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ABSTRACT

Burns constitute a form of tissue damage and loss resulting from exposure to high-temperature sources, such as fire, hot
water, chemicals, electricity, and radiation. Black turmeric (Curcuma caesia. Roxb) is identified as a natural remedy
with empirical use for treating burns, owing to its composition of secondary metabolite compounds including alkaloids,
flavonoids, and tannins. Topical formulations like creams and gels are commonly employed for burn treatment. This study
focused on creating gel and cream formulations incorporating black turmeric extract at concentrations of 2%, 4%, and
8% to assess their effectiveness in burn wound healing. The objective was to investigate the impact of dosage forms on
burn wound healing and identify the most efficacious preparation. Employing an experimental approach with a
randomized pretest-posttest design involving a control group, the study comprised five test groups. Data analysis utilized
the Kruskal-Wallis statistical test followed by post Mann-Whitney analysis. According to this study, P8 (8% extract
concentration gel) and P3 (2% extract concentration cream) were the two preparations that healed burns the fastest, with
85% and 74%, respectively. This indicates that the topical dosage form influences the rate of burn healing in male white
rats (Rattus norvegicus). Burns can be healed using either of the topical dosage forms (cream or gel), but the gel
preparation works best.

Keywords: Burns; Black turmeric; Cream preparations; Gel preparations

ABSTRAK

Luka bakar adalah jenis kerusakan dan kehilangan jaringan yang disebabkan oleh sumber daya yang memiliki suhu
tinggi, seperti api, air panas, zat kimia, listrik, dan radiasi. Kunyit hitam (Curcuma caesia. Roxb) merupakan salah satu
bahan alam yang secara empiris dapat digunakan untuk mengobati luka bakar, karena mengandung senyawa metabolit
sekunder seperti alkaloid, flavonoid, dan tannin. Sediaan topikal krim dan gel merupakan sediaan yang umumnya
digunakan untuk mengobati luka bakar. Pada penelitian ini dibuat formulasi sediaan gel dan krim dengan penambahan
ekstrak kunyit hitam dengan konsentrasi 2%, 4% dan 8% untuk mengobati luka bakar. Tujuan dari penelitian ini adalah
untuk mengetahui apakah ada pengaruh bentuk sediaan terhadap penyembuhan luka bakar dan untuk mengetahui
sediaan yang paling efektif untuk menyembuhkan luka bakar. Penelitian ini menggunakan metode eksperimental dengan
rancangan penelitian randomized pretest-posttest with control group design dengan menggunakan 5 kelompok uji, data
yang diperoleh kemudian dianalisa dengan uji statistic Kruskal-Wallis, dengan menggunakan post Mann-Whitney.
Menurut penelitian ini, P8 (gel konsentrasi ekstrak 8%) dan P3 (krim konsentrasi ekstrak 2%) adalah dua formulasi yang
menyembuhkan luka bakar tercepat, dengan masing-masing 85% dan 74%. Hal ini menunjukkan bahwa bentuk sediaan
topikal mempengaruhi tingkat penyembuhan luka bakar pada tikus putih jantan (Rattus norvegicus). Luka bakar dapat
disembuhkan dengan menggunakan salah satu bentuk sediaan topikal (krim atau gel), tetapi formulasi gel bekerja paling
baik.

Kata kunci : Luka Bakar; Kunyit Hitam; Sediaan Krim; Sediaan Gel

INTRODUCTION

A burn is a form of tissue damage and loss resulting from exposure to a heat source, such as fire, hot
water, chemicals, electricity, or radiation (Anggowarsito, 2014; Rismana et al., 2013). In the healing
of burns, there are three phases: inflammation, proliferation, and remodeling (Cahaya Mentari, 2020;
Fallo, 2019). Burns can cause damage to the skin tissue, increase capillary permeability, and in severe
cases, affect the lungs, kidneys, and liver. They are injuries resulting from direct or indirect contact
of body surfaces with hot objects (Anggowarsito, 2014).

Curcuma caesia Roxb., commonly known as black turmeric, is a plant that is believed to have
medicinal properties for treating burns (Hidayat, G.A, Hidayat et al., 2016). Black turmeric is a plant
that belongs to the Zingiberaceae family. Its medicinal properties are found in the hill roots of the
Himalayas in North East Central India and in the hill forests of Sikkim in the north (Baghel et al.,
2013). Black turmeric has a higher phytochemical content than other types of turmeric. Specifically,
it contains higher amounts of curcumin, essential oils, carbohydrates, proteins, amino acids, steroids,
glycosides, flavonoids, alkaloids, and tannins. These compounds, including flavonoids, alkaloids,
tannins, and saponins, are secondary metabolites that aid in the healing of burns (Irham Rahman
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Hakim, Fetri Lestari, 2021; Jibalathuull et al., 2017). Flavonoids and phenolic compounds are widely
distributed in plants and have been reported to have several biological effects, including antioxidant
and free radical capture abilities, as well as anti-inflammatory and anti-carcinogenic properties.
Flavonoid compounds also function as anti-inflammatories and can prevent stiffness and pain
(Mangla et al., 2010; Sumoza & Rahayu, 2014). Alkaloid compounds are known to aid in wound
healing by acting as antibacterial agents against Staphylococcus aureus. Saponins and tannin
compounds also contribute to the healing process of burns by aiding in the closure of damaged blood
vessels and pores of the skin, respectively, which prevents bleeding and exudates. Tannins have
antibacterial properties that can kill Staphylococcus aureus and Klebsiella pneumonia bacteria, which
are commonly found in wounds. (Deny & Giri, 2021).

Topical preparations are often used in the treatment of burns because they can penetrate hardened
tissue that oral or parenteral medications cannot. This is due to their ability to be absorbed directly
into the affected area (Rismana et al., 2013). Cream is a semisolid emulsion intended for external use
(Kemenkes RI, 2020). Gel is a clear, translucent semi-solid preparation containing active substances
for external use (Elmitra, 2017). The penetration of the drug into the skin for effective results is
influenced by the dosage form. Different dosage forms have distinct mechanisms of action and can
impact the skin penetration of the medication (Gennari et al., 2019; Lien et al., 2020). This study
aimed to compare the effectiveness of cream and gel dosage forms and determine the optimal
concentration for treating burns. Burn treatment is one using a cream with the active ingredient silver
sufladiazine, but the use of the cream inhibits the role of fibroblasts in wound closure and causes
leukopenia during the first week after the injury (Samirana et al., 2020), it is expected that there are
natural alternative treatments to minimize the occurrence of side effects of synthetic ingredients drugs
in the treatment of burns.

According to the explanation provided, black turmeric rhizomes are believed to have healing
properties for burns. However, there has been no research conducted on the use of black turmeric
rhizomes specifically for burns. This lack of research has piqued the interest of researchers who aim
to investigate the potential benefits of black turmeric rhizomes in the form of gel or cream
preparations for burn healing. Dosage forms of gels and creams are preferred by researchers due to
their ability to spread well on the skin, provide a cooling effect, and ensure good drug release. In this
study, researchers formulated gel and cream preparations using three concentrations of black turmeric
extract. The preparations were then tested on male white rats to evaluate their effectiveness in healing
burns.

METHOD

Black turmeric rhizomes are taken from Manikliyu Village, Kintamani, Bangli Regency, Bali
Province. The sample was identified at the Indonesian Institute of Sciences, Eka Karya Bali Botanical
Garden with registration number B-308/111/KS.01.03/1/2021. The tools used are rotary evaporator
(BUCHI), UV-Vis Spectrophotometer (UV-1800 Shimadzu double beam), filter paper (Whatman),
thermometer (Gea Medical), beaker glass (Pyrex), test tube, measuring cup (Pyrex), particle size
analyzer (PSA Horiba ZS-100), pH-meter (ditech pH 600), analytical balance (Shimadzu
AUW220D), chromameter (Brookfield).

Extraction of black turmeric rhizome

The Rhizome Black Turmeric is first cleaned and then sliced into small parts with a thickness of
approximately 3mm. It is then dried in an oven at 50°C. Once dried, the sample is mashed and
extracted using methanol as a solvent through maceration, which is repeated three times. The filtrate
is collected and concentrated using a rotary evaporator to obtain a viscous extract.
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2. Preparation of black turmeric extract cream and gel

The process for formulating cream preparations involves heating the oil phase components, which
include stearic acid, cetyl alcohol, dimethicone, propyl paraben, and methyl paraben, as well as the
water phase components, which consist of TEA, propylene glycol, glycerin, and distilled water, to
70°C while continuously stirring until homogeneity is achieved. Then, the water phase is added to
the oil phase using a water bath, and stirring continues until homogeneity is attained. The cream base
is transferred onto a heated mortar (Mortar 1) until a cream mass is achieved. Stirring persists until
the mortar's temperature decreases. Meanwhile, black turmeric rhizome extract is crushed on a
separate mortar (Mortar I1). Aquadest is added to achieve the desired consistency, and the cream base
is introduced into Mortar 11. It is crushed until homogeneity is achieved. Finally, the preparation is
transferred into cream pots for storage.

To fabricate a gel containing black turmeric extract, propyl paraben and methyl paraben are dissolved
in distilled water in a glass beaker (mixture 1). In a separate glass beaker, black turmeric extract (for
formulations incorporating this extract) is mixed with propylene glycol until homogeneity is achieved
(mixture 2). Carbopol is dispersed in distilled water in a mortar and stirred until homogeneous.
Triethanolamine is added, followed by glycerin, and stirred until a gel mass forms. Mixture 1 is then
incorporated and stirred, followed by the addition of mixture 2. The remaining distilled water is
added, and stirring continues until homogeneity is achieved. The resulting preparation is transferred
into gel pots for storage.

3. Test of burn healing activity

The healing activity of burns was tested on male white rats (Rattus norvegicus) aged 2-3 months and
weighing 150-200 grams. The study was approved by the Animal Ethics Committee of the Faculty
of Veterinary Medicine, Udayana University (Approval Number: B/263/UN14.2.9/PT.01.04/2022).
Eight groups, each consisting of five white rats, were used in the study. The study involved eight
treatment groups, each receiving a different topical application: treatment 1 (cream base), treatment
2 (gel base), treatment 3 (2% black turmeric extract cream), treatment 4 (4% black turmeric extract
cream), treatment 5 (8% black turmeric extract cream), treatment 6 (2% black turmeric extract gel),
treatment 7 (4% black turmeric extract gel), and treatment 8 (8% black turmeric extract gel). The day
before treatment, the rats' back fur was shaved. Prior to treatment, the rats were locally anesthetized
with lidocaine injections. Burns were then induced using a 2cm diameter metal plate heated for
approximately 3 minutes and applied to the rat's back for 7 seconds. The burns were treated twice
daily. The diameter of the burn was observed for 14 days using the Morton method.

RESULTS AND DISCUSSION

The study utilized black turmeric (Curcuma caesia Roxb.) sourced from the Zingiberaceae tribe.
Black turmeric is a traditional medicinal plant that has been empirically used to treat burns (Hidayat,
G.A, Hidayat et al., 2016). The obtained black turmeric is processed into simplicia powder. In the
tests conducted, a greenish-brown simplicia powder with a characteristic smell of black turmeric was
produced. The resulting black turmeric rhizome powder simplicia is then extracted using maceration
method with the aim of separating the components of the natural active substance from the insoluble
residue (Najib, 2018), (JUNAIDI, 2019). The benefits of the maceration extraction method include
simplicity, the absence of a requirement for specialized equipment, and the avoidance of high
temperatures during the extraction process. This prevents potential damage to compounds that could
occur with elevated temperatures (Badaring et al., 2020; Debiasi et al., 2021). Because methanol is
readily available and has the capacity to dissolve both polar and non-polar molecules, it was selected
as the extraction solvent to facilitate the extraction of metabolites from the samples. Methanol has
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several advantages when used as a solvent in maceration, including its adaptability, high extraction
yields, and favorable physical characteristics (Kusnadi & Purgiyanti, 2021; Muaja et al., 2017; Osmi¢
etal., 2019). The filtrate collected from maceration was evaporated using a rotary evaporator at 40°C,
followed by further evaporation using a water bath at a maintained temperature to obtain a thick
extract. The resulting thick black turmeric extract weighed 18 g and had a blackish-brown color with
a distinctive odor of black turmeric. The extract was obtained from 250 g of powdered simplisia that
was macerated with 2.5 L of solvent, resulting in a percentage yield of 7.2%. According to Table 1,
the phytochemical screening test results indicate that the black turmeric extract tested positive for
alkaloids, flavonoids, and tannins.

Table 1
Results of Phytochemical Screening Examination
Seconda.ry Black turmeric extract test .
metabolite Test reagent Information
results
compounds
. - i Alkaloi ith f+
Alkaloids Dragendrof Orange/red-brown deposits aloid assay wit| dr.agendro
form compounds (Positive)
. Mg plate + concentrated The formation of an orange Flavonoid Test with NaOH+
Flavonoids ..
HCI + Amyl alcohol top layer compounds (Positive)
Saponins Aquadest + Whisk 1 min Absence of foam Saponin Compound Test (Negative)
Tannins FeCl 5% There is a change in color to Tannin + Compound Test (Positive)

blackish green.

Phytochemical screening tests were conducted on the black turmeric extract to determine the class of
compounds that are effective in treating burns. The tests included alkaloid compounds, flavonoids,
tannins, and saponins. Based on the conducted research, it was found that black turmeric extract
contains alkaloids, flavonoids, and tannins, which is consistent with previous studies (Devi &
Mazumder, 2016; Hait et al., 2019; Pakkirisamy et al., 2014). However, the material that was
extracted is negative and contains no saponins. This result is consistent with the research conducted
by Jose and Thomas (2014) which found that when black turmeric rhizome was extracted using
methanol, it tested positive for flavonoids, tannins, and alkaloids but negative for saponins.

The cream preparation of black turmeric rhizome extract involves four formulas: F1 (without extract),
F2 (with 2% extract concentration), F3 (with 4% extract concentration), and F4 (with 8% extract
concentration). Creams have been chosen due to their usefulness, affordability, simplicity of
application, lack of stickiness, and ease of water cleansing. Because of their oil and water phases,
they also stick to the skin for extended periods of time (Erwiyani et al., 2020; Stan et al., 2021; Suena
et al., 2022). The cream's base is formed by combining stearic acid, which serves as an emulsifier,
with triethanolamine (Saryanti et al., 2019; Sheskey et al., 2020), then cetyl alcohol which functions
as a stiffening agent and weak emulgator (NUNIK KURNIASIH, 2016; Sheskey et al., 2020). The
next ingredient, glycerin and propylene glycol, serves as a moisturizer, cosolvent, and humectant in
addition to aiding in the penetration of active ingredients (Joko Santoso, Rina Herowati, 2018;
Sheskey et al., 2020). The cream preparation contains dimethicone, which acts as an antifoaming
agent to prevent foam formation. Additionally, propyl paraben and methyl paraben are included as
antimicrobials to prevent fungal growth during use and storage (Loeffler et al., 2020; Sheskey et al.,
2020).

The gel preparation of black turmeric rhizome extract is made using four formulas: F1 (without

extract), F2 (with 2% extract concentration), F3 (with 4% extract concentration), and F4 (with 8%

extract concentration). Gel preparations are a recommended option because they spread uniformly on

the skin, have a cooling effect through delayed evaporation, do not impede hair growth, and are easy

to remove with water. Gels are less greasy on the skin and simpler to remove. Their formulation
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provides better application properties and stability than creams and ointments, making them a widely
used topical agent. (Anggowarsito, 2014; Elmitra, 2017; Patil et al., 2019).

The materials used in this study to make gel preparations were Carbopol, triethanolamine, glycerine,
propylene glycol, methylparaben, and propylparaben. Carbopol was selected as the base due to its
ability to produce a transparent and clear base with a superior texture compared to Sodium CMC and
Sodium alginate. Additionally, Carbopol has several advantages over other gelling agents (Kusuma
et al., 2018; Safitri et al., 2021). Triethanolamine is added to Carbopol as an alkaline agent to raise
its pH since it is too acidic to allow it to gel. When Carbopol raises the pH to almost neutral, gel
consistency will form (Sheskey et al., 2020). Propylene glycol is utilized as a humectant to prevent
water loss from the gel. To maintain the physical properties and stability of the gel preparation during
storage, glycerine or water can be added to increase the stability of propylene glycol. Methylparaben
and propylparaben are used as preservatives in this formula (Sheskey et al., 2020).

The efficacy of black turmeric rhizome extract (Curcuma caesia Roxb.) gel and cream formulations
against healing burns in white rats was tested pharmacologically. The pharmacological studies were
performed on 150-200-gram white rats. White rats were chosen because their bodies are larger than
mice's, more manageable, and resemble humans anatomically (Otto et al., 2015; Reczynska et al.,
2018; Vdoviakova et al., 2016). For this research, 40 rats were employed, with 5 mice each group.
Test animals had a seven-day period of environmental adaptation prior to treatment. On the rats' fur,
shaving was done the day before the treatment. The following step involves administering a lidocaine
injection locally to reduce discomfort and fast cover the sedated region prior to inducing burns.
(Zhang & Kitts, 2021). The rats are then induced using a 2 cm-diameter metal plate that has been
heated using a Bunsen fire for £ 3 minutes before being affixed to the rat's rear skin for 7 seconds, or
until a grade Il A burn forms. Rats with induced skin received treatment with creams and gels based
on their groupings. The study's characteristics included the diameter of the burns, which were
measured using a caliper on the first, seventh, and fourteenth days for each treatment group. Tables
2 and 3 display the average burn diameter test findings for white rats. Figure 2 shows the outcome of
variations in the average value of the white rat's backburn’s diameter.

Table 2
The Average Value of the Diameter of the Burn
Group Day 1 (cm) Day 7 (cm) Day 14 (cm)

Group 1 treatment 19+0.12 1.7+0.19 14+0.15
Group 2 treatment 1.9+0.05 15+0.34 0.6 +0.46
Group 3 treatment 1.9+0.05 1.6+0.16 0.9+0.51
Group 4 treatment 1.9+0.05 1.6+0.14. 0.6 +0.54
Group 5 treatment 1.9+0.04 1.9+0.07 14+0.13
Group 6 treatment 2.0+£0.04 1.8 +£0.05 0.6 £0.60
Group 7 treatment 2.0+£0.00 1.7+£0.08 0.6 £0.60
Group 8 treatment 2.0+£0.08 1.5+£0.22 0.3+£0.48
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Figure 1. Burn Healing Percentage

Burns heal by means of an inflammatory process that starts with permeability of the cell membrane,
which causes redness, swelling, and occasionally the appearance of bullae. The somewhat reddish-
brown color and swelling of the burns on the white rats seen on day 1 suggest that an inflammatory
process has started on that day. (Aprilliani et al., 2021; Cahaya Mentari, 2020).

Collagen will join the burnt tissues during the subsequent step, known as proliferation in this
proliferative phase, which will help the skin recover more quickly and help regain its strength. When
white rat burns are noticed on day three, a scab or crust/scab layer forms, marking the beginning of
the wound healing process. From day five on, the crust/scab solidifies (Aprilliani et al., 2021). The
final stage, known as the maturase or remodeling phase, starts when the reepitalization process is
complete and the wound activity is filled with granulation tissue (Fallo, 2019). The scab is released
during the maturase phase, which also marks the appearance of new skin tissue. Scab detachment is
gradually noticeable starting on day 9. The underlying tissue becomes dry, causing the edges of the
incision to draw inward and induce scab separation. This shows that new skin cells are growing,
which will quicken the scab's release and the wound's edge's tightening (Priamsari & Yuniawati,
2019).

Upon acquiring the findings from the burn diameter investigation conducted on white rats on days 1,
7, and 14, the subsequent phase involved executing Kruskal-Wallis statistical analyses. When dealing
with non-normally distributed samples, the Kruskal-Wallis test is employed to separate more than
two samples. Based on the findings of the Kruskal-Wallis test, it can be inferred that there is a
significant difference in the diameter of burns across groups on day 7, with the burn diameter result
having a p value of < 0.05 (p = 0.007). After comparing the diameter of the burns between the groups
on day 14, a p value of <0.05 (p - 0.001) was found. This means that there was a significant difference
in the burns' diameters on day 14. A post hoc analysis employing the Mann-Whitney test was
conducted following the Kruskal-Wallis statistical test in order to ascertain the significant difference.
The treatment groups of cream base and gel base showed significant differences (p < 0.05) in the
Mann-Whitney test of burn diameter data on day 7. The 2% extract cream treatment group, 4% extract
cream, 8% extract cream, 2% extract gel, 4% extract gel, and 8% extract gel were all substantially
different from the gel-based therapy group (p < 0.05). There were significant changes (p < 0.05)
between the 2% extract gel groups in the 2% extract cream treatment group. There was a significant
difference (p < 0.05) between the treatment groups of 8% extract cream, 2% extract gel, and 4%
extract gel. The results indicate that there is a difference in the effectiveness of burn healing between
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2% extract cream with 2% extract gel, 8% extract cream with 2% extract gel, and 4% extract gel, and
2% extract gel with 8% extract gel. The 2% extract gel treatment group showed significant differences
with the 8% extract gel group (p < 0.05). The cream base treatment group with the cream extract
treatment group 2%, cream extract 4%, cream extract 8%, gel extract 2%, gel extract 4%, and gel
extract 8%, respectively, had a significant difference (p < 0.05) on day 14 according to the Mann-
Whitney test results. Between the 2% extract cream treatment group and the 4% extract cream
treatment group, as well as between the 8% extract cream, 2% extract gel, 4% extract gel, and 8%
extract gel, there were significant differences (p < 0.05) observed in the gel-based treatment group.
However, there was no significant difference (p > 0.05) between the 2% extract cream treatment
group and any of these groups. There was no statistically significant difference (p > 0.05) between
the 4% extract cream group and the 8% extract cream group, 2% extract gel, 4% extract gel, and 8%
extract gel. There were no notable differences between the 8% extract cream group and the 2%, 4%,
and 8% extract gel groups (p > 0.05). There were no significant differences between the 2% extract
gel group and the 4% extract gel treatment group, the 8% extract gel (p > 0.05), or the 4% extract
group and the 8% extract gel treatment group (p > 0.05). On day 14, there was no discernible
difference in the rate of burn healing in the group of white rats given black turmeric extract in gel and
cream preparations.

The percentage of burn healing for each group on day 14 varied, according to the study's findings: P1
26%, P2 30%, P3 74%, P4 53%, P5 58%, P6 65%, P7 70%, and P8 85%. This demonstrated which
treatment groups were most successful in healing subsequent burns: P8 (concentration of gel extract:
8%), P3 (concentration of cream extract: 2%), P7 (concentration of gel extract: 4%), P6
(concentration of gel extract: 2%), P5 (concentration of cream extract: 8%), P4 (concentration of
cream extract: 4%), P2 (gel without extract addition), and P1 (cream without extract addition). A gel
with an extract concentration of 8% and a cream with an extract concentration of 4% are the most
effective preparations, respectively, based on the percentage of burn healing in white rats. Both gel
and cream therapies, depending on their dose forms, are useful in healing burns; however, gel
preparations work best. This implies that cream and gel dosage forms have an impact on how quickly
burns in white rats heal. Gels typically have a longer contact time on the skin than creams, which
allows the active components to function more effectively on skin burns. This may account for the
gel's superior efficacy in healing burns compared to the cream in this study. As a first-line treatment
for skin burns, gels also have cooling properties that reduce discomfort and inflammation (Kulawik-
Piéro & Miastkowska, 2021; Miastkowska et al., 2020).

Black turmeric extract's secondary metabolites, which include flavonoids, tannins, and alkaloids, are
responsible for the healing of burns in white rats (Ibrahim et al., 2023). Alkaloids have antibacterial
properties against Staphylococcus aureus, which aid in the healing of burn injuries. In addition to
being antioxidants and capable of absorbing free radicals, flavonoids are also anti-inflammatory and
anti-carcinogenic. They also have anti-inflammatory properties that help to reduce pain and stiffness
(Mangla et al., 2010; Sumoza & Rahayu, 2014). Tannin molecules are also crucial to the healing
process after burns. Tannins reduce the size of skin pores, inhibit small amounts of bleeding and
exudates, and stop wound bleeding. Tannins also have antibacterial properties; they eradicate germs
like Klebsiella pneumonia and Staphylococcus aureus, which are frequently found in wounds (Deny
& Giri, 2021).

CONCLUSIONS AND SUGGESTIONS

According to this study, P8 (8% extract concentration gel) and P3 (2% extract concentration cream)
were the two preparations that healed burns the fastest, with 85% and 74%, respectively. This
indicates that the topical dosage form influences the rate of burn healing in male white rats (Rattus
norvegicus). Burns can be healed using either of the topical dosage forms (cream or gel), but the gel
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preparation works best. Further research needs to be done on the formulation and stability testing of
black currant extract cream to obtain a preparation that has qualified and durable physical qualities
of the cream.
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