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Study on the optimization of extraction technology and the antioxidant
effect of proanthocyanidins from Picea koraiensis Nakai’s cones
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Abstract. The purpose of the study was the optimization of the process for the extraction of proanthocyanidins
from Picea koraiensis Nakai’s cones with the response surface method and evaluation of antioxidant activity.
The results showed the optimum condition for the extraction of proanthocyanidins from Picea koraiensis Nakai’s
cones was obtained:ethanol concentration of 60% ,extraction temperature of 51°C ,extraction time 2h,the ratio
of material to solvent 1:44(g/mL). Under these conditions,the maximum extraction rate of proanthocyanidins
was up to (71.23+0.25)mg/g. The results showed that the purified proanthocyanidins possessed relatively
strong reducing power and capacity of scavenging free radicals. The reducing power and capacity of
scavenging ABTS *- was stronger than the positive control Trolox. Picea koraiensis Nakai’s cones which
contains of proanthocyanidins with a strong antioxidant activities needs further study.
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Coded values and corresponding actual values of

factors in BBD design
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Fig.1  Catechin standard curve
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Fig.2 Effect of different ethanol concentrations on extraction rate
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Fig.3 Effect of different temperature on extraction rate
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Table 2 Experiment design and results of

response surface method

y e BB E

SERG S A B C D (/)
1 0 0 -1 1 61.93
2 1 0 -1 0 51.22
3 0 0 0 0 71.94
4 1 1 0 0 54.85
5 0 -1 0 -1 53.38
6 -1 0 0 -1 4537
7 0 -1 1 0 50.14
8 0 0 1 61.43
9 -1 0 -1 0 54.22
10 0 1 0 -1 53.66
11 0 0 0 0 68.82
12 0 0 -1 -1 57.89
13 -1 -1 0 0 49.66
14 0 1 1 0 53.74
15 0 0 0 0 71.76
16 0 -1 0 1 61.09
17 1 0 0 1 61.24
18 0 -1 -1 0 55.17
19 0 1 0 1 63.60
20 0 0 0 0 71.70
21 1 -1 0 0 50.39
22 0 0 1 -1 51.66
23 -1 1 0 0 53.14
24 1 0 0 -1 49.55
25 0 0 0 0 72.35
26 -1 0 0 1 54.92
27 0 1 0 49.19
28 0 1 -1 0 56.12
29 -1 0 1 0 49.19
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FE o IR[o] A 25 H BBD S50 (R S P HE I &A1l 4
T A B A1 60.42% , U B 50.91°C  I5F ] 1.97h Bl LE A
1:44 (g/mL) , ML 5 AL T 22159 % 2 72.46mg/g
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AL )G LS B « ZWEUR BE 9 60% , U8 FE51°C
ISFIA] 2h BRA HE 24 1:44 (g/mL) , R B AR AR, $EHY
LU mAZER R R AL 2345 %8 (71.23£0.25) me/g, 5
T IR TR 1) Ll A it 22 9 1.70% o
24 AREZEKRERTEZHRHIHG &

21 ZAZER R R A TE 34 D4020(1 2lifk , b il
JEAETT 2226 JE 429.45%+1.33%, 2lifl )5 465 4 68.57%
+1.78%, MK % A 88.27%+3.18% »

25 ARZBHKREEXBTEZHBHWHRENLITEN
2.5.1 4 mAZERR R AT 226 4 X DPPH « 1135
BRVEH  WE6ITas, 40 )% ~AZ BRI IR AT A5 4
XIDPPH« [ 58S B AT B3 S ERIE- o LLTrolox A SH
PEXT R, FEO0me/mLE 35 B3 28 53 511l 24 90.7 % +2.07 % Fl
69.58%+1.56% o 41 )% = AZER B I A6 75 25 K5 ) ) A
Trolox7E S I A B I TCsofEL 53 53l A (41.04+1.12) pg/mlLs
(16.62+0.98) pg/mL. Mk LFH, 07 = AZER R R
615 2Z5K5 75 KR DPPH « [ tH 3L 8 1 &, (EI% T
Trolox.
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Table 3 ANOVA for Response Surface Quadratic Model
J7 2 AU ST A SRl Y5 Ff p BE
eit] 1688.68 14 120.62 30.53 <0.0001 s
A 8.21 1 8.21 2.08 0.1714
B 19.44 1 19.44 492 0.0436 #
C 37.47 1 37.47 9.48 0.0082 o
D 231.60 1 231.60 58.61 <0.0001 s
AB 0.24 1 0.24 0.06 0.8085
AC 2.24 1 2.24 0.57 0.4637
AD 1.14 1 1.14 0.29 0.599
BC 1.76 1 1.76 0.45 0.515
BD 1.24 1 1.24 0.31 0.5835
CD 8.20 1 8.20 2.07 0.1718
A 944.93 1 944.93 239.13 <0.0001 o
B? 422.45 1 422.45 106.91 <0.0001 i
c? 463.31 1 463.31 117.25 <0.0001 o
D2 194.33 1 194.33 49.18 <0.0001 i
bk 2E 55.32 14 3.95
AU 47.29 10 473 2.36 0.2120 e
aliiz e 8.03 4 2.01
M7 1744.00 28
R FHL 0.9683
BIE YR E R 0.9366
A AL 3.47
T, p<0.01, B35 *, p<0.05, B3
100 [ AR w77, AR E L A2 BRI R A6
ol FOHT IR ABTS = [ b HE 38 FUAT (R 2 35 1 7 A
70t FH o BATrolox g BHPE Xt F, e AH R BE 4504 5 BH X
S A Trolox 19 e 26 40 AL 21 e 25 A2 BR R JSLAE 147 320
& 4of e LR A AZ IR AL R AL T 228G H142) F Trolox 71 5
LY —— U R T % U IR B B TCso T 29 1) 24 (20.45+1.08) wg/mL. (32.94+
fg: —*— Trolox 0.65) wg/mL. MAAE B, 41 % Z A2 BRI R AL 75 2500
4 2 A AR S AT R ABTS > [ HH3EAE 7, #2200 T-BH

O 1 i 1 i i 1 1 1 1 J
0 10 20 30 40 50 60 70 80 90 100
SRS (ug/ml)
Kl6  ZLH ZAZERR AT 24 DPPH 5 R 1 H]
Fig.6  DPPH radical scavenging activity of proanthocyanidins

from Picea koraiensis Nakai’s cones
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Fig.7 ABTS radical scavenging activity of proanthocyanidins

from Picea koraiensis Nakai’s cones
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Fig.9 Reducing power of proanthocyanidins from

Picea koraiensis Nakai’s cones
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