%16 % 457 JEg I R Vol. 16 No.8
2025 4 4 H Journal of Food Safety & Quality Apr. , 2025

DOI: 10.19812/j.cnki.jfsq11-5956/t5.20241023001

SIAtER: RN, WM, DAY, % KBS ORISR IGUE S ERED]. i G Tl A, 2025, 16(8):
10-18.

WU SX, HU YD, MA XY, et al. Study on the anti-fatigue effects of Thunnus alalunga collagen oligopeptides [J]. Journal of
Food Safety & Quality, 2025, 16(8): 10-18. (in Chinese with English abstract).

Yol Ak fe BRI ISR DL a5 1 5

FEL WRARL BEF EEE, 2 oAl TEaHYT, £ R’

(1. WL R o AL R A B vl A B F R A FEE ST 5, ARl 316104;
2. WV RF B RS B0, STl 316022)

W E: B DKEBEREA(Thunnus alalunga)f % AL MK (tuna skin collagen oligopeptides, TSCOP)Jy
J5Ukt, ¥R5% TSCOP Xf/INIIHTIE SFVER . 753k #% TSCOP ¥ & M{K[0.2 mg/(g * d)]. H1[0.4 mg/(g * d)]. &
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TS /N BUULIA (9% 97K ES, 4T T HGZ shit J), BAT W YU 55 TRk, FEis shE e | (R OR ek A5 45 sk
JEBLH L2 (0 0 A

KW KEESHM, RIFMRAK Pupksy; e, SAbniEs MLRRP

Study on the anti-fatigue effects of Thunnus alalunga collagen oligopeptides

WU Song-Xia', HU Yu-Dong’, MA Xing-Yu?, LI Jia-Xin', AN Ying', WANG Yu-Mei*", WANG Bin’

(1. Great Health Research Institute of Life Sciences, Zhejiang Pingtairong Biotechnology Co., Ltd., Zhoushan 316104,
China; 2. School of Food and Pharmacy, Zhejiang Ocean University, Zhoushan 316022, China)

ABSTRACT: Objective To investigate the anti-fatigue effects of tuna skin collagen oligopeptides (TSCOP) on mice
using TSCOP derived from the skin of Thunnus alalunga. Methods TSCOP was administered at 3 dose levels—low
[0.2 mg/(g * d)], medium [0.4 mg/(g * d)], and high [0.8 mg/(g * d)]—via gavage to mice for 4 consecutive weeks. The
anti-fatigue status and related indicators of the mice in each group were evaluated. Results TSCOP had no significant
impact on the body weight, food intake, or normal physiological functions of the mice, but it did extend the exhaustive
exercise time to some extent. From the perspective of energy metabolism, high-dose TSCOP significantly increased

blood glucose (P<0.001) and muscle glycogen levels (P<0.05) in the mice, while markedly reducing the
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accumulation of protein metabolism byproducts such as urea nitrogen and blood ammonia (P<0.001). Additionally,

high-dose TSCOP significantly decreased serum levels of creatine kinase and lactate dehydrogenase (P<0.01). In terms

of oxidative stress protection, high-dose TSCOP significantly regulated the balance of the oxidative/antioxidant system

(P<0.05) and reduced the levels of lipid peroxidation products such as malondialdehyde. Conclusion TSCOP not only

promotes the repair of skeletal muscle myofibrils but also significantly increases muscle fiber area, muscle mass, and

muscle strength, comprehensively improving the fatigue state of the mice’s muscles and significantly enhancing their

exercise endurance. TSCOP exhibits notable anti-fatigue properties and shows broad application potential in fields

such as sports nutrition and health care.

KEY WORDS: Thunnus alalunga; collagen oligopeptides; anti-fatigue; energy metabolism; oxidative stress; muscle

protection
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1.2 #R5ERF

ICR /it ZR e /N [4~5 RIS, (REE 208 (20+2) ]+
WU F U5 S50 S B AT IR A Rl . /NIRRT R
FEW P, B SRR OR R TE FE R (2522) °C, AH R
(50+5)%, 12 /12 h GG AR, DL RARuEIRE R AR 3R,
A HE R OK (T VLI R S s e 3 2% 51 & 3l
SIS L A Z BN 5 2022066).

TSCOP(H LKA Rk A BR A RIBGD), DA 6
Sittata i R, S5 G L YRR A A, T
I3 ¥4/ T 1000 Da BIREL 5 R T 85%0 COP; LA R
& (blood urea nitrogen, BUNYR | & (%5 C013-2-1), IMHE
(glucose, GLU)M5E 5 & (P25 A043-1-1). I1.24 (ammonia,
NH,) i 52 357 & (18550 A086-1-1) . i S 1k 4y i Ak iy
(superoxide dismutase, SOD)I & 5 & (F75: A001-1-1),
VB IR AL (585 A043-1-1), T ./ (malondialdehyde,
MDA 5E iR 7 £ (525 A003-1-2)(Fg &t #2411 R
5% Fr); WUBR i W (creatine kinase, CK)ia 7l & (5% 5 :
ml092958) . F M2 i & [ (lactate dehydrogenase, LDH)
ELISA 5 & ( R EgIk A MR RA R, A BT ikt
A ALY (glutathione peroxidase, GSH-PX) ELISA 5 &
(LHRHR YR BR A W), BCA 2 1R B 0] &
(585 P0012, FEEH = RAYHAARAF); Weigert 4k
TIARZ YR (555 R20387-2, I 99.99%, -4
WIRHE A IR FD; BiERER SR v . FEAL#h(sodium chloride,
NaCD)(Zr#746, b REEREARA ), il (sulfuric
acid, H,SO,). Z & (acetic acid, CH;COOH). Jo/K Z &
(anhydrous ethanol, C,H;OH)(Zr#r4l, EEZHEF AR
), ZREWEGPral, i oA RN A B
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AR ML 5 2H R AR AL AR FR (60 H). TSCOP 7EHE E Hif
FENRK EL ) KV W, AR/ BUAREE B H 25 55 A0 R 7 &2 1)
R, AR /NEEE a0 200 uL, B HBEE —IK, Fgt4d
JAl, %o BEZH AR 20 3 8 SHAARRZE K . A A/NRIFT )
YUK S, B 41/ AL SERUL TR, BUHER A4,
RREE Zioalle
132 DR BHFREE

MR SCHR[24) 5 AL AN R - KIRZAZY 30 min J5, 4
A H/NFRBREBGMT S%IRE 22, W HE TEIEKBE
HriEik OK L 25 °C, KIE=30 em), FFEGRTHEE, M4/ I7386
JEUIAKIR 8 s AFTERIEE 1T, ek N T 38k

DRIy € Gl PR E P G) AN =R e | S SN R/ S ]
{3 pliw S8R0 B W N sl
F1 HYIERITESHE

Table 1 Design and grouping of animal experiment
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A Z5 140 (CON) Z&18K
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A KL (LP) TSCOP 0.2

A PRI MP)TSCOP 0.4

A FEFIE(HP) TSCOP 0.8
B %5 H41(CON) Z&1EK

B HTZH (MG) ZEIEK AN DK 30
B FPEZ (WP SLiERE 0.4 AN DK 30
B kA4 (LP) TSCOP 0.2 AN DK 30
B I (MP) TSCOP 0.4 AN DK 30
B A4 (HP) TSCOP 0.8 AN DK 30
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WoE MG fa, SrRMARFE/NRR, UAR/NBRIL I 48RS
F-80 °C, MIERT, B 10 g /NRMLAMAABEER /K 90 mL,
PP AR, Hl% 10%M/NRLAHEA S,
4000 r/min #5.0> 10 min JFECEER, R EM E /M R
HEAA WLLZH 2L R LS JEK S . SOD i% /7. GSH-PX & H1 5
MDA & .
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hpny =4 e 4 (Masson’s trichrome stain, Masson)Je (%, Wi
ZEMERA AL b VAR 4 5 i 2 2 LA 25 46 ZH 2 O
1.4 HIEALIE

SRR A PR E N 22 (n=10)28 . A Excel 2016
BRAF AT 92 06 B0 S v AR &, ok IBM SPSS
Statistics 27.0.1 % {F % FH 2 [H & J5 22 43 #7 (analysis of
varianc, ANOVA)FIHT & % 2754555 (Dunnett £6:53%)i4740
8] Hb 55 (P<0.05)

2 GERESH

2.1 TSCOP s/NRAEFIRREHIF

1 4 RV B Sesa i), 54/ UM IR E A i
(% 2 135 3), 5 CON 4Lk, MG 41. WP 411 TSCOP
41(LP. MP. HP)AY/NRAER T A i B R R
EEZER(P>0.05), B 1 B d/NRTE 4 RN BAEY
ZJE 3, B TSCOP F1 WP Xf /N B 4= K & & BE TG ik
YERBICIRIVER, A /N B AL FIE & i B R AE KRR
RAS . BUAb, SEEIRLN BB T R 2 BRI TR B0 35 £
BefasE, WA LIRS TSCOP HH 56 i 1 T S a5 5 4
SR, XFEW] TSCOP Fl WP ZEAHIFFE I T Xt/ Gl iy 4%
IRfgHOR LA B B, WNRAEREE . BEEK
F A TR AR TC B

F 2 TSCOP 3 A A/ RAEMFERENFMN

Table 2 Effects of TSCOP on body weight and food intake in
group A mice

sl ik g AU /g Hfrit/g
CON 23.06+0.71 36.43£1.48 5.13+0.47
WP 23.01+1.01 35.09+1.95 5.09+0.30
LP 22.910.95 35.24%1.21 4.98+0.27
MP 22.96+0.72 35.02+1.89 4.97+0.27
HP 23.15+0.88 35.3443.15 5.03+0.43

&3 TSCOP 3 B HNRAFEMBFERENZM
Table 3 Effects of TSCOP on body weight and food intake in
group B mice

A5 ik g KRR H /g Hfrit/g
CON 22.98+0.95 36.65+1.25 5.170.46
MG 22.95+1.30 35.8142.77 5.12+0.42
WP 23.11+0.37 35.30+3.01 5.12+0.27
LP 23.06=0.48 34.884+2.29 4.99+0.28
MP 23.02+0.73 34.90+2.45 5.04+0.33
HP 23.09+1.06 35.032.75 5.00+0.28
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), /1N B 7 3 i Dk s ] 43 J31) 4 4 % (6.03+1.28) min |
(5.584£0.26) min. {HALF WP 41/ 77 3 ¥iff vk A 1)
(7.63+1.16) min. AL, MP 1 HP GE8Z 2 48 58 /)N B it
71, REBLH LA R PURE 57 T Re vk & s 2 T & s R
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Fig.l1 Effects of TSCOP on body weight of group A and B mice
within 4 weeks
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bl

T 5 CON A M, *** R HoAT 3L (B 3 22 5, P<0.001, ** 3R H.
A2, P<0.01, *FRpmBA BEMERESR, P<0.05.
Pl 2 TSCOP % /N7 38 kel iy B
Fig.2 Effects of TSCOP on exhaustive swimming time of mice

2.3 TSCOP 5/ R GLU FnALEER B2 00

El 3a FH/NRZE 30 min A VKIS, 5 CON 4] GLU
T (5.32+0.24) mmol/L # v, MG 41 /) GLU 5 24 it & 4
FEAI Z5(3.44+0.16) mmol/L (P<0.001), 1581323l Fid MG
Z/NRIHFE T REMRERY . 5 MG dAHLL, WP 4
GLU & i 2% 45 7 %(5.1940.18) mmol/L (P<0.001),
i Fas 4, uiBH WP B i 2 AR E i GLU MYER;
LP 44 GLU & & H(3.75+0.37) mmol/L, 5 MG 1T #k
25(P>0.05); MP 41 GLU & 1 4(4.23+£0.38) mmol/L, 5
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MG A B E % 5 (P<0.01); HP 44 GLU &t H
(4.86+£0.24) mmol/L, 5 MG 4 A w8 EMEER
(P<0.001), HEEET WP 41 GLU &, SLiesi R
HP FEHUAR GLU fig )1 5 WP HA M YRR .

M & 3b AT, /NELZS 30 min B BFK)S, 5 CON 4H
WUKE R & & (1.64£0.33) mg/g #H L, MG AN R & &
(0.72+0.09) mg/g ¥ i 2 i FEAR(P<0.001), BiH] L —&E
BHE iz shZ 5, NEFERBILT GLU AR, HEIE I IR 43
ftaE. 5 MG ML, wp ARG EREZERSE
(1.13+0.27) mg/g (P<0.05), W% T F 55 MALARRZ M0, HP
ZH LR R & (1.18+0.24) mg/g, 5 MG A B MR
FH(P<0.05), H'5 WP AAHY, S553-0 HP 7242 = URE R
AT 57 RE 15 T 5 B 245 5 AU

Htt, HP T DL & A LA A1, i f /N B
1Eiz sl B2 P A 7T M BE A A, AT ZE R IO S
EBfE T TR HP o] 3 2oy R 2042 s i S 30 1o
REHLTMFE, A AE M2 h51 5T, X AL e ™= 4=
TR 5
2.4 TSCOP %/ i& BUN 1 NH; 89520

BUN K-V IRZI e T HUAXSIZ s 674 (T 32 RE T, A
HIFAIZ Sl 57 RZS 0 B A= AR PT. Jnle 4a R, /N

k%

HH

GLU® f&/(mmol/L)
S = N W A W O

CON MG WP LP MP HP
SH2H 531

b 25

UK /(mg/g)

B4 30 min [ HFEKE, MG 40/MRE BUN /KA IERIME
(6.69£0.66) mmol/L & & I F+ & (11.59£1.13) mmol/L
(P<0.001), T/~ AIZH /N B O A FIR B 57 R A, AL
X 32 Bl R 37 F1 SRR M 1 WP 2/ B BUN (9 75 5 0] (.
2 [H]7% % (8.13+0.44) mmol/L (P<0.001), JRILH M AIE
SFRCR . LP. MP Al HP 4 /NEL. BUN & &4r3 N
(10.43£0.95), (9.23+0.18). (8.39£0.47) mmol/L, ¥ B¥
BIF R AR # e, H SR AA A e B R T
10.00% . 20.45%F1 27.65%. #FH] TSCOP 7ER{Ik BUN 7K
Sy AT A5 ALRE, FUSCR S R 2 A S B ARG
AN 4b iR, /NERZE 30 min [ HFEKE, MG /MR
NH; ¥ A 7K - 79(208.82437.99) pmol/L 22T+ &=
(417.63£24.11) ymol/L (P<0.001), & /RHEAIZL/NEAK P NH,
(147 E SRR S A2 s A ) SRR . i WP A1/
NH, 7K 5 2 6% 25 (236.72+27.12) pmol/L (P<0.001), A4
RS NH; 10 LP, MP Al HP 2H/INi NH; 5 2 ST IT
7 (255.31434.99) . (247.71+10.56) . (269.69+12.77) pmol/L
(P<0.001), [AIFEJEILH 7 AR NH; JE4#ERE ), M H MP
/B NH; ¥R A4 TARERIZ PR AR T 46.29% . AL,
TSCOP TEZHE B NHy BLE | 3P e s AT
RARHEZ B 5 T3 1A R AE R

20
15} * *
1.0} fiizid

0.5+

CON MG WP LP MP HP
LR

TE: 5 CON MLk, #a n BAT L B35 22 5%, P<0.001; 5 MG Mk, *** 3R HAT il i 3% 255, P<0.001,
HIONAAMBFE ISR, P<0.01, *FRBABEESR, P<0.05. Kl 4~6 [Fl,
Pl 3 TSCOP Xt/INEIMHE GLU. WUBEIE & R 5
Fig.3 Effects of TSCOP on the content of GLU and muscle glycogen levels in mice serum
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Fig.4 Effects of TSCOP on the content of BUN and NHj levels in mice serum
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2.5 TSCOP sH/MRMEH CK #1 LDH HIS0

IM3E CK K- b5 B LA 43 i ] B 9 55 R A 25 U
O, Bz VRPN B B L R R v 1 2B )
PR, WK Sa iR, MG 4/NRAE 30 min JiFik)R, M
CK ¥ & M IE Rl 7K - 19 (97.46+7.14) pg/mL B3 in =
(137.09£13.44) pg/mL (P<0.001), < HE & WLAN It i 45+
KOsz, % CK M 2 B AL T, WP 4/
AL CK e 28 P2 (118.57+13.44) pg/mL (P<0.05),
BN —E Wz N RE ). LP. MP 1 HP
H/NER B CK ¥R BE 4 5 8 3 B IK & (117.47£3.52) .
(113.46+13.35), (108.51+11.79) pg/mL, HJFH TSCOP ZH
M CK WL T WP 4, RW TSCOP HA Wii%ia s
1B B LR 0 5 T A D Rk R, FLHLSCR A7 7 B 35 1 79) a

W 5b R, /NRAE 30 min B BIKE, MG 4/
HIMYE LDH ¥ B MEERN /K F-19(11.68+1.50) pg/mL S I
JFE (20.51£3.29) pg/mL (P<0.001), 5Bt MG 4/ FE 5%
WL LDH W73z Mk, DA e 300 FLRR R T A2 1)
WEPIRASEAL . 5 MG AL, WP 4/ AT LDH ¥
BN TR BRI, FRIRE(12.52+1.39) pg/mL (P<0.001),
FHI WP REfS IR/ LDH MR, i PLIRMERN, AT 20
BEIZLE ST B L s R UL Bh6E. LP. MP M
HP 751k LDH M #8 Wi LR AR R 28 % 55 7 1 i
W AR, LDH K F 45 B AR & (16.86+1.41) |
(15.20+1.44), (12.22+0.46) pg/mL (P<0.001), H HP HYRCE
BT WP, FH] TSCOP 7S iz syt B 8 WA 45 1 g% 55
AT HLA I8 2 1 59 S A 3
2.6 TSCOP xt/MRHEAAALH SOD. GSH-PX F1A
ZERKTHEMm

&l 6a 55K MG 41/ Y SOD i JJl CON 411y
(97.38+3.179) U/mgprot ¥ 3 [#{1K %(62.259+3.308) U/mgprot
(P<0.001), FHRIZLZ AT/ NRHUREILRECR SR B H
LA, FEmATRES | &2/ NRAALAEETT . 5 MG 4L,
WP 411 SOD i Jj i & 2 = % (93.242+6.039) U/mgprot

a
150 - H#

100 -

50+

CK#ri/(pg/mL)

LP MP HP
Sa2H

LDH % #/(pg/mL)

(P<0.05), UiHA WP 7] LAZEA#9% 57 18 318 L)/ N R LA Ak
WO A, LP. MP #l HP /) Bl SOD i ¥4 51 &
(81.806+7.49) . (89.599+7.135). (93.893+7.54) U/mgprot, 5
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