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INTRODUCTION 

he field of tissue engineering encompasses a diverse 

array of methods aimed at creating biological 

substitutes for the regeneration of diseased or damaged 

tissues (1, 2). A crucial aspect of this field is the 

development of bio-scaffolds. These are three-dimensional 

structures designed to mimic the natural extracellular 

matrix (ECM), facilitating cell adhesion, proliferation, and 

differentiation (3-6). 

Various decellularized tissues have gained prominence as 

natural biomaterials, offering an alternative to synthetic 

options for tissue regeneration. These include small 

intestine submucosa (SIS), liver, heart, kidney, and skin, 

among others (7, 8). Compared to synthetic biomaterials, 

natural biomaterials demonstrate several advantages in 

terms of biodegradability, biological properties, and 

biocompatibility, closely resembling the native ECM (9-11). 

Decellularization is a process that removes intracellular 

components from tissues while preserving the original ECM 

 A  B  S  T  R  A  C  T  

 The aim of this study was to prepare and characterize a small intestine submucosa (SIS) 

hydrogel as a bio-scaffold. In this study, SIS from five calves, aged 8-12 months and weighing 

250-300 kg, was obtained from a slaughterhouse immediately after slaughtering. The SIS 

was then decellularized, powdered, and subsequently transformed into a hydrogel. This 

transformation was achieved by dissolving the decellularized SIS powder in phosphate-

buffered saline (PBS) at a concentration of 50% w/v, and allowing it to form a hydrogel over 

a 12-hour period at 37 °C. Characterization of the SIS hydrogel was conducted using various 

techniques. Fourier Transform Infrared Spectroscopy (FTIR) was employed to identify the 

chemical structure of the hydrogel, revealing three primary peaks at 1639 cm-1, 1571 cm-1, 

and 1338 cm-1, corresponding to amide I, II, and III bands, respectively. Additionally, a broad 

signal at 3440 cm-1 was observed, indicative of the hydroxyproline side chain. The hydrogel's 

swelling capacity was evaluated, showing an expansion of 437% after a 12-hour immersion 

in PBS at a pH of 7.4. Scanning Electron Microscopy (SEM) analysis of the lyophilized 

hydrogel revealed a highly porous and interconnected architecture, resembling a 

honeycomb structure. Moreover, the hydrogel's antibacterial efficacy was assessed against 

Staphylococcus aureus using an agar diffusion test, which demonstrated a zone of inhibition 

measuring 16.11 mm. The combined chemical, morphological, and antibacterial properties 

of the SIS hydrogel developed in this study suggest its potential as a promising bio-scaffold 

for inducing tissue regeneration and restoring tissue function. 
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structure. This process involves a combination of physical, 

chemical, and enzymatic methods (12). SIS has been 

clinically evaluated for the reconstruction of different 

organs, including the urethra, lung, and vagina (13). 

Composed of a range of biomolecules such as collagen, 

integrin proteins, and four types of glycosaminoglycans 

(heparin sulphate, chondroitin sulphate, keratin sulphate, 

and hyaluronan), SIS plays a pivotal role in promoting cell 

attachment and proliferation, thereby accelerating tissue 

repair and regeneration (13, 14). A significant advantage of 

SIS is its derivation from xenogeneic animal species, 

broadening its applicability in tissue engineering (15). 

A hydrogel is a three-dimensional structure composed 

of highly hydrated polymeric substances that can absorb a 

lot of water and hold it there while maintaining their 

structural integrity according to physical and chemical 

crosslinks (16). Hydrogel derived from SIS have played an 

important role in regulating various cellular functions 

better than native SIS. That goes back to the hydrogel 

supply three-dimensional structural support for cells, as 

they offer a highly hydrated, cytocompatibility 

environment, and ease the transfer of nutrients and waste 

(17). 

The SIS hydrogel formed from a collagen-based self-

assembly process with presence of proteoglycans, ECM 

proteins, and glycosaminoglycans. Consequently, the 

proteins that persist after decellularization and the native 

biochemical profile of the source tissue will have an impact 

on polymerization kinetics (9). Hydrogels derived from 

natural tissues after decellularized retain the structural 

characteristics and stimulatory properties which can 

enhance the attachment, growth, migration, and 

proliferation of cells (18). The present study discusses the 

preparation of hydrogel from decellularized small 

intestinal submucosa with defined physical, chemical, and 

antibacterial features to determine whether the prepared 

hydrogel can practically be used as a bio-scaffold serving as 

a biological substitute for the treatment of wounds (In press 

article. 

MATERIALS AND METHODS 

Ethical Approval 

All procedures used in this study received Ethical 

approval, which was granted through the local committee 

of animal care and use at the College of Veterinary Medicine 

within the University of Baghdad (Number 915 at 

24/4/2022) before starting this study. 

Preparation of Decellularized SIS Membrane 

The process for preparing and evaluating decellularized 

SIS membrane is depicted in Figure 1 A-F. Five calves, aged 

between 8-12 months and weighing approximately 250-

300 kg, were used for obtaining small intestines from a local 

slaughterhouse immediately post-slaughter. The serosal 

surface was thoroughly cleaned to remove connective and 

adipose tissues, along with any residual ingesta, using tap 

water (19). The intestines were then segmented into 

sections approximately 10 cm in length, which were 

rigorously rinsed with a saline solution (20). Subsequently, 

layers including the tunica serosa, tunica muscularis, and 

mucosa were mechanically separated to isolate the SIS 

layer. This layer was further cleansed through multiple 

washes with a saline solution. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1. The preparation and decellularization of Small Intestine Submucosa (SIS). 
(A) Cutting the small intestine in length of approximately 10 cm and washed with a 
saline solution.(B) Mechanical removal of the tunica serosa, tunica muscularis and 
mucosa. (C) SIS submerge in methanol and chloroform (1:1, V/V) for 12 h. (D) SIS 
was incubated in the 0.05% trypsin 0.05% ethylenediamine tetra acetic acid at 37 C 
for 12 h. (E) SIS treated with 0.5% sodium dodecylsulphate (SDS) in 0.9% sodium 
chloride by continuously shaking on an orbital shaker for 4 hr. (F) Soaking SIS into 
0.1% peroxyacetic acid and 20% ethanol for 30 min 

 

The isolated submucosal membranes were immersed in 

a solution composed of 100% methanol (Haymankimia®) 

and 99.8% chloroform (SDFCL, India) in a 1:1 v/v ratio for 

12 h, followed by extensive washing with deionized water 

to remove residual organic solvents. The membranes were 

incubated in a 0.05% trypsin (HIMEDIA®, India) and 0.05% 

ethylenediaminetetraacetic acid (EDTA, SDFCL, India) 

solution at 37 °C for 12 h. Post trypsin treatment, the 

membranes were continuously washed with a saline 

solution to completely remove the enzyme. A third 

treatment involved exposing the membranes to 0.5% 

sodium dodecyl sulfate (SDS) (Alpha Chemika, India) 
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dissolved in 0.9% sodium chloride, conducted under 

continuous agitation on an orbital shaker for 4 h. The 

membranes were then thoroughly rinsed with a saline 

solution to eliminate the detergent. Finally, the 

decellularized membranes were treated with a solution of 

0.1% peroxyacetic acid and 20% ethanol (100% Chem-Lab, 

Belgium) for 30 min. After this treatment, the membranes 

were rinsed with saline solution to ensure the removal of 

all chemical residues. 

Upon completion of the decellularization process, 

sections of the SIS samples were cut and stained with 

hematoxylin and eosin (H&E). These stained sections were 

then evaluated histologically to determine the extent of 

cellular removal. All samples were subsequently freeze-

dried under -70 °C overnight in a lyophilizer and sealed in 

airtight packages for preservation (21). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2. The preparation of Small Intestine Submucosa (SIS) hydrogel; (A). All SIS 
pieces frozen-dried under -70 °C overnight with a lyophilizer. (B) Pulverization of 
lyophilized SIS. (C) Suspending of Pulverized SIS in 1 mg/mL pepsin in 0.01 M HCl for 
72 h., stirred (60 rpm) constantly for 48 h. at room temperature, adjusted to pH 7.4. 
(D) Lyophilized and powdered of digested SIS, sealed into airtight packages. (E) SIS- 
hydrogel after dissolving SIS powder in PBS and incubated overnight at 37 °C. 

 

Preparation of SIS Hydrogel 

The SIS hydrogel was prepared according to Zhao et al., 

2020 (22) with modification as follow; The SIS pieces were 

pulverized, suspended in HCl (Honeywell, Fluka®) solution 

with pepsin (HIMEDIA®, India) (Pepsin 1 mg/mL in 0.01 M 

HCl for 72 h), stirred (60 rpm) constantly for 48 h. 

optimized for pH 7.4 at room temperature, lyophilized (-70 

°C) and powdered using electrical mill after incubation 

liquid nitrogen tank for 3 h to obtain an SIS powder, packed 

in airtight containers, then gamma-irradiated (25 KGҮ) 

(60Co gamma cell 220 Excel, Canada) to sterilize them and 

stored at -20 °Ϲ until use. The SIS powder dissolved in 

phosphate-buffered saline PBS at 50% w/v and molded into 

a hydrogel overnight at 37 °Ϲ (Figure. 2). Based on the 

excellent fluidity of hydrogel, it can be applied with a 

syringe to a specified site. 

Characterization of the SIS Hydrogel 

Fourier transform infrared spectroscopy (FTIR) 

The chemical structure of hydrogel was identified using 

the FTIR method. This technique is based on excitement 

and absorption of infrared light at frequencies that are 

typically correlated to the types of chemical bonds. The 

hydrogel samples were introduced in the FTIR 

spectrometer (8400Ѕ, Shimadzu, Japan) with a spectral 

range of 4000-400 cm-1, attenuated total reflection mode, 

and a resolution of 4 ᴄm to investigate the structural 

arrangement in hydrogel was done (23). 

Swelling ratio (Sr) measurement  

The equilibrium degree of swelling (swelling ratio) of 

the hydrogels was measured using the method previously 

mentioned by Qin et al. (24). The known weight of dried 

hydrogel (W-Dry) was submerged in phosphate-buffered 

saline (PBS) for 12 h at 37 °Ϲ. After swelling, the distilled 

water was aspirated and blotted the hydrogel with filter 

paper to remove the surface water and weighed again (W-

Wet). The swelling ratio was calculated as SR=(m2 - m1)/m1, 

where m2 is the weight of the swollen hydrogel, and m1 is 

the weight of the dried hydrogel. 

Scanning electron microscopy (SEM) 

The topography and surface morphology of the 

hydrogels were examined using a Zeiss Supra 55vp SEM, 

Germany. The hydrogel samples were first freeze-dried at -

70 °C for 6 hours. After freeze-drying, cross sections were 

carefully obtained from the dried samples using a sharp, 

cold blade. These cross sections were then examined under 

the Zeiss Supra 55vp SEM (25). 

Antimicrobial Activity of Hydrogels  

Methicillin resistant Staphylococcus aureus (MRSA) was 

previously isolated from the milk of clinical mastitis ewes 

and then bacteriologically identified via culturing, 

microscopically, biochemically, and an antimicrobial 

susceptibility test. The MRSA was cultured on Muller-

Hinton agar (HiMedia®, India) from the broth. After 

finishing the culturing, 1 well was made in the agar in a way 

that does not touch the dish bottom surface, for ensuring of 
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a proper distribution of the. SIS hydrogel which was put 

into the well. The dish was sealed and left in an incubator at 

37 °C for 24 h, to be read in the next day through the 

measurement of the diameter of the inhibition zone around 

well (mm) using a caliper to evaluate the antibacterial 

activity (26). These examinations were carried out using 

level 3 biosafety cabinet in the laboratory of Zoonotic 

Diseases Unite, College of Veterinary Medicine, University 

of Baghdad. 

RESULTS AND DISCUSSION 

Histology of SIS  

The histological section of bovine small SIS before 

decellularization, shows collagen stroma infiltration with 

various types of cells including fibroblasts, fibrocytes, mast 

cells and monocytes (Figure 3 a). The decellularized SIS 

membrane appeared as dense collagen stroma (Figure 3 b). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 3. (a) Microscopical section of bovine small intestinal submucosa before 
decellularization showing collagen stroma (C) infiltrate with  various types of cells 
including fibroblasts (Fb), fibrocytes (Fc), mast cells (Ma), momocytes (Mc). (H& E 
stain10 and 40X. (b). Microscopical section of decellularized bovine small intestinal 
submucosa shows collagen fibers (arrow) without cells. H&E stain, 40× 

 

Characterization of the SIS Hydrogel 

FTIR 

FTIR was used to identify the chemical structure of the 

SIS hydrogel (Figure 4). The FTIR spectrum of SIS hydrogel 

showed several absorption peaks that mainly return for the 

amide groups vibrations, the major functional groups of 

collagens have distinct peaks that have been found. The 

spectrum contained three main peaks amide I (1639 ᴄm-1) 

for C=O vibration appeared overlapping with amide II 

(1571 ᴄm-1) which were primarily credited Ν-Η bending, 

and amide III (1338 ᴄm-1) bands for Ϲ–Ν stretching. These 

characteristic peaks associated with the main functional 

groups in collagens were also reported by (27). The Ν-Η 

stretching vibration was observed at (3261 ᴄm-1). Many 

other peaks were also observed, such as  a broad signal at 

(3440 ᴄm-1) was observed corresponding to the stretching 

of Ο-Η bonds  may be related to side chain of 

hуdroхуproline, in agreement with study by (28) which was 

applying the Χ-ray photoelectron spectrometer (ΧPS) to 

confirm the FTIR data. Also, ϹΗ2 vibration of the glycine 

backbone and that of the proline side chain at 1228 -1242 

ᴄm-1, same peaks were detected by (29) after analysis of 

commercial components collagen type I. Furthermore, a 

spectral band between 2935-2979 ᴄm-1 representing the 

ϹΗ2-asymmetric vibration mode and that of the ϹΗ3-

asymmetric vibration mode has also been observed by (30) 

in skin collagen as amide B. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 4. Fourier transform infrared spectrum of SIS hydrogel shows the three main 
peaks of 1639 ᴄm-1, 1571 ᴄm-1, and 1338 ᴄm-1 related to amide Ι, II and III, 
respectively, and many other peaks were also observed, such as broad signal at 3440 
cm-1) related to side chain of hydroxyproline 

 

Sr measurement  
The equilibrium swelling capacities of SIS hydrogel in 

present study was 437% after immersion in PBS with pH of 

7.4 for 12 h (Figure 5). This result indicates that the SIS 

hydrogel is hydrophilic and has a good ability to absorb 

water and fluid. The hydrophilicity of SIS hydrogel may be 

related to its chemical bonds, particularly the carboxyl-

amide group. This argument was verified by (31), who 

indicated that the presence of a carboxyl-amide group in 

hydrogel triggers the polymer network to expand so that it 

can imbibe the water easily. 

The swelling feature is important for hydrogel which is 

used in medical applications because it absorbs tissue 

exudates and offers a moist environment for the open 

wound. Support cell attachment and increase the speed of 
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cell migration. Moreover, functionalization with loaded 

therapeutic agents and sustained release mechanism (32-

36). The hydrogel swelling ratio can also determine the 

hydrogels cross-linking density (CLD) since the swelling 

ratio increases at higher cross-linking density of gel (37). 

The CLD represents to the amount of interconnected 

polymer chains per unit volume of hydrogel (polymer 

network) that is responsible for the formation and 

maintenance of the hydrogel structure (38). Furthermore, 

the improvement in crosslinking density reflects that the 

hydrogel is composed of a high number of functional groups 

(39). In addition to the fact that crosslinking aids in 

retaining a significant amount of water, it also renders the 

hydrogel insoluble in water or biological fluids (40). 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 5. Shows swelling ratio of SIS hydrogel. (A) The full dried SIS hydrogel, and 
(B) Swollen SIS hydrogel sample after immersion in PBS for 12 hours at 37Co 

 

Wang et al. (41) recorded a higher swelling ratio of SIS 

hydrogel compering to collagen type I hydrogel and showed 

that the increasing in concentration of SIS hydrogel leads to 

increase in swelling ratio due to increase of gel cross-

linking density. The keratin hydrogel swelling properties 

were studied by Ramos et al. (42), who observed a high 

swelling ratio up to 650 % at pH 8 remarkably higher than 

that at pH 6 which was around 100% and concluded that 

the minimum swelling is noticeable at low pH, a significant 

rise of swelling was observed above pH 6 and reached the 

maximum above pH 8. That reveals there is a relationship 

between environmental pH and swelling ratio. Zhao et al. 

(36) confirmed the sensitivity of SIS hydrogel to pH, and 

also observed that a higher SIS content results in higher 

swelling ratio and attributed that to the SIS is more 

hydrophilic due to its highly water contact angle. All above 

these previous studies which discussed the swelling 

property with different type and concentration of 

hydrogels supported the result of swelling ratio calculation 

of current study and confirm the formation of a moist 

microenvironment with crosslinking density and 

appropriate porosity. 

SEM 

Scanning the lyophilized hydrogel by electron 

microscopy, showed a relatively smooth external surface 

with many cracks without any pores while the cross section 

exhibited highly porous and interconnected architecture 

like honeycomb the results are shown in (Figure 6). 

 

 

 

 

 

 

 

 

 

 
Figure 6. SEM photographs of lyophilized SIS hydrogel, (A) External surface shows 
smooth external surface with many cracks (arrows) (magnification 20.00 KX). (B) 
Cross section of lyophilized hydrogel shows pores and interconnected architecture 
like honeycomb (magnification 1.53 KX) 

 

This result is relatively consistent with result of (43) 

who researched how hydrogels changed morphologically in 

various buffered pH solutions and examined SEM images of 

freeze-dried gel swelled in pH 7.4 buffer solution, which 

exhibited regular porous honeycomb-like architectures. 

SEM Study of the 2% SIS hydrogel by (44) displayed a highly 

microporous structure with an average pore size of 143 μm 

and discovered that greater pore size indicated better cell 

adhesion and proliferation. The same study also discovered 

that the cell count in 2% SIS hydrogel was higher than that 

in 1% SIS hydrogel. Moreover, the microstructure of the 

15% w/v lyophilized small intestine submucosa hydrogel 

prepared by (45) possessed sufficiently high porosity in 

SEM analysis which was facilitate survival of the cells. The 

SEM findings in the present study indicate that prepared SIS 

hydrogel is an adequate bio-scaffold, depending on its 

morphology and porous topology, which can support cell 

adhesion, migration, and proliferation. 

Antibacterial Activity of SIS Hydrogel  

In current study, the antimicrobial efficiency of the SIS 

hydrogel was evaluated against MERSA, by application of 

agar diffusion test and assessed the zone of inhibition. The 

SIS hydrogel in present study displayed a zone of inhibition 

of 16.11 mm (Figure 7). 

 

 

 

 

 

 

 

 

 

 

 

 
 

 
 

Figure 7. Agar diffusion test of SIS hydrogel shows 16.11 mm zoon of inhibition 
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These results refer to suppression of the SIS hydrogel to 

bacterial growing. Numerous studies investigated intact 

ECM and ECM fragments to test their ability to control 

infection and to determine the mechanisms by which 

biological scaffolds resist the bacterial infections. Sarikaya 

et al. (46) showed that ECMs derived from SIS (small 

intestinal submucosa) extract of porcine was found to 

demonstrate antimicrobial activity against E. coli and S. 

aureus. A commercial graft of SIS was s applied by Shell et 

al. (47) in closure of the abdominal defects of pigs, the SIS 

scaffold shown the ability to resist of S. aureus colonization. 

The scaffold elements made from small intestinal matrix 

have shown to have similar function, when (48) evaluated 

it in stifle joint defect in a dog model after induced infection 

with S. aureus without any antibiotics administration, this 

study shown well integration of SIS-scaffold to host tissue 

and the microbiological culture of joint fluid was negative. 

Likewise, the Sarikaya et al. (46) reported that ECM extracts 

of acellular SIS matrices has antibacterial activity against S. 

aureus and E. coli. A study by Jernigan et al. (49) showed the 

superiority of SIS as angioplasty patch a compered to 

polytetrafluoroethylene (PTFE) with presence of massive 

gastrointestinal contamination and explain this ability to 

presence of a peptide in fresh SIS specimens that has 

antimicrobial properties (7), as well as Medberry et al. (50) 

showed the greater resistance of biologic scaffolds to 

infection when compared with the synthetic surgical mesh 

repair in a rat model of abdominal body wall repair.  

Usually, the small intestine submucosa is often exposed 

to a variety of bacteria, and it continuously produces 

antimicrobial peptides to regulate the development of the 

macrobiotic (51). The degradation products of ECM scaffold 

develop bioactive fragment and exert antimicrobial effect 

(52). The bioactive peptides called cryptic peptides or 

matricrypteins developed through partial proteolysis of 

extracellular matrix macromolecules (53) suᴄh as, 

glycoproteins elastin, and collagen these matricrypteins 

have various effects such as chemotaxis cells adhesion, 

angiogenic, antimicrobial and antioxidant functions (54, 55, 

56). Study by Abdillahi et al. (57) shown that alpha 3 

subunit of type VΙ collagen causes distraction of bacterial 

extracellular membrane of E. coli and S. aureus. Andersson 

et al. (52) explained that there are some peptides derived 

from vitronectin, fibronectin and laminin exhibit 

antimicrobial activity against Gram-negative and Gram-

positive bacteria. 

Furthermore, the scaffolds prepared from 

decellularized ECM growth factors such as platelet-derived 

growth factor (PDGF), hepatocyte growth factor (HGC) and 

fibroblast growth factors (FGF) display bactericidal activity 

against Gram positive and Gram-negative bacteria (51, 58, 

59). 

In conclusion, the bovine SIS can be easily separated 

from other layers. The time required for decellularization of 

the SIS was approximately 30 hours, after successive 

treatment with chemicals. The SIS pieces were pulverized, 

lyophilized (-70 °C) and powdered. PBS was used to 

dissolve the obtained SIS powder at 50% w/v (50 mg/mL) 

and formed into a gel for 12 hours at 37 °Ϲ. the hydrogel in 

present study chemically composed of amide type Ι, II and 

III, proline, hydroxyproline and glycine. In addition the 

hydrogel possessed high swelling ratio, highly porous with 

interconnected architecture as well as antibacterial activity. 

These findings of hydrogel are expected to be ideal bio-

scaffold for accelerated healing of damaged tissues and to 

be used in regenerative medicine. 
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 دقيقة ال للأمعاء المخاطية تحت  الطبقة من الماي الهلام وتوصيف تحضير
 

 ٢نادية حميد رجة الفلاحي ، ١صدام خالد حمادي 

 
 العراق  بغداد بغداد،  جامعة البيطري،  الطب كلية والتوليد،   الجراحة فرع٢ق،  العرا  تكريت، ، تكريت، كلية الطب البيطري، جامعة جراحة والتوليد ال  فرع١

 الخلاصة

  تتراوح  عجول،  لخمسة(  SIS)   الدقيقة  للأمعاء  المخاطية  تحت  الطبقة  على  الحصول   تم  ،  الدراسة  هذه  في.  حيوية  كسقالة  المخاطية  تحت  الدقيقة  الأمعاء  هيدروجيل  وتوصيف  تحضير  هو  الحالية  الدراسة  من  الهدف  كان
  عن   الدقيقة  للأمعاء  المخاطية  تحت  الطبقة  من  المائي الهلام  تحضير  تم. مسحوق  الى  وتحويلها  الطبقة  هذه  من  ايالخلا  نزع  تم   ثم  الذبح،  بعد  مباشرة  المجزرة  من(  كجم  300-250  ووزنها شهرًا  12-8  بين  أعمارهم

  في  وضعه بعد هلام الى المزيج هذا تشكل حيث( مل/  مجم 50)  حجم/  وزن٪  50 بتركيز( PBS) المنظم الملحي  الفوسفات محلول في الخلايا منزوع(  SIS) الدقيقة للامعاء المخاطية تحت  مسحوق  إذابة طريق

  والنشاط (  SEM)  الإلكتروني  المجهري   والفحص   ،   التورم  ونسبة  ،(  FTIR)   فورييه  تحويل  باستخدام  الحمراء  تحت  الأشعة  مطيافية  بواسطة  المائي  الهلام  توصيف  تم.  مئوية  درجة  37  عند  الليل  طوال   الحاضنة
  1338) و( 1-  سم 1571( )1- سم   1639) رئيسية  قمم ثلاث على( FTIR) الحمراء  تحت الاشعة  الطيف  احتوى.  FTIR  طريقة   باستخدام للهيدروجيل الكيميائي التركيب تحديد  تم. المائي للهلام للميكروبات  المضاد

  قدرة   اما.  برولين  للهيدروكسي   الجانبية  بالسلسلة  تتعلق  التي(  1-  سم  3440)  عند  العريضة   الإشارة  مثل  ،  الأخرى  القمم  من  العديد  أيضًا  ولوحظ  ،  التوالي  على  والثالث  والثاني  الأول  الأميد  الى  تعود  التي(  1-  سم

( SEM)  الإلكتروني  المجهر  مسح  أظهر .  ساعة  12 لمدة  7.4  حموضة   بدرجة(   PBS)   المنظم  الملحي الفوسفات  محلول  في  الغمر  بعد٪  437  كانت  الحالية الدراسة  في  الدقيقة  الامعاء  مخاطية  تحت  لهلام   التورم
  الاجار   انتشار  اختبار  باستخدام  الذهبية  العنقودية   المكورات  بكتيريا  ضد   للبكتيريا  المضادة  الهلام   فعالية  اختبار  تم  ،  ذلك   على  علاوة .  العسل  قرص   تشبه   للغاية  مترابطة  مسامية  بنية  ،  بالتجميد  المجفف   المائي  للهلام

 ان  الممكن  من  الحالية  الدراسة  في  المحضر  المائي  الهلام  أظهرها  التي  للبكتيريا  المضاد  التأثير  عن  فضلاً (المورفولوجية)  والشكلية  التركيبية  والبنية  الكيميائية  الخصائص.  ملم  11.16  تبلغ  تثبيط  منطقة  اظهر  حيث

 .وظيفتها الى الأنسجة تعيد التي التجديد عملية لتحفيز يستخدم حيوي كبديل تعمل حيوية كسقالة ترشحه
 الخلية خارج مصفوفة ، المائي الهلام ، الخلايا نزع ،( SIS)  الدقيقة الأمعاء مخاطية تحت :الكلمات المفاحية

 

 


