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Abstract

Some Citrus varieties are indigenous in Pakistan. In order to make use of these cherished genetic resources, a continuous
study has been carried out on the essential oils from the peels. Three varieties were collected from Khyber Pakhtunkhwa,
Pakistan, Their nomenclature were ascertained by the examination of the morphological characters of fruits, branches and
leaves. They are identified as Citrus karna Raf. (Kharna khatta), C. pseudolimon Tanaka (Galgal), and C. paradisi var. Foster,
respectively. The essential oils (EOs) extracted from the fresh peels by hydro-distillation were analyzed. In total, 40
components are identified and quantified, accounting for 98.4-99.7%. Limonene (92.1-97.7%) is the most abundant;
nootkatone (tr-0.5%) is a chemical marker (CM) for Galgal and Foster; f-bisabolene (0-1.5%) and a-bergamotene (0-1.2%)
are two CMs for Galgal; decanal (0.1-0.5%), valencene (0-0.3%) and selin-6-en-4oa-o0l (0-0.2%) are two CMs of Foster. The
other important CMs in peels EOs of Citrus such as y-terpinene were undetected. a-Bergamotene and p-bisabolene are two
important CMs for discriminating lemons, limes and citrons from the other Citrus species. Nootkatone most probably only

originates from Citrus grandis. The results of CMs in these EOs also prove the results of nomenclature.

Key words: Citrus L., Pakistan, Nomenclature, Peels, Essential oils, Chemical markers.

Introduction

The genus Citrus L. is very diverse in nature and the
classification of its innumerable cultivated forms has ever
been a difficult problem (Huang, 1997; Wu et al., 2018; Zhang
& Mabberley, 2008; Hajra et al., 1997; Singh, 1981).Three
ancestral Citrus species associated with commercially
important types-citrons (C. medica), mandarins (C. reticulata)

and pummelos (Citrus maxima)-are separated from lemons (C.

limon), limes (C. aurantifolia), sweet oranges (C. sinensis),
sour oranges (C. aurantium) and grapefruits (C. paradisi) as
hybrids involving these three species (Wu et al., 2018; Zhang
& Mabberley, 2008; Gonzalez-Mas et al., 2019). Indian
subcontinent enjoys a remarkable position in the 'Citrus belt
of the world' due to its rich wealth of Citrus genetic resources,
both wild and cultivated. Some varieties are indigenous such
as C. karna Raf., C. limetta Risso (sweet lime), C.
pseudolimon Tanaka (Galgal), whereas, these cherished
genetic resources are not esteemed and become less and less
in Pakistan (Hajra et al., 1997; Singh, 1981; Khan & Shaukat,
2006; Yousafzai et al., 2021).

The essential oils (EOs) are abundant in Citrus and
have important usage. As for sour orange, the fresh flowers
yield two high-quality fragrant oils commercially known
as 'oil of Neroli Bigarade' and 'orange flower water'. 'Oil of
petitgrain' is another product obtained by steam-distillation
of leaves and young shoots. Lemon oil is an effective
remedy for scurvy, rheumatism, dysentery and diarrhoea
(Hajra et al., 1997). The representative chemicals in these
EOs include limonene, y-terpinene, linalool, terpinen-4-ol,
o-terpineol, E, E-a-farnesene, E-nerolidol, etc. (Gonzalez-
Mas et al., 2019). The peels EOs from Citrus varieties
demonstrate some kinds of chemotype due to their different
chemical markers (CMs) (Lota et al., 2000; Fanciullino et
al., 2006; Wang, 2014). The differences in the chemotype

of these EOs are also related to the different genetic types
of corresponding plants (Gonzalez-Mas et al., 2019; Wu et
al., 2018; Wang, 2014, Haq & Wang, 2023). For example,
o-bergamotene and S-bisabolene are two important CMs to
discriminate citron, lemon and lime from the other Citrus
species (Haq & Wang, 2023; Gonzalez-Mas et al., 2019).

Previously, five Citrus varieties collected in Khyber
Pakhtunkhwa (KP), Pakistan were studied for the EOs
extracted from peels and morphological identification
(Hag & Wang, 2023). In order to utilize such resources
reasonably, to explore the chemicals in peels EOs, to
make clear their nomenclature, three Citrus varieties were
collected further in KP. Their nomenclature were
ascertained by the morphological characters of their fruits,
branches and leaves. The EOs extracted from the fresh
peels by hydro-distillation were analyzed by Gas
chromatography-Mass spectrometer (GC-MS), and then
the CMs were identified, which also verified the
nomenclature (Hag & Wang, 2023).

Material and Methods

Plant materials: Three different Citrus varieties with No. 1,
2 and 3 were collected on February 4 and 11, 2022. Among
them, No. 1 was collected from the University of Peshawar,
Peshawar, KP; No. 2 and 3 were collected from the village
of P/O Dherizardad, tehsil, district Charsadda, KP.

Chemicals: Freshly distilled water and HPLC grade n-
Hexane (Merck) were used.

The varieties identification: The nomenclature of
varieties was deduced on the morphological characteristics
of fruits, branches and leaves.
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Extraction of the EOs: The fresh peels from No. 1, 2 and
3, were subjected to hydro-distillation for 2-3.5 h, twice,
using a Clevenger apparatus, respectively. The remaining
water in these EOs was removed by anhydrous magnesium

sulfate, and then the EOs were stored at -4°C until analyzed.

In the end, 3 kinds of EOs were collected corresponding to
No. 1, 2 and 3.

The samples preparation: The EOs 10 pL corresponding
to No. 1, 2 and 3 were diluted by 100 pL of n-hexane
(HPLC), respectively.

GC-MS detection: A Thermo Scientific (DSQII) GC-MS
(USA) with software version 2.0.71, matched with a NIST
17 MS database, equipped with a column TR-5MS (30 m
x 0.25 mm i.d., 0.25 pm film thickness), was used for
detection. The oven temperature was programmed from
50°C held for 2 min to 150°C at 8°C min’!, and was further
increased to 300°C at 15°C min’!, and then held for 5 min.
The solvent delay was 3 min. The injector was operated in
a split ratio of 20: 1 with 250°C temperature. Electron
impact mass spectra were recorded with a scan from m/z
50-650 amu. The injection volume was 1 pL. The carrier
gas was Helium with a flow rate of 1 mL/min.

The identification and quantitation of compounds: The
peaks in total ion chromatograms (TICs) obtained by GC-
MS were identified by probability-based matching (PBM).
The linear retention indices (LRIs) of the semi-apolar
column were gotten from the NIST (National Institute of
Standards and Technology) 17 database. The peak area
normalization was used to calculate the relative area
percentage of each compound.

PCA (principal components analyses) and CA
(clustering analyses): The chemicals detected in EOs
were to be done PCA by SPSS-26 (Statistical Product and
Service Solutions). The 3 samples were to be done CA by
SPSS-26.

Results and Discussion

The nomenclature of varieties: The detailed
morphological information of the fruits, branches and
leaves are listed in (Tables 1 and 2). The detailed
information of deduced varieties from literature and
websites are presented in (Table 3).

The variety 1 is deduced as Citrus aurantium L.
'Karna', also named C. karna Raf (Kharna khatta) (Singh,
1981; Hajra et al., 1997; Haq & Wang, 2023), variety 2 is
deduced as C. pseudolimon (Galgal), a variety of lemon
(Hajra et al., 1997; Attri et al., 1996) and variety 3 is
deduced as a variety of C. paradisi, maybe C. paradisi var.
Foster (Foster) (Khan & Shaukat, 2006; Rattanpal et al.,
2017; Huang, 1997).

Yields and density of EOs: For varieties 1, 2 and 3, the
extraction rate (Volume of EO mL/Mass of fresh peel g, %)
by hydrodistillation is 0.81, 0.34 and 0.21, respectively, the
corresponding density (p) is 0.87, 0.83 and 0.96,
respectively. In previous research, the extraction rate of C.
karna Raf., C. jambhiri Lush. (Rough lemon) and Kinnow

SHAUKAT ALI ETAL.,

is 3.06% (or 0.94%), 0.86% and 1.76%, respectively, the
corresponding density (p) is 0.81 (or 0.86), 0.92 and 0.79,
respectively (Haq & Wang, 2023).

Chemicals in the EOs: The identified and quantified
results can be seen in (Table 4).

Limonene (92.1-97.7%) as the most abundant
compound in peels EOs from Citrus is relatively high
compared with other related reports, especially for galgal
since limonene usually ranges between 48-70% in lemon
(Gonzalez-Mas et al., 2019).

The cis-linalool oxide is detected in Foster (0.4%) and
Kharna khatta (0.1%), which can reach 0.4% in C.
aurantium and is seldom detected in grapefruits and
lemons (Gonzalez-Mas et al., 2019; Lota et al., 2001; Haq
& Wang, 2023). It should be noted that Kamal et a/., (2013)
reported Linalool oxide (>1%) as a main component in peel
EO of grapefruit produced in Pakistan. a-Terpineol (0.1-
0.4%) is relatively higher in Foster (0.4%), which is not
more than 0.1% in grapefruit (Gonzalez-Mas et al., 2019).
p-Citronellal is only detected in Foster (0.2%). -Terpineol
is only detected in Kharna khatta (tr), which was
undetected in the peels EOs of grapefruits and lemons,
seldom detected in C. medica and C. aurantium previously
(Gonzalez-Mas et al., 2019).

Decanal (0.1-0.5%) is relatively high in Foster (0.5%),
which is also reported as a main component (>1%) in
grapefruits from Pakistan (Kamal ez al., 2013), can reach 0.4%
in C. aurantium (Gonzalez-Mas etal., 2019; Lota et al., 2001).

Two important SHs including a-bergamotene and f-
bisabolene are only detected in Galgal (1.2% and 1.5%,
respectively). a-Bergamotene has never been reported in
pummelos and seldom been recorded in mandarins,
grapefruits, sour oranges and sweet oranges usually not
more than 0.1%, which can be chosen as a chemical marker
(CM) to distinguish citrons (up to 0.5%), limes (up to 1.0%)
and lemons (up to 1.7%) from other species, to the best of
our knowledge (Gonzélez-Mas et al., 2019; Haq & Wang,
2023). p-Bisabolene is seldom reported in pummelos,
mandarins, grapefruits, sweet oranges and sour oranges
usually less than 0.1%, which can also be selected as a CM
to differentiate citrons (up to 0.7%), limes (up to 2.1%) and
lemons (up to 2.8%) from other species, to the best of our
knowledge (Gonzélez-Mas et al., 2019; Haq & Wang,
2023). Previously, a-bergamotene and fS-bisabolene were
detected in C. pennivesiculata (Lush.) Tan. (0.3% and
0.5%), C. jambhiri Lush. (0.3% and 0.5%) and C. karna
Raf. (1.0% and 1.6%), respectively (Lota ef al., 2002). In
former study, a-bergamotene (0-1.4%) and p-bisabolene
(0-1.6%) were relatively high in rough lemon (1.4% and
1.6%) but undetected in C. karna Raf. (Haq & Wang, 2023).

Valencene is only detected in Foster (0.3%), which is
seldom detected in pummelos, limes, sour oranges and
citrons, can be up to 0.41% in lemons (Gonzalez-Mas et al.,
2019; Haq & Wang, 2023; Loizzo et al., 2016). It should
be noted that valencene was reported as a major component
(>1%) in grapefruits and Musammi (a variety of C. sinensis)
produced in Pakistan (Kamal et al., 2013). Cadina-3,9-
diene is detected in Foster (0.1%), which is rarely detected
in the peels EOs of Citrus (Gonzélez-Mas et al., 2019). (E)-
p-Caryophyllene (0.1-0.4%) is relatively high in Galgal
(0.4%), which was detected in peels EOs of C.
pennivesiculata (Lush.) Tan. (0.1%), C. karna Raf. (0.6%)
and rough lemon (0.2%) previously (Lota et al., 2002).
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Chemicals CAS LR|s |Retention time (RT)| Kharna khatta | Galgal | Foster
(min) %

Sabinene 3387-41-5 974 3.57 / / tr
S-Myrcene 123-35-3 991 4.02 1.1 0.9 0.6
Limonene 138-86-3 1030 4.49 97.7 92.1 94.7
cis-Linalool oxide 5989-33-3 1074 5.26 0.1 / 0.4
Linalool 78-70-6 1099 5.83 0.3 0.4 0.4
trans-p-Mentha-2,8-dien-1-ol  7212-40-0 1123 6.04 / / tr
B-Terpineol 138-87-4 1153 6.36 tr / /
p-Citronellal 106-23-0 1153 6.57 / / 0.2
a-Terpineol 98-55-5 1189 7.28 0.1 0.1 0.4
Decanal 112-31-2 1206 7.52 0.1 0.2 0.5
S-Citronellol 106-22-9 1228 7.83 tr / /
Neral 106-26-3 1240 8.03 / 0.1 0.1
trans-Geraniol 106-24-1 1255 8.26 / 0.1 /
Citral 5392-40-5 1276 8.54 0.1 0.2 0.3
Undecanal 112-44-7 1307 9.07 / tr /
o-Elemene 20307-84-0 1338 9.64 tr 0.1 /
Nerol acetate 141-12-8 1364 10.19 tr tr /
Geranyl acetate 105-87-3 1382 10.46 0.1 0.1 0.2
(E)-p-Caryophyllene 87-44-5 1419 10.92 0.1 0.4 0.2
a-Bergamotene 17699-05-7 1435 11.19 / 1.2 /
a-Humulene 6753-98-6 1454 11.46 tr / tr
Germacrene D 23986-74-5 1481 11.9 tr / /
Valencene 4630-07-3 1492 12.02 / / 0.3
p-Bisabolene 495-61-4 1509 12.33 / 15 /
Cadina-3,9-diene 523-47-7 1518 12.49 / / 0.1
Elemol 639-99-6 1549 12.76 / / tr
E-Nerolidol 40716-66-3 1564 13.19 tr 0.2 /
Octanoic acid, hexyl ester 1117-55-1 1581 13.23 / tr tr
Globulol 51371-47-2 1583 13.67 / tr /
v-Eudesmol 1209-71-8 1631 14.22 / / tr
Selin-6-en-4a-ol 118173-08-3 1636 14.41 / / 0.2
a-Bisabolol 515-69-5 1684 15.06 / 0.1 /
E, E-Farnesol 106-28-5 1722 15.73 / 0.1 0.1
Nootkatone 4674-50-4 1808 17.1 tr 0.5 0.4
Heneicosane 629-94-7 2100 19.6 / / tr
Docosane 629-97-0 2200 20.28 / / tr
Tricosane 638-67-5 2300 20.99 / tr tr
Tetracosane 646-31-1 2400 21.46 / / tr
Pentacosane 629-99-2 2500 22.11 / / tr
Bis(2-ethylhexyl) phthalate 117-81-7 2529 22.37 tr tr tr
MHs (3) 98.9 93.0 95.3
MAlcs (7) 0.5 0.6 1.2
MAIds (3) 0.1 0.3 0.6
MEsters (3) 0.1 0.1 0.3
SHs (8) 0.1 3.2 0.6
SAlcs (7) tr 0.5 0.3
SKets (1) tr 0.5 0.4
Aliphatic esters (1) / tr tr
Aromatic Esters (1) tr tr tr
Alkanes (5) / tr tr
Aliphatic alds (2) 0.1 0.2 0.5
In total (40) 99.7 98.4 99.1

Note: tr means less than 0.05%. “/” denotes there is no related information. MHs, MAlcs, MAlds, MEsters, SHs, SAlcs, SKets and alds,
refer to Monoterpene hydrocarbons, Monoterpene alcohols, Monoterpene aldehydes, Monoterpene esters, Sesquiterpene hydrocarbons,
Sesquiterpene alcohols, Sesquiterpene ketones and aldehydes, respectively.
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Fig. 1. PCA result of components. Cadina-3,9-diene and selin-6-en-4a-ol belonging to class 2, E-nerolidol and a-bisabolol belonging to

class 3 are not displayed.
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Fig. 2. Clustering analysis result of three samples.

E-Nerolidol (0-0.2%), selin-6-en-4a-ol (0-0.2%), a-
bisabolol (0-0.1%) and E, E-farnesol (0-0.1%) belonging
to SAlcs are prominent. E-Nerolidol is relatively high in
Galgal (0.2%), which was undetected in C. pennivesiculata
(Lush.) Tan, was detected in Kharna khatta (tr-0.1%)
produced in KP, Pakistan, previously (Haq & Wang, 2023).
Selin-6-en-4a-ol is only detected in Foster (0.2%), which
was only reported in the peels EOs of mandarin (0-0.5%)
previously, to the best of our knowledge (Gonzalez-Mas et
al., 2019; Wang et al., 2013; Han et al., 2020). a-Bisabolol
is only detected in Galgal (0.1%), which is undetected in
pummelos, mandarins and grapefruits, usually not more
than 0.2% in other species, is a characteristic component of
citron, lemon and lime (Loizzo et al., 2016; Gonzalez-Mas
et al., 2019). E, E-farnesol is relatively high in Foster and
Galgal (both 0.1%), which is undetected in mandarins,

limes and citrons, is rarely detected in other species usually
with tr content (Gonzéalez-Mas et al., 2019). It should be
also noted that farnesol was reported as a major component
in the peels EOs of C. reticulata var. kinnow and grapefruit
produced in Pakistan (Kamal et al., 2013).

Nootkatone (tr-0.5%) is relatively high in Galgal
(0.5%) and Foster (0.4%), which was seldom detected in
mandarins, sour oranges and citrons usually with tr content,
was undetected in lime, to the best of our knowledge
(Gonzéalez-Mas et al., 2019), was reported as a major
component (>1%) in grapefruit produced in Pakistan
(Kamal et al., 2013). Since limes are the hybrid of pure
mandarins and citrons, lemons are a sour oranges-citrons
hybrid, grapefruits are a sweet oranges-pummelos hybrid,
sour oranges and sweet oranges are the hybrid of
mandarins and pummelos (Wu et al., 2018), nootkatone
most probably only originates from pummelos.
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Heneicosane, docosane, tetracosane and pentacosan
are detected in Foster with tr content. Tricosane is detected
in Galgal and Foster with tr content. Docosane, tricosane,
tetracosane and pentacosane were recorded in mandarin
with 0-0.5%, 0-1.0%, 0-0.4% and 0-0.6%, respectively;
heneicosane was detected in Kinnow (2.4%) and C.
paradisi var. Shamber (4.5%) (Khan et al., 2012; Wang et
al., 2013; Han et al., 2020; Gonzéalez-Mas et al., 2019;
Wang, 2023).

Octanoic acid, hexyl ester is detected in Galgal (tr) and
Foster (tr), which was also reported in peels EOs of
C.grandis and Lisbon lemon in tr (Gonzalez-Mas et al.,
2019; Zhang et al., 2017; Cannon et al., 2015).

Bis(2-ethylhexyl) phthalate (tr) is detected in each
sample, which is a commonly used plasticizer in synthetic
polymers (Gross, 2015).

In total, 40 chemicals are quantified, of which 22 are
to be done PCA after the other 18 with 0 or tr are excluded.
The 22 components can be classified into 3 classes (Fig. 1).
The three samples can be divided into 2 clusters (Fig. 2).
The sample from Galgal is quite different from the other
two samples, which is the same as the previous study
(Gonzalez-Mas et al., 2019).

The chemicals in variety 1 are close to those reported
in C. karna Raf. collected in KP previously, which further
ascertains that No. 1 should be Kharna khatta (Haq & Wang,
2023). Linalyl acetate as a characteristic component in sour
orange, which can reach 5% (Gonzalez-Mas et al., 2019),
was undetected in variety 1, but was reported (0.2%)
previously (Haq & Wang, 2023).

Conclusion

Varieties 1, 2 and 3 are identified as C. karna Raf.
(Kharna khatta), C. peseudolimon (Galgal) and C. paradisi
var. Foster. In total, 40 components are identified and
quantified. Limonene is a CM of them; nootkatone is a CM
of Galgal and Foster; S-bisabolene and a-bergamotene are
CMs of Galgal, which can differentiate citrons, limes and
lemons from other species; decanal, valencene and selin-6-
en-4a-0l are CMs of Foster. Nootkatone most probably
only originates from pummelos. To the best of our
knowledge, there is no report on the detection of sabinene,
S-terpineol, neral, undecanal, cadina-3,9-diene, elemol,
octanoic acid, hexyl ester, selin-6-en-4a-o0l, docosane,
tetracosane and pentacosane from peels EOs of Citrus
produced in Pakistan previously.
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