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Antibacterial effects of purified bee venom against some
pathogenic bacteria isolated from dead chickens
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Clostridium perfringens, Salmonella thyphimurium and S. Montevideo isolated from the intestines of
dead broiler chickens in Korea were tested for antibacterial effects to purifed bee venom. Purified bee
venom from Apis mellifera L. has been used as natural antimicrobial compounds in pigs, cows, dairy
cattle and chicken farms in Korea. To investigate antibacterial effect of purified bee venom was eval-
uated by agar well diffusion method, minimum inhibitory concentraion (MIC), minimum bactericidal
concentration (MBC), and postantibiotic effect (PAE). Purified bee venom exhibited significant in-
hibition of bacterial growth of C. perfringens, S. thyphimurium and S. Montevideo with MIC value of
0.85, 0.68 and 0.69 pg/mL, respectively. The MBC value of purified bee venom against C. perfiingens,
S. thyphimurium and S. Montevideo were 3.33, 2.66 and 2.86 ug/mL. Furthermore, the results of PAE
values against C. perfringens, S. thyphimurium and S. Montevideo showed the bacterial effect with 3.5,
4.0 and 3.5 hr. Stability of pufifed bee venom at acidity from pH 1 to pH 8 for 24 hr was the anti-
bacterial activity for C. perfringens, S. thyphimurium and S. Montevideo and melittin contents. Also pu-
rified bee venom processed through the heating for 15 min, there was no signification loss of the anti-
bacterial activity and melittin at below 100°C. These results obtained in this study suggest that purified
bee venom might be utilized as a feed additive in poultry diets.
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AAkste]l AAEE 23 oF & A o|thKim -5, 2010;
%, 2015).

7ha Atdell AAA E4S Y= 8 A2 1
A A, 7haESFS 2P ARdet geFoeR
SA L} ARtAl o 2 &4E dsle Aer dEA 9
th(#, 2005; Kim %, 2006). YA AHS {ubst=
LolHFo =z IHA ZFRAEZE(Clostridium) &2
Gram A Q] 7Ht 0 2 olZE FA3t= 7|4 Al
o=A, 7HF B ohek A 7 oMIE RS B
wo] D9E G el A iekChoe 5, 2013,
Cooper 5, 2013). Clostridium perfringens~ 5] AU
of SATH= Aoz WA o] 2Rt A%
gk AeolA= WyskR| oy, #Y, 2EYS F
o= 8| C. perfiingens 7} F5HAY, A 59
o] Zub = AL Ak RFS QHstE 33
A o]th(Songer, 1996). C. perfiingens®] ZFHOZ
TEO A type A2 a-toxind} type C2| a, B-toxin©]
7hae A AdS itk AR HEEo| gl
tHLong 5, 1974; Songer, 1996). C. perfiingens®|
£ WA gelo] BASH 2o RS hs AR
2 Qs Ao, o7} L, 341, 28]
HA7F SRE =, o] grotAA| H=d o|&2
Qlsf et o] &A= o] JF A& &4 o= <l
8 o] oheF e S Wi AsHA Ho| SAIE&
Tl MA= Qs HAZEA] o] 2A EHtH(Choe 5,
2013). AbtA oA 417t Fjsj7} Qlo] kot X &
Ao A= 74 HIRsHA A= AlatAd A2 7t
TEFLo|t) Ardehs e, JhgEFEA, o)
Efolizolt YFo dov|=tl xS AUA=
Salmonella thyphimurium¥} S. enteritidisgt1l T
Q1o w, S. Oranienberg, S. Anatum, S. Montevideo, S.
Derby, S. Bredeney 5°| QUHBoyer %, 1962; 7,
2005). Amdel & A2 4 WA= e 2y
doz ek ofel, AHHE THaE AE AR
Foll Abghel Andats HAoAl7]l= B
Q171 o Zoll AR Al o] HA g

o

O}z XH
A= S B B

mlo

o

Zasteh WA oldd A BY ¥ dmde
S Al 4% Al sistel vebzol
& Whstol 4 2% Y Alg Yk

Qlt}. C. perfiingens+ bacitracin, amocicillin, ty-
losin, lincomycini} 722 &A= F3}4 oL linco-
mycin®l| = &S YeEpHThH: Ba7t Qlek(Choiet
Chang, 2009). 20119 wi@At= f A A77F A
A Aol whel SA, Al FollA A A
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(Habermanm—} Reiz, 1965, Fennelle 5, 1967; Piek, 1984).
2 dFEolA= 20059 BRI AYE &
soyE oL AL 4 Y= BEAAUL
NSFATHEE 5, 2007). o] =H4] ol A= &5 A
Aol 7h5oiA Hglon, SR ojorEel Ans
A0 8T F5 AE "W Al A
RS U AT D AEE F0h B A WA
o A Zae] anE Uepdoha EEE]‘”EP(H&IH
5, 2009; Han %, 2010a). &3t 252 29 A o

@(X%A)Oﬂ Foigt B¢ E”} 2 AZF TEIt —?

Z3 ¥EE Rl ofu

s L
AEEA] got HA=SH 552 S4E ol *
SHA] o= AR gl
wEbA] 2 dAqtol A= AHE awﬁit"ﬂ =gt
YA ZAEgol URJAIRA C. perfringensSt Armidlz}

& Aol Be B5 FHUS ZHstol AR U]
FAA BAARZA Y AL BFTA Shgie
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3= M=

BEE NYF Buol BE YYYAVEL, @
HZ olgste] W Heldt g ol YAPOR
(3 5. 2007) BAT BAREL Fsko] A3
AR ERE 2T, ),

OH

Al 23 A Y

YAl oft HAt gorfE Z2gt C
perfringens (KVCC-BA05001192), 7} =E|FAZ HAL
st o g B3t S, yyphimurium (KVCC-BA1200170)
T18]3l S. Montevideo (KVCC-BA1400376)E ‘53 =4t

1E2- C. perfiingens— 5% sheep blood (MB cell, Korea)
£ $F5-3F Cooked meat medium (BD, USA) v X|E A}
£3lo] 37°C @7 rACR vjokstgict S. nphimu-
rium®} S. Montevideo~= TSB (Trypticase soy broth, BD,
France) v x]ol|A] 37°C, &7|Z A2 & vjoFstsich

Treatment of !
purified bee venom
in acidity I

g -

Distilled water pH 1 P 3 4 5

Treatment of
purified bee venom
in acidity after 24
hr

Freeze-dried
purified bee venom
after treatment

| -

Distilled water pH1 2 35 4 .5 6

C. perfringens, S. typhimurium “12]31 S. Montevideo
Alatell tiet FAlE=2] et/ Bl A gk
= °]83t] SAsHtHBaver &, 1966). 2} Ald<t
F5o BEA] £ WFW b AAESo] 4
A= 217 8 mm<| paper disk (Advantec, Japan)S
ghfxjo] £ T 48417 djorerRA A E FHE
AR 2715 S FE HE2T=e 3
A2 AFE-3L3L 1= amoxicillin (Sigma-Aldrich, USA)
& AHgatic

o m

HHS=2l Hat F Az

pH #3} 5l 2=wisto] w2l C. perfiingens, S. ty-
phimurium 12|31 S. Montevideo A|+-2] SF+2HA] o)
HjAE AR oobry] flale] BELS pH 1~11&
HCIZ} NaCl& o]-gs}to] A x5k foo] =of Z4z} 30
mg/mLE SFe11 24A17HE9F Ao wx| 5} 4l ChFig.
1). 2=t wE 2445742 60°C, 80°C, 100°C ¥
121°CE 41 A3} heating block (Fisher Scientific, USA)
o 1557F ¥H-AZITKFig. 2). ZH2be] Al F44
27\, TS o83l 34 54 F 54

sto] Aol Ag-shlck

il

[
PV,

kel
n

Fig. 1. Picture of treatment of
purified bee venom with acidity.
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Treatment of
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in heating after 15
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|
| Iy
No treatment 60 80 100 121°C
Freeze-dried

purified bee venom
after treatment

Mo treatment 60 80 100 121*C

Fig. 2. Picture of treatment of purified bee venom with heating.
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pH X 2T=wstol] wha} 559 34051 melittin ]
SleF H3l= Waters (Minneapolis, MN, USA)ALS] di-
ode array detector”} AF2He] UPLC I class &S AL
3lg o, AHL Halo ES-18 (4.6x100 mm, 2.7 pum,
Advanced materials technology, Wilmington, DE, USA)
2 Agatelth. BAEAL Han 59 Wlom e
© e BAsHEHan 5, 2015)

A AMEAH|SE (Minimum inhibitory concentration,
MIC) &3

MAuf 2] B A K& ARESEo] C. perfiingens, S. ty-
phimurium “12]11 S. Montevideo A|+to] tjst 2| #] A
AR s=E ot AAT=E Bd FRTE
S4a 5 R oluste] AR ufA| S| o] Zsto]
A A O 72 3] A 5H tHWuel Hancock, 1999) 2+21+9]
ANEATE AR A A gt & JS 9
2x10° CFU/wello] H =2 zdslo] 2% A7} 37
18X17F 9k wleke ¥, 89k 9 WvlFowm #of 4
g PSR, FHIE 540 nmol A FHE (Mole-
cular device spectramax M2e, CA)E =4 35}o] |
o] FAE T} 2o ATE UL AL Haoly
sER 24est

A AMASE(Minimum  bactericidal
MBC)

concentration,

AABEE 27re] AW @FolA AHgHE o)
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A& M5 & AAujA| S| utet dAH o R
34 3t 3 2x10° CFU/wello] H|=2 z@3t z}zh
FZo|| HEslo] 2447 EoF wjokslAt. z1zto)
oFol 100 uLE A 2-& vjA|of HZEdto] 24417t FoF
w ¥t TS S E(540 nm)E Z4 ko] FAlo] 2o
WA 42 FEE ot sE® YeE Sl

£ o

ZH(Postantibiotic effect, PAE) &H

ol ek A= Aetd AEAHE
7] 918ke] 1x108 CFU/MLE %H3t #3o
2>MICEE =9 A= 3 1A7F 52t vl
T ARG} wiA] AHE ARGt 54
A ABFATHLowdin 5, 1993) ©]3 Af2-S i =
ghsto] vjF7olA viFshe 2417 Ao =
S5kl olwf PAE X7t 245 <t
W7 st @ 4 glow, PAES -5}
ofej e} Ztt.

ol oot

Mr o2

EN
-
Mo foir e R o ro

N,
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rr

PAE=T-C
T BES Ad AT 1 logloztxe] Ago
Aele Az

C: BA g oA 1 loglo7hA] 9]

Al 7F

Rus

ol A

rr

SHXzE|

AgolA o 2
(18.0 version., USA) &4 Ei
3t om, 1 A= i}(meaniSENDi
Algtgich b Ale] gt $-9)4L analysis of var-
iance (ANOVA)®] Duncan’s multiple range testE ©|-&
sko] P<0.05914 HF 83T

HHE=9 grant
HARSE SAZEY B3t C. perfringens, S. typhi-
murium 183 S. Montevideo Aol et AA5=
o] t8/dS Table 1o Lepfole; FAlS=S &
E F3o felA FHEALS Jeloy, =xr =
Jhtoll wef o] ek AS o 4 Ach.
FZAQl 72 IAMAY YAl C. perfringense}
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Table 1. Paper disc diffusion susceptibility of Clostridium perfringens, Salmonella typhimurium and S. Montevideo isolated from dead chickens

to purified bee venom

Inhibition zone (mm)

Strains Purified bee venom (pg/disc) Amoxicillin (pg/disc)
1 10 50 10
Clostridium perfringens 1.3£0.1% 6.5+0.3 20 < 3.4+0.3
Salmonella typhimurium 3.8+0.3 8.540.6 20 < 10.840.6
S. Montevideo 2.5+0.3 8.0+0.3 20 < 11.5+0.3

* All values are Mean=SD of triplicate.

Table 2, MIC and MBC values of purified bee venom against
Clostridium perfringens, Salmonella typhimurium and S. Montevideo

Table 3. PAE of purified bee venom against Clostridium perfiingens,
Salmonella typhimurium and S. Montevideo isolated from dead

isolated from dead chickens chickens
Purified bee venom Strains PAE (hr.)
: Mean + SEM, pg/mL
Strains (Mean > nymL) Clostridium perfiingens 3.5
MIC MBC Salmonella typhimurium 4.0
Clostridium perfringens 0.85+0.06* 3.33+0.9 S Montevideo 33
Salmonella typhimurium 0.68+0.04 2.66+0.3
S. Montevideo 0.69+0.03 2.86+0.9 _
78 & anlyl &5=3 Ao 2 S nphimurium?} S.

* All values are Mean=SD of triplicate.

ZIFEFES R Al S pphimurium}; S.
Montevideo T4 10 ng/diske] sxoA #X|Zo]
6.540.3, 8.5£0.6 ¥ 8.0+0.3 mmP o, FAHNWZRI=E
ARS8 amoxicillin® ZFZF 3.4+0.3, 10.840.6 “1g]al
115 mmo] #A|gZ H3rh FAle=9 s= 20
ug/disko| A= C. perfringens, S. typhimurium 1)1 .
Montevideo A|=toll Tl 25 20 mm ©o]4}o] x| g
o] FRlE Ut E3F o]& Aol ot HAlE=9
2 24 Z R S E(MIC)= ZF7F 0.85£0.006, 0.68-0.04
18] 0.69+0.03 pg/mLE =2 gteo] Folxglch
(Table 2). 2|25 X=(MBC)= C. perfringens, S. ty-
phimurium “12]31 S. Montevideo Aol i3l Z}2Z¢
3.3340.9, 2.66£0.3 121 2.86:0.9 pg/mL& Lrebitct
(Table 2).

C. perfringens, S. typhimurium “12]1l S. Montevideo
Aol et AARES] G ASAHPADS =
Hock ¥ AA T 2% AR 25E 57
3 AT} Table 35} o] MAAR U2 C. per-
fringensell T3 3547k0] aF@e A% TAL
L Ao Bl o 5 U9tk PAE $17F 245 7

Montevideo A|d-ol|A 2+2F 4.0, 3.5A17to2 Q-4=3t
o

242} 4
e AL 2 A9k

rx

o g N 2 YHESS gwd Hot
AIE=E pH 19458 pH 11 71#]9] g-HojA
24X 7F A 8] 8t & C. perfiingens, S. typhimurium T2
L S. Montevideo Al<tol thet <t ayt5 FHuf AR
o Abgstol Telstelnh 1 An 1Y lol4 Wi
upe} AF Aol A Gele] el 99Otk pH 9
oML R obdsE gaEe] 37 washe A
O 2 SIFUTHP<0.0001). EZF FAT=O] F8
4 Weld g pH 994 28] vt Eof o
2 Wele gerel 0% +E0R WolFow, pH 11
M FAz9 12% ¢ 2 HolF thFig. 3).

AA B =S 60°CoAHE 121°C7HA] zhzt 1587)
2] % C. perfringens, S. typhimurium “12]3l S.
Montevideo X9 3t FAEHNE AAT A} &
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Fig. 3. Changes of antibacterial activity and melittin contents of pu-
rified bee venom after treatment of acidity. Data are represented as
mean+SD of three experiments. *P<0.001, **P <0.0001.

o 121°ColA =
A= AP <0.5).

=
i)
5]

@ wsb SASA ek
Fgol gadte Aoz

1 %

A DY A¥e ke "41331% ARl
C. perfringens®} Salmonellaxz= 2 0 HH EFolu Af
=25 T @& A, aoﬂfﬂ iR, A
A A HdS 59 AYS Yo 7Itk(Songer, 1996; 71,
2005). 1% S. typhimuriumS AFGo\A 713 €IS
HEe doy|= AP oA Ardale] oHEH
71E &6l *Pﬁoﬂﬂl A AT S 4o
CHBoyer 5, 1962; 11, 2005). =rujollM= & A
At AmdetEe ogstast wAlel A
AFE 3L =g, 2011El Sub7|RE A WA
2lE flste] Abm W A A7 AW gAEeR
W o722l AW doHre gist s|AMo] AlEsc)
(°], 2016). T2 AoRRle ¥ o3 YL
2 o MR A B 75 AW A= AM-H
o] gtk 2T FEAAGA AL F=AAN Ol
Aol wheh PAREE SHgEY An A
o, ofefEit T8 ofE, ARV T2
2 dstes A7 Zs] A3EA ok A=
oBte §FOE, Hh FHY AT %
=20 10 mg/+ oJ3} ko] FAMAR o]-gstal Utk
(Han 5, 2009). Aol F-+8 S8l 4= A+
=0} olule] B 1000 ppm FE o5t ARG
BF AEES SAEl Sk, €9 W dntst
o] F7heks Zo® HelsgirkHan 5, 2010a)

ﬂllﬂl o, Y ol oN

rSL'

(

K

Ay

AL 1 mgs
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100 100
*
8 —+— Clostridium perfringens 8

—a- Salmonella typhimurium
60 —e-S. Montevideo 60
—&- Melittin

Change of antibacterial activity (% of control)

Change of melittin contents in Purified bee venom (%)

60 80 100 121

Treatment of purified bee venom on heat (°C)

Fig. 4. Changes of antibacterial activity and melittin contents of pu-
rified bee venom after high temperature dependent. Data are repre-
sented as mean+SD of three experiments. *P <(.5.

EZ 7hEol AN EE 50 89S FaEoR A
BHTHAY &5, FAAIR A2 B T5S SR
wof AelHdeR M Fe dade FedT
Hul o] BT shEE|Ql o AlLolA 7A7F Kk}
Hete o5 i ol s AR 29l
SHAT.

webA B Aol ds AAEES A A= A7

Az Bga7] Slatol, AAARAT SR EAE
Al SAREE RSt C. perfringens, S. typhimu-
rium Z12]3L S. Montevideo©l| T3t &+e& S5
i, AR Al 34 ol Bagth At 2= Wkt
=0 YEelel JFL BAL A2 B C
perfiingens, S. typhimurium “12]1l S. Montevideo®]) T
St PS> FAY dR2AE ARESE A, amox-
icillinz} v)3to] Gt FI BT A2
o} At ZHZ)E 0.8540.06, 0.68+0.04, 0.69+0.03,
3.33£0.9, 2.66:0.3, 2.86£09% FF AT} o S
shlek @t AEAZE JA| C. perfiingens= A7,
S. typhimurium®@} S. Montevideo Ao\ 4 22} 3.3, 3.45

AZFo g2 © 43} 3y X EHA| 7S 2H1 Q= Ao '
ol et @Zﬂ BE9] C. perfringens, S. typhimurium
12]3l S. Montevideo©] )3t a2 ZHA A2 ¢
Al o ot o|F o) ZAA7| AL A
o] sl HaEe Aoz RISt 100°CofA
1582 2] S 24 AR EE o= JgFS
2] ko) 121°ColAto A= s+l Aajel JheF
o] tha Faste AoR A WeHe R
of gl FE4E 5o AL ol FaRROR
BE Y 50~70% W@ Falulo] JtkPick, 1984).
B0 AR HEEle HEfo| =R Aol st

filo
o o

Jot

o
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olgel A7 ATE HABES opBFFA C
perfiingens, S. typhimurium “12]1l S. Montevideo©]| Tj
A= 7120 FAAE WAL Fo Pt 2
aglom, Ak Lo el JFS A
okol oFA ALE HVARA EST OAA ] slolg]
Gty e nadw dmw SRl 9 ol
WRALE o) A7 WAL AR glo Aol
27k Aejolct. weby ge] GASE 4EE Z7HA
A Welel g RAbA7IT, AW fueks BaA A
MR Fold AAREe AR Ui
so] MaHolof & Aol

e
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=)
st
oI

2 =

AL SO 2 XE B3t C. perfringens, S. typhi-
murium “12]31 S. Montevideo®l| )3t AA|2-=9] g
Fans AAI A1l AR s Z2zb
0.68, 0.85 121 279 pgml, HAAFEEL C
perfiingens, S. typhimurium 121l S. Montevideo A+t
of i3] Z+7F 134, 1.67, 8.5 12T 6.8 pgmlLE =
o FRUL uat FRAASAN QAT C
perfringens~= 3.5A|17F, S. tphimurium= 4.0X|7t S.
Montevideo A|d-oll A 3.5A17te.2 38 GA o=
Lo Fuls 7b7 9l Ao slolE o) AAEE

= A ol A RE A Atolls A"t C per-
fringens, S. typhimurium “12]31 S. Montevideo®l| T3t
AHo|| IS F2| akgro}, ko) walg &
B Gk A 2 09
AYPE A E
W ek, webA
AA 552 HASE SollA 23 C. perfringens, S.
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