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ABSTRACT: For alleviating child malnutrition, functional food from natural resources such as
microalgae predominantly cyanobacteria came into existence as consumers today are more health
conscious. No work of technological or scientific significance has been reported on standardized
method for development of pearl millet weaning food supplemented with Spirulina maxima. Therefore,
feasibility trials were done on the basis of sensory attributes analysis. Spirulina powder grown in
optimized laboratory conditions was screened for its phytochemical constituents. The standardized
product consisted of one part of pearl millet grounded for 5 min cooked with eight parts of water, 5%
salt and 0.8% of cumin powder. Cooked weaning food mixed with 1% curd culture, 1.5% Spirulina
powder and incubated for 12 h (fermentation). Standardized product consisting of this formulation
scored 8.13, 7.93, 7.88, 7.94, 7.30, 8.14 for colour and appearance, flavour, consistency, mouthfeel,

acidity and overall acceptability, respectively on 9 points hedonic scale.
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INTRODUCTION

Malnutrition, especially due to protein-poor
diet is very common in many parts of the
world and is emerging as one of the major
health problem that is being faced by
developing countries of the Asian subcon-
tinent. The problem has caught the atten-
tion of policy makers and researchers, as
it was well reported that about 870 million
people in the world are undernourished in
terms of dietary energy supply in 2012 in
which about 17.6% from the South Asian
population is undernourished (FAO, 2012).
Considering the growth and development
of children; weaning is the most important
and critical stage. Weaning is the process
of expanding the diet to include food and
drinks other than breast milk or infant

formula as it is the period of infant vul-
nerability (Sajilata et al., 2008). To be
suitable for the feeding of young children,
the cereal-based weaning foods are pre-
pared in liquid form by dilution with a large
quantity of water, thereby resulting in more
volume but with a low energy and low
nutrient dense food (Sanni et al., 1999;
Egounlety, 2002; Munasinghe et al. 2013).
Hence, such products are often poor in
nutritional value as they lack essential
amino acids such as threonine, lysine and
tryptophan (Egounlety, 2002; Munasinghe
et al., 2013). Several strategies have been
used to improve the nutritive value of wea-
ning foods, namely malting, dry roasting,
milling, steaming, boiling, and sprouting
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which are some simple processes being
used in the production of weaning foods
(Wikramanayaka, 1996; Munasinghe et
al., 2013). Milk and cereal (millet)-based
complementary foods appear to be unique
in the sense that they can deliver a
multitude of nutrients to children and
complement each other as well. During the
last decade, the utilization of microbial
sources, particularly microalgae like cya-
nobacteria as a nonconventional source of
food and protein seems promising (Pulz
and Gross, 2004; Rodrigues et al. 2015)
and has a long history. Knowing their
physicochemical characteristics is funda-
mental for the selection of the most suita-
ble microalgae to specific food technology
applications and consequently successful
novel foods development (Batista et al.,
2013). Of all the blue-green algae, Spi-
rulina (Arthospira) platensis/maxima have
received the greatest interest (Kamenidou
et al., 2011, Mishra et al. 2015). Spirulina
is virtually immune from problems of
contamination and indirectly attest to its
safety and has been proven safe for
human consumption and have numerous
health benefits (Ciferri, 1983, Karkos et al.
2010). A combination of probiotics and
prebiotics has also been employed to
enhance the health benefits of infant for-
mulae referred as synbiotics. The dietary
supplement market for probiotics/synbio-
tic is gaining momentum at a very fast
pace over the globe, hence, regulation of
these products is a must for consumers
safety (Sarkar, 2011).

It has been reported that Spirulina could
improve the quality of fermented dairy
products via increasing the rate of in vitro
development of several strains of micro-
organisms present in them (Bhowmik et
al., 2009) and due to its complex com-
position it might be used for supple-
mentation in synbiotics formulations (Fina-
more et al. 2017). Charalampopoulos et
al., (2002) developed a functional weaning
food using novel cereal components as
substrates and developed dietary fibre,
prebiotics and probiotics. For commercial
purposes, it is especially fruitful and im-
portant to isolate or search for strains en-
dowed with more favourable character-
ristics like faster growth, better biomass
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yield, higher specific cell constituents,
adaptability in stress, etc.

Thus, a systematic screening of two dif-
ferent strains of Spirulina grown under two
different mild stress condition i.e. Zn®'/
UV-B radiation was performed to identify
the most suitable strains in terms of bio-
mass and phytochemical production.

In India, we have traditional products
touted as functional but have little scientific
validation. It was envisaged that prepa-
ration and standardization of Spirulina-
supplemented milk and cereal-based wea-
ning food in combination with fermentation
with curd culture for flavour enhancement
would offer the potential for the deve-
lopment of a simple and nutritious product
with some probiotic efficacy made from lo-
cally available underutilized raw mate-
rials.

Spirulina can be considered safe in heal-
thy subjects, even though sensory charac-
teristics of a functional food are important
as per consumer acceptance of the pro-
duct (Finamore et al. 2017). It was the-
refore, planned to carry out feasibility stu-
dies on the development of such a pro-
duct, with sensory attributes forming the
basis of the study.

MATERIALS AND METHODS

Raw materials
Pearl millet

Wholesome, insect free, pearl millet
(Pennisetum glaucam) grains with an ave-
rage mass of each kernel 8.9 mg of hybrid
variety were procured from local market of
Allahabad district, Uttar Pradesh (Fig. 1A).

Figure 1. Whole Pearl millet grains (A);
Sprouted pearl millet grains (24 h) (B)

The pearl millet grains were germinated
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for 24 h (Fig. 1B) for removal of anti-
nutritional factor and to increase the di-
gestibility.

Curd culture procurement and
preparation of curd

Mesophilic mixed strain curd culture
NCDC-167 (Lactococcus lactis ssp. lactis,
Lactococcus lactis ssp. cremoris and Lac-
tococcus lactis ssp. lactis biovar. Diacte-
tylactis in 1:1:1 ratio) was supplied by Na-
tional collection of Dairy cultures (NCDC),
Dairy microbiology division, National Dairy
Research Institute, Karnal, Haryana, India.
Curd was prepared by inoculating 1% of
curd culture NCDC-167 in skimmed milk
and incubated at 37 °C for 24 h.

Other ingredient

Salt, cumin seed powder and skimmed
milk were procured from the local market.

Harvesting of Spirulina powder grown
in optimized laboratory conditions and
maintenance of axenic culture of Spiru-
lina maxima

Pure culture was harvested in liquid broth
media under broad spectrum antibiotic (ex.
gentamycin) to prevent the growth of other
class of bacteria as per our previously set
protocol (Mishra and Prasad, 2015). The
culture was maintained in Zarrouk’s me-
dium (Zarrouk, 1966) at 27+2 "C under the
photo-synthetically active radiation (PAR)
of 75 umol photon m?s™ with a 16/8 h of
light/dark period. The next step in the
study was to optimize the growth beha-
viour of S. maxima in two different stress-
ses i. e. Zn**/UV-B. The cells were expo-
sed to varying concentration of Zn* (i.e.
1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 4.5, 5.0,
6.0, 8.0 and 10.0 mg L") and UV-B (i. e.
0.05, 0.1, 0.2, 04, 0.6 and 0.8 umol
photon m™ s~ for 4 h daily). On the basis
of above preliminary growth experiments,
a mild range of Zn** stress i.e. 2.5 as sti-
mulatory dose, 3.5 as moderate dose and
4.5 mg L™ as high dose were selected for
exposure of Zn** by adding them to the
growth medium. Similarly for UV-B stress;
0.05 was selected as stimulatory dose, 0.2
as moderate dose and 0.6 pmol photon m™~
2 57" as high dose and denoted as UV-B;,
UV-B, and UV-B; respectively for further
analysis of physiological and biochemical

characteristics of the Spirulina species
(unpublished data). S. maxima grown un-
der mild stress of Zn** and UV-B; in
Ranjan Plant Physiology and Bioche-
mistry Laboratory was selected for the
product development. As the cultures were
grown in the liquid medium it was har-
vested using filter paper and washed with
distilled water 3-4 times, then dried in hot
air oven at 50 °C for complete removal of
moisture. Then it was preserved in plastic
bags and kept in air tight container at -20
°C in a deep freezer.

Preliminary phytochemical screening of
Spirulina powder

The mass cultured cyanobacteria was se-
parated from the medium by centrifugation
at 8000 rpm for 10 min and pellets were
dried at 50 °C for 24 hours. The dried
Spirulina sample was ground into a fine
powder by using mortar and pestle.
Powdered sample was immersed in me-
thanol solvent (10 ml) and placed in a
shaking incubator for 24 hours at 25 °C.
The solvent extracts were concentrated
under reduced pressure at 40 °C by va-
cuum evaporator. The concentrated sam-
ple used for the presence of phytoche-
micals such as carbohydrates, steroids,
terpenoids, saponins, alkaloids (Sofowora,
1993), amino acids, tannins and flavonoids
(Trease and Evans, 2002).

Processing of pearl millet grains

Soaking: The pearl millet grains were
cleaned and washed with water and soa-
ked in water: 0.1% formaldehyde solution
in the ratio of 1:3 for 24 h at room tempe-
rature.

Germination: After draining the soaking
water, the grains were placed between the
folds of muslin cloth drying tray and then
the grains were allowed to germinate at
room temperature (24-35 °C) for the pe-
riod of 24 h (Akubor and Obiegbuna,
1999). Water was sprinkled intermittently
to moist the cloth and paper (Khetarpaul
and Chauhan, 1989; Narasimha and Mal-
leshi, 2003; Hassen et al., 2006).

Drying: The germinated grains were dried

at 55-60 °C for 8 h (up to moisture content
5-6%). The rootlets dried grains were re-
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moved by scrubbing with hands (Abbey
and Berezi, 1988).

Dehusking: The germinated and dried
grains were coarsely ground in a low
speed mixer for 5 min to remove husk
(Hassen et al., 2006).

Cooking: The pearl millet grains were co-
oked in addition with water, salt and cumin
seed powder in a pressure cooker for 15-
30 min (Ejeta et al., 1987).

Standardization of the method for the
development of Spirulina-supplemen-
ted milk and cereal-based weaning food

Optimization of particle size of the pearl
millet

The dried pearl millet grains were sub-
jected to grinding at low speed mixer for
different time periods: without grinding, 10
and 5 min to prepare 3 samples A, B and
C, respectively. All the three samples were
soaked in water for half an hour and then
cooked in a pressure cooker for 30 min
with 5% salt, 0.8% cumin powder and
sufficient amount of water. After cooking,
the samples were cooled to room tem-
perature and then given to panel of semi
trained judges for sensory evaluation.

Optimization of quantity of water to
pearl millet ratio

The dried and dehusked pearl millet grains
were cooked as detailed in the previous
section using different pearl millet grain to
water ratios of 1:6 (B), 1:8 (C) and 1:9 (A).
After cooking, the samples were cooled to
room temperature and then given to panel
of semi trained judges for the sensory eva-
luation.

Optimization of incubation time for
fermentation

The product was prepared using the pearl
millet to water ratio optimized previously.
The cooked pearl millet weaning food was
cooled to room temperature. It was then
mixed with skimmed milk curd prepared
previously and kept ready (skimmed milk
cultured with curd culture at the rate of 1%
at 40 °C) (El Hag et al., 2002; Hassen et
al., 2006). The weaning food was then
kept in an incubator at 29 °C for a different
time: without fermentation i.e. 0 h (C), 8 h
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(B), 12 h (D), and 14 h (A) for the pre-
paration of four samples. After fermen-
tation, the samples were heated in a mic-
rowave oven for 1 min and then given to
panel of semi trained judges for the sen-
sory evaluation.

Preparation of Spirulina-supplemented
milk and cereal-based weaning food

The product was prepared using step by
step standardized protocol after a number
of trials. The cooked pearl millet weaning
food was cooled to room temperature. It
was then mixed with skimmed milk curd
prepared pre-viously and kept ready (skim
milk cultured with curd culture at the rate
of 1% at temperature of 30 °C). This food
was then added with Spirulina powder at
the rate of 0.5% (C), 1.5% (D), 3% (A) and
without addition of Spirulina (B) for the
preparation of four samples and kept in
incubator at 29 °C for 12 h for fermen-
tation. After that the samples were heated
in a microwave oven for 1 min and given
to panel of semi trained judges for the
sensory evaluation.

Physicochemical analysis (proximate
composition)

The raw material and final product were
analyzed for moisture, protein, fat, carbo-
hydrates, ash and crude fibre content by
following the standard methods of AOAC
(1984). Along with proximate composition,
the colour value was also determined by
X-rite colorimeter that was calibrated using
a white reference standard tile, as des-
cribed by Ranganna et al., (2005).

Evaluation of the probiotic efficacy of
developed pearl millet weaning food

Prior to sensory evaluation Spirulina sup-
plemented pearl millet weaning food was
evaluated for its probiotic efficacy after 12
h incubation at 29 °C. In brief, a loop of
weaning food suspension in normal saline
was streaked on nutrient blood agar plate,
Mueller-Hinton agar plate and MacConkey
agar plate at subsequent time interval of
incubation.

Sensory evaluation and statistical ana-
lysis

The Spirulina-supplemented and non-sup-
plemented milk and cereal-based weaning
food was evaluated for its sensory cha-
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racteristics by a panel of 15 semi trained
judges using a 9-point hedonic scale (Sto-
ne et al., 1974). Three replicates of each
sample from the three ftrials of each
experiment were used for statistical ana-
lysis and the values are reported as
meantSD. Statistical analysis of the pre-
sent investigation was subjected to the
analysis of variance using Duncan’s mul-
tiple range test (DMRT) at p<0.05 sig-
nificance level using SPSS-16.0 software.

RESULTS AND DISCUSSION

This study was carried out in two phases
to conduct the feasibility trials on Spirulina-
supplemented weaning food based on
milk-cereal foods. The first phase was
concerned with the optimization of the
formulation and processing parameters for
developing fermented pearl millet weaning
food. In the second phase, optimization of
Spirulina supplementation in the deve-
loped fermented pearl millet weaning food
for sensory and nutritional characteristics
was carried out. Recent studies on the
positive role of low fluence rate of UV-B in
Spirulina spp. has been reported and it
was found that there was enhancement in
biomass production, photosynthetic pig-
ments, non-enzymatic antioxidants, total
phenolic contents, and antioxidant po-
tential (Kumar et al., 2016). Similar to the
above studies an attempt was made in the
present study to adapt the Spirulina
species under mild stress condition (2.5
mg L" of Zn?* or UV-B,) to enhance their
chemical constituents. Thereafter such
mild stress-adapted S. maxima was har-
vested by filtration to remove growth
medium and dried to make powder. This
powder was further utilized for supple-
mentation in weaning food for its value ad-
dition. Results obtained are presented he-
reunder.

Quality of raw material

The chemical composition of pearl millet
flour prepared from raw grains of 24 h-
sprouted pearl millet flour is shown in
Table 1.

The moisture content of raw pearl millet
flour ranged from 9.00 to 9.45% with an
average of 9.26%. The fat, protein and ash
content varied from 5.85 to 6.70, 9.32 to

9.85 and 1.33 to 1.69% with average va-
lues of 6.16, 9.55% and 1.54%, respect-
tively. The carbo-hydrate content calcula-
ted by difference ranged from 72.86 to
77.00% with average value of 74.39%.
The moisture and fat content of 24 h-ger-
minated pearl millet grain ranged from
9.15 to 9.75% and 10.29 to 10.68% with
average values of 9.50 and 10.39%, res-
pectively. The protein, ash and carbohy-
drates had average values of 10.43, 1.63
and 72.71% with a slight varying range of
10.22 to 10.55, 1.52 to 1.75 and 70.31 to
75.00%, respectively. The results of proxy-
mate composition of pearl millet were in
agreement with the report of Hulse et al.,
(1980) who regarded pearl millet as ‘nutra-
cereal’ in view of its unique nutritional
profile and myriad of phytochemicals such
as fat, vitamins and minerals (Ojokoh et al.
2015).

Preliminary phytochemical screening of
crude extract of Spirulina maxima

The results of preliminary phytochemical
screening of methanolic extract of S. ma-
xima grown in optimized mild stress con-
dition i.e. S. maxima grown in 2.5 mg L™ of
Zn** and exposure of UV B; showed the
presence of phytochemicals with positive
test for carbohydrates, amino acids, tan-
nins, steroids, terpenoids, flavanoids, phe-
nols, alkaloids, and a negative test for the
saponin presence (Table 2).

Clean safety profile of the methanolic
extract of S. maxima grown under mild
stress was suggested as it was found po-
sitive for the presence of phytochemicals
and negative for the presence of saponins.
The lethal dose (LD 50) of Spirulina has
not been determined and unlike other
cyanobacteria it exempts any kind of
cyanotoxins, thus has been regarded as a
GRAS product (Generally Recognized as
Safe, FDA, Marles, 2011). So, it is clear
that the long-term dietary supplementation
of Spirulina does not pose any health risk
if consumed in moderation (Yang et al.,
2011).

Sensory attributes of pearl millet wea-
ning food

Effect of grinding on pearl millet weaning
food
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Results showed that there was no sig- terms of overall acceptability (Fig. 3).
nificant difference in colour, appearance N

and flavour score for all type of grain size Effect of addition of curd culture on wea-
studied (Fig.2). The study revealed that ning food as a producer of probiotic acti-
the weaning food prepared from the pearl vity

millet grain which was ground for 5 min (C)
was maximum as for overall acceptability
is concerned.

Results showed that there was no sig-
nificant difference in colour and appea-
rance score for all incubation time in-

Effect of water quantity on pearl millet tervals studied.
weaning food
There was no significant difference in The study revealed that the pearl millet
consistency and flavour score for all levels weaning food in which curd culture was
of water studied. The study revealed that added and then incubated for 12 h (D) was
the Weaning food prepared from the pear| found to be optlmal for overall acceptablllty
millet grains cooked with water at a ratio of and better than the other three samples
1:8 (C) was found to be most desirable in (Fig. 4).
Table1.
Proximate chemical composition of raw and 24 h-sprouted pearl millet flour
Constituents Raw Flour Flour of 24 h-sprouted pearl
(%) millet grains (%)
Moisture 9.26 (9.00-9.45) 9.50 (9.15-9.75)
Fat 6.16 (5.8-6.7) 10.39 (10.29-10.68)
Protein 9.55 (9.32-9.85) 10.43 (10.22-10.55)
Ash 1.54 (1.33-1.69) 1.63 (1.52-1.75)
Carbohydrate (by difference) 74.39 (72.86-77.0) 72.71 (70.31-75.0)
Table 2.
Preliminary phytochemical screening of methanolic extract of S. maxima
Compound S. maxima extract S. maxima extract
(2.5 mg L™ of Zn*) (UV By)
Carbohydrates + +
Amino acids + +
Tannin + +
Steroids + +
Terpenoids + +
Flavanoids + +
Saponin - -
Phenol + +
Alkaloids + +
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Figure 2. Effect of grinding time on sensory characteristics of pearl millet weaning food. Values are means (+
SD). Means not sharing a common superscript letter in a column are significantly different at P<0.05 as assessed
by Duncan’s multiple range test. A= without crushing, B= crushing for 10 min and C= crushing for 5 min
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means (£ SD). Means not sharing a common superscript letter in a column are significantly different at P 0.05 as
assessed by Duncan’s multiple range test. Ratio with water during cooking: A=1:9, B=1:6 and C=1:8
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Figure 4. Effect of incubation time on sensory characteristics of milk cereal-based weaning food. Values are
means (+ SD). Means not sharing a common superscript letter in a column are significantly different at P 0.05 as
assessed by Duncan’s multiple range test. A= 14 h, B= 8 h, C=without fermentation and D= 12 h
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Figure 6. Effect of supplementation of Spirulina powder on sensory characteristics of milk cereal-based weaning
food. Values are means (+ SD). Means not sharing a common superscript letter in a column are significantly
different at P 0.05 as assessed by Duncan’s multiple range test. A= 3%, B= without Spirulina, C=0.5% and
D=1.5%
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It was reported that endogenous enzyme
phytase of pearl millet contributed sig-
nificantly to the reduction of the phytate
content of fermented pearl millet flour
which was dependent on pH and tem-
perature of fermentation. It was inferred
that the fermentation process released
unidentified polyphenols and converted
phycocyanin to phycocyanobilin (Patel and
Goyal, 2013).

Based on the results, it was suggested
that fermented Spirulina can be a potent
supplement for weaning food due to
presence of lactic acid bacteria i.e. Lacto-
coccus lactis, Streptococcusthermophilus,
Lactobacillus casei, Lactobacillus acido-
philus, and Lactobacillus bulgaricus (Gup-
ta et al. 2017)

Despite numerous beneficial properties of
probiotic bacteria, it is also useful to
mention their safety and efficacy in for-
mula supplemented with probiotics.

Suitability of probiotics for premature in-
fants or in infants with immune deficiency
must be evaluated because of limited data
regarding the mechanisms of probiotic ac-
tion, appropriate administrative regimens,
and probiotic interactions (Sarkar, 2011)
(Fig 5).

Along with this the total plate count was
also found to be more (1.17x10°%-
1.04x10"° CFU g' DM) in Spirulina-
supplemented weaning food than in the
non-supplemented food (1.03x10° CFU g
DM). As it was previously reported by
Bhowmik et al., (2009) that dry algal bio-
mass of Spirulina (10 mg ml™") stimulates
proliferation of probiotic lactic acid bacteria
to 86%.

Figure 5. Milk cereal-based weaning food
containing Lactococci and Lactobacilli
are seen under 100x magnification of oil immerson
microscopy
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Effect of supplementation of Spirulina
powder in pearl millet weaning food

The sprouted and dried pearl millet grains
ground for 5 min and then cooked with
water ratio of 1:8. Prepared pearl millet
weaning food was fermented by adding
curd culture at the rate of 1%. This food
was then added with Spirulina powder at
the rate of 0.5% (C), 1.5% (D), and 3%
(A), and without addition of Spirulina (B)
for the preparation of four samples and
kept in incubator at 29 °C for 12 h for
fermentation.

The statistical analysis of different sensory
score revealed that there was no signi-
ficant difference in flavour, consistency,
mouthfeel and acidity except colour and
appearance score which also affected the
overall acceptability of the product.

The study revealed that the pearl millet
weaning food supplemented with 1.5% (D)
Spirulina powder and then incubated for
12 h was found to be the best-ranked as
far as overall acceptability was concerned
and was better than the other three
samples (Fig. 6).

To develop milk and cereal-based wea-
ning food supplemented with Spirulina,
ingredients such as pearl millet, water,
skimmed milk, curd culture, salt, cumin
seed and S. maxima powder (grown under
mild stress condition) were selected and
their quantity in the formulation were stan-
dardized in a preliminary trial.

According to PFA (2008), milk and cereal-
based complementary foods, commonly
referred to as weaning or supplementary
foods based on milk (Sabikhi, 2007),
cereals and/or legumes (pulses), soybean,
millets, nuts and oil-seeds could be pro-
cessed to low moisture content and then
fragmented to permit dilution with water or
milk.

As it was reported that the pearl millet
(family: Poaceae) ranks sixth most im-
portant grain and used in preparation of
weaning food by people living in arid land
zones (Balten-sperger, 2002). Here, the
supplementation of S. maxima powder in
weaning food was done in combination
with fermentation (12 h).
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Grinding of sprouted and dried grains in
a low speed mixer for 5 min

Soaking of coarse and dehusked
grains for 30 min

§v§l - - Culture of Spirulina maxima
grown under mild doses of 7t

Addition of water in the ratio of 1:8

(2.5 mgL™) and UV-B (UV-B,)

|

\égj Heating of skim § 5
Addition of salt @ 5% and milk to 30°C
repeated washing with water

cumin @ 0.8%
] T :
N 7
Inoculation with curd :
culture @ 1% Drying of Culture

Cooking in pressure cooker for

30-45 min
T T
Spirulina powder
addition @ 1.5 %

Harvesting of culture and

Pearl millet weaning food Proper mixing of culture
in to the skim milk

Mix thoroughly
7

Incubation of product at 29 c
for12h

T

Spirulina supplemented milk cereal

based weaning food

Schematic diagram of the standardized process for the development of Spirulina-

Figure 7.
supplemented milk and cereal-based weaning food

Comtml Weaning food Weaning food supglemented
suppleraented with 5. with 5. maxima powder (2.5
maxima powder (UV B,) mg L of Zn**)

Figure 8. Spirulina-supplemented milk cereal-based weaning food (final product)
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Table 3.

Proximate chemical composition of Spirulina-supplemented milk and cereal-based weaning food
Proximate composition A B C
*L value 14.23+1.23° 35.08+2.35° 22.05+1.18°
**a value 1.29+0.11° 3.19+0.15° 1.34+0.18°
***b value 1.82+1.12° 4.53+1.11° 2.67+1.19°
Dry matter (g/100g) FM 19.15+2.35% 19.15+3.24° 18.52+3.26°
Protein(g/100g) DM 15.34+1.23° 20.98+1.65° 18.92+1.89°
Fat (g/100g) DM 4.08+0.23° 3.10£1.11° 3.51+0.78°
Total ash(g/100g) DM 1.180.14° 1.31£012° 1.25+0.87°
Fiber (g/100g) DM 0.78+0.05° 0.88+0.06° 1.25+0.09°
Carbohydrate (g/100g) DM 61.73+2.56° 70.68+4.12° 66.98+3.75"
Total plate count (CFU/g) DM 1.03x10° 1.17x10" 1.04x10"

A= Without Spirulina powder, B= Added Spirulina powder (UV-B1) and C= Added Spirulina powder

(2.5 mg L" Zn**). Values are means (+ SD).
*L value=lightness/brightness,

**a value=greenness/redness,

***b value=bluishness/yellowishness

Fermentation has been found to increase
pepsin digestibility of millet protein, de-
crease the concentration of phytic acid
and polyphenols with improvement in the
availability of minerals (Khetarpaul and
Chauhan, 1989, Inyang and Zakari 2008).

Final product formulation

From the results obtained above, it is evi-
dent that pearl millet grains ground for 5
min, cooked with a grain to water ratio
of1:8, added with 1% curd culture and in-
cubated for 12 h for fermentation and ad-
ded Spirulina powder at the rate of 1.5%
was found to be most acceptable on the
basis of sensory evaluation. The overall
schematic representation in the form of
flow chart for the development of Spirulina
supplemented weaning food is given in
Fig. 7.

Proximate composition of developed
product

The results of proximate composition of
developed Spirulina-supplemented pearl
millet weaning food are given in Table 3.
There were three samples analyzed for
proximate composition i.e. weaning food
without Spirulina supplementation denoted
as sample A, weaning food supplemented
with Spirulina powder (UV-B,) denoted as
sample B and with Spirulina powder (2.5
mg L™ of Zn?*) denoted as sample C (Fig.
8).

Results showed that the dry matter ap-
peared to be same in the samples A and B
whereas sample C exhibited slightly less
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value. The protein, ash, carbohydrate and
crude fibre contents were higher in sam-
ples B and C as compared with sample A
except fat. Total plate count of the sam-
ples B and C was also found to be higher
as compared to sample A. The Spirulina-
supplemented pearl millet weaning food
formulated by the protocol as above was
analyzed for its proximate composition as
detailed in Table 3.

According to FAO/WHO (1982) a minimum
protein content of 15% is required for
maximum complementation of amino acids
in foods and for growth. In this study, all
the three formulations met the protein
demands for 1-3 year old children (15-
21%, wiw) (Table 3). The ash content indi-
cated the mineral content of the products
was higher in the Spirulina-supplemented
weaning foods (1.257-1.316%, w/w) than
in the weaning food without Spirulina sup-
plementation (1.185%, w/w). Acceptable
ash content of weaning foods, given by the
recommendations of the Protein Advisory
Group (PAG) (1972) should not exceed
5%. Formulated foods studied in the cur-
rent study were within this limit as well
(Table 3). The fat content of a food sample
can affect its shelf life stability, because fat
can undergo oxidative deterioration, which
leads to rancidification and spoilage. Hen-
ce, a food sample with high fat content is
more liable to spoilage than one with a
lower fat content (Amankwah et al., 2009).
The PAG (1972) recommends that the fat
content of a weaning food should not
exceed 10% due to oxidative deterioration.
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Thus, the total fat content of formulated
product ranging from 3-4% will not affect
its shelf life (Table 3). For weaning foods
acceptable fibre content should not ex-
ceed 5% according to the PAG (1972) re-
commendations because high fibre con-
tent decreases the digestibility of the par-
ticular food for weaning children. The
crude fibre content (0.788-1.258% w/w) of
the evaluated formulated food was within
this acceptable range (Table 3). In the
present study, 24 h-germinated pearl millet
grains was used as the main carbohydrate
supplier which helped to maintain the
carbohydrate content (66-70%) over 65%
as in the recommendations made by the
PAG (1972).

CONCLUSION

Pearl millet weaning food is a traditional
food of India mainly in rural areas. Great
prospects exists in India for value addition
and improving health benefits of cereals
by combining with milk and milk by-
products and applying advanced techno-
logies for their processing and pre-
servation. Therefore, in order to enhance
the flavour and digestibility of traditional
pearl millet weaning food, an attempt was
made to conduct feasibility studies on the
acceptance of fermented pearl millet wea-
ning food (based on milk and cereal wea-
ning foods employing similar technology).
It may be concluded that the standardized
product consisted of one part of pearl
millet ground for 5 min; cooked (1:8), 5%
salt and 0.8% of cumin powder. Cooked
weaning food was mixed with 1% curd
culture, 1.5% Spirulina powder and in-
cubated for 12 h (fermentation). The stan-
dardized product consisting of this for-
mulation was scored 8.14 points on the 9-
point hedonic scale as per overall accepta-
bility is concerned. The proximate che-
mical composition of Spirulina-supple-
mented milk and cereal-based weaning
food was found to be richer as compared
to the non-supplemented weaning food.
This study was exploratory in nature and
sheds light on segments based on pa-
nellists’ knowledge regarding the sensory
attributes of milk cereal-based probiotic
food of Spirulina, but further in-depth
research is required on its shelf life deter-
mination, development of such product at

industrial scale, consumers’ preference
and purchasing behaviour and attitudes
towards the product. This will enable the
future use of microbes and microbial fer-
mentations for a widening area in food
technology and in functional and clinical
food areas.
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PA3BOJ CUMBMOTUYKE YBPCTE XPAHE 3A O00JYAA U MANY OELY
OBOrAREHE CMMUPYJIMHOM Y3roJEHOM nof KOHTPOJIMCAHUM
YCJIOBUMA BJIATOr CTPECA

Pragya Mishra*1, Sheo Mohan Prasadz, Neelam Yadav'

1yHI/IBep3I/ITeT y Anaxabapgy, LieHTap 3a npexpambeHy TexHonorujy, Anaxabag, NHguvja
2YHVIBep3I/ITeT y Anaxabagy, lenapTmaH 3a 60TaHuky, JlabopaTtopuja 3a dmaunonorvjy burbaka un
ovoxemujy, Anaxabag, NHguja

Caxetak: Y uurby yonaxaBara HeyxpareHOCTU Ko A€eLe a Y cknagy ca nosehaHom ceelwhy
noTpoLllada O 34paBCTBEHOM acnekTy UCxpaHe, pasBujeHe cy dopmynaumje yHKUNMOHanHe 4YBpcTe
XpaHe 3a opfojyag v Many geuy kopuctehu npupogHe pecypce nomyT MUKpoanri, HapovuTo
umjaHobakTepuja. Y Hay4yHOj U CTPYYHO] NUTepaTypu gocaja HUCY 00jaBrbeHM METOAMN O Hay4vyHOr U
TEXHUYKOr 3Hayaja 3a pa3Boj YBCTe XpaHe 3a ofojuyad Ha 6asu npoca koja je oboraheHa cnMpynUHOM
(Spirulina maxima). Y oBoM pagy je npouerunBaHa U3BOAIbMBOCT (hOpMynuncama OBaKBe XpaHe Ha
Da3un oueHe ceH30pCKUX CBOjcTaBa. M3BpLUeHO je ucnutnBarwe hU3NYKO-XEMUjCKMX CBOjCTaBa npaxa
Of, CNUpYrnuHe Koja je rajeHa y ontumanHum nabopartopujckm ycnosuma. CtaHaapam3oBaH Npoussoa
Ce cacTojao of jedHOr gena MneBeHor npoca KyBaHor y 8 genoa Boae, 5% conu u 0,8% kymuHa y
npaxy. Tako npunpemrbeHoj XxpaHu goaato je 1% BakTtepujcke kynType 3a cupene u 1,5% cnupynuHe
y npaxy. HakoH Tora je cnpoBefeHa dhepMeHTaumja y Toky 12 catu. CtaHaoapan3oBaH Npou3Bod OBe
dopmynaumje je gobmo cnepehe oueHe HAKOH CEH30pPCKe eBanyauuwje Ha XeOoHCKoj ckanu og 9
oopoea: 8,13 6ogoea 3a 60jy 1 n3rnea, 7,93 6ogosa 3a ykyc, 7,88 6ogoBa 3a kOH3UCTeHUWjy, 7,94
ocehaj y yctuma, 7,30 kncenoct 1 8,14 3a yKyrnHy npuxBaTibUBOCT.

Krby4yHe peum: criupyrnuHa, 4yecma xpaHa 3a 0dojuyad, ceH30pcKa ceojcmea, hepMeHmauyuja,
xedoHcKa cKkana
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