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Research Progress on Preparation and Application in Food Industry of
Bone Collagen

WU Wenxia', YU Tonghui', ZHU Yi', WANG Qingling', LU Shiling', LIU Chengjiang’, DONG Juan"’

(1.School of Food Science and Technology, Shihezi University, Shihezi 832000, China;
2. Xinjiang Academy of Agricultural Reclamation Science, Shihezi 832000, China)

Abstract: Bone is the main by-product of animal after slaughtering and is rich in collagen. First, the preparation of bone
collagen, involved pretreatment of bone raw materials, extraction, isolation and purification of bone collagen, are
introduced. Then its application in food industry including functional food and food packaging, are reviewed in this article
from the aspects of structure and properties of bone collagen. This paper will provide ideas for the efficient utilization of

animal bone collagen.
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Fig.1 Structure of bone collagen from macro to micro
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Toab L, B R R S B R R AR A 1Y 4 s alifb.
1.1 FERETCE

B A S G BEREH, a0
JEANHAZ BT, PR AR B EURE IR AT, SRR 2ol
TRYZAREE . RRIDTFES Y 0T, AR TR i R 2 1
B BT . B EORE P Y 2k 8 AT LA o SR AL AN
(NaOH) . /b4l (NaCl) 45k 5%, BB nl LB 1E
THE. SEE, IECVBE. LMk, Ak a PLIS Tk
2B, F50] LIdE T 4 RO 2% (EDTA) . Z A&
R —4N(EDTA-2Na) | #hiRdeslk LBk, S ilad
BFFEIE Ve ik, IE T EERIIERCR AT EDTA. 3k
TR (1) O SACRS, W08 T B4 B I A TIAL B T 224
e 0.1 mol/L NaOH H W ZHE 6 h B2 H, B
JFH 10% 1ECe=Re 3 d iR, i 0.25 mol/L EDTA
RBHE 3 d Biss.
12 BREZEERRER

BB I P A R T e M B e b s
P =y v Y P e eSS M NI = A = DN
FoAth 1l o3 o 433 o™ B i R AR PR BT TR A
PRy . WA KIAGE . RIS, RTE AR TT
LA I IR AT B8 - e I 1A ) — Wi 4 4, (T
PRBHIK, HIRW £k e T i i [ b, [ i8
CIG YL IR | I A BRIE ANARREAIR, 2
R e SR R 1 00 MR 4 A KA ) R U R AR
FAAS P FUR IR RT 2Ll BN 5 455 Wk B ARATAE
B AN . By 5= A/ N3 IRES A1, (H B AN 2%
B R i — I8 a4, IF HASSRES S, i RETT
G S BEEE TR | v IR TS YL, 2 H AT E R
PBOTR. BT3RO I —E I EREG, A
I, EFRBGE R W 2 AN RO 7L S5 . &
FE v PR K o e, 37 45 25 S A8 T DA ZRAS B0 47 09 $ B
3O
1.2.1 FR¥L  BRYE BRI TR B iy R me DNk e

(6]

A1 Schiff g, MR LT HER iR . W IR £
IiZ(HCD!®! | Z,J%(CH,COOH)! FFER(C (HaO )M
A SRERAENORGBE AT SR A DA 1:30(w/v) B
WL T 0.1 mol/L Ay s i i v LA B M £ 7y Jise it
HEH, FHFXHERE| R E H2E1T SDS-PAGE HLIKHT,
ZEIR R TR A o). ay. f —5550E, SRR
T 7RU Js S AR 1, MR X A SRR £ - e I 1 AR
N 11.87%. AR B FIRRIE TSI BT 513
HULER 10 PRYE AT LU IR # O BE A e I 1 B
SMEE LAY, (H IR AR AR (AN (2R . 224
T2 FIPiS 2R ) 2t A%y, RIS R 23 i il ik 2%, 1 HL™ i
AR 3AAIR, HAT—E SRy BRPEN
R AFEPREE R A RIS B S 7%
Table 1 Acid extraction medium and yield of bone collagen
from different sources

P R T AR AL (%)
g 0.01 mol/LEL R 2.80!
e 0.5 mol/LZ g 3.0003
X5 0.5 mol/LZ g 536014
KHR 446 fa 8 0.5 mol/LZ & 0.101"
71 0.5 mol/LZ i 1.061%
Bl N R fl 0.1 mol/LFy 52 11.8700
S 0.5 mol/LZ % 40.10°07
H AL 0.5 mol/LZ g 40.70"07
il £ 0.5 mol/LZ g 423017
S 0.5 mol/LZ % 43,5017
21 it 0.5 mol/LZ i 50.00°C'®
e 0.5 mol/LZ % 53.60°0'7

T AR TR, ORI, K20,

1.2.2 AL B3R BUR AR R AR H A AR IRE X 35K,
ISTIRERE 2R P, DA R RER A R R FH Tt
A E I AR B . 55 8 RN R R,
& Hoh, BEEBEAETE N SRy 3/4 AbBE R R E H
YIWr, 5 HANER I A L, B AR IR RE B Sk SE s b R
BA B IS S A ) MRS AN A W T, PRt R
=g s LD B (= NE S = vk e i Do v Lt
R AR LAY MR AT HEPTV R, PRIk 2 518
ek A, DR 3EE R R A IS . TR
L1211 43R PR 12(0.5 mol/L ZL1R) FIlHE (1.6% &
FEH#-0.5 mol/L PR PEBUEA 5 I 58 H It
XFHHEAT AR BT 43 BT . A5 R R I IR TA AR R 2
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2.24%, BEFEAFRIE 3.32%. X AR RIS R AR 11— 02
Tegs M seEE, SI7E 230 nm WK 204 H I B R e A
Wi, FIERR T R R SEHE B LT HE LIRSS A4, A1 Ay Bty
T BRI . 56 KE, IXWIR 7 i T i R AR
FITERRAEAREE I IC R AR 220, (AR PRI e I A
SRR . RSP B R A - FLIR S W LI
Bt R H, 3RS B E T 2420 pH2.6,
HEEE 30 °C . R L 1:30(g/mL) | filfiff&: 200 U/g.
PEEUCATR] 24 h, JUAS 22 HE fa - B R AR 1 AR R R
12.76%. HIDAYAT 25 iff 5% 7 A NER (A Bk E 5
W TR e 5 o) 22 A - BH IS BB Re P i s i, & B0
1.5% AN FARF-6Y0 BRI B HAE 70 °C
KW 4 h J5 VT RASEE R R SR EE AR B S . AN
W) fe Y e TR AR A B PR I T S A9 R L ER 2. [iff
BN EINE IE P 80 =S54, RESAS TG
PER T B R R A, I HLIR BEAA 2504w 58 H B A1)
TR Y | BRAKREAE, & H AT 0B B 5
FEARRBOT .
2 AFDRIGE R E A RRE IR 515 5%

Table 2 Enzymatic extraction medium and yield of bone
collagen from different sources

Sfeii PRI T TR BRI (%)

4y 1% 8 E B 1% 5.6024
4 B R - 6.001
4 4% ' 1 -0.5 mol/LZFRIF T 16.921
KERGH R 0.5% 8 & HE-0.5 mol/L LR 2,600
Hfh 1.0% 5 2 H#-0.5 mol/LZ BRI 3.5020
Bt 3% T -3 mol/L AN 49627

LRIty R - LR A T 1276

LIRS 0.1%E B FAE-0.5 mol/LL AR 58.00°1"%

1.2.3 JK#MgE IR EGE AT o s SRR B A S B
RN R, H ) B v s A, W BRI
A AL-KAHTANT 252 5 3o mig b7 i v e fb
I8 0 -E B M B AR A T2 IR EE 72 °C.L pHS.3.
B[] 2.5 h, BEES 9% BB B B A 2R 8 = o 21.33%,
FEIIRE H O 0B B SRS R BE Ry 205.74 g, FF 6 &
i B SR EHRBE Sh 125~250 g IR, & —Fhise
HAEAIEARS . TAHERI 2P0 ] 2 P i i -5 Hho i A H:
ST 3 AEIZRIRK, SRS HAE 60 °C FHBHE 12 h 3K
15 Z U e fiff-E B, BB B S 1975925k 8.95%, Bt
JEEHR Sy (135£7.9) g0 ZKERIE SR TT LLSE HUE e
AL AR TR B R A AR e 2, SR R A
=, AT RS B IR R AR M 2544 o

1.2.4 #URE: BIRIEARTIARR. . L5524y
JB, PR ISR v . BEREAER Y SR A TR R IR
FAR A E T BEHCE B R 1, WF5E T 7E 0.2 MPa
IR LG | IR 3R IR R A a] X B T A R R
B, AL BAE T 245 AR L 1:4(g/mL),
R 133 °C, Bfla] 4 h, HEATHRBCRATIA 64.73%, #4
FRIETF L LI R4S, el N HE )1z,

1.2.5 Wik IREEALERRTERREE A S K f, MO i
JREF AR . I H A BA A AL s . EUE b
BN RN 5 TR 4N 4% . MORIMURA 2503 % ¥l pH12 14
NaOH AR GeA e B B a iR . kg
BT AR AMIG, (A2 5 5 R e s A . 2
R i e BB, 2 R4 S SR eI S, r=4: D A
L BUSIERRTS eI A4, Horh, K240 D RIS LR
55, HE A BGEAR | B . B0 RS, BRI
AR IR AR IR, — s s il a R /K AR

FiRids . WA . ZKERG: | FRFR I I 25 i) HR L
oy 22 5, T ABFSE N CAAE SR o sl = b B v,
e R NI ;R S SN2 AN =19 R S =19 R 1 L LIEE k7]
SELEA DISSAS A R BRSO o 1 R bk v e i 2
X B b v E R P A ik P e A T AL B, B
AFRESHRIAE . REFEAIR . 3L T HAE RS I 2 o,
HE 50 ] i Jbk v e, 3 1 ) i 25 i B e £ -F
JEER 1, 8 S e TSRS AR S N
1%. B L 1:10(g/mL) . BHIHEE 20 kV/em., ik
¥ 8, WHTi8% K 16.13 mg/mL, Ji- 2% 30 & B bk s
ARBEM R H B o WEIER B 5 MAERaH572A5 R BT
Z 5 TR h, AL 5L BORE R 431 . JCPARFR 45T
7. ZLEEAE0 R R A N A, R
1 P T il 2 B HBOAE R R RS R AR T, WE SR TAE
150 MPa I, ARJIKEE [ Bl . JBRAR Bl . 3% 35 8 g
B AR T B I R S SR iR ), 45 SRR B, R
JINZE I BF7ETRE 45 °C. pHS5.0. BEZINE 0.3%. K}
WL 1:7(g/mL) SRR, F8 8 I 1A R e
Sk 8.98%. #AHFH UK HEME ISR Al HEEGRI P B, 7
FRPEEELS SR FH 7 Il B R R G 1 24 fa
HE AR 1, I B ECE G 8 I TR A G
SDS-PAGE HLUKAE534T, 45 R R e dd: T2 286
FB A P WAL FRETE] 20 min, BHA L 1:75(g/mL), £
BUREE 30 °C, $#EHUTA] 48 h, BEB B R A5
6.91%; HEEF AR A TE 220~232 nm Y5 [F A —1
BRI, B o, o, B B AREE, SRR T Y
e S A
1.3 BREZEBAMNS B4

B R R R R R S A R R A S, A
Tl A A TN B (A 24 i IR . PR AR 2248 381 p i 3
)BT ZEAT AR W Tatifh, ki
A ERMTI L BmTE L Bk gk UKk AR,
FLGEAEOLT, B R A P Sl 2 ER AT L B0 Fnids
PrAHEs G . GAO S50 [n] 5B e R 88 R 39 Th 5t
WSING AN TERMT, SR HGEAT = 10000 r/min
B0 30 min, B UTHEN 0.5 mol/L ZIRE %, e
P4 E W 0.1 moVL VKESFRIENT 1 d, ZRIR/KIENT
2 d, Daifb B3R E A LI E IR A
alifb i FH AR BE, B PR alad G . R e |
PRVESR 2 . 3 A R /K S5 A, JCim FE 3R
B A=
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¥, Wi/ LAt . ABE T AGRsE alifb i
VEFALBR, B I AR MR e — i R 1~ 2 E3am
TEAEURRE, /N T o DR NERR s B b i, B
FEE AR, AR A3 F i R, 25— E AR B A DB AR Py,
DTS BN AE A PO R Y H 1Y, sl an
B 2 s . SHEN 5190 D) il SR PN I Al s K ede
PTG M R, SR LAY K AR T 2548 T 28
TRMELT | 15 YL EEAR A RB UG IR, TR AT DA S 4l b
WA AR o BAREEE T B KB IR AR N IR
JEER i alifk, ff gl fkns 1a] oI5k i 1~3 d 46 %50 3]
3h VAN, aifbE MR 1 L #2558 — R AT AR 45 L,
R E I IR PR B P AR 3 TR i . 5%
Geor Atk T 2AAHEL, BB YE T 25T AR SR iy B 4l
ARk a], v K HE, B BEAE AT, 5 AN
PRVERIE | SEPErEs | RIS, I B I
TSR, FEARERL R PRSI AR A 25
ASnFR, RIEAS LSS EEIREE | pH 19281k, BEA L1 Ak,
JE S AR PR, S TS S R AR A N o
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Fig.2 Schematic diagram of ultra-filteration isolation and
purification™
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B HE IR, A RAFAE MR
FEREARP R, RV B R n TV DI RER SR 3R
Gy, AEDIRETE R b b, B T T s
FEA MG | BEILT  SE FPURE; 7R B BT T, B
JE I R T R R U AR AT B R
JZ5
2.1 HEINREM RS

BB S A N K S BB ARG L T e
VTAFSRAE DI REE B b A DLk o 3 IR P
RRALUIE W %) TR E R o N W, LA s 4 A
s [R] B R 22 IR A B A S R AR BE RS I L, L
TR0 MG 5 T PO AR DAL SR 5K R A il (ACE D 1Y
15 VR, SR BEARALA LT ; J8 i 3 B2 IR B3R5 7K 7 | ok
DR R A R S BRI SE AT
2.1.1 PANRDIREA RN = RE SRR Z —, BEik
PTG BRSNS R B U B bl i
B NAR T, BEMK T B RAFHY A . XUR 5 11

B AHT AR AN 235 | L MHPRIA . /=5 I . O i i
BEFPIR, SR BRI B S NI & i
AR AR TAR S PSR IR I AR I e U HRS, 43
FrB K S S R R A 4T3 I, REASALLAR T Iy
B A s B R A Zead ek AR A B s, HOoRIAR AT
LL/NF 10 um, BEAEEIUIR DT IE M . DR v 8 B R
AEEOT, 22 5ot PR PS5 ok A Arh B A 1 e DU 1A REAE
BATCET S P AR I A T T, AR £ 5 AT 1) ot
¥ . KU R, OB T EeARIR AR B T 2 SR
i, ATAIE 2897 % B8R, 46 a3 I i B4R 40%
HE T IR, RSO E . I RAR, i
BEOREBPE L B LIRS e MR i . YEO AR
BT 20% 13 A1 B e &8 i (w/w) R ARAS [A] L A51]
(50%. 62.5%. 75% )L it P aRB T, X7
MRSy . ZEAER B TR L BB PR IS R
5T s R FEHH: 24 20% FIS AT A RS R S (w/w ) 324X
75% ¥ 2L v Am A M T R W, G K 53 e
1H . ZRAEIIS AR, B | g . Py SR L PEE A
A, AR sz B 5 ESE vk 2 s Am A B o AH I .
2.1.2 MG R AT I —FME G R, R4
AR Has A e S R A I E ™,
BRAEG 25 | K i AL . AR | B A 2Rt
FEPHE B, T E AR B ASEE AU AR
HY 50% ZeAy, RIERMS SR T AT gR iz
— o BRAETIE LA RN A TJOHLERES (IR
55) . A HLERES GRIZEIBEIRES ) S5 A PLERES (H 28R 45 ),
{HIX = FhApES IR AE G —E BB B RIE P,
RS S 22 R ) 2 i AU R L AU T T LSS
A5 R I 22 K-S B 5 1, g A= ani&l 3 Jr
No IZEEGW IR T AT RN IR ISCRAL . AR
VEF I8, A AR I IBCR S S0, Bk
AN PR AR . WU £553 3l 5 AL 2R S0 G
i) 7 TET RS A8 T A I 22 IR G A 1 B A il 45
A RS R LE 4.5: 1, TEJEE 50 °C, WF[E] 40 min,
A5G AR E 78.38%, -k BLIZEL & W A5
B RSB A TR I T R, AR PR RRAE 85% LA
|, BFEE RS, A Caco-2 R0 SA)ZASTRINISY T
JR-A5EE A WX 5N A 2R, 25 SRR, IK-A5E
Y5 CaCl, XF BEZHAA bl S I InE5is it | 5w
7 ol IR P 2 X 485 W WAL P D HRIVE L, T DL S 58 el 5%
Caco-2 4l g B0 2 Hh 85 1 532, 2 HE A A4S X 85 1 1
. WANG 4554 SR F B 2R g . A INER 11 il i £ -
PRINBNEZLAT TR & B w48 T U ES 55 & i3 = I 48
SEE IR Z AR, SRS M Z2 b g in e /K 2 kel
FIRESEE G o 1 Seim ke N T T BRI R
B A S AR 25 A R - ARV DL 3%, H2FP i 6%, &
BT IE] 24.5 h, I8 37 °C, pH6.5, A7 2540 &
Sk 2212.58 mg/100 g, 55550 (42.57%+0.09%) .
[FIRs A 80, IR-E52E A P00 E5 4R B R AE 30~80 °C YLl
NEIPRRFLE 80% LA I, Wit HR MRS 4T s FEARSMEL K 1
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Fig.3 The structure of collagen peptide chelate calcium™!

2.1.3 FEIME ARk RN (ACE) e {H i 44
Wi . HUARIMET R, ACE ## GEfEH LA ML &
HEFpRaE, wE e R . IR, EA R .
FIER . oA IR . AR Z KB A RS ACE
IHIEPERT . R TP AR . R R
AN 25%, FE &R . M ER S E T 8%, K
i I 22 ik B W ACE IR . Rz
K (VGPV)iliit 5 ACE Y Tyr62. Argl24., Tyr360
F Ser517 JE B SR R HA/EH, IRIEZK(VGPV)
5 ACE B4 FXHzz A 4 fis. CHENG 4507 Sigf
a1 2 P 16 P X0 PR 1 3R A 0 Jh - e i 22 R ———
—FhAESE SR TR-G P HI I, SRS LO/MS/MS 35
R R 22 ik b e E 1 10 S B 5 ACE #i)
WHTERIZZ K, X se s/ b T @ A&t IR R B AT
M EFLC A AR & A . BREENRE Wi T IR
it 1 f672 A - S D B 1 9 B A B S 14 S il B 50 C.
pH7.5. IR EE 6% . Tig)IE bt 8000 U/g. 7K i Hst [A]
6 h, A K AR N 10.34%, ACE IR K 65.92%,
I HAL R I AF =3/ NMUSE B IR R 2 Ikt E 18
THALBEAL S TE AT 3SR A8 s, TR il ok ' i R U
HEAMRAEER, B 0T REAER N RS MR AIVE o

GLU411

IR S
(ACE)

o Hissgs  HISae?

TYR360

TRP59

LEU139 W F?';j fik

erume (VGPV) TyAkE®8

ASNEB

K4 JERZAK(VGPV) 5 ACE 537 X"
Fig.4 Molecular docking between ACE and collagen peptide
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2.1.4 ZE[APiE ERIEZREA RS
T, BEIS BB Rk, W2 R FE R, B R Z K
o HEER . Z2F4RERHE T RRIL | RIS EK
FeH, AT LI RO b B2 IR KA S, Ao Bz IR AR TR B
JBE S 22 IR 1) P 2 1 e e oo 55 12 JEk A ) T TR e 4
Wik S BRI 4 G i, SR e Z A Ak, 07 f2 ik 55
FA 1025 B iR I 22 IR 2 6 BZ Ek 22 TS ol — )2 A% 78 1) i
JZ, MM ESLET R, SONG ZE0 2 31 11 AR 43
R R Z2 Gl a8 B R IR AT 4k, REASHE = I RSB AT
SEAL T AT P, DT A0S 2 IR 5t SRS R7 IR
PHIPPS 459V (Utff 55 ois, 24 Bz ik 37 3| 82 /26 5
o, N R B g i 22 I BB 1 v B2 JUk i s, sl 2 B bk
IRAIGIIG, WO 2 BRAB S, A RIE SR N R o
22 BEmBE%E

IR E AA BRI ErE . YRt 54
PR, T TS IRIRE EH AR nTEARS
RIEEE AR L
2.2.1 WFEFEAHEAKR BRI GEH ISR AR,
WEBMEZ IS M B AL . I &AL EE, TR
WERZSE 0 . IE R AP S iy TR, TR
Hulli R E R R E a2 — K
Al R KRG AR S5 AN E AR . RERIG AR K R IR 32
BR . BiAS s . A AN G il IR R, EANTE FH ThRE
e SPBRALAE F=, FRMFR AR 2 &k .
NIEGA R R 2 5] 43 N ¥B R A | 2R 4EZR i AR
IR A ARSE . Hoh, R A AR Tk
U PR e S | aE AL BEIHEE . ARG
EA AR =, Bl i s el B A&
Ko PRI, IR A IARTE RGIE T FE P S 2 |
TEFEZE R P AR ) )R R F iz A P AN
259 g R U MAEEEUY . R A FRERL
AU S B, T A RS IR AR A ALK
TR, D TR I A AR N T A v 19 il 24 K AR
TE o Hp, IR T EEACERBCR AT . ARG, Bk —F
FZ A HACET .  EIEIL B S5 I R AR 1 1Y
e- B IL KA N, T A BRE TR AR A<, W AL
BHUOKE 5 Piac. CHEN S8 FI — ESCH e IR 5 %
A, BRI RS T R A A B s ST
PrAdsR R, A HA B Ay GRS ShTATERE T .
222 AIERBE RIRERIFEEAZSHER, .
BB I AREE AT R | WK IR IS AR ER, AT
TE BT I s, ST B 5 STAR R G A 1)
T, B AR 1 i Rl I IR B T I AN 6 Uros . R
B B A IREREOK . FRA % BEIMAB R R iy, 7]
VIR 3 M A B i S A B . XU, DA T A Ao
B, K EmTRAR, (B, R IEEA
JEER FHrhides AR KZEE T E K KIERBT
B0 . YL PR AL PERE R 22 S R AV, MELLT Y2
JHF i, R RF 2t Tl e B . IR
F IR A4 AR T 32 32 A W B AR (AN A B0 7T 284



. 450 - é’uﬁ&TWﬂ*ﬁ

20224 7 H

Coll —N =

\
Coll—NH, + )} _— Coll—N y — = Coll—N
\

N —Coll Coll —N

—Coll

S IS R R ML R R )

Fig.5 Schematic diagram of reaction mechanism between glutaraldehyde and collagen™™

CFoE

S

Bl 6 Bl A ) RSB e g [

Fig.6 Schematic diagram of bone collagen film-forming
1

mechanism

LR IR AU =B 24 R UT) | A~ oo rE Canig o v
JEtS TR | R AP (N U e e ™ | R
PR TR RN ISR v 201 AP 85 (AN e SRS | SO G
7l=’ SO MEEEIRENTTY) o bl T PR ME SR BSOCR 2%
PRV AP AR B o A SR A E— 2 BEE, I
22T AR ARER B SISO W R i AR &4,

ANFEERBE . BUREPER | TREEERRNAE, C o & B i
BSOS E RS . ), B IR RS g2
PERE . BHASVERE . LR TEREMIPT A ALERE 2 A Tk
3, AR R A BEIE S B A PO IR TR . SR 4L
SEPIER, ITIERE SR, SHAKILA 255
HFERBES T BRGNS A DA TR, A2 B
SR — B E BB L, 5SR-S T kA
Eptemn T VEEAPTETERE, KR T DR AR
SRR E R, IS S Y TR . XIONG
S ISR I e SR S PR IR AR WA PR e — 5L
foE RS AT AAEPERE, 10T ARG i BE S 2 e v
=t A IR AIPT R TERE . oMl B A R s R
R e an aoPREE . SRAEURAEDY A IR E A
GG A, R IZE G IR e S - A RS
JiAA A, SER R T

223 WEMEL CRFEIRISE H R TR LR,
AEAI I B Al A A SR B fE . IR T4 fe, AT IE
rn A . SHAKILA S50 K BT Ak i-1 B fa i
ISR 2 BRAE VD T M HETE 4 °C T RUPRBTYIMN 4 d SE
K3 8 do XIONG 5% pyiF 54 Hh = St i W i/

FEERME/ B TR/ T A IR )2 Al A R ] = st
R pH ABAK . AR ISR BT 9 Sk A Rkl
YA, NIk B et = St fi iy H Y .
3 LB

ASCHE Lk 1A IR A A R, A e
BRI ERZAER . BRAR . BRES S, AT T B R sE
PRSI, SR A TR | il KIS | U
BRI AS, Horh, BRSS9 — e
s, HASSE m, JRUN T3, Cch H 8 i
R B RS FRBOT 5 . $RBAS B A s
R IR B IR S MA B A SRR IR S5 2% 5T, PRIt
LLARLET . BT AL BIESE Sy e ali ik B, A
N PAFA R A RIS . AR E R HAA R
LA AR | A RS, B AV R, T
JHAEDhRETE RS S B E b, TR RENE R Wb, B
JRe A P AT T AR I L RS L BT . SE
Yo TE B i G T T, B A ] TR E R I
HrAR, TR, )2

TAEAE, P0G 11 R T 85 Tt VR ) 2 AR ALl MG
SR R IBUSCBL RS LI A | 5 FE 5B 0is Wit
e AR R B K AR S AN s IR A AR R Bl
Yo NE BRI R U B IR O S DS EAR
1, SR, B S AR T TG, PRI 25 2%
IS ARCEA S AR, HATA AR FREEAT SR %L
G, PRk, BCHERRICT. 25 S o s ali bR, B2
Ja B R H A P E AT T M. B4, BRTAYL
WS A AR S = B B, AR T Tl AR
PRSI A, IO ZT TN GO Se s = bR S
AR RS G, BA X, BRI RE B AT
HURFEBEIROLT . 2B A S e IR TS gL,
B RZ5F . NRAETEFEREE Ry Al ok

S 3k

(1] Emk, #PRF, &4 F&Fm T RLAHA R T L858
73t & [J]. AR R S, 2019(20): 110-112. [ FAN Lisen, SUN
Yajun, ZHAO Wei. Research progress on bone processing and util-
ization of livestock and poultry[J]. Modern Food, 2019(20): 110~
112.]
[2] TOPPE J, ALBREKTSEN S, HOPE B, et al. Chemical com-

position, mineral content and amino acid and lipid profiles in bones



%434 5 13

SO, A BRSO A AR A RN RIS - 451 -

from various fish species[J]. Comparative Biochemistry & Physio-
logy Part B Biochemistry & Molecular Biology, 2007, 146(3): 395~
401.
[3] ALE HrESE 2KE, ¥ 5T RAKME S KRESLE
mHE[I]. W EFFR, 2015(8): 31-36. [ ZHOU Xiaocui, JIN
Guofeng, JIN Yongguo, et al. Current status and progress of studies
on protein hydrolysis of livestock and poultry bones and peptide
chelated calcium[J]. Meat Research, 2015(8): 31-36. |
[4] ZHE FEERALTANT BRRANE LA [D]. &
¥ db ARk X %, 2012, [ LI Guixing. Study on extraction, pre-
paration of sheep bone extracts and its derivative products[D].
Beijing: Beijing Forestry University, 2012. ]
[5] IKOMA T, KOBAYASHI H, TANAKA J, et al. Physical
properties of type I collagen extracted from fish scales of Pagrus
major and Oreochromis niloticas[J]. International Journal of Biolo-
gical Macromolecules, 2003, 32(3-5): 199-204.
[6] CAO S, WANG Y, XING L, et al. Structure and physical
properties of gelatin from bovine bone collagen influenced by acid
pretreatment and pepsin[J]. Food and Bioproducts Processing,
2020, 121: 213-223.
[7] 24 4 FIREGRREAR MBI [D]. ZM: Hk
AR Ak X %, 2017. [ WU Ting. Study on the extraction, purification
and structure analysis of collagen from yak bone[D]. Lanzhou:
Gansu Agricultural University, 2017. ]
[8] #25, AR, HME, F. S8 RE G LR
@, T 42,2014, 35(23): 6-12. [ FAN Shifang, WANG Ligiang,
YOU Liuging, et al. Research progress in fish scale collagen[J].
Packaging Engineer, 2014, 35(23): 6—12. ]
[9] HOU P Z, REGENSTEIN J M. Optimization of extraction
conditions for pollock skin gelatin[J]. Journal of Food Science,
2004, 69(5): C393—C398.
[10] FERRARO V, GAILLARD-MARTINIE B, SAYD T, et al.
Collagen type I from bovine bone. Effect of animal age, bone ana-
tomy and drying methodology on extraction yield, self-assembly,
thermal behavior and electrokinetic potential[J]. International
Journal of Biological Macromolecules, 2017, 97: 55—66.
[11]) R, Whofpe. 525 LRG0 & F IR E G 69 3 IS A
7104 ek T A3, 2009, 30(3): 263-266. [ WU Ti, CHEN
Shunsheng. Study on extraction and characteristics of the collage
from channel catfish bone[J]. Science and Technology of Food In-
dustry, 2009, 30(3): 263-266. |
[12] CHENTJ LIL, YIR, et al. Extraction and characterization of
acid-soluble collagen from scales and skin of tilapia (Oreochromis
niloticus)[J]. LWT-Food Science and Technology, 2016, 66: 453—
459.
[13] ) m 4. ﬁ}"ﬁ"l‘f?ﬁ%rﬁé’) ik R KB GRS KB4
8 BF % [D]. & 4 Kk X 4, 2010. [ LIU Lili. Rearch on
screening the bovine bone-degraded bacteria and preparation of col-
lagen-derived polypeptides chelated calcium by fermentation[D].
Wuhan: Huazhong Agricultural University, 2010. ]
[14] E%5. %5 &9 RKREEFALE LM D] 7 FEK
A%, 2017. [ YUE Jianying. Study of gel properties and ap-
plication of chicken bone protein[D]. Beijing: Chinese Academy of

Agricultural Sciences, 2017. ]
[15] AHMED R, HAQ M, CHUN B S. Characterization of mar-
ine derived collagen extracted from the by-products of bigeye tuna
(Thunnus obesus)[J]. International Journal of Biological Macro-
molecules, 2019, 135: 668—676.
[ 16 ] DUAN R, ZHANG J, DU X, et al. Properties of collagen
from skin, scale and bone of carp (Cyprinus carpio)[J]. Food Chem-
istry, 2009, 112(3): 702-706.
[ 17] NAGAI T, SUZUKI N. Isolation of collagen from fish waste
material-skin, bone and fins[J]. Food Chemistry, 2000, 68(3): 277—
281.
[ 18] MURALIDHARAN N, SHAKILA R J, SUKUMAR D, et al.
Skin, bone and muscle collagen extraction from the trash fish, leath-
er jacket (Odonus niger) and their characterization[J]. Journal of
Food Science and Technology, 2013, 50(6): 1106—1113.
[19] Rakde #AR, Ro&. BRI BT R R G W R B 5%k
Wty (1], R seAh, 2018,43(10): 166-173. [ LIANG Jian-
hua, LAI Qiaorong, LIANG Xing. Effects of enzymatic extraction
on the properties of bovine collagen and removal of terminal pep-
tide[J]. Food Science and Technology, 2018,43(10): 166—173. ]
[20] #AAR, 4548, TANE, 5. 4 BRI R & & ey H & & 3L
AR EEAREE ] 25 T AR, 2020, 41(15): 357-364.
[ HU Qi, BU Tingting, YU Songfeng, et al. Research progress on
preparation and biological activity of bovine bone collagen pep-
tides[J]. Science and Technology of Food Industry, 2020, 41(15):
357-364. ]
[21] ERFE, 24, Wi, 5§ BEEERIULF T IRRES
# ##'ié}#fr [J]. & & A 4, 2018, 39(12): 101-106. [ WANG
Xiaojun, WU Ting, JIA Wei, et al. Comparative analysis of collagen
extracted from yak bones using acidic and enzymatic treatment[J].
Food Science, 2018, 39(12): 101-106. ]
[22] w33, #hok, SRR, F. FEEFRAK G RORAL
BRI, &5 A R F 4R, 2015,34(3): 302-310. [ YE Tao,
LIN Lin, ZHANG Xiaoxia, et al. Extraction and characterization of
collagen from tilapia bone[J]. Journal of Food Science and Biotech-
nology, 2015, 34(3): 302-310. ]
[ 23] HIDAYAT G, DEWI E N, RIANINGSIH L. Characteristics
of bone gelatin tilapia (Oreochromis niloticus) processed by using
hydrolysis with phosphoric acid and papain enzymel[J]. Journal
Pengolahan Hasil Perikanan Indonesia, 2016, 19(1): 69-78.
(24] MmA, HEH, b FE 1 RARREARBELEME
FE [J]. & 5% #+ %, 2010, 31(2): 87-91. [ LIU Lili, MA Meihu,
YANG Xieli. Extraction and characterization of type [ collagen
from bovine bone[J]. Food Science, 2010, 31(2): 87-91. |
[25] & AFRER. FRABREFERREGHRFAILACH
WHR [D]. "o 4f: WELH R XS, 2015 [ WU Rigumole.
Study on extraction of collagen from Gi Er Li Go Mongolia bovine
bone and its physical and chemical properties|D]. Hohhot: Inner
Monogolia Agricultural University, 2015. ]
[26 ] WANG H, LIANG Y, WANG H, et al. Physical-chemical
properties of collagens from skin, scale, and bone of grass carp
(Ctenopharyngodon idellus)[J]. Journal of Aquatic Food Product
Technology, 2014, 23(3): 264-277.


https://doi.org/10.1016/S0141-8130(03)00054-0
https://doi.org/10.1016/S0141-8130(03)00054-0
https://doi.org/10.1016/S0141-8130(03)00054-0
https://doi.org/10.1016/j.fbp.2020.03.001
https://doi.org/10.1016/j.ijbiomac.2016.12.068
https://doi.org/10.1016/j.ijbiomac.2016.12.068
https://doi.org/10.1016/j.lwt.2015.10.070
https://doi.org/10.1016/j.ijbiomac.2019.05.213
https://doi.org/10.1016/j.ijbiomac.2019.05.213
https://doi.org/10.1016/j.ijbiomac.2019.05.213
https://doi.org/10.1016/j.foodchem.2008.06.020
https://doi.org/10.1016/j.foodchem.2008.06.020
https://doi.org/10.1016/j.foodchem.2008.06.020
https://doi.org/10.1016/S0308-8146(99)00188-0
https://doi.org/10.1007/s13197-011-0440-y
https://doi.org/10.1007/s13197-011-0440-y
https://doi.org/10.7506/spkx1002-6630-201812016
https://doi.org/10.7506/spkx1002-6630-201812016
https://doi.org/10.17844/jphpi.v19i1.11698
https://doi.org/10.17844/jphpi.v19i1.11698
https://doi.org/10.1080/10498850.2012.713450
https://doi.org/10.1080/10498850.2012.713450
https://doi.org/10.1016/S0141-8130(03)00054-0
https://doi.org/10.1016/S0141-8130(03)00054-0
https://doi.org/10.1016/S0141-8130(03)00054-0
https://doi.org/10.1016/j.fbp.2020.03.001
https://doi.org/10.1016/j.ijbiomac.2016.12.068
https://doi.org/10.1016/j.ijbiomac.2016.12.068
https://doi.org/10.1016/j.lwt.2015.10.070
https://doi.org/10.1016/j.ijbiomac.2019.05.213
https://doi.org/10.1016/j.ijbiomac.2019.05.213
https://doi.org/10.1016/j.ijbiomac.2019.05.213
https://doi.org/10.1016/j.foodchem.2008.06.020
https://doi.org/10.1016/j.foodchem.2008.06.020
https://doi.org/10.1016/j.foodchem.2008.06.020
https://doi.org/10.1016/S0308-8146(99)00188-0
https://doi.org/10.1007/s13197-011-0440-y
https://doi.org/10.1007/s13197-011-0440-y
https://doi.org/10.7506/spkx1002-6630-201812016
https://doi.org/10.7506/spkx1002-6630-201812016
https://doi.org/10.17844/jphpi.v19i1.11698
https://doi.org/10.17844/jphpi.v19i1.11698
https://doi.org/10.1080/10498850.2012.713450
https://doi.org/10.1080/10498850.2012.713450

- 452 - £ Tl B4

20224 7 H

[27] #dife, 450, AR, ¥ FHEERKREGHRRS
%oz (1], A E,2012,33(6): 59-64. [ DUAN Zhouwei, SHEN
Xuanri, CHEN Xiuming, et al. Extraction and identification of colla-
gen from tilapia tail[J]. Food Science, 2012, 33(6): 59—-64. ]

[28 ] CHEN G, CHENG L, XU H, et al. Functions of different yak
bone peptides[J]. International Journal of Food Properties, 2011,
14(5): 1136-1141.

[29] AL-KAHTANIH A, JASWIR I, ISMAIL E A, et al. Struc-
tural characteristics of camel-bone gelatin by demineralization and
extraction[J]. International Journal of Food Properties, 2017, 20
(11): 2559-2568.

[30] TAHERI A, ABEDIAN A M, GILDBERG A, et al. Extrac-
tion and physicochemical characterization of greater lizardfish
(Saurida tumbil) skin and bone gelatin[J]. Journal of Food Science,
2009, 74(3): 160-165.

[31] #mewy, 5k40 3B, K& §. a2 @ ALK EZRFFE
GRBRIL[T]. RERF KSR, 2019,24(2): 58-62. [ FAN
Xiaopan, ZHANG Bonan, ZHANG Tian. Optimization high-temper-
ature and high-pressure extraction process of bovine bone protein us-
ing response surface methodology [J]. Journal of Tianjin Agricultur-
al University, 2019, 24(2): 58—62. |

[32] FA ¥, 46405 i R B G MK 41 & & 3 o 4L 45 AT 7T [D].
T F IS K S, 2019. [ YU Xiaodong. Preparation and func-
tional properties of Yak bone collagen peptide[D]. Xining: Qinghai
Normal University, 2019. ]

[33] MORIMURA S, NAGATA H, UEMURA Y, et al. Develop-
ment of an effective process for utilization of collagen from live-
stock and fish waste[J]. Process Biochemistry, 2002, 37(12): 1403~
1412.

[34] &ok ¥é&RRAMLILRE G ORISR D] ¥
W R X 5, 2013. [ HUANG Shixi. Studies on extraction
and characterization of collagen from different parts of grass
carp[D]. Changsha: Hunan Agricultural University, 2013. ]

[35] DELLAROSA N, FRONTUTO D, LAGHI L, et al. The im-
pact of pulsed electric fields and ultrasound on water distribution
and loss in mushrooms stalks[J]. Food Chemistry, 2017, 236: 94—
100.

[36] HE G, YAN X, WANG X, et al. Extraction and structural
characterization of collagen from fishbone by high intensity pulsed
electric fields[J]. Journal of Food Process Engineering, 2019, 42
(6): 13214

[37] F&a®, 223k, MiBR, F. A3 Ei TR IR B BUR
Fa U]l kE M55 48,2016, 26(4):20-25. [ LI Hongxia,
WANG Angi, YANG Deqing, et al. Enzymatic extraction of colla-
gen from pig bone under ultrahigh pressure[J]. Leather Science and
Engineering, 2016, 26(4): 20-25. ]

[38] A&, SRk, FAM, ¥ Fri MR REOAS
WA BRI T L A A AT T ] R S 5 ALK, 2017, 33(12):
154-159. [ YAN Qiuping, WU Yinglong, LI Yuee, et al. Ultrason-
ic-assisted extraction process and characteristics analysis of colla-
gen from schizothorax prenatu bone[J]. Food and Machinery, 2017,
33(12): 154-159. |

[39] GAO L, WANG Z, Zheng L 1, et al. The characterization of

acid and pepsin soluble collagen from ovine bones (Ujumugin
sheep)[J]. Journal of Integrative Agriculture, 2018, 17(3): 704~
711.

[40] SHENJ, LI D, JIANG F, et al. Purification and concentra-
tion of collagen by charged ultra filtration membrane of hydrophilic
polyacrylonitrile blend [J]. Separation and Purification Technology,
2009, 66(2): 257-262.

[41]) HEHE AFas & okd | RWRREGH SHAMEHA
B EMAPR D). dw: & w P EZH K, 2019. [ CHEN Sijin.
Studies on high efficient preparation technology and its structure of
type I collagen from scales of red drum fish (Sciaenops ocellatus)
[D]. Nanjing: Nanjing University of Chinese Medicine, 2019. ]

[42] SCUTARIU R E, BATRINESCU G, NECHIFOR G, et al.
Separation of the collagen protein by ultrafiltration: Effects of con-
centration on the membrane's characteristics [J]. Polymer Engineer-
ing & Science, 2020, 60(10): 2487-2495.

[43] ME&E, A#F, &R F R ARREGGLELLT
2 ) 4w dk T, 2019, 36(5): 850-855, 874. [LIU Wenen,
ZHOU Yanfang, FAN Zhiqiang, et al. Optimization of purification
process of collagen type I [J]. Fine Chemicals, 2019, 36(5): 850—
855, 874. ]

[44] ARUMUGAM G K S, SHARMA D, BALAKRISHNAN R
M, et al. Extraction, optimization and characterization of collagen
from sole fish skin[J]. Sustainable Chemistry and Pharmacy, 2018,
9: 19-26.

[45] MCNEILL S, VAN E M E. Red meat in global nutrition [J].
Meat Science, 2012, 92(3): 166—173.

[46] HADNABEV M, HADNADEV T D, DOKIC L, et al. Phys-
ical and sensory aspects of maltodextrin gel addition used as fat re-
placers in confectionery filling systems[J]. LWT-Food Science and
Technology, 2014, 59(1): 495—503.

[47] ATAIE M J, SHEKARABI S P H, JALILI S H. Gelatin from
bones of bighead carp as a fat replacer on physicochemical and sens-
ory properties of low-fat mayonnaise[J]. Journal of Microbiology,
Biotechnology and Food Sciences, 2021, 2021: 979-983.

[48] YEOEJ,KIM HW, HWANG K E, et al. Effect of duck feet
gelatin on physicochemical, textural, and sensory properties of low-
fat frankfurters[J]. Korean Journal for Food Science of Animal Re-
sources, 2014, 34(4): 415.

[49] BASS J K, CHAN G M. Calcium nutrition and metabolism
during infancy[J]. Nutrition, 2006, 22(10): 1057—1066.

[50] ASLAM M N, VARANI J. The western-style diet, calcium
deficiency and chronic disease[J]. Nutrition & Food Sciences,
2016, 6(3): 1000496.

[51] x| #. S4B % IESHBHH LR D] Hei: w)l
AKX 5, 2016. [ LIU Jing. Preparation of yak bone collagen pep-
tide chelating calcium[D]. Ya’an: Sichuan Agricultural University,
2016. ]

[52] BIJ, WANG X, ZHOU Y, et al. Preparation and characteriz-
ation for peptide-chelated calcium of deer bone[J]. Food Science
and Technology Research, 2018, 24(4): 717-728.

[53] WUW, HE L, LIANG Y, et al. Preparation process optimiza-

tion of pig bone collagen peptide-calcium chelate using response


https://doi.org/10.1080/10942911003592753
https://doi.org/10.1080/10942912.2016.1244543
https://doi.org/10.1111/j.1750-3841.2009.01106.x
https://doi.org/10.1016/S0032-9592(02)00024-9
https://doi.org/10.1016/j.foodchem.2017.01.105
https://doi.org/10.1016/S2095-3119(17)61751-9
https://doi.org/10.1016/j.seppur.2009.01.002
https://doi.org/10.1016/j.scp.2018.04.003
https://doi.org/10.1016/j.meatsci.2012.03.014
https://doi.org/10.1016/j.lwt.2014.04.044
https://doi.org/10.1016/j.lwt.2014.04.044
https://doi.org/10.5851/kosfa.2014.34.4.415
https://doi.org/10.5851/kosfa.2014.34.4.415
https://doi.org/10.5851/kosfa.2014.34.4.415
https://doi.org/10.1016/j.nut.2006.05.014
https://doi.org/10.3136/fstr.24.717
https://doi.org/10.3136/fstr.24.717
https://doi.org/10.1080/10942911003592753
https://doi.org/10.1080/10942912.2016.1244543
https://doi.org/10.1111/j.1750-3841.2009.01106.x
https://doi.org/10.1016/S0032-9592(02)00024-9
https://doi.org/10.1016/j.foodchem.2017.01.105
https://doi.org/10.1016/S2095-3119(17)61751-9
https://doi.org/10.1016/j.seppur.2009.01.002
https://doi.org/10.1016/j.scp.2018.04.003
https://doi.org/10.1016/j.meatsci.2012.03.014
https://doi.org/10.1016/j.lwt.2014.04.044
https://doi.org/10.1016/j.lwt.2014.04.044
https://doi.org/10.5851/kosfa.2014.34.4.415
https://doi.org/10.5851/kosfa.2014.34.4.415
https://doi.org/10.5851/kosfa.2014.34.4.415
https://doi.org/10.1016/j.nut.2006.05.014
https://doi.org/10.3136/fstr.24.717
https://doi.org/10.3136/fstr.24.717

%434 5 13

O, 4 BRI A 2 BCHAE B Hh I FH X TS - 453 -

surface methodology and its structural characterization and stability
analysis[J]. Food Chemistry, 2019, 284: 80—89.

[54] WANG X, ZHANG Z, XU H, et al. Preparation of sheep
bone collagen peptide-calcium chelate using enzymolysis-fermenta-
tion methodology and its structural characterization and stability
analysis [J]. RSC Advances, 2020, 10(20): 11624—11633.

[55] A AN, A8, B AW, 5. &% 8K 4 69 454 1545
B 3 o #e 7 v [J]. K F 4R, 2008, 32(3):471-477. [ XIA
Songyang, XIE Chao, HUO Jiancong, et al. Calcium chelation modi-
fication and functional activity of fish protease hydrolysates[J].
Journal of Fisheries of China, 2008, 32(3): 471-477. ]

[56] xI V4. & fi &M k& G i3RI B & %k F 410
(ACE) #7 4| Bk & W AF & [D]. K& & AR L X F,2015. [LIU
Shaohua. A study on extracting technology of collagen with antler
base and ace inhibitory activity[D]. Changchun: Jilin Agricultural
University, 2015. ]

[57] ICHIMURA T, YAMANAKA A, OTSUKA T, et al. Anti-
hypertensive effect of enzymatic hydrolysate of collagen and Gly-
Pro in spontaneously hypertensive rats[J]. Bioscience, Biotechno-
logy, and Biochemistry, 2009, 73(10): 2317-2319.

[58] #k=®E, 2%, LR, 5. HENRAR ACE 374 pk ey itk 5 %
2 [J]. 3 AR & o A H, 2016(8): 115-122. [ ZHANG Ying,
WANG Hongyan, MA Liang, et al. Purification and identification of
ACE inhibitory peptides from porcine skin collagen[J]. Modern
Food Science and Technology, 2016(8): 115-122. ]

[59] CHENGF Y, WAN T C, LIU Y T, et al. Determination of
angiotensin-I converting enzyme inhibitory peptides in chicken leg
bone protein hydrolysate with alcalase[J]. Animal Science Journal,
2010, 80(1): 91-97.

[60] 28522 HA AR % ey H) &2 f B B IR 45 e Bl A )
EME AR [D]. H%: wl LKk X%, [ WEI Tinghao. Prepara-
tion and study on angiotensin- I -converting enzyme inhibitory
activities of porcine collagen polypeptide[D]. Ya’an: Sichuan Agri-
cultural University. ]

[ 61 ] RAFIEE M, JAVAHERI M. A theoretical study of benzalde-
hyde derivatives as tyrosinase inhibitors using Ab initio calculated
NQCC parameters[J]. Molecular Biology Research Communica-
tions, 2015, 4(3): 151.

[62] FUY, YOUNG J F, RASMUSSEN M K, et al. Angiotensin
I-converting enzyme-inhibitory peptides from bovine collagen: In-
sights into inhibitory mechanism and transepithelial transport[J].
Food Research International, 2016, 89: 373—381.

[63] FANL, ZOU S, GE H, et al. Preparation and characteriza-
tion of hydroxypropyl chitosan modified with collagen peptide[J].
International Journal of Biological Macromolecules, 2016, 93: 636—
643.

[ 64 ] SONG H, ZHANG S, ZHANG L, et al. Effect of orally ad-
ministered collagen peptides from bovine bone on skin aging in
chronologically aged mice[J]. Nutrients, 2017, 9(11): 1209.

[65] PHIPPS K R, LEE H Y, KIM H, et al. Oral administration of
a novel hydrolyzed chicken sternal cartilage extract (BioCell Colla-
gen®) reduces UVB-induced photoaging in mice[J]. Journal of
Functional Foods, 2020, 68: 103870.

[ 66 ] HOSSEINI S F, REZAEI M, ZANDI M, et al. Preparation
and functional properties of fish gelatin-chitosan blend edible
films[J]. Food Chemistry, 2013, 136(3-4): 1490-1495.

[67] REIMOLD F, NOTHNAGEL C, THIEMIG F. Suitability of
casing material for fermented sausages used at unsteady climate con-
ditions [J]. Fleischwirtschaft, 2010, 90(12): 87-92.

[68] ADZALY N Z, JACKSON A, KANG I, et al. Performance of
anovel casing made of chitosan under traditional sausage manufac-
turing conditions [J]. Meat Science, 2016, 113: 116—123.

[69] CHENC, LIUF, YU Z, et al. Improvement in physicochem-
ical properties of collagen casings by glutaraldehyde cross-linking
and drying temperature regulating[J]. Food Chemistry, 2020, 318:
126404.

[70] MA Y, WANG W, WANG Y, et al. Metal ions increase
mechanical strength and barrier properties of collagen-sodium poly-
acrylate composite films[J]. International Journal of Biological
Macromolecules, 2018, 119: 15-22.

[71] WUX, LIU A, WANG W, et al. Improved mechanical prop-
erties and thermal-stability of collagen fiber based film by crosslink-
ing with casein, keratin or SPI: Effect of crosslinking process and
concentrations of proteins[J]. International Journal of Biological
Macromolecules, 2018, 109: 1319—1328.

[72] HUY, LIU L, DAN W, et al. Synergistic effect of carbodiim-
ide and dehydrothermal crosslinking on acellular dermal matrix [J].
International Journal of Biological Macromolecules, 2013, 55: 221—
230.

[73] 3RS R R B AL A IR & & T4 B 4k 69 % h [D]. &
& R EHAFE K S, 2016. [ ZHANG Yi. Influences of different
crosslinking agents on properties of edible collagen film[D]. Tianjin:
Tianjin University of Science and Technology, 2016. ]

[74] KHOR E. Methods for the treatment of collagenous tissues
for bioprostheses [J]. Biomaterials, 1997, 18(2): 95-105.

[75] Bitp, $mE. KEREGLSERES M]. Lif: %
E K % 4k, 2003: 69-83. [ GU Qisheng, JIANG Lixia. Colla-
gen-based biomaterials in clinical medicine[M]. Shanghai: Second
Military Medical University Press, 2003: 69-83. ]

[76 ] JEON E Y, CHOI B H, JUNG D, et al. Natural healing-in-
spired collagen-targeting surgical protein glue for accelerated scar-
less skin regeneration[J]. Biomaterials, 2017, 134: 154—165.

(77 Rakak, Btk 5 AR, RA I T F 3F & f 8278 MR MR
4 % va [J]. & % A+ 5, 2017, 38(5): 80-85. [ ZHANG Linlin,
CHEN Jun, WENG Wuyin. Effect of thermal treatment on the prop-
erties of acid-soluble collagen from tilapia skin[J]. Food Science,
2017,38(5): 80-85. ]

[ 78] WANG W, ZHANG Y, YE R, et al. Physical crosslinkings of
edible collagen casing[J]. International Journal of Biological Mac-
romolecules, 2015, 81: 920-925.

[ 79 ] MAGDA J, CHO S H, STREITMATTER 8, et al. Effects of
gamma rays and neutron irradiation on the glucose response of
boronic acid-containing “ smart” hydrogels[J]. Polymer Degrada-
tion and Stability, 2014, 99: 219-222.

[80] USHARANI N, JAYAKUMAR G C, KANTH S V, et al.

Molecular understanding of collagen stabilization: Interaction of


https://doi.org/10.1016/j.foodchem.2019.01.103
https://doi.org/10.1039/D0RA00425A
https://doi.org/10.1271/bbb.90197
https://doi.org/10.1271/bbb.90197
https://doi.org/10.1271/bbb.90197
https://doi.org/10.1016/j.foodres.2016.08.037
https://doi.org/10.1016/j.ijbiomac.2016.07.093
https://doi.org/10.3390/nu9111209
https://doi.org/10.1016/j.jff.2020.103870
https://doi.org/10.1016/j.jff.2020.103870
https://doi.org/10.1016/j.foodchem.2012.09.081
https://doi.org/10.1016/j.meatsci.2015.11.023
https://doi.org/10.1016/j.foodchem.2020.126404
https://doi.org/10.1016/j.ijbiomac.2018.07.092
https://doi.org/10.1016/j.ijbiomac.2018.07.092
https://doi.org/10.1016/j.ijbiomac.2017.11.144
https://doi.org/10.1016/j.ijbiomac.2017.11.144
https://doi.org/10.1016/j.ijbiomac.2013.01.009
https://doi.org/10.1016/S0142-9612(96)00106-8
https://doi.org/10.1016/j.biomaterials.2017.04.041
https://doi.org/10.7506/spkx1002-6630-201705013
https://doi.org/10.7506/spkx1002-6630-201705013
https://doi.org/10.1016/j.ijbiomac.2015.09.032
https://doi.org/10.1016/j.ijbiomac.2015.09.032
https://doi.org/10.1016/j.ijbiomac.2015.09.032
https://doi.org/10.1016/j.polymdegradstab.2013.11.002
https://doi.org/10.1016/j.polymdegradstab.2013.11.002
https://doi.org/10.1016/j.polymdegradstab.2013.11.002
https://doi.org/10.1016/j.foodchem.2019.01.103
https://doi.org/10.1039/D0RA00425A
https://doi.org/10.1271/bbb.90197
https://doi.org/10.1271/bbb.90197
https://doi.org/10.1271/bbb.90197
https://doi.org/10.1016/j.foodres.2016.08.037
https://doi.org/10.1016/j.ijbiomac.2016.07.093
https://doi.org/10.3390/nu9111209
https://doi.org/10.1016/j.jff.2020.103870
https://doi.org/10.1016/j.jff.2020.103870
https://doi.org/10.1016/j.foodchem.2012.09.081
https://doi.org/10.1016/j.meatsci.2015.11.023
https://doi.org/10.1016/j.foodchem.2020.126404
https://doi.org/10.1016/j.ijbiomac.2018.07.092
https://doi.org/10.1016/j.ijbiomac.2018.07.092
https://doi.org/10.1016/j.ijbiomac.2017.11.144
https://doi.org/10.1016/j.ijbiomac.2017.11.144
https://doi.org/10.1016/j.ijbiomac.2013.01.009
https://doi.org/10.1016/S0142-9612(96)00106-8
https://doi.org/10.1016/j.biomaterials.2017.04.041
https://doi.org/10.7506/spkx1002-6630-201705013
https://doi.org/10.7506/spkx1002-6630-201705013
https://doi.org/10.1016/j.ijbiomac.2015.09.032
https://doi.org/10.1016/j.ijbiomac.2015.09.032
https://doi.org/10.1016/j.ijbiomac.2015.09.032
https://doi.org/10.1016/j.polymdegradstab.2013.11.002
https://doi.org/10.1016/j.polymdegradstab.2013.11.002
https://doi.org/10.1016/j.polymdegradstab.2013.11.002

. 454 - é’uﬁ&‘r\“/ﬂ*ﬁ

20224 7 H

valeraldehyde with collagen[J]. Journal of Macromolecular Science,
Part A, 2012, 49(8): 666—673.

[81] &A%, TR, £, F B BH/AEAT ZBEHT
BRBCE IR R B O e k) & B H M A (U] 45 LR, 2020, 41(3):
1-7. [ YUE Chengfei, DING Changkun, LI Lu, et al. Carbodiimide/
hydroxysuccinimide crosslinking modification and properties of col-
lagen fibers[J]. Journal of Textile Research, 2020, 41(3): 1-7. ]
[82] CHU C, DENG J, MAN Y, et al. Evaluation of nanohydro-
xyapaptite (nano-HA) coated epigallocatechin-3-gallate (EGCG)
cross-linked collagen membranes [J]. Materials Science and Engin-
eering: C, 2017, 78: 258—264.

[83] CHENRN, HO H O, SHEU M T. Characterization of colla-
gen matrices crosslinked using microbial transglutaminase[J]. Bio-
materials, 2005, 26(20): 4229-4235.

[ 84 ] JUS S, STACHEL I, SCHLOEGL W, et al. Cross-linking of
collagen with laccases and tyrosinases[J]. Materials Science and
Engineering: C, 2011, 31(5): 1068—1077.

[85] HOU C, GAO L, WANG Z, et al. Mechanical properties,
thermal stability, and solubility of sheep bone collagen-chitosan
films[J]. Journal of Food Process Engineering, 2020, 43(1): 13086.
[86] SIONKOWSKA A, MICHALSKA-SIONKOWSKA M,
WALCZAK M. Preparation and characterization of collagen/hyalur-

onic acid/chitosan film crosslinked with dialdehyde starch[J]. Inter-
national Journal of Biological Macromolecules, 2020, 149: 290-295.
[87] WANG Z, HU S, WANG H. Scale-up preparation and char-
acterization of collagen/sodium alginate blend films[J]. Journal of
Food Quality, 2017, 2017: 1-10.

[88] SHAKILA R J, JEEVITHAN E, ARUMUGAM V, et al.
Suitability of antimicrobial grouper bone gelatin films as edible coat-
ings for vacuum-packaged fish steaks[J]. Journal of Aquatic Food
Product Technology, 2016, 25(5): 724—734.

[ 89 ] XIONG Y, KAMBOJ M, AJLOUNI S, et al. Incorporation of
salmon bone gelatine with chitosan, gallic acid and clove oil as ed-
ible coating for the cold storage of fresh salmon fillet[J]. Food Con-
trol, 2021, 125: 107994.

[90] Z#A, £2m, &84, TRMBH & B A HF ARET
B AR ] A e Tk A3, 2012, 33(4):353-356. [ WU
Jingwei, WANG Yutian, ZHA Enhui. Edible membrane preparation
and application in sauce beef preservation research[J]. Science and
Technology of Food Industry, 2012, 33(4): 353-356. ]

[91] athF. A TFUKMAZNRAES AR D). L4
L é K%, 2019. [ BAO Junging. The preparation and application
of artificial casing based on gelatin[D]. Wuxi: Jiangnan University,
2019. ]


https://doi.org/10.1080/10601325.2012.697038
https://doi.org/10.1080/10601325.2012.697038
https://doi.org/10.1016/j.msec.2017.04.069
https://doi.org/10.1016/j.msec.2017.04.069
https://doi.org/10.1016/j.msec.2017.04.069
https://doi.org/10.1016/j.biomaterials.2004.11.012
https://doi.org/10.1016/j.biomaterials.2004.11.012
https://doi.org/10.1016/j.msec.2011.03.007
https://doi.org/10.1016/j.msec.2011.03.007
https://doi.org/10.1016/j.ijbiomac.2020.01.262
https://doi.org/10.1016/j.ijbiomac.2020.01.262
https://doi.org/10.1080/10498850.2014.921658
https://doi.org/10.1080/10498850.2014.921658
https://doi.org/10.1016/j.foodcont.2021.107994
https://doi.org/10.1016/j.foodcont.2021.107994
https://doi.org/10.1016/j.foodcont.2021.107994
https://doi.org/10.1080/10601325.2012.697038
https://doi.org/10.1080/10601325.2012.697038
https://doi.org/10.1016/j.msec.2017.04.069
https://doi.org/10.1016/j.msec.2017.04.069
https://doi.org/10.1016/j.msec.2017.04.069
https://doi.org/10.1016/j.biomaterials.2004.11.012
https://doi.org/10.1016/j.biomaterials.2004.11.012
https://doi.org/10.1016/j.msec.2011.03.007
https://doi.org/10.1016/j.msec.2011.03.007
https://doi.org/10.1016/j.ijbiomac.2020.01.262
https://doi.org/10.1016/j.ijbiomac.2020.01.262
https://doi.org/10.1080/10498850.2014.921658
https://doi.org/10.1080/10498850.2014.921658
https://doi.org/10.1016/j.foodcont.2021.107994
https://doi.org/10.1016/j.foodcont.2021.107994
https://doi.org/10.1016/j.foodcont.2021.107994
https://doi.org/10.1080/10601325.2012.697038
https://doi.org/10.1080/10601325.2012.697038
https://doi.org/10.1016/j.msec.2017.04.069
https://doi.org/10.1016/j.msec.2017.04.069
https://doi.org/10.1016/j.msec.2017.04.069
https://doi.org/10.1016/j.biomaterials.2004.11.012
https://doi.org/10.1016/j.biomaterials.2004.11.012
https://doi.org/10.1016/j.msec.2011.03.007
https://doi.org/10.1016/j.msec.2011.03.007
https://doi.org/10.1016/j.ijbiomac.2020.01.262
https://doi.org/10.1016/j.ijbiomac.2020.01.262
https://doi.org/10.1080/10498850.2014.921658
https://doi.org/10.1080/10498850.2014.921658
https://doi.org/10.1016/j.foodcont.2021.107994
https://doi.org/10.1016/j.foodcont.2021.107994
https://doi.org/10.1016/j.foodcont.2021.107994

	1 骨胶原蛋白的制备
	1.1 骨原料的预处理
	1.2 骨胶原蛋白的提取
	1.2.1 酸法
	1.2.2 酶法
	1.2.3 水热法
	1.2.4 热压法
	1.2.5 碱法

	1.3 骨胶原蛋白的分离纯化

	2 骨胶原蛋白在食品中的应用
	2.1 在功能性食品中的应用
	2.1.1 减少脂肪摄入
	2.1.2 补钙
	2.1.3 降血压
	2.1.4 美白抗衰

	2.2 食品包装
	2.2.1 胶原蛋白肠衣
	2.2.2 可食用膜
	2.2.3 涂层材料


	3 结语

