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ABSTRACT The objective of this study was to eval-
uate the use of collagen gel extracted from chicken feet on
chicken sausages during 42 d of refrigerated storage.
Three chicken sausages were processed: standard (SS);
replacing 50% fat with commercial collagen powder (SC);
replacing 50% fat with chicken foot collagen gel (SG).
Sausages were stored at 4�C and analyzed every 14 d, for
proximate composition, fatty acid profile, thiobarbituric
acid reactive substances (TBARS) number, antioxidant
activity, electrophoresis, instrumental color, water
ublished by Elsevier Inc. on behalf of Poultry Science
nc. This is an open access article under the CC BY-NC-
ttp://creativecommons.org/licenses/by-nc-nd/4.0/).
March 1, 2020.
October 27, 2020.
nding author: iris@cchsa.ufpb.br

1262
holding capacity (WHC), texture profile analysis, and
quantitative descriptive analysis. Sausages SC and SG
had similar behavior to the standard in the sensorial pa-
rameters of appearance and color over 28 d of refrigerated
storage. SG had the highest WHC (81.05%), the lowest
TBARS value (0.38 mg MDA/kg), and the highest
antioxidant activity in addition to having the best athe-
rogenicity and thrombogenicity index compared with SC
treatment, making collagen gel viable to replace fat and
control the effects of lipid oxidation.
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INTRODUCTION

Brazil is the world’s largest exporter of chicken meat.
In 2018, the country remained ahead of the United
States, which is the largest producer in the foreign mar-
ket. In 2019, in the first 2 mo Brazil already had a 2% in-
crease in sales, with China being the largest importer of
chicken meat (ABPA, 2019; USDA, 2019). The main
factors in the consumption of chicken meat are its nutri-
tional quality due to the advantages such as low content
of saturated fatty acids and low cost of production,
which implies directly in the selling price (Khulal
et al., 2016).

With the growing increase in chicken meat market,
the volume of by-products also increased. Many of these
by-products are underused, although they have high bio-
logical value. Among these by-products, chicken feet
stand out for their high content of collagen, which can
be extracted and used by food industry, with application
as moisture retainer, gelling agent, stabilizer, or thick-
ener (Li et al., 2007; Moraes and Cunha, 2013; Ara�ujo
et al., 2019).
Depending on how it has been extracted or hydrolyzed

collagen may also present bioactive properties such as
chelating activity of minerals, antioxidants, antimicro-
bial, antifreeze, antihypertensive (Toldr�a et al., 2012;
Zhang et al., 2013). Once inserted into food, it can
improve texture and, in accordance with the bioactive
properties that the molecule may play, can maintain
product stability during storage.
In meat products, collagen can be used to perform

technological functions usually performed by the fat
used in the formulations. Sausages, for example, are
viewed by the population in nutritional terms as high-
fat foods, and their high consumption may contribute
to the incidence of cardiovascular disease. Sousa et al.
(2017), by replacing Frankfurt sausage fat with hydro-
lyzed collagen at different levels, found the viability of
up to 50% substitution without causing damage to
sausage quality and improving aspects such as the water
holding capacity (WHC) of sausages, which made them
more succulent.
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The use of collagen from chicken feet as a fat substi-
tute, due to its bioactive and technological properties,
can have advantages in the quality of meat products
when compared with other fat substitutes. Ara�ujo
et al. (2018) extracted collagen from chicken feet under
different conditions of time and enzyme concentration
and found that the collagen presented in the best condi-
tion had good water holding and emulsifying capacity.
Ara�ujo et al. (2019) used collagen from chicken feet in
sausages and when comparing with other sources of fat
substitutes, sausages with chicken legs collagen had
lower atherogenicity and thrombogenicity index, in
addition to improving the emulsion stability and
WHC. Kiliç and €Ozer (2017), replacing beef fat by inter-
esterified palm kernel oil in quality of sausages found
that during storage, the fat substitute could not contain
the effects of oxidation, presenting high values of thio-
barbituric acid reactive substances (TBARS) at 30 d of
storage.
Brazilian law allows for a maximum fat content of

30% in sausages, which is used to improve sensory char-
acteristics and reduce costs (Brazil, 2000). The World
Health Organization (WHO, 2015) recommends fat
intake for less than 10% of total daily energy. On the
other hand, fat reduction measures in industrialized
products must be adopted so that practical consumer
products continue to be offered to consumers. The use
of alternative sources such as collagen, in addition to
increasing the protein content of food, can bring benefits
during refrigerated storage, as they may perform antiox-
idant activity, in addition to other properties (Soladoye
et al., 2015). Based on the perspective presented, the pre-
sent work aimed to verify the effect of storage time for
42 d at 4�C on the quality of chicken sausages produced
by replacing fat with collagen extracted from chicken
legs.
Table 1. Formulations of low-fat chicken sausages by collagen
powder and collagen gel extracted from chicken feet.

Ingredients

Formulations (%)1

SS SC SG

Chicken meat 65 65 65
Pork backfat 15 7.5 7.5
Chicken feet collagen - 7.5 -
Commercial collagen - - 7.5
Water (ice) 15 15 15
Additives (nitrite salt, phosphates, sodium
erythorbate, glutamate monosodium,
spices)

5 5 5

1SS: standard sausage, SC: 50% fat replacement sausage with com-
mercial powder collagen, SG: 50% Fat replacement sausage with chicken
feet collagen gel.
MATERIALS AND METHODS

Collagen Extraction From Chicken Feet

Collagen gel was extracted in feet from broilers slaugh-
tered between the ages of 42 and 47 d. They were pur-
chased in the local market of Joaeo Pessoa/PB, Brazil.
The collagen extraction was performed by acid and enzy-
matic hydrolysis process, with acetic acid and pepsin at
4�C and 12 h of hydrolysis time, in accordance with the
methodology adapted from Shimokomaki et al. (1981)
and Sim~oes et al. (2014), which was detailed by Ara�ujo
et al. (2018).
The process was started by immersing the chicken feet

in acetic acid solution 0.5 mol for 24 h in the ratio of 1:10
(w/v). The material was then homogenized in Ultra-
Turrax (IKA, model T25) for 10 min at 5,000! g. In hy-
drolysis, pepsin was used for 12 h at 4�C with continuous
agitation. To stop the hydrolysis process, the pH was
elevated to 7.5 and centrifuged for 30 min at
10,000 ! g at 4�C. The precipitate was discarded and
the supernatant was precipitated with NaCl to a concen-
tration of 3 mol/L and centrifuged at 10,000 ! g for
30 min at 4�C. The supernatant was discarded and the
precipitate obtained was dialyzed with 0.5 mol/L acetic
acid solution for 72 h with daily solution exchange. The
collagen gel obtained was kept under freezing (218�C)
until its use in chicken sausages.

Sausage Processing

Three sausage formulations were processed in
accordance with the inputs and quantities listed in
Table 1, one of them being a standard formulation
(SS), with 100% pork backfat; formulation with
50% pork backfat substitution for commercial hydro-
lyzed collagen powder of porcine origin (SC) (Ger-
mina, Parnamirim/RN, Brazil); and another with
50% fat reduction by collagen gel extracted from
chicken feet (SG). The description of sausage pro-
cessing is in the previous heading. A 50% fat
replacement with collagen was used in this study
because this was the best formulation obtained by
Sousa et al. (2017) studying different levels of fat
replacement with collagen powder. Chicken meat
(equal parts of breast and drumstick) and backfat
were thawed for 24 h at 7�C, weighed, comminuted,
and emulsified in a cutter (CR-4 L; Skymsem,
Brazil) together with the other ingredients for
5 min. Emulsions were encased into a cellulose cas-
ing with a 32-mm diameter (Viscofan, Spain) using
a manual sausage stuffer, manually bundled and
cooked in a water bath for 30 min, at an internal
temperature of 72�C. After cooking, the casings
were manually removed, and the sausages were
cooled in cold water and vacuum-packed in high-
density polyethylene bags.

Sausages were stored under refrigeration at 4 6 1�C
for a period of 42 d and analyzed at 14-day intervals
for chemical parameters (chemical composition,
collagen, fatty acid profile, TBARS number, electropho-
retic profile and activity antioxidant by 2, 2-diphenyl-1-
picryl-hydrazyl-hydrate (DPPH) and ferric reducing
antioxidant power [FRAP]), physical (instrumental co-
lor, WHC, and texture profile), and sensory (appear-
ance, texture, aroma, and taste) parameters. The
entire processing was replicated 3 times in corresponding
independent production batches.



ARA�UJO ET AL.1264
Effects of the Use of Collagen as a Fat
Substitute on the Sensory, Chemical, and
Physical Characteristics of Sausages
During Storage

Quantitative Descriptive Analysis (QDA). The Quan-
titative Descriptive Analysis (QDA) of low-fat sausages
was performed in accordance with the methodology
proposed by Meilgaard (1999). The test was conducted
with prior approval by the Ethics and Research Com-
mittee with Human Beings (CAAE:
65402717.8.0000.5188), to meet the ethical and scientific
requirements laid down in Resolution No. 466 of
the National Health Council (Brazil, 2012). The test was
conducted according Stone and Sidel (2004) with 11
trained panelists, and the final evaluation was performed
on day 0, 14, and 28 of refrigerated storage (4�C),
through 3 sessions per day, each treatment in 3 repeti-
tions. All samples as they were were within the micro-
biological standards of Brazilian legislation (Brazil,
2001). The samples were served monadic, randomly,
through the intensity of the sensory attributes measured
in an unstructured 9 cm scale. The panelists were pre-
viously selected by interviews and screening tests of se-
lection, such as identification of basic tastes, odor
recognition and triangular tests made with emulsified
chicken meat products. These panelists developed the
terminology of the descriptors used to characterize the
sausages sensorially. Test products were served as illus-
trative stimuli for the consensus language development.
The next step consisted of training to skill with un-
structured scales, the table of descriptors and the eval-
uation of sausages from this study. References were used
for generating of the sensory terminologies: Pink color,
Visual Succulence, Softness, Succulence, Chewiness,
Cooked Chicken Aroma, Rancidity Aroma, and Cooked
Chicken Flavor.

The sensory attributes were Pink color, Visual Succu-
lence, Softness, Succulence, Chewiness, Cooked Chicken
Aroma, Rancidity Aroma, and Cooked Chicken Flavor.
No sensory analyzes were performed on day 42 to ensure
the safety of the food to the panelists because despite be-
ing microbiologically analyzed, the sausages SC and SG
showed superficial slime, probably due to the collagen
that was being exuded in storage. The preparation of
sausages was performed in accordance with the method-
ology proposed by Morin et al. (2002), in which cooked
sausages were heated to 50�C and immediately served
to panelists, coded with random 3-digit numbers.
Crackers and water were served between the samples.
Chemical Analysis. Sausages were subjected to mois-
ture, protein, and ash analyzes in accordance with the
methodology proposed by AOAC (2007). Lipid content
was determined according to Folch et al. (1957).
Collagen content was also determined by hydroxypro-
line analysis (AOAC, 2007). The number of TBARS was
determined in accordance with the method proposed by
Rosmini et al. (1996). All analyzes were performed in
triplicate.
From the lipid extracts obtained in the lipid analysis at
all storage times, the fatty acids methylation was per-
formed (Hartman and Lago, 1973). The identification
and quantification of fatty acid esters was performed by
injection in gas chromatograph (VARIAN 430-GC), in
accordance with the methodology detailed by Ara�ujo
et al. (2019). The quantification of fatty acids was
expressed as percentage of area for calculations of the
sum of saturated fatty acids (SFA), monounsaturated
(MUFA), polyunsaturated (PUFA), the atherogenicity
index (AI), which represents the stimulus potential for
platelet aggregation (Tonial et al., 2011), calculated by
the expression AI 5 [C12: 0 1 4 (C14: 0) 1 C16: 0]/
(SSFA 1 SPUFA) and the thrombogenicity index (TI)
was also calculated in accordance with the expression
TI 5 (C14: 0 1 C16: 0 1 C18: 0)/
[(0.5 ! SMUFA) 1 (0.5 ! PUFA u-6) 1 (3 ! PUFA
u-3) 1 (PUFA u-3/PUFA u-6)]. Injections for each
sausage sample were performed in triplicate.
Antioxidant Activity. The capture effect of the DPPH
radical on chicken sausages was analyzed in accordance
with the adapted methodology of Chandini et al.
(2008) and Chakka et al. (2015). The antioxidant ac-
tivity by the FRAP method was determined in accor-
dance with the methodology proposed by Benzie and
Strain (1996) and Pulido et al. (2000). All antioxidant
activity analyzes were performed in triplicate.
Electrophoresis. Chicken sausages were subjected to
polyacrylamide gel electrophoresis (SDS-PAGE) in
accordance with the methodology of Laemmli (1970),
adapted by Daguer et al. (2010), with protein extraction
with urea 6 mol/L. The running conditions were 12%
separation gel, 4% sample application gel, 30 A and
125V current. The Full-Range Molecular Weight
Marker (12 - 225 kDa, GE Healthcare Life Sciences) was
used. Gels were stained in a solution containing 10% (v/
v) acetic acid, 40% (v/v) methyl alcohol, and 1% Coo-
massie Brilliant Blue R-250.
Physical Parameters. The analysis of WHC was per-
formed in accordance with the adapted methodology of
Huff-Lonergan and Lonergan (2005). Sausage color pa-
rameters were determined using a Konica Minolta CR-
400 colorimeter (Minolta Chromameter Co., Ltd.,
Osaka, Japan) operating on the CIELab system, oper-
ating with D65 illuminant and 10� observer. The pa-
rameters L*,1 a*, and1 b* were measured on the inner
surface of sliced sausages at 4 randomly selected loca-
tions for each treatment.
Sausages were subjected to texture profile analysis us-

ing a TA-XT2i Texturometer (Stable Micro Systems,
Survey, UK) coupled to a 6-mm cylindrical stainless steel
(P/6) probe in accordancewith the detailedmethodology
of Sousa et al. (2017), for the parameters of hardness,
adhesiveness, resilience, cohesiveness, and gumminess.
Statistical Analysis

Data obtained were subjected to two-way analysis of
variance (P , 0.05) to analyze treatment and time
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effects (Steel et al., 1996) using the Assistat statistical
software version 7.6 Beta (Silva, 2016). The averages ob-
tained were compared by Tukey test. The averages of
the analyzes were also submitted to the principal compo-
nent analysis (PCA), performed through the MVSP
statistical software (KCS, 2007).
RESULTS AND DISCUSSION

Effects of Storage Time on Sensory,
Physicochemical Characteristics of
Chicken Sausages Produced With Fat
Replacement by Collagen Extracted From
Chicken Feet

Quantitative Descriptive Analysis. The means and
standard deviations of the sensory parameters analyzed
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Figure 1. Sensory parameters from chicken sausages by quantitative desc
(D), Cooked chicken aroma (E), and Rancidity aroma. Different lowercase l
sages formulations (P, 0,05). Different capital letters in the same treatment
dard sausages; SC, sausages with hydrolyzed collagen; SG, sausages with co
by the QDA are showed in Figure 1. Regarding
appearance, in the pink color (Figure 1A), the SC
sausage, with the addition of commercial collagen, had
higher pink color scores on day 0 and 28 during storage.
Differences in pink color can be attributed to the dif-
ferences in colors and aspects of the fat and its sub-
stitutes used in the sausages. The standard SS sausage
kept the pink color stable in the first 14 d, with little
variation during storage. SG sausage with collagen gel
decreased the pink color during storage, with a drop in
the first 14 d, followed by stability until day 28. The
downward trend observed for the pink color was also
seen for the instrumental color parameter a*, related to
the red color intensity of the sausages, in SC and SG
sausages in 14 d of storage, in accordance with Table 2.

In the sensory texture parameters of the sausages, it
was verified that the SG treatments was softer
(Figures 1B–1D). On day 28, it was observed that the
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llagen gel from chicken feet.



Table 2. Means and standard deviations of chemical, physical, and texture profile parameters of collagen-substituted
chicken sausages in refrigerated storage.

Parameter Treatment

Storage time (days)

0 14 28 42

Protein1 SS 59.41 6 0.37b,B 64.16 6 0.32b,A 61.94 6 1.44b,A,B 50.93 6 1.38b,C

SC 70.56 6 0.22a,B 72.73 6 0.41a,A,B 74.22 6 0.52a,A 60.85 6 0.65a,C

SG 70.60 6 1.15a,A 71.59 6 0.32a,A 73.07 6 0.39a,A 48.55 6 0.53b,B

Collagen1 (g/100g) SS 2.39 6 0.05b,C 4.69 6 0.03b,A 3.66 6 0.03c,B 3.81 6 0.08c,B

SC 9.85 6 0.71a,B 10.58 6 0.01a,A 10.08 6 0.42 a,A,B 10.09 6 0.09a,A,B

SG 2.96 6 0.01b,C 4.96 6 0.17b,A 4.20 6 0.05b,B 4.49 6 0.03b,A,B

L* SS 74.82 6 0.08b,B 76.10 6 0.21a,A 73.71 6 0.23b,C 76.70 6 0.43a,A

SC 74.25 6 0.02c,A 74.14 6 0.24b,A 73.11 6 0.09c,B 73.26 6 0.18c,B

SG 76.45 6 0.12a,A 74.04 6 0.17b,B 76.28 6 0.12a,A 75.83 6 0.35b,A

a* SS 5.72 6 0.08c,B 6.18 6 0.08a,A 4.85 6 0.11 b,C 5.29 6 0.11b,B

SC 6.75 6 0.02a,A 5.62 6 0.22b,B 5.35 6 0.20a,B 6.43 6 0.07a,A

SG 6.10 6 0.07b,A 4.77 6 0.19c,C 5.20 6 0.19a,B 5.95 6 0.41a,b,A

b* SS 22.71 6 0.01b,B 24.50 6 0.17a,A 24.29 6 0.20b,A 22.86 6 0.34b,B

SC 23.68 6 0.15a,B 24.37 6 0.14a,B 25.43 6 0.09a,A 25.58 6 0.35a,A

SG 23.55 6 0.20a,B 23.05 6 0.81b,B 25.31 6 0.56a,A 22.41 6 0.62b,B

WHC SS 75.99 6 0.73a,b,A 74.79 6 1.10b,C 77.81 6 0.58a,B 79.56 6 0.95b,A

SC 75.19 6 1.73b,B 75.95 6 1.09a,B 76.46 6 1.17a,B 79.24 6 1.21b,A

SG 76.82 6 0.25a,B 76.49 6 1.14a,B 74.78 6 1.06b,C 81.05 6 0.68a,A

Hardness (g) SS 537.26 6 29.58a,A 521.81 6 24.37a,A 521.90 6 7.08a,A 330.92 6 9.07b,B

SC 425.59 6 15.11b,B 488.06 6 20.10a,A 225.01 6 1.04b,D 365.65 6 2.04a,C

SG 120.89 6 23.45c,C 192.30 6 5.43b,B 243.66 6 10.17b,A 130.72 6 21.04c,C

Adhesiveness SS 269.98 6 7.30a,B 2246.95 6 12.65a,A 269.31 6 2.44b,B 273.58 6 2.92b,B

SC 264.19 6 0.89a,C 2215.44 6 0.79b,A 288.05 6 1.89a,B 291.92 6 4.44a,B

SG 27.85 6 2.84b,B 2244.65 6 8.03a,A 23.01 6 1.78c,B 28.35 6 0.83c,B

Resilience SS 0.7119 6 0.01a,B 0.2304 6 0.01b,C 0.6243 6 0.03b,B 0.8659 6 0.14a,A

SC 0.6229 6 0.03a,A 0.2399 6 0.02b,C 0.4755 6 0.02c,B 0.6686 6 0.01b,A

SG 0.6890 6 0.01a,B 0.7781 6 0.01a,A,B 0.8084 6 0.06a,A 0.6957 6 0.01b,B

Cohesiveness SS 0.4379 6 0.01a,B 0.1522 6 0.01b,C 0.5369 6 0.01a,A 0.4447 6 0.05a,B

SC 0.4028 6 0.03a,B 0.1650 6 0.01b,D 0.3194 6 0.01c,C 0.5083 6 0.01a,A

SG 0.4388 6 0.01a,A 0.3099 6 0.01a,B 0.3875 6 0.09b,A 0.3705 6 0.01b,A,B

Gumminess SS 226.00 6 3.39a,A 74.73 6 3.45a,D 121.87 6 8.97a,C 140.74 6 9.35b,B

SC 123.20 6 6.93b,B 78.61 6 1.94a,C 76.83 6 2.52b,C 178.37 6 2.58a,A

SG 40.37 6 3.37c,B 53.17 6 9.92b,B 133.88 6 6.01a,A 44.66 6 6.35c,B

abc,ABCDDifferent lower-case letters indicate significant statistical effect of rows and different uppercase letters indicate significant
statistical effect on columns (P , 0.05).

Abbreviations: SS, standard sausage; SC, 50% fat replacement sausage with commercial powder collagen; SG, 50% fat replacement
sausage with chicken leg collagen gel.

1Calculated on a dry basis.
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treatments did not differ from each other (P , 0.05).
Regarding storage time, SS and SC remained constant
at 28 d, whereas SG decreased its softness between day
14 and 28. Sausage succulence, related to water release
during chewing, had the same behavior regarding storage
time, remaining stable between 0 and 14 d and decreasing
between 14 and 28 d of storage (Figure 1B). Morin et al.
(2002), in a study with low-fat sausages using barley b-
glucans as fat substitutes, in QDA was obtained that
standard sausage juiciness values close to this research
and observed a decrease of this value when the fat was
replaced by carboxymethylcellulose because of loss of wa-
ter retention. Probably collagen gel extracted from
chicken has a greater ability to retain water than hydro-
lyzed collagen powder, in accordance with Table 2 for
WHC of sausages. It is also a good fat substitute
compared with commonly used carbohydrates.

No significant time effects were observed for the
sausage chewiness parameter; however, when comparing
the treatments, the SG sausage presented the lowest
chewable values at all storage times (Figure 1D). The
addition of collagen gel contradicts the effects observed
by Seo et al. (2015), when evaluating the sensory texture
of starch-added sausages with corn starch, chicken
breast, and surimi as fat substitutes during refrigerated
storage.
Regarding the aroma of sausages, the parameter

cooked chicken aroma had similar behavior, where the
sausage SC obtained values similar to the SS standard
(Figure 1E). SG treatment, with the addition of collagen
gel, presented lower averages of cooked chicken aroma
and flavor in all storage times. Probably the acetic acid
used in the collagen gel extraction may have caused
aroma and taste inhibition. This comment was made
by 7 of the 11 panelists (63.6%). Another factor is that
fat reduction decreases aroma and taste scores in meat
products, due to their characteristic fatty acids, as veri-
fied by Venturini et al. (2011), by sensorial evaluation in
cured chicken low-fat sausages. There were no significant
variations in chicken flavor; however, the chicken flavor
of sausages increased with storage time.
The rancidity aroma of chicken sausages was poorly

perceived by panelists during the sessions, but it was
observed to increase during refrigerated storage
(Figure 1F). At all times analyzed, it appears the differ-
ence among SS and other treatments (P , 0.05), prob-
ably due to its higher fat content that SC and the SG.
Between latter treatments, during storage (day 14 and
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28) they did not differ. With the exception of day 0, low-
fat sausages had a lower rancidity aroma than SS
sausage and did not differ from each other (P , 0.05).
The reduction in rancidity aroma may have been due
to both the reduction in fat added to the formulation
and a probable antioxidant effect of collagen. De Paula
et al. (2017), when analyzing the effect of different pack-
ages on the cold storage of Brazilian Tuscan sausage,
found a strong correlation of rancidity aroma with lipid
and protein oxidation.
Chemical and Physical Analysis. Table 2 contains
the averages for the chemical, physical, and instrumental
texture profile parameters of the sausages during the
42 d of storage. The protein content on dry basis was
lower for standard SS treatment at all storage times.
This can be justified by the replacement of fat by protein
sources in SC and SG. It was also observed that for the
collagen content, the highest averages were obtained for
the SC treatment at all storage times. The differences
obtained probably resulted from the introduction of
collagen, which is more concentrated in powder form,
compared with gel extracted from chicken feet.
Regarding storage time, it was found that both protein
and collagen content increased between 0 and 14 d, fol-
lowed by a steady fall until day 42. Protein decrease may
be associated with possible oxidation, which according
to Est�evez et al. (2011) and Soladoye et al. (2015) can
modify some amino acids such as methionine, cysteine,
lysine, threonine, and arginine. Another factor that can
justify this behavior is that part of the water-soluble
proteins can be exuded by exudation during storage.
Regarding the color parameters, in the luminosity

parameter, it was observed that there was oscillation be-
tween the samples and during the storage time. From
day 14, there was an increase in L* as a function of
time for SG treatment and a decrease in SC, which
may have probably happened due to the use of collagen
in gel form (SG), with crystalline aspects in comparison
with powdered collagen used in SC, due to possible dif-
ferences in the form of extraction. Serdaro�glu et al.
(2016), when studying the effects of replacing fat with
a gelatin emulsion in hamburgers, found that the gel-
added samples showed higher luminosity, justifying
that the presence of gelatin increases the L* value due
to the greater light reflection than the animal fat glob-
ules, which are bigger. The exception occurred on day
14, where coincidentally there was the sharpest decrease
in fat in SS treatment.
The color parameters a* and b*, when comparing the

effects between the treatments, had the same behavior,
where the fat-reduced samples, in general, presented
higher values when compared with the SS treatment,
except for the day 14, which was similar. The SG sausage
was inferior to the other treatments. Regarding time, it
was observed that there was a decrease of a* and in-
crease of b*, mainly between day 0 and 28. The decrease
of a* value may be associated with lipid oxidation, which
implies metmyoglobin accumulation, as shown by
observed by Sohaib et al. (2017) on chicken steaks
throughout storage. The values of a* were close to those
found by Jin et al. (2016), in emulsified chicken sausages,
whereas b* values were close to those obtained by Bolger
et al. (2016), in vitamin E-enriched chicken sausages.

Regarding the WHC of sausages (Table 2), it was
observed that among the treatments, those who had
fat reduction (SC and SG) had WHC values similar or
higher than the SS standard (P , 0.05). Serdaro�glu
et al. (2016) state that collagen gels have the ability to
bind water molecules and retain fat in the matrix, which
in practical terms may make the low-fat product closer
to standard. With respect to time, it was verified in all
treatments the increase of retention over 42 d. The
values obtained in this study were higher than those
found by M�endez-Zamora et al. (2015), in low-fat Frank-
furt-type sausages with inulin and pectin addition, prob-
ably due to the properties of collagen gelling and binding
to water and fat.

In the texture profile analysis, the SS and SC treat-
ments presented higher hardness values compared with
SG, in accordance with Table 2, and during the storage
time only the collagen gel sausage increased the hardness
value. It is emphasized that the behavior explained for
softness in ADQ is opposite to the behavior obtained
for instrumental hardness. Sousa et al. (2017), by intro-
ducing various levels of collagen powder for fat substitu-
tion in chicken sausages, found that sausages lost
softness along with the addition of collagen powder in
the formulation.

For the adhesiveness, it was observed that, except for
day 14, SG presented smaller area compared with the
other treatments, being the sausage less adhesive.
Regarding storage time, an increase between 0 and
14 d was observed in all treatments, followed by a reduc-
tion up to 42 d of storage. Regarding resilience, varia-
tions were observed between samples, where the
treatment SG presented higher averages up to the 28th
day of storage, decreasing on day 42. The values of this
study were close to those obtained by Prestes et al.
(2015), in low-fat chicken mortadella with substitution
of fat by starch.

In the cohesiveness parameter, it was observed that on
day 0 there were no differences between treatments, but
during storage the standard sausage showed oscillations,
whereas the sausages SC and SG showed increasing ef-
fect on cohesiveness, which represents a positive effect,
because probably collagen made more internal bonds
in the sausages, giving greater stability. The values
were similar to those found by Jin et al. (2016), in emul-
sified pork sausages, which ranged from 0.48 to 2.21%.
Regarding the bud, an effect similar to hardness was
observed (Table 3), which also increased with storage
time. Gumminess is the energy of chewing and is increas-
ingly needed as sausages get harder. The obtained bud
values were close to those found by Serdaro�glu et al.
(2016), in a meat emulsion added with a gelled emulsion,
with values between 3.01 and 13.82 N.
SDS-PAGEElectrophoresis. The electrophoretic pro-
file of the sausages at all storage times is shown in



Table 3.Means of the sum and indexes of fatty acids obtained as a percentage of area for collagen gel-
replaced chicken sausages during storage.

Parameters Treatments

Storage time (days)

0 14 28 42

SSFA SS 36.37 6 0.90a,A 37.50 6 0.14a,A 36.91 6 0.75b,A 30.82 6 0.59b,B

SC 36.49 6 0.58a,B 30.95 6 0.54b,C 39.49 6 0.94a,A 40.19 6 0.42a,A

SG 37.93 6 0.20a,B 32.37 6 0.62b,B 42.67 6 0.22a,A 40.30 6 0.45a,A

SMUFA SS 37.82 6 0.75a,B 37.31 6 0.13b,B 37.86 6 0.76a,B 43.61 6 0.84a,A

SC 38.14 6 0.35a,B 42.26 6 0.70a,A 37.95 6 0.54a,B 42.05 6 0.81a,A

SG 38.24 6 0.12a,B 43.81 6 0.57a,A 34.19 6 0.54b,B 35.88 6 0.56b,B

SPUFA SS 22.82 6 0.30b,A 24.73 6 0.01a,A 25.21 6 0.52a,A 25.76 6 0.61a,A

SC 25.15 6 0.30a,A 25.17 6 0.02a,A 27.17 6 0.48a,A 19.97 6 0.94b,B

SG 23.80 6 0.32b,A 23.82 6 0.02b,A 23.10 6 0.77b,A 23.78 6 0.50a,A

SMUFA/SSFA SS 1.04 6 0.05a,B 1.02 6 0.01b,B 1.02 6 0.01a,B 1.41 6 0.05a,A

SC 1.05 6 0.02a,A 1.34 6 0.02a,A 0.83 6 0.02b,A 1.05 6 0.37b,A

SG 1.01 6 0.01a,B 1.24 6 0.02a,A 0.80 6 0.01b,B 0.89 6 0.01b,B

SPUFA/SSFA SS 0.63 6 0.02b,B 0.68 6 0.01a,B 0.68 6 0.01a,B 0.84 6 0.05a,A

SC 0.69 6 0.02a,A 0.65 6 0.14a,A 0.69 6 0.06a,A 0.48 6 0.07b,A

SG 0.63 6 0.02b,A 0.25 6 0.01b,B 0.54 6 0.02b,A 0.50 6 0.12b,A

AI SS 0.70 6 0.02a,A 0.52 6 0.02b,B 0.90 6 0.04a,A 0.49 6 0.08b,B

SC 0.71 6 0.02a,A 0.37 6 0.07c,B 0.90 6 0.18a,A 0.79 6 0.06a,A

SG 0.72 6 0.01a,A 0.66 6 0.01a,A 0.77 6 0.02b,A 0.59 6 0.03b,B

TI SS 1.18 6 0.05a,A 1.17 6 0.01a,A 1.10 6 0.09a,A 0.68 6 0.02b,B

SC 1.15 6 0.03a,A 0.77 6 0.06 b,B 1.27 6 0.51a,A 1.30 6 0.11a,A

SG 1.19 6 0.03a,A 1.14 6 0.02a,A 1.08 6 0.05a,A 0.68 6 0.15b,B

ab,ABDifferent lowercase letters indicate significant statistical effect of rows and different uppercase letters
indicate significant statistical effect on columns (P , 0.05).

Abbreviations: SS, standard sausage; SC, 50% fat replacement sausage with commercial powder collagen; SG,
50% fat replacement sausage with chicken leg collagen gel; SFA, saturated fatty acids; MUFA, monounsaturated
fatty acids; PUFA, polyunsaturated fatty acids; AI, atherogenicity index; TI, thrombogenicity index.
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Figure 2. Regarding the effects of the storage of sausages,
it was observed in all treatments, especially in SS and
SC, a higher intensity of the lower molecular weight
bands as the refrigeration time advance, which may be
the effect of storage on protein fragmentation. In SG
sausage this effect was observed, but with lighter bands.
The last bands of the electrophoretic profile, smaller
than the 31 kDa band, which become lighter on day 28,
may correspond to the myosin chains, which according
to Feng et al. (2016) can be reduced by becoming protein
polymers during storage.
Figure 2. SDS-PAGE electrophoresis for low-fat chicken sausages with fat
weight (kDa).
Effects of Storage Time on the Oxidation of
Chicken Sausages Produced by Replacing
Fat With Collagen Extracted From Chicken
Feet

Fatty Acid Profile, Lipid Content, Number of TBARS,
andAntioxidant Activity. The averages and deviations
of the sum of fatty acid percentages are listed in Table 3.
It was observed in all treatments during storage the
predominance of saturated and monounsaturated fatty
acids, reaching values close to 70% of the total fatty
replacement by collagen in cold storage. Abbreviations: MW, molecular
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Figure 3. Graphical representation of the means obtained for lipid content and TBARS number of chicken sausages with fat replacement by
collagen in refrigerated storage. Bars: means of lipid content; Rows: Averages the number of TBARS over storage. Different lowercase letters indicate
differences between treatments, and uppercase letters indicate differences with respect to time (P , 0.05). * Significant differences over time for
TBARS plots (P , 0.05). Abbreviations: SS: Standard Sausage, SC: 50% Fat replacement sausage with commercial powder collagen, SG: 50% Fat
replacement sausage with chicken leg collagen gel; TBARS, thiobarbituric acid reactive substances.
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acids, a common profile for chicken meat, as seen by
Yilmaz et al. (2002), in low-fat chicken sausages.
Regarding saturated fatty acids, it was found that be-
tween treatments on day 0 there was no statistical dif-
ference; however, during storage the percentage of SS
treatment decreased compared to other treatments, with
similar behavior for monounsaturated fatty acids be-
tween day 0 and 14. Regarding polyunsaturated fatty
acids, it was observed that treatments SS and SG kept
their percentages during storage, whereas SC sausage,
with commercial collagen, decreased the sum between
day 28 and 42. The values of SPUFA were close to those
found by Morais et al. (2013) when replacing pork
backfat by soy oil in sausages with alligator meat.
Regarding the SMUFA/SSFA ratio, it was observed

in relation to the storage time that SS treatment
increased, SC treatment conserved, and SG decreased
between day 14 and 42. Among treatments, SS presented
higher values from day 28. The values obtained were
close to those found by Morais et al. (2013) in alligator
meat sausage with 50% reduction in fat, which obtained
an average value of 1.33%. In relation to SPUFA/SSFA,
a similar behavior was verified between the treatments,
with values obtained close to those found by
Berasategi et al. (2011), in omega-3 enriched Bologna
sausages, which found values between 0.49 and 0.84%.
It was observed that the AI of SS and SG sausages

decreased during storage; however, the opposite
behavior was obtained in the standard SS sausage.
From day 28, SG sausage presented lower AI values,
which may be a sign of lower risk of cardiovascular dis-
ease. The AI values obtained were slightly higher than
those found by Stajíc et al. (2011), which obtained
values between 0.46 and 0.61 in Sremska sausages in
14 d of storage. Thrombogenicity index showed a similar
reduction behavior over time, being the SS and SG treat-
ments inferior to the SC treatment, with values close to
those found by Berasategi et al. (2011) in Bologna
sausages.

Initially for lipids, it was verified in the bar graph of
Figure 2 that, proportionally to the substitution per-
formed, the values obtained for the SC and SG treat-
ments correspond to approximately half of the values
obtained for the standard SS sausage. Regarding the
storage effect, it was observed in all treatments that
the lipid content was decreasing, especially between
day 0 and 14, during which the standard sausage had
the largest reduction, being approximately 41.6%. Prob-
ably, the reduction may be justified by a possible lipid
oxidation, which is related to the increased rancidity
aroma (Figure 1F) or by the fat quantification method
chosen for this study. The values obtained were close
to those obtained by Seo et al. (2015) in low-fat sausages
for the control treatment (35.70% on a dry basis) and in
the fat substitution treatment with 10% corn starch,
15% chicken breast, and 20% surimi.

Regarding the number of TBARS, the values obtained
over the 42 d of refrigerated storage are distributed
graphically in Figure 3, plotted in line graphs. An
inversely proportional relationship was observed be-
tween the lipid content and the number of TBARS dur-
ing storage because while decreasing the lipid content,
the malonaldehyde concentration of the sausages
increased. As expected, at all times the SS treatment
presented higher means of TBARS. The SG sample,
with the addition of chicken foot collagen gel, presented
lower averages than the other treatments, probably due
to the fact that collagen gel has antioxidant potential.
Regarding the sensory analyzed rancidity, although
there were significant differences between treatments,
the scores were low, indicating little perceived rancidity
on the part of the panelists. This relationship is accord-
ing with the conclusion reached by Ockerman and Kesh
(1982), who reported that the flavor of fat oxidation,



Table 4. Means and standard deviations of DPPH radical capture activity and ferric reducing antioxidant
power (FRAP) of collagen-substituted chicken sausages in refrigerated storage.

Parâmetros Tratamentos

Storage time (days)

0 14 28 42

DPPH (% of inhibition) SS 8.02 6 0.52b,B 7.81 6 0.33b,B 7.26 6 0.39b,B 16.47 6 0.29a,A

SC 10.01 6 0.43a,B 8.65 6 0.27b,C 10.09 6 0.91a,B 17.94 6 1.38a,A

SG 10.13 6 0.64a,B 11.06 6 0.31a,B 11.40 6 0.07a,B 16.11 6 0.57a,A

FRAP (mg Trolox/g) SS 20.69 6 0.01a,D 29.39 6 0.09a,C 37.95 6 0.31a,B 43.17 6 0.94a,A

SC 11.99 6 0.01c,C 19.06 6 0.14b,B 36.30 6 0.05a,A 33.25 6 0.13b,A

SG 16.60 6 0.40b,C 14.98 6 0.08c,C 36.05 6 0.16a,B 41.85 6 0.83a,A

abc,ABCDifferent lowercase letters indicate significant statistical effect of rows and different uppercase letters indicate
significant statistical effect on columns (P , 0.05).

Abbreviations: SS, standard sausage; SC, 50% fat replacement sausage with commercial powder collagen; SG, 50% fat
replacement sausage with chicken leg collagen gel.
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resulting from the deterioration of fatty acids, would be
perceived in sensory evaluation tests when reaching
above 1.0 mg of malonaldehyde, kg of meat, which did
not occur until 28 d of storage. Seo et al. (2015), when
replacing pork backfat in chicken sausages by cornstarch
obtained TBARS values between 0.46 and 1.59 mg
MDA/kg sample, higher than this study.

Lower TBARS values may be related to a possible
collagen antioxidant activity used in chicken sausages.
The averages and deviations obtained for the antioxi-
dant activity related to the capture of the DPPH radical
and the iron reducing power (FRAP), expressed as Tro-
lox equivalent, are listed in Table 4. Regarding the
DPPH radical, it was observed that the treatments
with the addition of collagen-replacing fat presented
higher inhibition percentage, seen in all storage times.

In storage time, it was observed that the treatments
were stable up to 28 d of storage, with a significant in-
crease between 28 and 42 d. Regarding the sausage
reducing power tests (FRAP), it was observed that, un-
like DPPH analyzes, the samples oscillated between
times, with the SG sausage activity closer or similar to
the SS standard. Mejri et al. (2017) obtained higher
iron reduction activities in fermented sausages during
Figure 4. Principal component analysis for quality parameters of chick
storage, using lowmolecular weight peptides, which veri-
fied that such activity was attributed to the 3 kDa pep-
tide fractions during the refrigeration period.
Principal Component Analysis

In the PCA presented in Figure 4, it was observed that
in relation to the sensory parameters, the collagen gel-
added sausages occupied positions distributed in the first
and fourth quadrants, close to the softness, water exuda-
tion (SG0 and SG14), and salty taste (SG28). Standard
treatment at time 0 correlated with lipid content. The SS
and SC sausages presented greater proximity and
possible correlation with the chicken flavor and aroma
parameters, which corroborates the behavior described
in the QDA.
In the other attributes analyzed in the sausages

(Figure 4), it was found that all treatments at times 0,
14, and 28 were arranged in the first and fourth quad-
rants, except for the SS treatment at time 28, which
correlated most strongly with the parameter, chewabil-
ity. The treatments at time 42 remained together in
the second quadrant, being better correlated with the
number of TBARS and the antioxidant activity
en sausages with fat replacement by collagen in refrigerated storage.
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parameters (DPPH, FRAP). At this time, SG sausage
correlated most strongly with WHC. Tomaschunas
et al. (2013), when studying sensory changes in inulin
and citrus fiber substitution Lyon liver sausages, verified
by PCA that the samples with higher fat content corre-
lated with the characteristic meat aroma and the juici-
ness of the sausages.
CONCLUSION

Regarding the storage of sausages, it was observed
that up to 28 d the sausages maintained the hardness pa-
rameters, the protein content and few variations in the
sensory texture parameters. Fat reduction by collagen
had advantages in reducing the number of TBARS, be-
ing the collagen gel sample better in antioxidant activity
and atherogenicity and thrombogenicity indices, when
compared with the hydrolyzed collagen sausage. Refrig-
erated storage for 28 d was important to maintain a
greater number of desirable quality parameters. Substi-
tution of fat by collagen was a viable alternative to main-
tain the main quality characteristics combined with the
offer of a healthier product. In addition, collagen gel rep-
resented a viable alternative for better use of waste from
the refrigeration industry, maintaining sausage quality
for 28 d at 4�C. For best results, storage studies with
other lower levels of collagen gel replacement fat are
recommended.
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