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ABSTRACT 

Essential oils were isolated from the dried peels of Citrus limon, Citrus sinensis, Citrus auratifolia and Citrus 

reticulata using hydrodistillation method and were characterized using Gas Chromatography-Mass Spectrometry, 

while DPPH scavenging analysis was used to determine the antioxidant potentials of the oils. The hydrodistillation 

of the peels afforded oil in the yield of 0.61, 0.42, 0.72 and 0.52 (% w/w) for C. limon, C. auratifolia, C. sinensis 

and C. reticulate respectively. Analyses of the oils revealed the presence of monoterpenoids, sesquiterpenoids and 

non-terpenes. A total of 19, 25, 16 and 21 compounds were identified in the peels essential oils C. limon, C. 

auratifolia, C. sinensis and C. reticulata respectively. D-limonene, with the percentage composition of 84.9%, 

44.6%, 91.8% and 82.4% in C. limon, C. auratifolia, C. sinensis and C. reticulata respectively was the most 

predominant compound. All the citrus species peels essential oils showed antioxidant activity of scavenging 

DPPH with IC50 of 27.29, 28.67, 32.0 and 33.0 μg/ml for C. limon, C. auratifolia, C. sinensis and C. reticulata 

respectively. The oils were of d-limonene chemotype and can thus be candidates for antioxidant drugs. 

Key Words: Antioxidants, Essential oils, Free radical, Citrus peel oils, Limonene 

 

1. INTRODUCTION 

Imbalance between production and accumulation of reactive oxygen species (ROS) in cells and 

tissues in the body is as a result of phenomenon known as oxidative stress. Reactive oxygen 

species (ROS) otherwise known as free radicals are oxygen-containing molecules with an 

uneven number of electrons. The uneven number of electrons allows them to easily react with 

other molecules. Free radicals can cause large chain chemical reactions in the body because 

they react so easily with other molecules. These reactions are called oxidation. They can be 

beneficial or harmful (Pizzino, et al., 2017). 
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Some synthetic drugs have been reported to be viable in the treatment of induced oxidative 

stress and its complications. The most common synthetic antioxidants in the food industry are 

butylated hydroxyanisole (BHA), butylated hydroxytoluene (BHT), propyl gallate (PG) and 

tert-butyl hydroquinone (TBHQ). In addition, 2-naphthol (2NL), 4-phenylphenol (OPP) and 

2,4-dichlorophenoxyacetic acid (2,4-DA) are the ones commonly used in fruits and vegetables 

(Usman et al., 2017; García-García, and Searle, 2016; Lourenço et al., 2019). However, there 

are several published studies indicating a relationship between the long-term usage of these 

synthetic antioxidants and some health issues, such as skin allergies, gastrointestinal tract 

problems, liver damage, unfavourable reactions like nausea, anaphylaxis reaction and 

polydipsia. Some are carcinogenic, not readily accessible to the users and are very expensive 

(Ito et al., 1983; Lourenço et al., 2019). This may result in aging, cancer, heart diseases and 

other disease conditions (Azad et al., 2008; Gope et al., 2014; Sahreen et al., 2014). Food and 

fruits are known to contain antioxidants that are linked to in vivo protection from oxidative 

stress (Oikeh et al., 2015).  

Citrus plants belong to the family Rutaceae. There are about 17 species found throughout the 

tropical, subtropical and temperate regions (Shaw, 1979; Davies and Albrigo, 1994). Among 

the species are, C. aurantium, C. microcarpa C. limon, C. auratifolia, C. sinensis, C. reticulata 

(Ghasemia et al., 2009; Lv et al., 2015; Liew et al., 2018; Azman et al., 2019; Deeksha et al., 

2020). Several of these plant species have been reported to be essential in phytochemistry and 

are important source of bioactive compounds including antioxidants such as ascorbic acid, 

flavonoids, phenolic compounds and pectins that are important to human nutrition (Ghasemia 

et al., 2009). Thus, citrus plantations have been considered the most valuable for industrial and 

commercial agricultural practices in the world (Ahmed et al., 2006). The citrus peel which is 

almost one half of the total fruit mass is a rich source of phenolic compounds (Calabro et al., 

2004). Many plants of the Rutaceae family have been a subject of chemical investigations for 

many years and empirically, several secondary metabolites have been reported in the oils of 

several species of the plant (Hafizu and Umar, 2017). These compounds play some excellent 

roles in physiological, ecological, as well as in foods and pharmaceuticals applications (Hafizu 

and Umar, 2017). Historically, citrus peels have been found useful in traditional medicinal 

applications in some countries such as China, Korea and Japan. It is believed to have cured 

skin inflammation, indigestion, cough, muscle pain, ringworm infections and reduce blood 

pressure (Lv et al., 2015). For instance polyphenols, flavonoids and tannins have been reported 

from the extract of parts of C. limon, fruits of C. aurantium, pulp of C. macroptera (Gope et 

al., 2014; Divya, et al., 2016; Makni et al., 2018). In addition, alkaloids, phenols, flavonoids, 
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steroids, terpenoids, reducing sugar, saponins and cardiac glycosides were reported from the 

juice extracts of some citrus species (C. tangerine (tangerine), C. paradisi (grape), C. limon 

(lemon), and C. aurantifolia (lime)) (Oikeh et al., 2015) 

Lawal et al., (2014) had investigated the essential oil contents of C. auratifolia from two 

locations in South West Nigeria. They reported that the essential oil contents of C. auratifolia 

from Ijanikin contain caryophyllene oxide, caryophylla-3(15),7(14)-dien-6-ol, α-pinene and 

2,6-dimethyl-1,5,7-octatrien-3-ol while the Ikotun sample was rich in limonene and geranial. 

In the same vein, Anis et al., (2017), reported that limonene and β-pinene were the dominant 

compounds in C. limon and are responsible for the antimicrobial and antioxidant activity of the 

plant. Empirically, these four Citrus species (C. limon, C. auratifolia, C. sinensis, C. reticulata) 

contain similar compounds as observed from several studies and these compounds were 

responsible for their various activities which are comparable to synthetic drugs and in some 

cases give better activities (Mohanapriya et al., 2013; Lawal et al., 2014; Oikeh et al., 2015; 

Onyilofe et al., 2015; Olatunya and Akintayo, 2017; Jubril et al., 2015 and Maha et al., 2018). 

Because of the unfavorable health issues associated with the long-term usage of synthetic 

antioxidants and the inaccessibility to the users there is the need for continuous search for safer, 

more effective, readily available and cheaper antioxidants from plants. It is on this basis that 

this research is focused on investigating the antioxidant potential of essential oils from the peels 

of C. limon, C. auratifolia, C. sinensis, C. reticulata. 

2. MATERIAL AND METHODS 

2.1 Collection and Preparation of Samples 

Fruits of C. limon, C. auratifolia, C. sinensis, and C. reticulata were obtained from the farm of 

University of Ilorin in June 2018. The fruits were identified at the herbarium of the Department 

of Plant Biology, University of Ilorin, Nigeria. The peels of the citrus fruits were removed, 

dried and pulverized.  

2.2 Extraction  

Pulverized dried peels (500 g each) of C. limom C. auratifolia, C. sinensis and C. reticulata 

were separately hydrodistilled for 3 hours in a Clevenger-type apparatus following the British 

Pharmacopoeia Method (British Pharmacopoeia 2012). The resulting oils were collected and 

preserved in a sealed sample bottle and stored under refrigeration until analysis was done 
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2.3 Gas Chromatography-Mass Spectrometry (GC-MS) Analysis 

GC analyses of the oils were performed separately on an Orion micromat 412 double focusing 

gas chromatography system fitted with two capillary columns coated with Cp-Sil 5 and Cp-Sil 

19 (fused silica, 25 x 0.25 mm, 0.15 µm film thickness) and flame ionization detector (FID). 

The volume of each of the oils injected was 0.2 mL, and the split ratio was 1:25. Oven 

temperature was programmed from 60-260oC at 2 oC/min using hydrogen as carrier gas. 

Injection and detector temperatures were maintained at 250oC and 260oC, respectively. 

Qualitative data were obtained by electronic integration of FID area percent without the use of 

correction factors.    

The identification of the components was based on comparison of retention indices (determined 

relative to the retention times of series of n- alkanes) and mass spectra with those of authentic 

samples and with data from literature (Jenning and Shibamoto, 1980; Joulain and König, 2018; 

Adams 2012). 

2.4 DPPH Assay 

Antioxidant activity of the oils in terms of radical scavenging or hydrogen donating ability was 

measured, using a modified method of Clarke, (2013).   In this method, 1.5 ml of 2, 2-diphenyl-

1-picryl-hydrazil, DPPH, solution (10-4 M, in 95% Ethanol) was incubated with 1.5 ml of the 

oil separately at various concentrations (6.25-100 μg/ml). The reaction mixture was shaken 

thoroughly and incubated in the dark for 30 mins at room temperature. The control was 

prepared using same method as stated above but with the exception of the extract. Absorbance 

of the solution was measured at 517 nm using UV-spectrophotometer. The radical scavenging 

activity (RSA) was measured by determining the absorbance of the mixture. The assay was 

carried out in triplicate and the result were expressed in mean values ± standard deviation. The 

concentration of the oil that gave 50% inhibition (IC50) of the DPPH radical was calculated 

from the graph of percentage inhibition against the concentration of the oil. Ascorbic acid was 

used as standard. The percentage inhibition was calculated using to equation 1. 

% inhibition =
𝐴𝑐−𝐴𝑡

𝐴𝑐
× 100       (1) 

Where Ac = the absorbance of control sample (containing all reagents except the test 

compound) 

At = the absorbance of the test samples.  



Ameen et al.                               ILORIN JOURNAL OF SCIENCE 

83 
 

3. RESULTS AND DISCUSION 

The essential oil yields from peels of C. limon, C. auratifolia, C. sinensis, and C. reticulata are 

presented in Table 1.  

Table 1: Yields (% w/w) of essential oils from peels of C. limon, C. auratifolia, C. sinensis and C. 

reticulata. 

Sample Yield (% w/w) 
C. limon 0.61 
C. auratifolia 0.42 
C. sinensis 0.72 
C. reticulate 0.52 

 

The yield of the oil from the peel of the four Citrus species ranges from 0.42 to 0.72% (w/w) 

with C. auratifolia and C. sinensis having the lowest and highest oil yields of 0.42 and 0.72% 

(w/w) respectively (Table 1). These results were lower but compared favourably with those 

obtained for the peel oils of seven citrus species from the Solan district of the Himachal 

Pradesh state in northern India investigated by Sharma and Vashist (2015). This yields are 

however slightly higher than those obtained by Kamal, et al. (2011) from peels essential oil of 

three citrus species (C. reticulata, C. sinensis and C. paradisii) obtained from Citrus orchards 

of Nuclear Institute for Agriculture and Biology (NIAB), Faisalabad, Pakistan. It has been 

reported that variation of essential oil yield be due to genetic factors, developmental progress, 

plant origin, harvesting method, drying and storage methods, extraction and analysis methods 

(Daghbouche et al. 2020), thus the slight variations in the yield could be due to phenotypic 

differences of the citrus species.  

Table 2 presents the retention indices, relative percentages and identities of constituents of the 

oil from the four citrus species. A total of 16, 19, 21 and 25 compounds representing 99.2, 97.9, 

99.1 and 96 % of the oils were identified from the peels C. sinensis, C. limon, C. reticulata and 

C. auratifolia respectively. 
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Table 2: Chemical composition (%) of essential oils from peels of C. limon, C. auratifolia, C. sinensis and 

C. reticulata. 

Compounds KI              Percentage Composition MS data 

 C. limon 
4.0 

C. 
auratifolia 
1.4 

C. 
sinensis 
- 

C. 
reticulata 
0.1 

  

Sabinene 897 121, 105, 93, 77, 69 
4-Carene 919 0.1 - 0.1 - 121, 105, 93, 79, 67 
β-Pinene 943 0.7 19.3 - 0.6 121, 105, 93, 79, 69 
3-Carene 948   0.1  121, 105, 93, 77, 67 
β-Myrcene 958 2.5 1.1 2.3 2.2 121, 107, 93, 79, 69 
γ-Terpinene 968 - - - 9.4 121, 105, 93, 77,66 
α-Phellandrene 969 0.1 - 0.1 0.1 119, 105, 93, 77, 65 
cis-β-Ocimene 976 0.3 0.2 0.1 0.1 121, 105, 93, 79, 67 
β-Terpinene 993 - - 0.2 - 121, 105, 93, 77, 69 
α-Terpinene 998 1.3 5.9 - 0.2 121, 105, 93, 77, 65  
n-Caprylaldehyde 1005 - - 0.1 0.3 100, 84, 81, 57 
d-Limonene 1018 84.9 44.6 91.8 82.4 107, 93, 79, 68, 53 
Isoterpinolene 1023  0.1 - -- 136, 121, 107, 93, 79 
o-Cymene 1042 0.4 9.2 - 0.5 134, 119, 103, 91, 77 
α-Terpinolen 1052 - 0.7 - 0.4 121, 105, 93, 79, 67 
Eucalyptol 1059 0.2 - 0.6 0.2 108, 93, 81, 69, 43 
2,3,5-Trimethyl-4-
methylene-2-
cyclopenten-1-one  

1060 - - 0.1 - 136, 121, 93, 77, 67 

β-Linalool 1082 0.5 0.7 2.1 0.8 107, 93, 71, 69, 55 
n-Nonaldehyde 1104 0.1 - 0.1 0.1 114, 98, 95, 70, 57 
Terpinen-4-ol 1137 1.3 2.5 0.1 0.1 111, 93, 71, 69, 43 
endo-Borneol 1138 - 0.1 - - 111, 84, 81, 69, 43 
α-Terpineolene 1143 0.8 3.4 0.9 0.1 107, 93, 81, 59, 43 
p-Tolylmethylcarbinol 1169 - - 0.1 - 136, 121, 93, 77, 65 
Lemarome  1174 0.1 1.4 - - 123, 109, 84, 83, 69 
β-Citronellol 1179 - 0.4 - 0.1 123, 109, 95, 81, 69 
Decanal 1204  0.3 0.4 0.2 110, 95, 70, 57, 43 
cis-Geraniol 1228 0.3 0.3 - - 121, 111, 93, 80, 69 
Carvacrol 1262 0.1 - - - 150, 135, 117, 107, 91 
Undecanal 1303  0.1 - - 124, 110, 96, 82, 55 
Neryl acetate 1352 0.1 0.2 - - 121, 107, 93, 80, 69 
(-)-cis-β-Elemene 1398 - 0.2 - - 121, 107, 93, 81, 68 
α.-Bergamotene 1430 - 0.9 -  119, 107, 93, 77, 69. 
α.-Farnesene 1458 - 0.9 - 0.6 119, 109, 93, 79, 69 
β-Caryophyllene 1494 0.1 0.6 - 0.2 120, 105, 93, 79, 69 
β.-Bisabolene 1500 - 1.4 - - 119, 109, 93, 78, 69 
Germacrene D 1515 - 0.1 - - 204, 161, 147, 133, 

119 
α-sinensal 1646    0.4 119, 107, 93, 79, 66 
Total  97.9 96.0 99.2 99.1  
Number of compounds  19 25 16 21  



Ameen et al.                               ILORIN JOURNAL OF SCIENCE 

85 
 

In all, the compounds identified are categorized as hydrocarbon monoterpenoids, oxygenated 

monoterpenoids, sesquiterpenoids and non-terpenes (Table 2). For C. limon, a total of 19 

compounds were identified in the oil, the most abundant of these is d-limonene (84.9%) which 

is a monoterpenoid. and other monoterpenoids in the C. limon oil are sabinene (4.0%), 4-

carene (0.1%) β-pinene (0.7%), β-myrcene (2.5%), α-phellandrene (0.1%), α-terpinene (1.3%), 

cis-β-ocimene (0.3%), and o-cymene (0.4%). The oxygenated monoterpenoids include: 

eucalyptol (0.2%), terpinen-4-ol (1.3%) which is the predominant, α-terpineol (0.8%), 

lemarome (0.1%), cis-geraniol (0.3%) and carvacrol (0.1%). β-Caryophyllene (0.1%) a 

sesquiterpenoid was also detected while n-nonaldehyde (0.1%) and neryl acetate (0.1%) 

appear to be the non-terpenes present in the oil. 

d-limonene (44.6%) was also found to be the predominant in the oil of C. auratifolia, among 

the 25 compounds identified. other hydrocarbons monoterpenoids in the oil include sabinene 

(1.4%), β-pinene (19.3%), β-myrcene (1.1%), α-terpinene (5.9%), cis-β-ocimene (0.2%), 

isoterpinolene (0.1%), o-cymene (0.4%) and α-terpinolene (0.7%). The oxygenated 

monoterpenoids are terpinen-4-ol (2.5%), endo borneol (0.1%), α-terpineol (3.4%) the 

predominant, lemarome (1.4%), β-citronellol (0.4%), decanal (0.3%) and cis-geraniol (0.3%). 

It also contains sesquiterpenoids such as α-bergamotene (0.9%), α-fernesene (0.9%), β-

caryophyllene (0.6%), β-bisabolene (1.4%) which is predominant and germacrene D (0.1%). 

On the other hand, udecanal (0.1%) and neryl acetate (0.2%) are the non-terpenes present.  

On the other hand, C. sinensis contained 16 compounds, of which also d-limonene (91.8%) is 

the predominant, other hydrocarbons monoterpenoids in the oil are 4-carene (0.1%), 3-carene 

(0.1%), β-myrcene (2.3%), α-phellandrene (0.1%), β-terpinene (0.2%) and cis-beta-ocimene 

(0.1%). The oxygenated monoterpenoids include: eucalyptol (0.6%), terpinen-4-ol (0.1%), α-

terpineol (0.9%) which is the predominant and decanal (0.4%). N-caprylaldehyde (0.1%), 

2,3,5-Trimethyl-4-methylene-2-cyclopenten-1-one (0.1%), n-nonaldehyde (0.1%) and p-

tolylmethylcarnol (0.1%) are the non-terpenes in the oil whereas no sesquiterpenoid was found 

in this oil. Twenty one compounds were identified from C. reticulata with d-limonene (82.4%) 

being the most abundant. Other hydrocarbons monoterpenoids in the oil of C. reticulata are 

sabinene (0.1%), β-pinene (0.6%), β-myrcene (2.2%), γ-terpinene (9.4%), α-phellandrene 

(0.1%), α-terpinene (0.2%), cis-β-ocimene (0.1%), o-cymene (0.5%) and α-terpinolene (0.4%). 

The oxygenated monoterpenoids in C. reticulata include eucalyptol (0.2%), terpinen-4-ol 

(0.1%), α-terpineol (0.1%), β-citronellol (0.1%) and decanal (0.2%). The sesquiterpenoids are 
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α-fernesene (0.6%), β-caryophyllene (0.2%) and α-sinensal (0.4%), while n-caprylaldehyde 

(0.3%) and n-nonaldehyde are the non-terpenes in the oil.  

From the results, d-limonene is the most abundant compound in the peel essential oils from C. 

limon, C. auratifolia, C. sinensis and C. reticulata. In the report of Hafizu and Umar, (2017), 

d-limonene dominated the chemical constituents of C. sinensis. Similarly, limonene was 

reported as the most prevalent chemical constituent in the essential oils of C. reticulata, C. 

sinensis and C. paradisii (Kamal, et al., 2011), as well as C. reticulata, C. japonica and C. 

sinensis reported by Lin et al., (2021). In other works monoterpenoids and sesquiterpenoids 

have been reported to be the dominant compounds in essential oils from citrus species and these 

enhance their antioxidant potential (Cakir et al., 2004).  

Table 3 presents the percentage DPPH inhibition of the essential oils from the four citrus 

species. 

Table 3: Percentage Inhibition of Essential Oils from peels of C. limon, C. sinensis, C. aurantifolia, C. 

reticulata and Ascorbic Acid  

Concentration 

(μg/ml) 

Percentage Inhibition (%)  

C. limon C. sinensis C. aurantiifolia C. reticulata Ascorbic 

acid 

 

6.25 44.78 40.8 44.28 42.29 41.79  

12.50 57.73 51.24 49.75 50.25 46.77  

25.00 61.22 62.19 52.24 52.74 48.26  

50.00 72.14 77.61 70.15 66.17 53.23  

100.00 94.53 81.59 74.63 72.64 66.17  

 

The Table revealed that the antioxidant activities of the peel essential oils from the citrus 

species are concentration dependent. The activities of the essential oils of the four citrus species 

increase steadily with increase in concentration. The highest and lowest activities of the oils 

were obtained at 100 and 6.25 µg/ml. The lowest percentage inhibitions of 40.8, 42.28, 42.29 

and 44.78% were recorded for C. sinensis, C. aurantiifolia, C .reticulata and C. limon 

respectively at 6.25 µg/ml (Table 3). On the hand, the highest percentage inhibition of 94.43, 

81.59, 74.63 and 72.64 were recorded for C. limon, C. sinensis, C. aurantiifolia and C. 

reticulata respectively at 100 µg/ml [Fig. 1]. In comparison with the standard, ascorbic acid, it 

is noted that the essential oils of the four citrus species recorded higher activities than the 

standard (Table 3). 
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Table 4 present the half maximal inhibitory concentration (IC50) values of the oils. Let the table 

be inserted here. 

Table 4: Half-maximal inhibitory concentration (IC50) of essential oils from peels of C. limon, C. sinensis, C. 

aurantifolia and C. reticulata and ascorbic acid. 

 

Sample IC50 
 

C. limon 27.29 ±0.039 
C. sinensis 28.67 ±0.035 
C. auratifolia 32.00 ±0.027 
C. reticulate 33.00 ±0.025 
Ascorbic acid 33.58 ±0.019 

 

The lowest and highest values of IC50 of 27.29 ± 0.039 and 33.00 ± 0.025 µg/ml were recorded 

for C. limon, and C. reticulata respectively. Though the IC50 of the oils are lower than the 

reference standard, ascorbic acid (33.58 ± 0.019 µg/ml), these values are compare favorable to 

that of the of the standard, Table 4. This result indicates that the oils have potentials of being 

developed as antioxidant agents.  

The radical scavenging potential of the oils suggest that the presence of d-limonene, β-

caryophyllene as well as the synergic action of other constituents in the oils contributed to their 

radical scavenging activity (Li et al., 2014; Bayala et al., 2014). However, our results showed 

that the oils exhibited radical scavenging capacity comparable to standard and can be used as 

antioxidants. 

4. CONCLUSION 

GC-MS analysis of essential oils from C. sinensis, C. auratifolia, C. reticulata and C. limon 

revealed the presence of medicinally valued bioactive components like d-limonene, terpinen-

4-ol, α-terpineol, decanal, α-fernesene, β-caryopyllene, β-bisabolenen, carpryaldehyde, β-

Myrcene, β-ocimene, terpinen-4-ol, β-linalool and neryl acetate. The results of the scavenging 

activity analysis of the oils also indicate that the oils have potentials of being used as 

antioxidant agents as their activities compared favorably with the standard, ascorbic acid. Some 

of the compounds identified in the oils have been linked to antioxidant activities in some plants 

and may be responsible for the activities of the oils. 

 

 

 



Ameen et al.                               ILORIN JOURNAL OF SCIENCE 

88 
 

REFERENCES 

 

Adams, R. P. (2012): Identification of essential oil component by Gas Chromatography/Mass 

Spectrometry, 4th Edn., Allured Publishing Corporation, Carol Streams, Illinois, 32. 

Ahmed, W., Pervez, M. A., Amjad, M., Khalid, M., Ayyub, C. M., and Nawaz, M. A. (2006): 

Effect of stionic combination on the growth and yield of Kinnow mandarin (Citrus 

Reticulata Blanco). Pakistan Journal of Botany, 38, 603 – 612. 

Anis, B. H., Nihed B. H., Slim, S. and Naceur, H. (2017): Citrus lemon essential oil: chemical 

composition, antioxidant and antimicrobial activities with its preservative effect against 

Listeria monocytogenes inoculated in minced beef meat. Lipids in Health and Disease. 

16(1), 146. 

Azad N, Rojanasakul Y.and Vallyathan V. (2008): Inflammation and lung cancer: Roles of 

reactive oxygen/nitrogen species. Journal of Toxicology and Environmental Health 

Part B: Critical Reviews. 11, 1–15. 

Azman, N. F. I. N., Azlani, A., Khoo H. E. and Razman, M. R. (2019): Antioxidant Properties 

of Fresh and Frozen Peels of Citrus Species. Current Research in Nutrition and Food 

Science Journal. 7(2): 331 – 339. https://dx.doi.org/10.12944/CRNFSJ.7.2.03 

Bayala, B., Bassole, I. H. N., Gnoula C., Nebie, R, Yonli, A., Morel, L., Figueredo, G., 

Nikiema, J., Lobaccaro, J. A. and Simpore, J. (2014): Chemical Composition, 

Antioxidant, Anti-Inflammatory and Anti-Proliferative Activities of Essential Oils of 

Plants from Burkina Faso. PLoS ONE 9(3): e92122. 

doi:10.1371/journal.pone.0092122.  

British Pharmacopoeia (2012), Distillation, Volume (V) C, page A235. 

Cakir, A., Kordali, S., Zengin, H., Izumi, S. and Hirata, T. (2004): Composition and antifungal 

activity of essential oils isolated from Hypericum hyssopifolium and Hypericum 

heterophyllum. Flavour and Fragrance Journal. 19: 62–8. 

Calabro, M. L., Galtieri. V., Cutroneo, P., Tommasini, S., Ficarra, P., and Ficarra, R. (2004): 

Study of the extraction procedure by experimental design and validation of a LC 

method for determination of flavonoids in Citrus bergamia juice. Journal of Pharmacy 

and Biomedical Analysis. 35,349 – 363. 

Clarke, G., Ting, K. N., Wiart, C. and Fry, J. (2013): “High correlation of 2,2-diphenyl-1-

picrylhydrazyl (DPPH) radical scavenging, ferric reducing activity potential and total 

phenolics content indicates redundancy in use of all three assays to screen for 

antioxidant activity of extracts of plants from the Malaysian rainforest.” Antioxidants. 

2(1), 1–10. 

Daghbouche S., Ammar I., Rekik D. M., Djazouli Z., Zebib B., Merah O. (2020): Effect of 

phenological stages on essential oil composition of Cytisus triflorus L’Her. Journal of 

King Saud University – Science. 32: 2383–2387. 

https://doi.org/10.1016/j.jksus.2020.03.020 

Davies, F. S. and Albrigo, L. G. (1994): Citrus, CAB International, Wallingford, pp 254 

Deeksha P., Deeksha S., Mohit P. and Siddhartha D. (2020): Phytochemical Composition And 

In Vitro Antioxidant Activities of The Genus Citrus Peel Extracts: A Systematic 

Review. International Research Journal of Modernization in Engineering Technology 

and Science. 2(9): 953 – 961.  

Divya, J. P., Jamuna, P. and Jyothi, A. L. (2016): Antioxidant properties of fresh and processed 

Citrus aurantium fruit. Cogent Food & Agriculture. 2: 1184119. 

http://dx.doi.org/10.1080/23311932.2016.1184119 

García-García, R. and Searle, S. S. (2016): Preservatives: Food Use, in Caballero, B. et al., 

Eds. Encyclopedia of Food and Health, Academic Press, pp 505 – 509. ISBN: 

9780123849533. https://doi.org/10.1016/B978-0-12-384947-2.00568-7.  

http://dx.doi.org/10.12944/CRNFSJ.7.2.03
https://doi.org/10.1016/j.jksus.2020.03.020
http://dx.doi.org/10.1080/23311932.2016.1184119
https://www.sciencedirect.com/science/article/pii/B9780123849472005687
https://doi.org/10.1016/B978-0-12-384947-2.00568-7


Ameen et al.                               ILORIN JOURNAL OF SCIENCE 

89 
 

Ghasemia, K., Ghasemia, Y. and Ebrahimzadeh, M. A. (2009): Antioxidant Activity, Phenol 

and Flavonoid Contents of 13 Citrus Species Peels and Tissues. Pakistani Journal of 

Pharmaceutical Science. 22(3): 277 – 281. 

Gope P. S., Dutta A. K., Makhnoon S., Banik S., Siddiquee M. A., Kabir Y. (2014): Effect of 

solvent and extraction time on the antioxidant properties of Citrus macroptera. 

International Journal of Drug Development & Research. 6(2): 28 – 35. 

Hafizu, I. K and Umar, G. (2017): Citrus peel essential oils: a review on composition and 

antimicrobial activities. International Journal of Food Safety, Nutrition, Public Health 

and Technology. 9(5), 38 – 44. 

Ito, N., Fukushima, S., Hagiwara, A., Shibata, M. and Ogiso, T. (1983): Carcinogenicity of 

butylated hydroxyanisole in F344 rats. Journal of National Cancer Institute. 70, 343-

347. 

Jenning, W. and Shibamoto, T. (1980). Qualitative analysis of flavor and fragrance volatile 

by glsaa capillary column gas chromatography. Academic Press, New York. 248-250. 

Joulain, D. and König, W.A. (2018). The atlas of spectra data of sesquiterpene hydrocarbon. 

Journal of Taibah University Medical Sciences. 13(2), 108-112. 

Jubril, O. A., Azeemat, A. and Aliyu, O.A. (2015): Effects of Citrus grandis, Azadirachta 

indica and Vernonia amygdalina aqueous extracts on the Haematological Parameter of 

Plasmodium berghei infected mice. Biochemical and Biomedical Research. 1: 7 – 11. 

Kamal, G. M., Anwar, F., Hussain, A. I., Sarri, N. and Ashraf, M. Y. (2011): Yield and 

chemical composition of Citrus essential oils as affected by drying pretreatment of 

peels. International Food Research Journal. 18(4), 1275 – 1282. 

Li, R., Yanga, J., Wang, Y., Sunc, Q. and Hua, H. (2014): Chemical Composition, 

Antioxidant, Antimicrobial and Anti-inflammatory Activities of the Stem and Leaf 

Essential Oils from Piper flaviflorum from Xishuangbanna, SW China. Natural 

Product Communications. 9(7): 1011 – 1014. 

Liew S. S., Ho W. Y., Yeap S. K. and Bin Sharifudin S. A. (2018): Phytochemical 

composition and in vitro antioxidant activities of Citrus sinensis peel extracts. PeerJ 

6:e5331; DOI 10.7717/peerj.5331 

Lin, X.; Cao, S.; Sun, J.; Lu, D.; Zhong, B.; Chun, J. (2021): The Chemical Compositions, 

and Antibacterial and Antioxidant Activities of Four Types of Citrus Essential Oils. 

Molecules. 26: 3412. https://doi.org/10.3390/molecules26113412 

Lourenço, S. C., Moldão-Martins M. and Alves V. D. (2019): Antioxidants of Natural Plant 

Origins: From Sources to Food Industry Applications. Molecules. 24: 4132 

doi:10.3390/molecules24224132. Also available at www.mdpi.com/journal/molecules 

Lv, X., Zhao, S., Ning, Z., Zeng, H., Shu, Y., Tao, O., Xiao, C., Lu, C. and Lie, Y. (2015): 

Citrus fruits as a treasure trove of active natural metabolites that potentially. Chemistry 

Central Journa.. 24(9): 68. 

Maha, S., Al-Aamri, B. and Sausan, S. (2018): Chemical composition and in-vitro antioxidant 

and antimicrobial activity of the essential oil of Citrus aurantifolia L. leaves grown in 

Eastern Oman. Journal of Taibah University Medical Sciences. 13(2), 108 – 112. 

Makni M., Jemai R., Kriaa W., Chtourou Y. and Fetoui H. (2018): Citrus limon from Tunisia: 

Phytochemical and Physicochemical Properties and Biological Activities. BioMed 

Research International. https://doi.org/10.1155/2018/6251546 

Mohanapriya, M., Lalitha, R., and Rajendran, R. (2013): Health and Medicinal Properties of 

lemon. Citrus limonum. International Journal of Ayurvedic And Herbal Medicine. 3(1): 

1095 – 1100. 

http://www.mdpi.com/journal/molecules
https://www.ncbi.nlm.nih.gov/pubmed/26705419
https://www.ncbi.nlm.nih.gov/pubmed/26705419
https://doi.org/10.1155/2018/6251546


Ameen et al.                               ILORIN JOURNAL OF SCIENCE 

90 
 

Oikeh, E. I., Omoregie, E. S., Oviasogie, F. E. and Oriakhi, K. (2015): Phytochemical, 

antimicrobial, and antioxidant activities of different citrus juice concentrates. Food 

Science & Nutrition. 4(1): doi: 10.1002/fsn3.268 

Lawal, O. A., Ogunwande, I. A., Owolabi, M. S., Giwa-Ajeniya, A. O., Kasali, A. A., Abudu, 

F. A., Sanni, A. A. and Opoku, A. R. (2014): Comparative analysis of essential oils of 

Citrus aurantifolia Swingle and Citrus reticulata Blanco, from two different localities 

of Lagos State, Nigeria. American Journal of Essential Oils and Natural Products. 2(2), 

08 – 12. 

Olatunya, A. M. and Akintayo, E. T. (2017): Evaluation of the effect of drying on the 

chemical composition and antioxidant activity of the essential oil of peels from three 

species of citrus group, International Food Research Journal. 24(5), 1991 – 1997. 

Onyilofe, S. E., Ibukun, O. O., Madu, S. B. and Isaiah, O. O. (2015) Ethnomedical Importance 

of Citrus aurantifolia. The Pharma Innovation Journal. 4(8), 01 – 06. 

Pizzino, G., Irrera, N., Cucinotta, M., Pallio, G., Mannino, F., Arcoraci, V., Squadrito, F., 

Altavilla, D., and Bitto, A. (2017): Oxidative Stress: Harms and Benefits for Human 

Health, Oxidative Medicine and Cellular Longevity. vol. 2017, Article ID 8416763, 13 

pages https://doi.org/10.1155/2017/8416763 

Sahreen, S., Khan, M. R. and Khan, R. A.. (2014): Comprehensive assessment of phenolics 

and antiradical potential of Rumex hastatus D. Don. roots. BMC Complementary 

Medicine and Therapies  14:47. https://doi.org/10.1186/1472-6882-14-47 

Sharma D. and Vashist H. (2015): Hydrodistillation and Comparative Report of Percentage 

Yield on Leaves and Fruit Peels from Different Citrus Plants of Rutaceae Family, 

Journal of Plant Sciences. 10(2), 75 – 78. DOI: 10.3923/jps.2015.75.78 

Shaw, P. E. (1979). Review of quantitative analyses of citrus essential oils. Journal of 

Agriculture and Food Chemistry. 27(2), 246–257. 

Usman, L. A., Ismaeel, R. O., Rasheedah, S. F., Arowona, M. T., Bello, O. K. and 

Olanipekun, B. E. (2017) Phytochemical Profile and Antioxidant Potential of Essential 

Oil from Fresh and Dried Leaves of Ocimum gratissimum Grown in North Central 

Nigeria, Nigerian Journal of Pure and Applied Science. 30(2), 0794-0378. 

https://doi.org/10.1155/2017/8416763
https://doi.org/10.1186/1472-6882-14-47

