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ABSTRACT

This research intends to find the anti-oxidation and prebiotic activities of 3 seaweeds. 3
extraction methods were utilized include hot water extraction, Enzymes-assisted extraction (EAE) and
Ultrasound-assisted extraction (UAE). Ulva intestinalis, Chaetomorpha spiralis and Gracilaria
tenuistipitata were used as samples in the study. The study found that the enzymatic-assisted extraction
using cellulase enzymes provide the highest average yield while ultrasound-assisted extraction provides
the lowest average yield. The antioxidant properties determined with DPPH and FRAP methods using
ascorbic acid as a standard. It was found that the extraction method had an influence on the antioxidant
properties of crude extracts especially from Chaetomorpha spiralis and Gracilaria tenuistipitata, but had
no significant effect on crude extracts from Ulva intestinalis (p <0.05). Crude extract from Gracilaria
tenuistipitata extracted by UAE provide the highest antioxidant properties measured by DPPH method.
With % inhibition equal to 33.01 + 1.80%. For determination using FRAP method. Crude extracts from
Gracilaria tenuistipitata extracted by EAE provided highest antioxidant properties at 72.31 + 0.12 umol
ascorbic acid equivalent/g. Prebiotic activity score of crude extracts from Ulva intestinalis extracted with
UAE for culturing L.casei was 0.26. All crude extracts were not suitable for culturing L. reuteri. The
analyses of samples extracted from 3 types of seaweeds with FTIR found the composition of crude

extracts were mainly polysaccharide.
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2.2.3. Ultrasound-assisted extraction (UAE)
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2.3 Fourier Transform Infrared (FTIR) Spectroscopy
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2.4.1.2 Ferric reducing antioxidant power (FRAP assay) (Benzie and Szeto., 1999;
Pulido et al., 2000)
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ﬁﬁuaugaaﬁimﬂmﬁaﬂwmumﬂmmmwuumﬂuwammﬂ phenolic  compound UINNIN

. = = = [ d' Y 9 A a
sulphated polysaccharides 33AITUNITANE sulfate content Tuasananeunana lamuay
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chaetomorpha A total phenolic content WU phenolic content Y9495 Ultrasound-assisted extraction

o (%

WINNI enzymatic-assisted extraction 98 WTd vy ualoi liiamniamsduoyyadaszdieis

v o w A o oy
HYFIAY LLASZINDIAANIY

g

DPPH 7% enzymatic-assisted extraction nav ldamnndn2Ismsanaediall

Y
ay %

5 FRAP %83 ﬂﬁﬁﬂﬂllllllﬂ’JnILMﬂWN’E]EjN

v v

wedn Feennasan ldnauiadueyyaddsy
VOIEITANANYIVIINA1HI 1Y chaetomorpha %1970 sulphated polysaccharides 1NN phenolic
compound
d‘ a [ 1 9! 1 = [ = J A 9
WeNnsanmsananeIuNd 11w 1d Innunasmsana lilinadeduiianisaueyya
Sasziiioina1833 DPPH 1ag total phenolic content HONINTEANL TN MUBYYADATTUDIAS
[ 1 9) = Y 2 [ [ 1 td'
anarerunnare d lniia lndiResnuansanare1uanaisigchactomorpha NUFEIY 11-12%
d' 1 v A . 9 1 1 o R a Y [}
(M3519904.5) UANAVI total phenolic content o8NIMAWMIAY F9010HNITAN I@NaITANAKEIVIN
U 1 1 ' < f H Y ' ' v
ami101dIni sulphated polysaccharides g1 0619 lsnawarn laninmsAnuiidesnainld
Y = ~ Y ..
578911 139103 AAYIUDY Peasura et al. (2015) mwsmu"bﬂszmmso% 1ta Rahimi, Tabarsa and
~ [ o v =1 ~ v 1
Rezaei (2016) Niszmnmso%unu  demainiunaninmsnlSinaddwendelSuaussiglu
1 9! Id’ Y a o dy Y 1 a o
a3 ld Tnnldluauidedl (13.18%) 1esnI11UIBUDA Peasura et al. (2015) (19.95%) uag
Y ' [l [
#1113U3F Ultrasound-assisted extraction 4143981 14A108 4 kHz #a@nnu3989ed Rahimi,
. A = =1 @ [ a a s @ Y
Tabarsa and Rezaei (2016) 153 kHz 340 inanuasanavenunaauina lsanana Ia

M3197 4.4 FUTAGIUMIAIUOYYADATZUDIANTANANGIVINATNT03FiiA NANARBIDUANANNY

#1875 DPPH iy umol ascorbic acid equivalent/g

AVUARIUMIAUOYYADATZUBIATANANYIY (umol ascorbic acid

equivalent/g)dnNa #1873

YUATINI Y
Hot water extraction Ultrasound-assisted ~ enzymatic-assisted
extraction extraction
awmneldln 88.50°0+.28 89.31°0.57 86.32'+1.08
@11518Chactomorpha  91.98'+0.28 89.97'+1.43 104.69°+0.28
RV ERTTTINN 97.67"+0.00 179.13°7.22 110.68'+0.84

9

1 [ $ 1 H a d_ o
mlumsanaadlugidaunastaneunuuninggiu (mean + SD) MINMIAATIZH2H

Y] [

IﬂEl’f)ﬂ‘]ali‘ﬂﬂWﬂ“]J“]JL!ﬂHﬂaEl“lfllmﬂﬂﬁﬂullﬁﬂ\‘lﬂﬁ ANULANA1DE NN T i‘g‘ﬂNﬂ'aa(pS0.0S)
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Av A

] a3 A A A @ 1 I o = = A A
’E]‘t’JNulﬁﬂﬂ'liJlqu%Tﬂﬁ'\‘lﬂﬁﬂﬂEﬂ'lﬂﬁ"lﬁﬁTt’JGll!\ﬂu'J‘l]ﬂulﬂuﬁWﬁﬁﬂﬂW‘EJWU%\‘]?J'I%?J?H?@H“VI@'W
A AN 19 1 . qy £y a ' . . . . . .
Li]’i]ﬂulﬂ“l/llllli%phenohc content umiwqmmuauyaaﬁ ¢ WU ascorbic acid , uric acid, bilirubin ,

thiols ,b-carotene, carotenoid, g-terpinen, di-alkyl ,nitroxides e FeCl,

M3197 4.5 AUUAGIUMIAIUOYYADATUDIATANANGIVINA NI 03 FiIA NANARIBIDUANANNY

Y axy

#1875 DPPH 1Meu1du % inhibition

AUIAMUMIAUOYYADATZVOITTANANYIV(% inhibition)dNAAILIT

FUAT 11T Hot water extraction Ultrasound-assisted ~ enzymatic-assisted
extraction extraction
amseldln 11.24%+0.07 11.09£0.14 11.29°+0.29
#11518Chactomorpha  11.98"°+0.07 10.94'+0.36 15.21°40.07
TUTIWHUU 12.71°£0.00 33.01°+1.80 16.63°+0.22

1 1 4 1 4 a 4 g
mlumnsanaaslugidaunassanouuuninggiu (mean £ SD) MINMIAATILH2H

[ o W a

TagsAYINMAVVUARASALANA N ULEAIDE ANVLANAINBENTIT AN 1@ DA(p<0.05)

g

M3197 4.6 AULAGIUMIAIUOYYADATLUDIANTANANIVINATNT03FiA NANARIBIDUANANNY

AITFFRAP 1euiTlu pmol ascorbic acid equivalent/g

AVUARIUMIAUOYYADATZUYBIATANANYIY (umol ascorbic acid

equivalent/g)aNA fe73

FUATINI Y
Hot water extraction Ultrasound-assisted ~ enzymatic-assisted
extraction extraction
amieldln 15.19'£0.12 13.93£0.35 17.58"+0.22
#1135 10Chactomorpha  18.78°+0.58 19.79°+0.48 18.54"+0.94
AT WHUUI 27.73°+1.20 70.00°£2.28 72.31°40.12

9

1 1 $ [ { a Jd o
mluasaasluglaundesAnlsuuuuInI§Iu (mean + SD) 9INNTUATIZH251

v 9 w 2

TagdnNYINAMAVUUALRASNLANA A ULEAAIDT ANVLANAIEE1 T 1A N 19 EDA(p<0.05)

g
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M13197 4.7 total phenolic content YBIATAAANLIUINANIWIFIHA NANARWITUANANY AT

Folin-Ciocalteu Colorimatric assay i Aoy mg gallic acid equivalent (GAE)/g

AUUARMUMIAIUDYYADATZ VDI TANANILANAAIOID

(umol ascorbic acid equivalent/g)

FUANINTY
Hot water extraction Ultrasound-assisted ~ enzymatic-assisted
extraction extraction
amseldln 0.38"40.06 0.31'40.03 0.87"+0.06
#111518Chaetomorpha  3.18+0.03 3.42°£0.08 2.02+0.12
ANTIIHIUN 18.55°+0.34 31.20°1.61 26.12'+0.18
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1 1 { 1 { a Jd o
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’ﬁﬂﬂ‘l’iiﬂ’]Jﬁﬁﬂ@i]Wﬂ’e’ﬂ‘l’ii1ﬂ°]51!@1lﬂ8’3ﬂ1!11|ﬂﬂ’313ﬂ!§]ﬂGlN@fJN UYFIATY  LASIAUNTY Lactobacillus

o

y v A a A a & & . .. A o 3 o I Yt A
neamenugsydulaly dyduduilu  commercial prebiotic MiwdudfFeuienlaanga

U

1 { I o . . G a . . 1 J
WONNNY Escherichia coli 074 N1HTUAILNU enteric strains 63193 @1 TauY inulin ldvfoenmas
a5 Tulamsnau shlimuImudall prebiotic activities score gafigaeiaiitiadfy udinfinizan

Mz asAnIUMNa ety satanmunname 1 lnfatadie3s Ultrasound-assisted

= A

9 ¥
extraction 92N prebiotic activities score gINGA AB 0.26 1UNMIIRBUFD Lactobacillus casei TISTR

)

o { < : = o '
1500 1A% -0.26 1UNSIQBUHD Lactobacillus reuteri TRBC291 (mMnn4.1) “foiﬁ%ﬂﬁ]ﬂﬁﬁﬁﬂﬂﬂmﬂlm

Y] [

1 ) a a 1T a A I {a
as GI'J’EJEJ']\‘lulililﬂ’J'liJL!ﬁﬂﬁ'N’f]El'N ey uag l%iﬂglﬁﬂiﬁqﬁlﬁlﬂﬂﬂQWGHﬁu mmﬂuwamﬂmiﬁa

v 9
mﬂuiaaTﬂu%ﬂm”ls ﬁdﬁ”lflﬁuﬂﬂﬁ”liﬁﬂﬂﬂEJ”I‘]JVIL‘]J‘L!W’E)QLL“Bﬂﬂ”Illi aungsaai 1145y
1 o Y~ 1 [~ 1 . . a a a 2
uwmmﬂu‘lamm”l@@mwmﬂ Watson et al. (2012) 921% U probiotic nﬂ%ummmmuimiumma
v 9
Tuanai@en 1dAna1 oligosaccharides @1M5UI¥0 E.coli 91INM5ANIUDY Kornberg (1976)1@321M

. Y ¥ A g A a a Y Y 1 =
E.coli bl“]ﬂ!"l@ﬂﬁ frucose ﬂlﬂuiﬂlaf}amﬂ?ﬂlﬂﬂﬂwaulIQU?)ﬂﬂ’JTﬂQIﬂﬁ 1Hag NNNITANYIVDY Tabarsa

Y
o

1 a a 4 1 9 1 1R = =
et al. (2018) ﬁ3‘14’J1WfJﬁLlclfﬂﬂ1qiﬂﬂ1ﬂﬁ1ﬁi1ﬁlulﬁulﬂhu1ﬂ1%1ﬂQTﬂﬁGQQQ 40.88% LLﬁgllﬂHLaﬂI“Vlﬁ@ﬂ

% ao < J ¥ 2 a ) o '
15.79% "Tﬁ\ﬂﬂ?ﬁ]fﬂlﬂﬂ Bertib et al. (2012) Llﬁﬂﬂiﬁlﬁuﬁi E.coli “l‘ff’mmamzﬁnuﬂ"lﬁ AHIUFAINIY
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L 3 v = A ¥ ¥ A a IR
WUUN Fidelis et al. (2014) ﬂulﬂi']EN']uﬂ\‘]fnﬁi]@gsll@\iu']ﬁ1@°V|\12%uﬂiuW@all"]ﬂﬂﬂ’]ulﬁﬂ1’lﬁﬂﬂulﬂ

U

INA 4.1 uaae prebiotic activity score YBUWO Lactobacillus casei TISTR 1500 Uag Lactobacillus

Aq ¥ @ ' < 1 4 ~ v a a
reuteri TRBC291 ﬂi“ﬁﬁﬁﬁﬂﬂ‘l’iﬂ'}1Jfl]'lﬂﬁ'l‘l’i'i']ﬂ!,ﬂuu‘l/iaﬂﬂ'liiﬂllalﬂiﬁ Llﬁﬂﬂmﬂﬁﬂﬂ@‘l&mu

W Lactobacillus casei W Lactobacillus reuteri
1 _
0.5 -
0 _
= E :
. - : ,
_05 _ - & A & St
g e = = Z
=] 5. S S =
& g g e
& T S 2 g
14 g g e = ot 5
P 2 g 5 z z
s 5 - & g £
g = g 5 5 3
a <
z Z 5
-1.5 - ] @
o

1 [ H 1 { a 4 g
mlunmeaaslugiandszaniouuuuInsgIu (mean = SD) INMIUATIZH29
TagonysNMNUDUANRAsAUANA NN ULEAIDS ANULANANBENTITBHAYNNTDA(P<0.05)

a d a
4.5 HAMIAATIZHIATIA31908NAdIA Fourier Transform Infrared (FTIR) Spectroscopy
Ao dy 9 a J o o ] Y 1 [ a 4
Tumsdveil1ans19dns1ed FTIR 310U 5 dredalaun ansanaveruneausnallsaain
1 2’, a ~ v 9 . 1 4 [ AN Y1 a g
FMIONBYHA NANAAIY hot water extraction WUNBIAUTZRRUATANANEUN TaNTNOAUFAM
< D 4 I
lsailuesrilsznoundan
a a o
$1999HaNIUATIZH IATI8519910 Barros et al. (2013) , Rahimi, Tabarsa and Rezaei (2016),
[ 9
Tabarsa et al. (2018) 1182 He et al. (2016) 9ZWL peak NAIAYIINAITANANGILIINAIHTIONI3FIIA
A 9 T -1 = @ ] -1 =
(MR 4.2 4.5 1A 4.6) 1AUA A9 3200-3400 cm | UAAIDINUTE O-H %9 2923-2925 cm LAAIDA

WUTY C-H $391620-1645 cm” uaadnenu luauniasued carboxylate %9U35211811400 cm 1A

DINUTE C-O $29 1215-1235 cm’ UAANDNNUTE S-O VoInyFamla 4391020-1080 cm’'  HAAIAY
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pyranose ring , glycosidic bond Az WUSE  C-O ¥4 845-870 cm ' UAAIDIWUEY C-O-S VOIHY
S y 2 2 4 " , _ - p
Farlanununlursiea navuailu peak®N UEANDN typical absorption peaks yoanoaugna 1sa
¥y a3 o Ay v o % a & a4 ag s 7
uaaslifiunasanavenun laninmsanaaritenssiaduineaudna lsailuesnlsznou
@ A d o w a Y 1 o
WaNIINMINIAY peak ARy Ueanoaudnalsd ldedreFanu
) H Y
HoNTaNNTMFTIRMNAIHIONUURATAAAINAUNIZITIZHUN peak  F1AQIVDINDA
<3 s o Y asy . A =1 o = ax 1 <3
usnA1 lsANNUIINETANANIUAILIT hot water extraction (ANTN4.2) V1 %TAINNDN2ITOE1 U
Yo X Y o 9 addy -1 = 1 a 4 S 1] =~
lada Jema ldnansanane1uaiedsi cm' wlidadiuvesweausna lsaedluasananeruuin
A -1 KX o = } = ax ~
MIWY peak N 2020-2050 em UAAIDWUTLC=0 ¥ lunulunsWFTIRBN2IT (MNN4.3-4.4) peak
] 1 -1 = :) 1 = a v ]
v I auNIATVDY carboxylate(RCOOR ') ¥39 1630 em” W%T fnns1dn23smsanaedns
<3 Y o
i Ay
F5Un5 19 FTIR v09ensananenunan i 1gnuuIaanafie ultrasound-assisted extraction
A ] @ dyd < y 1 -1 = =K o
(MNN4.3) NNV IEITANANI LT peakt ANAIATI 500-1230 cm FILAAIDINUTY
C-H %74500-800 cm ' #UTL C=C T4 800-1000 cm 1A WUTL C=0 ¥I91000-1200 cm_ 1UAWKUS
Ay o a g < & v & o "o o {3
M ligeandesnunedudnmlsa laona 1y duiupeak ang lugisasnandadinnuduly ldneiv
A A 1G9 1 a a d A a = = A Y Q’S} a A @
arsoud lilswedudnm lsaetumvateyiia asonniiasnldgniaueyyaddszieluunuds
[ o Y [ dyd a‘{ﬂl a A A o 9 ant
ananewih ldeansananeniilignidueyyaddss laangaiioiaai1e3% DPPH
1 A v 9 ad o g’/ ax A <3 '
910051 FTIR 9108115 19RUUNNANAAITA1NAUNIZIT (D1NN4.2-4.4) 31 U1NT W10
7% ultrasound-assisted extraction 3 peak Y9INUTL C=C DEIUIUNIN TV NNTIWIINIT enzymatic-
. . = [ 1 1 J g’/ ad A A 9 a . ]
assisted extraction 143 peakPNNAIDY UANI2ITUANUANITANUDYYADATL LAY phenolic content DY
TndiReanu
ATlvesEIanaAneIUNANAAIY hot water extraction L1AY enzymatic-assisted extraction ¥
v A . . a L Y A o FY o
anyazeens W tag %T fNtypical absorption peaks VoINDALFNA115A INAIALINY doARdBINUNA
. . P d' g v A Y A [ o v Aam . .
prebiotic activities score NMN2TI1THANA U score Tnafesni d115U3F ultrasound-assisted extraction %T

1 typical absorption peaks YoaNeaugsAA15d 1349 3300 cm” , 2900 cm™, 1200 cm”' 1481000 cm”

121108n719n2350619FAU TOANRBINY prebiotic activities scoreNTIBEININDN2ITIFUNU
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AT 4.2 Ba FTIR U991 201U a I 18Hu LA AA18 hot water extraction

NN 4.3 WA FTIR ﬂJ@Qﬁ”IiﬁfTﬂ‘HEJT‘]JmﬂﬁWWS'WEJWNuNﬁfTﬂﬁ)’JfJ ultrasound-assisted extraction
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AN 4.4 Ba FTIR Y0485 aNANEIUNNAIHIORNUUIANARY enzymatic-assisted extraction

MR 4.5 Wa FTIR vaaasanavenunnaimiield lnanasie hot water extraction
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NN 4.6 ¥a FTIR Yo9a@15anaveIuanaInse chaetomorphaﬁﬁﬂﬁjﬂﬂ hot water extraction
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4 1 1 3 o a
1. minimal media broth amsum’%am% (FAATIUNDUINAUL ANT)

-dextrose
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2. minimal media broth @1MIUNITNADD (FATIUADUINAUL AT)

-ammonium sulphate 1.000 g
-dipotassium phosphate 7.000 g
-monopotassium phosphate 2.000 g
-sodium citrate 0.500 g
-magnesium sulphate 0.100 g

' 3 % a
3. MRS broth @11 5UNINAADY (FATIUNDUINAUL ANT)

-peptone 10.000 g
-beef extract 10.000 g
-yeast extract 5.000 g
-polysorbate80 1.000 g
-ammonium citrate 2.000 g
-sodium acetate 5.000 g
-magnesium sulphate 0.100 g
-manganese sulphate 0.050 g
-dipotassium phosphate 2.000 g
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Escherichia coli O74
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an -~ dy
NI TYULYD

9 [
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L& o d 2 e -
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9 [

X
ANNIULYD Escherichia coli 074 (E.coli)

2 Y
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2. thedennialaiimor lunumiziaeadlunasanaaeaiiiTse 10mL 1-2TaTad we e
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a d A
1.7 NIUNIISTitotal phenol;ic content MUITV09 Imjongjaira et al.(2016)
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v Y J
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ﬂ'l’i'l\‘l‘ﬁ V.1 Waﬂ?ﬁ')Lﬂ'ﬂ%Wﬂ']'mLL‘I_]TIJ3']1!‘UfNWaWa@l%jf)ﬂﬁ3611’6]\1ﬁ?iﬁﬂﬂﬁ81ﬂﬂ1ﬂ51ﬁ§1ﬂ3%uﬂ i

v 9 ay J [ Aas
ANANIYITUANAINNU3IT

MANHIN U

a d aa
NAUAINTHNIaDN

Type III Sum of

Source Squares df Mean Square |F Sig.
[Corrected Model |1686.329" 8 210.791 28.274 .000
Intercept 8194.136 1 8194.136 1099.112  [.000
method 577.370 2 288.685 38.723 .000
type 801.595 2 400.798 53.761 .000
method * type 307.363 4 76.841 10.307 .000
Error 134.194 18 7.455

Total 10014.659 27

Corrected Total ~ ]1820.523 26

a. R Squared = .926 (Adjusted R Squared = .894)

A a 4 o 9 a Y ax ° 3
AN V.2 Nﬁﬂﬁ’JLﬂﬂ$Wﬂ’JTMLLﬂiﬂi’JuﬂJ’ENﬁlI‘UG]ﬂ13@]11&6‘1&3&@1ﬂﬁi%ﬂ’)ﬂ?‘ﬁDPPHﬂ1u’Jmlﬂu pmol

Ascorbic acid equivalent/g

Type III Sum of

Source Squares df Mean Square  |F Sig.
[Corrected Model |13675.895" 8 1709.487 271.807 .000
[ntercept 195631.753 1 195631.753 31105.245 |.000
ltvpe 5752.170 2 2876.085 457.295 .000
Jmethod 2269.595 2 1134.797 180.432 .000
ltype * method 5654.130 4 1413.532 224.750 .000
Error 56.604 9 6.289

Total 209364.251 18

Corrected Total ~ |13732.499 17

a. R Squared = .996 (Adjusted R Squared = .992)
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ﬂ'l’i'l\‘l‘ﬁ V.3 WaﬂTi3Lﬂ31$1’iﬂ']'mLL‘I_]TIJ3']1!‘11fJ\‘lﬁiJ‘]J@]ﬂTiﬂgl)']uﬂuy‘ﬁﬂﬁizﬁjﬁﬂa‘%DPPHﬂTUJ‘m

i{lu%inhibition

Type III Sum of
Source Squares df Mean Square  [F Sig.
[Corrected Model [802.425" 8 100.303 255.805 .000
Intercept 3994.949 1 3994.949 10188.411  ].000
ltype 318.802 2 159.401 406.523 .000
Jmethod 124.357 2 62.178 158.575 .000
ltype * method 359.267 4 89.817 229.062 .000
Error 3.529 9 .392
Total 4800.903 18
Corrected Total  |805.954 17

a. R Squared = .996 (Adjusted R Squared = .992)

d‘ a o A 9 a 9 Aaxy o I
M19319N V.4 Wﬁﬂ']ﬁ'JLﬂﬁ']ZWﬂ'ﬂllL!fl]'ﬁJ3'31!6116\1ﬁﬂﬂﬁﬂ']iﬁ']uﬂuﬂ“ﬁf’)ﬁigﬂﬂﬂ?‘ﬁFRAP MUy

pmol Ascorbic acid equivalent/g

Type III Sum of

Source Squares df Mean Square  |F Sig.
[Corrected Model  |8773.412° 3 1096.677 1187.066 .000
Intercept 16666.594 1 16666.594 18040.278  [.000
ltype 6239.138 2 3119.569 3376.688 .000
Jmethod 882.080 2 441.040 477.391 .000
ltype * method 1652.195 4 413.049 447.093 .000
Error 8.315 9 .924

Total 25448.321 18

Corrected Total ~ |8781.727 17

a. R Squared = .999 (Adjusted R Squared = .998)
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H a 7 . o < . .
M3197 V.5 #aN153AT1EHANLY U5 IUYBtotal phenolic content A1UIBNTIY mg gallic acid/g

Type III Sum of

Source Squares df Mean Square |F Sig.
[Corrected Model  [2406.675° 8 300.834 070.208 .000
Intercept 1645.786 1 1645.786 5307.756  [.000
ltype 2242.049 2 1121.025 3615.370 000
Jmethod 54.889 2 27.444 88.510 .000
ltype * method 109.737 4 27.434 88.477 .000
Error 2.791 9 .310

Total 4055.251 18

Corrected Total ~ |2409.465 17

a. R Squared = .999 (Adjusted R Squared = .998)
ﬂ1§1\1°ﬁ V.6 Namﬁmiwﬁ{mmuﬂiﬂi’guﬂmﬁwﬁumm Lactobacillus casei TISTR 1500 Gluf]’l'ﬂ’li

2 A dqu o ] I ' o <
euren lFasanaveruannaviedluumvans 1ulamsa Tunai 2499 Tua

Type III Sum of

Source Squares df Mean Square  |F Sig.
[Corrected Model  |1.049" 8 .131 .749 .653
Intercept 45.347 1 45.347 258.887 1000
ltype .019 2 .010 .055 .947
Jmethod .848 2 424 2.421 .144
ltype * method .182 4 .045 .259 .897
Error 1.576 9 175

Total 47.973 18

Corrected Total  |2.626 17

a. R Squared = .400 (Adjusted R Squared = -.134)



4 - ’ 4 X . ERN
M319N 0.7 #aN5AATIEHANNLYTUSIUMSINNIUYDY Lactobacillus TRBC 291 Tup11iisiaouson

ISesananerunnamieduuasns 1ulamsa lunar 2492 Tug

Type III Sum of

Source Squares df Mean Square |F Sig.
[Corrected Model |1.480" 8 .185 1.843 .190
[ntercept 42.351 1 42.351 421.936  |.000
ltype .797 2 .399 3.971 .058
method .148 2 .074 .739 .504
ltype * method .534 4 .134 1.331 .330
Error .903 9 .100

Total 44.734 18

Corrected Total  |2.383 17

a. R Squared = .621 (Adjusted R Squared = .284)

! a 4 A X dy f A
(‘]1§1Qﬁ V.8 Nﬁﬂ?ﬁ’)mi’m'ﬂﬂ'ﬂ‘hLlﬂiﬂiﬂuﬂ'ﬁlwugﬁuﬂl@ﬁ Escherichia coli 074 Mmm‘immg%ﬂ%

o ' < ' 4 o
ﬁqﬁﬁﬂﬂﬁﬂqﬂﬁnﬂﬁ'lﬁﬁqﬂlﬂullﬁﬁ\?f’nﬁIllll3!@39’] 1u13a1 2465'3111\‘1

Type III Sum of

Source Squares df Mean Square  |F Sig.
[Corrected Model [1.174 8 .147 .068 1.000
[ntercept 44.872 1 44.872 20.938 .001
ltype .253 2 127 .059 .943
Jmethod .029 2 .014 .007 .993
ltype * method .892 4 .223 .104 978
Error 19.288 9 2.143

Total 65.334 18

Corrected Total  |20.462 17

a. R Squared = .057 (Adjusted R Squared = -.781)
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v A 2 Y
A15199 0.9 HaM 5 AAT1ZHANUUTUTIUVDY prebiotic activities score YDUHD Lactobacillus casei

TISTR 1500 NlFmsanareruannamieduuasms lulaasa

Type III Sum of

Source Squares df Mean Square |F Sig.
[Corrected Model |1.314" 8 .164 .749 .653
Intercept .540 1 .540 2.463 151
ltype .386 2 .193 .880 448
method .222 2 111 .506 .619
ltype * method 706 4 .176 .805 .552
Error 1.974 9 219

Total 3.829 18

Corrected Total ~ |3.288 17

a. R Squared = .400 (Adjusted R Squared = -.134)

v - s ¥
15199 .10 Hams AT IzHANUIlsUTIUVS prebiotic activities score YOUBD Lactobacillus reuteri

~ 9 [ 1 I 1 I'd
TRBC291 Vlsl%ﬁﬁﬁﬂﬂﬁEJT]JiHﬂﬁTHﬁEJLﬂuLmaQﬂWI”Llllami@]

Type III Sum of

Source Squares df Mean Square  |F Sig.
[Corrected Model [2.415" 8 .302 1.811 197
Intercept 9.114 1 9.114 54.674 .000
ltype 473 2 .236 1.418 292
Jmethod .343 2 171 1.028 .396
ltype * method 1.600 4 .400 2.399 127
Error 1.500 9 .167

Total 13.029 18

Corrected Total  |3.915 17

a. R Squared = .617 (Adjusted R Squared = .276)

47



MANUIN A
HamMIAUHUM I NIAN
4 4 X . . 2 X day o
M3 A1 LTAIMINVUUYBN Lactobacillus casei TISTR 1500 Tuenmsiaesuyen lsmsaiaveiy
1 a a A I J 4 o
nnamIe, oyau wie nglaaiiluuvasmsTulamsa Tunai 2492103 uaaslugil log CFU/MI

1 4 a s
Lﬂ’iaQﬂWﬁI‘Uulglﬂﬁﬂ‘mﬂWfJal!%ﬂﬂfIiﬂ

MIINVIUVOY Lactobacillus casei TISTR 1500 (log CFU/ml )Glummi

dy dy ~ 9 @ ) as
L’ﬁfJ\iL‘leWﬂ"]fﬁﬁﬁﬂﬂ‘HEJT]J’dﬂﬂﬂ’JEJ’J‘ﬁ

FUAT 11T
Hot water extraction Ultrasound-assisted ~ enzymatic-assisted
extraction extraction
amield]n 1.26'0.52 1.60'+0.32 2.04°£0.06
#11518Chaetomorpha  1.40°+0.51 1.67'£0.14 1.64°£0.43
TUTIWHUU 1.28'+0.15 1.56'+0.55 1.84'+0.64
U 14 d’
uriaem s 1y lansaoue
1 4
uviaems 1ulanse log CFU/ml
nglae 1.63'£1.17
puaY 2.18'+0.12

1 [ H 1 { a 4 %
mluasaaslugilaundesAiisuuuuInI gy (mean + SD) 9IANTAATIZH2H1
TagonysNMAUDUAIRASNUANANAULEAIDN ANMLANANBEIITsd AN 9aDA(p=<0.05)

! ] Y Y 9 v
319 A2 LAAIMTINNIUYD Lactobacillus reuteri TRBC291 1up1v1s@suaen lgansanareny

nnamste, syau wie nglnmilunwasadTulemsa Tunat 2499 Tus naaslugyl log CFU/MI

U

U 4 a J
llﬁaQﬂ'lii‘ﬂul,‘é’l!@i@ﬁ]'lﬂ“l/‘l’f]al!“]fﬂﬂfliﬂ

MINVVUVDA Lactobacillus reuteri TRBC291(log CFU/ml )‘114’011415

dy j’ d' 9 [ v 9 axy
@euFen lFasananeIUananeIs

FUATINI Y
Hot water extraction Ultrasound-assisted ~ enzymatic-assisted
extraction extraction
amswldln 1.64"+0.08 1.89°+0.01 1.78"£0.09
#113518Chaetomorpha  1.54™°+0.21 0.82°+0.44 1.42"+0.01
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FNTYNUUI 1.68"+0.56 1.51°+0.25 1.52°+0.51

1 4 d’
unaems lu'lamsndug

unaems 1u'leasa log CFU/ml
nglna 2.74°40.15
oyau 2.047+0.63

1 1 4 1 Y a 4 %‘
mlumsanaadlugidaunastanouuunnggiu (mean + SD) MINMIAATIZH2H

o

TagonysNMAUDUAIRAsNUANA NN ULEAIDN ANMLANARE I ITsd 1A N9aDA(p=<0.05)

v v Y Y 9 v
M3A A3 UAAIMTNUVUYDY Escherichia coli 0741up1n3@suwenldeansananeiuanaivieg,

oyau 3o nglamiluunasmiTulemsa lunat 2490 Tus naaalugy log CFU/MmI

Y

1 o a J
Lm’d\‘]ﬂﬁI’U"lﬁlﬂi@]ﬂ?ﬂWﬂaL!"Iﬂﬂﬂf’liﬂ

1 Y F2 Fl ]
M3FHINYUVDY Escherichia coli O74(log CFU/mI ) luonsiaeatsehn 19

[ v 9 ax
AITANANYIVANANAIYID

FUAT NI Y
Hot water extraction Ultrasound-assisted ~ enzymatic-assisted
extraction extraction
dmseldln 1.59'+1.68 1.12°41.08 1.79°+1.67
@11518Chaetomorpha  1.46"+1.47 1.78'£1.04 1.24°£1.12
GRVERTIIRN 1.52'+1.46 1.88'+1.80 1.83'£1.62
U o A
memﬂu"lammam
1 4
uviaems 1ulaase log CFU/ml
nglaa 1.31°£1.27
ayaY 1.06"+1.26

9

1 [ $ 1 H a d_ o
mlumsanaadlugidaunastaneunuuninggiu (mean + SD) INMIAATIZH2H

v

TaggnysNMNUDUAIRAsALANANAULEAIDS ANULANANBENTITBdAYNNaDA(P<0.05)
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= = d’ a J
1eazPYAIATINIMSBgUMsaaaasNlszaunsal
Yavlszana 2561

a = a d
M UNAIU ag NI IS INNAANS

A = A 9 a I ~ a a 4
Folasams  msAnpauiamsdueyyadaszuazmstuws luTeAnvosweaudna lsq

NAAUITONLL
aa 9 a 4 dy dy
ndadnsmInsams PWANUYNIUAN oo
PNENF 159 AT INUNT
o’d‘ Y =
219158NU5 N1 1Asans IF.AT. PIUT AUATLITET

yarringlalumsiinauelnsams

k4

' 2 A Aaa Y A A Ada ¥
ﬁ"lﬁ'i']f]kﬂuﬁﬁﬂ‘lﬂﬁﬂﬁ']ﬂw%ﬂlﬁﬂi@qmuwu ‘Ll'luh’TﬁW'lu Nllﬁa\iﬂﬂﬂﬂﬂil‘llﬂ‘ﬂﬂ LﬂlﬂﬂJ
9°I 1 3 [Y [y 4 1 a o 1 a % 1
HagUINI Y ﬁuﬂgﬂﬂﬁ?ﬂwuﬁﬂl@\iﬁ'lﬁﬁ']ﬂ ‘I)"]'JL@L%f]ufﬂlu']ﬁ"]ﬁ'i']f]‘ll']\?‘b'uﬂll'lﬂﬁzﬂﬂﬂﬂ']ﬁ']ﬁﬂ\‘llm
2 ¥ Y o 3 U Y ' Aa o
@ﬂ@lﬂﬁiugﬂllﬂﬂﬁ@L!ﬁ$ﬁ1ﬂll°ﬂ\1 ﬂi]i].lluu@ﬂﬂ’lﬂﬂglﬂu’ﬁ'}uﬂﬁgﬂ@‘]JE]'IW'IﬁLLa’Jﬁ"lﬂi?flﬂ“l%ﬂﬂﬂﬁglﬂ

o [] a [ Jd a [] 1 [ ]
wulssilluegsilvesnaasusidinems lasyaiugmuama Insumsan TUsdunazussig ua

'
v A

v A 1 = A A 1 o 7 A @ ! o )
fJ\ﬁJ’(?fTViﬂfJ@ﬂ‘l’ia1ﬂ°]ﬂm1/lul,1]§]ﬂu1n11%}ﬂi$186}5ULﬁ6\1%1ﬂ8\ﬂl1@ﬂﬁﬁﬂ‘1&l1Lﬁﬂﬂ]ﬂﬁu1ﬁﬁﬁ1ﬂﬂ1@ua]3J1
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A =2 A a A

a 4 o I o v o &3 I
1¥ldnadszToni Juinnaeduommsdmsudann wielhiluijoimane Faliuurfanozdnm
o a I = a a P o U
Usz Tenilumumadmeyyadaszuazmatuns luTeanluTnausan lsananauainaimsie
o N = O Y} o £ a

nzialulszme Inesnusriia TasmsanetivzAn lasaadn auniamsdvoyyadass wazms
I = a a 4 /A 1% 1 a o 1 o

s luTeAnanveanedugna lsanana ldninamsesaiia Tasldis lumsanananusis Tael

s A a J any o A o o
yalszasaiednusliavesdvitenaz s ananmangaylumsi 1l 1dse Temiludumsdu
A

oyyadase wio IHPundluTedamieduuuinialumni l)i¥desealuouina

UUINA 1HANA Az NYEH ATy

2 A

' A Ana 9 Ed
T3 ND ammﬁﬂmawwmﬂﬁ%iuwu

dd

9

ti lvasiu mmmmamiuumﬂ duf
2 J dy "o o ¢ J v Aav d o 23 X =

Haz1INIBY YUBYNUMENUTUBIAHIIY (A0 uIdeMamzi@esdainimed aaval, 2555) @9

o 1 a I {1

Uszmelunouede lainsihamaiennus Tnadunannued Teemwz luldszmaiu giju inma
a A A ' ? o 9 S Y ] g @ +| o J Y

nazdulaihdes amienudwnsohmnldlssTenilanarwednnienineisn o ennsdad ana

1 4 o 4 I
a5 lug oo ldlsg Tenimedugadmnisy nagmsa udu (Yuan et al. 2005)
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amiseinylulszmalneliognatesila 151 aMNIORNUN, F1HIVUNGUUILY, TIHTIBVU
[ 1 @ 1 1 1 1 < a 1 ]
un, @mMIeIng, dmseRnmanzia, @miely, amMTeny, AKIIeEANI NIAS I IENINBIY
v Ao L4 o c’g X o ' 4
(@oniIdemsnzaeadatiinmeds asvan, 2555) ludlszme'lnelanmsrieviieunlalss Tean
Y 1 3‘/ U ’é A 1 1 o I Y a 94 i} a LY a
Tudmuaes Mg msendIn tazdmsienza wu ntue1rs Isnaaunayomas 19 lunskan
v Y o+ v o v qYo o 3 2L 2 o 2% &
u leiile ledluennsdad wazdilmniniannemnmamzaeadaiimie 1591ugaa 11Ny
! Y 9 o @ 4 =) o =
a9 1aonale (dninvedyauazgudmsaumsaImnmansuazima lulad, 2558)
a J J A 1 an Y a ya
M3LeneIEINBaLFAA1 15AeAIIN0IAYTENBUDUYRIAIMIBITMIUIVAUANIL 1HID
9
Hot water extraction 1AgAIIIEMIBAANITD 1T 1eaAuTauIn9a luiudle methanol 191U
° e < Z ¥ Y { o 1
Mldudreideussesmameailunanyy. aminih l)dussaenisui hdues
9 1 9 AN Yy .
15221899NUIANAZNDUAIYEthanol NOUILA1IALNDUN 1aAI8acetone (Liu et al, 2016)
1 = [} A A 1 d' [ a 9 1 = a A 4%1 1
Al INannITms Indgdansoananeausanlsa laegalialssansamannuusu

=)

. . 3 9 A o ¢ A < A a 4
Enzymes-assisted extraction(EAE) Lﬂumﬂmau”lcnmaﬂﬂmfﬂmﬁm Ny 1A 1I99auUNIY
A v o a s ) ¥ A 2 ' o v Y H A P}
ereldansoananedusan lsaeeninly ldnandaauniy  saunumsanaalesin  Tagteulds
4 1 ~ A o 1 dy o @ 4
oulminguHydrolasesiniga TaglupHuazguuginmunz auou lainquilszshaemivwaduas
analit ldasndean1seonun (Shao, 2017)
. . . Y A ! ™ o a d s
Microwave-assisted extraction®MAE) M3 1¥inau lulasnssanavazananeaudnailsa
Y ¥ A A o 1 = I 9 £
i aaululasndidu l)dsamseszgnildewiluanuiounnravesilszguazinvesans
1 & o Y o 4 o v A dsl s A 9 o Y
meluamieg ez lvimiyyaagninalsninanuaungavumelugadiioannanuiou Ml
o o A ) o = s Yt o 3 o
ahazaeiunsnnanaasnednmlusadeonilda  uazdiaaanuudwsmianaveniis
4 o @ %} : o !
waduazyh Iimisyadgdoihdonlddhazasuniiininlumad 148 (Shao, 2017)

Q

Ultrasound-assisted extraction(UAE) M3 1% 9 aammm YVULANADL mﬂmﬂ@Wmmmﬁmu

() d‘ﬁ/ 1 o Y a o a dﬂl Y o s 1
Tuamhazanendensouamieii 1¥inNaLs HASRUNYUFIUY mldmiusaanaamsorelou

A
yIINT1TIN

P
ya K

vmsadagnihane tazshlidnhazansuwsidh lluead I8aGa3U (Shao, 2017)
l 9
A5AUOYYADATY (antioxidant) AB A1sNeINITRGUTIMTOBzAaRM NN oIR IMOYYA
a 9 & a Aann 9 a gl.z I a a . 9
oz ld smamlfasedeyyaddsziuiluauvgueanisinaeyyadase (free radical) d1581U
oyyadase Tavna llutisoenitlu 2 Uszian fe asdiueyyadasEsITUIA U phenolic compounds

uazmsﬁ’mawa%a seAUATIEH 19 butylated hydroxyanisole (BHA), butylated hydroxytoluene BHT,
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tertiary butyl hydro quinone (TBHQ) t1a¢ Ethylene diamine tetraacetic acid (EDTA) (U581 § A uun

a J a J o & a 1 a 1 o
HASWUNINDY  WIRAUNWIA, 2018) ﬂa"lﬂm':ismmmmmiﬁ’mauyaaaimmaz%ummmnmqﬂu"hJ
| 1 o a a 1 o A L% g}/ a ti' a dy 1 anan 1
1y mﬂﬂ@mumﬁmﬂmgyaaﬁﬁx %Ia181I0d gL YYADATTNNATY LazFIevigallnsengn la
a a o 4
NSNABYYDATY (Toa ¥3291la Lagaue, 2550)

~

= a .. A A ! ' =2 Y ' ' Y a 4
w3 luTedn (prebiotic) Ao 81113 NT 1M lidwnIndesuazgadn 1@ uavzgndosalegaunsd

v Y
foglud 1&g, wiluTeAnilaz lenszdqumsriaunazduaiuliyaunidins luTedniing

]
a A

9 ﬂlﬂlﬂﬁu (Gibson and Roberfroid, 1995)

o—

U

d a v
agszasnuesniiIdy
A = a J an @ a g Jd A Y Aa
ofAnyINavIFlaT M Baz IBMsdnanoaLgn lsane  auiamsmueyyadaIzIaz
I a a d P @
madundlulednveanedugna lsananald
YDUIVA/NTOVUHINAVDINTIVEY
= a 9 9 o Y a A I ~ a a
Anbmananiesay Insvase auamsdveyyadasy ag aviamaiuns luTeanluwed
3 P @ 1 A 9 an @ 1 o ax
UFNAT ISANANANNTINIE3FUAA BT ANAUANAINUZD
d H (v} av
szTgrinmanazlasuanmsidy
= Ya a 4 a 9 9 o Y a V2N
1.4.1 HouiInmsinginananiosay 1ns9aas auiamsmuoyyaddse tay auiams
I ~ a a 4
Wuws TuTeanluneaugnailsa
Aax ~ @ a [ [ a A A o Y @ 9
1.42  nwdsmsnmnzavlumsanasiamuiteuaazyia enaziinlllsndluasdu
a I ~ a
pyyaodsz wio IMmilung luTedn
A ] Yo ] ° @ 3 a o J o o A 9
1.4.3 mugan Idnuamaengia waz aunsoih liianiusdadusidmsuusTon 14
S1aZPUAVIMIAUNUIATING
= 4 =\
1. wi3sugUnsal a13iall
2. A TI3FHA DULTY VARZIDEA
[ a d Y ax [ ax
3. ananoauFna lsaaeIsana3s
=2 wa 9 a
4 Anyeuiad Uy yada sy
= A I ~ a
s AnwaviamatuniluTean
= 4 1 ~ 9
6.ANY109A1TENBUVRIAIUTION 19

a J Y
7.NICHUDYD uazmamuﬁ'”lm
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8. a3UHaTAMI 1891

szaznalumsauiulasams

NINTIU a0, 0.8, 9.0 .8, 5.0, 1.0, .. [0 k.8 51.e. n.a.
= 4 ~ d »
Lig38ug1n3al a5iAll < >
2.1ANI3FHA UL UAAZIDEA < >
[ a d Y ax [ axy P
3 ananeaugna linal1e35anasds <
4 Anuauladueyyaodsy hiig
= A I =3 a o
s Anwaviamstuns luTean <
= 4 1 A 9 o »
6.any199A15zNeVVRIT NI 10T 19 < >
a J Y
729512 0Ya Hagnane s 1 <
8.a31UmadnIg 181y — >
sz
alyarenall
MAUUUDNTITUAZAINUN 500 STREY
anaunlumsianingavuazdoya 500 STRIY
w )
ngay
awmie 1& 10 10 nlansu 50 1M
#1918 chactomorpha 10 nlansuy 50 UM
A8 HUUI 10 nlansu 50 SThYY
&’ a =54
1yeaUNIEl
Lactobacillus casei 900 1IN
Lactobacillus reuteri 900 1IN
Escherichia coli 900 1IN
=
mMsaN
Cellulase 50 N5 590 UIN
Tryptone Soya Agar 500 N3N 1656 UMN
MRS agar 500  NJW 1932 STRY]
Ethanol 95% 3 ans 428 STRL]
Inulin 100 AW 105 YN
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¢ A A
gUlnsaunIesiie

Y
iﬂ‘l!&W"l%L%’E]Wﬁ"lﬁ@]ﬂLﬂJiﬁJN 1 NAaov 1440 UM
Y
a <3
ﬁ]?HLW"I%L%’E]WEI"Iﬁ@ﬂLLUUWHW 10 LNA 480 UM
3V 10,481 YN
% a
19Na13913943
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