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ABSTRACT

Introduction: The incidence of undernutrition among children is high in India, which will pave its way to the occurrence of fre-
quent infection, reduced learning capacity, poor academic performance and cognitive deficit. The health mix is the most popular,
convenient, easy to prepare and healthy dish for the children.

Objective: To develop a cheaper and nutritious health mix for improving the nutritional status and cognitive function in children.

Method: The raw ingredients were procured, processed, powdered and mixed into 5 variations of health mix. The developed
health mixes were analysed for their nutritional and sensory qualities.

Result: The results stated that the health mix 3 with the combination of multi-grain such as red rice (25g), Bajra (25g), Green
gram (20g), Soybean (10g), Rice flakes (10g), Jaggery (8g) and Brahmi leaves (2g) received significantly higher scores and also
selected as best in having a high amount of essential nutrients namely, protein (14.9 g), fat (1.68 g), iron (6.52 g), zinc (1.91 mg),
selenium (445 mg) required for the improvement of nutritional status and cognitive function. Health 3 has got the highest rating
in many sensory qualities and also the results were similar to the control sample.

Conclusion: Our study indicates the importance of a healthy mix, prepared from the combination of multi-grains with Brahmi
leaves, as one of the most convenient food formulas for supplementation to undernourished children. Future studies on such
supplementation to improve the nutritional status and cognitive function of undernourished children is recommended.
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INTRODUCTION to serious during periods of rapid growth, physical and cog-

nitive development of children.* The diets of children today

Undernutrition is a multidimensional issue holding back de- increasingly reflect the global ‘nutrition transition’, which
velopment with unacceptable human consequences. The bur- ¢ seeing communities leave behind often more healthy, tra-
den of this across the world remains unacceptably high and  itional diets in favour of modern diets often missing whole
progress unacceptably slow.! In India, nearly every second grains, fruits, nuts and seeds, vegetables, and omega-3 fatty
young child is undernourished.” National Family Health Sur-  ,.i4s 56 Foods that are nutritionally balanced, energy-dense,

vey 4. reported that both ch.ronic and acute undernutrition WaS  easily digestible, and have functional benefits, are needed for
high in many states of India. Undernutrition weakens the im- ¢ fo0d formulation.’

mune system, putting children at higher risk of more severe, ) o
frequent and prolonged bouts of illness. It is also a conse- Cereals being the staple foods of the majority of the popula-

quence of repeated infections, which may further worsen the tion in India, the combination of cereal with an appropriate

child’s nutritional status at a time of greater nutritional needs.!  Proportion of pulses and oilseeds complement each other
' . ) . . . and result in improved nutritional qualities.® bowls of cereal,
Children who fail to grow optimally during this crucial pe- hillets and legumes also form a good source of macro and

riod may not make up for the loss in growth even on an ex-  pjcronutrients, phytochemicals and prepare nutritionally
cellent diet in later life.’ Inadequate intake of nutrients leads  pajanced composites of high biological value.® Nutrition can
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be redesigned to improve cognitive development, and micro-
nutrient supplementation can help those at risk of cognitive
impairment avoid deficiencies.!” Vitamins B1, B2, B3, B6,
B12, C, folic acid, and minerals like iron, iodine, and zinc
are the micronutrients most closely linked to cognitive func-
tion.!!-12

In addition to micronutrients, several plant-based extracts,
particularly ‘Brahmi’ have recently been shown to improve
cognition. It was proved that eight out of nine clinical dou-
ble-blind, placebo-controlled Brahmi trials in humans dem-
onstrated improvements in cognition.!* Hence, the present
study was aimed to formulate a value-added nutritious health
mix with the combination of cereals, millet, legumes and
Brahmi leave to alleviate undernutrition and help to improve
the cognitive function of school children.

MATERIALS AND METHODS

Selection of ingredients

The ingredient cereals, millets and pulses such as Red rice,
Wheat, Bajra, Thinnai and rice flakes, soya bean, green gram
and roasted Bengal gram was chosen for their higher poten-
tial dietary sources and Brahmi leaves (Vallarai Keerai) were
added for the enhancement of brain function and memory.
Jaggery was used for its sweet taste, palatability and high
amount of iron.

Procurement and processing of selected ingre-

dients

Raw ingredients were procured from the local market. They
were cleaned of impurities. Bajra, ragi, soya bean and green
gram were washed and sprouted individually for 24 hours
for the up-gradation of nutrients. Sprouted and non-sprouted
ingredients were dried, roasted for moisture reduction and
flavour enhancement. Roasted grains were milled into a fine
powder separately. Vallarai Keerai was purchased from the
local agricultural farm and the leaves were cut from thin
branches. The good quality leaves were selected and washed
thoroughly, blanched for 3 minutes to kill the microorgan-
ism on the surface and within the leaves and also to remove
if there are any volatile compounds. Then they were shade
dried by placing them in a white muslin cloth for five days.
Dried leaves were powdered by using a mixer grinder and
sieved to get a fine powder. All the ground ingredients were
stored in an airtight container until used for formulation.

Development of health mix

About five variations of health mix were developed by mix-
ing the processed ground flours to select one best variation in
sensory and nutritional quality. The proportions of the health
mix are presented in Table 1.

Preparation of value-added Health Mix Ladoo
(HML)

About six variations of health mix Ladoos were prepared
by mixing 25 gm of each health mix variation with hot wa-
ter. The control health mix porridge was prepared by us-
ing sathumavu provided by the Government of Tamilnadu
through Anganwadi centres.

Organoleptic evaluation of the health mix La-
doo

Evaluation of sensory attributes is a science by using human
senses for measuring appearance, flavour, colour, texture
and taste.'* Acceptability testing was carried out by 20-panel
members for the prepared health mix porridge using nine
points hedonic rating scale with the highest score as liked
extremely (9) to dislike extremely (1). The panel members
were instructed about the evaluation procedure and score rat-
ings were obtained in the sensory evaluation sheet.

Evaluation of nutritional qualities of the health
mix

Nutrients such as calories, protein, fat, carbohydrate, ash,
moisture, total fibre, iron, calcium, zinc and selenium were
analyzed using standard procedure.!’ Estimation of nutrients
such as ash by the incineration method in a muffle furnace
at 550°C, the moisture content in a hot air circulating oven,
crude fat by soxhlet extractor, protein (N X 6.25) in Kjeldahl
method, carbohydrate content by difference, crude fibre by
digestion, minerals such as iron by calorimetrically, calcium
by precipitation and titration against potassium permanga-
nate, zinc and selenium were evaluated by atomic absorption
spectrophotometer. ¢!

Anti-nutritional content of the health mix

A highly accepted health mix was evaluated for anti-nutri-
tional factors since they may hinder the absorption of some
of the essential nutrients during metabolism. Secondary me-
tabolites such as oxalic acid, tannins, phytic acid and alka-
loids were evaluated.

RESULTS AND DISCUSSION

Different health mix was prepared by combining raw ingre-
dients in the proportion as 2 bowls of cereal, 1 millet, 2 leg-
umes and 1 green and they were tested for nutritional quali-
ties and sensory acceptability.

Nutritional qualities of the developed health
mix

The mean and standard deviation value derived from the
triplicate analysis of nutrients such as energy, protein, fat,
total fibres, ash, moisture, iron, zinc, calcium, selenium pre-
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sent in various combinations of composite flour is displayed
in Table. 2

The prepared health mixes were nutritionally adequate and
comparable to standard recommended allowances. Health
Mix 3 has got the highest in protein (14.89g) and fat (1.68g)
carbohydrate (74.14g), iron (6.52mg), zinc (1.91mg) and
selenium (444.7mg) when compared to other health mix
variations. The calorie (393 kcal), fibre (2.34g) and calcium
content were higher in health mix 5 since ragi was added
one of the ingredients in the combination. Many nutrients are
essential for brain development, particularly protein for cell
proliferation and differentiation, synthesis of growth factors,
the role of iron in myelination, essential fatty acids in syn-
aptogenesis, and zinc for DNA synthesis. Dietary protein is
providing an amino acid source for neurotransmitter produc-
tion, namely, serotonin and catecholamines."

Consumption of carbohydrates is necessary and at least 130
grams of carbohydrates per day is required to keep the blood
glucose at a balanced level and adequate carbohydrates
should be taken regularly for better cognitive functions.?
Though health mix 1,2,4,5 was adequate in some nutrients,
HM 3 has been selected as best due to its superior quality of
many important nutrients, namely protein, fat, carbohydrate,
iron, zinc and selenium for the improvement of undernutri-
tion and cognition.

Anti-nutritional contents of the health mix

Table 3 represents the quantitative determination of anti-nu-
tritional content, namely, tannins, phytic acid and oxalic acid
in the developed health mix. A gradual rise in the result of
the sample when increasing concentration indicates a better
outcome of the study. Mean tannin, phytic acid and oxalic
acid content of the processed and developed health mix was
24mg, 36mg and 50 mg respectively. One of the major prob-
lems of plant-based flours is the presence of anti-nutritional
contents such as phytate, oxalate, and tannin may usually
have a negative effect on protein digestibility and other nu-
trient availability.®' The anti-nutritional contents of the cur-
rent sample were within an acceptable limit and did not have
an adverse effect on health. This shows that the developed
health mix could be used extensively since it possesses very
limited anti-nutritional factors and there would not be any in-
terference with other nutrient bioavailability. Many research-
ers have reported that processing methods improved the nu-
tritional quality of foods prepared from legumes and cereals
by a reduction in their anti-nutritional factors.??

Organoleptic evaluation of the prepared Health
Mix Ladoo (HML)

The mean scores of five variations of health mix Ladoo in
appearance, flavour, taste, texture, colour and overall accept-
ability are presented in Table 4. The comparison of sensory

attributes between different health mixes. The results showed
that HML 3 has reached the maximum scores in many sen-
sory qualities and also it was almost similar to that of the
control sample (HML 0). The HML 3 has secured the high-
est in flavour (8.541.1) and colour (8.9+1.1) when compared
to other variations. The mean score of appearance (8.5+1.2)
and taste (8.3£1.3) of HML 3 was very nearer to the mean
score of the control sample. The mean score of texture was
maximum in HML 4 (8.4) due to the combination of ingre-
dients, namely, wheat, Italian millet and green gram since
these ingredients give the coarse structure. It was observed
during sensory evaluation that the flavour of the Health Mix
Ladoo-3 (HML 3), Health Mix Ladoo-1 (HML 1) and con-
trol sample [Health Mix Ladoo-0 (HML 0)] were very good
and highly appreciable when compared to other variations.
Health Mix Ladoo 4 has obtained the lowest in overall ac-
ceptability scoring than others. Figure 1 stated the results of
mean scores of overall acceptability of all variations of the
prepared health mix. Though all variations of the developed
health mixes were accepted by the panel members one has
to be selected for further processes. However, HML 3 was
being selected as best based on the overall rating for further
supplementation to improve the nutritional status and cog-
nitive function of the children. Many researchers prepared
health mix by using multiple ingredients with the combina-
tion of roasted flours of wheat, soybean and chickpea flour,
and with malted and roasted grains of wheat, barley, green
gram and jaggery.??*

CONCLUSION

Health mix, prepared from the combination of different
multigrain added to Brahmi leaves was one of the versatile
and most convenient food formulas for supplementation to
the undernourished children. It can be concluded from the
results that the nutritional content and sensory qualities of
health mix 3 was superior. Hence, considering the nutritional
analysis and sensory acceptability trail, it is strongly recom-
mended that the health mix 3 can be considered optimal for
further future studies as supplementation to improve the nu-
tritional status and cognitive function of the undernourished
children.
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Table 2: Evaluation of nutrient content of the health mix

Health Mix (100 g)
Nutrients
Control HM 2 HM 3
HM o

Energy (Kcal) 400 352 £1.5 369 £ 1.2 363 +2.0 389 1.0 345 +0.6 393+2.7
Protein (g) >15 9.2+ 0.2 14.4%0.1 13.4% 0.1 14.9%0.1 13.8%0.6 14.4% 0.1
Fat (g) 10-25 1.65% 0.1 1.43+0.1 1.19+0.1 1.68+0.1 1.63% 0.1 1.68+0.1
Carbohydrate( g) 64 74.8+0.6 68.3+0.2 60.8+0.6 74.1£0.2 60.7+0.8 71.2+0.1
Total Fibre (g) <5 1.30£0.1 1.81+0.1 1.40£0.1 2.07+0.1 1.61+0.1 2.34%0.1
Ash (%) <3 8.40+0.1 8.65+0.6 9.8+0.3 11.1+0.1 7.7£0.4 9.5%0.1

Moisture (%) <5 8.20+1.8 12.2+0.3 9.4+0.2 14.1£0.1 19.0£0.2 15.4£0.1
Iron (mg) 16 2.54+0.1 6.33+0.1 5.60+0.1 6.52+0.1 5.24+0.1 5.7+0.1

Calcium (mg) 500 24.610.7 45.5+1.0 54.3+0.6 35.5£1.0 40.9%0.4 54.5+0.8
Zinc (mg) 3.2 1.10%0.4 1.51+0.1 1.51£0.1 1.91+0.1 1.63+0.1 1.45%0.1
Selenium (mg) - 63+0.8 124+18 97+2.1 445%1.5 283+3.0 344%1.5

*Values are expressed as mean +SD (n=3) #FAO/WHO (1991)

Table 3: Anti-nutritional factors of the health mix

Tannin Phytic acid Oxalic acid
Concentration (mg/g) (mg/g) (mg/g)
100 0.35+0.45 0.82+0.25 0.75+0.25
200 0.49+0.65 1.42+0.35 1.68+0.65
400 1.26+0.35 1.56+0.15 2.25+0.85
8oo 1.50+0.55 1.65+1.35 2.84+0.35
Value/100g of the sample 24mg 36mg 50mg

*Values are expressed as mean + SD (n=3)

Table 4: Organoleptic evaluation of Health Mix Ladoo (HML) variations

Variation Appearance Texture Overall Accept-

(9 (9 ability

(45)

Control (HML o) 8.7+0.5 8.5+0.5 8.3+0.7 8.5+0.6 8.4%0.5 42.5%0.5
HML1 7.6+0.8 7.9£0.6 7.8+0.7 7.6£0.9 7.0+0.3 37.7+0.8
HML 2 6.9+1.0 7.0£0.9 6.9+1.1 6.5+0.9 7.2+0.8 34.7£1.0
HML 3 8.5+1.2 8.3+1.3 7.2+1.0 8.5+1.1 8.9+1.1 41.6+1.1
HML 4 7.0£0.7 6.8+1.1 8.4+1.1 6.6+1.0 7.1£0.7 34.5+0.8
HML 5 6.7+1.0 7.7+1.4 7.1£1.3 6.7+0.9 7.4%1.2 35.7+1.3

*Values are expressed as mean + SD (n=20)
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Overall acceptability
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Figure 1: Mean overall acceptability score of the Health Mix Ladoo (HML) variations.
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