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Optimization of the process of Korean pine seed oil enzymatic degumming

by ultrasound-assisted method and its antioxidant activity

QU Yanfeng"** XIANG Lan' CHEN Tianpeng' ZHANG Zhe' JIA Yunzhe' ZHANG Hanbing’

(1. Harbin University, Harbin, Heilongjiang 150086, China; 2. Northeast Agricultural University, Harbin,
Heilongjiang 150006, China; 3. Jiusan Oils and Grains Industries Group Co., Ltd., Harbin, Heilongjiang
150090, China; 4. High-skilled Talents (Model Worker) Innovation Studio of Qu Yanfeng, Harbin,
Heilongjiang 150086, China; 5. Heilongjiang Minzu College, Harbin, Heilongjiang 150066, China)

Abstract: [ Objective] To reduce the phosphorus content in Korean pine seed oil and develop an efficient degumming method. [ Methods ]
An ultrasound-assisted method was used, and the degumming process of Korean pine seed oil was optimized through orthogonal
experiments. The fatty acid composition, content, and antioxidant capacity of the degummed oil were analyzed. [ Results] The optimal
degumming conditions for Korean pine seed oil were ultrasonic power of 420 W, degumming temperature of 50 °C, degumming time of
3.5 h, enzyme dosage of 40 mg/kg, and pH 4.8. Under these conditions, the phosphorus content of the degummed oil was
(5.18 £ 0.24) mg/kg, and the proportion of pinolenic acid in total fatty acids was 15.46%. When the sample concentration was 40 mg/mL,
the DPPH and ABTS ' radical scavenging rates were (91.42 & 0.38)% and (92.47 & 0.84)%, respectively. [ Conclusion] The optimized
ultrasound-assisted enzymatic degumming process for Korean pine seed oil yields high-quality degummed oil with good antioxidant activity.
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Figure 1 Effect of ultrasonic power on phosphorus content
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Figure 3 Effect of degumming time on phosphorus content
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Figure 6 Total ion chromatogram of fatty acid

composition of enzymatically degummed Korean

pine seed oil assisted by ultrasound
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5,11, 14-Z i = R 35.698 1.19
7,10, 14- Ak =R 35.882 0.10

24 MEAFEESHR
H P 7 Ca) TR, 0 0 75 TR 3 I JC 1149 4 R i 19 J5
W Z 5 Hoxk DPPH A i AR H T BRAE 0 R IEAH G, 2 20M

173



174

% K Fl DEVELOPMENT & APPLICATION

100 a a a a a
90
80
70
60

50+ &V,

WL —e— LTHAKFI

30+

DPPH [ i 3B
Scavenging rate of DPPH radical/%

20 g L L L L
10 20 30 40
Jte R

Mass concentrations/(mg * mL")

(a) DPPH [ 1%k

wn
3L

B 2838 | 20254F 5 A | BRaRSHM

100 pb A& & a a a

50+

=V,

—o— LTHVKEI

ABTSH i HET B

Scavenging rate of ABTS' radical/%

40t
30}

20 L L L L |
10 20 30 40 50

J R
Mass concentrations/(mg * mL™")

(b) ABTS [ Hy At

FHRERR £ R 22 57 B3 (P<<0.05)

B 7

LT AN AT i o Vi 09 S0 R AL

Figure 7 Antioxidant activity of Korean pine seed oil and V

KF 3 B R e BE <25 mg/mL I, DPPH H h 5L 3 & %
23.83% i T+ 2 83.73% , 4k £ 3 K LT M KF I T 1 VR &
45 mg/mL,DPPH H 1 HE b 3 F I BORE W T 22,
AR E91.42%, 5 45 mg/mL 4i 4= K E (0453,

1 &7 (o) TT A, B 5 B0 S 0 B Rl R 4 A 3 E R
YRR TE s, ABTST H AR W BRAE W W e Tt m Rl
V2R, ML PN KT I BT i 30 mg/mL B, ABTS™ H H
BE U B % R 32.04% U 5 86.08%, 2 J5 Z2 18 T+,
2 T RN R I 5 R B K 45 mg/mL I, ABTS ™ H 1 25 75 IR
Bk B e KAH 92.47%, 5 44 R E 4T . 20 MFF i T
DPPH H MM ABTS ™ [ HH 2 197 [k B8 1 ¥ Bifi 2 4 it T
VR B TE LS RIS SR g A R — S
AR /Ay IR E g TR =R
3 i

A 7 A DI 0PI T B e T A A R T
420 W, B SR BE 50 °C, B B IE] 3.5 h, B8 S 0 i
40 mg/kg, pH 4.8, Ik & F F M9 8% & & M (5.18+
0.241) mg/kg. J I JG B 20 Fa K7 il i 7 B2 % 4 90% LA
F A AS AR 0 s R, G o 2 9 SR A s F1) 15.46% 5 4T
FA KT I 22 B 5 5 1 BT S A BE ) o R T W 9 OR [
SR A e G il R B U TR L A R ) R B SRR A Y

=
W ”l"ﬂ o

2% 30k

(I BRF-, F2h, 2R . 20 il ) 52 30 s K A= ) 0 R AOF 7 0 o
1. & i S 1L, 2024, 40(6): 233-240.
CHEN P, WANG J, LI H. Research progress on extraction
methods and biological activities of Korean pine seed oil[J].
Food & Machinery, 2024, 40(6): 233-240.

[2] =i 1 B T T 21 41 Sl 335 A9 £0 0 7 SRS AR 2 T 52 [D].
IR AR ALl R 2, 2021 1-3.

LI H B. Study on quality detection model of pinus koraiensis

seeds based on near infrared spectroscopy[D]. Harbin:
Northeast Forestry University, 2021: 1-3.

[3] Z=5cf¥, X, F 4R . 200 il B B SO 1 F oY o T
1. £ 5 Tl B, 2018, 39(8): 297-301.

LIJT, LIU D D, WANG Z Y. Progress of Pinus koraiensis seed
oil and pinolenic acid[J]. Science and Technology of Food
Industry, 2018, 39(8): 297-301.

[4] XIE K'Y, MILES E A, CALDER P C. A review of the potential
health benefits of pine nut oil and its characteristic fatty acid
pinolenic acid[J]. 2016, 23:

464-473.

[S]WANG Z Y, CHEN X Q. Functional evaluation for effective

Journal of Functional Foods,

compositions in seed oil of Korean pine[J]. Journal of Forestry
Research, 2004, 15(3): 215-217.

[6] ZHANG Y, WANG Z Y, CHEN X Q. Ultrasound-associated
extraction of seed oil of Korean pine[J]. Journal of Forestry
Research, 2005, 16(2): 140-142.

[71CHEN X Q, ZHANG Y, WANG Z Y, et al. In vivo antioxidant
activity of Pinus koraiensis nut oil obtained by optimised
supercritical carbon dioxide extraction[J]. Natural Product
Research, 2011, 25(19): 1 807-1 816.

(8] 3% e mi, £ RUAH, 5K 86, 55 . O [5) 42 BUJ7 726 45 £ R FF Tl 52 B

SR T fie e BT 52 A [J]. b 5t MROlk K A= AR R, 2021, 43(1):
127-135.
PAN X L, WANG F J, ZHANG N, et al. Effects of different
extraction methods on extraction effect and functional
properties of Korean pine seed oil[J]. Journal of Beijing
Forestry University, 2021, 43(1): 127-135.

[91 SAMPAIO K A, ZYAYKINA N, WOZNIAK B, et al

Enzymatic degumming: degumming efficiency versus yield

increase[J]. European Journal of Lipid Science and Technology,

2015, 117(1): 81-86.

[I0]CHEW S C, ALT M A. Recent advances in ultrasound



F&M | Vol.41, No.5

technology applications of vegetable oil refining[J]. Trends in
Food Science & Technology, 2021, 116: 468-479.

[11] VAL D S, MARCHISIO F, DI NARDO L, et al. Sustainable
refining of vegetable oil made easy with a designer
phospholipase C enzyme[J]. Journal of Agricultural and Food
Chemistry, 2023, 71(13): 5 275-5 282.

[12]LIU X, HUANG C J, LAN D M, et al. Combining

phospholipase Al with monoacylglycerol lipase for crude

vegetable o0il degumming through improved oil-water
separation[J]. Food Chemistry, 2025, 467: 142366.

[13] R4, BT 25, T O A, S5 7 i A TR SRR T il JBE A 2

R [T]. T E R 4R, 2024, 39(10): 128-136.
SHANG B Y, TAN X Y, FENG X M, et al. Effects of
ultrasonic treatment on degumming of rapeseed crude oil[J].
Journal of the Chinese Cereals and Oils Association, 2024, 39
(10): 128-136.

[14] GUICI EL KOUACHEUR K, CHERIF H S, SAIDI F, et al.
Prunus amygdalus var. amara (bitter almond) seed oil: fatty
acid composition, physicochemical parameters, enzyme
inhibitory activity, antioxidant and anti-inflammatory potential
[J]. Journal of Food Measurement and Characterization, 2023,
17(1): 371-384.

[15] SADIQ H, SADIQ H, SOHAIL A, et al. Assessment of
antioxidant activity of pure graphene oxide (GO) and
composite V,05/GO using DPPH radical and H,O, scavenging
assays[J]. Journal of Sol-Gel Science and Technology, 2023,
108(3): 840-849.

[16] GUO X D, MA Y J, PARRY J, et al. Phenolics content and
antioxidant activity of tartary buckwheat from different
locations[J]. Molecules, 2011, 16(12): 9 850-9 867.

[17] £ 3, AKHYMETKAN S, 5k F, & . mi i 16 ft £k ik 7 22 A
R 75 D A kR T 2SS (0. R i, 2023, 48(4):
16-20.

WANG R F, AKHYMETKAN S, ZHANG Y, et al

BHEEE ERHBANFHEERRIZRURRELEERR

Optimization of ultrasonic-assisted enzymatic degumming
process surface
methodology[J]. China Oils and Fats, 2023, 48(4): 16-20.

[18]LI Z, ZHOU H L, LIU X, et al. A novel thermo-responsive

of fragrant rapeseed oil by response

phospholipase A1 with high selectivity and efficiency in
enzymatic oil degumming[J]. Food Chemistry, 2024, 456:
139624.

[19] A4, £k, 2L WY, 45 R 9l B Sk B b B e T2

FE 0], P E AR IR 2% 4R, 2020, 35(5): 93-96.
DAI C H, CAI Z H, SHENG M M, et al. Research on
ultrasound-assisted degumming process of crude rapeseed oil
[J]. Journal of the Chinese Cereals and Oils Association, 2020,
35(5): 93-96.

[20] dk g, W, W, A5 SR I BL RS B R T AR ], o
[ iR, 2024, 49(6): 18-23, 29.

HONG K Q, LUO Z, YE Z, et al. Optimization of rapeseed oil
degumming and deodorization process[J]. China Oils and Fats,
2024, 49(6): 18-23, 29.

[21TQU Y F, SUN L X, LI X X, et al. Enzymatic degumming of
soybean oil with magnetic immobilized phospholipase A,[J].
LWT-Food Science & Technology, 2016, 73: 290-295.

[22] 3 i, X257, X 5y o, &5 AR T I SR IR 2 2 3 Rl T ik g
07 BR ZH A3 # 9], R B, 2017, 42(4): 8-11.

DONG Y, LIU H P, LIU Y K, et al. Extraction process of pine
nut oil and fatty acid composition analysis of three pine nut oils
[J]. China Oils and Fats, 2017, 42(4): 8-11.

[23] £ RUH, BZBERT, Tk 06, 45 . 98— 7 56 42 ICZT A il

) Jy 2 R AL R B 2H R BT AR EE AT ST (], PR Aok B
K22, 2019, 39(11): 110-117.
WANG F J, XIA X Y, ZHANG N, et al. Kinetic model, fatty
acid composition and antioxidant activity of Korean pine seed
oil extracted by decompression assisted ultrasonic[J]. Journal
of Central South University of Forestry & Technology, 2019,
39(11): 110-117.

175



