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The effects of mechanically deboned poultry meat (MDPM) and levels of collagen fibers on comminuted,
cooked sausage quality characteristics were investigated using the central composite rotatable design of
response surface methodology (RSM). Use of collagen fiber as an additive affected the sausage characteristics,
but the effect depended on the amount of the MDPM used. While MDPM additions resulted in higher cooking
loss and darker and redder frankfurters, the addition of collagen fibers improved cooking yields and
contributed to the lightness of the final product. Higher collagen fiber content was also accompanied by a
significant increase in frankfurter hardness regardless of the MDPM content. Use of collagen fibers countered
the negative effects of MDPM on sausage quality attributes, especially on cooking yields and final product
color.
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1. Introduction

The production and preparation of various products, such as
special cuts and sausage, have provided considerable quantities of
meat parts which are suitable for being mechanically deboned. The
mechanical process is an efficient method of harvesting meat from
parts left after hand deboning and from poor quality poultry.

Mechanically deboned poultry meat (MDPM) is frequently used in
comminuted meat products due to its fine consistency and relatively
low cost (Daros, Masson, & Amico, 2005; Mielnik, Aaby, Rolfsen,
Ellenkjaer, & Nilsson, 2002). In Brazil, MDPM is often used in
emulsified, comminuted meat products (bologna and frankfurters),
which can be added to sausages up to 60% according to the current
Brazilian law (MAPA, 2000).

Even thoughMDPMhas good nutritional and functional properties
and is suitable for use in many meat products, manufacturers still
have to address the negative effects of MDPM on the texture (soft or
mushy texture) of the final cooked product (Daros et al., 2005; Freitas,
Silva, Mano, & Chaves, 2004; Froning, 1981; Meullenet, Chang,
Carpenter, & Ressurreccion, 1994). The mechanical process of
removing meat from the bone causes cell breakage, protein
denaturation (with poorer mechanical properties) and an increase
in lipids and free heme groups, which implies several disadvantages,
such as color, flavor, palatability (attenuation of characteristic taste)
and microbial load, making MDPM a highly perishable raw material
(Bodner & Sieg, 2009; Froning, 1981). Sensory properties, such as
color and texture, are important for consumer acceptance, choice of
food products and, consequently, the manufacturer. Therefore, many
studies are being conducted to optimize and improve these
characteristics in various foods.

Several functional ingredients capable of improving water-binding
properties andmodifying texture are of interest tomeat processors. At
low levels, functional collagen proteins stabilize shrinkage and
promote increased cooking yields due to their gelling and water-
binding properties (Prabhu & Doerscher, 2000; Prabhu, Doerscher, &
Hull, 2004; Schilling, Mink, Gochenour, Marriott, & Alvarado, 2003;
Tarté, 2009). Thus, collagen preparations can be used to improve
attributes of processed meats.

The collagen fibers and collagen powder are produced from scrap
pieces of dermis and subcutaneous tissue that are by-products of
leather tannery, which were previously subjected to chemical
treatment for delipidation, dried at a mild temperature and ground.
During the last step, two fractions are generated according to the
particle size as follows: the finer fraction is classified as collagen
powder, and the coarser fraction corresponds to collagen fibers
(NovaProm, 2006).

Due to low production cost and functional properties of collagen
fiber, the incorporation of collagen fiber as an additive offers an
alternative to recover product texture in products formulated with
high MDPM concentrations resulting in an improved bite or snap.
Moreover, with the low cost of collagen fiber, it also fits into the
economical context. Thus, the objective of this study was to evaluate
the effect of varying MDPM and collagen fiber concentrations on
the quality of emulsion-type sausages and to examine their role in
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enhancing production yield, color and textural properties using
response surface methodology.

2. Materials and methods

2.1. Experimental design

Response surface methodology (RSM) was used to study the
simultaneous technological effects of different amounts of MDPM and
collagen fiber additions on frankfurter-type sausages. The experi-
ments were based on a central composite rotatable design with a total
of 11 combinations including three replicates of the center point
carried out in random order (Table 1). Two replicates were performed
for this study.

2.2. Sausage preparation

Frankfurter-type sausage was made with the following ingredi-
ents: pork trimmings (proximate composition of 17.62% protein,
18.05% fat and 63.19% moisture) supplied by Tamoyo Ltd. (Poços de
Caldas, MG, Brazil); MDPM (proximate composition of 14.15% protein,
11.37% fat and 73.60% moisture) supplied by Agropecuária Hitech Ltd.
(Monte Alegre do Sul, SP, Brazil); and collagen fiber (proximate
composition of 86% protein, 0.8 fat and 9.3% moisture) extracted from
bovine hide, which was supplied by NovaProm Food Ingredients Ltd.
(Lins, SP, Brazil). An emulsion-type pork product was prepared
according to commercial formulation commonly used by Brazilian
industries with the following ingredients: pork trimmings (87.0%),
NaCl (1.46%), textured soy protein (4.1%), ice/water (3.4%), cassava
starch (2.0%), sodium nitrite (NaNO2; 156 ppm), sodium lactate
(0.062%; Kerry Ltd., Três Corações, MG, Brazil), carmine colorant
(0.002%) and a spice mix (1.1%; Mix Salsicha from Dicarne Ltd.,
Rio Claro, SP, Brazil). The MDPM and collagen fiber inclusion in the
sausage formulation were accomplished by replacing some of the
pork trimmings with an equal weight according to the experimental
design as shown in Table 1. A 100% MDPM substituted sausage means
that all pork trimmings from the original formulation were replaced
by MDPM.

Standard methodology and techniques were used to produce the
emulsion-type sausages in a refrigerated processing room (b15 °C)
under controlled conditions. The pork trimmings and MDPM were
previously frozen and minced in a meat grinder maintained at freezer
temperatures. A bowl cutter was used with the pork trimmings,
MDPM, ice, additives and seasonings andmixed until the temperature
of the mixture reached 10 °C. The emulsified materials were stuffed
into an artificial cellulose casing (diameter of 2.6 cm) and were then
cooked until an internal temperature of 72 °C was reached (approx-
imately 1 h) using a smokehouse. The cooked sausages were cooled
by waterspray, and they were then cooled, peeled and dyed by
immersion in a 50% solution of a natural dye (urucum) for approx-
Table 1
Levels of variables in frankfurter-type sausages formulated according to experimental
design.

Run order Collagen fiber (%) MDPM (%) Pork trimmings (%)

1 0.25 25 75
2 0.75 25 75
3 0.25 75 25
4 0.75 75 25
5 0.00 50 50
6 1.00 50 50
7 0.50 0 100
8 0.50 100 0
9 0.50 50 50
10 0.50 50 50
11 0.50 50 50

MDPM is the abbreviation for mechanically deboned poultry meat.
imately 1 min followed by dipping in a tank containing 7% phosphoric
acid for 5 to 6 s. The finished frankfurter sausages were left to dry in
a storage cooler (3 °C to 5 °C). The dried sausages were wrapped in
a polythene sheet that was then heat-sealed and subjected to the
Cryovac process. The wrapped sausages were boxed and kept in
refrigerated storage (0 °C to 5 °C) until analysis.

2.3. Physical and chemical analyses

Cooking loss was estimated as the weight loss (%) that occurred
during cooking of the sausages.

The experimental sausages were submitted to physical and
chemical analysis of total moisture (AOAC method 950.46B), fat
(AOAC method 960.39) and protein (AOAC method 981.10) contents
(in triplicate) using the Association of Official Analytical Chemists
(AOAC, 2002) procedures. pH values also were measured (Quimis Q-
400 pH-meter) with a penetration electrode, and water activity (Aw)
was determined by an AquaLab Water Activity Meter (Decagon
Devices Inc., WA, USA).

2.4. Objective color evaluation

The internal color of sausages was measured by the CIELAB system
using a Minolta CR-300 (Konica Minolta, Japan) with illuminant D65.
The instrument was standardized using standard white plates. An
average value was determined by taking observations from five
different cut surfaces of the same sausage. CIE lightness (L*), redness
(a*) and yellowness (b*) were recorded. Chroma (C*) was calculated
with the following equation: C*=(a*2+b*2)1/2. Hue angle (h*) was
calculated as tan−1(b*/a*) (Hunt et al., 1991).

2.5. Texture profile analysis (TPA)

Samples were tested by TPA according to the method described by
Bourne (1978) using a universal TA.XT2i Texture Analyzer (Stable
Micro Systems Ltd., Surrey, England). The center cores of six sausage
samples, for each treatment, were cut (diameter of 12 mm and height
of 10 mm) and compressed twice to 50% of their original height, at
room temperature, with compression flat cylindrical aluminum probe
(36 mm diameter). A cross-head speed of 180 mm/min was applied.
There was no time to rest between the two cycles of compression
(Ramos, Ramos, Violin, Bispo, & Fontes, 2007).

Force time curves were recorded. The attributes were calculated as
follows: hardness (N), peak force required for first compression;
fracturability (N), the force required to produce the first fracture;
springiness (mm), distance sample recovers after first compression;
adhesiveness (N mm), the negative force area for the first bite
representing the work necessary to pull the compressing plunger
away from the sample; cohesiveness (dimensionless), ratio of positive
force area during the second compression to that in the first com-
pression; and chewiness (N mm), the product of hardness, cohesive-
ness and springiness.

2.6. Statistical analysis

For each experimental factor, the variance was partitioned into
components (linear, quadratic and interaction) to assess the adequacy
of the following second-order polynomial function and the relative
importance of these components:

Y = β0 + ∑
2

i=1
βiXi + ∑

2

i=1
βiiX

2
i + ∑

2

i=1
∑
2

j=1
βijXiXj

where Y is the estimated response; β0, βi, βii and βij are constant
regression coefficients of the model; and Xi, Xj and Xij represent the
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linear, quadratic and interaction effects of independent variables,
respectively.

The significance of the equation parameters for each response
variable was assessed by the F-test. The equations models were tested
for adequacy and the quality of the fit was evaluated. Several response
surfaces were drawn, using Statistica 5.0 (StatSoft, Poland), to point
out the effects of the MDPM level and collagen fiber addition on the
experimental dependent parameters.

3. Results and discussion

3.1. Physical and chemical analyses

Table 2 shows the proximate composition of the experimental
sausages. Protein levels ranged from 13.31% to 15.63%, and moisture
contents varied from 60.48% to 63.47%. Moreover, fat content ranged
from 12.39% to 18.57%. Evenwith the increasing use of MDPM, none of
the formulations had values outside the Brazilian regulation for
sausages (MAPA, 2000), which defines the maximum amount of
moisture to be 65%, minimum amount of protein to be 12% and
maximum amount of fat to be 30% for this product. Overall, there was
an increase in moisture content and a decrease in protein and fat
levels with increasing addition of MDPM, and these results were
similar to those observed by Yuste, Mor-Mur, Capellas, Guamis, and
Pla (1999) and Daros et al. (2005). The addition of collagen fibers only
slightly affected the composition of the final product, which was in
agreement with Meullenet et al. (1994) who reported a small dilution
effect in chemical analysis with the addition of collagen fibers in the
formulation of chicken frankfurters.

The pH values of the frankfurter-type sausages ranged from 6.37 to
6.46 (average pH of 6.42±0.02), and the pH values increased
(Pb0.05) as larger MDPM quantities were used. The increase in pH
values of the sausages was due to the high pH values of MDPM (6.40)
when compared to the pork trimmings (5.80). Neither the collagen
fiber level nor the MDPM concentration had any influence (PN0.05)
on the Aw of the finished product, which ranged from 0.974 to 0.978
(average Aw of 0.975±0.005).

Our analysis of variance indicated that the regression model
derived for cooking loss was significant. Both collagen fiber and
MDPM addition linearly affected (Pb0.05) cooking loss (Table 3).
Although MDPM contains approximately 14% protein, the ability of
MDPM to immobilize addedwater and to emulsify fat cannot be based
on the protein content in comparison with lean muscle meat because
a fair proportion of myofibrillar protein is damaged during the
manufacture of MDPM and is not functional any longer (Bodner &
Sieg, 2009; Froning, 1981). Thus, a larger amount of MDPM resulted in
a larger amount of liquid separated and evaporated during the
cooking process. However, an inverse relationship between cooking
Table 2
Approximate composition of experimental sausages.

Treatments Protein
(%)

Moisture
(%)

Fat
(%)

Run
order

Collagen fiber
(%)

MDPM
(%)

1 0.25 25 13.90 61.03 16.10
2 0.75 25 14.54 60.61 16.56
3 0.25 75 14.15 61.24 14.98
4 0.75 75 15.27 60.48 15.63
5 0.00 50 13.88 61.91 14.43
6 1.00 50 14.13 62.97 15.14
7 0.50 0 15.63 61.09 17.57
8 0.50 100 14.30 63.47 12.39
9 0.50 50 15.53 61.78 14.31
10 0.50 50 15.07 62.30 14.34
11 0.50 50 13.31 63.28 14.09
Mean±SD 14.52±0.76 61.83±1.06 15.05±1.40

SD is the abbreviation for the standard deviation.
loss and collagen fiber addition was found. This contributes to the
reduction of water losses and, consequently, weight losses during
sausages cooking (Fig. 1). The addition of collagen tomeat products as
a binder has been shown to be advantageous. At low levels, functional
collagen proteins promote an increase in cook yields due to their
gelling and water-binding properties (Prabhu et al., 2004; Schilling
et al., 2003; Tarté, 2009). According to NovaProm (2006), collagen
fiber retains water chemically through a protein matrix. Due to the
physical form of the protein matrix, it swells on contact with water
and blocks the exit of moisture and fat from the system contributing
to the reduction in cooking loss. The results of this study were in
agreement with Schilling et al. (2003) and Prabhu et al. (2004) who
reported decreases in cooking loss of hams, coarse ground commi-
nuted sausage products and finely ground comminuted sausage
products with increasing collagen levels providing cost savings in
product formulation. The smallest cooking loss (1.6%) was observed
for sausages manufactured without MDPM and a 1% collagen fiber
addition. Together, these results suggested that collagen fiber has the
potential to improve cooking yields in frankfurter-type sausages
formulated with high MDPM contents.

3.2. Objective color evaluation

Analysis of variance indicated that the regressionmodels developed
for the lightness (L*), redness (a*) and chroma (C*) were adequate
(Table 3). The regression models were not significant (PN0.05) for
yellowness (b*) (R2=0.2633) and hue angle (h*) (R2=0.5293).

As MDPM was added in the formulation of sausage, there was a
reduction in the L* values (Fig. 2). These findings were consistent with
reports from others (Carballo, Mota, Baretto, & Colmenero, 1995;
Freitas et al., 2004; Hughes, Cofrades, & Troy, 1997; Pietrasik, 1999)
who stated that when the fat content is reduced in cured meat
products, such as frankfurters and bologna, the products become
darker (higher redness values and lower lightness values). As
previously described, the fat content of the final product was reduced
as the MDPM was added to the formulation of sausage, which
contributed to the reduction of the L* values. According to Pietrasik
(1999), the darker appearance of the meat is due to a reduction in the
overall light scattering associated with the scattering properties of fat.
Moreover, MDPMhas a high pH value (around 6.2–6.5) and, therefore,
has a strong negative impact on the lightness of product color. A
quadratic effect was observed for variable collagen fiber contents. An
increased lightness of the products was found with higher amounts of
collagen fiber additions. The increased L* values may have been due to
an increase in light scattering caused by the swelling of collagen fibers
in contact with water. In addition, an interaction (Pb0.10) was found
between collagen fiber and MDPM concentrations. The increases in L*
values with collagen fibers additions was smaller in higher MDPM
contents. This effect can be due to fat–protein interactions and the
emulsion stability during meat emulsion manufacturing. Álvarez et al.
(2007) observed that low emulsion stability and increased cooking
loss was accompanied with reduced L* values during emulsification
process. So with MDPM additions, the batter emulsion stability was
weaker (high cooking loss) and the L* values was lower, evenwith the
collagen fiber addition.

The color of frankfurter-type products is influenced by fat content,
added water and pigmentation of the meat with which they are made
(Pietrasik, 1999). Thus, the redness (a*) values increased with the
addition of MDPM to the sausage formulation up to 50%, which was
justified by the high content of heme pigments in theMDPM (Froning,
1981), resulting in a darker red color (Fig. 3). This redness effect
manifested itself in the quadratic term (Pb0.05). Freitas et al. (2004)
observed a quadratic effect on the redness of Bologna sausages with
higher additions of MDPM. Another factor that may have contributed
to the increase of the redness (a*) values was the reduction in fat
content with the addition of increasing amounts of MDPM. Pietrasik



Table 3
Regression coefficients (RC) and analysis of variance of the regression models for cooking loss and color characteristics of the experimental sausages.

Cooking loss (%) Lightness (L*) Redness (a*) Chroma (C*)

RC S.E. RC S.E. RC S.E. RC S.E.

Constant 2.1421⁎⁎⁎ 0.0629 52.3363⁎⁎⁎ 0.3190 17.1486⁎⁎⁎ 0.1326 19.8824⁎⁎⁎ 0.1886
F −0.1000⁎⁎ 0.0354 0.0317 0.1802 0.0350 0.0749 0.0031 0.1065
M 0.1000⁎⁎ 0.0354 −0.6219⁎⁎ 0.1860 0.1429 0.0773 0.1276 0.1099
F×F −0.0026 0.0279 0.6568⁎⁎⁎ 0.1384 −0.1270⁎ 0.0575 0.0222 0.0818
M×M −0.0026 0.0279 0.2166 0.1384 −0.1704⁎⁎ 0.0575 0.0050 0.0818
F×M −0.1000 0.0613 0.7191⁎ 0.3320 −0.3446⁎ 0.1380 −0.5781⁎⁎ 0.1962
R2 0.8563 0.9393 0.8455 0.8589
P values

Regression 0.0111 0.063 0.0311 0.0069
Lack of fit 0.6617 0.1281 0.4513 0.9997

The abbreviations are as follows: F, level of collagen fiber (%); M, level of mechanically deboned poultry meat (%); SE, standard error.
⁎⁎⁎ Represents Pb0.01.
⁎⁎ Represents Pb0.05.
⁎ Represents Pb0.10.
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(1999) observed that redness (a*) values are inversely proportional to
the fat content of sausages. Thus, it is expected that the reduced fat
sausages would have a redder color due to the concentration of lean
meat. However, the reduction in fat content (with MDPM additions)
does not produce a significant effect in the regression model for
yellowness (b*) as observed by Pietrasik (1999).

Although the variable that most influenced redness was MDPM,
the collagen fiber content had some influence on this parameter,
which was manifested in the quadratic term (Pb0.10). However,
Schilling et al. (2003) did not report any differences in the color of
cooked ham with the addition of 3% pork collagen compared to
treatments without collagen when red, firm and nonexudative (RFN)
pork meat was used. Moreover, Prabhu et al. (2004) did not report
differences in the color of cooked ham formulated with increased
amounts (up to 3.5%) of pork collagen. The largest redness value
(17.4) was predicted, according to the model adjusted, for sausages
processed with approximately 55% of MDPM and 0.4% collagen fiber.

No significant effect on yellowness (b*) was observed with
addition of collagen fiber. Similar results were found by Prabhu
et al. (2004) who reported that the addition of pork collagen signif-
icantly affected the b* values in the frankfurter treatments only with
additions of 2% pork collagen and higher.

As observed for lightness and redness, an interactive effect was
found between collagen fiber and MDPM concentrations for chroma
(C*) values. Thus, the effect of an additive on this parameter varied
Fig. 1. The effects of collagen fiber and MDPM levels on cooking loss of frankfurter-type
sausages.
with the percentage of MDPM in the sausages (Fig. 4). For sausages
with less than 50% of MDPM content, the addition of collagen fibers
increased the color saturation. The opposite was observed for sausage
with more than 50% of MDPM.

3.3. Texture profile analysis (TPA)

Analysis of variance indicated that only those regression models
developed for hardness, cohesiveness and adhesiveness were ade-
quate (Table 4). The regression models were not significant (PN0.05)
for fracturability (R2=0.3167), springiness (R2=0.3741), gummi-
ness (R2=0.3728) or chewiness (R2=0.3425).

Only hardness was influenced by the amount of collagen fiber
added to the meat formulation, and the effect on hardness manifested
itself in the linear term (Pb0.10). By retaining water chemically
through the protein matrix and swelling on contact with water,
collagen fiber gives texture and cohesion to the batter contributing to
the firmness of the final product. Although Prabhu et al. (2004) did
not find significant (PN0.05) differences in the texture of frankfurters
treated with pork collagen, they reported an increase in peak load
values required to compress the samples as the level of pork collagen
increased. Working with trained judges in a sensory panel, Meullenet
et al. (1994) reported that an increase in collagen fibers increases
toughness and decreases juiciness of chicken frankfurters, and they
also found good fits (no significant lack of fit) with amounts of water
Fig. 2. The effects of collagen fiber and MDPM levels on lightness (L*) of frankfurter-
type sausages, measured by the CIELAB system with illuminant D65.

image of Fig.�2


Fig. 3. The effects of collagen fiber and MDPM levels on redness (a*) of frankfurter-type
sausages, measured by the CIELAB system with illuminant D65.

Table 4
Regression coefficients (RC) and analysis of variance of the regression models for
textural parameters of the experimental sausages.

Hardness (N) Cohesiveness Adhesiveness
(N mm)

RC S.E. RC S.E. RC S.E.

Constant 21.4321⁎⁎⁎ 1.1605 0.5746⁎⁎⁎ 0.0122 0.0340⁎⁎⁎ 0.0050
F 1.4176⁎ 0.6531 −0.0046 0.0069 0.0031 0.0028
M −0.2977 0.6531 0.0007 0.0069 0.0027 0.0028
F×F −0.2832 0.5149 0.0051 0.0054 0.0012 0.0022
M×M 0.0960 0.5149 −0.0115⁎ 0.0054 0.0073⁎⁎ 0.0022
F×M 0.6832 1.1312 0.0124 0.0119 −0.0088 0.0049
R2 0.8382 0.6623 0.7698
P values

Regression 0.0255 0.0444 0.0148
Lack of fit 0.3577 0.2786 0.2180

The abbreviations are as follows: F, level of collagen fiber (%); M, level of mechanically
deboned poultry meat (%); SE, standard error.

⁎⁎⁎ Represents Pb0.01.
⁎⁎ Represents Pb0.05.
⁎ Represents Pb0.10.
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and collagen added to frankfurter batters for sensory hardness
(R2=0.82), even though the addition of pork collagen was mani-
fested in the quadratic term. Meullenet et al. (1994) also observed
that the addition of collagen fibers significantly (Pb0.05) increases
shear stress, which is highly correlated with hardness (R2=0.76).

The increased hardness with addition of collagen fiber is desirable
because it is an important textural attribute in the determination of
acceptable sausages (Freitas et al., 2004). In sausages formulated with
MDPM, its addition becomes evenmore important becauseMDPMhas
a fine and mushy consistency due to its manufacturing process
(Froning, 1981). Therefore, MDPM does not support a firm texture in
the final product. When comparing normalized tensile and compres-
sive strengths in sausages, Daros et al. (2005) reported that MDPM
substitution of more than 60% in sausage formulations severely
degrades the measured mechanical properties. Although these
findings corroborate the Brazilian legislation (MAPA, 2000), which
limits the MDPM addition at 60% in the formulation of sausage, these
effects of MDPM on hardness were not found in the present study. The
MDPM concentration did not significantly influence the linear,
quadratic or interactions terms (Table 4), which may have been due
Fig. 4. The effects of collagen fiber and MDPM levels on chroma (C*) of frankfurter-type
sausages, measured by the CIELAB system with illuminant D65.
to the differences in the methods used to determine texture
parameter. However, there was a slight reduction in hardness values
as the level of MDPM increased (Fig. 5).

In addition to the hardness, the cohesiveness and adhesiveness of
sausages were affected by the MDPM additions, which were
manifested in the quadratic term (Table 4). Until 50% of MDPM
addition, the cohesiveness behavior was consistent with the studies
by Pietrasik (1999) and Pietrasik and Duda (2000) who demonstrated
that the cohesiveness parameter decreases as fat content is increased.
Above 50% of MDPM addition the cohesiveness increased. However,
Cofrades, Carballo, and Jiménez-Colmenero (1997) reported that
cohesiveness tended to decrease as fat content was increased in
frankfurters. Colmenero, Barreto, Mota, and Carballo (1995) observed
a lack of significance in the regression model for cohesiveness of meat
emulsions and suggested that there is no relationship whatsoever
between fat content and either textural parameter.

The textural properties of meat systems vary depending on other
components besides fat, such as protein and water. The inclusion of
MDPM in the batter led to a decrease in protein content and an
increase of moisture (Table 1). A decrease in protein content and an
increase in moisture content with MDPM additions may explain the
reduction in cohesiveness values with MDPM addition levels higher
Fig. 5. The effects of collagen fiber and MDPM levels on hardness of frankfurter-type
sausages, tested by TPA method using cores samples compressed twice to 50% of their
original height.
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Fig. 6. The effects of collagen fiber andMDPM levels on cohesiveness of frankfurter-type
sausages, tested by TPA method using cores samples compressed twice to 50% of their
original height.
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than 50% (Fig. 6). The decrease in protein content and increase in
moisture with MDPM additions reduces the cohesiveness because
these changes affect the emulsification ability of the formulation
(Crehan, Hughes, Troy, & Buckley, 2000). The decrease in protein
content ultimately affects mechanical properties (Li, Carpenter, &
Chene, 1998) and hardness. Springiness and cohesiveness decrease
with increasing water content (Li et al., 1998; Meullenet et al., 1994).
The protein content of theMDPM is lower than the protein content for
the meat. Thus, there is a decrease in the content of myofibrillar
proteins, particularly myosin, which are responsible for the cohesive-
ness of cooked sausage (Daros et al., 2005). In the case of cooked
batter from muscle, the shear stress is affected by the quantity of
Fig. 7. The effects of collagen fiber and MDPM levels on adhesiveness of frankfurter-type s
original height.
protein extracted, and shear strain is affected by the quality of the
protein extracted during comminution (Farouk, Wieliczko, Lim,
Turnwald, & Macdonal, 2002; Hamann & Lanier, 1986). While shear
stress is a measure of gel strength and is highly correlated with
hardness, shear strain measures cohesiveness (Hamann & Lanier,
1986). Daros et al. (2005) observed a reduction in compressive
strength (strain rate) in a MDPM substitution of more than 60% in
sausage formulations. A significant reduction in cohesiveness values
with higher additions of MDPM was also observed by Freitas et al.
(2004).

In this study, no significant effect on cohesiveness was reported
due to variations in collagen fiber content (Table 4). These findings
were similar to a study byMeullenet et al. (1994) who found that only
collagen fibers in high proportions (greater than 4%) decrease
cohesiveness. These authors also found multiple regression models
with relatively low R2 values for cohesiveness (0.11).

While cohesiveness helps determine the degree to which particles
hold together after chewing, adhesiveness refers to the work required
to overcome the attractive forces between the surface of food and
other materials on which food comes into contact. The adhesiveness
parameter cannot be high in sausages because sausage should be
characterized with a smooth, firm surface without adherence to
touch. The adhesiveness of the experimental sausages tended to
increase (quadratic effect) as the MDPM content was increased in the
batter formulation (Table 4). The increase in adhesiveness may be
explained by the previously described negative effect of MDPM
addition on the emulsification ability of the formulation contributing
to a greater loss of liquid during compression in the TPA test. Since
these exudates contain proteins and hydrocolloids, they have a sticky
consistency, and the adhesion of the food surface with the probe may
be greater when larger amounts of exudates are released.

Although no significant effect (P=0.1296) on adhesiveness was
observed due to variations in collagen fiber content (Table 4) in this
study, there was a slight interaction between collagen fibers and
MDPM content with a reduction in adhesiveness values when higher
levels of collagen fibers were added (Fig. 7).
ausages, tested by TPA method using cores samples compressed twice to 50% of their
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Even with the changes in hardness and cohesiveness observed in
this study, the regression model development for chewiness was not
significant (PN0.05), which may have been due to the differences in
the methods used to determine texture parameter. Ramos et al.
(2007) observed that the behavior of the rheological parameters of
cured products in the TPA test is dependent on the amount and
velocity (strain rate) of compression applied to the sample. According
to these authors, while some parameters, such as hardness and
fracturability, are more dependent on higher levels of deformation,
other parameters, such as cohesiveness and springiness, are best
observed at lower values of compression.

4. Conclusions

Both MDPM and collagen fiber content had a significant impact on
several quality characteristics of frankfurter-type sausages. The
addition of MDPM increased moisture and decreased fat and protein
contents, while collagen fibers only slightly affected the composition
of the final product.

The color of products was influenced by MDPM content and
collagen fiber addition, with higher a* values predicted to 55% of
MDPM and 0.4% of collagen fibers. Above these concentrations the
redness decreased, but the lightness increased. Increase in MDPM
contents also resulted in a larger cooking loss and negatively effects
on textural properties, increasing adhesiveness and reducing cohe-
siveness in higher additions. Still, the addition of collagen fibers
improved cooking yields and hardness in sausages formulated.

Results of present research indicate that collagen fiber additions
between 0.4% and 1.0% were able to minimize the negative effects of
higher amounts of MDPM, particularly color and cooking loss.
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