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Abstract. Kuntana YP, Balia R, Murad S, Hidayat YA, Partasasmita R. 2017. The effect of gelatin hydrolysate from pygostyle of broiler 
produced by enzymatic hydrolysis process of Aspergillus niger to prophylaxis of osteoporosis white rat. Nusantara Bioscience 9: 361-
366. The pygostyle of the broiler is a cartilage tissue containing collagen, a mucoprotein being a plasma expander. The hydrolysis 
process of collagen by enzyme can produce gelatin hydrolysate differently compared to that from commercial gelatin because it has an 
amino acid composition with low average molecular weight. It becomes an advantage because it can be directly absorbed by the 
digestive tract. In addition, the enzymatic process can be done in short time with the low cost and also environment-friendly approach. 
This process can be assisted by Aspergillus niger, i.e., safe microorganisms (GRASS). A. niger has a protease enzyme that can digest 
collagen into gelatin hydrolysate. The enzyme is extracellularly removed so that its utilization does not require high input value 
expenditure. Gelatin hydrolysate can reduce the disease of osteoporosis. The objective of this study was to know the effect of gelatin 
hydrolysate produced from chicken bones in the favor of A. niger for increasing the benefit products. The specific targets are to find the 
amount of gelatin hydrolysate, precisely eliminated osteoporosis of rat (Rattus norvegicus). The experimental research was conducted in 
the laboratory with using complete randomized design followed by the descriptive analysis with 5 treatment and 5 replication. CCl4 dose 
0,14 mL/g BW (P1 as a negative control), Potatoes dextrose Broth (PDB) dose 0,5 mL/g BW (P2 positive control), gelatin hydrolysate 
dose 0.25; 0.5; 0.75 mL/g BW (P3-P5). The observed parameters were including body weight and histological observation of 
musculoskeletal tissue in terms of measurement of fiber muscle, cartilage and collagen diameter. The test animal used was male white 
rat (R. norvegicus) Wistar strain aged 2-3 months with body weight 185-200 g. Data were analyzed using ANOVA and Duncan test. The 
results show that gelatin hydrolyzate as an environmentally friendly product serves as a prevention of immune diseases and degenerative 
diseases such as osteoporosis.  
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INTRODUCTION 

Pygostyle is composed of cells and extracellular matrix. 
This extracellular matrix contains collagen fibers (±70%) 
and proteoglycans (±25%), which are also known as 
plasma expander. The tailbone is an area of the remaining 
primitive streak formed in the early embryogenesis phase 
during the process of gastrulation. This area induces 
formation of the definitive tissues such as neural tissue, 
epithelium, and somite, and that tail bone called a stem 
cell. Stem cells in the pygostyle have properties and 
features similar to fibroblasts as the collagen producer. The 
extracted collagen could be further used to produce the 
gelatin. In Indonesia, thousands of tons of gelatin has been 
imported per year to cope a high demand of gelatin in the 
domestic market, which the price was now ranging from 
Rp 60,000 to Rp 70,000 per kilogram (Robertis et al. 2009; 
Muttaqien et al. 2013; Asserin et al. 2015). 

The process of extraction of tailbone is generally by 
acidic or alkaline ways. However, this process can cause 
the degradation of protein especially the essential amino 
acid. In addition, this process is not efficient because it 

takes a long time and less environment-friendly. The 
extraction of bone to form gelatin using enzymatic 
hydrolysis will produce gelatin hydrolysate, with a low 
weight of an amino acid, which could be directly absorbed 
by the digestive tract. This process occurs only by cutting 
the polypeptide on the aspartic acid site in favor of protease 
enzymes in order to inhibit the protein degradation. Gelatin 
hydrolysate does not produce an allergenic reaction and the 
processing technology does not require the release of high 
input values  (Oesser et al. 1999; Schrieber and Gareis 
2007; Gimenez et al. 2009). 

One of the protease enzymes produced by organisms 
and classified as safe organism (GRASS) is Aspergillus 
niger. Fungi is widespread and can be easily mutated for 
increasing its productivity. In addition, it grows very 
quickly without removing mycotoxins. A. niger secretes 
protease enzymes extracellularly in the presence of 
substrate containing carbon and nitrogen sources such as 
collagen. These fungi can grow in keratin substrate because 
it has acid proteases. Based on this A. niger can convert 
collagen bone tissue to collagen gelatin (Chutmanop et al. 
2008; Mukhtar and Ul-Haq 2009; Lopes et al. 2011). 
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Several studies have shown that gelatin hydrolyzate has 
potential in the treatment of osteoporosis. Osteoporosis is a 
condition in which the substance, density, and bone mass 
have degenerated leading to the porous structure of bones. 
Osteoporosis can cause the reduction of bone capacity, 
which reduces its main function as support system so that 
bones become inelastic and fragile. Osteoporosis is an 
autoimmune chronic disease. Up to now, the etiology and 
pathogenesis of its main cause have not been fully 
understood. However, the exposure of foreign agents such 
as carbon tetrachloride compound (CCl4), free radicals as 
well as changes in cellular homeostasis play an important 
role to trigger this disease (Schrieber and Gareis 2007). 

Bone tissue is constantly undergoing remodeling 
process dynamically leading to imbalances of bone 
metabolism. The imbalance of bone tissue triggers the 
process of osteoporosis. The balance of bone metabolism is 
closely regulated by two body systems namely the 
endocrine system and the immune system. The presence of 
interference or damage to these two systems will cause 
interference and even damage to the musculoskeletal 
network. The presence of reactive oxygen species (ROS) 
has an important function in the pathophysiological 
changes of these tissues. Cell membranes are highly 
susceptible to the effects of ROS. The peroxidation of 
unsaturated fatty acids in the cell membrane will lead to 
decreased fluidity, loss of function, integrity disturbance 
and eventual cell death (Campo et al. 2004, 2008; Hsu et al. 
2010; Xiao et al. 2012; Hadavi et al. 2015). 

The essential amino acids contents of the hydrolyzate 
gelatin are glycine, proline, and hydroxyproline in addition 
to the semi-essential amino acids such as arginine and 
glutamic acid. Glycine and proline play a role in the 
formation of collagen, in addition to the components of 
hemoglobin and DNA, while hydroxyproline stimulates 
cellular metabolism. Arginine is needed in the subsequent 
creatine synthesis, this metabolite in phosphate form, plays 
a role in energy metabolism of muscle cells, increases 
insulin production, and increases growth hormone 
secretion. Glutamate acids improve cell regeneration 
process. Therefore, osteoporosis patients need to be 
rescued with the help of amino acids in the form of gelatin 
hydrolyzate (Xing et al. 2006; Maganhin et al. 2007; 
Schrieber and Gareis 2007; Campo et al. 2008). The 
objective of study is to obtain the amount of gelatin 
hydrolysate, precisely eliminated osteoporosis of rat 
(Rattus norvegicus) 

MATERIALS AND METHODS 

Materials research 
The materials used include 2 kg Broiler bone, Fungi (A. 

niger) isolate, Medium Potatoes Dextrose Agar (PDA), 
Potatoes Dextrose Broth medium (PDB), Chloramphenicol, 
skimmed milk powder, Whatman No. 1 filter, aquadest, 
olive oil, carbon tetrachloride (CCl4), Hematoxylin-Eosin 
dyes, formic acid, xylol, paraffin, alcohol, methanol, sterile 
gauze, cotton, gelatin hydrolysate and white rat (Rattus 
norvegicus) male Wistar strain. 

The tools used include incubator (Incuterm Trade 
Raypa), hot plate, incubator shaker, laminar air flow, 
autoclave, staining jar, sonde, microtome rotate microme 
HM 310 brand, binocular light microscope brand Olympus 
CH20, ocular micrometer, fluorescence microscope (Axio), 
refrigerators, glassware, magnetic stirrer, and ose. 

Research methods 
The research was conducted Completely Randomized 

Design followed by descriptive analysis. White rat (R. 
norvegicus) males aged 2-3 months and body weight 180-
200 g amounted to 25 tails was used as test animals. Data were 
then analyzed with ANOVA followed by Duncan test. The 
observed variables include body weight, femoral muscle 
fiber diameter, cartilage diameter and femoral collagen 
diameter of a male white rat (R. norvegicus) of Wistar strain. 

The dose of gelatin hydrolysate administered to male 
rats (R. norvegicus) was 10 mg/g human (Oesser et al. 
1999), which was converted in rats to 0.2 mg/g BB rat. 
Dosing was developed into 3 doses of 0.25; 0.5 and 0.75 
mL/g BW rat. The dose of CCl4 given to mice was 1 mL/kg 
BW mice as a hepatotoxic and pangcreatoxic dose (Campo 
et al. 2008). This dose was converted in rats to 0.14 mL/g BW. 

Rats were randomly assigned to 5 treatment groups 
with 5 replications: P1: negative control (CCl4 dose 0,08 
mL/g BW); P2: Positive Control (PDB dose 0.5 mL/g 
BW); P3: Gelatin Hydrolysate dose 0.25 mL/g BW; P4: 
Gelatin Hydrolysate dose 0.5 mL/g BW, and P5: Gelatin 
Hydrolysate dose 0.75 mL/g BW. 

Gelatin hydrolysate is administered orally daily using 
sonde for 14 days. After a day's rest, CCl4 treatment was 
administered daily for 7 days by intramuscular injection in 
the dorsal musculus of the rat femoral. The day after the 
CCl4 treatment was administered, the rats were weighed 
and killed and collected dorsal femoral muscle tissue and 
femur bone. The tissue samples were stored in a Bouin 
fixative solution for±24 hours for the preparation of 
paraffin histologist preparations. 

RESULTS AND DISCUSSION 

Body weight 
Based on body weight parameter, results showed that 

the treatment of gelatin hydrolysate doses gave a 
significant effect on body weight on α 0.05 (Table 1). 

Based on Duncan test result showed that treatment of 
gelatin hidrolisat dose 0,25 mL/g BW (P3) gave different 
weight compared to treatment of P4 and P5 (dose of 
hydrolyzate 0,5; 0,75 mL/g). Body weight of the result of 
treatment P3 was approaching the treatment of P2 as a 
positive control. Treatment P2 (PDB dose 0.5 mL/g BW) 
gave the body weight significantly higher than the other 
treatment, while the treatment of P1 (CCl4 dose 0.14 mL/g 
BW) gaves the lowest weight significantly lower than the 
result of other treatments. Weight loss in mice due to CCl4 
treatment was due to muscle tissue damage and reduced 
muscle mass. The presence of oxidative stress induced by 
CCl4 produces the CCl3 chemical compound that activates 
inflammation and cell death causing muscle atrophy 
(Munoz-Casares et al. 2006). 
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Table 1. Average of body weight Rat (R. norvegicus) male given 
gelatin hydrolysate and exposure on CCl4 
 
Treatments Average (g)* 
P1 (Negative control CCl4 dose 0.14 mL/g BW) 199.07±0.042e 
P2 (Positive control PDB 0.5 mL/g BW) 208.91±0.104a 
P3 (Gelatin Hydrolysate dose 0.25 mL/g BW) 207.84±0.142b 
P4 (Gelatin Hydrolysate dose 0.5 mL/g BW) 205.79±0.082c 
P5 (Gelatin Hydrolysate dose 0.75 mL/g BW) 202.64±0.043d 
Note: * = significance 0.05 
 

 
Provision of gelatin hydrolyzate can prevent tissue 

oxidative damage. This is evidenced by the study of 
Campo, et al. (2008) collagen from cattle bone dose 30 
mg/kg BB mice that can reduce free radical production, 
prevent protein degeneration and inhibit cell damage. 
Collagen as an antioxidant may inhibit cell apoptosis (Rolls 
et al. 2005) According to Koopman et al. (2009), giving 35 
g of casein in healthy adults does not show a decrease in 
skeletal protein synthesis.The amino acid digestion process 
will stimulate protein synthesis Muscles and inhibits 
protein damage so that the body's protein balance and 
improved functional functions are maintained (Paddon-
Jones and Rasmussen 2009). Colomaterials such as 
collagen have low immunogenicity and perfect resorption 
power Collagen serves to transport bioactive substances in 
damaged tissues and release them in a controlled manner 
Hydrogel mechanical strength is able to accelerate tissue 
formation and provides necessary mechanical integrity 
(Elisseeff et al. 2005). 

The provision of gelatin hydrolysate in osteoporotic 
patients decreases the loss of collagen and bone mass lower 
than that of calcium. The administration of gelatin 
hydrolysate in osteoarthritis patients also reduced pain by 
50% and increased mobility compared with placebo 
(Moskowitz 2000; Schrieber and Gareis 2007). This affects 
the body weight. The body weight of mice who were given 
gelatin hydrolysate is greater than mice given CCl4. 

The results showed that the decrease in body weight of 
mice continues to occur along with the increased dose of 
gelatin hydrolysate given. This is because gelatin 
hydrolysate inhibits tissue damage by stimulating the 
growth of new cells in damaged tissues without causing 
fatty. According to Asserin et al. (2015) collagen supports 
muscle elasticity and regeneration. The body weight of the 
treated rat P2 results in the highest value because the PDB 
solution is a nutrient-rich medium that triggers weight gain 
and fatty growth. 

Diameter file fiber muscle femoris 
The results of the observations on all treatments under 

the light microscope can be seen in Figure 1. 
Based on the microscope observation, the P1 treatment 

(negative control, CCl4 dose 0.14 mL/g BW) showed a 
non-uniform diameter of the muscle bundle, the presence 
of a muscle fiber lysis indicated by the empty space 
between the muscle bundles. The connective tissue 
undergoes fibrosis demonstrated by intermittent 

endomysium and permit membranes. Treatment P2 
(positive control, PDB dose 0.5 mL/g BW) did not show 
muscle tissue damage. It was characterized by an orderly 
arrangement of muscular bundles, uniform muscle bundle 
diameter, no lysis muscle fibers exhibited with tight muscle 
bands. 

Treatment of P3 (gelatin hydrolysate dose 0.25 mL/g 
BW) showed a similar picture with the result of treatment 
of P1 in spite of change, which leads to improvement. The 
space between the muscle fiber was wider than P2 but the 
connective tissue was more intact than the P1 treatment. 
The treatment of P4 (gelatin hydrolyzate at a dose of 0.5 
mL/g BW) showed the space between the tightly muscled 
bundles, the connective tissue intact although the lysis in 
the muscle fibers still happened. Treatment of P5 (gelatin 
hydrolysate dose 0.75 mL/g BW) showed an intact 
connective tissue, uniform muscle bundle diameter, the 
tight space of muscle fiber and the regular arrangement of 
muscle bundles. 

The result of ANOVA test showed that treatment was 
very different at 1% level. Table 2 is a table of Duncan test 
results in the diameter of femoral rat muscle fibers (R. 
norvegicus) of males between treatments. 

Duncan test results showed that P4 treatment (gelatin 
hydrolysate dose 0.5 mL/g BW) was not significantly 
different from the treatment of P2 (positive control) and 
treatment of P5 (gelatin hydrolysate dose 0.75 mL/g BW) 
even though treatment of P5 was significantly different 
compared to treatment P2. Treatment of P3 (gelatin 
hydrolysate dose 0.25 mL/g BW) and treatment of P1 
(CCl4 dose 0.14 mL/g BW) was significantly different 
compared to other treatments. The treatment of P1 yielded 
the least significant different of all treatment values. 

In this study, the damage of muscle tissue decreased 
with the increase dosage of gelatin hydrolyzate. This 
suggests that gelatin hydrolyzate can prevent muscle tissue 
damage due to CCl4 exposure. This in accordance with 
condition that skeletal muscle contains myoglobin, a 
protein that is very sensitive to free radicals. Skeletal 
muscle is highly susceptible to oxidative stress attacks due 
to oxidation processes that occur during contractions. 
Oxidative stress produces chemical compounds that trigger 
inflammation and cause damage to cell death (necrosis). 
These conditions can be inhibited by antioxidants. 
Antioxidants provide a biological response to a cellular 
melding of oxidative damage (Campo et al. 2004; Munoz-
Casares et al. 2006). 

 
Table 2. Diameter of femoris rat muscle (R. norvegicus) male 
given gelatin hydrolysate and exposure on CCl4  
 
Treatments Average (mm)* 
P1 (Negative control CCl4 dose 0.14 mL/g BW) 16.20± 1.64d 
P2 (Positive control PDB 0.5 mL/g BW) 31.80± 2.39a 
P3 (Gelatin Hydrolysate dose 0.25 mL/g BW) 22.40± 3.36c 
P4 (Gelatin Hydrolysate dose 0.5 mL/g BW) 29.60± 2.30ab 
P5 (Gelatin Hydrolysate dose 0.75 mL/g BW) 26.40± 2.30b 
Note: * = significance 0.05 
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Figure 1. Cross section of Femoris Muscle Mice (R. norvegicus) Male is Given Gelatin Hydrolysate and Exposure to CCl4. Note: A. P1 
(Negative control CCl4 dose 0.14 mL/g BW); B. P2 (Positive control PDB 0.5mL/g BW); C. P3 (Gelatin Hydrolysate dose 0.25mL/g 
BW); D. P4 (Gelatin Hydrolysate dose 0.5mL/g BW); E. P5 (Gelatin Hydrolysate dose 0.75mL/g BW), Light microscope, Hematoxylin 
Eosin staining, magnification 100X, : empty space, : perimisium, : the diameter of the muscle bundle  
 
 
 
 
 
 

 

 
 
Figure 2. Cross section of tissue femur bone of rat (R. norvegicus) male are given gelatin hydrolysate and exposure to CCl4. Note: A. P1 
(negative control CCl4 dose 0.14 mL/g BW); B. P2 (Positive control PDB dose 0.5 mL/g BW); C. P3 (Gelatin Hydrolysate dose 0.25 
mL/g BW); D. P4 (Gelatin Hydrolysate dose 0.5 mL/g BW); E. P5 (Gelatin Hydrolysate dose 0.75 mL/g BW). Fluorescence 
Microscope, Hematoxylin-Eosin staining, Magnification 100X, Red line indicates the size of the cartilage and collagen diameter, : 

cartilage diameter, : collagen diameter, : adipose cells 
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The provision of gelatin hydrolyzate is more efficient 

than synthetic antioxidants because it does not cause 
apoptosis and cellular necrosis. According to Schrieber and 
Gareis (2007) collagen dose 10, g/kg human BB per day is 
safe for consumption in a long term (±3 months). The 
dosage of gelatin hydrolyzate administered in this study 
was not less than the human safe dose. Consumption of 
gelatin hydrolyzate regularly increases muscle protein 
synthesis and responds to major anabolic stimuli of food 
and better physical activity (Koopman and Van Loon 
2009). 

Susceptible diameter and collagen 
The observations on all treatments under the 

fluorescence microscope can be seen in Figure 2. 
Based on the microscope observation, treatment P1 

(negative control, CCl4 dose 0.14 mL/g BW) showed the 
decreased cell size (chondrocyte) and the proliferation 
process either aposition or interstitial in the epiphyseal 
region, bone cells (osteocytes) in rare trabeculae visible, 
which could be seen from the amount of free space. The 
connective tissue (collagen) dilates as do the blood vessels 
in it. Adipose cells are also found in it. These conditions 
indicate the presence of inflammation (inflammation) as 
well as abnormal fatty. Treatment P2 (positive control, 
PDB dose 0.5 mL/g BW) showed the presence of appetent 
cell growth and bone cells in trabeculae. The enlargement 
of connective tissue (collagen) and blood vessels also 
occured. Treatment of P3 (gelatin hydrolysate dose 0.25 
mL/g BW) showed a better aposition proliferation of cells 
as well as the proliferation of bone cells. Connective tissue 
(collagen) and blood vessels are thinner than Treatments P1 
and P2. No abnormal adipose cell growth was found. 
Treatment of P4 (gelatin hydrolysate dose 0.5 mL/g BW) 
showed the best histologist picture compared with 
Treatment of P3 and P5. The process of cell proliferation 
was prone to aposition while bone cells, connective tissue 
(collagen) and blood vessels was apparently in normal 
condition. Treatment of P5 (gelatin hydrolysate dose 0.75 
mL/g BW) showed the presence of a proliferation of 
cartilage cells and bone cells. The connective tissue 
(collagen) and blood vessels look normal. No abnormal 
adipose cell growth was found. Based on the description, it 
is shown that administration of gelatin hydrolyzate in mice 
can resist the rate of cell necrosis due to CCl4 exposure. 

ANOVA test results in prone diameter indicate that the 
treatment was different at the level of 0.05. Table 3 below 
is a table of Duncan test results of prone diameter on rat 
femur (R. norvegicus) between males treated. 

 
Table 3. Test result of duncan test of rat assistive diameter (R. 
norvegicus) male given gelatin hydrolysate and exposure on CCl4 
 
Treatments Average (mm)* 
P1 (Negative control CCl4 dose 0.14 mL/g BW) 201.88±57.42b 
P2 (Positive control PDB 0.5 mL/g BW) 141.61±34.36b 
P3 (Gelatin Hydrolysate dose 0.25 mL/g BW) 169.09±21.45b 
P4 (Gelatin Hydrolysate dose 0.5 mL/g BW) 285.05±59.42a 
P5 (Gelatin Hydrolysate dose 0.75 mL/g BW) 197.60±51.61b 
Note: * = significance 0.05 

Duncan test results showed that all treatment was not 
significantly different. The administration of CCl4 induces 
a cellular inflammatory response that causes progressive 
damage to the extracellular matrix (ECM) and cells. This 
can be seen from the large diameter of collagen and blood 
vessels in the femur bones of mice given CCl4. Exposure to 
CCl4 also promotes cell apoptosis leading to necrotic tissue 
damage (Campo et al. 2008). 

Gelatin hydrolysate stimulates collagen synthesis. 
Oesser et al. (1999) showed±10-15% gelatin hydrolysate 
can pass through the intestinal wall and reach the 
bloodstream until it finally accumulates in the cartilage. 
Gelatin hydrolysate stimulates collagen biosynthesis in 
chondrocytes (cartilage cells). The presence of gelatin 
hydrolysate causes an increase in type II collagen. Collagen 
type II is a cartilage network (Schrieber and Gareis 2007). 
Observations under the microscope showed an increase in 
the proliferation of susceptible cells in mice treated with 
gelatin hydrolysate. 

Based on this, the tail bone has prospectively to be 
developed because it still has stem cells that can prevent 
damage to rat musculoskeletal tissue (R. norvegicus). This 
suggests that gelatin hydrolysate is an environmentally 
friendly product that serves as a preventative of 
immunodeficiency and degenerative diseases such as 
osteoporosis. 
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