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ABSTRACT: 
The present study investigated the influence of storage conditions and packaging materials on the physicochemical 
properties and chemical stability of Cymbopogon citratus essential oil during twelve months of storage. Fresh essential 
oil was extracted by hydrodistillation using a Clevenger-type apparatus and stored under refrigerated (4 °C), dark, and 
open (ambient) conditions in aluminum bottles (AB), plastic bottles (PB), brown glass bottles (BGB), and transparent 
glass bottles (TGB). Physicochemical properties and total citral content were periodically evaluated by standard 
analytical methods and gas chromatography. Refrigerated storage exhibited the highest stability, with total citral 
remaining between 73.28 and 74.38% after twelve months, corresponding to approximately 94–95% retention of the 
initial citral content. Dark storage resulted in moderate citral degradation (66.61–70.02%), while open (ambient) 
storage produced the greatest loss (65.80–69.98%). Brown glass bottles consistently showed the highest citral 
retention, followed by transparent glass, aluminum, and plastic bottles. Physicochemical analysis revealed only minor 
changes during storage, with gradual increases in refractive index, specific gravity, and acid value, accompanied by 
increases in optical rotation indicating progressive oxidative deterioration. The findings demonstrate that storage 
temperature and packaging material act synergistically to preserve citral stability and essential oil quality. Refrigerated 
storage in brown glass bottles was identified as the most effective condition for minimizing oxidative degradation, 
extending shelf life, and maintaining the commercial, aromatic, and therapeutic quality of citral-rich lemongrass 
essential oil. 
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Essential oils are naturally occurring volatile 
substances extracted from aromatic plants and consist 
mainly of terpenes and oxygenated compounds such as 
alcohols, aldehydes, ketones, esters, and phenolic 
compounds. These oils are commonly obtained from 
leaves, flowers, stems, roots, seeds, and bark through 
extraction methods including steam distillation, 
hydrodistillation, and cold pressing [1]. Due to the 
presence of biologically active constituents, essential 
oils exhibit significant antimicrobial, antioxidant, 
medicinal, and preservative properties [2]. The 
chemical composition and bioactivity of natural 
products are influenced by several factors, including 
plant species, geographical origin, climatic and 
environmental conditions, harvesting stage, and 
extraction technique. [3–4] 
In recent years, essential oils have gained considerable 
attention in food, pharmaceutical, and cosmetic 
industries because of the increasing demand for 
natural and eco-friendly products [4]. They are 
particularly valued for their antimicrobial properties, 
which are associated with their ability to interact with 
and disrupt microbial cell membranes, inhibit bacterial 
enzymes, and interfere with DNA synthesis. 
Furthermore, chemical functionalization or 
derivatization of phenolic compounds can enhance 
their antimicrobial activity and improve their 
therapeutic potential [5]. The biological activities of 
essential oils strongly depend on their chemical profile 
and the concentration of active constituents. 
Among aromatic plants, lemongrass (Cymbopogon 
citratus and Cymbopogon flexuosus) is widely 
recognized for its characteristic lemon-like fragrance 
and therapeutic importance. Lemongrass essential oil 
is rich in citral, which mainly consists of α-citral and 
β-citral and contributes significantly to its aroma and 
biological activity [8]. Other important constituents 
include myrcene, linalool, geraniol, and geranyl 
acetate. Citral-rich lemongrass oil has demonstrated 
strong antioxidant and antibacterial properties against 
various pathogenic microorganisms. In addition, 
studies have shown that citral may improve the 
effectiveness of certain antibiotics against multidrug-
resistant bacteria, highlighting its potential role in 
combating antibiotic resistance [8]. 
Traditionally, it has been used for the treatment of 
wounds, skin infections, fever, and common cold 
symptoms [9]. During storage and transportation, 
oxidation reactions may occur, resulting in the 
formation of hydroperoxides and other degradation 
products that reduce the oil’s aromatic quality and 
biological effectiveness [10]. Lemongrass essential oil 
has also been reported to possess insecticidal, 
repellent, medicinal, and therapeutic properties [11, 
12]. Environmental factors such as storage 
temperature, light exposure, and container type 

significantly influence the chemical stability and shelf 
life of essential oils [13]. 
  Furthermore, its eco-friendly nature and pleasant 
aroma have promoted its application in integrated pest 
management systems as an alternative to synthetic 
chemical pesticides [14,15]. 
Despite these valuable properties, the practical 
application of lemongrass essential oil is limited due 
to its high volatility, low water solubility, and 
sensitivity to environmental conditions such as 
oxygen, light, heat, and moisture [16]. To improve the 
stability and functionality of essential oils, 
encapsulation techniques have been widely 
investigated [17]. Encapsulation involves 
incorporating essential oil droplets within polymeric 
or emulsifying matrices that act as protective barriers 
against oxidation, evaporation, and environmental 
degradation [18]. This approach enhances the stability, 
controlled release behavior, and overall performance 
of essential oils in different applications. Additionally, 
the lipophilic constituents of lemongrass oil can 
interact with microbial membranes, causing 
membrane disruption and increased permeability, 
thereby contributing to its antimicrobial effectiveness 
[19–20]. 

Although several studies have investigated 
the chemical composition, bioactivity, and storage 
stability of lemongrass (Cymbopogon citratus) 
essential oil, the combined effects of storage 
environment, packaging material, and prolonged 
storage duration on citral stability have received 
comparatively limited attention.  

Previous studies have demonstrated that 
storage conditions can alter the chemical composition 
and stability of C. citratus essential oil. Tran et al. [21] 
investigated changes in the chemical composition of 
lemongrass essential oil under different storage 
conditions over four months, demonstrating the 
influence of storage environment on its volatile 
constituents. More recently, Kumar et al. [22] 
evaluated the effects of aluminum, transparent glass, 
and HDPE plastic containers on the chemical 
degradation and antibacterial activity of lemongrass 
essential oil during one year of storage. However, a 
comprehensive comparison integrating different 
storage environments with commercially relevant 
packaging materials over an extended 12-month 
period, together with systematic monitoring of citral 
retention and physicochemical quality parameters, 
remains comparatively limited. Such an integrated 
assessment is important because citral, comprising 
geranial and neral, is the principal aroma and bioactive 
constituent of lemongrass essential oil and is closely 
associated with its commercial quality and functional 
properties. Therefore, the present study aimed to 
systematically evaluate the effects of storage 
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conditions and packaging materials on the 
physicochemical properties and citral retention of 
lemongrass essential oil during twelve months of 
storage using gas chromatography, and to relate the 
observed changes to potential degradation pathways. 
The findings provide practical information for 
optimizing storage conditions and packaging 
strategies to improve the shelf life and preserve the 
quality of lemongrass essential oil for aroma, flavour, 
cosmetic, pharmaceutical, and food applications. 
MATERIALS AND METHODS 
Collection of Plant material : 
Fresh lemongrass (Cymbopogon citratus L.) leaves 
were collected from the botanical garden of VSSD 
College, Kanpur, India, in the morning hours (5:00–
6:00 a.m.). The collected plant material was 
thoroughly washed with distilled water to remove 
adhering dust and other impurities. After cleaning, the 
leaves were air-dried under ambient laboratory 
conditions and stored in the Chemistry Laboratory at a 
controlled temperature of 27–30 °C prior to further 
experimental analysis. 
Extraction of essential oil: 
Fresh leaves of lemongrass (Cymbopogon citratus L.) 
were carefully weighed and transferred into a round-
bottom flask connected to a Clevenger-type apparatus 
for essential oil extraction.   Hydrodistillation was 
carried out for approximately 5–6 h to ensure efficient 
recovery of volatile constituents from the plant 
material. During the distillation process, steam passed 
through the plant matrix, facilitating the release of 
aromatic compounds, which were subsequently 
condensed and collected in the graduated receiver of 
the apparatus. 
After completion of the extraction process, the 
essential oil layer was carefully separated from the 
aqueous distillate. The collected oil was then treated 
with anhydrous sodium sulfate to remove residual 
moisture and obtain a clear, water-free essential oil 
sample. The purified lemongrass essential oil was 
subsequently transferred into clean airtight glass vials 
to minimize contamination, oxidation, and 
volatilization losses during storage. 

Essential oil Yield (%) =weight of oil collected(gm)
Weight of sample (gm)

× 100 
To evaluate the influence of storage conditions on the 
chemical stability and compositional integrity of the 
oil, freshly extracted samples stored in glass vials were 
maintained under three different environmental 
conditions, namely refrigerated storage, dark storage, 
and open storage conditions at room temperature. Four 
commercially available packaging materials were 
selected to evaluate their effect on the storage stability 
of Cymbopogon citratus essential oil: aluminum 
bottles (AB), plastic bottles (PB; HDPE), brown glass 
bottles (BGB), and transparent glass bottles (TGB). 

Each 100 mL bottle was filled with 100 mL of freshly 
extracted essential oil and sealed with airtight 
polypropylene screw caps (Fig.1).  

 
Fig.1 Storage containers (100 mL) used in the storage 
stability study of Cymbopogon citratus essential oil. 
AB = aluminum bottle; PB = transparent plastic bottle; 
BGB = brown glass bottle; TGB = transparent glass 
bottle. 
The average wall thickness was approximately 1.0 mm 
(AB), 1.2 mm (PB), and 2.0 mm (BGB and TGB). 
These packaging materials differ in their oxygen and 
light barrier properties and are widely used in the 
aroma, cosmetic, pharmaceutical, and essential oil 
industries. Brown glass and aluminum provide 
superior protection against light and oxygen, whereas 
HDPE exhibits comparatively higher oxygen 
permeability. For each storage condition (refrigerated, 
dark, and ambient), three independent bottles of each 
packaging type were used (n = 3). All physicochemical 
and GC analyses were performed in triplicate, and the 
results are expressed as mean ± standard deviation.  
PHYSICOCHEMICAL PROPERTIES: 
Freshly extracted and de-moisturized lemongrass 
essential oil samples were transferred into clean glass 
vials and stored under three different conditions for 
twelve months: open condition at room temperature 
(27 ± 3 °C), refrigerated condition, and dark condition 
protected from light exposure. Equal volumes of oil 
(100 mL) were filled into the glass vials up to the neck 
level to minimize air space and were tightly sealed 
with inner and outer caps throughout the storage 
period. 
After twelve months of storage, the physicochemical 
properties of the lemongrass oil samples were 
evaluated and compared with freshly distilled oil, as 
presented in Table 1. Parameters including optical 
rotation, refractive index, specific gravity, solubility in 
ethanol, acid value, ester value, and ester value after 
acetylation were determined according to the standard 
methods prescribed by the Bureau of Indian Standards 
(BIS) for essential oil analysis [23-29]. Optical 
rotation was measured using Rajdhani RSP3 
Polarimeter, while refractive index was determined 
using a Abbe Refractometer. All analyses were 
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performed in triplicate, and the results are expressed as 
mean ± standard deviation. 
Table 1. Results of different storage conditions in 
glass vials on the physicochemical properties of 
lemongrass essential oil after twelve months of 
storage. 

Physioc
hemical 
Propert

ies 

Freshl
y 

distille
d oil 

Brown Glass Bottle (BGB)-
Stored Lemongrass 

Essential Oil After Twelve 
Months 

  Refrige
rator  

Dark Open 

Color Dark 

yellow 

Dark 

yellow 

Dark 

yellow,  

Pale 

yellow,  

Odor lemon-

like 

lemon-

like 

lemon-

like 

lemon-

like 

Optical 

rotation 

-

2.74°±

0.02 

-

2.72°±

0.02 

-

2.69°±

0.02 

-

2.65°±

0.02 

Refracti

ve index  

1.4775

±0.000

2 

1.4779

±0.000

2 

1.4782

±0.000

2 

1.4787

±0.000

2 

Specific 

gravity  

0.8912

±0.000

2 

0.8918

±0.000

2 

0.8924

±0.000

2 

0.8929

±0.000

2 

Solubilit

y (70% 

EtOH) 

2 vol. 2 vol.  2 vol.  2 vol.  

Acid 

value % 

by mass 

2.72%±

0.02 

2.90 ± 

0.02 

3.26 ± 

0.03 

4.74 ± 

0.03 

     

     

Gas Chromatography Analysis of Lemongrass 
Essential Oil: 
The chemical composition of lemongrass essential oil 
was analyzed using Gas Chromatography equipped 
with an Agilent 789013 gas chromatograph. 
Separation of volatile constituents was achieved using 
a fused silica capillary column HP-INNOWAX (30 m 
× 0.25 mm internal diameter × 0.25 μm film 
thickness). Nitrogen was used as the carrier gas at a 
constant flow rate of 1.5 mL min⁻¹, while n-hexane 
was used as the solvent. The injection volume of the 

oil sample was 0.2 μL, and the GC interface 
temperature was maintained at 250 °C. The oven 
temperature program was initially set at 60 °C and 
increased to 200 °C at a rate of 6 °C min⁻¹, followed 
by heating from 200 °C to 275 °C at 8 °C min⁻¹, and 
finally from 275 °C to 280 °C at 5 °C min⁻¹. 
A built-in data-handling programme for the gas 
chromatograph, provided by the manufacturer, was 
used for all quantification. The relative % composition 
of each component was calculated based on GC peak 
areas without applying a correction factor. 
RESULTS AND DISCUSSION 
Physical Properties 
The physical properties of freshly distilled lemongrass 
(Cymbopogon citratus L.) essential oil and samples 
stored in brown glass bottles (BGB) under 
refrigerated, dark, and open (ambient) conditions for 
twelve months are presented in Table 1 and Fig. 2. 
Only minor physicochemical changes were observed 
during storage, although the extent of change varied 
with storage conditions. Refrigerated storage showed 
the highest preservation of oil quality, whereas open 
(ambient) storage resulted in comparatively greater 
physicochemical changes. 
Freshly distilled lemongrass essential oil exhibited a 
characteristic dark yellow color with a strong lemon-
like odor, reflecting its high citral content. After 
twelve months, the oils stored under refrigerated and 
dark conditions largely retained their original dark 
yellow appearance, whereas the sample stored under 
open (ambient) conditions gradually changed to pale 
yellow, indicating pigment degradation due to 
oxidation and prolonged exposure to atmospheric 
oxygen. Similar color changes have been reported 
during long-term storage of citral-rich essential oils 
owing to oxidative degradation of monoterpenoids and 
naturally occurring pigments. 
The characteristic lemon-like aroma remained 
unchanged under all storage conditions, suggesting 
that the principal volatile constituents responsible for 
the fragrance were largely preserved throughout 
storage. Although gradual oxidation occurred, the 
changes were insufficient to produce noticeable 
sensory deterioration. 
Only slight variations in optical rotation were 
observed during storage (Fig. 2a). The freshly distilled 
oil exhibited an optical rotation of −2.74 ± 0.02°, while 
refrigerated storage showed the smallest deviation 
(−2.72 ± 0.02°). The values gradually shifted to −2.69 
± 0.02° under dark storage and −2.65 ± 0.02° under 
open (ambient) storage, indicating minor 
compositional changes associated with slow oxidation 
and structural modification of terpenoid constituents. 
A gradual increase in refractive index was observed 
during storage (Fig. 2b). The refractive index 
increased from 1.4775 ± 0.0002 in freshly distilled oil 



Stability Assessment of Lemongrass (Cymbopogon citratus L.) Essential Oil under Different Storage Environments 
and Packaging Materials 

 IJDDT Volume 16 Issue 89s 2026 Page: 307 

to 1.4779 ± 0.0002 after refrigerated storage, 1.4782 ± 
0.0002 after dark storage, and 1.4787 ± 0.0002 after 
open (ambient) storage. This increase may be 
attributed to the gradual formation of oxygenated 
compounds and oxidation products that slightly alter 
the optical properties of the oil. 
Specific gravity also increased slightly during storage 
(Fig. 2c), rising from 0.8912 ± 0.0002 in freshly 
distilled oil to 0.8918 ± 0.0002, 0.8924 ± 0.0002, and 
0.8929 ± 0.0002 under refrigerated, dark, and open 
storage conditions, respectively. The smaller increase 
under refrigerated storage indicates better preservation 
of the original composition, whereas the greater 
increase under open storage suggests enhanced 
oxidation and formation of higher molecular weight 
oxygenated compounds. 
No change was observed in the solubility of the oil in 
70% ethanol, as all samples remained completely 
soluble in two volumes of ethanol throughout the 
storage period. This result indicates that prolonged 
storage under the investigated conditions did not 
significantly affect the overall polarity of lemongrass 
essential oil. 
Overall, refrigerated storage in brown glass bottles 
provided the highest physical stability of lemongrass 
essential oil during twelve months of storage, whereas 
open (ambient) storage caused the greatest 
deterioration. The higher citral retention and lower 
oxidative degradation under refrigerated conditions 
confirm that low-temperature storage in brown glass 
bottles is the most suitable method for preserving 
essential oil quality. 

 
Fig. 2. Changes in the physicochemical properties of 
Brown Glass Bottle (BGB)-stored lemongrass 
essential oil after 12 months under different storage 
conditions: (a) optical rotation, (b) refractive and (c) 
specific gravity (values are mean ± SD, n = 3). 
Chemical Properties: 
The changes in the chemical quality parameters of 
Brown Glass Bottle (BGB)-stored lemongrass 
essential oil after 12 months under different storage 
conditions are presented in Table 1 and Fig. 3. Storage 
conditions influenced the chemical stability of the 
essential oil, particularly the acid value. 
The acid value increased from 2.72 ± 0.02% in freshly 
distilled oil to 2.90 ± 0.02%, 3.26 ± 0.03%, and 4.74 ± 
0.03% under refrigerated, dark, and open (ambient) 

storage, respectively (Fig. 3). The lower acid value 
under refrigerated storage indicates reduced oxidation 
and hydrolysis, whereas the highest value under open 
storage reflects greater oxidative deterioration due to 
prolonged exposure to oxygen and ambient conditions. 

s 
Fig 3. Changes in chemical properties of Brown Glass 
Bottle (BGB)-stored lemongrass essential oil after 12 
months under different storage conditions:  acid value 
(% by mass),  
Overall, storage conditions influenced the chemical 
stability of lemongrass essential oil during the Twelve-
month storage period. Refrigerated storage showed the 
least change, with the lowest acid value (2.90 ± 
0.02%), These results indicate that refrigerated storage 
in brown glass bottles is the most suitable condition for 
maintaining the chemical quality of lemongrass 
essential oil during long-term storage. 
GC Analysis of Lemongrass Essential Oil : 
(i) Refrigerated Storage 
The effect of refrigerated storage on the total citral 
content of Cymbopogon citratus essential oil 
packaged in aluminum bottles (AB), plastic bottles 
(PB), brown glass bottles (BGB), and transparent glass 
bottles (TGB) is presented in Table 2(i) and Fig. 4. 
Refrigerated storage effectively maintained citral 
stability throughout the 12-month storage period, 
indicating that low temperature significantly retarded 
chemical deterioration of the essential oil. Fresh oil 
contained 77.92% total citral, which decreased only 
slightly after three months to 75.92% (AB), 75.91% 
(PB), 76.50% (BGB), and 75.99% (TGB). The 
consistently higher citral retention in BGB, followed 
by TGB, AB, and PB, demonstrates that packaging 
material played a complementary role in preserving 
essential oil quality under refrigerated conditions. 
Similar observations have been reported for citral-rich 
essential oils, where low-temperature storage 
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effectively reduced oxidation and volatilization of 
monoterpenoids while maintaining aroma quality [13]. 
A gradual decline in total citral content was observed 
with increasing storage duration in all bottle types; 
however, the reduction remained relatively small. 
After 6 months, citral contents were 75.93% (BGB), 
75.90% (TGB), 74.68% (AB), and 74.60% (PB). After 
9 months, the values decreased to 74.68% (BGB), 
74.63% (TGB), 74.63% (AB), and 73.38% (PB), 
respectively. At the end of 12 months, BGB and TGB 
retained the highest citral content (74.38% each), 
followed by AB (73.66%) and PB (73.28%). Overall, 
the reduction in citral from the fresh reference value of 
77.92% was 3.54 percentage points in BGB and TGB, 
4.26 percentage points in AB, and 4.64 percentage 
points in PB, corresponding to retention of 
approximately 95.46%, 95.46%, 94.53%, and 94.05%, 
respectively. These results demonstrate that 
refrigerated storage preserved more than 94% of the 
initial total citral content over the 12-month period. 
The superior stability of citral under refrigerated 
storage can be attributed to the suppression of 
oxidation, isomerization, and volatilization reactions 
at lower temperatures. According to the Arrhenius 
principle, decreasing storage temperature reduces 
reaction rates and limits the formation of oxidation 
products from geranial and neral, thereby preserving 
total citral [30]. 

 
Fig. 4. Changes in total citral (%) of lemongrass 
essential oil stored in AB, PB, BGB, and TGB under 
refrigerated conditions (twelve months). 
Brown glass bottles further enhanced citral retention 
because they effectively blocked ultraviolet radiation 
and provided an excellent barrier against atmospheric 
oxygen, reducing photooxidation and oxidative 
degradation. Transparent glass bottles also performed 
well owing to their low oxygen permeability but 
allowed greater light transmission, whereas aluminum 
bottles showed slightly lower stability. Plastic bottles 
consistently exhibited the greatest citral loss, which 
may be attributed to their comparatively higher 
oxygen permeability and possible interaction of 
volatile compounds with the polymer matrix during 
prolonged storage [22, 30]. 

(ii) Dark Storage 
The influence of dark storage on the total citral content 
of Cymbopogon citratus essential oil stored in 
aluminum bottles (AB), plastic bottles (PB), brown 
glass bottles (BGB), and transparent glass bottles 
(TGB) is presented in Table 2(ii) and Fig. 5. Although 
storage in darkness eliminated direct 
photooxidation, a progressive decline in total citral 
was observed throughout the 12-month storage period, 
indicating that oxidative degradation continued under 
ambient temperature. After three months, BGB 
retained the highest citral content (74.33%), followed 
by TGB (72.40%), AB (71.37%), and PB (70.87%). 
Compared with refrigerated storage, all bottle types 
exhibited lower citral retention, suggesting that 
temperature plays a more decisive role than light 
exclusion in preserving citral-rich essential oils [13, 
21, 22]. As increases storage duration, total citral 
gradually decreased in all packaging materials. At six 
months, citral content declined to 72.59% (BGB), 
71.87% (TGB), 71.19% (AB), and 70.76% (PB), while 
after nine months the corresponding values 
further decreased to 72.40% (BGB), 71.58% (TGB), 
70.30% (AB), and 69.91% (PB), respectively. Brown 
glass bottles consistently exhibited the highest citral 
retention, whereas plastic bottles showed the greatest 
reduction. This behavior can be attributed to the 
superior oxygen and light barrier properties of brown 
glass, which restrict oxygen diffusion and minimize 
residual light-induced oxidation. In contrast, the 
higher oxygen permeability of plastic packaging 
facilitates oxidative conversion of citral into secondary 
oxygenated compounds, thereby accelerating quality 
deterioration during storage [13, 21]. 
After twelve months, the total citral content decreased 
to 70.02% (BGB), 69.69% (TGB), 68.56% (AB), and 
66.61% (PB), corresponding to reductions of 10.14%, 
10.57%, 12.00%, and 14.52%, respectively, compared 
with fresh oil. The greater losses observed under dark 
storage compared with refrigerated storage indicate 
that elimination of light alone is insufficient to 
preserve citral if storage temperature remains 
moderate. Thermal oxidation, autoxidation, and 
gradual degradation of geranial and neral continue 
during prolonged storage, leading to progressive 
depletion of total citral. Overall, the order of citral 
stability remained BGB > TGB > AB > PB, 
confirming that brown glass bottles provide the most 
effective protection under dark storage conditions. 



Stability Assessment of Lemongrass (Cymbopogon citratus L.) Essential Oil under Different Storage Environments 
and Packaging Materials 

 IJDDT Volume 16 Issue 89s 2026 Page: 309 

 
Fig. 5. Changes in total citral (%) of lemongrass 
essential oil stored in AB, PB, BGB, and TGB during 
twelve months of dark storage. 
(iii) Open (Ambient) Storage 
The effect of open (ambient) storage on the total citral 
content of Cymbopogon citratus essential oil is 
presented in Table 2(iii) and Fig. 6. Open storage 
resulted in the greatest reduction in citral among all 
storage conditions, demonstrating the combined 
adverse effects of ambient temperature, atmospheric 
oxygen, and intermittent light exposure on essential oil 
stability. After three months, total citral ranged from 
70.76% (PB) to 73.88% (BGB), while AB and TGB 
retained 71.25% and 72.13%, respectively. Even at 
this early stage, citral retention was lower than that 
observed under refrigerated and dark storage, 
indicating accelerated degradation under ambient 
conditions [21, 22]. The decline became more 
pronounced with increasing storage duration. At six 
months, total citral decreased to 70.50% (BGB), 
69.91% (TGB), 69.54% (AB), and 66.69% (PB). 
Further 
reductions were observed after nine months, reaching 
70.02%, 68.94%, 66.94%, and 66.61%, respectively. 
Brown glass bottles consistently maintained the 
highest citral content, whereas plastic bottles exhibited 
the most rapid deterioration. These results indicate that 
packaging materials with superior oxygen barrier 
properties significantly delay oxidation, whereas 
plastic containers allow greater oxygen ingress, 
thereby promoting degradation of geranial and neral 
during long-term  
storage. 

 

Fig. 6. Changes in total citral (%) of lemongrass 
essential oil stored in AB, PB, BGB, and TGB during 
twelve months of Open (Ambient) storage. 
After twelve months, the total citral content declined 
to 69.98% (BGB), 68.80% (TGB), 66.69% (AB), and 
65.80% (PB), corresponding to reductions of 10.19%, 
11.70%, 14.41%, and 15.55%, respectively, relative to 
fresh oil. The substantial decrease observed under 
ambient storage reflects the combined effects of 
elevated temperature, oxygen exposure, volatilization, 
and oxidation, which accelerate the conversion of 
citral into secondary degradation products. Among all 
packaging materials, brown glass bottles provided the 
greatest protection by minimizing oxygen diffusion 
and light penetration, whereas plastic bottles exhibited 
the poorest performance because of their higher 
oxygen permeability and lower protective efficiency 
[21, 22].  
Overall, ambient storage was the least suitable 
condition for preserving citral-rich lemongrass 
essential oil. The consistent order of citral retention 
(BGB > TGB > AB > PB) demonstrates that 
storage temperature and packaging material act 
synergistically to influence chemical stability.  
Therefore, long-term storage of lemongrass essential 
oil under ambient conditions, particularly in plastic 
containers, should be avoided to maintain its aroma 
quality, therapeutic value, and commercial shelf life 
[31]. Table 2. Combined effects of storage duration, 
storage condition, and 
bottle type on the total citral content (%) of lemongrass 
(Cymbopogon citratus) essential oil. 

Storage 
Duration 
(Months) 

Total Citral (%) in Different 
Bottle* Types 

 AB PB BGB TGB 

Fresh 
(Reference) 

77.92  77.92  77.92  77.92  

(i) Refrigerated Storage 

03 75.92 75.91 76.50  75.99 

06 74.68 74.60 75.93 75.90 

09 74.63 73.38 74.68 74.63 

12 73.66 73.28 74.38 74.38 

(ii) Dark Storage 

03 71.37 70.87 74.33 72.40 

06 71.19 70.76 72.59 71.87 
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09 70.30  69.91 72.40 71.58 

12 68.56 66.61  70.02 69.69 

(iii) Open (Ambient) Storage 

03 71.25 70.76 73.88 72.13 

06 69.54 66.69 70.50 69.91 

09 66.94 66.61 70.02 68.94 

12 66.69 65.80  69.98 68.80 

*Abbreviations: AB = Aluminum Bottle; PB = Plastic 
Bottle; BGB = Brown Glass Bottle; TGB = 
Transparent Glass Bottle. 
Reaction mechanism of citral degradation  
Citral, the major volatile constituent of lemongrass 
essential oil, consists mainly of geranial (α-citral) and 
neral (β-citral). Its α,β-unsaturated aldehyde structure 
makes it susceptible to oxidation, photooxidation, 
thermal degradation, and secondary rearrangement 
reactions during storage [32]. The proposed molecular 
pathways involved in these degradation processes are 
illustrated in Fig. 7(a). Accordingly, citral declined 
from 77.92% in fresh oil to 73.28–74.38% under 
refrigeration and to lower levels under dark and open 
ambient conditions. 
Refrigeration provided the highest citral retention. In 
BGB, citral decreased from 77.92% to 74.38% after 12 
months. The lower temperature suppresses thermally 
activated oxidation and other degradation reactions 
[33]. BGB showed the highest retention, followed by 
TGB, AB, and PB, indicating an additional protective 
effect of light exclusion by brown glass. Twelve-
month retention: BGB (74.38%) = TGB (74.38%) > 
AB (73.66%) > PB (73.28%). 
Major reaction at low temperature 

 
Fig. 7 (a). Proposed molecular mechanisms of citral 
degradation in lemongrass essential oil during dark 
ambient storage in different bottle types. 
Under dark ambient conditions, citral declined to 
68.56% (AB), 66.61% (PB), 70.02% (BGB), and 

69.69% (TGB) after 12 months. Although light-
induced reactions are minimized, oxidation and 
thermally accelerated degradation can continue in the 
presence of oxygen. Citral oxidation may generate 
hydroperoxide intermediates and subsequent 
aldehydes, ketones, alcohols, and other secondary 
products [34], as represented in Fig. 7(b). BGB 
retained the highest citral concentration, 
demonstrating the benefit of light-protective 
packaging. 
Auto-oxidation  

 
Fig. 7 (b). Proposed molecular mechanisms of citral 
degradation in lemongrass essential oil during dark 
ambient storage in different bottle types. 
The greatest citral loss occurred under open ambient 
storage, with 12-month values of 66.69% (AB), 
65.80% (PB), 69.98% (BGB), and 68.80% (TGB). 
Exposure to oxygen, light, and ambient temperature 
promotes simultaneous oxidative and photooxidative 
degradation, while temperature accelerates reaction 
kinetics [35]. These processes, including oxidation and 
subsequent molecular rearrangements, are 
summarized in Fig. 7(c). The retention order was BGB 
(69.98%) > TGB (68.80%) > AB (66.69%) > PB 
(65.80%). 
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Fig. 7 (c). Proposed molecular mechanisms of citral 
degradation in lemongrass essential oil during open 
ambient storage conditions in different bottle types. 
Overall, citral degradation followed the order 
refrigerated < dark ambient < open ambient storage. 
BGB consistently provided the greatest protection, 
whereas PB showed the highest loss. These findings 
confirm that temperature, oxygen, light exposure and 
packaging material are important determinants of 
citral stability. The proposed molecular mechanisms 
responsible for citral degradation under these storage 
conditions are presented in Fig. 7 (a, b, c). Refrigerated 
storage in brown glass is therefore the most suitable 
condition for preserving citral-rich lemongrass 
essential oil. 
CONCLUSION 
This study demonstrated that storage conditions and 
packaging materials significantly influence the 
physicochemical quality and citral stability of 
Cymbopogon citratus essential oil during twelve 
months of storage. Refrigerated storage in brown glass 
bottles provided the highest citral retention, lowest 
oxidative degradation, and best preservation of oil 
quality, whereas ambient storage in plastic bottles 
caused the greatest deterioration. The proposed 
molecular degradation pathway explains the 
progressive oxidation of geranial and neral into 
secondary oxygenated compounds, supporting the 
observed decline in citral. The work lies in integrating 
physicochemical evaluation, GC-based citral 
monitoring, comparative assessment of packaging 
materials, and a molecular degradation mechanism to 
establish practical storage recommendations. Since 
citral is the principal aroma and bioactive constituent 
of lemongrass oil, its concentration directly 
determines fragrance quality, therapeutic efficacy, 
industrial grade, and market value. Therefore, 
preserving citral is essential for the aroma, flavour, 

pharmaceutical, cosmetic, food, and aromatherapy 
industries. These findings provide a scientific basis for 
improving storage practices, extending shelf life, 
minimizing quality losses, and enhancing the 
commercial value of citral-rich lemongrass essential 
oil.  
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