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Peeling is one of the processes in the making of banana chips. In the current 
Malaysian industry, the peeling process is still done using the manual method, 
which uses hand and kitchen knife. The weakness of using manual peeling is 
that it requires knife-handling skills to prevent pulp from being damaged, time-
consuming, and unsafe.  Therefore, the study aims to develop a banana peeling 
tool that successfully removes the skin of green Nipah banana in a shorter time 
and with minimal pulp loss. In banana chips processing, bananas under certain 
conditions are essential as they will affect the texture for drying and frying. The 
fruit needs to be stiff and starchy; thus, certain properties during its ripening 
period need to be evaluated to examine the suitable ripening days to process 
the bananas. The study involves several properties evaluated, such as the 
physicochemical and mechanical, throughout its ripening days. Based on the 
result, the green Nipah banana's colour and mechanical properties were 
correlated with ripening days. The colour of the peel also gradually changes from 
dark green to lighter green and yellow tint. As for proximate analysis, only crude 
fibre and crude protein correlate with ripening days. Crude fibre increases by 
52.69 % on the upper bunch and 52.12 % for the lower bunch from day 1 to day 
5, while crude protein decreases by 61.11 % for the upper bunch and 93.55 % 
for the lower bunch from day 1 to 5. Total soluble solids (TSS) and fructose also 
correlate with ripening days. TSS increases throughout its ripening days when 
the fructose decreases. TSS on the upper bunch increases by 36.73 % on the 
upper bunch, while the lower bunch decreases to 41.67% on day 3 and increases 
back by 38.23 % to day 5. Firmness, adhesiveness, and penetration force 
decrease while compression force increases throughout its ripening days.  
 

Firmness decreases by 12.04 %, 21.25 %, and 9.18 % for top, middle and bottom 
finger positions respectively for upper bunch position. As for the lower bunch, 
firmness decreases by 11.15 %, 9.09 % and 20.60% for top, middle and bottom, 
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respectively. Adhesiveness decreases by 26.72 %, 37.85 % and 36.26 % for top, 
middle and bottom finger positions respectively for upper bunch position. As for 
the lower bunch, adhesiveness decreases by 57.50 %, 64.68 % and 63.94 % for 
top, middle and bottom, respectively. Penetration force decreases by 13.15 %, 
12.14 % and 27.92 % for top, middle and bottom finger positions respectively for 
upper bunch position. As for the lower bunch, penetration force decreases by 
15.65 %, 14.61 % and 13.15 % for top, middle and bottom, respectively. 
Compression force increases by 64.06 %, 44.43 % and 60.75 % for top, middle 
and bottom finger positions respectively for upper bunch position. For the lower 
bunch, compression increases by 129.62 % and 46.22 % for top and middle 
finger position respectively while the bottom remains constant 
 

The development of the peeling tool started with design considerations from a 
morphology chart, and then several conceptual designs were generated. After 
that, a matrix decision was made to evaluate the best design and assembly parts 
for fabrication was discussed in this study. A peeling tool was designed and 
developed as an alternative to the current manual method. The final design was 
developed by improving the first design. The weakness of the first design is that 
the force needed for the peeling process is high and takes longer peeling time 
as the user needs to use one hand to hold the banana while the other hand to 
push between the skin and pulp of the banana for banana skin removal. 
Performance of the peeling tool was obtained from its peeling time, pulp loss, 
force and deformation analysis. The peeling tool is tested to increase the peeling 
rate by 60% with less than 1.9% peel loss. Minimal deformation was obtained 
from the Finite Element Method (FEM) analysis. Besides, the maximum force on 
the tool was smaller than the yield force of the material; thus, the material is 
suitable for the application of fruit peeling.  
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Mengupas adalah salah satu proses dalam pembuatan kerepek pisang. Proses 
pengupasan di dalam industri Malaysia masih menggunakan kaedah manual 
iaitu dengan menggunakan pisau dapur dan tangan. Kelemahan cara ini adalah 
ia memerlukan kemahiran dalam pengendalian pisau bagi mengelakkan 
kerosakkan isi pisang disamping memakan masa serta kurang selamat. Projek 
ini dijalankan bagi mencipta alat pengupasan yang dapat menanggalkan kulit 
pisang Nipah hijau dalam masa yang singkat dengan kerosakan isi yang 
minimum. Dalam pemprosesan kerepek pisang, tahap kematangan pisang 
sangat penting kerana ia akan mempengaruhi tekstur bagi tujuan pengeringan 
dan menggoreng. Isi pisang perlu keras dan berkanji. Jadi ciri-ciri tertentu dalam 
tempoh pematangan pisang perlu dikenalpasti bagi mengetahui tahap 
kematangan yang sesuai dalam memproses pisang. Beberapa ciri-ciri pisang 
dinilai dalam kajian ini seperti fiziko-kimia dan mekanikal. Berdasarkan data 
yang diperolehi, warna dan sifat mekanikal pisang berkorelasi dengan hari 
matang. Warna kulit juga berubah secara beransur-ansur dari hijau gelap 
menjadi warna hijau muda dan kekuningan. Bagi analisis proksimat, hanya serat 
kasar dan protein kasar yang mempunyai kaitan dengan hari matang. Serat 
kasar meningkat sebanyak 52.69 % di tandan bahagian atas dan 52,12 % di 
tandan bahagian bawah sepanjang pematangan sementara protein kasar 
menurun sebanyak 61.11 % pada tandan bahagian atas dan 93.55 % pada 
tandan bahagian bawah. Jumlah pepejal larut (TSS) dan fruktosa juga didapati 
mempunyai kaitan dengan hari matang. TSS meningkat sepanjang hari 
pematangannya manakala fruktosa menurun. TSS pada tandan bahagian atas 
meningkat sebanyak 36.73 % pada tandan bahagian atas, manakala bahagian 
bawah menurun sebanyak 41.67 % pada hari ketiga dan meningkat kembali 
sebanyak 38.23 % pada hari kelima. Daya tusukan, kadar lekatan dan 
penembusan menurun sementara daya mampatan meningkat sepanjang lima 
hari kematangannya.   
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Daya kepejalan pada kedudukan jari atas, tengah dan bawah masing-masing 
berkurangan sebanyak 12.04 %, 21.25 % dan 9.18 % bagi kedudukan tandan 
atas. Bagi kedudukan tandan bawah pula, daya kepejalan pada kedudukan jari 
atas, tengah dan bawah masing-masing berkurangan sebanyak 11.15%, 9.09% 
dan 20.60%. Kadar lekatan pada kedudukan jari atas, tengah dan bawah 
masing-masing berkurangan sebanyak 26.72 %, 37.85 % dan 36.26 % bagi 
kedudukan tandan atas. Bagi kedudukan tandan bawah pula, kadar lekatan 
pada kedudukan jari atas, tengah dan bawah masing-masing berkurangan 
sebanyak 57.50 %, 64.68 % dan 63.94 %. Daya penembusan pada kedudukan 
jari atas, tengah dan bawah masing-masing berkurangan sebanyak 13.15 %, 
12.14 % dan 27.92 % bagi kedudukan tandan atas. Bagi tandan bawah pula, 
daya penembusan pada kedudukan jari atas, tengah dan bawah masing-masing 
berkurangan sebanyak 15.65 % 14.61 % dan 13.15 %. Daya mampatan pada 
kedudukan jari atas, tengah dan bawah masing-masing meningkat sebanyak 
64.06 %, 44.43 % dan 60.75 % bagi kedudukan tandan atas. Bagi tandan bawah 
pula, daya mampatan pada kedudukan jari atas dan tengah masing-masing 
meningkat sebanyak 129.62 %, 46.22 % manakala daya mampatan jari bawah 
tidak berubah. 
 

Pembangunan pengupas kulit pisang bermula dengan gabungan idea dari carta 
morfologi yang kemudiannya menghasilkan beberapa konsep reka bentuk 
pengupas. Setelah itu, keputusan matriks dibuat bagi menilai bahagian reka 
bentuk dan pemasangan terbaik untuk fabrikasi. Pengupas pisang dicipta dan 
dihasilkan sebagai alternatif dari kaedah manual pada ketika ini. Reka bentuk 
akhir dihasilkan dengan memperbaiki reka bentuk pertama. Kelemahan reka 
bentuk pertama dipercayai perlu menggunakan daya yang tinggi bagi proses 
pengelupasan dan memerlukan waktu pengelupasan yang lebih lama. Ini adalah 
kerana, pengguna perlu menggunakan satu tangan untuk memegang pisang 
sementara tangan kedua digunakan untuk memegang alat pengupas bagi 
mengupas kulit pisang tersebut. Prestasi pengupasan diperoleh dari masa 
pengupasannya, kerosakan isi dan analisis kekuatan alat serta perubahan 
bentuk alat. Alat pengupas ini telah diuji dapat meningkatkan kadar pengupasan 
kulit pisang sebanyak 60% dan mempunyai kadar kehilangan isi pisang pada 
1.9% sahaja. Keputusan yang diperoleh daripada analisis Kaedah Unsur 
Terhingga (FEM) menunjukkan perubahan bentuk yang minimum. Di samping 
itu, daya maksimum pada alat didapati lebih rendah daripada daya hasil bahan 
menjadikan bahan ini sesuai untuk digunakan dalam penghasilan alat pengupas 
tersebut. 
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TE Edge thickness 

Ts Side thickness 

TSS Total soluble solids 

UB Upper bunch 

UPM University of Putra Malaysia 

Vell Ellipse volume 
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CHAPTER 1 
 

INTRODUCTION 
 
 
1.1  Introduction 
 

Malaysia is well-known for its tropical weather, which results in a lot of 
agricultural activities. It contributed 7.1 per cent (RM101.5 billion) to Gross 
Domestic Product in 2019 (Department of Statistics Malaysia Official Portal). 
Various types of fruits are available in the country, e.g., watermelon, pineapple, 
orange, banana, and more. For example, bananas can be found anywhere and 
easily planted. 
 

Bananas are found in many places across the wet tropics and subtropics, such 
as America, Africa, South Asia Island, Southeast Asia, Malaysia and the Pacific. 
The commercial banana belongs to the family Musaceae genus Musa. It is called 
“pisang” in Malaysia. When mature, the genomic grouping AAA exhibits pulp that 
tastes sweet and edible, although it is uncooked, thus is eaten raw as table fruit. 
It also tastes better when cooked, whether as a fried banana, banana cue, or 
maruya. Meanwhile, genomic groupings AAB and ABB need to be cooked.  
 

The banana plantation is the 2nd largest production area & 5th in export revenue 
within Malaysia and locally consumed with per capita of 9.4 kg in 2019 
(Department of Statistics, 2019). Despite its tremendous benefits, the shelf life 
of fresh banana fruit is only a week when stored in a normal condition, which will 
become shorter if the fruit was cut, torn, or damage occurred during the pre- or 
post-harvesting process. Planted crops are harvested within 12-15 months after 
planting (Natural Horticulture Board of India). It is harvested when the second 
hand from the top is ¾ rounded. ¾ rounded means that all the banana is towards 
the upward direction. One tree may contain 100-400 fruits.  The fruits grow in a 
hanging cluster with twenty fruits to a tier and 3-20 tiers to a bunch. It is usually 
harvested in the unripe (green) stage. Normally, bananas are manually 
harvested by human labour when they reach a maturity stage and are ready to 
enter the market.  
 

About 90% of the banana produced is consumed domestically as fresh fruit, 
while 2.5% is consumed as banana by-products and the rest as an ingredient in 
the food product. One of the popular by-products of bananas is banana chips. 
Deep-fried banana chips are a very popular snack food in many countries. As 
the growth of the snack food industry has been increasing, there is a certainty 
that the banana chips market is on its uprising.  
 

There are two common types of banana used for banana chips in Malaysia, i.e., 
Tanduk (Musa paradisiaca) and Nipah (Musa acuminate balbisiana), as seen in 
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Figures 1.1 and 1.2. Both bananas are physically different. Tanduk is long and 
more curvature in shape and has a circular cross-sectional shape. The skin is 
also thin and easy to peel. Meanwhile, Nipah is short and straight. It has a 
polygon cross-sectional shape. The skin is thick and is stickier to peel.  
 

Banana chips are prepared by frying the green banana. There are four major 
operations involved, i.e., peeling, cutting, frying, and packaging. Figure 1.3 
shows the process of making banana chips from a banana chips factory. 
 

 

  

 

Figure 1.1: Nipah banana Figure 1.2: Tanduk banana  
(Source : Shopbah, 2021) 

Whereby, currently, peeling is still done manually, as seen in Figure 1.3a. As 
bananas have uneven and irregular shapes and are sticky due to their 
mucilaginous nature, they are critical to peel. Thus, manual peeling by hand 
is slow and involves substantial labour when many bananas are needed to 
peel. Manual peeling is not only dreary, but also challenging to manage and 
maintain hygiene. Many banana chip companies complain about the difficulty 
of peeling off the banana manually, as workers tend to take a lot of time during 
the peeling process. To solve this problem, a tool to peel the Nipah banana 
skin should be invented. 
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(a) 

 
(b) 

 
(c) 

 
(d) 

Figure 1.3: Banana chips processing (a) Peeling; (b) Frying; (c) Packaging; 
(d) Storage 

 

1.2  Problem statement  
 

Most banana chips factories in Malaysia are still using the traditional method of 
using a kitchen knife to cut and peel the banana skin. Banana production in 
Malaysia is mostly found in Johor, Pahang, and Sabah (Tumin & Ahmad 
Shaharudin, 2019). Most of the factories in Malaysia process 100 kg to 200 kg 
of bananas per day to make banana chips. Production of banana chips on 
average for a factory was 54 kg per day. Based on an interview made with 
various companies in Banting, Selangor, they pay up to three workers to peel 
the banana skin with a wage of RM3/hour for up to 200 kg of bananas. The time 
consumes to peel the banana is around six hours. The conventional method 
poses a danger to the worker’s finger by inflicting injury if not done properly, as 
the banana’s skin is uneven, has an irregular shape and is sticky due to its 
mucilaginous nature. Trained workers are needed for the banana to peel 
effectively. Thus, to avoid the laborious process involved in manual peeling, 
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evading injury to the workers, and increasing efficiency and high-quality 
standards and hygiene, a Nipah banana peeling tool needs to be created. 
 

1.3  Objectives  
  

This project aims to design and develop a banana semi-auto green Nipah 
banana peeling tool that can be used in small and medium industries. The 
objectives of this project are :  
 

1. To determine the effect of physicochemical (mass, pulp to peel ratio, 
peel thickness, length, diameter, mass modelling, colour, proximate 
analysis, sugar content) and mechanical properties (firmness, 
adhesiveness, penetration, compression) of green banana variety Nipah 
throughout ripening days 

2. To design and develop a banana peeling tool that can peel the skin of 
green Nipah banana and fruits to reduce damages on the pulp by using 
SolidWork software 

3. To evaluate the performance of a green Nipah banana peeling tool, 
including the peeling time and peel loss at different blade thickness 

 

1.4  Significance of study 
 

The findings of this study will benefit the banana chips industry, considering the 
banana peeling process plays an essential role in its production. The greater 
demand for banana chips product export justifies the need for a more practical 
approach. Thus, the peeling tool created can be introduced to the Malaysian 
market for better production, increasing its productivity and process time. It will 
create an opportunity for Malaysia to increase product exports of banana chips 
since the production rate increased as global volume sales grew at 3.6%, from 
1,825,000 tonnes in 2000 to 18,90,600 tonnes in 2001. 
 

1.5 Research scope  
 

The work scope focused on the determination of green Nipah banana variety 
fruit properties and its relation during ripening, where physicochemical and 
mechanical properties of whole banana fruit and pulp were determined. Physical 
properties of whole green Nipah banana fruit were determined in terms of weight, 
volume, and dimensions. Chemical properties of green Nipah banana fruit pulp 
were studied. Meanwhile, the mechanical properties (puncture and compression 
tests) of the whole banana fruit were determined with different probe types and 
positions. The property could be used as a preliminary study to design and 
develop the Nipah banana peeling tool.  
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The work was focused on developing a green Nipah banana peeling tool to 
effectively remove the skin of the banana with less time taken for peeling and 
able to obtain minimal pulp loss with less physical damage. The peeling tool 
needs to be portable, hygienic, easy to use, safe and ergonomic. The 
performance of the peeling tool was evaluated in terms of peeling time and peel 
loss at different blade thicknesses. The performance was then compared with 
the conventional peeling method, which is by using manual hand labour 
.  

However, the banana peeling tool was designed mainly for peeling Nipah 
banana, so it might not be suitable for other plantains. A peeling tool was 
constructed to cut the edge plane of the fruit and remove the skin from the pulp. 
The project proposes to be used in the banana chips industry to increase their 
productivity in their peeling process. Since banana chips processing needs a 
hard texture and certain maturity of banana, which becomes a significant impact 
on the end product, thus, the properties of the banana must be considered well. 
 

1.6 Thesis outline 
 

In the thesis, the work conducted was mainly on the studies of properties of 
green Nipah banana peel and pulp and the development of banana peeling tool. 
Chapter 2 introduces the green Nipah banana fruit, its benefits, physicochemical, 
and mechanical properties of varieties of banana fruits. The prior art and past 
studies of fruit peeling tools were also reviewed to get a general idea of the new 
concept of banana fruit peeling tool. 
 

Chapter 3 describes the materials, methods, procedures, equipment, design 
approach, and statistical analysis used for the entire research. The research 
work was performed in three parts. In the first part, a brief introduction was 
explained in this chapter with the procedure for evaluating the physicochemical 
and mechanical properties of the banana. Physical properties determined were 
mean length (mm), diameter (mm), peel thickness (mm), mass (g) and colour. 
Chemical properties determined were proximate analysis (moisture content, 
crude protein, crude fat, ash, crude fibre) and sugar content (sucrose, fructose, 
glucose, TSS). While the mechanical properties determined were firmness (N), 
adhesive (N), penetration (N), and compression (N). Then, using the properties, 
a banana peeling tool was designed and developed. A few concepts in the 
banana peeling tool were generated, and the best concept was chosen based 
on selected requirements. Lastly, the design is then fabricated, tested, and 
modified. Methods for determining the efficiency of the tool are obtained. 
 

Chapter 4 mentioned the results of the analysis and discussion of the 
experimental work. The physicochemical and mechanical properties of Nipah 
banana fruit at different bunch positions and finger positions were evaluated as 
the preliminary study. The final design which are separator and slitter was 
analysed using the Finite Element Method (FEM) tool (Solidwork). Manual 
calculations were done for separator on its material suitability and critical parts. 
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The peeling time of the fabricated peeling tool was evaluated and compared with 
the conventional method. The performance of the developed peeling tool was 
tested based on the peeling time (s) and pulp loss percentage.  
 

Lastly, chapter 5 concludes the main findings obtained in this research. The 
recommendation works were also suggested for future research.There should 
be at least two tertiary headings to justify having tertiary headings.  
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