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Abstract: [Background] As an aldehyde pollutant, acetaldehyde widely exists in production
and life. Compared with physical and chemical methods, biodegradation with great advantages
has become a research hotspot. [Objective] To provide experimental resources for the microbial
degradation of acetaldehyde, we screened out an acetaldehyde-degrading strain and optimized
the fermentation conditions for degrading acetaldehyde. [Methods] After enrichment culture
and acetaldehyde-degrading experiment, a strain with high acetaldehyde-degrading ability was
obtained. Single factor tests (carbon source, nitrogen source, metal ions, temperature, rotational
speed, inoculation amount, and initial pH) and multi-factor interaction experiments
(Plackett-Burman design, steepest ascent design, and Box-Behnken design) were carried out to
study the effects of culture medium components and fermentation conditions on the degradation
of acetaldehyde by the strain. The growth curve and acetaldehyde degradation curve of the
strain were established. [Results] A strain LT-2 with high acetaldehyde-degrading ability was
obtained and identified as Bacillus velezensis LT-2. The optimum parameters for degrading
acetaldehyde by B. velezensis LT-2 were fermentation in the medium composed of 30 g/L
sucrose, 0.6 g/L nutrient broth, and 0.12 mol/L potassium chloride at 28 °C, initial pH 7.5,
inoculation size of 6%, and 200 r/min. Under the optimal conditions, B. velezensis LT-2 can
grew in the medium with 1 g/L acetaldehyde and showed the 22 h acetaldehyde degradation
rate of 89.77%=+2.33%, which was 3.58 times of that before optimization. [Conclusion]
B. velezensis LT-2 was effective in degrading acetaldehyde. This study provides experimental
and practical references for the biological treatment of acetaldehyde-containing industrial
wastewater.

Keywords: acetaldehyde; biological degradation; optimization of fermentation parameters;
Bacillus velezensis
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Figure 2 Effects of carbon sources (A) and sucrose concentrations (B) on cell biomass and acetaldehyde
degradation. Suc: Sucrose; Lac: Lactose; Glu: Glucose; Mal: Maltose; Ara: Arabinose; Frc: Fructose.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



3350 A 2 AR Microbiol. China

A _ - B .

50 m Acetaldehyde degradation rate 10 30 m Acetaldehyde degradation rate 10
§ aDCW 19 ;\? oDCW 19
3 40} 18 g 40t 18
g : 5
: 1l 5 30 6 =
= : = 1¢ 5
g% °%% g
5 = 2 1°
S 207 14 8 320 {4 8
= 143 ey H3
5 : <
2 10} H2 2 10} {2
k5] : D
= 141 2 11

0 R i I i Pes i i ?QO 0 Uo

YEP YE Pep Try NB PM BE SCP 03 06 09 12 1.5 1.8 2.1 24 27 3.0
Organic nitrogen sources Nutrient broth concentration (g/L)

3 ANABRMEQOMEFRRAREBMNEKER CHIEMEMFN  YEP: BEERIK; YE:
BHZE; Pep: HHEMR; Try: BREHR; NB: ERNA; PM: fE4EDE; BE: 4R HE; SCP:
IS¢ %)

Figure 3 Effects of organic nitrogen sources (A) and nutrient broth concentrations (B) on cell biomass and

acetaldehyde degradation. YEP: Yeast extract power; YE: Yeast extract; Pep: Peptone; Try: Tryptone; NB:
Nutrient broth; PM: Peanut meal; BE: Beef extract; SCP: Soybean cake powder.
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Figure 5 Effects of fermentation conditions on cell biomass and acetaldehyde degradation. A: Temperature.

B: Shaker speed. C: Inoculum size. D: pH.
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1 Box-Behnken design iX361& i+ & 45 R
Table 1

B0, iz design expert 10.04 #E1T —IRZME
M35 7 B . Y=24.56-0.83C+2.93D+0.015F+
1.64CD+7.46CF+3.92DF-10.29C-5.81D*-4.39F2,
KR | IR RN R — 5 09 38 BAE I 21
R e i s i 6 BT .
25 CEERREFHNRESRIERE
i F] design expert 10.04 152|415 72, K15
AIRRAG A5 KTHERE 0.12 mol/L . 43R 5.93% .
WEE 27.97 °C, IGARAF T AU T 5 5 £ T R
fif % 90.01%. 454G bRk 25, 18 KO
0.12 mol/L. #Fhit 6%. JEH 28 °CiHFf TR
Ry, ZEEEMRERT 88.98%+2.31%, =i
) 98.89%, ULHHIZIUG 7 B (5 BE R 5 o

Design matrix and experimental results of Box-Behnken design

Assay Factors Degradation rate (%)
Cc D F Observed Predicted

1 0.12 (0) 28.00 (0) 6.00 (0) 88.02+2.33 86.38
2 0.13 (1) 29.00 (1) 6.00 (0) 77.4142.26 77.69
3 0.12 (0) 28.00 (0) 6.00 (0) 88.64+2.35 88.63
4 0.13 (1) 28.00 (0) 6.50 (1) 82.18+2.31 84.52
5 0.12 (0) 29.00 (1) 5.50 (-1) 78.36+2.28 78.68
6 0.12 (0) 28.00 (0) 6.00 (0) 89.46+2.34 88.51
7 0.11 (=1) 29.00 (1) 6.00 (0) 76.24+2.19 76.89
8 0.11 (-1) 28.00 (0) 6.50 (1) 68.48+2.16 69.04
9 0.13 (1) 27.00 (-1) 6.00 (0) 67.38+2.11 66.14
10 0.11 (-1) 27.00 (-1) 6.00 (0) 72.78+2.27 70.98
11 0.12 (0) 27.00 (-1) 5.50 (-1) 82.21£2.30 83.66
12 0.12 (0) 28.00 (0) 6.00 (0) 90.824+2.37 88.84
13 0.12 (0) 29.00 (1) 6.50 (1) 83.34+2.29 80.89
14 0.12 (0) 28.00 (0) 6.00 (0) 86.44+2.37 85.32
15 0.12 (0) 27.00 (-1) 6.50 (1) 72.52+2.26 72.02
16 0.11 (-1) 28.00 (0) 5.50 (-1) 82.48+2.28 84.01
17 0.13 (1) 28.00 (0) 5.50 (-1) 66.35+2.09 67.78

C. DM F 254755 K" (mol/L)., JRJE (CC)FIEFN 1 (%)

C, D and F are K* (mol/L), temperature (°C) and inoculum (%), respectively.
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% 2 Box-Behnken design iR IE B3 F T T ESHT

Table 2 Experimental regression equations and analysis of variance of Box-Behnken design

Source SS? DF® MS*¢ F-value Probe>F
Model 999.36 9 111.04 35.81 <0.000 19
C-K" 5.54 1 5.54 1.79 0.2230
D-temperature 52.33 1 52.33 16.87 0.004 5¢
F-inoculation 1.04 1 1.04 0.33 0.5812
CD 10.79 1 10.79 3.48 0.104 4
CF 222.46 1 222.46 71.73 <0.000 1¢
DF 53.80 1 53.80 17.35 0.004 2¢
c? 398.56 1 398.56 128.52 <0.000 1¢
D? 127.10 1 127.10 40.99 0.000 44
F? 69.89 1 69.89 22.54 0.002 1¢
Residual 21.71 7 3.10
Lack of fit 11.07 3 3.69 1.39 0.368 4
Pure error 10.64 4 2.66
Cor total 1021.07 16

C. DA F 257 ie K\ IREEREERIGE. % PR, AR, 0 By, ONIREE; R=0.9946, R.\=0.9876,
Rp=0.975 8

C, D and F are K, temperature and inoculum, respectively. *: Sum of squares, ®: Degrees of freedom, ©: Squared difference, ¢
Highly significant; R°=0.994 6, R®44=0.987 6, R*p,.=0.975 8.
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Figure 6 The influence of the interaction of three factors on acetaldehyde degradation.
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Figure 7 Cell growth and acetaldehyde degradation
curve of strain Bacillus velezensis LT-2.
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Table 3 Acetaldehyde degrading ability of strains had been reported
Strains Initial concentration Degradation = Degradation  Degradation References
of acetaldehyde time (h) rate (%) rate per unit
(g/L) time (g/(L-h))
Enterococcus faecalis TXZ-3 1.00 24 93.60 0.04 [12]
Acetomonas sp. A572 0.01 48 94.00 0.02x10°° [13]
Acetobacter pasteurianus 1.40 96 98.00 0.01 [15]
Acetobacter pasteurianus A27 0.50 48 100.00 0.01 [16]
Shewanella mangrove sp. nov. 0.20x10°° 48 100.00 0.04x107* [18]
Pseudoalteromonas sp. NPYQ10A 0.50x10°° 24 100.00 0.02x10°° [20]
Halomonas axialensis ACH-L-8 0.50 43 85.00 0.01 [21]
B. velezensis LT-2 1.00 22 89.77 0.04 This study

T A GBIk Horh 287 Bk 14 (E. faecalis
TXZ-3) R RE 1S LT-2 AT (W) 16 He &
1 g/L, BAA7 ] AR R0 0.04 g/(L-h)], (HE T

PR e /NSS4, LT A PR
MRS 35 °C, HEGFREIEE, X5 Tk

AR BEIRIE(25 °C, TFVMHZERR, Al A Ak B
TR IK o BR LT-2 B R PRI 25 AF B0
TV BRSO, 33X R Ja S AR A T R
KA B E T IR A
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