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 Abstract: 
Back ground: Collagen accounts for 25percent of all proteins found in vertebrates. The words "collagen" 

is created with Greek words "kolla" and "genos," which respectively mean "glue" and "formation." It has 

a wide range of biological and pharmacological uses. Pig and cow skins provide the majority of the 

collagen. Utilizing animal collagen has been restricted as a result of epidemics of certain animal diseases 

including foot-and-mouth disease (FMD) and bovine spongiform encephalopathy (BSE) (FMD), which 

pose a risk of transmission to humans 

Objective: The goal of this study is to extract collagen from catfish bone. 
Material and methods: Catfish (Silurus triostegus) bone was used to extract collagen that has been 

pepsinized and acid-solubilized collagen (ASC) (PSC). The extracts' proximate composition (moisture, 

protein, fat, and ash) was measured, and dry weight was used to compute the yield of ASC and PSC. The 

molecular weight of experimental collagen ranged from 97 to 200 KD, according to the SDS-PAGE 

pattern. In order to identify bone collagen, the Fourier Transform Infrared (FTIR) spectra analysis for the 

acquired ASC and PSC, as well as the standard collagen (type I, II), was used. Using a scanning electron 

microscope (SEM, the morphological structure of ASC and PSC was revealed), and the diffraction angles 

(2 θ) of ASC and PSC were determined using X-ray analysis. For quality control, the HPLC technique 

was used to determine the collagen. 

Rustles: The proximate composition of ASC and PSC bone of catfish. The ASC bone of catfish 

contained moisture (75.22%), good amount of protein (16.65%) , fat (2.40%)  and ash content (0.28 %), 
While the PSC bone had slightly lower moisture (68.50%) than ASC, it had higher protein (19.93%), fat 

(1.825%), and ash (0.58%) levels ,HPLC  SEM ,FTIR ,Electrophoresis, X-ray. 

Conclusion: Fish bone was promising sources for preparing collagen, acid soluble collagen (ASC), 

pepsin soluble collagen (PSC) were successfully extracted by two methods. The collagen extracted from 

bone catfish, was of type I collagen, which are composed two α1, one α2 chains, and β chains as shown 

by SDS-PAGE patterns. 
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Introduction:  

  Collagen accounts for 25% of the total proteins in vertebrates. The words "collagen" is derived from the Greek words "kolla" 

and "genos," which respectively mean "glue" and "formation." It has a wide range of biological and pharmacological uses. Pig 

and cow skins provide the majority of the collagen. The use of animal collagen has been restricted as a result of epidemics of 

certain animal diseases such as bovine spongiform encephalopathy (BSE) and foot and mouth disease (FMD), which pose a 

risk of transmission to humans [1]. Some peoples, their beliefs, refuse to eat pork and its derivatives, as well as cows in other 

peoples [2]. In such cases, fish collagen is the ideal option due to its high availability, lack of disease transmission risk, and 

lack of religious obstacles. Fish collagen differs from animal collagen in several ways, including its high biological value, high 

essential amino acid content, and low hydroxyproline level. By-catch of unutilized and underutilized fish species, as well as 

fish processing discards, are prospective sources for extracting fish collagen. Skin, bones, scales, and fins are common 

components of fish processing waste. Fish processing activities in India generate around 2 million metric tons of waste each 

year [3]. Processing discards from fisheries contribute for up to 70–85 percent of total catch weight [4]. They're either dumped 

on land or towed into the sea. Seafood processors face environmental issues when it comes to disposing of this waste. 

The aim of this work was to describe how to determine the acid soluble and pepsin soluble collagen content profile from the 

bone of freshwater fish, notably catfish, which is plentiful in the Baghdad market. The literature on this subject is currently 

quite scarce. Despite the fact that several alternative sources of collagen have been widely researched, there is no information 

on the direct assessment of collagen concentration from the extraction media. In comparison to the physiochemical and 

biochemical aspects of extracted collagen, the quantitative investigation of collagen extraction received less attention [5]. 

Materials and Methods: 

The fresh Catfish (Silurus triostegus) were acquired from a local Baghdad source and transported to the laboratory in the 

icebox. 

 

Acid Soluble Collagen  

     The bones of the fish were separated by a hammer and soaked in distilled water for 5 hours. The bones were submerged in 

0.1M NaOH for 24 hours at a solid-to-liquid ratio of 1:5 (w/v) to extract non-collagenous proteins. The alkaline solution was 

altered every six hours. Up to pH 7.5, the bone samples were washed with distilled water, and then EDTA (0.5 M) solution was 

added, and left with 10 % butyl alcohol (1:10 w/v) for overnight for 5 days. The de-fatted bone samples treated with alkaline 

treatment were washed with distilled water thoroughly, then blended at 1:4 ratio (solid: liquid w/v) with 0.5M acetic acid and 

left for collagen extraction overnight. The obtained extract was filtrated, and the insoluble matter was re-extracted for 2 more 

days with the same solution at 1: 2.5 (w: v ratio). The filtrate was pooled and salted-out from both extraction steps [6]. 

 

Pepsin Soluble Collagen 

    Extraction of pepsin soluble collagen (PSC): The PSC was obtained by the same method as the ASC with the exception that 

alkali treated bones were continuously stirred in 5 volumes (v/w) of 0.5 M acetic acid containing pepsin with an 

enzyme/substrate ratio of 1:40 (w/w) for 20 hours. To chart the growth in pepsin soluble collagen content in the medium over 

time, 8 ml of the extracting medium were extracted every hour for the first four hours of extraction and then every four hours 

after that [5]. 

 

Proximate composition  

    Standard methods were used to determine the bone's proximate composition. The hot air oven method was used to determine 

the moisture content. Kiljdhal digestion system was used for sample digestion and kiljdhal distillation system was used to 

determine nitrogen content for protein analysis. After that, the crude protein was estimated by multiplying the nitrogen content 

by 6.25. The crude fat was determined by Soxhlet method using petroleum ether (60–80 °C) as solvent . The ash content was 

determined by a Muffle furnace (Servo, Salem, India) set at 500–550 °C for 15 h. Total collagen content was determined from 

the hydroxyproline content multiplied by the factor of 7.75. Hydroxyproline content was estimated following the colorimetric 

method at 558 nm[7] using a UV–vis Spectrophotometer (Selecta,Spain) 

The Yield of Collagen 
    The yield of ASCs, PSCs were calculated based on the dry weight of pretreated material: 

Yield (g/100 g) = (Weight of lyophilized collagen)/(Weight of initial dry fish pretreated byproduct) × 100  [8].  
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Determination of Total Protein 

   The protein concentration was measured using the biuret method [9]. Using the UV-VIS-spectrophotometer (Selecta, Spain) 

at 540 nm.  

High pressure liquid chromatography 

    For chromatographic separation, an HPLC method from Shimadzu was used, applying a flow rate of 0.8 mL/min on each 

column (250 mm length 4.6 mm i.d., 5.0 μm). For the chromatographic separations, an isocratic gradient with a mobile phase 

consisting of 150 mM of phosphate buffer, pH= 7.0, was used. At room temperature, the column temperature was preserved. In 

order to eliminate carry-over contamination, the auto-sampler syringe and the injection valve were successively washed with 

methanol/water (70/30; v/v). 5 μL was the injected sample volume into the device. For the detection of collagen at a 

wavelength of 214 nm, a diode array detector of Elite from Shemadzu was used [10]. 

Sodium Dodecyl Sulphate Polyacrylamide Gel Electrophoresis (SDS –PAGE)  

According to [11], SDSPAGE was carried out utilizing a dis-continuous Tris-HCl/glycine buffer system, 7.5 percent resolving 

gel, and 4% stacking gel. To achieve a final collagen concentration of 1 mg/ml, the collagen sample was dissolved in sample 

buffer (0.5 M Tris HCl, pH 6.8, 2% SDS, 25% glycerol), 10% ME, and then heated for 3 minutes. The gel was stained for 30 

minutes with 0.25% Coomasie Brilliant Blue R 250 solution, and then the bands were removed from the gel using a 7.5% 

acetic acid/5% methanol solution [12]. 

 
X-Ray Diffraction (XRD) Identification determination of the various crystalline compounds known as phases were studied 

using XRD. 

 The X-ray Diffraction System Works:  

1. The sample can be in the form of a powder, cast, or a thin film, and a small granular size (less than 50 microns) and be 

crystallized.  

2. The model is examined by placing it in the designated location inside the system and when the model is exposed to X-rays 

[13]. And thus we obtain a diffraction pattern from groups in different positions. .Diagnostic Method: The diagnostic process is 

made by matching the results of the crystallization clearance (d-spacing) that we obtain from the diffraction pattern and 

comparing it with the standard X-ray diffraction cards that contains information about standard models by using XRD- 6000 ( 

Shimadzu 220 V /50Hz ). 

FT-IR determination 

FTIR was performed using KBr pellets obtained from discs containing ~200 mg potassium bromide (KBr) 2-mg collagen 

samples under dry conditions. The SHIMADZU (Japan) model instrument has a wavelength of 400-4000 cm-1 [14]. 

 

Scanning Electron Microscope (SEM) 
Structure examination by the Scanning Electron Microscope (SEM) of extracted collagen. The sample was gold coated with an 

automated fine ion coater (JEOL JFC-1600) and the structure was studied with a 20 kV scanning electron microscope 

(TESCAN,VEGA III) like the voltage accelerating. 

 

Results 

  The proximate composition of  ASC and PSC bone of catfish  are given in Table 1. The ASC bone of catfish contained 

moisture (75.22%), good amount of protein (16.65%) , fat (2.40%)  and ash content (0.28 %), while the  PSC bone contained 

slightly low moisture (68.50%), higher protein (19.93%) ,fat (1.825%) and higher  ash contents (0.58%) than ASC. We 

observed that higher ash content in the PSC bone catfish was caused by increasing mineralization with aging. But, the higher 

ash content noticed in the bone of leather jacket could not be attributed to the increased mineralization; due to biochemical 

composition. Presence of relatively high protein in the bone made them good sources for collagen extraction. The moisture and 

crude protein contents in the muscle of fish species generally ranged between 54% and 80.3% and 16.1–27.9%, respectively 

[15]. Such high concentration of protein was not noticed in this species so termed as trash fish of low economic value.  
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Table (1) Chemical composition for Acid soluble collagen  ASC and pepsin soluble collagen PSC. 

Sample  Protein% Moisture % Fat % Ash %  

Bone ASC 16.65 75.22 2.40 0.28 

Bone PSC 
19.93 

 

68.50 

 

1.825 

 
0.580 

     
 

High Performance Liquid Chromatography (HPLC) 

Figure (1 a and b) show peaks for ASC and PSC, retention time and area of standard collagen (I and II). Figure (1 c and d) 

show peaks, retention time and area of ASC and PSC results obtained from the HPLC UV-VIS analysis. Bone collagen ASC 

and PSC amount reached to (0.0007 , 0.7810 ) µg/ml according to the retention time peak collagen type I table (2 a), and bone 

collagen ASC and PSC according to type II amount was recorded (0.0027 , 0.0317) µg/ml respectively according to the 

retention time for two peaks collagen type II Table (2b). That’s represent the residual collagen in collagen hydrolysate. 

 

Table (2 a): Concentration of collagen in ASC bone collagen and PSC bone collagen according   to (I) by HPLC.   

 
Sample Retention 

Time ( min.) 

Concentration (µg/ml) 

Standard  collagen type (I) 5.595 25 

Bone ASC  5.881 0.0007 

Bone PSC    5.519 0.7810 

 

Table (2 b): Concentration of collagen in bone ASC collagen and PSC collagen according to (II) by HPLC.  

 

Sample Retention Time ( 

min.) 

Concentration (µg/ml) 

Standard collagen type  (II) 5.564 , 6.055 

Two peaks 

25  

Bone ASC   5.481 0.0027 

Bone PSC 5.519 3.0317 
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a) Collagen type I                                                         b) Collagen type II 

      

c) ASC                                                                                           d) PSC 

Figure (1):   High performance liquid chromatography of collagen a ) Type I , b) type II c) Bone collagen extracted  by 

ASC ,d ) PSC from catfish. 

SDS-PAGE 

The SDS-PAGE patterns of EDTA-ASC and EDTA-PSC are shown in Figure 2. Two distinct species were observed 

at different positions and mobility of the α regions of the samples. These patterns indicated that tilapia bone collagens are 

trimers containing two distinct α chains (α1 and α2) that are similar to those of a typical triple-helix structure of type I collagen 

with two distinct α chains. This finding indicated that EDTA-ASC and EDTA-PSC are type I collagen.  

The molecular weights of α1 and α2 EDTA-ASC and EDTA-PSC subunits were approximately 110 kDa and <100 kDa, 

respectively, which are different from those of carp bone collagen (α2 is exactly 116 kDa),[16] alligator (Alligator 

mississippiensis) bone collagen (α1 and α2 chains are 123 and 110 kDa, respectively),[17] backbone collagen of Baltic cod (α1 

and α2 chains are visible near 116 kDa), [18]  and black drum and sheephead sea bream bone collagen (α1 and α2 chains are 

130 and 110 kDa, respectively). [19]  Moreover, high molecular weight components were observed in EDTA-ASC and EDTA-

PSC, including β and γ components. HCl-PSC contained higher proportions of β components with molecular weights of >200 

kDa, peptides with molecular weights (α-chains, whose molecular weights were approximately 100 kDa) of <97 kDa were also 

found. These results indicated that a greater degradation of αchains was observed in HCl-PSC than in other collagens. 

Moreover, HCl-PSC was not a collagen similar to gelatin or collagen peptides. The SDS-PAGE pattern of residues in acid 

solution used in the removing of bone minerals is also shown in Figue 2. Higher proportions, such as β and γ components, were 

not found. On the contrary, a lot of fragments of peptides were determined. This result indicated that a part of collagen in the 

bone was dissolved and degraded in HCl solution during de-saluting.  
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.  

Figure (2) : SDS-PAGE analysis of collagen extracted from catfish wastes (skin  PSC  ,fin pepsin  PF, MP muscle pepsin 

,PH   head pepsin ,AH  head acid, AB  bone acid , AM muscle acid , AF fin acid and skin soluble collagen  ASC) . 

 
X-Ray Diffraction (XRD):   

The aim of experiment to identify the phase of the material crystal or amorphous.  This X-ray diffraction of standard 

collagen (I a, II b) lyophilized acid-soluble collagen ASC c) and pepsin soluble collagen PSC d) from catfish skins are 

illustrated in Figure (3).  

From the devise reading , the diffraction angles (2θ) of ASC were about (12.0178  , 28.0923, 20.7398 )° respectively, 

the (d) values corresponding to the sharp peak were (7.35841,3.17383,4.279) Å for ASC ,and (2θ) angels for  PSC (11.844 

,27.986 , 22.727) ° , and d-spacing  (7.466 , 3.186 , 3.909) Å ,compared with  the standard collagen type  I and II diffraction  

angles (2θ)  were 11.815 ,27.853 ,23.558 ° with d-spacing 7.484 ,3.200 ,3.773 Å respectively ,and for type II angles (2θ) were 

11.733 ,12.882 ,13.33° with d-spacing were (7.536, 6.866 ,6.636) Å. These peaks in (2θ) for PSC are more intense and steeper 

than the peaks  observed in ASC .The difference in organization between the structures of ASC and PSC collagen were visible, 

with ASC collagen spectrum presenting three peaks well featured, meanwhile  PSC spectrum presenting three sharp and intense 

peaks but showed  like a flattened pattern. 

 Crystal structure of acid soluble collagen ASC and a crystal and amorphous for pepsin soluble collagen PSC were 

showed three sharp diffraction crystal and amorphous peaks located at the diffraction angles, these three peaks are 

characteristic of collagen molecule and can be seen as amorphous. The sharpest wide peak is related to the triple helix 

conformation and distance between molecular chains, and for PSC had three peaks crystal and amorphous are related also to 

the triple helix conformation and distance between molecular chain to the distance between the skeletons. [20]  studying 

collagen prepared from carp scales, he found the minimum d-spacing  for the sharp peak  (11.87) Ao and   (4.48) Ao    for the 

wide peak.  From the X-ray diffractograms, it is proven that the morphological characteristics of the two types collagen have 
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direct relationship with the phase structure of the material , X- ray diffraction is often used to assess collagen fibril distribution 

and orientation in fish mineralized tissues [21; 22]. 

 

 

 

 

 

 

 

  

                             

a) Standard(I)                                                                                 b)Standard II    

 

 

            C) ASC                                                                        d) PSC 

Figure (3):X-ray comparative study pattern of collagen a) standard I, (b) standard II and (c) for ASC, (d) for PSC from 

the bone of catfish. 

 

FTIR of Bone Catfish  

 The desalting procedures of tilapia bone were investigated using FTIR. The imges of FTIR of the PO4 3– band, which is seen 

in hydroxylapatite, were observed at 1030 cm-1 in Figure 4. [23] In the infrared spectra of desalinated bones, however, 

determining the phosphate anion's peaks was challenging. The FTIR method is used to investigate changes in protein structure. 

Because of the hydrogen-bonded hydroxyl groups, the amide A and B band position in ASC and PSC were  3302.13,3074.53 
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comparison to type I collagen was 3272 cm-1 (Figure. 4b). The amide B band was discovered at 3068 cm-1, which is where it is 

usually found in collagen. [24]. 

Amide I was 174151,1662.64 and 1747.51, 1651.07cm1 for ASC and PSC, respectively, in comparison to standard collagen 

type I and II, which were 1747.51, 1654.92, 1639.49 cm-1 and 1741.51,1651.07 cm-1, respectively, indicating that the collagen 

fibers are richer in pyridinoline-type cross-linking, proline and/or hydroxyproline, and H-bonding [25]. 

In compared to conventional collagen type I and II, which were 1543.05, 1523.76,1454.33 cm-1 and 1539.20,1450.32 cm
-1

 

respectively, the amide II band associated with N-H stretching vibration was 1550.77, 1450.47, 1411.89 cm-1 for ASC and 

1550.77, 1450.47, 1408.04 cm-1 for PSC. The amide II beam is created by the NH plane's curvature vibration and the CN 

plane's stretching vibration; it is less impacted by secondary structure, but it is affected by moisture; and the rise in the 

wavelength of this beam is caused by an increase in humidity in the molecular structure [26]. 
In comparison to conventional collagen type I and II, the Amide III band associated with coupling N-H via elongation of CH2 

1377.17,1342.46, 1284.59,1242.16, 1172.72,1149.57 cm-1 for ASC and 1334.74, 129616,1238.30,1176.58 cm-1 for PSC were 

13338.60,1323.17, 1303.88,1234.44 cm-1 and 1334.74, 1273.02,124 In infrared spectroscopy, amide III is a weak beam that 

returns to the planar bending vibration of the NH group coupled with the stretching vibration of the CN group resulting from 

amide bonding, in addition to the absorbance resulting from the oscillatory vibration of the CH2 group in the amide bonding 

[27], In addition to the absorption coming from the oscillatory vibration of the CH2 group in the glycin and proline side chain 

structure, the beam returns to the planar bending vibration of the NH group coupled with the stretching vibration of the CN 

group resulting from amide bonding [28] . The secondary structure of the resultant PSC may be changed to some extent when 

pepsin cleaves the telopeptide region of tropo-collagen [29; 30]. Collagen from the skin of splendid squid exhibited absorptions 

at 1031, 1060, and 1081 cm−1, which arise from the C-OH stretching vibrations of the carbohydrate moieties attached to the 

protein [31]. The result suggested that the collagens might consist carbohydrates, which are attached to hydroxylysine residues 
of the polypeptide chain by O-glycosidic bonds. The result was also in accordance with total sugar content. The result indicated 

that the triple helical structure might be slightly affected by pepsin digestion during the extraction of collagen.  

 

  

a)                                                                                          b) 

     

                       C)                                                                                   d) 

Figure (4): Fourier Transform Infrared spectra of (a) standard I, (b) standard II and (c) for  ASC , (d)  for PSC from 

the bone of catfish .  
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Scanning Electron Microscope (SEM) 

The change in structural morphology of fish bone collagen was observed by SEM images in Figure  (5) . Morphology 

of fish bone collagen has a powerful variation among sample, the experimental collagen was observed under naked eye ,and 

SEM .Under naked eye Figure (5 a , b) show the collagen  ASC and PSC appeared as a soft white sponge. SEM analysis for 

(ASC, PSC ,type I collagen  and type II collagen ) is illustrates  in  (Figure5 c, d, e and f) shows the surface  morphology of two 

standard collagen I and II are greatly different from each other  

, there are obvious rough surface with globular structure under10 kv, 2kx and 10 kv, 5 kx respectively. The coil-like fibrils were 

found as a sheet inter-connected for ASC and random windings of coil-like structures for PSC which indicates the fibrous 

nature of the collagen where seen in Figure (5 e,f)  respectively . At high magnification, there is a clear differences between in  

the microstructure  of ASC and PSC, but the collagen of PSC in high magnification appeared regular and uniform network with 

porous and honey –comb like structure .This is consistent with [32] when   he was measured the SEM for ASC and PSC from 

outer skin of spineless cuttlefish  Sepiella inermis. 

                    

                                                                  a)       St.I 

 

   
b) St. II 
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c) Bone ASC 

    

d) Bone PSC 

Figure (5): Morphological Comparative Study Pattern of Collagen Type (a).Naked eye ASC, (b) Naked eye PSC , 

(c)Standard I, (d) Standard II and (e) for ASC , (f) for PSC from the Bone of Catfish 

 

Discussion 

          We found that aging-related increases in mineralization led to greater ash concentration in PSC bone catfish. 

However, due to biochemical makeup, the higher ash content found in the bone of the leather jacket could not be linked 

to the enhanced mineralization. Because the bone contains a fair amount of protein, it makes for suitable sources for 

collagen extraction. Fish species&#39; muscles typically included between 54% and 80.3% of moisture and 16.1-

27.9% of crude protein, respectively [15]. This species was referred to be garbage fish with minimal economic value 
because such a high concentration of protein was not observed in it. This discovery demonstrated the type I collagen 

status of ASC and PSC. Compared to carp bone collagen (2 is exactly 116 kDa), alligator (Alligator mississippiensis) 

bone collagen (1 and 2 chains are 123 and 110 kDa, respectively), and ASC and PSC subunits, which have molecular 

    weights of roughly 110 kDa and 100 kDa, respectively, [17] Black drum and sheephead sea bream bone collagen (one 

and two chains are 130 and 110 kDa, respectively), [18] as well as the backbone collagen of Baltic cod (one and two 

chains are evident near 116 kDa). [19] High molecular weight components, such as and components, were also found 

in ASC and PSC. Higher percentages of components those with molecular weights of &gt;200 kDa were present in 

    HCl-PSC, and peptides those with molecular weights of 97 kDa were also present. These findings suggested that HCl-

PSC underwent more chain breakdown than other collagens. Furthermore, HCl-PSC wasn&#39;t a type of collagen 

like collagen peptides or gelatin. Additionally, the SDS-PAGE pattern of the acid solution-residues utilized to remove 

bone minerals is shown Figure 2. Higher proportions, including the components and, were not discovered. On the other 

hand, many peptide fragments were identified. This outcome demonstrated that while de- saluting, a portion of the 
collagen in the bone was dissolved and broken down in HCl solution. The triple helix conformation, the spacing 

between molecular chains, and the distance between skeletons are all related to crystal and amorphous states. [20] 

Investigating collagen made from carp scales, he discovered that the wide peak&#39;s minimum d-spacing is (4.48) A 

o while the sharp peak&#39;s minimum d-spacing is (11.87) A o . X-ray diffraction is frequently used to evaluate 

collagen fibril distribution and orientation in fish, and it has been demonstrated from the X-ray diffractograms that the 
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morphological characteristics of the two types of collagen have a direct relationship with the phase structure of the 

material.tissues [21; 22]. In infrared spectroscopy, amide III is a weak beam that returns to the planar bending vibration 

of the NH group coupled with the stretching vibration of [27], The beam returns to the planar bending vibration of the 

NH group paired with the stretching vibration of the CN group due to amide bonding [28], in addition to the absorption 

coming from the oscillatory vibration of the CH2 group in the glycin and proline side chain structure. When pepsin 

cleaves the telopeptide region of tropo-collagen, the secondary structure of the resulting PSC may alter somewhat [29; 

     30]. The collagen from the skin of the magnificent squid had absorptions at 1031, 1060, and 1081 cm1, which are 

caused by the C-OH stretching vibrations of the carbohydrate moieties linked to the protein [31]. The finding revealed 

that collagens may be made up of carbohydrates that are joined to the polypeptide chain&#39;s hydroxylysine residues 
via O-glycosidic linkages. The outcome matched the amount of sugar in total as well. The outcome suggested that 

pepsin digestion during collagen extraction can have a minor impact on the triple helical structure. The coil-like fibrils 

were discovered as a sheet that was interconnected for ASC and as random windings of coil-like structures for PSC, 

respectively, which shows the collagen is fibrous. The microstructure of ASC and PSC differ significantly at high 

magnification, although the collagen of PSC appears to have a consistent, homogenous network with porous, honey-

comb-like structure. This agrees with [32], who examined the exterior skin of the spineless cuttlefish Sepiella inermis 

and assessed the SEM for ASC and PSC. 

 

. 
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 انخظبئض انٕظٛفٛخ نهكٕلاخٍٛ انًسزخهض يٍ ػظى سًك اندش٘

آٚبد ػذَبٌ ػجبط
1

خبنذح ػجذ انشزًٍ شبكش              
2 

1
 يشكض ثسٕس انزمُٛبد الازٛبئٛخ/ خبيؼخ انُٓشٍٚ

2
 لسى ػهٕو الاغزٚخ / كهٛخ انضساػخ/ خبيؼخ ثغذاد

 

 : خطلاخان

،  "kolla" ٔ "genos" انكهًزٍٛ ثب انَٕٛبَٛخ رشزك كهًخ كٕلاخٍٛ يٍ فٙ انًبئخ يٍ خًٛغ انجشٔرُٛبد انًٕخٕدح فٙ انفمبسٚبد.  25انخهفٛخ: ًٚثم انكٕلاخٍٛ 

يدًٕػخ ٔاسؼخ يٍ الاسزخذايبد انجٕٛنٕخٛخ ٔانذٔائٛخ. رٕفش خهٕد انخُبصٚش ٔانجمش غبنجٛخ انكٕلاخٍٛ.  هكٕلاخٍٛٔانزٙ رؼُٙ ػهٗ انزٕانٙ "انغشاء" ٔ "انزكٍٕٚ". ن

 ٔانزٓبة انذيبؽ الإسفُدٙ انجمش٘ (FMD) سٕٛاَٛخ يؼُٛخ ، ثًب فٙ رنك يشع انسًٗ انملاػٛخانرى رمٛٛذ اسزخذاو انكٕلاخٍٛ انسٕٛاَٙ َزٛدخ لأٔثئخ أيشاع 

(BSE) (FMD) شكم خطشًا لاَزمبل انؼذٖٔ إنٗ انجشش، ٔانزٙ ر. 

 .انٓذف: انٓذف يٍ ْزِ انذساسخ ْٕ اسزخشاج انكٕلاخٍٛ يٍ ػظى سًك انسهٕس

 (ASC) رسهٛهّ ثطشٚمزٍٛ  ثبنسبيغ ٔالاَضٚى انكٕلاخٍٛ انز٘ رى  لاصلاسزخ (Silurus triostegus) دش٘: رى اسزخذاو ػظبو سًك انانؼًم انًٕاد ٔؽشق

(PSC). نهًسزخهظبد )انشؽٕثخ ، انجشٔرٍٛ ، انذٍْ ، انشيبد( ، ٔاسزخذو انٕصٌ اندبف نسسبة َبرح انزشكٛجٙشكٛت رى لٛبط انز ASC ٔ PSC.  ٌرشأذ انٕص

 انًدبيٛغ انفؼبنخ فٙ يٍ أخم رسذٚذ كٕلاخٍٛ .SDS-PAGE رجؼب نطشٚمخ انزشزٛم انكٓشثبئٙ ،  كٛهٕ دانزٌٕ 200إنٗ  97يٍ  لٛذ انذساسخاندضٚئٙ نهكٕلاخٍٛ ا

، ثبلإػبفخ إنٗ انكٕلاخٍٛ انمٛبسٙ )انُٕع الأٔل ٔانثبَٙ(. ثبسزخذاو ُزدخانً ASC ٔ PSC نكلا يٍ (FTIR) انؼظبو ، رى اسزخذاو رسهٛم الأشؼخ رسذ انسًشاء

ثبسزخذاو رسهٛم  ASC ٔ PSC نـ (θ 2) ٚب انسٕٛد، ٔرى رسذٚذ صٔا (ASC ٔ PSC ، رى انكشف ػٍ انزشكٛت انًٕسفٕنٕخٙ نـ SEM) انًدٓش الإنكزشَٔٙ انًبسر

 . HPLC ، رى اسزخذاو رمُٛخ ٔنزشخٛض انكٕلاخٍٛالأشؼخ انسُٛٛخ. 

٪( ٔدٌْٕ 16.65٪( ٔكًٛخ خٛذح يٍ انجشٔرٍٛ )75.22ػهٗ سؽٕثخ ) دش٘. اززٕد ػظبو سًك اندش٘نسًك ان ASC ٔ PSC انزشكٛت انزمشٚجٙ نؼظى انُزبئح:

٪( ، 19.93، رسزٕ٘ ػهٗ َسجخ ػبنٛخ يٍ انجشٔرٍٛ ) ASC ٪( ي68.50ٍػهٗ سؽٕثخ ألم لهٛلاً ) PSC ٪( ، ثًُٛب اززٕد ػظى0.28٪( ٔيسزٕٖ سيبد )2.40)

 .أشؼخ سُٛٛخالاكٓشثبئٙ ،  انزشزٛم،  HPLC SEM  ،FTIR,٪0.58) ٪( ، سيبد1.825دٌْٕ )

 (PSC) ، انكٕلاخٍٛ انمبثم نهزٔثبٌ فٙ انجٛجسٍٛ (ASC) انكٕلاخٍٛ انمبثم نهزٔثبٌ فٙ انسًغ: ػظبو انسًك كبَذ يظبدس ٔاػذح نزسؼٛش انكٕلاخٍٛ ، سزُزبجالا

 α2 ٔسهسهخ α1 رى اسزخلاطّ ثُدبذ ثطشٚمزٍٛ. كبٌ انكٕلاخٍٛ انًسزخشج يٍ سًك انسهٕس انؼظًٙ يٍ انُٕع الأٔل يٍ انكٕلاخٍٛ ، ٔانز٘ ٚزكٌٕ يٍ سهسهزٍٛ

 .SDS-PAGE ٔسهسهخ كًب ْٕ يٕػر فٙ أًَبؽ

 

 .FTIR  ،SDS  ،SEM  ،ASC  ،PSC، الأشؼخ انسُٛٛخ ،  HPLC، انؼظبو ، اندش٘: سًك ًفزبزٛخنكهًبد انا
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