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Regulation of Flavor Compounds in Kiwifruit-apple Compound Fruit Wine by

Hanseniaspora uvarum during Low-temperature Fermentation

TIAN Yuan, WU Lin, ZHOU Xinrou, LIU Hong, XU Qinglian, XING Yage*, LI He
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Abstract: To explore the effects of different inoculation methods on the flavor compounds of kiwifruit-apple compound fruit
wine fermented at low temperature, solid phase microextraction-gas chromatography-mass spectrometry (SPME-GC-MS) was
used to analyze the mixed fruit wine fermented by Angel yeast SY and Hanseniaspora uvarum CICC 193162 with five different
inoculation methods (single inoculation, simultaneous mixed inoculation, and sequential mixed inoculation). A total of 74 aroma
components were detected, comprising 15 alcohols, 35 esters, 6 acids, 10 terpenes and phenols, and 8 ketones and aldehydes.
The acid and alcohol contents were lowest in wine inoculated with H. uvarum, followed by wine inoculated with Angel yeast SY
(JGHUSY4). The types and contents of esters in fruit wine fermented by mixed inoculation were higher than those by Angel yeast SY
alone. The JGHUSY4 wine has the highest ester content, as well as the types, quantity, and mass concentration (45.986 mg-mL™") of volatile
flavor compounds were also highest. Eight types of organic acids were detected using high-performance liquid chromatography in
the five types of fruit wines produced by different fermentation methods. The results showed that the acetic acid content decreased,

whereas lactic acid and quinic acid contents increased during mixed fermentation, indicating that mixed fermentation had a positive

WS EE: 2025-04-29 ; 1EEIHHEA: 2025-11-10 ; $EZHHR: 2025-11-19

ESWMB: EIIERZENFHONLINGITRITE (S202110650048) ; P EREAREWINE (2024ZHCG008D) : PU)I| ARHRBIFE T L2
(2019103)

fEERENY: BE (2002-), &, MEHARE, ARAE: RERIEFHSMIL, E-mail: tianyuan828828@163.com

BIEE: MIEE (1980-), 5B, L, FF, MRAE: REBEFHSMI, E-mail: xingyagel @163.com

299




MR @i

Modern Food Science and Technology

2026, Vol.42, No.10

effect on fruit wine, and the quality of JGHUSY4 wine was the best. Therefore, the fruit wine obtained by mixed fermentation was

superior to that obtained by inoculation with Angel yeast SY or H. uvarum CICC 193162 alone, with the best results achieved when

H. uvarum CICC 193162 was inoculated 72 h before Angel yeast SY. This study provides a theoretical foundation for optimizing the

low-temperature fermentation process and regulating the flavor of kiwifruit-apple compound wine.

Key words: kiwifruit-apple compound fruit wine; low-temperature fermentation; Hanseniaspora uvarum; mixed fermentation;

flavor compounds
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Fig.1 Process flow of fruit wine fermentation
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with yeast addition

212 A FadAt it e 49 7 2

& H. uvarum CICC 193162 & i 2 A I ] [ 38
1, R T B, B S s & 2 BTt . 7RI R
H. uvarum CICC 193162 5 FAR IS N MEAH AR KR 2% .
1) o 22 A PR 1) H. wvarum CICC 193162 1EH, K [H]
B U BRI B AR E IR, RO e LR B SY kg, B
IREHRS BE, s D&, SR EWREEHR -8 &
M5 VC &8k, H. uvarum CICC 193162 #
BT 72 h 3N B . SEi, R ECE PR e
FUREE R, RRIER AR . FL, AR S &R 5 &,
H. uvarum CICC 193162 $Z 1l 72 h #E A\ N i {8 2%
P, BEBE R B T XU, S IR R A7 K AR SR .

% 3 AEEFEAT E R R IR AR HUE
Table 3 Values of physicochemical indicators for different

intervals of inoculation
8] g A% B 18] /h
24 48 72 96

EALIEAT

BB/(gL")  7.73+0.08" 7.60 £0.15" 7.31 0.30° 7.26 +0.22°
BB /(mgmL") 4.99+0.27° 5.15+0.34° 5.28 £0.27* 5.07 £ 0.40™

Ve/(gL)  1.30£0.13° 1.39+0.05" 1.48 £0.25" 140 %035
ERAEN(g L") 631%0.16" 6.64+0.08" 6.92 +0.51* 6.99 + 0.40°
EAEE/(Y%vol) 8.2 +0.4°

REIRS 5 86.6+£2.0 88.1+0.5° 91.5+1.5° 874+1.0%

71£0.1° 67%0.1° 64%0.3°

22 FREMFRTFEEREEW

P BE e I 3 78 1R e G AR K ) B S B A
B, RIS I R et S BN
Rl 7 TS 56 F e BRI B S AR ] 2,
ANEERM TR FBENERKEA L BEETHEER.
SFhiEM TR BE & RN RBEY, H uarum
CICC 193162 Fl %2 BL e RF SY ¥ At 3 NAK iR A& B 24 55
IR A K ok R R, B 3a. 3b, KRB
8 K H. uvarum CICC 193162 i 41 il %5 #5 & ik 5 5 K
(2x10° CFU/mML), KB 6 K 2 BLEERE SY 3 41 i
BEEIEF A (1X10° CFU/mL), 7EKIR & B 41
N, H. uvarum CICC 193162 fx KiG 40 s KT 2231
1 5E SY, 8 H uvarum CICC 193162 B A% IE M
P BARIE A AT H uvarum CICC 193162 HIVE1E, X
55 Albertin "B 70 AR — 5. Bl B 35 75 34 B 4R K
BoE o g JUR R FEFR B S 71, BEE KT,
% I 326 T o T2 6 P (085 % B e A R RG , H T
H R 5 R IR 0 P Y R A P B BEIR T R AE TS, &
KRR, X5 Chua I 4 R —5. HEHT
2 B BE X} R E RS B A — s M 2 P, BRI
RIEE RN, R SY 36 B &= KT H uvarum
CICC 193162. & 4ci Py % BF [F) I 42 N, H. uvarum
CICC 193162 1£ K BEMI S 6 KiE F3E 4 f B8 & i ok
fH (3x10" CFU/mL), B 5 4am/b, HT H uvarum
CICC 193162 3Rt SY [FifEN, ZHERE SY &
(A1 S =2 8 B/ 2 A R e R T N S =
WRORZS, S8 H wvarum CICC 193162 61538 N K 1
EE, B0 H warum CICC 193162 4 K2 H. %
LR RF SY th7E 55 6 K ik Bl KfH (9x10" CFU/mL),
IRPER Y fr— BB [R], BEJG LRSS 12 RECE B P
K] 4d H. uvarum CICC 193162 $2/T 72h #: N, TERKI#E 6
Rk KA (4x10° CFUML), 78 KB 8 RITh I
%, BT H wuvarum CICC 193162 [HERTEEN, —

303




MR @i

Modern Food Science and Technology

2026, Vol.42, No.10

TR LIHAE T RIFFEN I E =R, SRR SY
M AR Z 2] T, AR R IEEE 8 KIS AUk B &
KAE (6x10" CFU/ML). [ 4e 2 ILFEEHRAT 72 h 2,
TERBES 8 RN A EUA R NME (1x10° CFU/ML),
T 2B R SR AT BN, FRA T — e IR, SR
H. uvarum CICC 193162 AL KN 55 Z R, Bl KB M)
BEAT, H. uvarum CICC 193162 K5 113555, fE45 8
40 3 B HOA Bl B KAE (1107 CFU/mL), Bt & 78
B0 R 2w b, 458K, H uvarum CICC
193162 Fl 22 B BE SY 35 58 1E K I A SIG IR & I 2% A1
NEEAREN M, AR ECR R EES) ST, JE B
EEREECE D, AR B, R DR AT RE 2 PR R
REXE T T 0 N 8 R 0 0 1) 55 5, HL B A5 R I 1) JdF
1T R e T 8 TR A J2 BT V08 N R I A 5% BT 5
. RE KBRS, R AR, SR
F H. uvarum CICC 193162 J& £ Fh 22 3 % B SY #57J
PLik H. uvarum CICC 193162 £ K I3 0] & 1% — & K
VER, {H4cffh e SHEE L SY e H. uvarum CICC
193162, NIA] fE 58 H. uvarum CICC 193162 1 K Fiz
WA R AN — B R b

a 10r
g ol —e— H. uvarum
=)
S st —4—5
% 7t \\1\'\‘\
% 6 5—3
i
Hoos L
ﬁ 4 1 1 1 1 1 1 1 1 1 1 1 1
0 2 4 6 8 10 12 14 16 18 20 22 2
KRR / d
10
,13 —— ZHEERESY
E oof
5l —
& il \i\f
= 7/ ~s
2 T
g 6
i
@ 4 1 1 1 1 1 1 1 1

0 2 4 6 81|O 12 1I4 16 18 20
K BES ] / d
3 BnEMEBENERHEHTEL
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DDHU1 ¥ o th F H 8 T H. uvarum CICC 193162,
A TP P B R A R B ) A, T e T R TR T R
T RE 2 N A e SE UK B . TR itk DDHU LI 1) 45 15
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TR R BRI b, & 0TI 1w T B b 22 B B
SY KB, Hoh JIGHUSY4 5 78 A RN vk T 4 b
BEETHME SR, RN EE H. uvarum CICC
193162 HIHRTH NG 78 70 A 4% 1 B 5 1 FEDRG In 2R
WA TR e, RIS — 2 R B 0 0 SR i 5T (1 32
THE BB AEF . TSHUSY3 A1 JGSYHUS i %
HERE SY 5 H. uvarum CICC 193162 [F]I 55 4 K B G
WIS R, 530 H. uvarum CICC 193162 [I1E F
RAERZ BRG], BISEATEN H. uvarum CICC 193162
JEAEN B R 7 UK AR (JGHUSY4) %
IR E VR B .
x4 FERMEARBEREITEMER
Table 4 Sensory evaluation results of different varieties of

compound fruit wines

Hiwhs  EF A sk AR ¥

DDHUI 154+0.6° 25.4+1.8°30.5%0.7° 8.0£0.9" 79.3 23"
DDSY2 16.5+0.9" 26.0 % 1.6° 332+13% 85+07" 84.2+0.9°
TSHUSY3 16.6 = 1.0° 27.7+0.9" 34.7+1.0" 9.0 £0.7* 880+ 1.1"
JGHUSY4 16.8+0.8" 28.6£0.4* 37.3+1.5° 9.0+ 0.3" 91.7+1.3"
JGSYHUS5 16.5+ 1.4 27.5+1.2° 34.1 25" 85+0.5° 86.6+ 1.0°

2.4 H. uvarum CICC 1931623 i Ak 2 5 4
F 8 Rk 4 8 v

VR R I RN T R R B, AT DL — e
FE b 380 R R A SOy, AR P B 5 AR R 1 B
Fe b7 AR, D0 Ak R BEAE AR AN, AT AAS
A 1 07 S0 s R A SE e RN AN A Ry
3R TR A Ak 3 SR A SR T ) XU 42 A 0 5 SR
#5, %4 it SPME-GC-MS 4 #f, DDHUl. DDSY2.
TSHUSY3. JGHUSY4. JGSYHU5, 5 fft & 8 4> %l
K 59 Bl 55 Bh. 74 Fho 74 B 74 BORCR 4 .
DDHUI1. DDSY2 i H & 5 & ¥ FE 4 51 v 23.8724
38.269 mg-mL" 5 2 A R P B R A R TRV R o
TSHUSY3. JGHUSY4. JGSYHUS5 —Ff L7 BR Hi X
BRI AR R, B A EAA RS, =M AR
SN 41.875. 45.986. 41.363 mg'mL . AHELT
F—4EM H. uvarum CICC 193162 K M 223 RE SY
RV, RN BRI A R BB T SR XU T )
P R RIS
241 AR F XBBENFERLASRBERNA
Y7

5 P A [R5 e 7 3 T 1D SR A H 14 P 2
&, b DDSY2 1 BE IS TR 7 i i e ok
3241 mg'mL"'. DDHUI ks H & &/ 1.247 mgmlL ',

i+ H wuvarum CICC 193162 J& T AR FRIE BY £F, [l
R BEAT, H uvarum CICC 193162 AN Fi & N 4
MR BER S, JFURIEHET R AT, TRIEA RN K %
T PN PR 3% 20 A N RS, TR G L SR o B R IR
H. uvarum CICC 193162 5 % #LE% £&F SY [F] i & B2,
H TR ER T, &4 1 H uvarum CICC 193162
5z e RE SY 2 RIse g R R, HSBUKRERE 281
FERE SY ) — LM BUE FRYIRAS 2, RIULRER ) & &t
LR R SY KRR, JGHUSY4 il —
L RIS A PRI, BT H wvarum CICC 193162
(1 FHHG 308 53 mn R A N B 2R I, B H. uvarum
CICC 193162 HIHR AT — € FEE 2 THFETE N K E 7Y
i, Rk JGHUSY4 1 R 2 B
242 RRVEA 7 XM FER TS RIBE RS
i

R EEE RIS, AR K
LRI S8 % 7 . DDHU1L. DDSY2 it 43 B e 31 Fh.
24 Fh fig 25 ¥ . TSHUSY3. JGHUSY4. JGSYHUS5
Ko R R AP 2R3 9 35 Fh, HE B EAME, Hrh
JGHUSY4 ¥ & BN 40.598 mg L', AIRER T
H. uvarum CICC 193162 5z B2 &L B Fh /7 A [,
S B PP IR BR8] AH EAE AN A, DR SR AL S
Ly EAR N R

CIRTE S s AN B A AR AT, 24
JERR P B RERE AN R h, 2B R S Bk A
T BRI A "™ . ANFEER T RN B uvarum
CICC 193162 VH B & P xk SR v 2 B 1 A8 B 52 M) 2]
ANAETE, oA JGHUSY4 W i 2018 16 i 2 WK S &
10.708 mg'mL ', ZERSFEES. AR OB 4R 4B
LRI LT 1 e 1w T e i 22 LR B SY 1%
Fl SR, VR T R T LR T A A R k1R
BRI H uvarum CICC 193162 J5 2 N\ % I % £F
SY R 7 2R It 1 T R A

ZIETR T DO B A ok BAR K SR A AR, &
AT B AN S4B A 406 7 A 2 T R 5 F g R AL 1)
SN, s Rl R R R . CRR R, 2R LT
Ve R, AR T IR R E. BEF. &
SERE, ARBERBENESE RS 2™,
AEERVE % £F H. uvarum CICC 193162 78 K& B it f8 o nf
DAF= AR 0 2 (TG 2R AH O Bl , K I 28 9 i o IR G
BB AR AN BRI o TR T TR B R T 1 SR
LHETR S B T i 2 SRR SY KB, H
H. uvarum CICC 193162 #RTHN, T T HAFIH IS H],
BT A R 2 R R R P
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& 5 TREMAXBBMERE S RERNKY FTSPME-GC-MSEELER
Table 5 Results of SPME-GC-MS identification of flavor substances of kiwi-apple complex fruit wine by different inoculation methods

R A 7 XARIEME R A I8 RA M R A F [(mg L)

R5 Rk iy CAS 5

DDHU1 DDSY2 TSHUSY3 JGHUSY4 JGSYHUS5

1 OB 111-27-3 0.063£0.010° 0.254+0.018"  0.127£0.036"  0.096£0.011°  0.241 +0.040°

2 5N EE 123-51-3 0.633£0.076° 1.268£0.086°  0.831£0.041" 0.768 £0.017°  1.036 +0.057"

3 EFEE 111-87-5 0.046 = 0.009c  0.116 = 0.088"  0.087%0.010b  0.099 £0.017°  0.142 +0.027°

4 KB 60-12-8 0.488 £0.015°  0.830 £0.054°  0.625%0.028"  0.583£0.016"  0.802 +0.074"

5 iy 3 111-70-6 ND ND 0.029 £0.003°  0.011 £0.001°  0.056 + 0.008"

6 FTE 78-83-1 0.009 % 0° 0.028 = 0.008"  0.022 +0.001* 0.017 0" 0.020 % 0.001°

7 N, ¥ 71-41-0 0.001 % 0° 0.009 = 0.003" 0.005 + 0™ 0.004 £0.001°  0.008 +0.002°
EE KB 100-51-6 0.002 £ 0" 0.006 = 0.001° 0.010 % 0" 0.009 = 0.002" 0.009 = 0"

9 3-F 3 111-87-5 ND ND 0.027 £0.004"  0.030 £0.001°  0.038 % 0.003"

10 3-FRAREE 505-10-2 0.0140.002°  0.645+0.082° 0371 £0.032"  0.368 £0.026"  0.632 +0.029"

11 3-F -1 R B 589-35-5 0.001 =0 ND 0.008 = 0.001"  0.006 £0.001°  0.003 + 0ab"

12 2-TH OB 104-76-7 ND ND 0.010 = 0.002" 0.002 = 0" 0.006 0
13 2- A -1- B 10042-59-8 ND ND 0.008 +0.001* 0.006 = 0° 0.001 +0°

14 BRX-3-Th-1-B¢ 928-97-2 ND 0.085%0.020"  0.048 £0.004°  0.042%0.007°  0.059 +0.009"

1 (S S ¥ 505-10-2 1.614+0.071°  2.982+0.184° 3.121£0.253" 3.376+0.327° 3.096 +0.152"

2 LB OB 142-92-7 0.657 £0.040°  0.745+0.016™ 1209 %0.054° 1.697£0.019" 1.177 +0.086°

3 [ 141-78-6 0.933+0.059°  1.013+0.032° 1.151+0.085° 1264 +0.089" 1.037 +0.049"

4 CEK LB 103-45-7 3.237+0.181%  3.149£0271° 3.624+0.108" 43710247 3.375+0.114°

5 B LB 123-66-0 1.213£0.032°  4.406£0.390" 4.956+0.392" 5478+0.569" 4.831+0.295

6 SRR L Bs 106-30-9 0.004 £ 0" ND 0.014 £0.003"  0.019+0.001°  0.008 = 0.002°

7 T B L85 105-54-4 1.008 £ 0.045°  0.476 £0.083°  1.382+0.068"  1.564%0.129"  1.022 +0.073"

8 P AR BR LB 106-33-2 0.165£0.029  0.096 =0.006° 0.387 £0.063”  0.493 +0.012"  0.206 +0.018"

9 F R LB 106-32-1 6.661 £0.398° 8316+0.776" 9.372+0.939" 10.624%0.801° 8.883 +0.447°

10 RBR g 110-38-3 2.837+0.131°  5.196+0.557° 5.734+0.654"  6.062%0.535" 5.350%0.715"

11 TR LB 123-29-5 0.019£0.005°  0.018 £0.004° 0.032+0.012"  0.047 £0.004"  0.023 +0.003"
12 R L B% 111-62-6 0.012 £ 0.002° ND 0.090 £0.015"  0.014 +0.002° 0.007 =0

g 13 T 5k BR LB 544-35-4 0.017 £0.001° ND 0.039£0.007"  0.048 £0.012°  0.022 % 0.005"

X 14 Rt B LB 6114-18-7 0.011 £0.001° ND 0.037 £0.004°  0.048 £0.011°  0.020 = 0.001°

15 FH B LB 93-89-0 0.096 £0.058°  0.131£0.022°  0.158£0.012°  0.203 £0.043"  0.147 +0.020°

16 T 8= B 123-25-1 0.022 % 0.004° ND 0.086 = 0.009"  0.092 £0.007°  0.063 = 0.006"

17 + w9 B LB 124-06-1 0.033 = 0.002° ND 0.025+0.001°  0.037 £0.004"  0.012+0.001°

18 K LB LB 101-97-3 0.067£0.010°  0.053+0.013°  0.125+0.021"°  0.157+0.018"  0.863 +0.098"
19 A B LB 105-37-3 0.004 + 0" ND 0.008 £0.002"  0.014 = 0.001° 0.003 £ 0"

20 AZARBL LB 628-97-7 0.084%0.011°  0.080£0.004°  0.093£0.017°  0.114%0.013"  0.085 £ 0.004"

21 2-FATECE 7452-79-1 0.084 £0.012°  0.074%0.018"  0.094£0.007°  0.099 +0.014"  0.081 £0.010"

22 9- R MR LB 67233-91-4  0.252+0.048"  0.127+0.031°  0.221+0.051°  0.356 £0.064"  0.142 +0.013¢

23 TES T B8 105-79-3 0.008 £0.001°  0.015+0.003  0.021 £0.005"  0.029 £0.007"  0.020 +0.002"

24 TS R BE 2198-61-0 0.224+0041°  0.037£0.014°  0.259+0.023  0.309£0.019"  0.168 +0.017°

25 T B F A5 623-42-7 1.717£0.497°  2.746 £0.492"  3.015+0.654°  3.092+0.952"  2.982 %0.209"
26 FEAF TS 5461-06-3 0.001 0" ND 0.018 £0.004"  0.021 +0.003" 0.004 £ 0°
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3 - CAS B 4EAT 7 XBRBARIE R A 208 Kok i s 545 /(mg-L™)
-5 A% i -5
DDHU1 DDSY2 TSHUSY3 JGHUSY4 JGSYHU5
27 F B S RS 2035-99-6 0.039£0.004°  0.044£0.013™  0.053 £0.008"  0.058 £0.007°  0.050 £0.015°
28 F B R A 63321-70-0 0.024 £ 0.001° ND 0.031£0.003°  0.055+0.016°  0.049 % 0.004"
29 Sl 110-42-9 0.011£0.002°  0.014+0.002°  0.029 £0.006°  0.031%0.004* 0.017£0.001°
30 FE T B 111-12-6 0.065%0.007°  0.097+0.011°  0.134£0.011°  0.129£0.031* 0.108 = 0.028™
g 3l AzAREL T AS 112-39-0 ND 0.287£0.054* 0.176 £0.036™  0.152£0.042° 0.242%0.017"
% . 2
K32 AR TR —FTES 84-69-5 ND 0.018 £0.006" 0.012%0.001™ 0.007 £ 0" 0.023 £ 0.005"
33 R B F B 93-58-3 ND 0.629 £ 0.099"°  0.542+0.026° 0.483 £0.071°  0.607 % 0.038"
34 KRBT B 30673-38-2 ND ND 0.003£0° 0.010 £ 0° 0.001 £ 0°
35 TBR ¥ Bg 106-70-7 0.022 £ 0.001° ND 0.027£0.04°  0.021%0.002*  0.016 = 0.003"
36 W L T Bg 629-33-4 0.034 £0.008"  0.012+0.003°  0.017£0.001"  0.024 £0.006®  0.015 +0.003"
1 LB 75-07-0 0.002 £0° 0.002 £0° 0.008 £0.001*  0.010 +0.002° 0.003 £0°
2 F B 590-86-3 0.003 £0° 0.001 +0° 0.006 = 0.001*  0.007 +0.002°  0.003 +0.001"
3 NS 124-19-6 0.037£0.007"  0.020 £0.004°  0.042%0.007*°  0.043+0.012° 0.032+0.012"
B 4 2- B M B 18829-55-5 ND 0.033£0.013*  0.034+0.007° 0.021 £0.002°  0.012 £ 0.001°
|
£ 5 A B 112-54-9 0.027£0.002°  0.045+0.020° 0.038 £0.006™  0.047 £0.006"  0.045£0.012°
6 FF B 100-52-7 0.059£0.012®°  0.051 £0.026° 0.071£0.015*° 0.073+0.019°  0.070 +0.024"
7 2-3F R 111-13-7 — 0.032£0.012*  0.017+0.002° 0.010 £0.001°  0.033%0.012°
8 S- KB R 23726-93-4 0.003 £ 0° 0.001 = 0° 0.008 £0.001*  0.012 % 0.002" 0.004 = 0°
1 2-FATE 116-53-0 0.083£0.017° 0.204+0.032°  0.142£0.021°  0.137£0.023° 0.187 £0.034™
2 TER 142-62-1 0.170 £0.005°  0.326 £0.067°  0.164 £0.013°  0.156 £ 0.038"  0.295 £ 0.068"
.3 FEL 124-07-2 ND 1.742 £0.285°  1.034+0.089"  1.062 £0.054°  1.057 +0.083"
B
x g R 334-48-5 ND 1.039£0.127*°  0.804+0.091°  0.773 £0.056°  0.970 +0.062"
5 4 64-19-7 0.008 £0.001°  0.021 +0.009° 0.005 + 0™ 0.002 £ 0° 0.010 £ 0.001°
6 9-RHHER 14436-32-9 ND 0.022£0.006 0.018£0.002®  0.015+0.002°  0.020 = 0.006"
1 FTAEB 97-54-1 ND 0.010£0.004°  0.014£0.004"  0.023£0.008" 0.017 £ 0.004™
2 2.4-ZdTHAKE 96-76-4 0.013£0° 0.041 £0.015  0.048 £0.015°  0.069 £0.015"  0.039 + 0.003°
3 M HEARGKRE  7786-61-0 0.183£0.022° 0.314+0.059° 0.424£0.061° 0.430%0.047° 0.383 £0.084"
4 Azt i B2 470-82-6 0.036 £0.002°  0.040£0.012°  0.065+0.016° 0.069%0.021*  0.052%0.018"
W e s
f 5 4- 7% W B 562-74-3 0.039 £0.010™ ND 0.045%0.007°  0.049+0.012°  0.031 £0.004°
;‘E 6 RFEH 629-20-9 ND 0.235+0.004" 0.182%0.029" 0.104 £0.018°  0.137 £0.023"
7 DL-% %82 15356-70-4 0.022 £0.006°  0.025+0.004"  0.044£0.009°  0.053£0.008" 0.031+0.012
8 a-E RN 502-61-4 0.072£0.013*  0.063%0.010®  0.066 £0.010° 0.071£0.007*  0.055%0.016°
9 4- 7% LB 20126-76-5 0.029  0.003° ND 0.086 = 0.004*  0.101 £0.015°  0.061 +0.002"
10 a- AR M 469-61-4 0.007 £ 0.001° ND 0.007 £ 0" 0.010 = 0.003" 0.008 % 0°
E: Bl —AT5HATERRE, P<005; “ND” ATAtdizdi.
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Table 6 Values of physicochemical indicators for different intervals of inoculation

HAEAF/(mg-mL )

HHUEF
DDHU1 DDSY2 TSHUSY3 JGHUSY4 JGSYHUS5
FER 0.15£0.004"  0.15+0.001°  024%0.004°  0.24%0.005  0.25+0.003"
i 0.17+0.008"  0.17+0.003"  0.18+0.202°  0.18£0.176"  0.18 +0.043"
R B 0.21+0.003*  0.21+0.000°  0.20%0.002"  0.19+0.004°  0.21 +0.003"
BT 3.68 £0.19° 9.56 +0.43° 1133048  12.06%0.34 8.72£0.19°
T 1.62+0.51° 1.83 +0.36" 1.71 +0.63 1.69+0.12° 1.77 +0.34%
£ 1.96 +0.40° 5.11+0.29° 7.63£0.67° 8.55 +0.39" 5.83+0.37°
APHRER 7.00 £0.08° 5.99+0.21° 4.96 £ 0.08° 4.92+027° 5.09 £0.22°
T8 2.63%0.04° 1.34£0.07° 1.26 £0.54° 121+021° 1.19+0.12°

2026, Vol.42, No.10

R7 FREMARBBERERESREBLYRE

Tab 7 Values of physicochemical indicators for different intervals of inoculation

R4 /(ugmL™)

(LS
DDHU1 DDSY2 TSHUSY3 JGHUSY4 JGSYHUS5

JRILR B 1.69£0.08°  2.11+0.09°  3.08+0.16° 3.39+025"  2.46%0.06°

LAE 0.66+0.5°d  1.48%031°  565%0.60° 3.77+029°  1.84+0.43°

FILKE 139+0.01° 456+022° 527+0.06° 8.83+033"  5.61+0.52

RfHE B, 3.96+0.01°  3.14+0.03"  3.53+0.02" 332%0.03"  3.71%0.02°

HHEBR 0.55+£0.08° 0.64+025° 1.03+0.06° 1.88+0.04°  0.99%0.19"

AL 0.40£0.03°  045+0.08°  02%0.04°  0.51+0.09°  0.46+0.08"

MR 16.67+2.42° 2054+ 144" 2597+02% 2236+1.49"° 24.06*1.37

BB E 0.49+0.28  027+0.10° 046+0.04° 047+0.14°  0.54+0.25

oriE BR 1.84£0.01°  1243%0.19° 12.59£0.1°% 12.61 £0.21° 12.34 +0.09"

A SR 021+0.04°  024+0.02° 032+0.07° 035+0.06° 0.28+0.01"
243 TRBHF XMBBUMERLARBRELS 0979, 0814 mgmL', Hpf LIGEBAIARMLE 5 Fir
Yo R e S B s, NIRRT 7T A A

TS PR R TR 1) SR 7 A 1 R S I o 288 5 B o o
ZHERE SY KEEFEAIE, {2 DDSY2 W+ Hi 112
KRS ERE N 3.354 mgmL ", BT IEIRR &
WO A g5, B4 H. uvarum CICC
193162 i, 2K KEB4r L BEAH B A H T 2 BRI 25 1
G FECG BRI B A AL, S
e iy o & B R . 5 PSR AR R 1 1 R
YT O LR, X5 g 7 R VR B A A
AU SRR S A . KRE KB &, B 58
KW LA RS, AR RO A AR B (B
SE MR & Bk vy, 0 3 R AR R s v N S B P R ik
I B, 2 tof SR ) B SRl B SR 5 T g i 27
244 FRBAP G KB FEREARIBHEHER
BR BS AL A Hh HT

XTI A G, 5 PP SR SL A 10 Fl i )
% J Wy 2% 4 & ¥, DDHUL. DDSY2. TSHUSY3.
JGHUSY4. JGSYHUS & &4 54 0.401. 0.728. 0.981.
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Xt T B B 251k & ¥, DDHUIL ¥ 7 k& H 6 Ff
il ® 2% % i, DDSY2. TSHUSY3. JGHUSY4.
JGSYHUS 5 £ 8 Fh, . ¥z Fh H. uvarum CICC
193162 K B A kst 1) I s 284k & ) 5 & v T B4
Pl e BLIERE SY KB, [F)E VR 1R R R — e FE R
Pem 72 A S IR RS .

2.5 H. uvarum CICC 193162 Fi etk 3 £ & 4
R ANER KB 2K 4 B m

TR A XBIEAE R LA R A A B
LR & 6 T Rk £ R T

B IR TUR A BRI P AN [ T U B
EREAERWEAHR S ERMESE RInF 6, HRTEH
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HEERERE G RIEH AR S BRI 22T
BR. FLER. FPER. JGHUSY4 REAMME TR &
B Am 4 %N 8.551. 12.059 mg'mL”, 7£ DDHUI
REFHRHARSERMI X2HTRBIES <
PSR, H uvarum CICC 193162 J& T AR 1 % £F,
5 RS s, R LR B . ik
FLER KT T 575 ok ot K A AR B Y B R
e —Fh S H IR A EERR AW G B AT R . A F R
B 7 A0 T AR FRERAERN S ERA EE
P52 B N, BERR S — M B G, N
AT B - A AE ] R 5 S5O R A I E B B A5 A
AP TR AN R R B 5 T SR A I R Y 'Y
BAK. Wei ZEPURIE T T M B A SRR, & B
Ja T R B I R T AR S SR 1) 1B AR AR IR 5
252 KRB F XBBEMRERILSRBH LR
BENH

T M R R R I, vk, DRSS =
trE — st Hik, B2tk AW el i SR
P R R . RO BR, ESHEASRE
W, Eh-3-E o ERE N2 ILREMEILRE,
H 7 TSHUSY3. JGHUSY4 i b & & & & 0 5l N
5.646. 8.832 pug-mL ', P3S4 DDHUL i
SRR, BN 0.661. 1.386 ng-mL™, B
T Yot -3 T R I 1 G2 I 8 B T S A Bl 3
5 Fofp ST b5 B A 2 1) B N R R A R A B,
B I 5 AT 2 Wik I FH A 6 2 0 1 i R e
h % ¥ AR HY . TSHUSY3 i o i i 24 8 e
N 25972 pgrmL ' JFLASER L S B S ERZ R
FEFERR , IGHUSY 4 0 Hh i) LS R AN AR R 75 5t 5t 1= »
4% %) A 3.389 pg-mL ' Al 0.508 pg'mL "', TSHUSY3.
JGHUSY4 11 7 J5 L A4S R & & 13 I mT ge 2 J L& R )
JR L ZE B AR A 25 3P, IGSYHUS lif LA £ & &
f10 AR T i AU A R 2 B R A 45 R Y. JGHUS Y4
W A B B N N T R TR B R (LR 5 A
WA PIRI R B4k 7 SRR 1 2 B o R 1R
R E AR, A BT 4R R AR IR
TSHUSY3. JGHUSY4 it oMk g & & dge sy, 23070 9
12.591. 12.614 pg-mL™',

3 g

JHIE IR AR R AT T, AT A G
Pz B} 5 22 BB BF DUAS [F) 32 b 07 2QOR B B & IR T o
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