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Summary 
This article aims to evaluate the extraction  of collagen from the hooves of cattle slaughter 
produced in the municipal bed of Riobamba-Ecuador. It is hypothesized that these residues may 
be an alternative and sustainable source of collagen for various industrial and biomedical 
applications. An optimized acid hydrolysis process is used to extract high-quality, high-yield 
collagen from the hooves of slaughtered cattle.  The physicochemical and functional 
characterization of the extracted collagen was performed.  The results confirm that it is possible to 
take full advantage of animal waste to obtain collagen. In addition, the positive environmental, 
economic and social implications of this study for the country are discussed. Further research with 
other types of animals and other extraction techniques is suggested to compare the collagen 
obtained. Likewise, it is recommended to evaluate the physicochemical and biological properties 
of the extracted collagen to determine its possible applications in different sectors. 
Introduction  
According to FAO, in 2019, Latin America produced 31.8 million tons of beef, representing 25% 
of world production. For Ecuador, according to this same organization, it was estimated at 233425 
t of beef production for 2020(  1) (Figure 1).  If it is assumed that each slaughtered animal produces 
40% of its live weight in waste. Cattle (male or female) are ruminant mammals, robust and their 
mass can reach more than 700 kg. Beef accounts for 25% of meat consumption worldwide (FAO, 
2009). They are raised for meat, milk and skin, which is generally  transformed into leather.  The 
slaughtering process must be carried out following technical and sanitary standards, but there is 
no official Good Practice Guide (GM) in the country.  Cattle slaughter in Ecuador faces some 
challenges, such as climate, disease, cattle rustling and clandestine slaughter(2). 
Figure 1. Beef production in Ecuador from 1961-2020. 
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Source: Food and Agriculture Organization of the United Nations. 
Waste from slaughterhouses in Ecuador is an environmental and health problem that requires 
comprehensive and sustainable management. These residues include rumen contents, sewage, 
viscera, hides, blood, fats and other inedible organic remains of slaughtered animals that are 
discarded for municipal solid waste collection. This implies a low efficiency in the use of the waste 
generated. 
Collagen is one of the most abundant structural proteins in animals. It is present is the component 
of the extracellular matrix of various connective tissues such as skin, bones, cartilage and tendons. 
Collagen molecules consist of 3 long helical chains of amino acid residues with non-helical 
terminals on the 2 sides. Collagen chains commonly consist of Gly-X-Y, where Gly is the amino 
acid glycine while X and Y are generally amino acids like proline and 4-hydroxyproline 
respectively. 
Graficor 2. Three-dimensional structure of  the triple helix ofcollagen. 
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Fuente: 1K6F, Crystal Structure of the Collagen Triple Helix Model [(Pro-Pro-Gly)10]3.  PDB 
DOI: 10.2210/pdb1K6F/pdb. 
One of the alternatives for the use of bovine hull waste is the extraction of collagen and keratin, 
which are proteins with useful properties for the pharmaceutical, cosmetic, food and textile 
industries. In this way, a product of high commercial value could be obtained from a waste that is 
normally discarded or incinerated. However, bovine hooves contain both collagen (in the chorion 
layer) and keratin (in the horn layer) that can be extracted using mild enzymatic, chemical or 
physical methods. Collagen and keratin are two important structural proteins that have many 
applications in the biomedical, cosmetic, food and textile industries. In addition, the market value 
of collagen is much higher than that of leather, ranging from $37 per gram to $1000 per gram for 
lab-grade native collagen. 
Extracted collagen and keratin can have many uses in industry(3). Collagen is commonly used as 
a food supplement and in cosmetics for its skin-enhancing properties as a moisturizer and for its 
anti-aging properties  and  improved skin health and appearance(4). It is also used in the production 
of medical devices, such as artificial skin and bone replacements. Keratin is commonly used in the 
cosmetic industry as a hair and nail strengthener. It is also used in the production of industrial 
adhesives, as it has strong binding properties. It is also used in the food industry as a thickening 
and gelling agent in a variety of products(5). 
In the city of Riobamba, cattle slaughter is carried out in the municipal Camal and  in 
slaughterhouses located in different areas of the city. These slaughterhouses are regulated by the 
Ministry of Agriculture and Livestock and comply with hygiene and health regulations to 
guarantee the quality of the meat, but others are not(6). 
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The slaughter process consists of the capture and slaughter of the animal, followed by the 
butchering and classification of the meat into different cuts. The meat undergoes quality 
inspections and disease testing before being marketed in city markets and elsewhere in the country. 
In this research, an acid-base method is used for  the extraction of collagen from bovine hooves.  
Collagen extracted through a solution of citric acid and sodium hydroxide is an efficient method.  
The extracted proteins have many uses in various industries, including cosmetics, food 
supplements, medical devices, and industrial adhesives. Keratin, on the other hand, is used in 
various hair and skin care products for its strengthening and moisturizing properties. It is also used 
in the food industry as a source of protein and in the production of feed additives for livestock. 
Materials and methods. 
Collection, cleaning and demineralization of samples. 
The samples were collected at the Municipal Chamber of Riobamba. The helmets were washed 
with municipal drinking water to remove soil and other impurities attached to   the helmets. The 
addition  of a solution  of 30 ppm of NaClO, to eliminate the microorganisms present on the inner 
and outer surface for a time of 30 hours;  this treatment allowed the dissolution of NaClO to  
penetrate by osmosis to the surface cells and eliminate the microorganisms.  The elimination of 
the residues ofl NaClO was carried out through whitening with plenty of water.  
Acid pretreatment.  
A pretreatment was performed in acid medium with the purpose of breaking the covalent 
intermolecular crosslinks between the collagen molecules(7), for which it was carried out by 
adding5% citric acid covering all the raw material  and leaving it at rest for 30 hours, observing a 
swelling of these and softening that allows cutting    The material in strips about 2 cm wide.  Then 
waterwas added and taken to cooking,  the liquid was  decant, an aliquot was used to determine 
the ash content; obtaining from a dark ash. 
Acid-base treatment. 
For acid treatment,  the raw material treated in the previous step was placed in a recipi ente and 
immersed in 5 % citric acid. After this treatment the hooves were cut into strips of about 2 cm. 
After 24 hours, continuous washes were carried out to remove the acid from the raw material. 
For the basic treatment,the strip sample was treated with  5% NaOH for 36 hours; the liquid was  
removed and swelling and flexibility were observed in the samples; by successive washes all 
hydroxide residues were removed. The samples in the gelatinous state were liquefied with water 
and taken to cooking for 2 hours, the temperature was lowered and filtered hot. 
The productobtained from this process was collagen soluble in hot water. The filtering of  this 
product was placedin trays that are left rum in an oven with air circulation until the liquid is 
removed, and from this process  dry sheets were obtained, which were ground to obtain powder 
and proceeded to perform quality control. 
Product quality control. 
Physicochemical tests:  

 Humidity: by the traditional method according to AOAC 925.09-1925, Solids (total) and 
loss on drying (moisture)(8). 
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 Ash: by the gravimetric method according to AOAC 920.153-1920, Ash of meat(9).  

 Fat: by the ethereal extraction method according to AOAC 920.39-1920, Fat (crude) or 
ether extract in animal feed(10). 

 Protein: by the Kjeldahl method according to AOAC 928.08-1974, Nitrogen in meat. 
Kjeldahl method(11). 

Results and discussion 
Performance Determination 
Two batches were processed from bovine hooves, using the treatment of  medium acid-base, but 
varying the contact times with which it is obtained from 1814.37 grams of hooves was obtained 
10.28 grams of the collagen product.  Thesecond batch of which is 1360.78 grams of hulls 
increased the treatment time with each of the reagents of demineralized  , pretreatment and 
treatment, obtaining 26 grams. The yield was less than 1.00%. 

% 𝑅𝑒𝑛𝑑𝑖𝑚𝑖𝑒𝑛𝑡𝑜 =
𝑔 𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑜

𝑔 𝑀𝑎𝑡𝑒𝑟𝑖𝑎 𝑝𝑟𝑖𝑚𝑎
∗ 100 

Equation 1 
 

% 𝑅𝑒𝑛𝑑𝑖𝑚𝑖𝑒𝑛𝑡𝑜 =
10 𝑔

1814 𝑔
∗ 100 = 0.56% 

 

Theyield of 0. 56% can be considered very low with respect to the amount of processed matter and 
the product obtained however the process can be substantially improved by changing the 
pretreatment conditions  with NaOH. 
The pretreatment with NaOH  and the  pre-treatment time depends on  the thickness of the treated 
material,  alkalis are particularly effective in the extraction of collagen from hard and thick 
materials, therefore the performance obtained could have been improved using a pretreatment with 
a basic medium(12).    However, this alkali pretreatment can take anywhere from a few days to 
weeks to complete. 
In this research work a  simple method of collagen extraction using an acid-base method was used,  
however, this process  can be improved using ultrasound or microwaves in conjunction with this 
chemical process.  And even a combined process of enzymatic extraction using the physical 
processes mentioned above, can give better results.  Additionally,  it is worth mentioning that  the 
temperature influenced the performance obtained because  the temperature was higher than 4 °C, 
which is the recommended temperature for collagen extraction processes to minimize its 
degradation(13).  However, the material obtained presented good properties in its characterization,  
such as its emulsification capacity,   water retention, thermal stability and viscosity(14). 
Physicochemical characterization. 
Ash: The determination of ash was performed by the gravimetric method according to AOAC 
920.153-1920(9). Producing a result of 5.95% ash (Table 1). However, typical values of ash 
content in collagen can range from less than 1% to around 5%, depending on the source of collagen 
and the production method used. For example, bovine collagen type I may have a typical ash 
content of 1-2%, while fish collagen may have a typical ash content of 1-5%(15). 
It is important to note that ash content values in collagen can be an indication of collagen quality, 
as elevated ash levels may indicate the presence of impurities or contaminants in collagen. 



 
 
 

3597 
 

Ann. For. Res. 66(1): 3592-3600,  2023 
ISSN: 18448135, 20652445 

ANNALS OF FOREST RESEARCH 
www.e-afr.org 

 

© ICAS 2023 

Therefore, collagen manufacturers usually carry out quality tests to ensure that the ash content is 
within acceptable limits for its intended use. 
Table 1. Results of physicochemical characterization 
Parameter Average value Unit 
Ashes 5,95 % 
Humidity 62.74 % 
Grease 2.81 % 
Proteins 16.44 % PT 
Emulsificación  10 % 
Water holding capacity 0.2582 CRA 

 
Humidity determination was performed by the traditional method according to AOAC 925.09-
1925, Solids (total) and loss on drying (moisture)(8).   The average moisture determination  of our 
sampleswas 62.74% (Table 1), a very high result considering that the moisture content can vary 
depending on various factors, such as the source of collagen, the method of extraction and 
processing, the way in which the sample is stored, among others. However, in general, it is 
considered that the moisture content in collagen can be in a range of around 10 to 12%(16). 
Importantly, too high or too low moisture content can affect collagen quality and stability.  
Moisture determination shouldbe performed on each collagen sample prior to use in specific 
applications, as this will ensure the quality and stability of collagen under the appropriate storage 
and use conditions. 
Fat: Thefat determination was made by the ethereal extraction method according to AOAC 
920.39-1920, Fat (crude) or ether extract in animal feed(10).  Obtaining an average result of 2.81% 
(Table 1).  The amount of fat in collagen samples from bovine hooves can vary depending on the 
animal's age, diet, health status, and other factors. In general, bovine hooves are expected to 
contain less fat than other tissues, such as skin or bone. 
Based on the available literature, typical values of the amount of fat in collagen samples from 
bovine hooves can range from less than 1% to around 5% fat. For example, one study found that 
the amount of fat in bovine hooves ranged from 0.6% to 3.3% by dry weight (17). Another study 
found that the amount of fat in cattle hooves was 4.4% by dry weight(18). 
It is important to note that these values may vary depending on the tissue source and sample 
conditions.  
Protein: the determination of the total protein was carried out by the Kjeldahl method according 
to AOAC 928.08-1974, Nitrogen in meat. Kjeldahl method(11).  Given the average result of 
16.44% (Table 1), the amount of protein in collagen samples may vary depending on tissue type 
and animal source, as well as by the method used for protein extraction and determination. 
The amount of protein in collagen samples obtained from bovine hooves may vary depending on 
the extraction and determination method used. According to the available literature, typical values 
of protein quantity by the Kjeldahl method in bovine hoof collagen samples can range from 20% 
to 70% of the total protein in the sample. 
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One study found that the amount of protein in bovine hoof collagen samples was 68% of the 
sample's dry weight (19). Another study found that the amount of protein in bovine hoof collagen 
samples was 60-70% of the dry weight of the sample. 
Emulsification: the  notification test yielded an average of 10%, well below the results found by 
other authors (35%) (20).  Emulsification tests are used to evaluate collagen's ability to form stable 
emulsions, which are important in many applications. In these tests, collagen is mixed with oil and 
water and the emulsion is analyzed to determine stability and droplet size distribution. Several 
factors, such as pH, temperature and salt concentration, can affect the emulsifying properties of 
collagen. The results of these tests can help determine the optimal conditions for using collagen as 
an emulsifier and can help in the development of new foods and cosmetic products(19). 
Water holding capacity:  the average result found in our research (0.2582 CRA), Water holding 
capacity is a crucial property of collagen extracted from cattle, as it influences the texture and 
appearance of the final products. Water holding capacity refers to the ability of collagen to bind to 
and retain water molecules. This property is important in many food applications, such as meat 
products, where collagen acts as a binding agent, improving texture, juiciness and yield. 
 
Collagen extracted from cattle has a high water retention capacity due to its unique molecular 
structure. Collagen is a triple helix protein consisting of long chains of amino acids. These chains 
clump together to form fibrils, which are then assembled into fibers. The spaces between the fibers 
act like a sponge, trapping water molecules and holding them within the collagen matrix. Several 
factors can affect the water-holding capacity of collagen, including pH, ionic strength, and 
temperature. High pH values and high ionic strength can increase water holding capacity by 
promoting protein-protein interactions, while high temperatures can cause denaturation of the 
protein, reducing its ability to retain water.  Water retention tests are performed properly by 
measuring the conductivity of the collagen sample(3). 
 
Determination of feasibility 

𝑉𝑖𝑎𝑏𝑖𝑙𝑖𝑑𝑎𝑑 =
𝑐𝑜𝑠𝑡𝑜 𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑜

𝑐𝑜𝑠𝑡𝑜 𝑃𝑟𝑜𝑑𝑢𝑐𝑐𝑖ó𝑛
∗ 100 

Equation 2 
 

𝑉𝑖𝑎𝑏𝑖𝑙𝑖𝑑𝑎𝑑 =
15.60

15.72
= 0.99 

 

The viability of this process has been calculated to determine if it is possible to carry it out 
satisfactorily and in order to obtain utility of the proposed process  with respect to the economic 
investment that is made during the extraction process, and thus give an added value to this waste 
that until now has not been treated. 
Conclusions. 
This article has studied the production of collagen from the residues (hulls) of cattle slaughter in 
the municipal bed of Riobamba-Ecuador. The hypothesis put forward was that these residues may 
be an alternative and sustainable source of collagen for various industrial and biomedical 
applications. The results obtained showed that it is possible to extract high-quality collagen from 
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the hooves of slaughtered cattle by an optimized acid hydrolysis process.  Physicochemical and 
functional evaluations of the extracted collagen  were performed. Although  the yield was not as 
expected,these findings confirm  the viability  of the process and contribute to the knowledge about 
the integral use of animal waste. In addition, they have positive environmental, economic and 
social implications for the country, since they reduce the pollution generated by these wastes, 
generate added value from them and offer new opportunities for employment and innovation. 
However, this study has some limitations, such as the use of only one type of waste and a single 
extraction technique. Therefore, it is suggested to conduct further research with other types of 
animals (pigs, poultry) and other extraction techniques (enzymatic, physical) to compare the 
quality and performance of the collagen obtained. It is also recommended to extend the evaluation 
of the physicochemical and biological properties of the extracted collagen to determine its possible 
applications in different sectors. 
 
References 
1.Ritchie H, Rosado P, Roser M. Meat and Dairy Production. Our World in Data [Internet]. August 
25, 2017 [cited March 7, 2023]; Available in: https://ourworldindata.org/meat-production 
2.Cattle in Ecuador, with less population in recent years [Internet]. The Universe. 2015 [cited 
March 7, 2023]. Available in: 
https://www.eluniverso.com/noticias/2015/05/24/nota/4902476/bovinos-pais-menos-poblacion-
durante-ultimos-anos 
3.Morimura S, Nagata H, Uemura Y, Fahmi A, Shigematsu T, Kida K. Development of an 
effective process for utilization of collagen from livestock and fish waste. Process Biochemistry. 
1 de julio de 2002;37(12):1403-12.  
4.Ni N, Dumont MJ. Protein-Based Hydrogels Derived from Industrial Byproducts Containing 
Collagen, Keratin, Zein and Soy. Waste Biomass Valor. 1 de marzo de 2017;8( 2):285-300.  
5.Ramya KR, Thangam R, Madhan B. Comparative analysis of the chemical treatments used in 
keratin extraction from red sheep’s hair and the cell viability evaluations of this keratin for tissue 
engineering applications. Process Biochemistry. 1 de marzo de 2020;90:223-32.  
6.Sánchez Pérez LG. Extraction of collagen and keratin from bovine hooves as a method of using 
the waste generated in the Municipal Chamber of Riobamba. [Internet] [bachelorThesis]. 
Chimborazo Polytechnic School; 2016 [cited February 9, 2023]. Available in: 
http://dspace.espoch.edu.ec/handle/123456789/5663 
7.Yamauchi M, Taga Y, Hattori S, Shiiba M, Terajima M. Chapter 6 - Analysis of collagen and 
elastin cross-links. En: Mecham RP, editor. Methods in Cell Biology [Internet]. Academic Press; 
2018 [citado 7 de marzo de 2023]. p. 115-32. (Methods in Extracellular Matrix Biology; vol. 143). 
Disponible en: https://www.sciencedirect.com/science/article/pii/S0091679X17301279 
8.AOAC 920.155-1920, Loss on drying (moisture) in meat extracts an - $14.30 : AOAC Official 
Method [Internet]. [citado 9 de febrero de 2023]. Disponible en: 
http://www.aoacofficialmethod.org/index.php?main_page=product_info&cPath=1&products_id
=24 



 
 
 

3600 
 

Ann. For. Res. 66(1): 3592-3600,  2023 
ISSN: 18448135, 20652445 

ANNALS OF FOREST RESEARCH 
www.e-afr.org 

 

© ICAS 2023 

9.AOAC 920.153-1920, Ash of meat - $14.15 : AOAC Official Method [Internet]. [citado 9 de 
febrero de 2023]. Disponible en: 
http://www.aoacofficialmethod.org/index.php?main_page=product_info&cPath=1&products_id
=1694 
10.AOAC 920.39-1920, Fat (crude) or ether extract in animal feed - $14.15 : AOAC Official 
Method [Internet]. [citado 9 de febrero de 2023]. Disponible en: 
http://www.aoacofficialmethod.org/index.php?main_page=product_info&cPath=1&products_id
=1088 
11.AOAC 928.08-1974, Nitrogen in meat. Kjeldahl method - $14.30 : AOAC Official Method 
[Internet]. [cited February 9, 2023]. Available in: 
http://www.aoacofficialmethod.org/index.php?main_page=product_info&cPath=1&products_id
=2823 
12.Benjakul S, Oungbho K, Visessanguan W, Thiansilakul Y, Roytrakul S. Characteristics of 
gelatin from the skins of bigeye snapper, Priacanthus tayenus and Priacanthus macracanthus. Food 
Chemistry. 15 de septiembre de 2009;116(2):445-51.  
13.Pal GK, Suresh PV. Sustainable valorisation of seafood by-products: Recovery of collagen and 
development of collagen-based novel functional food ingredients. Innovative Food Science & 
Emerging Technologies. 1 de octubre de 2016;37:201-15.  
14.Yang H, Shu Z. The extraction of collagen protein from pigskin. Journal of Chemical and 
Pharmaceutical Research [Internet]. 28 de febrero de 2014 [citado 7 de marzo de 2023];6(2). 
Disponible en: https://www.jocpr.com/abstract/the-extraction-of-collagen-protein-from-pigskin-
6845.html 
15.Gál R, Mokrejš P, Pavlačková J, Janáčová D. Cyprinus carpio Skeleton Byproduct as a Source 
of Collagen for Gelatin Preparation. International Journal of Molecular Sciences [Internet]. marzo 
de 2022 [citado 8 de marzo de 2023];23(6). Disponible en: 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8949102/ 
16.Coppola D, Oliviero M, Vitale GA, Lauritano C, D’Ambra I, Iannace S, et al. Marine Collagen 
from Alternative and Sustainable Sources: Extraction, Processing and Applications. Mar Drugs. 
15 de abril de 2020;18(4):214.  
17.Ockerman HW, Basu L. BY-PRODUCTS | Edible, for Human Consumption. En: Jensen WK, 
editor. Encyclopedia of Meat Sciences [Internet]. Oxford: Elsevier; 2004 [citado 8 de marzo de 
2023]. p. 104-12. Disponible en: 
https://www.sciencedirect.com/science/article/pii/B012464970X000465 
18.Peralta Mendoza C, Pérez NR, Rivera LG. Extraction of collagen in acid-base medium from 
bovine hooves. Epsilon. 1 Jun 2012;1(18):59-69.  
19.Noorzai S, Verbeek CJR, Lay MC, Swan J. Collagen Extraction from Various Waste Bovine 
Hide Sources. Waste Biomass Valor. 1 de noviembre de 2020;11(11):5687-98.  
20.Araújo ÍB da S, Bezerra TKA, Nascimento ES do, Gadelha CA de A, Santi-Gadelha T, 
Madruga MS. Optimal conditions for obtaining collagen from chicken feet and its characterization.  
Food Sci Technol. 16 de abril de 2018;38:167-73.  


