
 

 

 

Abstract—Vacuum frying is a new cooking technique that 

can be developed to reduce the oil content in food. In this 

study, atmospheric frying (165 °C) and vacuum frying (120 °C 

at 21 kPa) conditions were observed in fish tofu. High 

temperature affected the structure and oil content in the 

atmospheric frying process. The high surface temperature of 

the fish tofu in the atmospheric frying condition caused 

microstructure destruction. Oil uptake increased due to 

adsorption into the product surface that resulted in the collapse 

and change of the porosity. In contrast, vacuum frying can be 

used to reduce final oil content and preserve the microstructure 

of the fish tofu while the moisture content was lost. The results 

of frying under vacuum conditions produced a high quality fish 

tofu. 
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I. INTRODUCTION 

Surimi is used as the raw fish material for a variety of 

products. Fish tofu is the highest value-added product from 

surimi and is one of the most popular products with consumers 

in Thailand.   

Deep-fat frying is the major process of cooking fish tofu in 

the food industry. Many factors contribute to the frying 

process: temperature, warm-up time, type of oil, size and 

nature of the product [1]. Other factors are heat, mass transfer, 

and chemical change such as starch gelatinization, protein 

denaturation, surface browning and color changes of the 

product, water evaporation, oil absorption, crust and crunch 

layer formation, shrinkage and expansion, hydrolysis of frying 

fats, and interaction between food constituents and oxidized 

lipids [1, 2]. The frying process presents a significant increase 

in the oil content of the product [3] because this process uses 

immersion of food in hot oil that can evaporate the water and 

replace it with absorbed oil in the product [4].  
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Recent consumer trends are for healthier food consumption. 

They are the key growth factors for alternative products that 

are low in oil, low in fat, and promote health benefits [5-7]. Oil 

content affects product acceptability by the consumers [2]. The 

vacuum frying process produces a product with lower oil 

content, natural color, good flavor, minimal loss of vitamins 

and minerals, less effect on characteristic texture, less effect on 

frying oil quality, and a lower level of carcinogenic 

neurotoxins due to decreased levels of acrylamide [7-15]. 

Therefore, the vacuum frying process was developed as an 

alternative technique to produce healthier products and can be 

used in various fried food products, such as bananas, carrots, 

apples, potatoes, mangos, green beans, guava, and gilthead sea 

bream [3, 5, 7-13, 15]. Several companies in Asia use vacuum 

frying for fruits, vegetables, and fish and shellfish products [7].  

Therefore the development of vacuum frying is an important 

alternative cooking method for human health and fish tofu 

consumption in the future. The objective of this research was 

to investigate the influence of vacuum frying conditions on the 

moisture loss and oil content during the frying time.  

II.  MATERIALS AND METHODS 

A. Sample Preparation and Storage Conditions 

Steamed fish tofu (2.5 cm × 2.5 cm × 3.0 cm.) was used as 

the raw material in this study. The size of the products was 

controlled because size has a significant effect on the moisture 

content during frying [1]. The steamed fish tofu was kept in 

vacuum polyethylene bags and frozen at -20 °C until 

defrosting and defrosted at 4 °C overnight in a refrigerator 

before use.  

B. Vacuum Fryer 

The vacuum frying system is illustrated in Fig. 1. This 

system consisted of a 35 L stainless steel vessel, frying basket, 

condenser, vacuum pump, temperature controller, and gas fire 

system. Frying samples could move up and down into the 

heated oil. The condenser condensed oil and water vapors 

before air flowed in the vacuum pump. The laboratory scale 

equipment was set up in the Department of Chemical 

Engineering, Prince of Songkla University, Hat Yai, Thailand. 
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Fig. 1: Vacuum frying system (modified [16]) 

C.  Frying Experiments 

For the atmospheric frying condition, the steamed fish 

tofu was fried in the vessel while the lid was open. The frying 

temperature (165 °C) and frying time (150 sec) were 

controlled according to industry standard conditions. The 

conditions for vacuum frying were 120 °C at 21 kPa. In other 

conditions, the fish tofu bloated at lower vacuum pressures or 

higher frying temperatures. That was possibly caused by the 

puffing phenomenon that came from the closing of pores and 

greater pressure from the expansion of gases inside the fish 

tofu [13]. 

The soybean oil (12 L) was preheated and approximately 

8 pieces of steamed fish tofu (about 160 g per batch) were 

fried in deep oil for 150 sec. After frying, all samples were 

centrifuged at 450 rpm for 120 sec to remove the surface oil. 

Centrifugation reduced the oil uptake in both atmospheric and 

vacuum frying conditions [2, 14, 17]. In the vacuum frying 

condition, the lid was fastened, air in the vessel was evacuated, 

and the steamed fish tofu inside the basket was immersed in 

the heated oil.  

The moisture contents of the initial product and fried 

products were measured by keeping 2 g of product at 60 °C for 

4 hours (to constant mass) in a vacuum oven, and cooled in a 

desiccator [18]. After measurement of the moisture content, 

samples of the initial product and fried products were 

subjected to Soxhlet extraction by hexane to measure the oil 

content [18]. The results of moisture content and oil content 

were used to compare the quality of fried products. The 

temperature profile was measured by wire thermocouples at 0, 

3, 6, 9, and 12 mm from the center of the fried products. The 

temperature results showed the effect on moisture and oil 

content. Scanning electron microscopy (SEM) (×75) observed 

the changes in crust structure and pore size.. 

III. RESULTS AND DISCUSSION 

A. Moisture Loss and Oil uptake in Fish Tofu 

Oil content is the most important parameter for healthier 

food and low fat products are preferred by consumers [14]. 

Several studies reported on the escaping of water and frying 

oil absorption into the structure of fried food. Surface oil was 

absorbed and penetrated into porous areas after removing the 

fried food from deep heated oil because the moisture content 

vaporized during the immersion period [14]. Oil absorption 

was related to moisture content [8]. Frying temperature, frying 

time, food composition, porosity, pretreatment, and oil quality 

had effects on oil absorption [2].  

This experiment showed that the mean (SD) initial fat 

content was 0.91 ± 0.07 g/g solid (Fig. 2). Statistical analysis 

showed that 1) the oil content in either condition was not 

significantly different (p < 0.05) at the initial frying time up to 

60 sec, 2) the levels of oil content at frying times greater than 

60 sec were significantly different (p < 0.05) between the two 

frying conditions, and 3) the results of the moisture content 

were significantly different (p < 0.05) between the atmospheric 

frying and vacuum frying conditions.  

 
Fig. 2: Moisture content and oil content of fish tofu in atmospheric and vacuum frying conditions 

 

Previous studies reported that in the vacuum frying of fruits 

and vegetables there was no significant initial fat content but 

fish or sea food showed variability in the initial fat content of 

the samples [3]. Oil absorption was significantly lower in the 

vacuum fried condition because oil was obstructed by faster 

diffusion of air into the porous product [14]. Moreover, 

structural changes occurred at the initial depressurization step 

and surface oil flowed into the product at the end of the 

process and at the pressurization step in the vacuum frying 

process [5]. The final oil uptake at 150 sec in the vacuum 

frying condition was lower than the final oil absorption at 150 

sec in the atmospheric frying condition. 

Int'l Journal of Advances in Agricultural & Environmental Engg. (IJAAEE) Vol. 3, Issue 1 (2016) ISSN 2349-1523 EISSN 2349-1531 

http://dx.doi.org/10.15242/IJAAEE.U0416218 171



 

 

B. Temperature Change of Fish Tofu 

During frying time, heat transferred from the oil to the 

surface of the product by convection and towards the center by 

conduction and as the temperature increased to the boiling 

point the water evaporated [17]. The rate of temperature 

change was rapid at the beginning. The rate of temperature 

change in the atmospheric frying process was greater than in 

the vacuum frying process. The boiling point of water was 

lower during the vacuum frying time [3, 9, 10, 14]. The 

temperatures that needed to be at the boiling points of water at 

the center of the products at 15 kPa, 20 kPa, and 25 kPa were 

55.5 °C, 62.3 °C, and 67.6 °C, respectively. For atmospheric 

frying condition, the boiling point was 100 °C at 101.3 kPa 

[3]. For this experiment at 150 sec following industrial frying 

time conditions, the water temperature at the center of the 

products reached 61.3 °C at 150 sec in the vacuum frying 

condition and 85.0 °C at 150 sec in the atmospheric frying 

condition (Fig. 3). The statistical analysis showed significant 

differences (p < 0.05) in the temperature of the fried products 

between atmospheric frying and vacuum frying. Several 

studies have shown that high temperature caused structural 

change and loss of moisture, especially in the atmospheric 

frying process [5]. 

 

 

 
a. Atmospheric frying condition 

 

   

 
b. Vacuum frying condition 

Fig. 3: Two-dimensional plot of temperature profile for fish 

tofu 

C.  Structure and Crust  

High oil temperature was important for the development 

of a solid crust and surface properties of the product especially 

in the atmospheric frying condition [8]. During the frying time, 

the microstructure changed and it was affected by heat transfer 

and dehydration as the water was released and the cells shrunk 

and their walls became wrinkled and convoluted [17]. The 

pore size and microstructure of the crust affected the transport 

of water and oil in the foods [12, 14]. Water loss was 

obstructed by the semi-permeable crust barrier [1].  

Several studies showed that the crust microstructure plays 

a critical role in oil absorption both in atmospheric and 

vacuum fried food and a linear relationship of porosity and 

final oil content in fried potato slices was found [15]. Oil 

adhered and entered into the damaged areas [9]. Moreover, the 

product expanded due to the fast rate of water loss during crust 

formation [17]. In addition, oil permeability and diffusivity 

were affected due to the changes in pore size during crust 

formation, collapsing, and expanding [7]. 

Cross-sections were used to observe porosity on the surface 

by scanning electron microscopy (SEM) [8, 9]. In this 
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research, pore size characterization of fish tofu was performed 

under three conditions (Fig. 4). Steamed fish tofu was 

prepared from the defrost condition (4 °C). The atmospheric 

frying condition was 165 °C for 150 sec and the vacuum frying 

condition was 120 °C at 21 kPa for 150 sec. Surimi protein 

was formed by hot steam in the forming period. A fine porous 

structure is common in steamed fish tofu. Different conditions 

presented different pore size characterizations. Pressure and 

temperature in the frying conditions had an important 

influence on pore characterization of fish tofu.  

The frying temperature in some studies did not significantly 

affect oil uptake but other studies showed contrary results [12]. 

High temperature caused the product surface to become rigid 

quickly [17]. In this case, the results could be due to the higher 

frying temperature that had an effect on the crust, and skin 

surface collapsing, a change in porosity related to moisture and 

oil transport phenomena, and the final moisture and oil content 

of atmospheric and vacuum frying conditions. The results 

could be due to the change in pore size and crust structure 

which had an effect on oil absorption of fried fish tofu. 

 

 
a) Defrost condition 

 
b) Atmospheric frying condition 

 
c) Vacuum frying condition 

Fig. 4: Pore size and crust microstructure of fish tofu  

(modified [19]) 

 

IV. CONCLUSIONS 

The effect of a high frying temperature changed the solid 

crust and caused a collapse of surface properties. The results 

indicate a concern for the microstructure destruction and 

collapsing of the surface which resulted in a decrease in the 

moisture content and an increase in the oil content. The 

vacuum frying condition can reduce the oil content during the 

frying period. The results provide an alternative beneficial way 

to obtain low oil content of foods. 
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