CONTENTS
TITLE

DEDICATION

CERTIFICATE

DECLARATION
ACKNOWLEDGEMENTS

ABSTRACT

LIST OF CONTENTS

LIST OF FIGURES

LIST OF FLOW CHARTS

LIST OF ABBREVIATIONS
CHAPTER-I : INTRODUCTION

1.0 Background information

1.2 Statement of problem

1.3 Justification

1.4 Hypothesis

1.5 Objectives of the study

1.5.1 Overall objective

1.5.2 Specific objectives

CHAPTER -1l : LITERATURE REVIEWS
1.Jute plant

1.2 The common name of jute in the world
1.3 Jute leaf use edible food in the world
1.4 Nutritional composition of jute leaves
1.5 Leafy vegetables

1.6 Production of jute in Bangladesh

1.7 Diversified product from jute

1.8 Patterns of consumption of jute leaf
1.9 Post harvest handling of jute leaf

1.10 Processing and nutrient retention in jute leaves
1.11Value and potential of jute leaves

1.11.1 Micronutrient and health promotion

vii

Page No.

Vii-Xii
Xiii-xiv
XVii
XViii
1

2
4
5
5
5
5
5

6-30
6
6-7

8-9

9-10
10-11
11
11-12
12
12



1.11.2 Medicinal and health benefit of vegetable jute leaves
1.11.3 Phytochemical composition of leafy vegetables of jute
1.12 Ethnobotanical research on jute leaf

1.13 Herbal tea (infusion)

1.14 Plant polyphenol nature

1.15 Use of polyphenolic substance as beverage food in the world

2. Drying process of jute leaves

2.1 Definition

2.2 Drying process

2.3 Kinetics of drying

2.4 Hot air drying

2.5 Microwave drying

3. Natural products for the treatment of diabetes mellitus (DM)
3.1 Definition of diabetes mellitus

3.2 Type of diabetes

4.Technique in product development system
4.1 Definition of product development

4.2 Product development process

4.3 Consumer study of product development
4.3.1 Focus group discussion

4.3.2 Consumer survey

4.3.3 Consumer acceptance test

4.3.4 McNemar chi-sqare test

4.4 Product optimization

CHAPTER -IIl : MATERIALS AND METHODS
1.Experiment site

2.Equipments

3.Chemicals

4.Apparatus and animals

METHODS

Experment I : Raw material assessment

1.1 Collection of plant materials

1.2 Planting and weeding

viii

12-14
14-15
15-16
16
16-18
18-19
20
20
20-21
21-22
22-23
23
23
24
24-25
25
25
25
26-27
27
27-28
28-29
29
29-30
31-63
31
31
31
31-32
32
32
32
32



1.3 Harvesting and processing of the plant

1.4 Proximate analysis

1.4.1 Moisture content

1.4.2 Ash content

1.4.3 Crude fat content

1.4.4 Crude protein content

1.4.5 Crude fiber content

1.4.6 Carbohydrate content

1.5 Amino acid profile of jute leaves by HPLC amino acid analyzer
1.6 Biochemical behavior of jute leaves

1.6.1 Cooking of jute leaves

1.6.2 Aqueous extraction of jute leaves

1.6.3 Methanol extraction of solar and shade dried jute leaves

1.7 Vitamin C analysis

1.8 Beta carotene analysis

1.9 Phytochemical analysis

Experiment Il: Drying process of jute leaves and detection and comparative
analysis of bioactive compounds

2.1 Preparation of dried jute leaves samples

2.2 Effect of drying process on physical properties of dried jute leaves
2.3 Water activity of dried jute leaves

2.4 Preparation of hot water and chemical extract of dried jute leaves
2.4.1 Preparation of hot water extract of jute leaves

2.4.2 Preparation of chemical extracts of jute leaves

2.5 Detection and quantification of bioactive compounds

2.5.1 Detection and comparative quantification of polyphenolic compounds

2.5.2 Determination of total antioxidant capacity

2.5 .3 Estimation of caffeine from jute leaves

Experiment I11: Effect of Jute Leaves Extract in Animal Model

3.1 Experimental design on animal model

3.2 Toxicity test by hot water extract of jute leaves

3.3 Antidiabetic effect of jute leaves extracts on STZ induced T2DM
3.3.1 Animal and feed

32-33
33
33
33

33-34

34-35
35
35

35-36
36
36
36
36
37

37-38

38-39
39

39-40
40
40
40

40-41
41
41
41

42-43

43-44
44
44
44
45

45-46



3.3.2 Preparation of type 2 diabetic model rats

3.3.3 Formulation of gliclazide and extract doses

3.3.4 Dose and route of administration

3.3.5 Experimental animal group for antidibetic study
3.3.6 Collection of blood sample for biochemical analysis
3.3.7 Recording of body weight

3.3.8 Biochemical analysis

3.8.1 Serum glucose estimation by glucose oxidase (GOD-PAP) method using

micro plate reader

3.8.2 Estimation of serum total cholesterol by enzymatic colorimetric method
3.8.3 Estimatiom of serum triglyceride (TG) by enzymatic colorimetric method

3.8.4 Estimation of serum high density lipoprotein by enzymatic colorimetric

method

3.8.5 Estimation of serum low density lipoprotein

3.8.6 Measurement of glycogen from rat liver

Experiment IV: Diversified product as herbal tea from jute leaf
4.1 Product survey

4.2 Focus group discussion

4.3 Preparation of jute tea samples

4.4 Consumer survey

4.5 Consumer acceptance test of jute tea infusion

4.6 Quality measurements of finished jute tea product

4.7 Constract product specification of jute tea

4.8 Cost of jute tea product

5. Statistical analysis

CHAPTER- IV: RESULTS AND DISCUSSION

Experment I : Raw material assessment

1.1 Effect of leaf maturity on the nutritional composition

1.2 Energy value of mature (21" -27™ DASS) jute leaves

1.3 Amino acid profile of jute leaves

1.4 Biochemical behavior of jute leaves

1.5 Qualitative phytochemical analysis of different treated sample

Experiment Il: Drying process of jute leaves and detection and comparative

46
46
46
47

47-48
48
48

48-50

51-52
52-53
53-54

54
54-56
56
56
56
57
58-59
60-61
61-62
62
62
62-63
64-114
64
64-66
67-68
68-70
71-73
73-75
75



analysis of bioactive compounds

2.1 Impact of drying methods on drying time, moisture and water activity
2.2 Effect on extractable solid content by different solvent

2.3 Detection and comparative quantification of polyphenolic compounds
2.4 Effect on total antioxidant capacity of ethanol and water extract

2.5 Effect on caffeine extract of water and ethanol

Experiment I11: Effect of jute leaves extract in animal model

3.1 Toxicity testing by hot water extract of jute leaves

3.2 Antidiabetic effect of C. capssularis and C.olitorius leaves extracts
3.2.1 Effect leaves extracts on the body weight

3.2.2 Effect leaves extracts on fasting serum glucose level
3.2.3 Chronic effect on lipid profiles on T2DM rats

3.3.4 Chronic effect of hepatic glycogen content of T2DM rats
Experiment IV: Diversified product as herbal tea from jute leaf
4.1 Product survey

4.2 Focus group discussion

4.3 Consumer survey

4.3.1 Demographic data

4.3.2 Consumer behavior

4.3.3 Sensory acceptance test

4.3.4 Targeting of consumer of jute tea

4.4 Finished product qualities as herbal jute tea

4.5 Consumer acceptance test of jute tea

4.6 Product specification

4.7 Cost of jute tea product

CHAPTER -V: SUMMARY, CONCLUSION AND RECOMMENDATIONS
SUMMARY

CONCLUSION

RECOMMENDATION

REFERENCES

Publication and conference papers produced from the research work.

APPENDIX
Biographical Sketch

X

75-76
76
77-80
80-81
81-83
83
83

85
86-86
86-87
87-88
88-91

91
91-96
96-99

99

99-100
100-105
105-106
106-108
111-112
113-114
115-116
117-118
119-124
119-122

123
124
125-152
153-154

155-177
178



SL NO.
Table 1

Table 2
Table 3
Table 4
Table 5
Table 6
Table 7
Table 8

Table 9
Table 10

Table 11
Table 12
Table 13
Table 14

Table 15

Table 16

Table 17
Table 18
Table 19
Table 20
Table 21
Table 22
Table 23

Table 24
Table 25

LIST OF TABLES

TITLE
Comparison of 1SO 3720 with BSTI1 808 black and green tea requirements

Serum glucose level range in different condition

Experimental animal group for antidiabetic study

Energy value of mature dried jute leaf ( KJ /100 g dry weight of sample)
Amino acid profile of jute leaves with compare of tea leaves
Vitamin C and Beta carotene of different treated jute leaves.

Qualitative presentation of phytochemicals detected in jute leaves
Impact of drying methods on drying time, moisture content and water
activity of dried jute leaves

Effect of various solvents on extractable solid content

Detection and comparative quantification analysis of polyphenolic
compounds in CC and CO of hot water extract

Effect on total antioxidant capacity of ethanol and hot water extract
Ethanol and water extract of caffeine in CC and CO leaf

Body weight and relative organ weight of swiss albino mice

General appearance and behavioral observation of control and treated groups

Effect of hot water leaves extracts on fasting serum glucose level

Herbal beverage product in the market place in Bangladesh during January to
February, 2018

Attitude and behavior of consumer in herbal beverage

The demographic profile of the respondents in consumer survey

The consumer behavior on herbal beverage of the respondents

The favorite herbal beverage of the respondents

Attitudes of the respondents toward herbal beverage

Factors that respondents weight for the important of the herbal beverage.
Mean hedonic rating of jute tea as rate by target consumers from different
locations

Response (%) in JAR scale for the attributes of jute tea

Mean hedonic rating by age

Xii

Page

No.
19
25
47
68
69
71
74
75

77
80

84
85
87
87

90

96-99

100-102
103
104
105
106
107
109

109
110



Table 26

Table 27
Table 28

Table 29
Table 30

Table 31

Cross tabulation between age and acceptance, between age and flavor,
between age and beverage form of the respondents

Finished product quality of jute tea

Mean hedonic rating of jute tea as rate by target consumers from different
locations

Percent of acceptance and buying decision by consumer

The buying decision of consumer before and after knowing the product
information

The specification of jute tea product

xiii

111

112
114

114
115

116



SL NO.

Figure 1
Figure 2
Figure 3
Figure 4
Figure 5

Figure 6
Figure 7
Figure 8

Figure 9
Figure 10
Figure 11

Figure 12
Figure 13
Figure 14
Figure 15
Figure 16
Figure 17

Figure 18

Figure 19
Figure 20
Figure 21

Figure 22
Figure 23
Figure 24

(D), (i), (i), (iv):
Figure 25

LIST OF FIGURES

TITLE

Effect of long term consumption of plant polyphone
Injection of streptozotocin for type 2 model rat
Administration of extract to the rat

Experimental animals in house

Blood collected from tail tip after amputation

Separation of serum after centrifugation from the blood
Serum samples of rats

GOD-PAP reagent being added to all the samples for
determination of glucose

Lab system iEMS incubator

Microtiter plate with samples

Moisture content (%) of fresh leaves with increase in age of
plant
Ash content (%) of leaves with increase in age of plant
Protein content (%) of leaves with increase in age of plant

Fat content (%) of leaves with increase in age of plant

Fibre content (%) of leaves with increase in age of plant
Degradation of ascorbic acid

HPLC chromatogram of CO hot water extract of polyphenolic
compounds

HPLC chromatogram of CC hot water extract of polyphenolic
compounds

HPLC chromatogram of ethanolic extract of C. olitorious .
HPLC chromatogram of ethanolic extract of C. capsularis.

HPLC chromatogram of a CC hot water extract of caffeine
peaks.

HPLC chromatogram of a CO hot water extract of caffeine
peaks.

Effect of C. capsularis and C.olitorius extracts on the body
weight of normal and type 2 diabetic model rats

Effects of C.capsularis and C.olitorius extracts on lipid profile
of normal and type-2 diabetic model rats.

Effect of C. capsularis and C.olitorius extracts on liver
glycogen level of normal and type 2 diabetic model rats

Xiv

Page
No.
17
46
46
47
47

47
50
50

50
50
64

65
65
66
66
71
78

78

79
79
86

86
89

91

92



Appendix

Appendix
Appendix
Appendix
Appendix

Appendix

Appendix

Appendix

Appendix

1

oaa B~ W DN

APPENDIX Page No.

Appendix Figure 1: Jute leaves,

Appendix Figure 2 : Standard curve for glucose

Appendix Figure 3 :Standard curve of HDL cholesterol
Appendix Figure 4 : HPLC chromatogram of standard mixture of
polyphenolic compounds (Hot water extract)

Appendix Figure 5: HPLC chromatogram of a standard mixture of
polyphenolic compounds. (Ethanolic extract).
Appendix Figure 6 : HPLC chromatogram of standard mixture of

caffeine.

Focus group discussion: Moderator’s Guide

Questionnaire for Consumer Survey

Questionnaire for Consumer Acceptance Test (Bangladesh)

The research information of jute leaves as herbal tea in Bangla
(Leaflet)

Invited lecture entitled and abstract published “ILA2: Chemical
Composition of Jute Leaves and Its Development as Herbal Tea” at
Bangladesh Chemical Congress,17-19 October, 2018 (BCC-2018)
organized by the Department of Chemistry, University of Dhaka.
Bangladesh. Page 11

Invited lecture entitled and abstract published “NP-1L-02:
Biochemical Composition of Jute leaves and Product Development
as Herbal Beverage” Bangladesh Chemical Society Conference. 9-
10 November, 2019. Department of Chemistry, Rajshahi
University, Bangladesh. Page 68.

“PP-E-28: Nutritional and antidiabetic study of jute leaves as herbal
beverage” Poster presentation and abstract published in
International Conference on Recent Advances in Chemistry
(ICRAC).07-08 February, 2020. Department of Chemistry,
Jagannath University, Dhaka. Bangladesh. Page 212-213.

Md. Mahabub Ali, Balaram Ray, Begum Rokeya, Mst. Aleya,
Zakaria Ahmed.2019. Potential Healing Powers with Jute Plants —

A Review. Int. J. of Sciences: Basic and Applied

XV

155
155
155
156

156

156
157-158
159-162

163

168-170

171

172

173

174



Appendix 10

Appendix 11

Appendix 12

Research.48(5):10-23.

Md. Mahabub Ali, Md.Asrafuzzaman, Md. Mahedi Hassan Tusher,
Md. Hafizur Rahman, Md Tanvir Rahman, Begum Rokeya and
Balaram Roy.2020. Comparative Study on Antidiabetic Effect of
Ethanolic extract of Jute Leaf on nSTZ-induced Type-2 diabetic
model rat. J. Pharmaceutical Research Inter. 32(31): 60-71.

Md. Mahabub Ali, Md. Tanvir Rahman, Khondaker Shahin Ahmed,
Hemayed Hossain, Begum Rokeya and Balaram Roy.2021. Total
antioxidant capacity and profiling of polyphenolic compounds in
jute leaves by HPLC-DAD. Food Research. 5(1): 343-348.

Md. Mahabub Ali, Md. Tanvir Rahman , Tusher Ahmed, Begum
Rokeya and Balaram Roy .2020. Advance Research on
Nutraceutical Composition of Mature Jute Leaves.Int.J. Recent

Innovations in Medicine and Clinical Research. 2 (4):124-137.

XVi

175

176

177



Flow chart 1
Flow chart 2
Flow chart 3

Flow chart 4

LIST OF FLOW CHARTS

Experiment design for leaf extract activity in animal model study
Jute tea process
Schematic flowchart of tea tasting procedure

Mass balance of jute leaf as drying

XVii

Page No.

44
58
60
114



ABBREVIATIONS

am : Ante Meridine

aw : Water activity

ANOVA : Analysis Of Variance

BSTI : Bangladesh Standard Testing Institue
BCSIR : Bangladesh Council of Scientific and Industrial Research
BJRI : Bangladesh Jute Research Institute
bw : Body Weight

bp ; Boiling Point

cC : Corchorus capsularis

CO ; Corchorus olitorius

°C : Degree centigrade

DASS : Day After Seed Sowing

% : Percent

Mg : Microgram

pL : Micro Liter

eg : Exempli gratia (for example)

etal. ; et alliori (and others)

etc : et cetra (and the rest)

GT : Gliclazide

g : Gram

ie : id est (That is)

ISO : International Standard Organization
ip : intraperitoneal

L : Litre

Mg : miligram

mL : mililitre

mMol/L : Milimole per litre

NM : Unitmass

No. : Number

oD : Once daily

ROS : Reactive oxygen species

SD : Standard Deviation

SEM : Standard Error of the Mean

STZ : Streptozotocin

T2DM : Type 2 diabetic model rats

Xviii



