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1. Introduction

The volatile oils from pepper berries (mature fresh green and dried black) and pepper leaves

was assessed by disc diffusion

method. MIC was assessed by micro broth dilution method. The results showed significant

activity for all the oils suggesting their use as natural antimicrobial agents.

(Piper nigrum

Bacillus subtilis, Pseudomonas aeruginosa, Candida albicans, Trichoderma spp,

Aspergillus niger, Pencillium spp. and Saccharomyces cerevisiae,

L.) were analysed by GC and GC/MS. β-Caryophyllene was the major compound

in both pepper berry oils, followed by β-pinene, limonene, α-pinene and humulene. Green

pepper oil contained more oxygenated compounds (22%) compared to dry pepper oil (6.3%).

The main compounds of pepper leaf oil were α-bisabolol (24.3%), α-cubebene (20%), elemol

(15%), bisabolene (15%) followed by α-guaiene(15%). Antimicrobial activity of the oils

against

Since ancient times people have used spices for preventing food

deterioration and pathogenic diseases. Extracts of different parts

of various plants employing variety of solvents have been tested

against a number of bacterial and fungal strains [1].Essential oils

have been used in gastric discomfort, flatulence, colic and to

stimulate the appetite. Essential oils have not only found use in the

food and perfumery industries but also in the pharmaceutical

industry due to their antiseptic, carminative, stimulative,

expectorant, diuretic, counter irritant and rubefacient properties.

The inhibiting and damaging effect of the oils on many life

processes has been turned to our advantage in the use of these as

bactericidal and fungicidal agents [2].

rpineol etc [1, 2]. Since these compounds and

their relative concentration vary from oil to oil and from different

oils which accounts for a varied antimicrobial activity [3].

Many oils exhibit antimicrobial properties due to the presence

of components such as thymol, eugenol, 1-8 cineole, α- and β-

pinenes, linalool, α-te

Black pepper is one of the oldest and most widely used spice of

the world and aptly called “the king of spices”. The compounds of

pepper contributing to its value as a food additive are essential oil

for aroma and alkaloid compounds for pungency. The perennial

climbing vine Piper nigrum L is native to India and Malabar region

of Kerala is considered as the place of origin. After harvest the fresh

green pepper is dried to get the dry black pepper of commerce [4].

It is extensively used in the formulations for flavouring

confectionary bakery products, condiments, sauces, curry

powders and masala powders.

Over three quarters of the world population still rely on plants

and plant extracts for health care. Black pepper is widely used in

ayurvedic medicines and in folklore medicines [1]. About 8000

herbal remedies have been codified in ayurveda and are still used

throughout India. Most of the ayurvedic preparations contain dry

pepper and ginger. Pepper contains 2-4 % oil, which imparts the

unique flavour to the spice and it has been studied by many

workers [4-11]. Some reports are available on the chemical

composition of fresh pepper oil [11]. Pepper leaves which are

currently wasted, contains an oil of very unique composition.

Reports are available on the antimicrobial property of the volatile

oil from the aerial parts of the [12] and leaf oil of

[13].

A survey of the literature reveals that there are no reports on the

antimicrobial properties of the fresh green pepper oil and pepper

leaf oil. Gurdeep singh et al [14] describes the antioxidant and

antifungal activities of black pepper oil and its acetone extract.

They have studied the activity against

and [14]. But a
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3. Results and discussion

The microorganisms selected for the study are

(gram positive bacteria), (gram

negative), three fungi species namely

(yeast) and one dermatophyte which is a . All the

organisms are collected from IMT, Chandigarh, India.

Bacillus

subtilis Pseudomonas aeruginosa

Candida albicans,

Aspergillus niger, Penicillium spp, Saccharomyces cerevisiae

Trichoderma spp

A standard disc diffusion method by Baurer et al [21] was

used. In each experiment, microorganisms were cultured at 37 °C

Data are expressed as means ±SD. Statistical analysis was

performed with Microsoft excel 2007. Difference on statistical

analysis of data were considered significant at P<0.05.

Ninety six percent of the compounds were ide

p-cymene, camphene were some of the

monoterpene hydrocarbons. Monoterpene oxygenated

compounds came down to 2.4% from FBO content of 5.4% (Table

ntified in dry

pepper berry oil (DBO). The main compound was β-

caryophyllene (20.4%), followed by limonene (16%). The

monoterpene hydrocarbon content came down to 46.7%. α- and

β- pinenes, δ-3-carene,

-

I). The sesquiterpene hydrocarbon compounds content is 45.4%

of which β-caryophyllene is the main compound, and followed by

The chemical compositions of the oils are given in the Table-I.

Ninety four percent of the compounds were identified in fresh

pepper berry oil (FBO). Limonene was the major compound

(18%), followed by β-pinene (14.2%), and β-caryophyllene

(13.2%). Monoterpene hydrocarbons accounted for 54.4% and

some of the major monoterpene hydrocarbons were α-pinene

(12.1%), α-thujene (1.5%), δ-3-carene(3.2%), and sabinene

(3.3%).The content of monoterpene oxygenated compounds

present was 5.1% ,and some of the compounds identified were

linalool, terpinen-4-ol, and α-terpineol. The total sesquiterpene

hydrocarbon content was 20.3% of which the main compound

was β-caryophyllene (13.2%), followed by α-humulene (1.6%),

cuparene (2.7%), δ-cadinene (0.7%). The total sesquiterpene

oxygenated compounds content was 14.8% of which the main

(E)-nerolidol (4.1%) was the main compound followed by

farnesol(Z,E) (2.1%).

for 4 h and prepared to turbidity equivalent to McFarland

standard No. 0.5[22]

In the case of fungi, dermatophyte and yeast, the test was

performed in sterile Petri dishes containing saboraud dextrose

agar. The oils were adsorbed on sterile paper disc and placed on

the surface of the medium previously inoculated with a

suspension of fungus, yeast and dermatophyte. All Petri dishes

were sealed with a sterile laboratory film to avoid evaporation of

the test samples and incubated at 28oC.The zone of inhibition was

determined by measuring the diameter of the clear zone around

each disc. The standard antibiotics Griseofulvin was used as

control for dermatophyte and Nyastatin for fungi.

. Then 100 μL of the suspension was spread

on the test plate (Nutrient Agar). Sterile discs (6 mm diameter)

were impregnated with 10 μL of the essential oils and placed on

the surface of the test plate. Control discs were saturated with

water or tetracyclin (10 μg/disc). Plates were subsequently

incubated at the appropriate temperature for 24 hrs and zones of

inhibition were calculated by measuring the diameter in mm.

The minimum inhibition concentration (MIC) values were

determined by micro broth dilution method. The inoculated

bacteria as prepared from 24 hrs nutrient broth cultures and

suspensions were adjusted to 0.5 McFarland turbidity standard.

Essential oils dissolved in DMSO were first diluted to the highest

concentration (1 mg/mL) to be tested, and then serial two-fold

dilutions were made in a concentration range from 10 µg/mL to 1

µg/mL. The least concentration of each oils showing a clear of

inhibition was taken as the MIC.

comparisonal study of fresh pepper oil and dry pepper oil is

missing. A study of the antimicrobial activity of pepper oils (dry

and fresh) and pepper leaf oil is the subject of this current report.

The fresh leaves and berries of pepper (Piper nigrum L) plant

were collected from the Agricultural college plantation (Vellayani,

Trivandrum).Voucher was kept in the herbarium of the

Department of Botany, University of Kerala, Trivandrum.

Two hundred gram each of the ground fresh pepper berries,

dry pepper, and pepper leaves were hydro distilled for 5 hrs in a

Clevenger type apparatus. The oils were dried over anhydrous

sodium sulphate and used for GC, GC-MS analyses and to make

solutions for antimicrobial activity studies. The oil yields were

2.2% in fresh pepper berries, 2 % in dry pepper berries and 1.2 %

in pepper leaves. The experiments were carried out in triplicate

and average values were taken.

Gas chromatographic analyses were carried out in a Hewlett-

Packard Model 5890-II GC equipped with el

C-20 C, hold at 80 C for 1

min, and at 200 C for 20 min, rate 5 C/min, FID temperature

300 C, injection temperature 250 C, carrier gas nitrogen at a flow

rate of 1mL/min, split ratio of 1:75. Quantitative analysis data

were retained from electronic integration of area percentage

without the use of response factors.

ectronic integrators.

Carbowax and Methyl silicone columns were used (50m x 0.2mm,

0.17μ m) for the analyses. The conditions were as follows:

temperature programming from 80
o 0 o

o o

o o

GCMS analyses were carried out in a Shimadzu GC-MS model

GC-17A equipped with Mass spectrophotometer GC-MS QP 5050

A. A 30 M capillary silicon column was used for the analysis.

Temperature programming conditions were as follows,

temperature programming from 80 -200oC at the rate of 5oC per

min and hold at 200oC for 25 min, injection temperature 250oC,

interface temperature 270oC, carrier gas helium, flow rate of 1

ml/min, split ratio 1:50, and MS conditions were electron impact,

ionizing voltage 70 eV, source temperature 150oC, electron

multiplier at 2000 eV, scan speed 690 amu/s and scan range 40-

500 amu.

The retention indices of compounds were determined relative

to the retention times of a series of n-alkanes with linear

interpolation. Identification of the oil components was done by

comparison of their mass spectra with the Wiley GC/MS library as

well as by comparing them with those reported in literature. The

identification of each compound was confirmed by comparison of

its retention index either with those of authentic compounds or

from literature [15-20].

I Sasidharan and AN Menon Int J Biol Med Res. 2010; 1(4): 215-218/



α-humulene (2.8%), α-copaene ((1.9%), α-guaine (2%), δ-guaine

(1.6%), β-bisabolene (2.1%), cuparene (3.5%). The sesquiterpene

oxygenated compounds came down to 1.9% from 14.8% of FBO

(Table-1).

compounds.

The main compound of the oil was α-bisabolol (25.3%), followed

by α-cubebene (20.2%). Some of the other compounds were β-

bisabolene (15%), β-elemene (5.4%) and β-caryophyllene (4%).

Sesquiterpene alcohols like elemol and nerolidols are also pres

The pepper leaf oil (PLO) contained 63.3% sesquiterpene

hydrocarbons and 32.4% sesquiterpene oxygenated

ent

in the oil.

The inhibitory activity of the pepper oils against the particular

organisms were shown in Table -2. From the table it can be deduced

that FBO is more active than standard against the

and on par with reference compound

against and weaker towards

and

DBO was more active towards and

Penicillium spp, equal to reference compound against

and and weaker

towards and PLO was weaker

towards all the organisms studies than the reference.

The antimicrobial activity of the oil was found to be influenced

by the chemical composition. As can be seen from the results from

table-II, FBO which contains more monoterpene compounds is

more active towards Bacillus subtilis and Pseudomonas

aeruginosa. While DBO which contains low percentage of

monoterpene compounds than FBO but more sesquiterpene

compounds was active towards Pseudomonas aeruginosa and

Penicillium spp and on par with reference compound with other

three organisms tested.

PLO which was fully constituted by sesquiterpene compounds

was weaker than reference compounds against all the organisms

tested. It can be inferred that a combination of monoterpene and

sesquiterpene compounds are warranted for activity against the

tested organisms.

Bacillus subtilis

Pseudomonas aeruginosa,

Aspergillus niger Penicillium spp,

Candida albicans, Saccharomyces cerevisiae Trichoderma spp.

Pseudomonas aeruginosa

Bacillus

subtilis, Candida albicans Saccharomyces cerevisiae

Aspergillus niger Trichoderma spp.

Table-3 gives MIC values for each oil against a particular

organism. FBO recorded 1µg/mL for Bacillus subtilis 2.5 µg/mL for

Pseudomonas aeruginosa and 8.5 µg/mL for Aspergillus niger DBO

needed 5 µg/mL for Penicillium spp and 4 µg/mL for Candida

albicans only 0.8mug/ml for Saccharomyces cerevisiae. In the case

of Trichoderma spp both FBOand DBO requiredd 10 µg/mL. It can

be deduced that the composition of the oils influences the

activity.as is evidenced from tables 2 and 3 .The pepper leaf oil

which is wasted at present can be utilized against these

microorganisms instead of costly synthetic chemicals.
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Compound FBO (%) DBO (%) PLO (%) RI* Compounds FBO (%) DBO (%) PLO (%)

α-thujene

α-pinene

β-pinene

δ-3-carene

α-terpinene

β-phellandrene

-β-ocimene

Γ-terpinene

α-terpineol

δ-elemene

α-terpinyl acetate

β-copaene

β-elemene

α-cubebene

α-copaene

β-caryophyllene

γ-elemene

α-humulene

α-guaine

α-amorphene

β-selinene

γ-murolene

α-selinene

δ-guaine

α-murrolene

β-bisabolene

δ-cadinene

β-caryophyllene oxide

τ-cadinol

α-murrolol

α-cadinol

α-bisabolol

Camphene

Sabinene

p-cymene

Limonene

E

Cis-linalool oxide (f)†

Terpinolene

Myrcenol

Trans-linalool oxide (f)†

Linalool

Limonene oxide

t-p-menth-2-en-1-ol

Citronellol

Menthone

p-menth8-en-1-ol

Terpinen-4-ol

Dihydrocarveol

Piperitone

Carvone oxide

Geranyl acetate

Cuparene

Cadina -1,4- diene

Z-nerolidol

Elemol

Caryophyllenol

E-nerolidol

Spathulenoll

Globulol

Guaiol

Humulene epoxide II

Cedrol

Z-nerolidyl acetate

Farnesol Z, E

Total identified

compounds

1.5

12.1

0.2

3.3

14.2

3.2

0.1

0.2

0.2

18.0

0.1

0.3

0.3

1.0

0.2

0.1

0.3

Tr

0.3

0.1

0.5

Tr

1.1

1.0

0.5

Tr

0.1

-

0.6

0.1

-

0.5

0.1

1.1

13.2

-

1.6

0.1

Tr

-

Tr

0.2

Tr

-

Tr

2.7

0.7

-

2.7

2.1

0.3

4.1

-

-

1.3

-

0.3

0.3

0.5

-

0.5

0.6

-

2.1

94.6

0.8

10.4

0.3

1.2

12.0

2.3

0.2

0.3

3.0

16.0

0.1

0.2

-

0.2

-

0.2

0.2

-

0.1

0.1

-

Tr

0.5

0.3

Tr

0.2

0.1

1.0

0.7

1.1

0.2

1.5

1.9

1.5

20.4

-

2.8

2.0

1.1

0.5

0.8

0.8

1.6

1.2

2.1

3.5

1.3

-

0.2

.5

Tr

.3

-

-

0.3

-

Tr

0.1

0.1

-

0.2

0.1

-

.1

96.1

933

940

957

976

980

1007

1017

1022

1025

1035

1040

1062

1074

1080

1284

1086

1092

1122

1128

1147

1154

1156

1175

1189

1192

1247

1277

1339

1342

1380

1383

1391

1393

1400

1428

1433

1437

1439

1449

1477

1486

1497

1499

1502

1508

1510

1523

1532

1534

1549

1561

1563

1576

1582

1589

1594

1607

1609

1617

1630

1644

1666

1668

1697

Monoterpene hydrocarbons

Monoterpene oxygenated compounds

Sesquiterpene hydrocarbons

Sesquiterpene oxygenated compounds

54.4

5.1

20.3

14.8

46.7

2.4

45.1

1.9

0.0

0.0

63.3

32.4

-

-

-

-

-

Tr

-

-

-

Tr

Tr

-

-

-

-

-

Tr

-

-

-

-

-

-

-

-

-

-

1.0

-

-

5.4

20.2

1.6

4.0

1.2

0.54

0.5

1.0

4.0

1.5

2.5

0.9

2.5

15.0

1.1

0.4

2.3

1.5

1.3

2.3

0.2

0.1

0.5

0.1

0.1

0.1

0.2

0.1

0.0

25.3

0.2

1.5

95.7

Table 1.  Percentage Chemical composition of pepper oils Distribution of Compounds

3.2. Antimicrobial activity

*RI Retention Indices

†(f) furanoid structure

Minimum Inhibitory Concentration
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Organism FBO DBO PLO

Bacillus subtilis

Pseudomonas aeruginosa

Aspergillus niger

Penicillium spp

Candida albicans

Saccharomyces cerevisiae

Trichoderma spp

1.0

2.5

8.5

8.0

5.0

1.2

10.0

2.0

4.0

10.0

5.0

4.0

0.8

10.0

4.0

5.0

10.0

7.5

7.0

2.5

12.0

Zone of inhibition (mm)

Table 2 .Antimicrobial activity of pepper berry and leaf oils by disc diffusion method

FBO-fresh pepper berry oil

DBO-dry pepper berry oil

PLO-pepper leaf oil

Reference compounds: Tetracycline for bacteria, Nyastatin for fungi and

Griseofulvin for dermatophyte

Table 3. Minimum inhibitory concentration (µg/mL) of Pepper oils

Sample

FBO* 8.02±0.03 12.31±0.04 8.05±0.03 7.01±0.04 10.21±0.01 10.02±0.11 6.06±0.02

DBO* 6.01±0.01 10.22±0.02 6.05±0.03 10.02±0.10 12.15±0.02 12.03±0.05 7.06±0.03

PLO 5.11±0.04 6.13±0.05 5.02±0.04 4.15±0.02 6.13±0.02 6.10±0.03 3.21±0.03

Reference

compound

6.06±0.05 8.20±0.05 8.10±0.05 8.22±0.06 12.06±0.04 12.03±0.06 8.10±0.04

Bacillus subtilis Pseudomonas
aeruginosa

Aspergillus
niger

Penicillium
spp

Candida
albicans

Saccharomyces
cerevisiae

Trichoderma
spp
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