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1. Introduction 
Citrus is one of the world's most popular fruit crops, and contains active constituents that can protect health. In 
addition, it provides an adequate supply of vitamin C, folic acid, potassium and pectin. Contribution of citrus 
species in deterring life-threatening diseases has been assessed [1]. Citrus processing industry annually 
generates tones of waste, including orange peel, which is produced from the extraction of citrus juice in food 
industry [2]. Many researchers have suggested using citrus waste for various applications such as fiber pectin 
and flavonoids [3-4]. However, they still get rid of  large amount of waste every year [5]. So this causes 
significant economic and environmental problems as a result of the lack of site waste disposal, and the 
accumulation of organic materials [6]. 
          Orange essential oil is produced by cells inside orange peel. It consists of mostly D-limonene (greater 
than 90%) [7]. Essential oil components change as a result of regional and seasonal changes, as well as the 
method used for extraction and the duration of  peels storage. Most of the chemical groups in the essential oil of 
orange peel belong to the terpene group with a high proportion of limonene. Orange oil can be used in green 
pesticides to control biological pests. Citrus peel essential oils and their major constituents have gained 
acceptance in the food industry because they have been generally recognized as safe, and many foods accept 
their presence [8-10]. In the pharmaceutical industry it is employed as elements of spices to hide the unpleasant 
tastes of drugs. It has been used in cosmetic and perfumery [9].The chemical constituents of the orange peel oil  
has been studied and reviewed by many authors [11–16].  
 

Abstract 
This study focused on the comparison of several ways to store orange peel essential oil, 
whether to store it in the form of volatile oils or keep it inside the dry orange peel until 
extracting by hydrodistillation. This experiment includes two parts; the first part 
includes storing orange peel pieces and orange powder in dry place until the oil is 
extracted. The second  part is storing the distilled oil for  orange peel pieces and orange 
peel powder under cold conditions. The  oil and orange peel were stored for one year. 
The volatile oil of orange peel was analyzed by GC/MS. Orange peel oil was 
characterized by high amount of monoterpene hydrocarbons MH. The highest 
percentage of MH recorded 97.35 % in peel powder oil at zero time (control treatment) 
while the lowest percentage was found with peel  oil isolated after one year from stored 
peel pieces (under room temperature conditions) which recorded 77.21 % against 87.02 
% for peel powder under the same conditions. The MH group recorded 92.12 and 86.52 
% for peel pieces and peel powder oil under cold conditions. Generally, the results 
cleared that the main constituent of orange peel oil was D-limonene ranged from 63.5% 
in stored peel pieces to 90.2 % with stored peel pieces oil under cold conditions. 
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          It was necessary to know the variation of the major compound (limonene) and some other volatile oil 
components during storage conditions. The influence of drying conditions on the volatile oils quality during 
storage has been investigated by a number of workers. It has been reported that the percentage of essential oil 
decreased during the storage time in plant species [17-19]. Light, heat, humidity and air are the most important 
factors that affect the essential oils content of plants.  There are  few reports about the impact of storage on 
quality of orange peel oil, for these reasons, storage is a  significant factor to identify the most suitable way to 
get a high-quality product, whether in distilled or left in dry peel stored oil. This study focused on the 
comparison of various ways to store orange peel oil, whether to store it in the form of volatile oils or keep it 
inside the dry peel until extracted by hydrodistillation. 
 
2. Material and Methods 
2.1. Plant materials and isolation of essential oils. 
The sweet orange of Washington Navel orange peel (Citrus sinensis L) obtained from the farms of the Egyptian 
Ministry of Agriculture on 30 October 2016. Sweet orange was checked for defects, insect damage, disease, 
surface color change and other defects, to ensure the quality of the final product. For, preparation and processing 
of orange peel, orange fruits were peeled and dried in a shaded place for 15 days, divided into two parts. The 
first part was crushed (pieces); the second was powder. Orange peel pieces was kept in cartoon bags, while, peel 
powder was kept in glass containers under room temperature.  The volatile oil was extracted from the remaining 
orange peel either in its pieces form or in powder and stored in dark glass containers inside the refrigerator In all 
cases,  the!volatile!oil!of!!all!treatments!extracted!by!hydrodistillation!using!a!Clevenger7!type!apparatus!for!4h. 
The volatile oil at zero time (control), orange peel pieces and orange peel powder were stored for one year. The 
essential oil for all pervious treatments were subjected to GC/MS. 
                                        
2.2. Chemical analysis  
2.2.1. Chromatography/Mass Spectrometry   
Hewlett-Packard 5989) equipped with library software (Wiely138 and NBS75 database) was used. A capillary 
DB5 (methyl-silicone containing 5% phenyl groups) column (30 m × 0.25 mm i.d.) was used. Temperature 
program: 2 min at 60°C, 60-100°C (2°C/min) and 100-250°C (5°C/min). Helium was used as the carrier gas at a 
flow rate of 1.0 ml/min. Injection vol- ume: 1.0 µl at a 1:50 split. A mass spectrometer (EI-MS 70 eV) was used 
with a scan mass range of 40-350 u. 
 
2.2.2. Identification of essential oil components 
The chemical constituents of orange peel essential oil were identified based on the data base of mass spectra 
from the MS library (software Wiely138 and NBS75 database). The obtained data were confirmed by injecting 
authentic samples of the different components in GC-MS under the same conditions and in comparison with the 
data obtained from the literature [20-21]. 
 
3. Results and discussion 
3.1. Oil percentage 
The percentage of essential oils  of orange peel recorded 0.87 and 0.68  %  (v/w) based on dry weight for orange 
peel pieces and powder, respectively, while, these  values  reduced to 0.68% and 0.51% (v/w))  after  one year 
of storage for each peel and powder, respectively, (Fig 1) 
 
3.2. Volatile oil constituents 
The volatile components of orange peel from Egypt were identified by GC/MS. fourteen components have been 
identified that represented nearly 95.94 and 98.91 % for pieces and powder of orange peel at zero time (control) 
(Table, 1, 2). At zero time volatile oil of pieces was characterized by high amounts of D-limonene (81.54%), γ 
terpinene ( 9.25%) and myrecene (1.85%). These percentages amounted to 83.51, 10.46 and 1.94% for the same 
compounds in powder peel, respectively. Peel oil extracted from stored dry orange peel after one year gave the 
same main compounds with different concentrations. The percentage of D-limonene and γ tepinene reduced in 
stored peel pieces to 63.5 and 7.08 % for the two main constituents, respectively, while, they recorded 80.1 and 
1.5 % for the same main constituents in stored powdered peel. At the same time, the highest percentage of 
terpinen-4 ol (2.15%) was found  in stored pieces peel. Some other minor terpenoids constituents such as, 
α−pinene, sabinene, 3-carene α− terpineol, decanal, cis carveol, e-citral, valencene and linalyl acetate were 
detected in both sample. 
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Fig 1 Percentage of orange peel oil extracted from dry orange peel stored for one year. 

 
Table (1) Variation in percentage of essential oil components extracted from orange peel pieces  

and powder stored for one year. 
 

 
Compound 

KI Group Zero time Stored orange peel (one year) 
Peel pieces Peel 

Powder 
Peel pieces Peel 

Powder 
[I]:  Monoterpenes hydrocarbon 
α-Pinene 939 MH 0.56 0.49 0.72 0.50 
Sabinene 976 MH 0.22 0.16 0.20 0.18 
Myrcene 991 MH 1.85 1.94 4.47 4.50 
3-Carene 1011 MH 0.11 0.13 0.12 0.14 
D-Limonene 1031 MH 81.54 83.51 63.5 80.10 
γ-Terpinene 1062 MH 9.25 10.46 7.08 1.50 
α-Terpinolene 1088 MH 0.64 0.66 1.12 0.10 
Total [MH] 

 
 94.17 97.35 77.21 87.02 

[II] Oxygenated Monoterpenes 
Terpinen-4-ol 1177 OM 0.14 0.13 2.15 1.80 
α-Terpineol 1189 OM 0.5 0.46 0.56 0.50 
Cis-Carveol 1229 OM 0.14 0.11 0.71 1.60 
E-Citral 1341 OM 0.23 0.11 0.5 0.25 
Total OM 

 
 1.01 0.81 3.92 4.15 

[III] Sesquterpenes Hydrocarbons 
Valencene 1491 SH 0.19 0.21 0.45 0.3 
[IV] Various compounds 
Linalyl  acetate 1257 VC 0.40 0.36 1.10 0.81 
Decanal 1204 VC 0.171 0.18 0.82 0.83 
Total VC 

 
 0.57 0.54 1.92 1.64 

Total compounds 
 

 95.94 98.91 83.50 93.11 
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Table (2) Variation in percentage of essential oil components extracted from orange peel at zero time and  
orange peel pieces and powder (stored under cold condition) 

 
 
Compound 

KI Group Zero time (control) Stored oil  for one year 
 (under cold condition) 

Peel  
pieces 

Peel 
Powder 

Peel  
pieces 

Peel 
Powder 

[I]:  Monoterpenes hydrocarbon 
α-Pinene 939 MH 0.56 0.49 0.42 0.57 
Sabinene 976 MH 0.22 0.16 0.26 0.23 
Myrcene 991 MH 1.85 1.94 0.11 0.16 
3-Carene 1011 MH 0.11 0.13 0.14 0.18 
D-Limonene 1031 MH 81.54 83.51 90.2 81.84 
γ-Terpinene 1062 MH 9.25 10.46 1.69 2.85 
α-Terpinolene 1088 MH 0.64 0.66 0.3 0.68 
Total 

 
  94.17 97.35 93.12 86.51 

[II] Oxygenated Monoterpenes 
Terpinen-4-ol 1177 OM 0.141 0.13 0.38 2.84 
α-Terpineol 1189 OM 0.50 0.46 0.11 0.44 
Cis-Carveol 1229 OM 0.14 0.11 1.54 1.82 
e-Citral 1341 OM 0.23 0.11 0.19 0.47 
Total  [OM] 

 
 1.01 0.81 2.22 5.57 

[III] Sesquterpenes Hydrocarbons 
Valencene 1491 SH 0.19 0.21 0.36 0.33 
[IV] Various Compounds 

 
  

   Linalyl  acetate 1257 VC 0.40 0.36 0.12 0.15 
Decanal 1204 VC 0.171 0.18 0.11 0.75 
Total [VC] 

 
 0.571 0.54 0.23 0.90 

Total compounds 
 

 95.94 98.91 95.93 93.31 
 
 The obtained data indicated that essential oil (at zero time) of air dried orange peel at zero time was rich in 
monoterpene hydrocarbons, which recorded 94.17 and 97.35% for pieces and powdered orange peel, 
respectively, (Table 1).Oil constituents showed a variable response to the storage conditions. Some of them 
increased while others decreased during storage up to one year. At the same time, they were affected by the 
storage method. There were obvious changes between the essential oil components isolated from pieces orange 
peel and from orange peel powder, both stored under cool conditions.  
Limonene was found in high concentrations in powder oil compared to that in peel pieces oil.. The percentage of 
D-limonene in this respect recorded 81.54 % with orange peel pieces compared to 83.51 % for the powder at 
zero time Table 1. 
Comparing of the results of essential oil extracted from stored dried orange peel for one year with their control 
dried orange peel at zero time, it was found that, the total oil constituents of stored oil were reduced, compared 
with the same components of control oil. The total oil constituents amounted to 95.94 and 98.91% for the pieces 
and powder peel at zero time, respectively, against, 83.5 and 93.11 % for both samples after one year, 
respectively. 
Regarding the oil constituants, it was observed from the data in Table 2 that, total oil constituents of stored 
powder peel oil decreased from 98.91 % in zero time to 93.31 % for stored powdered peel oil. Minor qualitative 
and quantitative differences were observed in the constituents of orange peel essential oil under the conditions 
of storage. 
Oil obtained from peel  pieces stored under cold storage conditions was characterized by its high limonene 
content compared to other samples. The percentage of limonene compound in this respect recorded 90.2% 
against 81.54 and 83.51 % for pieces and powdered peel at zero time, respectively, while the same compound 
recorded only 81.84% in stored powder peel oil under cold conditions.  
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Orange peel oil was characterized by high amount of monoterpene hydrocarbons. The highest percentage of this 
group recorded 97.35 % in powder peel oil at zero time, while the lowest percentage was found with oil of  peel 
pieces  isolated after one year from storing peel pieces (under room temperature conditions) which recorded 
77.21 % against 87.02 % for powder peel under the same conditions. The MH group recorded 92.12 and 86.12 
% for pieces and powdered peel oil under cold conditions.. 

 
Table (3).Percentage of the main chemical classes of orange peel oil 

 
Chemical Group Zero time (control) Oil extracted from 

stored organ peel 
Oil extracted from 
control (stored for 
one year) 

Peel  
pieces 

Peel 
powder 

Peel 
pieces 

Peel 
powder 

Peel 
pieces 

Peel 
powder 

Monoterpene hydrocarbons (MH) 94.17 97.35 77.21 87.02 92.12 86.52 

Oxygenated monoterpenes (OM)  1.01 0.81 3.92 4.15 2.22 5.57 

Sesquiterpene hydrocarbons (SH) 0.19 0.21 0.45 0.30 0.36 0.33 

Various compound (VC) 0.57 0.54 01.92 1.64 0.23 0.9 

Total 95.94 98.91 83.5 93.11 94.93 93.32 

 
Concerning OM group. It recorded 1.01 and 0.81 % in pieces and powder samples, respectively, at Zero time 
against 2.22 % and 5.57 % for the same samples after one year respectively under the cold temperature 
conditions. (SH) and various compounds were found in small amounts of compounds and are not effective in 
oils compositions. 
Generally, the results in (Fig, 2) cleared that the main constituent of orange peel oil was D-limonene ranged 
from 63.5% in stored orange peel pieces to   90.2 % with stored peel pieces oil under cold conditions 
 
 

 
 

Fig.2 D limonene under storage conditions 
. 
Our results in agreement with those recorded in the literature. Several studies such as Njoroge et al., 1996) [22] 
on Citrus junos   and Cesare et al., (2001) [23] on basil oil have exposed an increasing of some oil constituents 
and decreasing of others during storage i.e. storage affected terpenoids quantitatively and qualitatively that 
depended on storage conditions (storage period and temperature). 
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Conclusion 
Storage is an important factor to maintain essential oil quality. This study showed a comparison between several 
ways to store the essential oils extracted from orange peel whether in the form of volatile oils under cold storage 
conditions or keeping the oil inside the dry orange peel either in form of pieces or powder Orange peel oil 
characterized by high amount of monoterpene hydrocarbons. The high percentage of this group recorded 97.35 
% in peel powder oil at zero time while the lowest percentage was found with oil of  pieces peel isolated after 
one year storing peel pieces (under room temperatures conditions) which recorded 77.21 % against 87.02 % for 
peel powder  under the same conditions. The MH group recorded 92.12 and 86.12 % for pieces and powder peel 
oil under cool conditions. Generally, the results in cleared that the main constituent of orange peel oil was D-
limonene ranged from 63.5% in stored orange peel pieces to 90.2 % with stored peel pieces oil under cool 
conditions. The results are consistent with the purpose for which the essential oil is used or the use of orange 
peel as it is or in the form of powder in various food industries. 
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