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Abstract: The polyphenolic compounds in fermented blueberry wine responsible for diarrhea induction were identified using
a spectrum—effect relationship approach. Diarrhea-inducing effects of different doses of fermented blueberry wine were evaluated in
mice. Eight types of macroporous adsorption resins were used to selectively remove polyphenols to varying extents, and changes in
polyphenolic profiles were characterized using high-performance liquid chromatography coupled with diode array detection (HPLC—
DAD). The effects of polyphenol depletion on diarrhea-related indicators were assessed, and spectrum—effect relationships were
analyzed using grey relational analysis, orthogonal partial least squares analysis, and Spearman rank correlation analysis. The results

showed that gavage administration of a threefold concentrated fermented blueberry wine at a dose of 30 pL-g ' induced diarrhea in
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mice. A total of 50 polyphenolic compounds were identified, including 21 phenolic acids, 26 flavonoids, and 3 other polyphenols. Among

the tested resins, NKA-II showed the highest adsorption efficiency, reducing the relative content of chlorogenic acid by 13.79%. After

polyphenol removal, the diarrhea index decreased by 58.38%, intestinal propulsion was reduced by 32.74%, intestinal tissue damage

was significantly alleviated, serum diamine oxidase activity decreased by 30.84%, and electrolyte imbalance was markedly improved

(P<0.05). Spectrum—effect relationship analysis revealed a strong correlation between chlorogenic acid (P8) and diarrhea induction.

Overall, chlorogenic acid was identified as the key polyphenolic compound responsible for diarrhea induction in fermented blueberry

wine. These findings provide a scientific basis for quality control and safety evaluation of fermented blueberry wine.
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Table 1 Physicochemical properties of eight macroporous resins
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Table 2 Effects of dose variations in fermented blueberry wine

on the diarrhea index in mice
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MBW 5.03£5.55 0.50 £0.55 0.05 +0.06
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Fig.1 Effects of dose variations in fermented blueberry wine
on the intestinal motion rate in mice
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Fig.2 Polyphenolic profiles of fermented blueberry wine treated

with eight macroporous resins (280 nm)

17



MR EmBE Modern Food Science and Technology 2026, Vol.42, No.5

R 3 EEABASHMERSEER

Table 3 Polyphenolic compounds identification of fermented blueberry wine
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16 7.898 WAT %ﬁfﬂ;o'ﬁ'ukt"‘% C,HyOp;  [M-H]  479.0847 479.083 1 316.024 9, 271.0194
W E AR
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A 27 8.796 MR E-3-0-F5UEF  CHy0,, [M-H] 463.0883 463.0882 243.0318, 227.0378, 178.998 7,
it _____________ 151.003 4
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29 9.183 AR BARE é;;ﬁ;ools [M-H]” 593.1543 593.1512  285.0402, 255.0309, 151.004 4
T30 9.356 FREE3-0-FZ5EH (-:-2;1-{-3-2016 [M-H] 623.1645 623.161 8 315.0512, 300.028 4
0 osm WELDOWLR o, pen sems aoms 00 2L 2900
------------- 300.027 4, 271.024 1, 255.0302,
32 9.538 B a2 CyH,Oy  [M-H]  447.0937 447.0933 243.0342, 227.0348, 178.996 7,

151.002 6
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- HHF (!
R % 445 AFX MeFK i A BT ()

= Jmi - ;
'min MEE A

314.043 4, 285.0433, 271.0221,
243.029 1

259.063 7, 243.0677, 215.0750,
34 10.309 A& CsH,Os [M-H] 287.0565 287.0561 201.0566, 177.0570, 152.007 8,
125.023 5

33 9.755 FREL30-AHMEFE  CoHp0, [M-H] 477.1055 477.1039

271.028 5, 179.001 1, 151.005 8,

35 10.324 HEE CisHOy  [M-H] 317.0305 317.0303 = .00 50 5 o 07,012 5
37 10.403 AR FF (-J-Z-I-H--;pm [M-H]  435.1295 435.1297 273.0779, 167.028 6
39 10.587 L EB-3-0-R34HF C,HyO, [M-H] 431.0985 431.0984 285.042 1, 255.0289, 227.0327
" 40 11.857 ES 40 CisHO  [M-H]  287.0550 287.056 1 151.002 5, 135.047 5
) 273.044 4, 257.049 1, 245.0419,
A 41 12.174 Mk & CH, O, [M-H] 301.0348 301.0354 229.0565, 178.9987, 151.004 4,
#* 121.029 4
g e 13.398 AR F (-:-l-sﬁ-uos [M-H] 2710615 271.0612  151.006 7, 119.050 4, 93.035 1
# 44 13.523 A S R CisH,0s [M-H] 269.0451 269.0456 133.029 3
45 13.773 LA CH,Os [M-H] 285.0413 285.0405 159.044 8, 117.033 8
46 13.796 3"5’7'5#?&%';;"; Fa C,H,O, [M-H] 329.0683 329.0667 314.048 1, 299.0152, 271.032 8
47 13857 TEF CoH0, [MH] 3450616 3450616 0037 313000 4 2870173,
48 14.107 FREE CH,0, [M-H] 315.0517 315.0510 322:5(%;0@’2?;93(1)39’972?(1)'%%5;
49 17.155 bk é;;ﬁ;oo4 [M-H]  253.0513 253.050 6 209.061 6, 143.053 6
50 17.416 ok CiH,0, [M-H] 255.0665 255.0663 213.056 6, 151.004 9
------ 11 6.622 AETE -é-;ﬁ;o4 [M-H]  177.0195 177.0193 133.0328, 105.033 5
f;z 18 7.984 o) 2 = B CHO, [M-H] 153.0193 153.0193 107.013 8, 65.003 0
36 10.389 TR F T AR & CyH,0s  [M-H]  361.1665 361.1657 165.060 5

x4 N\FHRILEMAMELEENESABASBHNEXSE

Table 4 Relative concentration of polyphenolic compounds in fermented blueberry wine treated with eight macroporous resins

st A& /%
No. YR 4 AR — -
D101 AB-8 ADS-17  HPD400 S-8 NKA-9 NKA-II  ADS-7 HZEXEE
Pl AT 8.00 8.08 7.07 9.03 935 8.17 25.75 9.70 4.54
AT B -4-0-5-D-F1 7
P2 oy 0.08 0.11 0.14 0.18 0.17 0.13 0.25 0.13 0.09
P3 Ja LR B 7.27 7.24 5.96 7.73 731 6.74 15.78 7.53 437
P4 5-BRAFA LR 2.61 2.57 2.24 2.94 2.68 2.45 4.64 2.73 1.75
P5 st A TR 1.28 1.27 1.20 1.63 1.63 1.34 3.79 1.69 0.71
P6 JBILR B 0.19 0.22 0.16 0.23 0.20 0.19 0.51 0.19 0.15
P7 ohoedf B b8 B 4.88 4.88 5.12 6.09 6.91 5.86 10.65 7.02 3.09
P8 LERER 34.62 36.22 34.22 36.98 36.82 35.63 10.54 37.22 24.33
P9 (H)- L %E 1.08 1.05 0.85 1.13 0.82 0.82 0.80 0.84 0.63
P10 HEBR 0.38 0.38 0.33 0.38 0.34 0.34 0.41 0.35 0.33
P11 AR UE 0.21 0.24 0.20 0.22 0.18 0.14 0.21 0.15 0.17
P12 oo R 9.94 10.03 7.10 8.90 7.11 7.10 7.28 6.90 7.90
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xS /%
No. Y1 % AR
D101 AB-8  ADS-17 HPD400 S-8 NKA-9 NKA-I  ADS-7 HBBXBE
P13 T A 1.12 1.05 1.00 1.19 1.20 0.95 1.19 1.10 1.07
P14 LEE 0.67 0.66 0.58 0.68 0.58 0.58 0.26 0.54 0.41
P15 3*)'§g§§i2fiﬁ:@§ 1.32 1.30 1.69 1.42 1.45 1.50 0.54 1.46 1.31
P16 %igfgﬁg}ggop 0.85 0.83 1.00 0.70 0.64 0.86 0.51 0.59 0.89
P17 3FEEAETR 0.19 0.21 0.23 0.22 0.24 0.23 0.12 0.22 0.16
P18 8] 3K = B F B 1.29 1.30 0.56 0.98 0.56 0.52 ND 0.55 0.81
P19 EA T s 2.80 2.85 2.12 2.82 2.34 2.19 2.44 2.38 2.09
P20 AR 0.11 0.10 0.07 0.08 0.07 0.06 0.05 0.06 0.14
P21 vl BE AL LB 2.70 2.66 2.84 3.20 3.68 3.20 4.55 3.86 1.94
P22 BT 3.71 3.42 6.24 3.16 438 5.48 2.24 431 5.15
P23 A B8R 0.08 0.08 0.05 0.08 0.06 0.05 0.07 0.04 0.07
P24 T 384 0.22 0.20 0.18 0.23 0.13 0.17 ND 0.14 0.44
P25 I~F R 0.13 0.12 0.14 0.14 0.11 0.09 0.06 0.09 0.26
P26 Feangk 0.54 0.50 0.29 0.33 0.21 0.23 0.11 0.19 0.62
P27 MR E-3-0-FFAEH 5.40 492 7.11 3.93 423 5.95 2.71 3.86 8.99
P28 MK F-3-0-%) AR 1.71 1.60 2.15 1.26 1.20 1.84 0.80 1.06 2.64
P29 ERBARSE 0.28 0.27 0.67 0.22 0.43 0.58 0.19 0.39 0.76
P30 FRAEE-3-0-FFBH 0.60 0.51 1.66 0.45 0.89 1.20 0.39 0.82 1.60
P31 Wﬁi;g;;‘%’% 0.54 0.48 0.50 0.38 0.26 0.34 0.22 0.20 1.34
P32 EES == 4.04 3.68 5.15 2.44 3.11 4.15 2.09 2.94 12.67
P33 FREE-3-0-F HHEH 0.38 0.36 0.65 0.28 0.33 0.47 0.24 0.34 1.22
P34 ER 0.14 0.13 0.03 0.06 0.04 0.04 ND 0.03 0.49
P35 E 0.03 0.04 0.02 0.00 ND 0.01 ND ND 0.33
P36 G S N 0.01 0.00 0.01 0.01 0.01 0.01 0.00 0.01 0.05
P37 AR FF 0.05 0.05 0.08 ND ND 0.04 ND ND 0.14
P38 KA BR 0.25 0.21 0.23 0.20 0.23 0.26 0.24 0.23 0.48
P39 L E®B-3-0-ATHEH 0.03 0.03 0.04 0.02 0.03 0.03 ND 0.02 0.28
P40 ES3 ND ND ND ND ND ND ND ND 0.05
P41 Mt & 0.14 0.10 0.06 0.04 0.04 0.03 0.22 0.04 2.99
P42 ook A% B 0.10 0.05 0.05 0.02 0.02 0.02 0.14 0.06 0.29
P43 AR F 0.00 0.00 0.00 0.00 0.00 ND ND 0.00 0.34
P44 o 0.00 0.00 ND ND ND 0.00 ND ND 0.06
P45 NEp-Si7y 0.00 ND 0.00 ND ND 0.00 0.00 0.00 0.15
pag ST = %ftf;gn“;‘?i ND ND ND ND ND ND ND ND 0.03
P47 TH5% 0.01 0.01 0.01 0.01 0.01 0.00 0.02 0.01 1.19
P48 FRAEE 0.00 0.00 0.00 ND 0.00 ND 0.01 ND 0.22
P49 amE ND ND ND ND ND ND ND ND 0.08
P50 iR ND ND ND ND ND ND ND ND 0.18
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20 K FLVB BB i A B i 1 1 26 IR /S BRUIRYS
TRA SR INR 5 s SRECHNFEEMLL, £
By & B, N REIRTS R B A A FIREEE T B,
Fort NKA- ITAT ADS-7 ##4 i 4k 220 (1) IR VS 45 800 73]~
BT 58.38%. 57.30% (P<<0.01), iHIHEAE K EAE
() 2 Wy 2L 53 7T RE A2 5 5 /N BRUBYS IR Cai 2500
SRR BT T BN BT A 48 i 2B K ke IRVE A
R IERS MRTURACTE b A G S N A 2 5
Wi, & B 22 By R o (1 B8 N 5 BB R 2B R TRV AEAE —
SE R, Ma @ I ok R S S50 % I 2 1 MG
B3R 6.41~396 mg-d ' 7 I R (R EFL AT 1 R AR
K FRER LT 62.5 mg L B U S FEARFLAT 141 10
FEE, MR BRSO E TR 8. B E
Py ) BN T RE 2 S U8 R R T, RO I TE R
AR, BRSSP A

* 5 BEHEABAZHASI/NRESIEHMZMm

Table 5 Effects of polyphenolic components in fermented

blueberry wine on the diarrhea index in mice

283 AALE /% P AARR TEIB 5 4%

NC 0.00 £0.00 0.00 £0.00 0.00 £0.00

BW 96.06 £6.117" 1.07£0.08™ 1.03£0.07"

D101 95.83+6.45" 1.00 £0.00™ 0.96 +0.06™"

AB-8 92.76 £ 8.04™" 1.05+0.07"  097+0.117"

ADS-17  81.94+2135"  1.00+0.00" 0.82+£0.21°
HPD400 71.63 £4.08 1.00+0.00" 0.72 £0.04

S-8 63.61 +6.18 1.00 £0.00" 0.64 £0.06
NKA-9 58.33+9.13 1.00 £0.00" 0.58 +0.09
NKA-1  42.78 +8.28" 1.00+0.00" 0.43 +0.08"
ADS-7 43.89+7.12" 1.00 £0.00" 0.44 £0.07"

E:* AT 5 NCA P<0.05, ** 275 NC 448
P<0.01, *** & 75 NC 4k P<0.001 ; # A7%5 BW 2848
b P<<0.05, ## k75 BW 20485 P<0.01,

242 i FME AR KT 6 F

28 R LR BB T Ak B S P 3 A IR T 0 /0 B 2D
e 2w B 3 fros. 5 BW A AHLEL, &R
JIE Kb 2L 1D /N R e it 3 34 B 3 BRI (P<<0.05), Hor
NKA- [T B DNGAER KT TR T 32.74%. XA HEZ
T2 By A5 re % i T i ph a2 ad i (4 5-HTD 1
KPR, S g P LR S 4 3 T s S B )
N, RSPV RBUESRA R ZE (TP X/ R

2026, Vol.42, No.5
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Fig.3 Effects of polyphenolic components in fermented blueberry
wine on the intestinal motion rate in mice
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BRI L R Sk A D . BW 4L
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IAL) AR AME TR Bkl KR,
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T 2H 445 R 40 40 B W ROk 55 . Polewski % i@ i
Caco-2 4l A5 74 A B0 i 4 % Wy 57 AEF BEWS X i Bt
W 3 e R A 77 AR B . Cheng % R E &
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4
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Fig.4 Results of H&E staining of intestinal tissue
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T 5P s AR FE s /DN BRI FELAR T /K S 3 T v
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J¥ 153.01 mmol-L™) A1 CI' (BE/R ¥ J& 114.92 mmol-L ™
ENCHMHETLEEEZR (P>005, XKW ZH
YRS, WA R B E5 H  BRIE VS 0N B

4 200r

] b a ab

= ¢ a ab

g 10F ™ £ of e 4 =

g

w100+

41

‘s

Z  50f

-

pii

= 0 1 L 1 1 1 L L L L L

O b %,\’\ K\ %,%@9 B\
O WY T W
205

b 150

= & bod bed od  d bed bed pog b abe

=]

£ i

£ 10

Ll

& sof

O

-

bl

‘5 L - ! 1 L 1 L I I L
’ LN O P %,\’\ K\ %,%@9 B\

O WY T W

205
B 5 BEAZBRASHAN N NMNANERBRREE
(Na', CI") K9
Fig.5 Effects of polyphenolic components in fermented blueberry

wine on the serum electrolyte levels in mice
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Fig.6 Effects of polyphenolic components in fermented

DAO / (U'mL™)

blueberry wine on the activity of intestinal damage biomarker

(DAO) in mice
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252 Exmm
1B B /N —
H A S fE IR s/ —

ZRESMER
Tk o riE HFRBERAEDT
Felal4 (OPLS) #7

gE BN T s, A H P8 (SEJEEE ). P20 (4-F3E
WL ) DL P23 (K EHFERR) 76 LS T TE 208 F8
FroNIR AR & [ OPLS 20 #rf VIP fH 1 >1, 456 %N

1, R O 4 51 38 7 R ot B9 ) SRR i 9 AN TS RIbRAEAL a1 R KL, AT HENN 3 Fh 2 My 5 /0 B ARYS
e, HAHHIE 0.5 MW AR — DRI BLRIEASR. ATRER d T R R E
A0 e g ok RURAR AL [ 4 %ﬂTRﬁuzmﬁ{ BrbE, PRNTER RIS, S g B R AR T R R
0.5, F WX 51 OPLS B2 &iE 1. OPLS 4phifyy  FEYE, TS REVS MO A — i RO
%= 6 IMEXBKIMER
Table 6 Results of GRA analysis
EREEEE 3 DR R /% DAO 7 H /(U mL ") Na' K& /(mmol-L™") Cl R JE/(mmol-L™)
T K wmmen JSS 0 wmman K5 wmes RS wmas [5
1 P11 0.97 Pl 0.979 Pl 0.99 P5 0.974 P5 0.982
2 P9 0.97 P5 0.978 P5 0.982 P 0.974 PI 0.981
3 P6 0.966 P3 0.974 P3 0.979 P7 0.969 P7 0.971
4 P3 0.966 P4 0.971 P4 0.973 P21 0.964 P21 0.966
5 P14 0.965 P6 0.968 P7 0.971 P3 0.956 P3 0.963
6 P4 0.965 P7 0.968 P6 0.971 P4 0.95 P4 0.958
7 P12 0.963 P21 0.967 P21 0.967 P6 0.949 P6 0.957
8 P19 0.962 P13 0.955 P8 0.957 P2 0.942 P17 0.946
9 P10 0.957 P2 0.955 P17 0.957 P17 0.939 P8 0.943
10 P23 0.954 P17 0.954 P13 0.957 P8 0.937 P13 0.942
11 P8 0.953 P8 0.953 P10 0.952 P13 0.935 P2 0.941
12 P13 0.951 P19 0.948 P19 0.952 P10 0.932 P10 0.94
xR 7 EXRE/ANTRET (OPLS ) AWML
Table 7 Optimized results of the OPLS models
R R 4 AN E ik U7 DAO 7&M/(U-mL™") Na' & R R JE/(mmol-L ) Cl & AR E/(mmol-L )

R*X 0.987 0.972 0.925 0.972 0.986

RY 0.965 0.961 0.870 0911 0.961

o 0.915 0.779 0.827 0.838 0.762

a

2.0

z

X

S

Var ID
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