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ABSTRACT 

Doughnut is a popular snack in Malaysia prepared as a sweet snack in various fonns 

that can be tnade homemade or bought in bakeries and food stalls. Frying techniques 

are the most popular method used to serve and consume the doughnut. This study is · 

basically aimed to determine the optimum condition for frying doughnut via air frying 

technique and also to investigate the effect of air frying process on the texture and 

quality of doughnut compared with traditional deep fat frying. The doughnut was fried 

at a temperature of 130 ° C, 140 ° C and 150 ° C for 10, 12 and 14 minutes via air fryer 

technique while the temperature of 130 ° C for 10, 12 and 14 minutes via deep fryer 

technique. The quality of fried doughnut was analyzed based on moisture content, fat 

content, texture and colour. In this study, response surface methodology (RSM) was 

used to optimize the operating conditions (frying temperature and time) of the air fryer. 

The optimum operating conditions were found at a temperature of 130 ° C and time of 

10 minutes for frying the doughnut. At this optimum condition, moisture content, fat 

content, texture and colour change were found to be 59.59%, 12.33%, 0.7278N and 

2.80 respectively. Optimized air fried doughnut was compared with deep fried 

doughnut by sensory test to study the sensory acceptance of doughnut attributes. The 

sensory test indicates that panelist like and preferable the doughnut fried with deep 

frying method the most compared to air fried doughnut. 
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ABSTRAK 

Donut adalah sejenis makanan ringan yang popular di Malaysia yang disediakan 

sebagai makanan ringan dalam pelbagai bentuk yang boleh dibuat sendiri atau dibeli 

di kedai roti dan gerai makanan. Teknik penggorengan adalah kaedah yang paling 

popular digunakan untuk menghidang dan memakan donat. Kajian ini pada dasamya 

bertujuan untuk menentukan keadaan optimum untuk menggoreng donat melalui 

teknik penggorengan udara dan juga untuk mengkaji kesan proses penggorengan udara 

pada tekstur dan kualiti donat berbanding dengan penggorengan lemak dalam 

tradisional. Donat digoreng pada suhu l 30°C, 140°C dan 150°C selama I 0, 12 dan 14 

minit melalui teknik penggorengan udara manakala suhu l 30°C selama 10, 12 dan 14 

minit melalui teknik penggorengan dalam. Kualiti donat goreng dianalisis berdasarkan 

kandungan lembapan, kandungan lemak, tekstur dan warna. Dalam kajian ini, 

metodologi pennukaan tindak balas (RSM) digunakan untulc mengoptimumkan 

keadaan operasi ( suhu dan masa menggoreng) penggorengan udara. Keadaan operasi 

optimum didapati pada suhu 130°C dan masa IO minit untulc menggoreng donat. Pada 

keadaan optimum in� kandungan lembapan, kandungan lemak, tekstur dan perubahan 

wama didapati pada 59.59%, 12.33%, 0.7278N dan 2.80 masing-masing. Donut 

goreng udara yang optimum dibandingkan dengan donat goreng yang mendalam 

dengan ujian deria untuk mengkaji penerimaan deria dari atribut donat. Ujian deria 

menunjukkan bahawa panelis suka dan lebih suka donat yang digoreng dengan kaedah 

penggorengan dalam berbanding dengan donat goreng udara. 
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1.1 Overview of the study 

CHAPTER I 

INTRODUCTION 

Nowadays, people of all ages really love to consume fried products because of 

their preparation is easy, fast and economical. For these reasons, in recent decades, 

frying processes have been generalized not only in fast food establishments but also in 

restaurants, food industries and homes. Among all commonly fried products, 

doughnuts are the most important due to their high consumption and production. The 

doughnut is a ring-shaped dessert that made of from sweet fried dough. It is popular in 

Malaysia and prepared as a sweet snack in various forms that can be made homemade 

or bought in bakeries and food stalls. 

There are different frying techniques are being popular in the food industry. 

The deep-oil frying process is one of the oldest techniques of preparing food, which is 

highly appreciated by consumers due to the taste (Heredia et al., 2014). This process 
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basically consists of an immersion of the product in hot vegetable oil, causing the 

egress of water and the ingress of oil, with the consequent changes in texture and 

colour properties. 

Hot air frying is one of the modern methods besides other methods used to 

produce fried food with less amount of oil while maintaining their appearance and taste 

similar to deep fat fried foods (M. Arafat, 2014). In a kitchen air fryer, the hot air has 

direct contact with food and the oil droplets on its surface (Teruel et al., 2015). Frying 

with hot air has some advantages such as a reduction in oil absorption, keeping the oil­

soluble vitamins through omission of oil as heat transporter fluid, and improvement of 

product quality since the issues of oil deterioration is avoided (Heredia et al., 2014). 

Since there are no data found about air fryer application in the frying doughnut, 

the effectiveness response surface methodology (RSM) is used to optimize the 

processing condition of the air fryer. The independent variables are frying temperature 

and time, with a frying temperature of 130
°

C to 150
°

C and frying time of 10 to 14 

minutes. The quality of the doughnut depends on the frying process conditions which 

are frying temperature and frying time. The desired quality such as lower moisture 

content, lower fat content and lower hardness are more significant in food frying. 

Colour is another key feature of the food product as it reveals the sensual attraction 

and the excellence of the foods. Hence, the process conditions should be most suitable 

to retain its best quality at the end. 

Sensory analysis is being conducted after the optimization. The objective of 

this sensory analysis is to measure the acceptable and unacceptable of fried doughnut 

in terms of appearance, aroma, texture and overall acceptance. The samples of 

doughnuts rated based on how much it is liked or disliked by the 20 untrained panelists. 
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1.2 Problem statement 

People nowadays love to consume healthy foods, but they do prefer food that 

is fried with oil because of its delicious taste and crispiness. However, the current 

method of frying food via deep fat fryer technique consists of a high amount of oil that 

is not healthy to consume. There will be a risk of spilling, splashing or accidentally 

touching hot oil. In fact, eating them regularly can give a high risk of developing 

diseases like diabetes, heart disease and obesity. 

Therefore, air fried foods are touted as a healthy alternative to deep-fried foods 

because of their lower content of fat and calories. It is new frying equipment that has 

been developed with the uses of superheated air technology for frying, roasting, baking 

and grilling. Frying food with air fryer can be considered a healthier alternative to 

prepare food for consumption because it does not require oil during frying. Reducing 

the regular intake of unhealthful oils can promote weight loss. Besides, since there is 

no specific studies and published work in the literature about the frying doughnut in 

the air fryer, the optimum parameter of air fryer needs to be detennined in order to get 

the best quality and texture of doughnuts. 

Furthermore, it is important to find out if the taste of the doughnuts can be 

accepted and liked by the people or not. Basically, people's taste and perception are 

not the same when testing the foods. Hence, sensory analysis is needed to understand 

the panelists' requirements and acceptance. 
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1.3 Research objectives 

The main objectives for this project are: 

1. To determine the optimum condition for frying doughnut via air frying

technique. 

2. To investigate the effect of air frying process on the texture and quality of

doughnut compared with traditional deep fat frying. 

1.4 Scope of the study 

The scope of this study consists of five chapters. Chapter 1 is about the 

introduction and overview of this research background, problem statements and 

objectives of this study. For Chapter 2, the literature review of the effect of frying on 

texture and quality of doughnut using air fryer. This chapter consists of background of 

doughnut, types of frying techniques, proximate analysis and optimization by response 

surface methodology. Chapter 3 is about the method used to conduct the experiment 

with the procedure and equipment used. This chapter consists of sample preparation, 

frying method, the proximate analysis method of fried doughnut, experimental design 

and statistical analysis, explanation about analysis of quality fried doughnut and lastly 

sensory analysis. Next, Chapter 4 is results and discussion of the experiment which 

contain figure, table and graph. The data of the experiment that have been analyzed 

are stated in this chapter. Lastly, the conclusion and recommendation of this research 

are stated in Chapter 5.
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Table 1: Nutrition information of fried doughnut (Tangkanakul et al 1996) ., 
Composition Percentaee (%) 

Fat 23.63-59.40 
Protein 3.68-63.69 
Carbohydrate 0.68-62.18 

The Food and Drug Administration (FDA) recommends only 2000 calories per 

day of a doughnut, with 65 g of fat, which should contain 20 g of saturated fat only. 

The FDA also suggests that only 300 mg cholesterol, 2400 mg sodium and 300 g 

carbohydrate should be ingested (Herman, n.d. ). 

2.2 Frying techniques 

Frying of foods is a common and popular process utilized in the food industry 

due to its significant sales and a vast quantity of products. Fried products have unique 

sensorial properties, including flavor, crisp texture, juicy taste and brownish colour. 

The frying process is considered to have less effect on nutrient losses than other 

cooking methods (Kalogeropoulos, 2010). The types of frying are deep frying, pan 

frying, stir-frying and air frying. Thus, this study aims to investigate the effect of frying 

doughnuts using two major types of frying method which are air frying and deep fat 

frying (Ghaitaranpour et al., 2018). 

2.2.1 Deep fat frying 

Deep fat frying can be defined as the process of cooking foods by contacting it 

with hot oil at temperatures between 140
°

C to 180
°

C (Schwarzinger et al., 2012). It 

is widely used in the preparation of foods because consumers prefer the taste and 

appearance of fried food products. It is important that the deep fat fried products should 
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satisfy both health and sensory aspects of consumer demand. High heat transfer rates 

are largely responsible for the development of desired sensorial properties in fried 

products (Farkas, 2017). Deep fat frying of donuts was conducted in a commercial 

batch fryer with 5 L of capacity and electrical resistors as a heating source (Velez-Ruiz 

& Sosa-Morales, 2003). The vessel was filled with sunflower oil, and when the desired 

temperature was reached, raw donuts were introduced to the fryer; then the samples 

were taken periodically. 

Based on Figure 1, a thin crust fonns within a few seconds in the first phase, 

whose structure crucially affects the deep frying process and the quality of the food 

with regards to fat absorption and crispness (Schwarzinger et al., 2012). Many 

chemical reactions take place during the deep fat frying process. According to 

Sebedioa & Juanedab (2007), hydrolysis leads to the creation of fatty acids, 

monoglycerides and diglycerides while the existence of air and high temperatures 

leads to the creation of alteration products for heat and oxidation. Oxidation product 

may include monomeric, dimeric and oligomeric triglycerides and volatile elements. 

:
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Figure I : Heat and mass transfer during deep fat frying ( Schwarzinger et al., 2012) 
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2.2.2 Air frying 

According to Shaker (2015), air frying process is a new technique to get fried 

products through direct contact between an external emulsion of oil droplets in hot air • 

and the product into a frying chamber. The air fryer looks like a large rice cooker and 

has a chunky tray which can be removed, filled with food and put back inside. It uses 

a grill and a fan to blast very hot air around the food at high speed rather than 

submerging the food in oil. The movement of air in the air fryer is shown in Figure 2. 

Figure 2: Movement of air in the air fryer 

The air fried product is thus dehydrated, gradually appearing the typical crust 

of fried products. The amount of oil used in the air fryer is lower than in deep-fat frying 

and very low fat products are produced. Today, it is possible to find, equipment 

designed from this principle to obtain low-fat fried products (M. Arafat, 2014). Frying 

with hot air has some advantages such as reduce the oil absorption, keeping the oil 

soluble vitamins through omission of oil as heat transporter fluid, and improve the 

product quality since the oil deterioration issues are avoided (Heredia et al., 2014). 
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2.3 Proximate analysis 

The quality of fried doughnut that will be evaluated in term of moisture content '

fat content, texture (hardness) and colour that may affect the product's shelf life. 

Frying temperature and frying time also play an important role for the quality of the 

doughnut. 

2.3.1 Moisture analysis 

Moisture content is the amount of water content dependent on the food. The 

moisture of food content is important to food manufacturers for a variety of reasons. 

Moisture in high amounts and inappropriate places is very damaging to the useful life 

of the food (Hagan, 1999). Water is an important component of many foods and each 

has its own characteristic. There are several methods to determine the moisture content 

such as vacuum oven method, microwave drying method, moisture analyzer and 

another method (Nielsen, 2010). 

According to (Raihani, 2017), the drying oven is commonly used for 

commercial purposes. It is the established reference method for loss on drying. 

Approximately 8 g of each ground doughnut sample was placed into aluminium 

weighing boats and dried at 105
°

C in an oven (Melito & Farkas, 2013). A sample is 

weighed and subsequently heated in this procedure to allow moisture to be released. 

Following this, the sample is cooled in the desiccator before reweighing. The 

difference in wet and dry weight is calculated by the moisture content. Measuring 

accuracy and balance resolution is extremely important in this process. Also, careful 
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consideration must be given to maintain the same conditions where temperature and 

duration are vital to produce accurate and reproducible results. 

2.3.2 Fat analysis 

Fat is important in the animal diet and can improve the quality of animal and 

can enhance productive performance in animals. It is a crucial component in animal 

food and the building blocks of fats are fatty acids, some of which animal require in 

their diet because their body cannot make them There are several methods that can be 

used for fat determination such as Soxhlet, Goldfish, Mojonnier, and Babcock 

methods. Soxhlet method is usually used in food especially for solid food. A modem 

solvent extraction system, the Soxtec, is based on the classical Soxhlet method. Melito 

& Farkas (2013) conducted fat analysis of doughnuts by Soxhlet extraction. This 

method only can determine free fat. Total fat can be determined when mixes solvent 

likes chloroform-method is used in the right ratio (Nielsen, 2010). 

For the gravimetric quantitation of fat and oil, the Soxtec provides a faster 

approach to solvent extraction. Typically, the Soxtec methods require only 20--25% of 

the time required for traditional Soxhlet extraction (Anderson, 2004). By definition, 

the procedure to determine crude fat is an empirical method in which the result is 

determined by the conditions of the procedure. Several aspects of the extraction 

process are explored, such as type of solvent, time and temperature. Many Soxtec 

applications are routinely used for measuring fats, oils, semi-volatiles, and another 

solvent extractable in food, feed, industrial, and environmental laboratories. This study 

will be limited mainly to crude fat extraction. Crude fat by solvent extraction is 

classified as an empirical method (Manual, n.d.). This means that the final result can 
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be arrived at only according to the terms or variables of the method. Therefore, it 

becomes critical to strictly follow all aspects of the procedure. 

2.3.3 Texture analysis 

Texture is one of the main factors which determine the quality of any given 

food and plays an important role in the acceptance of food products by consumers 

(Sabin & Sumnu, 200 6). The texture of food products is defined as all the rheological, 

mechanical and structural attributes of the product perceptible by means of 

mechanical, tactile, visual as well as auditory receptors. Because of its adaptability, 

texture analyzer has become commonplace throughout the food industry (Smewing, 

2016). Texture Analyzer is easy to use, cost-effective solution to evaluate the textural 

properties of a wide range of products at all stages of manufacture. Mechanical texture 

analysis, with a software-operated calibrated texture test using fundamental 

algorithms, removes all subjectivity elements from the test. Tan & Mittal (2007) 

studied the physicochemical properties changes of doughnuts during vacuum frying 

compared to the conventional frying. The result shows that the force fluctuated of the 

doughnuts are in the range of0 .5-1.5 N. 

2.3.4 Color analysis 

Appearance is one of the most importantly fresh and processed food, products 

and their marketing attributes of sensory quality. The colour of the food surface is the 

first quality parameter evaluated by consumers, and it is critical to product acceptance. 

The first sensation that the consumer perceives and uses as a tool to either accept or 
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from the appropriate experimental design. RSM reduces the number and interactions 

of experimental trials needed to evaluate multiple parameters. Hence, it is an effective 

tool for optimizing complex processes and has been widely applied in the food industry 

(Lee & Yusof, 2006). In food engineering, many researchers have been performed to 

optimize frying conditions and find out an empirical model for the best quality of food 

product. Abel Rahman et al. (2017) applied the RSM to study the optimum conditions 

for frying sweet potato via hot air frying technique. 

2.4.1 Advantage of RSM 

In Design Expert Software, there are two most common and popular designs 

involved in RSM which are Central Composite Design (CCD) and Box-Behnken 

Design (BBD). The CCD is considered as most effective for uniform precision with 

lower runs required, chronological and it involves three classes of design such as 

rotatable, spherical and face-centered. The application if this design depends on the 

region of interest and region of operability. In face centered design as shown in Figure 

3, the star points are at the center of each face of the factorial space, so a = ± 1. This 

variety requires 3 levels of each factor. Augmenting an existing factorial or resolution 

V design with appropriate star points can also produce this design (Anonymous, n.d.). 

CCF 

Figure 3: Face centered type of central composite design 
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2.4.2 Selection of the experimental design, prediction and model verification 

The most common designs used for optimization are CCD and BBD. CCD is 

considered as most effective for uniform precision with lower run required, with a 

quadratic model was employed to study the combined effect of independent variables. 

The effect of these two variables x1 and x2 on the response (Y) was modeled using the 

second order polynomial response surface. The equation derived using RSM for the 

prediction of the response variables is shown in Equation l: 

Y = Po + P 1x1 + P2X2 + Pux.2 
+ P2ixi + P1-ix1x2 (eq. 1) 

where Po is constant, P1 and /h are linear coefficients, P12 is interaction coefficient, and 

b11 and bn are quadratic coefficients. 

For the verification of model adequacy, several techniques are performed such 

as residual analysis, scaling residuals, prediction error sum of square (PRESS) 

residuals, and testing of the lack of fit. Myers et al. (2009) explained that the overall 

predictive capability of the model is commonly explained by the coefficient of 

determination (R2), which is calculated from the PRESS. The predicted model equation 

can be acquired by the response surface plot and contour plot. 

2.S Sensory evaluation 

Sensory evaluation is defined as the science of judging and evaluating the 

quality of food using the senses, which are taste, smell, sight, touch and hearing. 

Sensory testing was developed into an accurate, formal, structured methodology that 

is being continuously updated to refine existing techniques. The developed methods 

serve economic interests and can establish the worth or acceptance of a commodity. 
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3.1 Sample preparation 

CHAPTER3 

METHODOLOGY 

Frozen doughnuts (Kart's) were purchased at a supermarket in Selangor, 

Malaysia and stored in the fridge at -18°C. The frozen doughnuts were taken out of 

the fridge and submerged (in packaging) in cold water maintained at 4°C and below to 

avoid microbial growth and to preserve its taste, texture and nutritional value. The 

water was replaced every 30. minutes by adding ice cubes, so it can continue to thaw. 

3.2 Flow chart 

Figure 4 shows the summary of the process flow of frying doughnut by using air fryer 

and deep fat fryer. 
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caused by the fall in temperature below the boiling point of water, which creates a 

suction pressure gradient between surface and inner structure of the doughnut. 

45 

40 

35 i 
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10 12 14 
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Figure 20: Fat content of doughnut in both processes at frying temperature 130°C 

4.2.3 Effect of frying temperature and time on texture (hardness) 

Figure 21 illustrates that the values of the hardness of doughnuts fried using a 

deep fryer at a temperature 130
°

C were 0.5105N, 0.5793 N and 0.6001N for 10, 12 

and 14 minutes respectively. Next, the moisture content of doughnuts fried using air 

fryer at a temperature 130
°

C for 10, 12 and 14 minutes were 0.7277N, 0.7488N and 

0.7683N respectively. It can be concluded that the higher frying time, the hardness of 

doughnut will increase. The hardness of doughnuts is fit with the result reported by 

Tan & Mittal (2007) because the force fluctuated was in the range of 0.5-1.5 N. The 

deep fried doughnut has a lower hardness compared to air fried doughnut. Melito & 

Farkas (2013) proves that increased oil uptake during frying would result in a relatively 
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process, donuts with low moisture content absorbed more oii which could have 

resulted in more expansion and darkening (Tan & Mittal, 2007). 

14 
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10 

a,' 
8 
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0 
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f 

14 

..... Deep fat frying 

..... Air frying 

Figure 22: Colour change of doughnut in both processes at frying temperature 130°C 

4.3 Sensory evaluation between deep fried doughnut and optimized air fried 

doughnut 

The objective of the sensory evaluation was to measure the acceptable and 

unacceptable of the deep fried doughnut and air fried doughnut samples in terms of 

appearance, aroma, texture, flavor and overall acceptance. Based on the sensory 

evaluation conducted by 20 untrained panelists, sensory attribute� of deep fried 

doughnuts are comparable to optimized air fried doughnuts as shown in Figure 23. The 

samples of doughnuts rated based on how it is liked or disliked by the panelist. 

From this sensory test, panelist gave a higher score on the appearance, texture, 

flavor and overall acceptance for the deep fried doughnut while higher score on the 
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CONCLUSION AND RECOMMENDATIONS 

The effect of air frying and deep frying method on the texture and quality of 

doughnut was evaluated in this study. The results showed that the moisture content of 

doughnut decreased as the frying temperature and time increase. Fat content, texture 

and colour of doughnut increased when the frying temperature an time increased. 

Based on the study that has done, thirteen different runs according to Central 

Composite Design (CCD) was used to study the optimum condition for frying 

Malaysian snack via air frying technique. Analysis of variance (ANOV A) has shown 

that the effects of all the process variables including frying temperature and frying time 

were statistically significant. Second-order polynomial models were obtained for 

predicting moisture content, fat content, texture and colour change. From the RSM 

analysis, the optimum condition for frying doughnut is at frying temperature 130 ° C 

and frying time 10 minutes. At these optimum values, moisture content, fat content, 
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