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Abstract

Apricots (Prunus armeniaca L.) are perishable fruits with high moisture content, which require efficient
drying technologies to preserve their nutritional and sensory qualities. This paper reviews the impact of
various drying methods on the quality characteristics of apricots, including sensory attributes, physico-
chemical properties, and nutritional value. To achieve these objectives, a narrative review methodology
was adopted, enabling a comprehensive examination of the topic by systematically collecting, summa-
rizing, and synthesizing findings from existing research. This approach facilitated an in-depth analysis
of the literature, providing a holistic understanding of the subject matter. Conventional drying methods
are cost-effective but often cause nutrient loss and sensory deterioration. Modern techniques such as
freeze-drying, microwave drying, and vacuum drying are more effective in preserving flavor, texture,
and bioactive compounds. Hybrid and emerging methods offer a balance between efficiency, energy
consumption, and product quality. Advanced drying methods, particularly freeze-drying and microwave
drying, enhance apricot preservation. Hybrid and sustainable technologies hold significant potential for
future improvements in apricot drying, underscoring the need for further research to optimize processes
and minimize environmental impacts.
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Introduction

Apricots (Prunus armeniaca L.) are nutrient-rich fruits containing essential minerals such as zinc,
potassium, iron, copper, and manganese, along with vitamins A, C, and E (Alajil et al., 2021). They
also provide a variety of bioactive phytochemicals, including flavonoids (quercetin-3-O-rutinoside, my-
ricetin, quercetin, and kaempferol), flavan-3-ols (catechin, epicatechin, and epigallocatechin gallate),
and phenolic acids (gallic, chlorogenic, neochlorogenic, caffeic, ferulic, and p-coumaric acids) (Sred-
nicka-Tober et al., 2020). Despite these health-promoting compounds, apricots are highly perishable
due to their high moisture content (Sakooei-Vayghan et al., 2020). Their climacteric nature further ac-
celerates ripening and softening immediately after harvest (Jing et al., 2018).

Apricot cultivation has long been significant in Afghanistan. Farmers also grow watermelons, mel-
ons, pomegranates, apples, and grapes, but alongside melons and grapes, apricots have historically been
one of the country’s most important crops (Akbari et al., 2017). In 2018, apricots were grown on 18,510
hectares, producing 1.09 lakh tonnes, which accounted for 7.06% of the total fruit-growing area and
4.44% of total fruit production. Globally, about 520,455 hectares are dedicated to commercial apricot
cultivation across 63 countries. The top ten producers include Turkey, Uzbekistan, Italy, Algeria, Iran,
Pakistan, Spain, France, Afghanistan, and Morocco.

Within Afghanistan, apricots are a traditional high-value crop distributed across six agro-ecological
zones. Major production areas include Zabul (20%), Uruzgan (15%), Ghazni (8%), Wardak (7%), Herat
(6%), Helmand (6%), Bamyan (6%), and Balkh (6%). According to the Ministry of Agriculture, Irriga-
tion and Livestock (MAIL), apricots are considered a priority crop and the fourth most significant per-
ennial fruit after grapes, pistachios, and almonds. For nearly 60% of Afghan farmers, apricots represent
the most important cash crop (NUHDA, 2020).

Apricots, however, are highly susceptible to microbial invasion and mechanical damage, limiting
their shelf life and transportability (Mozaffari et al., 2022). To preserve their nutrients and bioactive
compounds, effective harvesting and post-harvest management are essential. Demand for both fresh
and processed apricots is steadily increasing, as shown by FAOSTAT (2024): production rose by 16.9%
between 2010 and 2022 (from 3.303 to 3.863 million tonnes) and by 39.35% between 2009/2010 and
2022/2023 (from 2.246 to 3.130 million tonnes). Drying is an effective preservation method that con-
centrates nutrients, extends shelf life, and reduces handling, packaging, and shipping costs (Ratti et al.,
2009). While traditional methods such as sun-drying or open-air drying are inexpensive, they often
compromise quality and food safety. To overcome these limitations, modern technologies—including
oven drying, microwave drying, vacuum drying, infrared drying, freeze-drying, and hybrid methods—
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are now widely applied to fruit processing with greater success (Coklar and Akbulut, 2017; Mercer,
2014).

Each drying technique depends on various factors, such as the required type of product, size, level of
ripeness, structure, color, aroma, chemical composition, nutritional composition, together with expected
final quality, availability of a dryer and costs. The selection of an appropriate drying method is crucial
for preserving the nutritional and sensory attributes of apricots while ensuring minimal loss of bioactive
compounds. This review aims to provide a comprehensive evaluation of how different drying tech-
niques impact the physicochemical properties, nutrient composition, and sensory characteristics of apri-
cots.

Methodology

This narrative review is based on a comprehensive analysis of existing literature on drying technol-
ogies applied to apricots. A systematic review was conducted in scientific databases such as Google
Scholar, Scopus, Web of Science, and PubMed, using keywords including apricot drying, freezing dry-
ing, microwave drying, vacuum drying, solar drying, bioactive compounds, and sensory properties.
Peer-reviewed English-language articles published between 2000 and 2024 were included if they fo-
cused on apricot drying methods, physicochemical properties, nutritional composition, or sensory at-
tributes, while non-peer-reviewed works, non-English articles, and studies unrelated to apricot were
excluded. Relevant data were extracted from the selected studies and synthesized narratively to compare
findings, highlight technological advancements, and identify knowledge gaps in apricot drying research.

Results and Discussion

Drying is a critical process that not only extends the shelf life of apricots but also plays a vital role in
determining their final quality. The effectiveness of drying methods is often judged based on their abil-
ity to retain the fruit’s nutritional content, color, texture, and flavor. In the following sections, each
drying method and its impact on apricot quality will be in detail:

1. Nutritional and Sensory Profile of Fresh Apricots

Fresh apricots are a nutrient packed fruit, rich in vital vitamins such as A and C, which help immune
function and visual health, as well as minerals like potassium and iron, which support cardiovascular
health and oxygen transport in the body (Hegazi et al., 2020). Additionally, bioactive substances found
in apricots, including carotenoids and polyphenols, have antioxidant qualities and may lessen oxidative
stress (Leccese et al., 2008). Fresh apricots are a popular choice among consumers due to their sensory
profile, which includes a nice aroma, sweet-tart flavor, soft yet firm texture, and brilliant color (Garcia
et al., 2012). However, because they are exposed to heat, light, and air during processing, such as can-
ning or drying, these sensory qualities and nutritional features are extremely vulnerable to deterioration.
This can result in nutrient loss as well as changes in texture and flavor (Albanese et al., 2007). To
maintain the nutritional value and sensual appeal of apricots, proper handling and processing methods
are crucial.

2. Parameters Affecting Apricot Drying Methods
When exploring drying processes for food and specifically apricots, professionals evaluate them
based on several essential parameters:

«  Aroma: Both permanent and volatile components combine to create food’s aroma, with volatile
components making up a larger portion of the scent. Apricots are prized for their rich aroma
but drying them can cause volatile components to be lost, which lowers the quality of the final
product (Kaplan et al., 2019).
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*» Nutritional Value: The nutritional value of food includes proteins, fats, carbohydrates, vitamins,
and minerals, which are susceptible to external influences. Proper storage and preservation
methods are crucial for maintaining nutritional quality. Dried foods generally retain higher nu-
tritional value and fiber content compared to products preserved using other methods (Kutlu et
al., 2015).

s Color Protection: The appearance of food plays a vital role in consumer preferences. Methods
like hot drying and microwave drying may cause more discoloration compared to other drying
methods, affecting consumer perception (Alwazeer, 2018; Inceday et al., 2016).

% Texture and Structural Properties: Texture refers to the tactile sensations experienced while
consuming food, which can influence its quality and consumer satisfaction. Changes in texture
due to storage methods and duration are critical factors affecting consumer acceptance and re-
purchase decisions (ABP, 2024).

% Production Speed: Various factors including food chemistry, size, shape, thickness, air temper-
ature, humidity, atmospheric pressure, and drying method significantly impact drying time.
Faster drying processes save time, labor, and costs associated with production (Demirkol,
2015).

«¢ Taste: Taste is the sensory perception of food in the mouth, crucial for consumer acceptance.
Regardless of nutritional content, if consumers dislike the taste of a product, they are less likely
to repurchase it (Sayaslan and Akpar, 2003).

% Shelf Life: With increasing demand to consume seasonal products year-round, extending shelf
life has become essential. Different drying methods and additives are employed to prolong shelf
life while maintaining product quality. Products with fewer additives and longer shelf lives are
preferred for their higher quality (Sahin, 2010).

3. Apricot Drying Methods
Drying methods for apricots are a fundamental process in preserving and enhancing the quality of
this fruit. Both conventional and advanced drying technologies have their own advantages and limita-
tions, which can significantly impact on the physical, chemical, nutritional, and sensory properties of
apricots. This study investigates and analyzes each of these methods.

3.1.Conventional Drying Techniques

Sun drying: Solar drying is an environmentally friendly and sustainable method used to preserve
agricultural products, especially in regions with abundant sunlight. In apricot cultivation, implementing
solar drying techniques has shown significant benefits in terms of post-harvest handling and storage,
reducing energy consumption and preserving the fruit’s nutritional value. According to Gana et al.
(2020), solar drying can enhance the drying process by providing uniform heat distribution and improv-
ing the texture and flavor of dried apricots. Additionally, solar drying helps maintain apricot quality by
reducing microbial growth and preserving antioxidants. However, challenges such as weather depend-
ency and the need for efficient solar dryer designs must be addressed for wider adoption (Gana et al.,
2020; Koc et al., 2021).

Despite its advantages, sun drying also involves labor-intensive processes, extended drying times,
and vulnerability to contaminants such as dust, soil, gases, rain, insects, and other organisms, all of
which can negatively affect product quality. Prolonged exposure to solar heat and light may also result
in vitamin loss and color degradation in dried apricots (Karabulut et al., 2018). Among the disad-
vantages of this method are its slow pace and reliance on weather conditions (Inyang et al., 2017).
Derardja et al. (2019) found that, when comparing traditional sun drying (TSD) and oven drying (OD),
oven drying improved the content of phenolic compounds by enhancing their extractability. However,
TSD apricots appeared to be a better source of free radical scavenging compounds. Figure 1 illustrates
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the preparation process and color variation of apricots dried using two methods: the Natural Convection
Solar Dryer (INCSD) and the Open Sun Dryer (OSD). It shows images of fresh apricots (a), sliced
apricots (b), and the final dried products from INCSD (c) and OSD (d), highlighting differences in
appearance and quality (Figure 1).

(d)

Fig. 1: Sample preparation and color comparison of Dried Apricots Using INCSD and OSD methods
Source: Rejabov et al., (2024).

Hot Air Drying: In hot drying, air heated from an external energy source is directed onto the product
in its environment. Once dried, the product is cooled and then stored (Sahin, 2010). This method offers
faster processing compared to sun drying and effectively inhibits microbiological processes, thereby
minimizing negative impacts on product quality (Karabulut et al., 2018). Comparatively poor-quality
control due to the process’s low energy efficiency and the quick drying of food when it is near a heat
source (Inyang et al., 2017). Nevertheless, the drying of fruit over a long time at high temperatures is
the biggest disadvantage o’ conventional hot air drying. The exposure of apricots to high temperatures
for a long time in the presence of oxygen induces enzymatic and non-enzymatic oxidation. These con-
ditions lead to some changes in not only the sensorial attributes of the product, such as color and flavor,
but also the content and profile of carotenoids (Rodriguez-Amaya, 2010; Zhang et al., 2006).

3.2. Emerging and Advanced Drying Technologies

Vacuum Drying: Vacuum drying is particularly suitable for fruits requiring extended drying times,
significantly reducing drying duration. It facilitates easier removal of water and moisture from food at
lower temperatures compared to atmospheric conditions. By reducing air reactions vacuum drying pre-
serves color, texture, and aroma more effectively. Developed to enhance the quality of foods vulnerable
to heat damage during drying, it maintains superior product attributes (Sahin, 2010). This method op-
erates under low pressure and requires a substantial amount of energy, which is considered its primary
disadvantages (Inyang et al., 2017). This method minimizes oxidative reactions, thereby maintaining
the color and texture of apricots more effectively (Zhang et al., 2020). Nutritionally vacuum drying
helps retain higher levels of heat sensitive nutrients such as vitamin (e.g., vitamin C) and antioxidants
compared to traditional drying techniques. The lower temperatures and reduced oxygen environment
prevent the degradation of these compounds, ensuring that the dried apricots retain more of their original
nutritional value (Zhang et al., 2020). Vacuum-dried apricots often exhibit superiority, quality in terms
of flavor, aroma, and overall acceptability.



JaVfrm Y8/

Microwave Drying: Microwave drying complements hot and vacuum drying methods, enhancing
efficiency and quality by converting electromagnetic energy into heat energy. It accelerates the drying
of high moisture products at the outset, lowering process costs and increasing speed and efficiency. Its
key advantage lies in uniform heat distribution throughout the food, achieved through high conductivity
(Gogis et al., 2007; Maskan 2000). Garcia-Martinez et al., (2013) reported that when compared to hot
air drying, the use of microwaves reduced the drying time by 82%. On the other hand, this type of
drying has some disadvantages, such as non-uniform heating, possible textural damage, high investment
costs and the limited penetration of microwave radiation (Zhang et al., 2006). Compared to other meth-
ods, microwave drying achieves the required heat levels rapidly, boosting production speed (Fratianni
et al., 2013). Gao et al., (2024) indicates that MVD exhibited the fastest drying rate, closely followed
by FD -MVD, while HAD demonstrated the slowest rate. In terms of color retention, vitamin C content,
titratable acid content, and rehydration capacity, the combined drying method of FD-MVD performed
marginally less favorably compared to FD.

Freeze Drying: Freeze drying preserves product freshness exceptionally well by removing water and
moisture via sublimation. This method effectively prevents microbial and spoilage issues, ensuring the
highest quality standards. However, its high-cost limits widespread use despite minimal flavor and color
changes compared to sun, heat, and vacuum drying methods (Sablani et al. 2007; Sahin, 2010). Freeze
drying has been extensively studied for its ability to maintain the quality of apricots, especially in pre-
serving their sensory attributes, such as color, flavor, and texture, as well as their nutritional content.
The process involves sublimation of water from the fruit under low temperatures and pressures, which
results in minimal degradation of vitamins and antioxidants. Compared to other drying methods, freeze
drying retains more of the apricot’s bioactive compounds, including polyphenols and carotenoids,
which are crucial for its health benefits. However, its high energy consumption and cost remain barriers
for large-scale applications.

Infrared Drying: Infrared drying involves the use of specialized drying rooms where the drying pro-
cess occurs under controlled conditions. The temperature of the heating plate and the radiation power
are set to specific levels (Yang et al., 2024). Higher radiation intensity accelerates the drying process.
This method is favored due to its ability to evenly and effectively penetrate the product with radiation,
as well as its lower installation and operating costs compared to other drying methods. Moreover, it is
not influenced by external meteorological conditions (Aktas et al., 2013). Infrared drying has emerged
as a more energy-efficient and rapid method for drying apricots compared to traditional hot air drying.
This technique utilizes infrared radiation to generate heat directly within the apricot, leading to a more
uniform and efficient drying process. Studies have shown that infrared drying helps maintain the apri-
cot’s natural color and texture and also preserves valuable nutrients such as antioxidants and phenolic
compounds. For instance, a study by Rashid et al., (2019) highlighted that infrared drying allows for a
more uniform distribution of heat than convection drying, resulting in a higher quality product. Further-
more, research indicates that infrared drying offers better quality preservation compared to sun drying
and hot air drying, with the added advantage of reduced drying time. However, challenges such as the
potential for uneven heat distribution and the need for careful control of infrared intensity remain con-
siderations. A study by Zhang et al., (2024) discussed that uneven drying is a main technical problem
for the application and promotion of infrared drying technologies.

4. Sustainability and Economic Considerations in Apricot Drying Methods
Apricot drying methods have significant implications for sustainability and economic considerations,
particularly in the context of agriculture and food processing industries. Traditional sun drying remains
an energy efficient and environmentally friendly method, utilizing solar energy for dehydration, thereby
reducing the need for artificial heating. However, sun drying is weather dependent and requires more
space and labor, which may lead to increased costs and quality inconsistencies (Togrul and Pehlivan,
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2003). On the other hand, modern methods like solar dryers or mechanical dehydration offer more con-
trol over the drying process, enhancing quality and reducing post-harvest losses. These methods, how-
ever, require higher initial investments in equipment and energy use, which could be a barrier for small
scale farmers or producers in developing regions (Ratti, 2001). Economically, while mechanical drying
is more efficient and faster, it involves higher operational costs, making it more suitable for larger pro-
ducers who can achieve economies of scale (Hodges et al., 2016). In contrast, sun-drying and solar-
assisted dryers offer more affordable solutions for smaller scale producers (Kumar & Sharma, 2017).
Moreover, recent innovations such as hybrid solar dryers and microwave assisted drying offer energy
efficiency and higher quality outcomes, but they require careful consideration of initial investment costs
(Yousefi et al., 2017). The economic benefits of these methods must be weighed against environmental
impacts, with a growing trend toward sustainability driving innovations in energy efficient drying tech-
nologies (Saha et al., 2022). The challenge lies in balancing the reduction of environmental footprints
with the profitability of the drying process, ensuring that apricot drying methods contribute positively
to both the economy and the environment (Zhao et al., 2021).

5. Recent Innovation and Future Prospective in Apricot Drying

Recent innovations in apricot drying technologies have made substantial progress in enhancing effi-
ciency, preserving nutritional value, and minimizing environmental impact. Solar- assisted drying sys-
tems have emerged as one of the most promising solutions, particularly hybrid solar dryers, which in-
tegrate solar energy with other heat sources such as biomass, electrical energy, or waste heat. This not
only speeds up the drying process but also ensures more consistent results, even in areas with low sun-
light availability (Togrul and Pehlivan, 2003). In addition to solar drying, microwave assisted drying
techniques have gained traction due to their ability to drastically reduce drying time while retaining the
apricot’s texture, flavor, and nutritional properties (Hodges et al., 2016). Moreover, the application of
infrared and vacuum drying methods has also shown potential in improving the final product’s quality
by preserving the fruit’s color and taste (Yousefi et al., 2017). Looking to the future, the incorporation
of smart technologies such as the Internet of Things (IOT) for real-time monitoring of drying conditions
is expected to offer significant improvements in operational efficiency and quality control (Saha et al.,
2022). Furthermore, the use of renewable energy sources such as wind or biogas in apricot drying sys-
tems is poised to reduce energy consumption and enhance the sustainability of these processes. The
commercialization of these cutting-edge technologies will depend on cost -effectiveness, scalability,
and their ability to meet the growing demand for environmentally sustainable food processing methods
(Zhao et al., 2021). Overall, the future of apricot drying is directed towards greater energy efficiency,
sustainability, and high-quality product output.

6. Prospects for Apricot Drying

The prospects for apricot drying show great potential due to the increasing demand for dried fruit
products as a healthy snack. According to a study by Jindal et al., (2020), the dried apricot market is
poised for significant growth as consumers shift toward more nutritious, natural snacks. This market
growth is driven by the nutritional benefits of dried apricots, which are rich in fiber, antioxidants, and
vitamins, making them an attractive option for health-conscious individuals. As per a report by Yildirim
et al., (2021), apricot drying methods have become more sophisticated with advancements in drying
technologies, enhancing the flavor and nutrient retention of the dried fruit. This improvement in drying
technology increases the appeal of apricots for both consumers and manufacturers. Additionally, re-
gional trends have shown that demand for dried apricots is growing in Europe and North America,
where there is a significant shift toward plant-based and healthy diets. A study by Koc et al., (2022)
highlights that Italy and Spain have seen an increase in the consumption of dried apricots, not just in
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traditional culinary uses, but also as a snack in the growing natural foods market. This shift is further
reflected in North America, particularly in Canada, where dried apricots are becoming a popular snack
among consumers seeking plant-based, nutritious alternatives (Vural et al., 2020). As technological
advancements continue, these trends are expected to accelerate in the coming years.

Conclusion

This review critically examines the impact of various drying technologies on the nutritional and sen-
sory attributes of apricots. Traditional methods like sun and hot air drying, though cost-effective, often
compromise product quality. In contrast, advanced techniques such as vacuum, microwave, freeze, and
hybrid drying enhance nutrient retention, reduce drying time, and preserve sensory properties. Innova-
tions like ultrasound-assisted dehydration, Al- and IoT-based monitoring, and solar-assisted systems
further improve efficiency and sustainability. Emerging non-thermal methods and nanotechnology ap-
plications hold promise for superior preservation. Continued research is essential to meet global demand
for high-quality, nutritious, and environmentally sustainable dried apricots.
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