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ndialdehyde , MDA ) & &, #8 &4k ¥ )57 AL il (superoxide dismutase, SOD ) A4 Bt H K8 7 ( gluathione reductase,
GR) WTE M, I 525 AU S WS FREATXT b o G52 B, b 22 se AT v SR ORE & 3 2 (175.44 pg/g) (BT
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Y AHIE S« SCXK (F ) 2020-0005 , 52 56 4 FH 1 £ 45
5 : HZAUMO-2024-0069. 71 58 1 /8] , it A /N B
BIAEARAE S 50 2 25 IR : 20~26 °C, W : 400~
70%,12 W't/ BEIEER) TSR, B KR .

WAL= A M A e 2 i AL A AT 2L A BR A 7
AR ORE, db 20 A Gt OB B 7D 5 T A AT
POBH(100 %6 B SR 3 s Jrokl = 1l 77 ), I b B R iR
W B S mbR o BB TR T2, 2-BRAE - (3-&
FL-FR I BEME -6- B iR ) —#E iR (ABTS), 1, 1- K3
WA (DPPH) , IR A YRR A BR 2 W) 5
B N FEBR R R B (D) A BR A B 5 R I
(liver glycogen, LG) | WL B J5t (muscle glycogen,
MG) . Ifil. L 2 (blood lactic acid, BLA) . Ifi. & & &
(blood urea nitrogen, BUN) | N —. ¥ (malondialde-
hyde, MDA) | # & 1k ¥ 5 1k i (superoxide dis-
mutase, SOD) Fl1 4+ Jbt H K8 J5L i (gluathione reduc-
tase, GR)IA & , i mt B W) TREAF I .
12 UFE5EE

JYL-Y 32 i s e BE PR AL, JLBH HE 2545 PR W 5
AH-MINI PLUS K ¥ B, 2 7 A IR A v
ATY-244 BT 5087 R, H AR 5L Multiskan Sky 4>
WA WEHR AL, TR R B A BR A | 5 UltiMate
3000 UHPLC WA (438 ( 2 BE 5 K 2% ) , Thermo
Fisher Scientific; Aglient7800 7 B JEkE A 25 B 1A it
AV, 26 E L HERRH A FRA F] 5 Allegra X-15RfIKIR
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Fig.1 Production process of Wolfberry thick pulp beverage
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VKRB TEF /N, T4/ BUBEAL 5 R 6 4, R4
10 Ho 6 20435 k28 X HEZH (Con) , b A2 38 My AT
W ORMIE R =4 (L) o 2 (M) | 7 i 4
(H) , 785 A AT R AR 3 3510 et 2 (S ) AR BH 1 % R 2
(P), Hor P RLT 410k}

VS R A O A A R
AR B H HETE ] AR B, 204 OB 5 &
WM 12 mL/ kg, FIAC SR ORMIC  Hp | 39 i 2 ) i
539k 4,812 mL/kg, 25 FAXTHEZH 4% 12 mL/kg (5]
AT AWK, HEE MR, MR A RERE oK, K
5 R 31 d,

1.7 SERFKER

FEVE B W], /N BURE ] AT T B SR D vk I 2 2
I, BIR 30 mine FESEEGAY5E 28 K, # H )5 30 min,
FE 4 H/INERB AR R A7 7 506 MR T i A 22, TN B AT
(30£3) “CHiAK K 30 em By IiE K 4 2k 17 6 B
Ko A/NRATKFFIE T, AR sh K, /0N B
PURGE B . B2/ RERIBULA K 4 7 s RRETF
R 2 52 S /N BRI T A RS T
1.8 HEFENIBRNE

2ot AWK SC I IS RN BUR R XL IR
B 2 dJ5 FE4T JC f E U Uk 40 min, 7K i (304
3) °C, 44/ B KA b 455 i R+ AR, 30 min J5 B
I ARFE , I B BEFNHER: L, A B R K Pk i 51 U8
AT, A & LG MG . BUN . BLA &%,
1.9 HELE

BEE 3UCFATIRES , R Excel 2016 X448 447
Giit ot A R LU £ AR 22" R oR . R
SPSS 26.0 #1547 48 127 Wk 3 P 43 #r , GraphPad
Prism6 #1722 & . Z2 4110 R B R 7 25 004t
(ANOVA) , 7 a=0.05 /K F-3E4T 58 Z1E 5347 .
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b 2= B2 AT R SR R 5 T 85 A AT v S R 1Y)
IR ELSE R 1. R 1T, b 2 se A
RS T B MRS MR PORM 2 59 BRI , T B AT
I Ay e S RTINS eI 27/ INCIREaS e RS 7Y
Bl CRLZZ BRI 8 S 22, T i Ib 28 s M AT e R ARORE B
AR IS H R TR A TR T T
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Table I Analysis of nutritional quality indexes of Hubei
hybrid wolfberry thick pulp beverage and wolfberry thick

pulp beverage on the market

AL S AR Yok TP AT MR OB

FEhR Hubei hybrid Lycium — Wolfberry thick pulp
Indicators barbarum thick pulp beverage on the
beverage market

pH 4.89+0.02a 4.57+0.02b
AT 3 0
T{ﬁﬁ[ﬁ]ﬁ/%/ﬁ 13.67+0.29b 18.33+0.29a
Soluble solids
5] o3 b ) 0,
PIRHERR/ % 7.28--0.24b 8.44-0.14a
Soluble sugar
e 5
EEE/A 2.784+0.07b 4.03+0.12a
Reducing sugar
58
K/ (ng/e) 175.44-+4.35 154.723.04b
Total phenol
EN D

M/ (ng/e) 98.9140.39% 89.89-£0.50b
Total flavonoids
%/ (mg/g) Protein 1.9040.01a 1.20+0.02b
F3E/ (mg/g) Betaine 0.30+0.01a 0.20+0.01b
K = k;
MIHID b3/ (me/ke) 0.380.02b 0.7620.03a
Total carotenoids
n 2 /0,
LB/ % 0.80+0.00b 1.20+0.01a

Crude polysaccharide

AT TR B R TR R R s AR 7R i 22 7 (P<€0.05) .
[f] . Note: Different letters labelled in the same row indicate that

there are significant difference (P<<0.05).The same as below.

BrF R 61.72% . ABTSIHBR N 81.34 %, 43 sl & i
BRI YORHY 1.06 . 1.001% . FhivcRE e 0 2 45
AT, 19 b 2% 58 H AT v S RORHE) Se % &R 1.59
ng/kg, 2y B MR R ORI 2 4% . Pb AT As %
TG NY/T1051—2014 &% €8 8 4D S A Ac il
it AN A TV ARAEN TG G B ok . 25 B nT AT,
At 24 8 A v SR OB AT B i B S AT L H
A A Se L& .
2.3 EBAEMREREREE /R L ERE
XfEk

WA 2 i iR B0 8], B /N BBV L IE &
FENE A 100%0 0 45 2/ B I o 45 4 I 6 1)
FUAE T % 22 5+ (P>>0.05) . FEIE# A FIRE T, 4%
A E SR B H B AR A R AE o
24 EBAEMRRERBEENES /R NIE
i ok B 1) A X bl

i B3 AT, 5 28 A R B Tk 0B TR
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Table 2 Comparation of antioxidant activity and
trace element content of Hubei hybrid wolfberry thick
pulp beverage and wolfberry thick pulp beverage

on the market

e DHUASHIRMOKION RN
Indicators HUb?l hybrid wolfberry Wolfberry thick pulp bev-
thick pulp beverage erage on the market

DPPH/ % 61.7241.05a 58.2740.96b
ABTS/% 81.34+0.53a 74.444-0.23b
Se/(ug/kg) 1.5920.22a 0.68+0.03b
Na/(mg/kg) 0.552£0.03b 1.9440.49a
K/(mg/kg) 141.6746.61b 162.99+7.75a
Pb/(pg/kg) 2.0040.43 2.34+0.30
Ni/(pg/ke) 11.42+2.16b 24.2941.10a
Mg/(mg/kg) 17.78+5.18b 30.36+2.23a
As/(mg/kg) — -

—” indicates below

W= RO R B R A . Note: ©
detection limit or not detected.
0.06

0.04

0.021

JEENIY
Liver body ratio

1 1 1
00 Con L M H P S

415 Groups
Con 2l %5 FA41, B 240K L MV H 43 51 8 1k 2 se M vk 2%
PORMIG o Rl 5 S Sy i B AR IR DORE R 70 45 P o FE
WA (Z0A4- ) o Rl 5 B3R 22 53 1k 3% (P<<0.05) s T B R
ZFABE(P>0.05) . T, Group Con is the blank group with
gavage distilled water; I, M and H are Hubei hybrid wolfberry thick

pulp beverage of low, medium and high dose groups, respectively; S
is the high dose group of wolfberry thick pulp beverage on the mar-
ket; P is the positive control group (red bull®). Different letters indi-
cate that the difference is significant (P<<0.05) ; the absence of letters
indicates that the difference is not significant. The same as below.
B2 b ZAAT IR R R XN BR AT BE B R0
Fig.2 Effect of Hubei hybrid wolfberry thick pulp
beverage on liver body ratio in mice

363.44 s #HHL , £ 4 PHAE X BR 41 /)N B B T3k 70 8
]2 531.00 s, i 46 T 46.10% (P<<0.05) . i
b 2 22 A AC v S ROk Fb e ) ik 2 R T B A AR v
OB} R ) 4H A B I UK ) 9B (R 4391 Sy 601.70
763.43.556.43 s, 525 HALAH EL A3l 55 T 65.56 %6

800

600

400,

200

U# VK 71 38 15 ]/
Swimming exhaustion time

Com . M H S P
215 Groups

AL R MAT R R AR 3 /N R S EfF K
7758 B 18] Y 52 0
Fig.3 Effect of Hubei hybrid wolfberry thick pulp
beverage on weight bearing swimming

&3

exhaustion time in mice

110% #153.10% , HHA W %M 2 5 (P<<0.05) . 45
A & 2B B 25 AT MAC TR R ORHE SUE K T /R
() S L iUk INFR], $2 0 T /N BB P 95 Ry, Ll
F= A AT M R APORE 5 77 2 2 A K s [ 2 T B A AT I
KRR E R AR 1.37F5 . S5 R R FEA K 5%
P WL 2SS MAT R SRR BT 57 SR A
25 EBAEMICIREREFIEES /IR
[RFIBT¥E IR B Xt L

F P 4 ], LR TE E 28 d S, BH X R 4H /N B
4 UL SRR I 391 A 0.67 .0.98 mg /g, 545 4
AH HE 5 3 4 R (P<<0.05) o 17 18 b 2% 28 A i v 3R Ak
Ak e 70 2 2L /)N R A UL DR AR D 43 1A 0.81
1.53 mg/g, @& & T X R4 (P<<0.05), 525K
X B AH B, W0 S A8 M A v ROk i 351 1 UL
J B I B A0 4 5 47.03 % .116.22% . 4591
1AL = A M AT e I APCRE AT LAAT R 532 30 BT A
JERT U B ) AR 2R R T4 S LA B RE B R4, B
AR T B M AT 7 i A PE X R
26 EBABEMWMICIRERBIEENES /MR BLA
FBUN 7K H3 Eb

W& 5A B R 30 min J , WL 2 58 M AD ik
AR AR B R LAY BLA W B 5 51
9.72.9.25.9.53 mmol/L, 575 {4 41 (11.50 mmol/L.)
I, 22 5% B3 (P<<0.05) . W 5B w28 d
J& , MAC YR S AR 5 BE P X6 B 4 H BUN 7K P34
FAR T 25 AR A (P<<0.05) o [, b 252 M A
AR AR} = 75 41 BUN ZKF (1.63 mmol /1) i 4%
T B A AD v 2R ROk (2.17 mmol/L) (P<<0.05) o
SEIL W] MAC IR DORRE W A U 32 B 5 /N R
AN Y LR 20, 082> BUN ZE A PN 119 0 i AR
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Fig.4 Effects of Hubei hybrid wolfberry thick pulp beverage on muscle glycogen (A) and liver glycogen(B)

in exercise-fatigued mice
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0 1 1 1
Con . M H S P
419 Groups
E 5

AL F T HFT R R R BITIE B 55/ R M FLER (A F ML PR Z & (B)
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Blood urea nitrogen content

0 1 1
Con L. M H -] P
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IR

Fig.5 Effects of Hubei hybrid wolfberry thick pulp beverage on blood lactate (A) and blood urea nitrogen (B)
in exercise-fatigued mice

AT 35 3 I 22 9% 57 (Y A5CR , 7 R S A 40 L It
e ACARACHR I AR R B8R T T B M AT e SR O
27 EBAREWIRRIRZRMIFIESES /N MDA
K FEBIXTEE

FH & 6 AT, 550 B AL AR EL , b 2= S5 M Al v 5
CRMI v 751 2t 20 AT 5 AR ARG I 2R O ZH L K B
PR HE 2L AT DL 8 R A L H MDA B 75 5,
R0 Bk 22.64% . 36.93% . 48.79% . 43.79% .
31.50% , i L g 7] 5k 2EL R i 455 i A e AR 4L )

201

—_
=

=

N

55 B/ (nmol/mL)
Malondialdehyde content
>

215 Groups
b Z X MR R IR BT IE B 55 /R MDA B 211
Fig.6 Effects of Hubei hybrid wolfberry thick pulp
beverage on MDA in exercise-fatigued mice
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JINERAS Y Y E 3 BEL IR MDA A A= B 8 42 400 i )
AR, R HEPIIE S5 EH
28 EBAEARKRERBEENESNMNRHY
SOD 7k F# 3 bk

P &7 BTN, 500 BT AH B, A0 A Se M AT vk
CRMI L v 3 791 2 20 R T B A A ik S R 2 L B B
PR REZELA AT LB i 4 5 1l i v SOD i,
100
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(3%
(=]
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Superoxide dismutase activity

419 Groups

A F T M IR R IR BT IE BN 55/ R SOD By

Fig.7 Effects of Hubei hybrid wolfberry thick pulp bever-
age on SOD in exercise-fatigued mice
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1o 791 2 T A 2% A A AT e S AR5 T B AT e 3 AR
24 SOD i 43 %1 Ky 73.99.68.98 U/ml., 5 25 4 41
(38.97 U/mL) M Lt , 43 5l 42 5 1 89.8626 .77.00% .
45 F T, A 4D v IR ORERE RS /N B Y SOD i
P, HLIR SR T, W06 2% 52 b Ad vk S ORE R 22
e B M AT R R ATOR
29 EBARHARKRERBIEEHEST MR
GR K FHIxF Lk

H 8 1T L, ik 2 e AT e S ORI IS
701 2k 2 TS AR MR SR O 2 L B BRI %ok BEZE ) /)
FLIM 3 GR 1% P23 91 4 21.65.23.48.,29.29 . 24.41 .
18.65 U/L, 525 (12 (14.49 U/L) W 0, ¥ B
(P<<0.05). 454K 5CHYZER: , F I d0 452 e e
FARBNA BT S FE 20 40 MR8 1 56 5 M | By 1k il 21 2K
F1 8 SR Ul 40 1) AL A3 40, B e 55 3R

S
=)
1

92
=)
T

A5 e RR A JE G 1H/ (U/L)
Gluathione reductase activity
= %)
S =

415 Groups
B8 #dbZZMAT IR R IRAXTIZ B /MR GR K&
Fig.8 Effects of Hubei hybrid wolfberry thick pulp

beverage on GR in exercise-fatigued mice

3 i #

) A 2= AL M AC AR Sy B L 2 IR % B0 SRR
Wb, RS G4k 2 2 WA sTEkAN /N SR, H AT
Fil G ) b A 32 M ALK TR0 T 07 T A F AR R B =
3o T AN T oK R A B DR 5l b R R A
I TRACH A f5 2210 PRI, il 489 Ik 24 e #
FEHSR YR, 183 W HE 37 o O 5Ll R 3 )
B, BE AL LG itz s 57 iSCR |l o 2 ™
an AT R AR BERL A AT

TR Pk S B — R 2 I T B s R A 52
575k, a3 /N BRI UK, B ORI ) v, WLEE
T DK AR ] A9 228 P DT A /DN BB TR 57 BE ) 2 5 4%
BT, ARG, W1 A s AT WK ok R
70 ek 2L AR T R AR T S O e ) 2 B9 B B IR UK
Uy N 1] 5 25 |5 AR AR I 2 8 e (P<<0.05) , IX AT
AE-S AL AORE 3 AT I 28 T | B SRR 22 1

G EAPUE TR MG A OG . By Ak A AR
Sk b E R AR A R R AR PR AR B 3
BORVR, AT E A DR [ T R R R
UF W 57 16 M, 5 208 AE 92 9% 55 1Y A FH AL A
L2 RS A A 2 Ak A AT DA o
JUURI)FH 8 25 0 L IR IV e 45 7= R AR ), 348 Bl 2o
B8 o0 B D 0 SO B R g R A P
FE AR P 20 il 18R ) VR T AR B PR K, AT 5 T
b TR AN FE B4 5 AT L SE R T 2R/ N i TR I
JE AR R G, MM R A e R

i s, LR 2R A e i ok dE s Bl .
A PN T R AR 0T A R TR A BT RE SRS
I G J2 FIL PR O v ) 0 i 2 0/ B AR R R
2 FEONE 5T R R A ) N R SR B S B Y R
VR BE R ARG 18 sh M o5 UM O, Has
Xof BEZEL A B, T8 At 2 52 M AT v S AR v 790 o AR D
JH W D B it S R R, X AT R S A A R ORE B A
= R TS A A W 1 I W o DA LA R R B 4R f L
TEPEAT G AR T B S BT s 1 PR SR AT, ] 48
02 32 Bl A Ak P A A 40 AR 405, O A8 % BHL 1R 41
i v A S R A STl 3 T AR AR
WUKE B -5 PR DA 5 2, e 0 AT P A R, B m AE 43t
B 38 BRI 57 AR I L AN A R A
WEFAH BEAE SR . MELEsh T8 A kR,
1 & A AR B, 451075 40 IS B 1A DN 11 55 4
P AR ) 6P 2 — 2B I EE I 55 . MDA J2 iR i
o Ak ) R Y AR A0 P AR A A Y T R
b, AR A MDA 5t 3% B ALK o8 Bt 80 Ak i 1 32
0 AR R 1AL 2 A AT R OB Y Se £
9 1.59 pg/kg, 3T EMALHRIE PRI 245 . AT
RRAERNERES S 5K NI A K, 42
e MR B A4k P i 1 3 M B AR R o o 4L Ak ™= 0 1
e BE | AT G A 57 1) 5 AT Rt e 1 b 23S M A
W IRk LA P AR R i s 95 1 Y A
Z—o
P 52 gl ok B v, R 9 9 AR ™ 4 n BLA
BUNSSRKEME . RT3 0, BLA K
%, FEUR BRI C T, BLA 35 A 38 Jin 23 5 1
TEA RGN T B R G I 6e, BN Z 3R T
R, DT 51 A2 90 95 188055 it Ah , BUN AR A 2 11 R 2%
il AR, KT B S 5 8 Bl 1 fer 2 VAR G
FEiz hy it AR e, B TR SRR 0 AR sk,
FBUN B 538, HLA G 6 A 0 18 R 1 e 2 9354
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Nutritional quality and anti-fatigue effect of Hubei hybrid
wolfberry thick pulp beverage

70U Zhirui',ZHU Heping®, WU Lianging', YANG Xinbiao’

1. Wuhan Sports University, Wuhan 430079, China;
2.Hubei Goji Zhen Liquor Co., Lid. ,Jianshi 445300, China;
3.College of Food Science and Technology, Huazhong Agricultural University/ Key Laboratory of
Environment Correlative Dietology, Ministry of Education, Wuhan 430070, China

Abstract Hubei hybrid wolfberry was used to study its nutritional quality and anti-fatigue effect and
compare with that of the commercially available northern wolfberry as the raw material of the thick pulp bev-
erage. The effects of Hubei hybrid wolfberry drink on relieving physical fatigue were investigated by analyz-
ing its nutritional quality and determining the exhaustion time of swimming with a load in mice. In the ani-
mal experiments, the content of liver glycogen (L.G) , muscle glycogen (MG) , blood lactic acid (BLA) ,
blood urea nitrogen (BUN) , malondialdehyde (MDA) , superoxide dismutase (SOD) , and glutathione re-
ductase (GR) after exercise in mice after gavage of Hubei hybrid wolfberry thick pulp beverage at different
dosage (4, 8,12 ml./kg) were determined and compared with that of the blank group. The results showed
that active substances including phenolics 175.44 pg/g, flavonoids 98.91 pg/g, proteins 1.90 mg/g, betaine
0.30 mg/mL., and Se 1.59 pg/kg in Hubei hybrid wolfberry thick pulp beverage were higher than that of
commercially available wolfberry thick pulp beverage, and had better antioxidant activity. The results of an-
imal experiments showed that the medium-dosage and high-dosage group (daily gavage at 8 and 12 mL/
kg) of Hubei hybrid wolfberry thick pulp beverage effectively prolonged the exhaustion time of swimming
with a load in mice, and both of them significantly improved the anti-fatigue effect on mice (P<<0.05),
1.66 times and 2.10 times more than that in the blank group. The high-dosage group (daily gavage at 12
ml/kg) was 1.32 times higher than that of the commercially available commercially available wolfberry
thick pulp beverage group, and the difference was significant (P<<0.05). After exercise, the content of MG
and LG of mice in the high dosage group of Hubei hybrid wolfberry thick pulp beverage increased by
47.03% and 116.22% compared to the blank group, and the content of BLA, BUN, and MDA significant-
ly decreased (P<<0.05) , and the activity of SOD and GR significantly increased (P<C0.05) , indicating
that Hubei hybrid wolfberry thick pulp beverage has better anti-fatigue effect. It will provide a scientific ba-
sis for mining the health effect of Hubei hybrid wolfberry and a new idea for developing functional foods for
people with exercise fatigue.

Keywords Hubei hybrid wolfberry; anti-fatigue; weight-bearing swimming; liver glycogen; blood

urea nitrogen; sports drink
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