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Ultrasonic Extraction of Oil and Proanthocyanidins from
Pinus koraiensis Seed Scales Induced by Surfactant

LI Zhanjun'?, MA Ke*, XU Yibin®, WANG Yan®, YANG Fengjian'"
(1. Key Laboratory of Forest Plant Ecology, Ministry of Education, Northeast Forestry University, Harbin 150040, China;
2. Yichun Branch of Heilongjiang Academy of Forestry, Yichun 153000, China;
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Abstract: To study the ultrasonic —assisted extraction (UAE) process of oil and proanthocyanidins from Pinus koraiensis seed
scales, a single—factor analysis experiment was conducted with oil and proanthocyanidins yield as response values. The Box—Behnken
response surface optimization method was applied to determine the optimal process conditions, which were as follows: 67% ethanol
aqueous solution, liquid material ratio of 10 : 1 mL/g, tea saponin mass concentration of 0. 3%, power of 100 W, time of 20 min,
water bath temperature of 50 C , expected yield of 21. 24% and 3. 03 mg/g respectively, actual yield of 20. 86% and 2. 98 mg/g, rela-
tive error of 1. 79% and 2. 97%. Comparison analysis revealed that UAE reached equilibrium in a relatively short time. UAE treatment
increased the specific surface area of the seed powder in the solution. The order of DPPH and ABTS free radical scavenging activities
for oil and proanthocyanidins was proanthocyanidins, Ve and oil, indicating that Pinus koraiensis seed scales oil and proanthocyanidins
possess good antioxidant capabilities. The use of tea saponin as an inducer for UAE extraction of oil and proanthocyanidins from Pinus
koraiensis seed scales demonstrated advantages. These research findings provide a theoretical basis for the in—depth development of
Pinus koraiensis seed scales.
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T ARA T & B 0, Tl R | 24 il A Tl
HAT R s RS Bk & Ak
LA, BERY B 24 | 2 5% (8 R BE A 3
RUFIIF RSB, AHSCAEGEHE 1 L0 SR B v
P S AR A e & B R 2 A H
B e LA TR O s R e S, B
ABAFHIBIIE PUAALRCR . J5AET R (Proanthocy-
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Fig. 1 Wavelength scanning of proanthocyanidins in the

ultraviolet (450~600 nm) range
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8:1.10:1.12: 1,14 : 1 mL/g) , N5 M7 H 2=
(0.1% .0.2% 0.3% 0. 4% 0. 5%) , #H L% (40,
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60 °C) XHHARIF R E R & PR,
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M AR (2~4 BY,2 BV/h) CREREGL AR EAE,
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(20 min/IK,2 h), g% 78 &G I WO, (DL,
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WIS 12~18 h (5 mL : 88 L) ,PBS 2% mrifi fifi
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e AE(E T 45 C B, i 5 IR AL T 3 115 R,
JEPRIAE T, AR R 1 R A ) B BB Y P B
FREIEAR S8 Sy, R SRR A
TR ARG ZE SR R IEA G, 5 P SR K =
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Fig. 2 Kinetic curve of different factors affecting the yield of oil and proanthocyanidins

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net
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Tab. 1 Selection of solvents 12: 1 ml/g) B KB € (40~50 °C) ==

i@ Mﬁah@ . "%Wf@f . ;;@?l AWW PATRAL S g . A R LG e A AL o A

ateg ethano sopropyl alcoho Sthanol celone . N ” . N N

—_— - etk G LA 5 278 2 o U B, 46145 5 b7

0l 0-15 0-12 o140 PV R ) R T

PR e 010 0.12 015 0.13 Yo = 21.21-0. 27A+0. 23B+0. 27C +2. 50
. 107°AB+0. 21AC~5. 00x 10°BC~2. 164>~ 1. 22B” -

3.2 WaRzE R

2
M H Design Expert 8. 0. 6 XJ 51K Z 434115 H 1 0-12€

®2 HEMREBSRRENINZESH
Tab. 2 Extraction kinetic parameters of oil and proanthocyanidins
" Rt/ RER .
IR (%) e o - K/
Volume K, K e ) K, K, - . K, K, K, K, || Water bath K, K,
. Liquid material Tea saponin Power
fraction ! temp
ratio dosage
50 0.22 0.17 | 6:1 0.28 0.19 0.1 0.31 0.19 || 40 0.29 0.19 |30 0.27 0.25
60 0.19 0.21 | 8:1 0.30 0.191/0.2 0.27 0.22 || 60 0.32 0.20 |35 0.30 0.23
70 0.22 0.20 || 10:1 0.32 0.18 (/0.3 0.31 0.18 |/ 80 0.28 0.17 || 40 0.26 0.21
80 0.24 0.22 | 12:1 0.34 0.20 0.4 0.26 0.17 || 100 0.27 0.16 || 45 0.31 0.18
028 0.19
.22 0.1 14:1 .2 .2 § .32 0.1 12 .32 0.1
90 0 0.17 0.29 0.23 0.5 0.32 0.16 0 0.32 0.18 || 50 (60) (0.29) (0.24)
TE K, Ky 230 i AT 30 NP R
Note: K, and K, are the equilibrium rate constants for oil and proanthocyanidins, respectively.
proanthocyanidine = 2+ 36=0. 604 =2. 50107 B+0. 36C - SR PR S B O 22 03 A R B 24 W

0.0784B-0. 12AC+0. 11BC-0. 474*-0. 20B*+0. 15C*
x3 MUTHEIE

Tab. 3 Optimize experimental data

WL 3 F 4, M Fischer BU“F S5t {8 (F) FfE

SN Wil S i
Factors Response value
b AR (%) JEAEH FAFHE/ (mg - g7")
Number Yield of oil Yield of proanthocyanidins
A(%) B/(mL-g™") /W - -
ot F2br ot S2br
Predicted Actual Predicted Actual
1 80 10 50 19.15 19.11£0.52 1.68 1.59+0. 33
2 60 8 45 17. 86 17.95+0. 49 2.22 2.08+0. 46
3 70 10 45 21.21 21.19+0. 37 2.28 2.31+0.42
4 70 12 40 19. 82 19. 64+0. 45 1.84 1.75+0.53
5 70 12 50 20. 35 20.47+0.51 2.77 2.72+0.58
6 80 8 45 17.33 17.18+0.43 1.17 1. 17+0. 61
7 80 10 40 18.17 18.44+0.59 1.20 1.15£0.33
8 70 10 45 21.21 21.32+0.63 2.36 2.34+0.28
9 70 8 40 19.36 19.24+0. 61 2.06 2.11£0.25
10 60 12 45 18.32 18.47+0. 49 2.37 2.37+0.37
11 80 12 45 17.79 17.71+0.28 1.01 1.15+0.48
12 60 10 50 19.25 18.98+0. 33 3.12 3.17+0.56
13 60 10 40 19. 14 19. 17+0. 46 2.16 2.25+0.34
14 70 10 45 21.21 21.22+0.59 2.36 2.27+0.27
15 70 10 45 21.27 21.41+0.57 2.38 2.36+0.33
16 70 8 50 19.91 20. 09+0. 49 2.56 2.65+0.42
17 70 10 45 21.21 20. 89+0. 69 2.35 2.52+0.49
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Tab. 4 ANOVA data and final inferences *
il JRAEH R
SR 1 Hy 0il Proanthocyanidins
Source dr F 5 ¥y v P FIr ¥y v P
1 1 . 2 2
Sum of squares ~ Mean square Sum of squares ~ Mean square
Model 9 29.28 3.25 50.37 <0.000 1 5.23 0.58 34.97 <0.000 1™
A 1 0.57 0.57 8.78 0.0210" 2.89 2.89 173.88  <0.000 1™
B 1 0.42 0.42 6.48 0.038 3" 5.00x107°  5.00x107°  3.006x107°  0.957 8
c 1 0.58 0.58 9.03 0.019 8" 1.03 1.03 61.90 <0.000 1™
AB 1 2.50x107°  2.50x107°  3.87x107* 0.984 9 0.024 0.024 1.44 0.268 5
AC 1 0.18 0.18 2.86 0.134 5 0.058 0. 058 3.46 0.105 1
BC 1 1.00x10™  1.00x107*  1.55x107° 0.969 7 0. 046 0. 046 2.78 0.139 4
A? 1 19.59 19.59 303.22 <0.000 1** 0.92 0.92 55.33 <0.000 1™
B? 1 6.28 6.28 97.30 <0.000 1** 0.17 0.17 10.13 0.0154"
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Fig. 3 Umbrella chart of optimization factors; oil (a.b.c), proanthocyanidins (d.e.f)
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Fig. 4 Kinetic trend of oil and proanthocyanidins extraction
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Tab. 5 The specific surface area of Pinus koraiensis

seed scales powder
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Fig. 5 Antioxidant capacity of oil and proanthocyanidins
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