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Bananas, a globally consumed staple, generate substantial agricultural waste, 
particularly peels and pseudostems, which account for over 60 % of the biomass. This 
waste presents an opportunity for value-added applications, especially in fire safety 
and thermal-resistant materials. In this study, dried banana pseudostems and peels 
were analysed for their thermal properties using Newton’s Law of Cooling. Key findings 
revealed that banana pseudostem outperformed the peel in thermal resistance, 
attributed to its higher lignin and cellulose content, which enhance insulation. These 
properties suggest that banana by-products hold significant potential for sustainable, 
thermally resistant materials, addressing fire safety challenges in regions like Malaysia. 
This research underscores the dual environmental and functional benefits of 
repurposing banana waste, aligning with sustainable development goals and 
promoting eco-friendly innovations. 
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1. Introduction 
 

Globally, bananas (Musaceae family) are a crucial fruit crop known for their superior nutritional 
value compared to other common tropical fruits, and both ripe and unripe bananas are edible [1]. In 
2017, Malaysia is reported to be planting bananas across 35,000 hectares of plantations, producing 
350000 tonnes [2]. Commonly only for the majority of the crops, pulp of the banana are consumed 
whereas the peel and stems are discarded as wastes. In fact, the banana pulp ratio to the whole 
banana portion is only less than 40 % of the total banana weight [3]. Indicatively, more than 60 % 
becomes waste, which can conclude up to 20000 tonnes of banana waste. In order to avoid them 
from becoming by-products or unused wastes, it is better to repurpose banana stem and peel for 
other applications. 
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Commercial farming also exhibits maximum use of banana peel as animal feedstocks and natural 
fertilizers [4]. However, more alternatives can be implemented into daily use besides farming sectors. 
Research trends also indicated that banana peel can be developed into advanced materials as fillers 
for plastics and other composites [5]. Singh reviewed multiple applications of banana fiber-reinforced 
composites suited for various industries including construction, automotive, packaging, aerospace 
and medical. Hence, banana can be implemented as composites of thermosets, thermoplastics, 
cements and biodegradables [6]. This indicates that banana has more potential in diverse 
applications besides being just another nutritious edible fruit.  

Malaysia exhibits a variety of industries whereas construction is blooming in every state. In 2018, 
fire statistics in Malaysia revealed that there were 6,626 incidents involving structural fires, resulting 
in 97 fatalities and total financial losses amounting to RM3.3 billion [7]. Fire-related accidents might 
occur due to construction errors and fire safety equipment lacking in most buildings [8]. To counter 
this issue, government can provide a cheap and readily accessible material that can withstand heat. 
Studies reported that banana fibre already exhibit excellent thermal properties including thermal 
stability [9], thermal conductivity [10] and char formation [11]. Banana peel composite’s thermal 
retardancy was also evaluated by Kong in 2022, where the LOI value is higher value of 31.5 % with 
addition of MCAPP. Therefore, exhibiting self-extinguishing and anti-dripping properties [12]. These 
findings accentuates the potential of thermal properties for banana fibre. 

In fact, banana is known to be constituent of variety of natural polymers including lignin, cellulose 
and hemicellulose, pectin and starch [13]. Furthermore, lignin and cellulose are known to exhibit 
excellent thermal resistance based on previous studies [10,14-16]. Nonetheless, these constituents 
are different based on different banana. Thus, pseudostem is known to have high composition of 
cellulose and lignin at 65 and 16 % respectively [17]. Comparatively, banana peel is known to have 
lower cellulose and lignin at 30 and 12 % respectively.  

Table 1 reiterates the ratio of material present based on each banana parts [18]. Thus, it can be 
deduced the variance in these natural polymer content would contribute to varying thermal 
properties.  
 

Table 1  
Summary of polymeric content inside banana part  

Banana part Material abundance to whole content (%) References 

Natural polymer Neck (Psuedostem) Peel 

Cellulose 65 16 [17] 
Lignin 30 12 [18] 

 
Despite the increasing exploration of natural substance in composite materials, limited studies 

focus specifically on the thermal conductivity properties of banana peel powder, leaving a critical gap 
in understanding its potential as a sustainable and thermally efficient material for industrial 
applications. This study aimed to use Newton’s cooling law to evaluate the thermal performance and 
latent heat based on the cooling effect by the room temperature on dried banana parts. It is 
hypothesized that banana psuedostem will exhibit higher temperature resistance, and lower cooling 
effect due to abundance of lignin and cellulose. 
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2. Materials and Methods 
2.1 Sample Preparation 
2.1.1 Extraction from banana waste 
 

The bananas (Musa acuminata) wastes used in this research were bought from a local market in 
Serdang, Selangor, Malaysia. As illustrated in Figure 1, banana peels and banana necks (psuedostem) 
were segregated after cutting them respectively. Both banana parts were cleaned with probiotic 
based soap and removed out of any soil and dirt, and then they were carefully separated from the 
fruit's edible part. 

 
Fig. 1. Banana peels (left) and 
banana necks (right)  

 
2.1.2 Oven drying 
 

In accordance with a prior oven drying experiment of various studies, banana peels were dried 
for 24 hours at 80 in an oven of lab H2.3 building at the aerospace engineering department residing 
in Faculty of Engineering, Universiti Putra Malaysia. Previous drying methods were compared to be 
ideal at this conditions based previous study [19]. To prevent the peels from being overlapped, the 
banana peels were arranged as dispersal equally and maximising water content removal process. 

A universal oven (UF-110, Memmert, Germany) (Figure 2) was used for the microwave drying 
process. The banana peels were put in the microwave oven on top of a stainless baking tray as shown 
in Figure 3. Next, the banana peel were shrunk in size and dried out and was carried on to the grinding 
process. This step was also repeated for banana neck parts where it was dried in the same oven 
following the completion of drying for banana peel parts.  

 

 

 

 

Fig. 2. Mehmert universal oven  Fig. 3. Banana peel arrangement on a tray 
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2.1.3 Grinding dried banana parts 
 

After the drying process, the banana peels were collected into a beaker and transferred into a 
Heavy Duty Blender of 2L size (Kenwood, Britain) (Figure 4) with 1800 W. The process of grinding was 
to crush dried banana parts into small sizes of powder particles as depicted. Banana peels have higher 
percentage of yield per banana fruit compared to banana neck. Hence, their volume ratio was higher 
per banana fruit and the banana neck (psuedostem) was only obtained from the banana waste, not 
the trunk of banana tree. By referring to Figure 5, at the end of grinding process there were two types 
of powder produced including banana neck and banana peel powder. 

 

 

 

 
Fig. 4. Heavy duty 
blender with dried 
banana peels 

 Fig. 5. Powder produced after 
grinding 

 
2.2 Reheating in Oven and Temperature Monitor Experiment 
2.2.1 Simultaneous heating of banana powders 
 

After obtaining the powder for peel and neck, 40 g were weighed via gravimetric balance to 
maintain the same mass. Then, these powders segregated into beakers for oven heating procedure. 
In their respective beakers, they were heated inside a universal oven at 80 °C for 2 hours. Directly, 
the beakers were then removed from the oven and underwent temperature monitor experiment. 
Figure 6 emphasizes how the arrangement of the powders were, in the oven dry for heating 
experiment.  
 

 
Fig. 6. Beaker of banana powders; 
Neck (left) and peel (right) 
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2.2.2 Measuring temperature and experiment repetition 
 
As soon as the beaker was placed out of the oven, a needle probe thermometer (Thermometer 

TP-300) (Figure 7) was placed into the beaker for measurement of initial temperature post-heating. 
Then, temperature was recorded again for every 5 minutes to monitor the cooling effect of room 
temperature towards each banana powder. 

 

 
Fig. 7. TP-300 probe thermometer with 150 mm length 

 
Steps in section 2.2.1 and 2.2.2 was repeated twice to gather more data and ensure data 

consistency across different days that may be affected by various environmental conditions. For 
cooling effect to be measured, the room temperature was also recorded at 32.0°C on Day 1, 30.5°C 
for Day 2 and 30.8 °C for Day 3. Room temperature acted as a control variable as heated powders 
reverted back to normal temperature.  

 
2.3 Thermal Analysis Based on Temperature Decay 
2.3.1 Newton’s cooling law 
 

Newton’s cooling law stated that “The rate of change of the temperature of a warming/cooling 
body is proportional to the difference between the temperature of the body and the surrounding 
temperature”. Eq. (1) is the basis of Newton’s cooling law. Let y = 𝑇(𝑡), temperature at described 
time it will be derived into Eq. (2), which directly implies the cooling rate of the respect material for 
this experiment [20]. 

 
𝑑𝑦

𝑑𝑡
=  −𝑘(𝑦 = 𝑎) 

(1) 

  

𝑇(𝑡) =  𝑇0 + (𝑇𝑓 − 𝑇0)𝑒−𝑘𝑡 (2) 

 
Where, t is time, 𝑇0 is initial temperature, 𝑇𝑓 is the room temperature, k is the cooling constant of 

the material at the current environmental conditions. 
 

Temperature decay can be defined as cooling effect as the temperature between two mediums 
reach thermal equilibrium based on these equations. The results of the temperature monitor were 
further discussed in Section 3.1. 

 
3. Results and Discussion 
3.1 Temperature Decay Data 
 

Decay of the temperature (T) versus time (t) when both powders are placed out of the oven is 
presented in Table 2. This data summarizes the temperature profile of respective banana part for 
each day and powder. In general, each powder experiences cooling effect as temperature decreases 
with time. During initial temperature monitored where t is 0, Peel D3 exhibit the highest, followed 
by Peel D2, Neck D3, Neck D2, Neck D1 and Peel D1. 
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Across the three days of experiment, data suggests that banana peel measure the initial highest 
temperature compared to banana neck. This may imply that peel has better heat convection towards 
external medium. This data reflects from previous study which emphasizes that higher initial 
temperature can indicate lower specific heat capacity, enabling higher temperature initial but faster 
temperature drop as time progresses [21]. 
 

Table 2 
Temperature monitor of peel and neck across 3 days experiment and time 
 T (°C) 

 Day 1 Day 2 Day 3 

    t (min) Peel D1 Neck D1 Peel D2 Neck D2 Peel D3 Neck D3 

0 56.4 56.9 57.6 57.4 58 57.6 
5 46.7 47.1 50.1 50.6 49.4 50.6 
10 41.8 42.5 44.5 45.3 44.7 46.5 
15 38.9 39.6 40.3 41.4 38.8 40.6 
5 37.3 38.1 37.8 38.8 36.3 37 
10 36.1 36.7 35.6 36.1 34.1 34.7 
15 35.4 36.1 34.3 35.3 32.8 33.4 
20 34.7 35.4 33.4 34.2 31.9 32.4 
25 34.4 35.1 32.7 33.5 31.4 31.9 
30 33.9 34.6 32.3 33.1 31 31.4 
35 33.6 34.2 31.8 32.5 30.9 31 
40 33.1 33.8 31.5 32.2 30.8 30.9 
45 32.9 33.5 31.2 31.9 30.8 30.9 
50 32.3 33.3 31 31.7 30.8 30.8 
55 32.2 33.1 30.7 31.4 30.8 30.8 
60 32.1 32.8 30.6 31.6 30.8 30.8 
65 32.1 32.7 30.5 31.2 30.8 30.8 
70 32.1 32.6 30.5 30.9 30.8 30.8 
75 32.1 32.5 30.5 30.7 30.8 30.8 
80 32.0 32.4 30.5 30.5 30.8 30.8 
85 32.0 32.3 30.5 30.5 30.8 30.8 
90 32.0 32.2 30.5 30.5 30.8 30.8 
95 32.0 32.1 30.5 30.5 30.8 30.8 
100 32.0 32.0 30.5 30.5 30.8 30.8 
105 32.0 32.0 30.5 30.5 30.8 30.8 
110 32.0 32.0 30.5 30.5 30.8 30.8 
115 32.0 32.0 30.5 30.5 30.8 30.8 
120 32.0 32.0 30.5 30.5 30.8 30.8 

 
3.2 Temperature Decay Data 
 

Depiction of thermal decay when each powder was subjected to room temperature can be 
referred in Figure 8. There are 6-line graphs in Figure 8A where each line represents temperature 
profile for respective banana powder and days. Data from Table 2 was reiterated into graph form in 
Figure 8 (A-D). 
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Fig. 8. (A) Summary of temperature decay across two banana powders and three days; (B) Day 1 of 
temperature decay for peel and neck; (C) Day 2 of temperature decay for peel and neck and (D) Day 1 of 
temperature decay for peel and neck 

 
Exponential plot across all four graphs in the figures indicated a decreasing slope as temperature 

decreases against time. When each of the powder is removed from the oven, the temperature 
reading decreases exponentially. This indicated there is a net heat transfer flow from each of the 
powders into the surrounding air. Besides, Day 1 had the highest room temperature of 32 °C followed 
by Day 3 (30.8 °C) and Day 2 (30.5 °C). All graphs also indicated that all samples achieved thermal 
equilibrium temperature of the powders that matches the room temperature at the end of the 
sampling time and temperature. 

Based on the second law of thermodynamics, heat can only transfer from a hotter material to 
cooler material [22]. In this case, the heated powders have higher temperature than the surrounding 
temperature. This temperature difference enabled heat to be transferred from each of the powder 
into the surrounding air. The exponential slope of temperature decrease can be inferred by the 
decreasing rate of heat transfer, as lesser molecules being transferred kinetically via heat convection 
[21]. Hence, air surrounding the room involves kinetically active molecules and the energy dissipates 
as the heat transfers from the heated powder into the air. 

As illustrated in Figures 8B, 8C and 8D, temperature drops gradually until it reached a constant 
temperature reading. Temperature remained constant at 32°C where Peel D1 reaches earlier at the 
80-minute mark, compared to Neck D1 (100-minute mark). For Day 2, both powders reached 



Journal of Advanced Research Design 

Volume 123, Issue 1 (2024) 23-33 

30 
 

constant temperature of 30.5°C but peel reaches earlier at 65-minute mark, compared to neck, at 
80-minute mark. The powders reached a stable temperature of 30.8 °C on Day 3 while peel 
approaches only at 40-minute mark and neck at 50-minute mark. Consistently across the three days, 
neck experience slower exponential of cooling effect compared to peel. Hence, neck may indicate 
slower heat transfer than peel. 

Both peel and neck powders approached room temperature reading which was 32°C on Day 1. 
This pattern also reflects on Day 2, which recorded 30.5°C, both powders reach exact same 
temperature. For Day 3, room temperature was achieved for both neck and peel powders. Due to 
lack of equipment accessibilities, only temperature is recorded as benchmark for room conditions. 
When involving air as surrounding, there are also several other factors that may affect the rate of 
heat transfer flow including air velocity, relative humidity and median radiant temperature [23]. 

 
3.3 Heat Convection Analysis via Newton’s Cooling Law 
 

According to Newton's law of cooling, an object's rate of heat loss is proportional to the 
temperature difference between it and its surroundings (T). The Eq. (1) for T(t) is dq/dt = kA(𝑇𝑓 − 𝑇0), 

where k is a constant and A represents the area of heat exchange. This equation suggests that 
temperature decreases exponentially with time. Based on Eq. (2), we can rearrange the formula to 
obtain the cooling constant and all the other values are available from the experiment. Eq. (3) is 
derived from Eq. (2), whereby the cooling constant, k can represent the respective cooling rates of 
distinct banana powders or days. 

 

𝑘 = −𝑙𝑛
(𝑇(𝑡) − 𝑇0)

𝑇𝑓 − 𝑇0
 

(3) 

  
The final temperature was expected to be the room temperature, which are specific to each day. 

𝑇𝑓 for Day 1, Day 2 and Day 3 was 32.0, 30.5 and 30.8 °C respectively. 𝑇0 is the initial recorded 

temperature of powder directly after being removed from the oven which referred to first recorded 
temperature of each powder. 

Based on Table 3, cooling constant, k is estimated to be the highest from Peel D3, followed by 
Neck D3, Peel D1, Peel D2, Neck D1 and Neck D2. This trend indicated that the room temperature 
difference of the day heavily affects the cooling rate of respective powders. For Day 1, Peel D1 had 
higher cooling rate than Neck D1 which was at 1.2 % difference in cooling constant. Consecutively, 
identical pattern for percentage difference was depicted for Day 2 (1.19 %) and Day 3 (1.29 %) 
samples with which peel experienced higher cooling rate than the neck. Consistent experiment data 
on three frequencies stipulate that neck had slower cooling rate than peel. Studies also have 
indicated that repeating experiments of different days will increase the accuracy and data 
consistency for thermal analysis [24,25]. 
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Table 3 
Various temperature vs types of powders at different days 
Experiment Day 1 Day 2 Day 3 

Graph Plot Peel D1 Neck D1 Peel D2 Neck D2 Peel D3 Neck D3 

Tf, room 
temperature ,(°C) 

32.0 32.0 30.5 30.5 30.8 30.8 

T(t) current 
temperature, (°C) 

36.1 36.7 35.6 36.1 34.1 34.7 

To, initial 
temperature ,(°C) 

56.4 56.9 57.6 57.4 58 57.6 

t (minute) 10 10 10 10 10 10 
k (cooling 
constant) 

2.119 2.093 2.094 2.069 2.173 2.145 

 
4. Conclusions 
 

Based on the thermal analysis and temperature monitor performed, it can be deduced that in dry 
form banana neck has lower cooling constant than banana peel. Hence, the higher the cooling 
constant, the faster the temperature decreases in respect to time. This might suggest that banana 
neck exhibit latent heat and thermal resistance. Furthermore, studies indicate cellulose and lignin 
content is higher in neck than peel, explaining the higher thermal capacity of neck. Thus, banana neck 
(psuedostem) has higher potential in being an energy storage material for future development and 
research.  

Despite two distinct banana part (neck and peel) powders measured at 40 g, the cooling effect is 
distinct as proven by the temperature analysis via graph and cooling constant based on Newton’s 
cooling law. Previous studies have conducted thermal decay experiment based on Newton’s Cooling 
Law including water-based setups and simulations [26,27]. This study has proven that thermal 
equilibrium with thermal decay is aligned with this law and calculation.  

Though the experimental setup is affected by other several factors including air velocity and 
humidity, another minor complication is that the probe thermometer measures about few seconds 
after the powder is removed from the oven. Thermal equilibrium must occur nearly instantly, which 
limits the test to be most accurate, as temperature is not measured directly thereafter.  
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