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Abstract

In order to compare the inhibitory effect of three different kinds of essential oil against Penicillium
expansum, in 15 mL PDA medium per dish, the content of three essential oil, argyi, basil and lemon
were50 pL, 100 uL, 150 pL, 200 pL, 250 pL, 300 pL, respectively; the disk-diffusion was used to
measure the inhibitory effect, spore germination rate and growth rate, and determine the minimum
bacteriostatic concentration (MIC) against Penicillium expansum. Results showed that all three es-
sential oils demonstrates inhibitory activities in vitro against Penicillium expansum, with the content
of essential oil volume increasing, bacteriostatic rate increased gradually, the spore germination
rate and growth rate decreased constantly. In 15 mL PDB medium, the minimum inhibitory concen-
trations of argyi, basil and lemon essential oils were 2.33 pL/mL, 1.67 pL/mL and 1 pL/mL respec-
tively. Among the three essential oils, lemon essential oil has the best bacteriostatic effect against
Penicillium, expansum, followed by Perilla essential oil and finally argyi essential oil.
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1. 5|8

Kb E SEFRYR G KE S, RARESDRERERFRERE, THERERENRLE, &
W ekaz ok i ok 1R B2 BE AR R o BT L, NATTAS BB (R AT 7 AT A2 1) R i ot B A0 A K B2 2R BT ) 7 9%
e AT AR IR A CR 57, (H il TR 75 200 8, HARRE K. oAy, 2Rk IR EE ) A 2. fb
SEOREE TR B A P A A R ), 75 2o N R e AR A 35 7 A — s e (1] [2] [3]. Ik, B
BT ARSI AR, w2 AR TR A B R A A P P BT T RO 1 A
FELYRE i PR AT 1, 22w, A DU R Ak N T 2 0 T T T R ) R B T M ] A Ak S
IIPSE

TEYIRS M (Essential oil) 2 MAEMIAE. I 250 MR B A, SRS — R R A BRI R MR
PR AEACH W, Fer — RBH /N> TS WSS BERRSESEYI AL AR (4] [5] [6], fERINLEES 2%, &
G S B P AR U A SRR e R 5 T A R B B AT SR 7] (8] (97 [10] [11]

5 %5 W (Penicillium) 12 G I 7 B 5 590 & RO AR A A 4 T H B BRI YRS E R,
FER B AL AR T 2 AR T (12]. ARIRIEHCEH . BIF P = oS F R 5 5 I S -3
JEBBIATINRET T, WK PR, B AN FRE T =Ml R H S A KRR, 4
TR AR AR RN, JF HIERDN T R B R RN R R (MIC)IIIE , LA = Mok i (40
2 5 AN RCR IR R ARSI, D R BRI OT AR € AR 5%

2. MRS 5E
2.1, REHR S5

LR (KPR TR A R A A ERE M AR GE B eRm A 7). diffy BEE
(AEYRIE =R ME) . D82, TRk, FakE. mhiE-80,

AR FEFE(SPX-150BSH-IT &Y, ¥ B iRy dv il iE G IR A 7). il K 1 83(LDZX-50KBS A,
BT R ) B1E TAE S (VS-1300U B, B imis sl AR A 7). LA Y66 H(EU-2600R,
EREERAGGEAIRAT). BB, BB EE KA AF). BT RTFJAS003, i ERASHEA
HIRAH].
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2.2. BB

2.2.1. EFRELMERRORIE12]
Yol 8 i B P BUFT L () PDA 859756 1, 27°C NGtk 7 R, RIS ERT 773 BN TERIZK 15 mL,
A5 I O B F A AR B v AR L AR R R B, R 4 R DE R R 245525 BT, Ja I
PRV ZE BAEE TN T, A T BV S 1 x 10° ofu /mL 2957
H17$/mL = 1004 /N J5 % A0 AL H /100 x 25 x 16 x 1000 x B £ %5 (1)

2.2.2. =HiEwmx RESINERHZ I

KA ZE[13]5E . W—ERMFEH, WADEMIR-80, fERIL 15 mL PDA ¥i#=5(35CHE
Y-S 50 uL 100 pL. 150 pL. 200 pL. 250 uL. 300 pL A5, AEIH . FICE T FL2E
FAL S mm K JREF W&, 2 lEN S A FATURGI K PDA B IR n)h AL E, AT HEE &
[ — SRS IR AL b, DUASIIRE ARG I R 5 R BT I . M3 R IV B, 27 CIM&AM N 9% 9 RIE
TR LN E R B, JREE A EMRER, KRE 3 RER.

JIE (%) =[1-(dA-0.5)/(dB-0.5) | x 100 )
A dA——A[E A AE N 0 B B AR (cm);  dB——X HEZHL 0154 T8 7% BL 1% (cm)

223, =gz REBRTFHLRNRN
BUREEA 1 x 10° cfw/mL (¥ R 8 R BIF 100 pL, JIACZ4HE-80 FLALL 15 50 uL.
100 L+ 150 pL. 200 pL. 250 uL. 300 uL #57H [ PDA K553, BRI 15 mL, 3250340 o 5 B B 1%
FRIL,  DARE TR B D SR -80 ARSI 1 PR AE X . 27 CAEM ISR FR Oh 5, fERMEE T
Mg, IRE AR FEMFIRRE. RS 200 M FEANMEHEES 3 K.
T B R (%) = B R FE-F%0/200x 100 (3)

2.2.4. ZHERH REBRTEKERNRMW

H1 2.2.3 A FAEARFANE S AF NS T o ARG, MIMAEKED, ERDNRITREEPREHLER 3 4
BB RIE S, 8 3. 7. 9 R+ 7 R RN E —IRw & BAR, TH5E B & PR A TR,
A ES 3 K.

K = (2R - ) [FH @)
KA R—AEKRKBKAOEEERL(cm); r—EKRKETE N HE B2 (cm)

2.2.5. REEEFRENE = Mg m R R IE R E [14]

W AT ARSI AZ A [F LE BN\ PDB 8532 3 1 Hhi 5], 815 15 mL 19344 PDB R 775 &
M 5uLy 10 pL 15 pLy 20 pLy 25 puLy 30 uL+ 35 pL. 40 pL. 45 pL. 50 uL, Z 5 e R hEmh 1
UL HBEA 1 x 10° cfw/mL MIEF R 5B ARE NS LA RS Th 4 58 6 FE s 22 564 o xed
M, AT, BRGH S RAN BB T 27CE&HE TR 720, FM0HE 2 REE. HlKA
530nm &b, 2R EIERE TN E RIS AT IR AH Y OD {f, WIERARAMRETEILEE, ARYEIIE 1 OD {H AT
Fods, XTREZH 55020 OD [P AT A “—” Fom; XTRRZHE) OD (H RIS 75%, H “+” FoR;
XL OD fE 2 IR0 1) 50%0, F “++7 Ron: XTREZH OD fH 2R 25% I A “+++7 FoR.
20 20 55 TR PRV o R 5 0 R ZE A S BRI, IS A i ) B D s ook ot 194 B ALK BT VA< FEE (MIIC)
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2.3. BuEsbE
ARG R Excel #1 SPSS19.0 BEAT 7 240 #, k3% 8 =R EH .
3. ZERS5 5
3.1. =g mxY RESHERZI
ARGk 2.2.2 MAF = FPRS A AR R0y e & s, 2R 1.

Table 1. Colony growth of three essential oils under different volume conditions

F 1. ZMEEAREREG TEEEKER

- Lo IR B A
HL WETH A fem) R EETHEACem) AR EETHEACm)  ER%)
0 6.13 £0.35a - 6.13+0.29a - 6.13 £0.29a -

50 6.12£0.24a 0.18 £4.28 6.13£0.14a 0.00 £4.21 3.37+£0.12b 49.02 + 14.30
100 6.05+£0.18a 1.42 £8.45 5.86 £0.10a 4.80+10.04 2.87 +0.06¢ 57.90 + 1.94
150 6.04+0.27a 1.60 = 4.08 5.55+£0.10a 10.30 £ 5.48 2.00+0.18¢c 73.36 £4.63
200 6.01 £0.35a 2.13+5.59 5.00 £0.12a 20.07 £ 1.61 1.56 £ 0.13¢ 81.17+2.71
250 5.57+0.26a 9.95+6.65 428 +0.23b 32.86+0.78 1.38 £ 0.04c 84.37+1.52
300 496 +£0.18b 20.78 + 6.89 2.84+0.26¢ 58.44 +£22.35 1.14+0.17¢ 88.63 +3.05

W AFENEFRER 0.05 KFZR R,

e 1 AT, SRR BEE AR AN BT T BB AR N, B RGOS, O =
WY REEEERA —EMMEER . SR MRS SN 50 pL~250 pL B B P S HAA R
FZ5(P>0.05), 7 300 pL W EEKIFEEZE N 4.96 +0.18 (P <0.05). EIFEIMERIR &8N 50 nl~200
ul N EE RS EAA TSR 2R, £ 250 L. 300 uL W EE K P EAE 25 . EREmERR S 8N
50 uL. 100 pL HZ 5, £ 150 uL. 200 pL. 250 pL. 300 uL H 2 EZE R, K | Fa] LG Bk il 4R
AL TFA IR I, X 75 B B B R B 1 . XS Ee B/, AR i 3 i s, LR R
Foh, RO R . RN HOR B Sy B 5 & A RN, FE R AR & 21N
f, BRI B B U ST T S R B N K B

Figure 1. Inhibition zone of lemon essential oil under different volume contents

E 1. TEHFREE T ilEE

3.2. ZHEEX REBRTIALRRN

MR 2.2.3 Jiik, MASASFERG A FARAR S 7 (s AN EOF S iR, 2R WK 2.
B¢ 2 PIAIBEEAS AR S BRI &, et 200 M, HETRAMBABAENWIREC, #iRFEHA
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WA, BEBISCHREI . IR ATEORE IR R B T I A R A IR AORCR . AR = AR,
FE ST B T 35 IR 5 P A7 IO BT AR BRI, FLUOR ST R IINGTH, focJa & 57 SO Rl (1 7R 2,
RAMRIAE RV IIEXT Y e T5 B T HEAT IR, (iR S ROAS Ty AR B (ks e 410 B R 2247, SR AE P
T RO T HO R, X =Rkl s IR EE AR it mT LA ARG R4 28 R

Table 2. Spore germination of three essential oils at different volume levels

2. BRI ETATHHELERL

Fik Lol IR ]
L FREEY  REE)  OFREMEC)  REEG) OTFREIED  RER®%)
0 156.33 £10.62a 78.17 +5.31 156.33 £ 10.62a 78.17+5.31 156.33 £ 10.62a 78.17 £5.31
50 147.67 £2.68a 73.84 +£2.05 135.00 £4.32b 67.50+2.16 87.33 £3.68b 43,67+ 1.84
100 130.00 £+ 1.42b 65.00 £ 1.22 125.00 £ 4.32bc 62.50 +1.53 73.00 £4.32¢ 36.50+2.16
150 125.67 £5.51b 62.84 +3.47 101.00 + 1.63¢ 50.50+0.82 66.67 +2.87¢ 33.34+143
200 113.67 £ 6.99bc 56.84 +3.70 89.00 £+ 3.56¢d 4450+ 1.78 60.67 +4.50c 30.34 +2.25
250 108.00 £ 6.60c 54.00 +£3.56 73.30 £2.49d 38.17+1.25 52.67 +3.30c 26.34+ 1.65
300 98.00 +4.50c 49.00 +2.27 68.00 +3.27d 34.00 + 1.63 37.33 £ 5.44d 18.60 +2.72

E: ARNGFEERR 0.05 KTEREE .
3.3. ZHEEY REBRFEKERNR M

MR 2.2.4 I T7i, WY RE & AT =M AR AR T AR M ER, WA
A AR AR AR, SRR 3.

Table 3. Effect of different content of Artemisia argyi oil on the growth of Penicillium sp.
F 3. AEREXME RN RESRTFEKNENT

& - A - X - PR SRR em?®/ K
uL FHEA/em  HR/em®  CFHEA/em mA/om®  CPHEA/em H/em?
0 0.33 +0.06a 0.09+0.03 0.85+0.04a 0.57+0.05 1.08 £ 0.08a 0.92+0.15 0.0708
50 0.30+0.08a 0.07+£0.04 0.73+0.06ab  0.42+0.07 0.98 £0.15a 0.76 £ 0.25 0.0560
100 0.28 £ 0.05a 0.06 +0.02 0.62 + 0.08b 0.30+0.08 0.98 +£0.08a 0.76 £0.13 0.0492
150 0.28 £0.05a 0.06 +0.02 0.60 + 0.08b 0.28 £0.08 0.93 £0.02a 0.68+0.03 0.0456
200 0.23 +0.06a 0.04 +0.02 0.53+0.10b 0.23+0.08 0.93 +0.06a 0.68 +0.09 0.0406
250 0.20 £ 0.04a 0.03+0.01 0.45+0.04bc  0.16 £0.03 0.82 + 0.06a 0.52 +0.08 0.0304
300 0.20 +£0.04a 0.03+0.01 0.33 +£0.04¢ 0.09+0.03 0.75 +0.04b 0.44 +0.05 0.0240
E: AFENG FEERIR 0.05 K TPEREE.
Table 4. Effect of different content of Perilla essential oil on the growth of Penicillium sp.
F 4. TRIREETHRINT RESAFEKNZMN
e A A X A KT ok
uL SEYE AR em T /em? FHEA/m AV’ CPHER/em  HA/em?
0 0.33+0.06a 0.09+0.03 0.85+0.04a 0.57+0.09 1.08 £ 0.08a 0.92+0.15 0.0708
50 0.28 £ 0.08a 0.06 +0.04 0.52 +0.08b 0.21+0.07 0.98 +0.08a 0.76 £0.13 0.0451
100 0.27 + 0.06ab 0.06 +0.03 048+0.14bc  0.18+0.11 0.77 £ 0.06b 0.46 £0.08 0.0320
150 0.22 +0.06b 0.04 +£0.02 0.30 +0.04¢ 0.07 £0.02 0.57+0.15¢ 0.25+0.13 0.0168
200 0.17 +£0.06b 0.02 +0.02 0.28 £0.14¢ 0.06 £ 0.06 0.52+0.18¢ 0.21 +£0.15 0.0131
250 0.13+0.05bc 0.01 +£0.01 0.20+£0.07d  0.03 +0.02 0.32+0.13d 0.08 +£0.07 0.0060
300 0.07 +0.05¢ 0.0035 £ 0.00 0.13+0.06d  0.01 £0.01 0.23+0.06d  0.04+0.02 0.0026
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Table 5. Effect of different contents of lemon essential oil on the growth of Penicillium sp.

5. TR BTSN RESBATFEKNTM

R 3K LS RS P K
pL ~_ P EAR/em T /em? FYE AR em TH/em? FHEF/em TH/em? THIFHR em?/ K
0 0.33 £0.06a 0.09 +0.03 0.85+0.04a 0.57+£0.09 1.083 +0.08a 0.92£0.15 0.0708
50 0.13£0.05b 0.01 £0.01 0.183 +0.08b 0.03+0.03 0.217 = 0.06b 0.04 +0.02 0.0181
100 0.01 £0.04b 0.01 £0.01 0.15+0.04b 0.02+£0.01 0.183 +£0.02b 0.03+£0.01 0.0027
150 0.07 £0.02b 0.0035 +0.00 0.10 £ 0.00b 0.01 £0.00 0.15+£0.04b 0.02+0.01 0.0012
200 0.07 £0.02b 0.0004 = 0.00 0.08 £0.02b 0.01 £0.00 0.10 £ 0.04b 0.01 £0.01 0.0009
250 0.02 £0.02b 0.0002 £ 0.00 0.05 £ 0.00b 0.002 = 0.00 0.07 £ 0.02bc 0.0035 +0.00 0.0002

300 0.00 + 0.00b 0.00 £+ 0.00 0.02+£0.02b 0.0002 £+ 0.00 0.02 +£0.02¢ 0.0002 £+ 0.00 0

W AFENEFRER 0.05 KFZR R,

HI7E 3~5 sl m L, ¥ RE B TREE RGN, AKEREE N, H PR 5%
JRRE SCHRAREL, ERFERAR S E T RESHE T EREREE, KGRI, &E-Y
WG, T H =R ol A i AR R, 87 0 A R A S L X B2 AN IR o B 5 77 i 15 7 B £ 1 0
AR AR, YOI =R T RS B T A RIS s R RBOR, Mokl R BE AT Bk T
BUAT LW R B 7 I AR K AR AR SR AR, SR BRI AN ELE PRI I X R R A T
G SUERIE ST

3.4. RIFIFTFIENE = FE S IR R E

MG 2.2.5 B9777%, LT OD ERNIE, X itiedH 5 IR AT e S i€ 1 S0
FPRBREI S SR TRE I B B AR ER L (MIC), A5 R MK 6.

Table 6. Determination of minimum inhibitory concentration (MIC) of three essential oils against Penicillium expansum

6. ZMiEEX RESRMINEREMIC)HINZE

%FF%\\H I: 5 10 15 20 25 30 35 40 45 50
Ay - +H+ - ++ + + - -
LA I +++ ++ ++ + - - - -
FrBR + + - - - - - -

e 7 FoRATIRALE OD (HRRINALI 75%: “++7 Foni RZLIK OD H 2RI 4L 50%; “+++7 FRmxt B4 OD H ik 3n 21 25%:
“-7 FoRA IR OD fE-5 8 AL AR .

B 6 W%, 7E5E 15 mL PDB #5785 & RS R FUN S ply 10 pL. 15 uL B, ¥R EH AR
A, MRS O 20 uL. 25 uL. 30 uL B, HAREMY REFA K, FEMARE R 30 uL. 35 ul.
40 pL. 45 uL. 50 pL B EAEREY RERFEK, ArCl Ry S & 1 R E IR EMIC) A 2.33
uL/mL; fE4 15 mL PDB 5577 B & RS I AR RN S uL I3 B B B R EA K, AR & &N 10 plL.
15 pL. 20 pL B ERT BEEAK, HBlAREEHN 25 pby 30 pL. 35 pL. 40 pL. 45 pL. 50 pL
I, FEARRA T RE SR, FrUE TSI R 5 % SRR EE(MIC) A 1.67 uL/mL; fE4F 15 mL
PDB 55773 o & AP B RS M AR S uLs 10 pL i, AR BHEHAK, EERFEERN 15 L. 20
uLy 25 pL 30 pLy 35 pul. 40 puL. 45 pL. 50 pL B EARREY RBEFAEK, U EREmy RBE %
M ARAN B AR EMIC) A 1 pL/mL. HERTAT, = FAS [ RS i 2 R AR 0 B i 3, o e 5 & 11
PO ORI 5E,  HAT BRI EARIRBE (15 pL/mL) R RIS e 75 25 M R sk BB R T, K95
KA, 5 R RS .
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TR —B15], HEEE =M AR S BROEHTH R, R R IZETIE O, 7 85 A R AN A R B

N,

AR IEHI RS 5 AR AR S B A T AR RIS IR, XS R AT

=R TR I AR RO i, BN R B A SRR IR /oA 1 ul/mL, KI5

K2 BENEREM, X ABNA 5 TF AR FURH S A il (K R RS (it 17— ISR 7L
E&mE

Ly TG 48 5 0 V8 T B SR AR B ROR BT 78(201703D211006) s 1L PG KA G ANV IR H ;. %220k

SAEAF AL H (DC201715).
SE ik

(1]
(2]
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(3]

(6]
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[10]
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[14]
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