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Abstract | Collagen is widely used in food and pharmaceutical products, but efficient extraction methods are still under
exploration. This study was conducted to utilize Indonesian Local sheepskin by extracting the collagen using protease
trom Aspergillus oryzae and Bacillus subtilis. Sheepskin collagen was characterized, and the result was compared with
commercial collagen. Indonesian Sheepskin collagen was successfully extracted by protease from Aspergillus oryzae and
Bacillus subtilis. The yield of collagen extracted using protease from Aspergillus oryzae (C1) was higher than Bacillus
subtilis (C2), which reached 20.69 + 0.60% and 16.09 + 0.39%, respectively. The result of SDS-PAGE analysis on
Garut sheepskin collagen (C1 and C2) shows the same motif as the protein band profile of commercial collagen type I,
which has al and a2 chains with molecular weights of around 140 kDa and 100 kDa, respectively. The result of FTIR
analysis displays a similar five-amide band motif in all sample, including Amide A (+3300 cm™), B (+2900 cm™), 1
(#1650 cm™), IT (#1500 cm™) and III (#1230 cm™), which indicates a collagen structure. The melting temperature of
the samples in this study remained within the range of the literature in the prior research, which reached 145.43°C and
167.05°C for C1 and C2 respectively. The pH and viscosity of the C1 sample and the C2 sample were quite similar.
Overall, collagen extracted using Aspergillus oryzae protease exhibited the most desirable characteristics, suggesting its
potential as a high-quality local collagen source.
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INTRODUCTION

Increased animal consumption has led to higher livestock
slaughter rates, including sheep. According to Ministry
of Agriculture of The Republic of Indonesia (2023), the
development of sheep meat production in Indonesia over
the period 1983-2023 has shown a significant upward
trend, with an average annual increase of 24.40%. The
increase of meat production, generating a larger volume of

by-products like sheepskin. However, not all of this by-
product was utilized, potentially causing environmental
issues and necessitating corrective measures.

Indonesia has several local sheep breeds from different areas,
including Garut, Wonosobo, Batur, and Kisar. According
to Hartatik (2016), Garut sheep is one of the breeds of
local Indonesian sheep that is the result of crossbreeding
between local sheep and Kaapstad sheep from Africa
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and Merino sheep from South Australia. Ministry of
Agriculture of The Republic of Indonesia (2011) stated
that physical characteristics of Garut sheep include body
and head color combination of black and white, large and
long curve horns, small ears, and a triangular-shaped tail.

Garut sheep have been traditionally bred in West Java
Province. Moreover, Ministry of Agriculture of The
Republic of Indonesia (2023) reported that West Java is the
leading province in Indonesia in terms of sheep population,
contributing an average of 12.06 million heads annually.
This represents approximately 34.52% of the national small
ruminant population, with sheep accounting for nearly
90% of the total. This suggests that the Garut sheep breed
constitutes a significant portion of the sheep population
in Indonesia. Alhuur ez a/. (2023) state that the Garut
sheep breed has a larger body size than other local sheep in
Indonesia, which potentially generates more meat and by-
products, including skin. Generally, Garut sheepskin are
utilized for leather, however, a significant amount of skin
remains unused and becomes waste. Van der Merwe ez al.
(2021) stated that sheepskin typically accounts for about
7-13% of their body weight Furthermore, animal skin
consists of approximately 60% collagen on a dry weight
basis, making it a promising raw material for collagen
protein production (Matinong ez al., 2022). Therefore,
Garut sheepskin was chosen as a potential source of local
collagen production compared to the other local breeds.

Furthermore, collagen is the most abundant structural
protein with a triple-helix structure found in animals, with
28 types identified to date (Tang ez a/., 2022). Advances
in technology and changing lifestyles have expanded its
use as a key raw material in the food, pharmaceutical,
biomedical, and cosmetic industries (Li ez a/, 2020).
Indonesia imports significant quantities of collagen, much
of which is untraceable in terms of halal certification. Since
most animal slaughtering practices in Indonesia follow
halal standards, there is an abundant supply of halal by-

product material for collagen production.

Collagen hydrolysis using enzymes was preferable due to
the milder reaction conditions than hydrolysis using base
or acid. Moreover, the products are relatively predictable
and controllable since enzymes typically target specific
peptide bonds for cleavage, which also creates specific
sequences that can play a role in bioactivity analysis for
turther research. Based on prior studies, proteases from
animals were usually used to extract collagen, such as
pepsin (Devita ez a/., 2021), but the animal-based enzymes
were harder to obtain due to the farming and slaughtering
processes compared to plant or microorganism-based
enzymes. Plant- and bacteria-derived enzymes may also
offer an alternative for halal and cheaper enzyme sources.

In this study, Aspergillus oryzae and Bacillus subtilis were
chosen as microorganism to produce alternative enzyme to
extract collagen. Both of them were classified as Generally
Recognized As Safe (GRAS) by the Food and Drug
Administration (FDA), and their enzymes are widely
used in the food and pharmaceutical industries (Daba ez
al., 2021; Stiilke ef a/., 2023). This makes them suitable for
processes where the final product is intended for human
use. Enzymes from Aspergillus oryzae and Bacillus subtilis
are commercially available, affordable, and easy to produce
via fermentation, making them practical for scale-up
collagen extraction from animal by-products like sheepskin
than other microorganism enzymes.

Aspergillus oryzae is a fungus that can produce enzymes that
have high proteolytic activity. This enzyme remained stable
between pH 4.5 and 6.0, indicating its classification as an
acid protease (Daba ez a/.,2021). Nacem ez a/. (2022) stated
that proteases from Aspergillus oryzae prefer hydrophobic
amino acids as specific cutting sites. Bacillus subtilis bacteria
can also produce proteolytic enzymes that have been used
in so many industries. Peterle ¢z a/. (2020) reported that
this enzyme was categorized as a serine protease and
cleaves amino acids at leucine and threonine.

'The information on microorganism-based enzymes, such
as protease from Aspergillus oryzae, for extracting collagen
is still limited. Moreover, the use of protease from Bacillus
subtilis to extract collagen is never been done. Accordingly,
the main objectives of this study were the extraction and
characterization of collagen from the skin of Garut Sheep
using proteases from Aspergillus oryzae and Bacillus subtilis.

MATERIALS AND METHODS

ETHICAL APPROVAL

Ethical approval was not required as the sheepskin was
obtained from a local market and did not involve live
animals.

MATERIALS

Skins from eighteen-month-old purebred male Garut
sheep were purchased from a local market in Cirebon,
West Java, and preserved by ice during transportation.
Proteases from Aspergillus oryzae (500kHUT/g) and
Bacillus subtilis (100kNPU/g) were purchased from Sisco
Research Laboratories, India. Commercial collagen type I
from bovine achilles was purchased from Sigma Aldrich.
The chemical reagents used in this study were analytical

grade.

SAMPLE PREPARATION
Sheepskin hair was removed using an animal hair remover
and a cutter knife, followed by fleshing to remove residual
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meat and fat. The skins were then sliced into small segments,
with 50 g allocated to each sample pouch. The prepared
skin was preserved in the freezer at -18°C for a week, then
thawed before the extraction was conducted.

SHEEPSKIN COLLAGEN EXTRACTION PROCESS

The extraction of the samples was carried out following
the method of Wahyuningsih ez a/. (2018). Extraction
using Aspergillus oryzae (C1) and Bacillus subtilis (C2). The

extraction process graph was presented n Figure 1.

Sheepskin hair was removed
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Soak in 0.1 M NaOH for 24 h at 4°C with ratio 1:10 (w/v)
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then redissolved in 0.02 M CH,COOH
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Figure 1: Schematic of sheepskin collagen extraction

protocol.
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COLLAGEN CHARACTERIZATION

SDS-PAGE ANALYSIS

The molecular weight determination was done using
SDS PAGE analysis by Kuwahara (2021), with some
modifications. Initially, 10 mg of extracted collagen was
dissolved in 0.1 M acetic acid. Meanwhile, the dilution of
commercial collagen was done in distilled water. The sample
was then mixed with loading buffer and heated at 55°C for
15 minutes. A 10 pL of denatured solution was loaded onto
an SDS-PAGE with a 4-15% gradient gel, which had been
set in the analysis chamber. Electrophoresis was conducted
at a constant voltage of 170 V for 1.5 hours. Then, the gel
was stained with Coomassie blue and destained by rinsing
with distilled water overnight.

FFOURIER TRANSFORM INFRARED SPECTROSCOPY ANALYSIS
(FTIR)

The FTIR analysis was conducted following the method
described by Li ez al. (2020). The collagen sample was
prepared according to the specified procedure and analyzed
using an FTIR device. Measurements were performed
within the wavenumber range of 4,000 to 500 cm™. The
tunctional groups of the collagen sample were determined
by correlating the observed absorption peaks with the
characteristic absorption ranges of protein functional
groups.

DIFFERENTIAL SCANNING CALORIMETRY (DSC) ANALYSIS
The thermal stability of the sample was assessed using
differential scanning calorimetry (DSC) according
to the method described by Faralizadeh ez a/ (2021).
Approximately 5-10 mg of the collagen was wrapped in
an aluminium pan and subjected to heating from 20°C to
300°C at a rate of 10°C per minute. The resulting DSC
thermogram displayed characteristic isothermal peaks
associated with collagen.

EVALUATION OF COLLAGEN YIELD

The methodology of collagen yield determination was
described by Akram and Zhang (2020) with slight
modification. It was calculated by dividing the wet weight
of the extracted collagen by the initial sample weight (50
g). The yield percentage is calculated as follows:

Collagen yields (%) = ( Wet weight of collagen/ Initial weight)
x 100%

PH ANALYSIS

'The pH value was measured following the method outlined
by Devita ez a/. (2021). The analysis involved using a pH
meter to test the wet collagen sample. The pH meter was
initially set off and permitted to stabilise. The electrode was
afterwards immersed in the sample, and the pH value was
collected once it stabilised and remained constant.

VISCOSITY ANALYSIS

'The viscosity of the samples was measured according to
the method described in reference (Vidal ez a/., 2020) with
modifications. Briefly, 0.03 g of each sample was dissolved
in 0.1 M acetic acid. The viscosity of the resulting solutions
was then determined using a viscometer at a speed of 100
rpm with spindle number 61.

EXPERIMENTAL DESIGN AND DATA ANALYSIS

'The Yield, pH, and viscosity data were collected in triplicate
and analyzed. A mixed sample of three batches was used
to collect SDS-PAGE, DSC, and FTIR data. All the data
results were analyzed descriptively. Statistical analyses were

performed using SPSS and Excel software.
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RESULTS AND DISCUSSION

Collagen is a crucial ingredient in the food, medicine, and
cosmetics industries. Indonesian local sheepskin offers
a potential good quality and halal alternative to collagen
sources. To assess the quality of this local collagen, its
characteristics must be compared to those of commercially
available collagen. In this study, various analyses, including
molecular weight, functional groups, thermal stability, pH,
viscosity, and total yield, were conducted to evaluate the
quality of collagen derived from Garut sheepskin compared
with the purchased commercial collagen and data from the
previous study.

THE MOLECULAR WEIGHT OF COLLAGEN (SDS-
PAGE)

The SDS-PAGE results showed the molecular weight of
collagen from all samples including Garut sheepskin that
extracted using protease from Aspergillus oryzae (C1) and
Bacillus subtilis (C2) compared with commercial collagen
type I (CC) is shown in Figure 2, C1 and C2 exhibited the
same characteristic bands as type I collagen, including a1,
a2,and B chains. As shown in Figure 1, the molecular weight
of the a1 chain for C1,C2, and CC was approximately 125
kDa, the a2 chain was about 110 kDa, and the B chain was
about 200 kDa. Overall, the molecular weight profiles of
the extracted collagens (C1 and C2) and the commercial
collagen (CC) exhibit similar patterns. According to
Redtegui-Pinedo ez al. (2022), tilapia skin collagen shows
a comparable molecular weight distribution to that of
commercial type I collagen derived from bovine skin. The
molecular weight of the al chain was 120 kDa, while the
a2 chain was at 116 kDa. Other bands of higher molecular
weight were B chains, which have an approximate weight of
around 200 kDa. The results of extracted collagen obtained
from this study show a similar molecular weight pattern
with commercial collagen type I in SDS-PAGE analysis

and previous literature.

ANALYSIS OF FUNCTIONAL GROUP (FTIR)

Figure 3 and Table 1 illustrate the peak regions of the
infrared spectrum for collagen samples. Both sample-
extracted collagen (C1 and C2) and commercial collagen
display a similar functional group pattern, characterized by
five distinct amide bands, including Amide A, B, I, 11, and
III, which are typical of collagen structures. The spectral
peaks appeared in the ranges of 3322.65 to 3412.80
for amide A, 2924 to 2926.71 for amide B, 1652.12 to
1655.96 for amide I, 1545 to 1550.76 for amide II, and
1238.73 to 1239.40 for amide IIL. This result is similar
to the F'TIR result of collagen from sheep by-product by
Vidal ez al. (2020), which reported that sheep by-product
collagen has five amide bands. Amide A at approximately
3325 cm !, amide B at 2924 cm !, amide I at 1659 cm™,

amide IT at 1553 ecm™, and amide III at 1231 cm™. The
presence of these absorption bands indicates the retention
of the triple-helix structure, further supported by an IR
absorption ratio of approximately 0.84, close to the value
expected for native collagen.

Table 1: Peak positions of FTIR spectra of commercial
collagen type I (CC), sheepskin collagen extracted using
protease from Aspergillus oryzae (C1) and Bacillus subtilis

(C2).

Wavenumber (cm™)
C2 CC
3338.96 3322.65
2926.63 2924.00
1655.96 1652.12
1548.46 1545.98
1238.73 1239.40

C1

3412.80
2926.71
1655.90
1550.76
1239.38

Amide A
Amide B
Amide I
Amide IT
Amide IIT

M C1 C2 CC
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Figure 2: SDS PAGE results of marker (M), commercial
collagen type I (CC), sheepskin collagen extracted using

protease from Aspergillus oryzae (C1) and Bacillus subtilis
(C2).
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Table 2: Thermal stability of sheepskin collagen and commercial collagen type I.

Collagen sample

Collagen extracted using protease from Aspergillus oryzae (C1)
Collagen extracted using protease from Bacillus subtilis (C2)
Commercial collagen type 1 (CC)

Table 3: Yield, viscosity and pH of sheepskin collagen.
Extracting agent

Acetic acid (0.5 M) + Protease from Aspergillus oryzae (C1)
Acetic acid (0.5 M) + Protease from Bacillus subtilis (C2)

Collagen sources Melting temperature (°C)

Sheepskin 145.43

Sheepskin 167.05

Bowine achilles 153.66
Totalyield (%) Viscosity (cP)in 0.1 M pH of wet

CH,COOH collagen

20.69 = 0.60° 5.18+0.03 4.4 +0.05
16.09 = 0.39* 5.18 + 0.02 4.5 +0.05

b superscript shows significant differences in the same column (P<0.05).

Il
" B S
B ! I
A I
B 1l
A 0
4000 3500 3000 2500 2000 1500 1000

Wavenumber (cm-1)

—C(1 C2 CC

Figure 3: FTIR spectra of commercial collagen type I
(CC), sheepskin collagen extracted using protease from
Aspergillus oryzae (C1) and Bacillus subtilis (C2).

These findings of functional group profiles of extracted
sheepskin collagen also closely resemble commercial
collagen in a previous study. According to Gao ez a/. (2018),
Amide A is associated with N-H stretching vibrations,
and Amide B arises from asymmetric CH, stretching.
Generally, Amide A wavenumbers ranged from 3440-3400
cm™!. However, the band shifts to a lower wavenumber
at around 3300 cm™. Furthermore, Devita ez a/. (2021)
reported that amide B of collagen generally ranged from
2938-2658 cm™.

Amide I exhibits stretching vibrations of carbonyl groups
(C= O bonds) which correspond with the four secondary
structures of proteins, including a-helix, f-sheet, f-turn,
and irregular structure. The a-helix structure ranged from
1659 to 1645 cm™, the B-sheet or non-stranded extended
structure was around 1640 to 1620 cm™, the B-turn structure
was from 1700 to 1660 cm™, and the last was an irregular
structure, ranging from 1644-1640 cm™ (Gao ez al., 2018).
Depending on the literature, the secondary structure of
sheep collagen in this study is categorized as a-helix.

Amide II is associated with N-H bending and C-H
stretching, and Amide III is linked to intermolecular
interactions in collagen, involving C-N stretching and
N-H bending. The Amide II band in collagen typically
appears in the range of 1600 to 1550 cm™ and Amide
IIT ranges from 1400 to 1200 cm™ (Gao e al., 2018).
According to Redtegui-Pinedo ez a/. (2022), commercial
collagen shows characteristic absorption bands at specific
wavenumbers: Amide A at 3304 cm™, Amide B at 2925
cm™, Amide I at 1631 cm™, Amide IT at 1547 cm™, and
Amide IIT at 1235 cm™.

The ratio of the Amide III band to the CH, bending
vibration at 1450 cm™ in both C1 and C2 samples was
approximately 1, showing that the triple helix structure of
sheep collagen remained and was not harmed by enzymatic
extraction. This finding aligns with the report by Gao ez
al. (2018), which stated a ratio close to 1 is indicative of
an intact collagen triple helix. The preservation of this
structural feature in the extracted samples suggests that the
enzymatic extraction process successfully maintained the
native integrity of the collagen, making it comparable in
quality to commercial collagen. The FTIR analysis results
for the extracted samples C1 and C2 have the same pattern
as the commercial ones, and all the spectra peaks are still in
the range of collagen structure according to the literature.

THERMAL STABILITY ANALYSIS (DSC)

'The DSC analysis was used to analyse the thermal stability
of extracted sheepskin and commercial collagen. The results
of the DSC analysis of the samples can be seen in Figure
4, and the specific value is in Table 2. All the samples
show different thermal peak values. Among the samples
analyzed, C1 exhibited the lowest thermal transition, with
an endothermic peak at 145.43°C. The CC sample displayed
an intermediate peak at 153.74°C, while C2 showed the
highest thermal stability, reaching an endothermic peak at
167.05 °C. According to Faralizadeh ez a/. (2021) thermal
peak is associated with modifications in collagen’s cross-
linked structure, leading to the unfolding of its triple-
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helical structure, commonly referred to as the melting
temperature (Tm). In comparison, Capella-Monsonis ez
al. (2018) reported that commercial Type I collagen has a
significantly lower Tm of 116.94°C. Additionally, Ferraro
et al. (2017) documented that collagen derived from
different bovine bone regions exhibited melting peaks
between 162.42 °C and 180.01 °C. In this present study,
commercial collagen shows higher thermal stability than
in the previous study. On the other hand, C2 shows higher
thermal stability than C1 and CC. Bhuimbar ez a/. (2024)
reported that Bacillus subtilis protease selectively cleaves
collagen, preserving the core triple helix structure and
maintaining thermal stability.

50 100 150 200 250
Temperature (°C)

—Cl C2 cC

Figure 4: DSC spectra of commercial collagen type I
(CC), sheepskin collagen extracted using protease from
Aspergillus oryzae (C1) and Bacillus subtilis (C2).

Higher melting temperatures indicate superior collagen
quality, reflecting greater heat resistance. Gauza-
Whodarczyk ez al. (2017) asserted that the variation in
denaturation temperatures of the examined materials
may be attributed to the hydroxyproline concentration.
The concentration of this amino acid is associated with
the thermal stability of collagen. Hydroxyproline is a
specific amino acid found in collagen that contributes to
thermal stability through the formation of hydrogen bonds
characterised by the structure -O-H...O=C=.Furthermore,
the stabilising influence of hydroxyproline is associated
with the distinctive stereochemical characteristics of the
pyrrolidone ring.

YIELD, VISCOSITY, AND PH OF EXTRACTED COLLAGEN
'The total yield of extracted collagen from Garut sheepskin

is presented in Table 3.The yield of extracted collagen using
protease from Aspergillus oryzae (C1) was significantly
higher than collagen extracted with protease from Bacillus
subtilis (C2), which reached 20.69 + 0.60 and 16.09 +
0.39%, respectively, indicating protease from Aspergillus
oryzae was more effective in extracting the collagen from
sheepskin. C1 shows a higher yield than sheepskin collagen
extracted by an acidic method (17.03%), but C2 shows a
lower value (Putri ez al., 2024). However, both outcomes
demonstrated a greater value in comparison to the collagen
extracted through the acid method in a previous research
conducted by Devita ez a/. (2021), which reported that the
yield of fish skin collagen obtained through the acid method
was 3.05%. Moreover, C1 is higher than fish skin collagen
extracted using papain (15.20%) and trypsin (13.83%), but
has a lower yield value than collagen extracted by pepsin

(52.02%) and bromelain (42.76%) (Devita ez al., 2021).

Differences in collagen extraction yield are largely
influenced by the species and type of tissue used as raw
material, as well as by factors such as solvent concentration
and the extraction method applied. Generally, thinner
and less fibrous skins, such as those from fish, are more
susceptible to enzymatic or chemical hydrolysis, resulting in
higher collagen yields. In contrast, thicker and more cross-
linked tissues, such as ovine or bovine skins, present greater
structural resistance, making collagen extraction more
challenging and often resulting in lower yields (Amirrah
et al., 2022). Wu et al. (2019) reported that enzymatic
methods, can improve collagen yield compared to acid
extraction. In acid-enzyme extraction, the acidic solution
swells the sample, enabling pepsin to efficiently cleave
cross-linked molecules at the telopeptide region without
damaging the triple helical structure. This process results
in higher yields. The numerous inter-chain and intra-chain
crosslinks at the telopeptide region also contribute to the
yield difference between the two methods.

The viscosities of C1 and C2 have similar values (Table
3), reaching 5.18 + 0.03 and 5.18 + 0.02 cP. The viscosity
of the extracted collagen in this work was similar than
that reported by Said ez a/. (2018), who reported that the
viscosity values of extracted collagen from Bali cattles’s
hide range from 5.53 to 7.52 ¢P. Hadfi and Sarbon (2019)
state that multiple variables influence viscosity, including
the temperature of the solution and hydrogen bonding. The
presence of hydrogen bonds at varying concentrations of
acetic acid may also influence the viscosity of collagen. The
rise in temperature results in an augmentation of thermal
energy. The molecules exhibit increased mobility, resulting
in decreased viscosity. The method used to measure
viscosity, including the combination of the viscometer
spindle type and speed, can significantly influence the
results (Mariano ez a/.,2024). The Standardized equipment
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and procedures are very important to get consistent and
comparable viscosity results.

The pH of the isolated collagen remains consistent with
the range seen in prior experiments. The pH value of
both extracted collagens in wet conditions was also not
significant, which shows 4.4 + 0.05 and 4.5 = 0.05. Devita ez
al.(2021) reported that the pH value of bromelain-soluble
collagen derived from big-eye tuna (Zhunnus obesus) skin
varied between 4.30 and 4.40. Nonetheless, the value of
the pH obtained in this investigation was inferior to that
of the commercial collagen reported in the previous work
by Gao e al. (2018). A separate study conducted by Hadfi
and Sarbon (2019) reported that commercial collagen
possesses a pH of 6.25 + 0.04. The reduction in pH may
result from the amount of acidic amino acids generated
during the enzymatic hydrolysis. The variation in pH
value may also result from the characteristics of the amino
acids comprising the collagen. Ledn-Lépez e al. (2019)
explained that the sequence and the arrangement of amino
acid residues vary according to the type and duration of
hydrolysis. Moreover, the length of time of hydrolysis can
influence the pH level of collagen.

'The findings and discourse reveal that the isolated Garut
sheepskin collagen is categorised as type I collagen. It
may serve as an alternate source of high-quality collagen
derived from local livestock. Collagen derived from the
protease of Aspergillus oryzae (C1) exhibited superior
outcomes relative to alternative treatments. However, this
study was limited by the use of a single extraction condition
and a relatively small sample size, which may affect the
generalizability of the results. Future research should
explore multiple extraction parameters and larger sample
sets to validate the findings and assess the scalability and
industrial applicability of the process.

CONCLUSION

Two proteases derived from Aspergillus oryzae and Bacillus
subtilis successfully extracted collagen. Based on the
characterization data, sheepskin collagen was identified as
type I collagen. Sheepskin collagen extracted using protease
trom Aspergillus oryzae produces a higher yield than Bacillus
subtilis. Functional group, Thermal stability, pH, and viscosity
of sheepskin collagen were still in the range of collagen
structure, based on the literature. Collagen extracted from
Garut sheepskin using Aspergillus oryzae protease exhibited
optimal characteristics, suggesting its potential as an
alternative high-quality halal collagen source.
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