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Freeze—drying technology and its application to prepare bacteria that degrades malachite green

LIU Jing—hua,SUN Zhen—zhong, CHEN Xue-ting

(Shanghai Fisheries Research Institute, Shanghai 200433, China)

Abstract: Two strains of malachite green with a high degradation ability were used to prepare a compound degradation bacterial powder.
The powder was prepared using a freeze—drying method, and its performance was optimized by the type of lyophilized protective agent used,
pre—freezing time, bacterial content, and the thickness of the lyophilized product. A preliminary study on the application of the powder was
conducted in water and sediment from fisheries. The results showed that the use of multiple types of lyophilized protective agents resulted
in higher survival rates than when only single protective agents were used. The lyophilized protective agent consisted of 15 mL-g™" of 15%
skim milk powder, 5 mL-g™" of 10% sucrose, and 0.25 mL-g™" of glycerol. The thickness of the lyophilized product was 0.4 cm, pre—freezing
time was 48 h, and the vacuum freeze—drying process took 16 h. The malachite green powder obtained had a good appearance, was fine, and
the survival rate of the bacteria was approximately 82.3%. Under light conditions, the degradation rate of the powder of 5 mg- L™ malachite
green in water from fisheries was above 90% for 12 h, and the degradation rates of concentrations of 2 mg « kg™' malachite green and the
metabolite of latent malachite green were 73.36% and 76.80%, respectively, for 25 d in sediment from fisheries. Under dark conditions,
malachite green was more easily converted into recessive malachite green in the environment. However, the addition of bacteria could

effectively reduce the conversion of invisible malachite green to malachite green in the sediment. Increasing light exposure could promote
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the effect of bacteria on the degradation rate and, under the combined effect of bactericide and light, the mutual conversion of two types of

drugs could be reduced effectively, thereby improving the degradation efficiency. The bacterial agent had no significant effect on the growth

of fish in the culture environment (P>0.05). There are good prospects for the application of the malachite green composite degrading

bacterial agent obtained in this study.

Keywords : malachite green; freeze—drying technology; bacterial degradation agent; piscatorial environment; degradation
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Table 1 Optimization of preparation method of bacterial agent

PR T HIAF Volume of lyophilizer/mL

Jrik — — - TR TR TRV VR B ) W]
Method 5% MR 109% FHEHH I Bacteria content/y  Freeze—dried thickness/em  Pre—freezing time/h Freezing time/h
15% skim milk 10% sucrose Glycerol

1 5 0 0 0.025 0.4 24 16

2 4 3 0.1 0.1 0.1 24 16

3 3 1 0 0.2 0.4 48 16

4 4 0 0 0.2 0.4 48 16

5 3 1 0.05 0.2 0.4 48 16
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Figure 1 The effect of centrifugal speed on the survival rate

of bacteria
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Figure 3 The effect of preparation methods on

the survival rate of bacteria
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Figure 2 The appearance of the compound bacterial agent obtained by five different preparation methods

http://www.aed.org.cn



XEE, S RFTRENSGILEAEEBRETRENARRHAR

20214 5A8

32 IR AL PR (CK) A FLAE A1 SR [ FR 35 R 5%
18,5 d J5 FEfR A0 R 22.21% ., 38 0m A RO RS L fL
A G RRR IR LTS, 5 d FEfR Al 95% , 1
AH G BEOGE FLAE A AT AR, o T TG BE A B A
BRSBTS FLE A S5 d T YRR 2 IR FE 4 3k
95% , FL TR 731 % FLAE A7 4 1) 8 ik 30 BB, 24 b [ i
RO AR 5 87.58% . AHIFIAF T WS B 771 3o B Ak
5 dJEfLAE A SRR R g = 51 99% LA I i HL5E%
BB BN 12 h AR BRI 90% , ' REOGHE /=7 B 711
Wik e 283 3 HA A i 2 52 0 (P<0.01) o DK A H B
FLAS S 0 WIS T LA 2 B, LA A7 SR AE R i o
A Bl FLAE A 877 A, 5 d e i BE A B2 ek £L 7S
A BRI A A I T OB B A HR A
2.5 EFIFER RPN AR

FLAE A BREFE LY AR IR IS, Ak o3k i L
P8 2k S AR P W Bk AL A A7 SRR A Bl RS R
B R 5, BIRC TR TRR P 2 A 43 25 00 1 e i U i
AR, 25 R B PR 2 AR IS VR PR B b T i 2ot SR AR

Ji 2 N AR AR, AR50 43 31 25 52 AN 25 W) AR IC Te 1)
B P A OO0 o T % %) R A o 7 43 43 Yl 77
I, AN RIS AT B 6T Il %58 I Ue FhFLAE A 23 A
Btk FLAE A 2R R R A 4 TR

M da BT DL R B, FLAE £ S A I U8 LT AR A
R, 25 d e ke SEAb B CK R A0 R 8.28%, i il i
TR 7 -4 DAY BR R4 A 238 55 3K 73.36% , HLO' BE X
P& 15 T A AE G Ui v 1 i 0 S8 AT A I 5 ) (P<
0.01) , 33X — s LT B R0 AE SR B AR B A . 1
4b fR, 25 d IR TR U P Bk FLA2E A1 4 1 2 BRAICR 5 AL
FEATERAENTIE TP AR AR AL, 350 0 ol T AT 700 - 2l
DA B 8 WA i R B B ARL L 25 d L2 W e e 2 et v T
ik 76.80% , A T Btk fL2E A G AT AR 15 8 —
(IR, X T RE SR e R U E D & i E A R

FERF 5T FLAE £ L8 S Bk FL A8 A0 S A i Ui v R fit
b AR O [ A R W A Y v B PR L A S R AL
Ak AR IR RN 3 R

P 3B R LA A AR IR R AR P BB A%

R2 ARFE TEFIXE KA R MG B BERE

Table 2 Degradation of MG in aquaculture water under different conditions

12h 24 h 5d
e R R Fefix
Treatment (il B (RLEE B GUaE 3 L
Degradation rate/% MG/ (mg-17) Degradation rate/% MG/ (mg-17) Degradation rate/% LMG/(mg-17)
CK 5.61+£0.02D 0.011+0.000A 8.57+0.07D 0.060+0.008A 22.21+0.05C 0.194+0.004A
L 19.64+0.04C 0.004+0.000BC 33.73+0.06C 0.027+0.001B 95.16+0.05B 0.066+0.001C
BA 40.35+0.28B 0.005+0.000B 87.58+0.08B 0.032+0.001B 95.39+0.10B 0.123+0.001B
L+BA 90.38+0.13A 0.003+0.000C 95.58+0.09A 0.010+0.004C 99.64+0.10A 0.048+0.001D
T« (A S [R)R 5 7 B A B R] 22 570 2. 3 (P<0.01) . Rl
Notes : The different capital letters in a column indicate highly significant differences among treatments (P<0.01). The same below.
1001 M6 1007 1ve
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E E
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W A e C CDB
B B
A A B
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3 5 7 3 5 7 25
A 18] Time/d A 18] Time/d
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AR R P B s A B i 22 534 (2.3 (P<0.01)
The different capital letters indicating the highly significant differences among treatments (P<0.01)
4 RS TEFITE TR MG LMG BB 2
Figure 4 Degradation rate of MG and LMG in fishery bottom mud under different conditions
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Table 3 The production of MG and LMG in fishery bottom mud under different treatment (mg-kg™)

w259 MG LMG

Time Medicine CK L BA L+BA CK L BA L+BA

3d MG — — — — 0.112+0.001A  0.082+0.002B  0.027+0.001C  0.015+0.001D
LMG  0.015+0.001A  0.009+0.001B  0.017+0.001A  0.011+0.002B — — — —

5d MG — — — — 0.116+0.001A  0.111£0.000B  0.029+0.000D  0.036+0.001C
LMG  0.023+0.002A  0.011+0.001B  0.027+0.001A  0.012+0.001B — — — —

7d MG — — — — 0.119+0.000A  0.120+0.004A  0.040+0.003B  0.043+0.002B
LMG  0.038+0.001A  0.012+0.001C  0.033+0.001B  0.012+0.001C — — — —

13d MG — — — — 0.124+0.000A  0.126+0.001A  0.070+0.007B  0.060+0.005B
LMG  0.052+0.001A  0.019+0.000C  0.049+0.000B  0.014+0.001D — — — —

25d MG — — — — 0.147+0.004A  0.131+0.000B  0.095+0.000C  0.073+0.001D
LMG  0.074+0.000A  0.02520.001C  0.053+0.003B  0.024+0.000C — — — —

TE : [FATAS R RS - Rp 3 A B ) 22 574 . 35 (P<0.01) o

Note: The different capital letters in a row indicate highly significant differences among treatments (P<0.01).

x4 ARAEFRE T &R EAEILETH

Table 4 The number of fish death under different concentrations of bacterial agents at the different time

W 1d 2d 3d

Concentration/ 4 > 6d 7
(g1 A#H B#H CéH AH BH CH A4 B CH A BH CH A4 BH CH A4 B C4H AH BH C4
0(CK) 0 0 0 0 0 1 1 0 0 0 2 0 0 0 0 0 0 0 0 0 0

0.01 0 0 0 1 0 0 0 1 0 0 0 2 0 0 0 0 1 0 0 0 0

0.03 0 0 0 0 0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 1 0

0.05 0 0 0 0 2 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0

0.10 0 0 0 0 0 0 2 0 0 0 0 1 0 2 0 0 0 0 0 0 0
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