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Consumption habits for mung bean foods were assessed by the free
word association method and interview techniques. Four groups
of closely related products and perceived quality were revealed.
The largest group comprised sweets and snacks, which were associ-
ated with unhealthiness, expensiveness and sensory liking. Another
group consisted of split dhals associated with convenience and
healthiness. It appeared that under different circumstances food
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172 P. K. Dahiya et al.

choices vary and are influenced more by socioeconomic restric-
tions then by consumer perception and preferences. Scenario
analysis based on consumer perception, preferences, practices and
nutritional value of products revealed dhals as the most promising
food for innovation.

KEYWORDS consumer knowledge, consumer preferences, dhals,
dietary practices, food innovation and convenience, halwa, Indian
traditional food products, nutrition, quality perception

Malnutrition is a major concern in India; the number of malnourished
children, for instance, is amongst the highest in the world (Pathak and
Singh 2011). Combating malnutrition through upgrading indigenous foods
and dietary diversification is a promising approach (Ruel and Levin 2002).
Indigenous foods are culturally accepted, ecologically adapted and easily
accessible. However, for technological improvements to take full advan-
tage of their nutritional potential, product development should be consumer
oriented to ensure acceptance (Linnemann et al. 2006).

Consumer choices for food are influenced by the perception of food
quality, food preferences, food awareness, accessibility and affordability (Siró
et al. 2008). Therefore, it is important to know these factors that influence
consumer’s choice and their relation with the nutritional potential of a food
product. This study aims to identify these factors in three different aspects of
food consumption, namely perception, preferences and consumption prac-
tices, and their interrelation with each other, as well as with the nutritional
potential of food products.

Perception is understood as a psychological phenomenon by virtue of
which an individual understands sensory information (Giampieri-Deutsch
2012), whereas preferences are consumer’s choices in the absence of socio-
economic constraints. Different aspects of food choices and consumption
need different approaches for data collection. This study was formulated
using both quantitative and qualitative approaches through the combination
of structured interviewing, participant observation, focus group discussions
and the free word association methodology. Focus group discussions and
participant observation yield the diversity of food consumption patterns. The
free word association methodology is one of the commonly used qualitative
techniques for assessing one’s beliefs and attitudes (van Kleef et al. 2005;
Guerrero et al. 2010). This method will reveal the conscious factors govern-
ing consumer choices in terms of perception, whereas interview techniques
will help in understanding the unconscious concepts and associations with
foods.

In the present study, mung bean (Vigna radiata (L.) R. Wilczek) foods
in northern India were used as they are an important component in the diet,
rich in minerals and proteins (Dahiya et al. 2013b) and culturally accepted.
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Mung Bean Food Consumption Habits in Haryana, India 173

The present work was part of a bigger project aiming at strengthening the
local mung bean food network in India with a view to assist local populations
in achieving food sovereignty (Quaye et al. 2009). Although overall data
on production and consumption of mung beans in India were published
(Khetarpaul and Khetarpaul 2006), little knowledge is available on the food
habits and preferences relating to mung bean.

Mung bean is known in many forms in terms of varieties and prod-
ucts with diverse consumption and processing patterns. Nutritionally it is
recognized as one of the potential legumes for the South Asian population
(Yang and Tsou 1998). Diversity in mung bean products gives consumers
an assortment from which they can select their preferred food consciously
and unconsciously in different situations and according to sensory liking,
accessibility, affordability and ease of processing.

This study aimed to understand different aspects of mung bean con-
sumption to conceptualise its food consumption pattern with its associated
influencing factors, to enable a critical evaluation of the innovation potential
for improvement in terms of nutritional contribution to malnourished people.

METHODS

Research Area

The research was conducted in the Hisar district of Haryana state in northern
India. Haryana is an agricultural state and one of the largest mung bean
producers in India. Hisar was selected as the research area as this district
has the highest production of mung bean in Haryana state. A multi-stage
sampling procedure was used for the selection of blocks in districts, villages
and respondents. Hisar city was selected to include urban consumers of
mung bean. For rural consumers two blocks, namely Hisar-1 and Barwala,
were selected. From each block one village was selected, Dhiktana village
from Barwala block and Mangali village from Hisar-1 block.

Demographic Details of the Respondents

The 152 respondents in our study were from Hisar city (50%) and both
villages (50%), included 50% males and 50% females of different ages and
economic background. Sample size was set according to Dagnelie (Dagnelie
1998) as described by Chadare and colleagues (2008).

Amongst the respondents 19.1, 25.0, 38.8 and 17.1% were aged from
8–19, 20–35, 36–50 and above 50 years, respectively. Out of these 71.1%
were married. In terms of education status 30.9% were uneducated, 13.2%
had a primary level school education, 20.4% had a secondary level school
education and 13.8% had a highschool level education, whereas 16.4% were
graduates and 5.3% were post graduates. The occupations included farmers
(15.2%), house wives (30.3%), civil servants (20.3%), businessmen (10.5%)
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174 P. K. Dahiya et al.

and school students (23.7%). The annual income of the respondents. in
Indian rupees (1 US$ = 54.5 Indian rupees), ranged from 0–2000 (5.3%),
2001–5000 (18.4%), 5001–10000 (38.2%), 10001–15000 (25.0%) and above
15001 (13.1%).

Focus Group Discussions

To take stock of the different mung bean varieties produced and processed
and the mung bean based foods consumed by the population, focus group
discussions with 10–12 participants were conducted in each rural and urban
area. Focus groups consisted of at least one commercial and one household
processor of mung bean, along with female, male, children and elderly peo-
ple as consumers of mung bean. Three focus group discussions were held
with 10–12 participants in the respective urban and rural areas.

Group participants were informed about the purpose of the focus group
discussion. Participants were asked to freely interact with each other on the
given topic. Theme for the focus group discussions was the number and type
of mung bean products commonly processed and consumed. Participants
were asked to sort products into groups and to identify the main charac-
teristics of each group formed. The probes used for the discussion were
household/commercial products and dhals, sweets and snacks. Key points
commented about the mung bean products were recorded. During the dis-
cussions 14 mung bean products were identified, which were used later in
the free word association test. The outcome was also used to validate and
develop the interview questionnaire.

Interviews with Structured Questionnaire

A cross sectional survey of consumers was conducted using a structured
questionnaire. The questionnaire was framed into four sections to col-
lect data about consumer knowledge of mung bean products, preferences,
quality perception and consumption practices, respectively. Questions were
designed to gather both qualitative data through multiple choice questions
and quantitative data through open questions. Pre-testing and finalizing of
the questionnaire was done on the basis five test interviews and suitable
changes were made. The questionnaire was in English, and was translated
in the local language (Hindi) or dialect (Haryanvi) when needed during
data collection. The objective of this part of the study was explained to each
respondent before the interview. Data was taken personally by administering
the interview schedule to the respondents.

Free-Word-Association Tests

All respondents participated individually in this test. The objective of this test
was not disclosed at the start of the test to minimize bias. The test started
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Mung Bean Food Consumption Habits in Haryana, India 175

with a short discussion about the respondent’s food consumption pattern
to get the interviewee focused on the topic. Next, the procedure of a free
word association test was explained using examples of food products other
than mung bean products. The respondents were asked for their opinion of
all the 14 mung bean products one by one. The test involved confronting
the respondent with the product (the stimulus) and then waiting for the
first few verbal responses that came to his/her mind. Each respondent was
asked to elicit any number of different words in his own regional language.
A maximum of 30 seconds was allowed for responding. The total duration of
the test, including discussion and explanation, ranged from 15 to 20 minutes.
All the words were recorded.

All elicited words associated with mung bean and its derived products
were translated into English. For each product, words with similar meanings
were grouped into several categories. This categorization was done manually
considering word synonymy. The frequencies in each category were deter-
mined by counting the number of respondents who associated those words
with mung bean and its derived products. Associated words for different
products were compared and merged into ten response categories consider-
ing their similar meaning and these were labeled. The response categories
included (1) sensory liking or disliking, (2) having a positive or negative
health impact, (3) affordability or expensiveness, (4) easy or difficult to get,
and (5) easy or difficult to process. Easy to get and easy processing was
represented by “convenience” and difficult to get and difficult processing by
“inconvenience”. Frequency of words used for each response category was
calculated for each product.

Statistical Analysis

Data were analyzed using descriptive statistics (mean, frequencies and
percentages). Chi-square was calculated to analyze differences in the
consumer perception of quality of mung bean and its derived products.
Correspondence analysis was applied to investigate the relationship between
mung bean products and response categories (Sourial et al., 2010). All sta-
tistical analyses were performed with PASW Statistics (Version 18.0.2) IBM
Co. USA.

RESULTS

Mung Bean Varieties and Derived Food Products

Hybrid as well as local, traditional mung bean varieties are produced,
processed and consumed in the research area. Hybrid mung bean varieties
are asha, muskan, and satya. There is no particular name for the local,
traditional varieties; people use the word desi (meaning “local”) to designate
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176 P. K. Dahiya et al.

them. These varieties have small-sized and bright green colored grains.
Consumers are not aware about the varieties used for mung bean products;
generally they select a variety with small, round, bright green colored grains,
without damaged grains, clean and reasonably priced. However, commercial
processors select mung bean varieties according to the product they want
to prepare.

With respect to mung bean foods, 14 mung bean products were iden-
tified and classified into four groups. The first group consisted of the dhals
(i.e., whole dhal, split dhal, dehulled split dhal). Dhals are spiced cur-
ries of whole or split legumes, with thick soup-like consistency commonly
consumed with cereal products like rice and chapattis (Indian flat bread).

The second group comprised the sweets, which included three prod-
ucts, namely laddu, burfi, and halwa, prepared with dehulled split mung
bean by shallow frying the mung bean flour or paste and addition of ghee
(clarified butter oil) and sugar. It also included whole laddu, which are round
balls of crushed whole grains prepared by shallow frying with ghee.

The third group, the snacks, included namkeen, papad, bhalle, and
pakore. Namkeen are deep fried, spiced or salted, dehulled split mung bean
grains. Papad is a spiced flat roasted product of dehulled split mung bean.
Bhalle are round balls of deep fried, dehulled, fermented mung bean paste,
whereas pakore are round or irregular shaped balls of deep fried fresh paste
of dehulled or split mung bean with some spices and vegetables.

Wadi, ankurit dhal, and khichadi each have distinctive characteristics
and were grouped as the fourth category of mung bean products. Wadi are
irregular shaped, sun dried dumplings of fermented, dehulled mung bean
paste, which are cooked as curry with spices and other vegetables. Ankurit
dhal are germinated mung bean grains eaten as such or in salads after shal-
low frying. Khichadi is a thick porridge-like product prepared by cooking
split or dehulled grains with white rice.

Consumer Awareness and Preferences

The data depicting consumer awareness and preferences for mung bean and
its derived products is given in table 1. Our research did not reveal significant
differences in preferences between different age groups.

The majority of consumers were familiar with all mung bean products
except for one product called whole laddu. It is processed mostly by rural
families. The majority of consumers did not know the processing of mung
bean products, except for dhals, khichadi, and ankurit dhal. Similarly, con-
sumers had limited knowledge of storage methods for most of the mung
bean sweets and snacks. Use of refrigeration as storage method was quite
common in case of foods with high moisture content such as dhals, khichadi,
and sprouts. Low moisture foods like dehulled laddu, namkeen, and papad
were kept at room temperature.
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Household utensils were the most used storage medium for mung bean
products, except for sweets and snacks, which were stored in plastic bags.
Mung bean grains were mainly kept in gunny bags at farmers’ and wholesale
merchants’ level, while plastic packaging was common at retail level. Urban
household consumers used metal utensils to store the grains. Rural house-
hold consumers also used mud-baked and clay-paper mash based utensils
for mung bean grain storage. Most of the products were reported to be
available in urban as well as rural areas except for whole laddu, which is
typically a rural, home-made product. Only old rural ladies know how to
prepare it. Dhals like whole dhal and split dhal, sweets like burfi, halwa,
and laddu and snacks like namkeen, papad, pakore, and bhalle were the
most liked products, whereas dehulled dhal and khichadi were not liked by
consumers.

Consumers wanted halwa and snacks like namkeen, pakore, and bhalle
to be present in ready-to-eat or ready-to-cook form. Sweets like dehulled
laddu, burfi, halwa, and snacks like namkeen and papad were purchased
from retails shops. Dhals, khichadi, and ankurit dhal were said to be house-
hold products, whereas snacks like pakore and bhalle were purchased from
street vendors. Whole mung bean grains were usually purchased from whole
sale or retail shops. In general, dhals were reported to be household prod-
ucts and sweets commercial products. Snacks were considered to be both
commercial and household products.

Consumer Perception of Quality

The interview data depicting consumer perception of mung bean and its
derived products are given in table 2. The interviews demonstrated that
consumers are aware of the safety of most of the products and that they
considered dhals, sweets, snacks, wadi, khichadi and ankurit dhal to be
safe for consumption. Pakore and bhalle were considered as moderately safe
or unsafe. Consumers considered dhals, wadi, halwa, khichadi, and ankurit
dhal to be healthy. Dehulled dhal, khichadi, and ankurit dhal are easily
digested foods according to the respondents. Halwa and whole laddu were
said to be consumed to increase body weight. They are considered good
for growing children to gain strength. Most of the consumers judged the
quality of the products on the basis of sensory characteristics, whereas for
snacks the location of processing was also considered. Sensory quality was
the key reason for the consumption of most of the products, but dehulled
dhal, whole laddu, dehulled laddu, halwa, wadi, khichadi, and ankurit dhal
were also consumed because of perceived health promoting properties. The
most important sensory parameters for the various products as perceived
by consumers were consistency (mung bean dhals), color, texture and taste
(halwa), taste and texture (laddu, papad, and namkeen), texture (bhalle and
wadi), consistency (khichadi) and appearance and texture (ankurit dhal).
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The results of the free word association test showed similar perceptions
among the mung bean consumers as the interviews. From the free word
association tests, ten response categories were identified for the mung bean
and different derived products (table 3). These categories were found to
significantly determine the consumer perception of quality of mung bean
products. Consumers responded more to three types of dhals, halwa, burfi,
khichadi, and bhalle compared to other products. In terms of the response
categories, which were the focus of the research, the majority of the con-
sumers associated mung bean and its derived products with sensory liking,
which accounted for 32% of all the associated words. After sensory liking,
“positive health effects” was the next most important response category indi-
cating consumers perception towards mung bean products. Overall, sensory
disliking, positive health effects, negative health effects, affordability, expen-
siveness, easy to get, difficult to get, easy processing and difficult processing
accounted for 12%, 17%, 11%, 8%, 9%, 2%, 2%, 4%, and 4% of the total
responses, respectively.

Correspondence analysis between mung bean products and response
categories showed that certain response categories were more strongly asso-
ciated with specific products (χ 2 = 1537.5, p < .0005). Four clear, closely
related clusters were identified (figure 1). Cluster one shows the associa-
tion of dehulled dhal with positive health effects and convenience (easy
processing). The second cluster indicates sensory disliking and affordability
as the response categories, which are closely associated with wadi and
khichadi. Khichadi and wadi are strongly associated with sensory dislik-
ing but moderately with affordability. The third cluster contains whole laddu
and difficult to get, but the association between them is weak. This clus-
ter is weakly associated with the other three clusters. In the fourth cluster,
which is also the largest, there are many products and response characteris-
tics. The majority of the products in this cluster are sweets and snacks. This
cluster includes sensory liking, negative health effects, and expensive as the
response characteristics; and pakore, bhalle, namkeen, burfi, halwa, ankurit
dhal, dehulled laddu, and whole dhal as products and raw mung bean.
Bhalle and burfi are more strongly associated with negative health effects,
whereas pakore, namkeen, papad, burfi, halwa, and dehusked laddu were
strongly associated with sensory liking.

Consumer Dietary Practices

The interview data depicting consumer practices for consumption of mung
bean and its derived products are given in table 4. Dhals, khichadi, and wadi
were consumed by the respondents mainly at lunch and dinner, whereas
namkeen and pakore were consumed mainly at tea time. Dhals, sweets,
khichadi, ankurit dhal, and wadi were consumed at home, whereas bhalle
was reported to be a street food. On the contrary, there was no fixed place
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182 P. K. Dahiya et al.

FIGURE 1 Correspondence analysis of response categories associated with mung bean and
its derived products.

for the consumption of namkeen, papad and pakore. Dhals, halwa, pakore,
and wadi were said to be consumed warm, whereas dehulled laddu, whole
laddu, papad, namkeen, bhalle, and ankurit dhal were consumed cold. Per
100 g edible food, mung bean dishes observed supplied 12.0%–59.5% of
protein, 5.2%–45.6% of iron, and 1.1%–7.1% of calcium of Recommended
Dietary Allowance for Indian children. The ranges mentioned are related to
ingredients and preparation method used for each of the food types.

Mung bean products were consumed in different seasons; sweets were
only seasonally consumed, whereas dhals and khichadi were consumed
weekly or monthly by most consumers. Low frequency of consumption of
legume is in line with results previously published (Arlappa et al. 2010).
Mung bean snacks were consumed at least once per month or seasonally.
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Sweets and snacks were consumed with hot drinks like tea and coffee.
Bhalle and khichadi are the only two products that were consumed with
cold food products like curd and lassi (buttermilk). Dhals and wadi were
consumed with staple products like rice, chapatti, and parantha (shallow
fried chapatti). There is no typical pre-consumption processing required
except warming for dhals, halwa, wadi, and khichadi and flame roasting
for papad.

DISCUSSION

Consumer Awareness and Preferences for Mung Bean and its Derived
Products

The limited awareness of consumers about mung bean varieties used in the
preparation of products shows its insignificance for product quality at house-
hold level. This implies that the household products can be prepared using
any of the frequently used varieties without a significant change in prod-
uct specific characteristics. On the contrary, the preference of processors for
specific varieties indicates that the quality of commercial products is related
to the type of mung bean variety used. To date, no research has been con-
ducted that explains the varietal effect on the quality of mung bean products.
Although hybrid varieties were found to be better-yielding than locally estab-
lished ones, their content of macro- and micro-nutrients was not statistically
different (data not shown).

The restricted knowledge of consumers with respect to whole laddu, as
compared to other products, indicates that this food is less important in the
daily consumption pattern. Processing knowledge seems to have a significant
role in consumer choice. Processing of sweets and snacks is difficult and
lengthy and thus limits their processing knowledge to specialised processors.
This may be the reason why these products are commercial products rather
than being part of household dishes.

Preference for consumption of the various mung bean products dif-
fered from their consumption practices. Notably, the preference for khichadi
was found to be lowest in sheer contrast to its consumption frequency,
which was much higher than that of the most preferred products like halwa
and laddu. There are socioeconomic and psychological factors that could
explain the lower preference for khichadi and dehulled dhal and the higher
preference for halwa and laddu. Khichadi and dehulled dhal are consid-
ered as food for diseased people as they are recommended by doctors
for their good digestibility. The costs of laddu and halwa are much higher
than that of khichadi and dhal. Moreover, halwa and laddu, being seasonal
and commercial products, are not available throughout the year. Consumers
are not able to purchase them often and thus consume khichadi and dhal
frequently.
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Mung Bean Food Consumption Habits in Haryana, India 185

Convenience is another essential factor indicated by consumers, which
therefore has an impact on the potential of a product to significantly con-
tribute to the nutritional status of its consumers. In this respect, while keeping
mid-day meal in mind it would seem that sweets and snacks are perfect as
there is no fixed time for their consumption. However, sweets and snacks
are prepared by difficult and lengthy processing, which affects the conve-
nience of their use in a negative way. Technological improvements in these
products to make them available in ready-to-eat form are a prerequisite to
make them more widely available. Until then, their potential as a food to
improve the nutritional status is restricted.

Consumer Perception

Sensory attributes of the various mung bean products were found to play
an important role in the consumer perception of product quality. Consumer
perception of the safety of the mung bean products showed that household
products are considered to be safer than commercially available products
like sweets and snacks. Dhals are household products and therefore con-
sumers are aware of the way of processing and thus trust them to be safe
to eat. Sweets were considered to be moderately healthy due to their high
fat content. Pakore and bhalle were considered as unhealthy due to their
availability in the street, which is associated with low quality processing and
unhygienic conditions. This is also evident from the fact that for snacks the
location of processing is thought to be one of the criteria to judge the qual-
ity of product. However, most of the consumers judge the quality of the
products on the basis of sensory characteristics, which shows this to be the
main indicator of quality. As street foods are perceived to be rather unsafe
and poor quality products, there is potential for technological developments
to make these products available in ready-to-cook or ready-to-eat form as
consumers show a high preference for them.

Consumer Dietary Practices

Interactions between consumer knowledge, perception, preferences and
socioeconomic circumstances compels consumers to adopt certain dietary
practices (Sorensen et al. 2003; Dewettinck et al. 2008). Moreover, dietary
practices are one of the key factors deciding the nutritional status of an
individual. For instance, vegetarian dietary practices have drawbacks associ-
ated with it in terms of mineral nutrition compared to non-vegetarian dietary
practices. The bioavailability of minerals such as iron from plant foods is con-
siderably lower than from meats because of the uptake inhibitory effect of
phytic acid and polyphenols occurring in plant foods such as cereals (Nout
2009) and pulses such as mung bean, in contrast to haem-iron, which is
easily digestible (Hurrell and Reddy 2003; Bohn et al. 2004).
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186 P. K. Dahiya et al.

Similarly, mung bean dietary practices seem to have few drawbacks, and
thus provide technological options for improvement. Mung bean consumer’s
preferences indicated that most of the consumption habits have been devel-
oped and evolved with social experiences but still some consumption related
constraints exist, which were estimated to have major nutritional and health
impact leading to public health problems like mineral deficiency.

Frequency of consumption is a decisive factor for the extent in which a
food contributes towards nutrition. Dhals, namkeen, and khichadi have the
highest frequency of consumption among the investigated mung bean foods.
Yet their frequency of consumption may seem low in a vegetarian popula-
tion, which depends on legumes for its protein source. However, consumers
have other legumes like chick pea, pigeon pea as an alternative for consump-
tion (Khetarpaul and Khetarpaul 2006). Thus, this possibility of preparing
dhals with different legumes restricts daily mung bean dhal consumption.
But, compared to mung bean sweets and snacks, the higher frequency of
consumption of dhals and khichadi shows their potential to satisfy hunger
and their larger contribution towards overall nutrition. Therefore, the con-
sumption of dhals indicates their potential for being a vehicle to improve
the nutrition status of the population.

Apart from the frequency of consumption and convenience, accompa-
nying products also influence the potential of food products to contribute
to the nutritional status of its users. Consumers eat dhal with many varia-
tions in its recipe. One of the important variations is spinach mung bean
dhal. This product containing spinach might not be a good source of min-
eral nutrition as oxalates in spinach might hinder mineral absorption in the
human intestine (Gupta et al. 2006). Similarly, results indicate that snacks are
consumed with hot drinks like tea and coffee. This dietary habit shows inef-
fective use of total minerals present in snacks, as tea contains tannins that
potentially bind with minerals, thereby reducing their bioavailability (Temme
and Van Hoydonck 2002). However, another mung bean dietary pattern in
which consumers add lemon juice to dhals prior to consumption indicates a
promising combination as ascorbic acid in lemon enhances iron absorption
through solubilization by reduction of ferric iron to ferrous iron (Fidler et al.
2003). The combination of these products is expected to improve nutrient
bioavailability. From a nutritional point of view, combinations of foods high
in sulphur-containing amino acids with mung bean are advisable, as it lacks
methionine (Mendoza et al. 2001). Consumption of dhals with cereal prod-
ucts like Indian bread and rice indicate potential combination in terms of
amino acid nutrition. This consumption pattern provides balanced amount
of lysine, a limiting amino acid in cereals and methionine, limiting amino
acid in legumes. Cereal based mung bean products like khichadi and dhal
parantha (Indian bread prepared with cooked dhal and wheat flour) are
considered good in terms of balanced amino acid intake.

Accompanying food seems to have significant impact on the overall
nutritional potential of mung bean foods. Therefore research on the effects
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of mung bean product combinations on the overall nutritional profile of
dishes is advocated.

Innovation Potential

Single or few options in diet lead to malnutrition, but despite diverse mung
bean food products to choose from, the adverse health implications per-
sists (Pathak and Singh 2011). Redesigning traditional foods for combating
household nutritional insecurity requires careful selection of food prod-
ucts. Several mung bean products seem to offer potential as vehicles to
alleviate malnutrition on the basis of nutritional composition (e.g., mineral
contents and their bioavailability), consumer characteristics (i.e., knowledge,
perception, preference and practices) and socioeconomic circumstances.
Factors like affordability, ease of processing, storage methods used, prod-
uct procurement, time of consumption, temperature during consumption
and pre-consumption requirement govern the accessibility aspect of the
mung bean products. However, perceived sensory liking, positive health per-
ception, nutrient content, food preference, frequency of consumption, and
accompanying food products determine the nutritional contribution of the
products to the overall food intake. These factors interact with each other and
lead to final food choice. In case of mung bean foods, the consumers prefer
products with high sensory quality. Thus, they prefer to consume sweets like
halwa and laddu, but perceive khichadi as healthy. However, consumers
choose dhals for day-to-day consumption. This indicates that in certain cir-
cumstances food choice is influenced more by socioeconomic restrictions
then by consumer perception and preferences (Hoefling and Strack 2010).

In order to get a holistic view of these influences on food choice, the
selected factors were ranked and used to outline different scenarios (table 5).
These scenarios provide insight in the options for using mung bean foods to
alleviate malnutrition while staying as close as possible to local food uses and
preferences. All products were ranked on the basis of data from tables 1–4
that present different aspects of mung bean consumption. Table 5 shows that
dhals are the most promising products but also that different factors favor
different products. Increasing the weight for certain factors might give differ-
ent ranking results. This is relevant because certain factors can be adjusted
by dedicated technological research, i.e. they can be improved to match
consumer wants. The possible flexible factors that determine the innovation
potential are nutrient content (nutritional scenario-1), frequency of consump-
tion (consumption scenario-2) and accompanying products (accompanying
food scenario-3) as indicated in table 5. Nutritional scenario is calculated by
giving extra weight to the intake of protein, iron and zinc per portion of
the mung bean food (data not shown). Consumption scenario is calculated
by giving extra weight to the frequency of consumption of each mung bean
products. Similarly, accompanying food scenario is calculated by giving extra
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weight to accompanying foods with potential to improve nutritional quality
of foods. Interestingly, all scenarios lead to the same conclusion, namely that
dhals are the most promising product.

Dhals are valuable because they are highly nutritious and deliver sus-
tenance while simultaneously being easy to digest and process. Dhals
also contribute significantly in terms of protein, iron and zinc nutrition.
Further improvements can be made by breeding for varieties that have bet-
ter characteristics from a nutritional point of view (Dahiya et al. 2013a).
Compared to other mung bean products, dhals are also relatively cheap,
easily available and have convenient processing. Moreover, reformulation
of their recipes offer options for nutritional improvement by incorporating
nutrient-rich locally available ingredients like vegetables fruits and spices
(Shanmugasundaram 2007). Few examples of this approach are provided by
supplementing mung bean based dishes used in a school feeding program in
India (Sathya et al. 2002; Vijayalakshmi et al. 2008). The accompanying foods
of dhals (rice, chapattis) are low in antinutritional factors that might reduce
their nutrient availability. Processing methods of dhals involve only cook-
ing and soaking, thus providing potential for incorporating other nutrient
enhancing processing methods like fermentation or germination to prepare
these products with improved or minimal change in sensory parameters.
Poor sensory attribute in dehulled dhal should be improved by enrich-
ing with local vegetables. Therefore, research in nutritional enhancement
of dhals is required.

Apart from product development, redesigning traditional foods is also
required at consumption level. As different accompanying foods might give
different nutritional output, it is important to select accompanying foods with
care. Therefore, social extension programs like self-help groups can play
their role in spreading the awareness of proper dietary habits for harnessing
proper nutritional output of mung bean foods. Food-based dietary guidelines
are required to be designed to ensure proper awareness through extension
activities (Brown et al. 2011).

Thus, when deciding about the choice of any food product as a vehi-
cle to alleviate malnutrition among relevant populations, we advocate not
merely relying on sensory appreciated products but using an approach that
takes account of other factors that govern food choice as well. Moreover,
indigenous mung bean consumption possesses different technological and
behavioral constraints for which multi-disciplinary research and development
can be utilized for proper rectification or improvisation.

In conclusion, four groups of closely related products and perceived
quality were revealed. The largest group comprised sweets and snacks,
which were associated with unhealthiness, expensiveness and sensory lik-
ing. Another group consisted of split dhals associated with convenience and
healthiness. It appeared that under different circumstances food choices vary
and are influenced more by socioeconomic restrictions then by consumer
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perception and preferences. Our major recommendation is to focus on dhals
as the most promising food for further innovation.
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