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Abstract 

 

Five kinds of Citrus L. were collected from Sheringal, Dir Upper, Khyber Pakhtunkhwa (KPK), Pakistan, and their fruits, 

branches, and leaves were used to identify their correct nomenclature. In addition, the dried peels were gotten from fruits of C. 

reticulata var. Kinnow purchased from the bazaar of Sheringal. The essential oils (EOs) were extracted from their peels by 

hydrodistillation or cold-pressing, and then were detected by GC-MS, respectively. As a result, 2 kinds were both identified as 

C. karna Raf. (Khatta), 1 kind was deduced as C. jambhiri Lush. (Rough lemon), the other 2 kinds should belong to the 

varieties of C. medica (citron), C. limon (lemon), or C. aurantifolia (lime), but still needs to be confirmed further. In total, 36 

major components were qualified and quantified in 8 prepared samples, accounting from 59.9-99.5%. Thirteen compounds such 

as limonene (22.8-97.6%), β-pinene (0-2.5%), β-myrcene (0-1.2%), terpinen-4-ol (0-2.1%), α-bergamotene (0-1.4%), β-

bisabolene (0-1.6%), E-nerolidol (0-5.3%), γ-eudesmol (0-0.6%), α-cadinol (0-1.3%), nootkatone (0-14.1%), n-hexadecanoic 

acid (0-8.5%), tricosane (0-0.8%), and squalene (0-0.6%) are prominent. The other important biomarkers in peels EOs of Citrus 

such as γ-terpinene (0-0.2%) and linalool (0-0.5%) were relatively less. α-bergamotene and β-bisabolene are two important 

biomarkers for discriminating citron, lemon, and lime from the other species of Citrus. To the best of authors‟ knowledge, there 

is no report on the detection of nine chemicals including β-pinene, terpinen-4-ol, α-bergamotene, δ-elemene, E-nerolidol, γ-

eudesmol, α-cadinol, tricosane, and squalene from peels EOs of Citrus produced in Pakistan previously. 
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Introduction 

 

Genus Citrus L. including about 20 species (Huang, 

1997), is the most important genus of Rutaceae (Kamal et 

al., 2013). Eight species including mandarin (C. reticulata), 

sweet orange (C. sinensis), lime (C. aurantifolia), lemon 

(C. limon), grapefruit (C. paradisi), pummelo or shaddock 

(C. grandis or C. maxima), sour orange (C. aurantium) and 

citron (C. medica) are important (Huang, 1997; González-

Mas et al., 2019). They are produced in many countries 

with tropical or subtropical climate such as Brazil, USA, 

China, India, Japan, Mexico, Pakistan, etc. (Anwar et al., 

2008; Singh, 1981). Citrus is mainly originated from south-

east and south Asia, mainly from China and India (Huang, 

1997; Singh, 1981). There are a number of lemon like fruits 

found in India but the detailed study of these is still awaited 

(Singh, 1981). Some varieties such as C. jambhiri Lush. 

(Rough lemon) (Khan and Shaukat, 2006; Singh, 1981) and 

C. karna Raf. (Khatta) (Khan and Shaukat, 2006) are just 

indigenous in India and Pakistan. 

Citrus has important medicinal usage. In China, the 

peels collected in different growth stages from some 

varieties of C. reticulata can be used as two kinds of 

Chinese materia medica (CMM) such as Citri Pericarpium 

Reticulate (CPR) and Citri Pericarpium Reticulate Viride 

(CPRV). CPR and CPRV are usually used as the Qi-

regulated CMM due to their special pharmacological 

activities and low-cost (Pharmacopoeia committee of the 

People‟s Republic of China, 2020). Citrus peels have 

many important and valuable medicinal ingredients such 

as essential oils (EOs), pectins, flavonoids, limonoids, 

alkaloids, fatty acids, coumarins, etc. (Rafiq et al., 2018). 

The peels EOs extracted from Citrus have a wide range of 

potential activities in food, perfumery, sanitary, cosmetics 

and pharmaceutics (Rehman et al., 2008; Kamal et al., 

2013; González-Mas et al., 2019). However, in Pakistan, 

the utilization of Citrus peels is relatively less (Yousafzai 

et al., 2021). 

Citrus peels are rich in EOs. Forty-nine chemicals 

common in these 8 species, nearly 90% belonging to 

terpenoids, can be thought as the biomarkers of these EOs 

in some extent. The representative ones include limonene, 

γ-terpinene, linalool, terpinen-4-ol, α-terpineol, (E, E)-α-

farnesene, (E)-nerolidol (González-Mas et al., 2019). 

Besides these, thymol (Duan et al., 2016; González-Mas 

et al., 2019), methyl methylanthranilate (González-Mas et 

al., 2019), n-hexadecanoic acid can also be thought as the 

biomarkers of peels EOs from Citrus. The EOs from peels 

of different Citrus varieties have different chemotype due 

to the different content of these biomarkers (Lota et al., 

2000; Fanciullino et al., 2006; Wang, 2014). 

There are many varieties of the above 8 species, 

sometimes even the planters cannot discern them clearly. 

In consequence, the correct identification of these 

varieties from the fruits, branches and leaves is the first 

issue, which can guarantee the following research. 

In this study, five different kinds of Citrus plants 

were collected in Upper Dir, Khyber Pakhtunkhwa 

(KPK), Pakistan. First, the identification were conducted 

by their fruits, branches, and leaves. Then the EOs were 

extracted from the peels by hydro-distillation or cold-

pressing, then analyzed by GC-MS (Gas chromatography-

Mass spectrometer), and then the biomarkers in these EOs 

were ascertained. These biomarkers will further make 

sure the identification. In addition, the EO from peels of 

Kinnow was also studied. 
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Materials and Methods 

 

Plant materials: Five kinds of Citrus fruits with No. as 

1, 2, 3, 5, and 6 were collected in May 23, 2021. Among 

them, 2 and 3 were collected from Usheri (35°07'26.4"N 

71°57'39.6"E), 1, 5, and 6 from Gandigar (35°06'46.8"N 

71°59'38.4"E), both area are in Upper Dir, KPK, 

Pakistan. The branches and leaves corresponding to 

these fruits were provided by Naseeb Zada in June 14, 

2021. The dried peels of fruits of C. reticulata var. 

Kinnow purchased from the bazaar in Sheringal, Upper 

Dir, KPK, Pakistan, in April of 2021 was provided by 

Anwar Ul Haq in June 2, 2021. 

 

Chemicals: Distillated water freshly prepared in the 

Pharmacognosy Lab of Department of pharmacy, Shaheed 

Benazir Bhutto University (Sheringal), n-hexane extra 

pure (Sigma-Aldrich), n-hexane HPLC grade (Merck), 

chloroform HPLC grade (Merck). 

 

The varieties identification: The varieties identification 

of 5 kinds samples were based on the analyses of their 

fruits, branches, and leaves from their characters of 

appearance, respectively. 

 

Extraction of the EOs: The peels were dried at ambient 

open air with temperature from 20
o
C to 45

o
C prior to 

extraction. The dried Citrus peels from 1, 2, 3, 5, 6, and 

Kinnow, and the dried peels after cold-pressing of 3 

were subjected to hydro-distillation for 1-7 h, twice, 

using a Clevenger apparatus, respectively. The fresh peel 

of 3 was extracted by cold-pressing. The remained less 

water in these EOs was removed by anhydrous sodium 

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

In the end, 8 kinds of EOs were gotten corresponding to 

1, 2, 3, 3 cold-pressing, 3 after cold-pressing, 5, 6, and 

Kinnow, respectively. 

 

The analyses of EOs 
 

The physical analyses: The extracted rate and density of 

EOs were determined. 
 

The samples preparation: The sample of EO extracted 

from 5 was diluted as VEO: Vchloroform (HPLC) 1: 25 (3.85%, 

v/v). The sample of EO extracted from 6 corresponding to 

about 10 μL was diluted by 100 μL n-hexane (HPLC) 

directly. The samples of EOs extracted from 1, 2, 3, and 

Kinnow were diluted as VEO: Vn-hexane (HPLC) 1: 10 

(9.09%, v/v), respectively. The EO mass 0.014 g extracted 

from 3 by cold-pressing was added 100 μL n-hexane 

(HPLC) with the concentration as 140 mg/mL. The EO 

mass 0.03 g extracted from the dried peels after cold-

pressing of 3 was added 500 μL chloroform (HPLC) with 

the concentration as 60 mg/mL. 

 

GC-MS detection: A Thermo Scientific (DSQⅡ) GC-

MS (USA) with instrument software version: 2.0.71, 

matched with a NIST (National Institute of Standards and 

Technology) 2.3 MS database, equipped with a column 

TR-5MS (30 m × 0.25 mm i.d., 0.25 μm film thickness), 

was used for GC-MS detection. The oven temperature 

was programmed from 50°C held for 2 min to 150°C at 

8°C min
-1

, and further increased to 300°C at 15°C min
-1

, 

and then held for 5 min. The solvent delay was 3 min. The 

injector was operated in split ratio 20: 1 with temperature 

250°C. Electron impact mass spectra, scan from m/z 50-

650 amu. The injection volume was 1 μL. The carrier gas 

was Helium with flow rate 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) first. The linear retention indices 

(LRIs) of identified compounds from semi-apolar 

column were gotten from NIST 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 8 samples were to be done 

CA by SPSS-26. 

 

Results and Discussion 
 

Varieties identification: The detailed analyses 

information of five kinds of Citrus with No. 1, 2, 3, 5, and 

6 by their fruits, branches and leaves was listed in (Tables 

1 and 2). The detailed information of deduced varieties 

from literatures and websites was presented in (Table 3). 

The 5 was deduced as C. jambhiri Lush. (Rough 

lemon) since its appearance characterization is very 

similar with that of rough lemon. The appearance 

characterization of 2 is close to that of 5, but the rind 

surface is smooth, and the leaves are some larger, the 

flesh not so acid, the serrate is larger. It should be a kind 

of citron. The 1 and 3 presented some characters related to 

C. karna Raf. (Khatta), and they were deduced as C. 

karna Raf. The 6 should belong to lime or lemon. The 2 

and 6 belonging to which varieties still need to be 

confirmed further. 
 

Yield, density of EOs: For 1, 2, 3, 5, 6, and Kinnow, the 

extraction rate (Volume of EO mL/mass of dried peel g) 

by hydro-distillation is 3.06%, 1.97%, 0.94%, 0.86%, 

1.20%, 1.76%, respectively, the corresponding density (ρ) 

is 0.81, 0.83, 0.86, 0.92, 0.7, and 0.79, respectively. The 

extracted rate (mass of EO g/mass of fresh peel g) of 3 by 

cold-pressing is 0.12%. The extraction rate (mass of EO 

g/dried peel g, %) of 3 after cold-pressing by hydro-

distillation is 0.09%. Previously, the hydro-distilled EOs 

content (mass of EO g/mass of fresh peels g) of C. 

reticulata var. Kinnow, C. sinensis var. Mosambi and C. 

paradisii were 0.30%, 0.24%, and 0.20%, respectively 

(Kamal et al., 2013). 
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Chemical analyses of the EOs: The detailed information 
of qualified and quantified results can be seen in (Table 
4). The total quantitation of 36 compounds ranged from 
59.9-99.5%, in which, the 3 after cold-pressing (59.9%) 
and 6 (70.4%) are relatively less. 

Limonene (22.8-97.6%) is relatively less in 3 after 

cold-pressing (31.0%) and 6 (22.8%), which is the most 

abundance compound with content 35.0-95.0% in peels 

EOs from Citrus (González-Mas et al., 2019). It can down 

to 34.8% in peels EO from lime (Ndiaye et al., 2017), 

down to 38.1% in peels EO from C. limon (González-Mas 

et al., 2019; Lota et al., 2002), which means 6 should be a 

kind of lime or lemon. Limonene is 1 (96.3%) and 3 

(94.8%), which was detected in peels EO (56.3%) of C. 

karna (Lota et al., 2002). In this point, it is a contradiction 

the 1 and 3 were induced as C. karna. β-pinene (0-2.5%) 

was undetected in the peels EOs from Citrus planted in 

Pakistan previously, to the best of authors‟ knowledge. β-

Myrcene (0-1.2%) was relatively high in 1 (1.1%), 2 

(1.0%), 3 (1.0%), and Kinnow (1.2%). γ-Terpinene (0-

0.2%) was only detected in 6 (0.2%), which was 

undetected in peels EOs from Citrus in Pakistan to the 

best of our knowledge. 

Terpinen-4-ol (0-2.1%) was relatively high in 2 

(0.8%) and 5 (2.1%), which was undetected in peels EOs 

from Citrus planted in Pakistan to the best of our 

knowledge. It is up to 1.4% in peels EOs from lime 

(González-Mas et al., 2019; Lota et al., 2002). α-terpineol 

(0-0.6%), which was detected in peels EOs from Kinnow, 

C. sinensis var. Mosambi, C. sinensis (Malta), and 

grapefruit, with the content >1%, 12.2%, 8.5%, and 

10.2%, respectively (Kamal et al., 2013; Javed et al., 

2014), was undetected in Kinnow in this study. Linalool 

(0-0.5%) was relatively high in 1 (0.4%) and 3 (0.5%). 

Two important SHs including α-bergamotene (0-1.4%) 

and β-bisabolene (0-1.6%) (structure displayed in Fig. 1), 

were relatively high in 5 (1.4% and 1.6%, respectively), were 

also detected in 2 (0.2% and 0.2%, respectively), and in 3 

after cold-pressing (tr and tr, respectively). α-bergamotene 

was undetected in the peels EOs from pummelo, was usually 

trace in peels EOs from mandarin, grapefruit, sweet orange, 

and bitter orange, was a characteristic component in peels 

EOs from lime (up to 1.0%), citron (up to 0.5%) and lemon 

(up to 1.7%). β-bisabolene was usually trace in the peels EOs 

from pummelo, sweet orange, bitter orange, mandarin, and 

grapefruit, was a characteristic component in peels EOs of 

lime (up to 2.1%), citron (up to 0.7%), and lemon (up to 

2.8%) (González-Mas et al., 2019). Previously, α-

bergamotene and β-bisabolene were detected in rough lemon 

(0.3% and 0.5%) and C. karna Raf. (Khatta) (1.0% and 

1.6%), respectively (Lota et al., 2002). In this point, it‟s also 

a contradiction that the 1 and 3 were deduced as C. karna 

Raf.. Bisabolene was also detected in peels EOs extracted by 

cold-pressing from Eureka lemon produced in Pakistan 

(Rehman et al., 2008). To the best of authors‟ knowledge, 

there was no report on the detection of α-bergamotene from 

peels EOs of Citrus produced in Pakistan. 

δ-eIemene (0-0.3%) was relatively high in 5 (0.3%), 

which to the best of authors‟ knowledge, was undetected 

in peels EOs from Citrus produced in Pakistan, 

undetected in rough lemon and C. karna Raf. (Lota et al., 

2002). δ-eIemene, is up to 0.4% in peels EOs of mandarin 

(Fanciullino et al., 2006), and C. medica (González-Mas 

et al., 2019; Aliberti et al., 2016), respectively. (E)-β-

caryophyllene (0-0.2%) was relatively high in 3 after 

cold-pressing (0.2%) and 6 (0.2%), which was detected in 

peels EOs of C. karna Raf. (0.6%) and rough lemon 

(0.2%) (Lota et al., 2002). (E)-β-Caryophyllene in peels 

EOs of lime is up to 0.6% (Lota et al., 2002), of C. 

aurantium is up to 0.9% (Lota et al., 2001), of lemon is 

up to 0.7% (González-Mas et al., 2019; Lota et al., 2002). 

Germacrene D (0-0.2%) was relatively high in 3 after 

cold-pressing (0.2%) and 5 (0.2%), which was detected in 

rough lemon (0.1%) and C. karna Raf. (0.9%) (Lota et al., 

2002). Germacrene D in peels EOs of lime is up to 1.0% 

(Lota et al., 2002), of C. aurantium up to 2.1% (Lota et 

al., 2001), of C. medica up to 0.5% (González-Mas et al., 

2019; Petretto et al., 2016). 

In this study, three SAlcs including E-nerolidol (0-

5.3%), γ-eudesmol (0-0.6%), and α-cadinol (0-1.3%) were 

detected. E-nerolidol was relatively high in 3 after cold-

pressing (5.3%) and 6 (0.7%), γ-eudesmol was relatively 

high in 6 (0.6%), α-cadinol was relatively high in 6 

(1.3%) and 3 after cold-pressing (0.7%). To the best of 

authors‟ knowledge, these three chemicals were 

undetected in peels EOs from Citrus produced in Pakistan 

previously, were undetected in rough lemon and C. karna 

Raf. (Lota et al., 2002). E-nerolidol in peels EOs of C. 

aurantium is up to 3.2% (González-Mas et al., 2019; Lota 

et al., 2001). 

Nootkatone (0-14.1%) was relatively high in 3 after 

cold-pressing (10.6%) and 6 (14.1%), which was undetected 

in rough lemon and C. karna Raf. (Lota et al., 2002). 

n-hexadecanoic acid (0-8.5%) was relatively high in 

3 after cold-pressing (8.5%), which was only detected in 

peels EOs of C. sinensis (Malta) (0.9%) from Citrus 

planted in Pakistan to the best of authors‟ knowledge 

(Javed et al., 2014), was undetected in rough lemon and 

C. karna Raf. (Lota et al., 2002). Tricosane (0-0.8%) was 

relatively high in 6 (0.8%), which was undetected in peels 

EOs of Citrus planted in Pakistan to the best of authors‟ 

knowledge. Squalene (0-0.6%) was relatively high in 3 

cold-pressing (0.2%) and 6 (0.6%), which was undetected 

in peels EOs of Citrus planted in Pakistan to the best of 

authors‟ knowledge, was undetected in rough lemon and 

C. karna Raf., either (Lota et al., 2002). 

Diisooctyl phthalate (tr-32.4%) was detected in each 

sample, and was relatively high in 3 cold-pressing 

(32.4%) and 6 (26.3%), which was unreported in the peels 

EOs from Citrus produced in Pakistan to the best of 

authors‟ knowledge. Phthalates, especially bis(2-

ethylhexyl) phthalate, are commonly used plasticizers in 

synthetic polymers. Unfortunately, they are extracted 

from the polymers upon exposure to solvents such as 

dichloromethane, chloroform, or toluene, e.g., from 

syringes, tubing, vials etc. Therefore, they are often 

detected as impurities (Gross, 2015; Wang, 2018). 

The 36 chemicals were classified into 7 components 

through PCA (Fig. 2). Eight samples can be divided into 2 

clusters (Fig. 3). In one cluster, the sample 5 is somewhat 

different with the other four samples; In another cluster, 

the sample 3 cold-pressing is somewhat different with the 

other two samples. 
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Fig. 1. The structure of α-bergamotene and β-bisabolene. 

 

 
 

Fig. 2. The PCA result of 36 chemicals. The different color corresponding to different component. 
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Fig. 3. The CA result of 8 samples. The numbers “1, 2, 3, 4, 5, 6, 7, 8” in the left side correspond to samples “1, 2, 3, 3 cold-pressing, 

3 after cold-pressing, 5, 6, Kinnow”, respectively. 

 

Conclusion 
 

No. 1 and 3 were both identified as C. karna Raf. 

(Khatta), 5 was identified as rough lemon. The 2 should be a 

kind of citron, 6 should be a kind of lime or lemon, as to 

which varieties there still needs to be confirmed further. In 

total, 36 components were qualified and quantified in 8 

samples. Thirteen compounds including limonene, β-pinene, 

β-myrcene, terpinen-4-ol, α-bergamotene, β-bisabolene, E-

nerolidol, γ-eudesmol, α-cadinol, nootkatone, n-

hexadecanoic acid, tricosane, and squalene are prominent. 

To the best of authors‟ knowledge, there is no report on the 

detection of 9 chemicals inclduing β-pinene, terpinen-4-ol, α-

bergamotene, δ-elemene, E-nerolidol, γ-eudesmol, α-cadinol, 

tricosane, and squalene from peels EOs of Citrus produced 

in Pakistan. α-Bergamotene and β-bisabolene are two 

important biomarkers for discriminating citron, lemon, and 

lime from the other species of Citrus. 
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