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Abstract: Taking the walnut endophytic fungus LTS-6-6 as the research object, the in vitro antioxidant activities of different-polarity
extracts of its metabolites were determined by the ABTS free radical scavenging method, the hydroxyl free radical scavenging method and the
Fe" reduction ability assay; The Schaal oven method was used to determine the effect of adding highly active extracts on the oxidation stability
of rapeseed oil using the peroxide value and acid value of oil as indicators. The research results showed that among the four extracts, ethyl
acetate extract (EAE) showed a stronger antioxidant activity, and exhibited strong scavenging abilities for ABTS radical and hydroxyl radical
(scavenging rate > 80%). The clearance rate of EAE was higher (by 71.39%) than that of petroleum ether extract (PEE). The contents of total
phenols and flavonoids in EAE were 643.71 mg gallic acid/g and 102.05 mg rutin/g. The peroxide value and acid value of the rapeseed oil
treated with 0.02% EAE and stored at 70 “C for 8 days were 5.88 mmol/kg and 0.85 mg/g, respectively. As predicted by the Arrhenius formula,
the rapeseed oil with 0.02% EAE had a storage period of 256 days at 20 “C, which was 192 days longer than that of the blank group, indicating
that the addition of EAE effectively inhibited the oxidative rancidity of rapeseed oil.
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W, &H.

1.3.2 AME MR E
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Table 1 Relationship between temperature and shelf life
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RN AT 1
100 7 PEE
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o 61
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2.1.1 TREMBMEEIRMAT ABTS g bAe9#F %R
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(p<0.05). 7E 0.005~0.03 mg/mL K, AHFEKFETF,
MEEE Y ABTS HHEEREHWAEEZER
(p<0.05); ¥SZH 0.04 mg/mL. 0.1 mg/mL i, ABTS
H G R R 4 PR A B ) 3 A B2 22 7
(p<0.05), THEKRZF 5 AAMKIKAN: EAE (98.05%-
99.65%) >BAE (41.21%. 86.21%) >WTE (19.28%.
3441%) >PEE (17.25%. 28.42%), H#FE R EAE
5 Ve 1) ABTS HHIEERETLREZER (p>0.05);
WEH 0.05 mg/mL i, PEE. WTE Pi4bHE] (1) ABTS
HHEERELEEZER (p>0.05), —F5HaR

e
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Bl 1 FEIRMZERIXT ABTS B REAYERRE
Fig.1 ABTS radical scavenging rate of extracts with different polarity
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Fig.2 Hydroxyl radical scavenging rate of extracts with different polarity
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% EAE 5PALBERTC R EZER (p>0.05). &4k
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AbFRIAER I B SRR A REE R (p<0.05).

HHIE 2 360 E Y, EARRIREE N &AL B R
FE AR FE R, RHRER E R bR g K
e, MIKE<0.05 mg/mL i, 4 FAEYIH BAE
PR 5L E R RS T HRFEIY); £ 0.1~2
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EAE>BAE>PEE>WTE. *i/%¥<0.5 mg/mL I}, EAE
WH I HEE R B ST Ve ERRTER
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FEBREE BT, SH MR H HERER RS BN
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12
1.0

0.8

W FE AR

0.6
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0.0

mg/mL. 0.976 mg/mL. 7 2.0 mg/mL i} 5 AR5
FEHHEEREKIXA: EAE (86.17%) >Vc
(85.05%) >BAE (47.45%) >PEE (36.23%) >WTE
(13.40%)
25 bR, EAE NEiEtEREEW, v LLA ROEkR
PR E B,
2.1.3 RERAMEFIAE) FRAP $iER A
FRAP 8% FISRE N IR R RE /T, WObEE
FOR R JE e R, s 3 W LAEH, BER R
W, RSEROCEE ARG K. 75
0.005 mg/mL i}, PEE. BAE AbFEAL WG RIS TC 5
Ex5 (p>0.05), HF#E 75 WTE. EAE 44
IR RE A B £ (p<0.05). 0.01 mg/mL K,
PEE. BAE 4b ¥ 2H [ W o% BEAE 2 W) 6 2 3% 2 &7
(p>0.05), PEE. BAE 7375 WTE. EAE ZbEEZH (1)
WOEREEA B ZR (p<0.05). 0.015 mg/mL K,
WTE. PEE. BAE. EAE #%4b# 8] W6 E A
EZE 5 (p<0.05) o AH RIS & AR AR AR A =
EAE>BAE>PEE>WTE. #H[F#¥ N EAE [ GREE(E
By T HARZERWMROC A, UiEH EAE SOk )5 )5
FHAFRY), BARSEPIAIAE). X 5ikgsR!
sl R—5. AHFLHER, PEE. BAE. EAE 7EA
[ B (B R e EAE I A B 2R/ (p<0.05). KE
<0.015 mg/mL B}, AN[EHFER] WTE AbBR 2 [A) 7022
Z5 (p>0.05), WE>0.015 mg/mL i, AFEKEEK)
WTE &2 [m5H BEZR (p<0.05).
569NN, EAE TWTE ABTS H HZIEFRAE
JIRERIE A TS RRRE /), 102 AE FRAP &ULJ5BE
J5 T BI5R T AR, W] EAE NS TEASEA,
BT R BB E AT T
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T

JF KR / (mg/mL)

& 3 TREIRMZEEHIRSEEE
Fig.3 Absorbance value of extraction with different polarity
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(643.71 mg & TH/g) >PEE (18342 mg K& TR
/g) >BAE (97.70 mg % B F&/g) >WTE (36.55 mg %
T TR/g), H EAE KM &8558 WTE (1] 17.61 1%0
SRS RIS, EAE S53HA 3 MR (M2
#, RIS EKIK: EAE (102.05 mg T /g) >PEE

(34.33 mg 7 T /g)>BAE(13.58 mg /= | /g)>WTE(12.11
mg 7 1/g) EAE S & & 102.05 mg 7 ] /g, I WTE
(1) 843 fif. HHULFIEH, ANEAHH AL &
=TS ABTS HHESHERRZ. FRH ISR
W JREEJIE TR . PEE [P By AL &R & & KT
BAE, {HH HZERFFSIEERE /1A BAE>PEE,
Uil BAE HRRZMAEERSYIR A, HARSUEE
PV S 2 BA PRI RER .

XFPUEARE T)-5 S SR & 2 A M A A
GERWAR 2. MK 2 nTLUEH, miEtER R LTS-6-6
RPN A TR Y ER Y S SRR o 2 1F
FHIG. Ho ABTS HHENSRF S D& R R E MK

(p<0.05), (H5EEE & EHIMEARZE (p>0.05);

PRI H REERR S . SRS R E%*H?%
PE (p<0.05); SILJFERES ) S BBy SHEH & = BA
W R EMEME (p<0.01). 2 AW, & rilﬂ%
LTS-6-6 A= MIMPra i te 5 am . SEEE 2
VI,

R
00} . 8 EmEEEmEE]
2 600t ++ 1100 5
= £
T‘g,n 500 180 é
g 400f loo &
w 0T lao =
g o ’—b’ﬂ :
m 100 ¢ ¢ 720 ﬂ?
. (I 4wl =
PEE EAE BAE WTE
AR
(& 4 Bk LTS-6-6 AFE A BRI BN BB SEIE
=)

Fig.4 Total phenol content and total flavonoid of different polar
extracts from metabolites of LTS-6-6

*R2 BEp. REIEEMMENENHEREEX R
Table 2 Pearson’s correlation coefficient with total phenol content and total flavonoid from LTS-6-6 and antioxidant capacities
FiZE e ABTS#R% OH#FhE ZEERA EWédE EEWLE
ABTS- " ih % 1

OH-H R % 0.85" 1
LR 0.76" 0.68" 1
BB4E 0.62° 0.67° 0.96" 1

BREASE 0.58 0.66" 0.93" 0.99” 1

E M RTARAMMEE (p<0.01), *RFMAMEE (p<0.05).
7 3 TREILIEAIZE GFF) AR ErE
Table 3 Different treatment group on peroxide value of rapeseed oil

232 RA/d
/(mmol/kg) 0 1 2 3 4 5 6

TBHQ  223+0.08%" 2.68+0.13°%  2.83+0.17°%®  2.9140.12%%  324+0.17%°%  2.80+0.15*¢  3.41+0.23%¢
Ve 232+0.05% 27440219 3.0240.06%%¢  3.42+020°%T  3.73+0.15%%  3.81+0.153%°  4.36+0.15"°
0.01 23340077 2.90+0.10°°  3.22+0.12°°  3.89+0.09®  4.53+0.10°°  5.09+0.08"®  5.97+0.11°°
0.02 24140.065*  277+0.137*  3.05+0.12°%  3.55£0.18%T  3.71+£0.15°°  3.92+0.12°"  4.27+0.06"°
0.03 2.33£0.06™  2.70£024°%% 27940357 3.01£0.34%°® 344020 3.76£020°°  4.15£0.09"°
0.04 230£0.11°%  2.48+0.13°¢  2.63+0.27%%  3.03+0.27°° 321030  345+023°  3.68+0.32"¢
0.05 23140.13°%  2.32+029%¢  229+039%°C  2.74+0.61°°  2.79+0.61%°  3.22+034%° 3 39+0.44"¢
CK 230+0.13°% 331028  5.42+025%4  932+032°4  13.6+0.13°*  13.9+0.17°*  24.77+0.10°*

E: RPN fEF A FRRTF AR AL 8 TAIR AL I £ F o R, AR FE A R KA A T AR AL £ F o R,
FRFHEATEREE (p<0.05), HRFHEATERREE (p>0.05). £ 4F.

23 B CEERY (EAE) 3% () WA
A4 My B
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23.1 R BALAIATE (FF) il A A
2
FEARIN 0.02% TBHQ. 0.02% Ve, 0.01%~0.05%

AE 5T, SRHIEFEIE (70 °C) Inidkih e, 4t



MK EmBHL

Modern Food Science and Technology

2022, Vol.38, No.4

B OFF) J7E IR0 ] i A % 3.

B 3 0%, 32 OFF) AR 1~6 d I, =%
HB4H (Control check, CK) HIidE A SAHRAH
BE MR E I, R AT [FIRE T 4 2

CFF) M. AbEE 3 d B, CK At 9.32
mmol/kg, KT 6.0 mmol/kg ([EFREIE); 6d i CK
A IS FA A A, X F] 24.77 mmol/kg, HERAN
0.01%~0.05% EAE AbFRAHIS AT BHIE. 4~6 d i,
IS0 0.01% EAE ACHEL 5 H AP ik S A0 (E 1Y
HREER (p<0.05). RN 0.02% EAE F10.02%
Ve PIANCFRZE , FEAH ) b F A 1a] P 5 A B ] g gt g
HEMER T RZEZER (p>0.05), FKHLEHE AL
W, ASINAHIER LR EAE F1 Ve —F HHISE OFF)
WAL AE JIAHS, W0 0.05% EAE AbH4H a2k

R 570 0.02% TBHQ AR Fzifr,  FEAH[F) AL HE A (1]
B, —HMSAMETREZER (p>0.05); 6 difH
i EABAE 7 BN 3.39 mmol/kg A1 3.41 mmol/kg, A
Tl FUE, VLTI 0.05% EAE BER I CF
AR . BEERERI T ER, A 0.02%47
¥ 23 6 d T EHE N 3.34 mmolkg, ANk
ISV 0.05% EAE J& 6 d B i 40 B 3.39 mmol/kg,
PE LR R B . LT Rl s R
LTS-6-6 KEE“HI LR LERZEHY) (EAE) TEHUH
e AT T B A B 77
232 BAARBARAT R () hERIE TR
FEZIN 0.02% TBHQ. 0.02% Ve, 0.01%~0.05%
EAE MR, RAEAEIE (70 °C) Imsd fgmd, 4t
B OFF) e IS8 R R AR A 2% 4.

F 4 TEHIRERE GFF) SHEREZIT
Table 4 Effect of different treatment group on acid value of rapeseed oil

43¢ R/

A(mg/g) 0 2 4 6 8 10 12 14
TBHQ 0.12+0.017  0.19+0.02  0.27+0.08™  0.48+0.07°¢ 0.73+0.11%°  0.92+0.09°° 1.15£0.11°¢  1.41+0.13*¢
Ve o 01240035 0.24+0.06% 0.33£0.09™  0.56£0.11°°  0.85+0.10%°  1.15£0.03°° 1.46+0.12°¢  1.81+0.20°°
0.01  0.16+0.028% 0.23£0.26%* 0.53£0.18"® 0.99+0.09°® 131+022%% 193+0.08° 2.34+026°® 2.72+0.17*®
0.02  0.16£0.017 0.19£0.16 0.32£0.22°™ 0.63+0.16%° 0.85+0.13°° 1.25+0.32*° 1.53+0.53™°  1.86+0.11°°
0.03  0.16£0.017  0.19+0.05  0.28+0.057  0.61+0.11°°  0.88+0.114°  1.14+0.13°° 1.45+0.17°%¢  1.79+0.16*
0.04  0.16£0.017 0.18£0.04™  0.27+0.65™ 0.57+0.10°°  0.8+0.18*°  1.06+0.16°° 1.36£0.17°*¢ 1.62+0.13%%
0.05  0.16£0.01° 0.17£0.02°®  0.22+0.05°¢  0.53+0.12%¢  0.78+0.15°°  0.92+0.09°° 1.28+0.14°*¢  1.43+0.11%%
CK  0.12+0.02" 031028 0.47£026*  1.22+0.23°% 2.51+0.36%* 3.41+0.54°* 523+0.44°*  7.11+0.34"4

% 4 7750, WUREACERE S, 0 0.01%
EAE I, AbFEZE 4 d Br5 2 d Fim IR TE B 25
Ah (p>0.05), 5HAMACEE] [ ERRE I B2 %=
st (p<0.05); 14 d i}, #IN0.01% EAE [AbFZHIR
{H N 2.74 mg/g, I 0.02%~0.05% EAE 4B R
E5/NTN 2 me/g, REIRIN EAE %A ERH 355
T AERRIN . 30N 0.03%~0.05% EAE I, AbFEs
4d 5 2d KAHEAGIMHBEREL LEEZER

(p>0.05), SALFHEEE 6~14 d KM IERR(ELA B2
Z=5 (p<0.05).

32 CFF) TALEE 6~14 d I, MHFEIALFER ] CK
AL SRR RS i AR, &
BHACEREH S5 A AR EE TSR OFF) TR b3
10 d I, CK HMAEMIRIE S 3.0 mg/g (EFRE
), HAMHARREL/NT 2 mg/g. 8~14dHf, CK
H 5 PR R AR E R (p<0.01). S
(BN, ¥SIN0.02% EAE 55 0.03% EAE. Vc ZbFEZH )
RIETCEEZS (p<0.05), RN 0.02% EAE 5
THMHEE G ERIRACRAR Y, 14 d I’ =F R

553504 1.86 mg/g. 1.79 mg/g F1 1.81 mg/g; NN
0.05% EAE AbERZH FIHTRRIACR 5% 0.02% TBHQ
REPRAHEEN, —AHAMRETLEEZER (p<0.05), 14d i
FRAE 5359 1.43 mg/g A1 1.41 mg/g, (KT FHAH,
ULHIANIN 0.05% EAE P IIHIHIZE CFF IR
Flo REERRSEPI SR, din 0.02% G 21 14
d INEAE N 2.76 mg/g, SAHNFTERIN 0.01% EAE 4b3
14 d IAE 2.72 mg/g B2, Wil EAE AR
T TERRIAEH o

gr bnrsn, 7E38 OFF) it AL 2] 6 mmol/kg
R, HERE/NT 3 mgg, FHIEE G MEELL
HOREE TR, A 14 d N, BN 5 RiRE
EAE $0131 CFF) JHBRMCGEA ™ AW BARIE, 3
B EAE 1E R RIRTUAAT, FEPT IR A AR T R
AT T
233 R TR

AN TRV A ER IS S A AEAS [ A T £ do SR A AR R R
Jntsg CFFD I B S SHFm LIE 5 Ak 5.

HHE 5 fIZ S A%, 70 CHEEMAEE R, K
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IPtEAFIREE GF) W, 763 d B A E R R E
FREBUE, X% 9.32 mmolkg, TRALHIAHYTHE 20 C
TitfF 64d; 7E 6d I, ¥IN0.01% EAE H¢ CFF
ML A IA S 5.78 mmol/kg; 7E 8 d I, RN 0.02%
EAE [F3€ Off) % EIA S 5.88 mmol/kg; —#1)
INFERRBIME . S0 EAE #0173 G I
o HFTAR JE 2 B0 A XAERT, BT 0.01%Ek
0.02% EAE HI2¢ CFF) JI7E 20 C B2 551 192
d. 256d, BOEHIZEL T 128d. 192 d.

a s

40 -
g | - CK
g 30 —— 0.01% EAE
é - —— 0.02% EAE
~ 20
> L
]
&~ 10t
ol
1 1 1 1 1
0 2 4 6 8
KH/d
b 2.5+
~ 20F
S -= CK
g 15+ —o— 0.01% EAE
g/ —— 0.02% EAE
& 1.0
&
0.5
0.0 -
1 1 1 1 1
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El 5 FEKRIEESE ) I SEWE (a) FERE b)
Fig.5 Peroxidation value (a) and acid (b) value of rapeseed oil in
different treatment groups
5 TEMCIRESE (FF) HERZRHERTUN
Table 5 Prediction of the shelf life of rapeseed oil in different

treatment groups
R A/
2k 32 40 _
70°C 20°C
it BE 3 64

7m 0.01%EAE 6 192
W7m 0.02%EAE 8 256

gi Eal UL, WA LTS-6-6 KEFF~MIHI 1R L FE2E
¥ (EAE), RIFHESE CFF) WS EARIE, A
A Ik HEFR I SR AL
3 Z5ip

PRAMTEEAIE PRI € B, Wk N A2 B LTS-6-6
AR 4 FAEEIY, EAE H HIEER R T H
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RAY), EAE X} ABTS. F25: H LSRR FIA ] 80%
PLE, HICso%r5h 13 pg/mL £ 0.832 mg/mL, 5FH
PEXTHR Ve #H24; BAE SRS SRR & & T HR%E
B, HAEDHIN643.71 mg K& 1 i/g A1 102.05
mg 7 ] /g; KA Schaal BUFVZINESE CFF) THIERIMCA
&M, NFEWE EAE ¥WXSE CFF) MERMCEL B A
—EHIVER . BHFAE B S BT AT, RN 0.02%
EAE [FI2E CFF) JH, 20 ‘C FIR4UHTIA 256 d, Boxd
FRAIEK 7 192 do Z% VA, Bikk LTS-6-6 AU =411)
EETEZER),  AEARSMIUEAG AT R s S A e
BRI BRI AR, AR R AR
FH— SR S5 .

A LK

[1] Fu Y, Liu W, Zu Y, et al. Enzyme assisted extraction of
luteolin and apigenin from pigeonpea [Cajanuscajan (L.)
Mill sp.] leaves [J]. Food Chemistry, 2008, 111(2): 508-512

[2]  WEEGR AL AT A2 R B FE (D] R R R 2£,2010
YAO Lina. Chemical studies on the Eucommia ulmoides Oliv
[D]. Tianjin: Tianjin University, 2010

[3] REEEMATALEEE Alternaria sp AWML
I3 e AR AR FE (D] T4 T F R 5,2017
WU Conghui. Research on the chemical constituents and
biological activities of secondary metabolites of endophytic
fungus Alternaria sp. from Eucommia ulmoides Oliv [D].
Kaifeng: Henan University, 2017

[4] Kouipou R, Boyom F F. Endophytes from
ethno-pharmacological plants: Sources of novel antioxidants-
a systematic review [J]. Biocatalysis and Agricultural
Biotechnology, 2019, 22: 101430

[5] Al J, Alireza O, Mahnaz T, et al. A comparative review on
the extraction, antioxidant content and antioxidant potential
of different parts of walnut (Juglans regia L.) fruit and tree
[J]. Molecules, 2019, 24: 2133

[6] Ivo O, Anablea S, Isabel C F R F, et al. Total phenols,
antioxidant potential and antimicrobial activity of walnut
(Juglans regia L.) green husks [J]. Food and Chemical
Toxicology, 2008, 46(7): 2326-2331

[7] BAEPE IO AR 1, %5 Ak (Juglandaceae)Fif . I\ {&
WP IS T R Ry %5 52 0] Tl R, 2019,40(20):
54-60
ZHAO Xindan, HAO Yuanru, PANG Jungian, et al
Antioxidant activity and compounds identification of kernels,
leaves and pollen of walnut (Juglandaceae) [J]. Food and

Chemical Toxicology, 2019, 40(20): 54-60



MK EmBHL

Modern Food Science and Technology

2022, Vol.38, No.4

(8]

(11]

[12]

[14]

José A P, Ivo O, Anabela S, et al. Walnut (Juglans regia L.)
leaves: phenolic compounds, antibacterial activity and
antioxidant potential of different cultivars [J]. Food and
Chemical Toxicology, 2007, 45: 2287-2295

SR BT PN, A 3 O AR 2 S ORI L[] B
52455,2015,17(2):87-90

JING Yuanchao, ZHAO Huanxin, SUN Yongli, et al
Chemical constituents from Diaphragma juglandis Fructus
[J]. Food and Drug, 2015, 17(2): 87-90

Wang X, Li K, Han M, et al. Isolation and identification of
endophytic fungi in walnut [J]. IOP Conference Series Earth
and Environmental Science, 2020, 508: 012138

R, A, AR A AR A R N AE I 2
FEPEBIE L]0 B AR #41%,2018,52(6):956-966, 982
HUI Jianchao, ZHAI Meizhi, LI Mengge, et al. Diversity of
endophytic  fungi in different

of Juglans regia L.

environmental niches in Shaanxi [J]. Journal of Henan
Agricultural University, 2018, 52(6): 956-966, 982

PG XSRS T ST, 5 A% Bk A A B LA R AR (1
e B FARYH P Wi PR FE [T R SR =0t 925 FF 2020,
32(1):40-46

PANG Jungian, ZHAO Xindan, HAO Yuanru, et al
Screening and metabolite activities of antioxidant strains
from walnut endophytic fungi [J]. Natural Product Research
and Development, 2020, 32(1): 40-46
FER, %5, X il 5. VR B 5 SRR H 2R P RIS
Fx ABTS H &g R FE )] AR W EHE,2014,30(3):
64-68

BAI Haina, WANG Zhenyu, LIU Ruihai, et al. Synergistic
ABTS radical scavenging activity of resveratrol with
Auricularia auricular polysaccharides [J]. Modern Food
Science and Technology, 2014, 30(3): 64-68

Zhao J, Ma D, Luo M. In vitro antioxidant activities and
antioxidant enzyme activities in HepG2 cells and main active
compounds of endophytic fungus from pigeon pea
[Cajanuscajan (L.) Mill sp.] [J]. Food Research International,
2014, 56: 243-251

Léon W N, Pierre A E D S, Moumouni K, et al
Phytochemical composition and antioxidant activity of

Balanites aegyptiaca, Securidaca longepedunculata and

Acacia gourmaensis used against seed-borne fungi in

[16]

[19]

[20]

[21]

[22]

Burkina Faso [J]. Current Journal of Applied Science and
Technology, 2020, 49(2): 79-87

Francisc Vasile D, Dan Cristian V, Carmen S. Effects of
solid-state fermentation with two filamentous fungi on the
total phenolic contents, flavonoids, antioxidant activities and
lipid fractions of plum fruit (Prunus domestica L.) by-product
[J]. Food Chemistry, 2016, 209(1): 27-36

ST L2 I, X S48, 5.6 A2 FAE A 9 A R BRIV ) BT
AR U] I R BHE,2016,32(4):66-74

ZHANG Xinguo, TANG Peng, LIU Yingjuan, et al
Antioxidant activity of endophyte extracts isolated from six
medicinal plants [J]. Modern Food Science and Technology,
2016, 32(4): 66-74

Kim G Y, Lee J, Lim S, et al. Effect of antioxidant addition
on milk beverage supplemented with coffee and shelf-life
prediction [J]. Food Science of Animal Resources, 2019,
39(6): 903-917

Tinello F, Lante A, Bernardi M, et al. Comparison of
OXITEST and RANCIMAT methods to evaluate the
oxidative stability in frying oils [J]. European Food research
and Technology, 2018, 244(4): 747-755

VrE 1, TR F5Ee AR, S5 RS AR SR U AN R )2 B
P PED] B i 7T 5 7T K,2021,42(1):31-36

XU Ruiru, ZHANG Xiuling, LI Zhen, et al. Antioxidant
activity of extracts from different solvents of extract of
Platycodon grandiflorum roots [J]. Food Research and
Development, 2021, 42(1): 31-36

TRV IR SHE, /N R, S5 B K DURE 9 2E EB Fusarium  sp.
Al4 KA IR ERT T[] RAR Mt e 5 0T
7%,2017,29(3):376-381,392
PAN Feng, CHEN Aimeng, ZHU Xiaoqing, et al
Antioxidant activity of secondary metabolites derived from
the fungal Endophytic fusarium sp. Al4 Isolated from
Fritillaria unibracteata Hsiao et KC Hsia [J]. Natural
Product Research and Development, 2017, 29(3): 376-381,
392

R PR 20 R ARBT B RS SECRFy i e S8 A R B 5
[T]. 240804 243831],2020,26(5):10-11,114

KANG Lianhu, LI Na. Study on the antioxidative effect of
natural antioxidants on rapeseed oil [J]. Anhui Agricultural

Science Bulletin, 2020, 26(5): 10-11, 114

51



