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Abstract : Moisturizers are topically applied agents which can increase the moisture content in the skin to maintain skin 
integrity and youthful appearance. L-brand soothing gel (Tested gel) was developed for skin hydration. The objective of this 
study is to evaluate the benefits of daily usage of Tested gel amongst healthy young adults. This study also aimed to assess 
whether storage temperature may affect the efficacy of Tested gel. Changes in moisture content and texture index of the skin 
where the product was applied over a period of 8 days were assessed using non-invasive devices to measure the skin’s bio-
electric impedance. Our results indicate that application of Tested gel produces a hydrating effect characterized by a signifi-
cant increment in skin moisture and smoothness. There was no association found between storage temperature and efficacy 
of gel. The hydration effect of Tested gel diminishes gradually after application, but the hydration effect is cumulative upon 
daily usage for healthy young adults.
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Introduction

Being the outermost and largest organ of human skin 
serves many important functions. Conventionally, the 
skin is arbitrarily classified into multiple layers based 
on its structural distribution. The first layer, the stratum 
corneum, largely consists of dead cells which serves as a 
waterproof barrier that protects the body from mechanical 
injuries or invasion of harmful pathogens[1,2]. The second 
layer, also known as the dermis, is rich in collagen and 
elastin fibers and houses a large number of nerve sensors 
that allow detection of external stimuli such as heat, touch 
and pressure[2-4]. The skin plays important roles in regu-
lating the homeostatic balance of temperature, water and 
electrolyte levels of the body; additionally, beneath the 
dermis are layers of connective tissues and adipose tissue 

that can serve as energy stores and also provide  heat 
insulation[2]. 

To illustrate further, the epidermis layer can be further 
divided into four distinct layers, namely the stratum 
corneum (SC), which consist of mainly dead cells; stra-
tum granulosum, whose name is derived from the dis-
tinct granules found after cell death; stratum spinosum, 
named after its spiny appearance; and finally, the deep-
est layer, stratum basale, where mitosis occurs and new 
cells are made[5]. Under normal ambience, the outermost 
layer, SC plays an important role in maintaining the ho-
meostatic balance between its hydration level and the 
lipid layer above it to regulate the continuous function 
and healthy appearance of the skin[6]. While commonly 
known as an inert layer made up of dead cells, SC is still 
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active catabolically, constantly generating water soluble 
compounds known as natural moisturising factor (NMF). 
NMF is the combination of amino acids and several oth-
er chemicals whose function is to absorb moisture for 
maintenance of skin hydration[7-9]. 

As the underlying pathophysiology of dry skin arises 
from the disruption of the homeostatic balance between 
the skin surface lipids and moisture content in SC, main-
taining skin hydration is crucial to facilitate restoration 
to its normal function[10]. Confronting the harsh environ-
mental challenges, moisturizing agents render a cooling 
effect[11] and help to reduce the incidence of skin wear 
and tear caused by dryness[12]. There are many types 
of moisturizers available in the market. Depending on 
the nature and ingredients, different moisturizers main-
tain hydration through different mechanisms, such as 
by functioning as emollients, humectants, substantives, 
keratolytic agents, forming an occlusive barrier to reduce 
water loss, or through the combinations of several mech-
anisms aforementioned[9,13]. 

There is a positive correlation between moisturizer use 
and skin hydration with numerous studies having con-
firmed the physiological benefits of moisturizer on skin 
conditions[10,13,14]. Carville et al. showed that twice daily 
application of moisturizer to the older adults in an aged 
care facilities reduces the incidence of skin tear by al-
most fifty percent when compared with the controls[15]. 
Clearly, the use of moisturizer helps to ensure adequate 
hydration and prevent reduction of hydration level that 
may result in skin malfunction[16]. 

A common natural ingredient used as moisturizer is the 
pulp of Aloe vera. Aloe vera is a widely used medicinal 
ingredient which can be dated back to more than 4000 
years ago[17]. Modern research has produced evidence of 
its various beneficial properties such as antioxidant[18,19], 
anti-inflammatory[20-22], antibacterial[23], hepatoprotective 
and immunomodulatory effects[24], and recently even es-
tablished the role of Aloe vera in counteracting ulcers[25], 
diabetes[26] and cancers[27,28]. While it has broad applica-
tion in multiple fields, the use of Aloe vera is predomi-
nant in dermatology. Aloe vera or scientifically termed 
Aloe barbadensis is known for its capacity to promote 
the healing of many skin ailments, from minor burns, 
cuts, frostbite, acne to more severe skin diseases and in-
flammation due to the fact that it can penetrate into tis-
sues beneath the skin layers and hasten the proliferation 
of cells to facilitate the skin repair process[29,30]. 

This study differs from many published experiments that 
have studied the benefits of moisturizers in the elderly 
and individuals with skin problems, as this experiment 
aims to investigate the significance of daily usage of 
Tested gel as a moisturizing agent in healthy young in-
dividuals, analyzing outcomes in terms of skin moisture 
content and skin texture improvement. As it has been 
proven that heat treatment in processing moisturizers 
will alter the polysaccharide structure, hence affecting 
the activity of the gel[31,32], in this study, we also aimed  
to evaluate the effect of ambient storage temperature on 
the efficacy of Tested gel, whereby we compared storage 
in a refrigerator to storage at room temperature. Besides, 
the soothing effect rendered by the cold gel, we hypoth-

esized that cooler Tested gel at 4 oC will result in a more 
significant rise in skin moisture content and increased 
smoothness of skin as compared to gel stored at room 
temperature (RT) of 25 oC. 

Methodology

Subjects 

This is a pilot study involving eight subjects. The inclu-
sion criteria are healthy female subjects in the age range 
of 21 to 22 with normal skin conditions and without any 
previous medical history or family history of skin related 
diseases. The subject must have no previous experience 
of using the formulated gel. Informed consent was taken 
as the subjects agreed to commit to the 8-day trial sched-
ule. To ensure the validity of the result, all subjects were 
prohibited from using other moisturizers, shampoos with 
moisturizing effect or any other forms of topical products 
during the duration of the trial. 

Procedures

The subject’s left ventral forearm was subdivided into 
three regions using a ‘plastic film template’ with three 
furrows, each with an area measurement of 3 cm x 3 cm 
as illustrated in Figure 1.  The first furrow (F1) is the 
control, no application of gel to the region. The second 
furrow (F2) is for the application of Tested gel stored at 
RT. The third furrow (F3) is for the application of the 4 
oC Tested gel. The Tested gel used was registered under 
the trademark Lennisse (NOT180803966K). A thin layer 
of Tested gel was spread evenly over the whole exposed 
area in respective furrows. The 4 oC Tested gel was kept in 
the refrigerator before and after the application to ensure 
consistency of the temperature. Ethics approval from KPJ 
Healthcare University College was obtained (KPJUC/
RMC/SOP/EC/2018/161).

Data collection

The smoothness and moisture content of skin were the 
outcome measures evaluated in order to assess changes 
in skin conditions during the study. Although measuring 
body hydration levels is a rather complex process, we 
simplified the process by using two distinct portable de-
vices, namely the Bioelectric Impedance Analysis (BIA) 
Skin Analyzer and SK-8 Digital Moisture Oil Content 
Analyzer. Adopting the principle of bioelectric imped-
ance analysis, both devices are non-invasive and allow 
readings to be taken easily and rapidly. A standardized 
procedure of measurement was followed for all subjects 
to reduce any systemic errors. 

For the BIA Skin analyzer, a slight pressure is exerted on 
the device against the skin so that the probe is in maxi-
mum contact with the skin surface. Readings of the mois-
ture, oil and roughness level can be read directly from the 
device screen after 2 seconds. As for the SK-8 device, the 
probe must be brought close to the skin and held at a per-
pendicular angle while measurement was taken. Oil and 
moisture content of the skin in percentage will appear on 
the LCD screen of the device after 3 seconds.  

Readings were taken once from all three sites, F1, F2 and 
F3 on the left ventral arm at baseline ie. prior to applica-
tion of investigational product (t0), and repeated at 3 hours 
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(t3) and 6 hours (t6) after Tested gel application respective-
ly. The reading at site F1 acts as the negative control and 
the reading taken before the start of the experiment, at time 
zero (t0) is considered as the baseline value. The same pro-
cess is repeated daily throughout the 8 days trial. Plastic 
film template with three furrows with an exact measure-
ment of 3cm2 was used to standardize the sites of gel ap-
plication along the trial.

Data Analysis

The treatment effects of Tested gel stored under different 
conditions on skin hydration and smoothness were evalu-
ated using SPSS software version 20, obtained values were 
expressed as mean ± SE (standard error). For SK-8 device, 
the increment of the moisture content of the tested sites 
was calculated using the formula expressed below with 
slight modification[33]: 

Water content increment after n hours of application (%) = 
[(moisture percentage, tn – moisture percentage, t0) of F2 
or F3] - [(moisture percentage, tn – moisture percentage, t0) 
of F1 region]

For BIA analyzer, the water content and smoothness scale 
of the tested sites were expressed as values in arbitrary 
units.

Arbitrary unit (AU) of moisture/texture index after n hours 
of application of F2 or F3 = [(AU of moisture/texture in-
dex, tn – AU of moisture/texture index, t0) of F2 or F3] - 
[(AU of moisture/texture index, tn – AU of moisture/texture 
index, t0) of F1 region]

Arbitrary unit (AU) of moisture/texture index after n hours 
of application for F1 = AU of moisture/texture index, tn – 
AU of moisture/texture index, t0 of F1 

t0 = baseline time/time of measurements taken before gel 
application

Analysis of variance (ANOVA) was performed and fol-
lowed by Tukey test on the differences for every parameter. 
Any difference is considered statistically significant if p < 
0.05. Linear regression analysis was performed to evaluate 
the relationship between the changes in water content (%) 
and days of application. 

Results

Figure 1. Plastic film template with three furrows used to standardize the sites 

of gel application along the trial. F1 – no gel; F2 – Tested gel stored at RT; F3 – 

Tested gel stored at 4oC

Tested gel exhibits immediate hydration effect 
on skin

Analysis of experimental results over the 8-day study 
period revealed that the application of Tested gel stored 
at both RT and 4 oC caused significant increase (p < 0.05) 
in moisture content after 3 hours of application. An esti-
mated 6% increment of water content was recorded (by 
SK-8 analyzer) at both regions (F2 and F3) as compared 
to baseline region F1 3 hours after application of Tested 
gel, regardless of the storage temperature (Figure 2a). 
Furthermore, the improvement of moisture content was 
still evident at 6 hours post application, even though a 
slight drop in moisture content was observed as com-
pared to the readings observed after 3 hours of appli-
cation. Similarly, both devices (SK-8 analyzer and BIA 
analyzer) showed comparable results in which incre-
ment of water content was observed on regions applied 
with Tested gel at 3 and 6 hours post application. These 
results suggested that the Tested gel could provide im-
mediate hydration effect on skin and was maintained up 
to 6 hours post application. 

As opposed to the hypothesis, the Tested gel stored at 
4 oC did not cause better hydration than the gel stored 
at RT whereby no significance difference was observed 
between the gels stored under either conditions. In fact, 
Tested gel stored at 4 oC resulted in a slightly lower in-
crement in moisture content as compared to the effect of 
gel stored at RT. 

Figure 2. The immediate hydration effect of Tested gel on skin. a) The mean 

increment of water content was obtained by determining the difference of water 

content (%) between the F2/3 regions (applied with Tested gel stored in RT or 

4 oC, respectively) and F1 region (no gel) at t3 and t6 after minus of respective 

baseline values recorded at t0. * indicates the significance difference between the 

changes in the moisture/water content of F1 region and F2/F3 regions (p < 0.05). 

b) The mean increment of moisture content of each region (F1, F2 and F3) was 

determined by calculating the difference of the arbitrary unit between the F2/3 

regions (applied with Tested gel stored in RT or 4 oC, respectively) and F1 region 

(no gel) at t3 and t6 after minus of respective baseline arbitrary unit recorded at 

t0. Furrow 2 (F2): applied with gel stored at RT and Furrow 3 (F3): applied with 

gel stored at 4 oC. Same alphabet indicates statistically insignificant difference 

between the mean changes in moisture content after 3 and 6 hours application, 

while * indicates the significance difference between the changes in the mois-

ture/water content of F1 region and F2/F3 regions at p < 0.05.
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Tested gel improves skin texture

The skin texture is an indication of skin smoothness mea-
sured using the BIA skin analyzer. A higher texture index 
value implies a smoother skin texture while a lower index 
value indicates a rougher skin texture. At 3 hours after gel 
application, a significant improvement (p < 0.05) in texture 
index was noted after the use of the gels stored at both RT 
and at 4 oC (Figure 3). Moreover, the improvement in tex-
ture indexes of both F2 and F3 regions relative to baseline 
are still evident with significant positive values at 6 hours 
post application. These results suggested that the Tested 
gel could improve skin smoothness and the effect is main-
tained up to 6 hours post application

.

Figure 3. The skin texture improvement effect of Tested gel. The mean increment 

of texture index of each region (F1, F2 and F3) was determined by calculating the 

difference of the arbitrary unit between the F2/3 regions (applied with Tested gel 

stored in RT or 4 oC, respectively) and F1 region (no gel) at t3 and t6 after minus 

of respective baseline arbitrary unit recorded at t0. Positive values of texture index 

indicate increment of smoothness of the skin. Furrow 2 (F2): applied with gel stored 

at RT and Furrow 3 (F3): applied with gel stored at 4 oC. Same alphabet indicates 

statistically insignificant difference between the mean changes in moisture content 

after 3 and 6 hours application, while * indicates the significance difference between 

the changes in the moisture/water content of F1 region and F2/3 regions at p<0.05. 

Cumulative hydration effect of Tested gel on skin

The analysis of cumulative hydration effect of Tested gel 
on skin is shown in Figure 4. A linear regression analysis 
was performed to examine the changes of water content 
in the skin 3 hours post application of Tested gel stored at 
RT and 4oC across the 8 days trial. Based on the regres-
sion equation (Figure 4a), changes in water content (%) 
= 4.9638 + 0.406 (Days), it seems to indicate that regular 

daily usage of Tested gel stored at room temperature 
actually boosts the skin hydration effect measured at 3 
hours post application by 0.406% . A similar cumulative 
hydration effect was also observed for the Tested gel 
stored at 4 oC (Figure 4b). These results demonstrated 
the cumulative hydration effect of Tested gel on skin 
with regular daily use.

Discussion 

This study has proved that the use of Tested gel contain-
ing Aloe vera significantly improves the skin moisture 
and texture in healthy young adults. This is consistent 
with the study carried out by Constantin and colleagues, 
who discovered that after using moisturiser, the skin 
hydration levels in healthy subjects increased progres-
sively over a period of one month, with an immediate 
7.5% rise within one hour of application[34]. Aloe vera 
is one of the natural ingredients used ubiquitously as 
moisturizer, and its moisturizing effect is postulated to 
be due to its humecting effect on the skin[6,10,35]. Humec-
tants penetrate and draw water into the skin[9]. Previous 
work has revealed that skin capacitance increases with 
prolonged use of moisturizers while the mechanical 
attributes remain unchanged[36]. To illustrate, a study 
proved that Aloe vera gel improved moisture level in SC 
without altering transepidermal water loss (TEWL)[10]. 
The moisturizing effect of Aloe vera is likely attributed 
to its rich polysaccharide content, such as Acemannan 
and Glucomannan[37,38].  

Although moisturizers are often associated with aged 
care, their use in young and healthy individuals is ben-
eficial. This is due to the fact that youths are constantly 
exposed to various factors that may alter the BIA levels, 
such as  physical exercise, air and humidity or hydration 
status, just to name a few[39]. 

Findings from this study revealed that the moisturizing 
effect of Tested gel is cumulative over the 8 days trial, 
which may imply that the long-term usage of Tested gel 
is beneficial. The extensive work from Li et al. helped 
to confirm that single application of moisturisers with 
humecting effect is sufficient to act as a reliable predic-
tion for its long-term effect[40]. This is consistent with 
the findings from Dal’ Belo et al. who discovered the 

Figure 4. Linear regression analysis of the changes of water content (%) measured at 3 hours post application along the 8 days experimental trial. a) Tested gel stored at RT. b) 

Tested gel stored at 4 oC.
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positive correlation between concentration of Aloe vera 
extract and its effectiveness[10]. Nevertheless, the long-term 
effect from continuous Tested gel usage needs to be further 
confirmed with long-term study to assess the real effects of 
the gel[41,42].

Study Limitations

We compare the individual readings with baseline and nor-
malized the values to ensure appropriateness and relevance 
of our findings. As aforementioned, factors such as eth-
nicity, environmental exposure and physical activity may 
affect skin quality. This study which focuses on a niche 
population in a tropical country may not be valid if gen-
eralized to a larger population of subjects from countries 
with different climates, of different occupational exposure 
or age difference. However, this study may hold true for 
both sexes, as cumulating literature showed that skin hy-
dration level between gender is not significantly different, 
although female in general have a slightly higher skin hy-
dration level in average[14,43]. Furthermore, the temperature 
of the gel was not measured immediately before applying 
with the assumption that the temperature of the gel is close 
to the temperature set for the fridge. 

In addition to that, the complex assessment of skin health 
is reduced to simpler and measurable parameters in this ex-
periment. This is achieved through the use of skin analyz-
ing devices that function based on the theory of bioelectri-
cal impedance analysis. Both the BIA and SK-8 analyzer 
are safe, non-invasive, portable and able to produce reli-
able and replicable results rapidly[44]. Standardized proto-
col is also strictly followed to reduce variables affecting 
the reading[39]. However, the accuracy of the testing has not 
been validated. Any potential adverse drug reaction is not 
assessed but there was no occurrence of any allergic or un-
toward reaction during the trial.

Conclusion

The hydrating effect of the Tested gel on skin health is indi-
cated. Healthy young adults may benefit from the use of the 
Tested gel as its moisturizing effect has a measurable en-
hancing effect on skin hydration and smoothness. The re-
sults of the Tested gel in the improvement of skin condition 
are immediately evidenced following a single application 
with a significant increase in moisture and texture index 
observed at 3 hours post application. A slight decline in the 
hydrating effect of Tested gel was observed at 6 hours post 
application but a significant hydration effect was still evi-
dent. The continuous use of Tested gel may be beneficial as 
the result revealed a cumulative hydration related improve-
ments in skin health induced by Tested gel. However, the 
long-term effect of Tested gel use has yet to be elucidated 
with further research. In addition, the storage temperature 
of Tested gel, either at RT or 4 oC does not show significant 
influence towards the effectiveness of Tested gel in hydrat-
ing the skin. Overall, these findings highlight the benefits 
of the daily usage of Tested gel in healthy young adults 
for moisturizing purposes to ensure adequate hydration of 
skin. 
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