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Screening and identification of pollution-reducing strains in wastewater

processed by freshly-extracted Zanthoxylum oil
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Abstract: [ Objective] To isolate and identify highly effective strains capable of removing chemical oxygen demand (COD) and ammonia
nitrogen from antibacterial wastewater. [ Methods] Metagenomic sequencing technology is employed to deeply explore the microbial
resources in wastewater isolated by freshly-extracted Zanthoxylum oil. The strains with the ability to efficiently remove COD and ammonia
nitrogen are accurately analyzed. The strains with pollution-reducing potential are screened from wastewater enriched through natural
outdoor cultivation for one month. [ Results] Proteobacteria and Firmicutes are the predominant phyla in the wastewater isolated by freshly-
extracted Zanthoxylum oil, while Enterobacter and Acetobacter are the dominant genera. Three strains with significant COD and ammonia
nitrogen removal capabilities are selected and identified as Bacillus stercoris strain X4, Pseudomonas putida X21, and Pseudomonas
taiwanensis X22. In actual wastewater treatment, the COD removal rate of these three strains after 8 days is 55.47%, 50.76%, and 52.32%,
respectively, while the ammonia nitrogen removal rate after 36 hours is 55.93%, 54.19%, and 40.79%, respectively. [ Conclusion] The strains
identified through indigenous enrichment in Zanthoxylum oil wastewater are more effective in reducing pollution than those from other sources.
Keywords: freshly-extracted; Zanthoxylum oil; antibacterial wastewater; pollution-reducing strains; COD removal rate; ammonia-nitrogen
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Process of wastewater isolated from freshly-extracted Zanthoxylum oil
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Table 1 Sequencing data statistics
B i Read 51 £ % Read 1 A % Read/% S AL GC/% Q20/% Q30/%
A-1 43 008 982 41483372 96.45 6198615 161 49.43 97.77 93.73
A-2 38302292 38 051 666 99.35 5704 709 921 52.67 98.03 94.25
A-3 44292 126 44033220 99.42 6598 080 119 52.99 98.27 94.72
B-1 45343 032 44 974 134 99.19 6 725 830 879 51.46 97.71 93.58
B-2 40 268 598 39951 670 99.21 5955 118 804 51.12 97.75 93.66
B-3 39193 952 38970 612 99.43 5824 156 334 51.29 97.93 94.07
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Figure 2 Analysis of species abundance at the phylum

classification level
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Figure 3 Analysis of species abundance at the genus
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ARG 2 BRRE ) 3w T AR B BR L COD 2Bk
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Figure 4 Removal rates of COD, ammonia nitrogen, and
total phosphorus by 22 pollution-reducing strains

in the simulated wastewater medium
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12 <74 mm) ; HoAth >R U5 B# 35 18 Bk b, 3 BK 18 (Acinetobacter
johnsonil ENJ1 | Pseudononas fragi EH-H1 fl Pseudononas
poae EH-H3) X 1% & 7K i B A5 i (40 18 B8l B 4% R 8~
14 mm) , | ¥k 18 (Acinetobacter guillouiae BY 18) %% J& 7K
TR 3 I A AL AR N T v 3 O R A K X 4
87 % R PRI 4 ke LA A R 1) 3 T A 28 B R A
4 BR B 15 B R PR TR 322 0 7K TR 8 A K BT 52 B4 1 T A g
AR Je b 22 R 15 P L 1E DA ARC I v o A g 2 T 0 o A 3 Bk
T IR L 7 i A 7 ABUIIN 43 18 IR K A 3 e M TR R K
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Table 2 Diameters of inhibition zone of different strains
by wastewater isolated by freshly-extracted

Zanthoxylum oil

[LRYS P07 P B A%/ mm
Staphylococcus aureus 186335 16.18+0.85
Acinetobacter guillouiae BY 18 14.25+0.56
Acinetobacter johnsonil ENJ1 9.12+0.11
Pseudononas fragi EH-H1 8.1640.39
Pseudononas poae EH-H3 8.04+0.37
Pseudomonas taiwanensis X22 3.99+0.54
Bacillus stercoris X4 3.61+0.19

223 MRHERE MR SCPR K T RIS AR B ST,
FEWI IR COD & i R 10 222.00 mg/L, & EUF Bk N
169.78 mg/L , L 07 1 ¥R J5 o4 110.10 mg/L 72 A7 1 f 25 7
WU 43 15 0% K B 5 e b T PR X4.X21 R X22 1 COD &
5 03 5N 55.47%, 50.76% , 52.32% , B R E R R4 N
55.93%, 54.19%, 40.79%, A B 2= B 2R 4 5 4 18.49%,
12.67%,19.01% . 3 MR BA 7 55 Br 82 7K b 8 B 75 g 1 s I T
DL 7K B 35 ik |, 32 B 55 SRR 0 K 1Y) 52 2% By 5 B0 AH O
AR A5 400 1 7K 5 3% 0 | 92 B i 28 T8 BUTH 43 5 2 K R
{4 F W COD VE A M B W, B & 2R HAh 2 21
DL R I fir Ak A L 3k BB A0 B 43 BT RE TG B AR
AR AR i H X COD U AR 1 3 BRACHR . 1k
Hb SR 2 K 35 5% BE U T AE AU 43 88 R K Iz K
A7 85 A5 I T FH B T P g B a3k e g R el R g R
20 AT AT B o I Bl R R A N A R
A BTG Pk 0 — A5 55 H 5 RE

23 HHREE

231 JEEFUEFE HmE 6, Rk X4 7E B AR5
2 A BN EDE G AR5, KA BN B,
L GBI , B AARFEIR, JCHEE TG A R bR X21 Bk
o B R G | 1 44 5, 0 Hb VR B AR SR
L [CB M TR AR JCHEE T 2 AL 5 P bR X22 B 4
o, JEAR 2RI | i 2855, R a0, 2 KM, Bk
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Figure 5 Removal rates of COD, ammonia nitrogen, and
total phosphorus by three highly efficient

pollution-reducing strains in the cultivation with
actual wastewater
232 16StDNAZr FA WA HEE K B bk X4.X21 A

X22 [ 16S rDNA J¥ %] £t NCBI-nucleotide ¥ 35 /& H ik 47
e Xt , & BB Ak X4 5 Bacillus stercoris strain D7XPN1 [A]

T ZE A7 G0 TR T 265 P LB 2 TG €0 PR R 1 4 P B 5 A L
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Figure 6 Colony morphology, Gram staining, and

scanning electron microscopy images of strains

X4, X21, and X22

B 2821 | 2025 4 A | RS

WM A 99%, X21 5 Pseudomonas pudita
NBRC14164 [F]JFE1E R 100%, X22 5 Pseudomonas taiwan-
ensis strain P5 [R] YR 148 100% . F &7 T, B8 Ak X4 0 4
B ZF FT T AC R T bR X201 O SRR I T TR A
X229 6 VE MR O T o T R AR SR R R L R Y
JB AT B A B AT R TR RE R T, 3 bk X )
TE B 44 T 22 56 LA 7 &5 S rpm]

strain

99, * X4

70! Bacillus stercoris strain D7XPN1 (NR_181952)

9L Bacillus velezensis strain FZB42 (NR_075005)
99| “Bacillus atrophaeus strain JCM 9070 (NR_024689)
Bacillus stratosphericus strain 41KF2a (NR_118441)
100| | Bacillus zhangzhouensis strain MCCC 1A08372 (NR_148786)

100! Bacillus australimaris strain MCCC 1A05787 (NR_148787)
Bacillus capparidis strain EGI 6500252 (NR_156073)
100—Bacillus timonensis strain 10403023 (NR_133024)
Bacillus sinesaloumensis strain Marseille-P3516 (NR_147383)
Bacillus salitolerans strain KC1 (NR_145534)
Bacillus mesophilus strain SA4 (NR_149175)
Alteribacter populis strain FJAT-45347 (NR_159290)

0.010

(a) X4
+ X21

100} pseudomonas putida strain NBRC 14164 (NR_113651)
90/| Pseudomonas putida strain 121 (ON111442)
84| L— Pseudomonas asplenii strain ATCC 23835 (NR_040802)
Pseudomonas plecoglossicida strain FPC951 (NR_024662)
99 Pseudomonas hunanensis strain LV (NR_178547)
Pseudomonas mendocina strain ATCC 25411 (NR_114477)
99—Pseudomonas oleovorans strain ATCC 8062 (NR_114478)
Pseudomonas sesami strain SI-PI33 (NR_149822)
Pseudomonas syringae strain ATCC 19310 (NR_115612)
1001 Pseudomonas syringae strain ATCC19310 (NR_114480)
Pseudomonas tarimensis strain MA—69 (NR_159119)
Marinobacterium iners strain KW—-40 (NR_044795)

71

0.010

(b) X21
- X22
1001 pserdomonas taivanensis strain P5 (KM349421)
89 |Pseudomonas taivanensis strain EN-F2 (OK638151)
99| Pseudomonas asplenii strain ATCC 23835 (NR_040802)
Pseudomonas mendocina strain ATCC 25411 (NR_114477)
100L— Pseudomonas oleovorans strain ATCC 8062 (NR_114478)
99— Pseudomonas syingae strain ATCC 19310 (NR_115612)
Pseudomonas syingae strain ATCC 19310 (NR_11480)
Pseudomonas sesami strain SI-P133 (NR_149822)
Pseudomonas chlororaphis subsp. aurantiaca strain ATCC 33663 (NR_112076)
Pseudomonas tolaasii strain ATCC 33618 (NR_115613)
98— Pseudomonas fluorescens strain ATCC13525 (NR_14476)
Pseudomonas tarimensis strain MA—-69 (NR_159119)
Marinobacterium iners strain KW—-40 (NR_044795)

(e) X22
B 7 2T 16S tDNA & B /7 7] [ R 2 # 5 49 B & X4,
X21F0 X220 % G & A
Figure 7 Phylogenetic trees of strains X4, X21, and X22
constructed based on 16S rDNA gene sequence

homology
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