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Background: Cellulose masks obtained from natural sources such as bacteria are of interest as
cosmetic devices for the treatment of dry skin because they not only improve hydration of the
skin, but have low toxicity and are biodegradable. The aims of this study were to determine the
in vivo effects of a cellulose mask obtained from Acetobacter xylinum on skin characteristics
and to evaluate user satisfaction with the product.

Methods: Thirty healthy Thai volunteers aged 21-40 years participated in the study. The
volunteers were randomly separated into a control group and an experimental group. For the
control group, volunteers were assigned to apply moist towels to the face for 25 minutes. For
the experimental group, the volunteers were assigned to apply the masks, ie, translucent patches
which could be fitted onto the face for the same period. The following week, the groups were
changed over to the alternative treatment. Skin moisture, sebum, elasticity, texture, dullness,
and desquamation levels were assessed using a system used for routine skin counseling before
applying the trial product and five minutes after its removal. Degree of satisfaction with use of
the cellulose mask was investigated using a five-point rating scale.

Results: The cellulose mask increased moisture levels in the skin significantly more than moist
towels (P < 0.05) after a single application. No obvious effects on other skin characteristics
were found. The cellulose mask product rated around 4/5 on the satisfaction rating scale.
Conclusions: A single application of the trial cellulose mask enhanced moisture uptake by
facial skin. Users also reported being satisfied with the trial product.

Keywords: bacterial cellulose, facial mask, skin characteristics, skin hydration, user
satisfaction

Introduction

Normal skin integrity can be maintained when the skin has a moisture content of
20%-35%." In other words, skin hydration is important for healthy skin. Healthy
skin protects against the effects of environmental hazards, such as ultraviolet radia-
tion in sunlight, low humidity, and wind.? Dry skin affects many people, occurring
when skin loses its water content, causing the skin to appear dry, rough, and scaly,
possibly with reddening, cracking, and itching.> When the skin becomes dry, the
epidermal layer loses its ability to retain moisture. Without protection or treatment,
the skin cannot repair itself, leading to persistently dry skin.* Several treatments can
be used to restore dry skin or protect it from dryness. A topically applied moisturizer
is the main treatment, which makes the epidermal layer of the skin softer and more
pliable by enhancing hydration and decreasing water evaporation. Application of an
occlusive mask to the skin can also improve hydration and protect against water loss
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from the epidermis.’ Masks can be produced from various
sources. Cellulose masks obtained from natural sources, such
as bacteria, are of interest because of their low toxicity and
biodegradable properties. Acetobacter xylinum, a bacterium,
can produce acid from glucose and synthesize cellulose.® It
creates cellulose from sugars and related substrates via the
pentose cycle.” Bacterial cellulose has been widely used as
a stabilizer in foods and cosmetics. In the form of a film, it
can be used in surgical procedures and for dental implants.®
Recently, bacterial cellulose obtained from Acetobacter
xylinum culture was characterized and found to be composed
of long, smooth, and oriented fibrils and to exhibit consider-
able thermal stability.” Therefore, it was of interest for use
as a bacterial cellulose cosmetic device, in particular as a
facial mask.

The objectives of this study were to determine the in
vivo efficacy of a cellulose mask obtained from Aceto-
bacter xylinum in changing skin characteristics and to
evaluate user satisfaction after a single application. The
first impression of a product is usually a good indicator
of user preference. If a product can provide the expected
results and achieve a high level of user satisfaction after
single use, it is likely that the user will purchase that
product again.

Materials and methods

Materials

The cellulose masks were provided by Thainanocellulose
Co Ltd, Thailand. They were prepared from cellulose cre-
ated by a bacterium. Briefly, broken-milled rice (Oryza
sativa) was used as the feeding substrate and distilled
water was used as a medium for growth of Acetobacter
xylinum. Under appropriate incubation, the bacterium could
synthesize cellulose. The cellulose with absorbed water
obtained was cut into a face shape with holes for the eyes,
nose and mouth at the correct positions. Each patch was
then stored in a sealed package. The finished products were
sterilized by steam in an autoclave at 121°C for 15 minutes.
The mask patches were translucent and contained a high
concentration of water. The manufacturer reported that the
masks were nonirritant and satisfactory when studied in 16
Thai women."

Evaluation of efficacy

Thirty healthy Thai volunteers aged 21-40 years partici-
pated in testing of the efficacy of the cellulose mask for
improvement of skin characteristics. The volunteers were
twenty-one women and nine men. Twenty-three, five, and

two volunteers were in the age ranges of 21-25, 26-30,
and 31-40 years, respectively. The sample size was esti-
mated to be sufficient to detect a difference between two
population means when the probability of type I error
() and that of type II error (B) was set at 0.05 and 0.20,
respectively. The study was carried out with the approval
of the ethics committee of the Faculty of Pharmaceuti-
cal Sciences at Prince of Songkla University, Songkhla,
Thailand. All volunteers gave their informed written
consent and underwent testing for any skin irritation that
might be caused by the cellulose mask before the study.
No skin irritation occurred when the cellulose mask was
applied to the lateral arm for 24 hours, so all volunteers
were able to be included in the study.

The experiment was done in a laboratory room where
the temperature and relative humidity was controlled at
25°C and 50%, respectively. The volunteers were ran-
domly separated into two groups. Each group was invited
to participate in the test twice. For the first test, volunteers
in the group were assigned to apply moist towels to the
face for 25 minutes, while volunteers in the other group
were assigned to apply the trial masks to the face for the
same time period. One week later the experiment was
repeated, with the volunteers changing over to the alterna-
tive treatment. Skin moisture, sebum, elasticity, texture,
dullness, and desquamation levels were assessed before
applying the sample and five minutes after removing it
using a tool normally used as part of routine skin counsel-
ing (Moritex Corporation, Tokyo, Japan).!! The skin coun-
seling system consists of a touch screen computer with a
sensor and a scope to evaluate sebum, moisture, elasticity,
texture, and dullness of the skin. The values obtained are
reported as percentages, and ranked as low, medium and
high, in comparison with reference values in a population
of the same age range provided by the manufacturer. To
evaluate desquamation, a 2 cm X 1 cm sample sticker was
used to take skin samples. The sticker was applied to the
experimental area of skin for one minute and then peeled
off. Afterwards, the surface of the sticker containing a
sample of the skin from each volunteer was attached to the
lens window of the scope, which was then used to rate the
condition of the skin. Texture, dullness, and desquamation
were ranked as A, B, or C good, fair, or poor, respectively,
when compared with reference values.

Evaluation of user satisfaction
At the end of the study, all volunteers completed a question-
naire rating their degree of satisfaction with the cellulose
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mask on a five-point scale (excellent = 5, good = 4, fair = 3,
poor =2, very poor = 1).

Statistical analysis

The paired #-test and #-test were used to identify statistically
significant differences in skin characteristics before and after
using the trial product and between the trial product and the
control, respectively. A P value of 0.05 was considered to
be statistically significant.

Results

The cellulose mask was a translucent patch which could
be fitted onto the face as demonstrated in Figure 1.
The skin sebum level after moist towel application was
51.43 £ 12.24% and after using the trial cellulose mask was
50.57 £ 12.09%. The skin elasticity level after moist towel
application was 44.30 & 12.73% and after using the trial cel-
lulose mask was 46.70 £ 8.78%. The skin moisture content

Figure | Appearance of cellulose mask when applied onto facial skin.

Table | Skin characteristics of volunteers before and after applying cellulose masks

Subject Skin type Before application After application

A B C D E F G H A B C D E F G H
| Oily 51 46 42 B A B A B 83 44 59 Cc A A A B
2 Oily 45 65 72 B A B A B 49 56 95 C A B B A
3 Normal 18 54 80 Cc A A A B 15 40 87 Cc A A A B
4 Oily 87 41 50 C A B A B 71 48 71 C A B A B
5 Oily 50 47 44 C A A C B 83 60 72 C A A B B
6 Oily 67 48 49 Cc A C A B 93 56 74 Cc B Cc B B
7 Oily 41 42 40 B B A A C 44 48 66 Cc B A A A
8 Normal 24 28 71 B A A C B 21 27 77 Cc A A C A
9 Oily 44 27 47 B B A B C 73 42 61 B B A C A
10 Oily 59 38 57 C A C Cc A 53 44 66 C A C Cc A
I Oily 98 33 40 C A B A Cc 97 45 50 C A B A C
12 Normal 30 64 50 B A B A B 35 39 64 C B B A B
13 Normal 17 29 51 B A A B B 39 30 60 C A A A B
14 Normal 35 30 42 B A B A B 32 44 54 B A A A B
15 Normal 26 48 41 B A B A B 2| 48 58 B A A B B
16 Oily 98 44 49 B A C A C 99 45 57 B A B B C
17 Oily 41 31 46 Cc A B A C 70 54 57 B A A C C
18 Oily 93 45 45 A A C A B 94 55 54 B A B A B
19 Oily 49 50 44 B B A A B 94 51 58 C A A A B
20 Normal 24 54 46 C A B Cc B 92 48 58 B B B C A
21 Normal 30 52 42 B B A C A 35 51 57 B A A A A
22 Oily 71 54 42 B B A A B 99 52 56 Cc A A C A
23 Oily 55 50 41 C B A B B 99 48 58 B A A A B
24 Dry 22 52 32 C A B A B 99 54 47 B A B A B
25 Oily 56 32 41 B A B A B 99 51 53 C A B B A
26 Normal 21 55 42 C A B A C 36 56 52 B A B A Cc
27 Oily 56 66 42 C A A A Cc 78 60 53 C A A A C
28 Normal 9 56 38 B A B A Cc 14 44 54 B A A A C
29 Oily 83 28 44 B A A A B 99 30 55 B A A A B
30 Oily 57 31 44 B A B A B 86 31 54 A A A A B

Abbreviations: A, skin sebum level; B, skin elasticity level; C, skin moisture level; D, skin fineness; E, skin smoothness; F, skin transparency; G, degree of pigmentation;

H, keratin desquamation.
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Table 2 Answers and average scores on the questionnaire about
the opinion of 30 volunteers on application of cellulose mask

Topic Satisfaction level® Average
5 4 3 2 | scores

Odor of product 6 16 8 0 0 3.93
Color of product 8 21 | 0 0 4.23
Texture of product 10 20 0 0 0 433
Comfortable use 8 Il 9 2 0 3.83
Skin hydration 10 18 2 0 0 4.27
Period of application 6 16 8 0 0 3.93
Adhesion to skin 7 17 6 0 0 4.03
Overall 5 23 2 0 0 4.10
Note: *Scoring: 5 = excellent, 4 = good, 3 = fair, 2 = poor, | = very poor.

after moist towel application was 47.33 + 7.81% and after
using the trial cellulose mask was 61.23 £ 10.84%. It was
also noted that, after using the cellulose mask, skin moisture
levels increased by between 7% and 28%, without changes
in the other parameters, ie, sebum and elasticity levels, as
shown in Table 1.

Data for skin texture and dullness and keratin desquama-
tion are also reported in Table 1. Skin texture was defined as
fineness and smoothness. There was no significant difference
between grades obtained for skin texture after moist towel
application and those after application of the cellulose mask.
Skin dullness was defined as transparency and degree of
pigmentation. Skin transparency improved in eight of the 30
volunteers (26.7%) when using the cellulose mask. However,
there was no detectable change in degree of pigmentation
between the two treatments. Signs of keratin desquamation
were not significantly different after moist towel applica-
tion, but changed from grade B—C to grade A in seven cases
(23.3%) after using the cellulose mask.

All the volunteers completed and returned their satisfac-
tion questionnaires, the answers to which are reported in
Table 2. Responses to most questions were rated around 45
for the cellulose mask.

Discussion

These results indicate that a single application of the
cellulose mask did not significantly reduce sebum levels
or increase elasticity of the skin (P > 0.05). However,
it did significantly enhance moisture uptake (P < 0.05).
The water content in formulations or devices used for
skin hydration is an important consideration.'? Like many
moisturizers, cellulose masks can absorb moisture from
the environment.!* Using the cellulose mask, absorption
of moisture by the skin occurred due to the high concen-
tration gradient of water between the mask and the skin.

The occlusive effect of the cellulose mask administered to
facial skin for 25 minutes can reduce transepidermal water
loss,'* with efficacy of moisture uptake varying according
to the skin condition of the individual volunteers.

The increased skin moisture content achieved by the
cellulose mask did not improve skin texture, dullness, and
desquamation significantly when compared with moist
towel application (P > 0.05). Only water acted as an active
compound in the cellulose masks. In addition, the volunteers
applied the masks only once. Therefore, the full effects
on skin characteristics could not be assessed. However,
a minority of the volunteers did achieve improved skin
transparency and desquamation after applying the cellulose
mask, the reasons for which are unclear. It is possible that
different subjects responded differently to hydration after
topical application of the cellulose mask depending on their
general health, skin condition, age, gender, and possibly
other factors. In a previous study, it was reported that eight
of thirty-four volunteers had a significantly greater reduction
in eye puffiness after application of caffeine gel than after
placebo (P < 0.05), while most volunteers did not show a
differential response to these two products.'s

The results from our questionnaires demonstrated that
the odor, color, and texture of the cellulose masks were
acceptable to the subjects, the majority of whom rated the
cellulose mask comfortable to use and able to provide skin
hydration within an acceptable period. The cellulose mask
adhered well to the skin. Overall, user satisfaction with the
cellulose mask was rated as good. In the future, it is possible
that cosmetically active compounds, eg, for skin-whitening
and antiageing, will be able to be incorporated into such cel-
lulose masks as nanoformulations, which are likely to meet
user demands further.!®!

Conclusion

The cellulose mask derived from Acetobacter xylinum could
be used as a natural cosmetic product in order to increase
moisture uptake in the skin. The mask was shown to be safe
and effective. Single application of the cellulose mask signifi-
cantly enhanced moisture uptake by the skin when compared
with moist towel application (P < 0.05). However, it did
not change skin characteristics to a significant degree. The
responses to the satisfaction questionnaire used in this trial
suggest that the cellulose mask is acceptable to users.
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