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Abstract 

Saba banana is one of the most favourite banana varieties in Malaysia. It also generates a 

concerning amount of waste as the only value part is the pulp. Banana peel has been 

proven to have a lot of nutritional content that should not be ignored and wasted. 

Conversion of banana peel to powder will convert it into a value-added product in the 

food industry. Preliminary study on the protein, moisture, crude fibre and fat was carried 

out for 2 different stages of maturity which are stage 2 (light green) and stage 5 (yellow 

with green tips). Both stages have almost similar proximate analysis values and hence 

stage 2 of banana was chosen for the next analysis, due to the high waste of banana peel in 

stage 2 in SME (Small Medium Enterprise) in the production of banana chips. This study 

characterized the banana peel powder for storage application at different sizes of particles 

which are 1-125 µm, 126-250 µm and >250 µm. As the particles of the banana peel 

powder increases, the flowability of the powder decreases. It was found that green banana 

peel (stage 2) at sample A (1-125 µm) has the highest true density, but sample C (>250 

µm) has the highest bulk density. The pH mean value of the three sizes also ranges from 

6.15 to 6.46. The powder’s pH (6.15-6.46) is in the standard wheat flour acidity range. 

Moreover, the study on the water holding capacity at different temperatures identifies that 

banana peel powder has a high water holding capacity ranging from 3.83 to 6.45 g water/g 

dry sample. In short, this study is a success in identifying the potential of banana peel 

powder in food products based on its characteristics.  

1. Introduction 

Saba banana is a triploid ABB that is produced in 

liquid form cells derived from multiplying and known in 

several southeast Asia countries as Pisang Kepok in 

Indonesia, Pisang Nipah (Malaysia), and Kluai Hin in 

Thailand (Valmayor et al., 2000). It belongs to the 

dominant group of Balbasiana and some characteristics 

of Acuminata varieties. The colour of its peel is green 

when unripe and turns yellow when ripe. It has thick 

peels. Each bunch can weigh a maximum of 28 kg and 

has about 12-18 hands in each bunch (Dela Cruz et al., 

2008). In the Philippines, Saba banana varieties hold 

18% of total banana production (Authority, 2017). Saba 

banana also has its commercial attraction among other 

local and commercial banana varieties present in 

Malaysia. It is very popular as a cooking banana either in 

ripe or unripe state and rarely eaten fresh. The ripening 

stages of the banana were determined by using a scale 

from 1 to 7 from ripe to an unripe banana. There are 

differences in the colours of bananas as more mature 

bananas are more yellowish rather than immature 

bananas. Bananas on the unripe stages 2 are utilised as 

raw material for the banana chips production industry 

aside from Pisang Tanduk and Pisang Nangka. 

Meanwhile, bananas on the ripe stages 5 are fried as 

banana fritters by street vendors in Malaysia and very 

popular for household buyers for Malaysian cuisines.  

During most food productions, only the flesh of the 

Saba banana has been processed while the peels will go 

to waste. The banana peel represents 40% of the total 

weight of fresh bananas and as a result, 200 tonnes of 

waste from banana peels were generated each day in 

Malaysia and its trend is increasing (FAMA, 2007). 

Among Malaysian adults, banana comes as the second 

most consumed fruit weekly compared to other fruits 

available (Othman et al., 2013). According to Reference 

info not provided.  

A single banana helps fulfil 23% of daily potassium 

needs. It also contains many essential vitamins like A, 
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B6, C and D. Besides, some banana varieties also are 

rich sources of secondary antioxidants (Shian et al., 

2012).  

In spite of all the beneficial nutrients of banana pulp 

consumption, the cultivation of bananas also raises issues 

on waste disposal like peel, leaf and pseudostem for 

farmers and food processing mills. Only 60% of the total 

weight of bananas is utilised and the remaining are often 

ignored as waste (Tchobanoglous et al., 1993). Other 

reports also highlight the amount of potential waste from 

banana peels alone is 35% (Gupta and Joshi, 2000; Gowe 

Chala, 2015). The yield of banana peel has not deviated 

too much as found by Anhwange et al., (2009) which is 

about 33.81±0.56% per 100 g fresh weight. 

In this study, the research is done to determine the 

chemical and physical properties of banana peel. A 

strategic plan has been developed by the Department of 

Agriculture Malaysia to increase the production of 

bananas from 2250 tons in 2016 to 27,000 tan in 2020 

(Department of Agriculture, 2016). Despite the massive 

cultivation of bananas in future, the waste generated 

from the agricultural and food processing industry can be 

accumulated since other parts of the banana are 

considered as waste except for the pulp. Despite being 

the focus of interest by various studies on the utilisation 

of banana peels in food production, the studies on the 

physical properties of banana peel powder suitable for 

storage are limited. 

 The commercialization of the banana peel powder 

surely needs a method of preservation in which in this 

case study is through drying. Drying causes the partial 

water content removed by evaporation until it reaches a 

safe level of moisture content for storage. The idea to 

form Saba banana peel in a powder form is to overcome 

the potential accumulation of banana peel waste that is 

due to the massive attention from the government to 

expand the land of Saba banana cultivation in future. 

Banana peel does have the potential to be developed into 

food products such as gelling, thickening and stabilising 

agents (Jun et al., 2006). This project was aimed to study 

the physicochemical properties of banana peel powder 

such as the moisture content, water holding capacity, oil 

holding capacity and their related properties. This project 

also aims to evaluate the potential use of banana peels to 

improve storage. 

 

2. Materials and methods 

2.1 Material 

Saba banana was bought from Pasar Borong 

Selangor at stage 2 and stage 5 of maturation. A cluster 

of bananas was randomly picked from a banana bunch. 

The fruits were selected based on their uniformity of 

colour and less bruise.  

 2.2 Banana peel powder preparation  

A cluster of bananas was then separated from the 

bunch and the stalks were removed. Then, the banana 

was rinsed several times with tap water and last rinsed 

with distilled water. After that, the banana was then 

peeled and immersed in 0.5% citric acid solution. The 

peels were then cut and immersed into the citric acid 

solution and drained. Then the peels were dried in the 

oven (Memmert Oven) at 60oC until no more sap can be 

seen when breaking apart the sample in 72 hrs and 84 hrs 

for stage 2 and stage 5 of banana peel respectively. Then, 

the banana peels were milled for about 30 mins with 

intervals. The milled powder was then sieved with size 

distribution according to Table 1.  

2.3 Proximate analysis 

2.3.1 Moisture content 

A 5 g sample was analysed and its moisture content 

is measured by using a moisture analyser (MX-50, A and 

D Weighing, San Jose, America) at 105oC until it 

reaches constant weight. The moisture content is in wet 

basis by this formula: 

 2.3.2 Crude fiber, protein, and fat  

Crude protein is analyzed by the Kjeldahl method 

(AOAC, 2000) with factor 6.32. The protein and fat 

analysis also used methods from AOAC (2000). 

 2.4 Physical properties  

2.4.1 Tapped density (ρtap) 

Tapped density (ρtap) was determined in a 25.4 mm 

chamber internal diameter in a (GeoPyc 1360 Density 

Analyzer, Micrometrics’, USA) with 2 g of sample. The 

test is carried out for 5 cycles with a typical force of 51 

N. 

 2.4.2 Bulk density (ρbulk) 

Bulk density was determined by filling a 15 mL 

measuring cylinder with banana peel powder. The mass 

of banana peel needed to fill in the measuring cylinder is 

recorded and the bulk density is calculated as follows: 

(1) 

(2) 

Sample Size of particles range, µm 

A ≤125 

B 126-250 

C ≥251 

Table 1. Particle size range of 3 different sieving mesh value 

http://www.micromeritics.com/Product-Showcase/GeoPycsupsup-1360.aspx
http://www.micromeritics.com/Product-Showcase/GeoPycsupsup-1360.aspx
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2.4.3 True density (ρtrue) 

The true density was determined in the gas 

pycnometer (AccuPyc II 1340 TEC, Micrometrics’, 

USA) with 5 cycles in 1.0 cm3 chamber volume.  

 2.5 Flowability 

2.5.1 Carr Index (CI) 

The powder’s flowability and cohesiveness of the 

powder were determined in terms of Carr Index (Carr, 

1965; Turchiulli et al., 2005) by the following formula: 

2.5.2 Hausner ratio (HR) 

Hausner ratio was calculated to determine the 

flowability and cohesiveness of the banana peel powder 

through the following formula:- 

 2.6 pH 

From the 2 g of banana peel powder, 4% of the mass 

was weighed by using a weighing balance. Then, the 

powder was poured into the centrifuge tube and added 

with 15 mL of distilled water. Then it is poured into 15 

mL distilled water. After that, the mixture was vortexed 

for 5 mins and let stand for another 30 mins. The acidity 

of the supernatant was measured by using (pH meter, 

Sartorius, Germany). 

2.7 Water holding capacity (WHC)  

The WHC determination was referred to and 

modified from methods applied by (Wachirasiri et al., 

2009). The 2 g of banana peel powder sample was 

weighed on an electronic balance. Then the sample was 

put into the centrifugal tube with 25 m distilled water. 

Then, the lid was closed and vortexed for about 5 mins 

until the water and banana peel powder mixed well. Then 

the centrifuge tube was heated in a 40℃ water bath. 

After that, the mixture was centrifuged for 25 mins at 

3000 rpm at room temperature (25℃). The supernatant 

was decanted carefully, and the mass left in the tube was 

measured by using an electronic balance. Another test 

with a similar method was carried out by replacing the 

heating temperature from 40°C into 60℃ and 80℃ in 

order to optimize the suitable thermal treatment. 

2.8 Oil holding capacity (OHC) 

The 2 g of banana peel powder sample was weighed 

on an electronic balance. Then the sample was put into 

the centrifugal tube and with 25 m cooking palm oil (Seri 

Murni, Malaysia). Then, the lid was closed and vortexed 

for about 5 mins until the water and banana peel powder 

was homogenised. Then the centrifuge tube was heated 

in a 40℃ water bath. After that, the mixture was 

centrifuged for 25 mins at 3000 rpm. The supernatant 

was decanted carefully and the mass left in the tube was 

measured by using an electronic balance. Another test 

with a similar method was carried out by replacing the 

heating temperature from 40℃ to 60℃ and 80℃. All 

analysis was done in triplicate. 

 

3. Results and discussion 

3.1 Proximate analysis of stage 2 and 5 of banana peels 

powder 

The proximate analysis is to identify the components 

percentage content after the drying. The applied heat can 

cause denaturation of some protein molecules that affect 

its agglomeration and its cohesiveness properties. 

Moisture content in food samples may affect the product 

stability, powder flow properties and microbial growth 

(Tomar et al., 2017).  

From Table 2 the amount of crude fibres for 2 and 5 

stages shows the least value compared to the other 

components which are 4.8% w/w and 5.4% w/w 

respectively. However, protein fat and crude fibre of 

banana peels have a higher value compared to the 

finding by A et al. (2016) using the banana peels. As the 

moisture is reduced the amount of fat can be identified 

compared to the fresh proximate analysis by A et al. 

(2016). Contradictory, the amount of crude fibre is much 

lower than found by A et al. (2016) at 2.15 % at the fresh 

state of stage 2 mature green Saba banana. From the 

results obtained both stages have a close difference value 

and hence stage 2 of banana was chosen for the next 

analysis, it is due to the high waste of banana peel in 

stage 2 in SME (Small Medium Enterprise) in the 

production of banana chips. 

3.2 Density 

The next study is to focus more on the particle size 

variation of stage 2 banana peel powder. Stage 2 banana 

peel is more suitable for the industry as it is more 

practical to control the quality of output and have slow 

oxidation compared to stage 5 ripe bananas. Stage 5 ripe 

banana peels are perishable and hard to set the operating 

condition due to the varied distance of peel sources.  

(3) 

(4) 

Proximate component 
Stage 2 of saba 

banana peel 
Stage 5 of saba 

banana peel 

Moisture (%w/w) 9.18 9.2 

Crude protein (%w/w) 4.8 5.4 

Fat (%w/w) 4.8 3.8 

Crude fibre (%w/w) 1.3 1.8 

Table 2. Preliminary study of proximate analysis for stage 2 

and stage 5 of saba banana peel 

http://www.micromeritics.com/Product-Showcase/AccuPyc-II-1340-Pycnometer/AccuPyc-II-1340-Solutions-Temperature-Control.aspx
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Table 3 shows the true density of the banana peels 

flour which sample A for size ranges of particle of 125 

µm and less, Sample B size between 126-250 µm and 

Sample C is 251 µm and above. The result was 

decreasing from 1.4991g/cm3 to 1.3815 g/cm3 as the 

range size of the particle was increased. This is because 

the volume is increasing as the number of voids also 

increases. Besides, the bulk density of the powder 

increases as the particle size range increases with sample 

C (>250 µm) showing the highest value at 0.5660±0.14. 

The increase of bulk density could be attributed to the 

less volume of the void between particles (Berk 2013). 

3.3 pH  

Based on Table 4, we can see that the pH of the 

supernatant from different particles increases as its size 

ranges increase. There is a slightly significant difference 

which ranges from 6.16 to 6.46 is acidic. The acidity of 

the banana peel powder for all varieties of size particles 

should be the same. The acidity of green banana peel 

(stage 2) powder also can be supported by similar 

findings in Cavendish banana varieties with 8% powder 

suspension in water (Salih et al., 2017). Paliyath and 

Murr (2007) confirmed earlier by stating that the young 

fruit tends to be more acidic and it is reduced as the 

ripening process occurs. The pH standard of wheat flour 

is in the range of 6 to 6.8 which puts it as an acidic food 

(Pearson, 2003). Since the banana peel powder’s pH is in 

the same range as standard flour, it has good potential as 

a wheat substitute for food products without altering the 

pH of the whole ingredient.  

3.4 Water holding capacity  

Figure 1 represents an increase in water holding 

capacity as the temperature increases from 40℃, 60℃ 

and 80℃ for all sizes of powder. The water holding 

capacity is affected by several external factors and an 

increase in temperature could relate to its availability of 

water that can evaporate therefore the amount of water 

evaporates depends on the temperature where 

evaporation increases as temperature increases. The 

water holding capacity poses the highest value at 80℃ 

(5.20 g to 6.45 g/g of dry matter) on the other hand 

temperature of 40℃ records the lowest value at the range 

of 3.83 to 5.88 g/g dry matter. Besides, an increased size 

range of powder also increased water holding capacity 

with the highest value held by particles size ranging 

bigger than 250 µm. The water holding capacity could be 

related to the component of the particles since the 

porosity of banana peel powder is lower as the size of the 

particle gets higher. The results are in agreement with a 

study made by Savlak et al. (2016) on the increment of 

water holding capacity of banana powder due to the 

increment of particle size. High water holding capacity is 

also associated with the high pectin and hemicellulose 

concentration in fruits fibre. This claim can be supported 

by the 16.54% of pectin yield from unripe Saba banana 

peel (Castillo-Israel et al., 2015).  

Based on Figure 1, sample A with the lowest range 

of particle size has a higher mean water holding capacity 

starting from 3.83 to 5.20 g of water for every g of 

sample. The high water holding capacity is also 

attributed to swelling in which the volume or size of 

banana peel powder expands. This characteristic of 

banana peel powder has great potential in the noodle 

industry as approved by Ramli et al. (2001) in the 

utilization of banana peel powder in the yellow noodle. 

However, high swelling due to water holding or water 

retention capacity is not important as in the production of 

alkali noodles (Miskelly and Moss, 1985). This is 

because as the powder of banana peel expands, the 

dough produced is more brittle and needs optimization of 

noodle ingredients formulation as well as use a smaller 

size range than 125 μm. So, it is more suited to the 

production of other styles of Asian noodles (Widjaya 

2010). Castelo-branco et al. (2017) in their study on the 

substitution of wheat flour to banana peel powder also 

Sample 
Tap Density  

(g/mL) 
True Density  

(g/mL) 
Bulk Density  

(g/mL) 

A 0.6628±0.0051 1.4991±0.0014 0.3878±0.12 

B 0.6996±0.0061 1.4365±0.0071 0.4714±0.21 

C 0.6540±0.0047 1.3815±0.0005 0.5660± 0.14 

Table 3. The tap, true and bulk density of Saba banana peel 

powder for sample A (≤125µm), B (126-250µm) and C (≥251 

µm) 

Sample pH 

A 6.16±0.01 

B 6.38±0.02 

C 6.46±0.01 

Table 4. The pH of Saba banana peel powder for sample A 

(≤125µm), B (126-250µm) and C (≥251 µm) 

Figure 1. The water holding capacity of Saba banana peel 

powder for sample A (≤125µm), B (126-250µm) and C (≥251 

µm) 
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proved its potential in the noodle industry.  

3.5 Oil holding capacity  

The oil holding capacity of banana peel powder of 3 

samples in Figure 2 shows an increment of oil holding 

capacity that reflects on the increment of the size range 

of particles of banana peel powder. Apparently, the range 

of mean value of oil holding capacity for size particles 

for sample C is the highest (0.91 to 0.99 g/sample). The 

absorption of oil depended on the porosity of the food 

(Brannan et al., 2014). Besides, as the temperature 

increases, the oil holding capacity also increases. 

Brannan et al., (2014) stated that as the temperature 

increases, the water will steam out and leave the pore. 

Hence, it forms enough microstructures space to create 

very low positive vapour pressure and allows oil to enter 

the food. It is found that the mean oil holding capacity of 

stage 2 banana peel powder is much lower compared to 

wheat (1.46), rice flour (1.24), green gram flour (1.6) and 

potato flour (1.68) (Chandra and Samsher, 2013).  By 

having low absorption of oil, it reduces the oil content in 

fried food such as deep-fried coated food products. The 

high water holding capacity characteristics are suitable 

for the food product that needs to restore moisture such 

as bread, cakey biscuit texture, processed meat, fillet or 

mutton. The low oil holding capacity characteristic is 

also beneficial to reduce the absorption of oil during 

frying. 

 3.6  Flow-ability (Hausner Ratio (HR) and Carr 

Index (CI)) 

Apparently in Table 5 and Figure 3 the CI of banana 

peel powder reduced as the particle size of the powder 

decreased. Only banana peel powder at >250 µm has 

excellent flow compared to 125 µm and 250 µm which 

are in poor flow (Hausner, 1967). Meanwhile, when 

characterized with the Carr Index, only a size particle of 

>250 µm is considered as a low cohesive group whereas 

the other size particles are in a high cohesive group. 

 

4. Conclusion 

In this project, the objectives are achieved. The 

properties of green banana peel (stage 2) powder at 

different particle sizes are studied based on the pH, bulk 

density, true density and tapped density. From the result, 

the pH of banana peels range between 6.16-6.46 and it is 

classified as acidic. There are no significant differences 

in the bulk density, true density and tapped density of the 

banana peels powder where the highest bulk density 

recorded by sample C which is 0.5660 g/mL followed by 

sample B and A which is 0.4714 g/mL and 0.3878 g/mL 

respectively. Besides, from density value, it shows that 

powder with sizes >250 µm has good flowability. The 

particle sizes of powder also affect the density of the 

powder which then will affect the flowability of powder 

in a fluidized mechanism for transport in the processing 

industry. The flowability of the materials is based on the 

scale of flowability of the Carr Index and the Hausner 

ratio. Here it is identified that sample C (>250 µm) has 

low cohesiveness compared to other sizes of A (≤125 

µm) and B (126-250 µm). Through this study, sample C 

is more suitable for the production of bakery and cold 

meat products as it has the highest water holding 

capacity compared with sample A and B. Besides, the 

particle size of 125 and 250 µm are more suitable for the 

food that needed removal of moisture like baking and 

frying. However, the utilization of banana peel powder 

on some food like noodles will need extra care on the 

formulation as it has a small diameter. High water 

Figure 2. The oil holding capacity of Saba banana peel powder 

for sample A (≤125µm), B (126-250µm) and C (≥251 µm) 

Sample A B C 

Carr Index 41.49 32.61 13.44 

Hausner Ratio 1.71 (cohesive) 1.48 (fusing) 1.16 (granular) 

Flow properties Execrable flow Poor flow Excellent flow 

Table 5. Carr index, Hausner ratio and flow properties of 

banana peel powder 

Figure 3. The Carr Index (CI) and Hausner Ratio of the Saba 

Banana Peel Powder at size particle of sample A, B, and C 
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holding capacity will cause the banana peel powder 

volume to lower the tensile strength of the noodle.  
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