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Antimicrobial Activity of Quercus mongolica Leaf Ethanol Extract and
Organic Acids against Food-borne microorganisms
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Kangwon-Do Research and Extension Services
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This study was conducted to determine the optimal extraction condition of temperatures and kinds of extraction
solvent, and antimicrobial activity of ethanol extract of Quercus mongolica leaf and organic acid against food-
borne microorganisms. The antimicrobial activity of ethanol extract at 60°C for 6 hour against foodborne micro-
organisms was stronger than those at 30°C and 90°C. Also, the ethanol extract showed stronger antimicrobial
activity than those of water and methanol extract. The minimal inhibitory concentrations of the ethanol extract
of Quercus mongolica leaf against B. cereus and L. monocytogenes, was 62.5~125 pug/mL but, the minimal inhib-
itory concentration was 250 ug/mL against S. fyphimurium and P. aeruginosa and over 500 pg/mL against E. coli
0157:H7, respectively. The minimal inhibitory concentrations of the lactic, citric, acetic acid and the ethanol
extract of Quercus mongolica leaf against B. cereus and L. monocyfogenes was 2500, 5000, 1250 and 125 pg/mL,
respectively. The combined effect of each organic acid and the ethanol extract against B. cereus was not observed
but, synergistic effect was observed against L. monocytogenes. In the meantime, when the ethanol extract was
combined with each organic acid at sub-lethal concentration, the combination did not increase the inhibitory
effect of the most active single compound alone against E. coli O157:H7, respectively.
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o AAYAAR Wo| o] &HIL e FrIAF HEx e Bacillus cereus ATCC 9634, Staphylococcus aureus ATCC
A FaEAdel s =AFskT 25923, Listeria monocytogenes ATCC 19111, Listeria
monocytogenes ATCC 43256, Listeria monocytogenes ATCC

=z o gk 15313, Listeria monocytogenes ELM, Listeria monocytoge-

nes F5027, Listeria monocytogenes F5009, Listeria monocy-

A =2ZFEH| togenes TY16, Listeria monocytogenes Scott A, Salmonella
7T A H oA 1998»4 5ERE 994 AFHIT A typhimurium ATCC 14028, Escherichia coli 0157 : H7
o AEe WA T AA] A3 AR BER AR £ 0019, Escherichia coli 0157:H7 933, Escherichia coli

%@ﬂéﬂzﬂiﬂ(my of far infrared ray, KFD-101B)Z 60°C 0157 :H7 932, Pseudomonas aeruginosa ATCC 27853%]
AN 12A17F 1&g & AR 7(3Hd%17], CR-581W)E t}h 7z} #5E wryptic soy agar(Difco, USA) slantell Althul <k
e, EFA 150 mesh(Standard testing sieve, ITOH ko] BEEtg oM, HaAl wryptic soy broth(Difco, USA)]
Co., Tokyo)Z AE Z v} ¢33 BIAEE 258 A8 HEsl] 35°ColA 24x17F BloFstEA EASIAIA ARS-SIITT
2 AR

oy Ao g MICEl £
LR Qo] =& g7 P HAE TSB WlA|E petridishol] 15 mL¥ ¥
AR Qe 52L& £AHOE SFYLHL BN st} A7) AL, %“‘o WA E ZH7E 5 mLA Al@ e #
flaskfloll EEAEE 93 A|RFH] 1WlFe] SR/, 75% Tt BFe §, 50°C 7800l BashHA] A et 2%
oferE 2 9"5 FEEME ARSI FEEEE 30, 60, ANPFRE FEHOE Frietd 2 £ ¥ 756 A
90°CE A7t 28] FE3 T TUAAFIAZ A3t o Aol Ested 258 FIAE DEUT A o &
H-& rotary vacuum evaporator(EYELA N-N-SERIES, japan) 5L da¥ paper dlSkoﬂ U A SPAIZ 5 AHE o
£ MRSl FEea ols $AARS F UEsie] 4°CY Tz EEel &¥%-S thd 35°C incubatorol|A] 24-48A]7F
WA BAstEA Ayl ANt 5 588 B it o dlSk Tkﬂ—J clear zone(mm)S =43 &
AFgE & FEate] T MYl G A ZAEF g 4382 7AMEH Y. T, minimal inhibitory concentrations
WEEZ ERR A MIC) &2 F414x2% 2t #5=F dimethylsulfoxide
(DMSO)E =2 §F 045um membrane filter(Nalgene Co.,
ABTE A HHX| USA)E AFAZl T A wjgst mjgdo2Re] 3mLe
2 Ayl AN #F= Bacillus subtilis ATCC 6633, TSB H#|& $h33l= Bioscreen C Al@¥ol| 10° CFU/mMLS]

Table 1. Antimicrobial activity and extraction yield of solvent extracts from Quercus mongolica on the various temperatures

Clear zone on plate(mm)?

Solvent
water Ethanol Methanol

Temperature 30°C 60°C 90r°C 30°C 60°C 90°C 30°C 60°C 90°C
Extraction yiled %(w/w) 6 8 4 8 12 10 11 13 13
Microorganisms”

Bacillub subtilis ATCC 6633 15 17 15 18 18 17 17 17 16
Bacillus cereus ATCC 9634 11 14 10 17 16 16 14 13 13
Staphylococcus aureus ATCC 25923 18 18 17 18 18 18 17 18 16
Listeria monocytogenes ATCC 19111 19 20 17 19 21 18 19 18 17
Listeria monocytogenes ATCC 43256 19 17 17 19 20 19 17 15 18
Listeria monocytogenes ATCC 15313 19 19 18 18 20 19 17 17 17
Listeria monocytogenes ELM 18 19 18 18 19 16 18 19 19
Listeria monocytogenes F5027 16 20 15 20 20 19 17 19 16
Listeria monocytogenes F5069 16 19 15 19 20 16 18 18 16
Listeria monocytogenes TY4 15 13 17 18 17 16 17 15 16
Listeria monocytogenes TY16 15 16 17 18 18 18 16 16 17
Listeria monocytogenes scott A 18 17 18 20 20 18 18 18 18
Salmonella typhimurium ATCC 14028 13 14 12 15 17 14 14 17 12
Escherichia coli 0157 : H7 0019 16 16 15 15 15 16 16 15 15
Escherichia coli 0157 : H7 933 10 13 13 14 13 12 11 12 12
Escherichia coli O157 : H7 932 11 13 12 11 13 13 13 13 14
Pseudomonas aeruginosa ATCC 27853 13 16 14 16 15 13 16 16 13

Final cell concentration for each bacterium was approximately 1< 10° CFU/mL
PTwo thousand ug of extract was absorbed into paper disc(8 mm, diameter) and the diameter(mm) of clear zone was measured
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Table 2. Antimicrobial activity of water extract from Quercus mongolica on the various food-borne disease microorganisms

)

MIC(pg/mL)”

Microorganisms'
31.25

125 250 500

N
W

Bacillus cereus ATCC 9634
Staphylococcus aureus ATCC 25923
Listeria monocytogenes ATCC 19111
Listeria monocytogenes ATCC 43256
Listeria monocytogenes ATCC 15313
Listeria monocytogenes ELM

Listeria monocytogenes F5027
Listeria monocytogenes F5060
Listeria monocytogenes TY4

Listeria monocytogenes TY 16
Listeria monocytogenes Scott A
Salmonella typhimurium ATCC 14028
Escherichia coli 0157 : H7 0019
Escherichia coli 0157 : H7 933
Escherichia coli 0157 : H7 932
Pseudomonas aeruginosa ATCC 27853
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UFinal cell concentration for each bacterium was approximately -1 X 10° CFU/mL ]
PThe MIC represents the concentration of minimal inhibition that showed no growth after 24hr incubaton

»+: Growth
¥ —: No growth
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Bioscreen C(Labsystems, FP-1100-C. Finland)E A}-&-3}o]
35°ColA 24N 7 Bigsle BmE UEpiA o HAEE
2 etk

AT 2 OEtE FEED FUMne] HEST

Azt 9 dgE FEES {71 3L, FA 2
ZARS 72} 3125, 625, 1250, 2500, 5000 pg/mlLe] FE=
3l membrane filter(Whatman No. 2, 045 um, pore size)
2 AFAHT. olF TSBHIAY| #7143 Ay 328
2 &3t Aeste A7VSYAL, Bacillus subtilis ATCC 6633,
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AHEe JENRT 284 AZdl S 13-17 mm
o) YeAsNEL ehhgih

HELR 2 F&EE9| MIC

oy FF AFE5ed dgte A2uF A & FE=9
FH2AMF==MIC) Table 29 e} AR & =58%
& & Algel vld L monocytogenesdoll E3) 73t 3
8L HE ey 2 wFolfts %0 wet A7
zpol7} Wtk B3], E coli O157: H1ZS a7 H)3lo
AA A AAUF- o E FEEA APEE Uehien
500 ug/mLolde] F=oAM% o] Tk §hEd, S
aureusttE 125 ug/ml, B. cereus, S. typhimurium 2 P
aeruginosadS- 250 ug/mLe] FxoA 7}z MICE YRS
ot w2, AR 4 B FE2EE agsdd BlE
gopdete] Bt 7e e UEpch AU 9 g
£ ZZENE EFEE vldtd B. cereusSt L. monocy-
togenesd7rS 1BFAF o e dHEE VEPOV E
coli 0157 :H72ol st & &% viVIAE 349
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Table 3. Antimicrobial activity of ethanol extract from Quercus mongolica on the various food-borne disease microorganisms

Microorganisms"

MIC (g/mL)”

31.25

62.5 125 250 500

Bacillus cereus ATCC 9634
Staphylococcus aureus ATCC 25923
Listeria monocytogenes ATCC 19111
Listeria monocytogenes ATCC 43256
Listeria monocytogenes ATCC 15313
Listeria monocytogenes ELM

Listeria monocytogenes FS027
Listeria monocytogenes F5060
Listeria monocytogenes TY4

Listeria monocytogenes TY 16

Listeria monocytogenes Scott A
Salmonella typhimurium ATCC 14028
Escherichia coli O157 : H7 0019
Escherichia coli O157 : H7 933
Escherichia coli O157 - H7 932
Pseudomonas aeruginosa ATCC 27853

£

T T T A S T

+ — — —
4+ —4) — _

I
|
I
|

o+
+ o+ o+
+ o+ +

YFinal cell concentration for each bacterium was approximately 1X10° CFUANL
»The MIC represents the concentration of minimal inhibition that showed no growth after 24 hs incubation

¥+: Growth
#—: No growth

Table 4. Antimicrobial activity of methanol extract from Quercus mongolica on the various food-borne disease microorganisms

Microorganisms”

MIC(jLg/mL)”

31.25

[eN)
N
(9}

125 250 500

Bacillus cereus ATCC 9634
Staphylococcus aureus ATCC 25923
Listeria monocytogenes ATCC 19111
Listeria monocytogenes ATCC 43256
Listeria monocytogenes ATCC 15313
Listeria monocytogenes ELM

Listeria monocytogenes F5027
Listeria monocytogenes F5060
Listeria monocytogenes TY4

Listeria monocytogenes TY 16
Listeria monocytogenes Scott A
Salmonella typhimurium ATCC 14028
Escherichia coli O157 : H7 0019
Escherichia coli 0157 : H7 933
Escherichia coli 0157 : H7 932
Pseudomonas aeruginosa ATCC 27853
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YFinal cell concentration for each bacterium was approximately 1X10° CFU/m
2The MIC represents the concentration of minimal inhibition that showed no growth after 24hr incubaton at 35°C

¥+: Growth
H—: No growth

o] A BolXtH(Table 3). B. cereus 2 S. aureusd o)
g MegE FEE digk MICE 2+2F 500 2 125 ug/mL
& UERNI L monocytogenesttoll thslAl= ATCC 19111
2 F5027 FolMT 625 ugmLe] MICE VeRlglen L
monocytogenes ATCC 432567 sl & 500 ug/mlL el A
MICE Yehfo] =3 &g FEE0 v]ste] 8ol o
A& P RYtKTable 4). 28\ S typhimurium. P

aeruginosa 2 E. coli 0157 (H7e 22 22wl tiE)

Ay B e dEe F2E3 22 348 el o]

*}«] Azxg nol AzhRel F&guld W& HiAsNE
jehe FEE0| EJJF W FESENT Ut 35

°ﬂ Eﬂﬁﬂ o 733k erge Jeplile™, §3] L monocyto-

genes-ﬁ“’ﬂ gafiXE 62.5~ 125 pg/mle] S FojA] FHAA]

A= veo] AR e FE2ES L monocyto-
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Table 5. Minimal inhibitory concentrations of organic acids and ethanol extract of Quercus mongolica on the harmful

microorganisms
. . MIC” (ug/mL)
Microorganisms . -
Lactic acid Citric acid Acetic acid Q. mongolica
Bacillus subtilis ATCC 6633 2500 5000 1250 125
Listeria monocytogenes ATCC 19111 2500 5000 1250 125
Escherichia coli 0157 : H7 0019 2500 5000 1250 500

UThe MIC represents the lowest concentration of antimicrobials activities that showed no growth after 24 hrs incubation at 35°C

Table 6. Minimal inhibitory concentrations of organic acids and ethanol extract of Quercus mongolica either alone or in combination

against Bacillus subtilis ATCC 6633

MICa (ug/mL)
Quercus mongolica - T T
extract(ug/mL) Lactic acid Citric acid Acetic acid
625 1250 2500 5000 625 1250 2500 5000 625 1250 2500 5000

31.25 + +° - - + + + - + - - -
62.5 + + - - + + + - + - - -
125 - - - - - - - . - - - -
250 - - - - - - - - - - - -

“The MIC represents the lowest concentration of antimicrobials activities that showed no growth after 24 hrs incubation at 35°C

°+: Growth

°-: No growth

Table 7. Minimal inhibitory concentrations of organic acids and ethanol extract of Quercus mongolica either alone or in combination

on against Listeria monocytogenes ATCC 19111

MICa (ug/mL)
Quercus mongolica T O T
extract (ug/mL) Lactic acid Citric acid Acetic acid
625 1250 2500 5000 625 1250 2500 5000 625 1250 2500 5000

31.25 + +b - - + + + R + _ R R
62.5 - - - - - - . - . - - -
125 - - - - - - - - - - - -
250 - - - - - - - - - - - -

“The MIC represents the lowest concentration of antimicrobials activities that showed no growth after 24 hrs incubation at 35°C

°+; Growth

- No growth
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Fig. 1. Growth inhibition of organic acids and ethanol extract
from Quercus mongolica either alone or in combination against
E. coli 0157 : H7 0019

B. subtilis ATCC 6633 2 L. monocytogenes ATCC 19111
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