m Ll @ ALK
’ M Scopus o v RS S RHB 9
G2 b 3 @DOAJ @1t ISR B IS TPCD
MEBSCO  WibHBA AN HRCCSE

SCIENCE AND TECHNOLOGY OF FOOD INDUSTRY MCA o ST % (WICT) 4%
M FSTA o & SRR S TR T R I g H 3 55— 5B T1
HF ISSN 1002-0306  CN 11-1759/TS 7 IST

PESRAE AR AL R Ikl B AR AL B340 4

FHW, AR, R A, B, sk, B EMHE

Extract Process Optimization and Component Analysis of Pumpkin Seed Oil by Continuous Phase Transition Extraction
HUANG Mengli, PENG Chenghai, CAI Shu, OU Chengcheng, JIANG Yungiu, and ZHOU Aimei

TEZR R E View online: https://doi.org/10.13386/j.issn11002-0306.2023080184

LR ARG HoAh S

Articles you may be interested in

LR AL UR 2 2Bl 7127 BRORAS Y ) e a7 SO AR A

Dynamic Analysis Spherical Model of the Continuous Phase Transition Extraction and Structural Characteristics for Polysaccharide
from Ganoderma lucidum

8 TAVRHE. 2020, 41(17): 114-120  hitps://doi.org/10.13386/j.issn1002-0306.2020.17.019
AR IR % SRR AR AR OGS 53] £ B P 2354 1R s i S L h AR IR £ T 2401k

Effect of Low—temperature Continuous Phase Transition on the Structure of Decapterus maruadsi Protein and Its Optimization of
Preparation Process on Antioxidant Peptides

£ Tl BHE. 2019, 40(12): 199-205  https://doi.org/10.13386/1.issn1002-0306.2019.12.032
AN BT V6 X T B R v 2H 85 P o P 5

Effects of Different Extraction Methods on the Composition and Properties of Jinggang Pomelo Peel Essential Oil
Bhin TR, 2024, 45(3): 83-97  https://doi.org/10.13386/.issn1002-0306.2023030289

WSS TR IE AT T AR B4 K e S T 2 SR T 23 B

Optimization of Aqueous—enzymatic Extraction Process by Response Surface and Analysis of Fatty Acid of Mustard Seed Oil
B TALEHE. 2019, 4021): 143-148  https:/doi.org/10.13386/j.issn11002-0306.2019.21.023

K BEREI MM AR 2 Ik T AL SRR 7 /R 23 B

Optimization of Synchronous Extraction Process of Oil and Polypeptide from Walnut by Aqueous Enzymatic Method and the Fatty
Acid Composition Analysis of Its Oil

Brin Tl BHE. 2022, 43(18): 217-224  htps://doi.org/10.13386/j.issn1002-0306.2021120102
AN R 20T X i B A P Jo 5 442 2 M IXUBR ) B 114 5 i

Effects of Different Extraction Processes on the Physicochemical Properties and Volatile Flavor Compounds of Chicken Oil
B T RHE. 2024, 45(12): 92-100  https://doi.org/10.13386/j.issn1002-0306.2023080085

KVEAE


http://www.spgykj.com//article/doi/10.13386/j.issn1002-0306.2023080184
http://www.spgykj.com//article/doi/10.13386/j.issn1002-0306.2020.17.019
http://www.spgykj.com//article/doi/10.13386/j.issn1002-0306.2019.12.032
http://www.spgykj.com//article/doi/10.13386/j.issn1002-0306.2023030289
http://www.spgykj.com//article/doi/10.13386/j.issn1002-0306.2019.21.023
http://www.spgykj.com//article/doi/10.13386/j.issn1002-0306.2021120102
http://www.spgykj.com//article/doi/10.13386/j.issn1002-0306.2023080085

B4sEE 1TH dh Tolk B4 Vol. 45 No. 17

2024 4F 9 H Science and Technology of Food Industry Sep. 2024
BEASN, S, BEET, AF . SRS AR U TR ) T Ak B 8o 2 A (3], B T BHEE, 2024, 45(17): 163-173. doi:

10.13386/J.1ssn1002-0306.2023080184

HUANG Mengli, PENG Chenghai, CAI Shu, et al. Extract Process Optimization and Component Analysis of Pumpkin Seed Oil by
Continuous Phase Transition Extraction[J]. Science and Technology of Food Industry, 2024, 45(17): 163—173. (in Chinese with English
abstract). doi: 10.13386/j.issn11002-0306.2023080184

PR A B R A T A
&, Nl

m,EAE, B, RS, iTiERC, AEE
BRI KFERFR, RN 510642;
2. éﬂﬁfr%}‘%‘i%?r;}iﬂﬂ\ﬁﬁ’w\ g, 7 &) M 510931)

y

B EATHRERGNFO, RoRKELEAME, ROTRERES4 T ZERMAK (continuous phase transition
extraction, CPE) RIL#HNFd, URBMEREERSHEHNIEIR, AAAFREZL., FREE, EREH., B
BESTANFAORBREIRGm, B o R T ARLRERRIZAH, HE5RBERAKREREAR
(supercritical fluid extraction, SFE) #=3¥R7% E#% & (screw pressing, SP) Xtib, s JA#F i 6932 B E | ‘J‘f‘:"iﬁi’\
A AR ARG B BR R AT I B AT, 45 R AW, CPE R @A hMARELZAH A : FRIEK 46 C.
%Exaﬂa? 72 min. FBUE A 0.51 MPa. f#ATEE 65 Co LT cf‘i*chriJ)I\ﬁ/cbé’v}me?m 96.75%, tt SFE #= SP
AR E 14.49% F= 35.24%; mEB. A¥F N E. §8F. 4 E 544 1333.80 mg/kg. 8.41 mg/kg. 2.59 mg/g
ﬁ" 9.61 mg/100 g, % %)= SFE %49 1.56. 2.29. 1.17. 1.40 4%, ’\5'17% SP k9 1.54. 2.56. 1.89. 2.46 4%, CPE
BN B FEY . AR IR, RekF A, L8N, aife it A 8 A48 4R34 5 & LS/T 3250-
2017 AR E K, AMMEE-RiEER (GC-MS) oA 7THERER, AP dBRf bR EEBEHREEN
82.32%, b SFE A= SP ik 4 A4 3 5.66% A= 8.99%. 1% 50 & W% 4 A8 K 3 BCH AR A2 3 By INAF i SR
RS EENT, TARKEMEEANRBAZR ., RS TIOFREGRESE, A5 &R EaNFh T kg
A FRBET AE,
KR R AT, LA T FEBGR, JR IR B RS, BACHE R, e R 28 %,
RESHES:TS224.4 S HkFRIRED: B M EHS:1002-0306(2024)17-0163-11
DOI: 10.13386/j.issn1002-0306.2023080184

Extract Process Optimization and Component Analysis of Pumpkin
Seed Oil by Continuous Phase Transition Extraction

HUANG Mengli', PENG Chenghai', CAI Shu', OU Chengcheng’, JIANG Yunqiu?*, ZHOU Aimei""

(1.College of Food Science, South China Agricultural University, Guangzhou 510642, China;
2.Nuspower Greatsun Biotechnology Co., Ltd., Guangzhou 510931, China)

Abstract: In order to efficiently extract pumpkin seed oil and fully realize its application value, continuous phase transition
extraction (CPE) was applied to extract pumpkin seed oil in this study. The effects of extraction temperature, extraction
time, extraction pressure and separation temperature on the extraction efficiency of pumpkin seed oil were studied with
extraction rate and content of active ingredients as indicators. The optimum extraction process parameters were determined
by response surface design. The results were compared with supercritical fluid extraction (SFE) and screw pressing (SP)
methods in terms of extraction rate, active ingredient content, physicochemical properties, and fatty acid composition of

pumpkin seed oil. The results showed that the optimum extraction process parameters of pumpkin seed oil by CPE were
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obtained as follows: Extraction temperature of 46 °C, extraction time of 72 min, extraction pressure of 0.51 MPa and
separation temperature of 65 °C. Under these process parameters, the extraction rate of pumpkin seed oil reached 96.75%,
which was 14.49% and 35.24% higher than SFE and SP, respectively. The contents of total phenols, carotenoids, sterols and
zinc were 1333.80 mg/kg, 8.41 mg/kg, 2.59 mg/g and 9.61 mg/100 g, respectively. These values were 1.56, 2.29, 1.17 and
1.40 times higher than SFE, and 1.54, 2.56, 1.89, and 2.46 times higher than SP, respectively. The pumpkin seed oil
obtained by CPE was a clarified transparent and viscous liquid, with a delicate fragrance. Its physicochemical indicators of
acid value, iodine value, and peroxide value met the requirements of LS/T 3250-2017 standard. Seven kinds of fatty acids
were identified by gas chromatography-mass spectrometry (GC-MS). Linoleic acid and oleic acid accounted for 82.32% of
the total fatty acid content, which was 5.66% and 8.99% higher than SFE and SP, respectively. This study showed that CPE
could effectively alleviate the degree of oxidative rancidity of oil and increase the content of unsaturated fatty acids while
taking into account the extraction rate and active ingredient content of pumpkin seed oil, which provided a reference for the

industrial continuous production of highly active pumpkin seed oil.

Key words: pumpkin seed oil; continuous phase transition extraction; extraction rate; active ingredients; physicochemical
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properties; fatty acid composition
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Table 1 Factors and levels of Box-Behnken design test
SES
K- A B C
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(P>0.05) . BifizEZEHL ] 380, B & e S e Tt

2024 4F 9 A
A 1007
95+
o 90'
s
85+
=
80
75+
70 T T T T T
35 40 45 50 55
HBGREE (°C)
B 1320+ a . a
1280
= 1240+
2 b
= 1200
=
1604 ©
1120
1 1 | L] 1
35 40 45 50 55
HEURE (°C)
C 104

o0
1

FAE M ER (mg/kg)

4-
2 T T T T T
35 40 45 50 55
FERGEE (C)
D 3.07
a
2 54 be ab
_ c
S d
on
%
1.5
1.0 T T T T

35 40 4IS 50 55
FEMURIE (°C)
P AR 1 JTORF T B IR R M o5 e A5 )
Fig.1 Effect of extraction temperature on extraction rate and
active ingredient content of pumpkin seed oil

TE: FREARIZRR A 225 (P<0.05); K] 2~[51 4 [A].

B S TR #a, 60 min BI4 5k 1334.18 mg/kg.
KEAE N ZE S M 30 min F] 45 min B3 R SR
2248 - Ft, 60 min BB TH S EECORME, Z S5 TR
i 30~60 min &L IS EARLIFEEE S, 60 min
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Fig.2 Effect of extraction time on extraction rate and active
ingredient content of pumpkin seed oil
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Fig.3 Effect of extraction pressure on extraction rate and active
ingredient content of pumpkin seed oil
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0.4 MPa #11 0.5 MPa JC i # 225 (P>0.05), 0.5 MPa
A& AN 2.55 mg/g. HE—ERIETITEERA, 1
KB4 R FH i ZE G S b B b, Intiar
T e e R TR IR s, dE s iR, (H&
it K2 S BRI LE B AR A AL T BEL 38 G, %
FIARTE R s B v h 25 5 BHLZE45 18, AR AR,
AT IE T ba s AR TORFA R s K, Ual/ NIk S
FEBGR 2Z A A2 sk TR, R o S AR A L o 2 ] 1
A, ML A AN RE B A R4 . i SOk A50°)
TSR 22 BRTHR A B R, YA ERAIR, SR me JTOFF
PATSOULZE A4, 36 AT F LI A 71N, DA BA AR e TR F 1
R, SAITEMLE IR —2 . [RINTZE P B
Hr R i RO S N gEAE T L e Fa ez AN,
I, 55 TR L AR, ZEUE 1% 0.5 MPa.
2.1.1.4 AR X R JRORF T P HSOCR R0 R e o
Hgsem  E 4 nTLUE Y, B TR O T
TR MR GR35 5 (P<0.05), 65 °C JF& Wi B
R, Fer A 95.78% . WAy et b R AT IR MO T e
S ETHE TR, 75 C B SRR
1058.10 mg/kg. ZEEHB NE & 55. 60, 75 °C B}
TR EMEZR(P>0.05), 65 CH & EkkE, N

A 1007
a

95 b b
g\c/ c c
M 904
=
=

85

55 60 65 70 75
FERTIRLEL (°C)

2 T T T T T
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fFEATIRLEE (°C)
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Fig.4 Effect of separation temperature on extraction rate and
active ingredient content of pumpkin seed oil

8.41 mg/kg. TE 55~70 °C pitFerh, S M & 254k
HaFhez2, Mt 65 °C J5 i3 FE(P<0.05), 65 °C A
i =oA 2.43 mg/g. FEBTIRIEESZ M Y AR AN AL R
SYES ORI, TEENT A T R IR, IE T et 2s =<
A, (AL T A AR AT g o028 HE S, PRk T T k5%
We 5y 5 72 (Bl 25 —0.5 °C), FT LASEAT IR JCRs of i),
FEATIRLRE ek v 2 3 AL TR P v P RV R Vs P
A5 K B A R IR, TR A HH B8 2 B 2= 5T, SN =
FRAEEERT AR AEPS WS A BRIE R o e i, 2R EGR
PRI I, SRR L B E LR R, 1 AT
SR, THEEER I IT R INZEEA S N RS m bR N
AL PRI B S TR, SRR I a R —3
B, AECRUERS TR 2L IO 5 BT s 0 S ik
fEHTIREE S 65 Co

2.1.2  may RS S R AT

2.1.2.1 SRR R ST e =530 PR EE ST
I LA b, DA JTORFI PR ECR () SRy B, %<
WO BT | AR U] ] A AL B 1 = A~ 1T Box-
Behnken &N EIEAL, HEE R IR 2,

XFE 2 17 ARG S e N AR R T Z s A
A, 192 R TR AR BCR 5 2 BUR B (A) . ZEHL
ASFTE] (B) FIZEHUE 7 (C) #4521 IR Z I Bl = 7 72
BEH Y K Y=95.74+1.99A+3.02B+1.04C—1.05AB+
0.3025AC—0.2075BC—13.61A>—1.78B*~10.84C?, X
R HEA T 255301 I RT3 Z2 88000 25 PR ARG 56, 205 SR DL
2% 3.

FHER 3 AT, 7E e AT TR BORAL AL, AL B,
A*, B>, C* &l i FH M R-FHi(P<0.01), C. AB ik
ZVERFII(P<0.05), TS EIR AC . BC ¥J0 i 1k
225 (P>0.05), ULHAZE IR BE FIALUE 7 . ZEHATa]
FMZEBUE IR Z [BIZZ AR R . S5 HEEXE
JIFF IR R A 52 R/ MR YR Ay - ZE RS TR]> 25 B
BESZERUE ) o I AT ER S SR AS B 2T, 155
TR B R TR R () X A BUEEE (A) . FEHUF
M (B) ., ZEBUE 7 (C) 1y ik Z WX [\ 19 97 F g -
Y=95.74+1.99A+3.02B+1.04C—1.05AB—13.61 A%~
1.78B>—10.84C?,
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Table 2 Box-Behnken experimental design and results

B C

N o A H 1y 3% (0,

WS () SR (min) RS (MPa) TR (%)
1 40 75 0.5 82.54+0.86
2 50 60 0.6 74.13+0.36
3 45 45 0.6 81.96+0.55
4 50 45 0.5 80.26+0.95
5 50 75 0.5 84.56+0.83
6 45 75 0.6 87.22+0.58
7 45 60 0.5 95.62+0.80
8 45 75 0.4 84.70+0.36
9 40 60 0.4 69.06+0.86
10 40 45 0.5 74.03+0.79
11 45 60 0.5 97.36+0.36
12 45 60 0.5 95.11+0.85
13 45 45 0.4 78.61+0.38
14 45 60 0.5 95.69+0.65
15 40 60 0.6 69.70+0.75
16 45 60 0.5 94.91+0.86
17 50 60 0.4 72.28+0.88

# 3 BRI T 22500

Table 3 Variance analysis of regression model

KR EETHM ARE HUr Fld PlE WEM
Ay 1503.35 9  167.04 21389  <0.0001  **
AZEHUREE  31.60 1 3160 40.47 0.0004  **
BAEHASE] 72,96 1 7296 93.43  <0.0001  **
CHIUEH 8.74 1 8.74 11.19 0.0123  *
AB 443 1 443 5.67 0.0487 ¥
AC 0.3660 1 03660 04687 05156
BC 0.1722 1 01722 02205  0.6529
A 779.95 1 779.95 99874  <0.0001  **
B’ 13.34 1 1334 17.09 0.0044  **
c 494.33 1 49433 63299  <0.0001  **
B2 5.47 7 0.7809
PR 1.74 305798  0.6223 0.6369
aliR 2 3.73 4 09318
syl 1508.81 16
R 09964 Ry 09917 ERFRHCYV 1.06%

e+ R B S N K 22 57 0 3, P<0.05; ** R BRI B 22 (R &
ZRMWH R, P<0.01,

3 3 A LLA Y, m TORF T 2 R AR AR T 11y
F >Ry 213.89(P<0.01), FREIZARI R T E oA e w251
B BRI R F ol 0.6223(P>0.05), TG
EFrE2E S, UL ETS R S SR A P AR IE R TS H
/)N, PRI v R AT S ), AR AR RS AR dr b A
T EE . R TORFIH R R R 5 50 0.9964,
U I IZAR RIS A AR 0 BT, i8R 25 58/ B IE LA
BEA7 0.9917, Ui HARIAY AT RUFERE 99.17% i (B AYAS
1k; Adeq precision & 40.0953, 15t BARR R A 35 55U 1)
{E M b, ARy R BB A 8 G-, 52 W B S 1 3 B
Ik, AT AFIZ BN Dy AR RS i B A T 58100,
2.1.2.2 WANTEAE EAEHSAT ST S UL S
R ZRIAE AR, LR IR SRR A i
B, A3 SME AR Hr (R ZEBORLEE (A) L ZEBES ] (B) | 26
BUEF1(C) i —A R 2R B A R EIKSF, BLAE 3

554N IR 2 RS BAE FRR R, AR Pz AR I 22 =4
ph A, g5 aniE 5 s,

IS SR (S LT AT ]

Fig.5 Interaction response surface of each factor

1 Box-Behnken i i/ 11 [&] H iy £ e i 0, 156 1
A E R, [ 22 WP 045 D 3 2 RS i 5
&l 5 SASIRI R 2R B 38 B AR X 14 22 AH AR 26 B R JTORF
TRPREBCRA S, o PR ECR B 5 A B A AL BT
JI¥EInE EISE ETHE T REREER SR IR
P ZR o A5 LRI AT LA U b Sz e ) R AR e
() 5 H AR FH A S 5 R, IR AR S BV o, &5
TR LR, DO AR X R TR B BBCR A SE IR, A
SE I ER T LU H AR R AN AR U R] 58 HAE T
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&S A nITE N A TG R PO e €S i) =AU NG R -1
TR, AR EE S AHUE 1 2 (8] AR B AR FIAR R 48
55, U HAS H AR FXT R IR AR BCR A S /)N
2.1.2.3 HAET EZLLA M A 258 56U 3@ i
Design-Expert. V11 A=K, RETUNISH IR
AP BCR I A T2 40 0 : ZEBUIR B 45.535 C,
FEHLAFTE] 72.148 min, 2 BUE 17 0.512 MPa, £l 5%
PR, BRI TS 3 e SR SR G 96.933%

SRy T ARG G ] 3 TET I A 13 96 T A 8 4 R Y mT S
P, o i LA AR PR B A T 25 756
TE. FIEF|SEFREAER 2R, S R AR S A
BURJE 46 °C, ZEHUATAE] 72 min, ZBUE ST 0.51 MPa,
TEMLARAE AT T 3 IREGUESL S, 15 31 F JTUFF T $2
BN 96.75%+0.09% B VKA R BCR SLBPR(E S
I BSAEAR  E0 B 222 5, RO AL i BE TR
PR A UERA AT &, AESCE T 2 VI SE I A7 Y, XS8R
A HAA R SR X
2.2 AEHEBTTEHIE R Em R
2.2.1 BEJRKFMERIBCR ROE PER S S m i e 2R
JHIEZESEAHAS #E P F AR (CPR) | &I A AR A g AR
(SFE) . M8 A1 (SP) il £ JIORF7H, 00 5 A [R] 42
B X AR ORI By . 28 bR i
Pt | R AT B AOSE I, 5L UL 4,

T4 AR LR TFFRIRIE K
T R
Table 4 Effects of different extraction methods on extraction
rate and active ingredient content of pumpkin seed oil

WiH CPE SFE SP
PRI (%) 96.75+0.09"  82.26+0.67°  61.51+0.56°
R (mg/kg) 1333.80+13.06° 853.59+7.48" 865.70+10.27°
KAE M E TR (mgke)  8.41+0.17° 3.68£0.30°  3.28+0.22°
fi§ A it (mg/g) 2.59+£0.04° 222+0.04°  1.37+0.15°
B (mg/100 g) 9.61£0.07° 6.87+0.16°  3.91+0.07°

T AT TR IR AT 3 25 57 (P<0.05) , 325~F6lil o
4 4 ml 0, XF bE =AU %, CPE il %K

K B HE EBCR A 3G 4 R & i 35 T SFE Fil SP
(P<0.05). HH, CPE il £ 5 IRl 9 R BOCR 48,

A 96.75%, 4351 b SFE Fl SP & 14.49%., 35.24%,

BB i . SFE F11 SP il £ 1% Fe JTORF Vi 5L 0 A 2IEH
3 N FEEEICREEN2ZES(P>0.05), 1l CPE #4119
TR A & 3k 1333.80 mg/kg, 25 N&
BN 8.41 mg/kg, E T3 (P<0.05). CPE &
FARE JTURFH S B 2N 2.59 mg/g, BN 9.61 mg/
100 g; FLvk Ay SFE, § W& 8 2.22 me/g, $F & &
A1 6.87 mg/100 g; 1M SP AH EbER — & Sra i ik, XN
1.37 mg/g. 3.91 mg/100 g, SFE J&F| FH & bk
PRI PEEREBGIAR, (HXT 280 ak | stk
A S AU G I ZE BUSCR AR SP 32T 2
FERAEESR T, FIBH MRS AN ) 3 A A ) DT
FIST R IR 2 A4 TF SFE F1 SP, CPE nJ DASCER

A 2O TR TIESAE AR AR, (A3 A 3k
Jo A L 35 ) B 5 0 e, i ELAR F1 51K, PRUES et
SRR, R REE R SR NS P s 1)
T AR [RIBSHEREARG | 25 P 4 S B S F A S0 SAR T
THAE FIE L A R 5 S A, 3R eihilg s .
2.2.2 FEJICKAMBRALPE B A R SRHIESEAHAR 2K
BEE AR (CPE) . I SRR ZE NG A (SFE) | IR E R
135 (SP) il 85 B JIFFIH, T8 AN [R] $2 B 7 X B JIK
kA PE R e, G5 W3 5.

K5 RFEHRIBOT 0 R TORF BT 5200
Table 5 Effects of different extraction methods on
physicochemical properties of pumpkin seed oil

TiH CPE SFE SP
R (mg/g) 0.17+0.03¢ 0.27+0.02° 0.56+0.02°
Tl (g/100 g) 117.42+0.87°  108.47+0.74"  104.63+0.70°
A ME(g/100 ) 0.015£0.001°  0.019£0.002°  0.022+0.002°

e 5 WA, BE JRAFIH IR M > 0.17~0.56 mg/g,
AR A7 104.63 g/100 g~117.42 g/100 g, 3 EALIE K
0.015~0.022 g/100 g, F£ i #5754 LS/T 3250-2017
CrE JIFF I ) T R, R AIX — PP HO T 7R A5 11
TR FIERST & B S 2e A SEbnif

AR R S5z By IS 1 R KRR I8, P A 7 v 2 /s
WAERRIMGH ™ R, CPE $2BU RS AR M
0.17 mg/g, BEFALT SFE F1 SP Hil £ AU Ik (P<
0.05) . JE[H AT SFE B I b & A 85 £ 17k
Sy FEOLRR N =, SPIHCEHE S iR AGFS 2 S 80

BB AR I IR EE I, WA e SR A1 D e 4 o

WUEZRIR T IHAR I AVB AN B, SEIHER . THIR S
AFIHR IR P 10 14 B IR 2 25 TR B ) =y IR
CPE & H mg JIVFHMME Ee. SFE B JTUFAIH AT SP g
JRCKFMFS 1, X U6 CPE B JTURFH B AN R B,
T 78 FEIAE 100 g/100 g~130 g/100 g = [a]{d B EE X
AP AT R EE, SR e,

T R A B B S RIS B A TR AR,
SP Ik S AL 5 5, SFE R JRAHIIIR 2, CPE
TR i il A B R AR, =35 25 5% 35 (P<0.05) .
SP i JIAF I S B D v T RS PR Ay v A B2 i
R4k, 1T SFE REFZHCH Z i Yot JoHDZ
7K, FBGH B R = . T CPE 7E 85 144 . IR
TR T, AR T iR S LR IO B,
FITF-Zy E iR o Tk fbZE gt A 5=,

2.2.3 FEJIKFMABI R S b SRHZESLAHAE
ZEWFH AR (CPE) . Il A A FE L AR (SFE) | 185E
R (SP) il #8 B JTORFIH, 02 AN W] BT TR % e
JRCRE S I 152 2H 6 S AR X 3518 (%) B B2 ), 45 58 DL
* 6.

B PEFIIIE E IR Y RS . & 6
LT, AN TR P HCT7 1 1 28 1% meE JTORE I 43 590 4G ) 381)
7 PR WIER, LAAEAEIER . W yHAR . PR . RERRAR N 3,
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Table 6 Effects of different extraction methods on fatty acid
composition and relative content of pumpkin seed oil (%)

BT CPE SFE SP
N R 0.09+£0.01¢ 0.12+0.01° 0.15+0.01°
FRAE R 12.44+0.12° 15.86+0.11° 17.8740.06"
VR 48.19+0.11° 44.02+0.27° 44.3+0.29"
TR 34.13+0.09° 32.65+0.07° 29.03+0.3¢
i TR 4.64+0.1° 6.72+0.31° 8+0.21°
AR 0.3440.07° 0.43+0.07* 0.4+0.03°
1LI# R 0.16:£0.02¢ 0.2140.02° 0.25+0.01°
N 82.32+0.2° 76.66+0.33° 73.33+£0.24¢
T g iR 17.68+0.2° 23.3440.33 26.67£0.24°

Horp it FIR TR 5 Fh, S FIARIIAR 2 B CPE M4
JICKFIM A AN B R o5 S IB TR Y 82.32%, i A
AR 6 F5 N T P S 9 R 5 Sl 48.19%, TR & = Ky
34.13%, .3 % T SFE F1 SP 55 JIUKAH (P<0.05), T
AR TR O B 3 IL T =35 (P<0.05), $£78 CPE
T B SR E T = .

SP B JIKFIAS AR IR & S 5 IS, X T RE S
A R RS T 2R A v T BG4 IR T TR A
A5G, BRI ERAb BT F T v vl — RS e A
—REMFZIA O SRR WY R I B A R ) T
E AN AR DR & T R ARSI e & s T,
HAE 150 °C JHig it R, Mukhametov 450"
TEFRA B AE I AR D R ZH B P A o8 h A5 31 T AH
U5 . SFE mg TRl £ B FR 0 458 v EL A2 s [a]
B, IX AT e Ui B N IR TS oy 2 ANV RN TR
KA AT, DN B0 5 EIL. BB — FLAERY
F5E K B 1 I B i il ey, = 2R U 125 80
HR % BRI, S s AN AR I R S = A TR
11l CPE #AEIRLEE FIE ) SAIC HLZE B (0] 420, T A
RIS 1B Z AN AR VTR AZ AR Ao, XTIy
BR 1453 B B IR E [l By T G R AR
FREEASWES, ATEFRRYRL, B it T S
25 LB o 2 2 SR AR RN s S 1 I T P 4 K B
G ARIEAEDY AR S AR AR R A AR IR I T 5E T &
HUZH ARG AR AV AR5 R, b S i &
Tk 68.09%.
3 iR

55 RIS AR 2E IO AR FIR e AT L, AR
BIFSE B UK R FH 75 23 AH A8 25 B AR il 88w JTOFF i, I
38 35 PP PR 2R S8 AR e 1 A AT, AR S A T
AP RFERGRE 46 °C . ZEELATA] 72 min, ZEHUE S)
0.51 MPa. fFHTHREE 65 °C, TEIL A4 N g IR
BUFR 96.75%, B )T H BB 5 B8 1333.80 mg/
kg, K HE NE S BN 841 mgkg, MEESE N
2.59 mg/g. FEE N 9.61 mg/100 g, T SR K-l
SR VIS I B RS DA, USRS B, IR R A
By, AR PR 45 G LS/T 3250-2017 Fr #E i 2

Ko AAHEIE-BTE (GC-MS) ST S e H 7 Fh 3=
FNRWITR, Hrp AN AR DT RAR T 5 82.32%, 1
e TR IR S AR RS MR AR ite s s ) 2 B
JRAAM(P<0.05) o SEERLSHRFH], IZAEHEARTER R
A B R i AT T MRS A, X TR R
JICEA AT S22 E P ) s B — @ L, AT
R i B R JTORF I, B v i TINRI = i e (R
FIH
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