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ABSTRACT

 The study was conducted to optimize the air frying condition and formulation of 
banana chips with less oil content using air-frying technology. Variable screening 
employing Six Variables and Two Levels designed by Box, Hunter, and Hunter (1978) 
was conducted to screen the variables that would significantly influence the 
sensory acceptability of the product. These variables include the thickness of 
banana slice, oil levels, sodium metabisulfite levels, salt levels, blanching time, and 
frying temperature. The variables that were found significant are frying temperature, 
salt, and oil levels. These were used to identify the most suitable formulation for the 
development of air-fried banana chips using Central Composite Design (CCD) of 
Response Surface Methodology (RSM). The sensory quality evaluation of the 
product revealed that frying time significantly influenced the color, aroma, taste, 
crispiness, oiliness, and general acceptability of air-fried banana chips. The results 
also showed that salt significantly affected the aroma, taste, crispiness and general 
acceptability, while the addition of oil influenced the aroma, taste, crispiness, and 

ooiliness of the product. The optimum points generated were 165 C frying 
temperature, 7.4% w/w  salt,  and 13% w/w  oil.

Keywords: air frying, banana chips, optimization studies, Response Surface 
Methodology

INTRODUCTION

 Healthy snacking has been gaining attention lately as numerous studies have 
confirmed that excessive consumption of fried products leads to becoming 
overweight (Fox et al 2009). Fried snacks are known sources of various thermo-
oxidized compounds that negatively affect the health (Zhang et al 2012; Ghidurus et 
al 2013). These include polar and oligomer compounds (Mendonca et al 2013), 
cyclic and isomeric trans-fatty acids (Dalainas et al 2008; Sebedio et al 2008), and 
heterocyclic amines (Burenjargal & Totani, 2009; Tranet al 2002).
 Due to this, research and development efforts are done to provide healthier 
options such as frying process modification to introduce products less to zero oil  
while maintaining the desirable sensory attributes that consumers love. For 
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example, potatoes are vacuum-fried resulting to low oil content and favored texture 
(Garayo & Moreira 2002; Amany et al 2012), potato strips are soaked in a salt 
solution (Bunger et al 2003 and pre-dried (Krokida et al 2001) to reduce fat uptake, 
and potato chips are blanched for color and texture improvement and reduced oil 
uptake (Califano & Calvelo1988).

Currently, hot air frying is trendy and companies have made the technology 
available domestically.  This frying process operates through direct contact 
between an external emulsion of oil droplets dispersed in hot air and the product in 
a closed frying chamber (Shaker 2014) or heating of pre-oiled foods using a 
heating element and the blowing of hot air using an electric fan, which circulates 
the air around the food at relatively high speed (Alam 2019). Shaker (2015) and 
Teruel (2015) explained that the use of minimal oil in air-frying produces fried 
products with significantly lower fat content compared to the traditional deep oil 
frying but with similar sensory properties. It was further pointed by Sansano et al 
(2015) that air-frying potato strips reduced acrylamide content   up  to  90%.

In the Philippines, banana has long been explored in the chips industry to 
address the problem of rapid deterioration due to issues with sanitation, 
temperature management, packaging and transportation (Kuyu & Tola 2018) as 
well as over-production (Shahadan & Abdullah 1995). With 849.61 metric tons 
produced annually, mostly from the provinces of Mindanao, specifically in Davao 
del Norte, (PSA 2019), the country has easily supplied the raw material for the 
production of banana chips. The major markets for this product include Japan, 
China, Korea, UAE, and the USA (DOA 2018). The current production of banana 
chips still employ conventional deep-fat frying method (Troncoso et al 
2009;Ruttanadech & Chungcharoen 2015) with high fat content and excessive 
darkening and scorching.

This study aimed to address these problems by optimizing the production of 
banana chips with low oil content and acceptable sensory qualities using the air 
frying method.

MATERIALS AND METHODS

Procurement of Raw Materials
�

The saba banana (Musa acuminata × balbisiana Colla), coconut oil, and salt 
were purchased atthe public market of Baybay City, Leyte.

Processing of Air-Fried Banana Chips

Green ripe bananas were washed and sanitized with 50 ppm sodium 
hypochlorite solution (Soliva et al., 2003). These were peeled and sliced diagonally 
to about 1.5 to 2 mm thickness. Sliced bananas were soaked in a solution of 0.3 % 
w/w and 0.5% w/w sodium metabisulfite and 5% w/w and 10% w/w salt solution for 
10 minutes. The soaked banana slices (100 g) were blanched with boiling water for 
15 seconds and 30 seconds, then blot-dried using clean paper towels. The blot-dried 
banana slices were placed in an air tight, re-sealable microwavable container and 
added with 9.24 g oil. This was shaken ten 10) times to ensure that the oil was  (
properly distributed. The oiled banana slices were loaded inside the frying basket of 
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o TMa 150 C-pre-heated air fryer (RusselHobs ) for the first frying (10 minutes). The 
chips were removed from the frying basket and put back into the microwavable 
container. The semi-fried chips were added with another 4.62 g oil and shaken ten 
(10) times. The chips were placed back into the frying basket for the final frying (15 
minutes). The fried chips were cooled for 5 minutes and stored in an airtight 
microwavable container for the sensory evaluation. Figure 1 shows the process 
flow of producing air- fried banana chips.
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Figure 1. Process flow of producing air-fried banana chips

Variable Screening
�

Several input variables that could affect the product process and formulation 
were initially identified and subjected to screening using the Box, Hunter, and Hunter 
Design. The main goal for screening identified variables was to choose the variables 
with the greatest number of significant effects to the sensory quality of the final 
product. There were six input variables screened: thickness (mm), levels of oil (%  



w/w), sodium metabisulfite (% w/w), salt (% w/w), blanching time (s), and frying 
time (s). The response variables were the product's color, aroma, crispiness, taste, 
oiliness, and general acceptability. Table 1 shows the minimum and maximum 
values for the 6-variable 8-run screening experiment. The eight (8) treatments are 
presented in Table 2 for the product variable screening.

Table 1. Maximum and minimum values of variables that were used in the screening�
experiment for air-fried banana chips

Table 2. A 6-variable-8 run Box, Hunter and Hunter Design of experiment for air- fried 
banana chips

Sensory Evaluation

The treatment samples used in the variable screening experiment were 
subjected to sensory evaluation employing 56 Bachelor of Science in Food 
Technology students as panelists. Each panelist evaluated four (4) samples, to 
obtain 28 observations per treatment. Treatment samples were evaluated in terms 
of color, aroma, crispiness, taste, oiliness, and general acceptability using a 9-point 
Hedonic Rating Scale. The Incomplete Block Design (IBD) as laid out by Cochran 
and Cox (1975) was used as set plan in the presentation of the samples. The set 
plan of t=8, k=4, r=7, b=14, λ=3, E=0.86, Type I was followed, where t refers to the 
number of treatments, r refers to the number of replications, b the number of blocks, 
and E  the efficiency factor.

Sensory evaluation of the air-fried banana chips processed for the optimization 
of the processing conditions was done employing 60 BS Food Technology students 
using quality scoring for quality description in combination with the 9- Point 
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VARIABLE MINIMUM LEVEL  MAXIMUM LEVEL  

 (-) (+) 

Banana slice thickness (mm)  1.3 1.8 

Amount of oil (%)  13.86  27.72 

Sulphite concentration (%)  0.03 0.05 

Salt concentration (%)  5 10 

Blanching time (s)  15 30 

Frying temperature (  oC) 150  160  

 

RUN 
THICK-
NESS 
(mm) 

OIL 
(%w/w) 

SODIUM 
METABI-
SULFITE  
(%w/w) 

SALT 
(%w/w) 

BLANCHING 
TIME (sec) 

FRYING 
TEMP 
(oC) 

1 1.3 13.86 0.03 10 30 160 
2 1.8 13.86 0.03 10 15 150 

3 1.3 27.72 0.03 5 15 160 
4 1.8 27.72 0.03 5 30 150 
5 1.3 13.86 0.05 5 30 150 
6 1.8 13.86 0.05 5 15 160 
7 1.3 27.72 0.05 10 15 150 
8 1.8 27.72 0.05 10 30 160 
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Hedonic for the color, aroma, taste, crispiness, oiliness, and general  Scale 
acceptability. Each panelist was given seven (7) samples to be evaluated following 
the Incomplete Block Design (IBD) as laid out by Cochran and Cox (1975). These 
samples were arranged randomly in each presentation to equalize sample 
sequence effect following the set plan of t = 15, k = 7, r = 7, b = 15, λ = 3, E = 0.92, Type 
II. The set plan was repeated four times to obtain 28 observations per treatment. 
The samples were randomly coded with 3-digit numbers. The panelists were given a 
glass of water to rinse their mouth after every sample testing.

Experimental Design

In order to determine optimum processing conditions, a Central Composite 
Design (CCD) of Response Surface Methodology (RSM) was used with 15 
treatments of experimental combinations (Fig. 2). The three (3) variables that were 
found to have significant effect on the sensory quality of air fried banana chips were 
considered in the optimization study. These were salt levels (%w/w), oil levels (% 

ow/w), and air frying temperature ( C) ( Table 3).

Figure 2. Composite design illustration for optimization of air fried banana chips

Table 3. Experimental combinations of the three different variables for air fried 
banana chips

 

TREATMENT FRYING TEMP (oC) SALT (%w/w) OIL (%w/w) 

1 180 4 13.86 
2 180 12 13.86 
3 180 12 27.72 
4 180 4 27.72 
5 150 4 13.86 
6 150 12 27.72 
7 150 12 27.72 
8 150 4 13.86 
9 160 4 13.86 

10 160 8 27.72 
11 160 12 21.07 
12 160 8 21.07 
13 180 8 21.07 
14 150 8 21.07 
15 160 8 21.07 

Note: Salt % concentration was based from volume of water used in soaking solution
          Oil % Salt % concentration was based from the weight of banana to be air-fried                 
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RESULTS AND DISCUSSION

Variable Screening

The result of the variable screening revealed that levels of oil, salt and sodium 
metabisulfite, and frying temperature, affected the sensory attributes of air-fried 
banana chips (Table 4). Color was negatively affected by salt levels, while frying 
time significantly affected the taste and crispiness. Oil levels had significant effect 
on crispiness and finally, the general acceptability was significantly affected by the 
frying temperature and sodium metabisulfite levels. Among the four significant 
variables, frying time, and oil and salt levels were chosen for optimization.

A study on fried potato products conducted by Miranda and Aguilera (2006) 
explained that temperature above 100°C causes starch granules and cells located 
on the surface to become dehydrated and form an external crust making fried 
products crispy. During frying, dehydration of the fried material is caused by hot oil 
preferably between 160ºC and 180ºC. This very high drying rate is critical for 
ensuring favorable structural and textural properties (Baumann & Escher 1995).

The findings about oil levels significantly affecting the degree of crispiness of 
banana chips is supported by Teruel (2015) who explained that since air-frying uses 
minimal oil, a lower degree of gelatinization of starch is observed compared to deep 
fat fried samples, thus producing products with significant different textural and 
sensorial properties. Air-fried samples are dry, puffed, and less oily.

The effect of salt on the color of the air-fried chips can be attributed to the 
change of boiling temperature for oil. Salt elevates the boiling temperature when 
vapor pressure of a solvent decreases when a nonvolatile component is dissolved 
in the liquid phase as a result of the ion-dipole bond which is stronger than hydrogen 
bonds. 

The depression of the vapor pressure of the solution (at constant temperature) 
results in a rise of the boiling point of the solution at constant pressure (Meranda & 
Furter 1977). The chosen variables were also studied by previous researchers who 
explored the air-frying technique on potato fries (Andres et al 2013; Teruel 2015; 
Abd Rahman 2016; Santos et al 2017).

On the other hand, sodium metabisulphite was not considered for optimization 
because it is legally regulated by FDA at certain amounts (Taylor et al 2008) and the 
use of salt can already address the enzymatic browning of banana by interfering  
with the  enzyme-substrate complex which results to inactivation of polyphenol 
oxidase (Ayala-Zavala & Gonzalez-Aguila (2010), & Yong and Hye (2007).

Optimization
 
Color

Color is considered as an eminent quality parameter along with crispiness and 
oil content of fried food. Color influences consumer acceptance and is directly 
related to the quality of the final fried product (Wani et al., 2017). The color of the air- 
fried banana chips as described by the panelists ranged from “yellow” to “dark 

o obrown” (Table 6). Air fried banana chips subjected to temperatures 160 C and 170 C 
produced chips with light brown color and dark brown color, respectively. Chips with 
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light brown color are favored most by the panelists over the darker chips, while pale 
yellow to yellow is less favored. The acceptability rating of the product ranged from 
5.30 to 7.47 equivalent to “neither like nor dislike” to “like moderately” in the 9- Point 
Hedonic Scale. Table 5 shows that frying temperature had a negative quadratic 

oeffect on color which means chips air fried above 150 C had a higher acceptability 
orating but this decreased as chips were air fried close to 170 C (Fig. 3). This is 

attributed to the observed development of dark brown color which is commonly not 
preferred by consumers. Hence, the food must be fried properly at a suitable 
optimum condition to prevent discoloration and burning.

 As identified by Ballard (2003), change of color for fried foods is attributed to 
Maillard reaction. This is similar to the findings of Ma´rquez & An˜o´ n, (1986) who 
noted that development of color of fried potato chips is attributed to Maillard 
reaction which is dependent on the content of reducing sugars and amino acids or 
proteins at the surface, and the temperature and time of frying. 

The effects of interaction of frying temperature, and salt and oil levels on color 
acceptability are depicted in the contour plots (Figures 3a to 3c). This defined the 
acceptability regions of the product at constant frying time, salt and oil levels, 
respectively. The plots revealed that color acceptability of the product increased at 

o o160 C to 166 C at constant salt and oil (Figs. 3b & 3c), toward the lowest level of oil 
at 12 % (Figs. 3a & 3b) and lower level of salt at 4% (Figs. 3a & 3c).

Figure 3. Contour plots of color acceptability of air-fried banana chips (a) oil vs salt 
at constant frying temperature (b) oil vs frying temperature at constant 
salt, and (c) salt vs frying temperature at constant oil with acceptability 
level of > 6.6

a b c

Aroma

oThe aroma of banana chips air fried at 150 C produced natural banana smell, 
o owhile chips fried at 160 C to 170 C produced mild burnt aroma to strong burnt 

aroma (Table 6). Air-fried banana chips with slight burnt aroma received the highest 
acceptability rating. Meanwhile, those with perceived burnt aroma have lower 
acceptability rating. The acceptability rating ranged from 6.17 to 7.83 which fall 
under the “like slightly” to “like moderately”. The banana chips with perceived burnt 
aroma are those with brown color and a bitter aftertaste. As explained by Wagner et 
al (1988), overcooked food produce a bitter taste. Bitter taste triggers an immediate 
dislike towards a certain food. This taste is associated with brown and black 
colored food like dark chocolate (Scott & Downey  2011).

As shown in Table 5, frying temperature had significant negative quadratic 
effect on aroma indicating that a certain temperature would give a maximum 
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a b c

oresponse to aroma which happened to be in the mid-temperature or 160 C. 
However, this progressively declined as air frying temperature was further 
increased. Meanwhile, both salt and oil showed negative significant linear effect 
with decreasing acceptability response of 0.53 and 0.41, respectively, for each unit 
increase (Table 4). On the other hand, the interaction of frying temperature with salt 
showed significant negative effect implying that increase of frying temperature 
should be paired with decreased level of salt. The interaction between salt and oil 
showed significant positive effect, suggesting that both of these variables should 
be decreased to increase the acceptability (Fig. 4).

Figure 4. Contour plots of aroma acceptability of air-fried banana chips (a) oil vs 
salt at constant frying temperature (b) oil vs frying temperature at 
constant salt, and (c) salt vs frying temperature at constant oil with 
acceptability level of > 6.6

The interaction between salt and aroma is not well-studied (Batenburg & van 
der Velden 2011). However, a study by Chu and Luo (1994) revealed that salt 
adversely affects oil quality during frying. Compared to sugar, salt causes a higher 
deterioration rate of oil. As explained by Freire et al (2013), salt may contain trace 
metals known to accelerate oil/fat deterioration. It is also known that lipids from 
salty food provide both desirable and undesirable odors.

As emphasized by Goswami et al (2015), oil undergoes various undesirable 
changes, such as hydrolysis, oxidation and thermal polymerization, when subjected 
to temperatures between 170° – 200°C. These include production of off- flavors, 
subsequent generation of a wide variety of volatile and non-volatile compounds, 
and decrease of smoke point (Choe & Min 2007). In palm oil, for example, the most 
prominent volatile organic compound identified include 2‐alkenals and 
alka‐2,4‐dienals (Romano et al 2013). Aroma development in fried and other 
thermally treated food is Maillard reaction (Ames 1992).  These include 2-(1- M e r c 
a p t o e t h y l) f u r a n e,  2 - (1 - M e r c a p t o e t h y l)  t h i o p h e n e, 2 - 
Methyltetrahydrothiophen-3-one, 4-Hydroxy-5-methyl-3(2H)-furanone, 6- 
Acetyltetrahydropyridine, and 6-Acetyltetrahydropyridine (Kerler et al 2010).
 
Taste�

The air-fried banana chips were soaked in salt solutions at levels 4%, 8% and 12 
% to introduce a salty taste to the product. This is contrary to the generally available 
sweet deep fried banana chips available in the market.  The taste acceptability is 
affected by salt levels with all chips treated with 12% salt received low acceptability 
rating. The taste acceptability rating of the product ranged from 4.80 to 7.23 which 
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fall under “dislike slightly” to “like moderately” categories in the 9-point Hedonic 
scale. The taste descriptions of the different treatments were described as slightly 
salty to salty. Majority of the responses gathered were approximately symmetric 
and fall under the normal distribution which range from –0.74 to 0.47 (Table 7).

At quadratic level, frying temperature had significant negative effect, while oil 
showed positive effect. At linear level, salt had significant negative effect on the 
taste of the product. Depicted in Figure 5 are the contour plots for the taste 
acceptability as influenced by frying temperature, salt and oil levels. At lower salt 

o olevel (7.5% to 4%) and higher temperature (158 C to 168 C), increasing response 
was generated which is in agreement with the negative linear effect presented in 
Table 5. Meanwhile, lowering both levels of salt and oil generates increasing 
response for the taste acceptability (Fig. 5a). The addition of salt or sugar to fried 
chips is  generally to introduce flavor to the product. Santos et al (2017) stated that 
oil played an important role on the taste acceptability of air-fried potatoes. The 
importance of oil in fried taste development favored by the consumer is influenced 
by the pore development and the evolution of pore during deep-fat frying along 
with density and shrinkage (Ziaiifar et al 2009). However, consumers have been 
preferring food with low-fat and fat-free products with desirable texture and flavor 
(Garayo & Moreira 2002). Moreover, consumers these days are adopting a low-
sodium diet as various researches revealed that high dietary intake of sodium 
increases the risk of hypertension (Aburto et al 2013).

a b c

Figure 5. Contour plots of taste acceptability of air-fried banana chips (a) oil vs salt 
at constant frying temperature (b) oil vs frying temperature at constant 
salt, and (c) salt vs frying temperature at constant oil with acceptability 
level of > 6.6

Crispiness
� �

In terms of crispiness, both frying temperature and oil had significant linear 
effect and negative quadratic effect, which suggests that these variables played 
significant roles in the crispiness of the air-fried chips (Table 5). The negative 
quadratic effect implies increasing their levels for increasing response. However, 
this will progressively decline as maximum levels are reached.

The responses for crispiness were approximately symmetric ranging from 0.95 
to 0.64. These responses fall under the normal distribution. The crispiness 
acceptability rating of the product ranged from 4.30 to 7.63 which falls under 
“dislike slightly” to “like moderately” categories in the 9-point Hedonic scale. The 
product was described as “not crispy” to “very crispy” (Table 7).
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INDEPENDENT 
VARIABLES 

Range of 
Values 

DEPENDEDENT VARIABLES  

+ - Color 
Accept-
ability 

p- 
value 

Aroma 
Accept-
ability 

p- 
value 

Taste 
Accept-
ability 

p- 
value 

Crispiness 
Accept-
ability 

p- 
value 

Oiliness 
Accept-
ability 

p- 
value 

General 
Accept-
ability 

p- 
value 

Mean/ Intercept   6.96 0.000 6.69 0.000 6.48 0.000 7.00 0.000 6.88 0.000 6.95 0.000 

(1) Frying Temp. 

(oC) 

150 160 0.07 0.697 0.28 0.129 0.48* 0.022 1.09** 0.000 0.28 0.168 0.39* 0.014 

(2) Thickness 
(mm) 

1.3 1.8 -0.10 0.559 0.24 0.182 -0.07 0.750 -0.24 0.260 -0.03 0.900 -0.19 0.22 

(3)Oil (%w/w) 13.86 27.72 -0.10 0.559 -0.13 0.489 -0.32 0.132 -0.43* 0.048 -0.03 0.900 -0.21 0.188 

(4) Sodium Me- 
Metabisulfite 
(%w/w) 

0.03 0.05 0.05 0.770 -0.09 0.612 -0.37 0.082 -0.19 0.372 0.09 0.645 -0.33* 0.041 

(5)Blanching 
(sec) 

15 30 -0.25 0.145 -0.06 0.746 -0.13 0.526 -0.24 0.260 -0.04 0.834 -0.06 0.712 

(6)Salt (%w/w) 5 10 -0.40* 0.020 -0.06 0.747 -0.30 0.154 -0.03  -0.26 0.195 -0.19 0.227 

Table 4.  Summary of the results of the statistical analysis using Box, Hunter and Hunter design showing the main effects of the 

independent variables towards the dependent factors (color, aroma, taste, crispiness, oiliness and general acceptability) 

for air-fried banana chips

Note: *lowest acceptability rating  **highest acceptability rating

R-squared value: color:.03533; aroma:.02125; taste: .0536; crispiness: .12496; oiliness: .01643; general acceptability: .06113
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� The contour plots shown in Figure 6 depict that as oil level was held constant, 
oacceptability of the product increased at higher frying temperatures from 162 C to 

o170 C at any salt level. Meanwhile, at constant salt level, acceptability increased 
owhen oil level increased (>21%) and at  higher frying temperatures (>162 C). Finally, 

at constant frying temperature, acceptability increased between 22% to 28% oil and 
6 to 9.5% salt levels.
 Troncoso (2009), Varela (1988), and Kita et al (2007) emphasized the 
importance of subjecting food to high temperatures conducted by hot oil preferably 

o obetween 100 C to 160 C for crispy texture development. In the case of hot-air frying, 
Shaker (2014) explained that the dehydration and formation of the fried product's 
crust occurs when it comes into contact with the hot air from a frying chamber and 
from the external emulsion of oil droplets in constant motion to promote 
homogeneous contact between the both phases. A comparative study conducted 
by Abd Rahman et al (2017) revealed that both deep frying and air frying produced 
crispy crust and soft crumb potato chips. However, air-fried chips had higher 
hardness value indicating that they had crispier crusts.

a b c

Figure 6. Contour plots of crispiness acceptability of air-fried banana chips (a) oil vs 
salt at constant frying temperature (b) oil vs frying temperature at constant 
salt, and (c) salt vs frying temperature at constant oil with acceptability 
level of > 6.6

Oiliness

The air fried banana chips were prepared with the aim of lessening the oil 
content compared to the traditional frying method. The mean acceptability of the 
oiliness attribute ranged from 6.17 to 7.83 which falls on the “like slightly” to “like 
moderately” categories in the 9-Point Hedonic scale (Table 8).

The summary of parameter estimates revealed that frying temperature had a 
positive significant linear effect suggesting  an increase in the acceptability of 0.37 
per unit increase of frying temperature. Oil had significant negative linear effect 
denoting that a decreasing acceptability of 0.87 is obtained per unit increase in oil 
level (Table 4). Moreover, this implies that at maximum temperature, increasing 
acceptability response is achieved, while higher oil levels give increasing response. 
However, this progressively declines when the maximum level is reached. 
Specifically, an increasing oil acceptability is achieved at higher frying temperature 

o ofrom 158 C to 170 C at lower salt levels from 5.5 % w/w to 4% w/w (Fog. 7a) and 
o o160 C to 169 C frying temperature with 18% w/w to 13 % w/w levels of oil (Fig. 7c).  

Frying temperature interactions with both salt and oil had negative significant effect 
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suggesting that increasing levels of frying temperature should be paired with  
decreasing levels of salt and oil.

Several studies have been done to show the relationship between frying 
temperature and oil uptake. Yadav et al (2014) revealed that increasing frying 

otemperature to as much as 170 C can decrease the oil uptake to up to 46.4% for 
pre-treated potato chips. Saguy et al (1998) explained that hot oil has lower 
density and is not absorbed easily than oil with lower temperatures. It was further 
noted that lower frying temperatures need longer frying times, allowing the chip 
surface to absorb more oil.

According to Zagni et al (2019), air fryers cook food by heating it from all sides 
at once without using oil as the heating medium. The food is dehydrated during the 
process and a crust, typically associated with deep frying, appears gradually in the 
food with lesser oiliness (Teruel 2015). Andres et al (2013) specifically explained 
that air fryers create direct contact between an external emulsion of oil droplets in 
hot air in small amounts and the product in the frying chamber. This leads to lesser 
oil content than the traditional deep frying method. The result is in agreement with 
the study conducted by Shaker (2015) which noted that air fried potato strips 
surpassed deep-fried potato strips in terms of hardness and oiliness which may be 
due to low oil uptake.

Table 5.  Summary of parameter estimates for the sensory acceptability of air-fried 
banana chips

 

 
VARIABLES 

SENSORY ATTRIBUTES 

COLOR AROMA TASTE CRISPINESS OILINESS ACCEPTABILITY 

Mean/Interc. 7.03 6.52 6.49 7.81 7.35 7.35 

(1)Frying Temp(L) 
 

0.71** 0.31 0.20 1.84** 0.37* 0.72** 

Frying Temp(Q) 
 

-2.11** -1.33** -1.54** -1.36** -0.86** -1.34** 

(2)Salt (L) 
 

-0.38 -0.53* -0.88**          -0.08 -0.26 -0.36* 

Salt (Q) 
 

0.53 0.29 -0.75 -0.98** 0.30 -0.25 

(3)Oil (L) 
 

-0.18 -0.41* -0.18 0.60** -0.87** -0.10 

Oil (Q) 
 

0.46 0.67 0.89* -0.92** -0.60 -0.07 

1L by 2L 
 

-0.04 -0.64* -0.99** -0.32 -0.45* -0.43* 

1L by 3L 
 

-0.58** -0.44 -0.61* -0.27 -0.52** -0.41* 

2L by 3L 
 

0.55* 0.94** 0.27 -0.17 0.27 0.3 

Note: *lowest acceptability rating� � **highest acceptability rating

a b c

Figure 7. Contour plots of oiliness acceptability of air-fried banana chips (a) oil vs 
salt at constant frying temperature (b) oil vs frying temperature at constant 
salt, and (c) salt vs frying temperature at constant oil with acceptability 
level of > 6.6
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General Acceptability

� The mean general acceptability rating of air-fried banana chips ranged from 
5.87 to 7.67 which fall under “neither like nor dislike” to “like moderately” in the 9-
point Hedonic Scale (Table 8). Response Surface Regression Analysis (Table 5) 
shows that the quadratic effect and linear effect of frying time, linear effect of salt, 
cross interactions between frying time and salt, and frying time and oil were the only 
factors that significantly affected the general acceptability of the product. Figure 8 
shows the contour plots of general acceptability of the product. Acceptability rating 

oincreased at frying temperature greater than 158 C and lower levels of salt and oil at 
(>7.5%) and (> 17 %).

a b c

Figure 8. Contour plots of general acceptability of air-fried banana chips (a) oil vs 
salt at constant frying temperature (b) oil vs frying temperature at 
constant salt, and (c) salt vs frying temperature at constant oil with 
acceptability level of > 6.6

Optimum Regions

� The superimposed plots of the different sensory attributes' acceptability set at 
ominimum acceptability value of ≥ 6. 5 at constant frying temperature (165 C), levels 

of salt (7.4% w/w) and oil (13% w/w) is presented in Figure 9. These were the 
recommended points for processing  air-fried banana chips. 

a
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b

c

Figure 9. Optimum points for air-fried banana chips (a) oil vs salt at constant frying 
temperature (b) oil vs frying temperature at constant salt, and (c) salt vs 
frying temperature at constant oil with acceptability level of > 6.6
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TREAT- 

MENT 

FRYING 

TEMP.(oC) 

SALT 

(%) 

OIL 

(%) 

COLOR 
 

AROMA 

Description Mean 

Acceptability  

Description Mean Acceptability  

1 170 4 13.86 Dark Brown to Light Brown 7.00 Slightly burnt 7.83** 

2 170 4 13.86 Dark Brown 6.60 Burnt to slightly burnt 6.53 

3 170 12 27.72 Dark Brown to Light Brown 6.60 Burnt to slightly burnt 6.23 

4 170 12 27.72 Light Brown to  Dark Brown 6.77 Slightly burnt to banana 7.03 

5 150 4 13.86 Pale yellow to Yellow 6.30 Banana to slightly perceptible banana 6.63 

6 150 4 27.72 Pale yellow to Yellow 6.17 Banana to slightly perceptible banana 6.17* 

7 150 12 27.72 Pale yellow to Yellow 6.37 Banana to slightly burnt 6.48 

8 150 12 13.86 Pale Yellow 5.30* Slightly burnt to banana 6.63 

9 160 8 13.86 Golden Yellow to Light Brown 7.47** Banana  to slightly burnt 7.57 

10 160 12 27.72 Golden Yellow to Light Brown 7.10 Slightly burnt to banana 7.59 

11 160 8 21.07 Light Brown to  Golden Yellow 6.93 Slightly burnt to slightly perceptible Banana 6.50 

12 160 4 21.07 Golden Yellow to Yellow 7.20 Slightly burnt to banana 7.74 

13 170 8 21.07 Dark Brown 5.93 Burnt 6.63 

14 150 8 21.07 Pale Yellow 5.90 Banana to slightly perceptible Banana 7.17 

15 160 8 21.07 Golden Yellow 7.21 Banana  to slightly burnt 7.03 

Table 6. Summary of color and aroma descriptions and mean acceptability ratings

Acceptability range of scores: 9 (like extremely); 8 (like very much); 7 (like moderately); 6 (like slightly); 5 (neither like nor dislike); 4 (dislike slightly); 3 
(dislike moderately); 2 (dislike very much); 1 (dislike extremely)
Note: *lowest acceptability rating      **highest acceptability rating
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TREAT- 

MENT 

FRYING 

TEMP.(oC) 

SALT 

(%) 

OIL 

(%) 

TASTES 
 

CRISPINESS 

Description Mean 

Acceptability  

Description Mean Acceptability  

1 170 4 13.86 Moderately to slightly salty 7.23** Very crispy to crispy  7.63 

2 170 4 13.86 Slightly Salty to not salty 6.40 Very crispy to crispy  7.76** 

3 170 12 27.72 Salty to very salty 5.00 Very crispy to crispy  7.30 

4 170 12 27.72 Salty to moderately salty 5.20 Very crispy to crispy  6.70 

5 150 4 13.86 Moderately salty  to slightly salty 5.33 Slightly to moderately crispy  4.30* 

6 150 4 27.72 Slightly to moderately salty 5.53 Slightly crispy to crispy   5.67 

7 150 12 27.72 Moderately salty to salty 5.73 Crispy to slightly crispy   5.57 

8 150 12 13.86 Salty to moderately salty 5.33 Not Crispy   4.83 

9 160 8 13.86 Moderately to slightly salty 6.73 Crispy to very crispy   7.47 

10 160 12 27.72 Moderately salty to salty 5.57 Crispy   7.37 

11 160 8 21.07 Salty to slightly salty 6.77 Very Crispy   7.23 

12 160 4 21.07 Moderately to slightly salty 6.60 Very Crispy   7.50 

13 170 8 21.07 Salty to moderately salty 4.80* Very crispy to crispy   7.43 

14 150 8 21.07 Salty to moderately salty 6.27 Crispy to moderately crispy   6.83 

15 160 8 21.07 Moderately to slightly salty 6.57 Very crispy to crispy   7.53 

Table 7.  Summary of taste and crispiness descriptions and mean acceptability ratings

Range of scores: 9 (like extremely); 8 (like very much); 7 (like moderately); 6 (like slightly); 5 (neither like nor dislike); 4 (dislike slightly); 3 (dislike 
moderately); 2 (dislike very much); 1 (dislike extremely). 
Note: *lowest acceptability rating          **highest acceptability rating

1
6

O
p

tim
iz

a
tio

n
 o

f A
ir F

ry
in

g
 C

o
n

d
itio

n
s

 fo
r B

a
n

a
n

a



 

TREAT- 

MENT 

FRYING 

TEMP.(oC) 

SALT 

(%) 

OIL 

(%) 

OILINESS 
 

General Acceptability 

Description Mean Acceptability  Description Mean Acceptability  

1 170 4  
13.86 

Not oily 7.83** Like moderately 
7.60 

2 170 4 13.86 Not oily to slightly oily 6.53 Like slightly 6.80 

3 170 12 27.72 Not oily to slightly oily 6.23 Like slightly 6.70 

4 170 12 27.72 Not oily to slightly oily 7.03 Like slightly 6.50 

5 150 4 13.86 Not oily to slightly oily 6.63 Neither like nor dislike 5.87* 

6 150 4 27.72 Slightly to moderately  oily 6.17* Like slightly 6.07 

7 150 12 27.72 Slightly oily to not oily 6.48 Like slightly 6.33 

8 150 12 13.86 Not oily to slightly oily 6.63 Neither like nor dislike 5.90 

9 160 8 13.86 Not oily 7.57 Like moderately 7.37 

10 160 12 27.72 Not oily to slightly oily 7.59 Like slightly 6.93 

11 160 8 21.07 Not oily to slightly oily 6.50 Like moderately 7.13 

12 160 4 21.07 Not oily to slightly oily 7.74 Like moderately 7.67** 

13 170 8 21.07 Not oily to slightly oily 6.63 Like slightly 6.47 

14 150 8 21.07 Not oily to slightly oily 7.17 Like slightly 6.77 

15 160 8 21.07 Not oily 7.03 Like moderately 7.33 

Table 8.  Summary of oiliness descriptions and mean acceptability ratings, and general acceptability

Range of scores: 9 (like extremely); 8 (like very much); 7 (like moderately); 6 (like slightly); 5 (neither like nor dislike); 4 (dislike slightly); 3 (dislike 
moderately); 2 (dislike very much); 1 (dislike extremely). 
Note: *lowest acceptability rating          **highest acceptability rating
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CONCLUSION

The best processing conditions for the air-fried chips having an acceptability 
rating of greater than 6.6 in all sensory attributes and general acceptability are 

ofrying temperature of 165 C, salt level of 7.4 % w/w and oil level of 13 % w/w. The 
results in Response Regression Analysis revealed that all sensory attributes, except 
for oiliness, are significantly affected by the quadratic level of oil, while color and 
crispiness are significantly affected linearly. At the quadratic level, salt significantly 
influenced aroma and taste. At the linear level, it influenced taste and crispiness. Oil 
showed significant quadratic difference in terms of aroma, taste and crispiness, 
while linear significant difference is noted for aroma, oiliness, and crispiness. 
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