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Abstract

Calcium deficiency in lactating mothers has been a widespread concern
and a serious threat to the health of infants and mothers, therefore the
present study has been designed to develop, Calcium-rich Nutrimix flour for
lactating mothers; optimized by the response surface methodology (RSM)
to supplement one-third calcium needs of lactating mother as per RDA.
A Randomized Box-Behnken experimental design has been conducted
to determine the optimum formulation of Nutrimix Flour. Forty-six sets of
experiments were conducted to arrive at the optimized values of flour. The
mixing ratio is formulated from a variety of ingredients as Finger Millet
(37.5 g), Semolina (11.25 g), Green Gram (27.5 g), Amaranth Seeds
(8.75 g), and Gingley Seeds (15 g)respectively. The nutrient content of the
optimized flour was calcium (398.2+0.89 mg), Iron (4.8+0.14 mg), Moisture
(7.7+0.2%), Protein (16.4+0.99%), Carbohydrates (65.6+0.22 g), Energy
Value (389.29+1.24 Kcal), and Crude fat (2.04+0.30%). The functional
properties of the optimized flour were swelling capacity 16.2+0.21%, Water
absorption capacity (40.4+0.44%), Oil absorption capacity (36+0.9%),
Emulsion Activity (42.7+0.3%), Emulsion stability (47.6£0.4%), and Bulk
density (762+1.5 Kg/m?). The formulated Nutrimix flour is rich in calcium,
protein contents and itwas used to prepare various ready-to-cook food
recipes for lactating mothers.
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Introduction

Calcium is a vital mineral for the body and low intake
has an adverse effect on adult health. Based on
several studies conducted across 74 countries, the
average calcium intake varies from 175 to 1233 mg

per day. Calcium intake is even less than 500 mg per
day in many Asian countries. The global studies find
out that many countries have low average calcium
intake.’
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63.5% of adults believe that they consume an
adequate amount of recommended daily calcium
intake but in reality, they fail to achieve and in
turn,indicate the importance of educating individuals
about calcium for a healthy body.? Also, women
are unable to meet up the calcium requirements
throughout their life and remain deficient, especially
when they face several critical stages of life like
pregnancy, lactation, and menopause.?

The National Nutrition Monitoring Bureau (NNMB)
- 2012 data from 10 Indian states shows that the
daily calcium intake during pregnancy and lactation
for Indian women is less than 30% of RDA (which
means it is only 400 mg/d).This shows that most
pregnant and lactating women in India have low
dietary calcium intake.*

Calcium is an important mineral for bone development
and is required throughout life, but in reality, more
than 1/3 of the female population in the United
States are deprived of recommended calcium doses.
Calcium requirements are high during the pregnancy
and lactation periods due to adverse effects on
maternal bone health and maternal calcium stores
are washed out.?®

Calcium transfer between the mother and baby
averages two hundred mg/day for one cycle of
breast-feeding.® Calcium quantity varies widely in
breast milk and can be as high as four hundred mg/
day in some people.

Along with this, the first six months of lactation
significantly reduces the bone minerals.” Spine areas
including hips are majorly affected by the mineral
reduction, which can go up to five percent. Daily
supplements are advised by pediatrics which include
folic acid and various minerals like iron, calcium, and
zinc. Though, if proper food practices are followed
then they are self-sufficient in overcoming the
deficiencies related to the lactation period.®

Hence, the demand for calcium intake increases
in daily requirements. WHO and FAO advises
consuming Twelve hundred mg/day calcium during
pregnancy and lactation.®

For decades in India, culturally accepted foods are
produced and managing malnutrition successfully.
The home preparation has better acceptability in
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consumers.'" Based on this background of increased
calcium demand and acceptability issues; this study
aimed to prepare and optimize the flour into calcium-
rich Nutrimix flour (NF).

Box-Behnken method of response surface method
is widely used for optimizing ingredients in different
kinds of food products in food industries. This
method determines the effects of different variables
in any food mixture witha minimum number of
experiments.'?

A statistical and mathematical procedure like RSM,
achieve response optimization of the multiple
variables.’ We have used the Box- Behnken
response surface method while preparing Nutrimix
flour.

According to National guidelines, the poor dietary
intake of calcium in India is high and leading to the
high prevalence of hypertensive disorders. There is
an urgent need to focus on calcium supplementation
during pregnancy and lactation.*

The flour prepared based on the scientific approach
will be ready to cook and consist of 5 ingredients.
Fingermillet, Green Gram, Semonila, Amaranth
Seeds, and Gingely Seeds, contain the highest
amount of calcium and have lactation beneficial
properties. The flour can be included in the
preparation of several Indian recipes like a pancake,
idly, dosa and porridge, etc.lts acceptance during
the study among lactating mothers indicates its
wide usability. Nutrimix flour is an effective dietary
supplement that helps lactating mothers to meet
the one-third need of daily calciumas recommended
by RDA i.e. 400mg per 100gm of flour. This
study will also help anyone willing to take up the
supplementation production of the Nutrimix flour and
combined with organic farming ingredients, it can
turn out to be very useful for several stakeholders
within society. The Nutrimix flour will prove to be a
good substitute in Indian recipes at a very low cost
for Indian lactating mothers who are malnourished
in calcium and protein nutrient intake, with the help
of easily available ingredients.

Materials and Methods

Materials

Ingredients for Nutrimix flour formulation are listed
below
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*  Finger millet (Eleusinecoracana)
*  Green gram (Vigna radiate)
*  Semolina (Durum wheat)

Table 1: Optimization of Independent Variable Levels

*  Amaranth seeds (Amaranthus)
*  Gingley seeds (Sesamumindicum)
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Independent Variable Units Symbol

Coded Level

Low (-1) Central (0) High (1)
Finger Millet gm X, 35 37.5 40
Green Gram gm X, 25 27.5 30
Semolina gm X, 10 11.5 12.5
Amaranth gm X, 7.5 8.75 10
Gingley Seed gm X, 12.5 15 17.5

SThe table represent the coded levels of all the independent variables used for the
Nutrimix flour optimisation. Coded level of low, medium and high depict the varied
amount of the ingredients mixed together to perform the study and attain a desired

calcium value.

Experimental Design

Arandomized RSM experiment helped indetermining
optimum Nutrimix Flour. We used Design Expert
version 11.0 software for the RSM analysis. A total
of forty-six sets of experiments ran to optimize the
levelsof all the five variables (X1 to X5)in the Nutrimix

flour (NF). It helped to arrive at the desired level
of calcium content in the flour as required bythe
lactating mother's (one-third need of daily calcium)
based on RDA guidelines by ICMR. Five variables
used in the experiment were depicted inTable 1.

Table 2: RSM predicted values of Calcium content in Nutrimix Flour

Experiment Point Blocks X1 X2 X3 X4 X5 Response
Number Type (Y1- Calcium)
1 2 1 -1 -1 0 1 0 391.875
2 2 1 1 -1 0 0 0 410.075
3 2 1 -1 1 0 0 0 398.075
4 2 1 1 1 0 0 0 416.275
5 2 1 0 0 1A 0 401.85

6 2 1 0 0 1 -1 0 402.25

7 2 1 0 0 -1 1 0 405.9

8 2 1 0 0 1 1 0 406.3

9 2 1 0 -1 0 0 -1 364.725
10 2 1 0 1 0 0 -1 370.925
11 2 1 0 -1 0 0 1 437.225
12 2 1 0 1 0 0 1 443.425
13 2 1 -1 0 -1 0 0 394.775
14 2 1 1 0 -1 0 0 412.975
15 2 1 -1 0 1 0 0 395.175
16 2 1 1 0 1 0 0 413.375
17 2 1 0 0 0o -1 -1 365.8
18 2 1 0 0 0 1 -1 369.85
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§The table represents the 46 runs performed by the RSM. The five factors
(X1, X2, X3, X4 and X5) along with three levels of low, medium and high underwent
various combinations to arrive at the response (Y1) representing calcium.
The response (Y1) form the further basis of the lab experiments and help achieve

the optimized calcium value.

Table 1 depicted coded levels of all the independent
variables used for the optimisation of Nutrimix flour.
All the variables were varied with different amounts
in a way to attain maximum calcium content out of
mixture. The experiment ran with five factors and
three levels (Table 2). The Design expert tool helped
us to achieve the unbiased results in the random
run. The analysis aimed to achieve maximum
calcium (Y1) in the Nutrimix flour with the help of
five variables.

The finger millet ranged from 35 — 40 gm, green
gram from 25 — 30 gm, semolina from 10 — 12.5 gm,
amaranth seeds from 7.5 — 10 gm, and gingley seeds
from 12.5 — 17.5 gm were used in the experiment.
The full quadratic polynomial equation, chosen
as the best-fitted model to showcase the factor
influence and their interactions on the response.''s

Procedure

Preparation of Nutrimix Flour

Adigital scale weighed all the ingredients. Ingredients
were pre-processed as depicted in the steps given
in Figure 1.

Pre-processing of Ingredients

Clean the hundred gm of finger millet by washing
it five times in the tap water and soaked(w/v 1:5)
at room temperature (28+2°C) for five hours. After
soaking, drain off the water and keep the grainsin a
moist cloth. The germination process takes twenty-
four to thirty-six hours and dries them at (50+1°C)
using a hot air tray dryer until the reading becomes
constant inapproximately eight hours. Cooldown
the dried finger millet for thirty minutes at room
temperature. Grind the millet after removing the
vegetative growth by hand to achieve aparticle size
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of 0.4 mm by using an electro-mechanical sieve
shaker of 60-30 (0.5 mm — 0.25 mm).

Wash the hundred gm of Green Gram five times
in tap water. Steep (w/v1:10) the seeds at room

271

temperature (28+2°C) for six hours and steam for
one whistle in a pressure cooker. Mash the seeds
and use a hot air tray dryer at 50°C and grind the
seedsto achieve the particle size of 0.4 mm

Finger Millet Green Gram

Semolina

Amaranth Seeds Gingley Seeds

v

Washed whole Green
gram 5 times with
water

Washed Finger Millet
5 times with water

Roasting Semolina at

140 C for 5 minutes

Roasting Amaranth
seeds at 115 C ill
popping sounds

Roasting Gingley
seeds at 110 C for 4
minutes

v

Soaked (wiv 1:5)for 5
hrs in water at room
temperature

Stipping (wiv 1:10) for
6 hrs in water at room|
temperature

v

Tie in moist cloth for

germination at room

temperature for 36
hrs

Steam by pressure
cooker for one whistle

Drying at 50 C for & hrs

/1

Cooling

Grinding to flour

v

Sieve to attain
particle size of
0.4mm

l

Standardize the
ingredients amount
as per RSM

l

Mix all flours to
achieve Nutrimix
Flour

Fig.1. 3-D Flow diagram representing pre-processing of Nutrimix ingredients
The above flow chart represents the various steps involved in the preparation of the ingredients
starting from washing to grinding, to prepare flour. The various parameters like temperate,
duration, and other methodologies used are shared

Roast the Semolina, Amaranth, and Gingley seeds.
Roast Semolina at 140°C for 5 minutes, Amaranth
at 115°C till popping sounds, and Gingelly seeds
at 110°C for 4 minutes. Cool the seeds at room
temperature and grind the seedsto achieve a particle
size of 0.4 mm

Analytical Procedure

Development of A Second-Order Model
ANOVA was performed on the data obtained
from the simulations. P-value was determined
from the difference in means for the study. Forp

value less than 0.05, lack of fit and coefficient of
determinationwere further analysed.The model was
deemed fit after the analysis.

Quadratic polynomial equation identified the
relationship between independent variables and
response. The equation is given as below (7)

k K k
Y =B t2 B, X~ 3B; X2+ > P (1)
i=1 Q=1 1<is]
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Y1: Response

X1, X2, X3: Independent variable

Bi -Linear parameter coefficient

B0 - Constant

Bii -Quadratic parameter coefficient

Bij - Interaction parameterscoefficients
k -Different variables

€ -Value of residual

Proximate analysis — Nutrimix Flour

The optimized sample was analysed for the
estimation of proximate principles. FSSAI, lab
manual 10'%'7:18 ysed for estimation of the following
parameters:

. Iron

*  Calcium

. Moisture

*  Crude Fat

. Total Protein
e Crude Fiber
*  Ash contents

Difference method used for determining
Carbohydrates.

Energy value = {(Total carbohydrates per 100 gm +
Crude protein per 100 gm) x 4 Kcal}+ {(Crude Fat
per 100 gm) x 9 Kcal}'

Functional Properties — Nutrimix Flour
Functional properties of Nutrimix flour were analysed
as listed below:

»  Swelling capacity — ml

*  Water absorption — WAC%

»  QOil absorption capacity — OAC%
+  Emulsion activity — EA%

+  Emulsion stability - ES%

*  Bulk density — kg/m3

Swelling Capacity

2had described the method to determine the swelling
capacity. Fill ten ml mixture sample in a two hundred
ml graduated cylinder.Add fifty ml of distill water
to increase the total volume.Cover and invert the
mixture in the cylinder. The mixture was inverted
for two minutes and stand still for eight minutes.
Later on, the sample volume at 8" min was taken
as experimental reading.
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Water Absorption Capacity

2thad described the method to determine water
absorption. Add ten ml of distill water in one gm of
Nutrimix flour and let it remain in the same position
for thirty minutes at room temperature.Centrifuge
mixture at three thousand rpm for thirty minutes.
Water absorption was determined as % water/
gram flour.

Oil absorption Capacity

Ten ml of the soybean oil (Specific gravity: 0.90) was
mixed with the one gm of the Nutrimix flour and let it
remain in the same position for thirty minutes at room
temperature.Centrifuge mixer at three thousand rpm
for thirty minutes. Oil absorption was determined as
% oil/gram flour.?!

Emulsion activity and capacity

Mix Ten ml of distilled water with one gm of Nutrimix
flour and ten ml of soybean oil. Centrifuge the sample
at three thousand rpm for five minutes.

The height of the emulsion layer divided by the total
height of the mixture gives the emulsion activity
percentage.?

Emulsion stability

Heat the emulsion in a centrifuge for thirty minutes at
80°C in a water-cooled bath.Cool for fifteen minutes
with tap water and centrifuge at three thousand rpm
for fifteen minutes. The height of the emulsified layer
divided by the total height of the mixture gives the
emulsion stability.

Bulk Density

A hundred gm of flour was measured in a cylinder
and tap it on a wooden plank until volume can no
further be decreased. Bulk density is computed
based on weight and volume.

Results and Discussion

Optimization Process

Design-Expert version 11 software was used in the
numerical optimization of independent variables.
It was performed as per the criteria mentioned in
Table 1. The response namely calcium content,
under consideration, in Nutrimix flour was based on
WHO and RDA guidelines for lactating mothers that
fulfill one-third of calcium daily needs.®
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Table 3. Coded independent variables
for the Nutrimix Flour

JCalcium

20.10161685

0.226538013 A
0.077171171 B

0.004978776 C

0.050410146 D

0.90262966 E

-0.000868568 AB
-5.60346E-05 AC
-0.000567359 AD
-0.010207733 AE
-1.90834E-05 BC
-0.000193222 BD
-0.003476369 BE
-1.24655E-05 CD
-0.000224274 CE
-0.002270805 DE
-0.001279228 AAz
-0.000146787 BA2
1.28814E-06 CAz
-6.15421E-05 DAz
-0.020279145 EA2

§The coded factors equation can be used to make
predictions about the response for given levels
of each factor (A, B, C, D and E). Factors are
ingredients used in the study with a label as A, B,
C, D and E. By default, the high levels of the factors
are coded as +1 and the low levels are coded as
-1. The coded equation is useful for identifying the
relative impact of the factors by comparing the factor
coefficients.

Response surface Model Fitment Discussion
Response Surface Methodology based study
was performed to determine the Calcium content
variation with the changing quantity ofNutrimix flour
ingredients. Fivenumeric factors on a three-level
form the basis of Box Behnken's study. Low, High,
and Central levels in the forty-six random runs
were executed by the RSM. Central value helped
in minimizing any issue. The ingredients were
optimized during the forty-six simulation run.

Details of the RSM predicted values of Calcium
content in Nutrimix Flour were presented in
Table 2. A second level polynomial equation was
referred to and used to achieve the optimum calcium.
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Table 3 depicted the equations of actual independent
variables.

The quadratic equation gives the predicted values
of responses based on the various permutation
and combinations of the variables. -1, 1 and 0 are
assigned to Low, high and central levels respectively.
The ANOVA computations are shown in Table 4.

Optimized Values post-RSM

Response surface method computed the calcium
content based on the Nutrimix flour ingredients
quality of responses. Based onthe maximum calcium
content obtained from the optimized ingredients
of Nutrimix flour is shown in Table 5, Figure 2,
Figure 3 and Figure 4.

The mixing ratio is formulated from a variety of
ingredients as Finger Millet (37.5 g), Semolina
(11.25 g), Green Gram (27.5 g), Amaranth Seeds
(8.75 g), and Gingley Seeds (15 g).

The above figure represents a relationship between
X1 : X2 parameters and their effect on the response
(Y1), keeping all other parameters constant. X-axis
shows A ( finger millet), Y-axis shows B (Green
gram) and Z-axis shows Response (Calcium). The
red dot in the middle of the 3D image represents the
optimum value obtained from RSM and shows the
variation of calcium content across the surface with
a variation of parameters (A and B).

The above figure represents a relationship between
X1 : X2 parameters and their effect on the response
( Y1), keeping all other parameters constant.
The X-axis shows A (finger millet), Y-axis shows
B (Gingley seeds) and Z-axis shows Response
(Calcium). The red dot in the middle of the 3D image
represents the optimum value obtained from RSM
and shows the variation of calcium content across
the surface with a variation of parameters (A and B).

The cube above represents a relationship between
X1 : X2: X3 parameters and their effect on the
response ( Y1), keeping all other parameters
constant. The X-axis shows A ( finger millet),
Y-axis shows B (Green gram) and Z-axis shows E
(Gingley seeds). The red dot in the middle of the 3D
image represents the optimum value obtained from
RSM and shows the variation of calcium content
across the surface with a variation of parameters
(A, Band E).
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Table 4: ANOVA computation of for the calcium in Nutrimix Flour

Source Sum of Square  df Mean Square F value p-value (Prob>F) Result
Model 13.99800196 20 0.699900098 10192369.53 1.55642E-81  significant
A-Finger Millet 0.821111543 1 0.821111543  11957524.07  1.5935E-72
B-Green Gram 0.095286235 1 0.095286235  1387615.92  7.84185E-61
C-Semolina 0.000396611 1 0.000396611 5775.694682 4.26822E-31
D-Amaranth 0.040658924 1 0.040658924  592099.905  3.29397E-56
E-Gingley Seed  13.03584485 1 13.03584485 189835875.4 1.56009E-87
AB 3.01764E-06 1 3.01764E-06 43.94472221 6.03488E-07
AC 1.25595E-08 1 1.25595E-08 0.182899054  0.67255501
AD 1.28759E-06 1 1.28759E-06 18.750595 0.00021142
AE 0.000416791 1 0.000416791 6069.566788 2.30101E-31
BC 1.4567E-09 1 1.4567E-09  0.021213318 0.885367324
BD 1.49339E-07 1 1.49339E-07 2.174764324  0.15277406
BE 4.83406E-05 1 4.83406E-05 703.9647067 7.87146E-20
CD 6.21553E-10 1 6.21553E-10 0.009051426 0.924962925
CE 2.01194E-07 1 2.01194E-07  2.92991588  0.099332478
DE 2.06262E-05 1 2.06262E-05 300.3716476 1.92381E-15
AA2 1.42815E-05 1 1.42815E-05 207.9760414 1.27123E-13
BA2 1.88042E-07 1 1.88042E-07 2.738387675 0.110465756
CA2 1.44809E-11 1 1.44809E-11  0.000210879 0.988529056
DAz 3.30539E-08 1 3.30539E-08 0.481351125 0.494207615
EA2 0.003589036 1 0.003589036  52265.71777 4.92796E-43
Residual 1.71673E-06 25 6.8669E-08

Lack of Fit 1.71673E-06 20 8.58363E-08

Pure Error 0 5 0

Cor Total 13.99800368 45

$The Model F-value of 10192369.53 strongly suggested that the model is significant. There is only a 0.01%
chance that an F-value this large could occur due to noise. P-values less than 0.0500 indicate model terms
are significant. In this case, A, B, C, D, E, AB, AD, AE, BE, DE, A?, E? are significant model terms. Values
greater than 0.1000 indicate the model terms are not significant.

Table 5: Nutrimix Flour optimum values

Ingredients Optimized amount (gm)
Finger Millet 37.5

Green Gram 275

Semolina 11.25
Amaranth Seed 8.75

Gingley Seed 15

§The above table represents the optimized values of the
ingredients which help us achieve the required calcium contentin
the Nutrimix flour. This combination of ingredients is being further
analysed through various graphs and 3-D figures.
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Verification and Validation of Box-Behnken
Model

Experimental evaluation of Nutrimix flour calcium
values performed, as explained in section 2.2, to
verify the RSM model results accuracy. Experimental
and predicted values were almost the same with no
significant variation.

RSM model recommended standardizing the
different ingredients for preparing the flour. Under
the optimum conditions which included Nutrimix
Flour: Green Gram (72.5 gm: 19 gm), Green Gram:
Cumin Seeds (19 gm: 8.5 gm).

Proximate Analysis

Proximate analysis of optimized Nutrimix flour
was estimated. Along with the proximate analysis,
calcium and iron estimation were done for the
optimized product. Refer to Table 6 for more details.

Table 6: Proximate composition
of Nutrimix Flour

Parameter Nutrimix Flour
(per 100 g)

Moisture (%) 7.7£0.2*
Crude Fat (%) 6.80+36*
Total Ash (%) 2.4+0.34*
Crude Fibre (%) 2.04+0.30*
Protein (%) 16.4+0.99*
Carbohydrates (g) 65.6+0.22*
Energy Value (Kcal) 389.29+1.24*
Iron (mg) 4.8+0.14*
Calcium(mg) 398.2+0.89*

§The above table represents the various proximate
analytical Mean +SD values of different parameters
in the Nutrimix flour, analysed individually in triplicate.
Here, * indicates a non-significant difference.

The Nutrimix flour had medium level moisture of
7.7+0.2%, calcium 398.2+0.89 g, iron content was
4.8+0.14mg and had an energy of 389.29+1.24 kcal.
The crude fiber was moderate with 2.04+0.30% and
protein content of 16.4+0.99%. The crude fat was a
moderate value of 6.80+36% with Total ash content
as 2.4+0.34%.

Results showed that optimized Nutrimix flour
is calcium and protein-rich and it is fulfilling
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approximately one-third of the RDA for lactating
mothers (0-6 months).

Functional Properties
The functional properties of the Nutrimix flour have

been listed in Table 7.

Table 7: Functional properties of Nutrimix

Flour

Parameter Nutrimix Flour

( per 100 g)
(per 100 g)
Moisture (%) 7.7£0.2*
Crude Fat (%) 6.80+36*
Total Ash (%) 2.4+0.34*
Crude Fibre (%) 2.04+0.30*
Protein (%) 16.4+0.99*
Carbohydrates (g) 65.6+0.22*
Energy Value (Kcal) 389.29+1.24*
Iron (mg) 4.8+0.14*
Calcium(mg) 398.2+0.89*

§The above table represents the various proximate
analytical Mean +SD values of different parameters
in the Nutrimix flour, analysed individually in triplicate.
Here, * indicates a non-significant difference.

The swelling capacity of 16.2+0.21 ml was determined
in the Nutrimix flour. Swelling capacity varies with
particle size, type of variety and processing methods.

The maximum Water Absorption Capacity (WAC) of
Nutri flour may be attributed to starch (Carbohydrates)
and fiber within the flour. Water Absorption Capacity
could be a crucial attribute of proteins in food
merchandise like dough and baked products.?
A WAC 40.410.44% and Oil Absorption capacity
36+0.9% was determined within the samples.

The Water and Oil Binding Capacity (OAC) of the
food macromolecule depends upon the intrinsic
factors. Aminoalkanoic acid composition, surface
polarity and macromolecule conformation are some
factors that affect binding capability.

The ability of the proteins present in the Nutrimix flour
makes is important for appropriate oil absorption
in food. Oil Absorption Capacity leads to a flavour
enhancement and mouthfeel in various food dishes.
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Emulsion Activity 42.7+0.3% and Emulsion stability
47.6£0.4 % was observed in the Nutrimix flour.

The distinction between all-time low emulsifying
activity and also the highest emulsion stability
would compute the EA. Emulsifying properties are
affected by the hydrophobicity of protein.?* Solubility,
pH, and concentration square measure numerous
factors that influence the emulsifying properties of
the protein.

Protein’s capability to reinforce its formation and
stabilization is vital for varied emulsions and their
associated applications in food merchandise like
cake, and frozen items. In these merchandises,
a varied emulsifying and stabilizing capability is
needed, thanks to their varied compositions and
processes.?®

Increasing Emulsion Activity (EA), Emulsion
Stability (ES), and fat binding throughout the food
process are the primary practical properties of
the macromolecule. These properties are vital in
numerous food products like various dressing, frozen
desserts, and salad dressing.

The Bulk density 762+1.5 Kg/m?® depends upon the
particle size and initial wetness content of flours. The
high bulk density of flour suggests its suitableness be
used in food preparations. Low bulk density would
be a bonus within the formulation of complementary
foods.?

Conclusion

Response Surface Methodology was used effectively
in Calcium Rich Nutrimix Flour preparation. It
helped to optimize, different kinds of ingredients
in flour which are beneficial for boosting the
recommended daily requirement of lactating
mothers as recommended by NIN. During lactation,
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there are increased demands of micronutrients
and macronutrients which help both to maintain a
mother’s health and growing child. In India, there is
a low focus on the calcium needs of the lactating
mother as compared to pregnant mothers.

The mixing ratio is formulated from a variety of
ingredients as Finger Millet (37.5 g), Semolina (11.25
g), Green Gram (27.5 g), Amaranth Seeds (8.75 g),
and Gingley Seeds (15 g). The nutrient content of
the optimized flour was calcium (398.2+0.89 mg),
Iron (4.8+0.14 mg), Moisture (7.7+0.2%), Protein
(16.4+£0.99%), Carbohydrates (65.6+0.22 g),
Energy Value (389.29+1.24 Kcal), and Crude fat
(2.04+0.30%).

Based on experimental results, we were able to
meet the recommended daily allowances of the
lactating mother (0-6months) in the Nutrimix flour.
The formulated Nutrimix flour is rich in calcium,
protein contents and is suitable to be used in various
ready to cook food.

This optimized product could be a good option for
lactating mothers as all ingredients are traditionally
accepted and consumed during this period. The
prepared Nutrimix Flour can be used directly or can
be used as a Ready to use food for preparing various
recipes and would help to bridge the gap of nutrients
and increased needs for lactating mothers.
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