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Abstract: This paper investigated the compositional changes of Rosa roxburghii Tratt. fruit vinegar during fermentation. By
using Rosa roxburghii Tratt. as raw material and using the whole liquid fermentation technique, fruit vinegar was prepared
by fermenting alcoholic and acetic acids simultaneously. The physicochemical properties of the fermentation process were
dynamically monitored. Headspace solid-phase microextraction-gas chromatography-mass spectrometry (HS-SPME-GC-
MS) and the odor activity value (OAV) were utilized to analyze volatile flavor components. As fermentation proceeded,
soluble solids, pH, total sugars, and reduced sugars decreased, while total acid and V., contents increased. From the original
juice to the end of acetic acid fermentation, the total acid and V. contents ranged from 1.86 g/100 mL and 956.82 mg/
100 mL to 6.79 g/100 mL and 1275.88 mg/100 mL. Oxalic acid, quinic acid, pyruvic acid, ascorbic acid, lactic acid, acetic
acid, and fumaric acid showed varying degrees of increasing (P<0.05). By contrast, formic acid, citric acid, maleic acid, and
succinic acid exhibited little variation. A total of 92 volatile compounds were detected in the Rosa roxburghii Tratt. fruit
vinegar, and with the addition of OAV analysis, ten volatile compounds were identified as key aroma compounds, which
included nonanal, acetaldehyde, ethyl isobutyrate, ethyl butyrate, ethyl 2-methylbutyrate, ethanol, isoamyl alcohol, leaf
alcohol, linalool, and phenyl ethanol. Among these components, ethyl butyrate and leaf alcohol contributed most to the
aroma of Rosa roxburghii Tratt. fruit vinegar. Green grass and green apples were characteristic aromas of this vinegar. The
results of the study would provide a theoretical basis and practical guidance for the effective control of fermentation
conditions, revealing the physicochemical characteristics and flavor features of fermented Rosa roxburghii Tratt. fruit
vinegar, forming a method for quality evaluation of Rosa roxburghii Tratt. fruit vinegar, and formulating quality standards.
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Table 1 Dynamic changes of organic acid content in different fermentation stages of the same fermentation stage
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BUIRIm R 8.04+0.11% 9.42+0.08" 9.99+0.19° 10.68+0.18¢ 11.34+0.11° 13.42+0.16" 12.75+0.09
BN 19.63+0.11° 12.57+0.10¢ 5.48+0.18¢ 6.23+0.16" 8.62+0.18° 26.97+0.11° 24.26+0.11°
LR 5.14+0.02" 3.14+0.028 5.61+0.08° 6.70+0.03¢ 8.69:+0.04° 12.82+0.02° 14.96+0.03°
FrERR 0.09+0.01" 0.10+£0.01" 0.04+0.02° 0.04+0.02° 0.07£0.02¢ 0.22+0.01° 0.06+0.01¢
kR 0.04+0.00° 0.06+£0.00° 0.14+0.01° 0.10+0.01° 0.180.00° 0.15+0.02° 0.19+0.01°
w5 1.32+0.04° 1.11+0.02" 5.24+0.03¢ 6.24+0.02° 7.26+0.03° 7.35+0.05" 10.27+0.03*
BEHIR 0.03+0.01¢ 0.02:+0.01¢ 0.06+0.02% 0.05+0.01¢ 0.070.00% 0.06+0.01" 0.08:£0.02°

T R R TR 3R P<0.05I Al — 8 R T AR K BERT Boieal i k22 52
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Table 2 Volatile components of different fermentation stages of Rosa roxburghii Tratt vinegar

P (pg/l)
E& - ;
st Hin m-3d M-4d I-5d I-6d I-7d
[i2S
TR 4.02+0.08" 1.78+0.14° 2.65+0.21° 2.30+0.07¢ 0.94+0.06° 0.55+0.04° 1.20+0.04*
N - - 8.25+0.10° - 0.85+0.03" 0.91+0.14° 0.4240.04°
SEE 2.64+0.04° 0.4140.16° 2.89:+0.04° 0.80+0.07° 0.89+0.03° 0.62:0.04¢ 0.29+0.01°
I 4.66+0.14° - - - - - -
AR - - 2.83+0.04° 0.31£0.17° 0.25+0.10° 0.34+0.01° 0.33+0.01"
5-55 e - - - 0.21:£0.04° - - -
ST - - 0.60£0.35" - - - -
2-FRLTRE 0.86+0.08° - 0.96£0.21° - - - -
IECU 0.52+0.21° - 0.36+0.38° - - - -
IESERE 1.72+0.33 - 1.45+0.07° - - - -
+ - - - 0.110.03" 0.110.04* 0.03+0.01° -
2,4- SR P - 2.90+0.28° - - - - -
Be
LR 0.98+0.20° - - - - - -
LR 29.37+4.95° 12.84+1.02° 0.78+0.03¢ 0.10£0.04¢ 0.16+0.07° 0.10£0.06° 0.15+0.02°
LIRS - 7.81+0.38° - 0.21£0.13° - - -
2-FELNTR . - 0.06+0.03" - - - - -
2-HHT R 2 LT 10.80+1.84° - - - - - -
CR B - - 1.39+0.08" 2.37+0.07° 1.10+0.14° 0.17+0.04% 0.26+0.03¢
PR 2T - - - 0.24+0.03° - - -
ZRKERR - 1.1240.16° - - - - -
L5 T R - 0.30:£0.07° - - - - -
LR TR 1.44+0.17° - - - - - -
FROTR 14.37+1.34" 9.59+1.48° - 10.82+0.83° 0.25+0.04°¢ 0.07+0.04° 0.06+0.05°
F TR LB - - 0.42+0.11° - 0.04+0.02° - 0.06+0.01"
TRBR 3.45+0.34° 0.47+0.10% 6.75+0.33" - 0.49+0.06 0.43+0.16% 1.00+0.44°
2-HE TR 1.26+0.27° - - - - - 0.06+0.02°
HLER TR - - 0.60+0.24° - 0.04+0.01° 0.07+0.02° 0.07+0.01"
5 T RIS - - - - - - 0.04+0.02°
SO - - 0.48+0.06° - 0.110.06 0.05+0.05" -
iy - - 0.60+0.06° - 0.16+0.06" 0.10+0.07 0.11+0.01"
ZERCHR - 22.01+1.51°* - - - - -
AR 3.22+0.14° - - - - - -
LR PR 0.52+0.18° - - - - - -
IECR TS 8.28+0.23" - - - - - -
FRR TR 2.24+0.24° - - - - - -
2-BRIR TR 1.95£0.27° 0.47+0.17° - 0.49+0.01° 0.22+0.04% 0.15+0.02¢ 0.07+0.01°
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k2
Frim(pg/L)
& -
it S I-3d m-4d n-5d I-6d n-7d
2% 7 e - 1.48+0.33° - 0.14+0.03" - - -
AHR e - - 1.20£0.14° 2.69+0.21° 1.14+0.10° 0.57+0.17¢ 0.35+0.04¢
TR W - - 1.0240.01° 0.38+0.07° 0.58+0.03" 0.45+0.00° 0.4+0.04°
LA LT - 2.31+0.16° 1.87+0.31° 2.06+0.52° - - -
RIEER Tk - - 2.53+0.03° 1.75+0.3° 1.79+0.01° 1.07+0.08° 0.82:£0.08°
RV VM - 0.24+0.01° - 0.24+0.03" - - 0.08+0.05"
3RO OMR - - - - - 0.09+0.07* -
KRR - - 1.08+0.07° - 0.36+0.1° 0.28+0.08" 0.24+0.01"
FH % BT - - - - 0.18+0.08" - -
S
FH g - - - - 0.27+0.08* - -
L 76.61+3.34° 323.25%5.06" 183.256.15° 173.33+7.69" 97.87+4.55° 67.19+12.6° 50.79+0.95¢
5T - 8.46+0.48" 4.82+0.71° 3.07+1.19° 1.30£0.13¢ 0.69+0.21¢ 0.38+0.06°
S 0.80+0.18° 72.78+2.83° 58.73+0.86° 33.82+13.9° 16.42+2.5¢ 10.11£0.47% 0.64+0.17°
2-H 313 - - - - 0.09+0.05° - 8.33+0.30°
S-F -2 U 4.43+0.42 - - - - - -
(23] - 2.19£0.10* 1.27+0.21¢ 1.54+0.16" - - -
ECEE 9.14+0.51* 4.20+0.11° 3.49+0.38° 2.09+0.48° 1.32+0.31% 0.95+0.24¢ 0.64+0.01¢
[y 29.43+3.80° 35.56+2.04° 62.65+2.98" 25.93+0.40° 19.02:0.06° 15.55+0.61% 12.66+0.48¢
E B 0.80+0.08" - - - - - -
2-T - 1- ) - 0.24+0.03" - - - - -
2-Z O 2.76+0.44° - 0.96+0.10° 0.2440.04° 0.25+0.03¢ 0.17+0.06° 0.1740.04°
2- TP 0.92+0.10° 0.4140.01¢ 0.96+0.25® 0.3140.07¢ 0.2240.01¢ 0.22+0.14° 1.254+0.14°
2,3- T % - - 7.11£0.01° 1.08+0.18° 1.07+0.07° 1.07+0.03° 0.8140.04°
TS 4.71+0.08 1.24+0.04° 0.54+0.18¢ 0.94+0.07° 0.45+0.13% 0.24+0.11¢ 0.13+0.03"
i - 1.07+0.08° 8.55+0.30° 1.33+0.01° 1.28+0.27° 1.34+0.59" 1.18+0.20
o~ 1.55+0.14* 0.24+0.04° 0.54+0.04° 0.24+0.00° 0.2+0.08° 0.14+0.01° 0.10+0.02¢
IsRAY 0.69+0.21* 0.47+0.18* - 0.17+0.06° - - -
A 12.64+0.11° 0.24+0.01 0.42+0.04° 0.28+0.13% 0.20+0.06* 0.10:£0.04¢ 0.11+0.04
E - - - - 0.13+0.04* 0.05+0.01" 0.06+0.01"
Iy R 0.98+0.08° 0.65+0.00 0.54+0.16" - 0.13+0.01° 0.10+0.03° -
3,6-F T-F- 1% - - 0.60+0.13* 0.20+0.07 0.20+0.10° 0.33+0.01° 0.26+0.01"
AR HI - - 5.36+0.01° - 1.25+0.03° 1.00+0.11° 0.90+0.17°
IR 1.38+0.06° 18.17+0.06° 85.90+0.04° 21.95+1.99° 18.12+0.75° 15.48+0.55¢ 13.09+1.41¢
g 2.01+0.06" - - - - - -
TS
3-FRFE-2-T 0.52+0.10° - 4.8240.27° - 0.34+0.01° 0.28+0.03" 0.42+0.04°
6-H1 5E-2- il - - 1.14+0.03" - - - -
K - - 0.36+0.03° - 0.09+0.06° 0.07+0.01° 0.04+0.01%
A S TR - - - 0.14+0.03° 0.36£0.08" 0.09+0.01° -
2-J 7.8740.31° - - - - - -
2H-M1g-2,6- i - - - 0.03:£0.00° - - -
4-F2FE-2- ) 1.26+0.07° - - - - - -
4-F-3-H R 2T 0.98+0.11¢ - - 5.20+0.11° 4.03+0.03° - 2.95+0.42¢
3-Z P AE-2-T i 2.18+0.16" - - - - - -
B-EE% 4 0.57+0.06" - - - - - -
HAb
R 6.32+0.31° - - - - - -
T - - - - - 0.09:0.00° 0.08+0.01°
2-FILT R - - - - - 0.09:0.00° -
(+) A7k 37.07+0.08 0.24+0.04° 0.48+0.04° - - - -
R T A 3.330.17° - - - - - -
y-AA TR 1.49+0.37° - - - - - -




0454 5 4 VIMEG |, 55 FIALEES & e R R XA E 2R £k - 245 -
k2
e ‘ _ Frim(pg/L)
it S m-3d m-4d M-5d I-6d I-7d
AT - - 0.66+0.03" - 0.07+0.00° 0.07+0.01° 0.06+0.00°
4-2 FR B - - 0.60+0.00° - 0.07+0.01° - -
2,4-RUCT B 2.93+0.24¢ 12.01£0.01° 28.07+0.08" 10.58+0.18° 6.91+0.07¢ 4.33+0.17° 5.22+0.04°
2,3- AR IR 2.36+0.03° 1.42+0.04° 18.98+0.62° 6.63+0.18" 5.03+0.03° 4.83+0.41¢ 3.48+0.04¢
TEM - - - - - 0.07+0.00* 0.06+1.56°
(+)-3% 5 11.9+0.83 - - - - - -

T R " FOR AR, RPN NG FREFRR A YT AR R R Bk a2 ) B P22 5K (P<0.05)

a [CEZE I sk T2 0 ARk 2 Hoflb
22+

NG BB B
b 227 HAh B MRS s Ok

W) I b AR Bl R WA T T T R
ESRIBLE T AH B, B SR B FURIBL S R A X
BRI 4% 1%, FIFLIRES b S22 Tt
AT, HORE MR, S a5 1.2,
0.42. 0.33 pg/L, X ELPEISY) BT T T HIZLR B I A
ATPRES T R I 7505000, A REIS & e ARG, BR2E
JIF AR R R R PR AR 2 B TSR TR, 3]
RS HRAS T R LR &t dne e, AT LU TR R s
R . RIS TR O HE . 2R R L WK .
MR W, RS R 5, & &% 1.0, 0.35.
0.32 pg/L, Horh PYAEIR 2 Fe AN AR 1t 1 & 17 B B v =
oo BRI R 2 BAG BT IR, W77 i HA B

oo J = SRR TR ), B R AR UG TR
01 P, SRR ) T A NSy A

g ol PSR, 2 | AR 2R R, T
ﬂi 50 1 SN 50,79, 13.09. 12.66 ng/L. H T EEHREE
£ R BER G4, ZRRHACRAT, Hr ok Ar 2. o
20- RS . LT P RS R R BRI,
o1l | I [ [ L e 4-¥ ik 3P S e 2R 7 ok ) B L 5 i 5
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Fig.7 Quantity and relative content of volatile substances of
different fermentation stages of Rosa roxburghii Tratt. Vinegar
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Table 3 Odor activity value and flavor characteristics of volatile compounds in different fermentation stages of

Rosa roxburghii Tratt vinegar

fLam B L ke onvin
(ng/kg)™ Jsit A M-3d M-4d I-5d M-6d M-7d
T 2.5 B, A AR R 1.61 0.71 1.06 0.92 0.38 0.22 0.48
i 2.7 AT HIR - - 3.06 - 0.31 0.34 0.16
B >3 i >0.88 >0.14 >0.96 >0.27 >0.30 >0.21 >0.10
E G 850 AR 0.01 - - - - - -
ST 15 DGHES SIS - - 0.40 - - - -
2-FSE T 1 AR 0.86 - 0.96 - - - -
IO 50 ST BRITTER 0.01 - 0.01 - - - -
IEFEE 1.87 A SR 0.92 - 0.78 - - - -
LR ER 510 A 0.002 - - - - - -
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g3
B 3 o OAV(H
fei (ng/kg)™ TURER i L M-3d M-4d M-5d n-6d M-7d
IR TR 880 I, AL A 0.03 0.01 0.001 0.00 0.00 0.00 0.00
LIRS IR 18 SRR - 0.43 - 0.01 - - -
2-FEENTR 2. g 0.089 - - 0.67 - - - - -
2-HIL T I 2 WRTR 5 SRR 2.16 - - - - - -
CR TR 2.2 KRF . WS H - - 0.35 0.59 0.28 0.04 0.07
L5 TR 25 R BT - 0.01 - - - - -
IR TR 58 SRR 0.02 - - - - - -
FIR TR 19.3 T PR 0.74 0.50 - 0.56 0.01 0.004 0.003
S TR 0.11 SR NG R - - 3.82 - 0.36 - 0.55
TR 0.053 SR . VIR 65.09 8.87 127.36 - 9.25 8.11 18.87
2-HIE TR IR 0.013 R, R 96.92 - - - - - 4.62
S TR g 43 - - - - - - - -
SO 1.9 VIBIEUN - - 0.25 - 0.06 0.03 -
IR TR 5.8 FUAS | KRERRIR - - 0.10 - 0.03 0.02 0.02
LR C TR 670 R B - 0.03 - - - - -
SRR 15 R 0.21 - - - - - -
LR iR 70 BIZZLS 0.01 - - - - - -
IEC R B 5 T BT 1.66 - - - - - -
R R 200 Lioam Al SN KR 0.01 - - - - - -
R TR 5 H 22 M A, B - 0.30 - 0.03 - - -
RHR R 55.56 EENIE IR S - - 0.02 0.05 0.02 0.01 0.01
LRH T 249.59 i FONES 6 - 0.01 0.01 0.01 - - -
PR Ll 48 REER AR - - 0.05 0.04 0.04 0.02 0.02
WA Y 2000 EOR - 0.00 - 0.00 - - 0.00
7B 8.027 PP SR 9.54 40.27 2283 21.59 12.19 8.37 6.33
ST 33 SR WA - 0.26 0.15 0.09 0.04 0.02 0.01
S 4 BRAEIR Bk 0.20 18.20 14.68 8.46 4.11 2.53 0.16
2-F -1 B 830 - - - - - 0.00 - 0.01
LB 5.6 TR 1.63 0.75 0.62 0.37 0.24 0.17 0.11
i 3.9 StER. R 7.55 9.12 16.06 6.65 4.88 3.99 3.25
1EPEmE 23 28 S T 0.03 - - - - - -
2-PFE-1- B 5.6 - - 0.04 - - - - -
2- T 58 BiYJUS 0.02 0.01 0.02 0.01 0.004 0.004 0.02
IEE R 125.8 WAL BRI R 0.04 0.01 0.005 0.01 0.004 0.002 0.001
IEB 5 ISR, 0.14 0.09 - 0.03 - - -
AW 62 Ftd . BORAE 0.20 0.004 0.01 0.005 0.003 0.002 0.002
iy 0.22 WA AT & 445 2.95 245 - 0.59 0.45 -
AL 45 AT BURAE IR 0.03 0.40 1.91 0.49 0.40 0.34 0.29
A 1.1 ABIAERE 1.83 - - - - - -
332 TR 14 B, HHR 0.04 - 0.34 - 0.02 0.02 0.03
6-FH 3-2- H i 8.1 ik - - 0.14 - - - -
EA] 25 W, R - - 0.01 - 0.004 0.003 0.002
2-BE 23 IR KR 0.34 - - - - - -
B-EET AT 3.5 BT, P 2T 0.16 - - - - - -
FR 15 Wl . T Nl 421 - - - - - -
(+) -7 34 AR, WA 1.09 0.01 0.01 - - - -
FPEET 68 T RTRER 0.05 - - - - - -
PRI 1000 M, MR 0.00 - - - - - -
4-C AW 13 S | MR - - 0.05 - 0.01 - -
2A4-RUT HOR 500 - 0.01 0.02 0.06 0.02 0.01 0.01 0.01
T 0.2 TR - - - - - 0.35 0.30
(+)-BAa 6 FUZE S 1.98 - - - - - -

e " FRTLEITHEOAV,
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