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Abstract: To investigate the effect of enhanced fermentation of different Lactobacillus species on the quality of Stauntonia
chinensis ferment, the fresh Stauntonia chinensis pulp was utilized as the raw material. Lactobacillus royceae (LRL),
Lactobacillus rhamnosus (LRT), Lactobacillus plantarum (LPZ), and Lactobacillus acidophilus (LAS) combined with yeast
were used in the co-fermentation. Changes in conventional physicochemical indexes, functional components, antioxidant
activity, and flavor components were systematically analyzed during the fermentation process. The results indicated that the
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total acid content increased gradually, while pH, soluble solids, and triterpene content decreased. After 15 days of
fermentation, the LRT fermentation system exhibited the highest triterpene content at 5.57 mg/100 mL, while the LAS
system showed the highest polyphenol content at 4.27 mg/mL. In addition, the DPPH radical scavenging capacity and SOD
enzyme activity were highest in the LRT system, whereas the hydroxyl radical inhibition rate was highest in the LRL
system. Using gas chromatography-mass spectrometry (GC-MS) combined with odor activity value (OAV) analysis, it was
found that except for the LRL fermentation system, the types and contents of esters increased in the other three systems.
Notably, a total of 87 volatile components were detected in LRT fermentation system, predominantly comprising esters
(168.45 mg/L) and alcohols (151.60 mg/L). Among these, 30 volatile components had an OAV =1, and the primary key
volatile components were ethyl isobutyrate, ethyl caprate, phenylethanol and nonanal. Principal component analysis (PCA)
indicated that the types and contents of Stauntonia chinensis ferment prepared by composite strains differed significantly
from those of unfermented Stauntonia chinensis. This fermentation process enriched the composition of volatile
components in Stauntonia chinensis ferment, and the LRT fermentation system had the richest flavor profile. In conclusion,
the quality of Stauntonia chinensis ferment was influenced by the co-fermentation of yeast with different Lactobacillus
species. The LRT fermentation system demonstrated superior performance in terms of functional component content,

antioxidant activity, and flavor profile improvement.
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B H R EEE SR BE I e 22 57, FEIETFHIIEIMAR
gt . AR S R AR SRR AN TR . ARBHST
L 4 Fh 2L AT B8 5 B B R B AR R 752 5 K I,
KINASTR] B AR R BT AR RE ) B aAAE L, {H A
KRR T B A 2 BN F A SR, X — 3R
Gen] elH B T AN [ ZLIR AT PRl & B R v = A= i ARG
W= i YL . Ms 208 Xt S0l S5 e e
25 ARIEAEMHIZHNERNEERLIENR. I
A A EHIE LR

mER 1 R, 4 FhE G RFD & B0 B AR B 2R
(W2 15 A FEREL . B =ik . SOD H#h . DPPH
I BREAN TR O RIS R A W 2 R (P<
0.05) . TFHEfLIEPRITIE, 4 FhE & Pl A& AT EF A
JKI% 2% pH 4E4577E 2.97~3.01, Hith, LRT Rk &
pH FAIK(2.97) . 4 PG PRIFh & B7 A TN 22 2
iR S I 2 3 LRT>LPZ>LRL>LAS X H&, &5
EERPE] G 2 22 5 (P>0.05) o US43 B3 A,
B E R 2 IR RE M, LRT 5 LRL 2045551
b 5.57 mg/100 mL Fl1 5.50 mg/100 mL, ‘& &&= T 5
G 2 Fh R BHARZR (P<0.05) . MiEESENLL LAS #
L (4.27 mg/mL), X 1] BB5 ZLIR AT B8 25 B AR 19
ARSI B LR A K il LG 1 B R SR )
FASEP, PrEAL TR LS G PR 2, LRT #£ SOD [y
7 (198.71 U/mL) F1 DPPH 75 [%: 3% (86.99% ) P 1 5

b b b HAD 3 Fh A A R &, H DPPH I BREE
B LASHE= T 9.59%. ¥ H i 3L 7 i =2 0] 2
LRL {5 FHA;b 3 FiE S EF.

FHIE AT, R EEZE 15 d B, S 3 FhE -G 5Fh
Fe#E, LRT K EAARZR I pH Hefils S Fisa =ik & 1
E, WS REAE LAS Atk R b fm . sk,
DPPH H 3L 4 BE J1 A1 SOD B #E7E LRT & R
R Er, T H HEEHIRAE LRL KR &S .

2.6 EEMRIRRLST 574

2.6.1 HEEVERBETIHE R ARG
ARIEPUHHE ST, Lad SAR- B E TR E R, 15
W RE T REWE 6. HIEl 6 ATH, R GC-MS
B HK B A TN S L 28 v 4 R P e A3 64 7 53
B, I H ] DO S B AR R A G, e iam
B, H LRL. LRT. LPZ #1 LAS #4514 B A JIX
P 22 (O R IR RO 34 LU AR R TR AR TR

2.6.2 FERVERSTRENLGER SR BEAITEE I -5
(SPME-GC-MS) X o & BRI BT AR IR & 4 FhE A D
R PR A P A TN I 22 304 7 IXUR 9 S5 ) 52 49T, 4485 4% DL
Bl 7. LLb 4 B A R A T AR JINIRE 2R 9 442 R M
BUTA RIS Bekeds | IS BRI WS | RIS I
| P S HAMBE . RGP A A IS K M Sy
TR E I RER S  BEE L BEkR s, 4 29.54
25.00. 14.30 mg/L; LRL % F% (19 B A TN 28 P 32 &
PERGST Fr R R e SRS L IR RIS, SRk
203.23., 134.65. 53.30 mg/L; LRT ‘& Ji¥% i B A JIK i
R A A B i R B SR RIS T2, 43 5] R
168.45, 151.60 mg/L; LPZ K FEAIEFANER 2K P i% &
PERGAT AR & SRS R IRIS | Bekads . RIS | Iake
25, 35h 156.37. 66.97. 53.83 ., 53.51 mg/L; LAS &
P 1) P A I 36 4 R PR o3 B v P 2 IR S RN
B2, 4391 143.07. 156.09 mg/L., ARHET R A& B
MIEFAR, B LRL 2RI T BN R 1 bi ke
FEEE 0T & i A1, HoAth —Fh I G BRI I T AR
JREEZE IEEY BB, LRT Fl LAS &340 17 By
AT 2R A B o & B, 9D T be ke 28 o i) &
i, LPZ 84700 T B AR IR 22 1 18 25 A s Jas 28 ) ot
e

2% 2 MBI T AR R I B A I B 45 2H P AR T 2R
HH A XUBR I ST A3 AT 45 SR o R A 2 e g P A TR 2 Tt

R 1 RREIEM A REANEER SRR DhRisy | bréa stk

Table 1 Physicochemical indexes, functional components and antioxidant activity of Stauntonia chinensis

ferment fermented by different strains

) M5 (mg/mL) SODM§T (U/mL) DPPH | H 35 IR (%) 35 F S Z(%)

FEERAR i O R B
(g/L) (mg/100 mL
LPZ 3.01+0.04" 18.54+1.86" 2.27+0.31* 1.48+0.93°
LAS 2.9940.01% 17.85+1.62* 2.43+0.06" 1.48+0.93°
LRL 2.98+0.01* 18.42+0.41* 2.54+0.26" 5.50+1.48*
LRT 2.9740.02° 20.49+0.90° 2.23+0.15* 5.57+0.44*

2.89+0.7° 181.76+8.54% 77.75+0.5° 31.50+1.88°
4.27£0.1° 164.50+26.3" 77.4+4.02° 33.66%2.36™
2.99+0.9 174.63+4.21% 84.88+2.5" 41.01£2.9°

3.35+0.7* 198.71£17.7° 86.99+1.8" 37.1420.82"

TE: SR NG PR FRom Bl 22 73 i, P<0.05.
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Fig.6 Total ion flow diagram of volatile components of Stauntonia chinensis ferment fermented by different strains
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J5 A5 L P A N 2R A T R XU A Jo Ay 0, 25
JREREE 51 AR R HEXURY BT, 4 LRL, LRT,
LPZ Fil LAS & % il #& 0% BF A JIN I 22 43 701 25 2
88. 87. 82 Fll 83 Fp#4 & MW (& 8), 1B EF AR

Z DA b 4 B G D R I fa XU BT R S,
RURTE M F5 . 4 AR SBREWEE G AME, B
ARJNEEZR RS & B i, b, LRT. LPZ
il LAS 7 & PP AR K093 f v o™ A K a2 o,
PP A I 2 B A XU HLAA B AR ; B2 BaRE
IR T B AN 24 A i K S5, fglan: 2,
1iR £ BRAEAE T A AR A IR, CUIR ZBRBEIE Sk
TR/ AR, LR W R T #5035 & 09 2R A1
LRT KRR b H s =P A TR R B0 T 58 2R
Wt BB, N 168.45 mg/L, Bk &R EEEF AR
By 5.70 4%, /&= LRL. LPZ. LAS X B{K & /Y 3.16.
1.08. 1.18 . 5 UF #HLL, >R LRT. LPZ F1 LAS
KBRS A B A I 22 T BRI o 7 ol S 4
= (P<0.05), 1M LRL & BZ il #& i B9 R RN 5
UF A TIE B E2Z 5 (P>0.05), 3 208 K& T I
AR H S A TR IS S A AR R TS (21.16 mg/L) o
ST, R B R TRy T SRR EFE R
Yz —10, 2 LRL AME, BFANEZR H F 2
2 Sk i iR s A 2 BR 2.1, LRT "F R N 2
R TG ZBRCS . “EHR Z IR FIZE B 205, LPZ W 3=
TN TIREE. 7 THRS IR . /KA71R FF BEFn A HErR
SEIHR, LAS EE RN LR AR LERCHR. SEHR L
FRFIAFABIR 2T o SIS 0T A B A TR 22 1 X UBR ARy
fER EREEE B AR, B LRT 1 LAS Frfil 45 i 8F
ARJNEE R P EEISY) L & B, 5 LRL. LPZ Fil
UF A kb 22 573 B W 2 PE (P<0.05) o HiH, a-Faim
st SRR . ST R CBEREAS I T AN AR
JEAEAT AET . Z2REA =R EEET . A,
B LRL il m AR NEER R P b S0 & 230
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Table 2 Detection results of volatile components of Stauntonia chinensis ferment fermented by different strains of bacteria
FE ot prs TR M me L)
(min) (g/mol) LRL LRT LPZ LAS UF
1 1.83 L C,H0, 74 - - - - 1.2120.07
2 2.26 LR TR C,H 0, 88 10.17+1.89°  20.11+£2.93*  0.87+0.24°  10.85+1.35°  0.18+0.08°
3 3.36 NIR WG CH,,0, 102 0.16+0.04  0.25%0.18" - 0.07+0.04* -
4 427 ST C¢H,,0, 116 1.67+0.09°  0.09+0.01°  4.01+0.70*  0.09+0.05° -
5 4.61 LIRSt TR CH,,0, 116 0.18£0.04"  0.36£0.01°  0.42+0.06"  0.24£0.03"  0.07+0.02°
6 5.29 TR CH,,0, 116 1.06+0.3 0.35£0.07°  10.08£1.11°  0.21£0.01°  0.44+0.03"
7 6.82 2-FILT R 2k CH,,0, 130 1.58+0.41°  0.16+0.02°  0.09+0.02°  0.14+0.03°  0.29+0.10
8 7.77 RSN C,H,,0, 130 1.90+0.67° 8.63£0.81°  0.17+0.08¢ 6.9+0.63° 0.25+0.20¢
9 7.86 2-WRET R 2 MR Te C,H,,0, 130 0.14£0.04°  2.22+0.15°  0.09+0.05° 1.92+0.07°  0.42+0.21°
10 9.68 CL R R C,H,,0, 130 0.3040.04°  0.22+0.01°  0.27+0.10° 0.2+0.01° -
11 13.01 ZIRC T C¢H (0, 144 0.3240.07°  10.44+1.37°  0.15+0.07°  10.87+1.15*  3.66+1.05°
12 13.11 3-CLIAIR TG C¢H,,0, 142 0.11£0.08°  0.21£0.03®  0.14£0.02®  0.23+0.02" -
13 13.34 NRi-3- 2,12 2 5 i CH,,0, 142 - - - - 0.44+0.16
14 13.6 S TR IR C,H 0, 158 0.14£0.05*  0.15+0.03" 10.3240.4°  0.13£0.04° -
15 15.45 2-BkIR TR C,H,0, 140 0.72£0.21°  0.32+0.08°  0.39+0.04°  0.23+0.03 -
16 18.91 SRR PR CoH,;0, 158 0.78+0.17°  6.11£0.39°  0.93+0.24°  5.28+1.01° -
17 20.98 AHR e CoH,,0, 150 0.36+0.05°  2.2440.18°  0.42+0.09° 2.8140.5° 0.38+0.20¢
18 21.54 BEHIR — e C,H,,0, 174 0.09+0.02°  0.26£0.002°  1.08+0.08"  0.22+0.09" -
19 22.04 kA% H g C¢H,O, 152 2.8240.37°  0.54+0.09°  76.67£5.14°  0.44+0.1° -
20 22.4 YRR C1oH500, 172 1.91£0.76"  55.94+1.85°  1.56+0.39"  59.27+9.19"  1.04+0.13"
21 24.44 KR C,oH,,0, 164 0.16+0.05°  0.27+0.01*  0.43+0.12"  0.31+0.02" -
22 24.72 CL R 5 I8 C,H,,0, 186 0.50+0.15*  0.34£0.03®  0.22+0.03"  0.33+0.05® -
23 24.98 LA TR C1oH,,0, 164 1.040.15° 3.23+0.31° 0.89+0.24° 2.32+0.23" -
24 26.83 BRI C,,H,,0, 186 0.26£0.08°  2.67+0.79°  0.27+0.07°  3.87+1.92° -
25 28.04 AU C,,Hy0, 186 220+0.44°  429+0.59°  0.38+0.06°  3.46+1.06" -
26 30.78 9-BIA R £ Tk C,H,,0, 198 0.77+0.10° 1.49+0.22° 0.13+0.06° 1.27+0.09" -
27 31.18 SR LT C,H,,0, 200 1.06+£0.34° 4575179  0.97+0.27° - -
28 33.21 3-SR T i C3Hy0, 214 0.05+0.02° 1.05£0.06° 1.09+0.08° 1.09+0.08* -
29 33.33 2-F BT HF R TR C;3H,0, 214 0.37+0.16*  0.35+0.03*  0.38+0.17*  0.29+0.09" -
30 35.2 M L1 C3H,0, 214 0.17+0.03°  0.65+0.08"°  7.04+1.45"  0.39+0.13° -
31 36.36 FEERR H g C3H,0, 214 0.54£0.07°  0.64+0.12°  0.35+0.04° 0.65+0.12 -
32 39.05 FRERR g C,,Hy0, 228 0.2240.10°  6.45+0.76*  2.56+0.92°  7.44+1.09° -
33 40.71 SR SN g C,5H;,0, 242 0.75£0.09°  0.71+0.15° 0.4+0.04° 0.75+0.2° -
34 40.81 2-FRRE T LSS R R C,5H;00, 242 0.06£0.02°  0.24+0.05*  0.95+0.37*  0.21x0.09° -
35 43.06 | YR g Cy5H;00, 242 0.44£0.08°  0.08+0.03"  0.12+0.05"  0.14+0.06" -
36 44.86 R SRR g C,6H;,0, 256 2.02+0.13*  0.93£0.24°  1.77+0.13®  1.43£0.29" -
37 46.62 A HER 5 R C,;H;,0, 270 0.56£0.17° 0.1240.1°  28.4240.29°  0.12+0.05° -
38 472 13- PUR 2, Bk C,;H;,0, 270 0.20£0.10°  0.05£0.01°  0.16£0.02"  0.15+0.04" -
39 47.42 Ry TE % P T C;H;,0, 268 10.91+1.43*  0.240.08" 0.04£0.02°  0.26+0.04° -
40 47.89 AR g C;H;,0, 270 0.51£0.27°  0.46£0.15*  0.78+0.10°  0.83+0.28"  21.16£9.09*
41 48.89 9-TINBRIGIR L TR CH;3,0, 282 0.91£0.22%  2.76+1.71®  0.35+0.06° 4.3£0.92° -
42 49.33 FARIR £ g CsH;360, 284 0.15£0.09°  2.98+0.67°  0.19+0.08"  9.85+3.45" -
43 52.24 WEIHAR 2. TR CyoH;40, 308 1.91£0.28°  0.79£0.65*  0.28+0.02°  1.46+0.27® -
44 52.32 TR 2 T CyoH;50, 310 0.75+0.25° 1.13£0.81°  0.55£0.06°  2.01+0.26° -
45 52.68 QAN T C,oHye0, 312 1.70+0.70* - 0.14+0.13° 0.22+0.16" -
B AR 53.30+8.13°  168.45+25.78° 156.37+11.37° 143.07+20.97° 29.54+10.97
1 523 ok C.H,,0 100 4.94+0.86°  0.11+0.02° - - 0.12+0.05°
2 5.82 BRebe CoHy, 128 39.6+6.41°  0.11£0.04°  37.59+4.2° - 0.26+0.15"
3 7.23 4-W Rkl CoH,, 128 - - - - 0.54+0.08
4 17.66 +—be C H,, 156 0.19+0.04° 1£0.19° 4.17+0.99* 1.09+0.06° -
5 31.26 Tpuke C,H;, 198 0.210.02° 0.13+0.01° 23.7+0.73" 0.13+0.07° 0.16+0.02°
6 35.35 Ak CysHs, 212 129.78+26.46"  0.38+0.05" 1.14£0.06° 0.33+0.08"  10.07+3.34°




- 44 - B Tk B 2026 4 2 H
k2
e {%(ﬁ’% F‘J‘I‘Eﬂ ey P iy AEXT it (mg/L)
min) (g/mol) LRL LRT LPZ LAS UF
7 42.33 ) - C,7Hy4 240 28.4242.17°  0.11£0.02°  0.37+0.04°  0.13£0.09°  3.16+1.36"
el g m (i) 203.23+34.58*  1.79£0.11° 66.97+5.8" 1.67+0.16°  14.30+3.32°
1 1.64 L C,H0 46 11.98+4.94°  32.38+1.26"  12.3+4.03°  34.03+1.35°  1.55+0.69°
2 2.35 5 T C,H,,0 74 4.11£1.05°  2.95+0.42°  10.77£2.71°  2.01+0.56 -
3 3.74 S C,H,,0 88 - - - - 5.34+1.79
4 38 S C,H,,0 88 6.51+1.8 8.63£0.81*  0.17+0.08° 6.9+0.63" 0.34+0.18¢
5 3.85 2- WL T -1 -1 C,H,,0 88 0.78+0.26"  2.22+0.15°  0.06+0.02° 1.9240.07*  0.42+0.21°
6 6.99 Ly C¢H,,0 100 - - - - 5.43+1.58
7 7.5 1-C C¢H,,0 102 0.93+0.34°  0.06+0.02°  0.25+0.07°  0.05£0.02°  0.13£0.01°
8 11.67 1- i C,H,60 116 - - - - 0.260.15
9 14.37 2-2FE O CgH,;0 130 1.15£0.55° 0.18+0.13° 0.23+0.05° 0.16+0.04° -
10 14.57 IR C,H,0 108 0.74£0.06>  0.18+0.06° 1.26£0.36°  0.18+0.004° -
11 16.34 R CyH,;0 130 0.22£0.04*  022+0.17°  0.32+0.12°  0.23+0.12° 1.1940.33°
12 17.66 J I C,oH,z0 154 - - - - 4.71+1.37
13 18.42 R C,H,,0 122 0.16£0.12°  104.32£6.6"  0.21£0.07°  110.3+£11.49°  0.4+0.14°
14 21.92 a- RN C,oH,; O 154 531+1.45° 0.46£0.10°  4.36x0.94°  031:0.14°  534£1.79°
FEE O () 31.89+7.01°  151.60£6.66° 29.96+8.23" 156.09+13.76" 25.00+8.13°
1 243 iz C,H,0, 60 0.11£0.03¢ 1.99+0.29° 0.11+0.04° 1.71£0.55° 3.28+0.51°
2 12.41 @Az C¢H,,0, 116 0.34+0.05*  0.93+0.39" 0.16£0.05°  0.59+0.14® -
3 21.64 R CgH, (O, 144 0.0740.03°  1.05+0.06° 1.09+0.08* 1.09+0.08* -
4 25.92 T CoH 40, 158 0.13+0.02° 0.69£0.37°  51.84+11.3° - -
5 30.09 ZETR C1oH500, 172 0.33£0.07°  0.49+0.21™ 0.64+0.1° 0.44+0.07% -
et () 1.00£0.13°  5.14+0.05°  53.83+11.55" 3.83x0.67°  3.28+0.51
1 3.01 2-13 CsH,,0 86 - - - - 0.06+0.01
2 8.29 2- P C,H,,0 114 - - - - 10.88+2.19
3 10.24 4-F3E-2- P CgH, 0 128 - - - - 0.46+0.11
4 12.3 2- PP 22 -3 C,H 08 116 0.10.02° 0.29£0.06"  2.78+0.25" 0.3+0.05 -
5 12.4 6-FF1 Jk-5- P -2- i C4H,,0 126 0.67+0.8 0.64+0.16° - 0.69+0.03" 0.91+0.79*
6 12.55 2-3 1 CeH,O 128 - - - - 1.96+0.62
7 12.69 2H-NEI-2,6(3H)- C,sH,0;, 112 0.38+0.07°  0.89+0.47°  4.33+1.29° 1.44+0.79° -
8 17.32 2-T-{il] CoH, 40 142 - - - - 1.08+0.28
9 26.66 2-F i C,H,,0 170 - - - - 0.29+0.03
10 33.44 Tt AL R C;5H,,0 194 0.43+0.04° 2.3+0.33° 0.19+0.07°  0.24+0.04°  0.16+0.02°
Fi2e & i () 1.58+0.9° 4.13+0.69" 7.3£1.12% 2.68+0.79°  12.17+7.86"
1 8.19 AHE CgHg 104 0.72+0.01° 1.37+0.1° 0.06+£0.04° 1.39+0.12°  0.21+0.09°
2 142 D-FPiEss CoHys 136 15343.08°  0.13+0.02°  37.59+42°  0.14+0.02° 1.96+0.6°
3 15.22 (2)-p-Z 8 CioHyg 136 - - - - 0.120.05
4 35.7 o-TEWE N CsH,, 204 0.09+0.04°  0.11+0.03"  15.87+2.48"  0.09+0.03 0.24+0.1°
Il e (i) 16.11£3.07°  1.57x0.11°  53.51£6.69°  1.62+0.14" 2.53+0.83¢
1 2.72 2-HIE T CH,,0 86 - - - - 0.16+0.02
2 6.89 2-CUHTE CeH,,0 98 - - - - 0.44+0.03
3 8.61 PR C,H,,0 114 0.25£0.02°  0.19+0.09° - - -
4 10.96 2- P C,H,,0 112 8.36+2.48"  0.69+0.05" - 0.17+0.06 -
5 11.08 IR C,H,0 106 4.30£0.95° 1.26+0.28° 1.26+0.28 0.8+0.25 0.79+0.14°
6 14.94 K C,H,0 120 0.81£0.35°  0.24£0.08°  0.21£0.02°  0.26+0.07°  0.06+0.01°
7 15.65 2- IR CeH,,0 126 54.96+6.86°  1.16£0.04° - 0.4420.14° -
8 17.88 T CyH ;O 142 1.58+1.08°  10.27+3.15*  0.07+0.02° 0.51+0.11° 0.9+0.4°
9 22.66 Ak C,oH,00 156 6.35£0.37°  0.25+0.15°  3.58£0.04°  0.15£0.05° -
10 22.98 3,4-Z RN S C,H,,0 134 58.04+5.96°  0.51£0.06°  9.75+2.05°  0.54+0.14° -
11 25.59 A- TR TR C,H,,0 148 - - - - 0.09+0.02
R (T 134.65£14.61°  11.15£6.2°  14.86+2.3°  2.87+0.55°  2.41+0.52°
1 27.49 2-MER-4-ZIRHoR CgH, 0, 150 0.1940.03*  0.25+0.01°  0.22+0.07*  0.22+0.04° -
2 35.86 2,4- BT HOR C,,H,,0 206 0.59£0.03¢ 1.88+0.11° 1.42£0.16° 1.79+0.31* 0.40+0.07¢




5474 5B 40 X9 A WERETR SRR ZLERAT IR 52 A R X A TN 28 4 B A ) - 45 -
k2
g W feamass S it melt)
min) (g/mol) LRL LRT LPZ LAS UF
W2 i (adt) 0.78+0.05¢  2.13£0.11° 1.64+0.19°  2.01+0.34% 0.4+0.07¢
1 4.39 UiFS C,Hg 92 0.12£0.01>  0.17+0.02°  0.18+0.03°  0.13+0.06°  0.76+0.44"
2 7.4 PO S CgHyg 106 0.174£0.05¢  0.07+0.01°  2.89+0.11*  0.08+0.02°  0.46+0.11°
3 8.71 IR C,H,,0, 126 0.08+0.05¢  0.14+0.03*  0.85+0.05*  0.21+0.01° -
4 9.1 2- T Rg CH,O, 110 3.57+1.73" 0.07+0.03*  0.05+0.01° 0.05+0.01° -
5 24.83 1,3-ZRT R CHy, 190 0.14+0.03" 6.16+0.16° 0.15+0.04° 6.96+2.15" -
6 29.12 1,2-—&-1,5,8- =28 C3Hyg 172 1.02£0.13*  0.22+0.04*  0.19+0.02°  0.26+0.06 -
7 29.89 12-“HAEEA-ZFER C\H 0, 164 0.17£0.01°  0.09+0.05*  0.06£0.002°  0.07+0.02° -
HAbE S & CEI) 527+1.58*  6.91+026®  4.37+0.15° 7.76+2.2° 1.22+0.54¢

T =" FR AR

4, LRT. LPZ Fl LAS & B R EEAS AR & &
BAK, 5 LRL & BAAR R AH L BLAT W 22 7 (P<
0.05) . REFEZY TR BERH R 2 IS A .
S R Y N T VA S e W (E WS Wi &2 R A%
BRI, Had A R 5= ik | &)

IR A — A A AR AR 41 PRt 38 o i e i
BT RE R S LA R 5 G R AR R, n] AR50

PR A 22 TS TR 1 7K, H A R PR IS s
AR R E AT BRSNS B, A B AR DA SRR AN

AT AZ ORI P A TN R A UA R

2.6.3 FERVERST OAV 43T OAV 245 LM 5
PRV R SRR BB EU AL, GBS OAV =1 i, KB
T2 BT AR XU B AT BTk, S SRS, B
OAV {HHEK, TTlEIR ., 0.1<XOAV<1, Uiz B
Xp AR KBk A S MV, 8 st XU Ak &9 .

OAV<0.1, Ui BZ Y TR XTF A XA TG i 2552 T, 2N
RTERRAE G, Nk 3 TR, R A A B A K
(UF) F A BEY BT AR R Z (LRL. LRT. LPZ. LAS)
o G B R ) B S 41 B, Horp LRL. LRT.
LPZ. LAS F1 UF By X k1L 59153518 26. 30,

20, 28 Fl1 19 B, LRL KP4 2 A0 14 S5 XU ) I,
VTR, TR, 2-FHE TR AN . ¥R L
BRFI TSN 32, TR R R B R A/ GF IR 3
B WA (BRI A F R <. LRT KBAR
B SRR ) BT A ZE TR LB NS 2150k 3, Bk 1T
HRABAIIR T A FNBERAEAT, 5l DA S T R R AT 1
U . REERER IRUBR, il 2 IR AR 2R 1 A A< A 4% L il
o LPZ KRR Z I B IR 53 LA T T £ s A
ST R OEE N T, MERR RN R THRAE G | &
#5) . LAS K EFAF i) SCEE AR ) 55 LA =E TR T
E, T T R R PR, A LR AR
Fro 1M UF KRR 22 o i S IXUBR 49 J5T L D5 A I 1Y)
AR BT . B T R S B v B A AR Ry
ET, R R P UM AR N E

2.6.4 A PERST PCA 538t SR Origin 2021 %7
LRL. LRT. LPZ. LAS f1 UF # 17 & & 43 53 H71
(PCA), 45 R ANE 9 ff7s, PCA-2D EHEFE 43 e ek
R EFA TN S 4 FhiZ G BaFh A& B2 00 BF A INEE 2R 11
BARFEIE . 7E PCA SrTEIvh, RS Z RIE B i 3R
225N, FEE AR 22 A B AREAR I SR 4 |

3 NIRRT AR OAV 73H7

Table 3 OAV analysis of Stauntonia chinensis ferment fermented by different strains of bacteria

) ‘ OAV
e Azt E2 A RHE B (mg/kg) LRL LRT LPZ LAS UF

1 WR LT A | Tk 0.0040 40.00 62.50 - 17.50 -

2 F TR LB 3L st} 0.0001 16700.00 900.00 40100.00 900.00 -

3 5T R SRk 1.3000 0.11 0.12 7.94 0.10 -

4 2-HETMR T FISE M ARk 0.0040 395.00 40.00 22.50 35.00 72.50
5 CRRH R REE . HiR 0.0500 6.00 4.40 5.40 4.00 -

6 KT AR 0.1000 1.60 2.70 430 3.10 -

7 TR B R 0.0001 10600.00 3500.00 100800.00  2100.00 4400.00
8 2B LR N X 1.0000 0.72 0.32 0.39 0.23 -

9 TK AR g ES - SUYOITUS 0.0600 47.00 9.00 1277.83 7.33 -

10 —MR 2T PR 220 IRk 1.0000 0.17 0.65 7.04 0.39 -
11 LR LT AEAT, FITH i 8 e Rk 0.0200 52.00 161.50 44.50 116.00 -

12 LR H R RN S N T i S 1.0000 220 429 0.38 3.46 -

13 FHRH R R, BRI 0.5000 1.56 12.22 1.86 10.56 -

14 LR T MR #ITR 7.5000 1.36 2.68 0.12 1.45 0.02




- 46 Tk R 2026 4F 2 J
g3

e T B bt (mgke) OAv

LRL LRT LPZ LAS UF
15 TR T8 SN 1.2000 0.22 223 0.23 323 -
16 LIRS IR TR 0.9000 2.11 9.59 0.19 7.67 0.28
17 HEERR 21 AR 0.3300 0.67 19.55 7.76 22.55 -
18 FrAHR £ TR TR Ghiiek 1.5000 0.1 1.99 0.13 6.57 -
19 2B FRMERFEES 7.5000 0.04 1.39 0.02 1.45 0.49
20 MR LT BB ik 0.0200 53.00 2287.50 48.50 - -
21 ¥R TR [ENE VS 0.0020 955.00 27970.00 780.00 29635.00 520.00
22 LR Tk HAE R 0.0500 - - - - 24.20
23 R AR SRR Ak 0.0540 4.07 4.07 5.93 426 22.04
24 o-FA T B R 0.3000 17.70 1.53 14.53 1.03 17.80
25 S SR 22 A A B 0.7000 9.30 12.33 0.24 9.86 0.49
26 R WHALE 0.0450 3.56 2318.22 4.67 2451.11 8.89
27 1-BiEE IR RS 0.2000 - - - - 1.30
28 i FAGAE A STEC AR 0.0015 - - - - 3140.00
29 I HEFSMFAT R 0.0700 - - - - 77.57
30 6-FF J-5- s -2- R SRk 0.1000 6.70 6.40 - 6.90 9.10
31 B R AREFR 0.0100 43.00 230.00 19.00 24.00 16.00
32 2-P JBR. EHL HE AR 0.6800 - - - - 16.00
33 2-2F [ FIRER 0.0400 - - - - 49.00
34 2-T-fifi KR TE . BRI LIS 0.0800 - - - - 13.50
35 PR NI <R 0.0035 71.43 54.29 - - -
36 KL AETFER 0.0090 90.00 26.67 23.33 28.89 6.67
37 T TR SR AN S 0.0035 451.43 2934.29 20.00 145.71 257.14
38 2- P SR BTIYIRIE 0.0420 199.05 16.43 - 4.05 -
39 AR AR 0.3000 1433 4.20 420 2.67 5.30
40 2SI HEEH%HE%?;?%;;??E&HR\ 0.0830 662.17 13.98 - 1.45 -
41 2-CU i ATk 0.0800 - - - 5.50

e T ARKH ARBIER [ T SCHk[43], B SAEE R ZEFlavor Ingredient Library K &R 155
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Fig.9 PCA plot of volatile components of Stauntonia chinensis
ferment fermented by different strains of bacteria
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. £E L, LRT J&36 B T il £ B A TN 2= 1 B




547 % 5 41 X5 A RERFB SRR SLRRAT AL S AR A IR 2R A B AR - 47 -

e AT I B AT PR B i 28O S R e A 1™
s SRR R TS5 0 (H AR A A, 7R
AR BIWEFE AT SR A T R B FLIRAT R 5 A I
B E AL, AR AT 2R i) i A= DI RES P
SR S S A A T R GV, LAMESDIRENE
B2 S AR TIT 2

© The Author(s) 2026. This is an Open Access article
distributed under the terms of the Creative Commons Attribution

License (https://creativecommons.org/licenses/by-nc-nd/4.0/).

Sk
[1] ZEW, 23F, K& FANGTRKILE R M i TH R L%
# 7], 5T MR LAF, 2010, 38(2): 163-165. [ WU G Q, WANG
W P, CHEN Y. Resource status and active composition of Chaeno-
meles cathayensis and its processing technology [J]. Guizhou Agri-
cultural Sciences, 2010, 38(2): 163—165. ]
[2] BAF, &, AR, . FARRBRY T T3 EREF
w3 ee [T, 3 R kA5, 2018, 57(2): 64-66. [HELF, YINY
X, ZHENG M H, et al. Effects of extracts from Stauntonia chinensis
on the growth and development of musca domestica[J]. Hubei Agri-
cultural Sciences, 2018, 57(2): 64—66. |
(3] FRsE, F4h, 2K R FARMCE RS B 2 8 Ao ls AT itk
B [J]. derazhf X 3 53R, 2008, 25(11): 924-928. [ CHEN Y, LI
J, WU Y L. Research overview of the chemical components and the
pharmacoclinic of Stauntonia chinensis[J]. Journal of Shenyang
Pharmaceutical University, 2008, 25(11): 924-928. ]
(4] F) &, RIA, HER, F. FARNRIE LS L LARAH
7 [J]. BB A4, 2015(5): 83-85,93. [WEI G X, LONG L L,
YANG X T, et al. The optimization of fermenting technology of
Stauntonia chinensis DC wine[J]. Liquor-Making Science& Tech-
nology, 2015(5): 83-85,93. ]
[5] XBEW, E0F, Haf, F. FARRB G EFA ]
fiti%, 2011(4): 72-74. [ WU G Q, WANG W P, GAN H Q, et
al. Clarification of Chaenomeles cathayensis vinegar[J]. China
Brewing, 2011(4): 72-74. ]
[6] &L, a3, i, 5. FARNA G LA &
oo b5 K WAL, 2011,47(6):92-95. [PANHM, YOUJ G, BOH
M, et al. Technology research of wild Stauntonia chinensis bever-
age[J]. Food and Fermentation Science & Technology, 2011, 47(6):
92-95. ]
[7] |%, 2LF, 20, . AMAFARRBERL T LRI
(7]. ¥+ B &iE, 2010(11): 177-179. [ TIAN L, WANG W P, WU
G Q, et al. Processing technology of Chaenomeles cathayensis
wine[J]. China Brewing, 2010(11): 177-179. ]
[8] R, AT, HER, F IMAENBEL > ROMRT
#R]. &L A8 Tk, 2016,42(7):283-287. [ZHAO F F,
MO Y W, JIANG Z L, et al. Research progress of functional micro-
bial enzyme products[J]. Food and Fermentation Industry, 2016, 42
(7):283-287. ]
[9] BRAR, FEN LK, F HADMEOHAREEI] £&
B 5 4, 2020,41(2): 190-195. [ GAO Q C, CHANG Y T,
MA R, et al. Research progress on microbial ferment[J]. Food Re-
search and Development, 2020, 41(2): 190—195. ]
[10] Roosk, 23, Loty RAMMEEARALREI]. AR
Ak, 2020,41(7): 193-197. [LIANG H M, LIU J, SHI H M. Re-
search progress of edible plant source jiaosu[J]. The Food Industry,

2020, 41(7): 193-197. ]
[11] kA%, RiLiE, MmE, F. 2 A RELABRFETHHL
Ok [J]. % B A & 5 4R, 2021,21(10):343-352. [ZHU D S,
WUI D D, SHEN Y S, et al. Research progress of mixed fermenta-
tion of fruit and vegetable juices with multiple strains of bacteria[J].
Journal of Chinese Institute of Food Science and Technology, 2021,
21(10): 343-352. ]
[12] #30, fdde, f, . FRABS XA EME-CHBLE
Rt Fw R ANE®RAL . B &, 2019,38(10):
105-109. [ QIN Y, XIONG Y R, LU L, et al. Study on antioxidant
activity of Raspberry-pomegranate composite juice enzyme pre-
pared by different fermentation methods[J]. China Brewing, 2019,
38(10): 105-109. ]
(13 ] RF, HRF, W3, F. QAL L BEA P RAIHRT R
RACHE ) BAR K M ey TAC[T]. &g T kA, 2025, 46(17):
335-343. [ZHAO Y, DU Q P, YANG R, et al. Physicochemical
properties and antioxidant capacity and volatile compound changes
during the fermentation of Chinese prune jiaosu[J]. Science and
Technology of Food Industry, 2025, 46(17): 335-343. |
[14] iz T, vbid, M. LT b JUBR BB B S — AR AR
KA AR R E T oA ). AR S AL, 2024, 40(5): 64-72.
[ ZHANG J N, YE Z, YANG C. Differential analysis of character-
istic substances of single and coupled fermentation of lactic acid
bacteria and yeast in Red Date juice[J]. Modern Food Science and
Technology, 2024, 40(5): 64-72. ]
[ 15] MANDHA J, SHUMOY H, DEVAERE J, et al. Effect of lac-
tic acid fermentation on volatile compounds and sensory characteris-
tics of Mango (Mangifera indica) juices[J]. Foods, 2022, 11(3):
383.
[16 ] MARF, SUI L, ZHANG J S, et al. Polyphasic characteriza-
tion of yeasts and lactic acid bacteria metabolic contribution in semi-
solid fermentation of chinese baijiu (traditional fermented alcoholic
drink): towards the design of a tailored starter culture[J]. Microor-
ganisms, 2019, 7(5): 147,
[17] ADESULU D A T, DAHUNSI S O, OLAYANIJU A. Syner-
gistic microbial interactions between lactic acid bacteria and yeasts
during production of Nigerian indigenous fermented foods and bev-
erages[J]. Food Control, 2020, 110: 106963.
[ 18] PENG W Y, MENG D Q, YUE T L, et al. Effect of the apple
cultivar on cloudy apple juice fermented by a mixture of Lactobacil-
lus acidophilus, Lactobacillus plantarum, and Lactobacillus fermen-
tum[J]. Food Chemistry, 2021, 340: 127922.
[19] Rk, SwesT, #8790, . SR M BF 8 o W & R B RGR T &
FE e Mookt v [T]. &0 55 K 8% T dk, 2025, 51(19): 403411,
[YOU R, JIA X K, ZHENG M M, et al. Influence of mixed fer-
mentation with lactic acid bacteria and yeasts on flavor of fruit and
vegetable juice [J]. Food and Fermentation Industries, 2025, 51(19):
403-411. |
[20] Z#, F08, MRCE, 5. K TN F a8 @ kR s
ARIONEEF A B T2 ] BB AR, 2019(4): 22-29, 35. [ WANG
Y,LIL L, BAI Q X, et al. Optimization of the fermentation of Wild
Papaya enzyme based on fuzzy mathematics and response surface
method[J]. Liquor-Making Science & Technology, 2019 (4) : 22—
29, 35. |
[21 ] AINSWOETH E A, GILLESPIE K M. Estimation of total
phenolic content and other oxidation substrates in plant tissues us-
ing folin—ciocalteu reagent[J]. Nature Protocols, 2007, 2(4): 875—
877.
[22] Ak, k¥, F 8@, F. RILKFAL T Z T RihfTeT


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.14088/j.cnki.issn0439-8114.2018.02.016
https://doi.org/10.14088/j.cnki.issn0439-8114.2018.02.016
https://doi.org/10.14088/j.cnki.issn0439-8114.2018.02.016
https://doi.org/10.14088/j.cnki.issn0439-8114.2018.02.016
https://doi.org/10.13746/j.njkj.2016041
https://doi.org/10.13746/j.njkj.2016041
https://doi.org/10.13746/j.njkj.2016041
https://doi.org/10.13746/j.njkj.2016041
https://doi.org/10.13746/j.njkj.2016041
https://doi.org/10.13746/j.njkj.2016041
https://doi.org/10.3969/j.issn.0254-5071.2011.04.021
https://doi.org/10.3969/j.issn.0254-5071.2011.04.021
https://doi.org/10.3969/j.issn.0254-5071.2011.04.021
https://doi.org/10.3969/j.issn.0254-5071.2011.04.021
https://doi.org/10.3969/j.issn.1674-506X.2011.06.025
https://doi.org/10.3969/j.issn.1674-506X.2011.06.025
https://doi.org/10.3969/j.issn.1674-506X.2011.06.025
https://doi.org/10.13995/j.cnki.11-1802/ts.201607046
https://doi.org/10.13995/j.cnki.11-1802/ts.201607046
https://doi.org/10.13652/j.spjx.1003.5788.2022.80998
https://doi.org/10.13652/j.spjx.1003.5788.2022.80998
https://doi.org/10.13652/j.spjx.1003.5788.2022.80998
https://doi.org/10.11882/j.issn.0254-5071.2019.10.021
https://doi.org/10.11882/j.issn.0254-5071.2019.10.021
https://doi.org/10.13982/j.mfst.1673-9078.2024.5.1593
https://doi.org/10.13982/j.mfst.1673-9078.2024.5.1593
https://doi.org/10.13982/j.mfst.1673-9078.2024.5.1593
https://doi.org/10.3390/microorganisms7050147
https://doi.org/10.3390/microorganisms7050147
https://doi.org/10.1016/j.foodcont.2019.106963
https://doi.org/10.1016/j.foodchem.2020.127922
https://doi.org/10.1038/nprot.2007.102

- 48 - £ Tl B4

2026 4 2 A

B &=k U] R RAT L5 IF A, 2023, 44(4): 79-85. [ ZHU P
L, ZHANG J, LI S Y, et al. Purification of total triterpenoids from
fruiting body and spore powder of Ganoderma lucidum by macrop-
orous adsorption resins[J]. Food Research and Development, 2023,
44(4):79-85. ]
[23] MCCORD J, NEWTON S, STRYNAR M. Validation of
quantitative measurements and semi-quantitative estimates of
emerging perfluoroethercarboxylic acids (PFECAs) and hexfluoro-
prolyene oxideacids (HFPOAs) [J]. Journal of Chromatography. A,
2018, 1551: 52-58.
[24] RUIZH V,ROCA M J, EGEA C M, et al. A comparison of
semi-quantitative methods suitable for establishing volatile
profiles[J]. Plant Methods, 2018, 14: 67.
[25] KWAW E, MA Y K, TCHABO W, et al. Effect of Lacto-
bacillus strains on phenolic profile, color attributes and antioxidant
activities of lactic-acid-fermented Mulberry juice[J]. Food Chem-
istry, 2018, 250: 148—154.
[26] LIBB, YUAN D D, SONG S G, et al. Effects of Lactobacil-
lus acidophilus GIM1.208 on antioxidant and hypoglycemic activi-
ties, flavor and glycosides of Rosa roxburghii Tratt[J]. Food Bio-
science, 2023, 55: 102948.
[27] B3R R, S5, F AL EREASEMWAHEEL S
Brfedh B L LA LAY AR R U] £o T b AR,
2024,45(6): 150-160. [ JIANG H B, NIE P, LU W, et al. Study on
the processing optimization for the enrichment of polyphenols and
flavonoids in co-fermentation of Quinoa and Black Barley and its
bioavailability [J]. Science and Technology of Food Industry, 2024,
45(6): 150-160. ]
(28] T Zuk, D36, 4%, . R R IUB A~ H) 2 8 5 A 04
BB AR M0 em [T]. & AR, 2021, 42(17): 120-128.
[DING Y F,MA Y L, LI S P, et al. Effects of different lactic acid
bacteria on fermentation characteristics and metabolites of grape
jiaosu[J]. Science and Technology of Food Industry, 2021, 42
(17): 120-128. ]
[29] Eofpfk, T 24, BUEE, . M AR F MR PO BFH
5 3 S SR TACHHT[T]. A S 55 K B Tk, 2022, 48(10): 70-77.
[ WANG Y Z, DING Y F, DUAN D D, et al. Screening of yeast
and analysis of quality changes during grape jiaosu fermentation[J].
Food and Fermentation Industries, 2022, 48(10): 70—77. |
[30] YANG X,LILL, YAN Y F, et al. Investigation of the phar-
macodynamic components of Gastrodia elata Blume for treatment
of type 2 diabetes mellitus through hple, bioactivity, network phar-
macology and molecular docking[J]. International Journal of
Molecular Sciences, 2024, 25(19): 10498.
[31] FRR, IRA, SEaK, . B &I A8 T LRACA SR
WA ], £ o B ALK, 2019, 35(12): 174-178,226. [ ZHANG
W G, ZHANG J, DANG B, et al. Optimization on fermentation con-
ditions and the antioxidant characteristics of Chinese Quinoa rice
wine[J]. Food & Machinery, 2019, 35(12): 174—178,226. |
[32] HAR, AvedR, WA, . pAesr & B KRB A2 b AAL
BAERAAFTRGHRLT]. RRFR L5 T 4,2021,42(4):
42-47,54. [FUL W, TANG X J, LIN X N, et al. Studies on the or-
ganic acid and antioxidant activity of Loquat enzyme during sponta-
neous fermentation process[J]. Food Research and Development,
2021,42(4): 42-47,54. ]
[33] MARKKINEN N, LAAKSONEN O, NAHKU R, et al. Im-
pact of lactic acid fermentation on acids, sugars, and phenolic com-

pounds in black chokeberry and sea buckthorn juices[J]. Food
Chemistry, 2019, 286: 204-215.

[34] WANG J, WEI B C, XU J, et al. Influence of lactic acid fer-
mentation on the phenolic profile, antioxidant activities, and volatile
compounds of black chokeberry (Aronia melanocarpa) juice[J].
Journal of Food Science, 2024, 89(2): 834—850.

[35] Z &%, &I, 57 M, 5. ZRBMIEKEEF O KL B4R
B RS HRBAEE T[], A& T kA, 2023, 44(15):
93-100. [ WANG S P, ZHU D, NIU G C, et al. Changes of main
components and antioxidant activity of black chokeberry jiaosu in
natural fermentation[J]. Science and Technology of Food Industry,
2023, 44(15): 93-100. ]

[36] REH, T4, 8%, £ HAALEREREANDRALE
AT [T]. 8 e RARARH K F (A KAL), 2022, 50(3):
144-154. [ SONG J L, WANG W K, YAN J, et al. Antioxidant
substances and activity of medicinal fungus Sanghuangporus[J].
Journal of Northwest A& F University(Natural Science Edition),
2022, 50(3): 144-154. ]

[37] Pt o, 2%, 5. AR LT A EHRESR) AL LB
Arakid A2 P ed g b AR [J]. &S A S, 2007(2): 64-66. [ YAN M,
LI Q, DONG J J, et al. Study on free radicals emerging during beer
brewing by ESR method [J]. Food Science, 2007(2): 64—66. ]

[38] FENG T, WANG J. Oxidative stress tolerance and antioxi-
dant capacity of lactic acid bacteria as probiotic: A systematic re-
view [J]. Gut Microbes, 2020, 12(1): 1801944.

[39] DONGMO S N, PROCOPIO S, SACHER B, et al. Flavor of
lactic acid fermented Malt based beverages: current status and per-
spectives[J]. Trends in Food Science & Technology, 2016, 54:
37-51.

[40] Z 2, G F, #HEE, F. SPME-GC-MS %4 ROAV 3
ST BN AL M AR R oA B (T]. F B R SR A e A, 2022,
33(2):153-160. [ XI X L, ZENG G F, XIE J J, et al. Analysis of
volatile characteristic compounds in bitter melon powder by spme-
gc-ms combined with roav method[J]. China Food Additives, 2022,
33(2): 153-160. ]

[41] RT4, ari%, k&, F. AT HS-SPME-GC-MS % #7 54
e A8 =& 049278 F & AR R (1], & A, 2023,
44(22):313-321. [LIANG Z J, YU Y, ZHANG L, et al
Headspace solid phase microextraction combined with gas chro-
matography-mass spectrometry analysis of aroma characteristics of
white tea from new strain ‘Baiyun 0492’ [J]. Food Science, 2023, 44
(22):313-321. ]

[42] &4, bdnth, £4F, 5 G T L TAMR AT KT L%
KR AR E M Rk J o v [T]. & S 55 K B Tk, 2022, 48(6):
160-167. [LIY F, SHI Y N, LI X, et al. Effect of fermentation
time on volatile flavor compounds of Dahe Black Pig Ham during
traditional processing [J]. Food and Fermentation Industries, 2022,
48(6): 160-167. ]

(43 ] B GE-GBAFH, % 5%, FiF. AAHFRRAIL % M.
b 7 A 5 A A PR 9T 4R 2 8], 2015. [ VAN HEMMERT L,
LIU Q, et al. Compilation of compound aroma threshold[M]. Bei-
jing: Science Press Co., Ltd., 2015. ]

[44 ] ZHAO F, CHEN M J, JIN S, et al. Macro-composition quan-
tification combined with metabolomics analysis uncovered key dy-
namic chemical changes of aging white tealJ]. Food Chemistry,
2022, 366: 130593.


https://doi.org/10.12161/j.issn.1005-6521.2023.04.012
https://doi.org/10.12161/j.issn.1005-6521.2023.04.012
https://doi.org/10.1016/j.chroma.2018.03.047
https://doi.org/10.1186/s13007-018-0335-2
https://doi.org/10.1016/j.foodchem.2018.01.009
https://doi.org/10.1016/j.foodchem.2018.01.009
https://doi.org/10.1016/j.foodchem.2018.01.009
https://doi.org/10.1016/j.fbio.2023.102948
https://doi.org/10.1016/j.fbio.2023.102948
https://doi.org/10.1016/j.fbio.2023.102948
https://doi.org/10.13386/j.issn1002-0306.2023050312
https://doi.org/10.13386/j.issn1002-0306.2023050312
https://doi.org/10.13386/j.issn1002-0306.2020110244
https://doi.org/10.13386/j.issn1002-0306.2020110244
https://doi.org/10.3390/ijms251910498
https://doi.org/10.3390/ijms251910498
https://doi.org/10.13652/j.issn.1003-5788.2019.12.032
https://doi.org/10.13652/j.issn.1003-5788.2019.12.032
https://doi.org/10.12161/j.issn.1005-6521.2021.04.007
https://doi.org/10.12161/j.issn.1005-6521.2021.04.007
https://doi.org/10.1016/j.foodchem.2019.01.189
https://doi.org/10.1016/j.foodchem.2019.01.189
https://doi.org/10.1111/1750-3841.16899
https://doi.org/10.13207/j.cnki.jnwafu.2022.03.018
https://doi.org/10.13207/j.cnki.jnwafu.2022.03.018
https://doi.org/10.13207/j.cnki.jnwafu.2022.03.018
https://doi.org/10.13207/j.cnki.jnwafu.2022.03.018
https://doi.org/10.13207/j.cnki.jnwafu.2022.03.018
https://doi.org/10.13207/j.cnki.jnwafu.2022.03.018
https://doi.org/10.13207/j.cnki.jnwafu.2022.03.018
https://doi.org/10.13207/j.cnki.jnwafu.2022.03.018
https://doi.org/10.3321/j.issn:1002-6630.2007.02.013
https://doi.org/10.3321/j.issn:1002-6630.2007.02.013
https://doi.org/10.1080/19490976.2020.1801944
https://doi.org/10.19804/j.issn1006-2513.2022.02.020
https://doi.org/10.19804/j.issn1006-2513.2022.02.020
https://doi.org/10.7506/spkx1002-6630-20230217-166
https://doi.org/10.7506/spkx1002-6630-20230217-166
https://doi.org/10.1016/j.foodchem.2021.130593

	1 材料与方法
	1.1 材料与仪器
	1.2 实验方法
	1.2.1 野木瓜酵素的制备
	1.2.2 理化指标和功效成分的测定方法
	1.2.3 抗氧化指标的测定方法
	1.2.4 挥发性风味成分测定方法

	1.3 数据处理

	2 结果与分析
	2.1 不同复合菌种发酵过程中pH、总酸和可溶性固形物含量的变化
	2.2 不同复合菌种发酵过程中功效成分含量的变化
	2.3 不同复合菌种发酵过程中SOD酶活力变化
	2.4 不同复合菌种发酵过程中抗氧化活性变化
	2.5 不同复合菌种制备的野木瓜酵素理化指标、功效成分和抗氧化活性比较
	2.6 挥发性风味成分分析
	2.6.1 挥发性成分总离子流图
	2.6.2 挥发性成分检测结果
	2.6.3 挥发性成分OAV分析
	2.6.4 挥发性成分PCA分析


	3 结论
	参考文献

