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Inhibitory Effect of Plant Essential Oils on Colletorichum acutatum and Postharvest Anthracnose and

Quality of Loquat Fruits

ZHOU Dandan, WANG Zhuo, XING Mengke, TU Kang*, ZHOU Chengyan
(College of Food Science and Technology, Nanjing Agricultural University, Nanjing 210095, China)

Abstract: This experiment was conducted to study the inhibitory effect of three plant essential oils (eugenol, citral and
carvacrol) on Colletorichum acutatum by means of in vitro fumigation and the effect of the strongest inhibitor, eugenol,
on the ratio of exosmosis, intracellular nucleic acid and protein contents of C. acutatum. After wounding and artificial
inoculation with C. acutatum, loquat fruits underwent eugenol fumigation at 0.5, 1.0, 2.5 and 5.0 pL/L. Disease incidence
and lesion diameter were recorded and the effect of this treatment on the fruit quality was also studied. Results showed that
all three essential oils demonstrates inhibitory activities in vitro against C. acutatum. Eugenol could inhibit the growth of
C. acutatum completely at a concentration of 48 pL/L and cause the leakage of cytoplasm. Compared with the control group,
1 puL/L eugenol could significantly reduce anthracnose incidence to 66.67% and average lesion diameter to 6.41 mm after
6-day storage. Moreover, percentage water loss and vitamin C loss were significantly inhibited (P < 0.05), while no significant
changes were observed in firmness, color, soluble solid content, titratable acid or ascorbic acid in loquat fruits (P > 0.05).
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1.3.1 3 PR A C. acutatum R AN 2500 52
1.3.1.1 3 IR M C. acutatum B 22 £ K B350
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A B AT HEDRIE (potato dextrose agar, PDA) B5F#ifE,
W] 5 AR N6 mmA BN RS FR LA g o g 55 7 M5
B, M—HFEBN6 mm I H IEAURAE R FR L5 T
9, FBBM BRI, 2. 3. 4. 5 uLASHRBERS s
TURAC R b, (EEFR Mg G & &1k 16, 32, 48, 64,
80 uL/L, MM & EHESHE AN (1D, DB
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3RS, SR E 3 K.
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o T B/ — H S
o= P P — B8 L
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1.3.1.2 3 MRS C. acutatum T 85 & Z 1R 5200
5 mLI) T4 2 A M N7 (potato dextrose broth,
PDB) 42 A 100 pL (1975 J57 b6 76 07 U, A5 Ji 1 7 1
FILHIE N1 X 10° CFU/mL. I 0.1% 3520714 FIAE
W, AR RN ERASEANL. 5. 10, 25, 50 pL/L,
PLAS IS wh st 4. 28 *C . 200 r/minfE R 15 7730 he
FH W e BB E T IR R R, B3 RES,
FREZMEZ100 NET
1.3.1.3 3 MRS T C. acutatum B BRI B W
KPR B 77 LR B O vE R R B k. AR R
15 mL PDARS IR, o L il )5 70 A IS nL 8T
B (1X10° CFU/mL) , BEF10 min, #8577 M3
B, W—FHA N6 mmf T B 38 40 B 7% L 75 T
g, BEELL. 2. 3. 4. 5. 64 7+ 8. 9. 10. 11, 12 uL
ANHBE RS W T4l b, R IR IR A R
16. 32, 48. 64. 80, 96, 112, 128, 144, 160. 176.
192 pL/L, fmMEEHRESHEAX (1D, DU T
KR MR IR AL, K55 9% M AR EE I 25 5, T A LR 9%
FETE28 CHRFELAME T, 5985 AE MM M. D4
AR T O TR LA A 1 0 7% T A %ok VR 1) s (A
# )% (minimum inhibitory concentration, MIC) .
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b, SR JE FH TG W 7K C ) BAS TR Rk FE B B o o L AL
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W, AR RN RS R LS EONLL 5. 104 25, 50 pL/L,
LIRS i X 2] . AR5 4 BN 100 uLI¥I C. acutatum

X100 (2)
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Table1 In vitro effect of three essential oils in vapor phase against

C. acutatum

L] Fi H fo/mm HH120%

(uLL) TER i B TER i LB
0 22302050 2230£0.50° 22.30£0.50° - - -
16 8301189 1680142 1670+152 857111156 36524872 34684872
32 690£022° 1450£050° 15.10£128"  9456+1.35 48024306 44.38+7.83°
48 6.0020.00" 1210£1.36° 1290+0.84° 100.00+0.00" 6258831 58.02+5.12"
64 6.0020.00" 1090£1.16 1140+ 118" 100.00£0.00" 70.05£7.13" 6720£7.21°
80 6.0020.00" 680£1.00° 7202085  100.00£0.00" 95.07£6.12' 9265+521°

Ve AT BT RARERZEREE (P<005) 5 —AKkH. FH.

MFRITLLVEH, 3 FHEYRE Y C. acutatumt)
AN [F) R FE (0 S 20 SR, FLBE G R & 2 3 o, 4l
il R AR BTG N . YE EN48 nL/LE, T &M LL5E
ZAHIC. acutatum WA KB, MHIFEIX100%, Xf
C. acutatum T B FIINEER, B 5 IALPT RO 2 7
B#F (P<0.05) ; HUCONFTERE, 6% N62.58%; &
FIER I 28, WITEARK, MfRNN58.02%.
2.1.2 3 FHEYIRE I C. acutatum ¥ & 2 MG BOR

F2  3HHEPE MM C acutatum I REHIE W

Table2 Effect of three essential oils on spore germination of

C. acutatum
Hl i LT RS %
(uL/L) 1A FrAERE A
0 100.00%-0.00 100.00%0.00 100.00%0.00
1 39.67£3.87 58.00£1.69 75.50£1.46
5 29.29£1.10 35.67£0.56 50.83£1.05
10 13.12+1.05 23.17£1.45 25.17£3.31
25 — 433+0.79 12.67+2.34
50 — — 3.67£0.53

MWER2H AT LUE tH, BEER WS E0 &, T
REFZHEMC, &R 7o KRR TR . T
A PO B, RIS &N, T A M AL BE A
REFACT HAd 2, H OO, 75 50 I i 4 i 4 FH
9. RS R =5 LU, S EACER TR R R I
T50%, UiBH T &Y. FreERmE A S AR v] AR A i
C. acutatumftF 5 &K%, BMHEIC. acutatumi) 4% .
2.1.3 3 FHEYRE N C. acutatumfIMIC

SFRE RS AN C. acutatum FIMIC #4746 ) A0 43
Br, @RME3IFR. THEBMNC. acutatum K135 KR 5
I, 4 E=96 pL/L, RWELAEK, B LL5Ea )
C. acutarumP)FEK, HMICH6 W/L; AFERERIRUR IR,
MICH144 pUL; &5 BRI, MICH192 pl/L.
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#3 BEREZBTAREWEMANC acutatumiffMIC
Table3  In vitro MIC of three essential oils against C. acutatum

T2 &/ W3 FLAE/mm
(uL/L) TEB Frigms B
0 33.91+3.26" 33.91+3.26" 33.91+3.26"
16 17.45+1.07° 22.99+3.02° 26.19+3.61°
32 524+ 1.11° 16.06%1.00 25.7443.75"
48 4.39+2.45° 14.45+0.43" 23.47+1.90"
64 3.94+1.78 11.854+1.29" 22.8542.08"
80 1.35+0.97° 8.55+1.01° 21.89+2.55"
9% — 6.01£0.97" 16.93+1.19°
112 - 423+1.10° 17.54+1.68°
128 - 2714043 13.77+0.29"
144 — — 13.64%0.86°
160 — — 11.5240.40°
176 — — 6.30+1.64"
192 — - —
208 — — —
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Fig.1  Effect of eugenol on exosmosis ratio of C. acutatum

HL 5 Z R A W] S BRAS TN C. acutatum 20 FLAMNS 2
IR . N T &G, C. acutatumZH L5 R TR,
FORFRE R R, AR YIRS I T AR
T, THEBMMNC. acutatuml HEAMNS 2 152w W E 1T
N, MHSMNSEBE T B RN OCTIE K. AT 4
M hMs Y B Em T IRA (P<0.05) , IR 4
HMB AN N25%, # LB A ARSI T-80%, X
Vo T FEy AL B AT AR C. acutatum AR IR, S84
MAEDBH, INTFEIKC. acutatum P3G 77
222 TEBXC.acutatumiZ TR MR 5200

Asgo o FEAE WA I T £ 22 — S 5 IR A K
P, EATHE 2 S AN E ) N R R
WE2FR, AHAFRS®E T EMAEC. acutatum)i, %

b3 6 T AT S A g 070 911N 1.35 1014

1.89+£0.03. 1.92£0.05. 1.96£0.04. 2.04£0.09.
2.07+0.03. "W, C. acutatum] Ay, 5505 IAE B4
FR BT A B o m ORI HE OK . AbIE A 5 X R A (B AE AR
BEMER (P<0.05) , XYW —EEKNT &L
ALLSEC. acutatum %R MER, EAE V)0 R 2 5 8
C. acutatumig 77 N BFEEIT,

25
b
2.0F c ¢ e 4

0 1 1 1 1 1 1
’ 0 1 5 10 25 50

I Em &R/ (uL/L)
E2 TEBMNC acutatumiZgitigiEm

Fig.2  Effect of eugenol on nucleic acid leakage of C. acutatum

223 TEHEBNC. acutatum B 5 FIRH
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Fig.3  Effect of eugenol on protein content of C. acutatum

HEB3RA, BEE T EMmE RN, HNEARSE
Wb o GRS AR 2 MAEAE REE 2 R (P<<0.05)
YT EHW ST E25 pL/LFIS0 pL/LIN, BN & 5 F )
EESHINLI6 mg/g1.21 mg/g, SXTIRAMLLL, EA
Ji R R % T 0.34 mg/gf10.29 mg/g, @ w
TEBATEFEC. acutatum S AR K .

23 T HEAER S AR I SR

R4 TEERMBERERFEERRRERERNY N
Table4 Effect of eugenol on lesion diameter and disease incidence of
loquat fruits

TEMEE 2d 4d 6d
(WLL)  RHEAmm FEREXD AR FERERD  RHERNn FEREE%

00 400720 875050000 692124 1000020.00°  1245+146° 100.00+0.00°
05 377065 2500%1250° 4474047 95.831720°  926%126%  100.00+0.00°
10 3081045 20074720 3961077 833E7200  64IELTF 6667E1210°
25 402H064"  3750+1250° 448105 8750£000°  8.64E 156" 100.00+0.00°
50 3261074 083412500 490+113  §750+1250°  975+127°  100.00£0.00°

e SRR AR R EREE (P<0.05) .

TR E T A& By R 4 T 284 ORI 26l =, X H AR
HEAEAR P B MR AT T I0AE, S5 R KA R, HFh
T C. acutatumFIRCAT SR SEAE WA, B E AW
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Ko AR T Moy % A AR 2% L 18 240 AN R e B ) 41
FIEF . 2 disf, 1.0 pL/LANFEZL 5.0 pl/L A 34 25 5 B B
RENBHE BEEZR (P<0.05) ; 441, SxHEH
AL, SACFES R BEMHEHRRELY R (P<0.05) ;
6 A, & 4bHE Y g B B0 )AL R R JE R P B E A
(P<0.05) , HA1.0 uL/L T FE A F SR U, BT
HAANNG6.41 mm, JiHE R AR N66.67%, FHALLLIRE
RAEZRY)EEN00%, AREEZER (P<0.05) . HILAT
A1, 1.0 pL/L T FM AL BRSO B by, P R 3 B
Ry IR FERAER,

SEAATT A T o AR R L 7 BE AR A T R AR R
SO, MBI uL/L T FARCEAL I S, I
LR FH A o 56
24 T AR AR BT )R

#S  THERRE R RN
Effects of eugenol treatment on the basic physicochemical
indices of loquat

Table 5

bl

i1 —
il - pE e & b VCEE
BRI (mg00g)

s B
E]

BN SSCAEN TAREND

0 60.00£2.55 19.70£291 19701291 299045 7102067 2242012 18132132

3 HIRAL 0302009 60204183 17494152 38.104233° T41£181° 6552072 2074012 15754087
JEEA 0212006 60302232 1830L1.76'39.2912.05° 7871088" 6752097 2022026 16702046

TIRAL 0552002 60534133 19.6522.24' 38.564277 820£123° 6482053 1742012 14404083
I 0454005 60372179 18331181 37.3042.50° 889+ 165 6542066 18540220 16894105

9 HIRAL 0652009 6159£174 17242126 3934 179° 8284067 6.23£0.79" 166023 14274036
I 049004 61691195 1764125 39,184 165 889129 6371101 1824030 17374148

1 HIRAL 0902006 54.56+187 1843113937004 166" 9761051 6072104 116023 1233£179°
SR 0774007 56581230 18244 174 38.08£2.90' 1124156’ 6.16+087 135012 19735157

e [ AT R AR TR RIROR 2R 23 (P<<0.05) o

BHEESTT RN, Bl A RN [R] A K, %% 2H ) i = 0L 2K
RYPEWI R, W6 dIFah, AbFRZ BT Sk 2 0 2
KT (P<0.05) 5 RLHEAMHL*, a*. b
Fon, LMAFRNRLRMOHZREE, o B RRLaL%
B, b*ERNRLEFE, THEMMLY a*EHMbELE
FHRW (P>0.05) 5 M 2IEE LTS, XY
MO ZH ZUR AR 6, WaT9 d, % 4R AR AT
TRFESR (P>0.05) , 12 dAbF AR E 525 T x5t
fE4H (P<0.05) ; SSCHMITAG B EI T MBS,
SSCH BIRFFE6.0%~T.1%8], TAGEEL1%~2.3%
B, FHZEBLEEEZES (P>0.05) ; XTRAM
VCEESE THES, X2 R s 5 5 A4 26
HAERIEZ SR, PR, MRAVCE R FH%
T #132.0%, ACIRALVCE R ALY R 2 T B JE s Gl b
Tk, 6 dJFdh, SXTEAMLLL, ZREE (P<0.05) .
B, 1 pL/LT &y e — @ B2 B b6 R AE SR s 1A 1 2
PER, TR & 5T 3 &

3 ik 5EgR

TR 2> TN B ¥, BRI B A BaRm A
Yig . BB VRIL, T Y BT R I X 7 A 2 i
BHEA RIFHMEIER, 0.3 uL/mLi T F 8y Al L5 43
il B A . B 10 Bl RS i X 2 )
K JG3 FhBUR AT TRSMDBE T, S5 RERH 10 Pk
IR BN F e RRE B MK E g
REMKX T &M PR, B, mEm. RARL
Tl AT PRV R kG T 0 2 i K e 4
PR, gl R 2R O A i R PR A i X K T P ) R R
WUF. AL EEMRI T T HEW . FFEE AT B
C. acutatumPEAMIFIER, KIL3 Mg uixt C. acutatum
BA R RAHIE, R RN T & > s > o
B, a7~ 1T A& A T REER S BURIE S 1398 77 .

TEYIRE AN AL 5 2 T . ARSI R AE
77 A 5%, FBETALEL T TH ) S50 45 A 32 B i % 48
R AR 9 1T SR ARG, A0S T B0 T AR 40 B ML I v K
B T EBOARE MBS, BARRNERSE, T{EMH
T A A P B 1R T s A s st A g b
BEEABYMIEET THIPRTE, AR, MET
FEEFE, C acutatumPIAIANE R . RN &
IR, WANEA NSRRI, RIMNE R
K E AN aE e &, MR, 5S35
C. acutatumifVt T FEEZRIT.

THEBmZ T ERKMTEER S, TRE. NE.
22 A% AT AR A R A R B A I RIE A, R
PR BT IF 2 N F R R S5 AR PR S T T Y
AR EPRIT H R M A IR E . KEN A
K, PRSI Efa e, JF a7 % 5 A8k 2 0t B 4
i ZEMSEE SR IT H By A W0 SR 5 3 R 3 R
FH, KGR MEL, AR TORREE R 55K
My SCCHRZECRILT AR A . AR Bk, mRE
SRR E E BN E A R NHIRCR . ARSI 45
RRHI pL/L T 5 By X HEAE SRS 2 JE R B A R 1 40 i)
ROR B REAE R B — @ RIS ER . T FE a0
HIR JE LA E R Z 1) EFE, SSC. TARVCHEM T
B, AEFRRR S NEAE B S Bl B2 Kt AR T IR AR
TS T o % T LR AL 2 I 90 A AL B R ) SRS
WK (1) 50 i 75 3E— DR AL

szt LATIR, T EHEBXC. acutatum B A BT RIS 1E
R, B AE R BERIE T REER E 5t . Bl K
MEET RN AT, MR S IR
MBS AR . AR . SR AR IR SO MR R R 1 4
G, W RGOREE B A S HAME
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