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Abstract: This research investigated the alterations in functional properties and flavor quality of blueberry-collagen peptide
beverage under different fermentation times (0~48 h). The fermented beverage was produced through yeast fermentation
using blueberry and cod skin collagen peptides. Subsequent analyses involved determining the nutrient composition
(polyphenols, flavonoids, anthocyanins), digestive enzyme inhibitory activity (a-amylase and lipase), and free radical
scavenging rate of the beverages. Meanwhile, gas chromatography-ion mobility spectrometry (GC-IMS), electronic tongue,
electronic nose, and sensory evaluation were employed to assess the flavor modifications of the beverages throughout the
fermentation process. The results revealed that the beverage attained peak levels of polyphenols (1.40 mg-mL™") and
flavonoids (1.22 mg:mL™), with an anthocyanins retention of 0.043 mg-mL™" after fermentation for 36 h. The free radical
scavenging rate exceeded 80%, while the a-amylase and lipase inhibition rates were 55.17% and 43.69%, respectively. The
GC-IMS analysis showed notable increases in esters such as methyl propionate, isoamyl acetate, and ethyl caproate, as well
as alcohols like isoamyl alcohol, isobutanol, and n-propanol, whereas sulfide-containing compounds such as allyl
isothiocyanate and diethyl trisulfide exhibited decreased levels. These results demonstrated that the blueberry-collagen
peptide beverage, after 36 h of fermentation, significantly enhanced active component content, antioxidant capacity, and
digestive enzyme inhibitory activity. The production of fruity esters/alcohols and the degradation of sulfur-containing off-
flavor substances were promoted. By optimizing fermentation time to regulate the directional accumulation of yeast
metabolites, this research achieved synergistic optimization of functional properties and flavor quality, presenting a novel
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approach for enhancing the value of blueberry resources and advancing the development of collagen-based beverages.
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Table 1 Sensory evaluation score criteria for blueberry-collagen peptide fermented beverage
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Fig.1 Visual changes in blueberry-collagen peptide fermented
beverages at different fermentation times
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Table 2 Changes in color parameters, browning degree, transmittance, pH, and soluble solids content of blueberry-collagen peptide
beverages at different fermentation times

SR (h) L a b’ WEE(AU)  BEER%) pH AT M i (oBrix)
0 2.97+0.03¢ 1.45£0.09° —2.750.06° 0.17+£0.01° 35.92+0.23° 3.45+0.03° 10.77+0.06"
12 7.00£0.02¢ 1.66+0.02¢ —1.86+0.08° 0.25+0.01¢ 58.30+0.34¢ 3.45+0.02° 8.50+0.17°
24 8.57+0.36° 1.97£0.05° —1.78+0.09° 0.40+0.00¢ 73.33+0.42° 3.41£0.01° 8.37+0.06°
36 9.13+0.09" 2.33£0.02° -1.61%0.16 0.49+0.01° 87.06+0.08° 3.35+0.01° 7.87+0.06°
48 9.49+0.02° 2.94+0.04° —2.5140.02¢ 0.68+0.00° 77.99+0.42° 3.3420.02° 7.63+0.06°

TE: R RSB e AR/ INE FREROR 225 135 (P<0.05) o
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FPPAL, LE & R VR BRI, F2E R TR
Rt v B AR ITORL A DTIEVE FH, DA R BB 1 T B
B-HRISBET A B TF: 2 WA, 23X 5 AR B
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B, WS ISR ayE P 2y e At g A
Y Tl A T 14 DT R A 22 1 SR Ak = P P ) B T
b, 5B AN 78 W Y K 1 2 BRI B DK B
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JEARASFR BN R 5 2 W S Ak s T iR R R E b
{EFEAR, 525 B A0 fEdE R e (i OB R T8 48 h
JE AR BN PR AR R — 3. TR I RS AL
SRS AN AR, SECCB T R E Y S
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Fig.2 Effect of fermentation time on soluble protein (A), flavonoids (B), polyphenols (C), and anthocyanins (D) content in blueberry-
collagen peptide fermented beverages
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Fig.4 Effect of fermentation time on a-amylase inhibitory
activity (A) and lipase inhibitory activity (B) in blueberry-
collagen peptide fermented beverages
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Fig.3 Effect of fermentation time on ascorbic acid content (A), DPPH radical scavenging activity (B), and ABTS" radical scavenging

activity (C) in blueberry-collagen peptide fermented beverages
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Fig.5 Principal component analysis (PCA) of E-tongue (A)
and E-nose (B) in blueberry-collagen peptide fermented
beverages at different fermentation times
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FEARBEAZ MV oy e o R DL SRSV &
Bzt E] SE T BT, 36 h kB iE, BRIt E IR T
39.4%; (B4kZL B BE S 48 h )5, T QB E4H| s
B, TR2IEG s/ b, RS D, SRSy
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Table 3 Sensory evaluation of blueberry-collagen peptides
fermented beverages under different fermentation times

JRyEE =t 0Oh 12h 24h 36h 48h
RER 6.19+0.40° 7.19+0.40™ 7.50+0.63° 8.63+£0.50° 6.94:+0.44°

KR 3.38+0.50Y 5.63+£0.50° 6.81+0.83° 8.94+0.25" 6.56+0.51°
MRS 6.81£0.54° 5.50+0.52° 3.69+0.48° 1.38+0.50° 4.38+0.50°
SREER 5.81£0.54% 7.06£0.57° 7.63+0.62° 8.63+0.50° 5.63+0.62°
FiR R 3.88+0.50¢ 6.81+0.54" 6.44+0.51° 7.75+0.45° 4.13+0.62¢
B 7.06£0.44° 7.31+£0.60° 7.50+0.52° 7.69+0.48% 5.56+0.51°
bR 2.44+0.63° 5.06£0.68° 6.31£0.60° 3.75+0.45¢ 7.50+0.73"
IR 6.63£0.50° 5.31+0.60° 3.00+0.52° 2.19+0.40° 4.13+0.62°
JAM  2.69+0.48° 6.38+0.50° 7.81+0.40° 8.88+0.34° 5.38+0.50¢
BIHE  3.88+0.62¢ 6.00£0.82° 7.38+0.50° 7.69+0.60" 7.94+0.57"
JukES 2.88+0.62° 5.94+0.68¢ 7.56+0.81" 8.19+0.54° 6.56+0.63¢
BREEZME 3.5040.63° 5.44£0.51¢ 6.94£0.57° 8.19£0.54° 6.44+0.51°

TE: R RIATRR S AR/ NG PR 22 5 B35 (P<0.05), #4lA],

i & B% 48 h J&, BI2E 1 TRt BE /Ky Az i /K P S ik
5 & A & PR e, £ IR SR PE S B T & 4.38+
0.50, TEEEWAR T, SREf R FIRTERTE 36 h PFirafd,
X5 R R = AR RIS AR SR DA, 12
BRIVSITE 36 h E A E 7.75+0.45(P<0.05), £
LM BSF PR A i i ) S A8 58, 1T R P R Qi A v AR
ROMRERVLIRITE . AN 48 h JFPESr MY &=
4.1320.62, FRMRSHREAT Ty s, nl e S5 mEREdE—2AC
B RIS AL A 5. TRRTPESTTE 36 h BT AKX, nTRE
SRR RS A SR BT T 22 B 4L AR g
KIEZ 48 h )5, WebRE AR 4 )m B b =
E Ak, BHRVES B E TR 7.50+0.73(P<0.05) . #E
— MR A, TR R TR RE A S M IR S R, S
LEWN PRI ST 2 B, TEE- 24T B P 4 PR R St A 7 O
it P ORE LA PR AR 11 T S ) o 5 Ak Sk TE R B R 2
2 . KIP 48 h J5 fa i 55k [ T+ 547006 551 il wF
FE—3, B R IR K KB R AP = T FRRIR B
TFEANUR T T, Ve 17 W 2 TR A ) S Fr 22 e s, i
FEPEATTE 36 h BF iRl Bl fe BR S hr s s i) S 3k
#7AE, 48 h P43 ZE 6.56+0.63
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B K, 155 A5 A % B B Ta] 400~700 s A I R% st 1]
1.5~1.75 ms X3P 8, THBEEBACH G KEES
AR A GBI e A

SR YR Y AT b 52 BRAR ] 2 TR B TR ARE o 1] B3 A

PERLST 225, AR R BEAORE S S Ferk, & WERE Sh iR
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Fig.6 Two-dimensional distribution maps of volatile flavor compounds (A) and differential compound heatmap (B) in blueberry-
collagen peptide fermented beverages at different fermentation times
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Fig.7 Volatile flavor compounds fingerprint of blueberry-collagen peptide fermented beverages at different fermentation times
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Table 4 Qualitative identification and relative quantification of GC-IMS volatile flavor compounds in blueberry-collagen peptide
fermented beverages at different fermentation times

AR 2 (%)

LK CASH AU AR PREZFER PRERISTE] (s)
12h 24h 36h 48 h

fiE (13FH)
IR H R 554-12-1 BN ] 2T S 925.2 290.671  5.85£0.16° 5.38+0.15% 5.06+0.06° 7.76£0.03° 8.23+0.08"
R 5 IR 123-92-2 SRR FAEK . Bk 1133.7 497.433  1.41£0.05° 0.98+0.01° 1.06£0.01° 6.63£0.03° 7.70+0.05
S IR H iR 556-24-1 SRR R R 1032 368.088  1.33£0.05° 0.56+0.01° 0.29+0.00° 0.21£0.01¢ 0.24+0.01¢
CLR TR 123-66-0  “ERLBR, BEBIR, FEHIK 12485 686.73  0.51+0.00° 0.20£0.01¢ 0.18£0.01° 1.52+0.01° 2.25+0.02°
TR T 105-54-4 &E%%}%ﬁ B 1049.5 386255  0.41£0.03° 1.12+0.01° 1.86£0.02° 2.12+0.03* 2.02+0.01°
PR T g 141-32-2 - 1192.5 605266  0.37+0.01* 0.22£0.00° 0.15+0.01° 0.04+0.00° 0.03+0.01°
HiRC g 629-33-4 R 13653  879.809  0.25+0.01° 0.95+0.01° 0.70+0.01° 0.29+0.01° 0.25+0.01¢
LIRS TR 110-19-0 SERBR . FHEIR . AEFRIR 996.2 334.009  0.29£0.09° 0.29+0.01° 0.40£0.01° 0.44+0.01° 0.50:£0.01°
PR 1 e P Pl 623-19-8 H, BRI 1101.1 446.023  0.17+0.00° 0.29£0.01* 0.11£0.01¢ 0.18+0.01° 0.24:0.02°
L(-)-FLF 2 Fe 687-47-8 A Wik 811.3 23255 0.40+0.21° 0.60+0.01* 0.27£0.01%* 0.20£0.01° 0.19+0.01°
CHiE i 110-45-2 SRR 821.7 237.338  0.11+0.01¢ 0.86£0.01° 0.88£0.01° 0.47+0.02° 0.35+0.01°
RATHMRLER  623-70-1 P K Ak 845.4 248.603  0.09+0.01° 0.21£0.01*° 0.21£0.01° 0.16+0.01° 0.21+0.01°
W& Z B 105-37-3 SR, BOAREDR . BHIHI IR 965.7 314.659  0.07+0.01° 0.03£0.01° 0.01+0.01° 0.1240.00° 0.36£0.01°
it 11.26+0.07° 11.70+0.13° 11.17+0.05% 20.13+0.08" 22.56:0.04°

EEZE(5F1)
IEC 66-25-1 B K 1099.5 443.68  4.62£0.16" 1.67+0.01° 0.91+0.01° 0.91£0.01° 0.98+0.04°
T 123-38-6 AETFIR 805 229.719  0.67+0.10% 0.92+0.02° 0.88+0.03" 0.75+0.02° 0.64+0.01°
2-F B2 - e 623-36-9 R 841.5 246.714  0.42+0.03* 0.31£0.00° 0.25£0.01° 0.32+0.01° 0.40+0.01"
(2)-4-5405WE  21662-09-9 RE 11963 610484  0.28+0.01* 0.11£0.01° 0.07+0.00° 0.04+0.00° 0.04+0.00°
Mg -2- T i 1003-29-8 SRR, A 1025.7 361.776  0.16+0.02° 0.36+0.01° 0.40£0.01° 0.41£0.01° 0.38+0.01°
Hit 6.14+0.08" 3.36£0.01° 2.51+£0.02° 2.43+0.03° 2.44+0.03°

W (6Fh)
B 64-17-5 - 939.1 208.658  21.510.18° 33.4620.14° 38.26+0.21* 31.03+0.05° 27.93£0.16°
S 123-51-3 TIAT AEAFIR . 22 2R 1222.1 647.008  2.13x0.07° 8.07+0.04° 10.38+0.04° 10.26+0.02° 9.91+0.02°
ST 78-83-1 JERBR, ATAIBR, HIAEE 1103.1 448986  1.72+0.11° 5.69+0.04¢ 8.72+0.02° 8.10+0.02° 7.80+0.03°
L 71-23-8 AR IR 1048.6 385225  0.75+0.04° 3.04+0.02 5.00+0.02° 5.10+0.02° 4.82+0.02°
AL 60-12-8  RFF. MR, TR, BOEK 1119 473542 0.43+0.01° 0.46£0.01° 0.34£0.01° 0.30+0.01¢ 0.23+0.01°
AL R 60047-17-8 AEAFIR 1076.9 416387  0.28+0.04* 0.29+0.03* 0.08+0.01° 0.06£0.01° 0.06+0.01°
Ait 26.82+0.10° 51.010.19° 62.78+0.14* 54.85+0.06° 50.75+0.14°

Tt 25 (4Fp)
[EI%S 103-65-1 - 1234.6 665.56  12.29+0.43* 3.08+0.06° 0.67+0.04° 1.05£0.04° 1.32:0.01°
EZNRR 110-82-7 - 762.6 211425  5.40£038 2.65£0.05° 1.97+0.09° 1.35£0.14° 1.12+0.02°
2,2,4,6,6- L SLPHE  13475-82-6 - 1026.6 362.668  1.05£0.05° 2.71£0.01* 1.98+0.03" 0.43+0.02¢ 0.25+0.01°
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PR 67-64-1 FEHE 833 242,665  15.12£0.62" 8.42+0.02° 6.16£0.06° 4.27+0.01¢ 3.92+0.02¢
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Ehiik QFh)
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WA (3F)

18 64-19-7 FRuR . R 1500.6  1159.139  2.02+0.07* 1.29+0.04° 1.2420.09° 1.79+0.13° 2.07+0.12°

1E IR 109-52-4 SIS 925.8 201.024  1.39£0.17° 0.63+0.01° 0.49+0.00* 0.46+0.01° 0.49+0.01%
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HoAth (4FH)
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