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ABSTRACT 

Huda Hassan Ibrahim Mohammed: Nutritional Evaluation of Red 

Palm Oil and Its Utilization in Some Foods. Unpublished PhD. 

Thesis, Department of Food Science, Faculty of Agriculture, Ain 

Shams University, 2018. 

This work was carried out to study the physical and chemical 

properties, fatty acid composition, oxidative stability and minor 

components of red palm oil (RPO) and its prepared fractions super red 

palm olein (SRPOL) and soft palm mild fraction (PMF). Supplementation 

the diets of normal Albino rats with RPO or SRPOL, besides commercial 

shortening (C.Sh.) and palm olein (POL) which located in Egyptian 

market as well as their blends with RPO and SRPOL was carried out to 

study the effect of these oils on rats plasma analysis and the 

histopathology of their internal organs in order to perform an attempt to 

hold back the dangerous which has been proved of C.Sh. and POL in 

raising cholesterol level and their harmful effect on liver and kidney. 

Biological evaluation was also conducted to study the protective effect of 

RPO and SRPOL on hypercholesterolemic rats compared to Lipitor drug. 

Additionally, RPO and its fractions were utilized in some food products 

such as cake, mayonnaise and chocolate spread as fat replacers at 25, 50, 

75 and 100% levels. 

SRPOL had the highest refractive index, red color value, and the 

lowest melting point and viscosity; it also exhibited the highest iodine 

value, unsaponifable matter and the lowest saponifable value followed by 

RPO then PMF. While, RPO had superior induction period (78.0 hr) 

followed by PMF (61.2 hr.) then SRPOL (44.0 hr.) Palmetic acid was the 

most prevalent saturated acid, and oleic was the most widespread 

unsaturated acid in all the tested oils. 

Diets containing C.Sh. or POL significantly increased rats serum 

TC, LDL-C, TG and decreased plasma HDL-C, thereby decreased VLDL-



C, TC/HDL-C and LDL-C/HDL-C risk ratios. Diets supplemented with 

RPO or SRPOL in feeding normal or hypercholesterolemic rats decreased 

plasma TC, LDL-C and TG, while increased HDL-C, by means they were 

most effected in lowering the risk ratios. Blending each of RPO and 

SRPOL with C.Sh. and POL declined the excess levels of TC, LDL-C, 

TG, VLDL-C and risk ratios, as well as retarded the drop in HDL-C 

reaching their levels to be equal to those in control serum rats. 

Supplementation of RPO or SRPOL in diets of normal or 

hypercholesterolemic rats maintain liver and kidney functions within the 

normal levels, they proved their potency to depress the injurious effect of 

C.Sh. and POL. Also when hypercholesterolemic rats fed on RPO or 

SRPOL diets they hold bake the detrimental effect of 

hypercholesterolemia. 

The histopathological examination of liver, kidney, heart and aorta 

of normal rats fed on C.Sh. or POL diets as well as hypercholesterolemic 

rats showed sever alteration in their internal organs. While, feeding 

normal rats containing RPO, SRPOL or POL blended with SRPOL 

showed normal histological structure of their organs. On the other hand, 

feeding hypercholesterolemic rats on RPO or SRPOL diets induced some 

mild alteration in the studied organs. 

RPO and its fractions SRPOL and PMF were used successfully in 

some foods as fat replacers at different levels reached to 100% without 

any detrimental effect on their quality attributes such as the utilization of 

RPO in cake, and the soft PMF in chocolate spread. However, when 

SRPOL was incorporated in mayonnaise, its used also was accepted.   

Key words: Red palm oil, Super red palm olein, Soft palm mild fraction, 

Physical and chemical characteristics of oils, Oxidative 

stability, Vitamins E,A,D,K, β- carotene, liver and kidney 

function,  Biological evaluations, Plasma lipid profile, Cake, 

Mayonnaise, Chocolate spread. 



AKNOLEDGMENT 

First of all, I am express my deepest thankfulness to Allah who 

given me the power, knowledge, and enable me to accomplish this work 

to come in its final from. 

Sincere gratitude to Prof. Dr. Magda H. Allam  Prof. Emeritus of 

Food Science and Technol., Fac. of Agric., Ain Shams Univ., for 

suggesting the problem, continuous supervision kind help and valuable 

comments during the present investigation. 

My great appreciated and sincere gratitude to Prof. Dr. Nessrine 

Mohamed Nabih Yasin Prof. of Food Science and Technol., Fac. of 

Agric., Ain Shams Univ., for her continuous supervision, and every 

possible help she kindly offered during this study. 

The author wishes to express her sincere gratitude to Prof. Dr. 

Saeb Abd El-Monaim Hafez Prof. of Food Science and Technol., 

Research Institute of Food Technol., for his supervision, constructive 

criticism and helpfulness throughout this work. 

I am expressed my deepest thanks for Prof. Dr. Yehia Hekal Prof. 

Emeritus of Food Science and Technol., Fac. of Agric., Ain Shams Univ., 

for his helpfulness in measurement the color of cakes.  

I would like to express my thanks for all stuff members of Food 

Science Dep., Fac. of Agric., Ain Shams Univ., and also the stuff of 

Special Food and Nutrition, Food Technol. Research Inst. Agric. 

Research Center for their help and unlimited facilities throughout this 

thesis. 

Finally, my great gratitude is also extended to my family for their 

encouragement and support for me to complete this work. 



CONTENTS 

 

Title Page 

LIST OF TABLES…………………………………………………... VII 

LIST OF FIGURES…………………………………………………. XII 

LIST OF ABREVIATION………………………………………….. XVIII 

1. INTRODUCTION………………………………………………… 1 

2. REVIEW OF LITERATURE……………………………………. 6 

2.1. History, origin and production…………………………………… 6 

2.2. Fractionation process…………………………………………….. 11 

2.3. Physical and chemical properties of RPO and its fractions…….. 16 

2.4. Fatty acids composition………………………………………….. 19 

2.5. Minor components and their nutritional benefits………………… 22 

2.6. Oxidative stability………………………………………………... 30 

2.7. Biological effects………………………………………………… 31 

2.8. Application in foods…………………………………………….. 41 

3. MATERIALS AND METHODS……………………………….. 45 

3.1. Materials…………………………………………………………. 45 

3.1.1. Oils……………………………………………………………... 45 

3.1.2. Materials used in preparing cake, mayonnaise and chocolate 

spread…………………………………………………………. 45 

3.1.3. Materials used in animal experiments…………………………. 45 

3.1.4. Chemicals……………………………………………………….  45 

3.1.5. Standards………………………………………………………. 46 

3.1.6. Animals………………………………………………………… 46 

3.1.7. Kits…………………………………………………………….. 46 

3.2. Methods:…………………………………………………………. 46 

3.2.1. Technological method…………………………………………. 46 

3.2.1.1. Fractionation method………………………………………… 46 

3.2.1.2. Cake Preparation…………………………………………….. 47 

3.2.1.3. Mayonnaise preparation:…………………………………….. 48 

3.2.1.4. Chocolate spread preparation………………………………… 49 



II 
 

3.2.2. Analytical methods…………………………………………….. 51 

3.2.2.1. Physical analysis……………………………………………... 51 

3.2.2.1.1.Determination of refractive index………………………….. 51 

3.2.2.1.2.Determination of viscosity………………………………….. 51 

3.2.2.1.3. Determination of color……………………………………... 51 

3.2.2.1.3.1. Oils color…………………………………………………. 51 

3.2.2.1.3.2. Cake color……………………………………………….. 52 

3.2.2.1.4. Determination of melting point…………………………….. 52 

3.2.2.2. pH value ……………………………………………………... 52 

3.2.2.3. Cake measurements………………………………………….. 52 

3.2.2.4. Extraction of oils…………………………………………….. 53 

3.2.2.4.1. Extraction of oil from cakes……………………………….. 53 

3.2.2.4.2. Extraction of oil from mayonnaise………………………… 53 

3.2.2.5. Chemical Analysis…………………………………………… 53 

3.2.2.5.1. Determination of acid value, acidity, peroxide value and 

iodine values………………………………………………. 53 

3.2.2.5.2. Determination of saponification number………………….. 53 

3.2.2.5.3. Determination of unsaponifiable matter…………………… 54 

3.2.2.5.4. Oxidative stability…………………………………………. 54 

3.2.2.5.5. Spectrophotometer analysis……………………………….. 54 

3.2.2.5.5.1. Determination of total phenolic content ………………. 54 

3.2.2.5.5.2. Determination of total flavonoids content……………  55 

3.2.2.5.6. Gas chromatography analysis of fatty acids……………… 55 

3.2.2.5.6.1. Preparation of fatty acid methyl esters…………………. 55 

3.2.2.5.6.2. Separation and identification of fatty acids methyl esters 

by gas liquid chromatography (GLC)……………………. 56 

3.2.2.5.7. High performance liquid chromatography (HPLC) analysis. 56 

3.2.2.5.7.1. Fractionation and identification of phenolic and flavonoid 

compounds………………………………………………. 56 

3.2.2.5.7.2. Separation and identification of Vitamin A, D, K and E. 57 

3.2.2.5.7.3. Separation and identification of β carotene……………… 57 

3.2.3. Biological experiments………………………………………… 57 



III 
 

3.2.3.1. Experimental 1……………………………………………….. 57 

3.2.3.2. Experimental 2………………………………………………. 62 

3.2.3.3. Blood analysis……………………………………………….. 64 

3.2.3.3.1. Determination of serum total cholesterol (TC)……………. 64 

3.2.3.3.2. Determination of serum HDL-cholesterol…………………. 
65 

3.2.3.3.3. Determination of serum triglycerides (TG)………………... 
65 

3.2.3.3.4. Determination of serum LDL-cholesterol…………………. 67 

3.2.3.3.5. Determination of serum VLDL-Cholesterol………………. 67 

3.2.3.3.6. Determination of asparatate aminotransferase (AST) 

activity…………………………………………………….. 67 

3.2.3.3.7. Determination of alanine aminotransferase (ALT) activity... 68 

3.2.3.3.8. Determination of serum albumin…………………………... 69 

3.2.3.3.9. Determination of serum urea………………………………. 69 

3.2.3.3.10. Determination of serum creatinine……………………….. 71 

3.2.3.3.11. Determination of serum Uric acid………………………… 71 

3.2.3.3.12. Determination of plasma catalase……………………….. 72 

3.2.3.3.13. Determination of total Antioxidant Capacity (TAC) in 

plasma…………………………………………………… 73 

3.2.3.3.14. Determination of malondialdehyde (MDA) in serum……. 74 

3.2.3.3.15. Determination of glutathione peroxidase (GPXs) in 

erythrocytes:……………………………………………. 74 

3.2.3.4. Histological examination…………………………………….. 76 

3.2.4. Sensory evaluations…………………………………………….. 76 

3.2.4.1. Sensory evaluation of cake…………………………………... 76 

3.2.4.2. Sensory evaluation of mayonnaise…………………………… 77 

3.2.4.3. Sensory evaluation of chocolate spread……………………… 78 

3.2.5. Statistical analysis……………………………………………… 79 

4. RESULTS AND DISCUSSIONS……………………………….. 80 

4.1. Physical and chemical characteristics……………………………. 80 



IV 
 

4.2. Oxidative stability………………………………………………...  84 

4.3 Gas liquid chromatography (GLC) analysis of fatty acid………… 85 

4.4. Vitamins E, A, D, K and β-carotene……………………………... 87 

4.5. Total phenolic acids and flavonoids…………………………….. 89 

4.6. Fractions of phenolic and flavonoid compounds identified by 

HPLC…………………………………………………………….. 90 

4.7. Biological evaluations…………………………………………… 94 

4.7.1. Experiment 1…………………………………………………… 94 

4.7.1.1. Body weight and body weight gain…………………………. 94 

4.7.1.2. Internal organs……………………………………………….. 98 

4.7.1.3. Blood analysis……………………………………………….. 100 

4.7.1.3.1. Lipid profile……………………………………………….. 100 

4.7.1.3.1.1. Total cholesterol………………………………………… 101 

4.7.1.3.1.2. High density lipoprotein cholesterol…………………….. 104 

4.7.1.3.1.3. Low density lipoprotein cholesterol……………………… 107 

4.7.1.3.1.4. Triglycerides……………………………………………... 110 

4.7.1.3.1.5. Very Low density lipoprotein cholesterol……………….. 112 

4.7.1.3.1.6. Risk ratios………………………………………………... 114 

4.7.1.3.2. Liver function……………………………………………… 118 

4.7.1.3.2.1. Aspartate transaminase (AST)…………………………… 119 

4.7.1.3.2.2. Alanine transaminase (ALT)…………………………….. 121 

4.7.1.3.2.3. Albumin…………………………………………………. 121 

4.7.1.3.3. Kidney functions………………………………………….. 125 

4.7.1.3.3.1. Urea……………………………………………………… 125 

4.7.1.3.3.2. Creatinine………………………………………………… 127 

4.7.1.3.3.3. Uric acid:…………………………………………………. 129 

4.7.1.3.4. Antioxidant activity:……………………………………….. 131 

4.7.1.4. Histopathological examination………………………………. 136 

4.7.1.4.1. Histology of liver…………………………………………... 136 

4.7.1.4.2. Histology of kidney……………………………………….. 142 

4.7.1.4.3. Histology of heart………………………………………….. 149 

4.7.1.4.4. Histology of aorta………………………………………….. 154 



V 
 

4.7.2. Experimental 2…………………………………………………. 161 

4.7.2.1. Body weight and body weight gain………………………….. 161 

4.7.2.2. Internal organs……………………………………………….. 165 

4.7.2.3. Blood analysis……………………………………………….. 165 

4.7.2.3.1. Lipid profile………………………………………………... 165 

4.7.2.3.1.1. Total cholesterol:………………………………………… 168 

4.7.2.3.1.2. High density lipoprotein cholesterol……………………... 170 

4.7.2.3.1.3. Low density lipoprotein cholesterol……………………… 172 

4.7.2.3.1.4. Triglycerides……………………………………………... 174 

4.7.2.3.1.5. Very low density lipoprotein cholesterol………………… 174 

4.7.2.3.1.6. Risk ratios………………………………………………... 177 

4.7.2.3.2. Liver function……………………………………………… 181 

4.7.2.3.2.1. Aspartate transaminase (AST)…………………………… 181 

4.7.2.3.2.2. Alanine transaminase (ALT)……………………………... 183 

4.7.2.3.2.3. Albumin………………………………………………….. 185 

4.7.2.3.3. Kidney functions…………………………………………… 187 

4.7.2.3.3.1. Urea………………………………………………………. 187 

4.7.2.3.3.2. Creatinine………………………………………………… 189 

4.7.2.3.3.3. Uric acid………………………………………………….. 189 

4.7.2.3.4. Antioxidant activity………………………………………… 192 

4.7.2.4. Histopathological examination………………………………. 196 

4.7.2.4.1. Histology of liver…………………………………………... 196 

4.7.2.4.2. Histology of kidney……………………………………….. 202 

4.7.2.4.3. Histology of heart…………………………………………. 207 

4.7.2.4.4. Histology of aorta………………………………………….. 214 

4.8. Application of RPO and its fractions in some food processing…. 219 

4.8.1. Cake…………………………………………………………… 219 

4.8.1.1. Cake physical measurements and color:……………………. 219 

4.8.1.2. Acid and peroxide values of cake lipids…………………….. 222 

4.8.1.3. Sensory evaluation of cake…………………………………... 225 

4.8.2. Mayonnaise…………………………………………………….. 227 

4.8.2.1. pH value of mayonnaise:…………………………………….. 227 



VI 
 

4.8.2.2. Peroxide value of mayonnaise oil:…………………………… 227 

4.8.2.3. Sensory evaluation of mayonnaise…………………………… 231 

4.8.3. Chocolate spread……………………………………………….. 231 

4.8.3.1. Sensory evaluation of chocolate spread……………………… 233 

5. SUMMARY ………………………………………………………. 235 

6. REFERENCES ………………………………..…………………. 242 

7. ARABIC SUMMARY   

 

  



VII 
 

LIST OF TABLES 

NO. Title Page 

1 Recipes of maderia cake using different levels of red palm oil 

(amounts in grams)…………………………………………….. 48 

2 Recipes of mayonnaise using different levels of super red palm 

olein (amounts in grams)……………………………………….. 49 

3 Composition of minerals mixture………………………………. 60 

4 Composition of vitamins mixture………………………………. 61 

5 Composition of the basal negative and positive diets (g/100g 

diet)…………………………………………………………….. 63 

6 Physical properties of red palm oil (RPO), super red palm olein 

(SRPOL) and soft palm mild fraction (PMF)…………………... 81 

7 Chemical properties of red palm oil (RPO), super red palm 

olein (SRPOL) and soft palm mild fractoion (PMF)………….. 83 

8 Oxidative stability of red palm oil (RPO), super red palm olein 

(SRPOL) and soft palm mild fraction (PMF)………………….. 85 

9 Fatty acid composition of red palm oil (RPO), super red palm 

olein, (SRPOL) and soft palm mild fraction (PMF)……………. 86 

10 Vitamins and β-carotene (µg/g) of RPO and its fractions; and 

their Recommended Dietary Allowance (RDA. µg/ day) and 

grams daily intake from the studied oils………………………... 88 

11 Total phenolics and total flavonoids (µg/g) of red palm oil 

(RPO) super red palm olein, (SRPOL) and soft palm mild 

fraction (PMF)…………………………………………………. 91 

12 Identification of phenolic compound (µg/100g) of red palm oil 

and its fractions…………………………………………………. 91 

13 Identification of flavonoid compounds (µg/100g) of red palm 

oil and its fractions…………………………………………….. 93 

14 Mean body weight (BW, g and %) and body weight gain 

(BWG, g) of rats fed for 6 weeks on diets containing 10% of 

studied oils……………………………………………………… 95 

  



VIII 
 

15 Mean internal organs weights (g) and their relative weights 

(g/100g BW) of rats fed for 6 weeks on diets containing 10% of 

studied oils…………………………………………………..….. 99 

16 Serum total cholesterol (TC mg/dl) of rats fed for 6 weeks on 

diets containing 10% of studied oils……………………………. 102 

17 Serum HDL-cholesterol (mg/dl) of rats fed for 6 weeks on diets 

containing 10% of studied oils…………………………………. 106 

18 Serum LDL-cholesterol (mg/dl) of rats fed for 6 weeks on diets 

containing 10% of studied oils…………………………………. 108 

19 Serum triglycerides (TG, mg/dl) in rats fed for 6 weeks on diets 

containing 10% of studied oils…………………………………. 111 

20 Serum VLDL-cholesterol (mg/dl) of rats fed for 6 weeks on 

diets containing 10% of studied oils……………………………. 113 

21 TC/HDL-c and LDL-c/HDL-c risk ratios in rats fed for 6 weeks 

on diets containing 10% of studied oils………………………… 115 

22 Serum aspartate transaminase (AST) enzyme (U/L) of rats fed 

for 6 weeks on diets containing 10% of studied oils………… 120 

23 Serum .alanine transaminase (ALT) enzyme (U/L) of rats fed 

for 6 weeks on diets containing 10% of studied oils…………… 122 

24 Serum Albumin (g/dl) of rats fed for 6 weeks on diets 

containing 10% of studied oils…………………………………. 123 

25 Serum urea (mg/dl) of rats fed for 6 weeks on diets containing 

10% of studied oils……………………………………………. 126 

26 Serum creatinine (mg/dl) of rats fed for 6 weeks on diets 

containing 10% of studied oils…………………………………. 128 

27 . Serum uric acid (mg/dl) of rats fed for 6 weeks on diets 

containing 10% of studied oils…………………………………. 130 

28 Serum catalase, erythrocytes glutathione peroxidase (GPXs), 

malondialdehyde (MDA) and  total antioxidant capacity (TAC) 

of rats fed for 6 weeks on diets containing 10% of studied oils. 133 

29 Mean body weight (BW) and body weight gain (BWG) of 

hypercholesterolemic rats fed for 6 weeks on diets containing 

 

 



IX 
 

10% of studied oils, or treated with Lipitor drug (20 mg/ kg 

BW/day)………………………………………………………. 

 

163 

30 Mean internal organs weight (g) and their relative weights (%) 

of hypercholesterolemic rats fed for 6 weeks on diets 

containing 10% of studied oils, , or treated with Lipitor drug 

(20 mg/ kg BW/day)……………………………………………. 166 

31 Serum total cholesterol (TC mg/dl) of hypercholesterolemic 

rats fed for 6 weeks on diets containing 10% of studied oils, or 

treated with Lipitor drug (20 mg/ kg BW/day)………………… 169 

32 Serum HDL-cholesterol (mg/dl) of hypercholesterolemic rats 

fed for 6 weeks on diets containing 10% of studied oils, or 

treated with Lipitor drug (20 mg/ kg BW/day)…………………. 171 

33 Serum LDL-cholesterol (mg/dl) of hypercholesterolemic rats 

fed for 6 weeks on diets containing 10% of studied oils, or 

treated with Lipitor drug (20 mg/ kg BW/day)………………… 173 

34 Serum triglycerides (TG, mg/dl) in hypercholesterolemic rats 

fed for 6 weeks on diets containing 10% of studied oils, or 

treated with Lipitor drug (20 mg/ kg BW/day)…………………. 175 

35 Serum VLDL-cholesterol (mg/dl) in hypercholesterolemic rats 

fed for 6 weeks on diets containing 10% of studied oils, or 

treated with Lipitor drug (20 mg/ kg BW/day)………………… 176 

36 

 

Serum TC/HDL-c and LDL-c/HDL-c risk ratios in 

hypercholesterolemic rats fed for 6 weeks on diets containing 

10% of studied oils, or treated with Lipitor drug (20 mg/ kg 

BW/day)………………………………………………………… 178 

37 Serum aspartate aminotransferase (AST) enzyme (U/L) of 

hypercholesterolemic rats fed for 6 weeks on diets containing 

10% of studied oils, or treated with Lipitor drug (20 mg/ kg 

BW/day)………………………………………………………… 182 

  


