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ABSTRACT: Objective To explore the antioxidant effects and fatty acid content of walnut oil derived from
different substrates. Methods Gas chromatography-mass spectrometry (GC-MS) was used to analyze the fatty acid
content in walnut oil and unqualified walnut oil at different pressing temperatures. Single variable control method
was used to study the antioxidant effects of walnut oil with different air content. After adding a complex of natural
antioxidants, fat soluble rosemary at 0.04 g/100 g and vitamin E at 0.1 g/100 g, 2 sets of experiments were conducted.
The first set contained 100, 200, 300, 400 and 500 mL oil samples in 500 mL glass bottles, while the second set
contained 100 mL oil samples in 100, 250 and 500 mL glass bottles. The samples were rapidly oxidized in a constant
temperature drying oven at 63 °C£1 °C and kept at that temperature for 70 days. The aroma, taste, peroxide value and
acid value of the oil samples were measured every 10 days. Results The fatty acids in walnut oil were palmitic acid,
linoleic acid, stearic acid and oleic acid. The content of fatty acids varies with storage time and pressing temperature,
and the unqualified oil sample didn’t contain oleic acid. The walnut oil pressure pressing temperature of 130-140 °C
had the best quality. The 2 sets of experiments had confirmed that walnut oil with lower air content could be stored
for a longer period of time, up to a maximum of 100 days. Conclusion The less contact with air during storage or

the decrease in the ratio of initial air volume to initial oil sample volume, the longer the shelf life. The conduct of this
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study provides a reference for the storage conditions of walnut oil.
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HRRIIE RN 64%, P RHIER LA TR LA AR 5
PR, EELITR ZAOm AR 3, RATLH
FRAE R A BT AL R Ah R TR ki A i
FNE TR & B, A4 AP AR SR -
i (gas chromatography-mass spectrometry, GC-MS)P!
LML AT BRSO kS | 1R
SRS A A2 B 2k PV e T R o B A T,
TEAINER . TR . WRRER . PEANER . BERRER . FEAZIY
IR, BAEFEEFRME, kiR BT 5 L
WOE MR ARG B CO, AU =1, A KRk . K
Rk BHAEW bk fE e B S A KA, B
TRAERT S B f AR BRI, s BRPSBROR (Y [a) S, RS2 T &
F, SRR TR IRIR 2R H TSk ST A A
ISR B A TR O SR FH w85 45 A A
B A FROTY S IS N g AR A KU A i T
B -2 5 F AR U AT R AN [ R B 1 SiE A% Bk 3 B9 52
B, (HAERE A B AR AEAE B TR 3G 5 Ak . BRI
AR ARl R, F 5T 3 HH T 5 8 AL BB 4 a5 SRR A AR U A%
BRI b T, SE R R4 O,

R 8 7N AZ A I Y s AN [ 25 S % A Ak il A AL P18 7Y
S, ASBIFRE R IR TR AR I AR i R TR
BAEAL LRI & S, SRA GC-MS XA RN T 1.
2o ARfERTI) . ARAE TR BSINOR AR AEGR] R AZ AR IR A T
SR, SRR A T A R R AR LR K, DA

R L BT R R R B 5%
1 MM575%

1.1 M5

dkah, ULk o OB, MEmpL e R
130 °CIf A3, WAF T 6 D H (RS AT R BELAR BRI
b F AR 2B TR BT, 248 RHR M J5T ot 4 AR W 27 A A6
HUG A BRI R & A AR R . RERRER . YRR . LI
1% . WIRAR; FRVEPERIEFGEG YRR ), 4id
K BT —i AR A B AR,

“HEH B HEE. A, AL, KSR
af) . HEE BB (LG LE)(U N AR Bl A BR 2 |l ); sfk s
(OrArat, RERHE AR50 A IR A Fl); ToK S EE (G BT
afi, =Eg AR Tk I & B XE 250 A BR A |l FoKE 6
PBREREN . 2R e, E2 A=A RAF).

1.2 UHFE58%

SOl RIEF EMIMHL(REE B BB EABRAA);
HD1710 Z4E FHHIEREN LR I AEA LA BR 2 F); DHG-9240A
ARG XU TR (I —TE R AR PR/ R]); PX224ZH/E HY
FRIF-CREE 0.0001 g, JEEHH{EH M ATFRAF); 7890A
GC/5975C MS B SAH 35 - T8 Ik A A [FC A7 r 5 FEL 2
i (electron impact, EI)], HP-5MS (A, i%#1:(30 mx 0.25 mm,
0.25 um)(3E[# Ailent Technologies /A Fl).

1.3 KWHE
1.3.1 AT Pk AL
(DA R 2R FR BN A A R AR LA A% Bk i
FERZRG I e B AR L LL 3 257 0.04 /100 g 4k
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A% E 0.10 g/100 g Al sam ke, F24800 510 mL 8%
M A A 3E A 100, 200, 300, 400, 500 mL JhAE, %I
A KM S PR IR LN 4.10:1, 1.55:1, 0.70:1,
0.28:1. 0.02:1(%i 5N yk-1~yk-5), BT 63 °C+1 °CHYfE IR
TR A T A S G, PRIRSE G A AN B BEE T .
BB 5 MFES IR 70 d, B 10 d IE R E AR . W
WrFFES . HIE GB 5009.227—2023 (&b E L EE
A &b it EARE T E ). GB 5009.229—2016 { £
ZAaEZAE PR IE ). GB/T 5525—2008 { f#
YrihBg BT . AL RS TR ) BT SR By
BEARIR 70 d A A% BURR SR ARSI SR EE, AR AR AR A% BHE
LETZRE S PRI SE G . BF 5T 43 BT AS ) 25 R 30 8 25 4 ) 9
FEM A IE, AR 2 SR TR S0 06 AR R HL(E
PRIB KRB RIRE LR, a5 F2 A AR i A 4R
fRfE, i — 20 5 AR L A 4G bR B R A S N i

(2)/N [RI 22 R 38 H i AR R R A2 ik vl

TEAZ Ak v 42 S5 A A2 T A9 R o K SR e 48 79 i
TEE, TZFH 110, 260, 510 mL BB FIIHE H 43 715 A
100 mL JHFE, ®14G 25 SARFL S 00 IR il B R B B A
0.10:1, 1.60:1. 4.10:1(4i3H yk-6~yk-8), B T 63 °C+1 °C
TR LT A P A T M SR B2 G, PRIR S IE A AN B BE
HAT o BB 3 MFEMISTRIE 70 d, & 10 d P E R4 AL
B RN FIF UL . 55 B B ORI 70 d TS AR
ARSLSEES, MARARAN S B 5 L IR S I PRI SE G . AFSR
A3 HTAS [ 8RR B 38 -5 A0 [V RE 1 2 ST (E, AR W) U s
SRS PRI R B AR B h & X &R, @
o [y AR AT SR b 1 A, 2 TEE 3 R
1 S 4 B A R A G N
132 H e R 5T

FE AR R RE, Y A ARE/ NF55T 020 /100 g
B, RESON AR
1.3.3 ##kid GC-MS o #7

(DB RT-A A6 A B

ML T AR B 4352 2 120, 130, 140, 150,
160 °CXZMK 34T M T 228 5t, 531 5 8k
WG (S wi-1~wi-5), Rkl R 2024 4F 6
H 15 Ho XFTREZ R 130 CCHEMZMI (258 wi-6), bk
U] 2023 4E 12 A 16 H. R GC-MS 234, %
Rk AR W R 4L 4304 T 4 o

QYBRIELIE ANA MR I

Rk B 0.04 /100 g MIFRIENIA JARBL A 1k 1%
FhRElhee, ARRZBUA R R B A5, 4
HI7E 110,260,510 mL BEEIEH, %A 100 mL iFEF 63 °C
PRI 73 A5 wi-T~wi-9), AR 2023 45
12 A 16 H o Etkihxs B4 100 mL ZBMANA 110 mL
FIBEIAT 63 °CIRIE 70 d(Fi'5 2 wi-10), ki EIERT
)4 2023 4E 12 A 16 H . 44 % E XAk

8 0.10 g/100 g FOBRUENIIAZEAEZ B S 215EE, FF 100 mL
HEEAIA 110 mL BIBESR T 63 °CIRIR 70 d(%s 5~ wi-11),
Bkl AR ] R 2024 45 6 H 15 H o REBIHLEF 194%
BRI (458 wi-12), FRMSRES 130 °C, EAERT[E R 2024
A6 15 Ho ¥ FIRTE 63 °C+1 °CIRIRS2 I 2 WA E
K& IRE G IEAT GC-MS 43#r, #RFTAHE AR AR i) & 2t
Ak

(3)FF b FP i A Ak 34

B 100 mg BEMLA 10 mL &M HN, FREEE 21T
IR, 11 2R iMBE 2 mL, PR A# 5~6 min, TN
A 0.5 molV/L A ASLEA-FHFBAM 2 mL, #RIE/5E T 50 °C
K2 15 min, B VEEREINAZEB/KEAYZ EAE
HEMSE, #aEs 25, BELERMILEITKEE,
B E 2B WGEAT GC-MS b2

(ORI

2% UK [28-32]45 A LA Skl T B, Bk
HP-5MS #£(30 mx0.25 mm, 0.25 pm), #EAE R 270 °C,
FEIE 100 °C, LA 10 °C/min F+3 170 °C, #74F 1 min LU VA
3 °C/min FF3] 250 °C, {#4% 4 min, HAS, WHENER
50 2.4 mL/min, 3-SR EER 50:1, HEFEE R 1 ul,
JERE S A R EDIE, BIRIRE 200 °C, #0EE
250 °C, WEFIVIBRIE 1.5 min, ¥ IE$HIE 1.14 kV, 3935
J YL 30~500 Mz,

1.4 HIELLIE

FH IBM SPSS Statistics 29.0.2.0 X EATHEH 047,
HEAERIE LR EE N E 3 W, ERAFAFHEE
R, PRERR L B 41l WPS office (12.1.0.20305)
HEAFALER, ] WPS office (12.1.0.20305)F K& E4T34%
R 20

2 HER5HH

2.1 FEXEGHIERS
2.1.1  AAF AR FHHL AN R B AR AR B A2 e B ik AL
oM

SR 25 R R I AR 2, 3RS b i A
A, PRAEREORK . VRS20 T R BURE ) yk-1 7ELR
E£20d. yk-2 [74E30d. yk-3 {747 40 d. yk-4 {777 80 d.
yk-5 17 105 d b EALME AT 5 0.41., 022, 022, 0.21,
0.21 g/100 g #3 0.20 g/100 g, 1L FAL I E LS RIE W 1,
PRI 70 d B, yk-1 it A0 E E &k 1.20 g/100 g, yk-5 1Y
M 0.07 g/100 g. yk-1~yk-5 &5 -AH KB 510 10, 20,
30, 70, 100 d, Z5RFHALRTN 510 mL A9 H 5B ETH
e, B AR SR RN, A ], IR AR
FAR R BRI, YL a SRBUS W R TR L
{ER 0.02:1 B, A KEUEHAE N 4.1:1 /Y 10 £, BT
90 d, RPFESL yk-5 FILRAERT A1 K .
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Table 1 Relationship between the number of days of heat preservation for walnut oil of varying volumes in glass bottles of the same
capacity and the peroxide value (g/100 g)
YH o
- PRIER H

0d 10d 20d 30d 40d 50d 60d 70d 80d 90d 100 d 105d

yk-1 0.03 0.11 0.41 0.50 0.59 0.76 0.92 1.20 - - - -

yk-2 0.03 0.08 0.20 0.22 0.31 0.35 0.41 0.52 - - - -

yk-3 0.03 0.66 0.15 0.16 0.22 0.27 0.30 0.36 - - - -

yk-4 0.03 0.05 0.09 0.11 0.14 0.16 0.18 0.19 0.21 - - -
yk-5 0.03 0.03 0.04 0.04 0.06 0.06 0.07 0.07 0.08 0.12 0.17 0.21

TE: R o, % 3~4 [,

yk-1~yk-5 MRG58 AR TR S 00 06 T AR R LL B 43
AR 4.10:1, 1.55:1, 0.70:1, 0.28:1, 0.02:1, LIRIRFKEL
S X, WA Y B, s3I ORI 10, 20, 30, 40,
50, 60, 70 d MIZkMCR, BRI FFEMACRE, 45
PR ULIE 1 R ykl~yk-5 2R 1 56 R4 511 0.0159,
0.0067. 0.0046. 0.0024. 0.0006, #Jih=sSARFR 5 4) 4k
FERBULLAE AR /DN, DRAF B ) A R R PO R RN,
LR . FEEVIIRE AR SRR LU E R
B, PRI TR S A R g, LA 0.02:1.
0.28:1, 0.70:1, 1.55:1, 4.10:1 I, 48 AL(EE RIGEL N
41715, 7.50f%, 10.50 f%5H1 24.67 %5, HAEMK, Ak
B, Yk 0.70:1 I, EALEE BE ET.

4.10:1 ZE(4.10:1)
1.55:1 - Ze(1.55:1)
0.70:1 24£(0.70:1)
_1.400[ ° 0.28:1 - 284£(0.28:1)
2 0f © 0021 " 2R1£(0.02:1) .
S Y=0.0159X+0.0075 .
%.0 1.100 £=0.9782 .
= 0-800F e
f:_; 06001 _‘...v__..»-"'5¥:g_g(;§1x+0.0295 .
) 0.400 0 . B F-0.0046X-0.032
0.200 e 3 . o pgliiio sy | st Y
Qe | S-S Sy’ MRS 4 |
0 10 20 30 40 50 60 70 80
PRI R Bud
B 1 wihsas S0 AR A AR L R o R ik
ALK &R (yk-1~yk-6)

Fig.l Linear relationship between the initial volume ratio of air to
oil sample and the peroxide value during the insulation process
(yk-1-yk-6)

2.1.2 R R BRI IBHL P An A ) AR AR 0 A Bk i e it

2t

S 2 S 3 BH B BB A BRI, BB 1 23 R
b, BAFRETEE . ARSI R BURE S yk-8 FELR-A7 20d.
yk-7 {847 30 d., yk-6 47 70 d 1 LB 4> 510 0.38. 0.30,
0.20 g/100 g, KFZTF 0.20 g/100 g, 3 MEESEAER 70 d
BINGARAT 15 SR 9500 . o SR (I 7 45 R PR I3 2.
PRI 70 d B, yk-8 it A1 R 0.97 g/100 g, yk-6 AN

0.20 g/100 g. yk-6~yk-8 ¥ 5L A#& K A4 HI20 70, 20, 10 d,
FERRIATEATN 110 mL Y H 35 3R o SR FR Al ol
FEORAZ ] B K

TRIBFRRIEMMA B F R ZH R RER S
HEAERIX R (/100 g)

Table 2 Relationship between the number of days of heat

preservation and peroxide value of walnut oil with the same

volume added to glass bottles of different volumes (g/100 g)

=2

(R R

G
0d 10d 20d 30d 40d 50d 60d 70d
yk-6  0.03 0.03 0.06 0.09 0.12 0.14 0.17 0.20
yk-7  0.03 0.06 020 030 042 0.53 071 0.93
yk-8 0.03 0.09 038 046 055 0.67 0.74 0.97

W, yk-6~yk-8 THFER) RS AR S 01 R ke
R R 0.10:1. 1.60:1. 4.10:1, LI RECH X fl, o
FALIER Y %, 433122 HI IR 10, 20, 30, 40, 50, 60,
70 d Mk R R, BRIEH R R, 4585 IE
2, PR yk-6~yk-8 L MESC R IR Z 4358 0.0129. 0.0127
0.0025, ¥JlH2s ST S W1 I I AR AR FR LU AR BR /DN, DRAF I
] YRR S 2 DG R AR N, M Az

x4.10:1  °1.60:1  ©0.10:1
1200 [ o 2B PE(4.10:1) - 2R1E(1.60:1) - Ze4(0.10:1)
 1.100 |
S Y=0.0129x+0.0353 _..%
= 0.800 | 12=0.9707
= 0.600 | X Y=0,0127X-0.0463
g X 2209708
<= 0.400 | x .
® s ¥=0.0025X-0.0173
#0200F .- 12=0.9879
0‘ e : 2} 1 L L ! ! ! I
10 20 30 40 50 60 70 80
~0-200° S

K2 Wian s R R AR AR L R PR I A o A (R ik
K F (yk-6~yk-8)
Fig.2 Linear relationship between the initial volume ratio of air to

oil sample and the peroxide value during the insulation process
(yk-6-yk-8)
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MR 1.3 2 ATHL B yk-6 (0.10: 1) E4% KECH 70 d,
yk-4 (0.28:1)E#KECH 70 d, FEfih yk-1 (4.10:1)F1 yk-8
(410: 1) AAEREEI N 10 d, FEdh yk-2 (1.55:1)F0 yk-7 (1.60:1)
BRERECK 20 d, FERIRZ ARSI IR AT L B2 i
FISER A T, PHASCIAR H A AA% RECk 20 d.

2.2 ¥%#kiH GC-MS &R

PR 3BT AR AR So AT

Wik GC-MS XA R MR Az i AT 0, B
b wi-1~wf-6 WAL L4330 71.13% . 100.00% ., 100.00% .
100.00%., 100.00%. 100.00%, Z&FiE0% 3, bkl w-1
RS E ML R 2 T Z G 00, FE. B B, M. i
ARy B TR 28.78%, B R AMEREIR . i
1% B NG TR I R F  TH B L 43 9° 2.37%.37.17%.0.86%
0.00%. Bk wi-2 EE R FEREIR . WIHIR . AEARMR |

TR B TR EL 23518 6.14% . 79.14% ., 1.14% . 12.02%.
R wi-3 FEERAMER . ImER . BRI . TR g

221

M43 6.08% . 84.03%. 1.41%. 6.42%. AZBkih
wi-4 FER AP . WIlER . WERRIR . IR Ay TR EE
SRR 6.01%, 78.77% ., 1.26%. 2.52%, kil wi-5 + %
WA ER . MR . WENRER . TR e T AR L 43
5.87%. 90.28%. 0.00%. 1.49%. #ZMkih wi-6 FE W /rks
RER . TR . GEARER . JHER MW AR LL 2371 5.88%.
76.13%. 1.42%. 16.57%. HEl 3 FIH1, IR R XS
RN 7% B BE TR 1Y) &5 2 M P 2R AP AR R 3 B 12,
38 A AT HE SR 130~140 °C 2 HEAE IR BEA5: 3 A A% Ak T i
RSN St LR o« SR R B TR A R
HHURANERR 2,2°-T0 X4 - 30T 3655 B ) S AR
AP BT B FLA 2R LA PR Y, R TR
TELEE X B350 1.94% . 1.50% . 2.06% . 2.52% . 2.36%,
fEAF IS (R A 2,27 -3 3 0L (4= T 2% Y ) ) 2 ik i
FEAR, RESL wi-6 SN 0.00%, Hal i, Htsvkig i
MR A B A —Eht A, FEXHR B b B
BEMSHEE L,

®3 BHGRREATEBRRES 2H7(120~160 °C)

Table 3 Composition analysis of qualified walnut oil samples before insulation (120-160 °C)

wi-1 wif-2 wf-3 wif-4 wif-5 wf-6
sy 22 B4y IAF CAS B (120°C) (130°C) (140°C) (150°C) (160°C) (130 °C)
TR HE/%

1 1=\ CisHzs  000112-88-9  10.90 - -

2 9-251ilil Ci3HO  000486-25-9 1.59 - -

3 B8 CiHyy  000085-01-8 5.38 - -

4 Js CiHy  000120-12-7 2.56 - -

5 TR CiHyp  000501-65-5 0.65 - -

6 1- CisHi,  000610-48-0 0.88 - -

7 9-3IF. H JE-9-7 CiHy  004425-82-5 - 0.97

8 R 1R H g Ci7H3,0,  000112-39-0 2.37 4.01 5.05 4.75 5.87 4.92

9 FERRIR £ 1k CisH3s0,  000628-97-7 2.13 1.03 1.26 0.96

10 I CisHio  000206-44-0 5.82 - -

11 10,13-3F R ! g CiH30;,  056554-62-2 - 41.69

12 NG 3441 % 2 i CioH3,0,  000112-63-0  20.20 36.77 47.58 57.07 46.58

13 2 -9-E 1 R R R CioH360,  001937-62-8 16.97 24.75 27.20 29.22 33.21 29.55

14 T i 1 FE 1 CioHis0,  000112-61-8 1.14 1.41 1.26 - 1.42

15 RIATH IS CyH30,  000544-35-4 17.62 9.25 7.86

16 FIMER Z g CyH30, 006114-18-7 12.02 - 9.74

17 SR 1R F 1 CioH30,  005129-61-3 0.86 - -

18 7-+ Fp CisHi,  022089-89-0 1.00 - -

19 AR £ R CaHz0,  000111-62-6 6.42 2.52 1.49 6.83

20 2,27 R (4T HXT ) Cp3H30,  000119-47-1 1.94 1.50 2.06 2.52 2.36 -
Gt 71.13 100.00  100.00  100.00  100.00  100.00




24 B i A AR D A A 516 %
joo “WELewE2 w3 awh4 - awES ARHRE il w2 110 S5 S 9 Pl R i D P
zg: PR BRI 0], R O B I I d e, LU IR L A

< 70/ B TR, B IR 05 KPR 2,277 R HE L (4- A T At
2 6or B, SR 4.
E ol 220 IRIBE A B A
= ;g WL GC-MS MRl JE A G FE ST T 0 M, Fdh
10} L § wi-7~wf-12 WL HL 535304 100.00% . 83.81% . 100.00% .
0=t wimm  WEm 97.28%.87.52%.100.00%, Z5RFFEIE 428 wi-7~wf-9
SRR HEAH R AT AR AT B LRAF 73 d RER AN
R HER T GC-MS 43T, H: SE 43 i el PR 06 1T AR L 43531
Pl 3 AN ] e B A2 B A I 2 5t (3

Fig.3 Effects of different pressing temperatures on the fatty acid
content of walnut oil

15 B4 st 8] /min

B4 FEG wi-2 ST

Fig.4 Total ion current chromatogram diagram of sample wf-2

R4 TRIERGZHHFRBRENSIBERRS D

600000 - 19.018
550000 f A
500000 | IS IR 2. T
450000 | -9~V 3H R P T
400000 | /
£ 350000 194747 sz m
¥ 300000 V4
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100000 PRIV (01 Uil N
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Table 4 Composition analysis of unqualified walnut oil samples after being incubated with different substrates

H5.54% . 5.02% . 5.22%, VR 06 1 FH LG43 N
90.25%. 75.21%. 93.18%, ¥ f% ik 04 1ai FX Lk 43 51

Gy 2R STt CAS B2 wif-7 wif-8 v&;;?m*ﬂ t\l;v/fo—/jo wi-11 wi-12
1 s 1 H C7H340, 000112-39-0 5.54 5.02 522 5.23 471 -
2 PR AL B L — R AU B e CyH,0,Si 017865-32-6 - - - - - 1.28
3 11,14-37 31182 ' fiR C1oH3,0, 056554-61-1 - - - 50.82 - -
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Fig.5 Total ion current chromatogram diagram of sample wf-12
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