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Abstract. Sa’diyah H, Waluyo B, Rusdiana RY, Sari VK, Hadi AF. 2026. Evaluating fruit morphological and physicochemical 
characteristics in different banana (Musa spp.) cultivars using multivariate analysis. Biodiversitas 27 (4): d270435. 
https://doi.org/10.13057/biodiv/d270435. Banana (Musa spp.) are an important tropical fruit in Indonesia, widely cultivated and 
contributing significantly to local food production. Indonesia hosts numerous banana cultivars with diverse morphological and 
physicochemical characteristics; however, comprehensive trait-based evaluations of local cultivars, particularly those integrating 
multiple traits within a single analytical framework, remain limited. This study aimed to assess the morphological and physicochemical 
characteristics of 20 banana cultivars collected from traditional markets in East Java and to explore their variability using a multivariate 
statistical approach. Sixteen quantitative traits, including fruit biometric attributes and nutrient composition, were measured at a 
standardized ripening stage to enable meaningful cultivar comparisons at market-ready maturity. Cluster analysis using Euclidean 
distance with complete linkage and Principal Component Analysis (PCA) was applied to examine trait distributions and similarities 
among cultivars. The results showed clear phenotypic and nutritional variation among cultivars. Several cultivars were separated from 
others, each exhibiting a distinct profile. These cultivars had high levels of several quality-related traits, including high Fruit Firmness 
(FF), Total Soluble Solids (TSS), and nutrient content, indicating potential value for improving fruit quality. Meanwhile, several 
cultivars formed clusters characterized by more moderate trait values. Berlin was identified as an outlier with a distinctive profile, 
specifically in its moisture, ash, and carbohydrate content. The clustering patterns observed in the PCA biplot were consistent with the 
cluster heatmap, supporting the use of the methods for integrated characterization. Overall, this study demonstrates that combining 
morphological and physicochemical traits can uncover complex patterns of variability that may not be apparent through univariate 
assessment. These findings provide useful information for cultivar differentiation, utilization, and the conservation of local banana 
germplasm, while also highlighting the need for future studies integrating molecular approaches to better disentangle genetic and 
environmental influences on key quality traits and to support precision breeding for improved nutrition and stress adaptation. 
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INTRODUCTION 

Banana (Musa spp.) is one of the most important 
tropical fruits worldwide, serving not only as a staple food 
but also as a vital source of income and nutrition in tropical 
and subtropical regions. This fruit is culturally important 
and nutritionally valuable, providing carbohydrates, vitamins, 
minerals, and bioactive compounds essential for human 
health. Indonesia is recognized as one of the major centers 
of banana diversity and ranks among the world’s leading 
producers, with the rich agroecological diversity (Hastuti et 
al. 2019; Acevedo et al. 2021). The favorable climatic and 
edaphic conditions, such as high rainfall, abundant 
sunshine, and fertile soil, support the long-term cultivation 
of diverse banana cultivars across the archipelago 
(Wahyudi et al. 2020; Rozaki et al. 2025). The long process 
of domestication and farmer selection has led to a wide range 
of landraces, with unique fruit qualities and characters that 
contribute to their ecological resilience and local preferences 
(Joshi et al. 2023). 

Banana cultivars in Indonesia are unique due to their 
high diversity, partly the result of long-term hybridization 
between Musa acuminata Colla and Musa balbisiana Colla 
across various agroecological zones (Hastuti et al. 2019; 
Joshi et al. 2023). These bananas have adapted, resulting in 
numerous local cultivars with diverse morphologies, textures, 
and physicochemical properties. Some local cultivars, such 
as Kepok, Raja, and Mas, are valued for their distinctive 
taste, texture, and superior micronutrient content (Hapsari 
and Lestari 2016; Borges et al. 2019). These attributes 
underscore Indonesian germplasm as an important genetic 
resource for developing superior and climate-resistant 
banana varieties.  

Despite this diversity, a comprehensive characterization 
of banana germplasm remains limited, particularly for local 
cultivars. Most existing studies focus on the general nutritional 
content or agronomic performance of commercial cultivars, 
such as Cavendish and Kepok. Meanwhile, morphological 
and physicochemical variations among local cultivars are 
still scarce. This limitation affects the use of local germplasm 
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in breeding programs, conservation planning, and the 
development of banana-based functional food products. 
Banana cultivars exhibit considerable variation in morphology 
and physicochemical attributes. Traits such as fruit length, 
shape, peel color, pulp texture, moisture content, pH, and 
sugar content can vary significantly among genotypes 
(Maseko et al. 2024; Kurnianingsih et al. 2025). These 
differences influence consumer preferences, shelf life, and 
processing suitability. However, previous studies often 
focus on a narrow set of traits, such as the nutritional 
profiles of Cavendish and Kepok varieties (Sapei 2023; 
Cheng et al. 2024) or selected morphological traits in local 
varieties (Trimanto et al. 2022; Sa’diyah et al. 2025). These 
investigations often concentrate on restricted variables, 
such as physical or nutritional characteristics, limiting a 
broader understanding of trait interrelationships and the 
implications to breeding, agronomy, and conservation 
programs. Therefore, the analysis must consider 
morphological and physicochemical characters to better 
capture the complexity of banana diversity.  

Research integrating morphological and physicochemical 
traits through multivariate analysis is still rare in Indonesia, 
specifically in regions such as East Java, which harbor 
substantial local banana diversity. Previous studies have 
highlighted variation in mineral and nutrient contents. For 
example, Christelová et al. (2017) reported variation in 
Magnesium (Mg) content in Indonesian banana, suggesting 
potential for nutritional improvement through breeding. 
However, these analyses are rarely extended to a broader 
multivariate framework.  

Multivariate statistical approaches such as Principal 
Component Analysis (PCA) and cluster analysis provide a 
useful means for simultaneously evaluating multiple traits 
and capturing complex relationships within trait datasets. 
The use of biplots further enhances interpretation by 
providing additional information on variables, facilitating 
the identification of key attributes and cultivar relationships 
(Jellife et al. 2015; Saranya and Poonguzhali 2024). While 
these methods are often used to evaluate genetic diversity 
and agronomic traits in bananas, aiding the identification of 
superior cultivars for breeding and conservation (Nyine et al. 
2017; Selvaraj et al. 2020; Wei et al. 2025), their application 
to combined fruit morphology and physicochemical traits 
of local East Javanese cultivars remains scarce.  

Therefore, this research aims to evaluate 20 banana 
cultivars from East Java, Indonesia using an integrated 
multivariate approach, by combining fruit morphology and 
nutritional traits within a single analytical framework. This 
research provides an integrated phenotypic assessment that 
can inform cultivar selection, support breeding programs, 
germplasm conservation, and the development of high-
quality functional banana products.  

MATERIALS AND METHODS 

Plant material 
A total of 20 banana (Musa spp.) cultivars were evaluated, 

including Raja, Susu, Candi, Ambon, Berlin, Kepok, Kepok 
Makassar, Kayu, Nangka, Kepok Banyuwangi, Mas, Mas 

Kirana, Ijo, Musang, Janten, Agung, Sri Ayu, Goroito, 
Kepok Australia, and Talun. Most of these cultivars are 
hybrids of M. acuminata and M. balbisiana, the primary 
wild progenitors of edible bananas.  

The banana cultivars were collected from three 
traditional markets in Jember and Lumajang Regencies, 
East Java. For morphological and physicochemical analysis, 
a total of three separate biological replicates per cultivar 
were gathered from different bunches, purchased either 
from the same or different vendors. Each replicate 
consisted of three fruit fingers taken from the right, center, 
and left positions of the middle comb of the bunch to 
reduce positional variation among fruits. Sampling from 
the middle portion of the bunch follows the principles of 
the IPGRI/INIBAP technical guidelines and is commonly 
applied in banana postharvest studies to obtain representative 
samples (Dadzie and Orchard 1997). Nearly all cultivars 
were purchased from separate vendors, with each vendor 
supplying bananas originating from different cultivation 
sites. Consequently, the observed variation may reflect 
phenotypic differences influenced by both genetic 
background and environmental or pre-harvest factors rather 
than controlled growing conditions.  

All fruit samples were selected to be free of ethrel and 
other artificial ripening agents, based on information 
provided by the seller and supported by visual inspection of 
the absence of typical signs of artificial ripening agent 
application. Visual inspection was based on the absence of 
uneven peel coloration, excessively uniform bright yellow 
color without natural brown speckling, and inconsistency 
between peel color and fruit firmness, which are commonly 
associated with artificial ripening.  

Although the cultivars were obtained from traditional 
markets, their identity and genetic background have been 
well documented in previous taxonomic and genetic studies 
of Indonesian bananas. The cultivars examined in this study 
represent established genome groups commonly found in 
Indonesia, including AA, AAB, and ABB types, which are 
associated with both dessert and cooking bananas (Hapsari 
and Lestari 2016; Christelová et al. 2017). These cultivar 
names are locally standardized and widely recognized across 
regions, reflecting long-term farmer selection, historical 
cultivation practices, and relatively stable phenotypic 
expression. 

Physicochemical nutrient analytical testing 
Physicochemical analysis was performed on ripe 

banana pulp with ripeness level of 6 (scale 1-7) following 
Bantayehu and Alemayehu (2024). The analyzed variables 
included protein, carbohydrate, fat, fiber, Mg, K, vitamin 
C, pH, Total Soluble Solids (TSS), Fruit Firmness (FF), 
water content, and ash content.  

Morphological characteristics included Fruit Length 
(FL), Fruit Diameter (FD), Fruit Peel Thickness (FPT), and 
Fruit Flesh Thickness (FFT). The Fruit Length (FL) and 
Fruit Diameter (FD) were measured on fully ripe fruits 
using a digital caliper. Fruit length was recorded from the 
base to the tip of the fruit, while diameter was measured at 
the mid-section. Fruit Flesh Thickness (FFT) was assessed 
at the same mid-section after the peel had been removed. 
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Fruit Peel Thickness (FPT) was then estimated indirectly 
by measuring the fruit diameter at the mid-section with the 
peel intact and subtracting the corresponding flesh thickness 
value, using the same instrument.  Physicochemical 
measurements were performed in duplicate as technical 
replicates from the same homogenized pulp sample to ensure 
reproducibility and improve measurement accuracy.  

Protein and fat contents were determined using the 
Kjeldahl digestion and Soxhlet extraction methods, 
respectively, following AOAC (2005) and SNI 01-2891-
1992 procedures (BSN 1992). Carbohydrate content was 
estimated using the AOAC carbohydrate-by-difference 
method, calculated as 100 minus the sum of protein, fat, 
moisture, and ash contents. Vitamin C (ascorbic acid) content 
was measured quantitatively using UV-VIS spectrophotometry. 
Mineral contents (Mg and K) levels were determined using 
Atomic Absorption Spectrophotometry (AAS). Moisture 
and ash contents were analyzed according to AOAC (2005) 
and SNI 01-2891-1992 standards (BSN 1992).  

The firmness was assessed using a penetrometer 
through a puncture test. Measurements were taken at three 
points along the tip, middle, and base of the fruit. Crude 
fiber content was analyzed using the standard acid-alkali 
digestion method after defatting banana pulp with n-hexane 
(AOAC 2005). The samples were sequentially treated with 
dilute acid and alkali, filtered, dried at 105°C, and weighed 
to determine the fiber content. The pH and Total Soluble 
Solids (TSS) were measured by a pH meter and refractometer, 
respectively. 

Data analysis 
A total of 16 variables, including four morphological 

traits (FL, FD, FPT, FFT) and 12 physicochemical traits 
(protein, carbohydrate, fat, fiber, Mg, K, vitamin C, pH, 
TSS, fruit firmness, moisture, and ash), were included in 
the analysis. Descriptive statistics were used to summarize 
each variable. Cluster analysis was performed using the 
complete linkage method and Euclidean distance as a 
measure of dissimilarity, which was visualized through a 
clustered heatmap. Prior to clustering, all variables were 
standardized (mean = 0, standard deviation = 1) to 
eliminate scale effects, as shown in Equation 1. The 
Euclidean distance between two observations x and y in an 
n-dimensional space is defined as shown in Equation 1. 
Data standardization was performed as shown in Equation 2. 

  [1] 
Where: 

,  : The values of the attribute j of x and y 
To avoid scale-related bias and ensure that all traits 

contributed equally, the data were standardized prior to 
clustering. Each observation was transformed by 
subtracting the mean and dividing by the standard deviation 
of the respective variable, as shown in Equation 2. 

   [2] 

Where: 
  : The standardized value of the variable j for the 

observation i 
,  : The mean and standard deviation of the variable j 

Principal Component Analysis (PCA), based on 
correlation matrix, was applied, which was visualized by 
PCA biplots. Multivariate analyses (cluster analysis and 
PCA) were conducted using cultivar-level mean values 
averages across biological replicates.  

All analyses were performed using R software version 
4.4.1 within the Rstudio integrated development environment 
(version 2025.05). The pheatmap package (Kolde 2025) 
was used to generate hierarchical clustering heatmaps to 
visualize the results of the cluster analysis and the 
relationships between variables. The factoextra package 
(Kassambara and Mundt 2020) was used to create PCA 
biplots as a visualization of the PCA.  

RESULTS AND DISCUSSION 

Descriptive analysis of fruit morphological characters 
Figure 1 shows the banana cultivar analyzed in this 

research. Table 1 presents the descriptive statistics for 
morphological characteristics of 20 banana cultivars. 
Considerable variation was observed among cultivars in 
terms of fruit size and structure, i.e. fruit length, fruit diameter, 
fruit peel thickness, and fruit flesh thickness. Kepok 
Australia possesses generally thicker peels and flesh, while 
Agung and Talun have the longest fruit. When compared to 
other bananas, the Goroito has the thinnest flesh and the 
smallest fruit diameter. The coefficients of variation 
indicated moderate to high variability in morphological 
traits across cultivars, particularly in peel thickness. 

Descriptive analysis of physicochemical characteristics 
Table 2 shows the variation in physicochemical 

properties among cultivars. There is considerable diversity 
in nutrient composition and postharvest quality indicators. 
This indicates that Musang banana has the highest protein 
content and the lowest fat content, and is distinguished by 
its reddish skin. Ambon banana, commonly consumed as a 
dessert banana, exhibits relatively low protein and K levels. 
Agung banana has the highest Mg and TSS content. Kayu 
banana records the lowest pH and vitamin C levels, while 
Kepok banana possesses the highest fat content, supporting 
the traditional use in infant nutrition. The coefficient of 
variation was particularly high in fat (111.34%) and Mg 
(127.90%), indicating substantial variability across cultivars 
for these traits, based on mean values calculated for each 
cultivar, which can be explored for breeding and nutritional 
improvement. 
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Table 1. The summary statistics of banana fruit morphological characters 
 
Variable Minimum Cultivar Maximum Cultivar Mean Coefficient of variation (%) 
Fruit Length (FL, cm) 9.00 Mas 31.70 Talun, Agung 17.25 33.14 
Fruit Diameter (FD, cm) 2.96 Goroito 5.64 Kepok Australia, Agung 3.935 15.84 
Fruit Peel Thickness (FPT, mm) 1.17 Berlin 4.60 Kepok Australia 2.620 35.66 
Fruit Flesh Thickness (FFT, mm) 18.90 Goroito 34.70 Kepok Australia 24.975 13.75 
 
 
 
Table 2. The summary statistics of banana fruit physicochemical characters 
 
Variable Minimum value Cultivar (min) Maximum value Cultivar (max) Mean CV (%) 
Protein (%) 0.82 Ambon 1.92 Musang 1.36 21.62 
Carbohydrate (%) 21.80 Berlin 34.06 Susu 28.25 14.44 
Fat (%) 0.07 Musang 1.81 Kepok 0.34 111.34 
Fiber (%) 0.19 Candi 1.66 Ijo 0.72 54.01 
Magnesium (Mg, mg/100 g) 0.07 Talun 39.00 Agung 8.93 127.90 
Potassium (K, mg/100 g) Not detected Mas, Ambon 765.80 Ijo 392.10 64.01 
Vit C (mg/100 g) 10.55 Kayu 39.36 Kepok Australia 24.82 37.14 
pH 3.50 Kayu 6.40 Sri Ayu 5.33 15.79 
Total Soluble Solids (TSS, Brix) 22.00 Janten 30.40 Agung 26.23 8.70 
Fruit Firmness (FF, kg cm-2) 1.20 Ijo 6.00 Talun 3.24 45.98 
Moisture (%) 62.74 Kepok Banyuwangi 74.54 Berlin 68.43 6.14 
Ash (%) 0.72 Susu 1.22 Berlin 0.90 13.10 
Note: Values represent the range (minimum and maximum) observed across 20 banana cultivars. Mean and Coefficient of Variation 
(CV) were calculated based on cultivar means (n = 20) 
 
 
 

 
 

 
 
Figure 1. Banana cultivars. A. Susu, B. Ambon, C. Berlin, D. Kayu, E. Raja, F. Kepok, G. Kepok Banyuwangi, H. Kepok Makassar, I. 
Candi, J. Nangka, K. Mas, L. Mas Kirana, M. Ijo, N. Musang, O. Janten, P. Agung, Q. Sri Ayu, R. Goroito, S. Kepok Australia, T. 
Talun 

A B D C E 
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K N L M O 
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The protein content of banana cultivars showed low 
variability among the tested varieties. This is in line with 
the general range reported from studies on edible bananas. 
Previous research by Laksemi et al. (2023) reported protein 
levels in local Balinese cultivars ranging from 1.57% to 
1.91%, with Bali Mas having the highest value and Buluh 
the lowest. Compared with findings from the Balinese 
cultivar, the results of this study showed similar or slightly 
lower protein levels, with Mas having values below the 
overall average. This variation may be related to genotype 
and ripeness, as protein accumulation in banana flesh tends 
to decrease during ripening (Li et al. 2019). 

Cultivars differ greatly in their carbohydrate content, 
with Susu having the highest content and Berlin having the 
lowest. Compared with cultivars from Sri Lanka (Nadeeshani 
et al. 2021), Indonesian banana exhibit greater variability in 
carbohydrate metabolism. This variability may be due to 
differences in starch accumulation and conversion during 
ripening. Cooking bananas are characterized by a higher 
proportion of starch, whereas dessert bananas contain 
carbohydrates predominantly in the form of sugars, explaining 
differences in processing requirements and consumption 
patterns (Hapsari and Lestari 2016). Banana flesh contains 
carbohydrates mainly in the form of starch and sugars, 
along with fiber and cellulose. During fruit development, 
starch accumulates and is subsequently converted into 
glucose, sucrose, and fructose during ripening. Starch content 
decreases from 15-25% to below 5% in ripe banana, but 
sugar content increases significantly (Netshiheni et al. 2019).  

Fat content exhibited substantial variability (Coefficient 
of variation exceeding 100%), with values ranging from 
negligible amounts to nearly 2%. This is relatively high 
compared to other physicochemical characteristics, except 
for magnesium. The value is higher than the reported fat 
content range for Northern Tanzanian cultivars (Dotto et al. 
2019), but the value is lower than previous results by 
Pragati et al. (2014) in Indian banana, and Ohizua et al. 
(2017) in Nigerian banana, where reported fat content 
ranges from 0.5% to 2.34%. Variation in fat content is 
likely influenced by genetic differences among cultivars 
and environmental factors (Annor et al. 2016). Despite the 
variations, fat remained a minor component, reinforcing the 
banana’s status as a low-fat fruit. However, fat plays a vital 
role in energy storage and the absorption of fat-soluble 
vitamins (Borges et al. 2019).  

Fiber content varied notably among cultivars, ranging 
from approximately 0.2% to 1.7%, with Ijo showing the 
highest level. The broad range aligns with reports that fiber 
levels depend on cultivar and ripening stage. Phillips et al. 
(2021) reported a fiber content of approximately 2% using 
the Enzymatic-Gravimetric (EG) method, which remained 
stable in ripening stages. The modified EG (mEG) method 
indicated a fiber content of approximately 18 g/100 g in 
unripe fruit, decreasing to approximately 2 g/100 g at 
mature fruit. Dietary fiber supports gastrointestinal health, 
blood sugar regulation, and cholesterol reduction (Dotto et al. 
2019). Current nutrition trends emphasize the consumption 
of low-fat, high-fiber foods due to dual benefits for 
nutrition and health (Tapsell et al. 2016). The relatively 
high variability observed here suggests that certain cultivars 

may provide greater nutritional value in terms of dietary 
fiber.  

 Mineral content, particularly Magnesium (Mg) and 
Potassium (K), also varied among the banana cultivars 
analyzed. Mg levels showed the highest variability, ranging 
from approximately 0.07 to 39.00 mg/100 g (Table 2). The 
Coefficient of Variation above 100% indicates a standard 
deviation greater than the mean (Jellife et al. 2015). 
Meanwhile, K was abundant in all cultivars, reaching up to 
approximately 765.8 mg/100 g in Ijo, indicating a strong 
mineral accumulation potential. Wulandari et al. (2023) 
found that ripe Ambon Kuning and unripe Kepok varieties 
had the highest and lowest K contents, respectively. Suchitra 
and Parthasarathy (2021) found that some cultivars had 
nearly double the K value of other cultivars. This mineral 
content variability may be influenced by soil nutrition and 
plant genotype. In all samples, K content exceeded Mg, 
indicating that bananas are a potential source of potassium 
(Emmanuel et al. 2025). This is important for cardiovascular 
health and blood pressure regulation (Huang et al. 2024).  

The vitamin C (ascorbic acid) content is within the general 
range of ripe banana, although some cultivars exhibit 
higher antioxidant potential. Previous studies have reported 
larger variation in vitamin C content in unripe banana or 
banana peel flour (Indrasari et al. 2017; Syukriani et al. 
2021). Ascorbic acid significantly enhances the antioxidant 
potential of the fruit, thereby contributing to the protection 
of cellular components, including DNA, from oxidative 
damage (Wekti and Khanifa 2021). By mitigating oxidative 
stress, antioxidants support physiological balance and help 
reduce the risk of chronic diseases such as cancer, arthritis, 
autoimmune disorders, and cardiovascular or neurological 
conditions (Kaźmierczak-Barańska et al. 2020). 

For pH and Total Soluble Solids (TSS), values correspond 
to the range for ripe bananas. The pH tends to decrease 
with fruit ripening, indicating an increase in sugar content, 
as starch is converted to simple carbohydrates (Simkova et 
al. 2024). Widodo et al. (2019) explained that the decrease 
in pH during ripening is related to the accumulation and 
decarboxylation of ascorbic and oxalic acids, respectively. 
Conversely, TSS increases with fruit ripening, indicating a 
higher sugar concentration. Higher TSS, as in Agung, is 
associated with a sweeter taste and shorter shelf life, while 
bananas with lower TSS tend to ripen more slowly and 
remain stable for a longer period (Iqbal et al. 2025). TSS 
primarily represents sugars resulting from starch breakdown 
during ripening, which affect fruit flavor and shelf life 
(Burdon et al. 2016). Proper storage conditions can slow 
sugar accumulation and delay softening, thereby extending 
shelf life (Souza et al. 2024). Moisture and ash contents 
vary moderately between cultivars, with Berlin showing 
relatively high levels for both traits. Moisture content 
influences texture, while ash content reflects the inorganic 
residue after roasting and can affect starch color and texture. 
Physicochemical composition results from the interaction 
between genetic traits and environmental conditions. Soil 
nutrient availability, plant health, and mineral bioavailability 
significantly influence the physicochemical quality of 
bananas (Hapsari and Lestari 2016; Durgadevi et al. 2019). 
Overall, the study results demonstrate extensive 
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physicochemical diversity among Indonesian banana cultivars. 
Variability in protein, carbohydrate, and mineral levels 
suggests the influence of genetic factors and the local 
growing environment. This diversity provides valuable 
insights for breeding, nutritional selection, and conservation 
strategies aimed at improving banana quality and health-
related traits. 

Multivariate analysis of fruit characters 
Heatmaps provide a color-coded overview of data, and 

dendrograms add hierarchical clustering to simplify the 
interpretation of complex relationships as well as aid in 
pattern recognition and hypothesis generation (Fernandez 
et al. 2017; Yu et al. 2020). The clustered heatmap 
comprehensively visualizes the physicochemical 
characteristics of 20 banana cultivars. Rows represent the 
cultivars, while the columns indicate the 16 measured 
variables. A color gradient from orange (low) to red (high) 
allows for the quick identification of cultivars with unique 
trait profiles. Figure 2 shows the clustering of banana 
cultivars based on standardized trait values, revealing 
groups with similar physicochemical characteristics as well 
as several cultivars with distinct profiles. 

Similarly, Kepok Australia, Agung, and Talun showed 
higher values for several variables, including carbohydrates 
and protein. In contrast, cultivars such as Nangka, Kepok 
Makassar, and Kayu reported predominantly lower values 
for most of the measured traits, as reflected by the yellow 
to blue colors, showing different compositional profiles 
suitable for alternative uses or consumer preferences. 

Among these cultivars, Kepok displayed a remarkably 
high fat content, as reflected by the intense red coloration 
in the heatmap. Such characteristics make this cultivar a 
promising candidate for value‐added industrial uses where 
higher fat content enhances texture, shelf‐life or processing 
stability (Vu et al. 2025). It is particularly valuable for 
processed food industries, such as banana chips or bakery 
fillings, where higher fat content improves flavor and 
texture stability (Damanhuri et al. 2023). Likewise, Kepok 
Australia, Agung, and Talun showed elevated values for 
multiple nutritional and morphological traits (e.g., 
carbohydrates, protein and fruit size). This multi‐trait 
advantage suggests they could be prioritized in breeding 
programs aimed at combining high compositional quality 
with desirable size or firmness traits. 

Conversely, cultivars such as Nangka, Kepok Makassar, 
and Kayu showed lower overall values, which may be 
associated with slower ripening rates and denser tissue 
structure, as inferred from their relatively lower TSS and 
higher firmness. Such trait combinations may contribute to 
extended shelf life and align with local market preferences 
for firmer fruit, highlighting their potential for niche 
markets and for germplasm conservation to maintain genetic 
diversity (Ma et al. 2022). However, such implications are 
inferred from physicochemical patterns and should be 
validated through dedicated postharvest and storage studies. 

Figure 2 shows close clustering between Berlin and 
Goroito, Candi and Ambon, as well as Susu and Mas. Close 
clustering in a dendrogram reflects comparable nutritional 
profiles, which can simplify selection for specific quality 

traits in breeding programs or targeted market segments. 
Such similarity also suggests the potential interchangeability 
in breeding or product development programs, specifically 
when uniformity of quality traits is desired for specific 
industrial or consumer applications (Tesfaye 2021; Rosmahadi 
and Hamdan 2022). This pattern also presents the cultivar 
groups with similar physicochemical attributes related to 
genetic background, agroecological conditions, or post-
harvest handling practices (Singh et al. 2016; Rosmahadi 
and Hamdan 2022; Silué and Fawole 2025). Principal 
Component Analysis (PCA) is a widely used method in 
multivariate analysis to reduce the dimensionality of 
complex data sets without significant loss of information. 
This is achieved by transforming the original set of 
potentially correlated variables into a new set of 
uncorrelated Principal Components (PCs). The components 
are constructed orthogonally to each other and ordered by 
the amount of variance explained in the data. The first 
principal component captures the largest portion of the total 
variation. By concentrating variation into a few components, 
PCA allows for the representation of high-dimensional data 
in a simplified two-dimensional space. This facilitates the 
visualization of patterns, relationships, and clusters that 
may not be apparent in the raw data (Michael et al. 2025). 
In this study, the percentage of variability in the dataset 
explained by PC1 and PC2 is 26% and 17.2%, respectively, 
and the cumulative variance explained by PC1+PC2 is 
43.2% (Figure 3). 
 
 
 
 

 
 
Figure 2. Clustered-Heatmap representing 20 banana cultivars 
and morphological-physicochemical characters using complete 
linkage and Euclidean distance to the standardized data. FL: Fruit 
Length, FD: Fruit Diameter, FF: Fruit Firmness, TSS: Total 
Soluble Solids, FFT: Fruit Flesh Thickness, FPT: Fruit Peel 
Thickness, K: Potassium, Mg: Magnesium 
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Figure 3. Traits importance represented by the Principal Components’ Loading. FL: Fruit Length, FD: Fruit Diameter, FF: Fruit 
Firmness, TSS: Total Soluble Solids, FFT: Fruit Flesh Thickness, FPT: Fruit Peel Thickness, K: Potassium, Mg: Magnesium.  
 
 
 

 
 
Figure 4. PCA Biplot of morphological and physicochemical 
characters of 20 banana cultivars. FL: Fruit Length, FD: Fruit 
Diameter, FF: Fruit Firmness, TSS: Total Soluble Solids, FFT: 
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The first Principal Component (PC1) is mainly associated 
with high values of fruit length, fruit diameter, fruit firmness, 

total soluble solids, fruit flesh thickness, fruit peel 
thickness, vitamin C, carbohydrate, fiber, potassium, and 
magnesium. Furthermore, PC1 shows negative loadings for 
ash, moisture content, and pH. The second Principal 
Component (PC2) is characterized by high values for 
several physicochemical properties, such as potassium, 
fiber, protein, total soluble solids, carbohydrate, vitamin C, 
pH, ash, and fruit length, and by low values for several 
morphological traits. Overall, Figure 3 highlights that both 
morphological and physicochemical traits jointly contribute 
to cultivar differentiation, with fruit size, firmness, sugar 
content, and mineral composition emerging as key drivers 
of variation among the evaluated banana cultivars. 

A common visualization tool used in PCA is a biplot, 
which shows objects (such as individuals, samples, or 
varieties) and variables (such as original traits or features) 
simultaneously in a space defined by the first two principal 
components. A biplot can evaluate the contribution of a 
variable to the formation of principal components and the 
relative positioning of objects. This dual representation 
makes biplot very useful for exploring the structure of 
multivariate data, identifying influential variables, and 
interpreting similarities or differences between observations 
(Castura et al. 2023; Saranya and Poonguzhali 2024). In 
this research, the PCA biplot shows which characteristics 
most clearly distinguish different banana varieties. This 
identifies distinct or potentially valuable genetic types. The 
information is important for breeders selecting parent 
plants with complementary beneficial traits. Conservation 
efforts are also assisted in focusing on varieties to preserve 
genetic and physical diversity. 

Figure 4 illustrates the separation and clustering of banana 
cultivars based on their morphological and physicochemical 
traits, with several cultivars positioned away from the main 
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group, indicating distinct phenotypic profiles. In the biplot 
(Figure 4), Talun, Kepok Australia, and Berlin are positioned 
farther from the other banana cultivars, indicating a low 
level of similarity in morphological and physicochemical 
characteristics. This difference suggests that these cultivars 
have unique trait profiles compared to others.  

Talun stands out for its relatively large fruit size and 
firm texture, accompanied by lower magnesium levels. 
Kepok Australia, in contrast, exhibits consistently high 
values across multiple physical attributes and vitamin C 
content, pointing to a cultivar with strong firmness and 
nutritional appeal. Berlin shows a different pattern, with 
thinner pulp and lower carbohydrate content. The distance 
between data points indicates the degree of similarity. 
Closer cultivars have more similar characteristics, while 
those further apart tend to be more different. Kepok 
Makasar was positioned close to Nangka and Kayu since 
the three cultivars had comparable morphological and 
physicochemical properties. Ambon and Candi were 
closely clustered with Susu and Mas cultivars, indicating a 
high degree of similarity within each pair. Raja, Sri Ayu, 
Kepok Banyuwangi, Mas Kirana, and Ijo were also 
clustered, indicating phenotypic similarity that may reflect 
shared genetic background or similar selection practices 
rather than direct evidence of genetic kinship. Even though 
Berlin was located outside the main cluster, the cultivar 
was relatively close to Goroito, Musang, and Janten, 
showing a moderate degree of similarity. This spatial 
pattern is consistent with the clustered heatmap (Figure 2), 
where cultivars positioned close to each other in the biplot 
appeared in the same cluster. The orientation and proximity 
of cultivars to the variable vector provide valuable insights 
into the dominance of certain traits. Cultivars positioned in 
the direction of a particular vector show higher values since 
the direction reflects the influence of the variable on the 
principal component (Saranya and Poonguzhali 2024). 

In this research, Kepok was closely associated with the 
fat vector, suggesting a higher fat content. Kepok Australia 
was strongly associated with fruit firmness, while Agung 
and Talun were oriented toward the FL vector. Berlin was 
consistent with the ash vector, reflecting the relatively high 
ash content. This trend is consistent with the clustered 
heatmap (Figure 2), where a darker red hue represented 
higher trait values. 

The relationships among different cultivars, as shown in 
the biplot and heatmap, indicate that some groups, such as 
Ambon-Candi and Susu-Mas, exhibit strong trait similarities 
and are phenotypically related. This resemblance is likely 
due to shared ancestry or similar selection practices. In 
contrast, several cultivars, such as Berlin, Talun, Agung, 
and Kepok Australia, were positioned as outliers in the 
biplot. This indicates their distinct morphological and 
physicochemical profiles. Talun, Agung, and Kepok 
Australia represent valuable genetic resources with notable 
traits, including larger fruit size, firmer texture, and higher 
vitamin C content. From a biological and quality standpoint, 
larger fruit size and higher firmness are widely associated 
with greater resistance to mechanical damage during 
handling and transport, as well as improved shelf stability 
during postharvest storage. In addition, elevated vitamin C 

content enhances the fruit's nutritional value and positively 
influences consumer perceptions of freshness and health 
benefits. Cultivars combining these traits are therefore 
particularly attractive for fresh consumption and for 
distribution systems that require extended storage and 
transport durability. Such attributes may increase their 
market potential beyond local consumption and support 
their selection in breeding programs targeting both quality 
and post-harvest performance. 

Berlin displayed lower carbohydrate content but higher 
moisture and ash levels, suggesting a distinctive metabolic 
profile that may be related to differences in growing 
conditions or cultivar-specific physiological characteristics, 
as suggested in previous studies (Hapsari and Lestari 2016; 
Li et al. 2019). Lower carbohydrate content is often 
associated with reduced sweetness, which may shape 
consumer preference, whereas higher moisture content can 
influence fruit texture and postharvest stability. Despite 
these potential limitations, such trait combinations may be 
advantageous for specific culinary applications or niche 
markets. From a conservation perspective, the presence of 
these contrasting attributes underscores the importance of 
retaining these cultivars in germplasm collections to 
preserve both functional and genetic diversity. 

Although Berlin differs markedly from most cultivars, 
it shares moderate similarity with Goroito, Musang, and 
Janten. These unique cultivars collectively broaden the 
phenotypic spectrum within the banana germplasm. 
Understanding such relationships is crucial for making 
informed decisions about preserving genetic diversity, where 
unique varieties should be prioritized for conservation. 
From a breeding perspective, cultivar conservation with 
complementary traits can be used to select parents that 
enhance nutritional and physical characteristics in offspring.  

The results of this study indicate that an integrated 
multivariate approach is effective for characterizing complex 
phenotypic and nutritional variation among banana 
cultivars, enabling the identification of cultivars with distinct, 
application-relevant trait profiles. A clearer understanding 
of cultivar relationships, trait distribution, and nutritional 
potential can be examined by integrating morphological 
and physicochemical traits. The combined use of cluster 
analysis, PCA, heatmaps, and biplots enabled the 
identification of distinct cultivar groupings and trait 
associations that are difficult to discern with univariate 
methods.  

Several cultivars, such as Agung, Talun, Kepok Australia, 
and Berlin, exhibited trait combinations, suggesting potential 
relevance for targeted use in functional foods or cultivar 
improvement programs, including improvements in fruit 
size, firmness, or micronutrient content. These findings 
highlight the practical value of local germplasm for 
designing parent combinations and prioritizing conservation 
of genetically valuable landraces. Because the analysis 
relied on phenotypic and physicochemical traits, the observed 
clustering patterns may reflect a combination of genetic 
background and environmental influences. Integrating 
molecular data would help disentangle these effects and 
further refine the interpretation of cultivar relationships.  
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Although post-harvest handling and storage conditions 
are known to influence banana physicochemical properties 
—such as sugar accumulation, vitamin C degradation, and 
textural softening—these effects were partially controlled 
in this study by standardizing fruit maturity at ripening 
stage 6 of 7. This standardization enabled cultivar 
comparisons under comparable physiological conditions, 
allowing more comparable comparisons of genetic and 
phenotypic differences rather than storage-related effects. 
Previous studies have shown that storage temperature and 
humidity can alter carbohydrate metabolism, moisture 
content, and nutrient stability (Li et al. 2019; Brizzolara et 
al. 2020). While post-harvest dynamics were beyond the 
scope of this work, the results provide an initial reference 
point for evaluating cultivar-specific quality traits at 
market-ready ripeness. 

Indonesian banana landraces are commonly cultivated 
under low-input traditional systems and show broad 
adaptation to diverse agroecological conditions, including 
variable rainfall and marginal soils (Hapsari and Lestari 
2016; Joshi et al. 2023). Maintaining locally adapted 
cultivars can enhance agroecological resilience and reduce 
dependence on intensive inputs, such as irrigation and 
chemical fertilizers. From a sustainability perspective, 
aligning cultivar-specific traits with intended uses—for 
example, firm-textured cultivars for extended distribution 
chains and softer types for local consumption—may 
improve both environmental efficiency and economic 
viability. Although sustainability indicators were not 
directly assessed in this study, the observed phenotypic 
diversity provides a useful basis for selecting cultivars that 
balance fruit quality with ecological adaptability. 

Despite its contribution to banana characterization, this 
research remains limited to the use of phenotypic and 
physicochemical traits measured across a limited set of 
cultivars and growing environments. Nevertheless, the 
results provide a clear phenotypic baseline relevant to 
cultivar differentiation, utilization, and conservation at 
market-ready ripeness. The use of larger samples from a 
broader region, along with standardized postharvest 
handling, would further strengthen the robustness of 
cultivar comparisons. Future research should integrate 
genomic, metabolomic, or transcriptomic approaches to 
better disentangle genetic and environmental influences, 
elucidate the molecular mechanisms underlying key quality 
traits and support precision breeding for improved nutrition 
and stress adaptation. 

In conclusion, this study showed clear phenotypic and 
nutritional variation among cultivars. Several cultivars 
were separated from others, each exhibiting a distinct 
profile. These cultivars had high levels of several quality-
related traits, including high Fruit Firmness (FF), Total 
Soluble Solids (TSS), and nutrient content, indicating 
potential value for improving fruit quality. Meanwhile, 
several cultivars formed clusters characterized by more 
moderate trait values. Berlin was identified as an outlier 
with a distinctive profile, specifically in its moisture, ash, 
and carbohydrate content. The clustering patterns observed 
in the PCA biplot were consistent with the cluster heatmap, 
supporting the use of the methods for integrated 

characterization. Overall, this study demonstrates that 
combining morphological and physicochemical traits can 
uncover complex patterns of variability that may not be 
apparent through univariate assessment. These findings 
provide useful information for cultivar differentiation, 
utilization, and the conservation of local banana germplasm, 
while also highlighting the need for future studies 
integrating molecular approaches to better disentangle 
genetic and environmental influences on key quality traits 
and to support precision breeding for improved nutrition 
and stress adaptation. 
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