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Background: Stunting affects 21.5% of Indonesian children under five, primarily due to chronic nutritional 
deficiencies. Chicken feet, underutilized poultry byproducts rich in protein, represent potential sources of bioactive 
peptides for nutritional interventions.

Objective: This study evaluated two enzymatic hydrolysis methods for producing bioactive peptides from chicken 
feet and validated analytical methods for protein quantification.

Methods: Chicken feet were hydrolyzed using bromelain and sequential papain-alcalase treatments. Soluble 
proteins were quantified using the Biuret assay. Analytical methods were validated for accuracy, precision, and 
linearity according to ICH guidelines.

Results: The analytical method demonstrated satisfactory performance with accuracy values of 98-102%, RSD values 
below 2%, and linearity (R² = 0.9977) across the 3-11 mg/mL range. Bromelain treatment significantly increased 
soluble protein content to 24.39 ± 0.65 mg/mL, representing a 1.71-fold increase compared to the non-hydrolyzed 
control (14.24 ± 0.20 mg/mL, p < 0.001). Conversely, papain-alcalase treatment decreased soluble protein content 
to 10.92 ± 0.05 mg/mL, likely due to excessive peptide degradation into free amino acids undetectable by the 
Biuret assay.

Conclusion: Bromelain hydrolysis demonstrated superior protein solubilization efficiency compared to papain-
alcalase treatment. These preliminary findings suggest bromelain’s potential for converting chicken feet into 
functional ingredients, though further peptide characterization and bioactivity assessment are required for 
nutritional applications.
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Introduction
Stunting remains a significant public health 

challenge in Indonesia, affecting 21.5% of children under 
five years of age, or approximately 6.5 million cases 
in 2023, with a substantial gap remaining to achieve 
the national target of 14% by 2024 [1][2]. Stunting 
primarily results from chronic nutritional deficiencies 
during the first 1,000 days of life, a critical window 

for child development [2]. Research on nutritional 
intake in stunted toddlers and children indicates that 
inadequate consumption of macronutrients, particularly 
carbohydrate and protein, alongside deficiencies in key 
micronutrients–in particular iron, zinc, calcium, vitamin 
A, vitamin D, and omega-3 fatty acids–are associated 
with stunting and wasting [3-5]. Consequently, increasing 
the intake of these essential nutrients during this crucial 
development period represents a critical intervention 
action against stunting. Despite extensive research on 
nutritional interventions for stunting, there remains a 
significant gap in developing locally-sourced, affordable, 
and sustainable protein solutions that can be readily 
implemented within the Indonesian context, particularly 
those utilizing undervalued food industry by-products.
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Given the crucial role of protein intake in preventing 
stunting, identifying an affordable and sustainable 
protein source is imperative. Chicken ranks as the 
second most consumed protein in Indonesia after eggs, 
with the poultry industry generating substantial by-
products, including chicken feet [6]. In the Indonesian 
context, chicken feet are particularly relevant as they are 
accepted in various traditional dishes such as soto and 
semur, widely available throughout the archipelago’s 
diverse regions, and represent an underutilized protein 
source in nutritional interventions. Despite their rich 
in collagen and protein content, chicken feet are 
generally considered to have low economic value, 
yet they represent a promising source of bioactive 
peptides [7-10].

Bioactive peptides are protein fragments that 
positively affect the body’s functions, condition, and 
health [11]. Bioactive peptides typically consist of 2 
to 20 amino acid residues, with molecular weights 
ranging from 0.4 to 2 kDa [12]. More than 4,800 
bioactive peptides have been catalogued in the Biopep 
database [13]. These peptides play a crucial role in the 
metabolic functions of living organisms and contribute 
to overall health. As a result, bioactive peptides hold 
great potential for development as functional food 
ingredients (nutraceuticals) or as therapeutic agents. 
Studies investigating bioactive peptide effects on 
malnutrition and stunting have demonstrated that 
increased amino acid and peptide intake could improve 
serum protein, hemoglobin, and insulin-like growth 
factor (IGF-1) levels in animal models [14]. 

The immunomodulatory and antioxidant properties 
of bioactive peptides increase growth factors such as 
IGF-1 and promote cellular metabolism via protein 
synthesis, glycolysis, mitochondrial functions, and 
lipid synthesis [15]. Furthermore, when used as animal 
feed supplements, bioactive peptides can enhance 
their nutrition, gut function, and capacity to combat 
infectious diseases [16], which are crucial in addressing 
stunting. 

Numerous approaches have been developed 
to produce bioactive peptides from diverse protein 
sources. These sources include marine organisms 
(mollusks, crustaceans, and fish, including fishery 
waste), meat products (bovine and porcine), plant-
based sources (plum, flaxseed, and soybean), eggs, dairy 
products, microorganisms, and edible insects [11,17]. 
Enzymatic hydrolysis, particularly using digestive 
enzymes, represents the most common production 

method. Alternative approaches include hydrolysis 
using enzymes extracted from microorganisms or 
plants, microbial fermentation, chemical synthesis, and 
recombinant production. Chemical synthesis involves 
reacting amino acid units under specific conditions but 
is limited by lengthy and complex processes required 
to obtain pure products. Recombinant production, 
conversely, generates peptides within specific in vivo 
or in vitro expression systems [16]. 

Given the potential of bioactive peptides in 
addressing stunting, chicken feet as low-value by-
products of the poultry industry could be developed 
into a sustainable source of peptides. This study aimed 
to produce bioactive peptides from chicken feet using 
enzymatic hydrolysis and compare the effectiveness 
of two hydrolysis methods. It seeks to contribute to 
developing affordable and sustainable solutions for 
mitigating stunting.

Methods 
Materials and sample preparation

All enzymatic reagents (papain 4000 U/g, alcalase 
5000 U/g, and bromelain 5000 U/g) were of analytical 
grade. Bovine serum albumin (BSA) was used as a 
protein standard. Fresh broiler chicken feet were 
obtained from a local poultry processing facility, 
cleaned thoroughly, and stored at 4°C until use.

Enzymatic hydrolysis of chicken feet using sequential 
papain-alcalase

The hydrolysis of chicken feet was adapted from 
Nadzri et al. [18] and Selamassakul et al. [19] with 
modification. Broiler chicken feet (100 g) were finely 
minced using a blender and homogenized with 
distilled water to achieve a 30% (w/v) suspension. 
The homogenate underwent a two-stage enzymatic 
hydrolysis process. In the first stage, papain (4000 
U/g) was added to the suspension, and the pH 7.5 
using 1 M NaOH. The mixture was incubated at 65oC 
for 2.25 hours. For the second stage, after the papain 
treatment, hydrolysis was conducted using alcalase 
(5000 U/g) at 65°C and pH 10.0 for 2 hours. The 
hydrolysis reaction was terminated by heating the 
mixture in a water bath at 95°C for 15 minutes. The 
hydrolysate was filtered through a nylon sieve, and 
the filtrate was centrifuged at 5600×g for 20 minutes. 
The resulting supernatant was collected and stored at 
-18˚C until further analysis.
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Enzymatic hydrolysis of chicken feet using single-
enzyme bromelain process

For comparison, a single-enzyme hydrolysis method 
was performed. Minced chicken feet (100 g) were 
homogenized with distilled water to achieve a 30% 
(w/v) suspension. The pH was adjusted to 8.0, and 
bromelain (5000 U/g) was added. The mixture was 
incubated at 50°C for 4 hours. Enzyme inactivation, 
filtration, centrifugation, and storage were performed 
as described in the sequential hydrolysis method.

Preparation of non-hydrolyzed control solution
To establish a baseline for comparison, a non-

hydrolyzed control solution was prepared. Minced 
chicken feet (100 g) were homogenized with distilled 
water to achieve a 30% (w/v) suspension. The 
suspension was heated in a water bath at 95°C for 
15 minutes to simulate the enzyme inactivation step 
without prior enzymatic treatment. The heated mixture 
was filtered through a nylon sieve, centrifuged at 5600 
× g for 20 minutes at 4°C, and the supernatant was 
stored at -18°C.

Protein quantification using Biuret method
BSA was used as the protein standard. A stock 

solution (10 mg/mL) was prepared by dissolving 100 mg 
of BSA in 10 mL of purified water. This stock solution 
was serially diluted with purified water to prepare 
standards with concentrations of 3, 5, 7, and 11 mg/mL.

Protein content was determined using a modified 
Biuret method as described by Trang [20]. Aliquots 
(10 μL) of appropriately diluted sample supernatants 
or BSA standards were mixed with 1 mL of Biuret 
reagent. The mixtures were vortexed for 30 seconds 
and incubated at room temperature (25 ± 2°C) for 5 
minutes. Absorbance measurements were performed at 
545 nm using a Shimadzu UV 1780 spectrophotometer. 
Protein concentrations were calculated using the 
standard calibration curve.

Analytical method validation
The spectrophotometric method was validated 

according to ICH guidelines for analytical procedures 
[21]. The following parameters were assessed:

Linearity was evaluated by analyzing the BSA 
standard solutions across the concentration range of 
3-15 mg/mL. The calibration curve was constructed 
by plotting absorbance values against corresponding 

concentrations, and the correlation coefficient (r²) was 
calculated.

Intra-day precision (repeatability) was determined 
by analyzing six replicate measurements of samples 
at three concentration levels (low, medium, and high) 
within the same day. Inter-day precision (intermediate 
precision) was evaluated by analyzing the same samples 
on three consecutive days. Results were expressed as 
relative standard deviation (RSD, %).

Accuracy was assessed using the standard addition 
method at three concentration levels. Known amounts 
of BSA were added to pre-analyzed samples, and the 
percentage recovery was calculated.

Statistical analysis
All experiments were performed in triplicate, and 

results are presented as mean ± standard deviation (SD). 
Statistical analyses were conducted using GraphPad 
Prism version 10.0 (San Diego, CA, USA). Differences 
between groups were evaluated using one-way analysis 
of variance (ANOVA) followed by Tukey’s post-hoc test. 
A p-value < 0.05 was considered statistically significant.

Results
Analytical method validation

Accuracy. Accuracy was assessed by the standard 
addition method at three concentration levels (80%, 
100%, and 120% of the target concentration). As shown 
in Table 1, the mean percent recovery values ranged 
from 97.44% to 101.88%, falling within the acceptance 
criteria of 98-102%. The relative standard deviation 
(RSD) values for all concentration levels were below 
2% (ranging from 1.09% to 1.75%), confirming that the 
accuracy of the methods was satisfactory.

Precision. Method precision was evaluated through 
six replicate measurements of a 10 mg/mL BSA standard 
solution. The results presented in Table 2 demonstrate 
consistent concentration determinations with values 
ranging from 9.644 to 9.903 mg/ml. The calculated 
RSD of 1.177% was well below the acceptance limit 
of 2%, confirming high measurement precision and 
repeatability of the analytical method.

Linearity. The linearity of the Biuret spectrophotometric 
method was evaluated across the protein concentration 
range of 3-11 mg/mL. The calibration curve 
demonstrated excellent linearity with a coefficient of 
determination (R²) of 0.9977, meeting the validation 
requirements.
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Table 1. Accuracy validation of the Biuret spectrophotometric method for protein quantification

Concentration
(mg/mL)

Measured concentration 
(mg/mL)

Recovery  
(%)

Mean recovery 
(%) SD RSD  

(%)

80%
(5.6 mg/mL)

5.608 100.15

0.0174 1.755.495 98.12 99.96

5.689 101.60

100%
(7.0 mg/mL)

7.018 100.26

0.0109 1.097.132 101.88 100.65

6.986 99.80

120%
(8.4 mg/mL)

8.396 99.95

0.0171 1.738.461 100.72 99.37

8.185 97.44

Table 2. Precision validation of the Biuret spectrophotometric method for protein quantification

Replicate Concentration  
(mg/mL)

Mean ± SD  
(mg/mL) RSD

1 9.693

1.177%

2 9.903

3 9.676

4 9.757 9.763 ± 0.115

5 9.644

6 9.903

Figure 1. Linear regression analysis of BSA standard solutions measured by the Biuret spectrophotometric method. The calibration 
curve demonstrates excellent linearity (R² = 0.9977) across the concentration range of 3-111 mg/mL
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Protein content analysis following enzymatic 
hydrolysis

The soluble protein content in chicken feet 
preparations was quantified using the validated Biuret 
method, with markedly different outcomes observed 
between the two enzymatic hydrolysis approaches. The 
non-hydrolyzed control preparation yielded a baseline 
soluble protein content of 14.24 ± 0.20 mg/mL.

Enzymatic hydrolysis with bromelain significantly 
increased soluble protein content to 24.39 ± 0.65 
mg/mL, representing a 1.71-fold increase compared 
to the non-hydrolyzed control. This significant 
increasing demonstrates the effectiveness of bromelain 
in hydrolyzing chicken feet proteins and improving 
protein solubilization.

Conversely, the sequential papain-alcalase treatment 
resulted in decreased soluble protein content to 10.92 
± 0.05 mg/mL, representing 77% of the control value. 
This 23% reduction compared to the control indicates 
that the combination treatment may have proceeded 
beyond optimal peptide formation, potentially degrading 
peptides into free amino acids that are not detected 
by the Biuret assay.

One-way ANOVA revealed statistically significant 
differences between all treatment groups. Subsequent 
Tukey’s Honestly Significant Difference post-hoc 

analysis demonstrated that all pairwise comparisons 
between the three preparations were statistically 
significant (p < 0.05), confirming distinct protein 
profiles for each treatment approach (Figure 2).

Discussions
The validation of the analytical method was 

conducted to ensure the analytical method used is 
suitable and reliable for protein analysis. The validation 
results demonstrate good performance across the 
key parameters of accuracy, precision, and linearity, 
confirming their suitability for protein analysis in this 
study. The accuracy results confirmed the reliability 
of the method in quantifying protein concentrations. 
The low RSD values (<2%) show the consistency of the 
measurements, indicating minimal variability during 
replicate analyses. This level of accuracy ensures that 
the method can reliably reflect the actual concentrations 
of the analytes without significant bias, a critical factor 
for generating reproducible data in protein studies [21].

The precision validation resulted in RSD <2% across 
all replicates, indicating excellent repeatability of the 
methods. This level of precision minimizes the risk 
of analytical error due to instrumental or procedural 
inconsistencies. It also underscores the robustness of 
the method in handling routine sample measurements. 

Figure 2. Soluble protein content in chicken feet preparations following different treatment methods. Values represent mean ± 
SD (n=3). Control (N.A): non-hydrolyzed preparation (14.24 ± 0.20 mg/mL); bromelain: single-enzyme hydrolysis (24.39 ± 0.65 mg/
mL); Papain+Alcalase: sequential enzymatic hydrolysis (10.92 ± 0.05 mg/mL). Statistical analysis using one-way ANOVA followed 
by Tukey’s HSD post-hoc test showed significant differences between all treatment groups (p < 0.05)
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The linearity results (R² = 0.9977), highlight the 
methods' ability to establish a strong correlation 
between absorbance and protein concentration across 
the tested range. This ensures the methods can 
accurately predict protein concentrations. The R² value 
exceeding the commonly accepted threshold (0.995) 
further emphasizes the reliability of the regression 
model and the methods’ ability to handle diverse 
sample concentrations effectively [21].

The current study explored the production 
of bioactive peptides from chicken feet using two 
enzymatic hydrolysis methods: bromelain and a 
combination of papain and alcalase. This investigation 
aimed to identify the method that yields higher 
levels of soluble proteins, providing insights into 
the effectiveness of enzymatic treatment in protein 
hydrolysis. 

The fold-change analysis relative to the control 
revealed that bromelain treatment achieved the highest 
protein extraction efficiency, while the papain-alcalase 
combination unexpectedly reduced measurable protein 
content below baseline levels. These contrasting 
outcomes highlight the critical importance of 
optimizing enzymatic conditions to achieve desired 
hydrolysis endpoints while preventing excessive protein 
degradation. The superior performance of bromelain 
hydrolysis in terms of soluble protein yield suggests 
its potential advantage for bioactive peptide production 
from chicken feet, warranting further investigation of 
peptide profiles and bioactive properties.

The analysis data showed a significant increase in 
soluble protein content for bromelain treatment, as 
indicated by ANOVA results (p < 0.001). This confirms 
that bromelain enzymatic hydrolysis effectively 
converted insoluble proteins into shorter, water-
soluble protein fragments. However, the unexpected 
decrease in measurable protein content observed with 
the papain-alcalase treatment requires comprehensive 
mechanistic analysis.

The counter-intuitive finding that bromelain, 
typically characterized by moderate proteolytic activity, 
outperformed the more aggressive papain-alcalase 
combination challenges conventional expectations 
based on enzyme activity profiles. This phenomenon 
likely reflects the complex relationship between 
enzyme specificity, hydrolysis kinetics, and optimal 
peptide formation. Bromelain's relatively controlled 
hydrolytic action may have achieved an optimal balance 
between protein solubilization and peptide integrity, 

maintaining peptide bonds detectable by the Biuret 
assay while generating bioactive fragments.

Conversely, the sequential papain-alcalase 
treatment, despite employing enzymes known for 
high proteolytic efficiency, appears to have proceeded 
beyond optimal hydrolysis endpoints. The observed 
reduction in measurable protein content to 77% of 
control levels suggests extensive peptide degradation 
into free amino acids, which are not detected by the 
Biuret assay due to the absence of sufficient peptide 
bonds [20]. This over-hydrolysis phenomenon has been 
documented in other protein hydrolysis studies, where 
excessive enzymatic treatment leads to diminished 
functional peptide recovery [22].

The Biuret assay played a crucial role in quantifying 
soluble proteins. The Biuret reagent specifically 
reacts with peptide bonds, allowing for the selective 
measurement of proteins and peptides while remaining 
unaffected by interfering substances such as free amino 
acids, DNA, or RNA. This specificity enhances the 
reliability of peptide quantification, particularly in 
complex matrices like enzymatically hydrolyzed chicken 
feet [20]. The assay's selectivity for peptide bonds 
makes it particularly valuable for monitoring hydrolysis 
progression and identifying optimal endpoints for 
bioactive peptide production.

Given the study's ultimate objective of developing 
nutritional interventions for stunting prevention, the 
superior performance of bromelain hydrolysis presents 
significant practical advantages. Stunting primarily 
results from chronic nutritional deficiencies during the 
first 1,000 days of life, particularly inadequate protein 
intake [2,3]. The enhanced protein solubilization 
achieved through bromelain treatment could improve 
the bioavailability and digestibility of chicken feet-
derived proteins, making them more suitable for 
incorporation into nutritional interventions targeting 
vulnerable populations.

Several limitations of the current study must 
be acknowledged. The reliance on a single protein 
quantification method, while appropriate for initial 
screening, provides limited insight into peptide size 
distribution and bioactive potential. The absence 
of peptide profiling through techniques such as 
liquid chromatography-mass spectrometry prevents 
comprehensive characterization of the hydrolysis products 
and identification of specific bioactive sequences.

The study's focus on total soluble protein content, 
while informative for process optimization, does not 
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address the functional properties or bioactivities of the 
generated peptides. Future research should incorporate 
assessment of antioxidant activity, antimicrobial 
properties, and other bioactivities relevant to 
nutritional applications. Additionally, the study did 
not evaluate the digestibility or bioavailability of the 
hydrolyzed products, factors critical for determining 
their effectiveness in addressing malnutrition.

The unexpected superior performance of bromelain 
necessitates detailed investigation of the underlying 
mechanisms. Future studies should examine the specific 
peptide profiles generated by different enzymatic 
treatments, compare the molecular weight distributions 
of hydrolysis products, and assess the relationship 
between peptide characteristics and bioactive 
properties. Optimization of hydrolysis conditions, 
including enzyme concentration, temperature, 
and duration, represents another critical research  
priority.

 

Conclusion
This study evaluates two enzymatic hydrolysis 

methods, bromelain and papain-alcalase combination 
for producing bioactive peptides from chicken feet. 
Enzymatic hydrolysis using bromelain shows superior 
results, while the papain-alcalase combination yielded 
lower protein concentrations, likely due to the excessive 
peptide degradation. Further studies are necessary to 
compare the peptide profiles, bioactivity, and functional 
properties of the hydrolysates from both methods to 
determine the most effective approach. These findings 
highlight the potential of enzymatic hydrolysis for 
converting poultry by-products into functional food 
ingredients, promoting sustainability in food and 
nutraceutical applications.
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