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ABSTRACT

The chemical composition of the peel essential oil (PEO) of Ci . y ‘
. trus deliciosa Ten. growing in Egypt was investigated
using B33 Ch;;ﬂ;;t;grn‘!)hy-mnss spectrometry(GC-MS) analysis .As a result, sixteen components Were identified
'FPNS"“““EMI' o of the ‘0?1 oil yield(0.55 %v/w).The major components belong to monoterpene -fype viz., d-
limonene (46% ).p-cif‘menc(dlo %) and y -terpinene (9%). Consequently , PEO of C. deliciosa Ten . belonged to d-
]m_or.le{\c!p-.c)m(e;ne chemotype. The PEO was screened for the antimicrobial activity and it showed observed inhibitory
activity against Gram-positive bacteria (Bacillus subtilis ,Staphylococcus aureus) and marked inhibition against fungi

( Aspergillus flavus A . niger and Candida albi

cans ) but no activity was detected against Gram-negative bacteria

( Escherichia coli and Pseudaman.a: aeruginosa). The induction of the phase I detoxifying enzymes like glutathione-
S- mansferase (GST) and  glutathione peroxidase (GPx) was investigated in a way to evaluate the chemoprevention
and/or chemotherapeutic potential of the PEO -alone and in combination with vitamin E on rat alimentary tract. An
increase of 2.72 and 2.12-folds in GST activity in liver and intestinal mucosa in addition to 50.4% increase in large
intestinal mucosa was observed with PEO gavaging .On the other hand ,PEO alone had no significant effect on GPx
enzyme activity in a.ll the tested tissues except liver. A combination of vitamin E with each of GST and GPx led to
potentiation of activity of both enzymes. In such a way ,the peels of C. deliciosa Ten. which is normally considered as
environmental waste is tumed into promising antimicrobial, chemopreventive and/or chemotherapeutic nutraceutical or

pharmaceutical product with an extra added economic value .

INTRODUCTION

Essential oils and their components
impressively demonstrate  potential activities in
different medical products, in food industry, cosmetics,
perfumery and aromatherapy .

Citrus fruits stand out among the most common
source of essential oil and most common dietary
sources. The genus Citrus (family Rutaceae)
encompasses around 16 species which are mainly
distributed  in subtropical regions'? . Mandarins are
among the major gnus fruits cultivated in
Mediterranean  region'”.  Among the popular
mandarins: Citrus deliciosa Ten. (Mediterranean
mandarin) and Citrus reticulata Blanco (common
mandarin)® 7.

Citrus Essential oils occupies the largest sector
of the world production of essential oils @ and have
been identified in leaves, flowers and fruits, being
more abundant in the fruit peel (flavedo) ® These
Citrus by-products are relatively abundant ,non-
expensive ,consisting mainly of terpene hydrocarbons
viz., a-p-pinene, ,myrcene, y - terpinene, d-limonene,
p-cymene, myrcene, a -phellandrene and others. Other
compounds include  oxygenated hydrocarbons like
terpinen- 4-ol and a-terpineol while sesquiterpene
hydrocarbons are found in traces *'

Citrus plants contribute actively in traditional
medicine allover the world. In the Chinese traditional
medicine, Citrus peels are used as tonic, carminative,
in treating dyspepsia, to reduce phlegm, in treating
cough, cold, anorexia, malignant breast SOres,
prolepses of uterus and anus, diarrhea, blood in faeces,
hernia and also in cancer”, d-Limonene which is the
most widely distributed component in Cifrus essential
oils has been shown to inhibit several induced tumors

like forstomach, colonic, pulmonary and skin tumors in
laboratory animals *'9 It is well documented that
an inverse relation has been established between
initiation of these malignancies and fruit as well as
vegetables intake. Several natural products elicit an
increased activity of phase II detoxifying enzymes like
glutathione  -s-transferase (GST) or glutathione
peroxidase (GPx) in the presence of glutathione (GSH)
in laboratory assays. This provoked enhancement of
enzyme activity is one of the mechanism behind the
inhibitory activity of certain compounds against
carcinogenesis "*'9 .

Previous reported studies ‘'” covered the
phytochemical and botanical investigation of C.
deliciosa Ten. growing in Egypt and provided a
chemotaxonomic marker for identification of this plant.
Reviewing the available literature, neither the
composition of PEO of C. deliciosa Ten. growing in
Egypt nor its antimicrobial activity  or its
chemopreventive potential has been explored .

So, based on the potentialities of Citrus peels in
both traditional and modern medicine, it was deemed
of interest to investigate the chemical composition to
evaluate the biological activity of the oil in an attempl
to find a natural antimicrobial agent and
chemopreventive  product with activity against
alimentary tract carcinogenesis since colon cancer is
the third most malignant neoplasm in the world and the
second cause of death in the USA®”.  Achieving this
goal could add to the medicinal or pharmaceutical or
nutritional value in addition to favorite environmental
impact by converting what is usually taken as an eco-
burden into a product with an added economical value.



Maged M.M. Abou-Hashem and Mohamed A.A. Sharaf

EXPERIMENTAL ‘
Plant material:
The ripe fruits
collected in April 2005

of Citrus deliciosa Ten. Were
from local farms and Ag[,;rnna:l

farms in El-Sharkia Govemorate, EEYP.
gal:\:‘l‘es were kindly authenticated by Prof. Abdalla
M.A. Mohsen; Professor of Horticulture, Fncult.y of
Agriculture, Zagazig University. A voucher specimen
is deposited at the Pharmacognosy Dcpaftmcnl, Faculty
of Pharmacy, Zagazig University, Zagazig, Egypt.

Preparation of the essential oil: )

The PEO of C. deliciosa Ten. was :sgl:ﬁd by
cold pressing following the reported methods ™.
Oil analysis and identification:

GC-MS analysis was carried out on a Hewlett
Packard 5890A gas chromatograph (HP, Santa lera,
CA, USA) equipped with a fused silica analytical
column (DBS, 30 m x 0.32 mm x 0.25 pm) ({&W
Scientific, Waldbronn, Germany). The capillary
column was directly coupled to a sector field mass
spectrometer (GC Mate, Jeol, Tokyo, Japan). The
conditions applied were: split injection (ratio; 1:10);
injector and transfer line were set at 280°C; Oven
temperature: 45°C (3 minutes) to 160°C (0 min.) at 4°C
min" then 10°C min" and the EI-MS spectra were
recorded at 70 eV. The components were identified
based on combination of Retention Index (RI) ®” and
mass fragmentation pattern compared to library data of
the GC/MS system and to those documented by
published data ®? . Retention indices of the oil

components were calculated relative to co-
chromatographed standard n-alkanes
Antimicrobial activity:

The PEO of C. deliciosa was evaluated for its
antimicrobial and antifungal activities by applying the
agar disc diffusion method . All the tested
microorganisms were laboratory isolates of the
Department of Microbiology, Faculty of Pharmacy,
Zagazig  University. Two strains of Gram-positive
bacteria viz., Baciflus subtilis, Staphylococcus aureus
and a couple of Gram-negative bacteria( Escherichia
coli , Pseudomonas aeruginosa) and three fungi
(Aspergillus niger, A. falvus and Candida albicans)
were lested.

Bacteria and fungi were cultured on nutrient
agar a_nd Sabouraud dextrose agar (Difco,USA),
respectively. Paper discs (each was 6 mm in diameter)
were impregnated with 25 pl of the PEO and applied
onto th; surface of the inoculated plates,

tandard antimicrobial and antifun i
.(Oxoid »UK) were used as references. Plg:cl:s d\:rs:t:;
impregnated discs and references were incubated at
i5°C (?4 hr.) and 25°C (48 hr.) for bacteria and fungi
respectively. The diameters of the zones of inhibi!ior;
were measured and expressed in millimeters,
Ammn’ll.‘:iet and treatment:

| enty four male Sprague-Dawle
gm) were housed in stainless cages (f\'cj:ulxza t;e(rlig;)s

40

were maintained under controlled conditjons of
?;; relative humidity, temperature of 20-25°c i
hour light/12 hour dark cyclc:s. ’

Rats were fed on semipurified fresh - gy, die
which was similar in composition (o lh.at of Amerig.
Institute of Nutrition Reference Diet (Ain-76A)(t) o
modification of source of carbohydrate and remgyy) of
antioxidant. In this current study, SUCTOSE was replyeyg
by a mixture of starch and glucose and water wag iy

ad libitum. ) .
After one week of starting the diet, rats were divige

into three groups (eight rats per_gmup) as follows:
Group I (control.sl’DUP) was given only 0,3 m] Cotton
seed oil by gavaging.

Group Il was given 1,000 mg/kg/day C. delicig,
essential oil in 0.3 ml cotton seed oil according 1o
Hamada er al.%9.

Group Il was given citrus oil in combination wiy,
vitamin E ( PHAR® Pharmaceuticals ;100 mg/kg/day)
in 0.3 ml cotton seed oil as reported @9,

The duration of treatment of all groups was- ejght
consecutive days and rats were fed fresh diet daily.
Tissue preparation:

Twenty-four hours following the Jag
administration, rats were sacrificed by cervica
dislocation. Esophagus, stomach, small intestine, colon
as well as liver were isolated instantly for enzyme
preparation. The mucosal surfaces of the stomach and
intestine were collected by scraping with a scalp and
the tissue was homogenized in cold 1.15% KCl
solution (pH 7.4). The homogenate was centrifuged at
9000 x g for 20 minutes. The supematant was
centrifuged at 100,000 x g at 4°C for one hour
Aliquots of the cytosol fraction were frozen in liquid
nitrogen and stored at -80°C until used following a
previous report®”,

Assay of glutathione- s-transferase (GST):

The activity of cytosolic was determined
according to Habig er al® using 1-chloro-2¢-
dmifrobenzene (CDNB) as substrate. The assay was
carried out at 25°C in the presence of 0.1 M phosphate
buffer (pH 6.5) in the presence of 5 mM GSH, 1 m M
CDNB, and 20 pl of cytosol. Protein concentration of
these samples was determined according to the method
of Lowry er al*® using bovine serum albumin as 2
standard.

Glutathione peroxidase (GPx) assay:

. Glutathione peroxidase activity was measured
using  both hydrogen peroxide and t-butyl
hydroperoxide as substrates basically as described by
Howie ef al.®",

Statistical analysis:

‘The data were checked, entered, and analyzed
by using SPSS version 11; data were expressed &
means = SEM. ANOVA tests were used [
comparison and the Least Significant Difference (LSD)
was calculated and p < 0.05 was considered siguiﬁanl.'
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RESULTS AND DISCUSSION

A total of 16 compounds were identified
representing 98.79 % of the peel oil. The oil exhibited
a strong aroma characteristic of the fruit. As shown in
" able (1) , the oil was rich in monoterpene hydro-

carbons, which constituted about 97.89 of the total oil
with d-limonene, p-cymene and y-terpinene as major
component (46, 40 and 9 % respectively). The
oxygenated monoterpenes represented about 0.54% of
the total oil with a-terpineol (0.24%) terpinen-4-ol
(0.2%) while trans-carveol appeared in  0.1% in
addition to traces of thymol . Sesquiterpenes viz,, a-
phellandrene, a-famesene and p-caryophyllene were
only present as traces .

Unlike the dominance of d-limonene in peel
essential oil (46%) in the current study , the previous
investigation of oil of the leaf 9 showed that methyl-
N-methyl anthranilate was the major constituent of the
foliage oil by 41.4%. The latter compound is
represented in the current study by only 0.3%.
Moreover, y-terpine, d-limonene, p-cymene accounted
for 24.2, 0, 6 and 5.3% of total foliage essential oil .
It is noteworthy to say that myrcene, a-phellandrene,
a-terpineol, a-famesene and p-caryophyllene were not
reported in the foliage essential oil. Thus, PEO of C.
deliciosa Ten is a d-limonene / p-cymene chemotype.
The results also, showed that there were qualitative
and quantitative variations in the chemical composition
between foliage and the peel essential oil of C.
deliciosa Ten. growing in Egypt. This finding could
be utilized to determine the authenticity of the C.
deliciosa peel essential oil which was found -unlike the
foliage oil- to be rich in d-limonene. d-Limonene plays
several important biological roles as it will be
demonstrated here- in-after.

Concerning the antimicrobial activity, essential
oils offer a wide aray of potential antimicrobials
against bacterial pathogens and fungi @1 According to
the results shown in table(2) , the PEO of Citrus
deliciosa Ten. demonstrated an interesting activity
against all the tested microorganisms except Gram-
negative bacteria ( Escherichia coli and Pseudomonas
aeruginosa). The pronounced activity against the
Gram-positive bacteria like Bacillus subtilis , Staphylo
coceus aureus and fungi (Aspergillus flavus, A. niger
and Candida albicans) could be attributed partly to the
monoterpenes viz. d - limonene , and a-, p - pinene as
reported ®*) However, It should be emphasized

 that, one should not nullify the interaction of other oil
components , - '

_Unlike the Gram-positive bacteria, Gram-
negative bacteria possess an outer membrane with a
distinct barrier of hydrophilic polysaccharide chain that
- bampers the diffusion of the PEO thus, making them

v
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resistant to several antimicrobials in conformity with
reported data®®, Thus, the oil could be listed among
the promising natural antimicrobials not only in the
pharmaceutical field but also in the area of food safety.
In this connection, the PEO could be used to prevent
the spoilage of foodstufTs via contamination with toxin
producing fungi e.g. A. flavus which produces the
mycotoxin ( aflatoxin ) leading to serious health
hazards **".

As shown in table 3, PEO of C. deliciosa Ten.
elicited an increase GST activity by 2.72 and 2.12-
folds higher than those reported for controls in liver
tissue and intestinal mucosa, respectively. Moreover,
an increase of $0.4% in the GST activity in large
intestinal mucosa was observed with oil gavaging.
However, EO showed no significant effect in the

stomach tissues (group I).
On the other hand, a combination of vitamin E

with the oil (group III) demonstrated a synergistic
effect on the GST activity. As shown in table 3, there
was 3.32- and 2.61-folds increase higher than that of
control concerning enzyme activity in liver and small

intestinal mucosa of the rats.
As far as total glutathione peroxidase (GPx)

activities are concerned, the highest activities were
detected in the liver and stomach while the lowest
levels were demonstrated in small and large intestinal
mucosa. PEO alone had no significant effect on GPx
enzyme activity (group II) except in liver. Combining
EO with vitamin E showed significant increase in GPx
activities in all examined tissues fractions (Table 4).

It is well documented that the phase Il enzymes
viz., GST and GPx utilize GSH as a substrate for
detoxifying several carcinogens but in two different
mechanisms . GST catalyses the conjugation of GSH
to a wide array of electrophiles including carcinogens
that ends up in the elimination of such reactive and ,
noxious moieties. On the other hand, the major role of
GPx in cellular defense mechanism is to catalyze the
conversion of H,0, into HO or fatty acyl
hydroperoxides to the corre nding fatty alcohol in
the presence of reduced GHS. 141639.40) yitamin E is a
well-known antioxidant, which scavenges harmful
radicals in a multicomponent system involving GPX “,

Upon tracking the published data , it was found
that the presence of d-limonene in the oil could provide
a plausible explanation to the obtained results of the
current study. These results were in harmony with
several investigations reporting the role of d-limonene
in induction of GST enzyme activiy % . &
Limonene has been also reported 0 inhibit polycyclic
aromatic  hydrocarbons and nitrosamine induced

. = . 44
carcinogenesis in laboratory animals Y
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Table (1): 1dentified constituents, their relative indices, fragmentation pattern and relative percentage of b, pee]

essential oil of Citrus deliciosa Ten. —
Component RI M* BP Main fragments Rtlaﬁv! )
a-Thujene 913 136 93 | 121,105,91,77,65,53 0.25
—
a-Pinene 918 136 93 | 121,105,91,77,67,53 0.80
— |
Sabinene 942 136 93 121, 107,91, 77, 69 traces
: [T
J-Pinene 966 136 93 121, 107, 91, 79, 67 0.70
—
p-Myrcene 989 136 93 | 121,107,91,97,69 1.00
—_—
a-Phellandrene 1008 136 03 | 121,105,91,77,65 traces
—_
a-Terpinene 1014 136 93 | 121,105,91,77, 65 020
R
P-cymene 1022 134 119 117, 103, 91, 77, 65 40.00
T —
d-Limonene 1027 136 67 121, 107, 93, 79, 67 46.00
y-Terpinene 1056 136 93 121, 105, 93, 77, 65 9.00
Terpinen4-ol 1174 154 71 136, 121, 111, 93, 86, 77, 71, 67 020
a-Terpineol 1188 Ul 59 136, 121, 107, 93, 81, 71, 67 024
Trans-carveol 1217 152 109 136, 134, 119, 109, 91, 84 0.10
Thymol 1298 150 135 115, 107, 91,77 traces
Methyl-N-methyl anthranilate 1403 165 165 150, 132, 116, 105, 91, 77, 66 03
p-Caryophyllene 1414 204 91 189, 161, 147, 133, 119, 105, 79, 67 traces
a-Famesene * 1512 Ul 93 135,123, 119, 107, 91, 97, 69 traces
UL un-identified . . * Tentanve
Table (2 ) : The antimicrobial activity of the peel essential oil of Citrus deliciosa Ten ‘
Diameter of inhibition zone (mm)
zi i The standard antimicrobial gggl_t__g.._
© eorgRnEm Thetestedoil | AK | AMx | GM | TE | MO
30 25 10 30 100
- _ pe/disc | pe/disc | pp/disc | pg/dise | pg/disc
Bacillus subtilis (Gram- positive) 16 26 16 20 10| - —
Staphylococcus aureus _ (Gram- positive) 12 13 20 17 22 -
Escherichia coli (Gram- negative) - 18 24 18 14 :
Pseudomonas aeruginosa (Gram- ne tive) - 15 L 20 - 1
Aspergillus niger (fungi) 19 - R - - L
Aspergillus flavus (fungi) - 18 - - - S -—-'li""
Candida albicans (fungi) 13 . N - -_J___,L‘..—J

" AK: Amikacin; AMx: Amoxycillin; GM: Gentamicin; TE: Tetracycline; NS: Nystatin - no ‘detected activity

42
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flect of peel essential oil of Citrus

le @): E tial oil
EZ?cim(:Tcn. alone and in combination with vitamin
limentary tract glutathione -s-transferase

E on rat a !
GS nmol /minute-m protein) (mean + SEM)
) Small Large
Greup Stomach | Iatestinal | intestinal Liver
mucosa mucoss
_p-r"'"'-—'-—-
Controk: €O | 20456 | 421435 160416 710448
secd 0“00300'"‘
mg.
[ (000 %5 | oyesor | smoarst | 29a2 | 2908006
cptton seed ofl
0 * vi. E
2505 » 160°

PE
(100 -ldld‘)" s9qs24" | 10552540 | 277242
g3 ml cofon

l—-’-‘:;“z'%h‘s'u'ﬁgwp T or 111 was compared with control (group 1)
Table (4): Effect of peel essential oil of Citrus
deliciosa and alone and in combination with vitamin
E on rat alimentary tract glutathione peroxidase (GPx)

(mean = SEM)

gnmollminule-mg protein)
Small Large
Group Stomach Iatestinal | ([ntestinal Liver
mocoss mocosa
Costrok:
cotton seed 876 £ 50 12248 107 £9 110799
il 0.3 m!
FEO (1000
we i d)in | p3e30 | 1913 | 124212 | 15082209
0J mi cofton
seed oil
PEO+ viL E
2“'::' .)1 loss46e | 14628 | 13029 [ 1650%15F
cotton  seed
wil
'p<o.05whcng-wpllormwasoomwedudthcnnuul (group I)
CONCLUSION
The cumrent study reports the chemical

composition of the oil of the peel of Citrus deliciosa
Ten. which revealed a major share of monoterpenes
and the dominance of d-limonene followed by p-

cymene ie. d-limonene / p-cymene chemotype. Thus in
addition to flavor and aroma, the PEO Citrus deliciosa
Ten. offers an ideal proposed natural alternative to
chemical-based antimicrobials against selected gram
positive bacteria and fungi .

The present work also demonstrated through a
preliminary screening of the induction of two
detoxifying enzymes (GST and GPx) that the PEO
possessed a promising chemopreventive and / or
chemotherapeutic potential on the rat alimentary
tissues. This finding however, awaits further clinical
studies before being considered in human application.

To the sum up, the current study offers a low
cost, orally bioavailable, less toxic product for
pharmaceutical, food, flavor and cosmetic industries
out of what is normally regarded as an eco-burden.
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