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Abstract: To compare the antibacterial effects of different wood vinegars on some pathogenic bacteria, and elucidate the
antibacterial chemical components of wood vinegars so as to select wood vinegar sources with excellent antibacterial effect and
apply them in practices, in this study, taking eighteen wood vinegars as materials, organic components in the wood vinegars
were measured by employing Headspace Gas Chromatography—Mass Spectrometry(HS-GC-MS). The contents of total phenol
and total acid, together with the inhibition zone diameters, the minimum inhibitory concentration(MIC), and minimum
bactericidal concentration(MBC) were also determined respectively, and last, correlation analysis between the components in
wood vinegars and inhibition zone diameter was practiced. The results showed that, totally 284 organic components had been
detected in all 18 wood vinegars, with 81 to 137 components being detected in each kind of wood vinegar. Among 18 wood
vinegars, the content of total acids reached the highest level of 19.8% and the lowest 1.23%, while the content of total phenols
reached the highest of 1.577 mg/1. and the lowest 0.198 mg/L., respectively. Wood vinegars derived from pear branch, peach
branch wood, walnut branch, oriental plane branch, apple branch, and coast oak branch showed excellent antibacterial effects
with the values of minimum inhibitory concentration(MIC) against the Escherichia coli, Staphylococcus aureus, and Bacillus
subtilis strains ranging from 3.91 pl./mL to 15.63 pl./mL, and the values of minimum bactericidal concentration(MBC) against
E. coli and S. aureus strains being from 7.81 pL./mL to 15.63 pL./mL. B. subtilis was not completely killed by all wood vinegars

described above. The antibacterial activity of wood vinegar against the E. coli, S. aureus, and B. subtilis was significantly

I %5 B #8 :2024-10-21
HEWE . dbd E AL H (213777113D) 5 3 1L 35 27 B 8 2% 351 H (20254129016)
1B & & A R Z00 A L, E NG Y A W R IR T & R E S, E-mail: 736934141@qq.com

«36-



TREL A« 18 AT 0 F A 1 e 2 400 T 33 P LE 4%

positively correlated with the total organic acids, total phenols, 2-methoxyphenol, and 3-methylphenol contents.

Keywords: wood vinegar; antibacterial activity; HS-GC-MS; organic component; total acid content; total phenol content
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0.5 mL JC B 2 B F/K 3R 5 o BITE R 4156 145 b
BLO.5 mL A BE RO A SR 245 IR 5T J5 P B
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Tab.1 Basic physicochemical properties of 18 wood vinegars

S i, RS /% B 5 /(mg/mL)
Type Colcor pH Total acid content Total phenolcontent
AR ABEW  Coast oak branch wood vinegar AL RSN 2.99 15.16 0.962
Wi B ARBE  Oriental plane branch wood vinegar W) 2.21 19.80 1.149
HEW A ARBS W Peach branch wood vinegar et (1) 2.39 14.85 0.935
WRBOREEW Apple branch wood vinegar W (1) 2.54 14.66 0.917
TR B ABEW Pear branch wood vinegar W) 2.51 14.58 1.106
HBEBOREEW Walnut branch wood vinegar e ) 3.16 14.10 1.061
FEM ARSI Oak branch wood vinegar W@ (l) 2.91 11.09 0.902
BEBEAEE W Cherry branch wood vinegar WL (1) 2.44 12.52 1.577
W% BEARBS Vitis vinifera branch wood vinegar [ EARAQ 2.62 9.98 0.804
MR A AES K Willow branch wood vinegar WL () 2.67 6.76 0.717
WA KB Hawthorn branch wood vinegar WL (1) 2.38 7.95 0.560
R B ARES W Poplar branch wood vinegar Wer e () 2.98 6.00 0.434
JER KRG Chestnut branch wood vinegar e (1) 2.76 6.73 0.315
RAEAE W Ailanthus branch wood vinegar [ EAREAQI ) 2.64 6.67 0.523
SOEFAEAKBER Yellowhorn branch wood vinegar EEAREN QI 3.54 4.64 0.416
RERSEAREE R Yellowhorn shell wood vinegar i B (0 4.28 1.23 0.198
T ABE  Chestnut shell wood vinegar i B (0 3.10 1.60 0.348
WHAEABE W Wormwood branch wood vinegar i B (7 3.76 1.38 0.208

e DI AU AL oy TR 2 T

Note: I, II, III represented the change of wine red color from deep to light.
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Tab.2 The analysis of relative contents of principal chemical components in wood vinegar %
L 2- I3
- . 2=k . LR
2-HE 3-HI 3k - 2=k : R
o R o PRI T B WEEE L
" e D m ogkm o 2owm om B e TN g B g
Aceti- pe Phenol, Phe- 2-pentan— St Y 2-cyclo- . Methyl i Ben- Tolu-
Type . noic Phenol en- clo- acid, - furald-
c acid . 2-me- nol, 3= one penten propio- zene  ene
acid tanone penten— methyl ehyde
thoxy methyl 1-one, 2- nate
1-one ester
methyl
KRR AR 31.8 0.00 3.67 1.99  1.99 0.38 0.71 1.19 1.04 13.51  2.66 1.78 0.00 0.00
Coast oak branch
wood vinegar
e B A T e 7.04  0.00 3.97 1.19  1.27 1.45 1.91 1.44 1.70 2.41  5.51 7.13 1.41 3.82
Oriental plane
branch wood vinegar
MR R A i 4 7.46  0.83 2.78 2.14 141 2.09 2.48 1.06 1.91 279  7.44 6.69 0.00 0.00
Peach branch wood
vinegar
3 LR AR B 27.22  2.52 2.84 1.78 1.92 1.10 1.76 1.43 1.88 11.5 6.31 1.86  0.00 0.00
Apple branch wood
vinegar
R A T e 20.45  0.00 1.53 0.64  0.65 1.67 0.90 0.00 0.67 15.45  5.58 0.13 0.00 0.00
Pear branch wood
vinegar
BB B e 4.69 1.91 3.24 1.74  1.05 1.61 1.97 1.81 1.66 2.22  5.20 5,51 2.71 4.82
Walnut branch
wood vinegar
FER B A B e 3.28 1.06 4.05 1.08 1.06 2.56 2.51 1.00 1.97 2.84 5.79 5.97 1.41 1.00
Oak branch wood
vinegar
PR Bk R A BE 4.88 1.98 3.27 1.49  2.10 1.45 1.85 1.14 1.60 2.10  5.22 6.30 3.25 5.39
Cherry branch wood
vinegar
A TR I 4.86  0.79 3.06 1.44  2.60 2.25 2.31 1.54 2.01 2.21  4.61 3.90 2.22 4.09
Vitis vinifera branch
wood vinegar
IR Al A T 3 4.56  0.00 3.64 3.29  4.76 1.70 2.08 1.32 2.08 3.72 475 6.51 1.00 1.74
Willow branch
wood vinegar
11 5 A A T 9 3.85 1.49 3.76 1.28 1.55 1.61 2.34 1.44 2.03 2.38  5.58 6.44 1.09 3.61
Hawthorn branch
wood vinegar
T A T 208 055 444 1.65 565 174 258 141 221 320 495 585 040 0.94
Poplar branch wood
vinegar
AR A S 16.5 1.21 2.66 1.11 1.09 2.15 1.28 0.00 1.45 9.51 277 11.19 0.00 0.00
Chestnut branch
wood vinegar
B R AR E 3.48 0.48 3.34 2.67  1.89 2.82 2.27 1.24 2.03 272 4.13 5.32 2.53 3.81
Ailanthus branch
wood vinegar
S SR A A S 1.88  0.00 2.91 1.22  0.99 3.01 3.32 1.40 2.89 495  5.30 456 2.22 2.56

Yellowhorn branch
wood vinegar

+4(0-
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Tab.2(Continued) The analysis of relative contents of principal chemical components in wood vinegar %
. 2-HI3E
2- I, . L )
Lo 2-WAE 3-HTHE - o 2RI . R
" zm P mwewm owkwm L comm O BB e TR g BE iy
LB . Propa Cyclop 2-cy Acetic 3=
Aceti— . Phenol, Phe- 2-pentan— 2-cyclo- . Methyl Ben- Tolu-
Type . noic Phenol en- clo- cid, . furald-
c acid . 2-me- nol, 3~ one penten— propio- zene  ene
acid tanone penten— methyl ehyde
thoxy methyl 1-one, 2- nate
1-one ester
ethyl
YRR ARSE 000 000 312 291 179 359 353 096 354 317 273 435 181 0.0
Wormwood branch
wood vinegar
CEREAR® 030 000 315 258 173 408 376 109 315 443 451 000 156 2.12
Yellowhorn shell
wood vinegar
AR 000 000 136 062 115 142 154 000 149 197 255 936 529 571
Chestnut shell wood
vinegar
®3 1BMABRREIEZANASHENEENN
Tab.3 The analysis of relative contents of main organic components in 18 wood vinegars %
GBS M 2 &S LEES LEES =S
Type Acids Phenolics Ketones Esters Aldehydes
RIKE ARG Coast oak branch wood vinegar 14.03 36.55 20.69 19.78 0.29
LA AREE W Oriental plane branch wood vinegar 10.68 9.61 22.63 19.97 1.04
WA AL AR BE . Peach branch wood vinegar 9.61 8.37 29.24 25.88 5.76
SERBUOABEW Apple branch wood vinegar 12.06 27.22 23.55 27.82 0.68
BB AL ATE Pear branch wood vinegar 5.51 22.69 31.20 26.68 2.40
WA BEABS T Vits vinifera branch wood vinegar 11.18 5.59 24.46 17.33 3.66
AL AREE . Walnut branch wood vinegar 8.18 4.69 21.42 17.29 3.57
A ARBE . Cherry branch wood vinegar 10.61 5.04 21.34 21.13 3.30
FERI B ARG Oak branch wood vinegar 12.00 3.50 29.23 20.23 7.12
MR R ABE . Willow branch wood vinegar 15.18 6.47 26.82 15.28 4.33
AR KBS Hawthorn branch wood vinegar 10.51 3.89 26.22 21.63 3.89
M ALABE B Poplar branch wood vinegar 17.90 3.61 31.47 17.46 4.64
TERIBABE W Chestnut branch wood vinegar 9.17 17.24 32.05 12.90 17.51
BAER RS  Ailanthus branch wood vinegar 11.11 4.34 28.60 14.84 3.92
SR ARG Yellowhorn branch wood vinegar 9.35 2.15 36.95 16.07 5.25
R SEAREER  Yellowhorn shell wood vinegar 16.13 0.00 38.66 8.21 9.43
AR Chestnut shell wood vinegar 16.09 0.36 48.30 14.27 2.78
WHALABE B Wormwood branch wood vinegar 4.92 0.00 21.04 9.03 4.49

2.3 KRB R INE RN E

2.3.1 WK/ R AT LR 1, 308
R S SRR I RO R AT T R RCR
T 55, 1 P B AR BN S AR B A
2 5 (P<<0.05) , X 3 Bl A B W 1% 1: 3 (v/v) i B
Jai , HEAS AN BE 0 A K AT T Y A, TG A R L
B HA 15 Tl A S 00 A T ROCR B R

P 5 KRR L 3R B S, AR L L Ll A s A% A
R TEA A R AL | SR SRRk TR Y 6 K i T
BB /N T 20 mm, 5 H A 9 Fh KBS B A B2
225 (P<<0.05) o #F— 5 X 6 Bl i 5 50 2R 5%
RIS N S ST N RN RER
16.59 mm, 5 H 4 5 Fh KBS W 4 B A W31k 2% 5
(P<<0.05).
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Tab.4 the analysis of inhibition zone diameters of 18 wood vinegars mm
e i GBS PN ZLiN 4 VA AT BRTA il B2 AR T
Concentration Type E. coli S. aureus B. subtilis
R PN %N 36.1142.83b 26.98+2.40bc 33.69+2.50a
Original liquid AR A S 37.85+2.26a 29.48+1.45a 34.1742.03a
B AT W 35.9442.45h 26.98+1.18¢ 34.20+3.34a
ARBOART W 32.54+2.66¢ 25.05+2.30d 30.57+2.59b
ES U TN 33.95+1.76cde 28.61+1.96ab 31.73+1.94b
Gk EN G 38.2342.18a 27.534-1.48bc 28.08+2.16¢
R A A I W 37.54+2.29a 27.34+1.89be 31.60+2.09b
FEBE BT W 34.45+2.41cd 24.66+1.76d 28.92+1.75¢
RSN 35.3142.10bc 23.90+1.47de 28.89+2.23¢
MRS B ATl W 32.54+2.66e 22.27+1.54f 21.58+1.76f
LA R A T 33.39+1.78de 22.77+2.05ef 26.2+2.01d
T A A Tl T 29.70+1.26f 23.10+1.27ef 24.57+2.35e
SRS A AR R Y 33.1341.38de 20.36+2.37g 24.264-1.82¢
2RI TN 34.10+2.52cd 19.66+1.57g 24.0471.95¢
SO R A TS 28.47+2.99¢f 20.08=+0.98g 20.91+£1.77f
SO RS A TR 16.82+1.39h 12.14+1.27h 10.23-+0.32h
L Y NiRl 19.85+1.62¢ 12.6141.02h 11.7941.51g
BN TN 20.06+1.36g 12.39+1.13h -
1: 3% B NS N 20.80+1.04c¢ 23.51+1.74a 18.1441.68b
13 dilution liquid —pp gy e it 24.0942.07a 20.3541.48b 20.7041.98a
AR A A il W 22.34-+1.88b 16.2041.11e 18.3041.61b
WRBOART W 21.99+1.39b 15.18+1.591g 15.89-+1.32cd
ES U TN 23.81+2.09a 17.2341.16d 15.89+2.05¢cd
(E) FN 20.81+1.72¢ 18.14+1.35¢ 12.2-1.08ef
T MR A Tl W 20.37+1.86¢ 14.47-+0.60g 15.85+1.58cd
M A ATl 20.9441.36¢ 14.50+1.31g 16.40+2.33¢
RN 22.56+1.82h 16.46+1.15¢ 15.18+1.21d
MRS A A il T 18.69+1.70d 15.02+1.42fg 14.82+2.32d
LA A T 18.0141.46de 15.47+0.87f 12.77+1.57e
oA R A Tl 17.14+1.58ef 12.3540.77hi 11.4240.79g
S A A I VR 18.74+2.27d 11.7840.74hi 11.5641.41¢g
SRR B 17.17+1.31ef 11.6940.74i 11.394-1.66¢
St B T R 16.59+0.87¢ 12.5141.46h 9.42+0.69h
SO AT AR - - -
SEE AR - - -
SURER A - - -

TE RN TN I o AR/ B 7R ] — R BE T A [7] 4k B ) 22 53 4 25 (P<<0.05) 6
Note: — indicated no appearance of the inhibition zone diameter. Different lowercase letters indicated significant differences among different

treatments at the same concentration(P<<0.05).

SO R ST AR B AE R B SRR B 3K 3 iR I R R AR O RE I A B BT (0 A A BR T AR
X 4 B0 R A BR G0 B AR T s, MR R B AR K TEE AR B W BT R . AR 15 FhOR
BENTHAAARR(P<0.05) . & 1:3MBEE, W2 1:3WBEJE , AR 8 BOA B W0 i R B AE i
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AR B RK Z o B AL SRR R RAE A
SIS S A A Tl P B R AR N T A A TR
(P<<0.05).

B AR T VR A AN B D o A R 2 AT B A
Ko LB Vb b %A 105 Bl eh B SRR e RN O 3%
Rt Y00 R P LA /N T A AR T W (P<<0.05)
L 1 3 B v afE A7 90 o B 580 )5, 72 LB P-4l
OSSR R L A 15 AOR S LA 1 3HE R
Ji 2 A R A ARG A A T AT TR A R A T A R
GEE TSN SIS Y s N R N
/N T A AR EE R (P<<0.05) o
2.3.2 Fe /N A TR SR BOR S5 /N IR AR B 43 800y
Bro P0ER R 25 R R, SO R e R %
UNERGE R X o i e R R S N R (1
YEF, R, A0 80 4 15 Rl oK Bt 8 F 15 MIC Al
MBC B 5 o F 2 5 ) 1, AR B8 R 2 4 B Bk
WA SRR B A A B AR BR R R
REASE A T Y86 K AT B 1) MIC 2Ry 7.81 pl/mlL, fij
HAREEW MIC W 15.63 pl./mL. AR B4 1

i A2 A I Y X R B A T A BV F R, B/ MBC
9 7.81 pl/mL. 1M SC ek A A A WA A B 59
HMBC 4 62.50 pL./mL. ks FER AL 5L AL
AT W A HAE 855, MBC i 31.25 pl./mL, Hi4y
AREER I MBC 4 15.63 pl./mL.

X 4 B 60,58 A BR A I L AR RR BRI VR Y
MIC 25 7.81 pL/mL, 30 B AF I S5k o T A7 AR A L 5
RIS IS S N R E LN T
MIC ¥ 31.25 pl./mL . A JBR 8 A A i WX 4 35 62
7 2 BR A A B VE B 5iR , MBC o8 7.81 pl./mlL.
7T 5 A AR T VR S5 SR B I YA %o 4 € A
BRI MBC g 31.25 pL/mL, 2 B AE 055

AR S YRR A TR S AR T YO X s L 2 AT
PRI PR RECR 5 4, L MIC 435914 3.91.7.81 pl./mlL,
[IE X TN T BT YN N DO iV
R R A e 25, HEMIC #°8 31.25 pl./mL, 157
AT 35 AN BB A 6 A B 2 JRAT B . L PR T e
Hili 55 2 FUAT TR A N AR 2RI, R S WOME LB AR X,
PH I, N B 56 4 R BTG B 28 0 AT B

K5 ARARKEN IHHAENRNNEERSEMBRNRAGRIESN

Tab.5 The analysis of minimum inhibitory concentration(MIC) and minimum bactericidal

concentration(MBC) of different wood vinegars pl./mL
Sk PN LN & O A BR A M B 2F AT T
Ty;:e Escherichia coli Staphylococcus aureus Bacillus subtilis
MIC MBC MIC MBC MIC MBC
AR E R AT Coast oak branch wood vinegar 7.81 7.81 7.81 7.81 7.81
EMALAREE W Oriental plane branch wood vinegar 7.81 7.81 15.63 15.63 3.91
e B A BE . Peach branch wood vinegar 7.81 15.63 15.63 15.63 7.81
SERFKESW Apple branch wood vinegar 7.81 15.63 15.63 15.63 15.63
TR A A Pear branch wood vinegar 7.81 15.63 15.63 15.63 15.63
WA BEABS  Vitis vinifera branch wood vinegar 7.81 15.63 15.63 31.25 15.63
BB BB Walnut branch wood vinegar 7.81 15.63 15.63 15.63 15.63
PEBER AR B Cherry branch wood vinegar 7.81 15.63 15.63 31.25 15.63
Wil Al Oak branch wood vinegar 7.81 15.63 15.63 31.25 15.63
It B A BE# Willow branch wood vinegar 15.63 15.63 15.63 31.25 15.63
IR AEE . Hawthorn branch wood vinegar 15.63 15.63 15.63 31.25 15.63
R F AT Poplar branch wood vinegar 15.63 31.25 31.25 31.25 31.25
TR AL AES S Chestnut branch wood vinegar 15.63 31.25 31.25 31.25 31.25
B AR Ailanthus branch wood vinegar 15.63 31.25 31.25 62.50 31.25
CE R ARES B Yellowhorn branch wood vinegar 15.63 62.50 31.25 62.50 31.25

2.4 Pearson 8 X H

TR 18 A JFU A0 R B TR, 2- R
FEOR By, 2- H LR Wy, 3 ORIy A i S0 1 B
RHEAT T Pearson M OCPE S AT, 45 R Nk 6 iR, K

B VR AY 3 20 TR T LA S R R R i
2-FV AR BE R Ty | 3— R I 1 S M B 35 IE A OG OC &R
(P<<0.01) 5 A i 10 4% B & Bk 15 0K i A 180 R0 4 46 K
PRI R P LA 4 5 1 2 IE AR DG OC AR (P<C0.05) ¢
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Tab.6 Pearson correlation analysis between the contents of organic components and inhibition zone diameters

HHLRA R Mg T AU T AR

Organic components

The diameter of the inhibition

zone of E. coli

A B g BR TR T 1 AR
The diameter of the inhibition
zone of S. aureus

i R 2 AT A T 1 AR
The diameter of the inhibition
zone of B. subtilis

B2 Total acids 0.817""
B Total phenolics, 0.715™
KB Phenol 0.522"
2-H 4S8 Phenol, 2-methoxy— 0.7017"
2-HZEHE W Phenol, 2-methyl- 0.230

3-HILH B Phenol, 3-methyl- 0.637"

0.9157 0.936"
0.798™ 0.763"
0.553" 0.403
0.740" 0.707"
0.343 0.321
0.635™ 0.622™"

TR R A G (P<C0.01) , #3875 b 254 ¢ (P<C0.05) .

Note: ** indicated extremely significant correlation(P<C0.01), and * indicated significant correlation(P<C0.05).

3 b5tk

AT TE A B, 18 B A il 0 22 18] 4 A7 BIL S 73 ol
e AR A 22 O, o SRR B B AL R
JBR B A5 A5 A T R ) TR I AR X A T AR SRR
T Y0 E) R TR 5 B e o AR N AN TR T R B 5 B0 A
Yy i P T 25 S BB, T BOH D RE (I i L9t
SAACEE) 22 S BR o AN [R) AR IR 9 30 % P i 1o T
AN A= W P BT 5 . R RLE R 7 i 5 pH
HANSE MG, e WI BRI IR 25 TR 2K ) I o, HoAt )
BN B F RS 5 1TOREE pH ERYJE 35

FURT, B A B 22 AN [a) Bl & AR T I 10 1 36 1 Y
PRI o i 10 B A P L T AL R AR TS VR s 0k
FeRL A VR L2 B SR AR A T L A6 RO R A T
TR A B0 A R T URE B L 2T TR R AT
B MIC, e B LA A I 9800 3 28 240 1 1) 40 1
BORAT I 28 5 0 BOR B AEE T I MEAR ST,
Z NN RN R O TS RN ER N R PPN
Jn KTV, <G B (0 0 2 BR R, G R ZE AT T 3 it
AT A MIC, 45 R 2 W], 4 Ff R I 0% 3 A it 3L 20
[CREEER NN R Y o N N U R N
ROR AR o BT X AR B IRTR W) I | 3 2 Wy ot 5 410
PR PE YOG R AR TR T IE . X2 T AR
S B, A TG VR g A R ) T B A i 24 TR PR AR Y
Z P SO T 2 B R A A L OF BB 2k Al
YT M R TR A Y. sk e S
W £ 1 A T figp PR L RE TR B9 L AR BEOR T IRORE L OF
B T 5 A 10 ol 32 220 73 oo e B 5 A 7 9
BEAT T A GRS BT, R B E M S 2R TR
TR IR A AR 2, 6- — Y 40 B 8 1 45 A AL
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Mo B R AR G . AR WSS K 98 SF U T 2
SR, 18Tl A W6F 3 Al B A 400 T B AR 5K
BV AR R i 2- Y SRR Ry | 3 R
FEHEEREEME, RPMENB RKELEY S
AR WA B T R AN OC . O T WE A SRR
Hh R — Wy & ) Joi R DS Wy oA A I A B R
e A 4 P R L 2 B A bR R FE ) 2 R
VR ZH A B 0 RS R T R X R B R
By LR LA K K S B T R B, R B
T R Bl B AR /DN TR . % e g 45T
W5 S B, A Tl R TR 288 i I 400 v A0SR W] R AR T
PN RPN 2 N N e € ) T I N U
0TV BE T BE 2 Fh 2 TR 2 LA RCH A o3 B
) A 4528

AT KB, W RAL B E | SOE R e R B
XF R FF TR <6 B (0 4 BR R A R 2 AT R
AR B 22, B B AR R ik £ T MR RE ), R
PRI AT BE S0 3 A T Y1 5 IR 7 o AR, T EL A 4
FER I HS-GC-MS J5 1 AR A I B3 3 ol AT i o
AR I, IX 3RO TS H R AR 7 S
HE I o AR 15 Bl ORI R, A IR B Lk AR A
PR A 32 SRR B A I 8O0 R AT R L
0 F8] 76 BKBR LA 2 AT R Y R RO R i
MICfHEAR . X Al 51X 6 FlOR S R B 2 41
ORI S BB A . BB SRR R AR
A S SR A A T T804 T 28R A X A 5, MIC
w L, HOR AR BB AR T —F 2 |, Wik, 7
A L A3 8 A T RIS IO A B o A T 9 A
PR 96 557, AT AN R4 000 TR, AT 38 81 258 A ) 49
ROR . AWFFE T $ 4 i MIC A MBC % {8 ] it A=
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SRR BB BRSO R RS SR
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