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In recent years, reduced-fat meat products have surged in popularity as they 

are healthier compared to meat products with animal fats. Animal fat gives 

good quality characteristics to meat products but it is associated with non-

communicable diseases. Structured oils made from emulsion gels have 

garnered interest in replacing animal fat. Thus, this study consisted of four 

objectives, which generally aimed to produce reduced-fat chicken products for 

different meat rigor conditions with developed emulsion gels as fat replacers. 

In the first objective, different types of animal fats such as chicken skin, beef 

fats and lamb fats were compared in terms of physicochemical, molecular and 

microstructural characteristics. The fatty acid compositions of chicken skin, 

beef and lamb fats ranging from 55.43 to 72.02% for saturated fatty acids. X-

ray diffraction (XRD) showed that chicken skin crystallised in a beta prime (β') 

polymorph while lamb and beef fat crystallised in an alpha (α) polymorph. 

Microscopic images showed that lamb and beef fats had a larger and more 
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heterogeneous structure compared to chicken skin which was evenly 

distributed. For the second objective, three systems were studied: emulsion 

gel A (EGA) and emulsion gel B (EGB), which promoted electrostatic 

interaction, and emulsion gel C (EGC), which did not. Smaller particle size 

(p<0.05) in EGA and EGB increased gel strength, hardness and oxidative 

stability. Smaller droplets would result in a better-aggregated network of three-

dimensional structures which leads to better physicochemical properties of the 

emulsion gels. Electrostatic protein-polysaccharide interactions were most 

enhanced by EGA, making it suitable for use for the third objective. Following 

this, the chicken meat emulsion properties of pre- and post-rigor using chicken 

skin and EGA as a fat replacer were determined. The findings showed that the 

EGA-replaced chicken emulsion had higher moisture and lower fat (p<0.05). 

EGA also reduced saturated fat in chicken emulsion from 68% to 34%. EGA-

replaced chicken emulsion had the smoothest surface regardless of rigor 

states, thus, indicating that the meat emulsion was well emulsified. The fourth 

objective indicated chicken sausage combined with EGA had a considerably 

(p<0.05) decreased fat content. This work established that the water holding 

capacity (WHC) of the chicken sausage with emulsion gel could mimic the 

WHC of chicken sausage with animal fat. This could be attributed to the 

presence of hydrocolloids present in the emulsion gel which could bind to 

water. Sensory analysis showed that panellists did not detect any significant 

differences (p>0.05) between the chicken sausage samples. Conclusively, the 

current study successfully demonstrated that the incorporation of EGA as fat 

replacers in chicken emulsion and sausage reduced fat content compared to 

the control sample while maintaining quality regardless of rigor conditions. This 
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study ascertained that the meat products developed could serve as a valuable 

resource for researchers and also contribute to the development of healthier 

meat products. Thus, it can be concluded that emulsion gel has the potential 

as a fat replacer in the production of reduced-fat meat products. 

 

Keywords: animal fat; emulsion gel; fat replacer; meat emulsion; rigor 
conditions; sausages 

SDG: GOAL 2: Good Health and Well-being 
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Dalam beberapa tahun kebelakangan ini, produk daging rendah lemak telah 

meningkat dalam populariti kerana mereka lebih sihat berbanding produk 

daging dengan lemak haiwan. Lemak haiwan memberikan ciri kualiti yang baik 

kepada produk daging tetapi ia dikaitkan dengan penyakit tidak berjangkit. 

Minyak berstruktur yang diperbuat daripada gel emulsi semakin mendapat 

perhatian untuk menggantikan lemak haiwan. Oleh itu, kajian ini mengandungi 

empat objektif, yang secara amnya bertujuan untuk menghasilkan produk 

ayam kurang lemak untuk pelbagai jenis keadaan daging dengan gel emulsi 

yang dibangunkan sebagai pengganti lemak. Dalam objektif pertama, pelbagai 

jenis lemak haiwan seperti kulit ayam, lemak lembu dan lemak kambing telah 

dibandingkan dari segi ciri kualiti fizikokimia, molekul dan mikrostruktur. 

Komposisi asid lemak kulit ayam, lemak lembu dan lemak kambing adalah 

antara 55.43 hingga 72.02% untuk asid lemak tepu. Pembelauan sinar-X 

(XRD) menunjukkan bahawa kulit ayam terhablur dalam polimorf beta prima 
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(β') manakala lemak kambing dan lemak lembu terhablur dalam polimorf alfa 

(α). Imej mikroskopik menunjukkan bahawa lemak kambing dan daging lembu 

mempunyai struktur yang lebih besar dan lebih heterogen berbanding kulit 

ayam yang diagihkan sama rata. Dalam objektif yang kedua, tiga sistem telah 

dikaji: gel emulsi A (EGA) dan gel emulsi B (EGB), yang menggalakkan 

interaksi elektrostatik, dan gel emulsi C (EGC), yang tidak menggalakkan. Saiz 

zarah yang lebih kecil (p<0.05) dalam EGA meningkatkan kekuatan gel, 

kekerasan, dan kestabilan oksidatif. Saiz zarah lebih kecil akan menghasilkan 

rangkaian terkumpul yang lebih baik bagi struktur tiga dimensi yang membawa 

kepada sifat kualiti fizikokimia gel emulsi yang lebih baik. Interaksi elektrostatik 

protein- polisakarida paling banyak dipertingkatkan oleh EGA, menjadikannya 

sesuai untuk digunakan  untuk objektif ketiga. Berikutan itu, sifat emulsi daging 

ayam sebelum dan selepas rigor menggunakan kulit ayam dan EGA sebagai 

pengganti lemak telah ditentukan. Dapatan kajian menunjukkan bahawa 

emulsi ayam yang digantikan dengan EGA mempunyai kelembapan yang 

lebih tinggi dan lemak yang lebih rendah (p<0.05). EGA juga mengurangkan 

lemak tepu dalam emulsi ayam daripada 68% kepada 34%. Emulsi ayam yang 

digantikan dengan EGA mempunyai permukaan yang paling licin tanpa 

mengira keadaan rigor, oleh itu, ia menunjukkan bahawa emulsi daging telah 

diemulsikan dengan baik. Objektif keempat menunjukkan sosej ayam yang 

digabungkan dengan EGA mempunyai kandungan lemak yang berkurangan 

dengan ketara (p<0.05). Kajian ini membuktikan bahawa kapasiti memegang 

air (WHC) sosej ayam dengan gel emulsi boleh menyamai WHC sosej ayam 

dengan lemak haiwan. Ini boleh dikaitkan dengan kehadiran hidrokoloid yang 

terdapat dalam gel emulsi yang boleh mengikat air. Analisis deria 
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menunjukkan ahli panel tidak dapat mengenal pasti sebarang perbezaan yang 

ketara (p>0.05) antara sampel sosej ayam. Secara kesimpulannya, kajian 

semasa berjaya menunjukkan bahawa penggabungan EGA sebagai 

pengganti lemak dalam emulsi ayam dan sosej mengurangkan kandungan 

lemak berbanding sampel kawalan sambil mengekalkan kualiti tanpa mengira 

keadaan rigor. Kajian ini memastikan bahawa produk daging yang dihasilkan 

boleh menjadi sumber yang berharga untuk penyelidik dan juga menyumbang 

kepada penghasilan produk daging yang lebih sihat. Oleh itu, dapat 

disimpulkan bahawa gel emulsi berpotensi sebagai pengganti lemak dalam 

penghasilan produk daging kurang lemak. 

 
Kata Kunci: emulsi daging; gel emulsi; keadaan rigor; lemak haiwan; 
pengganti lemak; sosej 

SDG: GOAL 2: Kesihatan Baik dan Kesejahteraan 
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CHAPTER 1 

 

INTRODUCTIONS AND RESEARCH OBJECTIVES 

1.1 Introduction 

Meat and meat products have always been among the most important goods 

of consumer shopping preferences due to their high nutritional value, which 

includes high-quality proteins, iron, zinc, selenium, and B-complex vitamins 

(Akhter et al., 2022). One of the most important elements in the  production of 

meat products is fat as it helps to improve emulsion stability, textural 

characteristics and sensory properties (Kim et al., 2021a; Rezaee and Aider, 

2023). Meat products, on the other hand, include a high concentration of 

saturated fatty acids, salt and additives, which are not compatible with a healthy 

diet (dos Santos et al., 2020a). The fat content of meat products may range from 

5% to 50%, with a notably higher percentage of saturated fatty acids (SFAs) 

than polyunsaturated fatty acids (PUFAs) (Grasso et al., 2014; Muguerza et 

al., 2004). The World Health Organization recommends reducing SFAs and 

increasing unsaturated fat consumption to prevent obesity, which is linked to 

chronic diseases like diabetes, heart disease, and high blood pressure (WHO, 

2007). Thus, reformulating meat products to make them healthier is a 

significant strategy, because they are  frequently perceived as unhealthy by 

consumers (Guo et al., 2022; Pintado et al., 2015). 

Consequently, the food industry is making considerable efforts to develop low-

fat foods to address the problem stated above (Wang  et al., 2023a). However, 
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compared to their full-fat counterparts, low-fat foods are inferior in terms of 

taste, texture, appearance and functionality (Rios et al., 2014). A great deal of 

study has been conducted on the lowering of fat content in meat products 

(Rezaee and Aider, 2023).  As a result, consumer acceptance of low-fat foods 

might be considerably increased with the proper development of fat replacers 

in meat products (Kew et al., 2020). Replacing animal fat with vegetable and 

marine oils, which are linked to a lower risk of numerous chronic diseases, is 

one of the most employed strategies used for this purpose (Munekata  et al., 

2017). However, the inclusion of liquid oil in meat products may have a negative 

impact on the technological and product quality characteristics of meat 

products (Bolumar et al., 2015). For instance, using liquid oils as a replacement 

for animal fat in meat products can increase hardness and decrease sensory 

acceptability (de Carvalho et al., 2020). Structuring oils creates lipid systems 

with a better fatty acid profile and solid-like characteristics, lowering fat content 

while retaining sensory acceptability (Pintado et al., 2015). Thus, there is an 

urgent need to shift towards a healthier source of fat such as emulsion gels for 

better physicochemical properties and healthier meat products. 

Emulsion gels (EGs) can exhibit a physical behaviour similar to that of fat in 

the functional characteristics of meat products because of their soft-solid 

texture (dos Santos et al., 2020a). EGs are soft-solid materials that can be 

created by dispersing emulsified droplets in  a continuous gel matrix or 

aggregating dispersed droplets in a particulate gel (Dickinson, 2012). These 

materials, mostly structured liquid oil contained in a three-dimensional gel 

matrix, improve meat product cooking yield, nutritional profile, and taste (Badar 
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et al., 2021). There are two steps involved in the preparation of emulsion  gel: 

1) emulsions are stabilized by emulsifiers to prepare a stable emulsion; and 2) 

emulsion gels are formed by gelation of the emulsion through heat treatment 

methods (Lin et al., 2020). However, studies are scarce on the processes by 

which emulsion gel mimics the functions of animal fats in meat products. 

Furthermore, the factors influencing  the animal fat-mimicking abilities of 

emulsion gel have not been well explored. 

Different gelling agents, such as hydrocolloids, have been used alone or in 

different combinations, giving the emulsion gels a variety of textures and 

structures (Paglarini et al., 2022). For instance, various kinds of emulsion gels 

made from different ingredients are being incorporated in meat products such 

as carrageenans (Heck et al., 2019), inulin, (de Souza Paglarini et al., 2021), 

chia mucilage (Câmara et al., 2021) and alginate (Kim et al., 2020c). In the 

food industry, the use of polysaccharides alone as structuring agents, 

stabilisers, or thickening agents in emulsion gels is well-established (Rezaee 

and Aider, 2023). Nevertheless, single-component-producing emulsion gels 

(such as proteins or polysaccharides) applied as fat replacers have not 

demonstrated outstanding fat simulation capability in the characteristics of the 

emulsion gels (Wang et al., 2023b). The functional properties of protein-

polysaccharide complexes and conjugates are enhanced in comparison to 

those of either component alone (Bascuas et al., 2021). Polysaccharides and 

proteins may broaden the application of emulsion structural agents and create 

fat replacers with better performance, availability, and nutrition (Pintado and 

Cofrades, 2020). Previous studies have found that the protein of the emulsion 
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interface interacting with polysaccharides in the continuous phase might 

increase the mechanical strength of emulsion gels (Dickinson, 2012). In 

addition, the formation of high-quality gel-based foods can be accomplished 

through the modification of polysaccharides or proteins using the applications of 

various technologies, such as biological, physical and/or chemical treatments 

(Li et al., 2022c). Therefore, it is crucial to determine the characteristics of the 

fat replacer before application into the food system. 

One of the key determinants of important eating quality of a meat product is 

the result of the intrinsic properties of the raw materials used (Purslow, 2014; 

Wrona et al., 2017). Due to the intricate nature of the matrix, determining the 

quality of products containing minced meat can be challenging. Consequently, 

meat emulsion is frequently used as a model to investigate the impact of 

various parameters on the quality of minced meat products (Zhao et al., 2019). 

Several biochemical processes, including rigor mortis, ageing, and 

deterioration of meat, take place after an animal is slaughtered (Ertbjerg and 

Puolanne, 2017). The main difference between aged meat and hot-fresh meat 

is that aged meat has undergone the entire process of rigor mortis, whereas 

rigor mortis has not occurred in hot-fresh meat (Wang et al., 2019a, Xiao et al., 

2020). Therefore, aged meat can be considered post-rigor, whereas hot-fresh 

meat can be considered pre-rigor (Li et al., 2022b). Several studies have 

demonstrated that pre- and post- rigor meat quality possesses distinct 

characteristics (Yan et al., 2022). Previous literature reported that protein 

solubility and emulsification are enhanced in pre-rigor beef, and the meat has 

higher water retention and nutritional value (Xiao et al., 2020). On the other 
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hand, tenderness and flavour are improved in post-rigor meat (Xiao et al., 

2020; Li et al., 2019a). Thus, it is of utmost importance to observe the 

characteristics of meat products processed with meat from different conditions. 

Understanding the qualitative characteristics of pre- and post-rigor meat is 

essential for improving meat products. However, there is a lack of 

understanding of how meat products made using pre- and post-rigor states of 

meat differ in physicochemical, texture and sensory characteristics. 

1.2 Problem Statements 

In the production of meat products, one of the main ingredients incorporated 

is fats. The incorporation of animal fats in meat products is commercially and 

technically important since it not only affects the physicochemical properties of 

the final product quality but also affects the sensory properties of the meat 

products. For instance, different qualities of animal fats affect the stability of 

sausage emulsions such hardness and they also have a crucial role in 

determining the qualities of sausages, including their juiciness, mouthfeel, 

texture, flavour, and energy content (Qi et al., 2020; Teye et al., 2006). 

Therefore, the characteristics of different types of animal fats i.e. lamb fat, beef 

fat and chicken skin are very crucial towards the development of meat 

products. Besides, the physicochemical characteristics of the animal fats can 

also be used as a reference to compare with the physicochemical 

characteristics of the developed fat replacer i.e. emulsion gel in the next 

chapter. 
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The development of an oil structuring method known as emulsion gel has 

gained a lot of attention as it is utilized as a fat replacer to replace animal fat 

in meat products. Nevertheless, the physical stability and textural properties of 

the emulsion gels were affected when the reformulation of these emulsion gels 

was applied as a single strategy (Khalesi et al., 2019). Simply using emulsion 

gels without any treatments to replace animal fat in meat products could also 

cause a decline in meat product quality such as lower levels of hardness. It is 

noteworthy to mention that emulsion gels composed solely of polysaccharides 

or proteins have considerable practical limitations, including inadequate 

emulsification, thermal stability and textural properties (Zhang et al., 2021). For 

instance, emulsion gels made by the combination of protein and 

polysaccharide enhanced both the emulsification of individual materials and 

the stability of emulsion gels (Dai et al., 2018). Therefore, several ingredients 

with suitable treatment and modification could be used in the reformulation of 

the emulsion gels to enhance the stability of the emulsion gels. 

Common meat emulsion mainly consists of animal fat and meat protein, where 

the emulsion is the basis of most meat products, namely sausages, burger 

patties, meatballs and nuggets. These meat products have been part of the diet 

in Malaysia, especially for children due to their convenience. The negative side 

is that the animal fat in these meat products can be correlated to health 

problems such as obesity and non-communicable diseases. Nevertheless, 

animal fat is so important to the characteristics of a stable emulsion, therefore, 

removing it completely from the meat emulsion system will lead to undesirable 

meat products such as dry, hard, shrunk and disintegrated products. For 
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instance, decreasing the amount of animal fats in a sausage directly leads to 

reduced textural characteristics, resulting in a less desirable product (Qi et al., 

2020). Fat replacers i.e. emulsion gels have been applied in meat emulsion to 

imitate the functions of animal fat. However, the emulsions produced are 

usually unstable and varied based on the types of fat replacers and conditions 

of meat used (pre- and post-rigor meat). For instance, the usage of pre and 

post rigor chicken meat emulsion affected the protein gelation of the final 

products (Choi et al., 2015). Overall, different sources of fat with different 

conditions of meat could lead to different meat emulsion attributes, however, 

the comparison in terms of quality and characteristics are yet to be tested 

scientifically. 

Chicken sausage is considered one of the most consumed meat products 

globally. However, the high amount of fats especially saturated fats (SFA) in 

chicken skin that is used as a source of animal fat in chicken sausage 

increases the risk of non-communicable diseases. For example, poultry skin 

exhibits the highest cholesterol content in comparison to poultry meat or 

poultry fat which is a significant contributor to coronary heart disease and 

arteriosclerosis (Milićević et al., 2014). Therefore, fat replacer i.e. emulsion gel 

is incorporated in chicken sausage as a source of fat. Besides, different 

conditions of meat (pre- and post-rigor) are used as a source of raw meat in 

the production of chicken sausage could give different characteristics towards 

the meat products. For example, the usage of different rigor conditions of raw 

meat leads to different textural properties of the meat products (Kim & Chin, 

2023). The use of fat replacers in meat products has been practised for many 
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years in some parts of the world, but no reports were found where different 

sources of fat were used with different conditions of meat. Therefore, it is 

important to study the potential of this fat replacer as a source of fat with 

different conditions of the meat as a means of providing scientific evidence.  

1.3 Research Objectives 
 
 

a) The overall aim of this current study was to foresight the use of 

emulsion gels as a fat replacer in meat products with different 

conditions of the raw meat ingredient. Therefore, the focus of the 

project was the development of emulsion gels to be used as a fat 

replacer for the production of reduced-fat meat products. 

b) Specifically, the objectives of the current study were: 

i. To investigate the molecular composition, physicochemical 

properties, and thermal behaviours of various animal fats, 

including lamb fat, beef fat, and chicken skin. 

ii. To develop emulsion gels using canola oil, modified corn 

starch, and gelatin through electrostatic interactions, and 

evaluate their molecular composition, physicochemical 

properties, and thermal behaviours. 

iii. To assess the physicochemical and microstructural properties 

of chicken meat emulsion under different rigor states, 

specifically pre- and post-rigor, using different fat sources 

(chicken skin or emulsion gel as a fat replacer). 
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iv. To examine the impact of emulsion gel as a fat replacer on the 

quality and sensory characteristics of chicken sausage, 

considering chicken meat at pre- and post-rigor states. 

 



© C
OPYRIG

HT U
PM

180  

REFERENCES 

Abbasi, E., Sarteshnizi, R. A., Gavlighi, H. A., Nikoo, M., Azizi, M. H., & 
Sadeghinejad, N. (2019). Effect of partial replacement of fat with added 
water and tragacanth gum (Astragalus gossypinus and Astragalus 
compactus) on the physicochemical, texture, oxidative stability, and 
sensory property of reduced fat emulsion type sausage. Meat Science, 
147, 135-143  

Abdurofi, I., Ismail, M. M., Kamal, H. A. W., & Gabdo, B. H. (2017). Economic 
analysis of broiler production in Peninsular Malaysia. International Food 
Research Journal, 24(2), 761. 

Acevedo, N. C., & Marangoni, A. G. (2010). Characterization of the nanoscale 
in triacylglycerol crystal networks. Crystal Growth & Design, 10(8), 3327-
3333. 

Acevedo, N. C., Peyronel, F., & Marangoni, A. G. (2011). Nanoscale structure 
intercrystalline interactions in fat crystal networks. Current Opinion in 
Colloid & Interface Science, 16(5), 374-383. 

Adewale, P., Dumont, M. J., & Ngadi, M. (2014). Rheological, thermal, and 
physicochemical characterization of animal fat wastes for use in biodiesel 
production. Energy Technology, 2(7), 634-642. 

Ahmad, R. S., Imran, A., & Hussain, M. B. (2018). Nutritional composition of 
meat. Meat Science and Nutrition, 61(10.5772), 61-75. 

Akhter, R., Masoodi, F. A., Wani, T. A., & Rather, S. A. (2022). Impact of 
microencapsulated natural antioxidants on the lipid profile and cholesterol 
oxidation of γ-irradiated meat emulsions. LWT - Food Science and 
Technology, 159, 113155. 

Akwetey, W. Y. (2012). Enhancing eating quality of pork patties through pre-
rigor processing. Journal of Animal Science Advances, 2, 771-776. 

Al Sazzad, M. A., Fabritius, M., Boström, P., Tarvainen, M., Kalpio, M., 
Linderborg, K. M., Kallio, H. & Yang, B. (2022). A novel UHPLC-ESI-
MS/MS method and automatic calculation software for regiospecific 
analysis of triacylglycerols in natural fats and oils. Analytica Chimica Acta, 
1210, 339887. 

Albano, K. M., & Nicoletti, V. R. (2018). Ultrasound impact on whey protein 
concentrate- pectin complexes and in the O/W emulsions with low oil 
soybean content stabilization. Ultrasonics Sonochemistry, 41, 562-571. 

Albano, K. M., Cavallieri, Â. L. F., & Nicoletti, V. R. (2019). Electrostatic 
interaction between proteins and polysaccharides: Physicochemical 
aspects and applications in emulsion stabilization. Food Reviews 
International, 35(1), 54-89. 



© C
OPYRIG

HT U
PM

181  

Alejandre, M., Astiasarán, I., Ansorena, D., & Barbut, S. (2019). Using canola 
oil hydrogels and organogels to reduce saturated animal fat in meat 
batters. Food Research International, 122, 129-136. 

Alejandre, M., Poyato, C., Ansorena, D., & Astiasarán, I. (2016). Linseed oil 
gelled emulsion: A successful fat replacer in dry fermented sausages. 
Meat Science, 121, 107-113. 

Alemán, A., González, F., Arancibia, M. Y., López-Caballero, M. E., Montero, 
P., & Gómez- Guillén, M. C. (2016). Comparative study between film and 
coating packaging based on shrimp concentrate obtained from marine 
industrial waste for fish sausage preservation. Food Control, 70, 325-332. 

Ali, S., Zhang, W., Rajput, N., Khan, M. A., Li, C. B., & Zhou, G. H. (2015). Effect 
of multiple freeze–thaw cycles on the quality of chicken breast meat. Food 
Chemistry, 173, 808- 814. 

Alina, A. R., Babji, A. S., & Affandi, S. (2009). Nutritional quality of palm fat 
substituted chicken nuggets. Nutrition & Food Science, 39(2), 181-188. 

Alvarez, C., Morán, L., Keenan, D. F., Mullen, A. M., & Delgado-Pando, G. 
(2019). Mechanical and biochemical methods for rigor measurement: 
Relationship with eating quality. Journal of Food Quality, 2019. 

Álvarez, D., & Barbut, S. (2013). Effect of inulin, β-glucan and their mixtures 
on emulsion stability, color and textural parameters of cooked meat 
batters. Meat Science, 94(3), 320 327. 

Álvarez-Rodríguez, J., Urrutia, O., Lobón, S., Ripoll, G., Bertolín, J. R., & Joy, 
M. (2022). Insights into the role of major bioactive dietary nutrients in lamb 
meat quality: A review. Journal of Animal Science and Biotechnology, 
13(1), 1-16. 

Amaral, A. B., Silva, M. V. D., & Lannes, S. C. D. S. (2018). Lipid oxidation in 
meat: mechanisms and protective factors–a review. Food Science and 
Technology, 38, 1-15. 

Amini Sarteshnizi, R., Hosseini, H., Mousavi Khaneghah, A., & Karimi, N. 
(2015). A review on application of hydrocolloids in meat and poultry 
products. International Food Research Journal, 22(3). 

Anklam, E. (2005). Food Chemistry. In H.-D. Belitz, W. Grosch, P. 
Schieberle (Ed.), Analytical and Bioanalytical Chemistry (pp. 10-11). 
Heidelberg: Springer Berlin. 

Ansari, A., Aghar, A., Shahid, M., & Tanweer, S. (2014). Use of Solar Drier 
Papapya Lather as a Fat Replacer in Cakes. Journal of Food Technology 
Research, 1(1), 27-44. 

AOAC (1995). Official methods of analysis of AOAC. Washington: 
Association of Official Analytical Chemists. 



© C
OPYRIG

HT U
PM

182  

Asghar, A., Samejima, K., Yasui, T., & Henrickson, R. L. (1985). Functionality 
of muscle proteins in gelation mechanisms of structured meat products. 
Critical Reviews in Food Science & Nutrition, 22(1), 27-106. 

Aslinah, L. N. F., Mat Yusoff, M., & Ismail-Fitry, M. R. (2018). Simultaneous 
use of adzuki beans (Vigna angularis) flour as meat extender and fat 
replacer in reduced-fat beef meatballs (bebola daging). Journal of Food 
Science and Technology, 55, 3241-3248. 

Asuming-Bediako, N., Jaspal, M. H., Hallett, K., Bayntun, J., Baker, A., & 
Sheard, P. R. (2014). Effects of replacing pork backfat with emulsified 
vegetable oil on fatty acid composition and quality of UK-style sausages. 
Meat Science, 96(1), 187-194. 

Asyrul-Izhar, A. B., Sarbon, N. M., & Ismail-Fitry, M. R. (2021). Effects of 
Mixing Duration and Raw Materials on the Physicochemical, 
Microstructural and Sensorial Properties of Sausages Prepared From 
Red Tilapia (Oreochromis sp.). Asian Fisheries Science, 34, 355-364. 

Augustyńska-Prejsnar, A., Ormian, M., & Sokołowicz, Z. (2018). 
Physicochemical and sensory properties of broiler chicken breast meat 
stored frozen and thawed using various methods. Journal of Food Quality, 
2018, 1-9. 

Azarikia, F., Abbasi, S., Scanlon, M. G., & McClements, D. J. (2017). Emulsion 
stability enhancement against environmental stresses using whey protein–
tragacanthin complex: Comparison of layer-by-layer and mixing methods. 
International Journal of Food Properties, 20(sup2), 2084-2095. 

Azaripour, A., & Abbasi, H. (2020). Effect of type and amount of modified corn 
starches on qualitative properties of low protein biscuits for 
phenylketonuria. Food Science & Nutrition, 8(1), 281-290. 

Aziz, N. S., Sofian-Seng, N. S., Yusop, S. M., Kasim, K. F., & Razali, N. S. M. 
(2018). Functionality of okra gum as a novel carbohydrate-based fat 
replacer in ice cream. Food Science and Technology Research, 24(3), 
519-530. 

Azlan, A., Unzil, N. A., & Sultana, S. (2021). Proximate composition analysis 
of chicken burgers from night market stalls and selected fast food 
restaurants. Food Research, 5(1), 471-477. 

Babić, J., Milićević, D., Vranić, D., Lukić, M., & Petrović, Z. (2014). The effect 
of season of transportation on the welfare of broilers and selected 
parameters of broiler meat quality. Tehnologija mesa, 55(1), 46-53. 

Badar, I. H., Li, Y., Liu, H., Chen, Q., Liu, Q., & Kong, B. (2023). Effect of 
vegetable oil hydrogel emulsion as a fat substitute on the 
physicochemical properties, fatty acid 



© C
OPYRIG

HT U
PM

183  

Badar, I. H., Liu, H., Chen, Q., Xia, X., & Kong, B. (2021). Future trends of 
processed meat products concerning perceived healthiness: A review. 
Comprehensive Reviews in Food Science and Food Safety, 20(5), 4739-
4778. 

Baéza, E., Guillier, L., & Petracci, M. (2021). Review: production factors 
affecting poultry carcass and meat quality attributes. Animals, 16, 100331. 

Baines, D., & Seal, R. (2012). Natural Food Additives, Ingredients and
 Flavourings. Cambridge: Woodhead Publishing. 

Baker, A. I., JE, A., & HS, H. (2012). Biochemical, microbial and sensory 
changes in lamb patties salted with partial replacement of NaCl and KCl 
during Storage. Journal of Animal Scientist, 1(2), 27-31. 

Bakhsh, A., Lee, S. J., Lee, E. Y., Hwang, Y. H., & Joo, S. T. (2021). 
Characteristics of beef patties substituted by different levels of textured 
vegetable protein and taste traits assessed by electronic tongue system. 
Foods, 10(11), 2811. 

Balan, P., Farouk, M. M., Stuart, A. D., Kemp, R., Staincliffe, M., Craige, C., & 
Kim, Y. H. (2019). Effects of electrical stimulation and pre rigor 
conditioning temperature on aging potential of hot boned beef M. 
longissimus lumborum. Animal Science Journal, 90(8), 1050-1059. 

Barbieri, G., & Rivaldi, P. (2008). The behaviour of the protein complex 
throughout the technological process in the production of cooked cold 
meats. Meat Science, 80(4), 1132-1137. 

Barbut, S. (2011). Saturated fat reduction in processed meat products. In 
G. Talbot (Eds.), Reducing Saturated Fats in Foods (pp. 210-233). 
Cambridge: Woodhead Publishing. 

Barbut, S. (2012). Convenience breaded poultry meat products–New 
developments. Trends in Food Science & Technology, 26(1), 14-20. 

Barbut, S. (2014). Automation and meat quality-global challenges. Meat 
Science, 96(1), 335- 345. 

Barbut, S. (2015). The Science of Poultry and Meat Processing. Canada: 
University of Guelph 

Barroeta, A. C. (2007). Nutritive value of poultry meat: relationship between 
vitamin E and PUFA. World's Poultry Science Journal, 63(2), 277-284. 

Bascuas, S., Morell, P., Hernando, I., & Quiles, A. (2021). Recent trends in oil 
structuring using hydrocolloids. Food Hydrocolloids, 118, 106612. 

Baune, M. C., Schroeder, S., Witte, F., Heinz, V., Bindrich, U., Weiss, J., & 
Terjung, N. (2021). Analysis of protein-network formation of different 
vegetable proteins during emulsification to produce solid fat substitutes. 
Journal of Food Measurement and Characterization, 15, 2399-2416. 



© C
OPYRIG

HT U
PM

184  

Berasategi, I., Navarro-Blasco, Í., Calvo, M. I., Cavero, R. Y., Astiasarán, I., & 
Ansorena, D. (2014). Healthy reduced-fat Bologna sausages enriched in 
ALA and DHA and stabilized with Melissa officinalis extract. Meat 
Science, 96(3), 1185-1190. 

Bi, C. H., Chi, S. Y., Zhou, T., Wang, X. Y., Zhang, J. Y., Huang, Z. G., & 
Gao, F. (2021). Characterization of a novel high internal phase Pickering 
emulsions stabilized by soy protein self-assembled gel particles. 
Frontiers in Nutrition, 8, 795396. 

Bi, W., Zhao, W., Li, D., Li, X., Yao, C., Zhu, Y., & Zhang, Y. (2016). Effect of 
resistant starch and inulin on the properties of imitation mozzarella 
cheese. International Journal of Food Properties, 19(1), 159-171. 

Bingham, S. A., Hughes, R., & Cross, A. J. (2002). Effect of white versus red 
meat on endogenous N-nitrosation in the human colon and further 
evidence of a dose response. The Journal of Nutrition, 132(11), 3522S-
3525S. 

Bolger, Z., Brunton, N. P., & Monahan, F. J. (2017). Effect of mode of addition 
of flaxseed oil on the quality characteristics of chicken sausage containing 
vitamin E and omega 3 fatty acids at levels to support a health claim. Food 
& Function, 8(10), 3563-3575. 

Bolumar, T., Toepfl, S., & Heinz, V. (2015). Fat reduction and replacement in 
dry-cured fermented sausage by using high pressure processing meat as 
fat replacer and olive oil. Polish Journal of Food and Nutrition Sciences, 
65(3), 175-182. 

Bonifer, L. B., & Froning, G. W. (1996). Chicken skin composition as affected 
by aqueous washing. Journal of Food Science, 61(5), 895-898. 

Bostami, A. B. M. R., Mun, H., & Yang, C. (2017). Breast and thigh meat 
chemical composition and fatty acid profile in broilers fed diet with dietary 
fat sources. Journal of Food Processing and Technology, 8(5), 1000672. 

Botella-Martinez, C., Gea-Quesada, A., Sayas-Barbera, E., Perez-Alvarez, J. 
A., Fernandez- Lopez, J., & Viuda-Martos, M. (2022). Improving the lipid 
profile of beef burgers added with chia oil (Salvia hispanica L.) or hemp 
oil (Cannabis sativa L.) gelled emulsions as partial animal fat replacers. 
LWT- Food Science and Technology, 161, 113416. 

Botella-Martínez, C., Viuda-Martos, M., Pérez-Álvarez, J. A., & Fernández-
López, J. (2021). Total and partial fat replacement by gelled emulsion 
(hemp oil and buckwheat flour) and its impact on the chemical, 
technological and sensory properties of frankfurters. Foods, 10(8), 1681. 

Bourne, M. (2002). Food texture and viscosity: concept and measurement. New 
York: Elsevier. 



© C
OPYRIG

HT U
PM

185  

Bourre, J. M. (2006). Effects of nutrients (in food) on the structure and function 
of the nervous system: update on dietary requirements for brain. Part 1: 
micronutrients. Journal Of Nutrition Health and Aging, 10(5), 377. 

Bowker, B., Hawkins, S., & Zhuang, H. (2014). Measurement of water-holding 
capacity in raw and freeze-dried broiler breast meat with visible and near-
infrared spectroscopy. Poultry Science, 93(7), 1834-1841. 

Braden, K. W. (2013). Converting muscle to meat: the physiology of rigor. The 
Science of Meat Quality, 79-97. 

Brewer, M. S. (2012). Reducing the fat content in ground beef without 
sacrificing quality: A review. Meat Science, 91(4), 385-395. 

Brito-Oliveira, T. C., Bispo, M., Moraes, I. C., Campanella, O. H., & Pinho, S. 
C. (2017). Stability of curcumin encapsulated in solid lipid microparticles 
incorporated in cold-set emulsion filled gels of soy protein isolate and 
xanthan gum. Food Research International, 102, 759-767. 

Bureš, D., Needham, T., Bartoň, L., Lebedová, N., Kotrba, R., Řehák, D., 
Kučerová, I., Klouček, P., & Hoffman, L. C. (2024). Consumer acceptance 
and quality of game meat “droëwors” sausages with different levels of 
added fat. Meat Science, 109424. 

Byers, F. M., Turner, N. D., & Russell Cross, H. (1993). Meat Products in A 
Low-Fat Diet. In A.M. Altschul (Eds.), Low-Calorie Foods Handbook (pp. 
343-344). New York: Marcel Dekker. 

Cabrera, M. C., & Saadoun, A. (2014). An overview of the nutritional value of 
beef and lamb meat from South America. Meat Science, 98(3), 435-444. 

Cáceres, E., García, M. L., & Selgas, M. D. (2008). Effect of pre-emulsified fish 
oil–as source of PUFA n− 3–on microstructure and sensory properties of 
mortadella, a Spanish bologna-type sausage. Meat Science, 80(2), 183-
193. 

Câmara, A. K. F. I., de Souza Paglarini, C., Vidal, V. A. S., Dos Santos, M., & 
Pollonio, M. A. R. (2020). Meat products as prebiotic food carrier. In 
Advances in Food and Nutrition Research, 94, 223-265. 

Câmara, A. K. F. I., Ozaki, M. M., Santos, M., Vidal, V. A. S., Ribeiro, W. O., 
de Souza Paglarini, C., Bernardinelli, O. D., Sabadini, E., & Pollonio, M. A. 
R. (2021). Olive oil- based emulsion gels containing chia (Salvia hispanica 
L.) mucilage delivering healthy claims to low-saturated fat Bologna 
sausages. Food Structure, 28, 100187. 

Canoğulları, S., Baylan, M., Bulancak, A., & Ayaşan, T. (2019). Differences in 
performance, carcass characteristics and meat quality between fast-and 
slow-growing broiler genotypes. Progress in Nutrition, 21, 558-65. 



© C
OPYRIG

HT U
PM

186  

Canti, M., Murdiati, A., & Naruki, S. (2021). Quality characteristics of chicken 
sausages using a combination of jack bean (Canavalia ensiformis L.) and 
soy protein isolate as a binder. Food Research, 5(3), 249-261. 

Cao, C., Xiao, Z., Tong, H., Tao, X., Gu, D., Wu, Y., Xu, Z., & Ge, C. (2021). 
Effect of ultrasound-assisted enzyme treatment on the quality of chicken 
breast meat. Food and Bioproducts Processing, 125, 193-203. 

Carse, W. A., & Locker, R. H. (1974). A survey of pH values at the surface of 
beef and lamb carcasses, stored in a chiller. Journal of the Science of 
Food and Agriculture, 25(12), 1529-1535. 

Carvalho Barros, J., Munekata, P. E., de Carvalho, F. A. L., Pateiro, M., Barba, 
F. J., Domínguez, R., Trindade, M. A., & Lorenzo, J. M. (2020). Use of 
tiger nut (Cyperus esculentus L.) oil emulsion as animal fat replacement 
in beef burgers. Foods, 9(1), 44. 

Carvalho, R. H., Ida, E. I., Madruga, M. S., Martínez, S. L., Shimokomaki, M., 
& Estévez, M. (2017). Underlying connections between the redox system 
imbalance, protein oxidation and impaired quality traits in pale, soft and 
exudative (PSE) poultry meat. Food Chemistry, 215, 129-137. 

Chantrapornchai, W., Clydesdale, F., & McClements, D. J. (1999). Influence 
of droplet characteristics on the optical properties of colored oil-in-water 
emulsions. Colloids and Surfaces A: Physicochemical and Engineering 
Aspects, 155(2-3), 373-382. 

Charoen, R., Jangchud, A., Jangchud, K., Harnsilawat, T., Decker, E. A., & 
McClements, D. J. (2012). Influence of interfacial composition on 
oxidative stability of oil-in-water emulsions stabilized by biopolymer 
emulsifiers. Food Chemistry, 131(4), 1340-1346. 

Chavan, R. S.; Khedkar, C. D.; Bhatt, S. (2016) Fat Replacer. In Caballero, B., 
Finglas, P., Toldrá, F., (Ed.), The Encyclopedia of Food and Health (pp. 
589-595). London: Academic Press 

Chen, L., Wang, P., Kang, Z. L., Li, K., Xie, C., Sun, J. X., & Xu, X. L. (2015). 
Effect of soybean oil emulsified and unemulsified with chicken plasma 
protein on the physicochemical properties of frankfurters. CyTA-Journal 
of Food, 13(3), 445-455. 

Chen, X., Tume, R. K., Xu, X., & Zhou, G. (2017). Solubilization of myofibrillar 
proteins in water or low ionic strength media: Classical techniques, basic 
principles, and novel functionalities. Critical Reviews in Food Science and 
Nutrition, 57(15), 3260-3280. 

Chen, Y., She, Y., Zhang, R., Wang, J., Zhang, X., & Gou, X. (2020). Use of 
starch based fat replacers in foods as a strategy to reduce dietary intake 
of fat and risk of metabolic diseases. Food Science & Nutrition, 8(1), 16-
22. 



© C
OPYRIG

HT U
PM

187  

Cheng, Q., & Sun, D. W. (2008). Factors affecting the water holding capacity 
of red meat products: A review of recent research advances. Critical 
Reviews in Food Science And Nutrition, 48(2), 137-159. 

Chia, S. Y., Tanga, C. M., Van Loon, J. J., & Dicke, M. (2019). Insects for 
sustainable animal feed: inclusive business models involving smallholder 
farmers. Current Opinion in Environmental Sustainability, 41, 23-30. 

Choe, J. H., Kim, H. Y., Lee, J. M., Kim, Y. J., & Kim, C. J. (2013). Quality of 
frankfurter- type sausages with added pig skin and wheat fiber mixture as 
fat replacers. Meat Science, 93(4), 849-854. 

Choe, J., & Kim, H. Y. (2019). Quality characteristics of reduced fat emulsion-
type chicken sausages using chicken skin and wheat fiber mixture as fat 
replacer. Poultry Science, 98(6), 2662-2669. 

Choi, J. H., Kim, I., Jeong, J. Y., Lee, E. S., Choi, Y. S., & Kim, C. J. (2009a). 
Effects of carcass processing method and curing condition on quality 
characteristics of ground chicken breasts. Food Science of Animal 
Resources, 29(3), 356-363. 

Choi, Y. S., Choi, J. H., Han, D. J., Kim, H. Y., Lee, M. A., Jeong, J. Y., Chung, 
H. J., & Kim, C. J. (2010a). Effects of replacing pork back fat with 
vegetable oils and rice bran fiber on the quality of reduced-fat frankfurters. 
Meat Science, 84(3), 557-563. 

Choi, Y. S., Choi, J. H., Han, D. J., Kim, H. Y., Lee, M. A., Kim, H. W., Jeong, 
J. Y., & Kim, C. J. (2009b). Characteristics of low-fat meat emulsion 
systems with pork fat replaced by vegetable oils and rice bran fiber. Meat 
Science, 82(2), 266-271. 

Choi, Y. S., Choi, J. H., Han, D. J., Kim, H. Y., Lee, M. A., Kim, H. W., Lee, J. 
W., Chung, H. J., & Kim, C. J. (2010b). Optimization of replacing pork 
back fat with grape seed oil and rice bran fiber for reduced-fat meat 
emulsion systems. Meat Science, 84(1), 212- 218. 

Choi, Y. S., Choi, J. H., Han, D. J., Kim, H. Y., Lee, M. A., Kim, H. W., Jeong, 
J. Y., & Kim, C. J. (2011). Effects of rice bran fiber on heat-induced gel 
prepared with pork salt- soluble meat proteins in model system. Meat 
Science, 88(1), 59-66. 

Choi, Y. S., Han, D. J., Choi, J. H., Hwang, K. E., Song, D. H., Kim, H. W., Kim, 
Y. B., & Kim, C. J. (2016). Effect of chicken skin on the quality 
characteristics of semi-dried restructured jerky. Poultry Science, 95(5), 
1198-1204. 

Choi, Y. S., Kim, H. W., Hwang, K. E., Song, D. H., Jeong, T. J., Jeon, K. H., 
Kim, Y. B., & Kim, C. J. (2015). Combined effects of presalted prerigor 
and postrigor batter mixtures on chicken breast gelation. Poultry Science, 
94(4), 758-765. 



© C
OPYRIG

HT U
PM

188  

Cittadini, A., Munekata, P. E., Pateiro, M., Sarriés, M. V., Domínguez, R., & 
Lorenzo, J. M. (2021). Physicochemical composition and nutritional 
properties of foal burgers enhanced with healthy oil emulsion hydrogels. 
International Journal of Food Science & Technology, 56(12), 6182-6191. 

Claussen, C. M., McElroy, B. R., Wilson, B. T., Boetel, D. J., Chu, H. Y., & 
Hollenbeck, J. J. 567 (2017). U.S. Patent No. 9,687,013. Washington, DC: 
U.S. Patent and Trademark Office. 

Coates, W. (2011). Protein content, oil content and fatty acid profiles as 
potential criteria to determine the origin of commercially grown chia 
(Salvia hispanica L.). Industrial Crops and Products, 34(2), 1366-1371. 

Coggins, P. C. (2012). Attributes of muscle foods: Color, texture, flavor. 
Handbook of Meat, Poultry and Seafood Quality, 35-44. 

Colmenero, F. J., Carballo, J., & Solas, M. T. (1995). The effect of use of 
freeze thawed pork on the properties of Bologna sausages with two fat 
levels. International Journal of Food Science & Technology, 30(3), 335-
345. 

Colomer Sellas, M., de Souza, D. L., Vila-Martí, A., & Torres-Moreno, M. 
(2021). Effect of pork back-fat reduction and substitution with texturized 
pea protein on acceptability and sensory characteristics of dry fermented 
sausages. CyTA-Journal of Food, 19(1), 429-439. 

Coon, F. P., Calkins, C. R., & Mandigo, R. W. (1983). Pre and post rigor 
sectioned and formed beef steaks manufactured with different salt levels, 
mixing times and tempering times. Journal of Food Science, 48(6), 1731-
1734. 

Coorey, R., Tjoe, A., & Jayasena, V. (2014). Gelling properties of chia seed and 
flour. Journal of Food Science, 79(5), E859-E866. 

Corzo, A., Kidd, M. T., Dozier, W. A., Shack, L. A., & Burgess, S. C. (2006). 
Protein expression of pectoralis major muscle in chickens in response to 
dietary methionine status. British Journal of Nutrition, 95(4), 703-708. 

Cui, X., Saleh, A. S., Yang, S., Wang, N., Wang, P., Zhu, M., & Xiao, Z. (2023). 
Oleogels as animal fat and shortening replacers: Research advances and 
application challenges. Food Reviews International, 39(8), 5233-5254. 

da Silva Araújo, Í. B., Da Silva, F. A. P., Santos, M. M. F., & do Nascimento 
Alves, R. (2021). Recovery and application of bioactive proteins from 
poultry by-products. In R. Bhat (Eds.), Valorization of Agri-Food Wastes 
and By-Products (pp. 497-514). London: Academic Press. 

Dahimi, O., Rahim, A. A., Abdulkarim, S. M., Hassan, M. S., Hashari, S. B. Z., 
Mashitoh, A. S., & Saadi, S. (2014). Multivariate statistical analysis 
treatment of DSC thermal properties for animal fat adulteration. Food 
Chemistry, 158, 132-138. 



© C
OPYRIG

HT U
PM

189  

Dai, L., Sun, C., Wei, Y., Mao, L., & Gao, Y. (2018). Characterization of 
Pickering emulsion gels stabilized by zein/gum arabic complex colloidal 
nanoparticles. Food Hydrocolloids, 74, 239-248. 

Daniel, J. R. (2010). Advances in Development of Fat Replacers and Low-Fat 
Products. In Passos, M.L., Ribeiro, C.P., (Eds.), Innovation in Food 
Engineering: New Techniques and Products (pp. 660-670). Boca Raton: 
CRC Press. 

Dara, P. K., Geetha, A., Mohanty, U., Raghavankutty, M., Mathew, S., 
Nagarajarao, R. C., & Rangasamy, A. (2021). Extraction and 
characterization of myofibrillar proteins from different meat sources: a 
comparative study. Journal of Bioresources and Bioproducts, 6(4), 367-
378. 

Das, A. K., Anjaneyulu, A. S. R., Thomas, R., & Kondaiah, N. (2009). Effect of 
different fats on the quality of goat meat patties incorporated with full fat 
soy paste. Journal of Muscle Foods, 20(1), 37-53. 

de Avila Souza, M. A., Shimokomaki, M., Terra, N. N., & Petracci, M. (2022). 
Oxidative changes in cooled and cooked pale, soft, exudative (PSE) 
chicken meat. Food Chemistry, 385, 132471. 

de Carvalho, F. A. L., Munekata, P. E., Pateiro, M., Campagnol, P. C., 
Domínguez, R., Trindade, M. A., & Lorenzo, J. M. (2020). Effect of 
replacing backfat with vegetable oils during the shelf-life of cooked lamb 
sausages. LWT - Food Science and Technology, 122, 109052. 

De Graef, V., Vereecken, J., Smith, K. W., Bhaggan, K., & Dewettinck, K. 
(2012). Effect of TAG composition on the solid fat content profile, 
microstructure, and hardness of model fat blends with identical saturated 
fatty acid content. European Journal of Lipid Science and Technology, 
114(5), 592-601. 

de Moraes, M. C., & Cunha, R. L. (2013). Gelation property and water holding 
capacity of heat-treated collagen at different temperature and pH values. 
Food Research International, 50(1), 213-223. 

de Oliveira Faria, M., Cipriano, T. M., da Cruz, A. G., Dos Santos, B. A., 
Pollonio, M. A. R., & Campagnol, P. C. B. (2015). Properties of bologna-
type sausages with pork back-fat replaced with pork skin and amorphous 
cellulose. Meat Science, 104, 44-51. 

de Souza Paglarini, C., de Figueiredo Furtado, G., Biachi, J. P., Vidal, V. A. 
S., Martini, S., Forte, M. B. S., Cunha, R. L., & Pollonio, M. A. R. (2018). 
Functional emulsion gels with potential application in meat products. 
Journal of Food Engineering, 222, 29-37. 

de Souza Paglarini, C., de Figueiredo Furtado, G., Honorio, A. R., Mokarzel, L., 
da Silva Vidal, V. A., Ribeiro, A. P. B., Cunha, R. L., & Pollonio, M. A. R. 
(2019a). Functional emulsion gels as pork back fat replacers in Bologna 
sausage. Food Structure, 20, 100105. 



© C
OPYRIG

HT U
PM

190  

de Souza Paglarini, C., Martini, S., & Pollonio, M. A. R. (2019b). Using 
emulsion gels made with sonicated soy protein isolate dispersions to 
replace fat in frankfurters. LWT - Food Science and Technology, 99, 453-
459. 

de Souza Paglarini, C., Vidal, V. A., Ribeiro, W., Badan Ribeiro, A. P., 
Bernardinelli, O. D., Herrero, A. M., Ruiz-Capillas, C., Sabadini, E., & 
Rodrigues Pollonio, M. A. (2021). Using inulin based emulsion gels as fat 
substitute in salt reduced Bologna sausage. Journal of the Science of 
Food and Agriculture, 101(2), 505-517. 

Declerck, A., Nelis, V., Danthine, S., Dewettinck, K., & Van der Meeren, P. 
(2021). Characterisation of fat crystal polymorphism in cocoa butter by 
time-domain NMR and DSC deconvolution. Foods, 10(3), 520. 

Deepak, S. J., Gowda, C. C., Ravikumar, P., & Roopa, K. (2018). Effect of 
flaxseed flour on physio-chemical and sensory acceptability of chicken 
nuggets. Journal of Animal Research, 8(1), 67-72. 

Devi, A., & Khatkar, B. S. (2016). Physicochemical, rheological and functional 
properties of fats and oils in relation to cookie quality: a review. Journal of 
Food Science and Technology, 53, 3633-3641. 

Devi, A., & Khatkar, B. S. (2017). Thermo-physical properties of fats and oils. 
International Journal of Engineering and Technical Research, 7, 45. 

Devine, C., Wells, R., Lowe, T., & Waller, J. (2014). Pre-rigor temperature and 
the relationship between lamb tenderisation, free water production, bound 
water and dry matter. Meat Science, 96(1), 321-326. 

Dickinson, E. (2011). Double emulsions stabilized by food biopolymers. Food 
Biophysics, 6(1), 1-11. 

Dickinson, E. (2012). Emulsion gels: The structuring of soft solids with protein-
stabilized oil droplets. Food Hydrocolloids, 28(1), 224-241. 

Dickinson, E. (2013). Stabilising emulsion based colloidal structures with 
mixed food ingredients. Journal of the Science of Food and Agriculture, 
93(4), 710-721. 

Dickinson, E. (2017). Biopolymer-based particles as stabilizing agents for 
emulsions and foams. Food Hydrocolloids, 68, 219-231. 

Dinh, T. T., To, K. V., & Schilling, M. W. (2021). Fatty acid composition of meat 
animals as flavor precursors. Meat and Muscle Biology, 5(1). 

Domínguez, R., Pateiro, M., Gagaoua, M., Barba, F. J., Zhang, W., & Lorenzo, 
J. M. (2019). A comprehensive review on lipid oxidation in meat and meat 
products. Antioxidants, 8(10), 429. 



© C
OPYRIG

HT U
PM

191  

Dong, M., Tian, H., Xu, Y., Han, M., & Xu, X. (2021). Effects of pulsed electric 
fields on the conformation and gelation properties of myofibrillar proteins 
isolated from pale, soft, exudative (PSE)-like chicken breast meat: A 
molecular dynamics study. Food Chemistry, 342, 128306. 

dos Santos, M., Munekata, P. E., Pateiro, M., Magalhães, G. C., Barretto, A. 
C. S., Lorenzo, J. M., & Pollonio, M. A. R. (2020). Pork skin-based 
emulsion gels as animal fat replacers in hot-dog style sausages. LWT - 
Food Science and Technology, 132, 109845. 

dos Santos, M., Ozaki, M. M., Ribeiro, W. O., de Souza Paglarini, C., Vidal, V. 
A. S., Campagnol, P. C. B., & Pollonio, M. A. R. (2020). Emulsion gels 
based on pork skin and dietary fibers as animal fat replacers in meat 
emulsions: An adding value strategy to byproducts. LWT - Food Science 
and Technology, 120, 108895. 

Douaire, M., Di Bari, V., Norton, J. E., Sullo, A., Lillford, P., & Norton, I. T. 
(2014). Fat crystallisation at oil–water interfaces. Advances in Colloid and 
Interface Science, 203, 1-10. 

Doyle, E. (2004). Saturated fat and beef fat as related to human health. Food 
Research Institute, UW–Madison WI, 53706(5). 

Dreher, J., Blach, C., Terjung, N., Gibis, M., & Weiss, J. (2020a). Influence of 
protein content on plant-based emulsified and crosslinked fat crystal 
networks to mimic animal fat tissue. Food Hydrocolloids, 106, 105864. 

Dreher, J., Blach, C., Terjung, N., Gibis, M., & Weiss, J. (2020b). Formation 
and characterization of plant based emulsified and crosslinked fat crystal 
networks to mimic animal fat tissue. Journal of Food Science, 85(2), 421-
431. 

Duclos, M. J., Berri, C., & Le Bihan-Duval, E. (2007). Muscle growth and 
meat quality. Journal of Applied Poultry Research, 16(1), 107-112. 

Dyubele, N. L., Muchenje, V., Nkukwana, T. T., & Chimonyo, M. (2010). 
Consumer sensory characteristics of broiler and indigenous chicken meat: 
A South African example. Food Quality and Preference, 21(7), 815-819. 

El-Anany, A. M., Ali, R. F., & Elanany, A. M. (2020). Nutritional and quality 
characteristics of chicken nuggets incorporated with different levels of 
frozen white cauliflower. Italian Journal of Food Science, 32(1). 

Enthira, P. T., Yusnita, H., Azizulyadi, Y., Asma’, A., & J., S. N. (2022). 
Conceptual Paper: Malaysian youth’s perception and consumption 
behaviour of roasted chicken products towards a better quality of life. 
Food Research, 6(6), 249–256.  

Erçelebi, E. A., & Ibanoğlu, E. (2009). Rheological properties of whey protein 
isolate stabilized emulsions with pectin and guar gum. European Food 
Research and Technology, 229, 281-286. 



© C
OPYRIG

HT U
PM

192  

Ertbjerg, P., & Puolanne, E. (2017). Muscle structure, sarcomere length and 
influences on meat quality: A review. Meat Science, 132, 139-152. 

Eshag Osman, M. F., Mohamed, A. A., Alamri, M. S., Ahmed, I. A. M., Hussain, 
S., Ibraheem, M. I., & Qasem, A. A. (2021). Quality characteristics of beef 
patties prepared with octenyl-succinylated (Osan) starch. Foods, 10(6), 
1157. 

Espert, M., Hernández, M. J., Sanz, T., & Salvador, A. (2022). Rheological 
properties of emulsion templated oleogels based on xanthan gum and 
different structuring agents. Current Research in Food Science, 5, 564-
570. 

European Parliament. (2006). Regulation 1924/2006 of the European 
Parliament and of the council of 20 December 2006 on nutrition and health 
claims made on foods. Official Journal European Union, L12, 3–8. OJ. 

Eyiler Yilmaz, E., Vural, H., & Jafarzadeh Yadigari, R. (2017). Thermal, 
microscopic, and quality properties of low-fat frankfurters and emulsions 
produced by addition of different hydrocolloids. International Journal of 
Food Properties, 20(9), 1987-2002. 

Fallah Delavar, M., & Farmani, J. (2018). Recovery and characterization of 
enzymatic protein hydrolyzates and fat from chicken skin. Journal of the 
American Oil Chemists' Society, 95(9), 1151-1161. 

Faridah, M. R., Yusoff, M. M., Rozzamri, A., Ibadullah, W. Z. W., Hairi, A. N. 
A., Daud, N. H. A., Huda, N., & Ismail-Fitry, M. R. (2023). Effect of palm-
based shortenings of various melting ranges as animal fat replacers on 
the physicochemical properties and emulsion stability of chicken meat 
emulsion. Foods, 12(3), 597. 

Farjami, T., & Madadlou, A. (2019). An overview on preparation of emulsion-
filled gels and emulsion particulate gels. Trends in Food Science & 
Technology, 86, 85-94. 

Farouk, M. M., & Swan, J. E. (1997). Effect of pH at time of salting on the 
functional properties of pre-rigor beef. Meat Science, 45(4), 463-472. 

Fauzi, S. H. M., Abd Rashid, N., & Omar, Z. (2013). Effects of chemical 
interesterification on the physicochemical, microstructural and thermal 
properties of palm stearin, palm kernel oil and soybean oil blends. Food 
Chemistry, 137(1-4), 8-17. 

Feiner, G. (2006). Meat Products Handbook: Practical Science and 
Technology. Cambridge: Woodhead Publishing. 

Feiner, G. (2016). Meat and Fat. Salami: Practical Science and Processing 
Technology.London: Academic Press. 



© C
OPYRIG

HT U
PM

193  

Felisberto, M. H. F., Galvão, M. T. E. L., Picone, C. S. F., Cunha, R. L., & 
Pollonio, M. A. R. (2015). Effect of prebiotic ingredients on the rheological 
properties and microstructure of reduced-sodium and low-fat meat 
emulsions. LWT-Food Science and Technology, 60(1), 148-155. 

Ferro, A. C., de Souza Paglarini, C., Pollonio, M. A. R., & Cunha, R. L. (2021). 
Glyceryl monostearate-based oleogels as a new fat substitute in meat 
emulsion. Meat Science, 174, 108424. 

Fontes-Candia, C., Martínez-Sanz, M., Gómez-Cortés, P., Calvo, M. V., 
Verdú, S., Grau, R., & López-Rubio, A. (2023). Polysaccharide-based 
emulsion gels as fat replacers in Frankfurter sausages: Physicochemical, 
nutritional and sensorial evaluation. LWT- Food Science and Technology, 
180, 114705. 

Food Act 1983 and Food Regulations 1985 (Act281) (2014). International Law 
Book Services. Kuala Lumpur: MDC Publishers SDN BHD 

Franco, D., Martins, A. J., López Pedrouso, M., Cerqueira, M. A., Purriños, L., 
Pastrana, L. M., Vicente, A. A., Zapata, C., & Lorenzo, J. M. (2020). 
Evaluation of linseed oil oleogels to partially replace pork backfat in 
fermented sausages. Journal of the Science of Food and Agriculture, 
100(1), 218-224. 

Freire, M., Cofrades, S., Pérez-Jiménez, J., Gómez-Estaca, J., Jiménez-
Colmenero, F., & Bou, R. (2018). Emulsion gels containing n-3 fatty acids 
and condensed tannins designed as functional fat replacers. Food 
Research International, 113, 465-473. 

French, M. A., Sundram, K., & Clandinin, M. T. (2002). Cholesterolaemic effect 
of palmitic acid in relation to other dietary fatty acids. Asia Pacific Journal 
of Clinical Nutrition, 11, S401-S407. 

Gabdukaeva, L. Z., Gumerov, T. Y., Nurgalieva, A. R., & Abdullina, L. V. 
(2021). Current trends in the development of functional meat products to 
improve the nutritional status of the population. In IOP Conference Series: 
Earth and Environmental Science (Vol. 624, No. 1, p. 012196). IOP 
Publishing. 

Ganie, T. A., Rather, S. A., Wani, H. M., Gani, A., Masoodi, F. A., & Wani, I. A. 
(2015). Physicochemical and functional properties of chicken meat protein 
isolate. Advances in Biomedicine and Pharmacy, 2, 50-55. 

Gao, X. Q., Zhang, W. G., & Zhou, G. H. (2015). Emulsion stability, thermo
rheology and quality characteristics of ground pork patties prepared with 
soy protein isolate and carrageenan. Journal of the Science of Food and 
Agriculture, 95(14), 2832-2837. 

Gao, X., Zhang, W., & Zhou, G. (2014). Effects of glutinous rice flour on the 
physiochemical and sensory qualities of ground pork patties. LWT-Food 
Science and Technology, 58(1), 135-141. 



© C
OPYRIG

HT U
PM

194  

Gaudino, N. (2018). Development of lecithin-based oleogels and oleogel 
emulsions with stearic acid capable of enhancing probiotic viability and 
delaying oxidation [Doctoral dissertation]. Iowa State University, Ames. 

Ge, Y., Zhang, D., Zhang, H., Li, X., Fang, F., Liang, C., & Wang, Z. (2021). 
Effect of postmortem phases on lamb meat quality: A physicochemical, 
microstructural and water mobility approach. Food Science of Animal 
Resources, 41(5), 802. 

Geng, X., Zhao, Y., Zhao, N., Zhu, Q., & Zhang, M. (2023). Quality 
characteristics and gastrointestinal fate of low fat emulsified sausage 
formulated with konjac glucomannan/oat β-glucan composite hydrogel. 
International Journal of Biological Macromolecules, 239, 124251. 

Ghosh, A. K., & Bandyopadhyay, P. (2012). Polysaccharide-protein 
interactions and their relevance in food colloids. The Complex World of 
Polysaccharides, 14, 395-406. 

Gibbs, R. A., Rymer, C., & Givens, D. I. (2013). Fatty acid composition of 
cooked chicken meat and chicken meat products as influenced by price 
range at retail. Food Chemistry, 138(2-3), 1749-1756. 

Gläser, K. R., Wenk, C., & Scheeder, M. R. (2004). Evaluation of pork backfat
 firmness and lard consistency using several different physicochemical
 methods. Journal of the Science of Food and Agriculture, 84(8), 853-
862. 

Glisic, M., Baltic, M., Glisic, M., Trbovic, D., Jokanovic, M., Parunovic, N., 
Dimitrijevic, M., Suvajdzic, B., Boskovic, M., & Vasilev, D. (2019). Inulin
based emulsion filled gel as a fat replacer in prebiotic and PUFA enriched 
dry fermented sausages. International Journal of Food Science & 
Technology, 54(3), 787-797. 

Glorieux, S., Steen, L., De Brabanter, J., Foubert, I., & Fraeye, I. (2018). Effect 
of meat type, animal fatty acid composition, and isothermal temperature 
on the viscoelastic properties of meat batters. Journal of Food Science, 
83(6), 1596-1604.  

Godfray, H. C. J., Aveyard, P., Garnett, T., Hall, J. W., Key, T. J., Lorimer, J., 
Pierrehumbert, R. T., Scarborough, P., Springmann, M., & Jebb, S. A. 
(2018). Meat consumption, health, and the environment. Science, 
361(6399), eaam5324. 

Gómez-Guillén, M. C., Giménez, B., López-Caballero, M. A., & Montero, 
M. P. (2011). Functional and bioactive properties of collagen and gelatin 
from alternative sources: A review. Food Hydrocolloids, 25(8), 1813-
1827. 

Gong, S. L., Yang, Y. S., Shen, H., Wang, X. Y., Guo, H. P., & Bai, L. (2011). 
Meat handling practices in households of Mainland China. Food Control, 
22(5), 749-755. 



© C
OPYRIG

HT U
PM

195  

Grasso, S., Brunton, N. P., Lyng, J. G., Lalor, F., & Monahan, F. J. (2014). 
Healthy processed meat products–Regulatory, reformulation and 
consumer challenges. Trends in Food Science & Technology, 39(1), 4-
17. 

Green, A. S., & Fascetti, A. J. (2016). Meeting the Vitamin A requirement: the 
efficacy and importance of β-carotene in animal species. The Scientific 
World Journal, 2016. 

Grossi, A., Olsen, K., Bolumar, T., Rinnan, Å., Øgendal, L. H., & Orlien, V. 
(2016). The effect of high pressure on the functional properties of pork 
myofibrillar proteins. Food Chemistry, 196, 1005-1015. 

Grundy, S. M. (1994). Influence of stearic acid on cholesterol metabolism 
relative to other long-chain fatty acids. The American Journal of Clinical 
Nutrition, 60(6), 986S 990S. 

Guedes Oliveira, J. M., Costa Lima, B. R., Oliveira, D., Neto, A., Deliza, R., 
Conte Junior, C. A., & Guimarães, C. F. M. (2019). Mixture design 
approach for the development of reduced fat lamb patties with 
carboxymethyl cellulose and inulin. Food Science & Nutrition, 7(4), 1328-
1336. 

Guo, J., Cui, L., & Meng, Z. (2022). Oleogels/emulsion gels as novel saturated 
fat replacers in meat products: A review. Food Hydrocolloids, 108313. 

Hakim, L. I., Isa, N. M. M., Tahir, S. M., & Ibitoye, E. B. (2020). Effect of halal 
and non-halal slaughtering methods on bacterial contamination of poultry 
meat. Sains Malaysiana, 49(8), 1947-1950. 

Hall, N., Schonfeldt, H. C., & Pretorius, B. (2016). Fatty acids in beef from 
grain-and grass-fed cattle: the unique South African scenario. South 
African Journal of Clinical Nutrition, 29(2), 55-62. 

Halwai, A. (2012). Replacement of saturated animal fats in meat products: A 
Review. Journal of Food Science and Technology Nepal, 7, 9-13. 

Hamm, R. (1977). Postmortem breakdown of ATP and glycogen in ground 
muscle: A review. Meat Science, 1(1), 15-39. 

Han, M., Clausen, M. P., Christensen, M., Vossen, E., Van Hecke, T., & 
Bertram, H. C. (2018). Enhancing the health potential of processed meat: 
The effect of chitosan or carboxymethyl cellulose enrichment on inherent 
microstructure, water mobility and oxidation in a meat-based food matrix. 
Food & Function, 9(7), 4017-4027. 

Hanula, M., Szpicer, A., Górska-Horczyczak, E., Khachatryan, G., 
Pogorzelska-Nowicka, E., & Poltorak, A. (2022). Quality of beef burgers 
formulated with fat substitute in a form of freeze-dried hydrogel enriched 
with açai oil. Molecules, 27(12), 3700. 



© C
OPYRIG

HT U
PM

196  

Hashemi, B., Assadpour, E., Zhang, F., & Jafari, S. M. (2023). A comparative 
study of the impacts of preparation techniques on the rheological and 
textural characteristics of emulsion gels (emulgels). Advances in Colloid 
and Interface Science, 103051. 

Haumann, B.F. (1998) Stearic acid: a ‘different’ saturated fatty acid. INFORM 
(American Oil Chemists’ Society) 9(3): 202-208. 

Heck, R. T., Lucas, B. N., Dos Santos, D. J. P., Pinton, M. B., Fagundes, M. 
B., de Araújo Etchepare, M., Cichoski, A. J., de Menezes, C. R., Barin, 
J. S., Wagner, R., & Campagnol, P. C. B. (2018). Oxidative stability of 
burgers containing chia oil microparticles enriched with rosemary by 
green-extraction techniques. Meat Science, 146, 147-153. 

Heck, R. T., Saldaña, E., Lorenzo, J. M., Correa, L. P., Fagundes, M. B., 
Cichoski, A. J., de Menezes, C. R., Wagner, R., & Campagnol, P. C. 
B. (2019). Hydrogelled emulsion from chia and linseed oils: A 
promising strategy to produce low-fat burgers with a healthier lipid 
profile. Meat Science, 156, 174-182. 

Henchion, M., Moloney, A. P., Hyland, J., Zimmermann, J., & McCarthy, S. 
(2021). Trends for meat, milk and egg consumption for the next decades 
and the role played by livestock systems in the global production of 
proteins. Animal, 15, 100287. 

Hernandez, E. M. (2016). Specialty oils: functional and nutraceutical 
properties. Functional Dietary Lipids, 69-101. 

Herrero, A. M., & Ruiz-Capillas, C. (2021). Structural and Technological 
Approach to Reveal the Role of the Lipid Phase in the Formation of Soy 
Emulsion Gels with Chia Oil. Gels, 7(2), 48. 

Herrero, A. M., Carmona, P., Jiménez-Colmenero, F., & Ruiz-Capillas, C. 
(2014). Polysaccharide gels as oil bulking agents: Technological and 
structural properties. Food Hydrocolloids, 36, 374-381. 

Herrero, A. M., Carmona, P., Pintado, T., Jiménez-Colmenero, F., & Ruiz-
Capillas, C. (2012).  Lipid and protein structure analysis of frankfurters 
formulated with olive oil-in- water emulsion as animal fat replacer. Food 
Chemistry, 135(1), 133-139. 

Hocquette, J. F., Botreau, R., Picard, B., Jacquet, A., Pethick, D. W., & Scollan, 
N. D. (2012). Opportunities for predicting and manipulating beef 
quality. Meat Science, 92(3), 197-209. 

Honikel, K. O. (2004). Water-holding capacity of meat. In M.T. Pas, M.E. 
Everts, & H. P. Haagsman (Ed.), Muscle development of livestock 
animals: Physiology, genetics and meat quality (pp. 389-400). 
Wallingford: CABI Publishing. 



© C
OPYRIG

HT U
PM

197  

Hoogenkamp, H. (2011). Protein performance in emulsion stability. 
Fleischwirtschaft International: Journal for Meat Production and 
Meat Processing, (3), 54-59. 

Hrynets, Y., Omana, D. A., Xu, Y., & Betti, M. (2011). Comparative study on 
the effect of acid-and alkaline-aided extractions on mechanically 
separated turkey meat (MSTM): Chemical characteristics of 
recovered proteins. Process Biochemistry, 46(1), 335-343. 

Huang, L., Ren, Y., Li, H., Zhang, Q., Wang, Y., Cao, J., & Liu, X. (2022). Create 
fat substitute from soybean protein Isolate/konjac glucomannan: The 
impact of the protein and polysaccharide concentrations formulations. 
Frontiers in Nutrition, 9, 843832. 

Huang, Y., Li, A., Qiu, C., Teng, Y., & Wang, Y. (2017). Self-assembled 
colloidal complexes of polyphenol–gelatin and their stabilising effects on 
emulsions. Food & Function, 8(9), 3145-3154. 

Huda, N., Shen, Y. H., & Huey, Y. L. (2009). Proximate composition, colour, 
texture profile of Malaysian chicken balls. Pakistan Journal of Nutrition, 
8(10), 1555-1558. 

Huda, N., Shen, Y. H., Huey, Y. L., Ahmad, R., & Mardiah, A. (2010). Evaluation 
of physico- chemical properties of Malaysian commercial beef meatballs. 
American Journal of Food Technology, 5(1), 13-21. 

Huda, N., Wei, L. H., Jean, A. T., & Ismail, I. (2010). Physicochemical properties 
of Malaysian commercial chicken sausages. International Journal of 
Poultry Science, 9(10), 954- 958. 

Huff-Lonergan, E. (2010). Chemistry and Biochemistry of Meat. In F. Toldrá 
(Ed.), Handbook of Meat Processing (pp. 5–24). Iowa: Wiley-Blackwell. 

Huff-Lonergan, E., & Lonergan, S. M. (2005). Mechanisms of water-holding 
capacity of meat: The role of postmortem biochemical and structural 
changes. Meat Science, 71(1), 194-204. 

Hughes, E., Cofrades, S., & Troy, D. J. (1997). Effects of fat level, oat fibre and 
carrageenan on frankfurters formulated with 5, 12 and 30% fat. Meat 
Science, 45(3), 273-281. 

Hugo, A., & Roodt, E. (2007). Significance of porcine fat quality in meat 
technology: A review. Food Reviews International, 23(2), 175-198. 

Hunter, J. E., Zhang, J., & Kris-Etherton, P. M. (2010). Cardiovascular disease 
risk of dietary stearic acid compared with trans, other saturated, and 
unsaturated fatty acids: a systematic review. The American Journal of 
Clinical Nutrition, 91(1), 46-63. 



© C
OPYRIG

HT U
PM

198  

Hwang, Y. H., & Joo, S. T. (2017). Fatty acid profiles, meat quality, and sensory 
palatability of grain-fed and grass-fed beef from Hanwoo, American, and 
Australian crossbred cattle. Korean Journal for Food Science of Animal 
Resources, 37(2), 153. 

Ibrahim, N. H., Jin, O. J., Muhamad, N. J., & Ishak, W. R. (2019). 
Physicochemical properties and stability of Moringa oleifera seed oil-in-
water emulsions as affected by different types of polysaccharide and 
emulsifier. Malaysian Journal of Fundamental and Applied Sciences, 
15(2-1), 324-329. 

Intarasirisawat, R., Benjakul, S., Visessanguan, W., & Wu, J. (2014). Effects 
of skipjack roe protein hydrolysate on properties and oxidative stability of 
fish emulsion sausage. LWT-Food Science and Technology, 58(1), 280-
286. 

Ionescu, A., Aprodu, I., & Alexe, P. E. T. R. U. (2009). Tehnologii generale–
Tehnologie şi control în industria cărnii. Galaţi University Press, 123p. 

Islam, M. A., Haque, M. A., Ferdwsi, M. J., Ali, M. Y., & Hashem, M. A. (2018). 
Formulation of value added chicken meatball with different level of wheat 
flour. SAARC Journal of Agriculture, 16(1), 205-213. 

Islam, M., Bełkowska, L., Konieczny, P., Fornal, E., & Tomaszewska-Gras, J. 
(2022). Differential scanning calorimetry for authentication of edible fats 
and oils–What can we learn from the past to face the current challenges?. 
Journal of Food and Drug Analysis, 30(2), 185. 

Ismail, I., & Joo, S. T. (2017). Poultry meat quality in relation to muscle growth 
and muscle fiber characteristics. Korean Journal for Food Science of 
Animal Resources, 37(6), 873. 

Ismail, M. A., Chong, G. H., & Ismail-Fitry, M. R. (2021a). Comparison of the 
microstructural, physicochemical and sensorial properties of buffalo meat 
patties produced using bowl cutter, universal mixer and meat mixer. 
Journal of Food Science and Technology, 1-8. 

Ismail, N. A., Bakar, J., Sazili, A. Q., & Ismail-Fitry, M. R. (2021b). Effect of 
different levels of fat, sodium chloride, and sodium tripolyphosphate on 
the physicochemical and microstructure properties of Jamnapari goat 
meat emulsion modelling system. International Food Research Journal, 
28(5). 

IUPAC-IUB Commission on Biochemical Nomenclature. (1977). The 
nomenclature of lipids: Recommendations (1976). Lipids, 12(6), 455-468. 

J., & Kim, C. J. (2012). Effects of pre-rigor salting on the physicochemical and 
textural properties of ground duck breast muscle. Food Science of Animal 
Resources, 32(6), 756-762. 



© C
OPYRIG

HT U
PM

199  

Jacob, J., & Pescatore, A. J. (2021). Avian muscular system. Retrieved from 
https://poultry. extension. org/articles/poultry-anatomy/avian-muscular-
system/Accessed, 17. 

Jairath, G., Sharma, D. P., Dabur, R. S., Singh, P. K., & Bishnoi, S. (2018). 
Standardization of corn starch as a fat replacer in buffalo calf meat 
sausages and its effect on the quality attributes. Indian Journal of Animal 
Research, 52(10), 1521-1525. 

Jaturasitha, S., Kayan, A., & Wicke, M. (2008). Carcass and meat 
characteristics of male chickens between Thai indigenous compared with 
improved layer breeds and their crossbred. Archives Animal Breeding, 
51(3), 283-294. 

Jayawardana, B. C., Liyanage, R., Lalantha, N., Iddamalgoda, S., & 
Weththasinghe, P. (2015). Antioxidant and antimicrobial activity of 
drumstick (Moringa oleifera) leaves in herbal chicken sausages. LWT-
Food Science and Technology, 64(2), 1204-1208. 

Jeyarani, T., & Yella Reddy, S. (2003). Preparation of plastic fats with zero trans 
FA from palm oil. Journal of the American Oil Chemists' Society, 80, 1107-
1113. 

Jia, X., Hollung, K., Therkildsen, M., Hildrum, K. I., & Bendixen, E. (2006). 
Proteome analysis of early post mortem changes in two bovine muscle 
types: M. longissimus dorsi and M. semitendinosis. Proteomics, 6(3), 936-
944. 

Jiang, J., Chen, J., & Xiong, Y. L. (2009). Structural and emulsifying properties 
of soy protein isolate subjected to acid and alkaline pH-shifting processes. 
Journal of Agricultural and Food Chemistry, 57(16), 7576-7583. 

Jiang, S. T. (2019). Preparation of camellia oil-based W/O emulsions stabilized 
by tea polyphenol palmitate: Structuring camellia oil as a potential solid fat 
replacer. Food Chemistry, 276, 209-217. 

Jiang, S., Cao, C. A., Xia, X. F., Liu, Q., & Kong, B. H. (2019). Enhancement 
of the Textural and Gel Properties of Frankfurters by Adding Thermo
reversible or Thermo  irreversible Curdlan Gels. Journal of Food Science, 
84(5), 1068-1077. 

Jiang, Z. Q., Wang, J., Stoddard, F., Salovaara, H., & Sontag-Strohm, T. 
(2020). Preparation and characterization of emulsion gels from whole faba 
bean flour. Foods, 9(6), 755. 

Jiang, Z., & Bai, X. (2022). Effects of Polysaccharide Concentrations on the 
Formation and Physical Properties of Emulsion-Templated Oleogels. 
Molecules, 27(17), 5391. 

Jilo, S. A., & Hasan, L. A. (2022). The Importance of Poultry Meat in Medicine: 
A Review. Journal of World's Poultry Research, 12(4), 258-262. 



© C
OPYRIG

HT U
PM

200  

Jiménez-Colmenero, F., Cofrades, S., Herrero, A. M., Fernández-Martín, F., 
Rodríguez Salas, L., & Ruiz-Capillas, C. (2012). Konjac gel fat 
analogue for use in meat products: Comparison with pork fats. Food 
Hydrocolloids, 26(1), 63-72. 

Jiménez-Colmenero, F., Cofrades, S., López-López, I., Ruiz-Capillas, C., 
Pintado, T., & Solas, M. T. (2010). Technological and sensory 
characteristics of reduced/low-fat, low-salt frankfurters as affected by the 
addition of konjac and seaweed. Meat Science, 84(3), 356-363. 

Jimenez-Colmenero, F., Salcedo-Sandoval, L., Bou, R., Cofrades, S., Herrero, 
A. M., & Ruiz- Capillas, C. (2015). Novel applications of oil-structuring 
methods as a strategy to improve the fat content of meat products. Trends 
in Food Science & Technology, 44(2), 177-188. 

Jin, S. K., Ha, S. R., Hur, S. J., & Choi, J. S. (2016). Effect of the Ratio of Raw 
Material Components on the physico-chemical characteristics of emulsion-
type pork sausages. Asian-Australasian Journal of Animal Sciences, 
29(2), 263-270. 

Joo, S. T., Kauffman, R. G., Kim, B. C., & Park, G. B. (1999). The relationship of 
sarcoplasmic and myofibrillar protein solubility to colour and water-holding 
capacity in porcine longissimus muscle. Meat Science, 52(3), 291-297. 

Junkuszew, A., Nazar, P., Milerski, M., Margetin, M., Brodzki, P., & Bazewicz, 
K. (2020). Chemical composition and fatty acid content in lamb and adult 
sheep meat. Archives Animal Breeding, 63(2), 261-268. 

Kamani, M. H., Meera, M. S., Bhaskar, N., & Modi, V. K. (2019). Partial and 
total replacement of meat by plant-based proteins in chicken sausage: 
Evaluation of mechanical, physico-chemical and sensory characteristics. 
Journal Of Food Science And Technology, 56, 2660-2669. 

Kang, K. M., Lee, S. H., & Kim, H. Y. (2021). Quality properties of whole milk 
powder on chicken breast emulsion-type sausage. Journal of Animal 
Science and Technology, 63(2), 405. 

Karakök, S. G., Ozogul, Y., Saler, M., & Ozogul, F. (2010). Proximate analysis. 
Fatty acid profiles and mineral contents of meats: A comparative study. 
Journal of Muscle Foods, 21(2), 210-223. 

Kartikasari, L. R., Hertanto, B. S., & Nuhriawangsa, A. M. P. (2023). Omega-3 
profiles and chemical substances of chicken meat fed diets containing 
purslane (Portulaca oleraceae) meal rich in omega-3 fats. Food 
Research, 7(1), 35-41. 

Keenan, D. F., Desmond, E. M., Hayes, J. E., Kenny, T. A., & Kerry, J. P. 
(2010). The effect of hot-boning and reduced added phosphate on the 
processing and sensory properties of cured beef prepared from two 
forequarter muscles. Meat Science, 84(4), 691-698. 



© C
OPYRIG

HT U
PM

201  

Kemp, R. M., North, M. F., & Leath, S. R. (2009). Component heat capacities 
for lamb, beef and pork at elevated temperatures. Journal of Food 
Engineering, 92(3), 280-284. 

Kerth, C. R. (2013). Muscle structure and cytoskeletal proteins. The Science 
of Meat Quality, 49-64. 

Kew, B., Holmes, M., Stieger, M., & Sarkar, A. (2020). Review on fat 
replacement using protein-based microparticulated powders or microgels: 
A textural perspective. Trends in Food Science & Technology, 106, 457-
468. 

Khalesi, H., Emadzadeh, B., Kadkhodaee, R., & Fang, Y. (2019). Effect of 
Persian gum on whey protein concentrate cold-set emulsion gel: Structure 
and rheology study. International Journal of Biological Macromolecules, 
125, 17-26. 

Khalid, S. K., Ismail-Fitry, M. R., Yusoff, M. M., Halim, H. H., Jaafar, A. H., & 
Anuar, N. (2021). Different Maturities and Varieties of Coconut (Cocos 
nucifera L.) flesh as fat replacers in reduced fat meatballs. Sains 
Malaysiana, 50(8), 2219-2228. 

Kim, D. H., Kim, T. K., Kim, Y. B., Sung, J. M., Jang, Y., Shim, J. Y., Han, S. 
G., & Choi, Y. S. (2017). Effect of the duck skin on quality 
characteristics of duck hams. Korean Journal for Food Science of 
Animal Resources, 37(3), 360. 

Kim, G. D., Overholt, M. F., Lowell, J. E., Harsh, B. N., Klehm, B. J., Dilger, A. 
C., & Boler, D. D. (2018a). Evaluation of muscle fiber characteristics 
based on muscle fiber volume in porcine longissimus muscle in relation 
to pork quality. Meat and Muscle Biology, 2(1). 

Kim, G. H., & Chin, K. B. (2019). Quality characteristics of reduced-salt pork 
sausages using fresh and frozen pre-rigor muscle. Journal of the Korean 
Society of Food Science and Nutrition, 48, 1383-90. 

Kim, G. H., & Chin, K. B. (2022). Effects of different frozen temperatures of 
pork sausage batter on quality characteristics of reduced-salt sausages 
using pre-rigor muscle. Animal Bioscience, 35(8), 1270. 

Kim, G. H., & Chin, K. B. (2023). Evaluation of salt level and rigor status on the
 physicochemical and textural properties of low-fat pork sausages added 
with sea tangle extract using rapidly chilled pre-rigor pork ham. 
Animal Bioscience, 36(9), 1445. 

Kim, H. W., Choi, J. H., Choi, Y. S., Kim, H. Y., Han, D. J., Kim, T. H., Lee, S. 
K., & Kim, C. J. (2011). Effects of salt concentration in soybean sauce on 
the physicochemical properties of pre-rigor ground Hanwoo muscle. Food 
Science of Animal Resources, 31(3), 389-397. 



© C
OPYRIG

HT U
PM

202  

Kim, H. W., Hwang, K. E., Song, D. H., Kim, Y. J., Ham, Y. K., Yeo, E. J., Jeong, 
T. J., Choi, Y. S., & Kim, C. J. (2015). Effect of pre-rigor salting levels on 
physicochemical and textural properties of chicken breast muscles. 
Korean Journal for Food Science of Animal Resources, 35(5), 577. 

Kim, H. W., Yan, F. F., Hu, J. Y., Cheng, H. W., & Kim, Y. H. B. (2016). Effects 
of probiotics feeding on meat quality of chicken breast during postmortem 
storage. Poultry Science, 95(6), 1457-1464. 

Kim, H. Y., Kim, K. J., Lee, J. W., Kim, G. W., Choe, J. H., Kim, H. W., Yoon, 
Y., & Kim, C. J. (2015). Quality evaluation of chicken nugget formulated 
with various contents of chicken skin and wheat fiber mixture. Korean 
Journal for Food Science of Animal Resources, 35(1), 19. 

Kim, T. K., Ham, Y. K., Shin, D. M., Kim, H. W., Jang, H. W., Kim, Y. B., & 
Choi, Y. S. (2020a). Extraction of crude gelatin from duck skin: effects of 
heating methods on gelatin yield. Poultry Science, 99(1), 590-596. 

Kim, T. K., Hwang, K. E., Ham, Y. K., Kim, H. W., Paik, H. D., Kim, Y. B., & 
Choi, Y. S. (2020b). Interactions between raw meat irradiated by various 
kinds of ionizing radiation and transglutaminase treatment in meat 
emulsion systems. Radiation Physics And Chemistry, 166, 108452. 

Kim, T. K., Lee, M. H., Kim, S. M., Kim, M. J., Jung, S., Yong, H. I., & Choi, 
Y. S. (2021a). Physiochemical properties of reduced-fat duck meat 
emulsion systems: effects of preemulsification with vegetable oils and 
duck skin. Poultry Science, 100(2), 1291- 1298. 

Kim, T. K., Lee, M. H., Yong, H. I., Jang, H. W., Jung, S., & Choi, Y. S. (2021b). 
Impacts of fat types and myofibrillar protein on the rheological properties 
and thermal stability of meat emulsion systems. Food Chemistry, 
346, 128930. 

Kim, T. K., Yong, H. I., Jung, S., Kim, Y. B., & Choi, Y. S. (2020c). Effects of 
replacing pork fat with grape seed oil and gelatine/alginate for meat 
emulsions. Meat Science, 163, 108079. 

Kim, Y. H. B., Ma, D., Setyabrata, D., Farouk, M. M., Lonergan, S. M., Huff-
Lonergan, E., & Hunt, M. C. (2018b). Understanding postmortem 
biochemical processes and post- harvest aging factors to develop novel 
smart-aging strategies. Meat Science, 144, 74-90. 

Knight, T. W., Knowles, S., Death, A. F., West, J., Agnew, M., Morris, C. A., 
& Purchas, R. W. (2003). Factors affecting the variation in fatty acid 
concentrations in lean beef from grass fed cattle in New Zealand and the 
implications for human health. New Zealand Journal of Agricultural 
Research, 46(2), 83-95. 

Kong, W., Wang, L., Xu, H., & Liu, D. (2023). Effects of Lecithin/Sorbitol 
Monostearate- Canola Oil Oleogel as Animal Fat Replacer on the Fatty 
Acid Composition and Physicochemical Properties of Lamb Sausage. 
Journal of Food Processing and Preservation, 2023. 



© C
OPYRIG

HT U
PM

203  

Kouzounis, D., Lazaridou, A., & Katsanidis, E. (2017). Partial replacement of 
animal fat by oleogels structured with monoglycerides and phytosterols in 
frankfurter sausages. Meat Science, 130, 38-46. 

Kralik, G., Kralik, Z., Grčević, M., & Hanžek, D. (2018). Quality of chicken meat. 
Animal Husbandry and Nutrition, 63. 

Krasaechol, N., Sanguandeekul, R., Duangmal, K., & Owusu-Apenten, R. K. 
(2008). Structure and functional properties of modified threadfin bream 
sarcoplasmic protein. Food Chemistry, 107(1), 1-10. 

Krishtafovich, V., Krishtafovich, D., Surzhanskaya, I., Marakova, A., & 
Vorobieva, D. (2016). The value of the lamb meat in human nutrition. 
International Food Research Journal, 23(6). 

Kumar, Y., Yadav, D. N., Ahmad, T., & Narsaiah, K. (2015). Recent trends in the 
use of natural antioxidants for meat and meat products. Comprehensive 
Reviews in Food Science and Food Safety, 14(6), 796-812. 

Kyriakopoulou, K., Keppler, J. K., & van der Goot, A. J. (2021). Functionality 
of ingredients and additives in plant-based meat analogues. Foods, 10(3), 
600. 

Lawrie, R. A., & Ledward, D. A. (2006). Lawrie’s meat science (7th edn). 
Cambridge: CRC Press. 

Lawrie, R. A., & Ledward, D. A. (2014). Lawrie’s meat science. Abington: 
Woodhead Publishing. 

Lee, C. H., & Chin, K. B. (2020a). Influence of the pH and salt concentrations 
on physicochemical properties of pork myofibrillar protein gels added with 
cornstarch. Food Science of Animal Resources, 40(2), 254. 

Lee, H. C., Erasmus, M. A., Swanson, J. C., Hong, H. G., & Kang, I. (2016). 
Improvement of turkey breast meat quality and cooked gel functionality 
using hot-boning, quarter sectioning, crust-freeze-air-chilling and cold-
batter-mincing technologies. Poultry Science, 95(1), 138-143. 

Lee, J. H., Kannan, G., Eega, K. R., Kouakou, B., & Getz, W. R. (2008). 
Nutritional and quality characteristics of meat from goats and lambs 
finished under identical dietary regime. Small Ruminant Research, 74(1-
3), 255-259. 

Lee, M. C., Jiang, X., Brenna, J. T., & Abbaspourrad, A. (2018). Oleogel-
structured composite for the stabilization of ω3 fatty acids in fish oil. Food 
& Function, 9(11), 5598-5606. 

Lee, S. H., Choe, J., Kim, J. C., & Kim, H. Y. (2020b). Effect of seawater on 
the technological properties of chicken emulsion sausage in a model 
system. Food Science of Animal Resources, 40(3), 377. 



© C
OPYRIG

HT U
PM

204  

Lee, S. H., Choi, J. H., Choi, Y. S., Kim, H. Y., Kim, H. W., Park, J. H., Song, 
D. H., Kim, Y. 

León-López, A., Morales-Peñaloza, A., Martínez-Juárez, V. M., Vargas-
Torres, A., Zeugolis, D. I., & Aguirre-Álvarez, G. (2019). Hydrolyzed 
collagen—Sources and applications. Molecules, 24(22), 4031. 

Li, G., Li, Z., Li, X., Wang, Y., Zhu, J., & Zhang, D. (2019a). Postmortem ageing 
influences the thawed meat quality of frozen lamb loins. Food Chemistry, 
275, 105-112. 

Li, K., Liu, J. Y., Fu, L., Zhao, Y. Y., Zhu, H., Zhang, Y. Y., Zhang, H., & Bai, 
Y. H. (2020). Effect of bamboo shoot dietary fiber on gel properties, 
microstructure and water distribution of pork meat batters. Asian-
australasian Journal of Animal Sciences, 33(7), 1180. 

Li, S., Chen, G., Shi, X., Ma, C., & Liu, F. (2022a). Comparative study of heat-
and enzyme- induced emulsion gels formed by gelatin and whey protein 
isolate: Physical properties and formation mechanism. Gels, 8(4), 212. 

Li, S., Xiang, C., Ge, Y., Liu, H., Zhang, D., & Wang, Z. (2022b). Differences in 
eating quality and electronic sense of meat samples as a function of goat 
breed and postmortem rigor state. Food Research International, 152, 
110923. 

Li, S., Zhang, D., Xiang, C., Ge, Y., Liu, H., Zheng, X., Chen, L., & Wang, Z. 
(2023). Insights into the gel and electronic sense characteristics of meat 
batters made from Funiu white goat and Oula sheep meat in different rigor 
states. Food Chemistry, X, 17, 100523. 

Li, X. L., Liu, W. J., Xu, B. C., & Zhang, B. (2022c). Simple method for 
fabrication of high internal phase emulsions solely using novel pea protein 
isolate nanoparticles: Stability of ionic strength and temperature. Food 
Chemistry, 370, 130899. 

Li, X. L., Meng, R., Xu, B. C., Zhang, B., Cui, B., & Wu, Z. Z. (2022d). Function 
emulsion gels prepared with carrageenan and zein/carboxymethyl dextrin 
stabilized emulsion as a new fat replacer in sausages. Food Chemistry, 
389, 133005. 

Li, Y., Wang, Q., Guo, L., Ho, H., Wang, B., Sun, J., Xu, X., & Huang, M. 
(2019). Effects of ultrafine comminution treatment on gelling properties of 
myofibrillar proteins from chicken breast. Food Hydrocolloids, 97, 105199. 

Li, Z., Li, X., Gao, X., Du, M., & Zhang, D. (2017). Effect of inhibition of μ
calpain on the myofibril structure and myofibrillar protein degradation in 
postmortem ovine muscle. Journal of the Science of Food and Agriculture, 
97(7), 2122-2131. 



© C
OPYRIG

HT U
PM

205  

Liang, X., Ma, C., Yan, X., Zeng, H., McClements, D. J., Liu, X., & Liu, F. 
(2020). Structure, rheology and functionality of whey protein emulsion 
gels: Effects of double cross- linking with transglutaminase and calcium 
ions. Food Hydrocolloids, 102, 105569. 

Lin, D., Kelly, A. L., & Miao, S. (2020). Preparation, structure-property 
relationships and applications of different emulsion gels: Bulk emulsion 
gels, emulsion gel particles, and fluid emulsion gels. Trends in Food 
Science & Technology, 102, 123-137. 

Lin, D., Kelly, A. L., & Miao, S. (2021). The role of mixing sequence in 
structuring O/W emulsions and emulsion gels produced by electrostatic 
protein-polysaccharide interactions between soy protein isolate-coated 
droplets and alginate molecules. Food Hydrocolloids, 113, 106537. 

Lin, D., Kelly, A. L., & Miao, S. (2022). The impact of pH on mechanical 
properties, storage stability and digestion of alginate-based and soy 
protein isolate-stabilized emulsion gel beads with encapsulated lycopene. 
Food Chemistry, 372, 131262. 

Lin, D., Lu, W., Kelly, A. L., Zhang, L., Zheng, B., & Miao, S. (2017). 
Interactions of vegetable proteins with other polymers: Structure-function 
relationships and applications in the food industry. Trends in Food 
Science & Technology, 68, 130-144. 

Lin, H. T. V., Tsai, J. S., Liao, H. H., & Sung, W. C. (2023). The Effect of 
Hydrocolloids on Penetration Tests and Syneresis of Binary Gum Gels 
and Modified Corn Starch–Gum Gels. Gels, 9(8), 605. 

Lin, S., Huff, H. E., & Hsieh, F. (2002). Extrusion process parameters, sensory 
characteristics, and structural properties of a high moisture soy protein 
meat analog. Journal of Food Science, 67(3), 1066-1072. 

Listrat, A., Lebret, B., Louveau, I., Astruc, T., Bonnet, M., Lefaucheur, L., 
Picard, B., & Bugeon, J. (2016). How muscle structure and composition 
influence meat and flesh quality. The Scientific World Journal, 2016. 

Liu, L., Javed, H. U., & Xiao, J. (2022a). Engineering emulsion gels as 
functional colloids emphasizing food applications: A review. Frontiers in 
Nutrition, 9, 890188. 

Liu, S., Lu, J., Zhang, J., Su, X., Peng, X., Guan, H., & Shi, C. (2022b). 
Emulsion gels prepared with chia mucilage and olive oil as a new animal 
fat replacer in beef patties. Journal of Food Processing and Preservation, 
46(11), e16972. 

Lobato-Calleros, C., Ramírez-Santiago, C., Vernon-Carter, E. J., & Alvarez-
Ramirez, J. (2014). Impact of native and chemically modified starches 
addition as fat replacers in the viscoelasticity of reduced-fat stirred yogurt. 
Journal of Food Engineering, 131, 110-115. 



© C
OPYRIG

HT U
PM

206  

Lonergan, E. H., Zhang, W., & Lonergan, S. M. (2010). Biochemistry of 
postmortem muscle— Lessons on mechanisms of meat tenderization. 
Meat Science, 86(1), 184-195. 

López-Bote, C. (2017). Chemical and biochemical constitution of muscle. In 
R.A. Lawrie, & D.A. Ledward (Ed.), Lawrie s Meat Science (pp. 99-158). 
Abington: Woodhead Publishing. 

Lopez-Enriquez, R. L., Ocano-Higuera, V. M., Torres-Arreola, W., Ezquerra-
Brauer, J. M., & Marquez-Rios, E. (2015). Chemical and functional 
characterization of sarcoplasmic proteins from giant squid (Dosidicus 
gigas) mantle. Journal of Chemistry, 2015. 

Lopez-Huertas, E. (2010). Health effects of oleic acid and long chain omega-3 
fatty acids (EPA and DHA) enriched milks. A review of intervention studies. 
Pharmacological Research, 61(3), 200-207. 

Lorenzo, J. M., & Gómez, M. (2012). Shelf life of fresh foal meat under MAP, 
overwrap and vacuum packaging conditions. Meat Science, 92(4), 610-
618. 

Lu, G. W., & Gao, P. (2010). Emulsions and microemulsions for topical and 
transdermal drug delivery. In V.S. Kulkarni (Ed.), Handbook of non-
invasive drug delivery systems (pp. 59-94). Norwich: William Andrew 
Publishing. 

Lucas González, R., Roldán Verdu, A., Sayas Barberá, E., Fernández López, 
J., Pérez  Álvarez, J. A., & Viuda Martos, M. (2020). Assessment of 
emulsion gels formulated with chestnut (Castanea sativa M.) flour and 
chia (Salvia hispanica L) oil as partial fat replacers in pork burger 
formulation. Journal of the Science of Food and Agriculture, 100(3), 1265-
1273. 

Luo, S. Z., Hu, X. F., Pan, L. H., Zheng, Z., Zhao, Y. Y., Cao, L. L., Pang, 
M., Hou, Z., & 

Makeri, M., Sahri, M. M., Ghazali, H. M., Ahmad, K., & Muhammad, K. (2019). 
Polymorphism, textural and crystallization properties of winged bean 
(Psophocarpustetragonolobus, DC) oil-based trans-fatty acids free 
ternary margarine blends. LWT -Food Science and Technology, 100, 158-
166. 

Malau-Aduli, A. E. O., & Holman, B. W. B. (2014). World beef production. Beef 
Cattle Production And Trade, 65-79. 

Mantovani, R. A., Cavallieri, Â. L. F., & Cunha, R. L. (2016). Gelation of oil-in-
water emulsions stabilized by whey protein. Journal of Food Engineering, 
175, 108-116. 



© C
OPYRIG

HT U
PM

207  

Maqsood, S., Benjakul, S., & Balange, A. K. (2012). Effect of tannic acid and 
kiam wood extract on lipid oxidation and textural properties of fish 
emulsion sausages during refrigerated storage. Food Chemistry, 130(2), 
408-416. 

Marangoni, A. G., Van Duynhoven, J. P., Acevedo, N. C., Nicholson, R. A., & 
Patel, A. R. (2020). Advances in our understanding of the structure and 
functionality of edible fats and fat mimetics. Soft Matter, 16(2), 289-306. 

Marchetti, L., Andres, S. C., & Califano, A. N. (2014). Low-fat meat sausages 
with fish oil: Optimization of milk proteins and carrageenan contents using 
response surface methodology. Meat Science, 96(3), 1297-1303. 

Martínez-Martí, J., Quiles, A., Moraga, G., Llorca, E., & Hernando, I. (2022). 
High Internal Phase Emulsions Preparation Using Citrus By-Products as 
Stabilizers. Foods, 11(7), 994. 

Masri, F., Aulia, D., Putrika, A., & Dwiranti, A. (2019). The effect of drying step 
in the preparation of Microlejeunea ulicina for scanning electron 
microscopy observation. In Journal of Physics: Conference Series (Vol. 
1245, No. 1, p. 012003). IOP Publishing. 

Massingue, A. A., de Almeida Torres Filho, R., Fontes, P. R., Ramos, A. D. L. 
S., Fontes, E. A. F., Perez, J. R. O., & Ramos, E. M. (2018). Effect of 
mechanically deboned poultry meat content on technological properties 
and sensory characteristics of lamb and mutton sausages. Asian-
Australasian Journal of Animal Sciences, 31(4), 576. 

Matsuishi, M., Igeta, M., Takeda, S., & Okitani, A. (2004). Sensory factors 
contributing to the identification of the animal species of meat. Journal of 
Food Science, 69(6), S218-S220. 

Matsuo, K., & Ueno, S. (2021). Formation and Physical Analysis of Oleogels 
Composed of Edible Oils and High-Melting Fat Crystals. Journal of Oleo 
Science, 70(10), 1381- 1390. 

Mattice, K. D., & Marangoni, A. G. (2019). Fat crystallization and structure in 
bakery, meat, and cheese systems. In A.G. Marangoni (Ed.), Structure-
function analysis of edible fats (pp. 287-311). Illinois: AOCS press. 

Mavromichalis, I., Emmert, J. L., Aoyagi, S., & Baker, D. H. (2000). Chemical 
composition of whole body, tissues, and organs of young chickens (Gallus 
domesticus). Journal of Food Composition and Analysis, 13(5), 799-807. 

Mazzetto, A. M., Falconer, S., & Ledgard, S. (2023). Carbon footprint of New 
Zealand beef and sheep meat exported to different markets. 
Environmental Impact Assessment Review, 98, 106946. 

McClements, D. J. (2015). Encapsulation, protection, and release of 
hydrophilic active components: Potential and limitations of colloidal 
delivery systems. Advances in Colloid and Interface Science, 219, 27-53. 



© C
OPYRIG

HT U
PM

208  

McClements, D. J., Dungan, S. R., German, J. B., Simoneau, C., & Kinsella, 
J. E. (1993). Droplet size and emulsifier type affect crystallization and 
melting of hydrocarbon in  water emulsions. Journal of food science, 
58(5), 1148-1151. 

McCormick, R.J. (2009). Collagen. In M. Du, & R.J. McCormick (Ed.), Applied 
Muscle Biology and Meat Science (pp. 129-148). Boca Raton: CRC Press 

Medellin-Lopez, M., Sansawat, T., Strasburg, G., Marks, B. P., & Kang, I. 
(2014). Cold-batter mincing of hot-boned and crust-freezing air-chilled 
turkey breast improved meat turnover time and product quality. Poultry 
Science, 93(3), 711-718. 

Mehta, N. I. T. I. N., Ahlawat, S. S., Sharma, D. P., Yadav, S. A. N. J. A. Y., 
& Arora, D. E. V. A. N. (2013). Development and quality evaluation of 
chicken patties incorporated with psyllium husk. Haryana Vet, 52(2), 6-
11. 

Mejia, S. M. V., de Francisco, A., Barreto, P. L. M., Damian, C., Zibetti, A. W., 
Mahecha, H. S., & Bohrer, B. M. (2018). Incorporation of β-glucans in meat 
emulsions through an optimal mixture modeling systems. Meat Science, 
143, 210-218. 

Méndez-Cid, F. J., Lorenzo, J. M., Martínez, S., & Carballo, J. (2017). 
Oxidation of edible animal fats. Comparison of the performance of 
different quantification methods and of a proposed new semi-
objective colour scale-based method. Food Chemistry, 217, 743
 749. 

Milićević, D., Vranić, D., Mašić, Z., Parunović, N., Trbović, D., Nedeljković-
Trailović, J., & Petrović, Z. (2014). The role of total fats, 
saturated/unsaturated fatty acids and cholesterol content in chicken 
meat as cardiovascular risk factors. Lipids in Health And Disease, 13, 1-
12. 

Min, B., & Ahn, D. U. (2005). Mechanism of lipid peroxidation in meat and meat 
products-A review. Food Science and Biotechnology, 14(1), 152-163. 

Ming-Min, W., & Ismail-Fitry, M. R. (2023). Physicochemical, rheological and 
microstructural properties of chicken meat emulsion with the addition of 
Chinese yam (Dioscorea polystachya) and arrowroot (Maranta 
arundinacea) as meat substitutes. Future Foods, 7, 100221. 

Mir, N. A., Rafiq, A., Kumar, F., Singh, V., & Shukla, V. (2017). Determinants 
of broiler chicken meat quality and factors affecting them: a review. Journal 
of Food Science and Technology, 54, 2997-3009. 

Mohammadi, M., & Oghabi, F. (2012). Development of low fat and low calorie 
beef sausage using modified starch as fat replacement agent. Journal of 
the Science of Food and Agriculture, 92(6), 1291-1296. 



© C
OPYRIG

HT U
PM

209  

Mohammadnezhad, S., & Farmani, J. (2022). Rheological and functional 
characterisation of gelatin and fat extracted from chicken skin for 
application in food technology. Food Science & Nutrition, 10(6), 1908-
1920. 

Morris, S. T. (2009). Economics of sheep production. Small Ruminant 
Research, 86(1-3), 59- 62. 

Motoyama, M., Ando, M., Sasaki, K., & Hamaguchi, H. O. (2010). Differentiation 
of animal fats from different origins: use of polymorphic features detected 
by Raman spectroscopy. Applied Spectroscopy, 64(11), 1244-1250 

Mounsey, J. S., & O’Riordan, E. D. (2008). Alteration of imitation cheese 
structure and melting behaviour with wheat starch. European Food 
Research and Technology, 226, 1013- 1019. 

Mousavi, L., Mat Jusoh, A., & Wan Ishak, W. R. (2021). Physicochemical, 
nutritional, sensorial, and morphological properties of chicken frankfurters 
incorporated with selected vegetables. International Food Research 
Journal, 28(5). 

Mrázek, P., Mokrejš, P., Gál, R., & Orsavová, J. (2019). Chicken skin gelatine 
as an alternative to pork and beef gelatines. Potravinarstvo Slovak Journal 
of Food Sciences. 

Muguerza, E., Ansorena, D., & Astiasarán, I. (2004). Functional dry fermented 
sausages manufactured with high levels of n 3 fatty acids: nutritional 
benefits and evaluation of oxidation. Journal of the Science of Food and 
Agriculture, 84(9), 1061-1068. 

Munekata, P. E. S., Domínguez, R., Franco, D., Bermúdez, R., Trindade, M. 
A., & Lorenzo, J. M. (2017). Effect of natural antioxidants in Spanish 
salchichón elaborated with encapsulated n-3 long chain fatty acids in 
konjac glucomannan matrix. Meat Science, 124, 54-60. 

Muñoz-González, I., Merino-Álvarez, E., Salvador, M., Pintado, T., Ruiz-
Capillas, C., Jiménez Colmenero, F., & Herrero, A. M. (2019). Chia 
(Salvia hispanica L.) a promising alternative for conventional and 
gelled emulsions: Technological and lipid structural characteristics. 
Gels, 5(2), 19. 

Munsu, E., Mohd Zaini, H., Matanjun, P., Ab Wahab, N., Sulaiman, N. S., & 
Pindi, W. (2021). Physicochemical, Sensory Properties and Lipid 
Oxidation of Chicken Sausages Supplemented with Three Types of 
Seaweed. Applied Sciences, 11(23), 11347. 

Nacak, B., Öztürk-Kerimoğlu, B., Yıldız, D., Çağındı, Ö., & Serdaroğlu, M. 
(2021). Peanut and linseed oil emulsion gels as potential fat replacer in 
emulsified sausages. Meat Science, 176, 108464. 



© C
OPYRIG

HT U
PM

210  

Nair, M. N., Li, S., Beach, C. M., Rentfrow, G., & Suman, S. P. (2017). Changes 
in the sarcoplasmic proteome of beef muscles with differential color 
stability during postmortem aging. Meat and Muscle Biology, 2(1). 

Nguyen, H. H., Choi, K. O., Kim, D. E., KANG, W. S., & Ko, S. (2013). 
Improvement of oxidative stability of rice bran oil emulsion by controlling 
droplet size. Journal of Food Processing and Preservation, 37(2), 139-
151. 

Nicoletti Telis, V. R. (2018). O/W emulsions stabilized by interactions between 
proteins and polysaccharides. Encyclopedia of Food Chemistry, 494-498. 

Nieto, G., & Lorenzo, J. M. (2021). Use of olive oil as fat replacer in meat 
emulsions. Current Opinion in Food Science, 40, 179-186. 

Nogoy, K. M. C., Kim, H. J., Lee, Y., Zhang, Y., Yu, J., Lee, D. H., Li, X. Z., 
Smith, S. B., Seong, H. A., & Choi, S. H. (2020). High dietary oleic acid in 
olive oil supplemented diet enhanced omega 3 fatty acid in blood plasma 
of rats. Food Science & Nutrition, 8(7), 3617-3625. 

Nurrulhidayah, A. F., Arieff, S. R., Rohman, A., Amin, I., Shuhaimi, M., & Khatib, 
A. (2015). Detection of butter adulteration with lard using differential 
scanning calorimetry. International Food Research Journal, 22(2). 

Nusairat, B., Tellez-Isaias, G., & Qudsieh, R. (2022). An Overview of Poultry 
Meat Quality and Myopathies. IntechOpen. 

O'brien, R. D. (2008). Fats and Oils: Formulating and Processing for 
Applications. Boca Raton: CRC Press. 

Offer, G., & Cousins, T. (1992). The mechanism of drip production: formation 
of two compartments of extracellular space in muscle post mortem. 
Journal of the Science of Food and Agriculture, 58(1), 107-116. 

Offer, G., Knight, P., Jeacocke, R., Almond, R., Cousins, T., Elsey, J., Parsons, 
N., Sharp, A., Starr, R., & Purslow, P. (1989). The structural basis of the 
water-holding, appearance and toughness of meat and meat products. 
Food Structure, 8(1), 17. 

Öğütcü, M., Arifoğlu, N., & Yılmaz, E. (2015). Storage stability of cod liver oil 
organogels formed with beeswax and carnauba wax. International Journal 
of Food Science & Technology, 50(2), 404-412. 

Oh, J. H., McCurdy, A. R., Clark, S., & Swanson, B. G. (2005). Stabilizing 
polymorphic transitions of tristearin using diacylglycerols and sucrose 
polyesters. Journal of the American Oil Chemists' Society, 82(1), 13-19. 

Ohlendieck, K. (2010). Proteomics of skeletal muscle glycolysis. Biochimica et 
Biophysica Acta (BBA)-Proteins and Proteomics, 1804(11), 2089-2101. 

Olcay, H. S. (2020). The methods reducing of fat content in meat and meat 
products. International Journal of Food Engineering Research, 6(1), 1-16. 



© C
OPYRIG

HT U
PM

211  

Omayma, E. S., & Youssef, M. M. (2007). Fat replacers and their applications in 
food products: a review. Journal Food Science and Technology, 4(1), 29-
44. 

Osburn, W. N., & Keeton, J. T. (2004). Evaluation of low-fat sausage 
containing desinewed lamb and konjac gel. Meat Science, 68(2), 221-
233. 

Osman, M. F. E., Mohamed, A. A., Ahmed, I. A. M., Alamri, M. S., Al Juhaimi, F. 
Y., Hussain, S., Ibraheem, M. A., & Qasem, A. A. (2022). Acetylated corn 
starch as a fat replacer: Effect on physiochemical, textural, and sensory 
attributes of beef patties during frozen storage. Food Chemistry, 388, 
132988. 

Ospina-E, J. C., Cruz-S, A., Pérez-Álvarez, J. A., & Fernández-López, J. 
(2010). Development of combinations of chemically modified vegetable 
oils as pork backfat substitutes in sausages formulation. Meat Science, 
84(3), 491-497. 

Ospina-E, J. C., Sierra-C, A., Ochoa, O., Pérez-Álvarez, J. A., & Fernández-
López, J. (2012). Substitution of saturated fat in processed meat products: 
A review. Critical Reviews in Food Science And Nutrition, 52(2), 113-122. 

Ouckama, R. M., Salgado-Bierman, F., Guerin, M. T., & Brash, M. L. (2018). 
Identifying dead- on-arrivals (DOA) at shackling in a slaughter line gas 
stunning system for end-of-lay hens: Part I-Hock flexion resistance and 
wing position. Journal of Applied Poultry Research, 27(2), 262-271. 

Owens, C. M. (2014). Identifying quality defects in poultry processing. Watt 
Poult USA, 42, 50. 

Öztürk-Kerimoğlu, B., Kara, A., Urgu-Öztürk, M., & Serdaroğlu, M. (2021a). A 
new inverse olive oil emulsion plus carrot powder to replace animal fat in 
model meat batters. LWT- Food Science and Technology, 135, 110044. 

Öztürk-Kerimoğlu, B., Kavuşan, H. S., Gürel, D. B., Çağındı, Ö., & Serdaroğlu, 
M. (2021b). Cold-set or hot-set emulsion gels consisted of a healthy oil 
blend to replace beef fat in heat-treated fermented sausages. Meat 
Science, 176, 108461. 

Packard, R. (2014). Comparison of production parameters and meat quality 
characteristics of South African indigenous chickens. (Unpublished 
doctoral dissertation). University of Stellenbosch, South Africa. 

Paglarini, C. D. S., Vidal, V. A. S., Martini, S., Cunha, R. L., & Pollonio, M. A. 
R. (2022). Protein-based hydrogelled emulsions and their application as 
fat replacers in meat products: A review. Critical Reviews in Food Science 
and Nutrition, 62(3), 640-655. 



© C
OPYRIG

HT U
PM

212  

Palla, C., Giacomozzi, A., Genovese, D. B., & Carrín, M. E. (2017). Multi–
objective optimization of high oleic sunflower oil and monoglycerides 
oleogels: Searching for rheological and textural properties similar to 
margarine. Food Structure, 12, 1-14. 

Panea, B., & Ripoll, G. (2021). Substituting fat with soy in low-salt dry 
fermented sausages.NFS Journal, 22, 1-5. 

Park, C. H., Lee, B., Oh, E., Kim, Y. S., & Choi, Y. M. (2020). Combined effects 
of sous-vide cooking conditions on meat and sensory quality 
characteristics of chicken breast meat. Poultry Science, 99(6), 3286-3291. 

Park, J., Song, S., Cheng, H., Im, C., Jung, E. Y., Moon, S. S., Choi, J., Hur, 
S. J., Joo, S. T., & Kim, G. D. (2022). Comparison of meat quality and 
muscle fiber characteristics between porcine skeletal muscles with 
different architectures. Food Science of Animal Resources, 42(5), 874. 

Patel, A., Longmore, N., Mohanan, A., & Ghosh, S. (2019). Salt and pH-
induced attractive interactions on the rheology of food protein-stabilized 
nanoemulsions. ACS Omega, 4(7), 11791-11800. 

Pehlivanoğlu, H., Demirci, M., Toker, O. S., Konar, N., Karasu, S., & Sagdic, 
O. (2018). Oleogels, a promising structured oil for decreasing saturated 
fatty acid concentrations: Production and food-based applications. Critical 
Reviews in Food Science and Nutrition, 58(8), 1330-1341. 

Peña-Saldarriaga, L. M., Fernández-López, J., & Pérez-Alvarez, J. A. (2020). 
Quality of chicken fat by-products: lipid profile and colour properties. 
Foods, 9(8), 1046. 

Peng, X., & Yao, Y. (2017). Carbohydrates as fat replacers. Annual Review of 
Food Science and Technology, 8, 331-351. 

Perrechil, F. A., & Cunha, R. L. (2013). Stabilization of multilayered emulsions 
by sodium caseinate and κ-carrageenan. Food Hydrocolloids, 30(2), 606-
613. 

Phan, U. T., & Chambers IV, E. (2016). Motivations for choosing various food 
groups based on individual foods. Appetite, 105, 204-211. 

Pietrasik, Z. (1999). Effect of content of protein, fat and modified starch on 
binding textural characteristics, and colour of comminuted scalded 
sausages. Meat Science, 51(1), 17- 25. 

Pintado, T., & Cofrades, S. (2020). Quality characteristics of healthy dry 
fermented sausages formulated with a mixture of olive and chia oil 
structured in oleogel or emulsion gel as animal fat replacer. Foods, 9(6), 
830. 

Pintado, T., Herrero, A. M., Jiménez-Colmenero, F., & Ruiz-Capillas, C. (2016). 
Strategies for incorporation of chia (Salvia hispanica L.) in frankfurters as 
a health-promoting ingredient. Meat Science, 114, 75-84. 



© C
OPYRIG

HT U
PM

213  

Pintado, T., Herrero, A. M., Jiménez-Colmenero, F., Cavalheiro, C. P., & Ruiz-
Capillas, C. (2018). Chia and oat emulsion gels as new animal fat 
replacers and healthy bioactive sources in fresh sausage formulation. 
Meat Science, 135, 6-13. 

Pintado, T., Herrero, A. M., Ruiz-Capillas, C., Triki, M., Carmona, P., & 
Jiménez-Colmenero, F. (2016). Effects of emulsion gels containing 
bioactive compounds on sensorial, technological, and structural 
properties of frankfurters. Food Science and Technology International, 
22(2), 132-145. 

Pintado, T., Muñoz-González, I., Salvador, M., Ruiz-Capillas, C., & Herrero, A. 
M. (2021). Phenolic compounds in emulsion gel-based delivery systems 
applied as animal fat replacers in frankfurters: Physico-chemical, 
structural and microbiological approach. Food Chemistry, 340, 128095. 

Pintado, T., Ruiz-Capillas, C., Jiménez-Colmenero, F., Carmona, P., & 
Herrero, A. M. (2015). Oil-in-water emulsion gels stabilized with chia 
(Salvia hispanica L.) and cold gelling agents: Technological and infrared 
spectroscopic characterization. Food Chemistry, 185, 470-478. 

Ponte, P. I. P., Alves, S. P., Bessa, R. J. B., Ferreira, L. M. A., Gama, L. T., 
Bras, J. L. A., Fontes, C. M. G. A., & Prates, J. A. M. (2008). Influence of 
pasture intake on the fatty acid composition, and cholesterol, tocopherols, 
and tocotrienols content in meat from free-range broilers. Poultry Science, 
87(1), 80-88. 

Poyato, C., Ansorena, D., Berasategi, I., Navarro-Blasco, Í., & Astiasarán, I. 
(2014). Optimization of a gelled emulsion intended to supply ω-3 fatty acids 
into meat products by means of response surface methodology. Meat 
Science, 98(4), 615-621. 

Poyato, C., Astiasarán, I., Barriuso, B., & Ansorena, D. (2015). A new 
polyunsaturated gelled emulsion as replacer of pork back-fat in burger 
patties: Effect on lipid composition, oxidative stability and sensory 
acceptability. LWT-Food Science and Technology, 62(2), 1069-1075. 

profile, and color stability of modified atmospheric packaged buffalo burgers. 
Meat Science, 199, 109143. 

Purslow, P. P. (2014). New developments on the role of intramuscular 
connective tissue in meat toughness. Annual Review of Food Science 
And Technology, 5, 133-153. 

Qi, W., Wu, J., Shu, Y., Wang, H., Rao, W., Xu, H. N., & Zhang, Z. (2020). 
Microstructure and physiochemical properties of meat sausages based 
on nanocellulose-stabilized emulsions. International Journal of Biological 
Macromolecules, 152, 567-575. 



© C
OPYRIG

HT U
PM

214  

Qian, S., Li, X., Wang, H., Wei, X., Mehmood, W., Zhang, C., & Blecker, C. 
(2020). Contribution of calpain to protein degradation, variation in 
myowater properties and the water-holding capacity of pork during 
postmortem ageing. Food Chemistry, 324, 126892. 

Radoslav, G., & Danica, S. (2018). Analysis of myofibrillar and sarcoplasmic 
proteins in pork meat by capillary gel electrophoresis. Foods and Raw 
materials, 6(2), 421-428. 

Raes, K., Balcaen, A., Dirinck, P., De Winne, A., Claeys, E., Demeyer, D., & 
De Smet, S. (2003). Meat quality, fatty acid composition and flavour 
analysis in Belgian retail beef. Meat Science, 65(4), 1237-1246. 

Raes, K., De Smet, S., & Demeyer, D. (2004). Effect of dietary fatty acids on 
incorporation of long chain polyunsaturated fatty acids and conjugated 
linoleic acid in lamb, beef and pork meat: a review. Animal Feed Science 
and Technology, 113(1-4), 199-221. 

Ren, Y., Huang, L., Zhang, Y., Li, H., Zhao, D., Cao, J., & Liu, X. (2022). 
Application of emulsion gels as fat substitutes in meat products. Foods, 
11(13), 1950. 

Renerre, M., Dumont, F., & Gatellier, P. (1996). Antioxidant enzyme activities 
in beef in relation to oxidation of lipid and myoglobin. Meat Science, 43(2), 
111-121. 

Rezaee, M., & Aider, M. (2023). Study of the effect of canola proteins-xanthan 
based Pickering emulsion as animal fat replacer in a food matrix produced 
from mechanically separated meat. Meat Science, 109283. 

Ribeiro, E. F., Morell, P., Nicoletti, V. R., Quiles, A., & Hernando, I. (2021). 
Protein-and polysaccharide-based particles used for Pickering emulsion 
stabilisation. Food Hydrocolloids, 119, 106839. 

Rios, R. V., Pessanha, M. D. F., Almeida, P. F. D., Viana, C. L., & Lannes, S. 
C. D. S. (2014). Application of fats in some food products. Food Science 
and Technology, 34, 3-15. 

Rødbotten, R., Böcker, U., Høst, V., Dankel, K. R., Sanden, K. W., Pedersen, 
M. E., & Ofstad, R. (2022). The effect of adding eggshell membrane to 
emulsified meat models in terms of structure, water-holding, and texture. 
Applied Food Research, 2(2), 100151. 

Rodrigues, S. S., Vasconcelos, L., Leite, A., Ferreira, I., Pereira, E., & Teixeira, 
A. (2023). Novel Approaches to Improve Meat Products’ Healthy 
Characteristics: A Review on Lipids, Salts, and Nitrites. Foods, 12(15), 
2962. 



© C
OPYRIG

HT U
PM

215  

Roselló-Soto, E., Poojary, M. M., Barba, F. J., Lorenzo, J. M., Mañes, J., & 
Moltó, J. C. (2018). Tiger nut and its by-products valorization: From 
extraction of oil and valuable compounds to development of new healthy 
products. Innovative Food Science & Emerging Technologies, 45, 306-
312. 

Roslan, N.F., Aghwan, Z.A., Aziz, M., & Sazili, A.Q. (2019). Meat quality and 
sensory attributes of Pectoralis major muscle in spent chicken subjected 
to different marination methods. International Food Research Journal, 26. 

Rousseau, D. (2013). Trends in structuring edible emulsions with Pickering 
fat crystals. Current Opinion in Colloid & Interface Science, 18(4), 283-
291. 

Ruan, S., Tang, J., Qin, Y., Wang, J., Yan, T., Zhou, J., Gao, D., Xu, E., & Liu, 
D. (2022). Mechanical force-induced dispersion of starch nanoparticles 
and nanoemulsion: Size control, dispersion behaviour, and emulsified 
stability. Carbohydrate Polymers, 275, 118711. 

Ruiz-Capillas, C., Triki, M., Herrero, A. M., Rodriguez-Salas, L., & Jiménez-
Colmenero, F. (2012). Konjac gel as pork backfat replacer in dry 
fermented sausages: Processing and quality characteristics. Meat 
Science, 92(2), 144-150. 

Sabikun, N., Bakhsh, A., Ismail, I., Hwang, Y. H., Rahman, M. S., & Joo, S. T. 
(2019). Changes in physicochemical characteristics and oxidative stability 
of pre-and post-rigor frozen chicken muscles during cold storage. Journal 
of Food Science and Technology, 56, 4809-4816. 

Sagiri, S. S., Sharma, V., Basak, P., & Pal, K. (2014). Mango butter emulsion 
gels as cocoa butter equivalents: physical, thermal, and mechanical 
analyses. Journal of Agricultural and Food Chemistry, 62(47), 11357-
11368. 

Salcedo-Sandoval, L., Cofrades, S., Pérez, C. R. C., Solas, M. T., & Jiménez-
Colmenero, F. (2013). Healthier oils stabilized in konjac matrix as fat 
replacers in n− 3 PUFA enriched frankfurters. Meat Science, 93(3), 757-
766. 

Saleem, M., Amin, A., & Irfan, M. (2021). Raman spectroscopy based 
characterization of cow, goat and buffalo fats. Journal of Food Science 
and Technology, 58, 234-243. 

Saliman, J., Said, M., Ramli, S., & Lazim, M.A.S. (2006). Oils and Fats 
Analysis. Bangi: Faculty of Science and Technology, UKM. 

Samsuddin, N. S., Sharaai, A. H., & Ismail, M. M. (2015). Sustainability of 
chicken meat production in achieving food security in Malaysia. Advances 
in Environmental Biology, 9(23), 1-6. 



© C
OPYRIG

HT U
PM

216  

Sánchez-Alonso, I., Haji-Maleki, R., & Borderías, A. J. (2006). Effect of wheat 
fibre in frozen stored fish muscular gels. European Food Research and 
Technology, 223, 571-576. 

Santana, R. C., Perrechil, F. A., Sato, A. C. K., & Cunha, R. L. (2011). 
Emulsifying properties of collagen fibers: Effect of pH, protein 
concentration and homogenization pressure. Food Hydrocolloids, 25(4), 
604-612. 

Santhi, D., Kalaikannan, A., & Sureshkumar, S. (2017). Factors influencing 
meat emulsion properties and product texture: A review. Critical Reviews 
in Food Science and Nutrition, 57(10), 2021-2027. 

Santos, M. M., Lima, D. A., Madruga, M. S., & Silva, F. A. (2020). Lipid and 
protein oxidation of emulsified chicken patties prepared using abdominal 
fat and skin. Poultry Science, 99(3), 1777-1787. 

Sato, A. C. K., Moraes, K. E. F. P., & Cunha, R. L. (2014). Development of 
gelled emulsions with improved oxidative and pH stability. Food 
Hydrocolloids, 34, 184-192. 

Sato, K. (2001). Crystallization behaviour of fats and lipids—a review. 
Chemical Engineering Science, 56(7), 2255-2265. 

Schreuders, F. K., Schlangen, M., Kyriakopoulou, K., Boom, R. M., & van der 
Goot, A. J. (2021). Texture methods for evaluating meat and meat 
analogue structures: A review. Food Control, 127, 108103. 

Segtnan, V. H., Kvaal, K., Rukke, E. O., Schüller, R. B., & Isaksson, T. (2003). 
Rapid assessment of physico-chemical properties of gelatine using near 
infrared spectroscopy. Food Hydrocolloids, 17(5), 585-592. 

Selani, M. M., Shirado, G. A., Margiotta, G. B., Rasera, M. L., Marabesi, A. C., 
Piedade, S. M., Contreras-Castillo, C. J., & Canniatti-Brazaca, S. G. 
(2016a). Pineapple by-product and canola oil as partial fat replacers in 
low-fat beef burger: Effects on oxidative stability, cholesterol content and 
fatty acid profile. Meat Science, 115, 9-15. 

Selani, M. M., Shirado, G. A., Margiotta, G. B., Saldaña, E., Spada, F. P., 
Piedade, S. M., Contreras-Castillo, C. J., & Canniatti-Brazaca, S. G. 
(2016b). Effects of pineapple byproduct and canola oil as fat replacers on 
physicochemical and sensory qualities of low-fat beef burger. Meat 
Science, 112, 69-76. 

Serdaroğlu, M., Nacak, B., & Karabıyıkoğlu, M. (2017). Effects of beef fat 
replacement with gelled emulsion prepared with olive oil on quality 
parameters of chicken patties. Korean Journal for Food Science of Animal 
Resources, 37(3), 376. 

Serdaroğlu, M., Öztürk, B., & Urgu, M. (2016). Emulsion characteristics, 
chemical and textural properties of meat systems produced with double 
emulsions as beef fat replacers. Meat Science, 117, 187-195. 



© C
OPYRIG

HT U
PM

217  

Sha, L., & Xiong, Y. L. (2020). Plant protein-based alternatives of reconstructed 
meat: Science, technology, and challenges. Trends in Food Science & 
Technology, 102, 51-61. 

Sheard, P. R., Wood, J. D., Nute, G. R., & Ball, R. C. (1998). Effects of grilling 
to 80˚C on the chemical composition of pork loin chops and some 
observations on the UK National Food Survey estimate of fat 
consumption. Meat Science, 49(2), 193-204. 

Shepardson, R. P., Bazilevskaya, E. A., & Harvatine, K. J. (2020). Physical 
characterization of fatty acid supplements with varying enrichments of 
palmitic and stearic acid by differential scanning calorimetry. Journal of 
Dairy Science, 103(10), 8967-8975. 

Shin, D. J., Lee, H. J., Lee, D., Jo, C., & Choe, J. (2020). Fat replacement in 
chicken sausages manufactured with broiler and old laying hens by 
different vegetable oils. Poultry Science, 99(5), 2811-2818. 

Shin, D. J., Yim, D. G., Kwon, J. A., Kim, S. S., Lee, H. J., & Jo, C. (2022). 
Effect of cutting time and cooking temperature on physicochemical 
properties of chicken breast meat emulsion sausage with olive oil. Poultry 
Science, 101(1), 101554. 

Shin, D. M., Yune, J. H., Kwon, H. C., Kim, H. J., Seo, H. G., & Han, S. G. 
(2019). Oxidative stability and quality characteristics of duck, chicken, 
swine and bovine skin fats extracted by pressurized hot water extraction. 
Food Science of Animal Resources, 39(3), 446. 

Singh, R. K., & Deshpande, D. (2018). Thermally induced changes in quality of 
chicken breast meat protein fractions. Journal of Nutrition and Food 
Science, 8(4), 1-5. 

Singh, R., Chatli, M. K., Biswas, A. K., & Sahoo, J. (2014). Quality of ω-3 fatty 
acid enriched low-fat chicken meat patties incorporated with selected 
levels of linseed flour/oil and canola flour/oil. Journal of Food Science and 
Technology, 51, 353-358. 

Siri-Tarino, P. W., Sun, Q., Hu, F. B., & Krauss, R. M. (2010). Meta-analysis of 
prospective cohort studies evaluating the association of saturated fat with 
cardiovascular disease. The American Journal of Clinical Nutrition, 91(3), 
535-546. 

Smith, D.M. (1988). Meat proteins: functional properties in comminuted meat 
products. Food Technology, 42(4): 116 – 121. 

Smith, S. B. (2016). Marbling and its nutritional impact on risk factors for 
cardiovascular disease. Korean Journal for Food Science of Animal 
Resources, 36(4), 435. 

Smith, S. B., & Smith, D. R. (2016). Fats: Production and Uses of Animal Fats. 
In B. Caballero, P. Finglas & F. Toldrá (Ed.), Encyclopedia of Food 
and Health (pp. 604-608).Kidlington: Academic Press. 



© C
OPYRIG

HT U
PM

218  

Smith, S. B., Yang, A., Larsen, T. W., & Tume, R. K. (1998). Positional analysis 
of triacylglycerols from bovine adipose tissue lipids varying in degree of 
unsaturation. Lipids, 33(2), 197-207. 

Soleimanian, Y., Ghazani, S. M., & Marangoni, A. G. (2023). Enzymatic 
glycerolysis for the conversion of plant oils into animal fat mimetics. Food 
Research International, 174, 113651. 

Solo, J. (2016). Meat quality and sensory analysis of broiler breast fillets with 
woody breast muscle myopathy. (Unpublished master dissertation). 
University of Arkansas, United States. 

Song, D. H., Ham, Y. K., Ha, J. H., Kim, Y. R., Chin, K. B., & Kim, H. W. (2020a). 
Impacts of pre-rigor salting with KCl on technological properties of ground 
chicken breast. Poultry Science, 99(1), 597-603. 

Song, D. H., Ham, Y. K., Noh, S. W., Chin, K. B., & Kim, H. W. (2020b). 
Evaluation of NaCl and KCl salting effects on technological properties of 
pre-and post-rigor chicken breasts at various ionic strengths. Foods, 9(6), 
721. 

Sorapukdee, S., Kongtasorn, C., Benjakul, S., & Visessanguan, W. (2013). 
Influences of muscle composition and structure of pork from different 
breeds on stability and textural properties of cooked meat emulsion. Food 
Chemistry, 138(2-3), 1892-1901. 

Sørheim, O., Uglem, S., Lea, P., Claus, J. R., & Egelandsdal, B. (2006). 
Functional properties of pre-rigor, pre-salted ground beef chilled with solid 
carbon dioxide. Meat Science, 73(3), 459-466. 

Soriano Santos, J. (2010). Chemical composition and nutritional content of raw 
poultry meat. Handbook of Poultry Science And Technology, 1, 467-489. 

Stephens, J. W., Dikeman, M. E., Unruh, J. A., Haub, M. D., & Tokach, M. D. 
(2006). Effects of pre-rigor injection of sodium citrate or acetate, or post-
rigor injection of phosphate plus salt on post-mortem glycolysis, pH, and 
pork quality attributes. Meat Science, 74(4), 727-737. 

Su, L., Zhao, C., Sun, B., Dou, L., Wang, C., Yang, Z., Li, T., & Jin, Y. (2024). 
Effects of exercise on muscle fiber conversion, muscle development and 
meat quality of Sunit sheep. Meat Science, 109440. 

Sukainah, A., Ratna, R., Putra, R. P., & Fadilah, R. (Eds.). (2022). In IOP 
Conference Series: Earth and Environmental Science: An Analysis of 
Soluble and Insoluble Fiber Content of Various Modified Corn Flours 
Using Fermentation Followed by Pregelatinization– Systematic Literature. 
IOP Publishing. 

Sukumaran, A. T., Coatney, K., Ellington, J., Holtcamp, A. J., Schilling, M. W., 
& Dinh, T. T. (2019). Consumer acceptability and demand for cooked beef 
sausage formulated with pre-and post-rigor deboned beef. Meat and 
Muscle Biology, 3(1). 



© C
OPYRIG

HT U
PM

219  

Sukumaran, A. T., Holtcamp, A. J., Campbell, Y. L., Burnett, D., Schilling, M. 
W., & Dinh, T. T. (2018). Technological characteristics of pre-and post-
rigor deboned beef mixtures from Holstein steers and quality attributes of 
cooked beef sausage. Meat Science, 145, 71-78. 

Sun, S., Liu, P., Ji, N., Hou, H., & Dong, H. (2018). Effects of various cross-
linking agents on the physicochemical properties of starch/PHA 
composite films produced by extrusion blowing. Food Hydrocolloids, 77, 
964-975. 

Sun, X. D., & Holley, R. A. (2011). Factors influencing gel formation by 
myofibrillar proteins in muscle foods. Comprehensive Reviews in Food 
Science and Food Safety, 10(1), 33- 51. 

Suttiponparnit, K., Jiang, J., Sahu, M., Suvachittanont, S., Charinpanitkul, T., 
& Biswas, P. (2011). Role of surface area, primary particle size, and crystal 
phase on titanium dioxide nanoparticle dispersion properties. Nanoscale 
Research Letters, 6, 1-8. 

Svenstrup, G., Brüggemann, D., Kristensen, L., Risbo, J., & Skibsted, L. H. 
(2005). The influence of pretreatment on pork fat crystallization. European 
Journal of Lipid Science and Technology, 107(9), 607-615. 

Swastike, W., Suryanto, E., Rusman, R., Hanim, C., Jamhari, J., Erwanto, Y., 
& Jumari, J. (2020). The substitution effects of tapioca starch and beetroot 
powder as filler on the physical and sensory characteristics of chicken 
sausage. Jurnal Ilmu dan Teknologi Hasil Ternak (JITEK), 15(2), 97-107. 

Szumała, P., & Wysocka, I. (2018). Effect of gelation and storage conditions 
on the oxidative stability of microemulsion and nanoemulsion delivery 
systems. European Journal of Pharmaceutical Sciences, 124, 17-25. 

Tabibiazar, M., Roufegarinejad, L., Hamishehkar, H., & Alizadeh, A. (2020). 
Preparation and characterization of carnauba wax/adipic acid oleogel: A 
new reinforced oleogel for application in cake and beef burger. Food 
Chemistry, 333, 127446. 

Taheri-Garavand, A., Fatahi, S., Omid, M., & Makino, Y. (2019). Meat quality 
evaluation based on computer vision technique: A review. Meat Science, 
156, 183-195. 

Taktak, W., Hamdi, M., Chentir, I., Boughriba, S., Azaza, Y. B., Li, S., Nasri, 
M., Karra-Chaâbouni, M., & Nasri, R. (2021). Development of emulsion 
gelatin gels for food application: Physicochemical, rheological, structural 
and thermal characterization. International Journal of Biological 
Macromolecules, 182, 1-10. 

Tan, C. P., & Man, Y. C. (2002). Differential scanning calorimetric analysis of 
palm oil, palm oil based products and coconut oil: effects of scanning rate 
variation. Food Chemistry, 76(1), 89-102. 



© C
OPYRIG

HT U
PM

220  

Tan, C., & McClements, D. J. (2021). Application of advanced emulsion 
technology in the food industry: A review and critical evaluation. Foods, 
10(4), 812. 

Tang, C. H., Chen, L., & Foegeding, E. A. (2011). Mechanical and water-
holding properties and microstructures of soy protein isolate emulsion gels 
induced by CaCl2, glucono-δ- lactone (GDL), and transglutaminase: 
Influence of thermal treatments before and/or after emulsification. Journal 
of Agricultural and Food Chemistry, 59(8), 4071-4077. 

Tavernier, I., Patel, A. R., Van der Meeren, P., & Dewettinck, K. (2017). 
Emulsion-templated liquid oil structuring with soy protein and soy protein: 
κ-carrageenan complexes. Food Hydrocolloids, 65, 107-120. 

Teixeira, A., Silva, S., Guedes, C., & Rodrigues, S. (2020). Sheep and goat 
meat processed products quality: A review. Foods, 9(7), 960. 

Teye, G. A., Wood, J. D., Whittington, F. M., Stewart, A., & Sheard, P. R. 
(2006). Influence of dietary oils and protein level on pork quality. 2. Effects 
on properties of fat and processing characteristics of bacon and 
frankfurter-style sausages. Meat Science, 73(1), 166-177. 

Tiensa, B. E., Barbut, S., & Marangoni, A. G. (2017). Influence of fat structure 
on the mechanical properties of commercial pate products. Food 
Research International, 100, 558-565. 

Tokle, T., & McClements, D. J. (2011). Physicochemical properties of 
lactoferrin stabilized oil-in-water emulsions: Effects of pH, salt and 
heating. Food Hydrocolloids, 25(5), 976-982. 

Toldrá, F., & Reig, M. (2012). Biochemistry of Raw Meat and Poultry. In B. K. 
Simpson, L. M. L. Nollet, F. Toldrá, S. Benjakul, G. Paliyath, & Y. Hui 
(Eds.), Food Biochemistry and Food Processing (pp. 287–302). Iowa: 
John Wiley & Sons, Inc. 

Tolstoguzov, V. B. (1995). Some physico-chemical aspects of protein 
processing in foods. Multicomponent gels. Food Hydrocolloids, 9(4), 317-
332. 

Toomer, O. T., Livingston, M. L., Wall, B., Sanders, E., Vu, T. C., Malheiros, 
R. D., Livingston, K. A., Carvalho, L. V., & Ferket, P. R. (2019). Meat 
quality and sensory attributes of meat produced from broiler chickens fed 
a high oleic peanut diet. Poultry Science, 98(10), 5188-5197. 

Tougan, P. U., Dahouda, M., Salifou, C. F. A., Ahounou, S. G. A., Kpodekon, 
M. T., Mensah, G. A., Thewis, A., & Karim, I. Y. A. (2013). Conversion of 
chicken muscle to meat and factors affecting chicken meat quality: a 
review. International Journal of Agronomy and Agricultural Research, 
3(8), 1-20. 



© C
OPYRIG

HT U
PM

221  

Tougan, U. P., Youssao, I. A., Yayi, E. L., Kpodekon, M. T., Heuskin, S., 
Beckers, Y., Mensah, G. A., Koutinhouin, B. G., Georges, L., Thewis, A. 
(2018). Fatty Acids Composition of Meat of Five Native Chicken (Gallus 
gallus)-Ecotypes of Benin Reared under Organic or Conventional system. 
Journal of Experimental Food Chemistry, 4(2). 

Trumbo, P., Schlicker, S., Yates, A. A., & Poos, M. (2002). Dietary reference 
intakes for energy, carbohydrate, fiber, fat, fatty acids, cholesterol, protein 
and amino acids. (Commentary). Journal of The American Dietetic 
Association, 102(11), 1621-1631. 

Tseng, T. F., Liu, D. C., & Chen, M. T. (2000). Evaluation of transglutaminase 
on the quality of low-salt chicken meat-balls. Meat Science, 55(4), 427-
431. 

Tůmová, E., & Teimouri, A. (2009). Chicken muscle fibres characteristics and 
meat quality: a review. Scientia Agriculturae Bohemica, 40(4), 253-258. 

Turhan, S., Temiz, H., & Sagir, I. (2009). Characteristics of beef patties using 
okara powder. Journal of Muscle Foods, 20(1), 89-100. 

Udenigwe, C. C., & Howard, A. (2013). Meat proteome as source of functional 
biopeptides. Food Research International, 54(1), 1021-1032. 

Ullah, R., Khan, S., Ali, H., Bilal, M., Saleem, M., Mahmood, A., & Ahmed, M. 
(2017). Raman spectroscopy based differentiation between cow and 
buffalo milk. Journal of      Raman Spectroscopy, 48(5), 692-696. 

Utama, D. T., Jeong, H. S., Kim, J., Barido, F. H., & Lee, S. K. (2019). Fatty 
acid composition and quality properties of chicken sausage formulated with 
pre-emulsified perilla-canola oil as an animal fat replacer. Poultry Science, 
98(7), 3059-3066. 

Utama, D. T., Jeong, H., Kim, J., & Lee, S. K. (2018). Formula optimisation of a 
perilla-canola oil (O/W) emulsion and its potential application as an animal 
fat replacer in meat emulsion. Korean Journal for Food Science of Animal 
Resources, 38(3), 580. 

Uzlaşır, T., Aktaş, N., & Gerçekaslan, K. E. (2020). Pumpkin seed oil as a 
partial animal fat replacer in bologna-type sausages. Food Science of 
Animal Resources, 40(4), 551. 

Van Laack, R. L. J. M., Liu, C. H., Smith, M. O., & Loveday, H. D. (2000). 
Characteristics of pale, soft, exudative broiler breast meat. Poultry 
Science, 79(7), 1057-1061. 

Vargas-Ramella, M., Munekata, P. E., Gagaoua, M., Franco, D., Campagnol, 
P. C., Pateiro, M., Barretto, A. C. D. S., Domínguez, R., & Lorenzo, J. M. 
(2020a). Inclusion of healthy oils for improving the nutritional 
characteristics of dry-fermented deer sausage. Foods, 9(10), 1487. 



© C
OPYRIG

HT U
PM

222  

Vargas-Ramella, M., Munekata, P. E., Pateiro, M., Franco, D., Campagnol, P. 
C., Tomasevic, I., Domínguez, R., & Lorenzo, J. M. (2020b). 
Physicochemical composition and nutritional properties of deer burger 
enhanced with healthier oils. Foods, 9(5), 571. 

Vélez-Erazo, E. M., Bosqui, K., Rabelo, R. S., & Hubinger, M. D. (2021). Effect 
of ph and pea protein: Xanthan gum ratio on emulsions with high oil 
content and high internal phase emulsion formation. Molecules, 26(18), 
5646. 

Verbeken, D., Bael, K., Thas, O., & Dewettinck, K. (2006). Interactions 
between κ- carrageenan, milk proteins and modified starch in sterilized 
dairy desserts. International Dairy Journal, 16(5), 482-488. 

Vieira, A. S. P., Souza, X. R., Rodrigues, E. C., & Sousa, D. C. (2019). 
Replacement of animal fat by canola oil in chicken meatball. Brazilian 
Journal of Poultry Science, 21. 

Wan Rosli, W. I., Maihiza, N., & Raushan, M. (2015). The ability of oyster 
mushroom in improving nutritional composition, β-glucan and textural 
properties of chicken frankfurter. International Food Research Journal, 
22(1). 

Wang, B., Chen, J., Wang, Q., Zhu, Y., Wang, P., & Xu, X. (2023a). Functional 
performance of a novel emulsion gel-based pork fat mimics in low-fat 
meat batter system: incorporation of physicochemical and oral 
processing. Food Structure, 100335. 

Wang, C., Sun, C., Lu, W., Gul, K., Mata, A., & Fang, Y. (2020a). Emulsion 
structure design for improving the oxidative stability of polyunsaturated 
fatty acids. Comprehensive Reviews in Food Science and Food Safety, 
19(6), 2955-2971. 

Wang, H., Qin, Y., Li, J., Xu, X., & Zhou, G. (2019a). Edible quality of soft
boiled chicken processing with chilled carcass was better than that of hot
fresh carcass. Food Science & Nutrition, 7(2), 797-804. 

Wang, L., Wen, Y., Su, C., Gao, Y., Li, Q., Du, S., & Yu, X. (2022). Effect of 
water content on the physical properties and structure of walnut oleogels. 
Royal Society of Chemistry Advances, 12(15), 8987-8995. 

Wang, M., Yin, Z., & Zeng, M. (2023b). Construction of 3D printable Pickering 
emulsion gels using complexes of fiber polysaccharide-protein extracted 
from Haematococcus pluvialis residues and gelatin for fat replacer. Food 
Hydrocolloids, 137, 108350. 

Wang, T., & Briggs, J. L. (2002). Rheological and thermal properties of 
soybean oils with modified FA compositions. Journal of the American Oil 
Chemists' Society, 79, 831 836. 



© C
OPYRIG

HT U
PM

223  

Wang, X. X., Li, Y. S., Zhou, Y., Ma, F., Li, P. J., & Chen, C. G. (2019b). Effect 
of resistant corn starch on the thermal gelling properties of chicken breast 
myosin. Food Hydrocolloids, 96, 681-687. 

Wang, X. Y., Wang, J., Rousseau, D., & Tang, C. H. (2020b). Chitosan-
stabilized emulsion gels via pH-induced droplet flocculation. Food 
Hydrocolloids, 105, 105811. 

Wang, X., Xie, Y., Li, X., Liu, Y., & Yan, W. (2018). Effects of partial 
replacement of pork back fat by a camellia oil gel on certain quality 
characteristics of a cooked style Harbin sausage. Meat Science, 146, 154-
159. 

Wang, Y., Zhou, Y., Wang, X. X., Ma, F., Xu, B. C., Li, P. J., & Chen, C. G. 
(2020c). Origin of high-pressure induced changes in the properties of 
reduced-sodium chicken myofibrillar protein gels containing CaCl2: 
Physicochemical and molecular modification perspectives. Food 
Chemistry, 319, 126535. 

Warriss, P. D. (2000). Meat science: an introductory text (P. D. Warriss (ed.)). 
CABI Pub. Warriss, P. D. (2010). Meat Science: An Introductory Text. 
Wallingford: CAB International 

Wen, Y., Che, Q. T., Kim, H. W., & Park, H. J. (2021). Potato starch altered the 
rheological, printing, and melting properties of 3D-printable fat analogs 
based on inulin emulsion- filled gels. Carbohydrate Polymers, 269, 
118285. 

Weng, T. F., Khin, A. A., Seong, L. C., & Hwa, W. Y. (2022). Sustainable 
Development of the Consumers’ Attitude towards Intention to Purchase 
of the Halal and Organic Chicken Meat in Malaysians’ Perspective. 
International Journal of Business and Management, 6(4), 10-29. 

WHO (2008). “Interim Summary of Conclusions and Dietary 
Recommendations on Total Fat & Fatty Acids,” Joint FAO/WHO Expert 
Consultation on Fats and Fatty Acids in Human Nutrition, Geneva. 

Wijarnprecha, K., de Vries, A., Sonwai, S., & Rousseau, D. (2021). Water-in-
oleogel emulsions—From structure design to functionality. Frontiers in 
Sustainable Food Systems, 4, 566445. 

Wijaya, W., Sun, Q. Q., Vermeir, L., Dewettinck, K., Patel, A. R., & Van der 
Meeren, P. (2019). pH and protein to polysaccharide ratio control the 
structural properties and viscoelastic network of HIPE-templated 
biopolymeric oleogels. Food Structure, 21, 100112. 

Wijaya, W., Van der Meeren, P., Wijaya, C. H., & Patel, A. R. (2017). High 
internal phase emulsions stabilized solely by whey protein isolate-low 
methoxyl pectin complexes: Effect of pH and polymer concentration. Food 
& Function, 8(2), 584-594. 



© C
OPYRIG

HT U
PM

224  

Williamson, J., Ryland, D., Suh, M., & Aliani, M. (2014). The effect of chilled 
conditioning at 4˚C on selected water and lipid-soluble flavor precursors 
in Bison bison longissimus dorsi muscle and their impact on sensory 
characteristics. Meat Science, 96(1), 136-146. 

Wilson, N. R. P., Dyett, E. J., Hughes, R. B., & Jones, C. R. V. (1981). Meat and 
meat products: Factors affecting quality control. London: Elsevier. 

Witte, V. C., Krause, G. F., & Bailey, M. E. (1970). A new extraction method 
for determining 2 thiobarbituric acid values of pork and beef during 
storage. Journal of Food Science, 35(5), 582-585. 

Wolfer, T. L., Acevedo, N. C., Prusa, K. J., Sebranek, J. G., & Tarté, R. (2018). 
Replacement of pork fat in frankfurter-type sausages by soybean oil 
oleogels structured with rice bran wax. Meat Science, 145, 352-362. 

Wongpattananukul, S., Nungarlee, U., Ruangprach, A., Sulong, S., 
Sanporkha, P., Adisakwattana, S., & Ngamukote, S. (2022). Effect of Inca 
peanut oil on omega-3 polyunsaturated fatty acids, physicochemical, 
texture and sensory properties in chicken sausage. LWT - Food Science 
and Technology, 163, 113559. 

Wood, J. D., Enser, M., Richardson, R. I., & Whittington, F. M. (2007). Fatty 
acids in meat and meat products. In C.K. Chow (Ed.), Fatty acids in foods 
and their health implications (pp. 101-122). Boca Raton: CRC Press. 

Wood, J. D., Richardson, R. I., Nute, G. R., Fisher, A. V., Campo, M. M., 
Kasapidou, E., Sheard, P. R., & Enser, M. (2004). Effects of fatty acids on 
meat quality: a review. Meat Science, 66(1),21-32. 

World Health Organization. (2007). Population nutrient intake goals for 
preventing diet-related chronic diseases. Retrieved from http://www. who. 
int/nutrition/topics/. 

Wrona, M., Nerín, C., Alfonso, M. J., & Caballero, M. Á. (2017). Antioxidant 
packaging with encapsulated green tea for fresh minced meat. Innovative 
Food Science & Emerging Technologies, 41, 307-313. 

Wu, B. C., & McClements, D. J. (2015). Microgels formed by electrostatic 
complexation of gelatin and OSA starch: Potential fat or starch mimetics. 
Food Hydrocolloids, 47, 87- 93. 

Xiao, X., Hou, C., Zhang, D., Li, X., Ren, C., Ijaz, M., Hussain, Z., & Liu, D. 
(2020). Effect of pre-and post-rigor on texture, flavor, heterocyclic 
aromatic amines and sensory evaluation of roasted lamb. Meat Science, 
169, 108220. 

Xiong, Y. L. (2018). Muscle proteins. In R. Yada (Ed.). Proteins in food 
processing (pp. 127– 148). Duxford: Woodhead Publishing. 



© C
OPYRIG

HT U
PM

225  

Xiong, Y.L. (2014) Chemical and physical characteristics of meat| Protein 
functionality. In Dikeman and M. Devine (Ed.) Encyclopedia of Meat 
Science (pp. 267-273). Academic Press: Cambridge. 

Xu, X. Y., Cao, Y., Zhang, H., Yaqoob, S., Zheng, M. Z., Wu, Y. Z., Zhao, C. 
B., & Liu, J. S. (2018). Effects of cornstarch on the gel properties of black 
bean protein isolate. Journal of Texture Studies, 49(5), 548-555. 

Xu, Y., Sun, L., Zhuang, Y., Gu, Y., Cheng, G., Fan, X., Ding, Y., & Liu, H. 
(2023). Protein-Stabilized Emulsion Gels with Improved Emulsifying and 
Gelling Properties for the Delivery of Bioactive Ingredients: A Review. 
Foods, 12(14), 2703. 

Yamazawa, M. (1990). Effect of heating temperature on structure and gel-
reinforcing ability of starch granules in kamaboko-gel. Nippon Suisan 
Gakkaishi, 56, 505-510. 

Yan, C., McClements, D. J., Zhu, Y., Zou, L., Zhou, W., & Liu, W. (2019). 
Fabrication of OSA starch/chitosan polysaccharide-based high internal 
phase emulsion via altering interfacial behaviors. Journal of Agricultural 
and Food Chemistry, 67(39), 10937-10946. 

Yan, T., Hou, C., Wang, Z., Li, X., Chen, L., Liang, C., Xu, Y., & Zhang, D. 
(2022). Effects of chilling rate on progression of rigor mortis in postmortem 
lamb meat. Food Chemistry, 373, 131463. 

Yang, A., Keeton, J. T., Beilken, S. L., & Trout, G. R. (2001). Evaluation of some 
binders and fat substitutes in low fat frankfurters. Journal of Food Science, 
66(7), 1039-1046. 

Yang, J., Zhou, S., Gu, Z., Cheng, L., Cui, C., Shen, Y., & Hong, Y. (2021). 
Effect of starch-hydrocolloid complexes with heat-moisture treatment on 
in vivo digestibility. Food & Function, 12(17), 8017-8025. 

Yang, X., Li, A., Li, X., Sun, L., & Guo, Y. (2020). An overview of classifications, 
properties of food polysaccharides and their links to applications in 
improving food textures. Trends in Food Science & Technology, 102, 1-
15. 

Yanty, N. A. M., Marikkar, J. M. N., Miskandar, M. S., Van Bockstaele, F., 
Dewettinck, K., & Nusantoro, B. (2017). Compatibility of selected plant-
based shortening as lard substitute: microstructure, polymorphic forms 
and textural properties. Grasas y Aceites, 68(1). 

Yashini, M., Sunil, C. K., Sahana, S., Hemanth, S. D., Chidanand, D. V., & 
Rawson, A. (2021). Protein-based fat replacers–a review of recent 
advances. Food Reviews International, 37(2), 197-223. 

Yılmaz, M. T., & Karakaya, M. (2009). Differential scanning calorimetry 
analysis of goat fats: comparison of chemical composition and thermal 
properties. Journal of the American Oil Chemists' Society, 86(9), 877-883. 



© C
OPYRIG

HT U
PM

226  

Yiu, C. C. Y., Liang, S. W., Mukhtar, K., Kim, W., Wang, Y., & Selomulya, C. 
(2023). Food Emulsion Gels from Plant-Based Ingredients: Formulation, 
Processing, and Potential Applications. Gels, 9(5), 366. 

Yogesh, K., Ahmad, T., Manpreet, G., Mangesh, K., & Das, P. (2013). 
Characteristics of chicken nuggets as affected by added fat and variable 
salt contents. Journal of Food Science and Technology, 50, 191-196. 

Yong, H. I., Kim, T. K., Kim, Y. B., Jung, S., & Choi, Y. S. (2020). Functional and 
instrumental textural properties of reduced-salt meat emulsions with 
konjac gel: Combined effects of transglutaminase, isolate soy protein, and 
alginate. International Journal of Food Properties, 23(1), 1296-1309. 

Yousif, E. I., Gadallah, M. E., & Sorour, A. M. (2012). Physico-chemical and 
rheological properties of modified corn starches and its effect on noodle 
quality. Annals of Agricultural Sciences, 57(1), 19-27. 

Youssef, M. K., & Barbut, S. (2009). Effects of protein level and fat/oil on 
emulsion stability, texture, microstructure and color of meat batters. Meat 
Science, 82(2), 228-233. 

Youssef, M. K., & Barbut, S. (2010). Physicochemical effects of the lipid phase 
and protein level on meat emulsion stability, texture, and microstructure. 
Journal of Food Science, 75(2), S108-S114. 

Youssef, M. K., & Barbut, S. (2011a). Effects of two types of soy protein 
isolates, native and preheated whey protein isolates on emulsified meat 
batters prepared at different protein levels. Meat Science, 87(1), 54-60. 

Youssef, M. K., & Barbut, S. (2011b). Fat reduction in comminuted meat 
products-effects of beef fat, regular and pre-emulsified canola oil. Meat 
Science, 87(4), 356-360. 

Yu, L. H., Lee, E. S., Jeong, J. Y., Paik, H. D., Choi, J. H., & Kim, C. J. (2005). 
Effects of thawing temperature on the physicochemical properties of pre-
rigor frozen chicken breast and leg muscles. Meat Science, 71(2), 375-
382. 

Yuhara, H., Ohtani, A., Matano, M., Kashiwagi, Y., & Maehashi, K. (2021). 
Molecular characterization of a novel aspartyl aminopeptidase that 
contributes to the increase in glutamic acid content in chicken meat during 
cooking. Food Chemistry: Molecular Sciences, 2, 100015. 

Yum, H. W., Seo, J. K., Jeong, J. Y., Kim, G. D., Rahman, M. S., & Yang, H. 
S. (2018). The quality improvement of emulsion-type pork sausages 
formulated by substituting pork back fat with rice bran oil. Korean Journal 
for Food Science of Animal Resources, 38(1), 123. 

Yun, J. M., & Surh, J. (2012). Fatty acid composition as a predictor for the 
oxidation stabilityof Korean vegetable oils with or without induced 
oxidative stress. Preventive Nutrition and Food Science, 17(2), 158. 



© C
OPYRIG

HT U
PM

227  

Zahari, S. M. S. N. S., Ali, N. S. M., Zabidi, A. R., Rosli, D., Manap, M. N. A., 
& Yahaya, N. (2021). Influence of neck slaughtering in broiler chicken 
meat on physicochemical analysis and metabolites ‘fingerprinting’to 
enhance meat quality. Arabian Journal of Chemistry, 14(4), 103042. 

ZarulAkmam, M., Umi Hartina, M. R., Izzreen, N. Q., Nabila, H. Z., Wafin, W., 
Mat Yusoff, M., Ismail-Fitry, M. R., & Rozzamri, A. (2021). 
Physicochemical and sensory analysis of surimi sausage incorporated with 
rolled oat powder subjected to frying. International Food Research Journal, 
28(3). 

Zayadi, R. A. (2021). Current outlook of livestock industry in Malaysia and 
ways towards sustainability. Journal of Sustainable Natural Resources, 
2(2), 1-11. 

Zayas, J. F. (1997). Emulsifying Properties of Proteins. In Functionality of 
proteins in food.Berlin: Springer. 

Zeeb, B., Beicht, J., Eisele, T., Gibis, M., Fischer, L., & Weiss, J. (2013). 
Transglutaminase- induced crosslinking of sodium caseinate stabilized oil 
droplets in oil-in-water emulsions. Food Research International, 54(2), 
1712-1721. 

Zeeb, B., Gibis, M., Fischer, L., & Weiss, J. (2012). Crosslinking of interfacial 
layers in multilayered oil-in-water emulsions using laccase: 
Characterization and pH-stability. Food Hydrocolloids, 27(1), 126-136. 

Zeng, L., Ruan, M., Liu, J., Wilde, P., Naumova, E. N., Mozaffarian, D., & Zhang, 
F. F. (2019). Trends in processed meat, unprocessed red meat, poultry, 
and fish consumption in the United States, 1999-2016. Journal of the 
Academy of Nutrition and Dietetics, 119(7), 1085-1098. 

Zhang, X., Chen, X., Gong, Y., Li, Z., Guo, Y., Yu, D., & Pan, M. (2021). 
Emulsion gels stabilized by soybean protein isolate and pectin: Effects of 
high intensity ultrasound on the gel properties, stability and β-carotene 
digestive characteristics. Ultrasonics Sonochemistry, 79, 105756. 

Zhang, X., Li, L., Xie, H., Liang, Z., Su, J., Liu, G., & Li, B. (2013). Comparative 
analysis of thermal behavior, isothermal crystallization kinetics and 
polymorphism of palm oil fractions. Molecules, 18(1), 1036-1052. 

Zhao, X., Guo, R., Li, X., Wang, X., Zeng, L., Wen, X., & Huang, Q. (2023). 
Effect of oil modified crosslinked starch as a new fat replacer on gel 
properties, water distribution, and microstructures of pork meat batter. 
Food Chemistry, 409, 135337. 

Zhao, Y., Hou, Q., Cao, S., Wang, Y., Zhou, G., & Zhang, W. (2019). Effect of 
regenerated cellulose fiber on the properties and microstructure of 
emulsion model system from meat batters. Food Hydrocolloids, 87, 83-
89. 



© C
OPYRIG

HT U
PM

228  

Zhao, Y., Hou, Q., Zhuang, X., Wang, Y., Zhou, G., & Zhang, W. (2018). Effect 
of regenerated cellulose fiber on the physicochemical properties and 
sensory characteristics of fat- reduced emulsified sausage. LWT - Food 
Science and Technology, 97, 157-163. 

Zhu, C. P., Zhang, H. H., Huang, G. Q., & Xiao, J. X. (2021). Whey protein 
isolate—low methoxyl pectin coacervates as a high internal phase 
Pickering emulsion stabilizer. Journal of Dispersion Science and 
Technology, 42(7), 1009-1020. 

Zhuang, X., Han, M., Bai, Y., Liu, Y., Xing, L., Xu, X. L., & Zhou, G. H. (2018). 
Insight into the mechanism of myofibrillar protein gel improved by 
insoluble dietary fiber. Food Hydrocolloids, 74, 219-226. 

Zorba, Ö., & Kurt, Ş. (2006). Optimization of emulsion characteristics of beef, 
chicken and turkey meat mixtures in model system using mixture design. 
Meat Science, 73(4), 611- 618. 

 




