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Abstract

The present study addresses the extraction and isolation of piperine alkaloid from four different grades of black pepper
obtained from the local market. Among the samples analysed, grade II exhibited the highest piperine yield and
demonstrated strong radical scavenging activity, with an ICso value of 7.596 nug/mlL, using ascorbic acid as standard.
Thin layer chromatography (TLC) analysis confirmed the purity of the isolated alkaloid, with an Rf value 0.63 matching
with the standard reference. Additionally, the antidandruff potential of purified piperine extracts was evaluated,
revealing a significant zone of inhibition against Malassezia furfur in all grades. The present investigation introduces a
reliable method to enhance the quality of black pepper by focusing on its piperine content, which not only contributes
to its pungency but also offers valuable antioxidant and antidandruff properties.
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1. Introduction

Black pepper (Piper nigrum L.), a tropical vine from the family Piperaceae, is globally recognized for its fruit. It produces
small, spherical fruits with a wrinkled surface, known for their spicy taste and distinct aroma. Piper nigrum is one of the
key spices widely used in food, medicine and cosmetic etc. Its pungent flavour is primarily due to the alkaloid Piperine
and its isomers [1], which produces several physiological effects, while its aroma is identified due to its essential oil.
The biological role of this spice are well documented in the literature, highlighting its antibacterial, antidepressant, anti-
inflammatory, anti-spasmodic, gastric ailments, insecticidal properties etc. [2, 3, 4].

Piperine (C17H19NO3) is a principle phytochemical compound in P. nigrum [5]. Research indicates that the pungent
compound is paving a way for development of bioactive compound for various disease treatments [2, 6, 7], with
concentrations ranging from 97.25% to 98.57 % as reported by Acharya et al [8]. Additionally, Piperine plays a
significant role in enhancing drug availability [9].

Antioxidant activity is a key feature of medicinal plants due to their diverse phytochemical composition. They are
recognized for their ability to protect cells from radical damage associated with several disorders [10, 11, 12].
Exogenous sources of antioxidants further aid in mitigating oxidative stress thereby enhancing cellular defence against
radical-induced damage [10, 11]. As aresult, plant derived antioxidants are widely explored for their rich phytochemical
content, which helps maintain a balance between endogenous radical scavengers and free radicals.

Dandruff is a common scalp condition characterized by excessive shedding of skin cells and is primarily caused by yeast
Malassezia furfur [13]. Conventional antidandruff shampoos contain active ingredients such as zinc pyrithione, salicylic
acid, ketacanazole etc. [14]. However, these treatments come with certain limitations including the recurrence of
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dandruff and potential side effects. As a result, herbal formulations with natural antifungal properties are explored as a
safer and more effective alternatives. Studies focusing on antifungal agents derived from plant sources are gaining
attention for their potential to provide long term relief from dandruff while minimizing adverse effects.

The literature review revealed that while phytochemical properties of Black Pepper have been extensively studied,
there is a lack of comparative analysis on Piperine yield from different grades of Black Pepper available in the local
market. Additionally, the antidandruff potential of Piperine, also remains limited. Therefore, the objective of the present
study is to evaluate the Piperine yield among different samples of black pepper collected from local market and to assess
their antioxidant and anti-dandruff activities.

2. Materials and Method

2.1. Collection of Plant Materials

Four different grades of dried fruits of Piper nigrum (Black pepper) were purchased from a local grocery store in
Mumbai as shown in figure (1).
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Figure 1 Different grades of dried fruits of Piper nigrum

2.2. Preparation of seed extracts

10 g of powder of each grade was soaked in 300ml isopropanol. The extract was left to stand for 48 hours at room
temperature with intermittent shaking. Whatman filter paper (number 1) was used to filter the extract. The extracts
were used for phytochemical investigations: tests for alkaloids, glycosides, phenolic and tannins [15].

2.3. Isolation of Piperine

Soxhlet extraction using 20g of dried seed powder in 300 ml of isopropanol solvent was performed for 8 hours. The
solution in the round bottom flask was concentrated using rotary evaporator. Approximately 15ml of 10% alcoholic
sodium hydroxide was added to the concentrated solution at the room temperature. Next day, crystals of Piperine are
observed at the bottom of the flask. The residue is collected, dried, and stored in the fridge till further use.

2.4. Thin layer chromatography

Precoated silica gel was used as a stationary phase with a solvent system Toluene: Ethyl acetate (7:3). Dragendorff’s
reagent was used as a visualizing agent. The Piperine samples of all grades along with standard (obtained from ICT lab.,
Matunga) were run on TLC and were analyzed.

2.5. Antioxidant activity

1gm powdered black pepper was extracted with methanol using a shaker at room temperature for 2 hours. The extract
was centrifuged for 15 minutes at 8000 rpm. The supernatant was collected and was assayed for DPPH radical
scavenging method. The different amounts of supernatants (of each grades) with 1 ml methanolic extract were taken
and added 3ml DPPH. The test tubes were kept in dark for 30 minutes. The absorbance was measured at 517 nm using
spectrophotometer with proper controls and L-ascorbic acid taken as standard. The assay was performed in three
replicates. The ability of plant extract to scavenge DPPH radical was calculated from the following formula:
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) ) o Absorbance(control) - Absorbance (sample)
% Radical scavenging activity = Absorbance (control) x 100

ICso of extracts was computed from a plot of percentage of DPPH free radical scavenging free inhibition versus extract
concentration.

2.6. Antidandruff activity

2.6.1. Isolation of fungus

The sample was collected from an affected individual’s scalp and inoculated into sterile Sabouraud dextrose agar (SDA)
medium. The plates were incubated for 3 to 5 days. The white fungal growth observed on plates was identified through
microscopic analysis and further confirmed by the Microbiology Department of the college.

2.6.2. Antifungal assay

The antifungal activity of Black pepper extracts against Malassezia furfur was investigated by disc diffusion method. A
drop of olive oil was applied to the agar medium before uniformly spreading the organism over the surface of the plate.
Paper discs soaked in purified Piperine extracts were placed along with a control. The plates were then incubated at
37°C for 24 and 48 hours, and the results were recorded after the incubation period.

3. Results and Discussion

3.1. Phytochemical analysis

The isopropanol extracts were analyzed for secondary metabolites with all grades testing positive for alkaloids and
tannins (Table 1). However, the remaining tests yielded variable results across different grades. In grades 2 and 4, along
with alkaloids and tannins, the presence of steroids and terpenoids were also observed. These findings indicate that
alkaloids are the predominant constituents in the isopropanol extracts. Similar results have been reported using
different solvents, such as methanol [16], dichloroethane [17], and glacial acetic acid [18]. The use of isopropanol in the
present study proves to be an effective solvent for Piperine extraction, complementing the solvents previously identified
by researchers.

Table 1 Phytochemical analysis of isopropanol extracts of different grades of Black Pepper

Grade 1 | Grade 2 | Grade 3 | Grade 4

Alkaloids ++ ++ ++ ++
Glycosides | -- -- - -
Flavonoids --

Tannins + + + +
Saponins -- -- -- -
Steroids - + - +
Terpenoids | + + - +

Note: ‘+’ indicates presence and ‘—' indicates absence

3.2. Isolation of Piperine

Piperine was extracted from different grades of black pepper using isopropanol with variations in colour and texture as
mentioned in Table (2). The yield of Piperine, a key determinant of spice quality, was measured for each grade. 20 grams
of black pepper yielded 68% for Grade I, 90% for Grade II, 36% for Grade IlI, and 51% for Grade IV. Among these, Grade
II exhibited the highest quality, followed by Grade I, while Grade IV was moderate, and Grade III was of the lowest
quality. Similar findings were reported by Mollik et al [16] and Delia [19] when using methanol as the solvent system.
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Table 2 Comparative analysis of Piperine isolated from different grades of Black Pepper

Grades | Color Texture | % of Piperine | Isolated Piperine

I Corn Yellow Cluster 68.6

I1 Flexen Yellow | Cluster 90.6
I Yellow Powdery | 36.3
v Lemon Yellow | Papery 51.5

3.3. TLC analysis

The purity of the Piperine was confirmed by TLC analysis. The isolated Piperine, along with the standard, was run on a
silica plate as shown in Figure (2). The calculated Rf values for the four grades were 0.60, 0.63, 0.65, and 0.61, while the
standard Piperine had an Rf value of 0.63. These results confirmed the purity of grade II. Low-intensity bands were also
observed in other grades alongside the Piperine band, indicating the possible presence of impurities. This study
validates the use of isopropanol as an effective isolation solvent, offering an alternative to ethanol or methanol, as
demonstrated by Mollik et al. [16]. Additionally, Dragendorff’s reagent proved to be a more convenient detection
method compared to anisaldehyde-sulfuric acid [20], or vanillin reagent [16].

Figure 2 TLC Profile of purified Piperine from different grades (i to iv) and standard (v) of Black pepper using
Dragendroff’s reagent
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3.4. Antioxidant assay

The antioxidant potential of black pepper extracts was assessed through ICso values, which represent the concentration
of the sample required to scavenge 50% of DPPH free radicals (Figure 3). ICso is a widely recognized parameter for
evaluating antioxidant activity [21]. A lower ICso value indicates a stronger antioxidant capacity. In this study, Grade II
exhibited the lowest ICso value (7.596 pg/L), demonstrating superior antioxidant potential compared to other samples,
including ascorbic acid (9.6 pg/L). The remaining grades displayed ICso values exceeding 10 pg/L, suggesting relatively
lower antioxidant activity compared to the standard. These findings align with previous research indicating that black
pepper extracts possess notable free radical scavenging activity [22]. Additionally, the antioxidant effect increased with
higher extract concentrations, supporting the dose-dependent nature of antioxidant efficacy [23]. Based on these
results, black pepper extracts emerge as promising candidates for plant-derived antioxidant compounds with potential
applications in nutraceuticals and functional foods.
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Figure 3 [Cso values of different grades of Black Pepper along with Ascorbic acid

3.5. Antidandruff activity

The antifungal activity of purified Piperine extracts are tabulated below:

Table 3 Comparison of antifungal activity of purified Piperine from different grades black pepper and antidandruff
shampoos on the basis of zone of inhibition

Piperine extracts | Diameter in cm | Antidandruff Shampoos | Diameter in cm
Grade | 1.5 Brand a 2.3

Grade II 2 Brand b 2.5

Grade 111 1.8 Brand ¢ 2.5

Grade IV 1.5

Several studies have reported the antifungal activity of plant extracts and its essential oil against dandruff causing
fungus Malassezia furfur [13, 24, 25]. However, there are few reports of using purified piperine extracts for anti-dandruff
activity. The disc diffusion method was used to assess its effectiveness against the fungus by measuring the zone of
inhibition. Among all the grades tested, grade II showed the highest activity followed by grade IIl and others. When
compared with antidandruff shampoos, enhanced activity was observed with shampoos. This observation aligns with
the findings of Pingili et al [25] when comparing crude plant extracts with antidandruff shampoos. The results indicate
significant antifungal activity of piperine extracts, which can be further studied to elucidate its precise mechanism of
action against Malassezia furfur.

4. Conclusions

This study demonstrates that isopropanol is an effective method of extracting piperine from black pepper of different
grades. Grade II found to be better quality in terms of piperine yield and antioxidant activity. TLC analysis confirmed
the purity of isolated alkaloid, which also showed significant antifungal activity against Malassezia furfur, highlighting
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its potential as an antidandruff agent. Optimizing the extraction process can enhance its medicinal value, making it
suitable candidate for pharmaceutical and cosmetic applications.
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