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Application of collagen in sports food and its effect on athletes

LIU Jian-Wei, MENG Jia-Heng’

(Department of Physical Education and Research, Heilongjiang University of Traditional Chinese Medicine,
Harbin 150040, China)

ABSTRACT: It is well known that athletes use up a lot of energy during exercise, but athletes can get their
maximum exercise ability by taking in special nutrients. In recent years, sports nutrition research has found that
collagen has attracted special attention due to its high absorption and utilization efficiency, improved immunity,
calcium lock, and moisture supplement. This paper first introduced the structural characteristics of collagen, and
summarized the biological functions of collagen. It focused on the effects of collagen on athletes and its application
in sports food, so as to provide a theory for research and development of collagen functional products reference.

KEY WORDS: collagen protein; sports food; athletes

X LA A B i R BT E A R E, B B AR X
JE B A IR B A R A 1 T s ISR, AT TR dh s

il

1 5

UTAER, Bl B E AR BRI AR, AT TR I IR
L HOK R 22 IR A5H . A0 vk 2 AR B IR, i
JER (5T 55 R A O — S U R A
(CUPRIB ) J s Wy A A B o 1) — Rh S5 M EE L iz
AET R B Bl Al U S s 455007, & 32
PERVE L AP HLIR A T IRE PRI RERE Y 2 MY
iR, WIRE A RO BN BGEE . AT, AR

FREiEhE s, HLILIE o 5 iz sh AR5 5 4
(32 Bl 8 F2 2B R sh & i, O & S E S i — A8
], ST, ASSCH X IR A M PARER, & A4 H
TEIZ 2 P LR R, O DALy RE AR 5y i
A3 BT RS I B 1 i Bl B3 B AR 3R KGE s FLRE I sZ e, L
WA T Z s R . RE 20 LA ol i & J $ 43t
MitS%,

“EBWER: SAENT, Wi, RIEEE, FEMR TN S A B | 2834 . E-mail: z18906@163.com

*Corresponding author: Meng Jia-Heng, Master, Associate Professor, Heilongjiang University of Traditional Chinese Medicine, Harbin 150040,

China. E-mail: z18906@163.com



3082 1% A T R A

81

2 RIEEBREA

2.1 KB RARRLEN

WREAR—MERMEARER, BiC AHE
> 49 B[R] F4 JC S5 2 11 22 B, LS n 2= 28 Fl), T
430 1L T0 AT B I 9 47170, Herp T 78 ph i 4
PR, TV ORI R o0 A TR, v ORYIE R P 0 A
WEIE A 1, A7 T a5l g0h B AR AR P 40 A5 B sl fig
AR, DR AR A A ) SO e D SR R e e R 44 4 e
B, B TR AR 1 2 A7 A T A M) o, ] o e A
o AL I S 24 KR A3 LR I AT oy A B SR . —
MR HEAG, Kb ERRIEZRETHYE . aih 5
BRE, A, BRIREAE SRAERR . hEmmn
fi% RN 18 LR, W f 7 F MR TR &L IR; T
AR, WEMR . WEmR . A4AmTEim, THTEmRS
AN BEED 1/3; BRIEEA DA AR S
EREAMEORPEERESN, YRR 1/4; RIFER
PR R R A e R AR P ASEAE, BT DU R
F IR E 7w,

JBE I B AR 4> F i 29k 30 77 Da, & SUCHEH —
AU H oL IR BE A R Xk, B SRk,
e B SRR B 3 SOREETE A = MRS, R
3 % o M UAT TR B R Tk S KRR
DeRE T SRR IR AR iR 45 0, o> F el RS E,
B ARG E T . TR R AR R, 4504
P P, PR e P, DR SR 117 ok LA AR 4
Hiu v AR

22 REZEBREYIFINGE
22.1 ibde, REAM

M4 AR e B R B B 8 F R R,
AT SR R I AR, A B Hh 2T 4 R ) 22 AR B
N — RS 2 B O A, O, U)K AR o i SR A
AT LA SR ARG 1 1k i 000 i 2 Rk S i P e 22
— Pl 5k 2 B VWG E 1 RS 0, AR Ay Tk
2000-30000 AEE, WFFEUE B —E K77 e A AR B A P
Tk, X 4R i 1 e 5 i S A S R L R, BRAIE
A Afb R, WA RIS EAR ST =S Al e, B
Z A Al W81 Morimura 2507143 51 %of BT 7 $r 40 5 £ Bz
HH B ] % R i I SR A T A, 43 s B LAk P AR
PR ENAN SN B S R = NEEE - Sy R L rsp R IRE N fate g =N
HEEEH, EEE L.
222 KREFH. SMRETR

B R R A 20%, R h R EE SR
80%. IR 1 A RRi e R — 2 I 2 R S I 3 i i 5
ERHAMMAIZE T H, 5G5S s, FEgEs!

KB, H5E T ESR ISR R R RE S B i e BB

RHFER KR, U0 S5 25 1 A4S 550 BB T 0
IR, AR A . R A AN B S LA
AHE, BT ARE R, (15392 sh it i B HA R0 . sk,
BB . R EHCE AL, 1A, IR EEEN
JE R R A A, R IR A A S L HES, IR KA
Fhas i Rt gedE ot . IRARIREEY], B EE A
St R AL BRIE IR S E B, AT TS 1 [ A S IR
FHoe, $RmE RS AR T, R IR AR 02,
223 AT ARLIES

IR R R T, AW EENER, HAFEME. K
g S S AT REPE, MUK — AN S A HE R SN, XTI
SRS (AN 6750 ) B TR SRy T T, Yo e JE 20 i S 2 4R
MR 1 F B KRR R 2 EDY), Ravallee 452
IAEE 6 8 2R 1 B KRR T TP AT BRI, S BT Y
GpE G [T Asbjorm RS & B 4 R fa ik v ik
T T P A B v I A P 5 R A
I, e AR R M e R R BT BE, DA i g 20 i
A B IR AR . Hi T A R R R R o
TRRFEMAGHIRZ —, B2 A & Rk,
VIS B B Y 11 B TR R (15 5 AR G ie it 32, ml T sl
iR KB ST RAEPY, Lugo FPHFZTIEN] T 11
P J L PG I IR A e 2 EL AR T A2 1 R

3 REEZEBXEEFEN

3.1 HMEXTKRE

BB GURE T B A R AHRE, S 2008 4T
XS, TR R ANE R s i, SR
i kLR R TRz, EEERYRE IR (food
and drug administration, FDAYIN WIRJRE A Z K EE T &
SR E SRR AN, REIAE B O, BRAIRXT R
IR, Bz shag P, SRk, Xtiz sl B A e R
AR 2 BR80T PR IR R R AL B QT . X T HE
AR, 78 2 BT 2R 5 I 2R 2 CRIE 300 PR A Y A
A, AR R AR AR, BaSEEEZ
o KA IEURE 2 i 43 FEAE 300-20000 Da 22 [ (1 £ ik
Ak, YERFEIRATFENN . Ao 0. et/ MNak
W, AT E A ARDERR R G0 R IRE, £ 1990 4FTF Y
— IS, K 60 2 BVEARE ZAFE 4 A, 5
KK 10 g IRIFER, ESE )G, MNEER G EAZ
R 6 5, LI . H&E R . Rih it s g,
I S Je S 28 S % B B A B E L, R K
BHIE . KL, I8 Yk 72 5 o K R R R, RS
RIS DRE AP IE A H A 10 s 224 KA
& D J5 P i 7 AN s Bl DG, O LS A AR
7R TR 3000 8 R AP,



%510 3]

XA, 45 RS s Sl b o 8 0 R Xk 3l 51 9 52 3083

3.2 ESERIHA

it 730638 BFF LAt B, AMEFEE SR Z, i
[ A8 7 LR T AR = R Re Y oT, (HAR T N RE A fLAtRE,
ANRREG AL R A, WS KT 20T Hy S B RR e S i R 4
o IR BXTT IPEiE s+ EE, R SfE]
JO7 7 8 12%-14%%0 IERE, 3. A HLE 8 5
HATETRT A 35 T2 3 5B R R ALREIROL I G,
AR BN, FEEEREN, S5 RIIGRKEZ, B8
A%, BFRBAALE, MW ZHRATRIEEN . 44
REREEHR, TURSEINRRAMHERER, H
T B INGRORPY, e 5 /N B T2 JI B = Jik (collagen
tripeptide, CTP), HZEM AT LUK /R A Gly-X-Y, &—F7E N
iy A T R A R A = R, CTP 43 F1a/), /D
Ji Wi A B e, R e A AR TR, R R, DL/
RN B, WS IR = RO /N UM s ] A R i, 285 51
3871 I T = I 19 /N P VR A 3 BH S8 15 R 4 PR e TR SR i
EEERR, B LRI I/ BUCH 4E Rt
], BRI ST . REsshit /05,
3.3 R AEE

HENRFING X HE @S EZhe, AT sl
UM . R R BN, IAEY= MR, AlhEE
WK — RN J M A P R AR )t B R S5,
FEMMIITAS . HFE . AHSNERTIIARFIE 3, e AR,
BUEF AE A R A5 AR B B R, RRE BUR S5 5T
PR LARE T B feml, P mm ™4, FFxrd
LE PR HEEHESNEN, fE—EnmN, a3
ZH AR B U 1A R A S A T R A AR B0
TFRATHLNEE SRR, @ 2h FE K R e 1, ™
T F I8 BUBT 1 30CE FLE 2 3CE M E i 4 s 4111 1Y
W REAME A SRR E M R, fEIE M —
el SO AILR A T R TR A AL AR . RS T IR
B UM @A VE AT ST gD, TR IR 114> T8
n] LI AR . fE M (discoindin) 25 My 7 K . B A
8 I IS SZ R 1) 240 B 9 A e AN AR AR R AMIE SR (5 5, RIS
BIRE A BAE S PR IiEe, EREER . TE.
BHEERETF, NMESERE . HAESMHLRBE S
R S A U AT BEgE woR, RETER R
Xt/ N BRI A B A A VR, 9 S B AR 5P,
3.4 HEftermmE

S KNP L 5 O R R, RIFE A BT
Wpitia s = E\ERAAE, Liash i = EEEAREMBEER:
BB EEL . ALRMEFERS 3 FiE, A591E
RSP EATEY i, Adam S50 RRAS R B R AT K IR
X 108 4828 )5 B % BB M AT 1T L0VR T 24W, 451 0
A BRI EAE GRIT LT RS RE7, B

IR s SR 1 T 4 v R A R4 2 A R (], X 48 B
£ %5 2010 4E Guillerminet 25U JH#E 11 Peptan B(4).
Peptan P(J&)F Peptan F(f4), Bi&FRIEMZE LIS A& AE
SRR, AT R A AN B A s SR g, ZEARER I
Peptan [ J5U8E AT DAMSINEE L OB FR4G A, A1 TE B
AT FRTT, Xt 4cia s il s sl AR ER A 45 o

4 REEZEREEIRMINA

41 EBERMITE

MAKEARETELZEEH L, KFEsCB1E3BA
AT H O ATE, Bz shid S e G AT & 58
FRECRIAWIL R, 1HE & B IE L, B 8h B,
NizshEHREMm, EF 2015 F LA GB
241542015 ( B LREEZAME B EFRESEN )
X HE SCRy: <R s NBF AR B RS IA T B 3 K
K LA b R BRI 30 min K2 LA F . FIRGE B s F)
PR DL BB AR R A R CIHRIRAS | 18 s 1 Bt R e
IR B R R T SR I L TN TR, MRS S
ThREE F A iy E AR, TR M RE R AN R | B
JrER . PUREST AL, R BEEN A, NFKEHE
FEE A TS R AE DR A 22 00, Hin, kS 8)
FERIEREC 2R, WBIARTORE . AR L e L R ISR, T
AR Z R FEPLARAE . DU LA S i % %
HATHR I K T 25 1] .
42 EEHESHNA

FE 32 38 FR AT Kl R R e R, X RE
A IS AT AR, SRR E AN S
SRR A2 BT IR, 2001 4F 12 A £ EE M2 EE
FH R (FDA)TF R T X i 7= i i 2 A M o, JF8 04
T B RS IS4 I T AR 1 e 2 % GRAS!Y,
R A SRR A S o — R e i R S i R B 37
U5 38R R A B TP R gh /i, DA
BRI . ALUBE . WS, BH%
I F AN H B, TSR, BRIEER . 5Tk, IR
EERERT Ve D T REME & A E R, o m] A 5Ok
SECHISS Iy, SRR . RYTFRRS . B
s A2 ST R 22y F R . DRV . AR K
WA, iy NARIE B RIEE R . AR
B, BUS T R0,
421  hELMBGE FhERAHT R

i SCHR B i A, 30 LA R R AR LR T e M i
ShRE ORI I TR AR £, 2015 4 =43RI FI7E H A
SR T 3% M Precious (AR IR, FEZ A A
YR, W E AR A4, BRI Voda S KOk, 212k 1)
BRIk . A Gatorade G Series 03 Recover 525 [



3084 1% A T R A

81

B ENYORE, AR S INRE SR AR 11 A3 SR AR AR TG U7 A
BEsmAb LA FMEE . By, RZissh AL ERM. Kk
SR AT UOR R, BR T ARME DR A, AT AR SR T
. BIEN, AN SRR T, RIRE A
FAr A IERRYE, SRR Y RS 2B, Tk
T TP RNTOE BLS8 5 , (H 4523 5 38 i 368 28 F UL,
P RGE B, TSN, BERS4ERE TR K
Fasel,
422 #FEIAIF AL

W TR I AE Y I RETEZAE . AR B,
A DIREA IR T A Bl H 5 A7 I L, Refg 4R ey
REEFLIFERE SRR, e kBl LR lam i & &,
RGBT . FRENIE, TN IR [ r 5
JIHRES, (EASEEE Y A e, o e EERL A KUK B A B,
FUBCH IMANGE, FEARE SR BARMY, HarE i oA KR
ST AR PRI IS MR R W AR B, o g TR
AR AR R OIS T R R R R R, R
P AR B35 A 8 S Bab 5 D Re th [ /E T, ek
BRI . TPADUEPIET . BRI EE . BmdiE R C &
RN S pvRIeE, e R R s A R, BE
PR EEFEME, TR AR 0 R AT RE, i e o
Ji. BEERT . BEVURRN GRS, XHESh 5T R
I RA S
423 R H SR A

W R B, TR AR 1 K HK g = 138 vl o, 32 3h
P R AR ST B AR, IR E AR
IR 4 —PA IS, 308 e R IR M D B 11 43 P R LB, IR
JRA 0 B IR LS 1, TE R ES M AN B /Ny T, TR
Jin R R AT DA s 2 A A ARG IR, N B 1 B
FUEHE . B3R, A B Tia sh B g LR,
424 HEHREER BT LB

bR T iz SRR Jeaz sl g FRab e R 2 Ah, IR 7R
AR . EIREE . WU R AR AR A B R 1
A ERC . A R, A B A R R DR
AT RORIT R W&, A 2 BT = ER A
B, X —AE R 12 R A F U IR R I 2 d e,
TR RRRER A SR . FERERE A ERA, TR
A B AR 1 L R A 2R SR B0

5 FRERE

£i EPrR, BRER R R i B PR SRS R
EYIRAE . FEERME R VEIIRE, SO R K
B AR A BOOEN, Jf BREA R = HIRE
BRI TRONTE, FLAT MRS I A R A ) A 90 T e
fE o T EEAER, U A A E S A AT T R A7 B RO
M HISEH . 2013 4R, [N A 52235 X I I 1 il

T RIS, 7480 ZiE R, 10 7 ZRPHESCHR, LUK
JEUER 1A S F 32 B0 i R R ECEE L H 25 8,
WP R R AR E R Y B
P 755 WA A 0 PG S D A A R S, P R SR
JE AR AT AR A B RO TRl R 0], 7R3 88 IR 2
D7 T B A — 2 K SR, MRSk BiE, R A
A M T I ) 32 22 ] R $88 BB D52 2 11 1 D 1) 4 4 b
JEARL ) B A AN B GRIE, 2 vkt S8 B e, S bh
Jom o 2 Ak A W T BE

SE Mk

[1] Zhu J, Kaufman L. Collagen I self-assembly: Revealing the developing
structures that generate turbidity [J]. Biophys J, 2014, 106(8): 1822-1831.

[2] Riichiro O, Tomoaki D. Physiological functions of enzymatic hydrolysates
of collagen or keratin contained in livestock and fish waste [J]. Food Sci
Technol Res, 2003, 9(1): 91-93.

[3] Kumar S, Sugihara F, Suzuki K, et al. A double-blind, placebo-controlled,
randomised, clinical study on the effectiveness of collagen peptide on
osteoarthritis [J]. J Sci Food Agric, 2015, 95(4): 702—707.

[4] MR, MUK, SR, 4. RIREE A5 KR AR HUEAL &)
RIT]. P EE 5, 2017, 17(10): 44-50.

Lin CT, Ke XX, Guo JH, et al. Preliminary antioxidant relationship of
collagen and collagen peptides [J]. J Chin Inst Food Sci Technol, 2017,
17(10): 44-50.

[5] BRVFF. R F7E £ P W R0 20 A (9], BUAR AL AR, 2019, (18):
27-28,31.

Chen SY. Application analysis of collagen in food [J]. Mod Food, 2019,
(18):27-28, 31.

[6] Marion K, Gordon, Rita A, et al. Collagens [J]. Cell and Tissue Res, 2010,
339(1): 247-257.

(7] RJF, BRESEL, B, % RISREADTTCH D] BRI (A %
BI20R), 2012, 31(1): 39-42.

Song Q, Chen FZ, Yan J, et al. Research progress in collagens [J]. J
Chengdu Univ (Nat Sci), 2012, 31(1): 39-42.

[8] Wokde, Ak, HRE, . WIEEAMAES I RERE RN TI]. B
25Tk, 2010, (1): 12-14.

Cao RA, Li H, Li LY, et al. Physiological function property and
applications of collagen protein [J]. Meat Ind, 2010, (1): 12-14.

[9] BEHEFH. JJRUEE ATER A R R I, B PO A4, 2009, (3)
57-60.

Liao YY. Application of collagen in food [J]. ] Huanggang Normal Univ,
2009, (3): 57-60.

[10] BR&Wi, i, otes. MR A7 fd T RIT R R E A C). +
[ [ B S AR R AN A R B 222K, 2010.
Chen JM, Feng J, Wen SN. Application and development trend of collagen
in food [C]. China Food Additives, 2010.

[11] LEReRl, ERAk, AT, 45, BRI B R HOR RS [T]. SEM
bR, 2011, 39(1): 811
An FL, Wang JL, Quan MP, et al. The application and development
prospects of collagen [J]. Guizhou Agric Sci, 2011, 39(1): 8-11.

[12] 250, AR AR S A S S AR FI[T]. REA#Be 24, 2005,
12(2): 54-57.



%510 3]

XUatfh, 5 RIREAEZSR

=]
[218]

g FH

HXHE 8l 5 1 52 3085

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

Li Y. Application of collagen to food and cosmetic industry [J]. J Tianjin
Agric Coll, 2005, 12(2): 54-57.

SR, Ao, e DRI SUR AR A5 B R i
JEAMRHRAE, 2003, 11(1): 4.

Guo W, Li RW, Dong Y. Application of medical collagen sponge in
orthopedics [J]. Orthop J Chin, 2003, 11(1): 4.

SRUER, DKL, AR IR R IR 1 22 R B B S
52550, 2007, 9(8): 43-46.

V1. S

JR[O. A

Guo HB, Zeng QZ. Research progress of fish skin collagen and collagen
active polypeptides [J]. Food Drug, 2007, 9(8): 43—46.

SRIE%, WA, BESCE. KT IR R 2 RS
Fﬂ%, 2006, 25(2): 101-104.

Guo Y, Zeng MY, Cui WX. Aquatic collagen and active polyeptide [J].
Fish Sci, 2006, 25(2): 101-104.

FRUR, 257, Rigdk, S B AR SR Y KB i
BrEAALTETELT]. &5 Tl RHE, 2017, 38(24): 20-26.
Wang CC, Jiang H, Wu HT, et al. Antioxidant

JEDL. K

activity of
tilapia(Oreochromis niloticus)skin gelatin hydrolysates and its simulated
digestive products [J]. Sci Technol Food Ind, 2017, 38(24): 20-26.
Morimura S, Nagata H, Uemura Y, et al. Development of an effective
process for utilization of collagen from livestock and fish waste [J].
Process Biochem, 2002, 37(12): 1403-1412.

R, VLB, BrmeR, . B2 U i 4 K
tf [ 2 4, 2005, (15): 40-45.

Li YC, Zhu DY, Jin LQ, et al. Preparation of collagen polypeptide calcium

MR [T]

and application experiments by small mice [J]. Chin Leather, 2005, (15):
40-45.

FWiNG, EICE, TPk, . RIRE A SIREREAR]
2014, (3): 156-162.

Wang LH, Wang WH, Guo YX, et al. Summary on the function of
collagen [J]. Heilongjiang Agric Sci, 2014, (3): 156-162.

Kontadakis G, Kymionis G, Portaliou D, et al. Effect of corneal collagen
crosslinking on corneal sensitivity, tear function and innervation: a clinical
and confocal microscopic study [J]. Acta Ophthalmol, 2009, 87(S244): 1.
Wollensak G, Spoerl E, Seiler T. Long-term biomechanical properties of
rabbit sclera after collage crosslinking using riboflavin and ultraviolet A
[J]. Acta Ophthalmol, 2009, 87(2): 193-198.

Ravallec PR, Van AW. Secretagogue activities in cod (Gadus morhua) and
shrimp (Penaeus aztecus) extracts and alcalase hydrolysates determined in
AR4-2] pancreatic tumour cells [J]. Comparat Biochem Physiol Part B,
2003, 134(4): 669-679.

Asbjorm G, Jarl B, Audny J, et al. Isolation of acid peptide fractions from
a fish protein hydrolysate with strong stimulatory effect on Atlantic
salmon (Salmo solar) head kidney leucocytes [J]. Comp Biochem Physiol,
1996, 114B: 97-101.

Xu MH, Guo QY, Wang SJ, et al. Anti-rheumatoid arthritic effects of
Saussurea involucrata on type II collagen-induced arthritis in rats [J]. Food
Funct, 2015, 7(2): 763-770.

Lugo JP, Saiyed ZM, Lane NE. Efficacy and tolerability of an undenatured
type I collagen supplement in modulating knee osteoarthritis symptoms:
A multicenter randomized, double-blind, placebo-controlled study [J].
Nutr J, 2016, 15(1): 1-15.

SRR, WRBE. IR 1 2 KGEHE 1 5 AT B IR RO A 21 ).

BT RE,

[27]

(28]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

thABIIG PR F 2%, 2012, 20(2): 128—129.

Zhou JL, Chen Y. Information of clinical studies on the effect of collagen
peptides on joint pain in athletes [J]. Chin J Clin Nutr, 2012, 20(2):
128-129.

Milan A, Kristine C, Heinrich K, et al. Collagen hydrolysate and its
relationship to joint health [Z]. 2004.

FAET RARIEIET, —RiHess Ff e | e Bk SR R T ik
FI). A EE STk, 2007, (5): 48-49.

Wang ZP. Hydrolyzed collagen, a function that enhances bone health and

s

improves skin moisturizing performance Energy additives [J]. Chin Food,
2007, (5): 48—49.

pay HEFIFITIER]. T EE SRR, 2010, (3): 228.
Ai H. Review of current sports nutrition research [J]. Chin J Sports Med,
2010, (3): 228.

BRI 32 SRR 55 1S W M HARE TR (1]
98.

Mp R

HHifiz

L T ITE AR, 2001, (6):

Zhao Y. The diagnosis and recovery of exercise fatigue [J]. J Hebei
Normal Univ, 2001, (6): 98.

BBE. BIET B ERR I GRiE 3h USSR ANLRRIR SR SE I [T]. fsk B2
2EBEAAAR, 2018, 34(1): 65-66.

Luo Q. Effect of nutrition intervention on nutrition and function of athletes
training under high temperature [J]. J Baotou Med Coll, 2018, 34(1):
65-66.

W, R, AR, S BRI MAR IR B i
PRI, w5 Tolk, 2010, (11): 63-64.

Yang GY, Chen DL, Yu CG, et al. A preliminary study on the small

it 1A

intestine absorption of collagen tripeptide and the effect of improving
exercise endurance [J]. Food Bever Ind, 2010, (11): 63-64.

MREEBE. /R ISHLRIDFFE R [T]. & 4T, 2005, (8): 79-81.

Lin HY. Research progress on small peptide absorption mechanism [J].
Stockbreed Mark, 2005, (8): 79-81.

Shen Y, Xian L. Collagen peptides improve knee osteoarthritis in elderly
women: A 6-month randomized, double-blind, placebo-controlled study
[Z]. Agro Food Ind Hi-Tech, 2014.

Han SK. Advances in wound repair [M]. Korea: Koonja Publishing Inc,
2013.

Jurk K, Ritter MA, Schriek C, et al. Activated monocytes capture platelets
for heterotypic association in patients with severe carotid artery stenosis
[J]. Thromb Haemost, 2010, 103(60): 1193-1202.

TRIKIT, EoE TRURISER FRS5H . DIRE SN BT B BAR S TSt
[J]. A=W AGETR, 2006, 17(2): 265-269.

Zhang DJ, Wang L. Structure and function of type I collagen and the
situation and prospect of exploratory development [J]. Lett Biotechnol,
2006, 17(2): 265-269.

Verrecchia F, Mauviel A. TGF-B and TNF-a: Antagonistic cytokines
controlling typel collagen gene expression[J]. J Cell Sig, 2004, 16: 873.
FIE, PR, TR, SF. ETRRE Fo I i A AR AR I ).
HhRAO, 2017, (13): 62-63.

Che S, Cheng R, Jiang W, et al. Experimental Study on the Effect of
Antler Collagen on Wound Healing [J]. Jilin Agric, 2017, (13): 62—63.
. JEIREE RIS S JROT SRR ], RSB RRE, 2017,
6(4): 209-214.

Zhou JL. Update on collagen peptide in sports nutrition [J]. Food Nutr Sci,



3086

B dn 2 4 R R I A 4R

81

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

2017, 6(4): 209-214.

Adam M, Spacek P, Galianova A, et al. Postmenopausal osteoporosis.
Treatment with calcitonin and a diet rich in collagen proteins [Z].
Guillerminet F, Hélene Be, Véronique FS, et al. Hydrolyzed collagen
improves bone metabolism and biomechanical parameters in
ovariectomized mice: An in vitro and in vivo study [J]. Bone, 2010, 46(3):
830-834.

GB 241542015 {2 A MEbRE B30 IR fimm[s].

GB 24154-2015 National food safety standard-General rules for sports
nutrition [S].

SRICEE, XVETE . ARAR I S A DR A it R e it e g 1o P
()] EAPIFEST, 2009, (4): 70-73.

Guo ZF, Liu AQ. Application of collagen hydrolysate in the fieids of
fuctional foods and consmetics(I) [J]. Chin Bio-Beauty, 2009, (4): 70-73.
FHRIs, AMAL, FAR, 55 RS FUIKTE D e i o it
[7]. MRS HER, 2013, 332): 4-7.

Yin LD, Shi LH, Wang T, et al. The application of ocean collagen peptide
in the fields offunctional foods [J]. Sci Technol Gelat, 2013, 33(2): 4-7.
S MM AR R RS- LA R . AR kS ]
[D]. &I Al KA, 2015,

Peng Q. Research on the factors affecting the joint effect of brands:
tsingtao beer and suntory Co., Ltd. [D]. Wuhan: Huazhong Agricultural
University, 2015.

WRATET. ORI 2 FAE B i P BRI 3BT [T, Th AT sh Tall, 2014,
(11): 69-70.

Chen TT. Analysis of the application of collagen in food [J]. Sino-foreign
Food Ind, 2014, (11): 69-70.

W, AR, XRE, & REEARYURREID]. dERLS T,
2011, (12): 43-45.

Wu JX, Su DH, Liu CY, et al. Resarch of production process of collagen
yoghurt [J]. Chin Dairy Ind, 2011, (12): 43-45.

Israelowitz M, Rizvi SWH, Kramer J, et al. Computational modeling of

type I collagen fibers to determine the extracellular matrix structure of

connective tissues [J]. Protein Eng Des Sel, 2005, 18(7): 329-335.

[50] Elam ML, Johnson SA, Hooshmand S, et al. A calcium-collagen chelate

dietary supplement attenuates bone loss in postmenopausal women with
osteopenia: A randomized controlled trial [J]. J Med Food, 2015, 3(3):
324-331.

[51] XUREE ISR FUI™ IR Bk R R dA ). FRAPrR{dHe 1, 2019, (7):

321.
Liu JJ. Current situation and development trend of collagen peptide

industry [J]. Health Guide, 2019, (7): 321.

[52] Mcalindon TE, Nuite M, Krishnan N, et al. Change in knee osteoarthritis

cartilage detected by delayed gadolinium enhanced magnetic resonance
imaging following treatment with collagen hydrolysate: A pilot

randomized controlled trial [J]. Osteoarthrit Cartil, 2011, 19(4): 399-405.

[53] JAAEZY, e, sut. R FIREE I 4B T RS A

KRBT HEREL)]. AR PRI IASE (T AR), 2015, (24): 4698-4702.
Zhou JL, Jiang JX, Huang QR. Update on effects of collagen peptides on
the prevention and treatment of osteoarthritis and osteoporosis [J]. Chin J

Clin (Electron Ed), 2015, (24): 4698-4702.

(AR $hEeir)
fEE RN

XESE, SHRIT, TEMRSEAE
HMEFRFE. TEHEEF.
E-mail: z55433@163.com

RIEHT, WL, BIBUR, EEMRFE
REPEEE, BEHFE.
E-mail: z18906@163.com



