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Abstract— Inflammation is a serious health problem that requires treatment. One of the physical factors that cause inflammation is a
wound. The use of topical antibiotics for wound healing continuously in the long term can cause many side effects and is not economical.
Therefore, the use of natural materials that are effective and economical is needed. One of them is the prepupa black soldier fly. This
study aimed to analyze the content of the black soldier fly prepupa compound and its potential as an anti-inflammatory. The results
showed that there were 9 fatty acids in black soldier fly prepupae oil analyzed by GCMS namely lauric, myristic, palmitic, stearic,
capric, palmitoleic, oleic, linoleic, and eicosapentaenoic. These fatty acids act as anti-inflammatory, analgesic, antipyretic, and
antimicrobial. Therefore it is necessary to carry out further research in vivo to see the potential of prepupae oil fatty acids as an anti-
inflammatory.
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I. INTRODUCTION

Inflammation is the response of the immune system to noxious stimuli, such as damaged cells, pathogens, toxic compounds, or
radiation [1]. At the tissue level, inflammation is characterized by redness, swelling, heat, pain, and loss of tissue function, which
results from local immune, vascular, and inflammatory cell responses to infection or injury [2]. One of the physical factors that
cause inflammation is a wound. Wounds are anatomically damaged cells and the function of a tissue as a result of mechanical,
chemical, heat, microbial, or immunological disturbances [3]. Wound healing occurs in five phases: inflammation,
neovascularization, formation of granulation tissue, re-epithelialization and formation of new extracellular tissue matrix, and
tissue remodeling [4]. The basis of wound healing is minimizing tissue damage, preventing infection, and providing adequate
tissue perfusion and oxygenation, proper nutrition, and a moist wound-healing environment [5].

Wound healing can occur naturally where the body can deal with tissue damage itself but the healing rate is relatively slow
and the probability of being infected with microbes is high. For this reason, efforts are needed to accelerate wound healing and
reduce the risk of infection [6]. Many topical antibiotics have been used in the treatment of burns. One of them is Silver
sulfadiazine which is a topical antimicrobial agent which has become the standard of care in the treatment of burns. However,
topical application of silver sulfadiazine cream has been shown clinically to occasionally result in systemic complications such as
neutropenia, skin flushing, crystalluria, and methemoglobinemia. These treatments can prevent wound repair and lead to scar
tissue formation. Therefore, the formation of scar tissue after injury has become one of the most extensively studied problems for
which researchers are continuously developing new applications through experimental and clinical trials [7].

As a result of the side effects of the continuous use of topical antibiotics, it triggers the exploration of safer and more effective
natural medicinal ingredients. These natural-based medicines are generally derived from various kinds of plant oils. Plant
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products have proven to be effective in accelerating wound healing because they consist of various antioxidant and anti-
inflammatory principles. Apart from plants, medicines made from nature can also be derived from animal oils, one of which is oil
from the prepupae of the black soldier fly insect. Based on research [8] Black Soldier Fly prepupae contain amino acids, fatty
acids, as well as vitamins and minerals. The dry matter content of amino acids in the prepupa ranges from 39.97% and the crude
fatty acid content ranges from 50% [9]. Fatty acids have been shown to play a role in accelerating wound healing. So far, black
soldier fly larvae have been used as bioconversion agents for organic waste and as a source of feed for animals. Scientific
information about the efficacy of bioactive substances in black soldier fly prepupae especially as drugs is very limited. This study
aimed to analyze the fatty acid content of black soldier fly prepupa oil and its potential as an anti-inflammatory.

II. RESEARCH METHOD

2.1. Black Soldier Fly Prepupae Oil Extraction

Black Soldier Fly prepupae samples were obtained from black soldier fly breeders in West Sumatra, Indonesia, fed fermented
tofu pulp. Wet prepupae were dried under the sun. The dried prepupae were then pulverized using a grinder. The extraction stage
of black soldier fly prepupae uses hexane solvent at room temperature for 24 hours. After filtering using Whatmann no.1 filter

paper, the extract was evaporated under low pressure using a rotary evaporator at 40°C and stored in a refrigerator at four 4°C
until used.

2.2. Gas Chromatography-Mass Spectrometric (GC-MS) Analysis

GC-MS analysis of black soldier fly prepupae oil was performed using GCMS-QP2010 Plus. With a pressure of 31.5 kPa,
with helium as the carrier gas used, helium flowed at a flow rate of 0.70 mL/min and a linear velocity of 30.5 cm/sec. injector
temperature at 60°C to 220°C. The oil is injected with a volume of 0.5 pl. The eluted components will be detected on the mass
detector. Spectra of known compound components will be stored in the NIST library.

III. RESULT AND DISCUSSION
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Fig. 1. Chromatogram Of Fatty Acid Analysis Of Black Soldier Fly Prepupa Oil
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Based on the results of Gas chromatography-mass spectrometry analysis, there were 9 identified fatty acids in the black soldier
fly prepupa oil. The fatty acid content consists of lauric, myristic, palmitate, stearate, capric acids which are Saturated Fatty Acids
(SFA). Palmitoleic, oleic is a monounsaturated fatty acid (MUFA) and linoleate, eicosapentanoic is a Polyunsaturated Fatty Acid
(PUFA) compound (Fig.1). The results of this study are by research [10] that the fatty acid content in the black soldier fly
prepupae is capric acid, lauric acid, myristic acid, palmitate acid, stearic acid, palmitoleic acid, oleic acid, linoleic acid, linolenic,
eicosapentaenoic and docosahexaenoic. The highest peak produced, namely at the retention time of 9.932, predicted that this
compound was lauric acid, which was most abundant in black soldier fly prepupa oil.

Some of these fatty acids can influence the inflammatory process by inhibiting macrophages to produce NO (nitric oxide) and
inhibiting the cyclooxygenase (COX2) pathway. Thus, the symptoms of inflammation can be reduced. This statement is supported
by research [11] that extracts from snakehead fish oil contain omega-3 and omega-6 unsaturated fatty acids which are nutrients
that can speed up the wound healing process. Saturated fatty acids can modulate cells or tissues and respond to infection, injury
and inflammation. Fatty acids play a role in adding energy to the process of forming myelin sheaths and forming cell membranes
in tissue growth in wound healing.

TABLE I. RESULTS OF BLACK SOLDIER FLY PREPUPA OIL FATTY ACID ANALYSIS

Fatty acids Group Area % Heigh % R.Time

compound

Lauric acid Saturated Fatty Acid (SFA) 33.75 37.85 9.932

Myristic acid Saturated Fatty Acid (SFA) 6.67 9.05 11.486

Palmitic acid Saturated Fatty Acid (SFA) 13.66 14.83 14.683

Stearic acid Saturated Fatty Acid (SFA) 4.32 4.61 17.416

Capric acid Saturated Fatty Acid (SFA) 0.17 0.2 8.495

Palmitoleic acid Monosaturated Fatty Acid 3.23 3.64 13.930
(MUFA)

Oleic acid Monosaturated Fatty Acid 13.94 11.83 11.728
(MUFA)

Linoleic acid Polyunsaturated Fatty Acid 25.08 17.88 13.871
(PUFA)

eicosapentanoat Polyunsaturated Fatty Acid 0.08 0.11 12.104
(PUFA)

According to [12], fatty acids have been shown to play a major role in the wound healing process. The fatty acid content of the
black soldier fly prepupa is capric acid and lauric acid. Capric acid and lauric acid have antimicrobial and anti-inflammatory
activity. This is supported by the opinion [13] that capric acid has antibacterial activity against several Gram-positive and Gram-
negative bacteria, anti-fungal and antiviral activity. [14] reported that capric acid suppressed PGE2 production in
lipopolysaccharide (LPS)-stimulated RAW264.7 macrophages. Capric acid has also been shown to inhibit inflammation-induced
nitric oxide (NO) production and NO synthase (iNOS) gene expression in LPS-stimulated RAW264.7 macrophages [15]. In
addition, [16] also reported that lauric acid showed activity as an antimicrobial and anti-inflammatory. Capric acid and lauric acid
have a marked suppressive effect on IL-8 and IL-6 production. Further testing on signaling pathways showed that capric acid and
lauric acid suppressed MAPK phosphorylation and NF-kB activation [17].

The content of other fatty acids in the black soldier fly prepupa is linolenic acid, linoleic, and oleic. Linolenic, linoleic and
oleic acids are precursors for the synthesis of inflammatory or anti-inflammatory mediators and are part of the cell membrane
structure of phospholipids, ceramides, and sebum, which are important components of the lipid barrier and are involved in
regulating cell division and differentiation, angiogenesis and extracellular matrix synthesis [18]. This is supported by the
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statement [19] that linolenic, linoleic, and oleic acids are precursors to eicosapentaenoic acid (EPA), arachidonic acid (AA), and
eicosatrienoic acid (ETA) which are part of the structure of cell membrane phospholipids and serve as substrates for the synthesis
of eicosanoids (inflammatory mediators), such as prostaglandins, thromboxane, prostacyclin (via cyclooxygenase), and
leukotrienes (via lipoproteins). oxygenase). Eicosanoids formed from arachidonic acid, prostaglandin E2, thromboxane B2, and
leukotriene B4 are more potent proinflammatory inducers than those formed from EPA, prostaglandin E3, thromboxane B3, and
leukotriene B5, which have anti-inflammatory effects. This family of fatty acids competes for the same enzymes. Where the fatty
acids induce local inflammatory responses and compete with linoleic and linolenic acids to synthesize the same enzymes
(cyclooxygenase and lipooxygenase). So that the inflammatory mediators formed by arachidonic acid are less strong so that
inflammation does not occur [20].

Another fatty acid content in the black soldier fly prepupa is stearic acid. Stearic acid is a common nutritional long-chain fatty
acid and is known as a potent anti-inflammatory lipid. Stearic acid plays a role in weakening induced inflammation by
suppressing the recruitment/accumulation of inflammatory cells and/or NF-kB activity, if NFkB activation is inhibited it will
inhibit the synthesis of IL-1 and TNFa. Inhibition of IL-1 and TNFa synthesis causes reduced stimulation of cell membrane
phospholipids so that arachidonic acid is not released from cell membrane phospholipids by phospholipase activation. This
situation causes reduced COX-2 protein synthesis and reduced prostaglandin biosynthesis so that the inflammatory response is
reduced [21].

Another fatty acid content is palmitoleic acid. Palmitoleic acid is an omega-7 monounsaturated fatty acid. Palmitoleic acid is
reported to have anti-inflammatory effects, palmitoleic acid plays a role in reducing the production of cytokines and adhesion
molecules and reducing the expression of several pro-inflammatory genes (NFkB, MCP-1, IL-6, and COX-2) while at the same
time regulating PPARa gene expression anti-inflammatory [22]. Based on research conducted that saturated palmitic acid (29% to
36%) and omega-7 unsaturated palmitoleic acid (36% to 48%), which are derived from Sea buckthorn pericarp oil can increase
the epithelization of skin and mucosal tissue, besides that it has been shown to play a role in as an antioxidant, anti-inflammatory,
and regenerative agent [23]. Other saturated fatty acids in the black soldier fly prepupa are myristic acid and palmitic acid.
Myristic acid and palmitic acid are positively associated with inflammation [24]. This is different from the opinion [25] that the
content of linoleic acid (50% to 59%), oleic (20% to 24%), and palmitic acid (11% to 13%) in cumin oil has anti-inflammatory,
analgesic, antipyretic, antimicrobial, and antineoplastic. In addition, studies containing acids in triglycerides, namely linoleic
(46%), palmitic (30%), oleic (11%), stearic (8%), and -linolenic acid (2%) show increased regulation of the production of growth
factors, such as transforming growth factor beta 1 and granulocyte-macrophage colony-stimulating factor. In addition, iAQP-3
mRNA expression was increased, thereby improving skin hydration [26]. This can be interpreted that the content of fatty acids,
namely myristic acid and palmitic acid act as anti-inflammatory with a low percentage. The content of other fatty acids in the
black soldier fly prepupa is eicosapentaenoic and docosahexaenoic (Table 1). Eicosapentaenoic (EPA) and Docosahexaenoic
(DHA) are omega-3 saturated fatty acids that play a role in inhibiting COX which causes reduced release of proinflammatory
cytokines, such as TNF-a. The anti-inflammatory properties of EPA are partly due to peroxisome proliferator-activated receptor
(PPAR)-mediated suppression of nuclear factor (NF)-«xB activation. the anti-inflammatory effects of EPA depend on suppressing
PPAR-y-mediated NF-kB activation [27].

IV. CONCLUSION

Based on the results of Gas chromatography-mass spectrometry (GCMS) analysis, 9 fatty acids were identified, namely lauric,
myristic, palmitate, stearate, capric, palmitoleic, oleic, linoleate and eicosapentanoic acids which act as anti-inflammatory,
analgesic, antipyretic and antimicrobial. Based on this research, in vivo research is needed to see the potential of prepupae oil
fatty acids as anti-inflammatory.
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