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Effect of Glutaraldehyde Addition Sequence on
Quality of Collagen Casing Films

XU Feifei'>, XU Jian"*, LIU Fei"*, CHEN Maoshen'**, XIA Yixun'?, ZHONG Fang"
(1. Science Center for Future Foods, Jiangnan University, Wuxi 214122, China; 2. Collaborative Innovation
Center of Food Safety and Quality Control in Jiangsu Province, Jiangnan University, Wuxi 214122, China;
3. Jiaxing Institute of Future Food, Jiaxing 314015, China)

Abstract: In order to reduce the production process of collagen casing film, and to improve the
quality of packaging materials in food industry, the effect of glutaraldehyde addition sequence on the
quality of collagen casing film was investigated. The tensile strength, elongation at break, thermal
shrinkage, swelling rate, color and denaturation temperature were studied through three addition
treatments, i.e., during the process of collagen paste making, after paste making, and after film
forming, respectively. Results showed that glutaraldehyde could improve the mechanical properties
and surface hydrophobicity, and decrease the swelling rate and thermal shrinkage rate of collagen
casing films under any treatments. The results of FTIR and DSC showed that the films crosslinked
with glutaraldehyde after film formation had the highest crosslinking efficiency and thermal stability,
and the most significant improvement in film properties. Furthermore, with the increase of
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glutaraldehyde content, the color of casing film gradually changed yellow. However, when the

content of glutaraldehyde was over 100 mg/L, there was no further significant improvements on the

quality of casing films by the crosslinking of glutaraldehyde.

Keywords: collagen casing film, bovine skin, crosslinking, glutaraldehyde, mechanical properties
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Fig. 1 Tensile strength of casing films crosslinked by glutaraldehyde with different mass concentrations (crosslinking agent

added during the process of paste making)
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Fig. 2 Elongation of casing films crosslinked by glutaraldehyde with different mass concentrations (crosslinking agent

added during the process of paste making)
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Fig. 3 Swelling rate and heat shrinkage rate of casing films crosslinked by glutaraldehyde with different mass

concentrations (crosslinking agent added during the process of paste making)
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Table 1 Color of casing films crosslinked by glutaral -

dehyde with different mass concentrations (cross—

linking agent added during the process of paste

making)
Jo e e/
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100 90.37+0.13 -1.21+0.00 4.81+0.18
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400 87.09+0.65 —1.38+0.16 13.39+£1.90
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Fig. 6 Tensile strength of casing films crosslinked by glutaraldehyde with different mass concentrations (crosslinking agent

added after the process of paste making)

a

12k 40+ a 70k
1l | ab 35 @ : a . 60
§ 0 o\\°30' NS % N X504
ﬁ I 3254 o
96k b b 2% %20- %40'
@g A b Risl =30
i =10 =200
2r 5t 10
0—5 50 100 200 400 020 S0 100 200 400 0 50100200 400
JRELRE/(mg/L) R/ (mg/L) R/ (mg/L)
(a) TATHINREME (b) WA T IK KT R4 {5 () AAB FIMR Lz
B7 AARERER-ZBTBRBREOB HEMER(REEMNZEF)

Fig. 7 Elongation of casing films crosslinked by glutaraldehyde with different mass concentrations (crosslinking agent

added after the process of paste making)
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Fig. 8 Swelling rate and heat shrinkage rate of casing films crosslinked by glutaraldehyde with different mass

concentrations (crosslinking agent added after the process of paste making)

RS LR A S 2022 FE M EBE 128



RESEARCH ARTICLE

XU Feifei,et al: Effect of Glutaraldehyde Addition Sequence on Quality of

Collagen Casing Films

224 BRRZFAGMABEHET MARZBEE,K
JEUEE M A 2 PR R I B A i 5 B b fEL Y
I, BIAR B G Tl A P IR i AR A
B SRR E 4 R Y R AR
W B I A A b A (D3R 2) Sk RAEW] T 7 A%
JBE e AR 426 12 i A T8 1 9 A — Fh A7 R 22 Bk 7
V5 o TR I R AR B e 25 5 B K 22 AL I 2%
S5, DR TR OB IS A IR R TE kA 1 5095 i
TERACTE N
R2 TEARERER-BXEBRENEFE (BEEMA
B

Table 2 Color of casing films crosslinked by gluta —

raldehyde with different concentrations (cross—

linking agent added after the process of paste

making)
0 89.61+0.46 -0.95+0.02 5.65+0.91
50 90.52+0.51 -1.10+0.02 4.77+0.95
100 91.10+0.01 -1.16+0.02 4.47+0.15
200 90.74+0.25 -1.06+0.06 5.26+0.56
400 91.10+0.08 -0.68+0.09 5.15+0.35
225 KREAm RS FTIR & WG HM

AN [F) J0 5 A 8 S 1 B AR B —OHL 068 1) 46 5 43 )
M 3 279.56.3 283.68 .3 280.34 .3 282.69 c¢m™, ifij %
T i A B —OH W 19 37 B0 3 282.69 em™, Ifk
KA R ER (WIE9) 33X 5 SCHk i #Y1F B
ANFE A AN T U8 B T S B B AN TR A,
B AR X T 0 A R i A G I 7R R S A TR
TR RE TS S A A RS

22,6 BRERFZFOMARBEGETRRE BKENA
I M A R Y AR E MO A WD I s X R
A IR 1 B A B ) A8 PR TRLRE Ry 77.6 °C, 24 8
JE R FE SN 50,100,200 ,400 me/L | g A< I R AR
PRI 3510 79.9 77.1.78.0.77.2 C(WE 10), 4
TN TR RV O 50 me/L i AR I Y PR e
SRt o R A A A S BRI S BUBE JE mAKG
T X i A S I IR R A B X R
TAE B JE PR 0 7 R I R A AEMEBE AN
S — P AE I AC BT

——0 mg/L
—350 mg/L
——100 mg/L
——200 mg/L
——400 mg/L

4000 3500 3000 2500 2000 1500 1000 300
WU em ™!
9 TERERER_BXTRBRENIIILE (RKE
RN ZZ BRI )
Fig. 9 FTIR spectrum of casing films crosslinked by
glutaraldehyde with different mass concentrations
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Fig. 10 Denaturation temperature of casing films cross—
linked by glutaraldehyde with different mass
concentrations (crosslinking agent added after the

process of paste making)
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Fig. 13 Swelling rate and heat shrinkage rate of casing films crosslinked by glutaraldehyde with different mass

concentrations (crosslinking agent added after paste film formation)
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Table 3 Color of casing films crosslinked by glutaral —

dehyde with different mass concentrations (cross—

linking agent added after paste film formation)

Jo i e i/
* * *
(ll'lg/L) .
89.75+0.76 —-1.12+0.01 5.21+0.81

50 89.64+0.21 —-1.31+0.01 6.67+0.08
100 89.37+0.02 —-1.53+0.01 8.53+0.04
200 89.15+0.54 -2.26+0.02 13.10£1.85
400 86.57+0.02 -2.31+0.01 17.99+0.25
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Fig. 14 FTIR spectrum of casing films crosslinked by
glutaraldehyde with different mass concen —
trations (crosslinking agent added after paste

film formation)
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Fig. 15 Denaturation temperature of casing films cross—

linked by glutaraldehyde with different mass

concentrations (crosslinking agent added after

paste film formation)

3 & i MR

B T % R d AT 3 AR R R R A
T BRI, SRR de i, T SR I AT
5 JBE LA R 9 R A R I BARRUE TR R
1 o YR AE ) JEE I 55 R — R | 3 o 28 Bk 5

JOURNAL OF FOOD SCIENCE AND BIOTECHNOLOGY Vol. 41 Issue 12 2022



B I e R 5 3 Je JR R 6 T R BB S LR vl

3
T+
T
‘_“p
=
It

AT LA L i 5 J i 2 1 M A 4 J 30 [ g4 24 A IS, BA ARG 0 R RS
7 ) Ry s T — 2 R AR o 5 D A 1 A 114

S 30k

[1 ] BIGI A,COJAZZI G,PANZAVOLTA S,et al. Mechanical and thermal properties of gelatin films at different degrees of
glutaraldehyde crosslinking[J]. Biomaterials,2001,22(8) :763-768.

[ 2] WM. R JH R IR A 48 i Jst AR 1 i A T I 98 [D]. b - db stk T 4%, 2013.

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

[4 ] CASANOVA F,SILVA N F N,GAUCHERON F,et al. Stability of casein micelles cross-linked with genipin:a physicochemical
study as a function of pH[J]. International Dairy Journal,2017,68.70-74.

[51REH, 0, BV, 55, LR ERCE T AR 2 IO H AR SCrE 2 ma )], & 5 5 A W EOR 54 ,2019,38(2) : 59-64.

[ 61 GOUGH J E,SCOTCHFORD C A,DOWNES 8. Cytotoxicity of glutaraldehyde crosslinked collagen/poly (vinyl alcohol) films is
by the mechanism of apoptosis[J]. Journal of Biomedical Materials Research,2002,61(1):121-130.

[7 1 WANG S Y,HSIEH C Y,WANG D M, et al. Mass transfer characteristics of glutaraldehyde-crosslinked and epoxy-crosslinked
collagen films[J]. Journal of Medical and Biological Engineering,2003,23(4).:165-170.

[8 ] FIGUEIRO S D,GOES J C,MOREIRA R A, et al. On the physico-chemical and dielectric properties of glutaraldehyde

crosslinked galactomannan-collagen films[J]. Carbohydrate Polymers,2004,56(3):313-320.

F4E, T IMEAE RS i’@ﬂﬁﬁﬁq@fﬁﬂﬁiﬁﬁ FIR IR WF SR [J]. AR R 22244 ,2014,19(6) - 195-200.

BURERE. 1] 4 2% 1 0T 5 K B0 25 11 A BE 1952 W B 52 D). AN < 0 R Tl K2, 2012.

(9]
15
1 ARAETE, VR, W3, 26 %mMMu‘tii&ﬂsﬁEEﬂﬂzﬂﬁl& (M [T]. B TR ,2020,41(22) :20-26.
X
]

[10

KB KL GRS B AE. DR 7 SR W B B H B Ik R i S e [T, b B 27412, 2006, 21(3) : 406-408.

MV = ZR A X0 6 A KRR /A 0 2R - R T i B 3 2 A 2 KT 41 4 v i 4204k 9 F 5K [EB/OL). (2017-01-13)[2022-02-25].
http . //www.paper.edu.cn/releasepaper/content/201701-164.

M. WG LSRRG T AR BRTSE[D]. T8 VLR K ,2012.

[1
[12
[13

[14

[15] Ext. fafEnT & & B & M55 R RS [D]. 5 5 b BN 7R RS ,2011.
[16] mi#. ZAHn] & R B 0 46 5 0 B FE[D]. 75 5% . R K% ,2013.

—_ e =

[17] HENRY J,LIVINGSTONE J. ITO film analyses by FTIR[J]. Infrared Physics and Technology, 1995,36(4).779-784.

[18] M55 . A3 Jie B A< 1) BF ) B e P R AR [D]. AR < U 1 2R 2%, 2004,

[19] SUN R,ZHANG H,YANG R. ATR-FTIR studies on the packing film[J]. Spectroscopy and Spectral Analysis,2001,21(1):
105-106.

[20] QI W J,NIEH R,DHARMARAJAN E,et al. Ultrathin zirconium silicate film with good thermal stability for alternative gate
dielectric application[J]. Applied Physics Letters,2000,77(11):1704-1706.

[21] DAI Y,JIAN X,ZHANG S, et al. Thin film composite (TFC) membranes with improved thermal stability from sulfonated poly
(phthalazinone ether sulfone ketone ) (SPPESK)[J]. Journal of Membrane Science,2002,207(2):189-197.

[22] TAN S C,CHAN Y C,CHIU Y W, et al. Thermal stability performance of anisotropic conductive film at different bonding
temperatures[J]. Microelectronics Reliability ,2004,44(3):495-503.

RS LR A S 2022 FE M EBE 128



