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1 Introduction
Global citrus production was reported to be 56 million 

tons in 2018; citrus consumption per capita has increased 
significantly (United States Department of Agriculture, 2019). 
Increased production and processing of citrus is accompanied 
by the formation of a peel by-product. The treatment of large 
amounts of citrus peel has become an important international 
environmental and economic issue. In Korea, the production 
of processed citrus products, such as juice and jam, was 
approximately 54,997 tons, so it is estimated that a large amount 
of peel is produced as waste (Korea, 2019). One of the most 
common ways to use citrus peels is to extract volatile substances 
from the peel. It is important to obtain accurate information 
on the chemical composition of the volatile essential oils in 
citrus peel to promote the use of volatile flavors found in citrus 
essential oils.

Citrus fruits, including hybrids of Satsuma mandarin, 
are consumed the most among all fruits in Korea (National 
Institute of Horticultural and Herbal Science, 2020). Satsuma 
mandarin (Citrus unshiu Marc.) has a round, flat-shaped, easily 
removable peel; it is orange-red in color and is sweet and sour. 
Hallabong [(C. unshiu Marc. × C. sinensis Osb.) × (C. reticulata 
Blanco)] is a cultivar made by crossing mandarin oranges and 
oranges, and has peels similar to that of an orange, which is 
easy to peel. It tastes less sour and is sweeter than oranges. 

Cheonhyehyang [((C. unshiu × C. sinensis) × C. reticulata) × 
(C. reticulate×C. sinensis)], a hybrid of tangerines and oranges, 
is juicy and has a delicate flavor, a strong sweet taste, and a 
thin peel. Redhyang (citrus hybrid ‘Kan Pei’) is a citrus breed 
produced by crossing citrus and Hallabong. Redhyang has red-
colored juicy pulp and a strong sweet taste.

Citrus fruits have a unique, refreshing aroma and taste, 
which affects people’s preferences. Satsuma mandarin, Hallabong, 
Cheonhyehyang, and Redhyang have a unique flavor that is 
stronger on the peels than on the pulp. The flavor of citrus peel 
depends on the composition and content of volatile essential 
oils. The characteristic flavor of mandarin citrus peels-essential 
oil is due to the combination of numerous compounds such as 
limonene+(Z)-β-ocimene, γ-terpinene, α-pinene, β-pinene, 
and myrcene (Bonaccorsi  et  al., 2009). Sabinene, linalool, 
4-terpineol, α-pinene, β-myrcene, α-terpinene, p-cymene, 
limonene, β-ocimene, and γ-terpinene were identified as the 
main components of Hallabong peel essential oil (Kim et al., 
2013). However, the composition of essential oils varies slightly 
depending on the method of extraction or analysis, even if the 
same citrus peels are used. Citrus fruits grown in Korea, such 
as Satsuma mandarin, Hallabong, and Redhyang, are varieties 
that have been improved by crossing related varieties. Therefore, 
there was no significant difference in the composition of the 
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essential oil in the skin, and only the content was estimated to 
be different. In addition, the antimicrobial activity of Korean 
citrus peel essential oils has not yet been compared and reported.

The purpose of this study was to provide fundamental data 
on the characteristics of each of the chosen citrus peel essential 
oils, by comparing the chemical composition and antibacterial 
activity of Satsuma mandarin, Hallabong, Cheonhyehyang, and 
Redhyang, and orange peels, which are representative citrus 
fruits produced or consumed in Korea.

2 Materials and methods

2.1 Citrus hybrid fruits

Satsuma mandarin (Citrus unshiu Marc.), Hallabong 
[(C. unshiu Marc. × C. sinensis Osb.) × (C. reticulata Blanco)], 
Cheonhyehyang [((C. unshiu × C. sinensis) × C. reticulata) × 
(C. reticulate × C. sinensis)], Redhyang (Citrus hybrid ‘Kanpei), 
and the navel orange (C. sinensis Osb. The Forma Navel) were 
investigated in this study. Citrus fruits were purchased from a 
mart in Chungnam, Korea, in March 2018. Peels were separated 
after washing the fruits and stored at -80 °C until the extraction 
of essential oils.

2.2 Extraction of essential oils

The essential oils from citrus peels were extracted using the 
hydrodistillation method in Clevenger apparatus (Choi, 2012; 
Osorio et al., 2021). Briefly, the essential oils were separated 
from citrus peels with 70% water vapor for 8 h using an essential 
oil extractor (EssenLab-Plus, Hanil Labtech, Yangju, Korea). 
The essential oils were distilled with water vapor and condensed 
as a supernatant in an essential oil-collecting tube. The essential 
oils were carefully separated, dehydrated with anhydrous sodium 
sulfate for 24 h, and then placed in a dark glass bottle and stored 
at -20 °C until analysis.

2.3 Compositional analysis of essential oils by GC-MS

The composition of the essential oils was analyzed using an 
Agilent 7890A GC-5975C MSD system (Agilent Technologies 
Inc., Santa Ro-sa, CA, USA) at the Center for Research Facilities 
of Kyungpook National University (http://kpcl.knu.ac.kr/). 
The components in the essential oil were separated through a 
J&W 122-5532 DB-5ms (30 m × 0.25 mm × 0.25 µm) column 
with helium gas, at a flow rate of 1 mL/min. The temperature 
of the injector was 250 °C, and 1µL of the sample was injected 
through a split injection (split ratio, 100:1). The pressure in the 
injector was 11.11 psi, and the septum purge flow, split flow, and 
total flow were 3, 100, and 104 mL/min, respectively. The initial 
temperature of the column was 50 °C, and the pressure and the 
average velocity were 11.11 psi and 31.564 cm/s, respectively. 
The analysis time per sample was 67.5 min. The column oven 
was maintained at 50 °C for 1 min, heated to 180 °C at a rate 
of 4 °C/min, and then heated to 300 °C at 5 °C/min, and 
the highest temperature was 325 C. The temperature of the 
multidimensional scaling plot (MDS) transfer line was 280 °C, 
and the separated components were analyzed in the range of 
30–600 amu at 280 °C, and 70 eV at an interface temperature 

of 230 °C, using a non-coated EI ion source. Additionally, the 
electron multiplier voltage (EMV) was 1624 in relative mode, 
and the MS source and MS Quad were 230 °C (maximum 
250 °C) and 150 °C (maximum 200 °C), respectively. Separated 
peaks of each sample were collected in full scan mode and were 
identified by comparison with the mass spectral database of the 
MS library search (NIST, Wiley / NIST).

2.4 Microorganisms and the anti-bacterial activity

For the antibacterial assay, Salmonella choleraesuis 
(S. choleraesuis, KCCM 11806), Bacillus cereus (B. cereus, 
KCCM 11204), Staphylococcus aureus (S. aureus, KCCM 12214), 
Pseudomonas aeruginosa (P. aeruginosa, KCCM 11266), and 
Listeria monocytogenes (L. monocytogenes, KCCM 40307) were 
obtained from the Korean Culture Center of Microorganisms 
(KCCM, Seoul, Korea). These foodborne pathogens were cultured 
in nutrient broth (NB) or brain heart infusion (BHI, 0.5% NaCl) 
medium for 48 h at 37 °C in an incubator.

The antibacterial activity of the essential oils was evaluated 
using the disc diffusion method (Khan et al., 2017; Al-Nabulsi et al., 
2020). Microorganisms were cultured in 100 mL media for 24 h 
at 37 °C and were diluted to 1×107 cfu/mL using sterile medium. 
First, the diluted bacterial suspension (100 µL) was spread on an 
agar plate (NB medium or BHI medium), and a sterile paper disc 
(diameter 5 mm) was placed on the bacteria-spread agar plate. 
After the essential oil and antibiotics (10 μg) were added to the 
paper disc carefully, the agar plate was incubated for 24 h at 37 °C. 
The antibacterial activity of the essential oil was evaluated based 
on the size of the clear zone around the disc, measured by calipers. 
Ampicillin and streptomycin were used as positive controls.

2.5 Statistical analysis

All data were analyzed statistically using SPSS 24.0 (IBM SPSS 
Inc., Chicago, IL, USA). Antibacterial data were repeated three 
times, expressed as mean and standard deviation, and analyzed 
using one-way analysis of variance (ANOVA) and Duncan’s multiple 
comparison test. Differences were considered significant at p < 0.05.

3 Results and discussion

3.1 Extraction yield of essential oils from peels of citrus 
hybrids

Essential oils were extracted from the peel of five citrus 
fruits using the steam distillation method, as shown in Table 1. 
The extraction yields (%, v/w) of the essential oils in different 

Table 1. Production yield of essential oils from Citrus peels using 
steam distillation method.

Citrus Peels (kg) Essential oils 
(ml) Yield (%, v/w)

Satsuma mandarin 6.8 5 0.073
Hallabong 6.4 7 0.109
Cheonhyehyang 3.9 9 0.231
Redhyang 4.4 13 0.295
Orange 6.6 16 0.242
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citrus hybrids, were in the order of Redhyang (0.295%), orange 
(0.242%), Chunhyehyang (0.231%), Hallabong (0.109%), and Satsuma 
mandarin (0.073%). Hallabong, Redhyang, and Cheonhyehyang 
peels had significantly higher extraction yields than those of 
Satsuma mandarin peels. Additionally, the flavor of essential 
oil from the peels of Hallabong, Redhyang, and Cheonhyehyang 
was stronger than that of Satsuma mandarin (data not shown). 
Extraction yield of essential oil from Satsuma mandarin peels 
and orange peels was reported to be approximately 0.24-1.14 and 
0.18-0.24%, respectively (Kim et al., 1999), which was similar 
to this result. Therefore, it was concluded that the extraction 
of essential oil from citrus peels proceeded correctly. For the 
extraction of essential oils, the hydro-distillation method is 
much easier than the low-temperature compression method, or 
the extraction method using an organic solvent; the extraction 
yield for the active ingredients, such as limonene, is great 
(Kim et al., 1999).

3.2 Composition of essential oils by GC-MS

The overlap chromatogram of GC-MS analysis of the essential 
oils of Satsuma mandarin, Hallabong, Cheonhyehyang, Redhyang, 
and orange peel is shown in Figure 1A. The 11 major constituents 
among the citrus peel essential oil components were identified in 
the range of approximately 8 to 15 min at retention time (RT) at 
67.5 min retention time (Figure 1B, C). The main components 
identified in the chromatogram were 3-thujene (8.207 min), 
2-pinene (8.466 min), sabinene (9.729 min), 2 (10) -pinene 
(9.92 min), β-myrcene (10.321 min), octanal (10.737 min), 
limonene (12.060 min), β-ocimene (12.376 min), γ-terpinene 
(12.779 min), terpinolene (13.7 min), and linalool (14.190 min). 
The content of components in essential oils differed according 
to the citrus fruits.

The composition of essential oils in Satsuma mandarin, 
Hallabong, Cheonhyehyang, Redhyang, and orange peels is 
shown in Table 2. Limonene was the main component of all 
citrus peel essential oils, and it was the highest (91.84%) in 
orange and the lowest (82.05%) in Cheonhyehyang (Figure 2). 
The major compounds with a content ratio of 1% or more 
were limonene, γ-terpinene, linalool, β-myrcene, β-ocimene, 
octanal, and sabinene. In addition, decanal, 11-diene, 2-pinene, 
α-farnesene, citronellal, citronellol, 2(10)-pinene, (-)-4-terpineol, 
terpinolene, α-terpinene, and 3-thujene were detected in citrus 
peel essential oils.

Additionally, γ-terpinene was found in particularly high 
concentration (8.09%) in the essential oil of Satsuma mandarin 
peel (Figure 2). Trace amounts of γ-terpinene were analyzed in 
Hallabong, Cheonhyehyang, and orange, but not in Redhyang 
(Figure 2). Linalool was found in the essential oils of all five citrus 
peels, and the highest proportion of linalool (4.39%) was found in 
the essential oil of Cheonhyehyang peels (Figure 2). The essential 
oils of Satsuma mandarin, Hallabong, Redhyang, and orange peel 
had approximately 1-1.73% linalool. In addition, β-myrcene 
was present (1.50-2.05%) in the five citrus peel essential oils. 
β-ocymene was found to have the highest content (6.50%) in 
Redhyang peel essential oil and was contained in trace amounts 
of 0.53-1.29% in Satsuma mandarin and Hallabong peel essential 
oil. However, β-ocymene was not detected in the essential oils 

of Cheonhyehyang and orange peels. Octanal was in the range of 
0.30-1.27% in four citrus peel essential oils, except for Satsuma 
mandarin (Figure  2). Hallabong peel essential oil contained 
approximately 3.12% sabinene, while other citrus essential oils 
contained approximately 0.13-0.93% (Figure 2).

3.3 Composition of essential oil in Satsuma mandarin 
(Citrus unshiu Marc.) peels

Seventy-four compounds (100% of total) were separated 
in the essential oil of Satsuma mandarin peels by GC-MS, 
and 22 major compounds (99.71%) were identified (Table 2). 
Limonene was the most abundant compound (84.59%) in 
the essential oil of the peels of Satsuma mandarin (Figure 2). 
Additionally,, γ-terpinene (8.09%), β-myrcene (1.68%), and 
linalool (1.00%) were present in more than 1% of the essential 
oil of the peels of Satsuma mandarin. These four compounds 
accounted for 95.36% of the total. β-elemene was detected only 
in Satsuma mandarin peel essential oils and was not detected in 
Hallabong, Cheonhyehyang, Redhyang, or orange peel essential 
oils. However, octanal, citronellal, carvone, and (E)-p-2-menthen-
1-ol were not found in Satsuma mandarin peel essential oil. 
The main components of Satsuma mandarin peel-essential oil 
were known to be limonene, γ-terpinene, cyclohexane, diethyl 
phthalate, β-linalool, β-myrcene, α-farnesene, o-cymene, 
α-pinene, α-copaene, β-elemene, farnesene, and hexadecenoic 
acid (Kim et al., 1999). Limonene (67.44%), β-myrcene (7.15%), 
3-carene (4.4%), α-pinene (2.52%), p-cymene (2.43%), β-pinene 
(1.46%), sabinene (0.77%), terpinolene (0.47%), and α-thujene 
(0.45%) were the main components of Satsuma mandarin peel 
essential oil (Tao et al., 2008).

Limonene is composed of two isoprene units with monoterpene 
hydrocarbons and has a refreshing aroma; it is a major component 
of essential oils in citrus, such as orange, lemon, tangerine, and 
lime (Sun, 2007). Limonene is not toxic enough to be classified 
as generally recognized as safe (GRAS), and is widely used as a 
flavoring agent in foods such as soup, chewing gum, beverages, 
fruit juice, soft drinks, confectionery, ice cream, and pudding 
(Hong & Kim, 2016b). The daily U.S per capita consumption of 
limonene is estimated to be approximately 16.2 mg/person/day 
for adults weighing 60 kg (Sun, 2007). In addition, limonene 
has been reported to protect from and improve lung cancer and 
stomach cancer in the human body and to calm the excitement 
of the central nervous system (Sun, 2007).

γ-Terpinene was found to be 8.09% in Satsuma tangerine 
peel. According to previous studies (Kim et al., 1999), the content 
of γ-terpinene in the essential oil of Satsuma mandarin peels 
was reported to be 4.66-13.85%, which is similar to the content 
reported in this study. γ-Terpinene has been reported to have 
antioxidant activity against DPPH radicals and an inhibitory 
effect on the oxidation of LDL cholesterol (Takahashi et al., 2003).

2-Pinene, which is present in a concentration of 0.82% in the 
essential oil of Satsuma mandarin peels, is a major monoterpene 
compound in plant-derived essential oils (Groot et al., 2002). 
2-Pinene has been approved as a safe food additive by the US 
Food and Drug Administration (FDA) and as a food flavoring 
ingredient (Food and Drug Administration, 2015).
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Figure 1. Gas chromatography-mass spectrometry (GC-MS) of citrus peel essential oils. A: Whole scale of gas chromatography for five Citrus 
peel essential oils (0-67.5 min); B, C: Major peaks of gas chromatography for five Citrus peel essential oils. 1, 3-thujene (8.207); 2, 2-pinene 
(8.466); 3, sabinene (9.729); 4, 2(10)-pinene (9.92); 5, β-myrcene (10.321); 6, octanal (10.737); 7, limonene (12.060); 8, β-ocimene (12.376); 9, 
γ-terpinene (12.779); 10, terpinolene (13.7); 11, linalool (14.190).
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Table 2. Essential oil composition of Citrus peel essential oils using GC-MS.

RT Component
% of total

Satsuma
mandarin Hallabong Cheonhyhyang Redhyang Orange

12.060 Limonen 84.587 84.462 82.051 83.421 91.847
12.779 γ-Terpinene 8.085 0.577 0.372 ― 0.214
14.190 Linalool 1.00 1.57 4.394 1.733 1.306
10.321 β-Myrcene 1.677 1.826 1.502 1.778 2.045
12.376 β-Ocimene 0.531 1.293 ― 6.499 ―
10.737 Octanal ― 0.302 1.266 0.936 0.302
20.872 p-Menth-1(7),8(10)-dien-9-ol ― ― 0.901 ― 0.026
17.894 Decanal 0.146 0.659 0.862 0.941 0.217
27.328 4βH,5α-Eremophila-1(10),11-diene ― 0.577 0.109 0.284 0.268

8.466 2-Pinene 0.824 0.511 0.315 0.759 0.516
27.595 α-Farnesene 0.32 0.466 ― 0.065 ―
15.991 Citronellal ― 0.336 0.181 0.462 0.073
18.578 Citronellol 0.038 0.436 0.11 0.191 0.108

9.92 2(10)-Pinene 0.715 0.235 0.114 0.483 ―
17.055 (-)-4-Terpineol 0.098 0.903 0.498 0.124 0.174
12.356 Cyclofenchene ― ― 0.48 ― ―
10.956 3-Carene ― ― ― ― 0.475
13.700 Terpinolene 0.455 0.125 0.071 0.333 0.124
17.584 Beta.Fenchyl Alcohol ― ― 0.414 ― ―

9.729 Sabinene 0.138 3.124 0.929 0.132 0.358
15.51 p-Mentha-trans-2,8-dien-1-ol ― ― 0.344 ― ―
14.37 Nonanal ― ― 0.313 ― ―
14.999 (E)-p-2-Menthen-1-ol ― 0.064 0.312 0.006 0.015
11.252 α-Terpinen 0.199 0.29 0.045 0.127 0.068
34.517 β-Sinensal ― ― 0.031 0.279 0.019
17.566 beta Fenchyl alcohol ― ― ― ― 0.273
13.124 1-Octanol ― ― 0.262 ― 0.195
19.239 Carvone ― 0.135 0.257 ― 0.024
17.752 Isopiperitenol 0.014 0.077 0.253 0.013 0.019
18.847 Carveol ― 0.038 0.82 ― ―

8.207 3-thujene 0.232 0.024 0.008 0.175 ―
17.568 α-Terpineol ― ― ― 0.19 ―
24.073 (-)-β-Elemene 0.186 ― ― ― ―
17.56 alpha -Terpineol 0.108 0.177 ― ― ―
20.005 Citral ― ― ― ― 0.174
11.528 o-Cymene ― ― ― 0.171 ―
15.5 Limonene oxide ― 0.171 ― 0.029 0.041
20.324 Phellandral 0.019 0.073 0.164 0.052 0.054
16.912 2-Norbornene ― ― 0.314 ― ―
13.122 R (+)-Limonen ― ― ― 0.154 ―
18.999 β-Citral ― ― ― ― 0.137
18.373 1-p-Menthene-6-ol 0.033 0.106 0.677 0.024 0.059
27.415 Bicyclogermacren ― 0.101 ― 0.141 ―
17.004 1,8-menthadien-4-ol ― ― 0.125 ― ―
21.093 p-Menth-1-en-9-ol, (4R,8S)- (+)- ― ― 0.121 ― ―
17.339 1,5,6,7-Tetrahydro-4-indolone ― ― 0.112 ― ―
24.665 Dodecanel ― 0.07 ― 0.112 0.034
13.854 Benzene 0.305 0.068 0.076 0.045 ―
16.068 Trichloroacetic acid ― ― 0.103 ― ―
25.066 Caryophyllene 0.045 0.014 0.006 0.01 0.042

Total 99.71 98.796 98.906 99.659 99.165
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3.4 Composition of essential oil in Hallabong [(C . unshiu 
Marc.× C. sinensis Osb.)×(C. reticulata Blanco)] peels

Hallabong peel essential oil was composed of 79 compounds 
(100% of total) analyzed by GC-MS. Among them, 30 compounds 
(98.80%), identified as the main components, are listed in 
Table  2. Limonene (84.46%), sabinene (3.12%), β-myrcene 
(1.83%), linalool (1.57%), and β-ocimene (1.29%) were the major 
components of the essential oil of Hallabong peel. Hong and 
Kim (Hong & Kim, 2016a) reported 96 compounds, including 
limonene (62.18%), β-myrcene (5.65%), α-pinene (2.49%), ethyl 
acetate (1.26%), and β-pinene (1.92%), from Hallabong peel 
essential oil. The essential oil composition of Hallabong peel in 
the previous study was similar to that in this study. Hallabong 
peel essential oil has been reported to have antioxidant activity 
against DPPH radicals and anti-inflammatory activity against 
splenocytes and edema in rats and macrophages (Herath et al., 
2016). The activity of Hallabong peel essential oil is thought to be 
due to several active components constituting the essential oil.

Sabinene is a monoterpenoid called 4(10)-thujene, sabinene, 
and thuj-4(10)-ene; it has a strong sweet flavor. Sabinene was one 

of the main ingredients in the essential oils of Satsuma mandarin, 
Hallabong, Cheonhyehyang, Redhyang, and orange peels (Table 2). 
In particular, sabinene (3.124%) was the most abundant in the 
essential oil of Hallabong peels. Hong and Kim (Hong & Kim, 
2016a) reported that the sabinene contents of Cheonhyehyang 
and Hallabong essential oils were 6.61% and 4.06%, respectively. 
On the other hand, the Jinjihyang, Goldenhyang, and Redhyang 
essential oils contained a small amount of sabinene in the range 
of 0.44-1.44% (Hong & Kim, 2016a). Hallabong peels essential 
oil has significantly higher sabinene content than lemon, orange, 
and grape peel essential oils (Yoo et al., 2004).

3.5 Composition of essential oil in Cheonhyehyang 
[(((Unshiu × C. sinensis))× C. reticulata) × (C. reticulata × 
C. sinensis)] peels

Seventy-six compounds (100% of total) were detected in 
the essential oil of Chunhyehyang peels, of which 36 compounds 
(98.91%) were identified as major components, as shown in 
Table 2. Limonene was the most abundant compound (82.05%), 
followed by linalool (4.39%), β-mycrene (1.50%), and octanal 

Figure 2. Major components of Citrus peel essential oils.
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(1.27%). These four compounds accounted for approximately 
89.21% of the Chunhyehyang peel essential oil. In addition, 
cyclofenchene, nonanal, p-mentha-trans-2,8-dien-1-ol, 
2-norbornene, 1,8-menthadien-4-ol, p-menth-1-en-9-ol, (4R,8S)-
(+)-,1,5,6,7-tetrahydro-4-indolone, and trichloroacetic acid 
were detected only in the essential oil of Chunhyehyang peels.

Hong & Kim (2016a) reported that limonene (42.57%), 
sabinene (6.61%), linalool (5.17%), decanal (3.73%), limonene-10-ol 
(3.01%), 4-terpineol (2.65%), β-myrcene (2.58%), and β-pinene 
(2.32%) were detected in the essential oil of Cheonhyehyang 
peels. Although, ethyl benzene, nonanol, 1-p-menthen-9-al, (E) 
isocarveol, methyl salicylate, and α-terpinen-7-al were unique 
volatile fragrance components found only in Cheonhyehyang 
(Hong & Kim, 2016a), these were not detected in this study. 
Chunhyehyang peel essential oil contains 2.54 to 4.39 times 
more linalool than the other four citrus fruits (Table 2). Linalool 
inhibits glutamatergic transmission in the central nervous 
system (CNS), as well as antibacterial and antifungal activities 
(Buchbauer et al., 1991).

3.6 Composition of essential oil in Redhyang (citrus hybrid 
‘Kanpei) peels

Redhyang peel essential oil contained 57 compounds 
(100% of total), of which 30 compounds (99.66%) are listed in 
Table 2. Limonene had the highest content (83.42%), followed 
by β-ocimene (6.50%), β-mycrene (1.78%), and linalool (1.73%). 
In the essential oil of Redhyang peel, β-ocimene (6.50%) showed 
approximately 12.26 and 5.04 times higher concentration than 
Satsuma mandarin (0.53%) and Hallabong (1.29%), respectively 
(Figure 2). Additionally, β-ocimene was not found in Chunhyehyang 
and orange peel essential oils. On the other hand, γ-terpinene was 
relatively high in Satsuma mandarin, Hallabong, Cheonhyehyang, 
and orange peel essential oils, but was not detected in Redhyang.

Redhyang peel essential oil contained limonene (51.38%), 
β-myrcene (7.23%), linalool (4.81%), decanal (4.32%), α-pinene 
(4.23%), α-sinensal (3.13%), β-pinene (2.48%), citronellal (1.97%), 
α-phellandrene (1.91%), octanal (1.45%), and α-thujene (1.23%) 
(Hong & Kim, 2016a). ρ-Cymen-8-ol, bornyl acetate, carvacrol, 
and bicycloelemene were found in trace quantities in Redhyang 
peel essential oil. In addition, γ-terpinene (0.68%) was present 
in Redhyang peel essential oil (Hong & Kim, 2016a), but was 
not detected in this study.

β-Ocimene is present in Redhyang peel essential oil in a 
larger amount than in other Citrus fruits, and exhibits floral 
sweetness (Shimoda et al., 2012). β-Ocimene is a component 
of essential oils in Bidens pilosa (Linn. Var. Radita), used for 
food storage purposes (Goudoum  et  al., 2016), in Ocimum 
gratissimum, which inhibits pests that cause damage to stored 
foods, and in Phlomis sp., which has antibacterial activity against 
food-poisoning bacteria (Ogendo et al., 2008).

3.7 Composition of essential oil in Navel orange peels

Orange peel essential oil was composed of 77 compounds 
(100% of the total, data not shown). Among them, 29 compounds 
(99.17%) identified as the main components are listed in Table 2. 

Limonene (91.85%) was the most abundant component, followed 
by β-mycrene (2.05%) and linalool (1.31%) in orange peel 
essential oil. These three compounds accounted for 95.21% of 
the compounds in orange peel essential oil. In particular, among 
the five citrus fruits used in this study, limonene had the highest 
content (91.85%) in orange peel essential oil. The other four 
citrus peel essential oils contained approximately 82.05-84.59% 
limonene. β-Mycrene had a higher content (2.05%) in orange 
peel essential oil than in the essential oils of Satsuma mandarin, 
Hallabong, Cheonhyehyang, and Redhyang. Cyclofenchene, 
β-fenchyl alcohol, citral, and β-citral were analyzed only in 
orange peel essential oil, but 2 (10)-pinene, 3-thujene, and 
benzene were not detected.

Hong & Kim (2016a) reported that limonene (66.70%), 
β-mycrene (10.89%), δ-3-carene (3.88%), α-pinene (3.16%), 
sabinene (1.84%), and linalool (1.80%) were detected in orange 
peel essential oil. Limonene, γ-terpinene, β-mycrene, and α-pinene 
were also analyzed as major components of orange peel essential 
oil (Liu et al., 2019), similar to the contents in this study.

β-Myrcene, an acyclic monoterpene, is a compound that 
is present in higher concentration in orange peel essential oil 
than in essential oils of other citrus fruits, and is contained 
in essential oils of lemon glass and hops. β-Myrcene has 
long been used as a fragrance for food additives, soaps, and 
cosmetics (Ciftci et al., 2014). β-Myrcene provides analgesic, 
anti-inflammatory, anti-ulcer, and antioxidant activity, and 
improves stroke symptoms by preventing tissue oxidation and 
histological damage (Ciftci et al., 2014).

3.8 Antibacterial activity of essential oils in peels of citrus 
hybrids against foodborne pathogens

The antimicrobial activity of citrus peel essential oils against 
foodborne pathogens is shown in Table 3. Citrus peel essential 
oils showed slight antibacterial activity against S. choleraesuis, 
B. cereus, L. monocytogenes, S. aureus, and P. aeruginosa, with 
some differences in strength and weakness. Citrus peel essential 
oils showed antibacterial activity regardless of the gram-negative 
and gram-positive bacteria used in the experiment. Among the 
five essential oils, Chunhyehyang peel essential oil showed the 
highest antibacterial activity against all foodborne pathogens. 
Additionally, B. cereus was the most sensitive, and S. aureus 
was the most resistant to the Chunhyehyang peel essential oil. 
The control antibiotic, streptomycin, showed antimicrobial 
activity against all food-poisoning bacteria.

Citrus unshju peel essential oil has been reported to have 
antibacterial activity against Salmonella typhimurium, Escherichia 
coli (E. coli), S. aureus, and B. cereus (Ahn et al., 2007). Orange 
(Citrus sinensis) peel essential oil, which contains limonene 
and β-myrcene as the main components, showed antibacterial 
activity against Saccharomyces cerevisiae, E. coli, Bacillus subtilis, 
and S. aureus (Guo et al., 2018). In addition, α-pinene, β-pinene, 
and limonene, which are the main components of citrus peel 
essential oils, showed antimicrobial activity against S. aureus 
(Pulaj  et  al., 2016), and linalool and α-terpineol suppressed 
the growth of periodontopathic and cariogenic bacteria 
(Park et al., 2012). There are few reports on the antimicrobial 
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activity of Cheonhyehyang, Redhyang, and Hallabong essential 
oils. Cheonhyehyang, Redhyang, and Hallabong essential oils are 
considered to exert antibacterial activity because they contain 
antimicrobial limonene, α-pinene, and β-pinene.

4 Conclusion
The essential oil from Satsuma mandarin, Hallabong, 

Cheonhyehyang, Redhyang, and orange had limonene, 
γ-terpinene, linalool, β-myrcene, β-ocimene, octanal, and 
sabinene as the main component. Cheonhyehyang, Redhyang, 
and Hallabong essential oils exerted antibacterial activity against 
some foodborne pathogens. From these results, it is expected 
that Citrus peel essential oil can be used as a fragrance with 
antibacterial activity.
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