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ABSTRACT 
 

Adequate nutrition during infancy is essential for lifelong health and wellbeing. Breast-feeding is highly 
recommended for the first six months of life, but from then, complementary feeding is necessary. So, this work 
aims to prepare infant foods by using sweet potato, carob pods, whole milk and sugar at different ratios. The 
prepared samples were analyzed for chemical composition, caloric value, some bioactive components, minerals 
content, fatty acids composition, amino acids composition and sensory evaluation. The prepared infant food 
blends were found to have 7.15-7.65 % protein, 5.27-5.43 % lipids, 2- 2.54% ash and 78.93-80.95% total 
carbohydrates, with caloric value of 395.19-399.83 Kcal/100g. The carotenoids, polyphenols and ascorbic acid 
contents were in the range of 2.074-2.966, 107-152 and 16-21.75 mg/100g, respectively. The contents of 
sodium, potassium, calcium and iron represent about 34.57-44.85, 70 – 84.14, 21.9-30.66 and 8.18-75.9 % of 
the recommended daily intake of these minerals. The major fatty acids of the prepared infant foods were 
palimitic, stearic, oleic and linoleic in the range of 22.89-23.75, 9.56-11.59, 20.81-21.43 and 23.18-25.43 %, 
respectively. All studied infant food blends can fulfill all essential amino acids requirements for infant growth. 
The sensory attributes of the prepared infant foods were examined and the results showed considerable 
acceptance of all studied infant food blends in comparison with commercial infant food. These results reveal 
that, all studied infant food blends contain an appreciable amount of nutrients, bioactive components, minerals, 
fatty acids, essential amino acids and accepted sensory characteristics, and could be included in infants feeding 
to supplement the daily requirements of their bodies. 
 
Key words: Infant foods, sweet potato, carob, nutritional value, sensory evaluation.  

 
Introduction 
 

Malnutrition among infants in low-income countries is an important public health problem and can be 
related to the composition of the complementary foods introduced after the breastfeeding period. When a baby 
reaches four to six months of age, breast milk alone is no longer sufficient to meet his nutritional requirement 
(Adenuga, 2010). Calories and other nutrients from weaning foods are needed to supplement breast-milk until the 
child is ready to eat the family diet (Nandutu and Howell, 2009). According to Onabanjo et al., (2008) 
malnutrition, when it is severe, can cause premature death, permanent disability and fragility in face of many 
deadly diseases. Vitamin A deficiency for instance is widespread in young children especially in the developing 
world (Low et al., 2008) and is a leading cause of early childhood death (Tomlins, et al., 2012). It is also 
generally recognized that the insufficient energy density of complementary foods is an etiological factor of 
protein-energy malnutrition in young children (WHO, 1998 and Traoré et al., 2004). In low-income countries, 
most infants are given cereal based complementary foods prepared at the household level. Such foods are high in 
phytate, which limits the bioavailability of nutrients, including iron, calcium, zinc, and in some cases proteins, 
which are crucial to the development of infants (Amagloh et al., 2012). According to Gibson et al., (2010), 
complementary foods based on either root or tuber crops have been shown to be significantly lower in phytate (by 
3% to 20%) than cereal- and legume-based foods.  

Sweet potato (Ipomoea batatas L.Lam) is widely cultivated worldwide mainly for its edible roots (Ukom, 
et al., 2009), rich in calories and dietary fiber and some biologically active phytochemicals such as beta-carotene, 
polyphenols and ascorbic acid (Ahmed et al., 2010). Sweet potato is one of the most efficient food crops in terms 
of caloric value per land area. It has many agronomic advantages for marginal lands (including drought tolerance) 
and is relatively easy to grow even on poor soil (Van Oirschot et al., 2003). Unfortunately, sweet potato is among 
the most underexploited of the developing world’s major crops (Tomlins et al., 2012). It is perishable crops as 
storage of raw roots is not yet clearly solved in the sub-region (Ahmed et al., 2010). Different cultivars are 
produced among which some are of yellow or orange flesh and would be rich in carotene making them very 
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important in alleviating vitamin A deficiency among children below 6 years (Low et al., 2008), (Amagloh et al., 
2012). 

Carob pods are the fruits of an evergreen (Ceratonia siliqua) cultivated in the Mediterranean area. The 
seeds of the carob are utilized in food industry for their gum content (Avallone et al., 1997). 
The chemical composition of carob was studied by (Bouzouita et al., 2007). Who, reported that, the two principal 
components of the carob fruit are the pulp and seed. The seeds represent 10% of the weight of the fruit and the 
pulp represent the other 90% of the fruit, and its composition depends on the variety, climate and growing 
techniques( Tous,  1990; Petit and Pinilla, 1995; El-Shatnawi and Mohawesh, 2000 and Morton, 1987). 
  Carob is typically dried or roasted, and is mildy sweet. In powdered, chip, or syrup from it is used as an 
ingredient in cakes and cookies, and is used as a substitute for chocolate. Crushed pods may be used to make a 
beverage; compote, liqueur, and syrup are made from carob in Turkey, Malta, Portugal, Spain and Sicily (Burg, 
2007). Several studies suggest that carob may add in treating diarrhea in infants (Fortier et al., 1953). Carob 
powder could be used as a good source of some bioactive components, minerals and caloric value, so it should be 
considered as an interesting ingredient in the food industry such as functional and healthy foods formulations as 
Biscuits, bread, and cakes (Youssef  et al., 2013). 
  Optimal infant and young child feeding practices rank among the most effective interventions to improve 
child health. In 2006 an estimated 9.5 million children died before their fifth birthday, and two thirds of these 
deaths occurred in the first year of life. The period of infancy is characterized by special needs in nutrition, with 
respect to requirements for energy and for nutrient amounts per kilogram body mass, which must not only 
maintain the body but also support a rapid growth rate and the appropriate synthesis and deposition of body tissue. 
So this investigation was aimed to studying the possibility of using sweet potato and carob pods in addition to 
whole milk and sugar in producing new infant food blends suitable for infant requirements for growth. 

 
Materials and Methods 
 
Raw materials 
1- Sweet potato: Abees cultivar was supplied from private farm in North Sinai governorate (with brownish skin 

and orange flesh) 
2- Carob pods: were purchased from local market of North Sinai governorate 
3- Whole milk: were purchased from local market of North Sinai governorate 
4- Sugar: were purchased from local market of North Sinai governorate 
5- Commercial infant food (Riri) for sensory evaluation: was purchased from local market as a cereal infant 

food with vegetables for infants from 6 month. 
 
 Methods 

Preparation of sweet potato flour (powder): Sweet potatoes were washed in clean water to remove 
adhering dirt, soil and stone. The washed and cleaned sweet potatoes were peeled with knife and cut into slices 
of about 2.0 mm thickness. The slices were then divided into two divisions as follow: 
- The first division was blanched in boiling water for about 4-5 min to inactive the enzyme system. 
- The second division was unblanched 

The two divisions (either blanched or unblanched pieces of sweet potato) were dried in oven at 60 C for 8 
hrs. After cooling to room temperature, the pieces were ground in hammer mill and sieved with a 60 mesh 
screen.  

The sweet potato flour is then packed in polythene bags for further use. This flour has been subsequently 
used in the formulation of infant foods.  

Preparation of carob flour (powder): carob flour was processed by the same hammer and sieves after 
seeds removing. 
 
Formulation of infant foods 

 
Infant food blends 

Ingredients (%) 
Sweet potato  Carob powder Whole milk  Sugar  

U
nb

la
n

ch
ed

 

A1(unblanched Control) 80 0 15 5 
A2 70 10 15 5 
A3 65 15 15 5 
A4 60 20 15 5 

B
la

n
ch

ed
  B1 (blanched Control) 80 0 15 5 

B2 70 10 15 5 
B3 65 15 15 5 
B4 60 20 15 5 

The carob flour was packed in a high density polythene bags, sealed and stored. Formulation of infant 
foods: The formulation of infant foods is generally based on this assumption that the child consumes an average 
of 100g per day.  
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From this basis the formulation of the infant foods are given in Table (X). Then the obtained infant food 
blends were packed in polythene bag, sealed and stored at room temperature (32-37ºC). 

Serving procedure: Drinking water was boiled for 5 minutes and allowed to cool. Then 75ml water was 
added to 25 g of infant food in a bowl and stirred until the weaning food become smooth and soft paste. 

 
Chemical analysis 

Moisture, total lipids, protein, ash, carbohydrates, carotenoids, polyphenols, ascorbic acid, minerals 
content, fatty acid composition, amino acid composition and sensory evaluation were determined in used raw 
materials and the resulted infant food blends as follow: 
- Moisture content: was determined according to the (AOAC, 1990).  
- total nitrogen (6.25), were determined according to the (AOAC, 1990).  
- total lipids (petroleum ether) were determined according to the method described in (AOAC, 1990).  
- Ash content, was determined according to the (AOAC, 1990).  
- total carbohydrates were calculated by differences according to (Howard and Leonard, 1963). 
- Caloric value was calculated according to (Osborne and Voogt, 1978).   
- Carotenoides:  carotenoides were determined by using the method of (Wettestein, 1957 ). 
- Polyphenols: bitter substances were estimated as total polyphenols using the method described in the (AOAC, 
1970). 
-Ascorbic acid content was determined by method described by (Pearson, 1973). Standard ascorbic solution was 
prepared by dissolving 50ml of the pure ascorbic acid in 60ml of 20% metaphosphoric acid and would be 
diluted to 250ml. 

Ascorbic content would be calculated as: 
mg Ascorbic acid per 100g of sample = (V x T  X100)/W 
V= ml dye used for titration of aliquot of diluted sample 
T= Ascorbic acid equivalent of dye solution expressed as mg/ml of dye 
W = gram of sample aliquot that will titrated. 

-Mineral content: Calcium (Ca), Phosphorus (P) and Iron (Fe) were estimated by atomic absorption 
spectrophotometer using Perkin-Elmer 290 instrument as per the methods described by (AOAC, 2005). 
- Sodium and potassium determinations were measured by flame-photometer as described by Amrutkar et al., 
(2013). 
- Fatty acids composition was determined by gas chromatography according to (AOAC, 2005). 
- Amino acids were extracted with an acetate buffer at pH 7.0 in water, derivatization of the amino acid 
hydrolysate with 6-aminoquinoline-hemi-succinylcaramin and quantification using reverse phase HPLC and 
gradient elution according to (Cohen and Michaud, 1993). 
- Chemical score: of amino acids was calculated by using professional pattern amino acid of (FAO/WHO/UNU, 
1985). Chemical score % and first, second and third limiting amino acids. Calculation of amino acid chemical 
score as follow: 
Amino acid score = mg of amino acid in 1g tested protein/ mg of amino acid in 1g in require pattern x 100 
- predicated of protein efficiency ratio (P-PER): P-PER= -0.468 + 0.454 (leucin) -0.150 (tyrosine) (Alsmeyer et 
al., 1974).  

 
Sensory evaluation 

Sensory properties were evaluated as described by Ruston et al., (1996), where the final infant food 
blends and commercial sample (Riri, vegetables) were presented to 15 judges (the panelists were selected from 
the nursing mothers) for organoleptic evaluation. The panelists were requested to assess the samples for taste, 
odor, color, texture and over all acceptability by using numerical value of 1-9 in ascending order (as scale levels 
of quality). 
 
Statistical analysis 

All determinations were carried out in triplicate (except fatty acids and amino acids) and data is reported 
as mean. Significant differences (p<0.05) were calculated using Duncan's multiple range test, followed the 
method reported by Steel and Torrie, (1980). 

 

Results and Discussion 
 

The chemical composition and caloric value of raw materials and the resulted infant food blends were 
determined and the obtained results are tabulated in table (1). 

The results of raw materials moisture content showed that, carob powder had the highest moisture 
content (9%) comparing to the other raw materials, while whole milk had the lowest moisture content (3%).  
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Regarding to the protein and fat contents of raw materials, it could be noticed that, whole milk had the highest 
protein and fat contents (28% for both), followed by carob powder (6.2% and 2.1 %, respectively), while the 
lowest values were recorded for sweet potato powders.  
Concerning to ash content, whole milk had the highest ash content (6.5%) followed by carob powder (3.2%) 
then sweet potato powders. 

On the other hand, the highest carbohydrate content was recorded for blanched sweet potato powder 
(88.05%), while the lowest value was recorded for whole milk (34.5%). 

The presented data in table (1), obviously illustrated that, blanching process had slight effect on the 
chemical composition of sweet potato powder in comparison with unblanched sweet potato.  
 
Table 1: The chemical composition (%) and caloric value of raw materials and the resulted infant food blends 

Samples Moisture Protein Lipids Ash Carbohydrates 
Caloric value K 

cal./100g 
Carob 9.00a 6.20d 2.10c 3.20b 79.50de 361.74e 
SP Blanched 5.20de 3.85e 1.35c 1.55g 88.05a 379.75d 
SP without B 5.10ef 3.92e 1.42c 1.70g 87.86a 379.90d 
Whole milk 3.00h 28.00a 28.00a 6.50a 34.50g 502.00a 
A1 4.63g 7.15c 5.27b 2.00f 80.95b 399.83b 
A2 5.03f 7.35bc 5.36b 2.15ef 80.11c 398.08bc 
A3 5.22de 7.50bc 5.38b 2.33de 79.57d 396.70bc 
A4 5.40bc 7.60bc 5.42b 2.51cd 79.07ef 395.46c 
B1 4.65g 7.18bc 5.29b 2.05f 80.83b 399.65b 
B2 5.08ef 7.41bc 5.36b 2.19ef 79.96cd 397.72bc 
B3 5.30cd 7.53bc 5.39b 2.27e 79.51de 396.67bc 
B4 5.45b 7.65b 5.43b 2.54c 78.93f 395.19c 
Values bearing the same superscript within the same column are not significantly different (P> 0.05) 

 
The results of carob chemical analysis are in harmony with those reported by (Youssef et al., 2013), who 

found that protein, fat and ash contents of carob powder were 6.34, 1.99 and 3.16 %, respectively. While, the 
results of sweet potato chemical analysis are in agreement with those reported by many investigators (Ahmed et 
al., 2010, Van Hal, 2000 and Sanoussi et al., 2013). 

The chemical composition of resulted infant food blends in table (1), showed that, moisture content of 
the produced blends increased slightly by increasing the added carob powder for either blanched or unblanched 
sweet potato samples, with moisture contents ranged from 4.63 to 5.45%. The same trend was observed for ash 
content, which ranged from 2.00 to 2.54%. While, slight insignificant increases were recorded for protein and 
lipids, where, the protein contents ranged from 7.15 to 7.65%, and lipid contents ranged between 5.27 and 
5.43%. Generally, the higher the added carob powders the higher the contents of moisture and ash. 
On the other hand, carbohydrates content decreased by increasing the added carob powder percentage. 

Concerning to the caloric value (of each 100 g) of raw material and resulted infant food blends, it could 
be noticed that, whole milk powder had the highest caloric value (502 K cal.) in comparison with the other raw 
materials, followed by sweet potato powders, either blanched or un blanched, (379.75-379.9 K cal./100g, 
respectively), while the lowest caloric value was recorded for carob powder (361.74 K cal.). 
On the other side, the caloric value of all studied infant food powder ranged between 395.19 - 399.83 K cal.  

The content of some bioactive components including carotenoids, polyphenols and ascorbic acid of either 
raw materials or the resulted infant food blends were determined and the obtained results are tabulated in table 
(2). 

The presented data in table (2) illustrated that, the highest carotenoids content was recorded for 
unblanched sweet potato powder (3.539 mg/100g), followed by blanched sweet potato powder (3.433 mg/100g), 
then carob powder (1.702 mg/100g). While the lowest carotenoids content was recorded for whole milk powder 
(0.960 mg/100g). On the other hand, carob powder had the highest contents of polyphenols (280 mg/100g) and 
ascorbic acid content (37.5 mg/100g), in comparison with the other raw materials followed by unblanched sweet 
potato powder (178 and 25 mg/100g, respectively). While polyphenols and ascorbic acid not detected in whole 
milk. These findings are in harmony with those reported by Makris and Kefalas, (2004), who found that the 
polyphenols content of carob pods ranged between 220 – 338 mg/100g depending on the used solvent (methanol 
and methanol 80%, respectively). Also, Ellong et al., 2014, found that the polyphenols content of different 
sweet potato cultivars ranged between 76.00- 256.85 mg/100g. While Grace et al., (2014) and Burri, (2011), 
found that total carotenoids of sweet potato were in the range of 0.2 – 2.6 mg/100g and 1.240- 31.450mg/100g, 
respectively. Also, Ahmed et al., (2010) and Mitra, (2012), found that, Ascorbic acid content of sweet potato 
flour was 19.06 mg/100g and 12.87- 25.82mg/100g, respectively. 

In relation to the different studied infant food blends in the same table, it could be noticed that, the 
highest carotenoids content of unblanched sweet potato powder blends was recorded for the control sample 
(without carob addition) 2.966 mg/100g, then the higher the added percentage of carob powder the lower  
the carotenoids content. The same trend was observed for the blanched sweet potato blends. 
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Table 2: Some bioactive components (mg/100g) of raw materials and the resulted infant food blends 
Samples  Carotenoids Polyphenols Ascorbic acid 
Carob 1.702i 280a 37.50a 
SP Blanched 3.433b 153c 20.50e 
SP without B 3.539a 178b 25.00b 
Whole milk 0.960j ND ND 
A1 2.966c 130f 19.00g 
A2 2.533e 140e 20.25e 
A3 2.395f 145d 21.25d 
A4 2.114h 152c 21.75c 
B1 2.860d 107h 16.00i 
B2 2.417f 120g 17.75h 
B3 2.246g 128f 18.75g 
B4 2.074h 140e 19.50f 
-Values bearing the same superscript within the same column are not significantly different (P> 0.05) 
-ND : not detected 
 

On the other hand polyphenols and ascorbic acid contents were lower in control samples of either 
blanched or unblanched sweet potato powder blends, where, the higher the percentage of added carob powder, 
the higher the contents of both polyphenols and ascorbic acid for either blanched or unblanched sweet potato 
powder blends. This may be due to the higher contents of polyphenols and ascorbic acid in carob in comparison 
with those of sweet potato. 

The minerals content of studied raw materials and the resulted infant food blends was determined and the 
obtained data were presented in table (3). 

The mentioned data in table (3) showed that, the highest sodium content was recorded for sweet potato 
either blanched or unblanched (199 and 205 mg/100g, respectively), followed by whole milk powder (55 
mg/100g), then the carob powder (50.5 mg/100g).  
 
Table 3: Mineral composition (mg/100g) and daily value (% of RDI) of raw materials and the resulted infant food blends.  
 Na K Ca Fe P 

Content 
Daily 
value 
(%) 

Content 
Daily value 

(%) 
Content 

Daily value 
(%) 

Content 
Daily 
value 
(%) 

Content 

* RDI (WHO/UNICEF, 
1998) 

350 100 700 100 525 100 11 100 - 

Carob  50.5j 14.42 995a 142.14 305a 58.09 38.10a 346.36 75.00b 
Unblanched SP 205a 58.57 665b 95.00 90i 17.14 1.15e 10.45 26.00g 
Blanched SP 199b 56.85 620bc 88.57 88i 16.76 1.15e 10.45 24.00h 
Whole milk 55i 15.71 170g 24.28 290b 55.23 0.27f 2.45 93.00a 
A1 157c 44.85 520ef 74.28 117h 22.28 0.91e 8.27 34.80f 
A2 145e 41.42 555de 79.28 138f 26.28 4.60d 41.81 40.00e 
A3 137f 39.14 572cde 81.71 150e 28.57 6.45c 58.63 42.40d 
A4 129g 36.85 589cd 84.14 161c 30.66 8.32b 75.63 44.90c 
B1 150d 42.85 490f 70.00 115h 21.90 0.90e 8.18 34.00f 
B2 139f 39.71 528def 75.42 135g 25.71 4.58d 41.63 39.00e 
B3 130g 37.14 550de 78.57 148e 28.19 6.50c 59.09 41.70d 
B4 121h 34.57 565cde 80.71 158d 30.09 8.35b 75.90 44.50c 

Values bearing the same superscript within the same column are not significantly different (P> 0.05) 
* RDI: Recommended Daily Intake (WHO/UNICEF, 1998). 

 
Concerning to potassium, calcium and iron contents, the highest values were recoded for carob powder 

(995, 305 and 38.10 mg/100g, respectively), while the highest value of phosphorus content was recorded for 
whole milk (93 mg/100g) followed by carob powder (75 mg/100g). This may be the reason of increasing these 
minerals content in the resulted infant food blends by increasing the added carob. 

The results of carob powder mineral contents agreed with those reported by Khlifa et al., (2013), who 
found that, potassium, calcium and phosphorus contents ranged between 993.6-1042, 266.6- 327 and 68.2- 79.7 
mg/100g, respectively. While Youssef et al., (2013), found that, sodium and iron contents of carob pods were 
50.6 and 38.18 mg/100g, respectively. 
Also, Ukom et al., (2009), found that, calcium and phosphorus contents of sweet potato ranged between 40-90 
mg/100g and 20-27.5 mg/100g, respectively. 

In relation to, the mineral contents and daily values of the resulted infant food blends, the presented data 
in table (3), obviously illustrated that, sodium content decreased by increasing the added carob powder 
percentage, with sodium content in the range of 121-157 mg/100g. These contents represent 34.57-41.42 % of 
the recommended daily intake of sodium (350 mg/100g).  

The opposite situation was observed for both potassium, calcium, iron and phosphorus contents, where, 
the higher the added carob powder percentage the higher the contents of these minerals, as potassium contents 
were in the range of 490-589 mg/100g, which represent 70-84.14 % of the recommended daily intake of 
potassium. While calcium contents ranged between 115-161 mg/100g, which represent 21.90-30.66 % of the 
recommended daily intake of calcium. In the same time, iron contents ranged between 0.90-8.35 mg/100g, 
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which represent 8.18- 75.90 % of the recommended daily intake of iron, while, phosphorus contents were in the 
range of 34-44.90 mg/100g. 

Fatty acid composition of studied raw materials and the resulted infant food blends were determined and 
the obtained results are presented in table (4). 
Concerning to the fatty acid composition of raw materials in table (4), it could be noticed that, myristic acid 
(C14:0) and palimitic acid (C16:0)were the most abundant saturated fatty acids in carob powder (19.63 and 
18.24 %, respectively), while the most predominant saturated fatty acids in sweet potato powders either 
blanched or unblanched were palimitic (22.54-22.52%) and stearic (10.16-10.64%), respectively. 

The combined situation was observed for whole milk, where myristic, palimitic and stearic were the most 
abundant saturated fatty acids (9, 29 and 17%, respectively). 

 
Table 4: Fatty acid composition (%) of raw materials and the resulted infant food blends 
 Carob  SP  SP B Milk  A1 A2 A3 A4 B1 B2 B3 B4 
Butyric C4:0 - - - 2.5 0.37 0.38 0.37 0.37 0.36 0.37 0.38 0.37 
Caproic C6:0 - - - 1.2 0.18 0.18 0.19 0.19 0.19 0.17 0.18 0.18 
Capric C10:0 0.40 0.85 0.90 2.00 1.06 0.97 0.83 0.78 0.98 0.95 0.92 0.82 
Luric C12:0 2.60 3.49 3.31 4.00 3.44 3.34 3.28 3.21 3.38 3.29 3.25 3.17 
Myristic C14:0 19.63 1.43 1.38 9.00 3.33 3.46 4.17 4.40 3.48 3.80 3.95 4.26 
Pentadecanoic C15:0 0.60 0.91 0.86 0.70 0.68 0.62 0.56 0.49 0.65 0.60 0.55 0.50 
Palimitic C16:0 18.24 22.54 22.52 29.00 23.75 23.29 23.12 22.89 23.50 23.42 23.23 22.98 
Palmitoloic C16:1 w9 6.70 1.50 1.55 1.30 1.39 2.14 2.37 2.75 1.51 2.15 2.40 2.78 
Heptadecanoic C17:0 1.76 0.80 0.85 0.70 0.74 1.00 1.06 1.30 0.89 1.17 1.33 1.58 
Stearic C18:0 2.23 10.64 10.16 17.00 11.59 10.75 10.27 9.91 11.18 10.39 9.98 9.56 
Oleic C18:1 w9 16.00 19.46 19.52 29.00 21.40 21,09 20.97 20.81 21.43 21.13 21.00 20.84 
Vaccienic C18:1 w7 3.00 1.68 1.84 - 1.30 1.54 1.59 1.77 1.53 1.73 1.83 1.97 
Octadecosaenoic  C18:1 w5 2.32 - - - - 0.24 0.36 0.47 - 0.23 0.35 0.46 
Linoleic C18:2 w6 19.92 30.42 30.58 2.10 25.39 24.21 23.74 23.18 25.43 24.31 23.75 23.30 
Linolenic C18:3 w3 2.50 1.71 1.84 0.30 1.46 1.65 1.70 1.75 1.50 1.67 1.71 1.76 
Gamma linolenic C18:3w6 3.20 1.15 1.25 0.50 0.90 1.21 1.31 1.44 1.00 1.27 1.40 1.52 
Arachidic C20:0 - 0.98 0,95 0.70 0.88 0.76 0.72 0.67 0.82 0.72 0.66 0.63 
Gadoleic C20:1w9 1.90 - - - - 0.19 0.26 0.36 - 0.18 0.26 0.37 
Arachidonic C20:4 w6 1.30 2.43 2.41  1.87 1.77 1.73 1.66 1.83 1.72 1.66 1.61 
Total saturated  44.06 41.34 40.93 66.80 46.02 44.75 44.57 44.21 45.23 44.88 44.43 44.05 
Total unsaturated  55.84 58.35 58.99 33.00 53.71 54.04 54.29 54.19 53.23 54.39 54.36 54.61 
Sum MUSFA 29.92 22.64 22.91 30.20 24.09 25.20 25.55 26.16 23.47 25.42 25.84 26.42 
Sum PUSFA 25.92 35.71 36.08 2.80 29.62 28.84 28.48 28.03 29.76 28.97 28.52 28.19 
Sat./unsat ratio 0.789 0.708 0.693 2.02 0.856 0.828 0.820 0.815 0.815 0.853 0.817 0.806 
Oleic/linoleic ratio 0.845 0.639 0.638 14.50 0.842 0.871 0.883 0.897 0.842 0.869 0.884 0.894 

 
On the other hand, linoleic (C18:2), oleic (C18:1) and palmitoleic (C16:1) recorded the major 

unsaturated fatty acids (19.92, 16 and 6.70 %, respectively) for carob powder, while the major unsaturated fatty 
acids for sweet potato either blanched or unblanched were linoleic (30.42- 30, 58%, respectively) and oleic 
(19.46- 19.52%, respectively), whereas, whole milk major unsaturated fatty acid was oleic (29 %). These 
findings are agreed with those reported by Vekiari et al., (2012), who found that, oleic percentage of carob pods 
ranged between 13.63 and 38.45% depending on the growth stage, and so on for linoleic, palimitic and stearic 
acids which were in the ranges of 11.65- 42.23, 17.85-20.78 and 2.54-3.49 %, respectively. Also, Alozie et al., 
(2010), reported that, palimitic acid in sweet potato was in the range of 22.95-29.82 %, while oleic ranged 
between 14.56-17.73 %, whereas linoleic ranged between 35.08-39.77%. 

Regarding the fatty acids composition of infant food blends in the same table (4), it could be noticed that, 
palimitic and stearic were the most predominant saturated fatty acids in all studied infant food blends either 
produced from blanched or unblanched sweet potato, where they ranged between 22.89 - 23.75% for palimitic 
and 9.56-11.59 for stearic acid. 

On the other side, oleic and linoleic were the major unsaturated fatty acids with the rang of 20.81- 21.43 % 
and 23.18 - 25.43 %, respectively.  

The presented data in table (4), showed obviously that, the higher the added carob powder percentage the 
lower the contents of both palimitic, stearic, oleic and linoleic acids.  

In the same time, increasing the added carob powder percentage led to decrease the fat stability and 
improve the palatability of the produced blends, where, there are two most important parameters related to fatty 
acid composition of any oil, one is the ratio of total saturated fatty acid / total unsaturated fatty acid, which is 
related to the oxidation stability of the oil, while the second is oleic / linoleic ratio, which has a positive effect 
on the taste of the oil (Ranalli et al., 2001).  
The amino acids composition of studied raw materials and the resulted infant food blends are illustrated in table 
(5). This table exerts that, leucine, valine and tyrosine were the most abundant essential amino acids in carob 
powder (8.486, 7.514 and 5.072 g/100g protein, respectively), while those of blanched and unblanched sweet 
potato were leucine (8.123 – 8.129 g/100g protein, respectively ), valine (6.986- 6.919 g/100g protein, 
respectively) and phenylalanine (6.550- 6.614 g/100g protein, respectively). In the same time, leucine (13.300), 
lysine (10.000) and isoleucine (5.100) represent the most essential amino acids in whole milk. These results are 
in harmony with those reported by Ayaz et al., 2007, who found that the most abundant essential amino acids in 
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carob pods were leucine and valine. Also, Purcell et al., 1972, found that, leucine, valine and phenylalanine 
were the major essential amino acids in sweet potato, where their contents were in the range of 7.8-9.2, 6.8-8.3 
and 7.2-10.11 g/100g protein, respectively. 

On the other hand, the major three essential amino acids in all studied infant food blends are the same, 
leucine (8.502- 8.574 g/100g protein), valine (6.328- 6.387 g/100g protein) and lysine (5.958- 6.031 g/100g 
protein). 

Concerning to non essential amino acids, the presented data in table (5), showed that, glutamic, aspartic 
and alanine were the most predominant non essential amino acids of carob powder (15.568, 9.289 and 9.289 
g/100g protein, respectively), while those of sweet potato powder (either blanched or unblanched )were 
glutamic (16.157-16.200 g/100g protein, respectively), aspartic (11.615- 11.625 g/100g protein, respectively) 
and  proline (6.930-7.007 g/100g protein, respectively). In the same time, glutamic (16 g/100g), aspartic (10.9 
g/100g) and serine (4.8 g/100g) represent the major non essential amino acids for whole milk. Ayaz et al., 
(2007), reported that, the most predominant non essential amino acids in carob pods were aspartic, alanine and 
glutamic acids.  

From the same table, it could be noticed that, tyrosine content of all studied raw materials and the 
resulted infant food blends were generally exceed their respective percentages stated in the egg amino acids (as 
reference protein), with one exception related to whole milk. 

The same trend was observed for total aromatic amino acids, while all studied infant food blends had 
slightly lower contents of phenylalanine, therionine, leucine and valine than those of egg. 
 
Table 5: Amino acids composition of raw materials and the resulted infant food blends in comparison with egg amino acids (g/100 g 

protein) 
   

Carob SP B SP Milk A1 A2 A3 A4 B1 B2 B3 B4 
Egg amino 

acids 
reference 

Essential amino acids 
Tyrosine  5.072 4.703 4.747 4.100 4.458 4.465 4.478 4.503 4.434 4.451 4.465 4.584 4.20 
Phenylalanine  4.222 6.550 6.614 4.000 5.668 5.649 5.635 5.623 5.639 5.623 5.608 5.596 5.70 
Total aromatic 
amino acids 

9.294 11.253 11.361 8.100 10.126 10.114 10.113 10.126 10.073 10.074 10.059 10.180 9.90 

Therionine 4.788 5.076 5.138 4.700 4.855 4.783 4.752 4.723 4.824 4.793 4.769 4.747 5.10 
Cystine  1.400 0.8733 0.981 2.500 1.012 1.076 1.105 1.140 1.004 1.061 1.096 1.126 2.40 
Methionine  1.97 2.183 2.271 2.500 2.129 2.101 2.089 2.076 2.182 2.153 2.140 2.124 3.40 
Total sulfur 
amino acids 

8.158 8.132 8.390 9.700 7.996 7.960 7.946 7.939 8.010 8.007 8.005 7.997 10.90 

Leucine  8.486 8.123 8.129 13.300 8.502 8.537 8.555 8.574 8.513 8.544 8.556 8.565 8.80 
Isoleucine  4.507 4.803 4.838 5.100 4.858 4.830 4.818 4.803 4.869 4.848 4.830 4.800 6.30 
Lysine  4.094 5.530 5.557 10.000 6.027 6.006 5.991 5.961 6.031 6.008 5.985 5.958 7.00 
Valine  7.514 6.986 6.919 4.800 6.328 6.343 6.354 6.367 6.339 6.356 6.371 6.387 6.80 
Tryptophan  1.053 1.420 1.460 1.900 1.421 1.385 1.370 1.354 1.455 1.415 1.399 1.382 1.50 
Total essential  43.106 46.247 46.654 52.90 45.258 45.175 45.147 45.124 45.291 45.252 45.205 45.269 51.2 

Non essential amino acids 
Aspartic  9.289 11.615 11.625 10.900 11.331 11.108 11.026 10.925 11.340 11.106 11.000 10.908  
Glutamic  15.568 16.157 16.200 16.000 16.161 16.145 16.133 16.122 16.124 16.110 16.100 16.092  
Proline  8.195 6.930 7.007 4.600 6.892 6.955 6.985 7.009 6.876 6.950 6.994 7.039  
Serine 4.644 4.500 4.503 4.800 4.758 4.761 4.765 4.773 4.759 4.765 4.768 4.771  
Glycine  3.824 3.443 3.348 1.600 3.436 3.438 3.436 3.430 3.232 3.237 3.240 3.251  
Alanine  9.289 4.813 4.814 4.800 4.788 5.190 5.385 5.543 4.811 5.221 5.425 5.696  
Argnine  3.278 3.503 3.442 2.800 3.443 3.406 3.382 3.355 3.413 3.355 3.327 3.300  
Hisitidine  2.187 2.483 2.376 1.000 2.291 2.260 2.247 2.230 2.130 2.111 2.100 2.092  
Total non essential  56.27 53.44 53.31 46.50 53.10 53.26 53.36 53.387 52.685 52.855 52.954 53.149  

 
The limiting amino acids (in comparison with egg protein) and the predicated protein efficiency ratio of 

all studied infant food blends are shown in table (6). From the tabulated results in table (6), it could be observed 
that, the first limiting amino acid in all studied infant food blends (in comparison with egg protein) is cystine + 
methionine, while the second and third limiting amino acids were isoleucine and lysine, respectively.  

The results in table (6), also, showed that, the higher the added carob powder percentage the higher the 
predicated protein efficiency (approximately). Where, the highest predicated protein efficiency (2.951) was 
recorded for unblanched sweet potato powder with 20% carob powder, while the lowest value was recorded for 
unblanched sweet potato without carob powder addition. 

The amino acid chemical scores of different studied infant food blends in comparison to FAO/WHO, 
(1998), were calculated and the obtained results are tabulated in table (7). The data in table (7), demonstrated 
that, the higher the added carob powder percentage the higher the chemical score of cystine + methionine, 
leucine and valine, on the contrary, the higher the added carob powder percentage the lower the chemical score 
of therionine, isoleucine, lysine, tryptophan and histidine. 

From the same table, it could be noticed that, the highest chemical score of all studied infant food blends 
(except A4) was recorded for tryptophan (161.17-171.17) followed by tyrosine +phenylalanine (except A1 and 
A2), then histidine (except A1 and A2). 

The presented data in table (7), showed obviously that, all studied infant food blends can fulfill all amino 
acids requirements for infant growth.  
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Table 6: The limiting amino acids (in comparison to egg) and predicated protein efficiency of the resulted infant food blends 
 A1 A2 A3 A4 B1 B2 B3 B4 
First limiting amino acid Cystine + 

methionine 
(54.15) 

Cystine + 
methionine 

(54.77) 

Cystine + 
methionine 

(55.06) 

Cystine + 
methionine 

(55.44) 

Cystine + 
methionine 

(54.93) 

Cystine + 
methionine 

(55.41) 

Cystine + 
methionine 

(55.79) 

Cystine + 
methionine 

(56.03) 
Second limiting amino acid Isoleucine 

(77.11) 
Isoleucine 

(76.66) 
Isoleucine 

(76.47) 
Isoleucine 

(76.23) 
Isoleucine 

(77.28) 
Isoleucine 

(76.95) 
Isoleucine 

(76.66) 
Isoleucine 

(76.19) 
Third limiting amino acid Lysine 

(86.10) 
Lysine 
(85.80) 

Lysine 
(85.58) 

Lysine 
(85.15) 

Lysine 
(86.15) 

Lysine 
(85.82) 

Lysine 
(85.50) 

Lysine 
(85.11) 

Predicated protein efficiency  2.923818 2.938973 2.945780 2.951781 2.931332 2.943621 2.947599 2.942970 

 
Table 7: Amino acids (mg/g protein) and amino acids chemical score (%) of the resulted infant food blends in comparison with the 

reference protein 
Amino  acid 
mg/g protein   

*Referenc
e mg/g 
protein 

        A1 A2 A3 A4 B1 B2 B3 B4 

Amino 
acid  

Chemical 
score  

Amino  
acid 

Chemical 
score 

Amino 
acid 

Chemical 
score 

Amino 
acid 

Chemical 
score 

Amino 
acid 

Chemical 
score 

Amino 
acid 

Chemical 
score 

Amino 
acid 

Chemical 
score 

Amino 
acid 

Chemical 
score 

Tyrosine + 
Phenylalanine  63 101.26 160.73 101.14 160.53 101.13 160.52 101.26 160.73 100.73 159.88 100.74 159.90 100.59 159.66 101.80 161.58 

Therionine 44 48.55 110.34 47.83 108.70 47.52 108.00 47.23 107.34 48.24 109.63 47.93 108.93 47.69 108.38 47.47 107.88 

Cystine + 
Methionine  

29 31.41 108.31 31.77 109.55 31.94 110.13 32.16 110.89 31.86 109.86 32.14 110.82 32.36 111.58 32.50 112.06 

Leucine  80 85.02 106.27 85.37 106.71 85.55 106.93 85.74 107.17 85.13 106.41 85.44 106.80 85.56 106.95 85.65 107.06 

Isoleucine  35 48.58 138.80 48.30 138.00 48.18 137.65 48.03 137.22 48.69 139.11 48.48 138.51 48.30 138.00 48.00 137.14 

Lysine  52 60.27 115.90 60.06 115.50 59.91 115.21 59.61 114.63 60.31 115.98 60.08 115.53 59.85 115.09 59.58 114.57 

Valine  47 63.28 134.63 63.43 134.95 63.54 135.19 63.67 135.46 63.39 134.87 63.56 135.23 63.71 135.55 63.87 135.89 

Tryptophan  8.5 14.21 167.17 13.85 162.94 13.70 161.17 13.54 159.29 14.55 171.17 14.15 166.47 13.99 164.58 13.82 162.58 

** 
Hisitidine  

14 22.91 163.64 22.60 161.42 22.47 160.50 22.30 159.28 21.30 152.14 21.11 150.78 21.00 150.00 20.92 149.42 

 
The sensory attributes of all studied infant food blends in comparison with commercial infant food (Riri) 

were examined and the obtained results are presented in table (8). 
The results of taste in table (8), indicated that all studied blends are highly accepted for the panelists 

comparing to commercial sample, but the highest taste score was recorded for A2 (8.09), while the lowest taste 
score was recorded for commercial sample (4.90). 

Regarding to color results, commercial sample had the highest color preference followed by B1 sample 
(7.89 and 7.54, respectively), while A4 sample had the lowest color preference (7.04). 

Concerning to odor results, it could be noticed that, the best odor score was recorded for B4 (7.40), while 
the lowest values were recorded for commercial sample (6.04). 

In relation to texture results in the same table (8), it could be noticed that the best texture value was 
recorded for commercial sample followed by B2, B3 and B4 (7.96, 7.62, 7.58 and 7.58, respectively), while the 
lowest texture value was recorded for A1 and A2 samples (6.85). This may be due to the high free starch rate of 
blanched sweet potato (which defined as the starch content extracted by excessive 65.5 °C water), where the 
high free starch rate usually means serious damage to sweet potato cell walls, which leads to the loss of nutrition 
and flavour substances, thus causing higher viscosity (Mullins et al., 1955, and Van Hal, 2000). 

All studied infant food blends, recorded considerable acceptance, but the highest overall acceptability 
value was recorded for B2, B3 and B4 (7.72 for both), while the lowest value was recorded for commercial 
sample (6.67).  

 
Table 8: Sensory evaluation of the resulted infant food blends 
 Taste Color Odor Texture Overall acceptability 
A1 6.85g 7.45cd 7.18c 6.85d 6.90d 
A2 8.09a 7.22f 7.17c 6.85d 6.81e 
A3 7.45c 7.22f 7.26bc 7.22c 7.03c 
A4 7.26e 7.04h 7.27bc 7.13c 7.04c 
B1 7.08f 7.54b 7.05d 7.26c 7.26b 
B2 7.36d 7.50bc 7.35ab 7.62b 7.72a 
B3 7.04f 7.36e 7.32ab 7.58b 7.72a 
B4 7.76b 7.40de 7.40a 7.58b 7.72a 
Commercial (Riri) 4.90h 7.89a 6.04e 7.96a 6.47f 
Values bearing the same superscript within the same column are not significantly different (P> 0.05) 
 
Conclusion 

Using of sweet potato and carob powders in preparing of some infant food blends, led to produce new 
infant foods with appreciable amount of carbohydrates, fat, caloric value, minerals, bioactive compounds, fatty 
acid, essential amino acids and relatively low protein content, with considerable acceptance of sensory 
attributes, suggesting that, the implementation of these new infant foods as a good source of dietary 
requirements for infant growth.   
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