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Abstract

Response surface methodology was used to investigate the main effects and interactions of sodium caseinate (SC, 0–2%),
microbial transglutaminase (MTG, 0–0.6%) and carrageenan (CGN, 0–0.8%) on water binding, textural and colour characteristics
of pork gels. Higher k-carrageenan and sodium caseinate content favored hydration properties and thermal stability, yielding lower
cooking loss and higher water holding capacity. Their addition also increased hardness of pork gels, but was unable to improve
springiness or cohesiveness. Sodium caseinate either alone or in combination with MTG generally has been found to be inferior to
k-carrageenan for functionality in comminuted meat systems. Although MTG had no effect on binding properties it was found to
increase strength of the gels at higher SC levels. Addition of SC and ic-carrageenan significantly altered colour, while no significant
influence of MTG on gel colour parameters was observed.
# 2002 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Gelation of muscle proteins is largely responsible
for the physical and chemical stabilization of fat and
water in comminuted meat products and thus con-
tributes to desirable binding characteristics, texture
and appearance of the products (Acton, Ziegler, &
Burge, 1983; Asghar, Samejima, & Yasui, 1985; Gor-
don & Barbut, 1992; Smith, 1988). Non-meat ingre-
dients derived from a variety of plant and animal
sources, including sodium caseinate, are routinely used
in the manufacture of comminuted products because of
their functional properties including emulsification,
water- and fat binding capacity, improvement of texture
and appearance (Hoogenkamp, 1992; Shand & Schmidt,
1990). The range of protein functionality should be
broadened as protein cost increases. As the demands
for food products of high quality increase, it will also

become more important to be able to modify the prop-
erties of food proteins. The possibility of modification
of functional properties in non-muscle proteins would
contribute to improved utilization and processing
qualities of these ingredients in meat products. One
possibility is to use enzymic modifications to improve
functional properties and nutritional values. In recent
years, the potential of exogenous transglutaminase
(TG) in catalyzing cross-linking of food proteins and
modifying the functional properties of these proteins
has been demonstrated (Dickinson, 1997; Kuraishi,
Sakamoto, & Soeda, 1998; Motoki & Seguro, 1998;
Nielsen, 1995). TG has been used to catalyze the for-
mation of cross-links between different food proteins
such as milk proteins, soybean proteins, egg proteins,
beef, pork, chicken and fish gelatin and myosin (Motoki
& Seguro, 1998). Kuraishi et al. (1997) found that
sodium caseinate appeared to be a superior substrate
for the crosslinking to meat proteins than soy protein,
whey protein, or gelatin. There have been a number of
reports concerning the TG-mediated polymerization of
milk proteins such as a-lactalbumin and b-lacto-
globulin (Aboumahmoud & Savello, 1990; Faergemand,
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Otte, & Qvist, 1997), and casein components (Ikura,
Kometani, Yoshikawa, Sasaki, & Chiba, 1980).
Recently, improved gelation and water binding proper-
ties have been demonstrated in transglutaminase-treated
skim milk powder (Imm, Lian, & Lee, 2000). TG there-
fore has been proposed as a useful tool for the
improvement of rheological and binding properties of
food proteins.
The interactions between proteins (muscle and non-

muscle) and polysaccharides are also important in
determining meat products binding and textural prop-
erties and have been the subject of many investigations
(Bernal, Smajda, Smith, & Stanley, 1987; DeFreitas,
Sebranek, Olson, & Carr, 1997; Montero, Hurtado, &
Perez Mateos, 2000; Trius & Sebranek, 1996). However,
the influence of non-meat proteins in combination with
carrageenan on the heat-induced gelation properties of
muscle proteins is not fully understood. Furthermore,
the influence of transglutaminase on such systems is also
unknown. Therefore, the present study was undertaken
to determine whether sodium caseinate would have a
synergistic effect with carrageenan to improve bind and
textural properties in cooked pork homogenates pro-
cessed in the presence or absence of microbial transglu-
taminase.

2. Materials and methods

2.1. Materials

Post-rigor pork meat (semimembranosus muscles)
were purchased from a local market 48-h post mortem.
The pork was trimmed of visible fat and connective tis-
sue, then ground in a laboratory grinder through a plate
with 3 mm diameter orifices. The ground meat was
portioned, vacuum-packaged and frozen at �22 �C until
product formulation.
The protein concentration of the ground pork was

determined by the AOAC (1990) procedures (981.10).
Nitrogen values were converted to protein using a con-
version factor of 6.25. The protein content of the meat
was 22.00%.
The ingredients used in the homogenate formulations

included curing salt (containing 99.5% sodium chloride
and 0.5% sodium nitrite), and sodium erythorbate
(Fujisawa Pharmaceutical Co Ltd., Japan). Sodium
caseinate (SC) was purchased as a commercial product
from PHZ SM ‘‘Lacpol’’, Poland. Carrageenan
(SECOGEL MF) was purchased from BIOMAT,
Poland. Sodium caseinate was hydrated with chilled
brine for 30 min. prior to adding to meat ingredients.
Microbial transglutaminase (MTG), (Ajinomoto,

Barentz, Poland) was a mixture containing 99% mal-
todextrin and 1% microbial transglutaminase (activity
of approx. 100 units/g). The enzyme concentration is

reported in the present study as the commercial con-
centration.

2.2. Preparation of meat gels

Before processing, the meat was tempered at 4 �C for
15 h prior to use. Meat protein content was adjusted to
a constant level of 8% in all formulations. Shredded ice
was added to the batters to ensure the same protein
level. Treatments (200 g each) were prepared by mixing
ground meat and non-meat ingredients for 15 s using a
BUCHI ‘‘MIXER B-400’’ (9000 rev/min). The levels of
non muscle proteins, MTG and carrageenan to be
added were determined using a 3-level factorial design
as shown in Table 1 and described in Section 2.7. Con-
centrations of curing salt and sodium erythorbate in all
formulations were set at constant levels of 2.0 and
0.1%, respectively. The final temperature of the homo-
genates never exceeded 7 �C.
Immediately after homogenate preparation, the bat-

ters were stuffed into three cylindrical plastic tubes (30
mm � 115 mm). The tubes were closed and allowed to
stand overnight in a cold room at 5 �C. The homo-
genate samples were then heated isothermally at 75 �C
to a final internal temperature of 72 �C in a water bath,
and thereafter cooled down in ice water until a core
temperature of 20 �C was reached. Internal temperature
was measured using thermocouples inserted in the geo-

Table 1

Levels of variables established according to the experimental design

Treatment SC% MTG% CGN%

1 0 0 0

2 0 0.3 0

3 0 0.6 0

4 0 0 0.4

5 0 0.3 0.4

6 0 0.6 0.4

7 0 0 0.8

8 0 0.3 0.8

9 0 0.6 0.8

10 1 0 0

11 1 0.3 0

12 1 0.6 0

13 1 0 0.4

14 1 0.3 0.4

15 1 0.6 0.4

16 1 0 0.8

17 1 0.3 0.8

18 1 0.6 0.8

19 2 0 0

20 2 0.3 0

21 2 0.6 0

22 2 0 0.4

23 2 0.3 0.4

24 2 0.6 0.4

25 2 0 0.8

26 2 0.3 0.8

27 2 0.6 0.8
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metrical center of the samples. The gel samples were
stored at 4 �C until analyzed.

2.3. Moisture content and pH

Total moisture was determined in quadruplicate by
AOAC method 950.46 B (AOAC, 1990). The pH values
of gels were measured in duplicate (CONSORT, Model
C 832 pHmeter equipped with SN 9099083 electrode) on
a homogenate of 20 g sample in 80 ml distilled water.

2.4. Water binding properties

2.4.1. Cooking loss (CL)
Following overnight storage each chilled gel was

removed from the plastic tube, blotted dry with a paper
towel and weighed for a cook yield. Overall cook loss
was calculated as a percentage based on the raw stuffed
weight.

2.4.2. Water holding capacity (WHC)
The modified Hamm (Grau & Hamm, 1957) proce-

dure was used to measure WHC of the final products.
Gel sample (�0.3 g) was placed on filter paper (What-
man No. 1) which was placed between two glass sheets
and pressed for 5 min by 2 kg weight. WHC was
expressed as the ratio of moisture retained in the sample
to the initial moisture content.

2.5. Colour

Colour of the meat gels was measured using a
MINOLTA CR 200b spectrocolorimeter (Minolta, Co.,
Ltd., Osaka 541, Japan) and expressed as CIE L*
(lightness), a* (redness) and b* (yellowness) values. The
results are expressed as the average values obtained by
taking observations from four different cut surfaces of
the same gel.

2.6. Textural properties

Textural characteristics of gels were analyzed accord-
ing to the texture profile analysis (TPA) method (Bourne,
1982) using a STEVENS-QTS 25 texture analyser (CNS
FARNELL Quality and Test Systems, England).
Five center cores (25 mm in diameter, 15 mm height)

of gel samples were compressed twice to 25% of their
original height at a constant cross-head speed of 60 mm/
min. The TPA parameters, namely hardness (HD) (peak
force on first compression [N]), cohesiveness (ratio of
the active work done under the second force-displace-
ment curve to that done under the first compression
curve [dimensionless]), springiness (SPR) (distance the
sample recovered after the first compression [mm]), and
chewiness (CHW) (hardness � cohesiveness � springi-
ness [N*mm]) were computed.

2.7. Experimental design and statistical analysis

Response surface methodology (RSM) was used to
study the simultaneous effect of the three experimental
variables or factors. Experimental design and statistical
analysis were performed using Statistica 5.1 for Win-
dows (STATISTICATM StatSoft, Poland)
Three levels of each factor were chosen based on

the three-level factorial plan principle (Khuri & Cor-
nell, 1996). The levels of sodium caseinate, transglu-
taminase preparation and carrageenan concentrations
in the three-level factorial design are shown in
Table 1.
The following second-order polynomial equation of

function Xi was fitted for each factor assessed:

Y ¼ �0 þ
X3

i¼1

�iXi þ
X3

i¼1

�iiX
2
i þ

X3

i¼1

�ijXiXj ð1Þ

where Y is the estimated response, �0, �i, �ii, �ij, are
constant and regression coefficients of the model; Xi, Xj,
are levels of independent variables. For each experi-
mental factor the variance was partitioned into compo-
nents—linear, quadratic and interaction—in order to
assess the adequacy of the second order polynomial
function and the relative importance of these compo-
nents. The significance of the equation parameters for
each response variable was assessed by F test. Several
response surfaces were drawn to illustrate significant
effects and interactions of the SC level, MTG level and
CGN concentration on the different properties investi-
gated. These three-dimensional representations show
the effect of two independent variables on a given
response, at a constant value of the third independent
variable which was set at the centre point.

3. Results and discussion

3.1. pH

The pH values of the meat gels ranged from 5.98 to
6.13 (average pH of 6.07). pH values of the gels were
directly proportional to the SC content (P<0.001). This
was expected because the addition of SC contributed to
the increase in pH of pork gels, by having higher pH
than the other homogenate components (pH of 1%
solution was 6.8). A small linear increase occurred in
pH with increasing CGN content but the magnitude of
the change was not of practical significance due to the
small difference (<0.1 pH). Trius, Sebranek, Rust, and
Carr (1994) and Mittal and Barbut (1994) also reported
that low-fat sausages containing k-carrageenan had
only slightly higher pH (0.03–0.07 units) compared to
controls. MTG addition had no effect on pH of the
cooked products.
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3.2. Water binding properties

Analysis of variance indicated that among the regres-
sion models for the binding properties of gels processed
with varying levels of SC, MTG and CGN addition
only the model for cooking loss was highly significant
(P<0.001; Table 2), while the model for WHC was not
significant (P>0.05; R2=0.540).
Varying SC levels in the homogenates had an appre-

ciable inverse effect on the cooking loss (CL), as mani-
fested in significant linear (P<0.001) and quadratic
(P<0.05) terms. The greater the SC content, the smaller
was the weight loss (Fig. 1). Variations in CGN levels
also significantly affected CL, the linear component of
the regression being highly significant (P<0.001). Thus,
the larger the CGN content, the smaller was the amount
of moisture loss during thermal processing. The influ-
ence of CGN content on CL was additionally affected
by interaction with SC (CGN�SC, P<0.001). The
higher the CGN or SC concentration, the less marked
was the decrease in CL (Fig. 1).
The results of this research indicate that thermal sta-

bility of homogenates was markedly improved by addi-
tion of k-carrageenan. Treatments up to 0.8%
k-carrageenan content had lower cooking losses than
the samples containing only 0.4% and without the
hydrocolloid. Addition of k-carrageenan also decreased
the percentage of water loss from gel samples after
pressing the gel samples, indicating that the hydro-
colloid improved water retention of meat gels. The
greatest WHC was observed in treatments containing
SC and k-carrageenan, which suggests protein–hydro-
colloid interactions between SC and CGN might have
occurred. However, Bernal et al. (1987) suggested that
CGN increased the WHC of meat emulsions by holding
the water in interstitial spaces of the gel network rather
than by chemical interactions with proteins. Synergistic
interactions of CGN with myofibrillar proteins could,

however, exist through balanced electrostatic repulsion
of like charges and attraction between polar or nega-
tively charged groups and positively charged groups on
proteins. Our results indicated that the matrix formed in
those gels had a greater ability to entrap water than that
of other gels. DeFreitas et al. (1997) investigated effect
of CGN on ultrastructure of heat-induced meat gels and
found the microstructure of gels corresponded to the
differences in WHC. They suggested that a well-struc-
tured matrix and a fine, uniform structure with numer-
ous small pores observed in the gels containing CGN
would result in more absorptive capacity and better
retention of water. The significant effect of CGN con-
centration on binding characteristics in our study sup-
ports the findings of a number of authors that binding
properties are strongly influenced by CGN addition to
processed muscle foods (DeFreitas et al., 1997; He &
Sebranek 1996; Shand & Schmidt, 1990; Trius & Seb-
ranek, 1996; Trius et al., 1994). Some authors have
however found that carrageenan had no influence on
hydration properties (Foegeding & Ramsey 1986, 1987;
Mittal & Barbut, 1994; Xiong, Noel, & Moody, 1999).
The observed discrepancies in the effect of k-carragee-
nan on binding properties may be attributed to a variety
of factors such as differences in formulations and ionic
strength, functionality of meat proteins, cooking condi-
tions, etc.
Non-meat proteins are often used as alternative gel-

ling agents in comminuted meat products to enhance
the yield by improving water binding properties. How-
ever, non meat proteins may also impose some negative
effects or interfere with the gelation of the myofibrillar
proteins (Foegeding & Lanier, 1989). Disparate results
are reported in the literature with respect to the effect of
sodium caseinate addition on batter stability and WHC.
Hung and Zayas (1992) indicated that SC helped to

stabilize batter and may be advantageous in increas-
ing binding properties. Increased cooking yield of

Table 2

Regression coefficients and analysis of variance of the regression

models for cooking loss

Term � SE P

Constant 7.881 0.286 0.000

SC �9.363 0.701 0.000

MTG �0.562 0.701 0.434

CGN �7.875 0.701 0.000

SCxSC �1.235 0.607 0.058

MTGxMTG 0.194 0.607 0.754

CGNxCGN �0.789 0.607 0.212

SCxMTG �0.021 0.859 0.981

SCxCGN 4.677 0.859 0.000

MTGxCGN 0.595 0.859 0.498

Reg. model R2=0.953 0.000

SC, level of sodium caseinate (%); MTG, transglutaminase content

(%); CGN, carrageenan content (%); �, partial regression coefficient;

SE, standard error; P, significance level.

Fig. 1. Effect of carrageenan (CGN) and sodium caseinate (SC) levels

on cooking loss (CL) of the gels at 0.3% MTG level.
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frankfurters due to 2% sodium caseinate addition has
also been reported by Atughonu, Zayas, Herald and
Harbers (1998). Su, Bowers, and Zayas (2000) reported
that SC contributed to formation of the protein net-
work thus enhancing thermal stability of reduced-fat
frankfurters. Microstructure studies showed that
sodium caseinate stabilized the meat emulsion during
cooking due to immobilization of fat globules by a
protein membrane as well as their physical restriction by
a sodium caseinate matrix. However, in meat batters
with extremely low fat water retention capacity of SC
may play a greater role rather than emulsion formation
in determining the stability of the products. Addition of
sodium caseinate to the meat batters may compensate
excess water addition and stabilize both fat and water in
such emulsions.
MTG did not produce any significant effect on CL.

Furthermore, the absence of any interaction effects on
cooking loss indicates that the influence exerted by each
variable was not affected by the others.
The lack of relationship between MTG addition and

cooking loss in this study is consistent with findings of
Pietrasik and Li-Chan (2002a) on beef gels. The absence
of a significant effect of transglutaminase has also been
reported for binding properties of finely comminuted
sausages containing 0.2% TG (Hammer, 1998) and
WHC of myosin (Numata, Yamada, Nakmura, &
Hugurama, 1989). However, this effect has not been
reported in all cases. Addition of TG has been reported
to decrease CL in reduced salt (1%) chicken meat balls
produced with 0–1% pig plasma transglutaminase (TG)
(Tseng, Liu, & Chen, 2000) and pork batters processed
with microbial transglutaminase (Pietrasik & Li-Chan,
2002b).

3.3. Colour

Analysis of variance indicated that in our study, the
regression models for yellowness and redness were
highly significant (P<0.001), while the model for light-
ness explained a lower percentage of variability in the
data (R2=0.599)
Both SC and CGN were shown to be significant fac-

tors in the regression model for a* and b* values, as
manifested in the linear (CGN), and both linear and
quadratic (SC) terms (P<0.01) (Table 3). The a* values
(redness) and b* (yellowness) of the cooked products
were inversely proportional to the SC content. Redness
and yellowness of gels containing SC also decreased
with increase in CGN level (Fig. 2). In addition, for
both parameters significant interactions between SC and
different CGN levels occurred. In fact, increased addi-
tion of SC resulted in decrease in a* and b* more sub-
stantially in treatments processed without CGN.
k-carrageenan caused the decrease in redness in treat-
ments without SC addition. However, when SC had

been added during comminution, a* values of gels with
the hydrocolloid were not different from those reported
in gels prepared without CGN addition. The larger los-
ses of water during cooking in homogenates without SC
and CGN and the associated increase in relative con-
centration of proteins may have resulted in the redder
appearance of those gels. Atughonu et al. (1998) repor-
ted that 2% sodium caseinate addition to frankfurters
also decreased red color of meat.
MTG addition had no significant influence on colour

parameters of experimental gels. Previous reports on the
effect of transglutaminase addition on colour have been
contradictory. As in our study an addition of pig
plasma TG in the 0–1% range did not produce sig-
nificant differences in colour of low-salt chicken meat
balls (Tseng et al., 2000). Microbial transglutaminase
has also been reported to have no significant influence
on colour parameters of pork and beef gels (Pietrasik &
LiChan, 2002a, 2002b). Hammer (1998) reported
decrease in yellowness of finely comminuted Bruehwurst
sausages with increasing MTG concentration (0–0.2%).
Nielsen, Petersen, and Moller (1995) indicated that meat
samples with 0.4% MTG addition had significant lower
a* values than the controls (P<0.05); since these results
were for colour of raw meat, it is not possible to use
them to predict the impact of MTG after cooking.

3.4. Textural properties

Analysis of variance indicated that the regression
models developed for textural parameters were all sig-
nificant (P<0.01; Table 4).
The variable that most influenced the textural char-

acteristics of the gels was CGN concentration, as
reflected in highly significant linear terms. Product
hardness generally increased, while cohesiveness and
springiness decreased with increases in CGN level
(Figs. 3–5). In addition, the effect of CGN content on
cohesiveness was influenced by SC addition
(CGN�SC). Cohesiveness of gels generally decreased
with CGN concentration, although the effects were
attenuated by higher levels of SC addition. Generally,
the increase of CGN in gels resulted in a decrease in
their cohesiveness and led to formation harder but more
brittle gels (Fig. 4).
Conflicting reports are found in the literature on the

effects of CGN concentration on texture of comminuted
meat products. Xiong et al. (1999) reported that k-car-
rageenan (0.5%) increased hardness and bind strength
for 1% salt beef sausages but had little effect on the
2.5% salt sausage. Addition of k-carrageenan at 0.5%
level has been reported to increase hardness and chewi-
ness but to decrease cohesiveness of beef gels formed
with egg albumin or collagen isolate addition (Pietrasik
& Li-Chan, 2002a). Mittal and Barbut (1994) indicated
that addition of 0.5% k-carrageenan increased cohe-

Z. Pietrasik, A. Jarmoluk / Food Research International 36 (2003) 285–294 289



Table 4

Regression coefficients and analysis of variance of the regression models for hardness, cohesiveness and springiness

Term Hardness Cohesiveness Springiness

� SE P � SE P � SE P

Constant 28.572 0.436 0.000 0.354 0.005 0.000 8.957 0.066 0.000

SC 2.711 1.067 0.021 �0.081 0.013 0.000 0.470 0.163 0.010

MTG 10.851 1.067 0.000 0.017 0.013 0.197 0.819 0.163 0.000

CGN 4.348 1.067 0.001 �0.103 0.013 0.000 �1.000 0.163 0.000

SC�SC 0.849 0.924 0.371 �0.030 0.011 0.014 0.109 0.141 0.448

MTG�MTG 0.036 0.924 0.970 0.012 0.011 0.281 0.143 0.141 0.325

CGN�CGN �0.894 0.924 0.347 �0.032 0.011 0.011 �0.119 0.141 0.412

SC�MTG 3.012 1.307 0.042 0.020 0.016 0.230 0.289 0.199 0.165

SC�CGN �0.991 1.307 0.459 0.050 0.016 0.006 �0.139 0.199 0.495

MTG�CGN �0.084 1.307 0.950 �0.003 0.016 0.872 0.444 0.199 0.039

Reg. model R2=0.885 0.005 R2=0.889 0.005 R2=0.827 0.010

SC, level of sodium caseinate (%); MTG, transglutaminase content (%); CGN, carrageenan content (%); �, partial regression coefficient; SE,
standard error; P, significance level.

Table 3

Regression coefficients and analysis of variance of the regression models for redness and yellowness

Term Redness (a*) Yellowness (b*)

� SE P � SE P

Constant 8.437 0.061 0.000 7.396 0.059 0.000

SC �2.622 0.150 0.000 �0.233 0.144 0.225

MTG 0.089 0.150 0.562 �0.400 0.144 0.013

CGN �1.456 0.150 0.000 �0.600 0.144 0.001

SC�SC �0.289 0.130 0.040 �0.461 0.124 0.002

MTG�MTG 0.011 0.130 0.933 �0.244 0.124 0.066

CGN�CGN �0.072 0.130 0.586 �0.144 0.124 0.261

SC�MTG 0.100 0.184 0.594 �0.617 0.176 0.003

SC�CGN 1.267 0.184 0.000 0.950 0.176 0.000

MTG�CGN 0.100 0.184 0.594 0.000 0.176 1.000

Reg. model R2=0.964 0.000 R2=0.839 0.009

SC, level of sodium caseinate (%); MTG, transglutaminase content (%); CGN, carrageenan content (%); �, partial regression coefficient; SE,

standard error; P, significance level.

Fig. 2. Effect of carrageenan (CGN) and sodium caseinate (SC) levels on redness (a) and yellowness (b) of the gels at 0.3% MTG level.

290 Z. Pietrasik, A. Jarmoluk / Food Research International 36 (2003) 285–294



siveness and chewiness of low-fat frankfurters but did
not affect hardness. Addition of k-carrageenan at the
0.2% level also had no influence on hardness of reduced
fat formulations (Foegeding & Ramsey, 1986). It has
been reported that addition of carrageenan increased gel
strength of salt soluble meat protein (SSMP) gels in
model systems (De Freitas et al., 1997), hardness of low-
fat meat batters (Foegeding and Ramsey, 1987) and
hardness and chewiness of low-fat emulsified meatballs
(Hsu & Chung, 2001). These differences in the effect of
one and the same hydrocolloid may be the result of both
intrinsic characteristics and processing conditions.
The specific mechanism of CGN effects on meat pro-

duct texture and interactions in a meat–carrageenan
multicomponent gelling system is not fully understood.
However, as noted with respect to water binding prop-
erties, the effect of CGN addition on texture of com-
minuted meat products is probably not due to
molecular interaction between proteins and the hydro-
colloid but rather may be related to physical rearrange-

Fig. 3. Effect of carrageenan (CGN), sodium caseinate (SC) and transglutaminase (MTG) levels on hardness (HD) of the gels. (a) CGN and SC at

0.3% MTG level; (b) MTG and SC at 0.4% CGN.

Fig. 4. Effect of carrageenan (CGN) and sodium caseinate (SC) levels

on cohesiveness (COH) of the gels at 0.3% MTG level.

Fig. 5. . Effect of carrageenan (CGN), sodium caseinate (SC) and transglutaminase (MTG) levels on springiness (SPR) of the gels. (a) CGN and SC

at 0.3% MTG level; (b) MTG and CGN at 1% SC.
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ment of CGN and meat protein molecules (Bernal et al.,
1987; DeFreitas et al., 1997).
Significant linear effects were observed for MTG

concentration on hardness (P<0.05) and springiness
(P<0.001) of the gels (Table 4). The gels processed with
increasing MTG levels exhibited higher values of these
parameters in relation to ones manufactured without or
with lower levels of MTG added (Figs. 3b and 5b). The
influence of MTG content on hardness was additionally
affected by interaction with SC (MTG�SC, P<0.05).
The higher the SC concentration, the more marked was
the increase in hardness when MTG content was
increased (Fig. 3b). Kuraishi et al. (1997) evaluated a
microbial transglutaminase (MTGase) for its ability to
introduce covalent crosslinks between meat protein
molecules and some food proteins. They found that
sodium caseinate appeared to be a superior substrate for
the crosslinking to meat proteins than soy protein, whey
protein, or gelatin. Nonaka et al. (1992) reported that
the increased breaking strength and hardness of sodium
caseinate gels treated with a microbial transglutaminase
was the result of enzymatic polymerization. Kurth and
Rogers (1984) also reported that casein showed a high
degree of crosslinking to myosin by factor XIII and
suggested that efficiency of casein as a substrate was due
to similarities to the structure of fibrinogen.
MTG also exhibited an influence on springiness of

gels through positive interaction with CGN concentra-
tion (P<0.01; Fig. 5b). Although effects of transgluta-
minase on the texture are well documented for raw (not
cooked), restructured meats (Kuraishi et al., 1997, 1998;
Nielsen et al., 1995), little information is available on
the effects that varying amounts of TG have on textural
characteristics of cooked meat emulsions. Hammer
(1998) investigated the effects of a microbial transgluta-
minase on properties of raw sausage batters and finely
comminuted cooked sausages. Rheometric studies
showed that raw sausage batters made with MTG had a
greater elasticity and viscosity than those without the
enzyme. It has been suggested that linking of meat pro-
teins by MTG occurs already during comminution of
the raw batters what then results in a finer protein net-
work structure after cooking. Hammer (1998) also
reported that finely comminuted sausages containing
0.2% MTG were harder and firmer in comparison to
sausages produced without MTG addition.
Generally, results of our study are in agreement with

findings reported by Hammer (1998) and other authors,
suggesting that MTG addition improves meat gels’ tex-
ture probably due to the formation of E-(g-glutamyl)ly-
syl bonds between myofibriular proteins. Tseng et al.
(2000) found that the gel strength of low-salt chicken
meat balls increased with increasing transglutaminase
levels from 0 to 1%, with levels above 0.2% being sig-
nificantly higher than the controls. Pietrasik and Li-
Chan (2002a) also reported that beef gel samples con-

taining 0.5% MTG exhibited greater hardness, cohe-
siveness, springiness, fracturability and chewiness than
those produced without MTG addition.
Varying levels of SC contributed to the regression

model for cohesiveness through negative linear and
quadratic terms, and its interaction with CGN, and
exhibited an influence on hardness and springiness of
gels through positive linear terms (Table 4).
Increase in SC concentration led to formation of less

cohesive but harder and more springy gels, however the
effect was dependent on the content CGN in homo-
genates. In fact, increased addition of SC resulted in
decrease in cohesiveness only in treatments without
CGN (Fig. 4), while the effects on hardness was sig-
nificant in gels containing the highest level of MTG
(Fig. 3b).
Many researchers have analyzed the effects of non-

meat proteins on textural properties both of gels made
from individual salt-soluble proteins and of complex
muscle foods such as frankfurters and bologna. Many
studies indicate sodium caseinate indirectly contributes
to water retention and texture of an emulsion, therefore
can be used as protein additives in comminuted meat
products without adversely affecting their physical
characteristics.
Su et al. (2000) studied the functional properties and

microstructure of frankfurters containing 1.5 or 2.5%
salt and 15% preemulsified fat (PEF) stabilized with 2%
sodium caseinate. Microstructure examination revealed
that many fat globules were entrapped physically within
the hydrated sodium caseinate in the meat batters,
which stabilized the meat emulsions during cooking and
contributed to a firmer texture of frankfurters produced
with sodium caseinate addition. Hung and Zayas (1992)
also reported that shear force and firmness of frankfur-
ters increased as SC was added. Atughonu et al. (1998)
studied the quality characteristics, and microstructure
of frankfurters prepared with 2% sodium caseinate and
showed that substitution with SC decreased shear force
and compression force of meat compared with all-meat
frankfurters. They found that SC was able to bind to
the meat protein and fat, forming a protein–fat matrix
with less coalescence of fat droplets. On the other per-
spective sodium caseinate cannot form self-supporting
gels but rather acts as a paste in meat systems (Her-
mansson, 1976). Transglutaminase treatment therefore
provides new opportunities for extending the range of
its functional properties in comminuted meat products.

4. Conclusions

The results of this research indicate that increased
addition of CGN resulted in meat gels, which were
harder, chewy, and had better binding properties.
However, carrageenan was unable to improve springi-
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ness or cohesiveness of pork gels and led to formation
harder but more brittle gels. Increased cook yield and
harder texture of gels upon addition of CGN were
probably due to physical entrapment of protein and
water by CGN. Although addition of SC had bene-
ficial effects on reducing cook loss and increasing
hardness and chewiness, the non muscle protein gen-
erally was found to be inferior to CGN for func-
tionality in comminuted meat systems. This can be
due to the fact that SC lacks the gelation ability on
heating, thus unlike CGN cannot form a three-dimen-
sional matrix, which can imbibe water and fat. MTG
had no effect on water binding properties although it
increased hardness of the gels at higher SC levels.
Therefore the use of MTG proved to enhance the effect
of SC on some textural properties of gelled meat system.
No significant influence of MTG on gel colour para-
meters was observed.
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