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ABSTRACT 
 

The present study aims to prepare oil blends for manufacturing infant formula or infant food 
(IF), having high oxidative stability and covering all essential composition and quality factors 
regarding lipid requirements especially ratio of linoleic/α-linolenic acid as prescribed in Codex 
Standard on infant formula (72-1981). Therefore, eight oil blends were prepared from palm oil, palm 
kernel oil, soybean oil and sunflower oil at different ratios for IF formula liars. The prepared oil 
blends were investigated and evaluated for their essential composition and quality factors, oxidative 
stability and shelf-life taking into consideration that oil blends used should comply with Codex 
Standard for infant formula (72-1981), especially its prescribed ratio linoleic/α-linolenic acids. The 
induction period (IP) in hrs was taken as an index for the oxidative stability of the oil blends 
investigated. Moreover, the ratio of linoleic/α-linolenic acid of oil blends was also calculated. The 
results showed that oil blends No. 3 and 8 were found to have the highest oxidative stability (IP 24.1, 
24.4 hrs. respectively), followed by oil blends No. 2, 4, 1, 7, 5 and 6 which had IP of 21.0, 20.4, 19.8, 
18.4, 17.8 and 15.1 hrs, respectively. It could be concluded that using palm oil and palm kernel oil in 
preparing oil blends resulted in significantly improved oxidative stability. The IP of refined palm 
kernel oil, palm oil, sunflower oil and soybean oil were found to be as 29.6, 26.4, 3.88 and 3.72 hrs 
respectively. The results showed that for ratio of linoleic/α-linolenic acid of only oil blends No. 1, 2 
and 3 complied with the Codex Standard on infant formula (72-1981). Taken into consideration the 
highest oxidation stability and ratio of C18:2/C18:3 reported in Codex Standard on IF, oil blend sample 
No. 3 (palm oil 75%, palm kernel oil 10% and soybean oil 15%, ascorpyl palmitate 0.027%, citric 
acid 0.003% and mono, diglyceride 0.05%) was judged the most suitable and recommended for use in 
manufacturing IF. 
 
Key words: Oil blend, Oxidative stability, Infant food, Infant milk, Infant formula. 

 
Introduction  
 

Vegetable oils and fats and their blends are important ingredients in manufacturing infant 
formula or infant food (IF). Oil blends constitute ca. 30% of the ingredients content of IF. Nutritional 
value, quality and shelf-life of IF greatly depend on essential composition and quality factors as well 
as oxidative stability of the oil blend used Jensen (1989) and Bruhl et al. (1994). Infants are defined as 
persons under the age of 12 months and IF is a product presented as mothers milk substitute, which 
satisfies the nutritional requirements of infants up to four to six months of age (Australia Government, 
Commonwealth Law, 2000). Milk-based IFs are manufactured food that can be used as a substitute 
for breast milk in infants. Ideally, infants should be fed with breast milk for at least the first 6 months 
of life (World Health Organization 2001a,b), but this is not always possible. 

Thus, manufactured food is important to often meet infant´s minimum nutritional requirements. 
Approximately 50% of the caloric content of human milk is contained in its lipid component, 

which is rich in palmitic (60–70%), oleic, linoleic, and linolenic fatty acids. Current formulas contain 
specific blends of vegetable oils designed to mimic the ratios of saturated, monounsaturated, and 
polyunsaturated fatty acids in human milk; increase the essential fatty acid content; and reduce 
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gastrointestinal symptoms previously associated with infant feeding of whole cow’s milk Martinez 
and Ballew (2011) and Sheila (2011). 

Most IF brands on the market are in the form of a powder, made mainly from bovine milk. 
Conventional bovine milk-based formula is generally manufactured using specific combinations of 
protein, fat, carbohydrates, vitamins, minerals and other minor components Guo et al. (1998). 

Lipid digestion is essential for adult nutrition since this macronutrient provides calories, 
vitamins, hormonal precursors and membrane structural constituents. It is all the more important for 
infant nutrition in which milk lipids supply 50–60% of the calories needed for newborn growth, 
ideally under the form of maternal milk or under the form of IFs Lindquist and Hernell (2010). 

Alterations in food products due to lipid oxidation can deteriorate the quality of the product both 
in terms of sensory and nutritional characteristics and can generate undesirable compounds, which can 
have effects on human health. In particular, unsaturated fatty acids are especially susceptible to 
oxidation Santos-Fandila et al. (2014). 

There are basically three parameters to adjudge any oil as the healthiest cooking oil i.e., ratio of 
saturated/monounsaturated/polyunsaturated fatty acids, ratio of essential fatty acids (Omega 6/Omega 
3) and presence of natural antioxidants White (2000). Various workers had done studies on the quality 
and storage stability of soybean oil and palm oil both as blends and as single oils for a period of 12 
months. Oxidative stability of oil can be improved by modification of fatty acid composition Tatum 
and Chow (2000). Fatty acid composition and functional properties of oils can be modified by 
hydrogenation, inter-esterification, genetic modification, and/or blending with different oils. Blending 
of oils modifies fatty acid composition without any chemical or biological process Liu and White 
(1992).  

The present study aims to prepare oil blends for manufacturing IF, having high oxidative 
stability and covering all essential composition and quality factors regarding lipid requirements 
especially ratio of linoleic/α-linolenic acid as prescribed in Codex Standard on IF (72-1981).    

 
Materials and Methods 
 
Materials: 
 
Oil samples used: 

 
Refined palm oil, palm kernel oil, soybean oil and sunflower oil were obtained from IFFCO, 

Suez, Egypt. The oil samples obtained were freshly refined, packed in dark brown glass bottles, then 
stored frozen storage at -18°C till further analysis and treatments. 

 
Additives used:  

 
Ascorpyl palmitate (as antioxidant), citric acid (as synergist and chelating agent) and mono, 

diglycerides (as emulsifying agents and stabilizers) were obtained from IFFCO, Suez, Egypt.  
 

Experimental treatments: 
 
Oil blends preparation: 

 
Eight oil blends were prepared (Table 1). Each individual oil samples used was firstly melted at 

10°C over its melting point, then well mixed at 50°C using good agitation till completely 
homogenized. Additive mixtures were prepared, according to its percentages indicated in Table 1, by 
firnt melting mono-diglyceride emulsifier. Ascorpyl palmitate was their added at the required percent 
during agitation to ensure complete solubility. Citric acid crystals were also added in dry state to the 
above hot mixture during good agitation to ensure complete solubility and homogeneity. Additive 
mixtures prepared was then added to the oil blend prepared under agitation to ensure complete 
solubility and homogeneity Lumor et al. (2010). 

 
 

http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=fatty+acid
http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=fatty+acid
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Table 1: Ingredients added to oil blends 
Ingredients (g) No. of Oil Blend Samples Prepared 

1 2 3 4 5 6 7 8 
Palm oil 75 75 75 75 80 80 85 85 
Palm kernel 10 10 10 10 5 - - 5 
Soybean oil 15 15 15 - - - - - 
Sunflower seed oil - - - 15 15 20 15 10 
Ascorpyl palmitate 0.015 0.027 0.027 0.027 0.027 0.027 0.027 0.027 
Citric acid - - 0.003 0.003 0.003 0.003 0.003 0.003 
Mono, di glyceride 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 
Total 100.06 100.08 100.08 100.08 100.08 100.08 100.08 100.08 

 
Methods 
 
Physical and chemical properties: 
 
Physical properties: 
 
a) Refractive index: 
 

Refractive index of different oil samples was measured using Carl Zeiss Refractometer, and the 
results were expressed at 25 °C and 50 °C for pure oils and oil blends, respectively, according to the 
method described by the AOAC (2011)  

 
b) Color: 

 
Color of all oil samples was determined by a Lovibond tintometer using yellow and red units 

(the yellow scale was fixed at 35) in 5.25 inch glass cell. The numbers representing the degree of 
color of the oil samples were read from the color scales according to AOAC (2011) and Nielsen 
(1998) 

 
c) Melting point and Slip point: 

 
Melting point and slip point were determined according to the method described by AOCS 

(2011) using thin wall capillary tubes (1mm internal diameter and 1.1 to 1.2 mm internal diameter, 
respectively)  

 
Chemical properties: 

 
Free fatty acid (F.F.A), as % oleic acid; peroxide value (meq. active O2/kg); iodine value (g 

I2/100 g oil) (measured according to the procedure of Hannus method) were determined according to 
the AOAC (2011), p-anisidine value was determined according to the AOCS (2011) and Kreis test 
was determined according to the Toteja et al. (1990) 
 
Fatty acids profile: 

 
Fatty acid composition of oils and oil blends were determined using gas liquid chromatography. 

Methylation of all fats was carried out using BF3 in methanol (20%) AOAC (2011). 
 

Trans fatty acids: 
 
Trans fatty acids in the oils and oil blends were detected using a Schimadzu FTIR 8101 PC Infra-

red spectrophotometer according to Nicolova (1992).  
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Determination of oxidative stability by Rancimat (Stability test):  
 
The oxidative stability (IP  ) of each oil and its blends was evaluated by the Rancimat method 

(Mod 679 Metrohm Ud. CH-9100, Herisau, Switzerland) (AOCS, 2011). The assays were carried out 
using 5 g of oil sample at 110 ± 0.5 °C with an air flow of 20 L/h. Oil stability was expressed in terms 
of IP in hrs according to the method described by Tsaknis et al. (1999) 
 
Statistical analysis: 

 
Results were statistically analyzed by one-way analysis of variance using SPSS 16.0 for 

windows performed on all experimental data sets. Post-hoc multiple comparisons were carried out by 
Duncan analysis to determine significant differences between sample means at 5% level 

 
Results and Discussion 
 

Physiochemical properties and fatty acid profile of refined oils studied: 
 
Refractive index, color, free fatty acid, peroxide value, iodine value and fatty acid profile play an 

important role in assessing quality, as well as t health and quality criteria of these fats and oils Hui 
(1996) 

 The above properties were determined to ensure the compliance of the investigated palm, palm 
kernel, soybean and sunflower oils with their Codex Standard Specifications (210-1999). The 
obtained results are shown in Table (2). 

 
Table 2: Physiochemical properties and fatty acid profile of refined oils investigated. 

Physical and chemical properties Refined oils 
Palm Palm kernel Soybean Sunflower 

Color units Yellow 
Red 

35 
3.1 

35 
3.7 

35 
3.4 

35 
1.3 

Refractive index at 40 °C 1.4544 1.4479 1.4657 1.4641 
Melting point (°C) 38.5 27.5 NA NA 
Slip point (°C) 37.0 26.5 NA NA 
Free fatty acid (as oleic acid %) 0.06 0.05 0.15 0.14 
Peroxide value (meqO2/kg oil) 0.05 0.10 0.14 0.12 
Iodine value (I2/100 g) 51.5 17.7 132.1 131.6 
Kreis test -ve -ve -ve -ve 
Anisidine value 0.0 0.0 0.0 0.0 

Fatty acid profile (%)  
C12:0 0.21 34.24 0.05 0.09 
C14:0 1.01 16.18 0.09 0.17 
C16:0 43.33 16.60 11.52 8.67 
C18:0 3.66 2.82 3.20 3.98 
C18:1 41.29 23.74 23.41 30.87 
C18:2 10.31 5.89 54.40 55.92 
C18:3 0.19 0.00 7.33 0.30 
TSFAs 48.21 70.37 14.86 12.91 
TUSFAs 51.79 29.63 85.14 87.09 
Trans FA 0.00 0.00 0.00 0.00 
linoleic/α-linolenic Acid Ratio 54.3/1 - 7.4/1 186.4/1 

-ve: Negative, NA: Not analyzed 
 
In general, it could be concluded that palm kernel oil followed with palm oil had high content of 

SFAs and low amount of USFAs when compared with both soybean oil and sunflower oil. In contrast, 
sunflower oil followed by soybean oil had highest content of USFAs and low content of SFAs 
Pantazari and Ahmad (2004), Jin et al. (2008) , Codex Stan 210-1999 (Revision 2009. Amendment 
2013) and Guedes (2014). 
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Physical and chemical properties of oil blends prepared:  
 
Physical and chemical properties of oil blends investigated are shown in Table (3). 
The results shown in Table (3) indicated that the highest refractive index values were recorded 

for the oil blend sample No.6 followed by No.7 which were 1.4563 and 1.4558; respectively; 
meanwhile, the lowest value was for oil blend sample No. 1 (1.4549). It was found also that blending 
refined oils with in different ratios has no significant effect on both melting and slip points of all 
blends Jin et al. (2008) and Li et al. (2014). 

 
Table 3: Physical and chemical properties of oil blends investigated 

Physical and chemical 
properties 

Oil Blend Samples 
1 2 3 4 5 6 7 8 

Refractive index at 50 °C 1.4549 1.4550 1.4550 1.4551 1.4555 1.4563 1.4558 1.4550 
Melting point (°C) 35.0 35.5 35.0 35.0 35.5 35.0 34.5 35.5 
Slip point (°C) 34.0 34.0 34.0 34.0 34.5 34.0 34.0 34.0 
Free fatty acid (as oleic acid %) 0.04 0.05 0.06 0.06 0.03 0.04 0.02 0.05 
Peroxide  value (meqO2/kg oil) 0.14 0.11 0.23 0.16 0.10 0.17 0.20 0.19 
Iodine value (I2/100 g) 59.2 58.8 59.0 58.4 59.6 58.8 59.3 58.9 
Kreis test -ve -ve -ve -ve -ve -ve -ve -ve 
Anisidine value 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

-ve: Negative 
 

From the results presented in Table (3), it could be noticed that free fatty acid % (as oleic acid) 
and peroxide value of oil blends investigated were found to range from 0.02 to 0.06% and from 0.10 
to 0.23 (meq active O2 /kg oil), respectively. These results indicated that the free fatty acid % and 
peroxide values of the investigated oil blends have nearly the same low values, indicating good 
quality of oil blends prepared Fauzy (2013) and Codex Stan 19-1981(Revision 1999. Amendment 
2013). 
 
Fatty acids profile of oil blends studied: 

 

Table (4) shows comparison between fatty acids composition and ratio of linoleic/α-linolenic 
acid of oil blends studied.  
 

Table 4: Fatty acids profile and ratio of linoleic/α-linolenic acid of oil blends investigated 
Fatty acid profile (%) Oil blend samples prepared 

1 2 3 4 5 6 7 8 
C10:0 0.36 0.37 0.00 0.00 0.15 0.00 0.00 0.10 
C12:0 5.10 5.04 4.70 4.60 2.10 0.20 0.20 2.06 
C14:0 2.50 2.40 2.40 2.37 1.50 0.90 0.90 1.50 
C16:0 36.80 35.90 37.36 36.50 37.30 37.80 39.30 38.70 
C18:0 4.10 4.96 4.10 4.03 3.90 4.20 4.10 3.80 
C18:1 34.60 33.30 34.70 34.60 36.20 35.90 36.10 37.60 
C18:2 15.19 17.20 15.40 17.40 17.20 20.40 17.40 14.80 
C18:3 1.09 1.60 1.10 0.30 0.30 0.34 0.40 0.30 
C20:0 0.00 0.00 0.00 0.00 0.90 0.00 1.30 0.70 
TSFAs 49.09 48.90 48.53 47.52 45.50 43.20 44.67 46.15 
TUSFAs 50.91 51.10 51.20 52.48 54.60 56.80 55.33 53.85 
Linoleic/α-linolenic Acid Ratio 13.9/1 10.8/1 14.0/1 58/1 57.3/1 60/1 43.5/1 49.3/1 

 
The tabulated values in Table (4) indicated that blending refined oils used were found to have 

different effect on the fatty acids profile of the oil blends prepared. Oil blends prepared had relatively 
small differences amounts of saturated and unsaturated fatty acids content. The fatty acid C16:0 showed 
the highest value among saturated fatty acid, while the unsaturated fatty acids C18:1 exhibited the 
highest values among USFAs in all oil blend samples. It was observed that increasing of palm oil in 
oil blends prepared increase consequently both of C16:0 and C18:1. Incorporation of soybean oil into 
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some oil blends increase consequently their contents of omega-3 fatty acid (C18:3), its percentage 
reached to (2.14- 3.13% of total unsaturated content), while oil blend free of soybean oil showed C18:3 
corresponding values of (0.55- 0.72%) Codex Stan 19-1981(Revision 1999, Amendment 2013), 
Lumor et al. (2010), Sutivisedsak et al. (2011) and Danthine (2012). 

Oil blend samples 1, 2 and 3 which have the same oils with the same percent (palm oil 75%, 
palm kernel oil 10% and soybean oil 15%) were found to have nearly the same fatty acids 
composition.  

Replacing soybean oil completely by sunflower oil as well as changing the percentages of each 
of palm oil, palm kernel oil and sunflower oil used in preparing blend oil samples were found to have 
different effects on fatty acids profile of the mentioned oil blend samples. 

As shown in Table (4), oil blend samples No. 1, 2 and 3 was found to be complied with the ratio 
of C18:2 /α- C18:3 which is reported by Codex Stan 72-1981 for IF. Meanwhile, oil blend samples No. 4 
till 8 were found to have high ratio C18:2 /α- C18:3 not covered by Codex Stan for IF previously 
mentioned.   

 
Oxidative stability of refined oils used and oil blends prepared: 

 
The induction period (IP) is taken as an indicator for the oxidative stability of oils and fats and 

its mixtures towards oxidation, consequently as an indicator for the shelf-life of refined oils 
investigated and oil blend samples prepared (Table 5). 

 
Table 5: The oxidative stability of refined oils investigated 

Oxidative stability at 110 °C Refined oils 
Palm Palm kernel Soybean Sunflower 

Induction period in (hrs) 26.4±0.63c 29.6±0.41d 3.72±0.08a 3.88±0.12b 
Induction period in months (Validity period) 

32.19±0.37 c 36.10±0.64 d 4.54±0.51 a 4.73±0.29 b 

(M±S.D) = Mean ± Std. Deviation, Values with different small letters in the same row are significantly different (p<0.05). 
 

From the obtained results found in Table (5), refined palm oil and palm kernel oil showed 
markedly the highest oxidative stability among the tested pure oils (IP 26.4 and 29.6 hrs, respectively) 
due to its high SFAs contents as well as its high content of tocotrienol content, while, refined soybean 
and sunflower oils had the lowest corresponding stability (IP 3.72 and 3.88 hrs, respectively), which is 
attributed to its high unsaturated fatty acids contents and to its low content of natural antioxidants. 
These finding coincides with Anwar et al. (2003) who cited that higher content of SFA lead to high 
oxidative stability and resistance against the oxidative rancidity. It could be concluded that differences 
of oxidative stability between all tested oil samples may be due to the degree of saturation and 
unsaturation; and number of double bonds in triglycerides of oils used in preparing of these blend 
Anwar et al. (2003) as well as due to the effect of their natural antioxidant content present in palm and 
palm kernel oils Warner and Gupta (2005) and Smith et al. (2007).  

As found in Table (2) TSFAs of pure palm oil, palm kernel oil, soybean oil and sunflower oil 
were as 48.21%, 70.37%, 14.86% and 12.91%, respectively, while TUSFAs were as 51.79%, 29.63%, 
85.14% and 87.09% for the same oils respectively. These results obtained coincide with Guedes et al. 
(2014) and with Warner and Gupta (2005) and Smith et al. (2007) when referred to the high level of 
natural antioxidant found in palm oil and palm kernel oil.  

As for the oxidative stability of the oil blend prepared, it could be seen from Table (1) and (6) 
that oil blend ingredients (types and percent of each oil and additives used) had a significant effect on 
the IP of the investigated oil blends prepared. It could be observed that oil blend samples No. 8 and 3 
had the highest IP being 24.4 and 24.1 hrs, respectively, followed by oil samples No. 2, 4 and 1 (IP 
21.0, 20.4 and 19.8 hrs, respectively). Oil blend samples No.7, 5 and 6 had the lowest IP being as 
18.4, 17.8 and 15.1 hrs, respectively. 

According to Table (5) and (6) refined soybean oil and sunflower oil had low (IP 3.72 and 3.88 
hrs, respectively) when compared with refined palm oil and palm kernel oil (IP 26.4 and 29.6 hrs, 
respectively). Thus it could be observed that incorporation of palm oil and palm kernel oil into oil 
blend samples prepared increased significantly IP of such oil blends prepared. 
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Using palm oil and palm kernel oil with both soybean oil and sunflower oil in preparing oil 
blends led to a significant increment of oxidative stability while soybean oil was used as a source of 
α-linolenic acid. 

 
Table 6: The oxidative stability of oil blends investigated 

Oxidative stability at 
110 °C 

Oil blend samples 

1 2 3 4 5 6 7 8 

Induction period in (hrs) d19.8±0.34 f21.0±031 g24.1±0.53 e20.4±0.48 b17.8±0.23 a15.1±0.64 c18.4±0.37 h824.4±0.2 

Induction period in 
months (Validity period) 

d24.16±0.60 f25.61±0.22 g29.39±0.61 e24.88±0.59 b21.71±0.86 a18.41±0.71 c22.44±0.12 h29.75±0.78 

(M±S.D) = Mean ± Std. Deviation, Values with different small letters in the same row are significantly different (p<0.05). 

 
In general, it could be concluded from the results obtained that oil blend sample No. 3 (palm oil 

75%, palm kernel oil 10% and soybean oil 15%, ascorpyl palmitate 0.027%, citric acid 0.003% and 
mono, diglyceride 0.05%) was judged the most suitable oil blend which can be recommended for use 
in manufacturing IF taken into consideration covering all requirement found in Codex Stan 72-1981 
for IF regarding limits of linoleic acid, α-linolenic acid and ratio linoleic/α-linolenic acid. Moreover, 
oil blend sample No. 3 will significantly increase the oxidative stability of IF produced consequently 
increase its shelf – life.   
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