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ABSTRACT

The interactions between starches and the components in spices and herbs have been
poorly studied so far. This study investigated the preliminary effects of thirty-six different
spices and herbs on pasting properties of rice starch. It largely concentrated on the
characterization of a partially purified carom extract (from the dried fruit of the
Trachyspermum ammi plant) and its influence on the structural, thermal, pasting
properties and digestibility of native rice starch. Rheology, differential scanning
calorimetry, size exclusion chromatography coupled with a multi-angle laser light
scattering, zeta potential, hot-stage optical microscopy, scanning electron microscopy
(SEM), and in-vitro starch digestion analysis were carried out to characterise the carom
extract and starch-carom system. The results showed that carom, cumin, fennel,
mulberry leaf, perilla leaf, neem and coriander seed extracts showed peak and final
viscosity-suppressing effect, while mesona, rosemary, green tea, thyme, and clove
extracts showed peak viscosity-enhancing effect on rice starch during starch pasting.
The water-soluble fraction of carom had the highest degree of viscosity-suppressing
effect as compared to other spices and herbs. With increasing concentration of carom,
the peak and final viscosities of rice starch decreased; the onset, peak, and end
temperatures of rice starch increased; and granular swelling of potato starch was
restricted and delayed. The viscosity-suppressing effect was not caused by pH or small
molecular carom compounds such as mineral salts and phytochemicals. A protein
polymer in carom extract with an Mw of ~2.08 + 0.10 x 10° Da and isoelectric point of
~3.5 was found responsible for the suppression effect. The protein fraction completely
denatured at ~83°C. Micrographs of SEM showed that carom protein appeared as
raisin-like clusters. The ability of carom protein to suppress the peak viscosity of starch
was also observed in potato, tapioca, glutinous rice, waxy maize, waxy rice, rice, sweet
potato, maize, wheat, and pea starches, suggesting that the effect was independent of
the source and ratio of amylose to amylopectin. It was proposed that the protein
molecules could be interacting with the starch granular surface and/or starch molecules.
In-vitro starch digestion study showed that dialysed carom extract with rice starch
caused an unusual increment in glucose release. The lower viscosity of the starch-
carom gels and/or a carom enzyme stimulatory effect were proposed to be responsible

for increasing the rapid breakdown of starch.



ACKNOWLEDGMENTS

This thesis and research project would not have been possible without the help and
guidance of several people whom | am in debt to. Firstly, | would like to express my
sincere gratitude to my supervisors A/Prof Kelvin Goh and Dr Lara Matia-Merino for
their continuous support and encouragement during my research work. Their patience,
inspiration, and immense knowledge were awe-inspiring. From the inception of this
project until its completion, their invaluable comments, idea, and guidance were the key

for successful completion of this thesis.

| would specially like to thank A/Prof Goh, who dedicated allot of his precious time
throughout my research work to guide, educate, instigate and motivate me in every
aspect. He was a jovial, creative, and immensely knowledgeable supervisor whom |
truly respect and admire. | consider myself very fortunate and gifted to have carried out
my research work under his supervision. | am extremely grateful to Dr Lara (“profesora
increible”), for | truly admire her “conocimiento” (knowledge), passion, enthusiasm, and
“‘awesomeness”. She was an excellent supervisor who was caring, cheerful, good-

humoured, and efficient. She is a great role model for me and many other students.

My journey in New Zealand was unforgettable and treasurable. | have to thank my
friends: Wen Sheng, Grace, Matthew, Eileen, Seng Guan, Ling Li, Jia Shin, Shao Min,
Wartison, and Standley for adding merriment and glee to my life. | was fortunate to stay
with Allan and Heather McClean, who were one of the most thoughtful, kind and
accommodating people. | am truly grateful to the McClean family. The most important
group of people are the helpful staff of Massey University, which includes Mrs Michelle
Tamehana, Mr Steve Glasgow, Mrs Niki Murray, Ms Fliss Jackson, Mrs Kathy Hamilton,
Mrs Christine Ramsay, Dr Oni Yuliarti, Miss Khoo Poh Li, and Mrs Yvonne Parkes. | am
extremely thankful to all of them for their contribution and help in this project, especially
Michelle, Steve, Poh Li, and Niki. Last by not least, | am indebted to our “starch expert”
Mr Allan Hardacre who shared his expertise and provided guidance in various aspect

of this project.



TABLE OF CONTENTS

F N =T X I 2 O [PPSR 2
ACKNOWLEDGMENTS ..ottt ettt et ettt e ettt e e et e e e e e te e e e e s et e e e aeeeeabeeeeanneeeeaneeeeaneeeanneeeeannns 3
TABLE OF CONTENTS ..ottt ittt ettt ettt e e e s st e e st e e st e e n e e st e snb e e e st een e e an e e an e e enbeenteeaneeeanee 4
LIST OF FIGURES......ci ittt ittt ittt sttt ettt et e et e et e et e e bt e e steeesbeeesb e e asbeeab b e e abeeesbeeesbeeenbeeesbeeereeens 8
I S IO ] e 1Y = I SR 10
CHAPTER 1: GENERAL INTRODUCTION ..o iiiiieeiie ettt e e e e e e e et s e e e e e e e aeeeaannnnn s e e aeaaaannnes 11
CHAPTER 2: LITERATURE REVIEW.......oiiiiiiiii ittt ettt ntte e ntae e ntae e snaeanee e 14
P2 R 11 1o To [8 o1 1o T PSP PP UPPPUPRPTPRN 14
2.2 SPICES AN HEIDS ... e 14
2.3 Carom (TraChySPErmMUM GMIMH) ....eeiiitiieiiiriee ettt e et e e sr e e e nbne e e ssre e e s nnreeenns 17
2.3.1 Classification and CharaCteriSTICS .........uiiiieiiiiiiiiiee e ee e e e e e e e e aeeee e e 17
2.3.2 Traditional medicine and culinary appliCations ...........cccuviiieiiiiiiiiee e 18
2.3.3 ChemiCal CONSTIIUBNT ......eiiieiiiieiei ettt e et e e e e ettt e e e e e ettt e e e e e e ennntneeeeeaenneeeeaeans 19
2.3.4 AQUEOUS EXLrAaCE Of CANOM . ..uiiiiiiie ittt e et e e e e s e e e e e st e e e e e ansnsaeeaeaas 22

2.4 General Properties Of SAICNES ........ccviii it 23
2.4.1 STArCH MOIBCUIBS ...ttt b et 23
2.4.2 MINOT COMPONEIES ...ttt ittt ettt ettt e ettt e et e ekt e e ebt et e et e e e e e e e et e e s et e erneeenanees 24
2.4.3 TYPES OF SLAICHES ... et e e e e e e e s et e e e ennn e aeeaeaan 25
2.4.4 Starch Pasting PrOPEITIES ...cciiuuiiiie e ettt e ettt e e s r e e e e s et a e e e e st ae e e e e s antaaaeaeessnnseaaeeeans 26
2.4.4.1 Starch PastiNg CUINVE........uuii ittt ettt et e e eneee s 26

W N o Yo | = 1[I RSSO 27
P e R 1= - 11 1 72= 11 (o] o PO USRS 27

N o T 1 o USSR 27
P B Sl =Y (== 1 (o [0 o U T TR 28
2.4.4.6 Retrogradation & gelation ...........coiiiiiiiii i 28

2.4.5 Characterization techniques for StarChes...........cooiviiiiiiic e 28
2.4.5.1 RheO0lOQICal PrOPEITIES ...cooiiveiieee e et e et e e e e e e et e e e e e s s e e e e e e anb e e e e e e e e nnseees 28

2.4.5.2 TREIMAI PIrOPEITIES . ..viieiiiii ittt e et 29

2.4.5.3 SHUCLUIAl PrOPEITIES ..eeii e ettt e ettt e et e e e e e e e st e e e e e s et a e e e e e e asaaaeeeeeannsneees 29

2.5 Starch-Spice/Herb Interactions and COMPIEXES ........coocviiiiiiiiiiiiiiie e 30
2.6 Starch-Saccharide Interactions and COMPIEXES ..........uuviieeiiiiiiiiee e 31
2.6.1 EffeCt Of SIMPIE SUGAIS ....oiiii ittt e e e e e st e e e s et e e e e e arreaaeaeaas 31
2.6.2 Effect of non-starch polysacCharides ... 33

2.7 Starch-Protein Interactions and COMPIEXES .....oviieiiiiiiiiiie et 34
2.7.1 Proteins in SpiCes and NErbS ........coocuiiiiiiiii e 34
2.7.2 INCIEMENE IN VISCOSILY ...vvvvveieieiiieiit e e e s sitittee e e e e s ettt e e e e e e s st e e e e e sana b e e e e e e s sntaaaeeeeesansnsaeeeansrnneeaeens 35
2.7.3 DECIEMENT IN VISCOSILY ..ccuvriieiiiiie it rtt ettt ettt ettt e ettt sere e e s 35



2.8 Starch-Phytochemical Interactions and COMPIEXES ......ccceviiiviiiieeeiiiiiiiie e 37

2.8.1 Classification of phytOChEMICAIS ..........viiiiiei i 37
2.8.2 Starch-tea phytochemical INtEraCtioNS ............c.ociiiiiiiiiiiii i 38
2.8.3 Starch-sorghum phytochemical INteraCtionS ............cccuiviiieiiiiiiiiie e 39
2.8.4 Starch-botanical exXtract INTEraCONS ..........ooiiiiiiiii e ae s 40
2.8.5 Starch-pure phenolic compound INtEraCHIONS .........cceiiviiiiie e 40
2.8.6 Starch-pure monoterpenoids INtEraCtioN .............coiiieiiiiiiiii e e e e e e e e e 42
2.9 Effect of Mineral Salts on Starch Pasting Propertie€s ...........coccueevieeiiiiiieee e 43
2.10 Effect of pH on Starch Pasting Properti€s .........ccccuuuiiiiiiiiiiiiiiiiiiesieeee e 44
2.11 Influence of Spices and Herbs on Carbohydrate DIgestion ............ccccuvvveeeiiiiiieie e 45
2.11.1 ANti-ENZYMALIC PIrOPEITIES ....viiiiiiiiieii et e et e e e e aaeeaaaeaaeaeeaeaaaaes 45
2.11.2 Digestion Stimulating @CHION ........cceiiiciieiiie e e e e s e e et er e e e e s eraeessnnnnaeeeeeas 46
2.11.3 Naturally-0CCUITiNg @MYIASES ......cccvviiiiiiiieiiie it 48
CHAPTER 3: GENERAL MATERIALS AND METHODS ..ottt 49
10 R 11 1o To [8 od 1o o T PP OUPRPTRTN 49
T - 1= g =1L R POPPPRRRN 49
3.3 Re0l0giCal MEASUIEMENTS.......eiiii it e et e e et e e e e e e e e e e s et e e e e s e e st e e e aeeeasteneeaeeeenneees 50
3.4 Hot-Stage Optical Microscopy (HSOM) ANAIYSIS .......uviiiiriiiiiiieiiiiie et 51
CHAPTER 4: SCREENING THE EFFECTS OF SPICE AND HERB AQUEQOUS EXTRACTS ON
PASTING PROPERTIES OF RICE STARGCH ...ttt 52
I oo T [ o o T o OSSPSR 52
4.2 Materials and METNOAS .........oii it e e e e e e e s teee e e e e aees 53
2.0 MALEIIAIS ...ttt h et R et e e e 53
4.2.2 Spice / herh eXtraCtioN PrOCESS .....uuuiiiiiiiiii ittt reeeaeeas 54
4.2.3 Sample preparation for rheological MEeasUremMeNt ............coouvieriiiiiiiiie e 54
4.3 RESUILS AN DISCUSSION .....ctieiiiiiiiiiee e ettt ettt e e e e bttt e e e e e s bbbt e e e e e s aabbe e e e e e e e anbbeeeeeeesanneeaeeeaannes 56
4.3.1 Influence on starch pasting ProPerties .........cocuvieiiiiiiiiiii et 56
4.3.2 Classification of SpICeS and NEIDS ........uviiiiiiiiiii s 59
4.3.3 Effect of MaCrOMOIECUIES ...t e e e e e e e e ennaeeeas 59
4.3.4 Effect of phytOChEMICAIS ........uiiiiiiiiiiiiii e e e e e e as 60
4.3.5 Effect of naturally-0CCUrring amMVYIASES ........ccoiiuiiiiiiiiieiiii ettt 61
4.3.6 EFfECT OF PH . oeiiiiiiiei et 62
N @ o] o [od [ U1 (o] o DO RUTTUPPPPRPNE 62
CHAPTER 5: THE EFFECT OF CAROM EXTRACT ON THE PASTING, THERMAL AND
STRUCTURAL PROPERTIES OF RICE STARCH ..ottt ettt e e 63
ST R Vo1 1o To [8 od 7o o TSRO PPPRPTRRN 63
5.2 Materials and METNOUS ........oi it e e e e e e e e e ettt e e e e e anteee e e e ennneeeens 63
N R V= L (=1 - | D PRSP UPRPP 63
5.2.2 Carom eXtraClion PIrOCESS .....coiuueiiiiireieiitite ettt e e et e e st e et e e e b e e e st et e sb e e e et e e e aer e e e s eereennees 63
5.2.3 Determination of the fraction responsible for viscosity suppression of starch ........................ 65



5.2.4 Chemical composition of freeze dried carom eXtract ............cccvveveeeiiiiiiiie e 65
5.2.5 Determination of the effect of carom concentration on pasting properties of rice starch........ 66
5.2.6 Determination of the effect of carom concentration on thermal properties of rice starch ....... 67

5.2.7 Determination of the effect of carom concentration on structural properties of rice starch ....67

5.3 RESUIS @NU DISCUSSION ...ciitiiitie ettt ettt e e ettt e e e e e et be e e e e e e ambeeeeaeeeeannnbeeeeanneneeas 68
5.3.1 Effect of different carom fractions 0n Starch ...........ccccoveiiiiii e 68
5.3.2 Chemical composition Of CAromM ©XIracCt ............coooiiiiiiiiiiiii e a e e e e e e e e 69
5.3.3 Effect of carom extract CONCENTIAtiON............cuuiiiiiiieiiii e 70

5.3.3.1 Rheol0giCal PrOPEITIES ...uuviiiiiiiiiiiiiiee e e e e e e e e e e e e e e e e e e e aaaas 70

5.3.3.2 ThErMal PrOPEITIES ....eviie ettt et e e e e e e e e e e nb e e e e e s eennnneeeeeeansnees 71

5.3.3.3 SUCLUIAl PrOPEITIES ...eveeiiiiiiiiieee e e e e e e e e e e e e e e e e s e e 74

S o] o (o] 1] T o O TSP POUP T PUPPPPPRPPPRN 76
CHAPTER 6: THE EFFECT OF SMALL MOLECULAR COMPOUNDS ON THE PASTING

PROPERTIES OF RICE STARGCH ...oiiiitiiieiite ettt et e sttt et e e e snte e e s nnaeeeansaeeeansaeeeanneeeeanneeanns 77

(S [ a1 7o o [8 [ox 1 o] o DT TSP UUT PO PPPPPRPPTI 77

6.2 Materials and METNOUS ........ci i e e e s et e e e e e s st e e e e e e anneeeeeeannnenees 77
B. 2.1 IMLEIIAIS ...ttt e et e e e e bt e e e e e e b b e e e e e e e e e e e e e e aeaas 77
6.2.2 Determination of the effect of pH on rice Starch..........cccccoooiiii 78
6.2.3 Determination of the effect of mineral salts on rice starch............cccoooiiiiiiii e, 78
6.2.4 Determination of the effect of phytochemicals on rice starch ............cccoociniiiii 79

6.3 RESUIES @NU DISCUSSION ...ttt ettt ettt e e e s e et e e e et e e e e e e e anbbe e e e annneeeas 80
6.3.1 Effect of aCids and DASES .........uuiiiieiiiee e 80
6.3.2 EffeCt Of MINEIaAl SAITS ......ooiiiiiiiie e ee e 81
6.3.3 Effect of PhytOCNEMICAIS .......ccoiiiiiiiiic e 83

LT o 1 ][ 1153 o o SR 86

CHAPTER 7: CHARACTERISTICS OF CAROM POLYMER AND ITS INTERACTION WITH
DIFFERENT STARGCHES ..ottt ettt ettt e e e bt e e st e et e et e s nnae e e e 87

4% 1 7o To [8 [ox 1 o] o HU PRSP PRRP 87

7.2 Materials and MENOGS .......coueii ittt e bt e e e atne e e 87
Y == g OO 87
7.2.2 Dialysis (dialysed Carom ©XIrACE) .......uuvieeeiiiiiiiiee s e et e e e e s e e e s e e e e e e reraeae s 88
7.2.3 Protein hydrolysis (protease-treated Carom eXIract) ...........uuuvereriieiiiiiiiiiiiiiiiieeiieeeeeee e 88
7.2.4 Determination of the effect of pH on carom extract ...........cccccvveeiieiiiiiiie e 90

7.2.4.1 ViSUAI ODSEIVALION ...t e e e e e e e e e e e e enneeeeas 90
7.2.4.2 Isoelectric point Of CArom ProteIN .........cceiiiiriiii et e 20
7.2.4.3 Pasting properties using “pH-treated carom extract” ..........cccccceeeiiiiiiiiee i 90
7.2.5 Determination of the effect of heat on carom extract............cccceiiiiiiiiiii e 91
7.2.5.1 Structural characteristics of heated carom Protein.........ccccccvvieeeeeiiiiiiee e 91
7.2.5.2 Pasting properties using heat-treated carom eXtract .............eeeeeeiiiiiiiereeiniiiiieeee e, 91
7.2.6 Determination of the effect of carom extract on different starches ............ccccccceviiiiininn 92



7.2.6.1 Rheological MEASUIEMENT .......iiiiiiiiiiie et e e e e ee e e e e s et r e e e e s et aeeeeaenneees 92

7.2.6.2 Hot-Stage Optical Microscopy (HSOM) ANAIYSIS .......uuviieiiiiiiiieieeeiiiiiie e e e e eiiviee e 92

7.2.7 Determination of structural characteristics of starch-carom system during pasting ............... 92

7.3 RESUIS @NA DISCUSSION ...ccutiiteiiiie etttk e ekttt e e s et e st et e e ssbb e e e st et e e aeeesabneeeane 94
7.3.1 Effect of dialySed Carom @XIraCT...........ueiiiiiiiiiiiei e 94
7.3.2 Effect of protease-treated Carom ©XraCl...........uvviieiiiiiiiieie e e e 95
7.3.3 Structural characteristics Of Carom ProteiN...........coooeiiiiiiiiii e e e e aa e 97
7.3.4 Effect Of pPH ON CArom EXITACT. ... ...cci it ee e e e e er e e e e s annaeeeeaas 98
7.3.4.1 Isoelectric point of CaromM Protein .........cooiiiiiiiiicc e e e e e e e e e e e e e e e 98
7.3.4.2 Effect of pH-treated carom extract on starch pasting.........ccccccveeeiiiiiiiiee e 99

7.3.5 Effect of heat 0N Carom ProteiN..........coooiiiiiiiiii e e e e e e e e e e e e e e 101
7.3.5.1 Effect of heat treatment on the structure of carom extract...........cccccovvveiiiiieiiiecnninnn, 101
7.3.5.2 Effect of heat-treated carom extract on starch pasting .........cccccovcvvveriiiieiniiie e, 101

7.3.6 Effect of carom extract on different StarcChes ... 102
7.3.6.1 RheO0Il0QiCal PrOPEITIES ....coieiieieie e ettt e e e e e e s e e e e e s e nnae e e e e e e e nnrees 102
7.3.6.2 Morphology of different starch granules using light MiCroSCOPY .........ccccoviiiiieeeeeiiiinnnn. 106

7.3.7 Morphology and microstructure of rice starch-carom mixtures examined by SEM .............. 110

7.4 Prop0oSed MECNANISIM .....viiiiiiiiiiiii e e e e e et e e e e e e e e e e e e e e eeaaessaesennnnnnes 113
7.5 CONCIUSION ...ttt et e e e h bt e e st e e st e e eab et e e enb e e e anbe e 115
CHAPTER 8: EFFECT OF CAROM ON STARCH DIGESTION......ciiiiiiiieiiie it 116
LS R a1 (0o [8 o1 1 To ] o TP U PR PUPP T ROUPRPPRR 116
8.2 Materials and MENOGS .......cuuiiiiiii ittt e e e 116
8.3 RESUILS @Nd TISCUSSION ...ceeiiieiiiiie ettt ettt e e ettt e e e e e ettt e e e e e e antee e e e e e e eannnaeeeeanneees 120
8.3.1 IN-VItro StarCh digeSTiON .......cooiiiiiie et e e e e e e e e e e aaeens 120
8.3.2 Potential nutritional @ppliCAtIONS..........coiiiiiiiiiic e 123

S N o] (o] 1] T PSP SUPRPRRN 123
CHAPTER 9: CONCLUSION & RECOMMENDATIONS ......uiiiiiiiiiteie e 124
LS R @] (o] [ 1] T PSP ROUPRPRRN 124
9.2 RECOMMENUALION ...ttt bttt bt e e et e e e kbt e e et bt e e aabe e e e anbb e e e enneeenabeeeaa 126
REFERENGCES ... eoiitii ittt ettt et ettt et e ekt e e bt e e bt e e a bt e aabe e e st e e esbe e et beeabeeeabeeeebeeabeeenbeeeteeanes 128
APPENDICES ..o ettt ettt ettt e et e e e e e ettt e e e st e e e s e e e e ettt e e e R et e e e R ae e e e aReeeeannteeeeateeennteeeennneeeaas 138



LIST OF FIGURES

Figure 1la: The Trachyspermum ammi plant and flower..............oooi s 17
Figure 1b: Carom, the schizocarp (dry fruit) of the Trachyspermum ammi plant, used as a spice........ 17
Figure 1c: Omum water, a home remedy concoction made solely from carom aqueous extract......... 17
Figure 1d: An Indian traditional medicine, Gasex Syrup, containing CarOmM...........c.oceveieiiieiraninanns 17
Figure 2a: Mirch Ajwain Paratha, an Indian pan-fried bread made from wheat flour and carom. A common
staple IN NOMN INAIA. ... e e ees 19

Figure 2b: Omumpodi Muruku, an Indian deep-fried snack made from chickpea flour, rice flour and
[0 0] 1 o PPN 19
Figure 2c: Ajwain Samosa, an Indian deep-fried stuffed pastry made from flour and carom. A common
SNACK TN INTIA. e e 19
Figure 2d: Ethiopian Berberé stew, made from carom and other spices. Berberé is a key ingredient in
EtNIOPIAN CUISINES. ...t e et 19
Figure 3: Schematic representation of the different structural levels of the starch granule and the
occurrence of amylose and amylOPECTIN. ... ...t 23
Figure 4: A typical starch pasting curve of native rice starch.............cccoooiiiiii i 26
Figure 5a: Fresh Mesona (Platostoma palustre) I@aVES..........c.veiiiiiie e 30
Figure 5b: Mesona herb (dried Platostoma palustre leaves and StEMS)...........oevveiiiiniiiiiiiieninene 30
Figure 5c: Hard grass jelly, a dessert made from Mesona and starch mixture....................ccooeeni 30
Figure 6: A highly schematic presentation of the structure of starch-Mesona gel............................. 31
Figure 7: Parameters and settings for the rheological measurement of starch systems using a Paar
Physica Rheometer with @ StarCh Cell...... ... e 50
Figure 8: Extraction process to obtained filtered aqueous extract of the spices and herbs................. 54
Figure 9: Sample preparation procedure for rheological measurement...............cccoceveiiiiiiiieniinenens 55
Figure 10: The viscosity-suppressing effect of 80% (w/w) filtered liquid (aqueous) extracts of different
spices and herbs on the pasting properties of 10% (w/w) native rice starch.......................coil. 57
Figure 11: The viscosity enhancing effect of 80% (w/w) filtered liquid extracts of different spices and
herbs on the pasting properties of 10% (w/w) native rice starch.............cooooeiiiiiiiiiiiiii e, 58
Figure 12: Extraction process of carom to produce filtered liquid carom extract (LCE) and freeze-dried
CArOM EXIFACE (FDCE). ... ettt e ettt 64
Figure 13: The four different fractions obtained after the centrifugation of 15% (w/w) carom mixture at
B 0100 o T o i T T = L 64
Figure 14: The effect of Fractions A, B and C of carom extraction process on the pasting properties of
10% (W/W) NALIVE TICE STANCI. ...ttt 68

Figure 15a: The effect of FDCE concentration on the pasting properties of 10% (w/w) native rice starch
Figure 15b: The effect of FDCE concentration on the peak viscosity of 10% (w/w) native rice

1S3 2= 1o o O OO PPUPPPROPPR 70
Figure 16: Thermal properties of 10% (w/w) native rice starch at varying liquid carom extract
concentration (0%, 1.6%, 8%, 16%, 32%, 80% and 90%) (w/w) using the DSC...................cccoeeeenne. 71

Figure 17: Hot stage micrographs of 1.5% (w/w) potato starch with 0.0, 1.7, 3.5, 7.0 and 14.0% (w/w)
freeze-dried carom extract dispersed in water was heated from 50°C to 90°C at the rate of 19°C/min..72
Figure 18: The effect of acidic pH (3 — 6) on 10% (w/w) rice starch in comparison to 10% (w/w) native

rice starch with 80% (w/w) Liquid Carom Extract (LCE) at pH 5.89.......cccoiiiiiiiiiiiieees 80
Figure 19: The effect of neutral and alkaline pH (7 — 9) on 10% (w/w) rice starch in comparison to 10%
(w/w) native rice starch with 80% (w/w) Liquid Carom Extract (LCE) at pH5.89..........cccovvvivinininnn.n. 80
Figure 20: The effect of 0.0% (0M), 5.6% (0.5M) and 11.1% (1.0M) calcium chloride on 10% (w/w) rice
£ €= Lo T (25 TR PP 82
Figure 21: The effect of 0.0% (OM), 2.9% (0.5M) and 5.8% (1.0M) sodium chloride on 10% (w/w) rice
1S3 2T T () 82
Figure 22: The effect of 0.0% (0OM), 7.1% (0.5M) and 14.2% (1.0M) sodium phosphate on 10% (w/w) rice
ST (RS ).ttt 82

Figure 23: The effect of 0.0% (0M), 0.9% (0.1M) and 4.8% (0.5M) magnesium chloride on 10% (w/w)
OS] = T o o T 85 82

Figure 24: The effect of 0.0% (0OM) and 4.8% (0.1M) ferrous gluconate on 10% (w/w) rice starch (RS).
Figure 25: The effect of 0.0% (OM), 3.7% (0.5M) and 7.5% (1.0M) potassium chloride on 10% (w/w) rice
£S3 =T T (8 82



Figure 26: The effect of 0.6% and 6.0% (w/w) thymol on 10% (w/w) rice starch (RS)....................... 84

Figure 27: The effect of 0.6% and 6.0% (w/w) tannic acid on 10% (w/w) rice starch (RS)................. 84
Figure 28: The effect of 0.6% and 6.0% (w/w) p-cymene on 10% (w/w) rice starch (RS).................... 85
Figure 29: The effect of 0.6% and 6.0% (w/w) S-limonene on 10% (w/w) rice starch (RS)................ 85
Figure 30: The effect of 0.6% and 6.0% (w/w) y-terpinene on 10% (w/w) rice starch (RS)................. 85
Figure 31: The effect of 0.6% and 6.0% (w/w) saponins on 10% (w/w) rice starch (RS).................... 85
Figure 32: The effect of 80% (w/w) dialysed liquid carom extract (LCE) (0 hours, 48 hours, 72 hours and
1 week) on the pasting properties of 10% (w/w) rice starch (RS)..........ccoooiiiiiiiiiiiiiiiieene 94

Figure 33(a-f): Effect of protease treatment of liquid carom extract for 0 hours (33a and 33b), 1 hour (33c
and 33d) and 24 hours (33e and 33f) on the changes in molecular mass distribution (33a, 33c and 33e)

and its corresponding changes in rice starch pasting properties (33c, 33d and 33f)................... 96
Figure 34: Scanning electron microscope images (5pym and 10pm) of polymers identified in dialysed (24
hours) 10% (w/w) carom extract SOIULION. ... ... . i 97
Figure 35a: SEM image of coagulated whole milk. The matrix was casein “sponge" (white) with milkfat
GIODUIES (YEIIOW). .. et et e 97
Figure 35b: SEM image of soy cheese spread sample SCS-B, which was made by lactic acid bacteria
fermentation method and modified by papain.............oooiiiiii e, 97
Figure 36: Zeta potential (mV) measurement at 20 °C of diluted liquid carom extract samples with pH
adjusted DEtWeen 2 and L0. ... ... e 98
Figure 37: Visual appearance of liquid carom extract with changing pH from pH2.0topH 9............. 99
Figure 38: The effect of pH-treated (pH 2-5) liquid carom extract (LCE) on pasting properties of rice
L5325 100
Figure 39: The effect of pH-treated (pH 6-9) liquid carom extract (LCE) on pasting properties of rice
SEAICN (R ) ..ttt e 100
Figure 40: SEM images (10, 20 and 40um) of dialysed (24 hours) 10% (w/w) freeze-dried carom extract
solution with and without heat treatment (90°C for 5 mins).........ccoooviiiiiiiiii e 101

Figure 41: The effect of preheated (20, 40, 60, 70°C) liquid carom extract (LCE) on pasting properties of
FICE STAICI (RS ... et 102
Figure 42: The effect of heat preheated (20, 80, 83, 85, 100°C) liquid carom extract (LCE) on pasting
properties Of riCe STArCH (RS). ... ... e 102

Figure 43(a-j): The effect of liquid carom extract (LCE) on different starches (potato, tapioca, glutinous
rice, waxy maize, waxy rice, rice, sweet potato, maize, wheat, and pea) with varying amylose
[0 0] 1= 0 | P 103
Figure 44: The viscosity difference in the peak and final viscosities of rice starch and rice starch-carom
system for different starches (potato, tapioca, glutinous rice, waxy maize, waxy rice, rice, sweet potato,

=PI 1= U= U To [ 0T 105
Figure 45: Hot stage micrographs of 1.5% (w/w) tapioca starch with and without 3.5% (w/w) freeze-dried
carom extract dispersed in water was heated from 50°C to 90°C at the rate of 19°C/min......... 107

Figure 46: Hot stage micrographs of 1.5% (w/w) sweet potato starch with and without 3.5% (w/w) freeze-
dried carom extract dispersed in water was heated from 50°C to 90°C at the rate of 19

7 01 o 107
Figure 47: Hot stage micrographs of 1.5% (w/w) potato starch with and without 3.5% (w/w) freeze-dried
carom extract dispersed in water was heated from 50°C to 90°C at the rate of 19°C/min................. 108
Figure 48: Hot stage micrographs of 1.5% (w/w) wheat starch with and without 3.5% (w/w) freeze-dried
carom extract dispersed in water was heated from 50°C to 90°C at the rate of 19°C/min................. 108
Figure 49: Hot stage micrographs of 1.5% (w/w) maize starch with and without 3.5% (w/w) freeze-dried
carom extract dispersed in water was heated from 50°C to 90°C at the rate of 19°C/min................. 109
Figure 50: Hot stage micrographs of 1.5% (w/w) pea starch with and without 3.5% (w/w) freeze-dried
carom extract dispersed in water was heated from 50°C to 90°C at the rate of 19°C/min................. 109

Figure 51: The pasting curve of 10% (w/w) rice starch (RS) with and without 80% (w/w) liquid carom
extract (LCE), with six temperature points (50, 72, 85, 95, 25°C and 5°C) at which aliquots were sampled

FOr SEM @NaAlYSIS. ..ottt 110

Figure 52: SEM images (10 um and 20 ym) of 10% (w/w) rice starch with and without 80% (w/w) liquid
carom extract diSPersed iN WalEr . ......... e 111
Figure 53: A schematic diagram of the proposed mechanism of the starch-carom system............... 113
Figure 54: In-vitro gastrointestinal digestion Model....... ..o 117
Figure 55: The rate of glucose released (average of duplicates) during in-vitro starch digestion of rice
starch samples and rice starch-carom samples prepared at two different temperature settings......... 120



LIST OF TABLES

Table 1: Major chemical components and health properties of 36 different spices and herbs. .............. 15
Table 2: Composition Of WhOIE CArOM .........vuiiiieie e e e e e e e e e e 20
Table 3: Quantitative (%) phytochemical evaluation of Carom ...........ccccooeciviiiee i 20
Table 4: Major chemical composition (%) of carom’s essential Oil .............ccccoociiiiiiiiiic 21
Table 5: Classification and solubility of main phytochemicals in carom essential Oil ..............cccccevennee. 21
Table 6: Characteristics and properties of COMMON StArCNES ............uviiiiiiiiiiiiiiiiiee e 25
Table 7: Polyphenol content of COMMON fOOUS .......coooiiiiiiii e a e 38
Table 8: Effect of eleven phenolic compounds on wheat starch pasting properties ............cccccceeeeeeein. 41
Table 9: Examples of monoterpenoids that form complexes with amylose ..........cccccccvvviiiiiie e, 42
Table 10: Amylase activity found in VarioUS SPICES .....eiiiiiiiiiiiie e et e s 48
Table 11: The types of spices and herbs used and their SOUICEeS. ..........ooccueeieiiiiiiiiiiee e 53
Table 12: Viscosity-suppressing and enhancing effects of 36 spice and herbal extracts on rice starch 56
Table 13: Methodology used for the chemical composition analysis ..........ccocvveiiiieiiiieie e 66
Table 14: Chemical composition of freeze-dried Carom eXtracCt ..........ccccveviiiiiiiiiieee s 69
Table 15: pH value of different SAMPIES ......ovvviiiiiiiie e e e e e e e e e e e e 80
Table 16: The types of starches used and their SOUICES. .........ccooiiiiiiee i 87

10





