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Abstract 

One of the most famous spice species that lives in the tropics is black pepper (Piper nigrum L.). The study of 

piperine paved the way for its development as a bioactive compound in the treatment of various diseases, this is 

based on the ancient healing tradition of using black pepper. Our current study aims to isolate and characterize 

the bioactive compound piperine in Piper nigrum L. Black pepper was extracted with ethanol using the basic 

soxhletation and percolation methods. The results in the study showed that the extract from the Sokhlet process 

was yellowish moss green, and the piperine crystal color was yellow and shaped like a needle. Thin layer 

chromatography (TLC) results were observed using a UV-Vis spectrophotometer with different eluents and 

different Rf values were obtained. In addition, observations on the IR spectrum show that the piperine structure 

has been formed. This study provides an opportunity for a more in-depth exploration of the structure of piperine 

and future studies are very important to identify the potential utilization of piperine, especially as a basic 

material in the treatment of various diseases.   
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INTRODUCTION  
Since the beginning of human life, spices have been an important supporting part of 

nutrition, and for thousands of years have been used to improve the aroma and taste of food, 

it is also used as a preservative (Nagalingam et al., 2015). One of the most famous spice 

species that lives in the tropics is Piper (from the family Piperaceae) (Scott et al., 2007). 

Piper nigrum L. or pepper, has long been nicknamed the “king of spices” (Takooree et al., 

2019), its because of the benefits in supporting human life, for example for herbal remedies, 

insecticides, preservatives and many other benefits (Wang et al., 2019). So it is not surprising 

that in the global market the share of P. nigrum trade is very large (Srinivasan, 2007). In 

2016, Indonesia was the second largest producer of P. nigrum in the world (first Vietnam), 

with a total production of P. nigrum in Indonesia of 70,000 metric tons. Until now, P. nigrum 

continues to be cultivated and production continues to be increased (Hussain, 2017).  

Piperine is a natural compound responsible for the pungent smell and taste found in 

black pepper (P nigrum) together with chavicine (a geometric isomer of piperine) (Butt et al., 

2013). The results of previous studies summarized by Chavarria et al. (2016) show that the 

current study of piperine is paving the way for its development as a bioactive compound in 

the treatment of various diseases. The results of a review by Takooree et al. (2019) on 65 

treatment processes that utilize P. nigrum, show that piperine compounds can be used to treat 
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menstrual disorders, ear-nose-throat (ENT), gastrointestinal, skin diseases, and fever (the 

distribution can be seen in Figure 1). 

 

 
 

Figure 1. Utilization of P. nigrum for the treatment of disease 

 

However, it is recognized that the development of bioactive compounds in piperine is 

still at an early stage. Therefore, continuous exploration needs to be carried out, especially on 

its structure so that it can be utilized in various piperine-based new drug discoveries 

(Chavarria et al., 2016).  

Piperine (C17H19NO3) is a colorless or slightly yellowish, shiny, prismatic crystalline 

compound, odorless and almost tasteless when first placed in the mouth but on prolonged 

contact it causes a sharp, stinging sensation on the tongue. Piperine is almost insoluble in 

water, soluble in 30 parts of alcohol at 15°C (59°F) and in 1 part of heated alcohol. Alcoholic 

solutions of piperine are neutral on litmus paper. Piperine is also soluble in chloroform, 

benzene, carbon disulfide but almost insoluble in petroleum ether. Black pepper consists of 

carbohydrates, protein, fiber, water content, and fat with percentages of 37.4%, 25.5%, 

23.6%, 4.7%, and 5.3%, respectively. Some of the mineral content, including K, Ca, P and 

Mg (Al-Jasass & Al-Jasser, 2012; Pradeep et al., 1993).  

To get the pure bioactive compound piperine in a plant or natural material, an isolation 

process is needed. The isolation process is a series of extraction, separation, and purification 

processes of a compound in a material. Piperine is a compound that is quite easily isolated 

from black pepper, either through the percolation/maceration process or by Soxhlet extraction 

with organic solvents such as ethanol. To obtain pure piperine compounds, recrystallization 

(the process of dissolving and crystallizing repeatedly) was carried out with acetone-hexane 

(3:2). To determine the compound formed is piperine, it can be determined the nature of the 

UV spectrum with a spectrophotometer, as well as the Rf value based on Thin Layer 

Chromatography (TLC) (Kusumorini et al., 2021). Our current study aims to isolate and 

characterize the bioactive compound piperine in Piper nigrum L. 

 

METHOD 

The tools used are a set of Soxhlet equipment with heater, rotary evaporator, 100 mL 

beaker, 100 mL Erlenmeyer, 50 mL measuring cup and UV-Vis Spectrophotometer. The 

materials were prepared, namely black pepper powdered 100 g, ethanol, 10% KOH-ethanol, 

filter paper or lead, acetone, and hexane. 

The procedure for the isolation and characterization process was to grind black pepper 

by finely grinding and extracting it in a Soxhlet extractor, using 150 mL of ethanol for 

approximately 2 hours. Concentrate the ethanol extract in a rotary evaporator at 60°C until 

dry. Add 10% KOH-ethanol to the dry extract. After some time (approximately 5 minutes) 

the base fraction/filtrate was decanted into an erlenmeyer and left overnight in a cold 
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cupboard/refrigerator. Next, filter the formed crystals and dry them with filter paper to 

produce dry crystals. To obtain purer crystals, recrystallization was carried out with 10 mL of 

acetone-hexane (3:2) solution, where the crystals were redissolved and stored in the 

refrigerator for one night. Filter the obtained crystals and dry on filter paper. Finally, save the 

crystal for characterization. 

 

RESULTS AND DISCUSSION 

Black pepper (black pepper) was extracted with ethanol using the basic method of 

soxhletation and percolation. The resulting ethanol extract was concentrated with a rotary 

evaporator which produced a concentrated extract. In this study, the filter used was ethanol. 

Ethanol is considered as a filter because it is more selective, molds and germs are difficult to 

grow, non-toxic, neutral, absorbs well, ethanol is miscible with water in all ratios, and the 

heat required for concentration is relatively less. The results of the extract of black pepper are 

yellowish green in color with the extraction process 6 times. In the soxhlet in which there is 

water coming out, water entering, solvent, and the sample being wrapped there are channels 

that drain the steam and drain the extract. 

Extraction or filtration is a mass transfer event of substances that were originally inside 

drawn by the liquid filter so that the active substances dissolve in the liquid filter. While the 

extract is a concentrated preparation obtained by extracting the active substance from 

vegetable simplicia. From the extraction results obtained dilute ethanol which needs to be 

concentrated by vacuum evaporation. The concentrated extract was dissolved in 10% KOH in 

ethanol, so that a 10% ethanol-KOH solution containing piperine was obtained. When the 

solution is cooled it will form yellow crystals that are still dirty. For piperine purification, 

recrystallization was carried out by dissolving and crystallizing repeatedly with acetone-

hexane 3:2. The color of the resulting crystal is yellow with a needle-like shape. 

Based on observations, data obtained that the weight of black pepper used is 100 grams, 

the number of extraction rounds is more than 6 rounds, the color of the extract resulting from 

the Sokhlet process is yellowish moss green, the piperine crystal color is yellow and shaped 

like a needle. The TLC results were observed with a UV-Vis spectrophotometer to determine 

the Rf value. The eluents used in TLC are 4 kinds of eluents, as presented in Table 1, and the 

results of observations of TLC with various eluents are presented in Figure 1. 

Table 1. Rf value for each eluent 

Eluen  

Rf 

Based on piperine crystal sample 

distance 

Based on the sample distance of 

piperine oil fraction 

Hexan  0.45 0.60 

Aseton 0.67 0.69 

Hexan-aseton 0.70 0.73 

Methanol 0.73 0.70 

 

 
Figure 1. Results of TLC observations with various eluents 
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In our study, thin layer chromatography (TLC) was used with different types of eluent 

plates, namely using hexane, acetone, and methanol. Chromatography is a molecular 

separation technique based on differences in movement patterns between the mobile phase 

and the stationary phase to separate the components (molecules) in solution (Coskun, 2016). 

Molecules dissolved in the mobile phase will pass through the column which is the stationary 

phase. Molecules that have strong bonds with the column will tend to move more slowly than 

molecules with weak bonds. With this, various types of molecules can be separated based on 

the movement in the column. The thin layer method has the main advantages, namely that it 

requires faster time and better separation is obtained (Šegan et al., 2019). For qualitative 

separations on small plates it takes about 5 minutes. Thin layer chromatography has a larger 

capacity and its absorption system can be used to separate hydrophobic compounds. 

In the purification process, pure compounds are produced by determining the structure 

of the compounds using a UV-Vis spectrophotometer. From the observations obtained TLC 

results with various eluents. Hexan with a value of Rf = 0.45 (piperine crystals) and Rf = 0.60 

(piperine oil fraction). In hexane, the oil fraction is lower and lasts longer. This is influenced 

by the nature of the absorption and the degree of activity. The difference in absorption will 

give a large difference to the value of Rf even though the use of the mobile phase and the 

same solute is used, but the results will be repeated with the same results, which will only be 

obtained if using the same absorption and fixed particle size and if the binder is mixed until 

homogeneous. Acetone with Rf = 0.67 (piperine crystals) and Rf = 0.69 (piperine oil 

fraction). In general the method of coating colorless compounds on thin films is similar to 

that of paper chromatography by immersion. This is due to the flatness and thickness of the 

absorbent layer, although in this practicum the effect of the thickness of the layer cannot be 

seen but it is necessary to strive so that the thickness of the layer is even. The unevenness will 

cause the solvent flow to be uneven as well as a small area of the plate. 

In acetone eluent, the oil fraction is higher so that a lot of it is carried away. Hexan-

acetone with Rf = 0.70 (piperine crystals) and Rf = 0.73 (piperine oil fraction). When a mixed 

solvent is used, swelling will occur with a concave surface of the solvent and the mobile 

phase will move faster at the edges than in the middle so that the Rf value in the oil fraction is 

larger than the other eluents. Methanol with a value of Rf = 0.73 (piperine crystals) and Rf = 

0.70 (piperine oil fraction). With the oil fraction lower than the crystal, it means the oil 

fraction is low and stops. Methanol as an eluent has volatile properties so that the separation 

carried out is very dependent on temperature, this is to prevent changes in solvent 

composition caused by evaporation or phase changes. The alleged structure of piperine that 

appears in the IR spectrum is shown in Figure 2. 

 

 
Figure 2. The structure of piperine that appears in the IR spectrum 
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The valence of C-H bonds, arenes/aromatic hydrocarbons, alkenes lies at V = 3965-

3010 cm-1 which is brond (width) and has a lot of absorption. The valence of C-H bonds, 

alkanes lies at V = 2940-2850 cm-1. The valence of the C=O bond, Carboxyl amine acid is 

located at V = 1635 cm-1 which is down feel (away from) so that the frequency is large. The 

valence of the C=C bond, alkane, arene lies at V = 1610 cm-1 and the valence of the C=C 

bond, arene is located at V = 1580 cm-1 and 1490 cm-1. 

 

CONCLUSION 

Based on the results of this study, it can be concluded that the color of the extract 

resulting from the Sokhlet process is yellowish moss green and the color of piperine crystals 

is yellow and shaped like a needle. Thin layer chromatography (TLC) results were observed 

using a UV-Vis spectrophotometer with different eluents and different Rf values were 

obtained. In addition, observations on the IR spectrum show that the piperine structure has 

been formed.  

 

RECOMMENDATION 
This study provides an opportunity for a more in-depth exploration of the structure of 

piperine and future studies are very important to identify the potential use of piperine, 

especially as a basic material in the treatment of various diseases.  
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