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Abstract ;[ Objective] Response surface methodology was used to op-
timize the extraction process condition of polyphenols from red-flesh
apple with ultrasonic assistance. [ Method] Using the red-flesh apple
of XINJIANG as material, on the basis of single-factor experiment,
four factors, inclouding extraction time, ultrasonic power, extraction
temperature and ratio of material-to-liquid were chosed to design the
experiment with response surface method. With Box-Behnken design
and response surface analysis, the optimum extracting conditions of
polyphenols from red-flesh apple were determined. [ Result] The op-
timal process parameters of polyphenol extraction were determined
and they were as follows: extraction time and temperature were
20 min and 62 C, ultrasound power and ratio of material-to-liquid
was 360 W and 1 : 4(g/mL) respectively. [ Conclusion] The poly-
phenols yield was achieved to 2.135 mg/g for red-flesh apple of XIN-
JIANG under theoptimized conditions. This result can provide a ref-
erence for the actual production of polyphenols.
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1.3.1 ZWm4RIC 2D AR R 2 R T IR IR 4 B
HoRSr O ARl b BRA 25.0 g 20 PSSR 57 3%, 45 A B 1Y
BN A 2B R BE 75 %) » 76 1 1E f 88 7 Zh SR AR BE R ik AT
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(1) Z2Wrbe Y 28 1 225 1 AT & T 1R O b E ) J5 L AR
2% CERLIS B an R < Bl 0.00,0.01,0.02,0.03,0.04,
0.05 mg/mL (¥ ¥ B F B A i 74 W 43 90 B LR AN [R) ik B2 )
B FRRARMER W 0.5 mL. Al 1.0 mL i@ A B X #1 .5 min
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0.5 mL, 5 1.3.2C1) AH [8] 19 75 35 Jm A3 500 J5 i e % o 18 LA
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Figure 1 Standard curve of gallic acid
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Figure 2 Effect of extracting time on the yield of

red-flesh apple polyphenols
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Figure 3 Effect of ultrasonic power on the yield of

red-flesh apple polyphenols
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Figure 4 Effect of extracting temperature on the yield
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of red-flesh apple polyphenols
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Figure 5 Effect of material-to-liquid ratio on the

yield of red-flesh apple polyphenols
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Table 1 The factors and levels in response surface design

for polyphenol extraction of red-flesh apple

e X Hus  Xo#A D) XefdBul  XoRHgE
] /min /W Ji/C (g/mL)
—1 10 320 50 1:2
0 20 360 60 1:4
1 30 400 70 1:6
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8.0.5 B A4 AT 4 A~ H 2 B B i) 75 oy 26 $ BBCIRL B Bt
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TZAR IR I e i 7 AR A AR Ak, B R Sk T AR IR W L o g A R
T B BO AL A IR 2 B R E T LB
2.2.2 WA B 1 B A T IRIS EAE A B 6Ca) ~ (o) il T
HAXT AR B L SR W TR 7 oy 3R 5 B[R] L B BRI B R
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Figure 6 Ruesponse surface plots showing the effects of experimental factors on the yield of polyphenols
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Table 2 Response surface experimental design and results

for polyphenol extraction of red-flesh apple

F3 TRMRERFTESN
Table 3 ANOVA results for response surface

quadratic model

o X, ~ X, X, Y 2B/
(mgeg 1)
1 0 1 0 —1 1.558
2 0 —1 0 —1 1.556
3 0 1 1 0 1.599
4 —1 0 1 0 1.685
5 1 1 0 0 1.505
6 —1 —1 0 0 1.492
7 —1 1 0 0 1.468
8 1 0 1 0 1.705
9 0 0 —1 1 1.278
10 0 1 —1 0 1.367
11 0 0 —1 —1 1.458
12 0 —1 —1 0 1.472
13 —1 0 0 1 1.428
14 0 —1 0 1 1.737
15 1 —1 0 0 1.696
16 0 1 0 1 1.695
17 0 0 1 1 1.602
18 0 —1 1 0 1.716
19 —1 0 0 —1 1.694
20 1 0 —1 0 1.399
21 0 0 1 —1 1.735
22 1 0 0 1 1.587
23 1 0 0 —1 1.664
24 —1 0 —1 0 1.481
25 0 0 0 0 2.150
26 0 0 0 0 2.119
27 0 0 0 0 2.176
28 0 0 0 0 1.998
29 0 0 0 0 2.187

2.2.3 I AESR R R E DL AR AR B B E
Design-Expert 8.0.5 F4 X [l 5 4 21 3 47 3000 71 43 47, 15 5]
MR AE L 20 S 800 AR U [A] 20.6 min, #8745 D) #£356.8 W,
PRBORE 62.1 °C LRI 1 3.98(g/mL) , I I i £
M KA 2.140 mg/g.

TG SR A T R R R D I SR OB SR AL A
SER Z W Y A TR Z R AT R, BB IR 8] R E 43 BN
20 min,62 C, AN 360 WoR L 1: 4 (g/mL); 7t
P JE I S5 PR R AT IRE (5 YOFAT 25, 45 R 2 W5 7
¥k 2.135 mg/g, 5 ML WA Z R{UH 0.2 % (1R 2%, UESE
ARG HER A B

SR ZW T T A ISR AR A 2 B AR Dy 38 s
F L BA AR TR L RS AL IT B AT [ R L 3 4 R
i 3% 55 50 4 R A ) i B 9T O vk — 3

JrZERIE AWM FIrA 75 F{i P R2FHM%

EHEE 14 1.60 0.11 13.360 << 0.000 1 * *
Xy 1 7.91X107% 7.91X10°% 0930 0.3520
X, 1 1.90X1072 1.90X107% 2220 0.158 2
Xs 1 210X1072 2.10X1072 24,600  0.000 2 * x
X, 1 2.82X107% 2.82X107% 0.330  0.574 3
X1 Xy 1 6.97X10 % 6.97X10°% 0.820  0.381 2
X Xs 1 2.60X107% 2.60X10°% 0.300 0.589 5
XX, 1 2.90X1072 2.90X10°% 3.450 0.084 5
X» Xy 1 3.60X107% 3.60X10°% 0.004  0.949 1
X> Xy 1 4.84X10 % 4.84X10°* 0.057 0.815 2
X;X, 1 5.52X10% 552X10°* 0.065 0.8029
Xt 1 5.02X10°! 5.02X10"! 58.860 < 0.000 1 »
X3 1 4.81X10°! 4.81X10°! 55.880 < 0.000 1 »
X3 1 6.50X1071 6.5X10°!1 76.210 << 0.000 1 *
X3 1 4.21X1071 4.21X107! 49.330 << 0.000 1 *
Sz 14 L20x10 8s3xiot
el 10 9.60X107% 9.62X107% 1.660  0.331 2
aliiR 2% 4 2.30X107% 5.81X103
JeP=: 28 1.71

tox o FIREAL B3 (P<C0.01);R? 4 0.930 3,RAqN 0.860 7,
S/N 2k 11.391,

4 2n e

(1) 350 LA Z A 1 )38 3 Box-Behnken 1 7 i 415 £ I
BETRECGHEA N R B RETZ S EZEHT
Z W H945 23K 5] 2.135 mg/g; iR 50 AR A5 1Y [l AT 1, vl DL of
A 43 A7 0 T 3 7 A B R B SR T PR 2R 2 W 0 A R Ui B
B LA SEBRAIAT .
(2) BRI Kk B0 75 4 B AT LA SR e 4R TR L (B X 22 1 )
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