
PRODUCTION OF SOME SPECIAL FOODS FOR
THE PREVENTION OF VASCULAR

DISEASES.

By
SALWA FAROUK MOHAMMED HASSANIEN

B.Sc.  Home Ec. (Food Science), Al-Azhar University, 1999

M.Sc. Agric. Sc. (Food Science and Technology), Ain Shams University, 2007

A thesis submitted in partial fulfillment
of

The requirements for the degree of

DOCTOR OF PHILOSOPHY

in
Agricultural Science

(Food Science and Technology)

Department of Food Science
Faculty of Agriculture
Ain Shams University

2012



Approval sheet

PRODUCTION OF SOME SPECIAL FOODS FOR
THE PREVENTION OF VASCULAR

DISEASES.

By
SALWA FAROUK MOHAMMED HASSANIEN

B.Sc.  Home Ec. (Food Science), Al-Azhar University, 1999
M.Sc. Agric. Sc. (Food Science and Technology), Ain Shams

University, 2007

This thesis for Ph.D. degree has been approved by:
Dr. Zakaria Ahmed El-Shamy ……………………

Prof. Emeritus of Food Science and Technology, Faculty of
Agriculture, Suez Canal University

Dr. Magda Habeb Allam ……………………
Prof. Emeritus of Food Science and Technology, Faculty of
Agriculture, Ain Shams University

Dr. Ibrahim Mohamed Hassan ……………………
Prof. Emeritus of Food Science and Technology, Faculty of
Agriculture, Ain Shams University

Dr. Manar Tawfeek Ibrahim ……………………
Prof. of Food Science and Technology, Faculty of Agriculture, Ain
Shams University

Date of Examination: /     / 2012



PRODUCTION OF SOME SPECIAL FOODS FOR
THE PREVENTION OF VASCULAR

DISEASES.

By
SALWA FAROUK MOHAMMED HASSANIEN

B.Sc.  Home Ec. (Food Science), Alazhar University, 1999
M.Sc. Agric. Sc. (Food Science and Technology), Ain Shams University, 2007

Under the supervision of:
Dr. Ibrahim Mohamed Hassan

Prof. Emeritus of Food Science and Technology, Department of Food
Science, Faculty of Agriculture, Ain Shams University (Principal
Supervisor)

Dr. Manar Tawfeek Ibrahim
Prof. of Food Science and Technology, Department of Food Science,
Faculty of Agriculture, Ain Shams University

Dr. AL-Sayed Farahat AL- Sayed
Research of Food Science and Technology, Food Technology
Research Institute, Agricultural Research Center



I

CONTENTS
Page

LIST OF TABLES III
LIST OF FIGURES V
LIST Of ABBREVIATION X

1. INTRODUCTION 1
2. REVIEW OF LITERATURE 5
2.1 Herbs and medicinal plants 5

2.2 Botany 6

2.2.1 Clove buds 6

2.2.2 Rosemary 6

2.2.3 Ginger 7

2.2.4 Curcuma 8

2.3. Chemical composition of the four herbs essential oils 9

2.3.1 Clove buds 9

2.3.2 Rosemary 12

2.3.3 Ginger 13

2.3.4 Curcuma 15

2.4 Antioxidant properties of natural plants and extracts 17

2.4.1 Antioxidant compounds of plants 18

2.4.1.1 Phenolics and polyphenols 18

2.4.1.2 Terpenoids 18

2.4.1.3 Flavones, flavinoids and flavonols 19

2.4.2 Clove buds 21

2.4.3 Rosemary 24

2.4.4 Ginger 27

2.4.5 Curcuma 28

2.5 Side Effect and Toxicity of plants extracts (CL, RM, G and Cur). 31

2.6 Interaction with other medicaments 32

2.7 Spices as functional foods 33

2.7.1 Clove buds 34

2.7.2 Rosemary 34



II

2.7.3 Ginger 35

2.7.4 Curcuma 36

2.8 Herbs and medicinal pharmaceutical uses. 36

2.8.1 Herbs and cardiovascular health 39

2.8.1.1 Clove buds 41

2.8.1.2 Rosemary 42

2.8.1.3 Ginger 43

2.8.1.4 Curcuma 46

2.8.2 Herbs and hepatoprotective 49

2.8.2.1 Clove buds 49

2.8.2.2 Rosemary 50

2.8.2.3 Ginger 51

2.8.2.4 Curcuma 53

3. MATERIALS AND METHODS. 54

3.1 Materials 54

3.1.1 Chemicals 54

3.1.2 Kits 54

3.1.3 Plant material and extraction 54

3.2 Method 54

3.2.1 Extraction of Eos from CL, RM, G and Cur 54

3.2.1.1 Principle of hydrodistillation 54

3.2.1.1.1 Hydrodistillation procedure 55

3.2.2 Water extraction 55

3.2.3 Analysis of essential oil 56

3.2.3.1 GC analysis of essential oils 56

3.2.4 Determination of total phenolic compounds 57

3.2.5 Free radical scavenging activity 57

3.2.6 Reducing power 57

3.2.7 Biological evaluation 58

3.2.7.1 Animals 58

3.2.8 Essential oil administration to animals 58

3.2.9 Experimental design 58



III

3.2.10 Measurement of body weight and organs weight 59

3.2.11 Blood sampling 59

3.2.11.1 Determination of plasma total cholesterol 59

3.2.11.2 Determination of plasma triglycerides 60

3.2.11.3 Determination of plasma HDL – cholesterol 60

3.2.11.4 Determination of LDL and VLDL- cholesterol 60

3.2.11.5 Liver function test 60

3.2.11.6 Kidney function test 60

3.2.11.7 Determination of total antioxidant capacity 60

3.2.11.8 Determination of lipid peroxide 60

3.2.12 Histopathological examination 61

3.2.13 Preparation of composite flour blends 61

3.2.14 Preparation of biscuit 61

3.2.15 Preparation of high-ratio layer cake 62

3.2.16 Organoleptic evaluation of biscuit and cake samples 63

3.3 Statistical analysis 65

4. Results and discussion 66

4.1 Yield of the four aromatic plants 66

4.2 Antioxidant activity of some aromatic plant extracts 67

4.2.1 Total phenolic compounds 68

4.2.2 DPPH radical scavenging activity 70

4.2.2.1 DPPH radical scavenging activity in water extract 70

4.2.2.2 DPPH radical scavenging activity in essential oil 72

4.2.3 Reducing power 74

4.2.3.1 Reducing power in essential oil 74

4.2.3.2 Reducing power in water extract. 75

4.3. Composition of essential oils extracted from CL, RM , G and Cur 78

4.3.1 G C for hydrodistilled (H.D.) oils 78

4.3.1.1 Composition of essential oil of clove buds 78

4.3.1.2 Composition of essential oil of rosemary 80

4.3.1.3 Composition of essential oil Ginger Rhizome 82

4.3.1.4 Composition of essential oil curcuma longa L.Rhizome 84



IV

4.4 Biological evaluation of the clove buds, rosemary, ginger and
curcuma

85

4.4.1 Body weight 85

4.4.2 Weight of organs of albino rats fed on different essential oils of
species after 30 and 60 days

87

4.4.2.1 The heart 87

4.4.2.2 The brain 87

4.4.2.3 The liver 87

4.4.2.4 The kidney 88

4.4.2.5 The spleen 88

4.4.2.6 The testes 88

4.4.3 Blood lipid profile 88

4.4.4 Total antioxidant capacity and lipid peroxidation 94

4.4.5 Liver function test (AST, ALT) 101

4.4.5.1 Effect of essential oil (CL, ROM, G and Cur) on some key enzymes
of rat serum in vivo GOT (AST) and GPT (ALT).

101

4.4.6 Kidney function test 105

4.4.6.1 Effect of essential oil (CL, RM, G and Cur) on creatinine and urea of
rat serum in vivo

105

4.5 Histopathological alteration 108

4.5.1 Histopathological alterations in heart 108

4.5.2 Histopathological alterations in brain 114

4.5.3 Histopathological alterations in Liver 117

4.5.4 Histopathological changes in rat kidneys 121

4.5.5 Histopathological alterations in rat's spleen 123

4.5.6 Histopathological alterations in rat's testes 124

4.6 Sensory evaluation of supplemented cake and hard biscuit samples
supplemented with herbs

129

4.6.1 Sensory evaluation of cake 129

4.6.1.1 Cells 129

4.6.1.2 Grain 131

4.61.3 Texture 131



V

4.6.1.4 Crumb color 132

4.6.1.5 Taste 132

4.6.1.6 Total scores 132

4.6.2 Sensory evaluation of biscuit 133

4.6.2.1 Appearance 133

4.6.2.2 Color 133

4.6.2.3 Crispiness 133

4.6.2.4 Texture 135

4.6.2.5 Odor 135

4.6.2.6 Taste 135

4.6.2.7 Mouth feel 136

4.6.2.8 Total scores 136

5. SUMMARY AND CONCLUSION 137

6. REFERENCE 150

7. ARABIC SUMMARY



ABSTRACT
Salwa Farouk Mohammed Hassanein: Production of Some Special
Foods for the Prevention of Vascular Diseases. Unpublished Ph. D.
Thesis, Department of Food Science, Faculty of Agriculture, Ain
Shams University, 2012.

Herbs and spices namely clove buds (Syzgium aromaticum),
rosemary (Rosmarinus officinalis), ginger (Zingiber officinale) and
curcuma (curcuma longa) were extracted by using water extraction at two
temperatures (50 and100 oC) and hydrodistillation to obtain essential oil
(EOs).The yields of hot water extracts were determined. For
hydrodistillation extraction the yield of EOs were 7.00, 1.08, 0.80 and
0.63g/100g dry plant for clove buds, rosemary, ginger and curcuma,
respectively. The total phenolic content of EOs was high for both clove
buds (210± 0.5 mg GAE/ml) and ginger (211.8± 0.9 mg GAE/ml)
followed by curcuma (88.9±1.6) and it was low in rosemary (36.4±0.8 mg
GAE/ml). An increase in radical scavenging activity (RSA) was observed
with increased concentration and heating temperature from 50 to 100 oC.
Clove EOs showed the highest RSA at different concentrations from 5 to
150µl/ml followed by ginger and curcuma EOs. The reducing power of
the EOs of the four tested plants was higher than that of the compared
standards (BHT, tocopherol and ascorbic acid). The highest reducing
power was found in clove buds followed by rosemary and ginger and the
least was that of curcuma.

The major aroma constituents of the hydrodistilled fraction of the
EOs of the tested plants were identified by GC analysis.

Biological evaluation of the EOs was carried out in albino rats by
following the changes in body weight, organs weight, blood lipid profile,
total antioxidant capacity and lipid peroxidation as well as liver and
kidney functions.

The histopathological alterations induced in heart, brain, liver,
kidney, spleen and testes of the control group, hypercholesterolaemic
group and hypercholesterolaemic groups treated by oral administration of



50 and 100mg /kg BW of the EOs of clove buds, rosemary, ginger and
curcuma were studied in details after 30 and 60 days. In many cases, oral
administration of EOs succeeded in reducing histopathological changes
occurred as a result of feeding rats hypercholesterolaemic diet.

Sensory assessment was carried out on cake and biscuit samples
supplemented with 0.1, 0.2 and 0.4% of clove buds powder or 2, 4 and
8% rosemary or ginger or curcuma powder.
Key words: Essential oil, Clove buds, Rosemary, Ginger, Curcuma, Total

phenol compound, Antioxidant activity, Atherosclerosis,
Histopathology, Cake, Biscuit.
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