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ABSTRACT

The biomembrane (bacterial cellulose) was developed by
Gluconacetobacter  xylinus  ATTC 23769, associated to
Saccharomyces cerevisiae, for 7-10 days cultivation, from
residual fruit-vegetable juices added to green tea broth, was
studied and hydroalcoholic Calendula officinalis extract (1:1)
was incorporated into biomembrane. Cultures were grown 1200
mL flasks with 80% v/v broth (Green Tea, Orange, Papaya, Wine,
Collagen and Beet broths) and 20% v/v inoculum, incubated for
7-10 days at 28+2°C under static conditions, pH initial 3.5 4.0.
The biomembrane thickness, diameter and weight were
measured. The DSC, FTIR, BET analyses were performed
and Water and Marigold absorption capacity were
calculated. The highest bacterial cellulose yield (6.1+0.5 g
cellulose/day) was obtained in green tea medium with 40% v/v
papaya juice and also 10% v/v orange juice. Moreover, the
addition of 1.2% w/v collagen to the green tea medium increased
by 1.5 times the biomembrane weight. The developed
biomembrane is composed by cellulose (confirmed by infrared
spectroscopy (FTIR) at A, = 1644 cm ™), with a total surface of
2.07 m’/g, an average porous size of 158 A (BET), strength and
elasticity between 0.09-0.5 MPa, (similar to Young's model for
indentation) and thermal stability up to 137 °C (DSC). The
biomembrane  absorption capacity for water and
hydroalcoholic Calendula officinalis extract (1:1), was six and
five times higher than its dry weight, respectively. The Marigold
extract was incorporated into the biomembrane due to its suitable
topical properties, such as antioxidant, anti-inflammatory and
wound healing.

INTRODUCTION

ellulose is the most abundant, renewable,

biodegradable and sustainable biopolymer. It is a

polysaccharide, consisting of linear -1,4-D-glucose
units [ 1], which can be obtained from plants or be synthesizing by
different types of microorganisms such as algae (Vallonia), fungi
(Saprolegnia) and bacteria (Acetobacter, Agrobacterium,
Rhizobium).

Plant cellulose and bacterial cellulose (BC) have a similar
chemical structure. However, bacteria cellulose (BC) is
different from plant cellulose insome aspects, including finer
structure (nanoscale microfibrils < 10 nm in width), higher
purity (hemicellulose and lignin free), longer fiber length
(polymerization degree between 2000 6000), higher crystallinity,
better morphological control (it can be grown into many shapes

under static cultivation conditions in different fermentation
vessels) [1], strong biological adaptability, nontoxic and non-
allergenic[2 -4].

The increasing demand for cellulose has resulted in
extreme negative pressure on the delicate ecological balance of
the plant world. One approach to reduce the demand for cellulose
of plant origin is the production of cellulose using a microbial
system [5].

The Gram-negative bacterium Acetobacter xylinum is the
most studied and promising microorganism that produce BC.
Two culture methods can be used to synthesize the extracellular
cellulose by Acetobacter xylinum. One is the static culture, which
is used to create a gelatinous membrane of cellulose on the
interface between the air and the liquid medium. The other is the
agitated culture, where the synthesized cellulose is distributed
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throughout the culture medium as a fibrous structure [1]. The BC
produced in these agitated systems exhibits a lower degree of
polymerization (DP), crystallinity, and Young's modulus than that
produced under static cultivation. The less-organized form of BC
may result from shear stress during agitation [5].

Bacterial cellulose biosynthesized by Acetobacter xylinum
was first discovered in the late nineteenth century and has been
used in practical applications for several decades. In the 80s, a
pure microfibrilar  biosynthetic cellulose membrane was
developed through a fermentative process and since then, the BC
has been utilized as skin substitute for the recovery of burned and
injured skin, to repair defects of the abdominal wall in aponeurotic
muscles, bandages for periodontal surgery, artificial blood vessel,
tourniquets, dura mater substitute, stent coating, food packaging,
dietary fibers, culture substrate for mammalian cells, biofuel and
others [6-9].

In Brazil, 13 million tons of food/year is wasted by Markets.
These fruit wastes have abundant sugars, such as glucose and
fructose that could be bio-converted into useful products with
high aggregate value as BC by acetic acid bacterium such as 4.
xylinum. Although coconut water is known to produce bacterial
cellulose [10], there is a lack of articles about BC by fruits-
vegetable wastes.

Green tea (Camellia sinensis), also known as bancha, has been
a leading beverage in the Far East for thousands of years. Green
teacontains ahigh percentage of polyphenol (potent antioxidant
and antimicrobial agents), catechins, methylxanthines,
manganese, potassium, acid folic and vitamins (C, K, B1 and B2)
and has the local ability to induce apoptosis in oral cancer cells [11
-12].

Calendula officinalis (Asteraceae) is an Egyptian ornamental
and medicinal plant. The Marigold tincture, gel, infusion, cream
and ointment are widely used as an anti-inflammatory and
healing agent for skin and mucous membranes [13- 15]. The
Marigold flower contains flavonoids, essential oils,
sesquiterpene, triterpenes and saponins [16]. The main marigold
components with anti- inflammatory activity are faradiol
(aromatic rings A, D and E 1), arnidiol and calenduladiol [ 17].

In this article the biomembrane weight (g cellulose),
productivity (g cellulose/day) and conversion factor (g cellulose/g
sugar) were evaluated in different culture medium (green-tea,
fruit juices (orange, papaya), and vegetable (beet) and wine), as
well as was studied the effect of collagen on the biomembrane
production. Marigold hydroalcoholic extract was added into the
BC due it healing, anti-inflammatory and analgesic propriety. The
biomembranes produced in the different media were also
characterized.

MATERIALSAND METHODS
Inoculum

The strains of Acetobacter xylinum (ATCC 23769) were
obtained from Fundagido André Tosselo located in Campinas, Sao
Paulo.

Lyophilized cells of A. xylinum (ATCC 23769) (10 mg) and
dry cells of S. cerevisiae (bakery source) (2.5 g) were dissolved in
250 mL of green tea (17.5 g green tea leaves in 250 mL distilled
water) with 25 g sugar, and kept in static condition at 28 +2°C for
10 days; after this period, a pellicle was formed on the surface.
After this time, 250 mL of supernatant and the pellicle were used
as pre-inoculum for 600 mL of green tea medium (7% w/v green

tea leaves, 10% w/v sugar and distilled water gsp 1L). The
media inoculated with the pre-inoculum was kept in static
condition at 28 £2°C for 10 days and used as the inoculum.

Medium

In this study, a very ripe Citrus simensis (orange), Carica
papaya (papaya) and Beta vulgaris L (beet) were provided by a
local market in Sdo Paulo. The fruits and vegetables were washed,
crushed and squeezed to prepare the juices.

The medium used to produce BC were: Green tea medium
(GT) (7% w/v green tea leaves, 10% w/v sugar and distilled
water gsp 1L); Orange medium (80% v/v GT and 20% v/v orange
juice); Papaya medium (40% v/v GT, 50% v/v papaya juice and
10% v/v orange juice); Wine medium (33% v/v GT , 34% v/v
wine and 33% v/v water); Collagen medium 0.5% (100% v/v GT,
0.5% w/v collagen); Collagen medium 1.0% (100% v/v GT, 1.0
% wi/v collagen); Collagen medium 1.2% (100% v/v GT, 1.2 %
w/v collagen); Beet medium 8 % (92% v/v green tea (7% w/v
green leaves, and distilled water qsp 1L) and 8% v/v beet juice)
and Beet medium 17 % (85% v/v green tea (7% w/v green leaves,
and distilled water gsp 1L)and 17% v/v beetjuice).

Culture Condition

Cultures were grown in 1200 mL flasks containing 600 mL of
media (Green tea medium, Orange medium, Papaya medium,
Wine medium, Collagen medium, Beet medium) and 150 mL
of inoculum. Cultures were incubated for 10 days at 28 + 2°C
under static conditions, pH: 3.5 + 0.5. A pellicle (biomembrane)
was formed at the air/surface interface.

Bacterial Cellulose Purification and Dryness

After the cultivation period, the harvested biomembrane
was washed with distilled water to remove medium
components, dried until constant weight by lyophilization or
oven at 50°C and autoclaved by 30 minutes at 121°C. After this,
the biomembrane was weighed in a semi-analytic scale and the
diameter and thickness were measured using digital calipers [18 -
19]. Productivity (g cellulose/day) and conversation factor (g
cellulose/g sugar) were then calculated.

Fourier Transform Infrared (FTIR) Spectroscopy

FTIR spectroscopy was used primarily to identify the
chemical structure of the membrane. The FTIR spectra of the
membranes were measured at wave numbers ranging from 4000
t0 400 cm™ with a Bomem MB100 FTIR spectrometer [20].

Mechanical Properties

The indentation tests were performed on a Stable
Microsystem TA-XT2 texturometer. The device consists of a
spherical probe 5 mm in diameter and a film holder. The samples
were put in the holder between the two plates.

The probe was driven through the sample at a speed of 0.2
mm/s. The tests were done in triplicate of 3 cm’. The equipment
determined the load required for indentation (F1), the
displacement of the probe from the point of contact to the point of
indentation (D1) and the area under the curve related to energy to
the indentation. Then, the indentation strength (F1/Acs, where
Acs is the cross-sectional area of the film located in the
cylindrical opening ofthe film holder) and the elongation to the
indentation ([{(R2 + D1 2)1/2 - R}/R].100, where R is the
radius of the film exposed in the cylindrical hole of the film
holder) were calculated [21].
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Scanning Electron Microscopy (SEM)

BC samples after cell removal were lyophilized and then
coated with a thin Platinum film of around 5 nm. A SEM-FETI field
emission scanning electron microscope (Leo Co., Oberkochen,
Germany) was used, operating at 4 kV 10 kV and imaging
magnification about 5,0 00 30,000 was used for examination of
BC samples.

Brunauer-Emmett-Teller (BET) Surface Analysis

The pore size and surface area of the membranes were
determined with a BET surface area analyzer. To remove
moisture from the film samples, the samples were placed in
sample cells, which were then heated up to 348 K (75°C) for 3 h
and cooled down to room temperature before the BET analysis.
The BET pore size and surface area were determined with N,
adsorption at 77 K (-196°C) in a Micromeritics (Atlanta, GA)
ASAP2020.[20]

Water Absorption Capacity (WAC) and Marigold
Absorption Capacity (MAC)

To determine the WAC and MAC, the dried biomembranes
(surface area 1 cm’ , thickness 1.5 mm) were immersed
respectively in distilled water and Marigold hydroalcoholic
extract (diluted with alcohol 70%, 1:1), at room temperature
until equilibration. After that, the biomembranes were
removed from the water/Marigold hydroalcoholic extract;
the excess on the surface of the biomembranes was blotted out
with Kim wipes paper.

The weights of the swollen biomembranes were measured,
and the procedure was repeated until no further weight change
was observed. The WA/MAC was calculated according to the
following formula:

WAC (%) or MAC (%) = (Mh - Md/Md).100

Where: Mh and Md represent the weight of the hydrated and
dry membrane, respectively [20].

Marigold Transfer Capacity (MTC)

The MTC was performed to verify the deliverable capacity of
the biomembrane. The lyophilized biomembrane was put in
contact with the Marigold biomembrane (lyophilized green tea
biomembrane rehydrated with 3 mL of Marigold hydro-
alcoholic extract) at room temperature until equilibration. The
Marigold biomembrane weight was measured before and after the
contact. The transference capacity was calculated using the
following formula

MTC (%)=(W1la W1b/W1a).100

Where: Wlaand Wb are the Marigold biomembrane weight
before and after the transference, respectively.

RESULTSAND DISCUSSION
Cellulose production (weight, productivity and thickness)

The culture was carried out in static condition around 28 + 2°C
by adding an aliquot of activated seed medium to the culture
medium. The system becomes turbid and after 3-5 days, a pellicle
(biomembrane) appears on the surface.

The mechanism of biomembrane formation was considered as
follows. In the initial stage, the bacteria increase their population
by taking dissolved oxygen and producing a certain amount of
cellulose in the entire liquid phase, as observed by the appearance

of turbidity. When the dissolved oxygen is used up, only bacteria
existing in the surface vicinity can maintain their activity to
produce cellulose. The bacteria below the surface are not 'dead’
but 'asleep’, so they can be reactivated and used as the seed for
new culture operation [1].

A general trend observed is that the thickness, as well as the
yield of cellulose, increases sharply after a few days of induction
period, until the rate starts to slow down after a week or ten days. It
was considered as glucose the kind of saccharide that was
digested by bacteria and converted to cellulose [2]. The pH value
during the fermentation varied + 0.5, because gluconic acid is not
produced during cultivation [2].

As observed in Figure 1, the heaviest biomembrane is the one
produced in the papaya medium (61.4 g), followed by the wine
(35.0 g) and orange biomembrane (20.5 g). The weight of green
tea and papaya biomembranes is respectively 3.6 and 61.8-fold
greater than the weight of the biomembrane produced by Iguchi
[2] in coconut medium. The biomembrane weight produced in the
papaya medium was 12.5-fold greater than the bacterial cellulose
produced by Cheng [5] in corn steep liquor with fructose with
0.5% CMC in agitated culture and 6 times greater than BC
obtained by Ruka [2] in yamaka-manitol medium in static
condition. The orange biomembrane weight was 17 greater than
the BC produced by Kuroshimi in orange medium without a
nitrogen [5].

The biomembrane produced in the green tea medium (0.6
mg/mL) and papaya medium (10.23 mg/mL) were respectively
1.5 and 25.6-fold greater than that obtained by Hu, 2010 [1],
during cellulose sphere production by Acetobacter xylinum
NCIMB(ATCC 23769) in agitated culture.

Under the studied conditions, the most productive medium
was the papaya medium (6.14 g cellulose/day), followed by wine
(3.50 g cellulose/day) and orange media (2.93 g cellulose/day).
The BC productivity in the papaya medium was 2.1-fold and
12.80-fold greater than that in the orange and in green tea
media, respectively. The BC productivity in the orange
medium was 7.3-fold greater than that in green tea medium.
Kurosumi [18] described that the orange medium is the most
productive in comparison of other media studied by his group
[pineapple, apple, Japanese pear and grape medium)].

These results show that adding orange and papaya to the green
tea medium increased the biomembrane productivity and weight.
Also, the acetic acid present in the wine improved the
biomembrane weight. The substitution of sugar by beet juice 17%
(v/v) increased 3.0-fold the BC productivity and 4.3-fold the
biomembrane weight, while adding 8% beet juice (v/v) increased
2.1- fold the BC productivity and 3.0-fold biomembrane weight
in relation to green-tea medium, probably because the beet juice
contains nutrients that enhance cellulose production. This fact
will be further evaluated in a future study.

During the cultivation, a pellicle appeared on the surface and
its thickness increased steadily with time, reaching over 7 mm in
10 days (papaya biomembrane). It is important to note that during
the pellicle growth process, the aerobic bacteria generate
cellulose only in the surface vicinity. As long as the system is kept
unshaken, the pellicle is suspended by cohesion to the inner
container wall and slides steadily downwards as it thickens.
Iguchi [2] showed that the continuous growth of the pellicle layer
tended to fail if a container with a tapered wall, such as a conical
flask, was used. The pellicle thickness increases until all sugar is
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Figure 1: Biomembrane weight (g); productivity (g cellulose/day); conversion factor (g cellulose/ g sugar) and thickness (mm) in
the green tea medium (green tea), orange medium (orange), wine (wine medium); papaya (papaya medium); beet 8% (beet medium
with 8% v/v beet juice) and beet 15% (beet medium with 15% v/v beet juice), 10 days of cultivation, initial pH=3.5.
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Figure 2: Biomembrane weight (g); productivity (g cellulose/day); conversion factor (g cellulose/ g sugar) and thickness (mm) in
the green tea medium (green tea) , Collagen 0.5% (collagen medium 0.5%); Collagen 1.0% (collagen medium 1.0%); Collagen
medium 1.2% (collagen medium 1.2%); 10 days of cultivation, initial pH=3.5.
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Figure 3b: Orange biomembrane, 10-day cultivation.

Figure 3c: Papaya biomembrane, 10-day cultivation

Figure 3e: Beet biomembrane, 10-day cultivation Figure 3f: Collagen biomembrane, 10-day cultivation
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Figure 4: The FTIR spectra of biomembranes, after 7 days of cultivation and initial pH = 3.5, at wave numbers ranging from 400 to
4000 cm " in green tea (green tea medium); orange medium (orange medium); papaya (papaya medium); wine (wine medium);
Marigold (green tea biomembrane rehydrated with 3 mL of Marigold hydroalcoholic extract)

0.60
0.50 M Indentation Modulus (mPa}
<
% 0.40 F
2
=
3 030 F
g
8
£ 020 }
3
S
| . l l I
0.00 _- 1 1 1 1 1 1
O & K e ,\e? & ,eb
é‘ooo S Q’?’Qﬁ (3‘\% N W &
@ Q\?x\ Q GQ/ \:\°Q

Figure 5: Indentation module of biomembrane, after 7 days of cultivation, initial pH = 3, in green tea medium (green tea); orange
medium (orange medium); papaya medium (papaya); wine medium (wine), Marigold (GT biomembrane rehydrated with 3 mL
Marigold hydroalcoholic extract), Rehydrated (GT biomembrane rehydrated with 3 ml water) and Lyophilized (lyophilized green
teabiomembrane).
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TABLE 1: WAC, MAC and MTC

Biomembrane WAC MAC
Beet 73 24
Papaya 197 68

Wine 227 11
Green tea 525 400
Orange 663 125
Capacity Transfer 27%

Absorption 0.25 g of Marigold/g ccllulose

consumed by 4. Xylinium.

The addition of papaya with orange juice (papaya: 50% v/v
and orange: 10% v/v), wine (34% v/v) and orange juice (20% v/v)
increased green tea biomembrane thickness 21.3, 11.1 and 6.3-
fold, respectively and it is 3.13-fold thinner than the one produced
by Iguchi [2] in coconut medium. The substitution of sugar by beet
juice 8% v/v (9 g/L) and 17% v/v (18 g/L), increased the
biomembrane thickness 2.8 and 2.7-fold, respectively (Figure 1).
Probably these results are due to the fact that wine, orange, papaya
and beet contain substances that reinforce the biomembrane
structure, consequently improving thickness.

The adding of papaya with orange juice (papaya: 50% v/v and
orange: 10% v/v), wine (34% v/v) and orange juice (20% v/v)
increased the conversion factor 30.7, 5.25 and 7.43-fold,
respectively. The substitution of sugar by beet juice 8% v/v (9 g/L)
and 17% v/v (18 g/L), increased the conversion factor 29.72 and
21.25-fold, respectively (Figure 1). The ethylic alcohol and
sugars present in the wine, the citric acid present in the orange
juice, and sugars that compose the papaya and beet juices are
easily converted into cellulose, consequently improving the
conversion factor.

Collagen Effect

As other polymeric additives such as agar, acetan, xanthan and
CMC, collagen exhibited its ability to hinder formation of large
clumps of BC and enhanced BC production during fermentation.

The Figure 2 is observed that the collagen addition to the green
tea medium has a tendency to increase the biomembrane weight,
probably due to collagen incorporation into the biomembrane,
producing a more robust biomembrane. This probably occurs
because collagen has affinity with the biomembrane during the
BC formation.

In this study, different collagen concentrations (0.5%, 1% and
1.2%) were added to the green tea medium, and their BC
production (weight, productivity, conversion factor and
thickness) were compared with the BC production in the green tea
medium. BC production in the control case (green tea medium)
was 6 g/L, 4.3-fold greater than that found by Cheng [5]. BC
production with 0.5% w/v collagen (9.7 g/L) and 1.0% w/v
collagen (11.3 g/L) were 1.6 and 1.8-fold larger than control,
respectively and somewhat greater than that found by Cheng [5]
with 0.5% (w/v) CMC (7.2 g/L), and approximately 2.1 - 2.5-fold
greater than that found by them when microcrystalline cellulose

(0.5% - 437 g/L) and agar (0.2% - 4.49 g/L), were added,
respectively.

Productivity in the medium containing 1.2% w/w collagen
was very similar to the control medium (0.5 g cellulose /day) and
the addition of 1.0% w/w collagen improved the productivity by
2.1 fold. The addition of 0.5% w/w, 1% w/w and 1.2% w/w of
collagen in the green tea medium increased the thickness 3.7, 4.0
and 3-fold, respectively.

The conversion factor was also improved 2-fold and 1.6-fold
when 0.5% w/ and 1.0% w/w collagen was added to green tea
medium, respectively. The conversion factor in green tea medium
with 1.2% w/w collagen was very similar to control (green tea
medium).

Scanning Electron Microscopy (SEM)

Biomembranes seem to be composed of piles of thin cellulose
layers, regardless of the direction in which it is analyzed.In the
BC, the density of interfibrillar hydrogen-bonds must be much
higher, as the diameter of fibrils is much smaller [2] than pulp
paper. The fiber structure and homogeneity of the biomembrane
are showed in Figure 3. Similar structure was found by
Saibuatong [20] for the production of BC with aloe vera.

The formation of BC pellicle may be impacted by the overall
medium composition, carbon source, medium viscosity A.
xylinum strain and factors related to the operational conditions
(eg. pH, temperature, agitation or not of the medium, size
and shape of the container, etc.) [1]. As shown in figure 3, the
biomembrane produced in orange medium has smaller pores than
the ones produced in green tea medium and are also more
compacted. In the biomembranes produced using collagen, it can
also be observed that the collagen molecules are involved/
intertwined with cellulose fibers. All produced biomembranes
have similar structures.

Brunauer-Emmett-Teller (BET) Surface Analysis and
DSC Analyses

The total surface area and average pore size determined by
BET for Green Tea biomembrane were 2.07 m*/g and 158.2 A (1
A =0.1 nm) in dry form. It means the network resulted in a mean
porosity of 20 nm. The porous size was a little small than the value
obtained for dry biomembrane and similar to the rehydrated
membrane with 10% of aloe vera developed by Saibuatong [20],
but the area is about 26 times smaller than the dried membrane
developed by Saibuatong [20]. The BET result were in
accordance with the observations from the SEM micrographs.

The DSC analyses showed that the glassing point is around -
20°C, the crystallization points is around 10°C and there is no
thermal degradation until 137°C. These results confirm that
the biomembrane is composed by cellulose and can be sterilized
by autoclaving.

FTIR Analysis

The cellulose absorption spectrum is the band at 1642.9 cm™,
which has been assigned to carbonyl groups and the band of 1090
cm’ that has been assigned to the ligation between C-O groups.

FTIR spectroscopy of BC films developed in different media
were carried out in order to detect the occurrence of new peaks or
any peak shift that could be attributed to interactions between
cellulose and medium components.

The FTIR spectra of all samples were detected at
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wavenumbers ranging from 400 to 4000 cm ' as shown in Figure 4.
In the region from 1800 to 1500 cm™, the intense absorption in the
cellulose spectrum was the band at 1642.9 cm™, which has been
assigned to the carbonyl groups [1]. The bands at 16501578 cm’'
were assigned to C-O stretching, which overlaps with NH
bending. The absorption band at 1565 1540 cm' was NH
deformation. All biomembranes have a similar spectrum (Figure
4) that shows that the biomembrane (1600-4000 cm™) is
composed by cellulose and there is no interaction between the
medium components and biomembrane. Similar data was found
by Saibuatong [20] for the production of bacterial cellulose with
aloe vera.

Mechanical Properties

Although bacterial cellulose is obtained in the form of a highly
swollen gel, the texture is quite unique and different from typical
hydro-gels. The original elasticity would never recover once the
gel is crashed. This is due to the fact that the elements that
constitute the gel are microfibrils, not the segments of chain
molecules, such as in agar or gelatin gels, which can take a
thermodynamically stable form [2]. Figure 5 shows that the
elasticity of the rehydrated and marigold biomembranes (0.05
MPa) is higher than in the others. On the other hand, the
lyophilized biomembrane showed to be more rigid (0.55
MPa) than the others. Therefore, the addition of Marigold to the
lyophilized biomembrane improved its flexibility from 0.09 to
0.03 MPa, probably because of the interaction between the fibril
network and marigold extract, resulting in improvement of
biomembrane flexibility. The wine biomembrane increased the
indentation module from 0.09 to 0.27 MPa. The orange
supplement increased the indentation module from 0.09 to 0.11
MPa. The indentation module was similar to that obtained with
the orange, green tea and papaya biomembranes. The most
flexible membrane was the Marigold membrane. Similar data
were found by Saibuatong [20] for the production of BC with
aloevera.

Water Absorption Capacity (WAC), Marigold Absorption
Capacity (MAC) and Marigold Transfer Capacity (MTC)

The effect of the medium components on the biomembrane
WAC was analogous to the medium effect on the mechanical
proprieties (Table 1). The papaya medium decreased the WAC of
the biomembrane from 525 % to 197% (328%), which is
approximately 2.7- fold lower than the green tea biomembrane.
The degree of water swelling and WAC can be increased with the
introduction of a hydrophilic component to the culture medium.
The WAC of the wine biomembrane is 2.3-fold lower than the
green tea biomembrane. The WAC value for the orange
biomembrane (663%) is similar to that of the cellulose membrane
with 30% of aloe vera (around 700%) [20]. The orange
biomembrane has the highest WAC (663%), which is 1.3-fold
greater than that of the green tea biomembrane.

The MAC of green tea biomembrane is 400%, which means
that the biomembrane absorbs 1.3 times more water than
marigold and this probably happens due to the hydrophilic
propricties of Marigold extract. The green tea biomembrane
absorbed 0.25 g of Marigold/g cellulose. The Marigold transfer
capacity to dry biomembrane is 27%. It means that the
biomembrane can transfer marigold extract through
concentration gradient. This is an indication that the
biomembrane can transfer marigold and other hydrophilic
extracts. Moreover, the values of MAC and MTC indicate that

the marigold biomembrane could have a therapeutic effect,
as according to the Brazilian regulation, it is necessary to have a
marigold concentration of 8.8 to 17.6 mg of flavonoids for topic
use. Additionally, one can consider that these WAC and MAC
values indicate that the different biomembrane may have
different uses, such as the orange biomembrane can be applied
to the region with more exudates and the green tea biomembrane
use to absorb more hydrophilic compounds.

CONCLUSION

It is possible to produce cellulose by using fruit (papaya and
orange) wastage and green tea. The best cellulose production was
obtained with the papaya medium (6.14 g cellulose/day). The
addition of 1.0% (w/v) collagen increased 2.1-fold the cellulose
productivity. The green tea biomembrane has good water
absorption capacity (6 times the dry weight) and Marigold
absorption capacity (5 times the biomembrane dry weight) and
the green tea biomembrane has the capacity to transfer Marigold
extract to other dry biomembranes (27%). The incorporation of
Marigold hydroalcoholic extract into the biomembrane improved
its flexibility and added antioxidant, anti-inflammatory and
wound healing topical effects to the green tea biomembrane.
The developed biomembrane is suitable to be used in the
treatment of skin burns.
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