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Abstract: [Objective] Based on solvent method, by comparing the yields of Korean pine seed oil
separately treated by ultrasonic method, microwave method or light wave method, and the soaking yields of
Korean pine seed oil after separate method treatment, the dominant method in the extraction process of

Korean pine seed oil was identified. At the same time, the effects of four extraction methods on
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physicochemical indexes, fatty acids and antioxidant capacity of Korean pine seed oil were confirmed.
[Method] According to the GB/T 5009.229-2016 Determination of Acid Value in Food, GB/T 5532-2008
Determination of lodine Value of Animal and Vegetable Oils and GB/T 5009.227-2016 Determination of
Peroxide Value in Food, the acid value, iodine value and peroxide value of Korean pine seed oil extracted by
the four methods were determined. The type and mass fraction of fatty acids in Korean pine seed oil were
determined by gas chromatography-mass spectrometry method, and the scavenging abilities of Korean pine
seed oil to DPPH: and ABTS" were determined by spectrophotometry. [Result] The optimum extraction
solvent was n-hexane. When the extraction temperature was 25 °C, the liquid to solid ratio was 18 mL/g, the
extraction time was 5 h, the yield of Korean pine seed oil was 65.52%. The yield of Korean pine seed oil was
67.63%, 62.26% and 58.25% by ultrasonic (300 W, 10 min), microwave (380 W, 100 s) and light wave (400 W,
11 min), respectively. After the three methods treated separately and the extraction was carried out with n-
hexane individually, the yield increased by 2.18%, 4.50% and 6.10%, respectively after the total time
reaching 5 h. The Korean pine seed oil extracted by the four methods can meet the limit standard of acid
value (< 4 mg/g) and peroxide value (< 0.25 g/100 g) in GB/T 2716—2018 National Food Safety Standard
Vegetable Oil. The acid value and peroxide value of Korean pine seed oil prepared by organic solvent
method were the lowest (P < 0.05). The mass fractions of fatty acid from high to low were linoleic acid
(44.54% — 46.32%), oleic acid (28.29% — 28.83%) and pinocyanic acid (13.15% — 14.51%). The DPPH- and
ABTS™ ICs, values of Korean pine seed oil extracted by solvent, ultrasonic, microwave and light wave
methods were 9.41, 8.80, 9.43, 9.61 g/L and 5.10, 5.51, 6.10, 5.43 g/L, respectively. [Conclusion] The
yields of ultrasonic method, microwave method or light wave method separately, and soaking yields after the
single treatment were compared. It is found that ultrasonic, microwave and light wave method play a leading
role in the extraction process. Compared with the solvent method, microwave method and light wave
method, Korean pine seed oil extracted by the ultrasonic method has a higher extraction percentage, a higher
mass fraction of unsaturated fatty acid, a stronger antioxidant capacity, and can achieve better extraction
effect. This method has some advantages in the Korean pine seed oil extraction industry.

Key words: Korean pine seed oil; extraction method; physicochemical index; fatty acid; antioxidant
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1.1 # 8

RN H BRI R R . 1,1- K2 —
fif 22 2K Jifk (1,1-diphenyl-2-picrylhydrazyl, DPPH)( =
98%), T Sigma A7« 2,2-TRE W3- FEAFF1Ems
Wh—6-fifiiE —4%E5( 2,2 Azinobis-3-ethylbenzothiazoline-
6-sulphonate, ABTS) (= 98%), J-F Sigma A& . A
P 2R R 7 pr ki
1.2 A &
1.2.1 BRAFAL

W LLRA FloF ) 25 41 76 M B2 JE 1E 60 C JE T2
L &, R 80 H O, ZLAAKFH B T35 548, 4 C
Z A TR . R GB5009.3—2016¢ 2§ K
3 BN E D e HK o 8N 6.52%, K GB5009.6—
20164 & &b A i 17 (0 52 ) I s L g 0 A 2 OA
68.76 g/100 g.
122 soidF b B ALF AR 2 o7 ik

X F GB/T 5009.229—2016( £ &t 2 4/ #
SE VI 52 BRAE; K GB/T 5532—2008¢ Zh 18 4 9 g
TULAEL P70 5 )i 2 BIUEL s >R GB/T 5009.227—2016
Bt b SR AR R 52 YN s 3o SR A 1
12.3  LohddF b Bg By Bk 4R ) 5

HURE SRR 6 1 B T 10 mL HZERE H, A
0.5 mol/L KOH-F EEJE# 2 mL T 65 C /K 2
1k 20 min, I 2 mL BF;—Z Bk i W (A FREE 101D,
65 °C /KIEH BEEAL 5 min, BUHEA7KEEL, I 2 mL
AT, PRBE, T R

K H 7890-5973N A4 Jiit Bk A A (36 [ Aglient
A FAT 5 A TS 73 AT . K A DB-5MS £ &
AL AL REFE (30 m x 250 pm x 0.25 um); A FHEFRE T
W E NI 60 °C, LL 10 °C/min T+ & 270 C, {#
5 min, F LA 8 °C/min T+ £ 300 °C, f£ ¥ 8 min, HEFf
FHRFE 270 °C, il — i il 422 IR FE 260 C, A
AR, BAREREN 1.0 mL/min, 7337 L& N
80 1CARFALL) o FRIEAHTHT, FH T H 7 phhi 1 B g
& 70 eV, JFifir bt m/z JaE 50 ~ 5500 5 3 A &5 2R
55500 R A 2 LU, 1 5 AR B, SR FH Ve T
FUA— B AT 2R T T R AR X
1.2.4 AR BUE B X5

P A B Bt - 2 o S 1) 20 AR KR B 4
% 5.00 g, 25 C %A T, % — & WOR L TE A HLIE 7
dE 4R — BN A J5, 4 000 r/min 250 10 min, BC_E 3%
TAE 45 C FETWRAF R, DLALIAAF 25N
Fabr, W I FNETR AU B T 251

DAV 7RV 7 DR B Y 75 R0 R L 2% A D R

fith, 73 I BEAT A P i TR DG A SR I LR KT
TSR T 2 K S U [8] R B

Y = 22 x100% (1)
mj

R Y NS R (%) my NVIGE LA KT =
(g)s my NEJHE G AR ().
125 RERIG k3ot i i3 R ¥ oh e A 7
DAY 750925 1 7 192 i 4 700 R0 VBORE LU 2% A o 2
it 8 Ik FL DR 3% S0 A 2 6 75 U R RN D i A AR
HV & AT LT RAFF B AL 38 S5, 5 B 2D R R 7S 26, I
X L — 7R AL BE T I 2L RN K 4k 02 4, S ) [A)k
5h Ja i E JG SR AL KA 26, 1EAT 5 I Bk
IRIRLAAFFIMAF R AR B L T h 5

T = "2 x100% )
m3

T T NERBCEL ] (%) 5 my Ay B — 5 i b H A i
RS 2T AA KIS (@) 5 my N E— 5 AR B S5 AR 20
FFAREIEAR, RN A5 5 h JEZLRAFFI SR & ().
1.2.6 ohMFpib it BALaE Al e

PATGIK ZBE VA, K F 43 O BEEE N E 4 B
FE BT v i) 2% th B £0 A% K7 i 5) DPPH- A1 ABTS ™ [
TE BRAE S, f# B SPSS # 4 (IBM SPSS Statistics
24.0), L ENA 3 iH 5 B AL S 3 h 50% I F
XoF L Y LT RA K3 ) 5 R B, RIA 1Cs AL
1.2.6.1  ZLFAXFi%t DPPH- i/ K fig 1 10 &

# DPPH EC ]/ 1 x 107 mol/L [ ZEEVETR, 7
A RN 4 mL DPPH W AT 1 mL K¢ 5, 45
A1Ja T IR FEECE 30 min, £ 517 nm K AR
SEMWEIE, 18N 4; 2 A4LIN N 4 mL DPPH ¥
1 mL JC/K LB, 168 Ay AHHRAIIA 4 mL JE/K LB
A1 mL AN [R5 R BE LD AP 18 Age 2R
A B E 6 MHAE: 0.04, 0.10. 0.15. 0.20,
0.25.0.30 g/mL. FAN i S EEFATINE 3 IR, L
EIME. N ORISR
A-A

1

C:(l— )xlOO% 3)

s CONLLRAFF IR B B IEBRZE (%) 4 WA
[ o7 B VA FE LA AT IV T 5 B B R TR A I VR O
J& 5 Ay AR TR R FE LA FF il 0 5 T K R
BIRWIIRACSE; 4 NTEKCFES B HERR A B
(IR
1.2.62  ZLFAKFIRT ABTS 5 B g /1 f &

HY 10 mL ¥ 7 mmol/L ] ABTS ¥#& ¥ f1 176 uL
(1) 140 mmol/L it B ERHHIR A it &, IR A1 G 1E =
TN SN 12 ~ 16 h, 2R 5 /K LB H Rk
ZAE 734 nm KA KBOGEA 0.70 £ 0.02 (1) TAE
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W EIRE PRI 4 mL ABTS™F1 1 mL A [A] 5
R BELLRA KA, ) JE T IR N R E
30 min; /£ 734 nm KA 2 G, 28 4; B H
MmN 4 mL ABTS %A1 1 mL G/K OB, id N
Ay RRZEINN 4 mL Jo/K ZBEFN 1 mL A [7] )it 294
FE LT RA KT I, 10N Age 20N KT I BT B VR T B
6 M6 JE:0.034 0.05. 0.07, 0.09, 0.11, 0.13 g/mL. ##
A1), ZEiE N EE XN 20 min, 7 734 nm i K AL
SEROGEE, BRI A 3 N PAT, RO
17 H HEE R

2 HERE M

2.1 AMFFHREERIIZHHR
2.1.1 ZFEN Y IH L

HIRLEE 10 mL/g, 12421 8] 3 h i, A [E]3% 71
RIRLAAKF I AR SR 5 R 1 fis. R 1 7]
s R ERLE) 4 b B R AT L0 I 1045 FE
FMRAR A IE O > A > 48 Ll > oK &
BE, ANEIVEFNRIRAMAF AR AR EEER
(P<0.05). KEHED B IEE AT LT
THTE D7 R B AH S FE i, 348 IR Db AT LLAR KT
WEREG I C k2 GB 2760—2014( & i 2 4 H 5
PR B A IS B AR Y He S VR 9 ol
T BhF), Hoih AR 8 R R, B SRR 4 5,
DR e 5 1E CUbEAE IR 3RV AT Ja 2t 7
2.1.2  IE TARARBCLL AT i 6 iR A L SRR AL

PUIE G e IR SR I 77, IR SR TH) 3 h B, AN [A)
BRI AAFF M R R RS2 g0 85 R ansk 2 fros. |
& 2 W Bl URE LG B3 N, SURA KT IRAS R 2 Y
InE TR e AR S WoR L 6 B4k F) 18

I, 1k RIBE R38R, BINAE JRHES) 77, LERAFF A
K 55.31% 5 E BN E] 60.50%(P < 0.05), k214
TBOREEE 25 26 mL/g I, Z0RAKF I 43 T KR B4
T, KPR R TR EEE R (P>0.05), #HIE
SOV SR i B B WL IR DU KR i, I MR
KBIHGIA R — 52 Lol 5, gk 3g SR I 71 F &, Hi
SR IIE HAEAT, YR IR B — e R
S FAKF HR R I R 2 C AR B SR, 1208 e 1) 2
X} R K R ER A PR B R A
2,13 ETHRIEILLANAT i 69 02 4 B 18] S AL

PLIE Ot IR 323 77, Wk 18 mL/g B, A A
IR AR [A] R LA AT Il LR 3R SR B 25 AN 3 BT
B 3 Al I (B B 1 h B3 5 h ), 2085
KRl 47.57% BE W IN%] 65.52%(P < 0.05),
GBHRIEE 11 h, LAKFMTS SR E R EZ (P> 0.05).
LT RAKFAE — 58 I ] N B e A T, 4k 2138 hn$ Y
I 18], ZTFA KT I 75 R T 0 25 R o X1 2 A 2 U8 2 )
FIR VS BT O i B R B, o 92 YL I () A D 38
I, R AR 2 b, R g AR AR U R,
BERANFHEERN.

Zi b, R 25 C R, WA AT R AT I ) I
FE T2 BARIE N IE Ok, WOk 18 mL/g,
BB 5 ho B T2 FAAMFFITSEEN 65.52%
22 BRI EN AR BRI

TR g Tl Hh, ¥ 7 — R g G i SR BT 7%,
E BRI [, $REUBERAR, 8% R — Lk Bh 4
W5 ¥, G0t 7 I Al B vk AR i B vk A s T 2 o
T AR BE, A AU RL TR RO A U S R
TR B BRBRCR o DUIE Ce IR BRI, R EE
18 mL/g JyFE Ak, #87 AL FE 10 min, fLI% AL 60 s,

® 1 AREBHRRMLMRIFREGEE

Tab. 1 Effects of different solvents on yield of Korean pine seed oil

$RELA 7 Extraction solvent LR 2.1 Ethyl acetate ik Petroleum ether IE T % n-hexane JE/K Z. ¥ Anhydrous ethanol
MR Oil yield/% 50.65" 52.75¢ 56.68" 15.46°

1 N FRARFRRZEFREP <0.05). F[H. Notes: different lowercase letters indicate significant differences (P < 0.05). The same below.

R2 RBHEILHFFRF RN
Tab. 2 Effects of liquid to solid ratio on yield of Korean pine seed oil

kR EE Liquid to solid ratio/(mL-g™") 6

14 18 22 26

MHRTE R Oil yield/% 55.31° 57.14°

58.83° 60.50" 60.67° 60.71¢

®3 REE BRI RGERNIN

Tab. 3 Effects of extraction time on yield of Korean pine seed oil

FR XA (8] Extraction time/h 1 3

5 7 9 11

TMAETS % Oil yield/% 4757 60.51°

65.52° 65.68° 65.78° 65.85°
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WAL ER 11 min B, 23 5I4E AN [E D 26, F 70 ) 6
AR ALK CLRA K I A5 28 B sg e, S5 SRk 4 fros .
FEUEDIEE 300 W, Tk 2 380 W, JGUE I3 400 W
53 AE FAS [R] B 1], A7F 576 4 H BT ] 38 44 %o 2142 FF 3l
RER M, S5 5 s

247 P U OB TG BRI S I, PR R A
I 300 W 5 IR E] 10 min I Jl1 g B BRORR B 2
FFEN 67.63% (3K 4); THIEAE D) Z 380 W, RIS
(6] 100 s B 210 FF 3 32 DU B b, 13 %8 62.26%
(£ 5); YU IEAE T ZR 400 WL HREU 8] 11 min 41
FAKF i B BUBUR B 0, 195808 58.25% (K 5). kK
SR R FH R P g R A SRR UK IS 3 59.8% o
2535 6P R BB I 7 COy 5 A BB LT F K i B HY
2R B =IE 55.61% . X1 S5 B i sk AT B v
MEIEIR I A KPR N 60.30% . 1F e A Th 2 Al i
PRI [ 254 T, B 75 BV T A e i VA SR X
LT K35 B B 22 7 (P < 0.05) . [AJH
At $R E T V2 A T, R 7S U R R R A R, B AR

=N
SR

2.3 AEHRENEITORFFHAEEEIT

1E CREIE (S b A %75 (300 W, 10 min).
T2 (380 W, 100 )+ JEi%72:(400 W, 11 min) 43 J
Wb BRETRAFE I LERAKF I AT F A5 6 Fros . X A3 5
ILTAANT R BRI IR S h, ZERAKF 7S 2R 015 15 Gl
x 7 HiRe

4 FhIT IR BRI LT AR AT A5 2 i I R A U >
WL > Tk > el & 7T IR ALK I A5 2 8y
TEAERFEMWZE R P <0.05) . R . k. ek
LW YOS AW /N 5 S ST IMRAR vy o K #2587 3 11|
92.18%.4.50%-6.10%, &IT1EZ AR E(P<0.05)
GEEDS AN 1 ) ) o R R (N KN R I T [
96.88%- 93.26%- 90.52% , % LU HE 7 I v Sl vk A
DG P IR A T 5 159258 1) 0, R P IR B A
FEWVEAESR A AN I AR R 2 T = B EH . &
TIPSl R I TR0 R P I 9 R B A B 4
HYHA%E (Rubus spp. ) FF i1, i ot 5 PR 28 A IE A2 i B A
RFRECT 2, b 3 PO kSR B IR 1S 2 i) A I :
FE U B > AR B > VA ANE, R A BE

R4 RENEWIFFMGERIM

Tab. 4 Effects of extraction power on yield of Korean pine seed oil

R 5 2 Ultrasonic method % Microwave method J69% Light wave method
Ih# Power/W 15 Yield/% Ih# Power/W 5% Yield/% & Power/W 183 Yield/%

200 63.45¢ 340 45.44* 250 44.04°
250 65.68° 360 49.21° 300 49.76
300 67.63" 380 54.35¢ 350 51.60°
350 62.35¢ 400 51.93¢ 400 58.25°
400 60.45" 420 50.41¢ 450 56.74°
450 56.07° 440 49.53° 500 55.28°

®5 R ELAFFRGER M

Tab. 5 Effects of extraction time on yield of Korean pine seed oil

R Ultrasonic method

Wk v Microwave method

v Light wave method

518 Time/min 142 Yield/% 1) Time/s 743 Yield/% i8] Time/min 142 Yield/%
5 65.78° 60 54.35° 3 45.65"
10 67.63" 70 54.84° 5 47.20°
15 64.31° 80 55.95 7 52.09¢
20 62.99° 90 57.62¢ 9 52.94¢
25 61.61° 100 62.26 11 58.25¢
30 57.73° 110 61.16° 13 51.49°

R 6 4 FTTEIRIAMATHEGE
Tab. 6 Yield of Korean pine seed oil extracted by four methods %
W 7¥% Solvent method it8 75 % Ultrasonic method i ¥ Microwave method 6% Light wave method
65.52¢ 67.63¢ 62.26 58.25°
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Tab. 7 Yield of Korean pine seed oil extracted by three methods and extracting percentage of separate action %
it 75 % Ultrasonic method i % Microwave method ik Light wave method
VISHEREE SRS FORIE FH S E LL A5 VISEEREE SRS FURRAE FH SR A L A LISEENES S E RS FAE SRR L A1
Yield for soaking ~ Extraction percentage by Yield for soaking ~ Extraction percentage by Yield for soaking ~ Extraction percentage by

after treatment separate action after treatment separate action after treatment separate action

2.18% 96.88* 4.50° 93.26 6.10¢ 90.52°

i KEFREA RO B R R IR R 2R B3 (P < 0.05), /NG TR FEIFoR B R B L4 22 57 2. 3% (P < 0.05). Notes: different capital
letters indicate that there are significant differences in yield for soaking after treatment (P < 0.05), and different lowercase letters indicate that there are
significant differences in extraction percentage by separate action (P < 0.05).

VR 4y Bh U FRNE A i 1 AR HU TR, () 42 i
THEUE . SERE R SR 7S e P R B Bk
WECAreca catechu) ¥FiH, 7 BIHE 75 5 SR FH il i st
FEHUE N 12.56%, FHE 75 i 00 Wi [5) 32 i i i 42
W % A e g S S B B, HAR = T 1.73%, R
P YR R AL B N R R o vl R A e R P AR AR
B b A, 5ACI i g R —3.
2.4 LIRAFFMEIIRILIER R A AR ER A AR
241 LoAnAT i e BALIE AR

XTIV TN P B TR AN G e A 2 A
N EAE FH T BT R 2R R I S B A AR AR AT I
(R 8)o HIFR 8 TN AR VRS2 L L0AA FF i R
B ME S A 2 5 53 (P <0.05), FRIE. i
A A A AN 43 ) 2 4 BT ek R R UL, S B A &
AR RR BE AR AR o TR SR B 2T R T T R
M B A% 6 VSR LT RN I B A B e LSS ek I
A B AR L, T RS G A I R T =, T
AMA AR E AT S AR A S S
FCAEE B BEEYR, TR - EuE N S
SFAAE B IR, 20K i A ) A B A A 7
) BEAT, BB ZOAAFF o R e ME RS RN E T
I K AR Vo PR ZR A Y[ B o3z ke
EANER PR R, ZERFF i — S S A ) o R
RN IR, X AR SRR B /N o 5K R 257K &R
BNE /IR /Al AW o a1 a1 VA N LT W LEA W, o/ a1
A, 2 PRRE 7 88.13 ~ 127.22 g/100 g, LA KF it
FORLEBR O, JFCAN VR RIRE: 5 R vy, AR Bt 9 o 7 R Pl
B 21 R FF I B £ K (150.44 /100 g) . 4 Ff 7 541
HLLAA i BR (E 3 /N T 4 mg/g, i AALAE /N T

0.25 /100 g, 13 /& GB/T 2716—2018¢ & i % 4= [H
FARUE AEY) I M BR AR E
242 TRE ik Lr AN i S B BR 64 20 R e B
SR

AN ) 7 54 BT 208 K 3 g J0 R 43 W . 9 e
TN o & 5 VE B B SN FF i AN v A0 07 IR ok 2 A
], AEL 5T B A AR 22 e, o 00 B30 v il P v
(89.23%), IR IEA WLIA IV (88.82%), 1 & AU
15 (88.68%), Tl Ik 15 (87.87%) 4k B J5 it & 4y # #x
Ko 4 Fh 5 V252 B £ F FF vl T 1 2 = 22 A0 456 W vk
Fi (44.54% ~ 46.32%), MR (28.29% ~ 28.83%) Fll J
SRR (13.15% ~ 14.51%) » ANHLFIHE W2 5 2 6
FR ) — 2 BL b, SXFh R AR B B S8 A A 5o T 40 i ek
JESABA B, IR T & 4 45 R T Mg A5
TFF TR KT 1 1 07 T 2EL B 2 3 A1 'R AIE 43 BT F F4 IE  PR
J5R 43 BUAH AT (46.29% ), [R) B 7E 1A K7 30 Hh o A6 U
E T DB Copg(AEETDF Cop.) (TELE—WHTRD
2.5 LIRFFmmELFEETN
2.5.1  REZ RARBLLAMT o 4F DPPH- 89 7 IR AE A

B P 1 B] DU e 4 oy 2 5 B 2084 K i vt
DPPH B A — & MG RAIER, ERFE SR 2R E
SR DG o VA FIE . R R R BE R G AR
E () 20 KA K-S 5 B R B TA F1) 0.30 g/mL ) 3 Bk R i
KN 89.23%- 93.16%- 85.57%- 92.48% . SPSS 3K
i8I DPPH-E R E /111 1Cso 7351124 9.41. 8.80.
9.43.9.61 g/L. LU 4 FOTESRHURLIRAFF YT DPPH-
T8 B ASCR AT g, R R B B Z0AAFF 5 DPPH i
B2 B i, AT REAE T8 75 AR P A MBS, 5o 20 RAFF
5> T I PUEACEE KRR /NP0 Bl B B ) £ A

&8 AEHRETT A &L FAFF i A IRIL R

Tab. 8 Physical and chemical properties of Korean pine seed oil prepared by different extraction methods

$EELJ77: Extraction method W21 Acid value/(mg-g™)

A Todine value/(g-100 g)

T4 AAE Peroxide value/(g-100 g™)

V72 Solvent method 0.89°
8 A3% Ultrasonic method 0.93°
Tz Microwave method 0.95°

J6¥% Light wave method 0.97°

145.65* 0.18°
150.44¢ 0.21°
147.77° 0.22°
148.06° 0.24°
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RO 4 FRENST A LLAAKTH B AR ZE B F1 L 2 23 B 20

Tab. 9 Effects of extration methods on composition and mass fraction of fatty acids in Korean pine seed oil

i & 5B Mass fraction/%

[ 7553 ok 15 i
HT AR Type of fatty acid NS

Solvent method

FiAEER Palmitic acid (Cq0) 4.90°
Tififig R Stearic acid (Cg,0) 3.61¢
TR Oleic acid (Cyg.) 28.30°
3R Linoleic acid (9¢,12¢-Cyg.0) 46.32¢
JZi# 84. Pinolenic acid (5¢,9¢,12¢-Cg.3) 13.15°
14T Arachidic acid (Cyo.) 0.74¢
A6LE—JfR Cis-11-eicosenoic acid (Cy.)) 1.05*
A FNE TR Unsaturated fatty acid 88.82

P G Tk JeBAE
Ultrasonic method Microwave method Light wave method
3.68" 3.56° 3.91¢
2.41° 2.55° 249
28.83¢ 28.29° 28.55°
44.87° 44.54° 44.78"
14.51¢ 13.83° 14.17°
0.69" 0.54° 0.68"
1.02° 1.21° 1.18°
89.23 87.87 88.68

100
IS
S oot
£
' % 80|
¥ 5 70}
& &
2 60
=y
E § 50 ¥ Solvent method
A8 4t —— Rk Ultrasonic method
7 —A— [ Microwave method
E 30 e Light wave method
Q -

20 - - - - -
0 0.05 0.10 0.15 020 025 030
JUEVE Mass concentration/(g-mL™")

B 1 AFTF SRR DPPH- FTERER AR

Fig. 1 Effects of extraction methods on DPPH- scavenging

activity of Korean pine seed oil

A1 DPPH- 1% R 2 i (K9 85.57%, il Ab FRIN 41
P R W VAL 30 73 B BE L, S0 RAKF I 2 T IR AL &S
M AT B AR, AT BRI T Z0RAKF 9 1 B Pl 20 B
AEJI0Y,
252 RFFERBALAMT B AT ABTS 69 F h4E A
M 2 AT CUE B ML R Kl BT IR BETE 0.03 ~
0.13 g/mL B}, ABTS™&EFR K 1 32.5% & 97.57% i
FRaE o W FNE PR B R YRR R EL
CERAKFI R BIR FE L F) 0.13 g/mL WHF MR KK, 7
AN 97.57%- 88.98%- 82.18%~ 93.17%, = ABTS"-if
B e 7119 1Cs 8 50 ) A 5.104 5.51. 6.10. 5.43 g/L.
L5 4 Bl 7 ik BT SR B 20 R FF il X ABTS™ (175 bR
KRR J0, EFNVE S 2R AT i B B 2 T R R
B, ZJTETCEE BT VIR R, IR AN
A AN RS Y R (S O RAN /A o B e o vAL 087
RN, E GO EAR Ny e N = WS B ST E 5 74
7, A RE A BT AR S R 0 R K 2 7 X E
LIS BRVE DTS o AR 5 iR SR B Z0RA R I TS
bk ABTS -t WAETE 2 5%, IX A A2 1T A RIS EUT
TERT LR R T TR P2 AR R . RS

¥R57%E Solvent method
100  —&— f# 7 ) Ultrasonic method
| —A— 37k Microwave method

%0 Yk Light wave method *
80
70 b

60 | 4
50}
40t =
30} /
20 - s s s s ;
001 003 005 007 009 011 0.13

R Mass concentration/(g-mL™)

ABTS" &k
ABTS" scavenging percentage/%

2 AETTERERL AR R ABTS™ B ERRCR
Fig. 2 Effects of extraction methods on ABTS™" scavenging

activity of Korean pine seed oil

KAV 5T 42 B 7 (Phyllanthus emblica) ¥ A~ JH i
RIZ 0 FE X ABTS" 3 B4 H 1 1C5 v 9.84 g/L,
ZLRAFFMTRT ABTS - TEBRVEFHI ICso {5 6.10 g/L,
R AT AR B R AP B ABTS™1EH .

3 % i

DAZLRAKS I BIAS 28 9 TR bR, WsE T I AL, S
B VE TR BRI B e A T2 5. @ ad
o LR 7 35 s it v R ' i v 4 A T I A B T I
13 Z AR B, I 3 5 vE AR P A R e )
AT DLRE KR 23 R Z0AA K TRV A HH ok, Bt 2% 1 R 3L
FFRIF - #E R 34:(67.63%) > i (62.26%) >
Hei£(58.25%) .

4 FhITESE U LU KF i B RRAEL A i AL (E )
56 GB/T 2716—2018( £ iy &2 4= [ S bw 1 AE A0 )
(PR AR E o R R I & 2 BOCHEAE AT 3 A2 IR 2
VM1 (44.54% ~ 46.32%)- TR (28.29% ~ 28.83%)
F Rz VSR (13.15% ~ 14.51%) « LL#E 4 FhJ5 4R EL
R R ZERA KT I BRI B e 70 mT R 7S U R SR L
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43 %

¥k

ZLRAKTIH ) DPPH I BR e 71500, 15 FRZEN 93.16% .
PRSI LT FAKF I ) ABTS' 175 Kk i 1 B, 75
HN 97.57% . T FIS6 I AN RGN, BT
[E] I E T AR, T RE S VO B RR R (1 Th
REME I B A W TE IR AR 5 768 75 D SR AT B, AN
AT DA B A e, H A 3 ROy VA SR A AR
it H AN RN i 7 e v, PLAEGRE 5, DR EE
A BRI Tk AE =, B3 oA B 7 ot F oAt
EFEYIRI TN e TR 1) R I A Ry itk — 25 IR 5T
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