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ABSTRACT

Chicken sausage is a widely consumed processed meat product due to its
high protein content, desirable texture, and affordability. Its formulation
generally involves meat proteins, carbohydrate-based fillers, and
functional additives. Proteins act as structural stabilizers of emulsions,
while fillers such as tapioca flour improve texture, water retention, and
yield. However, tapioca flour has relatively low fiber compared to sorghum
flour. Germinated sorghum (Sorghum bicolor L. Moench) contains 6.82%
protein, 1.81% fat, 2.21% crude fiber, and 77.47% carbohydrates, with
enhanced nutritional quality compared to ungerminated grains. This study
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aimed to evaluate the chemical and physical characteristics of chicken
sausage with partial substitution of tapioca flour by germinated sorghum
flour, focusing on protein, fat, moisture, crude fiber, texture, Water
Holding Capacity (WHC), cooking loss, and Cielab color space (L*a*b*)
color parameters. The experiment used a Completely Randomized Design
(CRD) with five substitution levels (0%, 5%, 10%, 15%, and 20%) and
four replications. Results showed that sorghum substitution significantly
increased protein and crude fiber content, affected fat levels, but did not
alter moisture. In terms of functional properties, germinated sorghum flour
had a highly significant effect on WHC, texture, cooking loss, and color
analysis. Sausage with 50% sorghum flour and 50% tapioca flour produced
the best balance, yielding higher WHC, lower cooking loss, acceptable

10.32734/ipi.v14i01.25216 , :
texture, and balanced color. Overall, germinated sorghum flour is a

promising alternative filler to improve both nutritional and functional
qualities of chicken sausage
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1. Introduction

Chicken is a livestock commodity that is in high demand among Indonesians due to its high protein content,
easy availability, and relatively low price compared to other types of meat. The increasing demand for animal
protein has driven the consumption of chicken meat, which has a protein content of 21-22%, a water content
of 70%, and a fat content of 1% [1]. The high nutritional content makes chicken a favorite food ingredient, but
its perishable nature due to high water content triggers the growth of microorganisms, requiring further
processing to extend its shelf life and increase its economic value. One of the most widely developed processed
products is sausage, which is a mixture of meat and additional ingredients stuffed into a casing [2]. According
to Indonesian National Standard 3820-2015, meat sausages must have a minimum protein content of 13%, a
maximum water content of 67%, and a fat content of no more than 20% [3]. The sausage-making process
requires meat as the main ingredient, a binder, and a filler that stabilizes the emulsion, increases water binding
capacity, and reduces shrinkage [4]. Tapioca flour is commonly used as a filler because it can improve
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emulsions, but its nutritional content is relatively low, with 86.55% carbohydrates, 0.15% protein, 0.3% fat,
0.50% crude fiber, and 12% water [5]. According to Masyithoh et al. (2024), fiber content can correlate with
Water Holding Capacity (WHC) because higher Total Dietary Fiber (TDF) values, both soluble and insoluble,
indicate greater water retention capacity, where water is absorbed and retained between fiber particles [6]. This
is in line with the statement by [7] that the addition of fiber to processed meat products can affect the physical
properties of the final product by increasing yield, improving texture, maintaining shape after processing, and
brightening the color of the product. Therefore, efforts to increase the nutritional value of chicken sausage can
be made by using sorghum as a filler to replace tapioca flour a potential solution.

Red sorghum (Sorghum Bicolor L. Moench) belongs to the cereal group that has been developed and
widely cultivated in various regions of Indonesia. Sorghum can be used as a filler because it has a fairly high
carbohydrate content of 61.24—76.6%, and the criterion for a filler is that it has a high carbohydrate content so
that it can reduce shrinkage during the cooking process and improve the texture and elasticity of the product
[8]. The Bioguma variety of red sorghum has a protein content of 6.82%, fat 1.81%, ash 1.97%, crude fiber
2.21%, and carbohydrates 77.47% [9]. To increase the nutritional content and reduce tannins, red sorghum
seeds can undergo further processing, namely through the germination method.

Germination is a process of treating sorghum seeds by soaking them in a solution to produce sprouts under
certain conditions. The germination process can increase nutritional content by activating the metabolic
process in the seeds, thereby reactivating inactive enzymes such as protease, lipase, and amylase to produce
energy to support germination. Germination for 24 hours can increase the protein content from 10.35% to
12.99%, so that germinated red sorghum has better nutritional content than red sorghum without germination
treatment [ 10]. The application of red sorghum sprouts in food products needs to be processed into red sorghum
sprout flour so that it can be used as a filler in food products. Research conducted by [11] on the addition of
sorghum flour as a filler in salami sausage showed an increase in fat and carbohydrate content with the addition
of 10% sorghum flour, and a significant decrease in water content in salami sausage as the amount of sorghum
flour added increased. The addition of sorghum flour has water-binding properties because water is tightly
bound by proteins and prevented from evaporating. High water-binding capacity affects water loss during
cooking and product texture. Based on the potential of sorghum sprout flour, which has high nutritional content
as a filler, and the lack of research on the substitution of tapioca flour with sorghum sprout flour in chicken
sausage in terms of chemical and physical characteristics, this research needs to be conducted.

2. Method

Research on the chemical and physical characteristics of chicken sausage substituted with tapioca flour
and sorghum sprout flour (Sorghum Bicolor L. Moench) was conducted at the Animal Product Technology
Laboratory, Faculty of Animal Science, Brawijaya University; the Meat Technology Laboratory, Faculty of
Animal Science, Gadjah Mada University; and the Food Quality and Safety Testing Laboratory, Faculty of
Agricultural Technology, Brawijaya University, from August to November 2025.

2.1. Research Method
This study used a Completely Randomized Design (CRD) with 5 treatments and 4 replicates. The sorghum
sprout flour substitution treatment was based on the use of tapioca flour in the formulation, which was 20%
of the total meat. The treatments are described as follows:
TO: Chicken sausage with 20% tapioca flour (control)of the amount of meat used.
T1: Chicken sausage with sorghum sprout flour substitution: tapioca flour using a ratio of
5%:15% of the amount of meat used.
T2: Chicken sausage with sorghum seed sprout flour:tapioca flour substitution using a ratio of
10%:10% of the amount of meat used.
T3: Chicken sausage with sorghum seed sprout flour:tapioca flour substitution using a ratio of
15%:5% of the amount of meat used.
T4: Chicken sausage with 20% sorghum grain sprout flour of the amount of meat used.

2.2. Preparation of germination sorghum

The procedure for making sorghum sprout flour according to [12] begins with washing the red sorghum
seeds until they are clean of various impurities, then soaking them for 24 hours at room temperature. The
soaked sorghum seeds are washed again until clean, then spread on a basket lined with a damp cloth and
placed in an oven for 24 hours at 35°C in the dark. The sorghum sprouts that had been spread out for 24
hours were then cleaned again by washing and dried using a food dehydrator for 2 hours at a temperature of
60°C. The dried sorghum seeds were cleaned to remove the outer skin, leaving only the sorghum sprouts.
The clean sorghum sprouts were weighed and then ground until smooth for 5 minutes. The ground sorghum



Jurnal Peternakan Integratif Vol.14, No.01 (2026) 34-42 36

seeds were then sieved using a 100 mesh flour fraction. The sorghum seed sprout flour was analyzed
proximately to analyze the nutritional content in the sorghum sprout flour. The sorghum seed sprout flour
was packaged in polypropylene ziplock plastic and stored at a temperature of 19-24°C. The procedure for
making sorghum sprout flour is shown in Figure 1.
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at room temperature. fine as flour.

Figure 1. Procedure for making sorghum sprout flour

2.3. Preparation for sausage

Procedure for making chicken sausage substituting tapioca flour with sorghum sprout flour according
to [2] begins with the preparation of ingredients such as chicken meat, sorghum sprout flour, tapioca flour,
ice cubes, nutmeg, salt, garlic, candlenut, egg yolk, pepper, sugar, and oil. All additional ingredients are
weighed according to the measurements in the sausage dough formulation. The chicken meat is cut into small
pieces, weighed according to the sausage dough formulation, and ground together with 50% ice cubes and
100% salt using a meat grinder or meat chopper. The grinding process is carried out for 2 minutes. The
ground chicken meat was then mixed with all the additional ingredients according to the sausage dough
formulation, such as sugar, nutmeg, egg yolk, pepper, garlic, and the remaining ice cubes, then ground until
smooth for 2 minutes. Tapioca flour and sorghum flour were added to the finely ground dough according to
the sausage dough formulation and ground again until evenly mixed for 2 minutes. Oil is then added to the
evenly mixed dough and ground until well blended for 1-2 minutes. Once the dough has been evenly ground,
it is transferred to a basin to be prepared for the molding process. The evenly mixed dough is put into a
sausage stuffer to be molded. A casing of sufficient length is inserted into the end of the stuffer, then the
casing is filled with sausage dough until it is sufficiently compact. After the dough has been filled into the
casing, the sausage is tied using knitting yarn according to the desired length. Once the casings are ready to
be boiled, pierce them evenly with a needle to prevent the mixture from bursting during the boiling process.
The prepared sausages are then placed in a pot of water heated to 80°C for about 45 minutes. Once the
sausages are cooked, drain and cool them until they are cold, then package them. The sausage-making process
is shown in Figure 2.
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Figure 2. The sausage-making process

2.4. Analysis of germinated sorghum flour

The proximate content examined in this study includes moisture, ash, fat, protein, and carbohydrate. The
parameters of chemical qualities were determined using a proximate analysis, which included the gravimetric
method for analyzing the moisture and ash content, the Kjeldahl method for determining the protein content,
and the Soxhlet method using fat extractor for analyzing the fat content.

2.5. Chemical quality analysis

Chemical quality analysis includes testing water content, fat content and protein content using using
FoodScan (FOSS) with Artificial Neural Network (ANN) calibration and related databases. Chemical
analysis was carried out according to the Association of Official Analytical Chemists (AOAC, 2007) method
[13]. Crude fiber content analysis using the Association of Official Analytical Chemists (AOAC, 2005)
method [14].

2.6. Physical quality analysis
The physical quality analysis includes cooking loss, water holding content, color analysis using a color
reader (CIELAB color space), and texture analysis using a texture analyzer.

2.7. Data Analysis

The data on chemical quality (moisture, ash, fat, and protein content) and physical quality (cooking loss,
color, and texture analysis) were evaluated using ANOVA. When significant differences were observed, the
analysis was further conducted with Duncan’s Multiple Range Test.

3. Result and Discussion
3.1 The Effect of Germination on Sorghum Seeds on the Nutritional Content of Sorghum Seed Sprout Flour
Proximate analysis of sorghum seed sprout flour that has been germinated for 24 hours. The purpose of
the proximate analysis was to determine the effect of germination on the nutritional value of sorghum seed
sprout flour. The data from the proximate analysis of sorghum seed sprout flour can be seen in Table 1.

Table 1. Proximate analysis of sorghum seed sprout flour

Parameters Analysis Results (%) Reference Source
(Derbew and Morgez, 2017)
Protein Content 7.40 11.16%
Moisture Content 8.19 8.33%
Fat Content 3,14 3.09%
Ash Content 1.19 1.36%
Carbohydrate Content 80.08 74.34%

Based on the data in Table 1, it can be seen that the germination treatment of sorghum seeds resulted in
an increase in the nutritional content of the sorghum seeds. It is suspected that the increase in the nutritional
content of sorghum seed sprout flour is due to germination for 24 hours. This is in line with the research by
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[15], which states that the germination process triggers metabolic activity in seeds by reactivating previously
inactive enzymes. This activation produces primary and secondary metabolites that contribute to an increase
in the functional content and nutritional value of the seeds. [16] also added that during the germination
process, some of the enzymes bound in the seeds are reactivated so that storage macromolecules, such as
carbohydrates, proteins, and fats, undergo hydrolysis and are converted into a more digestible form.
Germination can also reduce the levels of anti-nutrient components, such as tannins and phytic acid.
According to [17], germination increases proteolytic and amylolytic enzyme activity in cereals, thereby
improving the availability of protein and essential amino acids. The activation of the lipid biosynthesis
pathway during germination also plays a role in the production of new lipids needed for cell division and
expansion, so that the increase in fat content during sorghum germination reflects complex biochemical
processes that are essential for seedling growth and development. The decrease in water content during the
germination process can be influenced by the drying process that occurs after germination [16].

3.2 Chemical Charateristic of Sausages with Sorghum Seed Sprout Flour
Table 2. Chemical characteristic of sausages with sorghum seed sporut flour

Treatment Protein content Fat content Moisture content Crude fiber content

(%) + SD (%) + SD (%) + SD (%) % SD
TO 19.00°+ 0,24 8.73'+ 0,96 69.51+ 1,06 0.08+ 0,02
Tl 19.51% 0,32 8.18%+ 1,13 69.26 + 0,66 0.112+ 0,01
T2 20.11°+ 0,14 8.41°+ 1,32 69.21+ 0,46 0.21°+ 0,06
T3 20.93% 0,26 10.03%+ 0,14 69.98+ 0,81 0.39°+ 0,09
T4 21.574+ 0,43 10.57°+ 0,29 70.03+ 0,77 0.47°+ 0,08

Based on Table 2, the results of the analysis of variance show that the substitution of sorghum seed
sprout flour in chicken sausage has a very significant effect on protein content (P<0.01). This is thought to
be because the use of sorghum seed sprout flour can increase the protein content in chicken sausage. This is
supported by the results of the proximate analysis in Table 1, which shows that the protein content of sorghum
seed sprout flour is 7.40%. The high protein content is due to the germination of sorghum seeds, which can
increase their protein content. The comparison of sorghum seed sprout flour substitution with tapioca flour
also had an effect on the protein content of the sausage, with the protein content of tapioca flour being lower
at 0.59% compared to sorghum seed sprout flour. The most significant increase in protein content was found
in treatments T3 (20.93%) and T4 (21.57%). The increase in protein content from TO to T4 was due to the
increasing substitution of sorghum seed sprout flour in chicken sausage. This is in line with the research by
[8] that the higher the addition of sorghum seed sprout flour substitution in sausage, the higher the protein
content of chicken sausage. The protein content in this study met the SNI standard, which is a minimum limit
of 13% protein content in combination sausages [3].

The substitution of sorghum seed sprout flour in chicken sausage resulted in a significant difference in
fat content (P<0.01). It is suspected that the increase in fat content in chicken sausage was influenced by the
higher substitution of sorghum seed sprout flour, which has a high fat content, as shown in Table 1, namely
3.14%. The high fat content is caused by germination in sorghum seeds, which can increase their fat content,
resulting in oil absorption due to oil binding associated with non-polar fatty acid side chains [15]. The most
significant fat content values were found in treatments T3 (10.03%) and T4 (10.57%) due to the increasing
substitution of sorghum seed sprout flour in chicken sausage. This is in line with the research conducted by
[8] that the fat content in chicken sausage has a range that is not much different between treatments, but the
higher the addition of sorghum, the higher the fat content. The high fat absorption capacity of red sorghum
seeds can also be utilized to bind fat in meat and sausage products. The fat content in this study met the SNI
standard, which is a maximum limit of 20% fat content in combination sausages [3].

The substitution of sorghum sprout flour in chicken sausage did not result in a significant difference in
moisture content (P>0.05). This is thought to be because the moisture content of chicken sausage substituted
with sorghum sprout flour is influenced by the moisture content of sorghum sprout flour, which is shown in
Table 1 to be 3.14%. The moisture content of chicken sausage was not affected because the sorghum seed
sprout flour production process involved drying, which reduced the moisture content. This decrease in
moisture content can be attributed to sorghum seed sprout flour, where the flour production process involves
drying the seeds, which can reduce the moisture content [16]. The moisture content from TO to T4 did not
have a significant effect due to the increasing substitution of sorghum seed sprout flour in chicken sausage.
This is in accordance with the statement by [2] that the moisture content in Manila duck sausage with the
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addition of white sorghum flour did not cause a significant difference. A water content that is not too high
has the advantage of affecting appearance, texture, taste, and shelf life. Foods with high water content can
accelerate the growth of microorganisms [8]. The water content of chicken sausage in this study did not meet
the meat sausage quality standards based on SNI requirements, which is a maximum of 67% [3].

The substitution of sorghum seed sprout flour in chicken sausage resulted in a significant difference in
crude fiber content (P<0.01). This is thought to be due to the use of sorghum seed sprout flour, which can
increase the protein content in chicken sausage. This is supported by research conducted by [19] with a
sorghum flour fiber content of 1-3%. The high fiber content is due to the germination of sorghum seeds,
which increases their crude fiber content. The comparison of sorghum seed sprout flour substitution with
tapioca flour also had an effect on the fiber content of the sausage, with the crude fiber content of tapioca
flour being lower at 0.2% compared to sorghum seed sprout flour. The most significant crude fiber content
values were found in treatments T3 (0.39%) and T4 (0.47%). The increase in fiber content from TO to T4
was due to the increasing substitution of sorghum seed sprout flour in chicken sausage. This is supported by
[20], who stated that the higher the addition of sorghum flour, the higher the insoluble fiber content. [16] also
added that the increase in fiber content can be triggered by dry mass loss caused by starch hydrolysis through
enzyme action triggered during germination, increased lignin content, and degradation of cellular
components such as lipids and proteins.

3.3 Physical Charateristic of Sausages with Sorghum Seed Sprout Flour

Table 3. Physical charateristic of sausages with sorghum seed sprout flour
Treatment Cooking Loss Water Holding Capacity Texture

(%) + SD (%) + SD (%) + SD
TO 2.01¢+0.05 37.252 £ 0.55 3.95¢+0.02
Tl 1.87¢ £ 0.04 40.26 + 0.62 3.874+0.03
T2 1.69¢ + 0.03 43.03¢ + 0.44 3.03+ 0.06
T3 1.40° + 0.03 45234+ 0.42 2.86b £ 0.03
T4 1.00° +0.03 46.20¢ + 0.36 2.64* +0.07

Based on Table 3, the addition of sorghum sprout flour at different percentages had a very significant
effect (P<0.01) on the cooking shrinkage value. This is likely due to the chemical characteristics of sorghum
sprout flour, including its protein content as shown in Table 1, which is 7.40%, and its fiber content of 1.72%
according to [21]. This protein content can bind water molecules and form a gel network to retain water, and
the fiber content in sorghum sprout flour can trap water within the fiber particles thereby directly affecting
the sausage's ability to retain water during the testing process. This is reinforced by [21], who state that the
germination process can increase the ability to absorb water and form higher viscosity. This increase makes
sorghum sprout flour more effective in retaining water during the processing stage.

The addition of sorghum sprout flour at different percentages had a very significant effect (P<0.01) on
the WHC value. It is suspected that the addition of sorghum sprout flour changed the properties of the sausage
dough, such as increasing the fiber and starch content that can absorb water, thereby improving the sausage's
ability to retain water. The relatively high protein content in sorghum sprout flour, as listed in Table 1
(7.40%), can help bind water molecules contained in the sausage dough. The starch content in sorghum sprout
flour forms a gel that traps water within the dough, while the fiber content forms a porous structure that can
absorb and retain water. This is supported by [22], who stated that the addition of sorghum sprout flour
increases the amount of dietary fiber, which acts as a hydrophilic matrix capable of binding and retaining
water during the processing. [23]) stated that the addition of certain types of starch to processed meat products
can increase their ability to retain water, as evidenced by increased gel strength and network formation, which
demonstrates the role of starch in creating an effective water-retaining network in processed meat products.

Based on Table 3, the addition of sorghum sprout flour at different percentages had a very significant
effect (P<0.01) on texture values. This is thought to occur because the addition of sorghum sprout flour
changes the composition and properties of the sausage dough, such as soluble proteins, thereby altering the
dough structure and ultimately affecting the hardness and tenderness of the sausage. This is supported by
[24], who state that an increase in the water-binding capacity of a product can alter the texture value of that
product. The average texture value of chicken sausage with added sorghum sprout flour ranged from 3.95 N
to 2.64 N. The texture values in this study showed a decrease as the amount of sorghum sprout flour added
to the chicken sausage increased. This decrease is suspected to be due to more water being bound by the
starch and fiber in sorghum sprout flour, resulting in a less elastic protein gel structure. The water-binding
capacity of a product is directly related to the texture characteristics of processed meat products, as the water-
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binding capacity is related to the ability of the tissue to maintain the water content that affects the texture of
processed meat products [25].Lower texture values mean that the addition of sorghum sprout flour makes the
sausage structure softer or less firm compared to the control without sorghum. The sorghum filler replaces
part of the starch in the sausage mixture. Lower texture values indicate that the addition of sorghum sprout
flour makes the sausage structure softer or less firm compared to the control without sorghum. Sorghum filler
replaces part of the dense protein tissue from chicken meat with a less dense matrix, resulting in a softer final
texture [26].

Table 4. Color analysis of sausages with sorghum seed sprout flour

Treatment L*+ SD a*+ SD b*+ SD
TO 66.93¢+0.21 5.300+0.16 21.254+0.26
Tl 65.30°+0.14 7.43¢+ 0.05 19.05¢ £ 0.17
T2 64.55°+0.97 6.93b+0.17 17.63°*+0.17
T3 62.552+0.25 6.98°+0.13 16.952 + 0.06
T4 61.752+0.39 6.80b+ 0.16 17.50°+0.18

Based on Table 4, the addition of sorghum sprout flour at different percentages had a very significant
effect (P<0.01) on the L* color value. This is thought to be due to the sorghum sprout flour changing the
color of the sausage surface by adding colored or scattered pigment and fiber components to the sausage
mixture. This is supported by the opinion of [27] that the addition of fiber to processed meat products can
cause significant changes in color values, as the color characteristics and natural properties of these additives
can affect the final appearance of the product. The average L* color value of chicken sausage with sorghum
sprout flour ranged from 61.75 to 66.93. The L* color value showed a decrease due to the darker color of
sorghum sprout flour compared to tapioca flour. This decrease indicates that the higher the addition of
sorghum sprout flour, the lower the resulting L* color value. A lower L* color value means that the addition
of sorghum sprout flour makes the sausage color slightly darker (less bright) compared to sausages without
sorghum addition.

The addition of sorghum sprout flour at different percentages had a significant effect (P<0.01) on the a*
color value. This is thought to be due to the content of phenolic compounds such as tannins and flavonoids
found in sorghum seeds. The average a* color value of chicken sausage with sorghum sprout flour ranged
from 5.30 to 7.43. [9] stated that sorghum seeds contain high levels of phenolic compounds, especially
tannins and flavonoids, which contribute to differences in the appearance and color of sorghum, particularly
in colored varieties. A higher a* color value means that the addition of sorghum sprout flour higher a* color
values indicate that the addition of sorghum sprout flour makes the sausage color tend to be redder than
sausages without sorghum addition. Chicken meat generally has a slightly pale color, and the addition of
sorghum pigments makes the final sausage color tend to be redder. The a* color value in this study showed
an increase compared to the control treatment as the amount of sorghum sprout flour added to the chicken
sausage increased. Based on research conducted by [8], the a* color value in chicken sausage with sorghum
added as a filler increased from 1.62 to 7.29. This indicates that adding sorghum flour to chicken sausage
can increase the intensity of the redness. The content in sorghum seeds, such as tannins, can also influence
the increase in red color in chicken sausages. Natural pigments in sorghum, such as polyphenols, flavonoids,
or seed coat pigments, interact with the meat protein matrix and, through the cooking process, change the
final color of the sausage [8]. This interaction produces a different light reflection compared to sausages
without fillers. The increase in redness (a*) is accompanied by a decrease in lightness, which combines to
produce a slightly dark or reddish-brown final color.

Based on Table 4, the addition of sorghum sprout flour at different percentages had a very significant
effect (P<0.01) on the b* color value. This is thought to be due to the particles of sorghum sprout flour and
phenolic compounds in the sausage, which can change the color of the dough. This is supported by the
statement of [27] that the addition of high-fiber grain ingredients in processed meat products can alter the
lightness and yellowness color values. The average b* color value of chicken sausage with added sorghum
sprout flour ranged from 14.88 to 21.25. The b* color value in this study showed a decrease compared to the
control treatment as the amount of sorghum sprout flour added to the chicken sausage increased. The
decreasing b* color value is suspected to be due to the reduced contribution of the natural yellow color from
the substituted tapioca flour, as well as the increased dominance of the color of the sorghum sprout flour
component, which tends to be duller or more brownish.A lower b* color value means that the addition of
sorghum sprout flour makes the color of the sausage slightly darker (less bright than the sausage without
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sorghum addition). The lower b* color value means that the addition of sorghum sprout flour makes the color
of the sausage slightly darker (less bright than sausage without sorghum addition).

4. Conclusion

Based on the research conducted, it was concluded that substituting sorghum sprout flour can improve the
chemical and physical characteristics of chicken sausage in terms of protein content, fat content, fiber content,
moisture content, water holding capacity, texture, cooking loss, and color analysis. Chicken sausage with 50%
sorghum sprout flour substitution showed optimal chemical and physical characteristics, resulting in chicken
sausage with good nutritional value, high fiber content, and high protein content

5. Acknowledgements
We would like to thank the Faculty of Animal Science and Technology at Universitas Brawijaya for
facilitating this research.

References

[1] Hidayah, S. N., Wahyuni, H. L., & Kismiyati, S. (2019). Kualitas Kimia Daging Ayam Broiler Dengan
Suhu Pemeliharaan Yang Berbeda. Jurnal Sains Dan Teknologi Peternakan, 1(1), 1-6.
https://doi.org/10.31605/jstp.v1i1.443

[2] Klau, Y. Y. Y., Malelak, G. E. M., & Armadianto, H. (2022). Substitusi Tepung Tapioka dengan Tepung
Sorgum Putih (Sorgum bicolor L. Moech) Terhadap Sifat Fisiko Kimia Sosis Itik Manila (Cairina
Moschata). Jurnal Peternakan Lahan Kering, 4(3), 2349-2355. http://dx.doi.org/10.57089/jplk.v4i3.1026.

[3] Badan Standarisasi Nasional. (2015). Sosis Daging. SNI 3820: 2015. Badan Standarisasi Nasional.
Jakarta: BSN RI.

[4] Apriantini, A., Afriadi, D., Febriyani, N., & Arief, I. 1. (2021). Fisikokimia, Mikrobiologi Dan
Organoleptik Sosis Daging Sapi Dengan Penambahan Tepung Biji Durian (Durio zibethinus
Murr). Jurnal Ilmu Produksi dan Teknologi Hasil Peternakan, 9(2), 79-88.

[5] Bansele, M., Sabtu, B., & Riwu, A. R. (2022). Substitusi Tapioka Dengan Tepung Bonggol Pisang Kepok
Terhadap Kualitas Kimia Dan Organoleptik Sosis Ayam Kampung. Jurnal Peternakan Lahan
Kering, 4(3), 2269-2277. http://dx.doi.org/10.57089/jplk.v4i3.1203.

[6] Mariotti, F., & Gardner, C. D. (2019). Dietary protein and amino acids in vegetarian diets—A review.
Nutrients, 11(11), 2661. https://doi.org/10.3390/nul 1112661

[7] Kasanah, D. K., Wibowo, A., Haris, M. 1., & Safitri, A. (2024). Pengaruh Penambahan Tepung Sorgum
(Sorgum Sorghum Bicolor L. Moench) sebagai Substitusi Tepung Terigu terhadap Sifat Fisikokimia
Naget Ayam. Jurnal Sains Peternakan, 12(2), 84-96. https://doi.org/10.21067/jsp.v12i2.10508

[8] Permadi, S. N., Setiaboma, W., Febrisiantosa, A., Firmansyah, A. M., Hariyadi, S., & Kristanti, D. (2024).
Physicochemical And Organoleptic Characteristics Of Chicken Sausage Using Red Sorgum Flour
(Sorgum Bicolor) As Filler. 10P Conference Series: Earth and Environmental Science, 1377(1), 012037.
https://doi.org/10.1088/1755-1315/1377/1/012037

[9] Avif, A. N., & A. O. T. Dewi. (2022). Analisis Kandungan Zat Gizi, Fenol, Flavonoid, Fitat, dan Tanin
pada Sorgum (Sorgum bicolor (L. Moench). Nutri-Sains: Jurnal Gizi, Pangan dan Aplikasinya, 6(2), 65-
74. https://doi.org/10.21580/ns.2022.6.2.7083

[10] Sembor, S. M., Liwe, H., Lontaan, N. N., & Rotinsulu, M. D. (2023). The Effect Of Various Types Of
Flour As Filler Materials On Physical, Chemical And Organoleptic Characteristics Of Salami Culled
Laying Hens. Scientific Works. Series C, Veterinary Medicine, 69(2), 144-155.

[11] Derbew, H., & Moges, D. (2017). Effect Of Germination Duration On Nutritional And Functional
Properties of Sorgum (Sorgum bicolor): The Case Of Girana And Miskr Varieties. Ethiopian Journal of
Science and Technology, 10(3), 165-180. https://doi.org/10.4314/ejst.v10i3.2.

[12] Batariuc, A., Cotovanu, 1., & Mironeasa, S. (2023). Sorghum Flour Features Related to Dry Heat
Treatment and Milling. Foods, 12(11), 2248.

[13] AOAC. (2005). Official Methods of Analysis of the Association of Official Analytical Chemists
Published by the Association of Official Analytical Chemist. Maryland.



https://doi.org/10.31605/jstp.v1i1.443
http://dx.doi.org/10.57089/jplk.v4i3.1026
http://dx.doi.org/10.57089/jplk.v4i3.1203
https://doi.org/10.3390/nu11112661
https://doi.org/10.21067/jsp.v12i2.10508
file:///D:/FAPET/PENELITIAN/SEMHAS/REVISI/PROPOSAL%20SKRIPSI%20MUHAMMAD%20ZAHIR%20AFIIF.docx
file:///D:/FAPET/PENELITIAN/SEMHAS/REVISI/PROPOSAL%20SKRIPSI%20MUHAMMAD%20ZAHIR%20AFIIF.docx
https://doi.org/10.21580/ns.2022.6.2.7083
https://doi.org/10.4314/ejst.v10i3.2

Jurnal Peternakan Integratif Vol.14, No.01 (2026) 34-42 42

[14] AOAC. (2007) Official Methods of Analysis of the Association of Official Analytical Chemists Published
by the Association of Official Analytical Chemist. Maryland.

[15] Ogunlakin, G., H Onibokun, E., & Fashogbon, B. (2021). Effect Of Germination Period On Some
Functional And Engineering Properties Of Sorgum Flour. Asian Journal of Advances in Agricultural
Research, 17(3), 12-22. https://doi.org/10.9734/AJAAR/2021/v17i330196.

[16] Kayisoglu, C., Altikardes, E., Guzel, N., & Uzel, S. (2024). Germination: A Powerful Way To Improve
The Nutritional, Functional, And Molecular Properties Of White-And Red-Colored Sorgum
Grains. Foods, 13(5), 662.

[17] Nkhata, S. G., Ayua, E., Kamau, E., & Shingiro, J. B. (2018). Fermentation and Germination Improve
Nutritional Value Of Cereals And Legumes Through Activation Of Endogenous Enzymes. Food Science
& Nutrition, 6(8), 2446—2458. https://doi.org/10.1002/fsn3.846

[18] Agustina, L., Yuliati, N., Farm, F. O. S., & Ranumsari, M. (2021). Skrining Fitokimia Dan Uji Potensi
Biji Sorgum (Sorgum Sorghum Bicolor L. Moench) Sebagai Serat Secara In Vitro. Jurnal Wiyata:
Penelitian Sains dan Kesehatan, 8(1), 35-46.

[19] Gunawan, A., Pranata, F. S., & Swasti, Y. R. (2021). Kualitas Muffin Dengan Kombinasi Tepung Sorgum
(Sorgum  bicolor) dan Tepung Kacang Merah (Phaseolus vulgaris). Jurnal teknologi hasil
pertanian, 14(1), 11.

[20] Taylor, J. R., & Anyango, J. O. (2011). Sorghum flour and flour products: Production, nutritional quality,
and fortification. In Flour and breads and their fortification in health and disease prevention (pp. 127-
139). Academic Press.

[21] Araujo-Chapa, A. P., Urias-Orona, V., Nifio-Medina, G., Muy-Rangel, D., de la Garza, A. L., & Castro,
H. 2023. Dietary fiber from soybean (Glycine max) husk as fat and phosphate replacer in frankfurter
sausage: effect on the nutritional, physicochemical and nutraceutical quality. Molecules, 28(13), 4997.

[22] Zhang, S., Wang, L., Wang, Q., Wang, Y., Wang, L., & Du, R. (2024). Effects of Different Types of
Starch on Physicochemical Properties and Microstructure of Beef during Cold Storage. Foods, 13(17), 1-
24,

[23] Huang, Y. C., & Chou, C. F. (2023). Replacement of potato starch with sorghum distiller grains improves
the quality characteristics of emulsified pork meatballs. Journal of Food Processing and Preservation,
2023(1), 1-7.

[24] Cornet, S. H., Snel, S. J., Lesschen, J., van der Goot, A. J., & van der Sman, R. G. (2021). Enhancing the
water holding capacity of model meat analogues through marinade composition. Journal of Food
Engineering, 290, 1-9.

[25] Oyinloye, T. M., & Yoon, W. B. (2024). Effect of the Ratio of Protein to Water on the Weak Gel Nonlinear
Viscoelastic Behavior of Fish Myofibrillar Protein Paste from Alaska Pollock. Gels, 10(11), 737.

[26] Stowinski, M., Miazek, J., Dasiewicz, K., & Chmiel, M. (2021). The effect of the addition of fiber
preparations on the color of medium-grounded pasteurized and sterilized model canned meat products.
Molecules, 26(8), 2247.

[27] Salejda, A. M., Olender, K., Zielinska-Dawidziak, M., Mazur, M., Szperlik, J., Miedzianka, J., Zawislak,
L., Ostek, J. K., & Szmaja, A. (2022). Frankfurter type sausage enriched with buckwheat by-product as a
source of bioactive compounds. Foods, 11(5), 674.


https://doi.org/10.9734/AJAAR/2021/v17i330196.
https://doi.org/10.1002/fsn3.846

