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Abstract: The physicochemical properties, fatty acid

<
varieties were investigated by gas chromatography, principal

position and antioxidant activity of kernel oils from different Korean pine

t analysis and four antioxidant assays, and the differences between the
strains were compared in this study. Obvious differences.i ical properties of Pinus koraiensis kernel oil were observed among the
re 88/13-127.22 g 1,/100 g, 0.72 -1.12 mg KOH/g and 0.167- 1.277 meg/kg,

respectively. The extraction rates of 10 kinds of red pine seeds ranged from 61.33 to 69.05%, and the average oil extraction rate was 64.74%.

different varieties. The iodine, acid andperoxide values

Linoleic acid (43.203-46.135%) was the most abundant unsaturated fatty acids (70%) in Pinus koraiensis, which had a great nutritional value.
There was no significant difference‘in the hydroxyl radical (82.71%), superoxide anion (70.46%) and 1,1-diphenyl-2-picrylhydrazyl (DPPH)
scavenging ability (60%) of di

varieties of pine nut oil, but the interspecific difference of total reducing power (20-100 mmol) of FRAP
was obvious. The contents of a- from 23.07 = 1.94 to 162.22 + 6.55 pg/g. The stability of different oil varieties decreased in the order
of SH< 2#<4#< 1~#< TH< 6#< 10#< 8#< 9#. Ten kinds of pine nut oil could be divided into three categories according to the combination of
princip&mp t factors. (Fy, Fpand Fs): 1#025, 2#058, 4#066; 5#117; 6#118, 7#119, 8#124, 10#179 and 3#060, 9#148. The pine seed oil
in the same groups showed similar fatty acid composition, oil content and antioxidant activity.
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Table 1 The oil yield of Pinus koraiensis seed from different strains

o 1#025 2#058 3#060 44066 5#117
P 10.33+1.59® 8.38+0.78%° 11.19+1.65° 10.261.43® 10.112.50%
AL R 19.69+4.04% 20.73£2.31% 10.99+1.36¢ 16.58+3.59% 23.3842.45"
A4 67.13+1.90% 64.88+0.71%% 61.33+0.82° 69.05+1.48" 65.1942.50>4
T 6#118 7#119 8#124 9#148 10#179
A 9.33+0.64 10.90+1.44° 5.384+0.62° 9.46+1.13%® 7.3620.56™
M=t R 20.71+1.32% 23.15+3.78° 30.61%1.11° 23.62+1.79° 19.96+2.11%
A= 63.57£0.79%% 62.33+2.09% 63.29+2.83%% 66.09+1.30° 64.50::2.944
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Table 2 Comparison of physicochemical properties of Pinus koraiensis seedoil from different strains

FEAF 1#025 2#058 3#060 4#066 5#117
B2 A//(mg KOH/g) 0.96+0.01° 0.88+t° 0.84+t° 0.8+t 112+
AE /(g 1,/100 g) 90.84+0.2° 86.78+1.8' 109.99+5.1¢ 1343.5% 87.55+1.28
iF AAAA/ (meg/kg) 1.28+0.01° 0.17+th 1030017 1132001 0.68+t°
FEAF 6#118 TH119 8#124 T osIag 10#179
B A//(mg KOH/g) 0.72:4t° 0.96+t° 0.88+t° 1.00+0.01° 0.90+0.01°
Aift/(g 1,/100 g) 100.44:3.2° 118.82+2.6° 127.2246.9° 112.13+1.9° 98.12+1.1°
it kA (meg/kg) 0.48+8 0.52:t" 0.87+t 0:54:t" 0.59+t"

i ATRATIERERRAATEREE (p<0.05) (t<0.0§
% 3 TE SRR RIS AS B S A

Table 3 Fatty acid analysis of different Pinus koraiensis seed oil

R Ci6:0/% Ci6:1/% Cis:0/% Cig:1/% Ci55/% Cig3/% Cao:0/% Ca0.1/%
1# 493 0.62 3.18 6.64 44.72 14.07 0.75 1.24
2# 5.31 0.65 2.39 7 2 45.66 1491 0.57 1.36
3# 5.20 0.63 2.60 44.50 13.98 0.59 1.51
4# 527 0.73 2.02 27.§5 43.97 13.89 0.50 1.48
S# 5.15 0.60 2.36 25.57 45.82 14.77 0.56 1.24
6# 5.08 0.61 2.30 25.40 46.14 14.72 0.54 1.23
T# 3.03 26.64 4545 13.72 0.60 1.31
8# 2.88 26.15 44.84 14.41 0.62 1.27
o 2.09 27.02 44.08 13.72 0.54 1.47
10# 241 28.68 43.20 13.68 0.59 1.36

At SFA/% MUFA/% PUFA% UFA/SFA MUFA/SFA PUFA/SFA
1# 8.86 28.50 59.42 9.92 322 6.70
2# 8.28 27.06 61.29 10.67 3.27 7.40
3# 8.38 28.85 59.30 10.51 3.44 7.07
4# 7.79 30.07 58.58 11.38 3.86 7.52
S5# 8.08 27.41 61.14 10.96 3.39 7.57
6# 7.92 27.23 61.48 11.21 3.44 777
T# 8.44 28.57 59.77 10.47 3.39 7.08
8# 8.68 28.01 59.93 10.13 3.23 6.91
o# 7.94 29.20 59.35 11.15 3.68 747
10# 8.54 30.72 57.53 10.33 3.60 6.74
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Fig.1 Gas chromatogram of fatty acid in different Pinus
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Table 4 VE analysis of different Pinus koraiensis seed oil

SuAf a-VE(ug/g) SIA&5E 484k
1# 025 52.56+4.37" 5.30+0.44"
2#058 383443868« 735040368
3# 060 104.42+5.62° 9:93+0.53¢
4# 066 53.26+6.74" 4.68+0.59"
5#117 23.07+1.94" . 0.18"
6# 118 6.94+2.65° 12.2240.24°
7#119 11.88+0.34¢
8#124 v la626 14.43+0.53"
9#148 7162224655 14.55+0.59"
104179 131.9144.91% 12.770.48%
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(a~h) AT £7 22 (p<0.05).
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Fig.2 The antioxidant activities in different Pinus koraiensis
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Table 5 Correlation analysis among different Pinus koraiensi

TF hi Ciso Ciso Cis Cisa Cusa SFA A’ PUEA
Ciso 0.188

Ciso -0.368 -0.664* y

Cis: 0.280 0.406 -0.129

Cisa -0.307 -0.587 0.180 0.927%*

Ciss -0.084 -0.055 -0.093 -0.86 0.777%*

SFA -0.305 0233 0.879%* 20.142 &8147

MUFA 0.293 0.438 0.188 0.995 0.930%*  _/087+* 0.027

PUFA 0225 0387 0.001 0978/ 0955%% |, 0.873% 0239 0975
UFA/SFA 0.329 0.222 -0.874%* 0.077 0.140 0142 -0999** 0021 0234
MUFA/SFA 0.455 0.467 0.760* 0.649* 0571 0518 -0.699*  0.695%  -0.526
PUFA/SFA 0.177 0.031 0.7 62 0.501 0473 -0920%* 0413  0.599
OH -0.369 0227 0.4 6 0374 -0.624 0.462 0392 0479
DPPH 0.175 0.266 -0.36¢ L0345 0.148 0.391 -0.297 0283 0300
FRAP 0.076 0.479 0212 0.263 0493 -0.266 0.054 0326 0357
o* -0.208 0.27 0229 0.203 -0.141 0.026 -0.129 0201 -0.167
VE 0446 < 0.097 0.016 0.278 0278 0450 0.05 0271 0273
SI 0474 0.089 0.087 0.293 0296 0.459 0.133 0281 0301
b 3 /\FA/SFA FA  PUFA/SFA OH DPPH  FRAP o* VE

Cie.

7

NS

Cis2

Ciss

SFA

MUFA

PUFA

UFA/SFA
MUFA/SFA 0.704%

PUFA/SFA  0.919%* 0.366

OH 0457 -0.055 -0.567

TR
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DPPH 0.281 0.011 0.363 -0.015
FRAP -0.069 0.191 -0.197 0.186 0.529
o* 0.120 0.219 0.037 0.066 0.305 0.145
VE -0.054 0.147 -0.152 0.624 -0.064 -0.082 -0.242
SI -0.138 0.094 -0.233 0.644* -0.095 -0.089 -0.241 0.996**
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Fig.4 Scatter diagram of PCA(principal component analysis)
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Table 6 The characteristic value and variance contribution rate of each principal component

MR RIF- 7 F BN WA T A BN
RA T E 7 Ritr £ T E 7 E Ritr £ I E FE Rtz £
AR TTRREY%  TRE% AR TRE% TRE% AR TRE% TRE%
F, 6.286 41.905 41.905 6.286 41.905 41.905 5.237 34914 34914
F, 4.613 30.756 72.662 4.613 30.756 72.662 4.464 29758~ 64.672
F; 2.059 13.724 86.385 2.059 13.724 86.385 2.512 16.745 81.417
F,4 1.132 7.547 93.932
Fs 0.711 4.743 98.676 -y
Fe 0.155 1.035 99.710
F; 0.030 0.199 99.909
Fg 0.012 0.078 99.987 - ]
Fo 0.002 0.013 100.000 y
E RIBTGEA IR, LRI AR
£7 ERH IR EM
Table 7 Rotated component matri%A (principal.component analysis)
N
Fl 2 F3
Cig 0.967 -0.011 0.126
MUFA 0.042 0.119
PUFA 0.173 -0.128
Cig3 0.105 -0.318
Cigo 0.074 -0.142
UFA/SFA 0.990 0.058
SFA 0.051 -0.990 -0.064
Cigo -0.069 -0.901 0.048
PUFA/SFA . -0.420 0.886 -0.100
‘A/SFA 0.659 0.739 0.031
-VE 0.155 0.023 0.983
‘I 0.166 -0.058 0.976
( ) OH 0.394 -0.454 0.629
Ciso 0.223 0.300 0.040
ERAP 0.233 -0.104 -0.086

A RBRIpiE, Ik btk BAT Kaiser ARfAled Btk askdb e 5 RIERB L,

3 Zig

10 FRAFFH 257 EAT B A H R A AT
HAFrm s &3S RS A AR . @i
Xt 10 FiFAFF 6 B W BR A T A R s PEF S AT 0 [
— BRI AR ER AL v i DA S P e Ay 1t
FAT AR o A8 B T AR 2RS0T 10 Flbaks
WO 3 ANIEEE: 2 1#025. 2#058. 4#066 FlI

S#117; 252 6#118. T#119. 8#124. 10#179; —3K
& 3#060. 9#148.

(1] BERVEEIRT LA 2 W3R 2 ST a1t
HIBE L] & Tl ARH,2014,35(6):171-180
HUANG Yu-yang, WANG Zhen-yu. Study on extraction of
polyphenols of red pine bark and their antioxidant activity [J].

239



MK EmBHL

Modern Food Science and Technology

2018, Vol.34, No.3

[11]

[12]

240

Science and Technology of Food Industry, 2014, 35(6):
171-180

15 1, R M B E TR S AR N T[] & it 7T
57 ,2003,24(4):86-87

FENG Yan-bo, BAI Feng-ling. The nutritional value and its
processing in pine nuts [J]. Food Research and Development,
2003, 24(4): 86-87

SO G5, T, B AN [F) 5 AR A I B P 5 K
TRIBINFAKT b T R AT FE[I]. A 5 8 97,2015,
21(3):50-54

MA Wen-jun, QI Bao-kun, WANG lJing, et al. The
physicochemical properties and microwave were extracted in
different ways study on the effect of heating on its quality [J].
Food and Nutrition in China, 2015, 21(3): 50-54

BV T RVE TR IMEDIRE[)]RAU™ i JTK,2001,7
(7):23-24

LI Zhe-min. The nutrition and health function of pine nuts [J].
Agriculture Productions Development, 2001, 7(7): 23-24
Cesarettin A, Ebru P. Fat-soluble bioactives in nuts [J].
European Journal of Lipid Science and Technology, 2011,
113(8): 943-949

Lee J W, Lee K W, Lee S W, et al. Selective increase in
pinolenic acid(all-cis-5, 9, 12-18:3)in Korean pine nut oil.by
crystallization and its effect on LDL-receptor activi
Lipids, 2004, 39(4): 383-387
Ferramosca A, Savy V, Einerhand A W C, et

koraiensis seed oil (PinnoThin TM) supplementatior
body weight gain and lipid concentration in liver and plasma
of mice [J]. Journal of Animal and Feed Science; 2008, 17(4):
621-630

1708-

5201'5). Seeds, fruits.and cones. Chapter 8. In Food and
Agriculture Organization of the United Unions. <http://www.
fao.org/docrep/x0453e/x0453e12.htm> Accessed 05.10.15
CHEN Xiao-qiang, ZHANG Ying, WANG Zheng-yu, 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): 1807-1816
Zadernowski R, Naczk M, Czaplicki S. Chemical
composition of Pinus sibirica nut oils [J]. European Journal of

Lipid Science and Technology, 2009, 111(7): 698-704
Ryan E, Galvin K, O’ Connor T P, et al. Fatty acid profile,

[14]

[16] %

[17]

[18]

[19]

[20]

tocopherol, squalene and phytosterol content of brazil, pecan,
pine, pistachio and cashew nuts [J]. International Journal of
Food Sciences and Nutrition, 2006, 57(3-4): 219-228

Acheampong A, Leveque N, Tchapl A, et al. Simple
complementary chromatography  and

liquid mass

spectrometry approaches for the characterization of
triacylglycerols in Pinus koraiensis seed oil [J]. Journal of
Chromatography A, 2011, 1218(31): 5087-5100

LA LL, FRRH B P A B /K B2 S U KAt ) T2 Sk
FoE A I). & R42,2016,37(22):60-64

BAO Yi-hong, GUO Yang. Optimization of ultrasonic-
assisted aqueous enzymatic extraction’of pi t oil-and its
16, 37(22): 60-64

LI Jia-jun, WU To

composition/of the pine/nut blend oil and analyse it’s fatty

J' Guo-feng, et al. Determine the

acid composition [J]. Journal of Engineering of Heilongjiang
ity, 2014, 5(4): 48-51

AN S B TR A A K I UR E T ZA
e RS T[] B RE,2016,38(18):229-236
GUO Yang, BAO Yi-hong, ZHAO Nan. Preparation and

oxidative stability of microcapsules containing pine nut oil
bycomplex coacervation [J]. Food Science, 2016, 38(18):
229-236

ZRU S AN KIS 1] S AE At b S DA 75 4K
A0V KA#,2016

LI Wan-ying. The refining og pine seed oil and its application
in cosmetics [D]. Changchun: Jilin Agricultural University,
2016

R, SN, HELLAT, 55 A 3 L DA RF R /) BRI B
IR B HEFR R AR, R R 27,2014,35(23):257-2611
LIU Jing-bo, WU Li-ying, DONG Hong-zhu, et al. GC-MS
analysis of aliphatic acid extracted from red pine seeds using
cold pressing technology [J]. Food Science, 2014, 35(23):
257-261

R T e, 9% 7, S5 R it R T BR A A S A3 A RFAE 7
BT[] & ok RH,2012,10(33):65-68

ZHU Xue-mei, RUAN Xia, HU Jiang-ning, et al.
Characteristics of positional fatty acid composition and
distribution in Pinus koraiensis seed oil [J]. Science and
Technology of Food Industry, 2012, 10(33): 65-68

Hanna C Z, Vito V, Federica P, et al. Determination of lipid
and phenolic fraction in two hazelnut(Corylus avellana L.)

cultivars grown in Poland [J]. Food Chemistry, 2015, 168(7):



MK EmBHL

Modern Food Science and Technology

2018, Vol.34, No.3

[21]

[26]

615-622

Hh LA, IS, ), 55 BB AR T SR TR B 7343 A KA
A0 H R 22 37,2008,23(4):234-236

HAN Ke-jie, XING Shi-yan, WANG Li, et al. Analysis and

[27]

evaluation of the components of euhazel fat and fatty acids
[J]. Journal of the Chinese Cereals and Oils Association, 2008,
23(4): 234-236

BER, R — B A 59, A5 i IS V2 A0 A A B A B B R i
1) L Z T[] R BRI 244R,2016,1(31):52-59

HU Bin, CHEN Yi-zi, YANG Yong, et al. The response

(28]

[29]

[30]
surface method optimized microwave assisted extraction of

seed oil [J].
Association, 2016, 31(1): 52-59

HSYR M B, E L8 FhHTFE WA AR R o373 1],
£ ERE,2017,38(12):144-148

DENG Na, YANG Kai, ZHAO Yu-hong. Oil component

Journal of the Chinese Cereals and Oils [31]

(32]

analysis of 8 Flat-European hybrid hazelnuts (Corylus
heterophylla Fisch.xCorylus acellana L.) and comparison of
varieties [J]. Food Science, 2017, 38(12): 144-148

Emira N, Snoussi M, Eulogio V, et al. Chemical composition, [33]

antionxidant and antifungal potential of Melaleuca
alternifolia(Tea Tree)and Eucalyptus globulus essential oils
against oral Candida species [J]. Journal of Medicinal Plant
Research, 2011, 5: 4147-4156

Tsantili E, Konstantinidis K, Christopoulos MV, e

phenolics and flaconoids and tatal antionxidant
pistachio(Pistachis vera L.)nuts.in relation to cultiva
storage conditions [J]. Scientia Horticulturae, 2011, 129(4):
694-701

[35]

o SIPER 2 ¥ V& e =R A A A5 1 D) Pl s | e N 4

K2,2012 [36]
MENG

func

JA R, 77 AR, FLERBE, S bk it i A NG B B B B PR T
FE[I]. P E R, 2007,32(7):32-33

ZHOU Feng-juan, SU Peng, KONG Cui-ping, et al.
Scavenging activity of walnut oil on free radical [J]. China
Oils and Fats, 2007, 32(7): 32-33

GB/T 5530-2005/ISO 660: 1996 {Shiti4/imifie BR{E AR B
TizE )

GB/T 5532-2008/ISO 3961: 1996 {SHAEAifiE MLAE frm)
JE D
GB/T 5538-2005/ISO 3960: 2001 (FEMiE L EI(E
PRI

H Miraliakbari, F Shahidi. Antioxi

| 4

nt ivity of -minor

Chemistry, 2008, 111:

components of tr
421-427

TR W LR
2004,26(1):7-1007 =%
WANG Zhen-yu;CHEN Xiao-qiang. Study on the regulation

nut oils [J].

of blood lipid in red pine seed oil [J]. Special Wild Economic
Animal and Plant Research, 2004, 26(1): 7-10
Tanaka

Takimoto T, Morishige J, et al

Non-methylene-interrupted  polyunsaturated fatty acids:
effective substitute for arachidonate of phosphatidylinositol
[J].Biochemical and Biophysical Research Communications,
1999, 264(3): 683-688

LIN Chun, Owen S M, Penuelas J. Volatile organic
compounds in the roots and rhizosphere of Pinus spp [J]. Soil
Biology and Biochemistry, 2007, 39(4): 951-960

Kornsteiner M, Wagner K H, Elmadfa I. Tocopherols and
total phenolics in 10 different nut types [J]. Food Chemistry,
2006, 98: 381-387

Kim N S, Lee J H, Han K M, et al. Discrimination of
commercial cheeses from fatty acid profiles and phytosterol
contents obtained by GC and PCA [J]. Food Chemistry, 2014,
143(15): 40-47

241



