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ABSTRACT 
 

Increasing awareness in consumer towards health and quality of 

food has encouraged studies on the utilization of different nutritionally 

rich ingredients for production of health and high nutritional quality 

foods. 

Therefore, some plant sources (e.g. barley, mustard, defatted 

mustard & flaxseed meal and flaxseed oil) were selected as a source of 

active healthy components to prepare functional prebiotic foods for 

lowering serum blood lipids. The plant sources were characterized by 

high amounts of some valuable functional components as protein and fat 

(mustard and flaxseed meal), total dietary fiber (flaxseed meal), β-glucan 

(hull-less barley), total phenolic and alpha linolenic acid as omega-3 

(flaxseed oil). Functional biscuits were formulated by replacing either 

wheat flour in biscuit formula by different plant meals at 5, 10, 15, 20, 25 

and 30% levels or shortening by flaxseed oil at 25, 50, 75 and 100% 

levels. Sensory evaluation revealed that biscuits samples with 10% 

defatted mustard meal (DMM), 15% mustard and flaxseed meals (MM & 

FM), 30% barley meal (BM) and 100% flaxseed oil (FO) were 

significantly acceptable as control. Farinograph and extensograph 

measurements of biscuits dough were significantly affected by adding 

different plant sources. Biscuits made with 10% DMM and 15% MM 

contained 1.37 and 1.25 times more protein than the control. Biscuits 

supplemented with 30% BM and 15% FM contained 2.84 and 3.31 times 

more of total dietary fibers, respectively than the control. β-glucan content 

of BM-biscuits was 1.82%. Flaxseed oil-biscuits are practically rich in 

alpha linolenic acid, an omega-3 (42.76%) and it contains a less amount 

of linoleic acid, an omega-6 (13.52%). These means that fatty acids 

profile of biscuits can be improved by its supplementation with flaxseed 

meal or oil. 



Different plant sources at 3, 5 and 7% levels were used for 

production of nutritional improved kareish-like cheese. Functional 

Kareish-like cheese containing 3% of barley and mustard meal exhibited 

significantly the best acceptable values regarding to their sensory 

physico-chemical and microbiological analysis. However, cold storage for 

two weeks significantly improved the overall acceptability of cheese 

made with different plant sources. 

The biological evaluation of hypercholesterolemic rats fed on diets 

supplemented with different functional prebiotic biscuits revealed that 

consumption of diets containing barley and flaxseed meal and flaxseed oil 

biscuits for 8 weeks significantly (p≤0.05) reduced  serum total 

cholesterol (TC), triglycerides (TG), Low density lipoproteins (LDL-c), 

very low density lipoproteins (VLDL-c) and ratios of TC/HDL-c, 

LDL/HDL-c, Atherogenic index (AI), and increased high density 

lipoprotein (HDL-c) or  HDL-c/TC (HTR%). Also, consumption of diets 

based on biscuits prepared from different plant sources did not have 

deleterious effects on the liver and kidney functions, whereas the levels of 

serum aspartate amino-transferase (AST), alanine amino-transferase 

(ALT), alkaline phosphotase (ALP), urea, blood nitrogen urea (BUN), 

creatinine and protein were in the normal range. In addition, rats fed high-

fat high-cholesterol diet resulted in severe damage to the liver, heart and 

kidney tissues, whereas, feeding of diets containing flaxseed oil, flaxseed 

and barley meals to the hypercholesterolemic rats lowered the degree of 

lesions of the liver. Thus, it could be concluded that flaxseed oil, flaxseed 

or barley meal based bakery products could be developed as a useful 

therapy for hyperlipidemia in developing countries like Egypt. 

Key words 

Functional prebiotic foods, biscuits, barley meal, mustard meal, 

defatted mustard meal, flaxseed meal, flaxseed oil, dietary fiber, β-glucan, 

omega-3, omega-6, farinograph, extensograph, kareish-like cheese, 



microbiology, sensory evaluation, hypercholesterolemic, TC, TG, LDL-c, 

VLDL-c, HDL-c, TC/HDL-c, LDL/HDL-c, HTR%, AI, AST, ALT, ALP, 

urea, BUN, creatinine, liver, heart, kidney. 



ACKNOWLEDGEMENT 
 

All praises are due to God, 

 who blessed me with kind professors  

and colleagues, and gave me the support to produce this thesis 

 

I wish to find the words that can help to express my gratefulness 

thanks, deepest gratitude and sincere appreciation to Prof. Dr.  Nagwa 

M. H. Rasmy,  Head of Food Science and Technology, Food Sci. Dep., 

Fac. of Agric., Ain Shams University for her incessant supervision, 

valuable help, continues guiding, plentiful advice, greatest faithful, 

constructive criticism, valuable discussion, plentiful active and endless 

effort provided for me to complete this work. 

 

 Great appreciation is also extended to Prof. Dr. Mohamed A. 

Khorshid Professor of dairy science, Dept. of Dairy Sci., Food 

Technology & Nutrition Division, National Research Center, for his 

supervision, valuable suggesting and sincere support, Keen guidance and 

continuous encouragement through out this investigation. 

 

Grateful acknowledgement is extended to Prof. Dr. Mervat I. 

Foda Professor of Dairy Science & Technology, Food Sci. & Nutrition 

Division; National Research Center for her kind supervision, guidance, 

continuous support and valuable suggesting provided for me to complete 

this work. 

 

I wish to express my deep gratitude to Dr. Amal A. M. Hassan 

Associate Professor of Food Science and Technology, Food Sci. Dep., 

Faculty of Agriculture, Ain Shams University for her kind attention and 

greater help provided for the accomplishment of this work and for her 

willing cooperation, efforts, supervising the research, writing the 

manuscript and encouraging me through this course. It is difficult to 

express in words my deep respect to her.  



Great appreciation is also extended to Prof. Dr. Sadia M. Ali,  

Head of Fat and Oil Dep., of National Research Center. and Prof. Dr. 

Khaled Farok Professor of Flavor and Aroma Chemistry Dep., of 

National Research Center  for them valuable help and continuous 

encouragement during this effort.  

 

I would like to thank all the stuff members of Food Science and 

Nutrition Division, National Research Center for giving all the facilities 

that made this work possible.  Thanks also to every one who provided 

help or advised me to achieve this work.  

 

To who took my hand for the first steps in life my father who was 

very patient supportive and generous to me giving love and sympathy 

throughout the work, deepest gratitude also to my sisters. 

 

Last but not least, it is great honor to dedicate this work with my 

love to the memory of my mother, the confidence that she deposited in me 

to reach this point in my life.  

 

To them all, I am grateful and obligated 



CONTENTS 
 

 Page 

LIST OF TABLES.....................................................................  VI 

LIST OF FIGURES...….…………………………………....... X 

LIST OF ABBREVIATIONS…………………………........... XV 

1. INTRODUCTION………………………………………..... 1 

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

2.1. Functional foods................................................................... 6 

2.2. Health effects of functional foods........................................ 12 

2.3. Some cereal grains and oil seed as functional foods............ 16 

    2.3.1. Mustard seed.................................................................. 17 

    2.3.2. Flax seed........................................................................ 19 

    2.3.3. Hull-less barley.............................................................. 23 

2.4. Production of some functional foods.................................... 26 

    2.4.1. Biscuit............................................................................ 30 

    2.4.2. Cheese............................................................................ 33 

2.5. The cholesterol lowering effects of functional foods........... 36 

3. MATERIALS AND METHODS.......................................... 44 

3.1. Materials.............................................................................. 44 

    3.1.1. Different plant sources.................................................. 44 

    3.1.2. Biscuits ingredients....................................................... 44 

    3.1.3. Skim milk retentate........................................................ 44 

    3.1.4. Chemicals...................................................................... 44 

3.2. Methods............................................................................... 45 

    3.2.1. Technological treatments and processing methods…... 45 

       3.2.1.1. Preparation of plant grain and seed   meals used…. 45 

        3.2.1.2. Preparation of composite meals used..................... 45 

           3.2.1.2.1. Biscuit processing............................................. 46 

           3.2.1.3. Kareish cheese making........................................ 47 

    3.2.2. Physico-chemical analysis of plant sources and

biscuits……………………………………………..… 

 

47 



II 
 

       3.2.2.1. Proximate analysis................................................... 48 

       3.2.2.2. Determination of acid value (AV), peroxide value 

(PV) and iodine value (IV)..................................   

 

48 

       3.2.2.3. Total dietary fibers................................................... 48 

       3.2.2.4. Soluble and insoluble dietary fiber.......................... 49 

       3.2.2.5. Beta-glucan.............................................................. 50 

       3.2.2.6. Total pigments......................................................... 51 

       3.2.2.7. Total phenol............................................................. 52 

       3.2.2.8. Water holding and oil absorption capacity.............. 52 

       3.2.2.9. Determination of fatty acid composition by gas-

liquid chromatographic analysis............................. 

 

53 

    3.2.3. Evaluation of functional prebiotic-biscuits.................... 53 

       3.2.3.1. Physical characteristics............................................ 54 

       3.2.3.2. Rheological properties............................................ 54 

      3.2.3.2.1. Farinograph tests………………………………..   54 

      3.2.3.2.2. Extensograph test……………………….………  55 

       3.2.3.3. Sensory evaluation of biscuit................................... 56 

    3.2.4. Evaluation of kareish-like cheese..................................  57 

        3.2.4.1. Chemical analysis of kareish- like cheese.............. 57 

       3.2.4.2. Microbiological analysis of Kareish-like cheese…. 57 

       3.2.4.3. Sensory evaluation of kareish cheese...................... 58 

    3.2.5. Bilogical evaluation of functional foods supplemented 

with different plant seeds sources in hypercholestero-

lemic rats...................................................................... 59 

        3.2.5.1. Feeding experiment................................................ 59 

           3.2.5.1.1. Preparation of basal diet................................... 59 

           3.2.5.1.2. Grouping of rats................................................ 61 

           3.2.5.2. Biochemical analysis........................................... 63 

               3.2.5.2.1. Determination of lipid profile....................... 63 

               3.2.5.2.2. Determination of Total protein..................... 63 

               3.2.5.2.3. Determination of Creatinine......................... 63 

               3.2.5.2.4. Determination of (ALT and AST)……........ 64 



III 
 

               3.2.5.2.5. Determination of serum uric acid………..... 64 

               3.2.5.2.6. Determination of Alkaline phosphatase…...  64 

    3.2.6. Histopathological studies............................................... 64 

    3.2.7. Statistical analysis.......................................................... 64 

4. RESULTS AND DISCUSSION............................................ 65 

4.1. Physico-chemical properties and active healthy nutrients 

of certain whole seed meals................................................. 65 

    4.1.1. Proximate chemical composition of whole seeds meal. 65 

    4.1.2. Dietary fiber................................................................... 66 

    4.1.3. Water holding and oil absorption capacities………….. 69 

    4.1.4. β-glucan of hull-less barley meal................................... 70 

    4.1.5. Total phenols................................................................. 72 

    4.1.6. Total Pigments............................................................... 74 

    4.1.7. Some chemical properties of flaxseed oil...................... 76 

    4.1.8. Fatty acid composition of different plant grain and   

meals used…………………………………………… 78 

4.2. Production of some functional prebiotic foods supplem-

ented with different plant source.......................................... 

 

81 

    4.2.1. Biscuits as functional foods........................................... 81 

       4.2.1.1. Sensory evaluation................................................... 82 

       4.2.1.2. Physical characteristics............................................ 94 

       4.2.1.3. Dough rheological properties.................................. 101 

       4.2.1.4. Hunter color values of different biscuit samples…. 107 

       4.2.1.5. Proximate chemical composition............................. 111 

     4.2.1.6. Dietary fiber composition of different biscuit 

samples………………………………………...… 
116 

       4.2.1.7. β-glucan fractions of biscuit samples enriched 

with barley meal..................................................... 

 

118 

        4.2.1.8. Fatty acid composition of biscuits........................... 121 

       4.2.1.9. Storage stability of different biscuit samples.......... 124 

           4.2.1.9.1. Overall acceptability......................................... 124 

            4.2.1.9.2. Moisture content in biscuits during storage  



IV 
 

period……………………………………….... 127 

            4.2.1.9.3. Oxidative stability............................................ 129 

4.2.1.9.3.1.Acid value.................................................. 129 

               4.2.1.9.3. 2. Peroxide value.......................................... 132 

               4.2.1.9.3.3. Iodine value.............................................. 137 

4.2.1.10. Nutritional value of functional prebiotic biscuits 141 

4.2.2. Kareish-like cheese functional foods............................ 148 

   4.2.2.1. Physico-chemical properties of kareish like 

cheese…………………………………………..… 

 

148 

4.2.2.2.  Sensory evaluation................................................. 164 

         4.2.2.3. Microbiological analysis........................................ 173 

4.3. Biological evaluation of the functional prebiotic biscuits in 

hypercholesterolemic rats.................................................... 180 

    4.3.1. Body weight gain........................................................... 180 

    4.3.2. Serum lipid profile......................................................... 185 

       4.3.2.1. Total serum cholesterol........................................... 185 

       4.3.2.2. Serum triglycerides level (TG)................................ 190 

       4.3.2.3. Serum lipoprotein fraction....................................... 192 

       4.3.2.4. Serum glucose.......................................................... 204 

       4.3.2.5. Serum total protein.................................................. 208 

       4.3.2.6. The proposal mechanisms of the reduction in 

hyper-cholesterolemic and hyperlipidemic by the 

different plant sources.......................................... 
 

210 

        4.3.2.7. Liver functions........................................................ 219 

        4.3.2.8. Kidney functions..................................................... 224 

4.4. Histopathological examination of heart, liver and kidney  

tissues of treated and untreated rat....................................... 

 

231 

    4.4.1. Heart tissue.................................................................... 231 

    4.4.2. Hepatic tissue................................................................. 239 

    4.4.3. Kidney tissue................................................................. 247 

5.  SUMMARY...........................................................................  257 

6. CONCLUSION...................................................................... 265 



V 
 

7. RECOMMENDATIONS...................................................... 267 

8. REFERENCES...................................................................... 268 

ARABIC SUMMARY...............................................................  

 

 

 



 
 

LIST OF ABBREVIATION 
 
 

α- Alpha 

β- Beta 

ω-3 omega-3 fatty acids 

ω-6 omega-6 fatty acids 

-ve Negative control 

+ve Positive control 

∆ E Change in color 

a* Redness  

AACC American Association of Cereal Chemists 

AV Acid value 

AI Atherogenic index 

ALA Alpha- linolenic acid 

ALP Alkalin phosphatase 

ALT Alanine amino transferase 

AOAC Association of Official Analytical Chemists 

AOAS American of Chemists’ Society 

AST Aspertate amino transerase 

b* yellowness 

B.U Brabender unit 

BC Before Centenary 

BHT Butylated hydroxytoluene  

C12:0  Lauric acid 

C12:1  Laurolelic acid 

C14:0   Myristic acid 

C16:0   Palmitic acid 

C16:1  Plmitoleic acid 

C18:0  Stearic acid 

C18:1  Oleic acid 

C18:2  Linoleic acid 

 



XVI 
 

C18:3  Alpha Linolenic acid 

C20:4  Arachodonic acid 

C22:1  Erucic acid 

C8:0    Caprylic acid 

cal Calorie 

CFU Colony Forming unit 

CHD Coronary heart disease 

CVD Cardiovascular disease 

D Diameter  

DAC Direct acidified cheese 

DFE Dietary folate equivalents 

DHA Docosahexanoic acid 

DRIs Dietary Reference Intakes 

E  Optical density 

e.g Exampli gratia (for example) 

Ed Editor   

EPA Eicosapentanoic acid 

et al. And others  

etc et cetera 

FAO Food and Agriculture Organization 

FDA Food and Drug Administration 

FO Flaxseed oil 

GAE Gallic acid equivalent 

GOT Glutamate oxaloacetate amino transferase 

GPT Glutamate pyruvate amino transferase 

HDL High density lipoproteins 

i.e That is (id est) 

ID Iodine value 

IDF Insoluble dietary fibers 

InSDF Insoluble dietary fibers 

ISO International Standardrization Organization 

IU International unit 


