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Abstract

Abstract

This work aims to produce hydrolyzed collagen by utilizing slaughterhouse waste,
specifically bovine bones, as part of the effort to exploit animal waste and recycle it using
sustainable and value-added methods.

The methodology relies on the pyrolysis process, using specific treatment steps: first,
degreasing using acetone and ethanol; then, demineralization using hydrochloric acid; and
finally, removal of non-collagenous proteins using a sodium hydroxide solution.

This method was chosen for its simplicity, low cost, and because it is non-toxic and non-
polluting to the environment.

This project opens prospects for multiple industrial applications in the food, cosmetic,
and health industries, while also emerging as an effective environmental solution for
managing slaughterhouse waste."

Résume

Ce travail vise a produire du collagéne hydrolysé en valorisant les déchets d'abattoir,
notamment les os bovins, dans le cadre d'une démarche visant a exploiter les déchets
animaux et a les recycler par des méthodes durables et a valeur ajoutée.

La méthodologie repose sur un procédé de pyrolyse, avec des étapes spécifiques de
traitement : d'abord, un dégraissage a 1'acétone et a 1'éthanol ; ensuite, une déminéralisation
a l'acide chlorhydrique ; et enfin, I'élimination des protéines non collagéniques a I'aide d'une
solution d'hydroxyde de sodium.

Cette méthode a été retenue pour sa simplicité, son faible coft, et parce qu'elle est non
toxique et non polluante pour I'environnement.

Ce projet ouvre des perspectives pour de multiples applications industrielles dans les
domaines alimentaire, cosmétique et sanitaire, tout en s'imposant comme une solution
environnementale efficace pour la gestion des déchets d'abattoir."
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General introduction

General introduction

Bovine bone collagen is considered one of the most important functional proteins used
across a wide range of industrial, medical, and cosmetic applications. This structural protein is
extracted from connective tissues, particularly bovine bones, which are a rich source of type |
collagen, known for its strength and vital role in maintaining tissue elasticity and supporting
the structure of skin, bones, and joints.

The goal of extracting collagen from bovine bones goes beyond utilizing a valuable by-
product; it also aims to develop nutritional supplements, cosmetic formulations, and
biomedical products that promote joint health, enhance skin appearance, and accelerate
wound healing [1].

Historically, animal tissues, including bones, have been used since ancient times to
prepare traditional ointments, medicinal broths, and adhesives. Thousands of years ago,
people were already aware of the beneficial properties of gelatin ( the hydrolyzed form of
collagen ) derived from boiling bones. It was commonly used for wound healing and as an
energy-rich food. With the advancement of science, extraction and purification techniques
have significantly evolved, producing high-quality collagen that now plays a central role in
modern industries [2].

However, this progress has not come without challenges. Chief among them are the high
production costs, largely due to the use of expensive chemicals such as enzymes and organic
solvents, along with the complexity of separation and purification steps. Additionally, some
traditional extraction methods generate significant amounts of solid and liquid waste, creating
environmental burdens that conflict with modern efforts to promote sustainability and circular
economy principles.

Therefore, in this research, we decided to produce collagen locally using a simple, low-
cost method that is not polluting or harmful to the environment. Our researchit begins with a
general introduction and ends with a conclusion. is divided into three chapters:

e The first chapter contains a bibliographic study on collagen in general.

e The second chapter focuses on the production of hydrolyzed collagen using the

thermal hydrolysis method.

e The third chapter presents a discussion and commentary on the obtained results.



Chapter I General information about Bovine bone collagen I

Chapter 1
Bibliografic

recerch




Chapter I General information about Bovine bone collagen

L 1. Bovine bone collagen

Bovine bone collagen is a type of structural protein extracted from the bones of
cattle, widely used in the fields of health, beauty, and nutrition. This type of
collagen is rich in amino acids such as glycine, proline, and hydroxyproline, which

are essential for supporting the health of joints, skin, and bones [3].

Tropooollagen

[ I
Collagen Collagen Non-helix Triple helix ~ Non-helix

bundles fibers  region region region

n B .
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e Protease (non-collagenase) AN a-chain

L‘ - Bovine hide

Figure 1. 1. [llustration of the structure of collagen obtained from bovine hide and
the effect of enzymatic hydrolysis [4].

L 2. History of bovine bone collagen use throughout

civilizations and ages

The use of bovine bone collagen dates back thousands of years, initially
through the indirect extraction of gelatin by boiling bones in water. In ancient
civilizations such as China and Egypt, bone broth was prepared as a nutritious

though people at the time were unaware that collagen was the key active

component behind these health benefits
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Figure L. 2. bone broth [5].

In traditional chinese medicine, bone broth was considered a remedy to
promote overall health, especially for bones, joints, and skin. It was believed
to enhance the body’s vital energy, or Qi. In ancient Egypt, glue made from
animal bones (which contains collagen) was used in artistic and carpentry works,
demonstrating early knowledge of the adhesive properties of this natural material.
During the middle Ages in Europe, animal glue extracted from bones was used
in bookbinding and furniture making, while collagen-rich soups were traditional

remedies for joint pain and bone fractures [2].

Figure 1. 3. glue made from animal bones [6].
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With scientific advancement in the 20th century, researchers began studying the molecular
structure and biological functions of collagen. This led to more precise extraction and
purification of collagen from bovine bones for use in medical and cosmetic applications, such

as skincare products, joint health supplements, and bioactive wound dressings [2].

L 3. Benefits of bovine bone collagen
L 3. 1. Improves skin health and combats signs of aging

Recent research has shown that consuming collagen peptides derived from bovine bones can
effectively contribute to improving skin health and overall appearance. These peptides are
easily absorbed in the digestive system and stimulate skin cells to produce new collagen,
thereby supporting the skin’s structure from within.

» With continued use, these peptides have been found to
o Increase skin elasticity and enhance its ability to stretch and return to its natural shape.
o Raise the natural collagen content in the deeper layers of the skin.

o Help reduce skin sagging and the appearance of fine wrinkles, especially around the
eyes and mouth.

» Significantly improve skin radiance and hydration.

Clinical studies have confirmed these effects, reporting noticeable improvements in skin
elasticity and reduced signs of aging within 8 to 12 weeks of regular use [7].

Table 1. 1. degree of skin laxity (DSL) of chronologically aged mice after the administration of
collagen peptides for 8 weeks [8].

Group * Degree of Skin Laxity (DSL, mm)
Week 0 Week 2 Week 4 Week 6 Week 8

Y 1490£232* 19.152£157* 19752103 1960:091* 2040+ 1.48"

M 22252240 2240 £ 1.67 23802225 2250+ 130 2300+ 126
ACP-200 23.05:056 23.50 ¢+ 1.64 23112126 22002131 2122:147°
ACP-400 2245:188 21552178 21652157 20.15:134° 2025:147°
ACP-800 2230:1381 22.72 £ 2.06 22052226 2160178 1980:090*
CCP-400 2240:157 22352141 21252203 22102192 1995:2165°
Pro400 2165+123 21302228 2280+081 21702100 1975:144°
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L 3. 2. Support for joint and bone health

Bovine bone collagen, especially in its hydrolyzed form, is considered a dietary
supplement used to support joint and bone health. It is believed that consuming bovine bone

collagen helps strengthen cartilage, reduce joint pain, and improve mobility [9] .

L 3. 2. 1. Improvement of arthritis symptoms

A study conducted on 250 patients suffering from knee arthritis, who took 10 grams of
hydrolyzed collagen daily for 6 months, showed significant improvement in joint comfort and

pain reduction compared to the placebo group [9].

L 3. 2. 2. Improvement of joint function

Another study reported that consuming 10 grams of hydrolyzed collagen daily led to

notable improvements in joint function and pain reduction in arthritis patients [10].

L 3. 2. 3.Improvement in quality of life

Taking 10 grams of collagen peptides daily for 6 months resulted in significant improvements
in joint function and pain reduction, contributing to enhanced quality of life for the

participants [10].

L 3. 3. Prevention of bone density loss

Collagen makes up about 90% of the organic protein in bones and is responsible for their
structure, flexibility, and ability to withstand pressure. As we age, the natural production of
collagen in the body decreases, contributing to the loss of bone density and increasing the risk
of osteoporosis, especially in postmenopausal women due to the sharp decline in estrogen

levels [11].

L 3. 3. 1. Support for bone density in postmenopausal women

A study published in the journal Nutrients in 2018 was conducted on 131 postmenopausal
women who took 5 grams of collagen peptides daily for 12 months. The results showed a

significant increase in bone mineral density in the spine and hip compared to the control

group [11].
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L 3. 3. 2. Stimulation of bone formation and reduction of bone mass

loss

A study published in the Journal of Bone and Mineral Research showed that collagen
intake stimulates the production of proteins involved in bone formation, such as osteocalcin,

and reduces the rate of bone breakdown [11].

L 3. 4. Supporting digestive health

Collagen is considered one of the essential proteins that contribute to digestive health

through various mechanisms [2].

L 3. 4. 1. Strengthening the gut lining

Collagen contains amino acids like glycine and proline, which help repair and regenerate

the gut lining. This reduces intestinal permeability and improves gut function [2].

L

 Om—
U —

How Collagen Peptides
Benefit Your Gut Health

Figure 1. 3. how collagen peptides benefit your gut health [12].
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L 3. 4. 2. Supporting stomach acid production

The glycine in collagen stimulates the production of stomach acid, which aids digestion

and reduces symptoms like bloating and indigestion [2].
L 3. 4. 3. Reducing intestinal inflammation

Collagen possesses anti-inflammatory properties that soothe inflamed tissues in the

digestive tract, benefiting conditions such as Irritable Bowel Syndrome (IBS) [2].

L 3. 4. 4. Promoting growth of beneficial bacteria

Collagen promotes the growth of beneficial bacteria in the gut, helping maintain a

balanced microbiome and improving overall digestive health [2].

L 3. 5. Strengthening hair and nails with bovine bone collagen

Bovine bone collagen is a rich source of amino acids such as glycine, proline, and
hydroxyproline, which are essential for the production of keratin the primary protein in hair
and nails. Studies show that collagen supplementation can lead to noticeable improvements in

hair strength and shine, as well as faster nail growth and reduced brittleness [7].

L 3. 5. 1. Benefits of collagen for hair

L 3. 5. 1. 1. Stimulating hair growth and density

Supplementing with hydrolyzed collagen can stimulate keratin production, supporting

faster hair growth and increased density [7].

L 3. 5. 1. 2. Strengthening hair follicles and reducing hair loss

Collagen supports the dermal layer where hair follicles reside, enhancing follicle stability

and reducing hair loss [7].
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L 3. 5. 1. 3. Enhancing hair elasticity and shine

Collagen’s moisture-retaining properties help hydrate the scalp and hair, improving hair

elasticity and shine [7].

Figure L. 4. The effect of collagen on hair [13].

L 3. 5. 2. Benefits of collagen for nails

L 3. 5. 2. 1. Promoting nail growth

A 2017 clinical study found that taking collagen peptides daily for 24 weeks increased
nail growth rate by 12% [7].

L 3. 5. 2. 2. Reducing nail breakage

The same study reported a 42% reduction in nail breakage, indicating improved nail

strength [7].



Chapter I General information about Bovine bone collagen

L 3. 5. 2. 3. Improving overall nail appearance

Regular collagen use also helped reduce surface imperfections such as ridges and cracks,

giving nails a smoother and healthier look [7].

L 3. 6. Improving sleep quality

L 3. 6. 1. Glycine improves sleep quality

Glycine, a key amino acid found abundantly in collagen, contributes to better sleep by:

o Lowering core body temperature, which promotes deep sleep.
e Reducing fatigue and sleepiness in the morning.

o Enhancing memory and cognitive performance upon waking [14].

L 3. 6. 2. Collagen peptides and sleep enhancement

Preliminary clinical reports suggest that taking collagen peptides especially before
bedtime may:

o Reduce nighttime awakenings.
o Increase time spent in deep sleep (Slow Wave Sleep).

o Improve morning mental alertness and focus .
> Note:

The often-cited claim of taking 15 grams of collagen peptides one hour before bed

originates from internal studies conducted by collagen manufacturers like Gelita [14].

L 3. 7. Enhancing muscle health and post-workout recovery

Bovine bone collagen contributes significantly to muscle growth and speeds up post-

exercise recovery, making it highly beneficial for athletes [14]
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L 3. 7. 1. Supporting muscle growth

Bovine bone collagen is rich in essential amino acids such as glycine, proline, and
hydroxyproline, which play a crucial role in building and maintaining muscle tissue .
Supplementing with collagen can stimulate muscle protein synthesis, thereby supporting

muscle development, especially during resistance training [ 14].

L 3. 7. 2. Accelerating post-workout recovery

Consuming 20 grams of collagen peptides daily may reduce muscle damage and soreness
caused by exercise (DOMS), leading to faster muscle recovery. This allows athletes to return

to training more quickly and with improved performance [14].

L 3. 7. 3. Preventing muscle and joint injuries

Collagen supports the strength of connective tissues and tendons, helping to lower the risk of

injury during intense physical activities and improving muscle endurance [14].

L 3. 8. Supporting heart and cardiovascular health

Collagen plays an essential role in supporting the heart and vascular system by
strengthening blood vessels and enhancing circulation. It contributes to maintaining the

elasticity of arteries and preventing their stiffening [10].

L 3. 8. 1. Enhancing arterial elasticity

Collagen is a crucial component of blood vessel structure, particularly arteries. As the
body ages or collagen levels decrease, arterial walls can lose their flexibility, which increases
the risk of atherosclerosis and high blood pressure. Supplementing with bovine bone collagen

helps maintain the structure and elasticity of these vessels [10].

1.3.8.2. Poreventing arterial stiffness

Collagen supplements may help reduce plaque buildup in arteries and improve blood flow,
lowering the risk of heart disease. This preventive function makes collagen a

natural option for supporting cardiovascular health [10].
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L 3. 8. 3. Improving circulation

By strengthening both small and large blood vessels, collagen improves overall blood

circulation throughout the body, allowing oxygen and nutrients to be delivered more

effectively to organs and muscles [10].

L 4. Collagen extraction methods

L 4. 1. Acid-soluble collagen (ASC)

This method uses a mild acid like acetic acid to break down the bonds between collagen
fibers inside the bone. Demineralized bones are soaked in the acid for several hours to days to

extract the acid-soluble collagen [15].
L 4. 2. Alkaline extraction

Bones are treated with an alkaline solution such as NaOH to remove non-collagenous

proteins and impurities. This step purifies the collagen and may extract some collagen directly

[15].

L 4. 3. Enzymatic extraction

An enzyme such as pepsin is used to hydrolyze non-collagenous bonds in the bones after
acid treatment, facilitating the release of collagen without destroying its triple-helix structure.

Often combined with acid extraction [15].

L 4. 4. Salt-soluble collagen (SSC)

Bones are soaked in a salt solution such as NaCl to extract collagen that is soluble in salt.

This method is typically used as a preliminary step before acid or enzymatic extraction [15] .

L 4. 5. Ultrasound-assisted extraction (UAE)

Ultrasound waves are used to break down bone tissues and accelerate the transfer of
collagen into the liquid medium. Commonly used in combination with acid or enzymatic

extraction to increase efficiency [16].
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L 4. 6. Steam exposition

Bones are exposed to high-pressure steam and then rapidly depressurized, causing tissue

rupture and making it easier to separate components, including collagen [16].

1. 4. /. Combwined enzymatic and ultrasound extraction

Different enzymes (like pepsin and pancreatic) are used alongside ultrasound waves,

enhancing tissue breakdown and producing purer collagen with fine molecular structures [15].
L 4. 8. Ammonium bicarbonate extraction

This method uses ammonium bicarbonate solution to extract collagen, especially from

sensitive or archaeological samples, without causing significant degradation [15].

L 4. 9. Thermal hydrolysis

The thermal extraction method of collagen is a technique that relies solely on the use of
heat and water to break down the triple-helical structure of collagen found in animal materials

(such as bones or skin) [15].

L 5. Comparison of collagen extraction methods

This table compares various collagen extraction methods based on production cost,
environmental impact, and product effectiveness. Thermal Hydrolysis is highlighted as the

most efficient method.

Table 1. 2. Comparison of Collagen Extraction Methods from Bovine Bone [17] [18] [19].

Method Production | Environmental Product Effectiveness

Cost
1. Acid-Soluble | Medium Uses acid, may | Moderate purity and Time-
Collagen generate yield consuming

(ASC) chemical waste process
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2. Alkaline

Extraction

3. Enzymatic

Extraction

4. Salt-Soluble

Collagen (SSC)

5. Ultrasound-
Assisted
Extraction
(UAE)

6. Steam

Explosion

7. Enzyme +

Ultrasound

8. Ammonium
Bicarbonate
Extraction

9. Thermal
Hydrolysis

Low

High

Very Low

Medium to

High

Medium

Very High

High

Low

Alkaline waste
harmful to
environment
Eco-friendly
depending on
enzyme

Low

Consumes
electrical

energy

Water and
energy
consumption

Low

Low

Recyclable

water use

Good at cleaning, not

for pure collagen

High purity and quality

Very limited

effectiveness

Enhances effectiveness

when combined

Good at tissue
breakdown, partial
collagen damage

Very pure collagen

Used for
sensitive/archaeological

samples

Good yield

Used as a pre-

treatment step

Enzyme cost is

high

Rarely used

alone

Not standalone

method

Requires
special
equipment
Complex and

expensive

Not common
for industrial
use

Best
industrially
and

economically
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L 6. Forms of bovine bone collagen
L 6. 1. Hydrolyzed collagen (collagen peptides)

Hydrolyzed collagen is a form of collagen that has undergone enzymatic hydrolysis,

breaking down long collagen chains into smaller molecules called collagen peptides. This

form is highly soluble and easily absorbed by the body[3].
de Ue Lo Lo HAEULLIL UCIlC!llO

= Improves skin elasticity and reduces wrinkles

=  Supports joint health and reduces pain.

Helps maintain bone density.

Strengthens hair and nails.

Enhances sleep quality due to glycine content.

= Promotes muscle recovery after workouts.

Supports heart and vascular health [3].

L 6. 1. 2. Properties

e Fully dissolves in both hot and cold water.
e Tasteless and odorless.

Easy to add to beverages and meals [3].

Beyond Biopharma Co.,Itd

Mo 20 Quyeng Moad. Honghow Dwinct. Shanghar Chne

Figure 1. 5. Hydrolyzed Collagen [20].
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L 6. 2. Raw collagen (collagen-rich bone powder)

It is a powder extracted from bones after cleaning, drying, and grinding. It is not 100%
pure collagen, but it contains:

- A high percentage of collagen (especially Type I collagen).
- Inorganic compounds such as:

- Calcium (from hydroxyapatite Caio(PO4)s(OH)2).

- Phosphate.

- Some remaining organic residues [3].

e Note

At this stage, collagen is not yet hydrolyzed or purified, which is why it's called raw

collagen.

L 6. 2. 1. Properties

- Color: Off-white to light yellow or pale gray.
- Texture: Fine or semi-coarse depending on the grinding level.
- Odor: Mild, may retain a slight organic smell if not thoroughly cleaned.

- Insoluble in water, but contains collagen bound with minerals [3].

L 6. 2. 2. Main applications

1. As a raw material in:

- Producing purified or hydrolyzed collagen later.

- Preparing gelatin.

- Extracting mineral compounds (such as organic calcium).
2. In laboratories

- As a starting material for collagen extraction analysis.
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- To test the effectiveness of different extraction methods.
3. In some industries:
- Eco-friendly building materials (bio-based materials).
- Biofilters.
- Organic fertilizers after composition adjustment [3].
e Important Note
This form is not used directly in cosmetics or food products, because it is not purified.

It must undergo thermal or enzymatic hydrolysis to become suitable for sensitive applications .

L 6. 3. Native collagen

It is a pure protein extracted from bones, skin, or tendons through a series of careful
purification steps without breaking down or denaturing its molecular structure.
Native collagen retains its natural triple helix structure, making it very different from

hydrolyzed or denatured collagen [3].

L 6. 3. 1. Properties

- Form Long fibers or gel-like substance at higher concentrations.

- Color Transparent to pearly white.

- Solubility Insoluble in water, but soluble in mild acids (like diluted acetic acid).
- Molecular Structure Retains the native triple helix structure.

- Thermal Stability Less stable than hydrolyzed collagen and turns into gelatin at higher
temperatures.

It accounts for more than 90% of the body’s total collagen [3].
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L 6. 3. 2. Main applications

1. In regenerative medicine
- Skin grafts
- Wound and burn dressings
- Tissue engineering scaffolds
2. In biological research
- Cell adhesion and growth studies
- Supporting stem cell cultures
3. In premium cosmetic products (after further modification)
- Anti-aging creams
- Deep hydration masks [3]

e Important Note

Native collagen is expensive and difficult to produce because maintaining its triple helix
structure requires very strict conditions.

This form is not used in food but rather in medical and research applications only .



Chapter 11 Bovine bone Collagen synthesis I

Chapter 11
Bovine bone

Collagen
synthesis




Chapter 11 Bovine bone Collagen synthesis

II. 1. Generalities

Physical and Chemical Gelatins Properties:

> Physical Properties:

e Soluble in water (both cold and hot).
¢ Fine white to yellowish powder.

e Virtually tasteless and odorless

e Low viscosity when dissolved.

e Molecular weight ranges from 2000 — 6000 Daltons.

» Chemical Properties:
e Mixture of short peptides (partially hydrolyzed collagen).
¢ Rich in amino acids: glycine, proline
, and hydroxyproline.
e Approximate formula: (CsHoNO2)n.
e pH range: 4.8 to 7.0 in solution.
e Easily absorbed and digested due
to the short peptide chains.

Structure of
Hydrolyzed Collagen

HINH OH » OH i
&&16 M‘

A A

Polypeptide chain Hydrolyzed collagen

Figure I1. 1. structure of hydrolyzed collagen[21]
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11, 2. Expermenlal protocol

» Step 2: Initial preparation

The collagen extraction process begins with thorough cleaning of the bones to remove any
impurities or attached tissue. First, 500 grams of bovine bones are washed under running
water, and any remaining meat or tissue is carefully scraped off. The bones are then boiled in
a large pot containing 10 liters of water mixed with 300 to 400 grams of salt for 30 minutes.
This step helps sterilize the bones and break down unwanted proteins. After boiling, the bones

are rinsed thoroughly with cold water to remove residual salt and impurities.

Next, the bones are cut into small pieces or ground to create a more homogeneous
material, facilitating later collagen extraction. After cutting, 200 grams of the bones are
soaked in a mixture of ethanol and acetone (200 ml each) for 24 hours to remove residual fat.
The container is shaken every 6 hours to ensure proper interaction between the solution and
the bones. After soaking, the bones are rinsed multiple times with distilled water to eliminate
traces of alcohol and acetone. Finally, the bones are dried either in an oven at 50°C for 24

hours or left to air-dry completely.

Figure Il. 2. degreasing with acetone and ethanol
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Figure I1. 3. bovine bone after drying

» Step 2: demineralization

Following initial preparation, 100 grams of the treated bones are soaked in 1 liter of 0.5M
hydrochloric acid (HCI) for 24 to 48 hours. The acid dissolves the mineral salts in the bones,
such as calcium and phosphate, making the collagen more extractable. During this period, the
mixture is stirred occasionally to ensure uniform interaction. After the allotted time, the bones
are rinsed thoroughly with distilled water until the pH of the solution is neutral (around 7),

indicating complete removal of residual acid.

Figure Il. 4. demineralization
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> Step 3: non-collagenous protein removal

The bones are then soaked in 1 liter of 0.1M sodium hydroxide (NaOH) for 6 to 12 hours.
This solution breaks down non-collagenous proteins that could interfere with the purity of the
final product. The mixture is stirred every 2 hours to enhance the reaction. After completion,
the bones are rinsed again with distilled water until the solution is neutral, ensuring all traces

of alkali are removed.

» Step 4: hydrothermal extraction

At this stage, 25 grams of the treated bones are mixed with 250 ml of distilled water and
heated in a water bath at 60°C for 6 to 12 hours. Care is taken not to exceed 70°C to preserve
the structural integrity of the collagen. The mixture is stirred occasionally to promote
extraction. After the allotted time, the solution is filtered to separate the liquid containing

hydrolyzed collagen from any remaining bone residue.

Figure IL. 5. bone sample
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Figure Il. 6. hydrothermal extraction

Figure IL. 7. collagen-rich solution filtration
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» Step 5: concentration and collagen precipitation

The collagen-containing liquid is evaporated at 50°C to reduce its volume to
approximately 200 ml, thereby increasing collagen concentration. Next, 250 ml of cold 95%
ethanol is added to 125 ml of the collagen extract, and the mixture is refrigerated for 12 to 24
hours to precipitate the collagen. The resulting precipitate is filtered and washed with 50 ml of

cold ethanol to remove any remaining impurities.

Figure I1. 8. collagen precipitation in ethanol

> Step 6: drying

Twenty-five milliliters of diethyl ether is added to the precipitate and left for 10 minutes
before final filtration. The precipitated collagen is then dried in a vacuum oven at 40—50°C for
24 hours. The final product is a white to off-white powder or flakes of hydrolyzed collagen,

odorless and water-soluble, making it suitable for medical and food applications.
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Figure I1. 9. collagen sample

IL. 3. Results

IL. 3. 1. Yield
Micollagen=3.758 , Mpeollagen=2.43g ,  R=(2.43/3.75)*100 = 64%

1L 3. 2. Uv-vis analysis

Absorbance (a.u)

e
L
1

o
L=}
i

200 300 400 500 600 700 80
wavelenght (nm)

Figure Il 10. uv_vis absorption spectrum of hydrolysed collagen
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1. 4. Melting test of collagen

A melting test was conducted on a sample of hydrolyzed collagen by placing a measured
quantity of the material in a test tube and subjecting it to a controlled water bath at a constant
temperature of 80°C. After approximately one hour, no visible change was observed in the
sample, as it retained its structure without any noticeable melting or transformation under

these conditions.

Figure Il. 11. melting test

Figure Il. 12. collagen sample after melting test
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1L 5. Solubility test of hydrolyzed collagen

A solubility test was performed by placing a sample in water at room temperature. After
brief stirring, immediate and complete dissolution of the sample in the aqueous solution was

observed, indicating high solubility in the aqueous medium.

Figure I1. 13. collagen powder immediately after placing it in water

Figure Il. 14, water-soluble collagen
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111 1. Synthesis yield

L 1. 1. Efficiency calculation

The efficiency of collagen extraction from bovine bones was evaluated by
comparing the experimentally obtained mass of hydrolyzed collagen to the
theoretical maximum yield. It is well-established that bovine bones contain
approximately 15% collagen by weight (Shoulders & Raines, 2009; Liu et al., 2009).
Based on this value, the theoretical maximum yield from the sample used in this

study was calculated to be 3.8 grams

Following the extraction and hydrolysis procedures, 2.43 grams of hydrolyzed
collagen were recovered. The efficiency (or yield) of the process was determined

using the equation:

Theoretical Yield

Yield (%) = ( Actual Yield

) X 100 = (3.8/2.43) X 100 =~ 64%

A 64% yield suggests that the extraction method was moderately efficient.
Although it does not reach the theoretical maximum, it aligns with values commonly
reported in the literature, where yields between 50% and 75% are typical depending
on the specific extraction and hydrolysis conditions (Nagai & Suzuki, 2000; Gémez-

Guillén et al., 2011) [22] .

Several factors could explain the discrepancy between the actual and theoretical

yields, including:

Incomplete solubilization of collagen during hydrolysis

Degradation or denaturation of collagen under non-optimal pH or temperature

Mechanical losses during filtration, centrifugation, or lyophilization

The presence of non-collagenous proteins and residual minerals

Despite these losses, the result indicates that the extraction protocol used was

effective. Further optimization—including enzyme concentration, hydrolysis time,
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temperature control, and purification steps—could help improve the yield in future

work [23].

1. 1. 2. Scientific commentary on the 64% yield

The extraction of hydrolyzed collagen from bovine bone resulted in a final yield of 2.43
grams, corresponding to 64% of the theoretical maximum (3.8 grams). While not reaching the
ideal 100%, this yield is considered satisfactory and falls well within the range typically
reported for similar extraction methods, which commonly achieve yields between 50% and
75% depending on the processing parameters and raw material characteristics (Liu et al.,

2009; Gomez-Guillén et al., 2011) [24].

Yields from collagen extraction are affected by various physicochemical and procedural
factors, including the effectiveness of initial pretreatment steps (such as defatting and
demineralization), the type and concentration of enzymes used (in the case of enzymatic
hydrolysis), as well as critical processing conditions like reaction time, temperature, and pH.
A 64% yield indicates that a substantial portion of the native collagen was successfully

recovered, though some material loss likely occurred due to:
e Incomplete solubilization of collagen molecules during hydrolysis;
e Denaturation or degradation under non-optimal temperature or pH conditions;
e Material losses during downstream steps such as filtration, centrifugation, or drying;

e The presence of residual non-collagenous proteins or minerals, interfering with

collagen recovery and purity.

Despite these limitations, the obtained yield suggests that the protocol used was
effectively designed, especially given that no extensive optimization strategies were applied.
From a practical standpoint, this level of efficiency is economically viable for larger-scale

processing of bone waste and suggests strong potential for industrial application.

Importantly, if the 64% yield was achieved using thermal hydrolysis alone—without the
use of enzymatic or chemical aids—this further highlights the efficacy and sustainability of
the method. Thermal hydrolysis is known to be a cost-effective and environmentally friendly
approach, relying solely on water and heat without introducing hazardous solvents or

additives. In this case, the process demonstrates:

e Minimal degradation of collagen into gelatin or peptides;
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e Efficient recovery of intact collagen molecules;
e Good control over operational conditions, such as extraction time and temperature;
e Reproducibility and scalability, essential for commercial viability.

This result confirms the validity of the extraction method and its potential as a foundation
for scale-up studies. Comparative literature supports these findings: for example, Liu et al.
(2009) reported hydrolyzed collagen yields ranging from 55-70% using enzymatic methods,
while Nagai and Suzuki (2000) obtained comparable results from fish skin and cartilage.
Thus, the 64% yield achieved in this study is both technically competitive and scientifically
robust [25] .

111, 2. UV-Visible Spectroscopy Analysis of Hydrolyzed
Collagen

UV-Visible spectroscopy is a simple and rapid analytical technique used to
confirm the presence of peptide structures and characteristic functional groups in
biomolecules. In the case of hydrolyzed collagen, it helps detect optical signatures

associated with peptide bonds and aromatic amino acid residues [19].

1 2. 1. General shape of the spectrum

The spectrum shows a single, sharp, well-defined peak at 245 nm with
a smooth downward slope afterward.

The absence of additional peaks confirms the absence of other absorbing
species or contaminants.

This pattern matches published spectra for collagen extracted from biological sources.

The presence of a peak at 243 nm confirms active peptide bonds and thus the
presence of collagen.

The red shift may result from partial hydrolysis or environmental factors that
influence the protein structure.

The lack of significant absorption at 280 nm supports the purity of the sample.

The overall spectrum strongly indicates the successful extraction of collagen, likely

[26].
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H1L2.2. UV-Vis Spectrum Results

Figure I1.10 displays the UV-Vis absorption spectrum of hydrolyzed collagen
extracted from bovine bone. The spectrum was recorded in the wavelength range of
200 to 800 nm. Two distinct absorption peaks are observed:

e A main peak at 245 nm
e A secondary peak at 284.67 nm
These wavelengths are typical for protein-based compounds and confirm the

peptidic nature of the sample.

H1.2.3. Spectrum Interpretation

The absorption peak at 245 nm is commonly attributed to m — 7* electronic
transitions of the C=0O bonds found in peptide linkages. This spectral signature
reflects the presence of peptide chains formed during collagen hydrolysis. The high
intensity of this peak indicates that a significant number of amide bonds remain
intact, suggesting preservation of the primary structure of collagen peptides.

The secondary peak at 284.67 nm is associated with the presence of aromatic
amino acid residues, such as tyrosine, tryptophan, and phenylalanine. The
appearance of this peak suggests that these amino acids were not completely
degraded during hydrolysis. This indicates a mild or controlled hydrolysis process,
which maintains the integrity of aromatic side chains—important for the bioactivity

and functionality of the final product.
11 .2. 4. Discussion

The UV-Vis analysis yields results that are consistent with those expected for
high-quality hydrolyzed collagen:
The strong absorbance at 245 nm confirms a substantial presence of peptide

bonds, which are essential for the biological functionality of collagen.
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The presence of the peak near 285 nm confirms the existence of aromatic amino
acids, typical of native collagen, albeit in moderate quantities.

The absence of absorption peaks beyond 300 nm indicates a low level of
impurities or oxidized compounds, which reflects the purity and stability of the
hydrolyzed collagen sample.

These results support the effectiveness of the applied extraction protocol and
demonstrate that the final product retains the structural and functional features of
hydrolyzed collagen, making it suitable for nutraceutical, cosmetic, or biomedical

applications.

H1. 3.Melting test

Hydrolyzed collagen has already undergone hydrolysis using enzymes or high acidity,
which breaks its molecular bonds and converts it into small peptides (short amino acid
chains).

These peptides cannot reassemble to form the gel-like network (gelatin), even after

heating or cooling.

v' The effect of heat on hydrolyzed collagen

It will dissolve easily in water (even without prolonged heating, as it is already soluble).

It will not gel when cooled and will remain liquid (because its molecular structure cannot
form a gel).

The solution may become slightly thicker, but it will not have a gelatinous texture.

Hydrolysed collagen does not turn into gelatin ,and that’s because the process is
irreversible because hydrolysis permanently destroys collagen's original structure.

To make gelatin, you need raw, non-hydrolyzed collagen (such as beef skin or fish bone

powder).

11 4. Solubility test ;

The solubility test is a fundamental analytical tool for evaluating the physicochemical
properties of hydrolyzed collagen, as its results reflect several key indicators used to assess
product quality. One of the primary indicators is the efficiency of enzymatic hydrolysis; rapid and
complete dissolution clearly demonstrates successful proteolytic cleavage of peptide bonds by

enzymes. This result suggests the presence of low molecular weight peptides (less than 10 kDa)
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and confirms that the processing conditions such as pH, temperature, and reaction time were

optimal.

From a physicochemical perspective, high-quality collagen is characterized by a high
solubility coefficient and a short dissolution time of less than 60 seconds. It should form a true
solution rather than a colloidal suspension, with no signs of agglomeration or clumping. This

indicates complete and homogeneous solubility without any undesired physical phenomena.

Beyond the physical aspects, solubility also reflects important functional properties. High
solubility is directly associated with increased bioavailability, making the collagen suitable for
food fortification applications. It also enhances intestinal absorption, which is especially
important for pharmaceutical uses. Additionally, good solubility often correlates with thermal

stability in food products, expanding the range of potential industrial applications.

Finally, the solubility test plays a crucial role in quality control. It ensures the absence of
insoluble impurities and confirms sample homogeneity. Furthermore, it serves as an indicator of

the product’s compliance with established standards and specifications.
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General conclusion

In conclusion, this work represents the result of thoughtful consideration on how to enhance
and modernize traditional collagen extraction methods by utilizing non-recyclable animal
waste materials previously regarded as mere environmental burdens as valuable raw
resources. The findings of this study have demonstrated the feasibility of obtaining a high-
quality product through relatively simple, locally accessible techniques, highlighting the

potential to reduce dependency on imported materials and costly technologies.

The impact of this project goes beyond scientific and technical dimensions. It also holds
significant environmental and economic value by contributing to waste reduction and
supporting local industries through the provision of natural raw materials applicable in

various fields such as cosmetics, medicine, and food industries.

This work stands as an initial step on a broader path toward sustainability and innovation. We
hope it will serve as a foundation for future research aimed at improving yield, refining
extraction techniques, and expanding the range of applications, ultimately contributing to

national economic development while preserving the environment [27].

To improve the extraction efficiency, several process parameters can be
optimized:

+ Increasing enzyme concentration and optimizing pH.

+ Extending hydrolysis duration to improve collagen solubilization.

* Introducing pre-treatment steps such as ultrasonic or microwave-assisted
extraction.

* Improving purification and drying protocols to reduce material losses.

Future experiments should aim to enhance both yield and quality, and
investigate the structural integrity and functionality of the extracted collagen
using FTIR spectroscopy,

SDS-PAGE, or thermal stability assays.
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