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Abstract This study takes fig (Ficus carica L.) as the research object and conducts a systematic analysis of the overall quality
performance of different varieties from the perspective of dual use for fresh consumption and drying. Under a unified evaluation
framework, multidimensional comparison and evaluation of germplasm resources were carried out focusing on key indicators for
fresh consumption, including fruit appearance traits, pulp quality, flavor characteristics, nutritional composition, and postharvest
storage performance, as well as processing suitability indicators such as dry matter content, sugar accumulation, peel characteristics,
drying efficiency, and dried product quality. Significant differences were observed among fig varieties in terms of morphology,
physiological and biochemical traits, and sensory quality. Some superior genotypes showed synergistic advantages in both fresh
quality and drying performance, such as higher soluble solids content, better peel structure, and stronger antioxidant capacity.
Combined with optimized cultivation management practices and harvesting strategies, the comprehensive utilization value of
dual-purpose varieties can be further improved. This study provides a theoretical basis and practical reference for fig variety selection,
resource development, and the integrated development of fresh and dried fig industries.
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1 Introduction

Fig (Ficus carica L.) is one of the oldest domesticated fruit trees. It is widely grown in Mediterranean and
semi-arid regions and is increasingly regarded as a functional food crop. It is easy to propagate vegetatively, can
adapt to a wide range of soils and climates, and has long been closely linked with traditional dietary systems.
These factors have allowed fig cultivation to continue for thousands of years. Fresh figs contain about 80% water
and spoil very easily. Their postharvest storage life is usually only a few days, which limits market circulation and
leads to significant losses in areas without adequate cold-chain conditions (Pandidurai et al., 2021). In contrast,
drying can significantly concentrate sugars, dietary fiber, minerals, and various phytochemicals, resulting in a
stable product with high energy density, longer shelf life, and wider uses. New drying methods, such as slice
drying or osmotic dehydration, can improve year-round supply while maintaining or even enhancing phenolic
compounds and mineral content (Manjunath et al., 2019).

In terms of nutrition, both fresh and dried figs are rich in carbohydrates, dietary fiber, minerals (especially
potassium and calcium), vitamin C, and polyphenolic compounds with antioxidant activity (Sandhu et al., 2023).
The drying process significantly increases the concentration of sugars and dietary fiber, and it usually also raises
total phenolic content and antioxidant capacity, especially in dark-skinned cultivars and in peel tissues (Yang et al.,
2023).

This study evaluates fig cultivars from a dual-purpose perspective. Under uniform conditions, it systematically
assesses both fresh consumption and drying performance, focusing on key fruit traits related to fresh use and
important indicators related to drying. By comparing different cultivars and selecting those that meet quality
requirements for both uses, this study provides a scientific basis for cultivar selection in new and existing orchards.
It also promotes the use of locally adapted but underutilized germplasm resources and supports the development
of an integrated fresh—dried fig industry chain in Mediterranean-type environments.
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2 Germplasm Resources and Variety Selection

2.1 Overview of global fig germplasm diversity

Fig germplasm resources are very rich and widely distributed in the Mediterranean Basin, West Asia, and newly
developed cultivation regions. A large pool composed of local varieties, wild types, and introduced cultivars has
been characterized using morphological, pomological, biochemical, and molecular tools. The results consistently
show high phenotypic and genetic diversity (Sclavounos et al., 2023).

Studies from Tunisia, Morocco, Algeria, Azerbaijan, Greece, and Iran indicate wide variation in tree structure, leaf
traits, and especially in fruit size, shape, color, and ripening time. Although most germplasm can be grouped into a
few basic fruit shape and skin color categories, the variation within these groups is still significant (Abdelsalam et
al., 2019).

Analyses based on molecular markers such as SSR and ISSR show that fig germplasm has abundant alleles, high
polymorphism, and relatively weak genetic structure. Most of the variation exists within populations rather than
among populations or regions (Ali-Shtayeh et al., 2014; Ahmad and Noori, 2023).

2.2 Selection criteria for candidate varieties

In dual-purpose evaluation, the selection of candidate varieties aims to cover different fruit traits, quality
characteristics, and genetic backgrounds. Key focus is placed on fruit-related traits, such as single fruit weight,
fruit size, shape, skin color, flesh thickness, and dried fruit weight. These traits show wide variation ranges and
high coefficients of variation, and they are important discriminant indicators in multivariate analysis (Khadivi and
Mirheidari, 2022).

Morphological and agronomic traits (such as tree vigor, yield, and maturity time) are combined with
physicochemical and biochemical indicators (such as soluble solids, acidity, phenolic compounds, flavonoids, and
antioxidant capacity). These indicators are closely related to consumer preference and processing suitability
(Almeida et al., 2022).

2.3 Description of selected fig varieties

Local varieties from traditional fig-growing regions perform well in fruit size, dried fruit weight, and sensory
quality, and they are important genetic resources for breeding. Among North African germplasm, some local
varieties have large, nearly spherical fruits, attractive skin color, and high sugar content, making them suitable for
both fresh consumption and drying (Hssaini et al., 2019). Germplasm from the Eastern Mediterranean region
includes types with relatively large fruits, diverse skin colors, and good overall quality, showing a wide range of
phenotypic variation.

Introduced varieties such as “Brown Turkey” have been more systematically studied in terms of growth
characteristics, yield, fruit traits, and nutritional quality. Some of these varieties show strong performance in
combined morphological and biochemical evaluations (Almeida et al., 2022). The combination of local and
introduced varieties reflects both the long-term diversification of figs and their current commercial value.

3 Fresh Consumption Evaluation Indicators

3.1 Fruit appearance traits (size, shape, peel color)

In the fresh market, figs must first meet consumers’ visual expectations. Fruit size and weight are key commercial
evaluation criteria because they directly affect grading and market attractiveness. There are large differences in
average fruit weight among varieties; for example, genotypes such as ‘Banane’, ‘Brown Turkey’, and ‘San
Martino’ usually produce significantly larger fruits (Mahmoudi et al., 2018) (Figure 1). Fruit shape
(length-to-width ratio) and ostiole characteristics are also included in standardized description systems, as they
influence visual appeal, handling convenience, and safety (e.g., susceptibility to insect or pathogen entry) (Tikent
et al., 2025).

Peel color is the most direct indicator reflecting varietal characteristics and maturity. Light- and dark-colored
varieties can be clearly distinguished, and their color parameters (L*, C*, h°) show strong varietal dependence.
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Dark-colored varieties usually have lower hue angle (h°) and higher contents of anthocyanins and phenolic
compounds, while light-colored varieties show higher brightness (L*) and chroma (C*) (Hssaini et al., 2020).
Changes in peel and pulp color are also among the most sensitive indicators of ripeness and are often used
together with firmness to determine the optimal harvest time.

‘Bakkor Biadh’ (Green-yellow) ‘Bither’ (Green-yellow) . ‘Bidha’ (Green-yellow)

‘Boughandjo’ (Green-yellow) ‘Safra’ (Yellow)

‘Zarrouk’ (Green-purple) ‘Hamra’ (Green-purple) ‘Bakkor Khal’ (Black)

Figure 1 Photographs of the studied fig cultivars (Original, 2015) (Adopted from Mahmoudi et al., 2018)

3.2 Flesh quality (texture, juiciness, seed content)

The acceptance of fresh figs largely depends on their texture, especially flesh firmness and juiciness. Firmness is
commonly used as an important indicator of harvest timing and maturity. Fruits harvested at a higher maturity
stage (i.e., “tree-ripe”) are usually softer, but when firmness is still sufficient to withstand transport, they are more
preferred by consumers.

Professional sensory evaluation usually includes firmness, juiciness, graininess, stickiness, and smoothness. These
characteristics vary with cultivar and maturity level. Fruits that are not fully ripe usually show higher compression
force and thicker skin, giving a firmer perception, sometimes accompanied by bitterness or astringency. In
contrast, fruits at higher maturity are juicier and softer.

Seed content and the perception of achenes are also important factors. Sensory evaluation often scores seed
presence and adhesion, as excessive seed content may negatively affect mouthfeel. Differences among varieties in
pulp thickness and cavity size influence the pulp proportion and juiciness (Mahmoudi et al., 2018).

3.3 Flavor characteristics (sugar—acid ratio, aroma components)

Fig flavor results from the combined effects of sugars, organic acids, phenolic compounds, and volatile substances.
Soluble solid content (SSC) and titratable acidity (TA) are commonly used indicators. The SSC:TA ratio (maturity
index, MI) is closely related to perceived sweetness and overall acceptance (Pereira et al., 2020). Tree-ripe fruits
usually have higher SSC and lower TA, and SSC is often more strongly correlated with consumer preference than
TA.

Descriptive sensory studies show that different varieties have unique aroma profiles, which can be described by
attributes such as “fruity,” “melon-like,” “berry-like,” “citrus-like,” and “honey-like” (King et al., 2012). Fruits
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with lower maturity often show “green” and astringent notes, while those at higher maturity present stronger
sweetness and flavor intensity.

Instrumental analysis (SPME-GC-MS) shows that fig aroma consists of a complex mixture of volatile
compounds, including alcohols, aldehydes, esters, and terpenes. Key compounds such as hexanal, (E)-2-hexenal,
and limonene contribute significantly to the aroma of fresh figs (Giindesli et al., 2024). Principal component
analysis often indicates that the maturity index (MI) and pulp color parameters are important predictors of sensory
quality.

3.4 Nutritional composition (sugars, vitamins, phenolic compounds)

Fresh figs are characterized by relatively high carbohydrate content, especially glucose and fructose, which
dominate in both peel and pulp and vary among cultivars. SSC reflects both sugar accumulation and water content
and is a core indicator of fresh quality.

In addition, figs are rich in vitamin C, minerals (especially potassium and calcium), dietary fiber, and small
amounts of protein, with significant differences among varieties and tissues (Maatallah et al., 2024).

In recent years, phenolic content and antioxidant activity have gradually been included in quality evaluation
systems. This is particularly important for dark-skinned varieties, whose peels usually contain higher levels of
phenolic compounds and show stronger antioxidant capacity.

3.5 Shelf life and postharvest performance

For fresh consumption, shelf life is a key evaluation indicator because figs have high moisture content and soften
easily, making them highly perishable fruits. Postharvest performance mainly includes weight loss rate, firmness
retention, color stability, decay incidence, and the maintenance of SSC and bioactive compounds during storage
(Byeon and Lee, 2020).

There are differences among varieties in maintaining firmness and external quality. Varieties with higher initial
firmness can be harvested at higher maturity while still maintaining good transport tolerance.

Postharvest treatments such as modified atmosphere packaging (MAP) and UV-C treatment can significantly
extend shelf life. For example, under low-temperature conditions, combining UV-C with MAP can effectively
maintain fruit firmness, reduce decay rate, and preserve good appearance (Souza et al., 2022). Cold storage can
also alter metabolite composition, indicating that different varieties respond differently to storage conditions.

4 Evaluation Indicators of Drying Suitability

4.1 Dry matter content and moisture characteristics

The initial dry matter content determines how much water needs to be removed and has a clear effect on drying
time, energy consumption, and final texture. The target moisture content of safe dried fig products is usually
around 18%~24% (wet basis), which corresponds to a relatively low water activity and helps long-term storage
(Pandidurai et al., 2021). Varieties or treatments with higher solid content can reach this target moisture faster and
usually show a lower dehydration ratio.

Moisture loss generally follows thin-layer drying kinetics and is mainly in the falling-rate period. Effective
moisture diffusivity and equilibrium moisture content are often used to compare drying behavior among different
varieties and product forms. Osmotic pre-dehydration and sugar solution treatments can remove part of the water
before drying and make the initial moisture more consistent, which improves process control and helps retain
nutrients.

4.2 Sugar accumulation and caramelization potential

High total soluble solids (TSS) and sugar contents (glucose, fructose, sucrose) are important for achieving proper
sweetness, water activity, and texture in dried figs. During drying, sugars become concentrated, and TSS can
increase to about 30~35 °Brix or even higher (Villalobos et al., 2016).
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Pre-treatments that maintain or increase sugar content can improve flavor and consumer acceptance. High sugar
levels also promote Maillard reactions and caramelization, which can help form desirable flavors if controlled
properly. However, excessive browning and sugar crystallization may reduce product quality.

4.3 Peel thickness and crack resistance

Peel properties affect mechanical strength and surface quality during dehydration. A peel with good elasticity and
integrity helps maintain fruit structure, reduces cracking, and lowers contamination risk during drying (Lachtar et
al., 2022). In contrast, fragile peels are more likely to crack or show excessive browning, which reduces market
value.

Color stability (L*, a*, b*, AE) is commonly used to evaluate peel quality. Compared with natural sun drying,
controlled drying systems are better at maintaining brightness and color uniformity (Zare and Jalili, 2020).
Pre-treatments such as sulfite treatment or osmotic treatment can further reduce browning, but their effectiveness
depends on the variety and processing conditions.

4.4 Drying efficiency and dehydration rate

Drying efficiency depends not only on the drying method but also on variety characteristics, such as fruit size and
composition. Artificial and assisted drying systems can usually shorten drying time to 1-3 days, while traditional
sun drying takes much longer (Nagaraja et al., 2016).

Pre-treatments like osmotic dehydration or soaking can increase effective moisture diffusivity and speed up water
removal. Indicators such as effective moisture diffusivity, activation energy, dehydration ratio, and energy
consumption are widely used to evaluate drying performance.

4.5 Quality of dried products (texture, color, flavor, and storage stability)

The final product quality reflects a combination of physical, chemical, and sensory properties. The texture should
remain soft and chewy, and proper pre-treatment and drying methods can improve hardness and rehydration
capacity (Gengdag et al., 2021).

Color is an important commercial attribute, and products with lighter and more uniform color are usually
preferred. Controlled drying systems are better than natural sun drying in maintaining color. Appearance, aroma,
and taste are the main factors affecting consumer acceptance.

Storage stability depends on maintaining low moisture content and low water activity while limiting oxidation and
microbial growth. Properly processed figs can be stored for several months, although quality gradually declines
over time (Dumitru, 2018). Advanced preservation methods, such as coating treatments and optimized
drying—storage combinations, can further extend shelf life and maintain product quality.

S Comparative Evaluation of Dual-Purpose Performance of Fig Varieties for Fresh
Consumption and Processing

5.1 Comprehensive evaluation model and scoring system

For fresh figs, a weighted evaluation system is usually applied to rank eating quality, including fruit size, shape,
color, SSC (soluble solid content), acidity, and sensory attributes (Prgomet et al., 2021). For dried or processed
products (such as dried fig slices and osmo-dehydrated figs), indicators like TSS (total soluble solids), acidity,
peelability, absence of defects, color stability, and sensory preference are combined into an overall score
(Shishkina et al., 2022). Multivariate statistical methods, such as principal component analysis (PCA), canonical
correlation analysis (CCA), and cluster analysis, are often used to integrate morphological, agronomic, and
biochemical traits. These methods help classify genotypes into groups and identify materials with superior overall
performance.

5.2 Correlation between fresh quality traits and drying traits
Fresh quality traits (such as fruit size, SSC, and peel characteristics) are generally positively correlated with dry
matter content, sugars, and phenolic compounds. This suggests that genotypes with good fresh-eating quality may
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also show stronger flavor and higher functional value after drying (Arvaniti et al., 2019). In Smyrna-type figs, dry
fruit weight is significantly correlated with leaf density, fruit length, and fruit width, indicating that vigorous
growth and larger fruit size often lead to higher dry yield (Khadivi et al., 2018). Fruit geometry, peel
characteristics, sugar content, and phenolic compounds tend to change together, and can be used as key combined
indicators to predict dual-purpose potential.

5.3 Screening and identification of high-performance dual-purpose varieties

Dark-skinned varieties from Algeria and Morocco show good fruit traits, high consumer acceptance, and relatively
high levels of phenolic compounds and antioxidant capacity. These varieties are suitable both for fresh
consumption and for producing dried products with high nutritional value (Tikent et al., 2022). Some
underutilized Italian varieties, such as ‘Processotto Nero’, ‘Natalese Nera’, and “Verde di Natale’, perform well in
fruit weight, TSS, peelability, and maturity time. After processing into dried fig slices, they also receive high
sensory scores, indicating good processing adaptability as well as good fresh-eating quality (Ferrara et al., 2023)
(Figure 2). Varieties ranked highly in comprehensive evaluations (such as ‘Bursa Siyahr’, ‘Yediveren’, elite local
genotypes from Turkey and Bangladesh, and ‘Mlouki’ and ‘Assal’) are also considered important dual-purpose
candidates when drying conditions are available (Maatallah et al., 2024).

i

Unserutilized local fig cultivars

Figure 2 Drying process and product transformation of underutilized local fig cultivars into fig disks (Adapted from Ferrara et al.,
2023)

5.4 Trade-off between fresh quality and drying adaptability

Traits preferred in the fresh market (such as easy peeling and obvious skin cracking) may increase the risk of
damage during sun drying or storage, while crack-free skin is more favorable for dried product quality. Highly
mature fruits with high SSC and soft texture have advantages for fresh consumption, but their low mechanical
strength makes them more prone to damage during handling and may affect drying uniformity. In contrast, fruits
with slightly firmer texture and higher dry matter content are more suitable for dehydration processing (Shishkina
et al., 2022). Although higher phenolic content and dark skin color can improve nutritional value, improper
control during drying may intensify browning (Uslu et al., 2024).

6 Case Study of Dual-Purpose Fig Varieties

6.1 Evaluation of representative fig varieties

‘Brown Turkey’ is generally regarded as an early-bearing and high-yielding variety, showing medium to relatively
high productivity along with desirable fresh fruit quality. Its fruits are of moderate size, have relatively high
soluble solids content, and perform well in consumer evaluations in terms of flavor and texture (Koly et al., 2024).
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Similar integrated morpho-pomological and biochemical assessments have also been applied to local varieties in
the Apulia region, such as ‘Processotto Nero’, ‘Natalese Nera’, and ‘Verde di Natale’. Key indicators, including
fruit weight, peel color, ease of peeling, total soluble solids (TSS), and ripening time, were systematically
recorded prior to processing (Ferrara et al., 2023).

6.2 Performance under fresh consumption conditions

For fresh consumption, ‘Brown Turkey’ demonstrates good fruit traits and nutritional quality, ranking relatively
high in multivariate comprehensive evaluations. This is mainly attributed to its favorable flavor, texture, juiciness,
as well as its vitamin C content and antioxidant-related properties (Koly et al., 2024). These findings suggest that
this variety is more suitable as a stable and reliable option for the fresh fruit market rather than a premium cultivar
aimed at extreme sensory quality.

6.3 Drying processing performance and product quality

Studies on the drying of ‘Brown Turkey’ figs indicate that, with appropriate pretreatments—such as soaking in
fructose or sucrose solutions and sulfiting-combined with controlled tray drying or oven drying processes, it is
possible to obtain dried fig products with a moisture content of about 24% (wet basis). These products can
maintain good sugar retention, moderate acidity, mineral content, and relatively high sensory scores, including
color, texture, and flavor (Singh and Kaur, 2025). Varieties with better initial fruit characteristics, such as higher
fruit weight, better coloration, higher TSS, and easier peeling, tend to perform better in consumer preference
evaluations, where appearance and pleasant flavor are the main factors driving acceptance.

7 Cultivation and Management Practices

7.1 Agronomic measures affecting fruit quality

Moderate deficit irrigation can improve the quality and storage life of fresh figs, but excessive water stress
reduces gas exchange, promotes leaf drop, and shortens the production cycle (Ammar et al., 2020). Under
semi-arid conditions, controlling irrigation at about 85%~95% of crop evapotranspiration (ETc) can optimize
yield, water use efficiency, and fruit quality. At the same time, potassium fertilization can partly alleviate water
stress (Moura et al., 2023). Integrated water-fertilizer management and balanced application of N-P-K fertilizers
can significantly increase yield, fruit size, total soluble solids (TSS), sugar content, and ascorbic acid compared
with rainfed or low-input systems (Ali et al., 2025). Pruning intensity and timing (closely related to phenological
stages) are also important, helping balance vegetative growth and fruiting, and improving marketable yield and
fruit size (Pereira et al., 2017).

7.2 Harvest timing for dual-use optimization

Fig is a climacteric fruit and is highly perishable, so harvest maturity strongly affects quality. Fruits harvested at
higher maturity (“tree-ripe”) have higher single fruit weight, soluble solids content (SSC), and SSC:TA ratio, but
lower acidity and firmness, and are more acceptable to consumers than those harvested at “commercial maturity”
(Crisosto et al., 2010). Under dry conditions in India, the best eating quality usually occurs 7~8 weeks after
syconium development. Early harvesting can cause cell structure disorder, while overripe fruits have high water
content, poor texture, and are more prone to cracking and decay (Singh et al., 2023). For dual purposes (fresh
consumption and processing), fruits for long-distance fresh markets should be harvested at slightly lower maturity,
while fully ripe fruits are more suitable for local consumption or drying.

7.3 Regional adaptability and environmental effects

Fig cultivars show strong genotype % environment interaction. Different cultivars vary greatly in yield, earliness,
and TSS, so selection should be based on local climate conditions and market timing. Differences also exist
among cultivars in photosynthetic efficiency, oxidative stress indicators, and drought tolerance, highlighting the
need to match cultivars with irrigation regimes according to local water availability (Ammar et al., 2020). Climate
change, including rising temperatures and reduced rainfall, together with pest and disease pressure, has already led
to yield decline in some Mediterranean regions (Mellal et al., 2023).
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7.4 Pest and disease factors affecting fruit quality

Pests and diseases directly affect fruit marketability and suitability for drying. In tropical field trials, mealybug
infestation and ostiole-end cracking significantly reduced fruit quality, and different cultivars showed different
levels of susceptibility (Moniruzzaman et al., 2020). Fungal pathogens such as Diaporthe spp. can cause leaf
blight, branch dieback, and fruit spot, weakening tree vigor and affecting fruit appearance (Nur-Shakirah and
Mohd, 2025). In southern Italy, fig decline has been identified as a disease complex caused by multiple factors,
including Botryosphaeriaceae, Fusarium species, and bark beetles, characterized by cankers, vascular
discoloration, wilting, and significant yield loss (Habib et al., 2025).

8 Challenges and Future Research Directions

8.1 Limitations of current evaluation methods

At present, most evaluations mainly focus on morphological traits and fruit characteristics (such as fruit size, color,
weight, and soluble solids content, SSC), as well as simple multivariate ranking. These studies are often limited to
a single region or specific climatic conditions. Drying properties, postharvest performance, and storage responses
are rarely integrated with field data, although cold storage studies have shown that different cultivars exhibit
significant quality differences during storage (Byeon and Lee, 2020). Molecular diversity studies (such as ISSR,
SSR, and iPBS) are usually not well connected with detailed fruit quality phenotyping, which limits their direct
application in breeding selection (Uger et al., 2025).

8.2 Breeding needs for dual-purpose trait improvement

Many screening studies have identified superior genotypes with large fruit size, high SSC, rich bioactive
compounds, or strong drought resistance. However, these traits are rarely integrated into systematic breeding
programs. Wild species, local varieties, and underutilized germplasm resources show wide phenotypic and genetic
variation, and they have the potential to develop ideal dual-purpose types (for both fresh consumption and
processing). However, they are mainly used for resource characterization rather than systematic hybrid utilization
(Elmeknassia et al., 2025). Future breeding should not only improve fresh fruit quality but also focus on key traits
such as high dry matter content, peel characteristics, ostiole size, and stress resistance (Aljane et al., 2018).

8.3 Role of genomics and phenotyping technologies

The availability of chromosome-level fig genome assemblies and the development of high-density molecular
markers make it possible to link SNPs and candidate genes with traits such as fruit size, sugar content, acidity,
bioactive compounds, and drought response regulatory networks (e.g., NAC transcription factor FcJA2) (Ren et
al., 2025). Studies based on SSR, ISSR, and iPBS have shown high genetic diversity within populations and weak
geographic differentiation, providing a strong foundation for marker-assisted selection (Qurbanova et al., 2025).
Future research should combine these molecular markers with standardized and high-throughput evaluations of
fruit quality, stress physiology indicators, and drying suitability.
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