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ABSTRACT 

This research project presents an experimental plan to control the best possible processing parameters (acetic acid 

concentration, centrifugation speed and temperature) for the extraction of acetic acid soluble collagen (AASC) from 

the Wistar rat tails and the skin of Sole fish (Solea solea ). The results showed that these three independent variables 

had significant effects on the yield and the physico-chemical proprieties of AASC. Moreover, the extraction 

efficiency was also affected by the interaction between these variables. Optimal conditions for a higher yield of 

AASC extracted from rat tails, as well as the extracted from Sole fish, were: an acetic acid concentration of 0.1%, a 

centrifugation speed of 3000 rpm and an extraction temperature between 4 and 20°C. The characterization of AASC 

shows an acceptable pH value (3 to 5), an electrical conductivity and resistance variable relatively to the 

temperature and exponentially with acetic acid concentration. Relative viscosity of AASC dissolved in different 

acetic acid concentrations (0.1, 2.9 and 10%) decrease continuously as the temperature increase from 4 to 50°C, 

indicating a satisfactory degree of thermal denaturation of AASC molecules. Therefore, a skin of Sole solea, as well 

as Wistar Rat tail, can be used as alternative collagenous sources. 
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_____________________________________________________________________________ 

INTRODUCTION 

The collagen protein, as popular biomaterial, can be derived from different animal models, as bovine hide, pig skin, 

and chicken wastes, but creating much anxiety among health-conscious consumers for the past decades due to the 

outbreaks of bovine spongiform encephalopathy (BSE), foot-and-mouth disease (FMD), and avian flu. More than 

these health risks, some kind of extraction are not chosen for social or religious reasons. Hindus do not eat cow-

related foods and Muslims consider the pig-related products as non-halal which means being non consumable. 

Therefore, the marine sources have been paid increasing attention as a potential new collagen source for alimentary 

and biomedical applications as well as the rat tails for the collagen designated especially for research uses [1,2]. 

Many studies were done and all these studies demonstrate that fish and rat collagen is certainly able to serve as 

natural alternative sources to change the commercial collagen, and the most of them have utilized sources such as 
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skins, bones, and tendons during processing of fishes [3-11] or directly from laboratory rats [12] for collagen 

extraction. These new extraction methods are relatively difficult and need some high developed technologies to be 

achieved ; these technologies are not available, generally, in normal laboratories, hence the necessity to find some 

alternative simplified technique, especially that the fish industry in Morocco knows a considerable development 

these last years. Same, Wistar rat is very used and popular in the Moroccan laboratories for research applications. 

The related literature to the extraction of collagen by different acid concentration and their influence on the yield is 

relatively limited. There is also neither simplified method on the extraction of native collagen from the skin of 

Moroccan Sole fish and Wistar rat nor any optimization relying on the centrifugation speed influence in the 

extraction results. Furthermore, it’s known that is relatively expensive this process of extraction, and as consequence 

the high cost of extracted collagen and the collagen as biomaterial for biomedical and research uses. 

The aims of this research are to simplify the type I solubilized collagen extraction from two different sources (Sole 

fish and Wistar rat) and to describe its physicochemical proprieties in different acetic acid concentrations using 

different centrifugation speeds. 

All the preparative procedures were performed at 4 - 20°C. The methods for extraction of collagen from fish skin 

and rat tails consisted: 1) skin and tails preparation, 2) removing non-collagenous tissues, 3) solubilizing collagen, 4) 

centrifuging, 5) concentration and yield measurement before the characterizations of the extracted collagen. 

EXPERIMENTAL SECTION 

Animals 

The study was conducted in accordance with the accepted principals outlined in the “Guide for the care and use 

laboratory animals” prepared by the National Academy of Sciences and published by the National Health Institute. 

 

Collagen Extraction Preparation 

The Sole fish and rat-tails were placed in a bag full of ice, then, at the laboratory, the white skin for Sole fish was 

cleaned by sharp knife from any attached muscle and scales. The cleaned white skin obtained was cut into fine small 

pieces (0.5 × 0.5 cm). Then it was placed in 500 ml flask. The rat-tails soaked in ETOH 70% to remove debris, after 

removing skin from rat tail; the tendon was detached by forceps, scalpel and special piler from rat-tails.  

 

Histological Observation 

The skins are cut into pieces (0.5 cm × 0.5 cm) and fixed in buffered formalin (5%) for 24 hours. The specimen is 

dehydrated in a series of graded ethanol solutions (70%, 80%, 90%, and 100%), toluene by Histokinette and finally 

embedded in paraffin. The perpendicularly sections (5 μm thick) through the skin surface were cut using a 

Microtome and mounted onto slides. The slides with the sections are treated with toluene to remove paraffin, 

rehydrated through graded ethanol solutions, in reverse order (100%, 90%, 80%, and 70%), and stained with 

Masson's trichrome stain. The stained sections are observed through light microscopy [Mono-Leica microscope] and 

using color digital camera [Fujifilm Finepix JV 16 MP] at an original magnification of 4, 10 and 40X. Finally the 

digital images are collected. 

 

Removing Non-Collagenous Tissues 

After preparing the Sole fish skin and in order to remove non collagenous substance, the skin was treated with 500 

ml of NaOH (0.1 M, pH=12) for 24 hours. The skins become very loose. 

The solution was placed on the skin and softly stirred for 5 minutes. The resulting solution was replaced to the fridge 

for a whole day. After that, the solution was removed by using double filter paper (size 125 mm), and the skin was 

washed carefully with cold distal water until its pH become neutral. During this step, the skin was washed carefully 

for four times, using of each wash, 600 ml of cold distaled water. pH measurement was taken after each wash. The 

skin was washing gently, treated with butyl alcohol (10%, Butanol) for 48 hours. The main reason for this treatment 

was to eliminate fat tissue from the Sole fish skin. After being placed in the fridge for 24 hours, the solution was 

removed by using the standard 125 mm double filter paper, and replaced by a new 500 ml of butyl alcohol (10%). 

The solution was placed in the fridge for another 24 hours. 

 

Solubilizing Collagen 

After 2 days of butyl alcohol buffer (Butanol), the solution with skin was filtered by using double filter paper (size 

125 mm). The skin was washed in cold distilled water thoroughly and gently. In each time, the skin was washed for 

four times with 600ml of cold distilled water. After the washing, the skin was suspended in 462 ml (66 ml/g) of 0.1, 

2.9 or 10% acetic acid with stirred magnetic bar agitation at ambient temperature degree for three days. The system 

https://www.google.co.ma/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CB4QFjAA&url=http%3A%2F%2Fen.wikipedia.org%2Fwiki%2FMasson%27s_trichrome_stain&ei=-zLDU8qVK9OI7AaZuoD4CA&usg=AFQjCNGfEEF6DRuPBMUCHnc6-HfTplRU4w&sig2=qkvF08awDRXG7LyzqLPfug
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was composed especially in order to keep a permanent agitation changing the temperature by adding cold water to 

the closed system checking usually the temperature variation. 

 

Centrifuging Collagen  

After three days of acetic acid suspension, the solution was filtered by using 125 mm double filter papers. Then, the 

solution (11 ml of solubilized collagen/every 15 ml tube) was centrifuged by centrifuge machine [Jouan centrifuge] 

with speeds of 3000, 4000, or 5000 rpm for 2 hours (in the ambient temperature). The solution obtained, from each 

centrifuged 10 ml of supernatant was collected in a tube of 15 ml (Figure 1).  

 

Figure 1: Centrifugation procedure 

Yield Measurement 

The whole low-cost extraction process was performed. The final sterile solution takes around 2–3 weeks. The result 

solutions were grouped aseptically condition according to collagen sources, acetic acid concentration and 

centrifugation speed. The Sole fish skin and rat-tails extracted collagen yields and concentrations were calculated by 

taking a sterile tissue culture dish 35 × 10 mm and measuring its weight. A small amount of extracted collagen was 

placed on the dish until the solution evaporated on ambient temperature. The weight of the collagen was taken, and 

the collagen concentration was deduced by dividing the weight of collagen on the volume of the solution used. 

 

Collagen Yield Measurement  

The yield of the resulted acid soluble collagen was deduced using the following equation:  

Yield of collagen (%) = [weight of collagen (g) / weight of skin (g)] ×100% 

 

Checking Type I Efficiency 

Preparing fibrillar collagen matrices using basic solution:  

Firstly, all buffer used are frozen: 10X DPBS (pH 7.4), acid solubilized rat-tails, tendon and Sole fish skin collagen 

stock solution, NaHCO3 (Sodium bicarbonate to neutralize the pH), distilled water and sterile tube (15 ml). The 

collagen gel and check efficiency was performed by mixing on sterile tube 50 µl of 10X DPBS, 250 µl of collagen 

stock solution and 200 µl of distilled water The mixture was vortexed [Vibrofix], pipetting into sterile wells and 

checked pH, adjusted by NaHCO3. Tissue culture dish 35 × 10 mm was incubated in 37°C or 4°C. The gel will be 

removed from solution carelessly by sterile blue pipette. And before leaving the wells dries under the hood until 

being able to see a white haze (if fibril matrix has formed), which be observed under phase contrast microscopy 

[Nikon]. 

 

Collagen gelation: Ammonia hydroxide method: 

In aseptic conditions, ammonia vapor chamber was prepared by taping a 2 inch sterile gauze sponge to the inside a 

150 mm Petri dish. The gauze was saturated with ammonium hydroxide. Aseptically, 0.1 µl volume of type I AASC 

was added to each numerated 0.1 µl well of the polystyrene microtitre plate (12 well/ microtitre), spreading with 

sterile pipet to cover entire surface. AASC pH was neutralized (by volatile ammonia effect) by placing the microtitre 

plate inside the 150 mm dish for 24 hours, and observed before removed then dishes from chamber. Finally, the 

dishes were washed twice by PBS to eliminate the ammonium hydroxide.  

 

Physico-chemical Proprieties of AASC 

The physico-chemical characterization was effectuated for the AASC derived from the alternatives origins used for 

this research. 
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pH Calibration and Measurement Procedure 

The pH meter [wtw pH-Meter pH 522 ] was adjusted by The two-point calibration at two different pH values. The 

second calibration point is selected on the basis of the type of solution (acidic in this case pH<7) to be measured. 

When measuring acidic solutions, acidic and neutral buffers were used (pH = 4.00 and pH=7 solution are common). 

pH was measured for different concentrations of acetic acid (0.1, 2.9 or 10) and at different degrees of temperature 

(8, 20 or 37). 

 

Electrical Conductivity and Resistance  

In this study, the electric conductivity values of the solubilized collagen were measured by a microprocessor 

conductivity meter [HydrocureME2673] for different concentrations of acetic acid (0.1, 2.9 or 10), at different 

degrees of temperature (8, 20 or 37), and with 3 centrifugation speeds (3000, 4000 or 5000 rpm). The electrical 

resistance was calculated by Amperemeter [Suns YX-2000A] from conductivity values.  

 

Viscosity  

A falling ball type viscometer - containing 25 ml of solubilized collagen prepared from different concentrations of 

acetic acid (0.1, 2.9, or 10) using rat-tails and Sole fish skin- was immersed in a water bath at 4 to 50°C. The 

viscosity of the AASC was measured for each temperature after 10 minutes of incubation. The fractional change was 

calculated using the relation [13] : 

Relative viscosity= flow time of sample solution / flow time of acetic acid 

The temperature of denaturation was determined by causing a 50% decrease in viscosity. Each point is the mean of 

triplicate determinations.  

RESULTS AND DISCUSSION 

The Sole fish skin was obtained from Moroccan Sole fish by a simplified method adapted from Hema method [14]. 

According to Prabjeet et al. [15], the fish skin contain high amount of collagen, this is the reason for chosen as 

alternative source in the present study. As well as for rat tails, collagen was extracted by an adapted way using a 

modified method of which used by Huang et al. [16] and Rajan et al. [12] methods. Non-collagenous tissues were 

removed before the solubilization by acetic acid in designed system capable to keep temperature in 4 to 20°C 

interval and maintain agitation speed. The aim of this step is to solublize the fibril collagen into tropocollagen. 

For the centrifugation step, usually, to extract collagen we use an ultra-quick refrigerated centrifugation, but in this 

current study, we modified these methods and make an easier, simplified and optimizing collagen extraction for 

scientific research and biomedical uses. We analyze the impact of temperature and the centrifugation speed.  

 

Histological Observation 

Before obtained AASC from our animal sources, a histological observation was done. The Masson’s stain colors 

collagen green and muscle red. This specific staining is a very valuable tool in determining the source of a number 

of pathologies. The Sole fish skin was stained by the Masson’s stain. The results show that: in microscopic 

observation, clear red color for muscles but not very visible collagen (Figure 2). The same coloration was used for 

the Rat-tails and we obtained these results: clear red color for muscles and around them, green color for collagen 

fibers in (Figures 3 and 4). For the best results, we directly stained by Masson’s coloration the tendon and the result 

showed a green zone wrapping around the rat-tail tendons keeping always the red color for a muscle. 

 
Figure 2: Histological observation of the Sole fish skin spreading (4X) 
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Figure 3: Rat-tails transversal histological observation (4X) 

 
Figure 4: Spreading of rat tails tendons in different magnifications (4X, 10X and 40X) 

The Insufficiency of visible green color in the histological observations of tendon and skin (especially for the s/Sole 

fish skin is probably due to the collagen dissolution, but the collagen traces remarked prove, at least, that collagen 

exist with more density in Rat-tails that in Sole fish skin. Therefore, the expected result was not very clear. 

 

Collagen Extraction and Yield Measurement 

All experiments were conducted in accordance with the Moroccan National Law (License XX-XX). All efforts were 

made to minimize the number of animals used and their suffering, and the study met the ethical standards used to 

extract collagen. The result for collagen yield measurement showed a difference between the rat-tails and the Sole 

fish skin yields. In addition, it was observed that mature female rats present the best yield relatively to male and 

non-mature rats. The final yield of extracted collagen was calculated and resumed in the following tables (Tables 1 

and 2). 
Table 1: Yields of sole fish skin AASC 

Acetic acid Concentration Centrifugation speed Yields 

0.10% 

3000 rpm 0.175 (±0.046) 

4000 rpm 0.175 (±0.046) 

5000 rpm 0.175 (±0.046) 

2.90% 

3000 rpm  0.15 (±0.053) 

4000 rpm  0.15 (±0.053) 

5000 rpm 0.137 (±0.051) 

10% 

3000 rpm  0.112 (±0.035) 

4000 rpm  0.1 (±0.053) 

5000 rpm 0.075 (±0.046) 

Table 2: Wistar tails AASC yields 

Acetic acid Concentration Centrifugation speed 

Age 

 Less than 20 days 
More than 20 days 

Male  Female 

0.10% 

3000 rpm 0.312 (0.035) 0.362 (0.051) 0.387 (0.035) 

4000 rpm 0.287 (0.035) 0.337 (0.051) 0.375 (0.046) 

5000 rpm 0.312 (0.035) 0.337 (0.051) 0.35 (0.053) 

2.90% 

3000 rpm 0.25 (0.053) 0.25 (0.053) 0.287 (0.035) 

4000 rpm 0.187 (0.035) 0.187 (0.035) 0.187 (0.035) 

5000 rpm 0.125 (0.046) 0.25 (0.053) 0.175 (0.046) 

10% 

3000 rpm 0.087 (0.035) 0.125 (0.046) 0.175 (0.046) 

4000 rpm 0.087 (0.035) 0.125 (0.046) 0.175 (0.046) 

5000 rpm 0.087 (0.035) 0.087 (0.035) 0.125 (0.046) 
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For AASC solubilized with 0.1% and 3000 rpm , the concentration average of the result solution, was 3 mg/ml 

(from >20 days female Wistar) and 1.5 mg/ml (from Sole solea), but when it was raised to more than these 

conditions, improvement in the yield of AASC was no longer significant, especially for cell culture applications. 

After solublizing collagen and centrifuging. The yields measurement equation, defined the best yields from Sole fish 

skin and Rat-tails respectively 17.5 and 38.7%. The concentration of acetic acid (and therefore its pH) influences 

clearly the extraction yields of the protein (solvent effect denaturation thereafter affect the solubility) (Figure 5).  

 
Figure 5: Response surface plot showing the effects of acetic acid concentration and centrifugation speed on the yield of AASC of Rat-

tails (left) and Sole fish skin (right). The extraction temperature interval was constant at 4 to 20°C 

More precision needs using more measurement tools and protocol optimizations. There are many ways to extract 

proteins and especially for collagen extraction, 3 major methods known : pepsin-solubilized collagen , salt-

solubilized collagen, acid solubilized collagen [17]. In this study, only one method was used: acid-solubilized 

collagen method with the acetic acid. Therefore, an extraction of collagen using one of the other different methods 

or all the three methods comparing their results may give more positive findings, and it should be especially 

recommended using acid pepsin method which showed, in others scientific previous studies, a higher yield result of 

collagen from various collagen sources [18]. Using stander double layers filter papers in this study for collagen 

solution might allow a favored passage to collagen through its pore, and quantitative loss. In the future, a specific 

membrane should be used. For example, using a spectra/ pormwco 12-14,000RC membrane, which is very specific 

for Collagen type I [19]. This membrane is specific for collagen type I. Other methods for collagen extraction must 

be used to identify and check the purification of AASC, such as high-performance thin-layer chromatography 

(HPTLC), Sodium Dodecyl Sulphate Polyacrylamide Gel electrophoresis (SDS-PAGE) and/or modified Lowry's 

method [20]. 

 

Checking AASC Type I Efficiency 

As we could not have a positive result for Hydroxyproline test, we tried to check AASC efficiency by gel formation 

using two methods: basic solution and ammonia method. The aim of these two ways was to neutralize the pH of 

AASC and induce the matrices formation. 

 

Collagen Matrices Formation by a Basic Solution 

A cloudy visual result was observed in the incubated dishes, and it was exanimated under a phase microscopy. The 

observations were resumed as following: (Tables 3 and 4) (Figures 6-13). 

The combination of the results above determines the AASC extracted Wistar Rat-tails as best source of gel 

formation in the optimal found conditions (37°C and neutral pH). Acetic acid concentration and centrifugation 

speeds influence the gel formation. It’s also noted that the female Wistar give the better result than male. 

The black points seen on the observation, under contrast phase microscopy, are normally fibrils extending 

perpendicularly of the used wells surface. The best result expected for AASC of the Rat-tails are 0.1% Acetic acid 

concentration and centrifuged at 3000 rpm comparatively to the other used solution for ammonia collagen gelation. 

From the observed result we could concludes that the collagen can polymerize at about pH 6.0 to 8.0 but the 

polymerization efficiency of collagen to gels at lower pH are weaker. In result of basic solution gel formation 

method: The temperature was also an influent factor of polymerization. The Incubated collagen at high temperatures 

(37°C) results more polymerized gels than at lower temperature (4°C) weaker and with thicker fibers. The use of 

more 10X DPBS results larger polymerized gels and leaving plates uncovered in laminar flow hood gives quick 

results but with a risk to dry if leaved for long duration. 
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Table 3: Visual estimation of gel formation  

  

Wistar rats 

Sole fish > 20 days 
< 20 days 

Male Female 

% ac Cen.sp pH/T° 4 37 4 37 4 37 4 37 

0.1 

3000 
6 ++ ++ +++ +++ - -     

8 ++ ++ +++ ++++ + +     

4000 
6 + + ++ +++ - -     

8 + ++ ++ +++ - -     

5000 
6 + + + ++ - -     

8 + + ++ ++ - -     

0.5 

3000 
6 + + + ++ - -     

8 + + + ++ - -     

4000 
6 - - + ++ - -     

8 - + + ++ - -     

5000 
6 - - + + - -     

8 - + - + - -     

10 

3000 
6 - - - - - -     

8 - - - - - -     

4000 
6 - - - - - -     

8 - - - - - -     

5000 
6 - - - - - -     

8 - - - - - -     

++++: Very good gel formation; +++: Good gel formation; ++: Weak gel formation; +: Very weak gel formation; -: No gel formation 

 
Figure 6: Phase microscopic observation of the formed collagen fibrils 

Collagen Gelation: Ammonia Hydroxide Method 

 
(a: Good gel formation, b: very weak gel formation, c: weak gel formation) 

Figure 7: Visual and phase microscopic (10x) result of Ammonia method 

It was noted, from the obtained results, that the gelation is more observed in Rat-tails extracted collagen, and that 

it’s increases with the increase of incubation temperature, and with the decrease for both: the centrifugation speed 

and the acetic acid concentration. The same results were partly noted in Ammonia method: The combination of the 

results above determines the AASC extracted Wistar Rat-tails as best source of gel formation in the optimal founded 

conditions (37°C and neutral pH). It’s also noted that the female Wistar give better result than the male and that 

acetic acid concentration and centrifugation speeds influence this gel formation. The two methods prove a 

remarkable efficiency of AASC extracted from the two sources, and the use of the second method (ammonia 

method) was done to avoid any effect of the AASC contact with neutralizing solution because of the ammonia 

nature as neutralizing volatile chemical product. 
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Table 4: Visual estimation of collagen gel formation 

  

Wistar rats 

Sole fish > 20 days 
< 20 days 

Male  Female 

0.1 

3000  +++  +++ ++  ++  

4000  ++ +++   +  ++ 

5000  ++  ++  +  + 

0.5 

3000  ++ +++   + - 

4000  ++  ++  +  + 

5000  ++  ++  +  - 

10 

3000  - +  -  -  

4000  - -  -  -  

5000  -  -  -  - 

+++: Good gel formation; ++: Weak gel formation; +: Very weak gel formation; -: No gel formation 

Physico-chemical Proprieties of AASC 

After checking AASC efficiency, its physic-chemical characterization was done and the results prove that the 

extracted AASC can be used in scientific and biomedical research applications. 

 

pH Measurement 

The acetic acid concentration of and the temperature changes were determinants controller factor of solubilized 

collagen pH. 

 
Figure 8: Presentations of the acid concentrations (M) and temperature influence on AASC extracted from sole fish skin 

 
Figure 9: Presentations of the acid concentrations (M) and temperature influence on AASC extracted from Wistar Rat-tails  
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The influence of acid concentration and the temperature on the collagen extracted was noted, and the influence of 

centrifugation speed was not measured to eliminate confusions (large standard deviation values were noted), we need 

sophisticated materials for observation. 

The pH of AASC of the two sources was acid due to the use of acetic acid for solubilization, and the best yields correspond 

respectively to the highest pH values. These pH values are more acid in the case of AASC extracted from Sole fish skin. In 

addition, and due to the low precision of the used pH meter and the large standard deviations in the results, the influence of 

centrifugation speed on the AASC pH wasn’t measured. This pH variation study demonstrate that the collagen extraction 

should be done by solution of acetic acid diluted with a relatively high pH (>3) to avoid the collagen denaturation. But, 

comparatively to the pH of commercial solution of collagen type I (3 to 5), the results were tolerable.  

 
Electrical Conductivity and Resistance 

The conductivity of the AASC extracted from the Sole fish skin and Wistar rat-tails was influenced clearly by temperature, 

acid concentration and slightly by centrifugation speed. The lowest values of conductivity are observed in low values of 

variable conditions (except centrifugation speed). The results of the electrical conductivity showed expected results that we 

can discussed as following: the nature of ions and the viscosity of liquids influence the conduction phenomenon. In aqueous 

solutions the conduction is due to ionic movement and the behavior is totally different from metals. In the human tissues the 

specific conductivity is variable according to the nature of each tissue [21-24]. 

 
Figure 10: Presentation of the influence of centrifugation speed (rpm), the temperature (°C), and acid concentration (M) on the Wistar (female) 

rat-tails AASC electrical conductivity (uS) 

 
Figure 11: Presentation of the influence of centrifugation speed (rpm), the temperature (°C), and acid concentration (M) on the sole fish skin 

AASC electrical conductivity (uS) 

The theoretical electric resistance values correspond closely to the values found by experimental verification (with an 

average standard deviation equals to 7 µS). The values of electrical resistance are inversely proportional to those of 

conductivity. Therefore, the collagen whose yield is highest matches to an electrical semi-conductor or bad conductor. 

Tomaselli [25] have been proved that the collagen acts as a semiconductor whose direct current conductivity increases 

exponentially with hydration. They show that everything happens as if, in the context of a semi-electronic conduction, the 

water was acting a "donor" of charge. This effect of water is reversible and does not involve any chemical alteration of the 
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collagen. And as known in regenerative medicine, nerves and skeletal muscles respond and communicate via electrical 

signals; because of this fact, there is recent emphasis on using conductive biomaterials to improve electrical conduction 

through tissue-engineered scaffolds, and as consequence increase cell differentiation and tissue regeneration. 

As expected, the conductivity of the used animal sources rises with the temperature increase, which is similar of what 

happens in graphite but opposite to what happens in metals. Therefore, it’s clearly observed that the electric conductivity of 

collagen depends on the temperature and increase exponentially with the augmentation of the used acetic acidity 

concentration. Moreover, the AASC whose yield is higher corresponds generally to low electrical conductivity (high 

electrical resistance) and vice-versa. That means that we will control cell responses in three-dimensional conductive 

collagen gel scaffolds, but also produce collagen scaffolds compatible to every tissue regarding its own specific 

conductivity. The influence of centrifugation speed was opposite to expected. As known, the molecular weight distribution 

of collagen could be changed by centrifugation. The results obtained can be understood as a possible mechanical 

degradation of collagen in small scale and in specific conditions of centrifugation favored by the acetic acid concentration 

which decreases the proportion of population with high molecular weight in favor of those of oligomers and small 

molecules. But due probably to the hypothesis that a high speed centrifugation for a long time can induce an agglomeration 

of these oligomers and make conductivity lower. This destruction mechanism depends on the acetic acid concentration 

because the protonation degree controls the conformation of macromolecules, but also the centrifugation speed which 

influences probably this molecular distribution and then the collagen conductivity and its energy activation point.  

 

Viscosity 

The denaturation temperature (Td) of Sole fish skin and Wistar Rat-tails collagen sample was calculated from the thermal 

denaturation curves and the Td of the collagen was noted as the temperature at which the fractional viscosity value was 0.5.  

 

Figure 12: Thermal denaturation curves of Wistar (female) rat-tails collagen solution as measured by viscosity in 0.1, 2.9 and 10% of acetic acid 

 
Figure 13: Thermal denaturation curves of sole fish skin collagen solution as measured by viscosity in 0.1, 2.9 and 10% of acetic acid 

Td 

Td 
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The result curves illustrate the inverse proportional variation of the AASC (extracted from Sole fish skin and Wistar Rat-

tails) viscosity according to the temperature changes and acetic acid concentration. These results signify that the AASC 

whose the yield is higher, have consequently, a higher denaturation temperature, and it is more viscous. 

The viscosity characterization results demonstrated that the best Td of the AASC from Wistar Rat-tails was about 26°C, but 

the Td of AASC from Sole fish skin was only about 22°C, which was mainly because of the hydrolysis action of enzyme. 

The Td of the AASC of Sole fish skin, was lower than of Wistar Rat-tails which also was lower or higher than the Td of 

many other sources of collagen measured under, approximately, the same conditions [26,27]. The earlier studies showed 

that the stability of collagen is correlated to environmental and body temperatures [28]. And this present studies reported 

that Hydroxyproline is important in main- taining the stability of trimmers in collagen. 

CONCLUSION 

This study confirmed that Wistar rat-tails and Sole solea fish skin are respectively alternative sources of collagen type I 

which can be used as natural biocompatible and biodegradable material (scaffolds), especially in 3D cell culture for 

biomedical applications and research uses. The optimal parameters to produce collagen from both alternatives were: 0.1% 

of acetic acid concentration; 3000 rpm centrifugation speed and 3 days of extraction time of solubilization in a temperature 

interval of 4 to 20°C. 
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