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preservative action, aimed to avoid lipid deterioration, oxidation 
and spoilage by microorganisms [10]. It is essential oil did not show 
any evidence of mutagenicity in the Ames test [11]. Spearmint 
has also been described as having excellent antioxidant activity 
comparable to BHT [12]. Due both its antioxidant activity and its 
common use to season lamb in South Asian cuisine, it has been 
studied as an additive to radiation-processed lamb meat, and 
was found effective in delaying oxidation of fats and reducing 
formation of harmful substances, which can be detected using 
thiobarbituric acid as a reagent [12]. Spearmint has been studied 
for antifungal activity; it is essential oil was found to have some 
antifungal activity, although less than oregano [11]. The most 
abundant compound in spearmint oil is R (-) carvone, which 
gives spearmint its distinctive smell. Spearmint oil also contains 
significant amounts of limonene, dihydrocarvone, and 1,8-cineol 
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Introduction
Spearmint is native to the Balkan Peninsula and Turkey, and it has 
been naturalized throughout much of Europe, the Mediterranean 
region and Southwest Asia [1,2]. Spearmint (Mentha spicata) is 
the most common herb in the Mediterranean region, widely is 
used as a source of essential oils for flavoring and recently has 
been used as a valuable source of the potent antioxidant for 
the nutraceuticals and also used cosmetic industries [3]. It has 
been introduced to North America, Japan, Australia, and New 
Zealand [4,5]. Spearmint and peppermint grow best in wet or 
moist, slightly acidic soils [6]. They tolerate light conditions 
ranging from full sunlight to partial shade [6]. Spearmint and 
peppermint have impact on ecosystem processes; likely to 
reduce the nutrients available to native plant species, but only 
in moist to wet, disturbed sites [7]. There are numerous health 
benefits of spearmint essential oil such as it can reduce fever, 
provide relief from depression and asthma [8]. It has been well-
known that spearmint essential oils have antimicrobial and 
antioxidant effects [9]. In addition to, common need is availability 
of natural extracts with a pleasant taste or smell combined with a 
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Abstract 
The experiment investigated the effect of storage period on spearmint herb oil 
composition. Spearmint herb samples were dried under shade for seven days 
and kept in polyethylene bags and stored at ambient room temperature for 12 
months. Spearmint oil was extracted by hydro distillation using the technique of 
British Pharmacopoeia. Oil composition investigated every four months; initially 
in January before herb storage, April, August and December; to determine oil 
constituents using Gas Liquid Chromatography (GC) provide by Mass Spectrometry 
(MS). The results showed variation in oil constituents with progress of storage 
period. Carvone content slightly increased from 72.0% at January to 84.8% at April 
during the first four months and progressively decreased to 54.7% at the end of 
the storage period. The different oil constituents differed greatly during storage 
of spearmint herbs.
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[13]. Drying and storage of rose-scented geranium herbage for 
five days prior to distillation significantly reduced the essential 
recovery as well as oil quality [14]. After one year of storage of 
Black pepper (Piper nigrum L.) samples in glass vessels at room 
temperature, the amount of oil extracted decreased, the content 
of terpenes decreased and the amount of oxygenated terpenoids 
increased [15]. Storage leads to gradual evaporation of essential 
oil from stored herbs, the major source of loss being due to 
oxidation and resinification of the essential oils [16]. Therefore, 
investigating the effect of storage on oil content and composition 
under Sudan conditions is recommended.

Essential oils are subject to oxidative changes in the presence of 
air and light and during storage. Less stable compounds may also 
change due to chemical interactions with other constituents [17]. 
Changes in essential oil components during storage could occur 
by rearrangement, hydrogenation or dehydrogenation of other 
components [18].

The aim of this study is to investigate the effect of storage period 
on spearmint herb oil for one year at ambient temperature in 
semi-arid conditions; and their effects on carvone content and 
oil composition.

Materials and Methods
Experimental site, soil and land preparation
A field experiment was conducted at ‘Halfaya’ area and storage 
area at Shamabt, Khartoum North, Sudan (15° 40/N, 32° 22/E). The 
climate was a semi-arid, tropical, with seasonal annual rainfall of 
120mm during the period mainly between Julys to September. 
The mean maximum and minimum temperatures are as high as 
47.5°C during summer (April-June) and as low as 7.5°C during 
winter (November-March) [19]. The soil was an alluvial type with 
high content of silt, slightly alkaline. Land preparation and cultural 
practices were carried out as recommended. The land was 
divided into 48 plots of (4.5 X 6 mm each) (30 x 30 cm spacing). 
At harvested the whole plot was covered with spearmint aerial 
herb (stem and leaves) due to spread of underground runners, 
which gives good aerial shoots at rhizome’s nodes.

Experimental material and husbandry
Spearmint (Mentha spicata var. Viridis) plants were raised 
from underground runners (rhizome-like rootstock). They were 
obtained from fully mature plants grown in spearmint growing 
area at ‘Halfaya’, Khartoum North, Sudan. The underground 
and surface runners were transplanted into new well prepared 
flat beds at (30 x 30 cm spacing). Pre-transplanting irrigation 
was applied followed by the first irrigation immediately after 
transplanting. Irrigation was carried out every 7 days.

Experimental design
The samples were arranged in a completely randomized design, 
with four replications. The treatments were 12 namely: M1, M2, 
M3 and M4. (Where M: mean month).

Harvesting
About two kilograms of herb samples were harvested from well-
established 60 days plants. The aerial parts of the plants (main 
aerial stem, branches and leaves) were cut about 5 cm above 
the ground level. Foreign materials and weeds were removed 
immediately from the harvested material.

Herb preparation
The aerial parts of the plants (main aerial stem, branches and 
leaves) were cut about 5 cm above the ground for further 
investigations. The herb was subjected to open shade air drying 
for seven days. Foreign materials and weeds were removed 
immediately from the harvested material. The dried herb 
samples were kept in polyethylene bags and stored at ambient 
room temperature at Shambat area, Khartoum North, Sudan 
for 12 months. Samples were taken every four months for oil 
composition determination.

Oil extraction and determination
Oil was extracted by hydro distillation and determined according 
to the technique of British Pharmacopoeia [20].

Oil preparation
The oil was prepared for oil composition determination according 
to British Standard 2073: 1976 [21].

Oil composition
Oil composition was determined before storage of the herb 
samples and every four months during storage of the herb 
at ambient conditions during the year. Oil composition was 
analyzed by GC/MS analysis using a Shimadzu Qp 2010 equipped 
with reference libraries (The operation software is Real Time 
Analysis and for processing data using Postum Analysis). The 
column used was DE-5 mm type cross-linked fused-silica capillary 
column coated with 5% phenyl poly-methyl-siloxane (30 m x 
0.25 mm x 0.25 mm film thickness). Column temperature was 
adjusted to 80°C for 10 min and increased after 10 min to 220°C. 
It kept for 6 min at 220°C, increased by 20°C per min to 300°C 
and kept for 20 min in 300°C. Injection temperature was 220°C; 
injection mode split: split ratio 1:40 and volume injected was 0.1 
µl of the oil. Helium was used as a carrier, using 100 kPa (50 ml/
min); interface temperature 280°C; fragment of mass range 45-
450 m/z; Linear velocity 44.5 cm/sec; acquisition mode scan and 
programmed time was 54 min.

Results and Discussion
Carvone content
The Carvone content decreased in general with an increase of 
storage period (Figure 1). Essential oils possess high level of 
unsaturation and are unstable due to many factors, such as light, 
heat, oxidation and dehydration [22,23]. Choi and Sawamura 
reported that most essential oils are themolabile or heat-
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sensitive and are subjected to oxidative changes in the presence 
of air and light, and during storage [17]. The degree of change is 
usually a function of both temperature and time.

Effect on oil composition
The effect of storage period on oil composition was illustrated 
in Tables 1-4 and Figures 2-5. The results indicated that 27 oil 
constituents of spearmint oil appeared during the one year 
storage of the herb at ambient conditions. Before storage (Figure 1) 
Carvone, D-limonene and Cyclo-hexexanol,1-methyl-4-(1-methyl) 
were the most abundant components in spearmint oil and they 
accounted for about 90% of the oil. During storage of the spearmint 
herb, these constituents varied drastically and progressively 
decreased afterwards. Similarly 2-Cyclohexen-1-ol,2-methyl-
5-(1-methylethyl-cis-Isopulegyl acetate) and (α-Bourbonene) 
increased and then decreased during storage. However, the 
content of D-limonene decreased considerably during storage 
and there was a considerable increase in Limonene, Trans-
carveyl acetate and Eucalyptol. Some constituents completely 
disappeared during storage, such as, Cyclohexanol,1-methyl-4-
(1-methyle), Neo-di-hydrocarveol, Cis-p-meth-2,8-dien-1-ol and 
Gamma-cubebene, while others only appeared at the end of the 
storage period, such as p-meth-4(8)-en-9-ol, β-Phellandrene and 
α-Pinene. Chemical changes in volatile compounds are known 
to occur due to environmental conditions, such as light, oxygen, 
moisture, heat and storage period resulting in the formation 
of artifacts or polymerization [24]. Essential oils are subject to 
oxidative changes in the presence of air and light, and during 
storage [25]. These changes usually have adverse effects on flavor 
quality; most flavoring materials are to some extent thermolabile 
or heat sensitive. The degree of change is usually a function of 
both temperature and time and less stable compounds may also 
change due to chemical interactions with other constituents [17]. 
Changes in essential oil components during storage could occur 
by rearrangement, hydrogenation or dehydrogenation of other 
components [18].

Comparison for storage effect on oil components
The presence and absence of spearmint oil compositions during 
the four storage treatments was expressed (Table 5). The 

spearmint oil constituents under storage period varied. Some 
components disappeared and other appeared. This is due to 
phsyico-chemical condition of the Storage. The oil components 
undergo oxidation which leads to formation of new components; 
under the influence of temperature and other climatic factors 
(Appendix 1-3), [25]. Essential oils are subject to oxidative 
changes in the presence of air and light, and during storage [26]. 
These changes usually have adverse effects on flavor quality; 
most flavoring materials are to some extent thermo labile or 
heat sensitive. The degree of change is usually a function of 
both temperature and time and less stable compounds may also 
change due to chemical interactions with other constituents [17]. 
Changes in essential oil components during storage could occur 
by rearrangement, hydrogenation or dehydrogenation of other 
components [18].

Carvone content during one year of herb storageFigure 1

Peak Retention 
time Area% Name

1 4.327 0.51% Beta-Pinene
2 4.451 0.26% Beta-Myrecene
3 5.558 10.46 D-Limonene
4 5.658 7.85 Cyclohexanol,1-methyl-4-(1-methyle)
5 13.169 2.42 Cyclohexanone,2-methyl-5-(1-methyl)
6 13.803 0.66 Carveol
7 14.182 0.95 Cis-p-Mentha-2,8-dien-1-ol
8 14.505 71.98 Carvone
9 16.324 1.3 Isopulegyl acetate

10 16.987 1.3 Trans-Carveyl acetate
11 17.476 0.73 Alpha-Bourbonene
12 18.113 0.95 Caryophyllene
13 19.107 0.62 Alpha-Cubebene
    100  

Table 1: Components of spearmint essential oil and their retention time, 
area and area% obtained from spearmint herb before storage (January).

Peak Retention time Area% Name
1 5.551 0.6 Limonene
2 5.643 1.08 D-Limonene
3 5.775 0.51 Eucalyptol

4 13.183 3.48 Cyclohexanol,2-methyl-5-(1-
methylethnyi)-

5 13.804 1.14 Carveol 1

6 14.174 1.43 2-Cyclohexen-1-ol,2-methyl-5-(1-
methylethylethenyl)-,trans-

7 14.174 84.81 Carvone

8 15.544 0.56 Oxabicyclo[4.4.0]dec-9 –ene, (IR, 3S, 
6R)-1,3,7,7-tetramethyl

9 16.316 2.05 Isopulegyl acetate
10 16.978 2.33 Trans-Carveyl acetate
11 17.468 0.88 Alpha-Bourbonene
12 18.104 0.69 Caryophyllene
13 20.602 0.43 Caryophyllene oxide
    100  

Table 2: Components of spearmint essential oil and their retention time, 
area and area% obtained from spearmint herb for the first four months 
(April).
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Peak Retention time Area% Name
1 5.464 0.66 D-Limonene
2 5.645 1.17 Limonene
3 5.779 1.18 Eucalyptol
4 13.16 9.15 Cyclohexanone,2-methyl-5-(1-methyl-
5 13.798 4.83 2-Cyclohexen-1-ol,2-methyl-5-(1-methylethylethenyl)-,trans-
6 14.169 4.52 Carveol 2
7 14.479 67.62 Carvone
8 15.534 1.79 Oxabicyclo[4.4.0]dec-9 –ene, (IR, 3S, 6R)-1,3,7,7-tetramethyl
9 16.304 2.5 Cyclohexanol,2-methyl-5-(1-methylethyl

10 16.965 2.55 Trans-Carveyl acetate
11 17.454 1.85 Alpha-Bourbonene
12 18.088 1.7 Caryophyllene
13 19.082 0.48 Apha-Cubene
    100  

Table 3: Components of spearmint essential oil and their retention time, area and area% obtained from spearmint herb for eight months (August).

Peak Retention time Area% Name
1 4.432 0.53 Beta-Myrcene
2 5.643 8.2 Limonene
3 5.776 0.88 Eucalyptol
4 13.175 3.82 Cyclohexanol,2-methyl-5-(1-methylethnyi)-
5 13.804 1.43 Carveol 1
6 14.175 0.65 2-Cyclohexen-1-ol,2-methyl-5-(1-methylethylethenyl)-,trans-
7 14.177 78.33 Carvone
8 16.316 2.52 Bicyclo[3.1.0]hexan-3-ol,4-methyl-1-
9 16.977 1.66 Trans-Carveyl acetate

10 17.467 0.99 Caryophyllene
11 18.104 1 Alpha-Bourbonene
    100  

Table 4: Components of spearmint essential oil and their retention time, area and area% obtained from spearmint herb for 12 months (December).

Chromatogram of spearmint essential oil obtained from spearmint herb before storage (January).Figure 2



5

2016
Vol. 1 No. 1: 5Journal of Food, Nutrition and Population Health

© Under License of Creative Commons Attribution 3.0 License 

Chromatogram of spearmint essential oil obtained from spearmint herb stored for four months (April).Figure 3

Chromatogram of spearmint essential oil obtained from spearmint herb stored for eight months (August).Figure 4

Conclusion
We can come to conclude that Carvone content progressively 
decreased with an increase of storage period of spearmint herb. 
Other spearmint herb constituents act differently, some of which 
decreased in amount and other appeared or disappeared. This 

change in chemical constitutes are due to oxidative changes in 
the presence of air; oxygen; temperature and light during storage 
at semi-arid ambient temperature.
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Chromatogram of spearmint essential oil obtained from spearmint herb stored for 12 months (December).Figure 5

Oil Components
Storage Period (Months)

0 4 8 12
Carvone 0 + + +

Trans-Carveyl acetate + + + +
2-cyclohexen-1-01,2-methy1-5-[1-Methylethenyl]-,cis- _ + + +

Cyclohexanol,1-methyl-4-(1-methyle + _ _ _
Cyclohexanone,2-methyl-5-(1-methylethenyl)- + _ + _
Cyclohexanol,2-methyl-5-(1-methylethenyl)- _ + _ +

Cyclohexanol,2-methyl-5-(1-methylethenyl)-, acetate _ _ + _
Carveol  1 + + _ _
Carveol  2 _ _ + +
Limonene _ + + +

D-Limonene + + + +
Apha-pinene _ _ _ +
Beta-pinene + _ _ +
Eucalyptol _ + + +

Alpha-Bourbonene + + + +
Caryophllene + + + +

Caryophyllene oxide _ + _ _
+Beta, -Myrcene + _ _ +

p-Meth-4(8)-en-9-ol _ _ _ +
Alpha-cubene _ _ + +

Isopulegyl acetate + + _ _
Beta-Phenllandrene _ _ _ +

Bornyl acetate _ _ _ +
2-Oxibicyclo [4.4.0] dec-9-ene, 6R)-1,3,7,7-tetrameth _ + + _

Neodihydrocarveol + _ _ _
Cis-p-meth-2,8-dien-1-ol + _ _ _

Gamma-cubebene + _ _ _

Table 5: Availability of different oil constituents during oil storage.
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