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HIGHLIGHTS 

 Major components of black pepper Essential Oil (EO) were caryophyllene (19.12%), limonene (9.74%), and camphene 

(8.44%). 

 Refractive index of black pepper EO was 0.8590. 

 Having desirable physicochemical characteristics, black pepper EO cultivated in Bangladesh could be applied in food 
industry. 

 

ABSTRACT 

Background: Black pepper (Piper nigrum) is mainly cultivated in tropical areas such as 

South India. It is known as a popular spice in all over the world. Although some studies 

have been carried out to determine the ingredients of black pepper Essential Oil (EO) cul-

tivated in various regions of the world, but there is little data about some physicochemical 

characteristics of EO of black pepper cultivated in Chittagong, Bangladesh.   

Methods: Black peppers samples were collected from the local market of Chittagong 

city. Extraction of black pepper EO was carried out using Clevenger apparatus. Chemical 

compounds of EO obtained from the black pepper were determined by analytical gas 

chromatography/mass spectrometry. Some physicochemical characteristics of extracted 

EO were determined according to the standard methods. All experiments were carried out 

in triplicate. 

Results: The major components of black pepper EO were caryophyllene (19.12%), limo-

nene (9.74%), and camphene (8.44%). The contents of moisture, dry matter, protein, fatty 

oil, ash, carbohydrate, and crude fiber in black pepper samples were determined as 2.20, 

96.12, 12.66, 14.41, 12.49, 42.56, and 5.55%, respectively. Also, food energy value was 

measured as 349.66±0.44 g/calories. Refractive index, specific gravity, as well as optical  

rotation of EO samples were 0.8590, 1.476 at 30 °C, and -10.300, respectively.  

Conclusion: The EO of black pepper cultivated in Chittagong, Bangladesh revealed  

desirable physicochemical characteristics and could be applied in food industry.  

 

Introduction 

   Black pepper (Piper nigrum) is mainly cultivated in 

tropical areas such as South India. It is known as a popu-

lar spice in all over the world (Agbor et al., 2006). Such 

plants have a variety of compounds that comprise  medic- 
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inal and nutritive values and food industries applicants. 

Also, the herbal spices have some antimicrobial and  

flavoring properties (Souza et al., 2005). In this regard, 

many researchers have reported variability in type and 

level of components of herbal spices depending on their 

geographical origin (Edeoga et al., 2003; Parthasarathy et 

al., 2008). 
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   Essential Oils (EOs) are recognized as aromatic, odor-

iferous, and volatile oily liquids extracted from various 

parts of herbs by some laboratorial methods such as 

steam distillation, expression, etc. It has been approved 

that some plants EOs have antioxidant, antimicrobial, and 

also anticancer properties (Amorati et al., 2013; Bakkali 

et al., 2008; Calo et al., 2015; Nazzaro et al., 2013; Seow 

et al., 2014; Teixeira et al., 2013; Tongnuanchan and 

Benjakul, 2014). Although some investigations have 

been carried out to determine ingredients and physico-

chemical properties of black pepper EO cultivated in 

various regions of the world, but there is little data about 

some physicochemical characteristics of EO of black 

pepper (P. nigrum) cultivated in Chittagong, Bangladesh.  

Materials and methods  

Preparation of black peppers    

   Black peppers were collected from the local market of 

Chittagong city (Khatunganj). The samples were washed 

clearly by water to remove dust materials and then dried. 

Then, the dried black peppers were ground by mortar 

grinder (Fritsch, Germany) for one h. The final sieved 

powder was obtained with approximate average particle 

diameters of 0.25 and 0.50 mm.  

Extraction of EO 

   Extraction of black pepper EO was carried out using 

Clevenger apparatus (Germany) by steam distillation 

over a three h period. After preparation of the samples  

for Gas Chromatography/Mass Spectrometry (GC/MS)  

analysis, chemical compounds of EO of the black pepper 

were determined by analytical GC (Shimadzu, Japan) 

according to the standard method (Shavisi et al., 2017).  

Physicochemical analysis 

   Some physicochemical characteristics of extracted EO 

were determined according to the standard methods (Brit-

ish Pharmacopoeia Commission, 2011). Before proxi-

mate analysis, sample was allowed for sun drying and 

then the percentages of moisture, ash, nitrogen, protein, 

carbohydrate, crude fiber, in addition to total energy were 

measured according to the routine procedures (Aziz et 

al., 2012; Hossain et al., 2015; Saleh-E-In and Roy, 

2007). All experiments were carried out in triplicate.  

Results  

   The major components of black pepper EO were 

caryophyllene (19.12%),  limonene  (9.74%),  as  well  as  

camphene (8.44%) as indicated in Table 1. The contents 

of moisture, dry matter, protein, fatty oil, ash, carbohy-

drate, and crude fiber in black pepper samples were de-

termined as 2.20, 96.12, 12.66, 14.41, 12.49, 42.56, and 

5.55%, respectively. Also, food energy value was meas-

ured as 349.66±0.44 g/calories. Refractive index, specific 

gravity, and optical rotation of EO samples were 0.8590, 

1.476 at 30 °C, and -10.30
0
, respectively. Chemical com-

positions of black pepper EO are shown in Table 2.  

Discussion  

   The results of physical and chemical analyses obtained 

in the present study were in accordance with the similar 

previous research carried out by Aziz et al. (2012). How-

ever, the acid value determined in samples of this study 

indicated lower proportion of free fatty acid content of 

black pepper (0.37) than those in edible oils like soybean 

oil (0.38-0.54), mustard oil (3.65-4.56), as well as palm 

oil (0.17-1.06) (Nollet, 2004). Considering high phenolic 

content found in the pepper samples, it seems that EO  

of black pepper is appropriate free radical scavenger  

for human health. The proximate composition of black  

pepper samples of the current investigation was in close 

agreement with Nwofia et al. (2013) who analyzed nutri-

tional composition of P. nigrum (L.) accessions from 

Nigeria. Also, the black pepper samples had fairly high 

food energy value which might be due to the high lipid 

and carbohydrate content which showed some similarity 

with findings of Hossain et al. (2015) and Kimbonguila 

et al. (2010). However, little dissimilarity in the case  

of carbohydrate and protein levels was also seen that  

may be related to some environmental factors like  

temperature, rate of photosynthesis, etc. (Parthasarathy et 

al., 2008). 

   The major components identified by GC/MS analysis 

of EO samples of this study were caryophyllene (a 

sesquiterpene), limonene as well as camphene (both 

monoterpenes) which were close to the findings of  

Aziz et al. (2012). However, Jirovetz et al. (2002) had  

observed that the main compounds from EO of dried 

fruits of black pepper from Cameroon were germacrene 

D (11.01%), limonene (10.26%), β-pinene (10.02%), α-

phellandrene (8.56%), β-caryophyllene (7.29%), α-

pinene (6.40%), as well as cis-β-ocimene (3.19%). These  

differences are probably due to various geographic and 

ecological conditions. Other important components were 

β-pinene (8.0%), 3-carene (7.08%), α-pinene (6.32%), 

sabinene (2.98%), trifluoromethanesulfenyl fluoride 

(2.14%), and also caryophyllene oxide (1.78%) which are 

often responsible for different flavor and also aroma 

functions. 
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Table 1: GC/MS analysis of EO of black pepper cultivated in Chittagong, Bangladesh 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2: Chemical compositions of EO of black pepper cultivated in Chittagong, Bangladesh 

 

 

 

 

 

 

 

 

  

No. Compound Retention time % Formula Molecular weight 

1 α-phellandrene 2.317 0.40 C10H16 136 

2 Camphene 2.693 0.13 C10H16 136 

3 Sabinene 2.752 2.98 C10H16 136 

4 β-pinene 2.869 8.00 C10H16 136 

5 α-pinene 2.974 6.32 C10H16 136 

6 3-Carene 3.181 7.08 C10H16 136 

7 Trifluoromethanesulfenyl fluoride 3.253 2.14 CF4O2S 152 

8 (+)-Camphene 3.308 8.44 C10H16 136 

9 0-Cymene 3.376 0.63 C10H14 134 

10 Limonene 3.588 9.74 C10H16 136 

11 β-phellandrene 3.623 0.94 C10H16 136 

12 Gamma-terpinene 3.998 0.11 C10H16 136 

13 Terpinolene 4.414 0.30 C10H16 136 

14 Terpinolene 4.500 0.36 C10H16 136 

15 Linalol 4.584 0.15 C10H18O 154 

16 4-terpineol 6.364 0.15 C10H18 154 

17 Delta-Elemene 9.209 0.65 C15H24 204 

18 Copaene 9.939 0.70 C15H24 204 

19 β-Elemene 10.142 1.15 C15H24 204 

20 α-Bergamotene 10.540 0.62 C15H24 204 

21 Caryophyllene 10.755 19.12 C15H24 204 

22 α-Caryophyllene 11.265 1.83 C15H24 204 

23 α-Curcumene 11.566 0.41 C15H22 202 

24 Cedrene 11.640 0.64 C15H24 204 

25 β-Bisabolene 11.967 1.65 C15H24 204 

26 (+)-delta-Cadinene 12.145 0.32 C15H24 204 

27 Caryophyllene oxide 13.162 1.78  C15H24O 220 

28 Spathulenol 13.729 0.44  C15H24O 220 

29 α-Bisabolol 14.498 0.41  C15H26O 222 

30 2-Undecanone 12.643 0.10 C11H22O 170 

Characteristics Results 

Acid value 0.37±0.55 

Aldehyde value 38.83±0.76 

Alcohol content 62.87±0.41% 

Ester number after acetylation 195.56±0.66 

Phenol content 78±0.12% 

https://pubchem.ncbi.nlm.nih.gov/search/#collection=compounds&query_type=mf&query=CF4O2S&sort=mw&sort_dir=asc
https://pubchem.ncbi.nlm.nih.gov/search/#collection=compounds&query_type=mf&query=C10H14&sort=mw&sort_dir=asc
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Conclusion 

   The EO of black pepper cultivated in Chittagong  

city, Bangladesh revealed desirable physicochemical 

characteristics and could be applied in food industry. 
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