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Abstract: Essential oils from spices can effectively inhibit the growth of microorganisms and delay food spoilage; however, the
antimicrobial activities of spice oils are often affected by food ingredients, during in vivo application. In this study, minimum inhibitory
concentration (MIC) and diameter of inhibition zone (DIZ) were used-as the indices. Cinnamon, clove, garlic, ginger, thyme, sage, rosemary,
mustard, and oregano oil were used_as the study objects, and cinnamon oil was found to have the strongest antibacterial activity against
Escherichia coli and Staphylococcus.aureus: The corresponding MIC values were 250 uL/L and 500 pL/L, respectively; the corresponding DIZ
values were 31.8 +£1.7 mm and 30.5 £0.5 mm, respectively. The modified Gompertz model for bacterial growth was employed to study the
effects of cinnamon oil on the lag phase (1) and. the maximum specific growth rate (ums) Of the two test bacteria in the protein- and
carbohydrate-based.model foods.. The results showed that proteins and carbohydrates exhibited a strengthening effect on the antibacterial
activity of cinnamon oil. At 1/4 MIC of cinnamon oil, the lag phases of E. coli were increased by 1.76 fold and 2.51 fold in beef broth and potato
broth compared to that in Luria-Bertani broth, respectively. In the same models, the growth of S. aureus was completely inhibited. The above
results suggest that cinnamon oil has the potential to be widely applied in foods containing a high level of protein or carbohydrate.
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Table 1 MIC values of nine spice oils against E. coli and S.

aureus
o E.coli S. aureus
MIC/(uL/L) MIC/(uL/L)
MUO ND ND
GIO ND 8000
SAO 8000 8000
RMO 8000 8000
ORO 4000 4000
TYO 4000 1000
GAO 2000 1000
CLO 500 500
CIO 250 500

7 : ND, RAZ; MUO, Ffigib; GIO, 4 4k,
SAO, REEMH, RMO, #HikAHkh; ORO, FE4d,
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Fig.1 Inhibitory effects of nine spice oils against E.coli and S.

aureus (agar diffusion method)
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Fig.2 Inhibition zones of cinnamon oil against E.coli and S.

aureus
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Fig.3 Survival profiles of E.coli and S. aureus exposed to
different amounts of cinnamon oil

& 3 itz MIC. 1/2MIC AT 1/AMIC I I EERS
T SR B R B B ) 4G . KIBHFFIRAE MIC
WS, 1h PARTE 90%LL - FI4HE, 7E 5h JG4nEE R
K3 21g LL R £ 1/2MIC F1 1/AMIC IR JE R iZ#iAET:,
3 h [EEASIATCEL) 0%IZNE, SN EE N
1, WENEET Slg. siva ZAMEH 12MIC
LVAMIC ¥R FERS AT LM A K, (HAS e 44
A, AUBOUKRE. FFE, SROEHREEAS
R RE VA T S tHARACA ) R Rt 28, L KR A
AT 2 h AR T RCR A o AR A T P 4 A B D 2
M2 B8 RERAE, IKEEE. JEZE
HBEAS R T4 R 2R 40 R — S EL
SR (P KGR BEBR AL R o AV I m 3 S A R A
AHIBE MM, R JGEY, Rk g B st K
ANE 2 FEARERCE N 22

24 EA TR A A T E M

105
03 E.coli
10.0 -
9.50 +
2 9.00f
5
8.501 mbeef broth control
8.00 - *LB broth control
apatato broth control
7.50 +
0 5 10 15 20 25
Time /h
10.0F  Saureus
9.50 -
9.00 -
o 8501
=
8.00 -
mbeef broth control
7.50F * LB broth control
7.00 - apatato broth control
650 1 1 Il Il 1 1
0 5 10 15 20 25
Time/h
B 4 SRMETE LB HEFE, FRERAMDRERAPREK
Hhik

Fig.4 Growth curves of E.coli and S. aureus in LB, beef and
potato broth for 24 hat 37 C
VU A S B A R, BTSRRI
RS s, SR 4 R 2 WAL K
AT BEAEE AN LB WA Rt rh, AB AR
THOLEA 220, SEH 1300y 3.22 F12.78 he iE
TSI AR b TR R R R 2 TR 25 4

191


app:ds:escherichia
app:ds:escherichia

MR BRI

Modern Food Science and Technology

2016, Vol.32, No.6

TR L AT RN FRE, TR A
BRER, (EFRIBAILL LB Wi st e a i . A
X LB ¥igedt, REMAFREMKSTHIRZ, i
FEFEFHIAE K, (HA SRS 5 A0 B A KL LS 7R,
Al LB 57858 —Ff, nIDUH TR0, Aol
K.

WERAE LB Bkt RIS R R )
IRINESHEH EE PR T A B (5, Z5 5 npE 5
I 2 Fizn. 1E 25%F1 50%F1) 4= AR AL A, KA B
FRIFEHFHA N 3.18 h A1 2.28 h BE 5/NF-X 18 LB 155kt
1) 3.48 h; M KAEHAEKEFRE, 25%F1 50%(1)
71 AR A1) 0.50 logyo/h™ #110.43 logyo/h™ # /N T
2119 058 logi/h™. (EAREZMIE, 100%F PIRERY )
JEHTHAK 6.14 h, BEKTATATLIGH; SR AE
KRR P53 T BeAIRH 0.28 logye/h™. [FIRE, % T4
FOHAERET S, 1E 25%. 50%F AR LB K
FrEFE I AERARL, PRSI H0 58 1 FH 330 52 25
SRIMLE 100%24- AREAL R (5745 1/AMIC A EERS D
(&35 R AT ERETE 24 h WIS BENTEEDY, 4K
SEASZ FN ] o

105

10.0

E.coli 1/4AMIC

9.50
9.00 -
850
8.00 -

log,,

mheef broth
*50% beef broth

7.50 - LB broth

7.00

100  S.aureus 1/4MIC

950 wbeefbroth
*50% beef broth
aLB broth

9.00 -
8.50 -
8.00 -
7.50 -
7.00 -
6.50

log,,

0 5 10 s 20 25
Time /h
E 5 XKiFHFEfMEREeAEKEENEIRENGPAEEFH)
EKHhk
Fig.5 Growth curves of E.coli and S. aureus in three different
media containing 1/4 MIC amount of cinnamon oil for 24 h at
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Table 2 Lag phase and maximum specific growth rate of
bacteria in different media

E. coli S. aureus

Mh o pd(logo/h™) Mh ped(logih™)
LBC 2784011 0.8740.06 15340.06  0.4640.05
BBC 3.2240.10 0.660.06 3.1040.05 0.7540.08
PBC 2.2840.09 0.5140.06 2.9540.07  0.3540.04
LB 3.4840.09 0.58#0.08 8.81#0.05 0.3140.02
25%BB 3.1840.15 0.5040.22 8.4140.08  0.3240.03
50%BB 2.2840.04 0.4340.13 8.4040.11 | 0.2440.06

BB 6.1440.15 0.2840.08 ND ND.
LB  3.48#0.09 0.5840.08 8.8140.05 0.3140.02
25%PB 3.5840.23  0.6940.08 12.274.80 0.3240.11

50%PB 5.4640.28 0.7320.06 16.6140.72  0.4020.07
PB 8724048 0.5740.07 ND ND

72: ND, R#Z; LBC, LBzt 8; BBy 4 HA2A
BBC, 4 WZAIR; PB, B4AEARR; PBC, LAFAZA A
8; 25%BB (PB), /i &b 4 I ( B4 )AL LBIE < 2=2575;
50%BB (PB)s. /i Etbd i) ( B4hE ) HA: LB3FA=50:50.
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