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Fig.1 Structure of carvacrol
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TE B R IR EL it B3 B 711, o 2k 4 o 5 4 T
TG QLT TR TR B HTHT S, AR, A AR
e 2o o] Al A o I T R AR R AT R
P, A e TR,

A TR AR PR AE T (A R A T ) A AR
JPIET (ARMIIAAE ) o H RTAT 56 7 o I e AL A 11
WEoE R BT BUE Y A IR BE T T, 46 A
iy 450 403 Tl A 0y 20 L 5 B 5 4 S T RE , RO AL R A
H A TG S TR, T 04 i Ak & AL A I 4R
K IS A B — L R SR o n 52 SR OB IR AR
2 R A N e 1 Gl W AR R T R AR T
PRI TR 2 A N R R R BT
EPER S R p R A PSR T (R 1)
AT 2E

P SO A 0 A B AR | /N TR R A
/N RRIE IR A 40 F B L8 65 [R5 1
BRARMOE AL, W A T ) R A AR
PURTE M G K 0 290 i ) T R 5 i 7 A A RTE
AR LR R T 5 B 8 45 TR 1 B SROK AR A 4
AT A TR G B R TR BT LS, F
FELEA B AE N T AT 7 I 04 L T BIL A £ LR
SV, AR S B B R B4 O P B A B e
2%,

1 MRE5FE

1.1 MR GEH 5EE

LL1 Wtk 8 RS BB R bk ATCC
2623, W 3% T 5 AR I IR W) A7 JE (ATCC) , £
7770 C.,

112 50 ZH R (DMSO) S fk 4l .D-10
BmE N T TOK O BEIR A BRI A
B AT X R o B A g, R T B AR 2 R
AR H] 8 R R R BIR b st B A R
PIHEARA RSUL A BT (=99.9%) ¥ BERE |
PitEEE R B, B AR YR PR 7] 5 Annex-
inV-FITC/PT &5 I 320 50) & 0% 1k 4000 & L 2ok ik
JigE e 57 Az ) 3K 7R & Caspase #Il il 7] Z-VAD -
FMK ,— %5 TUNEL 20 g i 746 I 1055 & Fluo—
3AM 55 B + % L R ¥ . BeyoFastTMSYBR Green
One-Step qRT-PCR Kit, = RAEMHEAARL
Al A OB R (10 mg/mL)  BUR B RO T

DMSO 1, FiE A ZE 20 mL,0.22 wm A HLIE
U8 4 CIAAFRE

1.1.3 f¥%% Beckmancoulter—xl.mel i =G4 ML ,
2 [E Thermo 72\ 7 ;Victor Nivo i Fri¥ , 7% =
PerkinElmer 23 @) ; Phenom Pro—& R #id 45, &
YABL AR (1) A BRA F] s Mygo Pro—32 B %€
5E & PCR, 32 [ BioRad 24 ] ; TGL-16B &0 41, I
W2 SRR T PL-203 HLF K M4 i -3
I 22 (1 ) AR PR W) s XFH-50CA K I s , #
VLA BT g8 il A PR A | s PWSIO-002 1 i 5% 77
L, ERIR I Vortex—2 W IR )Y, i
PR S AT R FE]

1.2 Ak

121 WMET HRENE KSR ATCC
2623 =70 CUKFEHHU , Rlfb )5 8 35 7 2
YPD ¥ A5 723 71,28 °C, 200 r/min 5535 24 h, B
T B FR B FP T YPD SEAR AT 55 9% |, 8l Jo 2
BT PR TE TE B R T YPD WA RS 55 5L 28 CHE 55
24 h 5, FRREEE T YPD Wik 5 95 3k 28 CHs 55
FNE A KT (A Mk 29 1.0x10° CFU/mL) J5
Fla sk,

1.2.2 $0R R e A A AT 0 A R
SEU ] S PR A — 2 YPD 2 [ R 3R 3 fR L
HE A S, FH G B8 2R AR (d = 8 mm) 3 FL K
TERF SRR, YPD ARG 57 3R 2 35 CA AL,
I TR TR (6 B2 24 2x10* CFU/mL) 1R 215
BIACEHR . F YPD [ 44 8% % B 88 [ 5 4k A4 3t
e, AR AL I A 100 L AT (10
mg/mL), 28 CH5FF 48 h J il 1 710 147 Bl EL 42

1.2.3  MIC F MFC W& R SRS s e 1 )
MIC F1 MFC™, I YPD K575 806 7 - R (10
mg/mlL) % 2 BUR i B 22 A [A] o /¥ ¥ (10,5, 2.5,
1.25,0.625,0.3125,0.156,0.078 mg/mL) ., [i] 96 fL
B 43 B A 100 WL AS [ J57 o v B 7 7 B % T
H1 100 L P (29 2 5x10° CFU/mL) , 7 /7 B
L RER Sy 5,2.5,1.25,0.625,0.31250.156,
0.078,0.039 mg/mL, 28 CH: 3% 48 h J& , HALIMA
10 pL. MTT(5 mg/mL) %W, 4SR5 5% 4 h, WL
HE R, G AR AL LT X I 1 A I A {1
JoT VAR FE O A B o IR G BERE Y MIC B, %
B MIC DA 5o v 5 Ah B %) B VR 25 4T YPD S Al
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WA ,28 CHE % 48 h J5 WA AH L& e s, T
V6TV I Je AR 0T VR Bl MFC,

124 SREAMHIEEMWE Y HUE K
B RS TERE AN, PBS PRI 3 ¥k, B0 (8 000 1/
min, 5 min) WM, A [FHE (0 MIC MFC)
FEE AL R G RSB 4 h 5, B0l
JHL o I (2.5% ) [ 5E 3, PBS PR 3 IR E #E1T
R FE i K (30% ,50% ,70% ,90% ,100% ) , &5 0>
WCER 2RI, 19 AR AT 5 4 4 L AR L

1.2.5 SREBEARNEELE R FOOCIE A
fE 375 o I BR A M RE SE A ML, R 2L T R A
BT A Ak RN Y 2 R A A DU R 2 AT IR B R Ak
B, S BN O vk HEAT B TG A I B 0 RE Ak
B OB XA R IR 5 W B A i, PBS VR
3 WG HEAE T PBS th, WEREEWOIN AT B (4
JE 435910 0.1/4 MIC . 1/2 MIC MIC), kb2 (28 °C,
200 r/min)4 h, B0 B 4 (8 000 1/min,5
min) . PBS ¥R 3 U M BE il (249 5 R 200
U/mlL),28 CAbBE 45 min J& B0 U240, PBS ¥t
VRS B B0 4 FC A A I B A A 200
1.2.6  HMEANTEPESE (ROS) ZKF Rzl B 1.2.5 47
Ab RGBT A A T B A BTS20 L (249 1.0x10°
CFU), JMAZHE N 10 wmol/L ) DCFH-DA #
B, ABETR ST, 28 CHk % 1 F 30 min Ji 2.0 005
ML, PBS PRI E A R O R 400, R R
A MIAY (B4R D% K 488 nm, & T K 525 nm) K6
W DCF 9560 ML & 43 bR 2O sim B &% 5wk
5 & B ALFRAL (0.1 mg/mL) Ny BHE X HE

1.2.7  MEANESHFERI B 1.2.5 5 PR Y &
TG 42 4 T B I 2B T AR 4 i (29 1.0x10° CFU) , i A
LR IE N 5 wmol/L 1 Fluo-3AM 5 £, W HEIR 21,
28 CIRIFH 60 min J5 25 0 WCEAI ML, PBS Wik
IFEEE G BRI, 4k 2297 F 30 min LA
& Fluo-3AM 7E ML N 5¢ 2 % AL 1 Fluo-3., K i
FRAL (B P 488 nm, & K 525 nm) Kl 2¢
ek, W EPITER R B AL (0.1 mg/mL) M H
PEXTRE

1.2.8 LRI e 7 (MMP) AR B 1.2.5 5 kb
B GF 1) QB A BB A AR 20 (24 1.0x10°
CFU), it A 0.5 mL JC-1 Y0 TAER , IR ETR 2T,
28 CHRMF A 20 min J5 B O WCELIM  JC-1 B8

2% PIIR (1) Ve 01 3 B IR 42 45 I Bk 240 M, 3t =G
M A (B & K 488 nm, & BT 525 nm) Fa il
LR AL KO B E R R B AR (0.1
mg/mL) Ay BHAE XS R

1.2.9 CEPCERRE F G ERA I S5 8RR T
PUHEAT R e SR B RS R L R R A
it 2K 1B 46 57 (Z-VAD-FMK , Z& 4 % 20 umol/
L) 19 42 30 X0 B0 AR A 0 6 TG e 5 B 40 M (2 1.0
10° CFU)1 h,PBS 5 B0 WA 40 i, MIC ¥ &
Tl ab FRE (G A WEREAI M 4 h, PBS YEI% 3 1K
J B A B PR T AR BRER UK (0.9%) T, HEZE 10 586
JER B, B 10 WL AN [R)H0 B B 400 A B W S B
YPD A4, 28 CH;FF 48 h, WA & K3 A 14
KAF

1.2.10  WEHlEmE 22 Z /R (PS) SR BIAG I B 1.2.5 %Y
Ab LT B DA A T B A ST AR A L (29 1.0x10°
CFU), A 195 pL. AnnexinV-FITC 45 & i 5 &
UM, A 5 wL AnnexinV-FITC TAEW , )5
A 10 WL ffk 5 BE (PT) TAEW, IR EIR 215 =
TR HE I B 30 min . SR H U 2 20 RSORS00 (U
K 488 nm, & H1 % K 525 nm)FITC %¢ % 40 i 1 4>
Fe RN i, W E MR R B A4 (0.1 mg/
mL) iy B P AR

1.2.11 400 #% DNA Jy Befb ki e 1.2.5 5 4k
PRGF & QA W B A BUAR 4 B (29 1.0x10°
CFU), B 4t M FH fe i e 6515 8 W AE 20 “CIE E 30
min, PBS YRI5 B0 WO 40, R S e (458
7% W H A AN, 4 CH¥F 10 min, PBS PE 5 &5 .0
WCELM, A 50 wL. TUNEL ¥ 3% (5 wL TdT
fitg A1 45 WL 20 FRC 9 ) ,28 CHELIFF 60 min,
PBS Uk I B R A, R U =X 40 B AR (A B
488 nm, & P 525 nm ) K 0 47 €6 5 6 40 AY B
LR, W E W R R B A4 (0.1
meg/mL) Ay BHAE X R

12,12 4 2 S 45 X 7 5% Sk PR T B
1.2.5 7 4 BRAF (4 6 QB2 A I B8 i A 0T 1R 40 i (24
1.0x10° CFU) , & BR8] & 0 B 42 U RNA I
& H BeyoFastTM SYBR Green One-Step qRT-
PCR Kit #17 cDNA & 1M qRT-PCR #2illl , PCR
K%K 20 pL(10 wL. PCR 28 i .2 pL A HHER
HY 2 pLIEM G 2 wL K592 WL AR 2
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wL 2B FK), HE#HIT cDNA & (50 °C,30
min), BJ5 1T qRT-PCR % (95 C it 2
min;40 MG .95 CZEME 17 5,60 CiE k 30 s;72

CHEA 1 min)  SRHT 2744 S THEL H 10 AR X 4%
FIKF- HITF qRT-PCR W51 ¥ EiE = RAY
PHE A BRA Rl F & i, 518 1 FoR

#& 1 gRT-PCR3I#IHF3
Table 1 Sequence of primers used for qRT-PCR

wn E @131 4 (F)E @31 # (R) 314 51 (5—3)
. F AGGTGGTGAGGAAGGTGTTG
M R AGCTTGAGCACCCTTTTCAA
F TGGTGATGAGGTTGACGGTA
Yeal R ACCGCTTGAAAACCATCTTG
F ACCAGGTCGTCGTTTTTACG
Dnml R TTCACCAATCGGGACCTTAG
F TTTGAACCACTTTTGCCACA
Coel R CATTCACGCCTTCTTTGAGG
e F CACCTCCTCCAGTTGTTGGT
R TCGACGACCCAATATGGATT
, F TTCTCCGGTTTACCACCAAC
Ndil R AATATGCCAAGGCACCGTAG
- F CATGGCCCTTCTTAGTTGCT
R ATTGCCTCAAACTTCCATCG

1.3 HiE4E

AR ER 3 W, EdE USEPR 2 (n
=3)#n, R SPSS #4177 224381, P < 0.05
R 25 B3 (Duncan’s Z E LK),

2 HZ#ER5ITE
21 EFHXNEREGBEININEEGE

A T W N IC A I BE 09 1 TR B E AR
(13.67 £ 0.58)mm (& 2),MIC fil MFC 435 4
0.156 mg/mL 1 0.3125 mg/mL, ¥ & 7B %t &
il S S B G S W B B — e A TR, S
Tz g R, 5T A Y IR P Y 0T a0 B B R
(MIC = 17 mg/mL) X & & & (MIC = 1.23 mg/mL) |
WAERR (MIC = 0.35 mg/mL) & 5% (MIC>2.28 mg/
mlL) . FFEEEE (MIC = 0.17 mg/mL,MFC = 0.34 mg/
mL) . ¥ (MIC = 0.66 mg/mL, MFC = 2.64 mg/
mL) UK T&HE (MIC = 0.43 mg/mL,MFC = 0.86
mg/mL) 55 Al L0 T X RS B R B
BCR R BT M AR AT A S AR S 1 X
SEH (30 °Brix,pH 3.5) hE T Y A R AR
H:[ 2 6.3 1g(CFU/mL) ] By A= K B L 1L AL R

B2 HFFrHWVEREZESEISERNIIME

Fig.2 Effect of carvacrol on the growth of Z. rouxii

I T TR B | 2 35 e DA TR 25 BT 9 194 400 o 3
O b S SN E I 2R 7/ Tl S (O RN 904
XA W) BT S U I, Rl i AR A
5575 B 0 K R R A R TP R SR Y SR OK A
SR TR A A e R A R P R A R
B35 e 7 T HAT H A I . TR 5 2252 PR
I BURFLIR IR 0 B 45 nl I fife b1 ) D A7
AR B D LR, A B o 6 MR R R i
AT W 0 G2 R R A ) 5 T4 T R A v 45 SR
SR A A T AR AR, AN AT AR DR A K O A 22
T {5 A5 IO T Wiy, 30 T SRE A 7 O I JC 1 E R B
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JEE e A S A R T A AR A R )
22 BRFMMNEREAEIHMESHIIE

W 3 R, 2 FXT R (K] 3a) & RS
T 4 BV 285 Sy MR ) o ZE R | AL RDE i
W 2% G T JC M BE s MIC (18] 3b) 5 MFC (&l 3¢)
T B A5 & IO 4 T Bk 20 MO 25 7 A R84

.7; 0
(F 2068 -
a0 FO.8

(a) %5 FI X R

(b)) fie/ N T e 3

P W7 T W 50 ) 5 T2 5 Tl B 40 0 B 0 240 M 45
Fy, ARt — 2D W B 0 TR S R B P
WG PE . AN MFC 77 77 By b B S & G 4 15 19 B
AR SRR R R BB A R R 2D 4
A By v] RE T AN E 15 TR I B A A ST
KAFGURTENE

(o) B/ A TR

B3 ERMNERESEBEEEESHNIZIN
Fig.3 Effect of carvacrol on the cell morphology of Z. rouxii

23 BEFHWNEKREZESEIRA ROS 2EMF
i

F 5L EREF (DCFH-DA ) A6 1 i P 3% 7 48
JKAF- . DCFH-DA A< 53 5t 3 A 40 il f5 4 M
I i it 7K f# 4= i DCFH, DCFH 7] %% g 4 ROS &
4= i DCF . DCF HA 2, ik i 240 A3 ml Xk
DCF % JCAN M A0 B 43 b B2 9l 5 BE (A 7R,
Bl 4 fit R, 28 FO BEOR BR M X BE 41 b DCF 2¢ 640
M &4 e Bk (2.68 + 0.03)%, (63.87 +
1.89)%; % 1/4MIC . 1/2MIC F1 MIC 75 Fr i 4b 3
J& ,DCF 64 M i | 4y bt o ol e it = 2
(10.27 + 0.48)% , (14.60 + 0.76)% Ml (52.77 +
2.58)% (P < 0.05); 3 H DCF ¢t 38 JF Fifi % 7 /'
Ty Jo £ vk B2 T e i W T (RS 2 A R ) . ik
48 L3 WA e 13 v 3 o vk R A %) O AR A TG
P T B TR PN TR R B

LRRLIR R A ROS 45 8 2h 40 ML Jf 1215 5 4
T RIS, TEAN ML TR AR b R AR
H.ROS, L HIE R A %L (-OH) i H AL A (H0,)
A B2+ (0,) 8 2 R EA i S
VI 22 P T 3 A58 AH O 1 5 5 48 i 78 T 98 5 A 711
R G0 W) 2 VAN R I A AT e IR 2 b B
B 25 0 e AN [) 245 4 F0 b AH B AE D BB =T 2468 ik
RFEA MBI, &5 kAT, M

ROS i it BFBIA N B e i S 5 40 i g8 T i A 2R
Az — S AR T IR B AR
Ko FXF LS = e AR sg g, 28— R
JHTON, ROS 755 14 41 i 461 405 © g UE I 2 K
SRIGMEW BT (M e R (2R e RS )W E
(vE i a IR AR T A ) BB T (A R TR
TG PR B 55 ) R #E T PR T I e R R LR A A B
SO F B RYPUBE Tr L2 ARG R A T LA
) AR A 1 O 20 I B R BE L ROS K
R I T I, ROS KT R E G K& K
2B TR 440 L 4 A I SO i O T o R — 2B 1
N, JEEEE I E MMP 454k PS #MB1 . DNA K
B S RGN TR AF U — 20 A X
B A WP AL
24 FEFMMERESBERN Ca*RENF
i

Fluo—-3AM J2 55 5 F A9 A0 L P9 Ca®* ¥k B 119
PINHEZ — . Fluo-3AM JEA 415, #5240 i
ik il 24 Y B Fluo—3, 5 ML Ca® 45 & 7= AR5,
SR FH T ASCASE ) S5 i 5 J32 B m] R AE L P Ca ik
B, WS FroR, Sas Xt BA M, 4 1/4 MIC,
1/2 MIC 1 MIC FF v b3 f5 , & [CH A BE B2
JHL 5 S8R B i A A T VAR B 3 T 2 T e (P
< 0.05), FWIF )Tyl fe 3k & IS5 B Lk
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= f = f:" g
2 e 2 e 5 o
10 100 10° 100 100 10° 1072 100 10 100 10° 102 Q 10 10? 10 104 10° 10 102
DCF %55 Ji DCF %25 B2 DCF %55 Ji
Fluorescence intensity of DCF/C Fluorescence intensity of DCF/C Fluorescence intensity of DCF/C
(a)%s FIX R (b)PitEsE 2 B BH M XT () 1/4 f5e/ N e 2
g
= wf .
8 —
= _Gate: (R1in all) = _Gate: (R1 in all) w E or b
3 5 ®F o
= El = 81 g :g “r
=8 £ S i'z\:n 30
= 2= R QD
§ g § ] 85w .
R E R g = ° d o
® 8 ® e 2% T . D [I
5 £ &5t il 5 3 5 3
= ak Pt o i R
& o NS A *
= s wHm
100 100 10° 10° 102 o s
s N N I I B Ab A
DLF?Z%E\E R DLF?Z%EE . Treatment groups of Z. roxuii
Fluorescence intensity of DCF/C Fluorescence intensity of DCF/C
R - (£)DCF LAl /i 43 ke
(d) 172 J5e /NI e i (&) /MG Ve 2
TE ARG FhE KO8 2 0] 25 5 1 3 (P<0.05) .
E4 BEFHNERESESHENEEHEENZM
Fig.4 Effect of carvacrol on the intracellular ROS in Z. rouxii
Ca> W T .
. JELPA Ca” e I 2 20 i U T b e 4 FE AR
- 40 i 2 N - Ny N N
g . TEIEH AN R, 29 80% ) Ca™ #7715 W I V45 g
X el
-l P PR RS e L S U
X Z . N Sy
:?"4( = sl b c 5, Ca® WS E B B A i i vp , S EU I Ca®
jj ¢ 20} K- T 155 o LM Fsf & A A G TS 6 14 22 A I i
&
w & 15 2 ’ JLJBE Ca?, T BZORLAR Ca i 2, 4K 1M1 R L 2 ke
o <
== 1 PR P AL IR 5 R ATP &, 51 % MMP 24
T o5t e T v L R
5 A LRI 7 P e 4 FL (MPTP) B IR )i 5 1
Z 00 - B i .
&*& & @& @& @j@ LRI R AL (6 K C (eyt o) B JE R 5 5
j:& _’@ ) h) ) Yy al = SV
B & g P SR U (10 % P LA e 5 246 1 A0 L T
S N — M L > 537
B W) 440 B N J I e Ca RIS A 22 JE R AZ 1 (P9 5
B IO B A R AL W Ca® il 8 ) ik I , T BRI Ca® 8 28 70 20 i

Treatment groups of Z. roxuii
TE AR /ING 7 R 7R 41 8] 22 57 1 35 (P<0.05) .
B5 EFHNMERESEISMANSETRENZN

Fig.5 Effect of carvacrol on the level of intracellular

calcium in Z rouxii

T SR R SR A N 5] A
IS, 5 B Ca™ i 2ok 8% 308 T8 DA PAY 5 19 J R e 1)
i R A R TP, R R AR R O
Ca il A7 0 ROV B 7, WL A3 A o2t o B M P
BRI, DRI VR A T AR A I A R £
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Rtk Ca¥Z5 L5 1 & MR T i i E 2 0, thAh,
I Ca* R 2T fE S5 ROS #4145, ROS Afk
NI I, 200 P R 3 PR MG, 5 | R LA Ca® N IR,
H T, Ca® 78 K AR TG PE 9 o 5 S BRI e 1 | g it 5
R 7 0 A U S R TR S A2 B R R 22 1Y) 56
T2 A5 R A T LR O 18 X5 ]
LN Ca ¥ B2 a1, B2 I Y Ca? 88 2K 7 B2 77 T
M S & RIS TR T R E S
25 EFHXERESEZHE MMP #0T
TICHRE JC=1 8 )2 T SR A 5 457 7K
SRR X IE 20 L JC-1 A A S 2R
SRR L T h e A ot J-R AW (F 6
A C2 2R ); 24 MMP £k Ak 51 % 4 i
JHT], J= 2R G W DR A R T3 21 48 i 5 v, T A
a5 JC-1 Bk (B 6 Ji N4l C4 2R ) ;
WA J-R AW JC-1 AR 40 %k e AE
(FL2/FL1) 22 4k #a #5m] SRAE MMP 2 75 & 2k L)
1k W 6 FiR 28 O IR K PH X IR 40 MMP 2

-
o
T

WAL A ML 53 430 (9.37 £ 0.71) % Fi (64.4 +
1.06)% ;2 1/4 MIC . 1/2 MIC 1 MIC 7 fr ) 4b B
J& ,MMP £ % A 40 L E A L o i B AR R
(23.20+0.85)%, (42.17 £0.82)%F1 (6503 +1.37)%
(P<0.05); JfH JC-1 FARGE0E B b A & 7
JoT ek e 8 T v B T (BB ) o X FL2/
FL1 #E47318, il of fras, 45 F X BE K BHAE XF
HE 41 FL2/FL1 43 %) 4 9.58 + 0.85 #i1 0.49 + 0.05;
/T AL PG  FL2/FLL 43 5] i 3 PR AR 2 3.25 +
0.12,1.36 + 0.05 F1 0.52+0.03 (P < 0.05), k%
I3 WA 7 M mT 3 e ol i v R OS 1%) T A
RIS MMP ik,

MMP 38 J2 2 AiF 2 b {4 g 5 15 56RO A
JEAERR, T 40 MY ROS 7KF- T8 Al Ca® 25 6L
A il % MMP £4#246™>), MMP 2 H 1k ¢ BH £ 7 4
TIRE HBR B A | 38 AT LR A I ik | 2 A £k
B SR A R L BE AR A I L ATP G Bl 3Z %)
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The Antifungal Activity and Mechanism of Carvacrol against Zygosaccharomyces rouxii

Wang Huxuan, Peng Zhonghua, Wang Cong, Zhu Yanan, Sun Hongmin
(School of Food and Biological Engineering, Shaanxi University of Science & Technology, Xi'an 710021)

Abstract The antifungal activity of carvacrol against food—spoilage yeast Zygosaccharomyces rouxii (Z. rouxii) was stud-
ied, and the potential antifungal mechanism was analyzed from the perspective of apoptosis for the first time. The diame-
ter of inhibition zone (DIZ), minimum inhibitory concentration (MIC) and minimum fungicidal concentration (MFC) were
determined by oxford cup method and double dilution method. The morphological changes of Z. rouxii cells were observed
by scanning electron microscope. Then, a series of the biochemical and morphological characteristics of typical apoptosis
was detected using flow cytometer or microplate reader, and the transcription levels of key apoptosis regulatory factors
were measured by qRT-PCR. The DIZ, MIC and MFC of carvacrol against Z. rouxii were (13.67 £0.58) mm, 0.156 mg/
mL and 0.3125 mg/mL, respectively. The cell surface wrinkled under the MIC and MFC of carvacrol. Under MIC car-
vacrol treatment, increased intracellular reactive oxygen species level, elevated intracellular Ca®* concentration, decreased
mitochondrial membrane potential, metacaspase activation, phosphatidylserine exposure and DNA fragmentation were ob-
served in Z. rouxii cells. Moreover, the transcription levels of pro—apoptotic factors including Ycal, Dnml, Cycl, Nucl
and Ndil were up-regulated by 1-4 fold. Carvacrol seemed to induce Z. rouxii apoptosis through a metacaspase—depen-
dent mitochondrial pathway. The results can provide new insights into the antifungal mechanism of carvacrol, and propose
a theoretic basis for the development of green and efficient food preservatives.

Keywords Zygosaccharomyces rouxii; carvacrol; antifungal activity; apoptosis; food preservation



