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Bacterial cellulose is a polysaccharide that possesses a chemical structure identical to cellulose
derived from plants. Due to its high purity and distinct physicochemical properties, bacterial
cellulose is extensively used in several industries, e.g., biomedical, food, and tissue engineering.
The study aimed to evaluate the impact of the storage time of coconut water and the inoculum size
of Lentilactobacillus parafarraginis on the properties of dried bacterial cellulose. In this study,
coconut water was stored for 1, 2, and 3 days. The inoculum size used to produce bacterial
cellulose was 4, 6, 8, and 10%. After fermentation for 9 days, bacterial cellulose was harvested
and dried in an oven. The bacterial cellulose was evaluated for its organoleptic, weight, thickness,
pH, swelling degree, moisture content, mechanical strength, and water vapour transmission
(WVTR) properties. The FTIR spectrum and SEM image analysis were performed on the bacterial
cellulose with optimum characteristics. The results showed that bacterial cellulose with coconut
water stored for 2 days and inoculum size of 10% (BC210) exhibited optimum characteristics,
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indicating potential development as a new candidate biomaterial for broad applications.
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Introduction

Bacterial cellulose is an exopolymer constructed from units
of  p-1,4-D-glucopyranose and  fermented using  aerobic
microorganisms. It has distinctive characteristics that enable it to be a
valuable biomaterial for application in various industries. Bacterial
cellulose is a fully biodegradable, environmentally friendly, non-toxic,
chemically stable, and biocompatible substance. In contrast to plant
cellulose, it is distinguished by its high degree of polymerization,
crystallinity, and mechanical strength. Furthermore, bacterial cellulose
exhibits higher hydrophilicity due to its smaller fiber diameter than
plant cellulose.! The fiber also forms a three-dimensional network
structure.2® In its natural condition, the fiber network swells when
exposed to water. The polymer properties, e.g., mechanical strength,
crystallinity, degree of polymerization, and hygroscopicity, are
significantly affected by many factors, including culture conditions
(such as nutrients of growth medium and inoculum size), type of
microorganisms, production method, fermentation time, and others.**
The Hestrin-Schramm standard medium, despite its high cost, is widely
utilized for bacterial cellulose synthesis. However, bacteria can be
supplemented with alternative sources of nutrition. Carbon source
alternatives include sucrose, glucose, fructose, mannitol, arabitol, and
molasses/sugarcane molasses.
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Meanwhile, alternative nitrogen sources are yeast extract, peptone, and
corn steep liquor.’®!! Recently, industrial and agricultural waste, e.g.,
coconut water, molasses, spoiled fruit cultures, fermentation liquid
waste, and orange juice, have been used as nutrient sources in bacterial
cellulose synthesis. 12716 Substituting nutrients substantially decreases
the production cost of bacterial cellulose and reduces environmental
damage caused by improper handling of industrial waste.

In this study, coconut water was used as the main component of the
fermentation medium due to its rich mineral content and high levels of
fructose (32.52+0.227 — 39.04+0.824 mg/mL), glucose (29.96+0.243 —
35.43+0.510 mg/mL), and sucrose (6.360.06 — 0.85+0.010 mg/mL).*
These sugars were considered the best carbon sources to produce
bacterial cellulose.!® The utilization of coconut water as a fermentation
medium vyielded a higher dry weight of bacterial cellulose than a
combination of Hestrin-Schramm medium and coconut water.’® In
addition to its abundant and affordable availability, coconut water
requires no pre-treatment before the fermentation process, making it
efficient and cost-effective.!” Unfortunately, coconut water quality was
altered during storage due to the fermentation process by natural
microorganisms, such as L. paracasei, L. plantarum, and Pediococcus
sp.2 This resulted in an increase of lactic acid bacteria and a reduction
of the pH of coconut water.?* Furthermore, the natural fermentation
process altered the composition of coconut water, mainly sugar, the
optimum carbon source for microbial growth.??

The first documentation of cellulose synthesis by microbes was released
in 1886 when Brown identified Acetobacter xylinum as having the
ability to synthesize cellulose.?®?* It is now recognized that several
microorganisms, e.g., Gram-positive bacteria, Gram-negative bacteria,
and fungi, including yeast-like fungi, are capable of producing the
polymer. Another bacterium potentially producing bacterial cellulose is
Lentilactobacillus parafarraginis, previously known as Lactobacillus
parafarraginis. The phenotypic characterization of L. parafarraginis
strain Al (KU495926) showed that it is a Gram-positive bacterium, a
non-motile rod-shaped bacterium, with a length ranging from
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approximately 0.75 to 2.75 pm and a width ranging from approximately
0.25 to 0.75 um.” Other species from the Lactobacillus genus
employed for bacterial cellulose production included L. lactis, L. brevis,
and L. plantarum, as well as L. acidophilus.?%?” Lactobacillus is a non-
pathogenic bacteria and is classified as Generally Recognized as Safe
(GRAS).% Previous studies reported that several Lactobacillus species
were capable of producing bacterial cellulose with higher quality
compared to Gluconacetobacter xylinus, Gluconacetobacter sp.
gel_SEA623-2, and Komagataeibacter xylinus.?-%2

In addition to bacterial species, inoculum size also affects the quality of
bacterial cellulose. Therefore, the study optimized the production of
bacterial cellulose due to differences in the duration of coconut water
storage and investigated the effect of different inoculum sizes. Several
characteristic measurements were performed to determine bacterial
cellulose with optimum properties. Additionally, coconut water used in
bacterial cellulose production was also characterized to comply with
quality standards.

Materials and Methods

Identification of plant material

The coconut water used in the study was obtained from mature coconut
(Cocos nucifera L.) of the Kelapa Genjah variety grown in Kabuaran
Village, Grujugan District, Bondowoso Regency, East Java, Indonesia,
at an altitude of 425-447 meters above sea level in the coordinate of
7°58°31” S 113°46°17” E. The plant was collected in September 2022.
The coconut plant was identified in the Botanical Laboratory of the
Faculty of Mathematics and Natural Sciences, University of Jember at
Jember, East Java, Indonesia, by Dr.rer.nat. Fuad Bahrul Ulum, S.Si.,
M.Sc. with voucher number 041/2022.

Identification of the bacterium

The Lentilactobacillus parafarraginis bacteria was identified through
molecular analysis of the 16S rRNA gene conducted at the Professor
Nidom Foundation by Dr. Reviany Vibrianita N., Apt., M.Farm. with a
certificate of analysis no. 071122/PNF-X1/2022 (maximum score of
2811, total score of 2811, E-value of 0.0, query cover of 99%, and
percent identity of 99.67%). The media for bacterial growth consisted
of sucrose, acetic acid, ammonium sulphate, and coconut water, with
the composition shown in Table 1.

Characterization of coconut water

Organoleptic test

The examination of the organoleptic appearance of coconut water was
carried out using visualization of humans at room temperature,
including colour, odour, and flavour.

pH determination

pH measurement of the coconut water was conducted utilizing the pH
meter (Transinstrument WalkLAB HP9010, Singapore) at 25 °C. The
electrodes were introduced to a double-filtered sample of coconut
water, and the device showed a specific value representing the pH of
the sample.

Ash content determination

The determination of ash content was conducted according to SNI
4268:2020.% The porcelain cup was heated with a low flame for 1 hour,
then heated at 105 °C. The cup was placed in a desiccator and weighed
(W). The procedure was repeated until a constant weight was obtained.
A total of 5-10 g of coconut water, filtered twice, was placed into the
cup and weighed (W1). The sample was heated at 100 °C, and a small
amount of olive oil was introduced. Then, the sample was incinerated
in a furnace (Carbolite ELF 11/14B, England) at 525 °C until it turned
into white ash and cooled in a desiccator before being weighed. The cup
was placed into the furnace at the same temperature for 1 hour, cooled
in a desiccator, and weighed. The testing procedure was repeated until
a constant weight was achieved (W2). The ash content of the sample
was calculated using the following formula:

Ash content = 222 x 100%........oovvveeeeeerereesssssonne 1)

wi-w
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W = the empty cup weight
W1 = the empty cup and the sample weight
W2 = the empty cup and the ash weight

Potassium content determination

A 25 mL sample was destructed through dry ashing at 525 °C and then
dissolved in a 50.0 mL volumetric flask containing 1 M HNOs solution.
The sample was diluted to conform with the potassium standard curve
(2, 4, 6, 8, and 10 ppm) to which 0.5% (w/v) CsCl solution was added.
A blank solution was prepared using the same procedure. The
absorbance of the standard solution, sample, and blank was determined
using an atomic absorption spectrophotometer (Hitachi ZA-3000,
Japan) at 766.5 nm.

Inoculum preparation

The formula used in the production of bacterial inoculum is shown in
Table 1. The coconut water was stored at room temperature for 2 days,
filtered twice, then heated at 90°C for 5 minutes. To produce
fermentation medium, sucrose, ammonium sulfate, and acetic acid were
added to the prepared coconut water and thoroughly mixed. The mixture
was sterilized using an autoclave (ALP CL-40L, Japan) at 121°C for 15
minutes and cooled. Subsequently, the starter culture of L.
parafarraginis was introduced to the medium. The inoculation was
conducted for 9 days at 26-30°C. The bacterial colony count was
determined using the turbidity method.3* The quantity of inoculum was
determined using a UV-Vis spectrophotometer (ThermoFisher
Scientific Genesys, USA) at 600 nm, resulting in an ODeoo of 0.1,
equivalent to 1x10” CFU/mL.

Dried bacterial cellulose preparation

The process of bacterial cellulose preparation was similar to the
bacterial inoculum preparation (Figure 1) based on the formula shown
in Table 1. The preparation was performed using different coconut
water storage times (1 day, 2 days, and 3 days) and inoculum size (4%,
6%, 8%, and 10%) at 25-30 °C. After a 9-day fermentation process,
bacterial cellulose was harvested and purified. The wet bacterial
cellulose washed using flowing water to remove impurities.%
Subsequently, it was added to distilled water at 100 °C for 60 minutes.
It was immersed in 0.5 M NaOH solution at 100 °C for 30 minutes,
washed using running water, and repeatedly soaked in distilled water to
achieve a pH of 7.0.1%% Then, it was dried at 60 °C for 48 hours to
obtain the dried bacterial cellulose.

Evaluation of dried bacterial cellulose properties

Organoleptic test

The organoleptic examination of bacterial cellulose was visually
performed at 25-30 °C. The determined organoleptic characteristics
included colour, odour, and surface properties.

Weight and thickness determination

Weight and thickness were determined for both wet and dried bacterial
cellulose. The wet weight was determined before drying, followed by
drying at 60°C for 48 hours and weighing the dried bacterial cellulose.®
The thickness was measured using a calliper (Inoki, Japan) with
repeated measurements at 5 different positions of bacterial cellulose.

pH determination
The determination of pH was conducted using a pH meter. One percent
of bacterial cellulose was introduced to 20 mL of distilled water.*

Table 1: Formula of bacterial inoculum preparation

Ingredients Quantity (%)
Starter culture 10

Sucrose 25

Acetic acid 1

Ammonium sulphate 0.5

Coconut water 86
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Figure 1: Production of dried bacterial cellulose
1: Fermentation medium production. 2: Fermentation process (after addition of starter culture). 3: Harvesting. 4: Purification. 5: Drying

Swelling degree determination

The dried bacterial cellulose, sized 1.5 x 1.5 cm, was weighed and
soaked in 25 mL of phosphate buffer solution (pH 7.4) at 25-30°C. The
sample was carefully moved from the solution after 1, 4, and 6 hours.
The remaining solution on the bacterial cellulose surface was removed
using filter paper, and it was weighed. Calculation of swelling degree
was carried out using the following formula:

w2-wil

Swelling degree = —— X 100%.s (2

w1 is the weight before swelling, while w2 represents the weight after
swelling.*®

Moisture content determination

The dried bacterial cellulose, 2 x 2 cm, was put in a porcelain cup and
heated at 90 °C for 24 hours. Calculation of moisture content was
conducted based on the following formula:

Moisture content = 72 % 100%.....oovvvvveeecrcccceeee (3)

m
m1 represents the initial weight of bacterial cellulose, and m2 is the final
weight.%

Mechanical strength determination

The sample was cut into a size of 6 cm x 2 cm. Determination of
mechanical strength was performed using a Universal Testing Machine
(Hung Ta HT-2328, Taiwan) at 25 + 2°C to measure tensile strength
and elongation at break according to ASTM D1822 with a stretching
rate of 1 mm/min and preload of 0.05 mPa.

Water vapor transmission (WVTR) determination

Five grams of anhydrous calcium chloride were added to a weighing
bottle (Pyrex, China) as an adsorbent. After positioning the dried
bacterial cellulose on top of the bottle and tying it up with thread, it was
put in a desiccator (Pyrex, China) at 25 °C with a relative humidity of
75%. The following formula was applied to obtain the WVTR value:

WVTR = W/A. oo, 4)
W represents the weight of bacterial cellulose after 24 hours (g), and A
is the area of bacterial cellulose (m?).%®

FTIR spectrum and SEM analysis

Bacterial cellulose with optimum characteristics was analyzed for its
structure using FTIR (Bruker Alpha, Germany) and SEM (Hitachi
TM3000, Japan). The FTIR was run within a frequency range of 4,000-
600 cm* and a resolution of 4 cm*. The spectrum was utilized to assess
its functional groups. Furthermore, the SEM was operated at 15 kV and
magnified up to 3,000 times.

Data analysis

The study was conducted in three measurements. The data was shown
as the mean of all measures + the standard deviation (SD). To assess
significant differences between groups, One-way Analysis of Variance
(ANOVA) and Least Significant Difference (LSD) tests were utilized
using a significance level (o) of 5%.

Results and Discussion

The evaluation of coconut water as the primary constituent of the
fermentation medium is presented in Table 2. The study revealed that
fresh coconut water used in bacterial cellulose production fulfilled SNI
4268-2020 requirements regarding organoleptic properties, pH, ash
content, and potassium content.®

The result of the evaluation of organoleptic properties is shown in
Figure 2. It was observed that all samples had a similar organoleptic
appearance. The bacterial cellulose showed a pale yellowish-white
coloration, smooth surface, and odourless. Therefore, it was suggested
that the storage time of coconut water and inoculum size had no impact
on its organoleptic properties.

Also, the results of the weight and thickness determination of the dried
bacterial cellulose are presented in Figures 3 and 4. From the results, it
was evident that bacterial cellulose produced using coconut water with
storage duration of 2 days and inoculum size of 10%, namely BC210,
showed the highest wet weight, dry weight, wet thickness, and dry
thickness with values of 156.5622+0.4327 g, 1.5910+0.0070 g,
13.7233+0.0205 mm, and 0.1067£0.0047 mm, respectively.
Meanwhile, the lowest values of weight and thickness were obtained by
bacterial cellulose with a 1-day storage period of coconut water and
inoculum size of 4%, namely BC14, with values of 134.8662+0.0239 g,
1.4961+0.0001 g, 10.4833+0.0776 mm, and 0.0900+0.0000 mm,
respectively.

Table 2: Characterization of fresh coconut water

Parameter Test result References®
Organoleptic test:
Colour Transparent, white Normal
Odour Normal Normal
Flavour Normal, slightly sweet Normal
pH 5.08 £ 0.02 5.0-6.0
Ash content (%) 0.5299 + 0.0047 <0.6
Potassium content 179.2630 + 1.7211 >120
(mg/100 g)
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The duration of coconut water storage affected wet weight, dry weight,
wet thickness, and dry thickness in the following order: 1 day < 3 days
< 2 days. The longer the storage time of coconut water, the more acidic
the pH. The previous study reported that L. hilgardii grew optimally in
an acidic environment at a pH of 3.0, compared to pH 7.0 and 9.0.%° In
this study, storing coconut water for 2 days was indicated to produce
the optimum pH for L. parafarraginis growth. Nevertheless, prolonged
storage of coconut water led to an alteration in its composition due to
natural fermentation processes. This decreased the essential contents of
coconut water, particularly sugar, the best carbon source for microbial
growth.?? Consequently, the wet weight, dry weight, wet thickness, and
dry thickness of bacterial cellulose produced by coconut water after a
storage period of 3 days were lower than that stored for 2 days. In
addition, inoculum size also affected the weight and thickness of
bacterial cellulose. This finding aligned with earlier studies indicating
that the higher the inoculum size, the higher the bacterial cellulose
yield.”40

The study proved that the pH of bacterial cellulose varied within the
range of 4.57+0.02 - 6.43+0.02 (Figure 5). The result was consistent
with the pH range of the skin, which was the application site for
formulations using bacterial cellulose as a carrier of various active
ingredients, namely 4.5 - 6.5.4* The quality of coconut water changed
during storage due to the fermentation process by natural
microorganisms, such as L. plantarum, L. paracasei, and Pediococcus
sp.2° This contributed to an enhancement in the quantity of natural
bacteria, mainly lactic acid bacteria and a reduction in the pH of coconut
water.?! Therefore, the longer the storage time of coconut water, the
more acidic the pH of bacterial cellulose. Moreover, a larger inoculum
size caused an increasing number of bacteria to produce an enhanced
quantity of various acids, such as lactic acid, formic acid, acetic acid,
propionic acid, and succinic acid, due to bacterial metabolism during
fermentation. This caused the pH of bacterial cellulose to become more
acidic. #2

The result of the degree of swelling is shown in Figure 6, which
indicates that the storage time of coconut water affected the swelling
capacity of bacterial cellulose in the following order: 1 day < 3 days <
2 days. Moreover, the higher the inoculum size, the higher the swelling
degree. BC210 had the highest swelling degree of 301.8931+0.3177%
within 24 hours. Meanwhile, BC14 exhibited the lowest swelling
degree value, which was 142.2928+0.6267% within 24 hours. Previous
studies reported that water absorption of native cellulose ranges from
90-350%.%34 This seemed to be related to the cellulose yield produced
by bacteria. BC210 produced the highest yield of bacterial cellulose,
equivalent to an enhancement in the amount of fiber formed in its
morphological structure. The presence of more fibers led to an
enhancement in the hydrogen bond formation between bacterial
cellulose and water, causing a higher degree of swelling. The polar
groups on the polymer chain of bacterial cellulose interact with water
molecules by hydrogen bonding, increasing bacterial cellulose’s
swelling degree and volume. The unbound water that enters and exits
the molecular structure of the material is responsible for maintaining
the hydration level on the skin surface.®> The high water absorption
capacity of the bacterial cellulose leads to a plasticizing impact that
affects its mechanical, permeability, and optical properties.*¢%° The
ability to absorb and hold water allows the loading of liquid drugs and
bioactive substances onto bacterial cellulose.®* In addition, this
characteristic enables bacterial cellulose to absorb exudate in wounds,
promote wound healing, and enhance its role as a drug delivery system
in wound dressing and cosmetics, such as sheet masks.*

The moisture content evaluation is depicted in Figure 7. The study
demonstrated that the duration of coconut water storage affected the
moisture content of bacterial cellulose in the following order: 1 day < 3
days < 2 days. Furthermore, an increase in inoculum size resulted in an
enhancement in moisture content. The polysaccharide components of
bacterial cellulose possess natural hydrophilic properties, allowing
them to interact with the surrounding moisture. The polar groups of
bacterial cellulose result in a high water-holding capacity.>% Thus,
BC210, with the highest number of fibers and the highest quantity of
polar  groups, produced the highest moisture  content
(9.0058+0.0414%), whereas BC14 had the lowest moisture content
(6.1227+0.1668%). The moisture content value of the study meets the
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requirement of dried bacterial cellulose suitable for pharmaceutical
formulations, 5 - 10%. The moisture content below 5% decreases
hydrophilic properties and absorption capacity.®® Furthermore, moisture
in its structure ensures that bacterial cellulose remains consistently
humid, thereby contributing to maintaining skin hydration and
improving wound healing.*

Furthermore, the mechanical properties of bacterial cellulose are
characterized mainly by tensile strength and elongation at break.
Tensile strength refers to its maximum capacity to withstand stress or
the stress level at which it fractures.

BC14

Figure 2: Dried bacterial cellulose with different coconut water
storage times and inoculum size

BC14: Bacterial cellulose from 1-day storage of coconut water and
inoculum size of 4%. BC16: Bacterial cellulose from 1-day storage of
coconut water and inoculum size of 6%. BC18: Bacterial cellulose from
1-day storage of coconut water and inoculum size of 8%. BC110:
Bacterial cellulose from 1-day storage of coconut water and inoculum
size of 10%. BC24: Bacterial cellulose from 2-days storage of coconut
water and inoculum size of 4%. BC26: Bacterial cellulose from 2-days
storage of coconut water and inoculum size of 6%. BC28: Bacterial
cellulose from 2-days storage of coconut water and inoculum size of
8%. BC210: Bacterial cellulose from 2-days storage of coconut water
and inoculum size of 10%. BC34: Bacterial cellulose from 3-days
storage of coconut water and inoculum size of 4%. BC36: Bacterial
cellulose from 3-days storage of coconut water and inoculum size of
6%. BC38: Bacterial cellulose from 3-days storage of coconut water
and inoculum size of 8%. BC310: Bacterial cellulose from 3-days
storage of coconut water and inoculum size of 10%.

180
160
140

120

Weight (gram)

BC14 BC16  BC18 BC110 BC24  BX26  BC28  BC210  BC34  BCGI6  BCI® BO31O

Bacterial cellulose

B Wet weight B Dry weight

Figure 3: Weight evaluation of bacterial cellulose

Histograms represent the mean of 3 measurements + SD. Different
letters and numbers for histograms with the same colour denote
significant differences based on the LSD test (p < 0.05).

Elongation at break, also known as ductility, is the material’s capacity
to deform under stress determined by calculating the area underneath
the stress-strain curve of bacterial cellulose.5” The mechanical strength
evaluation is depicted in Figure 8. The study demonstrated that BC210
had the highest tensile strength and elongation at break, at
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11.6313+0.0642 N/mm? and 63.6667+1.2472%, respectively.
Meanwhile, BC14 exhibited the lowest tensile strength and elongation
at break, at 4.0322+0.0073 N/mm? and 35.0000+0.8165%, respectively.
Previous research showed that the mechanical strength of bacterial
cellulose was mainly associated with the number of fibers, which was
related to its weight and thickness.®*%® Bacterial cellulose with the
highest weight, BC210, indicated a greater number of fibers in its
morphological ~ structure, resulting in increased mechanical
strength. Another study reported that mechanical strength for facial
masks is greater than 0.1 kgf/cm? or 0.0098 N/mm?2.5° The minimum
elongation at break value for sheet masks is 30%. In addition, the
minimum tensile strength for wound dressing is greater than 1 N/mm?,
and the minimum elongation at break is greater than 10%.%

Water vapor transmission (WVTR) is essential for pharmaceutical
preparations, such as wound care and sheet mask formulations, which
require optimum moisture conditions and efficient gas (oxygen)
exchange.®**® As illustrated in Figure 9, the WVTR is enhanced in the
following order according to the duration of coconut water storage: 2
days < 3 days < 1 day. Furthermore, an enhancement in inoculum size
led to a reduction in WVTR value.

Thickness (mm)

BC14  BC16  BC18 BC110 BC24 B(26 B(28 BQ210 B(34 B3 B8  BG10

Bacterial cellulose

B Wet thickness  # Dry thickness

Figure 4: Thickness evaluation of bacterial cellulose
Histograms represent the mean of 3 measurements + SD. Different
letters and numbers for histograms with the same colour denote
significant differences based on the LSD test (p < 0.05).

BCl4 BCl6 BCl8 BC110 BC24 BC26 BC28 BC210 BC34 BC36 BC38 BC310

Bacterial cellulose

Figure 5: pH evaluation of dried bacterial cellulose
Histograms represent the mean of 3 measurements + SD. Different
letters denote significant differences based on the LSD test (p < 0.05)
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Moisture content (%)
O R N W B U O N ®

BC14 BCle BC18 BC110 BC24 BC26 BC28 BC210 BC34 BC36 BC38 BC310
Bacterial cellulose

Figure 7: Moisture content evaluation of dried bacterial
cellulose

Histograms represent the mean of 3 measurements + SD. Different
letters denote significant differences based on the LSD test (p < 0.05).
70
60
50
40
30
20

10

0
BCi4 BC16 BC18 BC110 BC24 BC26 BC28 BC210 BC34 BC36 BC38 BC310
Bacterial cellulose

Tensile Strength (N/mm?)

Elongation at Break (%)

Figure 8: Mechanical strength evaluation of dried bacterial
cellulose

Points represent the mean of 3 measurements + SD. Different letters and
numbers for the same line denote significant differences based on the
LSD test (p < 0.05).

250

200

WVTR (g/m?)

50

BC14 BC16 BC18 BC110 BC24 BC26 BC28 BC210 BC34 BC36 BC38 BC310

Bacterial cellulose

Figure 9: WVTR evaluation of dried bacterial cellulose
Histograms represent the mean of 3 measurements + SD. Different
letters denote significant differences based on the LSD test (p < 0.05).
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Table 3: Identification of FTIR spectrum of BC210

Wavenumbers of

Wavenumbers of

No. BC210 (cm) reference (cm) Identification of functional groups Reference
1 3341.643 ~3340 Stretching vibration of inter and intra O-H in cellulose =~ *°
2 2908.179 ~2900 CH2 asymmetric and symmetric stretching of cellulose ~ *°
3 2858.600 ~2851 C-H stretching vibration of sugar rings 61
4 1644.616 ~1650 H-O-H bending of absorbed water 30
5 1630.450 ~1630 C-O stretching 62
6 1427.883 ~1427 -OH bending 61
7 1413.718 ~1420 CHz bending 62
8 1357.056 ~1360 C-H bending 3
9 1332.974 ~1335 C-H deformation or -OH in-plane bending 63
10 1311.726 ~1314 CH2 wagging at C-6 6l
11 1280.562 ~1280 C-H bending 64
12 1201.235 ~1203 C-H bending 64
13 1158.739 ~1160 C-O-C asymmetric stretching at f-glycosidic linkage
14 1104.910 ~1108 C-C bonds of the monomer units from polysaccharide
15 1053.914 ~1060 C-0-H bond of carbohydrate %
16 1029.832 ~1030 C-O-C ring skeletal vibration 6l
17 667.195 ~660 O-H out-of-phase bending vibration 64
18 889.594 ~893 C-O-C stretching of pyranose ring and bending %

vibration of (1-4) B linkage

This has been suggested to be due to the increasing amount of fiber in
the structure of bacterial cellulose, which led to a reduced interchain
distance between polymer chains or fibers, which inhibited the
exchange of water vapor. The study showed that WVTR values ranged
from 180.0848+1.2992 to 228.1937+1.7605 g/m? in a 24-hour
experimental period. A WVTR value below 840 g/m?%24 hr indicates
that bacterial cellulose is moisture retentive, while a value below 300
g/m2/24 hr demonstrates an occlusive characteristic maintaining
moisture on the skin.®

The FTIR spectrum analysis was conducted on bacterial cellulose with
optimum characteristics, namely BC210. Figure 10 depicts the presence
of 18 bands that represent the characteristic functional groups of
bacterial cellulose identified in Table 3. The resulting bands undergo a
maximum shift of 8 cm™, which was suggested to be due to
fermentation medium and bacteria differences in bacterial cellulose
production. However, the FTIR spectrum of bacterial cellulose using L.
parafarraginis showed similarities with bacterial cellulose obtained
from L. hilgardii ITRKH159.%

The analysis of morphological structure using SEM was performed on
BC210 as bacterial cellulose with optimum characteristics, as illustrated
in Figure 11. The SEM image of BC210 is similar to the fiber structure
of bacterial cellulose using L. hilgardii ITRKH159. It is known that the
cellulose of L. hilgardii ITRKH159 bacteria yielded thinner and finer
fibers than those produced by K. xylinus.® The fiber arrangement of
BC210 was a complex structure composed of tightly arranged cellulose
fibers that were intricately woven together in a three-dimensional
network. Compact fibers and a decreased volume of pores also
characterized the structure of bacterial cellulose, which was related to a
reduction in WVTR value.% The fiber structure reduced the distance
and quantity of trapping sites for water molecules. In contrast, a dense
bacterial cellulose structure was associated with the enhancement of
moisture content. The density enhancement of microfibers led to high
water holding in the system, mainly because of hydrogen bond
formation. This contributed to a decrease in the amount of free bulk
water and thus reduced water evaporation.®
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Figure 10: FTIR spectrum of BC210

Conclusion

The study utilized coconut water as the main ingredient for preparing L.
parafarraginis growth medium for bacterial cellulose production.
According to the evaluation of bacterial cellulose characteristics,
BC210 exhibited optimum properties, including organoleptic test,
weight, thickness, pH, swelling degree, moisture content, mechanical
strength, and WVTR. The FTIR spectrum analysis showed that BC210
had several characteristic functional groups of bacterial cellulose.
Moreover, the analysis of the SEM image revealed that BC210
exhibited a morphological structure similar to bacterial cellulose using
bacteria of the same genus, namely L. hilgardii ITRKH159.
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Figure 11: Scanning electron micrograph of BC210 in 1000 and
3000x magnification
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