice for the rainfesdawah (lowland) areas. The fourth system (about 11%)
iIs the most intensive production practice where medium ate Ivarieties are
cultivated under irrigatedawah, in one or two seasons after the main rice crop.
The average yield is about twice the national average, tweenly to use of
improved seed and cultural practices. Obviously most olm@gsian maize
production systems still depend on rainfed situations.

It is noted that maize is also used as human food in ruradsaespecially
where rice is inadequate. Therefore, Indonesia has to deéma some imports to
meet balance ofthe rising demand of feed consumption. énlast decade annual
maize imports were close to 1 million t to meet the feed dedahat rapidly
increased from 1 milliontin 1984 to more than 1 million t2802 (Fig.3).

Potential for more feed grain from sorghum

About20 million ha of cultivated land is used for food csap Indonesia, of which
5 million ha (25%) is irrigated and 15 million ha (75%) isimeed (Tablel).
A conservative estimate of 10% (1.5 million ha) of the Imillion ha non-
irrigated land being marginal for maize is quite plaugiblf sorghum could be
grown successfully on these risky areas, there would beadtl2-3 million t of
additional feed grain for Indonesia. This amount coulel bbsed to substitute
the current imported maize also.

Table 1. Cultivated land ('000) for food crops in Indones ia during 1999.

Wetland
Irrigated Non-irrigated Dryland

Semi- Non- Garden/Dry Shifting
Island Technical technical technical Rainfed Valley field  cultivation
Java 1551 392 662 763 3 2862 231
Sumatra 296 282 499 585 274 3351 1646
Bali dan Nusa 130 240 132 93 1 828 370
Tenggara
Kalimantan 25 30 185 348 334 933 808
Sulawesi 238 122 247 275 3 1162 577
Indonesia 2240 1067 1726 2064 614 9137 3631

Source. Central Bureau of Statistics (2002).
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But how can such sorghum varieties or hybrids be developwtiich
could give competitive yields and incomes to farmers dntdin a sustainable
production system as well? The chances of achievingdhgsals are quite high
as given below:

e Our existing cultivated lands have been continuouslyredtened by
environmental stresses, especially water shortages. Yéelaking for more
drought tolerant crops to make these lands more praoidwec

« Commercially, sorghum is rather new in Indonesia andlsiiot yet well
known in feed industry.

e Sorghum, known as a highly drought tolerant crop amongeals under
cultivation, has much more unexploited genetic diversfioy improvement
of various traits related to its adaptability to droughhavéeronments and
other biotic hazards.

« About 75% of cultivated lands for food crops in Indonegi5 million ha)
are non-irrigated. Therwill be a big opportunity for sorghum research and
development to make use of this crop to better fit in ehe&sop lands.

Thus, there is plenty of room for sorghum improvement and it
utilization as alternative feed grain in Southeast Asiapexsally Thailand and
Indonesia. The future challenge is its genetic impronent (for varieties and
hybrids) to commercially fit in the existing areas deftheas less-favorable
environments (for maize) and traditional cropping systemfishis wet tropical
region.
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Potential for Sorghum Development
in Indonesia

M Dahlan and S Singgih *

Abstract

Sorghum area in Indonesia has been constantly decreasing since 1989 because the
price of sorghum is lower than that of maize, no government program focuses on
intensive cultivation of the crop and the grain is susceptible to storage insects.
However, sorghum is a potential crop in drylands where maize frequently suffers
from drought. Sorghum grain may be a substitute for maize in feed. Indonesia
imports more than 1 million t of maize each year. There are large areas where the
rainfall is less than 100 mm per month over a period of nine months. These areas are
suitable for cultivation of sorghum. Sorghum grain can be used as food and the
stover as feed. Sweet sorghum can be used as grain and also for production of sugar.

Sorghum [Sorghum bicolor)is a minor crop in Indonesia. It is cultivated in the
provinces of Central Java, Yogyakarta, East Java, ®%o8tlawesi, West and
East Nusa Tenggara. The harvested area of sorghum Wwasta63,400 ha with
a production 0of42,220 t in 1982; the area decreasedtioaously until 1987
and increased slightly in 1988 and 1989 (Tablel). Aidantrend was also
noticed in East Java (Table 2), wherein the sorghuma arduced from 5538
hain 1989 to 1843 ha in 2000. Since sorghum is normallywgrdy farmers in
drought-prone marginal lands without fertilizer, theagn yields are low. In
drylands, sorghum is intercropped with upland rice dher crops. Sorghum
is grown after rice (Oryza sativa) or maize (Zea mays)in lowlands (rice-rice-
sorghum, rice-maize-sorghum and rice-sorghum) (Ruskaan and Subandi
1996). In West Timor, some farmers sow sorghum with neaind foxtail
millet (Setaria italica). According to the Agricultural Extension, Wonosari
and Demak, Central Java, reduction in sorghum areaatsributed to the
following reasons:
« The government program is more concentrated in insre@ rice and maize
production.
* The decrease in price of sorghum as compared to maiker a@f980s is high.
« Farmers have difficulties in sorghum processing.
« Sorghum grain is susceptible to storage insects.

1. Indonesian Research Institute for Cereals, Ratulang#,2Maros 90514, Indonesia.
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Table 1. Area, production and yield of sorghum in Indonesi a.

Year Area (ha) Production (t) Yield (t ha)
1980 38,900 42,900 1.10
1981 60,500 53,600 0.88
1982 63,400 42,220 0.66
1983 37,400 36,130 0.97
1984 23,900 28,810 1.20
1985 32,000 33,160 1.04
1986 19,500 26,100 1.34
1987 12,150 18,900 1.56
1988 22,008 34,900 1.58
1989 25,700 37,900 1.47

Source: BPS (1984,1989).

Table 2. Area, production and yield of sorghum in East Java

Year Area (ha) Production (t) Yield (t ha™)
1988 4,849 10,202 2.10
1989 5,538 11,949 2.16
1990 5,052 10,684 2.11
1991 4,399 9,473 2.15
1992 6,405 16,117 2.52
1993 3,683 8,428 2.29
1994 3,368 7,896 2.34
1995 3,859 8,875 2.30
1996 3,609 8,478 2.35
1997 2,819 6,979 2.48
1998 2,239 5,382 2.40
1999 1,751 4,257 2.43
2000 1,843 4,505 2.44

Source: Agricultural Extension, East Java, 2001.

* The availability of an alternative and more profitabdeop is common [eg,
mung bean (Vigna radiata) -the price of seed is high and the crop matures
within 2 months].

e« Farmers' perception that rice and maize planted aftegygsom need more
fertilizers and the soil becomes compact.

Since mung bean is more profitable than sorghum and manz®emak,

farmers have recently changed the cropping pattern frone-rice-sorghum to
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rice-rice-mung bean. Consequently, sorghum cultivation is negligible in this
area contrary to the area of more than 10,000 ha planted in 1982.
Export of sorghum from Indonesia was lower than import (Table 3).

Indonesia imports sorghum mainly from Australia for food industry.

Potential of sorghum for animal feed and fodder

Indonesia imports more than 1 million t of maize each year mainly for feed
(Table 4). The demand for maize feed has consistently increased. During the dry
season, there is shortage of animal fodder. Hence the price of maize stover is
expensive. Consequently, fanners in some areas sell their cattle at low price due
to severe shortage of fodder. Some farmers grow sorghum for forage mixed with
maize and rice. Due to large number of animals in Indonesia (Table 5), feed and
forage requirement is high.

Sorghum can be grown for feed to reduce maize import and develop
animal husbandry. Sorghum and millet require less water than maize for their
growth and development. The sorghum variety Badik produced 1.8t ha 'nder

drought stress (Singgih and Marzuki 1996). Ismail and Ispandi (1996) reported

Table 3. Export, import and value of sorghum in Indonesia

Export Import
Year Quantity (t) Value (US$ '000) Quantity (t) Value (US$'000)
1987 - - 27,136 3,059
1988 - - 3,901 520
1989 455 48 - -
1990 - - 22,500 1,430
1991 - - - -
1992 316 43 - -
1993 318 25 430 64
1994 - - 29,684 3,199
1995 540 79 6 32
1996 - - 28,963 5,797
1997 - - - -
1998 7 14 10 71
1999 - - - -
2000 - - 52 72
2001 - - 70 76

Source: FAO (2003).
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Table 4. Production, import and value of maize in Indone  sia.

Year Production (t) Import (1) Import value (US$ '000)
1997 8,770,851 1,098,354 171,675
1998 10,169,488 313,463 47,838
1999 9,204,036 618,060 80,320
2000 9,677,000 1,264,575 157,949
2001 9,165,317 1,035,797 125,512

Source: FAO (2003).

Table 5. Number of cattle and other animals in Indonesia  during 1997-2001.

Animal 1997 1998 1999 2000 2001

Cattle (head) 11,938,856 11,633,876 11,275,703 11,641,876 11,191,376
Buffaloes (head) 3,064,532 2,829,291 2,503,788 2,405,277 2,287,212
Sheep (head) 7,697,690 7,144,003 7,225,690 7,426,992 7,294,000
Goats (head) 14,162,547 13,560,449 12,701,373 12,585,260 12,456,202
Pigs (head) 8,232,839 7,197,558 7,041,820 5,356,834 5,896,834
Chickens (1000) 972,832 645,518 622,531 859,497 853,832
Ducks (1000) 30,320 25,950 27,552 28,076 29,905
Horses (head) 582,284 566,485 484,285 517,333 430,000

Source: FAO (2003).

grain yield of 1.1 t hd" in local variety and 13 t ha"in UPCA Sl (improved
variety) in Lamongan, and 2.81 hain local variety and 3.91 ha'in UPCA Sl in
Bojonegoro, East Java when sorghum was grown withoigation and fertilizer
application after rice utilizing the residual soil moistu

In Indonesia the percentage of agricultural land beloggonOldeman D 3 -
E3 agroclimatic zone is large (Table 6). In these amags that follow rice are
maize or legumes, but the grain yield of both maize antbgumes are very low
because of terminal drought. Under this condition, barg has the potential to
yield higher than maize. In low rainfall areas like Suéaw Maluku, West and
East Nusa Tenggara, sorghum is mixed with other cropsratids island animal
husbandry is being practiced. Sorghum is suitable fesdhareas either as food
or feed and stover for silage. Some areas of Java, wéne ltlassified under D3
and E3 climatic zones, are suitable for sorghum cultivati@hdeman 1975).
However, the price of sorghum grain will determine its pefitiveness with
maize. In some areas farmers utilize groundwater to \catiéi maize and this
increases the production cost. It may be profitable tdivate sorghum as the
price of sorghum grain is similar to that of maize.
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Table 6. The percentage of agricultural areas in differ  ent climate zones of Indonesia
having potential for sorghum and pearl millet cultivati on.

Percentage of agricultural area (%)

Climate Wet Dry Bali®

zone months' months’ Java Sumatra Kalimantan Sulawesi Maluku (NTT and NTB) Papua
C3 5-6 5-6 14 0 0 4 10 3 2
D1 3-4 <2 0 10 3 10 2 0 3
D2 3-4 2-4 5 2 1 8 5 0 14
D3 3-4 5-6 20 0 0 4 5 40 0
D4 3-4 >6 0 0 0 0 0 30 4
El <3 <2 0 - 5 12 5 0 0
E2 <3 2-4 0 2 1 1 5 0 0
E3 <3 5-6 9 0 0 4 5-10 5 0
E4 <3 >6 0 0 0 0 0 0 0

1. Rainfall >200 mm.

2. Rainfall <100 mm.

3. NITT = East Nusa Tenggara; NTB = West Nusa Tenggara.

Source. Oldeman (1975), Oldeman and Syarifuddin (1977), Oldeman et al. (1979,1980).

Sweet sorghum

Sweet sorghum is comparable to sugarcane (Saccharum officinarum) for sugar
content. Research has been conducted on identification of sorghum lines with
high sugar content. In demonstration plots, the variety Rio produced 1.8 t
grain ha!, 21.6 t stalk ha™ and 2.2 t sugar (total sugar as invert) ha' in East
Nusa Tenggara and 1.5 t grain ha*, 20.01 stalk ha"* and 2.5 t sugar ha™ in West
Nusa Tenggara (Directorate General Estate Crops 1996). Three varieties of
sorghum had high brix content when harvested at 100 days after planting as
shown in Table 7 (Sastrowijono 1996). Sweet sorghum juice is also used as a
raw material for monosodium glutamate industry.

Table 7. Stalk yield, juice, brix and juice value ofthr  ee varieties of sorghum harvested
100 days after planting.

Variety Stalk yield (t ha’) Juice factor (%)  Brix (%) Juice value (%) TSAI' (%)
Rio 24.59 48 16.72 11.02 12.46
Roma 20.73 41 15.92 12.18 10.49
Ramada 20.02 43 15.27 11.14 9.74

1. TSAl = Total sugar as invert.
Source. Sastrowijono (1996).
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Forage Potential of Sorghum and Pearl Millet

G Harinarayana *, NP Melkania ?, BVS Reddy °®,
SK Gupta*, KN Rai® and P Sateesh Kumar °

Abstract

Sorghum and Pennisetum are two of the gifted genera of the tropical regions that provide
food, feed, stover (dry straw) and fuel to millions of poor farmer families and their
livestocks. Single-cut sorghum and multi-cut pearl millet varieties are also cultivated for
green fodder (forage). In addition, the interspecific sorghum x sudangrass annual
multi-cut hybrids are grown for green fodder. The interspecific pearl millet x napiergrass
hybrids are perennial and yield green fodder throughout the year.

Pearl millet uses less water per unit of forage production, tolerates both lower
and higher soil pH and higher aluminium concentration, and is rich in minerals as
compared to sorghum. However, sorghum has a wider range of adaptability and is
more widely grown. Geographical preferences, limited market demand, variable
prices, and lack of private industry and institutional research support have led to
limited pearl millet forage research and cultivar adoption.

Forage quality is paramount to palatability or acceptability and animal
intake. Plant morphology, anatomical components, digestibility, protein,
mineral, cellulose and lignin contents, and anti-nutritional factors like
hydrocyanic acid in sorghum and oxalic acid in pearl millet determine animal
performance - milk and meat production.

Development of multi-cut annual forage sorghum and pearl millet hybrids
rather than varieties could have a catalytic effect on forage yield and quality.
Diversification of sorghum seed parents (white-grained rather than the currently
used red-grained male steriles) and development of sudangrass pollinators with
high sugar content and foliar disease resistance offer good opportunities for the
exploitation of full potential of the interspecific hybrids. Crop scientists, chemical
technologists, and animal health and nutrition experts have a role to play in good
guality forage research and cultivar development. Inter-institutional partnerships
could forge strong interlinks for strengthening sorghum and pearl millet forage
research and development.

Ganga Kaveri Seeds Pvt Limited, 1406, Babukhan Estate, Bashirbagh, Hyderabad 500 001,
Andhra Pradesh, India.
AICRP on Forages, Indian Grassland and Fodder Resarch Institute (IGFRI), Gwalior Road,
Jhansi 284 003, Madhya Pradesh, India.

ICRISAT, Patancheru 502 324, Andhra Pradesh, India.

Proagro Seed Company Pvt Limited, 8-1-39, Tolichowki, Hyderabad 500 008, Andhra

Pradesh, India.
Prabhat Agri Biotech (P) Limited, Panjagutta, Hyderabad 500 082, Andhra Pradesh, India.
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Sorghum and Pennisetum are two of the gifted grass genera of the tropics. Each
genus includes an important species used for food, feed, forage, fuel and as
building material in many parts of the world, while the remaining, lesser
known species in these genera are important forage producers. Sorghum
(Sorghum bicolor) and pearl millet [Pennisetum glaucum) are usually grown for
grain in areas where environmental conditions, especially rainfall, temperature
and soil fertility are too harsh to grow maize (Zea mays) (Hanna and Cardona
2001). The dry fodder or stover is also used to feed animals.

Forage sorghums, by definition, include annual cultivars of sorghum and
sorghum-sudangrass (S. bicolor x S. sudanense) hybrids. Sorghum sudanense is
also grown for annual forage.

Forage Pennisetum, by convention, includes the annual pearl millet and the
perennial napier-bajra (P glaucum X P. purpureum) hybrids. As an indispensable
grain crop of the arid and semi-arid tropics, pearl millet provides both grain and
stover. Dinanath grass (P. pedicellatum) is also cultivated for forage.

Adaptation

Both sorghum and pearl millet make efficient use of soil moisture by remaining
semi-dormant during stress and responding rapidly to available moisture (Hanna
and Cardona 2001). Drought tolerance capacity measured in terms of water-use
efficiency of forage pearl millet (280 kg water kg™ dry matter) is better than
forage sorghum (310 kg water kg™ dry matter) (Chapman and Carter 1976, de
Lima 1998). Pearl millet produces more green and dry fodder yield than
sorghum (Table 1) under limited moisture regimes (Singh et al. 1989).

Table 1. Response of different forage crops to irrigation regimes .
Green fodder yield (t ha™) Dry fodder yield (t ha™)

Crop 0.25° 0.50 0.75 0.25 0.50 0.75
Sorghum 25.7 285 28.5 8.1 9.1 10.1
Pearl millet 334 32.7 34.7 95 10.8 114
Maize 38.6 41.7 42.5 84 9.2 10.6
Teosinte 37.1 40.0 39.2 75 8.0 9.0
Cowpea 194 23.3 22.6 4.1 4.9 4.7
Cluster bean 17.9 20.5 17.7 6.3 6.6 6.4

1. Mean response during summer, 1982 and 1983.
2. IWICPE (irrigation water/cumulative pan evaporation) ratio.
Source: Singh et al. (1989).
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Both sorghum and pearl millet make efficient use ofl dertility by
producing higher biomass, and thus take advantagbeofjrowing conditions.
Pearl millet roots tolerate lowesoil pH and higherAl** concentration than
those of sorghum (Ahlrichs et al. 1991). However, peaillet does not
tolerate waterlogged soils. Sorghum has a wider ramig@adaptability than
pearl millet (Hanna and Cardona 2001). Forage sorghsinrecommended for
both calcareous and saline soils, while forage peanlleh grows well in
calcareous soils (ICAR 1989).

Fodder production

Traditional areas for stover production

Sorghum is the third most important grain crop in Indi@xthonly to rice
(Oryza sativa) and wheat Triticum aestivum). Maharashtra, Karnataka,
Madhya Pradesh, Andhra Pradesh and Rajasthan are theipal sorghum-
growing states of India (Table 2). They account for 88.6f total sorghum
area (10.75 million ha), producing an estimated 88.7%stolver (22.52
million t).

Pearl millet is the fourth most important grain crop mdia. It is used as
a dual-purpose annual crop mainly in the drier areah®fdrid and semi-arid
tropics. Rajasthan, Maharashtra, Gujarat, Uttar Psladend Haryana are the
principal pearl millet-growing states in the rainy seaddrable 2). They
account for 90.7% oftotal pearl millet area in the coyn(9.43 million t ha),
producing on an average an estimated 90% of 14.76 milliohstover.

Non-traditional areas for forage production

Statistics on sorghum forage area or forage produc@wme not available. But
private seed industry produced 36,600 t of sorghum-syr@as hybrid seed
during 2002-03 for supply in packages of 1, 3 and 5 kgtinksted at
20 kg ha* 36,600 t should cover an area of 1.8 million ha whichustigyield
about 90 million t of green fodder or forage. Almost altain sorghum
cultivating states grow forage sorghum varieties, anddorghum-sudangrass
hybrids during rainy season as well as hot dry (summegsan. Forage
sorghums are principally cultivated in Punjab, Haryabalhi, western and
central Uttar Pradesh and adjoining areas of Madhya Bhad®ther forage
sorghums include sudangrass for which area estimatesi@t available.
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Table 2. Area and production of sorghum and pearl mille  t grain and stover in India,
1995-2000.

Area Grain Stover
State (million ha) (million t) (million t)
Sorghum
Maharashtra 5.33 4.82 12.05
Karnataka 1.95 1.67 4.17
Madhya Pradesh 0.85 0.73 1.82
Andhra Pradesh 0.81 0.57 1.42
Rajasthan 0.57 0.21 0.52
Tamil Nadu 0.40 0.38 0.95
Uttar Pradesh 0.39 0.34 0.85
Guijarat 0.28 0.25 0.62
India 10.75 9.01 22.52
Pearl millet
Rajasthan 4.35 1.78 3.92
Maharashtra 1.75 1.29 2.84
Guijarat 1.05 121 2.67
Uttar Pradesh 0.83 1.07 2.35
Haryana 0.57 0.57 1.25
Karnataka 0.38 0.24 0.53
Tamil Nadu 0.21 0.27 0.59
Madhya Pradesh 0.14 0.13 0.29
Andhra Pradesh 0.12 0.10 0.22
Other states 0.03 0.03 0.07
India 9.43 6.71 14.76

1. Estimated from harvest index.
Source: NRCS (2001), Bhatnagar (2003).

Pearl millet is cultivated for forage, but no estimates of either the forage
pearl millet area or production are available. While forage hybrids are not
produced, no statistics of seed production of forage varieties are available.
Considerable scope, therefore, exists for the development of high-yielding
and high quality forage hybrids and varieties of pearl millet. Only a few states
grow forage pearl millet in summer season: Gujarat, Uttar Pradesh,
Uttaranchal, Madhya Pradesh, Haryana and Rajasthan.

Interspecific hybrids of napier-bajra, a perennial forage crop, are planted
throughout the country for which no statistics are available. Other forages like P
purpureum and P pedicellatum are also grown, but area statistics are not
available.
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Silage production

Although sorghum (Kalton 1988) and pearl millet (de Andrade and de
Andrade 1982) are excellent for producing silage, particularly in regions with
dry spells during the rainy season, pearl millet can produce higher silage yields
with higher protein than sorghum (Table 3).

Forage quality

Some of the constituents that affect palatability or acceptability and animal
performance include protein and lignin content, lignin type and chemistry,
mineral content, plant morphology, anti-nutritional components such as
hydrocyanic acid (HCN), anatomical components and forage digestibility
(Hanna 1993). Preliminary studies indicate that pearl millet forage is more
succulent and has higher crude protein (CP) than sorghum or maize with
other chemical constituents being comparable (Table 4). The CP in pearl
millet stover is less than in sorghum but more than in wheat and rice straw
(Table 5). The dry matter and cell wall digestibility of pearl millet stover is also
less than that of sorghum. Pearl millet does not contain HCN but contains
oxalic acid, an anti-nutritional component that can have adverse effect on milk
production and milk fat in cows (Hanna and Gupta 1999).

Lignin concentrations in brown-midrib (bmr) mutants are consistently
lower than their normal counterparts in both sorghum (by 21.8%) and pearl
millet (by 20%) (Cherney et al. 1988). The in vitro digestibility of bmr
sorghum (642 g kg' dry matter) and pearl millet (726 g kg™* dry matter) are
higher than the normal genotypes of sorghum (568 g kg™ dry matter) and pearl
millet (659 g kg"* dry matter). Most digestible and partially digestible tissues
in both sorghum leaves and pearl millet stems are degraded by fiber-digesting

Table 3. Silage production and quality of sorghum, pear | millet and maize.
Silage quality
Silage yield Dry matter Dry matter Crude protein I\VDMD*
Crop (t ha™) yield (t ha?) (%) (%) (%)
Sorghum 19.2 5.76 30 7.0 58.0
Pearl millet 31.0 8.68 28 12.0 534
Maize 27.0 8.10 30 7.8 60.0

1. VDMD = In vitro dry matter digestibility.
Source: Kichel et al. (1999).
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Table 4. Chemical composition (% of dry matter) of pea  rl millet, sorghum and maize
forages.

Constituent Pearl millet Sorghum Maize
Crude protein 8.2 59 6.7
Dry matter 19.5 31.6 28.8
Neutral detergent fiber 67.9 70.7 66.4
Acid detergent fiber 38.3 44.4 38.5
- Lignin 7.8 7.6 6.8
- Cellulose 21.7 34.6 28.6
- Silica 2.8 2.2 31
Hemicellulose 29.6 26.3 27.9
Cell content 32.1 29.3 33.6

Source: Singh etal. (1977).

Table 5. Chemical composition and in vitro nutrient dig estibility (% of dry matter) of
pearl millet and sorghum stover compared to other cerea  Is.

Constituent Pearl millet Sorghum Rice Wheat
Crude protein 32 4.3 21 2.6
Neutral detergent fiber 79.5 79.5 74.7 76.2
Acid detergent fiber 55.6 54.2 53.6 51.8
- Lignin 12.8 9.0 8.2 9.7
- Cellulose 39.4 41.0 37.0 36.3
- Silica 34 4.2 84 5.8
Hemicellulose 23.9 25.5 21.1 24.4
Cell content 20.5 20.3 25.3 23.8
In vitro dry matter digestibility 48.9 53.3 514 51.9
In vitro cell wall digestibility 35.7 41.2 31.2 36.9

Source: Singh et al. (1977).

bacteria to a greater extent ibmr mutants than in normal genotypes.
Geneticists are now attempting to incorporate tmer trait into a range of
backgrounds in sorghum and pearl millet (Cherney et aR1)9

Genetic variability

Success in crop improvement depends largely on the extérdesirable

genetic variability available for selection. Therefpreollection, evaluation,
documentation, utilization and conservation of genetesources assume
considerable significance.
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Sorghum

The National Bureau of Plant Genetic Resources (NBPGR) and the
International Crops Research Institute for the Semi-Arid Tropics (ICRISAT),
Patancheru, India evaluated 1500 accessions from global collection for forage
yield and its components under different agroclimatic conditions in India. The
results indicated a wide range of variability for forage yield and its component
traits (Table 6) besides a few quality traits like stalk juiciness and midrib color,
suggesting ample scope for genetic enhancement of forage potential of
sorghum.

Sorghum improvement at ICRISAT has developed a diversified set of
hybrid parents, and grain and dual-purpose varieties. A population
improvement program has developed sorghum lines with brown-midrib
(bmr), high stem sugar, and grain yield that tiller under stress conditions, such
as drought and stem borer infestation (Reddy et al. 1994). Mass selection for
bmr gene, tillering, and high grain and biomass yield has produced pure lines
which have four to five tillers. These lines were evaluated along with male-
sterile lines, restorers and varieties at Patancheru (Table 7). Results indicate
that high-tillering varieties combined high forage yield with high stem sugar
and good ratoonability

Table 6. Estimates of some quantitative traits of 1500 sele  cted world collections of

sorghum during rainy season 1986 in three locations in | ndia.

Mean+SE
Character Range! Delhi Jhansi Akola
Plant height (cm) 38.0-373 1448 + 114 2065+154 1330+ 123
Stem thickness (cm) 1.2-11.60 484+0038 4.34+0.036 -
Number of leaves (on main stem) 4.0-2590 1123+0.072 1365+0.086 9.51+0.067
Length of 5" leaf (cm) 14.0-11850 51.10 + 0.301 67.05+0.452 55.022 +0.395
Width of 5" leaf (cm) 1.4-11.00 541 +£004 57910039 6.12+0.052
Basal tillering - - 1.025 +0.007 -
Culm branching - - 0.733+0.029 -
No. of nodes on main stem 3.00-19.30 9.30%0.069 - -
Days to 50% flowering 41.0-191.00 9140 +057 10279+0.87 100.83x0.50
Total leaf area (cm?) on main stem - - - 2517.13+£51.82
Forage vield (kg m?) 0.40-9.88 : 1.79 +0.025 ;

1. Across three locations.
Source: Mathur et al. (1991).
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Table 7. Performance of the selected sorghum breeding li  nes for grain yield, fodder
yield and quality attributes at ICRISAT, Patancheru, Ind  ia during rainy season 2002.

Grain  Ratooning

Breeding Stem sugar’  Fresh fodder  yield ability
material %) yield (tha)  (t ha?) @9  Best lines for stem sugar
Hybrid seed 14-18 17-35  0.8-3.3  36-81 ICSB 472 (17.9%), ICSB 401
parents (16.3%), ICSB 405 (16.1%),
ICSB 731 (15.9%)
Varietal/restorer ~ 13-20 26-46 0.6-4.5 15-77  GD 65003 (20%), Entry #64
lines DTN (19.7%), GD 65080
(19%), ICSV 96143 (18.1%)
Dual-purpose 14-20 28-40 0.1-2.8 19-79 S 35(19.6%), GD 65179
varieties (18.5%), FM 345 (17.5%),
GD 65122 (17.3%)
High-tillering 13-21 23-52 0.3-1.9 34-95 FM 48 (20.7%), GD 65174-1
varieties (18.3%), GD 65239 (18.1%),

FM 665 (18%)

1. As % on fresh stak basis = 0.1516 x 0.8746 brix degrees.

Pearl millet

ICRISAT has assembled more than 21,000 accessions of pearl millet
consisting of landraces and breeders' products. Evaluations by NBPGR and
ICRISAT covering large number of accessions from many countries revealed
considerable variability for various fodder components such as plant height
(49-443.3 cm), number of tillers plant® (1-9.3), stem thickness (6-31.2
mm), number of leaves (4.3-37), leaf length (19.3-130 cm) and leaf width
(1.1-8.6 cm) (Table 8). Gupta (1969) observed considerable variability for
desirable fodder quality components such as protein, phosphorus (P), calcium
(Ca) and anti-nutritional factors like oxalic acid in a sample of world
collections of pearl millet.

Cultivar options

Forage hybrids and varieties of sorghum (Table 9) and pearl millet (Table 10)
are popular with the farmers. Until 2000, 53 varieties and hybrids of forage
sorghum comprising 40 single-cut and 13 multi-cut types were released in
India (Table 11). They include 37 single-cut and 6 multi-cut forage sorghum
varieties, 3 single-cut forage sorghum hybrids, 5 sorghum-sudangrass hybrids,
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Table 8. Variability for forage components in a sample of wo rld collection of pearl millet,
at NBPGR, Issapur, New Delhi, India.

1987 1988°
Trait Range Mean + SE Range Mean + SE
Days to 50% flowering 34.0-119.0 7610.41 34.0-136 7540.38
Plant height (cm) 49.0-367.0 215 + 0.92 95.6 - 43.3 273.5+0.98
Number of tillers plant* 1.09.3 2.3+0.02 1.0-9.0 2.1+0.03
Number of productive tillers 1.0-6.0 1.7+10.01 1.0-8.6 1.610.02
Stem thickness (mm) 6.0-30.8 19.2+0.07 9.5-31.2 15.3+0.01
Number of nodes - - 5.3-37.0 13.540.07
Internode length (cm) 3.5-26.3 15.440.07 4.0 -39.0 19.54+0.09
Number of leaves 5.7-22.3 12.64+0.05 4.3-37.0 13.840.07
Leaf length (cm) 22.3-130.0 68.940.33 19.3-126.3 75.240.35
Leaf width (cm) 1.7-85 3.640.02 1.1-8.6 4.3+0.02
Ear exsertion (cm) 0.0-16.3 2.1 £0.06 0.0-43.0 3.1+0.11
Spike length (cm) 8.8-85.3 27.510.23 10.0-78.3 242 £0.18
Spike thickness (mm) 5.7-47.8 20.610.10 10.8-47.7 20.240.01
1000-seed mass (Q) 2.5-19.3 8.610.06 - -

1. Based on 1938 accessions from world collections.
2. Based on 2458 accessions from world collections.
Source: Mathur et al. (1993a, 1993h).

1 multi-cut sudangrass variety and 1 multi-cut sudasgyhgybrid. Compared
to forage sorghum, only 10 pearl millet cultivars incilmgl 1 multi-cut variety
and 3 hybrids have been recommended for forage cultovatitleven napier-
bajra hybrids are available for perennial forage cultivati While there is a
greatdemand for sorghum-sudangrass forage hybriésyah-availability and
need for multi-cut sorghum hybrids has been long recaph Efforts are also
required to develop multi-cut forage pearl millet cultiva(both varieties and
hybrids). During rainy season, a successful harvett {jtanaries, and provides
stover, while failed harvests assure forage at least.

Varieties

Both sorghum and pearl millet are grown during rainyseea (June to
September), while only sorghum is cultivated during tpaisy season
(October to March). A choice of landraces and improvadtivars are
available for rainy season, but only a single varietysorghum (Maldandi)
dominatesduring postrainy season. Forage sorghurpead milletare grown
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Table 9. Product and cultivar preferences of sorghum in | ndia™.

Product Cultivar
State Season Grain Stover Forage Grain Forage
Maharashtra Rainy P P S H>V \Y
Postrainy P P - Vv _
Summer - - P H H+V/
Karnataka Rainy P P S H>V \Y%
Postrainy P P - \% -
Summer - - P H H+V
Madhya Pradesh  Rainy P P P H>V Vv
Summer - - P - H+V
Andhra Pradesh Rainy P P - H>V -
Postrainy P S - V -
Summer - - S - H+V
Rajasthan Rainy P P p H Vv
Summer - - p - H
Tamil Nadu Rainy P - H -
Postrainy P S - V -
Summer - _ s - H
Uttar Pradesh Rainy S p p H H+V
Summer - - p - H+V
Gujarat Rainy P p p H V
Summer - - p - H
Punjab Rainy - - p - H>V
Summer - - p - H>V
Haryana Rainy - - p - H>V
Summer - - p - H>V

1. P = Primary importance; S = Secondary importance; H = Hybrid; V = Variety.

during summer season (March to June). High density cultivation of landraces
offers a single-cut, and staggered plantings ensure continuous supply of fodder
during the off-season. On the other hand, improved varieties are amenable for
multi-cut and management practices. Again, many sorghum varieties are
available for forage, but the choice is limited for pearl millet - a single variety
of pearl millet (Rajko) dominates the multi-cut forage scenario.

Intra-specific hybrids

Covering 54.8% of cultivated sorghum and 53.3% of pearl millet, high-
yielding grain hybrids and varieties provide grain and stover during rainy
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Table 10. Product requirement and cultivar types of pea  rl millet in India *.

Product Cultivar
State Season Grain Stover Forage Grain Forage
Rajasthan Rainy P P - H<V -
Summer P - P H \%
Maharashtra Rainy P S - H>V -
Summer P - - H -
Gujarat Rainy P S - H -
Summer P S P H \%
Uttar Pradesh Rainy P p - H>V Vv
Summer - - P - \%
Haryana Rainy P p - H>V \%
Summer - - P - V
Karnataka Rainy P S - H -
Madhya Pradesh  Rainy P p - H>V \Y,
Summer - - P - Vv
Tamil Nadu Rainy P p - H -
Andhra Pradesh Rainy P p - H>V -

1. P = Primary importance; S = Secondary importance; H = Hybrid; V = Variety.

season. Dual-purpose hybrids of sorghum (Madhya Pradesh and Uttar
Pradesh) and pearl millet (Rajasthan, Uttar Pradesh and Tamil Nadu) are
preferred in some states of India. During summer, parts of Gujarat grow dual-
purpose pearl millet hybrids, while parts of Maharashtra and Rajasthan go for
grain hybrids.

Multi-cut forage hybrids of sorghum are grown during summer, but not
pearl millet multi-cut hybrids. There are indications of the possibility of
producing topcross forage hybrids that are comparable in forage yield to
sorghum-sudangrass hybrids.

Interspecific hybrids

Unlike sorghum, sorghum-sudangrass hybrids tiller profusely, produce
succulent stems, have high leaf to stem ratio, re-grow quickly, withstand
multi-cuts, and are low in HCN and tannins. Single and three-way
interspecific hybrids have been developed in both public and private sectors.
However, three-way cross hybrids are predominantly cultivated because
private seed industry produces and supplies the hybrid seed. Red-grained
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Table 11. Released varieties and hybrids of forage sorgh

1973-2000.

um and pearl millet in India,

Crop/Type

Single-cut

Multi-cut

Forage sorghum
Varieties

Hybrids

Sorghum-sudangrass
Hybrids

Sudangrass
Varieties
Hybrids

Pearl millet
Varieties

Hybrids

Napier x bajra hybrid
Hybrid

JS 263, JS 291, JC 6, JC 69,
J Set 3, JJ 4, Pusa Chari 1,
Pusa Chari 6, Pant Chari 3,
Pant Chari 4, Pant Chari 5,

HC 6, HC 136, HC 171, HC 260,

HC 308, SL 44, CSV 13,

CSV 14R, SPV 669,SSV 74, K7,

CO 8, Jumbo, Speed Feed,
UP Chari 1, UP Chari 2,

GFS 3, GFS 4, GJ 37, GJ 40,
RSLG 262, Improved Ramkel,
Parbhani Sweta,

Rajasthan Chari 1,

Rajasthan Chari 2,

Rajasthan Chari 3

COH 4, PCH 106, CSH 13

Giant Bajra, PCB 15,

PCB 141, Raj Bajra Chari 2,
AFB 2, CO 8

FMH 3, GHB 15, GHB 235

MP Chari, Pusa Chari 9,
Pusa Chari 23, Ruchira,
CO27,DR1

Proagro 988, MFSH 3,
GFSH 1, Hara Sona, Safed
Moti Hybrid

SSG 59-3
Punjab Sudax Hybrid Chari 1

DFB-1

NB 21, NB 37, CO 1,
CO 2, CO 3, PBN 83,
PBN 233, Pusa Giant,
Yashwant, Annapurna,
Swetika
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three-way sorghum-sudangrass hybrids are cultivatdaugh there is no
difference between white- and red-grained sorghumgerhybrids.

Round-the-year supply of green fodder paved the W@y developing
perennial napier-bajra hybrids in India. The napiejra hybrids combine
quick re-growth, non-hairiness, narrow long leavésntstems, high leaf-stem
ratio, high forage quality, low oxalic acid and higbrdge yield. Above all,
napier-bajra hybrids can be grown on a wide variety of soil typasd in
mixed, relay and intercropping systems.

Genetic enhancement of forage yield and quality

Forage yield improvement

Breeding becomes simpler when the relevant compondrdracters are
identified, inheritance patterns understood and eivecbreeding method(s)
are chosen. Khairwal and Singh (1999) reviewed inh@de, heritability,
correlations, and general and specific combining iabilkeffects of several
economic traits in pearl millet. Tiller number and stgimth were positively
related with plant height, indicating that indirectesgtion could be effective in
increasing forage yield. Dry fodderyieldis positiyebrrelated with grainyield,
indicating that simultaneous selection could be difec Resistance to rust, a
foliar disease, is negatively correlated with greenl dny fodder yield which
augurs well for improving forage quality. Several foeagelated characters like
plant height, tiller number, internode number, biomassl growth index are
under additive and non-additive genetic control. Alseveral forage-related
traits like quick regeneration, tillering, plant heighhin stems and non-hairy
leaves appear to be under Mendelian inheritance. Genetprovement of
forage yield and quality should, therefore, be possitiirough conventional
inbred line development, testing for combining abilitgentifying fertility-
sterility reaction, developing male-steriles, anddafieg varieties and hybrids.

Forage quality improvement

Quantitative traits

The primary objectives of forage quality improvemeneé @o increase feed
intake and digestibility, and reduce anti-nutritionatitributes (Smith et al.
1997). Invitrodry matterdigestibility (IVDMD) is ured genetic control andis
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correlated with CPneutral detergent fiber (NDF), acid detergent fiber (ADF)
and water-soluble carbohydrates (WSC). Recurrent andrgent selections
have been extensively used to improve VD MD through destngacell wall
concentration [measured by NDF, more recently by in vitiber digestibility
(IVED)], reducing lignin concentration (measured by AD kHigreasing ready
energy (measured by WSC) and/or increasing CP. A greatodéadage quality
research is being done in other crops which could be adapt design forage
sorghum and pearl millet quality research relevant to #misarid tropics.

Divergent selection for IVDMD has been reported to resnl 1.0 to
4.7% gains per year in several species including grassedegndes (Casler
2000), suggesting that rapid genetic progress for |V D MD possible.
Divergent selection for IVDMD did not result in correlatebponse for in
vitro digestibility of fiber in smooth bromegrasBromussp) (Casler 1987) or
in vitro digestibility of cell wall polysaccharides inlfalfa (Medicago sativa;
lucerne) (Jung et al. 1994). Divergent selection for Girdased |IVDMD in
timothy (Phleum pratenseherd grass) (Suprenant et al. 1990). Divergent
selection for Kalson lignin (KL) with high or low EthFAetherified ferulic
acid) revealed that both reduce IVFD, but are independdérdach other
(Casler and Jung 1999).

Recurrent selection for dry matter disappearanceCymodon dactylon
through in situ nylon-bag dry matter digestibility (NBDMDevealed an
average genetic gain of 2 gkgr'between 1963 and 1993 (Hill et al. 1993).
Recurrent selection for combining low ADF and high CP ffialéd decreased
ADF and NDF, and increased CP, IVDMD and IVFD (Vaughn et &@9Q).

Selection for WSC in perennial rye gra&e¢ale cerealejevealed greater
genetic variation for WSC than for IVDMD, and large noddéive
component and positive correlation with IVDMD than fdorage yield
(Humphreys 1989a, 1989b).

Selection for increased CP led to correlated responseirforeased
digestibility (Suprenant et al. 1990). Genetic progressincreased CP has
been documented in several species (Casler 2000). Toaciltibreeding
methods may be useful in improving protein quality; improyidegradable
proteins is easier and less expensive than non-degragabteins.

Qualitative traits

While several forage yield and quality traits are undelygenic control and
guantitatively inherited, few genes with large and direffects (oligogenes)
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could be effectively used to improve forage quality, a@ledirectly. Such
material could be exploited through pure line, pedigreed aackcross
breeding or through population improvement.

Dwarfing genes. Dwarfing genes have been isolated in sorghum and pear
millet. Dwarfing genes are recessive. They shorten thernode length and
increase the leaf:stem ratio. Burton and Fortson (1966)aied d and d
dwarfs, while Appa Rao et al. (1986) identified dnd d dwarfs in pearl
millet. Burton (1983) incorporated,ddwarfing gene into forage seed and
pollen parents leading to the development of dwarfager hybrids. This
resulted in 11% increase in leafiness and 17-21% increade/ DMD, but
30% decrease in forage yield (Burton et al. 1969). Whilade pearl millets
are used for grazing, and hay and silage production in UBS®& @sewhere,
they are chaffed and fed to animals in India. Reducing pkature would,
therefore, adversely affect forage yields and commeéizason of forage pearl
millets in India. Therefore, attempts should be directg¢developing semi-
dwarf and normal height forage varieties and hybrids hwitetter forage
digestibility for wider acceptability.

Trichomeless gene.Genes that affect leaf surface and epidermal featumay
also affect forage quality. Trichomeless gene in pearllleni increases
palatability, but reduces digestibility of intact leavéBurton et al. 1977).
Bloomless gene in sorghum, on the other hand, increaggesdbility of intact
leaves (Cummins and Dobson 1972). Trichomeless is comtdddly a recessive
gene. But bloomless is controlled by two non-allelic sstee genes and
sparse-bloom by three non-allelic recessive genes,egatng independently
(Peterson et al. 1982). It should, therefore, be possitide transfer
trichomeless and bloomless genes into elite lines throhagkcross breeding.

Stay-green genesWhether grown for grain and stover (dual-purpose)far
forage, the incorporation of stay-green character isoan for improving the
quality of fodder. Stay-green character is governed bycassve gene, which
slows down senescence. Stay-green gene has a pleiotedfgct arresting the
decline in protein content of the aging leaves (Humplkrdp94). Stay-green
sorghum lines have been developed at ICRISAT throughgped breeding.

Glossy genesAppa Rao et al. (1987) identified three different ralfelic
genes in pearl millet governing the glossiness of leav®sedling marker
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'‘glossy' was found to be associated with shoot fly rest&aand drought
tolerance in sorghum.

Sweet stalks.The value of forage sorghum or pearl millet dependstlom
sugars left in the stover or accumulated in green forageés iBhparticularly
true of pearl millet stover which has low feeding valued as considered
inferior to that of sorghum and several other cerealsnsitterable variation
was observed for juiciness and sweetness of the stalk®rghum and pearl
millet in germplasm collections from Tamil Nadu (Apfao et al. 1982) and
Rajasthan in India. Several Cameroon landraces of pedlét also have sweet
stalks. Brix varies from 3 to 16% (Harinarayana 1987 arPmnillet accessions
from Tamil Nadu are late and tall, but could be used toronp stored energy
of stover or green fodder. Sweetness is controlled byglesirecessive gene in
sorghum (Bangarwa et al. 1987).

Brown midrib genes. Lignins interfere with digestibility. Low lignin mants
offer an opportunity to increase the overall digestidnplant fiber which
comprises 30-80% dry matter (Cherney et al. 1991). Lgwih mutants are
characterized by brown midrib. There are fdamr loci in maize, onebmr
locus in pearl millet and severbimrloci in sorghum and sudangrass (Cherney
et al. 1991). Brown midrib loci have been reported to inyerdV D M D by
reducing lignin in sorghum stems by 51% and in leaves by PBétter et al.
1978) and NDF concentration by 13% (Fritz et al. 1981l Bmr genes are
recessive. Selection should, therefore, be done irfedeprogenies of
backcrosses wherlemr genotype is the donor. At ICRISAT, several sorghum
lines with high biomass were selected fonrtrait (Table 12).

WW Hanna, University of Georgia, Tifton, Georgia, USApAe(sonal
communication) has also developed several pearl mitesige seed and pollen
parents incorporating thkemrgene. Low lignin lines witlbmrgene have also
been isolated at ICRISAT

Forage quality improvement through anti-nutritional att ributes

Sorghum contains tannins, phenolics and HCN that affecdge quality
adversely. Tannins in moderate quantities bind withpha&eins and prevent
bloating in animals, but when in excess, they lower CPlAhd M D . Tannins
are negatively correlated with CP, IVDMD and ADF. Plantsthvtan plant
color, which is controlled by a recessive gene, have tamnin (8%), while
purple plants have 10 to 18% tannins (Gourley and Lusk 19P8gnolics
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Table 12. Characteristics of sorghum lines selected for

Patancheru, India during rainy season 2002.

dark midrib color at ICRISAT,

Fresh

Daysto Plant Agronomic fodder Grain Head

No. of Midrib  Brix 50%  height desirability” vyield yield length
Cultivar entries color' (o flowering  (m) (score)  (tha') (tha™) (cm)
B-lines
(white grain)
ICSB 293 23 15 13.8 75 20 15 208 40 298
ICSB 301 31 10 14.3 77 17 2.5 15.2 32 305
ICSB 418 41 15 17.3 74 14 20 190 25 217
ICSB 472 46 15 20.3 81 2.1 15 274 25 144
ICSB 474 47 10 17.5 75 2.6 30 15.3 16 182
ICSB 507 54 15 155 80 17 25 24.5 20 238
ICSB 664 66 15 22.9 78 14 25 26.9 17 186
ICSB 702 71 15 13.8 75 18 20 23.7 34 28.0
ICSB 731 73 15 18.0 78 24 15 34.6 33 243
ICSB 765 80 15 17.0 69 14 25 151 23 210
B-lines
(red grain)
IS 10475B 47 15 13.8 62 11 30 9.8 29 298
Varieties
(red grain)
ICSV 96114 34 15 17.3 69 16 25 176 31 253
GD 65025 81 15 22.0 83 23 25 344 06 198

1. Score at harvest on a 1 to 5 scale where 1 = more brown and 5 = more white.
2. Score ona1to5 scale where 1 = best and 5 = poor.

interfere with the digestion of structural carbohydrates and NDF (Reed et al.
1988). When absorbed into blood, HCN causes cellular asphyxiation and
eventual death (Hoveland and Monson 1980). HCN is under genetic control
of a major dominant gene, reinforced by multiple genes with additive effects
(Duncan 1996). Pearl millet contains lignins that affect palatability and oxalic

acid which affects digestibility.

Management factors

Improvement of forage productivity and quality is as much amenable to

management as to genetics and breeding. Some of these management factors
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relate to cultural practices while others relate to aggblnutrients. Effects of
various management factors on sorghum crop residue hega summarized
in a recent review (Reddy et al. 2003).

Cultural practices

Besides plant population and harvesting time, sowingetand irrigation have
been found to have the greatest effects on fodder yield @umality. For
instance, significant reduction in green fodder, dry rmattontent and CP
yield was observed with delay in planting from 25 Octolze2® November at
Urulikanchan, India (Khandale and Relwani 1991). Thfeas of irrigation
during summer on forage yields have been reported to biabia, depending
on the genotype, soil type and potential evapotranspimatirrigation (7 cm)
at different IW/CPE (irrigation water/cumulative pan pweaation) ratios of
0.25, 0.50 and 0.75 revealed that maize yielded the bigireen fodder while
pearl millet yielded the highest dry fodder when compate sorghum,
teosinte Euchlaena mexicana)cowpea Yigna unguiculata)and cluster bean
(Cyamopsis tetragonolobaat all irrigation regimes (Singh et al. 1989). But
Singh and Singh (1986) reported that sorghum outyieloeize and pearl
millet at IW/CPE ratios of 1.0, 0.6, 0.3 and 0.15.

It has also been observed that transplanted pearl mpiteduces more
stover yield than direct-seeded crop, irrespective bé tseedling age
(Upadhyay et al. 2001). The response increased witreasad nitrogen (N)
(0 to 80 kg hd) application (Singh 1985), but P had no effect (Upadhga
al. 2001). Jayanna et al. (1986) observed that increassdiraite (20 to 40 kg
ha') had no effect on tillering forage sorghum, but the gréedder yield
increased with increasing seed rate in non- or low-tiHg forage sorghums.
Green fodder yield of pearl millet increased up to a seé¢d od 12 kg hd,
after which it declined with increase in seed rate (Shaetal. 1996). Pearl
millet stover yield and plant height increased with irasi@g plant density
(Singh 1985). Highest green fodder and dry matter yigldse obtained when
harvested at either 60 or 75 days after sowing (DAS) thamM5 DAS.
However, opposite trend was observed with crude fiber (#ing lowest
when harvested at 45 DAS (Ram and Singh 2001a, 2001bmp@oed to
single-cut, multi-cut pearl millet produced high forageeld coupled with
good quality forage (Chauhan et al. 1990), though thgmtade varied from
genotype to genotype (Table 13).
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Table 13. Nutrient production (t ha ') of pearl millet as influenced by cutting.

Single-cut Multi-cut

Componentt  Comp 5 Compl PHB10 Mean Comp5 Compl PHB10 Mean

Green fodder 61.2 62.2 40.5 54.6 74.1 73.6 56.4 68.0

Dry fodder 9.7 10.1 74 9.1 155 14.7 11.8 14.0
DDM 5.7 55 39 50 91 8.1 6.1 7.8
Crude protein 0.80 0.79 0.55 0.71 128 1.16 0.87 1.10
DCP 0.45 0.40 0.26 0.37 0.72 0.59 041 0.57
TDN 54 53 38 4.8 8.6 7.7 6.0 74

1. DDM = Digestible dry matter; DCP = Digestible crude protein; TDN = Total digestible nutrients.
Source: Chauhan et al. (1990).

Intercropping of fodder sorghum with legumes such as cowpea, soybean
(Glycine max), horse gram (Dolichos wuniflorus), and velvet bean (Mucuna
deeringiana) resulted in better green forage, dry matter and CP yields than
fodder sorghum alone (Sood and Sharma 1992, Mishra et al. 1997, Ram and
Singh 2001a, 2001b). Forage sorghum-chickpea (Cicer arietinum) produced
highest green fodder under normal conditions, but under drought, pearl millet-
pearl millet ratoon prevailed over sorghum + pigeonpea (Cajanus cajan)-fallow
or pearl millet-safflower (Carthamus tinctorius) (Ali and Rawat 1986).
Compared to sole crop, pearl millet mixed or intercropped with cowpea or
soybean produced more CP, ether extract (EE), minerals, crude fiber and N-
free extract (NFE) (Singh and Narwal 1987, Yadav and Sharma 1995).

Nutritional amendments

Nitrogen application has been found to have greatest effect on forage yield and
guality. Several studies have shown that forage sorghum responded well to
increased levels of N by producing significantly higher green forage, dry
matter content and CP (Patel et al. 1992, Sood and Sharma 1992, Vashishatha
and Dwivedi 1997, Ram and Singh 2001a, 2001b, Reddy et al. 2003). The
response of fodder pearl millet was positive for forage production up to 120 kg
N ha' (Randhawa et al. 1989, Sharma et al. 1996). Application of N also
improved forage quality, CP, mineral matter, EE and NFE (Table 14). Increase
in N application was also accompanied by increase in stover production, plant
height and tillers plant’ (Singh 1985). But forage pearl millet following
postrainy berseem (Trifolium alexandrinum) required less N application than
pearl millet following wheat, oat (Avena sativa) or turnip (Brassica rapa),
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Table 14. Response of forage pearl millet to nitrogen ap  plication *.

Plant No.of Leafi Crude Mineral Ether Crude
Genotype/ GFY  DFY height tillers stem protein matter extract fiber NFE

Fertilizer (tha') (tha') m) m' raio @ ) @ )
Genotype
L72 51.1 96 241 19.3 0.66 70 94 145 265 56.3
C5 58.3 176 266 19.6 0.54 6.6 78 134 321 536
PCB 15 53.6 100 248 18.3 0.62 7.2 10.0 130 92 529
CD at 5% 4.4 12 - - - - 11 - - -
Nitrogen (kg ha ™)
0 383 85 230 19.2 0.69 53 8.7 130 321 554
50 53.3 121 253 18.1 0.64 6.2 80 131 30.1 552
100 63.6 140 265 20.0 0.58 71 99 139 264 555
150 624 147 266 18.6 0.55 76 115 144 224 572
CD at 5% 5.1 14 - - - - 1.28 - - -

1. GFY = Green fodder yield; DFY = Dry fodder yield; NFE = Nitrogen-free extract.
Source: Randnawa et al. (1989).

resulting in a saving of 50% N (Harika et al. 1986). Following the application
of P, pearl millet produced more green and dry fodder yield than sorghum,
maize, cowpea or cluster bean (Ram et al. 1988). Sulfur (S) application
increased CP, sugars, methionine, cell contents, S:P ratio, and S:zinc ratio
(Tripathi et al. 1992a) and decreased NDF, ADF, N:S ratio and Ca:P ratio up
to 40 kg S ha' in forage sorghum (Tripathi et al. 1992b). Treatment of forage
sorghum with Azospirillum lipoferum (Pahwa 1986) or with Azotobacter
(Patel et al. 1992, Reddy et al. 2003) resulted in significant increase in dry
matter production than without Azospirilum or Azotobacter. The rhizosphere
was enriched with N, and resulted in a saving of 15 kg N ha™.

Commercialization potential

Economics of seed production

In India, forage sorghum-sudangrass seed is produced during the postrainy
season, while grain/forage pearl millet seed is produced during the hot
summer season. The chief seed production area is in Nizamabad district of
Andhra Pradesh. Some seed production is also evident in Bellary district of
Karnataka. Congenial climate, pest-free environment, assured irrigation and
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the desire to maximize economic returns have all contreld to successful
seed production in Nizamabad.

A system of one-year rotation, rice-pearl millet in uadlal soils is
followed. In the two-year rotation, first year sequencf maize-turmeric
(Curcuma domestiga-pearl millet (seed crop) is followed by maize-foeag
sorghum (seed crop) during the second year. The imengropping,
particularly seed production, ensures stability amghheconomic returns to
the farmer. Forage sorghum as well as grain pearl milte¢dage continue to
spread following good monsoon, buttend to shrink follogvpartial failure of
monsoon.

Forage sorghum seed production is profitable witHdseranging from
2.5 to 4.0 t hd under irrigation. Forage pearl millet seed produatiis
small, compared to sorghum-sudangrass or grain pearletndeed. Some
casestudies regarding forage peanlillet hybrids will provide an insight
into profitability of seed production. Area planted pearl millet seed
fluctuates widely as water becomes more and more limgit Secondly,
compared to forage sorghum, the seed yields of foragelprillet hybrids
are significantly lower, and vary between 1.0 and 2.5ha’. Farmers
undertake pearl millet seed production with the expresderstanding
that it is a catch crop between postrainy season turmani€ rainy season
maizelrice.

Seed trade

The sale price of forage sorghum-sudangrass fluctuatéwden Rs 15 K and
Rs 20 kg' (US$0.25-0.45 k@), depending on the market demand. Though
the margin of profits is not substantial, the volume amel tecurring demand
sustain the interest of the seed industry. The recetriyesf a large number of
marginal traders has discouraged the registered sahdsiry. There is a need
to curb unregistered trade firms not supported by ddienand technical
personnel, and to encourage seed companies with réseamoduction,
processing and marketing support.

The sale price of Rs 30-50 KUS$0.70-1.10 kg) of forage pearl millet
hybrid seed is not attractive to the farmers in viewiaofited harvests (cuts)
and low forage yield. Low seed yields, limited area dadk of recurring
demand are discouraging the seed industry to ventute forage pearl millet
research and development.
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Future outlook

Any-time forage

Sorghum and pearl millet either alone or in mixed or intepping system are
cultivated for stover and forage. Sorghum stover scowes pearl millet, but
forage pearl milletis rich in protein, Ca, P and mineralsl @xalic acid content
is within safe limits. Being any time forage, pearl millenjike sorghum, can be
grazed, or cut and fed at any growth stage. However, fosagghum is more
popular than forage pearl millet. Low green fodder yiepdor ratoonability
(ability to regenerate), limited market demand, variapteces and lack of
private industry support and research support have diaged pearl millet as
forage. Concerted efforts are, therefore, required tolianage this situation.

Geographical preferences

Sorghum and pearl millet green fodder is fed to ruminantearthern India,
while stover is common in sorghum and pearl millet growireasin southern
India. Intensive cropping, short growing season, poor ghowf perennial
grasses during winter, nutritional quality and the needclmntinuous supply
of green fodder created demand for forage sorghum anddgoaarl millet in
northern India. Sorghum varieties and sorghum-sudasgngbrids are grown
for forage in northern India while in southern India, per@al grasses are
cultivated as annual forage is required for supply betwbarvests, and for
supplementing the stover. Development of annual multi-bigh-yielding
forage sorghum and pearl millet is needed to correct thmafimbalances.

Multi-cut varieties

To overcome limited ratoonability, forage sorghum andrpesllet varieties

are repeatedly planted (staggered) for sustaining theengrfodder supply
chain. High plant density ensures high yields, thinnemsteand more
palatability. Efforts should, therefore, be directedlasigning forage sorghum
and forage pearl millet that tiller, grow tall and ensureltmauts.

Varietal choice

Many forage sorghum varieties are under cultivation, there are very few
forage pearl millet varieties. Recurring demand and/omuwod turnover are
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product-driven, while public and private seed indystire market-driven.
Development of multi-cut annual forage sorghum and Ipeatlet hybrids,

rather than varietieswill be of interest to theseedindustry. There is also
scope for the development of intra- and interspecificage hybrids.

Forage sorghum

Development of multi-cut, intra-specific, single-cspswhite-grained forage
hybrids would offer the widest choice for realizingrdge potential of
sorghum. These hybrids provide a better alternativéotage varieties grown
during the rainy season. Diversification of intersgagi sorghum-sudangrass
hybrids for increased productivity and nutritional diy@ also requires
attention. Sorghum-sudangrass three-way hybridsbgrdar the most popular
forage hybrids, and are based on red-grained sorghuabe-sterile lines.
Limited variability in red-grained sorghum seed pasgntand sudangrass
pollinators further impose restrictions on the expédion of the interspecific
forage hybrids. Focused efforts to improve the seewma and pollinators for
forage traits like high tillering, fast growth, stayegn and brown midrib
characters, resistance to foliar diseases and stenerbdiigh stalk sugars,
forage intake and digestibility in animals will addrther diversity to the
forage cultivar development. Large-seeded, red- ontevlgrained high-density
panicles should be deployed in seed parents. The guakm pollinators can be
improved for resistance to foliar diseases and higgas content.

Forage pearl millet

Single-cut pearl millet varieties with limited foragetential of 30 t ha, and 0.27
to 2.24 t day ha' are currently dominating the forage market. Devetent of
intra-specific forage hybrids that combine the ability repeated harvests (multi-
cuts), earliness to first harvest (cut), short harvesiimervals, quick regeneration,
the built-intillering potential, high green fodderyd, high quality factors and low
anti-nutritional factors like oxalic acid and nitrathas tremendous opportunity to
improve pearl millet as a forage crop. Efforts shoust &de directed at identifying
seed parents for high seed yield. Alternatively, thesteility of F, male sterile seed
parents and three-way forage hybrids should be exaiine

The interspecificnapier-bajra hybrids give year round forage production.
Improving the nutritional quality of pearl millet andapier grass could
enhance opportunities for clonal selection. The hgbriof P. glaucumx P.
purpureum x P. squamulatum developed by GW Burton, Agricultural
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Research Station, Coastal Plain Experimental Statiaftom, Georgia, USA
and tested in India (Ramamurty and Shankar 1998) had stpyomise for
forage yield and quality among perennial grasses. Propahlgh tri-species
hybrids could be developed in sorghum as well!

Nutritional quality

Forage quality as determined by CP, IVDMD, NDF and ADF eefing

degradable and non-degradable proteins, structural and-shructural

carbohydrates, lignin and celluloses, and anti-nutridloattributes such as
HCN, oxalic acid, tannins and phenolics have receivedat@r research
attention elsewhere in the world, but not in the arid aechisarid tropics.
Forage quality research is complex, expensive and laboradependent
calling for multidisciplinary approach and multi-insttianal alliances.

Public-private partnerships

Inter-institutional partnerships involving internami@l agricultural research
centers (IARCs), national agricultural research systdidARSs) and private
agricultural research systems (PARSs) could forge sgtromterlinks for

sustaining forage sorghum and pearl millet researclopGtientists, chemical
technologists, and animal health and nutrition expertge harole to play in
the forage development scenario.
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Utilization of Fermented Moldy Sorghum as
Cattle Feed

RV Sudershan, S Vasanthi and RV Bhat !

Abstract

Sorghum is subjected to mold damage if rains continue during grain development,
maturation and harvest. Mycotoxins such as aflatoxins and fumonisins are
produced by some of the molds that are toxic to humans and animals. Various
detoxification methods have been proposed. Among these, biotechnological means
of detoxification is gaining significance in recent years. A study was carried out
to identify a probiotic organism which can be used to detoxify moldy sorghum.
The common homemade liquid cattle feed (kudithi) was used as a source for
isolation. A total of 11 isolates of Lactobacillus were tested for their ability to
detoxify the moldy sorghum. One isolate was selected and used in fermentation of
moldy sorghum. Fermentation of moldy sorghum by addition o] inoculum of
Lactobacillus decreased aflatoxin B; and fumonisin from 42.4 ppb and 5 ppb,
respectively to non-detectable level. Feeding trial of fermented moldy sorghum
was carried out with the cooperation of farmers at the village level. The study
indicated that the feed was acceptable to the animal, milk yield had increased
and the farmers were willing to utilize the technology.

Sorghum (Sorghum bicolor) grain is subjected to mold damage if rains
continue during grain development, maturation and harvest [Williams and
McDonald 1983). These molds have detrimental effects on yield and quality
of sorghum grain that include decrease in nutritive value, production of
mycotoxins and other secondary metabolites. Many species of Fusarium have
been isolated from moldy sorghum and were found to produce T, toxin,
deoxynivalenol and fumonisins (Rukmini and Bhat 1978, Bhat et al. 1997).
Consumption of food and feeds contaminated with these mycotoxins
have resulted in food/feed-borne diseases in both human and animal
populations (Vasanthi and Bhat 1998). Various detoxification methods have
been proposed to combat mycotoxin in grains (Mishra and Chitrangada Das
2003). However, many of these treatments are based on chemical treatments
that resulted in residual toxicity and not applicable at the household level.
Recently biotechnological means of detoxification of mycotoxins in moldy
grains is gaining significance as it does not leave any harmful residues

1. National Institute of Nutrition (NIN), Tarnaka, Hyderabad 500 007, Andhra Pradesh, India.
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(Karunaratne et al. 1990). Such methods are more aetewn India where
people have been using biotechnological approaches emahial fermentation
for making products for consumption. A study was cadriout to identify
microorganisms that can ferment moldy sorghum androwp its nutritive
value. The study has three components: (1) field surv@), laboratory
experiment; and (3) operational research.

Field surveys

To find out a source of microorganism that can be utdize ferment moldy
sorghum, a survey was carried out in Kammala villagdaitgonda district, Andhra
Pradesh, India where fermented liquid feddidithi) was a common form of
animal feed among small farmers. The compositodkudithi was 80% water, 8-
10% rice (Oryza sativa) or wheat Triticum aestivum)bran and the remaining
10% kitchen waste (remnants of cooked rice, dal anctaddes). Thekudithi is
fermented for 8-10 h before feeding it to animals. A tadfll10 kudithi samples
were collected from the village for testing and isimigtthe microflora.

Laboratory studies

Laboratory studies indicated that all tikedithi samples had.actobacillus sp
and yeasts. These isolates were used in fermentattodies with moldy
sorghum. Of the 11 isolates dfactobacillus, only one strain reduced the
mycotoxin content and increased the nutritive val&erther, fermentation
experiments with isolated strains indicated that femtaéion improved all
nutrients but more significantly carbohydrates anchi@able 1). Zinc and fat
contents also improved. Energy increased from 34B80 calories in 100 g
(dry mass) of moldy sorghum grain after fermentatiomeTinitial content of
42.4 ppb of aflatoxin Bwas reduced to non-detectable level and fumonisin
could be detoxified within 24 h of fermentation (Tabl). However,

Table 1. Effect of fermentation time on nutritive value of moldy sorghum *.

Nutrients Oh 24 h 36 h
Carbohydrate (g%) 724 80.4 82.9
Fat (9%) 16 2.2 2.3
Iron (mg%) 3.55 4.19 4.36

1. Estimated in 100 g dry mass of moldy sorghum grain.
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Table 2. Effect of fermentation time on aflatoxin, fumoni sin and ergosterol contents in
moldy sorghum.

Mycotoxin Oh 24 h 36 h
Aflatoxin B, (ng g*) 424 ND! ND
Fumonisin (ng g™ 5.0 ND ND
Ergosterol (1 g% 200.0 50.0 50.0

1. ND = Non-detectable.

fermentation had no effect on tannins. Based on tlb®ratory studies, field
studies were planned with milch cattle.

Operational research

A field trial was carried out withLactobacillus sp-fermentedkudithi made
from moldy sorghum, with three animals chosen from farsnof Masanipalli,
a village in Cheekatimamidi Mandal of Nalgonda distrieith the help of
volunteers of PEACE, a non-governmental organization @NGworking in
this area.

One buffalo from each farmer was taken for the studyg &armers were
asked to collect milk everyday separately from thesefdboés for six
consecutive days to arrive at a mean milk yield befderteg the feeding of
experimental diet. Except the addition of fermentedldy sorghum to the
kudithi there was no difference between the diet fed before ¢kperiment
and experimental diet. This data formed the baselinta.d@ne hundred ml of
liquid culture of Lactobacillus(10” cfu) was given to each farmer along with
500 g of moldy sorghum. Five hundred ml of water waseaddtb the moldy
sorghum, mixed with 100 ml culture and covered with @& flio create
anaerobic conditions. The mixture was kept for 24 h fiermentation. Just
before feeding, fermented moldy sorghum was mixedlvasd 8 to10 L of
kitchen waste (rice washings and stale food) were added fed to the
animals by the farmers. This process was repeated @dagrgonsecutively for
a month.

Animal preference for the moldy sorghukadithi was observed through
intake of kudithi, milk yield and apparent animal health. Results indtecka
that animals accepted the fermentkadithi. Milk yield increased (Table 3)
and farmers showed keen interest in further use of #ahrtology. Three
farmers whohave successfullyusedthis technologywill in turn sharethe
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Table 3. Effect of feeding fermented moldy sorghum on milk output (L day™)".

Buffalo no. Before feeding After feeding
1 0.92 +£0.062 1.34 +0.130
2 146 +0.046 1.66 +0.160
3 365 +0.012 383+0.090

1. Data are means of 15 days.

inoculum of Lactobacillus culture with 3 other new farmers, and thus the
technology will be adopted by all the 52 farmers in thitagie.

Conclusion

Moldy sorghum can be used as cattle feed after fermemtatwith
Lactobacillus sp. Fermentation improves nutritive value and degade
mycotoxins. However, actual economics of the entirerapion needs to be
calculated before it can be recommended to the farmers.
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Cereals in Alcohol Industry: An Industry
Perspective

AD Mandke and Mukesh Kapoor ‘!

Abstract

Alcohol demand will increase due to its new applications especially as biofuel.
Global alcohol production needs to reach 40 billion L by 2010. About 33% of
alcohol is produced from grain stocks and maize contributes the largest share.
Major alcohol usage is for fuel. Many countries opted for alcohol blend in auto
fuel. India plans to blend petrol with up to 10% alcohol in auto fuel.

Asia shares 14% of global alcohol production. Asia produces nearly 44.2
million t of sorghum grain per annum, which is mainly used for food, and partly as
feed. India produces nearly 10.5 million t of sorghum per annum, mainly in the
states of Andhra Pradesh, Karnataka, Madhya Pradesh, Tamil Nadu and
Maharashtra.

Rainy season sorghum often gets infected with grain mold and is not suitable
for human consumption. Praj Industries Ltd., Pune, India was asked to work out a
solution to use moldy sorghum. A starch-based ethanol process was designed, thu
making alcohol a viable proposal from moldy sorghum grain.

Sweet sorghum, which stores sugars in the stalk, can also be used for
production of ethanol and has properties comparable with sugarcane. Sugars can
be extracted directly from the stalk and fermented for alcohol. Praj has also
perfected the technology of alcohol production from sweet sorghum.

Praj Industries Ltd., Pune, India (abbreviated as Piajh turn-key project-
based engineering company. It has completed turn-keyjept® in 25
countries in five continents. The main core area ofrmss is the supply of
plant, machinery and technology for alcohol productioand also the
technology and machinery for brewery and waste wateattment plant. Praj
has been involved in shaping some of the most challenggricultural
processing applications for alcohol production. Wevénaccumulated vast
experience in installing distillery projects involvingftirent cereals. In order
to fulfill the world requirement of fuel-grade ethanoke have identified
different crops for ethanol production, including swestrghum (Sorghum
bicolor) as one of the options.

1. Prg Industries Limited, Praj House, Bavdhan, PuneQ21ll, Maharashtra, India.
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Present scenario

The present world industrial production of 33.3 billierof alcohol is expected
to increase beyond 40 billion L by 2010. Currently, alcolproduced from
sugar crops (60% of total alcohol production), grains pitlser feed stocks
(33% of total alcohol production) (Table 1) and the remaan7% is from
synthetic products. The usage pattern of alcohol predus 68% in fuel, 21 %
in industries and 11% in beverages. Use of ethanollBording in fuel has been
taken up by many countries. India hasinitiated blendirig@oethanol in petrol,
thiswill increase up to 10% in the secopldase.

Table 1. Ethanol yield from various cereal grains.

Cereals/Product Starch content (%) Protein content @)  Ethanol yield (L t* grain)

Sorghum 66-70 9-11 422 - 48
Moldy sorghum 62-68 8-9 390-435
Broken rice 66-70 2-3 420-445
Maize 58-64 8-10 370-410
Wheat 60-68 10-12 375-425

Rainy and humid conditions during grain filling and aftgain setting in
sorghum results in heavy infection by several fungi, galhetermed as molds.
Moldy grain is unfit for feed and food. Therefore, Praj wedkout a technically
viable solution to use such grains for the productionadi@ol (Table 2).

Starch-based process for ethanol

The process of ethanol production is described (Fig. 1)gl8an grains are
stored in a dry place to avoid fungal growth. These graiesteen taken for
milling where they are cleaned and milled to form flour aftgble particle
size. Slurry is prepared from this flour using water.isTtslurry is then
subjected to pre-liquefaction stage with enzyme add#ioThe slurry is

Table 2. Economics for production of ethanol from moldy sor ghum grains.
Amount/Quantity
Description Moldy grain Clean grain
Cost of moldy grain (Rs t%) 3000 5000
Average ethanol yield (L t) 410 435
Cost of feed stock (Rs L% 7.30 1150
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Figure 1. Ethanol production using starch-based process.

heated and maintained at high temperature to gelatithze starch. This is
followed by jet cooking in which the slurry is heateddvary high temperature
for a short time using high-pressure steam. This slisrihen cooled and again
subjected to liquefaction process with enzymes, whishknown as post-
liquefaction. This process is important in reductifrviscosity, and the starch is
broken down from polymeric form to oligomeric forms bBu@as maltose,
maltotriose, etc. The liquefied slurry is then subgectto partial pre-
saccharification using suitable enzymes and the msaltmnd maltotriose units of
starch are further broken down to glucose units. Gluagsse fermentable form
of carbohydrate by yeast and therefore this partigltg-saccharified slurry is
then fed to fermentors where the fermentation procesgins. However,

saccharification still continues simultaneously beesauof the presence of
enzymes and this is known as simultaneous sacchardicatnd fermentation.
At the end of fermentation the fermented wash is santlistillation. Alcohol is

separated in the form of rectified spirit or extra-mauitalcohol or absolute
alcohol. The effluent may be dried to produce catded or part of the effluent
can be recycled back to grain processing as mentionedeab
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Sweet sorghum - An alternative for ethanol production

Some sorghum genotypes have high content of sugahenstems. These
genotypes are referred to as sweet sorghums. Sweet sorgtas have wider
adaptability and produce high biomass and sugar srmtda sugarcane
(Saccharum officinarum)Tables 3 and 4).

In collaboration with the National Research Centre f8orghum
(NRCS), Hyderabad, India, we tested sweet sorghumetwarisSV 84 at 7
locations. The crop was grown in summer with irrigatioBiomass, stripped
cane yield and ethanol yields were assessed. Crop samimm different
areas at varying crop growth stages were analyzeddioows traits (Table 5).

Our observations on sugar content in sweet sorghur istdicated that
sugar level in the stalks decreases rapidly after gratumty up to 2.5-3.0%
w/w. Deheading (removal of earhead) at anthesis anitin stage resulted in

Table 3. Comparison of sugar constituents (% w/w) in swee  t sorghum and sugarcane.

Constituent Sweet sorghum Sugarcane
Total solids 25-30 25-30
Sucrose 6.5-7 11.5-135
Reducing sugars 2.5-4 0.5-0.7
Fermentable sugars 9-11 12-14
Fiber 14-16 14-16
Water 70-75 70-75

Table 4. Comparison of ethanol yield and other properti

es of sugarcane and sweet

sorghum.

Properties Sugarcane Sweet sorghum

Crop duration (months) 10-11 3.54

Stripped green stalk yield (t ha™) 70-80 47-52 (per crop)
(95-105 t yr?)

Sugar content (%) 11-13 9-11

Ethanol yield (L t*) 68-74 55-65

Water requirement %) 100 30-36 (of sugarcane
requirement)

Fertilizers requirement (4) 100 0-25 (of sugarcane
requirement)

Bagasse availability (t ha') 20-25 12-13 (per crop)

(28-32 tyr?)
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Table 5. Evaluation of sweet sorghum variety SSV 84 at dif  ferent locations in India.

Crop Stalk  Sugar Expected alcohol Expected alcohol

age vyield (©oww) yield yield
Location (days) (tha™) instalk (L ha) (L t* stalk) Remarks
Pune 107 54 571 1854 34.26 Without deheading
Kolhapur 115 54 5.76 1870 34.56 Without deheading
115 4 6.70 2176 40.20 With deheading
Goa' 117 32 470 902 28.20 Without deheading
Chittur 115 45 5.82 1546 34.92 Without deheading
115 45 6.70 1780 40.20 With deheading

1. Average of 3 locations.

higher percentage of sugar in stalk 18 days after deheading than without
deheaded stalk. Steps involved in the production of alcohol from sweet
sorghum stalk are given in Figure 2.

Process of alcohol production from sweet sorghum

The process of alcohol production from sweet sorghum includes the following
steps.

Harvesting, transportation and storage of stems

Sweet sorghum stems are harvested mechanically or manually and
transported to the alcohol production plant. Maximum storage period allowed
(after harvesting) is two days.

Juice  extraction operations

Sweet sorghum stems are crushed to extract juice as for sugarcane.

Juice concentration

Dilute juice extracted is evaporated in a multi-stage evaporation unit to
convert it to concentrated juice form. This concentrated juice is then
fermented to produce ethanol.

Fermentation

The concentrated juice produced as syrup is diluted using effluent recycle
from the distillation column and process water. This is then fermented for
producing alcohol in a continuous fermentation plant.
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Figure 2. Technology for alcohol production from sweet sorghum.

Distillation and dehydration

The fermented mash is subjected to distillation so thatladl is separated
and concentrated to 99.6% v/v strength.
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Salient features of the process offer by Praj

« Complete energy sufficiency using own bagasse.
* Integrated system for high levels of energy and water eosadion.
 Extraction of additional fermentable sugars usingcsadechemicals.

« Minimum time required for complete extraction and inc®&rate of
extraction.

* Integration of available water streams for extraction.
« Optimizing of process parameters, viz., temperaturegtand pH.
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A Trial with Sweet Sorghum

RV Huilgol, Ramkrishna and Govind Misale *

Abstract

The pilot project involved three units of Shree Renuka Sugars Ltd., Manoli, India:
the Cane Department, Sugar Plant and the Distillery Unit. The work done at the
field level by the Cane Department is highlighted in the first section of the paper.
The trials at the Sugar Plant, which involved crushing of sweet sorghum are
discussed in the second section. The fermentation and distillation processes of the
project are discussed in the third section. Finally, the results of this pilot project are
highlighted.

Shree Renuka Sugars Ltd. took up a pilot project oneswsorghum for
ethanol and sugar production at Manoli, Belgaum, Ktaka, India in
collaboration with the University of Agricultural Sciees (UAS), Dharwad,
Karnataka and National Research Centre for Sorghum GNR Hyderabad,
India. Shree Renuka Sugars Ltd. is a 2500-TCD (tonshengsdaily) sugar
factory with a 11.2 MW cogeneration power plant. The asuglant was
commissioned in November 1999 and the cogeneratiamtpin January 2000.
In February 2002 the company commissioned the distllenit, producing
rectified spirit at 60 kI day. In February 2003 the ethanol plant was
commissioned.

Sweet sorghum Sorghum bicolor is the only crop that provides both
grains and stems that can be used for sugar, alcoholpsyaggery, fodder, fuel
and roofing. Shree Renuka Sugars Ltd. initiated thistpproject to find new
substrates for producing ethanol for the National F&#hanol program.
Another objective was to improve the productivity ofetldrylands in the
factory command area by providing alternative markeamnstel for ethanol
production from sorghum.

Work done at field level

Shree Renuka Sugars Ltd. selected few farmers and sdophem with seeds
procured from national institutions. The sweet sorghgemotypes SSV 74

1. Shree Renuka Sugars Ltd, Plant: R.S. 367/1, Manoli 597, Shundatti Tq., Belgaum
District, Karnataka, India.
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from UAS, Dharwad, Madhura from Nimbakar Agricultural Rasch
Institute, Pune, Maharashtra and SSV 84 from NRCS wenmplsed to
individual farmers at 7.5 kg Haafter treating with Chloropyriphos and captan
for protection against shoot fly and fungal diseases, spdy. Atotal of 273
farmers in Karnataka were given seeds to cover an aré2®@tha (Table 1).
Chemical fertilizers like 10:26:26 NPK complex as a basse and urea as
top dressing 25 days after sowing were arranged. Focomérol of shoot fly
infestation, Chloropyriphos was supplied for spraying trop. The crop was
harvested at physiological maturity about 100-110 détexr dowing.

Crop condition

The crop was sown in June and performed well without anyotshky
infestation as the seed was treated with Chloropyriphos t@uhe long dry
spell and erratic drizzling, aphids were observed. Hemspeaying of
Chloropyriphos in the infested fields was undertaken asrecgutionary
measure. Whereversupplementary irrigation facilitiesensevailable, care was
taken to irrigate the fields.

Yields

Under normal conditions the yield was about 25-30 t gtalkand 2.0-2.5 t
grain h&. The yield varied from field to field and results were nbteuring

final harvesting. For grain yield, Madhura and for ktgleld, SSV 84 are found
to be good.

Table 1. Sweet sorghum varieties grown by farmers in differ ent circles in Karnataka,
India.

Madhura SSV 74 SSV 84 Total

No. of Area No. of Area No. of  Area No. of Area

Circle farmers (ha) farmers (ha) farmers  (ha) farmers  (ha)
Manoli 19 15 3 3 50 38 72 56
Yakkundi 27 25 0 0 24 22 51 47
Yaragatti 1 1 29 18 30 26 60 45
Ramadurg 7 10 23 17 29 27 59 4
Bailhongal 8 4 0 0 23 14 31 18
Total 62 55 55 38 156 127 273 220
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Trial with sugar division

We crushed sweet sorghum in our sugar mill without any ifmoation in
milling tandem and preparatory devices. Sorghum was wddan the feeder
tables and fed on to the maoanecarrier,which leadsit to themill. Sorghum
was prepared for crushing by the preparatory devices Inapger, leveler and
fibrizer. Juice from mills 1 and 2 was taken for procegsafter screening.
Compound imbibition system was followed; imbibition watwas added
before last mill and juice from the last mill was sprayad the preceding mill
and so on. Percentage of imbibition was 35.46% sorghum.ca

Due to huge amount of trash (29.45% sorghum stalk), theeee
problems in preparation. The main carrier slipped frediyerwhich affected
continuous feeding to the mills. We encountered frequgmiming of
preparatory devices. The crushing report is given in Tabded the analysis of
crushed sweet sorghum stalk is given in Table 3. The jartaysis indicates
that sweet sorghum juice is very rich in total reducing sugd RS) and
comparatively poor in sugar content; hence, it is sué&dbr making alcohol.

Trial at the distillery

The sweet sorghum juice extracted from the mills was pumpe the
distillery through a separate pipeline. The juice wadexikd in a tank and was
diluted by adding water. The diluted juice quantity keptf@rmentation was
66,000 L. The diluted juice had the following propertiesicgubrix 12.0%;
specific gravity 1.048; pH 5; and TRS 8.64%.

For fermentation, 10 kg of baker's yeast was added alamb wutrients
like urea (2 kg) and diammonium phosphate (DAP) (0.5 kg) amtibacterial
sodium metabisulphite (1 kg). The diluted juice was ferteelfor 24 h. The
fermented wash quantity was reduced to 56,000 L due togslddrmation.

Table 2. Crushing of sweet sorghum stalk.

Particulars Quantity (t) % Crushed

Sorghum stalk crushed 112.00

Juice quantity 66.00 58

Added water quantity 39.71 35

Bagasse quantity (including trash) 85.00 75
Trash 32.92 29
Actual bagasse 52.02 46
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Table 3. Analysis of crushed sweet sorghum stalk.

Description Amount/Units o)
Mixed juice

Brix 12.00
Pol (sucrose) 441
Purity (sucrose % with respect to brix) 36.75
Reducing sugars (RS) 4.19
Total reducing sugars (Pol + RS) 8.60
Total reducing sugars (for 100 brix) 71.67
Bagasse

Moisture % bagasse 44.10
Bagasse % Pol 2.58
Fiber % bagasse 45.44
Fiber % sorghum 21.10

The alcohol content in fermented broth was 2.82%. This fermented wash was
taken for distillation. The expected yield was 1674 L for 56,000 L of
fermented wash, but the actual yield was 1835 L of total spirit.

Initial reports from the sugar factory show that 112 t sorghum stalk has
23.47% juice with 8.5% TRS. Therefore, theoretical yield at 94.281% purity
= 1361 L of alcohol for 112 t of stalk. Table 4 shows the comparison of the
actual results and those reported in literature.

Conclusions

* Due to less rain, crop got affected which resulted in low yield.
« Sowing should be completed before mid-June, otherwise pest infestation
will increase. Once the crop is affected it is difficult to control pests and

diseases.

Table 4. Comparison of the actual results and those report ed in literature.

Description Actual results Reports in literature
Stalk production (tha™) 25 35 - 40
Total reducing sugars (%) 8.50 16-19
Juice (%) 2347 45
Alcohol yield (L t™ stalk) 16.38 66 - 75
Juice brix (%) 12 14-21
Juice pH 5 4.8-5.2

336



We encountered difficulties in the processing stagee phocessing system

to handle sorghum has to be studied and worked upon faetbektraction
and to ensure continuous feeding to the mill.

Sorghum stalk juice is more suitable for producing &alzloas it contains
more reducing sugars than sugarcarfadcharum officinarumjuice.

Since this is our first trial of alcohol production fraaarghum, we could get
actual yield less than 50% of reported yields in literatur

Low juice content and low fermentable carbohydrates mayreasons for
low yield.
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Program for the Expert Meeting on Alternative
Uses of Sorghum and Pearl Millet in Asia

Tuesday, 1 July 2003

0815-0900
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0930-0940

0940-1000
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1000-1050

1050-1140

1140-1230

1230-1330

Session 3

1330-1415

1415-1440

1440-1505

Registration [near Conference Center Foyer]

Inaugural

Welcome address by Director General
Remarks by CFC Representative
Message from FAO

Objectives of the meeting

Group photograph and coffee break

Chair
Rapporteur

Dyno Keatinge

Importance and economics of cereals
(sorghum and pearl millet) production
in Asia

[Master of Ceremony:

Belum V S Reddy

Farid Waliyar]

William D Dar
Andrey Kuleshov
FAO Representative
C L L Gowda

B Dayakar Rao, B S Rana,

S Hyma Jyothi,

K Karthikeyan,

K A Bharath Kumar,
and N Seetharama

Sorghum and pearl millet - health foods J Dahlberg, J P Wilson,

and industrial products in developed
countries

Recent technologies in pearl millet
and sorghum processing and food
product development

Lunch break

Chair
Rapporteur

M C S Bantilan
R P Thakur

Dynamics of utilization, markets, trade
and coalitions: sorghum and millets

in Asia

Demand driven sorghum and millet
utilization - failures, successes and
lessons learned

Effects of mycotoxins on cereals grain
feed and fodder quality

and T Snyder

Salil Sehgal, A Kawarta,
and G Singh

P Parthasarathy Rao,
AJ Hall, and

M C S Bantilan
Lloyd W Rooney

F Waliyar, S V Reddy,
and R P Thakur

349



1505-1525
1525-1550

1550-1615

1615-1640

1640-1715
1900

Coffee break
Cereal grain procurement, drying and
storage for commercial use

Sivakum& Dravid,
and C Ramakrishna

Sorghum: A potential source of raw R B &oinand
material for agro-industries J R N Taylor
Processing of sorghum and pearl millet S Z Al

for promoting wider utilization for
food purposes
Discussion
Welcome dinner (Gazebo) — (Hosted by Dr William Dr,[@aG,
ICRISAT)

Wednesday, 2 July 2003

Session 4

0830-0855

0855-0920

0920-0945

0945-1015
1015-1040

1040-1105

1105-1130

1130-1200

1200-1300
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Chair . Farid Waliyar
Rapporteur P Parthasarathy Rao

Methods and feasibility for alternative
ises of sorghum: Indian perspectives

C MrRRaathi,
P K Biswas, Maiial
M Maheswari,
B S Vijay Kumar, and
N Seetharama
Alternative uses of sorghum - methods Liy@lg, Lu Qingshan,
and feasibility: Chinese perspectives and Zou Jiangiu
Cereals alternative uses - methods S R Caughfateh,
and feasibility: Pakistani perspectives M H Munawwar,
and M Aslam
Coffee break
The commercialization of sorghum and D D Ratirband
pearl millet in Africa: Traditionaland A B Obilana
alternative foods, products, and
industrial uses in perspective
Cereals alternative uses - methods and
feasibility: Thailand perspectives
Sorghum and pearl millet for poultry C L N RRAoSudhakar,
feed A R Reddy, and
V L K Prasad
Forage potential of sorghum and pearl Gnideayanaa,
millet N P Melkania, Belum
V S Reddy, S K Gupta,
KNRai, and
P Sateesh Kumar

Beasilt

Lunch break



Session 5

Chair . P S Dravid
Rapporteur : K N Rai
1300-1315 Strategy for commercialization using | R Nagaraj
product centric and value chain
approach
1315-1340 Utilization of fermented moldy V Sudershan Rao,
sorghum as cattle feed S Vasanthi, and
Ramesh V Bhatt
1340-1405 Cereals in alcohol industry: Industry Anil D Mandke
perspective
1405-1430 Trial with sweet sorghum R V Huilgol,

Ramakrishna,and
Govind Misale

1430-1445 Potential of sorghum as feed grain B Boonsue
for Thailand and Indonesia

1445-1500 Potential of sorghum development M Dahlan
in Indonesia

1500-1530 Coffee break

Session 6 Group meeting [concurrent]

1530-1730 Working Groups on

* Novel foods and health
» Livestock feed and forage
* Industrial products

1900 Workshop dinner (204 Banquet Hall) - (Sponsored by JK Agri-
Genetics, Proagro Seed Co., Ganga Kaveri Seeds, Prabhat Agri
Biotech, and Pioneer Overseas Corporation)

Thursday, 3 July 2003

0830-1230 Group meeting [ continues)
[Coffee break - 1040-1100)
Tasks of the Working Groups are to identify research and
development priorities and potential partners from various

sectors for developing project proposal

1230-1330 Lunch break
Session 7 Plenary
Chair . J Dahlberg

Rapporteur : S Pande

1330-1400 Report by the Working Group and discussion on Novel foods and
health - research and development issues and institutional alliances
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1400-1430

1430-1500

1500-1520

Session 8

1520-1800

1900

Friday, 4 July

0830-1030
1030-1100
1100-1230

1230-1300
1300-1400
1400-1500

1500
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Report by the Working Group and discussion oedstock feed and

forage - research and development issues and institutadireances
Report by the Working Group and discussion oadimhl

products - research and development issues and instflti

alliances

Coffee break

Planning

Chair Andrey Kuleshov
Rapporteurs: K N Rai and Belum V S Reddy
Facilitator Alan D Marter

Identification of research components, ostpat institutional
alliances for project development and implementation
Workshop dinner (Swimming Pool) - (Sponsored byr&fhedia

Private Limited, Banjara Hills)

2003

Planning sessioco(tinue$
Coffee break

Presentation of research components, outgudspotential
partners (by Alan D Marter, Consultant)

Closing remarks by CFC and ICRISAT
Lunch break

Press Conference (W D Dar, A Kuleshov, C lLow@a, F Waliyar,

P S Dravid, and G Warrier)
Departure



About CFC

The Common Fund for Commodities (CFC) is an autonomotsrgavernmental
financial institution established within the frameworktbé United Nations. The
Agreement Establishing the Common Fund for Commodities megotiated in the
United Nations Conference on Trade and Development (UND)Y Aom 1976 to
1980 and became effective in 1989. The first project apgsoved in 1991.

The CFC forms a partnership of 106 Member States plus thepé&amn
Community (EC), the African Union (AU) and the Common MaratEastern and
Southern Africa (COMESA) as institutional members. Menship is open to all
Member States of the United Nations or any of its speemliagencies, or of the
International Atomic Energy Agency, and intergovernmeatganizations of regional
economic integration which exercise competence in thdsfief activity of the Fund.

CFC's mandate is to enhance the socioeconomic developohezdmmodity
producers and contribute to the development of society w$ole. In line with its
market-oriented approach, the Fund concentrates on cditynaevelopment
projects financed from its resources, which are volunteoytributions, capital
subscriptions by Member Countries. Through cooperatioth voither development
institutions, the private sector and civil society, thedendeavors to achieve overall
efficiency in and impact on commodity development.

About ICRISAT

The semi-arid tropics (SAT) encompasses parts of 48 dewel countries including
most of India, parts of southeast Asia, a swathe acrosSahdran Africa, much of
southern and eastern Africa, and parts of Latin AmericanyMa these countries are
among the poorest in the world. Approximately one-sixthhefworld's population
lives in the SAT, which is typified by unpredictable weathimited and erratic
rainfall, and nutrient-poor soils.

ICRISAT's mandate crops are sorghum, pearl millet, ¢@ak pigeonpea and
groundnut - five crops vital to life for the ever-increggsipopulations of the SAT.
ICRISAT's mission is to conduct research that can lead ntfmareed sustainable
production of these crops and to improved management eflitmited natural
resources of the SAT ICRISAT communicates informatioriemmnologies as they are
developed through workshops, networks, training, libssnyices and publishing.

ICRISAT was established in 1972. It is supported by thesGhative Group on
International Agricultural Research (CGIAR), an infoimassociation of
approximately 50 public and private sector donors. toisponsored by the Food and
Agriculture Organization of the United Nations (FAQO),ethUnited Nations
Development Programme (UNDP), the International Fund #fogricultural
Development (IFAD) and the World Bank. ICRISAT is one Bfdonprofit CGIAR-
supported Future Harvest Centers.
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