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ABSTRACT
Malnutrition, including undernutrition, micronutrient deﬁciency, and overnutrition, remains one of the biggest challenges
to global development. Many types of approaches were suggested to achieve a balanced diet; like food fortiﬁcation,
biofortiﬁcation, and dietary diversiﬁcation. Dietary diversiﬁcation is a more practical approach to full ﬁll the daily
needs of nutrients at the community level. The main objective of the study was to encourage diversiﬁcation in the diet
through Local nutritional solutions to improve the nutritive value of the diet. The 491 individuals were included in the
study from 128 randomly selected rural HHs from Kannauj and Banda district of Uttar Pradesh state. A total number
of sixteen nutrients were evaluated as dependent variables and one independent (Individual Dietary Diversity Score)
variable. To improvement in the dietary diversity score, an intervention schedule was prepared with the help of booklets,
posters, videos, charts, and personal counseling. A signiﬁcant diﬀerence between controlled and intervention groups was
found for 11 nutrients out of 16 nutrients. All 11 signiﬁcantly improved nutrients belonged to the micronutrients category.
The Individual Dietary Diversity Score of controlled groups was 4.31 and the same score of the intervention group was
5.28, with a signiﬁcant diﬀerence (p-values <0.001). The intake of phosphorus, magnesium, and sodium exceeded the
Recommended Dietary Allowances, with NAR 1.82, 2.14, and 2.42, respectively. Five nutrients (calcium, vitamin-A,
potassium, riboﬂavin, vitamin-C) consumed less than 75 per cent of the prescribed amount in the control group, and the
same in the intervention group was three (calcium, vitamin-A, potassium).
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alnutrition has been used to describe a
deﬁciency, excess, or imbalance of a wide
range of nutrients, resulting in a measurable adverse
eﬀect on body composition, function, and clinical
outcome (Bhandari et al., 2015). Insuﬃciencies in the
intake of micronutrients like vitamins and minerals
are often referred to as hidden hunger (Hwalla et al.,
2017). Micronutrients enable the body to produce
enzymes, hormones, and other substances that are
essential for appropriate growth and development.
According to the Food and Agriculture Organization
of the United Nations (2010), Dietary diversity (DD),
an important component of diet quality, is associated

with an increased probability of adequate micronutrient
intake. The consumption of a varied and balanced diet
is essential for current and future well-being aﬀected
by nutrient inadequacy in increased susceptibility
to diseases and impaired growth, development,
and productivity (Reber et al., 2019). The Dietary
Diversity Score (DDS) is currently used as an indicator
of micronutrient adequacy. According to the Indian
Council of Medical Research (2017), since solitary
food cannot provide all essential nutrients for ideal
health, consuming a suitable combination of various
foods helps ensure nutrient adequacy (Swaminathan et
al., 2013). DDS quantiﬁes the number of food items or
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food groups consumed over a reference period, can be
measured in the Household (HH) or at an individual
level, and has long been recognized as a critical portion
of diet quality (Deka et al., 2015). The agriculture

scenario of Uttar Pradesh state is very well, and the
farmers have grown several types of crops in their
fertile land (Parthasarathi et al., 2019). Therefore,
this is important to provide an intervention to
encourage a diverse diet to improve the diet’s
nutritional value (Naveenkumar et al., 2020).
The main objective of this study was to encourage
diversiﬁcation in the diet through Local Nutritional
Solutions to improve the nutritive value of the diet.
The Nutrient Adequacy Ratio (NAR) has been used to
measure the improvement in the intake of nutrients after
interventions. A NAR is the ratio of a subject’s nutrient
intake to the estimated average requirement calculated
using the Food and Agriculture Organization/World
Health Organization (2002) recommended nutrient
intakes for individuals (Meng et al., 2018).
METHODOLOGY
It was an intervention-based experimental research
design, has been done in ﬁve stages (1) Selection of
population and sample, (2) Situation analysis, (3)
Preparation of intervention, (4) Implementation of
intervention, and (5) Impact evaluation
A total of 491 individuals was chosen from the
randomly selected 128 rural HHs from Banda and
Kannauj district of Uttar Pradesh state. After situations
analysis (pre-intervention), the HHs were randomly
divided into two groups from each village, one is
controlled, and another one is the intervention group.
Overall, eight controlled groups and eight interventional
groups were created.
Only ≥13 to <60 years aged willing individuals
were included; pregnant and lactating women were
excluded. If there was no single member in the HH
meeting the individual selection criteria, there was a
provision to choose an alternate HH.
The present study collected qualitative and
quantitative data to assess the pre-intervention
situation, and the 9 standard tools were used after
local adaptation. Enumeration schedule, HH schedule,
Procurement & utilization schedule, Food frequency
questionnaire, Food satisfaction level questionnaire,
the nutritional knowledge, and attitude assessment

questionnaire, dietary intake schedule, and Individual
Dietary Diversity Score (IDDS) questioner were
used. All these tools were standard tools, which were
translated into regional language by the recommended
method (Tsang et al., 2012).
Because the intervention duration of time was
one year and improvement according to the seasonal
variation was needed. This follow-up tool was used
to assess the utility of intervention and to understand
the remaining possibilities of improvement. 24 hours
dietary intake schedule, and IDDS questioner were
used to assess the impact of the intervention. 24 hours
recall was scheduled standardized by National Nutrition
Monitoring Bureau, India (updated in 2015), and the
IDDS questionnaire was standardized by FAO (2013),
which was translated in the regional language by proper
method before using it (Mahmudiono et al., 2020). 10
implements prepared after crucial information abstracted
for pre-intervention data, this has been prepared for
improving the knowledge and awareness in participants
through the poster, videos, booklets, chart, and personal
counseling. The implements were prepared to keep three
goals in mind and collectively named Local Nutritional
Solution: (I) Promoting the beneﬁcial prevalence
aspects, (II) Introducing new aspects, (III) Maintaining
the stability of the aspects proved to be helpful.
The data collection was done for three purposes (I)
situation analysis before the intervention, (II) followup during the intervention, and (III) Impact evaluation
after the intervention. After obtaining written consent
from the respondents, all the tools were administered
by the researcher for data collection. Focus group
discussion methods were used to collect qualitative data,
and interviews and observation techniques were used
for quantitative. Data collection was done with a total
of 7 types of tools for situation analysis. The dietary
recall method (24 hours recall) was used to assess the
nutritional value of the diet, and the IDDS schedule was
used to determine the IDDS. The IDDS questionnaire
was simple checklists of predeﬁned food groups. IDDS
were only one independent variable in this study; by
changing them, an attempt was made to improve the 16
dependent variables. These dependent variables were
included: protein, fat, carbohydrate, calcium, phosphorus,
magnesium, sodium, potassium, iron, zinc, thiamine,
folates, riboﬂavin, niacin, vitamin A, and vitamin C.
The data obtained from FGDs were analyzed using
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thematic analysis methods, the data were summarized
according to predeﬁned themes. Microsoft Excel data
pack was used for the quantitative data analysis, in
which the given functions were used to ﬁnd the average,
per centage, Standard Deviation (SD), t-test, and
correlation. The Food and Agriculture Organization of
the United State (2010) has suggested that food items
need to be categorized in prescribed groups at the local
level to measure the DDS, for which research is required
at the local level (Macías et al., 2014) In this study, 9
food groups used suggested by the Organization during
the FANTA project: (A) Starchy staple (B) Pulses,
legumes, nuts, and seeds (C) Organ meat and ﬁsh (D)
Roots and tubers (E) Dark green & leafy vegetables
(F) Other Vit-A rich food & vegetables (G) Eggs (H)
Milk and milk products (I) Fat and oil-based items. A
to I food groups have been used to measure the IDDS,
with the potential score range being 1-9. It is the sum
of consumed food groups consumed with the reference
period (last day).

three times as follow-up, and last once the time of postintervention with a signiﬁcant diﬀerence.
Table 1. Diﬀerence between ﬁve IDDS (N=241)
F
After
BI Fu-1 Fu-2 Fu-3
P value
Int. value*
IDDS 4.31 4.48 5.11 5.38 5.28
20.317* <0.001*
SD
1.72 1.70 1.74 1.63 1.62
One-way ANOVA, the desired conﬁdence level: 95
Signiﬁcant at <0.05 level; BI=Before Intervention; Fu=Follow up

*
*

The outcome of intervention on IDDS: The average IDDS
of the controlled group was 4.35, and the intervention
group was 5.28, and the SD of intervention groups and
1.82, and the SD of controlled groups was 1.91. Overall,
the IDDS of the intervention group was 17.61 per cent
higher than the control group.

IDDS= Sum of consumed food groups
(A+B+C+D+E+F+G+H+I)

Nutritive value of food: The nutritional value of diet was
assessed by a customized excel sheet developed by the
Clinical Division, Indian Council of Medical Research
(ICMR)-National Institute of Nutrition, Hyderabad.
This sheet was based on the Indian Food Code Table
2017, in which the formulas had already been set.
Nutrition Adequacy Ratio (NAR): The NAR for a
speciﬁed nutrient is the ratio of a subject’s intake to
the existing Recommended Daily Allowance (RDA)
prescribed by ICMR (2020) was used for each sex and
age category (Battacharjee et al., 2016). To estimate
the nutrient adequacy of the diet, NAR was calculated
for the energy consumption and sixteen nutrients.

Fig 1. Distribution of IDDS in intervention
and controlled groups

Table 2. Distribution of average NAR in
intervention and control groups
Variables
Intervention
Control
Calcium

0.63

0.50

Vitamin A

0.58

0.40

Potassium

0.73

0.67

Riboﬂavin

0.79

0.55

Vitamin C

0.79

0.73

Niacin

0.87

0.76

Energy

0.86

0.84

Ethical Issues: Permission was taken from the ethics
committee constituted by the institute. Consent with
participants was taken after explaining the study
proposal in detail.

Iron

0.94

0.81

Folates

0.96

0.91

Protein

1.00

0.90

Thiamine

1.00

0.88

RESULTS AND DISCUSSION

Zinc

1.06

0.96

Fat

1.30

1.31

Phosphorus

1.67

1.82

Magnesium

1.80

2.14

Sodium

2.22

2.42

After applying all the implements once, the followup was done three times to ﬁnd out the eﬀect, utility,
and sustainability of the solution. Overall IDDS were
determined a total of ﬁve times: once pre-intervention,
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Table 3. Diﬀerence between controlled and intervention groups
Intervention group (n=250)
Controlled group (n=241)

t-value

pvalue*

4.94

4.59

<0.001*

398.89

313.85

3.80

<0.001*

7.07

17.65

9.40

3.56

<0.001*

12.21

4.34

10.87

4.98

3.17

0.002*

Riboﬂavin

1.15

0.60

0.79

0.57

3.03

0.003*

Magnesium

468.88

300.52

553.54

324.82

-2.99

0.003*

Potassium

2533.92

621.23

2344.91

823.66

2.86

0.004*

Thiamine

1.22

0.67

1.03

0.94

2.57

0.010*

Phosphorus

1108.33

437.22

1213.57

473.98

-2.55

0.011*

Vitamin A

348.36

374.18

266.94

426.83

2.24

0.025*

Folates

178.74

74.62

170.44

89.11

1.12

0.045*

Protein

56.80

17.80

51.39

17.34

3.41

0.541NS

405

91

389.6

110

1.69

0.092NS

31.80

22.12

29.08

26.70

1.23

0.221NS

4431.00

3690.00

4826.00

5360.00

-0.95

0.344NS

41.42

33.69

42.15

12.74

0.32

0.753NS

Variables

Mean

SD

Mean

SD

Niacin

13.53

3.69

11.72

Calcium

504.36

300.89

Iron

20.33

Zinc

Carbohydrate
Vitamin C
Sodium
Fat

Signiﬁcant at <0.05 level of signiﬁcance, NS=Non-Signiﬁcant

*

The highest number of individuals (39.20%) in
the controlled groups were to obtain four IDDS, while
the highest (34.02%) people in the intervention group
obtained ﬁve IDDS. The major improvement in the
IDDS of ﬁve was renowned with a mean diﬀerence of
16.42 per cent. Before the intervention, the ﬁve IDDS
was obtained by 17.60 per cent of the individuals was
renowned after intervention 34.02 per cent.
The outcome of intervention on NAR : NAR is a ratio
of consumed nutrients with the prescribed RDA. There
were three nutrients in the intervention group with a NAR
below 0.75, whereas ﬁve nutrients were found as the
same in the control group. The lowest NAR of calcium
was 0.39 and 0.47 in the control and intervention groups
respectively. The phosphorus intake, magnesium,
and sodium exceeded the prescribed RDA with NAR
1.82, 2.14, and 2.42, respectively. Excess intake of
micronutrient nutrients was a concerning issue, its
caused causes terrible eﬀects on the body (Bhattacharjee
et al., 2016). The phosphorus intake and magnesium
exceeded the prescribed RDA due to the use of wheat
in large quantities in the study population; 100 grams
of wheat ﬂour captained 310 mg of phosphorus and
125 mg magnesium; hence phosphorus and magnesium
have resulted in more than the prescribed RDA.

Diﬀerence between controlled and intervention groups
: The 11 micronutrients out of 13 had signiﬁcant
diﬀerences obtained, these are given according to
preference high to low signiﬁcance: niacin, calcium,
iron, zinc, riboﬂavin, magnesium, potassium, thiamine,
phosphorus, vitamin-A, and folates. No signiﬁcant
diﬀerences were obtained for the variable protein,
sodium, fat, vitamin-C, and carbohydrate with
p-values 0.54, 0.42, 0.34, 0.22, and 0.09, respectively.
Signiﬁcant diﬀerences in energy-giving nutrients
(protein, carbohydrate, and fat) were not perceived
until IDDS had improved. An eﬀective relationship
between micronutrients and IDDS was evidenced
earlier in many kinds of research (Macías et al., 2014).
CONCLUSION
Local nutritional solutions were used to make
people aware and to upsurge interest in the importance
of DD. The kitchen gardens were promoted to increase
the availability of nutritious foods, and methods
of preservation and sapid recipes were taught to
improve the use of the foods being produced. After the
implementation of the intervention, there was a signiﬁcant
diﬀerence in the nutrients intake were renewed for 11
micronutrients out of 13 micronutrients; the diﬀerence
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for two micronutrients (vitamin-C and sodium) was not
signiﬁcantly obtained. Five micronutrients (calcium,
vitamin-A, potassium, riboﬂavin, vitamin-C) were being
consumed less than 75 per cent of the prescribed RDA
in the control group; the same was in the intervention
group for three micronutrients (calcium, vitamin-A,
potassium). There was no signiﬁcant diﬀerence obtained
between intervention and control groups for any of the
three energy-giving macronutrients. The present research
demonstrates that diversifying in the food variety of the
peoples is an eﬀective approach for the improvement in

the nutrient’s intake mainly micronutrients. Diﬀerent
foods and food groups are good sources for various
micronutrients, so a diverse diet best ensures for better
utilization of agriculture produced. The study evidenced
that intervention is an eﬀective way to improve poor
nutrition intake through the use of locally available food
items.

CONFLICTS OF INTEREST
The authors declare that they have no conﬂicts of
interest.

REFERENCES



