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Abstract

Project Code :MRG5480042

Project Title :The Factors Affected Chemical Composition, Saponin Content and Biological
Activity in Gynostermmapentaphyllum (Thunb.) Makino during Process of
Herbal Tea Beverage

Investigator :Miss Sudathiplnchuen, Mahasarakham University
E-mail Address :Sudathipd@hotmail.com, Sudathipd@yahoo.com
Project Period :2 years

Abstract:

The objectives of this research were to investigate processing factors that affected on
chemical compositions (total sugar, reducing sugar, total phenolic, total flavonoid and total
saponin contents) and biological activities (DPPH-radical scavenging activity and ferric
reducing antioxidative potential) in Panjakan(Gynostemmapentaphyllum (Thunb.) Makino)
during process of herbal tea beverage as well as to determine the optimum condition for
the process. Three steps of the beverage process namely Panjakan tea preparation,
extraction and formulation were studied. All steps of the process had significant changes on
chemical composition, saponin content and biological activity (p<0.05). The contents of
reducing sugar, total flavonoid, total saponin and biological activitywere decreased while
total sugar and total phenolic contents were increased during sun-drying and roasting
process in the tea preparation.For extraction and formulation processes, central composite
design (CCD) was used to study the effect of extraction parameters and beverage
formulation on responses (chemical composition and biological activity). In extraction
process, three independent extraction variables namely extraction temperature (50 to 90
°C), extraction time (5 to 55 min) and tea : water ratio (0.32 to 3.68 %w/v) were studied. The
results indicated that extraction temperature and tea : water ratio had significant effect on
the response values. Considering the chemical composition and biological activity, the
optimum conditions for extraction of Panjakan tea were extraction temperature of 90 °C,
extraction time of 25 min and tea : water ratio of 3 %w/v. In formulation process, three
independent formulation variables namely citric acid (0.02 to 0.30 %w/v), fructose syrup (0
to 3 %w/v) and honey (0 to 10 %w/v) were studied. Addition of food additives in beverage
caused an increase of the content of total phenolic, total saponin and biological activity of
the beverage while total flavonoid contentwas significantly decreased. The optimum
beverage formulations were citric acid of 0.15 %w/v, fructose syrup of 2.14 %w/v and honey
of 10 %w/v.

Keywords :Gynostermmapentaphyllum (Thunb.) Makino, Saponin, Biological activity,

Herbal Tea Beverage



Executive summary
Ueyatus (Gynostemmapentaphyllum (Thunb.) Makino) \Jufivayulnsiuifivedn W

a A

vau wagdidedyuin 2U1Y1Y] Wl,f]ulé’ﬁf'lgqmmiLLammaﬂ,guvLWi TutadusiarsdrAgynan
arsUszneuiiuednraliused wazeluiulnalalediifddonTidululed (Gypenosides)  Hu
druvszneuvdn Tasansddymanifanuaunsolumsoongrinisdinmisiiusslomdsogniniia
Tunistesduwazinwlsanile laduluidongs Arnudu Audniau lwmu wazuzia aan
auvsglmimariiailidgatusnaedundadasiemaiogunmildsuamudeulusemdlne
waziedosnuvalnstyatusfidunidunansusinldsuanuadladuogisn
nsfnuluafaiifnguszasdiiomiatefifnasonsduseneumaniUiuaimaranug
dhanasidiiueanianun Waliuessiaun) Usinamluduravae waznnseangnsnisdanmn
yosdgadusluszminenszuiunisuussuiniesiumnasulnsuasman e fimnzandmiunmsulssy
washy dlduiinsinwesnifusdumeufe nswisulur nsafafetuasnisgausiasand
mmwamﬁﬁﬂmwudmﬂ%umauﬁuaqmsLLUigUm%‘laq?iuﬁmaﬁﬂﬁtﬁﬂmsmﬁsjmwaw%mm
pefUszneumaAll Usinaueniuiy wazanuannsalunisesngndnsdanmesnafituddnymnaadn
(p<0.05) Tnglutunouvesniswienlur nMsmnuaauaznsAainaliU3nanimasmdusuan
aluessnun Usnagldduiome wavaruannsalunisesngninisdanimvesilyatusd
Jinmanasluaneivsinaiaanimuauazyiinaiiuedniamuenduiviinudniudimviy
nsdnudadefifinasenisidsuulasesasdifyuazauaiuisalunisesngniniedinm
vosilyatuslutunouvesnisatauaznisussudssarftuldnisnaununisvaassuuy Central
composite design (CCD) Tngluduneuvensafiniiiadedivhnsinm 3 Jade 1dud gauniluns
anm (X)) (50-90°C) ianlunsada (X,) (5-55u1) wagdadiulurtyadus - 1 (%) (0.32-
3.68%w/v) MnuansAnwmUIgamgiuasdadinlundgatus - dhildlunsatminiuasde
pefUsznaumuaiiuazuazauasalunisengrnisiininesansatnineiils an1azi
wngaudmiunsatniilayatus fe adafigamgd 90 °C Mnailunisadn 25 uit wasdadau
vodlurn . dhiildlunisadaie 39w/ drudunsuresnsusussanftuitadediviansdnu 3
Jade laun n39@93n(0.02-0.30 %w/v) 51L%auw§ﬂima(0—1.5 %w/v) WagriRa (0-10 %w/v) N3
asUsusiadluluedeshuriliuimnaituedniammn srluduimun wazaruannsolunsoongms
meFanmluedesduiinty Tuvnsfivinaalvessianuanduanas  USuaasusoudeia
ArungaudniunanaTesiurdgadus Aensednin0.15 %wA) tidounsnlaaz.1a %wA)
uaztAe 1096wA)
NnwansAnwandliiiuitasddyuazanuannsoluniseengrdmatinmuesdigadus
fnsdsuudaniniuluserinssuiunsussuiniesiufenisudsunlasiiiatuiinalaenswie
A muazauUslovivnsndn e dadudeyailldainnisinuafelfsiiusslonidmiunns
PonLUUNSFUIUMIIUSFUNAEMUANAMAB S asRldeE TS AnE W



Executive summary

Panjakan (Gynostemmapentaphyllum (Thunb.) Makino) is a Chinese medical herb
which is called “Jiaogulan” in Chinese and “Amachazura” in Japaneseused as a food and
herbal tea. The important active components of Panjakan are phenolic, flavonoids and
saponin glycosides (called gypenosides), all of active components posses biological activity
therefore which are believed to be responsible for the health-enhancing effect and has
been used to prevent and treat cardiovascular disease, hyperlipidaemia, hyper tension,
hepatitis, diabetes and cancer. From these benefits, Panjakan becomes a popular health
food supplements in Thailand. Tea beverage from Panjakan extracts is one of the most
famous kinds of Panjakan products. From this research,the our objectiveswere to investigate
processing factors that affected on chemical compositions (total sugar, reducing sugar, total
phenolic, total flavonoid and total saponin contents) and biological activities (DPPH-radical
scavenging activity and ferric reducing antioxidative potential) in
Panjakan(Gynostemmapentaphyllum (Thunb.) Makino) during process of herbal tea beverage
as well as to determinethe optimum condition for the process. Three steps of the beverage
process namely Panjakan tea preparation, extraction and formulation were studied. All steps
of the process had significant changes on chemical composition, saponin content and
biological activity (p<0.05). The contents of reducing sugar, total flavonoid, total saponin and
biological activitywere decreased while total sugar and total phenolic contents were
increased during sun-drying and roasting process in the tea preparation.For extraction and
formulation processes, central composite design (CCD) was used to study the effect of
extraction parameters and beverage formulation on responses (chemical composition and
biological activity). In extraction process, three independent extraction variables namely
extraction temperature (50 to 90 °C), extraction time (5 to 55 min) and tea : water ratio (0.32
to 3.68 %w/v) were studied. The results indicated that extraction temperature and tea :
water ratio had significant effect on the response values. Considering the chemical
composition and biological activity, the optimum conditions for extraction of Panjakan tea
were extraction temperature of 90 °C, extraction time of 25 min and tea : water ratio of 3
%w/v. In formulation process, three independent formulation variables namely citric acid
(0.02 to 0.30 %w/v), fructose syrup (0 to 3 %w/v) and honey (0 to 10 %w/v) were studied.
Addition of food additives in beverage caused an increase of the content of total phenolic,
total saponin and biological activity of the beverage while total flavonoid contentwas
significantly decreased. The optimum beverage formulations were citric acid of 0.15 %w/v,
fructose syrup of 2.14 %w/v and honey of 10 %w/v. From the result of our research
indicated bioactive components and their biological activities of Panjakan had significant
change during beverage process which directly influences the quality and health benefits of
the products. The informationcan be efficiently used to design the process and to control

the quality of the beverage product.
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#1503 (vi0)

Ui 25 uHuamUTIne UaUBTRINTATRINLarthsTIAL TR asRu Tryadusiousinaasaliusss
Favun AseAuauduiure i nTeungnIng (X,=1.5 WAoo 38
U 26 wunmiluinevaussveidemsnlnauazinieiifslueiesdiumtyadusdeuimnumiuiu

VTR TSEFUAIALTUVDINTOBAZTA (X, =0, 16%OWAY) oo 39
SUT 27 wunmiluineuaussvesnsadninuasihisiiduluedesiur deyadusiouiinaamseluiu

oy fiazdunnuditureaiudoumgnlag (G=1.5%WA). .o 39
g‘dﬁ 28 LLmumwﬁuﬁmauauawmﬂﬁ@%ﬁ%ﬂua:ﬁﬁwL%@yﬂjﬂimaﬁLaﬂutﬂ%ad?{mwﬂma%’uﬁ@ia
avisMsdnueyyadasy DPPH Fsua UL RS (X;25 WA 42
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ngUszeeA

1iile@nuwmniadefifinasessiusznaunaadl uazanuasivesiuiuludlyatusiu
s¥MeNsEUIUNSUUTT UL TR shn A LN

2. dlefinwniadefifnadenuaninsalunisesngrdmedanmuestaaduslussning
ﬂizmummﬂigﬂLﬂ%qﬁuﬁmagﬂm

3 iteAnwIanzivinzanlunszuIunsuUsgUieS oshuaulng

Asn1snaasy

1.AnwesAlsznaumuall wazANEINNIalUNTERNNENNTIN YR luTyaTUS
Tnedegslgyadusiilfduingiudmsundnuludumdulusazdduuningzim
29AUTZNOUNILATILAENAADUANAINITALUNITEONNENNTINN

031A51ZMMNUSUIUANUTUMIUTT AOAC (1990)

a s

eAnszimuTinahmasmduarUinashmanmvaenuislusenuves alggl anslng
(2550)

einsvimUsinaansUssnouTnaTiueanaan (Total phenolic content) USunasanls
usedeLn (Total flavonoid content) wazUSinauiuiuioun (Total saponin conten)m1u3s iy
1891UY84 Xie et al. (2011)

0ﬂ'mnmaaUﬂ'ammmiﬂuﬂWiaaﬂqwéwﬂﬂ%aﬂﬂw louA  anwmannsalunisiueuladasy
DPPH (DPPH radical scavenging activity) Wazaauanisalunissmginessn (Ferric reducing
antioxidative potential, FRAP)AN135 1145189119849 Chan et al. (2009)

msafnansiitelddmsunsinsimusinaansUssneuituoanianun - Wanlaueedvavun
glUluiavan uasnageumtansalunseengnimetinmiuagld Absolute ethanol luns
aft Tngldiadodlalusludduiirnuiize 120 rpm fgamgiives i 10 wid wimIndurhms
weremaesengndunat 2 $alus wenendwiilasenlaenistiundes vansadaliluvainden
Fulifigamadl -20 °C suniragyhmsiingies

2. Anvnavasmaassaluritidenaisuudasesdusznaumanil UsinuenTuiiy uag
arwanansalunisesngnimedaninveslutyatus

Tutuneunisieseslumdsyneudae 2 dureufie msmnuanwaznsfa

21 dumeunimnuan  vhnsAnwiravessvezalunmsmuanidnensiUisuulas
peAvsznaumaall Usinamluiu wazanuannsaluniseangyismednnmuesdaadudisuiioadtu
U9 1

2.2 Fumerlunisia Thmsfinwiavesszezialunsdaiiuarensiisuulaseuszney
maadl Usinanluilu uavanuannsalunisesngrsmedinmiguieniutuneunsmnuan



3 Anwmavasanzlunisadaluriifidenisiudsunuasesduszneumandl Usunawiufiuuas
anuanansalunisesngnimedininvesansadaiianluilyadus

3.1 NNFINUNUNIINAADY

UHUNITVIAABIRUY Central composite design (CCD) wandluns1afil way 2 lnefitade
fmsfine 3 Yady W gamgilumsatmbhaniaadusx) (50-90°0) vatlumsaraih
Mndayatiud (X,) (5-55u17) wazdndnlumlayatius : 1 (%) (0.32-3.68%w/) firmeuausdie
Unasiluednianun waluessiomn gilulurione thaasig wazaruaasalunsesngns
mq%amwﬁﬂizﬂauagiumiaﬁ’mfwmﬁiﬁ warAuaInselunsarinansiluednioma alauess
saviun rlUiwtommn theasiad wazanuaninselunisesngusnisTanmeesihmnitadald v
M5NAADY 3 91 AATIERN1TanneY(Regression analysis) LAEUILUUTIABIVDIANNFURUSVD TN
ﬁﬁﬂwﬁummauauawmS]Imaiﬁﬂil,miué’%%gﬂ Design-expert 7 thuuusiaesfianunsaiunldly
nsesueanuduTusTasaduiidnuromnevaussiilauanmiiuinnisnevauesielusunsy
#1593 STATISITICA Module Switch

A15199 1A75EaudaselunsANYIaN1IEYRINIsanaia 3 Uade(ol= 1.681)

Code level
Factors Symbol
-0 -1 0 +1 + 0
Temperature (°C) Xy 50 58 70 82 90
Time (min) X, 5 15 30 45 55
Tea : water ratio(%w/v) X, 0.32 1 2 3 3.68

3.2 N15ENAUIYY
Turleatusunaziden

AnmaneLN
Rannzlun1sane Aawandlunisnean 4.2)

!

a15anaNlenNINTINIUNTZA1ENTDI Whatman No.1

}

U339l 3luvIndn iNIuNsewe

Wiluiufigamgd - 20 °C newthlUdesizi



A15719% 2 A1 Code level war Actual value U89an1IlUNSANALAYDBNWUIUNISNAABIWUY CCD

Code level
Run no. Xy X, )& X, X, X,
Temperature (°C) Time (min) Sample (%w/v)

1 -1 -1 -1 58 15 1
2 -1 -1 +1 58 15 3
3 -1 +1 -1 58 a5 1
q -1 +1 +1 58 a5 3
5 +1 -1 -1 82 15 1
6 +1 -1 +1 82 15 3
7 +1 +1 -1 82 a5 1
8 +1 +1 +1 82 a5 3
9 -1.68 0 0 50 30 2
10 1.68 0 0 90 30 2
11 0 -1.68 0 70 5 2
12 0 1.68 0 70 55 2
13 0 0 -1.68 70 30 0.32
14 0 0 +1.68 70 30 3.68
15 0 0 0 70 30 2
16 0 0 0 70 30 2
17 0 0 0 70 30 2

ada

4 AnwnavesvilauazUSinavesdiunauildlunisusaudesaranidenisudsuntas
aefUsznaumaadl Usinawnluiiu anudnansalunisesngniniedann

4.1M37NUNUNITYINADA

2URLNNINARBLUU Central composite design (CCD) uanslumsnsd 3uay 4 tnediade
Fvnsane 3 dadeldud anududureinsad@ain (X,) (0.02-0.30%wA) mnaduduvesidey
Winlna (X)) (0-3%wA) LesAUd LT uIeiRg (%) (0-10%wA)  AnevaussideInIslaun
Uinasiluednianun wanluessiton glufuriaone thaasig wasaruaasalunsesngns
mq%’gmwﬁﬂizﬂauaavislumiaﬁ’@ﬁwmﬁiﬁ waraEInselunsarinansilueanioma alauess
e Tufuiamue thaasmd wavanuannsalunisesngrsmedanmussiwndadals s
nMAes 3 91 TpednisanaesuarmkUUSaeesnduiusve e fiinuiuAnouaues

sneelagldlusunsudnsagu Design-expert 7 thuuudiaesiianunsatnnldlunisesunemnuduiug



vosladeiiAnwisiermeuauesiilauIan RN sReUauBIelUsunsudNsagU  STATISITICA
Module Switch
M15197 3 A1seauladeililunisfinwvesansusausissanang 3 Yade (0=1.681)

Code level
Factors Symbol
-0 -1 0 +1 + o
Citric acid (%w/v) Xy 0.02 0.08 0.16 0.24 0.3
Fructose syrup (%w/v) X, 0 0.6 1.5 2.4 3
Honey (%w/v) X5 0 2 5 8 10

A13519% 4.Code level uaz Actual value ¥BIENTUTILAITAYIALALBDNLUUNITNARBILUY CCD

Code level Actual Value
Run no. X, X, X, X1 Xz X3
Citric acid Fructose syrup Honey
(%w/v) (%w/v) (%w/v)
1 -1 -1 -1 0.08 0.6 2
2 -1 -1 1 0.08 0.6 8
3 -1 1 -1 0.08 24 2
a4 -1 1 1 0.08 2.4 8
5 1 -1 -1 0.24 0.6 2
6 1 -1 1 0.24 0.6 8
7 1 1 -1 0.24 2.4 2
8 1 1 1 0.24 2.4 8
9 -1.681 0 0 0.02 1.5 5
10 1.681 0 0 0.3 1.5 5
11 0 -1.681 0 0.16 0 5
12 0 1.681 0 0.16 3 5
13 0 0 -1.681 0.16 1.5 0
14 0 0 1.681 0.16 1.5 10
15 0 0 0 0.16 1.5 5
16 0 0 0 0.16 1.5 5

17 0 0 0 0.16 1.5 5




4.2 N15NAT9AY

PluruynisataluanneNvanzaunlnainn1sanelude 3 wauIREu uUNSAYASA
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aa a ' ~ v v o Y o v 1 X A a ~ cz

inswvansUussazinisnadlid fuuanhindusnseigamll 72 ssrwaldua Wi 15
Wi ussaandvudvhliduiuiineamgll 5 ewwaled Wiennd1 (Wuwyy dHoudian,
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NEN1INAADY

Lasausznaumaail Usunagnlvliunazanuaiunsalunisaangnsnisdaninveslyadus

A13199 SuansesrUsznaunaell kagauausalun1sosngnsvedinmasasukarlulyatus

Chemical composition Tu a1fu

®Moisture content (% wb.) 88.699+0.071"  86.944+0.060 °
®Total sugar content (mg Glucose equivalent/g dry matter) 59.445:0.580°  33.876+0.412"
®Reducing sugar content (mg Glucose equivalent/g dry matter) 133320.010"  0.966:0.009 "
®Total phenolic content (mg Gallic acid equivalent/g dry matter) 14.7540356°  4.298:0.182"
®Total flavonoid content (mg Rutin equivalent/g dry matter) 52.869+0.041°  17.334+0.025°
®Total saponin content (mg Gypenoside equivalent/g dry matter) 3.130£0.003°  1.030:0.001 "

Antioxidant activity
b
®DPPH-radical scavenging activity (mg Trolox equivalent/g dry matter) ~ 17.536x0.012"  3.548+0.006
b
®Ferric reducing antioxidative potential (mg Trolox equivalent/g dry 27.449+0.007°  4.668+0.004

matter)

o

ab o o o v 1w = U W | Ao o o aad A o
GI’JL’d‘UVIBﬂT:}Sﬂ’]ﬂU(ﬂ’NﬂUIULLQ’JLﬂEJ’JﬂUEJﬂ’J’]ﬂJLL@ﬂGYNﬂUE]EJNlIUEJﬁWﬂ@WWQHQMW?S@UW’JWQJL%BMU 95%(p<0.05)

'
Y a It

v o o a v & % N & %
Tagaulddmsunisuanvayulnslaatusiuauisoneneentd 2 wuuAedunduluaiu
wazarundudriu Wethlunazdrsulyadusininsngimesruseneumand USunueludulas
£ = d' ! Y ] A & = I3
ANUAINITALUNITERNMEN TN NNALARSTUR19199 SnuinTgatusludunidululiesddsenau
maadl taun Usunahnnananie Ysunainnainng Usunuasiuesdniaun Usinarailiuoua
e wazUsunaeluduiun gandtduiidudisu Wesanludiuveslufivunaeansdfmyas
ni1dsdamaliluinnuaiunsalusengniniinimganinludwiuilienaaauaigds DPPH-radical
scavenging activity Waz Ferric reducing antioxidative potential lagdsusniuaznagou
Auansavesasa Ay ussduszneululgaduslunisiueyyadasy DPPH Tuvneisaesldy
NAFDUAINAINITILUNITIAITNEININHADIAUTENOUNILATILAZALAINITOIUNITOBNNENN
Frnwwansbiiuindyatusludiresdulinnumngauiivgldiduingdmsundnvininnindasiu

setudnilutyatusunduingivdmsundnsnlunsfnunlutuneusely

2. navasniswseuluriidaenisilisuslasesdusznaumanil Gunawnludy was
ﬂ'nummsn‘lunﬂsaaﬂqméwﬁe%qnﬁW%aeﬁzya%’us‘

miLLUi'gUsmﬂfgﬂﬁﬁ’uéﬁ%umauMig6‘] 4 Supoudonismnuanndeil 1 1Winan 120 wfinis
At 1 1481 20 Wit MsenuaneSed 2 19nan 60 wiluaznisAaadait 2 19aan 10 Wit et
nsvuIunsldssaianun310 wiit supsulunsiieuluriuenainasidunisananuiunasen
a,vastulayatusann 88.699 % uag 0.998 Tiude 3.937% uag 0.368 vilvanunsaiulunlila



YITULAZAANUTTUNISLAULEY NITANNLAALAZNITALTIAINARDE NAU Lazsasfvaslusls Las
geavinlvesrdsenauniaailulurinnisiasunlaindualenisilasunlasmnadulunmay
Funaufazwanaeiulusail

2.1 mswagunlasinnuausutasAIWater activity(a,)

100
o a
_ 80 b
2 60 c
o) d
o 40 -
2
< 20
nen
0 T | T T 1
@\\ N r\/ S, \ N N,
S N MY MY
QS “ QS N
& < & <
N N
N «

UM 1 madsudSnaenuduluidaztunauvesnszuiunsnseslundyatus

a, b, c..

dnwsfwansnuLanasiunglunsduduansauuanssed iidud Ay Aduaudiolu 95% (p<0.05)

1.0
0.8 - a a b c
0.6 -
z
©
0.4 -
d
0.2 -
OO T | | 1
N \ A, \ N N
Q\G\ ‘b@ ‘bg\ %) 3(]/ ) S\q/
> % “ %
Qo@ [ Qo@ [
Q K
< g

JUN 2 malasuuasa a, luwsazduneuveinszuiumswsedluindyatus

a, b, c..

dnwiiuansnuLanasiunelupedullaninuLanaedidsd Ry Ainuauiodi 95%(p<0.05)



mﬂgﬂﬁ 1 way 2 wanSinannutuLaye a,, KLuu,m'az%gumausuaaﬂszmumsmﬁmmﬂ@a
FusnuiluusazdunouvesnisndnviinadeUsunannutusas M1 a, a1l dudrAgyn1eaia
(p<0.05) TneUSunamuduvesdgadudidlonunsruiunsmnuanndedl 1 Meadil 1 uazmnuan
At 2evfiUSinaanandiss 4030 % wavU3umAnuTudzanasediwn  95.52% Wy
nsTUIUMIAASad 2 Weissuiteuiuiyatusan

Tuvauzitan a,, 1 SL‘U{Jigﬁuéﬁamu%umaumimﬂmeﬂ%’jqﬁ' 1 @1 a, anaieudnitay we
Tflauuansiafuegedidod fyn1eadn (p=0.05) Wiewiouiisuiusegiausudu wasiionu
FuRBUNNTAIASAT 1nsANuARATIR 2 wavmsAIAS? 2udiiu A a,, ranAsRYNNUEdAYNI
i (p<0.05) ﬁnﬂmamﬁmmammmﬂwmmwummﬂumsmmmamamsamaw@wimmmwmuuau
A1 a, 1INNTITURBUNITAINLAR Teitiesarnanudeudiludyatuslasuluseninanisda fidn
mﬂmwmwmauﬂuﬂgywuﬂmuiumumaumsmmmemLLa.mmim%%izazL’Jmaummmuma
ylinsnssemeteenanlulgaduslutuneunisdigandt dwmaliusinuaruduiage a,,
AAAININAIN

= J & ' a a & ] v &
A9 6 WATBINITANLAAATIV 1 MBNITLUASULUAIUIUIUAUTY LaTAN Aw ‘U@QELU{]QJJR]GUUﬁ

AN (ui) 9aUNHI(CC) ALY (% wb.) a,
0 24.13+0.06 88.699+0.071° 0.998+0.001°
30 24.30+0.20 87.585+0.295" 0.998+0.001°
60 24.07+0.06 86.525+0.212° 0.997+0.001°
90 27.27+1.03 83.690+0.408" 0.995+0.001"
120 32.62+0.57 81.846+0.012° 0.993+0.001°

bc. o oo o v 1w o ¢ a o o v | Ao o o aad o 4 o
P Fuavnnwsiiusniuluneduiideatiuinuuanansiuegeived Aymnsadanseiumnudeiiu 95%(p<0.05)

NATT 6 LERINATBINIANLARASIT Lien s dsuulacUSinannutulasaia, v
Tulgatusnuiidleszeznatlunsmauamiinduusinannutusasen a, anasegradideddyma
a0 (p<0.05) TneSunamnuiutasan a, AU 88.699 %uar0.998nEEU 1§IaINNT
W IEENTANLAALEITANLTY LaE Aa,anadvEs 81.846% way 0.993AMds

A9199 7 NaUBINITAIASI 1eionsilasulUaIUIINaAINTL wazan a,, vastulyatus

A (W) 9aunnI(0) AT (% wh) ay
0 32.62+0.57 81.846+0.012° 0.993+0.001°
5 72.43+0.90 80.990£0.530" 0.9890.001"
10 80.35+5.61 77.411+0.194° 0.987+0.000°
15 81.83+4.46 70.356+1.143" 0.982:0.000°
20 82.00+6.37 63.807+1.028° 0.977+0.002°

ab,c. o Ao o w1 o v ¢ a o a ' o | Ao o w aad Y] )
G]’]LﬁﬁUVII’Jmﬂiﬂ’m‘uﬁ?ﬂﬂﬂlﬂﬂaauumﬂ’lﬂu&lﬂ’ymLL@]ﬂGYNﬂLIE]EJ’]\‘1&]148?1']?1@WWQHQMW?%@UW’JWQJL%BMU 95%(p<0.05)

=~ o & oa, = a & |
PRI 7 LEAINATINITAIATIN Lion1siUasuLUasUTunamudulaza a,uedludaa
U &A1 & Y] = a v s a X g Y a
Jusilesiudunaunsmiuiy 20 uf gunnilveslaadusagiiau@uiy 72.43 °C WeaAiuiu 5 Wi



'
o

wazaamgiiaziudu 80.25 , 81.83 uaz 82°C iaAuu 10, 15 uay 20 Wil muaau Tusswing
NIAINUINUSINMANLTULATATE, anategsiited1Aynieatf (p<0.05) 91 81.846 %  1Tu
63.807% (wet basis) wag 0.99319u 0.977amay

A9199 8 NATBINITANNUAAASIN 2 AN1SUABULUAIUSIIMANLTY LazaT a, Veslulgatus

a1 (ui) gaumnadiC) AT (% wh.) a,
0 82.00+6.37 63.807+1.028" 0.977+0.002°
30 30.00+2.00 58.384::0.530" 0.930+0.002
60 26.33+1.53 52.952+0.194° 0.858+0.001"

abc. o Ao o v 1w v ¢ a o a v | Aw o w aad ) A o
(ﬂ']Lﬁ“U‘W?Jﬂ‘tﬁﬂ’]ﬂ‘Uﬁ]’NﬂuIUﬂaaiJuLﬂEJ'Jﬂu‘Mﬂ?WﬂJLLG]ﬂ(ﬂNﬂ'uaEJNll'u&Jﬁ']ﬂiyﬂ']ﬂﬁﬂm“l/]izﬂUﬂﬁ’]ﬂJL"U@llu 95%(p<0.05)

NANTT 8 UAPINATEINITAINUARASIT2 Aon1silasunlacSinamutuuaze a, vos
Tutyatus wuidloszeznailunsmnuanfistudsuamutuazen a, anasegslitd1Aey g
#dR (p<0.05) NFIWINNIMNUANASIT 2 udriiAudu uay a, anaunde 52.952 % uaw 0.858
ikl

A197199 9 NAYBINIIAATIN 2 MENSIUABULUAIUSINUAINTY LazAT a, Y8slutlgyatus

& (un9l) RUNI(C) AL (% wh) a,
0 26.33+1.53 52.952+0.194° 0.858+0.001"
5 77.96+7.89 33.489+1.143 " 0.668+0.000”
10 92.25+3.99 3.937+1.028° 0.368+0.002"

ab,c. o Ao o w1 o v ¢ a o a ' o | Ao o w aad Y] )
mLawaﬂmmﬂumaﬂu‘Luﬂaauummﬂummmmemqﬂuaﬁmmuamﬂzquaammmummmamu 95%(p<0.05)

MNATI9T 9 UARIHAYEINIAIRST 2 AensiBsunlasUSinannutuasen a, ves
Tuilgadudidoinudunounisda 5 uifuay 10 Wit Samgfl 77.96°C way 92.25°C nudUFum
ALTUNaTAN a, anaseg9itdedAyn19@da (p<0.05) 910 52.952 % 18U3.970% waz 0.858 1Uu
0.368 MuaI9U

2.2 MmawasuwlasUSnanhmansmuauazusinaiinasig
N5UN 3 wag duansUSunadimanmuakazUTunainainidlundaz tunouves

N3z UUNTNAATITEYATUS WUIINITAINLAAATIN 1 I TRUSIanaIrNnanaLas Iz LUy

1IALONIUNTITAIATIN 1azazanasliiTosqnatan/lIuNITAINLANATIN 2 LazNISAIATIN 2

'
& a

Turgiinsnnuanassi 1 ilidsunanmasidiugduiafisuivluaniazazanansog e

(%

' v & A $ o o & A
NIUNITAIATIN 1 NTRNNLAAATIN 2 LAZNITAIATIN 2



UM 3 MmaldsuuvassSinadnanmunluusazduneuvenseuiuniswienlunayadus

a, b c. o P o o & ' | Aw o o duo A o
Bﬂ‘i‘f}ﬁ/lLLE‘WNﬂ’J’]@JLLE]ﬂ@]’NﬂUﬂWEJSL'L!ﬂI’JaiJULLﬁ(ﬂﬂﬂ’J’]ﬂJLLﬁlﬂE]’NEJEJNEJUEJ?{’]ﬂiy)VI@Uﬂ’J’]ML‘UBQJU 95% (p<0.05)

JUN 4 Maaguuvasssinadinasmdluidastuneuvasnsyuiunsnsesluvidyatus

a, b c. o P o o & ' | Ao o o duo A o
onusAkanIANLANA1iuN1sluneaLLLEARIAINLANA 19D 19 Ta N UNAUANULYBUU 95% (p<0.05)

10
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A1397 10 NAVDINITANLANATIN 1 sion1sildsunasusunaniinansun (Total sugar
content) warU3IuUIMIa3A% (Reducing sugar content) waslutlgatus

L3N Egmw{]ﬁ Total sugar content Reducing sugar content
(W) O (mg Glucose/g dry matter) (mg Glucose/g dry matter,
0 24.130.06 59.445+0.580° 1.333+0.010"
30 24.30+0.20 63.698+0.270° 1.244+0.009
60 24.07+0.06 59.125+0.089" 1.145+0.001°
90 27.27+1.03 50.125+0.089° 1.037+0.001 °
120 32.62+0.57 49.58810.094d 1.638+0.006 °

ab. 9

.b,c.. o oo o Y 1w v ¢ U v | AW o o aad A o
WJLﬁﬁUVI?Jﬂiﬂiﬂ?ﬂ‘uE]WQﬂUIUﬂBﬁiJUL@EJ’JﬂUNﬂ’J’]ﬂJLL@]ﬂGYNﬂuaﬂ?ﬂmuaﬂ?ﬂiyﬁ’l’]ﬂﬁﬂﬁ]VIiS@Uﬂ’J’W@JL%BMU 95%(p<0.05)

PMNATNA 10 LAAINATBINTTINLARASIT 1 donisiasuulacuSnanhmanmunuas
U%m1mﬁ"jﬁma%ﬁa%%ﬂuﬂzyﬁuﬁ‘wudﬁLﬁ'aﬂ‘%mmﬁéﬁmaﬁwmLﬁmﬁuaéwﬁﬁaﬁwﬁmmaaﬁa
(p<0.05) dlomnuanauny 30 wift 910 54.445 1Hu 63.698 mg Glucose equivalent/g dry matter
LLazLﬁamﬂmemusﬁuﬂ%mmﬁfﬂmaﬂé’uamawumﬁa 49.588 mg Glucose equivalent/g dry
matter Wemnuanuiu 120 Wit daudSnanimainadnuilugiensninuan 90 undl Ui
daasndaranasegraiitedfniedda (p<0.05) dosrezailunismnuanudy Tnefiusuia
Suduan 1.33 ¥y 1.037 Glucose equivalent/g dry matter wazUSunanimaimdasiinduiy
1.638 mg Glucose equivalent/g dry matter dlosnuanuny 120 W

A1597 11 HaT0INIIAIATIY 1A siUdvuliasuSinatihniansvun(Total sugar content) uag
USunaum1a3fag (Reducing sugar content) vasluleyadus

1380 qm‘mqﬁ Total sugar content Reducing sugar content
(W) (O (mg Glucose/g dry matter) (mg Glucose/g dry matter)
0 32.62+0.57 49.588+0.094° 1.638+0.006 °
5 72.43+0.90 155.594+1.893 ° 1.188+0.125"
10 80.35+5.61 172.910+0.198 1.3370.103"
15 81.83+4.46 189.999+1.318 0.989+0.076 °
20 82.00+6.37 261.806+0.929° 0.874+0.072°

o

abc. o Ao o v 1w v ¢ a o a v | Aw o w aad A o
mLawaﬂmmﬂumdﬂu‘lmaawmmﬂummmmemNﬂuam&muamﬂagmaaﬂmmmummwamu 95%(p<0.05)

1IINT 11 wannavesn1siandsil 1 denisidsunlasuSinanihnareunuazSua
dhmasmdveduliyaiusiflossernatlunsduuduimanmuaiiviinanfintusdeditodfay
N9E0A (p<0.05) Tnedusunausuduain 49.588 18u261.806 mg Glucose equivalent/g dry matter
T fivsunanihnaiidnduanaseeredifodfmeedn (p<0.05) Wosveznatlumsdanasan
1.638.0u 0.847 mg Glucose equivalent/g dry matter
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A9 12 HaTDINITANALAAATIN 2 sion1silasunUasusunuuiaansua(Total sugar
content)azUsnanma3nag (Reducing sugar content)vaslulleyadus

L3N Egmw{]ﬁ Total sugar content Reducing sugar content
(W) O (mg Glucose/g dry matter) (mg Glucose/g dry matter)
0 82.00+6.37 261.806+0.929° 0.874+0.072°
30 30.00+2.00 127.822+0.648 ° 0.336+0.006 °
60 26.33+1.53 124.983+1.038 0.321+0.002

o

ab,c. o Ao o v 1w v ¢ a o a v | Aw o w aad A o
mLawaﬂmmﬂumdﬂu‘lmaawmmﬂummmmemNﬂuam&muamﬂagmaaﬂmmmummwamu 95%(p<0.05)

PMAMINT 12 WaRHATEINIINNUARRST 2 AontsidsunlasSinanihnariomn uas
Usnasihnnasing vesluliadus wuindesseznalumsmnuaniiuduusinashmarnmunuas
USnahmasiadanasegaiifedidynieedn (p<0.05) InsuSnainaimunanasain 261.806
WD 124.983 mg Glucose equivalent/g dry matteriummzﬁﬂ%mmfﬂma%usﬁamaamﬂ 0.874
\1890.321 mg Glucose equivalent/g dry matter

A1319N131a789N13AIASIN 2 AenstiUdvulUasUSInananisnun(Total sugar content) wag
USuNauuIma3nag (Reducing sugar content) wasludeyadus

1380 qm‘mqﬁ Total sugar content Reducing sugar content
(u9) Y©) (mg Glucose/g dry matter) (mg Glucose/g dry matter)
0 26.33+1.53 124.983+1.038° 0.321+0.002°
5 77.96+7.89 123.048+0.465 " 0.315+0.001 "
10 92.25+3.99 103.086+0.742 0.193+0.002

Y

bc. o oo o v 1w o ¢ a o o v | Ao o o aad 4 o
P Fuavnsnwsifusnaiuluneduiideatiuinuuanansiuegeived Aymnsadanseiumnudeiiu 95%(p<0.05)

= O & A ] d' a H & a
NA15199 13 WAAIHATBINITAIASIN 2 AenisildsullasusunaimaniuauazUsune
masmgvesludgatusnuindeszoziiailunisAuuluinliuTunauimanivuauaz s
’Oj aa 6 1 a v o U aa a 901 gj =
UnasidanategaiitedAyneais (p<0.05) lngUsunainanivueanaain 124.983 wae
103.086 mg Glucose equivalent/g dry matter TuvuzUSuruinatiinasnidanasain 0.321
@9 0.193 mg Glucose equivalent/g dry matter

2.3 n1sslasunlasusunailuadnnaviun Nailauaeananun LazalUdunauun
Usunailuednnanuananliusgnnanius wasenlUiunanualuniazdunouynInssuIunIg

nanylnsUeyatusuandlugui 5, 6 uag 7 nuindunamueinimunaana il IuNISnINLANASY
A = a X A A ) o A o o o o a
NN LAz RNNNATUTOE S WOHIUNITAIATIV 1 NTAINLAAATIT 2 LazN1IAIATIN 2 Tuvaed
USUeuna1lIueg ANIRNAIBNILAITAINLANASIN 198HUSUIANAY LA ILLNHTULLDHIUNITAIASS
N1 Uarazanadlsos iloNIUNITNINUAAATIY 2 WaENIIAIASIN 2 druuSinaluduyiuntiu

\ a a A & A o O A & A &
NUNUINIZANALIO PUDHIUNITANNLAAATIN 1 NITAIATIN 1 NITAINLARATIT 2 WAZNITAD

ASIN 2
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UM 5 malasuuvasUsunamuednviaualuldazstunauvainssuiunsnseslundyatus

a,bc. o A W LYK 1 ' | AW o u Ao A @
E)ﬂ‘lfﬁ‘VlLL?WNﬂ’J’V,JLLGIﬂ@l’NﬂUﬂ’lEJ&LuﬂE]alluLLﬁﬂﬂﬂ'ﬂiJLL(ﬂﬂGl’NE)EJWQNUHﬁWﬂ@%ﬂUﬂQWNLﬁIBMU 95% (p<0.05)

U1 6 malasuuvasUsinamathiusganmualuidaztuneurasnsyuiunsinsealusidyatus

a, b c. o P o o & ' | Ao o o duo A o
Bﬂ‘i‘f}ﬁ/lLLE‘WNﬂ’J’]@JLLE]ﬂ@]’NﬂUﬂWEﬂum’JaNuLLﬁ(ﬂﬂﬂ’J’]ﬂJLLﬁlﬂE]’NEJEJ’]QEJUEJ?{’]ﬂEyVI@Uﬂ’J’IiJL‘UBSJU 95% (p<0.05)
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sUN 7 msasuuvasUsinaenluduisuslulsaztuneuvesnszuiuniaessalusdyadus

Y

b, c.. o 44' W v e ' | AW o w Ao A o
’e)ﬂ‘l'f}'iVlLLE‘WNﬂ’J’]QJLLE]ﬂ@]’NﬂUﬂ’WEﬂu@i’JaNULLﬁﬂﬂﬂ’J’]MLLWﬂﬁ]'NBEJ’]QNUEJ?{’]ﬂEyVI@Uﬂ’J’uJL‘UBﬂJU 95% (p<0.05)

A9 14 NaTDINITANLAAATIN 1 sion1sildsunvasusunaiiusaniiasvun(Total phenolic
content) Usununaliussavianina(Total flavonoid content)iazUSunauanluiiu
anun(Total saponin content) vaslutlgyatus

380 BRIV Total phenolic content  Total flavonoid content Total saponin content
(wi) Y® (mg Gallic acid (mg Rutin equivalent/g (mg Gypenoside
equivalent/g dry matter) dry matter) equivalent/g dry matter)
0 24.13+0.06 14.754+0.356 ° 52.869+0.041 ° 3.130+0.003°
30 24.30+0.20 15.217+0.333° 54.719+0.045° 2.884+0.002 °
60 24.07+0.06 11.971+0.272° 45.390+0.031 2.623+0.001
90 27.27+1.03 12.571£0.317" 44.458+0.024 ° 2.519+0.002°
120 32.62+0.57 12.021£0.220 40.494+0.021 ° 2.256+0.001°

bc. o oo o v 1w v ¢ a o o v | Ao o o aad o 4 o
P Fuavnsnwsmfusiuluneduiidedtiuinuuanansiuegeived Aymnsadanseiumnudeiiu 95%(p<0.05)

PNENST 18 LERINETBINIAINUARASITL AonsidsuudacUSunailiueadniaiun
Usinamaliusesnmuauas Usinasluduiomeavesludlyadus nuindeszezianlunisain
AR 30 WiTt wuUsinamaTliuesdtemaLintwan 52.869 iU 54.719 mg Rutin equivalent/g
dry matter uidleszoznalunmsmnuaauunindusinaalussdiomaaranawegaditeddy
‘maaam (p<0.05) Luai‘v&wnaﬂumimmmwmuﬁuu duUsinaSnaiiveadniemunaseiuiy
Hmunanasogeiitdfnedda (p<0.05) WeszeriatlumsmnuaaudulneUsinaiiuednan
a0 14756 e 12021 luwaedivSunamUduiomnanaan 3.131mae 2256  me
Gypenoside equivalent/g dry matter)



A9 15 NaTeINIIAIATIY 1 AenisiudsullasuSunailuednsun (Total phenolic

content) Usunamaliusennanun (Total flavonoid content) wagyUsunaanluiu

avua (Total saponin content) vosluleyadus

15

380 Egiwiqﬁ Total phenolic content  Total flavonoid content Total saponin content
(u9) O (mg Gallic acid (mg Rutin equivalent/g (mg Gypenoside
equivalent/g dry matter) dry matter) equivalent/g dry matter)
0 32.67+0.57 12.021+0.220° 40.494+0.021 ° 2.256+0.001
72.43+0.90 22.700+0.737° 78.012+0.036 ° 2.755+0.001°
10 80.35+5.61 21.139+0.564" 73.506+0.018 " 2.617+0.002"
15 81.83+4.46 17.900+0.490 60.134+0.025 2.117+0.003 ‘
20 82.00+6.37 17.911+0.336 49.84110.015d 1.814+0.001 °

ab,c. o Ao o v 1w v ¢ a o a v | Aw o w aad ) A o
mLawaﬂmmﬂumdﬂu‘lmaawmmﬂummmmemNﬂuam&muamﬂagmaaﬂmmmummwamu 95%(p<0.05)

PMNATT 15 LARIHAaTEINSAIASI L sonsiasuudaslSunaiiueaaniiouausinaman
Thusesmun way Usinaenlduvome vesludgadus wuindleszeznatlunsms wifl wui
Usinadlueadniuae wazUsinamaliuessnemiun wazUSinamlUduimuaiuiuain 12,021
Wy 22.700 mg Gallic acid equivalent/g dry matter, 40.494 Ju 78.012 mg Rutin equivatent/g
dry matter uway 2. 25610 2.755 mg Gypen05|de equivalent/g dry matter AUEIAU LD
Wisuileufuusunanoudn u,wdsmmsuaqm31/1qmmumvamaqamquuamﬂmmﬂaam (p<0.05)
deszuznanlunsiuuiu I@EJ"LJimmaﬂiqmmwaqmﬂmmu 20 WIwde 17.911 me Gallic
equivalent/g dry matter, 49.814 mg Rutin equivalent/g dry matter Waz1.814 mg Gypenoside
equivalent/g dry matter sua9U

AN 16 HATBINITAINUAAATIN 2 AanTstUasuLUasUSinaduednyianun (Total phenolic
content) Usununailaueeavianig (Total flavonoid content) wazUsunaanluiiu
Nanua (Total saponin content) vosluleyadus

I8N 9Nl Total phenolic content Total flavonoid content Total saponin content
(W) (O (mg Gallic acid (mg Rutin equivalent/g dry (mg Gypenoside
equivalent/g dry matter) matter) equivalent/g dry matter)
0 82.00+6.37 17.911+0.336 ° 49.841+0.015" 1.814+0.001
30 30.00+2.00 26.843+0.037 " 51.217+0.021° 1.586+0.002 "
60 26.33+1.53 23.914+0.032" 45.864+0.011 1.551+0.002 "

*P¢ Faiidhesiiumsiiluredudidefuiamuwnnsiuegadifedfynadfnisesuaundoiu 95%(p<0.05)
d' & ' d' a a a o
PNANTNN 16 WAAINATDINITANLANATIN 2 sion1TiasuklasuSunaiueadnyiauun
Ysunamahuesanianuauay Usuinausluiunmusvesayulnsdgatusnuindessozailunis
AnuAa 30 WInLsn UsunuiusadnisvuauazUsinaailiussaviannaiiudusg1edidediAgnig
aa ' al X [ a1 a a & 1 =
ain (p<0.05) wivzanadilonInkaAuIUTWTU60 WM dulTuiurluiunivunanasasnel

HodAYn19ana (p<0.05) WoszeziallunITnINLAAUILITY
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A9 17 NaTeINIIAMATIY 2 AensiuasullasuSunailuednsun (Total phenolic
content) Usinaunaliueeaisnun (Total flavonoid content) tagUTunagludiu
avua (Total saponin content) vosluleyadus

381 Qquﬁ Total phenolic content (mg  Total flavonoid content  Total saponin content
(ui) Y® Gallic acid equivalent/g (mg Rutin equivalent/g (mg Gypenoside
dry matter) dry mstter) equivalent/g dry matter)
0 26.33+1.53 23.914+0.032° 45.864+0.011 ° 1.551+0.002°
77.96+7.89 42.330+0.026 " 64.066+0.371° 1.212+0.001 °
10 92.25+3.99 34.517+0.030 ° 39.833+0.017 1.061+0.001

bc. o oo o v 1w v ¢ a o o v | Ao o o aad o 4 o
P Fuavnsnwsifuseiuluneduiideatiuinuuanansiuegeived Aymnsadanseiumnudeiu 95%(p<0.05)

MNAN5IR 17 WaRINaTBINISAIRST 2 denisiasunlanSinafueadnievun Ui
Walusssvanuaway Usinamivduvomevedludyatusnuindessesnatlunsd 5 wiil
USinasilueadniianun Usinamanliuess warUSunamiluiuimunfiudy widessovnailunng
& 10 Wil Ysunailueadniievun Usinamanliuessnmun wasUSinamluduisiananasesned]
HedAgyn1sans (p<0.05)

ol £ o
2.3 ﬂ'ﬁLUaE.luLLUa\1ﬂ'Jqufﬂ&niﬂiuﬂqiaaﬂqwﬁ'ﬂqﬂ“u?ﬂqw

5UN 8 n1sidunaignsnisiueuyadasy DPPH luudasdunauveinszuiun1siniey

Tuteyatius

a, b c. o P @ o e ' | Ao o o A &
@ﬂ‘lﬂi‘ﬂLLEWNﬂ’J']ﬂJLL[E]ﬂGl’Nﬂ‘Lm’]EJ‘L‘L!ﬂ?JaﬂJ‘L!LLﬁﬂ\‘iﬂ'J']llLLG]ﬂG]']\‘i@EJNlIUEJﬁ'] UNAUANULTINU 95% (p<0.05)
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=

U 9 MalasuuUaignsnisiadimesnlusdaztuneurenssuiunswisalunUayadus

a, b, c. o P

nwinuansuLanasiuneluneaNlanInNULAnaee iRy RinuaTeY 95% (p<0.05)

I

INFUN 8 war 9 UandnnSNIIATUeYYadaTE DPPH wargnsn1ssmdmesnlunsiasdunay

V8N TEUIUNIHANIRaUINsUeyatus nudtuseulunssuiunsnanvivayulnsUyatusing
Aonsiisunlasgvsnisiuenyadasy DPPHuazgMsNsshadiesnagniitudAgynisadnnseiu

4 o A i & a = 0o q v <£ = o
ANUFRLIY 95% lngilaruwsiartuneulunisianyilnavinlinisesngnsnistininvedlulayady

AN oY)

A1319N 18HAVBINIIANUANATIN 1 fiaN15UABULUAIAUAINTTALUNITODNNENINTINTNILD
naaaulaes DPPH-radical scavenging activity (DPPH) wag3d Ferric reducing
antioxidativepotential (FRAP) waslutgatius

LI RRIVEH DPPH FRAP
(W) O (mg Trolox equivalent/g  (mg Trolox equivalent/g
dry matter) dry matter)
0 24.13+0.06 17.536+0.012° 27.449+0.007 °
30 24.30+0.20 17.409+0.005° 21.012+0.006 °
60 24.07+0.06 12.367+0.002 ° 18.596+0.007
90 27.27+1.03 12.897+0.013 g 16.812+0.006 d
120 32.62+0.57 8.207+0.204 d 16.090+0.005

abc. o oo o ¥ 1w v ¢ a v o o | N o W aad o a4 o
mLawaﬂmmﬂumﬂﬂuluﬂ@ﬁmummrmummLLmﬂmaﬂuaemmuamﬂfgmqaammsmummmauu 95%(p<0.05)
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91NANTNN 18 LAAINATBINITNINEAAASIN 1 ABNISUABULUAIANEINITAtUNITOBNaND
T mvesludgatusnuiinuansalun1seengnsmsiinwaIzanateg 19l ted Ay Mva s
(p<0.05) WaTzzlIalun1ININLAAUIUTY

A13197 19 NaUBINITANATIN 1 siBn1siUasuLUaInINEINNTAlUN1T0aNVENITINTNLE
naaaulagISDPPH-radical scavenging activity (DPPH) wazi5 Ferric reducing
antioxidativepotential (FRAP) waslutlgatius

LI RRIVEH DPPH FRAP
(W) O (mg Trolox equivalent/g  (mg Trolox equivalent/g
dry matter) dry matter)
32.62+0.57 8.207+0.204 d 16.090+0.005 °
72.43+0.90 12.065+0.014° 13.968+0.017 °
10 80.35+5.61 10.457+0.012 g 13.608+0.005 °
15 81.83+4.46 10.144+0.018 ° 12.254+0.011 d
20 82.00+6.37 8.21610.004d 11.829+0.010°

abc. o Ao o w1 o v ¢ a o a ' o | Ao o w aad Y] A o
(mLﬁﬁUVII’Jﬂi‘:ﬁﬂ’m‘uﬁ?ﬂﬂﬂlﬂﬂaauumﬂ’lﬂu&lﬂ’ymLL@]ﬂWNﬂLIE]EJ’]\‘1&]148?1']?1@WWQHQMW?%@UW’JWQJL%BNU 95%(p<0.05)

N7 19 UARHATEINIIAIRSaT 1 sensasunlasnnuaninsaluniseengndnis
Fanmwedudgaius nuimnuausalunsesngrsiilenageuanuausalunsiuoyyadasy
DPPH%Lﬁmﬁuaéﬁqﬁﬁaﬁwﬁ@wwqaﬁm (p<0.05) Tunsf 5 wriiusn wazslefununiiiauannse
Tusengninstininnduanasessiitedfynisada (p<0.05) idleszeznanlunisdaunutuus
Anuasadavinduiegneumlurasiinnuaiunsalunisiadmlesnnduanasetiaifad Ay
(p<0.05) dloszezralumsfauniy

[

A13°99 20 NAYBINITANWANATIN 2 FaNTISUABULUAIAIINAILNITOTUNITEBNGNENINTININLD
nageulagis DPPH-radical scavenging activity (DPPH) wag3d Ferric reducing
antioxidativePotential (FRAP) vaslutlgyadius

nan grunnd DPPH FRAP
(W) (O (mg Trolox equivalent/g  (mg Trolox equivalent/g
dry matter) dry matter)
0 82.00+6.37 8.216+0.004 ° 11.829+0.010°
30 30.00+2.00 7.979+0.016" 10.237+0.010"
60 26.33+1.53 7.451+0.005 ° 9.078+0.011 ¢

ab,c. o Ao o v 1w v ¢ a o a v | Aw o w aad ) A o
(ﬂ']Lﬁ“U‘W?Jﬂ‘tﬁﬂ’]ﬂUﬁ]’NﬂuIUﬂaaiJuLﬂﬁl'Jﬂu&lﬂ?’]ﬂJLLG]ﬂ(ﬂNﬂuaEJNllu&Jﬁ']ﬂiy‘ﬂNﬁﬂmVﬁzﬂUﬂ’J’]ﬂJL’Uaﬂu 95%(p<0.05)

- & o ' a £

INANTIN 20 WARIHATDINITAINKAAATIN 2 fon1sAuLUaIALaINITaluN1TeaNa NS

madInmvaslulaatus nuinauaudinisiiueyyadasy DPPHLazANEINNTAlENTIMdmeIn
anasegeiliedAYNIeeia (p<0.05) Woszeziialun1sAuIuTy
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A13°99 21 NAYBINITAIATIN 2 ANSUABULUAIAINAINTATUNTONANENTININLLD
NaaaulaeISDPPH-radical scavenging activity (DPPH) a3 Ferric reducing
antioxidativepotential (FRAP) vaslutleyadus

an 9Nl DPPH FRAP
(ui) Y®) (mg Trolox equivalent/g  (mg Trolox equivalent/g
dry matter) dry matter)
0 26.33+1.53 7.451+0.005° 9.078+0.011 °
77.96+7.89 7.176+0.003 ° 9.355+0.002°
10 92.25+3.99 6.160+0.011 8.189+0.006

bc. o oo o v 1w v ¢ a o o v | Ao o o aad o 4 o
P Fuavnsnwsifuseiuluneduiideatiuinuuanansiuegeived Aymnsadanseiumnudeiu 95%(p<0.05)

MNAN91T 21uansnavesnafiadedl 2 dentsAsuulasnuansalunisesngudnng
Finmvaslulgatus nuiauaudinisinueyyadase DPPHanateg1eildud1Ayvn9adi (p<0.05)
drunuaudRnIsAueYAdaTY FRAPAINTY flszoinainisda 5 ufl usl anasegedifoddyms
adf (p<0.05) fiszatiannism 10 Wil

3.0aVR9EN1EN I lunTsanaNdNanaUSuueIRUTENaUNILANl USUNaus lUutumasAua1d1sa
Tun1seangnanedininessasanauianlusdgyadus

3.1 wavesauuiiszeziauwasUIualuvnldlunisaiadeusuinesausznauniaad
wazUSanauen Uiy

M99 22 wHavesanIITluMsananeUsuIuNuedanaLs (TPC) Watliuseanavua (TFC)
glUTuue (TSC) waztmasmduesivtyatus

Run X4 X, X3 TPC TFC TSC Reducing sugar
Temp. Time Sample (mg Gallic acid (mg Rutin (mg Gypenoside (mg Glucose

e §©) (min) (%w/v) equivalent/ml) equivalent/ml) equivalent/ml) equivalent/ml)
1 58 15 1.00 0.0376+0.0002 0.1402+0.0008 0.7662+0.0050 0.1898+0.0006
2 58 15 3.00 0.0836+0.0003 0.3692+0.0008 1.8153+0.0099 0.4841+0.0021
3 58 45 1.00 0.0405+0.0004 0.1360+0.0019 0.7947+0.0050 0.1891+0.0008
4 58 45 3.00 0.0856+0.0005 0.3713+0.0015 1.8725+0.0050 0.5019+0.0011
5 82 15 1.00 0.0438+0.0003 0.1500+0.0025 0.9720+0.0131 0.2225+0.0011
6 82 15 3.00 0.1005+0.0004 0.4269+0.0023 2.0612+0.0050 0.5613+0.0011
7 82 45 1.00 0.0477+0.0006 0.1537+0.0014 0.9491+0.0099 0.2420+0.0011
8 82 45 3.00 0.0957+0.0007 0.4327+0.0011 2.0383+0.0099 0.5725+0.0008
9 50 30 2.00 0.0676+0.0009 0.2817+0.0011 1.4065+0.0227 0.4073+0.0010
10 90 30 2.00 0.0803+0.0005 0.3598+0.0008 1.6495+0.0050 0.4867+0.0019
11 70 5 2.00 0.0750+0.0008 0.2741+0.0008 1.5152+0.0099 0.4172+0.0015
12 70 55 2.00 0.0747+0.0003 0.2770+0.0012 1.4723+0.0050 0.4486+0.0006
13 70 30 0.32 0.0139+0.0008 0.0602+0.0006 0.2487+0.0086 0.1040+0.0020
14 70 30 3.68 0.1251+0.0004 0.5105+0.0008 2.6272+0.0050 0.7352+0.0008
15 70 30 2.00 0.0814+0.0011 0.3102+0.0008 1.4780+0.00216 0.4444+0.0003
16 70 30 2.00 0.0809+0.0006 0.3082+0.0010 1.4637+0.0050 0.4512+0.0008
17 70 30 2.00 0.0824+0.0004 0.3126+0.0006 1.4866+0.0099 0.4532+0.0003
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99159971 22 uansUinafuednsiavan (TPC) Warlaussdvianun (TFOwTUTuRaa
(TSO) wagtBnaninaiidvesansadniniyatusiaefannedldlunisade Ao gumgdifldlunis
afin (X)) oglutae 50-90 °C nanildlunisafin (X)) eglutag 5-55unft wazUSinayadusilily
msafn (Xs) eglutg 0.32-3.68 %wimuiluasaaimilgyatusiviinamsiuedniamneg
11%190.0139-0.125 mg Gallic acid equivalent/ml mszbuaasﬁﬁ"wmagjiwdwo.%oz-o.s105
mg Rutin equivaLent/ml%ﬂﬂﬁuﬁgﬂwmmaEﬂuﬂhﬂ02672-2.6272mg Gypenoside equivalent/ml
LLﬁ%U%N’]ﬂJﬁ’]W]ﬁ%@’J%@@jlusd’;ﬂ 0.1040 — 0.7352 mg Glucose equivalent/ ml LLazLﬁ'aﬁﬁaaﬂamaa
Aflupdnienuanaluesdianungluduiamuauaziinaiieg linsizsinisannosiiion
wuudiaesfiafianselusunsudnsagy Design-Expert 7 Aduuszavsvesdindslunuuiiasauazen
Correlation of determination(R’) #ilsuanssamsneil 23

i a ¢ o a £ ! 2 a a a o
A15197 23 NATDINITIATIZNNTAN0DY AFUUTEEND wavA R vosUSunailuednisuun (TPC)
Waluseansnun (TFC) gnludunsnun (TSC) waziimasnadiuinvdaatusiiion

NTaAAIUANIZANY
TPC TFC TSC Reducing sugar
Parameters (mg Gallic acid (mg Rutin (mg Gypenoside (mg Glucose
equivalent/ml)  equivalent/ml) equivalent/ml) equivalent/ml)
Model <0.0001* <0.0001* <0.0001* <0.0001*
Intercept -0.0115708 -0.0685478 -0.2704996 -0.108216
Temperature (X,) 3.7918x10" 4.5214x10"* 7.2348x10 % 2.2488x10 **
Time (X,) 1.69085x10” 3.9403x10° 1.5866x10" 4.927x10"
Sample (X,) 0.0280339* 0.1148735* 0.6083783* 0.1712703*
Temperature * Time 6
- 8.06645x10 - -
(X1 Xy)
Temperature * Sample ) 9 5453x10° ) )
(X1 X3)
Time * Sample (X, X5) - 6.9141x10" - -
Temperature’(X,") - 6.43651x10° - -
Time’(X,) . 7.63948x10 % - .
Sample’(X;) - -0.013391%* - -
R2 0.9308 0.9938 0.9748 0.9438

*Jadpfiinasionmovaussfidwinlanniuunaassegsdiddfymeadifnszauanudotu 99% (p<0.01)

)

“Jadofifinaronmevaussfimunaliannuuunaassessivedfyisaianseauaudedu 95% (p<0.05)

(%

PNHAMTIATIRNTARNBENUIRUUTIRRweIUTINMuaANTIvANAa L uRBATIANLA
a o s Aa AU o o aad o 4 @ a 2 0w
YlUTunmin wagt1nasaag dduddgneadianseaunnueeiu 99% uagilan R wiriu 0.9308,
0.9938, 0.9748 uaz 09438 awawu uandliiuiuudaewiuadiaNumnzaudmsuld
gsungANNdNTuSTetIan gaunnll wasUSunadyatusiililunisadasenisiudeunyasweusunm
ansaneganalaluiig
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SUN 10 urun winuianevauewesgamiinasUTinulayatusililunisadasousua
asiueaniavua (TPC) Wamwuabiianiglunisanawindu 30 wi (X, = 30 w1#)

MNLUUaewesasUszneuiiuedniamuanuivsinadunildlunsataiinaseusuna
Wuaéﬂﬁwuﬂuﬁwmﬁaﬁmlé’asi'mﬁﬁfsﬁwﬁ’zgmqaaaﬁszﬁummLﬁ?iaﬁu 99% WAYANNUNUAINALRT
povauosansisU 10 nudndleUimaluniflilumsatadiuinntulmaituedniameluiie
Runtu

JUT 11 ununminuianeuaueweasgmniinasUsunadyatusililunisaiaseysuu
a1snalaueeanavue (TFOWaMAUA LA ALTLUNTAAMNNNAY 30 W7 (Xo= 30 U19)
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5UN 12 ununniiuianevauesveamiivaziamldlunsaiareUunaasaliuesanvun
(TFOwamvualwUsunallusleadusnlalunsanaindu 2 %w/v Uil (Xs = 2%w/AY)

a

NLULTIAresUTIaa Il ueeaiananuIgungll 1an wazUsunalumaldlunis

Y
v a

v A ' 2 (3 :JI 901 Qll v ¥ 1 a o o qd‘ LY d‘l o
anafinaneUsununaliuesanaualulivNanalaedslitsd1Ayn1e@dfinssAuAUT Y 99%

o

WAz 95% UATANUHUAMNURIRBUALDNAAWIFUNLT nudnlleaumgiuasusunalunnldluns

9 Y
al

ANANLINTUUS U U A U gATINUALULNYIANINTY kazNTUN12WU1NsEesaNlglunis

'
a

affluzng 5wt udls 30w Vinamahusedluthwifiadalfandutudenarilélumsanin
uniduusidnaililunsatauiuni 30 wiimuiuiinaratluesdfegluniimaranas

Mnuuuaestasluiutunuas Usinamimaing wuigumgd uazUiuadumild
TunsafniinasoUsinaeluiuimunuasimasmdluhniasaldogedifed fymeainissu
Arandiosiu 99% uay 95% uazanuAUNMNURIRDUALBARIRITUR 13 uargUiia wudndle
pumgiuazUiinalunilflunsadadfiuuntutiinuelviuiounuasiimadtdluteis
USInasnnty

&



JUN13 ununmivurineuauevesguuniiuazUsinadyatusilelunsainseusunm
asludunavun (TSC) Wanmuualiianilslunisanmiaiu 30 wdi (X, = 30 W)

JUN14 ununmiurinevauaswetgumaiiuasUsinalyatusildlunisainse
USunauimasmddlomuuabiiainiglunisanawindu 30 Wil (X, = 30 u1il)
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A1999 24 WaveInNEINsalunsataian1IzaegeUsUMaEN S URANYTIINA (TPC)
Walueeaisvun (TFC) sludunisnun (TSC) uaziiaasagluinvdeyatus

X, X, X, TPC TFC TSC Reducing sugar
Run ) (mg Gallic acid (mg Rutin (mg Gypenoside (mg Glucose
Temp. Time Sample ) . ) )
no. ) equivalent/g dry equivalent/g dry  equivalent/g dry  equivalent/g dry
Q) (min) (%w/v)
sample) sample) sample) sample)

1 58 15 1.00 4.051+0.024 15.100+0.091 82.496+0.533 20.437+0.069
2 58 15 3.00 3.002+0.009 13.262+0.030 65.201+£0.356 17.387+0.075
3 58 a5 1.00 4.359+0.038 14.639+0.209 85.549+0.533 20.351+0.091
4 58 45 3.00 3.074+0.019 13.338+0.053 67.270+£0.178 18.032+0.041
5 82 15 1.00 4.725+0.028 16.167+0.273 104.753+1.412 23.981+0.119
6 82 15 3.00 3.612+0.015 15.341+0.083 74.061+0.178 20.168+0.041
7 82 a5 1.00 5.140+0.064 16.549+0.150 102.197+1.066 26.058+0.124
8 82 45 3.00 3.437+0.023 15.542+0.040 73.222+£0.356 20.567+0.030
9 50 30 2.00 3.644+0.049 15.180+0.060 75.804+1.223 21.949+0.052
10 90 30 2.00 4.328+0.028 19.392+0.045 88.895+0.267 26.227+0.103
11 70 5 2.00 4.042+0.046 14.774+0.046 81.666+0.534 22.486+0.079
12 70 55 2.00 4.027+0.019 14.932+0.062 79.351+£0.267 24.179+0.030
13 70 30 0.32 4.652+0.260 20.223+0.215 83.528+2.880 34.911+0.668
14 70 30 3.68 3.663+0.011 14.952+0.025 76.951+0.145 21.534+0.025
15 70 30 2.00 4.387+0.057 16.719+0.046 79.651+1.163 23.949+0.017
16 70 30 2.00 4.358+0.033 16.611+0.052 78.889+0.267 24.318+0.045
17 70 30 2.00 4.442+0.021 16.847+0.030 80.110+0.534 24.423+0.017

1NA15197 24 wansiinuaansaluntsataasiuednanun (TPOWalIweed Ve
(TFOmUAwtanua (TSC) uasUsinauhmadmdvesansatmindyatudidioldaneilélunsarin
daffunuirfiangnisataiildlunisdnuianuansalunisadaasiiuednianunoglugag
3.002- 5.140 mg Gallic acid equivalent/g dry sampleam/\Imhuaaﬁﬁy’wmagﬂmm 0.0602 -
0.5105 mg Rutin 65.201-102.197mg
Gypenoside equivalent/dry sampl eLLa“U'%mmﬁjﬂma'%aﬁsﬁaEﬂ,u‘ti’m 17.387- 34.911 mg Glucose
equlvalent/g dry sampleLLa”LJJauwauamaamﬂuaaﬂmwmwaﬂauaaﬂmwm%ﬂﬂuumwmLLa‘v
danasiag ami’]mmimmamwamLLUUmaaammammaiﬂmmmmLsamj Design-Expert 7 @1
dusvansvesiuuslunuusiasauazen R filduanssansned 25

equivalent/g dry sampte%ﬂﬂﬁuﬁgwmagﬂmhﬂ
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a a ¢ @ a £ | 2 )
A15199 25 NAYBINISIATIZINITANNDE ANGUUTEAND wave R U89AuaIuNsatunsannans
Pusdnaun (TPC) Waliuseanavan (TFC) el URURaMue (TSC) kazinn1asanag
TuihvJeadusnanaladiorinisaialuaniizfige

TPC TFC TSC Reducing sugar
(mg Gallic acid (mg Rutin (mg Gypenoside (mg Glucose
Parameters
equivalent/g dry equivalent/g dry  equivalent/g dry  equivalent/g dry
sample) sample) sample) sample)
Model <0.0001* 0.0139** 0.0005* 0.0150**
Intercept 3.43048 11.67016 64.54125 18.24117
Temperature (X;) 0.021935*% 0.087793** 0.46436% 0.13339
Time (X,) 2.92381x10° 2.27699x10° -0.010488 0.028799
Sample (X5) -0.49909* -1.01356* -7.78973% -2.12238*
Temperature * Time (X,
X,) _ ) _ _
Temperature * Sample
(X, X5) ) ' ' '
Time * Sample (X, X5) - - - -
Temperaturez(Xlz) - - ) )
Timez(Xzz) - - - -
Samptez(x32) - - - -
R’ 0.7976 0.5462 0.7326 0.5408

*Jadufiinasonmovaussfidnwinlanniuunaassegsdidvdfymeadffnssauanudionu 99% (p<0.01)
o Ao P o % | AW o W aad 9 A o
{Jagpfilinaronnouauasimwinlinnuuunaesegiituddgymeadanszauanudedu 95% (p<0.05)

NNANITIATIZRNNSARABENUILUUS a8 wesUSInaiuaaniiovun anTaussdsaungn
TWiwionn wasienasand fideddumeadinsssuanandeostu 99, 95, 99 uay 95% muddull
AR WU 0.7976, 0.5462, 0.7326 Way 0.5408 MuaRy wansliiuiuuusiasswesfiuedn
MuALarLUUS aewewUdutimuaiiaumnsdauweau i sTieglddmiuesunennuduius
yosnan gyl warUiinailyadusililunsadasemnuaansalunisatnansiluednuazeluiy
fafalglutie drunuusiasswemaliusssianuatariinasnagllaunsadianldesuels
lesandian Rosnunn

MNuUUAesestusdniiaunuazeluduimun wuihgamgiuasUimalutlyatuiiing
GiaU'%mmmﬁaﬁmﬁléfLLazmﬂLLmumWﬁuﬁmauauaaLLamﬁ’quﬁ'15LLa316wui%ﬁaqmmﬁlﬂuqﬁu
awanansalunsatnansituednstmuauazeluduiaeiiunniuluwaefinsinusinalunily

TunrsadaundFuvinlrauanusalunisadinansnianianad



JUN15 ununwinudneuaueveguniinazUSunadyatusilylunsaiaseniuainsaly

Y 9

nsanaasiuednyanun (TPC) Wemuualiailslunsaiminiu 30 wii (X,=30 u1il)

JUN16 urunmiuiineuausswesgumgiuasUsuinalayadusnldlunisatadeauansaly
Asanaa1se lULLRaNe (TSOulanmualmianlglunisadamndu 30 w9 (X,=30 1)
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3.2 navasgauuiiszezaauasusinalunildlunisaiaseadnuaansaluniseangns
NI9YINNW

A519fl 26 maéuaqamaviumsaﬂmmammmmsﬂ’tumiaaﬂzm% fAueyadasy DPPH(DPPH)
AnuanTalun1sIRdiniein (FRAPew I Tnyadus

X, X, X, DPPH
Run FRAP
Temp. Time Sample (mg Trolox )
no. ) . (mg Trolox equivalent/ml)
O (min) (%w/v) equivalent/ml)
1 58 15 1.00 0.0371+0.0003 0.0620+0.0009
2 58 15 3.00 0.0973+0.0007 0.1626+0.0001
3 58 45 1.00 0.0393+0.0005 0.0630+0.0005
a4 58 45 3.00 0.0973+0.0003 0.1695+0.0008
5 82 15 1.00 0.0462+0.0001 0.0672+0.0001
6 82 15 3.00 0.1063+0.0002 0.1990+0.0003
7 82 45 1.00 0.0460+0.0003 0.0637+0.0006
8 82 45 3.00 0.1036+0.0001 0.1822+0.0011
9 50 30 2.00 0.0838+0.0001 0.1333+0.0003
10 90 30 2.00 0.0941+0.0004 0.1692+0.0005
11 70 5 2.00 0.0889+0.0002 0.1258+0.0009
12 70 55 2.00 0.0882+0.0002 0.1253+0.0003
13 70 30 0.32 0.0166+0.0003 0.0198+0.0003
14 70 30 3.68 0.1003+0.0003 0.2276+0.0003
15 70 30 2.00 0.0799+0.0001 0.1262+0.0003
16 70 30 2.00 0.0780+0.0003 0.1252+0.0001
17 70 30 2.00 0.0798+0.0001 0.1268+0.0002

9119157971 26 WanIALANNITAIUANTAUEYLADPPH LagauaunsalunsImdinedn
vasasarniyatusansatinifilaen DPPHagluae 0.0166-0.163mg Trolox equivalent/ml.
wazlAauaunsalunsindine3neglur190.0198-0.2276 mg Trolox equivalent/miuaziiloi
Adeyauiinneinisanneeiiiemuuusiaesinfianselusunsuduiagy Design-Expert 7 uayen
FuszAvSvasiudsTunuudaosazea R filduansdaned 27

IINNANITIATIFNINITAAADENUTILUUTIADIVDIANUAUNUTTENINegaunQil a0 uag
Usnalunildlunsadasequslunsiueyyadasy DPPH  wazqvdlunisimduiedn flfuddry
msaRRnsERUAMIEoIY 99% wazdid1 BT A 0.9809 war  0.9609 auddunandliiiuin
wuSaentaesdaumnzausnfiagldosueanuduiusvesadeilldlunsatasonuauise
TunseengrisnisTaningeisvaes

mﬂLw‘umaaqwmmimmmaﬂumﬂmsuuﬁmmamaqwﬁiumimuauuaaaiw DPPH asm:u
Hoddyyeadafsziuaindetiu 99% warainuiunmilufanouauesiinandlugud 17 ‘W‘U’J’lLll’e]
Usnaluniildlunisadafivged ufinavinlignilunisduoyyadass DPPH Liiugatu a1n
wuustaevesnnslumsimdimeInnuiviunaluruazgungiiflilunisafainadeqndlunsg
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750U 99 WAL 95% MIUANNULATIINLRNUNINNUR?
wazUSunaluldlunsadnifivasduiinavilignsly

SAdvesivanalnegelitudAgynieed
novaUpILandluFUN 18 wuluilegmmy
NNSTANEINLINETY

g
i

= a ¢ @ a £ ] 2 Ly
A13197 27 NAYDINITIATIZVINTTOANDY ANFUUTEANS UazAn R Aduanansalunisesngnsmu
auyadase DPPHIDPPH) anuannsatunssaidmesn (FRAP) ety Uayadusi

ANALUANIIZA)

Parameters DPPH FRAP
(mg Trolox equivalent/ml) (mg Trolox equivalent/ml)

Model <0.0001* <0.0001*
Intercept 0.0273423 -0.0393411
Temperature (X,) -1.3813x10° -7.065x10-4**
Time (X,) -1.4152x10" 6.5077x10"
Sample (X5) 0.0650632*% 0.0591054*
Temperature * Time (X, X,) 3.50743x10° -
Temperature * Sample (X; X5) 7.10965x10° -
Time * Sample (X, X5) 3.98141x10° -
Temperaturez(Xlz) 1.28407x10° -
Time (X, 7.61745x10° .
Sample’(X,) -8.9432x10 "% -
R’ 0.9809 0.9609

o

*JadeniinareAnevaussiidmwialaanuuunnasedaiiteddmnisaninssAunnudioiu 99% (p<0.01)
»{Jadufiinadormevaussinualianuuunaassegsitedfysaianssauaudedu 95% (p<0.05)

JUN 17 ununwinuiianevaueswegamiuarysinadyatusililunisadasegnslunisdueuya
daszillovnaaunieds DPPH Wanmuualiaiilslunisanaiiu 30 widi (X, = 30 W)



5UN18 wnunmiurineuausvesuuniiuazUSunadyatusilylunsaiasegnsly
A53Mgwesn Wemuua e nlglunisanamnnu 30 Ui (X, = 30 w19)
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M13197 28 WAYRIANNANNIAlUNMTATATIAN g FiaANANNTaluNTRENa NTATUDUYADATY
DPPH(DPPH) Aasanansalun1ssmadinesn (FRAP) vosuwUeyadus

fun X, X, X, DPPH FRAP
Temp. Time Sample (mg Trolox equivalent/g  (mg Trolox equivalent/g dry
ne: (°C) (min) (%w/v) dry matter) matter)
1 58 15 1.00 3.7064+0.0313 6.6726+0.0989
2 58 15 3.00 3.2444+0.0246 5.8392+0.0047
3 58 45 1.00 3.9240+0.0515 6.7767+0.0489
4 58 45 3.00 3.2411+0.0104 6.0910+0.0294
5 82 15 1.00 4.6221+0.0118 7.2420+0.0141
6 82 15 3.00 3.5369+0.0079 7.1509+0.0125
7 82 a5 1.00 4.6003+0.0313 6.8603+0.0616
8 82 a5 3.00 3.4512+0.0039 6.5451+0.0403
9 50 30 2.00 4.1878+0.0059 7.1818+0.0141
10 90 30 2.00 4.7000+0.0177 9.1167+0.0255
11 70 5 2.00 4.4417+0.0118 6.7824+0.0495
12 70 55 2.00 4.4092+0.0118 6.7535+0.0187
13 70 30 0.32 5.1696+0.0974 6.6659+0.1166
14 70 30 3.68 2.7263+0.0085 6.6657+0.0077
15 70 30 2.00 3.9921+0.0059 6.8018+0.0187
16 70 30 2.00 3.9002+0.0156 6.7453+0.0071
17 70 30 2.00 3.9889+0.0059 6.8341+0.0122
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91NAN9197 28 uaARIALANTAlUNTFLBYLADPPH uazAMaInsalunsIAdie3n
vesansatminlayatusansataiiilaen DPPHagluIe 5.1696-2.7263mg Trolox equivalent/ml.
wazdlAianuanunsalumsimdinesn eglutaa5.8392-7.1509mg Trolox equivalent/mluaziilai
Adeyauiineinisanaeeiiiemuuudiaesinfignsmelusunsuduiasy Design-Expert 7 Lagen
Asrdvdvestuusluuudassiazan R ilduansdamsnd 29
13197 29 HAYBINTIATIZVNITONN0Y ANdNUsEAVS LAz R’ veanuaansalunsariag
am’gwms]siammmmaaiuﬂWiaaﬂqw%‘ﬁwua%aﬁaiz DPPH(DPPH) wag

s

nsImdmesn (FRAP) vasinuUeyatus

Parameters DPPH FRAP
(mg Trolox equivalent/g dry (mg Trolox equivalent/g dry

matter) matter)
Model 0.0004* 0.00856
Intercept 3.81121 15.19258
Temperature (X;) 0.018125** -0.30474**
Time (X,) 2.57633x10" 0.10142
Sample (X5) -0.54848* -0.23227
Temperature * Time (X; X,) - -9.32874x10"
Temperature * Sample (X; X5) - 0.011591
Time * Sample (X, X,) - 6.36222x10"
Temperature’(X,) - 2.45882x10 **
Time“(X,) - -6.36486x10 "
Sample’(X,) - -0.17529
R’ 0.7429 0.7899

*JadeniinareanevaussiiduialaanuuunnassegadideddgmnisadinssAunnudioiu 99% (p<0.01)
»{Jadpifinasionnauaussiirmualdanuuuveasiegwituddgmeadinssaunudesiu 95% (p<0.05)

INNANITIATIENNITAANDENUTIUUIIADIVBIANNFURUSTEndNaumadl a0 uae
Unalunildlumsadaiifsonuannsolunsainasidqnslunsdueyyadasy DPPH  way
aruannsalunsimduesn Iddmsadnfiseiuanudeiu 99% wavilen R® winfu 0.7429
way 07899 mudduuandliifuiuuudassisaesdiamnumingauneanaisiiaylfesung
anuduitusvestadeildlunsatasenuannsalunisesngnimedinmeaeiiiaes

MNuvUSaeIveInNansalun s ueyyadas DPPH uandlvitiuingumgiifldlunis
afanazUBnalulyatusiliatninasemnuaansolunisatnasifonslunsiueyyadassues
arsatminfilduagannuaunwiiuinnouauesuandusuil19gamginldlunsatnuiiugatuyinly
auannsalunsataansiugaduiinarinliquilunisiuoyyadassifiugetu lurmeiinisdia
Unaluniildlunsataunntuiinariliauannsalunisatnantesasdsdmanegnslunisdu
oyyadaszanaudeiisuiiisugridesegisluniililunsadaminiu

Tuvazfiuvudassvesnrmaunsalunssmdmeinnuingumgiinaieruanusalunis

Y

1%
T~ a

) a £ aa & a Y ay v d'
ﬁﬂ@ﬁ’]ﬁmmﬂmﬁIUﬂqiiﬂﬁsﬁLwaiﬂm@ﬂaqiﬁﬂ@uqﬁﬂw‘lﬂ "U']ﬂLLNUﬂ’]WWUN'ﬂ@@‘Uau@ﬂLLaWQIUE‘UWZO
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gauniintdlunisaiaiinaaduain 50 - 80 °C Wegamiintdlunisanaiuasdugmalunisiaag
weasnnauanausinIsiiugamiinsanalvigenii 80 °C wudnsiiugamiivinlignanisseag
wla3nLiiugety

UM 19 ununminuianevaueeasguniiuarUsunaluvtyatusililunsadadeninuaunsaly
nsaianildegnsnisiueyyadasy DPPH Warmvuanamlslunisataviiiu 30 Wil (X,=30 uii)

UM 20 urunnituianeuauaswesgamiuazUsinallunlgatusililumsaiasdeninuaiunsaly
nsaianiinegnsn1ssAdveainileivuaanldiiattunisadamingu 30 ufl (X,=30 uii)
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3.3 anngiivanzauvasnisanalusndeyatus

anmrlunsataluniifienumunzauaisanduanisiiannsoatnasiluedniomn
wanluossionun erluduimun wazihneiidldlulinuigs uasasadaiildaastiondluns
fuoyyadasy DPPH  wazguslunisimidinlednlddde waguenanlduimnmansatniigaud
Usvansnmaeanisannanslieanunannlumidifuieuiu Saanmsiimunyandmiunisadaly
yigyatus Ao adafonmgil 90 °C arlunsadn 25 Wit wazUSunalunildlunisadnde
3%wAlnefidnzfananen Desirability wihiu 0.711 wasAfinnapzildannisadaluanziie
Uunasansdnfyiidussddsznouluthwiussnoudae fuednieanun 01072 me  Gallic  acid
equivalent/ml Walauessianun 0.4761 mg Rutin equivalent/ml w1lUfluieun 2.2040 mg
Gypenoside equivalent/ml dhmasaadianun 0.6208 mg Glucose equivalent/mtqwéiumiﬁ’lu
auyadasy DPPH 0.1102 mg Trolox equivalent/ml LLﬁzQ%éIWﬁ%ﬁ';%LW@%ﬂ 0.2001 mg Trolox
equivalent/ml wazanuaansalunsadaanseenanluniyatusie fiuednimun 3.9782 me
Gallic acid equivalent/mg dry sample glUduievan 82.6784 mg Gypenoside equivalent/mg
dry sample qw%ﬁumséﬁua%a@aiz DPPH3.8015 mg Trolox equivalent/g dry sample LLazqwé
Tun53fgie3n 8.5312 mg Trolox equivalent/g dry sample

4. AnwmavasyiianazUsurnvasdrunaunltlunisusaudssanid niidanisiasuulas
= 2 a la‘ IS
asAUsznauMaAll Ysuueluiiy aduaunsalun1seangnsnietanw

4.1 WavaINIATAIN 5ﬂt°?iauw§n1ma wazihiseUSmnaewdsiinzansldluiuazen
pHluASasRu v Teyatus

Usinamewdsiiavansldluin waven pH luihwdayadusfiinsiunsadngn ﬁ’lL%@NW?ﬂ
Tnauazinie anududuildae anududurensndnia (X,) 0.02-0.30 (%w/A) Auudures
ﬁ"jw?fauw?ﬂim (X,) 0-3 (%w/v) LaANId T uYeItIng (Xs) 0-10  (%wA)uanslunisnsit 308
Uhinumnududuresmsuaudavanildinmnmsfinuduiu fadutasemududuiifuiiaagsl
nseensu Tasthanigadusitlifnnfunsndesn dideunsninawasinie nouuasvdimsmaiaes
Isddufivinamewdaitaranglaludvintu 0.4 °Brix wazdldn pH whity 6.31 wazdlotnindaye
Fusuufunsn@nin dudeuninauasindsludadiuiequaziiludiunsaneslsd fusun
vosudeiazaneihlfifinduoglutng 1.80-9.00 uazfien pH anaseglurag 3.50-5.61 wagiilorien
Umnavosndefiazareldlutuazar pH undinsissinisannesifioniuuusians Tngldlusunsy
411593V Design-expert 7Arduyszansvosiauuslunuudiass uazen Correlation of
determination (R) uansdsn13 3l 3191nRansliasiginisaanosnuitansUsuseianindnin
indousning uazihilalnadeusinuresudsiiavansildesnafitdfgymieada WouTuimans
Usussiinadluluafesiufimnntuinavhliumnamewdeiosans il nifiugatuduanslugy
7121 uaz22 IusummeSUaa,JWSﬂImaLLavuwwmuaﬂﬂlmmamammﬂawu:dawaam pH Hamiz
Uinunsedeinviiuifnasemaiasuulanesdngn Tnedlodiunsndnsnuntue pH ves
ireshuAmauandusun 23
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ydayadus
X, X, X, TSS pH
Run
Citricacid Fructosesyrup Honey (°Brix)
ne: (%w/v) (%w/v) (Yow/v)
1 0.08 0.60 2.00 2.80 4.55
2 0.08 0.60 8.00 4.80 4.55
3 0.08 2.40 2.00 4.00 4.55
4 0.08 2.40 8.00 8.00 4.45
5 0.24 0.60 2.00 3.60 3.89
6 0.24 0.60 8.00 9.00 3.83
7 0.24 2.40 2.00 4.00 3.84
8 0.24 2.40 8.00 8.00 3.88
9 0.02 1.50 5.00 5.20 5.61
10 0.30 1.50 5.00 5.40 3.50
11 0.16 0.00 5.00 4.40 4.00
12 0.16 3.00 5.00 6.00 4.15
13 0.16 1.50 0.00 1.80 4.16
14 0.16 1.50 10.00 8.60 4.16
15 0.16 1.50 5.00 5.40 4.23
16 0.16 1.50 5.00 5.20 4.23
17 0.16 1.50 5.00 5.20 4.20

o a 4 Y a £ 1 2 a 2 o H
A157197 31 NAVBINTTIATITINITONDBE AENUSEEANT Laval R vosuSunaweswdaiazanelaluu

wazAl pH lupsosnustdyatus

Parameters TSS (°Brix) pH
Model <0.0001* <0.0001*
Intercept 0.078648 5.11813
Citric acid (X,) 8.90118** -5.62168%
Fructose syrup (X,) 1.78005% 0.012295
Honey (X,) 0.33238* 2.95082x10°
Citric acid * Fructose syrup (X; X,) -8.68056* -
Citric acid * Honey(X, X5) 1.77083 -
Fructose syrup * Honey(X, X5) 0.027778 -
Citric acidZ(Xlz) B )
Fructose syrup2 (Xzz) - -
Honey2 (X32) -

R’ 0.9544 0.8381

*Japfiinasiormovaussfidwinlanniuunaassegsdiddfymeadifnszauanudoiu 99% (p<0.01)

»Jadeffinardonmovaussiimunlianuuunaasseeisivedfgmiea

aad
aANT

)

wiupdesiu 95% (p<0.05)
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JUN 21 WHuNMURIneUANDIvRINIndnsnkazU e ninaiifluesosmui Uyadusse
USunaeswdeiiaganelaluti (Total Soluble Solid, TSS) AisgAumutuduroiing
(X5=5%W/V)

JUT 22 wnunwiluRaneuauevense@asnuaziisiidinluasesnundyadusdousunnue i
Mazanglaluti (Total Soluble Solid, TSS) AsgAUANMILTNTUYBIUNTOUNNLAE (X=1.5%wW/V)
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JUN 23 WHuNIMURIneUANBIvRINIATn3NkasURsinlunIasRN Uy atusser pH Nsyau

Ysuuanluiiy
M13199 32 KaveINSIaNTU T UTINaTIueANIMLA (TPC) Waliusys

ANUUTUYRIURNNINIAE (Xo=1.5%wW/V)

4.20av29n303030 Winlaalesu uazunisriauTunauesAusznauniaaiiuag

glUtunsnue (TSO) TuaTashuyteyatus

(%
Y

anun (TFC) Lay

fun X, X, Xs TPC TFC TSC
Citricacid Fructosesyrup Honey (mg Gallic acid (mg Rutin (mg Gypenoside
ne (Yow/v) (Yow/v) (Y%wW/v) equivalent/ml) equivalent/ml) equivalent/ml)
1 0.08 0.60 2.00 0.1145+0.0006 0.3190+0.0015 1.8316+0.0059
2 0.08 0.60 8.00 0.1393+0.0004 0.1733+0.0024 2.8358+0.0162
3 0.08 2.40 2.00 0.1164+0.0006 0.2217+0.0010 2.4402+0.5916
a 0.08 2.40 8.00 0.1448+0.0004 0.2124+0.0012 3.4587+0.0165
5 0.24 0.60 2.00 0.1058+0.0008 0.1910+0.0010 1.7887+0.0157
6 0.24 0.60 8.00 0.1496+0.0003 0.2114+0.0003 3.1321+0.0227
7 0.24 2.40 2.00 0.1114+0.0006 0.1921+0.0012 2.0304+0.0207
8 0.24 2.40 8.00 0.1611+0.0004 0.2057+0.0018 3.0963+0.0330
9 0.02 1.50 5.00 0.1392+0.0009 0.2231+0.0010 2.3515+0.0320
10 0.30 1.50 5.00 0.1410+0.0006 0.1856+0.0012 2.1350+0.0368
11 0.16 0.00 5.00 0.1346+0.0010 0.1948+0.0011 2.1134+0.0362
12 0.16 3.00 5.00 0.1472+0.0005 0.1982+0.0009 2.0479+0.6464
13 0.16 1.50 0.00 0.1129+0.0006 0.3123+0.0008 1.6744+0.0311
14 0.16 1.50 10.00 0.1635+0.0009 0.2126+0.0007 4.4778+0.0380
15 0.16 1.50 5.00 0.1433+0.0003 0.1984+0.0003 3.7277+0.0218
16 0.16 1.50 5.00 0.1428+0.0009 0.1989+0.0009 3.7381+0.0218
17 0.16 1.50 5.00 0.1145+0.0011 0.1993+0.0011 3.7200+0.0.0061
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Usinaansilueanianun wanlausssdanun wavenluduioun Tuedesiuydyatudis
nafunsndain dideugnlnauazis audaduilide anududurensadnin(x,) 0.02-0.30
(%wW/v) mmvffu%’ummﬁwﬁauﬂgﬂm (X,) 0-3 (%w/v) WazAnuddurosiining (Xs) 0-10 (%w/v)
wanslumsnedi 5.26lasthandgadusilidninfunsadein dudeusnlnawaziiibs uazlalldin
nsmawesdlsd TuiiuSinaesiueaniun 0.1037me Gallic acid equivalent/ml wdsarntith
yilyadusitladfinngfiy wsunismaneslsd Ysunaansiiuedndsunlaudntiosde 0.1070 me
Gallic acid equivalent/ml LLE]”L;JE]U’]U’]‘U’]ﬂEU?]%UﬁN’]L@Nﬂ’iﬂ""&i@]’iﬂ mwam\hﬂimaua sty
dndrudnsquazinluniunisnianesled uﬂimmmimaaﬂmwmquawu 98581314 0.1058-
0.1635 mg Gallic acid equivalent /mlUSinastalaussdievun 1umamauwﬂuﬂmwﬁﬂm
nadunsndesn dndeusnlnauazinils uaglildiunsmaneslsd fuuamaluesdiomn
Winfu 0.4033me Rutin equivalent/ml duluthundeyadusitlifinisiin uiunmiunismaiaes
IsdduiliSuaaslalaueusvviunanaunde 0.3864me Rutine quivalent/mldutianieys
Fusifnadunsadesin hideurlsnlnauasiddudadusiequaziludumsmaneslsd fuua
asrtalauessimun a@mé‘ﬂ?{iqﬁ@hagizij 0.1733-0.3190 mg Rutin equivalent/ml

Ui Tuuionue Tuedesiumniyadusillidniniunndssn dideursnlnawaziiia
warldlatiunismaneslsd winiul.2002 mg Gypenoside equivalent/ml udsaInynAsoshy
ydgyatusildiinisiiia swunsmaeeslsd fanfindwdu 12307 mg  Gypenoside
equivalent/ml wazidesnurdgyatusifinisiunsadnsn 13’7L%EJJJW‘;?]IG]EILLaz‘jﬁﬁﬂuﬁﬂﬁ’Jumﬂ6]
waziliunsaeeslsdivinaeludutmuaduduiidegszuing 1.6744-4.4778  mg
Genpenoside/ml waziiiotha3unaansituedntanun waliusesiioun wass Ui 1
Annzinisanaseifiomuuuiiass Inglilusunsudniagy Design-expert  7AnduUszavdvosd
wUshuuuudnans uage Correlation of determination (R') fiuanadisnnsnadi 33

PNNANITIATIANISERRDENUI WUUTIaesilddmSueduieanuduiusvesaududy
voensndesn dideunsnlnauasinderifininfuluedesivndgadusdeusinuasituodniiomn
Walauesdsiaun waseluduiome fdeddymisadafissduanudesu 99, 95 uaz 99%
mudeU wazilen R vesUsinaansiluednionun Usinaanswanlausessonn uavUSinamiviy
Wy Wiy 0.8416, 0.8528 Waz 0.9573 Auay wanslifiuiuuusaenieuiinanddunisg
7l 33 anunsahaniteiueanuduiudvesiauasUTinumsUsudsiidounamsituedn wala
uedun waveiUiuimualfiduegreiiiornid R GN
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tdl a 3 1 U a 12( 1 2 = = a gj
f13199 33 NATDINNFAUATILNNNTONNDE ANFNUTLENT WazA1 R™ vasUdstnaiusanyesvua (TPC)
Walueeansnua (TFC) wazaludunsmun (TSC) luniashumdgatus

TPC TFC TSC
Parameters (mg Gallic acid (mg Rutin (mg Gypenoside
equivalent/ml) equivalent/ml) equivalent/ml)

Model <0.0001* 0.0299** 0.0005*
Intercept 0.099670 0.46916 -1.70684
Citric acid (X;) 0.014173 -0.82603 23.59461
Fructose syrup (X,) 3.73231x10° -0.040493 2.51573
Honey (X,) 5.68315 xlO-B* -0.055492** 0.43006*
Citric acid * Fructose syrup (X; X,) - 0.092885 -1.78057
Citric acid * Honey(X; X,) - 0.098458** 0.020142
Fructose syrup * Honey(X, X5) - 5.99205 x10°~ -0.012184
Citric addz(xf) - 0.077147 -71.01652*
Fructose syrup. (X,) - -3.00404 x10° -0.68701*
Honef X)) ) 236854 x10 % -0.022013**
R’ 0.8416 0.8528 0.9573

*JadeniinareanevaussiiduialaanuuunnastegadideddgmnisadinssAunnudioiu 99% (p<0.01)
»{Jadpifinasionnavaussiimualdanuuuveastegituddgmeadinssaunulosiu 95% (p<0.05)

v v
a o =

° = a < i A a 44' A a '
AUV UIN809U0IN UANIruANUINUS LRl AuaslUTulAS o R ulinasanis
WasulUaswesUSunaiuednyiinuneg 19Ldud A TeAULDUILUUTI80IN NN URIN D UAUDS

Laneiaguin24 WeuSunanhdsiiiuasdunIewuinuiinaliusunafluedniiuundud sy

v o 6

WUUTN8 89U IUBEANIMUAN YIRS Ugjﬁ%mamwuﬁiwdwﬂsm%m%ﬂLLazﬁwﬁﬂ fnafons

o w

WasuwlasUsununailiusssluiadesiuedeilodifamisananse mummmauu 95% 1N

o

Al LY

wuSaesnaniuinevauaansiaURl 25 wudidissduniafiindedisefu 0-5.0%w/
Uinunsndninfidivgaduiliuiinanaluesdantiosadlunimssfudiuiissduiiannd
50w/ USunaunsadssniiiuduinaliinamaliueeaiinseliiiitadud muiuuinaasues
g lUTUNmLAnUINIRG NIagesnuaziteunnlaainadonisivisuiuasveslSunaeluive
! a @ o U d‘ U lﬂl Qll d’l a U ‘ﬂl
el led Ay NTEAUATITDIU 95 WAz 99%MNUNUNTNNURINBUANBILARIRIFUT 26 way 27
= X o9 v a a  aa % = - a § o4
WuUIHL g uy liUTu s luiuidesesilaunnduluvaue insidudndeunntaaly
U3 0-1.5%w/v Uagnsiiansngnsnludsunn 0.02-0.16 Mstiindsunamesiidaunsnlaauiay
aa da X oqva a & - a ° A i
nsn@esnAdinwi liUsnamnlUutusnuluvae in st deunsnlaannndi 1.5%w/v wae
N3ATA3NUINNTT 0.16%w/v  LleUSuadigeungnlnataznsndnsnifinaluuinduysunn
ylunFuanas



JUN 24 uHuNMURIREUAUDIUBINIATRSNuAzURALluATaaRN Uy atussausunm
asiuednTivun NszauanududurasieaunInlng (X,=1.5%w/v)

JUT 25 ununminuianeuaueveenIndnsnuaziamiiluese s Ugyadusdeusunm
answanliueeanvun NseRuANUtuvesdLTeunInled (X=1.5%w/V)
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JUT 26 ununwiuianevaueswasweuninlnawazileniinluasesnui gy atusreysunu
FAUTUNMUA NILAUANUTNTUVDINTATATN(X;=0.16%W/V)

[
=

dl dill a a a 9; a = = v 61 a2
E‘U‘VI 27 LLN‘L!ﬂ']W'W‘HN’N]@Uﬁu@ﬂm@ﬂﬂiﬂ‘ﬁ@ﬁﬂLLaS'L!’]NQ‘VlLﬁ]ﬁ,ﬂ,uLﬂﬁ@ﬂﬂmsﬁ’]{]mﬁ]sﬂUSmaﬂimqm

4

A

ansyluiuiaun Nszduanududureniaunsnlag (X,=1.5%w/v)



4.3uav0n30Yn3n Winlaalesy wazurdsrianduaansaluniseangnanisginim

M13199 34 HavEINSIANATsUTIaAIANTalUNTAUeYLABATE DPPH(DPPH)
ANLANNIaluNsIMdwesn (FRAP) Tuiesasnuwndeyadus

40

RUN X X, X3 DPPH FRAP
Citricacid Fructosesyrup Honey (mg Trolox (mg Trolox
(Y%ow/v) (Y%ow/v) (Yow/v) equivalent/ml) equivalent/ml)
1 0.08 0.60 2.00 0.1353+0.0003 0.1944+0.0007
2 0.08 0.60 8.00 0.1400+0.0006 0.2003+0.0008
3 0.08 2.40 2.00 0.1387+0.0005 0.1988+0.0007
4 0.08 2.40 8.00 0.1426+0.0002 0.2297+0.0010
5 0.24 0.60 2.00 0.1274+0.0006 0.2301+0.0007
6 0.24 0.60 8.00 0.1268+0.0004 0.2289+0.0011
7 0.24 2.40 2.00 0.1292+0.0005 0.2357+0.0003
8 0.24 2.40 8.00 0.1289+0.0001 0.2340+0.0021
9 0.02 1.50 5.00 0.1468+0.0001 0.1962+0.0018
10 0.30 1.50 5.00 0.1236+0.0006 0.2242+0.0006
11 0.16 0.00 5.00 0.1243+0.0004 0.2066+0.0018
12 0.16 3.00 5.00 0.1308+0.0006 0.2199+0.0010
13 0.16 1.50 0.00 0.1303+0.0004 0.1858+0.0007
14 0.16 1.50 10.00 0.1328+0.0005 0.2281+0.0021
15 0.16 1.50 5.00 0.1317+0.0001 0.1977+0.0010
16 0.16 1.50 5.00 0.1324+0.0003 0.1981+0.0010
17 0.16 1.50 5.00 0.1319+0.0004 0.1983+0.0011

INM13199 34 KAAININITAIUOYYABATE DPPH  wazanuaiunsalunissadinesn Tu

W38N T aTUS NN ALNIATATN UITauNINInaLas

11

(%

i3 Tasidgatusylidnisiinans

Usauss uazlbildrnunsmamoslsddu fqninisfueyyadass DPPH wiidu 0.1225 mg Trolox
equivalent/ml wdsaninindgadusilifinsiy arunsmasesdlsd qw%‘mséfmawaﬁaiz
DPPH finswasuntandniiosidu 0.1279 me Trolox equivalent/ml LLazLﬁaﬁﬂﬁwmﬂﬂma%’uéuw
Funsndein didousnlnauaginiedimmdudusinsuaziluinunismaneslsd wuidgvsns
AueuLABATE DPPH 985814 0.1236-0.1468mg Trolox equivalent/ml
daumnuannsalumsimdulesnluhantyedusilddnmady warlildrunsmaasslsd
fruanansalunsiadaeSnwiiiu 0.1722mg Trolox equivalent/ml wdsniniwndeyatusi
laifinsiunsndedn dideunsnlnawasiinas snsumsmaneslsd fanuanusalunsiiadmesn
AnavMae0.1587mg Trolox equivalent/mluazidieiihwiyatusuduuasiluiumsmaaes
158 mnuanusalunisimdite3nifiutuogsewing 1.6744-0.4778 mg Trolox equivalent/ml Bt
yfadusiliiinauusmhnsiunmaneslsdianuamsolunmsimdmeinmanuazideien
gnsn1sAueyyadasy DPPH wazmuamnsnlunisimdieinunitasisvinisanaesiiien
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) o . Y} a £ LY o 1 2

wuudnaes lngldlusunsudnsagy Design-expert 7anduuszdvsvossinustunuuinass uase R
WARIAIAIIISN 35

= a ¢ o a £ 2. £
A15199 35 NAYDINITAATIEUNITONNDY ANFUUILAND WagA R G]E]ﬂ?l'lllﬂ']ﬂ']'ﬁﬂiﬂﬂ'ﬁ@aﬂimﬁ

A
Fueyyadasy DPPHDPPH) emannsalumsimdinledn (FRAP) Tulrdoshium
Yeyadus
DPPH FRAP
Parameters
(mg Trolox equivalent/ml) (mg Trolox equivalent/ml)

Model 0.0003* 0.0053*
Intercept 0.13893 0.16924
Citric acid (X,) -0.11945% 0.13666*
Fructose syrup (X,) 6.38802x10 ** 5.46020x10°
Honey (Xs) 6.98987x10" 2.57158x10 %
Citric acid * Fructose syrup(X; X,) 3.66133x10° -
Citric acid * Honey(X; X,) -4.92783x10° -
Fructose syrup * Honey(X, X) -2.67198x10” -
Citric acidz(Xlz) 0.23243** -
Fructose syrup2 (X,) -1.50984x10° .
Honey. (X,) 4.22549x10" -
R’ 0.9632 0.6117

*Jaspfiinasionmovaussfidwinlanniuunaassegsdidodfymeadifnszauanudotu 99% (p<0.01)

)

“JadeuffinaronmevaussiimunliannuuunaassessivedAyisaianseauaudedu 95% (p<0.05)

nuIuuuIaentddmivetuiganuduiusroinnututuvenIgnin Ueurnlaa
waziiemAdlwasosnum Ueyadussegnsnisituenyadase DPPH  wazAmaIunsalun1ssnag
a 1 U o U aa { U § Q.II 1 2 ! U
weinogldsdAgyneadfnszauaAuEiY 99%  wazdlAl R™ 1WA 0.9632 way 0.6117
o L d! a a 1 o a L4 N ¥ Y U 2 i 0'
MINEIAU Bepnuanunsalun1ssiidmesnldainsaiiunesulganuduiusliiesainiial R™ s
FallanzhuUInaeIvaeAgVINISAIeYYadasy DPPHIaNsaetu1eAuduiusyaAatudy
8 a 3.4 5 & da 4 A o Y
Y9anITN3N UnTeunsnlaalaziEaiidluaTownvUyatusi
NUUUINRBIVBIAGYENITAUOULADASE  DPPH  wudnsadmsnuasiieiiifiuadly

oY

a =

4 A o~ i A £ v a a a
Lﬂ5@\‘1@illlNa@aﬂ'ﬁL‘UaEJuLLUaQGU@Qq‘mﬁﬂqimqu@w%a@aﬁg DPPH  USUNQUUDINIAYRINULALUINTDU

a

Winlpanifvadduiaesnuiinduinavilvignsnisiueyyadase DPPH anad (3U9128)
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JUT 28 ununwinuianeuaueansadninuazineusnlsaniuluesesmuvlayatusie
VIBNITAUBYNATATY DPPHNTEAUAIUTNTUYDIURAX=5%wW/V)

4.4 Y3uainsadnin 51L°Tiauw§n1ma uazthile fiflaanumunzay

fawfivdnuazansusauidiinasivlundesiuaziinasiod nau uazsawd Jedawanenns
gonsureariuilaa udnmsAnuSmuinvdauazUnamesesusuiaiidadlulundesiudiing
fatenaUAsuntamosasdusznaumaaiinagnisoangrisyaianiw deuedesdumayulndoa
FususnainagliFunmsseniuanguilaaudiasdesiuinamsddguazgnimadininegaeie
wazindoshuadasian pH Angaudmivnissdeildgamgiligunnuasldsvesnady dau
wsosmuTldasdosdien pH dndh 4.6 fdulinansndndn tndeusnlna wasiRsduiuniauan
wpsumayulnstiyadusio nsndndn 0.15 %w/A) tidoumsnlag 2.14 %wA) thils 10% wA)
Tnefivsunaunisiusananiian Desirability 0.689  wazdAn1sAIneziuvesdnvusLASeRuTle
Failie Usinaweaudafiazangldluth 9 oBrix, pH WAy 4.28 USinasiluedniiavan 0.1666 mg
Gallic acid equivalent/ml Usinamialaueesiimun 0.2337 mg Rutin equivalent/ml U3
TUfwstavum 4.0409 mg Gypenoside equivalent/ml qwéﬂﬁiﬁﬂuaygaﬁaiz DPPH 0.1360 mg
Trolox equivalent/ml LLasqwémﬁaTﬁLWﬁﬂ 0.2270 mg Trolox equivalent/ml
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A7duaziansalnan1snaass uazdatauanuzdmiunuldelusuan

1. Jaduiitinadossdusznaunanil Anuasiavasn Ui waznmseangnsmedaniwluszning
nszuruNMsuUsIUeseshuayulnsdgyatusidun

1.1 fagdv Fagauilddmsuhuntiyadusiuasiieg 2 wuu Ae Tu uagdriutiyadus a1n
nsinwnuirludyatusiviunaesdusenounand leud diatananun diana3aag Auedn
savn Walawessionun srluduioun waganuansolumseongrimstanganiiludaud
Hulu diuludgadusidanmumnganfaniunduianfvémiusdaedostunnitludniity
aneu

1.2 nswisulurdyadus Suneulundslundgadusuvseendu 4 dumeu dsluusias
fupouturgldnauarluigatusasdoumaifuandieiufie suseudl 1 mamnuanasd 1 19m
120 wnit gamniludlgadudegsening 24-32 °C Fumeuil 2 madaadadl 1 e 20 Wi gangd
Tutlgyatusegseming 32-82 °C Funeudl 3 nemnuanasdl 2 169an 60 uit gamnilutiyadus
82-26 °Cunaudl 4 nsfandaft 2 Minan 10 unit gruugilutlyadusegsswing 26-92 °Ciflsannly
wazdunouldinauarludyadudlisumuseuluusinafiunnaneiuddmaliinnisudsuudas
vesasdUsEneunaall Usinawessludu uagniseengnimsdininluseninsnmanieslundas
FusTumnenafussi

nsmnuanasedl 1 SravinlvuSanhmarioiun fuedniaue aluessioun gluiy
e uaznseengrismsiinmanaslurasivsinahmasmdnduiintuiiodisuiululyatus
NOUAINKAR

nMstased 1 Snavhliusashniarivue fuednivus uaswanluessiomaiiutuly
vauriivsnaihnaing eluiuioun uarnseongrsmsianmanaudieisuiulutlyatusnou
N3¢

MIANLARASIT 2 wazn1smiased 2 Tuaviliusinafiuedniomndisty Tuvasiiusun
’e]\iﬂﬂiuﬂ@UVl’]\‘iLmJ@‘Lﬂ Usmmm‘lﬂuuwwm uazn1seengrsmsTinwanaadefisuiululiye
Fudrountsmnuanad 2 uaznisdasedl 2

13 sunsulunisafatien duaniiznisadaivihnisdnuilugisgumnd (5090 °0)
sgppna(5-55 wiih) uagdadnilumilaatus : 10.32-3.68 %wA) wuiigungd uazdndanly
Gmﬂmsuuﬁ ih Aldlunsatemininaseruannselunisataansituedniinun wazeluilu
e wardnadevsunaniniainng fuedn vatluesd eluduivun uagaruanansalunis
pongvssBinmuesimilyadusiiatald Tnedeonmgdiflilunisataiugstunuanunsaly
miaﬁ’mmimmﬁﬁﬁuqﬁu Lﬁammmmiaiumsaﬁ’mLﬁuqq?gu%qa’?waﬁﬂﬁﬂ%mmmiﬁlﬂu
asrUsznevluihwmiiaalsinntuse dulsinalundgadusildlumsatntunsldvsualunil
unnButuazsldmnuanunsaviedszans nlunisainansansgeonunaniuranaiieldssiian
Tunsatawiiiu Tuvasdivsinuresaswariwazaruausalunmsesngrsnidaninvenigas
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Wintudlovsinalunildlunmsataunntu mnnanmsmeassdidsmalunilélunisatinuniuens
Fadldszoznatlumsatlfuiunindsezaunsoataansseeldifiuunnty

1.4 wiauazUBnuarsusaudeiiuastuihnanssaussililunsdnw 1iun nsadasn
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Abstract. Panjakan (Gynostemma pentaphyllum (Thunb.) Makino) is a Chinese medical herb used
as a food and herbal tea which becomes popular in Thailand. In our research, Central Composite
Design (CCD) was used to investigate the effect of process parameters of extraction from Panjakan
tea on chemical compositions (total phenolic, total flavonoids and total saponin and reducing sugar
contents) and antioxidant activities (DPPH-radical scavenging activity and ferric reducing
antioxidative potential) in the infusions as well as to optimize for extraction process. Three
independent variables namely extraction temperature (50 to 90 °C), extraction time (5 to 55 min) and
tea : water ratio (0.32 to 3.68 %w/v) were studied. An increase of the tea : water ratio resulted in an
increase of all values of parameters tested in the infusion tea while increasing the extraction
temperature did not change total phenolic content and DPPH-radical scavenging activity. The
extraction time significantly effected on only total flavonoids content, an increase in the content was
observed when the extraction time was increased from 5 to 30 min while the longer extraction above
30 min caused the opposite effect. Considering the chemical composition and biological activity, the
optimum conditions for extraction of Panjakan tea were extraction temperature of 90 °C, extraction
time of 25 min and tea : water ratio of 3 %w/v.
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Introduction

Panjakan (Gynostemma pentaphyllum (Thunb.) Makino (Cucurbitacea) is a Chinese medical
herb which is called “Jiaogulan” in Chinese and “Amachazura” in Japanese (Cui, et al., 1999).
The important active components of Panjakan are saponin glycosides (called gypenosides) that
closely related to the ginseng saponins. Indeed, gypenosides Ill, 1V, VI, XIl and malonyl
gypenosides Il and VIII are identical to ginsenosides Rb;, Rbs, Rd, F, and malonyl
ginsenosides Rb; and Ry, found in the roots of Panax ginseng. Because of this similarity to the
expensive ginseng root, Panjakan has attracted much interest as a potential new plant drug.
Pharmacological studies of the herb and the isolated saponins have shown various biological
activities such as antitumor, cholesterol-lowering, immonopotientiating, antiulcer(Lewis and
Hanson, 1991) antioxidants and the others (Chen et al, 1996; Hou et al., 1991; Li and Lau,
1993). From these activities, Panjakan becomes a popular health food supplements in Thailand.
Tea beverage from Panjakan extracts is one of the most famous kinds of Panjakan products.
The application of Panjakan infusions as functional food ingredients would require a study to
establish the stability of active constituents to food processing treatment that including
extraction. Recovery of extracts with the desired bioactive and their practical suitability for food
and beverage production is an important aspect. Therefore, the objective of this research is to
investigate the effect of process parameters of extraction from Panjakan tea on chemical
compositions and antioxidant activities in the infusions as well as to optimize for extraction
process.

Materials and methods

Materials: Panjakan (Gynostemma pentaphyllum (Thunb.) Makino) tea was supported from
Phuchiangta Herbland Itd. (Chaiyaphom provice, Thailand).

Extraction:The tea powder was extracted by immersion in distilled water at selected ratio and
time, then heating in water bath at selected temperature for several of time. The supernatant
was collected for determination of reducing sugar, bioactive compound and antioxidant activity.
Determination of total phenolic content (TPC):The TPC was determined using the Folin-
Ciocalteu methods described by Choi et al. (2006) with some modifications. In brief, 1 ml of
each sample extract was mixed with 9 ml of distilled water, then added 0.5 ml the Folin-
Ciocalteu reagent and finally added 2 ml of 10% sodium carbonate. After standing for 1 h at
ambient temperature, the absorbance was read at 730 nm on UV-visible spectrophotometer
(Shimadzu 1700, Japan). Gallic acid was used as the standard. The results were expressed as
mg gallic acid equivalent (GAE) per ml of extract.

Determination of total flavonoid content (TFC):The TFC was determined using the aluminum
colorimetric method described by Xie et al. (2010) with some modifications. In brief, 0.5 ml of
each sample extract was mixed with 2.25 ml of distilled water and 0.15 ml of 5% sodium nitrite,
then added 0.3 ml of 10% of aluminium nitrate and finally added 1 ml of 1 M sodium hydroxide.
After standing for 15 min at ambient temperature, the absorbance was read at 502 nm on UV-
visible spectrophotometer (Shimadzu 1700, Japan). Rutin was used as the standard. The
results were expressed as mg rutin equivalents (RE) per ml of extract.

Determination of total saponin content (TSC):The TSC was determined using the method
described by Xie et al. (2010). In brief, 0.1 ml of each sample extract was mixed with 0.2 ml of
5% vanillin in acetic and 0.8 ml of 70% perchloric acid. After incubating for 15 min at 60 °C and
cooling down to ambient temperature, the absorbance was read at 550 nm on UV-visible
spectrophotometer (Shimadzu 1700, Japan). Extraction of gypenosides from Gynostemma
pentaphyllum (Thunb.) Makino. The results were expressed as mg gypenosides equivalents
(GPE) per ml of extract.



Determination of reducing sugar content (RSC): The RSC was determined using the
dinitrosalicylate (DNS) method. Glucose was used as the standard. The results were expressed
as mg glucose equivalents (GE) per ml of extract.

Determination of DPPH-radical scavenging activity (DPPH): DPPH was determined using
the method described by Choi et al. (2006) with some modifications. In brief, 0.4 ml of each
sample extract was mixed with 5 ml of 40% ethanol and 0.6 ml of 0.8 mM DPPH solution. After
standing for 15 min under subdued light at ambient temperature, the absorbance was read at
517 nm on UV-visible spectrophotometer (Shimadzu 1700, Japan). The results were expressed
as mg trolox equivalents (TE) per ml of extract.

Determination of ferric reducing antioxidative potential (FRAP): FRAP was determined
using the method described by Wong et al. (2006) with some modifications. In brief, 0.1 ml of
each sample extract was added with 3 ml of FRAP reagent which consist of 10 mM TPTZ in 40
mM HCI, 20 mM FeCI3.6H20 and 0.1 mM sodium acetate buffer, pH 3.6 in the ratio of 1:1:10.
After standing for 8 min at ambient temperature, the absorbance was read at 593 nm on UV-
visible spectrophotometer (Shimadzu 1700, Japan). The results were expressed as mg trolox
equivalents (TE) per ml of extract.

Bioactive compounds yield: Bioactive compounds (total phenolic, total flavonoid, total saponin
and reducing sugar) yield is calculated as the chemical content of extract divided by dried
sample weight.

Experimental design and statistical analysis: A central composite design (CCD) was used to
investigate the effect of process parameters of extraction from Panjakan on bioactive
compounds and antioxidant activity as well as to determine those conditions that optimized the
extraction process. For CCD and subsequent analysis, the software namely Design-expert 7
was used to generate the experimental designs, statistical analysis and regression model. The
selected experimental design had three independent variables and five levels (Table 1) and
consisted of seventeen runs, including three replicates of the center point. Three independent
variables namely extraction temperature (X;, ranged from 50 to 90 °C), extraction time (Xa,
ranged from 5 to 55 min) and tea : water ratio (X3, ranged from 0.32 to 3.68 %w/v) were studied.
For each independent variable, an experimental range was based on the performance of
preliminary. Reducing sugar, total phenolic, total flavonoid, total saponin contents, DPPH-radical
scavenging activity and ferric reducing antioxidative potential were chosen as the dependent
variables or responses. Response surface plot was obtained using the fitted model, by keeping
the least effective independent variable that generated with the software namely STATISITICA
Module Switch.

Table 1 Experimental actual values and coded levels of the independent variables utilized for
the CCD.

Coded variable level

Independent variable Coded units
-a -1 0 +1 +a
Extraction temperature (°C) X1 50 58 70 82 90
Extraction time (min) Xz 5 15 30 45 55
Sample : water ratio (%ow/v) X3 0.32 1 2 3 3.68

Results and discussion

The antioxidant activity of Panjakan is caused mainly by phenolic compounds, saponin and
sugar. In this study, the total phenolic, total flavonoid, total saponin, reducing sugar and
antioxidant activity of the extracts were studied. The extracts contained total phenolic ranging
0.0139 to 0.125 mg GAE/ml, total flavonoid ranging 0.0602 to 0.5105 g RE/ml, total saponin
ranging 0.2672 to 2.6272 g GPE /ml and reducing sugar ranging 0.1040 to 0.7352 g GE/ml while
it had DPPH and FRAP values of 0.0166 to 0.163 and 0.0198 to 0.2276 mg TE/ml.



Table 2 Regression equation coefficients and R? value for TPC, TFC, TSC and RSC

TPC TFC TSC RSC DPPH FRAP

Parameters (mg GAE/ml)  (mgRE/ml)  (mgGPE/ml)  (mgGE/ml)  (mg TE/mI) (mg TE/ml)
Intercept -0.0115708 -0.0685478 -0.2704996 -0.108216 0.0273423 -0.0393411
Temperature (X;) 3.7918x10™ 4.5214x10™* 7.2348x10%  2.2488x10°**  -1.3813x10°  -7.065x10-4**
Time (Xy) 1.69085x10° 3.9403x10° -1.5466x10™ 4.927x10™ -1.4152x10*  -6.5077x10°
Sample (Xs) 0.0280339* 0.1148735* 0.6083783* 0.1712703* 0.0650632* 0.0591054*
Temperature * Time (X; X2) - 8.06645x10°° - - -3.50743x10°®
Temperature * Sample (X1 Xa) - 9.5453x10™ - - -7.10965x10°®
Time * Sample (X, X3) - 6.9141x10° - - -3.98141x10°
Temperature®(X,%) - -6.43651x10°° - - 1.28407x10°
Time®(X2%) - -7.63948x10°° - - 7.61745x10°®
Sample?(X5?) - -0.013391** - - -8.9432x10°%

Model p<0.0001* p<0.0001* p<0.0001* p<0.0001* p<0.0001* p<0.0001*
R? 0.9308 0.9938 0.9748 0.9438 0.9809 0.9609

* Parameter is significant to the predictive regression model (p<0.01)
**Parameter is significant to the predictive regression model (p<0.05)

The suitable regression equation describing the effect of process variables of the extraction on
TPC, TFC, TSC, RSC, DPPH and FRAP values in infusions are shown in Table 2. The results
indicated that the correlation of experimental data and the results obtain from the model was
acceptable (R?>0.93). The coefficients in the regression equation can be used to examine the
significance of each parameter term relative to the predictive regression model.

Fig.1 (A) shows the response surface for TPC, where the linear term of tea: water ratio had
significant effect of the value (p<0.01). The content of TPC in the extract increased when tea:
water ratio increased. The terms that had significant effects on flavonoid compounds were the
linear term of extraction temperature (p<0.01), the linear term of tea : water ratio (p<0.01), the
guadratic term of extraction time (p<0.01) and the quadratic term of tea : water ratio (p<0.05)
had significant effect. As extraction temperature and tea : water ratio increased, TFC values
significantly increased (Fig.1(B)). An increase in the extractability was observed when
extraction time was increased from 5-30 min, while extraction time longer 30 min caused the
opposite effect Fig.1(C) and (D) shows the response surface for TSC and RSC, where the
linear term of extraction temperature (p<0.01 for TSC and p<0.05 for RSC) and the linear term
of tea : water ratio (p<0.01) had significant effect on extractability of saponin and reducing sugar
from the tea. Similarly to TFC, TSC and RSC in the extract increased when the temperature and
tea : water ratio of extraction increased. Only the linear term and the quadratic of tea : water
ratio (p<0.01) had significant effect on DPPH value while the linear term of extraction
temperature (p<0.05) and the linear term of tea : water ratio (p<0.01) had significant effect on
FRAP value. (Fig.1(E) and (F)) Considering the chemical composition and biological activity,
the optimum conditions for extraction of Panjakan tea were extraction temperature of 90 °C,
extraction time of 25 min and tea : water ratio of 3 %w/v.
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Conclusions

In conclusion, The increasing extraction temperature and tea : water ratio, increased the
bioactive compounds extractability. For extraction time had significance effect on only the
flavonoids value. An increase in the flavonoids extractability was observed when extraction time
was increased from 5-30 min, while extraction time longer 30 min caused the opposite effect.
The optimum conditions for extraction of Panjakan tea were extraction temperature of 90 °C,
extraction time of 25 min and tea : water ratio of 3 %w/v.
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