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Abstract: The antibacterial effects of cinnamic aldehyde, thymol, carvacrol, eugenol, anethole, and citral against several common harmful

microorganisms affecting food quality were studied using the zone of inhibition test. Simultaneously, the minimum inhibitory concentration and

minimum bactericidal concentration . of these six isolate flavors and their mixtures were measured using the dilution method, to study their

antibacterial ability against co spoilage organisms and pathogenic bacteria, and finally compare them with those of the common
preservativ Th*sults showed that cinnamaldehyde had a stronger antimicrobial ability against fungi than bacteria, particularly against
Aspergi& fla Different test microorganisms showed differing sensitivities to the various isolate flavors, and E. coli exhibited the least
sensitivity. Thymol showed the highest comprehensive antibacterial ability, followed by cinnamic aldehyde and carvacrol. However, in the test
concentration range,/only cinnamaldehyde could kill Bacillus subtilis; the sterilization effect of the compound essential oils on all the selected
bacteria and fungi (except Staphylococcus aureus) were significantly improved, and compound essential oils prepared at differing ratios showed
varying antimicrobial effects on different bacteria and fungi. Moreover, the mixture of cinnamaldehyde—thymol showed either an additive effect
or no impact on the seven tested bacteria and fungus. The antimicrobial effect of essential oils was significantly stronger than those of sodium
benzoate and potassium sorbate.
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75 ARE MIC MBC
1 HwmE 63 125
2 REE 125 1500
3 ZwE 125 500
4 B EARE 210 500
5 E s 500 1500
6 #ARERH(G-) 125 500
7 % ARSI (G-) 210 210
8 AL IOE (G-) 210 500
9 J& WA LK (G-) 210 2000
10 WITKHE(G-) 210 250
11 IFE (GY) 250 500
12 AFEFHHRHAGH 250 1000
13 KL I0ATH (G 250 1000
14 X FFATFHE(GH 250 1000
15 KA (G-) 250 700
16 BRI B 5 250 250
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Table 3 MIC and MBC of different isolate flavors against the tested bacteria and fungus

s 2wE HHEE BRIE BEEF KIAFFE
MIC MBC MIC MBC MIC MBC MIC MBC
G A 125 210 125 210 62.5 62.5 250 500
P B 125 500 125 1500 210 250 250 700
A Fry 125 500 125 250 125 0 00
T A8 210 700 250 500 250 5 & %00
B A 500 > 250 > 500 “1000 2000 >
ATALEE 700 > 500 > 210 210007 1500 >
b RRBEIOH L EREHRA RHEFRATH
MIC MBC MIC MBC MIC MBC
G AR 62.5 250 210 25 210 >
APES 210 500 250 00 250 \ 1000
A B 210 > 210 501 250 >
T A8 1000 > 700 2000 1000 >
EEi] 500 > 250 > 500 >
AT 1500 2000 50 500 1000 >
4 AEE-EEEHE R B R ER R B
Table 4 MIC of cinnamaldehyde and'th meinations against the tested bacteria and fungus
RALER & F 2 WREE BB B KA
BAZ(UL/L) Y% MIC MBC MIC MBC MIC MBC MIC MBC
0 125 190 125 250 94 125 320 460
50 12 >190 125 >250 94 125 390 >460
60 12 >190 125 >250 94 125 390 >460
7 125 0 94 >250 62.5 125 320 460
‘ 94 190 62.5 250 62.5 94 250 460
[ 90 94 190 94 >250 94 125 320 >460
100 190 >190 125 >25() 125 190 320 >460
AEELS NS AR EEHEHHA HFEF AR
243 (L)% MIC MBC MIC MBC MIC MBC
0 125 390 190 250 250 >460
50 125 460 250 390 190 460
60 190 460 320 390 250 >460
70 190 460 320 390 250 >460
80 190 460 320 390 250 >460
90 190 460 320 390 320 >460
100 250 460 320 >460 320 >460
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*5 NEE-AEAMESEBERERNIERER FICHEH (uL/D)
Table 5 FIC index of cinnamaldehyde-thymol combinations against the tested bacteria and fungus

WHENSE% REE  EEE  ZwE  AWTE  ARFHERE  ASRLRY REFRATY
50 1.00 0.88 0.83 122 1.05 0.75 0.67
60 1.00 0.85 0.79 122 127 1.06 0.87
70 0.75 0.55 0.76 1.00 121 0.99 0.85
80 0.50 0.53 0.55 0.78 1.14 091 0.83
90 0.75 0.78 0.52 1.00 1.07 0.84 1.03

7 : 1. FIC 484 B MICA 484 BR4A/MICA 41453 F+MICB 285 5:4/MICB £04-% ; 2. FIC #5447 FIC 454k
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Table 6 MBC of the common food preservatives against the tested bacteria and fungus

2 F HHEE BT B KA #

M MBC MIC  MBC MIC  MBC MIC  MBC
2000 1500 > 2000 > 2000 >
1000 > 1500 > 1000 > 1000 >
ARGIBSE IR EEFAHRA AEFRAR
Mi€  MBC MIC  MBC MIC  MBC

SR BRAN 1500 > 1500 > 1500 >

oy AL 4 500 > 800 > 1000 >

VE: SVRTABIT 4000; w @ xTERLAIY A IF

R7 AER-BEEHESEESERNE N |RHRFINHEDNOREMERRERE (LL/L)
Table 7 MIC and MBC of cinnamaldehyde-thymol combinations against microorganisms

LB 8% L8 el CAH
MIC MBC MIC MBC MIC MBC
0 250 >530 320 >460 125 320
50 250 390 250 460 125 320
BT
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#LEW
60 250 460 320 460 125 320
70 250 460 320 460 125 250
80 250 460 320 460 94 250
90 320 530 320 >460 94 320
100 320 530 390 >460 190 >320
KT RN 2000 >4000 2000 >4000 1500 >4000
NEEN: & 1000 >4000 1000 >4000 1500 >4000
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	复配精油组合（肉桂醛-百里香酚）对7种供试菌均没有表现出协同增效作用，表现出了相加作用或者无关。但是复配之后的精油对所有的供试菌（除了金黄色葡萄球菌）杀菌效果都有明显的提高，值得注意的是：460 μL/L肉桂醛含量为50%的复配精油即可将枯草芽孢杆菌杀死，而枯草芽孢杆菌作为食品的热力指示菌，预示着这种复配精油或许可以作为非热杀菌的组合物。
	总体上看，复配精油对真菌的抗菌效果明显优于细菌，而肉桂醛含量为80%的精油对真菌和大肠杆菌抗菌效果最优；而肉桂醛含量50%的复配精油对铜绿假单胞菌和枯草芽孢杆菌的抗菌效果最佳，可见不同配比的复配精油对不同菌种的抗菌效果是不一样的。戴向荣[13]的研究表明，肉桂醛能通过损伤黄曲霉细胞质膜而进入细胞内，使胞内大分子空间结构改变和有序的新陈代谢被破坏。Bhanu Prakash[17]百里香酚等酚类化合物能与细胞膜相互作用，消散H+和K+的离子梯度，渗漏细胞膜内的重要组成成分，导致水分失衡，胞内ATP浓度降低甚至耗尽，最终细胞死亡。因此，可能是肉桂醛与百里香酚的作用机理不同等因素，作用于细胞的点位不同使其杀菌效果更好。尽管百里香酚与肉桂醛没有协同增效作用，但是可以通过肉桂醛的替代来减少百里香酚的使用量，不仅降低了成本，并且加强的复配精油的杀菌能力。

