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MIAUOYNADATE
Abstract

In the present work, phenolic antioxidant was extracted from Vernonia amygdalina leaf by
ultrasonic — assisted extraction method. Effect of ethanol concentration on the extraction was studied
and the results showed that the highest phenolic content (84.05 + 2.33 mg GAE/g extract) was
significantly obtained by 80 % w/v ethanol. Antioxidant capacity assayed by DPPH radical scavenging
activity as greatly obtained at 87.15 £ 1.60 mg TEAC/g extract when 80 % ethanol was employed.
Response surface methodology (RSM) based on Box — Behnken design (BBD) was used to optimize
the extraction conditions of phenolic antioxidant compounds from Vernonia amygdalina leaf. Three
independent variables including solvent-to-solid ratio, ethanol concentration and extraction time were
investigated via parameters of extractable phenolic compound and DPPH radical scavenging activity.
The results revealed that the all factors had significant effect on the all responses (P < 0.05). The optimum
extraction conditions determined from 3D response surface were solvent-to-solid ratio of 28.07 % v/w,
ethanol coneentration of 81.36 % v/v and extraction time of 25.17 min. Under the predicted condition, it
could provide the predicted values of 89.15 mg GAE/g extract and 100.92 mg TEAC/g extract for phenolic

content and DPPH radical scavenging activity, respectively.

Keywords: Antioxidant/Phenolic/Response surface methodology/Ultrasonic-assisted extraction

method/Vernonia amygdalina leaf
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~

ﬂﬁﬂlﬂﬁ%?ﬁm\iﬁa mwﬂummwauu p<0.05 W‘]_l’Nfﬂiﬁﬂﬂﬂ’JfJﬂ’JHJL"’UNﬂlu&ﬂﬂWH@aﬂ!mﬂﬁNﬂu

v o OJ

llNﬁ‘ﬂﬂﬁ3J‘IE3J1ﬂ!ﬂ’N‘JJﬁHJﬁﬂiuﬂﬁ@]'lu@uiJﬁﬂﬁﬁwﬂlmﬂﬁNﬂ‘Ll@ﬂ'N YN

d' 9 9 ' 9 a = ~ a gl.z =
A1TNN 3 HAVDIANUIVUUUADIDYASHANAR ﬂiNWﬂ!ﬁWiﬂigﬂﬂﬂwu@ﬁﬂﬂﬁﬂMﬂ Lm%ﬂilﬂﬂmﬁ

I1BYYadA DPPH

- JouazWanan Pnamnsdszoey YSunamsdveyadase
AINUVNUVUHUO] - -
Wuoan DPPH
PMuUda (%)
(mg GAE/g extract) (mg TEA/g extract)
20 49.01+1.13° 64.87 + 339" 55.12 + 3.07°
40 4178 £5.71° 67.02 + 1.34° 75.68 +6.71°
60 57.60 + 3.47" 64.00 = 3.23° 73.83 £ 9.42°
80 31.70 + 2.68" 84.05 + 2.33" 87.15+1.60°
100 6.45 £ 0.45° 66.59 + 0.64° 51.71 +3.35°

HHELTIA. G]’Jﬂﬂﬂﬂ‘hliﬂ'llel'l@x‘lﬂi]‘hl@]’JWMW!, ﬂL!’ﬁﬂ\iﬂ'ﬂllLmﬂ@Nﬂu%’fNﬁWiﬁﬂﬂﬂﬁﬂﬂﬂ’Jﬂﬁ’JﬂW

o v

AzAUANANNY TANNLANANNUBEIT T illﬁp<0.05

o
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¢ A
2. MSAINTIZTHNUANINO VAU

[

A ¥ 3] s < . @, {
UL ALVUNITNABDILUVUONF-111 1A (Box-Behnken Design, BBD) aulsn
= av dy Y 1 o o 1 @ ] Yy 9
Anp1luadseillaun dihazarsnsdlodna (X)) ANWANVUYDUINIUDD (X)) ttazdan (X,)
d‘ 2 =) a a’ Y a 9 asy 1
Wemsunaasdszneuuoan HAZHNTNIANUDYYADTIZAIYIT DPPH N luvumune
a J [} { o W 1 o o w
A3 NUATIZHANNUYTUTIUUAAIAINIT19N 41aL 5 AUEINY NUIMULTIA0INIAIADIAINITD
a 9 ydd' o g}.l = A v o W ~
aﬁuwmemvamﬂmimaeﬂqu@ T@ﬂnmmumamuuummuuamﬂiymanﬂ (p <0.0001)
) [ o 4 1 ] § o @ ]
Taom lanudusiusszrnean laanmsmuetazminaassdesanu lndifesnueg1auin
é o =Y = a Qel 9 a 9 ag
FIAUN1TVINIT MgVl aa1sseneuduedan ONINMIMNUBYYADATEAIYIT DPPH

HEAIAIENNISN 1 a2

Y =87.95 +7.83X, + 7.32X, + 2.81X, - 1.76X,X, = 1.46X X, — 1.85X,X, — 6.80X,” — 4.83X,’ -

7.89X, (eums 1)

Y =99.74 + 457X, - 7.27X, + 1.01X, — 0.6175X,X, + 0.0075X X — 0.4450X,X, — 1.26X,” — 25.44X,’

—2.38X,’ (AUN5 2)

A A v o 1w ] J o v 3 o 9y 9
W9 X, X, ing X, A9 AIN1acal1gnon 1oy (10-30 Lﬂf’)i!ﬁ]iu@]Iﬂﬂﬂ%ll"l@]iﬁ@lﬂﬁuﬂ), ANUVUUU

vouomuea evaz 70-90 Tasl311a5) uaznarnlslumseana (10 -30 U1A) aud1aw
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H a J Y] 1 a 1
M319N 4 Mz raNnuulssivveafavenedsaasidseneuiueananlurinumunie

Source Sum of df Mean Square  F value Probability > F
square
Model 1634.77 9 181.64 34.50 <0.0001
X, 490.63 1 490.63 93.18 <0.0001
X, 429.10 1 429.10 81.49 <0.0001
X, 63.39 1 63.39 12.04 0.0104
XX, 12.43 1 12.43 2.36 0.1684
XX, 8.53 1 8.53 1.62 0.2438
X, X, 13.76 1 13.76 2.61 0.1500
Xl2 194.94 1 194.94 37.02 0.0005
X22 98.20 1 98.20 18.65 0.0035
X32 261.90 1 261.90 49.74 0.0002
Residual 36.86 7 5.27
Lack of Fit 32.06 3 10.69 8.91 0.0304
Pure Error 4.80 4 1.20
Cor Total 1671.63 16

Std. Dev.: 2.29, R 0.9780, Mean: 78.76, Adj R’: 0.9496, C.V.%:2.91, Pred R’: 0.6886, Adeq Precision:

17.2222



-y

d' a 4 v 1 a“'g} a asy
MINN S ﬂﬁ’JLﬂiW’Hﬂ’HMLlﬂiﬂiluﬂlﬂﬂﬂﬂfﬂﬂﬁﬁ]E]T]ﬁﬁnuﬁl‘l;gll“ﬁ@ﬁi%ﬂ?ﬂ’)‘ﬁ DPPH

Source Sum of square df Mean Square  F value Probability > F
Model 3416.58 9 379.62 68.61 <0.0001
X, 166.90 1 166.90 30.16 0.0009
X, 422.68 1 422.68 76.39 <0.0001
X, 8.10 1 8.10 1.46 0.2656
XX, 1.53 1 1.53 0.2757 0.6158
XX 0.0002 1 0.0002 0.0000 0.9951
X, X, 0.7921 1 0.7921 0.1432 0.7164
Xl2 6.65 1 6.65 1.20 0.3093
X22 272481 1 272481 492.46 <0.0001
X32 23.93 1 23.93 4.32 0.0761
Residual 38.73 7 5.53
Lack of Fit 22.85 3 7.62 1.92 0.2682
Pure Error 15.88 4 3.97
Cor Total 345531 16

Std. Dev.: 2.35, R* 0.9888, Mean: 86.05, Adj R*: 0.9744, C.V.%: 2.73, Pred R’: 0.8870, Adeq
Precision: 22.0914

' 9
ANV TUVDAULVUIAD ﬂthﬂmmummmmmmmam‘umﬁaawmmwﬁmﬂﬂ1

duilszanslunisaadula (Coefficient of Determination, R?) FaUA1UNINY 0.9780 11820.9888

9
MUAIAY UonIINUANNLTsd AUV UTIA01833A1 0.0001 % laslia1 R®, Adj R’ 1ay

1 % < o
predicted R” 11071 90 % Faraaa lFifudennusinganve iy uiad
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Aa A [ v Aa 1 a = a 6’5 Qd
2.1 answavesthvelumsananimanosunaaisdsznouiusdnnivua uazqns
Y a Y A
AUDYYADAIZAIYIS DPPH
=< [ (% d‘d 1 =Y = a d‘
msanyIwavedtavelunmsanannanedsuaaisiszneuuean annwi 1 (n)
Aa A 1 () 1 @ ] Yy 9 A A 9 [ Aa
AR NTNATIVVDINN1AZAIADA D AT ANVANTUOMUDA WA 1% lumsana AINN
= v A A o o 1w ' ° 9 ~ a A X ' = Y o
20 117 WuNEBNA IR n 10819 T lHUS namsdseneuilusaniiuyuedariuld s
<3 1 A =Y @ o a f
waaa i umamulsnadniazaietinaliuds namslsgneuiueananlumnumumie
] Y 1 v
LAY 199905 Nad I azaed wan oA NUa N0 TUMTAZ A8V IAITHALAILUNT FUNADIN
ANUUANAVIANUT LT UTEHINToud tazdoNnTanswiuladsanuE Ut UYD R MIUDA
] A a @ @ 9y 9 ~ dy v Y 9 A 49!
nuMlszansmumsanaulsiuasInNANUINTUN VY HaAINANNITUTLI MU NGV
' Y a = a A 2 A A X A ' 9
dawa il madlue d Ny gy YN MBI UYAIATNINMINA 1 (V) 1ag 1 (A) dimal
=Y a A 3 < <3 1 csx’z @ 1 =y a A 2 I
WSuaiueanmuywaniios Tagaziiu a1 3 ads danalidS vailuea iy unuuiu

[ A <3 4 gl./ [ A 3
Wuasalugsszezusn wazzEuiiuu Tiuihaduldulof s 3 Jeve muiuluszezgega

=
80,00 S S RO
0 nnnnmsn
L5 K250 RREIRS
PEESIIARIIRS |
i >':,:o,0¢.0,0’0’0‘0
XREERRRKS
0,999

70,00

Extractable phienclic (mg GAE/g extract

Extractable phenolic (mg GAE/q extract)
Extractable phenaiic (g GAE/q extract

v Y
a [ v J 1 ) 1 % 1 [
ﬂTWﬁ 1 ﬂﬁ1WﬁuW’mﬂ“ﬂﬁuﬂﬂW’ﬁGUENﬂ’ﬂﬁJﬁllWuﬁi%‘l’i’ﬂ\‘m’lﬂ1ﬁ$€ﬂﬂﬂﬂﬂ’mEJNﬂ“]Jﬂ’N?J!"lSl}iJ"ISI}u
VOURMUDA (), #ITara1saen1og1nuNaIN s lumsana (V) tazANuTuIUYoIBNIUDa

v v 9
funamlslumsana (@) Rlraselsuamssznoulueaninivua

Y

= [ v dld 1 a‘{ﬁJ a ay d'
ﬂ1§ﬁﬂH1Wﬁﬂlﬂﬂﬂﬂ%ﬂiuﬂﬁﬁﬂﬂﬂﬂWﬁﬁ@q‘ﬂﬁﬁWUﬂHy‘ﬁ@ﬁigﬂ’Jﬂ’Jﬁ DPPH 2100190 N
2 () HEAIDNTNATINVOIDATITIUVOIA A A1IADA 1Y uazmmmgfmgl’ummu@a Lﬁﬂl’lﬁ1
d' 2 d’d’ =~ 1 w glJ 1 1 a"s} a [ 1
“lflcl,%mll‘!ﬂﬁﬁﬂﬂ NN 20 UIN WU’Nﬂ%%ﬁmﬂﬁ@QﬁﬂNﬁﬂﬂﬂﬂﬁ@l?HﬂHNvﬁ@ﬁig DPPH lagonsiaiu
1 % 1 1 AQ' 3 ‘Qd a 1 Q'
VBIAINIACANINDAIDYIN fﬁwammsmﬁummqmﬁ’mwyaaaﬁmmmﬁumq ﬂﬁ']’)ﬁ’é)ﬂﬁlWiJ

QJ a 3 (% [ 1 v o 1 @ 1 RS 2 [ 1
Gumtmﬁﬁlmauyaaﬁix !,‘IJHWfl‘i]']ﬂf)ﬂ'iWﬁ'Ju'igﬂ'JNﬁ'JﬂWﬁZﬁWﬂﬁﬂﬂ?@ﬂWﬁﬁlWMﬁMIﬂﬂ@ﬁiWﬁ’Ju
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- vy L9 2 w = 9 9 A Ly
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1 1 Qd a Q‘ 3 1 4
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T Y 1 Y Q(al Aa v & Y Y =2 d o
UINNI I88a 80 ﬂ$ﬁﬂWaiﬂq%ﬁ@Tu@HHﬁ@ﬁﬁgaﬂaﬂ A UANVU NI MR NI WA T uave

1 { Qd a OJ 1 { %
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54075
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SRR

SR
SRR
R S

DPPH radical scavenging activity (mg TEAC/q extract)

DPPH radical scavenging activity (mg TEAC/g extract)
DPPH radical scavenin actiiity (mg TEAG/g exract

H J =) % % 1 % o 1 7 1 (%
MNN 2 NUHUAINOUETUDI HAVBIANVANWUTIEHINGIazAEADA 19819 IR T
YOUONUDA (), HIazarsasiiedanuna M lslumsana (V) tazANURUTUVDUINIUDA

(4 ~ (3 Aa 1 = 9 a 9 axy
ﬂ‘]JL’Jﬁ”I’VIGlGIQ)'}Gll!ﬂ"Iiﬁﬂﬂ (M) ‘VlllNZWI@ﬂiuTmﬂWﬁ@TuﬂHgﬂ@ﬁigﬂ’JﬂTﬁ DPPH

a ' 1 d v
2.2 MIBnzHaa iz audelangu Response Optimizer
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d' v A @ o [ o ] S 3 o a 1 ’é Y]
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N UiomIUeas oz 81.36 Iasllsuias wazal 25.17 w1 1ddsuiaasdszneuiluean
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