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Abstract: In order to enhance the extraction of polyphenol from apple pomace, carbohydrate-hydrolyzing enzyme (pectinase) aided
polyphenol and caffeic acid extraction techniques were studied with response surface methodology. The optimum conditions were as follows:
the ratio of pectinase to substrate 0.11, the reaction temperature 38.00 ‘C, and the reaction time 12.53 h. Under the optimal conditions, the
predicted value of total phenolic content and caffeic acid content were 11.32 g GAE/kg and 173.87 mg/kg, respectively. The experimental values
of total phenolic content (11.08 g GAEkQ) and caffeicacid content (170.03 mg/kg) of the apple pomace were well matched with the response
surface methodology predicted values. In addition, the levels of total phenolic content and caffeic acid content obtained from optimal conditions
were about 1.6.and 129 folds greater, respectively than those of the control treatment. It was a feasible method to extract the polyphenol from
apple pomace.
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Table 1 Experimental design of the three-factor five-variable
central composite, and results
B& " ]2 AR

ns Bl BA W Sm e
AR IC /h (9GAE/kg)  (mgkg)
1 005(1) 30(-1) 8(1)  8.3040.10 123.1040.50
2 015(1) 30(-1) 8(-1)  9.60+0.20 138.20+40.30
3 005(1) 30(-1) 16(1) 8.7040.10 136.20+40.40
4 015(1) 30(-1) 16(1) 9.80%0.30 135.5040.60
5 005(1) 50(1) 8(1) 8.7040.20 81.400.40
6 0.15(1) 50(1) 8(1)  9.9040.10 90.10+0.10
7 005(1) 50(1) 16(1) 8.9040.20 74.40+0.10
8 015(1) 50(1) 16(1) 9.5040.10 84.700.20
9 0.10(0) 40(0) 12(0) 11.10+40.10 169.20+40.30
10 0.10(0) 40(0) 12(0) 11.2040.20 166.00+0.30
11 0.10(0) 20(-2) 12(0)  7.40%0.10 100.700.20
12 0.10(0) 60(2) 12(0)  7.5040.10 73.80+0.10
13 0.10(0) 40(0) 4(-2) 8.80%0.30 87.3020.10
14 010(0) 40(0) 20(2)  9.30+0.20 132.40+40:20
15 0(2) 40(0) 12(0) 6.8040.20 13.10+0.10
16 0.20(2) 40(0) 12(0) ~9:5040.20 82.3020.10
232 K LB AR MM E

®2 EEFRBAKL BFESTER

Table 2 Analysis of variance of the regression model

25 % % B/(g GAE/Kg) w3k B /(mg/kg)
EEAH A FAA EEEHK tE Fa
WA <1532 . -8.01% 0.0002  -415.4250 -2.45° 0.0495
X1 84.0. 850° <0.0001 2673.250 3.06° 0.0223
Xz 079 13.72% <0.0001  15.20875 2.99° 0.0245
Xs  0.959375 7.24° 0.0004 26771875 2.29 0.0623
X1 -300.0 -12.42* <0.0001  -11990 -5.61° 0.0014
X2 -0.009250 -15.32* <0.0001  -0.200875 -3.76° 0.0094
Xs3  -0.032812 -8.69° 0.0001  -0.902344 -2.70° 0.0354
X1z -0.15  -0.88 0.4136 115  0.08 0.9418
Xi3 05  -1.17 0.286 -8.8750 -0.24 0.8220
Xps  -0.0025 -117 0.286  -0.071250 -0.38 0.7189
R? 0.9841% 0.8874°
#%ER?  0.9730 0.8086
%t % 0.2015 0.0733

2237

E: ® 4 p<0.00L AP LB H; 4 p<0.0l KFLBH; ©
1 p<0.05 K-+ L83,

N TR BRI RE A Rk, P SR
X W WAL A 25 BB HCEE (RS METRE L, 0o [ U R AT
TITZEGNT, BRI 2 M3, MR 2 PR R
B VER IO T R, B LT B L S R AT s S I
[ ) IR TR — 0 T00 A 22 B HCER: )5 Wik 1K
FKF (P<0.001), % PRIZR HIAE BGOSR
FRZI AR . WS FAE TR 3 A BRIEx
S SRR 22 T B S M ORI RE T EE (XD >
SN E (X2) >N (X3)s
7 3 F A EIEBTON 2 2 BRI SR IHEES SRR I L Z &1

B FinME

Table 3 The predicted optimum conditions for maximum extract

of total phenolic and caffeic acid by ridge analysis

TR 69 FAE R S )

Bk is 1S p-fk

Bik R REIC HEM A

& S B
41.16° 00001 012 4009 1218 11.38

(g GAE/kg)
WAL 5 osh 00282 011 3588  12.89 174.84

(mg/kg)

E: a £ p<0.001 K-FLZ¥%; b p<005KF 2%,

PR 2 rh IR B 14T 2 o IE 4,
DL B FREE (Y pem) NRASE, BESEFEL (X)) o
RNGREE (X2) , R (X) AR, A7
FFE, W

Y i 2m=-15.32+84.0X1+0.79X2+0.959375X3-300
X12-0.15X1X2-0.00925X,%-0.5X1X3-0.0025X2X5-0.03281
2X32 (1)

XT i ZIa R AT T 22 53 H U8 B Y
IR E R B R? O 0.9841, UiHIMAYINA FERE AT,
RZEZIHE N 0.9730, RMS5HE 2 R ARG
— Btk S R RN 2.6651, T HSCEGH A MR
[ A 5 S A 56 F B 41.16 (P<0.0001) , #*H]
B EJ7 RIS B R 2 RPMERSES F {E8 0.2015

(P>0.05) , ZERARE, FYEIETHELAMER
TEAE, AT FHZBR SR A Fa% A SRR B R
B b 2 W R G .

M 57 T 18 T A i 937 o) 8% S 565 PR 38 B v ol P =
Y [y i P, A ST 238 L T AR e S
UL S ZH 2 Ta) B A AR A e 12 1T 43 B )
STATISTICA 6.0 FAfF A HRIEAT — Ik % Jelnl L&,
B3 20 5 R B RE R ma R B an il 1 pras. i
S S R IR TR AE F AR St A (1)
S A DA H AR S R, IR SN R R )



M EmBHL

Modern Food Science and Technology

2013, Wol.29, No.9

B AT B ) S AR LA WSS TR b
ST, RS, TR
AR 40,

B 1 ZERXEEAXMERER S INE SN0 5 gh
Fig.1 Three-dimensional response surface optimization of total
phenolic yield versus

B R AR iR (a); BaER R b A= R R BT 1] (b)
B i A BOZ BT (C) o

MIE 1a ATLAE Y, EREAL R ECEURE, B R
ER TR B2 R IR, 2 N IRE R 55 C
e, RZ R I K. Sl T 55 C g/
5T OGS S22 T B SR BN, i e B 50 °C
Feki, BEAERBAEEBTLLIG KR 0.13 AN, BEEE
R IA R Ol TG KRR BT, B2 e DR &
MR . AR R — Bont o> il B it Fu st SRR P, g
R A T Rl A s K S 1, X2 e T
N RS ATEE, AR IR L A TR G
P, ik i s T SR e 5 R R A SR
R Z RIS ZRY . 55k, 2 RN Ta] Ff
Thi 5 e 2 U E R B L. X AR b T
[ FR) SIS ], ot —2 it = A 10 22 1 ) e B,
X5 RT Ahn SRR R BT 7T 4 R L. H &
1b LA, BEAERRLL AN NS TR] 2 (R R AE BAE
PR 5. ARG ST LR, BB s SR [RI3 nie 2
Py 3 B S A ) s SRR AR 0.16 /iAq s
SNITIALAS] 12 h AAr, 33k Bl m. HE 1o
AL, S RN IS TR) 2 [B) A2 AR AN 2,
Z My PRICEAE — € 0 | P S S it B AN [a] 7 v i A2
Ko (B4R FEIA ) 40 CAT I, M2 MR IEIAS] 5
KAf . MR &l 1 A0 Statistical Analysis System 9.1 (SAS
9.1) BT i AR S NS M Bl AR i bE 0.12, RS2,
£ 40.09 °C, JeRiifla|12.18, AHEIEH R (D i
HAZ Wit IE N 11.38 g GAE/Kg ((3) .
2.3.3  owRER ML ALAR AL a9 40

Andreas Schieber &5 Ui E Y S b EEAELE K2

RYFONGRTR p-& GIR ETIR FEEE AR
TRAKRVLBARTRAR . SRR R By MR AIBCHEA
T AR, D ERIEERR . VR 5 RURT 7R B
I B B O S h 2 By Sy, PRbl P
AR SRR R & I IS, R & SR B, 15
R Wty R o ok SRR AR R 1, FRE H B N
WMHERR AR f =0T, DR, FERSR KAk B K i i B
PERCEREZ WY T2, ERR R M o i
T2 FE 1 B () b PR R

N TR A TR A R, b SR &R
SXoF ] A O B AR, RS B, STl A Ak A T
THTENN (2 M3 . B 2 R AHE E
PG BB R 0, T S5 U R s R P ) — K TR
RGO R SR A B A /K3 (P<0.001) 5
SN S 8 RIS AT Wi AR H e e s Y2 7K
S (P<0.05) . BRI ZE 1A FLITONT nhned R B == 52
MR . SRR E F AT, 3 MR XSER
IR I P BRI R OB . (X >
SN (X2) > (X3) .

IR 2 Hoatie BdiE 34T 2 o0 B 50T
DA HERR S CY ) NERIAR R, BRI L (X
SR (X2) » VIR (X3) ABEAE, @i
= DAy T 1

Y ium=-415.4250+2673.250X1+15.20875 X, +
26.771875X3-11990X;:2+1.15X1X2-0.200875X,2-8.875
X1X3-0.07125 X2X3-0.902344X3% (2)

Xt e RN AT 5 22 53 B oML ER S A 1Y
(IR E 25 R )y 0.8874, REEIE{A )y 0.8086, #Hj
iR R BEAR&EN—85ME: BRAEN
20.2418, ULEHSLIGH) A R IF . BT FRE E R
5 F AN 5.25 (P<0.05) , KRR FFEIASIHRE %,
JAUMERSES F{EA 0.0733 (P>0.05) , ZHRARE,
R TR TCRAUR RAEAE, AT A B AR i A
FNARAE T R g FHST S v i R ) R

ARAGE [ 7R, s S T, S E DG il
T IR s A AT SR L o e 3PS AR A IS [ 6t i
WERR SRR R, WL 20 Mg hi e A, =
A EET 20T W R SR R 1 5 KB AL T 2 13 (1)
PRI TR SR A /K P AE— e YE N, Bl
AR/ LU 0, W ERR PR B K (Bl 2a) 5 [F]
B, W ERRFE HCE 1E — 0 Bl A o e S FEE R R
) ARSI R, KT — e i, iR
U % (& 20 F1 2¢) o AR4EE] 2 F Statistical
Analysis System 9.1 (SAS 9.1) #1445 Hif HE S i 2% A
SR B 0.11, ) MR 35.88 °C, v (] 12.89,

2238



M EmBHL

Modern Food Science and Technology

2013, Wol.29, No.9

FENA7 R0 (2D TSR mERE $EE i 174.84 mglkg
(£3) .

2 BB R EVER X REINMEEER B2 B 52 00 A e B2 gh
HE
Fig.2 Three-dimensional response surface optimization of
caffeic acid yield versus
T BRI R AR 8 B ()5 B R Ao R B 1] (b)) ;
B i A BOZ BT (C) o
2.34 SRR R AR L
LR T B AT TR B, PR RIE T E S
v Bl oM BB R B 011~012 5 kMR E
35.88~40.09 C; [MiFT[A] 12.18~12.89 h, F LAk,
JG L 22 % e B LR L 0.11, SR 38.00 °C
SBTE] 12,53 h (&3) o Dy 1 Baik e B A] 58
P, AR R EE SR 3k, 15 s Z M R
FRHE IR FF2ME 27 11.08 g GAE/Kg #11-170.03
mg/kg (R4 , ZSE{A 5 FS{E (1132 g GAE/Kg

F1173.87 mglkg) HEHELIT (97.88%M1 97.79%) , it
B Szl BES RRA A RAF, B e S T2 i AR
A3 FEs 22 B2 Ao ) SR I A S 2 S
TATRE, BA AT, 54h, B R RR R
il B T R T R R AR R, 5 X R AR L,
SRR 16 f5R 129 % (R 4) , RPARIKEEA
BRI R T RE,  HRE SR 2 A 1)

S

.......

E 3 EAEZ R EEAXMERE RS AMIHER S BNE S0
HEMESZ%E
Fig.3 Superimposed contour plots for yields of total phenolic
and caffeic acid
E BT A 12 h FAt TERE R A Bz iR (a);
R R EA 40 CHRAT, Be/ER tde o iR (b); 2B/
KRR 01 SMT R BE AR i (c), $2&Ahdkig
REIE (gky), BE&AESERIRE (g GAEKY), &AK
Pty R A RS F A AU

R4 RUNREREFHTESERPIHELIRELE K X FRA AL

Table 4 Comparison between the predicted total phenolic and caffeic acid value and experimental values

for the response variables at the given optimum conditions
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0:11 38.00 12.53

ok 8% /(mg/kg) 173.87 170.0343.64 97.79 13.1440.15
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