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Abstract

Background: Gerga orange peel (Citrus sp.) is a natural resource rich in alkaloid
compounds, which have high pharmacological significance. However, these natural bioactive
compounds are highly susceptible to degradation during the formulation and storage
processes. Objective: This research aims to confirm the success of retention and evaluate
the effectiveness of the nanoparticle formulation as an innovative strategy to protect and
enhance the chemical stability of alkaloid compounds in Gerga orange peel extract.
Methods: Gerga orange peel extract was formulated into a nanoparticle preparation using
an appropriate method. The presence and retention of alkaloid compounds in the
nanoparticle formulation were then qualitatively tested through comprehensive
phytochemical screening. Testing was conducted using four standard alkaloid precipitating
reagents: Dragendorff, Mayer, Bouchardat, and Wagner. Positive results in the reagent tests,
characterized by the formation of typical precipitates, were used as an indicator of successful
compound retention. Results: The Gerga orange peel extract nanoparticle preparation
showed positive and consistent results in all four alkaloid reagent tests. This positive
response is evidenced by the formation of characteristic precipitates in each test (orange-red
precipitate with Dragendorff, white precipitate with Mayer, and brown precipitate with
Bouchardat and Wagner). This finding definitively proves that the alkaloid compound was
successfully maintained intact within the nanoparticle formulation matrix. Conclusion:
The nanoparticle formulation proved to be a highly effective and superior strategy for
preserving alkaloid compounds from Gerga orange peel. This successful retention of
bioactive compounds ensures optimal integrity and pharmacological availability, opening up
significant opportunities for further development of this extract into a stable and effective
topical agent for wound healing applications.
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INTRODUCTION

Nanoemulsions are highly effective in wound healing due to their ability to enhance
skin permeation, provide controlled release, and stimulate fibroblast -cell
proliferation [1][2][3]. In recent studies on other citrus peels, such as Citrus
aurantium, have demonstrated that peel-based ointments can accelerate wound
healing by decreasing wound surface area and increasing muscle tensile
strength[4][5][6] in addition, Orange peel extracts are rich in phenolic compounds,
alkaloid, flavonoids, and carotenoids, which contribute to their high antioxidant
activity [7][8][9]. these compounds are effective in scavenging free radicals, thus
protecting cells from oxidative damage [10][11] [12]. Orange peel nanoemulsions also
exhibit strong antibacterial properties, which are essential for preventing infections
in wounds [13][14][15]. Therefore, Encapsulation of orange peel extracts in
nanoemulsions enhances their antioxidant properties by providing better protection
and controlled release of the bioactive compounds, This is beneficial for wound
healing, and preventing infection. [11][13]

Although, there is no specific data on the orange peel from Gerga Kerinci,
however various studies have demonstrated the wound healing and antioxidant
properties of citrus peel extracts, including Citrus hystrix and Citrus aurantium[16]
In addition, The molecular mechanisms by which orange peel nanoemulsions from
Gerga Kerinci might promote wound healing and antioxidant effects are not detailed,
while Existing studies on other citrus peels that have act in cell proliferation and
migration [10]. However there is a lack of comparative studies evaluating the
effectiveness of Gerga Kerinci orange peel nanoemulsion against but other citrus
varieties For instance; Citrus aurantium peel-based ointments have shown promising
results in wound healing [16] Accordingly, recent Studies on other citrus
nanoemulsions indicate good stability and enhanced bioavailability whileThe
stability and bioavailability of nanoemulsions containing Gerga Kerinci orange peel
extract are not documented[17][1] Other studies have shown positive results for
different citrus peels in animal models , but similar studies for Gerga Kerinci are
needed to confirm its potential.[18]

Nanoemulsions enhance the stability and bioavailability of the active
compounds. They provide a controlled release mechanism, ensuring a sustained
therapeutic effect[1][17][19] Detailed mechanistic studies are required to understand
the exact pathways through which orange peel nanoemulsions exert their wound
healing and antioxidant effects. This study aims to develop and evaluate a
nanoemulsion formulation of orange peel extract for topical wound healing. We
hypothesize that encapsulating orange peel extracts in nanoemulsions will enhance
their antioxidant and antibacterial properties, resulting in faster wound closure, and
reduced infection rates compared to non-encapsulated extracts.

METHODS

Material and Method

Freshly harvested Gerga oranges kerinci from locally market in Jambi, Indonesia.
Fresh oranges are washed to remove dirt and dust and then the peel is separated
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from the pulp, juice, and seeds. After the skin is separated, it is cut into small pieces
using a knife cutter. To remove the moisture content, the skin is dried in an oven
dryer, at a temperature of about 50 °C for 6 hours and up to a humidity level of 4%
d.b. The dry sample is then ground into a fine powder

The basic composition consists of active zak in the form of 4 mg of gerga kerinci
orange peel ethanol extract, Tween 80 as a surfactant 8 ml, aquades as a solvent 68
ml. The manufacturing process begins by dissolving the extract into a portion of
Tween 80 while stirring until homogeneous. The remaining Tween 80 and aquiades
were added little by little while stirring using a homogenizer at 10,000—15,000 rpm
for +15 minutes. The mixture is then sonicated until a nanoemulsion with a particle
size of 20—100 nm is formed with a polydispersivity index (PDI) of < 0.3. The
nanoemulsion is stored in a dark glass bottle at room temperature. Analysis of the
extract content in the nanoemulsion was carried out using UV-Vis
spectrophotometry, and the results were used as the basis for determining the
amount of nanoemulsion included in each ointment formula to be equivalent to the
extract levels of 2.5 mg, 5 mg, and 7.5 mg.

Procedure for Gerga Orange Peel Extract and
Nanoemulsion Preparation

Dry & Powder Gerga Orange I /

Peel

Maceration in 96%
Ethanol (3 Days)

]
Filtration — Evaporation
(Rotary Evaporator
/ 40-450C)

Thick Extract

Extraction & Preparation ]
Mix Extract + Tween 80

(Oil Phase), Add

Nanoemulsion \ Aquadest (Aqueous
Phase)

Finished Nanoemulsion High-Speed
Homogenization —

Sonication

Picture 1. Procedure for Gerga Orange Peel Extract and Nanoemulsion Preparation

RESULTS
Table 1. Table of the phytochemical test results for the Gerga orange peel
nanoemulsion preparation:

No Compound Group Test Result Description/Specific Test
| Flavonoids Positive Formation of.spec1ﬁc color
change/reaction.
o> Alkaloids Positive - Dragendorff's Reagent: Positive

(slight red precipitate).
- Mayer's Reagent: Positive (white
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No Compound Group Test Result Description/Specific Test

precipitate).

- Bouchardat's Reagent: Positive (slight
precipitate).

- Wagner's Reagent: Positive (slight
brown precipitate).

3 Saponins Positive Formation of stable foam.
Indicated by a light green color

4 Phenolics Vell;y Shghtly (changed to dark black in the extract,
ositive . . .
but very slight in the nanoemulsion).
Steroids and Negative Neither Steroids nor Terpenoids were
Terpenoids 8 detected.
6 Quinones Positive Indicated by a yellow/brick-red color.
DISCUSSION

Although no prior reports specifically addressed the orange peel from Gerga Kerinci,
our phytochemical screening revealed the presence of flavonoids, alkaloids,
saponins, phenolics, and quinones in its nanoemulsion extract, and an additional
terpenoid component in the crude extract. The presence of flavonoids contributes to
the antioxidant activity, which helps in neutralizing free radicals and reducing
oxidative stress at the wound site. [20][21].

Moreover, Flavonoids, alkaloids, and terpenoids reduce the production of pro-
inflammatory cytokines and enzymes, thereby decreasing inflammation and
promoting a conducive environment for healing. [21][22]furthermore, The
antimicrobial effects of alkaloids, saponins, and quinones help in preventing
infections, which is crucial for effective wound healing. [22] lastly, collagen synthesis
and angiogenesis effect of Saponins and flavonoids promote collagen synthesis and
angiogenesis, which are essential for tissue repair and regeneration.[22] [20]
Therefore, the phytochemical profile of Citrus reticulata var. Gerga Kerinci supports
its potential as a novel wound-healing and antioxidant agent, aligning with previous
findings from Citrus hystrix and Citrus aurantium extracts. [16]

Eventhough no comparative studies have directly evaluated Citrus reticulata
var. Gerga Kerinci against other citrus species or standard wound-healing
treatments, the present study provides initial evidence of its enhanced formulation
performance. The nanoemulsion of Gerga Kerinci orange peel at 2.5% produced
smaller particle sizes compared to the conventional extract at the same
concentration, suggesting improved surface area, stability, and bioavailability of
active compounds. [23]. This physicochemical advantage implies that nanoemulsion
delivery could potentiate the wound-healing efficacy of Gerga Kerinci orange peel
[24]. In addition, The active compounds in orange peel Gerga kerinci, when delivered
via nanoemulsions, can suppress inflammatory cytokines, reduce oxidative stress,
and enhance antioxidative enzymes, all of which are beneficial for wound
healing.[24][25]

Although no direct evidence was obtained regarding wound infection in this
study, the absence of infection signs throughout the experimental period suggests a
potential antimicrobial or prophylactic effect of both the extract and the nano-
emulsion formulations of Gerga Kerinci orange peel. [26][27] in recent study show
that The antimicrobial properties of orange peel extracts suggest potential
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applications in healthcare for treating infections and as additives in skincare
products to combat acne and other skin infections[28][14] However in previous
study showed that Orange peel methanolic extract (OPME) has been found to inhibit
quorum sensing (QS) pathways in Pseudomonas aeruginosa, reducing biofilm
formation and motility, which are critical for bacterial virulence [29] but in this study
no microbiological assays were conducted, this potential remains undocumented.
Future studies should therefore include bacterial culture or zone-of-inhibition assays
to confirm whether the wound-healing benefits are partly mediated by infection
prevention mechanisms.

CONCLUSIONS

Overall, the data showed that the formulation of Gerga orange peel extract
nanoemulsion ointment at concentrations of 5 mg and 7.5 mg showed the most
effective results in accelerating wound healing compared to other groups. This is
supported by a small wound diameter on day 14, where all nanoemulsion formulas
(2.5 mg [6.40+1.97 mm], 5 mg [7.55+3.56 mm], and 7.5 mg [7.40+3.59 mm]) showed
better performance than Gentamycin's positive control (8.93+5.05 mm
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