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There is growing attention by governments and industry in regard to the role played by
millets (including sorghum) to help build resilience for farmers and cope with climate
change, malnutrition, diabetes, and some other major issues. To understand public
knowledge and practices of consuming millets in urban areas, a survey was conducted
with 15,522 individuals from seven major cities of India using a structured questionnaire,
and after data cleaning 15,139 observations were subjected to analysis using descriptive
and inferential statistics. It was found that the largest group among early adopters
of millets were people with health problems (28%), it being the single largest reason
for consuming millets, followed by those wanting to lose weight (15%) and those
selecting millets for its taste (14%). There was a significant gap between people who
were health conscious (91%) and those who were sure millets were healthy (40%).
The major reason the respondents did not eat more millets was that it was not eaten
at home (40%), followed by reactions such as not liking the taste (22%). Reaching
the urban consumers through social media is recommended, given that it is their
main source of information. There was no statistically significant relationship between
state-wise per capita production and frequency of consumption of millets in the urban
areas (p = 0.236). In conclusion, three key actions are recommended to enhance the
consumption of millets: developing delicious products to satisfy the taste, providing
knowledge on nutritional and health facts on millets, and improving accessibility of millets
in urban markets.
Keywords: millets, sorghum, health benefit, knowledge and practice, consumer behavior

INTRODUCTION
The recent paper from The Lancet Commissions (Willett et al., 2021) recognizes the need for
identifying healthy and environmentally sustainable diets and enhanced usage of underused plant
species, such as quinoa, millets, sorghum, or teff grains, due to their climate resilience and dense
nutritional content. It also clearly captured that among 14,000 edible plants, only three crops,
namely, rice, maize, and wheat, contribute 60% of caloric intake. On the other hand, the SDGs
2030 have its ambitious goal of eliminating all forms of malnutrition by 2030. To achieve this,
interventions are required to replace the major portion of the diet currently occupied by rice, wheat,
and maize with highly nutritious grains, such as millets.
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In India and other Asian and African countries, millets
commonly include sorghum, pearl millet, and a range of small
millets (Vetriventhan et al., 2020). The term “millets” in this
paper refers to all of these crops. India is the leading producer
and consumer of different types of millets, such as finger millet,
pearl millet, kodo millet, foxtail millet, barnyard millet, proso
millet, and little millet (www.smartfood.org1 ,2 ). India is the
sixth largest producer of sorghum globally (www.smartfood.org).
Traditionally, many kinds of foods and beverages were made
from these grains in different regions, which played an important
role as a staple food in the local food culture. However, their
presence in the Indian food basket has been declining over the
years largely due to government policies favoring the production
and consumption of fine cereals, such as rice and wheat (KanePotaka and Kumar, 2019), as well as rising incomes and
urbanization. Between 1960 and 2015 in India, wheat production
more than trebled, and rice production increased by ∼800%;
on the contrary, millet production was stagnant at low levels
(Kane-Potaka and Kumar, 2019). Between 1962 and 2010, India’s
per capita consumption of millets fell drastically from 32.9 to
4.2 kg, while that of wheat almost doubled from 27 to 52 kg
(www.indiaspend.com)3 . Another study reported in particular on
pearl millet that per capita consumption trend declined between
1972/1973 and 2004/2005 in both rural and urban regions of
India from 11.4 to 4.7 and from 4.1 to 1.4 kg per year, respectively
(Basavaraj et al., 2010). A similar declining trend in per capita
consumption was reported for sorghum in both rural and urban
India from 19.1 to 5.2 and from 8.5 to 2.7 kg per year, respectively,
representing 68 and 70% reduction (Parthasarathy Rao et al.,
2010).
Millets are often referred to as smart food
(www.smartfood.org), which is “good for the individual”
(nutritious and healthy), “good for the planet” (environmentally
sustainable), and “good for the farmer” (resilient). Millets are
recognized for their resilience, ability to survive under high
temperatures and in degraded soils, and minimum requirements
of water, pesticides, and fertilizers (Saleh et al., 2013). Their
farming methods leave a lower carbon footprint than the
major staples that are grown with greater use of fertilizers and
pesticides. Millets complement commonly used legumes in
India, such as pigeon pea and chickpea, for amino acid content to
form complete protein with improved digestibility upon cooking
(Anitha et al., 2019a). Apart from protein, depending on the
variety and species, millets are also rich in minerals, such as iron,
zinc, and calcium, which deliver health benefits to all age groups
and genders.
The high nutritional content of millets compares well with
other foods with similar nutritional value; it is especially
high compared with polished rice, maize, and refined wheat
flour, the post-green revolution major staples (Longvah et al.,

2017). Innovative millet processing technologies that provide
safe, easy-to-handle, ready-to-cook, and ready-to-eat products
and meals at a commercial scale are mainly available in
urban areas (Ushakumari et al., 2004), where rice and
refined wheat flour dominate and are much more accessible
and affordable. The consumption of refined grains, namely,
refined white rice, is shown to be associated with noncommunicable diseases, such as type II diabetes mellitus
(Radhika et al., 2009) and obesity. This has led to an
increasing emphasis globally on consuming whole grains (Edge
et al., 2005), underlining the importance of mainstreaming
nutritious smart food crops and promoting them as a staple.
This is one of the major objectives of the Smart Food
initiative (Singh and Raghuvanshi, 2012; Kane-Potaka, 2018).
Providing more nutritious and healthier traditional whole
grain and multigrain substitutes for refined carbohydrates can
be an important aspect of therapeutic dietary modification
and diversity.
There is a growing interest in reviving millets in India (KanePotaka and Kumar, 2019) and also globally, owing to their
nutrition content and ability to grow in harsh climatic conditions
due to their climate smart traits. The Government of India
declared 2018 as a National Year of Millets and followed on with
preparing a national Millet Mission, as well as a proposition to the
Food and Agricultural Organization of the United Nations (UN)
for a UN International Year of Millets. Several state governments
in India also followed suit to establish state millet missions. These
initiatives all recognized the need and built-in components to
engage with consumers to drive demand and not only to invest in
agricultural production and productivity. The demand for value
added (processed) millet-based food products (being promoted
as health foods) is increasing steadily in global markets (Rooney,
2010). This transition phase during which perceptions of millets
are changing and there is greater health consciousness (Umanath
et al., 2018) is the right stage to assess current knowledge,
perceptions, and practices related to millets, which will lay the
foundation for a plan to promote millets as a staple effectively.
Understanding current knowledge and practices is important
for researchers, nutrition volunteers, community health workers,
and food manufacturers in planning millet-based products,
interventions, and promotional activities to improve the
nutritional status and general health of the population and for
companies to make nutritious foods a viable business. A limited
number of studies have investigated the perceptions, awareness,
and knowledge on millets. For instance, the study conducted
on pearl millet, finger millet, and sorghum in Maharashtra
state involved a relatively small sample of 111 participants who
were all diabetic (Nambiar and Patwardhan, 2014). Another
study on finger millet and oats in South India recognized the
widespread lack of knowledge about the nutritional benefits of
finger millet and the need to promote it through a survey with 260
women (Sreedhar and Shaji, 2017). To our knowledge, no formal
study has focused on understanding consumers’ knowledge,
perceptions, and attitude on millets using a large sample survey
covering various states of India. Therefore, this study aimed
to assess the knowledge, perceptions, and practices of millets
consumption in seven major cities of India.

1 Learning from the Web. Available

online at: http://www.smartfood.org/
from the Web. Available online at: https://www.smartfood.org/milletssorghum-%20production-trends/
3 Learning from the Web. Available online at: (https://archive.indiaspend.com/
cover-story/a-millets-revival-could-solve-indias-malnutrition-problem-benefitfarmers-31717)

2 Learning
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METHODS

reliable results, the questionnaire was pre-tested with 20 subjects
before the survey to validate and identify problems with the
content and comprehensiveness of the questions, as well as other
causes of (dis)satisfaction, which were added to the options
sheet used by the interviewers. Based on the satisfaction or
dissatisfaction, annotations, and comments from the pre-testing,
the questionnaire was improved and finalized, which helped
ensure that the questions were understood by both interviewers
and respondents and minimize subsequent measurement errors.
The survey was administered to visitors to shopping malls
over the course of August 2017. Participants were asked the
questions in person about their knowledge, perceptions, and
consumption patterns, as well as the reasons for their practices
and sources of information, on millets.
All the qualitative and quantitative questions were asked
without prompts or options to select. The interviewees had
options on the question sheet to assist with faster recording,
and additional answers were written. These options were
collated from pilot testing of the questions, and the options
for demographics were based on common standards. A picture
of three popular smart food grains, namely, finger millet,
pearl millet, and sorghum, was used as a visual aid at the
beginning of the survey along with a structured questionnaire.
The picture included the crop and the grain with their names
in English, Hindi, and the state language. The income of a
participant’s household was self-reported and included a variety
of questions designed based on standard methods for grouping
participants in poor, middle, and rich income groups (Dalvi et al.,
2020).

A large sample survey was conducted to collect primary data on
trends, attitudes, and opinions on millets consumption behavior
of the target population who were urban consumers in India.
The data were statistically analyzed to examine the relationship
between variables (Creswell and Creswell, 2017). Surveys on
beliefs, reasons, and barriers in purchase and consumption are
widely used to evaluate food choice behavior (Roche et al., 2012;
Irianto, 2015).

Survey Participants
Convenience sampling (Jager et al., 2017) was adopted where
respondents were approached in shopping malls. This provided
access to large numbers of men and women in cities in a
short time at locations they commonly frequent for purchasing
groceries. It also accessed shopping areas where targeted
individuals purchased food ingredients for use at home.
Participation in the survey was voluntary and anonymous.
Participants were informed upfront of the purpose of the study
and the use of the data, emphasizing that the information
requested would be exclusively used for statistical analysis,
guaranteeing confidentiality. Informed consent was obtained
before the interview. To ensure confidentiality, the collected data
were managed anonymously by providing sample identity based
on institutional data management policy.
The optimal size of the survey sample was identified
considering both the budget and the statistical power. As a
result, a total of 15,522 individuals from seven cities in seven
states of South, West, North, and East India participated in the
survey. Approximately 300 survey personnel were deployed to
conduct the interviews. The participants were provided with an
information flyer and a link to an App about millets at the end of
the survey.

Data Analysis
Data were cleaned, organized, coded, and subjected to statistical
analysis using STATA version 16 (StataCorp, 2019). After
data cleaning, 15,139 observations were subjected to analysis
(Table 1). However, the tables of results may include a smaller
number of observations depending on the number of missing
observations in the variables included in the specific analysis.
Descriptive statistics, such as frequency, mean, median, and
standard deviation, were used to present the knowledge and
practices among participants. Inferential statistical tools, such
as tetrachoric correlation, Z-statistics, and ordered probit
regression (Daykin and Moffatt, 2010), were performed to
examine the influence of various factors on consumption habits

Questionnaire
A structured questionnaire was developed with questions about
millets including Food Frequency Questions (FFQ) on millet
by custom designing to understand the millet consumption
patterns [Usual Dietary Intakes: NHANES Food Frequency
Questionnaire (FFQ) | EGRP/DCCPS/NCI/NIH (cancer.gov)],
followed by socioeconomic information of the respondents
(Supplementary Materials). An expert panel was consulted to
ensure the validity and clarity of the questions. To ensure
TABLE 1 | Demographic information on the sampled respondents.
City

Sample size

Men (%)

Women (%)

Average age (%)

Low income (%)

Middle income (%)

High income (%)

Ahmedabad

1,496

22.8

77.2

41.9

7.6

79.3

13.1

Bengaluru

1,127

48.5

51.5

42.8

5.5

87.9

6.6

Chennai

1,502

44.2

55.8

39.9

19.2

56.8

24.0

Delhi

3,999

28.4

71.6

42.1

7.0

82.0

11.0

Hyderabad

1,509

45.5

54.5

40.6

15.2

66.7

18.1

Kolkata

1,501

41.1

58.9

39.6

17.2

59.1

23.7

Mumbai

4,005

42.3

57.7

40.5

13.6

69.2

17.2

Total

15,139

37.6

62.4

41.1

11.6

72.9

15.5
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TABLE 2 | Recognition of millets and sorghum in each city (% of respondents).
Crop

Ahmedabad
W

M

Bengaluru
W

M

Chennai
W

Delhi

M

W

Hyderabad
M

W

Kolkata

M

W

Mumbai

M

W

M

n = 1,105 n = 287 n = 630 n = 579 n = 767 n = 602 n = 2,661 n = 923 n = 737 n = 597 n = 796 n = 569 n = 2,104 n = 1,461
Pearl millet*

24.8

50.5

57.8

56.5

30.3

39.2

21.1

39.3

42.5

48.6

28.8

36.2

49.8

51.7

Sorghum*

62.8

55.7

58.2

60

48

40.8

56.8

47.5

54.7

50.1

46.8

45

77.8

77.7

Finger millet*

36

42.2

59.2

58.4

46.4

54

38.9

42.4

54.8

58.9

44

49.5

79.5

81.6

None

0

0

0

0

0

0

0

0

0

0

0

0

2.7

2.3

*Total percentage does not add up to 100 as the responses on all the three millets were separated and added to pearl millet, finger millet, and sorghum. W, women; M, men.

and perceptions toward millets. The dataset is currently stored in
Dataverse and managed by ICRISAT (https://doi.org/10.21421/
D2/JUMRM8).

TABLE 3 | Health consciousness of the participants.

RESULTS
Gender
Among the respondents, 9,453 were women and 5,686 were men,
and their average age was 41.2 years. Overall, a higher proportion
of women were interviewed as they constituted the majority of
grocery shoppers in the town (Table 1). In particular, women
constituted an even higher proportion of grocery shoppers in
Ahmedabad and Delhi.

Question

Answer

Do you think millets are
healthy?

Yes

40.0

Maybe

47.7

What do you think is
healthy about millets?

% of
respondents

No

9.4

Don’t know

3.3

Good for women

22.4

High in iron

20.0

High in calcium

15.5

Good for diabetes

12.5

Recognition of Millets

Good for pregnancy

10.0

Although not presented in the table, 89% of the participants
reported that they knew millets. Among the participants who
responded “yes” to consuming millets, most of them did not
recognize it when shown the picture of sorghum, pearl millet, and
finger millet (Supplementary Figure 1). An example response
from a 28-year-old female was “I have been drinking ragi malt
(a milk drink made from finger millet) almost every day for the
past 3 years since my first pregnancy, but I had no idea what ragi
(finger millet) looked like, and today, I see it in the picture that
you showed to me, and this is fabulous, and thanks to smart food
for all the good work.”
Although not shown in the table, among the three crops,
sorghum had the highest recognition rate (59.3%) when shown
images of the crop and the grain, followed by finger millet
(54.8%). There was no difference in recognition of millets
between age groups, though these crops were a traditional staple.
To our surprise, the youngest group, below 20 years, had similar
or higher recognition of the crops, especially pearl and finger
millets, than other age groups.
Recognition of all the three crops among both women and
men was the highest in Mumbai, followed by Bengaluru, the
lowest being in Kolkata (Table 2).

Good for babies

7.0

Good for cancer

2.6

Other reasons (e.g.,
good for bone, hair,
skin health)

10.0

Very

34.9

Reasonably

55.6

Not so or not at all

9.9

How health conscious are
you?

When asked whether they thought millets were healthy,
less than a half (40%) of the respondents were sure that
millets were healthy (Table 3). On being asked what they
thought was healthy about millets, the answers included: it is
good for the general health of women (22%), is high in iron
(20%), is high in calcium (15.5%), and is good for diabetes
(12.5%). The rest of the participants (30%) thought that it
was good for bone health, cancer, during pregnancy, and for
babies (Table 3). Most (91%) of the respondents said that they
were reasonably or highly health conscious (56.6 or 34.4%,
respectively; Table 3).

Sources of Information

Awareness of Nutritional Value

When asked what their source of information on health and
foods was, by far the most influential was social sources, the
largest being social media with 50.7% of the participants opting
for it, while TV shows were the sources for 38.7%, and family
and friends were the sources for 36.9%. The other influential

It was identified that the awareness of millets was prevalent in
the last 4 years, and that more than 23% of the respondents
mentioned they had heard about or started eating millets <5
years before.
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week), there was also a reasonable proportion of people who
had never or almost never consumed millets (34.9% consumed
millets never or up to two times a year; Figure 2). The citywise frequency of consumption of millets was linked to the
recognition of these crops in each city, as shown in Table 3.
Bengaluru led in terms of consumption, while Ahmedabad and

information sources were courses (33.9%), newspapers (15.3%),
and books (14.8%; Figure 1).

Consumption
Although there was a considerable proportion of consumers
eating millets frequently (49.6% consumed 1 or more times per

FIGURE 1 | Participants sources of information on millets and sorghum.

FIGURE 2 | Frequency of consumption of millets and sorghum by participants from seven cities.
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How Millets Are Eaten

Delhi had the lowest consumption frequencies. In Bengaluru,
no respondent mentioned that they never/rarely consumed
millets. In fact, it was the only city where all the respondents
consumed these crops at least once a month. Approximately
71.2% of the respondents in Bengaluru consumed millets at
least once a week. This was followed by 57.6 and 56.1% of
the respondents being frequent consumers and 26.8 and 25%
never/rarely consuming millets in Chennai and Hyderabad,
respectively. Mumbai and Kolkata ranked next with 52.9 and
52.3% being frequent consumers and 29.6 and 29.6% never/rarely
consuming. Delhi and Ahmedabad had the lowest frequency
of consumption with 41.9 and 37.7% consuming frequently
and 47.1 and 55.5% never/rarely consuming millets, respectively
(Figure 2). This indicates that South India is a much greater
consumer of millets.

The most common form in which millets were eaten at the pan
India level was as ready-to-eat food, as reported by 45.6% of the
respondents. Breakfast porridge, which is one of the traditional
forms of consumption, stood at the top at 38.3%. Ahmedabad and
Bengaluru had the largest consumption of ready-to-eat food, with
up to 65.7 and 63.4% of the respondents saying that this was the
most common form in which they consumed millets (Figure 3).

Reasons for Consumption
Figure 4 presents the reasons stated for the consumption of
millets. The major reason at the pan India level was the
prevalence of health problems including but not limited to
diabetes, heart conditions, bone health, and general health. The
proportion was especially large in Ahmedabad (48.1%) and Delhi

FIGURE 3 | Common forms in which millets are eaten by participants of the survey in different cities of India.

FIGURE 4 | Respondents reasons for consuming millets and sorghum in each city.
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(42.5%). The only two cities where this was not the number one
reason were Chennai and Hyderabad, where taste preference was
the major reason for eating millets. The second major reasons
for eating millets pan India were for weight loss (15.1%) and
its taste (14.6%).
However, the reason for eating it based on taste preference
was not consistent across cities and ranged widely (7–21%); it was
predominant in Ahmedabad and Delhi that had lower frequency
of consumption. Health and fitness were together chosen as

the major reasons for eating millets by at least 58.0% of the
respondents. However, few said that they ate it just because it
was healthy (7.7%); this trend was consistent across all the cities,
ranging from 5.1 to 12.6%. This indicates that a specific health
problem is an influential driver for people to eat millets, rather
than just because millets are healthy. More women tended to
attribute their consumption of millets to health issues and weight
loss (Table 4), while men tended to consume it simply because
it was served at home. Furthermore, low income respondents
tended to consume millets for the taste and subsistence and not
to lose weight; neither did they find millets cheap.
The most prevalent health reasons for eating millets included
weight loss (the top ranked reason especially a primary reason
by women 30–50 years old); diabetes (many diabetic patients
said that their doctor had recommended eating millets); blood
pressure; cancer; skin diseases (this was noted particularly from
Bangalore and Mumbai participants who believed that sorghum
and finger millet were good for skin and hair growth, and some
doctors who participated in the survey said that they ate finger
millet a few times a week for better skin); eye sight problem;
stronger bones; and healthy pregnancy and baby growth.

TABLE 4 | Relationship between reasons for consuming millets and sorghum and
the demographic profile of the respondents: tetrachoric correlation coefficients
and p-values (n = 15,513).
Stated reason for millets
and sorghum
consumption

Gender dummy
(female = 1;
otherwise = 0)

Low income
dummy
(low income = 1;
otherwise = 0)
−0.304*** (0.000)

I have a health problem

0.507*** (0.000)

Taste

−0.035** (0.037)

0.167*** (0.000)

For weight loss

0.187*** (0.000)

−0.093*** (0.000)

Longer feeling of fullness

−0.105***
(0.000)

0.137*** (0.000)

Cheap

−0.155***
(0.000)

−0.012 (0.716)

Feeling healthy

−0.122***
(0.000)

0.049** (0.048)

Served at home

−0.360***
(0.000)

0.060*** (0.006)

−0.127** (0.026)

−0.010 (1.000)

Other (doctor and dietician
advice, low calorie, good
for hair and skin)

Reason for Not Consuming More
The survey further enquired why people did not consume (more)
millets. Overall, the family eating custom at home was the most
frequently stated reason by nearly 40% of the respondents. Only
Kolkata and Chennai differed in this trend, both citing limited
availability as the key reason and its high price as another. It
is worth noting that only 3% of the respondents in Bengaluru
cited limited availability of millets as a concern, as the state is
the largest producer of millets in India. Kolkata and Chennai
had smaller production of millets. Chennai was also the place
where respondents had the lowest awareness of all three millets.

Numbers in parentheses are p-values. ***p < 0.01, **p < 0.05.

FIGURE 5 | Stated reasons for respondents not consuming more millets/sorghum.
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TABLE 5 | Tetrachoric correlation between respondents’ reasons for not consuming millets/sorghum and their demographic profile.
Stated reason for not consuming
everyday

Gender dummy
(female = 1;
male = 0)

Low income dummy
(low income = 1;
otherwise = 0)

Middle class dummy
(middle class = 1;
otherwise = 0)

High income dummy
(high income = 1;
otherwise = 0)

Don’t like the taste

0.084***
(0.000)

−0.198***
(0.000)

0.134***
(0.000)

−0.035*
(0.060)

Limited availability

−0.279***
(0.000)

0.197***
(0.000)

−0.285***
(0.000)

0.153***
(0.000)

High price

−0.046***
(0.008)

0.150***
(0.000)

−0.248***
(0.000)

0.151***
(0.000)

Cooking time

−0.224***
(0.000)

0.181***
(0.000)

−0.152***
(0.000)

0.009
(0.340)

0.408***
(0.000)

−0.225***
(0.000)

0.292***
(0.000)

−0.147***
(0.000)

Family custom of not eating millets

Numbers in parentheses are p-values. ***p < 0.01, *p < 0.10.

In Bengaluru, the major reasons cited for not eating (more)
millets were their taste and family dietary customs. Pan India,
the second major reason for not consuming more millets was the
taste, cited by 22% of the respondents. Cooking time of millets
was of significance in all the cities (Figure 5).
Table 5 shows the tetrachoric correlation between the
reasons stated for infrequent consumption of millets and
the demographic profile of the respondents. Unexpectedly,
women who did not frequently consume millets tended to
attribute it to a dislike of the taste and family custom,
while men attributed it to the limited availability, high price,
and long cooking time. Both low and high income groups
showed similar tendencies, whereas the middle income group
exhibited a distinct set of dispositions. The latter group, when
not consuming millets frequently, attributed it to unfavorable
taste and family custom. Table 6 shows the Spearman’s nonparametric correlation between the frequency of consumption
and the reasons stated for not increasing the frequency. Those
who consumed less frequently were more likely to mention family
custom as the reason. In contrast, those who consumed more
frequently tended to mention taste, high price, non-availability
in markets, and long cooking time as reasons for not increasing
the frequency of consumption.

TABLE 6 | Spearman’s coefficient of correlation between frequency of
consumption and their reason for not consuming more millets and sorghum
(n = 13,840).
Stated reason for not
consuming more

p-value

Don’t like the taste

0.1634

0.000

Limited availability

0.1347

0.000

High price

0.0822

0.000

Long cooking time

0.0836

0.000

−0.3442

0.000

Family custom of not
eating millets

Table 8 examines how state-wise per capita production
was related to the frequency of consumption of millets
through ordered probit regression. The covariates included
in the model were the age dummy, gender dummy, and
income dummy. The standard errors were clustered at the
site level to account for intra-site repetition in the value
of production. The results showed no statistically significant
relationship between state-wise per capita production and the
frequency of consumption in the urban areas, where age,
gender, and income factors were controlled for. Lastly, younger
people and women consumed millets less frequently, whereas
people with low incomes consumed millets more frequently.
An investigation of the distributional effects (Table 9) to
ascertain the marginal effects of state-wise per capita production
on different levels of consumption frequency revealed that
production and consumption exhibited a U-shaped non-linear
relationship, suggesting that older people consumed more millets
when the consumption level is in the low range. Likewise, being
a woman and having low income was associated with consuming
the crops less frequently.

Production and Consumption
Table 7 shows the state-level production of millets, as well as
their levels of consumption, in the cities studied. Karnataka was
the largest producer of these crops, followed by Maharashtra,
Gujarat, and Tamil Nadu, confirming the concentration of
production in southern states of India. Except in Gujarat, urban
consumers in Karnataka and Maharashtra consumed these crops
at relatively high frequency, with “once or twice a week” being
the median. Despite Gujarat being the largest producer of pearl
millet, it exhibited the smallest consumption, clearly showing
that its large production had little impact on urban consumption.
On the other hand, consumers in Delhi consumed these crops
moderately (once a month), but their production was small. In
contrast to these cities, Telangana and West Bengal consumed
millets frequently despite less production.
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Millet campaigns and promotions implemented in the past few
years may be the reasons for the higher recognition of millets
among the young age group. The individual ability to recognize
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TABLE 7 | Production (tons) of millets and sorghum per state population in 2015–2016 and their frequency of consumption.
Production of
small millets
per state
population
(’000 tons)

Production of
the four crops
per state
population
(’000 tons)

11.92

2.09

0.30

14.54

2.21

14.52

0.15

34.95

Frequent

1.82

6.02

0.47

11.80

Frequent

Production of
pearl millet per
state
population
(’000 tons)

Gujarat

0.23

Karnataka

18.07

Tamil Nadu

3.49

State/union
territory

Ahmedabad
Bengaluru
Chennai
Delhi

Delhi

Hyderabad

Telangana

Median frequency of
millets/sorghum
consumption in the
city

Production of
sorghum per
state
population
(’000 tons)

Production of
finger millet
per state
population
(’000 tons)

City

Rare

–

0.21

0.17

–

0.37

Moderate

0.01

0.06

0.85

0.01

0.93

Frequent

Kolkata

West Bengal

0.13

0.00

–

0.02

0.15

Frequent

Mumbai

Maharashtra

0.77

2.75

11.17

0.26

14.94

Frequent

Population data are based on authors’ extrapolation of census data Chandramouli, 2011.

and finger millet malt. The relationship between demographic
characteristics and the attitude of farm women toward valueadded products of finger millet were studied previously
(Kowsalya et al., 2017), wherein it was concluded that when
farm women were well-trained, there was a favorable attitude
toward value addition of finger millet-based products. This,
along with the consumer survey results, suggests the need for
training on value addition for traditional smart foods, such
as millets (Anitha et al., 2019a,b), and that preparing millets
in a culturally appropriate manner helps in improving their
acceptability. The model for introducing millets in communities
and schools in an acceptable manner and how they can
change perceptions and influence food preferences in a positive
manner have been demonstrated previously (Diama et al., 2020;
Wangari et al., 2020). Equally important is understanding the
initial knowledge, practices, and individual attitude toward
these traditional crops while planning and implementing any
nutrition-related interventions using them. A study (Singh and
Raghuvanshi, 2012) on knowledge, perceptions, and practices by
111 diabetes individuals reported that 55% of the participants
consumed millets because it was a habit from childhood and
only 26% of them reported that they ate it because they liked
it. However, 11% of the respondents reported that they had no
reason to consume millets. The reason for not consuming these
grains was either because they were not prepared at their homes
(20%) or were not part of their food from childhood (26.6%).
Some of them reported that it was advised not to consume them,
and 20.6% of them reported that there was no particular reason
to not consume them. This shows that if millets were not eaten
from childhood, there was no incentive or trigger for consuming
them, hence the importance of raising awareness and inculcating
good practices from childhood in order to develop a healthy
population. However, the current study clearly demonstrated that
the major reason for consuming millets was the prevalence of
a health issue. A small percentage of people (11.8%) said that
it was consumed due to the habit of it being eaten at home;
while a significant percentage of people (39.2%) said they did
not eat millets because of cultural habits of it not being eaten
at home. This highlights the importance of influencing attitudes
and practices for millets to become a common food in the

TABLE 8 | Frequency of consumption of millets and sorghum and production per
state population: ordered probit regression.
Variable

Robust
SE

Z-statistic

0.0382

0.0324

1.18

0.237

Age dummy
(1 if <30 years = 1;
0 otherwise)

−0.2597***

0.0471

−5.52

0.000

Gender dummy
(1 if female = 1; 0
otherwise)

−0.5140***

0.1178

−4.37

0.000

0.2402***

0.0706

3.40

0.001

Log of production
per capita
(Ln kg)

Income dummy
(1 if poor; 0
otherwise)

Coeff.

Cutoff point 1

−0.7047

0.0495

Cutoff point 2

−0.2865

0.0650

p-value

Dependent variable: Consumption frequency, where 3 = frequent (1 or more times a
week), 2 = moderate (once a month), and 1 = rare (never or up to 2 times). n = 13,840;
Wald χ2 =173.04 (p = 0.000); Log Likelihood = −13,456; Pseudo R2 = 0.0301. ***p <
0.01; **p < 0.05.

millets varied across states, in line with the diverse agro-ecologies
and contrasting cropping patterns across India (Tsusaka and
Otsuka, 2013). Frequent consumers were in Bengaluru, which
is not surprising given its reputation for being an advanced city
for organic and health foods including millets (Anbukkani et al.,
2017). It may be noted that Karnataka state, of which Bengaluru is
the capital, was the first Indian state to have a Millet Mission and
to launch the annual national millet fair in January 2017, which
promoted traditional millets to be brought back as staples and
popular modern food.
Although millets can be easily incorporated into almost all
popular rice- and wheat-based recipes, one of the reasons for
not consuming millets regularly is the lack of knowledge on
how to incorporate or cook them. Currently, a few recipes
are widely used in communities to cook millets. These include
finger millet balls, finger millet porridge, millet chapattis/rotis,
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TABLE 9 | Marginal effects of state-wise per capita production of millets and sorghum on log odds of frequency of consumption in the urban areas (n = 13,840).
Frequency of
consumption

State-wise per capita
production of
millets and sorghum

Age dummy
(1 if <30 years;
0 otherwise)

Gender dummy
(1 if female;
0 otherwise)

Income dummy
(1 if poor;
0 otherwise)

Marginal
effects

p-value

Marginal
effects

p-value

Marginal
effects

p-value

Marginal
effects

p-value

Frequent
(1 or more times a
week)

0.0146
(0.0123)

0.236

−0.0992***
(0.0187)

0.000

−0.1965***
(0.0420)

0.000

0.0918***
(0.0257)

0.000

Moderate
(once a month)

−0.0010
(0.0011)

0.350

0.0068
(0.0041)

0.100

0.0135***
(0.0044)

0.002

−0.0063***
(0.0018)

0.000

Rare
(never or up to twice
a year)

−0.0136
(0.0114)

0.233

0.0925***
(0.0166)

0.000

0.1830***
(0.0458)

0.000

−0.0855***
(0.0270)

0.002

Wald χ2 =169.65 (p = 0.000); McFadden’s Pseudo R2 = 0.032. ***p < 0.01, **p < 0.05, *p < 0.10. Numbers in parentheses are robust standard errors.

Another systematic review and meta-analysis of 19 studies shows
that long-term consumption of millets can reduce cholesterol,
triglyceride, low-density lipoprotein cholesterol (LDL-C), very
low-density lipoprotein cholesterol (VLDL-C), high-density
lipoprotein cholesterol (HDL-C), body mass index (BMI), and
hypertension, which is another piece of evidence of its potential
in reducing the risk of developing cardiovascular diseases (Anitha
et al., 2021b). Their richness in iron also helps in improving
hemoglobin levels and iron status of the body (Anitha et al.,
2021c). In particular, finger millet is rich in calcium and zinc,
which are essential for growth and immunity. These nutritional
and therapeutic effects of millets are vital and provide alternative
ways to solve some of the global public health issues. The
proportion of people aware of health benefits of millets being
40% implies a large proportion of potential consumers and a
significant knowledge gap. This result is also supported by an
earlier study in Tamil Nadu that people had little knowledge
of millets in comparison with oats (Sreedhar and Shaji, 2017).
Learning the actual health and nutritional benefits would increase
consumption of millets. It is recognized that reaching the
mainstream market may be challenging and would require more
than just awareness raising.
However, as family customs strongly influence what people eat
at home, influencing the decision makers at households would
have a ripple effect on consumption and be a major way to
reach male consumers. Taste was observed to be a major reason
why the respondents did/did not eat more millets, indicating
that health awareness alone would not significantly boost millet
consumption. Together, these insights showed the need for tasty
products and simple recipes made from millets. As millets are
mostly eaten as traditional porridge, there seem to be abundant
opportunities to grow the market through ready-to-eat and
ready-to-cook convenience foods and cookies, among others.
Overall, it is recognized that the market for millets would
expand with appropriate awareness campaigns targeting different
segments, especially through social media channels that were
found to be the major sources of information on health and
food. It would also be important to introduce tasty, modern, and
convenient products into markets that are more easily accessible.

FIGURE 6 | Gap in respondents who are health conscious vs. their knowledge
on millets health benefit.

household, resulting in more consumption. The result also shows
that targeting the person/people who most influence what is eaten
at home can have a multiplier effect on consumption.
In summary, health- and wellness-related issues were by far
the major factors influencing consumption of millets in urban
areas, with 58% of the interviewees stating so. Consumers with
a health issue seemed to be the lowest hanging fruit with regard
to market segments that were early adopters of millets, especially
women. Consumers wanting to lose weight were also early
adopters, again especially among women. Similar results were
observed in the previous studies on consumer motives, attitude
and purchase preferences for health and organic food products,
showing that the health factor was the most important motive
behind their selection and purchase (Syah and Yuliati, 2017;
Nandi et al., 2016).
Furthermore, a large gap was identified between people who
were health conscious (91%) and those who knew that millets
were healthy (40%; Figure 6). While some health benefits of
millets were recognized, such as its role in preventing lifestylerelated non-communicable diseases, there were several other
health benefits not well-known previously. A recent systematic
review and global meta-analysis of 65 studies on 11 types
of millets shows that millets help manage and reduce the
risk of developing type 2 diabetes (Anitha et al., 2021a).
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