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Extraction of borage seed oil and its effect on antioxidant enzyme
activity of skeletal muscle in exhaustive exercise rats

ZHOU Songfeng, FANG Lei
(Jilin Agricultural Science and Technology University, Changchun 130000, China)

Abstract;In order to promote the development and utilization of borage seed oil, taking borage seed as
raw material, the borage seed oil was extracted with the suberitical butane extraction method. The effects
of liquid — material ratio, extraction temperature and extraction time on the extraction rate of borage seed
oil were studied by single factor experiment. The extraction conditions of borage seed oil were optimized
by response surface methodology. The fatty acid composition of the borage seed oil was analyzed. In
addition, SD rats were divided into five groups on average. The control group did not receive training,
and the remaining four groups received exhaustive exercise training. The low, medium and high dose
groups were gavaged with 10, 15 mg/g and 20 mg/g borage seed oil every day, the exhaustive exercise
group was gavaged with 15 mg/g distilled water every day, and the control group drank water normally.
After the experiment, the activity of antioxidant enzymes in the skeletal muscle of the rats was determined
to investigate the effect of borage seed oil on the activity of antioxidant enzymes in the skeletal muscle of
exhausted exercise rats. The results showed that the optimum extraction conditions of borage seed oil were
as follows: liquid — material ratio 6.2: 1, extraction temperature 41 °C , extraction time 53 min. Under

these conditions, the extraction rate of borage

RS E HE:2022 — 03 — 15 ; 4 B H #8:2022 — 08 - 25 seed oil was 35.32% . The content of unsaturated
E &I E 12022 4R AS 20 T H e B (JTKH202203828K ) fatty acids in borage seed oil was 85.51% . The
YEE RGP BN (1970) , 3B PR, 81, 155 )\ 38 5175 borage seed oil could restore the activities of
FAREIFFE T AE (E-mail ) jlna0431@ 163. com, superoxide dismutase (SOD), catalase ( CAT)
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and glutathione peroxidase (GSH —Px) in skeletal muscle, and reduce the content of malondialdehyde

(MDA) in skeletal muscle. Borage seed oil can increase the activity of antioxidant enzymes in skeletal

muscle of exhausted exercise rats, improve the body’s ability to scavenge free radicals and reduce the

damage to body cells.

Key words : borage seed oil; exhaustive exercise; skeletal muscle; antioxidant enzyme

L3 i ( Borago officinalis ) Jj— 4 — 2= il HEA
MY, 8 TR EORE, 32 M e R AN T 41T 45 (X
R R, B A R A U B 1 3
JEt X R EFAE AR . IS B E SRR
R R R A BT R BB ORI
PR 35% Ao A HRES EAFI MR S IMER N y - W
JFRIR & 290 20% (36% F120% ), S HAb R A
Yo AR LG, BB BRIl Dy - RRIR & A
1My — WRER T LAZ 5 AR E)— RIMCHFEY &
B, EL A B I A R I B0 TRV 8 3 R AL A S i
PRI L By QA S E TG A R

A0 R B IO 5 O A M A LT
PREGE: IR R 7 A B A B T I
TREAE U H B 5T 80 B — R g 23 2 4
AR AT LB Mo A BR Tl P A RO T Y . AR
DABRLIE EEFF Oy JRORE, SR FH I 23 T e 2 B B 38 i
FEIT 38 o B PR 38 S 6 R 0 T S 56 %o AR S
HEAT LA, TR s K BB 5 B e R i, o KRR
18 S RERY F 5 B B AT I 0 R RRCE R LT Ak
it 3% T 1 R ), LA A T B R I A O R R
HEARHE
1 #H57%

1.1 a4

TS BT, ZMIRFESE AR A R AR T
PR >99% ) , F & Sk FER SR A IR A W 5 IE
bt , 2 M4l 8 A AL M) B AL G (SOD) | 4 Ak & il
(CAT) 5 [ (MDA) 4% Jbk H Bk i 4 1k ) 1
(GSH — Px) R0 & , p ot A R A A

SPF 2 5 Jil & It SD KL 50 H, (&K i &
(180 £10) g, ¥FAIEE SCXK ( B.)2020 - 0050, f )™
T = KB SE 58 sh Y SR i At

JBS — 10 BRIV lés S22 HUAX, ¥ P A S ol 25 b 4
HRRAHE] ;N = 1200BV — W Ui 56 7 %A, Y77
B Gy A A B A BR A \] 5 AP135W AUHL K OF,
B TR B AR B A A B Al 5 GIS 13 RUR L, 45
L R 55 A PR F) 5 DZF - 6020 8 R T 1
8, H o AR A (L) A BR/A R ;KW - PT -6 7l
SEHIE B R RSCAE YR A PR F] 5 7890A Y

SARETEL R AR BRT ( ) A RA T,
1.2 sE3drik
12,1 BB ERAM 2

ZHZ RO — 10 ] 1905 25, RS LA I 1 Bit
FEEORF VRS T 60 CTRAE T E TR T4 5 h, AT
PRI, 2 0. 18 mm (80 H ) i , 75 3 B 5 B FF 3
Vo BRI R AT I 5 2 BBUASL P 25 BURE 1N, e %
Tk R, FTOF A A R A s L
JIET —0.5 MPa, ¥ T beid it i1 52 DO i A i
PRI A A IBCRE b, 76— & OB} LE | 25 G
JE AR ] R AE OB BRI, 2 IS s o AR
YECHR A 4 15 S b [l WS BB R A 3 BB
Ralii]e

N AR BRI AR IOR

Y=m,/m, x100% (1)

KoY B BRI AU s m, B EOR
it , gsm, NS ERFR TR, g0
1.2.2 B eI D R 2H o3 B
1.2.2.1 Fah b

1.0 mL BiFERA T =AM, iInA 4 mL Gk
Ce, A 2.0 mL S AL B (0. 5 mol/L)
HCEAE 70 CoRE A 15 min, OB B2, e #
ZIAE L MA 12 mL K, #EA IR G A S B
Nl o 71 B e W EREEN 37
1.2.2.2 SAHEE 551

FFAP 384)(30.00 m x 0. 32 mm x0.33 pm);
FHE AR T 0 W) 46 L 100 °C, LL 10 C/min FHlE 2
280 °C, ff4F 15 min; Y3 AL IR B 280 °C 5 A I 25 I B
280 C ; JEFEE Lul,

SR PR B IR 1 0 i BRUH — b i
1.2.3 KRB iz s &

H4 SD R B350 00 S AN B/ 10 H
R BRZH 7 viz S 4 i 3 ki AR R B 4 B3
EOFFIl R e 2H B R R a2 3 N R
2, B R R A RHE E 1015 .20 mg/g B
FEERAN, s sh B RHEE 15 mg/g Z&1RK )
MR TEHOK



2022 4F 5547 % 4 12 ) o g 17
SHRMAE " RBEAR Y SRS ERPR MRS sk s AR o i

T MIRAAIEATING, TR 4 45 RAE KW -
PT -6 BISEE M &5 b EAT F1 9842 shilll 25, U1 ki i)
h 6 JE o E—JR R RS HEAT X B 1 2 R Y
25, WCE BN 15 m/min YRR 0° 55 G B &
(14T B U R 20 m/min , 35 50 50, 4 41 K RUK
BIEHEG D E RS, 7B W RRE R B P
JE 5 B R IR DE O O, R IR R 5 1
5 M R R, BRI TC R SE5G 6 SR 4G
Jei o UK BROSUI 15 ILZEL 2L, TR S o 45 67y 4 °C
Az B AR K R e v, AR ARG I 4R & i O Tk e
SOD ,CAT ,GSH - Px MDA,
1.2.4  Bdsrtr

JIT A BE R SPSS 20. 0 # 4R E4T 43 B, 45
PL“HIE = bRl Fom o
2 GRS5HH
2.1 HBEBFHERLALSE
2.1.1  JRHEL YR

TE 2 WO E 40 °C L ZE U [a] 40 min FF,
5 SR CRE EU T B 38 1R T AR BRI 5 ), 45 R DL
1,

401
30
§
%20
¥
10
0 3:1 I4:1 I 5:1 I 6:1I 7:1I
OB
E1l @Rt mEErmERENZN

L1 AT, Bl OB EE A3, B R AR
IR SETH R G BRI, FEIRORHEE R 62 1 B, B35 15 K 31l
PR E R o X2 PR ORE 3G RS in A Bt 72
HOIHIIR 39 B0 v B 2, DT A ek v i) T
RERE AL BB A v, 1 24 Ok He 3G K B — o R
S, BB EORF A v A A ) IO 2 A A B
o, SIS ORI OE B E G, T B0 R AR BOR FE
1% Bk EOR 61 1,

2.1.2  ZEBUREE R 200

TEZEHUET ] 40 min JERFLL 501 S50 R, B4
FRUIR BE X BB A AR R 52 e, 25 R LI 2,

F 1] 2 RN B 2 A TG EE ) T vy, B B AT
IR E e F I G BB 3, FE A BUR Sy 40C
B, BB BRI AR BBOR e K 3k AT BB 2 R h Bl A6
IR T e TR BRe e MR S T IR

i BE AR T e 2 B v T ) A A T B AT I 5
T BT ke 5 PRk fid ook /b, = 3004 ORI
R WO PR R Ay 40°C

40¢
30}
&
=20
e
0}
0750 35 40 45 50
PR E/C
B2 FEBERENREEFHENRYZIE

2.1.3  ZEIUSA] B2
TERBGHELIE 40 °C GRORHEE 501 26 0F T, B AR
SBR[ %) B R AR OGRS , 5 2R LI 3.

40
30

IS

‘@- - ///F\,

‘Eé 20

#

20 30 40 50 60
HEHCAT ] /min
B3 ZEEAEXNREEFHEREN N

H 1] 3 W] R, B A IR TR] A AT, TR0 BRI
RS EIH G AR S, ZEZLIBUN E] 2y 50 min
I, B EORFI A OR B o 3X 2 PA 26 B (] 72
20 ~50 min [, 1735 4b THREAL BT BL , i B
EOFPAS 1) T e R BRag i B, BT LA ZE ORI 4 v
AR 2 F0E K AR BN 8] 25 T SO EORE R Hh Y A 803
VL, S ERIIE R S, FECEBURIFIE
WAL U ]y 50 min,

2.2 FLE AT E a5 kR

MCH B TR 3R S0 4 2R, D I B R 9 A R
(Y) NHEFR BORHEE (X, ) RO EE (X, ) AR
6] (X;) APE, R Design - Expert 8.0 315050,
DAL I 5T o8 A€ OB B EORF I Y T 204504, Box —
Behnken 225G [R & 5 /K ILF% 1, Box — Behnken 52
BB SER R 2, 7 20 AL 3

%1 Box - Behnken SR FZE 5K F

IKF- WORHEE REHGRIE/C AEHU []/min
-1 5:1 35 40
0 6:1 40 50
1 7:1 45 60




18 CHINA OILS AND FATS

2022 Vol. 47 No. 12

%2 Box —Behnken LIWiFIT 54 R

S X, X, X, Y/ %

1 0 0 0 32.74

2 1 0 -1 32.91

3 1 -1 0 35.32

4 0 -1 1 31.17

5 1 0 1 35.37

6 0 0 0 30.78

7 0 -1 -1 34.18

8 -1 0 -1 35.41

9 0 0 0 35. 44

10 -1 0 1 32.44

11 -1 1 0 33.21

12 1 1 0 28.56

13 0 1 1 33.54

14 0 0 0 29. 88

15 0 1 -1 30.01

16 -1 -1 0 35.30

17 0 0 0 31.72

x3 HESH

W PR amE wy o F b
TR 77.92 9 8.66  3883.66 <0.000 1 s
X, 5.15 1 515 2311.08 <0.000 1 #x
X, 15.48 1 15.48  6946.00 <0.000 1 #*
X, 1.44 1 1.44 644.38 <0.000 1 #=
XX, 0.02 1 0.02 9.43  0.018 0 «
X, X, 0.02 1 0.02 7.01  0.033 1%
XX, 2.5x107? 1 2.5x107° 1.120.3248
X 13.29 1 13.29  5960.75 <0.000 1 #*
X 36. 12 1 36.12 16 203.52 <0.000 1 s+
X 2.09 1 2.09 936.09 <0.000 1 #*
% 0.02 7 2.2x107°
KW 1.7x107° 3 5.7x107* 0.17 0.9142
iR 0.01 4 3.5%x107°
S 77.94 16

TE: = R BT (p <0.05) 5 = R A 8527
(p<0.01)

HRAE R 2 04, XPWORE EE A B0 BE | 25 BB ]
3AHERH#ATEIH G, 53 E 3 )5 fE Y =35.37
+0.80X, +1.39X, +0.42X, +0.072X, X, +0. 063X, X,
-0.025X,X, —-1.78X; —2.93X; -0.70X;,

M 3 AL AR B 2, SR ANIUA 1835, A G
FHH0.999 8 JHREAH KR ELCH 0.999 5, 1WA

PGB B4, AT T B BRI A R A FO ;X
X, Xy X0 X0 X5 S AR B, X X, X X S
&,

XTI 7 R SR S, A5 R B BRI A U e
TAEM BRI 6.24: 1 AERUEEE 41.20 °C AEHL
Bffa] 53. 08 min, Jb B 700000 0 385 5 7 V0 A€ BOCR R
35.69% . N T AE THAE, ¥ 2 B0H O WOk
6.2: 1 ZEHUREE 41 °C AL HURHR] 53 min, 75 1% 5% 1
T REAT 3 AT IR E S5 5, A5 B B B SR T A
ok 35.32% , 5 FUI AR H2 kT, Ul B ST Y L A
e,

2.3 RIBEATWEIEIERAR (LA 4)
R4 REEATEHBRAKRRSE

PR F 1 8]/ min il AHXT B 1/ %
27.512 FRAE R 9.82
32.331 TR 4.67
32.908 A 21.72
34.387 Ty R 37.39
35.313 y - WEFRER 19.15
39.481 AR 4.07
49.710 P 3.18

HH2% 4 W] H, BREE EORF il v 32 B0 B IR M Tl R
(21.72% ) 3R (37.39% ) vy — W KRR (19. 15% ) ,
HACR AR & 20 85.51%

2.4 RIBEAFR A BIE KRR BRI AALEE
ERF e (LES)

25 0. S13RiE8h4H SOD  CAT,GSH - Px
TP 5 IR AR LG 2 I (p < 0. 05) , MDA % &
BERIN(p <0.05) ; 5 Juis sh 24 L3, B s 1kF
M 7 2 SOD CAT \GSH - Px i M i & H2 51 (p <
0.05) ,MDA & & i F K (p <0.05) . EHEH
TLHUAN H & B B AR RSB T ah S
RS, — B 6T 16838 3l AR N 2™ A Kt
H 5L, VLA L BE% 55 , (45 Br k L& A S Az
W, 51 IR B A A RO, R BLA T B ST
FRAE T B, 2F A B o g R AR 5] A A A i
$5t017 . MDA 5] % g R 1 S A0 AR R
Yy, & B AL Y 2R AR, SOD CAT GSH - Px
AR N B Z AR, LT DO BRAR N A B
HE P B X HUA R . AL AR BN,
T Bk b A LYK 52 ) 35 02 3l R BLCE g UL
SOD .CAT .GSH - Px {3 ¥, $& = LIRS B B i 5
(RIRE T, BEAR B 85 L MDA &5 4, 3 20 X B 44 41
L 45 45



2022 4F 55 47 % 45 12 W e8 e 19
x5 WMEBEFHXMNBEHKRERINENEFTENEID U/mg
51 SOD CAT GSH - Px MDA
Xif B4l 115.24 +10.47 7.12+1.33 158.64 +12.69 2.21 +0.46
JIEIE A 62.64 +5.22" 3.21+0.71% 82.65 +7.84" 5.67£1.41%
7 A 77.85 +6.74 4.43 +0.95 105.26 +8.41 4.23 £0.97
LB e 91.42 £7.23 5.35+1.13 124.65 +9. 11 3.15+0.75
[Eplh=e:] 101.24 +8.21" 6.52+1.21" 141.88 +11.73 " 2.46 +0.58"

T #2R S IE I S 45X IR HUA B35 2250 (p <0.05) 5« Fn i 415 Ty Bia sh A i H A 2% 22 5+ (p <0.05)

3 & i

0 3 B DR 2 ST 6 R ] 7 T S B A S ST b
U B BRI I A T A& MR L 6. 201,
FEURE 41 °C FEHCHFA] 53 min, FEIZ A1 T B
BRI ZERUE K 35.32% , BES B 2SS 15
BRI IR (21.72% ) MR (37.39% ) \y — WFRER
(19.15% ) , ASHRL A G 105 2 & s 48 i, K 85.51%
BES BRI AT AR & T 938 3l K B % UL SOD |
CAT GSH - Px 36 7, B IR B WLk MDA & 4t
GBS BRI T DA = 19832 21 K BRI e AL il

L, SR HLARTE BR Bt LA RE ST, 18X HLIR i
HUEALiS
S5 30k

(1] skrig, sk B, HIER. WBEmRER]. +h
E B A=Al R, 2012(31) ;14 - 21.

[2] SOTO C, CHAMY R, ZUNIGA M E. Enzymatic hydrolysis
and pressing conditions effect on borage oil extraction by
cold pressing[ J]. Food Chem, 2007, 102(3) :834 - 840.

[3] 28, HiBSERF MBI T 25 B AL TG o 5 7
AP LD ] 108 M IR, 2017.

[4] MAANAN M. Heavy metal concentrations in marine
molluscs from the Moroccan coastal region [ J]. Environ
Pollut, 2008, 153(1) :176 — 183.

(5] REALRZ, tRadtrt, ks, RITIRE F75 TIRER b F
FeLJ]. P EMAE, 2000, 25(6) :20 —23.

[6] 25, JUSA, FrKkML, S WA YL LB EAT il
T RN iR oy i e [ ] TR AR 74,
2017, 33(4) : 914 -920.

(7] 3kP, U, XBm e, 5. W P I I 5 A OBk

L2 R B (], £k ol 2019, 40(9) : 44 -
47.

(8] FRud. Akl A I SO AR AL T . ™ T,
2021(10) ; 14 - 16.

(9] ERM, HAE, 56, S WIS T be A WO ki
M HAMERT]. & Tolk, 2021,42(10) ; 132 - 135.
[10] BA&M, B, wl, % WA ARE L A7) Kt
SEATE AT [T ], A 5 Bl ML, 2021, 39 (4):

1-5.

[11] RM3, ARUEAT, KRG, 5. BEET X IBIY (i firis
/N RE B R RPELT]. RIS
JF &, 2018(30) ; 218 —224.

[12] JRIGEZR. B AL B X R 5 BE 328 2y R S s LA 1oz 8k
PO PR AP A B LRI BT[] Sewise, 2020,
37(3): 78 - 82.

[13] FRIE R S S AL AR il 2 A 1o i e £ [ 7]
TLPEAR T, 2019(1) ; 47 -51.

[14] Z8EA, 2o, 0, 55, PG S0 AR L) ki
MR BT A AR EREZE D], T EE 25 B Ak,
2021, 28(4) . 101 - 106.

[15] skzte, wilese, fiTfard, S5 MEim AT bebi Ot B bk
AMEIBETELT ] o EDRRm A2 4R , 2021, 36(1) : 100 -~
104.

[16] s, TTF M X 1 58z Bl A B 5 L5 495 Y 52 1
[D]. vy . hpsImiERey, 2016.

[17] POWERS S K, CRISWELL D, LAWLER J. et al.

Influence of exercise and fiber type on antioxidant enzyme

activity in rat skeletal muscle[ J]. Am J Physiol , 1994 ,266

(2):375 -380.



