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Development of complementary food that contains adequate nutrients at affordable costs is quite a
challenge for developing countries. The traditional complementary foods are viscous and lack essential
nutrients. The objective of this study was to formulate and evaluate the physicochemical properties and
acceptability of a complementary food. A preliminary study was conducted to select the appropriate
processing method and estimate the nutritional composition of the ingredients. Accordingly, the
complementary food was formulated from processed sorghum, pigeon pea, soybean along with
skimmed milk and sucrose in the proportion of 65:15:10:5:5. The blend (95%) was mixed with malted
finger millet (5%). Functional properties, sensory attributes, amino acid composition and trypsin
inhibitor activity (TIA) of the product were evaluated. The product was easily dispersed in warm water
and the reconstitution had a smooth and homogeneous consistency. The dry basis composition of the
product was 14.4% digestible protein, 59% digestible starch, 4.2% fat, 12.8% total dietary fiber and 2.4%
total minerals. Calcium, magnesium, iron and zinc level were 145.2, 94.5, 6.0 and 2.0 mg per 100 g dry
basis, respectively. TIA in the product was inactivated to trace. Physicochemical properties of the
formulated product were within the acceptable standard for children aged between 6 and 24 months.

The newly developed complementary food may contribute to alleviating child malnutrition.
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INTRODUCTION

The major risk factors associated with infant and early
childhood mortality and morbidity are poor infant feeding
practices as well as childhood and maternal under-
nutrition (WHO, 2009). Unlike developed countries where
there are many children affected by obesity, most
children in developing countries such as sub-Saharan
Africa and Southeast Asia are conversely affected by lack
of food or inadequate supply of energy and nutrients.
Malnutrition is one of the major problems facing infants
and young children of developing countries. Following a
study conducted for 12 consecutive years (1980 to 1992),
WHO has reported that more than one third of children

aged less than five years in developing countries suffer
from chronic malnutrition (de Onis et al., 1997). UNICEF
(2009) indicated that more than 4.6 million annual deaths
of children occur in Africa. In Ethiopia, 47 and 11% of
under five children are stunted and wasted, respectively
(Central Statistical Agency and ORC Macro, 2006). A
higher rate of under five mortality due to protein-energy
malnutrition is also reported in Ethiopia (Government of
the Federal Democratic of Ethiopia, 2008) and Sudan
(Asma et al., 2006). Furthermore, pocket studies on
micronutrient deficiencies indicate higher prevalence of
iron and zinc deficiency especially in young children
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(Getahun et al., 2001). The situation is similar with Asian
countries like India (Thathola and Srivastava, 2002).
Appropriate complementary feeding of the infant and
adequate nutrition are among the crucial measures
required to avert infant and early childhood deaths
(UNICEF, 2009).

In developing countries, children are mostly weaned on
starchy, bulky gruels which are characterized by both low
energy and low nutrient density. The traditional comple-
mentary food is mainly based on starch staples such as
rice, sorghum, maize and wheat. Although the cereals
contain sufficient sulfur containing amino acids (methio-
nine and cysteine), which are limiting in pulses, they are
deficient in lysine, which is rich in pulses (Gopalan et al.,
1989). The unavailability of nutritious food and the high
cost of commercial complementary foods and animal
protein are the main causes of protein-energy malnutri-
tion in children in the developing countries. Therefore,
developing nutrient-dense, safe, affordable and acces-
sible complementary food from locally produced ingre-
dients using household or small to medium scale pro-
duction technologies has been strongly recommended as
a viable and sustainable approach to address the pro-
blem of malnutrition (WHO, 1998). The main objective of
the present study was therefore to formulate a reduced
bulk nutrient-dense complementary food for children,
characterize the food and study the nutritional and sen-
sory acceptability of the product.

MATERIALS AND METHODS
Selection and source of ingredients

Sorghum, soybean and pigeon pea were strategically selected to
meet FAO/WHO/UNU complementary food quality requirements of
essential amino acids (FAO/WHO/UNU, 1985). Sorghum (Sorghum
bicolor L.), skimmed milk and sucrose were purchased from
Mysore, India. Soybean (Glycine max L.) and pigeon pea (Cajanus
cajan L.) were procured from the University of Agricultural Scien-
ces, Bangalore, India. Finger millet (Eleusine coracana L.) malt was
obtained from M/s. Christy Food Grains, Tamil Nadu. The raw
materials were cleaned to free from extraneous matter and
damaged grains.

Processing of ingredients for complementary food formulation
Sorghum

Grains were conditioned (equilibrated) to different moisture content
ranging from ~12 to 20% and kept in tightly closed containers for 14
h at room temperature with occasional mixing. Treated grains were
popped in a laboratory popcorn maker at 260°C for 30 s. Percen-
tages of popped material as well as the bulk density of popped
grains were calculated. The number of samples tested each time
was five and the process was replicated twice and expressed as
mean * SD. The popped grains were then ground in a laboratory
model vertical grinder to obtain flour that passed through a BSS 60
mesh with an opening of 250 micron. The temperature of the sam-
ple was always kept below 40°C during grinding by cooling the
samples as well as the grinder.
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Pigeon pea

Grains were soaked in water for 24 h. After decanting excess water,
the grains were wrapped with gunny cloth and left for 36 h to
germinate. Germinated grains were kilned at 105 — 110°C and were
milled by a pulse dehusker (Ramakrishnaiah et al., 1999). It works
on the principle of the dry milling technique by applying oil and heat
treatment to the pulse followed by dehulling in an abrasive type
unit. The dehusked kernels were then ground in the laboratory
model vertical grinder to obtain flour that passed through a BSS 60
mesh.

Soybean

Soybean grains were decorticated using pulse dehusker
(Ramakrishnaiah et al., 1999) and the kernels were soaked in water
at room temperature (28°C) for 4 h. After draining excess water and
drying surface moisture, the kernels were toasted at 200°C for 20
min and then ground in the laboratory model vertical grinder to
obtain flour that passed through a BSS 60 mesh.

Finger millet

Finger millet grains were cleaned and soaked in water for 12 h.
Excess water was decanted, and soaked grains were wrapped in
gunny cloth and left for germination for two days. Water was
sprinkled during germination to keep grains moist. Sprouted grains
were kilned, rootlets were removed, decorticated and powdered as
indicated by Shobana and Malleshi (2007).

Complementary food formulation

The proportion of the main ingredients (processed sorghum, pigeon
pea and soybean) was determined mainly based on proximate
composition as recommended by Malleshi (1995). Accordingly, the
complementary food was formulated using processed sorghum,
pigeon pea, soybean, skimmed milk and sucrose in the ratio of
65:15:10:5:5 and blend was mixed thoroughly until uniform distri-
bution of particles was obtained. The formulated complementary
food (95 parts) was mixed with finger millet malt (5 parts) to prepare
the product. Flow chart for preparation of the formulated com-
plementary food is presented in Figure 1.

Functional properties

Swelling and solubility studies of the complementary food and
ingredients were conducted at 30, 55 and 95°C. Swelling volume
was determined according to the method of Crosbie et al. (1992).
Flour samples (0.4 g, dry basis, db) were mixed with 12.5 ml of
water, equilibrated at the respective temperature for 5 min and then
centrifuged at 5000 rpm for 15 min. The swelling volume was
calculated by converting the height of the resultant gels to a volume
basis, and the results were reported as g/g of dry flour. The
supernatant was carefully removed and the difference of the initial
and final volume due to swelling was observed for measuring
solubility and expressed per gram of the initial weight of the dry
flour. All experiments were repeated three times and values are
presented as the mean of the three observations.

Viscosities of unprocessed and processed ingredients, as well as
the complementary food formulation were measured using Brook-
field viscometer. A known quantity of the respective flours was
reconstituted in water at different solid concentrations ranging from
8 to 30% depending on experimental observation of the viscosity of
individual test material. The slurry was heated in boiling water bath
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Figure 1. Flow chart for preparation of the formulated complementary food.

maintained at 95°C for 20 min with occasional stirring maintaining
constant volume. The slurry was then cooled to ambient tempera-
ture and the viscosity was measured. A comparative viscosity study
of processed and respective raw ingredients was also performed.
The formulated complementary food with different percentage (0, 1,
2, 3, 4, 4.5 and 5%, w/v) of finger millet malt flour was also studied
similarly to achieve the desired viscosity of the product.

Viscography of the complementary food and raw mix of the
ingredients was also carried out following the method of Halick and
Kelly (1959) and Kho and Singh (2009) by employing a Brabender
visco-amylograph (Type VSK 4, Duisburg, FRG fitted with a 700-
cmg sensitivity cartridge) using a dispersion containing 15% flour
solids (db). The sample was heated up to 95°C at the rate of
1.5°C/min, held at 95°C for 20 min and cooled at 1.5°C/min to 50°C.
Duplicate runs were made for each sample.

Nutrient composition and digestibility study

Moisture, ash, fat, crude protein and minerals, viz. calcium, iron,
magnesium, zinc and copper were estimated using AOAC (2000)
methods. Starch was determined following Chitra et al. (2010). Five
grams (dry matter basis) of sample was boiled with 50 ml of 1.124%
HCI in a boiling water bath for 15 min. The aliquot was transferred
into a 100 ml volumetric flask and cooled. Three milliliters each of
15% potassium ferrocyanide and 30% zinc sulfate were added into
the digested samples and incubated at 20°C and polarimetric
readings were taken on the same day. Starch content was then
calculated using the following equation.

Observedreading X 100
185.7 X 0.1Weightin g, dmb

Starch (%, db) = X 100



The results were expressed after applying a correction factor of
2.4% (adding to each value), which was necessitated as the starch
recovery using the polarographic method slightly varies from one
source to the other with a mean reduction of 2.4%, db (Chitra et al.,
2010). The complementary food was also analysed for amino acids
(Bidlingmeyer et al., 1987), insoluble and soluble dietary fiber (Asp
et al., 1983). In vitro protein and carbohydrate digestibility of the
complementary food were also determined following the method of
Walter and Mark (1964). Trypsin inhibitor activity (TIA) was esti-
mated following Hamerstrand et al. (1981).

Sensory evaluation

Complementary food in powder form was dispersed in warm water
(50°C) at 10%, and mixed well so that no lumps were present. The
dispersion was boiled for 2 min and served in glass containers
coded with 3-digit random numbers to minimize bias. The tempera-
ture of the sample at the time of serving to panelists was 50 to
55°C.

Sensory evaluation of the complementary food was carried out in
two stages by a trained panel of 10 assessors, in sensory booths
maintained at 22 + 2°C, RH 50 * 5%, under white fluorescent light.
In the first stage of evaluation, “Free Choice Profiling” was used for
formulating a suitable scorecard. This included listing of appropriate
terminology describing individual quality attributes of the sample.
Panelists were adequately trained to detect subtle differences in the
perceived intensity of attributes and also to describe them. In the
second stage, the “Quantitative Descriptive Analysis” method was
employed for sensory analysis of the product. A 15 cm scale
anchored at 1.25 cm on either end, representing “Recognition
threshold” and “Saturation threshold,” respectively was used for this
purpose. Panelists were asked to mark on this scale to indicate the
perceived intensity of each attribute. The scores for all the attributes
were tabulated and the mean value was then taken for each
attribute. These mean scores represented the panel's judgment
about the sensory quality of the sample.

Statistical analysis

Descriptive statistical analysis was conducted using Microsoft ®
Excel 2003 and the results were expressed as mean + SD when-
ever required.

RESULTS AND DISCUSSION

Physicochemical properties of processed grains
Effect of moisture on physical properties of sorghum

Popping of sorghum reduced bulk density from 753 to 89
kg/m®. Increasing moisture content from the 11.3 to 18%
further reduced bulk density of popped sorghum from 89
to 66 kg/m®. Popping expanded the raw sorghum to
574%, which was further improved to 767% by increasing
the moisture content to 18%. When moisture content of
grains was further increased to about 20%, the grain bulk
density and percent expansion was decreased. There-
fore, 18% moisture content was used for popping of
sorghum. Higher expansion of popped grains is desirable
because of enhanced food quality and also textural and
economic benefits.
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Viscosity

Viscosities of raw and processed flours of sorghum,
pigeon pea and soybean are presented in Figure 2. The
viscosity of processed flour varied considerably; at 10%
slurry it was 2600 mPas for sorghum, 863 mPas for
pigeon pea and was too thin for soybean to measure
using the viscometer. It appears that the viscosity of the
processed ingredients is highly positively correlated with
the starch content of the flours. Up to 20% concentration
soybean slurry was too thin and freely flowing. Sorghum
at 15% concentration and pigeon pea at 20% concentra-
tion was too thick to measure the viscosity, while the
viscosity of soybean at 25 and 30% concentration was
only 737 and 3610 mPas, respectively.

Among the raw materials considered, sorghum showed
highest viscosity at lower concentration (about 12 to
13%) both in cooked raw and cooked processed mate-
rials as it contains highest amount of starch. The viscosity
of cooked processed sorghum was lower than the cooked
raw sorghum, which is an indication of the change in
properties of cooked starch of the processed sorghum.
Similar observation was also noticed in pigeon pea but at
higher concentrations; 15 to 16% in cooked raw pigeon
pea and about 18% in cooked processed pigeon pea. In
the case of soybean, viscosity was registered at about
30% in cooked raw material and very high concentration
in cooked processed material. In the processed soybean,
denaturation of protein occurs but negligible amount of
starch makes the cooked slurry to assume least viscosity
even at higher concentrations.

Solubility and swelling

Table 1 shows solubility and swelling of the raw and
processed flours of sorghum, pigeon pea and soybean at
different temperatures. At lower temperature (pregelatini-
zation temperature), all samples have relatively less solu-
bility and swelling. In agreement with Muralikrishna et al.
(1986), both solubility and swelling of processed samples
were higher than raw flour samples at temperatures of 30
and 55°C. While at cooking temperature (95°C) both
solubility and swelling were decreased due to equilibra-
tion. Among the samples, raw pigeon pea has the least
water holding capacity at pregelatinization temperature.
At gelatinization temperature, processed soybean has the
lowest solubility and swelling. Higher solubility and swell-
ling was observed for processed flours as compared to
raw flour samples, which could partly be attributed to
gelatinization of starch granules during popping, kilning
and toasting of the grains. Similarly, increase in solubility
of all the samples at the highest temperature could be
partly attributed to gelatinization of starch during cooking,
and relatively lower solubility of soybean could be due to
its lower content of starch.

Proximate composition and dietary fiber

The proximate, soluble and insoluble dietary fiber content
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Figure 2. Viscosity of raw and processed ingredients.

Table 1. Solubility and swelling of raw and processed flours at different temperatures. Values are means of three

independent measurements + SD.

Test Sample 30°C 55°C 95°C

Raw sorghum 1.1+£0.1 1.8+£0.0 57+£0.1

Processed sorghum 1.7+0.1 2.8+0.0 48+0.0

- Raw pigeon pea 1.1+04 1.1+0.1 49+0.1
Solubility (g/ .

olubility (g/g) Processed pigeon pea 1.5+0.0 1.3+0.0 46+0.0

Raw soybean 1.4+0.2 1.1+0.1 3.3+x04

Processed soybean 1.5+£0.0 16+0.1 2.8+0.2

Raw sorghum 1.4+0.0 1.8+0.1 54+0.2

Processed sorghum 3.5+0.0 26+0.3 5.2+0.3

. Raw pigeon pea 0.8+0.0 0.9+0.0 4.8+0.0
Swell / .

welling (g/9) Processed pigeon pea 14+0.1 1.7+0.0 43+0.0

Raw soybean 1.2+0.1 1.3+£0.2 3.0+0.1

Processed soybean 1.5+0.1 2.8+0.0 26+0.1

of the ingredients of the complementary food is presented
in Table 2. Raw sorghum contained the lowest quantity
(9.2%) of protein and soybean had the most (41.7%, db).
Protein content of pigeon pea increased from 22% in raw
to 28% (db) in kilned sample which may be due to loss of
moisture and leaching loss during germination. In soy-
bean, decorticated samples contained the maximum pro-
teinlevel (50%, db). As compared with sorghum and pigeon
pea, soybean contained the least starch content (6.3%,
db). Starch content was however reduced marginally by

processing (popping, toasting and kilning). Breakdown of
starch to lower molecular weight compounds might have
brought marginal reduction during estimation.

Total dietary fiber content varied among the different
flours and processing methods ranging from 6.3% in sor-
ghum flour (raw) to 29.7% in soybean (toasted) on dry
weight basis. The insoluble to soluble dietary fiber ratio
was appreciably affected by popping (sorghum), germina-
ted and kilning (pigeon pea) and toasting (soybean). In
sorghum, the insoluble to soluble dietary fiber ratio
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Table 2. Nutritional composition and TIA of raw and processed flours (db). Values are means of three independent measurements + SD.
: Protein (protein Starch (starch Dietary fiber
0 0 0,

Sample Moisture (%) Ash (%)  Fat (%) digestibility) (%) digestibility) (%) Insoluble (%) Soluble (%) TIA (TIU/mQ)
Sorghum: raw flour 14.8+0.0 1.2+00 3.3+x0.0 10.6 £ 0.1 (74.6) 80.5+0.5(83.3) 53+0.21 1.0+04 NC
Sorghum: popped 9.8+0.1 1.1+01 46+04 11.9+0.0(85.4) 74.7 £0.2(97.9) 79+0.2 1.0+0.3 NC
Pigeon pea: raw flour 8.6+04 38+03 18+0.2 25.4£0.3(85.7) 56.1 £ 0.1 (58.7) 8.7+0.8 34+01 18.6
Pigeon pea: germinated and kilned 7.3x0.2 40+03 2.8%0.0 28.2+£0.1(87.5) 48.3 £0.5(98.7) 10.0+0.5 1.3+£0.2 4.4
Soybean: raw 11.0+0.1 53+03 23.0+0.1 50.0 £ 0.2 (85.5) 8.8+ 0.3 (ND) 19.7+2.0 8.7+0.6 88.6
Soybean: decorticated, toasted 6.1+1.1 6.1+0.1 23.6+0.3 48.1 + 0.4 (88.6) 6.0 £ 0.1 (ND) 242+14 55%0.1 4.7

NC= Analysis not conducted, and ND = composition not detected.

increased from 5.6:1 in raw flour to 8.1:1 of popped
flour. Similarly, insoluble to soluble dietary fiber
ratio increased from 2.5:1 to 7.9:1 in kilned and
pulverized pigeon pea, and 2.3:1 to 4.5:1 in toas-
ted soybean. The total dietary fiber content of
each processed ingredient was higher than the
raw material. Results of the present study are in
close agreement with Azizah and Zainon (1997)
who reported that most of the increment of dietary
fiber during processing is due to insoluble fiber.
According to Azizah and Zainon (1997), it is
possible that thermal processing may cause
production of Maillard reaction products and thus
increase in the insoluble dietary fiber content. In-
crease in insoluble dietary fiber content by auto-
claving and microwave treatment was also pre-
viously reported (Vidal-Valverde and Erias, 1991).
Soluble dietary fiber mostly remained unchanged
or reduced to some extent by processing. This is
also in agreement with previous reports (Thed and
Phillips, 1995; Azizah and Zainon, 1997).

Protein and starch digestibility
Popping of sorghum increased the starch digesti-

bility from 83 (raw) to 98% due to gelatinization of
starch during popping. Digestibility of starch in raw

pigeon pea was relatively poor (59%) but increa-
sed to 65% by germination and 99% by kilning
(Table 2). Muralikrishna et al. (1986) and Mouliswar
et al. (1993) have also observed that toasting
increases digestibility of the starch.

Protein digestibility ranged from 75% in raw sor-
ghum to 90% in germinated and decorticated
pigeon pea. An increase in the protein digestibility
of sorghum by popping and pigeon pea by kilning
was observed. Som et al. (1992) have reported that
cooking increases digestibility of protein marginally.

Antinutritional compaosition

Maximum TIA was detected in raw soybean (88.6
TIU/mg). Following decortication and toasting, TIA
was reduced to a safe level of 4.7 TIU/mg for
soybean (Table 2). Trypsin inhibitor has been
known to bind to dietary protein and inhibit its
digestibility which in turn affects growth of experi-
mental animals. Among cereals and pulses, soy-
bean is reported to contain the maximum level of
TIA. Numerous reports are available on the effect
of processing on TIA. Heat treatment significantly
reduces TIA. Destruction of TIA is accompanied
by a concomitant increase in the nutritive value of
protein and is well documented by Liener (1994).

Quality evaluation of the complementary food

Different indicators are used to evaluate the qua-
lity of complementary foods including physicoche-
mical characteristics and sensory attributes.

Nutrient composition

Nutrient composition of the complementary food is
presented in Table 3. The complementary food
contained 4 fats and 16% protein (db) which are
within the recommended range for complementary
food development (Malleshi, 1995). The total
dietary fiber content was 12.8% (db), which was
slightly higher than the recommended standard for
complementary food development (Malleshi, 1995).
The digestibility study showed complete digestion
of starch and 90% of protein. Higher digestibility of
both starch and protein is an important charac-
teristic of complementary foods. TIA was only
detected in very trace quantity (2.7 TIU/mg).

The amino acid profile of the complementary
food as obtained during the present study is pre-
sented in Table 3. Theoretical values from litera-
ture (Gopalan et al., 1989) of the essential amino
acids (%) of the complementary food were also
extrapolated from proportion of the ingredients



280 Afr. J. Food Sci.

Table 3. Proximate and other compositions of the comple-
mentary food.

Composition/parameter Value
Moisture (%, db) 8.4+0.3
Ether extractives (%, db) 42+0.1
Protein (%, db) 16.1+£0.3
Digestible protein (%, db) 14.4+1.0
Amino acid (g/100 g)
Asx* 7.38+£0.17
Glx** 22.12+0.33
Ser 5.31+0.08
Gly 4.09 +0.06
His 2.83+0.29
Arg 6.38+0.18
Thr 3.92+0.06
Ala 4.97 +0.17
Pro 7.20+0.20
Tyr 3.17+£0.02
Val 4.79+0.05
Met 0.54+0.04
Cys 0.55+0.06
lle 3.34+£0.14
Leu 10.80 £ 0.41
Phe 6.56 + 0.15
Lys 6.02 £0.12
Starch (%, db) 59.6+0.3
Digestible starch (%, db) 59.0+0.8
Insoluble dietary fiber (%, db) 8.2+0.2
Soluble dietary fiber (%, db) 46+1.0
Ash (%, db) 24+0.0
Calcium (mg/100 g, db) 145.2+3.2
Magnesium (mg/100 g, db) 94.5 £ 0.02
Iron (mg/100 g, db) 6.0 +0.03
Zinc (mg/100 g, db) 2.0+0.03
Copper (mg/100 g, db) 0.47 £0.08
Trypsin inhibitor activity (TIU/mg) 27+0.1
Solubility (g/g)
30°C 1.4+0.2
55°C 1.1+0.1
95°C 3.0+04
Swelling (g/9)
30°C 1.2+0.1
55°C 1.1+0.0
95°C 26+0.3

Values are means of three independent measurements + SD; * Asx
represents both Asp and Asn, ** Glx represents both GIn and Glu.

(dry matter basis) in the complementary food to compare
with the experimental results. Based on protein digesti-
bility of the complementary food (89.71%), protein diges-
tibility corrected amino acid score (PDCAAS) of the
experimental and theoretical values were calculated and
found closely similar and in very good agreement with

FAO/WHO/UNU (1985) reference values (Table 4).
FAO/WHO/UNU (1985) protein standard is an interna-
tionally accepted quality parameter for complementary
food development. When the formulated complementary
food is viewed in reference to the set standard, it appears
comparable for 2 to 5 year old children. The developed
complementary food also contained appreciable amount
of minerals like calcium (145 mg/100 g) and magnesium
(95 mg/100 g). However, it should be noted that phytic
acid chelates with divalent metals including calcium, iron,
magnesium and zinc thereby reducing bioavailability of
the minerals (Liener, 1994). Effort should therefore be
made to quantify and reduce the level of phytic acid in the
complementary food as suggested by Liener (1994).

Viscosity

The cooked complementary food flour slurry exhibited
high viscosity (Figure 3A) at 6% and above. This limits
food intake by the child. Therefore, it was desirable to
reduce the bulk in order to increase calorie and nutrient
density of the complementary food. This was possible by
adding 5% finger millet malt flour (Figure 3B). When the
complementary food containing 5% malt was cooked, the
viscosity was reduced with appreciable gquantity even at
20% concentration (Figure 3B) because of partial hydro-
lysis of starch and reduction in its water holding capacity.
The viscosity of 20% cooked food was reduced from
23733 to 450 mPas by adding 5% malt. The trend is in
agreement with a previous report on complementary food
(Malleshi et al., 1986). Malted complementary flour is rich
in a-amylase. During cooking, alpha-amylase in the malt
hydrolyzes the 1,4 a-D-glucosidic linkages of polysaccha-
rides. Starch is therefore degraded to lower molecular
weight dextrins by the enzyme, and thus, viscosity of the
heated paste decreases (Pertin, 1964; Dogan, 2002).
Moreover, the enzyme a-amylase is moderately stable to
heat. During the heating phase (in the presence of mois-
ture), a-amylase gets activated and liquefies starches.

Using a Brabender Viscograph, the change in pasting
characteristics of the mix of raw materials (without malt)
and the cooked complementary food was studied (Figure
4). The viscogram mainly indicates the behavior of starch
present in the raw materials and complementary food.
The curve of the raw materials was initially parallel to the
X-axis. Withincreasing temperature, the swellingincreased
and the food completely gelatinized at 74.2°C. Peak vis-
cosity (PV) and hot paste viscosity (HPV) were at 850
and 610 BU, respectively. At cooling temperatures of 50
and 30°C, the viscosity was about 1500 and 1750 BU
(cold viscosity, CV), respectively, which is an indication of
retrogradation or precipitation of linear molecules. The
calculated set back viscosity (difference between CV and
PV) was 900 BU and total set back viscosity was 1140
BU (Figure 4) which is due to retrogradation of linear
molecules in the starch granule.

Figure 4 shows the paste viscosity profile of the formu-
lated food at 15% slurry concentration. Since the materials
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Table 4. Protein digestibility corrected amino acid score (PDCAAS) of formulated complementary food.

. AA AA Reference Digestibility .,  Digestibility
Composition (mglgy  (malg)™  pattern™  (AA x 89.4%) | CCAAST A 89.4%)* PDCAAS*
Histidine 31.2 28.7 19 27.89 1.47 25.66 1.35
Lysine 60.2 60.9 58 53.82 0.93 54.44 0.94
Tryptophan 12.5 ND 11 11.18 1.02 ND -
Phenylalanine + Tyrosine 85.5 98.9 63 76.44 1.21 88.42 14
Methionine + Cystine 31.2 111 25 27.89 1.12 NCQ -
Threonine 40.1 39.7 34 35.85 1.05 35.49 1.04
Leucine 113.3 109.5 66 101.29 1.53 97.89 1.48
Isoleucine 51.7 33.8 28 46.22 1.65 30.22 1.08
Valine 58.7 48.6 35 52.48 1.50 43.45 1.24

AA = Amino acid; * = theoretical value; ** = experimental value; *** = FAO/MWHO/UNU (1985) reference pattern (mg/g); Experimental value of protein
digestibility (89.4%) was used to calculate PDCAAS; ND = not detected; NCQ = not completely quantified due to degradation during hydrolysis.
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Figure 3. Effect of malt on viscosity of complementary food. A: Viscosity of complementary food
without malt at different concentrations, B: Effect of malted finger millet on viscosity of
complementary food at different slurry concentrations.
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Figure 4. Paste viscosity profile of raw mix of the ingredients and formulated complementary food.

were precooked, the complementary food absorbed
water soon after soaking and showed an initially higher
viscosity value. During cooking temperature (95°C) in
particular, the complementary food had extremely low
viscosity and was a free flowing fluid. At cooling tem-
perature (30°C), the consistency remained thinand showed
a slight increase in viscosity. This is in contrast with the
viscosity profile of the raw material which formed a thick
gel that would probably be impossible for an infant to
swallow. Previous investigators (Malleshi and Desikachar,
1988) also observed a lower viscosity of malted comple-
mentary food as compared with roller dried proprietary
complementary food (PWF). The comparative study of
malted complementary food (MWF) with proprietary
complementary food (PWF) showed that MWF had con-
siderably less viscosity than PWF. According to these
investigators, for a comparable slurry viscosity of 55
mPas, the MWF had 50 to 100% more calories as com-
pared to different proprietary complementary foods paste
viscosity. Reduced viscosity would enable the child to
take more of the product per feed or higher nutrient and
calorie dense complementary food at a time. Malleshi et
al. (1986) indicated that this kind of complementary food
is superior over complementary foods developed by

modern technologies such as roller drying.
Swelling and solubility

Severity of heat treatment during popping might cause
structural changes in starch and protein resulting in
increased water absorption. Although higher water absor-
ption is desirable in some food preparations such as
bakery, this ‘bulking’ property is disadvantageous for
complementary foods where low ‘dietary bulk’ is desired.
In the present study, the problem was solved to an appre-
ciable extent by adding 5% of finger millet malt flour. The
solubility and swelling of the formulated complementary
food at three temperatures is presented in Table 3. Gela-
tinization temperature increased solubility and swelling of
the formulated complementary food as compared to pre-
gelatinization temperature. Unlike sorghum and pigeon
pea, the complementary food has relatively less solubility
and swelling, which could be attributed to the presence of
sucrose, milk and malt. One of the important qualities of a
complementary food is its water holding capacity. Since
water does not have any calorific value, an increase in its
level will reduce energy value of the product. Therefore,
low water holding capacity is a desirable characteristic of
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Figure 5. Sensory profile of the complementary food.

the complementary food.
Sensory evaluation

Mean scores for sensory evaluation of each attribute of
the sample are graphically presented as “sensory profile”
in Figure 5. It was observed that the complementary food
in powder form could be easily dispersed in warm water
without any lumps. The complementary food preparation
was smooth and homogeneous, without any noticeable
stickiness. This is a desirable property, which facilitates
easy swallowing of the food by the infants, the target
group for which the product has been developed. Roas-
ted aroma and husk-like aroma were perceived by most
of the panelists. Sweet taste was perceived to be at a
desirable level. Overall quality was fairly high which aptly
reflected the acceptability of the complementary food
preparation.

Conclusions

Important aspects of complementary food formulation
were studied including physical properties, quantity and
quality of nutrients, antinutritional factors and sensory
evaluation. In vivo protein bioavailability, important nutri-
ents such as vitamins, storage and packaging charac-
teristics await further study. The formulated complemen-
tary food can however be produced by small and large
scale industries and used at the local level to alleviate
child malnutrition. Depending upon the requirements,
operating capacity and corresponding degree of mecha-
nization, the scale of production canvary to suit the local

needs and conditions. To produce a complementary food
at industrial level, further fortification with required quality
and quantity of micronutrients (premix) is required.
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