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Abstract---Bacteria could produce bacterial nanocellulose through a
procedure steps: polymerization and crystallization, that occur in the
cytoplasm of the bacteria, the residues of glucose polymerize to (§-1,4)
lineal glucan chains that produced from bacterial cell extracellularly,
these lineal glucan are converted to microfbrils, after that these
microfbrils collected together to shape very pure three dimensional
pored net. It could be obtained a pure cellulose that created by some
M.O, from the one of the active producer organism like Acetic acid
bacteria (AAB), that it is a gram -ve, motile and live in aerobic
condition. The bacterial nanocellulose (BNC) have great consideration
in many fields because of its flexible properties, features and
advantages of the BNC. So in this study, the acetic acid bacteria (5AC)
isolate was isolated from apple vinegar and detected the ability of this
isolate to produce the nanocellulose on the Hestrin-Schramm (HS)
medium, and then optimized the production condition, four
parameters were investigated: temperature, pH, different carbon
sources and nitrogen sources. After incubation the isolate for about
(168- 192) hrs, the highest yield of BNC was identified by determining
the wet weight, dry weight also the consumed sugar for each
parameter. The results showed that the optimum temperature was
(30°C), the optimum pH was (5), the optimum carbon source was the
glucose while peptone and yeast extract together showed the best and
optimum nitrogen sources for production of BNC, highest results for
the produced BNC from the isolate acetic acid bacteria (SAC) were: wet
weight (0.96gm), dry weight (0.055gm) and the consumed sugar (80%).
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Introduction

The cellulose is an abundant complex on earth which estimated by 50% of the
produced mass in the plants by the process of photosynthesis, recurrence lineal
chain of (B-1,4) that connected the units of D-glucose in cellulose is caused a
homo-polymer complex also the molecular formula of cellulose known as
(CeH100s5)n, the cellulose could be utilized as bio polymer as a try for substitute
petro-chemicals derivative polymer because of anxiety to the environment nature
and in addition to that cellulose has extensive use in many different fields for
example in: food, medicinal fields and textiles fields and the greatest reported use
of cellulose was in the paper also in pulp manufacturing, nowadays the turnout
for production of bacterial cellulose (BC) is an alternative way for plant cellulose
the (BC) production is a procedure that may be influenced by many variables and
need optimal conditions to reach maximum production (Sathar, 2012). BC has a
distinctive form of nanofibers with a diameter of nearly (50-100) nm, it is secreted
by particular bacteria extracellularly, at most by the strains of Gluconacetobacter
(Zuppolini et al., 2022). Its exceptional fibrillar nano-structure gives it with great
physical and mechanical properties like: high porosity, very fine reticulated
structure, highly tensile strength, also great crystallinity and hydrophilicity, even
though its chemical structure is analogous to plant cellulose (Goldberg et al,
2015). BC nano-fibers with a (3D) net organization (pellicle) are hopeful resources
for different applications, nano-fibrillated BC has low dis-persibility in organic
solvents and diverse approaches such as hydrophobic surface treatments are
used to alter their properties (Ross et al., 1991). The important feature of AAB is
their capability to produce extracellular polymers like bacterial cellulose which is
mostly synthesized by the genera species of the Komagataeibacter also
Gluconacetobacter, the BC biopolymer is multi use with greatly exclusive
properties for example: highly (H20)-holding capability, biocompatibility, ultrafine
networks organization, highly crystallinity which gives and assistance a variety of
commercial usage like wounds dressing, in tablet preparation also in functional
food additive (Cacicedo et al, 2016; Gomes et al., 2018). Bacterial cellulose
conserve the cells organism from the destruction by UV light and helps in
moisture retention to avoid drying of the natural materials on which the bacteria
are grown on, the passageway to yield cellulose from D-glucose by K. xylinus
contains of (4) enzymatic steps, the enzymes complicated in cellulose biosynthesis
are: glucose kinase, phosphor-glucomutase, Uridine di-phosphate glucose-pyro-
phosphorylase (UDPG) and membrane bound cellulose synthase (Donini et al.,
2010). The serious features affecting the bacterial cellulose construction comprise
the composition of fermentation elements such as: C sources, N sources and
minerals sources in the culture medium also the physical circumstances like: pH,
Temperatures, O. dissolved in the medium, the ratio of inoculation and age of the
inoculum (Aswini et al., 2020). This study aimed to determine some optimal
conditions including; temperature, pH, C and N sources for producing
nanocellulose by acetic acid bacteria.



9545
Materials and Methods
Culture media

The GY broth medium was prepared according to (Trinh et al., 2016), it was used
for isolation, activation and maintenance of the bacterial isolates. While, Hestrin-
Schramm (HS) medium was prepared according to (Abol-Fotouh et al., 2020) and
it was used for detection of production of nanocellulose from the bacterial
isolates.

Samples collection and isolation of (AAB)

Total 25 samples of apple vinegar and date palm vinegar were collected under
aseptic condition from local markets in Baghdad city. Acetic acid bacteria (AAB)
were isolated and identified according to procedures of (Bellankimath et al., 2017)
and the identification of bacterial isolates was confirmed by morphological and
biochemical tests.

Screening the ability of Acetic Acid Bacteria (AAB) for production of
bacterial nanocellulose (BNC):

AAB isolates were activated in GY broth medium for 18-24hrs. at 30°C, after that,
1.5% from this activated broth was inoculated into (100ml screwed cups) contains
S0ml of HS broth, cups statically incubated at 30°C for 7-8 days. After incubation
period the bacterial isolates that able to produce cellulose in broth were
determined (Costa et al., 2017; Abol-Fotouh et al., 2020) and the best isolate of
production was selected and used in the subsequent experiments.

Measurement procedures for produced BNC
Wet weight method

After formation or production of BNC in the medium, the membrane layer was
taken and washed by D.W and then the wet weight /gm was measured by
electronic balance.

Dry weight method

After the measuring of the wet weight of the BNC, membrane was left to dry for
about (2-3) days at room temperature (R.T) after that the dry weight/gm was
determined by electronic balance.

Estimation of consumed sugar

Sugar of the media measured by refrectometer, the method was performed by
measuring about 0.3ml from control (media without bacteria) and recording the
origin sugar value. For the inoculated media the method was performed by taken
about 1ml of the medium after incubation period (bacterial growth) then
centrifuged the sample for Smin. at 5000rpm, after that measuring about 0.3ml
from the sample (free of the cells) and recording the remain sugar value after
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bacterial growth, the differences between the two values giving an indication on
the value of consumed sugar (%) (Abol-Fotouh et al.,, 2020; Abouelkheir et al.,
2020).

Optimization and effects of various culture conditions on production of BNC

The following experiments were performed with duplicates. The control in each
experiment was represented the medium without inoculum:

Effect of temperature:

Fifty ml from sterilized Hestrin-Schramm (HS) broth was inoculated by 1ml
overnight activated bacterial culture broth and incubated at different
temperatures (25°C, 30°C, 35°C, 37°C and 40°C) for 8 days, after incubation
period: the wet weight, dry weight and consumed sugar were determined.

Effect of pH

Fifty ml from sterilized Hestrin-Schramm (HS) broth was inoculated by 1ml
overnight activated bacterial culture broth then incubated at diverse pH values (4,
5, 6, 7 and 8) and incubated at 30°C for 8days, after incubation period: the wet
weight, dry weight and consumed sugar were estimated.

Effect of different carbon (C) source

Different C sources include: (Fructose, Sucrose, Glucose, Maltose, Starch,
Cellulose and Glycerol) sterilized by millipore filter unit (0.2um) and then added
to 50 ml of sterilized HS broth medium with pH 5, then inoculated with 1ml of
overnight activated bacterial culture broth and incubated at 30°C for 8 days, after
incubation period: the wet weight, dry weight and consumed sugar were
estimated.

Effect of different nitrogen source

Fifty ml of sterilized HS broth medium (pH 5) containing: glucose (as a carbon
source) and different nitrogen sources include: [NH4Cl, (NH4)2SO4, Yeast extract,
Peptone, (Peptone + Yeast extract) and Urea] was inoculated with 1 ml of
overnight activated bacterial culture broth and incubated at 30°C for 8days, after
this period: the wet weight, dry weight and consumed sugar were determined.

Results and Discussion
Samples collection and isolation of acetic acid bacteria (AAB)

Twenty five samples were collected from different vinegar types (apple and palm
date vinegar), five isolates were characterized as acetic acid bacteria (AAB) from
the total samples. The bacterial colony observed as: aerobic, round, smooth,
raised with white or off white color. Microscopic examination of the isolates
displayed that they were all: Gram -ve, non-produced spore and rod. Results of
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biochemical tests showed that all isolates are negative oxidase test and positive
catalase test, motile and produce cellulose.

The acetic acid bacteri are gram -ve, bacilli-shaped and can appear as single cell,
in couples or in chains, motile because the presence of flagella which can be
either polar or peritrichous, do not form spores, they have an strict aerobic
metabolism, that the O, as terminal electron acceptor (Holt etal.,, 1994). Bacterial
isolates were recognized by observation of the morphology of its colony, Gram
reaction, series and motility tests. The morphology of its cell was examined by
using SEM, for identification by biochemical procedure, an estimation of different
experiments involving: catalase, oxidase production and fermentation various
carbohydrates (Thongwai et al., 2022).

BNC produced by acetic acid bacteria

The BC produced by acetic acid bacteria known as generally recognized as safe
(GRAS) food by US Food and Drug Administration (FDA) (Thongwai et al., 2022).
In this study, the bacterial isolates that have the ability to produce bacterial
nanocellulose (BNC) were detected after the incubation at pH (6.5-7), 30°C,
inoculum size 2% and incubation period (7-8) days in HS medium, the positive
results was observed as a whit thick membrane layer at the surface of the liquid
medium with diameter of about 48 mm approximately (Figure 1), the bacterial
isolate (acetic acid bacteria S5AC) was selected as best BNC producer after
screening.

Figure (1) Bacterial nanocellulose membrane (wet membrane) produced by acetic
acid bacteria in Hestrin-Schramm (HS) medium

Hestrin-Schramm broth is favorable medium to get high productivity of BC from
AAB. Thongwai et al. (2022) reported that HS broth pH (6.0), inoculated by 5%
(v/v) from the strain Komagataeibacter maltaceti P285 then incubated at
temperature 30°C for about 7 day, after cultivation, cellulose harvested then
purified with high productivity. This medium was also used by Zieli'nska et al.
(2022) to produce high amounts of BC from another strain of AAB; K. xylinus. The
nanocellulose termed as bacterial cellulose (BC) which produced through the
bottom up approach use the fermentation of low mwt. sugar by cellulose creating
bacteria, such as Acetobacter spp. (Ross et al., 1991; Iguchi et al., 2000), it’s a
pure cellulose without existence of pectin or lignin, this cellulose is created by the
bacteria into the liquid culture medium as nano-fibers with a diameter from
about (25-100) nm, then these nano-fibers makes up the bacterial cellulose
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pellicles membrane in the liquid medium (Lee et al, 2012). When glucose sugar
used as a C source such as in HS medium for example or any other medium with
similar C source, the bacterial nano-cellulose production occurs in four enzymatic
stages: (I) The phosphorylation of glucose to (Glc-6-P) through glucokinase, (II)
Isomerization of Glc-6-P to Glc-1-P by phosphoglucomutase , (III) Creation of
uridine diphosphate glucose (UDP- glucose) or (UDPGlc) that is a direct
precursor of cellulose through UDPG pyro-phosphorylase , (IV) Polymerization of
(UDP glucose) to (B-1, 4) glucan chains by the cellulose synthase enzyme complex
(Ross et al., 1987; Barja, 2021).

Optimization and the Effects of various culture conditions on production of
(BNC)

Effect of temperature

From incubation of bacteria in different temperatures (25°C, 30°C, 35°C, 37°C
and 40°C) for 8days, the highest production of BNC from acetic acid bacteria
(SAC) isolate was observed at 30°C depending on the results of: wet weight
(1.77gm), dry weight (0.12gm) and consumed sugar (30%) (Figure 2, A and B). It
was important to know that AAB produced bacterial nanocellulose in a wide range
of temperatures (25-40) °C, production of BNC in relatively high temperature
(37°C) in spite of the low production but may indicate that this type of bacteria
can grow at this temperature and the BNC could be produced in this levels of
temperature, this property may be favored in industrial application since it reduce
the cost of cooling.
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Figure (2) Effect of temperatures on bacterial nanocellulose production from
acetic acid bacteria isolate (SAC) in HS medium, A- Wet and dry weight/gm., B-
Consumed sugar (%)

Sijabat et al. (2020) investigated that the environmental conditions represent a
key role in the microorganism physiology and BNC production from AAB spp. was
found to be affected by this environmental conditions, when the samples
incubated for 10 days at (R.T), it was showed that the bacterial nano-cellulose
surface is smooth in spite of some bumpy also irregular parts, there was a
obvious growth of fungi or other impurities which can affect the growing of
bacteria that yield bacterial nano-cellulose. Some researchers showed that the
temperature could play an important part in bacterial cellulose production, also it
was observed that the culture of A. xylinum require a static-warm circumstance
with temperature not below (20°C) also not higher than (30°C) the best
temperatures among (23-30)°C (Teoh et al., 2004).The production of cellulose by
A. senengalensis explain that the interaction of temperature with other condition
such as pH improved the production of BC to the maximum at temperature (30°C)
(Aswini et al., 2020). BC produced by A. senegalensis was evaluated, maximum
products detected at 37 °C of approximately (57) mg/mL wet weight and (5.21)
mg/mL dry weight, discrete differences in the wet also dry weight of bacterial
cellulose were found at various temperatures, for example at temperature 35°C
the bacterial cellulose production reach to approximately 52 mg/mL wet weight
and about 4.22 mg/mL dry weight, so these results may be lead to illation that as
temperature decreases the quantity of BC produced also reduced (Aswini et al.,
2020). Regardless of the concentration of the substrates used in bacterial
cellulose production, it observed that it able to increasing bacteria productivity,
that because each M.O has an optimal temperature for growth in addition to
optimal temperature for BC production that reflected on yield of BC productivity
(Fernandes etal., 2020).

Effect of pH

According to the results, it was observed that pH 5 gives the maximum
production for bacterial cellulose AAB (5AC) isolate: the wet weight at pH 5 was
(5.5gm), the dry weight was (0.26gm) and the consumed sugar was (50%). At pH 4
and pH 8 the minimum production of BC was noticed, these results could be
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indicating that the BC production from acetic acid bacteria is influenced by, pH
values (Figure 3).
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Figure (3) Effect, of pH on BNC produced by acetic acid bacteria (SAC) in HS
medium, A- Wet and dry weight/gm., B- Consumed sugar (%)

The production of cellulose by A. senengalensis clarify that the collaboration of pH
with temperature increased the yield of bacterial cellulose in Hestrin-Schramm
(HS) broth to the maximum level, it was observed from experiment of Aswini et al.
(2020) that the pH values: 2, 3, 4 and 9 showed no production of BC, the,
maximum production of bacterial nano-cellulose was at the pH 4.5 that the wet
weight of about 98 mg/mL and the dry weight of about 6.44 mg/mL and then
followed by the pH 5 for BC production in Hestrin-Schramm broth with 85 mg/
mL wet weight and dry weight about 5.48 mg /mL also could be noticed that BC
produced in pH 5.5, the wet weight was about 61 mg/mL and the dry weight 4.74
mg/mL, so more increase in pH may reduce the amount of bacterial cellulose
production. The medium pH is an critical parameter that may disturbing the
action of primary enzymes that are responsible for of bacterial cellulose
production, so this parameter must be optimized to achieve the highly
concentration of bacterial cellulose (Abdul Rahman et al., 2021). Prashant et al.
(2008) observed that the activity of acetic acid bacteria Acetobacter xylinum to
synthesize cellulose is optimum in acidic condition, the catalyst action was
relative to (H*) concentration that further hydrogen ions formed in the medium
fermentation lead to rapid production of cellulose with more quantities. Some
research reported that pH in the range (4-6) could be ideal values in the
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fermentation medium of bacterial cellulose and the observations of experiments
indicate that: pH (5.5) required for Acetobacter xylinum BC production, (4.5- 7.5)
needs for another strain of A. xylinum also pH (6.0) are required for
Komagataeibacter spp. (Lahiri et al., 2021).

Effect of different carbon sources

The HS medium containing different carbon sources was inoculated with AAB
bacteria (SAC) isolate, the experiments demonstrated that the glucose (as carbon
source) gives the maximum production for bacterial cellulose and the results
showed that the maximum: wet weight was (1.37gm), dry weight was (0.05) and
the consumed sugar was (50%), while the minimum production of BNC was at
starch which observed: the wet weight (0.09gm), dry weight (0.015gm) and the
sugar consumption was (25%) as noticed in Figure (4).
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Figure (4) Effect of different C sources on BNC, production from AAB (5AC) isolate
in HS medium: A- Wet and dry weight/gm., B- Consumed sugar (%)

In a research study, bacterial cellulose production by Acetobacter was estimated
by adding 24 carbon sources, among these sources of (C), the glycerol showed
maximum bacterial cellulose production, the wet weight about 248 mg/mL, and



9552

dry weight 13 mg/mL in Hestrin-Schramm (HS) broth medium and then followed
by tryptose and fructose, that the produced wet weight about (114 mg/mL and
100 mg/mlL) respectively, dry weight about (6.54 mg/mL and 6.17 mg/mL) BC,
respectively (Aswini etal., 2020). The C sources that utilized for bacterial cellulose
production generally agro,industrial wastes for example rotten fruit such as
pineapple peels liquid extract and sugar as a production medium (Jozala, etal.,
2015). The bacterial yield of cellulose production up to proximately (40%) in
relative to the starting C source when BC produced in large scale (Klemm, etal.,
2011). When the C source used in the medium is glucose, bacterial nanocellulose
biosynthesis happens in four enzymatic steps: phosphorylation of glucose,
Isomerization, Synthesis of UDP- glucose and Polymerization (Ross et al., 1987;
Barja, 2021). Revin et al. (2018) showed that using the acid secondary products
from dairy also from alcohol manufacturing as a source of carbon gained yields
three time greater than that of the standard Hestrin-Schramm (HS) broth (2.14
g/L), also the exhausting C sources from beet molasses and whey of cheese got
values larger than the standard Hestrin-Schramm medium (3.26 g/L) (Salari et
al., 2019). K. xylinus experimented for production of cellulose on different (C)
sources and the greatest results determined when used the carbohydrates like
Glucose, and Mannitol; the Glucose considered as highest source of carbon for
bacterial cellulose production in comparison to the other sugar (Saichana et al.,
2015). The highest bacterial cellulose product on the base of dry weight (wt.
membrane/v. medium) achieved at (2%) w/v concentration of C source, for entire
sources the yield recorded (2.80, 0.380, and 1.680 g/L) of BC that using (2%) of
the sugars Glucose, Fructose, and Sucrose respectively, an obvious variance
detected for bacterial cellulose produced from glucose sugar, it was reported that
this sugar represented as a source of energy also as a faultless precursor for
polymerization of cellulose thus glucose is usually utilized as a provenance for
cellulose production from many strains of acetic acid bacteria such as
Komagataeibacter sp. (M.olina-Ramirez, et al.,, 2017 ).

Effect of various nitrogen sources

The production of BC requires fine balance between carbon and nitrogen sources,
from the essential factors that affected growth of bacteria and production
cellulose from bacteria is the nitrogen source, because the bacteria require
nitrogen to complete its metabolic pathways. In this study, from the various
organic and inorganic (N) sources the results proved that the (pe.ptone, and yeast
.extract) together are best (N) sources for production of BNC, highest results for
the produced BNC from the isolate AAB (5AC) were: wet weight (0.96gm), dry
weight (0.055gm) and the consumed sugar (80%) and the lowest BNC production
was at NH4Cl: wet weight (0.045gm), dry weight (0.01) and consumed sugar (5%)
and (NH4)2SO4 results showed: wet weight (0.04gm), dry weight (0.01gm) and
consumed sugar (10%) (Figure 5). It was concluded that the organic (N) sources
are more suitable for production of bacterial cellulose from inorganic source
because the organic source such as yeast extract for example is rich with: amino
acids, vitamins also trace elements which encourage the bacterial multiplication
and as a result could be stimulate and affects the BNC production and yield.
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Figure (5) Effect of various sources of nitrogen on BNC production from AAB
isolate (SAC) in HS medium: A- Wet and dry weight/gm., B- Consumed sugar (%)

The (N) sources not participate directly in BNC creation, but it’s necessary for the
bacterial progression and existence (Gopu and Govindan, 2018), so appropriate
nitrogen supplementation may be indirectly affects BNC yield. In HS medium
there was an investigation about the effect of different organic and inorganic
sources of nitrogen in bacterial nanocellulose synthesis, and the usual N sources
(veast, extract and ,peptone) in Hestrin-Schramm (HS) medium replaced with
another nitrogen sources, the considerable observation was that the organic N
sources provided higher BNC harvests in compare to those inorganic N sources,
as a result some research described that yeast, extract provided the higher yield
as a particular N source when growing some species of AAB, as yet bacterial
nano-cellulose was produced most powerfully in the existence of complex (N)
sources (yeast, extract collective with peptone, or may be with tryptone,), in
addition to this, the tests demonstrated that the complex organic nitrogen source
also obligatory for K. hansenii (SI1) for efficient biosynthesis of BNC (Cielecka et
al., 2021). Santo,s. et al. (2013) noted that Gluconacetobacter. Sucrofermentas,
synthesized bacterial nanocellulose with maximum yield only in the existence of
yeast, extract and peptone, added together. As it is known the N is the main
constituent of proteins it is essential in the metabolism of the cell and includes 8-
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14% of bacterial dry cell mass, it was observed that single N presented significant
reducing in production of bacterial cellulose, the single source of nitrogen (yeast,
extract) displayed highest yield of BC than the single nitrogen (NH4)>SO4 source
which reported to decrease the growth and cellulose yields, also it was observed
that adding the amino acid (methionine) for the culture of A. xylinum, encouraged
the growth rate through the early, culture age, decreased the lag time and
improved the cellulose production rate (Yodsuwan et, al, 2012). The nitrogen
source (yeast extract) in Hestrin-Schramm (HS) broth showed maximum wet
weight, of about (522 mg/,ml) yielding also (52.26 mg/ml) dry, weight of
bacterial cellulose, Following the (yeast, extract), the (beef, extract) formed (105
mg/,mL) wet weght yield and (1.890 mg/,mL) dry, weight of bacterial cellulose
then followed by, pepton, recording (100 mg/,mL) wet weight and (1.490 mg/,mL)
dry weight. Furthermore, the production, of bacterial cellulose not reinforced via
some N sources like calcium nitrat, sodium azide, ammonium nitrat,e, and urea,
(Aswini et al., 2020).

Conclusion

The bacterial nanocellulose (BNC) is a multipurpose biomaterial, it create
applications in many processes and due to its important in various fields the
refinement and fixing of the production culture condition of (BC) is important
particularly in the industrial production field, in this study, the parameters:
temperature at (30°C), pH of (5), glucose as source of carbon and (peptone, +
yeast, extract) as N source were found as optimum conditions in (HS) broth
medium to attain the maximum production of BC. The produced bacterial
cellulose may be considered as very pure nano,polymer so any interferences in
nano-formulation also spreading its usage toward sustainable food, medical and
therapeutic sectors will be a greatly appreciable, way, forward,.
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