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Introduction  

Cellulose (C6H10O5)n is composed of D-glucose units. It 

contains the C4-OH group, which serves as the non-reducing end, while 

the terminating group is C1-OH.1 The primary component of plant cell 

walls is cellulose, which is typically used in manufacturing as a crude 

composite for paper and rayon fibers. As a result, it is important to look 

for substitute sources of cellulose with higher purity. Bacterial cellulose 

is an extracellular polysaccharide produced by several genera of acetic 

acid bacteria (AAB), including Acetobacter, Agrobacterium, 

Gluconacetobacter, and other bacteria like Rhizobium, Achromobacter, 

Alcaligenes, and Aerobacter. It can be used as a substitute for plant 

cellulose in a variety of industries, including the food industry, 

medicine, and many others.3 The AAB belong to the family 

Acetobacteraceae, and its optimal pH range for growth is 5-6.5.4 

Vinegar is a by-product of AAB metabolism. It is an aqueous solution 

of acetic acid and other ingredients that is used as a food seasoning and 

preservative. Vinegar is produced through two stages of fermentation: 

the first stage is anaerobic fermentation, which involves yeasts 

converting sugars into ethanol, and the second stage is aerobic 

fermentation, which involves AAB oxidizing ethanol into acetic acid.5 
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Even in conventional vinegar that does not contain preservatives, if the 

AAB are not completely removed in the filtration process before 

bottling, it can encourage the growth of cellulose-producing aerobic 

bacteria. This can lead to the formation of a pellicle layer, either on the 

surface or the medium of the product.6 

Currently, there is a lot of research being done and attention being paid 

to the isolation and production of nanocellulose fibers. This is because 

nanocellulose combines the physical and chemical properties of 

cellulose, such as hydrophilicity and its capacity to be chemically 

modified by a wide range of reactions, with the characteristics of 

nanomaterials, such as high specific surface area and aspect ratio.7 

Cellulose nanocrystals made by the acid hydrolysis of BC are non-toxic, 

environmentally friendly, edible, degradable, and biocompatible.8 The 

positive outcome of the BNC produced by the nanocellulose pellicles or 

membrane could be observed as the formation of a gel-like mat that 

floats on the surface of the medium. The BNC produced by the bacterial 

isolate could be purified by 0.1 M of NaOH.9  

The structure of BNC, such as the determination of width, length, and 

cross-linking of the cellulose fibers, could be characterized using 

several techniques. These include atomic force microscopy (AFM), 

which produces images of homogeneous films with distinct grain sizes, 

and transmission electron microscopy (TEM). Also, other important 

parameters are used to characterize the BNC, such as the X-ray 

diffraction (XRD) technique, which uses X-ray diffraction to measure 

the degree of polymerization (DP) and crystallinity. The XRD technique 

is a great non-destructive method for characterizing materials because 

it can be used to determine the crystal structure, orientation, and size of 

the grain.10-12  

In the present study, AAB were isolated from apple vinegar and used to 

produce BNC, which was purified and characterized. 
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Specific microorganisms can produce bacterial nanocellulose (BNC), with acetic acid bacteria 

(AAB) being the most active producer. The family Acetobacteraceae includes the obligate aerobic, 

motile acetic acid bacteria. The BNC has attracted a lot of interest across a wide range of 

industries, including pharmaceuticals, due to its flexible characteristics, properties, and 

advantages. The present study was conducted to purify and characterize BNC produced from AAB 

isolated from apple vinegar. Bacterial nanocellulose was synthesized using a natural date palm 

liquid medium at pH 6 at 30°C for 8–10 days. The bacterial cellulose produced was then purified 

using a technique involving 0.1 M sodium hydroxide. To ascertain the surface morphology, size, 

and form of the BNC membrane, three techniques were used for characterization: X-ray 

diffraction (XRD), atomic force microscopy (AFM), and transmission electron microscopy 

(TEM). The results of the XRD analysis confirmed that the BNC particle size ranged between 

approximately 17.10 and 70.33 nm, while the AFM analysis revealed that the mean diameter of 

these nanofibers was 26.58 nm. The TEM images clearly showed that the diameters of the BNC 

fibers ranged between approximately 26-66 nm. The findings of this study reveal that the 

characterization of the purified BNC using the XRD, AFM, and TEM analyses showed the 

presence of fibers with varying nanoscale diameters. 

   

Keywords: Atomic force microscopy, Acetic acid bacteria, Bacterial nanocellulose, 

Characterization, Transmission electron microscopy, X-ray diffraction analysis, Gluconobacter. 

Copyright: © 2023 Ahmed et al. This is an open-
access article distributed under the terms of the 

Creative Commons Attribution License, which 

permits unrestricted use, distribution, and reproduction 
in any medium, provided the original author and 

source are credited. 

 

https://www.tjnpr.org/
mailto:entisar.ahmed1102@sc.uobaghdad.edu.iq
https://creativecommons.org/licenses/by/4.0/


                               Trop J Nat Prod Res, March 2023; 7(3):2580-2585                 ISSN 2616-0684 (Print) 

                                                                                                                                                  ISSN 2616-0692 (Electronic)  

 

2581 

 © 2023 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License 

 

Materials and Methods 

Sources of bacterial isolates  

The AAB were isolated from apple vinegar and date palm vinegar using 

three culture media; GYC broth medium,13 Hestrin-Schramm (HS) and 

glucose yeast (GY) broth media,14 and glucose yeast calcium carbonate 

(GYC) agar medium.15 A total of 25 samples of different types of 

vinegar (apple and date palm vinegar) were collected under aseptic 

conditions from the local market in Baghdad city. The best 5 isolates 

were characterized as AAB from the total samples, and the isolate 5AC 

was characterized as Gluconobacter according to the procedures of 

Zahoor et al. (2006) and Bellankimath et al. (2017).13-16 The 

identification of the bacterial isolates was confirmed by the real-time 

polymerase chain reaction (RT-PCR) amplification technique.17 After 

screening in HS and GY broth media and observing its ability to 

produce the BNC, the bacterial isolate, Gluconobacter 5AC was chosen 

as a BNC producer. 

 

Preparation of the production medium 

A date palm liquid medium (pH 6) was used as a medium for the 

production of bacterial nanocellulose. It was prepared by mixing 15 g 

of date palm (kind: Osta-Omran) with 100 ml of D.W. The date palm 

waste was blended with a blender. After that, it was sifted through a 

sieve, and then 1 g of glucose was added to each screwed-on cup of the 

medium.18 

 

Production of bacterial nanocellulose from acetic acid bacteria 

A total of one liter of the production medium (date palm liquid medium) 

was inoculated with overnight activated bacterial isolate 5AC culture 

broth (inoculum size: 2%) and incubated at 30ºC for 8-10 days. After 

this period, BNC was produced in the medium. The BNC wet weight 

and dry weight were then determined.        

 

 Purification of bacterial nanocellulose produced by acetic acid 

bacterial 5AC isolate  

The layers or membranes of BNC that formed at the air-liquid interface 

of the production medium (date palm liquid solution) were removed and 

washed with water before being immersed in 0.1 M NaOH at 80°C for 

30 to 45 minutes. This was done to eliminate any bacteria that may have 

become attached to the BNC membrane. The membranes were then left 

at a neutral pH after being repeatedly washed with distilled water 

several times to ensure the complete removal of the alkali. At room 

temperature, the purified cellulose was dried until it reached a constant 

mass.3,19 

 

Characterization of bacterial nanocellulose  

After purification and drying, the BNC membrane produced by the 

AAB 5AC isolate was characterized by three techniques. 

 

a) X-ray diffraction (XRD) analysis 

The X-ray diffractometer system was used to analyze the crystalline and 

epitaxial quality of the BNC nanostructure, which was also utilized to 

take micrographs. The BNC samples were taken in jars and placed in 

the system for analysis. The nanoparticles were scanned with a 

wavelength of 1.5406 Ǻ in two angles ranging from about 10° to 70°. 

This system records the intensity as a function of Bragg's angle. The 

crystallite diameter of the bacterial membrane was calculated from the 

broadening of the X-ray line using Scherrer's equation formula as 

follows:20-21 

D = 𝑘𝜆 /𝛽𝐶𝑜𝑠𝜃  

where: λ is the wavelength, D is the crystallite size, and β is the full 

width out half maximum (FWHM) of the XRD peak.22  

 

b) Atomic force microscopy analysis  

The AFM analysis was used to obtain a 3D image of the sample. The 

atomic force microscopic system consists of a position-sensitive photo-

detector, a tube scanner, and a cantilever with a sharp tip located at the 

free end.23 The surface morphology of the BNC was visualized by AFM 

under normal atmospheric conditions. Purified dried membrane samples 

were studied on a tiny slide and investigated using the instrument's 

contact mode. 

 c) Transmission electron microscope measurement  

Transmission electron microscopy characterization was carried out 

using TEM equipment. The surface morphology, size, and shape of the 

BNC membrane were all determined by TEM characterization.24  

 

Results and Discussion 

Identification of bacterial isolates  

Twenty-five samples were collected from different vinegar types (apple 

and date palm vinegar). Of the total samples, five isolates were 

identified as AAB. The bacterial colony was described as being aerobic, 

spherical, smooth, elevated, and opaque with a semi-translucent white 

or off-white color. Microscopic analysis of the isolates revealed that 

they were all rod-shaped, gram-negative, and non-spore-producing 

(Figure 1). The results of the biochemical tests showed that all the 

isolates were negative for oxidase, positive for catalase, motile, and 

produced cellulose. These five isolates were confirmed as AAB by the 

RT-PCR amplification method. The AAB are gram-negative, rod-

shaped, and can exist as a single cell, in pairs, or in chains. They are 

motile because they have flagella, which can either be polar or 

peritrichous. The bacteria do not form endospores, and they have an 

obligate aerobic metabolism, which uses oxygen as the terminal 

electron acceptor.25-26  

 

Production of bacterial nanocellulose from acetic acid bacteria 

The BNC was observed as a white pellicle with a diameter of about 48 

mm covering the surface of the liquid medium (Figure 2) after the AAB 

5AC isolate that can produce it was incubated for 8–10 days in date 

palm liquid medium. It was discovered that 1 L of medium gave about 

55.41 g wet weight for BNC. The most generally used bacterial species 

for making bacterial cellulose (BC) is Komagataeibacter xylinus 

(formerly Acetobacter xylinum), which produces quite large amounts of 

BC from a wide range of carbon and nitrogen sources in broth culture 

media.27 Agro-industrial wastes, such as rotten fruit, such as pineapple 

peels, juice, and sugar, are frequently employed as carbon sources for 

the production of bacterial cellulose.28 In the large-scale production of 

BC, the yield of bacterial cellulose synthesis is up to 40%, depending 

on the starting carbon source.7 Following washing, the BNC produced 

on the wastes exhibited morphological features that were similar to the 

control BNC. The BNC represents the assimilation of sugars within the 

bacterial cells and the creation of β-1,4 glucan chains to finally construct 

the microstructure of cellulose.9 Bacterial celluloses may be produced 

industrially and are widely used in many different industries. Donini et 

al. (2010),29 proposed that the fermentation production of bacterial 

cellulose can achieve a similar production efficacy to the growth of 

plant cellulose when the yield of bacterial cellulose reaches up to 15 g/L 

in 50 hours.30 

 

Bacterial nanocellulose purification from acetic acid bacterial 5AC 

isolate  

After the production of BNC in 1 L of natural medium (date palm liquid 

medium), the BNC layers were harvested and purified. It was observed 

that the wet weight of the BNC was measured after the purification, and 

it was found to be about 43.11 g, while the dry weight was about 2.2 g 

(Figure 3).  

 

 
Figure 1: Acetic acid bacterial cells. 
A: Under the microscope (100x); B: Colonies on GY agar medium. 
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The isolation and purification of BNC are relatively simple and do not 

need wide chemical or any other types of treatments, in contrast with 

wood and plant celluloses.31 The BNC membrane was separated and 

purified from the treatment medium with distilled water and a weak 

alkaline treatment of 0.5 M NaOH, where it was possible to dry these 

membranes and characterize them by various techniques to analyze the 

membrane composition, crystallinity, and fibril morphology. The 

results of the purification process were satisfactory. They included a 

reduction in the biomaterial's water band, an increase in crystallinity, 

and the removal of impurities in the membrane, such as bacteria. With 

the purification procedure completed, it will also be possible to conduct 

further research on the material to use it as a product in the biomedical 

field and tissue engineering as a biomaterial reinforcement. The BNC 

purification using 1 M of NaOH solution is effective and considered 

eco-friendly, with no signs of recalcitrant development as commonly 

observed in plant cellulose purification steps.33 

  

The characteristics of bacterial nanocellulose according to the X-ray 

diffraction analysis 

The BNC membrane that was produced from the AAB 5AC, isolate was 

characterized by different spectroscopic, analytical techniques, 

including XRD. The X-ray diffraction technique was used for the 

detection of crystal, size, and shape.34 This analysis confirmed the BNC 

particle size to be in the range of approximately 17.10 to 70.33 nm. In 

comparison to the standard reference codes (96-711-1559, 96-152-

6435, 00-028-1757, and reference card 00-022-1758), the BNC 

membrane has three main peaks that have particle sizes (40.83, 25.60, 

and 41.33 nm), at a diffraction angle, (2θ) of 14.19°, 16.94°, and 22.73°, 

respectively, as presented in Figure 4. This reflects the crystalline plane 

of 100, 010, and 110, respectively. The results of the XRD analysis 

agree with Andritsou et al. (2018),35 and Atykyan et al. (2020),36 which 

show the XRD diffraction of BC, microcrystalline cellulose (MCC), and 

the orange peel residues after conventional pectin extraction (CAE-CB). 

The peaks of X-ray diffraction at 2θ = 14.5, 16.6, and 22.6° match the 

cellulose structure. These peaks are attributed to the planes of 1 0 0, 0 1 

0, and 1 1 0 of cellulose Iα or the planes of 1 1 0, 1 1 0, and 2 0 0 of 

cellulose Iβ. Also, the X-ray diffraction test was directed to investigate 

the crystalline structure of BC, the diffractogram of BNC membrane 

displayed peaks of 100, 010, and 110 planes at the angles (2θ) 14.25°, 

16.42°, and 22.45°, respectively.37 Although BC is not a fully crystalline 

substance, large diffraction peaks were observed. The XRD patterns of 

BC revealed two distinctive peaks at 14.74° and 22.64° and the 

crystalline planes 110 and 002, respectively.38  

 

Bacterial nanocellulose properties as determined by atomic force 

microscopy  

Surface roughness is an essential component for verifying accuracy in 

many biological and electrical implementations.39 The surface area 

morphology of the BNC membranes formed on the date palm liquid 

media was described using AFM equipment. The tapping mode was 

used to image the area of the BNC sample. The results indicated the 

presence of various nanoscale diameters; the average of these 

nanofibers' diameters was 26.58 nm, while the minimum and highest 

values were 24.42 and 70.61 nm, respectively (Figures 5 and 6). The 

bacterium, G. xylinus was used to produce BNC. It was activated in 

cellulose medium at 30°C for 24 hours, and then G. xylinu suspension 

was inoculated at 5% (v/v) to the cellulose production medium, which 

was supplemented with chitosan. After 10 days, BC pellicles were 

produced. The morphology of the BNC was observed by the AFM 

image, and the mean diameter of the BNC fibers was approximately 50 

nm.38   

Bacterial nanocellulose is a network with a high water-holding capacity 

that Komagataeibacter xylinus produces as an extracellular biopolymer 

at the liquid-air interface. Atomic force microscopy images of the BNC 

show diameter measurements of the nanofibers (2-4 nm) and microfibril 

bundles (15-20 nm). The average height of AFM images was found to 

be about 28.6 nm for this BNC from K. xylinus.40 The AAB, 

Gluconacetobacter hansenii produced BC, which was examined using 

an AFM apparatus. The AFM images revealed that BC has a reticulate 

structure, and the diameters of the bundle, microfibril, and ribbon were 

approximately 37, 17, and 62 nm, respectively. These ribbons and 

bundles accumulated together to form a porous, permeable structure 

with a great aspect ratio. The nanoscale diameters of these fibers 

confirmed that the bacterial cellulose was nanocellulose when 

compared to cotton fibers, and the morphology of the microstructure 

was the basis of the competent characterization of the bacterial 

cellulose.41 

 

Transmission electron microscopy characteristics of bacterial 

nanocellulose  

Transmission electron microscopy was used to determine the BNC's 

diameter and the size and morphology of the fibers.42 The TEM images 

demonstrated that the BNC fibers' sizes ranged between 26 and 66 nm 

(Figure 7), and these results are in agreement with the ones obtained for 

the AFM analysis. Gluconacetobacter xylinus bacteria were used to 

produce the BNC from banana peel waste media, and the results were 

examined using a TEM to identify any variations in the BNC's size and 

shape. The sample was collected on day 10 when the nano-fibers 

appeared to be more piled up and concentrated. These nano-fibers have 

a diameter of 30-50 nm, and it was observed that the BNC from banana 

peel has a 3D nano-fibrous structure with a large surface area.  

 

 
Figure 2: The bacterial nanocellulose membrane. 
A: Bacterial nanocellulose at the surface of date palm liquid medium; 

B: Bacterial nanocellulose (wet membrane). 

 

 
Figure 3: Bacterial nanocellulose membrane (dry membrane) of 

acetic acid bacterial 5AC isolate. 
 

 
Figure 4: X-ray diffraction pattern of bacterial nanocellulose 

produced by acetic acid bacterial 5AC isolate. 
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Figure 5: Bacterial nanocellulose picture under atomic force 

microscopy apparatus. 
 

 
Figure 6: Atomic force microscopy analysis showing the 

diameters of bacterial nanocellulose nanomaterials. 
 

 
Figure 7: A transmission electron microscopy image of 

bacterial nanocellulose. 
 

This property is significant in many applications, such as water filter 

membrane applications, because BNC exhibits many exceptional 

physical and mechanical properties, such as high porosity, great water 

holding capacity, good mechanical strength, high purity, and high 

crystallinity, which reach up to 90%.24 

These results are in agreement with the findings of Feng et al. (2015),41 

who reported that the BNC fiber with a diameter of approximately 30 

nm, was certainly categorized as nanoscale cellulose. Bacterial 

polysaccharides, such as BC, are regarded as promising resources 

having the potential to be used in a variety of bio-fields as well as other 

disciplines. By using TEM, the morphology of BNC was found to be 

around 10–30 nm.43 The structure of Acetobacter xylinum cellulose may 

be described as an ultrafine net composed of intertwined cellulose 

ribbons. A TEM micrograph of an Acetobacter xylinum revealed the 

ultrastructure of such thin units of around 3.2 and 33 nm, which is a 

unique attribute of reticulate BC.44 Due to importance of the bacterial 

isolates, it was confirmed by (RT-PCR) amplification technique.17 the 

molecular technique applied in different areas related to biology.45-63 

 

Conclusion 

The findings of this study reveal that BNC synthesized by AAB can be 

successfully produced under cultural conditions utilizing a date palm 

liquid production medium. The presence of fibers with various 

nanoscale diameters was discovered during the characterization of the 

purified BNC using XRD, AFM, and TEM analyses. As a result of these 

findings, BNC has gained interest from a variety of fields due to its high 

capacity for liquid absorption, high tensile strength, and numerous other 

significant characteristics. 
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