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Abstract
The essential oils of black pepper (Piper nigrum L.) were isolated by classical hydrodistillation (CHD) and
microwave-assisted hydrodistillation (MHD) in yields of 1.24% and 1.45%, respectively. This study compared
the chemical composition of the essential oils obtained by the two methods of hydrodistillation. We controlled
also the effect of the volume of hydrodistillation solvent and the effect of microwave power on the oils chemical
composition and yields. The optimum conditions for MHD were: microwave delivered power 700 W,
microwave radiation time 30 min. and a 1:2 ratio of spice to water. The obtained oils were analyzed by GC and
GC-MS. The main components from MHD oil were β-caryophyllene (8.25-52.68%), caryophyllene oxide (4.7963.13%), sabinene (2.04-11.73%), α-copaene (5.95-9.28%) and cubenol (3.85-5.10 %). While the most
abundant constituents identified in the CHD oil were β-caryophyllene (47.14-50.88 %), α-copaene (7.79-8.02
%), sabinene (5.52-6.92 %) and cubenol (3.97-5.20 %). No significant effect of the volume of CHD
hydrodistillation solvent was found concerning the chemical composition oil. In contrary, the quantity of solvent
and the microwave power showed several variations in the chemical composition of MHD oil.
Keywords: P. nigrum L., essential oils, microwave hydrodistillation, classical hydrodistillation, βcaryophyllene, caryophyllene oxide.

1. Introduction:
Piperaceae family has four genera and more than 2000 species. They grow in warm, mild, or cold climates,
according to García et al. [1]. Many of which are widely used in folk medicine for the antibacterial, antifungal
and antiprotozoan properties. These effects could be due to the presence of essential oils. In fact, the essential
oils of some Piper species were investigated and antibacterial [2], antifungal [3], antileishmanial [4] and antiTrichomonas [5] activities were detected.
The techniques used for extraction since decades have the limitations of requiring longer extraction times, large
solvent volumes and cause degradation of thermo labile components. In order to increase the productivity,
modern methods of extraction have been developed like ultrasonic waves, supercritical fluids or microwaves to
shorten the extraction time, decrease the solvent consumption, increase the extraction yield, and enhance the
quality of extracts [6-10].
The use of microwave energy for the extraction of active substances from plant materials results in more
effective heating, faster energy transfer, reduced thermal gradients, selective heating, reduced equipment size,
faster response to process heating control, faster start-up and increased production. During absorption, the
microwave energy is converted into kinetic energy, thus enabling the selective heating of the microwaveabsorbent parts of the plant material.
The analysis of the volatile constituents of some Piperaceae family species has been the subject of diverse
studies [10-13] which have revealed the presence of monoterpenes and sesquiterpenes hydrocarbons. βcaryophyllene, 3-carene, limonene, β-pinene and α-phellandrene have been found to be the main compounds in
P. nigrum.
The essential oils of black pepper (Piper nigrum L.) from China [14] isolated by hydrodistillation (CHD) and
microwave-assisted hydrodistillation (MHD) were found to be similar including 3- α -carene (31.9% in HD oil
and 33.2% in MHD), limonene (19.3%, 20.2%), caryophyllene (18.4%, 16.0%), β-pinene (13.0%, 14.0%), α1560
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pinene (5.8%, 6.7%), δ-elemene (1.8%, 1.3%) and α-copaene (1.9%, 1.6%). While the oil from the fruits of P.
nigrum grown in Cameroon [15] contained sabinene (11.2%), -3-carene (18.5%), limonene (14.7%) and caryophyllene (12.8%). In the study developed by Martins et al. [16], the essential oils of P. nigrum fruit
collected in the west of Africa, presented the major constituents: limonene (18.8%), trans-β-caryophyllene
(15.4%), sabinene (16.5%), and β-pinene (15.4%). in the essential oil fraction of Piper nigrum fresh fruits from
Malaysia [17] obtained by (CHD) method, limonene was the major compound present with 35.06% of total oil
followed by beta-pinene (12.95%) and linalool (9.55%).
This study compared the chemical composition of the essential oils of P. nigrum fruit obtained by classical
hydrodistillation (CHD) and microwave hydrodistillation (MHD). Two factors are investigated: volume of
solvent and the microwave power.

2. Material and Methods
2.1 Classical extraction of essential oils (CHD)
25 g of pepper seeds were powdered and subjected to hydrodistillation in 400 mL of water using a Clevengertype apparatus for 1.5 h. The yield (v/w) of the oil (1.24%) was calculated on the basis of dry weight of the plant
material. The obtained essential oils were dried over anhydrous sodium sulfate and stored at 4°C until analysis.
2.2 Microwave extraction of essential oils (MHD)
Microwave-assisted hydrodistillation (MHD) was used by a sort of Clevenger-type distillation device with a
Dean-Stark distillation reservoir. This adapted to global warming by microwave radiation through a
conventional samsung microwave MS-23F301EFS model set at 2450 MHz, 700 W. 50 mL of distilled water
were added to 25 g of the plant material. The yield obtained after 35 min of extraction was 1.45%.

3. Gas chromatography-mass spectrometry analysis
Essential oil composition was determined by gas chromatography coupled to mass spectrometry (GC-MS)
analysis on a Trace GC ULTRA gas chromatograph coupled to a Polaris Q MS ion trap mass spectrometer. The
column was VB-5 (Methylpolysiloxane, 5% phenyl), 30 m x 0.25 mm x 0.25 μm film thickness with helium as
carrier gas. Injection was performed at 220˚C in the split mode; 1µL of sample was injected. GC oven
temperature was kept at 40°C for 2min and programmed to 180˚C at a rate of 4˚C/min and increased to 300°C at
a rate of 20°C/min then kept constant at 300˚C for 2min.
The MS operating parameters were as follows: ionization potential, 70 eV; ionization current, 2 A; ion source
temperature, 200°C, resolution, 1000. Mass units were monitored from 30 to 450 m/z. The components of the
oils were identified by comparison of the mass spectra fragmentation patterns with those found in databases or
libraries (NIST02 [18], Adams [19], Wiley [20]).

4. Results and discussions
Esssential oils obtained by microwave hydrodistillation (MHD) and classical hydrodistillation (CHD) were
compared in terms of yield and chemical composition. Two factors are investigated: volume of solvent and the
microwave power. The variation of yields of both the two oils was given in Figure 1.
Results showed a better yield of oil (1.5%) in MHD extraction with less solvent consumption 50 mL. The ratio
of matrix to solvent was 0.5. While, CHD method presented a lower yield 1.24% and required a high quantity of
solvent 400 mL. The ratio of matrix to solvent plays an important role in extraction [21]. In conventional
extraction method, a higher ratio of solvent volume to solid matrix was necessary to obtain better extraction
yields. Whereas, in case of MHD, a higher ratio of solvent to matrix ratio may give a lower yield due to non
uniform distribution and exposure to microwaves. In conventional heating, heat is transferred from the heating
medium to the interior of the sample, while in microwave heating; heat is dissipated volumetrically inside the
irradiated medium. In MHD extraction, the solvent volume should be sufficient enough to immerse the plant
matrix completely in the solvent throughout the entire microwave irradiation process. The absorption efficiency
is largely related to the moisture contents of the material; the water molecules convert the microwave energy
into heat and the result is a sudden rise in temperature inside the material. According to Paré [22], when the
plant cells are subjected to severe thermal stress and localized high pressures, the pressure build-up within the
cells exceeds their capacity for expansion, and causes their dislocation more rapidly than in conventional
extraction and leads the release of their contents in the middle of extraction. The polar solvent (water) absorbs
all the microwave energy; heats up until it reaches the boiling point, diffuses into the sample matrix and
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solubilizes the analytes. The heat transfer in the solid matrix is made by conduction from the high quantity of
solvent. In this case, the mechanism of extraction assisted by microwaves is not fundamentally different from
that of the classical solid-liquid extraction.
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Figure 1: Influence of the solvent volume on the essential oils yields of CHD and CHD extractions.
(a) Volume of water in the extraction oil.
Also, in this study, the variation of microwave power from 280W to 700W revealed significant effects on
the yield of MHD oil. Results are presented in Figure 2. The yield increased from 0.5% to 1.2%. Ying et al.
[14] presented a high yield of piper oil (3.8%) at 800W in microwave extraction.
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Figure 2: Influence of the microwave power on the essential oils yields of MHD extraction.
(a) Microwave power used in microwave hydrodistillation of essential oils.
Moreover, in the present work, the effect of solvent volume, and microwave power on the chemical composition
of essential oils was investigated. Results presented in Figure 3 showed that CHD extraction had no significant
qualitative and quantitative effects of solvent volume on the chemical composition of oil.
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J. Mater. Environ. Sci. 5 (5) (2014) 1560-1567
ISSN : 2028-2508
CODEN: JMESCN

Rmili et al.

60 Relative amount (%)
300 ml
50

350 ml
400 ml

40
450 ml
500 ml

30

20

10

0

9.11

22.92

23,39

24.32

25,30

27.20

29,08

RT (min)(a)

Figure 3: Influence of the solvent volume on the percentage of CHD essential oils compounds.
(a) Retention time in GC analysis.
Also, in the CHD oil, β-caryophyllene as sesquiterpene hydrocarbon, was the major compound present with
(47.14-50.88 %). It has shown anti-inflammatory [23] and anesthetic [24] effects. This compound was followed
by α-copaene (7.79-8.02 %), sabinene (5.52-6.92 %), cubenol (3.97-5.20 %), humulene (3.67-3.86 %),
caryophyllene oxide (2.03-2.46 %), and germacrene (1.68-1.80 %). The caryophyllene oxide oxygenated
sesquiterpene well known as preservative in food, drugs and cosmetics, has been tested in vitro as an antifungal
against dermatophytes [25] and smooth-muscle-relaxant activity [26]. Conventional extraction oil was highly
rich in the sesquiterpene hydrocarbons compounds which consisted of approximately 69.76% of the total oil.
Monoterpenes hydrocarbons and oxygenated sesquiterpenes were present in relatively lower amounts,
representing 6.92 % and 2.46%, respectively.
The literature on the genus Piper shows a great variability in chemical composition among different species.
These results are different from the earlier published data reported by Jirovetz et al. [13] on P. nigrum
dominated by germacrene D (11.01%) and b-pinene (10.02%). Ying et al. [15] from China presented a different
oil chemical composition: 3-Δ-carene (31.9%), limonene (19.3%), caryophyllene (18.4%), β-pinene (13.0%), αpinene (5.8%), α-copaene (1.9%) and δ-elemene (1.8%). Tchoumbougnang et al. [16] reported that the oil from
the fruits of P. nigrum grown in Cameroon contained sabinene (11.2%), 3- α -carene (18.5%), limonene (14.7%)
and -caryophyllene (12.8%). In the study developed by Martins et al. [17], the essential oil of P. nigrum fruit
from the west of Africa was constituted by limonene (18.8%), trans-β-caryophyllene (15.4%), sabinene (16.5%),
and β-pinene (15.4%).
Differences in the composition of their essential oils could be due to natural chemical variations called
chemotype, which occur in the secondary metabolism of plants and could possibly be induced by environmental
factors such as soil type, altitude, sun exposure, rain, gather or seasonal variation, and in accordance with
McGimpsey et al. [27], can also be influenced by genetic factors. β-caryophyllene was present in small amount
in the essential oil of the literature. However, sabinene was present in higher amount. It is also important to
mention the absence of limonene in our results.
In contrary, the quantity of hydrodistillation solvent induced several variations qualitative and quantitative on
the chemical composition of MHD oils. Results are presented in Table 1 and Figure 4. At lower amounts of
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solvent (50 mL and 100 mL), the oxygenated compound caryophyllene oxide was the major component. High
amounts were found 32.52% and 40.94% respectively. When the volume of solvent increases to 200 mL the
quantity of this constituent decreases to 7.46%. A low percentage 2.46% of this compound was also obtained by
the CHD hydrodistillation [28]. Whereas, non polar constituent β-caryophyllene revealed the major essential oil
composition 52.68%. In MHD extraction, the solvent volume should be sufficient enough to immerse the plant
matrix completely in the solvent throughout the entire irradiation process. Oxygenated compounds amount 50%
was higher at low quantity of an excellent microwave absorbing solvent. In case of MHD a higher ratio of
solvent to matrix may not give better yield due to non-uniform distribution and exposure to microwaves. During
absorption, the microwaves energy is converted into kinetic energy, thus enabling the selective heating of the
microwave-absorbent parts of the plant material. The effect of microwave energy is strongly dependent on the
nature of both the solvent and the solid matrix. Most of the time, the chosen solvent possesses a high dielectric
constant and strongly absorbs microwave energy. Indeed, microwaves interact selectively with the polar
molecules present in the plant [29]. Localized heating leads to the expansion and rupture of cell walls and is
followed by the liberation of essential oils into the solvent [30].
Table 1: Influence of the solvent volume on the percentage of MHD essential oils compounds extraction.
Relative amount (%)
Compounds
_____________________
Solvent volume (mL)(b)
RT(a)
50
100
200
Sabinene
9.11
α-copaene
22.92
Germacrene-D
23.39
Caryophylene
24.32
α-Humulene
25.30
Cubenol
27.20
Caryophylene oxide
29.08
(a) Retention time in GC analysis.
(b) Volume of water in microwave hydrodistillation.

11.73
7.17
1.30
15.29
1.21
3.18
32.52

4.76
7.60
1.45
14.49
1.27
4.51
40.94

2.04
9.11
1.84
52.68
3.88
5.01
7.46
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Figure 4: Influence of the solvent volume on the percentage of MHD essential oils compounds.
(a)Retention time in GC analysis.
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Figure 5: Major compounds of MHD essential oils extraction.
On the other hand, MHD extraction oil revealed an important influence of microwave power on the chemical
composition of essential oils. Results are presented in Figure 6 and table 2. At low power 280W, the
oxygenated compound caryophyllene oxide was selectively extracted with a high amount 63.13% because of his
strongly microwave absorption [29]. However, non oxygenated compounds presented a lower percentage
varying from 0.72% to 8.25%. When the microwave power increases to 700W, the oil was highly rich in
caryophyllene (52.67%) and pour in caryophyllene oxide (4.79%). The high microwave power promotes
selective extraction of non oxygenated compounds; however, low microwave power was favorable to obtain a
high amount of oxygenated compounds. An irregularity was observed concerning the selectivity of extracted
compounds for the intermediate microwave power. This investigation showed the importance of the choice of
microwave power for carrying selective essential oil extraction.
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Figure 6: Influence of Microwave power on the percentage of MHD essential oils compounds.
(a) Retention time in GC analysis.
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Table 2: Composition of major MHD essential oils compounds extraction under different microwave power values.
Relative amount (%)
________________
Microwave power (b)
(a)
Compounds
RT
280w
340w
460w
600w
700w
Sabinene
α-copaene
Germacrene-D
Caryophyllene
α-Humulene
Cubenol
Caryophyllene oxide

9.11
22.92
23.39
24.32
25.30
27.20
29.08

5.95
1.13
8.25
0.72
3.85
63.13

1.48
9.28
1.83
44.30
3.32
4.97
20.22

2.04
9.11
1.84
52.68
3.88
5.01
7.46

1.45
7.53
1.79
25.93
2.39
4.80
31.11

3.01
8.86
1.83
52.67
4.00
5.10
4.79

(a) Retention time in GC analysis.
(b) Microwave power used in microwave hydrodistillation of essential oils.

Conclusion
The main advantages of microwave assisted extraction over the conventional extraction technique is that it
reduces solvent consumption, it has a shorter operational time, it gives higher yields of essential oils, has a good
reproducibility and minimal sample manipulation for extraction process. The results show that no significant
effect of the volume of conventional extraction solvent was found concerning the chemical composition oil. In
contrary, the quantity of solvent and the microwave power used presented several variations in the chemical
composition of microwave assisted extraction. Thus, this investigation showed the importance of the choice of
microwave power and the quantity of solvent for carrying selective essential oil extraction.

Acknowledgments - The authors gratefully acknowledge financial support of this work by the CNRST of Morocco.
References
1. García, H., Flora Medicinal de Colombia, Botánica Médica. Tomo I. 2nd Ed., Tercer Mundo Ed. Colombia
(1992) 222.
2. Oyedeji, O.A., Adeniyi, B.A., Ajayi, O., König, W.A., Phytother. Res. 19 (2005) 362-364.
3. Tirillini, B., Velasquez, E.R., Pellegrino, R. Planta Med. 62 (1996) 372-373.
4. Monzote, L., García, M., Montalvo, A.M., Scull, R., Miranda, M. Mem. Inst. Oswaldo Cruz 105 (2010)
168-173.
5. Sariego, I., Monzote, L., Scull, R., Díaz, A., Caballero, Y. Int. J. Essent. Oil Therap. 2 (2008) 172-174.
6. Letellier, M. H. Budzinski, L. Charrier, S. C., Dorthe, A.M. J. Anal. Chem. 364 (1999) 228-37
7. Pastot, E. Vazquez, R. Ciscar M. De la Guardia Anal. Chim. Acta. 344 (1997) 241-49
8. Zuloaga O., Etxebarria, N. Fernandez L.A. and Madariaga J.M. Talanta. 50 (1999) 345-57.
9. Sanghi. R., Kannamkumarath, S.S. J.Anal. Chem. 59 (11) (2004) 1032-36.
10. Shah Megha.V, Rohit Minal. C., Amer. J. Phytomedicine and Clinical Therapeutics, 3 (2013) 338-350,
11. Alupului A., Calinescu I., Lavric V. Aidic conference series. 9 (2009) 1-7.
12. Ismael Pretto Sautera I.P., Rossab G.E., Lucasb A.M., Cibulskic S.P., Roehec P.M., Alves L.A., Rotta M.B.,
Vargasb R.M., Casselb E., Poser G.L. Industrial Crops and Products 40 (2012) 292– 295.
13. Chantal Jirovetz L., Buchbauera G., Ngassoumb M.B., Geissler M. J. Chromatogr. A. 976 (2002) 265–275.
14. Ying W., ZiTao J. Journal of Essential Oil-Bearing Plants. 12 (2009) 374-380
15. Tchoumbougnang F., Jazet Dongmo P. M., Sameza M.L., Fombotioh N., Wouatsa Nangue A. V., Amvam
Zollo P.H. African Journal of Biotechnology. 8 (2009) 424-431.
16. Martins P., Salgueiro L., Vila R., Tomi F., Cañigueral S., Casanova J., Proenca A., Adzet T. Phytochem.
49 (1998) 2019–2023.
17. Loh siew F., Rita M., Dzolkhifli O., Mawardi R. Int. J. Agric. Biol. 13 (2011) 517–522.
18. Cornu A., Massot R. Compilation of Mass Spectral Data Vols. 1 and 2, Heyden, London, UK, (1975).
1566

J. Mater. Environ. Sci. 5 (5) (2014) 1560-1567
ISSN : 2028-2508
CODEN: JMESCN

Rmili et al.

19. Adams, R.P., Identification of essential oil components by gas chromatograph/quadrupole mass
spectroscopy, 4th ed. Allured Publishing, Carol Stream (2007).
20. McLafferty F.W., Staufer D.B. The Wiley NBS Registry of Mass Spectral Data, Wiley New York (1989).
21. Luque-Garcia J.L., Luque de Castro M.D. Trends Anal. Chem. 22 (2003) 90-99.
22. Paré, J.R.J., Bélanger, J.M.R. Microwave-assisted Process (MAPTM): principles and applications. In Paré,
J.R.J., Bélanger, J.M.R. (eds.), Instrumental methods in food analysis, Elsevier Sciences BV, Amsterdam,
(1997).
23. Marin S., Padilla E., Ocete M.A., Galvez J., Jimenez J., Zarzuelo A. Planta Med. 59 (1993) 533-536.
24. Ghelardini C., Galeotti N., Di Cesare Mannelli L., Mazzanti G., Bartolini A. Farmaco. 56 (2001) 387-389.
25. Yang D., Michel L., Chaumont J.P., Millet-Clerc J. Mycopathologia. 148 (1999) 79-82.
26. Mata R., Rojas A., Acevedo L., Estrada S., Calzada F., Rojas I., Bye R., Linares E. Planta Med. 63 (1997)
31-35.
27. McGimpsey J.A., Douglas M.H., Van Klink J.W., Beavregard D.A., Perry N.B. Flavor Fragr. J. 9 (1994)
347–352.
28. Mehran M., Naghmeh S., Peyman R. Int J Adv Biol Biom Res. 1 (2013) 1058-1067.
29. Fadel O., Ghazi Z., Mouni L., Benchat N., Ramdani M., Amhamdi H., Wathelet J.P., Asehraou A., Charof
R.. J. Mater. Environ. Sci. 2 (2011) 112-117.
30. Kaufmann B., Christen P. Phytochem. Anal. 13 (2002) 105–113.

(2014) ; http://www.jmaterenvironsci.com

1567

