547 % 515 ) i Tl B Vol. 47 No. 15
2026 4 8 H Science and Technology of Food Industry Aug. 2026

B A, B, BT, A A TR A R AU I T A M B R i R 22 5 0 B (9], A Tl R, 2026,
47(15): 248-258. doi: 10.13386/.issn11002-0306.2025070158

HUANG Qinghua, HUANG Jiaqi, WANG Lining, et al. Optimization of Deastringency Process for Compound Bacteria-Fermented
Rosa roxburghii Juice and Analysis of Differences in Nutritional Components and Metabolites[J]. Science and Technology of Food

Industry, 2026, 47(15): 248—258. (in Chinese with English abstract). doi: 10.13386/j.issn1002-0306.2025070158

- TEZEHEAR-

EEWRERFURT B T A AL R
BIFR A Z R

e B, Fms 88 B, EKE, iF B
(L7 R AFF B A 5 B TAFRAN, - 5B 5 4 o A TR R R, S R
R B A LA B %, R FUR AR A FFL S B AP R34 os, 25 4 )R At i 2 kA
R ITAR S, IR 5103165
2.5 M A SR A SR A A8, S B 1] 551200)

)

H OEARAHBRA-IRRTEAAHAERTREL LR RBIALETARY> TR ERMGEF, K RER
THBEF, AETEMEA MM, BIEREA AL GRBILELBELY, SHABNBEEARS £ FAR
FAEN, RAXAT LC-MS thydF¥fe Rt aF ik, SWABERMM £ FAENR, E2REN, REABIZE
AR BHERIME 2.00%. #45 pH3.S URT) , AV HRARE 0.325%. BEERE 5.00%. A KB 3d, AFHt
T, FTHMERN 65.54%231%. RARTERRABIEABKELERE, 7. b L-RALRS>ZEET
& (P<0.05) , M5 HEAEZBRLSELEE (P<0.05) , RAKFEEFEEIRLRZ., FAERTABENE L LRI
1926 NRiftdm, ikl 664 A X4 £ FRKiltdh, L 1484 LiA, SI6 M TH, FEBRAEREZLLALRI R
UFEEIEA L, KEGGENEERT, FTREM. DAKXRARM. ALARNADERELABRERE LA, A%
B A e i iEfEart i, BEEFREESRANE%RRS, Z2ETRALY, EF L0584 HAH
TR FEMAP BT AR, KEOR, FFREAERD> GO AF TFRENEREELT, SRR KEFER

R T AR

KEIE: R AL, AR, KB Y, Thone, EeaRigtas

hE5 25 TS255.44 SCRRARINED: B M EHS:1002-0306(2026)15-0248-11

DOI: 10.13386/j.issn1002-0306.2025070158 AT EI

Optimization of Deastringency Process for Compound Bacteria-
Fermented Rosa roxburghii Juice and Analysis of Differences
in Nutritional Components and Metabolites

HUANG Qinghua', HUANG Jiaqi', WANG Lining', HU Biao', WANG Qingfu”’, XU Fuyong®

(1.Institute of Biological and Medical Engineering, Guangdong Academy of Sciences; Guangdong Plant Fiber Comprehensive
Utilization Engineering Technology Research and Development Center; Guangdong Engineering Laboratory of Biomass
High-value Utilization; Collaborative Innovation Center for Research and Application of Functional Components
from Medicinal and Edible Sources; Research and Development Center for Industrialization of Medicinal

and Edible Yabai Essential Oil, Guangzhou 510316, China;
2.Guiyuan Ecological Food Co., Ltd. of Guizhou Province, Qiannanzhou 551200, China)

WA 2025-07-11

HELWMB: /7 m F AR+ x| B (2024E04J0947) ; 7 A A A F 1 HF A+ £ 7 ( 2023GDASQNRC-0306) ; &~ A A AR T H3 3 A
(2025B0202010030 ) ; AR = oo A 7000 7~ AR IR AL = L AR R 4137 A AR B (H SRS LB AR £ 2024CXTD03-08 ) 57~ &4
HFEREEERTLEAA (2024GDASZH-2024010102 )

TEERIN: s (1988—) , 4, A, R TARIF, A5 7 6): ik A K B 55 R 7% S he T, E-mail: qinghuahuang88@126.com

*BEEE: TR (1986-) , 5, Bt HATARIF, A5 5 @): K= Fen L, E-mail: kuangwty@163.com.


https://doi.org/10.13386/j.issn1002-0306.2025070158
https://doi.org/10.13386/j.issn1002-0306.2025070158
https://doi.org/10.13386/j.issn1002-0306.2025070158
mailto:qinghuahuang88@126.com
mailto:kuangwty@163.com

5478 15

Abstract: This study aimed to investigate the deastringency process of Rosa roxburghii juice fermented with a composite
starter culture of Acetobacter and Rhizopus arrhizus, as well as the associated changes in nutritional components and
metabolite profiles. Using raw R. roxburghii juice as the raw material and tannin degradation rate as the response value, the
fermentation process was optimized through single-factor experiments and response surface methodology (RSM). Differ-
ences in nutritional composition and antioxidant activity before and after fermentation were analyzed, and untargeted LC-
MS-based metabolomics was employed to examine metabolite variations. The results showed that the optimal fermentation
conditions were as follows: glucose addition of 2.00%, initial pH of 3.5 (raw juice), inoculation with 0.325% R. arrhizus
and 5.00% Acetobacter, and mixed fermentation for 3 days. Under these conditions, the tannin degradation rate reached
65.54%+2.31%. Compared with raw juice, the fermented juice exhibited significantly decreased contents of reducing
sugars, tannins, total phenolics, and L-ascorbic acid (P<0.05), while the contents of polysaccharides and flavonoids
increased significantly (P<0.05); the antioxidant activity remained stable. A total of 1926 metabolites were identified,
among which 664 were screened as key differential metabolites, including 148 upregulated and 516 downregulated metabo-
lites. The upregulated shikimic acid and phenylpropanoid compounds were mainly flavonoids. KEGG pathway enrichment
analysis revealed that toluene degradation, D-amino acid metabolism, and amino acid biosynthesis pathways were signifi-
cantly upregulated after fermentation. In the flavonoid biosynthesis pathway, typical astringent compounds such as
pinocembrin, cyanidin, and myricetin were annotated, and showed significantly downregulated trends, confirming that com-
posite probiotic fermentation could effectively reduce the astringency and improve the taste of R. roxburghii juice. Mean-
while, the increase in flavonoids contributed to the maintenance of stable antioxidant activity. This study provides a scien-
tific basis for the development of functional beverages from Rosa roxburghii.
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1.1 MRS5EE

RIZLE G PEH R 5 BARFRERL, nTETER
W 8%, /K ALE 4 7.0 g/100 mL, pH3.5, H 5 M|
B IR A E A RA A R4 B % P (ATCC
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T B ARARA T ARG FEEE 4
ZPE 8 g. WERERT 10 g ARTRES 5 g. BitiR 15~20 g.
7K 1000 mL, pH5.5, 0.1 MPa K2 20 min; 7% B
Ry GE I R AP 10 g, BERERY 10 g, pHS.5,
7K 1000 mL KB IATIRE (B FHZ%)40 mL; &1
Bi . AR . AT L-BUIR i ER bR ofE S, 4l)E =
99%, MBI T AE AR B A B w15 Hofth 53 B
N E” AR 2.

GZBG-D1 /NNUH G ERIRGIEFRFAE 2w
BB L) LR A BRAA ] ; CR22N 7 = IK R =
HEDHL RIAIR LI & a5 (1) A R A
UV-1750 8540 AT W4 GG H AR B A ]
U445 MBARIR VKA PGP Telstar 2\ w5 3-30KS 1%
IREL.OHL FEE Sigma 2\ H]; Vanquish A 5 380 AH
{0,33%4% . OrbitrapEx-ploris 120 TTRHY i FEZEER K
HIREHE .

1.2 LWHE

1.2.1 PARIZESLES

1.2.1.1 AT 357 26 4 55 EoH LA %) o B 74 o= R fi
SREEE BUMZELY 100 mL T 250 mL =,
pH H 2K, 40 B0 2% B4 7l 285 08 . A5 280 b - e b
(2:1)  FRIZADHE R (L0 1) . A0 BEMS (1:2) | 1E
B, BB ABEBR N 3%, HRIREE 0.2%, T 30 C,
150 v/min 2514, PIHIEIE 4 d, DLL TR B0 T B A
SRV AR, F5 LR 0E S RERE LU X B T
AR I 5]

1.2.1.2 pH XFHIBLF B BRI BORIZLYT
100 mL F 250 mL — A, BhN 2% BOFIZEIbE,
pH s A AE Y A A, RIS 7 pH3.S SRy i
el 51, A EALEN BT pH oA 4.0, 5.0, 6.0,
7.0; [EIBF 22 ABBPR B 3%, MR EE 0.2%, T 30 C,
150 v/min 2514 T, YR B5 3% 4 d, UL RIS T B%
R R PEM FE R, 8L pH Xl BL T 2 R R 1Y
SEA

1.2.1.3 5 26 AR S o0 X jl) B 7 B R i 3R P 52 )

BORIZL Y 100 mL T 250 mL =), pH [ 4K,
S BIESI 1%, 2% 3%. 4%. 5% I3 283 [Flnd4
ABEBREE 3%, DHRMREE 0.2%, T 30 °C, 150 r/min 2%
PEF, JRZE IR 4 d, LAR RS ST R PPN S
b, 5 S A ARSI X BT BT R R A e )
1.2.1.4 /ARAREEHEFR & X il B 7 PR 7 B SR A 5
m o BOfAL Y 100 mL T 250 mL —fA)f 4, pH H
R, USIN 2% BRI ZIRE, 53 A2 0.1%. 0.2%. 0.3%.
0.4%. 0.5% /D ARAREZFN 3% ESAR B ; T 30 C,
150 r/min 544 F, PRGETIR 4 d, LRSS B8 T (5
FPHN RIS, F5 58 DHAR B HE AP X BT R R
SRR IIREI
1.2.1.5 [T Ba 2R 0T 0 BY v B 7 R A 3 1 5 i)

B ALyt 100 mL T 250 mL = a4, pH 4K,

BN 2% FIRETETHE, 5352 2% 3%. 4%. 5%. 6%
P4 S 7R B FIT 0.3% 19 /D AR AR 255 F 30 °C, 150 r/min
FAE R, IRGIETE 4 d, DLRBEG ST REfF PPN TS
b, 5 ERMER B B XA BT B R I 5
1.2.1.6 K BEEEF R RIBL I B0 77 B SR 0052 B
HIZELY 100 mL T+ 250 mL = A, pH AR, &
2% FYFRIZEINE, HEA 4% PIESEZ TR 0.3% B/ HRAR
%%; T 30 °C, 150 v/min 554 T, Sr5ldRZ B 9% 2. 3.
4.5.6d, LR G BT BRI PR bR, B8R
PHS] [ X B B 7 B T R R A R )

1.2.2 map e il FERAP R SLEe i Sl T, veE >
MRARFFREAT R (A) | BT PR A 5L (B) Fn & BERdE] (C)
Sh A AR, AT REMRRCY) R AR, B8] 3 % 3
RS N TG, 18 Design-Expert13.0 543847
PRI AL BET T, mr 7 T PR 2 5K LR 1.

F1 WA R Y R R K

Table 1 Factors and levels of response surface experiment
N [ﬁli
ADPHARERIE (%) BERRFILM L (%)  CAEENIE(d)
-1 0.2 3 3
0 0.3 4 4
0.4 5 5

1.2.3 B EmIINE  FEACER: RS RES2E
8000 r/min E5.0> 5 min JER-EE _LIEW, BUR BERT S
U145 1 mL, INA 2 mL Jork 2.0, #r5 $#2H 5 min,
8000 r/min #.[> 5 min, £ AT EEINE: S
NY/T 1600-2008 7K 5 | & 35 S Hohl i Hp B S = 19
MSESECREEENS, F2H 3 NEE ., DIBRE TR
BE SRR AL bR, WG RE YA AR BR, IR HER £k y=
0.0105x+0.0083, R>=0.9982.,

124 ZFE&ENE FARELOHE: KBEFMSE
8000 r/min E5.0> 5 min /R BT, BUR RS R
Z471H45 1 mL, INA 4 f5IRTBUIC/K 2B, 2505 )S
T 4 °C #B 1%, 8000 r/min B5.0> 5 min, A5 IITE
JH 80% L EEIEVE 3 ¥R, A 5.0 mL /KEf, Ry
BERFINME . 208 & 1 e . S PR HE T/GZCX
019-2022 | Z4 B HA ft v Z2 085 fa il 2 ), 4520
3AES L DI R R AR, WOGEE(E S A A
Fr, LFRERTZE N y=5.2494x+0.0552, R?>=0.9945,
1.25 Sl &ENE FARAHE: KBRS E
8000 r/min E5.0> 5 min J5 & B _BiEW, BUR BEAT S
B4 1 mL 5 1 mL Jo/K ZB2iR A, #8553
30 min J&, 8000 r/min & 0> 5 min, WA 75 W 7%
. BEEENE: 208 T/GZCX 020-2022 HIFL K
A it v BRI S e I DO, B 3 R . LAk
B FIRUC B AR AR bR, WG RE(E AR bR, il b
12%: y=0.015x+0.0337, R>=0.9989.,

1.2.6 LBl E e FESALER: R EES RS
8000 r/min #5.0> 5 min J5 - LIS, BUR BRI
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HFLY£4 1.0 mL, iNA 2.0 mL JC/K 21, #874 AL 3
30 min /5, 8000 r/min &.0> 5 min, WA I iH K #5
FH. BEEHER S ERE: 288 T/GZCX 018-2022 (AL
e HC ) iy o R R S A e )P, dg g 3 N EEE
DLAS T B A AL bR, WO GRS AL bR, 23 Hi bRt
Ai£k: y=5.7801x+0.1029, R*>=0.999.,
1.2.7 PURIMAR &M E =% GB 5009.86-2016
CE TP IMIE I E 55 =15 2,6- 5 Wik 2
VEIE, FRxE: B 1.0 mL ¥R E A 1 mg/mL A9 L(+)-
PR ML AR PR AERS W, A 10 mL 20 g/L iR 175
5, H 2,6- "G HEM T BATLLA, LRFE 15 s Al
o, FEF s A . A 2,6- 4 e By 197 2 B
T=0.0793. MxE: BURBEERT/ERIZLYT 1 mL T 50 mL
HEJEH A, InZEAB/K R RS 10 17%5/5, IiA 10 mL fw#
BRI, FAbRE LAY 2,6- S ECIE RN E, HER
WML 15 s AERE N IE, FIBMEEs FAH . REE
AN (D IHE L-PudR g & 5 (X0
(V-YoxT S
. V i IR RETNAE 2,6- BT R A
FR(mL); V, i 25 FINFE 2,6- 5 RE W W A
FR(mL); T & 2,6- & By 197 2 E (mg/mL); m &
AR E(mL) .
1.2.8 b EIIE SR DNS 25 %2 i Jopk
i, BURTERTEREALZS 8000 r/min, B5.0> 5 min, H
B = A E S B A FE S 0.5 mL Bl 0.5 mL DNS it
), WKW 5 min, BUL YA, INZEMK AR ZE 5 mL,
T 540 nm AR SGRE, AR 3 DR . AR
LEFAHERIE, [FIEMB0G 25 1, 540 nm AR i
B, DA 2 BEA BE R AL bR, WG RE AR, ZedilbR
HERZR: y=1.9215x—0.0288, R>=0.9966
1.2.9 AT EALTE I =25 GB/T 39100-
20204 Z kBT A AL M 52 DPPH #l ABTS 72 )% 3f
VR o
1.2.9.1 DPPH H HIEIHEERZE  MEMFRIL 19.716 mg
DPPH, HJG/K ZFEEZT 100 mL ZFEIR T, 1529
A7 1 mmol/L (1Y) DPPH ## . 7E 3.0 mL DPPH i
A 1.0 mL #i B¢ 400 4% )5 19 & BERT S AL, 3=
HERE G S NV 30 min, I XE P 517 nm Ak YK G
Ao DIEHABUCK B DPPH S0 a2 A i A
JRWCRE Ay, DL AR IR /R A RIBRLT A A i T
M RE 25 AT FIOGE A, iRIEA70(2) 1153 DPPH
FI FHESERR(P):

X(mg/mL) =

P(%):(l—%)xloo SN @)

L L-PrdR g >h BRI BE, DL L-oda i mg o ot
He B A Ak bR, DPPH [ R BRI BRI AL R, 234
AL N y=642.03x—35.557, R>=0.9996.,
1.292 ABTS'H H EIE R AEFMFREL 200 mg

ABTS Fl1 34.4 mg i FMREP S TOKEASZE 50 mL, #%
), EIREECHUE 24 h J&, fEN ABTS B, BUGE
HEWE, FH 95% BB = ROGIEAE 0.70+£0.02 42
(P 734 nm), YEH ABTS M E W . 7E 3.0 mL
ABTS MW, IAFGERE 2000 15 1 & BEHT s
Z43t 1.0 mL, ZE iR #SGR Y 5 min, WAE 734 nm P
KA SCRE A, LIS ARFZRIR/KAL I ABTS T AE
W EFE ARG EE A, LA 2R K A 4
BRSSO G 25 AT BRI A, ARPEAZ(3)
T8 ABTS™ H H3EEBRHE(P):
‘_Aj)x 100
A

0

A (3

P(%) = (1 -

LA L-PodRifinfig A BHAAE T RE, DL L-PodR i g o
WP R AR, ABTS H B ESE BRF RALbR, 2]
128 H: y=5736x—0.1618, R>=0.9985 .

1.2.10 ARHRPEAIRY) SR WAH (5% -5 i X
(LC-MS)¥:. filifH] Vanquish # &30 A8 (RS, i
1f Phenomenex Kinetex C,¢ (2.1 mmx=50 mm, 2.6 pm)
WAHCTEAEXT MBS 3 T i o0 85 . WA (%
A FHRIKAH, B 0.01% LR, B AH MR : LA (1:
1, v/v), BB EEBER (0~0.25 min, 95%B; 0.25~3.5 min,
95%~65%B; 3.5~4.0 min, 65%~40%B; 4.0~4.5 min,
40%B; 4.5~4.55 min, 40%~95%B; 4.55~6 min, 95%
B)., PEEIREE: 4 C, $EAEAFL: 2 uL, Orbitrap
Exploris 120 JiT 3% 1% 8 % 76 345 il 4 ( Xcalibur, iR
7%: 4.4, Thermo) ¥l N A7 —4% . BT REER R
o RSN R B t: 50 Arb, BNt
15 Arb, & F L& IR 320 °C, &%/ #HF %K.
60000, MS/MS 43 #¥ 3 . 15000, flf $# fE & : SNCE
20/30/40, BEZEHL)E: 3.8 kV (positive ) 5%—3.4 kV (nega-
tive), 7L 70~1500,

1.3 #iEAIE

SLEGEE IR, CRAACFBIME R fEE R R . A
JH SPSS19.0 AN X B I #EAT Jr 22 43 A7 FIAH Gk 53
BT, 2H M 25 57 R A E R U7 225379 (ANOVA) K
B, $E4T Tukey 2 8 LUK 465 "P<0.05 F17P<0.01
Sy ARy 25 5 S N 22 S B L T R AR B 4
ProteoWizard {4 (V3.0.24054) #% il mzXML % =
J&, AHH R AL TG 2 e FTaT AL 53T o
2 GBR5SH
2.1 BEEREIWER

AR R S B B T I R A ASRAR [R] 1224
PARIZ G LS IR o, ANEEAE- S L (B 1A)
XL BT R 2R 52 M AN ), S 0T 25 0 A T,
PR R ZR AT 37.11%+3.19%, BN 5 i
AT BT R I 55200 (P<0.05), {HUE: DA 250
SRR W22 S, B AE TS
SRSy, pH X HIBL B TR 20 ULIE] 1B, 45
RIWIRKEE pH BN, BT REM R ST R, a3
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A a 5307 P, ML EERTE] R 3 d B, BRI, 15 60.42%+
s 40 ab oy be s 40 b e b 4.27%, RIS Tl ik 55 AR T B3 () s e, & Tzt ]
3 ¢ ~ - = = e 7
gﬁi 301 . g 301 g TR ENZEm . SRR Enss B0k L 52
{&: 20 1 # 20 N gk
E 10 2 10 2.2 MEIRIELER ST

0 _ 0 _ A . . ~, ‘\E[AC—P hY A I %u I \‘\ —
1:0 2:1 1:1 1:2 01 Tt 4.0 5.0 6.0 7.0 ﬁTL iftfﬁ{tbﬁjigﬁ%ﬁﬁjﬁﬁfrqjﬁT
BRIR2% (T : REWE) pH M2, TEFLR R Se g g R ng BL Al |, SR JH Box-
< 00tab & ab . < 55 b : S SRy i 7 AB AT e TS 1 T IR S 45
% 1] bt ¢ SR 2, ST R 3.
& ¥ 354
E% ;8 Q(%L 25 A 2% 2  Box-Behnken i35 3 545 5%
g 10 1 e 15 4 Table 2 Box-Behnken experimental design and results
0- 5 - T L T REMR (%
1 2 3 4 5 0.1 02 03 04 0.5 i A B ¢ TRERER(%)
AR (%) AR R (%) 1 -1 0 1 49.58
2 0 0 0 52.98
E 65 F 75
— ] a 3 -1 1 0 49.55
—~ 554 a ~ 65 ab
S b S be 4 1 0 -1 59.19
= 454 ¢ c TP ¢ 5 0 -1 1 54.11
& 354 L3 35 | 6 0 0 0 56.49
3%* vy & e 7 -1 0 -1 50.48
<15 Coon o
5 51 .
2 3 4 5 6 2 3 4 5 6 10 0 1 -1 65.06
PR P P (%) Je et ] (d) 11 1 -1 0 49.15
12 1 1 0 50.31
W e
R 13 -1 -1 0 4321
Fig.1 Results of single-factor experiment 14 0 -1 - 60.55
T AFEVNE FREFROR A N 2 57 1 # (P<0.05) . 15 0 0 0 54.75
16 0 1 1 55.81
SR % e BT AR SR B e, Y 41.74%+2.73%, 1% 17 1 0 1 46.36

pH S54RI i e A 1 S = Bl 2 A4, (R A
TREM A BAL, X T REE TR e~ H A ]
T C-C &Rt R AW, AR s T (A AR50
VE R TR B, 8 aed v s AP e 25 e mi b
Yyxt BT RSSO PO, B 1C R BlE # AP
S TR, PR R SR Y TS R R
P, B AGPEBINE R 2% B B R S N 54.36%+
1.85%, (HH S UINE: 1% F1 3% A4H 5B w28 v
255% . PRk, BIEWEAVE N W RN 2, fFSrsiie
PR AN AN 2% 4T /DR B R Ah i X
HBL PR BRI 2 AN El 1D BT, B /D AR AR
FHEAPELAO TS, ST RER IS IS R RS
B YRR R RN 0.3% B, [ R IR S 52.58%+
2.16%, WFUL T HAWLA S (P<0.05) . BEIR AL &
X HFL I P R AR R A SE R AN & 1E o, 458
7, BEAE BETR B A A TS, BT R R 2 B e
LFHE TR, iR N 4% B, B Eom
ik 53.44%, [EfAZRE THEP R 5% M4, (H P&
A w22 5, B A AR B B U RIVE, 22
e o AR s i 2 A A K SR, 534
5 R R ISR S BURATE T, PRIk, SRS TR TR
R RN 4% REGEIEFE . B 1F g5 0oR, M5
R R RELS, BT R iR R S S T R

K3 TEDHER

Table 3  Analysis of variance results

JEKE CFHrR AW Yo7 F(H Pl
LT 45222 9 50.25 20.17 0.0003™
A 18.62 1 18.62 7.48 0.0291"
B 23.5 1 23.5 9.43 0.0180"
C 108.22 1 108.22 43.45 0.0003™
AB 6.69 1 6.69 2.69 0.1453
AC 35.63 1 35.63 14.31 0.0069"
BC 1.97 1 1.97 0.7926 0.4029
A 207.08 1 207.08 83.14  <0.0001"
B’ 0.9241 1 0.9241 0.371 0.5617
c? 61.29 1 61.29 24.61 0.0016™
B2 17.43 7 2.49 - -
AT 0.8773 3 02924  0.0706 0.9726
glitR 2 16.56 4 4.14 - -
syl 469.65 16 - -

RN 2 5 3 (P<0.05); ** R 22 5 B 3% (P<0.01) o
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AB—-2.98AC—0.7025BC—7.01A%>+0.4685B%+3.82C?,
th = 3 /I %0, 8195 #2 P {H=0.0003, 5 %I H i 2
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(P<0.01), Ui BH AL BB & 2 R 45 R I P{H=
0.9726, N3 (P>0.05), FHIA IR 2250/ A
PSE FREL R*=0.9629, K IEJESE Z2EX R>=0.9152, Ui
ZAE I 91.52% ARG EE 7T LI FIZ AL R4 743
AT, IR ZER /N, BOHIZAAI I T HT & 3
222 JrZESNT T 2ESrMTEE R LR 3. i Fe X
FAATTHN, 3 BB 22 X B B K8 i 222 s W U3 A
KRt [a] (C) >PE IR R 32 Fh i (B) >/ DR AR B 4 b i
(A)o —IKI C, T AC, "I A%, C* X455
SEMAR 2 (P<0.01); —IRIT A B XF45 55200 ) 2
(P<0.05); 32 HIGT AB. BC, —YKIf B> X145 Bz mAs
W M PR R R S R OE R g AR
BEEsat, HOE R YR R>0.85, T R? 5 E %K R?
FE{B<0.2, JeUKGEE P>0.05, T2 1 T AR RIAT, f2 i) 5
PAES, PIASARERI AT 17, PEfb)S e R e 120N 2
RN EFEEFI IR 0.323%. BEIREEIEEFI RN 5%. K 1%
BHE R 3 d, FEILARAE T AT 3RAS L I B s+ B b
fRBE ST B R = TS N 65.347%. XAk T 2
SAF AT IR L, ACARAR BRI 0.325% . B IR B
BERh R 5.00% . K BEETE] R 3 d. RS Nl
2% WIhh pH3.5UR ) o ARIRINEE S Bt & iz T.
S EIEAT IO IE S, A A HY PR R R
65.54%+2.31% WLLE L S0 N AT 54T A5 2] i s i T
MEIEAR—3K, FUE T b e R a4 namT st
23 FIRABRIEEFRBRTTWL

HNBUR T St A B T 25 R e 8 3R A8tk
W (ER 4), HPaR R BT SR LR MR
ErEY IR T 32.16%. 68.55%. 38.50% #1159.81%.
ZHERN B &R R T 54.84% Fll 69.52%. HIAY
RE AR PR RS AR S R B Rl . TR T2
BRI RIS G, BSTR PR TE R Tl R = A a4l
BREFHER, HEE KA ELZR T RURIA K AT 4R 25 DL K.
LA FRHEAEFRIL, nHE YRR M el AR S 0
KA GV T I BT S 2SI, 8 B O R SR TR A
st ke W2 I P14 P ISt B 2 e B 2, S v v P A
B AT P R 2P0 B A, MR BE TR R BENE P A B
fiff, REASMEALZ PP S FN T FREAL & M Ak, TR
BRI E A8, R PR T 2 B REAIRRY, X 5
SCEA . BRI AN AT A A AR A 3

K4 ORI EFRIN
Table 4 Changes in nutritional components
before and after fermentation

S (g/L) 4] KIEE
L 0.620.09 0.96+0.08™
Wb 45.83+1.32" 31.09+4.88
LISy 6.20£0.22" 1.95+0.12
ey 12.91=1.38" 7.94+0.35
L-PiaR i g 18.861.75" 7.58+0.70
HETR 1.05£0.16 1.78+0.09

T R 22 TR (P<0.01)
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SR BN, A ERT T BT EA LTS HEAR 25 T 31.09+
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MR (E 2B) o SCEGES IR UL R IS H A LG A
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