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Abstract: [Objective] This study aims to breed an elite strain of acetic acid bacteria with ethanol tolerance and
suitable for malt vinegar brewing, thereby improving the utilization of raw materials, the yield of acetic acid, and
the quality of the final vinegar product. [Method] The fermentation capacity of Acetobacter tropicalis J-22,

Gluconacetobacter saccharivorans J-15, and Acetobacter pasteurianus HN 1.01 in beer with different volume
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fractions (6%~10%) of ethanol was compared. Based on the acetic acid yield (acetic acid mass concentration),
ethanol conversion rate, and sensory evaluation, Acetobacter tropicalis J-22 , which achieved the highest overall
assessment, was identified as the original strain. Acetobacter tropicalis J-2276 was finally bred through
atmospheric and room temperature plasma (ARTP) mutagenesis combined with high-throughput screening
(HTS). The growth curves and malt vinegar fermentation performance of the mutant strain Acetobacter tropicalis
J-2276 and the original strain Acetobacter tropicalis J-22 under different volume fractions of ethanol further
verified the ethanol tolerance and fermentation capacity of the mutant strain. [Result] The mutant strain
Acetobacter tropicalis J-2276 exhibited significantly improved growth under ethanol stress at various volume
fractions and tolerated the ethanol volume fraction up to 11%. Compared with the original strain Acetobacter
tropicalis J-22, the mutant strain Acetobacter tropicalis J-2276 increased the acetic acid mass concentration of
malt vinegar by 65.0%. Furthermore, the mutant strain Acetobacter tropicalis J-2276 with higher ethanol
tolerance produced richer flavor compounds, with the mass concentrations of total organic acids and total volatile
compounds increasing by 45.3% compared with the original strain Acetobacter tropicalis J-22. [Conclusion] This
study demonstrates the successful breeding of an ethanol-tolerant strain, Acetobacter tropicalis J-2276, by ARTP
mutagenesis and HTS. The strain exhibits stable genetic traits after seven successive generations, effectively
increases the acid yield in malt vinegar fermentation, and improves the flavor quality of malt vinegar products,
demonstrating broad application prospects.

Keywords: malt vinegar; acetic acid bacteria; atmospheric and room temperature plasma; high-throughput

screening; ethanol tolerance
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Fig. 3 Fermentation characteristics of different mutant strains
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Fig. 4 Growth curves of the original strain Acetobacter tropicalis

J-22 and the mutant strain Acetobacter tropicalis J-2276

under different volume fractions of ethanol
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Table 3 Semi-quantitative analysis of volatile components in malt vinegar

o Jo IR /Cpg /L) o Jo IR P /Cpg /L)
= N\ =] 2.
) S MGWIARR FA AR ACRES  hR  bk P ES o Fa5 G WmAaw V5 T AR G OR TR AR A
FF 1 1-2276 FFH J-22 fits FT B J-2276 FF 1A 1-22
1 4R 2565.02+8.71°  1609.96+4.12° 24 KR LTE 9.38+2.89° 35.14+3.92°
2 BRI 188.41+£10.21°  236.20+2.52° 25 LR LBE 240.55+3.26" 131.61+13.21°
3 o® 17.52+0.72° 8.50+1.23° 26 WG RERR SN BS 13.67+7.35" —
[7E 4 HEg 6.35+1.32° 2.13+£0.92° " 27 AR HEBRTEE 15.13+£1.28° 12.55+0.81°
i 2%
5 4-FRBE TR 4.34+0.23° 3.38+0.58° 28 THER T B 29.99+3 45° 25.47+1.28"
6 R 43.01%3.73° 62.93+5.42° 29 2-HIEET R 4B 2.77+0.85" 0.73£0.27°
7 TR 18.93+1.08" 20.93+1.24* 30 LIRBUKES 3.26+0.21° 0.89+0.11°
g Ol 2.56+0.23" — 31 FIRHES 51.35+1.98° 50.53+1.21°
9 LI 65.92+5.37° 206.88+10.37° 32 2-FEETE 7.78+1.35° 1.02+£0.37°
10 BT 32.71£7.72° — 33 Sk 13.35+3.85" 6.69+1.62°
fis 2% 11 23-T @ 248.75+12.39°  245.67+5.81° 34 O 8.08+2.41° 13.41+3.82°
12 BB 34.16+5.47° 3.10£1.20° 35 3-LMEEE-2-T 0 320.21+12.51°  48.98+2.10°
13 At B 45.85+1.98° 26.54+2.86" 36 L 18.93+4.78" 9.55+2.31°
14 55 fu i 22.90+3.64° 31.35+0.19° e 37 3-FRHE-2-THH 31.52+0.39° 20.17+1.26°
it A 25
15 HEREN — 2.54+1.31° 38 A HEmE 5.94+0.40° 3.67+0.53"
16 LW 1.87+0.28° 11.52+0.37° 39 g 3.2840.52° 4.16+0.28"
17 LR 4T 287.86+13.32° 158.37+6.54° 40  RHE 78.91+6.18° 169.70+8.49*
18 R TMCIEE 11.56+2.13° 6.21+2.49° 41 FIE B 7.03+0.10° 1.78+0.19°
Ji 24 19 AT B 235.64+4.36" 127.58+7.63" 42 FHFIERE 4.74+1.25° 1.51£0.29°
20 RIRR L 78.33+11.26" 45.71+3.26" 43 3 4-THEEEHE 39.18+3.48" 26.04+4.41°
21 LRSI 758.02+21.42°  427.40+15.62° 44 A-L B 5.67+1.37° —
FoAth 2%
22 KRB — 3.12+0.91° 45 2,4-TRUT HOE ) 89.01+7.27° 100.48+5.58"
23 AR 5.89+1.37° 2.06+0.08"
ST RIRANG Y AT AN A B ROR 5% (P<0.05).
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i AT B J-22 R T 1) 22 2 It R G B XU ) Jo A 2K
JUFAHIE o 5 5 A8 B Mk Hiy 6 AT B J-2276 K B 1Y)
FIERE TR LB ROAV B, 57 T R £ 1
AT 57 IR IR 2, 3R BIIX 3 Fh ) 0T A2 22 2 It Ok 1%
PR B STk Y I T 2 AR A A A A
A A, HF AR B Ak A S AT B J-2276 K B
HH 3K 3 R A BT I 5T U R R R TR R R T A TR
J-22 0 R T 71.4%.86.2%77.4%. LA &5 3
P2 WY, o5 AR T bk B A TR J-2276 NIE A T
T R TR R TR Pk
F4 HHFEEPERRKYRE ROAV 4T

Table 4 ROAV analysis of key flavor compounds of malt

vinegar
ROAV

Rk A F A (iﬁg iiiﬁ ;zﬁ
i J-2276 R
J-22
i - X SEON A 1.1 5.85 5.81
LR TR REBE 5 8.08 7.62
5 TR OB RE Wy 0.02 81.17 74.72
LR AT T RE 6 5.52 5.12
5K TR REHGNE 0.11 100.00 100.00
LR S TN T RE 2 53.22 51.43
LK LT BRA 19 1.78 1.67
- TR OB R 0.063 6.17 2.79
5t IR RE 0.4 4.69 4.02
3-LWEHE-2-TH A& NE 40 1.12 0.29
EH BOR A G 1.1 2.42 2.09
R H AL 0.29 2.88 3.05

3 &5

W R £ RS R O RS R
M B B . EE DUR IR R #iy
Fits A1 B J-22 O 1 K B PR L 8 0d ARTP i 48 1 HTS
MG A — 2B % AT B AR R F L 15 2] 1R AT i
AR Gr BN 1% & B 1 G B8 AT 1w J-2276 , K
FRL R T )06 AR AR 53 BOR 7.5% 1 L o gk
ITEFWREE, KIS RGBT 2R &
LB R T AR G R A B J-22 48 0 T 65.0%
BR M A M4 5 1 d. BEAh, 7 248 B bk 30 B A

BE 30182025 F 4 B | ERE5EMBEARFER

M J-2276 K W (¥ 22 2F B BRI A, A L
T o B U P RS R TR R R R UR P R R TR
PR AT AT B J-22 B4R T 45.3%, U B 1Y
OO 52 PR3 T U5 R B PR A AT B 02276
R BEVERE , P2 R T B KK . ROAV
SR, FIRROBE S TRLEE LRSI
fi xiF 22 2F W R e R R 0 4L R ST Ek . 4l
ST, 15 A8 B bR BT IS FT IR J-2276 BRI i di
et , RANH T ZHM KRN, hE
FEERBRR AWM EERET — 2N
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