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Abstract |

American foulbrood (AFB), caused by the spore forming bacterium Paenibacillus larvae, is the most
series brood disease affecting bees. This study was conducted to evaluate the growth inhibitory
effect of turmeric (Curcuma longa L.) extract against P. larvae in honey bee larvae. We investigated
this with an agar well diffusion assay and determined minimum inhibitory concentration (MIC) of
turmeric extract against P. larvae growth, and also conducted honey bee larval bicassays on to
determine AFB infection frequency. Results showed that 10mg/ml of turmeric extract possessed
strong antibacterial effects in the range of 15mm~20mm. An MIC value of 30ug/ml of turmeric
extract against P. larvae was obtained. In honey bee larval bioassays, adding the turmeric mixture
to larval food significantly reduced the mortality rates of AFB infected larvae, while the turmeric
extract was non-toxic to adult bees at concentrations as high as 500ug peer bee. Our study
identified a highly potent natural product turmeric that is effective against AFB both in vitro and in
vivo, but has low toxicity to adult honey bees.

Key words: American foulbrood (AFB), Paenibacillus larvae, Turmeric, Minimum inhibitory
concentration (MIC)
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motifs @] ERIC < & of] u}z} ERIC Io)| A IVZ7HA] 471 9]
genotype & & H 23} 4= Q] t}(Genersch, 2006;
Ashiralieva and Genersch, 2006). ¢]=°f 2Js}H, ERIC
typedl] ©J3l) R @R EAgE L 22y A7,
QAL AL T, B4 Sl uiet chorat 54
58 mgala glol, Yol ool e charg A
oo = ojof & A o= of A % th(Genersch,
2006).

A @7h7) oteiRl o)A WA v sheh v
Holl ozt iAo 3lehA] ’h R of] o]
ULk 15 H] 3}ek2] ol o7t WA
A S AN AY 27HA]

1,
2
oorr e e

oL i oL
ol
-

1,
rE

iy

ol SHAI7F Sl = ek uk ofy ) 22 YA
AHE-E - AbE W Al XF(Mutinelli, 2003;
Kochansky et al., 2001; Piccini and Zunino, 2001) & 2
A2l ofl 2 (Genersch, 2010), W74 +t5=2] SHit
(Eguaras et al., 2005) 52| A& oF7|& 4= 3lof o] &
A & 4= = A A= oA o] ko] Alggt A Aol
CHAronstein and Hayes, 2004).

o= A WA 7] il Qlof 7] A
A5 A5 et At = ul=R A 2l
Q1 P.larvae®) it /] atHS S St =4
Abol| 24 o] gha=ol A Qlok. A5 7HA] A+E A 5
P.larvae)| fol] =2 Fo B A= Ao 2 2elH
=212 allicin(Aronstein and Hayes, 2004), thymol(Fuselli
et al., 2006). ==3}=(Kim et al., 2016), citrus(Fuselli et
al., 2008), geraniol(Gochnauer et al., 1979), A ¥-Ak
(Feldlaufer ef al., 1993), of| Al A @ U(Alippi et al., 1996;
Floris and Carta, 1990; Fuselli et al., 2006) 5-©] Q) © 1} o]
5 E4ofl thghinvivo A2 REE|X] grof AA| &2
B0l 482 75/ ol Al o e ElE AL 9l
A| &t 12y 2|2 Forsgren 5(2010)-2 Lactic acidt
off gt n|= A WA AVHE -5 wolol &gtin

vivo 7175-& E3) Bl 5 w7k glod, o] ek wh
3 Aol §5 03 24P PR
23§ /b5 e A 02 7|k,

e off

e Mo

b
AA 7h-E 93] & (turmeric, Curcuma long
0] DA ) kS 7145k A shlc
A7 M Zingiberaceac)o] &53H ThAl 22
oFA). AR D 4§02 AFgElo] grom,
PG A B 2 okelA 9lrk
2013, Oh et al.,2010). 2 7 5(2016)2 &0

A Ao Y-S A kAL dRlEE
95 ) OPA 2 B8 75 o]
31 Qe ofof] & Aol A= a2 vl
A A ANE F7EE skl B Ao of
FAAZA 252 AR 7= Al At

(e
e ox
-
9
>
rr
=)
M
4z
Yy
ok
ol
=2
f
do
ot
R
re
i

Q
.

> o

9 mH Y o ol v o

I
2

.‘ﬂom

u| = E Y 101421 Paenibacillus larvaeS £
st7] fiste] ml= A e o4 HEAR-S)
St FELSA €A W ARG E
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Table 1. Antimicrobial activity of turmeric extract (Curcuma longa L.) against Paenibacillus larva

Inhibition zone of plate (mm)

Concentration
0 (mg/ml) 1 (mg/ml) 10 (mg/ml)
Curcuma longa L. -a +Db )¢

DSlight antimicrobial activity, inhibition zone of 5~10mm.
2Relatively antimicrobial activity, inhibition zone of 10~15.
3Strong antimicrobial activity, inhibition zone of 15~20mm.

Values with different superscript small letters in the low are significantly different by Duncan’s multiful range test after one way ANOVA at

p<0.05.

©24h
a48h

Absorbance OD 600

%_.L

30ug/ml  40ug/ml

Control Tetracycline 10ug/ml  20ug/ml

Fig. 1. Minimum inhibitory concentrations (MIC) of turmeric extract
(Curcuma longa L.) extract against Paenibacillus larvae by
direct measurements of the optical density of bacterial cultures
at 600nm (OD600). The solution of ethanol (1%, v/v) was
assayed as the negative control and antibiotics (tetracycline)
was used as the positive control. The same small letter
indicates significant difference (p<0.05). Bars indicate
standard deviation of replications.
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Fig. 2. Acute oral toxicity of tested Curcuma longa L. extract to adult
worker honey bees. The same small letter indicates significant
difference (p<0.05). Bars indicate standard deviation of
replications.
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Table 2. Proportional mortality of honey bee larvae from in vivo experiments calculated based on the total number infected after 14
days. The difference between groups was significant (P=0.001)

No infection

P. larvae infection

Control

Turmeric

Control Turmeric

Larval survival rate (%) 77.08

58.33 70.83
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