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Antimicrobial Activity of Rhus javanica Extracts Against
Animal Husbandry Disease-Related Bacteria

Choi 11

Dept. of Bioindustry and Technology, Sangji University, Wonju 220-702, Korea

Abstract

Antimicrobial activity of Rhus javanica (R]) extract against animal husbandry disease-related bacteria was
determined by a paper disc method. The R] extracts showed a significant antimicrobial activity against Gram
positive (+) bacteria and especially the activity was most potent against L. monocytogenes and S. epidermidis.
Minimum inhibitory concentrations (MIC) of the MeOH and EtOH extracts of R] were in the range of 0.8~16
mg/mL and 0.8~ 10 mg/mL, respectively. Furthermore, among five solvent fractions (n-hexane, CHCl;, EtOAc,
n-BuOH and H>O frs.) from MeOH extract of RJ, the EtOAc fr. exhibited the most significant antimicrobial
activity. The antimicrobial activities of RJ extracts against most microbial strains were unstable by either
heat treatment or acid treatment. The inhibitory effect of R} extracts on microbial cell growth was further
examined by the addition of 0, 100, 300, and 500 ppm of R]J extracts into growth medium. The growth of gram
positive (+) bacteria, S. aureus, S. epidermidis and L. monocytogenes was inhibited for 72 hours when at least
300 ppm of R]J extracts added, but the growth of gram negative (-) bacteria was only inhibited when at least
500 ppm of RJ extracts were added. Taken together, the antimicrobial activities of R]J extracts were more
effective against gram positive (+) bacteria compared to those against gram negative (-) bacteria.
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FEEC| B M
g A Ao} AMS-RE T gl A of] vl okE 2 75
2~3 o] & # &l 10 mL nutrient broth2] +F A-§ < A ul)
Aol FF3IL 37°Coll Al 24417 wjekste] EAHAR F
3}

nutrient broth& blank 2 3}¢] 620 nmell A F34 =5 =4

o] 04~05 Ale] &2 2A dted Abg-3fgch. 4 A

) X 2] Z A= nutrient agar’b -5 7] &8 vl A (agar

15% - 1719, 120°Cell A 1587 "3l v 60°CH =2 W

ZHgE & W= petri dishel] °F 15 mL% 25315}, 84

Az AgFY 02 mLE T—fx—?—i H7Vabo] 7] %4 oY
2 ¢l mEA AXNEE ddd FelddE =23 ¥

Lz} FEE9 A 1215

A5}

)

Piddok(8)2] paper discel &%} g uf =] F4lwjoz
pa=s

Leal

|2 Hallsz= EF (minimum inhibitory concentra-
tion' MIC)

4’}5]"’1 Zﬂﬁ*] ] %"%%% 0.2 mg/mLe| 7Y73 22 paper
discell 718 & Azl Ao 53 %{HHX]H"]]
EL 3 37°C, 417 v T 5
s
%

o] ZAIER] gri=

o 9l pH OHEA]

i o

o 9 pH HHA S ooty 93 Lt 558 mem-
brane filter(0.45 pm Whatman, USA)Z o} 31§k ©}8-) 80°C,
100°C, 120°Cell A Zh2t 308 Eot dA2lg 3 AF2dA A
213} AlEl F disc plate method & A% i 2HS &3 514l
t} 3 pH st A2 0.1 N HCI®# 0.1 N NaOHE ©]-§-8}o]
pHE 3,7 4 112 Z4d3te] Aol A 1A 7F A3 & o}
Z7]9] pHE F3}4) 7] ©F-g 37°Col| A] 2442k vl F3}o] disc

F219] clear zone®| A7 (mm)-& FA sto] v]aL Z2A}3i o}

njAiEo ZAAN En}

2.2} 255 -& 0.45 um membrane filterZ o] 23 o}-&
100 mL*2] nutrient brothell %% 2] soluble solidE 7] 2
2 3}ed 0, 100, 300, 500 ppm 5 =H & A 13 F slantol 4l
wjokzl 7t #5149 Fe] & # sl 10 mL nutrient brothell #
Z3hod 37°Coll 4] 244 7k S-oF wiekst it vkl 0.1 mL4
£ # s} v}l 10 mL nutrient brothell % &ste] 37°Cell M
2471 7k Fok vl oFgt F &A st vl 0.5 mLA 2 A F3)
o 37°Coll A 722 7t7bA] el oFsbi A v B AR EE
galalz] $lste] 124 7kebtt 620 nmoll A S FEE &4 8
oot F# % &4 A] nutrient brothE blank & A28} o).

EAXz]

EE AYA R A4S SPSSE ©]-4-3}9 one-way
ANOVA ZA & #3slslom Aelazte] f-2odo] whrdd

Table 1. List of strains and media used for antimicrobial experiments

Strains

Media

Staphylococcus aureus ATCC 6538
Staphylococcus epidermidis ATCC 12228
Clostridium perfringens Type C
Listeria monocytogenes ATCC 19111

Gram (+) bacteria

Nutrient Broth & Agar (Difco)
Nutrient Broth & Agar (Difco)

LB Broth, Miller Broth & Agar (Difco)
Tryptic Soy Broth & Agar (Difco)

Salmonella pullorum ATCC 9120
Salmonella gallinarum ATCC 9184
Salmonella typhimurium ATCC 13311

Nutrient Broth & Agar (Difco)
Nutrient Broth & Agar (Difco)
Nutrient Broth & Agar (Difco)

Gram (-) bacteria Salmonella choleraesuis ATCC 10708 Nutrient Broth & Agar (Difco)
Escherichia coli Serotype Os LB Broth, Miller Broth & Agar (Difco)
FEscherichia coli Serotype Oz LB Broth, Miller Broth & Agar (Difco)
Bordetella bronchiseptica ATCC 4617 Smith-Baskerville Medium
Mold Aspergillus fumigatus ATCC 10894 Potato Dextrose Broth & Agar (Difco)
Yeast Candida albicans ATCC 10231 YPD Broth & Agar (Difco)
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13%2] it Fof g Svfat F2E9] FaA S 2AMG 4
3= Table 29 Fig. 101|412} 3o] 2+ R A 4ol ma} 2}7]
& EAS Jetddeh 2% okl S, aureus, S. epi-
dermidis, L. monocytogenes} 1% A< S. pullorum,
E. coli Serotype Os, E. coli Serotype O, B. bronchiseptica
of e} A= 5 mg/mL ol 42l FFo A 3-e A& vhe)
Wer S gallinarumel] &l A& 10 mg/mL o Abel 4] vhE}
w3 S. typhimurium, S. choleraesuise 30 mg/mL ©] 4+l
A vehde 5 oA v EdA g 3 spectrum B

Table 2. Growth inhibiting activities of Rhus javanica for
microorganisms

Clear zone diameter (mm)

Name MeOH ext. EtOH ext.

(mg/mL) (mg/mL)
5 10 30 50 5 10 30 50
S. aureus 12 15 17 21 12 14 16 18
S. epidermidis 17 18 20 22 10 12 18 20
C. perfringens Type C - - - - - - - =
L. monocytogenes 18 19 23 24 12 13 14 16
S. pullorum 7 9 13 17 7 10 14 17
S. gallinarum - 11 14 20 - 10 13 18
S. typhimurium - - 10 12 - 10 13 15
S. choleraesuis - - 9 12 - - 9 12
E. coli Serotype Ox 14 16 17 18 8 14 17 19
E. coli Serotype Omn 13 15 17 19 10 15 17 21
B. bronchiseptica 15 18 22 25 9 11 12 15
A. fumigatus - - - - - - - -
C. albicans e T T

o] £ 31 glv}. vbd C perfringens, A. fumigatus % C. al-

bicansll tha] A= FEIE salstr] oY} A >
Z&rfol o}2 FFH & v g A3 MeOHSF% &) EtOH
FZErcl =& A3 oA HAlg AHAE Vel

olth. Lee $(14)2 E. coli, L. monocytogenes$}t C. albicans
of gt Lulixte] FFHe ARG Ay A5 FHFAA=
E. coli, A &-&5=% 4= L. monocytogenes?t $-=3ct L
Bastg]om 1009952 v A Eoll dhah s A Abell A u
24 Bl ¢ spectrums VEbTha E kel 2 AR e
Azl dAslE Aee vehlm et

g An(10)& 2802} 84 FE59| g4 A rtelA
S. aureus, E. coli, S. mutans % B. subtilis ¥4 &
FgasAdol qlky &9 Choi (1) S. aureusst S.
gallinarumel] W&k 400452 A4S TEHE A2 §
o) A& AR 23} S qureus®] 7% 5 mg/mL $Fl
A efab, s, A5, g AA, 25T E STl A
Fdd-Ss Bovka Basigch ojepzte] AFEEo| 3
TEA ] ol FAHEALS FEFY o FE22%, $9F
= 2 gufe] FfFel wet
(15).

T+
Eis

g} Bt (paper disc agar diffusion)2-2 &% &k
ble 33 Ztl #HAA 3T EE MeOHFEZEA 06~12
mg/mLE velile] EtOHFE A& 02~16 mg/mLE
EtOHFE &N 4 =2 MICE bl Lulale] Fxd
PR e A A3 S. epidermidis?t L. monocyto-
genes A MeOH%Z%°] 5 mg/mL %4 17 mm}
18 mm& 7} 2 clear zone& HEPAA| R A2 T

Fig. 1. Antimicrobial activity of Rhus javanica extract against Staphylococcus epidermidis and Escherichia coli Serotype

Os.

A 5 mg/mL. B: 10 mg/mL, C: Control, D: 30 mg/mL, E: 50 mg/mL.
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Table 3. Minimum inhibitory concentration (MIC) of Rhus javanica extract against microorganisms
Treatment Minimum inhibitory concentration (mg/mL)
SA SE ST SC SP SG EO EOs BP LM
MeOH ext. 1.2 0.6 12 12 4.8 8.0 6.0 8.0 0.6 10
EtOH ext. 1.0 0.4 6.0 2.0 44 6.0 8.0 8.0 0.2 16

SA: Staphylococcus aureus, SE: Staphylococcus epidermidis, ST: Salmonella typhimurium, SC: Salmonella choleraesuis, SP:
Salmonella pullorum, SG: Salmonella gallinarum, EO: E.coli Serotype O, EOs: E. coli Serotype Os, BP: Bordetella bronchiseptica,

LM: Listeria monocytogenes.

£ ol ¥l S. epidermidis®} B. bronchisepticaZ} 0.4
mg/mL%} 0.2 mg/mL& E3| 7}8 MIC7} velytod C
albicans®} A. fumigatusl A+ A F A ¢kt Lee
(16)2 Sufat 5 w17t AokA ot z ey 550 443
A& ARE A 20uixbe] MeOHF %52 B. subtilis$h
E. colidll A& 2 2A 8 w57} Zh7F 1.0 mg/mLe} 3.0 mg/
mL2 2 Age] AAr}p EA vebg o Lee 5(17)2 E
coli, L. monocytogenes = C. albicansl| A 2w z}ke} | 4
A5 8l F =7 1.25 mg/mLE 2 Ag o] Axr} %7 el
s o)ls &40 o diAF dF7t Aol sty wlEelel

AR 3ok

<]

Aol gk 548 PEstuA F
vl el n-hexan, CHCls, EtOAc, n-butanol
3] 25].0:] UL-W-/H Jfﬂ'—]ﬁ“} Z_ijL].!E
o} 5714 &) #8 E F n-hexaned A 93
2 Gufell chste] 58 g e] vhelyt o m, MeOH
FE 59 EtOAcZ°] B. bronchiseptica®l| 4 23.67 mm& 7}
& ESI AR FFN A E EtOAcEo] of & 83
ula A A &7 7E FA vebytel. Ahn (1302 2wzt
9] ethyl acetate #-% & 2| A& = tannins methy! gallate$}
gallic acid7} % & Ae)z}t dg.om Lee S(18) &
Wikl Al R Ee FHEAYE FAHT A3} EtOAcE 4]
713 BA o] = vrelydcl o B wake] v Kweon £(19)

=]
R

3 w58k oS Holx glow ol gFEAS 3}5HA
EA wFoz AlgEc

o 9 pH oHN Y

Table 5+ 2wz} 3559 o ‘2_7‘ A % ZA}EL7] 4 3
*% 80°C, 100°C ¥ 120°Cell 4] ztzh 30%-7F A A efqt
T S AsE 33 Aok MeOHT_ 2ol S

pullorum, E. coli Serotype Ow 2 B. bronchiseptica®] Al
Aol WE fol4 2ot AU EtOHFEENA =
Staphylococcus aureus, L. monocytogenes, S. typhimu-
rium, S. choleraesuis, E. coli Serotype Oz 2 B. bronchi~
septical A & # 2ol & Mgl o} 71ef FFol A= A
39) Abol= gldth Lee $(6)5 Park 5(7)-2 g Az]o 9
2 oA algke) Aol ik 31939 Choi 5200 7 &
b ke whek el gt sl £ A8

ol 4 21 28] Apo]7} o)A A$7} ehde 3
LA o AR AL A GE °§°ﬂ qa
YA} 2EGolo} AT T et Ao) &
47,

R
oy

24ek7) 918 pH 3~119) uds% M *3% A ) &
Azl MeOHF
orum, S. gallinarum, S. typhimurium, S. choleraesuis, E.
coli Serotype O & B. bronchisepticax AHxEel & §-9
2 zpol7} gl e EtQOHFZ oA += S. aureus, S. epi-

E5d| 4= L. monocytogenes, S. pull-

==

=

& Eotdo A £ E2] TS &3 A EtOAcE dermidis, L. monocytogenes, S. pullorum, S. typhimurium,
< RE Al dal das-g veliolw B sk 2 E. coli Serotype Ogoll A -2 2] & Hol= 5 &
A ez $3 A B Lolol 4] Eobrb Fast AFO) o FFolAE A 3o £ wolw grk o) LufAle)
Table 4. Antimicrobial activities of solvent fractions on Rhus javanica extracts
Clear zone diameter (mm)
Strains Hexane CHCl3 EtOAc BuOH Water
M E M E M E M E M E

S. aureus - - 10.00 8.67 10.00 9.33 11.00 10.33 - -

S. epidermidis 7.67 - 9.67 8.67 12.67 11.00 11.33 10.33 8.67 7.67

S. typhimurium - - 8.33 9.33 22.67 22.67 13.33 12.33 - -

S. choleraesuis - - 11.33 14.00 21.67 22.00 14.00 14.67 12.33 12.67

S. pullorum - - 8.00 8.67 20.33 21.33 19.67 20.33 - -

S. gallinarum - - 8.00 9.00 15.67 16.33 12.67 13.00 - -

B. bronchiseptica - - 8.67 9.00 23.67 20.33 18.33 15.67 9.33 8.67

L. monocytogenes - - 14.00 12.00 22.00 20.67 9.33 8.67 - -

E. coli Serotype Os - - - - 14.67 15.33 14.67 13.67 8.67 8.00

E. coli Serotype O - - 8.67 7.67 12.33 13.33 18.00 17.33 9.00 8.67

MeOH ext. E: EtOH ext.
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Table 5. Effect of heat treatment on growth inhibiting activities of Rhus javanica extracts against microorganisms

Clear zone diameter (mm)

Strains MeOH ext. EtOH ext.

80°C 100°C 120°C 80°C 100°C 120°C
S. aureus 17.00 16.67 16.33 13.33 15.00° 13.00°
S. epidermidis 1267 12.33 13.00 12.00 12.00 12.67
L. monocytogenes 22.67 22.00 21.33 14.00° 13.67° 12.33"
S. pullorum 13.33" 12.00°" 11.33° 13.33 12.67 1267
S. gallinarum 13.00 12.33 12.67 12.00 12.67 12.67
S. typhimurium 8.33 9.00 9.00 11.00° 10.67° 12.00°
S. choleraesuis 12.33 1167 13.00 13.33° 13.00° 12.33°
E. coli Serotype Ok 16.00 16.33 16.33 1467 16.00° 1367°
E. coli Serotype O 14.33% 1567 16.00° 14.67 14.00 14.33
B. bronchiseptica 23.33° 22.33% 21.33" 11.33° 13.00° 12.00°

"Mean with different superscripts in the same row are significantly different (p<0.05).

Table 6. Effect of pH treatment on growth inhibiting activities of Rhus javanica extracts against microorganisms

Clear zone diameter (mm)

Strains MeOH ext. EtOH ext.

pH 3 pH 7 pH 11 pH 3 pH 7 pH 11
S. aureus 1567 15.33 15.00 12.67° 11.55 11.33°
S. epidermidis 12.00 12.00 13.00 1033 12.33" 1267
L. monocytogenes 17.00°" 21.67° 19.67° 967 13.00° 11.00°
S. pullorum 10.67° 12.33" 11.00° 10.00° 13.00® 11.33°
S. gallinarum 833" 10.33° 9.66 10.33 11.33 11.00
S. typhimurium 10.66° 983" 11.00° 10.00° 11.00° 10.67°
S. choleraesuis 1367 15.33" 15.67° 12.67 12.67 13.17
E. coli Serotype Ox 12.33 13.00 12.67 12.67 12.67 12.67
E. coli Serotype Om 12.67° 14.33" 15.33" 15.00 14.00° 1567
B. bronchiseptica 16.67° 19.00¢ 17.33° 17.67 17.00 17.00

"Mean with different superscripts in the same row are significantly different (p<0.05).

FFE A2 tannind§Eo| pHE W3l ElA 5}7)
A7},

Kang 5-(21) pH ® 3ol 2|3 - &4 o] wsr} A2
ek skl 2w Park 5(15)% Choi $(20)& AHAJAFeR ol
AE FFBAe) HA9chx 5192 Kim} Shin(2)2 7kt
7t st oA A 2 A A @ o dEEE
ZAbgE A3t 7isE 7bd A Alelle @ 9] "l gl

Rhus javanica EtOH ext.

0.D. (660 nm)

0 12 24 36 48 60 72
Time (hr)
—a—Oppm —e— 100ppm —e— 300ppm —a&— 500ppm

o 2] 9] 7395006014 7ra s o el A Aol B
Qo g8l £AHNTT st

B

ol s gnw
Lozt L AFFF t 4 s FrEadsE
22 3)7] 98 2= 0, 100, 300 2 500 ppm-S A 7}Hs}
o] ZAL3F AL Fig. 294 Fig. 52 Veb ol eujal &

06 Rhus javanica MeOH ext.

O.D. (660 nm)

0 12 24 36 48 60 72
Time (hr)

—a— Oppm —e— 100ppm —e— 300ppm —a— 500ppm

Fig. 2. Effect of concentrations of Rhus javanica extracts on growth inhibiting activity of Staphylococcus aureus.
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05 - Rhus javanica EtOH ext.
0.45
04
0.35
03
0.25
02
0.15
0.1
0.05

0O.D. (660nm)

0 12 24 36 48 60 72
Time (hr)
—&— Oppm ~—e~— 100ppm —e— 300ppm —a— 500ppm

0O.D. (660nm)

- Rhus javanica MeOH ext.

0 12 24 36 48 60 72
Time (hr)

—— Oppm —e— 100ppm —e— 300ppm -——a-— 500ppm

Fig. 3. Effect of concentrations of Rhus javanica extracts on growth inhibiting activity of Staphylococcus epidermidis.

07 Rhus javanica EtOH ext.

O.D. (660 nm)

0 12 24 36 48 60 72
Time (hr)

—#— Oppm —e— 100ppm —e— 300ppm —a— 500ppm

0.7

0.6

0.5

04

0.3

0.D. (660 nm)

0.2

0.1

Rhus javanica MeOH ext.

0 12 24 36 48 60 72
Time (hr)

—— Oppm —e— 100ppm —e— 300ppm —a— 500ppm

Fig. 4. Effect of concentrations of Rhus javanica extracts on growth inhibiting activity of Salmonella pullorum.

045 Rhus javanica EtOH ext.

0.4
0.35
0.3
0.25
0.2
0.15
0.1
0.05

O.D. (660 nm)

0 12 24 36 48 60 72
Time (hr)

—— Oppm —e— 100ppm —e— 300ppm —a— 500ppm

0.45
0.4
0.35
0.3
0.25
0.2
0.15
0.1
0.05

Q.D. (660 nm)

Rhus javanica MeOH ext.

0 12 24 36 48 60 72
Time (hr)

—=— Oppm —e— 100ppm —e— 300ppm —a— 500ppm

Fig. 5. Effect of concentrations of Rhus javanica extracts on growth inhibiting activity of Bordetella bronchiseptica.
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onocytogenesol A 7V & A4 EA S Bk oul
A FE2Ee A s s EE MeOHFZEES 06~12 mg/
mL9] ¥ ¢ 0 v} EtOH% %52 0.2~16 mg/mL ¥ E |4
FTEANE A LR} 23 2o FFRAL EtOAcE
ol 7} ¥ &A& Yebiich 43 pHoll 28 a4
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