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INTRODUCTION 

Nanocomposites have attracted great interest in both 

industry applications and academic studies (Al-Khafaji, 

2021). Cellulose is made through β (1→4) connected D

-glucose units. Contrasted with, starch and glycogen 

are made by α (1 → 4) connected D-glucose units. The 

bonds in cellulose make it a linear chain polymer 

(McNamara et al., 2015). Cellulose is odor-free, taste-

less, hydrophilic, unsolvable in water, and recyclable. 

Its boiling point is 467°C and it can hydrolyze into glu-

cose by acid processing at a great heat (Lahiri et al., 

2021). Cellulose is made by plants, algae, various bac-

teria and other microorganisms and is the major essen-

tial particle in plants and algae cell walls (Choi et al., 

2022). Cellulose is a significant primary part of the cell 

wall of plants, many types of algae, fungi and oomy-

cetes. Some bacteria secrete it to form pellicles 

(Lehrhofer et al., 2022; Saxena and Brown, 2021). The 

yeast is due to its ability to grow within the human body 

and consumption of available carbon (Salih and Khalid, 

2019). 

   Furthermore, to plant cellulose from timber, cotton, 

and bamboo, cellulose can be produced via numerous 

types of microorganisms containing some gram-

negative and gram-positive bacteria capable of produc-

ing cellulose (Zhong, 2020). Among them, species of 

the genera Acetobacter, Aerobacter, Achromobacter, 

Alcaligenes, Komagataeibacter, Pseudomonas, Rhizo-

bium and Sarcina, among others, are commonly report-

ed. Because of the highest produce, Komagataeibacter 

xylinus (syn. Gluconoacetobacter xylinus), Komaga-

taeibacter hansenii (formerly Acetobacter xylinum and 

Acetobacter hansenii, respectively) and Acetobacter 

pasteurianus are the most often used. Depending on 

the bacterium used, cellulose's properties and con-
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struction will differ (Lavasani et al., 2017). This kind of 

cellulose is called bacterial cellulose or microbial cellu-

lose. Acetic acid bacteria likewise yield cellulose, chief-

ly species from Komagataeibacter, Acetobacter and 

Gluconacetobacter genera. Bacterial cellulose is con-

structionally diverse from its similar made via plants 

because of the basis of Iα and Iβ allomorphs compo-

nents. Iα dominates in BC construction; however, in 

plant cellulose dominates Iβ allomorph. It was de-

scribed that cellulose Iα chains are arranged in a com-

pact construction with nanometre size (Maria et al., 

2018).  

Vinegar bacteria yield binary types of cellulose, termed 

cellulose I in the form of a ribbon-like polymer and cel-

lulose II in the form of a shapeless extra constant poly-

mer. The change in cellulose I and II made is in making 

cellulose external the cytoplasmic membrane.       Bac-

terial cellulose has a microstructure that regulates its 

physical and mechanical characteristics, and its for-

mation can be directed by the kind of growing, bioreac-

tor and then hydrogel or dehydrated formal obtained by 

freeze-drying. The best intermediate project is extreme-

ly significant for microbes' growth, which returns to vari-

ations in their medium in several routes, like stimulating 

and preventing protein synthesis and variations in cell 

shape (Wang et al., 2021). 

When comparing plant cellulose with bacterial cellu-

lose, bacterial cellulose fibers are 100 times thinner 

than plant cellulose, and the three-dimensional network 

allows for a greater surface area to size ratio, which 

enables powerful reaction with adjacent constituents 

and is highly biocompatible (Sadalage and Pawar, 

2021). Bacterial cellulose has three-dimensional porous 

structured fibrils with dimensions in the nanometer 

range (10-100 nm). It also offers comparatively impres-

sive mechanical intensity, a great grade of polymeriza-

tion and crystallinity (about 90%), and water-holding 

capability. BC's production is more eco-friendly than 

the chemical method used for obtaining plant cellulose, 

which could lead to some ecological complications be-

cause of the utilization of carbon disulfide (CS2) and 

heavy metals (Zhijun et al., 2014). 

Another way to synthesize cellulose is to use 

Kombucha (Khubdat Humza) containing yeast and bac-

teria, particularly Acetobacter  xylinum, which makes a 

cellulose membrane in Ahmed United Kingdom. 

Kombucha yields cellulose membranes with unparal-

leled purity and nano construction (AL-Kalifawi and 

Inaam, 2014; Al‐Kalifawi, 2014a; Al‐Kalifawi, 2014b). 

Alkhal mother pellicles are Symbiotic Cultures of Bacte-

ria and Yeast (SCOBY), a cellulose biopolymer of the 

reaction of bacteria and yeast. It can be made during 

the kombucha fermentation (Al‐Kalifawi, 2018; Al-

Kalifawi et al., 2021). The cellulose formed in SCOBY 

has various properties with cellulose in plants. The ex-

isting study aimed to produce low-cost, environmentally 

friendly Bacterial cellulose utilizing Iraqi vinegar’s moth-

er pellicle (BCIVMP) and study its properties.    

MATERIALS AND METHODS 

Production of Bacterial cellulose utilizing Iraqi vin-

egar’s mother pellicle and culture conditions 

The method of Al-Kalifawi and Hassan (2014) and Al-

Kalifawi et al. (2021) was used to produce the largest 

possible amount of bacterial cellulose from growing the 

Iraqi BCIVMP on   Procured of supermarket Ahmed tea 

cooled to a temperature of 25°C. 

Purification of Bacterial cellulose utilizing Iraqi vinegar’s 

mother pellicle, Its properties were studied using sever-

al techniques that included visible and ultraviolet spec-

troscopy and FT-IR spectroscopy, SEM and XRD.The 

bacterial cellulose from Iraqi vinegar’s mother pellicles 

(BCIVMP) purified according to (Pigaleva et al., 2019).  

 

Characterization of Bacterial cellulose utilizing  

Iraqi vinegar’s mother pellicle 

Ultraviolet-Visible Spectroscopy (UV–Vis) 

The characterization of the bacterial cellulose from 

BCIVMP was estimated according to Al-Janabi and Al-

Kalifawi (2020); Al-Salhie and Kalifawi (2020). UV-Vis 

spectrophotometer (Thermo Scientific™, USA) was 

used, and a scan from 200–1000 nm was done by 

quadrilateral film (1×4 cm2).  

 

Fourier Transform Infrared Absorption Spectrosco-

py (FTIR) 

The functional groups existing in the bacterial cellulose 

from Iraqi BCIVMP were determined by FTIR. It was 

also used for comparing the element component be-

tween the unpurified and purified (BCIVMP) with deion-

ized water and NaOH. The analysis was done by the 

Shimadzu Corporation Japan, ranging between 4000 

and 500 cm-1. 

 

Scanning Electron Microscopy (SEM) 

To analyze the surface shape of the bacterial cellulose 

from Iraqi BCIVMP, the dry BCIVMP was covered with 

a gold membrane by spraying. The surface shape of 

the pellicle was examined using SEM was done at the 

Ministry of Science and Technology, Baghdad, Iraq 

(FEI INSPECT F50 Company Oregon, United States). 

SEM was performed together with EDS analysis.  

 

X-ray Diffraction analysis (XRD) 

The value of crystallinity of formed bacterial cellulose 

from Iraqi BCIVMP was examined and estimated from 

the diffracted strength records gained after X-ray Dif-

fractometry analysis using Aeris- Benchtop X-Ray Dif-

fractometer. Scans were achieved over the 5°-40° 2θ 

range employ steps of 0.02° in width. The mean crys-

tallite size was calculated by the Scherrer equation 
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(Betlej et al., 2021).     

RESULTS AND DISCUSSION 

Production of bacterial cellulose from Iraqi vine-

gar’s mother pellicles  

 Bacterial cellulose from Iraqi vinegar’s mother pellicles 

was obtained as a complete layer in the growth con-

tainer after 10-20 days of growth Fig. 1. The optimal 

cultured conditions mentioned in a previous study (Al-

Khlifawi and Hassan, 2014), were applied. The typical 

conditions were provided for the growth of the starter 

disc, which is called the vinegar’s mother pellicles, 

which included the energy source, as sugar, and the 

nitrogen source, which was provided from black tea, in 

addition to the growth conditions of temperature and 

pH, a second disc of bacterial cellulose called the 

daughter disc was obtained, which often grows on the 

mother's disc Fig. 1. The daughter disc's size, shape, 

color and texture depend mainly on the type of culture 

medium and its concentration in addition to other devel-

opment conditions.    

The process of purifying bacterial cellulose using a so-

lution of 0.1 M NaOH and deionized water proved its 

feasibility, as it removed the color and many pellicles 

bound materials from bacteria, yeasts and components 

of the culture medium Fig. 2. This is what helped in de-

termining the properties of bacterial cellulose using 

many techniques. 

 

UV-Vis spectroscopy of the BCIVMP 

Fig. 3. shows the UV-Vis spectra of the bacterial cellu-

lose from Iraqi vinegar’s mother pellicles (BCIVMP). 

Mean values observed for (BCIVMP) in 273 and 542 

nm.  

 

Fourier transforms infrared spectroscopy (FTIR) 

The main bands were at 3259, 3291, and 3342 cm-1, 

Fig. 1. Showing Iraqi vinegar’s mother pellicles growth on sweetened tea at 25 °C after 14 days. 

Fig. 2. Showing the steps of purification and decolonization of bacterial cellulose produced from the Iraqi vinegar ’s moth-
er pellicles.  
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demonstrating an intramolecular hydrogen stretching 

vibration, which are OH groups associated to the H2O 

particle. The reduction of H2O groups on the film was 

observed across bands equally the pureness proceeds. 

The other bands were at 2899, 2918, and 2886 cm-1  

less distinct absorption bands, suggesting the stretch-

ing of C-H bonds, and a much lesser peak of these 

complexes can be realized when the pellicle was 

cleansed with NaOH. The bands 1652 and 1633 cm-1 

demonstrate absorption of the C=O group. The bands 

at 1145, 1151, and 1106 cm-1, suggest the existence of 

the NH group (Fig. 4). 

Visual analysis of a BCIVMP Surface  

The BCIVMP surface was examined by scanning elec-

tron microscopy (SEM), as shown in Fig. 5. At low am-

plification the BCIVMP showed an extremely spongy 

construction with different levels of pore size. Small and 

large clustered crystals were seen at higher amplifica-

tion. The average diameter was 17-29 nm. EDS 

analysis was performed to detect and confirms the 

presence of the traces of mineral ions and elements 

belonging to the functional groups present in the con-

struction of bacterial cellulose. Such as calcium, mag-

nesium, zinc, silver, iron and sodium on the BCIVMP 

Fig. 3. UV-Vis analysis of bacterial cellulose from Iraqi vinegar’s mother pellicles. 

Fig. 4. FTIR spectrum of bacterial cellulose from Iraqi vinegar’s mother pellicles. 
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(Fig. 6).     

Fig. 7a and 7b present the XRD pattern of BCIVMP. 

The results of the XRD pattern for bacterial cellulose 

produced from Iraqi vinegar’s mother pellicles before 

and after purification showed the presence of the same 

peaks at (101) and (002) resembled reflections with 2θ 

values of the Bragg angles 14.8° and 22.9° respective-

ly. These findings confirm that the material experienced 

is cellulose, but these peaks became narrower after 

purification, indicating an increase in purity and crystal-

linity. The crystallinity index of BCIVMP was deter-

mined to be 91.5%, and the average crystallite size to 

be 7.5 nm. 

The present study on the production and characteriza-

tion of bacterial cellulose utilizing Iraqi vinegar’s mother 

pellicles is the new one, as there is no previous study in 

Iraq on the production of bacterial cellulose from Iraqi 

vinegar’s mother pellicles using the method used in the 

current research Cellulose is one of the most important 

materials commonly used in all industrial, medical, en-

vironmental, laboratory and other fields. This polymer is 

produced primarily from plants and more recently, it is 

produced from other sources such as algae, lichens, 

fungi and bacteria. It is worth noting that cellulose pro-

duced from bacteria has unique properties that cellu-

lose produced from plants does not have. In general, 

bacterial cellulose was extra chemically pure.  It did not 

contain hemicellulose or lignin, had a more prominent 

water-holding capacity and hydrophilicity, prevalent 

rigidity coming from a higher quantity of polymerization, 

ultrafine web development (Masek and Kosmalska, 

2022).  

Cellulose is produced in millions of tons from plants 

annually, resulting in large waste that exhausts the en-

vironment and increases pollution (Karić et al., 2022). 

While the production of bacterial cellulose from the Iraqi 

vinegar’s mother pellicles is eco-friendly as they are 

recyclable and inoffensive to humans. Furthermore, it 

does not cause any contamination. In the present 

study, bacterial cellulose was produced from the Iraqi 

Fig. 5. SEM image of bacterial cellulose from Iraqi vinegar’s mother pellicles 

Fig. 6. EDS image of bacterial cellulose from Iraqi vinegar’s mother pellicles  
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vinegar’s mother pellicles, which is thrown into the envi-

ronment as a waste of vinegar industry. The Iraqi vine-

gar’s mother pellicles were cultivated on sweetened 

tea. All appropriate conditions were provided with the 

purpose of obtaining the largest amount of bacterial 

cellulose, according to a previous study by (Ahmed, et 

al., 2023, Al-Kalifawi et al., 2021). Still, the new in this 

study is obtaining a safe, effective, and less expensive 

bandage for treating burns and wounds. 

The results of the vinegar’s mother pellicles growth on 

the sweetened tea have proven successful, as a new 

layer of vinegar’s mother pellicles was formed after 7-

10 days, with a change in the pH of cultured medium 

and the exit of bubbles and vinegar smell from the cul-

tured medium. The vinegar’s mother pellicles were also 

purified using a solution of 0.1 M NaOH and distilled 

water to get rid of any remaining microorganisms, me-

dium components and soluble polysaccharides, bacte-

ria, and its remains such as Lipopolysaccharides (LPS) 

that are characterized by toxicity, attached cells and 

impurities embedded in the bacterial cellulose resulting 

in the effective isolation of cellulose from Iraqi vinegar’s 

mother pellicles for the purpose of studying properties. 

These findings are in line with Ahmed et al. (2023); 

Ahmed and Abdul Latif, 2021). Results observed for 

(BCIVMP) at 273 nm and 542 nm using UV-Vis spec-

troscopy indicated the presence of bacterial cellulose in 

the examined samples and are consistent with several 

studies (Park et al., 2010; Betlej et al., 2021; Márquez-

Reyes et al., 2022). The FTIR spectrum confirmed the 

presence of the following functional groups –C–O and/

or –C–C–, –C–O–C and/or –C–C–O and–O–H in the 

bacterial cellulose, which were identified from the visi-

ble bands in the FTIR spectrum, and this is consistent 

with many studies, growing bacterial cellulose on a 

cooled and sweetened liquid (tea) medium (Park et al., 

2010; Betlej et al., 2021).  

According to these studies, the typical absorption 

bands for bacterial cellulose spectrum are hydroxyl 

groups, methylene stretching vibration and the C-O-C 

and C-OH stretching vibrations of sugar ring (22). The 

–OH group vibrations correspond to the absorbing 

band around 3500 cm-1. Near this band there is a C-H 

Fig. 7a. XRD analysis of bacterial cellulose from Iraqi vinegar’s mother pellicles before purification  

Fig. 7b. XRD analysis of bacterial cellulose from Iraqi vinegar’s mother pellicles after purification. 
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stretching vibration of CH3 and CH2 groups at 2890  

cm-1. The peak of 1160 cm-1 corresponds to the C-C 

stretching, while the band at 1108 cm-1 is the C-O-C 

stretching vibration. The C-OH stretching vibration of 

secondary and primary alcohols of bacterial cellulose is 

at 1055 cm-1 and 1028 cm-1, respectively (Jung et al., 

2007; Phamac and Tranb, 2023).  

All the groups described above were found in obtained 

FTIR spectra in the same area as reported in other 

studies. No additional signals were found. Generally, 

the attained FTIR spectra of bacterial cellulose formed 

by SCOBY and two Komagataeibacter bacteria are 

consistent with other reports (Ahmed and Abdul Latif, 

2020; Ahmed and Abdul Latif, 2021). The BCIVMP sur-

face was examined by scanning electron microscopy 

(SEM) at low amplification. The BCIVMP showed an 

extremely spongy construction with different levels of 

pore size. At higher amplification, both small and large 

clustered nanocrystals are seen. The average diameter 

of nanocrystals was 17-29 nm. These results are in line 

with numerous studies (Ahmed et al., 2023; Pad-

manabhan et al., 2022). 

EDS analysis was performed to detect and confirm the 

presence of the traces of mineral ions and elements 

present in the structure of bacterial cellulose. These 

findings are in line with various studies (Kamona et al., 

2021; Atala et al., 2015). The results of the X-ray dif-

fraction (XRD) pattern for bacterial cellulose produced 

from Iraqi vinegar’s mother pellicles before and after 

purification showed the presence of the same peaks at 

(101) and (002), but these peaks became narrower af-

ter purification, indicating an increase in purity and an 

increase in crystallinity. The crystallinity index of 

BCIVMP was determined to be 91.5%, and the average 

crystallite size was determined to be 7.5 nm. These 

consequences agree with previous studies .use 

cellulose from different sources. (Hamza et al., 2022; Al-

Deresawi et al., 2023). The present study on the pro-

duction and characterization of bacterial cellulose utiliz-

ing Iraqi vinegar’s mother pellicles is unique as there is 

no previous study in Iraq on the production of bacterial 

cellulose from Iraqi vinegar’s mother pellicles using the 

method used in the present research.  

Conclusion 

The present study concluded that bacterial cellulose 

production from the Iraqi vinegar’s mother pellicles is 

eco-friendly as they are recyclable and inoffensive to 

humans. Furthermore, it does not cause any contami-

nation. Since this type of cellulose is purer than plant 

cellulose and has unique properties. The study on the 

production and characterization of bacterial cellulose 

utilizing Iraqi vinegar’s mother pellicles is the new one, 

as there is no such previous study in Iraq on the pro-

duction of bacterial cellulose from Iraqi vinegar’s mother 

pellicles.  
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