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Influence of superheated steam and deep frying cooking on the proximate, 
fatty acids, and amino acids composition of chicken sausage

Abstract

This study was performed to examine the effect of deep frying and Superheated steam (SHS) 
oven on the proximate composition, fatty acid composition, and amino acid composition of 
chicken sausage. The results showed that the moisture content statistically decreased after 
cooking. The protein content and total ash increased after cooking. The fat content showed 
insignificant reduction during SHS cooking, whereas the frying process showed significant 
increase in total fat content. The fatty acid composition was affected more by the frying process, 
which showed an increase in the proportions of SFA, PUFA, and the ratio of n-6/n-3 while the 
SHS cooking insignificantly affected the fatty acid composition. The amount of total amino 
acid showed significant increase after cooking. The present study provides possible application 
of SHS oven as a healthy technique for cooking food compared with the deep frying process.

Introduction

Chicken sausages, which are considered as very 
popular and highly consumed in many countries, are 
found to have a good source of polyunsaturated fatty 
acid (PUFA) compared to pork and beef sausages 
(Khaksar et al., 2010).  Normally, chicken sausage 
has to be cooked before being consumed as a chief 
palatable, digestible and safe product. Deep-frying is 
a popular and common method that is widely used in 
food preparation. It is a complicated process, because 
many factors are at work. Some of them rely on the 
process, while others on the type of fat and food used. 
During frying, water evaporates and the oil penetrates 
into the food and becomes an important ingredient of 
the fried food (Ramírez and Cava, 2005). In addition, 
undesirable changes might happen during frying such 
as thermal oxidation, losses in nutrients and essential 
fatty acids in which the unsaturated fatty acids are 
more subjected to oxidation than other fatty acids 
(Haak et al., 2007). Further, heat treatments result in 
decrease amino acid content through desulfuration, 
isomerization or deamination; reaction with 
methionine, lysine, and tryptophan that is considered 
as the highest amino acid  susceptible to deterioration 
during processing (Lisiewska et al., 2008). 

Recently, the partnership between diet and health 
has been extensively studied and increasing number 

of consumers has been encouraged to enhance their 
eating habits (Juárez et al., 2009). Most current dietary 
guidelines recommend that the daily consumption of 
amino acids should be about 93.5 mg/kg (Joint, 1985), 
and the total fat for individuals should be no more 
than 30% of the total calorie consumption. Saturated 
fat (SFA) should not be in excess of 10% of the total 
calorie intake (Nishida et al., 2004; Leosdottir et al., 
2005). It is necessary to establish recommendations 
for cooking the most common food using methods 
that will help consumers adhere to the nutritional 
recommendations. Thus, Superheated steam (SHS) 
may offer an alternative cooking method. SHS 
is generated from the addition of sensible heat to 
water, thus leading to increase in temperature over 
boiling point or saturation temperature at the given 
pressure (Abdulhammed et al., 2013). In contrast 
to saturated steam, a drop in temperature will not 
happen in condensation of the steam as long as 
the temperature is still higher than the saturation 
temperature at the processing pressure (Cenkowski 
et al., 2007). Various products have been processed 
with SHS such as sweet potato (Hatamipour et al.,  
2007), chicken meat (Nathakaranakule et al., 2007), 
potato chips (Kingcam et al., 2008), Asian noodles ( 
Pronyka, 2008), oat goat (Cenkowski et al., 2011), 
and pork slices (Sa-adchom et al. 2011). SHS offers 
advantages such as, an oxygen-free environment, 
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which lowers the percentage of oxidation and 
nutrient loss, improves thermal degradation due to the 
increase in heat transfer, improves energy efficiency 
and accelerates drying rate (Cenkowski et al., 2007; 
Somjai et al., 2009). 

 To the best of our knowledge, there was no 
literature report on the effect of SHS on fat, fatty 
acid composition, amino acid composition, and 
lipid oxidation in chicken sausage. This study was 
therefore, conducted to determine the impact of deep 
frying and SHS oven cooking on the total fat, fatty 
acid composition, and amino acids composition of 
chicken sausage.

Materials and Methods

Sample preparation and cooking 
Ready-to-cook commercial chicken cocktail 

sausage was supplied from a local hypermarket. 
The chicken cocktail sausage was packaged in 
polyethylene bags of 800g per pack and was 
transported directly to the laboratory. The chicken 
cocktail sausage was held under frozen conditions 
(-18 to -20°C) in a freezer until the cooking process. 
Each individually chicken cocktail sausage weighs 
approximately 11g, was cooked using the SHARP 
SHS oven (AX-1500 ) with temperatures : 150°C 
for 4.30 min. and deep frying – the sausage samples 
were placed in a wire mesh basket and immersed 
in palm oil in a deep fryer for 4.0 min at 150°C. 
After frying, the basket was shaken and the samples 
placed on absorbent paper towels. Heating treatments 
were considered complete when all the samples had 
reached an internal temperature of 70oC (Domínguez 
et al., 2014).

Proximate chemical composition
Moisture, protein, Fat and ash contents were 

determined in accordance with standard method of 
AOAC (2000).

Fatty acid composition
Fatty acid methyl ester FAME was prepared 

according to the method of Mondello et al. 
(2006).  The methyl esters were separated by gas 
chromatography (Shimadzu Scientific Inc., USA) 
with flame ionization detector (GC-FID).  A BPX 
70 (SGE, Australia) column consisting of a 30 m 
x 0.32 mm fused silica capillary coated with 70% 
cyanopropyl polysilphenylene-siloxane of 0.25 µm 
film thickness was used, with Helium as the carrier  
gas at constant linear velocity (28 cm/s). The injector 
temperature was 250°C and the detector temperature 
280°C. The oven was programmed as follows: 

80°C for 2 min, 5°C/min to 200°C for 10 min and 
10°C/min to 230°C for a further 10 min. Fatty acid 
were grouped as  follows : saturated  (SFA) ,mono 
(MUNA) and poly (PUFA) fatty acids.

Amino acids composition
Amino acids composition was determined in 

according to the method described by Jensen et al. 
(2014).

Statistical analysis
All the analyses were carried out in triplicate for 

each sample and the data analysis was carried out 
using ANOVA followed by post hoc analysis using 
Duncan multiple comparison analysis. All data were 
analyzed using SPSS (Statistical Package for Social 
Science) software version 17.0 (IBM Corporation, 
Armonk, New York 10504-1722, United States).

Results and Discussion

Proximate composition
The changes in moisture, protein, fat and ash 

contents of chicken sausage after cooking processes 
are shown in Table 1. The moisture content of the 
chicken sausage varied from 64.45% to 61.31%, 
showing a decrease after cooking. The higher 
reduction in moisture content was found in the 
deep frying sample. This was due to the high level 
of dehydration during frying compared with oven 
cooking (Weber et al., 2008). The protein content 
of the raw sample was about (13.46 mg/100 g) and 
it significantly increased to (14.28 mg/100 g), and 
(14.04 mg/100 g) for SHS and deep frying samples, 
respectively. This observation suggests that the 
protein nitrogen was not lost during heating. Total 
fat content shows that the raw sample (39.77%) 
exhibited insignificant (p< 0.05) reduction during 
SHS cooking (39.72%). Meanwhile, its value 
increased significantly during deep frying processing 
(44.81%), which is due to fat absorption from the 
frying oil  (Koubaa et al., 2012). The ash content of 
chicken sausage (2.34%) shows an increase in both 
SHS and deep frying cooking and the highest value 
was found during the deep frying process (2.72%). It 
has been reported that the increase in fat, protein and 
ash contents might be explained by the reduction in 
moisture content after heating treatment (Hosseini et 
al., 2014).

Fatty acid composition
Fatty acid compositions of chicken sausage before 

and after cooking are investigated in Table 2. The 
PUFA was dominated by linoleic acid (C 18: 2n-6) as 
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the most abundant omega-6 fatty acid and α- linoleic 
acid (C 18: 3n-3) as the most abundant omega-3 fatty 
acid. The SFA was dominated by palmitic acid (C 16: 
0) and stearic acid (C18: 0). Results showed that the 
SFA of the raw sample slightly decreased during SHS 
cooking. However, this reduction was insignificant 
(P<0.05). Similar findings were observed in the study 
of Hosseini et al. (2014). They noted that baking of 
kutum roach had no impact on total SFA. While, 
the deep frying sample showed significant (P>0.05) 
increase in SFA due to the increase in (C16:0) during 
frying, this might be attributed to the exchange in fatty 
acid during frying between the sample and the frying 
oil (Ramírez et al., 2005). The SHS and deep frying 
cooking did not affect the total MUFA of chicken 
sausage. Though C18:1 shows significant reduction 
during SHS cooking, it increased after frying. This 
increase may be related to the fatty acid composition 
of frying oil (Hosseini et al., 2014). Compared to the 
raw sample, the PUFA showed insignificant (p>0.05) 
reduction during SHS cooking. However, the deep 

frying process increased the proportion of the PUFA. 
This increase in PUFA related to the increase in the 
(C18:2 n-6) n-6 fatty acid. This could be explained 
by the oil uptake during frying, which could have 
affected the composition of the fatty acid of the fried 
sample. Weber et al. (2008) showed that frying in 
soy oil resulted in a higher increase of n-6 content 
compared with canola oil and hydrogenated vegetable 
oil due to the higher content of n-6 in soy oil. The 
n-3 fatty acid showed insignificant effect during SHS 
cooking. On the contrary, its value tends to decrease 
during the frying process. Ramírez et al. (2005) 
demonstrated microwave and baking cooking had no 
influence on the n-3 and n-6 fatty acid content. Weber 
et al. (2008) reported that frying in hydrogenated 
vegetable oil resulted in a significant reduction in the 
n-3 content. The changes in the fatty acid profile food 
during cooking are a consequence of the water loss 
and the thermal treatment caused by these processes. 
The fried samples showed great changes in the fatty 
acid profile when compared to the raw samples, 

Table 1.  Proximate composition (g/100 g, mean ± SD) of raw, SHS-cooked and deep 
fried-cooked chicken sausage

Within a column values with different letters are significantly different (p<0.05).

Table 2. Fatty acid contents (%, mean ± SD) of raw, SHS-cooked and deep fried-
cooked chicken sausage

Within a row values with different letters are significantly different (p<0.05).
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possibly due to simultaneous moisture loss and oil 
absorption occurring during processing. In addition, 
these changes mainly rely on the composition of the 
frying oil and were not identical for the different 
fatty acids because some of the fatty acids increased, 
while the others decreased (Garcıa-Arias et al., 
2003). Recently, nutritionists have concentrated on 
the ratio of ω-6/ω-3 for PUFA/ SFA in the human 
diet due to its risk factor in cancer and coronary heart 
disease. In accordance with WHO recommendations; 
the ω-6/ω-3 ratio should not be higher than 5:1 in 
the total human diet (Vujković et al., 1999). Further, 
the ratio of of PUFA/ SFA should be more than 0.45 
(HMSO, 1994). With reference to our results, it was 
found that the ratio of ω-6/ω-3 ranged from 6.41 in 
raw samples to 9.17 in fried samples. Thus, according 
to the ω-6/ω-3 ratio, SHS chicken sausage had better 
health properties compared to fried samples. The 
PUFA/ SFA ratio ranged from 0.58 to 0.62, which 
was over the minimum recommended value.

Amino acids composition
The composition of the amino acid in chicken 

sausage is represented in Table 3. The main amino 
acids were found to be leucine, phenylalanine, 
isoleucine, and alanine. Whereas, the less abundant 
amino ones were cystine and hydroxyproline. In this 
study, heat treatment resulted in significant (p< 0.05) 
changes in some amino acids. From raw to cooked 
samples, the significant changes were observed for 
aspartic acid, glutamic acid, histidine, arginine, 

threonine, and proline. 
It has been reported that the alteration in amino 

acid composition mainly rely on the processing 
treatments and the investigated species (Kmiecik 
et al., 2010). During heating, there were significant 
losses in hydroxyproline, histidine, arginine, glycine, 
and theornine. The losses in amino acid composition 
might be attributed to the denaturation of the protein 
and the Millard reaction that happened during 
heating treatment Lisiewska et al., 2008; Korus, 
2012). Wu and Mao (2008) reported that the histidine 
was lost during processing and confirmed that this 
amino acid is due to the heating treatment, and the 
losses in lysine could be attributed to the Millard 
reaction that occurred during processing. Lisiewska 
et al. (2008) mentioned that the destruction in amino 
acids composition could be attributed to the reaction 
between side chains of some protein-bound amino 
acids with each other or with other molecules present 
in the food. On the other hand, it could be seen from 
Table 3, that there were significant increases in the 
proportion of aspartic acid, glutamic acid, glycine, 
and valine after cooking. The increase in amino acid 
contents is a consequence of water loss during the 
heating process (Barampama and Simard, 1995). The 
total amino acid composition for the raw sample was 
about (90.52%) and exhibited a significant increase 
to about (92.69%) and (92.15%) for SHS and deep 
frying samples, respectively (Table 2). Similar 
findings were observed in the studies of Nurhan, 
(2007) and Wu and Mao, (2008) in which they found 

Table 3. Amino acid composition (%) of raw, SHS-cooked and deep fried-  cooked 
chicken sausages

Values in the same row followed by a different letter are significantly deferent (P < 0.05).
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that there was an increase in the total amino acids 
after processing and concluded that the heating 
process does not induce losses in the amino acids. 

Conclusion

The influence of SHS oven and deep frying 
cooking methods on the proximate composition, 
fatty acid composition, and amino acid composition 
were investigated. The results showed that there was 
a gradual decrease in moisture content after cooking. 
The protein and ash content exhibited a significant 
increase after cooking. The total fat content showed 
insignificant reduction during SHS cooking. 
However, the deep frying cooking process showed 
an increase in fat content due to the fat absorption, 
which has an adverse impact on health. The SFA, 
MUFA, and PFUA were marginally influenced by 
SHS cooking. However, the SFA and the PUFA were 
increased during the deep frying process; while it had 
no impact on the MUFA.  The deep frying increased 
the n-6 of PUFA that had a negative effect especially 
on the ratio of n-6/n-3. The amino acid composition 
significantly increased after treatment, but it showed 
insignificant difference between the SHS and deep 
frying processes. Finally, from the nutritional point 
of view it could be concluded that the application 
of SHS oven for cooking food had more beneficial 
properties. It had lower fat, SFA, and n-6/n-3 ratio 
that have a positive impact on health such as lowering 
serum cholesterol levels compared with deep frying 
cooking. Also, the SHS cooking could improve 
the amino acids content in the sample. The present 
study provides possible application of SHS oven as 
a healthy technique for cooking food compared with 
the deep frying process.

Acknowledgement

The authors acknowledge with gratitude the 
support given by school of industrial technology, 
University Sains Malaysia (USM).

References

Abdulhameed, A. A., Zzaman, W. and Yang, T. A. 
2014. Application of superheated steam in sample 
preparation (chicken sausage) for determination of 
total fat, fatty acid and lipid oxidation. Food Science 
and Technology 2(3): 27-33.

AOAC. 2000. Official Methods of Analysis, 17th 
ed. Association of Official Analytical Chemists 
International. Gaithersburg, Maryland.

Baggio, S. R. and ragagnolo, N. 2006. The effect of heat 
treatment on the cholesterol oxides, cholesterol, 

total lipid and fatty acid contents of processed meat 
products. Food Chemistry 95(4): 611-619.

Barampama,  Z. and Simard, R. E. 1995. Effects of 
soaking, cooking and fermentation on composition, 
in-vitro starch digestibility and nutritive value of 
common beans. Plant Foods for Human Nutrition  
48(4): 349-365.

 Pronyka, C.,  Muira, E. and Lukowb, O. 2008. Optimum 
Processing Conditions of Instant Asian Noodles in 
SHS Drying technology 26(2): 204-210.

Cenkowski, S., Pronyk, C., Zmidzinska, D. and Muir, 
W. E. 2007. Decontamination of food products with 
Superheated Steam. Journal of Food Engineering 
83(1): 68-75.

Domínguez, R., Gómez, M., Fonseca, S. and Lorenzo, J. M. 
2014. Influence of thermal treatmen t on formation of 
volatile compounds, cooking loss and lipid oxidation 
in foal meat. LWT-Food Science and Technology 58: 
439- 445.

Garcıa-Arias, M., Alvarez Pontes, E., Garcıa-Linares, M., 
Garcıa-Fernández, M. and Sánchez-Muniz, F. 2003. 
Grilling of sardine fillets. Effects of frozen and thawed 
modality on their protein quality. LWT-Food Science 
and Technology 36(8):763-769.

Haak, L., Sioen, I., Raes, K., Camp, J. V. and Smet, S. D. 
2007. Effect of pan-frying in different culinary fats on 
the fatty acid profile of pork. Food Chemistry 102(3): 
857-864.

Hatamipour, M. S., Hadji Kazemi, H., Nooralivand, A. 
and Nozarpoor, A. 2007. Drying Characteristics of Six 
Varieties of Sweet Potatoes in Different Dryers. Food 
and Bioproducts Processing 85(3): 171-177.

Head, D., Cenkowski, S., Arntfield, S. and Henderson, 
K. 2011. Storage stability of oat groats processed 
commercially and with Superheated Steam. LWT - 
Food Science and Technology 44(1): 261-268.

HMSO. 1994. Nutritional aspects of cardiovascular 
disease (report on health and social subjects No. 46), 
London: HMSO.

Hosseini, H., Mahmoudzadeh, M., Rezaei, M., 
Mahmoudzadeh, L., Khaksar, R., Khosroshahi, N. K. 
and Babakhani, A. 2014. Effect of different cooking 
methods on minerals, vitamins and nutritional quality 
indices of kutum roach(Rutilus frisii kutum). Food 
Chemistry 148: 86-91.

Jensen, I.-J., Dort, J. and Eilertsen, K.-E. 2014. Proximate 
composition, antihypertensive and antioxidative 
properties of the semimembranosus muscle from pork 
and beef after cooking and in vitro digestion. Meat 
science  96(2): 916-921.

Joint, F. 1985. Energy and Protein Requirements: Report 
of a Joint FAO/WHO/UNU Expert Consultation. 
World Health Organization.

Juárez, M., Marco, A., Brunton, N., Lynch, B., Troy, D. 
J. and Mullen, A. M. 2009. Cooking effect on fatty 
acid profile of pork breakfast sausages enriched in 
conjugated linoleic acid by dietary supplementation 
or direct addition. Food Chemistry 117(3): 393-397.

Khaksar, R. M., Hosseini, H., Taslimi,  A.  Ramezani, A., 
Amiri, Z. and Sabzevari, A. 2010. Comparison of lipid 



1313  Asmaa, A. A. and Tajul, A.Y./IFRJ 24(3): 1308-1313

changes in chicken frankfurters made by soybean 
and canola oils during storage. Iranian Journal of 
Veterinary Research  11(2): 154-163.

Kingcam, R., Devahastin, S. and Chiewchan, N. 2008.  
Effect of  starch retrogradation on texture of potato 
chips produced by low-pressure superheated steam 
drying. Journal of Food Engineering 89(1): 72-79.

Kmiecik, W., SŁUPSKI, J.and Lisiewska, Z. 2010. 
Comparison of amino acid content and protein quality 
in raw broccoli and in broccoli after technological and 
culinary processing. Journal of Food Processing and 
Preservation  34(2) : 639-652.

Korus, A. 2012. Effect of technological processing and 
preservation method on amino acid content and 
protein quality in kale (Brassica oleracea L. var. 
acephala) leaves. Journal of the Science of Food and 
Agriculture 92(3): 618-625.

Koubaa, A., Mihoubi, N. B., Abdelmouleh, A. and 
Bouain, A. 2012. Comparison of the effects of four 
cooking methods on fatty acid profiles and nutritional 
composition of red mullet (Mullus barbatus) muscle. 
Food Science and Biotechnology 2(5): 1243-1250.

Leosdottir, M., Nilsson, P., Nilsson, J. Å., Månsson, H. 
and Berglund, G. 2005. Dietary fat intake and early 
mortality patterns–data from The Malmö Diet and 
Cancer Study. Journal of internal medicine 258(2): 
153-165.

Lisiewska, Z., Kmiecik, W. and Korus, A. 2008. The amino 
acid composition of kale (Brassica oleracea L. var. 
acephala), fresh and after culinary and technological 
processing. Food Chemistry 108(2):642-648.

Mondello, L., Tranchida, P. Q., Dugo, P. and Dugo, G. 
2006. Rapid, micro-scale preparation and very fast 
gas chromatographic separation of cod liver oil fatty 
acid methyl esters. Journal of Pharmaceutical and 
Biomedical Analysis  41(5): 1566-1570.

Nathakaranakule, A., Kraiwanichkul, W. and 
Soponronnarit, S. 2007. Comparative study of different 
combined superheated-steam drying techniques for 
chicken meat. Journal of Food Engineering  80(4): 
1023-1030.

Naveena, B., Muthukumar, M., Muthulakshmi, L., 
Anjaneyulu, A. and Kondaiah, N. 2014. Effect of 
Different Cooking Methods on Lipid Oxidation and 
Microbial Quality of Vacuum-Packaged Emulsion 
Products from Chicken. Journal of Food Processing 
and Preservation 38(1): 39-47.

Nishida, C., Uauy, R., Kumanyika, S. and Shetty, P. 
2004. The joint WHO/FAO expert consultation on 
diet, nutrition and the prevention of chronic diseases: 
process, product and policy implications. Public 
health nutrition 7(1): 245-250.

Nurhan, U. 2007. Change in proximate, amino acid and 
fatty acid contents in muscle tissue of rainbow trout 
(Oncorhynchus mykiss) after cooking. International 
Journal of Food Science & Technology 42(9): 1087-
1093.

Ramírez, M. R. and Cava, R. 2005. Changes in colour, 
lipid oxidation and fatty acid composition of pork loin 
chops as affected by the type of culinary frying fat. 

LWT-Food Science and Technology 38(7): 726-734.
Somjai,T., Achariyaviriya, S., Achariyaviriya, A. and 

Namsanguan, K. 2009. Strategy for longan drying in 
two-stage superheated steam and hot air. Journal of 
Food Engineering 95(2): 313-321. 

Vujković, G., Karlović, Đ., Vujković, I., Vörösbaranyi, I. 
and Jovanović, B. 1999. Composition of muscle tissue 
lipids of silver carp and bighead carp. Journal of the 
American Oil Chemists’ Society 76(4):475-480.

Weber, J., Bochi, V. C., Ribeiro, C. P., Victório, A. d. M. 
and Emanuelli, T. 2008. Effect of different cooking 
methods on the oxidation, proximate and fatty acid 
composition of silver catfish (Rhamdia quelen) fillets. 
Food Chemistry 106(1): 140-146.

Wu, T., and Mao, L. 2008. Influences of hot air drying 
and microwave drying on nutritional and odorous 
properties of grass carp (Ctenopharyngodon idellus) 
fillets. Food Chemistry 110(3): 647-653.


