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Abstract  
Bacterial cellulose (BC) is a type of biopolymer produced as primary metabolism product by 

many genera of bacteria such as Acetobacter, Rhizobium, Agrobacterium, Psuedomonas and 

Sarcina. This article aimed to study the effect of some factors on cellulose production from 

Rhizobium leguminosarum bv. viciae which isolated from root nodules of Vicia faba plant collected 

from Abu-Ghraib in Baghdad. Some environmental and nutritional factors were examined including 

: carbon and nitrogen sources, pH, temperature and incubation period. Results showed that 

maximum production of cellulose was gained by Hestrin-Schram medium (HS medium) containing 

2% fructose as carbon source, 1% yeast extract as nitrogen source, as well as optimum pH, 

temperature, and incubation period were (5, 30°C for 7 days) respectively .Cellulose dry weight was 

analyzed by Fourier transform infrared spectroscopy (FTIR) technique and the results showed the 

presence of the functional groups of bacterial cellulose. [DOI: 10.22401/JNUS.20.1.17]  
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Introduction 

Bacterial cellulose (BC) is a natural 

polysaccharide and produced as primary 

metabolite [1]. Bacteria belongs to the genera 

of Acetobacter, Rhizobium, Agrobacterium, 

Psuedomonas and Sarcina demonstrated the 

ability to synthesize BC as a linear chain of 

several hundred to many thousands of β(1→4) 

linked D-glucose units [2]. 

BC is composed of pure cellulose without 

lignin, hemicellulose, and other substances . It 

has a high degree of polymerization, strong 

mechanical and preferential orientation 

specificities with absorbent properties [2] 

BC is experiencing a major interest  and 

being widely investigated as a new type of 

material due to its non -toxic and non- allergic 

materials with important physiochemical 

properties include: fine fiber net work, high 

water holding capacity, biocompatibility, high 

tensile strength, high crystallinity, high degree 

of polymerization, high purity, elasticity and 

durability [3,4]. 

The physiochemical properties of BC differ 

from those of plant cellulose and it has 

important applications in industry, moreover, 

BC could be purified more easily than plant 

cellulose [4]. BC is used in many special 

applications such as food productions as: an 

additive, emulsifier, dietary fiber and edible 

preservative in addition to medical 

applications as barrier against bacterial growth 

[3,5], as a scaffold for tissue engineering of 

cartilages, and blood vessels as well as for 

artificial skin for temporary covering of 

wounds [6,7]. 

The present work was carried out to study 

the effect of some environmental and 

nutritional factors for enhancement of 

cellulose production from Rhizobium 

leguminosarum bv. viciae. 

 

Materials and methods 

Sample collection 
Root nodules of Vicia faba plant were 

collected from a farm located in Abu-Ghraib, 

in Baghdad in sterile container. 

 

Isolation and identification of Rhizobium 

leguminosarum bv. viciae 
The vitality root nodules were chosen and 

washed with tap water to remove soil particles, 

after that root nodules were sterilized with 

95% ethanol, then washed several times with 

sterile  distilled water (D.W.) to remove the 

effect of ethanol. The nodules were crushed 

with sterilized needle and mixed with D.W. to 

form suspension of nodules which used to 

study the morphological and cultural 

characteristics for full identification of 

Rhizobium leguminosarum bv. viciae. The 

morphological identification was done by 

taking a loopfull from the suspension, and 

spread on a glass slide, then examined under 
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microscope, while the cultural characteristics 

were done by culturing the suspension on 

Mannitol Yeast Extract Agar (MYA) and 

incubated at 25°C for 3-5 days [8,9]. 

 

Detection and extraction of Rhizobium 

leguminosarum bv. viciae cellulose 
The ability of isolated Rhizobium 

leguminosarum bv. viciae to produce cellulose 

was examined by inoculating flasks containing 

100 ml of cellulose production medium (HS-

medium) with 1 ml of fresh culture of bacterial 

isolate and incubated at 30°C for one week. 

Cellulose production was investigated as the 

appearance of white pellicle of cellulose on the 

surface of culture medium. 

Cellulose was extracted from the 

production medium according to Son et al. 

(2002) [10], by harvesting cellulose pellicles 

by filtration throughout filter paper whatman 

No.1, then washed with distilled water, heated 

in a water bath with 0.5% NaOH at 80°C for 

15 min to remove microbial cells and medium 

components, then washed with distilled water, 

placed in a petri dish, dried in an oven at 

105°C for 1-2 hr. to determine cellulose dry 

weight. 

 

Fourier transform infrared spectroscopy 

analysis for Rhizobium leguminosarum bv. 

viciae cellulose  
The dry weight of bacterial cellulose was 

analyzed by FTIR  by taking small amount of 

powder cellulose, mixed with potassium 

bromide (KBr) crystals at ratio 1:10 (w/w), put 

in a cap and  compressed to compose a thin 

pellet and the spectrum of the pellet was 

obtained by Shimadzu FTIR 

spectrophotometer [11]. 

 

Determination of optimum conditions for 

cellulose production from Rhizobium 

leguminosarum bv. viciae 

1- Effect of carbon sources 

To study the effect of different carbon 

sources on the cellulose production,100 ml of 

sterilized Hestrin-Schram medium (HS- 

medium) with 2% w/v of different carbon 

sources (fructose, sucrose, glucose, mannitol, 

and dates molasses) were prepared and 

inoculated with 1% of activated bacterial 

culture broth (optical density, 0.1). The media 

were incubated for one week at 30°C bacterial 

cellulose, extracted, dried and weighted. 
 

2- Effect of nitrogen source 

One- handred ml of sterilized HS- medium 

with optimum carbon source (fructose) was 

prepared with different nitrogen sources at a 

concentration of 1% (w/v) (peptone, malt 

extract, yeast extract, ammonium sulphate, and 

urea), inoculated with 1% of activated 

bacterial culture and incubated for one week at 

30°C. Cellulose was extracted and dry weight 

was measured. 
 

3- Effect of pH 

Cellulose production media were prepared 

at different pH values (5, 5.5, 6, 6.5, 7 and 7.5) 

with fructose and yeast extract as carbon and 

nitrogen sources, inoculated with 1% of 

activated bacterial culture and incubated for 

one week at 30°C. Cellulose was extracted and 

dry weight was recorded. 
 

4- Effect of incubation temperature  

Cellulose production medium with 

optimum carbon and nitrogen sources and 

optimum pH (5) was incubated at different 

temperatures (20, 25, 30, 37, 40 and 45)°C for 

one week, after inoculation with 1% of 

activated bacterial culture then cellulose was 

extracted and dry weight was recorded. 
 

5- Effect of incubation periods  

Cellulose production medium with 

optimum carbon, nitrogen sources and 

optimum pH (5) , was inoculated with 1% of 

activated bacterial culture (optical density, 0.1) 

and incubated at 30°C for  1, 3, 5, 7 and 9 days 

after each incubation period, cellulose was 

extracted and  dry weight was recorded. 

 

Results and discussion  

Isolation and identification of Rhizobium 

leguminosarum bv. viciae 

Rh. leguminosarum bv. viciae was isolated 

from vitality root nodules, then identified 

depending on morphological, culture 

characteristics and microscopic examination 

[12,13]. Morphological and culture 

characteristics depending on the appearence of 

bacterial colonies on mannitol yeast extract 

agar (MYA).The colony seemed as large 

milky-white, shiny and raised with a circular 

shape colonies, highly mucoid. Under 

https://www.google.iq/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwiSpaPIuIvMAhUE1hQKHS-eBwoQFggaMAA&url=https%3A%2F%2Fen.wikipedia.org%2Fwiki%2FFourier_transform_infrared_spectroscopy&usg=AFQjCNEkGKrQDSUqBI8YwA1tBD3C6DnsUQ&bvm=bv.119408272,d.bGg
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microscopic examination it appeared as gram 

negative and rod shaped bacteria. 

 

Detection and extraction of Rhizobium 

leguminosarum bv. viciae cellulose 
Rh. leguminosarum bv. viciae isolate was 

examined for their ability to produce cellulose 

by culturing on HS broth medium. Cellulose 

dry weight produced was determined. Results 

showed that Rh. leguminosarum bv. viciae 

isolate can produce cellulose and cellulose dry 

weight produced from this isolate was 6.8 g/L 

which can be seen as white pellicle formed on 

the surface of HS medium. 

 

Fourier transform infrared spectroscopy 

(FTIR) analysis of Rhizobium 

leguminosarum bv. viciae cellulose 

The analysis of the crude cellulose fractions 

was done by FTIR technique, the results 

exhibited the presence of O-H stretching group 

in 3409.91 cm
-1

, bending groups of C-H and 

H-C-H in 2929.67cm
-1

 and 2869.88cm
-1

,C-C 

group presence at 1446.51cm
-1

,The C-O-C 

groups stretching vibration appears at 1081. 

99cm
-1

. Fig.(1) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 
Fig.(1) FTIR analysis of cellulose produced from Rhizobium leguminosarum bv. viciae. 

 

The optimum conditions for cellulose 

production from Rhizobium leguminosarum 

bv. viciae. 

1- Effect of carbon sources 
The results of dry weights of cellulose were 

fructose 8.4, mannitol 6.6, date molasses 6.2, 

sucrose 5.8 and glucose 4.9 g/L Fig.(2). The 

best carbon source for production of bacterial 

cellulose was fructose at 2% [14]. The lowest 

production of cellulose in a medium 

containing glucose as carbon source was due 

to the formation of gluconic acid and 

ketogluconic acid as by product which leads to 

lower the pH of the medium and inhibited cell 

growth and decreased the production of 

bacterial cellulose [15, 16]. Medium with date 
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molasses as carbon source increased the 

production of cellulose more than the medium 

supported with glucose as carbon source [16]. 
 

 
Fig.(2): Cellulose production from 

Rhizobium leguminosarum bv. viciae in HS- 

medium supplemented with 2% of different 

carbon sources 
 

2-  Effect of nitrogen sources  

The maximum production of cellulose was 

gained by supplementing production medium 

(HS) with yeast extract and the dry weight was 

(7.8 g/L) when compared with other nitrogen 

sources. The dry weights of cellulose gained 

by supplementing the production medium with 

different nitrogen sources were (yeast extract 

7.8, malt extract 6.9, pepton 6.3, urea 4.2 and 

ammonium sulphate 1.5) g/L. The essential 

component of proteins is nitrogen, which plays 

an important role in bacterial metabolism, 

increased bacterial growth and providing it 

with essential vitamins chiefly vitamin B 

complex, that afford the requirements for 

microorganism for growth and cellulose 

production [17,18]. 

 

 
 

Fig.(3) Cellulose dry weights produced from 

Rh. leguminosarum bv. viciae in HS- medium 

supplememting with 1% of different nitrogen 

sources. 

 

3- Effect of pH on cellulose production 

The greatest production was gained at pH 

(5), and the dry weight was (7.1 g/L) while in 

pH greater than 5 there were decrease in 

cellulose production. Cellulose dry weights 

obtained from treated production medium with 

different pH values (5, 5.5, 6, 6.5, 7 and 7.5) 

were (7.1, 6.3, 5.7, 5.1, 3.2 and 2.4) g/L 

respectively Fig.(4).  
 

 
Fig.(4): Effect of pH on cellulose production 

from Rh. leguminosarum bv. viciae 
 

The pH of production medium decreased 

during production processes due to formation 

and the accumulation of lactic acids, gluconic 

acid, acetic acid in the culture medium which 

impede bacterial growth and cellulose 

productivity [17]. 
 

4- Effect of incubation temperature on 

cellulose production 

Results showed that maximum cellulose 

production was at 30°C. However, cellulose 

production decreased at temperature above 

30°C and less than 25°C. The dry weights of 

cellulose gained from incubation the 

production medium at different temperatures 

(20, 25, 30, 35, 40 and 45) were (3.8, 7.2, 7.5, 

4.3, 3.2 and 1.3) g/L respectively Fig.(5). 
 

 
Fig.(5): Effect of different incubation 

temperatures on cellulose production from 

Rh. leguminosarum bv. Viciae. 
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There are many types of enzymes 

responsible for conversion of carbohydrates to 

cellulose and the best temperature for these 

enzymes was at between (28-30)°C. At 

temperatures above 31°C, the production of 

cellulose was lowered due to inactivation of 

metabolic enzymes at these temperatures [19]. 

 

5- Effect of incubation periods on cellulose 

production  

The results showed that the maximum 

amount of cellulose was obtained in incubation 

period of 7 days while the amount of cellulose 

declined in incubation periods below and over 

than 7 days. The dry weights of cellulose 

gained at different incubation periods (1, 3, 5, 

7 and 9) days were (0.4, 2.5, 5.7, 7.2 and 4.6) 

g/L respectively Fig.(6). The changes in the 

bacterial cellulose concentration in the 

fermentation medium occurred after 7–18 days 

of fermentation, the amount of glucose was 

almost exhausted and the metabolites had 

reached maximum production at this time. 

Therefore, there was an increase in the 

bacterial cellulose at incubation periods reach 

to 7-18 days [17]. 

The dry weight and the yield of bacterial 

cellulose increased quickly after a few days of 

incubation, and the production reached to 

maximum after 2 weeks [18]. The bacterial 

cell mass deceased over time, and the 

production of cellulose happened through the 

exponential growth phase, and the maximum 

production in the stationary phase. There was 

no production of polysaccharides during the 

decline phase [19]. 

 

 
Fig.(6): Effect of different incubation periods 

on cellulose production from R. 

leguminosarum bv. viciae 

 

Conclusion 

Fourier transform infrared spectroscopy 

analysis for cellulose production from 

Rhizobium leguminosarum bv. viciae showed 

the presence of O-H, C-H , H-C-H,C-C, and 

C-O-C groups which acts as functional groups 

in cellulose structure. The optimal conditions 

for cellulose production from Rhizobium 

leguminosarum bv. Viciae were: (2% w/v) 

fructose as carbon source, (1%) yeast extract 

as nitrogen source, pH (5), incubation 

temperature (30°C), and incubation period was 

(7 days). 
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 الخلاصة
السيميموز البكتيري هو نوع من البوليمرات التي تنتج من 
البكتريا كمواد ايض اولية , وينتج من عدد من الاجناس 

 , Sarcina , Acetobacter , Rhizobium البكتيرية مثل

Agrobacterium , Psuedomonas  يهدف هذا البحث .
الى دراسة بعض العوامل المؤثرة في انتاج السميموز من بكتريا 

Rhizobium leguminosarum bv. Viciae  المعزولة
من العقد الجذرية لنبات الباقلاء المجموع من منطقة ابو 
غريب في بغداد, اختبر تاثير بعض العوامل البيئية والغذائية 

لنيتروجيني, الاس الهيدروجيني, كتأثير المصدر الكاربوني وا
درجة الحرارة ومدة الحضانة. اظهرت النتائج ان اعمى انتاج 
لمسميموز من بكتريا العقد الجذرية تم الحصول عميه عندما 

 Hestrin-Schram medium (HSوسطنميت في 

medium)   فركتوز كمصدر كاربوني, 2الحاوي عمى %
وان افضل اس % مستخمص الخميرة كمصدر نيتروجيني, 1

ايام. تم  7ومدة حضانة ° م 33والحرارة  5هيدروجيني هو 
تحميل السميموز المستخمص من البكتريا بشكل مسحوق 
بواسطة تقنية قياس طيف الاشعة تحت الحمراء, واظهرت 

 النتائج وجود المجاميع الوظيفية الفعالة لمسميموز البكتيري.
 

 

 

 

 

 

 


