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Abstract

Breakfast cereal plays an important role in a balanced diet. In Malaysia, tons of highly
nutritious banana peels, overripe, oversupplied and rejected bananas end up in food waste,
as a result of high production and consumption of banana. Thus, this study aimed to
produce flaked breakfast cereal with banana pulp, banana peel and cornmeal through oven
-baking. Baking temperature, baking time and volume of banana pulp and peel mixture
Keywords:
Ready-to-eat breakfast cereal, were optimized by using response surface methodology (RSM) to achieve desired
Fracturability,
fracturability and yellowness. Through this study, fracturability (R2 = 0.98, P≤0.05) and
Yellowness,
yellowness (R2 = 0.99, P≤0.05) were found to be significantly related to the processing
Optimization,
parameters and formulation of the flakes. The optimum processing parameters and
Response surface
formula obtained from this study were the baking temperature of 129.5°C, baking time of
methodology (RSM)
15 mins and volume of banana pulp and peel mixture of 140 g. Besides, a sensory
DOI:
evaluation was conducted and compared among the optimized flakes and commercial corn
https://doi.org/10.26656/fr.2017.5(2).486
flakes. Based on the results, there was a significant difference (P≤0.05) in aroma,
appearance and taste but no significant difference (P>0.05) in mouthfeel and overall
acceptability between both types of flakes. It was recommended that the shelf-life study of
the optimized flakes could be done for future study.
1. Introduction
Breakfast is the first meal of the day that is eaten in
the period of two to three hours after waking up. As the
meal that breaks the fast after the longest period of a
person’s sleep, it consists of food and beverage from at
least one food group stated in MyPlate (O'Neil et al.,
2014). Failure to consume breakfast links to serious
health implication. It was reported that there is a 27%
increase in risk for coronary heart disease and lowered
cognitive performance in men who failed to consume
breakfast (Cahill et al., 2013; Spence, 2017).
In the current market, breakfast cereal products can
be divided into cooked cereals and cold breakfast cereal.
Cornflakes are considered a ready-to-eat cold breakfast
cereal (Priebe and McMonagle, 2016). In 2016, ready-toeat cereal had occupied more than 86% of breakfast
cereal market share (Technavio, 2017).
Banana ranked fourth as the most important food
*Corresponding author.
Email: debbietay07@gmail.com

constitute in the world, after rice, corn and milk (Nik
Yusuf et al., 2016). In Malaysia, banana is one of the
most produced and exported local fruit crops (Kayat et
al., 2016). With the consumption of 10 kg per capita,
banana is rated to be highly consumed in Malaysia
(DOSM, 2018). Popular varieties of banana available in
Malaysia are Pisang Mas, Pisang Rastali and Pisang
Berangan (Mohamad Roff et al., 2012). Besides cheap,
banana is high in carbohydrate, vitamins and minerals,
which fulfils the criteria for calibre breakfast (Pareek,
2016; Sidhu and Zafar, 2018). Furthermore, it was
identified that banana peel has high antioxidants and
total phenolic content (Ibrahim et al., 2017).
On each day, 15,000 tons of food waste is generated
in Malaysia (Abd Razak, 2017). In Malaysia, 46.82% of
municipal solid waste was made up of food waste (Johari
et al., 2014). Fruits and vegetables had contributed 50%
to the food wastage (FAO, 2011). In Malaysia, with high
production and consumption of banana, banana peels,
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overripe, oversupplied and rejected bananas end up
contributing to the food waste in Malaysia. In addition,
banana fruit also has a high turnover rate in the market as
it overripe very fast (Kjørstad, 2018). It takes only 11
days for the banana to be fully matured, under room
temperature (Lima et al., 2014).
Therefore, the idea to incorporate banana pulp and
peel in the production of flaked breakfast cereal was
ignited, not only to produce a nutritious breakfast but
also to tackle Malaysia’s food waste scenario. This study
aimed to develop and find the optimum processing
parameters and formula for the production of flaked
breakfast cereal incorporated with banana pulp and peel.

GM1011, Panasonic, Malaysia) and blended until even
mixing was achieved.
Table 2. Formulation of flaked breakfast cereal incorporated
with banana pulp and peel
Ingredient
Amount
Banana pulp and peel mixture
Variable *
Cornmeal
30.0 g
Sugar
7.88 g
Banana flavouring
0.70 g
Salt
0.53 g
Water
45 mL
* Amount varied according to experimental design as shown
in Table 1.

2.2 Baking process
2. Materials and methods
2.1 Preparation of raw materials
Banana (Musa acuminata Colla (AA Group)
‘Sucrier’, also known locally as Pisang Mas) was
purchased from the local wet market in Kampar, Perak,
Malaysia (Lim, 2012). Banana used was in maturity
stage seven, where its peel was yellow with brown spots
observed (National Horticulture Board, 2011).
Banana, with the peel intact, was weighed according
to the factor level stated in Table 1. It was rinsed with
water, cut into slices of 1 cm width and then soaked in
1% (v/v) citric acid solution for 10 mins. After that,
banana slices were rinsed with distilled water. Cornmeal
(Siti Bakery Ingredients House, Malaysia), sugar
(Malayan Sugar Manufacturing Co. Bhd., Malaysia),
banana flavouring (Siti Bakery Ingredients House,
Malaysia), and salt (Seng Hin Brothers Enterprises,
Malaysia) were weighed according to Table 2. All
ingredients were placed into a kitchen blender (MXTable 1. Box-Behnken design with different combinations of
factors
Run
No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

Factor
Baking
Baking Time Volume of banana pulp
Temperature (°C)
(min)
and peel mixture (g)
0 (125)
-1 (15)
-1 (140)
0 (125)
1 (25)
1 (180)
-1 (100)
1 (25)
0 (160)
1 (150)
-1 (15)
0 (160)
1 (150)
0 (20)
-1 (140)
0 (125)
0 (20)
0 (160)
-1 (100)
0 (20)
-1 (140)
0 (125)
-1 (15)
1 (180)
-1 (100)
0 (20)
1 (180)
0 (125)
1 (25)
-1 (140)
1 (150)
1 (25)
0 (160)
0 (125)
0 (20)
0 (160)
1 (150)
0 (20)
1 (180)
0 (125)
0 (20)
0 (160)
-1 (100)
-1 (15)
0 (160)
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A 55 mL blended batter was spread evenly on a
baking sheet, with the area of 20 cm × 20 cm. The batter
was dried in a preheated oven (FC 110 E, Roller Grill,
France) at 125°C for 20 mins. After 20 mins, the batter
was removed from the oven and cooled for 5 mins. The
batter was then torn into flakes, with an area of
approximately 3 cm × 3 cm. Flakes were baked in the
oven at time and temperature according to the designated
factor level as shown in Table 1. The end product was
left to cool before subjected to any sensory acceptance
test.
2.3 Texture analysis (fracturability)
Texture characteristic (fracturability) of the flakes
was measured by using a texture analyser (TA.XT Plus,
Stable Micro Systems, United Kingdom) with Exponent
Lite software through compression test. Before loading it
with the sample, the instrument was calibrated with a 5
kg load cell with 25 mm return distance, 20 mm/s return
speed and 5 g contact force. The instrument setting for
fracturability analysis of flakes was summarized in Table
3. Fracturability was defined as the force from the first
significant peak observed in the texture analyser graph
(Sahin and Sumnu, 2007). Samples were analysed in
triplicate and mean value was calculated.
Table 3. Instrument setting for fracturability analysis
Texture Analyzer Setting
Description
Option
Measure force in compression
Load cell
25 kg
Probe
Crisp fracture rig (HDP/CFS)
Pre-test speed
1.0 mm/s
Test speed
1.0 mm/s
Post-test speed
10.0 mm/s
Distance
3 mm
Trigger type
Auto – 5 g
Tare mode
Auto
Data acquisition rate
500 pps
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2.4 Colour analysis (yellowness)

2.5 Experiment design and data analysis
The Box-Behnken design in RSM was employed in
this study to obtain optimum formulation and processing
parameters, where three independent variables with three
levels were involved in this design. The three
independent variables (factors) were baking temperature
(100°C, 125°C and 150°C), baking time (15 mins, 20
mins and 25 mins) and volume of banana pulp and peel
mixture (140 g, 160 g, and 180 g). The dependent
variables (responses) studied in this experiment were
texture (fracturability) and colour (yellowness). The Box
-Behnken design, as shown in Table 1, was made up of
15 runs, with three centre points included to examine the
reproducibility of this method (Yewale and
Chattopadhyay, 2013).
All data obtained from this experimental design was
analysed and interpreted with JMP Statistical Discovery
Software from SAS (version 13.0.0). Analysis of
variance (ANOVA) and regression analysis was
conducted based on the data obtained. As this study
involves the Box-Behnken design with three factors and
three levels, the experimental data were fitted into a
second-order polynomial regression model as shown in
the equation below to describe the relationship between
factors and response:

where Y was the predicted response; β0 was the
model constant; β1, β2 and β3 were the linear coefficient;
β12, β13 and β23 were the cross-product coefficient; β11, β22
and β33 were the quadratic coefficient. The R2 value of
the second-order model was expressed to determine the
quality of fit of this model (Pasma et al., 2013). Effect of
interaction among independent variables and responses
were then analysed through response surface plots.
2.6 Optimization and verification
The optimum formulation and processing parameters
for flaked breakfast cereal incorporated with banana pulp
and peel were determined with the use of JMP software.
It was done under the following constraints:
fracturability between 175 g and 185 g; maximum
yellowness. A verification experiment was conducted to
eISSN: 2550-2166

verify the adequacy of the model applied in predicting
the optimum formulation and processing parameters
(Charunuch et al., 2011). The significant difference (P ≤
0.05) between the responses and the predicted values
was tested.
2.7 Sensory evaluation
Sensory evaluation was conducted to evaluate the
sensory acceptance of the optimized flaked banana
breakfast cereal with Kellogg’s corn flakes, a
commercially available corn flakes. The attributes of
aroma, appearance, taste, mouthfeel and overall
acceptability were evaluated with 9-point hedonic
scaling (Lawless and Heymann, 2010). This evaluation
involved 90 untrained panellists. Samples were presented
with codes of random three-digit numbers to prevent
bias. Drinking water was provided for the panellist to
rinse their mouth before tasting each sample. The
significant difference (P≤0.05) of the results of the
sensory evaluation were analysed statistically with T-test
using JMP software.
3. Results and discussion
The experimental result for each response was
tabulated in Table 4 and analysed with regression
analysis ANOVA (Table 5). It was shown that both
fracturability and yellowness were highly significant at
(P≤0.05). Thus, the usage of fracturability and
yellowness to generate polynomial regression models
were verified.
3.1 Fracturability
The second-order polynomial regression model that
defined the relationship between fracturability and all
factors is shown in the equation below:
Y1 (Fracturability) = 157.97 + 46.61A + 2.64B – 22.40C
+ 7.43AB – 9.75AC – 5.85 BC + 5.90A2 – 4.80B2 3.98C2
Where A refers to baking temperature, B refers to the
baking time and C refers to the volume of banana pulp
and peel mixture. Based on the equation, first-order A
and B terms, the interaction term of AB term and
quadratic A and C terms had a linear relationship with
fracturability. Based on the F-values, it was observed
that baking temperature and volume of banana pulp and
peel mixture had a significant effect (P≤0.05) on
fracturability.
As shown in Figure 1, the highest fracturability was
observed when both baking temperature and baking time
was at the highest level. According to Figure 2,
fracturability increased when baking temperature
© 2021 The Authors. Published by Rynnye Lyan Resources
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A chromameter (CR-410, Konica Minolta, Tokyo,
Japan) was used to determine the yellowness of the
flakes by measuring b* value. Colour analysis was done
with the use of Hunter lab colour parameters, where
higher b* value corresponded more yellow (Aramouni
and Deschenes, 2015). Samples were analysed in
triplicate and mean value was calculated.
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Table 4. Experimental result for fracturability and yellowness
Factor
Response
Run
A
B
C
Fracturability (g) Yellowness
1
0
-1
-1
166.4
7.22
2
0
1
1
136.2
7.24
3
-1
1
0
110.8
8.79
4
1
-1
0
192.5
1.46
5
1
0
-1
254.4
1.33
6
0
0
0
157.1
4.87
7
-1
0
-1
140.6
5.4
8
0
-1
1
147.8
3.09
9
-1
0
1
100.8
8.17
10
0
1
-1
178.2
2.38
11
1
1
0
217.8
0.4
12
0
0
0
157.5
4.81
13
1
0
1
175.6
0.81
14
0
0
0
159.3
4.89
15 -1
-1
0
115.2
6.93
Mean
160.7
4.52

lowest level (Figure 2). Figure 3 shows that fracturability
increased when baking time increased and the volume of
banana pulp and peel decreased.

Figure 2. Response surface plot for the effect of interaction
between baking temperature and volume of banana pulp and
peel mixture on fracturability

Table 5. Regression coefficient and ANOVA of various
responses
Parameters
Fracturability Yellowness
Regression Coefficient
Intercept
157.97*
4.86*
βA
46.61*
-3.16*
βB
2.64
0.01
βC
-22.40*
0.37
βAB
7.43
-0.73*
βAC
-9.75
-0.82*
βBC
-5.85
2.25*
βAA
5.9
-0.76*
βBB
-4.8
0.3
βCC
3.98
-0.17
ANOVA
R2
0.98
0.99
Model F-value
26.06*
46.20*
*Significant (p ≤ 0.05), A = Baking temperature, B = Baking
time, C = Volume of banana pulp and peel mixture

Figure 1. Response surface plot for the effect of interaction
between baking temperature and baking time on fracturability

increased and the volume of banana pulp and peel
mixture decreased. Highest fracturability was observed
when the baking temperature was at the highest level and
volume of banana pulp and peel mixture was at the
eISSN: 2550-2166

Figure 3. Response surface plot for the effect of interaction
between baking time and volume of banana pulp and peel
mixture on fracturability

Fracturability was proven to be highly significant
(P≤0.05) through ANOVA. This reflected the importance
of fracturability as the hallmark feature for the texture of
flaked breakfast cereal since it can affect the palatability
and sensory quality of food products and therefore
affecting consumer acceptance on this breakfast cereal
(Meghwal and Goswami, 2012; Onwulata et al., 2013).
The adequacy of the regression model for fracturability
was proven with high R2 value of 0.98. This value
indicated that the data obtained in the experiment fits the
model, where 98% variability in this response can be
predicted by the model (Pasma et al., 2013; Hamilton et
al., 2015).
It was found that fracturability is governed by
moisture content (Tunick et al., 2013). Baking
temperature portrayed a significant positive effect on
fracturability, which conformed with the study by
Jaiswal (2017). This was largely due to the linear
relationship between moisture loss and baking
temperature. As oven temperature increased, kinetic
energy in water molecules increased, hydrogen bonds
© 2021 The Authors. Published by Rynnye Lyan Resources
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Besides that, the volume of banana pulp and peel
was also an influencing factor on fracturabiliy.
According to the regression analysis (Table 5), it had a
significant negative effect (P≤0.05) on fracturability.
There were no current studies that discussed the
interaction between the addition of fruit and breakfast
cereal fracturabilty. Nonetheless, based on Figure 2 and
Figure 3, the fracturability of flakes increased when the
volume of banana pulp and peel decreased. This was due
to the high moisture content from the fresh banana.
Previous studies showed that banana pulp has a moisture
content of 74.7±1.3% and the banana peel has a moisture
content of 6.70±2.22% (Nguyen and Price, 2007;
Anhwange et al., 2009). Hence, with a higher volume of
fresh banana pulp and peel incorporated into the
formulation, flakes with higher moisture content were
yielded and subsequently reduced the fracturability.

Colour is one of the most important quality attributes
for a breakfast cereal as it affects product quality and
sensory properties and eventually influences consumer
acceptance (Mahony, 2001). The importance of colour
was reflected in this study, where yellowness was
reported to be highly significant (P≤0.05) based on
ANOVA. The adequacy of the regression model for
yellowness was proven with the R2 value of 0.99, where
99% variability in this response can be predicted by the
model (Pasma et al., 2013; Hamilton et al., 2015).

3.2 Yellowness
The second-order polynomial regression model that
described the relationship between yellowness and all
factors is shown in the equation below:

Figure 4. Response surface plot for the effect of interaction
between baking temperature and baking time on yellowness

Y2 (Yellowness) = 4.86 - 3.16A + 0.01B + 0.37C 0.73AB – 0.82AC + 2.25 BC – 0.76A2 + 0.30B2 –
0.17C2
where A refers to baking temperature, B refers to the
baking time and C refers to the volume of banana pulp
and peel mixture. According to this equation, first-order
B and C terms, the interaction term of BC term and
quadratic B term had a linear relationship with
yellowness. Based on the F-values, baking temperature,
the interaction effect between baking temperature and
baking time, the interaction effect between baking
temperature and volume of banana pulp and peel
mixture, the interaction effect between baking time and
volume of banana pulp and peel mixture and interaction
effect between baking temperatures had significant
effects (P ≤ 0.05) on yellowness.
Based on Figure 4, yellowness increased when the
baking temperature was decreased and baking time was
increased. Highest yellowness was observed when the
baking temperature was set at the lowest level and
baking time was set at the highest level. Yellowness
increased when baking temperature decreased and the
volume of banana pulp and peel mixture increased
(Figure 5). According to Figure 6, yellowness increased
when both baking time and volume of banana pulp and
peel mixture were increased simultaneously or decreased
simultaneously.
eISSN: 2550-2166

Figure 5. Response surface plot for the effect of interaction
between baking temperature and volume of banana pulp and
peel mixture on yellowness

Figure 6. Response surface plot for the effect of interaction
between baking time and volume of banana pulp and peel
mixture on yellowness

© 2021 The Authors. Published by Rynnye Lyan Resources
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between water molecules broke faster, thus, the
molecules were released into surrounding air at a higher
rate (Nagata et al., 2015).
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Among the three factors involved, only baking
temperature exerted a significant effect (P≤0.05) on
yellowness. The baking temperature had a significant
negative relationship with yellowness. Yellowness in the
flakes was contributed by the carotenoids available in the
main ingredients such as cornmeal, banana pulp and
banana peel. These ingredients are rich in carotenoids,
such as lutein and β-carotene, which allow them to have
yellow colour by default (Khoo et al., 2011; Fu et al.,
2018). The degradation of carotenoid is highly dependent
on temperature. Carotenoid undergoes cis-isomerization
under high temperature, causing the decrease in transcarotene and increase in cis-carotene, which has lower
absorption wavelength of 330 – 350 nm; while the
wavelength of visible light ranges from 400 – 780 nm
(Pénicaud et al., 2011; Ogherohwo et al., 2015).
Consequently, colour from carotenoid is less visible and
thus, causing a decrease of yellowness. Besides,
carotenoid also degrades through oxidation when
exposed to high temperature, where the double bonds in
the molecule are oxidized by oxygen and aldehydes and
ketones are formed (Ramel et al., 2013). Thus, through
these degradation mechanisms, yellowness in the flakes
decreased when the baking temperature increased,
showing coherence to the studies done by Kaur et al.
(2014) and Jirasatid et al. (2018).

The sensory score of the taste of optimized flakes
was significantly higher (P≤0.05) than Kellogg’s corn
flakes. This can be due to the sweeter taste in the
optimized flakes compared to Kellogg’s corn flakes,
which was contributed by the natural sugar from banana
pulp added. Sweetness acts as a stimulator of eating and
provides pleasure responses, thus, giving a better taste in
food products (Sclafani, 2007).

3.3 Optimization

In addition, there was also no significant difference
(P>0.05) between the overall acceptability of both
samples. Nonetheless, optimized flakes had slightly
higher overall acceptance than Kellogg’s corn flakes.
This could be a piece of evidence for the market
potential of this product.

In this study, the desired fracturability and
yellowness were achieved with the baking temperature
of 129.5°C, baking time of 15 mins and volume of
banana pulp and peel mixture of 140 g. The optimum
results were verified experimentally. There was no
significant difference (P>0.05) between the measured
fracturability and yellowness with the predicted values.
3.4 Sensory evaluation
The mean sensory scores from ninety panellists for
optimized flakes and Kellogg’s corn flakes were
illustrated in Table 6. The aroma of optimized flakes
scored significantly higher (P≤0.05). In addition to
banana pulp, the aroma might be contributed by the
banana flavouring added. The addition of it was
encouraged by the findings of the positive influence of
olfactory properties on product marketing, consumer
behaviour and consumer satisfaction (Ouyang et al.,
2017).

On the other hand, the sensory score of the
appearance of optimized flakes was significantly lower
(P≤0.05) than Kellogg’s corn flakes. This can be due to
the dark yellow colour of optimized flakes, which might
be caused by the Maillard reaction of sugar and
enzymatic browning of polyphenol oxidase in banana
(Arpita et al., 2010; Tamanna and Mahmood, 2015). It
was reported that consumer generally dislikes dark
yellow due to its association with faeces, vomit or rotting
food (Schloss and Palmer, 2011). Therefore, optimized
flakes had a lower score for appearance.
Mouthfeel is defined as the tactile aspects of food
during consumption, which contributes to consumer
preference and acceptance (Stokes et al., 2013). There
was no significant difference (P>0.05) for the mouthfeel
of both types of samples. However, mouthfeel scoring
was slightly inclined towards Kellogg’s corn flakes.

3.5 Product impact
With the development of flaked banana breakfast
cereal, the amount of food waste in Malaysia can be
reduced through converting overripe, oversupply and
rejected ugly produce into a nutritious and marketcompetent product with extended shelf life. Beneficial
compounds available in banana peel were also able to be
fully utilized, instead of treated as waste.

According to a survey conducted by DOSM (2017),
as of 2016, the total number of household in Malaysia
was 6.9 million with an average household size of 4.1
people. It was reported that the consumption trend of
breakfast cereal in Malaysia was inclined towards Indian

Table 6. Mean sensory scores for optimized flakes and Kellogg’s corn flakes
Sample
Aroma
Appearance
Taste
Mouthfeel Overall Acceptability
Optimized flakes
7.10±1.14a 6.11±1.40a 7.00±1.46a 6.64±1.46a
7.00±1.19a
b
b
b
a
Kellogg’s corn flakes 6.37±1.33 7.09±1.11 6.37±1.28 6.68±1.39
6.71±1.29a
Values are expressed as mean±standard deviation. Values with different superscript within the column are significantly different
(p ≤ 0.05).
eISSN: 2550-2166
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4. Conclusion
Through this study, it was found that baking
temperature exerted a significant positive effect on the
fracturability of flakes, due to the increase in the rate of
moisture loss when baking temperature increase.
Furthermore, the volume of banana pulp and peel had a
significant negative relationship with fracturability
because a higher amount of fresh banana in the
formulation contributes to higher moisture content. On
the other hand, yellowness of flakes was significantly
affected by baking temperature as a result of the
degradation of carotenoids at high temperature. The
study highlighted the optimum processing parameters to
be the baking temperature of 129.5°C with a baking time
of 15 mins and volume of banana pulp and peel mixture
of 140 g. The overall sensory acceptance of the
optimized flakes was higher than commercially available
corn flakes, which could be the evidence for the market
potential of this product. This product aids in reducing
Malaysia food waste by converting banana peel and
overripe banana pulp into wholesome and saleable
breakfast cereal. It was recommended that shelf-life
testing of the optimized flakes could be done for future
study. Besides, an analysis of the antioxidant and
potassium content in the flakes could also be conducted.
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