
2538 
Journal of Applied Sciences Research, 9(4): 2538-2547, 2013 
ISSN 1819-544X 
This is a refereed journal and all articles are professionally screened and reviewed 
 
ORIGINAL ARTICLES 
 

Corresponding Author: Tajul A. Yang, Department of Food Engineering and Tea Technology, Shahjalal University of 
Science and Technology, Sylhet-3114, Bangladesh 

 

Effect of Different Cooking Methods on the Quality Attribute of Beef Burgers 
 
1,2Wahidu Zzaman, 2Peeyachat Chantrong, 2Nor Faadila M. Idrus and 2Tajul A. Yang 
 

1Department of Food Engineering and Tea Technology, Shahjalal University of Science and Technology, Sylhet-
3114, Bangladesh   
2Food Technology Division, School of Industrial Technology, Universiti Sains Malaysia,11800 Pulau Pinang, 
Malaysia 
 
ABSTRACT 
 

Beef burgers were cooked by different methods (superheated steam roasting/baking, superheated steam 
grilling, convection grilling and deep frying) and analyzed for some physical (color, texture, cooking loss and 
expressible moisture), chemical (total sterol content) and sensory evaluation. The treatments of cooking methods 
include superheated steam roasting/baking (100,150, 200 and 250°C), superheated steam grilling, convection 
grilling and deep fried (170, 180 and 190°C) at different times intervals. Cooking methods used significantly 
affected the qualities of the beef burgers. When compared between the cooking methods (superheated steam 
roasting, superheated steam grilling, convection grilling and deep frying) used in this study, results indicate that 
superheated steam grill was the best treatment where quality attributes of beef burger is concerned. Superheated 
steam shows positive effects in cooking beef burgers in a healthy way while not compromising on taste. 
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Introduction 

 
Superheated Steam (SS) is a clear, colorless gas obtained by heating ordinary steam at 100°C to a higher 

temperature under normal pressure. With its high heat transfer capabilities, it is applied to a wide range of fields 
including food preparation methods such as roasting (Pronyk, 2004; Head, et al., 2010; Idrus and Yang, 2012). 
The choice of cooking method for beef burgers is wide and has been investigated in many studies. The majority 
of the above studies were carried out on high-fat beef burgers. There is currently considerable interest in low-fat 
meat products, mainly due to health considerations; however, very little information is available on the effects 
of cooking method on the sensory and textural properties of low-fat beef burgers (Dreeling et al., 2000 . Meat 
and meat products are important sources of many essential nutrients and contribute considerable proportions of 
the dietary intakes of various nutrients that are essential for optimal growth and development. However, 
consumption of some meat constituents (e.g. fat, saturated fatty acids—SFAs, cholesterol, and sodium) has been 
associated with a higher risk of major chronic diseases (e.g. ischemic heart disease, cancer, hypertension and 
obesity). Changes in consumer demand and growing market competition have prompted a need to improve the 
quality and image of meat and meat products through the development of products with beneficial-health 
properties (Lund, 2003). This approach is of particular interest in the case of products like burgers or patties, 
since they are common meat products, widely accepted in certain population groups, and it is possible to easily 
induce changes of composition to improve their nutritional value and their beneficial-health properties. Beef 
patties, like other foods, will normally be cooked prior to consumption, and that in may affect composition. 
Varying amounts of different meat components (water, fat, and minerals) are lost during cooking of meat 
products, and these losses can significantly affect fat (fatty acid content) consumption and energy intakes
Lopez et al., 2011 . The objective of this present study is to compare of different cooking method: SS roasting, 

SS grilling, convection grilling and deep frying on quality characteristics of beef burgers. 
 

Materials and Methods 
 
Raw materials: 

 
- Ready-to-cook beef burgers AZMY Products of Selangor Food Industries (SFI). The beef burgers were 

then aerobically packaged in polyethylene bags and were held under frozen conditions (-18 to -20 °C) until the 
cooking process. 
 

http://www.google.co.th/url?sa=t&rct=j&q=beef%20burger%20azmy&source=web&cd=1&ved=0CCQQFjAA&url=http%3A%2F%2Fzainzubir.fotopages.com%2F%3Fentry%3D393724&ei=N901T8n8A4aSiAfB99mnAg&usg=AFQjCNHhTYFlCN_RIlFzux5689r-m4ZEMA&sig2=H7Tg8_m23wNqUt9-2SyQCQ�


2539 
J. Appl. Sci. Res., 9(4): 2538-2547, 2013 

 

Cooking method: 
 
Beef burgers were thawed at room temperature and cooked in each method SS roasting/baking (100,150, 

200 and 250°C), SS grilling, convection grilling by a superheated steam oven (Healsio, AV-1500V, SHARP) in 
superheated steam mode and convection mode that was preheated to the appropriate roasting temperature  and 
deep frying  (170, 180 and 190°C) at different times intervals. 
 
Color measurement: 

 
Surface color of the beef burger samples was measured using a colorimeter (Minolta Spectrophotometer 

CM-3500d, Osaka, Japan- Spectra Magic 3.61 software) calibration with zero calibration. Then, it was 
calibrated with white calibrate plate (CM-A120). The parameter measured in the analysis were L*, a* and b* 
expressed in CIE L* (whiteness or brightness), a* (redness/greenness) and b* (yellowness/blueness) 
coordinates, standard illuminant D65 and observer 10°. Three replicate measurements were performed and 
results were averaged.  

 
Textural measurement: 

 
The instrumental texture profile analysis (TPA) of beef burger was conducted using a texture analyzer 

(Model TA. XT.Plus Texture Analyzer, UK). The sample was compressed twice to 75% of its original thickness 
with crosshead speed of 25 mm/min using a cylindrical flat-probe (P/75). Texture analysis was automatically 
performed by the texture exponent software (version 32 Stable Micro Systems Ltd.), and the following 
parameters were recorded: hardness, cohesiveness, springiness, gumminess and chewiness. TPA-hardness is the 
peak force (kg) sensed on the first curve cycle. TPA-cohesiveness is the ratio of area under the second curve to 
the area under the first curve and relates to the samples strength of internal bonds. TPA-springiness is the ratio 
of distance (D2) travelled by the probe on the 2nd cycle from sample contact point to the set compression 
percentage to the distance (D1) the probe travelled on the 1st down-stroke. Springiness relates to recovery from 
the 1st down-stroke deformation. TPA-gumminess is hardness multiplying cohesiveness. TPA-chewiness is 
gumminess multiplying by springiness. 
 
Cooking loss: 

 
The beef burgers were weighed before and after cooking to determine percentage cooking loss s. The 

following equation 1 was used for estimation of cooking loss.  
 

………..Eq. 1 
 

Expressible moisture: 
 
The expressible moisture (EM) was estimated, as the quantity of liquid squeezed from beef burger upon 

compression. Measurements of expressible moisture were performed on the Texture Analyser by a flat ended 
probe, 50 mm in diameter, at 60% deformation according to Jonsson and others 2001. The samples were 
compressed between layers of weighed Whatman filter papers no. 4. The speed of the probe was 0.8 mms-1. 
After compression, the sample was removed and the filter papers were reweighed. The filter papers were dried 
in an oven at 105 °C over night, and reweighed again. This was carried out to minimize the weighing error 
because of filter paper absorption of fat from the sample. The expressible moisture was calculated on the basis 
of the fluid absorbed by the filter paper divided by the sample weight. The following equation 2 was used for 
estimation of expressible moisture: 

 
 

 ……………….Eq. 2 
 

Total sterol content: 
 
Approximately 2 g of lipids that was previously extracted by Soxhlet method was dissolved in chloroform 

and the volume was completed to 100 ml with the solvent. An aliquiot from the chloroform extract (2 ml) was 
thoroughly mixed with the color reagent (acetic anhydride - sulfuric acid mixture, 30:1, v/v). The absorbance 
was recorded at 680 nm as outlined by Plummer and others 1992. A standard cholesterol curve at the range of 
0.1-1 mg was used for the estimation of the total sterol content of the samples under study (AOAC, 2000). 
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Sensory quality evaluation: 
 
Beef burger is subjected to evaluation of sensory quality by 10 panelists. Samples are scored using the 9-

point Hedonic scale where: 9 = like extremely, 8= like very much, 7= like moderate, 6= like slightly, 5= neither 
like nor dislike, 4= dislike slightly, 3= dislike moderate,  

2= dislike very much and 1= dislike extremely.  
 
Data and statistical analysis: 
 

All analysis was done in triplicate. All of data were analyzed statistically by SPSS 16.0 and Duncan test 
was performed for post-hoc multiple comparisons. Significance of difference was defined at P ˂ 0.05. After 
physical analysis were selected the appropriate value of each method for sensory evaluation and chemical 
analysis. The sensory data were initially assessed by descriptive statistical analysis providing means and 
standard deviations. 

 
Results and Discussion 

 
Changes in color: 
 

Table 1a and 1b were shown color measurement of raw beef burger and cooking method (SS 
roasting/baking, SS grilling, and convection grilling and deep frying) at different temperature and time. Color of 
beef burger is an important quality parameter and it may indicate changes in taste and texture (Head et al., 
2010). Color of beef burger cooked and uncooked were significantly different (P˂0.05) shown in Table 4.1a 
and 4.1b. According to the visual color observations during the experiments, raw beef burger was brightness 
(L*) and deep fried at 190°C for 90 seconds was darker appearance. The maximum redness (a*) was obtained at 
100°C for 19 minute of SS roast/bake. The maximum yellowness (b*) was obtained at 170°C for 3 minute of 
deep fried. Previous study, There was no significantly different between the heating treatments for L*, a*, b*, 
C*, h*. A higher L* value indicates a lighter color, which is desirable in order to ensure that the meat products 
will have high consumer acceptance. Opacity increases on the meat surface caused by heat treatment can be 
explained by water losses while the capacity to reflect the light increases with which its color was modified. 
Color brightness in heated samples was more than raw samples. In roasted samples due to dark surface, 
brightness was reduced but more bright colors were found inside of the samples. In general, the samples after 
heating due to pigment oxidization (heme group) become colorless. It seems that in microwave samples, major 
and important color changes occur in short time (Nikmaram et al., 2011). This was also seen in our study. No 
significant differences in color values for the cooked patties were observed between 20% fat with salt and 10% 
fat without salt, except for L* values. 20% fat patties had the highest L* and b* values, and lowest a* values, 
whereas patties containing 10% fat with salt showed the opposite results. Dreelinget.al., 2000  reported that the 
additional fat content of high fat burgers resulted in higher lightness and yellowness values, which is in 
agreement with our findings. Troutt et al.,1992) also found that lower-fat patties were slightly darker than those 
containing more fat. For the interior color of cooked patties, L* values were higher (P < 0.05) for 20% fat patties 
than for other products, although 20% fat patties with salt had the lowest (P < 0.05) L* values. Ten percent fat 
patties with salt had the highest (P < 0.05) a* values, whereas the lowest b* values. Cooking method had impact 
on overall color change in beef burger and color had impact on consumer acceptance. The most important color 
changes are observed at short times and low temperatures for all treatments. CIELAB color analysis suggested 
that the cooked steaks were generally lighter (higher L*) and more yellow (higher b*), whereas a* (red color) 
decreased as temperature and cooking time increases (Serrano et al., 2007). In general, the samples after heating 
due to pigment oxidization (heme group) become colorless. It seems that in cooking method, major and 
important color changes occur in short time. Previous research has not examined the effects of conduction 
cookery or rate of heat transfer on cooked color in beef steaks, but it is likely that the extreme conditions of the 
fast, conduction cookery denature the myoglobin to a greater extent than with other cookery methods, resulting 
in the less red appearance (Yancey et al., 2011). The myoglobin protein is the primary heme pigment 
responsible for meat color, but there are other species contributing to color changes during the cooking of meat 
(deoxymyoglobin, oxymioglobin, sulfmyoglobin, metmyoglobin and etc). 
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Table 1a: Color measurement of different cooking method 

Treatment Color 
L* a* b* 

Raw beef burger 59.30 ± 0.01a 23.02 ± 0.01c 16.47 ± 0.01b 
Superheat
ed Steam  
Roast/bak
e 

100°C 19 minute 43.96 ± 0.03d 25.15 ± 0.03a 15.09 ± 0.01d 
20 minute 45.24 ± 0.01c 24.19 ± 0.01b 15.25 ± 0.05d 
21 minute 46.36 ± 0.03b 22.71 ± 0.00d 13.40 ± 0.01f 

150°C 11 minute 37.65 ± 0.01h 20.00 ± 0.02f 11.90 ± 0.01jkl 
12 minute 36.05 ±  0.03l 18.61 ± 0.01j 10.87 ± 0.04n 
13 minute 35.53 ± 0.04n 19.53 ± 0.02g 12.01 ± 0.02j 

200°C 7 minute 40.12 ± 0.02e 19.44 ± 0.01gh 11.94 ± 0.03jk 
8 minute 37.98 ± 0.21fg 19.27 ± 0.17hi 11.22 ±0.14m 
9 minute 33.98 ± 0.22p 20.57 ± 0.13e 11.82 ± 0.13jkl 

250°C 5 minute 36.81 ± 0.16j 19.53 ± 0.14g 10.65 ± 0.11o 
6 minute 32.66 ± 0.04r 19.52 ± 0.08g 12.35 ± 0.13i 
7 minute 33.35 ± 0.05q 19.22 ± 0.03i 11.72 ± 0.03l 

Superheated Steam  
Grill 

4 minute 35.82 ± 0.06m 18.59 ± 0.01j 10.57 ± 0.01op 
5 minute 37.25 ± 0.06i 17.48 ± 0.12l 9.92 ± 0.08q 
6 minute 35.44 ± 0.05n 19.19 ± 0.07i 10.46 ± 0.05p 
7 minute 38.06 ± 0.16fg 15.79 ± 0.09o 15.80 ± 0.07c 

L*: brightness, a*: redness, b*: yellowness; values are means of 3 replicates; values not significantly different (P > 0.05) are indicated by the 
same column. 

 
Table 1b: Color measurement of different cooking method 

Treatment Color 
L* a* b* 

Convection Grill 4 minute 31.02 ± 0.32s 19.98 ± 0.30f 12.01 ± 0.23j 
5 minute 36.38 ± 0.05k 20.53 ± 0.05e 11.79 ± 0.03kl 
6 minute 33.26 ±  0.06q 16.56 ± 0.02n 9.64 ± 0.03r 
7 minute 37.87 ± 0.07g 17.73 ± 0.01k 13.08 ± 0.01g 

Dee
p fry 
 

170 °C 1 minute 30.86 ± 0.16s 19.28 ± 0.24hi 11.95 ± 0.17jk 
2 minute 26.38 ± 0.12w 11.66 ± 0.03u 9.60 ± 0.07rs 
3 minute 38.09 ± 0.08f 16.90 ± 0.05m 18.60 ± 0.07a 

180 °C 1 minute 30.45 ± 0.06t 14.69 ± 0.02q 9.46 ± 0.02s 
90 second 29.29 ± 0.04u 14.11 ± 0.06r 9.19 ± 0.06t 
2 minute 34.39 ± 0.35o 14.90 ± 0.27p 15.81 ± 0.37c 

190 °C 
 

30 second 36.93 ± 0.06j 17.44 ± 0.04l 12.90 ± 0.09h 
1 minute 28.56 ± 0.08v 13.10 ± 0.08s 13.89 ± 0.11e 
90 second 24.94 ± 0.09x 12.17 ± 0.05t 8.98 ± 0.09u 

L*: brightness, a*: redness, b*: yellowness; values are means of 3 replicates; values not significantly different (P > 0.05) are indicated by the 
same column. 
 
Textural characterization: 

 
Texture Profile Analysis (TPA) was carried out to determine the effect of cooking method on the texture of 

beef burger. The results of textural measurements are summarized in Table 2a and 2b: hardness, springiness, 
cohesiveness, gumminess and chewiness. Here, hardness indicates the firmness of beef burger, springiness 
indicates the elasticity, cohesiveness indicates the stickiness, gumminess indicates the rubber and chewiness 
indicates the tenderness of beef burger (Gokoglu et al., 2004). Hardness, cohesiveness, gumminess and 
chewiness value of cook and uncooked were significantly different (P˂0.05). The highest hardness value was 
SS roast/bake method at 150°C for 13 minute.  The highest cohesiveness value was deep fried at 190°C for 1 
minute. The highest value of gumminess and chewiness were deep fried at 170°C for 2 minute. The lowest value 
of hardness, cohesiveness, gumminess and chewiness were raw beef burger. Springiness values of cooked and 
uncooked were not significantly different (P˃0.05). These results indicated that the cooking method has a 
noticeable effect on the texture parameters hardness, cohesiveness, gumminess and chewiness. The cooking 
method can increases the intramuscular connective tissue contribution to change with myofibrillar contributions 
being more prominent above 60°C. Because isolated intramuscular connective tissue forcefully shrinks above 65 
°C when rapidly heated there is still a feeling that high temperature shrinkage of collagen could cause the 
shrinkage of meat seen at 65–80°C, and that this shrinkage causes volume reduction in the muscle fibres, so 
increasing their toughness. Provided that some interesting new findings in this area by relating the pronase-
extractable fraction of collagen to its thermal denaturation above 55°C (Peter, 2005). Serrano et al (2007) 
reported, moisture, fat and protein percentages are important factors influencing the texture of restructured 
meats. For instance, softer textures with increasing fat content have been reported in restructured beef steak It 
has been suggested that protein content plays an important role in the fat reduction of meat model systems. 
Cooking method may be had attributed to a combination of several factors such as increased fat and reduced 
water, the characteristics of the matrix, the diluting effect of walnut in meat protein systems and possible 
interferences in meat protein gelling processes (Califano et al., 1997; Savage, et al.,2002). During this process, 
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heat-induced alterations of primary structure components in the muscle tissue, mainly collagen and myofibrillar 
proteins, are associated with changes in meat tenderness. Machlik and Draudt (1963) studied the effect of time 
and temperature on the shear patterns of small cylinders of semitendinosus muscle heated between 50 and 90°C. 
They found a decrease in toughness between 58 and 60°C attributed to the collagen reaction and an increase 
between 65 and 75°C. 

It has been suggested that heat solubilizes the connective tissue leading to meat tenderization, whereas meat 
toughening is due to the denaturation of the myofibrillar proteins. As a consequence, several reports have 
indicated beef muscle should be merchandized as individual muscles (Johnson et al., 1988; Mckeithet al., 1985; 
Ramsbottom and Strandine, 1948). This has particular relevance since the cookery method employed can 
substantially affect the organoleptic (sensory) properties of muscles. Crouse et al. (1985) reported striploin 
(longissimuslumborum) steaks and top round (semimembranosus) roasts had equivalent shear force values.  

 
Cooking loss: 

 
The cooking losses of meat are shown in Table 3a and 3b. Cooking method had a significant effect on cook 

loss (P˂0.05). Cooking loss was highest for beef burgers that were either deep fried at 170°C for 3 minute and 
lowest for beef burgers that were SS roast/bake 250 °C for 5 minute. Significant differences were also found in 
diameter reduction during cooking (P˂ 0.05). Shear force peak is not sensitive to the connective tissue chan ges, 
while compression of specimens seems to be very sensitive to the connective tissue changes. As the temperature 
increased, the amount of bound water decreased (Savage et al., 2002). The main cause of cooking loss was 
protein denaturation, disintegration of the texture matrix, rapid protein destruction caused by heat shock to the 
proteins and finally liberalization of large amounts of water and fat. Mechanical properties of cooked meat are 
functions of the myofibrillar mechanical properties and connective tissue network. Toughness increased by 
cooking and this increase has been ascribed to the denaturation of intramuscular collagen or changes in the 
myofibrillar structure due to cooking by different studies. As heat solubilizes the connective tissue had leading 
to meat tenderization, while denaturation of myofibrillar proteins leads to meat toughening. Vittadini et al. 
(2005) studied cooking losses were mainly due to water and fat decreases. These losses depend on the mass 
transfer process during thermal treatment, which in turn is influenced by the characteristics of the cooking 
procedure (i.e. heating rate, final cooking temperature, etc.) and of the meat systems (i.e. moisture, fat, and 
protein composition size and shape). The protein content in the matrix has been described as a determinant 
factor for fat retention during cooking. Some authors have reported increased cooking loss as the fat content 
increases (Serrano et al., 2007). Therefore connective tissue proteins and actin were probably not denatured due 
to short time of heating in microwave treatment. On the other hand, in braising and roasting treatment collagen 
solubilization was more than microwave so it caused less compression in these two treatments. Moreover, shear 
force increased during cooking by all methods, so denaturation of myofibrillar proteins due to heating decreased 
tenderness in heated samples (Nikmaram et al., 2011). 

 
Expressible moisture: 

 
Measurement of expressible moisture in beef burger has been used to estimate the water holding capacity. 

Higher water holding capacity gives higher expressible moisture content and higher shear strength in muscle 
(Jonsson et al., 2001). Expressible moisture is a measure of free water in the cooking product and may be an 
indicator of purge to be expected in the packaged product (Boles and Shand, 2001). The expressible moisture 
showed significant (P˂0.05) correlation with textural properties, when measuring hardness with a flat ended 
probe; 50 mm in diameter. The results of expressible moisture were shown in Table 4a and 4b. The highest 
value of expressible moisture was raw beef burger and lowest value was deep fried at 190°C for 90 seconds. 
These results suggest that if water is present above a certain level in cooking method, the unbound water is 
released during cooking. Jonsson and others 2001 concluded in his review that fluctuations in the water content 
have a significant impact on the texture of meat. In conclusion the expressible moisture in different cooking 
methods is related to textural properties even though the expressible moisture content showed low variation 
between cooking method. Groenlund, Boles and Swan (2007) reported expressible moisture increased as cook 
yields increased. Therefore, other ingredients may be needed to reduce expressible moisture in highly extended 
meat products that are tumbled for short periods of time to maintain a texture closer to unprocessed product. 
More research is needed to determine the best way to manufacture roasts to maximize cook yield and minimize 
expressible moisture.  

 
 
 
 
 



2543 
J. Appl. Sci. Res., 9(4): 2538-2547, 2013 

 

Table 2a: Texture analyses of different cooking method Different letters (a, b, c) in the same column indicate significant differences 
(P˂0.05).  

Treatment 
Texture 

Hardness Springine
ss Cohesiveness Gumminess Chewiness 

Raw beef burger 3701.02 ± 195.63i 1.007 ± 
0.01a 0.38 ± 0.02j 1424.39 ± 126.39k 1433.81 ± 110.27k 

Superheat
ed Steam  
Roast/bak
e 

100°
c 

19 
minute 33828.57 ± 965.25ab 0.999 ± 

0.00b 
0.67 ± 
0.09abcdefg 

22570.43 ± 
2903.09abc 

22554.80 ± 
2937.75abc 

20 
minute 

28874.37 ± 
5018.70abcde 

1.000 ± 
0.00b 0.56 ± 0.02ghi 16131.78 ± 

3442.93cdefg 
16129.43 ± 
3457.85cdefg 

21 
minute 

29325.53 ± 
1886.50abcde 

0.999 ± 
0.00b 0.56 ± 0.03fghi 16536.29 ± 

1893.09bcdef 
16524.42 ± 
1939.83cdefg 

150°
c 

11 
minute 

23091.33 ± 
2518.83ef 

0.999 ± 
0.00b 0.58 ± 0.02efghi 13493.07 ± 

1976.34fghi 
13485.69 ± 
1988.96fghi 

12 
minute 

28958.13 ± 
3809.55abcde 

1.001 ± 
0.00b 

0.65 ± 
0.01bcdefgh 

18843.77 ± 
2650.99abcde 

18862.27 ± 
2679.81bcdef 

13 
minute 

34675.30 ± 
2633.46a 

0.999 ± 
0.00b 

0.62 ± 
0.03acdefgh 

21543.05 ± 
2402.84abcd 

21529.67 ± 
2375.57abcde 

200°
c 

7 
minute 

27747.47 ± 
791.54abcde 

1.000 ± 
0.00b 0.59 ± 0.01efghi 16332.03 ± 

445.52cdefg 
16325.94 ± 
474.42cdefg 

8 
minute 

17694.93 ± 
14567.04fg 

1.000 ± 
0.00b 

0.68 ± 
0.15abcdefg 

10637.26 ± 
8570.83ghi 

10643.03 ± 
8576.62ghi 

9 
minute 33900.93 ± 793.23ab 0.999 ± 

0.00b 
0.64 ± 
0.03bcdefgh 

21745.54 ± 
1536.72abcd 

21725.32 ± 
1551.69abcd 

250°
c 

5 
minute 

23004.23 ± 
2567.94ef 

0.999 ± 
0.00b 0.47 ± 0.02ij 10704.96 ± 

1020.47ghi 
10693.65 ± 
1009.73ghi 

6 
minute 

27326.03 ± 
825.60abcde 

0.999 ± 
0.00b 0.53 ± 0.05hi 14519.91 ± 

1710.85fgh 
14506.79 ± 
1733.02fgh 

7 
minute 

24478.53 ± 
2706.12bcdef 

1.001 ± 
0.00b 0.55 ± 0.03ghi 13527.26 ± 

1815.81fghi 
13538.46 ± 
1820.90fghi 

Superheated 
Steam  Grill 

4 
minute 

21324.07 ± 
2774.26ef 

0.999 ± 
0.00b 0.60 ± 0.04defgh 12714.81 ± 

1745.04fghi 
12706.71 ± 
1732.62fghi 

5 
minute 

24396.70 ± 
3536.92cdef 

1.000 ± 
0.00b 0.61 ± 0.01cdefgh 14844.89 ± 

2210.42efgh 
14843.59 ± 
2193.69efgh 

6 
minute 

23872.77 ± 
4131.53def 

1.000 ± 
0.00b 

0.65 ± 
0.06bcdefgh 

15372.62 ± 
2636.71defgh 

15373.48 ± 
2577.45defgh 

7 
minute 

12339.30 ± 
1533.96gh 

0.997 ± 
0.00b 0.76 ± 0.11ab 7169.43 ± 3550.03ijk 7147.00 ± 3538.04ijk 

 
Table 2b: Texture analysis of different cooking method 

Treatment Texture Analysis 
Hardness Springiness Cohesiveness Gumminess Chewiness 

Convection 
Grill 

4 minute 34334.80 ± 1865.65a 0.999 ± 
0.00b 

0.66 ± 
0.02bcdefgh 22636.12 ± 630.67abc 22619.80 ± 622.64abc 

5 minute 24644.40 ± 
1835.88bcdef 

1.000 ± 
0.00b 0.61 ± 0.02cdefgh 15080.95 ± 

1232.62efgh 
15078.81 ± 
1228.06defgh 

6 minute 33119.70 ± 
4609.95abcd 

0.999 ± 
0.00b 

0.66 ± 
0.02bcdefgh 

21831.25 ± 
3088.39abcd 

21804.08 ± 
3088.91abcd 

7 minute 33833.43 ±1995.64ab 1.000 ± 
0.00b 

0.68 ± 
0.01abcdefg 22869.04 ± 1284.08abc 22860.96 ± 

1252.22abc 
D
ee
p 
fr
y 
 

170 
°C 

1 minute 23435.30 ± 2082.43ef 0.998 ± 
0.00b 0.60 ± 0.05cdefgh 14130.08 ± 2036.06fgh 14108.67 ± 

2045.82fgh 
2 minute 34208.97 ± 3857.44a 1.000 ± 

0.00b 0.76 ± 0.18ab 26351.41 ± 8326.58a 26355.99 ± 8330.73a 

3 minute 17596.63 ± 742.66fg 0.999 ± 
0.00b 0.70 ± 0.16abcdef 12217.44 ± 2876.62fghi 12193.66 ± 

3812.26fghi 
180 
°C 

1 minute 23374.97 ± 3758.44ef 1.001 ± 
0.00b 0.61 ± 0.05cdefgh 14265.390 ± 

3364.01fgh 
14278.83 ± 
3391.19fgh 

90 second 33624.63 ± 2835.42abc 1.000 ± 
0.00b 0.72 ± 0.01abcde 24073.99 ± 1732.27ab 24067.73 ± 1719.61ab 

2 minute 12024.53 ± 4185.38gh 1.000 ± 
0.00b 0.73 ± 0.04abcd 8641.72 ± 2617.49hij 8639.22 ± 2623.81hij 

190 
°C 
 

30 second 22415.00 ± 3808.06ef 1.000 ± 
0.00b 0.61 ± 0.01cdefgh 13678.57 ± 2222.28fghi 13673.17 ± 

2190.75fghi 
1 minute 15690.70 ± 

16426.14fg 
1.001 ± 
0.00b 0.80 ± 012a 11483.62 ± 

10604.67ghi 
11473.72 ± 
10571.15ghi 

90 second 5503.57 ± 1568.24hi 0.997 ± 
0.00b 0.73 ± 003abcd 4014.94 ± 1036.90jk 4002.56 ± 1035.96jk 

Different letters (a, b, c) in the same column indicate significant differences (P ˂0.05).  
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Table 3a: Cooking loss of different cooking method 
Treatment Cooking Loss 
Superheated Steam  
Roast/bake 

100°C 19 minute 9.8428 ± 0.35i 
20 minute 12.9232 ± 4.14fghi 
21 minute 10.4507 ± 0.99hi 

150°C 11 minute 17.1073 ± 0.37defghi 
12 minute 20.5250 ±  1.37bcdefgh 
13 minute 18.7432 ± 1.02cdefghi 

200°C 7 minute 13.3923 ± 0.15fghi 
8 minute 16.7117 ± 0.82efghi 
9 minute 18.5141 ± 1.23cdefghi 

250°C 5 minute 9.5455 ±  0.79i 
6 minute 15.8205 ± 0.65efghi 
7 minute 16.2723 ± 0.79efghi 

Superheated Steam  Grill 4 minute 14.0439 ± 0.51fghi 
5 minute 19.1595 ± 1.29cdefghi 
6 minute 18.8539 ± 0.73cdefghi 
7 minute 18.5939 ± 1.91cdefghi 

Different letters (a, b, c) indicate significant differences (P˂0.05).  
 
Table 3b: Cooking loss of different cooking method 

 Treatment Cooking Loss 
Convection Grill 4 minute 12.5736 ±1.32ghi 

5 minute 22.5739 ± 10.68bcdefg 
6 minute 23.1551 ±  2.89abcdef 
7 minute 27.0475 ± 0.97abcd 

Deep fry 
 

170 °C 1 minute 19.2917 ± 0.80cdefghi 
2 minute 28.7737 ± 1.84abc 
3 minute 32.8092 ± 3.15a 

180 °C 1 minute 28.0158 ± 18.18abc 
90 second 25.0364 ± 1.37abcde 
2 minute 27.7825 ± 1.98abc 

190 °C 
 

30 second 13.7435 ± 4.26fghi 
1 minute 30.4711 ± 16.97ab 
90 seconds 28.1816 ± 2.43abc 

Different letters (a, b, c) indicate significant differences (P ˂0.05).  
 
Table 4a: Expressible moisture of different cooking method 

Treatment Expressible moisture 
Raw beef burger 4.6448 ± 0.76a 
Superheated Steam 
Roast/bake 

100°C 19 minute 1.3250 ± 0.06bcdef 
20 minute 1.2350 ± 0.17bcdefg 
21 minute 1.0887 ±  0.18efg 

150°C 11 minute 1.4417 ± 0.15bcde 
12 minute 1.2383 ± 0.22bcdefg 
13 minute 1.2932 ± 0.09bcdef 

200°C 7 minute 1.0249 ± 0.17efg 
8 minute 1.1117 ± 0.13efg 
9 minute 1.0844 ± 0.13efg 

250°C 5 minute 1.1715 ± 0.22cdefg 
6 minute 0.9112 ± 0.04fg 
7 minute 0.9430 ± 0.03fg 

Superheated Steam  Grill 4 minute 1.2441 ± 0.10bcdefg 
5 minute 1.3194 ± 0.15bcdef 
6 minute 1.3675 ± 0.06bcdef 
7 minute 1.4679 ± 0.07bcde 

Different letters (a, b, c) indicate significant differences (P ˂0.05).  
 
Table 4b: Expressible moisture of different cooking method 

Treatment Expressible moisture 
Convection Grill 4 minute 1.4699 ± 0.12bcde 

5 minute 1.3129 ± 0.13bcdef 
6 minute 1.4744 ± 0.05bcde 
7 minute 1.3635 ± 0.10bcdef 

Deep fry 
 

170 °C 1 minute 1.3885 ± 0.12bcdef 
2 minute 1.6081 ± 0.12bcd 
3 minute 1.6669 ± 0.12b 

180 °C 1 minute 1.1682 ± 0.06cdefg 
90 second 1.6432 ± 0.63bcd 
2 minute 1.2469 ± 0.02 bcdefg 

190 °C 
 

30 second 1.2367 ± 0.17 bcdefg 
1 minute 1.1197 ± 0.07defg 
90 seconds 0.8024 ± 0.66g 

Different letters (a, b, c) indicate significant differences (P ˂0.05).  
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Total sterol content: 
 
Most sterols, including cholesterol and cholesterol oxides, are eliminated from the body through the bile 

secretions, even though it is not clear that cholesterol oxides share the same pathways for bile synthesis as 
cholesterol (Savage et al., 2002). The total sterols of raw and cooking beef by SS Oven are shown in Figure 1. 
Generally speaking, Superheated steam significantly (P<0.05) reduced the sterol levels. It is worth mentioning 
that the sterol content for beef burger in all cases due to SS grill was lowest and deep fried was highest. During 
frying, the heating medium may experience abusive conditions due to repeated exposure to oxygen at elevated 
temperature and these conditions might be responsible for the increase of sterol content. Kim(2000) indicated 
that both hydrogenated and deodorized soybean oil when heated in two identical compartments of the deep 
fryer, at 180°C for an extended period lost considerable quantity of the total sterols originally present. Also, 
Park and Addis (1986) found that the disappearance of cholesterol of tallow heated at 190°C proceeded faster 
than at 155°C presents the levels of acid value, peroxide number and total sterols of lipids obtained from fresh 
liver slices and the ones cooked conventionally and by microwaves. 

 

 
Fig. 1: The total sterols of raw and cooking beef by different mode of SS oven 

 
Sensory quality evaluation: 

 
The sensory attributes of a food are very important to overall acceptance (Kim, 2000). Cooking method 

affected all sensory attributes (Table 5). SS roast/bake at 100 °C and 150°C were significantly different 
(P˂0.05). SS grill beef burger had highest scores of percent acceptability and SS roast/bake at 100°C of beef 
burger were lowest scores of percent acceptability. From the results of the sensory analysis, this indicates that 
cooking method influenced color, aroma, taste, texture and after taste attributes on consumer acceptability. 
Nevertheless, our sensory data showed that there were significant differences in acceptability of beef burger 
difference cooking method. Troutt et al. (1992) reported that beef burger with 20% fat generally were more 
moist and juicy than other low fat beef burger had effected high percent acceptance from panelist. 
 
Conclusion: 

 
The highest hardness value was superheated steam roast/bake method at 150°C for 13 minute. The highest 

cohesiveness value was deep fried beef burgers at 190°C for 1 minute. The highest value of gumminess and 
chewiness were deep fried beef burgers at 170°C for 2 minute. The lowest value of hardness, cohesiveness, 
gumminess and chewiness were raw beef burgers. Springiness value of cook and uncooked were not 
significantly different. Cooking loss was highest for beef burgers that were deep fried beef burgers at 170°C for 
3 minute and lowest for beef burgers were the superheated steam roast/bake beef burgers 250°C for 5 minute. 
The highest value of expressible moisture was raw beef burgers and lowest value was deep fried beef burgers at 
190°C for 90 seconds. It is worth mentioning that the sterol content for beef burgers in all cases due to 
superheated steam grill was lowest and deep fried was highest. Superheated steam significantly reduced the 
sterol levels. Superheated steam grill beef burger had highest scores in percentage of acceptability and 
superheated steam roast/bake at 100 °C of beef burger had the lowest scores in percent of acceptability. 
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Table 5: Sensory attribute data for beef burger 
 Sensory Attributes Mean Score  
Treatment Color Aroma Taste Texture After Taste Overall Acceptabilit

y (%) 
Superheated 
Steam  
Roast/bake 

100 °C  
20 
minute 

5.60 ± 
1.84a 

5.10 ± 
1.97ab 

3.40 ± 
1.96c 

4.20 ± 1.75bc 3.10 ± 
1.97c 

3.60 ± 
1.78c 

41.7 

150 °C  
11 
minute 

6.40 ± 
2.22a 

5.70 ± 
1.89ab 

4.70 ± 
2.00b 

5.50 ± 0.97ab 4.50 ± 
2.17b 

5.40 ± 
1.43ab 

53.7 

200 °C  
8 minute 

6.30 ± 
1.25a 

6.30 ± 
1.77a 

6.50 ± 
1.35a 

6.70 ± 0.67a 6.20 ± 
0.92a 

6.50 ± 
1.18a 

64.2 

250 °C  
5 minute 

5.80 ± 
1.75ab 

6.10 ± 
0.88a 

5.50 ± 
1.18ab 

5.30 ± 1.77ab 5.30 ± 
2.11ab 

5.40 ± 
1.07ab 

55.7 

Superheated 
Steam Grill  

6 minute 6.50 ± 
1.51a 

6.50 ± 
1.18a 

7.20 ± 
0.92a 

6.50 ± 2.37a 6.10 ± 
1.91a 

7.30 ± 
0.95a 

66.8 

Convectional 
Grill 

7 minute 
 

6.40 ± 
0.84a 

6.20 ± 
1.03a 

6.90 ± 
1.10a 

7.20 ± 1.69a 6.20 ± 
1.62a 

6.70 ± 
1.16a 

66.0 

Deep fry  180 °C  
2 minute 

4.50 ±  
2.76b 

6.40 ± 
1.78a 

5.80 ± 
1.87ab 

5.20 ± 1.81ab 5.40 ± 
2.41ab 

5.10 ± 
1.85ab 

54.0 

Numbers in parentheses refer to standard deviation of 10 consumer responses. A 9-point hedonic scale was used (1= dislike extremely, 5= 
neither like nor dislike and 9 = like extremely) Mean values with common letters in the same column are not different (p˃  0.05) 
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