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INTRODUCTION 
 

The use of chemicals in the production process of collagen extract is a growing concern. This is certainly very important, especially 

in the food industry [1]. Lately, non-mammal collagen has been widely used in the food and cosmetics industry, medical research, 

and tissue engineering [2]. Collagen is the main fibrillar protein commonly distributed in vertebrates and contributes to the skin, 

tendons, bones, cartilage, and other tissues [3,4]. This is because collagen shows low antigenic activity, high cell adhesion 

properties, and biocompatibility [5]. Exploration of sources of collagen originating from livestock other than cattle has been 

developed by many researchers. Other collagen sources include fish, poultry, or other livestock [6,7,8,9,10,11]. This is an effort 

to prevent the transmission of madcow disease outbreaks [12,13]. However, the use of chemicals is feared to have a negative 

impact on humans. The application of bacterial microorganisms in food processing rapidly grows Bacillus subtilis FNCC 0059 

bacteria to break down keratin [14].  

 

Abstract 
Research has been carried out to evaluate the growth dynamics of lactic acid bacteria (LAB) Lactobacillus plantarum (L.plantarum) 

using collagen extract (CE) from the broiler claw skin (BCS) as a substrate. The bacterial dynamics studied were related to total lactic 

acid (TLA) production, pH, dissolved protein (DP) and bacterial growth (BG) during the fermentation process. A total of 50 g of BCS 

was used with fermentation time (24; 48 and 72 hours). The results was showed that fermentation time using L.plantarum as a culture 

with CE from BCS as a substrate did not affect on bacterial dynamics (TLA, pH, dissolved protein and BG) during the fermentation 

process. Using L.plantarum with EC from BCS as substrate can be applied with 24 hours fermentation time. The bacterial dynamics 

produced by the fermentation time were 2.35±0.50%; 5.88±0.10; 45.60±2.21 mg/mL and 15.591±0.92 Log10 CFU/mL respectively. 
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At present, the application of bacteria in the food fermentation process is increasing and needed by the community. This is closely 

related to food security. Currently, collagen in the food sector has been widely applied. One of them is as a food supplement for 

anti-osteoporosis. In addition, collagen has been widely applied as gelling, stabilizing, foarming and emulsifying agent 

(emulsifying agent) [15,16]. Collagen extract has also been used as a source of natural antioxidants and texturing agents. The use 

of collagen and other natural ingredients (liquid smoke) can reduce the use of chemical preservatives. The use of natural ingredients 

in animal food products has also been developed as a source of antioxidants [17,18]. 

Claw is one of the by-products of broiler chickens rich in collagen compounds. Collagen is the main protein in livestock and 

accounts for around 30% of the total. Approximately 29 types of collagen have different roles in the body's tissues. Each collagen 

has a different amino acid sequence and molecular structure [19]. In addition, collagen can be used as a functional food agent [20]. 

The results of the collagen fermentation process can be developed as a portion of available food to improve the process of 

absorption of food components and extend product shelf life [21]. 

Lactobacillus plantarum (L.plantarum) as lactic acid bacteria (LAB) in the food industry has been carried out. These bacteria are 

used to ferment food products as a functional food. The fermentation process increases the benefits of industrial products by 

increasing production volume, reducing energy use, and reducing the waste production. In addition, this process produces products 

were environmentally friendly [22]. Some have been used as fermentation agents for meat, milk, eggs and fish [23,24]. 

The application of lactic acid bacteria (LAB) to the type of L.plantarum in the collagen fermentation process in broiler claw skin 

(BCS) has not been widely known. Therefore, to maximize the potential of L.plantarum in hydrolyzing collagen proteins, this 

research is significant to be carried out. Furthermore, the effect of fermentation time on L.plantarum bacteria will affect the 

performance of these bacteria. Therefore, the study aimed to evaluate the effect of fermentation time on the dynamics of bacteria 

using CE from BCS as a substrate. 

 

MATERIALS AND METHODS 
 

Research Materials 

The BCS was used as the main ingredient in the study. The BCS was a by-product of livestock obtained from poultry 

slaughterhouses (PSh), Daya, Makassar City, South Sulawesi, Indonesia. The material comes from 45-day-old broiler chickens 

that are slaughtered in a halal condition. The isolates of L.plantarum were obtained from isolation using milkfish extract media in 

the Lab. Microbiology, Faculty of Mathematics and Natural Sciences, Hasanuddin University, Makassar. The materials used for 

the propagation of bacteria were MRS-Broth (Oxoid M0359); alcohol 70% (One-Med). In addition, some equipment for the 

propagation and fermentation process were used, such as electric ovens (Memmert 100-800); incubator (Memmert BE 400); 

autoclave (YXQ.SG41.280); laminar flow (AIRTECH), shaker (IKA KS 260 basic); hot plate (Stuart SD162); pipette (HUAWEI 

14060806); vortex (Vortex IKA 3); pH meter (Hanna HI 8424); analytical scales (Jc3-B scale/KERN ALS 220-4N); petri dish 

(ANUMBRA); Erlenmeyer (SCHOTT DURAN). 

 

Propagation of L.plantarum Bacterial Culture 

Bacterial isolates were propagated using MRS-broth media. MRS-broth media was made by dissolving 5.2 g of MRS-broth media 

into 100 mL aquadest. The solution was then homogenized. A total of 50 mL of bacterial growing media have been made. Based 

on the solution, a total of 47.5 mL was put into the Erlenmeyer tube in preparation for the fermentation medium. The liquid 

membrane was closed using aluminum foil. The media solution was then sterilized using an autoclave at 120-125 ºC for 45 minutes 

and then cooled. A total of 2.5 mL of the suspension of L.plantarum bacteria were grown for 24 hours (concentration of 5%). The 

bacterial suspension (5%) was then inserted into the Erlenmeyer tube containing growth media. 

 

Preparation of BCS 

A total of 5 kg of BCS were washed with running water. The skin part of the claw was separated from the bone using a sterile 

knife. The skin from the claw was washed with running water. The BCS samples were weighed and dried in an oven at 50ºC for 

24 hours. The BCS was then sterilized using 70% alcohol. 

 

Fermentation Process 

The tube containing 47.5 mL of MRS-broth media was prepared. A total of 50 g of BCS sample was inserted into the tube. A Total 

of 2.5 mL of the suspension of L.plantarum bacteria were inoculated on the media. The tube was covered with gauze and plastic 

wrap. The tube was placed on a shaker sway and placed at room temperature. The next fermentation process was carried out at 

room temperature for 24 hours, 48 hours and 72 hours. 

 

Research Design and Data Analysis 

Statistical analysis was used to process research data. The data results of the study were analyzed by ANOVA based on a Complete 

Random Design (CRD) Pattern. The analysis results showed a significant effect, then tested using Duncan’s Multiple Range Test 

(DMRT) at the level of 5% [25]. 

 

 

 



3  

ADVANCES IN ENVIRONMENTAL BIOLOGY                                                                                  ARTICLES 

 

 

2.35 0.50

2.12 0.19

2.16 0.61

0 1 2 3 4

24

48

72

Total of Acid (%)

Fe
rm

en
ta

ti
on

 T
im

e 
(h

ou
rs

)

Parameter of Analysis 

Total lactic acid (TLA)(%). A total of 10 mL of solution was added with three drops of PP indicator. The solution was titrated 

using 0.1N NaOH solution. Determination of test results was carried out 3 times. The determination of the value of TLA was done 

through the titration method which is characterized by a change in pink. TLA (%) = (V1)(N)(B)/(V2)(1,000), where; V1 = volume 

of NaOH (mL); V2 = volume of suspension solution L.plantarum (mL); N = normality of NaOH (0,1); molecular weight of lactic 

acid (90). pH, the determination of pH was carried out by conducting a calibration process using pH 4 and pH 7. The fermented 

solution was heated at 70ºC and homogenized. The pH was set at room temperature. 

Dissolved protein (DP) (mg/mL). The lowry method was used to determine the amount of DP during the fermentation process. 

First of all, a sample of 1.5 g was inserted into a scale tube. Furthermore, as much as 7.5 mL of aquadest were added. The solution 

was homogenized using vortex for 15 minutes. The formed supernatant was boiling using a hotplate. A total of 2 mL of supernatant 

was added with 1 mL of 10% TCA. The mixture was centrifuged for 15 minutes. The TCA extract (0.1 mL) + aquadest (1.9 mL) 

+ lowry reagent (2.5 mL), homogenized, stored at room temperature for 10 minutes. Folin reagent (0.5 mL) was added to the 

mixture and incubated at room temperature for 30 minutes. The result will be blue. The absorbance value was measured using a 

spectrophotometer with a wavelength (λ) = 660 ηm. The next measurement results were compared with the standard bovine serum 

albumin (BSA) solution. DP(mg/mL), y = ax + b, so that (x) = (y-b)/a, where; a = 3,520; b = 0.058; y = absorbance; R2 = 0.992. 

Bacterial growth (BG) (Log10 CFU/mL). The growth of the population of L.plantarum bacteria was known using the total plate 

count (TPC) method. The L.plantarum bacteria was a class of lactic acid bacteria (LAB). The calculation process was done by 

dissolving 1 mL of L.plantarum solution in 9 ml of sterile aquadest. The solution was homogenized using vortex. Dilution was 

done from 10-1 to 10-12. Samples were incubated at 37ºC for 24 hours. Calculation of colonies was carried out using standard 25-

250 of colonies. Data collection was done 3 times (triploid). 

 

 

RESULTS AND DISCUSSIONS 
Total Lactic Acid 

Lactic acid bacteria (LAB) are gram-positive bacteria that do not form spores and can ferment carbohydrates to produce lactic 

acid. The L.plantarum bacteria is one example of LAB which has been widely applied in the food processing industry. LAB can 

protect against contamination of pathogenic bacteria, improve nutrition, and potentially positively impact human health. These 

bacteria can maintain stability in the digestive tract of pathogen bacteria [26,27]. The difference in TLA by the activity of 

L.plantarum bacteria on the substrate of CE from BCS was shown in Fig.1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1:   Total Lactic Acid (TLA) (%) of Bacterial Activity of L.Plantarum on The Substrate of CE From BCS Using Different 

Fermentation Times 

 

Determination of the TLA as a result of the fermentation process can be known from the total acid measured through the titration 

process. Based on Figure 1, the TLA formed during the fermentation process by the activity of L.plantarum bacteria was quite 

varied. The value of TLA tends to decrease slightly with increasing fermentation time from 24 hours to 72 hours. However, 

statistically did not show a significant difference (P> 0.05). At 24 hours fermentation, 48 hours and 72 hours each showed TLA of 

2.35± 0.50%; 2.12±0.19% and 2.16±0.61%. The results obtained were related to pH values with values that also vary. Therefore, 

the formation of lactic acid will affect the pH value. Lactic acid was a product formed from fermentation involving carbohydrates. 

This decrease process occurs because the amount of carbohydrates in the collagen substrate also decreases due to the increasing 

growth of bacteria. Therefore, the amount of lactic acid formed was influenced by carbohydrates. The substrate of collagen consists 

mainly of protein molecules. 

Bacteria belonging to the LAB have specific characteristics: not having porphyrins and cytochrome, negative catalase, not carrying 

out electron transport phosphorylation, and only getting energy from the phosphorylation of the substrate. Almost all LABs only 

get energy from sugar metabolism, so that their growth habitat was only limited to environments that provide enough sugar or can 

be called nutrient-rich environments. Their ability to produce compounds (biosynthesis) was also limited and the complex 
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nutritional requirements of LAB include amino acids, vitamins, purines and pyrimidine [28,29]. The bacteria L.plantarum has 

probiotic properties and improved environmental conditions in the digestive tract. L.plantarum bacteria can metabolize and 

synthesize bacteriocin. This bacterium can inhibit the growth of gram-positive and gram-negative bacteria. The L.plantarum 

bacteria has been widely used in food products such as milk and processed products [30]. The L.plantarum bacteria produce 

bacteriocins so that they are resistant to acids and high fermentation temperatures. 

 

pH 

The time of fermentation affects the pH value of the solution. Therefore, changes in pH of the solution showed a difference in 

fermentation activity. The dynamics of the pH of the solution by the activity of L.plantarum bacteria during the fermentation 

process on the CE from BCS as a substrate was shown in Fig. 2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2:     pH Value of Bacterial Activity of L.Plantarum on The Substrate of CE from BCS Using Different Fermentation Times 

 

Fig. 2 shows the change in pH of the solution during the fermentation process. Based on the statistical analysis results, there was 

no significant difference (P>0.05) in the pH of the solution containing CE from BCS as a substrate during fermentation. The pH 

value of the solution with a 24-hour fermentation time showed a value of 5.88±0.10. However, 48-hour fermentation time 

decreased (5.80±0.03). The pH value shows the effect of the growth of L. plantarum bacteria. Changes in pH values occur because 

bacteria have entered the logarithmic phase. In the logarithmic phase, accumulation of lactic acid and organic acids results from 

the hydrolysis of fat and metabolic results. One factor that influences acid production is environmental factors, namely pH and 

temperature. In applying the 72-hour fermentation time, it turned out to have increased (5.89±0.11). Changes in varied pH values 

are influenced by bacterial activity in fermenting carbohydrate molecules on the CE as BCS substrate. At 72 hours of fermentation, 

carbohydrate levels decrease. This causes the amount of lactic acid formed to decrease so that pH increases. The food sources from 

bacteria may be obtained from protein molecules on the CE as BCS substrate. The L. plantarum bacteria can metabolize these 

organic acids. Bacteria used the results of the process as a food source in the form of carbon [31]. In fermentation in processed 

meat (sausage), L.plantarum bacteria can inhibit the occurrence of protein oxidation [32]. Production of organic acid affects the 

pH value. This also affects antioxidant activity [33]. L.plantarum bacteria can free phenolic compounds during fermentation [34]. 

 

Dissolved Protein 

Proteins are the main components of living things that play an essential role in cell activity. Proteins are composed of amino acids 

bound in straight chains forming peptide bonds. The peptide bond is forming a complex substance. Many factors can cause changes 

in the physical properties of proteins such as heat, acids, bases, heavy metals, salts and radioactive ray radiation. These changes 

are the occurrence of compaction. These factors cause the protein not to dissolve quickly. Dissolved protein (DP) shows the amount 

of oligopeptides that are easily absorbed by the digestive tract. Changes in the amount of DP in the solution of L.plantarum bacteria 

containing CE substrate of BCS were presented in Fig. 3. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.3: Dissolved Protein (DP) (mg/mL) of Bacterial Activity of L.Plantarum onThe Substrate of CE From BCS Using Different 

Fermentation Times 
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Based on Fig. 3, it can be seen that the increase in fermentation time by L.plantarum bacteria on the CE substrate of BCS produced 

a variety of DP. Statistically, the difference in fermentation time did not show a significant difference (P>0.05) in the dissolved 

protein. This is caused by the presence of different bacterial activity at each fermentation time. The fermentation time is 24 hours, 

the total DP is 45.60±2.21 mg/mL. The 48 hours fermentation time decreased by 43.26±0.50 mg/mL. Furthermore, at 72 hours of 

fermentation there was a re-increase of 45.39±3.51 mg/mL. The condition of the substrate used affects the difference in the amount 

of DP. The maximum speed of an enzyme that breaks down the substrate was affected by the condition of the substrate. 

The total DP gives an indication of the amount of protein undergoing the degradation process. This occurs due to the activity of 

proteolytic enzymes from the L.plantarum bacteria. The intense denaturation process of sarcoplasmic and actin proteins, 

transformation of α-helix into β-sheets was a major change in protein [35]. Hydrogen bonds, hydrophobic forces and electrostatic 

interactions help the process of combining two proteins into a particle plane [36]. The solubility of a protein in water plays an 

important role in their functions such as foaming and emulsifying. This is very important for those with high surface 

hydrophobicity [37]. 

Changes in primary structure affect immunoreactivity of a protein molecule. Proteins can undergo a process of degradation, 

aggregation, folds, and cross bonds. This affects changes in protein immunoreactivity [38]. Antimicrobial peptides play an 

important role in improving the performance of LAB and its metabolic processes. Such performance affects microbial safety, total 

population and the ecology of fermented products [39]. The component of mannan-oligosaccharide (MOS) influences the 

proliferative process of L.plantarum ATCC14917 bacteria in vitro [40]. 

 

Bacterial Growth 

The level of bacterial growth can be determined by knowing the number of bacteria from each fermentation process. The total 

bacteria of a medium was influenced by fermentation time, type and availability of substrate and fermentation temperature. A 

comparison of the growth of L.plantarum bacteria on the CE as  substrate of  BCS was presented in Fig. 4. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4:  Bacterial Growth (BG) (Log10 CFU/mL) of Bacterial Activity of L.plantarum on the Substrate of CE from BCS Using 

Different Fermentation Times 

 

The results of the study (Fig.4) showed that at 24 hours fermentation, there was a total decrease in L.plantarum bacteria 

(15,591±0,92 Log10 CFU/mL) as the fermentation process increased to 72 hours (14,979±0,25 Log10 CFU /mL). However, 

statistically, there was no significant difference (P>0.05) between these treatments. The number of microbes was influenced by 

fermentation time. The availability of adequate nutrition, among others, protein causes an increase in the microbial population of 

L.plantarum bacteria. Mostly, The BCS is composed of collagen protein which is a nutrient needed by microorganisms (bacteria). 

The availability of sufficient nutritional compounds influenced bacterial productivity. For the growth process, LAB (L.plantarum) 

requires a source of amino acids or peptides to grow. Animal skin is rich in collagen protein. Collagen proteins contain a number 

of amino acids glycine, proline and hydroxyproline. Nutrients in the form of proteins needed by bacteria are available in very large 

quantities on the substrate. Collagen contained in livestock skin was rich in protein compounds, especially amino acids. The 

L.plantarum bacteria can reduce cholesterol by growing cells (84%). The findings of this study indicate that L. plantarum can be 

a probiotic candidate for application in the low cholesterol food industry that has hypocholesterolemic activity in its host [41]. 

 

 

CONCLUSION 
 

The difference in fermentation time by LAB L.plantarum bacteria using CE as the substrate from BCS did not affect TAL, pH, 

DP and BG in fermentation solutions. The application of 24-hour fermentation time can be used to ferment L.plantarum by using 

CE as a substrate from BCS with TAL, pH, DP and BG of 2.35±0.50%; 5.88±0.10; 45.60± 2.21 mg/mL and 15.591±0.92 Log10 

CFU/mL. 
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