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ABSTRACT

Unemployment, under employment, and malnutrition are few of the major constraints in
the development of rural India, and these problems are even more serious when it comes
to the landless section of the society. In rural areas, the landless people either work as
labours or collect and sell non-timber forest product (NTFP) to earn their livelihood.
Madhuca indica, is a Sapotaceous tree‘of high economic importance producing two most
importaht NTEPs i.e. mahua flowers and mahua seeds. Madhuca, commonly known as
Mahua or Mowarh in North, Mahul in Orissa and Illipi in Southern part of India, is also
known as ‘Madhuka’, ‘Madhudruma’, ‘Madhupuspa’, ‘Madhusakha’ and ‘Gudapuspa’
in Sanskrit. The name is derived from the Sanskrit word madhu, (meaning honey), due to
its exceptionally sugar-rich (66-72 per cent of dry weight) flowers. It is indigenous to the
Indian subcontinent and abundantly distributed in the dry deciduous forests of central
India (Madhya Pradesh, Orissa, Chattisgarh, Bihar, Jharkhand, and parts of Rajasthan,
Gujarat, Andhra Pradesh and Tamil Nadu). Mahua flowers are one of the most important
non-timber forest products collected in the country. The flowers are produced during the
leanest season of agriculture (March-May), and act as vital source of income and

employment generation for the weakest section of the society.

During field survey, it was found that the unhygienic collection and processing practice
makes these flowers unfit for human consumption. Apart from that, the sweet mahua
flavour changes to an unpleasant odour and also develops a bitter aftertaste during sun
drying. These factors play a major role for utilization of a substantial quantity of these

flowers (more than 80%) in liquor distillery units. This way a highly nutritious and
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economically available source of nutrition is being underutilized in spite of the alarming

malnutrition condition in the rural areas of our country.

Present doctoral dissertation is focused on the development of a suitable post harvest
processing technology for production of value added mahua products and its detailed
biochemical investigations to establish the nutritional and nutraceutical properties of
these flowers. Fresh flowers were selected to avoid the undesirable chemical changes

during sun drying.

Juice was extracted from fresh mahua flower (up to 80 %) and concentrated up to a
desired Brix (70 °B). The prepared mahua juice concentrate (MJC) was subjected to
detailed biochemical analysis. The nutritional profile was analyzed using instruments like
High Performance Liquid Chromatography (HPLC) for sugar profile and vitamins,
Atomic Absorption Spectrophotometer (AAS) for mineral like, Ca and Fe and Flame
Photometer for Na and K. Analytical results rated the product to be a nutritious liquid
Sweetener as it contains high quantity of reducing sugars (81.47 % on the basis of %
total sugar) with glucose and fructose in 1:1 ratio. Apart from that, an appreciable
quantity of vitamins (Vit.A, Vit. B1, Vit. B2, Vit. B3 & Vit.B6) and minerals (Ca, Fe, Na,
& K were also detected. A comparative study of the in vitro antioxidant activity (using
DPPH, ABTS and reducing power methods) revealed the superiority of the product over
some other liquid sweeteners like honey, apple concentrate and maple syrup taken firom
market. A 72-hour acute toxicity study and 45 days of sub acute toxicity study of the
developed product on albino rats proved the safety of the developed product. Shelf life
study revealed the product to be stable at low temperature and high scores of sensory

evaluation proved its acceptance as a food supplement. Utilization of the concentrate in
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confectionery (candy) and bakery products (biscuits, cake, cookies etc.) at different
concentration, proved the industrial applicability of the product. The developed nutra-

sweetener from mahua has been accepted for filing an Indian patent.

Apart from the concentrate, the fleshy corollas were also processed into jam, jelly and
sauce and subjected to sensory evaluation and shelf life study. All the developed products
were highly acceptable and stable at low temperature. In conclusion present research
work Successfully proves the multidimensional industrial applicability of mahua flowers
especially as a natural, renewable, organic source of raw material for liquid sweetener

with antioxidant property.

Based on the findings of present research, processing of fresh mahua is strongly

recommended to get nutritious food supplements in place of the wasteful liquor.



CONTENTS

Page No.
Acknowledgement 1
Abstract 1ii
List of Figures xi
List of Tables Xii
List of Plates xiii
Notations Xiv

Chapter I: Introduction

1. Background
1.1  Non-timber forest products (NTFPs)
1.1.1 NTFPs in the Indian context
1.1.2 Importance of NTFPs
1.1.2.1 Economy
1.1.2.2 Employment
1.1.2.3 Food security
1.1.2.4 Health cares
1.2 Nutraceuticals
1.2.1 Nutraceuticals- The Global Scenario
1.2.2 Nutraceuticals- The Indian Scenario
1.2.3 Classes of nutraceuticals
1.2.3.1 Isoprenoid derivatives (Terpenoids)
1.2.3.2 Phenolic substances
1.2.3.3 Fatty acids and structural lipids
1.2.3.4 Carbohydrates and derivatives
1.2.3.5 Amino acid based substances
1.2.3.6 Microbes
1.2.3.7 Minerals
1.2.4 Properties of nutraceuticals
1.2.4.1 Antioxidant property

O OO0 IITIAAAAA NS B WWWN —

1.2.4.2 Study of Antioxidant property 10

1.2.5 Sources of nutraceuticals 11

1.3 NTFPs and Nutraceuticals 11
1.4  Mahua (Madhuca species): A multipurpose forest tree 12
1.4.1 Botanical characteristics, ecology and distribution 12

1.4.2 Medicinal uses 16

1.4.3 Ethno botanical uses 17

1.4.4 Uses of different mahua products 18

1.44.1 Flowers 18

1.4.4.2 Fruit 18

1.4.43 Seed 18

1444 Oil 19

1.4.4.5 Cake 20

vi



1.5
1.6
1.7

1.4.5 Chemical constituents
Mahua Flowers

Present status of mahua
Scope of the work

Chapter II: Review of Literature

2.1
2.2
2.3

24
2.5
2.6
2.7

2.8
2.9
2.10
2.11
2.12
2.13

Chapter I1I: Field Survey and Documentation of Traditional Practices

3.1

3.2

Morphological studies on mahua flowers
Micro chemical and histological observations
Biochemical investigations

2.3.1 Sugars

2.3.2 Polysaccharides

2.3.3 Protein & amino acids

2.3.4 Fat & fatty acids

2.3.5 Vitamins

2.3.6 Minerals

2.3.7 Enzymes

2.3.8 Miscellaneous

2.3.9 Saponins-antinutritional factor
Effect of geographical region on flower composition
Storage study of mahua flowers

Comparative nutritional profile of mahua flowers
Utilization of dry mahua flowers

2.7.1 Traditional uses

2.7.2 Sugar syrup

2.7.3 Fermented products

2.74 Other uses

Safety study of dry mahua on animal model
Analgesic effect of mahua extract

Major findings from literature review
Knowledge gaps

Objectives of the study

Justification of the research problem

Survey of the study Area
3.1.1 Methodology
3.1.2 Results
General survey on mahua
3.2.1 Methodology
3.2.1.1 Major NTFPs collected in the area

3.2.1.2 Status of mahua tree and its collection

3.2.1.3 Gender biasness

3.2.1.4 Traditional methods of processing and storage

vii

24
24
26
26

28
29
29
29
31
31
32
32
32
33
33
33
38
39
40
40
40
42
43
45
45
47
48
48
49
49

50
50
50
53
53
54
54
55
55



3.2.1.5  Utilization of the flowers
3.2.2 Results of general survey
3.2.2.1 Major NTFP collected in the area
3.2.2.2 Status of mahua tree and its collection
3.2.2.3 Gender biasness in mahua collection
3.2.2.4 Traditional methods of processing and storage
3.2.2.5 Utilization of the flowers
3.3 Market Survey
3.3.1 Methodology
3.3.2 Results
3.4 Conclusions

Chapter IV: Materials and Methods

4.1 Sample collection and identification
42  Morphological studies
4.3  Study of Physical properties
4.3.1 Size (length, width & thickness)
4.3.2 Arithmetic and geometric mean diameter
4.3.3 Sphericity
4.3.4 Aspect ratio
4.3.5 Surface area
4.3.6 Thousand unit mass
4.3.7 Bulk density and true density
4.3.8 Porosity
4.4  Processing and value addition of fresh mahua flower
4.4.1 Extraction of juice
4.1.1.1 Crushing in a juicer
4.1.1.2 Grinding in mixer grinder
4.1.1.3 Pressing in a wooden hand press
4.1.1.4 Free dropping
4.4.2 Clarification of juice
4.4.3 Concentration of juice
4.4.3.1 Using a traditional steam generator
4.43.2 Using a baby boiler with steam jacketed pan
4.5  Biochemical analysis of fresh flowers, juice and concentrate
4.5.1 Moisture content
452 pH
4.5.3 Titrable acidity (% TA)
4.54 Total soluble solids (TSS)
4.5.5 Brix to acidity ratio
4.5.6 Crude protein and crude fat content
4.5.7 Ash content
4.5.8 Sugar content
4.6  Detailed investigation of MJC
4. 6.1 Nutritional profile
4.6.1.1 HPLC analysis of sugars

viii

55
56
56
57
60
61
63
66
66
66
68

71
71
71
72
7
74
74
74
75
75
75
75
77
78
78
78
78
78
80
80
81
83
83
83
83
84
84
84
84
84
85
85
85



4.7

4.8

4.6.1.2 HPLC analysis of vitamins

4.6.1.3 Analysis of minerals
4.6.2 Nutraceutical properties

4.6.2.1 Total phenol by Folin-Ciocalteau method

4.6.2.2 Study of antioxidant activity

4.62.2.1 DPPH method

46222 ABTS method

4.6.2.2.3 Determination of Reducing power
4.6.3 Determination of Antinutritional factor (Saponin)
4.6.4 Safety study on animal model

4.6.4.1  Acute toxicity study

4.64.2  Sub-acute toxicity study

4.6.4.2.1 Assessment of food, water intake and body weight

4.6.4.2.2 Study of biochemical parameters
4.6.4.2.3 Histological studies
4.6.5 Shelf life study
4.6.5.1 Chemical parameters
4.6.5.2  Microbiological parameters
4.6.6 Sensory evaluation
Development of Product Using MJC
4.7.1 Preparation of Candy
4.7.2 Shelf life study and sensory evaluation of candy
4.7.3  Other products
Products developed from whole fresh flowers(Jam, Jelly and Sauce)
4.8.1 Method of Preparation
4.8.2 Shelf life study
4.8.3 Sensory study

Chapter V: Results and Discussion

5.1
5.2
5.3
54

5.5
5.6

Sample identification
Morphological studies
Study of Physical properties
Processing and value addition
5.4.1 Extraction of juice
5.4.2 Clarification of juice
5.4.3 Concentration of juice
Biochemical analysis of the fresh mahua flower, juice and concentrate
Detailed investigations of MJC
5.6.1 Nutritional profile
5.6.1.1 Sugars
5.6.1.2  Vitamins
5.6.1.3  Minerals
5.6.2 Nutraceutical properties
5.6.2.1 Total phenol by Folin-Ciocalteau method
5.6.2.2 Study of antioxidant activity

ix

86
36
86
87
87
87
38
&9
89
90
90
91
91
91
92
92
93
93
94
95
95
96
96
96
96
97
97

99

99

99

102
103
105
106
108
113
113
113
116
117
118
118
120



56221 DPPH method 121

5.6.22.2 ABTS ** scavenging 122

56223 Determination of reducing power 122

5.6.3 Antinutritional factor (Saponin) 124

5.6.4 Safety study on animal model 125

5.64.1 Acute toxicity study 125

5.6.4.2  Sub-acute toxicity study 126

5.6.4.2.1 Assessment of food, water intake and body weight 126

5.6.4.2.2 Biochemical parameters 128

5.6.4.2.3 Histopathological studies 132

5.6.5 Shelf life study 137

5.6.5.1  Non-enzymatic browning 137

5.6.5.2  changes in sugar profile and total sugar 139

5.6.53  Changes in pH 143

5.6.5.4  Changes in TSS 143

5.6.5.5  Microbiological parameters : 144

5.6.6 Sensory evaluation 144

5.6.7 Product development 145

5.6.7.1  Hard-boiled candy 145

5.7  Product development from whole fresh flowers (Jam, Jelly and Sauce) 146
5.7.1 Shelf life study 147

5.7.2 Microbiological study 150

5.7.3 Sensory study 150
CHAPTER VI: Summary, Conclusion and Future Scope of Work 154
BIBLIOGRAPHY 164



