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Extracts Using Subcritical Water for Biopolymer Application
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Chapter 1

General Introduction

1.1. Biopolymer film

Packay petrokased

polymers d urability, making

them indis food packaging.
However, 1 environmental
consequen ‘ed or disposed
of in lanc ability inhibits
decomposi rroplasticsil
contaminat rsistent pollutants
have made petrolewimased polymers a significant contributor to ecosystem
degradation, necessitating the urgent development of innovative, sustainable
packaging soliions. Biodegradable biofilms have emerged as a promising
alternative, with active research focused on incorporating functional materials
to preserve food quality and extend shelf life (Stark et al., 2021). Biopolymers
derived from renewable natural resoes are gaining attention due to their

biodegradability and environmental compatibility. Beyond food packaging,



these materials have diverse applications, such as protective coatings and
functional product solutions (Dakontes et al., 2021). A notable application
includes the preservation of perishable food products like fresh produce, meat,
and dairy, where biodgadable films demonstrate excellent antibacterial and
moistureretention properties, effectively inhibiting microbial growth and

maintaining freshness. By regulating oxygen and moisture permeability, these

films signif nanazzi et al.,
2017).

Recen nt of edible films,
which servi 2d products such as
sSoup conce als not only address
environmel nce. Beyond the
food secto ‘maceuticals and
medicine, \ _ 2rties make them

suitable for woun¢healing films and biomedical devices (8ha#nia, 2019). In
the cosmetics industry, they are utilized in face masks and skin patches,
delivering active ingredients and offering moisturizing benefits (Kulka et al.,

2023).

Research in this field predominantly focuses on biopolymers derived from
renewable sources, such as agriculturatptyducts. Commonly studied

biopolymers include chitosan, gelatin, fucoidan, alginate, and starch.

-2-



Among these, chitosan, a linear cationic polysaccharide obtained through
the deacetylation of chitin found in crustacean shells (e.g., crab, shrimp,
crawfish), stands out for its biodegradability, excellent{fitTming properties,
and environmental frietidiess (Kim et al., 2011). In the food industry, chitosan
films are particularly valued as active packaging materials due to their
antimicrobial activity, noftoxicity, and low oxygen permeability (Balti et al.,

2017). Ho fragility, low

mechanica nditions or in the

presence ( these challenges,
researcher iolymers (Chang et

al., 2009).

Polyvil yrsatile synthetic

polymers, i biocompatibility,
excellent fi 'd structures
without toxic agents (Kmoun et al., 2015; Timofejeva et al., 2017). The
compatibility of chitosan and PVA, facilitated by hydrogen bonding between
hydroxyl and amine groups, enables the development of composite films with

enhanced mechanical and thermal properties (Peter 2040).

Gelatin, derived from the hydrolysis of collagen from sources such as pig
skin, bovine skin, and fish, is another widely used biopolymer in food and

pharmaceutical industries due to its exceptional gelling properties,

-3-



biocompatibility, and biodegradability (DBZalderon et al., 2014; Duconseille

et al., 2015). However, gelatlmased films are prone to instability, particularly

at physiological temperatures, which necessitates blending with synthetic
polymers to improvemechanical strength and thermal stability (Xing et al.,

2014).

Blending natural and synthetic polymers is a key strategy for tailoring

materials v while optimizing

costs. Con in and PVA, have
demonstrai ). Furthermore,
integrating >ompounds, into
biopolymer ality (Choi et al.,
2022). Sec >or enriched
with seaw 'ngth and potent
inhibitory e _ etal., 2023; Wang
et al., 2024). Seaweed extracts, rich in phenolic compounds with strong
antioxidant properéis, further enhance the functional attributes of

biodegradable films (Martins et al., 2013; Rhim, 2011).

This study focuses on the development of advanced biopclyased
packaging materials, emphasizing the synergistic effects of polymer blending
and seaweed extract incorporation to achieve superior functionality,

environmental sustainability, and broadpplcation potential

-4-



1.2. Sargassum thunbergii

Sargassum thunbergia perennial marine bronseaweegdbelongs to the

class Phaeophyceae, order Fucales, family Sargassaceae, and genus Sargassum

(Table 1.1) This species predominantly inhabits rocky substrates and is widely
distributed along the coasts of East Asia, particularly Korea, where it forms
extensive colonies in the middle and lower intertidal zorsesthunbergii

exhibits a ‘ed by vigorous

proliferatiol iage appendages

areshed, le the primary stem
(Chu et al., s all primary
branches fi irphology that has
earned it t it al., 1993). The
morpholog' nfluenced by
seasonal, | vater temperature,
tidal regimes, and wave intensity (Umezaki, 19Jologically, this species
plays a pivotal role in coastal ecosystems by providing habitat, shelter, and
nursery grounds for diverse marine organisms. Historically, its young shoots
have been utilized as both a food source and an anthelmintic feriBieeret

al.,, 2023). Notably, S. thunbergii demonstrates robust photoprotective
mechanisms and possesses unique functional genes that confer resilience to

environmental stressors (Kim et al., 2022). These adaptations render it



exceptionally tolerant to high temperatures, intense sunlight, and dedication,
underscoring its ecological significance in sustaining coastal productivity and
biomass. In marine aquacultug,thunbergihas been employed since the early
2000s as a natural feedstock for sea cucumigtishbpus japonicysand
abalones, particularly in China. Studies have shown that juvenile sea cucumbers
fed with S. thunbergiiexhibit superior growth rates, enhanced survival, and
improved d acroalgae (Seo
et al., 2011 2ins, vitamins,
minerals, a ompounds such as
polysacche irated fatty acids,
which hold ical and food
industries | ated the biological
activities o cer properties,

positioning (Han et al., 2024).

Its bioactive components offer diverse benefits, including blood sugar and lipid
regulation, immune modulation, scavenging of superoxide anionsd (O
thrombus prevention, and antibacterial activity. Furthermore, the bioactive
compounds ofS. thunbergii have attracted significant attention in the
development of functional foods, cosmetics, and pharmaceuticals. Notably, this
research has also explored its application in filmghlighting its potential in

diverse industrial sectors.



Despite its versatile utility, the larggeale commercial exploitation &.
thunbergii remains underdeveloped. Efficient and eefféctive extraction
methodologies have yet to be fully established, and the processing and storage
technologies folS. thunbergiiare less advanced compared to those for other
macroalgae, thereby limiting its widespread industrial applications. While

previous studies have identified the bioactive compoundS. ahunbergii

research sy, and
commercia 3). Additionally,
investigatic Is fields are still
lacking. Tt -JJ nhance extraction
techniques



Table 11. Classification ofS. thunbergii

Scientific classification ofS. thunbergii

Kingdom Protista
Phylum Ochrophyta
Class Phaeophyceae
Order Fucales




Figure 1.1. A picture ofS. thunbergii



1.3. Subcritical water extraction

Extraction technology significantly influences yield, purity, efficacy,
production costs, and biological activity. It plays a crucial role in isolating
various bioactive compounds fromatural products, where selecting an
appropriate extraction method is essential to efficiently obtain the target

FRPSRXQGY 3DXOLNLHQj HW DO 2YHU WLPH D YC

have been sutiotawater
extraction, . to advanced
techniques xhlet extraction,
subcritical 1 (Mlyuka et al.,
2016). Hov with low yields
and the ris ids. Similarly,
organic so ane involves high
production solvents (Deng

et al., 2022). Ultrasonic extraction, while widely used in modern food
applications, suffers from limitations such as restricted penetration into sample
matrices, degradation of compounds, product inconsistencyehmgjigy costs,

and noise pollution (Kadam et al., 2015).

In contrast, subcritical water extraction (SWE) is an -feemdly
technology that utilizes water, the safest solvent for food applications, to safely

and efficiently extract bioactive compounds from various natural resources

-10-



under high temperature and high pressure conditions. This method achieves
high selectivity and extraction efficiency while delivering higher yields in

shorter extraction times (Park et al., 2024).

Subcritical water refers to water in its liquid state between its boiling point
(0.1 MPa, 100 ) and critical point (22.1 MPa, 3*4), maintained as a liquid

due to sufficient pressure at elevated temperatures (Fig)r@ld.et al., 2005).

Under thes re typically water

insoluble, rties influencing
SWE are tl ter. The dielectric
constat ref suppressing an
electric fiel slectric constant of
ZDWHU WKH YDOXHV RI P
= 24) at 2! il water exhibits
extraction ¢ ating compounds

with low and intermediate polarity. The ion product of wateg)(Klefined as

WKH SURGXFW RI K\GURJHQ LRQ +p DQG K\GURJ[LGH
resultiQJ 1URP Z D Vibhrizatou, i® X0¥ F* at room temperature (35).

This parameter is a critical chemical indicator for water's acidity and alkalinity.

As water temperature increases in its subcritical staigjd€s, resulting in a

KLJKHU FRQFHQWUDWLRQ RI +p DQG 2+g LRQV 7KLV

water's reactivity, enabling it to act as an active solvent with improved capability

-11-



to extract diverse compounds. Consequently, subcritical water is often referred
to as a selective extraction medium, capable of isolating polar, mextilan
low-polar, and notpolar compounds (Ko et al., 2014; Park et al., 2023). In SWE,
various paramets such as temperature, reaction time, swliliquid (S/L) ratio,

and pressure critically influence extraction efficiency and selectivity. Among
these, temperature is the most significant factor, as demonstrated in studies

investigatir J amino acids,

from blue | 2 et al., 2021).

Optimizing iensive and
time-consu face methodology
(RSM) is € U taxptimize
experiment ors influencing the
process. R acy and efficiency,
and conse/ | under optimized

conditions (Bezerra et al., 2008).

Recent studies have leveraged subcritical water extraction to isolate
bioactive compounds from browseaweedind biofilms for applications such
as detecting fish spoilage in food packaging (Ali et al., 2024). Additionally, it
has been utilized in pharmaceutical applications, including the production of
microspheres by modulating gelatin's molecular weight undmsriical water

conditions (Ho et al., 2023).

-12-



Ire and pressure
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1.4. Objectives of the thesis

The widespread use of conventional plabtised packaging materials is
attributed to their low cost and high durability; however, their -non
biodegradable nature has led to severe environmental challenges. Biodegradable
biofiims have emerged as a promisialgernative to mitigate environmental
pollution. Nevertheless, the limited moisture resistance and mechanical strength

of tradition their industrial

applicability

were extra environmentally

friendly pr . This method is
recognized 1 and high yield
extraction ‘he extraction
conditions and maximize the yield of functional components, RSM wa

employed.

The extracte®. thunbergibioactives were subsequently incorporated into
biodegradable bipolymer matrices to address the inherent mechanical and
functional deficiencies of conventional biopolymers. The incorporation of
subcritical water extracte8l. thunbergiicompounds significantly enhanced the

mechanical properties and moisture resistance of the biopolymer films, offering

-14-



a novel solution to extend the shelf life of packaged foods while achieving a

harmonious balance between functionality and environmental sustainability.

This study not only underscores the potentialSofthunbergiiextracts
(SSEs)as a valueadded enhancement for biopolymers but also contributes to
advancing the field of sustainable packaging by elucidating the relationship

between the bioactive components and the improved performance of the

biopolymer and functional

material d¢ cal environmental
challenges olutians the

packaging

To achieve ving specific aims:

- Condt iponen8Sks
obtained through subcritical water extraction and conventional solvent
extraction methods.

- Optimize the conditions for subcritical water extractiorSofthunbergii
using RSM and perform a comprehensive analysis of the extracted
components.

- Develop a biopolymer film incorporating the optimiz&d thunbergii

extract derived from subcritical water extraction.

-15-
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Chapter 2
Physicochemical and biofunctional properties of
Sargassum thunbergiextracts obtained from subcritical

water extraction and conventional solvent extraction

The aim o racts(SSESs)

prepared v aximum contents

of phlorot

job)

ore (13.57 £
51.95 + 0.75) mg
glucose/g of dry sample in
extracts pr ile antioxidant
activity of SSE in the ABTS, DPPH, and FRAP assays was the highest at
extraction temperature of 180, with values of (17.99 + 0.02, 56.72 = 0.09, and
29.79 + 0.11) mg Trolox equivalent (TE)/g of dry sample, respectively. In the

extract prepared at 180, the largest range gbhenolic compounds was

identified, and the antibacterial activity was strongest. In the agar well diffusion

! This work has been published in The Journgwbercritical Fluids

(DOI: https://doi.org/10.1016/j.supflu.2022.105535)
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assay, 50 mg/mLSSE obtained at 18® resulted in the largest zones of
clearance foEscherichia colandBacillus cereusnd the minimum inhibitory
concentration (MIC) and minimum bactericidal concentration (MBC) were

higher forE. colithan forB. cereus
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2.1. Introduction

SHFHQWO\ WKH LGHQWLILFDWLRQ RI ELRORJLFDOO\
UHVRXUFHV KDV HPHUJHG DVHRD RI®H WP DR E R Y WLEHAH.
FRQWDLQ DQ DEXQGDQFH RI ELRDFWLYH FRPSRXQGV LC
SRO\NHWLGHVY SRO\SKHQROLF FRPSRXQGV OLSRSURW
SRWHQWLDO ELRWHFKQRORJLFDO FRPSRQHQWYV VXFK

SR\VDIr "~ 7~ — T JHQW WKDQ WKRVH

/IRUGEL NQRZQ WR SURGXF

) D FRPSHWLWLYH F

OLYH E LQWHUQDO SUHV
FRQFH| % JDWXUH EXW DOVR
GHIHQ \ = DULQH RUJDQLVPYV

DUH PDLQO\ FRPSF
ZLWK WZR RU PRL
FRPSRXQGY DUH NQRZQ WR KDYH YDULRXV ELRORJLFD(
HIHUW SRVLWLYH HIIHFWWXRQCKOPDIPWKBDOWK %DO®K H\
ORVW VHDZHHGV SURGXFH SKHQROLF FRPSRXQGYV
DIWHU H[SRVXUH WR HQYLURQPHQWDO VWUHVVHV VXFt
ORZ WHPSHUDWXUH DQG VDOW :LMHMWQUEKWAW) D W R
WKH FRORU RI WKH VHDZHHG $UQROG HW DO ,Q L

UHGXFH GLVHDVH DQG SURWHFW KHUELYRUHYV DJDLQV\
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%YURZQ VHDZHHG JHQHUDOO\ KDV D KLJKHU FRQWHQ
PHWDEROLWHYVY WKDQ JUHHQ RU UHG VHDZHHG $PRQJ E
DQG 6DUJDVVDFHDH DUH FRQVLGHUHGSURSXHVYRQQWDWL"®
VHDZHHGY O6DOHPB WWXQAEWUDLEURZQ VHDZHHG EHORQJ
WKH 6DUJDVVDFHDH IDPLO\ ZLWK GLXUHWLF DFWLYLW\ I
ELRORJLFDO DFWLYLWLHY KDYH EHHQ UHFHQWO\ UHSRI

AXDFRBWXDO QW

DGIMHY B D H F K Q QR
'\WLRQV VXFK DV

IXQFW [ = LQFUHDVH WKH Y
RGV DUH XQHFRQF
RQGLWLRQV )RU H|
DFLGV QG IRUPV FRPSRXQ
DQG W HQWQMRDWQE KMEHF
HQJ\PH DFWLYDWLRQ FRQGLWLRQV DUH TR IVRFEXYOHWW WR F
WKHVH SUREOHPV DQG LQFUHDVH HIILFLHQF\ VXEFUL

ZKLFK LVIDDH®WFERO\ HIWUDFWLRQ SURFHVYVY PD\ EH XVHI?

:DWHU LV WKH VDIHVW VROYHQW IRU IRRG SURFHV\
SUHVVXUH ZDWHU ZKLFK H[LVWV EHWZHMHQ WKH FULW
SUHVVXUH 03D DQG WKH ERLOLQJ SRLQW LV FDOOHC(

ZDWHU FDQ GLVVROYH RUJDQLF VXEVWDQFHV WKDW D
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GHFUHDVLQJ WKH GLHOHFWULF FRREWDYWHNQLK HE JIDW
UHWXUQV WR D QRUPDO WHPSHUDWXUH PDNLQJ LW DQ
IRU WKH 8S8KARROGR RO\WDWHYV FRPSRXQGV WKDW FDQ
IXQFWLRQDO ELRPDWHULDOV 5HFHQW VWXGLHV KDYH |
FRPSBXQ SHSWLGHV DQG DPLQR DFLGV KDV EHQHILW'

HQJ\PDWLF WHFKQLTXHV RZLQJ WR LWV KLJKHU HIILFL

HW DO

04? QRPLFDO DQG HQ
L

w ULRXV IXQFWLRQDC

]':U >QJH LQ WKH K\GUF

n

S \RUWPDARWKLHR Q

"I-f

"/ NKRVH REWDLQHG

2.2. Materials and methods

2.2.1. Materials and chemicals
7TKBEWKXQEKWHGA ILQ WK LYDH SKWUIFIKAIEWSE (-8
-HMX 5HSXEOLF RI .RU6DWKXMBHAHBEREOOHFWHKG IURP -H

, VODQG S5HSXEOLF RI .RUHD ZDVKHG FOHDQ ZLWK IUH
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PDWHULDO ZDV SDVVHGL.WKH RVRIIRPBPWDLQ D XQLIRUP SDI

ZDV VWRUHGQDWKiIH GDUN

/ILVW RI JDV DQG FKHPLFDOV XVHG IRU WKH H[SHULP
.25($ ,1'8675,%/ *$6(6 /7' %XVDQ 5HSXEOLF Rl .RUHD Z
FRQWURO WKH K\GWKRQDWOIH/ S UH\WPHWKD @R O HW K

+3/& JUDGH ZDWHU +3/BFHWREHLWULOH +3/& JUIL

SXUFKDVHG IURP 61

1 ls0xFLORO D

o) SURWRFDW
EEGDFLG DQGZHUH
/V DQG VWDQGDUG
VWXG\RBQBO\WLFBEURRUPIDIEFH OLTXLG FKURPDWRJUD

JUDGH

2.2.2. Proximate compositionanalysis
7KH SUR[LPDWH FRPBRXQEHR DRI O\|HG ZLWK UHIHUH
WR WKH $2%$& VW BQAG Dfficial, R60OW KKE PRLVWXUH

FRQWHQW ZD VD GWNUH BRI DO WLBORQVWD QWVZHLIKW
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REWDLQHG 7KH FUXGH SURWHLQ ZDV FDOFXODWHG E\ F
D.MHOGDKO GWXRAROML PMEIQWWHRIHQ FRQYHUVLRQ IC

7KH FUXBRIQWIHAMDYDXWHGJ D 6 R[K OHW K [@UDFWRU
KH[DQH DV VROYHQW J Rl JURXQG VDPSOH ZDV ORDG
SODFHG LQVLGH WKH 6R[KORWRQH[WQB RADRUDG&HG L QWR
URXERBWWRP H[WUDFWLRQ+IOPWN XQ G | WHIJ\WH IGHDR\ W U D F

QJ D URWDU\ HYDS

(DAY EGHWHUPLQHC
DWW RK\GUDWH FRQ\
VXP RI WKH PRLVW;

DVK FH ILIKW

2.2.3. Sub

7R REWDMWXXQEXBHBULWLFDO ZDWHU H[WUDFWYV 66

SHUIRUPHG XVLQ@EDWWFISHFPXEFULWLFDOIJXOMWHU UHDFW

PDGH RI +DVWHOOR\ 3KRVHQWHFK GEMMUBIREHGHS XE
E\ 3DUN HW DO R16% WLHNOQEMRIGHU DQG P/ RI
GLVWLOOHG ZDWHU ZY ZHUH ORDGHG LQWR WKH

DSSOLHG ZDV EWWZHHAQ WK WKH SUHVVXUH DQG UHDFW|
DW 03D DQG PLQ UHVSHFWLYHO\ DQG QLWURJHQ ZD

JDV KHQ WKH GHVLUHG WHPSHUDWXUHUZMWMKMHDFKHG
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UHDFWLRQ ZDV VWDUWHG DQG WKH VDPSOH ZDV VWLUI
EODGH LPSHOOHU $IWHU WKI86WZDwr WR 8 Q ZAWVHFEER A § O W\W
XVLQJ ILOWHU SDSHU &+0/$% BIZP@3VWRURIG DW
O\RSKLOL]JHG IRU IXUWKHU H[SHULPHQWYV 7R PHDVXUH
VROLG UHVLGXH RQ WKH IROWHK 2Z2Q% WKHHQGZBIWIKHG

HIWUDFWLRQ HIILFLHQF\ ZDV FDOFXODWHG IURP WKH IF

D ¥ SIOKIHXZHHLG) KRW K\
DLQHG DIWHU K\GU
YOLHYWUDFW 60(
GHU Rl  Z Y

DV ILOWHUHG DQG

HULPHQWYV
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2.2.4. Physical properties

2.2.4.1.pH
7KH S+ RI WKH HIWUDFWYV ZzDV PHDVXUHG DW URRP W
7TKHUPR 6FLHQWLILF 25,21 67%$5 $ %WHIRUH PHDVXUF

ZDVNDOLEUDWHG XVLQJ EXIITHU VROXWLRQV RI S+ |

2.2.4.2.Cao

7KH GHWHUPLQHG LQ \
D FROI HV 7KH 7LQWRPHMW
IROOR QW& QHVYV D
“UHG H 7KH YDOXHV RI
SODWF E 7TKH PHDV
UHSHD H ZDV FDOFXODWH(

2.2.5. Antioxidant activity

2.2.5.1.DPPH, ABTS" and FRAP assay

‘H PHDVXUHG MBKKHHQLBU\OK\GUD]\O "'IF+L+QRQG .
ELVHWK\OEHQ]RWKIONIROQOMH DFLGDGERKROG VFDYHQJLQJ
DFWLYLWLHV RI WKH HIWUDFWV XVLQJ RXU SUHYLRXVO

PRGLILFDWLRQ &KR HW DO 7TKH UHGXFLQJ SRZ

-34-



SHUIRUPHG XVLQJ SUHY LR XG/HW FWH ERIGWEH G MHKOZ B B WK R
DO 7KH DEVRUBRQFWRROIXWKIR QEZDFWHDVXUHG WK
QP IRU WKH '33+ DVVD\ DY® DANRUDWBH $9%QP6 IRU
WKH )5%$3 DVVD\ XVLQJ D 6\QHUJ\ +7 PLFURSODWH UHD
'LQRRVNL 97 86$ 7UROR[ ZDV XVHG DV D VWDQGDU

DQWLR[LGDQW DFWLYLW\ ZDV H[SUHVVHG DV PJ 7URO

VDPSO
2.25.2To

7KH ﬁ\ JDFWV ZDV DQDO\]
SUHYL m WK VOLIJKW PRGLII

UHDJHQW ZDV DGC

WKH H, .. - -+ - ~—-..G WP WKH VROXWL
VROXWLRQ ZDV WKHQ YRUWHIKE GRIWLUN MDQGPLWRUKE
DEVRUEDQFH DW QP ZDV PHDVXUHG DQG FRPSDUHG
VWDQGDUG UHDJHQW 7KH 73& ZDV H[SUHVVHG DV PL

HTXLYDOHQW SHU JUDP RI GU\ VDPSOH PJ 3*( J RI GU\
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2.2.6. Total sugar content
Thetotal sugar contentT(SC) of the extracts wadeterminedusing (Park
et al., 2019)Briefly, 0.75 mL of the extract was mixed with 2.25 mLsaffuric
acid, to which 0.45 mL of 40% phenol solution was added and mixed well. The
solution wageacted in boiling water for 5 min atftencooled The absorbance
of the sampl@at490nm was measured using a microplate reader and compared

with glucos sed as mg glucose/g

of dry samj

1easured using the
3,5dinitros th the method of
Park (Park "DNS and 30 g of
sodium potassiurartrate vere dissolved in 80 mL 0.5 N sodium hydroxide
solution, and distilled water was used to adjust the final volume to 100 mL. Next,
1 mL of extract was mixed with 4 mL of DNS solution, reacted in boiling water
for 5 min, and cooled to room temperature. Theodbance at 540 nm was

measured using a microplate reader and compared with glucose as a standard

reagent. The results were expressed as mg glucose/g of dry sample
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2.2.8. HPLC analysis of phenolic compounds

2.2.8.1.Preparation of samples

One milligram of each standard was dissolved in 1 mL of HPLC ethanol
and injected into the HPLC apparatus. All samples were analyzed in triplicate.
The standards of phenolic compounds used in the analysis were gallic acid,
pyrogallol, protocatechuic acidhlorogenic acid, syringic acid, apecoumaric

acid. The , with regression

coefficients ponent in SSE was

calculated » drawn using
Microsoft E 'JJ nes with HPLC
grade wat: == [OLF PHPEUDQH EH

injection in

2.2.8.2.HPLC method

The phenolic compounds were analyzed using a JASCO HPLC apparatus
(Jasco Inc, Tokyo, Japan) with a JasceZ89 pump, Jasco UZ075 UV/VIS
detector, Jasco G060 column oven, and Jasco ChromNAV software. The
analytical column was a YMCriart Cis, PP 1 PP isfevése
phase column with a Triart:€4 mm x 3.0 mm guard column (YMC Co. Ltd,
Kyoto, Japan). The composition of mobile phase and the HPLC analysis
conditions were described in the method of Belguidoum (Belguidoum et al.,
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2014). A binary gradient elution at a constant flow rate of 0.8 mL/min was used
to elute the phenolic compounds (TaBl&). The mobile phase used was 1%
phosphoric acid in water (solvent A) and 1% phosphoric acid in acetonitrile

(solvent B). The detection of phenolic compounds was performed at 280 nm.
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Table 2.1. Analytical HPLC gradient

Time (min) % A % B
0 85 15
7 63 37
14 20 80
16 0 100
18 0 100
20
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2.2.9. Antimicrobial activity

The antibacterial activity of the extracts processelifi@rent temperatures
(120, 150, 180, 210, and 240) was analyzed against Gramegative
Escherichia colKCTC 2314 and Grarpositive Bacillus cereuATCC 14579
using the agar well diffusion method. First, 20 mL of Muller Hinton agar was
poured into sterile Petri dishes and left to solidify. A well was then made using

)nto the surface of

a sterile pij
the media f /50 uL of extract
at different 5 dissolved in 10%
DMSO, tre 24 h. After
incubation, 1e largest zone
was subsel gycentration
(MIC) and s described by
(Chandrast Resazurin dye

was used as an indicator.

2.2.10.Statistical analysis

All statistical data for the mean values were analyzed usingwage
DQDO\VLYV RI YDULDQFH LQ 6366 VRIWZDUH YHUVLRQ
IL, USA). The values were expressed as the mean + standard deviation (SD) (n

= 3replicates). Statisticalan&V LV ZDV DOVR SHUIRUPHG XVLQJ '"XQFL
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a p value of <0.05 considered statistically significant. Correlation was

GHWHUPLQHG XVLQJ B3HDUVRQYY FRUUHODWLRQ DQDO\\

2.3. Results anddiscussion

2.3.1. Proximate composition

The prn\/imﬂfn AArmnncitinn [\ thiinhArAivAng mﬂfnriﬂl IS presented

in Table2.z ptT}_—O—h—lﬂ

T

nt, at 49.58% =+
0.02%, follc ontent is related to
the minera we a higher ash
(mineral) orption of mineral
nutrients in ) talus, not through

the roots, v ., 2021).
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Table 2.2. Proximate compositions &. thunbergii

Compositions Raw material (%)
Moisture 9.75+0.17
Ash 26.02+ 0.34
Crude Lipid 13.64+ 0.1F
Crude Protein 1.01£0.15
Carbohydrate 49.58+ 0.02
- Values: '

- Differen RUGLQJ WR 'XQFDQT"

multiple
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2.3.2. Extraction efficiency

The EE of SSE obtained at different extraction temperatures is shown
Table2.3 The EE increased significantly as the temperature increased. The EE
of SSE was the lowest at 12Q 41.86% + 0.47% and the highest at 210
79.23% £ 0.14%. No furth@rcrease in efficiency was observed at 24(0/8.76%

+ 0.38%. This trend was similar to a previous study of the subcritical water

extractof s emperature is an

important f vater can destroy
WKH V ZLQJ WR IHDWXUHYV
hydrogen N EE. The use of

high presst ! sample loygreduc

2.3.3. Color and pH

The color and pH of the extracts were measured after different extraction
conditions (Tabl&.3, Figure2.2). Color is one of the important quaktglated
factors in attractinggonsumers. In this study, the lightnes$ {lalue) of the
extracts was between 31.01 = 0.07 and 34.56 + 0.20, depending on the extraction
conditions. The lightness of these extracts was dependent on the pigments and
hydroscopic substances, whereas the darkness depends on the low

molecularization oflarge molecules and the formation of Maillard reaction
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products (Getachew & Chun, 2017). The a* (red to green) value ranged from

i “ WR ¢ JRU 60( JUHHQQHVV ZDV KLJKHL
factors, suggesting that more chloropkydised pigments were extracted than
carotenoidbased pigment (Aryest al., 2018). There is a need to study the color

extraction further in different solvent conditions.

The pH value decreased from 6.38 + 0.16 in fi®Raredat 120 to 5.50
+ 0.08 in ¢ + 0.17 in SSE
preparecht .06 in a previous
study. In pr srease in pH by heat
treatment \ ds and organic
acids owing crease in acidity
resulting fr lous study, it
was obsen sis decreased with

an increas | the temperature

exceeded23® 3DUN HW DO 3L NRZVND HW DO
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Table 2.3 Extraction efficiency, color properties and pHS$Esobtained at different conditions

Conditions EE (%) L* a* b* pH

120 41.864 3.09+ 0.35 6.38+ 0.16°

150 61.58: 0.77+0.07 5.71+0.23

S?E 180 70.334 0.45+ 0.01 5.42+0.15
210 79.23 1.00+ 0.04 5.50+ 0.08

240 78.76% 0.14+ 0.04 7.03+0.17

SME 4.06+0.09 5.93+ 0.06

- Values are expressed as meanz
- Different letters indicate significar -DQTY PXOWLSOH UDQJH WHVW

- SSE:S. thunbergisubcritical water extracts, SME. thunbergimethanoextracts
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120°C 150°C 180°C 210°C 240°C

)

Figure 2.2. Visual appearance &SEs obtained at different extraction methods

(a) SWE, (b) SME
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2.3.4. Antioxidant activity

2.3.4.1.Total phenolic contents

The TPC ofthe extracts obtained using different extraction conditions is
shown in Table 2. The TPC of SSE increased continuously as the subcritical
water temperature was increased from 120C, reaching a maximum of (13.57 +

0.19) mg PGE/g of dry sample at 180and then decreased significantly as the

temperatur Iple at SME

had the lov mg PGE/g of dry
sample. Te affecting the TPC
recovered i ounds is increased
by the bre he rate of mass
transfer, ar wever, beyond

a certain te Chun, 2019).

2.3.4.2 Antioxidant activity

The antioxidant activity of the extracts was evaluated using three different
assaygSABTS", DPPH, and FRAP), and the results are shown in TaBldr?.
the evaluation of ABTS DPPH radical scavenging ability and FRAP reducing
power, SSE prepared at 180had the strongest activities, of (56.72 + 0.10,
17.99+ 0.03,and 29.79 + 0.11) mg TE/g of dry sample, respectively. In contrast,

SME showed the weakest activities, of (1.53 £ 0.05, 0.18 + 0.07, and 1.34 £
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0.34) mg TE/g of dry sample, respectively. Compared with the conventional
organic solvent extraction method, the antioxidant activity was 8 to 100 times
higher in the SSEs. This was confirmed in various previous studies (Park et al.,

2019, Ho & Chun, 201%Aliakbarian et al., 2012).

2.3.4.3.Correlation between TPC and radical scavenging

Many ated to phenolics

content anc )unds are known to
have radici ite hydrogen and
form stable son correlation
analysis w 'een TPC and the
antioxidant refficient @R

of antioxidz ) assaywere

0.968, 0.965, and 0.984, respectively (ak0.01), indicating a strong
correlation. These results were similar to those measured for the correlation
between TPC and antioxidant activity in seaweed hydrolyzate, Salvia officinalis
leaf extract, and Maca épidium meyenjiextract (Park et al., 2019, Gan et al.,

2017, Khiya et al., 2021).
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2.3.5. Total sugar contentsand reducing sugar contents

In this study, the total sugar and reducing sugar contents of SSEHVihd
were studied, and it was confirmed that there were significant differences
depending on the extraction temperature (Talle Bor the SSEs, the TSC was
highest at 150<C, at (61.95 £ 0.75) mg glucose/g of dry sample, and lowest at
240%C, at (4.62 £ 0.99) mg glucose/g of dry sample; the RSC was highest at

180<%C, at (- ywest at 180T,

(13.25 £ 0. TSC and the RSC
were (0.34 respectively,
which were 1angesTis@e

andRSC al :ompose into other

products, s rbohydrates, owing
to browning ction temperature,
such as ce n, 2005). It is

necessary to adjust the extraction temperature to meet the desired content of the

target product.
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Table 24. Antioxidant activities and chemical propertiesS8Esobtained at different conditions

ABTS" radice

Conditions scavenging
(mg TE/g of
dry sample.

120 18.61+ 0.92
150 41.50£ 0.44
S?'E 180 56.72+ 0.10
210 55.17£0.76
240 50.22+ 0.10
SME 1.53:0.05

- Values are expressed as mean:

-  Different letters indicate significant differencgs<{0.05) DFFRUGLQJ WR 'XQFDQYVY PXOWLSOH UDQJH WHVW
- SSE:S. thunbergisubcritical water extracts, SMB:. thunbergimethanol extract

Antioxidant activities

-50-

Chemical properties

TSC

(mg glucose/g
of dry sample)

RSC
(mg glucose/g
of dry sample)

46.18+ 1.30 13.25+ 0.42
61.95+0.75 42.58+0.20
35.54+ 0.59 48.51+ 1.4C
11.19+ 0.48 32.51+ 0.64
4.62+1.0C0 21.78+ 0.20°

0.34+0.27 15.25:0.48




Table25. 3BHDUVRQYVY FRUUHODWLRQ FRHIILFLHQWY Rl 73& DQG

Trait TPC ABTS* DPPH FRAP

TPC 1 0.968 0.965 0.984
ABTS* - 1 0.961 0.962
DPPH - - 1 0.985
FRAP - - - 1

“Correlation is significant at the 0.01 level
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2.3.6. Recovery of phenolic compounds

The analysis of in phenolic compounds in SSE is shown in FRj8@nd
Table2.6. For the SSE prepared at 120Qpeak quality was poorly determined.
Above 150 , the major phenolic compounds were identified, withléngest
number of phenolic compounds was detected a# 1,8bwever, the number of
peaks decreased beyond 310These results followed a similar pattern to the

TPC. This effective of high

temperatur )l was the most

abundant ¢ 2, which was

Z prepared at all
Ire increased,
reaching a ;ample at 180
decreasing )f (26.13 + 1.07)
mg/100 g >id only was
detected from 150 to 210+ , at concentrations of (23.09 + 4.71) mg/100 g of
dry sample to (196.09 = 9.05) mg/100 g of dry sample. In previous studies,
temperatures above 190 were shown to increase the concentration of
insoluble phenols such pscoumaric acid (Lou etl., 2014). However, at 240,

gallic acid and pyrogallol were obtained at (26.13 + 1.07 and 184.17 = 2.07)

mg/100 g of dry sample, respectively and it is believed that such results were

caused by the longer preheating time and the unnecessary reaction or
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decomposition of specific phenol compounds at a high temperature (Dinh et al.,
2018). (Khuwijitjaru et al., 2014)analyzedthe decomposition kinetics of
several phenolic acids in subcritical water extracts prepared at 10@50¢

for 30 min to 120 min. They reported that subcritical watdractof phenolic
compounds at 250 for 30 min degraded all the tested phenolic compounds.

Therefore, the extraction of phenolic compounds at high temperatures is not

recommen ults, it was found

ariety of phenolic

compound: diological activities,
including ¢ -JJ tudy of the
purification ! ry
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Table 2.6. Phenolic compounds (mg/100 g of dry sample) profileSS®Esobtained at different conditions

Phenolic compounds Gallic acid Pyrogallol Proto;gitgchwc ChI(;rgigenlc Syringic acid p-Cc;léirgarlc
(Retention time) (4.9 min) (6.9 min) . . (10.3 min) .
(8.1 min) (8.7 min) (13.1 min)
120 49.46+ 1.2 42.45+1.01 N.D.

150 51.94+5.° 70.22+ 5.36 23.09+ 4.71°

SSE

180 66.99+ 7. F 20.01+ 1.09 196.09+ 9.05°

210 62.09+ 3.¢ ¥ 1.03+0.09 105.55+ 5.46

240 26.13+ 1. N.D. N.D.

- Values are expressed as mean:

- Different letters indicate significi ‘DQTY PXOWLSOH UDQJH WHVW

- SSE:S. thunbergisubcritical wat
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Standards ’ 180°C

210°C

—— -

...........

Figure 2.3. Chromatograms of individual phenolic compoundS8Es

1: Gallic acid 2: Pyrogallol 3: Protocatechuic acid 4: Chlorogenic acid 5: Syringic geicbémaric acid
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2.3.7. Antimicrobial activities

The analysis of in antimicrobial activities in SSE is shown in Tablés
and2.8 The SSE prepared atd8 had the strongest antibacterial activity. The
highest concentration of 50 mg/mL resulted in the largest zones of clearance for
E. coliandB. cereusof 17 mm and 16 mm, respectively. The MIC and the
MBC for E. coli0.625 mg/mL and 1.25 mg/mL, respectively. were higher than

those forB. ly. The mode of

action of th ells was thought to

be the alte l., 2018). Gram
1an-@oaitive

ell wall structure
decreases denetrate the cell
(BouarabC agents occurs
owing to t » and hydrophilic
porins (Ebbensgaard et al., 2018, Choi & Lee, 2019). Hydrophilic metabolites
can attack the targets by passing through the porinereabt hydrophobic

phytochemicals can attack the bacterial cells through diffusion pathways via the
outer membrane. If any changes occur in the outer membrane ofregative

bacteria, such as mutations in porin structures or alterations in the

hydrophobidy, resistance might be increased. The absence of this unique outer

membrane sensitizes Grgositive bacteria to traditional and conventional
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drug molecules (Breijyeh et al., 2020). Overall, the tested ¢pa@sitive

bacterium was more sensitive than the Gragative bacterium to tH&SEs
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Table 2.7. In vitro antimicrobial (Well diffusion method) @SEsagainstE. coli / B. cereus

Concentration (mg/mL) (E. coli/ B. cereu$

Conditions
1 40 50
120 - -
150 13/11 15/11
S?E 180 11, 15/15 17/16
210 15/13 17/15
240 15/14 15/17

- SSE:S. thunbergisubcritical wat
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Table 2.8 Comparison of MIC and MBC antimicrobial activity 865Es D JD EQWIWB. cereus

| (Cnnreantratinn nf QQFg

Microorganism
MBC (mg/mL)

E. coli 1.25

B. cereus 0.625

- MIC: Minimum Inhibitory Conce

- MBC: Minimum Bactericidal Coi
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2.4. Conclusion

In this study, organic solvent extraction and clean extraction procé&ss of
thunbergiiwere comparedS. thunbergiis rich in functional polysaccharides
and phenolic compounds. The SSEs had higher activities than the SME. The
temperature of the SWE process strongly affected the physicochemical and

biofunctional properties of th8SEs The TPC, TSC, and RSC had maximum

values intfF ectively, and

antioxidant largest range
of phenolic

prepared a 'ﬂ /as found in the

SSE prepa == |had the best

properties, | for retaining the
functionalit ) SWE, which

is a green | ration of functional
biofilms.
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Chapter 3

Optimization of ecofriendly biorefinery process from

Sargassum thunbergiicharacterization of phenolic and

bioactive compound$

This study thefriendly

extraction, active compounds
derived fro (SWE). The
research a y process by
achieving « ponse surface
methodolox ction conditions,
yielding a maximum total phenolic content at a temperature96f4Be ,
reaction time of 18.82 min, and solid/liquid ratio of 0.032 g/mL. Under these
conditions, the optimizeds. thunbergiiextract (OSE) demonstrated high
phenolic content (29.01 £ 0.28 mg phloroglucinol equivalent/g) and flavonoid
content (10.33 + 0.48 mg quercetin equivalentiparacterization of the OSE

through advanced analytical techniques, including &édormance liquid

3 Part of this work has been published in Journal of Industrial and Engineering
Chemistry(DOI: https://doi.org/10.1016/j.jiec.2024.08.008)
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chromatographyelectrospray ionization quadrupole tiwokflight mass
spectrometry, confirmed the presence of 64 phenolic compounds, such as
phenolic acids, flavonoids, and other polyphenols. Nuclear magnetic resonance
spectroscopy further validated the-existence of polysaccharides, while
additional analysis identified biofuel potential from the remaining biomass,
supporting the zerwaste goal. OSE exhibited antioxidant activities, witkIC

values of 2 TS, DPPH,

HSHBY (o GLVSOD\HG
).01 mg/mL),

suggesting l. The extract
demonstral agenase inhibition
(35.35 = 0. nd whitening
cosmetic 6 ‘otective effects,
with a critic effective UVA
and UVB protection. OSE also exhibited antimicrobial activity against &ram
positive and Granmegative bacteria, as well as yeast, and demonstrated anti
inflammatory potential in LPStimulated RAW 264.7 macrophages. eTh
findings of this study underscore the versatility of OSE, highlighting its
applicability across pharmaceutical, functional food, and cosmetic industries.
Furthermore, the use of SWVdemonstrates the importance of sustainable

extraction methods, reinforgy ecofriendly biorefinery strategies for the

comprehensive utilization of marine biomass. This study establishes a
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theoretical foundation and provides practical guidelines for the efficient
extraction and processing of phenolic compounds fBothunbergiiindicating

the feasibility of a sustainable biorefinery process usingeSW

3.1. Introduction

ObULOH RUJDOLVPV XOOLNH WKHLU WHUUHVWULDC

UHVHU FDO FRPSRXQGYV

UHVRX ‘DO IXQFWLRQDO
%LRDF ™\ sap\ POowme RROH
SURPR (N QI GLVHDVHV HI[KI
DV DC - :DFWHULDO DQWL
DQWLC N DO HG 3DUWL
DWW H ( RDFWLYH PROHFXO
SRO\WWDFFKDULGHY WHUSHQRLGVY SRO\HWKHUV DQG SiI
HW DO %URZQ VHDZHHGY DUH HVSHFLDOO\ ULFK
DOQWLR[LOWQWEXWRQJ WR DQWLK\SHUWHQVLYH DQG DQ
WKHP SURPLVLQJ FDQGLGDWHYV IRU IXQFWLRQDO IRR
%HJXP HW DO &KR HW DO +ROGW HW DO

IXUWKHU HQULFKHG E\ VMOLR{H G WF KOQQIMKAV D @ BISFKD H Q
WKHP WR DFFXPXODWH VHFRQGDU\ PHWDEROLWHV >

FRQGLWLRQV /RPDUWLUH HW DO 6 WKXPRMUIEWRZQ

-69-



VWDQGY RXW IRU LWV KLIJK FRQWHQW RI SKHQROLF DFL
HIKLELWLQJ SRWHQW DQWLR[LGDQW DQWLEDFWHULDO
SURSHUWLHV &XL HW DO 3DUN HW DO SDUN
KLIKOLL WYV VLIQLILFDQW SRWHQWLDO IRU DSSOLFDWLF
IRRGY DQG FRVPHWLFV HPSKDVL]LQJ WKH QHFHVVL
HIWUDFWLRQ DQG XWLOL]DWLRQ VWUDWHJILHV IRU LWV

&D

9D U JLHVY KDYH EHHQ G|

ELRDF QO/ VRNWKRBGY V

H[WUD IPMWHRBZEBYWUDFWLR

RITHU DOVR KDYH LQK
H[WUD Vv VKRUW H[WUDFW
FRQVX ML\R @ XOFKGDR/L OK. P L W
HQHUJ VH 8B ROIOXMFIORY 'H

&2 HIWUDFWLRQ DFKLHYHV KLJK SRODW\FR®GS RN QLE&V HEXR\
UHTXLWHRW FRQWYV IRU SRODU FRPSRXQGY DQG HQWDLC
FRVWY /HRQH HW DO DVVLVWHEBURZWYBFWLRQ DFFHO
WUDQVIHU DQG HRDWIFHNLHQWUEXW SRVHV WKH ULVN
GHJUDGDWLRQ DW HOHYDWHG WHPSHUDWXUHYV <XDQ F
ZDWHWU®BKWKDY HPHUJHGUDM QDZODHBRG HIILFLHQW WHF
6:( RSHUDWHYV XQGHU WWWPSHHNDWKORY RDRWHIUNN FULW|

. 03D UHGXFLQJ ZDWHUYYVY GLHOHFWULF FRQVWD
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RI RUJDQLF FRPSRXQGV W\SLFDGOUNQHWW MXCEOH LQ Z0.W
PHWKRG HOLPLQDWHYV WKH QHHG IRU RUJDQLF VROYH
LPSDFW ZKLOH VLJQLILFDQWO\ HQKDQFLQJ WKH H[WU
FRPSRXQGV VXEKR®DYIDBSXKVWRQROHUV KLJK H[WUDFWLRQ \l
UHDFWLRQ UDWHV DQG UHVWRUDWLRRNBD ZWBMWHY WR
WKHUHE\ DYRLGLQJ UHVEGXDHANVIRDYHQW EZNNVWXHNSS-URDF

MMERDEXRW WOVEBLSOI

DO VXVWDLQDELOL!
LIQHH @ XYOLDL W H \RK D Q
N VXSHULRU H[WUL
o) +RZHYHU
SLWLRQV IRU SKHC
IRSIFX DBW/X UH UHDF
LPLKBQJ HW DO

*LYHQ WKH WLPH DQG FRVW FRQVWUDLQWY RI RSWLPL]L
UHVSRQVH VXUIPRH FHWKRGROV DQ HIIHFWLYH VRO
VLPXOWDQHRXVO\ DQDO\]LQJ DQG RSWLPL]LQJ YDULL
LQWHUDFWLRQV DQG HQKDQFLQJ WKH H[WUDFWLRQ SU
VWXG\ EXLOGV RQ WKH GHB R @QRWHWDRHINGK D Q R D QHY I UHD\F \
WR RSWLPL]JH WKHVH SDUDPHWHUV DQG WKRURXJKO\ D
DQG VWUXFWXUDO SURSHUWLHV Rl H{WUDFWV REWDLQ}

7R HYDOXDWH WKH ELRDFWLYH PRRSEQGEWOINKWI WKH

-71-



26( FKHPLFDO DQG VWUXFWXUDO DQDO\VHVY ZHUH FRQ
RI WRWDO SKHQROLF FRQWHQW 73& WRWDO IODYRQ
FRQWHQW 76& DQG UHGXFLQJ VXJDU FRQWHQW 5
FRPSRXQGV ZHUH LGB/@MEIMTFG0KVBQDQE 105

)XUWKHUPRUH VWUXFWXUDO FKDUDFWHULVWLFV RI 26
XVLQJ5)7:;5' 7*$ DQEIO)WR DVVHVV WKHLU SRWHQWLDC

XWLOL HOXFLKBDWH WKH |

PHFKD 'SHUWLHV RI WKH |
U KHDOWK SURPRW
HEEOWRBY WKH SR
IXQFW | M JHYHUDJLQJ WK}
DJLQJ FDQ RIIHU

TXDOLW\ DQG H[WH
HOVRHADHAG H VRIPQ VLY H
DSSOLFDELOLW\ LQ WKH IXQFWLRQDO IRRG SKDUPDFH
7KHLU DQWLR[LGDQW DQWLEDFWHULDO DQWLK\SHUWH
WKH GHYHORSFPHQWHRSURGKFWY VHUYLQJ DV QDWXUD
DQMQIODPPDWRU\ DJHQWYV LQ SKBYRQRAHXWLEOGQGVW GYLN
IXQFWLRQDO IRRGRWHE® LUIRNYBE @IQUMIGLHQWY LQ FRVI
$GGLWLRQDOO\ WKLV VNXG]\DRMRQ®RE RVEBHVEHYRWY R | IWKHHUY -
PRGHO DLPHG DW HQYLURQPHQWDO VXEDAH®DELOLW!

SDFNDJLQJ PDWHU LEBQW¥ RONVEBRQBREFEDWW®DN UHGXFH IRRG
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DQG SURPRWH HQYLURQPHQWDO FRQVHUYDWLRQ 7KLV
PXOWLGLPHQVLRQDO VROXWLRQV WR SUHVVLQJ JORED

RI IRRG SDFNDJLQJ WHFKQRORJ\

3.2. Materials and methods

3.2.1. Materials and chemicals

6 W -8 -HMX .RUHD 7
ZDV KI 6RXWK .RUHD WK
ZDWHU 7TKH GULHG VHDZHI
XQLIRL IXUWKHU XVH 1LW
JDV 1z (SSOLHG E\ .RUHD
% XVD!

Q BWKBIQEGHDWLAGNH G S L

ZHUH | 02 86% DOO RWKH
DG UH P 6DPFKXQ 3XUH &t
6 RXWK

3.2.2. Subcritical water extraction

$V SUHYLRXVO\ (UHDBWUGMHKEK QEE[MWUIDEW ZDV SUHSDUH
XVLQJ DWVEBWAMWDLQOHVYVY VWHHO UHDFWRU 3KRVHQWI
.RUHD ZLWK PLQRU PRGLILFDWLRQV 3DUN HW DO

WHPSHUDWXUHWBHLR QIOASOAHEDWHU 66:( DDUMLR XVHG |
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GHVFULEHG LQ WKH H[SHULPHQWDO GHVLJQ 7DEOH

03D XVL®PN17KH UHDFWLRQ WLPH VWDUWHG ZKHQ W
ZDV UHDFKHG XVLQJ DQ HOHFWULF KHDWHU DQG WKH V
D GRXEGBODRBXULPSHOOHU $8WWWKXWQEHUJIBBWWZIRY
FROOHFWHG ILOWHUHG XVLQJ ILOWHU SD®KU &+0/$%

VWRUMRODW\I\RSKLOL]HG IRU VXEVHTXHQW H[SHULPHQW

DOVR | HQW H[SHULP
3.2.3. RSI

7R H RI HIWUDFWLRC
H[WUD {OWLSOH H[WUDFW
RQH YI [LQJ WKH RWKHUV
WHPSH G 6 /*UDWLR

\] P/ :PIVVII\J I_VII\(V\I I_\{\l vv IN 11 I\\JVV'LPDOZUDQ\]HV RI \

WHPSHUDWXUHDFWLRQ WLPH W PLQ 2 WEGOGRXUOKDWLR

D VLODPWRU DQDO\VLV WKH HNKRHALY RQWBRK FVUR Q EHDI
RQ WKH 73&V RI WKH H[WUDFWV ZHUH GHWHUPLQHG X
GHVLJQ ZDV EDVHG RQ WKH FHQWUDO FRPSRVLWH
H[SHULPHQWDO SRLQWV ZLWK ILYH UHSOLFDWHY DW
SURFHNMQGHWISHUW VWDWLVWLFDO VRDWAZDDGG9HUVLR

OLQQHDSROLV 01 86% ZDV XVHG WR GHVFULEH WKH
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LQGHSHQGHQW YDULDEOHV D QGKW KH S WIHPHRQN 6 W HAD
ZHUH DQDO\]HG XVLQJ WKH TXDGUDWLF PRGHO GHVFU
DQDO\VLV Rl YDULDQFH $129% ZDV SHUIRUPHG WR ¢

VWDWLVWLFDO VLIQLILFDQFH ODFN RI ILW DQG UHJUH

'SRQVH IDFWRU ;I

‘LHQWYV UHSUHVHQ)
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Table 3.1. Central composite design wiBWE conditions and experimentally obtained values of TPC

$ 7HPSHUDW X B: Reaction time (min) C: S/L Ratio (g/mL)

Run
1 150
2 180
3 180
4 210
5 150
6 150
7 210
8 180
9 180
10 180
11 150
12 210
13 210
14 222.42
15 180
16 180
17 180
18 137.58
19 180

15.86 0.0375
30 0.019825
30 0.055175
30 0.0375

4414 0.0375

TPC (mg PGE/9

Predicted Actual
13.1267 12.5198
26.3513 25.9218
26.3513 27.0582
26.0972 25.4439
15.2074 14.8759
10.4872 10.5705
24.4786 23.9139
26.3513 25.3817
26.3513 25.0104
263513 27.4210
10.8854 11.0574
26.7309 26.5810
23.4298 23.5553
25.9669 26.6461
21.8576 21.4949
24.2893 25.0282
23.4265 23.6505

7.9278 8.2115
24.4653 25.7910
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3.2.4. Pysicochemical properties

3.2.4.1.Color and maillard reaction products

7R GHWHUPLQH WKH FRORU BPI 2@ @GHVUKHPSDYVXRHEHUYV
XVLQJ D FRORULPHWHU /RYLERQG 57 VHULHV 7KH 7LQV
7TKHYDOXH UDQJHG IURP WR LQGLFDWLQJ WKH OLJK

DUHSUHVHQWY UHGHSR HVUHOGWW HO BRZ WR EOXH 7KH

YDOXH IJURP WKHVH WKH

FKURP JH FDOFXODWHG 9

PHDVX 'KUHH WLPHV DQG

7KH HBEFENBKRIQ SURGXF

VDPSO
(1
DEVRU

SDWHN LHRW VIDO HV W I
WEBGVWLOOHG ZDW
DQG QP XVLQJ D
UHDGHuU wLK /AN VwWwuaiarnywy LQRRVNL 97 86%

$ $ ZDV FDOFXODWHG WR PRQLWRENRWUKEH QERQYHU

FRPSRXQGV LQWR EURZQ SRO\PHUV

3.2.4.2.Monosaccharide analysis

7KH PRQRVDFFKDULGH FRPSRVLWLRQ Rl 26( ZDV D

FKURPDWRJUDSKLR&G6[ 86% ZLWK SXOVHG DPSHURPHW!
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HTXLSSHG ZLWE&S$D 4 PRIERBQF PP i PP 'LRQH[ 86% 7k
26( VDPSOH PJ ZD\GISWWHSOYIHED E\WXOIXULF DFLG
DORQJ ZLWK P/ RI ZDWHU IROORIRG EK KABHRO\VL\
K\GURO\VDWH ZDV WKHQ -FOWWHIULKG HWIK ORWHW BHIRUH
DQDO\VLVY 7KH IROORZLQJ KLJK SHUIRUPDQFH OLTXL
FRQGLWLRQV ZHUH XVHG VROYHQW BOGIWR2RQL]HG ZDWt
% PLQ

P/ PLQ LQMHFWL

3.2.4.3.Su

7KH )V GHWHUPLQHG W

% D &XH | C(\GURO\VLV LQ

PRGLILFDWLRQV WR D SUHYLRRVOMERWBWOLMKHG SURF
/\RSKLOL]HG 26( PJ ZDV K\GURO\]HG LRU PKRI 0 +&C
$IWHU FRROLQJ WKH VROXWLRQ ZDV WKRURXJKO\ PL[
SDSHU &+0/$% *5283 ) $ P/ SRUWLRQ RI WKH ILOWU
WUDQVIHUUHG WR D P/ WXEH FRQWDLQLQJ P/ RI

P/ RI %D&ODWLQ UHDJHQW 7KH PL[WXUH ZDV WKHQ Y
LQFXEDWHG DW URRP WHPSHUDWXUH IRU PLQ S$EVRUE

$ EODQN ZDV SUHSDUHG XVLQJ GLVOURBPHGXDBWSHU IR
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FDOLEUDWLRQ FXUYH ZDB\2 VROMUWLDWRG DXWLERQFHQWL
UDQJLQJ IURP WR PJ P/ BPSSURJLERHWHO\
7KH VXOIDWH FRQWHQW ZDV FDOFXODWHG DQG H[SUHV

GU\ ZHLJKW

3.2.4.4 Molecular weight analysis

7KH DV GHWHUPLQHG

FKURP N H 5, 6\WWHP 7K
/\RSKL GHLRQL]HG ZDWHU
ZDV W LQJH ILOWHU DQG
GHJDV (H/L DMHFWLRQ YRC
GHYHO LIORZ UDWH RI P/
XVHG >QV DQG

OROHFXODU ZHLJKW ZDV PHDVXUHG EDVHG RQ WKH FDC
VWDQGDUG = T JPRO 7KH UHVXOWV ZHUH DQDO\

&KURPHOHRQ HISDQVLRQ SDFN VRIWZDUH 7KHUPR &

3.2.4.5.Total phenolic contentsand total flavonoids contents

7KMWRWDO SKHQRD&FQERAWDFDQMIWD YRGRLBN FRQWHQW

26( ZHUH HYDOXDWHG XVLQJ SUIDURXNOROWRBRUWHG P
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VRPH PRGLILFDWLRQV 3KORURJOXFLQROHODKQGFHAXHUFFE
UHDJHQWY DQG 73& DQG 7)& ZHUH H[SUHVVHG DV PLC
HTXLYDOHQWYV SHU JUDP RI GULHG VDPSOH PJ 3*(J D!

HTXLYDOHQWY SHU JUDP RI GULHG VDPSOH PJ 4( J Uk

3.2.4.6.Total sugar contentsand reducins sugar contents

DB FEIRZBW H QW V

ZHUH I VU B SBRVURAVRWE PHWKR
VHUYH ﬁ\ W WKH UHVXOWYV
JOXFR XFRVH J

3.2.4.7.GC

3.2.4.7.1.

JRU *@6 DQDO\VLV PJ P/ 26( ZDV GUDWGROYHG LQ
PHWKDQRO 7KH VROXWLRQ ZDV YRUWH[HG IRU PLQ
WKURXJK DLOWHU 6XEVHTXHQWODFWP/ RADNVKH
SODFHG LQ WKH FRUUHVSRQGLQJ *& YLDO IRU DQD
FRPSOHWHO\ HYDSIRWD WK KIVRROH. XQGHUZHQW GHU
ZLWK/ S\ULGLQH/ D6BG)$ 70&6 DQG ZDV LQFXEDW|

« IRU PLQ /DRIGNKH GHULYDWL]HG VdDBSOH ZDV XV

DQDO\VLV
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32472.$QDO\VLV
7KH #@6 PHDVXUHPHQW ZDV DFFRPSOLVKHG E\ D 6KL
IXUQLVKHG ZLWK 6KBPDG1IX 6KDBDG]X &RUSRUDWLRC

ARWR -DSDQ HOHFWURQ LPSDFW LRQL]JDWLRQ DQC

GDWD ZHUH DFTXLUHG E\ *&06 VROXPM)LB& Y VRIW
GLPHQVLRQV P OHQJWK P ILOPPWKLFNQHVYV
LQM IWXUHHRU PLQ KF

) KRVGHP 3\ HPBIWRQ 8

IRU DO UXQ WLPH +HO
JDV .Q WKH VSOLW UD\
VDP H VFEQWKDVV UDQ
SRV 'HUH FRPSDUHG ZL\
FRP U\S WK (GLWLRQ 1
/ILEL

3.2.4.8.UPLC-ESI-QTOF-MS/MS analysis

7R PDSFRRKHUHKHQVLYH SKHQROLKSHAIZYOLQJ RI 26(
06 06 DQDO\VLYV ZDV SHUIRUPHG XVLQJ DQ $&48,7< , &/%
ZLWK D 66Q40/2W6 06 :DWHUV &RUSRUDWLRQ OLOIRUG
6WDWHYV 6HSDUDWLRQ ZDV DFKLAKHRBPRWRIU DS KDWH L
FROXPQ xPPxix xPPSDUWLFOH VL]H :DWHUV &RUS
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OLOIRUG 0% 8QLWHG 6WDRNHM FEOIMDOXKONHV ZHUH LQMHF)

xP/ PLQ IORZ UDWH 7KH PRELOH SKDVHV ZHUH $

DQG % IRUPLF DFLG LQ DFHWRQLWULOH DQG D J
IROORZV % + PLQ # % + PLQ %
PLQ + % + PLQ DQG +% PLQ 'HWHFWLRQ ZDV

SHUIRUPHG XVL&4aMPEQDYWHP :DWHUV &RUSRUDWLRQ

0$ 80Q JD\ LRQL]DWLRQ Z

LRQL]LC HYHBBHOBPWWUHHYV

GHVRO 'DJH / KVDPSOLQJ
FRQH . DWH $UJRQ ZDV XV
p¥ROC M :XOL]HU DQG GHVR
ZHUH | DQHVROXPWILRQ PR
ZLWK | L WHKG lGD W PRGH
ZKLFK NE ID\R Z HAHRD @/IZ\RL R Q

HQHUJ\ ZLWK H9 DQG KLJK HQHIERU RLRIK/ VDS JH RI
Pl + 'D WR REWDLQ SUHFXUVRU DQG SURGXFW LRQ
VFWUD EXW ZLWKLQ D VLQJOH DFTXOHWXWLEB $Q HJ
HOQNHSKIDWLD FRQFHQWUDWLRQDRHWRQILWULOH ZDWH!
Y Y x x IRUPLF DFLG ZDV DXWRPDWIPABOOLIL @IXVHG |
/IRFN6SUD\ FKDQQHO WKHROBENWRBIVMHVSWB\HU >0i+@

$FFXUDWH PDVV DQG HOHPHQWDO FRPSRVLWLF

ODVV/\Q[ VRIWZDUH DWHUV &RUSRUDWLRQ OLOIRUC
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LQFRUSRUDWHG LQ WKH LQVWUXPHQW 06 06 DQDO\VLYV
WKH GDWDEDYVH[IUGRRPU B K HROHBWOWICHRIBO RUH  WR

81,), Y 6FLHQWLILF ,QIRUPDWLRQ 6\VWHPV :DWHUV &
8QLWHG O6WDWHYV '‘DWD DFTXLVLWLRQ DQG SURFHV\

ODVV/\Q VRIWZDUH

3.2.4.9.NN\

3.2.5. Biol

3.2.5.1.Antioxidant activity
7KH DQWLR[LGDQW DFWLYLWLHV RI WK#H326( ZHUH HY
DQG )5%$3 DVvVvD\V ZLWK VOLJKW PRGLILFDWLRQV WR SU
3DUN HW DXRU WKHD¥% D6 DEVRUEDQFH ZDV PHDVXUHG
ZKLOH IRU WKH '33+ DQG )5%$3 DVVD\V PHDVXUHPHQWYV |
QP UHVSHFWLYHO\ XVLQJ D 6\QHUJ\ +7 PLFURSC
, QVWUXPHQWY :LQRRVNL 97 86% 7TURORGZDV XVHG D

DQG WKH UHVXOWYV ZHWDO XHYU HMAVHUIGH DWVQWLQJ WKH FR
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UHTXLUHG WR LQKLELW RIDW K H VU DRGL HIDGK DYXWD)\&Z |

GHWHUPLQHG XVLQJ WKH IROORZLQJ IRUPXOD

SQWLR[LGDQW D EWiHNHoWo & prni$rxBapion
ZKHUgdpbEorniurkQ@rPEBRUUHVSRQG WR WKH DEVRUEDC(

EODQN FRQWURO EDFNJURXQG FRQWURO DQG VDPSOH

3.2.5.2.An

| 26( ZDV GHWHUPL
)RIRHWLQGQRF  7RN\
D\ VROGXMRIRWKH VD
/ LQ D ZHOO PLF
JHG ZDWHU ZDV DG
EXIIHU ZDV DGGH(
WKH Evowinv wwm ooow oovi vownnS DQ DGGLWLRQDO
ZDWHU WR WKH EODQN ZHOOV $IWHUZDUG —/ RI WK
DGGHG WR DOO VDPSOH DQG EODQN ZHOBW DQG WKH !
K JROORZLQJ LQFXEDVGULEQWRUZRUNRE YVROXWLRQ ZD
HDFK ZHOO DQG WKH SODWH ZDV LQFXEDWHG DW URR
DEVRUEDQFH ZDV PHDVXUHG DW QP XVLQJ D PLFL
,QVWUXPHQWY :LQRRVNL 97 86% 7KH $&( LQKLELWRU

DQG H[SUHVYBOXHN,8JHSUHVHQWLQJ WKH FRQFHQWUD\
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Rl $&( DFWLYLW\ XVLQJ WKH IROORZLQJ IRUPXOD

$&( LQKLELWRU\ DEMW&N V¥ SiofEprnidrxd®pdNnEODON

~

ZKHUgbo$nV WKH DEVRUEDQFH RI WKH SRVLWLYH FF
LOQKLELWbRY WKH DEVRUEDQFH RI eWKHMUBEIDIHQW EOC

DEVRUEDQFH XVLQJ GLVWLOOHG ZDWHU LQVWHDG RI H(

INV KW @IOJKW PRGL
267 WDIP SPQ HH'GR O X W
/H EXIIHU PO S-
JOXFRVLGDVH HQJ\PH VROXWHRQ SO BaMM XUEHRBDV

SUHQFXEDWHGRDW PLQ S$LWRAXEBWHRQ —/ RI S13*
VROXWLRQ PO ZDV DGGHG DQG WKH UHDFWLRQ SURF
UHDFWLRQ ZDV WKHQ VWRSS&GVROX®/GRQJ -/ RKHD
DEVRUEDQFH ZDV PHDVXUHG DW QP XVLQJ DFDUERV
$00 UHDJHQWY DQG VDPSOHV ZHUH SUHSDUHG XVLQJ S
PO S+ %ODQNV ZLWKRXW HQJ\PH DQG EDFNJURXQ(

LQHVBQDO\VILMXARYVLGDVH LYKWELZWRUN[BBWVVHG DV
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YDOXHV UHSUHVHQWLQJ WKH FRQFHQWUDWLRQ RI 26(
HQJ\PH DFWLYLW\
. *OXFRVLGDVH LQKLEL#JrBSPe bR W thoo ol

,Q WKLV \DVWYBI\SBHVHQWY WKH DEVR&ED@REc R WKH
UHSUHVHQWY WKH DEVRUEDQ F He &R AMKUHH WHIQWHNQ W K HD

DEVRUEDQFH RI WKH DEVHQFH RI ERWK WKH VDPSOH DC

3.2.5.4.An

7KH RlI 26( ZDV DVVHV\

GLIIXV 7 & RO L
6DOPR N FHAUHXV
6 WDSK DNWE&RELFDOLYV

)L ZDV SRXUHG LQWHF

@_____,
GLVKHv 1o _u.\w...wﬁumu.‘puﬂz D X U IDX\G
DOORZHG WR& RODUREEOHRNWDXG 'H[WURVH $JDU 6'$
ZDV XVHG LQVWHDG RI 0+$ :HOOV ZHUH FUHDWHG LQ
VWHULOH SLSHWWH WLS DQG EDFWHULDO RU \HDVW F)
VXUIDFH XVLQJ D VWHULOH FRWWRQ VZDE 26( VDPSOH\
DQRJ P/ ZHUH SUHSDUHG E\ GLVVROYLQJ WKH

LQ GHLRQL]HG ZDWHU DQG ILOWHULQJ WKH VROXWLRQ

ILOWHUHG VROXWLRQV ZHUH WUDQVIHURMWG IKQWR WKH
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7KH JRQH RI LQKLELWLRQ LQ PP ZDV PHDVXUHG DIWH

DVVHVV WKH DQWLPLFURELDO DFWLYLW\

3.2.5.5.Cytotoxicity and anti-inflammatory activities

3.2551. &HOO FXOWXUH

$ PXULQH PDFURSKDJH FHOO OLQH 5%: ZDV SX

IEMDONFZRIUH FXOW
LXP '0(0 &RUQLQG

'LQH VHUXP )%6 &

&HO G ZLWK 26( E\ FRQF
XVLQJ 077 DVVD\ 5%: FHOOV ZHBEDWHHMGHG LQWR
FHOOV ZHOO ZLWK —O RI PHGLXP K DIWHU FHOO V
R FRQWURO DQG —J PO ZHUH DGGHG WR
IRU K — 0 RIPHWK\OWKLDIR®KHQ\OWHWUD]ROLXP

%URPLGH LOPPOGULFK 6W /RXLV 02 86$ VROXWLRQ
HDFK ZHOO DQG K XRXIEDOMHEG IRE2KHHGLXP ZDV WKHQ

UHPRYHG —O RI GLPHWK\O VXOIR[LGH zZDV DGGHG
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IRUPD]DQ 6XEVHTXHQWO\ WKH DEVRUEDQFH ZDV PHDV.

ZHUH H[SUHVVHG DV SHUFHQWDJHV QRUPDOL]HG WR W

3.2553. 1LWULF R[LGH DVVD\

58%: FHOOV ZHUH VAHIEH G AMBWKEBROYYV ZHOO ZLWK

PHGLXP DOG FXOWXUHG IRU K 7KH PHGLXP ZDV UHSC

DQG —J PO RI
LERGBRID V@ FFKDUL:!

J)LWULF R[LGH 12

3.2554. :HVWHUQ EORW DQDO\VLYV

58%: FHOOV ZHUH RRHOWXYBGUGBWHIOINORZHOO ZLWK
PO RI FXOWXUH PHGLXP DQG WUHDWHG ZLWK FRQWU!
RI 26( bQG —J PO RI /36 7KH WUHDWHG FHOOV ZHUH =
FROOHFWHG IRU SURWHLQ HIWUDFWLRQ 7KH ZKROH SU
OW EXIIHU 5,3% EXIIHU PO 1D&0O VRGUXWRQ ;

GHR[\FKRODWH 6'6r&0 BG 7ULWDQG PO ('7$

SKRVSKDWDVH LQKLELWRU DQG SURWHDVH LQKLEL'
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7KHUPR )LVKHU 6FLHQWLILF :DOWKDP SBRW6I$Q ZDV X!
FRQFHQWUDWLRQYV —J Rl SISRWIHM XQE WRDGMEHBQF
RQWR D QLWURFHO O XORFHIPGR E U ERN LRINWHHUXP DOEX
%6$ WKH PHPEUDQH ZDV LQFXEDWHG ZLWK GLOXWHG

$EFDP *DMRU RYHUQLEXMWH$SHBULNOLQH ZLWK WZH
7%67 ZDV XVHG WR ZDVK WKH FRRBMMIQK B Q G/ I6E R B/Bil

DQWLE ZDD/Q D GOIEH&E WR F

LQFXE ZDV DQDO\]HG XVL

LPDJLC JUPR )LVKHU B6FLHC
ZHVWH )PV TXDQWLILHG E\
VRIwz |

WLYLW\
7KH W\URVLQDVH LQKLELWRU\ DFWLYLW\ ZDV DVYV

GRSDFKURPH PHAHOROGPLGIMRBQDWBIDFKFKL)RW DO

WKH SUHSDUDWLRQ PO SKRVSKDWH EXIIHU S+ Z
VDPSOH HIWUDFWYV DW D ILQDO FRQFHQWUDWLRQ RI P
VROXWLRQ 8 P/ ZDV GLOXWHG IUR®PS$ 8 VWRUHG

'LK\GURBKHQ\ODOP@QXWHRQ ZD VUG \DKD \D SRIRHGHH QW U D W

R PJ P/ LQ GLVWLOOHG ZDWHU .RMLRODFADY XVHG D
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SUHSDUHG DW D FRQFHQWUDWLRQ RI /RIPWKR ZDWHU
VDPSOH VROXWMWRKH W\URVLQDVHRHG@KRNSRDWH EXIIHU
ZHUH DGGHMH WR HODWH 7 K HL B IFEXBEOWHHRDEY WS H)

JROORZLQJ/VRHKLWKIBF VROXWLRQ ZDV DEFEID® XNOQJ D PX
SLSHWWH XQGHU GDUN FRQGLWLRQV WR VWDUW WKH U
DWe IRUDQ DGGLWLRQDO PLQ 7KH DEVRUEDQFH ZDV

D PLFL

/WEEPHGR PRQLWR
IRUPD\ SHUFHQWDJH RI W
HTXDWLRQ

& Ro

KHI M Nk BUWRWKGIH H[W U T
QJ WKH EXIIHU |
VDPSOH PL[WXUH Z

IHUHQFH 7KH DVVI

3.256.2. &aROODJHQDVH LQKLELWRU\ DFWLYLW\
7KH FROODJHQDVH LQKLELWRU\ DFWLYLW\ ZzDV DVVH
GHVFULEHG LQ WKH SUHMWMMW RO7EIHWHRIDAMNWKURD EXIITHU Z
SUHSDUHG ZLWK O ®+7ULV PO VRGLXP FKORULGH 1D
PO FDOFLXP FKORUKEBHFREDEMWIHQDVH HQ]J\PH ZDV DG

FRQFHQWUDWLRQ RI PJ P/ LQ WKH UHDFWLRQ EXII}
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SKHQ\OD]R EHQ]\BWHERERDBEIR@W 2zZDV GLVVROYHG DW
FROQFHQWUDWLRQ RI PJ P/ LQ ZDWHU 7KH WHVW V
FROQOFHQWUDWLRQ RI PJ P/ LQ WKH UHDFWLRQ EXIIHU
HSLIDOORFDWHFKLQ UDHGODWE DWeD AOMS FRQFHQWU
PJ P/ LQ WKH VDPH EXIIHU/ RIUWKKIHVDYPYWODH VROXWLRQ
FRPELQHG ZLWIKWKH FROODJHQDVH HQJ\RHWKRHK XWLRQ

AR AXXEEDHW A EHD ML [ W

WDFWLRG DQG P

OORZHG E\ LQFXED

/B DFH W 6 WIHWAIR\D D¢
'UH ZDV JHQWO\ V|
DEVRU { WKL PBIGA K Q L
ARWR -DSDQ 7KH FROODJHQDVH LQKLELWRU\ DFWLY
IROORZLQJ HTXDWLRQ

&ROODJIJHQDVH LQKLELWLRQ

>$popsbbeprniuBsmewL Yy ESapyouwro @FRowurO

‘KHUWp$doM WKH DEVRUEDQFH Rl WKH UHDFWLRQ PL[W
HQJ\PH DQG WKH VD PH 6 lRMHMHYBQIWMYWGWKH DEVRUEDQ
PLIWXUH ZLWKRXW WKH HQJ\PH EDFNJURXQG FRQWURC
LQWH U I B H @FgGAHHQRWHY WKH DEVRUEDQFH RI WKH U
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FRQWDLQLQJ RQO\ WKH HQ]\ bl Lz YWHKRE WF DMK H VL QK IHE L \
DEVRUEDQFH RI WKH PL[WXUH ZLWKRXW ERWK WKH HQ

FRQWURO

3.256.3. 3BKRWRSURWHFWLRQ DELOLW\

7TKBEVRUSWLRO VSHFWUR L@ W KRH 38KUWHVDRQOHYV ZHU

D FRQFHQWUDWL!

'R QWBUMDOKHDFUR
ZDYHOHQJWK ZKHU|
DEVRUEDQFH FXUYH FRUUHVSRQGV WR RI WKH WRWD

DV GHVFULEHG E\ WKH IROORZLQJ HTXDWLRQ

E

+ $: ;G

I+
©

5 G

ZKHYWH LV WKH DEVRUEDQFH DW HDFK ZDYHOHQJWK
89$ SURWHFWLRQ OHYHO ZDV BHWDOXPMMVOH®\WBYABGRQ
SURWHFWLRQ IRWP DQGVEWHENIXP SURMBHFWLRQ ZKHQ

QP $00 PHDVXUHPHQWY ZHUH SHUIRUPHG LQ WULSOL
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UHSURGXFLELOLW\

7KH LQ YLWUR 63) Rl WKH VDPSOHVYEZWDIVEGHWHUPL
VSHFWURSKRWRPHWHEKL®D ®IXQL.\RWR -DSDQ 7KH VD
ZHUH GLVVROYHG LQ PHWKDQRO WR D ILQDO FRQFHQW!
ILOWHUGUR[PHWKR[\EHQ]RSREEGRRQH DQG LQRUJDQLF
ILOWHUV =LQF 2[LGH 7LWDQLXP ,9 2[LGH ZHUH SUH

FRQFH 1IHUHQFH VWDQGD

DEVRU DY XKW HDAGV L QQW K H

LQWHU J WKH 0ODQVXU HTX

KHI FKWM RHUU \WWHKWM FCRJ H Q L
HITHFW IWIQWHQVLW\ DW Z
DQG $F YPDOXH D W1 Z(HDYHOH
i, IRL IURP SUHYLRXVO\
PHDVXUHPHQWY ZHUH SHUIRUPHG LQ WULSOLFDWH

UHSURGXFLELOLW\

3.2.6. Analysis of the RAW, OSE, and OSER properties

3.2.6.1.FT-IR

5$: 26( DQG52p15 VSHFWUD ZHUH D@MRO\]HG IURP

FP XVLQJ DQ LQIUDUHG VSHFWURSKRWRPHWHU 3HUNLC
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GDWD DFTXLVLWLSHY BIRW G VB I VEBRFHWUD DYHUDJHG VFI

3.2.6.2.XRD
7KH FU\VWDOOLQLW\ RI554DV26HWIQWBP2EHG E\ ;5" XVL
DQ ; 3GBUW\VWHP 3+,/,36 7KH 1IHWKHUODQGV ;5" ZDV S

D VFDWWHULQJ D®JOH LP® MVRIS VIF]H DQG DQ H[SRVXU

/WDOOLQLW\ LQGH]

VLWLHYV RI WKH FU'

$ &+216 DQDO\]HU $QDO\]HU VHULHV ,, PRGHO
ZDV XVHG WR PHDVXUH WKH FDUERQ & K\GURJHQ +
DQG VXOIXU 6 FRQWHQW\ RJRES:WEKG KDQIGHDEKHDWLQJ
++9 HVWLPDWLRQ RROVORZI@HVIRWRKODVRRV XVHG

*DQKL

++9 0- NJ & ++ 26 1 1 0
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3.2.6.4TGA
$ 'LVFRYHU\ 7*$ GHYLFH 7% , QVWUXPHQWY 86%$ ZDV
WKH WKHUPDO EHKDYLRU RZI5WKLIF WO GVBESHUDW XUH

Rl «+ « DW D KHDWLQPWDWEGHU D QLWURJHQ DWPRV:

P/ PLQ
3.2.6.5.FE-SEM

5%: PDJEWYWZHUH REWDI
0,5$ 7KRDADRGOHV ZH
EHIRULI O\ \ )M DWLQJ LPDIHV
3.2.7. Stat

7KH WKH PHDQ “ VWDOQ(
GHWHL DQRD OND HVD RFMH 3 H

FRUUHODWLRQ DQDO\VLY DQG SULQFLSDO FRPSRQHQW
WKH 6366 VRIWZDUH YHUVLRQ 6366 ,QF &KLFDJR ,/

VRIWZDUH 6WDW (DVH ,QF OLQQHVRWD 86%
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3.3. Results anddiscussion
3.3.1. Single-factor analysis

3.3.1.1.Effect of temperature on TPC
JLIXUWKRZV WKIID MVQUOKMQDO\VLY UHVXOWYV Rl 73& 7
D NH\ IDFWRU LQIOXHQFLQJ WKH 78&( IQWWXEMULWLFDO

QHFHVVDU\ WR VHOHFW WKH RSWLPDO WHPSHUDWXUH

HIITHFW '"HVWLIJDWHG ZLWK
FWLRQ WLPH RI F
DWXUH DQG WKH

FRPSR/[ = FDO ERQG EUHDN
'SHHORYWM X BV

¥ H IS KH® POV WV HP SH
/ DDR HW H PRSBIHI D W X U

WKLV \ .ooicv 0 i v ™ vviii ..o DWXUH UDQJH RI

3.3.1.2.Effect of reaction time on TPC

7R GHWHUPLQH WKH HIIHFW RI UHDFWLRQ WLPH V
73& Rl 66( WKH 6 / UDWLR DQG WHPSHUDWXUH ZHUH IL]
UHVSHFWLYHQE) YKRAMAWKDW 73& LQFUHDVHY UDSLGO\ I
LQFUHDVHYV IURP WR PLQ JUDGXDOO\ GHFUHDVLQJ

VKRZHG WKDW H[WHQGLQJ WKH UHDFWLRQ WLPH GLG
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HIWUDFWLRQ HIILFLHQF\ ,QDGHTXDWH UHDFWLRQ WL
VROXELOL]DWLRQ RI WKH SKHQROLF FRPSRXQGV ZKHUL
FDXVH GHFRPSRVLWLRQ RU PXWXDO SKHQROLF FRPSF
HIWUDFWLRQ HTXBD\L EMYIDUVN LRKF MWXWHHWI GLITHUHQFHV

SRO\PHUL]DWLRQ VROXELOLW\ DQG SKHQR® LQWHUDF
& DR /TKHUHIRUH ZH FRQVLGHUHG*D RIHOEWLRQ WLP

WKLV

3.3.1.3.Eff

7RG 6 / UDWLR RQ WKI
UDWLR\ = 7KH*WHPSHUDWXL
DQG W N/ 38 VOFKRIDY HG P>

WR J P/ KRZHYF

LOQFUHuvhw wn Snrunuvnw EHFDXVH RI VROYD
6 / UDWLRV UHVXOW LQ IHZ VROYHQW LPSEIQQHRBQWYV R
ORQJ UHDFWLRQ WLPHVGYQ GQORRZQK WINDW WK RIX \& H Q) DW
LQ JUHDWHU FRQFHQWUDWLRQ JUDGLHQWY EHWZHHQ
UHVXOWLQJ LQ KLJK<HQW HHWF B IORRYZ MIYHHQUG W W XGLHV KDY
VKRZQ WKDW GUDPDWLFDOO\ ORZ RU KLJK 6 / UDWLRYV .

WDUJHW FRPSRXQG IURRWDV¥RRAZOHVPDDOVUL |
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Figure 3.1 Influence of different extraction factors on TPC:

Temperature (B) Reaction time (C) S/L ratio
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3.3.2. Optimization of extraction parameters

3.3.2.1.Statistical analysis and model fitting
560 DQEDO\VLY zZzDV SHUIRUPHG WR PD[LPL]H WKH 73& R
IDFWRU DQDO\VLY WHPSHUDWXUH UHDFWLRQ WLPH DQ!

YDULDEOHY DQG 73& ZDV VHOHFWHG DV WKH GHSHQGHQW

PXOWLES 1IQFH RI WKH LQGHSH

WKH IR ZDV REWDLQHG
73& & i $% i $&
% & i
$129¢ JP WKH PRGHOYV S
VLIQLIL =OH DQG LQWHUDFV
$V VI HO LV OHVV WKDQ

WKDW WKH PRGHO LWDWIXHILWFDQW Q@KHFPWLQJI WKDW WK
LV OHVV WKDQ 7KH ODEN RI ILW LV LQVLJQLILFDQW
LQGLFDWLQJ WKDW SWKIE LFFRVG MMKH H[WUDFWLRQ SURFHVV
DGGLWLRQ WKH FRHIILFLHQD®RH GHWHUPIRUD W3R QQ G LFL
WKDW WKH ILWWHG PRGHO FDQ H[SODLQ RI WKH YDUL
GHWHWPRQD $®DBOXH LV FRQILUPLQJ WKDW WKH PRG!
DGHTXDWH IRU SUHGLFWLQJ WKH SURFHVV RSHUDWLRQ
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73& FDQ EH DSSURSULDWHO\ H[SODLQHG DQG SUHGLFWH

XVLQJ WKUHH LQGHSHQGHQW YDULDEOHV WHPSHUDWXUF

3.3.2.2.Model validation and optimization

7KH LQIOXHQFH RI WHPSHUDWXUH $ WHDWWHRQ WLPH

73& RI ¢ 0 IRQDO UHVSRQVH V>
SORW V 452. IHFW Rl HDFK YDULL
RI WHP! O \LPH $% DQG WHPS
VLJIQLI ]EJ} FRHUHFSHMFWLYHO\
LQGLFD :; VLRQ HIIHFW EHWZF
LQWHUTI : Ay WLO@ELERWL® I QRW |
VLJIQLIL — g @' RISWLPDO H[WUDFW!|

[H2S

FROQGLWLRyYV cunuoCFWHRG £\ osvvuruwr WHWHPISRHQ DAWLRBHRF

PLQ DQG DQ 6 / UDWLR RI J P/ 7TKH SUHGLFWHG
WR EH PJ 3*(J DQG WKUHH H[WUDFWLRQV ZHUH SH
SUHGLFWHG YDOXHYVY GLG QRW GHYLDWH IURP WKH DFWXIL
PJ 3*(J 7KH H[SHULPHQWDO YDOXHV DJUHHG ZHOO ZL)\
LQGLFDWLQJ WKDW WKH PRGHOWKNXQ@BIRWHKN H/WB WKH 73&

HIWUDFWLRQ FRQGVULSHRLQVFDEJHHFBXFPIDWKH HIITHFWV RI YD
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L@:( GHSHQG RQ WKH VHDZHHG V FHOO ZDOO VWUXFWXU
WKH SDUDPHWHUV IRU HIWUDFWLRQ DUH GLFWDWHG E\ W
DV SRO\WDFFKDULGHY SRO\SKHQROV SURWHLQV SLJPHC(
RI WKH RSWILAPDYHEFDOFXODWHG WR EH XVLQJ WKH IR
WKH S0DWHULDOV DQG OHWKRGV™ VHFWLRQ 7KLV KLJK HJ

WKH HI" =7t

T TOWK RFRPBBXIQGYV TUR

FRPSDU RI FRQYHQWLRQDO |
HYDOXLCL

HIWUDF R1I6:( LV 7KHVH U]

VLIQLIL E?-I[WUDFWLQJ SKHQR
PHWKR (

FRQGL\
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B: Reaction Time (min) 293

15.86 137.58 0.019825 15.86

Figure 3.2. Threedimen: fect of each variable on.the TPC

(A) Temperature and >) Reaction time and S/L Ratio
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Table 3.2 ANOVA analysis for RSM model

Source

Sum of Squares

Model
A-Temperature
B-Reaction time

C-Ratio
AB
AC
BC
A2
BZ
C2
Residual
Lack of Fit
Pure Error
Cor Total

748.86
488.21

10.20
1.12
5.36
6.84
1.42

755.75

Degree of
freedom

18

Mean of square

Prob > F

<0.0001
<0.0001

0.0106
0.3154
0.0449
0.0273
0.2619

<0.0001
0.0012
0.0055

0.5909

Significant

Not significant

- R?=0.9882, Adjusted R0.9765, Predicted®R0.9488, Adeq Precision=26.074
- p-value and Rvalue suggests that the model was acceptable

- ANOVA suggest that the model was significant
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3.3.3. Pysicochemical properties

3.3.3.1.Color and MRPs
5607KH FRORU DQDO\WLV GHPRQVWUDWHG WKDW WKH
ZLWK UHODWLYHO\ ORZ FKURPD DQG D KXH DQJOH OHDQ

7TDEOH 6SHFLILFD@AVKWKIHYYV YDOXH ZDV PHDVXUHG D\

LQGLFD WUDFW 7KH D YDO
ZKLOH / “ 7KHVH FI
ODUJHC WLRQE&HHRIGLWLRQV
HW DO [ S W ZDV FDOFXODWHG
VXJIIHV == [XUDWLRQ RI FRORU
PHDVXU _ %"/ WKDW WKH H[WUDFV
WKH \H( VJSUBQHEG DV WKH UL
IRUPDW YGXFHG E\ 0DLOODL

FRQV W LGWWKHULRMALHIOL VN

7KH ODLOODUG UHDFWLRQ FDQ EH DVVHVVHG E\ PHDVX
QP ZKLFK LQGLFDWH WKH GHJUHH RI EURZQLQJ DQG
FRPSRXQGV LQIWRMKHINBBUWD W 7KH DEVRUEDQFH DW Q
“ UHIOHFWV WKH SUHVHQFH RI LQWHUPHGLDWH

HDUO\ VWDJHV RI WKH ODLOODUG UHDFWLRQ ZKLOH WKH
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VXIJIHVWYV WKH | RRIRRDHNEDARXD BRW KHIRIKSRXQ GV VXFEFK DV PHO|
ZKLFK DUH UHVSRQVLEOH IRU EURZQLQJ 7KH DEVRUED
ZDYHOHQJWKVZDY FDOFXODWHG DV . LOQGLFDWL!
ZLWK ZKLIFFKVRUELQJ FRPSRXQGV D WPHR GFREXACHIWHWH G LQWR
VXEVWDQFHV $ KLJKHU UDBANRU¥KQJHNR/P/S RXKOWW 80D Y H

HITHFWIL """ — ~ o™ "RRO0\PHULF PDWHULD(

EURZQL AD L RO WH R GW KW VI X\

SURSHL SHFLDOO\ ZLWK UFE

DOQWLPL OVLRQ VWDELOLW\

,Q D — W RX GHWWWOLAWY REW

VXEFUL VRI@ SHIMARW X UPH.Q VR

OLTXLG 5 DQG FRPSDUHG W
VKRZHCG /K WKH D DQG E Y
QRWLFHDEOG3H D UQFHMWM DERPSDUHG WR SUHYLRXV VWXGLHV
D DQG E YDOXHV REVHUYHG LQ WKLV VWXG\ PD\ EH PRU
WHPSHUDWXUHYV XVHG ZKLFK HQKDQFHG WKH EURZQLQJ |
7KH LQFUHEDVHGE HODBWRU QP IRU 053V VXJIJHVWV WKDW P
FRPSRXQGV ZHUH IRUPHG GXULQJ WKH HDUO\ VWDJHV RI

WR WKH HOHYDWHG H[WUDFWLRQ WHPSHUDWXUH ZKLFK
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UHGXFLQJ VXJDUV DQG DPLQR DFLGVY UHVXOWLQJ LQ WK
RI LOWHUPHGLDWH FRPSRXQGV OHDQZKLOH WKH VOLJK)
PD\ LQGLFDWH D UHODWLYH GHFUPRUHFRXQDWWH IRUPD
FRPSRXQGV HWXIFFERLRG PQV 7KLV GLIITHUHQFHWHR\ EH GXH V
OLTXLG UDWLR SRWHQWLDOO\ UHVWULFWLQJ WKH SRO\

GXULQJ "rrrrrrm T ==

TKHV 53V KDYH WKH SRWH

WKH | X( WUDFWV ZLWK SUR|

IRRG S| S UPXODWLRQV DQG
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Table 3.3 Color properties and MRPs GfSE.

053V

&RQGL

QP

26 (

- Values are expressed as me
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3.3.3.2.Monosaccharide composition

,Q JHQHUDWMIH DZHRHAD FRYMWWDDL QS RO\WDFFKDULGHYV VXFK
ORUHRYHU PRQRVDFFKDULGHV VXFK DV IXFRVH JDODF
PDQQRVH FRPELQH WR IRUP YDULRXV SRO\WDFFKDULGHYV
GXH WR FKDQJHV LQ VXOIDWH FRQMGEHMW DRREQ P R QW KX

ZHLJKW WKH ELRORJLFDO

HIWUDF OW RI WKH PRQRVDI

FRPSRV RQRVDFFKDULGHYV ZF

DQG JOXFRVH

LV VLPL 2‘3 BIDFRABSR WMWY QR Q R
DW RQLFD D W\SLFDO V
IXFRVH 5BGDYDQDMQBW DO U
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30.0
28.0-:
26.0—:
24.0{
22.0{
20.0-:
18.0-:
16.0-3
14.0-:
12.0-:

10.0

7 2024N-0130 #17 [manually integrated] OSE

ED_1_Total

8.0

4| nC

— 1-Fucose - 13.492

min

Figure 3.3 Monosaccharides chromatogramQ$E.

-109-




3.3.3.3.Sulfate content

6 XOIDWH LV D FULWLFDO IXQFWLRQDO FRPSRQHQW RI
IXFRLGDQ FDUUDJHHQDQ DQG XOYDQ DQG LV FORVHO\ C
DFWLYLWLHY LQFOXGLQJ DQWLRI[LG DLQNO MRPHDWRIDNA X O D
HITHFWVRIDIT XHUR HW DRONVDEO\ KLJKHU VXOIDWH FRQWHQ\

UROH L -W\ RI WKHVH SRO\V

IBVWHYLRXV VWDBGE DH:

XVLQJ WKH VXOIDWH FRQ

(FNORQ GRORL HW ®Xy3q J
S

$GGLWL M MESRURSK\O0 DQG |

6:( UHV : IRIN

HW DO IUYHG LQ 26( ZKLFK

WKLV U V VLIQLILFDQW SRW

WR LWV HQULFKHG VXOIDWH FRPSRVLWLRQ 7KH KLJK VX
EH DWW UKBXRSHNGL MRHVE VXEFULWLFDO ZDWHU H[WUDFWL
FRQWULEXWHG WR PDLQWDLQLQJ DQ HIIHEFWLYH VXOIDWFH
JRU LQVWDQFH FHUW MG WKDM IPHRW K DSYRAWIH@RGN. ER WD FW LY
LQ DQWLFRDJXODQW DQG DQWLYLUDO DFWLYLWLHV ZKH
VSHFLILF VLWHV ZLWKLQ WKBIX9OR®R\VBWF RIXWLGHKH YW U X F W
LQYHVWLIJDWLRQV DUH ZDUUDQWHG WR JDLQ D GHHSHU
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EHWZHHQ WKH SRVLWLRQ RI VXOIDWH JURXSV LQ 26( D
FRQFOXVLRQ WKH KLJK VXOIDWH FRQWHQW RI 26( LQGL
ELRDFWLYLW\ RI FRQYHQWLRQDO VHDZHHG SRO\VDFFKDU
RI RSWIMXEHRGLWLFDO ZDWHU H[WUDFWLRQ DV D NH\ VWU

IXQFWLRQDO PDWHULDOV

7KH DV GHWHUPLQHG XV
FRPSUL DJH PROHFXODU
ZHLJIKW LJKW 0Z DQG SRO
0Z 0Q 'N DQG

JHONL3IKWNWRUVWD UL
ODULQH errruvyv 2CW OUnrne reruvunraubDU ZHLIKW LV XVHI
IXQFWLRQDO SURSHUWLHV W &€&WRHSROUMHSRW G HG LW KD
IURP PDULQH RUJDQLVPV WR FRQWURO VDIOHWE@® R OHFXOD

VFDIIROGLQJ DELOLW\ DQG DQWLR{RGDMWOD QG DQWLFRD.
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Figure 3.4. GPC chromatogram and calibration plot for determination of molecular

weight of OSE
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Table 3.4. Monosaccharide composition, sulfate content, and molecular weight anal@ss&of

6 X010
&RQW OROHFXODU :HLJ}

ORQRVDFFKDULGH &RPSRVLWLRQ

&RQGL
) X FR\Arabinose *DODFRhamnose *OXFF ;\ORV 0DQQH 31HRD 0Q 0z 3,

26( |[35.29*¢ 0.67* 24.04+0.04

- Values are expressed as me
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3.3.3.5.Total phenolic contentsand total flavonoids contents
6 WKXGHRHUNUDLQV YDULRXV VXEVWDQFHV LQFOXGLQJ
YDULRXV SK\VLRORJLFDO HIIHFWV VXFK DV DQWLR[LGDQ
DQG DQWLEDFWHULDO SURSHUW!IDHOVX H KB{MWUNDWW. VD SRWHQ
&DLMHVMDMO )RU 26( WKH 73& DQG 7)& YDOXHV ZHUH

PJ 3*( J AP SHHUD\W XDEHOIH WK

PDLQ L IIWUDFWLRQ RI SKH!

WKH GL (HWHFP SHUDWXUHV D

DELOLW s~ ) \KDW RI RUJDQLF VR
VROXEL| M V BAX AKODY SKHQROL
DGGLWI KHPLFDOO\ DJJUHV\
ZKLFK VWUXFWXUH DQG

SHUIRU OLF FRPSRXQGV GF

WHPSHUDWXUHY GXH WR&KLHO 8 @QHSSHDWY WIRLGHFUHDVH

WHPSHUWDWXQFOUUHY HW DO

,Q WKLV VWXG\ LW ZDV IRXQG WKDW WKH 7)& Rl 26( FR
Rl 73& +RZHYHU IODYRQRLGYV DUH NQRZQ WR KDYH ORZ
SKHQROLF FRPSRXQGV 73& VKRZV WKH KLIKHVW H[WUD

ZKHUHDV 7)& GHBSHDRHW DWW |DHW D@DYRQRLG
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LV D SKHQROLF FRPSRXQG DQG FRQVWLWXWHYV DSSURIJ[LP

HIWUDFWV RI EURZQ VHDZHHG LQ WKeH \DHAS HWD WX UH UL

3.3.3.6.Total sugar contentsand reducing sugar contents

9DUL GXFWHG WR UHSODF

UHVRXL LV EHFRPLQJ PRUH
ELRIXH! 'R O ELRPHWKDQH

DQG 56& RI 26( ZH
°J JOXFRVH J UHVS|
HQWDEOH VXJDUV |
Rl 76& WOLFFKDULGHYVY WHQG

PDILPXF rnwwiiwve i 01U b w s UMKRIQDG IS BN R P ISFRDAM |
3DUN HW DO\DQI®UUHV HW DPIOLFK LV JHQHUDOO\ FDXVHG
ODLOODUG*DRADFWDRAXWLTKLY VXJIHVWY WKDW IXUWKHU
QHHGHG WR RSWLPL]H WKH SURFHVV WR REWDLQ WKH PC
6 WKXQEHRQWDLQ XQLTXH SRO\WDFFKDULGHV 7KXV WK
JHQHUDWLRQ ELRPDVV WKDW FDQ FRP SIHQAHDW MRKH VKF

ELRPDVV RI WKH JUDLQ IDPLO\ VXHKHWDWWR Q FKL RIPOF W
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VXFK DV OLIQRFHOOXORVH 7R GHUHUYBIWHS RORVOHEG KD B PG

DQ DSSURSULDWH SUHWUHDWPHQW PHWKRGKRF UHTXLUHC

HW DO 6:( FDQ HDVLO\ DQG TXLFNO\ FRQYHUW SRO\VDFFK
VXJID/HWH HW DO
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Table 3.5 Chemical properties dDSE

Chemical properties

Conditions
RSC
(mg glucose/q)
OSE 24.25+ 1.40

-117-



3.3.3.7.ldentification of chemical compounds in OSE by GGMS

*&+06 DQDO\VLY WHQWDWLYHO\ LGHQWLILHG YDULRXYV
J)LIXUH 7KH#3& DQDO\VLVY GHWHFWHG SHDNV RXW
FRPSRXQGY ZHUH LGHQWLILHG 7KH LGHQWLILHG FRPSR
PRQRVDFFKDULGHYV IDWW\ DFLGV IDWW\ DPLGHYV DPI

PRQRJC YS RWLHRA B QG \DVE SQF

SRWHQ) ‘WUDFW DV D YDOXD

WKXQEF H QGAHLMIFQY IDESHS® IEFHID R

3.3.3.7.1. 6 ~f [/ DFFKDULGHYV

7KH /RIEWWR G GZK\L F&
FRPSUL HHAXJDU DOFRKRO \
PHWDEROL]JHG VORZO\ LQ WKH ERG\ DQG LV RIWHQ XVHG
XVHG DV D VZHHQ MK ORI DM YORRWME QWIRY LV SDUWLFXODUO\
IRU GLDEHWLFV GXH WR LWV ORZ FDORULF FRQWHQW D¢
FROQWULEXWH WRUDR R/ K \@ HBFER V H SOD\V D VLJQLILF
UROH LQ LPPXQH UHYSRMPADWRG\DUHDFWLRQV ZKLOH D
VNLQ K\GUDWLRQ DQG FROODJHQ SURGXFWLRQ PDNLQJ L

IRUPXODWQR®W DO*O\FHURO DOVR NQRZQ DV JO\FHULQ
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RI WKH H{WUDN@QRZEMMWXZIBIOWOFRKRO LV ZLGHO\ XVHG LC
SKDUPDFHXWLFDO LQGXVWULHV GXH WR LWV H[FHOOHQ
FRVPHWLF DSSOLFDWLRQV JO\FHURO LV DOVR HPSOR\HG
SURWHHAHRP@WQQ® SKDURDHEFHXWWFD/IKH PRQRVDFFKDULGHYV

DQG VXJDU DOFRKROV LGHQWLILHG LQ 26( SUHVHQW

&RPSRX ™ 7 "oy == .~ 77" "7"'"S"HURO VXJJHVW WKI

KROGV ARV R Q K ISDARW K FW V

D QFERV P

I R N/ WDPLF DFLG 3&3

CH

II\{J\I‘L}VVI_I_LJUO\ 6RGLXP 3&%$ LV D

) QDWXUDO DPLQR

HQI\PDWeirvuus no
LQ SURGXFWYV IRU GRWWARNLW W QB ZKWRYLFXW\ DQG QRQLUUI
LW LV RIWHQ SUHIHUUHG R YHOX EIQU UG GRBIRMOQ I Q W BHKE
LQGXV-WQUHUPDQQ HW, @®GGLWLRQ YDULRXV UHFHQW
FRQILUPHG WKDW 3&% LQ®KEHEVWRUIQISURBEWWLHY L

SKRVSKRGLHVWHUHVHQI\PH LQYROYHG LQ WKH

RI HUHFWLOH G\VIXQHRWSRQWHOBMSEQKDRRED UH I THFWL Y H
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LQJUHGLHQW WKDW FDQ UHGXFH VHYHUH VLGH HIIHFWV I
VLOGHQDILO VXFK DV YLVLRQ LPSDLUPHQW KHDULQJ ¢
HITHFWLYHO\ LQDFWL YR@N W UMK D ®DRRHH QAKLEFK DOWH!
SK\VLROIRDIFAWMIORQV VXFK DV EORRG SUHVVXUH UHJXODYV

PDOH UHSURGXFWLRQ DQG XUHDVH ZKLFK FDXVHV S\HC

KHSDWL ™ '"— 7' 7" == = -~ vT™2DU\ 3&% KDV DQ |

1Q

3.3.3.7.3.)
3DOF DR ZHUH LGHQWLI
SULPDU PLGH LQ 26( $ GH\
FRPSRX .F DFLG D VDWXUDW
ERWK DULPDOUWHRXY WOBUIWNY D Rl1 26( ZKLOH VWHDULF
7TKHVH WZR IDWW\ DFLGYVY DUH NH\ FRPSRQHQWYV RI K
FUXFLDO UROH LQ PDLQWDLQLQJ WKH VNLQ EDUULHU 1|X¢
WKH\ VHUYH DV PRLVWXWMWHQRFSUHR SRARDRIINY CWLRQ DQ(
KHDOLQJ ZLWK GHPRQMMWRIDWRHGE DQWIDQWLPLFURELDO I
WKHP HVVHQWLDORRUHRHNMQDRHEOMRXY VWXGLHV KDYH Ul

WKDW SDOPLWLF DFLG ARG/ WWWBWHK DIFQGH[WUDFWYV
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REWDLQHG XVLQJ VXEFULWLFDOS8 ZBW® QD MRIPGHND UL R XV
VSRURSK\OO DQG URRW FRQILUPLQIJBWKMKREERQGDIQFH R
DQG VLPLODU EURBQNVHWZBDORSAMWNDGHFHQDPLGH 20OHDPL

Lv D IDWW\ DFLG DPLGH ZLWK VHYHUDO ELRDFWLYH

IRU LWV UROH LQ LQGXFLQJ VOHHS LQ WKH FHQWUDO QHU

DQG HQ~ """~~~ == e s EDYRXGQRINQJ VOH
LBLO/VP FPIRW RWX U L]L
OH LQJUHGLHQW LOQ

R[LGDW E LRQ IDJLMPKH VNLQ V

3.3.3.74. * ULGHYV

*O\FHU\U JU\FRVLGH D JU\FRVLGH FRPSRVHG RI JO\FH
WR FRQVWLWXWH Rl1 26( 7KLV FRPSRXQG LV FRPPRQO
GXH WR LWV DELOLW\ WR UHWDLQ PRLVWXUH DQG VWL
SURWHFW L RJD DOR P UHHKBHDQ WW DOORQRSDOPLWLQ SOD\V D
NH\ UROH LQ LQWIRESWRMIHLE) PDPMRU SURWHLQ UHVSRQVLI
HITOX[ LOHMUWXWDQW WXPRU FHOOV 7KLV LQKLELWLRQ LV

UHVLVWDQFH LQ FDQFHU FHOOV\D®BFRQRBDQF MR GV E L
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HW DO ORQRSDOPLWLQ LQFUHDVHYV LQWUDFHOOXODU D
GUXJV VXFK DV GDXQRPAFLQOQKE\FKQKDL\EER/ QWU BEXWH WR RY
UHVLVWDQFH LQ WRRPRM\WOHDWPWMROMUPRUH D VWXG\ E\ 1
DO UHSRUOWGERSWRBWVLQ LQGXFHVY DSRSWRVLV LQ

WKURXJK WKH 3, . $NW SDWKZD\ WKHUHELMHGQWDQELQJ LW

3.3.3.7.5. 2
&\ FO /) |[VODVLOR[DQH WHWL
—
RUJDQ| IRXQG WR FRQVWLW

UHVSHF UH YRODWLOH VLOI

VSUHDC H VNLQ DQG KDLU ">

DQG ODEN KI DUH GLITHUHQWLDWHG IU!

UHVLGX WKH\
PDNLQJ WKHP ZLGHO\ XVHG LQ FRVFBOQRKFY BIQ/GDIODLU FDU
+\GUR[\EXW\ULF DFIGG ERQGRRIOQBE WRL WK\I& FBWHJIJRULHV
DFLG.KOGUR[\ DFLG UHVSHFWLYHO\ ZHUH GHWHFWHG L

DQG :KLOH ERWK FRPSRXQGY DUH NH\ LQJUHGLH
PHFKDQLVPV RI DKW URQ\BEXWHILGVBPBE OH ZRUNLQJ ZLWK

SRUHV WR UHPRYH VHEXP DQG UH®X® B PWNDLWVOR UY VX HVF W K

-122-



ZKHUHDV PDOLFVBBRXEQOHM DRHIFWYVY RQ WKH VNLQ V VXUII
LQ H[IROLDWLRQ DQG PRLVWXUL]LQJ 'XH WR WKHVH GLI
FRPSOHPHQWDU\ UROHVY DQG PD\ EH VHOHFWLYHO\ XVHC(
FROQGLWIRXXDXVHU HWRMWDEO\ VLPLODU H[WUDFWV REW
VXEFULWLFDO ZDWHU H[WU® FSVULRAD BDDISGD W 6§ R X R SKO\OW V

DQG UR™™ ' e I FRPW R Q GWKDW WK

PD\ EH WULEXWLQJ WR LW\

7TKURXJ: JVWDQGLQJ RI WKH

DW UHIHUHQFH IRU
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Table 3.6. Identification of chemical compounds @SEby GC#S

Peak A(([/f)"" Name Classification
1 0.59 Lactic acid .-Hydroxy acid
2 1.27 Glycolic acid .-Hydroxy acid
3 0.20 2-Hydroxybutyric acid .-hydroxy acid
4 0.32 3-Pyridinol Pyridine
5 3.05 S+~~r alcohol
6 0.88 10silicon
7 1.70 xylic acid
8 0.19 xylic acid
9 0.19 y acids
10 | 0.87 10silicon
11 | 043 'oxy acid
12 | 7.64 no acid
13 | 0.33 xylic acid
14 | 0.48 accharide
15 | 0.87 ur Acids
16 | 0.47 1,2,3Propanetricarboxylic acid Tricarboxylic acids
17 | 0.20 D-Talose Monosaccharide
18 | 39.51 D-Sorbitol Sugar alcohol
19 | 4.96 Palmitic acid Fatty acids
20 | 3.68 Stearic acid Fatty acid
21 | 0.60 Glycerylglycoside Glycoside
22 | 0.23 9-Octadecenamide Fatty amide
23 | 3.62 1-Monopalmitin Monoacylglycerol
24 | 2.13 Glycerol monostearate Monoacylglycerol
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Figure 3.5. GCMS chromatogram of chemicabmpounds
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3.3.3.8.Phenolic compound profiling of OSE by UPLCESI TOF-
MS/MS
7R REWDLQ DFFXUDWH SUHFXUVRU DQG SURGXFW LRQ
RI SKHQROLF FRPSRXQGV LQ 26 HBRA73SHBIR&RKYG YLD 83/
QHIJDWLYH DRIXBRGHKHQROLF FRPSRXQGV ZHUH WHQWDW

XVLQJ V SURSRVHG FRPSRXC

WLPH ( IXWUDO PDVV REVH
PRVW F PWU HR' G R Q & R PKSIRIK® |
DQ( S T | FBOHEDWH \SHi D N
LQWHQ) 4 "UHKRKOQVL Q )EKKQRQ
FRPSRX 1QWLILHG LQ 26( L«
IODYRQ (HQROV K\GURI[\F

SKORUF

3.3.38.1. 3KHQROLF DFLGVY DQG WKHLU JO\FRVLGH GHUL"®
SKHQROLF DFLGVY DUH WKH PRVW DEXQGODQWLRKHQROLF
-DFREVHQ $PRQJ WKH GHWHFWHG SKHQROLF DFLGV WK
WKH\ DUH PDLQO\ GHULYDWLYHV RI K\GUR[\EHQ]RLF DFLC

K\GUR[\SKHQ\ODFHWLF DFLGV K\GUR[\SKHQ\OSH
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K\GUR[\SKHQ\OSURSDQRLF DFLGV

&RPSRXQG ZDV WHQWDWLYHO\ LGHQWLILHG DV YDQLC
GHULYDWLYH EDVHG RQ LWV BWHFXUVRU ZR® KISDR QA F\0
LRQV DW P ] DQG DWWULEXWDERAH WR WKH ORVY

DQG &2+ ‘D UHVSHFWLYHO\ 9DQLOOLF DFLG LV FRPPR(

VHDZMK RXV ELRORJLFDO SL

DQWLR] SKRHWHBWLYH HITHFW

SHQWLILHG DV VLQL
UVRU LR@K$FHDN RI
DUH DWWULEXWHG
&+ 2+ VLYHO\ ITURP WKH S
&LQQDEF DEDYUH QWHH L2 W2A2D W F L

&RPSRXQG ZDV WHQWDWLYHO\ LGHQWLILHG DV FDIIH
SHDN RI >W+ @ ] WKH SURGXFW LRQV LGHQWLILHG
DUH DVVRFLDWHG ZLWK WKH ORVVBY RHYSHFWDY HAG $&
SUHYLRX¥KROOYICAW DOVR WHQWDWLYHO\ LGHQWLILHG FDI|
EUR¥QDZHWG KIDAM HUGQ@QGYVSLPDQWKDOLD HORQJDWD &DII

VHYHUDO EHQHILWY LQFOXGLQJ FDUFLQRJHQ LQKLELWLR
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DWKHURVFOHURVLYVY DQG FDUGRIRKRNVHXODO GLVHDVH SUI

&RPSRXQG GLKMNGURIHUXOLF DFLG D K\GUR[\SKHQ\O!
GHULYDWLYH ZLWK D K\GUR[\SKHQ\O JURXS DWWDFKHG V
PHWDEROLWH SURGXFHG E\ UHGXFWDVH IURP IHUXOLF |

SUHFXUVRU LRQ BWDN]RI >0i+@KH SURGXFW LRQ GHWHFW

LV DWW \GURIHWXOLF DFLG

SURGXF ORQ IURP WKH SKF

HITHFWI MOIURP SODWHOHW I

ROLF FRPSRXQGV UF
DQG IUL YA K MW LIGH @W Y HIHZH H
IODYRQRLGY LQFOXGHG YDULRXV VXEFODVVHV VXFK D
IODYDQRQHYV IODYRQHYV LVRIODYRQRLGYV

GLK\GURIODYRQROV 7KHVH FRPSRXQGVY KDYH GHPRQ)\
SKDUPDARDRFPOLQLFDO QXWULWLRQ WKURXJK WKHLU DQ
VEFDYHQJLQJ FDSDFLW\ FRUHRQHDUW LKRHD FWSGEYMDVBQG D

HITHBWKHU

&RPSRXQG ZDV WHQWDWPHMOKA\QEB8RIWWIAOORE DDNWHFKLC
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WKH SUHFXUVRU+@Q@W SHPN Rl >@®QG D FKDUDFWHULVWLF
DW P ] DQBPHWK\OHSLIDOORFDWHFKLQ LV D PHWDERO]
DUH ZHOO NQRZQ IRU WKHLU DQWLR[LGDQW HIIHFW ,W |
GDPDJH E\ UHGXFLQJ WUKMHGILRADRIDWVIL GOV FRMH EE G \

$ SUHYLRXV-HWQOAGNU HW UBPIGRUWHG WKH BUHVHQFH R

PHWK\OHS<I 1DPNNREN) KI O *NNNWY VXFK DV JOHPLQJLI

FURFH X HFKLQ ZDV DOVR GH

7KH WMCRY\MWLHOOH Q IV GI RV L
NDHPSI 1) \@LWK SUHFXUVRU L
REOT+@| M UHVSHFWLYHO\ &R
PHWKF RO ZLWK D PHWKRI\
FDUERG LGH UDQJH RI SKDUF
DQWLFE DQWLEDFWHULDO

DQWLGHPHQWRQ HIHHAWVB G UHYLRXX¥DQWHKWE\DO
UHSRUWHG WKH H[WUDFWLRQ Rl SKHQROLF FRPSRXQGV |
VROYHQWV VXFK DV PHWKDQRO ZDWHU DFHWRQH DQG
NDHPSIHUR®FRVLGH DQG2 JXKEEWMEH) UHVSHFEWLYHO
IODYRDRUGERWY ZKLFK DUH FKDUDFWHUL]JHG E\ D IODYRQ
WR FDUERQ DW D VSHRBDN\FRSRYHWLORYERAL G629 IRUPDWLRQ

RFFXUV E\ DWWDFKLQJ D VXJDU PROHFXOMNUDR B\GURI[\O
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RFFXUULQJ IRUP RI D IJ3O0XXFRYR GGDBIRMIGIIV & OQ

JHQHUDO ?P20DYRRWRILGHYV H[KLELW KLJKHU DQWLR[LGDQW LC
IODYRQRAL\ERVLGHY +RZHYHU WKH XULQDU\ HIFUHWLRQ :
JO\FRVLGHV DWWULEXWDEOH WR MM KER Q GMHMK KQG& RO\W

ERGV;LH HW DO 8QGHUVWDQGLG@DFWEK ML WW WXFODXNWLIHR Q VKL ¢

PHWDEPNI VD PRI D1N\ H\ I'\/ EIIXYXEI DO ZKHQ HYDOXDWL

FRPSRX

&RPS AUPGFXVYRAQUBRQRQ|
ZLWK W ) \M S@RGXFW LRQV RE
DW P ] PRYRQRIWED DQC(
JOXEXU RUPRQRQHWLQ KDV
DQWLR] HOURSD RIWHE @/ LY H |

,Q LVRIODYRQRLGV ZL

HVWURJHQ D IHPDOH KRURR®M LW KHV XDV K FRRUPIRQRRULH S O L
WKHUDS\ KDV VKRZQ SRVLWLYH UHVXOWY LQ WKH WUHDYV
IODVKHY RVWHRSRURVLY EUHDVW FDQFHU DQG RWKHU
E\ ZRPHQ HQWHUL QRUBNQDSTEHMHIPR QDEURZQ VHDZHHGYV
IRUPRQRQHWXPXURQLGH ZDV LGHQWLILHG 'KQQXFXV VS D

HW DO
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3.3.383. 2WKHU SRO\SKHQROV

7ZHQRWQH RWKHU GHWHFWHG SRO\SKHQROV ZHU

DON\OPHWKR[\SKHQRO K\G KR URH EBORNHWRQ HV
K\GUR[\FLQQDPDOGHK\GH K\GUR[\FRXPDULQV SKHC
EHQJHQGLRO OLJQDQ VWLOEHQHV DQG SKOI

&RPE K\ OLUXIBDQ WERIOHG DQV

DON\OP HFKUVRU LR® SHDN
WKH EL HWKR[\SKHQRO FDQ
GHFRPE HDE R®P DV VS URGX FH

OLJQLQ

&RPE GHQWLILHG DV SDH

SHDN R PDMRU FRPSRQHQW
URRW EDUN KRI 3UDHK VXITUXWLFRVIDQIOND KPIWERHUIHQ XV
DIJHQW LQ WUDGLWLRQDO &KLQHVH PHGLFLQH IRU WKRX
VWXGLHY KDYH ESHDGI RQROCKFWKGBUP@FRORJLFDO HIITHFWYV
RI DQWLWXPRU DQWLFDUGLRYDVFXODU KHDIVNAGDWNY DQG Q

DO

7KUHH W\URVROV ZHUH WHQWDWLHENKLBBIYQWLILHG E

REVHUYHG ZLWK D SUHFXUVRU LRQ DW P ] DQG SUR
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DWWULEXWDEOH WR ORVVHV RI WKH 2+UHVREXFWLYBOWDQ
6HFRQG K\GUR[\WA\URVRO zZDV REVHUYHG ZLWK WKH SUHF
WKH SURGXFW LRQV DW P 2+ GXH WRGORVYV RIGXH WR
DGGLWLRQDO ORIV RHWH GHWHFWHG($)IL ZXOO\
GHWHFWHG ZLWK D SUHFXUVRU LRQ DW P ] DQG D ¢

WKH OFR™"" ™" —— ertermrrm™ LV D WASH RISKHC

HKBHHQ IPMRDOVLY AN G WR

IQROLF FRPSRXQGYV
CHRWDQQRO DQG
QWLILHG /LJQDQV
VWUXFV OLQNDJH SDWWHUQ
VWLOEF UDFWHG FRQVLGHUL
VWUXFWXUDO GLYHUVLW\ DQG ELRORJLFDO IXQFWLRQ

DQWLSODVPRGLD®@ SRS BIRMGSLFEERD A W HRJQ. D

&RPSRXQGV DQG DUH SKORURWDQQLQV ZL'
WULPHWKR[\EHQ]HQH WHQWDWLYHO\ LGHQWLILHG ZLWK ¢
UHVSHFWLYHO\ 7KH SURGXFW LRQV RI ELIXKDORC

DQG DWWULEXWRIEDH WRDW IPH) ® R2VHNMHVSHFWLYHO\
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7TKH SURGXFW LRQV RI WULPHWKR[\EHQ]JHQH ZHUH LGHQW
DWWULEXWDEOH WR WKH VBRFFHVIYRYRWIRQYVYLRV &OHUH DEX
GHWHFWHG VIHD ZENPRAAQEDWJIDVV XP UL Q JURHK\G HDKLER W

DSSUR[LPDWHO\ ILYH WLPHVY PRUH SRZHUIXDNDQWLR[LGD (

HW DO
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Table 3.7. Characterization of phenolic compound€O8Eby UPLGESI-QTORMS/MS

Molecular RT Neutral Observed Observed Mass o
NO. Proposed Compounds . neutral Error Productive ion (m/z)

Formula (min) mass (Da) (m/z)

mass (Da) (ppm)
Phenolic acids
1 3-O-Methylgallic acid 3.0294 -2.6 124, 168
2 4—Hydroxybenzplm0|d4—0— 9.0766 29 137, 255
glucoside

3 Vanillic acid 7.0345 -2.8 108, 123, 152
4 Gallic acid 3-O-gallate 1.0243 -2.9 169
5 p-Coumaroylartaricacid 5.0467 2.7 149, 163
6 Isoferulicacid 3-O-glucuronide 9.0817 -2.7 113,178, 193
7 p-Coumaroylmalic acid 9.0506 -1.5 133,179
8 Sinapicacid 3.0606 -2.8 163, 191, 208
9 Feruloyltartaricacid i 1Laoy v.5.0558 2.1 149, 191, 253
10 Hydroxycaffeicacid CoHgOs 6.43 196.0372  196.0366  195.0293 -2.8 135, 151, 163, 179
11 Rosmarinicacid Ci1gH160s 6.85 360.0845  360.0844  359.0771 -0.4 179, 197
12 Ferulicacid Ci10H1004 8.06 194.0579  194.0573  193.0501 -3 134, 149, 178
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13 p-Coumaricacid4-O-glucoside ~ CisH1g0g 9.52  326.1002 326.0993  325.0920 -2.8 163

14 Caffeicacid CoHsO4 10.14 180.0423  180.0417  179.0345 -2.9 135, 163
15 3-O-Methylrosmarinicacid C1oH160s 10.53 374.1002 374.0994  373.0921 -2.2 359

16 p-Coumaricacid CoHsO3 13.22 164.0473  164.0469  163.0397 -2.6 119,

17 3,4-Dihydroxyphenylacetiacid 7.0345 -2.8 122

18 3-Hydroxyphenylacetiacid 1.0399 -1.4 107, 135
19 2-Hydroxy-2-phenylacetiacid 1.0397 -2.7 107, 135
20 Homoveratricacid 5.0658 -2.3 121, 151
21 Methoxyphenylacetiacid 5.0553 -2.5 106, 121
22 > f;?gﬁ;‘:g’ghe“y') 9.0816  -1.5 149, 165
<IN drox?/_éﬁ;“rf;;hg/)g;&actone 1.0814 -25 161, 177, 205
24 Dihydroferuloylglycine Ci2HisNOs  3.79  253.0950 253.0945  252.0872 2.1 135, 177, 208
25 Dihydroferulicacid Ci10H1204 11.61 196.0730 195.0657 195.0657 -2.7 136, 151, 180
26 Dihydrosinapicacid C11H140s 11.90 226.0836  225.0763  225.0763 -2.2 165, 193, 210
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4-Hydroxyphenyi2-

27 propionicacid CoH1003 12.25 166.0630 166.0626  165.0553 -2.6 121, 149
Flavonoids
Flavanols
28 4'-O-Methylepigallocatechin CacH. 05 1075 NROA  WN NKRAG 19,0826 0.8 287, 305
29 3-Methoxysinensetin 1.1245 0.7 371
30 Kaempferol7-O-glucoside 6.0867 2.7 255, 285
31 Quercetid-O-glucoside 3.0886 -2.1 151, 301
32 Naringenind-O-glucuronde 7.0920 -2.9 151, 271
33 Homoeriodictyol 1.0711 -2.3 134, 285
34 6-Geranylnaringenin )7.186 -1.0 119, 243, 287
35 Jaceosidin 9.0658 -2.7 241, 297
36 Cirsilineol Ci1gH1607 10.97  344.0896 344.089 343.0817 -1.8 282, 310, 328
Isoflavonoids
37 Formononetirv-O-glucuronide  CaoH20010 8.68 4441056  444.1055  443.0982 -0.3 193, 252, 267, 399
38 Dihydroformononetin Ci6H1404 11.23 270.0892 270.0887 269.0814 -1.8 211, 250
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3,457

39 Tetrahydroxyisoflavanone C15H1206 11.31 288.0634 288.0629 287.0557 -1.6 177,179, 259, 269
40 4-Methoxy-2',3,7 CiH1Os 1177 302.0790 302.0782 301.0709  -2.8 179, 269
trihydroxyisoflavanone
41 Dihydrodaidzein7-O- CoHaO1e 1314  432.1056  432.1048  431.0975  -2.0 177,255
glucuronide
42 Cyan|d|n3-O-((_5"-d|oxaIyI- 1.0640 21 285
glucoside)
43 Dihydroquercetin 3.0503 -2.5 273, 285
Other polyphenols
. v
44 4-Ethylguaiacol -"f 1.0760 -2.9 135
45 p-Anisaldehyde 5.0447 -3.0 109, 122
46 Vanillin 1.0397 -2.2 92, 135
47 2,3 Dihydroxy-1- CiH1:0s 654 212.0685 212.0680 211.0607  -2.3 93, 165, 181
guaiacylpropanone
48 Paeonol CoH1003 11.30 166.0630 166.0626 165.0553 -2.5 123
Hydroxycinnamaldehyde
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49 Ferulaldehyde C10H1003 10.46  178.0630 178.0627  177.0554 -1.8 91, 162
Hydroxycoumarins
50 Esculin Ci5H1609 5.10  340.0794 340.0786  339.0713 2.4 133, 179
51 Esculetin CoHeO4 596  178.0266 178.0266 177.0194 0.2 123, 133
52 Umbelliferone 1.0241 -2.3 117, 133
53 Scopoletin 1.0345 -2.3 120, 148, 176
54 Mellein 7.0553 -2.6 103, 159
55 Carnosicacid 1.1907 -2.5 243, 269, 287
56 p-HPEA-AC 9.0709 -2.7 135, 161
57 Hydroxytyrosol 3.0554 -2.3 108, 123, 137
58 3,4DHPEA-AC 5.0660 -1.2 108, 137, 181
Isopropyl3-(3,4-
59 dihydroxyphenylj2- C12H160s 8.26  240.0998 240.0995  239.0922 -1.3 99, 123, 150
hydroxypropanoate
Lignan
60 7-Oxomatairesinol CaoH2007 4.96 372.1209 372.1210 371.1137 0.2 149, 233, 355
Stilbenes
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61 Piceatannol C14H1204 12.45 244.0736  244.0731  243.0658 2.1 159, 225
3-Hydroxy-3,4,5,4*
62 tetramethoxystilbene Ci17H10s 15.00 302.1154 302.1150 301.1078 -1.3 255,283
Phlorotannins
63 Bifuhalol Ci12H1007 6.63 266.0427 266.0420 265.0347 -2.6 221, 248
64 1,3,5Trimethoxybenzene 7.0710 -2.4 122, 137, 152
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ltem name: 20231208_0SE_NEG_2ul
Channel name: 1: TOF M3* BPI (50-1200) 6eV ESI-
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Figure 3.6 ymatogram

- 140-



3.3.3.9.Structural analysis by NMR

105 VSHFWURVFRS\ LQ DQDO\WWLFDO FKHPLVWU\ KDV >
REVHUYLQJ FRPSRXQGYV SUHVHQW LQ D VDPSOH LQ D VLQ
PLQLPDO VDPSOH1BUB QW HDNALPHKW & WUXFWXUH RI 26( ZI
DQDO\|HGt XVBQWKH UHVXOWVXBUH7KKRZQLOQSHONY ZHUH

LGHQWI SSP 1RWDEO\

/| SSP KH SHDNV RI 706 DC
QJ IXFRLGDQ IURP |
SBRXBHRIH DVFUL
> ZERGGDEHW\O RU \
JURXSYV WLYHO\ ,Q WKH FD'
SHDNV )H WR WKH SURWRC
K\QREF D U 1VXOWV DOVR VKRZ
WKH SHDNV:DVWSP DUH GXH WR DURPDWLF K\GURJHQ IURF
WKH VHDZHHG H[WUDFW ,Q SDUS\8PFXWD FK D WBFHWSHDLN VDIW
SKORURJOXFLQRO D PRQ®PBRXN RWSK®HRLNRWDOSOHRULQJ
DERYH SSP DUH FRPPRQO\ DVFULEHG WR SKHQROLF K\
SUHYLRXV VWXGLHV KDYH XVHG WKH LOWHRSR W\ RI SHD!

WR TXDQWIHUDRW]DNL HW DO
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Figure 3.7.*H NMR spectra o0DSE
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3.3.4. Biological activities

3.3.4.1.Antioxidant activity

SUHYLRXV VWXGLHVY KDYH GHPRQVWUDWHG D VWURQ
DQWLR[LGDQW DFWLYLW\ FRQILUPLQJ WKDW H[WUL
FRQFHQWUDWLRQV WHQG WR H[KLERDUWNJIJHWDDMOHU DQWLR

%DVHG RQ WKLV EDFNJURXQG WKH FXUUHQW VWXG\ RS

PD[LPL WR UHVXOW LQ HQ

VLR[LGDQW SRWHQ'

fUH “ PJ P/ LC
H YDOXHV VXJJIHVYV
H[KLEL DQW DFWLYLW\ LW
ZKLFK DQB/ IRU" PJ

WKH $®®6& '33+ DvvD\V UHVSHFWLYHO\ ,Q WKH )5$3 DV
YDOXH RI ¢ PJ P/ ORZHU WKDQ 7URORJ[ V “

UHVXOWYV LQGLFDWH WKDW ZKLOH WKH H[WUDFW KROC
IXUWKHU UHILQHPHQW LV QHFHVVDU\ WR HQKDQFH 1
DSSOLFDWLRQV MR WXUHWXEIW LRQEKOFW SRWHQWLDO RI
VWHSV VXFK DV SKHQROLF FRPSRXQG SXULILFDWLRQ

VWXGLHYVY KDYH VXFFHVVIXOOLHY? SOHY XQW IHGJI \LL(P VO DQL
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LQFUHDVHYV LQ ERWK 73& DRI P@QNW HRLD®QYWUBIFWLY LW
UHVHDUFK VKRXOG IRFXV RQ UHILQLQJ WKH H[WUDF
SXULILFDWLRQ WHFKQLTXHV WR LVRODWH DQG FRQF
ORUHRYHU WKH LPSDFW RI WKH YDULRXV ELRDFWLYH
*&06 RQ DQWLR[LG/KRWOMBF®WHYIDMWWKHU H[SORUHG WR

PD[LPL]H WKH H[WUDFW V HIILFDF\

3.3.4.2.An

+\St ™\ \  KIDARGLNRHD VHV D
DQG $¢ i |QWLILHG DV DQ HI
KLJK E s /HQWLRQDO V\QWKH

HITHFW VLGH HIITHFWV LQF

QDWXL IXV VWXGLHV KDY
FRPSR 'SRXQGVY DQG SHSW
HIITHFWV E\ LQKLELWLQJ $&( HERFHQPRMSBRXGBVLIHB SU
EURZQ VHDZHHGNV JDO@HUHG DWWHQWLRQ IRU WKHLU
DQWLK\SHUWHQWPD/IHR DHWQIV®, Q WKLV VWXG\ WKH 26
GHPRQVWUDWHG VLJQLILFDQW $&( LQKLELWRU\ DFWLYL
QDWXUDO DQWLK\SHUWHDQOMK HRIDIBQ WD V7 IGHHWBHUPLQHG

“ PJ P/ ZKLFK ZKLOH KLJKHU WKDQ WKH VWD
FDSWRSULO & gk * PJ P/ VWLOO UHSUHVHQWYV D P
RI DEWLYLW\ IRU D QDWXURKMWVH[WHDX®/W VDE®DH Q ZLWK
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VWXGDHIMMKWW ELRDFWLYH FRPSRXQGV IURP VHDZHHC
K\SHUWHQVLRQ PDQDJHPHQW WKURXJK $&( LQKLE]
DQWLK\SHUWHQ V& Y MV KDEQEBWLIAN UM KHU FRQILUPHG WK
FRPSDUDWLYH VWXGLHV ,Q SDBXHRRV WIKHKN HIDIDFRKH W KW
IUR® SLQQIMMBNILLHBSRUWHG WR EH “ 6 PJ P/ ZKHL
WKXQEHWUDFW LQ WKLV VWX &DBPMKH E L QGG D WLRZIHYW & |

$&( LQKLELWRWBDDNWHWLWOKLY ILOGLQJ WXJIJHVWV Wtk

WKXQE

SLQQD
LQKLE!

WLK\SHUWHQVLYH
SRWHQWLDO IRU G
LV UHYHDOHG WKD
R[RSU 3&$ DFFRXQWHG IR
KDV Et HV WR LQKLELW $&
DQWLK RYCH GV R CE OVRKRIG 26 U H
UHJXO /HG WR KDYH SRVL)

KHDOMW 1IVWLQJ WKDW LW I

IXUWKHU HQKDQFH WKH ELRDFWLYLW\ RI WKH 26( )X|
HQKDQFH WKH DQWLK\SHUWHQVLYH HIITHFWV RI 26( E\ S
ELRDFWLYH FRPSRXQGV &RPSRXQGV OLNH 3&% FRXOG E
DOWHUQDWLYHVY RU FRPSOHPHQWDU\ WUHDWPHQWYV W
GUXJV )XWXUH O/VDXOUIRH\D G/ KBREKWVWY FKDOOHQJHV VXFK
ELRDYDLODELOLW\ DQG HQVXULQJ FRPSRXQG VWDELOL

WKH GHYHORSPHQW RI HITHFWLYH QDWXUDO DQWLK\SHI
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3.3.4.3. .-Glucosidase inhibitory activity

'LDEHWHY PHOOLWXYV LV D PHWDEROLF GLVRUGHU Fk
EORRG JOXFRVH OHYHOV ZKLFK FDQ OHDG WR FRPSOL
GLVHDVH DQG DWKHURVFOHURVLV 7\SH GLDEHWHV L
ZLWK YDULRWMNQOGDWHNGNNIDHWRUV LQFOXGLQJ REHVLW\ V
ODFN RI SK\VLFDO DFWLYLW\ 7KH PDQDJHPHQW RI WKL

LQKLET =~ e —— T BRNKIKKDWVW ZKLFK

JR® REPDEOM LQKLEL
G DFDUERVH +RZH
DUH D E NV VXFK DV DEGR
ZKLFK | % LDIQGHHGBVWRXFK W
RUV.PRDIWOWHUQDW
HW DO [KLELWHG QRWDEO
SDUWL JHLWR2AB\( DFWLYLW\
GHPRWUDWHGDD@EHER | “ PJ P/ ZKLFK ZKLOH KLJK
,& Rl WKH VWDQGDUG DFDUERVH “ PJ P/ VWLOC
LQKLELWRU\ HIIHFW IRU D QDWXUDO H[WUDFW 7KHV}
SUHYLRXV UHVHDUFK ZI6L FMKK& 8- R Q& MWNWHO WE WKW WR Q J
DQWLGLDEHWLF DFWLYLW\ DPR@J ¥VIXEG IWELLFE®I ZDWH |
MDSRG@DRIN HW DXXUWKHUPRPRWHRDA\VLY LQ WKH SUHVHQ)\
LGHQWLILHG VHYHUDO V)R\OFFKORRIGRIYV WIKPGV FRQ ¢

FRQWULEXWHG WR WKH DQWLGLDEHWLVNRWFBLMWR®W\ RI V
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DQGXFRVH ZHUH IRXQG LQ WKH H[WUDFW E
EHHQ UHSRUWHG WR HQKDQFH EORRG JOXFRVH UHJXO
VRUELWRO LV NQRZQ WR UHGXFH LQVXOLQ UHVLVWDQF
ZKLOKKFERVHRYQUHHG IRU LWY DQWLGLDEHWLF ELRDFWL
DUH OLNHO\ WR KDYH SOD\HG D UROH LQ HQKDQFLQJ W
26( $GGLWLRQDOO\ SKHQROLF FRPSRXQGV H[WUDFWH

EHHQ I A LI T |\|lln||n|nmmn\M\|JYBQWlHCQW\E|-L\KDLF

SUHYL| DW SKHQROLF FRP

VHDZH F HITHFWV WKURX.

_W\ WKDQ SKDUPD
VW WKDW WKH 26(
VLIQLILFDQW SRWHQWLDO DV D QDW X UHOW QKEELW R U

KDYH D KLJK 73& EXW WKH YDULRXV VXJDU DOFRKROV I
WKURXDK P®D\ DOVR KDYH FRQWULEXWHG WR LWV DQW!
UHVHDUFK VKRXOG IRFXV RQ WKH IXUWKHU SXULILFDV
ELRDFWLXBGRMSRPD[LPL]H WKH H[WUDFW{V DQWLGLDE
ZLOO KHOS HQKDQFH WKH SRWHQWLDO Rl QDWXUDO HJ[
RU DV DOWHUQDWLYHVY WR FRQYHQWLRQDO DQWLGLDE]|

IHZHU VLGH HIIHFWYV
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7TDEOH%LRORJLFDO2BEWLYLWLHV RI

WLR[LGDQW DFWLYLWL/$QWLGLDEH
$Q [ Q $Q $QWLK\SHU
. *OXFRVL( DFWLYLV
0 1
&RQGLWI $%76 33+ )5$3 OKLELWR
L& JOXH ,& YDOXH
P. P/ PJ P/
26( 113 [{]
6WDQGD “

~

3DUN HW D
Values are expressed as the mea

- The standard material for antioxi

, and for antihypertaniivatast
captopril.
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3.3.4.4.Antimicrobial activity

6HDZHHH R WD LOYMGH YDULHW\ RI ELRDFWLYH FRPSRX
DOWLPLFURELDO DFWLYLW\ KDV JDLQHG VLJQLILFDQW
SDUWLFXODU SKHQROLF RRPSREBEH EHHMQ FVE R G WU P
H[KLELW DQWLPLFURELDO DFWBSRWWDYDLQY® *QUDW R
QHJDWLYH EDFWHULD EXW DOVR \HUMWZBENMGY VXJIJHVW

LDO DJHQWV WR

G\ WKH 26( GHPRC

RI =
LQFUH Q ]JRQH RI PP D\
LQFUH DQ LQKLELWLRQ |R
PP DW PJ P/ DQG DFKLHYHG WKH KLJKHVW LQKLELW!
PJ P/& WURYIKRYMIOG/ LWV ILUVW LQKLELWLRQ JRQH RI

ZKLFK LQFUHDVHG WR PP DW PJ RPH(HKHL\EHL WMV XOW YV
FRQFHQWHOMQBHOQW DQWLPLFURELDO DFWLYLW\ 7KLV
SUHYLRXV VWXGLHWDSRQNPDWWYFKDYH EHHQ VKRZQ W
LOQKLELWLRQ JRQHV JUHDWHQHURIQ Y H PEPD B WIHLUQ \DWV XUFIK|

FROQ& W\SKLPBHLRPLVD HW7RB® UHVXOWWXE®Y WKLYV
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GHPRQVWUDWH VLIQLILFDQW DQWLPLFURELDO DFWLYL)
26( LV OLNHO\ DWWULEXWHG WR WKH SKHQROLF FRP
UHVHDUFK KDV VKRZQ WKDW SKHQROLF FRPSRXQGV SC
PLFURELDO FHOHP ZDD@HWVDQPW® PHOO DV LQKLELWLQJ P
WKURXJK WKHLU DQWLRNY.DHWD®UR SSHULW UHYW XG\ XVLC(
83/&(6,06 06 DQDO\WLV PXOWLSOH SKHQROLF FRPSR>

UMSOLGL B Fb L GZ HRLH |

FIXRLWXHSWEBRURWI
FRQWULEXWHG VL.
JBEOXVLRQ WKLV V\
V VWURQJ DQWLPL
KLOH GLVSOD\LQJ
1iVHBDWHK RN RXOG I
JWULKHVFRPRBUD FW W
LWV DQWLPLFURELDO HIIHFWV $GGLWLRQDOO\ HYDOX
UDQJH RI SDWKRJHQLF PLFURRUJDQLVPV FBRXOG IXUWK

WKXQBHUDLEQDWXUDO DQWLPLFURELDO DJHQW
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Table 3.9. In vitro antimicrobial (Well diffusion method) @SE

Conditions

Concentration (mg/mL)

10 40 50

E. coli 11 16 18
S. Enterica 0 12 14
B. cereus 0 15 18
S.aureus 14 19 18
C. tropicalis 0 17 20
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3.3.4.5.Cytotoxicity and anti-inflammatory activities

,QIODPPDWLRQ SOD\V D FULWLFDO UROH LQ WKH E
KRZHYHU FKURQLF LQIODPPDWLRQ FDQ WULJJHU YDU
6HDZHHG H[WUDFWV UHFRJQL]HG LRUOWRPDWRIQWLR]
SURSHUWLHY KDYH UHEHQW ODVJDBRQHUGMEL DLA WD W X
LQIODPPDWRBP MURIAWMWW D@KLY VWXG\ LQYHVWLIDWHYV !
LQIODPPPWPIIL epwuAw! NN Pt 2a/ BV HIDPLQLQJ LWV DE

T_!_O_Nﬂé $: PDFURSKDJH

) 5%: PDFURSKD

G DW FRQFHQWUD\

"-f YHU DW —J PO
HFW DW KLJKHU FR

U PHPEUDQH GDPL

CH

DFFXP e w v wmug simmmroscnw v v ver «ODU ILQGLQJV KDY
RWKHU VWXGLHVY RQ VHDZHHG H[WUDFWV HPSKDVL]LQ.
RSWLPDO FRQFHQWUDWLRQV IKKL VKU DSHXWLF DSSO
HYDOXDWH 26(fV HIIHFW RQ 12 SURGXFWLRQ VDPSOH\
ZHUH DSSOLHGLWROMWHG PDFUR®% KDQHW KRIQI3EU H

JURXS 12 OHYHOV LQFUHDVHG WR “ —0 +RZHYHL
LQFUHDVHG 12 SURGXFWLRQ GHFUHDVHG @R "

" —0 DW DQG —J PO UHVSHFWLYHO\ 7k

WKDW 26( HIIHFWLYHO\ LQKLELWYV 12 SURGXFWLRQ
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LQIODPPDWRU\ SURSHUWLHYV :HVWHUQ EORW DQDO\VL
LPSDFW RI 26( RIGUMVVLRQ D NH\ LQIODPPDWRU\ F\W
H[SUHVVLRQ ZDV PLQLPDO LQ BXWM DRGEDMDWHGFRQWUR
IROG IROORZLQJ /36 (VWUWRRYPWQRQU IBHSHQIEEH QW D GF
GHFUHDVHH[QUHWVVLRQ &LJXRWDEO\ FRQFHQWUDWLRQ

—J PO RU KLIJIKHU OUMHGHKEV OGN RIEM® RZLWK —J PO

WKDW VPVLLVBIGHORMIE) J /36

LQIODI /QIO®\P FECHP R QW W U T
SRWHC T\ \PDFURSKDJHV 26(
12 SUR == LFDWLQJ LWV DELC
NH\ LQ\ = 1 ILOGLQJIV VXJJIHV!
D QDW %/ pPPOVDR LAKGIRGHD V|

26( V I NOXLGIIOH ¥ LRVQX 680UUHI D \

VSHFL| 'XSSUHVVLRQ RI 12

DQG LQIODPPDWRU\ F\W/IRWRRHY EALIRDHFEWLYH FRPSRXQG\
VXOIDWHG SRO\VDFFKD 6DWHW DIVEL SKREGEBH RO O\

EURY®DZHHMBUDFWY KDYH EHHQ VKRZRQWROSHKLELW W
SDWKZD\V IXUWKHU VXSSRUWLQJ 26(TWS$RVGHD@WLDO D'
HW DO )XWXUH VWXGLHV ZIL@I® BR 80 RKRK \WHKIHHB QW LR | 2

LQ YLYR PRGHOV WR FRQILUP LWV HIILFDF\ XQGHU SK\V
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Figure 3.8.Effects ofOSEon (A) cell viability; (B) NO production; (C). H[SUHVVLRQ DQG

levels in LPSstimulated cells
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3.3.4.6.In vitro skin care activities

VNLQ FDUH DFWLYLWLHYV ZHUH DVVHVVHG XVLQJ D
WA\URVLQDVH LQKLELWRU\ DFWLYLW\ FROODJHQDVH
ZDYHOHQJWK DQG VXQ SURWHFWLRQ IDFWRU 63) 7K
HYDOXDWH WKH SRWHOWNA.ORO YRNUQRKXNUH[WHQFWY DQG

IRFXVLQJ RQ WKHLU DELOLWLHV WR LQKLELW PHODAQ

VWUXF HFWLRQ

7T\UF JUH HQJ\PHV WKDW
SLIPH( .{“ FHVV 7\URVLQDVH
WKH V \ FDQ OHDG WR K\

ZKLWH ‘\T NV PDNLQJ WKH D\

H[WUD HLU W\URVLQDVH L
LGHQW . . e v e e - — — QUKUH B IVKKGIW VK D Q G
FROODJHQDVH EUHDNV GRZQ FROODJHQ UHVXOWLQJ

ZULQNOH IRUPDWLRQ ,QKLELWLQJ FROODJHQDVH DFWL
VWUXFWXUH DQG GHOD\LQJ WKH DJLQJ SURFHVV WKHL
DQDVILQJ VNLQFDUH&WRUPKWMDMKRQWIRUH HYDOXDWLQJ
LQKLELWRU\ SRWHQWLDO RI 26( DIDLQVW WKHVH HQ]\P
HIILFDF\ DV D VNLQFDUH LQJUHGLHQW ,Q WKLV VWXG\

WRVLQDVH DQG FROODJHQDVH ZHUH DVVHVVHG 7KH W
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PJ P/ ZDV IRXQG WR EH “ ZKLFK LV ORZHU
SRVLWLYH FRQWURO NRMLF DFLG PJ P/ ZKLFK VKRZ]
. 7TKHVH ILQGLQJV VXJIJHVW WKDW 26( H[KLELWYV
HITLFDF\ DV D WLWRAL QTDVEHPRIQ FIRFOODJHQDVH LQKLELWL

PJ P/ GHPRQVWUDWHG DQ LQKLELWLRQ UDWH RI
FRQWURO HSLJDOORFDWHFKLQ JDOODWH PJ P/ H[E
R LEGWRW\SDUWLFXO

DVVRF i1 RI DFWLYH SKH(

SKORU )G IODYRQRLGV Zt
EURZQ “f) | DUH UHSRUWHG W
VLWRH \ __U_? LWLQJ PHODQLQ ¢

K\SHU ¢
LQKLE LQ 26( FDQ EH D\
SRO\VI FRPSRXQGV SUHV
FRPSRXQGYV DUH NQRZQ WR LQKLELW FROODJHQ GHJUDC
HODVWILFQMKHZD HW 2YBUDOO WKH W\URVLQDVH DQG
LQKLELWRU\ DFWLYLWLHV RI 26( VXJJHVW LWV SRW
FRVPHFHXWLFDO LQJUHGLHQW IRU VNLQ FDUH DSSC
LPSURYHPHQW DQG VNLQHXHDWHELOY QNH®HKG UVR HQK
HIILFDF\ RI WKLV QDWXUDO H[WUDFW LQ VNLQ FDUH S|

VSHFLILF ELRDFWLYH FRPSRXQGV DQG WKHLU PHFKDQL
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SURWHFWLRQ DJDLQVW XOWUDYLROHW 89 UDGLD
SUHYHQWLQJ SKRWHRIDDWHD GEVRNUIGHUY 7KLV VWXG\
SKRWRSURWHFWLYH HIIHFWV RI 26( DV D QDWXUDO V)
SDUDPHWHUV WKH FRLMMLGE DOKADWX® BQRWKIFWLRQ IDFW
FULWLFDO ZDYHOHQJWKSHRW UXPWHHIVL ADXFH RURBDGSURW
ZKLOH 63) PHDVXUHV WKH OHYHO RI 89% SURWHFWLR
$RONHQWILDXOD R/IH W
QVWUDWHG D FULV

P WKUHVKROG WKL

26( SR| M ,Q FRPSDULVRQ L

NLWDQLXP GLR[LGF
H[FHHC( QVLYH 89 SURWHF\
DEVRU 'RHD VAKION BOIUQ I G L
26( HIKLELWHG D YDOXH RI " LQGLFDWLQJ D VI
SURWHFWLRQ &RPPHUFLDOO\ DYDLODBOR[RUIJDQLF 89
PHWKR[\EHQ]RSKHQRQH 63) RI “ DUG $YREHQ]R

GHPRQVWUDWHG VLPLODU RU VOLJKWO\ KLJKHU 6
$GGLWLRQDOO\ DV D QDWXUDO H[WUDFW 26( KDV WKH
VNLQ FRPSDWLELOLW\ RYHU FKHPLFDO RUJDQLF 89 ILC
ZDYHOHQJWK Q®RIGFBYH WKYWLMHGLY\VZHOQDWXUDO VXC

DIJHQW FDSDEOH RI HIIHFWLYHO\ EORFNLQJ ERWK 89% I
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26( VKRZV VXSHULRU SHUIRUPDQFH LQ WHUPV RI FULW
RUJDQUE GBWHH M DEXGVY EHWWHU 63) HIILFDF\ WKDQ LQF
7KLV LPSOLHV WKDW 26( SRVVHVVHV SKRWRSURWHFWL
RI RUJDQLF 89 ILOWHUV ZKLOH DOVR RIIHULQJ WKH I
HQYLURQPHQWDO IULHQGOGQHYW DNKHUKIRWMNURG ( LKL
SURPLVLQJ SRWSHORW BDOWRLY HD BRPSRQHQW LQ YDULRXV

ZDUUD 1GQGHOHOURSPHQW E
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7TDEOH ,Q YIVWUR DFFPWHY RW(LHV RI

7\URVLQDVH LQKLELWRU\ &ROODJHQDVH LQKLELWRU\

26 ( .RMLF DFLG 26 ( (*&*

, RUIDEOLFLOWHUYV

26 (
LQF 2[LGt 7LWDQ,OXP[LC

&ULWLFI
ZDYHOHQJ

63)

Values are expressed as the mea
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3.3.5. Residual biomass analysis

3.3.5.1.Elemental analysis

+\\GURWKHUPDO HIUGERRHHPWERQ SURFHVV WKDW FF
RUJDQLF FRPSRXQGYVY VXFK DV VHDZHHGV LQWR VWUXFE
LQ WKH WHPSHUDMNXUBH&U DQIVHRHW DO ,Q WKLV V\

VHDZHHG UHVLGXHG6UHPM QAN WRIWHWDLG® 26( IURP

(DU WKDW FDQ EH
JHQ QLWURJHQ D¢
VHG WR GHWHUPLQ
PSDUHG ZLWK 5$: I
IURP W R
JETXDUULH 7
B8(ZRVFKRXDQRB WR EF
{IYLRXVO\ REWDLQH
VHDZHHGVz*L HBVFRSK\OOXP M@RGRBKYPDVVXP +RUQHUL
X HW DO &RPSDUHG ZLWKBRWLKH U HADWHADLW P IDQ W
IDVW LQH[SHQVLYH DQG UHTXLUHV QR KD]DUGRXV VX
HIILFLHQW O\EIDY N&8 IPAPHH®H ELRUHILQHULHY 3ROLNRYYV
UHVXOWYV Rl WKH SUHVHQW VWXG\ VXJIJHVW WKH SRWHC
H[WUDEMWRIQDFWLRQDO VXEVWDQFHV VXFE DV SKHQR(

WK X Q BAHKUJ B X(J K
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Table 3.11 Elemental analysis d@AW, OSE, and OSIR

Elemental (% wiw)
Conditions
Carbon Hydrc
RAW 22.81 3.7
OSE 26.61 4.¢
OSE-R 49.76 5.¢

- HHV (MJ/kg): Higher heating va
- ED (Energy Densification) = HH
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3.3.5.2.FT-IR

)7,5 LV XVHIXO IRU LGHQWLI\LQJ DQG TXDQWLI\L
GLVWLQJIJXLVKLQJ WKH FODVVHV RI IXQFWLRQDO JURX
ZLWKLQ WKH FRPSRXQG 7DEBELUVHWH®ODWLYHO\ )HDV\ LC
LQH[SHQVLYH DQG UHTXLUB® BRHPLFHONV *RHW DGGHW LR
,Q WKLV VWX6GV POVR XVHG WR SUHGLFW FRPSUHKHQVI

MIOIRQH55$: DQG 26(

(VW IXAEXWX UFIK DVQ K B W
DXSURPEHOY FHRY)LG
VS FHHE W, DX IV KW K)H

MAILLRRQ@V DLADG VWK HKIH

ILEUDWLRQV ZLWKI
1{VHQFH RI ODUJH
D 28PN VLJQDO ZL\
WKH = FPUHJLRQ 7KLV LV EHFOKYRORLEVMR RS RWGG V
KDYH EHHQ H[WUDFWHGVWHB®ERLQURUBIRDY @LQJ LQ WI
7KH + FPSHDNV LQ 5%: 26(5 DQG DPM(FULEHG WR &

VWUHWFKLQJ PDLQO\ LQ FDUERK\GUDWHV DQG FDUER]
7KH SHDN HW FPZDV GXH WR DURPDWLF & & DQG ZDV |
PRVW LQWHQVH LQ 26( 2YHUDOO WKLV SURYLGHG VWU

PRUH DEXQGDQW SKHQROLF FRP5RX®DG W KEKD Q &$: DQC
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PRVWO\ FRQWDLQHG UHVLGXDO FDUERK\GUDWHV 3U
LOWHUSUHWDWLRQ RI WKH UHVXOWY OHG WR WKH FRQT
SKHQROLF FRPSRXXQEBQFTHLI26( ZHUH FOHDUO\ LGHQW
OHDQZKLOH WKH PROHFXODU VWUXFVWXUMHVRQRWHQROL
FOHDUO\ LGHQWLILHG LQVWHDG SHDNV UHODWHG WR
REVHUYHG 7KLW (XN HDV WM KKDMIHFWLYH PHWKRG IRU

SKHQR @WJbDwWH ELRPDVYV IU

3.3.5.3.XF
5" (N [TXH ZLGHO\ XVHG
iy
LGHQW\ "D ~f /3G LV D QRQGHVWL

V HW DO 7KH
DQG = ( VKRZHG VKDUS D
QDUURZ GLIIUDFWLRQ SHDNV LQGLFDWLQJ KLJKO\ FU
GLIIUDFWLRQ SHDNKNDSSHDUHG DW 7 7

7 7 DQG 7 WWHKRQVZBY SD
IRXQG FRQVLVWHQW ZLWK WKH VHPLTXDQWLWDWLYH V
SDWWHUQ LQ RWKHU EURZQ VHDZHHGYV KDV EHHQ UHSR
5 WKH SHDN LQWHQ\6L W\ DEHF DHDRBIGOD IVRIQVKDUS FXLU
LGHQWLILHG ZLWBWWUEEXWDEOH WR WKH VXUIDFH ERQ

WKH RXWVLGH DIWHU WKH HIWUDFWLRQ RI WKH SKHQR
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UHVXOWLQJ LQ UHVLGXDO SRO\WDFFKDULGHV VXFK DV

JXUWKHU WKH &, RI 5%: ZDV IRXQG WR EH E
LQFUHDVHG WR:( ,QD2BNYNUKH &, ZDV FRQILUPLQJ V
PDLQO\ DPRUSKRXV VXBVWDAXKAFHVYHMLEWHDUWRADLQLQJ I
6:( RI 3DGLQED WHWUDVWURPDWLFD +DQV HW DO D

ZLWK ;5" SDWWHUQV VLPLODU WR WKRVH SUHVHQWHG L

SRVLWLRQ VWDJHV

DWLRQ RI PRLVWXL
GHYRODWLOL]|DWLRQ VAXDFHKH LV WKH VWHSZLVH GHFRPS
D VDPSOH DFFRUGLQJ WR LWV IUDFWLRQV+DQG WKHQ
. ZKHUH DOO RUJDQLF-RRYYWMUDIGK B HNK B GMIBO
FKDUDFWHULVWLFV RIS5BHRBXUBQGGNXBURXJIK 7*$ DUH VK
JLIXUH& )RU 5%: D ILUVW PDVV UHGXFWLR® SKDVH RFI
VHFRPPG XFWLRQ SKOD¥HZLWMKEQ@® ILQDO PDVV UHGXFWLF
DERYH FRXOG EH GLVWLQJIJXLVKHGHPEHDHSUBYORXY VW

RQ WKH WKHUPRJUDYLW\ UHGXFWLRIQDEHMEXE  LQDULD
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D VLPLODU VWDJH RI PDVV UHGXFWLRQ JUDSK ZDV FRQI
ZDV GXH WR WKH GHFRPSRVLWLRQ RI ELRSRO\PHUV V
VHFRQG PDVV UHGXFWLRQDALWKHQWR WKH YRODWLOL]
FDUERQDFHRXVY PDWHULDOV DQG RUJDQLF PDWWHU C

* )RU 26( WKH RYHUDOO PDVV GHFUHDVHG FRQWLQ)>
WKH PDVV GHFUHBYW DWDWWULEXWDEOH WR WKH FRQWV

JADWHKRXKHD VSHFL

DNGRZQ RI JO\FRVI
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Figure 3.9. (A) FT-IR spectrum(B) XRD, and(C) TGA of RAW, OSE and OSIR.
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3.3.5.5.FE-SEM

7KH HIIHEWRRI VXUIDFH 6KWNVEXHEWQLIQYHVWLIDWHG
XVLQJ(0Q§ )LIXUWKRZV WeH LPDJHV RI 5%: 26( DQG
26(5 5%$: HILVWV LQ D OXPSHG IRUP DQG KDV D URXJKH!
26(5 WKH VXUIDFH SRURVLW\ LQFUHDVHG EHFDXVH RI V
6:( HIILFLHQWO\ G I8 F RKSXRFHHOOWHDHOO DQG H[SRVHG WKH

VXEVWDQFHV LQF(

6/ KW KX QHEHW BIGL W R

FHOO RWWN\{ HIV SIUHY LR X'
UHSRU[ % T \KH SRURVLW\ RI EL
UHDFW N4 = [VHPSHUDWXUH SUI
DQG D V HPWWLDIFM LIRRD @\ W
HITHFW LPEQR®YD LQYHVWLJI
YDULR XUHV KDYH EHHQ S|

1LGKL HW DWW HW DAKRQILUPHG WKDW WKH ELRPDVV VXU

URXJKHU DQG PR&UH EULWWOH DIWHU
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Figure 3.10 FE-SEM images ofA) RAW, (B) OSE and(C) OSER.
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3.4. Conclusion

7KLY VWXG\ VXFFHVVIXOO\ RSWLPL]HG WKH H[WUDF\
FRPSRXQGH/WKROBHMLRL ZLWK 560 LGHQWLI\LQJ WKH
WHPSHUDWXUH UHDRWLE@LWKPEH UDQMLR 8QGHU WKH
FRQGLWLR®QV PLQ 6/ UDWLR RI J P/ WKH PL
SKHQROLF FRPSRXQG FRQWHQW DFKLHYHG ZDV
®& 105

QGV DQG RWKHU 1IX

7KH WKH 26( ZHUH FR

DSSOL QW FRPSRXQGV L

DFLGV RZHG VLJIQLILFDQW
JOXFR.___ ... L e HRPALAMW®J RRU PDQ
GLDEHWHYV DQG K\SHUWHQVLRQ ,Q WKH FRVPHWLF IL
HITHFWV RQ W\URVLQDVH DQG FROODJHQDVH HQJ\PHV
DQG DJLQJ DV ZHOO DV SKRWRSURWHFWLRQ DJDLQ\
XQHUVFRULQJ LWV SRWHQWLDO DV D QDWXUDO VXQVFU
GHPRQVW U DWSHG VEWRD ® QW LP L F U R ELL@I® DIPFPVDIMYR.W\ D Q
HITHFWVVIVQLP36ODWHG 5$: PDFURSKDJHV VXSSRUWL

D QDWXUDO D QW LIPQ FQIRFERD\® RDJQ ® DHQMWL
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,Q FRQFOXVLRQ WKLV VWWMXG\VIHRQLYBRY M[KDWD FW
ELRIXQFWLRQDO F®RPVKXQE¥FRMIMA RQLQJ 26( DV D PX
IXQFWLRQDO LQJUHGLHQW ZLWK DSSOLFDWLRQV DFUR\
IXQFWLRQDO IRRGV 7KHVH ILQGLQJVY SDYH WKH ZD\
SURFHVVHV PEDWKRXXEMHUILIDWLRQVWHDOUBPRZRUN DQG

FRQWULEXWLQJ WR D GEYID\QHG EHR BWRIGX PWV L QH
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Chapter 4

Development of a functional biopolymer film for food
packaging incorporating optimized Sargassum

thunbergii extract using subcritical water extract

This study
Sargassu
subcritical h in phenolic
compound: integrated into
chitosan/pc :entrations of

0% 5£%. The mechanical, physicochemical, and tunctional properties of the
films were then analyzed. The incorporation of OSE significantly improved the
tensle strength (20.91 + 2.03 MPa at 5% OSE), hydrophobicity (contact angle:
94.9°), and moisture resistance of the films by enhancing the hydrogen bonding
network of the polymer matrix. Surface analyses revealed that roughness and
structural complexity increzd with OSE concentration, improving barrier

properties. The bioactive compounds in OSE, including phenolic acids and

IODYRQRLGV HI[KLELWHG VXEVWDQWLDO DQWLR[LGDWL
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azinobis(3-ethylenebenzothiazolingsulfonic acid, 1,idiphenyt2-picryl
hydrazil, and ferric reducing antioxidant power assays. Packaging tests revealed
that OSEenriched films effectively suppressed microbial growth and oxidative
degradation in fresh strawberries, extending their shelf life by up to 7 days.
These functional moperties highlight the synergistic antioxidative and

antimicrobial effects of OSE conferred by its rich phenolic profile. Furthermore,

the use of y extraction

and zerew. of this study
demonstrai as advanced
food pack -JJ stness, moisture
resistance, able for various
application
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4.1. Introduction

The global food industry is increasingly facing critical challenges
associated with the rapid generation of food waste and environmental pollution.
The low cost and high durability of conventional plastased packaging have
promoted its widespread usentever, its norbiodegradable nature has caused
significant environmental damage. The accumulation of plastic waste has

caused sig npting heightened

interest in ing diteraa

Biodegrade ions to these issues.
Their use ¢ 2ss and extending
shelf life a . In this context,
natural boe ‘obial properties
have becor nctional packaging
materials. n various natural
resources, can effectively prevent food atidn and spoilage (Jafarzadeh et al.,
2020). However, technical challenges limit the efficient incorporation of
functional compounds into biopolymer matrices to improve their stability.
Against this backdrop, the development of biopolynb@sed packaging
materials using sustainable resources anefregadly technologies has gained
global significance. Such advancements address pressing environmental
concerns while offering multidimensional solutions for enhancing food quality

and safety (ldssain et al., @4). Consequently, this area of research has
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garnered increasing academic and industrial interest and has become a critical

direction for the sustainable evolution of the food industry.

Research on the use of biopolyri&sed packaging materials as promising
alternatives for sustainable food packaging has grown exponentially.
Biopolymers, such as chitosan (CS), polyvinyl alcohol (PVA), and gelatin (GE),
have garnered significant attentifmn their excellent biodegradability, nontoxic

properties, 2024). However,

convention isture resistance

and mecha (Rhim et al.,
2007). The S antioxidants and
1g investigated.
thunbergiii: ctive compounds
(Lomartire axtracted from this
seaweed ¢ king them ideal
candidates for the development of fuantl packaging materials (Sadeghi et
al., 2024). However, the use S6Esin biopolymerbased packaging remains
underexplored, with most related studies reporting preliminary results. The
integration of compounds fror8. thunbergiiinto biopolymer matrice while
maintaining their functional stability presents a significant technical challenge

(George et al., 2020).

The demand for functional packaging materials that can extend shelf life

and preserve food quality is steadily increasing (Ahmed et al., 2022). Oxidation
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and microbial spoilage are major causes of quality deterioration in fresh foods,
significantly contributing to the global food waste problem. Therefore,
packaging materials that incorporate natural compounds exhibidoth
antimicrobial properties are a critical solution (Chang et al., 2023). Previous
studies have optimized the extraction of phenolic compoundsSrahunbergii
using subcritical wateextract (SWE). The optimal condition3 195.43¢ ,

18.82 min ¢f rnnntinm tienn ~-hgliddaldionid vatin ~8 0 NADD ~IM)2 gchieved

a total phel \n et al., 2024).

The pi t (OSE) into

biopolymer kaging materials.
By addres of conventional
biopolymer lality preservation
can be sigr 2 biopolymer film
matrix at ve then evaluated for
their mechanical, physicoemical, and functional rpperties. Furthermore,
storage trials were conducted to assess the abilpacdagindilms to inhibit

oxidation and microbial growth in fresh food products.

The results of this study would contribute toward environmental
sustainability and the enhanced functionality of packaging materials with
broader applications in the food industry. Ultimately, this study lays the
groundwork for a new paradigm in future food packaging by combining

sustainability and performance.
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4.2. Materials and methods

4.2.1. Materials and sample preparation

S. thunbergiiwas sourced from PARAJEJU (Jeju Island, South Korea).
The seaweed was thoroughly washed with clean water and dried. The dried
VHDZHHG ZDV WKHQ VLHYHG WR DFKLHYH D XQLIRUP SD

D W 4 until further use. Nitrogen gas $§N99.99% purity) was supplied by

Korea Indu 1aintain the desired

pressure di 1 (St. Louis,
MO, USA). rd Bamchun

Pure Chen

stainless steel
reactor (Phosentech, Daejeon, Republic of Korea) tollowing previously
reported protocols (Han et al., 2024). The conditions, including the reaction time,
temperature, and sampiedeionized water (solitb-liquid) ratio, had been
previously optimized using response surface methodology (RSM) to maximize
the TPC. Briefly, SWE was performed at a constant pressure of 3 MPa and
maintained with M. The reaction time began once the target teatper was

achieved using an electric heater. The mixture was continuously stirred at 200
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rpm with a double foublade impeller. The extract was filtered using filter paper

(F1091110, CHMLAB GROUP) and either stored at 4r lyophilized.

4.2.3. Preparation of the films
Using the methods described by Ghaderi et al. (2019) with slight

modifications. films were prepared with OSE as a functional additive (Ghaderi

etal., 2019 acted from marine

organisms, lution and 2%
PVA soluti GE solution was
prepared a f&04 h. The
ratio of the 1:2. OSE (1.5 mL)
at five diffe mixed with 1 mL
glycerol an ) square molds in

35mL portims and dried in a drying oven at 45or 24 h.

4.2.4. Physicochemical properties

4.2.4.1.Color
The color of the CS/PVAGE-OSE films was determined using a
colorimeter (Lovibond RT series, The Tintometer Ltd., Amesbury, UK) to

assess film samples (2 cm x 2 cm) for the following color coordinates: lightness
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(L*, 0400), redness (a, * red to green), and yellowness (b*, £ yellow to blue).
Three random measurements were taken on each film surface. Analyses were
performed in triplicate on each sample to calculate the standard error. The hue
angle (H°) and chroma (G*of the CS/PVAGE-OSE films were calculated

using the following equations:

& ¥D E (1)

ligital micrometer
(Digimatic | Osaka, Japan)
with an acc <en at five random

ensure consistency.

4.2.4.3.Mechanical properties of the films

The tensile strength (TS) and elongation at break (EAB) of the films were
determined to assess their mechanical properties. Measurements were

performed using a Brookfield C3 Texture Analyzer (Brookfield Engineering
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Laboratories, Inc., Middleboro, MA, USA) to the ASTM D882 standard. The
film samples were cut into 50 mm x 10 mm samples and clamped with an initial
gauge length of 30 mm. The trigger load was set at 0.067 N, and the films were
elongated at a constant sgeef 0.5 mm/s until rupture occurred. TS was

determined using the following equation:

TS (MPa) =—— (3),

0T/

where | iness of the film
(mm), and

The EA . gth at the point of
failure and ! sing the following

where His the initial gauge length (30 mm), and H is the length of the film
at the point of rupture. All measurements were performed at room temperature
(25 * ¢ XQGHU D FRQWUROOHG UHODWLYH KXPLGLW\

represent the mean of at least five replicates for each sample.
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4.2.5. Water-related properties

4.2.5.1.Water solubility

The hydrophilic properties of the filmsereevaluated by assessing their
water solubility (WS). Film samples (1 cm x 1 cm) were predried in an oven at
105+ for 24 h to remove residual moisture, and their initial weight (W) was

recorded. Each sample was then immersed in 20 mL distilled water and

incubated « /ater absorption

and dissol e was carefully
extracted, | ater, added
at 105 for ZDV REWDLQHG 7|
performed
were expre _ "'r NS was calculated

using the f

WS (%) =——1 (5

4.2.5.2.Swelling properties

The swelling properties of the films were evaluated to determine their
ZDWHU DEVRUSWLRQ FDSDFLW\ 7KH ILOP VDPSOHV ZHL
in distilled water, and incubated at 25for 24 h to facilitate swelling. After

incubation, the samples were gently removed, and the surface water was
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carefully blotted off using filter paper to prevent altering the sample weight. The

swollen CS/PVAGE-26( ILOPV ZHUH LPPHGLDWHO\ ZHLJKHG
experiments were performed in triplicate, and the results were expressed as

mean + SD. The degree of swelli(@S) was calculated using the following

equation:

gravimetric e |1 E96/EO6M
standard. ( 7.5 mm (exposed
area: 5.94 2ate a saturated
environmel vere carefully

cut without defects and sealed tightly onto the cup openings to prevent leakage.
The sealed cups were then placed in a desiccator maintainee awigh 50%

RH. The weight of each cup was measured every 12 h oveysitdabtain

eight measurements. The WVP (gmm/kPahm?3 was calculated using the

following equation:

WVP (gmm/kPahm?) =" (7),
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ZKHUH OGP LV WKH PDVV FKDQJH RYHU WLPH J ;L
CS/PVAGE-OSE films (mm); A is thexposed area of the films (cm3; t is the
WLPH LQWHUYDO K DQG G43 LV WKH SDUWLDO ZDWHU
through two sides of the film. All measurements were performed in triplicate

and expressed as mean = SD.

4.2.5.4.Cao

The c Jate their surface
wettability. n glass slides, and
I G OO\ GURSSHG RQ\
micropipett t angle analyzer
(SmartDroj ith Korea) at

room temg 1 sample were

4.2.6. Surface analysis

4.2.6.1.FE-SEM
The microstructure of the films was observed using field emission scanning
electron microscopy (FSEM, MIRA 3 LMH, TESCAN, Czech Republic).

The film samples were carefully prepared and coated with a thin layer of gold
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to enhance the conductivity prior to imaging-EEM images were captured at
an accelerating voltage of 5 kV to ensure higbolution visualization of the

film surfaces.

4.2.6.2.AFM

An atomic force microscope (AFM, IceAT-PLUS, BRUKER, Billerica,

MA, USA)" 1€ films. The film

surfaces w JWDFW PRGH XQGH
conditions, ith a triangular
cantilever e capture ef high
resolution 1 neguisquare

roughness fnleedilms.

4.2.7. Structural analysis

4.2.7.1FT-IR
The spectra of the films were analyzed using an infrared spectrophotometer
(Perkin Elmer Inc., MA, USA) to investigate their molecular structure. The
Fouriertransform infrared (FAIR) spectra were captured at 500 FPqi DW
a data acquisition rate of EPgi SHU SRLQW (DFK VSHFWUXP ZDV

averaging 64 scans to improve the sigioahoise ratio and ensure reliable data.
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4.2.7.2XRD
The crystallinity of the films was analyzed byrXy diffraction (XRD)
using an X'PerMPD system (PHILIPS, The Netherlands). XRD analysis was
performed over a scattering angle range of10¥ VWHS VL]H RI f DQ

exposure time of 1 s per step.

4.2.8. Biol

4.2.8.1.An
7KH Rl WKH ILOPV ZDV

dipleity¥26 p

(FRAP) assays.

azinobis(3-
picrylhydra
3RO\P} s of a 9gell
plate and V. $IWHU GU\LQJ
UHVSHFWLYH DQWLR[LGDQW VROXWLRQ $%76p '33+ R
well. The plate was incubated with gentle shaking to ensuferanimixing.

The absorbance was measured at 10 min intervals for 2 h.

7KH DEVRUEDQFH ZDV PHDVXUHG DW QP IRU $%76
and 593 nm for FRAP using a Synergy HT microplate reader (BioTek
Instruments, Winooski, VT, USA). The antioxidative activity (%) of each

sample was calculated using the following formula:
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EODQ&NDPS@EDFNJU&%G
H

Antioxidative activity (%) = $ s
EODQN

where Avankis the absorbance of the well containing only the antioxidant
solution (no film); Aampleis the absorbance of the well containing both the film
and antioxidant solution; anchxkgroundS the absorbance of the well containing

the film but no antioxidant solution.

servation ability of
"he strawberries
were randc strawberries were
not packac » wrapped using
CS/PVAGI SE concentration:
CS/PVAGI AGE-OSES,
CS/PVAGE-OSE4, and CS/PVASE-OSES. All strawberries were stored at
room emgerature (25 + 1<) and under a relative humidity (RH) of 70% =

5% for 7 days. During storage, the physical appearance parameters of the
strawberries, including changes in shape, color, and texture, was monitored

daily to assess the effectiveness of the packaging filmsn(¥ual., 2021).
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4.2.9. Statistical analysis
Values are expressed as the mean + SD of triplicate experimeraa@ne
DQDO\VLV RI YDULDQFH 3HDUVRQYVY FRUUHODWLRQ DC
analysis were performed using SPSS software (version 27, SPSS Inc., Chicago,
IL, USA) and Stat Ease 36®fsware (Stat Ease Inc., MN, USA). Statistical

significance was determinedmak 0.05.

= films were
significantl Figure 4.1).
Increased ! creased the dark
brown coloration of the films. The L* value decreased from 87.64 + 0.32 in the
control sample (CS/PVASE) to 78.77 + 0.36 in CS/PVAE-OSEDS, indicating

a darkening effect. Similarly, the a* (redness) and(y&llowness) values
increased with OSE concentratiamgicating more intensgellow-brown hues.

The b* value increased from 7.42 + 0.85 to 33.13 £ 1.11. These changes were

further supported by increases in chroma (C*) and hue ang)ekighlighting

the role of phenolic compounds in color development. The opacity values also
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significantly increased, from 0.40 + 0.01 in CS/RPGE to 1.69 + 0.03 in
CS/PVA-GE-OSES5, likely due to enhanced light scattering and absorption by
phenolic compounds. These results align with those of previous studies, which
found that phenolicich extracts enhance Ublocking properties and reduce
transparency, thereby improving film functionality (Ezati et al., 2023; Eze et al.,
2024). Overall, the addition of OSE significantly altered the visual and

functional | applications

requiring i ; may serve as

effective fi oved protective

performanc
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Table 4.1 Color properties of CS/PVAGE films incorporated witltifferent concentrations of OSE

Condition L* a* b* C* H° Opacity
CS/PVAGE 87.64+ 0.32 -2.16+ 0.09 7.42+0.85 9.61+1.14 106.95+ 3.02 0.40+ 0.01
CS/PVAGE-OSE1 86.54+ 0.3& -2 N2+ N NE 1120+ 1 2®  100.35+ 0.6 0.61+0.01°

CS/PVA-GE-OSE2 84.97+ 0.28 96.87+ 0.5Z 0.67+0.03

CS/PVAGE-OSE3 84.16+ 0.23 95.39+ 0.30° 0.76+ 0.04

CS/PVA-GE-OSE4 82.96+ 0.18 94.01+ 0.69 1.47+0.0€

CS/PVAGE-OSE5 78.77+ 0.36 89.81+ 3.02 1.69+0.03

- Values are expressed as mean *
- Different letters indicate significar
- CS: Chitosan; PVA: Polyvinyl alcc

‘DQTYVY PXOWLSOH UDQJH WHVW

-210-



Figure 4.1. Visual appearance of CS/PWBE films with varying OSE concentrations.

(a) CS/PVAGE, (b) CS/PVAGE-OSE1, (c) CS/PVAGE-OSE2, (d) CS/PVAGE-OSES, (e) CS/PVAGE-OSEA4, (f) CS/PVAGE-OSE5
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4.3.1.2.Tensile strengthand elongation at break

The mechanical properties of the CS/P@&E-OSE films varied
significantly with OSE concentration (Tabe?). The film thickness remained
consistent regardless of the OSE concentration, indicating thatotiimer
matrix maintained uniformity during fabrication. Furthermore, such consistency
confirms the reliability and reproducibility of the mechanical property

assessmerﬁ-n ThAa TC inArAan~n icnifinanths wntlh NCC "’Jncentration, W|th

2091 + 2 lethependent

improveme » present in OSE,

which likel ich as hydrogen

bonding, mtintegrity

of the films decreased with
increasing % in CSGFRV/A

t0 34.62% : y is likely due

to the rigidiiyny ciice v o wras Sory e mauias verme OSE enhanced
the TS, it also stiffened the polymer network, reducing its stretchability under
applied stress (Tak et al.,, 2023). These results demonstrate that OSE
significantly influences both the strengtind flexibility of the CS/PVAGE-

OSE films. The tradeoff between improved TS and reduced EAB indicates the
adaptability of these films for specific applications where mechanical strength
is prioritized over flexibility, and vice versa. This tunability Hights the
suitability of OSE as a functional additive for the development of biopolymer
based, rigid or semirigid packaging systems.
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Table 4.2 Mechanicalproperties of CS/PVAGE films incorporated witldifferent concentrations of OSE

Condition Thickness (mm) TS (MPa) EAB (%)
CS/IPVAGE 0.14+ 0.06 11.19+ 1.03f 61.14+ 7.95
CS/PVAGE-OSE1 0.10 57.62+ 4.14
CS/PVA-GE-OSE2 0.10 52.51+ 6.4F
CS/PVA-GE-OSE3 0.11 51.59+ 6.38'
CS/PVAGE-OSE4 0.09 50.19+ 6.00"
CS/PVA-GE-OSES5 0.11 34.62+5.53

- Values are expressed as mean *
- Different letters indicatsignificant ‘DQYY PXOWLSOH UDQJH WHVW

- CS: Chitosan; PVA: Polyvinyl alcc
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4.3.2. Water-related properties

The WS, swelling property, and WVP of the films decreased significantly
with increasing OSE concentration (TaBl&). These changes indicate that the
phenolic compounds and polysaccharides in OSE enhanced the hydrogen
bonding network within the polymer matrix, thereby improving water resistance.

This structural reinforcement reduced the polymeter interactions and

increased f ). The WS of the

films decre Ato 46.29%
+ 0.26% | tance to water
dissolution '86.04% = 3.18%
to 204.98% n by the films. The
WVP also m/kPahmz in
CS/PVAGI 'SE5. These
trends stroi dicity and moisture
resistance of the films. "The contact angle measurements furtnebaated
these results (Figuré.2). The contact angle of the CS/PM@E was 67.4°,
indicating a relatively hydrophilic surface. However, as the OSE concentration
increased, the contact angle steadily increased to 94.9° for CSGEYASES.

An increased contact angle suggests the transitoa more hydrophobic
surface, likely due to the lowering of film surface energy caused by the phenolic

compounds in OSE (Aphibanthammakit et al., 2018). These findings underscore
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the potent ability of OSE to enhance the water resistance and hydrophobicity of
the films. Furthermore, the functional properties of the films can be tailored for
specific applications by adjusting the OSE concentration. This tunability makes
OSE enriched films particularly promising for food packaging applications,

especially those requiring strong moisture barrier properties.
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Table 4.3 Waterrelatedproperties of CS/PVAGE films incorporated witldifferent concentrations of OSE

Condition WS (%) Swelling propert (%) WVP (gmm/kPahm ?2) Contact angle(°)
CS/PVAGE 56.93+ 0.43 286.04+ 3.18 0.83+0.02 67.4+ 1.29
CS/PVAGE-OSE1 54.12+ 0.0 68.6+ 2.10
CS/PVA-GE-OSE2 53.89+ 0.8 83.4+ 1.09
CS/PVA-GE-OSE3 50.82+ 0.4 87.1+2.49
CS/PVA-GE-OSE4 50.75+ 0.4 94.0+ 2.64
CS/PVA-GE-OSE5 46.29+ 0.2 94.9+ 2.5%¢

- Values are expressed as mean X
- Different letters indicate significar
CS: Chitosan; PVA: Polyvinyl alcc

‘DQTYVY PXOWLSOH UDQJH WHVW
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Figure 4.2 Contact angle measurements of CS/PGR films with varying OSE concentrations.

(a) CS/PVAGE, (b) CS/PVAGE-OSE1, (c) CS/PVAGE-OSE2, (d) CS/PVAGE-OSES, (e) CS/PVAGE-OSEA4, (f) CS/PVAGE-OSE5
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4.3.3. Surface analysis

4.3.3.1.FE-SEM

The microstructure of the films was analyzed by$HEM (Figure 4.3).
CS/PVAGE exhibited a smooth and uniform surface, reflecting the structural
stability of the polymer matrix. In contrast, the films incorporated with OSE

showed significant surface chamsgaith increasing OSE concentration. At low

concentrati relatively uniform.

However, roughness and
micropartic s OSiEé and
OSE5 film ggregates. These
changes at mponents, which
disrupted - creased surface
roughness. 1e mechanical
properties, aristics of the films
(Sabaghi et al., 2022). In conclusion, the OSE concentration can significantly
determine the microstructure of the CS/P@EE-OSE films. While low
concentrations promoted surface uniformity, higher concentrations increased
surface irregularities, which may affect the overall performance of the films.
These findings underscore the importance of optimizing the OSE concentration

in designng the packaging materials.
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>

v y oy wunc@ntrations of OSE.

%[ﬂﬂ

Figure 4.3.FE-SEM morp..c.vyivw winyoio vi com—vee=

(a) CS/PVAGE, (b) CS/PVAGE-OSEL, (c) CS/PVAGE-OSE2, (d) CS/PVAGE-OSES, (€) CS/PVAGE-OSEA4, (f) CS/PVAGE-OSE5

-219-



4.3.3.2.AFM

The surface microstructure of the films was analyzed by AFM (Figdye
The control film (CS/PVAGE) exhibited a smooth and uniform surface, with a
Ra of 16.4 nm and a Rq of 20.8 nm, reflecting shectural stability of the
polymer matrix. In contrast, the OSE films showed a progressive increase in
surface roughness and structural complexity with increasing OSE concentration.
The Ra values for OSE1 and OSE2 were 23.2 nm and 23.9 nm, respectively,
increasing to 33.2 nm for OSES. Therefore, the polysaccharides and phenolic
compounds in OSE increased the surface complexity within the polymer matrix.
Increased surface roughness is associated with higher surface energy, which
may improve antimicrobial prmance and adhesion to functional coatings.
Furthermore, these structural changes could influence the moisture barrier
properties and mechanical characteristics of the films (Khang et al., 2007). In
conclusion, adjusting the OSE concentration enablesistomization of the
surface properties and functional performance of the CS/B%#AOSE films.
These findings highlight their potential for applications in food packaging,

antimicrobial coatings, and other specialized fields.
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Figure 4.4.AFM surface | E concentrations.

(a) CS/PVAGE, (b) CS/PVAGE-OSEL, ( E-OSE4, (f) CS/PVAGE-OSE5
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4.3.4. Structural analysis

4.3.41FT-IR

The FTIR spectra of CS/PVASE-OSE films were analyzed to investigate
the molecular interactions among OSE, GE, CS, and PVA, as well as the
structural changes in the films with varying OSE concentrations (F&6ye
The characteristic absorption peaks of each component provided critical insights
into the molecular interactions within the polymer matrix. ThelRBpectrum
Rl 26( HIKLELWHG D EURDG SHDN DW DSSUR[LPDWHO\
the hydroxyl (OH) groups of the phenolic compounds. These phenolic
compounds influence both the antioxidative properties of OSE and the physical
SURSHUWLHV RI WKH ILOPV ,Q WKH VSHFWUXP RI *(
observed, which corresponded to the amide | bonds ghyrC=0 stretching
YLEUDWLRQV DORQJ ZLWK D SHDN DW -HFPg7T UHSUH)
bending and €N stretching vibrations). These peaks highlight the contribution
of GE to the proteibbased network formed within the films (Muyonga et al.,
2004; Singh et al., 2014). The CS spectrum displayed a distinct peak at
DSSUR[LPDWHO\ FPqgi1 ZK{ORKstiehibgwiwatian s X WHG WR &
reflecting the polysaccharide structure of CS and its functional role within the
polymer network. For PVA,aKk DUDFWHULVWLF SHDN DW DSSURJ[LPI
was observed, which is associated withiGtretching vibrations that represent

hydrophobic hydrocarbon chains that influence the physical properties of the
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polymer (Gieroba et al., 2023; Xue et al.,, 2015). In the blended films, the

molecular interactions between OSE and the other components were indicated

by significant shifts in peak positions and intensities. For example, the broad

2+ SHDN DW ied FrPigténiti) With increasing OSE concentration,

signifying a reorganization and strengthening of the hydrogen bonding network.
Similarly, the G+ SHDN DW DSSUR[LPDWHO\ FPqi FRQILUPH
hydrophobic hydrocarbon chains, which potengiagikplained the reduction in

the water absorption properties of the films (Poothanari et al., 2024). In

conclusion, the molecular interactions among OSE, GE, CS, and PVA

significantly contribute to the physical and functional properties of the CS/PVA

GE-OSE films.
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4.3.4.2.XRD

The crystalline structure of the films was analyzed by XRD (Figue
The diffraction patterns revealed the crystalline and semicrystalline
characteristics of the individual components, as well as the structural changes
within the polymer matrix upon blending. The XRD spectrum of OSE exhibited
sharp crystalline peaks, doming its inherent crystalline structure. This
crystallinity is particularly attributed to the polyphenolic compounds in OSE.
For GE, PVA, and CS, broad and weak semicrystalline peaks observed
near 20° indicating the predominantly amorphous structure with minor
crystalline regions of these components. These observations align with those of
previous studies describing the semicrystalline characteristics of these
biopolymers (Wangteal., 2008). In the blended films, a broad and mild peak
was observed near 20°, indicating that the crystalline nature of OSE was reduced
or eliminated upon incorporation into the polymer matrix. Therefore, the
interactions between OSE and the polymerponents disrupted the crystalline
regions and enhanced the amorphous structure of the resulting films. Increased
amorphousness improves the flexibility and processabilif§iro§, which are
advantageous for packaging applications. Conversely, retatrygjalline
properties enhance the mechanical strength and stability of the films, making
them suitable for particular functional applications (Jeevahan et al., 2019).

These findings demonstrate that the structural properties of the CSHEVA
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OSE films can be adjusted through the OSE concentration and the interactions

among the blended components.
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)ncentrations.
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4.3.5. Biological activities

4.3.5.1.Antioxidative activities

The antioxidative activity of the films was evaluated using ABTSPH,
and FRAP assays (Figu#e?). The release of antioxidative compounds over
time and their corresponding activities significantly increased in both the release
rate and final antioxidative activity with increasing OSE concentration. These
findings emphasize OSE as a critical sourceanfioxidative compounds,
significantly enhancing the functional performance of the films (Han et al.,
2024). Notably, the OSES film exhibited the highest antioxidative performance,
exhibiting a rapid initial activity and prolonged stability over time. §hine
higher concentration of antioxidative compounds in the OSES5 film facilitated a
strong initial response while maintaining a sustained release. In contrast, the
OSE1 and OSEZ2 films displayed relatively slower release patterns and lower
initial activity. However, the antioxidative activity remained stable over an
extended period. These results demonstrate the crucial role of film composition
and OSE concentration in determining the release kinetics of antioxidative
compounds (Zhao et al., 2023). Moregvéhe release patterns and final
antioxidative activities can be optimized by adjusting the OSE concentration
and film composition to meet the specific application requirements. For
example, films with high OSE concentrations can provide rapid and robust

antioxidative protection and are thus suitable for packaging highly perishable
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foods exposed to oxidative stress. Conversely, films with low OSE
concentrations are ideal for applications requiring {tergh antioxidative
activity with a controlled and sustained release profile. These results
demonstrate the significant potential oc8/2VA-GE-OSE films as versatile
food packaging materials. By firtaning the OSE concentration and film
composition, these films can provide tailored solutions for diverse packaging

applications that simultaneously enhance functionality and extend $belf li
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Figure 4.7.Release of antioxidant compounds from CS/PGR films incorporated

with OSE at different concentrations: (a) ABT®) DPPH, and (c) FRAP.
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4.3.5.2.Assessment of food quality retention

The ability of CS/PVAGE-OSE films to preserve strawberries was
evaluated by analyzing their potential for maintaining strawberry quality and
extending shelf life. Changes in the appearance and preservation status of the
strawberries were monitored ovestarage period of 7 days. On the first day of
the experiment, all the strawberries maintained their fresh state, with no
significant differences observed between the packaged and unpackaged (control)
strawberries. After 7 days, the unpackaged strawbextabited severe quality
deterioration and mold growth. Conversely, strawberries packaged with films
containing low OSE concentrations (OSE1 and OSE2) demonstrated slight
freshness retention but showed microbial growth on their surface. In contrast,
strawlkerries wrapped in films with higher OSE concentrations (OSE3 to OSE5)
displayed excellent preservation, with minimal mold growth and negligible
quality degradation. These findings indicate that the phenolic compounds in
OSE may have inhibited strawberrycdg. Notably, OSEenriched films with
higher OSE concentrations effectively suppressed oxidation and microbial
growth, retaining the freshness of strawberries over extended periods. The
combined effects of antioxidative and antimicrobial properties highlights the
functional significance of OSE in preserving food quality. Furthermore,
previous studies have reported that storage in packaging materials containing

bioactive compounds, such as polyphenols and polysaccharides, can effectively
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preserve fruit quality. Such films create a protective barrier that reduces oxygen
exposure, inhibits microbial activity, and slows moisture loss, significantly
extending the shelf life of highly perishable produce (Yuan et al., 2021). The
findings of thisstudy are consistent with the said findings, underscoring the
potential of OSEenriched CS/PVAGE films for practical applications in food

packaging.
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Figure 4.8.Preservation effects of CS/PVBE films with varying OSE concentrations on strawberries.
(Control) unwrapped, (a) CS/PVBE, (b) CS/PVAGE-OSE1, (c) CS/PVAGE-OSE2, (d) CS/PVAGE-OSES3, (e) CS/PVAGE-OSE4, (f)

CS/PVA-GE-OSE5

- 233-



4.4. Conclusion

This study successfully developed biopolymer films incorporating OSE, a
high-functionality extract obtained through the ddendly SWEmethod. OSE
significantly enhanced the mechanical, physicochemical, and functional
properties of CS/PVAGE films, demonstrating their potential for sustainable
food packaging applications. OSE improved the TS and hydrophobicity of the
films by reinforcingthe hydrogen bonding network within the polymer matrix.
Concurrently, reductions in the WS and swelling propertiesateld enhanced
moisture resistance. Functionally, the G&kiched films exhibited strong
antioxidative and antimicrobial activities. Given its abundance in phenolic
compounds, OSE demonstrated high antioxidative capacity in the ABTS
DPPH, and FRARissays. Packaging tests using fresh strawberries confirmed
that the films effectively inhibited oxidative stress and microbial growth,
particularly at higher OSE concentrations, preserving fruit quality for up to 7
days. This was attributed to the sustdinelease of bioactive compounds from
the polymer matrix, with the higBSE films delivering robust initial protection
and sustained stability. Furthermore, the study highlighted the tunability of the
film properties through OSE concentration adjustmergsabling the
development of tailored packag to meet diverse application requirements. In
particular, films with high OSE concentrations are ideal for the dieom

packaging of highly perishable items requiring strong oxidative and microbial
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protection, whereas those with lower OSE concentrations offer prolonged
release for extended storage. This adaptability further underscores the potential
of OSE enriched biopolymer films as versatile packaging solutions. The
addition of OSE also promotes sustainability. The us8WE for OSE film
production promotes an econscious and zenwaste approach, ensuring the

full valorization of marine biomass. Such a process supports circular
bioeconomy goals and provides an effective strategy for meetingluhle
demands of sustainability and food quality enhancement in the packaging
industry. In conclusion, the OSHcorporated CS/PVAGE films offer an
innovative and practical solution to modern food packaging challenges
combining environmental sustainability with superior performance. Future
investigations should evaluate the scalability of this strategy and itacsff
across a broader range of food products under varying storage conditions to

establish the full extent of its applications.
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Summary

This study aims to explore sustainable marine biomass utilization strategies
and the potential applications of efr@endly biopolymers using the marine
brownseawee@argassum thunbergisubcritical Water Extraction (SWE) was
employed to efficiently extract bioactive compounds f@nthunbergiiand the
functional properties and diverse applications of these compounds were

systematically evaluated.

Therefore, the major findings from the overall studies can be summarized as

follows:

I.  The physicochemical and bioactive propertieSothunbergiiextracts
(SSEs)obtained through SWE and conventional solvent extraction
methods were analyzed. SWE was found to be a process that
simultaneously satisfies both extraction efficiency and environmental
friendliness, demonstrating superior antioxidant and antimicrobial
actiities compared to conventional solvent extraction methods. These
findings validate the potential &SEsas functional materials in food

and related industries.

Il. Response Surface Methodology was utilized to optimize SWE
conditions for S. thunbergii thereby establishing a sustainable

biorefinery process. The optimized extract demonstrated strong
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antioxidant, antidiabetic, antihypertensive, anfiammatory, and arti
aging effects. Structural analysis also confirmed the potential use of
residual biomass as biofuel. These results highlight the feasibility of
environmentally friendly marine biomasslization strategies based on

zerowaste principles.

. In the third study, the optimized extract was incorporated into a
chitosan/polyvinyl alcohegelatin composite film to develop functional
biopolymerbased food packaging materials. The developed packaging
materials exhibited excellent mechanical strendtidrophobicity,
antioxidant, and antimicrobial properties, making them highly effective
for fresh food preservation. Specifically, storage experiments
demonstrated that the films significantly extended the shelf life of
strawberries by inhibiting oxidaticend microbial growth, thus playing

a crucial role in maintaining the quality of fresh produce.

This study confirms that the bioactive compounds extracted ffom
thunbergii are applicable across various industrial sectors, including food,
pharmaceuticals, and cosmetics. Furthermore, the -B&¢Ed ecdriendly
process ensures the comprehensive utilization of marine biomass, providing

scientific evidence for achieving a ciranleconomy.
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Abstract (In Korean)

JOESZFJ, ,Z 988y9597G2759U 4n9E8y< ?y9E (Sargassum thunberdii

2670-'9® FB Z:WE 3t 8F A

G2< R
10 %VG | %VG 983FP KGR
8e70

IN 8F A$&GE: /E+8argassum thunbergiOH28yG@8B2H® :WIE ®6: 1$0:W
9 .JOE8zFJ,,Z 988y93 r.rG® 6 , 9E+( GEGE7¢j9E8z,:409® 6/0V V@®+0
C& AG® 69@®8VYRE+®ZGE39U 4n?é?dSubcritical Water Extraction, SWE)
95 D GES. thunbergit?/OCt 33, H23t1 -'< 95 ?8?0G® BIE?&70-'9® .j9E8zZ, Eb
9E#", Kk .e jOE8zFJ,,Z G3+Ur.r8&3r9® H28y V$03195F VGE8V%:

? .P<N8F A8&3r$e739U 4n?820.6 R:ZD:W 8y, ?8?20.69*2 88< S,
thunbergii?é?0-'9®-', H3G :W .e 33, H231 E 319508 |G®8V%:180 8&3r9® 75
9U 4n?8?0-'9— ?s EMOGY*(13.57 + 0.19 mg PGE/g}s %Q5%:*(61.95 + 0.75
mg glucose/g)GA3 HaH23t $%76p '33+ WAWIF.99 + 0.02, 56.72 + 0.09,
29.79 + 0.11 mg TE/gR3r VOO 94nG2 R+O /J8VY'/E, GA 6 5:H.8&3r
Escherichia colB—Bacillus cereu$& k*{G2 8:r Hp R+O1C # %: . 9E*BG2 R
$ESWE V 8y, ?670.8/3%: 9 4nG®,FA@2H® :WIE 6Hp R:WIT K:k9U95 H«9[52
At%: %?/P8 , GA3 Ha.e GA 6E 3195 /O8BGR$E3+Ur.r8& WG¢G?870-'9U93
523 G2%:.
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&! .P<N8F A8&3r$eSWE9IRHPI~319#E9E 19ZGRe?0:/E E93?22:WHAG® 6
22:\WH2&r?&?0-’ (OptimizedS. thunbergiExtracts, OSE)®33, H23+ R A:/AE:WE
3193 :UG¢:W9™*2 F VG®8V%:?2:W /A §195.43 , 18.82min, 6? /7?2 039~
0.032 g/mLB&3r ?s Ei#0O G¥:*(29.01 - 0.28 mg PGE/gR Gb)O/JH#9E'2 G¥s*
(10.33 - 0.48 mg quercetin equivalentii)H«IIGRSVUOSESE k*{G2 GA3 HaGA
%O%>-glucosidas® :r 1Cso1.87 - 0.09 mg/mL),GA 6HAT(ACE 8 :r 1C500.24 -
0.01 mg/mL),GA 6 GA8SR;0GA#IHH23195/J8V%: A:/E/U3s(NMR, FT-IR, XRD,
FE-SEM) R SWE$é 988B.j9E8zZ,:40+0 .J9E8z8F+"*2 : H28yGY V$013+95:r
KG®,AOSE$e G§+UV9l 72:k31 R 1$03195 kH G®$&6A8BGT4n 9p$E33,
H23t.e T$0:WE 3195< %" U9™*2 "iC # %: .

37.p<N8F A8&3r$60SE+OBUCH3/F], 03%&7¢A28;:2)OEJ(CS/PVAGE)H’
G¢G5+UsH G¢G®8B$NU3E .JOESZFJ, ,Z T.n FBIO: +O r.rG®8V%: OSE#&&
(0%-5%)8&' T+ G&+U9& :W ,-, HAG W , t$0:WE 3198F VG2 R ,9190 k
& (20.91 - 2.03 MPa at 5% OSE344n3%:g?_ W 94.99, 4n/U:VGA319E03 &n8
%:'Z t+0 %V3 9*2 G2FB9(52H.8&3r$60SEIRFA/OGEIHOHG -’ R Gb)O/IH
9E'2*2 9IGE3 H2 .e .N33- 8:r HpRV"IC" :VO0 tZ &/77'Z t19® Fb<9E
2206V7 90 ¢< 9v< &n$é U9S H«9IGRBVUOESEOSE t.n j9E8BZFJ, ,Z G&+U9E
53FPFBI0: *23r V0 77:k3F R Fb< 9v< +OHp R:W9'*2 < 9&G¥n 9p9¢9§JI8B
V%:.

IN 8F A$éS. thunbergid®33, H23t -'< 95 H28yG®8Br$03+ .j9E8zFJ, ,Z
988y V$013195:r52G® 6, 53Fb 9®7OFMH290FBG %:7¢G23 8  /U708&3r9®128y
V$031939U;6GR®8VAUFG2 , SWE t.n .jOE8z, ED9E#", K:k9— -SF& t-' :Z*
R <34 V$0G2 rr ,yF+0 %B31G®,EE7Gj9ESZ,:409® 6/0 V V@®H+QZG?2
@2H® WGE >95 r KGE H® /J:Z8& 18BG4N9IPIEIZH«IIGR8VY%:
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