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This study is aimed at determining the functional effect of snakehead fish gelatin as a binder on the characteristics and shelf life of
beef cheek-based emulsion sausage compared with bovine commercial gelatin. The level of snakehead fish gelatin used was 0%,
1%, 2%, and 3%, while that of bovine commercial gelatin was 2% with a storage time of 0 to 28 days in the refrigerator
(4 ± 2°C). Emulsion stability, cooking loss, proximate composition, texture profile, and microstructure of sausage were initially
determined before storage; then, observations were made every seven days to determine the shelf life of sausages based on pH,
antioxidant activity, and TBA reactivity. Characteristics such as emulsion stability, proximate composition, and texture profile
were influenced by the treatment (p < 0:05). The gelatin level significantly affected the water holding capacity of sausages
(p < 0:05), but the storage time did not (p > 0:05). On the other hand, the pH, TBA reactivity, and antioxidant activity of
sausages were not only affected by gelatin level (p < 0:05) but also by storage time (p < 0:05). The sausage microstructure
confirms the use of 2% snakehead fish gelatin to make sausages with properties similar to 2% commercial bovine gelatin. The
byproduct of the snakehead fish industry can be used as a gelatin alternative to produce sausages. This gelatin has the potential
as a binder, which can functionally improve sausage characteristics. This effectiveness can boost the water holding capacity of
sausages, although it has not been effective in inhibiting fat oxidation which causes an increase in malonaldehyde levels.

1. Introduction

Future food sustainability has a challenge and an opportunity
with the problem of global change and the momentum of the
fourth industrial revolution, both of which must be quickly

addressed. One of the points that are of particular focus to
be resolved is generating new food product trends and the
use of food byproducts [1]. Currently, animal byproducts have
been designated as an alternative future food source to com-
plement the needs of themain source of food. In reality, a large
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population should be proportional to the demand for ade-
quate food. Thus, the byproduct has the opportunity to fulfill
these needs. As a consideration, byproducts of animal origin
still contain potential nutritional value to be developed into
products that are acceptable to consumers [2].

One of the byproducts of beef livestock that is used as well
as carcass meat is beef cheek meat. Beef cheek meat has the
same characteristics as carcass muscle even though it is classi-
fied as noncarcass muscle. The characteristics of beef cheek
meat resemble abdominal muscle meat [3] and have a moder-
ate water holding capacity [4] with an average composition of
75.75%moisture, 22.25% protein, 0.31% fat, and carbohydrates
and ash < 1% [5]. Because it resembles skeletal meat, beef cheek
meat can be diversified into various processed products. Several
regions in Indonesia use this meat for traditional meat-based
dishes such as soup and soto.

Fish gelatin is a byproduct that is mostly produced from
fish skin and bones left over from the fishery processing indus-
try. Gelatin is a potential derivative product of collagen protein
and can be applied in various industries, both food and non-
food industries [6–8]. The use of gelatin in the processing of
emulsion products such as surimi [9, 10] and sausages has been
widely practiced [11–15]. This study will try to observe the
effect of adding snakehead fish gelatin to sausage-based beef
cheek meat. Rosmawati et al. [16] revealed that the snakehead
fish’s skin had a gel strength ranging from 108:00 ± 21:40 to
278:37 ± 22:28 and its internal gel strength ranged from
41:37 ± 7:42 to 239:53 ± 20:69, treated as the foundation for
the use of snakehead fish gelatin as additives that function as
binders and emulsifiers at the same time.

Sausage is a processed food that continues to innovate in
its composition and formulation. The use of several emulsi-
fiers, both based on polysaccharides [17] and protein [9, 13,
14], is still a suitable alternative for sausage products. The
nature of the emulsion in sausages is two phases in the dough
with polar and nonpolar charges which can affect each other if
the intermediate binder works well and is well dispersed in the
liquid and fat added to the dough. The ability of flat meat to
maintain water holding capacity will decrease if the composi-
tion of ingredients in the sausage formulation increases,
followed by the properties of other ingredients with character-
istics that are not as good as meat in binding water and fat.
Therefore, it is necessary to consider adding a binder that also
functions as an emulsifier to maintain sausage stability during
processing and storage, as Tan et al. [18] explained that the
physical stability of emulsions in water could be formed by
gelatin. Snakehead fish gelatin is intended as a binder that
can increase the characteristics and shelf life of emulsified sau-
sages made from beef cheek meat.

The purpose of this study was to compare snakehead fish
gelatin to commercial gelatin in order to ascertain the func-
tional impact of snakehead fish gelatin as a binder on the
characteristics and shelf life of emulsified sausages made
from beef cheek meat.

2. Materials and Methods

2.1. Materials. Beef cheek meat and back fat were obtained
from the Tamangapa Slaughterhouse, Makassar, South Sula-

wesi, Indonesia. Snakehead fish gelatin used was the result of
a partial hydrolysis process from a previous study [16]
through pretreatment with calcium hydroxide, treatment
process with citric acid, and extraction at 60°C for 12 hours.
Snakehead fish gelatin sausage formula ingredients include
soy protein isolate (Marksoy 90, Shandong Crown Soya Pro-
tein Co. Ltd., China), tapioca flour (Rose Brand), milk flour
(PT. Nestle Indonesia), seasoning (Frankfurter Combi Forte,
PT. Markaindo Selaras), pepper powder (Cap Koepoe Koe-
poe, PT. Gunacipta Multirasa), garlic powder (Cap Koepoe
Koepoe, PT. Gunacipta Multirasa), potassium nitrite (Cap
Koepoe Koepoe, PT. Gunacipta Multirasa), ice, salt, sodium
tripolyphosphate, collagen casings (18.45mm) (Devro, PT.
Markaindo Selaras), and the commercial gelatin (gelatin of
bone bovine, 150 g gel strength, Green Valley, Global Cap-
sule Ltd., Dhaka 1000, Bangladesh). Chemicals for experi-
mental purposes were all of analytical grade.

2.2. Methods

2.2.1. Sausage Preparation. Beef cheek meat was cleaned and
then stored at 4 ± 2°C for 24 hours. Before processing, the con-
nective tissue of the beef cheek meat was removed. The sau-
sage was made based on the formulation of 50% beef cheek
meat, 20% ice water, 20% fat, and 10% nonmeat ingredients
(soy protein isolate, tapioca flour, milk flour, seasoning, salt,
sodium tripolyphosphate, and potassium nitrite). The per-
centage of snakehead fish gelatin (SFG) in the total material
used was 0%, 1.0%, 2.0%, 3.0%, and 2.0% commercial bovine
gelatin (BCG) as a comparison. Sausage formulation and
manufacturing method refers to Mohan [19] with some
changes and conversions. Sausage ingredients were ground
using a meat processor (Miyako, CH-501 PF AP) to form
the emulsion. The dough that had formed the emulsion was
partly used for testing the stability of the emulsion and partly
for making sausages. The dough was put in a casing and
cooked in water at 80 ± 3°C until it floats (about 20 minutes).
The cooked sausage was allowed to be at room temperature,
for further analysis. To determine the shelf life of the sausages,
it was stored for 28 days in a refrigerator at 4 ± 2°C. Analysis
was made on days 0, 7, 14, 21, and 28 of the storage periods.

2.2.2. Emulsion Stability. The determination of sausage
emulsion stability was performed as described by Mohamed
et al. [20]. A sample of about 30 g was weighed and placed in
a 50mL centrifuge disposal tube and centrifuged at a speed
of 2,800 × g at 4°C for 15 minutes with a high-speed refriger-
ated microcentrifuge (Tomy Mx-305), to remove air bub-
bles. The tube was then heated at 70°C for 30 minutes in a
water bath (Memmert W350, Germany) and allowed to stay
at room temperature. The tube was centrifuged again at a
speed of 2,800 × g at 4°C for 15 minutes. The supernatant
(S) contained in the tube was poured into a porcelain cruci-
ble. The released supernatant was weighed (RS) and dried in
an oven (Shimadzu) at 105°C for 16 hours, to obtain the vol-
ume of released water (RW). The porcelain crucible was
weighed again to determine the weight of fat released (FR).
The percentage of fat released (FR) was determined as the
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difference between the percentages of S and RW.

%S = RS
Sample weight × 100,

%RW= Porcelain crucible weight + Sð Þ − Dry weight of porcelain crucibleð Þ½ � × 100:

ð1Þ

2.2.3. Proximate Analysis. Sausage samples were analyzed
proximately according to the guidelines of the AOAC [21].
Moisture content was determined using the gravimetric
method. The crude protein determination method using
the Kjeldahl method was based on a conversion factor of
6:55 ×N . The Soxhlet method was used to quantify the fat

content and the ash content by incineration at 550°C for
16 hours.

2.2.4. Cooking Loss. The measurement of sausage cooking
loss refers to the method of Asmaa et al. [22]. Sausages were
first weighed to determine the initial weight. After cooking,
it was allowed to adjust to room temperature and then
reweighed to calculate the percentage of released water. A
40 g sample was put in a plastic clip and then cooked in a
water bath (Memmert W350, Germany) at 70°C for 30
minutes. The cooked sample was removed from the plastic
and left for about 1 hour so that the water that was still
attached to the outside of the sample had evaporated.

2.2.5. Profile Texture. Sausage texture was measured using
the TAXT2i Texture Analyzer (Stable Micro System, UK).
Determination of the sausage shear force uses a probe knife
(WDP probe) with a distance of 25mm from the sample.
Hardness, compactness, and elasticity were determined by
placing the sample under a blunt probe (SMS 35 probe)
and then pressing it to 50% for 5 seconds. The whole mea-
surement process requires a speed of 2mm/s with a maxi-
mum load of 25 kg [23].

2.2.6. Sausage Microstructure. Microstructural observations
was performed using a scanning electron microscope
(SEM, Hitachi SU3500), according to the instructions of
Rombe et al. [24]. The sample was lyophilized first; next, it
was attached to gold metal, which had been coated with car-
bon glue in a vacuum plasma tube device that produces
microwaves (magnetron sputtering devices) equipped with
a vacuum pump. Towards the end of the 20-minute vacuum
process, gold metal leaped towards the sample. The coated
sample was placed in its position in the electron microscope,
and any instances of electrons shooting towards the sample
were recorded on the monitor.

2.2.7. Water Holding Capacity. The water holding capacity
of the sausage was measured using the filter paper press
method [5]. About 300mg of the sausage was placed on filter
paper and pressed on two plates weighing 35 kg/cm2. After 5
minutes, the area covered by the wet sample and the sur-
rounding area was marked and measured with a planimeter.
The wet area was the area of water absorption on the filter
paper after being clamped for 5 minutes minus the area cov-
ered by the meat sample. To determine the effect of sausage
storage on the ability of sausages to water binding, measure-
ments of water content (mg H2O) were carried out at 0 to 28
days and were calculated by the formula as follows:

mgH2O = Wet area cm2� �

0:0949 − 8:0: ð3Þ

2.2.8. The pH of Sausage during Storage. The sausage pH
measurement was carried out every seven days of storage
starting from day 0 to day 28. The pH measurement method
was referred to as the method of AOAC [21]. Before use, a
buffer of pH4 and pH7 was used to calibrate pH meter.
The pH measurement was carried out by inserting a special
electrode into the sausage.

2.2.9. TBARS (Thiobarbituric Acid Reactivity Assay). The
method for analyzing the TBARS value of sausages is
described by Tarladgis et al. [25]. A total of 10 g of sample
was weighed and crushed together with 50mL of deionized
water with a hand blender for 2 minutes. Before the sample
solution was distilled, 47.5mL of aquabides and 2.5mL of
4M HCl were first added. The distillation process was car-
ried out by heating for 10 minutes to obtain about 50mL
of distillate liquid. The distillate obtained was homogenized
by vortex (IKA Labortechnik VF2, Germany) and then put
in a 5mL tube. A total of 5mL of TBARS solution was added
to the tube and then heated at 80°C for 30 minutes in a water
bath (Memmert W350, Germany). The samples were
allowed to cool and then incubated for 6 days in the dark
at room temperature. Blanks were made using 5mL of aqua-
bides added with 5mL of TBARS solution. The absorbance
value (D) of the sample was measured using a spectropho-
tometer (Shimadzu UV-1800) at a wavelength of 528nm
with a blank solution as the starting point. The sample solu-
tion and the blank were put in a cuvette with a diameter of
1 cm. The level of TBARS was expressed in mg malonalde-
hyde/kg sample.

2.2.10. Antioxidant Activity of Sausage. Measurement of
antioxidant activity refers to the DPPH method [26]. About
0.008 g of DPPH was weighed and then diluted into 50mL of
methanol. 0% absorbance was obtained from dilution of
DPPH at several concentrations. The dilution was carried
out by adding DPPH to 9mL of methanol with each concen-
tration of 50μL, 60μL, 70μL, 80μL, 90μL, and 100μL. The

Cooking loss %ð Þ = Initial weight before cooking gð Þ −Weight of sausage after cooking gð Þ
Initial weight before cooking gð Þ × 100: ð2Þ
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absorbance of the solution was measured using a UV-VIS
spectrophotometer (Thermo Fisher Scientific 4001/4,
Genesys VF2, Germany) at a wavelength of 515nm. Sausage
sample 1 g was diluted into 9mL methanol and homoge-
nized by vortex (IKA Labortechnik VF2, Germany). The
dilution was carried out from 10-1 to 10-5. Each dilution
was tested with as much as 0.2mL of sample solution into
a test tube and added 3.8mL of DPPH solution and 0.2mL
of methanol. The sample mixture was homogenized by vor-
tex (IKA Labortechnik VF2) and allowed to stand for 60
minutes in a dark room. The absorption of the solution
was measured using a UV-VIS spectrophotometer at a wave-
length of 515 nm. The amount of antioxidant activity is cal-
culated by the following formula:

DPPH %ð Þ = ADPPH − ASample
ADPPH

× 100, ð4Þ

where ADPPH is the absorbance of DPPH and ASample is the
absorbance of the sample.

2.2.11. Data Analysis. Data analysis was conducted using
SPSS software (IBM Corporation, US). Each treatment was
repeated 3 times, and the average data were expressed as
mean ± SD. Data showing a significant effect at p < 0:05 will
be continued with Duncan’s test. Scanning electron micro-
scope analysis was tested descriptively and qualitatively.

3. Results and Discussion

3.1. Sausage Emulsion Stability. The results in Table 1 show
that the addition of gelatin had a significant effect (p < 0:05)
on the stability of the sausage emulsion, which was
expressed as total liquid/supernatant released (S), released
water (RW), and fat released (FR). Further analysis showed
that the percentage of supernatant with the addition of 3%
SFG was the best among all treatments but did not differ
from the 2% SFG and 2% BCG treatments (p > 0:05), while
the 2% SFG, 2% BCG, and 1% SFG treatments were signifi-
cant to each other the other way around (p < 0:05). Less
supernatant (S) was produced when the SFG level was
increased, indicating that gelatin was more effective at bind-
ing water and fat.

Further investigation revealed that the RW percentage of
sausages varied (p < 0:05) among treatments. However,
between the treatments of 3% SFG, 2% SFG, 2% BCG, and
1% SFG was no significant difference (p > 0:05), and such was
the case between treatments of 2% BCG, 1% SFG, and 0%
(p > 0:05). The level of gelatin to the FR of sausage also indi-
cated a difference between treatments (p < 0:05). The 3% SFG
was significantly different from the other treatments (p < 0:05
), while treatments of the 0%, 1% SFG, 2% SFG, and 2% BCG
had similar values (p > 0:05). The addition of up to 3% SFG
showed the most effective increase in the amount of fat that
can be bound by protein during the emulsification process.

The sausage emulsion was more stable having the higher
the SFG content. RW and FR percentages treated with SFG
revealed no differences with BCG at the 2% level, which
means that the effectiveness of SFG was not much different

from commercial gelatin in influencing sausage emulsion
stability. The emulsification process for the occurrence of
emulsion stability follows the emulsion theory that fat was
stabilized in meat dough to form a protein surface layer/
interfacial protein film around small fat globules [27]. In
addition, this film acts as an interface between the aqueous
phase and the fat and prevents the formation of big particles
by water and fat (coalescing).

In general, emulsion stability was not solely influenced
by gelatin. Santhi et al. [28] stated that emulsion stability
can be influenced by the type and content of fat, added water
content, fiber type, additives, salt concentration, processing
method, and others. Emulsion stability in this study was
closely related to the capability of gelatin to bind to water
and fat, which was characterized by a significant difference
between the treatment with and without the addition of gel-
atin. Barbut [27] emphasizes that the main parameter that
should be minimized in the cooking process of meat prod-
ucts was the release of water and fat. Thus, the lower RW
and FR with higher levels of gelatin indicate the effectiveness
of gelatin in binding water and fat.

Emulsion stability was crucial for producing sausages with
compact qualities. The addition of gelatin as a binder and
emulsifier was meant to facilitate the binding of protein to
the additional water and fat in sausage dough [4]. According
to Feiner [29], the purpose of cooking in sausage making
was to emulsify fat, bind water, and at the same time deactivate
it when adding water along with the addition of active protein.
Gelatin was a hydrocolloid that has an active protein. The acti-
vation of this protein was largely determined by the arrange-
ment of some active side-chain amino acids. As stated by
Ayadi et al. [30], protein has surface-active substances on both
sides that were hydrophilic and hydrophobic. This function
can help improve product characteristics [31–33].

3.2. Cooking Loss. There was a significant effect (p < 0:05) of
the addition level of gelatin on the sausage cooking loss.
Nevertheless, the addition of gelatin levels of 1% to 3%
SFG and 2% BCG showed no difference (p > 0:05), although
as the gelatin level increased, cooking loss tended to
decrease. Cooking losses based on different gelatin levels
are presented in Table 1. As the gelatin level increases, the
sausage cooking loss tends to decrease. Pereira et al. [4] con-
firmed that emulsifiers with higher protein content can help
improve emulsion stability during cooking. Gelatin is a
hydrocolloid that also acts as an additive, water, and fat
binder. Gelatin contains high protein levels with almost
complete amino acids (except cysteine and tryptophan).
The amino acids in gelatin played a role in the incidence
of protein binding to fat and water. The hydrophilic and
hydrophobic amino acids in sausage dough were responsible
for the emulsification that occurred. These amino acids were
active proteins that work to bind water on the hydrophilic
side and bind fat on the hydrophobic side. Feiner [29]
reported that the addition of protein can work actively by
inhibiting water mobilization and emulsifying added fat
and stabilizing water and fat in a three-dimensional matrix.

Sausage shrinkage occurs due to the released water and
fat that was not bound in the dough matrix during the
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boiling process. When boiling, either water, fat, or gel solu-
tion (which may be formed) mixed with other ingredients
in the form of a liquid supernatant can seep out causing
shrinkage, the more water/fat/gel that was released, the
cooking loss will increase [3]. The lower the cooking loss,
the higher the sausage yield, and this is an important part
of food production because it is related to the efficiency of
the use of ingredients in food processing [34, 35].

3.3. Proximate Analysis of Sausage. The characteristics of
sausage-based beef cheek meat with the addition of SFG at
the level of 1%, 2%, and 3% compared to the BCG level of
2% are presented in Table 2. The results of the analysis show
that the addition of levels of SFG and BCG affects the mois-
ture content of sausages (p < 0:05); however, it did not affect
the content of protein, fat, and ash of sausages (p > 0:05). No
significant differences in sausage moisture content among
the treatments 0%, 1% SFG, and 2% BCG were observed
(p > 0:05), as well as between treatments 1% SFG and 2%
BCG, 2% SFG, and 3% SFG (p > 0:05).

Beef cheek meat-based sausages treated with different
gelatin levels characterized by the moisture content tended
to increase along with the rise in the gelatin level, from
60:43 ± 1:73 to 63:95 ± 1:07%. As indicated by Lee and Chin
[31], the addition of gelatin up to 1.5% did not affect the
moisture content of sausages, but on the contrary, according
to the results of Yeo et al. [33], there was a change in the
moisture content of sausages as the gelatin concentration
increased. The difference in sausage moisture content is
associated with the capability of the dough to bind water,
and this depends on the type of gelatin with its hydrophilic
properties and ability to form gel [29] and the concentration
and formulation used [31–33]. The function of gelatin is to
bind the excess free water contained in the dough so that
the moisture content that will be released during the cooking
process is relatively low compared to sausages without the
addition of gelatin (0%). Research by Schilling et al. [36] in
meat products that pork collagen was added showed a signif-
icant reduction in moisture content compared to 0%s.

The addition of gelatin up to 3% SFG and 2% BCG did
not affect the protein, fat, and ash content of sausages as
shown in Table 2. The range of protein content of beef cheek
meat-based sausages was 17:48 ± 0:78% to 19:01 ± 0:67%.
The percentage of sausage protein did not differ between
treatments (p > 0:05), but the addition of gelatin tends to
increase the protein content of sausages even though the
amount was small. This change in protein content may be
due to the contribution of gelatin as a high protein source.

The observations of Souissi et al. [32] also showed an
increase in sausage protein content from 17:58 ± 0:92% to
20:56 ± 1:07% with the addition of gelatin up to 1.5%.
Different levels and types of gelatin can affect the protein
content of the sausage produced [4], where the protein
content of gelatin varies, depending on the source of the
raw material [37].

The fat content of sausage-based beef cheek meat tends
to be low, around 2:41 ± 0:36% to 2:69 ± 0:14%. The low-
fat content of sausages was related to the amount of fat
added and the fat content of the raw material itself, where
beef cheek meat has a fat content of <1% [5]. Overall, sau-
sage fat content showed a high value in sausage emulsion
treated with SFG 3%, SFG 2%, and BCG 2%, compared to
the 0% and SFG 1%. There may be a correlation between
fat content and gelatin’s capacity to bind fat better at higher
gelatin concentrations. Some fats cannot bind completely to
proteins in sausages with low gelatin levels, resulting in the
breakdown of fat with water during cooking. Fats that are
just loosely or not at all bound by protein will become free
in the dough and can be easily released into the boiling
water. The addition of gelatin as an additive can affect the
characteristics of sausages, although this effect depends on
the type of raw material used [4, 38].

The ash content of sausage-based beef cheek meat was in
the range of 1:86 ± 0:27% to 2:07 ± 0:18%, indicating that
the higher the SFG level, the lower the ash content. The
ash content of sausages treated with 2% BCG showed a rel-
atively high ash content compared to the ash content of
SFG sausages with the same level. The authors suggest that
the ash content was more influenced by the addition of gel-
atin although the effect was not significant.

3.4. Sausage Texture Profile. The texture is one of the impor-
tant attributes and considered both in food ingredients and
in the final product. The data analyzed in Table 3 shows that
there was an effect (p < 0:05) of gelatin level on the hardness,
cohesiveness, elasticity, and shear force of sausages.

Further analysis showed that sausage hardness was influ-
enced by gelatin level (p < 0:05). The lowest level of hardness
was indicated by the 0% treatment; contrary, the 2% BCG
treatment represented the highest level of hardness in sau-
sages. There was no statistically significant difference
between the 3% SFG and 2% BCG treatments (p > 0:05),
and there was also no difference among the 3% SFG, 2%
SFG, 1% SFG, or 0% treatments on hardness (p > 0:05).
However, the higher the SFG level, the higher the sausage
hardness level, and it seems that 2% BCG gives a better

Table 1: Emulsion stability (ES) and cooking loss (CL) with the addition of different gelatin levels.

ES (%) 0% 1% SFG 2% SFG 3% SFG 2% BCG

S 16:30 ± 2:92c 11:43 ± 4:68bc 8:66 ± 3:21ab 5:73 ± 0:88a 8:81 ± 0:44ab

RW 11:53 ± 0:50b 7:13 ± 2:73ab 5:12 ± 1:72a 4:83 ± 1:21a 5:68 ± 2:01ab

FR 4:77 ± 0:02b 4:30 ± 0:06b 3:53 ± 0:03b 0:90 ± 0:01a 3:13 ± 0:02b

CL (%) 12:71 ± 3:18b 6:67 ± 0:87a 6:64 ± 1:08a 3:87 ± 2:35a 5:87 ± 0:35a
a, b, cSymbols on the same line indicate significant differences (p < 0:05). Mean ± Stdev (n = 3). SFG = snakehead fish skin gelatin; BCG = commercial gelatin
sourced from bovine bone; S = supernatant; RW = released water; FR = fat released.
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sausage hardness level than 3% SFG. This may be attributed
to the better gel strength and hydrophobic properties of
BCG than SFG.

According to some studies on the effects of adding gela-
tin to sausages’ hardness characteristics, the availability of
water and fat as well as gelatin’s ability to act as a binder
and blend with other ingredients to create a homogeneous
product texture might be related to the increased hardness
of sausages at high gelatin levels [11, 14, 39]. The level of
hardness of sausage products was inseparable from the type
of raw material in the formulation [40, 41]. The hardness
level in the 0% sausage was about 3012:90 ± 146:89 g force,
lower than that in the fish surimi sausage reported by San-
tana et al. [40], which was 4:15 ± 0:02 kg force, and higher
than that in the chicken sausage reported by Ch’ng et al.
[11], which was 230:7 ± 3:74 g force. This indicates that the
raw material can affect the level of hardness of the sausage.

Beef cheek meat is a type of meat with relatively moder-
ate water binding capacity, very low-fat content, and rela-
tively high shear force value (Table 3) and visually shows a
large amount of connective tissue. At the same time, during
heating, there is damage to the connective tissue; however,
the extracted connective tissue causes the formation of a
gel that melts with water and then binds with free fat and
myofibrillar proteins in the dough, causing water and fat to
be prevented from escaping from the sausage dough. The
trapping of water in the dough was thought to cause the rel-
ative hardness of the sausage to increase as the gelatin level
increased. This has been studied by Ayadi et al. [30] on the
texture of turkey meat and showed that the protein content,
protein source, differences in the ratio of fat and water, and
the ratio of protein and water affect the texture characteris-
tics of the resulting product. The level of sausage hardness
in the study varied from 3012:90 ± 146:89 g force to
4302:70 ± 495:25 g force, depending on the level and type
of gelatin.

In further analysis, the cohesiveness of sausage showed a
difference among treatments (p < 0:05). The addition of 2%
BCG showed a higher level of sausage cohesiveness com-
pared to other treatments (p < 0:05). Cohesiveness is a mea-
sure of the degree of difficulty in destroying internal
structures, as Chorbadzhiev et al. [39] mentioned that this
texture profile is responsible for sausage integrity. The cohe-
sive power of sausages in different treatments showed values
ranging from 0.4 to 0.6. The closer to 1, the better the prod-
uct integrity. The addition of different SFG levels did not
give a different cohesive value from the 0%, although the
cohesive level of the 0% treatment was lower than all the
SFG treatments. The addition of 2% BCG indicates a better
cohesive level among all treatments, and the lower the cohe-
sive value indicates the disintegration of the resulting prod-
uct, which according to Resurreccion [42] was related to
low-quality meat products or the occurrence of structural
defects. The addition of a binder such as gelatin can help
improve the texture of the sausage, due to an increase in
water retention. Sousa et al. [43] explained that the addition
of collagen will chemically retain water content through the
protein matrix and cause swelling due to contact with water.

The addition of gelatin to sausage elasticity showed the
same characteristics between 3% SFG, 2% BCG, and 2%
SFG (p > 0:05), as well as treatment of 2% SFG, 1% SFG,
and 0% (p > 0:05). The elasticity of sausage at different gela-
tin levels showed a value that tended to increase with the gel-
atin level compared to the 0%, and between 3% SFG
treatments, the elasticity level was relatively higher than
the 2% BCG treatment. Elasticity is a rheological character-
istic that describes the resistance of the product to detach-
ment or rupture due to compressive forces, where the
product can return to its original condition when the pres-
sure was removed. This condition is strongly influenced by
water retention due to the added binder, as observed by Pre-
stes et al. [44] in adding hydrolyzed collagen to cooked ham

Table 2: Proximate composition of sausages emulsion with the addition of different gelatin levels.

Composition (%) 0% 1% SFG 2% SFG 3% SFG 2% BCG

Moisture 60:43 ± 1:73a 62:09 ± 0:93ab 63:27 ± 0:72b 63:95 ± 1:07b 62:46 ± 1:15ab

Protein 17:48 ± 0:78a 18:84 ± 1:93a 18:84 ± 1:04a 19:01 ± 0:67a 18:69 ± 0:85a

Fat 2:41 ± 0:36a 2:50 ± 0:29a 2:59 ± 0:16a 2:60 ± 0:19a 2:57 ± 0:15a

Ash 2:06 ± 0:38a 2:07 ± 0:12a 1:97 ± 0:24a 1:86 ± 0:27a 2:07 ± 0:18a
a, b, cSymbols on the same line indicate significant differences (p < 0:05). Mean ± Stdev (n = 3). SFG = snakehead fish skin gelatin; BCG = commercial gelatin
sourced from bovine bone.

Table 3: Sausage texture profile using different gelatin level addition.

Texture Hardness (g force) Cohesive Elasticity (%) Shear force (g force)

0% 3012:90 ± 146:89a 0:41 ± 0:00a 75:87 ± 4:45a 10556:67 ± 1268:51b

1% SFG 3356:04 ± 645:98a 0:43 ± 0:03a 76:22 ± 5:18a 6833:00 ± 2022:28a

2% SFG 3457:70 ± 429:90a 0:43 ± 0:10a 81:14 ± 1:77ab 5899:00 ± 1000:75a

3% SFG 3795:10 ± 320:29ab 0:43 ± 0:04a 87:33 ± 2:16b 4747:67 ± 1264:16a

2% BCG 4302:70 ± 495:25b 0:60 ± 0:06b 85:96 ± 7:52b 5473:00 ± 493:21a

SFG = snakehead fish skin gelatin; BCG = commercial gelatin sourced from bovine bone. a, b, cThe mean ± Stdev (n = 3) in the same column shows a
significant difference (p < 0:05).
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products and producing products with higher resistance to
compression. The higher the elasticity value, the better the
level of texture stability.

The higher the gelatin content, the lower the sausage
shearing force, but statistically, the treatments of 3% SFG,
2% BCG, 2% SFG, and 1% SFG have similar values
(p > 0:05) and different from the 0% (p < 0:05). The highest
sausage shear force was observed in the treatment without
the addition of gelatin and the lowest at 3% SFG. Similar
finding was reported by Prestes et al. [44] on the shear force
of cooked ham, which had a higher slicing power than those
treated with collagen hydrolysate. The higher the sausage
level, the lower the sausage shear force value.

The slicing ability of beef cheek meat-based sausages may
be connected to the raw meat utilized, as beef cheek meat has
relatively difficult qualities due to the thickening of its dense
connective tissue. The higher the gelatin content, the weaker
the slicing ability of the sausage. In addition to the raw
material factor, slicing power can be related to cooking loss.
Sausages treated with gelatin will tend to be more tender than
those without gelatin because gelatin could bind to water. The
added water could cause the sausage’s retention of water to be
high. Similarly, the use of gelatin results in binding to the fat,
which can also give the finished product a softness. The com-
bination of high moisture content with fat that blends more
perfectly in the product will give it better properties. Other-
wise, in the 0% treatment, where both water and fat were
released freely from the product matrix during the heating
process, the sausage product was relatively less tender and
was characterized by a high cooking loss.

3.5. Microstructure of the Sausage. The microstructure of
sausages added with different levels of SFG is shown in
Figure 1. Sausages emulsified with different levels of gelatin
appear to have relatively different structures; according to
Parés et al. [45], it was difficult to correlate the appearance
of sausage structure with texture. However, the micrograph
of the sausage surface for each treatment shows the effect
of different sausage formulations and is useful in visually
confirming the optimum treatment.

The sausage microstructure shown in Figure 1 presents a
clear difference in the cross-section of the sausage surface.
Figures 1(a) and 1(b) show the sausage matrix structure
which is looser than the sausage matrix structure in
Figure 1(c). The loose structure causes the sausage to be less
compact, while Figures 1(d) and 1(e) show a more compact
sausage structure. The relatively loose structure of the sau-
sage matrix (Figure 1(a)) was due to the inability of water-
protein-fat to bind to each other. Due to the water that
was released when the heating method was used, this cir-
cumstance results in the sausage experiencing syneresis
[45]. Sausage micrographs imply the accumulation of water
and oil molecules around the cross-sectional surface of the
sausage so that the surface layer looks like oil molecules
(Figure 1(a)-A). This will have implications for the more
rapid deterioration of sausage quality during storage. The
addition of 1% SFG (Figure 1(b)) seems to have helped the
water-protein-fat pooling, although not yet optimal, which
was characterized by the presence of pores as an effect of

unbound water (Figure 1(b)-C) and is semicircular as fat
deposits that are not bound to the water and protein compo-
nents (Figure 1(b)-B).

The addition of 2% SFG (Figure 1(c)) showed that the
cross-sectional structure of sausages was better than 0% and
1% SFG, where the water-protein-fat binding made the sau-
sage matrix structure look more cohesive. In contrast to the
addition of 2% BCG and 3% SFG (Figures 1(d) and 1(e)),
the sausage surface appears very tight but produces greater
tensile strength, so this condition results in a sausage structure
that tends to crack (Figure 1(e)-F). Processing such as grinding
will cause damage to the structure of the material, especially
the myofibrillar structure of the meat. This myofibrillar dam-
age causes water retention. The addition of fat and water to
form an emulsion system in the dough with a damaged myo-
fibril structure character will produce a broken and less com-
pact texture after the heating process occurs. The addition of
a binder in the formulation can help the process of unification
between myofibrillar protein, fat, and water, thereby contrib-
uting to a more compact sausage [46].

3.6. Water Holding Capacity of Sausage. Analysis of the var-
iance of different gelatin levels on the released water (mg
H2O) sausage showed a significant effect (p < 0:05), while
storage time had no significant effect (p > 0:05), as shown
in Figure 2.

The addition of different levels of gelatin affects the
binding power of sausage water, which was indicated by
the relatively low amount of released water (mg H2O) in
each gram of sausage when pressed with a filter paper press
compared to the 0%. The higher the gelatin level, the less
water was released (p < 0:05). As shown in Figure 2, there
was a significant difference between the 0% and other treat-
ments (p < 0:05), but the 2% SFG, 2% BCG, and 3% SFG
treatments were not significantly different (p > 0:05). The
addition of a minimum of 2% SFG has been able to improve
the ability of sausages to bind sausage water based on the
beef cheek meat, and it seems that the higher the level of gel-
atin added, the water holding capacity tends to increase. The
results of the study using SFG and BCG types also did not
show any difference in their water holding capacity. The
released water from the sausage that was given the 0% treat-
ment was 38:57 ± 8:01mgH2O/g, greater than the other
treatments which were 33:48 ± 5:86mgH2O/g (1% SFG),
27:28 ± 8:42mgH2O/g (2% SFG), 24:06 ± 7:57mgH2O/g
(2% BCG), and 23:03 ± 4:98mgH2O/g (3% SFG).

Storage time did not affect the ability of sausages to bind
water (p > 0:05). The ability of sausages to release water was
relatively stable. The amount of released water during stor-
age up to 28 days was between 28:03 ± 7:10 and 29:68 ±
10:65mgH2O/g sausage. The higher the gelatin level, the
less the sausage’s ability to release water, or in other words
the higher the water holding capacity. This was in line with
the research of Jridi et al. [14] in turkey sausage which
showed an increase in water holding capacity with increas-
ing gelatin levels. Darmanto et al. [47] stated that the ability
to bind water is an indicator of protein quality; the higher
the ability of the material to bind water, the better the
protein quality.
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The processing process, especially grinding, causes dam-
age to the myofibril protein structure; as a result, the myofi-
bril properties that can retain meat water are reduced. The
addition of gelatin can replace the function of myofibril pro-

teins to resist the release of water and at the same time bind
the fat added to the dough to produce sausages with the abil-
ity to bind water that can be maintained up to 28 days of
storage. This was indicated by the percentage of released
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Figure 1: Microstructural profile of sausages at different levels (magnification ×400). (a) 0%; (b) 1% SFG; (c) 2% SFG; (d) 2% BCG; (e) 3%
SFG; A=microorganism; B = semicircular hole as a place for unbound fat deposition; C = hole that resembles a pore due to the presence of
free water; D = gelatin solution; E =meat fiber; F = cracked sausage surface.

A,c

A,c A,c
A,c

A,c

A,b A,b A,b
A,b

A,b
A,ab A,ab A,ab A,ab A,ab

A,a A,a A,a A,a A,aA,a A,a A,a A,a A,a

0.00

10.00

20.00

30.00

40.00

50.00

60.00

0 7 14 21 28

Re
le

as
ed

 w
at

er
 (m

g 
H

2O
)

Storage time (days)

Control
1% SFG
2% SFG

3% SFG
2% BCG

Figure 2: The addition of gelatin level and storage time to the released water (mg H2O) of sausage. Different uppercase letters indicate
differences in storage time (p < 0:05), and lowercase letters indicate differences with level gelatin (p < 0:05).
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water (mg/g) in the sausage which tended to be lower than
the 0% (Figure 2). Jridi et al. [14] explained that the addition
of gelatin resulted in cross-linking of the chain gelatin cova-
lently to form a matrix that swelled due to the water-
containing environment. The water in the form of a gel is
then retained with the protein in the dough as a function
of the hydrophilic amino acids of gelatin and remains as it
was when it was stored at cold temperatures.

3.7. pH of Sausage. The addition of different gelatin levels
affected the pH of sausage (p < 0:05), as well as storage time,
causing a change in the pH of gelatin (p < 0:05), and there
was no interaction between gelatin level and storage time
on pH (p > 0:05). The effect of increasing gelatin level and
storage time on sausage pH is presented in Figure 3. The
addition of gelatin levels between 1% SFG, 2% SFG, and
2% BCG showed no significant difference (p > 0:05). The
0% treatment showed a higher sausage pH, while the addi-
tional 3% SFG level resulted in sausages with a lower pH.

The difference in sausage pH between treatments was
influenced by different gelatin levels. The addition of gelatin
levels, both SFG and BCG, resulted in relatively the same pH
range, while the pH of the 3% SFG treatment resulted in sau-
sages with a relatively lower pH among all treatments. This
difference in pH may have something to do with the pH of
the gelatin used. Sausage 0% treatment showed a relatively
higher pH range until storage for 28 days compared to other
treatments. According to Ch’ng et al. [11], this has something
to do with the accumulation of metabolites caused by micro-
bial action on proteins and amino acids during storage.

3.8. Antioxidant Activity in Sausage. Based on the analysis of
variance, both gelatin level and storage time showed a signif-
icant effect (p < 0:05) on the antioxidant activity of gelatin in
sausage meat byproduct, but there was no interaction
between the two (p > 0:05). Figure 4 shows the effect of
increasing gelatin levels and storage time on antioxidant
activity in sausages.

The addition of different gelatin levels showed that there
was a difference in antioxidant activity between treatments
(p < 0:05). The percentage of antioxidant activity in the 0%
was the lowest among the treatments, while the addition of
2% BCG level showed the highest values. The addition of
1% SFG and 2% SFG levels was not significantly different,
as were 2% SFG and 3% SFG, and between 3% SFG and
2% BCG (p > 0:05). The greater the level of SFG added, the
antioxidant activity of sausages increased, and the addition
of 2% BCG tended to show better activity than the 2% SFG
treatment. This indication shows that different types of gel-
atin can produce different responses to their ability to scav-
enge free radicals, as well as the antioxidant activity of three
types of gelatin from different fish sources, reported by Ale-
mán et al. [48] on flying squid (Dosidicus gigas), tuna (Thun-
nus spp.), and halibut (Hypoglossus spp.) and
Kittiphattanabawon et al. [49] on skin gelatin of Chiloscyl-
lium punctatum and Carcharhinus limbatus.

The higher the gelatin concentration in the sausage, the
greater the antioxidant action. This has something to do
with the increased ability of sausages to retain water and
fat due to the increased gelatin content. The occurrence of
water-protein-fat binding mediated by gelatin produces a
compact sausage structure, where water, protein (meat
fiber), and fat were trapped between the gelatin solution
resulting in a stable bond in a three-dimensional water-
protein-fat matrix. The strength of the bonds formed can
inhibit the formation of free radicals because of the presence
of water or fat that moves freely. The formation of water-
protein-fat bonds formed as a barrier to the formation of
free radicals due to the oxidation of several fat or protein
molecules. The mediation carried out by gelatin cannot be
separated from the function of hydrophilic and hydrophobic
amino acids.

So far, the use of gelatin as a natural antioxidant was
almost not found, but the observations of Sae-leaw et al.
[50] in testing the effectiveness of gelatin hydrolysate with
different concentrations using the DPPH assay showed a
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Figure 3: Effect of addition of gelatin to pH of sausage during storage. Different uppercase letters indicate differences in storage time
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positive correlation of hydrolyzed gelatin concentration with
its effectiveness in counteracting free radicals. Nikoo et al.
[51] explained that the amino acid peptide sequence in gel-
atin works to inhibit the mobilization of water molecules
into different compartments, and this condition can cause
water to remain in a stable state so that the oxidation process
that can involve proteins and fats that may occur in a fast
time can be extended.

The activity of gelatin as an antioxidant cannot be sepa-
rated from the function of amino acids, which according to
Matsui et al. [52] contributed by the active chain, while
according to Jiang et al. [53] was determined by its amino acid
sequence. Chi et al. [54] confirmed that the smaller molecular
size, the presence of hydrophobic and aromatic amino acid
residues, and the amino acid sequence are the key factors that
determine the antioxidant activity of proteins, hydrolysates,
and peptides. These amino acids react with free radicals and
convert them into stable products. It is not known for sure
the type of amino acids in SFG and BCG that have the poten-
tial as antioxidants. However, it is possible that almost all
amino acids can play a role in the process of inhibiting the
work of free radicals in sausages as a consequence of oxidation
and processing. Lobo et al. [55] highlighted two mechanisms
of the working principle of antioxidants, namely, the
occurrence of chain breakdown so that reactive amino acids
of gelatin will donate electrons to free radicals and antioxidant
action directs its effect by donating electrons, chelating metal
ions, or acting as co-antioxidants.

Gelatin can work as an antioxidant, although its effec-
tiveness in counteracting free radicals is relatively low com-
pared to hydrolyzed gelatin [49]. Some combinations of
amino acids in the peptide sequence are responsible for the
gelatin’s antioxidant properties. The function of gelatin as
an antioxidant is shown by some combinations of amino
acids in the peptide sequence. Glycine and proline are two
amino acid peptides that can scavenge free radicals, whereas
leucine is an amino acid with very strong antioxidant activity
[51, 53]. Liu et al. [56] consider tyrosine, tryptophan, and

phenylalanine as free radical scavengers. Perhaps further
research on the potential of snakehead fish gelatin hydroly-
sate and the amino acid peptide sequence formed concern-
ing its antioxidant performance and activity can support
the above statement.

The longer the storage period, the lower the percentage of
antioxidant activity. The storage process can lead to oxidative
reactions [57]. Storage for 28 days showed that there was a dif-
ference in the antioxidant activity of sausages in counteracting
free radicals (p < 0:05). This can be seen from the decrease in
antioxidant activity every seven days of observation as the
length of storage increases. The decrease in antioxidant activ-
ity of gelatin in sausages during cold storage was not different
from that which occurred in meatballs given pomegranate
extract, and it seems that cold storage reduces antioxidant
activity more quickly than freezing temperatures [57].

3.9. TBA Reactivity of Sausage. Gelatin level and storage time
showed in Figure 5 a significant effect (p < 0:05) on TBA reac-
tivity of beef cheek-based sausage, but there was no significant
interaction between them (p > 0:05). The addition of 3% gela-
tin resulted in relatively lower TBA reactivity, namely,
1.91mg/kg malonaldehyde compared to other treatments
(p < 0:05), while the 0% treatment with the addition of 2%
SFG and 2% BCG did not show a significant difference
(p > 0 0:05) with a range of 2.18 to 2.25mg/kg malonaldehyde.

Gelatin that functions as a binder is a source of amino
acids, especially hydrophobic amino acids such as alanine,
isoleucine, proline, leucine, phenylalanine, tyrosine, and
tryptophan [56]; they act as hydrogen donors through their
reactive sites for free radicals resulting in lipid oxidation that
can be slowed down [50]. The higher the gelatin content, the
fat oxidation indicated by the lower level of TBA reactivity
formed, which was expressed as mg malonaldehyde/kg sau-
sage. Storage can trigger fat oxidation. Observations on sam-
ples stored at 4 ± 2°C increased the levels of TBA reactivity
with storage time (p < 0:05). Oxidation was the main cause
of damage to meat products [58, 59], during the processes
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of preparation, processing, and storage due to the depletion
of endogenous antioxidants [11, 58]. Lipid oxidation that
occurs as a consequence of refrigerated storage causes the
formation of lipid peroxidation in the presence of free radi-
cals and subsequently decomposes into malonaldehyde. The
addition of the gelatin level helps to maintain the shelf life of
the sausage until the rate was slowed down.

In proximate analysis, beef cheek meat can be catego-
rized as lean meat [5]. The processing of beef cheek meat
into sausages resulted in sausages containing a certain
amount of fat (Table 2). The fat contained in sausages was
not chemically stable fat, the addition of other ingredients
(nonmeat ingredients) including ice water and processing
factors to storage are critical factors for changes in the struc-
ture and compartments of sausages, especially oxidation.
The instability of sausage products due to some damage by
oxidation has implications for a decrease in the shelf life,
acceptability, and nutrition of sausages [58]. It seems that
the use of gelatin was not only potential as an additive that
functions to improve sausage characteristics but was also
able to effectively act as an antioxidant that can relatively
maintain shelf life. Although not as effective as hydrolyzed
gelatin, the inclusion of gelatin in sausage products success-
fully prevents oxidation-related lipid and possibly protein
degradation [49]. The usage of natural antioxidants may
enhance the quality of meat products as well as be taken into
account for health benefits.

4. Conclusion

Gelatin can be replaced with a byproduct of the snakehead fish
industry for producing sausages. Snakehead fish gelatin has
the potential to serve as a binder and functionally enhance
sausage performance, which is determined by the consistency
of the emulsion, the amount of cooking loss, the chemical
composition, and the texture profile. By confirming scanning
electron microscopy, sausage characteristics with the addition

of 2% snakehead fish skin gelatin produced sausages with
characteristics resembling commercial gelatin. The ability of
snakehead fish gelatin to function as a functional binder can
increase the ability of sausages to hold water, but it has not
been proven to be effective in preventing fat oxidation, which
raises levels of malonaldehyde and is characterized by antiox-
idant activity that tends to decline with cold storage. Gelatin
made from fish processing byproducts is a potential substitute
for gelatin derived from mammals.
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