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Abstract  
 
Banana peel, obtained as by-product of banana processing, contains sufficient amounts of nutritive and phytochemical 
constituents that have positive effects in human nutrition. Previous studies have shown that banana peels are rich in 
nutritional and bioactive compounds, which provides a number of benefits, that include antibacterial, antihypertensive, 
antidiabetic and anti-inflammatory properties. Proximate analysis provides valuable information about the nutritional 
composition of banana peels and helps to evaluate the sample quality. This work aims to determine the proximate 
composition of banana peels, with a view to their valorization for the development of value-added food products. The 
obtained results show that the nutritional parameters of banana peel provide values that vary depending on the origin 
of the fruit from which they were obtained: 5.21-8.21% moisture, 12.86-8.17% ash, 5.28-7.84% protein, 3.14-4.11% fat, 
10.23-14.65% fiber, and 57.93- 62.72% carbohydrate.  These values show that the analyzed banana peels have 
considerable   nutritional value and could be effectively integrated into a diverse range of value-added food products 
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INTRODUCTION  
 
Bananas (Musa spp., Musaceae family) are one 
of the most widely consumed fruits in the 
world, being an important source of nutrients, 
including carbohydrates, fibre, vitamins 
(especially vitamin B6 and vitamin C), minerals 
(especially potassium), and various bioactive 
compounds such as phenols, carotenoids, and 
biogenic amines (Ogo et al., 2024; Jandal, 
2024; Ansari et al., 2023; Chimdi et al., 2024; 
Munir et al., 2024: Rawat et al., 2024). These 
fruits are widely known for their high 
nutritional value, containing dietary fiber, 
pectin, high levels of minerals (potassium and 
phosphorus), phenolic compounds (e.g., 
catechins, trichothecenes, lignans, tannins, and 
anthocyanins), vitamins (A, B, C, and E), β-
carotene, and phytosterols (Huang et al., 2024). 
Naturally ripened bananas contain 77.78% 
moisture, 0.81% fat, 2.59% ash, 2.32% fiber, 
2.25% protein, 25.23% carbohydrates, 0.02 
ppm Pb, 0.78 ppm Cu, 6.08 ppm Zn, 0.14 ppm 

Mn, 9.12 ppm Mg, 0.01ppm Cu, 0.98 ppm Cd 
(Ogo et al., 2024). Bananas vary in colour, size, 
and firmness but are usually elongated and 
curved, with soft, starchy flesh and skin that 
can be green, yellow, red, purple, or brown, 
depending on the variety (Edima-Nyah et al., 
2024). The nutritional content of bananas varies 
widely in concentration, depending on the 
banana variety, soil conditions, climate, 
cultivation, and stage of fruit development and 
storage conditions (Huang et al., 2024). The 
edible part of the banana fruit represents about 
60-70% of the fruit weight (Chimdi et al., 
2024; Jandal, 2024; Ansari et al., 2023; Rawat 
et al., 2024; Akhter et al., 2024), is usually 
consumed raw or processed into a variety of 
products, on a large or small scale, including 
dried fruits, snacks, smoothies, ice cream, 
bread, wheat, wine, and functional food 
additives (Sahoo & Lenka, 2024; Ansari et al., 
2023). 
Banana fruit processing activities generate 
significant quantities of banana peels, which 
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are considered significant by-products (Jandal, 
2024). Banana peel, the outer shell of the 
banana fruit, is a by-product of household 
consumption and banana processing (Hikal et 
al., 2022) and is rich in nutrients (fiber, protein, 
crude fat, lipids, pectin, essential amino acids, 
polyunsaturated fatty acids, and micronutrients) 
(Kusumasari et al., 2024; Youssef et al., 2024) 
and bioactive compounds that provide many 
health benefits. Even though its nutritional 
content and bioactive compounds vary 
depending on the banana variety, 
environmental conditions, extraction methods, 
and evaluation methods (Ansari et al., 2023), 
the amount of ash, protein, crude fiber, and 
digestible starch in banana peel flour was 
reported to be significantly higher than that of 
pulp, which makes the banana peel flour more 
effective as a functional additive (Kusumasari 
et al., 2024; Amini Khoozani et al., 2019). In 
addition to its excellent nutritional value, 
banana peels have a variety of health benefits, 
treating enteritis, diarrhea, dysentery, ulcerative 
colitis, nephritis, gout, heart disease, 
hypertension, and diabetes (Youssef et al., 
2024). Banana peels are also rich in phenolic 
compounds, with high antioxidant activity that 

prevents heart disease and cancer. Banana peels 
contain a wide range of bioactive constituents, 
including flavonoids, tannins, alkaloids, 
glycosides, anthocyanins, and terpenoids, 
which confer many benefits to banana peels, 
including antibacterial, antihypertensive, 
antidiabetic, and anti-inflammatory properties 
(Rawat et al, 2024; Kusumasari et al, 2024; 
Ansari et al., 2023). Banana peels are 
considered richer in phytochemicals compared 
to pulp, which has antifungal and antibiotic 
properties and is beneficial for human health 
(Ansari et al., 2023). However, it should be 
noted that banana peels may also contain 
antinutrient compounds, such as glycosides, 
alkaloids, oxalates, and phytate (Bhavani et al., 
2023). 
Several studies have shown that banana peel 
has a rich nutritional content that depends on 
the banana variety, environmental 
circumstances, cultivation techniques, fruit 
maturity stage, and evaluation methods 
(Chimdi et al., 2024; Sahoo and Lenka, 2024; 
Hikal et al., 2022; Ansari et al., 2023). The 
values for some nutritional parameters of 
banana peels reported by researchers in the 
field are presented in Table 1. 

 
Table 1. Proximate composition of banana peels according to various authors 

 

Sample 
Proximate composition (%) 

References 
Moisture Ash Protein Fat Crude 

fibre Carbohydrates 

Banana peel  3.97 9.07 7.23 2.90 - 76.83 Jandal, 2024 
Banana (Musa acuminata) 
peel 

7.36 12.11 16.42 10.43 30.53 23.15 Chimdi et et al., 
2024 

Banana (Musa acuminata 
Cavendish subgroup) peels 

4.42 12.73 9.56 5.04 19.49 
NS 

46.76 Issara et al., 2024 

Banana (Musa sapientum) 
peel 

- 5.93 1.95 - - 11.82 Hikal et al., 2024 

Banana (Musa x 
paradisiaca L.)  
organically grown peel  

10.50 4.61 7.70 1.28 3.81 72.1 Mahomud et al., 
2024 

Bantal variety banana 
(Musa paradisiaca) peel 
flour 

8.65 6.79 11.81 6.7 11.5 66.05 Sahoo and Lenka, 
2024 

Ripe banana (Musa 
sapientum) peel 

89.34 17.79, 8.72 8.22 34.80 - Youssef et al., 
2024 

Malbhog (Musa 
paradisiaca AAB group) 
banana peel 

7.05 12.19 9.29 3.92 11.70 67.53 Akhter et al., 2024 

Yellow banana peels 
(Musa sp.) 

- 11.58 10.76 6.58 19.48 
NS 

51.6 Alshehri et al., 
2024 

Nam wa mali-ong banana 
peels   

4.93 8.20 3.76 5.22 16.56 61.34 Khamsaw et al., 
2024 

Ripe banana (Musa spp.) 
peel powder 

15.32 14.33 3.46 5.89 15.57 - Ahsan et al., 2024 

Bananas at stage 3 of 
ripening supermarket 

8.9 7.0 6.5 13.0 16.6 71.0 Dom et al, 2024 
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Sample Proximate composition (%) References 

Moisture Ash Protein Fat Crude 
fibre Carbohydrates 

Banana (Musa gen) peel 
pwders  

7.50 6.70 3.22  1.81 29.52 51.25 Saeed et al., 2024 

Banana (Musa spp.) peel 
waste powder  

13.90 14.93 8.60 7.41 13.88 43.28 Taha et al. 2024 

Banana (Cavendish var.) 
peel, dried 

- 12.45 10.44 8.40 11.81 43.40 Gupta, T., & 
Abdollah M., 2022 

Banana (Musa cavendish) 
peel powder 

3.56 11.86 6.41 10.22 14.38 
 

57.13 Segura-Badilla et 
al., 2022 

Banana peel - 9 – 11 5.5 –7.87 2.24 –11.6 - 59.51 – 76.58 Zaini et al., 2022  
Banana (Musa sapientum) 
peels termed waste 

63.33 9.60 1.95 5.93 8.37 11.82 Joy et al., 2022. 

Banana peels from market 9.83 9.56 3.23 0.89 12.67 63.82 Tsado et al., 2021  
Banana (Musa cavendish) 
peel, drying 10.03 25.19 15.10 7.04 – 44.64 Ahmed et al., 2021 

Banana (Musa sapientum) 
peels 

49.5 
 

8.8 5.30 1.06 19.2 - Pyar et al, 2018 

Banana (Musa sapientum) 
peel 

88.10 13.42 7.57 10.44 - 68.31 Aboul-Enein et al., 
2016 

Banana (Musa sapientum) 
peel 

6.70 8.50 0.90 1.70 28.56 59.00 Anhwange et al., 
2009 

 
The nutritional benefits of banana peels offer 
ample opportunities for their use as food 
additives, which can produce value-added food 
products (Kusumasari et al., 2024; Ansari et al., 
2023). The literature reviewed shows that the 
use of banana peels in the development of value-
added food products has been explored in 
several studies that have shown potential 
formulations for obtaining functional foods 
(Ansari et al., 2023; Zaini et al., 2022; Jandal, 
2024; Kusumasari et al., 2024). Several studies 
have been conducted to improve and fortify 
various food products using banana peels, for 
example: dried plant-based meat products like 
chicken sausages (Issara et al., 2024) or fish and 
beef patties (Bin Mohd Zaini et al., 2019; Dom 
et al., 2024), pasta and bakery products (Akhter 
et al., 2024; Youssef et al., 2024; Segura-Badilla 
et al., 2022), biscuits (Paramitasari et al., 2024; 
Jandal, 2024; Owuno & Wabali, 2024), muffin 
(Ahsan et al., 2024), chapatti as an ingredient in 
gluten-free cake formulation (Türker & Savlak, 
2022), functional puddings (Sadek, 2024), salted 
noodles and yellow noodles (Pasha et al., 2022; 
Dom et al., 2024), anxiolytic bagels (Manzoor et 
al., 2024), probiotic yogurt (Mahomud et al., 
2024), in recipes such as stews, soups, and 
curries (Kusumasari et al., 2024). 
Considering the above, in this paper, the 
proximate composition of banana peels was 
analyzed, which provides valuable information 
about the nutritional composition of banana 
peels to use in the formulation of value-added 
foods, respectively, in obtaining functional 

foods. The following parameters were 
evaluated: water, ash, crude protein, lipids, 
crude fiber, and carbohydrate content of banana 
peels sold in local agri-food markets. 
 
MATERIALS AND METHODS 
 
For the experiment, samples of ripe yellow 
bananas (quality I) "Vela rosa Premium Banana" 
- of the Cavendish variety (Figure 1 a) imported 
from a Latin American country, sold by three 
traders in local agro-industrial markets, were 
taken. Three sets of banana samples (about 1 kg 
each) were made, corresponding to the three 
sellers from whom they were purchased. The 
banana fruits, well washed under cold tap water, 
were peeled by hand, and the peels obtained 
(Figure 1 b), marked with BP1, BP2, and BP3 - 
corresponding to the three suppliers, were cut 
into strips 2-3 mm wide. To prevent the initial 
enzymatic browning reaction, banana peels were 
immersed in a 0.5% (w/v) citric acid solution at 
a cold temperature for 10 min, after which they 
were rinsed with distilled water (Mahomud et 
al., 2024). After draining the water, the peels 
were dried in a ventilated oven at 500C until a 
constant moisture content was reached (Figure 2 
a). After drying, the banana peel samples were 
ground using a coffee grinder. The banana peel 
powder thus prepared (Figure 2 b) was stored at 
cold temperature in plastic boxes until analysis.  
The nutritional composition of the banana peels 
taken in the experiment was determined in 
accordance with the AOAC Official Methods of 
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Analysis, 2000 (AOAC, 2000) and the 
recommendations according to the 
recommendations of Velciov et al. (2024) and 

Sahoo & Lenka (2024). The moisture content 
was determined by the oven drying method at 
1050C to constant mass (Velciov et al., 2024). 

 

 
Figure 1. Ripe banana fruit (a) and peel (b)  

 

 
Figure 2. Dried banana peel (a) and ground (powder, b) 

 
The ash (mineral) content was determined by 
the calcination method at 550°C (Velciov et al., 
2024). The protein content was determined by 
the Kjeldahl method, using a nitrogen conver-
sion factor of 6.25. (Velciov et al., 2024; Sahoo 
& Lenka, 2024). Crude fat was determined 
using the Soxhlet method with hexane as 
solvent (Velciov et al., 2024; Sahoo & Lenka 
(2024). Crude fiber was determined by acid-base 
digestion method. Carbohydrate content was 
obtained by difference (Velciov et al., 2024). 
All analyses were performed using Rstatistical 
Software (v4.3.3; RCoreTeam2023). 
The comparisons for means were done using 
Duncan’s Multiple Range Tests (DMRT). 
Duncan’s Multiple Range Tests or Duncan’s 
New Multiple Range Tests provide significance 
levels for the difference between any pair of 
means, regardless of whether a significant F 
resulted from an initial analysis of variance. 
The Shapiro-Wilk test was used to assess the 
normality of the data (Ghosh and Mitra, 2020). 
 
RESULTS AND DISCUSSIONS 
 
Proximate analysis provides valuable information 
about the nutritional composition and helps to 
assess the quality of the sample, providing 

information about the content of water, protein, 
lipids, ash, fiber and carbohydrates. (Saeed et al, 
2024; Pyar & Peh, 2018).   
The proximate composition of banana peels, 
which includes moisture, ash, protein, fat, fiber, 
and carbohydrates are present in Table 2.  
The experimental results obtained show that the 
analyzed BPs have a considerable nutritional 
value that depends on the location and nature of 
the analyzed nutritional parameter: 5.21-8.21% 
moisture, 8.17-12.86% ash (minerals), 5.28-
7.84% protein, 3.14-4.11% fats, 10.23-14.65% 
crude fibre, and 57.93-62.72% carbohydrate.   
This can also be confirmed by numerous studies 
reporting that the proximal composition and 
nutritional properties of banana peels vary 
between different banana varieties and even 
between the same varieties from different 
cultivation areas (Sahoo and Lenka, 2024; Ansari 
et al., 2023).  
The moisture content of the analyzed BPs 
indicates that the examined banana peels could be 
used in food processing, as well as in cosmetics, 
medicine, the textile industry, paper 
manufacturing, bio-absorbents, biofuel 
production, and the agricultural sector (Bhavani 
et al., 2023). 
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Table 2. Proximate composition (mean values) of banana peels  

Specification Nutritional parameter (% dry matter) * 
Moisture Ash Proteins Fats Fibres Carbohydrates 

Provider 1 (BP1) 8.210.31a 8.17±0.31a 7.84±0.47a 4.11±0.29a 13.28±0.41b 57.93±2.41a 
Provider 2 (BP2) 7.58±0.27a 8.42±0.27a 7.35±0.34a 3.62±0.26ab 14.65±0.42a 58.16±2.25a 
Provider 3 (BP3) 5.21±0.31b 12.86±0.55a 5.28±0.37b 3.14±0.22b 10.23±0.35c 62.72±2.97a 
Mean value 7.00±1.29 9.82±2.15 6.82±11 3.62±0.40 12.72±1.85 59.60±2.21 
*Values are expressed as means ± standard deviation of triplicate determination. Different letters within a column signify significant differences (p< 0.001). 

 
The moisture content of a product provides 
information about the amount of water contai-
ned in a given product and the amount of dry 
matter in that product (Velciov et al., 2024). 
Foods with a low moisture content, especially 
those with less than 10%, have a longer shelf 
life with limited quality deterioration due to 
microbial activities (Velciov et al., 2024). The 
moisture content of BPs varies between 5.21% 
(BP3) and 8.21% (BP1). Compared to these, the 
BP3 sample shows a much lower moisture 
content. 
The assumption of normality moisture content 
distributions was assessed by using the Shapiro-
Wilks test. Results indicated that the moisture 
contents are normally distributed (for BP1: 
W=0.989, p=0.79; for BP2: W=0.976, p =0.70; 
for GP3: W=0.89, p=0.76). A one-way 
ANOVA was performed to compare the effect 
of the three different providers on moisture 
contents. It revealed that there was a 
statistically significant difference in mean 
moisture contents between at least two groups 
(F = 65.68, p < 0.001, Eta2=0.96, 95% C.I. 
[0.84, 1.00]). Duncan’s MRT for multiple 
comparisons found that the mean value of 
moisture content was significantly different 
between provider 1 and provider 3 (p < 0.001, 
95% C.I. = [2.29, 3.69]), and between provider 
2 and provider 3 (p < 0.001, 95% C.I. = [1.69, 
3]). There was no statistically significant 
difference in mean moisture contents between 
provider 1 and provider 2 (p=0.06). 
These values show that the analyzed BPs are 
rich in organic matter, which is a good source 
of nutrients (Anhwange et al., 2009). In 
addition, the low moisture content (less than 
10%) gives the analyzed BPs a longer shelf life 
without limited changes in their quality. 
(Velciov et al, 2024) The moisture values of the 
analyzed BPs (Table 2), as well as their average 
value (7.00%), are comparable to the values 
reported by Chimdi et al. (2024), Akhter et al. 

(2024), Saeed et al. (2024) and Anhwange et al. 
(2009) (see Table 1). 
Ash content represents the inorganic residues 
(mineral composition), which remain after the 
complete oxidation of organic materials with 
the removal of water by calcination of a food 
product (Rawat et al., 2024; Ansari et al., 2023; 
Pyar & Peh, 2018).). Ash content provides 
information on the content of mineral elements 
in the food (Rawat et al., 2024). High ash 
values indicate a high content of mineral 
elements (Saeed et al., 2024; Tsado et al., 
2021). Banana peel is a rich source of minerals 
such as Ca, Fe, Mg, Zn, Na, K, P, and Cu 
(Jandal, 2024; Bhavani et al., 2023; Tsado et al., 
2021; Rawat et al., 2024). They are essential in 
many physiological functions, such as 
metabolic pathway management, important 
organ formation, pH balancing, and muscular 
action (Ansari et al., 2023). 
The ash content (Table 2) of BPs ranges from 
8.17% (BP1) to 12.86% (BP3). Lower but 
relatively close values were determined in BP1 
and BP2 (8.17, respectively, 8.72%); the BP3 
sample is the richest in minerals (12.86%). 
The assumption of normality ash content 
distributions was assessed by using the Shapiro-
Wilks test. Results indicated that the ash 
contents are normally distributed (for BP1: W= 
0.992, p=0.83; for BP2: W=0.994, p=0.84; for 
BP3: W=1, p=0.97). A one-way ANOVA was 
performed to compare the effect of the three 
different providers on ash contents. It revealed 
that there was a statistically significant 
difference in mean ash contents between at least 
two groups (F = 87.21, p < 0.001, Eta2=0.97, 
95% C.I. [0.88, 1.00]). Duncan’s MRT for 
multiple comparisons found that the mean value 
of ash content was significantly different 
between provider 1 and provider 3          (p < 
0.001, 95% C.I. = [3.66, 5.69]), and between 
provider 2 and provider 3 (p < 0.001, 95% C.I. 
= [3.45, 5.40]). There was no statistically 
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significant difference in mean ash contents 
between provider 1 and provider 2 (p=0.55). 
These values show that the analyzed BPs, 
especially BP3, contain increased amounts of 
mineral elements, being sources of valuable 
biominerals for obtaining foods with added 
mineral value. Comparing the ash content 
values of the analyzed BP samples with the 
values reported by different authors (see Table 
1), it can be seen that it falls within the range of 
values determined by Jandal (2024), Chimindi 
et al. (2024), Issara et al. (2024), Khamsaw et 
al. (2024), Alshehri et al., 2024), Akhter et al. 
(2024), Zaini et al. (2022), Joy et al. (2022), 
Tsado et al. (2021), Pyar & Peh, (2018), and 
Anhwange et al. (2009). 
Proteins are essential component of the diet 
needed for the survival of animals and human, 
they serve as source of nitrogen in the body 
(Velciov et al., 2024). Protein provides amino 
acids which are the substrates required for the 
support of body protein synthesis and 
maintenances of cell and organ protein content; 
thus, it furnishes amino acid the building block 
of all protein (Ahmed et al., 2021; Pyar & Peh, 
2018). Protein deficiency is closely related to a 
number of diseases such as mental disorders, 
insufficiency of different organs, edema and 
immune system weakness and increased protein 
intake plays an important role in diseases 
related to diabetes and the cardiovascular 
system (Velciov et al., 2024). The analyzed BP 
samples contain relatively low amounts of 
protein but sufficient to contribute to their 
nutritional intake. The crude protein content of 
fruits is lower because fruits are generally not 
important protein sources (Pyar & Peh, 2018). 
The concentration of crude fibers in analyzed 
BPs (Table 2) shows different values, ranging 
between 5.28% (BP3) and 7.84% (BP1). 
The assumption of normality protein content 
distributions was assessed by using the Shapiro-
Wilks test. Results indicated that the protein 
contents are normally distributed (for BP1: W= 
0.808, p=0.73; for BP2: W=0.916, p=0.73; for 
BP3: W=0.999, p=0.96). A one-way ANOVA 
was performed to compare the effect of the 
three different providers on fat contents. It 
revealed that there was a statistically significant 
difference in mean protein contents between at 
least two groups          (F = 23.54, p < 0.001, 
Eta2=0.89, 95% C.I. [0.60, 1.00]). Duncan’s 

MRT for multiple comparisons found that the 
mean value of protein content was significantly 
different between provider 1 and provider 3 (p 
< 0.001, 95% C.I. = [1.55, 3.56]), and between 
provider 2 and provider 3 (p < 0.01, 95% C.I. = 
[1.10, 3.03]). There was no statistically 
significant difference in mean ash contents 
between provider 1 and provider 2 (p=0.26). 
Although BPs are not important sources of 
protein, the protein concentration in the 
analyzed BPs shows that they can be helpful in 
the preparation of foods with added nutritional 
value (Dom et al., 2024) and are relatively good 
protein sources. The protein values determined 
in BP1, BP2, BP3 and their average (6.82%, see 
Table 1) are comparable to those reported by 
Jandal (2024), Mahomud et al. (2024), Dom et 
al. (2024), Segura-Badilla et al. (2022), Zaini et 
al. (2022), Pyar & Peh (2018), Aboul-Enein et 
al. (2016). 
Fats, along with carbohydrates and proteins, are 
macronutrients that are considered the main 
components in proximate composition analysis 
(Ansari et al., 2023). Fats play important 
physiological and biochemical roles in the 
functioning of the human body, such as energy 
storage, structural components of biological 
membranes, electron carriers and cofactors of 
enzymes, light-absorbing pigments, hydro-
phobic anchors for proteins, and emulsifying 
agents in the digestive tract (Velciov et al., 
2024). BPs have a low-fat content and therefore 
cannot be considered a good source of fat-soluble 
vitamins, but can contribute to the energy content 
of foods (Ahmed et al., 2021; Pyar & Peh, 2018). 
In addition, the low-fat content increases the shelf 
life of BP powders by reducing the risks of 
rancidity. The peel is cholesterol-free and low in 
calories, sugar, and fat (Joy et al., 2022). 
The results obtained from the analysis of BPs 
taken in the experiment (Table 2) show that 
they contain amounts of fat ranging between 
3.14% (BP3) and 4.11% (BP1). 
The assumption of normality fat content 
distributions was assessed by using the Shapiro-
Wilks test. Results indicated that the fat 
contents are normally distributed (for BP1: W= 
0.887, p=0.54; for BP2: W=0.997, p=0.89; for 
BP3: W=0.996, p=0.93). A one-way ANOVA 
was performed to compare the effect of the 
three different providers on fat contents. It 
revealed that there was a statistically significant 
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difference in mean fat contents between at least 
two groups (F = 6.91, p < 0.05, Eta2=0.70, 95% 
C.I. [0.11, 1.00]).   
Duncan’s MRT for multiple comparisons found 
that the mean value of fat content was 
significantly different between provider 1 and 
provider 3 (p < 0.051, 95% C.I. = [0.30, 1.63]), 
There was no statistically significant difference 
in mean fat contents between provider 1 and 
provider 2 (p=0.10), and between provider 2 
and provider 3 (p=0.11). 
These values show that the analyzed BPs contain 
small amounts of fat and cannot be considered 
primary sources but could be used as ingredients 
to improve the texture, taste, and aroma of new 
food formulations (Velciov et al., 2024) or as an 
addition to low-fat foods (Ismail et al., 2024). 
The fat concentrations determined in BP1, BP2, 
and BP3 experimentally determined, and their 
average (3.62%) are comparable to those 
reported by: Akhter et al., 2024, Jandal, 2024, 
Issara et al., 2024, Khamsaw et al., 2024, and 
Zaini et al., 2022 (see Table 1). 
Crude fiber, the portion of indigestible 
carbohydrates in food, consists mainly of 
cellulose, hemicellulose, pectin, and lignin 
(Velciov et al., 2024; Piar and Peh, 2018). 
Cellulose, hemicellulose, and lignin are well 
known for water absorption and regulation of 
the intestinal tract, while pectin and gums are 
important in cholesterol reduction and glucose 
regulation (Velciov et al., 2024). Crude fiber 
from BPs helps maintain normal peristaltic 
movement of the intestinal tract and, therefore, 
aids in food digestion and can be widely used in 
the food industry when incorporated into many 
foods to enrich their nutritional and sensory 
properties (Saeed et al., 2024). Therefore, diets 
that include foods with appreciable fiber 
additions may be beneficial for eliminating 
potential mutagens, steroids, and xenobiotics 
(Tsado et al., 2021). 
Among the analyzed nutritional parameters, 
after carbohydrates (59.60%, mean value), 
crude fibers were determined in the highest 
amounts (12.72%, mean value). The 
concentration of crude fibers (Table 2) in BPs 
presents values ranging between 10.23% (BP3) 
and 14.65% (BP2). 
The assumption of normality fibre content 
distributions was assessed by using the Shapiro-
Wilks test. Results indicated that the fibre 

contents are normally distributed (for BP1: W= 
0.997, p=0.90; for BP2: W=0.972, p=0.67; for 
BP3: W=0.994, p=0.84). A one-way ANOVA 
was performed to compare the effect of the 
three different providers on crude fiber 
contents. It revealed that there was a 
statistically significant difference in mean crude 
fiber contents between at least two groups (F = 
64.95, p < 0.001, Eta2=0.96, 95% C.I. [0.84, 
1.00]). Duncan’s MRT for multiple 
comparisons found that the mean value of crude 
fibre content was significantly different 
between provider 1 and provider 2 (p < 0.05, 
95% C.I.= [0.39, 2.34]), and between provider 1 
and provider 3 (p < 0.001, 95% C.I. = [2.07, 
4.02]), and between provider 2 and provider 3 
(p < 0.001, 95% C.I. = [3.41, 5.42]). 
These values, but also the fact that crude fiber 
represents only a part of dietary fiber (Yang et 
al., 2017), show that the analyzed BPs contain 
significant amounts of fiber and could 
constitute a viable and cheap source of dietary 
fiber that promotes health, thus contributing to 
improving digestion (Saeed et al., 2024). In 
addition, incorporating BP powder into some 
foods can increase the total dietary fiber content 
and decrease their protein content, slowing 
down the digestion of starch and decreasing the 
glycemic index of foods (Tan et al., 2024). 
Therefore, BP powders can be helpful additives 
to improve foods' texture, taste, and nutritional 
properties (Wani & Dhanya, 2025). The values 
obtained for the determination of crude fibers in 
analyzed BPs are comparable to those reported 
by Sahoo and Lenka (2024), Akhter et al. 
(2024), Taha et al. (2024), Gupta, T., and 
Abdollah M. (2022), Tsado et al. (2021). 
Carbohydrates are important macronutrients for 
the human body that act as a source of energy, 
help and control the metabolism of blood sugar 
and insulin, participate in cholesterol and 
triglyceride metabolism, and help in 
fermentation (Velciov et al., 2024; Ahmed et 
al., 2021). In the nutritional analysis of food, 
only total carbohydrates are considered, 
representing the totality of carbohydrates in 
food after other components, such as proteins, 
fats, moisture, and ash, have been removed 
(Velciov et al., 2024). Banana peel contains a 
significant amount of carbohydrates, indicating 
good sources of energy for humans and animals 
(Tsado et al., 2021). Banana peels' 
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carbohydrates consist mainly of dietary fiber 
and sugars, especially pectin, hemicellulose, 
and cellulose, which contribute to their potential 
as a functional ingredient in foods (Rawat et al., 
2024; Chimdi et al., 2024). The presence of 
carbohydrates, especially indigestible fibers, 
can support digestive health and act as 
prebiotics, favoring the growth of beneficial 
bacteria in the gut (Chimdi et al., 2024). 
The results of the present study showed that 
carbohydrates are the most abundant 
components in banana peel. The concentrations 
of carbohydrates determined in the analyzed 
BPs (Table 2) show similar values, ranging 
from 57.97% (BP1) to 62.72% (BP3). 
The assumption of normality carbohydrate 
content distributions was assessed by using the 
Shapiro-Wilks test. Results indicated that the 
carbohydrate contents are normally distributed 
(for BP1: W= 0.844, p=0.52; for BP2: W=0.907, 
p=0.50; for GP3: W=1, p=0.97). A one-way 
ANOVA was performed to compare the effect of 
the three different providers on carbohydrate 
contents. It revealed that there was not a 
statistically significant difference in mean 
carbohydrate contents between the groups (F = 
2.22, p = 0.19, Eta2 = 0.43, 95 % C.I. [0, 1]).  
These values and their average show that the 
analyzed BPs contain increased amounts of 
carbohydrates and can be used as additives to 
improve the texture and general quality of foods 
(Saeed et al., 2024). Therefore, increased 
carbohydrate content is recommended for use in 
the formulation of value-added and functional 
foods. Comparing the carbohydrate content 
values of BP1, BP2, BP3 and their average with 
the values determined by: Sahoo & Lenka, 
2024, Khamsaw et al., 2024, Segura-Badilla et 
al., 2022, Zaini et al., 2022, Tsado et al., 2021 
and Anhwange et al., 2009, no apparent 
differences are recorded. 
From what is presented, it can be stated that the 
analyzed BPs contain important amounts of 
nutritional compounds, especially 
carbohydrates and minerals, moderate amounts 
of crude fiber and proteins, and lower amounts 
of fats. Considering the proximate analysis of 
the analyzed BPs, it can be stated that they 
could be considered for improving the 
nutritional quality and obtaining foods with 

added value. In addition, apart from the 
analyzed nutritional parameters, BPs contain 
increased amounts of biologically active 
compounds with anti-allergenic, anti-
atherogenic, anti-inflammatory, anti-microbial 
effects and antioxidant, anti-thrombotic, cardio-
protective, and anti-carcinogenic properties that 
present numerous health benefits, such as the 
prevention of diabetes, immunological 
disorders, and neurogenerative diseases (Taha 
et al., 2024). However, it must be pointed out 
that using banana peels in powder form requires 
a preliminary operation necessary to remove 
unwanted impurities and any pesticides or other 
substances used in banana cultivation 
techniques. 
 
CONCLUSIONS  
 
The values obtained from the proximate 
analysis of banana peels, which provide 
information on their nutritional value, show that 
banana peels obtained by peeling ripe yellow 
bananas "Vela rosa Premium Banana" 
(Cavendish variety), sold in local markets, 
contain increased amounts of nutritional 
compounds, especially carbohydrates, minerals, 
and organic compounds, moderate amounts of 
crude fiber and protein and relatively low 
amounts of fat. 
The nutritional parameters of the analyzed 
banana peels show that this by-product could be 
used to develop food products with added 
value, having potential applications for 
obtaining functional foods. 
We consider that the use of banana peels to 
improve the nutritional quality of foods requires 
further investigations to improve the procedures 
for obtaining powders from banana peels with 
increased contents of carbohydrates, fiber, 
minerals, protein, fat, and biologically active 
substances and the development of efficient, 
promising ways to open new horizons in the 
field of food fortification. 
The use of banana peels, after a prior operation 
to remove impurities and possible pesticide 
residues, in food formulations creates 
opportunities to reduce waste and generate 
additional income for the banana processing 
industry. 
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