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ABSTRACT

Objective: This study aims to prepare sterile gel containing aloe vera (AV) powder and evaluate its physicochemical properties after sterilization by
gamma radiation.

Methods: The gel was prepared using carbomer as stabilizer, and sterilized by gamma radiation. The physical stability was evaluated including
organoleptic, pH, viscosity and sterilization. Furthermore, malic acid concentration was determined as a marker compound contained in the gel.

Results: The gel was successfully prepared containing 20% AV powder and 25% carbomer. The physical properties including organoleptic, pH and
viscosity were not significantly changed after sterilization, and also stable even after 28 storage days. Meanwhile, malic acid concentration before
and after sterilization were 47.2 mg/ml and 43.9 mg/ml, respectively. This showed the physicochemical properties were not significantly different
after sterilization.

Conclusion: Gamma radiation is suitable to sterilize gel containing AV powder.
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Hydrogel have been used in many pharmaceutical fields such as drug
delivery systems, tissue engineering, and wound dressing [1]. This is
due to its structural feature and permeability, which increased its
use in various fields including ophthalmology and dentistry.
Furthermore, it has the ability to hold water, showing soft and
rubbery-like consistency, as well as low interfacial tension [2]. Also,
hydrogel is used as sterile formulation. Several sources are used for
its preparation such as chitosan, cellulose, gelatine, and poloxamer
[3]. Therefore, choosing the right hydrogel is needed to approach a
new drug formulation [4].

Carbomer is an acrylic acid derivative, which is the most widespread
type of gelling agent in the technology of medicinal formulations.
These polymers are characterized by different ranges of
concentrations used for many purposes including emulsification and
suspending abilities, as well as rate of gel formation [5]. When
dispersed in water, carbomer disperse quite well and forms viscous
suspension at pH 2.8-3.2 [6]. Meanwhile, the mechanism of gel
formation using carbomers is based on neutralization, leading to
acids conversion to the corresponding salts, therefore, alkali
addition is necessary [7, 8]. The carbomer gel can be sterilized by
several methods including gamma radiation [6].

This terminal radiation method has been used for many years in
sterilization process of pharmaceutical products [9]. Furthermore, it

is very convenient because it can be used to the final product
container without any significant increase in temperature [10, 11].
This method is suitable for products which cannot withstand heat,
steam sterilization or thermosensitive solid-state drugs. This is
because it is a cold method with high sterility assurance level, which
makes the accuracy dose of gel easily controlled [12-14]. Therefore,
this method is simpler and more environmentally friendly compared
to conventional [15].

This study evaluates the physicochemical properties of aloe vera
(AV) powder gel after gamma ray sterilization. AV powder was used
as the material model in gel preparation because it has been widely
used in medicine, including burn wound healing. Furthermore, gel
from AV is often commercialized as powdered concentrate [16].
Previous study reported that the powder gel could increase wound
healing process of burns [17]. Therefore, the effect of gamma
radiation on physicochemical properties of gel containing AV
powder including the sterility test, organoleptic, pH, viscosity and
malic acid concentration was investigated.

AV powder was purchased from PT Dwipar Loka Ayu, Indonesia.
Meanwhile, Fluid Thioglycolate Medium (FTM), Soybean-Casein
Digest Medium/Tryptic Soy Broth (TSB), Sabouraud Dextrose Agar
(SDA) and malic acid were purchased from Sigma Aldrich. All other
used chemicals were of technical grade.

Table 1: Composition of AV powder gel

Materials Formula (g/100g)
I 11 111 |\

Carbomer 1 1.5 2.25 2.5
AV powder 1 5 15 20
Glycerin 20 20 20 20
Triethanolamine g.-s q.s q.s q.s
Propylparaben 0.02 0.02 0.02 0.02
Methylparaben 0.18 0.18 0.18 0.18
Sodium EDTA 0.05 0.05 0.05 0.05
Sodium Metabisulfite 0.1 0.1 0.1 0.1
Water add 100 100 100 100
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The gel from AV powder formula is shown in table 1. Carbomer was
dispersed into a mixture of glycerine and water. Furthermore, the
powder and other components were dissolved in water, and added
into a mixture of glycerine and distilled water. Subsequently,
triethanolamine was added into the mixture and stirred until gel
gormation occurred [18]. The gel sterilization was performed by
storing the sample in a vial tightly capped, then sterilized by gamma
ray at a dose of 25 kGy. In addition, physical stability of the gel was
evaluated including the sterility test, organoleptic, pH and viscosity.

Malic acid as a marker compound contained in the AV powder was
also evaluated by HPLC measurement. The samples were analyzed
by injecting 10 pL of each solution into an C18 column at 40 °C. The
mobile phase was phosphate buffer (pH 4.4), and the flow rate was
1.25 ml/min. In addition, standard solutions (50, 25, 10, 5, 1, and 0.5
mg/ml) were prepared in mobile phase, and the linear coefficient of
determination (R2) value of standard solution was 0.9988.

The data of pH, viscosity, and malic acid concentration were
presented as a mean of sampleststandard deviation (SD) and
further analyzed using the one-way analysis of variance (ANOVA) at
the level of (P<0.05).

Carbomer was used due to widespread types of gel-forming agents.
The gel formation using carbomer is based on neutralization.
Therefore, the addition of neutralizing agent is needed to produce a
rapid thickening of the system. Also, triethanolamine was used to
neutralize the solution until gel formation was observed through
ionization and hydrogen bonding of the carboxyl group. The
neutralization of solutions with triethylamine produced negatively
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charged ions along the whole polymer chain forcing it to form
extended structures in water. Furthermore, glycerine was added as
humectant to prevent water loss, leading to gels formation [19].
Methylparaben and propyl paraben, ethylenediaminetetraacetic acid
(EDTA) and sodium metabisulfite were used as preservatives,
chelating agents and antioxidant, respectively, to prevent the
degradation of compound contained in AV powder [20-22].

Gamma radiation was used to sterilize the gel because it is simpler
and more environmentally-friendly compared to conventional
methods [23]. Meanwhile, the dose usually applied to ensure
product sterility was 25 kGy. This dose, according to Pharmacopoeia,
is defined as the reference that guarantees a high sterility assurance
level [9]. After sterilization, the consistency, color, and odor did not
change significantly. Furthermore, the gel still had a high-viscosity
and transparent properties, indicating the gamma radiation did not
affect the appearance.

The sterility testing was conducted under aseptic conditions using
laminar airflow (LAL). Also, micro-organisms growth (Bacillus
subtilis, Candida albicans) was observed in positive control.
Meanwhile in the negative control test, no micro-organisms growth
was observed. This showed the media used for sterility test was
suitable. This also confirmed the aseptic conditions were maintained
and all equipment used for the test were sterile. In the sterility test,
micro-organisms growth was not observed, indicating that gamma
radiation sterilized the gel.

The result of pH and viscosity measurements after sterilization is
shown in the fig. 3:
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Fig. 1: The comparison of (left) pH and (right) viscosity of AV powder gel before and after sterilization (The results were calculated as
meanztstandard deviation; n=3)

There was no difference in pH, while there was a decrease after
sterilization using gamma ray. However, the decrease of gel viscosity
was not significantly changed and still suitable for use as sterile gel
preparation. This showed the gamma radiation didn’t significantly
affect the physical properties of the gel. Also, the gel using carbomer
can be sterilized by other methods such as autoclaving as well as
preparing in aseptic conditions by sterilization of each component
[5]. However, the thermosensitive gel becoming fluid can induce

inappropriate improvised dosing. Sterilization wusing high
temperature could not guarantee the chemical stability of drug in gel
preparation [4]. Also, the filtration is not suitable because the
polymer (a large molecules) could not pass through the filter pores.
This result showed gamma radiation is a suitable method to sterilize
gel in the final product package without any additional process. In
addition, the physical stability of sterilized gel was evaluated after
28 storage days as shown in fig. 2 and 3.
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Fig. 2: pH of AV powder gel after 28 storage days (The results were calculated as mean+standard deviation; n=3)
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Fig. 3: The viscosity of AV powder gel after 28 storage days (The results were calculated as mean+standard deviation; n=3)
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Fig. 4: The concentration of malic acid contained in AV powder gel before and after sterilization (The results were calculated as
meanzstandard deviation; n=3)

Based on statistical analysis, the pH did not change significantly even
after 28 d with a significance value of 0.063 (P>0.05). Furthermore,
the pH remained within the acceptable range of topical dosage form,
which is between 4.5-6.5. A similar manner was observed in the
viscosity measurement. Base on statistical analysis, the viscosity did
not show significant difference after 28 storage days with a
significance value of 0.074 (P>0.05).

Malic acid was used as a marker to evaluate the chemical stability of
AV gel after sterilization. Previous studies reported that malic acid
was used as a marker to detect adulteration and establish the
authenticity of aloe gel powders [16, 25]. In addition, the
concentration in gel (FIV) after sterilization was measured as shown
in fig.4.

The concentration of malic acid contained in AV powder gel before
and after sterilization were 47.2 mg/mL and 439 mg/mlL,
respectively. This result showed that the gamma radiation didn’t
significantly affect the concentration of marker compound contained
in the AV powder gel. Malic acid is a natural and essential
component of plant photosynthesis from aloe gel [16]. This acid was
considered an indicator of freshness and gel quality. In fact, the
concentration was commonly observed in the range of 11.1 % and
40.4 % [26]. The lower value of malic acid in liquid fraction can be
used as indicators of bacterial degradation in the sample [27].
Previous study also reported that malic acid has been shown to have
antimicrobial activity [28]. Meanwhile, other compounds such as
glucose and some phenolic compounds can be used as markers [25,
29, 30]. The concentration of organic acids including citric, lactic and
succinic acids was higher than malic in the commercial aloe gel
powders. The measurement of these compounds especially those

with a potential to increase wound healing process is needed as
further investigation. This is to fully understand the relationship
between sterilization by gamma radiation and the wound healing
process from AV powder gel.

This study investigated the physicochemical properties of gel
containing AV powder after sterilization with gamma radiation. The
sterility test showed there was no growth of micro-organisms, while
physical properties of the gel, as well as its marker compound
showed no significant changes. Therefore, this study provided
fundamental insight that gamma radiation is a suitable method to
sterilize AV powder gel in the final product package.
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