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Summary

The relationship between the possible structural change due to chemical modifications 'and function
ality changes was studied in pigskin collagen. Amino groups in collagen were modified by succi- 
nylation and reductive alkylation. Carboxyl groups were modified using carbodiimide. Thermal dena
turation temperature of collagen increased remarkably by carboxyl groups modification whereas de
creased by succinylation and reductive alkylation. Em니sifying capacity was improved by reductive 
alkylation and carboxyl groups modification while emulsion stability was improved by succinylation. 
Chemical modifications increased solubility whereas decreased the foaming capacity of collagen. Vis
cosity of collagen at various pH varied with methods of modification.
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Introduction

Collagen is the most abundant single protein 
in the mammalian body, comprising about 25% 
of the total protein in the body (Pearson and 
Young, 1989). Since collagen fibers are widely 
distributed in various tissues such as skin, bone, 
tendon, cartilage, blood vessels and organs, it 
has various functions. As functionalities can be 
modified by chemical and enzymatic methods, 
enormous progress in the technology of manu
facturing collagen products has been made and 
new uses for collagen have been discovered in 
many fields (Chvapil, 1979).

However, collagen has not been utilized greatly 
as a food ingredient except gelatin due to the 
poor functionalities such as solubility, emulsifying 
capacity and foaming capacity. Therefore, in order 
to enhance its food use, the relationship between 
its functionality as a food ingredient and struc
tural change of collagen by various chemical 
modification methods was studied. Chemically 
modified collagen, however, should be subjected 
to rigorous safety tests before being considered 
for food uses.

Materials and Methods

Sample preparation
Collagen was extracted from raw pigskin as 

described by Miller and Rhodes (1982) and freeze- 
dried (figure 1). Amino groups in collagen were

Raw pigskin

I.
Grinding

I
Washing with 4.5 M NaCI, 0.05 M Tris buffer (pH 7.5) 
containing 20 mM EDTA* and 2.0 mM NEM*

!
Defatting with acetone and ethyl ether

I
Washing with distilled water containing
EDTA and NEM

I •
Extraction for 24 hrs with 0.5 M acetic acid (pH 2.5) 
containing EDTA and NEM

I
Filtration and centrifugation at 12,000 xg 
for 2 hrs

!
Freeze-drying

EDTA ethylene diamine t에raacetic acid
NEM N-ethylnialeiinide

Figure 1. Collagen preparation. 
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modified by succinylation according to the method 
of Eisele and Brekke (1981) and by reductive 
alkylation as in Wong et al. (1984). Carboxyl 
groups were modified using carbodiimide and 
glycinamide (Glazer et al., 1975). After modifi
cation, they were dialyzed against distilled water 
for 2 days and freeze-dried.

Analysis
Degree of modification was determined by 

the methods described in Fields (1972) for succi- 
nyJation and reductive aJkyJation, and by GJa- 
zer et al. (1975) for carboxyl groups modification. 
Thermal transition temperature of collagens was 
measured using Perkin-Elmer DSC-4(U.S.A.) and 
viscosity using Brookfield Synchro-Lectric Visco
meter (model LVF) at 20and 60 r.p.m. with 
spindle #2. Solubility measurement was made 
using 1% solution at pH 7.0 according to the 
method of Morr et al. (1985). Emulsifying capa
city and em니sion stability were measured using 
0.7% suspensoids and Virtis homogenizer (The 
Virtis Co., U.S.A.) as described by Sung and Lee 
(1985). Foaming capacity determination was 
carried out by stirring 0.1% collagen suspensoids 
at high speed and then measuring the foam 
volume in a graduated cylinder.

Results and Discussion

Analysis on the degree of modification (table 1) 
showed that succinylation resulted in 79.5% 
of modification, reductive alkylation 68.5% and 
carboxyl groups modification 65.6%. The thermal 
transition temperature (Tm) measurements (table 1) 
showed that carboxyl groups modification 
increased Tm remarkably (94.4<O) whereas su
ccinylation (Tm = 51.673) and reductive alkylation 
(Tm = 45.9*0) decreased the temperature compared 
with native colJagen (Tm = 63。).

As shown in table 2, functional properties 
of chemically modified collagens varied with 
methods of modification. Carboxyl groups modi
fication and dimethylation (reductive alkylation) 
improved em니sifying capacity whereas succinyla
tion made no difference. However, succinylation 
improved emulsion stability while other modifi
cations did not. Solubility of collagen . was in
creased by all the chemical modifications, among 
them succinylation increased most. Chemical 
modifications decreased the foaming capacity of 
collagen.

Figure 2 illustrates that viscosity of collagens 
varied with pH. At pH 3.0 only the carboxyl 
groups modification resulted in the decrease of

TABLE 1. DEGREE OF MO미FICATION AND THERMAL TRANSITION TEMPERATURE (Tm) OF COLLAGEN BY 

CHEMICAL MO미FICATIONS

Succinylation
Reductive 
alkylation

Carboxyl groups 
modification

Degree of modification (%) 79.5 68.5 65.6
Tm (°C) 51.6 45.9 94.4

TABLE 2. FUNCTIONAL PROPERTIES OF VARIOUS COLLAGENS

Collagen Solubility*
(%)

Emulsifying 
capacity** 

(ml/g)

Emulsion 
stability*** 

(%)

Foaming 
capacity**** 

(ml)

Native 26.9 494 14.3 9
Reductive alkylated 47.2 591 15.8 6
Succinylated 75.5 494 0 7
Carboxyl groups modified 35.9 706 13.3 2

* with 1% suspensoids at pH 7.0.
** in 0.7% suspensoids; ml of soybean oil emulsified by g of the sample.

*** % separated volume.
**** with 0.1% suspensoids.
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Figure 2. Viscosity of collagens (in 0.7% suspen
soids) at various pH values.

viscosity. With the increasing pH, while the 
continuous fall of viscosity was observed in native 
collagen, the decrease first and then sharp increase 
in succinylated, the increase and then continuous 
decrease in reductive alkylated, and no significant 
change in carboxyl groups modified collagen were 

observed.
Chemical modifications that increase surface 

charge on proteins tend to improve their function
al properties and heat stability ' by increasing 
charge repulsion (Ball and Winn, 1982). Heat 
stability of proteins could be brought about by 
providing for internal cross-jinking (Hegg and 
Lofqvist, 1974). In this study, the modifications 
that increase negative charge (succinylation) or 
abolish the charge (reductive alkylation) decreased 
the heat stability while that preserving positive 
charge (carboxyl groups modification) increased 
the stability. It was reported that different pro
teins that were modified by the same chemical 
procedure responded to heat treatment differently 
(Ball, 1987).

Changes in charge can also affect thei conform
ation of the protein and thus its overall fun
ctional characteristics. The attachment of hydro
philic groups to protein could increase solubility 
of the protein by increasing its affinity for water 
(Feeney, 1977). The net negative charge of the 
protein increases upon succinylation causing 
changes in the electrostatic environment and 
conformation of the protein molecule. The end 
products tend to dissociate, are more soluble and 
posses high intrinsic viscosity (Feeney, 1977).

Improvement of emulsifying capacity is attri
buted to enhanced solubility and expanded 
molecular structure which enhanced emulsion 
formation. Decrease of emulsifying capacity in 
a chemically modified protein could be due to 
the excessive net charge and subsequent impair
ment of formation of a cohesive film. Electrostatic 
repulsion between emulsified droplets enhanced 
stability (Kinsella, 1982). The modified proteins 
have been found to exhibit different hydration 
and surfactancy properties (Shukla, 1982).

The intermolecular protein-protein interactions 
are primarily responsible for the observed viscosity 
behavior. Since many factors such as conforma
tion, hydration, exposure of hydrophobic groups, 
and charge distribution contribute to the inter- 
molecular interactions that affect viscosity, the 
viscosity is not necessarily correlated to the 
solubility. However, in a protein the solubility 
change by altering the pH would change the 
viscosity because soluble molecules would exper
ience greater protein-protein interactions (Shen, 
1981).
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