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Impact of Storage Duration on the Characteristics of White Wormwood Herb
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ABSTRACT 

	White wormwood (Artemisia herba-alba Asso.) is an important medicinal plant widely used for its health benefits. An experiment was conducted on dry herb to investigate the effect of storage duration on its quantitative and qualitative characteristics. The study was carried out under room temperature conditions using a randomized complete block design with five storage periods: 0, 3, 6, 9, and 12 months. The results showed no significant decrease in dry weight up to 6 months of storage, followed by a significant decline thereafter. There was a significant reduction in the percentage of essential oil, with the smallest loss occurring at 3 months and the greatest loss at 12 months. α-Thujone was the predominant component of the essential oil, followed by β-thujone. Both compounds decreased with prolonged storage, reaching their lowest levels at 12 months. Based on these findings, it is advisable not to store white wormwood for more than 3 months at room temperature to prevent further deterioration of its quantity and quality attributes.
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1. INTRODUCTION 

Medicinal plants are considered unconventional crops that have been used by humans throughout history to provide remedies for various ailments. Their importance in treating a wide range of human illnesses became particularly evident during the Middle Ages and continues to be recognized today. Medicinal plants contain active compounds that exert physiological effects on living organisms. The global market for medicinal herbs is thriving, driven by increasing consumer preference for herbal remedies, which are known to have fewer side effects and lower costs. The global market for therapeutic herbs is projected to reach $347.50 billion by 2030 (Badr et al., 2013 and 2014; Joshee et al., 2019; Ibrahima et al., 2023; Fayiah et al., 2024).
The storage of medicinal plants is a crucial stage that bridges the gap between producers and consumers. The quality of well-preserved plant materials directly impacts the effectiveness of storage. Dried medicinal plants are typically stored either for sale or as raw materials for industrial use. These plants are valued for their numerous active compounds used in medicines. Since storage involves significant costs for construction and equipment, which can disrupt the cycle of invested capital, it is essential to regularly evaluate changes in the physical and chemical properties of stored plant parts. This evaluation is necessary to prevent any adverse effects on human health that may result from alterations in active ingredients during storage. Maximizing the potential economic return from the storage process is equally important, especially given the daily impact of medicinal plants on human health. Improper storage can reduce the plant’s value and lead to wasted efforts in cultivation, production, and processing (World Health Organization, 1998; Miththapala, 2006; Abd El-Aleem and Hamed, 2018; Moghith et al., 2024).
Artemisia herba-alba, commonly known as desert wormwood or white wormwood, is a significant medicinal plant belonging to the Asteraceae family. This species is distributed worldwide, ranging from the Canary Islands and southeastern Spain in the west to Asia, encompassing all of North Africa and the Near East. In the Middle East, Artemisia herba-alba is traditionally used to treat various ailments, including gastrointestinal worms, digestive disorders, and colic. The essential oil extracted from this plant has demonstrated antibacterial properties. Additionally, it has been employed in managing diabetes mellitus. Traditionally, Artemisia herba-alba has also been used to treat snake and scorpion bites, dental pain, and respiratory issues. A mixture of white wormwood and henna, diluted with water, can be applied to the scalp to relieve neuralgia and other types of pain. The herb is also used for wound dressing, liver ailments, and as a flavoring agent for tea. Recent studies indicate that extracts from Artemisia herba-alba possess antioxidant and anticancer properties (Wright, 2001; Union Internationale pour la Conservation de la Nature et de ses Ressources, 2005; Baranová et al., 2025; Bou Malhab et al., 2025; Mohammed et al., 2021).
In Egypt, white wormwood is commercially harvested from the desert, then dried, processed, and stored for sale. Limited research has been conducted on how storage duration affects the quality of the dried raw material. This study aims to investigate the impact of various storage periods at room temperature on the quantitative and qualitative properties of the herb. The objective is to determine the optimal storage duration that maximizes economic returns while preserving the quality of the crude product.

2. material and methods  

The raw botanical materials used in the experiment were sourced from cultivated white wormwood (Artemisia herba-alba) located on the northwest coast of Egypt. These plants were grown on newly reclaimed desert land with calcareous soil. The herbs were harvested at the end of June in both 2023 and 2024 and were subsequently selected for treatment applications.
Foreign materials were removed from the vegetation, and the herbs were freshly picked, rinsed with clean water, and air-dried in the shade for three weeks before proceeding to the next steps of the investigation. The herbs were then stored in brown kraft paper bags and kept at room temperature (22–25ºC) with a humidity level of 50–60%. The kraft paper bags were sealed, and dried herb samples were collected for analysis both before and after each storage period. This sampling method ensured that the samples accurately represented the existing material.
The study employed a randomized complete block design with three replicates. The treatments consisted of five different storage intervals for the harvested dried herbs: 0, 3, 6, 9, and 12 months.
The data were analyzed using ANOVA, and differences were assessed at a 5% significance level used the Least Significant Difference (LSD) method, as described by Snedecor and Cochran (1982). The following records were evaluated before and after each storage period:




2.1 Quantity Metrics 
A 100 g sample of dry matter was randomly selected from each treatment for weight measurement. 
2.2 Quality Metrics 
The percentage of essential oil in the air-dried herb was measured by hydrodistillation for three hours using a Clevenger-type apparatus. The essential oil content was expressed as a relative percentage (v/w) in accordance with the British Pharmacopoeia (1963).

The essential oils obtained from the second season were analyzed before and after each storage period using gas chromatography-mass spectrometry (GC-MS). A Thermo Scientific TRACE GC Ultra gas chromatograph was coupled with an ISQ Single Quadrupole Mass Spectrometer detector, also from Thermo Scientific. The GC-MS system employed a TR-5MS column measuring 30 m in length, with an internal diameter of 0.32 mm and a film thickness of 0.25 μm. Helium was used as the carrier gas at a flow rate of 1.3 mL/min, with a split ratio of 1:10. The temperature program began at 80°C for 1 minute, then increased at a rate of 4°C per minute to 300°C, followed by a 1-minute hold. The injector and detector temperatures were maintained at 220°C and 200°C, respectively. Diluted samples (1:10 hexane, v/v) were continuously injected in microliter volumes. Electron ionization (EI) at 70 eV generated mass spectra ranging from m/z 40 to 450. Compound identification was performed by comparing retention times with recognized standards, mass spectral libraries, and commercial spectra, following the methods described by Massada (1976) and Jennings and Shibamoto (1980).

3. results and discussion

3.1 Influence of Storage Duration on Herb Quantity Parameters
Table 1 explains the impact of storage duration on dry weight before and after the storage periods. In both seasons, there were no significant differences in dry weight among the storage durations of 0, 3, and 6 months. However, after six months, a significant decrease in dry weight was observed, with the 9- and 12-month storage periods showing the most substantial reductions during both experimental seasons.
 The measurements for the first season were 100.00, 100.00, 99.00, 95.61, and 87.05 g, while in the second season, the recorded weights were 100.00, 100.00, 99.89, 94.89, and 88.31 g for storage durations of 0, 3, 6, 9, and 12 months, respectively.
The negative impact of extended storage periods of 9 to 12 months is primarily due to rising air temperatures, which accelerate the respiration rate in herbs. This increased respiration causes a faster breakdown of stored material and a consequent loss of weight, ultimately leading to decreased profits as a result of suboptimal storage duration choices (Raghavan, 2006; Peter, 2012).

These findings are consistent with research on stored medicinal plants. Parthasarathy et al. (2008) reported that the weight loss in stored coriander was approximately 3–5% over a two-year period for whole, dried fruits. Badawy (2010) observed that longer storage periods resulted in greater weight loss in rosemary. Similarly, Abd El-Aleem and Hamed (2018) found that extended storage led to a significant decrease in leaf weight for Siwa mint. Samad et al. (2019) investigated the impact of storage duration on China lime fruit, demonstrating that as storage time increased, fruit weight loss became more pronounced. Moghith et al. (2024) reported a significant decrease in the weight of dragon's head herb with increased storage time.

Table 1. Effect of storage duration on the weight of 100 g of herb

	Storage periods
	First season
(2023-2024) 
	Second season
(2024-2025)

	0 months
	100.00 a
	100.00 a

	3 months
	100.00 a
	100.00 a

	6 months
	99.00 a
	99.89 a

	9 months
	95.61 b
	94.89 b

	12 months
	87.05 c
	88.31 c


Means that share the same letter are not significantly different at the 5% probability level.
3.2 Influence of Storage Duration on Herb Quality Parameters
Table 2 illustrates the effect of storage duration on the percentage of essential oil in dried herbs across both seasons. The results reveal a significant decline in essential oil content, with a gradual reduction observed as the storage period is extended. The smallest decrease occurred during the 3-month storage period, while the most substantial decline was recorded after 12 months of storage. In the first season, the values were 1.88, 1.61, 1.31, 1.18, and 0.89%, while in the second season, they were 1.79, 1.58, 1.42, 1.23, and 0.93% for storage periods of 0, 3, 6, 9, and 12 months, respectively.
These results align with previous studies on dried medicinal plants stored under ambient conditions. Orav et al. (2004) reported a decrease in the amount of isolated essential oil from pepper after one year of storage. Similarly, Abd El-Wahab and Salem (2008) observed a decline in the essential oil percentage in sweet basil leaves after six and twelve months of storage. In a 2017 study, Ebadi et al. investigated changes in the essential oil concentration of lemon verbena leaves over storage periods of 0, 2, 4, 6, and 8 months, demonstrating a significant decrease in essential oil content with prolonged storage. Additionally, Leelaphiwat et al. (2017) found a significant reduction in the aroma intensity of Thai 'tom yam' seasoning powder with increased storage time.
These findings support the idea that storing medicinal and aromatic plants at room temperature for extended periods can lead to the evaporation of essential oils, resulting in a loss of flavor and aroma (Abd El-Aleem and Hamed, 2018; Moghith et al., 2024). Ibrahim (2004) studied yarrow and found that the essential oil content in the flowers decreased during storage. Similarly, Ali and Jumma (2019) demonstrated a significant reduction in the essential oil yield of cumin with prolonged storage.
The essential oil primarily contained alpha- and beta-thujone compounds, with their concentrations varying throughout the year-long storage period (Table 3). The concentration of α-thujone was 71.59% before storage, decreased to 66.23% after 3 months, then increased to 75.07% after 6 months. It subsequently declined to 63.63% after 9 months and reached its lowest value of 26.48% after 12 months. Similarly, β-thujone was 17.83% at the start of the experiment, decreased to 4.79% after 3 months, then increased to 10.28% and 13.62% at 6 and 9 months, respectively. By the end of the 12-month storage period, its concentration had dropped to its lowest level of 0.88%.
The essential oil also contained lower levels of components such as 1,8-cineole and camphor, both of which were influenced by storage duration. The concentration of 1,8-cineole was 3.74% before storage and gradually increased to 3.77%, 4.35%, 4.38%, and 5.15% after 3, 6, 9, and 12 months of storage, respectively. Camphor concentration was 4.50% before storage and decreased to 2.28% and 3.60% at 6 and 12 months, respectively, except at 9 months, when it reached its highest level of 6.64%.
Thujone, when administered under medical supervision and in safe doses, is recognized for its potential medicinal properties. These include antifungal, antibacterial, antiparasitic, digestive aid, antidiabetic, anticancer, anti-inflammatory, and antioxidant effects. Additionally, 1,8-cineole provides various health benefits due to its anti-inflammatory, antibacterial, and bronchodilator properties. Camphor also offers health benefits (Bora and Sharma, 2011; Zámboriné Németh and Thi Nguyen, 2020).
Furthermore, it was observed that the extracted oil was rich in oxygenated compounds before storage (98.61%), but their concentration decreased over the storage period, reaching 89.22% after 12 months. Conversely, the concentration of hydrocarbon compounds increased during storage, rising from 1.39% initially to 10.77% after 12 months.
Changes in the chemical profile of white wormwood essential oil during storage can negatively affect its medicinal properties and distinctive flavor. Essential oils are susceptible to oxidation and heat damage when exposed to air, moisture, and light during storage. Most essential oils are heat-sensitive, or thermolabile, at elevated temperatures. Their composition may change over time due to the reorganization, addition, or loss of components (Choi and Sawamura, 2002; Salim et al., 2016; Li et al., 2018).
These results are consistent with studies on medicinal and aromatic plants and spices under storage conditions, which indicate that extending the storage period can lead to the disappearance, decrease, or increase of certain components in the extracted essential oil (Choi and Sawamura, 2002; Ibrahim, 2004; Orav et al., 2004; Mockutë et al., 2005; Abd El-Wahab and Salem, 2008; Salim et al., 2016; Ebadi et al., 2017; Abd El-Aleem and Hamed, 2018; Moghith et al., 2024).

Table 2: Effect of storage duration on the essential oil percentage of the herb

	Storage periods
	First season
(2023-2024) 
	Second season
(2024-2025)

	0 months
	1.88 a
	1.79 a

	3 months
	1.61 b
	1.58 b

	6 months
	1.31 c
	1.42 c

	9 months
	1.18 d
	1.23 d

	12 months
	0.89 e
	0.93 e


Means that share the same letter are not significantly different at the 5% probability level.

Table 3: Effect of storage duration on the essential oil compounds (%) 

	No
	Compounds
	Treatments

	
	
	0
months
	3
months
	6
months
	9
months
	12
months

	1
	3-Decyne
	-
	-
	-
	0.75
	-

	2
	3-Carene
	-
	0.35
	-
	-
	0.47

	3
	Camphene
	0.49
	0.95
	-
	1.25
	0.73

	4
	β-Phellandrene
	-
	0.88
	-
	-
	0.96

	5
	(+)-4-Carene
	-
	0.53
	-
	-
	0.80

	6
	p-Cymene
	0.90
	2.75
	1.09
	1.41
	5.12

	7
	1,8-cineole
	3.74
	3.77
	4.35
	4.38
	5.15

	8
	δ-Terpinene
	-
	0.85
	-
	-
	1.16

	9
	Terpinen-4-ol
	-
	0.37
	-
	0.69
	3.80

	10
	α-Thujone
	71.59
	66.23
	75.07
	63.63
	26.48

	11
	β-Thujone
	17.83
	4.79
	10.28
	13.62
	0.88

	12
	Camphor
	4.50
	-
	2.28
	6.64
	3.60

	13
	endo-Borneol
	0.95
	3.81
	-
	1.61
	1.68

	14
	α-Santalol
	-
	1.41
	4.11
	2.16
	2.12

	15
	Cedren-13-ol, 8-
	-
	1.37
	2.81
	-
	1.39

	16
	3-Thujen-2-ol
	-
	-
	-
	3.86
	0.88

	17
	α-Terpineol
	-
	0.72
	-
	-
	0.84

	18
	p-Menth-2-en-7-ol
	-
	0.51
	-
	-
	-

	19
	Myrtenyl acetate
	-
	0.38
	-
	-
	33.92

	20
	Benzene, 1-ethyl-4-(1-methylethyl)-
	-
	1.69
	-
	-
	-

	21
	cis-p-Mentha-2,8-dien-1-ol
	-
	0.31
	-
	-
	-

	22
	Benzene, pentyl-
	-
	0.48
	-
	-
	-

	23
	p-Cymen-7-ol
	-
	4.22
	-
	-
	3.42

	24
	Thymol
	-
	1.01
	-
	-
	0.36

	25
	(-)-Spathulenol
	-
	0.68
	-
	-
	0.36

	26
	3-Thujen-2-ol
	-
	1.31
	-
	-
	-

	27
	α-Thujenal
	-
	-
	-
	-
	1.39

	28
	Isopulegol
	-
	-
	-
	-
	0.56

	29
	3-Isopropylbenzaldehyde
	-
	-
	-
	-
	1.80

	30
	2-Cyclohexen-1-one, 3-methyl-6-(1-methylethyl)-
	-
	-
	-
	-
	0.59

	31
	Benzene, butyl-
	-
	-
	-
	-
	1.53

	Total identified compounds
	100.00
	99.37
	99.99
	100.00
	99.99

	Total oxygenated compounds
	98.61
	90.89
	98.9
	96.59
	89.22

	Total hydrocarbon compounds
	1.39
	8.48
	1.09
	3.41
	10.77




4. Conclusion

The study recommends that when storing white wormwood herb at room temperature, the storage period should not exceed three months to prevent further deterioration of its physical properties and secondary metabolite contents.
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