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Microstructures and Properties of Bovine Bone Collagen Polypeptide
Composite Films with Different Molecular Weight Distributions

YAO Yumei YUAN Xiangru HAN Lujia YANG Zengling LIU Xian
(College of Engineering, China Agricultural University, Beijing 100083, China)

Abstract; As a by-product of animal slaughter, bone has high-quality protein content along with
comprehensive nutrients. It will cause serious environmental issues and waste of resources if handled
improperly. Collagen polypeptide ( CP), prepared by enzymatic hydrolysis of animal bones, is respected
in the fields of material applications, such as food, films, medicines, and composites, which is
principally because such materials are considered to be promising solutions to environmental impacts of
synthetic polymers. However, the molecular weight distributions of CP during the extractions of waste
bone proteins may affect their physicochemical properties, mainly including solubility, viscosity, gelling
ability and stability, thus significantly affecting the comprehensive performances of the composites.
Therefore, it is of great significance to determine the optimal molecular weight of CP and explore its
underlying mechanism of action in composites. The effects of molecular weight distributions of bovine
bone CP on mechanical properties, water solubility, thermal stability, compatibility and microstructures
of CP-carboxymethyl cellulose (CMC) composite films were investigated by using conventional methods,
such as the Fourier transform infrared (FTIR) spectroscopy, X-ray diffractometry ( XRD) , and contact
angle determination. A series of experimental composite films with a range of different molecular weight
distributions of CP was fabricated by the film-casting method. The results showed that the addition of CP
would significantly improve the mechanical properties and hydrophobicity of the composite films. The
microstructures of the CP — CMC composite films were smooth and compact when the molecular weight
distribution of CP was 700 ~1 000 u. Meanwhile, the tensile strength, breaking strength and Young’s
modulus were about 2. 39, 2.55 and 10. 11 times higher than those of the control group, respectively,
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while the elongation at break was 40% lower than that of control group, also, the hydrophobicity and

thermal stability performed the best. With the increase of molecular weight distributions of CP, the water

solubility of the CP — CMC composite films was increased, and the mechanical properties and thermal

stability were reduced significantly, which may limit its industrial applications. The research results

would provide a useful theoretical foundation and basic data to support the efficient utilization of animal

bones and promote the transformation of CP into material utilization.

Key words: bovine bone; collagen polypeptides; composite films; structural analysis; mechanical

properties

0 35

LRI, B U5 J BRI 1 (575 G2 [n] B0 H 25 sl
BT R BT IR AEYHEE SR O =
T RREA R RRE R OIS — . MERA™
T B 7 it B v BRI i, 56 T s B B DR
fife il £ 19 12 JiL 22 Ik ( Collagen polypeptide, CP) PR H:
DES R TCTEIE AR P P 1 | AT e A e A A
(A 0 2y R 6 2 TR — R ELAT Tz N i
o IR AR AT R AR A AR IR 2 R
PFELA R G 00 A R 25 AT R4 Y e ik
B R ZE R 2 M R R A ) B A
BT SR SUELAT T 1 I IS S T R S (6 T
AR RO AR B — R 2 bR I
PER B R GRK PSR 1B ERE2E AN BRI R S PR
B B 2 T R SE £ 4k R ( Carboxymethyl
cellulose, CMC) 2474 R e L E AT AW Z —, B
A R 430k e M A T RE % i
R BCPET LB 1 5 P B8 G W O 385 8 — S5 1) 1k
BB S A A TR TR A A et A

2 EMBHZEGYEREZ BT SR RHY B S RE
SRR T R AR TR
Z N5 58 TP R Y R IR X 5 G VR RE Y 2, 45
SRR, 5 Z IR R RERH L, Z00R TP ik
LR R UM A R S A RORE R B I S R B AL
PERE , HARARE M AU | 55 7K 1 0 A2 J 1 2 1]
R AT ST A PO |k i S
HAbRRPE T A IR BRI VR B ORLR T
oy S AR YOI RE TR Y 2 R A MR 2R A
PERET S AR, I 22 AR A G D8 A 1 1 K A 7
Wy, LSRR AR 7 o R K ik AR 7K AS 10 45 D
PR O A R R A A e (A5
PEREA 5 . EET, B 22 IR 23 7 B 0 52 5
R BE S 0 4 AH SC I 58 480, ELR WX L5 i
PLEEA PR

J12E R RE S Bk M S A2 5 S5
AIPERT AR, AP AR S 1 2 PP Al AR R S P 5 ) 5
PER LB LA P R DR 4 BB A RE 5 N T

i

bR, TR 22 K 53 5 i R 22 KR
FIIELF 43K (CP — CMC) Z A IR T1 22 R RE A I, A
SCU TR WU S 125 1 6 4 TS [ JE Dt 22 B 231 B 1Y
CP— CMC 5%, I 73 5l I %E 5245 IR 1 2 P RE
HACTE B MZEFPERE , RT3 1 B X 2 5 4R
SEMARILER , LU O i 5 sl ) B 50 s (A 2 A M)
FHIRAERR A

1 #R5FE

1.1 ZXEME5EE

SEEGAR A SR £ K 1 (CP1) 3R AR T
PR AT BN R R AL S35 4 F T R 700 u; A I
JRZRK 2(CP2) b st LRt 20 A W H R A R A
FIHRAL SEY 4> F A 1000 u; 4= B IR JEZ K 3
(CP3) bt B S AR W AR A R Rl AL, 735
53 FBTE R 3000 u; 2R B 4 (CP4) 38R 1L T
P AT BRA w R AL SF- 34 23 F BT A 20 000 u, R
FBLLT4E 2 (99% , /B a1l ZR P Ak T RH A B
oAl HIM(99% 43 A4l B 2548 Ak 228500 4 BR
NEIDIN

SRS RW20 0 7Y e sfi i P4 (12 1 1IKA
/NF)) 3 SevenEasy SEH % pH 11 XS105 #4431 K
(#i-+ METTLER TOLEDO 2\ 7] ) ; PHG — 9123A %
P PRV Vit o XL T R A (VRS 2 S I R A A PR
Hl) ;Se — KTQ — 150 A 1] i i JE 25 ( Pk BHAL 1 3h
A AR T s TCYQ K H 0 I 3 35 48 (35
TGS B4 A FR/A ) 53367 RIS AR & 5
FIT e BHA IR AL (32 E Instron A F] ) ; OCA21 #
F o ff 0 12 A (45 [ Dataphysics 23 7] ) ; SU3500 7Y
H R 7 B (REFARA A ; Spectrumd00 Y
R L AR 0 21 ARG %Y (5 [E] PerkinElmer 23 A ) ;
D8 Advance Y X G2 AT 5L (15 E Bruker A H]) ;
SDT Q 600 AIEREE /3474 (36 E TA A H]) .

1.2 CP- CMC E&EHHI&

CP — CMC & 45 JE 1 i) #5 a8 2 0 375 VR L 4
EUUMPABRHE o R R Y R TR
K AEZ R (20°C) T R ERIE (600 1/ min ) 1541
BRI, S ST RS BN 8% 1) CMC /KK



320 /B | R i/ = 2

2020 4

(A A) s R AN R o3 I 1 40 i IR 22 ik
W R v it T 2% 48 K 1, 2.0 mol/L Y NaOH i ik
H4 3L pH {EIH 15 2 10. 0, 76 80°C MR ILIELLNIFE 1 h
il 28 8% MY /KW (W B1 B2 B3 B4) 5 FRIK, 4%
VWA FN B H 1 L i FLIR A, U H AR A3 98
F AN SRR A 3% |, 60 IR A VA T A
WA R 1815 B BB 5 e ), 76 0. 09 MPa EL%5 i
TR 20 min S5, FRICRH [R] 53 5 A4 B 5 7 2R DU 3
QAR TR | I AT 9 i B R Y 2 B A
URIEERE SR 5K R VU R 2 4 i AE 84 b 50°C 254
TR 6 h &, TR FHUE 24 h, T8 A0
SEREHIFI B oo M1 M2 M3 M4 (X B
B2 B3 .B4) , FEAEMK IR Z IRIEW i 5544, LA
AR £ T2 45 B— CMC BB AR f 7 Sl o R 4
FEdh MO,
1.3 CP-CMC E5EELMR
1.3.1  Jretkagini

¥ 5 FIESARE & 43590 U0 5 B 5E 25 mm 1K 80 mm
MRS, T HT 30 7 B 23°C AR X BE (50 +
3)% FRYEIRAE R AR Th R Y 2 d, IElH R AR N
1 (T4 RO 4 B o 0 JEE 8 L R A T 7
P ] ASTM D882 — 02 U i, 1 J7 e b4 RHR 56 HL I
TR SRR B WA RO R R i v i i
FIe B b, AR A 45 mm, FAFHRH 5 mm/min,
SGiEURg SIS A L VAR TR Al S HE iR =X 713N
BEfE, RN A B S B A I A 8 IR, PR
HREAAH

T= LA—P x107° (1)
K L,—— R P FE A (SR B N
A—— T S A W T T AR, m®

FE R ASASE 2 I R AR 5 A T i )
I P AR T A 8 W, WM R AR
H

Bz%xIOO% (2)

AH AL—W R K E R mm
L— A E K, mm

1.3.2  ZK¥EEHEE

Z:JESCHR[ 20 ] A 77 36 DU A JEARE s () K T, s
A, B EEE ST E R 50 mm x 50 mm (K4 TE
F,3AE 60°C F10. 01 MPa T4 24 h J5 R, 15 H
FEM BRI T BT W, o FF BB SR A 250 mL
B 200 mL Z= 8K, IR R (25 £0. 1) CHY
KRG e RS — BT ], 6 h Rl A A &
FHF 60°CH 0.01 MPa T 24 h LARf & e & 1o

W, o HIRIER AR A R TR A 4K
RS, A0

W, -W
s:%xloo% (3)

0

1.3.3  RMEGEKYEIHAN

SRR GE 3 I A % AR it i K P s SR
B e 000 {SCI 2 PR 5 7K B R A g 2
Horp BRAES RST R 2.0 em x 2.0 em, 7E 35 [ 0
2 L ZEIIK, B 1k — BEA )5 A R 00 2R LI i
o
1.4 CP- CMC EABERIESH
1.4.1 TOWZEH (SEM)

SR A o S R X AR i B R DR R4 T
FAE, DRI - B 5 B K 5 FH B8 e S SO
FIRME 4 IR AR AN Tk 15 kv, TAERE 25
10 cm,

1.4.2  (HEMHARLT IS (FT-IR)

SR FHA L AR 2T A ASORT 5 s A A A
vitn B LA S R4 T BB A RRAE 4 HT , 2 B Sk [ 22 ]
WEA LS, A ST SR A KBr JE A3, BIDKE 6 3 9
KBr FIEE I AR i 3 1) 28 35 3 F 4 72 43 0F s s, LA
1: 100 JE iR A) . FREL 150 mg IRAIRFELE R AL
JEfIE F7 40 MPa FARJE 1.5 min, il 5535 W8 H
RIS, 214053 Hr 3 R 400 ~ 4 000 em ™',
B 32 IR, R 4 em ™'

1.4.3 X S5 (XRD)

R FH X G AT A 53 T BEAE O P 2 o B 2 S
PR —ABBLT 45 b BERR R e S PR
BEERZE, BERSHOEEI T 7 CuKa H14&
T, X OB HE 40 kV, E HLI 40 mA,5° ~ 60° 70 [l
LK R 0. 020, N 2(°) /min, I E X 5
LRATHTESE A FHEE MDI-Jade 5. 0 MEAT 83543
Hro

SR FHAATE Sy TS 5 i A A i B LA
AT IR SC S, S RSk [ 23 T s A ks, R
PRUERE SIS0 W 1 DU i 22 B B AF o 78 o0 RIS |
FRELS ~6 mg WFBEFE & T4, Bl S IT 46 5256
&M A S EON . RN B,
100 mL/min; BL 10°C/min # F 6 3 X I+ & 5]
700°C. .

1.6 #iEAE

K HI Origin 8. 5 &, £di¥RH SPSS v20. 0
AT R R I 225087, R LSD K6 56 % 48 ik
1BV 22 0T 16 95% BAS X [k h B 481t
2R (p<0.05),



5 6 1]

Wk Ay 45 N[l A TR 2 I R R 5 321

2 HR5R

2.1 CP-CMC E&EHNNFERE

1IN T 4 FVE AR 2R ddE . R#R
AL, X6 XS BRZE MO, CP AU I S 2 o028 42 A R )
ZEAHUAPERE , BIBR M4 41, &2 A A 3 1 B
SREE TR B A IO, g — 2D A T A R
CP 43 B i3 I, 52 6 HEE ) o A i 2 A [ A
I E AR L0 B 5 S RIS 3 i RIS
Ry Fa$ A>T B 700 u IR ; Bl CP
3 F i B3 0, BEAE i ) i S 1B Y 1

Frir KT 3 ku I AW SRR IR TR, 4T
M1 ~ M4 JBERE i 19 24 RE B 5 CP 43 F i 1
KR AR, FE 5 F B 700 u B, &2 A B 11 2%
PERE S AF, PLAPOR EE | Wy 24 08 B A QA o 43 i) 3¢
YR $2 7T 2.39 2,55 10, 11 1%, by 4 fif K R 4
X A REAIR 40% , B 5 7E 53 F i i 2 1 000 u A,
AT R B, XAl Be 2 TE/NY 4+
Jo e T AR %) D %) 22 4 1 4 v
R 7 (e 5 3 DRTT 24 5 B R A QB 5 4y T R
HRE R CP 5 CMC W AH M5 22, 52 [ R 5
P e A

*®1 CPHFHREX CP-CMC E5EHF NG

Tab.1 Effects of molecular weight distribution of CP on mechanical properties of CP — CMC composite films

Fe i JEEE/mm Hr SR/ MPa K7 458 &/ MPa W 240K 52/ % 1 (A 1/ MPa
MO (0.30 £0.01)* (1.85+0.15)* (1.76 £0.12)* (28.61 £5.89)° (8.36 +0.16)
M1 (0.30 +0.04)® (6.27 £0.29)" (6.24 +0.28)" (17.31 £4.03)" (92.92 +10.96)"°
M2 (0.42 +0.04)" (3.60 +0.63)° (3.71 £0.62)° (29.63 £3.56)° (21.53 £3.21)°
M3 (0.43 +£0.03)" (2.67 +0.31)¢ (5.92+0.94)" (40.65 £1.43)° (13.73 £1.97)*
M4 (0.41 +0.03)" (0.87 +0.18)° (0.84 +0.18)*" (19.78 £4.12)" (4.99 +0.88) %

T : ARG 5B 3R 4L 22 52 2.3 (p <0.05) .
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Fig.1 XRD spectra of five kinds of film samples
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Fig.2  Pyrolysis characteristics of five kinds of film forming materials and their film samples using thermogravimetric analysis
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Fig.3  FT-IR spectroscopy of five kinds of film forming materials and their film samples
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Fig.4 SEM images of five kinds of film samples
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Fig.5 Contact angle determination of five kinds of film samples
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