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ABSTRACT

The global skincare industry offers a wide range of products, however, these products
are possible sources of human exposure, to endocrine-disrupting chemicals. Thus, this
thesis is a pioneering research on the locally grown Curcuma caesia that has been
used as a traditional folk medicine but has not been extensively studied, by optimizing
its extraction parameters, fermentation parameters and the preparation of anti-acne
soap and anti-acne cream from its fermented extract. Deionized water is the solvent of
choice based on its halal, safe and abundance nature. The 2,2-diphenyl-1-
picrylhydrazyl (DPPH) scavengers were extracted using the ultrasonic water bath and
its suitable extraction frequency was selected based on a one factor at a time (OFAT)
study. It can be stated that pH and temperature significantly influenced the extraction
yield of phenolics from C. caesia and improved the DPPH scavenging activity of the
extracted bioactive compounds. The optimization study with varying extraction
temperature, pH and time using face centered central composite design (FCCCD)
under response surface methodology (RSM) showed that pH 6, a temperature of 60°C
and an extraction time of 30 minutes was the most efficient extraction parameters that
exhibited high yield of phenolics and high DPPH scavenging activity. A total number
of 20 experimental runs with 6 centre points were carried out. The obtained results
were analyzed using design expert and statistical validation indices to check the
adequacy of the obtained quadratic models. The analysis of variance (ANOVA)
showed that more than 97% of the variation was explained by the models, hence, there
was a good agreement between experimental and predicted data at optimum
conditions. All the independent variables had a significant effect (p<0.05) on all
responses which indicated that all extraction parameters employed in this study were
important in the optimization process. The R? value for DPPH scavenging activity was
0.9782, suggesting that the quadratic polynomial models developed were satisfactorily
accurate to be used in analyzing the interactions of the parameters (response and
independent variables). The Plackett Burman experimental design was employed in
searching for significant media components that influence DPPH scavenging activity
amongst the 11 chosen variables and they were optimized using FCCCD by Design
Expert software version 6.0.8. Yeast extract, peptone and sucrose were found to be the
critical factors influencing DPPH scavenging activity. Optimum DPPH scavenging
activity with these factors was deduced using FCCCD. The highest DPPH scavenging
activity of 84.25 % was obtained when concentration of yeast extract, peptone and
sucrose was at 7, 8 and 10 (g/L), respectively with C. caesia concentration of 2 %
(v/v) and L. plantarum concentration of 2 % (v/v). The supernatant of the optimized
media was used to measure the 5-lipoxygenase (5-LOX) inhibition activity as an
indicator of anti-inflammatory activity present in the supernatant and the mean
activity recorded was 76.84%. Twenty respondents with acne vulgaris were selected
to test the efficacy and safety of the anti-acne facial soap and cream formulated from
the fermented C. caesia supernatant. A split face trial was carried out daily for seven
days period. Significant lesion improvements and reduced numbers of acne lesions
were observed on the treated side of the face. No erythema, burning, stinging, scaling,
drying or edema of the skin or exacerbation of the pre-existing acne were recorded. A
student’s paired t-test was carried out to test the reliability of the results and the
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obtained p value of less than 0.05 indicates that the result is significant and that it can
be replicated in a larger population.



Eoudl Lo

bzl oda OB (23 ey 82l Blal Sl s danly dogest piad £ (RUP
(JWly il e cleall sasll SllasY s L3S Sk Bl slas »
U= ¢ o1 (Curcuma caesiay sy (S @ 1)) et 2 Al sda 06
el Gl e w08 | oSy (i grd el aalasand & ol
o Pl b slas o ol Oplo piady pesd) leeg (S las e
Vg O b e 2l fadll 0l g2 SUall pape sl L sl calss
sl bl agsall Slasl plasizaly (DPPH) mes plasiza) ¢g L 35l
O Jsill oy e JS 3 ol il iy b e 338l Dozl F 55U
38 oSS 3 e Vgl absin o 1S ISy 35 Bl dapedl dnys
bly alaid) dmgdodl SASH e dalsandd DPPH ) ¢ pis blis (et
Al Bbged) Boryng B Ay ot (SN (3 o8 i) e 2]yl
B OKE BVl dmgd By (SN S el By plisial,
AT sl 228 30 5l eVl gy Bigte By 60 31> 30y59 6 somg Al
e 3 dle Blasy oVl e Ble Bls) oopebly 3UST plpn¥l oMles
&) @ W& ashe b 6 me 1,4 20 Ul sae dus ¢ (DPPH,)
WS e siil) Al V) il Sl By el e plistils Lpds Jpad
o 1T e STOT Gl JE bl 8y Lede Jsad) @ 3 mn ) 3L
Gl UL Cp der 315 dls O (JUly (3Ll danly Al F e
He (0.05p <) aimn 6T U O Uiz Sl a2 g Lo (3 ani el
ST Al el 3 Redsnd) lpaa Yl SMalas aon of e Juy e
Al sz & (0.9782 DPPH bLlad R?) i il el dos 3 Loge
0 JSKis 423 Sl Lapslas & ) sgudl Soaane gl Z3Ll O



ool plloinl & (Al Ollly DY) bkl odels UL 3
blas o 8 tage biloy oUsSa o el @ il Plackett Burman
FCCCD plascnl i &9 3l 11 0 il o o0 DPPH s
et gid ¢.6.0.8 s Design Expert jamd) peadl zoliy danly
e blis Jo g ) ael sl e 08 50 Sls Osndly Spasil] el
el Julgall oda a0 DPPH ) 1231 ) blis plz) ¢ (DPPH,
Le 7.84.25 wnsy DPPH =4 blas el Je Jsad) ¢ FCCCD
Ml e (A o) 105857 e 5 Slly Ognlly ad oz 555 0
L.y 555 tey (P g | LI 555) 72 2y 350¥) oSS 225 355 e
Loslsll 23ll) 53l plasszal & (L) o [ BL1 5y 1.2 (plantarum
e 335" (5-lipoxygenase (5-LOX)) eVl Lys blas i asdd
76.84 Joed) bladl) Lawgze 0y adlall 55U (3 593 skl OlgDU sLall bLad
2y Ol B0luy Bl LY Ol (g oplas Lot i Lol @
F oSS a4 e bl Sasdl Bledl e panall OLEN G sLall syl
cobligly LoV 3 xS e Lamgd alT e Sl Gegy amd) Je )l o))
o Sl @l o o d el e FLL W e CLE)l (o g sl
Mo 2gomsll L) Com S5 g A & 8 o DSl T 2 o S 5 G
Py adleV aedly <kl a3gse LY Il gl (b)) lal el £
oS aly dage Bmgzd) OF I 125 0.05 o BT Lede Jsadl ¢ g1 (value

) e ST e 3 S



APPROVAL PAGE

The thesis of Siti Fathimah Putery Jemain has been approved by the following:

Parveen Jamal
Supervisor

Irwandi Jaswir
Co-Supervisor

Raha Ahmad Raus
Co-Supervisor

Azura Amid
Co-Supervisor

Mohamed Elwathig Saeed Mirghani
Internal Examiner

Awang Ahmad Sallehin bin Awang Husaini
External Examiner

Tan Chin Ping
External Examiner

Mohamad Nagib Eishan Jan
Chairman

Vi


https://www.unimas.my/researcher/teacher/professor-dr-awang-ahmad-sallehin-bin-awang-husain
https://www.unimas.my/researcher/teacher/professor-dr-awang-ahmad-sallehin-bin-awang-husain

DECLARATION

| hereby declare that this thesis is the result of my own investigations, except
where otherwise stated. | also declare that it has not been previously or concurrently
submitted as a whole for any other degrees at IIUM or other institutions.

(Siti Fathimah Putery Jemain)

SIGNALUNE ..o Date ..c.oooeiieeeee e

vii



INTERNATIONAL ISLAMIC UNIVERSITY MALAYSIA

DECLARATION OF COPYRIGHT AND AFFIRMATION OF
FAIR USE OF UNPUBLISHED RESEARCH

OPTIMIZED EXTRACTION AND FERMENTATION
PROCESSES OF CURCUMA CAESIA EXTRACTIVE ON
ANTIOXIDANT ACTIVITY FOR POTENTIAL APPLICATION IN
COSMECEUTICALS

| declare that the copyright holders of this thesis are jointly owned by the student and
[HUM.

Copyright © 2021 Siti Fathimah Putery Jemain and International Islamic University Malaysia. All
rights reserved.

No part of this unpublished research may be reproduced, stored in a retrieval system,
or transmitted, in any form or by any means, electronic, mechanical, photocopying,
recording or otherwise without prior written permission of the copyright holder
except as provided below

1. Any material contained in or derived from this unpublished research may
be used by others in their writing with due acknowledgement.

2. 1IUM or its library will have the right to make and transmit copies (print
or electronic) for institutional and academic purposes.

3. The INUM library will have the right to make, store in a retrieved system
and supply copies of this unpublished research if requested by other
universities and research libraries.

By signing this form, | acknowledged that | have read and understand the 1HUM
Intellectual Property Right and Commercialization policy.

Affirmed by Siti Fathimah Putery Jemain

Signature Date

viii




ACKNOWLEDGEMENTS

Bismillahirrahmanirrahim. Alhamdulillah. Selawat and salam to our Prophet s.a.w. By
Allah’s grace this research was done and completed with the continuous tireless
guidance, unconditional love and support from my supervisor, Prof Dr Parveen Jamal.
I will be forever indebted to her. My deepest gratitude goes to her. | would also like
to thank Prof Dr Irwandi Jaswir, A.P. Dr Raha Ahmad Raus and Prof Dr Azura Amid,
Prof Haseeb and especially Sr. Nooraidah Mustaffa for the generosity and dedication
in easing the process of research.

It is my utmost pleasure to dedicate this work to my dear parents, Hj Jemain
and Hajjah Mariam and my family — my husband — Mustafa and my children —
Shahida and Aman and my distant family — Lisa and Ridwan and Kake who granted
me the gift of their unwavering belief in my ability to accomplish this goal. Thank
you for your endless support, doa and patience. And especially to Shaykh
Muhammad Adil, Shaykh Adnan, Shaykh Baha, Ku Leena, Kak Jane and Ibu for their
never ending doa for my success.

| wish to express my appreciation and thanks to my friends — Rozi, Nurul, Jo
and Sara who always welcome me in their homes- Fendi and Syaja, Dr Saheed and
Jiha - who are always happy to listen to my research progress Br Faiz and Br
Phirdaous who encouraged me in the early stages of research, Br Nasir and Br Anuar
who always gave a helping hand whenever needed and those who provided their time,
effort and support for this research. A special thanks to En Saipullah Daud for
supplying the C. caesia rhizomes and believing in the legacy of our forefathers.



TABLE OF CONTENTS

N o111 = To! SRRSO PR I
ADSTFACT IN ATADIC ... 1\
APPIOVAI PAGE......c.eiiiiiiiiieeee bbb Vi
DECIATALION ...t et vii
COPYIIGNT PAGE.....eeeeiieee e viii
ACKNOWIBAGEMENTS ...t enes iX
LI L0 (o) O] 41 =] S PPPR X
LISt OF TADIES ... xiii
LISE OF FIQUIES ...ttt Xiv
LiSt OF SYMDOIS ..o e XViii
List OF @DDIeVIALIONS .....cveeiicie e XiX
CHAPTER ONE:INTRODUCTION .....coiiiiieese e 1
1.1 Background of the StUdy .........ccccceeiiiieiiee e 1
1.2 Problem Statement..........covoeiieieee e 3
1.3 Research PhilOSOPNY.......cccooiiiiiicc e 5
1.4 ReSEarch ODJECLIVES.......ccccoiiiiieieieieee et 5
1.5 Research Methodology .......cc.coveviieiiiiieie e 6
1.6 SCOPE OF STUAY......eeuiiiiieicie e 7
1.7 Thesis OrganizZation ..........cccceieeieerieiie it 7
CHAPTER TWO:LITERATURE REVIEW........cccoviiiiieeece e, 10
220 A 1 0 To 1 od £ o o OSSR 10
2.2 CUFCUIMA 1.ttt ettt b et e et e e b e s e et e e e nneenneesnnis 11
2.3 CUICUMA CABSIA ...eevvrereeereeieenieereesieeeeaseesseesteaseesseeseeaseessaesseeneesseeseeeneenses 11
2.4 Free RACICAIS .....ccvoiviieiiiieieieee s 17
2.5 Phenolic COmMPOUNGS ........ccuiiiieiiierie e 18
2.6 Natural ANIOXIOANTS.......cveieieierece e 21
2.7 Inflammation MecChaniSM .........c.cocveiiiiriieie e 23
2.7.1 Chemical Mediators of Inflammation ............ccccccoecviiviiiiiiiinnnennn, 24
2.7.2 The role of 5-lipoXygenase eNZYMe ..........cccoceverenerenereeiesreennns 25
2.8 Extraction of Phenolic Compounds..........ccccoovveiieiiiciie e 26
2.8.1 Ultrasound Assisted Extraction Method .............cccccvevviiveiiiiennnn, 28
2.9 FEIMENTAION ...t et 30
2.9.1 Different Types of Fermentation ProCess .........c.cceevevveriveresennnnns 32
2.9.2 The Usage of lactobacillus Species in Fermentation.................... 35
2.10 Media COMPOSITION .....ocuvviiiiieieieeiie et 36
2.10.1 CarbOn SOUICES ......coiuieieiieeieiie sttt e nneas 37
2.10.2 Nitrogen and Mineral SOUICES ..........ccoeieieiereneieneseeeeeeen, 37
2.11 Media Optimisation PrOCESS..........ccvueiiviieeiieeiee e 38
2.12 Liquid State FErmentation .............coceveiirenieieie e 39
2.12.1 Process CoNAItIONS .......c.coeerieiieiienieeie e 39
203 ACNI ... et as 42
2.13.1 ACNE BIOQENESIS. ....coiuiiuiiiiieiiiie sttt 46
2.13.2 ACNE TTEAIMENT......eeeiiieiie e 47



2.13.3 Adverse Effects of Conventional Acne Treatment..................... 48

2.0 SOBP .ttt 50
2.15 FaCial Crea@m ......ccouiiieiiiecieeie et 52
2.16 Statistical OpPtimiIZatioN ..........cccccveveiiiieiieere e 52
2.16.1 Paired Sample T-TeSt.......ccooiiiiiiieieeeeee e 55
2.17 SUMIMAIY ....viiiiiiieiiie ettt be e abe e e nnneas 56
CHAPTER THREE:MATERIALS AND METHODS .......cccoooiiiiiiniieeen, 57
200 [ 11 oo 0 od o] o P PSPPSR 57
3.2 Screening of extraction SOIVENTS.........ccccvvveeve i 58
3.3.1 Plant Material.........ccoeviieiieiice e s 58
3.3.2 Extraction Solvent SCreening.........ccccvevvviieveeiesieese e 58
3.3.3. Ultrasonic Bath Frequency SCreening.........ccccoeeerenenenenieieennes 58
3.3.4 Ultrasonic Assisted Extraction of DPPH Scavengers................... 59
3.3.5 DPPH Scavenging ACtIVILY ASSAY .......ccccuerverieriereieniesieseaieieenes 59
3.3.6 Total Phenolic Content (TPC) Determination ................ccccveunenne. 60
3.3 Optimisation of Extraction Parameters..........ccccoocvvvvereriieneenesisseeneennns 60
3.4.1 Analysis Of RESUILS.........cceiviiieieciese e 62
3.4 Isolation of Bacteria from C. caesia rhizome.........c.ccccoovviveiviienvenienn 63
3.5.1 Serial DIlULION .......oiviiiiiieee s 64
3.5.2 Media INOCUIALION ......ccvviieiieiiiee e 64
3.5.3 Bacteria Sub-Culturing by Streaking Method.............c...ccccvennene. 64
3.5.4 Preparation of Seed CUlTUIe .........cccooiiiiinieieee e 64
3.5.5 Preparation of Agar Plate and Slant Tube (for the
commercially bought L. plantarum)..........ccccoceoiinnniiinicn 65
3.5 Optimization of Fermentation Process Conditions — one factor at a
tIME (OFAT) STUAY ..oveeiiiiiieeeee e 66
3.6 Screening of Optimum Levels of Selected Media Components Using
Plackett BUrman DESION .......coveriiriiriiiiiisesieee e 66
3.7.1 Analysis of DPPH scavenging activity ...........ccccocevveeveiievnennene, 67
3.7.2 Optimisation of Media COMPOSIION.........ccvierereieiinirieieiees 67
3.7 5-LOX Inhibition Activity ANalysiS..........ccceveivieiieiiiiese e 71
3.8 Anti Acne S0ap Preparation ...........cocooeieieninesieiese e 71
3.8.1 Foaming Propensity TEeStING ........cceeeevieiieiieieceese e 73
3.8.2 pH Determination...........cccocvveiiiiieiiese e 73
3.8.3 EMOIIIENCY TEST ..o 73
3.8.4 Stability STUAY ....ccvieiieiiece e 74
3.9 Anti Acne Cream Preparation............oocooeoerenenieieenenesie s, 74
3.9.1 Determination of the Cream’s pH........c.coovviiiiiiiiniiiiccen, 75
3.9.2 Determination of Cream HOMOQENEILY........cccovveivieiiiiniiieienn, 75
3.9.3 Evaluation of APPEAranCe.........cccuvivvieiiieiiie e 75
3.9.4 After Feel EValuation ..........cccccvevviieieeie s 75
3.9.5 TYPE OF SMEAI.....c.ii i 75
3.9.6 Stability StUY ........ooiiiiiiiecee 75
3.10 Determining the Efficacy and Safety of Anti Acne Facial Soap and
Cream Containing Fermented C. caesia extract..........c.cccoevervrveervernenne 75
3.10.1 EVAIUALION ..o s 76
3.10.2 Statistical ANalYSIS........c.cceviiieriiiiie e 76
311 SUMMEAIY ...ttt e e e e 77

Xi



CHAPTER FOUR:RESULTS AND DISCUSSION ......cccoiiiiiiiiiicsieeee 78

4.1 Ultrasonic Bath Frequency SCreening .......cccoevevvevveresieeseesesieseeseeenns 78
4.2 Comparison Screening of Extraction Solvent..............cccooveiiiiininnn, 80
4.3 Ultrasound-Assisted Extraction of DPPH scavengers...........cccccevvenenne. 85

4.4 Summary of Findings from the Extraction Parameters Screening of
ultrasonic bath extraction of DPPH scavengers from C. caesia

RRNIZOME....oie e s 90
4.5 Optimisation of Process Conditions for DPPH scavenging activity ......92

4.5.1 Response Surface Graph for DPPH ASSQY ........ccccocvvirininieiiennn, 93

4.5.2 Analysis of Variance (ANOVA) for the DPPH Scavenging

OPLIMIZALION ASSAY ....vvevverrereriesiesie st 98

4.5.3 Model VerifiCation.........ccccevivereiiienesceieee e 103
4.6 Summary of findings from the Optimisation of extraction

PAFBMETETS ... 104
4.7 Isolation of Selected Bacteria from C. caesia rhizome.............ccccceeeee. 105

4.8 Screening for Fermentation Time and DPPH Scavenging Activity of
Three Selected C. caesia Isolates, C1, C2 and C3 Versus a Selected

Commercial Bacterium (Lactobacillus plantarum)...........c.ccccooevvvenenne. 108
4.9 Optimization of Process Conditions by Using One Factor at a Time
Study for Agitation, pH, Inoculum Size, and Temperature.................... 110
4.10 Screening of Optimum Levels of Selected Media Components
Using Plackett Burman DEeSIgN .........cccevveiieiiieiieie e 114
4.10.1 Optimization of Selected Media Component by One factor at
aTime (OFAT) Method ........ccooevviieiieiececeee e 118
4.10.2 Face Centred Central Composite Design for Media
OPLIMISALION .....veceicciiccie e e e 123

4.11 5-LOX Inhibition Activity, Total Phenolics Content and DPPH
Scavenging Activity of the Optimised Fermentation Media

SUPEINALANT ...t 132
A.12 SUMIMATY ..ttt ettt e e s ssb e e e ssa e e e breesnbeeeanseeeanes 132
4.13 Determining Physicochemical Properties of the Anti-Acne Soap........ 134
4.14 Determining the Physicochemical Properties of the Anti-Acne

(@1 o PRSPPI 138

4.15 Determining the Efficacy and Safety of Anti-Acne Facial Soap and
Anti-Acne Cream Containing Fermented C. caesia Extract Through

SPHEtFACE Trial ... 140

A.16 SUMIMAIY ....iiieiiiie ettt e e e e b e e e s e e e breesnseeeanseeeanes 145
CHAPTER FIVE:CONCLUSION AND RECOMMENDATIONS 148
DL CONCIUSTON ettt ee e ee e eeeeeeeeeeeeeeereeeeereeeeereeeees 148

5.2 RECOMMEBNALION ..ottt e e e eeeeneeens 149
REFERENGCES . ... ..ottt ettt e e e e 152
AP P EIND X A ettt nnan 179
APPEND X B oo 182
AAPPENDIIX € oo nnan 188

xii



Table 3.1

Table 3.2

Table 3.3

Table 3.4

Table 4.1

Table 4.2

Table 4.3

Table 4.4

Table 4.5
Table 4.6

Table 4.7

Table 4.8

Table 4.9

Table 4.10

Table 4.11

Table 4.12

LIST OF TABLES

Maximum, center and minimum ranges of parameters used for the
optimization 61

Experimental design 62

Plackett Burman Design for eleven media parameters with their
actual and coded values 69

Coded values for optimization of selected media parameters by

FCCCD 70
FCCCD showing three factors at three levels with experimental
and predicted response for DPPH scavenging activity 92
ANOVA of FCCCD quadratic model for DPPH scavenging assay
102
Validation of model showing predicted and actual response values
for DPPH scavenging activity 104
The DPPH scavenging activity with selected media components
based on the Plackett-Burman Design 116
Design Summary of Media Optimization Using FCCCD 123
ANOVA result for media optimization 125
Validation of the quadratic model and optimized media constituents
132
5-LOX Inhibition Activity and TPC of Optimised Fermentation
Media Supernatant 132
The composition of different soap base formulation. Composition
A is preferred by the subjects 135
Physicochemical evaluation of the formulated natural anti-acne
cream 139

The changes in the ratio of acne lesions over a period of seven days
among the respondents 142

Student’s paired t-test result 145

Xiii



Figure 1.1
Figure 1.1
Figure 2.1

Figure 2.2

Figure 2.3

Figure 2.7

Figure 2.8

Figure 2.9

Figure 2.10

Figure 2.11

Figure 2.12

Figure 2.15

Figure 3.1
Figure 3.2

Figure 3.3

LIST OF FIGURES

Flow chart Showing Major Activities During Research 8
Continuation of Major Acivities Carried During Research 9
Curcuma longa 11

Organically grown fresh C. caesia rhizome
from Kota Tinggi, Johor 12

The leaves of C. caesia. The purple lines on the leaves is a unique
characteristic of C. caesia. 21

Papules are comedones that become inflamed, forming small red

or pink bumps on the skin. This type of pimple may be sensitive to
the touch. Picking or squeezing can make the inflammation worse
and may lead to scarring. 43

Pustules are another kind of inflamed pimple. They resemble a
whitehead with a red ring around the bump. The bump is typically
filled with white or yellow pus. 43

Nodules are large, inflamed bumps that feel firm to the touch.
They develop deep within the skin and are often painful. 44

Mild acne has fewer than 20 whiteheads or blackheads, fewer
than 15 inflamed bumps, or fewer than 30 total lesions 44

Moderate Acne has 20 to 100 whiteheads or blackheads,
15 to 50 inflamed bumps, or 30 to 125 total lesions. 45

People with severe nodulocystic acne have multiple inflamed
cysts and nodules. The acne may turn deep red or purple. It often
leaves scars. 45

The hydrophobic and hydrophilic part of soap molecule are involved
in the cleaning mechanism of soap. 51

The organic C. caesia plantation in Kota Tinggi, Johor 58
The slurry obtained, after the reaction between the oils and NaOH. 72

Pouring the thick slurry into the mould. 72

Xiv



Figure 4.1

Figure 4.2

Figure 4.3

Figure 4.5

Figure 4.6

Figure 4.7

Figure 4.8

Figure 4.9

Figure 4.10

Figure 4.11

Figure 4.12

Figure 4.13

Figure 4.14

Figure 4.15

Figure 4.16

Figure 4.17

Figure 4.18

DPPH scavenging activity against ultrasound frequency using
water, ethanol and methanol as solvents.

Average yield of crude extract from C. caesia rhizome using
selected solvents.

Average value of % DPPH scavenging activity of C. caesia
crude extract using different solvents.

Variation in the total phenolics content from C. caesia rhizome
crude extract at different extraction temperatures.

Variation in the total phenolics content from C. caesia crude
extract at different extraction pH.

Changes in DPPH scavenging activity against varying extraction
pH.

The DPPH radical scavenging activity was enhanced as the
incubation time was extended from 30 to 60 minutes

3D surface plot showing the effect of extraction time (min) and
pH on the % DPPH scavenging activity.

Contour plot showing effect of extraction time (min) and pH on
the % DPPH scavenging activity

3D surface plot showing the effect of extraction time (min) and
extraction temperature (°C) on the % DPPH scavenging activity

Contour plot showing the effect of extraction time (min) and
extraction temperature (°C) on the % DPPH scavenging activity

3D surface plot showing the effect of extraction temperature (°C)
and pH on the % DPPH scavenging activity

Contour plot showing the effect of extraction temperature (°C)
and pH on the % DPPH scavenging activity

Regression plot of the experimental and predicted value of %
scavenging activity

Isolation and selection of bacteria from Curcuma caesia rhizome.

Different surface textures, colony shapes and sizes were observed.

Isolate C1

Isolate C2

XV

80

81

81

86

86

88

89

94

94

95

95

96

96

100

106
106

106



Figure 4.19

Figure 4.20

Figure 4.21

Figure 4.22

Figure 4.23

Figure 4.24

Figure 4.25

Figure 4.26

Figure 4.27

Figure 4.28

Figure 4.29

Figure 4.30

Figure 4.31

Figure 4.32

Figure 4.33

Figure 4.34

Figure 4.35

Figure 4.36

Isolate C3 107

A histogram representation of the % DPPH scavenging activity

of each bacterial isolates and L. plantarum and fermentation time. 109
Graph of DPPH Scavenging Activity versus Agitation speed 111
Graph of % DPPH Scavenging Activity versus pH 111
Graph of DPPH Scavenging Activity versus Percentage

Inoculum (v/v) 112
Graph of DPPH Scavenging Activity versus Temperature 113
Main effects of the selected media components based on the
Plackett-Burman Design 117
Percentage contribution of individual media parameters in

Plackett Burman Design 117
Effect of sucrose concentration on DPPH scavenging activity

of the fermentation culture. 118
Effect of peptone concentration on DPPH scavenging activity

of the fermentation culture. 119

Effect of yeast extract concentration on DPPH scavenging activity

of the fermentation culture 120
Effect of sodium sulphate concentration on DPPH scavenging

activity of the fermentation culture 121
3D surface curve and contour map showing the interaction

between yeast extract and sucrose towards DPPH

scavenging activity 126

3D surface curve and contour map showing the interaction
between sucrose and peptone towards DPPH scavenging activity 127

3D surface curve and contour map showing the interaction
between yeast extract, and peptone towards DPPH
scavenging activity 128

The L. plantarum colony forming units shown here. The fermented

supernatant sample was taken and spread on the MRS agar. 130
Foam of the anti-acne soap from the fermentation supernatant. 136
A diagrammatic representation of soap bubbles formation. 137

XVi



Figure 4.37

Figure 4.38

Figure 4.39

Figure 4.40

Figure 4.41

Figure A-1

Figure A-2

Figure A-3

Figure B-1
Figure B-2
Figure B-3

Figure B-4

The anti—acne cream colour and appearance after 6 months
kept at 4°C.

139

The anti-acne cream after 6 months of storage at room temperature.140

A graph of the ratio of the number of acne lesions versus the
number of days the test was conducted.

Subject no 5. The inflamed acne lesions disappear after day 5.
Subject no 8. The acne lesions and scars disappear after day 7
of the trial.

Standard curve used for the Folin-Ciocaltacu method in
determining total phenolic content.

The agitation method of extraction was used as a comparison
to the ultrasonic water bath extraction method.

Graph of DPPH scavenging activity (%) against concentration
of aqueous extract of C. caesia (ug/mL)

The questionnaire used to evaluate subjects.
Questionaire evaluating any visible reactions on the skin

Questionnaire for subjects ‘self evaluation. (sensory perception)

Self-evaluation questionnaire

XVii

143

144

144

179

180

181
182
183
184

185



tic

%

LIST OF SYMBOLS

Micro
Degree Celsius
Percentage

Time

XViii



mm
nm
mi
min

cm

FCCD
RSM
rpm
ANOVA
OFAT
ug/L

mg/L

LIST OF ABBREVIATIONS

Millimeter

Nanometer

Milligrams

Minutes

Centimeter

Gram

Face Centred Central Composite Design
Response Surface Methodology
Revolutions Per Minute
Analysis of Variance

One Factor At A Time

Micro Gram Per Litre

Milligram Per Litre

Xix



CHAPTER ONE
INTRODUCTION

1.1 BACKGROUND OF THE STUDY

The frequency of facial acne vulgaris among teenagers in Malaysia was 67.5% and the
condition was more common among males (71.1%) compared to females (64.6%)
(Hanisah, Khairani & Shamsul, 2009). Oral antibiotic used in combination with
topical application of benzoyl peroxide and retinoid is the usual treatment prescribed
(Adawiyah, Priya & Roshidah, 2010).

However, benzoyl peroxide has the ability to stimulate the onset of irritant
dermatitis with signs of burning, erythema, peeling, and dryness (Eady et al. 1990)
and frequent use of retinoids, a teratogen, could result in liver toxicity and
abnormalities in serum lipid profiles (David, Hodak & Lowe, 1988) and the
application of topical antibiotics could result in the development of antibiotic
resistance (Newman et al. 2011).

Thus, due to the side effects of the conventional prescriptions for acne
treatment, safer alternatives derived from plants have been studied which includes
Curcuma longa (Kapoor and Saraf, 2011), however, Curcuma longa would leave a
yellow stain on the skin when applied and a time consuming process of producing a
colourless derivative of the Curcuma longa had to be developed (Majeed,Badmaev &
Rajendran. 1999).

According to a survey by the World Health Organisation, 80% of the world's
population relies on traditional herbal medicine for their basic health care (Newman,
2012). Malaysia with its treasure of 1300 medicinal plant species in the Peninsular

(Burkill, 1966) and 7411 plant species in Sabah (Kulip, et al. 2010) can be a regional



hub offering safe alternatives to the conventional prescription used for skincare
regime in general and acne problem in particular.

Traditional prescriptions were mostly not written but were passed orally from
generations of traditional Malay medicine men. One such plant that has been used for
generations in the Malay culture is the ‘kunyit hitam’. Kunyit hitam has a strong
camphoraceous sweet smell and its rhizome has a bluish black colour. Its scientific
name is, Curcuma caesia and it belongs to the Zingiberaceae family. C. caesia has
been used by the locals as a general energy booster and helps increase blood
circulation for both men and women and as a treatment for piles, hernia, severe wound
healing and also to treat drug addiction. However, not much scientific study has been
conducted on the local C. caesia. Its mode of usage among the Malays indicates that
it might contain anti-inflammatory substances and phytochemicals that could increase
blood circulation.

A research done on C. caesia grown in Manipur, India, found that the rhizome
contains 30 mg/g weight of flavonoids content, 104.2 mg/g dry weight alkaloid, 47.5
mg/g fresh weight soluble protein and 60 mg/g phenolic compounds (Sarangthem and
Mangvung, 2010) and a later research done on the C. caesia rhizome grown in
Dindhori district of Madhya Pradesh, India, also found that the methanolic extract of
C. caesia, contains flavonoids, alkaloids, phenolics, tannin and also protein (Paliwal,
Pancholi & Patel., 2011). In India, C. caesia or ‘Kali haldi’ (black turmeric) has been
used to cure leprosy, asthma, cancer, epilepsy, wound, menstrual disorder,
aphrodisiac, inflammation and gonorrhoeal discharges, smooth muscle relaxant and
hemorrhoids (Das, Mondal & Md. Kamaruz Zaman., 2013). Methanolic extract of C.
caesia was found to show 2,2-diphenyl-1-picrylhydrazyl (DPPH) scavenging activity

(Mangla, et al., 2010; Karmakar, et al., 2011) and the crude extract of C. caesia



exhibited stronger DPPH scavenging activity than the enzymatic extract (Yogamaya,
Bandita & Sahu, 2012). Methanolic extract of C. caesia was also shown to have
muscle relaxant effect and antidepressant effect on mice and were also shown to
exhibit antitumor and antiulcer activity in mice (Karmakar et al., 2011; Das, et al.,
2012; Karmakar et al., 2013).

To the best of our knowledge, as testified by the literature review, no
optimization and fermentation studies have been done on the extraction process of
bioactive compounds from the Malaysian C. caesia. Thus, this research will fill a gap
in our knowledge on C. caesia by conducting fermentation and process optimization
for the extraction of bioactive compounds and for the development of an anti-acne

soap and anti-acne cream from fermented C. caesia extract.

1.2 PROBLEM STATEMENT

Skincare products includes, cleansers, toners, facial masks, scrubs, serums and
whitening creams.  According to statistics, the global dermatology industry is
forecasted to worth €81.9 billion in 2028, doubling its value from €44.1 billion in
2018. However, according to research done by Meeker et al (2013) and Braun et al
(2014), skin care products are a possible source of human exposure, especially
adolescent girls, to potentially endocrine-disrupting chemicals, such as phthalates,
parabens, and phenols.  According to a report by the U.S. Department of Commerce
(2016) Malaysia’s total trade volume for personal care and cosmetics products was
about US$2.24 billion in 2015 and there is an increase demand in organic skincare
products amounting to 21% of the market share. Over 50% of this demand was met by
US$1.13 billion in imports and that, China, Thailand, France, the EU28, the United

States, South Korea and Japan are the main exporters to Malaysia. Thus, it is crucial



that Malaysian government agencies should ensure that products available are safe
and also halal in order to meet the growing demand of the Muslim community which
made up about 61.3% of the population, as reported by the Malaysian Department of
Statistics report in 2015.

Hence, this research aims to provide the solution to the problem that is facing
the Malaysian consumer, by utilizing C. caesia. The problem is that we do not know
the data in the Malaysian context on the production and use of DPPH generated from
indigenous C. caesia. In view of this, there is an urgent need to conduct research on it
locally. Large scale cultivation of C. caesia in the country would be able to boost the
economy of local farmers in the country due to the competitive price of dry C. caesia
powder which ranges from USD 68 to USD 73.04 per kilogram, as quoted by trusted
suppliers in Indiamart, an online platform.

This research is done in order to study and optimized the process conditions to
ensure that the C. caesia extract exhibits very high 2,2-diphenyl-1-picrylhydrazyl,
DPPH, scavenging activity in a safe and effective way and thus developed it into an
anti-acne soap and anti-acne cream.

The fermentation process has been chosen for this study as it has been proven
to increase free radical scavenging activity in plant extracts measured by an increase
in DPPH scavenging activity in fermented Echinacea purpurea (Rizzello, Coda &
Marcias., 2013) and fermented mixture of herbal extract consisting of Puerariae
radix, Ephedrae Herba, Zizyphi fructus, Cinnamomi cortex, Paeniae radix,
Glycyrrhizae radix and Zingiberis rhizoma (Kim, Um & Ma., 2014), Chamaecyparis
obtusa (Kwon et al., 2014) and Myrtus communis L (Curiel, Pinto & Marzani., 2015).

In these research Lactobacillus plantarum was used to ferment the extracts.



