
ABSTRACT
The present study proposed differential effect of solvents on extraction, pharmacognostic evaluation and antioxidant activity of 
Long pepper (Piper longum) fruit extract. The bio-analytes present in P. longum fruit were extracted by dissolving powder fruit in 
water, ethanol, methanol, acetone, and ethyl acetate. Further, the extracts were dried using rotavapor at 55 °C and used to assess the 
phytochemical analysis where total phenolic compounds (TPCs) were evaluated using Folin-Ciocalteu Assay. Additionally, ascorbic 
acid content was measured, and Fourier Transform Infrared Spectroscopy (FTIR) analysis was performed to predict the presence of 
various compounds based on their surface functional groups. Further, antioxidant efficiency was determined by considering DPPH 
radical scavenging activity. The quantitative measurements of the TPC and ascorbic acid reveal the presence of the pharmacognostic 
compounds in P. longum, which is also supported by FTIR analysis. The FC assay test confirmed the highest polyphenols  
(181.0 ± 8.69 mg GAE/g) in ethyl acetate extract, while methanolic extract showed the maximum ascorbic acid content (1.51 ± 0.067 
mg AE/g). Methanolic and ethyl acetate-based extraction process showed great results than other solvents as they showed maximum 
DPPH radical scavenging activity (% degradation), 81.57 %, followed by ethyl acetate (79.35%). The obtained results announced  
P. longum extract can be used as a raw material in pharmaceutical industries and local levels to improve health conditions.

KEY WORDS: AnTIoxIDAnT ACTIvITy, AsCoRbIC ACID, 
ExTRACTIon, P. LonGuM, ToTAL PHEnoLIC CoMPounDs.

INTRODUCTION

Tremendous development in the technologies and improved 
medical facilities result in an increase in the population 
with a great pace where highly healthy and nutritive food 
is required. Many plants and their extracts are being used 
for several applications at the industrial and household level 
since ancient times, i.e., medicinal plants, spices, herbs, 
and nutritive plants (Goyal et al. 2018; Giannenas et al. 
2020). Along with the aforementioned applications, various 
medicinal plants have been used to get several benefits, i.e., 
nutrients, medicine and preservatives (Deekshith et al. 2021; 
Ahmad et al. 2021). Additionally, spices and medicinal 
plants have been reported as potential antimicrobial 
(antibacterial, antifungal) and antioxidant agents, which 
increased their demand in medical biotechnology, promising 
many beneficial outcomes against newly emerging harmful 
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microbes and diseases (Cenobio-Galindo et al. 2019; 
szymandera-buszka et al. 2020).

Medicinal plants are a rich and combined source of 
beneficial compounds, i.e., antioxidants, proteins, vitamins, 
polyphenols etc. (Khan et al. 2010; Chikatipalli 2021). 
various studies have been performed to analyze the nutritive 
and medicinal potential of many spices, herbs, medicinal 
plant parts and their extracts. various analytical techniques 
can be used to evaluate the presence of the aforementioned 
compounds in the plant raw (boukhatem and setzer 2020; 
Fitzgerald et al. 2020). Directly or indirectly, medicinal 
plants are a vast part of animal’s life and human being in the 
whole world. Medicinal plants are highly used in InDIA in 
the form of food, spices, juice and preservatives daily, which 
increased the demand for some optimal study to find out the 
potential of spices and their most delicate use (olalere et al. 
2017; srikacha and Ratananikom 2020; beya et al. 2021).

Indian spices are not just limited to taste, colour and aroma, 
but it also has potential in therapeutic properties, which 
increased their uses in pharmaceutical industries (Kalra et 
al. 2021). now Indian spices are used worldwide for food 
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and medicinal purposes. Indian Ayurveda of medicine also 
enlightened the properties of Indian spices, their varieties, 
their benefits, and their potential use in treating or preventing 
various diseases (Chauhan et al. 2015). Piperine, an alkaloid, 
is a highly used spice in medicine and homemade “nukshas” 
for health purposes. Piperine, Piper longum also known 
as Indian long pepper or pippali, is highly used to treat 
various diseases, i.e., indigestion, bronchial disorders, snake 
venom, and breathing problems. Additionally, it has also 
shown beneficial results in infertility, menstrual problems 
and pregnancy (Kumar et al. 2011; Chauhan et al. 2019; 
Tiwari et al. 2020).

Additionally, a variety of compounds increase the availability 
of both reducing and capping agents in P. longum, which 
might increase its demand in nanotechnology and material 
science for the synthesis of nanoparticles for various 
applications, i.e., wastewater treatment, drug delivery 
system, antimicrobial activity, implants, and chemical 
conversion (Jamila et al. 2020; Favre et al. 2021; schnabel 
et al. 2021; Cheraghipour et al. 2021).

As mentioned, these spices and other food items are highly 
rich for small but highly beneficial tracing compounds, but 
optimum use and combinations had not been evaluated. 
Hence, optimising the composition of spices and their 
constituents should be done to get the maximum possible 
results. To accomplish the present demand, we have 
successfully extracted the bioanalytes present in the selected 
Piper longum in different solvents, i.e., water, ethanol, 
methanol, acetone, and ethyl acetate. Further, the dried 
extracts were characterized using FTIR spectroscopy and 
the phytochemical analysis studies, i.e., Total phenolic 
compounds (TPCs), ascorbic acid equivalent and DPPH 
radical scavenging activity, performed to evaluate the 
constituents present in the P. longum and their potential 
activity.

MAtEriAL AnD MEthoDS

The dehydrated fruits of Piper longum were procured 
from the local shop of Kurukshetra. The purchased fruits 
were washed under tap water followed by distilled water 
and kept at 40°C for 72 hrs. Further, washed fruits were 
precast into powder form by grinding and stored for further 
analysis. Morphological appearance of Piper longum 
present in literature, and images of seeds used to identify 
the fruit (Kumar et al. 2011; Murphin Kumar et al. 2020). 
All the chemicals were purchased from Himedia, InDIA.
For extraction, 10g of P. longum powder was macerate to  
100 ml solvents (methanol, ethanol, acetone, ethyl acetate, 
and water) at room temperature for 48 hours by frequent 
mixing.Further, all the extracts were centrifuged at 5000 
rpm, and the supernatant was filtered using Whatman 
no.1 filter paper. Then, the filtrate was dried using a rotary 
vacuum evaporator (Heidolph, vE-11) and stored at 4°C 
for further analysis. The schematic representation of the 
extraction process and phytochemical analysis is shown in 
Fig. 5 (Du et al. 2012; Cheraghipour et al. 2021). 
 
Polyphenols (Folin ciocalteu) assay used with some 
modification to Deng et al. (2013) to detect the total phenolic 

compounds present in each extracted sample. Further, 
0.2 ml of prepared solution, 4 ml of sodium bicarbonate 
solution (2% w/v) and 5.6 ml of DI water were mixed and 
added with 0.2 ml of 50% (v/v) Folin-Ciocalteu reagent and 
incubated for 15 minutes at RT after proper mixing. Further, 
the resultant mixer was analysed for absorbance value at 
750 nm in uv-vis spectrophotometer and concentration 
was calculated by using a standard curve (Deng et al. 2013; 
Golder et al. 2021).

The ascorbic acid concentration was measured using 
Chelli and Golder (2018) method. 200 µl of extract (10 
mg/ml) was mixed with 1800 µl DCPIP followed by 
measurement of absorbance at 604 nm after 20 minutes. 
A calibration curve was plotted between various ascorbic 
acid concentrations and their absorbance after incubation. 
Further, the linear fitting was performed for the standard 
curve equation. The obtained equation was used to calculate 
the AA concentration of unknown samples by using their 
absorbance value (Chelli and Golder 2018). (Chelli and 
Golder 2018). The obtained extracts were analyzed by 
using Fourier-transform infrared spectroscopy (FTIR) 
under Kbr mode (PerkinElmer, spectrum two). FTIR 
spectrums were compared with the standard library and 
literature to assign the functional groups and their expected 
compounds. Additionally, % transmission or absorbance 
values for a specific peak (peak intensity) can be used to 
compare the fraction of specific compounds present in 
two different samples. In this case, high absorbance or 
low % transmission defines more percentage of a specific 
compound in solution (Ravi and Pandey 2019).

In-vitro DPPH radical scavenging activity was investigated 
using DPPH as an indicator of antioxidant activity. For this, 
250µM DPPH stock solution was prepared by diluting with 
9.9 mg DPPH with 100 ml ethanol (96% v/v). The control 
solution was prepared by adding DI to the DPPH stock 
solution maintaining the ratio (1:1). The sample solution 
was prepared by adding 0.5 ml bio-extract to 1.5 ml DPPH 
solution, and blank was prepared by adding ethanol to DI 
and incubated at 25℃ for 30 minutes for homogenization. 
Further, the absorbance value was measured at 517 nm using 
a uv-vis spectrometer (Jirankalgikar et al. 2014, More and 
Makola 2020). The scavenging activity was examined as 
% DPPH radical activity by using the expression given 
below:

DPPH radical scavenging activity = (Ac-As)/Ac x 100  

Where, As defined the absorbance value of sample (extract) 
and As defined the absorbance value of control solution.

rESuLtS AnD DiSCuSSion

Determination of total phenolic compounds (TPCs): 
Polyphenols (Folin Ciocalteu) assay was used to detect the 
TPCs present in each extracted sample. A standard curve 
was plotted by using various gallic acid concentrations 
and their absorbance after incubation. Further, the linear 
fitting was performed for the standard curve equation. The 
obtained calibration curve and calibration equation is given 
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in Fig. 1 (A) and eq. (2). The obtained calibration curve 
equation is as follows:

y=0.00465x+0.04717 (2)

Where y defines the absorbance value and x defines the 
concentration of the gallic acid (gallic acid equivalent).

The amount of ascorbic acid obtained in each bio-extract 
sample is expressed as mg AE/g dry extract. The obtained 
ascorbic acid concentration and absorbance of all samples 
are given in Fig. 2 (b) and Table 1. The obtained data 
confirm that P. longum also contains ascorbic acid but 
in very less amount. Additionally, the methanolic extract 
showed the highest ascorbic acid concentration (1.53 ± 
0.07 mg/g), which attributed to the high solubility of the 
ascorbic acid in methanol than others. unlikely, the water 
showed the least extraction of the ascorbic acid (1.01  ± 0.06 
mg/g) and ethyl acetate (1.41 ± 0.08 mg/g) showed better 
extraction than acetone (1.21 ± 0.06 mg/g) and ethanol (1.24 
± 0.03 mg/g). Hence, ascorbic acid has better solubility in 
methanol than others which might be due to appropriate 
polarity and partition coefficient. Pleurotus floridanus 
extract showed a higher 17.54 mg/g ascorbic acid content 
and osage orange’s extract showed around 12 mg/g ascorbic 
acid, which claimed presence of less amount of ascorbic 
acid (vitamin C) in spices than citric acid fruits (bains et. 
al. 2020; Dadayan et. al. 2021).

Analysis of compounds present in extracts by Ftir: 
All the bioextract samples were analysed by using FTIR 
spectroscopy to study the corresponding functional groups. 
The FTIR spectrum for all the bio-extract samples and 
their corresponding functional groups are given in Fig. 
3. The small peak obtained at 3742 and a broad peak at 
3325 cm-1 (in methanol solvent extraction) correspond to 
the o-H group of flavonoids/tannins and tannins/phenols/
polyphenols, respectively. Further, a peak around 2922 
cm-1 and 2853 cm-1 represents the o-H stretching vibration 
of polyphenols and C–H stretching vibration of aromatic 
compounds, respectively. The peak present at 1720 cm−1 is 
allocated to the C=o stretching vibration of the carboxylic 
group of hemicellulose. Peaks at 1617, 1442, and 1360 
cm-1 claimed the C=o group of ketone/aldehyde functional 
groups, C-H bending mode of lignin/carboxylic acid, and 
CH2/CH3 deformation due to the presence of glycosides/
carbohydrates, respectively. Further, peaks of 1248, 1039, 
and 990 cm-1 ¬are linked to C-o bonding of polyphenols/
phenols, oH-CH stretching in sugar and polysaccharides, 
and β-linkage of the polysaccharide, respectively (brangule 
et al. 2020).

Lastly, small peaks at 803 and 712 cm-1 correspond to the 
C-H chain of carbohydrate or fatty acid chain (Purkayastha 
et al. 2012; Trifunschi et al. 2015; oliveira et al. 2016; 

Figure 1: (A) Calibration curve of gallic acid and (B) total 
phenolic compounds concentration present in each extract 
(mg GAE/g extract)

Further, the gallic acid equivalent of extract samples were 
calculated by using a calibration equation with respect to 
their absorbance value. The number of phenolic compounds 
obtained in each sample of bio-extract is stated as mg 
GAE/g Extract. The obtained gallic equivalent values and 
absorbance of all the samples are given in Table 1 and Fig. 
1 (b). The obtained data confirmed that P. longum is a rich 
source of polyphenols containing up to 181.0 ± 8.7mg 
polyphenols per g of dry extract. Additionally, ethyl acetate 
showed the best extraction of the polyphenol with 181.0 ± 
8.7 mg GAE/g while water showed the least extraction with 
50.5 ± 3.3 mg GAE/g (Alara et al. 2021).

Furthermore, methanol (178.8 ± 6.6 mg/g) showed better 
extraction of polyphenols than acetone (165.9 ± 4.5 
mg/g) and ethanol (153.8 ± 5.4 mg/g). The FTIR pattern 
also confirms the presence of maximum total phenolic 
compounds in ethyl acetate-based extract. An increase in 
the extraction of phenolic compounds in organic solvent 
than water might be attributed to the high solubility of 
polyphenols due to the suitable polarity of organic solvents 
than water (Alara et al. 2021). Methanolic extract of Knoxia 
sumatrensis leaves showed similar with 55.0 ± 1.3 mg 
GAE/g total phenolic compounds, whereas ethyl acetate 
extract of x. granatum leaves showed ethyl acetate extracts 
with 28.36 ± 0.50 mg GAE/g TPC in the aqueous state 
(Loganathan et al. 2021; Darmadi et. al. 2021).

Determination of ascorbic acid equivalent (AE): The 
standard curve was plotted between known ascorbic acid 
concentrations and their absorbance, as shown in Fig. 2 
(A).  AE content was calculated from its absorbance value 
by using the standard curve equation as follows:

y=0.00232x (3)

Where y defines the absorbance value, and x defines the 
ascorbic acid equivalent (AE) concentration (Darmadi et. 
al. 2021).

Figure 2: (A) Standard curve of ascorbic acid and (B) 
Ascorbic acid concentration present in each extract
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Monisha and vimala 2018; Ravi and Pandey 2019). 
Conclusively, all the extracts showed the same peaks, 
but the % transmittance of these peaks vary due to the 
different extraction power of solvents. However, a broad 
peak is clearly visible in methanol (represented by blue), 
corresponding to the o-H group of tannins, phenols, and 
polyphenols, which claimed the high level of phenolic 
compounds present in methanol solvent-based extract than 
others. Additionally, % transmittance value of ethyl acetate 
showed the least transmission than others which confirmed 
the presence of the high amount of analytes in the extract 
(brangule et al. 2020; Manasa et al. 2020).

Figure 3: Ftir spectrum of P. longum bio-analytes extracted 
in water, ethanol, methanol, acetone, and ethyl acetate.

Figure 4: DPPh scavenging activity (% degradation) of 
each extract

In vitro antioxidant activity: The antioxidant activity of all 
the extracted samples was examined. The obtained results 
are shown in Table 1 and Fig. 4. The obtained data were 
fitted to equation 3 to calculate % DPPH degradation. The 
obtained data confirmed that the methanolic extract showed 
maximum DPPH radical activity (% degradation), 81.57 ± 
1.1 %, while water extract showed the least DPPH radical 
activity (64.44 ± 2.3 %) (Espinoza et al. 2020).

Additionally, ethyl acetate (79.35 ±1.9 %) showed better 
DPPH radical scavenging activity than acetone (75.69 
±2.2 %) and ethanol (76.95± 2.1 %). The obtained result 
confirmed that methanol and ethyl acetate are the better 
solvents for extraction of DPPH radical scavengers than 
other solvents, which might be attributed to the presence 
of scavenger compounds in methanolic solvent. 

Solvent Gallic acid  Ascorbic Acid  % Degradation
 equivalent  Concentration (Antioxidant activity)
 (mg GAE/g) (mg AE/g extract)

Water 50.53 ± 3.29 1.01  ± 0.063 64.44  ± 2.30
Ethanol 153.76 ± 5.41 1.25  ± 0.028 76.95  ± 2.13
Methanol 178.85 ± 6.57 1.51  ± 0.067 81.57  ± 1.12
Acetone 165.94 ± 4.48 1.21  ±0.058 75.69  ±2.18
Ethyl Acetate 181.0 ± 8.69 1.38  ± 0.076 79.35  ± 1.93

table 1. total phenolic compounds concentration, ascorbic 
acid concentration and antioxidant activity of each extract

Figure 5: Schematic representation of extraction of the bio-analytes 
and their analysis.

The obtained results are well supported by total phenolic 
compound and ascorbic acid content, which might influence 
enhanced DPPH scavenging activity. similar results have 
been reported where ethyl acetate extract of mangifera 
indica leaves showed 79.73 % DPPH inhibition, and 
methanolic extract of Conyza bonariensis L. leave showed 
47.83% inhibition (Ibrahim et al. 2020; Espinoza et al. 
2020).
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ConCLuSion

The findings of the study claimed the excellent DPPH 
radical scavenging activity of bio-analytes present in 
Piper longum extracted by using different solvents. 
Additionally, the obtained results confirmed the presence of 
polyphenols and ascorbic acid, which can be used for other 
applications. Methanolic and ethyl acetate-based extraction 
system showed great results than other solvents as they 
showed maximum DPPH radical scavenging activity (% 
degradation), 81.57 %, followed by ethyl acetate (79.35%). 
variation in phytochemicals quantity and quality with 
change in the solvent, rectify the optimization of solvent 
for extraction to contract maximum benefits. Hence, Piper 
longum and other spices bio-analyte’s composition can be 
stimulated in the future for various health benefits with 
appropriate practice.
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