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Abstract 

Dried banana (sale pisang) is a traditional product preserved by reducing the moisture content of ripe 

bananas. Slice thickness and drying conditions can affect product quality and drying efficiency. This study 

evaluated the effect of Ambon banana slice thickness on the physicochemical and sensory characteristics of dried 

banana produced using a solar dryer. A completely randomized design with one factor (slice thickness: 4, 6, or 8 

mm) and three replicates was used. Moisture, ash, and sucrose contents; instrumental color (L*, a*, and b*); and 

sensory attributes (color, aroma, texture, taste, and overall acceptability) were evaluated. Slice thickness 

significantly affected the physicochemical and sensory characteristics of the product. The 8-mm treatment 

yielded dried banana with 27.87% moisture, 1.54% ash, 18.85% sucrose, an L* value of 28.14, an a* value of 

6.97, and a b* value of 10.38. It also received the highest overall hedonic score (5.13). Under the conditions of 

this study, the 8-mm slices showed the highest overall acceptability and met the relevant Indonesian National 

Standard limits for moisture and ash. 
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1. Introduction 

Banana is an important horticultural commodity because it is widely consumed, nutritionally 

valuable, and produced in substantial quantities. Recent official statistics continue to document banana 

production as an important component of horticulture in East Kalimantan (Badan Pusat Statistik 

Provinsi Kalimantan Timur, 2025). Ambon banana (Musa acuminata, Cavendish subgroup) is one of 

the varieties commonly consumed in the region. 

Like other ripe bananas, Ambon banana is highly perishable because of its high moisture content 

and rapid physiological deterioration after harvest. Converting the fruit into dried banana can extend its 

usability, create added value, and provide a practical product for local producers. Recent studies show 

that drying conditions and pretreatments strongly influence the quality and sensory response of dried 

banana slices (Abd El-Wahhab et al., 2023; Nadery Dehsheikh et al., 2025). 

Drying reduces the amount of available water and thereby improves product stability, but the 

final quality of dried banana depends on the balance between moisture removal and retention of 

desirable sensory attributes. Slice thickness is a key processing variable because it affects the distance 

travelled by water from the tissue interior to the surface, heat and mass transfer, drying rate, and the 

extent of structural change. These effects can subsequently influence moisture content, sugar 

concentration, surface color, and texture (Amer et al., 2023; Kamble et al., 2022; Kushwah et al., 

2023). 

mailto:miftakhurrohmah@faperta.unmul.ac.id


 
 

Mulawarman Agricultural Proceedings  |  108 

Traditional open sun drying is strongly influenced by weather and may expose the product to 

dust and other environmental contaminants. A solar dryer provides a more protected drying 

environment while still using solar energy; however, variation in slice geometry can still lead to 

differences in the quality of the final product. Recent solar- and heat-pump-drying studies confirm that 

dryer conditions and sample thickness influence moisture removal and color retention in banana slices 

(Mawire et al., 2024; Sujinda et al., 2024; Sun et al., 2024). 

Recent research has examined banana drying under convective, infrared, microwave, vacuum, 

and hybrid conditions. These studies consistently show that process conditions influence 

physicochemical quality, color, texture, and sensory characteristics (Abrahão et al., 2024; Atmaca & 

Büyükcan, 2025; Dadhaneeya et al., 2023; Han et al., 2025; Dhake et al., 2025). Research using heat-

pump electrohydrodynamic, swell-, and indoor-convection drying likewise shows that drying 

conditions and slice geometry strongly influence banana quality (Meng et al., 2022; Trivedi et al., 

2023; Sangwan et al., 2025). However, information on solar-dried Ambon banana that combines 

physicochemical measurements with both hedonic and descriptive sensory responses remains limited. 

Therefore, this study evaluated the effect of 4, 6, and 8 mm slice thicknesses on the moisture, 

ash, sucrose, instrumental color, and sensory characteristics of solar-dried Ambon banana. The study 

aimed to identify the slice thickness that provides the most favourable quality profile under the 

experimental conditions. 

2. Materials and Methods 

Materials 

The materials used were Ambon bananas obtained from Bhuana Jaya Village, Kutai Kartanegara; 

0.1% Koepoe® sodium benzoate (PT Gunacipta Multirasa); distilled water; boiling chips (Merck, 

Germany); Luff–Schoorl solution (Merck, Germany); 20% potassium iodide (Merck, Germany); 25% 

sulfuric acid (Merck, Germany); 0.1 N sodium thiosulfate (Merck, Germany); 0.5% starch (Merck, 

Germany); 25% hydrochloric acid (Merck, Germany); phenolphthalein indicator (Merck, China); and 

30% sodium hydroxide (Merck, Germany). 

 

Equipment 

The equipment consisted of a solar dryer dome, a CS-10 colorimeter (PCE-CSM1, USA), a 

UN55 oven (Germany), a Carbolite furnace (Germany), a DN 300 desiccator (Germany), a digital 

screw micrometer, a hot plate, analytical balances, porcelain crucibles, volumetric pipettes, and 

laboratory glassware. 

 

Experimental Design 

A one-factor completely randomized design was used. The factor was banana slice thickness at 

three levels: 4, 6, and 8 mm. Each treatment was replicated three times. The measured variables were 

moisture content, ash content, sucrose content, instrumental color, and sensory characteristics assessed 

through hedonic and descriptive sensory tests. 

The data were analyzed using analysis of variance (ANOVA) at a significance level of α = 0.05. 

When a significant difference was detected, the least significant difference test was applied. Hedonic 

and descriptive sensory data were analyzed using the Kruskal–Wallis test. 

 



 
 

Mulawarman Agricultural Proceedings  |  109 

Production of Dried Banana 

Ambon bananas were sorted according to ripeness and peeled. The fruit was then sliced to 

thicknesses of 4, 6, or 8 mm, and equal amounts of each treatment were weighed. The slices were 

immersed in 0.1% sodium benzoate solution for 15 min, placed on trays, and dried in a solar dryer 

dome. 

 

Chemical Analyses 

Moisture and ash contents were determined using standard gravimetric procedures, while sucrose 

was determined using the Luff-Schoorl method. The procedures were implemented with reference to 

current official analytical-method guidance (AOAC INTERNATIONAL, 2023). 

 

Color Measurement 

Color was measured using a colorimeter (PCE-CSM1, USA) and expressed as L* (lightness), a* 

(green-red coordinate), and b* (blue-yellow coordinate) values. These coordinates are commonly used 

to assess drying-related color changes in banana slices (Atmaca & Büyükcan, 2025; Sujinda et al., 

2024). 

 

Sensory Evaluation 

Sensory evaluation involved 30 semi-trained panelists aged 19-22 years who had completed a 

sensory evaluation course. Hedonic and descriptive sensory tests used seven-point scales to assess 

color, texture, aroma, taste, and overall acceptability. For the hedonic test, the scale was 1 (dislike 

extremely), 2 (dislike very much), 3 (dislike), 4 (neither like nor dislike), 5 (like), 6 (like very much), 

and 7 (like extremely). 

3. Results 

Ambon bananas were processed into dried banana using three slice-thickness treatments. 

Chemical, physical, and sensory characteristics were subsequently evaluated. The chemical analysis 

results are presented in Table 1. 

Table 1. Effect of Ambon banana slice thickness on moisture, ash, and sucrose contents 

Parameter 
Slice-thickness treatment 

P1 (4 mm) P2 (6 mm) P3 (8 mm) 

Moisture content (%) 19.95 ± 0.48ᵃ 21.75 ± 0.37ᵇ 27.87 ± 0.90ᶜ 

Ash content (%) 2.46 ± 0.11ᶜ 2.24 ± 0.04ᵇ 1.54 ± 0.13ᵃ 

Sucrose content (%) 21.02 ± 0.08ᶜ 19.91 ± 0.28ᵇ 18.85 ± 0.15ᵃ 
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Color Characteristics 

 

 

  

 

 

(a) (b) (c) (d) (e) (f) 

Figure 1. Visual appearance of Ambon banana slices before and after solar drying at three slice 

thicknesses: (a) 4 mm before drying; (b) 4 mm after drying; (c) 6 mm before drying; (d) 6 mm after 

drying; (e) 8 mm before drying; and (f) 8 mm after drying. 

 

The descriptive sensory result of a darker brown appearance for the 8-mm treatment does not 

necessarily contradict the higher L* value. Instrumental color represents a small, standardized 

measurement area, whereas panelists judge the whole sample, including surface gloss, browning 

heterogeneity, and visual thickness. The darker visual impression may be associated with localized 

Maillard browning, while the higher L* value may reflect a lighter average surface. Standardizing the 

measurement location and adding browning-index or image-analysis data would help reconcile 

instrumental and sensory color findings. The complete color results are presented in Table 2. 

Table 2. Instrumental color characteristics of dried Ambon banana 

Note: Values are means ± standard deviations. Different superscript letters within a row indicate 

significant differences at α = 0.05. 

 

Sensory Characteristics 

Table 3. Hedonic scores of dried Ambon banana produced using different slice thicknesses 

Treatment 

Attribute 

Color Aroma Texture Taste 
Overall 

acceptability 

P1 (4 mm) 3.77 ± 0.17ᵃ 3.74 ± 0.50ᵃ 4.18 ± 0.29ᵃ 3.57 ± 0.06ᵃ 3.47 ± 0.05ᵃ 

P2 (6 mm) 4.79 ± 0.26ᵇ 3.97 ± 0.24ᵃ 4.30 ± 0.51ᵃ 4.74 ± 0.15ᵇ 4.43 ± 0.28ᵇ 

P3 (8 mm) 5.37 ± 0.51ᶜ 4.97 ± 0.38ᵇ 5.13 ± 0.17ᵇ 5.74 ± 0.50ᶜ 5.13 ± 0.16ᶜ 

Note: Values are means ± standard deviations. Different superscript letters within a column indicate 

significant differences at α = 0.05. 

  

Color 

parameter 

Treatment 

P1 (4 mm) P2 (6 mm) P3 (8 mm) 

L* 21.37 ± 0.71ᵃ 25.66 ± 0.82ᵇ 28.14 ± 0.88ᶜ 

a* 1.08 ± 0.69ᵃ 3.47 ± 0.83ᵇ 6.97 ± 0.61ᶜ 

b* 4.97 ± 0.45ᵃ 7.46 ± 0.76ᵇ 10.38 ± 0.57ᶜ 
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Table 4. Descriptive sensory scores of dried Ambon banana produced using different slice thicknesses 

Treatment 
Attribute 

Color Aroma Texture Taste 

P1 (4 mm) 3.77 ± 0.17ᵃ 3.57 ± 0.06ᵃ 4.74 ± 0.50ᵃ 4.13 ± 0.17ᵃ 

P2 (6 mm) 3.88 ± 0.11ᵃ 4.36 ± 0.22ᵇ 4.40 ± 0.30ᵇ 5.02 ± 0.36ᵇ 

P3 (8 mm) 4.80 ± 0.51ᵇ 5.46 ± 0.27ᶜ 4.56 ± 0.52ᶜ 5.73 ± 0.22ᶜ 

Note: Values are means ± standard deviations. Different superscript letters within a column indicate 

significant differences at α = 0.05. 

 
Figure 2. Hedonic sensory scores of solar-dried Ambon banana at slice thicknesses of 4, 6, and 8 mm. 

Higher scores indicate greater panelist preference for color, aroma, texture, taste, and overall 

acceptability.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Descriptive sensory profile of solar-dried Ambon banana at slice thicknesses of 4, 6, and 8 

mm. Higher scores indicate a stronger perceived intensity of the assessed attribute, not necessarily 

greater preference. 
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Figures 2 and 3 summarize the same treatments but answer different sensory questions. Figure 2 

presents hedonic responses, so a higher score means the panelists liked the attribute more. Figure 3 

presents descriptive responses, so a higher score means the attribute was perceived more strongly; it 

should not be interpreted automatically as a higher level of liking. 

4. Discussion 

Moisture Content 

As shown in Table 1, the moisture content of dried Ambon banana increased significantly with 

slice thickness, from 19.95% at 4 mm to 27.87% at 8 mm. All treatments complied with the Indonesian 

National Standard (SNI) maximum moisture limit of 40%. However, compliance with this limit should 

not be interpreted as equivalent to identical storage stability because products with different moisture 

contents may differ in softness, water activity, and susceptibility to quality changes during storage. 

The trend is consistent with internal moisture migration as the rate-limiting stage of drying. A 

thicker slice has a lower surface-area-to-volume ratio and a longer distance for water to move from the 

centre to the surface. Consequently, less water can be removed during a given drying period. This 

mechanism agrees with controlled drying studies showing that banana-slice moisture removal is 

strongly affected by product geometry and drying conditions, including air temperature and air velocity 

(Amer et al., 2023). In the present study, the higher moisture content of the 8-mm treatment may have 

contributed to its softer texture and greater consumer acceptance. Nevertheless, moisture content alone 

is insufficient to establish shelf-life safety; future work should measure water activity and 

microbiological quality during storage. 

 

Ash Content 

Ash content decreased significantly as slice thickness increased, from 2.46% in the 4-mm 

treatment to 1.54% in the 8-mm treatment. Only the 8-mm treatment was below the SNI maximum 

ash-content limit of 2.0%. Because mineral matter is not expected to volatilize under ordinary food-

drying conditions, this difference should be interpreted carefully as an apparent change in ash 

concentration rather than direct mineral loss. 

The higher retained moisture in thicker slices may dilute mineral constituents when ash is 

expressed on a wet-weight basis. Differences in sample composition, tissue distribution, and the degree 

of concentration during drying may also contribute to the observed values. Therefore, the result 

indicates a thickness-related difference in measured ash content, but it does not by itself demonstrate a 

change in the absolute mineral content of the banana. Reporting results on both wet and dry bases in 

future work would clarify the role of moisture concentration. 

 

Sucrose Content 

Sucrose content decreased significantly from 21.02% in the 4-mm treatment to 18.85% in the 8-

mm treatment. This pattern coincided with the increase in moisture content. When sugars are expressed 

as a percentage of product mass, a higher proportion of retained water can reduce the measured 

concentration through dilution. Thermal exposure may also alter sugar composition through hydrolysis 

and non-enzymatic browning reactions, although reducing sugars were not measured in this study. 

The lower sucrose value in the 8-mm treatment should therefore not be interpreted as evidence of a 

less sweet product. In fact, the 8-mm treatment received the highest hedonic taste score. Sweetness 

perception reflects the integrated contribution of sugars, aroma, acidity, texture, and moisture release 
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during mastication, rather than sucrose concentration alone. A future study that measures total sugars, 

reducing sugars, and soluble solids together would provide a stronger explanation of the sensory 

response. 

 

Color Characteristics 

The 8-mm treatment had higher instrumental color values than the 6- and 4-mm treatments. 

Drying duration and the intensity of sunlight entering the solar dryer can affect the final color. Drying 

studies on banana slices show that temperature, radiation intensity, and moisture removal can modify 

L*, a*, and b* values through pigment changes and non-enzymatic browning (Amer et al., 2023; 

Atmaca & Büyükcan, 2025; Han et al., 2025). 

Organoleptic Characteristics 

Color 

Slice thickness significantly affected the color of dried Ambon banana. Hedonic color scores 

ranged from 3.77 to 5.37 (neither like nor dislike to like), whereas descriptive color scores ranged from 

3.77 to 4.80 (brown to dark brown). The radar chart (Figure 3) shows that the 8-mm treatment, 

characterized by a dark-brown color, received the highest color score. 

The color changes observed in all treatments are consistent with drying-related browning reactions 

and variation in moisture removal. Recent banana-drying studies likewise report that process 

conditions and pretreatments can influence browning, color coordinates, and sensory color acceptance 

(Abd El-Wahhab et al., 2023; Abrahão et al., 2024; Dadhaneeya et al., 2023). 

 

Aroma 

Slice thickness significantly affected both hedonic and descriptive aroma scores, with the 8-mm 

treatment receiving the highest values. A thicker slice may retain more moisture and volatile 

compounds within its matrix during drying, thereby producing a more recognizable banana aroma 

when consumed. However, the present study did not measure volatile compounds; the finding should 

therefore be interpreted as a panelist perception rather than evidence of a specific aroma mechanism 

(Kumar et al., 2025; Nadery Dehsheikh et al., 2025). 

This interpretation should remain cautious because volatile compounds and drying time were not 

measured. The present data support the conclusion that panelists perceived the 8-mm sample as having 

a stronger banana aroma, but they do not identify the specific compounds responsible. Gas 

chromatography analysis or a trained descriptive panel would be useful to verify whether the difference 

reflects volatile retention, thermal aroma formation, or both. 

 

Texture 

Slice thickness significantly affected texture. Hedonic texture scores ranged from 4.18 to 5.13, and 

the 8-mm treatment was most preferred. In contrast, descriptive texture scores ranged only from 4.40 to 

4.74, with the 4-mm treatment receiving the highest descriptive score. This difference shows why 

hedonic and descriptive tests should be interpreted separately: a panelist may recognize one texture 

characteristic most strongly without necessarily preferring it. 

The higher hedonic score of the 8-mm slices is plausibly related to their higher moisture content, 

which may have produced a softer and less rigid bite. Thinner slices lose water more rapidly and can 

develop a denser or tougher structure as cellular material contracts. Similar links between drying 
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conditions, moisture removal, texture, and sensory quality have been reported for banana slices (Amer 

et al., 2023; Han et al., 2025; Kushwah et al., 2022). 

 

Taste 

Slice thickness significantly affected taste, and the 8-mm treatment had the highest hedonic and 

descriptive taste scores. The greater moisture retained by thicker slices may have improved the release 

of soluble taste compounds during mastication and reduced the perception of excessive dryness. 

Similar interactions among drying conditions, physicochemical properties, and sensory quality have 

been reported in dried banana studies (Abd El-Wahhab et al., 2023; Dadhaneeya et al., 2023; Kumar et 

al., 2025). 

Although Maillard reactions may contribute to desirable cooked notes and browning, the study did 

not measure reducing sugars, organic acids, or volatile compounds. Therefore, the sensory finding 

should be presented as an observed preference rather than proof of a specific chemical pathway. 

Combining sensory data with soluble solids, reducing-sugar, and aroma analysis would strengthen the 

explanation of taste development. 

 

Overall Acceptability 

Slice thickness significantly affected overall acceptability. The 8-mm treatment received the 

highest score (5.13), whereas the 4-mm treatment received the lowest score (3.47). Its higher 

acceptance was supported by favorable hedonic scores for color, aroma, texture, and taste, indicating 

that panelists assessed the product as a coherent sensory experience rather than on the basis of a single 

attribute. 

From a processing perspective, 8 mm is the most promising thickness among those evaluated 

when the objective is immediate consumer acceptance. This recommendation should be limited to the 

present solar-drying conditions and the panel group used in the study. The higher moisture content of 

the 8-mm product may be beneficial for palatability but could require closer control of packaging and 

storage. Product-quality decisions should therefore balance sensory acceptance with water activity, 

microbiological stability, drying time, energy use, and yield. 

5. Conclusion 

Slice thickness significantly affected the moisture, ash, and sucrose contents; instrumental color; 

and sensory characteristics of dried Ambon banana. Under the conditions of this study, the 8-mm slices 

showed the highest overall acceptability, with 27.87% moisture, 1.54% ash, 18.85% sucrose, an L* 

value of 28.14, an a* value of 6.97, a b* value of 10.38, and an overall hedonic score of 5.13. This 

treatment met the relevant Indonesian National Standard limits for moisture and ash. The solar dryer 

provided a protected drying environment for the product 
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