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Ao AFRLERN BN A ARSI A A L ETRE T H I H
KR A, BB, MEFRAE (Hypoxylon lateripigmentum ) , VAN, 45 B 52, I H 2 R
RES$E:TS201.3 SCERARIRAD: A M EHS:1002-0306(2026)02-0365-10 s
DOI: 10.13386/j.iss11002-0306.2024120404 AT [ e

~

Isolation, Identification of Mold in Walnuts during Storage
and Antifungal Activity of Cinnamon Essential Oil
against Dominant Species
ZHANG Doudou', WEN Shaocong', LUO Kangjing', DI Jianbing"*"

(1.College of Food Science and Engineering, Shanxi Agricultural University, Jinzhong 030801, China;
2.Shanxi Provincial Innovation Center for Fruit and Vegetable Storage, Preservation, and Processing Technology,
Jinzhong 030801, China)

Abstract: To address the quality deterioration and mold contamination issues in Shanxi walnuts during storage, this study
focused on identifying mold species through morphological characterization and molecular biological techniques,

evaluating the antifungal efficacy of cinnamon essential oil (CEO) against dominant fungal species, and elucidating its
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inhibitory mechanisms via mycelial morphology observation, cell membrane damage analysis, membrane lipid peroxidation
assessment, and antioxidant enzyme activity determination. The results revealed that the predominant spoilage fungi
isolated from moldy walnuts in Shanxi included Penicillium commune, Fusarium solani, Talaromyces verruculosus,
Aspergillus tubingensis, Hypoxylon lateripigmentum, Aspergillus terreus, Aspergillus flavus, Aspergillus fumigatus,
Aspergillus niger, and Rhizopus oryzae, with H. lateripigmentum and A. flavus being the dominant species. CEO exhibited
significant antifungal activity against H. lateripigmentum, with a minimum inhibitory concentration (MIC) of 0.39 g/L that
completely suppressed mycelial growth. Scanning electron microscopy (SEM) demonstrated severe morphological damage
to fungal hyphae, characterized by increased surface roughness and granular structures. Mechanistic investigations revealed
that CEO treatment at MIC induced membrane dysfunction, evidenced by a increase in relative conductivity, along with
reductions in reducing sugars (65%), soluble proteins (61%), and ergosterol content (57.41%). Concurrently, superoxide
dismutase (SOD) and catalase (CAT) activities decreased, while malondialdehyde (MDA) content significantly increased,
indicating aggravated oxidative stress. These findings demonstrate that CEO inhibits H. lateripigmentum by disrupting cell
membrane integrity, altering permeability, intensifying lipid peroxidation, and suppressing antioxidant enzyme systems.
This study provides theoretical support for developing plant essential oil-based green antifungal technologies to mitigate
walnut spoilage during storage and preservation.
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KMk, IRFREABE (Juglans regia L.), )& T ARk
B} (Juglandaceae) $ABEE (Juglans) , J&=—Fh HAA B3
LR FHME AN, RS Z M AT TR
e ARAS A A =403, AZAkE 2 E S AR
WiTR, FEP SRR L, R A B WP, s R A Ak T LA
FNREE M FRAEE RS SRR TRE, ISR NI
MR SEAFE 25 77, 5B BHEARAE DALY, AR, A%
BEAEW BG4 2 828, AU T2 B A E R
I3, IR T HA PN E . e TGS R 32 45
FrERE TS, HAT, ENSMISTERE, 5 RZE
WA T (1) 32 B o L AR AR 18R (Alternaria) .
75 )8 (Aspergillus) . 8t J1 1 J& (Fusarium) . B75)8
(Mucor) . #3558 (Monilinia) . 7 %%)& (Penicillium)
I M ARBE &R (Rhizopus )™ ® 45 . AN[EIHE X AR RIS
FAAE i 25 5, HOA i R Xl 5 o PRIk, B kA2
BhEEAR BT B2

HAETC AR TR RS TIR ]RaEe.
Z RS B A A E IR PR A BR L B
B (SR S AR A &) SRRk s R
SRIEEREEUTON RN, TR E 2R . iASE B LA I
POELRRCRAME, AESCERR FH o3 BIME, (HASFEE
AR, RIEETHIE TR0 R R 2 BU R 2 3 R
T, BB IS ERR I BT, VR ICEE
L ToTs L. JusR R | A HaE MR RSk B
BRI MR P, IRAER T E Y Oty i e
ZEATIZ MM REDRE XTI AR S SR R
ISTEIAR T B | A FRL TR RV R 4 L R B A B A e
IR BFFRE SRR, PIARRS 1T DU RO A
BTN A h, I BIFSTUESE PIARRS THI X Z2 F
T EATNEETEYE, AT ARSI R R R 22 A K SR
T, AR HAE AN RS TN T T A sk A

HATXTAZ R EEAE AT L2 B 55 = e HB X
LA RGHTHR A H, XTI PHAZBR ST A RAILpg

TR ST R S2, FRT AR 0 PN i B B P S, I
) 52 PR AR T X AZ AR AR O SR 9 B TR ASCR Bl
B, ASBISE AT Ay i e L PG K% ST 320 bl X AR AE T i 5
B B AR A BRI SRR, FT AT KAk
S SNV S 7Y S B e o
1 #REE%E
1.1 MRS5S

FASAARES, SR A VYA T RS XA
BRI DX, AZ WAL SRR, S8 T AP IA B S
SHEIVE R, HIV SRR A 20~25 °C Z 8], FHXE
PEAERFTE 75%~85% . FEMMTERIE S ARG AT 4k
B, HEEH TR E0 R ST; dailHiLr (rose bengal
agar, RBA)IEFRIL (UM FRIER) | AR EAR40hE
il (potato dextrose agar, PDA ) 15373 (G A=Y 155

HG) | i EMERE(CAT) G & JEatEsB SR
AR FE] FE DNA 2GRl & Bl E T/ T

FRIBAIAT BR 2 5 ARSI ) I A R FIR

Al A ARIBAEEE(SOD) G & Featdhl A
TR AR (A al)  REETT XU iR

HIRAF] S
LRHS9-250- I fHIREMBIE F#4E  _LIgERIIE YT

PRARA FRZN Wl ; SW-CI-2FB XA PRIATGHE THE S

WL 24T ER B A R 7l LDZX-75KBS
WISy AR KB I 22 BRI TaR ) MXY %X
Y WAEE TSR T NES A BR 2 F]; Mini Pro
300V Power Supply HL7KIY Z&€[E Major Science 2%
w]; DDS-307 HL 3R Y LIRS BRI ER A R A
H]; UV-1100 £4h-A] WAMGGREETT iR SEiE kL
A R F; TM-3000 528 HAHAL
N
12 FLWHE
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CE Fh e 4 E R B S DA ) 2 A0 50 B TR AT -
THEOU 0 7 kA TR K B AR AR B T T
fEH N, BREL 25 g B AR Bk BE &L, In A 225 mL
TR BHIE T . S dRs) e, IR G 48R
1 h, FCH AR B 107", 1072, 107, 1074, 107,
1070 FETRI . B 1 mL R B FP T i 2135
BIFFRFAR (B AR & 1593544 20~25 mL), B>
S e =k, THEPEE . [FIE, B 1 mL S
KA 3 ATCRPF M E R ZS X B . A dnhrgr
LUIRETTRIL SR TAVE B ASAFIE, G R (a . 4544
K 22IE3s . PhitBimis L HIE 225 B 0 R
%, AL AN EHE T B RS VA BEFP & PDA 1 RBA
TR Hk, WO EE TR RICHA R TS Y5, 7 28 °C 4%
PEFiEsealifbioR 3 40, aifb)a BERR T 4 °C AR%A7F
#H, HFEZHa%
1.2.2 RBERE T B 100 > HIRSET 4 &40
AZMRAEF 1.2.1 7R X B W iR = I T4
T, IR B R AR, T A
1.2.3 FFREMIEEYEE Ko e i9 2 a8 i o5
R T 5> PDA B3Py b g, 78 28 °C TE ik
WegE 7 do WAL, ST 7 i) B RDE S REE, T
BHEEA. Sk 12 h g3 — RS S A K
D, DB AT HAE K ShAS . S B 74 3 SR PR B 22,
SRR BYE F, FREE DG A R B B LTI
BRI, O S AL
1.2.4 FEMNITTAEYHREE S ENEHESEDS (1Y
T, KEEEIEF T PDA B3R 4L, BT 28 C T
F& 6~7 d, \NIEFRIL P RIBURT B PR 22 . >R FLBS
DNA $2BGRH] & T DNA R E ., LISy B85
T PR DHOBR R R AH Sy B AR AT PCR Y MY, 1Y
F144: ITS1(5-TCCGTAGGTGAACCTGCGG-3'),
ITS4(5'-TCCTCCGCTTATTGATATGC-3"), ¥4/
REAR & SRy K 4H DNA 1.0 pL, 10xBuffer( 7
2.5 mmol/L Mg?*)5.0 uL, Taq B-&TM(5 p/uL)1.0 uL,
dNTP( 10 mmol/L) 1.0 pL, ITS1 5[4 (10 pmol/L)
1.5 uL, ITS4 5[47(10 pmol/L) 1.5 uL, ddH,O 39.0 uL,
BEARUR 50.0 nL. RVERTHR 95 °C WIAEPE S min;
94 °C AEME 30 s, 55 °C B 2k 30 s, 72 °C FEfH 1 min,
3 30 MG BJE 72 °C ZEfH 10 mine I
1.0% BEAEREEE IS HE DRRSI  , FEBEE AR AN 34T
WELFHAA N, K PCR F=##2238 2 m mU IR BR it 3k K
A BR S F AT o 58 85, Al NCBI |89
GenBank #H5ZEXT 3RS AIF 1T BLAST LbXT, [F]
HFEA T 22780 EEXT 53T, SRS = AR s A
HARILEF S, I MEGA 11.0 #4031 T R G R
BT, SRASBEEIATHERGE R T -
1.2.5 HWEERE WX H. lateripigmentum WY1 R
Z: M8 Ding 4507 (7 LA TN B R I E , I REVEE
B BRSNS RAE A 1% A9 DMSO BTG ZE
WK, FRESINE] PDA #5335k, i PDA iy

HeREE A 0. 0.1, 0.2, 0.39 F1 0.78 g/L, JCHZEKIE
A 1% [ DMSO A% HEZH . MEGFE 10 d 19 PDA £
Feht FUIR AR 0.8 cm MR . 40 S 5] ik
TE & CEO ¥ FEE4 0. 0.1, 0.2, 0.39 1 0.78 g/L 4
PDA 153%3E |, 3F-4E 28 °C FE53%. 24 h JjE—
WY& I IN, FET s s e H A (E
1.2.6 REEREIMXT H. lateripigmentum W5/
FE(MIC)  R¥YE Risslegger 28 1 iR =7 Bk it
AT REKETH Y MIC W2, FEFEEME . 1 RIS T
VEFRAE 5% Tween 80 W H o FE 96 LA H 1 5
A 100 pL 1) PDA #AREEFREL, Z 54 100 pL ¥
LA 0.2~100 g/L B CEO F Bk 5112l —
EEINE] 96 FLAH, LA HE& A PDA MARK; FRIELA
FLRXIEZH(CK) . 7E 28 °C FIHE 48 h 5, &1
FLAIIA 15 pL 0.1% JI R E R, IR SRR R
BP EIEE 24 he B O GRS 20Tt
B GR A ) RIAAE B . sea il 224 1K
i) CEO MR IE % MIC,
1.2.7 AN[EJHE RS THMACBEXS H. lateripigmentum
WLIEZSMEm 28 Kelly 250 1907 128, JFERS1E
k. FeHlSA 0. 0.1, 0.2, 0.39, 0.78. 1.56 g/L A
FERE AT PDA B53%3E, ANEF 3% 10 dfY PDA B53#3%
LYIBREAN 0.8 cm MY Ao Hf X L6 [5 F 5 78
& CEO #¢JE>A 0. 0.1, 0.2, 0.39 1 0.78 g/L i PDA
Brgedk I, FAE 28 °C FHEFE. (XX n] 3RELSE = Bl
22 W A FRZH (0.1~0.2 g/L) #E 47 WL £<, MIC ¥ &
(0.39 g/L) T IR 2258 =i, Joasta nl 1L orbr; B 37
7 d e, IR 22 . T 2.5% B9 I A R S i
7, Vo2 E W, M FHBREE K, B e R+
W PRSI G JE P g
1.2.8 ANFEIHE RAEFEIHALERE H. lateripigmentum X
I A 355 P A R
1.2.8.1 AN[EIMREE RAEAGE AL H. lateripigmentum
XL S FRAIFEN FF 0.1 g LIRS T 10 mL
ASA] e B2 1 PR AE vl 25 B 7K (0L 0.1. 0.2, 0.39,
0.78 g/L) . fHHHE TR E 0. 2. 4. 6 F1 8 h IH
LLSI L TR B LGRS L R E I B,
) A S A R BRSO AR T R
L -L,
FHXT HL T (%) = LL
o, Ly, 7~ 0 h AU S:3-1H; L, FonAbBizH i)
FEL SR (H; L, RIS 0 TR H.
1.2.8.2 AN[EIMREE ARG AL H. lateripigmentum
X B 22 AR AT i P AR RIS R RO R 0 SR Peid
SERO [, FEREAE S, BCHIBEIRER SR R . A ML
A ORI S s G-250 B, RIVE T IS TR
EAndERh 2. Eofl PDB Biaedt, ik 18 MEIE,
I 100 mL PDB ¥ Fe 5L, R~ P A 3 4>

% 100 = (D
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6 mm R YF, B4 3 REEE, B E 28 °C #ER
R SEREFE; 3 d JE A RAEEARG T BT Bk B 5000 R
0. 0.1, 0.2, 0.39 F1 0.78 g/L, & 4] 5 & O 4k & T
28 °C #EIRTRESE 3 do BEFRES AU K B UL, 4r
BEEE, Rk 3 UK B 2L oK TS I A3 e B, B
WM. B D AEEE G-250 HME 3 mL, [ A
AFFMAEES, 50 uL, F#E 10 min J&, TEEHR{Y 595 nm
AT HO G
1.2.8.3 A[EHR BE ARG ALY H. lateripigmentum
X B2 IR ARYE 1.2.8.2 Y7 ikAS5)
PRZLAR . RIS RAEY (it A rille . i IJCE
ZEMRR PP JE N 5 mL 25% S EALET- 2 B3
YW o WEI™YEYS 3 min, 85 °C /K 3 h, /LA 2 mL
ZEABZK N 5 mL 1EBEbE )5 PR35 3 min, WS IE BEbi 2
VAR, I 22 T s e
1.2.9 SFALRFAR R VY
1.2.9.1 AN[EHE ARG HALEE H. lateripigmentum
XTE22 MDA 52N e Jr ik S 52 FRAEP il
M. FERR 1.2.8.2 Y vkAS 3] HIH R, SRHBLAC
B b2 FR VRS S R P i 5, Ff 2.0 mL Vs
5 2.0 mL 0.67% &Rt B b 2 B8 % mOIR &, Wbk
%20 min, FH IR IEFEEL 1R, BRI a2
OD450 nm> OD532 nm> OD600 nm®
1.2.9.2 N[ BEE RS 1AL B] H. lateripigmentum
XTI PR 22 SOD (s i S Ak 5 fk il (SOD)
PRSI & 2 SOD B G M. %8 1.2.8.2 19
TR A B 22 L3, 2550 &4 FES, 7E 560 nm
AB I 2 W A
1.2.9.3 N[EIHE ARG IHALER H. lateripigmentum
XTRE 22 CAT B2l 7208 1.2.8.2 A 153 22
A 3R, I A AR (CAT) 3 PEAS I S i)
E CAT BEHEVE, 76 240 nmAbiE e GE
1.3 HiEAIE

ARG K EPHME ] MEGA 11 /EE . g 4h =L
FEARAMAST S B B AR HEIR (SEM) For . Seitsr

P SPSS 27.0 A 7. RAHEHEZE T 25587
(ANOVA)PHEfSLHMIZESR: . HEF R, [ Tukey
PRSI i 3 22 S5 (HSD) K B E A 790 im 2 86 LU, St
P RE N P<0.05, i) Origin Pro 2021 64 Bit
FAFFATVERE
2 FBR5HH
2.1 FEEHREKEERERSHR

2 1 JROR T ARR b o B iy 11 BRIRER
PERARAE R SR B P B VR AR EAR AR s Ot . 45
SR, C21 1 COS BRI AR B R, SFAE K
ST HN 1.681 cm/d I 1.66 c/d., Hirp, C21 B
PRAEIE SR OUEE 3 d RN 35 T #3537 L, Co2,
Cl4, C16 F1 C19 B £k B9 F ¥ 4E K o L 43 51 4
1.482.1.25,1.21 1 1.16 cm/d, H/E K HR 85 T
B C21 F1 CO5 LA #M iy A TR Kk . COL F1 CO3 B&
RIS AR RN M, S 0.64 cv/d, HLARZAIX
FHAR PR R A T
22 EEES

INEEAS KRR A B Y 11 PP EE R A& 1 R .
CO1 FHIRTE PDA B73E3E I BRI [RIIE, kA K
C03

C21

s \x,'a" / '); ) . N
K1 RERERIES L B HOE SRR

Colony morphology and microscopic characterization

Fig.1
of the strain

TE: A NRBRHEEIES; B N H R BB

1 EWAZH T BRIV AR
Table 1 Diameter of mold colonies isolated from decayed walnuts
7% HA%(cm)
fiffa] (d)
co1 Co02 Co3 C05 C10 ci1 C13 Cl4 Cl6 C19 c21
2 0.76£0.07 1.35£0.06 1.47+0.03 0.21+0.08  2.33£027 0.29+0.12 0.74%0.16 2.19+029 1.68+0.05 2.68+0.25 6.81=0.15
3 1.26£0.06 2.38£0.09 1.58+0.03 1.61£0.3  3.39£0.33  2.57+0.09 1.460.07 3.72+0.18 3.22+0.09 3.72£0.32 8.75+0.35
4 1.81£0.08  3.38+0.11 2.34£0.09 3.94+031  4.60£0.06  3.30+025 2.37+0.09 4.71£0.18 3.68+0.05 5.38+030  Kif§
5 238+0.07 4.36£0.08 2.71+0.18 596£042  5.73£0.15  4.17+023 3.21£0.09 5.93£030 4.39+0.08 6.73x0.08  Kif§
6 3.70+0.07  7.03£020 3.33+0.13 7.56£021  6.82+0.04  5.72+0.15 4.24+0.02 7.82+0.19 5.88+0.17 7.65+0.18  Kiif§
7 4.32+0.11 IS 4.12+0.07 8344023  7.56+0.03  6.68+0.06 4.54+0.04 8.73+0.11 7.90+0.18 8.74+024  Kiff
8 4.82+0.07 Kl 4712017 K IS 7.21+0.06 5.89+0.13  Kif K K i K
9 5.20+0.02 Kl 543+0.06  Kif§ ST 8.03£0.56 6.75+0.11 IST K K K
PR A

K2 (em/d) 0.64+0.11° 1.482+0.48

3% 0.64+0.09°

1.660.351% 1.10340.178™ 0.90+0.11% 0.86+0.12" 1.25+0.31%™ 1.21+0.27™ 1.16+0.15" 1.68+0.06°

T A7 [ 5R) e Ab B ) B 22 57 2%, P<0.05.
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BEBUIRAEZL, HhO N IFRIRSEE, BiHh s Bk, W
IR g [, R EAk e, P IR ARG,
o P22 A BRI B 405, B/IVIR, Thsmgiis,
FARSPRCEA TR | AR 2B IB S 25hR
HE P22, ) 20 B COL & ¥k N FH %5 )8 ( Penicil-
lium sp.) FLBH .

CO02 FHHRTE PDA 35383 HIE BB i 7%, 3=
THGH, AR, L2 IERII G . RSP
AR o, B A KRR, e BB 4 ml BE HY I3
R AER 22, S AEfTF A RRIER, K=
YRS EARIRTE, /N 2 AR IR, B 22 ) EL
P2+ o AR BB 4 8 TP w25 458 CO2 B
MR (Fusarium sp.) B o

CO3 HMIRIATSTE PDA Figeht R, S
gk, PUEITRIRSEIR . SRS AE IR
A AR RIARIE . ARYE ER A E TP LK
SCHR [24-25] 53R, W14 CO3 T R TR TR s
(Talaromyces sp.) EF o

CO5 PRI VETE PDA B33 LB, i
IR, ST, WR R E @, s 1
Wt WAMOMEES IR, S4TSR, JISEB R
SHERIE, T 0T AAE R, HEZ A EER . ARHE PR
VEIEASE N AR SS AR RO ) 25 B 52 COS B iR M
FUE S (Paecilomyces sp.) B o

C10 FHFRTE PDA 5553 o RIE, n] UL i Yy
T HEIRISL, SN HAT AR 224K, Bkl 22 401R,
AT JLYE M B, TR PR a4k 22 P TR) B (s IR o
Sy OB . 5 S B WP AR R — 3,
PRI ) 25 48 52 C10 B Ak S ith 25 @ (Aspergillus sp.)
I=NzSH

Cl11 HEARMITETEAE PDA 53R IEE AL, Bikh 'S
P, AT Hor OB GG . R T T R IR B,
R OO, AT AR, Tm e KRR,
HEE/NHERIE . ST RERIE, RIEER T
F WP Ry A 52 C11 B BR R Bl 85 T8 (Aspergillus
sp.) ELIA .

C13 BRI % 0 BT, TRl v Al I Wl 58
PRV A TH A A8 (0, B TN SBAR (A, PR AR . PR A
i PRZZAE KO RS . T B 22 M RIERIR, fh
IEYPEIY . ARIERETETE AR LU OB SRHERS 47

Co1 co2 C03 Cos cl10  Cll C13

Cl4 M Cl6 C19 cC21

MR C13 B MR A B & (Hypoxylon sp.) E.H o

Cl4 HARE7ETE PDA 8535 5L b ek ) |37,
HA W, Zem A i IRIAS . T2 w1
wrth, B i a, RSB — 2L InTR, Bil
L) OB T . FE TR AT TR DL NMER R HES ) 53
Ao AR TR K E TP DL R SCHRIN IR J7 25 4
FE Cl4 #R R B8 (Uspergillus sp.) H B o

C16 FH R IE 75 1E PDA ;355 W[, JoE
4, YRR BAYE RITIZ  Fa, e iR,
%S B (B W i e (o sl R e (0. S fil
Sk AR, TREETEALILEH, P22 BAT RS, 432 E 1+
BB NERIE . Rt B TP w2 ke Cle
BRI 258 (Aspergillus sp.) FLFH .

C19 FHRBETETE PDA 353akt b M IBTE, Akt
PERE A, SRS BIR, I ZfRE, 1T B
Sy AT IO, TREE BRI . ARE B A F
W 125 % e C19 Bk b th 828 (Aspergillus sp.)
HERESN

C21 WERTE PDA 15353 I A& R E R 0K
BRE, 357, TS VIEE AR, BBy 5
R 22 ARG, (BB AN kik. BEEAI,
PRVE BT AASIRE, IR R B AT . BAOER
R, FREIERIE, Soh b6, R hEEA, R
P E A 2 F NP w1 2 458 C21 MR MR8
(Rhizopus sp.) FL.FH o
2.3 ITS PSSR
2.3.1 ITS ZEFHP LR LI Ea 8w
B PR S R 20 DNA S A5 Al i 47 PCR ¥ 34, {di
ITS1 Fl ITS4 VE AP W59 . S5 P a5 Rkl 2
iR, BIIZRAFZY 600 bp MLEA— %417, HK/INE
TE 500~750 bp Z[H], AJ T /24 E 53T o
2.3.2 ITS XJFFE M5 GenBank B HR 7 HNE R
ZESHATEIVRPE RS DL 11 DNEARAYIER 2H DNA
AR, i EAZ AW ITS @ 151 B k17 4 B v
PCR ¥"H4, FI 3150975238 2 GenBank #4815
BEATARARLE LU X 53 BT . SEE R PR & i O R PRI R
ITS 781, SHrNERRAY ITS 2)FFE T T, FIFH
MEGAI11.0 #Af4:, 3T Kimura-2-parameter 5 J1-%
JH Neighbor-joining 4 @5 T 3L . AR 8 BB
AP RE RN, s A XS TS XA TR T 41,

DL2.000 DNA Marker
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— 2000
— 1000
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— 500

— 250

— 100

P2 ITS Jr By H44s
Fig.2 Amplification results of ITS fragments
TE: FARARER/INE TR Marker(M)IERS I B 52 , 7 Marker fU/E7R IR
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FEANARRLME T 99% MIBERERE IS S [RIFF, 172 48
U LIPEA T 95% 2 99% = [H] 19 B R B U Sy [R]Jm B
AT RE R T A 2 45 2, Kl 3 7
1, FkR CO1 HHITH 8 (Penicillium commune) , TR
CO02 ~JEE 288 T 3 (Fusarium solani), Rk C03 Pt
R T ( Talaromyces verruculosus ), Wk C05 K
KAUFBE (Paecilomyces maximus ), K C10 IF =
ith 7% (Aspergillus tubingensis) , A& C11 A 1 il &
(Aspergillus terreus) , T8 &R C13 ) {4, 2= ¢ A B
( Hypoxylon lateripigmentum) , T &k C14 A ¥ gl &
(Aspergillus flavus), TR C16 RIHARTEE (Aspergillus
Sfumigatus) , AR C19 kBBl B (Aspergillus niger),
IR C21 KR EL(Rhizopus oryzae) .

100 ( C10
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CIl
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37
100 - Aspergillus terreus (OP103935.1)

Cl16

100 ' Aspergillus fumigatust OW982532.1:58-618)
57 Co1

100 ' Penicillium commune (HMO061318.1:1-554)
€05

99 ' Paecilomyces maximus (OW982862.1)

{ €03
100 ' Talaromyces verruculosus (MW081280.1:1-554)

€02
100 ' Fusarium solani (FJ886799.1:1-542)

i
100 Hypoxylon lateripigmentum (OQ789369.1)

| Rhizopus oryzae (KM249085.1:2-597)
100 L a1

0.05

3 T ITS XFFIMAERY 11 BRI RGER AR
Fig.3 Phylogenetic tree of 11 strains of bacteria constructed
based on ITS region sequences
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64%; T CO5, CO2 Fl CO3 Lz /b, KR A5k
19%. 22% Fl1 36%. 45T, I5 GBI A
435k C13 F1 Cl4.
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E 4A . & 4B s, B2 PR T R 0 1
K, W% EAL B (P<0.05) 08/, 1E 7 d B, 508

ZH (0 g/L)AH Lk, PRABERE T 7 0.1, 0.2, 0.39 g/L
T 223245 51 24.82% . 53.65%. 100%, F2HH Al
HEREIMXT H. lateripigmentum W 224 K AP 4G B
WAEM . Y PRl EE RS T 0.39 g/L B, 22
SEAAARK . W 2 RS X A
lateripigmentum 1] MIC “& 0.39 g/L. Zg FAriR, A
AN TR 2 PR RN, PRS2 2 T

0 01 02 039 078 136
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B glezzogL .
0.10 g/L A
5+EJ020gL
T | EB039gL i
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-Jk‘“.

fisf ] (d)

Kl 4 IR EERS YT Hypoxylon lateripigmentum 24
Az K (A) FIER T EAE (B) B0
Fig.4 Effect of different concentrations of cinnamon essential
oil on mycelial growth (A) and colony diameter (B)
in H. lateripigmentum

e AR [ R R R R A B T 2 R (P<0.05), & 8~
& 10 [4].

2.6 AREXEHXT H. lateripigmentm B MIC
MIC 858 X R 58 a3l B 22 A K B IR .
i 5 FroN, RESRETIHRE Y 0.20 g/L i, 4717 8%
FAH IO, FRHAE E R MR 2 IEERE THH BE
A 0.39 g/L B ATIRE ARAS G, R H. lateripigmentm
PREEHT T v e
OO 66 ® 60 6 O 6® 6 OO 6

100 50.00 25.00 12.50 6.25 3.13 1.56 0.78 0.39 020 O CK

REERE XS Xt H. lateripigmentm 1) MIC

Fig.5 MIC of H. lateripigmentm by cinnamon essential oils

K 5

£2 BMISYE R AR
Table 2 Incidence of mold contamination in walnuts
Eitn Co1 co2 C03 Co05 C10 cll1 C13 Cl4 Cl16 C19 c21
R HH B BN 64 22 36 19 40 47 100 100 93 78 71
WEAR(%) 64 22 36 19 40 47 100 100 93 78 71
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TE RVERS M R F 451 0.39 g/L B g 58 4= D
Hil. L, RAEEREXT H. lateripigmentm B MIC A
0.39 g/L,
2.7 AEIKE AR RCIEX H. lateripigmentum B
L RZSHIFNN

FHEF RS RS XS H. lateripigmentum
B 22 sz, B Bl 6 W AT LG H SR 48 R AR T Ab 3
PO BT 22, DGt . ST 0.1 o/L Ay ARSIl AL B
PRZZE), PRZZ N BIASTEE, RS, PG 2 R Y
WEARSEG NS 0.2 g/L B, R 227, TR22
A AR, HURCIRES S £, 24T A0
BRI . 25 ERAR, PRSI AT BEREIR 1 IR 2241
BE I L PR ZET .

ogL 0lgl 02gL

K6 REAEMAEES H. lateripigmentum W 220 H
FH B A R (10 pm)

Fig.6 Scanning electron microscope micrograph of H.
lateripigmentum mycelium after treatment
with cinnamon essential oil (10 pm)
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2 A PN 250 0 it 8 R R A R R A0 i B e
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Fig.7 Effects of different concentrations of cinnamon essential
oil on relative conductivity (A), reducing sugar content (B),
soluble protein content (C), and ergosterol content (D)

of H. lateripigmentum
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18.31%, XTRAZH (0 g/L )27 £ &1l o 2 43 40 b 2 v T+
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HALHIZH (P<0.05) . SXFHEZHAHLL, £5480.39 /L A
A K i ALk B 2H 1) 27 R T AR B G R T
57.41%. £ I, R RE W T RE I ® H. lateripig
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P, DT 22 1 T BS00) A2 . 3 AT B2 e A B s
FOK 40 o3 i S ol 38, 1 DR A RS i e Bads it
M, NIl H. lateripigmentum AMEFET-CH,

2.9 SARIEIEN

2.9.1 MDA % MDA 2 —F gt Eibr=9,
CHVERR B B bR . RERRE T AL B P AR
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K 8 TN, BfiFE KGR 2 38 i, MDA 5t
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Sk 0.39 g/L DL MR, MDA 341 235 7, R
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1.0

a

o

MDA & (mmol/g)
N o o
=

=]
N8

b b
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b
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Fig.8 Effect of different concentrations of cinnamon essential
oil on MDA content of H. lateripigmentum
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Fig.9 Effect of different concentrations of cinnamon essential
oil on SOD activity of H. lateripigmentum

2 PUERS IV BE AT 150, SOD Fl CAT Wi M H4138 v
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Fig.10 Effect of different concentrations of cinnamon essential
oil on CAT activity of H. lateripigmentum
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(Trichoderma atroviride) . 28 (Aspergillus niger)
I B EFE (Aspergillus flavus ) Em2 AZRE G B ARAL )
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