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Abstract: In India, indigenous communities are nutritionally vulnerable, with indigenous women
suffering the greater burden. Studies and surveys have reported poor nutritional outcomes among
indigenous women in India, yet systematic documentation of community-specific nutrition data
is lacking. We conducted a narrative review of 42 studies to summarise the nutritional profile
of indigenous women of India, with details on their food and nutrient intakes, dietary diversity,
traditional food consumption and anthropometric status. Percentage deficits were observed in intake
of pulses, green leafy vegetables, fruits, vegetables, flesh foods and dairy products when compared
with recommended dietary intakes for moderately active Indian women. Indices of diet quality
in indigenous women were documented in limited studies, which revealed poor dietary diversity
as well as low consumption of diverse traditional foods. A high risk of nutritional inadequacy
was reported in all communities, especially for iron, calcium, and vitamin A. Prevalence of chronic
energy deficiency was high in most communities, with dual burden of malnutrition in indigenous
women of north-eastern region. Findings from this review can thus help guide future research and
provide valuable insights for policymakers and program implementers on potential interventions for
addressing specific nutritional issues among indigenous women of India.

Keywords: dietary intake; food consumption; nutrient intake; nutritional status; diet quality;
indigenous women; Indian tribal women

1. Introduction

Indigenous Peoples, who represent five percent of the global population, are amongst
the most vulnerable and marginalized human populations in the world. They face extreme
poverty in all spheres and dimensions, suffer from poor health and nutrition outcomes,
and have a compromised quality of life than their non-indigenous counterparts [1]. India,
a land of numerous cultures and people, is home to 104 million Indigenous Peoples, who
constitute 8.6% of the total national population [2]. These Indigenous Peoples, identified as
‘Scheduled Tribes (STs)’ in India, constitute the second largest indigenous population in the
world [3]. The Government of India identifies these STs or indigenous communities based
on their traditional traits, distinctive culture, geographical isolation, and lack of progress
on the social and economic front [4].

There are around 705 different Indian indigenous communities living in 15% of the
country’s area, predominantly in forests, hills and inaccessible regions (including deserts
and plain areas) [5]. Among these indigenous communities, 75 communities are identified
as particularly vulnerable tribal groups (PVTGs) due to their pre-agricultural technology,
declining or stagnant population, low literacy and dependence on subsistence economy [6].
Although, indigenous communities in India differ from one another in terms of their
racial traits, dialects, socio-cultural customs, and patterns, they face common day-to-day
challenges due to their location in geographically isolated areas and their dependence
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on natural ecosystems for basic livelihood [6]. They face discrimination than other social
groups, in terms of economic development, social status, income distribution and access to
basic health facilities [6,7]. Further, indigenous communities have access to diverse natural
food sources that provide wild traditional foods that are native to a particular region and are
rooted in social and cultural identities of indigenous populations [8–10]. However, despite
possessing traditional ecological knowledge (TEK) about their unique local food systems,
indigenous communities in India are nutritionally vulnerable [6]. Surveys conducted by
National Nutrition Monitoring Bureau (NNMB) in nine states, have reported poor nutrient
intakes among the indigenous population, particularly for essential micronutrients such
as vitamin A, iron, and riboflavin [11]. Consumption of most food groups among these
communities was found to be below the recommended dietary intake of Indians [12] and
has reduced over the years, indicating the risk of rising food and nutrition insecurity among
the indigenous population [6,11].

Although malnutrition is prevalent across all segments of the indigenous population
in India, the group that gets most affected is indigenous women and children [7,13,14].
Indigenous women in India participate in all types of activities, including household work,
agricultural work and child rearing, and contribute to the local economy by participating
with men in subsistence activities [14–16]. According to the literature, indigenous women
are considered an economic asset in the society, yet face greater disadvantage than their
male counterparts in terms of food consumption and access [14,15]. A case study in a
tribal district of Jharkhand revealed that female headed households are more vulnerable
to nutritional insecurity, as they often face problems related to food starvation and food
procurement [16], while two review studies have reported poor calorie intake among
indigenous women of central-eastern India which falls short to compensate for their heavy
physical workload [17,18]. A study by UNICEF found that indigenous women make up
a disproportionately large number of maternal deaths in some states, which has been
attributed to the high incidence of chronic energy deficiency (CED) and anemia among
these women [19]. According to recent National Family Health Survey (NFHS)-5, 2019-21,
about 25% of the indigenous women are chronically energy deficient (Body Mass Index
(BMI) < 18.5 kg/m2) among which 15% are mildly thin and 10.6% are moderately/severely
thin [20]. This is slightly higher than the national prevalence reported for CED in Indian
women (18.7%), with 11% as mildly thin and 7% as moderately/severely thin [20]. The
recent NFHS-5 data also suggests a wide gap in the prevalence of CED and anemia between
indigenous men and women. All these factors might further contribute to overall poor
nutritional status among indigenous women, who in the future, maybe likely to give birth
to low-weight infants, thus leading to a vicious cycle of malnutrition.

Although studies and surveys have been carried out on dietary intake and nutritional
status of indigenous women in India, there exists a near absence of community-specific
nutrition data for indigenous women of reproductive age group. This is a crucial informa-
tion gap as baseline nutritional data on non-pregnant indigenous women may aid in the
development of future strategies to improve maternal and child health outcomes among
indigenous communities of India. Further, there is lack of data on consumption of local
traditional foods among women belonging to indigenous communities of India. The impact
of seasonality on dietary intake of indigenous women have also not been explored to a
desired extent. This could be a critical opportunity to research as changes in temperature,
wind and rainfall patterns influence the crop production and wild food availability. This
may have an impact on food consumption patterns of indigenous communities of India,
who are predominantly smallholder subsistence farmers. Since the last national nutrition
survey on indigenous populations of India (NNMB) was conducted more than a decade
back, there is a need for a more recent overview on nutritional outcomes among indigenous
women of India. Given the fact that indigenous women in India constitute one of the most
nutritionally vulnerable groups, it is important to understand their current nutritional
profile and explore the factors responsible for poor nutritional outcomes. The present
paper thus aims to provide an overview of the nutritional profile of non-pregnant women
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in reproductive age groups belonging to various indigenous communities in India, by
bringing together available information on on (1) their food intake; (2) dietary diversity;
(3) their consumption of traditional foods; (4) specific nutrients of concern in their diets;
and (5) prevalence of CED and overweight/obesity.

2. Materials and Methods

The objective of the paper was to conduct a narrative review on the nutritional out-
comes of non-pregnant women belonging to different indigenous communities of India.
A narrative approach was chosen over the commonly used systematic approach, since
the aim of this review was to describe and synthesize the findings from the published
articles and place them to supplement the current lack of knowledge on nutritional sce-
nario among indigenous women. However, we followed a systematic search to avoid
subjective selection bias. A literature search was conducted in PubMed and Google Scholar
databases, using various combinations of keywords like “nutrition”, “nutritional status”,
“nutrient intake”, “dietary intake”, “dietary patterns”, “anthropometry”, “tribal women”,
and “India” to identify all studies published between 2010 and 2022. References from
retrieved articles were reviewed to identify additional relevant publications. The inclusion
criteria were (1) studies conducted on non-pregnant women in the reproductive age group
of 15–49 years belonging to a recognized ST as per Article 342 of the Indian constitution [4];
and (2) studies reporting any one of the following outcomes: Food group intake, nutrient
intake, traditional food consumption, dietary diversity, and/or BMI classification of in-
digenous women. The exclusion criteria were studies that did not specify the name of the
indigenous communities, as well as review articles of all kinds (narrative and systematic).

The data from selected articles were extracted in MS Excel to record the key variables
from each selected study. The data on food group consumption were compared with
recommended dietary intakes (RDIs) [21] for moderately active Indian women (based on
the principle that indigenous women across India have usually moderate activity levels)
to compute the percentage deficit and/or excess in food group intake among indigenous
women. In the case of nutrient intakes, the data were compared with estimated average
requirements (EARs) for moderately active Indian women [21], wherein the women were
categorized as having a very high risk of inadequate intakes when intakes were ≤EAR; or
likely a low risk of inadequate intakes when intakes were >EAR. This qualitative classifica-
tion system has been adapted from a previous study [22], and is useful for estimating the
prevalence of nutrient adequacy within the population [22]. The proportion of indigenous
women consuming traditional foods and the mean/median dietary diversity scores of
indigenous women from different communities were also documented. The estimates
of CED and overweight/obesity among women from different indigenous communities
were extracted as percentages reported for each category. Women with BMI < 18.5 kg/m2

were classified as having CED [23] and women with BMI ≥ 25 were classified as over-
weight/obese based on international recommendations [24]. These data were further
compared with the NFHS-5 findings [20] on indigenous women of respective states.

3. Results and Discussion

A total of 42 publications that matched the inclusion criteria were included in the final
review (Figure 1). An overview of the publications is provided in Supplementary Table S1.
The following sections discuss the published literature on various nutritional outcomes in
indigenous women belonging to different ethnic communities of India. These findings are
further dissected and compared with existing literature to explore the possible factors that
influence the diets and nutritional status of indigenous women in India.
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Figure 1. Flow diagram reporting the screening and selection process used in identification of 
nutritional studies conducted among non-pregnant indigenous women aged 15–49 years in India. 

3.1. Food Group Consumption in Indigenous Women of India 
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Figure 1. Flow diagram reporting the screening and selection process used in identification of
nutritional studies conducted among non-pregnant indigenous women aged 15–49 years in India.

3.1. Food Group Consumption in Indigenous Women of India

The information on food group intakes were reviewed for indigenous women belong-
ing to six ethnic communities of India: Munda (Jharkhand) [25], Khasi (Meghalaya) [26], Sa-
haria and Meena (Rajasthan) [27], Irula (Kerala) [28] and Irular (Tamil Nadu) [29]. Based on
our review, we found exceptionally low intakes of pulses, GLVs, other vegetables, fruits and
flesh foods among indigenous women across all six communities (Supplementary Table S2).
In all communities, cereals as well as roots and tubers provided the greatest intakes among
the indigenous women, with Khasi women of Meghalaya [26] reporting an excess consump-
tion of cereals in their diet (Figure 2). The relatively better intake of cereals (comprising
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mostly rice) among all the six communities may be attributed to its better availability at
the household level, as they are usually grown at the farm-level by these communities
for household consumption [25,26,30] and can be accessed at subsidized rates through
the national food security program—Targeted Public Distribution System (TPDS) [25,30].
This is a concerning issue, as national food security programs and agricultural policies in
India have largely focused on ensuring adequate food supply through energy-dense staple
crops (such as wheat and rice), which, may fail to address the widespread micronutrient
deficiencies among vulnerable sections of the population including women [31–33]. As
evident in our review, this approach is leading to a shift in dietary patterns among the
vulnerable indigenous communities, by reducing their diets to monotonous, cereal-based
meals, with poor consumption of other food groups [31,34]. Reorienting the TPDS to
deliver nutrient-dense foods such as various millets and sorghum, could be a potential
strategy for improving the diet quality of the vulnerable populations.
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Further, in our review, a very high percentage deficit was observed across non-staple
food groups like fruits, GLVs and other vegetables in nearly all six communities (Figure 2).
Fruits, in particular, were found to be consumed in the least amounts, with a percentage
deficit ranging between 39% to 98%. Irula women of Tamil Nadu reported the highest
deficit in consumption of GLVs (96.6%) [29] while Khasi women reported the highest deficit
in consumption of pulses (84.3%) and fruits (97.9%) [26]. These findings are in line with the
NNMB tribal survey data (2009), which reported suboptimal intakes (<50% of RDI) of non-
staples like pulses, GLVs, other vegetables in about 50–85% indigenous women across nine
states in India [11]. The particularly high deficit in consumption of fruits and vegetables
could be attributed to high price inflation and their insufficient domestic production.
According to a research on food affordability [35], it was estimated that around 63–76% of
the rural Indian population could not afford a recommended diet in 2011, with the cost
of a nutritious diet exceeding the expected female wages. Inflation in food prices could,
therefore, be a major hindrance towards the affordability of nutritious foods among the
indigenous communities, who are already marginalised and face the generational burden
of poverty. Studies have suggested agricultural diversification as a feasible strategy for
reorienting the food systems away from staple grains towards horticulture crops, thereby
improving incomes and access to nutrient-dense non-staple foods [35–37].

Although indigenous communities in India are known to consume a predominantly
non-vegetarian diet, our review shows a different picture. The daily food consumption data
of Khasi women (Meghalaya) [26] shows a diet deficient in meat, poultry and fish (Figure 2),
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which is in contrast to the wide diversity of ethnic meat based delicacies that are known
and consumed by indigenous communities across North-east India [38–42]. The study on
Munda women of Jharkhand has also reported a high deficit in flesh food consumption and
highlights that the consumption of meat, poultry and fish is mostly limited to 1–2 times a
week at the household level [25]. Similar trends have been also reported in Santhal [43],
Oraon [44] and Sauria Paharia [30] communities of Jharkhand and Bhil and Bhilala com-
munities of Madhya Pradesh [45]. Consumption of another protein rich source, i.e., the
milk and milk products- is also nearly non-existent in all communities, with a percentage
deficit of >50% (except in Meena women). It is thus crucial to understand the factors
limiting the consumption of animal source foods in indigenous women of India. An article
on indigenous communities of Madhya Pradesh [45] has reported that the poor financial
conditions of the indigenous populations, along with their overdependence on TPDS, are
the two primary reasons for declining meat consumption in indigenous communities across
India. Further, the low intake of dairy products in indigenous women could be attributed
to the local cultural values of indigenous communities in India, wherein they believe that
animal milk is meant for its progeny and is not intended for human use as it is considered
a sin [46,47]. In this context, more detailed research on food consumption in indigenous
communities would be desirable to understand the current trends and determinants.

3.2. Traditional Food Consumption in Indigenous Women of India

Traditional foods refer to foods native to a region, that are mainly accessed from natural
food environment (i.e., forests, rivers, ponds, lakes, farms, kitchen gardens, wastelands,
pastures and roadsides). Considering the globalization of current food systems, traditional
foods may also be procured through local markets [48–50]. There are only a few studies
that have documented traditional food consumption in indigenous women of India; these
include studies conducted on Santhal [43], Oraon [44], Sauria Paharia [30] and Munda
women [25] of Jharkhand state of India. Some popular traditional foods consumed by
the indigenous communities of Jharkhand include, Red rice, Horse gram (legume), Red
amaranth leaves, Koinaar leaves, Basella leaves, Bamboo shoot (vegetable), Kusum (fruit),
Eggs of red ants, Snails, among many others [25,30,43,44]. Upon review, we found that the
consumption of traditional foods (during the dietary recall period) was reported in >50% of
women in all four communities at different time points (monsoon and winter season), with
the highest consumption reported in Munda women (73% in monsoon season) (Figure 3).
The consumption amounts of traditional foods in Santhal, Oraon and Munda women
were found to be quite low in comparison to recommended intakes [21] yet corresponded
to significantly higher micronutrient intake in the indigenous women of all the three
communities [25,43,44]. Existing literature suggests that indigenous communities in India
have access to a variety of wild and cultivated traditional foods that are known to be rich in
several nutrients like protein, iron, calcium, zinc, vitamin A, vitamin C, and folate [51], yet
their utilization among indigenous communities is on a constant decline [8,9,26,43,44,52].
Different studies have reported several factors contributing to the underutilization of
traditional foods in indigenous populations of India- ranging from high opportunity cost
of accessing wild foods, limited access to forests and shift towards chemical-intensive
agriculture, to changing social values and loss of TEK associated with agro-ecosystems
and production practices among younger generations [8,9,53–55]. Additionally, indigenous
communities in India are gradually shifting from diverse traditional diets to modern diets,
comprising cheap and convenient sources of calories. Qualitative studies conducted with
Munda community of Jharkhand [8], Khasi community of Meghalaya [33] and Chakhesang
community of Nagaland [33] have revealed that wage labour, increased purchasing power
and influence of media and urban lifestyles are leading to an increased dependence on
market foods in these communities. However, there is an extensive literature gap on
quantitative estimates of ultra-processed food consumption in indigenous communities of
India and future research in this domain would be desirable.
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Figure 3. Estimates of traditional food consumption in indigenous women of Jharkhand,
India [25,30,44,45].

The existing TEK in indigenous communities needs to be leveraged, for maximising
the consumption of traditional foods. A few studies have reported issues related to depri-
vation of TEK among indigenous communities, which may be addressed through specific
interventions like systematic documentation of local IFs consumed by the tribes, their scien-
tific evaluation in terms of consumption and nutritional content, sustainable utilization and
planned advocacy. Additionally, national policies in India may need to devise strategies
to mainstream the use of traditional foods in daily diets of indigenous populations. A
few state level organizations have taken initiatives to revive indigenous food consump-
tion; for example, Odisha’s FAARM (Food and Agro-Ecological Approaches to Reduce
Malnutrition) [56], and Rajasthan’s VAAGDHARA project [57] (supported by NABARD)
are working with indigenous communities towards improved access to nutri-gardens and
wild habitats and use of agro-ecological approach for promoting sustainable food systems.
Similar approaches need to be replicated in other states as well, for reversing the shift
from traditional foods to modern diets, in indigenous communities. With initiatives like
the National Horticulture Mission (“Mission for Integrated Development of Horticulture
(MIDH)”) [58] and POSHAN Atlas [59], efforts may be undertaken to diversify the existing
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food systems by promoting access to locally sourced wild foods, encouraging agricultural
diversification and providing incentives to local farmers to grow nutritionally superior
traditional crops [31,60].

3.3. Dietary Diversity of Indigenous Women in India

Studies reviewed on dietary diversity of indigenous women in India, reveal the con-
sumption of poor quality diets, with very low individual dietary diversity scores (i.e.,
minimum diet diversity score for women or MDD-W [61]). In women belonging to Sauria
Paharia [30] and Munda communities [25] of Jharkhand, the mean and/or median MDD-W
scores were reported to be as low as 3 (ideal score is 5 or more) (Supplementary Table S3).
However, even at low dietary diversity scores, a significantly higher intake of both macronu-
trients and micronutrients was reported in women with MDD-W scores ≥ 3 [25,30]. On the
other hand, relatively higher mean MDD-W scores were reported in indigenous women
of Meghalaya [62], including Khasi women (mean score of 3.7) and Garo women (mean
score of 4.8). It was interesting to note that a majority (60%) of Garo women in Meghalaya
reported the consumption of at least 5 food groups during the reference recall period,
while only a few (1 or 2) Munda women in Jharkhand reported the consumption of a
diverse diet. The findings on Garo women of Meghalaya are consistent with the findings
from another study [63] in the same community, that has reported a household dietary
diversity score of 5.82, with majority of the households (70%) having a score between 4.41
to 7.23, respectively.

The positive influence of literacy on improved dietary diversity is well documented
in the literature, which could be one of the reasons for higher dietary diversity scores in
indigenous women of Meghalaya, as their literacy rates were substantially higher (92.6% in
Garo and Khasi) in comparison to indigenous women of Jharkhand (50.3% in Sauria Paharia
and 64.1% in Munda women) [25,30,62]. Improved socioeconomic household profile
was also found to be a significant predictor for dietary diversity in Garo women, while
among Munda and Sauria Paharia women, no such association was observed [25,30,62].
Other studies in rural settings of India [36,64] have also identified a significant impact
of nutritional awareness on women’s dietary diversity scores, although the evidence in
indigenous women is lacking. This could be a crucial point for future interventions as
the existing nutrition schemes in India have solely focused on improving nutrition by
increasing food availability and/or accessibility without generating nutritional awareness
and attempting behavioural change interventions among the beneficiaries.

Majority of the indigenous communities are engaged in subsistence agriculture for
their food and livelihood [9,10,26,33,52,62,63,65,66], yet evidence of its impact on women’s
diets is limited. In Sauria Paharia and Munda communities of Jharkhand, the Food Ac-
cessed Diversity Index (FADI) [25,30], did not show any association with the MDD-W
scores, while no such associations were explored in Khasi and Garo women of Megha-
laya [62]. A research using production data from rural parts of Bihar, Uttar Pradesh,
Odisha, Telangana and Maharashtra, also found a non-significant association between pro-
duction diversity (including kitchen garden and livestock rearing) and household dietary
diversity [67]. These findings highlight that while diversity in food production and access
is crucial for improved dietary diversity, there exists other cofounding factors that influence
this relationship and hence, need to be explored. Previous studies conducted on Indian
rural populations have determined that food markets have a positive and greater impact
(than crop diversity) on rural women’s dietary diversity, especially through purchases of
pulses/fruits/vegetables [37,64,68,69]. In this context, improving the access of indigenous
populations to local markets that offer diverse and affordable food options, could prove to
be a viable strategy for improving dietary outcomes.

Another factor that possibly determines dietary diversity among indigenous women
is intrahousehold food allocation. An analysis study on Indian rural populations [36] has
identified that women in Bihar, Uttar Pradesh and Odisha, consume fewer nutritious food
groups (like pulses, GLVs and fruits) than other household members, which was primarily
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attributed to gender differences in intrahousehold food allocation. A similar scenario is
reflected in the NFHS-5 survey findings [20], which reveal that a slightly higher proportion
of indigenous men in India reported weekly consumption of fruits (46.5% vs. 37.4%),
eggs (57,1% vs. 47.4%) and meat, poultry and fish (58.8% vs. 46%) in comparison to the
indigenous women, although the weekly consumption of pulses and GLVs was comparable
in both groups. Hence, a more focused and exclusive research on dietary diversity of
indigenous communities, at both individual and household levels, would be crucial to
understand the gender dynamics of intrahousehold food allocation.

3.4. Nutrient Intake of Indigenous Women in India

The nutrient intake data in women was reviewed for 14 indigenous communities
of India, which revealed that nearly all communities had reported lower mean/median
intakes than EAR for several nutrients (Table 1). Almost all communities (n = 12) had calorie
intake lower than EAR, with the lowest calorie intake reported in Sauria Paharia women of
Jharkhand [30], followed by Saharia and Meena women of Rajasthan [27]. Protein intakes
were found to be slightly higher, with indigenous women in 10 out of 14 communities
having a low risk of protein inadequacy (i.e., intake > EAR) (Table 2). These findings are in
contrast with the lower intake of pulses, flesh foods and milk and milk products reported
in indigenous women from the same communities. As previously discussed in our review,
most indigenous communities in India consume a predominantly cereal based diet, which
may be contributing to a higher protein intake in these women, resulting in low risk of
protein inadequacy. An analysis of protein intakes [70] utilizing the NNMB tribal survey
(2009) data revealed that about 70% of the total protein intake in indigenous women was
contributed through cereals, while the individual contribution of pulses, flesh foods and
milk and milk products was found to be less than 10%., resulting in a PDCAAS score of
76 among indigenous women. Although, a high consumption of cereal based protein is
also reported in urban Indian women, contribution from cereals to their total protein intake
was lower than 60% with a higher protein contribution from other food groups (especially
milk), resulting in a diet with better protein quality [70]. It is, however, important to note
that these inferences are drawn from a decade old NNMB survey data and hence, there
is a need for more recent comprehensive diet surveys in different sections of the Indian
population. Nonetheless, these findings suggest that while indigenous women may be
meeting their EAR for protein, the quality of their dietary protein could be a potential cause
of concern.

The poor intake of non-staples and low dietary diversity scores in indigenous women,
is reflected in their extremely low micronutrient intakes (including vitamin A, folate, iron,
calcium and zinc). A high risk of micronutrient inadequacy was reported in indigenous
women of Jammu & Kashmir [71,72], Jharkhand [25,30,43,44], Madhya Pradesh [73], Megha-
laya [26], Rajasthan [27], Tamil Nadu [28] and Uttar Pradesh [74] (Table 2), especially for
vitamin A, iron and calcium. These findings are consistent with the NNMB tribal survey
(2009) findings [11], which revealed that majority (80%) of the indigenous women in Tamil
Nadu, Odisha and Madhya Pradesh were not able to meet 50% of the RDA for iron, calcium
and vitamin A. Results from NNMB rural survey (2012) [75] also highlighted a deficit of
77–80% in vitamin A and folate intake, followed by 47–48% deficit in iron and calcium
intake among rural adult women in ten Indian states. The poor nutritional intakes among
indigenous women are also reflected in their anaemia status at state levels, particularly in
West Bengal (82.3%), Jharkhand (72%), Madhya Pradesh (64.2%), Odisha (71.7%), Rajasthan
(61.6%), Uttar Pradesh (51%), Tamil Nadu (59%) and Meghalaya (53.3%) [76], where low
intakes of iron, folic acid and vitamin B12 were documented. Further, the comparison
between NFHS-4 and NFHS-5 data suggest that anaemia prevalence has increased in non-
pregnant women across India, with the highest jump reported among indigenous women
in West Bengal, Odisha and Jammu and Kashmir [20,76]. Since anaemia is caused by both
dietary and non-dietary factors (parasitic infections, gastrointestinal conditions, faulty
red-blood cell production), its increasing prevalence in indigenous women is worrisome as
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it points towards the deteriorating nutritional as well as health conditions of indigenous
women across India.

As discussed previously, poverty could be one of the main contributing factors to
inadequate micronutrient intake in indigenous communities, as it limits their access to
diverse diets, and increases their risk of nutritional insecurity [77,78]. In this context, the
functioning of employment schemes like the Mahatma Gandhi National Rural Employment
Guarantee Act (MGNREGA) becomes particularly crucial for marginalised indigenous
communities. The uptake of MGNREGA has been highest in indigenous communities
across India, especially among women, who earn better wages through MGNREGA than
market, leading to better economic independence and improved food consumption [79,80].
However, some authors [81,82] have opined that work engagement through MGNREGA
leads to ‘feminization of poverty’. A qualitative study [80] conducted in rural areas of
Kerala, Tamil Nadu and Odisha, found that women faced a lot of discrimination in work
offered through MGNREGA- in terms of lower wages (than men), irregular payment,
mistreatment by supervisors, and most importantly, the additional workload (as they are
single-handedly burdened with child rearing and domestic responsibilities). A study on
rural women of Maharashtra [83] found that women devote equal time as men towards
agricultural activities during the peak seasons, but spend a disproportionately higher time
in food preparation, domestic work and care activities. The impact of these time trade-offs
were found to be significantly associated with a reduced intake of calories, protein, iron, zinc
and vitamin A in the women’s diets, with particularly worse nutritional deficits observed
among landless women, who resort to working on other people’s farms for additional
income [83]. This decrease in nutrient intake was mainly linked to the time constraints
faced by the rural women for preparing nutritious meals during the peak agricultural
season [83]. Based on these findings, the existing safety net programs may incorporate a
more gendered focus to address the disproportionate impacts on women.
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Table 1. Mean nutrient intakes among indigenous women of India.

Tribe N EAR a

Energy
(kcal/d)

Protein
(g/d)

Vitamin A
(µg/d)

Vitamin C
(mg/d)

Thiamine
(mg/d)

Riboflavin
(mg/d)

Niacin
(mg/d)

Folate
(µg/d)

Vitamin
B12

(mg/d)

Iron
(mg/d)

Calcium
(mg/d)

Zinc
(mg/d)

Dietary
Assessment

Method

Random
Sample

2130 36 390 55 1.4 2 12 180 2 15 800 11

Jammu &
Kashmir

Gujjar
Bakerwal [71] 410

Mean 1421 40.2
- - - - - - -

7.9 277
- 1 No

SD 264 7.3 2.3 152.9

Gujjar [72] 50
Mean 1862 39.4

- - - - - - -
7.8 337.3

- 1 No
SD 1461 12.8 4.4 292.6

Jharkhand

Santhal [43] 147
Mean 1969 43.5 923.5 98.9 0.9 0.6 20.9 85.8 0.2 13.9 325.3 7.8

1 Yes
SD 778 18.9 1364.8 115.9 0.6 0.3 8.7 65.9 0.1 18.9 578.1 3.2

Oraon [44] 138
Mean 2365 58.3 146.4 61.6 0.7 0.6 27.2 100 0.1 10.1 277.3 9.6

1 Yes
SD 918 40.3 207.6 46.5 0.3 0.3 13.7 56.4 0.5 8.9 171.03 3.8

Oraon [84] 100
Mean 2092 41.2 219 25.5 - - - - - 20.5 288.7 -

1 Yes
SD 34 4.03 2.03 1.63 - - - - - 1.4 7.1 -

Munda [84] 100
Mean 2179 38.9 231.2 27.5 - - - - - 21.6 305.5 -

1 Yes
SD 38 4.9 10.2 1.4 - - - - - 1.1 3.2 -

Munda [25]
282 Mean 1495 35.6 68.7 48.9 0.5 0.4 7.2 114.2 - 7 120.7 5.6

1 Yes
SD 269.3 5.3 34.7 9 0.5 0.2 1.5 13.9 - 1.7 7.6 1

Sauria
Paharia [30] 204

Mean 1092 31.6 15.7 12.4 0.3 0.2 5.3 79.4 - 5.2 90.6 4.4
1 Yes

SD 86.3 3.5 27.6 82.8 0.1 0.1 0.7 22.9 - 1.5 19.4 0.6

Madhya
Pradesh

Saharia [85] 209 Mean 1478 51.7 45 (20, 79) * 6 (2, 13) * 1.9 0.7 17.3 55.2 - 20.5 254 - 1 Yes

Korku [73] 602 Mean 1822 37.7 93 16.9 0.7 0.6 9.2 - - 15.7 170.3 - 2 No
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Table 1. Cont.

Tribe N EAR a

Energy
(kcal/d)

Protein
(g/d)

Vitamin A
(µg/d)

Vitamin C
(mg/d)

Thiamine
(mg/d)

Riboflavin
(mg/d)

Niacin
(mg/d)

Folate
(µg/d)

Vitamin
B12

(mg/d)

Iron
(mg/d)

Calcium
(mg/d)

Zinc
(mg/d)

Dietary
Assessment

Method

Random
Sample

2130 36 390 55 1.4 2 12 180 2 15 800 11

Meghalaya

Khasi [26] 47
Mean 1890 59.2 191.2 33.4 0.7 0.5 13.1

- -
13.8 322.8

- 1 Yes
SD 438.3 29.3 279 31.7 0.4 0.2 3.9 10.9 385.2

Odisha

Desia Khond
[86] 80

Mean 2225 33.46 134.5 10.1 0.9 0.6 10.7 47.4 0.15 13.7 195.3 4.8
1 Yes

SD 262 11.17 228 15.6 0.3 0.53 6.6 15.1 0.42 4.9 56.7 1.3

Rajasthan

Saharia [27] 93
Mean 1335 42.2 291 23.4 1.6 0.7 13.1 168 0.5 16.1 438.5 6.9

1 No
SD 287 10.4 281 19.5 0.4 0.2 3.3 54 0.1 4.7 154.3 1.9

Meena [27] 92
Mean 1386 44.4 442 26.1 1.5 0.8 12.8 166.9 0.2 15.3 531.2 6.7

1 No
SD 252 8.2 397 18.9 0.1 0.2 2.3 60.3 0.1 3.2 203.5 1.3

Tamil Nadu

Irula [28] 30 Mean 1830 35.2 558 20 0.4 0.7 8 48 - 12 158 - 2 No

Uttar Pradesh

Bhoksa [74] 120
Mean 1638 42.4

- - - - - - -
13.8 335

- 1 Yes
SD 243 6.81 2.8 176.4

West Bengal

Santhal [87] 45
Mean 2180 18 - - - - - - - - - -

3 Yes
SD 472 2 - - - - - - - - - -

a—[21]. EAR: Estimated average requirements, RDA: Recommended dietary allowances, SD: Standard deviation, * median and IQR presented. 1—24 h recall. 2—Food weighment
method. 3—Quantitative food frequency questionnaire [88].
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Table 2. Risk of nutritional inadequacy among indigenous women of India.

Tribe Energy Protein Vitamin A Vitamin C Thiamine Riboflavin Niacin Folate Vitamin
B12 Iron Calcium Zinc

Jammu & Kashmir
Gujjar Bakerwal [71] High risk Low risk No data No data No data No data No data No data No data High risk High risk No data

Gujjar [72] High risk Low risk No data No data No data No data No data No data No data High risk High risk No data
Jharkhand
Santhal [43] High risk Low risk Low risk Low risk High risk High risk Low risk High risk High risk High risk High risk High risk
Oraon [44] Low risk Low risk High risk Low risk High risk High risk Low risk High risk High risk High risk High risk High risk
Oraon [84] High risk Low risk High risk High risk No data No data No data No data No data Low risk High risk No data
Munda [84] Low risk Low risk High risk High risk No data No data No data No data No data Low risk High risk No data
Munda [25] High risk High risk High risk High risk High risk High risk High risk High risk High risk High risk High risk

Sauria Paharia [30] High risk High risk High risk High risk High risk High risk High risk High risk High risk High risk High risk
Madhya Pradesh

Saharia [85] High risk Low risk High risk High risk Low risk High risk Low risk High risk No data Low risk High risk No data
Korku [73] High risk Low risk High risk High risk High risk High risk High risk No data No data Low risk High risk No data
Meghalaya
Khasi [26] High risk Low risk High risk High risk High risk High risk Low risk No data No data High risk High risk No data

Odisha
Desia Khond [86] Low risk High risk High risk High risk High risk High risk High risk High risk High risk High risk High risk High risk

Rajasthan
Saharia [27] High risk Low risk High risk High risk Low risk High risk Low risk High risk High risk Low risk High risk High risk
Meena [27] High risk Low risk Low risk High risk Low risk High risk Low risk High risk High risk Low risk High risk High risk

Tamil Nadu
Irula [28] High risk High risk Low risk High risk High risk High risk High risk High risk No data High risk High risk High risk

Uttar Pradesh
Bhoksa [74] High risk Low risk No data No data No data No data No data No data No data High risk High risk High risk
West Bengal
Santhal [87] Low risk High risk No data No data No data No data No data No data No data No data No data No data
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3.5. Nutritional Status of Indigenous Women in India

The data on CED prevalence among indigenous women were available for 36 indige-
nous communities belonging to sixteen states of India (Figure 4). Upon review, it was found
that indigenous women from sixteen ethnic communities of India reported a CED preva-
lence of >40%, with the highest prevalence (90.7%) reported in Gujjar Bakerwal women
of Jammu & Kashmir [71]. Indigenous women, belonging to PVTGs, were particularly ob-
served to have a higher prevalence of undernutrition than other indigenous women. These
include, Bhuyan (77%), Juang (62.9%) and Mankirdia (59.5%) women of Odisha [89–91],
Toto women (72%) of West Bengal [92], Saharia women (68%) of Rajasthan [27], Bhoksa
women (64.2%) of Uttar Pradesh [74], Katkari women of Maharashtra [93] and Sauria
Paharia women of Jharkhand [30]. The proportion of CED levels among these women
is observed to be far greater than the state averages reported for indigenous women in
the recent NFHS-5 (2019-21) [20] survey findings, except in Uttarakhand and Nagaland.
Although, it is important to consider that most of these studies used different method-
ologies for anthropometric measurements and a few studies included in our review were
conducted on small sample sizes.

A comparatively lower CED prevalence (<15%) is reported in the studies reviewed on
indigenous women from north-eastern region (Manipur, Nagaland and Arunachal Pradesh),
which is comparable with the NFHS-5 state-level prevalence on indigenous women. A
moderate prevalence of CED is reported in the studies reviewed on indigenous women
belonging to Karbi, Mishing, Thengal Kachari and Meitei communities of Assam, and Anal
community of Manipur, but this is also accompanied with a moderately high prevalence
of overweight and/or obese in these women (Figure 4). The coexistence of over-and
undernutrition among indigenous women can also be seen in the NFHS-5 state-level data
of Assam, Manipur and Nagaland, which reveal a higher prevalence of overweight and/or
obesity in indigenous women, as compared to the total female population in these states.
Similar trends are also reported in the NFHS-5 data for Jammu and Kashmir, Uttarakhand,
Kerala and Tamil Nadu. The reason for this dual burden of malnutrition in indigenous
communities could be attributed to the growing urbanization, which is leading to a shift
in occupational patterns, resulting in better household income, reduced physical activity
levels, and consequently, a shift from local food consumption towards energy-dense foods
among the indigenous communities [94–96]. These rapid changes in diet and lifestyles
are contributing to nutrition transition among indigenous populations in India as well as
across the globe [97–99].

Many selected studies in this review have also reported better nutritional status among
indigenous men in comparison to women, with substantially lower levels of CED (in indige-
nous communities of Santhals, Sabars and Birhors from West Bengal, Bhuyans, Juangs, Bhumij
and Mankidias from Odisha, Meities, Mishing and Thengal Kachari from Assam, Korku from
Madhya Pradesh and Kharwar from Uttar Pradesh) [73,89–91,95,100–104,104–106]. Similar
results are documented in national survey findings, which report a lower prevalence of
CED among indigenous men (19.2%), as opposed to women (25.5%) [76]. The reason
for better nutritional status among indigenous men could be attributed to physiological
factors [107] and better literacy levels [73,95,100] which coincides with the national figures
that report higher literacy rate among indigenous men (68.5%) than women (49.4%) [108].
As previously discussed, gender discrimination could also be one of the possible factors
affecting independent access to food by indigenous women [109]. These socio-economic
issues are further compounded with heavy work demands, early marriage, childbearing,
and rearing, in indigenous women of India, thus increasing their vulnerability to poor
nutrition and health outcomes [18,83,92].
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Figure 4. (a,b) Heat map depicting the prevalence of chronic energy deficiency and overweight/obese in
indigenous women from selected states of India. Note: Red shading indicates a high prevalence (>40%)
of chronic energy deficiency or overweight/obese, with darker shades representing a higher prevalence.
Orange shading represents a moderate prevalence of 29–39%; Yellow shading represents a prevalence of
16–28%, with green yellowish shades representing a lower prevalence. Green shading represents a low
prevalence (<16%), with darker shades representing a lower prevalence. * NFHS-5 (2022) [20].

In this context, a multi-sectoral approach is highly desirable to address malnutrition
in indigenous women of India. Although, India has a plethora of national programs that
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aim to improve nutrition outcomes by addressing both nutrition-specific and nutrition-
sensitive interventions [110], many of these schemes have limited coverage in remote and
tribal regions [3,7,43,85,111]. Studies included in our review have cited several opera-
tional challenges in the functioning of Integrated Child Development Services (ICDS) and
National Health Mission (NHM) in tribal regions, such as non-functional nutrition and
health centres, absence of health workers, lack of basic infrastructure, irregular supply
of supplementary nutrition to mothers and children, non-transparent reporting system
with lack of accountability among many others [43,85,89]. Low access to TPDS was also
reported in the indigenous communities of Rajasthan, Meghalaya, Madhya Pradesh and
Jharkhand [26,27,43,85]. While some states like Maharashtra (APJ Abdul Kalam Amrut
Aahaar Yojana) and Andhra Pradesh (YSR Sampoorna Poshana Plus and Girl Poshana
scheme) have taken initiatives by introduction of specific schemes and programmes for
indigenous women [112,113], the efforts remain largely fragmented at the national level
and lack effective coordination and implementation across different sectors [7,114]. Further,
some initiatives by state governments have not considered the cultural eating patterns of the
indigenous communities, while planning the interventions. For example, the “Amma Ma-
ternity Nutrition Kit Scheme” of Tamil Nadu, provides nutrition kits containing ayurvedic
(herbal) supplements, ghee, and protein powder, to new mothers; but these items remain
underutilised as indigenous populations do not consume ghee, and have no knowledge on
incorporation of ayurvedic supplements and protein powder in the diet [55]. The imple-
mentation of such schemes reveals a clear disconnect between the planned interventions
and the actual support needed by the marginalized populations.

4. Limitations

There are some study limitations that must be highlighted. First, our search strategy
was limited to PubMed and Google Scholar databases, which may have resulted in the
exclusion of any local institutional reports published outside of academia. Second, while
our search strategy was based on a wide range of keywords, it may have resulted in the
exclusion of relevant studies and research themes. Third, the studies included in our review
used different methodologies for data collection, thus making it difficult to compare the
findings across different studies. Fourth, most studies included in the review did not
capture the seasonality component in dietary data collection, which might have influenced
the food and nutrient intakes among indigenous women. Fifth, usual nutrient intakes
(probability of consumption on a given day multiplied by the usual intake amount for the
day the food is consumed) were not reported in most studies (except in two studies), which
is considered ideal for calculating nutrient adequacy at a population level [115]. Sixth,
some of the included studies were conducted on a very small sample size, which might not
be a true representation of the actual population. Seventh, in our review, we compared the
nutrient intake of indigenous women with EAR for a moderately active woman (>18 years),
However, there could be a possibility that women from some indigenous communities
had heavy or sedentary activity levels, and thus, our interpretation may have over- or
underestimated their risk of nutritional inadequacy. Further, the studies included in the
review had clubbed the nutrient intake data of women in the age group of 15–49 years,
with no segregation in the age-range. This may have impacted the generalizability of the
results as the nutritional requirements of adolescent girls in the age range of 15–17 years
are different than the requirements prescribed for adult Indian women (>18 years).

5. Conclusions

Indigenous women in India contribute substantially to the local economy and share
equal responsibilities with men in subsistence activities yet are vulnerable to various forms
of malnutrition. In the present review, we selected a total of 42 studies to generate a
comprehensive synthesis on food and nutrient intakes, diet quality and anthropometric
status among indigenous women from different ethnic communities of India. Our findings
showed high percentage deficits in the intake of several food groups, along with poor intake
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of macronutrients and micronutrients among indigenous women residing in different states
of the country. Indices of diet quality in indigenous women were documented in limited
studies, which revealed poor dietary diversity as well as low consumption of diverse
traditional foods. CED among indigenous women was particularly observed to be a major
problem in many ethnic communities across the country, with a dual burden of malnutrition
in indigenous women of north-east India. Studies have determined several potential
contributing factors toward the poor nutritional outcomes in indigenous women, such as:
poverty, high illiteracy in indigenous women, excessive reliance on food grains distributed
through TPDS, price inflation of non-staple foods and their insufficient production, gender
discrimination in intrahousehold food allocation, high opportunity costs for preparation
of nutritious meals, and limited outreach of national food supplementation programs in
remotely located regions.

Improving nutrition outcomes for indigenous women thus requires investments to
be made in changing the determinants of poor nutrition and health, using a variety of
policy instruments and other efforts. The existing higher rates of malnutrition in indige-
nous communities (particularly in women) than their non-indigenous counterparts may be
corrected through leveraging the treasure trove of TEK about the indigenous food systems.
In this context, there is a need to acknowledge the significance of Indigenous Peoples’
food systems that make use of various edible and nutritious species of flora and fauna,
and hence, may play an important role in enhancing the food and nutritional security of
indigenous communities in India. Thus, both targeted (indigenous-specific) and universal
(population-wide) policy actions will be essential in improving the nutritional status of
indigenous women in India. Targeted approaches must be combined with interventions
that improve diet quality, promote agricultural diversification and traditional food con-
sumption, address behaviour change, and focus on strengthening the services and structure
of existing nutrition and safety-net programs. Further, despite malnutrition being a persis-
tent problem in indigenous communities over the years, there is no specific Indian policy
that focuses on this issue. Therefore, a streamlined indigenous nutrition program, with
consideration of local dietary patterns, cultures and livelihoods, could be instrumental
in addressing the larger issues of poverty and household food insecurity for improving
the overall nutritional outcomes in indigenous populations. POSHAN Abhiyaan, that
aims to adopt a holistic approach for improving the functioning of existing services at the
grassroots levels-could also be critical in influencing the future nutritional outcomes of
indigenous populations. Findings from the present review may thus be crucial for detailed
future research on nutritional outcomes in indigenous women, including an in-depth ex-
ploration of the disparities faced by them. This is likely to facilitate relevant measures for
nurturing the nutritional health of indigenous women in India. The inclusion of indigenous
communities in policies and programs and recognition of the various dimensions of their
food systems, could be a crucial step towards creating lasting impacts on the nutritional
status of indigenous women and children across India.
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Solar Energy Policies for Commercial 
Buildings in India: Perspective of 
Government Officials

Meenal Jain1, Meenakshi Mital1 and Matt Syal2

Abstract

India is a developing nation with urban populations growing exponentially and rural villages being 
electrified. Thus, India is expected to have a high growth rate in energy demand over the coming years 
for which the nation is heavily dependent on fossil fuels. Solar energy presents an attractive solution to 
growing energy challenges as it is abundant, inexhaustible and environment friendly. Many programmes 
and policies have been initiated at both the national and state level for promoting solar energy across 
all sectors. This article comprehensively assesses various government initiatives for off-grid solar 
photovoltaic (SPV)/solar water heating (SWH) systems for commercial establishments and brings forth 
the government perspective in terms of implementation of these initiatives, need for improvements and 
the lacunas in availing the incentives. The article also presents suggestions given by government officials 
for better acceptance and implementation of such initiatives. 

Keywords

Commercial establishments, government officials, government policies, policy framework, solar energy 

Introduction

Global Energy Scenario

Energy is indispensable for growth of economies. At the same time, it is crucial for sustenance of human 
life and modern societies (Bureau of Energy Efficiency [BEE], 2012; Planning Commission, Government 
of India, 2014). However, the world today is facing enormous challenges when it comes to supplying 
adequate and clean energy to all. The growing world population and economic development put immense 
pressure on the existing resources. It is anticipated that there will be a further growth of about three- to 
five-fold in the world economy by the year 2050, which is going to put further pressure on energy 
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Abstract :  This research was conducted to identify the status of menstrual hygiene products in India, the benefits of using 
biodegradable sanitary napkins and the obstacles regarding the usage of these napkins considering their high preferability over cloth 
and synthetic napkins coming under menstrual hygiene products. These sanitary napkins are environment friendly and current trends 
show rising growth in the Indian market. Both primary and secondary research was carried out for collection of data. On analysis of 
the database so collected the results from secondary research displayed an exhibited climb as high as 78% in usage of menstrual 
hygiene products amongst young women (15-24 years of age)  mostly using these sanitary napkins due to various factors mentioned in 
the study. Primary research has revealed the benefits and obstacles regarding the usage of biodegradable sanitary napkins that are 
mentioned further in the study. 
 
 
Index Terms - Sanitary napkins, biodegradable sanitary napkins, menstrual hygiene products, environment-friendly, National Family 
Health Survey, Menstrual Hygiene Alliance of India 
 

I. INTRODUCTION 

As the world is experiencing the dilemma of plastic waste management, the utilization of disposable sanitary 
napkins amidst Indian females is 48% in rural women and 70% in urban women which makes it 57.6% 
comprehensively (The National Family Health Survey [NFHS], 2016). The Menstrual Hygiene Alliance of 
India (MHAI) has estimated that there are 336 million menstruating women in India out of which 36% use 
disposable sanitary napkins making it a figure of around 121 million women. On an average, a woman could 
utilize up to 10,000 sanitary napkins from menarche to menopause, if the figure of sanitary napkins used per 
menstrual cycle is conservative eight. This implies that India has 12.3 billion disposable sanitary napkins to 
look after every year most of which are synthetic sanitary napkins.  
 

Synthetic sanitary napkins are fabricated by utilizing thermoplastic fibers, hydrophilic absorbent fiber, super 
absorbent polymers (SAP), plastic covering and adhesives/glue; most of these elements do not degrade easily 
and stay behind in the environment, polluting water sources, spoiling soil and also penetrating the food chain, 
thereby, introducing toxins into the food humans and animals eat. Synthetic sanitary napkins comprise of over 
90% plastic and each napkin is equal to four plastic bags (WaterAid India, 2019), While Biodegradable 
sanitary napkins are made up of natural fibers like bamboo and banana fibers and disintegrate without causing 
any damage to the environment and health.  
 

The Indian market for biodegradable sanitary napkins is currently exhibiting healthy growth. There are various 
non-governmental organizations (NGOs) and self-help groups that are generating biodegradable sanitary 
napkins but the scale of manufacturing is low. However, manufacturers of biodegradable sanitary napkins are 
considering distinctive marketing perspectives and adding value to improve their products to develop and 
expand their customer base. The market has been sorted into bamboo, banana fiber, cotton and others. By 
holding the largest share, bamboo is presently ruling the Indian market. 
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Stubble waste management: Policies and programmes 
in India 
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Abstract 
India is a major agricultural producer in the world, generating more than 500 million tonnes of 
agricultural waste per year (World Bank, 2012). The generation of stubble waste (agricultural waste) is 
rising rapidly, which leads to mismanagement of stubble, increasing pollution, and other negative effects 
on the country's economy and community. The country presently practices various methods for reducing 
stubble waste but the efforts are not satisfactory. The review paper was prepared from information 
gathered through discussions with farmers in Northern States of India and secondary research on 
programmes and policies available in the country for stubble waste. The government of India has 
launched numerous programmes and policies at State and National level to benefit farmers and manage 
stubble in the most effective and appropriate ways possible. However, the underlying reality of the 
government's policies and programmes was found to be mainly limited to few sectors. It is imperative to 
reduce pollution and increase economic remittance by managing stubble waste in an adequate and 
competent manner. 
 
Keywords: Stubble waste, stubble waste management, government programmes and policies 
 
Introduction 
Agriculture is the nation's most significant economic sector. It employs more than a billion 
people and produces food worth more than $1.3 trillion per year. Croplands and pastures cover 
roughly half of the world's land area, providing a home and a source of food for many animal 
and plant species, including humans (World Wildlife Fund, 2022) [7]. 
Agriculture production has more than tripled in the last 50 years due to advances in agronomy 
(the study of soil and crop) and technological contributions that influence productivity to meet 
the accelerated growth of population (Climate-Smart Agriculture, 2022) [14]. The agriculture 
industry produces 23.7 million tonnes of food per day on average around the world 
(Convention on Biological Diversity, 2018) [15]. 
India is a major agricultural producer around the world. It is a leading producer of milk, 
legumes, and spices in the world. It also has the world's largest cattle herd (buffalo) and the 
most significant acreage of wheat, rice, and cotton production (World Bank, 2012) [8]. India 
was the world's second-largest agro-based economy in 2012, and it currently ranks fifth 
(2022), with year-round agricultural cultivation in which grains such as rice, wheat, cotton, 
sugarcane, fruits, and vegetables are produced annually to support the country as well as for 
exports (Table 1) (World Bank, 2012) [8]. 
The country has approximately 195 million hectares of arable land, of which nearly 63% 
(about 125 million hectares) is rain fed and about 37% (70 million hectares) is irrigated (World 
Bank, 2012) [8]. Each year, a significant amount of agricultural waste, including crop residue, is 
produced as a by product of agricultural production. The country generates over 500 million 
tonnes of agricultural waste per year (figure 1), posing a number of difficult management 
challenges. It is significantly higher than in other developing countries such as Bangladesh, 
Indonesia, and Myanmar, posing a serious threat. The fact that the country is responsible for 
feeding approximately 17.6% of the world's population highlights the fact that our natural 
resources are under severe strain. (Bhuvaneshwar, 2019; Chauhan, 2015) [1, 2]. 
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Mobile Phone Applications addressing Mental Health Literacy: A
Systematic Review

• Aprajita Sharma1 •  Aparna Khanna2

Abstract

The aim of this paper is to systematically review literature based on Information and
Communication Technologies (ICTs) and Mental Health Literacy with the objective
of understanding the uses of ICT-based technologies, like mobile phone applications,
in promoting mental health literacy. To conduct this review of literature, the authors
systematically searched relevant databases with the key terms such as mental health
literacy, ICT-based interventions, mHealth, mobile phone applications and mental
health in India. The articles were filtered based on their relevance and access. This
paper highlights the concept of mental health literacy and its promotion in using ICT-
based interventions, ICTs in health and specifically in mental health, mHealth,
specifically mobile phone applications in mental health literacy, advantages of mHealth
and mobile phone applications and the limitations of the same in mental health literacy.

Keywords: Mental health literacy, Information and Communication Technologies
(ICTs), mHealth, Mobile phone applications.

Introduction

The World Health Organization (2001) defines Mental Health as “a state of well-
being in which the individual realizes his or her own abilities, can cope up with the
normal stresses of life, can work productively and fruitfully, and is able to make
contribution to his or her community” (as cited in Gaur & Ram, 2016). Mental health
is the maintenance of daily activities that are productive for the person and relationships
with people around the individual. One is said to be mentally healthy if he/she is able
to manage the stresses and adapt to the change around them. Promotion of well-
being, preventing mental health disorders and the treatment of people suffering from
mental health disorders – this is what mental health comprises of (Sharma & Srivastava,
2013).
1Ph.D. Scholar, Department of Development Communication and Extension, Lady Irwin College,
University of Delhi, Delhi.       aprajita_sharma11@hotmail.com
2Professor, Department of Development Communication and Extension, Lady Irwin College, University
of Delhi.       aparna.khanna@lic.du.ac.in
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Indian Handlooms: Present Scenario and 		
Future Directions

Ashima Anand & Seema Sekhri

Abstract

Indian handloom textiles are the most exquisite, diverse, versatile sustain-
able products made with excellent craftsmanship. These have a history of 
more than 5000 years. Each state of India offers a unique handloom prod-
uct produced by incorporating a weaving technique of its own. Handloom 
is one of the oldest and largest employment sector, after agriculture. Re-
sponsible for employing lakhs of weavers and allied workers, it has been 
an important contributor to India’s economy. Despite its many advantag-
es, this sector is facing huge challenges which are affecting its growth and 
have a direct bearing on its sustenance. This essay focuses on the vision of 
the Government of India towards strengthening the handloom sector for 
its unprecedented development through its institutional support and ini-
tiatives and its ways forward.

Keywords : Government Initiatives for Handlooms; Handloom Future 
Prospects; Handloom Scenario; Indian Handlooms.

Introduction

Indian handloom textiles are the treasure trove of the Indian subcontinent 
where each region offers one of its kind textiles. The textiles produced in 
each part of the country have been very well adapted to suit the climate. 
Influences of culture and location can be seen in the vibrant textures and 
the exclusive handloom weaves of each region. The history of handlooms 
dates back to the Indus Valley civilization. The discovery of bone needles, 
wooden spindles, and woven cotton fragments at the excavation sites of 
Harappa and Mohenjo-Daro suggest the antiquity of the tradition of hand 
spinning and weaving. References to weaving have been made in the Ve-
das and Upanishads. The ancient Hindu epics, the Ramayana and the Ma-
habharata mention a variety of fabrics in vogue during those times (Rana, 

71

75



Future Foods 5 (2022) 100116 

Contents lists available at ScienceDirect 

Future Foods 

journal homepage: www.elsevier.com/locate/fufo 

Effect of 𝛼-dl tocopherol acetate (antioxidant) enriched edible coating on 

the physicochemical, functional properties and shelf life of minimally 

processed carrots ( Daucus carota subsp. sativus ) 
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a r t i c l e i n f o 

Keywords: 

Antioxidant 

Edible coating 

Minimally processed carrots 

Physicochemical properties 

Functional properties 

Shelf life extension 

a b s t r a c t 

The present study was carried out to investigate the effect of varying sodium alginate-based edible coating (1, 2, 

and 3 %, w/v) supplemented with 𝛼- tocopherol acetate (antioxidant) at different concentrations (0.5 and 1 % 

w/v) on minimally processed carrot slices during 15 d storage at 10 °C and 65 % relative humidity. Seven different 

formulations (T 1 - T 7 ) comprising different alginate and antioxidant combination were tested for selecting the best 

formulation maintaining the physicochemical attributes, antioxidant potential, carotenoid content, and overall 

acceptability (microbial counts) of carrot slices. Treatment T 4 (2% sodium alginate + 1% 𝛼-tocopherol acetate) 

served as the best formulation in maintaining the quality, acceptability, nutritive value of minimally processed 

carrots. The T 4 treated carrot samples showed minimum variation in weight loss, TSS, pH, whiteness index, 

reducing sugar, ascorbic acid content, TPC, antioxidant activity, total carotenoids, total aerobic bacterial count 

and yeast and mold counts, respectively in comparison to other treatments during storage. The statistical analysis 

also confirmed the significant (p < 0.05) variation in physicochemical properties, antioxidant potential, carotenoid 

content and microbial count in control samples than edible coating formulations during storage. 

1. Introduction 

Carrot ( Daucus carrota subsp. sativus ) is a root vegetable, usually or- 

ange in color, though purple-black, red, white and yellow cultivars exist. 

It is a domesticated form of wild carrot D. carrota , native to Europe and 

southwestern Asia. It is one of the most popular consumed vegetables 

and is in demand throughout the year. Its roots contain high quantities 

of 𝛼- and 𝛽-carotene and are a good source of vitamin K, vitamin B6, phe- 

nolic compounds ( Alasalvar et al. 2001 ). Consumption of carrots helps 

in lowering cholesterol, risk of heart attacks, anticancer effects, reduces 

signs of premature aging. It is also enriched in phenols like chlorogenic, 

hydroxyl cinnamic acids (caffeic acid, coumaric acid, ferulic acid), and 

anthocyanins ( da Silva Dias, 2014 ). In todays’ era, minimally processed 

produce, for example, fresh cuts fruits and vegetables are in more de- 

mand than whole produce due to an increase in health consciousness 

and purchasing power of the consumers ( Condurso et al. 2020 ). But 

the maintenance of the quality of fresh produce is still a major chal- 

lenge for the food industry. To maintain and preserve its fresh quality 

for a longer duration there is a need to develop preservation technolo- 

∗ Corresponding author. 

E-mail address: abhi_itbhu80@rediffmail.com (A.D. Tripathi). 

gies such as edible coating, refrigeration and plastic packaging with 

an idea to effectively enhance the shelf life and preserve the nutri- 

tional and physicochemical attributes of fresh-cut produce ( Cha and 

Chinnan 2004 ; Vu et al. 2011 ). Certain processing measures, such as 

removing the skin from the surface or altering the size of fruits and 

vegetables lead to nutrients loss, accelerated enzymatic reactions, rapid 

microbial growth, color change, texture change and weight losses, re- 

sulting in quality deterioration of the product. Preservation strategies 

based on low-temperature storage, controlled and modified atmosphere 

packaging and edible coatings have been previously used to extend the 

shelf life of fresh produce ( Parreidt et al. 2018 ). Edible coatings based 

on alginate, chitosan, and other biopolymers have advantages, as they 

act as moisture and gas barriers to control the microbial growth, pre- 

serve the color, texture and also enhanced the shelf life of the prod- 

uct ( Nísperos-Carriedo et al. 1992 ; Petriccione et al. 2015). Alginate 

based edible coatings possess good film-forming properties and mini- 

mizes weight loss, maintain firmness and extend the shelf life of fruits 

and vegetables ( Amanatidou et al. 2000 ; Senturk Parreidt et al. 2018 ; 

Sarker and Grift, 2021 ). Alginate and gellan based coating acts as a tex- 

ture enhancer and maintains the initial firmness of fruits during refrig- 

erated storage ( Rojas-Grauet al., 2007a , 2007b and Tapia et al. 2008 ). 

The problems associated with the minimally processed carrots include 

https://doi.org/10.1016/j.fufo.2022.100116 
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Review Article 

Food fortification strategies to deliver nutrients for the management of iron 
deficiency anaemia 

Naman Kaur a, Aparna Agarwal b,*, Manisha Sabharwal a 
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A R T I C L E  I N F O   

Keywords: 
Iron deficiency anaemia 
Conventional fortification 
Iron compounds 
Food-to-food fortification 
Iron rich foods 
Underutilised crops 

A B S T R A C T   

A rising trend in the global prevalence of anaemia is still prevailing. To combat micronutrient deficiencies, World 
Health Organisation/Food Agriculture Organisation (2006) guidelines recommended four chief strategies – 
supplementation, fortification, nutrition education and dietary diversity. Of the four strategies, food fortification 
has been considered as the most efficacious and economical approach. However, it is the directives themselves 
that highlight two major bottlenecks associated with conventional fortification - uniform dissemination of the 
fortifier in food vehicle that mostly include staple foods, and internal and external compliance evaluation of 
fortification regulations and standards by the producers. As a result, researchers envisaged a new strategy - Food- 
to-food fortification that complements conventional fortification. This strategy involves fortification of food 
vehicles with nutrient-rich food-based fortifiers. The major advantage of utilising food-based fortifiers is that 
they hold the potential of enhancing the bioavailability of the fortified food and providing additional nutrients 
and thus, resulting in dietary diversification. It also facilitates the utilisation of underutilised crops as food-based 
fortifiers. Underutilised crops have been recognised as potential beneficial food source accounting to their 
nutritional, ecological, and fiscal benefits. This review paper delves into the strengths and shortcomings of 
conventional iron fortification. It delineates the concept of food-to-food fortification, while precisely discussing 
about the best practices to be followed to address the possible challenges associated with this strategy. It also 
promotes the utilisation of underutilised iron rich foods to develop fortified foods and avert global food inse
curity. Furthermore, it provides a summary of the studies conducted around the world to develop fortified foods 
using iron compounds and iron-rich foods, and to investigate their efficacy in managing iron deficiency anaemia.   

1. Introduction 

Anaemia is a condition diagnosed by reduced levels and atypical 
morphological characteristics of erythrocytes, or by insufficient blood 
haemoglobin (Hb) levels in the human body. The reduced Hb levels have 
been recognised as a causal factor for an inadequate oxygen supply in 
the human body. This has been ascribed to suboptimal production of 
erythrocytes (erythropoiesis), amplified erythrocyte annihilation, loss of 
blood, or due to combination of all these aspects (da Silva Lopes et al., 
2018). World Health Organisation (WHO) defines anaemia as Hb levels 
less than 13.0 g/dl in men and less than 12.0 g/dl in women of repro
ductive age (WRA) (World Health Organization, 1972). The global 
burden of anaemia among all age groups was reported to have dropped 
by 4.2 percentage points, i.e., from 27% in 1990 to 22.8% in 2019 
(Gardner and Kassebaum, 2020). Although, the global prevalence has 

declined over nearly three decades, a rise in the total number of anaemia 
cases by 0.32 billion, that is from 1.42 billion cases (1990) to 1.74 billion 
cases (2019) was reported. In 2019, the maximum burden of anaemia 
was reported in children below the age of 5 years (39.7%). The global 
age-standardised point prevalence of mild, moderate, and severe 
anaemia was reported as 54.1%, 42.5% and 3.4% cases, respectively. 
Furthermore, global anaemia was accounted for 58.6 million Disability 
Adjusted Life Years in 2019. Reportedly, the maximum age-standardised 
point prevalence of anaemia was found in Western [40977.0 (95% UI: 
39,789.3–42,154.8)] and Central [36861.4 (95% UI: 35,218.3–38, 
434.2)] Sub-Saharan Africa as well as South Asia [41646.1 (95% UI: 41, 
034.3–42,208.3)] (Gardner and Kassebaum, 2020). Based on National 
Family Health Survey (NFHS) – 4 (2015–16), anaemia affected 53% 
WRA (15–49 years), 23% men and 50% pregnant women in India. 
During the same period, Government of India committed to Global 
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Abstract: In addition to the standard healthy diet needs,
balance food is taught to be a healthier diet that will promote
human health. It’s also known as functional food, which is food
that clearly claims to have health advantages as well as the ability
to enhance the immune system. Yoghurt is a fermented dairy
product that is in great demand for its nutrient content, bacterial
activity and wide product range in terms of flavours and textures.
In this study, physicochemical, microbiological and sensory
differences of probiotic set yoghurt incorporated with different
concentration of Jaggery were evaluated, as well as the changes
taking place during storage at 4°C for 21 days. During the storage,
the addition of jaggery improved survival of Lactobacillus
delbrueckii subspecies bulgaricus (ABT-7) and Streptococcus
thermophiles (YoFlex Express 1.0) from CHR HANSEN, Denmark
were used as starter culture for yogurt preparation. All yogurts
exhibited a decrease in pH accompanied by an increase in
titratable acidity during storage. Therefore, this study revealed
that jaggery could be used to produce probiotic set yoghurt with
improved physicochemical, microbiological and sensorial
attributes.

Keywords: Jaggery; Milk; Microbial Analysis;
Physicochemical; Sensorial; Yoghurt

Introduction

Sugarcane (Saccharum spp.) is a major cash crop grown in more
than hundred nations, mostly for sugar and bioethanol. Despite
the fact that India is the world’s second largest producer of
sugarcane, after Brazil, its output must be increased to meet the
growing need for renewable energy and green energy (Aguiar et
al. 2016). Sugarcane is extremely important to the country’s
economy. In 2018, 79.9% of India’s total sugarcane production
went into the manufacturing of white sugar, 11.29 percent went
into the production of jaggery, and 8.80 percent went into seed
and feed materials. Jaggery, also known as Gur, is an unrefined,
unpurified sugar that has been consumed throughout the Asia,
Africa, Latin America, and the Caribbean for thousands of years
(Pandraju et al. 2021; Revathy et al. 2021; Rao and Singh, 2021).
According to FSSAI (2018), “Gur or Jaggery means the product
obtained by boiling or processing juice pressed out of sugarcane
or extracted from palmyra palm, date palm or coconut palm”. It is
natural sweetener with win fragrance and flavour.  A quality
jaggery is golden yellow in colour, hard in texture, crystalline in
structure, sweet in taste and low in moisture. A good quality
Jaggery/Gur contains over 70% sucrose, below 10% glucose and
fructose (invert sugars), less than 5% minerals and under 3%
moisture (Ghosh et al. 1998). Most of traditional sweets use
jaggery as a sweetener. Jaggery has number of advantages in
comparison to conventional table sugar as it is, high in minerals
like calcium, potassium, and magnesium (Chandrakanth et al. 2019).
Magnesium, which is contained in jaggery, has been shown to
improve our neurological system, help with muscular relaxation,
reduce fatigue, and protect our blood vessels. Magnesium, when
combined with selenium, acts as an antioxidant, scavenging free
radicals from our body. Jaggery contains potassium and a trace
of sodium, which aid in the maintenance of the acid–base balance
in our cells, as well as the regulation of acids, acetone levels, and
blood pressure. It is a good source of iron and helps to prevent
anaemia (Jaffe, 2012). Thus, jiggery  contains variety of nutrients
that are essential for growth and maintenance of human body.
(Shori et al.  2021). However, in the majority of sweet items such
as bread, confectionery, dairy, and beverages, the processed food
industries mainly relies on refined sugar as a sweetener and
bulking agent. Milk and Milk products have been an important
part of Indian culture because of their health-promoting properties
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Abstract: Kulfi is a traditional Indian frozen dessert with
nutritional significance but, lacks therapeutic properties. Kulfi
can be used as a vehicle for probiotics and prebiotics, with the
added advantage of being appreciated by the people of all age
groups. This study involves the production of kulfi by
incorporating probiotic culture of Lactobacillus acidophilus La-
5 (107 – 108 CFU/g) and tomato juice (prebiotic) (25% and 37.5%)
to enhance its functional value and create a synbiotic system.
The effect of tomato juice concentration was evaluated for
physiochemical properties, culture’s survival, and sensory
characteristics. Data revealed a reduction in pH of kulfi variants
with high tomato juice concentration. It was also found that, the
probiotic tomato kulfi variants (25% and 37.5% variants)
possessed high acidity (0.225% and 0.216%) and sucrose content
(13.98% and 13.50%), respectively. The protein content was found
to remain constant in all the kulfi variants, indicating no
association between probiotic culture, tomato and kulfi. A
decrease in fat content was observed with an increasing
concentration of tomato juice. A reduction in viable counts was
noted in 25% and 37.5% kulfi variants during one week of frozen
storage. All kulfi variants received a fair score in the organoleptic
evaluation, however, probiotic kulfi containing 25% tomato juice
attained the highest score for all the parameters. Hence, proving
that the incorporation of probiotic culture and tomato not only
enhanced the nutritional properties of the kulfi, but also improved
the sensory properties of the product.

Keywords: Kulfi, Lactobacillus acidophilus, Probiotic,
Tomato, Value-addition,

Introduction

Kulfi, or Malai-ka-baraf, a traditional Indian frozen dairy-based
dessert which is an Indian analogue of ice cream, is the most
savoured frozen dessert attributing to its palatability as well as
low cost (Aneja et al. 2002). The chief difference between ice
cream and kulfi is that the former is whipped with air or overrun,
while the latter is not and hence, comprises no air (Kumar et al.
2017). Traditionally, kulfi is prepared using sweetened milk
(containing 20-25% added sugar and concentrated to about half
of its volume) and malai/cream, crushed nuts (almonds and
pistachios) as well as flavouring ingredients (vanilla and/or rose
essence. Subsequently, the prepared mix is poured and frozen in
small conical shaped containers till consumption (Siva et al. 2019).
At industrial level, a kulfi mix is composed of milk fat (10-16%),
milk solids-not-fat (9-12%), sucrose (9-12%), corn syrup solids
(4-6%), stabilizers/ emulsifiers (0-0.5%), total solids 36-45%, and
water 55-64% (Kumar et al. 2017).

In the recent past, sociodemographic transition across the globe
has resulted in major modifications in the dietary behaviours and
health index of populations of both developed and developing
countries. Reportedly, over the past few decades, global
consumption of diets high in fat, especially saturated fat, low in
unrefined carbohydrates, free sugars or salt/sodium has
increased, in comparison to consumption of fruit, vegetables
and dietary fibre (Agarwal et al. 2016; World Health Organization,
2015). This trend has resulted in the rising prevalence of various
metabolic disorders, cancers, and other ailments. Considering
these challeneges, the scientists are now aimed at developing
functional foods that possess nutritive and therapeutic values
(Putnik et al. 2018; Granato et al. 2020). Various studies conducted
in past few years have emphasised on the significance of fruits,
vegetables, whole grains, pre-and probiotics in mitigating several
ailments. This has subsequently contributed to the burgeoning
of the functional food market. A functional food may be defined
as a food to which a component has been supplemented
(macronutrient, micronutrient, phytochemicals or probiotics) or
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Autism spectrum disorder is a neurodevelopmental disorder characterized by 
impaired social and communication skills and repetitive and restricted behaviors 
or interests. No exact cause has been determined that may be responsible for its 
occurrence. However, genetic and environmental factors could be responsible 
for this disorder. Autism spectrum disorder is one area where little research has 
been done regarding mealtime behavior and increasing prevalence of this disorder 
indicated a dire need to study this area. The study aimed to observe the mealtime 
behavior of 15‑year‑old adolescent boy during his mealtime and understanding 
the factors that might be responsible for the idiosyncratic mealtime behavior. 
Nonparticipatory observation method was used for about 1  month, and data were 
collected till the point of saturation, where the data collection process no longer 
offered any new or relevant data. Speech impairment, restricted interest, vestibular 
difficulties, interference, sensory issues, lack of social interest, and self‑absorbed 
behavior were some of the factors that might be responsible for his idiosyncratic 
behavior during mealtimes. The study recommended that nutrition‑based 
intervention programs must be initiated by the professionals as early as possible 
to minimize the effect of such factors during mealtime of people with autism 
spectrum disorder.

Keywords: Adolescence, idiosyncratic behavior, mealtime, sensory difficulties, 
and autism spectrum disorder
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mealtime challenges that make them more prone to 
nutritional deficiencies. Nutrition is an important aspect 
in every age group, especially in childhood because it 
is related to growth and development and also interferes 
in health and illness. Way of eating, the preferred types 
of food represent their mealtime behavior.[1]  Autism 
spectrum disorder is a neurodevelopmental disability 
that may affect nutritional management of children 
with this disorder as they are especially, at higher risk 
of malnutrition, since poor nutrition can often lead 
them to be either overweight or underweight due to 
limited nutrient intake.[2] Evidence indicated that eating 
problems at five times more among children with 

Case Report

Introduction

Autism spectrum disorder is a group of 
neurodevelopmental disorder characterized by 

deficits in mainly three areas, i.e., communication, 
social interaction, and repetitive and restricted 
behaviors  (Centre for Disease and Control  (CDC) 
Prevention, 2016). Diagnosis of autism spectrum disorder 
has been made at the age of 2 years by the experienced 
professionals. No single cause has been determined that 
is responsible for its occurrence. There may be several 
reasons that make a child more sensitive to have autism 
spectrum disorder including environmental, genetic, and 
biological reported by CDC. About one in 54 children 
has been identified with autism spectrum disorder 
according to the estimates from CDC’s Autism and 
Developmental Disabilities Monitoring Network, 2016. 
Boys are four times more prone to have autism spectrum 
disorder than girls. Research highlights that children 
who are on the autism spectrum can present with unique 
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Abstract
Global success case analyses have identified factors supporting reductions in stunting across countries; less is known about 
successes at the subnational levels. We studied four states in India, assessing contributors to reductions in stunting between 
2006 and 2016. Using public datasets, literature review, policy analyses and stakeholder interviews, we interpreted changes 
in the context of policies, programs and enabling environment. Primary contributors to stunting reduction were improvements 
in coverage of health and nutrition interventions (ranged between 11 to 23% among different states), household conditions 
(22–47%), and maternal factors (15–30%). Political and bureaucratic leadership engaged civil society and development 
partners facilitated change. Policy and program actions to address the multidimensional determinants of stunting reduction 
occur in sectors addressing poverty, food security, education, health services and nutrition programs. Therefore, for stunting 
reduction, focus should be on implementing multisectoral actions with equity, quality, and intensity with assured convergence 
on the same geographies and households.

Keywords  Stunting · Multisectoral actions · Nutrition interventions · Household conditions

1  Introduction

Globally, the past decade has witnessed an unprecedented 
focus on undernutrition, particularly on stunting, which 
gained traction with the extension of ambitious World 
Health Assembly's (WHA) 2012 nutrition target of 40%  

reduction in the number of children under 5 who are stunted 
(World Health Organization, 2014) by its inclusion into the 
Sustainable Development Goals (United Nations, 2015). This  
in turn created demand for guidance on achieving stunting 
reduction at the national and subnational levels.

There is an extensive body of literature examining vari-
ous determinants of stunting. Analyses based on large-scale 
data sets have found that stunting is associated with mater-
nal stature (Li et al., 2020; Wali et al., 2020) and education 
(Dorsey et al., 2018; Li et al., 2020; Subramanyam et al., 
2010), household wealth (Li et al., 2020; Subramanyam 
et al., 2010) and sanitation status (Larsen et al., 2017) 
across multiple countries and in India. Recent evidence 
from various geographies indicates changes in a combina-
tion of these determinants contributed to improvements in 
height-for-age Z scores (HAZ). For example, improvements 
to maternal and newborn health had contributed to 28% 
change in HAZ in Senegal (Brar et al., 2020) and in Peru 
(Huicho et al., 2020) but only 11.5% in Nepal (Conway 
et al., 2020). Improved maternal nutrition contributed to 
26% change in HAZ in Peru (Huicho et al., 2020), but only 
5% in Ethiopia (Tasic et al., 2020), and parental education 
contributed to 25% change in HAZ in Nepal (Conway et al., 
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between 20-70 years of age are diabetic[4]. Recently released

National Family Health Survey-4 (NFHS 4) reports have

highlighted that 6% women and 8% men between the age of

18-49 years have blood glucose level more than 140 mg/dl[5].

Knowledge plays a vital role in any future disease development

and its early detection and prevention. Good knowledge,

attitude and practice and self-efficacy (KAP, SE) are important

© 2022 International Journal of Food and Nutritional Sciences
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ABSTRACT Background: Type 2 Diabetes is one of  the leading causes of  morbidity and mortality in India and
globally. Increasing awareness towards diabetes management at early stage is extremely important to
develop better practices in the area of diabetes management. The present study was conducted to
determine the knowledge, attitude, practices and self-efficacy of type 2 diabetes patients towards dietary
and lifestyle factors, attending private Diabetes clinics in Delhi, NCR. Material Methods: The study
was conducted on 100 newly diagnosed diabetic subjects, using pre-tested questionnaires. The
questionnaire was designed to assess the socio-demographic, knowledge (DKQ), attitude (DAS), practices
and self-efficacy (DSES) of patients with type 2 diabetes. Data was analyzed using t-test, one way
ANOVA and multiple regression to understand the determinants of  knowledge, attitude, practices and
self-efficacy in patients with type 2 diabetes. Results: 100 T2 DM patients comprising 73 males and 27
females. Patients obtained score 13.16±4.18 out of 24 in knowledge assessment, 3.56±0.2 out of
maximum 5 in attitude scale. Patients had suboptimal practices when compared to guidelines and
obtained score of 6.02±1.57 out of maximum 10 in Diabetes self-efficacy scale. Use of internet is found
to be positively associated with attitude with coefficient of 0.1 (CI 0.03-0.22). Educational qualification
of study participants was associated with greater self-efficacy with coefficient of 0.38 (CI 0.008-0.76).
Conclusion: Thorough and continuous patient education is required to bring changes in the knowledge
and practices of patients and increase their self-efficacy towards type 2 diabetes management.

Keywords: Digital technology, Digital nutrition platforms, Artificial Intelligence, Cloud based digital
health solution, Hand-held device users, Personalized nutrition

1. INTRODUCTION

Diabetes is one of the largest health emergencies of the 21st

century with a worldwide prevalence of 422 million[1]. It is

predicted by International Diabetes Federation (IDF) that

this number will reach 642 million by 2040, i.e. one in every

ten adults[2] (International Diabetes Federation, 2017). The

largest increase is taking place in regions where economies are

moving from low- to middle-income levels. About 75% of

people with diabetes live in low- and middle-income countries

(LMIC)[3]. In India, an estimated 8.7% of the population
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Impact of pretransplantation malnutrition risk on the clinical 
outcome and graft survival of kidney transplant patients

Impacto do risco de desnutrição pré-transplante no desfecho clínico 
e na sobrevida do enxerto de pacientes transplantados renais

Introdução: A prevalência de pacientes 
desnutridos antes do transplante e a 
influência da desnutrição nos desfechos 
do enxerto e do paciente permanecem 
subestimadas, embora estejam associadas 
a maior morbimortalidade pós-operatória. 
Este estudo buscou desenvolver uma 
ferramenta simples de triagem nutricional 
e avaliar o impacto do estado nutricional 
no desfecho clínico, sobrevida do enxerto 
(SE) e risco de mortalidade em pacientes 
transplantados renais (PTR). Métodos: 
Neste estudo de coorte retrospectivo 
incluindo 451 PTR, desenvolvemos um 
escore usando medidas antropométricas, 
clínicas e laboratoriais tomadas na 
avaliação pré-transplante. Os pacientes 
foram estratificados em 3 grupos segundo 
a pontuação final: G1 (0-1 ponto) = baixo 
risco, G2 (2-4 pontos) = risco moderado e 
G3 (>5 pontos) = alto risco de desnutrição. 
Eles foram monitorados por pelo menos 1 
a 10 anos após o transplante. Resultados: 
Os 451 pacientes foram estratificados 
em G1, G2 e G3, que consistiram em 90, 
292 e 69 pacientes, respectivamente. Os 
pacientes do G1 mantiveram os menores 
níveis de creatinina sérica na alta hospitalar 
em relação aos demais (p = 0,012). A 
incidência de infecção nos pacientes do G3 
foi maior que nos pacientes do G1 e G2  
(p = 0,030). Os pacientes do G3 apresentaram 
SE pior do que os pacientes do G1 (p = 
0,044) e um risco quase três vezes maior de 
perda do enxerto (HR 2,94; IC 95% 1,084-
7,996). Conclusões: PTR com maior escore 
de risco de desnutrição foram associados a 
piores desfechos e menor SE. A ferramenta 
de triagem nutricional é fácil de usar na 
prática clínica para avaliar pacientes em 
preparação para transplante renal.
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Descritores: Transplante de Rim; 
Desnutrição; Avaliação Nutricional; Diálise 
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Introduction: The prevalence of malnourished 
patients before transplantation and the 
influence of malnutrition on graft and patient 
outcomes remain underestimated, despite 
being associated with higher postoperative 
morbidity and mortality. This study aimed 
to develop an easy nutritional screening tool 
and evaluate the impact of nutritional status 
on clinical outcome, graft survival (GS) and 
mortality risk in kidney transplant patients 
(KTP). Methods: In this retrospective cohort 
study including 451 KTP, we developed 
a score by using anthropometric, clinical, 
and laboratory measures performed in 
the pretransplant evaluation. The patients 
were stratified into 3 groups according to 
the final score: G1 (0 or 1 point)=low risk, 
G2 (2 to 4 points)=moderate risk, and G3 
(>5 points)=high risk of malnutrition. The 
patients were monitored after transplantation 
at least 1 to 10 years. Results: Stratifying 
the 451 patients based on the pretransplant 
risk score, G1, G2, and G3 were composed 
of 90, 292, and 69 patients, respectively. 
Patients from G1 maintained the lowest 
serum creatinine levels at hospital discharge 
when compared with others (p = 0.012). The 
incidence of infection in the patients from 
G3 was higher than patients from G1 and 
G2 (p = 0.030). G3 recipients showed worse 
GS than G1 patients (p = 0.044). G3 patients 
showed almost threefold higher risk for 
graft loss (HR 2.94, 95% CI 1.084-7.996). 
Conclusions: KTP with higher malnutrition 
risk score were associated with worse 
outcomes and GS. The nutritional screening 
tool is easy to be used in clinical practice 
to evaluate the patient in preparation for 
kidney transplant.
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Abstract
Objective: High burden of anaemia exists amongst rural adolescent girls in India.
The objective of this study was to characterise anaemia in school going adolescent
girls in rural Haryana, India.
Design: Linear and multiple logistic regression analysis of data collected prior
to an intervention trial was conducted. Participants were classified into anaemic
(haemoglobin <12 g/dl) and non-anaemic group and were further classified
into deficiencies of Fe, folate or vitamin B12, mixed, anaemia of other causes
and inflammation.
Setting: Three schools in Ballabgarh block of Faridabad District, Haryana, India.
Participants: One hundered and ninety-eight non-anaemic and 202 anaemic
adolescent girls (12–19 years).
Results: Anaemic girls had 29·6 % Fe deficiency, 28·1 % folate or vitamin B12 defi-
ciency, 15·8 % mixed deficiency and 9·7 % acute inflammation. Anaemia of other
causes was found in 16·8 % of the anaemic participants. Girls with Fe and isolated
folate deficiency had 2·5 times and four times higher odds of developing anaemia,
respectively, as compared with non-anaemic girls. Fe deficiency with no anaemia
was found amongst 11 % non-anaemic girls. Non-anaemic girls had a high
prevalence of combined deficiency of folate or vitamin B12 (29·5 %) and acute
inflammation (14·4 %).
Conclusions: The current strategy of Fe and folic acid supplementation alone will
not suffice for achieving the desired reduction in the prevalence of anaemia as
unknown causes and anaemia of inflammation contribute to a substantial propor-
tion of anaemia. Integrating other nutrition-specific components like improving
water, sanitation and hygiene practices with the ongoing micronutrient supple-
mentation program will comprehensively tackle anaemia. Unknown causes of
anaemia warrant further research.
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Anaemia in adolescent girls is a major public health
problem in India with 40 % being afflicted(1). Adolescent
girls are vulnerable to anaemia due to regular loss of Fe
through menstrual blood in addition to the overall acceler-
ated increase in requirements for Fe due to rapid pubertal
growth. Functional consequences of anaemia on growth
and development occur even at mild levels or prior to onset

of clinical stage of anaemia, making it the third leading
cause of disability in the world(2).

Some recent evidence challenges the earlier notion that
Fe deficiency is the predominant contributor to anaemia
globally(3,4). Estimates suggest that less than half the cases
of anaemia are due to Fe deficiency, and the other causes
are unknown(3–5). Anaemia due to inflammation has been
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Citrus species exhibit many important natural bioactive compounds, such as ascorbic acid, essential oils, and antioxidant substances. Citrus esse
complex mixture of volatile and non-volatile compounds obtained from the citrus fruit peel, which are discarded as waste. These citrus peels are a r
essential oils having medicinal benefits such as antioxidant, anticancer, antidiabetic, and anti-inflammatory properties. An experiment was carried o
species (Citrus reticulata cv. (kinnow) and Citrus X sinensis (orange)) peel powder to study the essential oil composition. The kinnow and orange 
using the sun and tray drying method and were compared. The peel powder obtained by sun and tray drying was tested for antioxidant activity (DPP
activity, and ascorbic acid activity). The essential oil was extracted from peel powder using a sustainable hydro-distillation technique. The results re
highest yield was obtained in tray-dried orange peel powder (9.98%), followed by tray-dried kinnow peel powder (9.70%). The bioactive compositio
essential oils was analyzed by gas chromatography-mass spectrometry (GC-MS). The kinnow and orange peel essential oil composition was pred
limonene, terpenoids, and sesquiterpenes, enhancing its medicinal value. Thus, this study developed a green, sustainable, and eco-friendly hydro-d
for citrus essential oil extraction.
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Scope, nutritional aspects, technology, and consumer
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Highlights

• The paper reviews about the Scope, nutritional aspects, technology, and

consumer preferences toward seafood alternatives.

• Consumer needs for seafood alternatives and plant proteins for mimicking sea

foods.

• Fungi: source of protein as a sea food alternative.

• Functional ingredients in manufacture and production of seafood alternatives.

• Technology for structuring seafood alternatives.

• Consumer preferences towards these products.

Abstract

Sustainability, human health, and animal welfare are three broad areas that pose a greater impact on

mankind. The increased consumption of animal-based foods such as fish or seafood has threatened the

ecosystem due to rising greenhouse gas emissions, biodiversity loss, diseases, and consumption of toxic

metals contained in fish by cause of water pollution. This has led to increased awareness among consumers

to adopt seafood alternatives for a sustainable future. It is also not well known whether consumers are

ready to switch from traditional seafood towards a safer and sustainable seafood alternative. This

encourages the in-depth study of the scope of seafood alternatives in consumers' food choices. This study
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pathogenicity. The novel coronavirus infection is mainly 
due to Severe Acute Respiratory Syndrome Coronavirus-2 
(SARS-CoV-2) and affects the respiratory system. The 
evidence-based treatment of COVID-19 has supported the 
statement that a more robust immune system helps fight 
against this novel virus (Rastogi et al. 2020). Our daily food 
habits relate to boosting our immune systems.

Coronaviruses (CoV) can be classified as Alpha-CoV, 
Beta-CoV, Gamma-CoV, and Delta-CoV (Li 2016). Scien-
tists have reported six various human CoVs, which involve 
Alpha-CoV (HCoV-NL63 and HCoV229E) and Beta-CoV 
(SARS-CoV and MERS-CoV) (Tang et al. 2015). SARS-
CoV-2 is a novel β-coronavirus that is different from the 
previously identified SARS-CoV (Severe Acute Respiratory 
Syndrome Coronavirus) outbreak in 2002 and the Middle 
East Respiratory Syndrome Coronavirus (MERS-CoV) out-
break in 2012 that was responsible for the pulmonary failure 
and lethal respiratory-tract infections (Zhang et al. 2020). 
The genomic sequence of the SARS-CoV-2 shows a 96.2% 
resemblance to the SARS-CoV (Astuti and Ysrafil 2020). 
The symptoms are fever, cough, sore throat, muscle pain, 

Introduction

Since December 2019, the whole world has faced an out-
break of COVID-19 (novel coronavirus disease-2019), 
starting and reporting in Wuhan, China. The World Health 
Organization (WHO) declared this novel virus a pandemic 
on March 11, 2020, because of its high transmissibility and 
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Abstract
The recent pandemic, the novel coronavirus (COVID-19), has put the whole world on alert with the threat of the virus 
that targets the human respiratory system. The disease has affected more than 633.6 million people globally and caused 
6.5 million deaths since November 18, 2022. About 12.94 billion people are vaccinated as of November 18, 2022. Due 
to varied climatic conditions, SARS-CoV-2 has shown rapid mutation in recent years. Because of the lack of appropriate 
therapeutic drugs, inadequate diagnostic mechanisms, life-supporting medical facilities, and lack of awareness, the spread 
of SARS-CoV-2 has become severe. Thus, the most efficient strategy to control this disease is to follow preventive mea-
sures. However, treating SARS-CoV-2 cases in Wuhan using traditional Chinese herbs has set an example to show how 
traditional health can contribute to treating this novel virus. Medicinal herbs are known for their antimicrobial, antibacte-
rial, antiviral, immunomodulatory, immunoadjuvant, and anti-inflammatory properties. These medicinal herbs are used 
during cooking and consumed regularly worldwide. In this view, medicinal herbs gained evident attention. These herbs can 
serve as a potential and economical remedy for combating the lethal effects of COVID-19. The present review highlights 
the phytochemicals and their mechanisms of action in preventing SARS-CoV-2.

Keywords  COVID-19 · SARS-CoV-2 mode of action  · Medicinal herbs · Antioxidant and functional attributes  · 
Immunomodulator · Antiviral
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