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Ol REE AR R BB IR FR L (TSA) i i ir
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96% , B HH7E 30 CF 15 3% 60 h, 21 #h K iy AR &5
Y7 32 CHi 7% 72 h, Lt K 3 = I HE 65%~70%
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Table 1 Addition ratio of multi-strain cranking mixed
fermented rosy vinegar strains
28 3 ) Ky 2 R
1 0 2 1 0
2 1 0 1 0
3 2 0 1 1
4 1 1 1 2
5 1 1 1 1
6 0 1 2 1
7 0 1 0 2
8 2 1 0 1
9 2 1 1 0

FF R HIE 2 TR IR A i), 4 A TR RS
EL il K200 3, %k 1 iR,

T I A 1 1 2 22 T o 0 i Y A S I i 1 &
FEGL Y, 5 A BRI PR A G K Ae , B AR 3
PLASKRE A T IE . 22 5d BA) BB 4% 1:3
K AT A KW, BT d WSS B 5 i 2
5 O, S0 7 RO K TR RORE R TR R TR
FER AL, FREEAE LTSN 2% NaCl 21k %
N, 78 55 AT 1A R B BUR A R B
B RE S AT A LR | 44 A M XUBR ) T A I
AR,

B1 zEMEHESRBEREESRE

Fig.1 Multi-strains cranking mixed fermented rosy vinegar production process
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1.3.3 B-UEMEGE S %P IEELP N )
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mL TEA BMBERE | L4 5.0 mL (42 R
K 10 mlL, FH 25 4 bR vV RO A2 e S
THFEARFR, 7E 40 °C, B 53 B /K ik ] 35 1 T o A
1 mg 2 25 0EE OO0 1A B-VE M3 Bl S 1 5407
1.3.4 MYEEAEET SHRREEO Tk,
Bl mL #HIE H&, 7E 40 CTRAA 4 min, ITA 1 mL
B 1, 7E 40 CC/KIE 10 min, JIA 2 mL =& 4%
WA RV, 4R 4L 40 C/K ¥ 20 min,5 000 r/
min #.0 10 min, B EIHW 1 mL, iA 2.5 mL ik
M2 FH A, 1 mL A AR #8250 #E 40 “COK I 20
min, M OD {H . XF R IE B SE A 2 mL =454
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1 AR 28 i eI T 56
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WilR — S (FHBERR A 2 pH 2.60) ;i % . 0.8 mL/
min; PEREARL .S WL BRI 30 °C KT 2% . UV 46
3% K. 210 nm.,
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5 80T FR BE P bn R, i AR B ok e R J
BRRE R S B R ARk, BUEARGE, RN R
% o
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TS 10 RAEAT 4.5 20 FE g0 ) I /Y s 1% 38 2
UL IR B BCNIE L, #R ERT



F24% HoMW

5 ARG T LB ) T LR R S 347

®2 ZEMEIMEEEN

Table 2 Enzyme activity of multi-strain cranking

28 3 41 Ky 2w A - By B B H By BR M A B Bl
1 0 2 1 0 9.55+0.18 28.07 +1.82 103.66 + 3.00
2 1 0 1 0 4.93 £ 0.08 34.89 + 1.29 89.80 + 1.43
3 2 0 1 1 2.77 +£0.05 28.78 £ 0.49 86.51 £ 2.14
4 1 1 1 2 7.09 = 0.06 49.90 + 0.58 105.37 +10.14
5 1 1 1 1 6.97 +0.08 44.69 + 0.27 106.37 +2.29
6 0 1 2 1 4.33 +0.06 34.50 £ 0.35 89.94 +0.43
7 0 1 0 2 8.34+0.14 41.71 £3.32 76.37 +1.71
8 2 1 0 1 3.58 £0.04 31.92+0.18 82.51 +£3.86
9 2 1 1 0 2.77 +£0.01 32,63 +1.42 79.37 +2.71
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Fig.2 Formation of bacterial membrane and color for rosy vinegar during fermentation
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WAL 3 s 3 4 B g 1Y 34 TR FE L &
BB R L A TERAS L RERRT 10d, 4.5 4118
JrOWE 5 B AR R ) I ik 3 19.06 /100 mL
23.31 ¢/100 mL, {2 3 & F % AL 11 2.03 ¢/100 mL
(P<0.05), &1 10 d J& , 2 0 Bl ith A& B 41 R A% 4e
Xof R 2 BB e T I R DR R R R, AR R T
% I 3 OB B R LR AN T 1 ¢/100 mL,
Bp b F =3 K e, BV JpE Ak | 3 Ak 2 i A
KB, BIRBELS AR 4.5 41K JEORE VR 3 35
AN E] 1.06 /100 mL 1 1.34 ¢/100 mL, £ B EEH

BIVEFT , WRE & A AS R BERT 10 d 15 3 ]
H k] T%M 7.1%(VIV), Z)JE%HE K
BRK BOARSRE R RE FTHEH 4 5 H
P TR B A % 1 45 R 35 %) 6.97 ¢/100 mL Al 6.63
¢/100 mL, {3 @ XTI 5.95 ¢/100 mL (P<
0.05), 340 F Ak AR fb A1 $5 7 B0 & W OE H
A= VIR VR 20 R I AR R S R R

TE LI S A6 B B 85 TR BT 43 W0 1 U R 1 L AR
P 55 2 PP 2SR DE Y 1 B0 A ORI T R
S SR LR . 22 R ] e 20 1 A U
R MELOKE B35S TGk H, HAR
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Fig.3 Changes of physicochemical indexes during the fermentation of multi-strain cranking fermented rosy vinegar
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Table 3 Yield of rosy vinegar after multi—strains

24 ZHMEHEBHBEBENEE
it 4 /100 mL bRl & I 235 o0 BOSR S 217
Wi B4 0 TR EO RS 1S R, MR 3 ALER, £

cranking fermentation

W i ) N ; 28 3 28 A%, 3%
VARV 4 A1 S 150 21 SRR 9 13 5 g TSk 4dm Bk oRE=101:1:2 583 £0.03
PR, oy B35 5 5.83 1 5.55, W 5 T XL 54 g R@okRE=11:1:1 555000

v W L BB A5

25 ZEMBHABHRBENEIRIE

Hi 4 W LUEH, 7e BCBR B G PR I 2 8
MAPLER , TR FLIR NBRIR R RS E R T
AR APEIR SR PR M BEIARR . 75 2 1 M il ith &
W BB b 4 dLR S A PLIR S o 3 i Ok B

x4 ZEMHBABEREURFEFEIREE

TE ARG T REROR 22 5 1 3 (P<0.05)

63.33 mg/L 1 61.16 mg/L, ¥ & & & T 5%
(P<0.05), ZBRAENEBRETRIR M 2R IR, il
CWEAE 2T Ft S T 0 2 T8 O St 1 S [V FH T R
oA B RS0 2 2R AT bt v . FLIR R EO

Table 4 Organic acid content in rosy vinegar after multi-strains cranking fermentation

1:1:1:2 1:1:1:1 1% o xf R4
TR 57.85+0.01* 56.04 £ 0.001" 41.053 + 0.052¢
FUBR 3.24 £ 0.001* 3.07£0.1° 1.731 £ 0.011¢
B G BB 0.508 + 0.02" 0.45 + 0.002° 0.863 + 0.005*
7 R B 0.131 +0.001* 0.13 £ 0.004* 0.108 + 0.002"
F R 0.44 + 0.002* 0.41 £0.01" 0.438 +0.007*
FER 0.286 + 0.002* 0.265 £ 0.001" 0.218 £ 0.001°
B R 0.229 + 0.002* 0.21 £ 0.003" 0.175 £ 0.033¢
PR30 B 0.715 £ 0.007° 0.65 +0.01" 0.360 + 0.001°¢
= 63.33 +0.01* 61.16 + 0.01" 44.894 + 0.065°

T A E/ING 51328 25 5 3% (P<0.05)
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fig B SR AD & i e B A LR, I 2 FL IR
o 3.24 mg/L F1 3.07 mg/L, FCHL RS & B A IR
Ko R, PR B E A D3R A S Ak A T
MR IR AR I ™ e R B FLIR , IR i K A8 55 3R A AR
B LR AW LR, HE 6 F AL
TR R 53 A S =R BRI B4 18 v ] A 53 7™ 4 R T
Yy, 6 G 1 () Bt 4 4 A IS T 4 T AR,
TEBCHRBE o AR, AR, 90 R W UK [543 £+
A BRIARRAT BER SRR AT EIR (BRI R AR 2% b
SRR, 7T L i B 00 R R P A A
S AR B R TR 2 R 4 v Xk I 0 XUk A R
X
26 ZEMGHEABKREZELER S
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R 2 BRI AL A W RS R U0 2
S I M ) S R AU B A ik HS-
SPME-GC-MS $5 AR 43 85 %5 7 K I 45 o 1) B
FEAE RS, 16 3 AL BORES AR & Ak oy B 1S
F) 44 FpEERPERSSY, HA B (6 Fh) . BEA(S
Fir) (RS (8 Fl) (FR2E (14) (FRH S (4 Fl) B 2K (1
T LA SRR (1 Fl) . ARG B2 45 1 5 o
275 030.07 mg/L AHEL, i FH 2 B R i A= 7 19 4
5 HBRRSE R EY & i DR E (P
0.05), H 5 24 W35 E 6 348.14 1 6 791.75 mg/L.,

TE 3 20 BUHRES ™ i b 5 e A e 1 B 28 ) T A
5AH OB RO S BERL Rl O
T8 T T 0] e e R AR = A, R RV R SR
CTRSFWIHTSR Y T . 2 B R ] it & 19 2H BOR S 1Y
LW R A F) 383.83 Fil 477.31 mg/L, i T A& 48 %t
HREH , 2R SR BOR S Th B 05 F AL G .4
5 R T T B IA B 149.03 Fl 175.44 mg/
L, T2 iy OB A R TR B R TE I BRAE T B A
FARL SIS | 30 St AR T S R T — 2 S 5
BRI AR . ot d R A AR EEAE WS
B RE H A ARE G, R B B A K R £
A A,

T8 28 2 i A T A 2 e A e R v Y DG B v
), 25 5 SO0 R XK & AR AR AR B b

B (1) T 2 W IO L5 R R R P R G e bR
W e HL A RN, B T 2k g 2R AR Ak
A B G R BRI AR LY, 22 TR ]t & 2
T b R R i b T B 3 (P<0.05), 43 ik E
220.17 mg/L 1 204.43 mg/L, % %) 5t 32 b B K M
N7 I B2 A Ak ™ AR 6 BB A A R
FHEO 350 20 2 Wy o B i AR R A e, T iR S Kk I
T AR 1o KT 1 T R 5 A DGR

R 26 LA e, 2 B S Y EE EE AGy , fiE S
RSB IT FEGY, A BT 8GE BORE WA
SR 4 W 5 HEHES T LR R 5k )
3 851.20 mg/fl 4 081.13 mg/L, W ¥ & T XF M 41
(P<0.05), Br CWRAN , BB Hh 3 5 38 e FR 25 ) ot
EAFER 5T WA S iR, H b Y IR A H o B
AT By, TR R 2 DL L5 SR T
1A 388 5 A 0 R A T I

PRk 2ok A R R B R R S R s ng, H
REARFAAA , NS0 E 5 B A P F
YERT, I HLAE v B AR 1 0 R 3 B 2 e XU ™
B WP, 550 K R L 4 45 R
i () T 28 ik S A B R R RS IR &
s 5 TR TR SRS IR A SRR S o
TR TR & R 2 (P<0.05), 430l K
392.59 mg/L I 216.72 mg/L, X A] it 25 ool i 42 {it
BB AL R A U BT BOR S &

FCBREE PRSI DL 32T R (Y
ZABIR ) A T, H T e WSS A A, Bk T R R
T Al N 28 M T A A B, B KR N A R 3
Fb e —2— T T[] HsF e, LV A R DO AR T e A
HE v AL G T v 2 ) R 24 R e
2,3-T ZMiJ& 2,3,5,6- D4 1 £l 2 (TTP) Ay
B, PR IE  TTP 2 B iy 322 A4 Wi v sy
“hy BB T i 4 1 SRR A 2 A H A ) I S )
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Table 5 Content of volatile flavor substances in rosy vinegar after multi-strains cranking fermentation

%5 DR RS 421(1:1:1:2) S54(1:1:1:1) A% 4 3 BB 41
Al Y3 386.83 + 60.66" 477.31 +13.52* 350.33 £5.99¢
A2 5+ T B 24.28 +0.49° 22.31+0.51° 12.23 £0.34¢
A3 St R B 133.55 £ 0.22° 135.53 £ 0.76* 95.52 +2.64"
A4 5 F B 231.67 £ 0.91" 416.18 £ 3.16" 217.46 +7.73¢
AS KT B 149.03 £ 0.12" 175.44 +5.19° 179.62 + 6.75°
A6 1,2-T =8 ND 18.62 £ 0.71" 76.90 + 3.36°
B1 A B 42.56 +0.02" 48.38 + 0.67" 32.31 +2.85°
B2 KV B 220.17 £ 1.51* 204.43 £6.11° 77.82 £2.31°
B3 A % 5.32 +0.04° 4.17 £0.15° ND
B4 R LEE ND 2.68 +0.05° ND

B5 5t KBS 2.79 + 0.04° ND ND
Cl 933 3851.20 +93.47" 4081.13 +258.37° 3218.81 £94.32°
c2 A B 8.17 £ 0.19 8.84 +0.12° 4.89 £ 047°
C3 TR 49.39 £ 0.25" 52.44 +0.50° 3043 = 1.73°
C4 TR ND 3.16 £ 0.10° ND
C5 I %R 44.63 £0.11° 44.14 £ 0.53 50.11 +5.06°
(00 2-T R T ND 3.72 +0.03* 1.29 £0.07°
C7 TR 6.51 +0.07° 9.48 £0.11" 10.13 £2.03"
C8 F i 5.96 £ 0.09" 5.11+1.74 33.55£2.94
DI VB8R T By 8.59 +0.41° 8.91 +0.24 ND

D2 LB LB 392.59 + 55.90* 216.72 + 6.44" 158.89 + 7.35°
D3 I T B T B 3.52+0.10° ND ND

D4 TS+ T B 33.22+£0.11* 26.01 £ 0.08" 15.30 = 1.08°
D5 T =B — VB 5.86 +0.10° ND ND

D6 LB ST %, B 124.09 + 0.43° 106.57 £ 0.79" 60.86 + 4.40°
D7 A B LB 76.96 +0.29° 75.54 +0.16* ND

D8 LB T B 7.61 £ 0.60 14.55 + 1.56° 7.22 £1.12°
D9 2-F IR T 13.61 = 1.77 ND ND

D10 2,3-T =8, =~ LR B ND 30.92 +£2.61° ND

D11 TR CHE 4.46 +0.08" 4.51 +0.02 2.47 +£0.19"
D12 R TR LB 40.29 £ 0.54" 42.36 £ 0.57" 68.65 +3.38*
D13 LR T 2.77 +0.34 237+0.18° ND

D14 AR AR R T B 7.63 +0.09 3.24 £1.53 9.32 +0.74°
El 2,4-=4 T A RKEy 17.32 +0.52¢ ND ND
F1 1,3-= R %% ,2,4,5-=F & 86.63 +27.52" 97.49 +7.92° 60.28 +2.10°
Gl 3-FHA-2-THW 273.76 + 8.64" 340.43 +20.03" 256.55 + 8.79°
G2 2—F R 3.91+0.38 4.61 = 0.06* 3.76 £ 0.57°
G3 2,3-T = 61.41 £0.42" 73.49 £ 0.06 37.68 +4.41°
G4 3-TBEA-2-T R 22.07 £0.11° 30.94 +2.58° 28.16 £2.10*

T« [ — A7 7 B[R] 2275 28 5 10 35 (P<0.05) sND S A A i
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Fig.4 Sensory evaluation of multi-strain cranking

fermented rosy vinegar
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Research on the Process and Quality of Rosy Vinegar Production
by Multi-strain Mixed Cranking

Zhang Linxiang', Zhou Linan?, Xing Limin’, Feng Wei’, He Degui’, Jiang Yujian', Zhu Junli"”
("School of Food Science & Biotechnology, Zhejiang Gongshang University, Hangzhou 310018
*Hangzhou Food Brewing Co., Ltd., Huzhou 313200, Zhejiang
‘Huzhou Lao Heng He Brewing Co., Ltd., Huzhou 313000, Zhejiang)

Abstract To investigate the impact of multi—strain koji production on the process and quality of Zhejiang Rose Vinegar,
a study was conducted to optimize the multi—strain ratio using an orthogonal experiment. The two best—performing mixed
strains were applied to the production of rose vinegar, and a quality evaluation was performed. The results indicated that
two ratios with the highest amylase and protease activities were 1:1:1:1 and 1:1:1:2 of Monascus purpureus :Aspergillus
oryzae *A. niger : Rhizopus, which were prepared and subsequently applied to the vinegar brewing process. Fermentation
tracking showed that the multi—strain fermentation process for rose vinegar was successfully completed, with the total
acidity of the final products reaching 6.97 ¢/100 mL and 6.63 g/100 mL, respectively, representing a yield increase of
17.21% and 11.29% compared to the traditional method. Eight flavor—contributing organic acids, including acetic acid,
lactic acid, malic acid, and citric acid, were detected in the two rose vinegar samples, with non—volatile acid contents
of 56.04 mg/L. and 57.85 mg/L, respectively, which were comparable to the 41.053 mg/L of traditional rose vinegar. A to-
tal of 44 volatile flavor compounds were identified using headspace solid—phase microextraction combined with gas chro-
matography —mass spectrometry (HS—-SPME-GC-MS), with volatile flavor compound contents of 6 348.14 mg/L and
6 791.75 mg/L. in the two groups, slightly higher than the 5030.07 mg/L in traditional vinegar. Sensory evaluation revealed
that rose vinegar brewed with multi—strain koji showed slight improvements in sweetness and ester aroma, with the 1:1:1
12 multi-strain group achieving the highest sensory scores. This study provides a reference for the mechanized improve-
ment of koji production in traditional rose vinegar manufacturing.

Keywords multi—strain fermentation; rosy vinegar; organic acid; volatile flavor substances



