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ABSTRACT 
 
Keratins are a family of structural proteins that can be isolated from a variety of animal tissues with protective func-
tions, including chicken feathers. In the present study, the extraction percentage of keratin from chicken feathers 
(Gallus gallus) was optimized and subsequently characterized. Response Surface Methodology (RSM) was employed 
to optimize the extraction process, utilizing the Novo Pro-D® enzyme and a Draper-Lin experimental design. The ex-
traction percentage (%E) served as the response factor, while independent variables included temperature (°C), extrac-
tion time (h), pH, and the enzyme-to-substrate (E/S) ratio. Feather samples were previously characterized through prox-
imate analysis, determining moisture, ash, and crude fat contents using standard methods. Nitrogen (protein) content 
was determined via the Kjeldahl method. Proximate analysis revealed a protein content of 86.42%. The optimized vari-
ables were found to be: pH 6.0, temperature 30 °C, time 8 h, and an E/S ratio of 0.64, resulting in a 92% extraction 
yield. FTIR analysis confirmed characteristic protein signals associated with á-helix and â-sheet fractions, indicating suc-
cessful keratin extraction under the applied conditions. The high extraction yield and favorable hydrolysis conditions 
demonstrate the feasibility of implementing a process parallel to the poultry industry, where these innovative tech-
niques can enhance productivity and strengthen the regional sector. 
 
Keywords: Chicken feathers, keratin extraction, novo pro-D® enzyme, Draper-Lin design. 
 
RESUMEN 
 
Las queratinas son un grupo de proteínas estructurales que pueden obtenerse a partir de diversos tejidos animales con 
función protectora, como es el caso de las plumas de pollo. En este trabajo se optimizó el proceso de extracción de 
queratina presente en plumas de Gallus gallus y posteriormente se realizó su caracterización. Para optimizar la extrac-
ción se empleó la metodología de superficie de respuesta, utilizando la enzima Novo Pro-D® y un diseño experimental 
Draper-Lin. Como variable de respuesta se consideró el porcentaje de extracción (%E), mientras que las variables inde-
pendientes fueron la temperatura, el tiempo de extracción, el pH y la relación enzima/sustrato (E/S). Previamente, las 
plumas fueron sometidas a un análisis proximal, en el que se determinaron humedad, cenizas y grasa cruda mediante 
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métodos estándar, mientras que el contenido de nitrógeno (asociado a proteína) se evaluó por el método Kjeldahl. 
Los resultados evidenciaron un alto contenido proteico, alcanzando un valor de 86.42%. Las condiciones óptimas de 
extracción se establecieron en pH 6.0, temperatura de 30 °C, tiempo de 8 horas y una relación enzima/sustrato de 
0.64, bajo las cuales se logró un rendimiento de extracción cercano al 92%. El análisis FTIR de la queratina obtenida 
confirmó la presencia de señales características de la proteína en su forma nativa, asociadas a estructuras de á-hélice y 
lámina â, lo que indica que, bajo las condiciones empleadas, fue posible extraer queratina conservando su integridad 
estructural. El alto rendimiento alcanzado, junto con las suaves condiciones de hidrólisis, evidencian el potencial de 
este proceso para ser implementado como una alternativa dentro de la industria avícola. Además, el uso de este tipo 
de estrategias innovadoras puede contribuir a mejorar la productividad y fortalecer el desarrollo industrial regional. 
 
Palabras clave:  Plumas de pollo, extracción de queratina, enzima novo Pro-D®, diseño Draper-Lin. 
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INTRODUCTION 
 
Keratin is a family of structural proteins that can be iso-
lated from a wide variety of animal tissues with protec-
tive functions. "Soft" keratins are elements of the cyto-
skeleton in epithelial tissues, while protective tissues 
such as nails, hooves, hair, and feathers are made of 
"hard" keratins. Hard keratins have been the subject of 
research as biomaterials for more than three decades 
(Rosero, 2014). Protein hydrolysates have been reported 
to possess desirable physicochemical properties that are 
exploited in various industries (Hill, 2010).  
 
Globally, millions of tons of poultry waste are generated 
as a by-product in processing plants. In particular, chick-
en feathers have a high keratin content, which adds val-
ue to these wastes for industrial use. As the poultry in-
dustry in Colombia continues to grow, the generation of 
by-products also increases, making it necessary to find 
alternatives for their control and management to prevent 
ongoing environmental deterioration (He, 2013). In Co-
lombia, the National Federation of Poultry farmers 
(FENAVI) reported a high consumption of chicken, 36.7 
kg per person, in 2023 (Fenavi, 2024). 
 
Feathers, as waste from the poultry industry, have not 
received adequate treatment and are often simply dis-
carded, becoming a source of environmental pollution. 
Their decomposition generates unpleasant odors that 
attract flies, rodents, and other undesirable animals, lead-
ing to public health issues. However, chicken feathers 
contain a high percentage of protein (keratin), making 
them potentially usable as a protein source. This charac-
teristic not only reduces the amount of waste but also 
helps control the environmental pollution problems 
caused by these wastes, thereby adding value to chicken 
feathers (Rosero, 2014; Chilakamarry, 2021). 
 

Several methods are reported in the literature for hydro-
lyzing chicken feathers, including the use of bases, 
strong acids, saturated water at high pressure, enzymes, 
and microorganisms. All of these methods aim to in-
crease the digestibility of the feathers and their reactivity 
according to their intended end use (Chilakamarry, 
2021). The Shindai method, developed in 2002, is suita-
ble for the extraction of proteins from degreased raw 
materials. In this method, a reducing mixture transforms 
the disulfide bonds of cystine into cysteine, allowing the 
solubilization of keratin (Nakamura, 2002).  
Another method uses Na₂S to reduce the disulfide 
bonds of keratin. This is accompanied by a treatment 
with sodium hydroxide (NaOH) which generates the 
hydrolysis of the protein. By breaking the bonds that 
characterize the structure of keratin present in chicken 
feathers, it can be converted into a soluble protein 
(Wilkins, 1990).  However, the chemical hydrolysis of 
chicken feathers presents several deficiencies, including 
long reaction times; the use of highly concentrated solu-
tions of bases, acids, or salts; additional treatments re-
quired for reaction byproducts and their residues; and 
high energy costs. Therefore, enzymatic extraction is a 
viable alternative for this type of process. 
 
The current study aims to optimize the process of ex-
tracting keratin from waste chicken feathers using enzy-
matic hydrolysis. Many microorganisms aid in the extrac-
tion of keratin by secreting keratinolytic and proteolytic 
enzymes known as keratinases. These microorganisms 
include mesophilic fungi, actinomycetes, and several 
Bacillus species (Hamrita, 2023; Chilakamarry, 2021).  
 
The enzymatic hydrolysis was carried out using environ-
mentally friendly methods that do not result in contami-
nant loads. The enzyme Novo-Pro® D was used for the 
extraction because it is an effective endo-protease for a 
range of applications. Furthermore, as it is a relatively 
new enzymatic preparation, there is no detailed infor-
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mation available on its mechanism of action 
(Novozymes, 2020). 
 
MATERIALS AND METHODS 
 
Chicken feathers were provided for this investigation by 
the Pollos Conquistador company, located in the north-
ern part of the Department of Cauca. The protease used 
was Novo Pro-D® 0.6 L E.C. 3.4.21.62 from Novozymes 
(A/S Brasil), presented as a commercial, multi-enzyme, 
food-grade preparation, with an activity of 0.6 AU/g 
(UA: Anson Units). The enzyme working conditions are 
established within the following ranges: temperature 40-
60°C and pH 8-9.5 (Novozymes, 2020).  
 
Treatment and proximal analysis of the feathers 
Chicken feathers were cleaned, disinfected with sodium 
hypochlorite, rinsed, and dried first in sunlight and then 
in an oven until constant weight. Finally, they were 
ground into a fine powder using milling equipment 
(Retsch SK 100 Standard) until a fine texture was ob-
tained, corresponding to a number five mesh (ASTM E-
11/95 Standard Sieves, 4.00 mm). 
 
Proximal analysis of chicken feathers was conducted 
using AOAC methods: Moisture: Dehydration at 100–
105°C in an oven at constant pressure (600 mmHg- 
Popayán) until a constant weight was achieved, accord-
ing to AOAC 950.43 (AOAC 2012a). Ash: Calcination at 
550°C for 4 hours, following AOAC 920.153 (AOAC 
2012b). Ethereal Extract: Soxhlet extraction for 4 hours, 
according to AOAC 991.36 (AOAC 2012c). Crude Fi-
ber: Weende method involving acid-base digestion and 
calcination, according to AOAC 962.09 (AOAC 2012d). 
Crude Protein: Kjeldahl method involving acid digestion 
and nitrogen distillation (N x 6.25), as per AOAC 968.06 
(AOAC 2012e). Protein quantification was determined 
using a Kjeldahl kit (BUCHI K-314 Distillation Unit, BU-
CHI K-424 Digestion Unit, and BUCHI Scrubber B-414 
Neutralization Unit). 
 
Enzymatic hydrolysis 
The enzymatic hydrolysis reactions of chicken feathers were 
conducted in an extraction system consisting of a 1L two-
necked round-bottom flask, placed on a heating plate. A pH 
meter (Accumet Basic AB15) was used for manual control 
of temperature, pH, and stirring rate. An amount of 10 
grams of the sample was weighed and dissolved in 500 mL 
of phosphate buffer at the required pH. The solutions were 
homogenized with constant agitation at 200 rpm in the 
extraction system. Once the desired temperature and pH 
were achieved, the reaction was initiated by adding the 
protease Novo Pro-D®. The amount of enzyme used was 
determined based on the enzyme/substrate ratio for each 

experiment. Once the reaction time was complete, the mix-
ture was filtered while hot to obtain the corresponding pro-
tein hydrolysates. 
 
Determination of the Extraction Percentage 
The extraction percentage (EP) was determined in each 
experiment using the Kjeldahl method. In this process, 
the sample was decomposed through increased temper-
ature and the addition of sulfuric acid. A neutral salt is 
often added to increase the boiling point of the sulfuric 
acid solution. This allows for a higher working tempera-
ture, which facilitates decomposition. The treatment con-
verts the nitrogen in the sample into NH₄⁺, and with the 
addition of a strong base (NaOH), NH₃ is liberated. The 
ammonia is then carried to a collecting bottle containing 
H₃BO₃ through steam distillation. Ammonia is quantita-
tively captured by the boric acid solution, forming solvat-
ed ammonium ions. Finally, the concentration of the 
captured ammonium ions is determined by acid-base 
titration using a standardized solution of hydrochloric 
acid, along with a mixture of indicators (AOAC 2012 e). 
The extraction percentage was calculated by the follow-
ing equations: 
 

 

 
 
Where: M = volume of HCl expended for titration of the 
extract, B = volume of HCl expended for blank titration, 
VHCL ezn = volume of HCl expended for enzyme titra-
tion, N = HCl normality, Pms = sample weight, % Next = 
Percentage of nitrogen withdrawn, % Pext = percentage 
of protein extracted on a dry weigth. 
 
Where: M= volume of HCl used for titration of the ex-
tract, B = volume of HCl used for blank titration, V HCl enz 
= volume of HCl used for enzyme titration, N = normali-
ty of HCl, Pms = sample weight, % Next = percentage of 
nitrogen extracted, %Pext = percentage of protein ex-
tracted on a dry weight basis. 

 
 
Where: %Pext = extraction percentage obtained in each 
execution of the experimental design, % Pi = percentage 
of real protein in the study sample, which was 86.4%. 
 
Experimental Design 
To establish the optimal extraction conditions, a 24 facto-
rial design was applied, with four factors (pH, Tempera-
ture (°C), [E/S] enzyme/substrate ratio (%w/w) and Time 
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(h)) and two levels lower (-1) and high (+1). According 
to the experimental conditions and available resources, 
a Draper-Lin design was applied. This is a reduced com-
posite design that combines a fractional factorial or 
Plackett-Burman design with additional star points. 
(Table1) 
 
The formation of these designs involves: (1) using axial 
runs plus center runs; (2) adding the columns of a Plack-
ett-Burman design for the cube portion to avoid singular-
ity or near-singularity; and (3) removing one of each set 
of duplicates if duplicate runs exist (Draper Lin 1990). 
  
Characterization of the extracted keratin 
The extracted keratin was precipitated at its isoelectric 
point and then analyzed by FTIR-ATR and UV-VIS. For 
this, 1.0 M HCl was added, and the solution was sepa-
rated by centrifugation (HERMLE Z 326 K®) for 45 
minutes at 5°C. Finally, the precipitate was washed with 
water until a neutral pH was achieved. The keratin sam-
ple was dry and characterized and compared against a 
primary keratin standard with a purity greater than 90%, 
provided by Sigma-Aldrich®. For this characterization, 
FTIR analysis was performed using an ATR mode 
(Nicolet iS10, Thermo Scientific®) with a resolution of 4 
cm⁻¹, averaging 36 scans over a spectral range of 500–
4000 cm⁻¹. Additionally, UV–Vis spectrophotometry 
was conducted using a Genesys 6 spectrophotometer 
(Thermo Scientific®). 
 
RESULTS AND DISCUSSION 
 
Proximal analysis 
In Table 1, the results of the proximate analysis of chicken 
feathers are presented, and they are compared with other 
authors. The proximal analysis in %w/w of chicken feath-
ers exhibited a high nitrogen content (86.4%), confirming 
their significant applicability in various industrial sectors. 

The moisture content is relatively low (5.7%); however, it 
must be removed prior to the extraction process. This is 
essential because the solid material needs to be complete-
ly free of water to ensure that the enzyme/substrate (E/S) 
ratio is not affected. An important parameter is the per-
centage of fat (2,7%), as it could potentially affect the ex-
traction of keratin by the enzyme. However, no significant 
differences were observed between the process conduct-
ed with degreased feathers and that with non-degreased 
feathers. This could be attributed to the characteristics of 
the working enzyme. 

 
The ash (3.3%), fiber (0.4%), and nitrogen-free extract 
contents (1.4%) are relatively low compared to the pro-
tein content of the sample. These low values may be 
attributed to the function of the feathers in the animal, 
which includes providing thermal protection due to their 
heat retention capacity. Additionally, the feather´s physi-
cal property of being insoluble in water helps maintain a 
low relative humidity, contributing to these results. 
 
Tesfaye et al. (2017), reported similar values in the proxi-
mate analysis of chicken feathers, except for the mois-
ture content. Their reported values were: crude fiber 
(2.15%), crude protein (82.36%), ash (1.49%), nitrogen-
free extract (NFE) (1.02%), and moisture content 
(12.33%). The liquid extract exhibited varying shades, 
ranging from yellowish to cream, due to the increased 
solubility of the proteins as a result of hydrolysis. The 
liquid contains hydrolyzed peptides as well as proteins 
that became soluble during the hydrolysis process 
(Kong, 2007; Das, 2015).   
 
Optimization parameters of keratin extraction 
The extraction percentage of keratin for each experi-
ment in the Draper-Lin design with the four working fac-
tors is shown in Table 2. 
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The keratin extraction percentage across all experiments 
ranged from 14.3% to 72.0%. The highest extraction per-
centage was observed in experiment number 8, which 
had average values for pH, temperature, and time, and a 
higher enzyme/substrate (E/S) ratio of 0.64. The E/S ratio 
is a significant factor influencing the extraction percent-
age. Conversely, experiment number 12 had the lowest 
E/S ratio (14.3%) since no enzyme was added, serving as 
a blank. This influence is further confirmed by the ANO-
VA analysis presented in Table 3 (Das, 2015). 
 
According to the statistical analysis of the ANOVA, four 
effects have p-values lower than 0.05, indicating that 
these values are significantly different from zero at a 
95.0% confidence level. These include the enzyme/
substrate ratio, the pH-pH interaction, the pH-
temperature interaction, and the temperature-
temperature interaction. 
 
Complementing the information provided by the ANO-
VA test, Figure 1 presents Pareto plots that describe the 
analysis of variance and the influence of the factors and 
their interactions on the extraction percentage. This anal-
ysis displays the effects of the factors in descending or-
der. A vertical line crosses the graph, and its position 

depends on the confidence interval of the design, which 
is 95% in this case. Factors that extend beyond this line 
significantly affect the extraction percentage. Factors 
shown in light gray positively impact the hydrolysis reac-
tion, while those in dark gray have a negative influence. 
 
It can be observed that the enzyme/substrate (E/S) ratio 
has the most significant positive influence on the extrac-
tion. An increase in the E/S ratio corresponds to a higher 
extraction percentage, demonstrating a direct relation-
ship between this factor and the response variable. 
However, in hydrolysis processes, the E/S ratio is a fac-
tor that needs to be controlled and optimized, as exces-
sive enzyme use can significantly increase the cost of 
the process. 
 
The interaction between pH and temperature is the sec-
ond factor with a positive influence on the response 
variable. Since this is an enzymatic hydrolysis, and the 
reaction medium in which the enzyme operates affects 
the rate and efficiency of the conversion from substrate 
to product, in this case from protein to peptides or free 
amino acids. Temperature and pH are critical variables 
in keratin extraction, especially from feathers, because 
they control both the breakdown of the protein struc-
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ture and the final quality of the biopolymer. A moderate 
increase in temperature enhances extraction efficiency 
because it promotes the cleavage of disulfide bonds (-S–
S-), which are key to the structure of keratin. Regarding 
the influence of pH, it was observed that the optimal pH 
was close to neutral, which is ideal for enzymatic meth-
ods because it better preserves the native structure. 
 
On the other hand, the Pareto graph indicates that the 
temperature-temperature and pH-pH interactions nega-
tively influence the extraction process. Finally, time does 
not significantly impact the extraction process, as it is 
positioned on the left side of the vertical line. 
 
The response surface (Figure 2) illustrates the trend in 
extraction percentages relative to pH and time variables. 
It shows that the extraction percentage is higher at inter-
mediate pH levels and increases with longer reaction 
times, rising from 5% at 2 hours to 80% when the reac-
tion time is extended to 8 hours. 
 

According to the statistical analysis, the optimal condi-
tions for the extraction process are pH 6, temperature 
30°C, time 8 hours, and an enzyme/substrate (E/S) ratio 
of 0.64. The mathematical model indicated these opti-
mal values for the independent variables, which are out-
side the previously stipulated limits. Under these condi-
tions, an extraction percentage of approximately 108% 
was achieved. 
 
To verify the results, extractions were performed in tripli-
cate under the predicted conditions. The experimental 
average percentage of keratin extraction under these 
conditions was 93%, with a standard deviation of 1.9%. 
This demonstrates that the keratin extraction process 
from chicken feathers was successfully optimized using 
enzymatic hydrolysis. Previous studies have reported 
lower recovery percentages when using alternative 
methods or reducing agents. For example, the total pro-
tein yield obtained with various reducing agents was as 
follows: sodium sulfide (53%), potassium cyanide 
(29.6%), and thioglycolic acid (8.8%) (Gupta, 2012). 



 
Optimization of keratin extraction from chicken feathers                      36 

 



37 Rev. Colomb. Biotecnol. Vol. XXVIII No. 1  Enero  - Junio 2026,  30 - 39 

 

Characterization of the extracted keratin 
The extracted keratin showed similarity to a keratin 
standard supplied by Sigma Aldrich in the respective 
spectra, confirming that under the evaluated process 
conditions, the keratin derivatives preserved the struc-
ture of the protein. 
 
The FTIR results (Figure 3) reveal bands corresponding 
to NH-type vibrations located at 2956 cm⁻¹ 

(asymmetrical stretching vibrations) and 1579 cm⁻¹. The 
Amide A band, observed at 2956 cm⁻¹, is associated 
with the ordered regions in the alpha-helix structure of 
the protein and corresponds to the symmetric vibration 
mode (Tesfaye, 2017). The bands at 1579, 1513 show 
vibrations known as amide I and II which is the result of 
â-sheet which shows that the extracted keratin has a 
similar secondary structure as feather fibers (Martínez-
Hernández, 2005; Rintoul, 2000). The strong signal at 



 
Optimization of keratin extraction from chicken feathers                      38 

 

1579 cm-1 caused by the elongated C=O amide band 
was assigned to the C=O amide I, an á-helix confor-
mation (Tesfaye, 2017). Table 4 shows the main bands 
compared with other authors. 
 
The extracted keratin was also analyzed using UV-Vis 
spectroscopy (Figure 4.) The UV-Vis spectra of the kera-
tin standard and the extracted keratin sample exhibit 
absorption at the same wavelengths. A distinctive ab-
sorption peak between 200 and 250 nm, characteristic 
of keratin, is evident, a maximum absorption peak at 
216 nm is observed. The strong absorption band at 200 
and 250nm symbolize the presence of a keratine band, 
inferring a conjugated system with a double bond, 
which may attribute to the existing of peptide bonds and 
amino acids inside, primarily tyrosine and tryptophan 
(NaiWei Ge et al., 2021, Bendit, 1960). This indicates 
that under the applied conditions, it was possible to ex-
tract keratin without completely degrading it.  
 
CONCLUSIONS 
  
The proximate analysis of chicken feathers confirmed their 
high protein content, highlighting their potential as a valua-
ble raw material for obtaining protein-rich products. 
 
The extraction of keratin through enzymatic hydrolysis 
demonstrated that it is possible to achieve high recovery 
yields under controlled conditions, indicating the suita-
bility of this approach for the valorization of poultry 
waste. The results suggest that such processes could be 
integrated into industrial systems, contributing to more 
sustainable resource utilization. 
 
Spectroscopic analyses, including FTIR and UV–Vis, con-
firmed the presence of characteristic protein structures 
associated with keratin, indicating that the extraction 
process can preserve key structural features of the bio-
molecule. 
 
Overall, the use of enzymatic methodologies represents 
a promising alternative to conventional extraction meth-
ods, offering advantages in terms of environmental im-
pact and process efficiency, and aligning with principles 
of green chemistry. 
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