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ABSTRACT

In the 21% century, the occurrence of deadly viruses, mosquito-borne and pathogenic diseases
have increased significantly. One of the best strategies to avoid the spread of these diseases is
to use protective textile products such as functional apparels (antibacterial, antioxidant,
antiviral, mosquito repellent), functional mask, scarf, gowns, curtains and bedsheets. New
strategies are being explored for the functionalization of textiles by finding alternatives to
highly toxic and synthetic chemicals. Since ancient times, essential oils (EOs) are being used
for medicinal propose because of their inherent biological properties. However, the use of
essential oils (EOs) for the functionalization of textiles is limited owing to their volatile nature.
Several attempts have been made to enhance their durability to attain excellent pharmaceutical
effects through the textiles. The present research revolves around the development of
multifunctional textiles using microencapsulated novel essential oil (EOs) in functional

polymers.

In the first part of this research, an attempt was made to develop in-situ synthesized chitosan-
phosphate microcapsules loaded with thyme oil. Seventeen runs were performed to optimize
the polymer-to-oil concentration by measuring encapsulation yield and encapsulation
efficiency of the microcapsules. The obtained microcapsules offered more than 71%
encapsulation efficiency for all the runs, which was quite significant. The developed
microcapsules were applied to the linen fabric using an acrylic binder to impart functional
properties. The microcapsules were spherical and owned a matrix type of morphology.
Interestingly, the oil release from the microcapsules was found to be governed by diffusion and
swelling mechanism. The results were impressive, which showed the presence of oil on the
fabric even after 20 washes. The EOs are highly flammable; however, this research attempted
to prepare the flame retardant microcapsules loaded with thyme oil. The finished fabric

exhibited excellent mosquito repellency (100 %), antioxidant activity (>96 %), pleasant aroma
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and moderate flame retardancy. The finished fabric also exhibited excellent antibacterial
activity even after repeated launderings. The marginal change was observed in the mechanical
properties and air permeability of the fabric. Another attempt was made to confirm the
authenticity of this research by changing the EOs (rosemary essential oil). Moreover, the results
showed similar trends as observed in the previous section. These results motivate us to explore
the new polymers and oils to enhance the microcapsules’ encapsulation efficiency and achieve

better functional properties.

In the second part of the research, an attempt was made to explore the effect of polymer mixture
on the encapsulation efficiency and release kinetics of the microcapsules. The microcapsules
were developed using a mixture of chitosan-gelatin as a shell material and rosemary oil as a
core material. The prepared microcapsules showed matrix and reservoir type of morphology.
The microcapsules offered a sustained oil release profile, which was governed by a diffusion
mechanism. The obtained microcapsules offered more than 68 % encapsulation efficiency. The
finished fabric showed excellent mosquito repellency, antibacterial activity, antioxidant
activity and a pleasant aroma even after repeated launderings. Another attempt was made to
confirm the authenticity of the research by changing the EO (Cinnamon bark oil). The obtained
microcapsules offered a similar kind of morphology and released mechanism as found in a
previous section of the second part of the research. However, the microcapsules offered better
encapsulation efficiency as compared to microcapsules loaded with rosemary essential oil.
Interestingly, cinnamon bark oil was found more effective as it offered better functional

properties compared to rosemary essential oil.

In the third part of the research, an attempt was made to prepare microcapsules using pullulan
as a shell material and thyme oil as a core material. It was interesting to see higher

encapsulation efficiency (>85%) of pullulan microcapsules compared to microcapsules



prepared in the other parts of the research. The oil release kinetics of the microcapsules was
found to be governed by diffusion mechanism. The result revealed retention of more than 16%
of the initial oil present on the finished fabric even after 20 washes. Hence, the better mosquito
repellency of the finished fabric was observed even after 20 washes compared to the finished
fabrics developed in previous parts of the research. In this research, the finished fabric
exhibited 95.21% and 93.11% antibacterial activity against S. aureus and E. coli bacteria,
respectively. The finished fabric also showed more than 90% antioxidant activity and a pleasant
aroma. The exciting trends in the durability of functional properties were obtained. The result
revealed that mosquito repellency was subject to the presence of aroma on the finished fabric.
Hence, the mosquito repellency was retained till the fabric remained fragrant. However, the
antibacterial and antioxidant activity was subject to the amount of phenolic content on the
finished fabric. Once the amount of phenolic content gets reduced, the effectiveness of the

finish toward bacterial colony reduction and radical scavenging was also reduced.

vi



LIRS

2147 €Y A °Tdeh aRE, Ao Sfiold AR AdTeteleh I I T3t # Hhr gefer
§S Bl 31 AR & JOR & g9 & AU Tod e et & § v gretcAs
FUST 3cual o FRficHS aRYe  (STaTIRIe, Siferletorie, RNoR, Aest
TRIE), FrilcAsh H@ler, gueeT, ogal, 9 3R e HT 3UANT HA1 g e
SEllel AR HA WRE & [dehed W g =l & HRATCHSHOT & v 73
IOTATAIT T IdT SRIAT ST QT &1 9Tt el & 3iwefr gearat & fav arfcas ao
& IUAET 3o Il Sfde ol & HROT fRAm ST @I &1 grelife, a&At &
FIRATCHSHHT & AU drfeaes del &1 3TN 3t 3T Thfd & HROT AT &
a@El & A § 3cpte AVERT gorg gied A F AU 3o Ticd # Fer
& foT g gag fhu 1T &1 adAT e FRTcHS gD H ASHIThTICS AT
cifcaeh cTol & 3UANT eh Tgishandlel &t & faerd & 3&-[1E g gl

S A F Ygel HET H ISardel dof ¥ #U g5 goi-Tig AN HISeIar-thiehe
AT Taenac el T T fohal a7 UT| HATSHIBC T TeAhTH oI NeT 3T
3R TARTHARA S&TcT FI AR Sgelh-T-clol THIAAT P efhicld el & fow
TIg TANT fhU aTT| 9ed ASHihegel o g TAT H 71% & 3fUH Teahegolre
CRTCT T U I ST T AgcaquT AT| TIhTAd AIShIheHel HrdicHe 0T
YSldd Flal & folU Tsh Ushfoleh d9h ol 3T Flh folelel & Uz G 9T |
HISSHISTH aMThR ¥ 3R Teh 3HTegg TR &I 3T faeie & F@rfdca & )

fGoraeT a1q 78 § & AHdcga ¥ Aeee e dd S8R AR gord 99 gan
faaf3a gar g1 aRomd gemaermel 9, [TEa 20 IR e & a1g 8 FUs 9 del Hr
3uftyfa & G@mr| difcas dd 3Acafs Sadeaeiier 8ia &; geifsh, 39 AT of
AT & dd q H AT Agdr AgHHHA dIN Fel H 9Ird fHhar R
HUS o Icpse TR HA (100%), ferEehiuRIE arfafdafer (>96%), g@e garer
3R 7egH e Hedl #T Yedid Tl IR #Us A dR-aR € & §1g #f Sepse
ShaTuRIehT arfafafer & yedisr fohar| us & Fitdeh U iR A IRFIaT H Al
aRads 3@l 41| difcash ol (YAHGAT diicash del) HI Seolhd 5@ Aer
TTATOThAT I gfSe el T Ueh 3N G AT a1m AUT| 38 3Helrdl, IRomH o




3TN H 3W AT FAW A Q@I &1 T IRUMA g3 AShIhTHeA T Telhegel 2l
EeTall §ell 3R JEcR HAIcHS IUT UIed A & AT AT agefeh 3R ol T Il
e & fow afRka & gl

M & GEX T HATGHIPTHA & TeTheqolle GaTcll 3N AGHIhTHT A Tolehelsd
arel el &I AT o Sgersh AN & YeIa 1 Il SEIeT T JArE foham arm AT
ASHIFTHS 1 FHIscaE-fSafesd & AT & 39 @ qFell & §9 #7 3R
TEAEAT & Il I HET AN & & A 3UANT Fah Ahfad fhar @ar an IR
v T ARG A Y AR FUS YRR A AR fadAeT wr femmr
AGHAIHTHe o Teh [l del Aepelel & Y@-RF i gereher #1, 5 Th J8R JF
CaRT AT AV ITCT AGHIFHA o 68% A TP TelehogolRlel &l I URIHer
T RIR U3 o 3cpve Ao HE, SR afafafe, sifedeaoried afafaf
3R TRER O & a1 3 v gue oy @rg| drfcash def (Grerdiell I STl i
oIeT) ST Feelehd AMET hT YTATTOThAT T GiSe i¥el &l Ueh 3R 9 foham aram |
ITC FATSHIBTHA o Teh FHI TR T 3MMehic aeiel AR del & fe¥ehersl &1 dF r
TR T SIAT Toh QAT & g@X $T & Uoel Ws & Ui ardr ATl gTeliieh, TerAgar
difcash del @ 8 §U ATSHIPHA I Jololl H HSHINH o 96 Tehegol2le
GBTAT T YRR 1| Eomae a1 Ig § o Grerdiell $T ST &l dd 3t garar
UIIT AT Fiieh TG IAHGAT dlicdeh ool &l Jofell H g HrdicHe 0T FeTel el
gl

MY & AT HET A Jofoled I Wil AHM & & A R ISTaTT doT A JET
AHIAT & & H YA Fleh ASHIhTHel N el I GATH AT a1ar a1l My &
3 HET A IR fhU 9T AGHIBTH N Tl H Jofoled HIShHIhTH I 3T
TANTHIRNET G&TCT (>85%) o=l fEelaed UT| ATSshihqol & del foehela I Irfcehr
F R dF gt g fhar e o aRoma # 20 aR o & a5 o R
U W HISE URIFE del & 16% & T8 T HTUROT HT qaT Fell| THTAT, AT
& TS el 7 fGhf8d 6T 71T IR HUST & Jofell # dIR s HT dgark Ao
79T T &THAT 20 IR Uit & aTc off W 15| 3T MY H YR HUS o Al TH.
3RTE 3R 3. WG SHaw] & W 95.21% 3R 93.11% Shaoieh sfafafer
ol Yee fRT| AR $ug o 90% & ¥ JiFdeoRIE afafafer 3R wh gue




oy o fe@rn| sdicas Uil & TUlfica # QATES TS Ued fhT aw )
ARUTE & IaT Forr o HTe 9 T T R &g WX gery i 3uiedfa &
3elieT Y| 3afay, Fug & G ol dh Ao I T &THAT sl @7 TS|
glefifeh, SATURIET 3R iTerelentorIe aIfdfafer dAR &g W theilfoleh AealT T A=
& HNF M| Th IR ST Fellicleh WA SN AR HA gl Sl g, Sar9] ey
# Far 3R 3erdeoREy afafafer S gamadear Y w9 8 Srdr 8




TABLE OF CONTENTS

Pages No.
Certificate i
Acknowledgements i
Abstract v
Table of contents vii
List of Figures Xii
List of Tables Xvi
Chapter 1  Introduction
11 General 2
1.2 Motivation 2
1.3 Obijectives: Broad Objective and Specific Objective 4
Chapter 2  Literature Review
2.1. Introduction to Microencapsulation 7
2.2. Microencapsulation Trends in the Textile Industry 8
2.3. Morphology of microcapsules 8
2.4, Release Mechanisms of core material from microcapsules 9
2.5. Microencapsulation techniques 9
2.6. Spray drying: The preferred technique of microencapsulation 11
2.7. Materials involved in microencapsulation 13
2.7.1. Shell materials 13
2.7.2. Core materials 15
2.7.2.1. Why essential oils (EOs)? 15
2.8. Methods for application of microcapsules on textiles 19
2.9. Application of microcapsules for functionalization of textiles 19
2.9.1. Research studies on the development of aroma textiles 19
2.9.2. Research studies on the development of antimicrobial textiles 22
2.9.3. Research studies on the development of insect/mosquito
repellent textiles 28
2.9.4. Research studies on the development of medical textiles 31

2.9.5. Research studies on the development of cosmetic textiles 32

vii



2.9.6. Research studies on the development of multifunctional textiles
2.10. Recent patented work on the applications of microencapsulation in
textiles
2.11. Summary
Chapter 3  Materials and Methods
3.1. Materials and Methods
3.1.1 Materials
3.1.2. Methods
3.1.2.1. Microencapsulation process
3.1.2.2. Encapsulation yield (EY%)
3.1.2.3. Encapsulation efficiency (EE%)
3.1.24. Oil release kinetics of microcapsules
3.1.25. Finishing treatment
3.1.2.6. Oil release profile of finished fabric
3.1.2.7. Characterization techniques
3.1.2.7.1. GCMS analysis
3.1.2.7.2. DSC analysis
3.1.2.7.3. DLS analysis
3.1.2.7.4. SEM analysis
3.1.2.7.5. EDX analysis
3.1.2.7.6. ATR-FTIR analysis
3.1.2.7.7. TGA analysis
3.1.2.8. Evaluation of Functional properties finished fabric
3.1.2.8.1. Mosquito repellency
3.1.2.8.2. Antibacterial activity
3.1.2.8.3. Antioxidant activity
3.1.2.8.4. Aroma
3.1.2.8.5. Flame retardancy
3.1.2.8.6. Durability of functional properties against repeated
launderings
3.1.2.9. Mechanical properties and air permeability evaluation
3.1.2.9.1. Tensile strength

3.1.2.9.2. Bending length

viii

32

33
34

37
37
38
38
40
40
42
42
43
43
43
44
44
44
45
45
45
45
45
46
46
47
47

47
47
47
48



3.1.2.9.3. Crease recovery angle (CRA)
3.1.2.9.4. Air permeability

Chapter 4

4.1.

4.2.
4.2.1.
4.2.2.

4.2.2.1.
4.2.2.2.

4.2.2.3.
4.2.2.4.

4.2.25.

4.3.
43.1.
4.3.2.
4.3.3.
4.3.4.

4.3.5.
4.3.6.

4.3.6.1.
4.3.6.2.
4.3.6.3.

4.3.6.4.
4.3.6.5.
4.3.6.6.

Sustainable development of mosquito-repellent, flame-retardant,

antibacterial, fragrant and antioxidant linen using microcapsules

48
48

containing Thymus Vulgaris oil in in-situ generated chitosan-phosphate

Introduction
Materials and methods
Materials
Methods
Chemical composition of TO and binder analysis
Preparation of in-situ synthesized chitosan phosphate
microcapsules containing thyme oil
Analysis of microcapsules
Optimization of concentration of microcapsules for
application on the fabric
Characterization of products and evaluation of functional
properties of the finished fabric
Results and discussion
Chemical composition analysis
DSC analysis of binder
In-situ synthesis of chitosan phosphate as shell of microcapsules
Encapsulation yield (EY%) Encapsulation Efficiency (EE%)
of prepared microcapsules
Optimization of finishing dispersion concentration
Characterization of microcapsules and finished fabric
SEM and DLS analysis
Oil release kinetics of microcapsules
Effect of launderings on the oil release profile
of the finished fabric
EDX analysis
FTIR analysis
TGA analysis

Functional properties of finished fabric

ix

50
50
50
o1
o1

51
52

52

53
53
53
55
56

58
60
62
62
65

66
67
67
68
69



4.3.8.

Chapter 4.1

4.1.1.
4.1.2.
41.2.1.
4.1.2.2.
4.1.3.
4.1.3.1.
4.1.3.2.
4.1.3.3.
4.1.3.4.
4.1.4.

Chapter 5

5.1.

5.2.
5.2.1.
5.2.2.

5.3.
5.3.1.
5.3.2.
5.3.3.
5.3.4.

5.4.

Chapter 5.1

5.1.1.

5.1.2.
5.1.2.1.
5.12.2.

5.13.

Conclusions 74

Preparation of chitosan-phosphate microcapsules loaded with rosemary

essential oil for the development of multifunctional linen fabric

Introduction 76
Materials and methods 76
Materials 76
Methods 76
Results and discussion 78
Chemical composition of the rosemary essential oil (REO) 78
Analysis of microcapsules and finished fabric 80
Mechanical properties and air permeability of the finished fabric 86
Functional properties of the finished fabric 87
Conclusions 92

Novel chitosan-gelatin microcapsules containing rosemary essential oil for

the preparation of bioactive and protective linen

Introduction 94

Materials and methods 94
Materials 94
Methods 95

Results and discussion 96
Preparation of gelatin-chitosan microcapsules loaded with REO 96
Characterization of the microcapsules and finished fabric 97
Functional properties of the finished fabric 102

Air permeability and Mechanical properties of the finished fabric 106

Conclusions 107

Multifunctional linen fabric obtained through finishing with chitosan-

gelatin microcapsules loaded with cinnamon oil

Introduction 110
Materials and methods 110
Materials 110
Methods 111
Results and discussion 112



5.1.3.1. Chemical composition of cinnamon bark oil (CBO)
5.1.3.2. Microcapsules size distribution, morphology and

their application on fabric

5.1.3.3. EDX analysis of microcapsules and finished fabric

5.1.34. ATR-FTIR analysis

5.1.35. Oil release kinetics of the microcapsules

5.1.3.6. The oil release profile of the finished fabric

5.1.3.7. Multifunctional properties of the finished fabric

5.1.3.8. Mechanical properties and air permeability of the finished fabric
5.1.4. Conclusions

Chapter 6  Pullulan microcapsules containing thyme essential oil: A practical

approach for the development of biological protective linen fabric

6.1. Introduction
6.2. Materials and methods
6.2.1. Materials
6.2.2. Methods
6.3. Results and discussion
6.3.1. SEM and DLS analysis of microcapsules
6.3.2. Oil release kinetics of microcapsules
6.3.3. The oil release profile of the finished fabric
6.3.4. ATR-FTIR analysis of finished fabric
6.3.5. Multifunctional properties of the finished fabric
6.3.6. Mechanical properties and air permeability of the finished fabric
6.4. Conclusions

Chapter 7  Overall conclusions

Chapter 8 Suggestions for Future Research
Reference

Biodata

Achievements

Authorship Contribution

Xi

112

114
116
116
117
118
119
121
122

125
125
125
125
127
127
129
130
131
132
136
137

139
143
145
171
172
173



LIST OF FIGURES

Figure No.
2.1

2.2

2.3
2.4
2.5
3.1

3.2

3.3

3.4

3.5
4.1
4.2
4.3
4.4

4.5

4.6

Figure Caption

Description of a microcapsule

Microcapsule’s morphologies: (a) reservoir (b) polynucleated (c)
matrix and (d) multi-shell

Representation of essential oil release from the microcapsule
The typical process flow of spray drying encapsulation technique
Schematic diagram of spray drying equipment
Microencapsulation process using the spray-drying technique

TO calibration curve in (a) ethanol at A max (287 nm) and n-

hexane at A max (289.5 nm)

REOQ calibration curve in ethanol at A max (287.5 nm) and n-

hexane at A max (287.5 nm)

CBO calibration curve in ethanol at A max (273.5 nm) and n-

hexane at A max (288 nm)

Schematic diagram of the textile treatment process
Chemical composition of Thyme oil (TO)

The DSC curve of binder

The effect of temperature on binder

Possible chemical reaction of chitosan and DAP

FTIR analysis of in-situ generated chitosan phosphate

microcapsules

SEM images of TO loaded microcapsules

Xii

Page No.

12
12
38

41

41

42

43
54
55
56
57

58

62



4.7

4.8

4.9

4.10

411

412

4.13

4.14

4.15

4.16

4.17

411

4.1.2

413

414

4.1.5

4.1.6

4.1.7

4.1.8

The size distribution of microcapsules obtained through DLS
The morphology of microcapsules embedded into resin
The SEM photographs of the finished fabric

Oil release kinetics of chitosan phosphate microcapsules loaded
with TO

a). Oil release from the finished fabric in launderings media and

b). Oil present on the finished fabric after repeated launderings
EDX analysis of a). microcapsules and b). finished fabric
FTIR spectra of the control and finished fabric

TGA thermograph of control fabric, microcapsules and finished

fabric

LOI values of control and finished fabric after repeated

launderings

Cone calorimetry graph of control and finished fabric

The SEM images of the finished fabric after burning

The chemical composition of rosemary essential oil (REO)
SEM image of the microcapsules

The size distribution of microcapsules

The morphology of the microcapsules

The SEM images of the finished fabric

The oil release (%) and oil retention (%) of the microcapsules

a). Oil release present in laundering media after launderings and

b). Oil present on the finished fabric after launderings

The EDX analysis of a). microcapsules and b). finished fabric

xiii

63

64

64

65

66

67

68

69

72

73

73

79

80

81

81

82

82

83

84



4.1.9

4.1.10

41.11

4.1.12

4.1.13

4.1.14

4.1.15

4.1.16

5.1

5.2

5.3

5.4

5.5

5.6

5.7

5.8

5.11

5.12

513

5.14

FTIR spectra of microcapsules, control fabric and finished fabric

TGA thermograms of control fabric, microcapsules and finished
fabric

The LOI values of the finished fabric after repeated launderings
Cone calorimetric analysis of the control and finished fabric
The SEM image of the finished fabric after burning

Mosquito repellency of the finished fabric

Antibacterial activity of the finished fabric against E. coli and S.

aureus

Antioxidant properties of the finished fabric after repeated

launderings

Possible mechanism of interaction between chitosan and gelatin
SEM images of microcapsules loaded with REO

Size distribution of microcapsules

SEM images of finished fabric

The oil release (%) and oil retention (%) of the microcapsules

a). Oil release present in laundering media after launderings and

b). Oil present on the finished fabric after launderings
Elemental analysis of a). microcapsules and b). finished fabric
ATR-FTIR analysis of finished fabric

The GC-MS chromatogram of chemical component of CBO
Morphology of microcapsules

DLS Size distribution

SEM images of the finished fabric

Xiv

86

87

88

89

89

91

91

97

98

98

99

99

100

101

101

113

114

115

115



5.15

5.16

5.1.7

5.18

6.1

6.2

6.3

6.4

6.5

6.6

6.7

6.8

6.9

Elemental analysis of (a). microcapsules and (b). finished fabric

ATR-FTIR spectra of control fabric, microcapsules and finished

fabric

The oil release (%) and oil retention (%) of the microcapsules

w.r.t time

a). Oil release from finished fabric in laundering media and b).

Oil present on the finished fabric after launderings

SEM images of microcapsules

Size Distribution of microcapsules

SEM images of the finished fabric

Oil release kinetics of pullulan microcapsules loaded with TO

(@). Oil release in laundering media and (b). Oil present on the

finished fabric after repeated launderings

ATR-FTIR spectra of control fabric, microcapsules and finished

fabric
Mosquito repellency of the finished fabric

Antibacterial activity of finished fabric against S. aureus and E.

coli

Antioxidant activity of the finished fabric

XV

116

117

118

118

127

127

129

130

131

132

133

134

135



LIST OF TABLES

Table No.

2.1

2.2

2.3

2.4

2.5

2.6

2.7

2.8

3.1

3.2

3.3

4.1

4.2

4.3

4.4

4.5

4.6

Figure Caption
Important microencapsulation techniques

Advantages and disadvantages of commonly used

microencapsulation techniques

Commonly used natural polymers as shell material of

microcapsules for textile application

Commonly used essential oils and their components with

biological activities

Research studies on aroma/fragrance textiles
Research studies on antimicrobial textiles

Research studies on insect/mosquito repellent textiles

Summary of recent patents on application of microencapsulation

in textiles

The details about the materials used with their specifications
The spray-dryer parameters

Fabric treatment parameters

Box-Behnken design variables with emulsion viscosity
Optimization of finishing dispersion concentration

The chemical components of TO with retention time (min)

The EE of microcapsules based on total and surface oil content
Mechanical properties and air permeability of the finished fabric

The statistical analysis of diameter of microcapsules

Xvi

Page No.
10

10

13

16

21
24
29

33

37
38
43
51
52
53
58
60

63



4.6 Antibacterial activity, antioxidant activity and aroma and 71

mosquito repellency of the finished fabric

4.1.1 The emulsion concentration, viscosity, encapsulation yield (%) 77

and encapsulation efficiency (%)

4.1.2 Chemical constitutes of the rosemary essential oil (REO) 78
4.1.3 The statistical analysis of microcapsules diameter 81
4.1.4 The mechanical properties and air permeability of the control and 87

finished fabric
4.1.5 Aroma of the finished fabric after repeated launderings 90

5.1 The emulsion concentration, viscosity, encapsulation yield (%) 95

and encapsulation efficiency (%)

5.2 Statistical analysis of mosquito repellency of finished fabric 102
against Anopheles

53 Statistical analysis of the antioxidant activity of finished fabric 103
samples

54 Statistical analysis of the antibacterial activity of finished fabric 104
against E. coli

55 Statistical analysis of antibacterial activity of finished fabric 105

against S. aureus
5.6 Aroma of finished fabric with repeated launderings 106

5.7 The mechanical properties and air permeability of the control and 107

finished fabric

51.1 Effect of polymers, oil and emulsifier concentrations on 111
viscosity, encapsulation yield (%) and encapsulation efficiency
(%)

512 Chemical constitutes of cinnamon bark oil (CBO) 112

Xvii



513 Multifunctional properties of fabric finished with gelatin- 120

chitosan microcapsules containing CBO

514 The mechanical properties and air permeability of the control and 122

finished fabric

6.1 Effect of polymer, oil and Tween 80 concentrations on emulsion 126

viscosity, encapsulation yield (EY) and encapsulation efficiency

(EE)
6.2 Aroma of the finished fabric 136
6.3 The mechanical properties and air permeability of the finished 137
fabric

Xviii



	Thesis Nagendra Singh.pdf



