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ABSTRACT

Trans fats, also known as trans-unsaturated fatty acids (TFA), are a type of dietary fat that has
gathered attention for their negative impact on human health. Trans fats are advantageous for
the food industry due to their stability and extended shelf life. They play a crucial role in
enhancing the texture and mouthfeel of many processed foods, providing crispness to baked
goods and smooth consistency to products like margarine. However, high intake of trans fat
increases the risk of cardiovascular diseases, diabetes, obesity, fetal loss, and breast and colon
cancer. Due to these health concerns, there has been a global shift away from trans fats, with
many countries implementing regulations to limit the presence of trans fats in food products.
The requirement for the replacement of TFA in the food supply globally has challenged the
food industry to find a novel substitute to trans fats without compromising the functionality

and organoleptic properties of the product.

The thesis encompasses a detailed study on the detection and reduction of trans fat in baked/
fried foods. The study focused on trans fats and explored diverse mitigation approaches,
including thermostable antioxidants and oleogelation technology. Natural antioxidants were
utilized to reduce trans fats during deep frying, while subsequent research concentrated on
structuring oil through oleogelation technology for trans fat replacement in the bakery. The
work also features the development of the rapid detection of trans fat using surface-enhanced

Raman spectroscopy (SERS).

To address the challenges of trans-fat formation during frying, antioxidant compounds present
in Psidium guajava (guava) leaves extract were employed with frying oils to reduce the
formation of trans fat. Guava leaves contained 173.33+1.95 mg GAE/g extract total phenolic
content and 20.43+0.25mg RUE/g extract total flavonoid content. Some of the phytochemicals
in the extract were identified and quantified using HPTLC The leave extract (1 g) contained
0.039 mg Gallic acid, 0.196 mg Rutin, 0.021 mg naringenin, and 0.059 mg ferulic acid. The
antioxidant compounds, present in guava extracts, showed affinity towards lipid oxidation
products and inhibited the formation of trans fat. These results of natural antioxidants were

compared with synthetic antioxidant - butylated hydroxytoluene (BHT).

A rapid method for detection of oil quality during frying and trans-fat quantification was

developed using surface-enhanced Raman spectroscopy (SERS). In the study, plasmon-tuned
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and biocompatible Ag@Au core-shell nanoparticle-based SERS substrates were used to obtain
optimum enhancement despite matrix interference to detect the oil components efficiently. The
potent combination of SERS and the Artificial Neural Network (ANN) method could determine
the fatty acid profile and peroxide value with 87-99% accuracy. Moreover, the SERS-ANN

method could quantify the low level of trans fats, i.e., < 2% with 97% accuracy.

An attempt was made to optimize oleogelation technology for structuring oil with candelilla
wax using high-intensity ultrasound (HIUS) treatment. The optimization strategy included
investigating the effect of HIUS at different stages of crystallization on structure and stability
of oleogels. Further, the effect of HIUS on stability of oleogels fortified with retinyl palmitate
was investigated. Sunflower oil was structured with varying amount of candelilla wax (2-6%
w/w). The microstructure analysis indicated that HIUS reduced the size and increased the
number of oleogel crystals. Oil binding capacity significantly increased under both HIUS
conditions. Notably, there was no significant impact of HIUS on hardness, rheology, or melting
enthalpy of oleogels, containing less than 4% wax. Differently, HIUS modified the properties
of oleogels with 4% wax or more, with a more pronounced effect when HIUS was applied at
mid of crystallization. HIUS had no adverse effect on oxidative stability or retinyl palmitate
stability in oleogels. HIUS application at mid of crystallization and a wax concentration above
4% yielded oleogels suitable as a fat substitute and was equally effective in forming retinyl

palmitate-fortified oleogel.

Going forward, to replace trans fats in bakery applications bigels were formed by mixing
oleogel and hydrogel in different fractions and phases. Higher fractions of oleogel increased
the mechanical strength (storage modulus, firmness) and decreased the liquid binding capacity
of bigels. Among different bigel formulations, it was found that mixing both the oleogel and
hydrogel in their molten states had the highest liquid binding capacity. Specifically, the bigel
created by combining molten oleogel and hydrogel in a 75:25 ratio exhibited the maximum
mechanical strength and was consequently employed as a substitute for fat in cakes at varying
ratios. Remarkably, the replacement of commercial fat with this bigel did not result in any oil
migration. The substitution of fat with bigel up to 50% had no significant impact on the texture
of the cakes. However, replacing more than 50% of fat with bigel resulted in the formation of

harder cakes.

Keywords: Antioxidant; Bigel; Crystallization; Hydrogel; Oleogels; Sunflower oil; Trans fat

v



AR

i 91 O gig-eriqw Bl TRts & &g o +ft ST 7TdT 8. U TR &1 38R a4l §
O A9 WG W 30 THRIAS YU & o8 & et fohar g1 e g Siut
fRRET IR fawaia Qe Siia" & SR @ I & forg wraeHs g o ad iR g
T SHTRIBHROT 3R IRITTA ! FaeT=iadl HH g1 S ¢ | 3 TP WT1g Uard| Bt g-rae
3R TG T, Udh §U ATA B PRGIUA YaH B SR AR oIkl JdTe] D fedhet FRURd
& HRA H Ag@yul YfHeT FuTd €1 i the & 3Hfi® Ja ¥ gad . AYHE, HieTdT Yol
BN T 3R U &b HIR BT W] §¢ SIIdT g | 37 W Jaiel fIdrait & HRU1 b TR
R TR 3 A g 98 & S 2%l I W Sl & I Suff @) iftrd B & R
fram ar] fru € | oy TR IR @ Siyfed & SuUwT o WiawITaA &1 STaRgehdl - WTg Se ]
B IS P! BT 3R FTAADD o F T fbu 51 < a1 & o uep =
fepey WeM & g 71

AR & U gU/ad §T T UGTdl & ¢ o BT U T 3R I8 HH I3 R T fawqd
ST QM § | 3700 T a1 IR hisd & 3R YHRead UeiaiifaRrs e iR Sfferioia=e
do-iie Tfed fafid e =PI &1 Wist BT g1 TeX da- & R ¢ a9 &I &H
B & T UTpTae USieiiRTSe &1 Sudiv fvar T U1 wiefeh §1e & ey = St 7 Y
T U & o SHTferaoIelRe a1 & ATeH 9 dd &1 AT TR & dbiad |
B H dg-Hated T Wae b4l BT YN HRb ¢ a1 BT doit § Tl A HT [ah
ff enfEra g1

qaH & R rg-Te FATor &) It ST THTH BT | 31HReg & Uil & 31 & Hivlg
TSRS T Q! &I TR I & o9 B HH B & ol daq arat dd & SUTNT fasa
ST UT| SEREG &) Uil 1 31dh da- o aradH IR yHRead o7 | Rifeas Tormar &1 ufrl
T 173.33.1.95 ircirmy Shug /it 3rh Ha Heifere ATt 3R 20.43.0.25 FeimT sRgg/cft
3% FA FiaHgs T Bl 81 3 U $© BRI UG P UgdH 3R A
Tauiiastt gRT Fuiia @ 8 o Rifeaw Tomar & uRw@l &1 e (1 9™) 7 0.039
foreiioms e TRIS.0.196 foreiomT B 0.021 foreiom ARAMA.0.059 freiium tefas
RIS a1 g1 TTH oRA & HRUT Al & WRIE 8H 4 ffis sifefieor Idre 3R ¢
BT AT §3MT1 3FReg & 3feh | Al[g UcrlTRitec i = fafUs sifaiierur 3Tl &
g evfur feem iR Tfhamrgs & fafor o Jw fean upfas thsiiRiise & 34
giRumal @1 gaT Ridfe® eisiiRils e fitad! (FeRacs gRaIRIeeds) ¥ &1 TS|

S SIAA]. dA & SR dd &1 [0 S IR 3R h-The &1 UdT @I & fore Ide-
Taftfd T WaeRD Ul &1 TN S i fafd fawRia &t 78 | i 8 dd geal
H1 FYAAYAD UdT TH & g ATy 88T & dasle S¥aH Jig U & & g
WAM-SS 3R TG Ifcad Toil, 0 HR-]d AHIh Ul- TR THs 3R e ey &l

v



JUTNT T 7T UT | TS 3REY 3R SR RId IR Aead (@) faftr &1 wfad=medt
TS 87 - 99% Ttd & Y el Thrs Uiersd iR Uidt fRuiika &= Ioar g1 39&
SITTAT sexs e TATRT 97% TSI & TTY T G o Y TR AT 2%, 1 AT Fdhel! g | Y,
I Ria TENREH-TgrRIdl U TIS3REY YUMe! = ad TR0 &1 JaRe 3R dig
TR 3R 3F-g1ge gdT oA # Fer S|

3 Il aTc] SRS S SUAR BT STANT HR P dr s erall HIH b 1Y od &1 a1 b 1ad
TSR debrileh Bl 3 erd B ol U foha1 711 T | 3fdpai UG o Sficiored
DT T 3R FRRATIR foheeeianur o fafid aRull § S=-diadT ard SeeRIs S (Ta3iRY)
& YUTG DI ST BT IMHE g | SqP Sraran ea uifiice § Holgd fhe MU shasiioid
&1 FRRAT R TEHEY & THTG B SIid DI T3 | JIOTHTT ddd DI STHT-THT HEHT H dHaferal
T (2-6% & TR T 7T 7| AT ReaRR faaioor ¥ Hobd e 8 f o™ SHR
S T a1 3R ficia fored &1 9= H g DT G o R & d8d da aRfE
&A1 T I gl g5 | FoRIY U . 4% W HH A aTd 3ficisfioid &) Ho Rl Rarars,
7 fUrae aTe TR IR T3S &1 His Hedqul UHTd 151 UST| AT &1 Huw = 4% T
3T TH & 1Y NS & T[0T ! RN bl TG 1o D b elienror & T8 § 9]
T T A 31fYe TP UHa UsT| Siifcrdioid H liaiisied FRuRar ar e urfiee fRRdn
R TI3EY BT D15 Uldhd THTT o] TSl & | fheeaid=ur & T8 H u SIIORANT 3R 4% A
SWR HIH Figdl ¥ a1 & [dhed & =0 § SUgad Sficiafiold U gaiT iR Yfefa mfiree-
BIfCHIRS fasiiod § H o a1 81 Tt |

3T dgd §T B SIUANT | ¢ 91 ! UiRTd S & o shiaold 3R gIggioid &l
S-S 3 3R =Rl § ez faiieq &1 7o+ foran man forad S et o1 frech
g3 3R Sial SrawiTy 2mfia off| sfieiiad & 3= 3i®il = gifde Wfad (HSRUr HIUid, Tgdn)
o1 9T T 3R foTe ot avt s aT & vH o faar| fafts foita wideeH & s,
T8 U 41 fh NS SR g12gioid aiHl & 3! fUae g3 a1 # firam 9 avd
S &aT I 31 2t | faRIw U 75:25 % uTd H fUaa gU siiasiiia SR grRgod
B! firdre: 9918 Y faita 7 sif¥iean Tiffe wfad (@aRdl HeRUT Aiw) UeflRid ot ik
GRUMTERGRET S 3-SR 3UTd § b T 991 & fddbed & =g 4 AIfSra fovan |
SR ¥0 9,39 foiid & 1y aififous au1 & Ufaeiu" & GRUMREY s dd
TG g1 AT 50% e fSRId o T a1 o WIaRITI BT b & a-Tac IR Hls Hgedyul
YIS 81 USTI BTal. 50% & 31 391 &) fofid ¥ dea & URUMAEEY TRed b Bl
At gam

Digs: Telsiaiiac faid fohediam Ul gTEg o, ilciored IR o gi3e od. g the

Vi



Chapter I

Chapter 11

TABLE OF CONTENT

CERTIFICATE

ACKNOWLEDGEMENT

ABSTRACT

LIST OF FIGURES

LIST OF TABLES

LIST OF SYMBOLS AND ABBREVIATIONS

Background, Aim, and Objectives

1.1
1.2
1.3
1.4

Background
Research Questions
Research Aims and Objectives

Research Outline

Review of Literature

2.1
2.2
23
24

2.5
2.6

2.7
2.8

Introduction

Dietary Intake

Trans fat Regulations

Impact of trans fatty acids on human health
2.4.1  Coronary heart diseases (CHDs)
2.4.2  Pregnancy

243  Cancer

2.4.4  Type 2 Diabetes

TFAs analytical methods

Alternatives of trans fat

2.6.1  Trait-enhanced oil

2.6.2  Hydrogenation

2.6.3  Blending

2.6.4 Interesterification

2.6.5 Oleogels

Challenges and Future Work

Conclusions

Vil

ii
11i-vi
xiii
XVi

xvii

1-6

[V, BV, BN N

8-29

11
14
14
14
16
17
18
18
19
20
20
21
23
26
27
28



Chapter III Effect of Psidium guajava Leaves Extracts on Thermo
Lipid Oxidation and Trans Fat Reduction in Indian

Staple Food
3.1 Background
3.2 Material and Methods
3.2.1  Standard and Chemicals
3.2.2  Preparation of Psidium guajava leaves extract
3.2.3  Total phenolic content
3.2.4  Total flavonoid content
3.2.5 DPPH assay
3.2.6  Sample preparation for oxidative stability
3.2.7  Thermogravimetric analysis
3.2.8  High-Performance Thin Layer Chromatography
(HPTLC) analysis
3.2.9  Deep frying and preparation of pooris
3.2.10 Extraction and estimation of acrylamide
3.2.11 Analysis of peroxide value
3.2.12 Analysis of p-anisidine value
3.2.13 In-silico toxicity prediction for the leaves extract
3.2.14 Statistical Analysis
3.3 Result and Discussion
3.3.1  Total polyphenolic and flavonoids content
3.3.2  Antioxidant activity of Psidium guajava leaves
extract
3.3.3  Thermal gravimetric analysis of leaves extracts
3.3.4  Quantification of antioxidant compounds in leaves
extracts
3.3.5  Effect on lipid oxidation
3.3.6  Effect of Psidium Guajava leaves extract on trans
fat
3.3.7  Eftect of Psidium Guajava leaves extract on
acrylamide

3.3.8  In-silico toxicity prediction

Viii

30-46

31
33
33
33
33
33
34
34
34
34

35
35
35
36
37
37
37
37
39

39
41

41
44

44

45



Chapter IV

Chapter V

34

Conclusion

Monitoring the Lipid Oxidation and Fatty Acid

Profile of QOil using Algorithm-Assisted Surface-

Enhanced Raman

4.1
4.2

4.3

4.4

Background

Material and Methods

4.2.1  Standard and chemicals

4.2.2  Sample preparation

4.2.3  Preparation of core-shell nanoparticles for SERS

4.2.4  Characterization of Ag and Ag@Au
nanoparticles

4.2.5 Raman and SERS measurements

4.2.6  Chemical parameter analysis
4.2.6.1 Peroxide value
4.2.6.2 Fatty acid analysis

4.2.7  Data Analysis- chemometrics

Results and Discussion

4.3.1  Gold-coated silver nanoparticles for SERS of oils
samples

4.3.2  Oil Oxidation Analysis

4.3.3  Principal component analysis of the Raman/SERS
data

4.3.4  ANN regression analysis of the Raman/SERS data

Conclusion

High-Intensity Ultrasound-Assisted Oleogelation of
Candelilla Wax-Based Oleogel Fortified with Vitamin A

5.1
52

Background

Material and Methods

5.2.1  Standard and chemicals
5.2.2  Preparation of oleogels

5.2.3  Preparation of HIU-assisted oleogels

ix

46

48-63

48
51
51
51
51
51

52
52
52
53
54
54
54

57
60

62
64

66-85

66
67
67
67
68



5.2.4  Characterisation of oleogels 69

5.2.4.1 Polarized Light Microscopy 69
5242 X-ray diffraction 69
52423 Melting behaviour 70
52.44 Oil binding capacity 70
52.4.5 Oxidative Stability 70
52.4.6 Hardness 70
5247 Rheological Measurement 70
5.2.4.8 Retinyl palmitate fortification 70
5.2.4.9 Vitamin A Stability 71
5.2.4.10  Characterization of Vitamin A 71

enriched oleogel

5.3  Results and Discussion 71
5.3.1  Microstructure analysis of oleogels 71
5.3.1.1 Polarized Light Microscopy 71

53.1.2 XRD analysis 73

5.3.2  Melting profile of oleogels 74

5.3.3  Oil binding capacity 76

5.3.4  Viscoelastic properties 77

5.3.5 Hardness 78

5.3.6  Physio-chemical properties of retinyl palmitate 79

enriched oleogel

5.4  Conclusion 84

Chapter VI The Effect of the Physical State and the Proportion of  85-99
Oleogel and Hydrogel on the Bigels as a Fat Substitute

6.1  Background 86
6.2  Materials and Methods 87
6.2.1  Standard and Chemicals 87
6.2.2  Preparation of Hydrogel 87
6.2.3  Preparation of oleogel 87
6.2.4  Preparation of bigel 88
6.2.5  Characterization of bigel 88



Chapter VIII

6.2.6
6.2.7
6.2.8
6.2.9

6.2.5.1 Microstructure analysis
6.2.5.2 XRD

6.2.5.3 Liquid Binding Capacity
6.2.54 Texture

6.2.5.5 Rheology

Preparation of cakes

Batter Rheology

Oil migration

Texture Profile Analysis

6.3  Results and Discussion

6.3.1
6.3.2
6.3.3
6.3.4
6.3.5
6.3.6

Microstructure Analysis of Bigels
Liquid Binding Capacity
Rheological properties of bigel
Textural properties of Bigel
Rheological properties of cake batter

Characterization of cakes

6.4 Conclusion

Summary and Conclusion

References
Appendix
Biodata

Xi

88
88
88
89
89
89
90
90
90
90
90
92
93
94
96
96
99

101-103

104-128
130-138
139-142



LIST OF FIGURES

Figure  Description Page
no
2.1 Structure of different types of fatty acid 9
2.2 Biohydrogenation of polyunsaturated fatty acid in the rumen of 9

ruminant animals

23 Formation of trans fatty acid via partial hydrogenation of oil 10
2.4 TFA in margarine in different countries 11
2.5 Deaths due to CHD attributed to trans fatty acid in the year 2010 15
3.1 The FT-IR spectra of Psidium guajava leaves extract 38
3.2 Reducing power of Psidium guajava leaves extract in comparison 40

with synthetic antioxidant BHT and control ascorbic acid

33 Thermal analysis curve of Psidium guajava leaves extract 40

34 HPTLC spots of guava leaves extracts. (a) with standard Gallic acid 41
(std GA), and (b) with standard ferulic acid (std FA) with different
concentrations (1, 2, 3, 4, and 5 pg/mL) at 254 nm

3.5 Peroxide value of sunflower oil treated with Psidium guajava leaves 42
extract in comparison with BHT and control.

3.6 Effect of leaves extract and BHT treated sunflower oil on trans fat 44
content in oil (p < 0.05)

3.7 Effect of leaves extract and BHT treated sunflower oil on acrylamide 45
formation in poori (p < 0.05)

4.1 Optical image of laser focusing for SERS spectral collection 53

4.2 TEM micrograph of (a) Ag colloids and (b) Ag@Au core shell 54
nanoparticles

4.3 UV-visible spectra of (a) Ag colloids and (b) Ag@Au core shell 55
nanoparticles

4.4 UV-Visible spectra for storage stability of plasmonic characteristics 55
of Au@Ag core shell nanoparicles

4.5 FDTD E-field profile (a) Ag colloids and (b) Ag@Au core shell 56
nanoparticles

4.6 Raman (black) and SERS (red) spectra of control sunflower oil 56

Xii



4.7

4.8
4.9

5.1

52

53

5.4

5.5

5.6

5.7
5.8

59

Baseline corrected (A) Raman and (B) SERS spectra of sunflower
oil. Frying cycle are represented as follow: SO0 (black), SO1 (red),
SO2 (blue), SO3 (green), SO4 (magenta), and SOS5 (yellow)
Schematic for data preprocessing and analysis

RadViz plot of (a) Raman-PCA, (b) SERS PCA analysis. Frying
cycle are represented as follow: SO0 (blue), SO1 (red), SO2 (green),
SO3 (brown), SO4 (magenta), and SOS5 (orange)

Crystallization curve of the oleogels with different concentrations of
wax

Polarized Light Microscopy images of oleogels with different wax
concentrations (2,3,4,5 and 6% wax (w/w) without HIUS (wo
HIUS) and HIUS at different stages: onset (HIUS T,) and mid of
crystallization (HIUS Ty)

X-ray diffraction pattern of oleogels with different wax
concentrations (2,3,4,5 and 6% wax (w/w) without HIUS (wo
HIUS) and HIUS at different stages: onset (HIUS T,) and mid of
crystallization (HIUS Ty)

Oil loss (%) of oleogels without HIUS (wo HIUS) and HIUS at
different stages: onset (HIUS T,) and mid of crystallization (HIUS
Tn)

Rheological data of oleogels (a) elastic modulus and strain scan
curve (b) viscous modulus and strain scan curve (c) elastic modulus
(G") (d) viscous modulus (G”’) values at 0.01% strain for oleogels
without HIUS (wo HIUS) and HIUS at different stages: onset (HIUS
To) and mid of crystallization (HIUS Ty,)

Hardness of oleogels without HIUS (wo HIUS) and HIUS at
different stages: onset (HIUS T,) and mid of crystallization (HIUS
Tn)

Effect of HIUS on the stability of retinyl palmitate in oleogels
X-ray diffraction pattern of retinyl palmitate enriched oleogels
without HIUS (wo HIUS) and with HIUS

Polarized Light Microscopy images of retinyl palmitate enriched

oleogels without HIUS (wo HIUS) and with HIUS

59

61
62

68

72

74

76

71

79

79
80

81

Xiii



5.10

5.11

5.12

6.1

6.2
6.3

6.4

6.5

6.6
6.7
6.8

Rheological data of retinyl palmitate enriched oleogels (a) elastic
modulus and strain scan curve, (b) viscous modulus and strain scan
curve, (¢) elastic modulus (G'), and (d) viscous modulus (G’*) values
at 0.01% strain of oleogels without HIUS (wo HIUS) and with HIUS
Hardness of retinyl palmitate enriched oleogels without HIUS (wo
HIUS) and with HIUS

Oil loss (%) of retinyl palmitate enriched oleogels without HIUS
(wo HIUS) and HIUS

XRD diffractogram of bigels with different oleogel fractions (a)
25%, (b) 40%, (c) 60%, and (d) 75%) and phases: oleogel (molten)
and Hydrogel (gelled)(HO); Hydrogel (molten) and oleogel (gelled)
(OH); Both hydrogel and oleogel in molten phase (BG)

CLSM images of bigel

Liquid loss of bigels with different oleogel fractions (25, 40, 60, and
75%) and phases: oleogel (molten) and Hydrogel (gelled)(OH);
Hydrogel (molten) and oleogel (gelled) (HO); Both hydrogel and
oleogel in molten phase (BG)

Oscillatory sweep of bigels with different oleogel fractions (25, 40,
60, and 75%) and phases: (a) both hydrogel and oleogel in molten
phase (BG), (b) oleogel (molten) and hydrogel (gelled)(HO), (c)
Hydrogel (molten) and oleogel (gelled) (OH), and (d) G’ values of
all bigels at 0.001% strain

Frequency sweep of bigels with different oleogel fractions (25, 40,
60, and 75%) and phases: (a) both hydrogel and oleogel in molten
phase (BG), (b) oleogel (molten) and hydrogel (gelled)(HO), and (c)
hydrogel (molten) and oleogel (gelled) (OH)

Frequency sweep of cake batter by replacing margarine with bigel
Physical observation of cake

Oil migration in cake with replacing margarine by bigel

82

83

83

91

92
93

94

95

97
97

Xiv



LIST OF TABLES

Tables Description Page no
2.1 Range of trans fatty acids in different food products 12
2.2 Daily intake of trans fatty acids in different countries 13
2.3 Solid fat content (SFC), slip melting point (SMP), induction period (IP), 24

and trans fatty acids (TFA) of fats obtained by interesterification process
3.1 IR bands obtained in FT-IR spectrum of Psidium guajava leaves extract 38
3.2 p-Anisidine value of sunflower oil treated with Psidium guajava extract 43
in comparison with BHT and untreated sunflower oil.
3.3 TOTOX value of sunflower oil treated with Psidium guajava extract in 43
comparison with BHT and untreated sunflower oil.
3.4 Toxicity predictions of compounds present in leaves extract with a 46
maximum recommended therapeutic dose
4.1 Raman and SERS band obtained in oil spectra 57
4.2 Peroxide Value of oil 58
4.3 Monounsaturated fatty acid content in oil 59
4.4 Trans fatty acid content in oil 59
4.5 Polyunsaturated fatty acid content in oil 60
4.6 Regression coefficient (R?) values of Raman and SERS-ANN analysis 62
5.1 Onset and Mid of Crystallization temperature for oleogels with different 69
wax concentrations
5.2 No. of crystals, circularity, and area of crystals obtained from the 73
polarized light microscopy images for oleogels processed without HIUS
(wo HIUS) and with HIUS at different stages: onset (HIUS T,) and mid
of crystallization (HIUS Tr)
53 DSC melting parameters, onset temperature (Ton), offset Temperature 75
(Tofr), and enthalpy of melting (AH) for oleogels processed without HIUS
(wo HIUS) and with HIUS
5.4 No. of crystals, circularity, and area of crystals obtained from the 80
polarized light microscopy images for fortified oleogels processed
without HIU (wo HIUS) and with HIUS
6.1 Textural properties of Bigel sample 95
6.2 Textural properties of cakes with margarine replacement 98

XV



LIST OF SYMBOLS AND ABBREVIATIONS

% : Percent

<: Less than

> : Greater than

> : Greater than or equal to
°C : Degree Celsius
Eq. : Equation

g : gram

g L' : gram per litre

h : hour

kg : kilogram

um: micrometer

pL: micro Litre

mm: milimeter

min: minute

meq: mili equivalent
mL: mili Litre

mg: miligram

Pa: Pascal

R?: Co-efficient of determination
rad: radian

s: second

SD: Standard deviation
v: volume

w: weight

XVi



	Final PhD thesis_Tanya_compressed.pdf

