MREmBE Modern Food Science and Technology 2025, Vol.41, No.11

FEIh S EEBWE RS S

giaia', =8, TEX, RHMK', &8"

(1.FMFESE (£H) ASRLZ R EHRNE, FTMFFE 557500) (2. HFRFARFR, THHG 330047)

WE: ARATEEEBFHEARERRY, ZHECBRRT 10 RTEEEBY ZBAS, NET LT L
AR, FEE— TR BHECRARE ST T HAE, A FHETARBAMFEMNLT 8. EHF. SREFFERAR
EE. BREY, RApTEREBOSELA M5, AP HEE. M @A FIUE Y EER T S T2 94,
H5EESAEGERAM, 10 T EEEZEHFASHETER (271.73~10 693.36 pg/mL ). LEL (67.65~1 766.40 ng/mL ) & ¥R
B2 (151.53~6 006.40 pg/mL) 54 FRHWUANEK, AREEBB B %AE LB, $LALZB RFALEB 54304
A&, BENHE 008~289. 0~4.35. 0~4.95mg/100 mLSE. B A . ok, 10 REFZB T LB, LHA. ERLEFLENA
F£ 0.18~1.65. 0.29~3.48. 3.47~11727 mg/L S Bl A. B IR S MO AL 4 E, KN4 THEBBRMAH LS EfE
WEENgLAE, AR ANMNGSELLIESTARERED, RSRARE. AL TBTT EEBOTHRRS,
A BRI R A M E AR R e,

xR BB, BRRS; 245 AR %AR

MER/RS: 1673-9078(2025)11-37-46 DOI: 10.13982/j.mfst.1673-9078.2025.11.1159

Analysis of Nutritional Constituents of Different Commercially
Available Blueberry Wines

ZENG Wenwen', LI Xiao’, DING Yuwen', WU Yanxin', YU Qiangz*

(1.Guizhou Moutai (Group) Ecological Agriculture Industry Development Co. Ltd., Danzhai 557500, China)
(2.College of Food Science and Technology, Nanchang University, Nanchang 330047, China)

Abstract: To explore the basic nutrients in commercially available blueberry wine, polysaccharide components from 10
commercially available blueberry wines were isolated and extracted, and their content and monosaccharide composition were
determined. Meanwhile, the organic acid and vitamin contents were analyzed through high performance liquid chromatography. The
contents of nutrients, such as total phenols, total flavonoids, and total anthocyanins, were determined through chemical methods.
The findings indicated that the polysaccharides in the most commercially available blueberry wines had multiple components, with
mannose, arabinose, and galactose being the main monosaccharides, similar to the composition of blueberry polysaccharides. All
commercial blueberry wine samples had high levels of organic acids, such as quinic acid (271.73~10 693.36 pg/mL), lactate acid
(67.65~1 766.40 pg/mL), and malic acid (151.53~6 006.40 pg/mL). In addition, the blueberry wines had high vitamin B,, B,, and
B, contents (0.08~2.89, 0~4.35, and 0~4.95 mg/100 mL, respectively). Additionally, the total phenol, flavonoid, and anthocyanin
contents of the 10 blueberry wines were 0.18~1.65, 0.29~3.48, and 3.47~117.27 mg/L, respectively. Comparing various ingredients

3130k

WA AT, T B0 A AR R AT B TR B 2 A (0] BAR A iR 2,2025,41(11):37-46.

ZENG Wenwen, LI Xiao, DING Yuwen, et al. Analysis of nutritional constituents of different commercially available blueberry
wines [J]. Modern Food Science and Technology, 2025, 41(11): 37-46.

Weks E AR
HeWE-:
EEEN:
BIRIEE:

2024-08-06 ; f&EIHHA: 2024-10-06 ; $#Z HHA: 2024-10-10

IAEESMAIXIE (20232BBF60026)

Biate (1984-), B, tMRE, TEIF, ARAE: FREERIE, E-mail: ndjiiabm@]126.com

58 (1986-), B, #HL, HIR, MRAHE: RENEETFEERINE. ERAMREF %, E-mail: yuqiang8612@163.com

37




MR B

Modern Food Science and Technology

2025, Vol.41, No.11

and their contents suggested that No.4 blueberry wine contained a greater variety and higher amount of vitamins and had a

significantly higher content of phenolic substances than the other blueberry wines, indicating the best quality. Overall, the nutritional

composition of blueberry wine was preliminarily revealed, laying a foundation for further investigation of its biological activity.
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Table 1 Standard curve of organic acids

ZAR AR T E/(mg/mL) (o ACEY R’

Fag 0.009~0.09 y=25452x-42.044  0.998 9
B G BR 0.1~1 ¥=931.51x-3.957 2 1
TR 0.3~3 =2 113.9x+9.676 0.999 9

¥ # 0.04~0.4 y=18132x-12.792  0.999 1
FRE 0.099~0.99 y=1130.9x-8.568  0.999 7
BRI 0.011~0.11 y=72974x-39.623  0.999 7

LBk 0.065~0.65 y=1080.3x-4.9172  0.999 8
KL 0.05~0.5 »=850.83x-3.9997  0.999 8
ATAREL 0.01~0.1 y=15028x-12.278  0.999 8
EIHEL 0.052~0.52 y=808.72x-3.5128  0.999 7
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Table 2 Elution gradients for the determination of vitamin

content by liquid chromatography

A 18] /min AEAR FeA45] /% A= /(mL/min)
0 A 100 1
5 A 85 1
8 A 85 1
16 A 50 1
21 A 100 1
23.5 A 100 1

R 3 BARIRMAIREH L

Table 3 Vitamin standard curve

AR A7 58 B /(ug/mL) A 4, R’

Y4 % B, 3~30 y=5.815 1x+0.616 4 0.999 3
YA % B, 3~30 y=5.5154x+3.3854  0.998 3
$A % B, 3~30 y=6.799 1x-1.2948  0.999 7
Yk £ B, 3~30 »=1.028 1x-0.3693  0.999 2
Y4 % B, 5~50 y=0.556 2x+0.4477  0.998 4

Pl 3~30 y=6.132 6x+1.3447  0.998 7
®AEZC 3~30 y=7.3x-84.4 0.999 4
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Table 4 Content of total sugar and reducing sugar in ten

blueberry wines (mg/mL)

e EEASE T RAES S
1 26.94%0.61° 13.92+0.51°
2 55.74 £ 4,24 3437 £0.79°
3 17231 +16.71° 140.36 = 1.68"
4 7.92£2.47° 4.17+0.10°
5 7.92 £1.92° 2.82£0.12°
6 118.66 + 19.58¢ 75.02 +2.14°
7 135.25 +10.43 80.13 £2.69°
8 128.56 +3.74° 86.36 +1.39"
9 152.38 +30.62% 136.58 +1.33"
10 152.94 + 14.57° 106.58 £2.67°

E: AR FHEEAFHERNLARFREF (P<0.05).
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R5NONESHSBYBBMEUREE (%)

Table 5 Types and contents of polysaccharide monosaccharides in ten blueberry wines (%)

g & HAR R AR Bl 348 F 348 nEE A HEHE FFLABBEEL F A AERER
1 ND 13.45 33.14 19.68 9.41 ND 13.36 10.97 ND
2 0.91 26.04 9.45 12.02 12.12 ND 37.43 2.02 ND
3 ND 7.49 13.17 16.04 16.25 ND 30.15 11.78 ND
4 ND 10.63 23.50 19.68 19.44 ND 26.74 ND ND
5 8.96 12.27 17.73 14.61 29.96 ND 16.46 ND ND
6 2.32 1.01 11.32 57.64 6.13 ND 19.63 1.96 ND
7 0.59 16.01 17.23 17.72 16.57 ND 18.42 12.19 1.28
8 ND 1.87 10.71 11.33 27.13 ND 48.01 0.96 ND
9 ND 19.03 22.56 18.70 12.94 ND 22.63 4.15 ND
10 ND 2.46 8.30 18.50 16.00 ND 52.48 227 ND

72: ND AR, &2 48R —H o ¥ KR AR 43T B RE 4

BB 1R, 10 3K B a0 2 05 1) 4 T e
4 3 860~3 465 100 u, 3 5 W50 2 WA — A4, 4.6+
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T35 Yl R SRR A R H B R Y. TR
1, 455 5 SR EARERERR, AR S ETRIN
TR, b 7 5 W RE 2 R R 0 TR I I
%, BERE N 12.19%, UH 7 SH0H 7 A6
TR, U B WA PG 22 PR R TR W R R PP T TR
5 2 2 B ) BB A R B S S B
PERETR & B 2 0E, B AP AE 1, ik
R 2 MR A T AT HE— P R R
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A HURR A2 $ A W8 A P AR I A R 2 —, g
BRI IR e ) LR e A R . (R LR vT LA
MR SR E A N, 7E e RE T BB RE 37
WAE TG EEER . 8 = AR A a 2LAE I 10
A NLER, il &L 2, 10 2006 W A6 o 3% 5 17
EHSEERNANRANZE TR FRR. AR AT
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IR . W13 6 FTuR, 28 T BRAE W R A HLER H o5 8 47
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T 2 B RIS R IR 4. 1F Zhang 25 [
F, BRI NETRES K G2 H R K,
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Fig.2 Organic acid chromatogram of ten blueberry wines
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®6 I0REFBEEFEVNHREE (ng/mL)

Table 6 Content of organic acids in ten blueberry wines (ug/mL)

PERy - Hag B BT g F R
1 54.87+2.97 ND* 10 693.36 * 165.04° ND* 886.87 £ 60.07™
2 16.77 £ 0.56° ND* 5548.84 + 123.58° 108.25£2.27" 791.93 £56.16™
3 25.65+2.13° 217.73 £26.60° 6262.97 +586.47" ND* 1 840.02 +200.88°
4 8.75+0.22" ND* 5387.83 £361.75° ND* 6 006.40 + 708.29°
5 21.59 +3.43% ND* 4042.19 £228.57° ND* 790.68 + 118.30™°
6 171.62 £2.36" ND* 271.73 £ 13.02° ND* 151.53£9.91°
7 19.11 £0.36° 141.53 £27.94° 1921.48 +48.23" ND* 184.82 £56.37°
8 ND* ND* 3766.48 + 86.46° ND* 1 133.63 £ 74.68°
9 27.88 +£2.08° 696.33 +10.37° 6954.08 + 107.88" ND* 1869.91 +76.33°
10 ND* 384.40 £ 48.78° 612.75 £ 18.93" ND* 354.82 £3.02°
ey FER LR KT APAEER IR

1 93.54 + 1.08* 291.96 £ 14.91% ND* 64.60 = 1.52° 610.29 +29.43%
2 59.48 £ 1.51° 24437 £ 6.29" ND* 75.78 £2.12° 829.95 +22.19%"
3 16.59 £2.32° 140.53 £ 56.98™ 495.69 + 88.31" 144.23 £17.05"™ 302.88 +58.15°
4 70.92 +1.35° 595.17 £ 72.37° ND* 432.19 +22.56" 697.39 £9.15
5 5.87 £0.14% 1 766.40 + 25.23¢ ND* 132.52 £23.57" 183.68 £17.14°
6 6.82 £0.26™ 67.65 * 6.49° ND* 492.49 £3.77¢ ND*

7 3.91 £0.32° 254.15 £ 15.08° ND* 246.20 + 8.81° 281.31 £26.56™
8 17.56 £ 0.67° 800.87 +45.34 ND* 180.05 + 7.78° 801.62 +95.32%
9 24.62 +1.96° 385.35 +34.71° ND* 312.80 +10.01° 928.95 +35.59"
10 7.99 £0.43" 117.40 £37.01° 745.48 £16.81° 285.07 £5.10° 580.77 + 8.82°

E: ND AR E, REFEHFLENLFEEMZF (P<0.05). TR.

R7 OREFEZEERSE (mg/100mL)
Table 7 Vitamin content of ten blueberry wines (mg/100 mL)

How g5 %4 & B, $A % B, $A % B, $AFE B $eA & C SR B
1 2.89+0.16" 3.44£0.12° ND* 4.03+0.17" ND* 0.63£0.01°
2 1.32 £0.05° 435+0.08° ND* 4.95£0.07" ND* 0.94+0.01°
3 1.01 £0.13° 0.67 £ 0.06° ND* 1.99 £0.01° ND* 0.24+0.01°
4 1.31+0.01¢ 4.17+0.01" 0.79 £0.01° 5.53+0.01' 1.87 +£0.22° ND*
5 0.22+0.01° 0.14+0.01° ND* 432+0.01° ND* 0.53£0.01°
6 0.08 £0.01° 0.31£0.01° ND* ND* ND* ND*
7 0.25+0.01° ND* ND* 1.57£0.01° ND* ND*
8 0.58 £0.01° 1.70 £0.04° ND* 3.82 £0.02° 1.65+0.01° ND*
9 2.25+0.01° 1.07 £0.02° ND* 2.92 £0.04° 1.83 £0.01" 1.25£0.08°
10 0.50 £0.01° ND* ND* 4.02£0.01" ND* 0.46 £ 0.20°
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H ERAT g, RS ER S E R N E T
B2, Br6 5 10 SHEA, HRBRENZETRE R
PJik#) 7 1000 pg/mL LA L, IXAHEFEZAR T A
B, EERTTI, ARER K] feig FAS [ 5
PSR EEAT K, HPaFBUETRAENETR
P35 B IR I 2 it P DL S DAAT R BR A T (WA T AR R A 34
R T v MG R R Y, e R R A B A
KA —EEETIR, MNFE0E RN 2 TR
TEERZ. 25 ke SHEAEBNITrERSER TE
TR R, DR R R A VI N P BRI R v AR
PR S, HRERNETRS®EY S TS
P o e, RO R e R T A5 FH 1 T R B MR 2 b
s FLUR, A8 R B RE D T, o b A SR Se A A LR
WRERL P ZUMNER. ETR. SRR AT, m
EEREH T LRI ER . FRRN S EME TR
BRI BT RRAR, X ] RS2 T W A L S R B R R
i, FERRSEA R RA, S REIES, #A8N
ETREAIE, AMEEETREEN . BN
AR KPR AR & BN 2, IR LOERR
EENIRE B, kT AN G R R L a R G,
AUEEANIRMES S E, RN ARSAIRAE
{167 AR {of 5 6 T KUK BB N & . Zhang 5PV 7E R B S
RIS R A T AR R, R, SERR.
FEHR Je 25 TR, RN KRB T RRAE b 5t A,
HABAE 1264.5~5 537.3 mg/kg VU A . 4550 KW
R E & 2 MANIR, AL XK ACE FRME 7 T H
HERHA.

23 BHEFELEZNE

e Z R NPT R I — KA AV, K4
ARFEERNE N, S50, Ke gt R
XPRERE (R A TR VR IT AR, 4k B, W] LA
B, 4EE 3 B, nTLURIT LI, BARFTRERD
ERN AR IE R AE BT RE O B AHIF 7 FH i &K
WAHEIE LRI T 6 F B R4EA R4 R C, Bl
BRI 3, &R 7, 455K H0 4 W 450 b ke
MR AR B, B,y Be MABERZ, DE5ER 0 A
HYEER B,y 4R C, REHYEAE R B, 44ER
B, & EMITEE N 0.08~2.89 mg/100 mL, Hh 1 5%
WhEERE, 6 SHENSRRD; #4KB, R
FIVE N 0~4.35 mg/100 mL, b 2 5 A5 & i
%, 75510 SR H; 4EEK B X 4 5HERT T
H, HREREHCER s 454K B, SEIIEEN
0~4.95mg/100 mL, Hr4 SHERENSTERL, 6 5]
BEARAT s BRI S BTSN 0~1.25 mg/100 mL,
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[FIE 6 5 WA AR 7 R e A 2R, TR
FEREMRT RIS BRI R0 44 K
rRURT R RS, B e AT REORVE T R B
PRI A v Y, (AR R R W R rp o R 0 4
A R R AN B TR . 7 I I VR R T IR A T AR i
TERIGRRNE TS - R SR, K4
AR B, B REIEELE 0.07~2.7 mg/100 g, [FEKH T
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Fig.3 Vitamin chromatograms of ten blueberry wines
EiA BB, B: $AEB,C: #AEB,D: $AEC,
E: 4% B,, F: #4 % B,, G: 4% B,

24 UHELH. REE. LEHFINE

My — R B A EDTE R, A
FEMKAERW =Y, ARG IUEL. T EA
IS B i I PR S SRR AR T . 10 BRI AR
SR S BN 0.18~1.65 mg/mL, % FK A A5 2 (R A7
ERENESR, TERMIIN4SERT, RIIKMN
6 T A

e — R RRFEED R A, R
MEZENEY, EERYIRA 2 MiEEDIRe, Wit
A, BFImAR. MRS, AIEERY R B
WA I TR, L A SR ) R AT RE 2 7 AR IR
RSN R KM, 3R 8, 10 7 27 1 & 55 B &
BN 0.29~3.48 mg/mL, &KW R L (A7 AE o 2 1t 22
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S SEmEERN 4 SEEN, &I 6 T AN,
*® 8 10REFHLH. BEM. XEHSE
Table 8 Contents of total phenols, flavonoids and anthocyanins in

ten blueberry wines

B LB BERSE weHsE

A5 /(mg/mL) /(mg/mL) /(mg/L)
1 1.44 £0.08" 2.14 £0.04° 39.13+3.02°
2 1.41 £0.02" 1.53+0.12¢ 29.88 +0.80"
3 1.13 £0.02° 1.38 £0.04° 81.29 +1.53¢
4 1.65 £0.06" 3.48 £0.16' 20.62%1.51°
5 0.93 £0.05° 1.62 £ 0.04° 117.27 £3.03"
6 0.18 £0.01° 0.29 £0.03" 3.47 £0.35°
7 0.34%0.01° 0.49 £ 0.03™ 58.62+£0.41"
8 0.56 £0.01° 0.68 = 0.03" 6.55+0.26"
9 1.12 £0.04° 1.37 £0.22° 19.56 £ 0.66°
10 0.41£0.01° 0.50 £ 0.02" 10.95£0.27°

WEFEEUEES. BAES. 4§65 =MER
TEWERF T AR RO, e (0 A0 R R A T TR s (B I 2
YR, TEARFRZEME TR AR @E. Loty
A HUEATE I PR AE DA AR R 5 HE
iE ER TLAR AR IO 10 FCBE B vh A e A A
3.47~117.27 mg/L Y6 B N, & 3k 06 25 10 A7 76 25
Z, SRR S SR, &K 6 SR .

XFLG 10 3K T W AR P R S Y. SR fE

RN LUK 4 5 0 R 0 S By 5 R R A R R
Ewm T HAE R, M6 SR Am . B3 &
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B & B AE 42.67~196.01 mg/L Y FE N o 3 FH RS AL AS
[ = X ) T B 1 07 B VAT S SR S A
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3 15846~1 264.67 mg/L, =\ BEHE 2y 37.46~94.04 mg/L,
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REVP ) A 8 T 1 B I R T T T) S 398 K 5 KR B2 T %
[ B 13,356 BH A R L W T O T L2 R R A AE B
W, SEUEETERB R KESL. 10 FIEEH
B8 ol = e REANG ST T R G S AT S L
KU e T N EmEE, RAEGRAEY)
e ARSI T R A (] b P 0 7R R T ) 0 R T R
M EAE 706.64~1 396.52 mg/mL JEE N, fEOTFE
HAE 101.78~270.85 mg/L JE[H N, Sy & mS5Hi SR
AR ARARL, T A € A ok s T TS SR, P RER B
T T 5 WA PG P AL B N TR A . X1 [ A AR PO
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(1.019~1.255 mg/mL).
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