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ABSTRACT

Black pepper (Piper nigrum L.) is a globally consumed medicinal spice with well-documented therapeutic
properties. This study evaluated the phytochemical composition, antioxidant capacity, and anti-
inflammatory potential of aqueous and ethanolic extracts of black pepper fruits using standard laboratory
methods. Quantitative analysis revealed high concentrations of alkaloids, phenolics, flavonoids, and
essential oils, with piperine as the major bioactive compound. Antioxidant activity assessed by DPPH
radical scavenging assay showed strong activity, particularly in the ethanolic extract (ICso = 41.2 ug/mL).
Anti-inflammatory activity evaluated using albumin denaturation and membrane stabilization assays
demonstrated significant inhibition comparable to standard drugs. These findings scientifically validate
the traditional use of black pepper in managing oxidative stress and inflammatory disorders.
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INTRODUCTION

Inflammation and oxidative stress are closely linked biological processes involved in the pathogenesis of
many chronic diseases, including arthritis, cardiovascular disorders, cancer, and neurodegenerative
conditions (Halliwell & Gutteridge, 2015). Although inflammation is a protective response, its chronic
activation leads to tissue damage and disease progression. The search for safe, plant-derived anti-
inflammatory and antioxidant agents has therefore gained increasing attention.

Black pepper (Piper nigrum L.), a member of the family Piperaceae, is known as the “king of spices” due
to its culinary and medicinal importance (Srinivasan, 2007). The fruits are rich in alkaloids, phenolic
compounds, flavonoids, and essential oils. Piperine, the major pungent

alkaloid, has been reported to possess strong antioxidant, anti-inflammatory, immunomodulatory, and
bioavailability-enhancing properties (Meghwal & Goswami, 2013).

Previous studies have shown that black pepper extracts can inhibit inflammatory mediators such as
prostaglandins, nitric oxide, and cytokines, while also scavenging free radicals responsible for oxidative
stress (Gulcin, 2005; Damanhouri & Ahmad, 2014). Despite these findings, comparative evaluation of
antioxidant and anti-inflammatory activities using different solvent extracts remains essential.

This study aimed to evaluate the phytochemical composition, antioxidant capacity, and anti-inflammatory
properties of aqueous and ethanolic extracts of Piper nigrum fruits.
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MATERIALS AND METHODS
4.1 Sample Collection and Preparation
Dried black pepper fruits were obtained from a local market and authenticated by a botanist. The samples
were cleaned, air-dried, and ground into fine powder.
4.2 Extraction Procedure
e Aqueous extraction: 20 g of powdered sample soaked in 200 mL distilled water for 24 h.
¢ Ethanolic extraction: 20 g of powder soaked in 200 mL of 70% ethanol for 48 h.
Extracts were filtered and concentrated using a rotary evaporator.
4.3 Phytochemical Analysis
Quantitative determination of alkaloids, phenolics, flavonoids, tannins, and essential oils was conducted
following methods described by Harborne (1998) and Trease and Evans (2002).
4.4 Antioxidant Activity (DPPH Assay)
The free radical scavenging activity was evaluated using the DPPH method (Brand-Williams et al., 1995).
ICso values were calculated.
4.5 Anti-Inflammatory Activity
e Albumin denaturation assay
e Human red blood cell (HRBC) membrane stabilization assay
Diclofenac sodium was used as the standard anti-inflammatory drug.
4.6 Statistical Analysis
All experiments were performed in triplicate, and results were expressed as mean + standard deviation.
Results
Table 1. Phytochemical Composition of Piper nigrum Extracts

Phytochemical Aqueous Extract Ethanolic Extract

Alkaloids (mg/g) 27.84+1.05 3492+ 1.18
Phenolics (mg GAE/g) 43.17 £ 1.12 58.64 +1.24
Flavonoids (mg QE/g) 15.62 +0.71 23.18+0.86
Tannins (mg/g) 8.94+£0.53 13.45+0.61
Essential oil (%) 3.6+0.2 5.1+£03

Table 2. Antioxidant Activity of Piper nigrum Extracts (DPPH Assay)

Sample ICso (ng/mL)

Aqueous extract 59.8
Ethanolic extract 41.2
Ascorbic acid  29.6

Table 3. Anti-Inflammatory Activity of Piper nigrum Extracts

Albumin Denaturation Inhibition (%) HRBC Stabilization (%)

Sample

Aqueous extract 62.4+2.1 587+1.9
Ethanolic extract 78.6 +£2.4 729+22
Diclofenac sodium 85.3 £2.6 80.4+2.5
DISCUSSION

The results indicate that Piper nigrum contains substantial levels of phytochemicals responsible for
antioxidant and anti-inflammatory activities. The higher phenolic and alkaloid content in the ethanolic
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extract supports previous findings that ethanol efficiently extracts bioactive compounds (Shan et al.,
2005).

The strong antioxidant activity observed, particularly in the ethanolic extract, can be attributed to piperine
and phenolic compounds, which are known to neutralize free radicals and inhibit lipid peroxidation
(Gulcin, 2005). The anti-inflammatory assays demonstrated significant inhibition of protein denaturation
and membrane stabilization, suggesting that black pepper extracts may prevent inflammatory tissue
damage.

These findings are consistent with earlier reports showing that piperine suppresses inflammatory
mediators and oxidative stress pathways (Meghwal & Goswami, 2013; Damanhouri & Ahmad, 2014).
Overall, the study provides scientific justification for the traditional use of black pepper in inflammatory
conditions.

CONCLUSION

Black pepper (Piper nigrum L.) exhibits strong antioxidant and anti-inflammatory properties, particularly
in ethanolic extracts. The presence of piperine, phenolics, and flavonoids contributes significantly to these
activities. The study confirms the medicinal value of black pepper and supports its potential application in
managing oxidative stress and inflammation-related disorders.

RECOMMENDATIONS
1. In vivo studies should be conducted to validate pharmacological efficacy.
2. Isolation and characterization of piperine and related compounds are recommended.
3. Black pepper extracts should be explored as natural alternatives to synthetic anti-inflammatory
drugs.
4. Toxicological evaluation is necessary for long-term use.
5. Development of standardized herbal formulations containing black pepper is encouraged.
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