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ABSTRACT
The aim of this study is to a formulate a weaning food from: Orange-fleshed sweet potato flour,
germinated Pearl millet and pre-cooked quinoa (PMQ formula) which is used for infants Aged 6 to 24
months. The Weaning food product (PMQ) was manufactured by orange-fleshed sweet potato flour,
germinated Pearl millet and drying a pre-cooked quinoa (Chenopodium quinoa, Willd) flour which
were blended together at the following six different ratios: 0:100:0(1), 10:60:30(2), 10:50:40(3),
10:40:50(4), 10:30:60(5) and 10:20:70(6), respectively. These six flour blends were used to prepare
weaning foods. Chemical Analysis and Sensory attributes of foods were determined using a ninepoint Hedonic Scale. The flour blend with the highest overall acceptability score (10:30:60 PMQ) was
compared with commercial weaning food. During eight weeks of storage, the functional and chemical
properties of the flour blend were determined every two weeks. Results obtained from the sensory
properties of the weaning food shows that the sample 10:30:60(5) was accepted by the panelists. The
levels of protein (14.19 g/100 g), fat (4.58 g/100 g), carbohydrate (76.7 g/100 g), and energy (404.78
kcal/100 g) of the PMQ weaning food met both the specifications of the Codex Standard (1991) and
the Egyptian Standard No. 3284 (2005). The essential Amino Acid contents of the PMQ weaning food
were higher than the amino acid profile of the Food and Agriculture Organization/World Health
Organization/United Nations University .The PMQ weaning food had high levels i.e. (50.56%) of
Polyunsaturated Fatty Acids. However, the highest level of saturated fatty acids i.e. (51%) was
recorded for the commercial weaning food. The sensory evaluation results, show that the PMQ
weaning food was acceptable in Aroma (7.2), Taste (7.3), color (7. 6), Viscosity (6.9) where the
Overall Acceptability is (7.27). The functional properties of the blend during storage for 8 ranged
from 0.55 to 0.61 g/mL, 92.77to73.30 %, 4.32 to 3.79 g/g, 3.56 to2.9 %, and 85.00 to 67.00 % for
bulk density, water absorption capacity, Swelling power(g/g), Solubility index and dispersaibility
respectively whereas the chemical analysis of PMQ( 10:30:60) during storage for 8 weaks ranged
from 7.35 to 9.22%, 1.12 to 3.19% and 0.07 to 1.23 meq/kg for moisture, free fatty acids, and
peroxide value, respectively.
Keywords: weaning food, Orange-fleshed sweet potato, Pearl millet, quinoa
Introduction
Weaning period of an infant is the period when exclusive breast feeding is stopped and baby is
gradually introduced to solid foods. At six months, baby’s weight is expected to have doubled
requiring extra nutrient from other food source other than breast milk to meet their nutritional need.
Feeding of young infants must closely match nutrient needs, since growth is the most sensitive and
readily measured indicator of health and nutrition for individual child. The most commonly used
weaning food in Africa is a thin cereal gruel that is called by different names depending on the type
of cereal or country(Agugo et al., 2013). The semisolid foods given to the child at this stage are
generally called weaning foods. Weaning foods are adult foods, modified by processing the
ingredients to make them easily digestible by the infant ( Sajilata et al., 2002).
Accessibility to affordable, healthy food is essential for good health as poor nutrition is one of
the major determinants of impaired growth and development, acquisition of certain diseases and later
chronic diseases (Allen, 2003). In developing countries, baby food are mainly based on starchy tubers
like cassava, cocoyam, and sweet potato, or on cereals like maize, rice, wheat, sorghum, and millet.
Small children are normally given these staples in the form of gruels that are mixed with boiled water
or boiled with water. When prepared in this way, the starch structures bind large amounts of water,
which results in gruels of high viscosity (Hellstrom et al., 1981).
Corresponding Author: Asma A. El Gindy, Special Foods & Nutrition Res. Dept., Food Tech. Res. Inst., Agri.
Res. Center, Giza Egypt.
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Cereals, individually or as composites, are the main source of nutrients for weaning children in
developing countries (Malleshi et al.,1989; King et al., 1985).From cereals quinoa watch has high
protein content. Protein nutritional quality is determined by the proportions of essential amino acids,
which are present in quinoa and is close to the ideal protein balance recommended by FAO and
similar to milk protein (Comai et al., 2007; Gross et al., 1989; Spehar and Souza, 1993). Quinoa seed
lipids appear to be a high quality edible vegetable oil, similar in fatty acid composition to soybean oil
(Valencia-Chamorro et al., 2004). Starch is the most important carbohydrates in all quinoa grains,
making up approximately 58.1-64.2% of the dry matter (Repo-Carrasco et al., 2003). In quinoa, the
starch has excellent freeze-thaw stability, what makes it an ideal thickener in frozenfoods and other
applications where resistance to retrogradation is desired (Ahamed et al., 1998). Moreover, quinoa is
gluten-free and the point of view of vegetarian consumers, quinoa in combination with other cereals
might easily replace meat. Because of its high nutritional quality and multiple uses in food products
make quinoa an ideal for utilization by the food industry, being considered an alternative food (VegaGálvez et al., 2010).
It is stated that quinoa may benefit high-risk group consumers, such as children, the elderly,
high-performance sports people, individuals with lactose intolerance, women prone to osteoporosis,
people with anemia, diabetes, dyslipidemia, obesity, and celiac disease due to its properties including
a high nutritional value, therapeutic features, and gluten-free content. These features are considered to
be linked with the existence of the fiber, minerals, vitamins, fat acids, antioxidants, and especially
phytochemicals in quinoa, and they provide quinoa a big advantage over other crops in terms of
human nutrition and health maintenance (Repo-Carrasco-Valencia et al., 2010; Pasko et al., 2010 and
Bhargava et al., 2006).
Among cereals, pearl millet (Pennisetum glaucum, syn. P. americanum, P. typhoideum)
,originated in Central tropical Africa and is widely distributed in the drier tropics and India. It was
introduced into the Western state in the 1850’s and became established as minor forage in the South
east and Gulf Coast states. The plant was probably domesticated as a food crop some 4000 to 5000
years ago along the Southern margins of the Central highlands of the Sahara. It has since become
widely distributed across the semiarid tropics of Africa and Asia (Dayakar et al., 2017). Nutritionally
pearl millet is superior to major cereals in terms of high quality protein, fat, dietary fiber and minerals
(calcium, iron, zinc)( Malik et al., 2002). Antioxidant components and antioxidant activities of pearl
millet was reported by Suma and Asna, (2014). Pearl millet was subjected to various processing
methods such as milling, boiling, pressure cooking, roasting and germination respectively. The bran
rich fraction showed high antioxidant activity due to presence of high tannin, phytic acid and
flavonoid levels. Heat treatments such as boiling, pressure cooking and roasting exhibited
significantly (P ≤ 0.05) higher antioxidant activity reflecting the high flavonoid content. Pearl millet is
considered to have one of the best protein quality or amino acid scores. The nutritional value of pearl
millet is greatly enhanced when mixed with legumes because the latter complement its profile of
essential amino acids (Serna-Saldivar et al., 1991). Malting induces important beneficial biochemical
changes in the millet grain. Moreover, soaking generates grain softening and increases water
absorption. Enzymes produced during germination are responsible for hydrolysis of starch and
proteins, which makes sugar and peptides/amino acids directly available. Furthermore, proteolytic
enzymes improve the availability of limiting amino acids such as lysine, methionine, and tryptophan
(Akoma et al., 2006; Badau et al., 2005; Mahgoub and Elhag, 1998).
Pearl millet semi refined flour was low in antinutrients which improved mineral
bioaccessibility. Because of high dietary fiber, mineral and fat, bran rich fraction could be used as a
functional ingredient in formulation of value added products. Germinated pearl millet flour was
lighter and finer with high bulk density, which is a desirable attribute in infant/ health food
formulations. Household processing methods such as soaking, boiling and germination lowered
phytate phosphorus and increased calcium, magnesium, iron and zinc content. Considering the various
processing methods reported in this review, it was apparent that simple household techniques may be
employed to improve the nutritional quality of pearl millet by making the nutrients more digestible
and bioavailable as well as enhancing the flavor and taste of the product(Suma and Asna,2017).
Orange flesh sweet potato has been reported to increase vitamin A intake and serum retinol
concentrations in children (Bonsi et al., 2014), as well as other micronutrients such as polyphenols
and carotenoids (Haskell et al., 2004).Two studies conducted in sub-Saharan Africa demonstrated that
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consumption of boiled orange fleshed sweet potato improves vitamin A status of children and can
significantly complement vitamin A supplementation initiatives to minimize vitamin A deficiency
(Low et al., 2007) β-Carotene from sweet potato is substantially better in terms of bioavailability than
that from leafy vegetables or other vegetables (Allen and Gillespie, 2001). Sweet potato may be
processed into flour to avoid the problems associated with perishability of the raw roots (Van Hal,
2000). sweet potato makes these foods a healthy complement to young children’s diets. Infant food of
more than 20% concentration (w/v) is too thick for an infant’s gastric system while if lower than 20%
(w/v), might be low in energy and nutrient densities (Walker et al. ,2002).
The aim of this study was to a formulate a weaning food from orange-fleshed sweet potato
flour, germinated Pearl millet and pre-cooked quinoa (PMQ formula) for infants aged 6 to 24 months
which were suitably processed into flours using home processing and have good properties storsge
.The nutritional and sensory characteristics of the formulated weaning food were compared with those
of the commercial weaning food produced by Cerelac.
Materials and Methods
Pearl millet (Pennisetum glaucum), quinoa (Chenopodium Quinoa Willd) were obtained from
crop research institute, agriculture research center Giza Egypt, and orange-fleshed sweet potato were
purchased from the local market in Giza, Egypt. The commercial weaning food (Cerelac) was
purchased from a pharmacy in Giza. All reagents and chemicals were of analytical grade.
Preparation of orange-fleshed sweet potato flour
Sweet potato roots were washed, peeled with a stainless steel knife, and immersed in 0.5%
sodium acid pyrophosphate solution to prevent discoloration of the roots. The peeled roots were diced
into chips approximately 1.5 mm in thickness with a Hobart slicer (Model 1612 Hobart Corporation)
and re immersed in the 0.5% sodium acid pyrophosphate solution. The chips were then blanched at
90°C for 1 minute in a steam-jacketed pan and dried in an electric air draught oven (Isotemp Oven,
Fisher Scientific) at 60°C to constant weight. The dried chips were ground in an electric grinder
(Braun Model 1021), passed through a 150-μm mesh sieve, and stored in glass containers at 4°C for
further analysis.
Preparation of quinoa flour
Dust and other extraneous particles with a quinoa seeds were removed, after that the seeds were
immersed in water 1 hour and washed for 20 min with running tap water in a tank equipped with an
agitator. After washing, the seeds were rinsed and tunnel-dried in an electric air draught oven
(Isotemp Ove Fisher Scientific) at 50°C for 6 h .The seeds were ground in an electric grinder (Braun
Model 1021),with a particle size of 60 mesh sieve, and The flour was mixed with water and the slurry
(30% solids) was precooked at 60°C for 20 min and then dried in electric air draught oven (Isotemp
Ove Fisher Scientific) at 50°C , The flakes were milled using a cyclone sample mill into meal that
could pass through a 60-80 mesh screen and stored in glass containers at 4°C for further analysis, as
methods described by Jenny et al. (2002) with some modification.
Preparation of germinated pearl millet
The whole grains of pearl millet were immersed in water over night. The grains were spread
on trays lined with cloth and kept wet by frequent spraying of water for 72 hrs. The germinated millet
(GM) grains were dried and ground to pass sieving 80 meshes described by Eltayeb et al. (2007).
Blends formulation of orange flesh sweet potato- pearl millet-quinoa weaning food
Five composite flours were prepared by blending orange flesh sweet potato (OSF), pearl millet
(MF), and quinoa (QF) flours in the ratios of 0:100:0(1), 10:60:30(2), 10:50:40(3), 10:40:50(4),
10:30:60(5) and 10:20:70(6).
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Preparation of orange flesh sweet potato- pearl millet-quinoa weaning food and Sensory
evaluation
Weaning foods were prepared according to the method of Opara et al., (2012). Weaning foods
were prepared by dissolving 50 g of orange flesh sweet potato- pearl millet-quinoa flour blends in 100
mL of clean water. About 150 mL of boiling water was added to the suspension, and this was
brought to a boil for 3-5 min, cooled, Samples were served in cups with three-digit random with
lids. Sensory analysis was performed by a panel of 20 judges from the staff of the Food Technology
Research Institute, Agriculture Research Center, Giza. The panelists were seated in individual booths
in a temperature-controlled room at 25°C lighted by daylight fluorescent lights. The sensory analysis
of the prepared complementary food gruel was determined using a 9-point hedonic scale, according to
the method of Iwe , (2002). Attributes such as colour, aroma, taste, viscosity, and overall
acceptability were evaluated.
Analytical methods
The moisture, protein, fat, crude fiber, and ash contents of the PMQ weaning food and the
commercial weaning food were determined using the standard methods described by AOAC
International (A.O.A.C., 2012). Total carbohydrate was calculated as the difference between 100 and
the sum of the percentages of moisture, crude protein, total fat, and ash (Ferris et al., 1995). The
sample calorific value was calculated from the percentages of crude protein, total carbohydrates, and
total fat. The conversion factors used were 4.0 kcal/g for protein and carbohydrates and 9.0 kcal/g for
total fat (Buchholz and Schoeller, 2004).
Mineral contents were determined in a dilute solution of th ashed samples according to the
method outlined in A.O.A.C., (2012). Amino acid contents were determined by high performance
liquid chromatography (HPLC) using the procedure described by Alajaji and El-Adawy, (2006).
Tryptophan content was determined in a separate analysis. Tryptophan analysis was performed
by the procedure described by Hariharan et al. (1993). The Food and Agriculture Organization/World
Health Organization/United Nations University (FAO/WHO/ UNU) reference amino acid pattern for
children 6 to 36 months old was used to calculate the essential amino acid score (FAO/ WHO/UNU,
2002). The protein efficiency ratio (PER) was estimated using the regression equation proposed by
Alsmeyer et al., (1974) PER = –0.468 +0.454 (leucine) –0.105 (tyrosine). Fatty acids were determined
by gas-liquid chromatography with flame ionization detection (GLC-FID)/ capillary column
according to the method described by El-Anany and Ali ,(2012). The fatty acid content was monitored
by the atherogenic index (AI), calculated by the Ulbricht and Southgate formula cited by Stajić et al.
(2011).
Storage stability of orange flesh sweet potato- pearl millet-quinoa weaning food
The flour samples of the most acceptable weaning food from sensory evaluation was packed in
an air-tight low density polyethylene bag and stored under ambient conditions of (26 ± 2 ºC) for eight
weeks. Samples were withdrawn every two weeks and subjected to testing of functional properties
such as bulk density, , water absorption capacity , swelling power ,solubility index and ,dispersibility.
Chemical composition, such as moisture, free fatty acids, and peroxide value were determined.
Functional properties of orange flesh sweet potato pearl millet-quinoa flour during storage
Bulk density
Bulk density was determined using the method described by Wang and Kinsella, (1976). 10 g of
sample was weighed into a 50 mL graduated measuring cylinder. The sample was packed by gently
tapping the cylinder on the bench top. The volume of the sample was recorded
Bulk density = Weight of sample / Volume of sample after tapping.
Water absorption capacity
The water absorption capacity of flour was determined using the method described by Ruales
and Nair ,(1993). 1 g of sample was suspended in 15 mL of distilled water at 30 ºC in a centrifuge
tube and centrifuged at 2500 rpm for 30 minutes. The supernatant was decanted and the weight of the
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formed gel was recorded. The water absorption capacity (WAC%) was calculated as percentage of
bound water in gel weight .
WAC% = (Gram of bound water / Weight of sample)×100.
Swelling power and Solubility index
The swelling power and solubility index were determined using the method described by
Takashi and Sieb ,(1988). 1 g of flour was weighed into a 50 mL centrifuge tube. 50 mL of distilled
water was added and mixed gently. The slurry was heated in a water bath at 90 ºC for 15 minutes.
During heating, the slurry was stirred gently to prevent clumping of the flour. On completion, the tube
containing the paste was centrifuged at 3,000 rpm for 10 minutes. The supernatant was decanted
immediately after centrifuging. the weight of dry solid in supernatant was determined after drying the
supernatant .The weight of the sediment was taken and recorded. The moisture content of sediment
gel was thereafter determined to get the dry matter content of the gel .
Swelling power (g/g) = Weight of mass of sediment / Weight of dry matter in the gel
Solubility index % = (Weight of dry solids in supernatant after drying / Weight of sample) × 100
Dispersibility
Dispersibility was determined by the method described by Kulkarni et al. (1991). 10 g of flour
was suspended in a 100 mL measuring cylinder and distilled water was added to reach a volume of
100 mL. The setup was stirred vigorously and allowed to settle for 3 hours. The volume of settled
particles was recorded and subtracted from 100. The difference was reported as percentage
dispersibility.
Moisture content
The moisture content of the flour was determined using the method described by A.O.A.C., (2012).
Free Fatty Acids
Free fatty acids were determined according to the method of Sani, (2015). 2.0 g of the flour was
transferred into a 250 cm3 Erlenmeyer flask followed by the addition of 100 cm3 of ethanol and 2
cm3 of phenolphthalein indicator. After mixing the content properly, it was titrated against 0.04 M
NaOH. The shaking continued until a slight pink colour was observed, which was steady for about 30
seconds and signified the end point.The% of free fatty acids was calculated using Equation
FFA% = V × N ×28.2 / W
Where :
FFA% = percentage of free fatty acids,
V= average volume of NaOH used (cm3), N = normality of NaOH,
W = weight of the flour sample.
Peroxide value
The peroxide value was determined using the method described by Sani, (2015). 2.0 g of the
flour sample was weighed into a clean dry flask and 22 cm3 of the mixture of 10 cm3 of acetic acid
and 12 cm3 of chloroform was added, then 0.5 cm3 of potassium iodide was also added. The flask
was closed and allowed to stay with constant shaking for 1 minute. 30 cm3 of distilled water was then
added and titrated against 0.1 M of sodium thiosulphate (Na2S2O3) solution until an initial yellow
colour disappeared and a faint blue colour appeared. The titration continued after the addition of 0.5
cm3 of starch indicator until there was a sudden disappearance of the blue colour, which signifies the
end point. Thus, peroxide value was calculated using Equation 2
Peroxide value (mEq/kg) = (S-B) ×N×1000 / W.
where:
peroxide value= mEq of peroxide per Kg of sample, S=sample titre value (ml), B=blank titre value
(ml), N= normality of Na2S2O3, W=weight of flour (gm).
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Statistical analysis
Statistical analysis was carried out according to Fisher, (1970). LSD (Least significant
difference) test was used to compare the significant differences between means of treatment (Waller
and Duncan, 1969).
Results and Discussion
1- Composition and caloric content of the ingredient of PMQ
The chemical composition and caloric content of orange-fleshed sweet potato flour, germinatedpearl millet and precooked quinoa are presented in Table 1. It is clear from the results that, the
moisture contents of the materials used to formulate the PMQ weaning food varied from 68.65% to
7.21%. Moisture content and water activity are key factors affecting: the storage, shelf life, and safety
of foods (Gustavo et al., 2008). The moisture content of germinated pearl millet flour was 7.21g/100g
and energy content was 358.84kcal.
Table 1: Chemical composition and caloric content of the ingredients of the PMQ (on dry weight
basis)
Nutrient %

OSP

Moisture
Protein
Fat
Fiber
Ash
Carbohydrate
Energy (kcal)

68.65
5.92
1.02
2.46
3.35
87.25
381.86

Ca
P
F
Zn
βeta-carotene
mg/1oo gm

143.45
446.57
2.72
1.74
7.75

Pearl
Germinated
millet
Pearl millet
7.89
10.65
7.21
5.89
12.10
13.09
0.99
5.54
3.35
1.97
2.22
2.28
3.05
2.35
2.38
88.1
77.79
78.90
384.87
373.12
358.84
Minerals mg/1oo gm
122.68
49.24
76.52
222.56
442.08
387.97
2.31
11.53
16.49
1.69
3.16
5.65
9.31
1.79
4.86
OSPF

9.10
15.64
5.85
3.97
3.52
71.02
399.29

Precooked
quinoa
7.32
16.40
5.93
2.37
2.27
73.03
411.09

96.15
52.26
7.26
3.41
0.54

89.55
43.93
6.72
5.05
0.46

Quinoa

The Protein, Carbohydrate, Iron, calcium, beta-carotene and zinc values per 100 g of
germinated pearl millet flour were 13.09 g, 78.90g , 16.49 mg, 76.52 mg, 4.86 mg and 5.65mg,
respectively which were higher than the values of the raw pearl millet; whereas the fat content
(3.35g/100g) was lower. Nnam (2000) and Akpapunam et al., (1996) reported an increase in the
protein contents of various cereals and legumes during the germination and fermentation processes.
This increase during the germination process can be attributed to the synthesis of enzyme protein by
germinating seeds (WHO, 1998, Nzeribe & Nwasike, 1995). It is also clear from the results that
,precooked quinoa had the highest level of protein (16.40%). (Lilian, 2009) found that the mean
protein contents reported in the literature for quinoa seed is 12–23%. Orange-fleshed sweet potato
flour had adequate amount of protein (5.89 %).
The fat contents of the samples were: 5.93%, 3.35% and 0.99 %, for precooked quinoa,
germinated- pearl millet and orange-fleshed sweet potato flour, respectively. (Koziol, 1992) found
that, the fat content of quinoa is 5.6%. The fiber contents were 2.37%, 2.28%, and 1.97% for
precooked quinoa, germinated- pearl millet and Orange-fleshed sweet potato flour, respectively.
Orange-fleshed sweet potato flour had highest level of ash; at 3.05% where the higher ash
contents of orange-fleshed sweet potato flour indicates a higher mineral content. The Germinated
Pearl millet had a moderate amount of minerals as stated by (Klopfenstein and Hoseney, 1995). The
Germination process of millets (Pennisetum typhoides) improved the in vitro protein (14% to 26%)
and starch digestibility (86% to 112%) (Shahidi and Chandrasekara, 2013). The in vitro extractability
and bio-accessibility of minerals such as calcium, iron and zinc were increased in pearl and finger
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millets by the germination process (Krishnan et al., 2012).
The highest levels of carbohydrate were recorded with orange-fleshed sweet potato flour, at
88.10%,while precooked quinoa and germinated- pearl millet contained a moderate amount of
carbohydrate (73.03% and 78.90%) respectively.
Orange-fleshed sweet potato flour had a high level of carotenoids, 9.31mg/100 g dry weight.
Orange fleshed sweet potato flour is an excellent source of bioavailable β- carotene. β-Carotene is the
carotenoid with the highest pro vitamin A activity (100%) because it can be entirely converted into
two molecules of vitamin A (retinol) (Bechoff, 2010). All-trans-β-carotene constitutes about 80% to
90% of the total carotenoids in orange-fleshed sweet potato flour (Bengtss et. al., 2008). The
germination of millet improved the β-carotene contents from1.79 to 4.86 mg/100g, and improved
minerals and protein contents and their availability where these results were in agreement with those
given by Grewal and Jood, (2006)
2- Amino acid composition of the ingredients of PMQ
The Nutritional Quality of any protein is principally governed by its amino acid composition.
Table (2) shows the amino acid composition of: orange-fleshed sweet potato flour, germinated-pearl
millet and precooked quinoa.
Table 2: Amino acids composition of orange-fleshed sweet potato flour, germinated Pearl millet and
precooked quinoa
Amino acids

Lysine
Leucine
Isoleucine
Threonine
Histidine
Valine
methionine
Cysteine
Total sulfur amino
phenylalanine
tyrosine
Totl aromatic amino
acids (tyr+phe)
Tryptophan
Total essential
amino acids
Glutamic acid
Aspartic acid
Proline
Arginine
Glycine
Alanine
Serine
Total nonessential
amino acids
PER

Orange
sweet ptato
flour

(g/100g protein)
Precooked
quinoa
Germinated

FAO/WHO/UNU*
reference protein
0.5–1 yr
1–2 yr

5.40
6.87
3.94
5.73
3.95
6.78
1.93
1.98
3.91
5.20
3.21

Pearl mellit
Essential amino acids
2.99
11.65
4.69
4.46
2.65
6.54
2.87
1.28
4.15
5.34
2.80

5.82
6. 78
4.36
4.44
3.37
4.82
3.82
1.98
5.80
3.79
5.60

5.7
6.60
3.20
3.10
2.00
4.30

5.20
6.30
3.10
2.70
1.80
4.20

2.80

2.60

3.10

2.70

8.41

8.14

9.35

5.20

4.60

0.91

2.04

1.15

0.85

0.74

45.90

47.31

45.89

14.57
16.86
3.81
4.32
4.71
3.93
5.90

Nonessential amino acids
16.1
9.74
4.93
4.46
3.45
9.86
4.15

16.13
10.67
3.71
7.80
4.92
5.68
5.20

54.10

52.69

54.11

2.31

4.53

2.02

*FAO/WHO/UNU reference protein for children 0.5 to 1 and 1 to 2 years of age , Geneva, Switzerland, (2002).
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The formed essential amino acids were 45.90 %, 47.31% and 45.89% of orange- fleshed sweet
potato flour, germinated-pearl millet and precooked quinoa, respectively. Quinoa is found comparable
to that of milk protein where the presence of both lysine (5.82%) and methionine (3.82%) gives it a
unique feature and makes it a complete food (USDAU.S, 2005). Quinoa has a good balance of the
amino acids that make up the protein. It is exceptionally high in lysine, an amino acid which is not
overly abundant in the vegetable kingdom. It is also a good complement for legumes which are often
low in methionine and cysteine. The Protein Efficiency Ratio (PER) in raw debittered quinoa is 78%–
93% that of casein. These figures increase when quinoa is cooked and become 102%–105% of those
of casein (Valencia-Chamorro, 2003).
The results also show that germinated-Pearl millet has been found to contain high levels of
essential amino acids i.e. 47.31%, where it particularly contains amino acids of Leucine at 11.65%.
Malting induces important beneficial bio-chemical changes in the millet grain. Moreover, soaking
generates grain softening and increases water absorption. The enzymes produced during the
germination process are responsible for the hydrolysis of starch and proteins, which makes sugar and
peptides/amino acids directly available. Furthermore, protolithic enzymes improve the availability of
limiting amino acids such as lysine, methionine, and tryptophan (Badau et al., 2005). The
Germination and probiotic fermentation processes significantly improved the contents of thiamine,
niacin, total lysine, protein fractions, sugars, soluble dietary fiber (Arora et al., 2011). In comparison
to sorghum and maize, pearl millet contains higher amounts of lysine (Ejeta et al., 1987).
Table (2) also shows that the Non-essential amino acids represented in orange-fleshed sweet
potato flour, germinated-pearl millet and precooked quinoa at 54.17%, 52.69% and 54.11%
respectively of the total amino acid contents. Arginine, aspartic acid, and glutamic acid were the
major nonessential amino acids in precooked quinoa, with contents of 7.80%, 10.67%, and 16.13%,
respectively whereas, aspartic and glutamic acids were the major non-essential amino acids in orangefleshed sweet potato flour protein, with contents of 16.86% and 14.57%, respectively.
3-Chemical composition of the PMQ weaning food.
The Nutritional compositions of the PMQ weaning food are presented in Table (3). PMQ
weaning food has been made using sweet potato flour, germinated pearl millet and precooked quinoa
which were suitably processed into flours using home processing.
Table 3: Chemical composition of the PMQ weaning food(on dry weight basis )
Nutrient %
Moisture
Protein
Fat
Fiber
Ash
Carbohydrate
Energy (kcal)

OP:M:Q
0:100:0(1)
7.21
13.09
3.35
2.28
2.38
78.90
398.11

Minerals mg/1oo gm.
88.37
Ca
387.97
P
16.49
F
5.65
Zn
beta-carotene
4.86
mg/1oo gm.

OP:M:Q
10:60:30(2)
7.32
13.51
3.79
2.23
2.73
77.74
399.11

OP:M:Q
10:50:40(3)
7.61
13.65
4.06
2.22
2.29
77.78
402.26

OP:M:Q
10:40:50(4)
7.21
13.88
4.32
2.17
2.27
77.36
403.84

OP:M:Q
10:30:60(5)
7.35
14.19
4.58
2.27
2.26
76.7
404.78

OP:M:Q
10:20:70(6)
7.29
14.57
4.84
2.30
2.28
76.01
405.88

95.98
269.21
12.35
4.95

86.46
233.36
10.95
4.83

86.98
197.98
9.83
4.21

87.89
148.08
8.86
4.74

89.65
111.11
7.92
4.81

3.83

3.49

3.36

2.40

2.19

The processed formulas P:M:Q (0:100:0 (1), 10:60:30 (2), 10:50:40 (3), 10:40:50 (4),
10:30:60 (5) and 10:20:70 (6)) were analyzed. The proximate compositions of the PMQ are
shown that, the control of germinated pearl millet without sweet potato, and precooked quinoa
substitution had the highest P, F and Z contents of 387.97, 16.49 and 5.65mg/100g respectively.
The increase of Protein and fat content is as a result of addition of precooked quinoa. Moisture
ranged between 7.21– 7.61% in blends. Protein, Fat, and Energy values found to be 14.57, 4.84% and
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405.88 (kcal), respectively in PMQ (10:20:70) blend (6) which were higher than those of the other
blends.
4-Sensory properties of the PMQ weaning food
Table (4) shows the mean sensory scores of the weaning food made from the flour blends of
orange flesh sweet potato, germinated Pearl millet and precooked quinoa. The aroma of PMQ
weaning food ranged from 7.33 to 8.27. Sample (10:30:60) blends (5) had the highest value for
aroma, while samples 0:100:0 (1) and 10:60:30 (2) had the lowest.
The taste and color of (PMQ) weaning food ranged from 7.10 to 8.60 and 6. 93 to 8.67
respectively. Sample (PMQ) 10:30:60 (5) had the highest value for taste, while sample 0:100:0 (1)
had the lowest value for taste. Sample 10:20:70 (6) had the highest value for color; while sample
0:100:0 (1) had the lowest value for color. The viscosity of PMQ weaning food ranged between (6.80
and 8.33). The overall acceptability expresses how the consumer or the panelists generally accept the
product so it was observed that PMQ weaning at 10:30:60 blend (5) was highly accepted. This could
be due to the familiarity of taste, aroma, and color. The results provide a basis for the development of
an acceptable weaning food that can provide the required protein and energy levels that are essential
basic nutrients to enable the accomplishment of a day’s work (Bilsborough and Mann, 2006).
Table 4: Mean score for sensory properties of the PMQ weaning food
OP:M:Q
0:100:0(1)
10:60:30(2)
10:50:40(3)
10:40:50(4)
10:30:60(5)
10:20:70(6)

Aroma(9)
7.33 ±.21c
7.53 ±.21bc
7.63±.15 bc
7.80±.10b
8. 27± .58a
7.67±.21b

Taste(9)

Colour(9)

Viscosity(9)

7.10 ±.20d
7.63 ±.15c
7.80 ±.30c
8.20 ±.10b
8.60 ± .26a
8.33±.16ab

6. 93±.25d
7.53 ±.15c
7.73±.21c
8.20 ±.10b
8.60 ±.26a
8.67±.58a

7.93±.15b
6.80 ± .17d
7.10±.10d
7.50 ±.10c
8.33 ±.21a
7.93±.25b

Overall
acceptability(9)
7.33±.05d
7. 38±.18d
7.57±.08c
7.91±.02b
8.43±.11a
8.15±.10a

Means with the same column followed by the same letter are not significantly different (p < .05)

5- Chemical composition of PMQ 10:30:60 and commercial weaning food
The Nutritional Compositions of a chosen PMQ weaning food, (PMQ weaning at (10:30:60)
blend (5) and the commercial weaning food are presented in Table (5). The moisture contents of the
PMQ weaning food and the commercial weaning food were 7.45% and 6.40 %, respectively.
Monitoring the moisture contents in foods and food products is crucial because high moisture contents
can reduce the shelf life by increasing the microbial degradation activity, resulting in bad odor and unacceptable product taste (Olu-Owolabi et al., 2007).
Table 5: Nutrient composition of the PMQ 10:30:60 weaning food and the commercial weaning food
(Cerelac) (g/100 g on dry weight)
Nutrient %
Moisture
Protein
Fat
Fiber
Ash
Carbohydrate
Energy (kcal)
Minerals mg/1oo gm
Ca
P
F
Zn
Betacaroten mg/1oo gm

P:M:Q
10:30:60 (5)
7.35
14.19
4.58
2.27
2.26
76.7
404.78
87.89
148.08
8.86
4.74
2.40

CODEX CAC/GL 08. Codex, (1991).
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Cerelac
6.40
16.24
10.15
1.82
2.99
68.8
431.51
633.76
471.05
7.92
2.51
1.26

Codex
standard
<5
15
10–25
<5
<3
60–75
400–425
500
456
16
3.20
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According to Egyptian Standard No. 3284 (2005), the recommended moisture contents of the infant
formula are not more than 7%. However, the moisture contents of the PMQ product was slightly
higher than the maximum level recommended by the Codex Standard for the infant formula (Codex
Standard 71-1982).
Protein is the principal component of the body tissues. The protein contents of the PMQ
weaning food was 14.19 g/100 g dry weight where this value was lower than that of the commercial
weaning food and the protein value stipulated in the Codex Standard (CODEX CAC/GL 08, 1991) by
12.62% and 5,40 %, respectively. The formulated weaning food complies with both the permitted
levels (15%) of Food and Nutrition Board (1989) and with the Egyptian Standard No. 3284, (2005).
The fat contents of the PMQ weaning food and the commercial weaning food were 4.58% and
10.15%, respectively.
The crude fiber contents of the PMQ weaning food and the commercial product were 2.27%
and 1.82%, respectively. The fiber contents of the weaning food should be reduced to a level of not
more than 5 g/100 g (CODEX CAC/GL 08, 1991).
The Ash content is an important parameter that may be used to evaluate the authenticity of food
products (Egyptian Standard No. 3284, 2005). The ash contents of the PMQ weaning food and the
commercial weaning food were 2.26% and 2.99%, respectively. The ash content in vegetarian baby
food fortified with milk should not be more than 3% as recommended by the Egyptian Organization
for Standardization (Egyptian Standard No. 3284, 2005).
Carbohydrate is the main source of energy in the human body where the carbohydrate contents
of the PMQ weaning food and the commercial weaning food were 76.7and 68.8g/100 g dry weight,
respectively. The Food and Nutrition Board of the National Research Council, (1989) reported that
more than half of the energy requirements beyond infancy should be provided by carbohydrates, with
emphasis on complex carbohydrates rather than sugars.
Adequate intakes of micronutrients such as iron, zinc, and calcium are important for ensuring
optimal health, growth, and development of infants and young children (Huffman et al., 1994). The
mineral contents of the PMQ weaning food and the commercial weaning food are presented in table 5.
Calcium and Phosphorus constituted the major minerals in the PMQ weaning food, with levels of
87.89and 148.08 mg/100 g dry weight, respectively. The PMQ weaning food had limited amounts of
iron and zinc: 8.86 and 4.74 mg/100 g dry weight, respectively, but more than commercial weaning
food. Cereals and legumes are important sources of iron, zinc and calcium for rural infants and
children (Sanny et al., 2007).
6- Amino acids content and PER values of PMQ 10:30:60 and commercial weaning food
Table (6) Shows the amino acid compositions of the PMQ weaning food and the commercial
weaning food. The following nine amino acids have been identified as essential for infants: threonine,
valine, leucine, isoleucine, lysine, tryptophan, phenylalanine, methionine, and histidine. Arginine and
cysteine are also essential for low-birth weight infants (Behrma and Vaughan, 1983). All of the
essential amino acids as well as the nonessential ones were detected. Essential amino acids accounted
for 46.31% of the total amino acid contents of the PMQ complementary food The essential amino acid
contents of the PMQ weaning food were higher than the amino acid profile of the FAO/WHO/UNU
reference protein for children (0.5 to 1) and (1 to 2) years of age except lysine content.
Table (6)also showed that the non-essential amino acid content of the PMQ weaning food
represented 53.69% of the total amino acid contents. Aspartic acid and glutamic acid were the major
non-essential amino acids in the protein of the PMQ weaning food, at 11.03%, and 15.97%,
respectively. The Protein Efficiency Ratios (PER) of the PMQ product and the commercial product
were 2.80 and 2.42, respectively.
7-Fatty acids profile of PMQ 10:30:60 and commercial weaning food
Fatty Acids play important roles in the Biological Systems. These fatty acids are the
constituents of the lipids in the biological membranes that influence the membrane properties such as
fluidity, integrity, permeability and the activities of the membrane-bound enzymes (Stubbs and Smith,
1984). The fatty acid profiles of the PMQ product and the commercial product are given in Table (7).
Generally speaking, the level of polyunsaturated fatty acids was higher in the PMQ Weaning Food
(50.56%) than in the commercial weaning food 24.70%. On the other hand, the level of saturated fatty
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acids was higher in the commercial weaning food 51.00 % than in the PMQ weaning food 27.21%. A
high proportion of un-saturated relative to saturated fatty acids in food is desirable because of the
health benefits of the un-saturated fatty acids (Coultate, 2002).
A moderate level i.e. (5.26) of linolenic acid was detected in the PMQ product while a low level
i.e. (0.60%) of linolenic acid was detected in the commercial product. The recommended intake of αlinolenic acid (18:3 n 3) is from 1.0 to 2.4 g/day (Lanzmann, 2001).
The most prominent fatty acids in the PMQ weaning food were Linoleic acid (44.13%), Oleic
acid (19.75%) and palmitic acid (23.62%); the commercial weaning food had high levels of palmitic
a c i d (35.10%), oleic (24.3%), and linoleic (24.10%). Linoleic acid (18:2) is one of the omega-6 or
n-6 fatty acids are required by humans but cannot be made in the human body and therefore, it is
considered essential in the diet. Linoleic acid is the precursor of arachidonic acid, which is a substrate
for eicosanoid production, which is involved in the regulation of gene expression (Ou et al., 2001).
Both n-6 and n-3 fatty acids have been shown to have anti-inflammatory properties that are protective
against atherogenic changes in vascular endothelial cells (De Caterina et al., 2000).
Table 6: Amino acid profile and protein efficiency ratio (PER) of the PMQ 10:30:60 weaning food
and the commercial weaning food (Cerelac) (g/100 g protein)
(g/100g protein)
Amino acids

Lysine
Leucine
Isoleucine
Threonine
Histidine
Valine
Methionine
Cysteine
Total sulfur amino
Phenylalanine
Tyrosine
Totl aromatic amino acids (tyr+phe
Tryptophan
Total essential
amino acids
Nonessential amino acids
Glutamic acid
Aspartic acid
Proline
Arginine
Glycine
Alanine
Serine
Total nonessential
amino acids
PER

PMQ
10:30:60

Cerelac

Essential amino acids
4.86
8.25
4.44
4.58
3.23
5.54
3.35
1.77
5.12
4.38
4.52
8.90
1.39

3.22
7.08
4.20
2.3
2.21
6.67
3.30
2.37
5.67
4.12
3. 13
7.25
0.79

46. 31

39.39

15.97
11.03
4.09
6.46
4.46
6.72
4.96

18. 16
11.40
4.49
8.32
5.85
6. 94
5.45

53.69

60.61

2.80

2.42

FAO/WHO/UNU
reference protein
0.5–1 yr
1–2 yr
5.70
6.60
3.20
3.10
2.00
4.30

5.20
6.30
3.0
2.70
1.80
4.20

2.80

2.60

3.10
5.20
0.85

2.07
4.60
0.74

FAO/WHO/UNU reference protein for children 0.5 to 1 and 1 to 2 years of age , Geneva, Switzerland, (2002).
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Table 7: Fatty acids profile of t the PMQ 10:30:60 weaning food and commercial weaning food
(Cerelac) (g/100 g oil)
Fatty acids
C 14 Myristic acid
C 16 Palmitic acid
C 16:1 Palmitoleic acid
C 16:3
C 18 Stearic acid
C 18:1 Oleic acid
C 18:2 Linoleic acid
C18:3 Linolenic acid
C 19 Nanodecylic acid
C20 Arachidic acid
C 20:1 Gadolenic acid
C20:2Eicosadienoic acid
C24 Tetracosanoic acid
C24:1Tetracosenoic acid
Total Saturated fatty acids
Monounsaturated fatty acids
Polyunsaturated fatty acids

PMQ(5)
0.20
23.62
0.16
0.94
1.87
19.75
44.13
5.26
0.81
0.43
0.16
0.23
0.28
2.16
27.21
22.23
50.56

Cerelac
9.05
35.10
ND
ND
6.85
24.3
24.10
0.60
ND
ND
ND
ND
ND
ND
51.00
24.3
24.70

8- Sensory evaluation of the PMQ 10:30:60 and commercial weaning food
Sensory Evaluation of the PMQ baby food formulas was considered as one of the important
tests affecting, to a large extent, their acceptability (Tawfik, 1999). Table (8) shows the results of a
sensory evaluation of the PMQ weaning food and the commercial weaning food (Cerelac).
There were differences between the commercial and the PMQ product in aroma, taste, color,
viscosity and overall acceptability where the overall acceptability of the commercial product was
greater than that of the PMQ product. This could be because of flavoring, sweetening, and other
sensory-enhancing agents which are incorporated into the commercial products during its formulation
(Ijarotimi, 2008). The sensory evaluation results show that the PMQ weaning food may be
considered acceptable with regard to its aroma (7.20), taste (7.37), color (7. 63), Viscosity (6.90) and
overall acceptability (7.28). The current study recommends adding natural flavors or sweeteners
during the preparation of the PMQ weaning food to increase its palatability and acceptability
Table 8: Sensory evaluation of the PMQ 10:30:60 weaning food and the commercial weaning food
(Cerelac)
Food

Aroma(9)

Taste(9)

Colour(9)

Viscosity(9)

PMQ10:30:60
Cerelac

7.20±0.10b
8.071±.15a

7.37 ±.06b
8.4 ± .20a

7. 63±.26b
8.50 ±20a

6.90±.26b
8.5 ±.20a

Overall
acceptability(9)
7.28±.13b
8.38±.11a

Values are means ± SD. Means in the same column followed by the same letter are not significantly different (p < .05)

9 - Functional properties of the PMQ 10:30:60 during storage for 8 weeks
The Functional Properties of the PMQ (10:30:60) weaning food during storage were shown in
Table(9) where the functional properties determine the application and use of food materials for
various food products.
The results obtained during the storage period show that there were differences in:
dispersibility, power, solubility, and water absorption capacity of sample (10:30:60) during its
storage. The bulk density of the flour ranged from (0.55 to 0.0.61) g/mL, at zero time of storage
having the lowest, whereas week (8) had the highest. The bulk density obtained during the period of
storage in this study was very low and this indicates that the flour sample would be an advantage in
the preparation of weaning foods. Akpata and Akubor, (1999) reported that the bulk density is
influenced by the particle size and the density of the flour, and that it is important in determining the
packaging requirements and the material handling. Karuna et al., (1996) and Plaami, (1997) reported
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that bulk density is influenced by the structure of the starch polymers and the loose structure of the
starch polymers could result in low bulk density. The bulk density is a measure of heaviness of the
flour sample which gives an indication that the relative volume of the composite flour in a package
will not be reduced excessively during storage.
Table 9: Functional properties of the PMQ 10:30:60 weaning food during storage
Weeks
0
2
4
6
8

Bulk density(g/mL
0.55
0.58
0.59
0.60
0.61

Water
absorption
capacity (%)
92.77
83.22
80.56
79.10
73.30

Swelling
power(g/g)

Solubility
index (%)

Dispersibility
(%)

4.32
4.18
3.99
3.86
3.79

3.56
3.33
3.16
2.90
2.90

85.00
82.50
74.50
70.50
67.00

The dispersibility of PMQ (10:30:60) weaning food ranged between 67.00% and 85.00%. It
had lower dispersibility during storage at (8) weeks, but had higher dispersibility at zero time of
storage. Dispersibility is a measure of the reconstitutability of the flour or flour blends in water. The
higher the dispersibility, the better the flour reconstitutes in water (Kulkarni et al., 1991). However,
since the dispersibility value for the flour samples during the storage is relatively high, it implies that
the flour sample will reconstitute easily to give fine consistency dough during mixing, as reported by
Adebowale et al., (2011).
Swelling power connotes the expansion accompanying the spontaneous uptake of a solvent;
while the solubility index is the amount of water soluble solids per unit weight of the sample (Adepeju
et al., 2014). The swelling power and solubility index of PMQ (10:30:60) weaning food decreased,
ranging from 4.32 to 3.79 g/g and 3.56 to 2.9 %, respectively. The swelling power and solubility
index of PMQ (10:30:60) weaning food during storage had the lowest value at (8) weeks but the PMQ
(10:30:60) weaning food had the highest swelling power and solubility index during storage at zero
time of storage .(Kinsella ,1976) reported that swelling causes changes in the hydrodynamic
properties of the food, thus impacting characteristics such as body thickening and increased viscosity
of foods. This implies that the flour blend (sample 10:30:60) with the highest swelling power during
the period of storage at zero time of storage will produce a thick viscous gruel, compared to other
weeks of storage. This might be due to the higher carbohydrate contents in PMQ (10:30:60) weaning
food.
Water absorption capacity is the ability of flour to absorb water and swell so as to improve
consistency in food. It is desirable for food systems to improve yield and consistency and to give body
to the food (Osundahunsi et al., 2003). The water absorption capacity during the period of storage
ranged from 92.77% to 73.30%. PMQ (10:30:60) weaning food sample had the lowest swelling
power during storage at (8) weeks i.e. 3.79%, whereas it had the highest swelling power at zero time
i.e. (4.32 g/g). The values of the water absorption capacity obtained for the flour sample during the
period of storage correspond with the swelling power and solubility. This implies that the low water
absorption capacity of the flour blend (sample 10:30:60) obtained in this work during the period of
storage will be desirable for making thinner gruel with high caloric density per unit value which in
turn is in agreement with Adepeju et al. ( 2014).
10- Storage stability of PMQ 10:30:60 weaning food.
Storage Stability of PMQ (10:30:60) weaning food is presented in Table (10) where the
Moisture contents of the flour sample was within the acceptable limit of not more than 10% for the
long storage of flour.
The results obtained for the moisture contents of the flour sample during storage shows that
there was a gradual uptake of moisture by all the flour samples throughout the storage period. The
increase in moisture contents of the stored flour sample could be attributed to the storage conditions
such as temperature, relative humidity, time, and the packaging material (high density polyethylene),
which allows the movement of certain gases across the material (Daramola et al., 2010). The moisture
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contents of the flour sample ranged between 7.35% and 9.22% where the moisture content is a
function of the drying time and the loading depth during the drying operation. Higher moisture
contents indicate increased susceptibility to spoilage and thus reduce the shelf life.
Free Rancidity is accompanied by free fatty acids and the formation, i.e. spoilage of the flour,
and is used as a condition for edibility. Free fatty acids of the flour samples ranged from 1.12% to
3.19%. PMQ (10:30:60) weaning food sample had the highest free fatty acids during storage at (8)
weeks. The results obtained in this study show that the low obtained free fatty acids value is an
indication of the long storage period in the flour sample.
Table 10: Storage stability of PMQ 10:30:60 weaning food
Weeks
0
2
4
6
8

Moisture content (%)
7.35
8.12
8.60
8.81
9.22

Free fatty acids (%)
1.12
2.26
2.68
2.91
3.19

Peroxide value (meq/kg)
0.07
0.08
1.05
1.14
1.23

Peroxide value is usually used as an indicator of the deterioration of fats. As oxidation takes
place, the double bonds in the unsaturated fatty acids break down to produce secondary oxidation
products which indicate rancidity (Ihekoronye and Ngoddy, 1985). The peroxide value during the
period of storage ranged from 0.07 to 1.23 meq/kg. PMQ (10:30:60) weaning food sample had the
highest peroxide value during storage at (8) weeks, whereas it had the lowest peroxide value during
storage at zero time. During storage, the peroxide value increased as the storage period increased
where this was in agreement with the observation of Gahlawat and Sehgal, (1994) that the peroxide
value and fat acidity of weaning food developed from locally available food stuffs increased with the
increase in the storage period.
Conclusions
This study shows that weaning food can be produced from: the orange-fleshed sweet potato
flour, germinated-pearl millet and precooked quinoa; however, the flour blend of sample (10:30:60)
was the most acceptable in terms of all the sensory attributes for the weaning food. It can be deduced
from the results that during the storage days of the flour blend sample (10:30:60) the dispersibility and
water absorption capacity of the flour blend had a higher affinity for water and has chemical
composition accept.
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