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Abstract NaCl, 0.5% K,HPO,, 0.5% sodium succinate, and 0.1%
MgSO,. Additionally, a microbial agent was developed
using a 1.5-ton fermenter, with skim milk (20%), mon-
osodium glutamate (15%), and vitamin C (2%) as key
components. The storage stability of the microbial agent

Rhodococcus sp. 3-2 strain has been reported to degrade
benzimidazole-based pesticides, such as benomyl and
carbendazim. Therefore, this study aimed to optimize

culture medium composition and culture conditions to has been confirmed, with advantages of low temper-

achieve cost-effective and efficient large-scale produc- ature conservation, which helps to sustain efficacy for

tion of the Rhodococcus sp. 3-2 strain. The study iden-
tified that the optimal media composition for mass cul-
ture comprised 0.5% glucose, 0.5% yeast extract, 0.15%

at least six months. We also assessed the benomyl deg-
radation activity of the microbial agent within field soil.
The results revealed an over 90% degradation rate when
*Corresponding author: Gui Hwan Han the concentration of viable cells exceeded 2.65 x 10°

Phone: +82-63-536-6001; Fax: +82-63-536-6003; CFU/g after a minimum of five weeks had elapsed.
E-mail: ghhan@cialm.or.kr
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Based on these findings, Rhodococcus sp. 3-2 strain can
be considered a cost-effective microbial agent with di-
verse agricultural applications.

Key words: Benomyl, Biodegradation, Mass production,
Microbe, Residual pesticide
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Table 1. Cultivation conditions for optimization of the Rhodococcus sp. 3-2 strain

Exp.  Exp. No. Vessel capacity Carbon source Nitrogen source pH Temp. (°C) RPM
1 500 ml Fructose Yeast extract 7.0 30 150

2 500 ml Galactose Yeast extract 7.0 30 150

3 500 ml Glucose Yeast extract 7.0 30 150

4 500 ml Glycerol Yeast extract 7.0 30 150

5 500 ml Lactose Yeast extract 6.9 30 150

6 500 ml Maltose Yeast extract 6.9 30 150

. 7 500 ml Soluble starch Yeast extract 7.0 30 150
A 8 500 ml Sucrose Yeast extract 7.0 30 150
9 500 ml Glucose Tryptone 7.0 30 150

10 500 ml Glucose Peptone 7.0 30 150

11 500 ml Glucose Yeast extract 7.0 30 150

12 500 ml Glucose Soybean flour 7.0 30 150

13 500 ml Glucose Soytone 7.0 30 150

14 500 ml Glucose (NH2)4504 6.7 30 150

15 500 ml Glucose Yeast extract 4.0 30 150

16 500 ml Glucose Yeast extract 5.0 30 150

b 17 500 ml Glucose Yeast extract 6.0 30 150
B 18 500 ml Glucose Yeast extract 7.0 30 150
19 500 ml Glucose Yeast extract 8.0 30 150

20 500 ml Glucose Yeast extract 9.0 30 150

21 500 ml Glucose Yeast extract 7.0 27 150

22 500 ml Glucose Yeast extract 7.0 30 150

. 23 500 ml Glucose Yeast extract 7.0 32 150
< 24 500 ml Glucose Yeast extract 7.0 35 150
25 500 ml Glucose Yeast extract 7.0 37 150

26 500 ml Glucose Yeast extract 7.0 40 150

27 5L Glucose Yeast extract 7.0 30 200

D¢ 28 5L Glucose Yeast extract 7.0 30 400
29 1.5 ton Glucose Yeast extract 7.0 30 100

The experiment was carried out in the order of A to D. A% Carbon and Nitrogen source selection, B*: Growth conditions
by pH, C% Growth conditions by culture temperature, D*: Mass cultivation conditions by lab-scale results.
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Table 2. Operating conditions of HPLC for the analysis of
Benomyl

Solvent A: Acetonitrile, B: Distilled water

Isocratic condition AB =73

Shimadzu HPLC

Instrument (SCL-10Avp, Shimadzu, Japan)
Column ZORBAX Eclipse WDB-C18 column
(4.6 mm x 150 mm, Agilent, USA)
Detector Photodiode array detector
Flow rate 0.7 ml/min
Temperature 40°C

Wave length 286 nm

Injection volume 10 pl




Mass Cultivation of Rhodococcus sp. 3-2, a Carbendazim-Degrading Microorganism, and Development of Microbial Agents 263

walle26] Ei obdeo]lx &[27] S& Akt Ee

AR o R 53] w98 2 IS AR A
g ARE I Gl elnh B dTrellx= ZhHk 100
ppme EFeHE =5 R2A WiAIE AlFtste] 7 5 %

Aok WS aQksto] 7hiivk Eel] o Bl 1 %p\q =¥
Zataat siQith Fig. 12 24413 wi%Fst Rhodococcus sp.
329 WS Al s E 34 F 7Pt Edehs
R2A Hij#|ol 58l kst Aute, wiF o] Fg g A
715 B4t 114405 mmE 7P A7 2 A0 L}E}‘;}E}
w3t 10u] BAHokele] B 8 HWEI7])= 9.4+0.5 mmSl
o 1008 o 34 B4 A A 8l FhiT Y]
3 55 ftor BA|E ofH Ak & IS F, &
kO 24417t W Rhodococcus sp. 3-2 5] 7HlITH &
S ] fleirs Aol A 10° CFU/ml
o kool Aeshe s & ¢ Sl B35 Rhodo-
coccus sp. 3-2ut0l &% FHITH el e 2 kel U
AlFEFEel WAl o] gl= 2e & ST o] Avk=
s A 5 &S 2% A fenitrothion ] el
9} ko] Arhs 7]E A8} A28 EEk T
tH el ARele el RS d-le] Qlvke V=
ATeHe TUSH AFfolr29]. & AollA ket WS 5
3wl Rk ohE} B wof e 7 180
=

[l
B2 &4 498 5 92 Jow wuet

Rhodococcus sp. 3—2 @F0| ™ EIAR M4l

kA vkl A7} o] ek el rl 8 EL] At
Aok el Bl a g %‘@&
thyo s 7hickd el n s
A3} A5 oIt ‘?i:r“’ﬂ Me ARskE 9T
WA E skt 5] witel] =8 AitrE

%ré
rl
TR
Tl
5%
N vo
rmg:j
£ 5
&ﬁ[‘.{g[‘lr
oM Bo & 24

™
Y
_O|L
g
2

Fig. 1. The investigation of the effect of different cell con-
centrations of Rhodococcus sp. 3-2 on the degradation of
carbendazim.
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Fig. 2. Optimization of media composition and culture conditions to enhance cellular growth of the Rhodococcus sp. 3-2
strain. Viable cell numbers of the Rhodococcus sp. 3-2 strain cultured in industrial media with varying carbon sources
(A), nitrogen sources (B), pH levels (C), and temperatures (D) during batch cultivation. For measurement of biodegradation
activity, each 48-hour culture broth was spotted on R2A solid media supplemented with 100 ppm of benomyl. Left panel
indicates Colony Forming Unit by media composition and culture conditions, and right panel indicates colony forming

result in plate.
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Fig. 3. Culture profile and clear zone test results of Rhodococcus sp. 3-2 cultivated in a 5 L jar fermentor under various
agitation conditions: (A) 200 rpm, (B) 400 rpm. The growth dynamics and metabolic activity of Rhodococcus sp. 3-2 grown

in a 1.5-ton fermentor (C).
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Fig. 4. Evaluation of microbial stability of different formulations: Formula I (A), Formula II (B), and Formula III (C).
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Fig. 5. Evaluation of benomyl degradation in soil by micro-
bial agents. The data presented are the mean + standard
deviation (SD) of three replicates (n=3).
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