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Abstract 

Effects of natural antioxidants and thermal treatment on quality of meat from Bonsmara 

and non-descript cattle  

 

By 

 

A.B. Falowo 

 

The broad objective of this study was to determine the effects of natural antioxidants and thermal 

treatment on quality of meat from Bonsmara and non-descript cattle. A survey was conducted 

among 222 consumers in Alice (Fort Hare University community), Eastern Cape Province to 

determine the level of their awareness on application of antioxidants as preservatives in meat and 

meat products during storage. Representative samples of Muscularis longissimuss thoracis et 

lumborum and liver were collected from each carcass of Bonsmara (n=40) and non-descript 

(n=40) cattle reared on natural pasture to determine the effect of natural antioxidants and thermal 

treatment on their quality.  The results from the survey revealed that 51.35% of the respondents 

had not heard about the use of antioxidant as preservatives in meat products. However, among 

the remaining respondents (48.65%) that were aware of antioxidant and its use as preservative, 

about 19% knew of natural antioxidants, 35% synthetic antioxidants while 46% had knowledge 

of both. The results further revealed that the majority of the respondents (82%) that had 

knowledge of natural antioxidants were concerned about the use of synthetic antioxidants in 

meat and meat products due to their health consequences. The in vitro antioxidant and 

antibacterial analyses of Bidens pilosa and Moringa oleifera leaf extracts revealed that they 

contain rich bioactive compounds. Furthermore, the addition of leaf extracts from Moringa 
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oleifera (ML, 0.05 and 0.1% w/w) and Biden pilosa (BP, 0.05 and 0.1% w/w) to ground raw beef 

as a natural antioxidant were found to improve the physicochemical, oxidative stability and 

microbiological qualities of meat compared to the control (meat without extract) and BHT 

treatment (0.02% w/w) during 6 days storage at 4
0 

C. Cattle breed did not have much effect on 

colour parameters. However, the overall pH of ground beef treated with extracts showed lower 

values than control and BHT treated beef. Also, ground beef samples containing extracts 

exhibited (P < 0.05) better colour stability, especially higher redness (a* values), than the 

control. The formation of TBARS in beef samples treated with extracts was significantly (P < 

0.05) lower than the control and BHT treatment. The antibacterial assay of the extracts revealed 

an appreciable broad spectrum activity against the tested bacteria and microbial counts in ground 

beef samples compared to control and BHT group. Ground beef treated with plant extracts 

exhibited lower microbial and lactic acid bacterial counts (P < 0.05) at day 0 and 3 than control 

samples. Moreover, it was observed that application of sous vides thermal method did not 

significantly affect the fatty acids and mineral loss in beef and liver across the treatments. 

However, the total concentration of MUFA was lower in raw liver (20.11±2.38 - 21.08±1.23%) 

than in beef (40.22±1.90 - 42.53±1.29%), while total PUFA content were higher in liver 

(30.73±2.60 - 31.11±1.19 %) than in beef samples (10.13±3.36 - 11.02±2.74%) (p < 0.05). The 

results also revealed that liver samples from Bonsmara and non-descript cattle had a higher 

percentage of intramuscular fat content of 4.67 ± 0.53% and 4.44 ± 0.53% respectively, and fat 

free dry matter of 27.51 ± 1.05% and 25.73 ± 1.05%, respectively, than the beef samples (p < 

0.05). The concentrations of Mg (52.80±0.22 - 53.70±0.02mg/100g) and Zn (8.90±0.15 - 

19.60±0.15mg/100g) were higher in beef than liver samples. The level of Ca (17.00±0.17 - 17.50 

± 0.17mg/100g) in liver was higher than that of beef samples.  It was concluded that most 
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consumers preferred the use of natural antioxidants in meat products than synthetic antioxidants 

due to their health risk. The effectiveness of M. oleifera and B. pilosa leaf extracts on meat 

quality also revealed that these plants are promising candidates as natural preservatives and 

their application should be considered in the meat industry.  Lastly, findings from this study 

showed that application of the sous vide technique could protect meat products from nutritional 

loss during thermal treatment. 

Key words: Ground beef, liver, microbial counts, natural antioxidants, nutritional quality, 

oxidative stability, sous vide thermal treatment  
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CHAPTER 1: Introduction  

1.1 Background information  

Meat and meat products play an important role in maintaining a healthy and balanced diet, 

because they provide energy, high-quality and readily digestible protein with all essential amino 

acids, and other absorbable micronutrients which are needed for human growth, cell functioning 

and sound health (De Smet, 2012; Mourouti et al., 2015). The average meat consumption 

worldwide is estimated at 42.9kg per capita, with industrial countries consuming about 76.1kg, 

twice the quantity in developing countries (33.6kg) (FAO, 2014). This estimate has been 

predicted to double by 2050 due to growing human population, rising incomes and urbanization 

(FAO, 2011). It is, therefore, important to increase production and reduce the level of meat 

wastage especially during processing, distribution and storage in order to meet the growing 

demand and ensure food security.  

 

Approximately 3.5 billion kg of meat is lost at the consumer, retailer and food service levels 

annually with consequence of substantial economic loss and environmental impact (Kantor et al., 

1997; Dave and Ghaly, 2011). It is also reported that if 5% of the meat loss is preserved, it can 

meet the daily needs of approximately 320,000 people in the world (Cerveny et al., 2009; Dave 

and Ghaly, 2011). On many occasions, microbial, enzymatic and oxidative reactions cause most 

of these losses. Oxidation reaction is an inevitable and complex process that often occurs in meat 

and its products during processing and cold storage (Kumar et al., 2015). The rate of this reaction 

in meat products depends on the degree of unsaturation of the fatty acids, the level of 

antioxidants (internal or external) and the presence of prooxidants, such as metal iron (Morrissey 

et al., 1998; Kumar et al., 2015).  Oxidation is believed to occur when a molecular oxygen reacts 
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with tissue biochemical substances (lipid, protein and pigments) through an auto-catalytic 

process to generate free radicals, mainly the reactive oxygen species (ROS) and reactive nitrogen 

species (RNS) in a chain reaction. As oxidation reaction progresses, the unsaturated fatty acid 

fraction of membrane phospholipids is oxidized and different hydroperoxides are formed (Kumar 

et al., 2015). The subsequent decomposition of hydroperoxides  into secondary oxidation 

products such as aldehydes, ketones and other compounds (hexanal, pentanal, heptanal, and 

octanal) could adversely affect the acceptability and overall quality attributes of meat and meat 

products, thereby causing economic loss to the meat industry (Kumar et al., 2015). The process 

of oxidation according to Palmieri and Sblendorio (2007) and Contini et al. (2014) has been 

found to develop off-flavor; toxic compounds, rancid odour, poor shelf life, and nutrient losses 

during cold storage.  

 

The growth of microorganisms on meat surface have been identified to cause slime formation, 

structural components degradation, decrease in water holding capacity, off odors, off-tastes, 

texture and appearance changes (Sanchez-Ortega et al., 2014).  The extent of meat spoilage 

through microorganisms has been associated with the species and number of organisms, 

characteristics of the meat products (residual glucose, pH) and storage conditions (temperature, 

humidity and oxygen availability) surrounding the meat (Dave and Ghayl, 2011; Hernández-

Macedo et al., 2011; Sun and Holley, 2012). Under storage conditions, various spoilage 

pathogenic organisms such as mesophiles, thermophiles, psychrophiles, have been discovered in 

meat and meat products causing economic loss and food-borne diseases in the meat industry 

(James and James, 2002; Ercolini et al., 2009).  
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In order to prevent these deteriorations and extend shelf life of meat, different synthetic 

preservatives such as butylated hydroxyanisole (BHA), butylated hydroxytoluene (BHT), 

tertiarybutyl hydroquinone (TBHQ) and propyl gallate have been used over the years.  However, 

their impact on meat has recently been reported to be carcinogenic and injurious to health 

(Velasco and Williams, 2011). Plant-derived (natural) antioxidants are currently being explored 

as possible alternatives. Natural antioxidants can prevent oxidation by donating their hydrogen 

ions to break and terminate the oxidation cycle during the reaction and thereby preventing 

additional lipid and protein radicals from forming in muscle food (Allen and Cornforth, 2010). 

Many authors, for example Velasco and Williams (2011) and Shah et al. (2014) have also 

reported the use of natural antioxidants to be effective in preventing formation of free radicals, 

delay microbial activities and improve meat quality. Most of the natural antioxidants possess 

relatively high chemical nutrients and are recognized as functional or nutraceutical food 

products.  

 

The occurrence of oxidation is not limited to meat during storage but also occur during thermal 

treatments. The use of conventional thermal method (boiling, grilling and frying) as treatment to 

improve meat palatability and increase shelf life has been reported to generate free radicals, 

polycyclic aromatic hydrocarbon, volatile (heterocyclic amines) compounds and cause loss of 

essential fatty acid, amino acid and minerals through oxidation reactions (Sanchez del Pulgar et 

al., 2011; Roldan et al., 2014; Khan et al., 2015). Any loss of lipids essential fatty acid and 

minerals will greatly impair the nutritional content and sensory quality of meat products. 
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Nowadays, many restaurants and homes are using the sous vide thermal technique to prepare 

their meat in order to improve quality and prolong shelf-life during storage (Oz and Zikirov, 

2015). The mechanism of this technique has been linked to its ability to prevent oxidation by 

reducing the contact of free oxygen in the air with foods during cooking (Oz and Zikirov, 2015). 

Taking this into account, the use of natural antioxidants and sous vide thermal method in meat 

industry promises to provide a potential alternative in preventing oxidation and prolonging the 

shelf life of meat and its products during cooking and refrigeration storage.    

. 

1.2 Justification 

Processing of meat and meat products through mechanical deboning, mincing/grinding and 

cooking usually damage the tissue membrane and allow the free radicals (catalysts) to react with 

unsaturated fatty acids to initiate lipid oxidation reaction (Nollet, 2012). In addition, this process 

also exposes the muscle membrane to air and microbial contamination after production (Alp and 

Aksu, 2010; Liu et al., 2015). The effect of lipid oxidation and microbial growth on meat 

products has been shown to shorten the shelf life of meat products by affecting the taste, odour, 

colour, texture and nutritional content. Application of synthetic preservatives such as BHT and 

BHA to prolong the meat shelf-life and overall safety/quality has is reported to be unsafe for 

consumer health (Race, 2009; Lobo et al., 2010; Ahmed et al., 2013). Due to this health concern, 

natural preservatives, especially from plant materials, are now being explored to improve meat 

quality and safety (Sánchez-Ortega et al., 2014). However, it is not fully known if most 

consumers are aware of its use as preservatives in meat and meat products.  
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Apart from what is articulated above, there is dearth of information regarding the potential of 

Biden pilosa L and Moringa oleifera L. leaf extracts as natural antioxidants to prevent meat 

quality deterioration during storage and processing.  Both Biden pilosa L and Moringa oleifera 

L. leaf extracts have been reported in literature as edible and promising sources of natural 

antioxidants (Anwar et al., 2007; Sreelatha and Padma, 2009; Bartelome et al., 2013; Cortés-

Rojas et al., 2013). Furthermore, the use of thermal treatment on meat products has been reported 

to induce free radical production and loss of essential fatty acids through lipid oxidation 

(Rodriguez-Estrada et al., 1997; Alfaia et al., 2010). In order to prevent the oxidation of lipid 

essential fatty acids and other nutritive compounds of meat during cooking, sous vide cooking 

method has been reported as the best alternative (Roldan et al., 2014). However, the effect of 

sous-vide thermal technique on oxidative stability of lipid, fatty acids and mineral composition 

of meat (beef and liver) from bovine species has not been fully studied. Recent studies on the use 

of this technique only focused on nutritional quality of meat from pig, fish and sheep (Picouet et 

al., 2011; Sanchez del Pulgar et al., 2012; Roldan et al., 2014). In the light of these issues, this 

study therefore attempts to fill the observed knowledge gaps.   
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1.3   Objective of the study 

The broad objective of this study was to investigate the activities of natural antioxidants and 

thermal treatment on the quality of meat from Bonsmara and non-descript cattle.  

Specific objectives of this study were: 

1. To determine consumers’ awareness on the use of antioxidants as preservative agents in 

meat products. 

2. To determine the in vitro antioxidant and antibacterial activities of Bidens pilosa Lam. 

asteraceae and Moringa oleifera Lam. moringaceae plants 

3. To determine the antioxidant and antibacterial activities of B. pilosa L and M. oleifera L. 

leaf extracts on pH, colour, lipid oxidation, spoilage microorganisms and sensory quality 

of meat from Bonsmara and non-descript cattle 

4. To determine the effect of sous vide thermal techniques on lipid, fatty acid and mineral 

composition of meat from Bonsmara and non-descript cattle.  
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1.4 Hypothesis of the study 

The specific hypotheses tested were the following: 

1. There are no differences in consumers’ awareness on the use of antioxidants as 

preservatives in meat and meat products. 

2. There are no differences in in-vitro antioxidant and antibacterial activities of Bidens 

pilosa and Moringa oleifera plants. 

3. There are no differences in the antioxidant and antibacterial activities of B. pilosa  and M. 

oleifera leaf extracts on pH, colour, lipid oxidation, spoilage microorganisms and sensory 

quality of meat from Bonsmara and non-descript cattle. 

4. There are no differences in the effect of sous vide thermal techniques on fatty acid and 

mineral composition of beef and liver from Bonsmara and non-descript cattle.  

 

 

 

 

 

 

 

 

 

 

 



8 

 

1.5 References 

Ahmed, N., Mudasir, J. S., malik, A., Kour, H., Gupta, P., Chauhan, H. 2013. Naturally 

Occurring Preservatives in Food and their Role in Food Preservation.  International 

Journal of Pharmaceutical and Biological Archives 4 (1): 22-30. 

Alfaia, C. M. M., Alves, S. P., Lopes, A. F., Fernandes, M. J. E., Costa, A S. H., Fontes, 

C.M.G.A., Castro, M. L.F., Bessa, R. J.B. and Prates, J. A.M. 2010. Effect of 

cooking methods on fatty acids, conjugated isomers of linoleic acid and nutritional 

quality of beef intramuscular fat. Meat Science 84: 769–777. 

Allen, K., and Cornforth, D. 2010. Comparison of spice-derived antioxidants and metal 

chelators on fresh beef color stability. Meat Science 85: 613–619. 

Alp, E. and Aksu, M. İ. 2010. Effects of water extract of Urtica dioica L. and modified 

atmosphere packaging on the shelf life of ground beef. Meat Science 86: 468–473. 

Anwar, F., Latif, S., Ashraf, M. and Gilani, A. H. 2007. Moringa oleifera: a food plant with 

multiple medicinal uses. Phytotherapy Research 21:17–25. 

Bartolome, A. P., Villaseñor, I. M. and Yang, W.  2013. Bidens pilosa L. (Asteraceae): 

botanical properties, traditional uses, phytochemistry, and pharmacology. Evidence-

Based Complementary and Alternative Medicine 2013: 51. 

Cerveny, J., Meyer, J. D. and Hall, P. A.  2009. Microbiological Spoilage of Meat and Poultry 

Products. In Compendium of the microbiological spoilage of foods and beverages. 

Sperber, W.H. and Doyle, M. P. (Ed.). Springer Science and Business Media, New 

York, pp. 69-868. 

Contini, C., Alvarez, R., O'Sullivana, M., Dowling, D. P., Gargan, S. O. and Monahan, F. J. 



9 

 

2014. Effect of an active packaging with citrus extract on lipid oxidation and sensory 

quality of cooked turkey meat. Meat Science 96: 1171–1176. 

Cortés-Rojas, D. F., Chagas-Paula, D. A., Da Costa, F. B., Souza, C. R. F. and Oliveira, W. 

P. 2013. Bioactive compounds in Bidens pilosa L. populations: a key step in the 

standardization of phytopharmaceutical preparations. Brazilian Journal of 

Pharmacognosy 23 (1): 28-35. 

Dave, D. and Ghaly, A. E. 2011. Meat spoilage mechanisms and preservation techniques: a 

critical review. The American Journal of Agricultural and Biological Sciences 6 (4): 

486–510. 

De Smet, S. 2012. Meat, poultry, and fish composition: Strategies for optimizing human intake 

of essential nutrients. Animal Frontiers 2 (4): 10-16. 

Ercolini, D., Russo, F., Nasi, A., Ferranti, P. and Villani. F. 2009. Mesophilic and 

psychrotrophic bacteria from meat and their spoilage potential in vitro and in beef. 

Applied and Environmental Microbiology 75 (7): 1990–2001. 

FAO, 2011. World livestock 2011. Livestock in food security.  www.fao.org/docrep   Accessed 

24/11/2014. 

FAO, 2014. Food outlook - Biannual report on global food markets. www.fao.org/docrep   

Accessed 24/11/2014. 

Hernandez-Macedo, M. L., Barancelli, G. V. and Contreras-Castillo, C. J. 2011. Microbial 

deterioration of vacuum-packaged chilled beef cuts and techniques for microbiota 

detection and characterization: a review. Brazilian Journal of Microbiology 42:1.  

James, S. J. and James, C. 2002. Meat Refrigeration, Woodhead Publishing Limited, 

Cambridge: England and CRC Press, New York, Washington DC, USA pp 91- 94. 

http://www.fao.org/docrep


10 

 

Kantor, L.S., Lipton, K., Manchester, A. and Oliveira, V. 1997. Estimating and addressing 

America’s food losses. Food Review 20: 3-11.  

Khan, M. I., Min, J., Lee, S., Yim, D. G., Seol, K., Lee, M. and Jo, C. 2015. Cooking, storage, 

and reheating effect on the formation of cholesterol oxidation products in processed 

meat products. Lipids in Health and Diseases 14 (89): 1-9. 

Kumar, Y., Yadav, D. N., Ahmad, T. and Narsaiah, K. 2015. Recent trends in the use of 

natural antioxidants for meat and meat products. Comprehensive Reviews in Food 

Science and Food Safety 00: 1-14.   

Liu, F., Xu, Q., Dai, R. and Ni, Y. 2015. Effects of natural antioxidants on colour 

stability,lipid oxidation and metmyoglobin reducing activityin raw beef patties. CTA 

Scientiarum Polonorum Technologia Alimentaria 14 (1): 37–44. 

Lobo, V., Patil, A., Phatak, A. and Chandra, N. 2010. Free radicals, antioxidants and 

functional foods: Impact on human health. Pharmacognosy Review 4 (8): 118–126. 

Morrissey, P. A., Sheehy, P. J. A., Galvin, K., Kerry, J. P. and Buckley, D. J. 1998. Lipid 

stability in meat and meat products. Meat Science 49 (1):73–86. 

Mourouti, N., Kontogianni, M. D., Papavagelis, C., Plytzanopoulou, P., Vassilakou, T., 

Psaltopoulou, T., Malamos, N., Linos, A. and Panagiotakos, D. B. 2015. Meat 

consumption and breast cancer: A case–control study in women. Meat Science 100: 

195–201. 

Nollet, L. M. L. 2012. Handbook of meat, poultry and seafood quality. John Wiley and Son Inc, 

USA, Chapter 10.  



11 

 

Oz, F. and Zikirov, E. 2015. The effects of sous-vide cooking method on the formation of 

heterocyclic aromatic amines in beef chops. LWT - Food Science and Technology 64: 

120-125. 

Palmieri, B. and Sblendorio, V. 2007. Oxidative stress tests: Overview on reliability and use 

Part II. European Review for Medical and Pharmacological Sciences 11: 383–399. 

Picouet, P .A., Cofan-Carbo S., Vilaseca, H., Ballbè, L. C. and  Castells, P. 2011. Stability of 

sous-vide cooked salmon loins processed by high pressure. Innovative Food Science 

and Emerging Technologies 12: 26–31. 

Race, S. 2009. Antioxidants: The truth about BHA, BHT, TBHQ and other antioxidants used as 

food additives. Available on www.foodcanmakeyouill.co.uk. Accessed 24/04/2015. 

Rodriguez-Estrada, M. T., Penazzi, G., Caboni, M. F., Bertacco, G. and Lercker, G. 1997. 

Effect of different cooking methods on some lipid and protein components of 

hamburgers. Meat Science 45(3): 365–375. 

Roldan, M., Antequera, T., Armenteros, M. and Ruiz, J. 2014. Effect of different 

temperature–time combinations on lipid and protein oxidation of sous-vide cooked 

lamb loins. Food Chemistry 149: 129–136. 

Sanchez del Pulgar, J.S., Gázquez, A. and Ruiz-Carrascal, J. 2012. Physico-chemical, 

textural and structural characteristics of sous-vide cooked pork cheeks as affected by 

vacuum, cooking temperature, and cooking time. Meat Science 90: 828–835. 

Sánchez-Ortega, I., García-Almendárez, B. E., Santos-López, E., Amaro-Reyes, A., 

Barboza-Corona, J. E. and Regalado1, E. 2014. Antimicrobial edible films and 

coatings for meat and meat products preservation. Scientific World Journal 2014:  18. 

http://www.foodcanmakeyouill.co.uk/


12 

 

Shah, M. A., Don Bosco, S. J. and Mi, S. A. 2014. Plant extracts as natural antioxidants in meat 

and meat products. Meat Science 98: 21–33. 

Sreelatha, S. and Padma, P. R. 2009. Antioxidant activity and total polyphenol content of 

Moringa oleifera leaves in two stages of maturity. Plant Food Human Nutrition 64: 

303-311. 

Sun, X. D and Holley, R. A. 2012. Antimicrobial and Antioxidative Strategies to Reduce 

Pathogens and Extend the Shelf Life of Fresh Red Meats. Comprehensive Reviews in 

Food Science and Food Safety 11. 

Velasco, V. and Williams, P. 2011. Improving meat quality through natural antioxidants. 

Chilean Journal of Agricultural research 71: 2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



13 

 

Chapter 2: Literature Review 

(Part of this section has been published in the journal, Food Research International; see 

Appendix 2) 

2.1 Introduction 

Meat quality is very essential in maintaining consumer health. Factors that affect meat 

quality are enormous and complex, and they occur from farm to fork. In reality, these factors 

may present themselves as oxidative stress (from farm to abattoir) or as oxidative rancidity and 

microbial spoilage (from abattoir to the consumer table). Oxidative stress may occur due to 

succession of stimuli that disturb the homeostatic condition of an animal before slaughter 

(Cataldi, 2010). They can also initiate the generation of free radicals, reactive oxygen species 

(ROS) and reactive nitrogen species (RNS) and cause severe damage to cell  macromolecules 

including the lipid and protein fractions (Power and Jackson, 2008; Barbieri and Sestili, 2012).  

 

The occurrence of oxidative rancidity and spoilage microorganisms is most noticeable during 

processing and storage conditions. Evidence has shown that oxidation affects virtually every 

muscle food irrespective of the protein and fat (lipid) contents (Velasco et al., 2010). Protein 

oxidation–induced changes and modify the digestibility of proteins which may reduce the 

bioavailability of amino acid residues and the nutritional values of meat proteins (Lund et al., 

2011), while lipid oxidation results in rancid odour, development of off-flavour, discolouration, 

loss of nutrient value and decrease in shelf life (Hygreeva et al., 2014).  The rate and extent of 

meat deterioration can be reduced through various means, such as freezing, application of 

antioxidant (natural/synthetic) etc.  However, the use of natural antioxidant has been considered 

to be more beneficial to consumer health because they are rich bioactive compounds. The 
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addition of natural antioxidants had been found to  stabilize cholesterol levels, inhibit the  

formation of cholesterol oxidized products, and reduce the formation and absorption of 

malondialdehyde, polycyclic aromatic hydrocarbon and heterocyclic amine (HCA) in cooked 

meat (Megan-Tempest, 2012; Kobus-Cisowska, et al., 2014). It has also been observed that the 

consumption of food (meat) rich in natural antioxidants can reinforce the activity of the 

endogenous antioxidants against degenerative diseases linked to oxidative stress and ROS-

related tissue damage (Valenzuela et al., 2003).  Therefore, in this chapter the application of 

natural antioxidants as meat preservatives and the effect of temperature on nutritional quality of 

meat are discussed. 

 

2.2 Meat quality and preservatives  

2.2.1 Causes of meat quality deterioration: Oxidation in meat and meat products 

Since the discovery of oxygen in the early 18th century and its inevitable roles in plants and 

animals, the necessity to control its levels and impacts on meat and meat products, especially 

during processing, packaging and distribution, has been a major challenge in the meat industry. 

Oxidation involves the loss of at least one electron when chemicals in the food are exposed to 

oxygen in the air. In meat, oxidation has been demonstrated as the main, non-microbial cause of 

quality deterioration during processing. This is because lipids and proteins in meat are easily 

susceptible to oxidative damages due to rapid depletion of endogenous antioxidants after 

slaughter (Xiao et al., 2013). However, the susceptibility of meat to oxidation has also been 

found to be influenced by animal breed and species, muscle types and anatomical location (Min 

et al., 2008). The findings of Faustman and Cassens (1991) on two cattle breeds revealed that 

Holstein meat displays a higher lipid oxidation (TBA) than cross breed beef meat.  



15 

 

The authors also showed that meat from the gluteus medius muscles had a higher amount of 

thiobarbituric acid than the longissimus muscle type. Different studies have shown that the 

amount of metal ions that are present in enzymes and metalloproteins or those migrated from the 

processing machine, either by abrasion or due to acidic dissolving of metals from the surface 

factors could promote the rate of oxidation in meat (Lauritzsen et al., 1990; Rulisek and 

Vondrasek, 1998; Jacobsen et al., 2008). Moreover, the type of diet consumed by animals during 

the production phase has a big influence on the susceptibility of meat to oxidation postmortem. 

Zhang et al. (2011) reported an increase in lipid and protein oxidation in the breast muscles of 

birds that had been fed a dietary oxidized oil diet compared to antioxidant-supplemented and 

control diets. Exposure of meat to oxygen, light and temperature, as well as preservative and 

processing techniques, such as chilling, freezing, additives (salt, nitrate and spices), cooking, 

irradiation, high pressure and packaging, could influence the extent of oxidation. Currently, lipid 

oxidation is one of the biggest economic problems in the meat industry. It compromises the 

nutritional quality, reduces shelf life, increases toxicity and decreases the market value of meat 

and meat products (Sample, 2013). Oxidation in meat is usually assessed by measuring the 

amount of peroxide value (PV), thiobarbituric acid-reactive substances (TBARS), sulphydryl and 

carbonyl group generated during the process. This analysis is carried out using 

spectrophotometric or chromatographic (head space gas chromatographic (GC), high-

performance liquid chromatography (HPLC), liquid chromatographic mass spectrophotometer 

[(LC–MS) and 2,4 dinitrophenylhy-drazine (DNPH)] methods. 
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2.2.1.1 Lipid oxidation in meat and meat products 

Lipids are widely distributed in both the intra and extra cellular space of meat as 

triacylglycerides, phospholipids and sterols. However, lipids are chemically unstable and, 

therefore, prone to oxidation, especially during post-mortem handling, and storage. Lipid 

oxidation results in rancid odour, off-flavour development, drip losses, discolouration, loss of 

nutrient value, decrease in shelf life, and the accumulation of toxic compounds, which may be 

detrimental to the health of consumers (Richards et al., 2002; Chaijan, 2008; Mapiye et al., 

2012).  Oxidation of lipids is a three-step radical chain reaction which consists of initiation, 

propagation, and termination with the production of free radicals (Figure 3). Initiation reaction 

produces the fatty acid (alkyl) radical (R•) which in turn reacts with oxygen to form peroxy 

radicals (ROO•) in the propagation reaction. The peroxy radicals react with unsaturated fatty 

acids and form hydroperoxides (ROOH), which later decompose to produce the volatile aromatic 

compounds that give meat its perceived off-flavours and rancid odour (Gordon, 2001; Chaijan, 

2008). The interaction of alkyl and peroxy radicals leads to the formation of non-radical products 

such as aldehydes, alkanes and conjugated dienes (Wsowicz et al., 2004). Formation of 

aldehydes has been found to be directly related to the deterioration of meat colour and flavour, 

protein stability and functionality (Lynch et al., 2001; Min and Ahn, 2005). The consequence of 

aldehydes has also been associated with atherosclerosis, putative mutagens and cancer formation 

in the body (Duthie et al., 2013).  
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Initiation: 

 RH                                        R• 

Propagation: 

R• + O2                                                            ROO• 

ROO• + RH                               ROOH +R• 

Termination: 

R• + R•                               RR 

R• + ROO                           ROOR 

ROO• + ROO•                     ROOR + O2 

Figure 2.1: Radical-chain of processes involved in lipid oxidation in biological systems 

 

 

 

 

 

 

 

 

 

 

Non radical products 
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2.2.2 Causes of meat quality deterioration: Microbial activities in meat and meat products 

Beside oxidation, meat safety and shelf life are strongly related to the presence and activity of 

spoilage microorganisms (Paulsen and Smulders, 2014). The rate of spoilage is usually 

influenced by the species of microorganism and initially bacterial load present in the meat 

sample (James and James, 2002) coupled with physiological status of the animal at slaughter 

(Nychas et al., 2008). Most of these species are either gram positive, such as lactic acid bacteria, 

or gram negative bacteria, such as Pseudomonas spp. and Enterobacteriaceae (Ercolini et al., 

2009). The gram negative bacteria have been reported to account for approximately 69% of the 

cases of bacterial food borne diseases (Clarence et al., 2009). The composition of 

microorganisms in meat depends on different factors which include pre-slaughter husbandry 

practices (extensive Vs intensive rearing), handling during slaughtering including evisceration, 

workers’ health and hygiene, preservation technique and facilities, packaging materials, and 

handling and storage by consumers (Cerveny et al., 2009; Dave and Ghayl, 2011; Hernández-

Macedo et al., 2011).  Other possible factors that can influence the composition of these 

pathogenic organisms include age and sex of the animal.  

 

It has been reported that different bacteria, like psychrophile, psychrotrophic, mesophile and 

thermophile, can survive under different processing conditions to cause spoilage and wastage in 

the meat industry (Hernández-Macedo et al., 2011; Gadekar et al., 2014). It is believed that 

foodborne disease outbreaks involve agents such as Escherichia coli, Salmonella and chemical 

contaminants (FAO, 2003). Moreover, activity of microbes in meat products has been implicated 

in off-odours, off-flavours, discolouration and slime production (Borch et al., 1996; Nychas et 

al., 2008). The economic and public health consequences of spoilage microorganisms in meat 
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have been reported in literature (Adak et al., 2005; Ukut et al., 2010). However, meat spoilage 

bacteria can be reduced by applying natural antioxidants directly into the meat products.  

 

2.2.3 Natural antioxidants as preservatives in meat products: Application and Consumer 

awareness  

In recent years, special attention has been paid to a number of plants that could be used as 

potential sources of natural antioxidants for muscle food preservation and nutritional quality 

improvement. Natural antioxidants can be applied either through dietary or technological 

strategies to reduce or prevent oxidative processes and microbial activities in muscle food. In 

dietary manipulations, antioxidants are introduced into the muscle via the animal feed or diet. 

The inclusion of natural antioxidants in animal diets has been reported by various authors to not 

only slow down oxidation, but also to greatly improve meat quality when compared to diets with 

no antioxidants (Moyo et al., 2012a; Nkukwana et al., 2014). Technological strategies involve 

the application of antioxidants directly into the meat and meat products or by coating packaging 

materials with plant extracts to improve the oxidative stability of the products.  

 

Most natural antioxidants are obtained from plant resources, such as culinary herbs, spices, 

vegetables, as well as fruits and oilseed products (Shahidi and Zhong, 2010). Synthetic 

antioxidants, such as butylatedhydroxyanisole (BHA), butylatedhydroxytoluene (BHT), and 

tertiary butyl hydroquinone (TBHQ,) have been used in inhibiting meat oxidation (Fasseas et al., 

2007) but with side effects. The potential of synthetic antioxidants causing toxicological effects 

has created a demand for natural antioxidants by some consumers and meat industry (Karre et 
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al., 2013). Several authors have reported the efficacy of various natural antioxidants for reducing 

lipids and protein oxidation, discolouration and microbial growth in some types of meat (Table 

2.1 and 2.2; Fasseas et al., 2007; Camo et al., 2008; Zinoviadou et al., 2009). Unfortunately, to 

date natural antioxidants have not been as widely applied as synthetic antioxidants in muscle 

food products in the food industry (Kobus-Cisowska et al., 2010). Public awareness on its 

application appears to be rather inadequate or sparse. Although the growing consumer interest in 

nutritious and novel meat products coupled with recent growing health concerns about synthetic 

antioxidants has been presumed to further encourage the global natural antioxidants market. It is 

clear that introduction of natural antioxidants to different groups of foodstuffs and meat products 

will be beneficial to both consumer and meat industry.   

 

2.2.3.1 Preparation and extraction of antioxidant and antimicrobial compounds in plant 

materials 

Phenolic compounds are the major constituents of plant materials that contribute to their 

antioxidant capacity. Plants, fruits and their extracts that reflect concentrations of phenolic 

compounds are thus regarded as effective sources of antioxidants to inhibit oxidation in muscle 

foods (Pennington and Fisher, 2009). In order to determine the phenolic compounds, plant 

materials are subjected to different extraction processes. Basically, extractions are carried out to 

separate and recover the desired bioactive constituents (polyphenol) from plant matrices and to 

eliminate unwanted insoluble material (including inactive and potentially harmful substances) 

through selective solvents which are regarded as GRAS (Generally Recognized as Safe) (Kothari 

et al., 2012). It is also used to obtain the maximum yield of extracts from plant material. Most 

commonly used solvents include acetone, ethanol, methanol, hexane, ethyl acetate, 
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hydroalcoholic mixtures (mixture of alcohol and water in varying proportions) and water 

(Sultana et al., 2009). However, the use of aqueous solution (cold, distilled, de-ionized or hot 

water) for extraction of phenolics has been reported in literature; however, their efficacy in the 

extraction of phenolics compared to other alcoholic solvents has been very low.  The type, 

concentration and polarity of the solvent used may affect the amount and rate of antioxidant-

compounds extracted during the process (Anokwuru et al., 2011). Apart from this, other factors 

that could influence the recovery of antioxidant-compounds include chemical nature of the plant 

materials, method of extraction, extraction conditions (such as time, temperature and pressure), 

solid to solvent ratio and particle size (Dai and Mumper, 2010; Tan et al., 2011).   

 

2.2.3.2 Prevention of oxidation in meat sample using natural antioxidants  

Some of the recent works on effects of natural antioxidants against lipid oxidation in meat during 

processing are presented in Table 2.1. The reaction of antioxidants with oxidation is believed to 

occur through two major pathways. Firstly, they can donate their electrons to break and terminate 

the oxidation cycle at the propagation step and thereby preventing additional lipid and protein 

radicals from forming (Dangles and Dufour, 2006; Allen and Cornforth, 2010). However, in the 

absence of antioxidants, the reaction becomes auto-propagative leading to the production of non-

radical products. Secondly, by removing free radical (ROS) initiators in order to quench chain-

initiating catalysts (radicals) (Antolovich et al., 2002) or limiting the radicals initiators by 

binding metals such as iron and copper as metal chelators to stabilize them in an inactive or 

insoluble form (Allen and Cornforth, 2010; Dai and Mumper, 2010). Moreover, the antioxidant 

free radical (oxidized antioxidant) formed in the first cycle may further interfere with chain 

propagation reactions by forming peroxy antioxidant compounds (Antolovich et al., 2002). The 
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metal chelating power of plant materials has been reported to be associated with chemical 

composition of the sample (Goncalves et al., 2009), including the presence of compounds, such 

as phytate and oxalates (Pokorny, 2007).  Mirzaei and Khatami (2013) found that the extract of 

Coriander sativum possesses higher iron chelating activity than Petroselium crispum, while the 

addition of Menthagentilis L. showed higher chelating activity than other menthe species 

(Goncalves et al., 2009). 
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Table 2. 1 Effect of dose concentration, storage temperature and time of technological natural antioxidants on lipid in meat. 

Natural sources Dose in meat Meat type Storage 

(
o
C) 

Storage 

duration 

Effect on oxidation References 

Oregano + sage leaves 0.2%w/w 

each 

Chicken breast 

and thigh 

4
o
C   98 hours SDL (Sampaio et al., 

2012) 

       

Black currant extracts 5, 10 or 

20g/kg 

Pork petties 4
o
C 9 days SDL (Ji et al., 2012).   

       

Rosemary extracts 250, 500, 

750mg/kg 

Porcine liver 

petties 

-21
o
C 2 days SDL in a dose 

dependent manner 

(Doolaege et al., 

2012) 

       

Olive leaf extracts 100 and 

200ug/g 

Minced beef 

patties 

4
o
C 9 &12 days SDL in a dose- 

dependent manner 

(Hayes et al., 

2010) 

       

Herbal extracts 

(Marjoram, rosemary, 

sage) 

0.04%v/w Ground beef 5
o
C 41 &48 

days 

SDL (Mohameda et al., 

2011) 

       

Broccoli leaf extract 

Curry leaf extracts 

(Murrayakoenigii L.) 

Mint leaf extract 

(Menthaspicata) 

0.1% and 

0.5% w/w 

 

5ml 

extract/500g 

Ground beef 

patties 

 

 

 

Pork meat 

4 °C 

 

 

 

 

4 °C 

 

12 days 

 

 

 

 

0-12days 

SDL 

 

 

 

 

SDL 

(Kim et al., 2013) 

 

 

 

(Biswas et al., 

2012 

Grape seed extracts 0.1% Mutton slices 4
o
C 7 days SDL (Reddy et 

al.,2013) 

Butterbur leaf extract  0.1% and 

0.5% w/w 

Ground beef 

patties 

4°C  12 days SDL (Kim et al.,2013)  

       

 

Grape seed extracts 

 

1.0% 

 

Cooked beef 

 

4
o
C 

 

9days 

 

SDL 

 

(Ahn et al., 2007) 
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Pine bark extracts 

Oleoresin rosemary 

 

1.0% 

1.0% 

Grape seed extracts 

 

Bearberry extracts 

 

 

400 and  

1000ug/g 

80 and  

1000u/g 

Pork petties 4
o
C 12 days SDL (Carpenter et al., 

2007) 

Broccoli powder  

Extracts 

 

Cocoa leaf extract 

 

Green tea leaf extract 

 

Ginkgo biloba leaf extract 

 

 

Hypericumperforatum L. 

extract 

1.5 and 2% 

 

 

200 mg/kg 

 

200 mg/kg 

 

0.05% 

 

500ppm 

 

 

0.0005% 

0.001%  

Goat meat 

nugget 

 

 

Deboned 

Chicken meat 

 

Meat dumplings 

 

Meat ball 

 

 

Pork 

meat 

4
o
C 

 

 

 

4
o
C 

 

 

–18°C 

 

4
o
C 

 

 

2°C±2 

4-16 days 

 

 

 

21 days 

 

 

180days  

 

21 days 

 

 

50 days 

SDL 

 

 

 

SDL 

 

 

SDL 

 

SDL 

 

 

SDL 

(Banerjee et al., 

2012)  

 

 

(Hassan and Fan, 

2005) 

 

(Kobus-Cisowska 

et al., 2010) 
(Kobus-Cisowska et 

al., 2014) 

 

(Sanchez-Muniz 

et al.,2012) 

SDL= significantly decrease lipid oxidation
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2.2.3.3 Anti-microbial activities of natural antioxidants on meat safety and quality 

preservation  

Globally, approximately 1.3 billion tons of food, including meat, is spoiled or wasted per year 

throughout the supply chain, from production down to final household consumption (FAO, 

2011). The massive spoilage and wastage of meat products which has become a major concern to 

consumers, governments and food industries is also associated with the outbreak of foodborne 

diseases (Sant'Ana, 2012). Almost 50% of the total meat spoilage and wastage occurs at the 

household consumption level due to poor preservative techniques and facilities. Meat wastages 

are caused through microbial and chemical spoilage with the consequence of foodborne illnesses, 

economic loss and food insecurity. However, meat spoilage bacteria can be reduced by applying 

natural antioxidants directly into the meat products. The antimicrobial activities of the plant-

derived antioxidants for example: Artemisia absinthium, Hypericum perforatum, Oleoresin 

rosemary, Origanum vulgare, Satureja horvatii, Syzygium aromaticum, Fatsia spp, and olive 

among others, against microbial growth in meat and meat products have been reported in several 

studies (Table 2.2; Sanchez-Muniz et al., 2012; Kim et al., 2013; Kurcubic et al., 2014). Some 

interesting results were however found by combining different plants together to test their 

efficacy against food borne organisms that are prevalent in meat and meat products.  Krishnan et 

al. (2014) found a stronger antimicrobial effect of the combination of Syzygium aromaticum, 

Cinnmomum cassia and Origanum vulgare extracts in chicken meat than individual spices, and 

they attributed this to synergistic actions of each specific compounds present in the mixed spices.  

 

The use of natural compounds such as organic acids and essential oils has been identified for 

decontamination of beef, pork and poultry products against Salmonella (Mani-Lopez et al., 2012; 
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Sant’Ana et al., 2014). The effectiveness of the essential oils and/or crude extracts from most of 

the natural antioxidant plants in Tables 2.2 have been reported in several studies.  The presence 

and level of concentration of different phytochemical compounds such as phenolic, flavonoid, 

alkaloids, saponins, tannins, carvacrol, terpenes, thymol among others, have been recognized as 

the potential source of antimicrobial activities in plant materials (Sharma et al., 2012). Although 

the potential mechanism of action of plant phytochemicals against microbial growth in muscle 

food has not been fully aimed, however, some authors have reported their ability to disrupt or 

degrade the cytoplasmic membrane and cell wall of spoilage microorganisms to inhibit their 

growth (Kim et al., 2013; Krishnan et al., 2014). 

 

2.2.3.4 Preservative effect of natural antioxidants on pH, colour and sensory properties of 

meat 

Reports on the use of plant-derived antioxidants revealed that they can regulate and improve 

colour, pH, flavor and taste of meat and meat products compared to control or synthetic 

antioxidant (ST) treated meat samples (Velasco and Williams, 2011; Shah et al., 2014). Colour is 

one of the most important quality attributes of meat that attract the preference of the consumers 

(Lorenzo et al. 2013). In fresh meat, consumers evaluate the freshness and wholesomeness of 

meat by observing the colour, while in cooked meat; colour is exploited as an indicator of 

doneness and freshness at the point of consumption (Suman and Joseph, 2013). Moreover, the 

intensity of meat colour is dependent on species, age and muscle type, and the colour differences 

are affected by different content of myoglobin in muscle (Joo et al., 2013).  

 



27 

 

Table 2. 2 Antimicrobial activities of medicinal plants on meat and meat products compared to control. 

Plant materials Meat type Effect on foodborne 

pathogenic organisms 

Dosages Storage 

degrees 

Storage time References 

       

Syzygiumaromaticum 

extracts 

Cinnmomum cassia 

extracts   

Origanum vulgare 

extracts 

Brassica nigra 

extracts  

Raw 

chicken 

meat 

It reduces the growth of 

Psueodomonus species 

Enterobacteriaceae 

(psychrotrophic)  

Lactic acid bacteria 

1% v/w 4 °C 0-15 days (Krishnan et 

al., 2014) 

       

Kitaibeliavitifolia 

extract 

Fermented 

dry sausage 

It reduces the growth of 

Escherichia coli 

12.5 g/kg of 

meat dough 

4 °C 0-60 days (Kurcubic et 

al., 2014)  

Rosemary extracts chicken 

meat model 

It reduces the growth of 

Campylobacter jejuni 

0.20 mg/mL 8 °C  (Piskernik et 

al., 2011) 

       

Saturejahorvatii 

essential oil 

pork meat It reduces the growth of 

Listeria monocytogenes 

0.16–20 

mg/mL. 

25 °C  4 days (Bukvicki et 

al., 2014) 

       

Moringa oleifera leaf 

extract 

Ground 

pork patties 

It reduces the growth of 

aerobic plate count and 

psychrophilic 

microorganisms 

300, 450, 600 

ppm 

4 °C 0-9 days Muthukumar 

et al, 2012 

       

Chamnamul leave 

extract 

Fatsia leaf extract  

 

Ground beef 

patties 

It greatly reduces the count 

of Lactic acid bacteria, 

Coliform bacteria,  

Yeast and mold 

0.1% and 0.5% 

(w/w) 

4 °C 0-12days (Kim et al., 

2013) 
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Artemisia absinthium 

L extract 

Raw beef 

meat  

It reduces the multiplication 

of Salmonella typhimurium, 

Escherichia coli 

Listeria 

monocytogenesStaphylococc

us aureusin 

 5 ±2 °C 7 days (Cruz-Galvez 

et al., 2013) 
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The addition of plant extracts in fresh and cooked meat has been reported to inhibit degradation 

of heme pigments, delay metmyoglobin formation and stabilize the redness (Fernandez-Lopez et 

al., 2003; Rababah et al., 2011; Wojciak et al., 2011; Muthukumar et al., 2012). Although in 

some cases, little or no significant changes was found in colour parameters of meat treated with 

plant-derived antioxidants compared to synthetic antioxidants. Furthermore, Krishnan et al. 

(2014) found in their study that raw meat treated with antioxidants had lower pH values than 

control and other treatments. They revealed that any increase in pH value during refrigeration 

storage could be due to the utilization of amino acids by bacteria during the protein break down 

when the stored glucose is depleted (Krishnan et al., 2014). Consequently, the degradation of 

amino acid coupled with accumulation of ammonia results in pH increase. However, some plant 

extracts have been noted to exert positive effect on sensory properties of meat. Ozvural and 

Vural (2012) and Reddy et al. (2013) in their studies found that meat products treated with plant-

derived antioxidants had higher scores of color, flavor, juiciness and overall palatability than 

control and BHA treated meat  It is generally known that incorporation of plant extracts in  meat 

products will promote preference and overall acceptability of meat.  

 

2.2.3.5 Moringa oleifera and Biden pilosa plants as sources of natural antioxidants 

Moringa oleifera L. (Moringaceae), commonly known as drumstick, is a fast-growing, annual or 

perennial plant. It is widely cultivated in many tropical and subtropical countries of Asia and 

Africa.  The plant contains a variety of bioactive substances, which are of considerable interest in 

the food industry. Conventionally, almost all parts of these plants (the whole plant, the aerial 

parts and/or the roots) have been used on an extensive basis, either as food or medicinal 

components (Verma et al., 2009). The leaves are rich source of protein, essential amino acids and 
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other micronutrients (Sanchez-Machado et al., 2010; Moyo et al., 2012b). Moringa oleifera L. 

leaves have been identified as having high antioxidants, hypoglycemic, hypotensive, 

antidyslipidemic, anticancer, antibacterial and anti-inflammatory properties (Anwar et al., 2007; 

Sreelatha and Padma, 2009). Similarly, Bidens pilosa L. (Asteraceae), common known as black-

jack, is a fast-growing, annual herb which formally is a native to the Americans but nowadays 

widely cultivated in Africa and Australia.  In some parts of the world, its leaves and shoot are 

commonly utilized as an ingredient in foods and medicines, especially in times of food scarcity 

(Yang, 2014). According to Bartolome et al. (2013) about two hundred bioactive compounds 

have been isolated from B. pilosa, including aliphatics, flavonoids, terpenoids, 

phenylpropanoids, aromatics and others. Studies on biological activities have shown that its 

roots, leaves, and seeds possess antibacterial, antidysenteric, anti-inflammatory, antimicrobial, 

antimalarial, diuretic, heptoprotective, and hypotensive properties (Cortés-Rojas et al., 2013). 

Because of the above mentioned activities, the Food and Agriculture Organization of the United 

Nations has advocated the mass cultivation of B. pilosa in Africa for food and treatment of 

diseases (Young et al., 2010). 

 

2.5 Effect of cooking temperature on meat nutritional quality  

Cooking is an essential process to transform fresh meat to edible, palatable and ready-to-eat 

products (Tornberg, 2005; Baldwin, 2012). However, cooking often influences the changes in 

colour, juiciness, tenderness and essential micronutrients including lipid, protein, minerals and 

vitamins of meat (Kondjoyan et al., 2013; Roldan et al., 2014). The rate and extent of these 

changes is dependent on type of cooking methods, durations and core temperatures that are used 

during the process.  According to Tornberg (2005), cooking process can cause protein 
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denaturation, shrinkage of muscle fibres, destruction of cell membrane and myofibrillar protein, 

solubilization of connective tissue and loss of essential fatty acids. The higher and longer the 

cooking temperature applied on the meat, the greater the denaturation and nutrient loss. Moreso, 

the extent of changes in connective tissue and myofibrillar proteins as a result of cooking effect 

contribute greatly to the degree of moisture loss and toughness of meat (Baldwin, 2012). Many 

studies have shown that different cooking methods such as roasting, boiling, stewing, grilling, 

microwaving, and pan-frying can initiate the production of free radicals, causing oxidation of 

meat lipid and protein (Roldan et al., 2014; Dominguez et al., 2014).  In addition, Alfaia et al. 

(2010) and Zhang et al. (2014) found that use of these cooking methods caused modification of 

polyunsaturated fatty acid (PUFA) and a severe reduction in essential amino acids, and mineral 

contents of cooked meat.  

 

But in recent time, the technique of vacuum-sealing of meat and submerging them in a 

temperature-time controlled water bath (also known as sous vide techniques) has been found to 

greatly minimize nutrient losses in cooked meat (Sanchez del Pulgar et al., 2012). The method 

allows heat to be efficiently transferred from the water (or steam) to the meat sample. It also 

allows greater control over degree of doneness compared to other cooking methods (Baldwin, 

2012). Specifically, sous vide cooking techniques can reduce heat damage to proteins and lipids, 

diminish heat-sensitive nutrients loss and prolong the shelf life of cooked products (Dıaz et al., 

2008). It can also increase tenderness, improves colour retention, reduces moisture loss and 

provides a superior flavour profile (Vaudagna et al., 2008; Roldan et al., 2014). The finding of 

Roldan et al. (2014) also revealed that the combination of different low cooking temperature and 

long cooking time cause a decrease in thiobarbituric reactive substances (TBARS) values and 
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volatile compound of cooked mutton. Additionally, occurrence of intense collagen solubilization 

has been noted using this technique, but changes in myofibrillar proteins which are responsible 

for toughening has been very mild (Sanchez del Pulgar et al., 2012; Roldan et al., 2014). 

Awareness on the appropriateness and ease of application of this cooking technique has 

encouraged its wide-used in restaurants, catering and industrial food processing (Roldan et al., 

2014).  

 

2.6 Consumption and utilization of liver meat in human diet  

Liver is an important internal organ that is essential for maintaining optimum function of other 

organs in live animals. It is described as the largest and almost complex organ in the body 

(Sundari et al., 2013). Biologically, the liver plays a significant role in the protein and lipid 

biosynthesis, storage and distribution of nutrients including glucose, minerals and vitamins in the 

body (Rhodes and Bell, 2013; da Costa et al., 2014).  Beside these, it plays a crucial role in 

maintaining the internal environments through detoxification and excretion of many endogenous 

and exogenous compounds in the body (Sundari et al., 2013).  On weight basis, liver accounts for 

1-2% of whole-body tissue mass in bovine species (Li et al., 2014) indicating the largest organ in 

the body. Nutritionally, liver contain a wide range of important macro and micro nutrients which 

are comparable with lean meat tissue. Li et al. (2014) revealed that beef liver contains 17-19% 

protein, 3-5% fat 1.5% ash, 2-4% carbohydrate and 103-140 kcal total energy. In comparison to 

fresh lean meat, beef liver contains higher amounts of leucine, threonine, serine, glutamic acid, 

aspartic acid and phenylalanine, among other amino acids (Li et al., 2014).  

 

http://en.wikipedia.org/wiki/Leucine
http://en.wikipedia.org/wiki/Aspartic_acid
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Liver meat contains iron (Fe) content that is five times higher than beef steak when it comes to 

mineral composition, (Li et al., 2014).  Moreso, the vitamin content of liver has been found to be 

higher than that of lean meat issue. Jayathilakan et al. (2012) reported that liver meat contains 

large amounts of riboflavin (1.697– 3.630 mg/100 g) which is 5–10 times higher than lean meat. 

In addition, liver meat has been described as the excellent source of niacin, vitamin B12, B6, 

folacin, carnosine, L-carnitine ascorbic acid and vitamin A (Ercan and El, 2011; Purchas and 

Busboom, 2005; Jayathilakan et al., 2012). Many studies have also showed that liver contains 

lower levels of monounsaturated fatty acids and higher levels of polyunsaturated fatty acids than 

lean tissue (Enser et al., 1998; Liu 2002; Jayathilakan et al., 2012). Based on the aforementioned 

nutritional quality, consumption of liver meat offers enormous opportunities to meet daily 

nutritional requirements of the populace.  Studies have showed that liver is traditionally 

consumed in a number of countries around the world especially in South East Asia, Australia and 

Africa (Fatma and Mahdey, 2010). In some cookery, liver meat is considered as primal food that 

has health benefits and is consumed by people of all ages (Fayemi and Muchenje, 2014).  Liver 

meat is usually consumed boiled, fried or processed into products such as liver pate, foiegras, 

leverpastej and liver sausages. The liver sausage is popular with most consumers, because of its 

beneficial fatty acid profile, high oxidative stability, and a balanced volatile profile (Estevez et 

al., 2005). 
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2.7 Summary of Review 

It can be concluded from this review that the occurrence of lipid oxidation and microbial 

spoilage in processed meat during processing and storage are inevitable and has a tremendous 

effect on product quality. However, this can be prevented through the application of antioxidants. 

Treatment of meat products with natural antioxidants will reduce rate of decoloration and 

rancidity during storage.  It is also revealed that the use of natural antioxidants has a great 

antimicrobial potential to preserve meat from oxidative deterioration. In addition, the 

consumption of meat treated with natural antioxidants will help to boost consumer health and 

reduce economic loss in the meat industry. Lastly, it was also revealed that application of 

thermal treatments can induce oxidation of lipid through the loss of essential fatty acids and 

other bioactive components of meat. However, Sous vide cooking technique can be used to 

minimize this loss and optimize the nutritional content of meat during cooking.  
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Chapter 3: Consumers’ awareness of the use of natural antioxidants as preservatives in 

meat and meat products 

(Submitted to Journal of New Generation Sciences) 

Abstract 

The objective of the study was to assess the level of consumers’ awareness on the use of natural 

antioxidants in meat and meat products in University of Fort Hare community, Eastern Cape 

Province, South Africa. Data was collected randomly from a total of 222 respondents and analyzed 

using descriptive statistics. The X
2
 test was used to determine associations between consumer 

demographic characteristics and their awareness on the use of natural antioxidants to preserve 

meat products. Results from the study revealed that approximately 53% and 47% of the 

respondents were male and female, respectively. Majority of the respondents (98.65%) indicated 

that they ate meat. In addition, 51.35% of the respondents indicated that they had not heard about 

the use of antioxidants as preservatives in meat products. However, among the remaining 

respondents (48.65%) were aware of antioxidants and their use as preservatives, about 19% 

knew of natural antioxidants, 35% synthetic antioxidants and 46% both natural and synthetic 

antioxidants. The results further revealed that the majority of the respondents (82%) that had 

knowledge of natural antioxidants were greatly concerned about the use of synthetic antioxidants 

in meat and meat products due to their health consequences.  In conclusion, this study revealed 

that not all consumers were aware of application of natural antioxidants as preservatives in meat 

and meat products.  

Key words: Antioxidants, consumers, meat spoilage, storage 
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3.1 Introduction 

The use of antioxidants as preservatives in muscle foods has been instrumental in increasing 

shelf life and food security over the years (Metsovas, 2013).  It is well known that meat and meat 

products are easily susceptible to oxidation and microbial contamination due to their high 

chemical composition and rapid depletion of endogenous antioxidants after postmortem (Xiao et 

al., 2013). Evidence has shown that live muscle contains relative amount of endogenous 

antioxidants, including alpha-tocopherol, histidine-containing dipeptides, ubiquinone, 

glutathione, carnosine and anserine,  which are capable of  scavenging free radicals and 

disrupting oxidative processes in vivo (Decker et al., 2000; Williams, 2007; Xiao et al., 2013). 

However, after slaughtering, this muscle tissue begins to lose its antoxidative potential due to 

various post-slaughter conditions such as anaerobic environment, presence of free radicals 

(reactive oxygen and nitrogen species) and lack of enzymatic mechanisms (Carlsen et al., 2005; 

Kumar et al., 2015 ).  

 

 As postmortem time increases, the activities of endogenous antioxidants continue to diminish 

(Xiao et al., 2013; Kumar et al., 2015), thereby exposing the lipid and protein component of 

muscle to rapid deterioration during processing and storage.  In an attempt to boost meat 

antioxidant content and increase shelf life, different antioxidants (natural or synthetic) are used in 

the meat industry. Antioxidants are compounds or systems that can safely interact with free 

radicals to prevent oxidation of pigment, lipid and proteins in muscle food during processing and 

cold storage (Embuscado, 2015; Oroian and Escriche, 2015).  
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Recently, the use of synthetic antioxidants in food/meat products has been reported in causing 

negative health effect on consumers (Sarafian et al., 2002; Faine et al., 2006; Hazra et al., 2012; 

Kumar et al., 2015). Consequently, there is high preference for meat products containing natural 

antioxidants. Natural antioxidants are found in abundance in a wide range of natural sources 

including fruits, herbs, grains, spices, nuts, seeds, leaves and roots (Kumar et al., 2015). The 

consumption of meat products containing antioxidant-rich spices has been reported to reduce in 

vivo formation of malondialdehyde and lower the risk of cancer and cardiovascular disease (Li et 

al., 2010).   

 

Despite the health benefits of natural antioxidants, there is a paucity of information on studies 

that specifically address the level of consumer awareness on antioxidant application in meat 

products across countries. Presently, synthetic antioxidants are incorporated into a variety of 

foods, including meat patties, processed burgers, hot dogs, cereal and chewing gum, among 

others, to extend their shelf life (Metsovas, 2013). Report has shown that continuous production 

and distribution of food products with synthetic compounds could be detrimental to public health 

over time (Metsovas, 2013). Synthetic antioxidants are not advertised prominently on food labels 

including meat, and many people may not be aware of their implication on health. Moreso, it is 

known that the choice of products that consumers purchase and consume could be influenced by 

the level of their awareness (Chi et al., 2009). Therefore, this study was designed to assess the 

level of consumer awareness on application of antioxidants in meat and meat products.  
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3.2 Materials and Methods 

3.2.1 Study site  

The study was conducted at University of Fort Hare, Alice, Eastern Cape Province of South 

Africa. The University community has a population of well over 13,000 students comprising of 

undergraduate and postgraduate, local and international students.  The University is located 

within a latitude of 32
0
 47’ South and longitude of 26

0
 50` East of the Equator, with a mean 

altitude of 524 meters (1,720 feet) above sea level. The site receives a mean annual rainfall of 

480 meters and annual temperature of 18.7 degrees centigrade.  

 

3.2.2 Data Collection 

A total of two hundred and twenty two (222) respondents were sampled using simple random 

sampling techniques and interviewed through structured questionnaires. The questionnaires were 

organized into different sections comprising of questions on demographic characteristics (such as 

age group, gender and education), consumer knowledge on causes of meat spoilage during 

storage, the use of antioxidants as meat preservatives, and negative effects of synthetic 

antioxidants. Prior to data collection, a group of personnel was recruited and trained on how to 

administer the questionnaire and guide each respondent to answer the questions raised correctly.   
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3.2.3 Statistical analysis 

Data were analyzed using PROC FREQ and PROC CHISQ procedures of the Statistical Analysis 

System (SAS, version 1.9.3 of 2007). PROC FREQ was computed on the age groups and gender 

of the respondents.  PROC CHISQ was used to determine the association between demographic 

characteristics of the respondents and their knowledge on the use of natural antioxidants as 

preservatives in meat and meat products. The signifance was tested at P < 0.05. 

 

3.3 Results 

3.3.1 Demographic characteristics of Consumer  

Results on demographic characteristics of the respondents are presented in Table 3.1. The results 

showed that 52.70% were male and 47.35% were female.  More than half of the respondents 

(62.16%) were aged between 20 and 25 years while others were within the age categories of 19 

or below (7.66%), 26-30 (17.57%), 31-40 (10.81%) and 1.80%  were 41 or above. Overall, most 

of the interviewees were below the age of 40 years. 
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Table 3. 1 Demographic characteristics of the respondents (n=222).  

Variable Group Frequency Proportion (%) 

Gender Male 117 52.70 

 Female 105 47.30 

Age < 20 17 7.66 

 20-25 138 62.16 

 26-30 39 17.57 

 31-40 24 10.81 

 41-50 4 1.80 
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3.3.2 Consumers’ perceptions on meat consumption and causes of spoilage in meat 

Results on respondent’s meat consumption are showed on Figure 3.1. Majority of the 

respondents (98.65%) ate meat while 1.35% did not. However, concerning the causes of meat 

spoilage, 40.54% of the respondents indicated that microorganisms are the main causes of meat 

spoilage while 4.5% attributed it to occurrence of oxidation reaction (Figure 3.2). Furthermore, 

39.39% of the respondents believed that both oxidation and microorganisms can cause spoilage 

in meat products during storage. Approximately 17% of the respondents did not know the 

possible causes of spoilage in meat products during storage. 
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Figure 3. 1 Proportion of respondents that consume meat and meat products. 
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Figure 3. 2 Consumers perception on the causes of spoilage in meat and meat products 

during storage. 
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3.3.3 Consumer awareness on application of antioxidants in meat and meat products 

Results on consumer awareness on the use of antioxidants as preservatives are shown on Figure 

3.3. More than half of the respondents (51.35%) indicated that they have not heard about 

antioxidants and their use as preservatives in meat and meat products.  However, among the 

remaining 108 respondents (48.65%) who were aware of antioxidant’s application in meat 

preservation, only 19% knew of natural antioxidants, 35% synthetic antioxidant while 46% had 

the knowledge of both (Figure 3.4). The results further showed that 64 (60.38%) of the 

respondents that were aware of the use of antioxidants as preservatives got the information from 

School/University, 35 (33.02%) from internet, 4 (3.77%) from friends and 3 (2.83%) from media 

(radio program) (Figure 3.5). Additionally, majority of the respondents 86 (81.13%) indicated 

that they were aware of the possible health consequences of synthetic antioxidants while 20 

(18.87%) did not (Figure 3.6). The group of respondents that consented that they were aware of 

the health consequences of synthetic antioxidants also expressed their great concern about their 

use as preservatives in meat and meat products. Among this group of respondents, 49.06% had a 

strong dislike for the use of synthetic antioxidants as preservatives, 32% slightly dislike, 2.08% 

somehow dislike it, while 4.2% were unconcerned of the use of synthetic antioxidants as 

preservatives (Figure 3.7). Overall, a strong significant association was observed between 

consumers’ age and health consequences of synthetic antioxidants while other parameters were 

not significantly associated with consumers’ demographic characteristics (Table 3.2).   
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Figure 3. 3 Consumers’ awareness on the use of antioxidants as preservatives in meat and 

meat products. 
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Figure 3. 4 Consumers’ knowledge on type of antioxidants for meat preservation. 
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Figure 3. 5 Effect of information source on consumers’ awareness on the use of natural 

antioxidants as preservatives in meat and meat products. 
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Figure 3. 6 Consumers’ knowledge on the health consequences of synthetic antioxidants  
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Figure 3. 7 Consumers’ reaction to the use of synthetic antioxidants as preservatives in 

meat and meat products. 
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Table 3. 2 Effect of demographic factor on consumers’ awareness of natural antioxidants as 

a meat preservative agent. 

Variable                                    X
2
- value   

1
Sig 

Consumer awareness on antioxidants 

Gender 0.69 ns 

Age 4.08 ns 

Consumer awareness on type of antioxidants 

Gender 2.30 ns 

Age 3.22 ns 

Consumer awareness on  health consequences of synthetic antioxidants 

Gender 3.29 ns 

Age 24.18 * 

1
Significant at *P < 0.05 but NS not significant at P > 0.05. 
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3.4 Discussion 

Findings from the current study revealed that the majority of the respondents recognized that 

oxidation and microbial contamination were the main causes of meat spoilage or deterioration 

during storage. This is in line with other studies that reported that oxidation and microbial 

contamination were major causes of discoloration, rancidity and nutritional value in meat 

products (Hernández-Macedo et al., 2011; Kumar et al., 2015). In most cases, occurrence of 

oxidation reaction is inevitable under postmortem conditions and they usually cause adverse 

effects on flavor and sensory quality of meat products (Bekhit et al., 2013).  In order to reduce or 

prevent meat spoilage during storage, antioxidants are explored in the meat industry. However, 

our results on consumer knowledge about antioxidants showed that more than half of the 

respondents were unaware of their use as preservatives in meat products. This could be due to 

the fact that antioxidants are not predominantly advertised or mentioned on meat labels 

(Venkatesh, 2011). In addition, information regarding their application in meat and meat 

products and benefits are rarely disseminated or relayed on public media. 

 

Most of the respondents that were aware of the use of antioxidants as preservatives indicated that 

they got the information from School/University and website/internet. This is suggesting that the 

majority of consumers who do not have access to internet or academic environment might be 

unaware of the use of antioxidants as preservatives in meat and meat products and its 

consequences on human health. Thus, a proactive communication scheme on the application of 

antioxidants would be necessary to create more awareness on the importance for consumer 

benefits.  
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Our results further revealed that the majority of respondents were aware of the use of either 

natural or synthetic antioxidants in meat products. Both natural and synthetic antioxidants have 

been reportedly used as preservatives to extend the shelf life of meat during storage (Chen et al., 

1992; Karakaya et al., 2011; Kumar et al., 2015). However, applications of synthetic antioxidants 

have been suspected to cause health problems in consumers. In agreement with this assertion, our 

results showed that the majority of the respondents were aware of the health risks involved in the 

use of synthetic antioxidants as meat preservative agents. This group of respondents also 

expressed concerns about their application in meat products. It is interesting to note that several 

studies have shown that the application of synthetic antioxidants in meat and meat products can 

cause cancers and cardiovascular diseases (Faine et al., 2006; Kumar et al., 2015). On the 

contrary, natural antioxidants in meat and meat products have been found to be safe, healthy and 

easily accessible.  

 

Evidence has shown that the inclusion of spice mixture (Cloves, Cinnamon, Oregano, Rosemary, 

Ginger, Black pepper, Paprika and Garlic) in cooked hamburgers significantly decrease the 

formation and concentration of malondialdehyde after consumption (Li et al., 2010). The 

consequence of malondialdehyde has been associated with several diseases including 

atherosclerosis and cancer formation in the body (Marnett, 1999; Li et al., 2010). This finding 

from Li et al. (2010) demonstrates that natural antioxidants have potential health benefits against 

atherogenesis and carcinogenesis. Presently, food market and consumers (those that are aware of 

antioxidants) are increasingly demanding for meat products containing natural antioxidants 

(Karre et al., 2013).   
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3.5 Conclusions 

Findings from this study revealed that most consumers believed that natural antioxidants can be 

used to inhibit the rate of oxidation and microbial spoilage in meat products. The use of natural 

antioxidants as preservatives would be more acceptable than synthetic antioxidant due to their 

health consequences. Thus, a further study aiming at creating and increasing consumer 

awareness on application of natural antioxidants would be necessary in developing more natural 

antioxidants products for commercial uses.   
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Chapter 4: In vitro evaluation of antioxidant and antibacterial activities of Bidens pilosa 

Lam. asteraceae and Moringa oleifera Lam. moringaceae plants  

(Submitted to CyTA - Journal of Food) 

Abstract  

The objective of this study was to evaluate the in vitro antioxidant and antibacterial activities of 

aqueous ethanolic extract of Bidens pilosa Lam. Asteraceae (B. pilosa) and Moringa oleifera 

Lam. Moringaceae (M. oleifera) leaf plants. The plants’ extracts were screened for the presence 

of phytochemicals and for antimicrobial activities. The phytoconstituents of the extracts were 

identified using gas chromatography-mass spectrometry (GC-MS) while the free radical 

scavenging activities of the extracts were determined using 2,2-diphenyl-2-picryl hydrazyl 

(DPPH) and  2,2-azino-bis-3-ethylbenzothiazoline-6-sulfonic acid (ABTS) free radical assays. 

The result of GC-MS analysis revealed higher amount of phytoconstituents in B. pilosa (20) than 

M. oleifera (13) extracts. The antioxidant activity of the plants’ extracts (P < 0.05) showed that 

M. oleifera extracts had higher phenolic (77.5 ± 0.94 mg Ru/g DW) and flavonoid (17.4 ± 0.15 

mg Ru/g DW) contents than the B. pilosa extract with phenolic (75.9 ± 0.53 mg GAE/g DW) and 

flavonoid (14.9 ± 0.05 mg Ru/g DW) equivalents. The extracts also demonstrated high DPPH 

and ABTS radical scavenging activities which were comparable to those of rutin and butylated 

hydroxytoluene (BHT). Moreso, B. pilosa was found to possess higher total chlorophyll, 

carotenoid and lower vitamin C levels of 3.60±0.04 mg/g DW, 0.73±0.00 mg/g DW and 

0.03mg/g DW, respectively than those of M. oleifera which were 1.46±0.01 mg/g DW, 

0.39±0.00 mg/g DW and 0.35mg/g DW, respectively. The antibacterial assay of the extracts 

revealed an appreciable broad spectrum activity against tested bacteria with minimum inhibitory 

concentrations (MICs) range of between 0.6 and 10.0 mg/ml. The best antibacterial activities of 

the extracts were against E. faecalis and S. epidermidis and the lowest activity was against E. 

http://www.sciencedirect.com/science/article/pii/S0974694313000868
http://www.sciencedirect.com/science/article/pii/S0974694313000868
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coli. In conclusion, this study revealed B. pilosa and M. oleifera plants as potential sources of 

natural antioxidants.  

Keywords: in vitro, antioxidant, antimicrobial, Biden pilosa, Moringa oleifera 
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4.1 Introduction 

Meat preservatives are essential and they play an important role in delivery of high quality and 

safe meat and meat products to consumers. They prevent oxidation, enzymatic reaction and 

growth of foodborne and pathogenic microorganisms that cause deterioration, nutritional and 

economic losses to meat industries (Williams et al., 1999; Yadav and Singh, 2004; Sanchez-

Ortega et al., 2014). Various synthetic antioxidants such as butylated hydroxytoluene (BHT), 

tertiary-butylhydro-quinone (TBHQ) and butylated hydroxyl-anisole (BHA) have been widely 

used in a variety of food industry.  The addition of BHT, TBHQ and BHA in meat products has 

recently been reported to be carcinogenic and toxigenic, hence putting consumer’s health 

associatedt risks (NTP, 2011; Lobo et al., 2010). Conversely, the use of synthetic antioxidants 

have also been found to be either ineffective to completely delay microbial spoilage or eliminate 

important pathogens such as Listeria monocytogenes in meat products (Gutierrez et al., 2009; 

Tajkarimi et al., 2010).  

 

In response to this, consumers and food markets are demanding high quality meat and meat 

products with extended shelf life and without chemical preservatives (Sanchez-Ortega et al., 

2014; Kumar et al., 2015). Thus meat industries are now searching for alternative meat 

preservatives to meet the consumer demand (Karre et al., 2013; Kumar et al., 2015).  Numerous 

edible plant materials have been identified as alternative to chemical preservatives; these plant 

materials are known to exhibit secondary metabolites including antioxidant and antimicrobial 

compounds that promote good health (Jaberian et al., 2013). Studies on the use of plant materials 

as natural antioxidant and preservatives in meat and meat products have shown that they are able 

to extend meat shelf-life and improve nutritional quality (Mohameda et al., 2011; Doolaege et 
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al., 2012; Kobus-Cisowska, et al., 2014). Additionally, the use of natural antioxidants (plant-

derived antioxidants) has been found to retard lipid oxidative rancidity in food and also protect 

the body from free radicals and chronic diseases by limiting oxidation of low-density lipoprotein 

cholesterol (Daniells, 2006; Koolen et al., 2013). The in vitro activity of plant extracts have also 

been reported against several foodborne and human pathogenic microorganisms including 

Klebsiella, Bacillus, Pseudomonas, Staphylococcus, Salmonella and Escherichia coli  (Khan et 

al., 2001; Rahman et al., 2010).  

 

Biden pilosa and Moringa oleifera are plants with a lot of potential in this regard; both plants are 

considered as potential functional ingredients and promising sources of natural antioxidants 

(Sreelatha and Padma, 2009; Bartolome et al., 2013). Biden pilosa and M. oleifera are fast-

growing perennial plants which are widely cultivated across the temperate and tropical regions 

including in South Africa.  Conventionally, almost all parts of these plants (the whole plant, the 

aerial parts and/or the roots) have been used extensively, either as food or medicinal components 

(Yang, 2014). Their leaves are especially good source of protein, vitamins, minerals and amino 

acids (Adedapo et al., 2012; Jayawardana et al., 2015). However, the effect of medicinal plants 

are apparently related to the presence of polyphenol, alkaloids, saponins, tannins, ascorbic acid, 

chlorophyll and carotenoid compounds in the plants (Kim et al., 2013).  In order to ascertain the 

efficacy of medicinal plants in biological system, they are usually subjected to in vitro 

antioxidant and antimicrobial assays. Therefore, this study was conducted to evaluate the 

antioxidant and antimicrobial properties of M. oleifera and B pilosa plants.  
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4.2 Materials and Methods  

4.2.1 Plant sample and extract preparation 

Biden pilosa and M. oleifera leaf were obtained from the University of Fort Hare farm (South 

Africa) and Moringa South Africa Ltd, respectively. The dry plant samples (200 g) were 

exhaustively macerated with 800 ml of ethanol-water solution (7:3) at room temperature for 2 

days. Each extract was separated from the residue by filtration, using Whatmann no.1 filter paper 

and then concentrated under reduced pressure at 55 °C using a rotary evaporator.  The extract 

lyophilized with a freeze-drier and the dried extracts were used for the determination of the 

antioxidant activity at concentration of 1 mg/ml. Determination of the nutritive values of the 

plants were carried out on the dry samples. All analyses were done in triplicate. The dried 

powder of plant extracts were then stored at 20
0
 C for further analysis. 

4.2.2 Chemicals 

Gallic acid, 2, 2-Diphenyl-2-picrylhydrazyl (DPPH), 2, 2 íazino- bis-3-ethylbenzothiazoline-6-

sulfonic acid (ABTS), 3- (2-pyridyl) -5, 6-diphenyl-1,2,4-triazine-4’,4’-disulfonic acid,  sodium 

carbonate, butylated hydroxytoluene (BHT), rutin and were purchased from Sigma Chemical Co. 

(St. Louis, MO, USA)., n-haxaneAluminium chloride (AlCl3), Folin-Ciocalteu phenol reagent 

and sodium carbonate were from Merck (Damstadt, Germany). All other chemicals used 

including the solvents, were of analytical grade. 

4.2.3 GC-MS analysis of Biden pilosa and Moringa oleifera leaf extracts 

The GC-MS analysis of crude extract of B. pilosa and M. oleifera plant were quantitatively 

performed using an Agilent 7890B GC system coupled with an Agilent 5977A MSD with a 

Zebron-5MS column (ZB-5MS 30 m x 0.25 mm x 0.025μm) (5% -phenylmethylpolysiloxane). 
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GC-grade helium was used as carrier gas at a constant flow rate of 2 mL/min. The crude extracts 

were dissolved with appropriate solvent, filtered and diluted in n-hexane. The samples were 

diluted at a ratio of 1:50 and injection was achieved through an auto-sampler. The column 

temperature was maintained at 50°C and gradually increased at 10
0
C per minute until a final 

temperature of 250
0
C was reached. The time taken for the GC-MS analysis was calculated 

automatically as 18.23 min. The identification of the components was based on computer 

matching of the mass spectra with the National Institute of Standards and Technology library 

(NIST 11 MS library).  

4.2.4 Determination of antioxidant contents and activities of the plant extracts 

4.2.4.1 Total phenolic content 

Total phenol contents of the extracts were determined as described by Wolfe et al. (2003). The 

extract was mixed with 5 mL of Folin-Ciocalteu reagent (previously diluted with water 1:10 v/v) 

and 4 mL (75 g/L) of sodium carbonate.  The tubes were vortexed for 15 s and allowed to stand 

for 30 min at 40
0
C for color development.  Absorbance was then measured at 765nm using the 

Hewlett Packard UV-VS spectrophotometer. Total phenolic contents were expressed as mg/g 

Gallic Acid Equivalent (GAE) using the following equation based on the calibration curve: y = 

0.181x, r
2
 = 0.993, where X was the absorbance and Y was the GAE (mg/g). 

4.2.4.2 Total flavonoids content 

Total flavonoids were determined using the method described by Ordonez et al. (2006). An 

aliquot of 0.5 mL of 2% AlCl3 ethanol solution was added was added to 0.5 mL of sample 

solution. The samples were incubated for one hour at room temperature, followed by measuring 

the absorbance at 420nm. A yellow color indicated the presence of flavonoids. Total flavonoid 
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contents were calculated as rutin (RU, mg/g) using the following equation based on the 

calibration curve: y = 0.2645x, r2 = 0.992, where X was the absorbance and Y was the RU 

equivalent (mg/g). 

4.2.4.3 DPPH radical scavenging assay 

The free radical scavenging activity of extracts on 2, 2-diphenyl-2-picrylhydrazyl (DPPH) 

radical was estimated using the method described by Liyana-Pathiranan et al. (2006).  A solution 

of 0.135 mM DPPH in ethanol was prepared and 1.0 mL of this radical solution was mixed with 

1.0 mL of sample solution. The reaction mixture was incubated in the dark for 30 minutes at 

room temperature and then the absorbance was measured at 517nm using spectrophotometer. 

Rutin and BHT were used as reference standards. The ability of the extract to scavenge DPPH 

radical was calculated by the following equation:  

DPPH radical scavenging activity (%) = [(Abs control x Abs sample)]/ (Abs control)] x 100 

where Abs control is the absorbance of DPPH radical + ethanol; Abs sample is the absorbance of 

DPPH radical + sample extract /standard. 

4.2.4.4 ABTS radical scavenging assay 

ABTS radical cation decolourisation assay to determine the free radical scavenging activity of 

plant extracts was carried out as described by Re et al. (1999). Stock solutions  (ABTS•
+
) were 

prepared by reacting a 7 mM ABTS solution with 2.4 mM potassium persulphate solution  in 

equal quantities and the mixture was allowed to stand in the dark at room temperature for 16 -18 

hours before use. The stock solution was then diluted by mixing 1 mL ABTS solution with 53 ml 

of ethanol to obtain an absorbance of 0.705 units at 734nm.  One millimeter of diluted ABTS 

working standard solution was mixed with 1ml of plant extract/standard and the absorbance was 
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measured after 7 min at 734nm using the spectrophotometer. The ABTS scavenging capacity of 

the extract was compared with that of rutin and BHT as reference standards. The percentage 

inhibition was calculated as ABTS radical scavenging activity (%) = [(Abs control – Abs 

sample)]/ (Abs control)] x 100, where Abs control is the absorbance of ABTS radical + ethanol; 

Abs sample is the absorbance of ABTS radical + sample extract /standard. 

4.2.5 Determination of nutritional value 

4.2.5.1 Total chlorophyll and total carotenoid contents  

The content of chlorophylls a and b, and as well as total carotenoids, was determined using the 

method of Lichtenthaler (1987). Approximately 1 g of dry plant samples (1 g) was extracted with 

50 mL of 80% acetone (v/v) solution after incubation in the dark for 24 h at room temperature. 

After filtration (Whatman no. 1 filter paper), the filtrate volume was adjusted to 100 mL with 

80% acetone (v/v). Absorbance was read at 662nm, 644nm, and 470nm using spectrophotometer to 

measure the content of chlorophyll a, chlorophyll b, and carotenoids, respectively. Total 

chlorophyll was calculated as the sum of chlorophylls a and b. Total chlorophyll and total 

carotenoid contents were expressed as mg/g on a dry weight basis 

4.2.5.2 Vitamin C content 

Vitamin C content was determined according to the method described in the Association of 

Official Analytical Chemists (AOAC, 1995).  Dried plant powder (2 g) was dissolved in 25 mL 

of extract solution (metaphosphoric acid: acetic acid=1:5). The homogenate was centrifuged at 

12,000 rpm for 5 min, and the supernatant was filtered through Whatman no. 1 filter paper. Two 

microliters from the supernatant were then placed in test tubes, after which 200 μL of indophenol 

and 2 mL of thiourea metaphosphoric solution were added. After that, 1 mL of 2,4-dinitrophenyl 
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hydrazine (DNP) solution was mixed with the sample solution and the mixture was incubated at 

37 °C for 3 hours and then cooled on ice. Thereafter, 5 mL of 85% H2SO4 solution was added, 

and the resulting mixture was left in the dark for 30 minutes at room temperature before 

determining the absorbance at 520nm. Vitamin C content was expressed as mg ascorbic acid 

(AAE) equivalent/g of plant on a dry weight basis. 

4.2.6 In vitro antimicrobial activity of plant extracts 

4.2.6.1 Bacterial strains and growth conditions  

Bacterial isolates used in this study were reference strains obtained from GI Microbiology and 

Biotechnology Laboratory, Agricultural Research Council-Animal Production Institute, Irene, 

South Africa. These strains were chosen for their histories in pathological effects on humans and 

deterioration of food products. The bacteria include four Gram-positive (Staphylococcus aureus, 

Bacillus cereus, Staphylococcus epidermidis, Enterococcus faecalis) and four Gram-negative 

(Pseudomonas aeruginosa, Escherichia coli, Shigella flexinerii, Serratia marcescens) strains. 

The test organisms were inoculated in 10 mL previously sterilized nutrient agar media, mixed 

thoroughly and transferred immediately to the sterile petri dish in an aseptic condition using a 

sterile loop. The bacterial strains were incubated at 37 
0
C overnight. After incubation, the test 

organisms were maintained in nutrient broth, and then standardized at 560nm to achieve 10
5 

colony forming units per mL (CFU/mL).  

4.2.6.2 Agar well diffusion test 

The inhibitory effects of the plant extracts on test bacteria were determined by the agar well 

diffusion method. Twenty milliliters of Müller-Hinton agar solution in McCartney bottle was 

autoclaved and cooled in water bath at 50
0
C. One hundred microliters of each standardized 
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bacteria strain were added to the suspension and poured into a sterile Petri dish (90 mm 

diameter), and then allowed to stand at room temperature to reach solidification. Two wells per 

Petri dish were bored on agar plate under aseptic condition and 20 mg/ml of each plant extract 

was dispensed into each agar well. Plates were left for 30 minutes at room temperature to allow 

the extracts to diffuse into the agar before incubation at 37
0
C for 24 h. After incubation, clear 

zone of inhibitions were measured and expressed in millimeters.  

4.2.6.3 Determination of minimum inhibitory concentration (MIC) of the plant extracts  

The MIC of the extract was determined by a broth micro-dilution method as described by 

Jorgensen and Turnidge (2007). Ninety-six-well culture plates were prepared, and serial two-fold 

dilutions of the extracts were dispensed into the plate wells. The volume of dispensed extract was 

100 µl per well in the concentration range of 20 mg/ml to 0.625 mg/ ml. The same volume (100 

µl) of bacterial culture at a density of 10
5
 CFU/ml was added to the wells, and the culture plates 

were incubated at 37
0
C for 24 h. The lowest concentration of the plant extract required to inhibit 

visible growth of the tested microorganism was designated as the MIC. The MBC was 

determined by streaking the suspension in the well with concentrations greater than the MIC. 

After that, the sub-cultured agar plates were incubated overnight at 37
0
C. The MBC was defined 

as the lowest concentration of extract at which no viable microorganism was detected by 

subculture.  

4.2.7 Statistical analysis 

Data obtained on antioxidant and antimicrobial contents of the plant extracts were analyzed 

using PROC MEANS and PROC ANOVA procedures of the Statistical Analysis System (SAS, 

version 1.9.3 of 2007). The effect of plant type on concentration of phenolic, flavonoid, 

chlorophyll, carotenoid and Vitamin C contents as a response variable was determined.  Post-hoc 
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analysis was performed on DPPH and ABTS scavenging activity of plant extracts using Duncan 

Multiple Range test.  

 

4.3 Results  

4.3.1 Identification and quantification of phytochemicals in ethanolic extract of Moringa 

oleifera and Biden pilosa 

The composition of phytochemical constituents of the extract with their retention time (RT) as 

revealed by GC-MS analysis were presented in Table 4.1 and 4.2. The extract of B. pilosa 

exhibited more volatile compounds (20 compounds) than M. oleifera (13 compounds) during 

maximum run time of 18.23 minutes (Figure 4.1 and 4.2). The results also revealed that the 

ethanol extract of B. pilosa and M. oleifera  contain both antioxidant and antimicrobial 

compounds such as Tetradecanoic acid, n-Hexadecanoic acid, Hexadecanoic acid ethyl ester, 

Phytol, Octasiloxane 1,1,3,3,5,5,7,7,9,9,11,11,13,13,15,15 -hexadecamethyl, Linoleic acid ethyl 

ester, DL-alpha-Tocopherol, 9,12,15-Octadecatrienoic acid ethyl ester (Z,Z,Z),  9,12-

Octadecadienoic acid (Z,Z), Phenol, 2,2'-methylenebis [6-(1,1-dimethylethyl)]-4-methyl and 4-

Methyl-2-trimethylsilyloxy-acetophenone (Table 4.3).  
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Table 4. 1 Chemical composition of leaf extracts of Moringa oleifera. 

No Compound Retention time  % Peak area 

1 Tetradecanoic acid 10.677 7.54 

2 n-Hexadecanoic acid 10.734 2.23 

3 Hexadecanoic acid, ethyl ester 10.827 20.59 

4 Phytol 11.425 6.05 

5 9,12-Octadecadienoic acid (Z,Z)- 11.581 6.44 

6 Linoleic acid ethyl ester 11.650 8.39 

7 9,12,15-Octadecatrienoic acid, ethyl ester, (Z,Z,Z) 11.696 36.36 

8 Octadecanoic acid, ethyl ester 11.756 3.91 

9 1,5-Cyclodecadiene 12.650 2.77 

10 Heptasiloxane, 1,1,3,3,5,5,7,7,9,9 ,11,11,13,13-

tetradecamethyl 

12.832 0.42 

11 4-Dehydroxy-N-(4,5-methylenedioxy 2-

nitrobenzylidene) tyramine 

12.867 1.40 

12 DL-alpha-Tocopherol 16.305 2.67 

13 Octasiloxane, 1,1,3,3,5,5,7,7,9,9, 11,11,13,13,15,15-

hexadecamethyl 

18.113 1.24 
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Figure 4. 1 GC-MS chromatogram of Moringa oleifera leaf extracts. 
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Table 4. 2 Chemical composition of leaf extracts of Biden pilosa. 

No Compound Retention time  % Peak area 

1 Bicyclo[2.2.1] heptan-2-one, 1,7,7-trimethyl, (1S) 5.760 0.94 

2 Benzamide, 4-methoxy-N-[2-(1-methylcyclopropyl) phenyl 8.844 0.71 

3 9H-Fluorene, 9-diazo 9.601 11.34 

4 Hexadecanoic acid, ethyl ester 10.812 15.98 

5 Phytol 11.415 5.58 

6 Benzo[h]quinoline, 2,4-dimethyl 11.547 1.14 

7 Linoleic acid ethyl ester 11.632 3.64 

8 9,12,15-Octadecatrienoic acid, ethyl ester, (Z,Z,Z)- 11.667 8.80 

9 5-Acetamido-4,7-dioxo-4,7-dihydro benzofurazan 12.022 5.60 

10 Trimethyl [4-(2-methyl-4-oxo-2-pentyl) phenoxy] silane 12.139 0.29 

11 1H-Indole-2-carboxylic acid, 6-(4- ethoxyphenyl)-3-methyl-4-

oxo-4,5,6 ,7-tetrahydro-, isopropyl ester 

12.352 0.51 

12 1,2-Bis (trimethylsilyl) benzene 12.503 0.23 

13 5-Methyl-2-trimethyl silyloxy-acetophenone 12.662 1.02 

14 Phenol, 2,2'-methylenebis[6-(1,1-dimethylethyl-4-methyl  12.835 7.67 

15 Octasiloxane, 1,1,3,3,5,5,7,7,9,9, 11,11,13,13,15,15-

hexadecamethyl 

13.053 1.01 

16 Heptasiloxane, 1,1,3,3,5,5,7,7,9,9 ,11,11,13,13-tetradecamethyl 13.113 0.64 

17 Tris (tert-butyl dimethyl silyloxy) arsane 13.171 0.95 

18 Cyclotrisiloxane, hexamethyl 14.646 1.65 

19 4-Methyl-2-trimethylsilyloxy-acetophenone  17.561 2.51 

20 Arsenous acid, tris (trimethylsilyl) ester 18.091 1.39 
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Figure 4. 2 GC-MS chromatogram of Biden pilosa leaf extracts. 
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Table 4. 3 Bioactivity of phytocomponents identified in the leaf extracts of Moringa oleifera 

and Biden pilosa by GC-MS. 

Compound Extract Compound 

Structure 

Molecular 

Weight 

Activity 

Tetradecanoic acid 

 

M. oleifera C14H28O2 228 Antimicrobial 

Antioxidant  

n-Hexadecanoic acid M. oleifera C16H32O2 256 Antioxidant 

Hexadecanoic acid, ethyl ester M. oleifera  

B. pilosa 

C16H36O2 284 Antioxidant 

Phytol M. oleifera,  

B. pilosa 

C20H40O 296 Antimicrobial 

Antioxidant  

Octasiloxane, 1, 1, 3, 3, 5, 5, 7, 

7, 9, 9,11, 11, 13, 13, 15, 15 -

hexadecamethyl 

M. oleifera,  

B. pilosa 

C16H50O
7
Si8 

  

578 Antimicrobial 

Linoleic acid ethyl ester M. oleifera C20H36O2  308 Antimicrobial 

DL-alpha-Tocopherol M. oleifera C29H50O2 430 Antioxidant  

9, 12-Octadecadienoic acid 

(Z,Z) 

M. oleifera C18H30O2 280 Antimicrobial 

Linoleic acid ethyl ester B. pilosa C20H36O2  308 Antimicrobial 

Phenol, 2, 2'-methylenebis [6- 

(1, 1-dimethylethyl)]-4-methyl 

B. pilosa C15H24O 220 Antimicrobial 

antioxidant  

4-Methyl-2-trimethylsilyloxy-

acetophenone  

B. pilosa C12H18O2Si  Antimicrobial 

9,12,15-Octadecatrienoic acid, 

ethyl ester, (Z,Z,Z) 

M. oleifera,  

B. pilosa 

C20H34O2 306 Antimicrobial 

Antioxidant  

Bicyclo[2.2.1] heptan-2-one, 

1,7,7-trimethyl, (1S) 

B. pilosa C10H16O 152 Antimicrobial 
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4.3.2 Antioxidant capacity of the plant extracts 

The results on antioxidant contents of plant extracts are presented in Figure 4.3.  The extracts of 

M. oleifera revealed higher amount of antioxidant content than the extract of B. pilosa.  The 

concentration of phenol and flavonoids in M. oleifera plant extracts were 77.5 ±0.94 mg GAE/g 

DW and 17.4 ±0.15 mg Ru/g DW while that of B. pilosa were 75.9 ± 0.53 mg GAE/g DW and 

14.9 ± 0.05 mg Ru/g DW, respectively. The antioxidant activities of the extracts are illustrated in 

Table 4.4. There were significant differences (P<0.05) in DPPH and ABTS radical scavenging 

activities of B. pilosa, M. oleifera extracts and reference standard. The percentage inhibition of 

DPPH radicals for M. oleifera extracts, B. pilosa extracts, rutin, and BHT were 75.9, 77.1, 73.8 

and 70.6% while that of ABTS radicals were 82.8, 83.24, 79.3 and 85.0%, respectively. 

 

The total chlorophyll, vitamin C and carotenoid contents of the plant samples are presented in 

Figure 4.4 and 4.5. The chlorophyll contents a (2.62±0.05 mg/g DW) and b (0.98±0.01 mg/g 

DW) in B. pilosa were, respectively, more than twice and  thrice those in M. oleifera leaves. The 

total chlorophyll values were 3.60±0.04 and 1.46±0.01mg/g DW for B. pilosa and M. oleifera 

respectively. The total carotenoid content was higher for B. pilosa (0.73±0.00 mg/g DW) and 

lower for M. oleifera (0.39±0.00 mg/g DW) while vitamin C content in M. oleifera was about 12 

times higher than those in B. pilosa  
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Figure 4. 3 Antioxidant content of Moringa oleifera and Biden pilosa leaf extracts. 
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Table 4. 4 Antioxidant activities of the Moringa oleifera and Biden pilosa leaf extracts. 

Antioxidant activity M. oleifera B. pilosa Rutin BHT 

DPPH (%) 75.9
 ab

 ±1.12 77.1
a 
 ± 0.63 73.8

 bc
 ± 0.84 70.6

 c
 ± 0.19 

ABTS (%) 82.8 ± 1.05 83.24± 0.67 79.3 ± 1.34 84.95 ± 0.43 

Means within the same row having different superscripts were significantly different (P < 

0.05).  

DPPH: 2, 2-Diphenyl-2-picrylhydrazyl, ABTS: 2,2-azino- bis-3-ethylbenzothiazoline-6-

sulfonic acid,  BHT: butylated hydroxytoluene. 
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Figure 4. 4 Total chlorophyll content of the Moringa oleifera and Biden pilosa leaf extracts. 
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Figure 4. 5 Carotenoid and Vitamin C content of Moringa oleifera and Biden pilosa leaf 

extracts. 
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4.3.3 In vitro antimicrobial activity of plant extracts 

The results of in vitro antimicrobial activity of the extracts obtained from M. oleifera and B. 

pilosa, against the tested organisms are shown in Table 4.5. All the plant extracts tested showed 

antibacterial activity, but each differs in their activities against some selected food borne micro-

organisms. Both extracts showed antimicrobial activity against S. aureus, S. epidermidis, P. 

aeruginosa, E. coli, S. flexinerii and E. faecalis while B. cereus and P. aeruginosa were resistant 

to the extract of M. oleifera and B. pilosa, respectively. The inhibitory activity of M. oleifera and 

B. pilosa extract against the test organism ranged from 9-19mm and 12-17 mm, respectively. The 

highest inhibitory effect of the extract was observed against E. coli and S. flexinerii (19 mm) and 

the lowest against S. aureus. The MIC of extracts against test organisms ranged from 0.6 to 10 

mg/ml with B. pilosa showing higher activity against S. epidermidis at 0.6 mg/ml (Figure 4.6).  

The MBC of the extract varied between 5.0 and 20.0 mg/ml (Figure 4.7). 
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Table 4. 5 Antimicrobial activities of Moringa oleifera and Biden pilosa leaf extracts 

(20mg/ml). 

 

Microorganism 

 

Gram reaction 

Diameter of zone of inhibition (mm) 

   M. oleifera                B. pilosa 

Staphylococcus aureus ATCC 33591 + 9 ± 2.3 12 ± 0.3 

Bacillus cereus ATCC 10876 + 0 ± 0.00 12 ± 0.9 

Staphylococcus epidermidis ATCC 

13518 

+ 14 ± 1.0 12 ± 0.0 

Enterococcus faecalis ATCC 49532 + 14 ± 1.0 15 ± 0.0 

Pseudomonas aeruginosa ATCC 19429 - 13 ± 0.3 0 ± 0.00 

Escherichia coli ATCC 35218 - 19 ± 1.2 16 ± 1.5 

Shigella flexinerii ATCC 12022 - 18 ± 1.16 17 ± 0.7 

Serratia marcescens  ATCC 14041  - 0 ± 0.00 0 ± 0.00 

“±” Standard error of mean, “ATCC” American Type Culture Collection 
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Figure 4. 6 Minimum inhibitory concentrations (MICs) of Biden pilosa and Moringa 

oleifera  extracts on the test organisms. 
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Figure 4. 7 Minimum bactericidal concentrations (MBCs) of Biden pilosa and Moringa 

oleifera extracts on the test organisms. 
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4.4 Discussion 

Antioxidant compounds are the major constituents of medicinal plants and they possess redox 

properties that can absorb and neutralize free radicals, quench singlet and triplet oxygen, or 

decompose peroxide (Adedapo et al., 2008; Moyo et al., 2012a). The results of GC-MS analysis 

revealed that majority of the phytoconstituents present in the extract of M. oleifera and B. pilosa 

contained antimicrobial and antioxidant properties. Most specifically, the GC-MS identified n-

Hexadecanoic acid, Hexadecanoic acid ethyl ester, DL-alpha-Tocopherol, Phenol, 2, 2'-

methylenebis [6- (1, 1-dimethylethyl)]-4-methyl (BHT) and Phytol compounds, which have been 

reported to possess antioxidant activity (Di Mambro et al., 2003; Rajeswari et al., 2012; Bharathy 

and Uthayakumari. 2013; de Moraes et al., 2014; Mujeeb et al., 2014). Also, compounds such as 

Octasiloxane, 1, 1, 3, 3, 5, 5, 7, 7, 9, 9,11, 11, 13, 13, 15, 15–hexadecamethyl, Linoleic acid ethyl 

ester, 4-Methyl-2-trimethylsilyloxy-acetophenone, 9,12-Octadecadienoic acid (Z, Z) and 

9,12,15-Octadecatrienoic acid ethyl ester (Z, Z, Z)  have been reported in many studies to 

possess antimicrobial activity (Huang et al., 2010; Sethi et al., 2013; Rahman et al., 2014; 

Penduka et al., 2014; Venkatesh et al., 2014; Musa et al., 2015).  

 

Our results further revealed that the extracts of M. oleifera had higher total phenolic, flavonoid, 

and flavonol content than B. pilosa. Phenolic, flavonoid and flavonol compounds are well known 

to initiate different biological activities in medicinal plants including antimicrobial and 

antioxidant properties through various mechanisms of action (Oyedemi et al., 2012). However, 

the antioxidant content of the extracts obtained in this study were slightly higher than those 

reported by Sreelatha and Padma (2009), Sultana et al. (2009), Cortes-Rojas et al. (2012) and 

Ogbunugafor et al. (2012). The difference could be attributed to variation in the environment 
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where the plants were collected, the season, the physiological stage of the plants when they were 

harvested and extraction method (Taylor and van Staden, 2001).  

 

The DPPH and ABTS radical scavenging activities of B. pilosa and M. oleifera leaf extracts 

demonstrated significant strong antioxidant activity, and compared favorably with the standard 

rutin and BHT which are derivatives of phenolic compounds.  In general, the ABTS radical of 

both leaf extracts showed greater antioxidant activity than DPPH radical. This could be attributed 

to differences in mechanism of action and reaction of DPPH and ABST radical. The 2,2'-azino-

bis-3-ethylbenzothiazoline-6-sulphonic acid (ABTS) has been reported to be soluble in aqueous 

and organic solvents, and can therefore determine both hydrophilic and lipophilic antioxidant 

capacities (Abegg et al., 2012).  However, our observations agreed with the findings of Moyo et 

al. (2012a) who found that scavenging ability of M. oleifera extract against ABTS was greater 

than DPPH radicals. The radical scavenging activities of M. oleifera extracts observed in this 

study were comparable with those reported by Sultana et al. (2009)  while that of B. pilosa 

extract were slightly lower than those reported by Adedapo et al. (2012) and Luqman et al. 

(2012). The total chlorophyll, carotenoid and vitamin C content of the B. pilosa plant sample 

were found to be higher than the M. oleifera plant samples. The presence of total chlorophyll, 

Vitamin C, carotenoid together with synergistic effect of phenolic, flavonoid and flavonol 

contents could be responsible for stronger free radical scavenging activities displayed by B. 

pilosa extract in this study. The presence of chlorophyll, carotenoid, and vitamin C has been 

reported to contribute significantly to antioxidant activity of plant species through their ability to 

scavenge reactive oxygen species, singlet molecular oxygen and peroxyl radicals (Ivanova et al., 

2005; Lanfer-Marquez et al., 2005; Bunea et al., 2012).   
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The results of the plant extracts showed broad-spectrum antibacterial activity against gram-

positive and gram-negative pathogenic bacteria. The extracts showed significant inhibitory effect 

against Gram-negative bacteria than Gram-positive bacteria strains.  A similar result was also 

reported by Moyo et al. (2012b) in regard to sensitivity of Gram-negative bacteria to plant 

extracts. The best antibacterial activity was observed against E. faecalis and S. epidermidis and 

the lowest activity was against E. coli.  However, the extract of M. oleifera and B. pilosa was 

found inactive against B. cereus, P. aeruginosa and S marcescens. The resistant capability of 

these bacteria against the extract could be explained by disturbance of permeability barrier 

created by the cell wall or outward membrane of the bacteria (Hayek and Ibrahim, 2012; Nisa et 

al., 2013). Generally, the extract of B. pilosa demonstrated greater antibacterial activity (MIC) 

against the tested bacteria than M. oleifera. This may be attributed to the presence of soluble 

phenolic and polyphenolic compounds (Igbinosa et al., 2008) as well as huge proportion of the 

inherent phytoconstituents as revealed by the GC-MS analysis. The highest MBC was observed 

at 5mg/ml for both extracts. The inhibitory effect, MIC and MBC of the extract against 

pathogenic bacteria strains indicated that these plants are potential candidates of antimicrobial 

sources.  

 

4.5 Conclusions 

The plant extracts from B. pilosa and M. oleifera had the ability to quench free radicals and 

inhibit the growth of bacteria. The results of the antioxidant activity of this study also confirmed 

the antiradical activity of B. pilosa and M. oleifera extracts against DPPH and ABST radical 

which is comparable with the synthetic antioxidant (BHT). Eradication of these radicals revealed 

the oxidizing potential of plant extracts against the generation of free radicals in biological 
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systems. The antimicrobial assay also showed that the extracts possessed potential antibacterial 

activity against the tested organisms, particularly against gram negative bacteria. Moreso, the 

presence of these phytochemicals makes B. pilosa and M. oleifera a potential source of bioactive 

compounds.  In addition, the antioxidant and antimicrobial content of the extracts revealed that 

these plants are promising candidates as natural preservatives. 
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Chapter 5: Antioxidant and antimicrobial activities of Moringa oleifera and Biden pilosa 

leaf extracts in fresh ground beef 

(Submitted to Food Research International) 

Abstract 

The objective of this study was to compare the antimicrobial and antioxidant activities of 

Moringa oleifera and Biden pilosa leaf extracts on ground beef quality from Bonsmara and non-

descript cattle during 6 days refrigeration storage. Fresh ground beef form each breed were 

treated BHT (positive control, 0.02%w/w), M. oleifera (ML, 0.05 and 0.1% w/w) and B. pilosa 

(BP, 0.05 and 0.1% w/w) leaf extracts and compared with beef samples without any additive 

(negative control). The pH, instrumental color (CIE L*, a*, b*), oxidative stability, total viable 

counts (TVC) and lactic acid bacteria (LAB) counts were determined after the storage period. 

The results revealed higher pH values in control and BHT treatment than ground beef samples 

treated with extracts (p > 0.05). Addition of ML and BP leaf extracts significantly (p < 0.05) 

improved the hunter (L*, a* and b*) values and sensory quality of the ground beef compared to 

control. Similarly, the formation of TBARS in ground beef samples treated with extracts were 

significantly (p < 0.05) lower compared to control and BHT treatment. Breed had little effect on 

most parameters except redness (a*) and TBARS formation in which ground beef samples from 

Bonsmara cattle demonstrated higher oxidative stability than non-descript (p < 0.05). The 

bacterial counts of beef samples containing ML and BP leaf extract samples were relatively 

lower than control and BHT treated samples. In conclusion, the addition of M. oleifera and B. 

pilosa leaf extracts in ground beef show that they are very effective against lipid oxidation and 

have potential as natural antioxidants.   

Key words: Ground beef, microbes, natural antioxidant, lipid oxidation  
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5.1 Introduction 

Application of plant extracts in processed meat products as natural antioxidants and preservative 

agents has continued to receive a considerable attention in recent times due to their ability to 

prolong shelf life and enhance consumer health. As natural antioxidants, plant extracts are very 

rich in bioactive compounds (Chapter 4) and they can donate hydrogen ions to inhibit free 

radical formation and/or interrupt propagation of autoxidation in muscle food (Brewer, 2011). As 

potential preservative agents, plant extracts possess huge bioactive compounds which are capable 

of disrupting and degrading the cytoplasmic membrane and cell wall of spoilage microorganisms 

(Kim et al., 2013; Krishnan et al., 2014) and also improve the physicochemical qualities of 

processed meat products (Velasco and Williams, 2011; Shah et al., 2015).    

 

Presently, processed meats represent a large percentage of muscle foods consumed in the 

Western world (Mccurdy, 2009; Soladoye et al., 2015) because they are easily accessible and 

relatively inexpensive compared with traditional fresh meat cuts (de Oliveira et al., 2012). 

However, due to production process, almost all processed meats including ground or minced 

beef are easily susceptible to lipid and pigment oxidation (Nam et al., 2010). Recent studies have 

shown that the grinding of meat usually disrupt the muscle cell membranes and expose the lipid 

membranes to metal ions which in turn act as pro-oxidants to initiate oxidation (Banerjee et al., 

2012; Kim et al., 2013). Beside this, Mccurdy (2009) also reported that the grinding of meat may 

facilitate the distribution and multiplication of any pathogens present in the meat before 

processing. Both the initiation of oxidation process in ground meat reduces their shelf-life and 

compromises the physical and nutritional quality of meat by generating rancid flavor and 
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oxidized compounds (aldehydes, ketones and organic acids) which are detrimental to consumer 

health (Saad et al., 2007; Lara et al., 2011; Hygreeva et al., 2014).  

 

To deal with the undesirable changes referred to above and reduce the use of synthetic 

preservatives, extracts from plant sources are added to meat and meat products as natural 

additives (Shah et al., 2015). Interestingly, extracts from Moringaceae (Moringa oleifera Lam.) 

and Asteraceae (Biden pilosa Linn.) plant families are known to contain rich antioxidant 

compounds (Adedapo et al., 2011; Moyo et al., 2012a). The leaves of these plants have been 

used for centuries as dietary ingredients or supplements (Hazra et al., 2012; Bartolome et al., 

2013). Recent studies on their application have showed that they possess great biological 

activities such as antidiabetes, antitumor, anti-inflammation, anticancer and antibacterial (Dai 

and Mumper, 2010; Alikwe et al., 2014). Reports on their nutritional contents have also showed 

that  they are rich in proteins (including essential amino acids), vitamins, beta-carotene, minerals 

and low in fat and carbohydrates (Adedapo et al., 2011; Moyo et al., 2012b; Bartolome et al., 

2013). The antioxidant and biological activities of these plants have been attributed to the 

presence of phytochemicals including flavonoids and other phenolics in their leaf extracts (Al-

Owaisi et al., 2014). 

 

Despite the above-mentioned qualities, limited studies are available on the efficacy of M. 

oleifera extracts (Hazra et al., 2012; Muthukumar et al., 2012; Shah et al., 2015) and to our 

knowledge, the preservative effect of extracts from the leaves of B. pilosa in meat products as 

potential antioxidants have not been studied.  Also, the effect of breed/genotype on pigment and 

lipid oxidation of meat products treated with natural antioxidants has not been fully known. 
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Evidence has shown that oxidative stability of pigment and lipid in processed meat varies with 

breed, feeding diet and rearing systems (Xie et al., 2012; Martino et al., 2014). Therefore, the 

objective of this study was to investigate and compare the effect of M. oleifera and B. pilosa leaf 

extracts on the colour stability and lipid oxidation of Muscularis longissimus thoracis et 

lumborum muscle between Bonsmara and non-descript cattle. Prior to application of the extracts 

in meat samples, the phytochemical constituents and antioxidant activities of the plant leaves 

were also determined (Chapter 4). 

5.2 Materials and Methods 

5.2.1 Plant sample and extract preparation 

Biden pilosa and M. oleifera leaf stalks were obtained from the University of Fort Hare farm 

(South Africa) and Moringa South Africa Ltd, respectively. The dry plant samples (200 g) were 

exhaustively macerated with 800 ml of ethanol-water solution (7:3) at room temperature for 2 

days with agitation. Each extract was separated from the residue by filtration using Whatmann 

no.1 filter paper and then concentrated under reduced pressure at 55 °C using a rotary 

evaporator.  The extract solvent was removed by freeze-drying and the dried extracts were used 

for the determination of the antioxidant activity at concentration of 1mg/ml. Determination of the 

nutritive values of the plants were carried out on the dry samples. All analyses were done in 

triplicate. The dried powder of plant extracts were then stored at 20
0
 C for further analysis. 

5.2.2 Meat sample preparation 

Fresh beef samples (Muscularis longissimus thoracis et lumborum, LTL) were obtained from 

Bonsmara (n = 40) and non-descripts (n = 40) cattle at a high throughput commercial abattoir in 

the Eastern Cape Province, South Africa. All the animals were between the ages of 4-5 years and 
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final live body weight of 450-500kg. The animals were slaughtered by exsanguination after 

stunning with a captive bolt stunner at voltage of 300 V and a current of 5A.  About 200g of beef 

sample were collected from LTL of each carcass and processed after 48 hours post mortem. The 

beef samples were cut into small cubes after the removal of visible fat and connective tissues. 

They were then minced in a sterile meat grinder (CombinMax600, China). A portion (1200g) of 

the ground beef were randomly assigned to one of the following treatments: (1) NC (negative 

control, meat without additives); (2) BP (meat with 0.05% and 0.1% (w/w) B. pilosa extract); (3) 

ML (meat with 0.05% and 0.1% (w/w) M. oleifera extract), (4) BPML ( meat with 0.05% and 

0.1% (w/w) Biden and Moringa extract) and (5) PC (positive control, meat with 0.02% (w/w) 

BHT). Immediately after adding the extracts and BHT, the samples were aerobically packed in 

low density polyethylene bags and stored at 4 ± 1 °C for 6 days and then analyzed for pH, 

instrumental color attribute, thiobarbituric acid reactive substances (TBARS), sensory attributes 

(odor and general acceptability) and microbial counts. The preservation experiment was carried 

out in four replicates per treatment. 

5.2.3 pH determination  

The pH of the fresh ground beef sample was determined as described by Muthukumar et al. 

(2012) with slight modifications. A 5g portion of the sample was blended in 25ml of deionized 

distilled water for 60s using homogenizer (Model Polytron® PT 2500 E Stand Dispersion 

Device, Kinematica AG, Switzerland). The pH values were measured using a standardized 

electrode attached to a digital pH meter (CRISON Instruments S.A., Alella, Spain). 

5.2.4 Instrumental colour determination  

Colour changes in fresh ground beef during storage were performed using Hunter Lab Minolta 

colorimeter (BYK-Gardener GmbH, USA) with 20 mm aperture set for illumination D65 at 10
0
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standard observer angles. The colour coordinates CIE L* (lightness), a* (redness) and b* 

(yellowness) were measured perpendicular to the ground beef surface at three different points 

after calibration using the standard green, black and white colour samples. All the color 

parameters (L*, a*, and b*) were obtained from the mean of readings taken from four samples 

per treatment. 

5.2.5 Determination of lipid oxidation  

 

The lipid oxidation of the fresh ground beef was determined by quantifying the thiobarbituric 

acid reactive substances (TBARS) in 5g of sample using the aqueous acid extraction method of 

Raharjo et al. (1992). The values of thiobarbituric acid-reacting substances (TBARS) obtained 

were multiplied by 10 and expressed as micrograms of malonaldehyde (MDA) per gram of meat. 

All TBARS analysis was carried out in four replicates per treatment.  

5.2.6 Microbiological quality of ground beef  

Samples for microbial analysis were taken immediately after addition of extracts and again after 

3 and 6 days of refrigerated storage for determination of total viable counts (TVC) and lactic acid 

bacteria (LAB). Ten grams of meat sample was homogenized with 90 mL of 0.1 % sterile 

buffered peptone water in a Stomacher bag for 2 min at room temperature. For each sample, 

appropriate serial ten-fold dilutions were prepared by diluting 1 mL of homogenate in 9 mL of 

0.1 % peptone water. The pour-plate method was used for the determination of microbial counts. 

Total viable counts (TVC) were determined using standard plate count agar (Oxoid CM0463) 

after incubation for 48 h at 37 
0
C. Determination of lactic acid bacteria was carried out on 

deMan, Rogosa, and Sharpe (MRS, Oxoid CM0359) medium after 72 h incubation at 30
0
C. 
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Microbiological counts were expressed as the log10 of colony-forming units per gram of ground 

beef (log CFU/g). All data presented are the mean values of three replicates. 

5.2.7 Sensory Evaluation of the ground beef 

A panel of 9 judges was used for the sensory analysis. All the panelists were postgraduate 

students in Animal and Meat Science program of the University of Fort Hare. The Panelists were 

asked to evaluate odour intensity and overall acceptability of raw ground beef samples on 9-point 

descriptive scale:1, dislike extremely; 2, dislike very much; 3, dislike moderately; 4, dislike 

slightly; 5, neither like nor dislike; 6, like slightly; 7, like moderately; 8, like very much; 9, like 

extremely (Maqsood et al., 2015). All raw meat samples were coded with 3-digit random codes 

and offered to the panelist in the random order. Samples were presented to panelist just after 

opening the covering material (plastic bag) to score odour first followed by overall acceptability. 

Samples were evaluated at day 0 and 3. 

5.2.8 Statistical analysis 

Data on pH, color and lipid oxidation of ground beef was analyzed using Generalized Linear 

Models procedures of SAS (version 9.1.3 of 2007) with plant extracts and breed as source of 

variations. Microbial data were transformed into logarithms of the number of colony forming 

units (cfu/g) before analysis. Differences in mean values were computed using Tukey’s 

Studentised Range (HSD) procedures for multiple comparisons. 
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5.3 Results  

5.3.1 Effect of Moringa oleifera and Biden pilosa leaf extracts on pH of raw ground beef 

during storage period (4 
0
C) 

The pH values on fresh ground beef during storage at 4°C are shown in Table 5.1. Ground beef 

samples from Bonsmara breed showed higher (P < 0.05) pH values, ranging from 5.23 ± 0.04 to 

6.88 ± 0.28 than the non-descript meat samples, ranging from 5.09 ± 0.03 to 6.12 ± 0.05.  

Although, the overall pH values of the raw ground beef across the treatment did not differ 

significantly (P > 0.05). However, all the beef samples treated with plant extracts had lower pH 

values compared to control and BHT treatments during the storage period.  

 

5.3.2 Effect of Moringa oleifera and Biden pilosa leaf extracts on Hunter Lab color of raw 

ground beef during storage period (4 
0
C) 

Results on the Hunter Lab color (L*, a* and b*) of ground beef from Bonsmara and non-descript 

cattle is presented on Tables 5.2, 5.3 and 5.4. All the colors of fresh ground beef samples were 

slightly affected across treatments during the storage period. At day 0 and 6 of storage, there was 

no significant difference in overall L-values across the treatments. However, at day 3 of storage, 

beef samples treated with extracts and BHT exhibited higher L-values (p < 0.05) compared to 

control.  The redness (a*) values of the beef samples decreased gradually among the treatments 

and also with the storage period, although no significant difference was observed at day 0 and 6 

of storage. However, at day 3 (p < 0.05), beef samples treated with extracts showed higher a-

value than control (10.08 ± 1.11) and BHT (12.22 ± 2.47) treatments. The yellowness, b* values 

varied significantly among the treatments and also with the storage period. At day 0 and 3, BHT 

and ML treated samples reflected the lowest b* values while BP treated samples showed the 
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highest value. In all, lightness (L*), redness (a*) and yellowness (b*) of ground beef were 

however similar among the cattle breeds.  
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Table 5. 1 Effect of Moringa oleifera (ML) and Biden pilosa (BP) leaf extracts on pH of ground beef during storage at 4 
0
C. 

Storage 

day 

  Breed n                    Treatment     

Control 0.05ML 0.05BP 0.1ML 0.1BP 0.1MLBP BHT 

    0 Non-descript 4 5.13
 bcB

 ±0.05 5.18
 abcB

 ±0.07 5.14
 bcB

 ±0.05 5.32
 aA

 ±0.13 5.17
 abcA

 ±0.08 5.11
 cB

 ±0.02 5.29
 abB

 ±0.01 

     Bonsmara 4 5.23
 cA

 ±0.04 5.39
 abA

 ±0.05 5.43
 abA

 ±0.02 5.31
 bcA

 ±0.06 5.42
 abB

 ±0.06 5.43
 abA

 ±0.10 5.46
 aA

 ±0.09 

          

    3 Non-descript 4 5.42
 A

 ±0.40 5.05
 B

 ±0.06 5.11
 A

 ±0.12 5.49
 A

 ±0.30 5.15
 A

 ±0.09 5.27
 A

 ±0.42 5.56
 A

 ±0.29 

     Bonsmara 4 5.66
 A

 ±0.60 5.42
 A

 ±0.09 5.29
 A

 ±1.11 5.52
 A

 ±0.27 5.20
 A

 ±0.12 5.37
 A

 ±0.07 5.15
 B

 ±0.08 

          

    6 Non-descript 4 6.12
 B

 ±0.05 6.11
 A

 ±0.47 6.05
 A

 ±0.76 6.04
 A

 ±0.41 5.64
 A

 ±0.46 6.05
 A

 ±0.23 5.99
 B

 ±0.09 

     Bonsmara 4 6.88
 aA

 ±0.13 6.51
 abA

 ±0.02 6.24
 bcA

 ±0.17 6.44
 abA

 ±0.18 6.18
 bcA

 ±0.42 5.87
 cA

 ±0.35 6.64
 abA

 ±1.00 

          

    0 Overall mean 8 5.18±0.06 5.28±0.12 5.28±0.16 5.31±0.10 5.30±0.15 5.27±0.18 5.37±0.11 

    3  8 5.54±0.49 5.24±0.21 5.20±0.14 5.51±0.26 5.18±0.11 5.32±0.28 5.36±0.30 

    6  8 6.50±0.55 6.31±0.40 6.15±0.52 6.24±0.37 5.91±0.50 5.95±0.29 6.31±0.36 

Mean with 
a-d

 superscripts within a row indicates significant differences (P ≤ 0.05). 

Mean with 
A-B

 superscripts within a column indicates significant differences (P ≤ 0.05). 

Control: no antioxidant, BHT: Butylated hydroxyl toluene, 0.05ML and 0.1ML: Moringa oleifera leaf extract, 0.05ML and 

0.1ML: Biden pilosa leaf extracts.
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Table 5. 2 Effect of Moringa oleifera (ML) and Biden pilosa (BP) leaf extracts L* in raw ground beef during storage at 4 
0
C. 

Storage 

day 

  Breed n              Treatment     

Control 0.05ML 0.05BP 0.1ML 0.1BP 0.1MLBP BHT 

    0 Non-descript 4 29.79
 A

 ±2.22 28.23
 A

 ±1.17 27.79
 A

 ±1.8 28.80
 A

 ±5.45 29.37
 A

 ±2.93 27.64
 A

 ±1.34 29.34
 A

 ±0.55 

     Bonsmara 4 27.14
 A

 ±1.81 27.37
 A

 ±2.20 28.12
 A

 ±2.38 27.90
 A

 ±1.87 28.90
 A

 ±0.60 28.04
 A

 ±1.11 29.03
 A

 ±1.41 

          

    3 Non-descript 4 30.85
 abA

 ±1.04 28.83
 abB

 ±1.55 31.59
 abA

 ±3.59 27.72
 bA

 ±1.37 31.89
 abA

 ±2.26 32.74
 aA

 ±0.87 30.81
 abA

 ±2.05 

     Bonsmara 4 29.86
 A

 ±1.02 29.35
 A

 ±0.97 29.78
 B

 ±1.57 28.76
 A

 ±1.24 28.80
 A

 ±1.53 30.42
 A

 ±2.64 30.38
 A

 ±0.98 

          

    6 Non-descript 4 29.23
 bcA

 ±2.07 28.27
 cB

 ±1.03 29.36
 bcA

 ±2.61 29.92
 bcB

 ±0.70 33.97
 abA

 ±1.42 30.19
 abcA

 ±1.84 32.22
 abA

 ±1.84 

     Bonsmara 4 29.48
 A

 ±1.02 30.39
 A

 ±1.13 30.05
 A

 ±2.20 29.38
 A

 ±1.72 29.64
 B

 ±0.98 30.54
 A

 ±1.54 30.43
 A

 ±0.76 

          

    0 Overall mean 8 28.46±2.35 27.80±1.95 27.95±2.31 28.35±2.10 29.14±1.98 27.84±1.15 29.19±1.00 

    3  8 30.36
 c
 ±1.85 29.09

 ab
 ±1.23 30.68

 ab
 ±2.75 28.24

 b
 ±1.33 30.35

 ab
 ±2.42 31.58

 a
 ±2.20 31.09

 ab
 ±1.52 

    6  8 29.76±1.54 29.33±1.52 29.71±2.27 29.64±1.25 31.32±1.43 30.37±1.69 31.32±3.18 

Mean with 
a-d

 superscripts within a row indicates significant differences (P ≤ 0.05) 

Mean with 
A- B

 superscripts within a column indicates significant differences (P ≤ 0.05) 

Control: no antioxidant, BHT: Butylated hydroxyl toluene, 0.05ML and 0.1ML: Moringa oleifera leaf extract, 0.05ML and 

0.1ML: Biden pilosa leaf extracts. 
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Table 5. 3  Effect of Moringa oleifera (ML) and Biden pilosa (BP) extracts on a* of raw ground meat during storage at 4 
0
C. 

Storage 

day 

       Breed n  Treatment     

Control 0.05ML 0.05BP 0.1ML 0.1BP 0.1MLBP BHT 

    0 Non-descript 4 14.46
 B

 ±1.13 16.92
 A

 ±1.96 16.00
 B

 ±0.91 16.59
 B

 ±1.91 15.31
 B

 ±0.95 15.97
 B

 ±0.49 14.83
 B

 ±0.92 

     Bonsmara 4 18.16
 A

 ±1.13 17.48
 A

 ±1.11 17.70
 A

 ±1.02 19.64
 A

 ±0.98 19.05
 A

 ±1.83 19.68
 A

 ±1.01 19.85
 A

 ±0.35 

          

    3 Non-descript 4 9.69
 bA

 ±1.54 14.34
 aA

 ±1.69 11.96
 abB

 ±1.61 15.13
 aA

 ±2.24 13.05
 abA

 ±2.37 12.38
 abA

 ±0.96 10.24
 bB

 ±1.45 

     Bonsmara 4 10.47
 cA

 ±1.25 12.43
 bcB

 ±1.82 16.78
 aA

 ±1.57 11.54
 bcB

 ±1.57 11.82
 bcA

 ±1.27 10.99
 bcA

 ±1.66 14.21
 abA

 ±1.24 

          

    6 Non-descript 4 9.17
 A

 ±0.81 11.24
 B

 ±1.42 10.12
 B

 ±1.90 9.71
 A

 ±1.83 10.43
 A

 ±1.32 9.64
 A

 ±3.20 10.09
 B

 ±2.30 

     Bonsmara 4 11.64
 A

 ±1.87 13.71
 A

 ±1.10 14.99
 A

 ±2.58 11.43
 A

 ±1.69 11.57
 A

 ±3.84 10.89
 A

 ±1.22 13.66
 A

 ±0.39 

          

    0 Overall mean 8 16.31±2.24 17.20±1.51 16.85±1.27 18.11±2.15 17.18±2.40 17.82±2.11 17.34±2.76 

    3  8 10.08
 b
 ±1.11 13.39

 a
 ±1.92 14.38

 a
 ±2.97 13.33

 ab
 ±2.63 12.45

 ab
 ±1.88 11.68

 ab
 ±1.46 12.22

 ab
 ±2.47 

    6  8 10.40±1.88 12.48±1.77 12.55±3.34 10.57±1.87 10.99±2.73 10.27±2.34 11.92±1.96 

Mean with 
a-d

 superscripts within a row indicates significant differences (P ≤ 0.05). 

Mean with 
A-B

 superscripts within a column indicates significant differences (P ≤ 0.05). 

Control: no antioxidant, BHT: Butylated hydroxyl toluene, 0.05ML and 0.1ML: Moringa oleifera leaf extract, 0.05ML and 

0.1ML: Biden pilosa leaf extracts. 



123 

 

Table 5. 4 Effect of Moringa oleifera (ML) and Biden pilosa (BP) extracts on b* in raw ground beef during storage at 4 
0
C. 

Storage 

time 

   Breed n  Treatment     

Control 0.05ML 0.05BP 0.1ML 0.1BP 0.1MLBP BHT 

    0 Non-descript 4 10.42
 A

 ±1.38 11.22
 A

 ±1.56 10.59
 A

 ±2.23 10.91
 B

 ±1.29 10.89
 B

 ±2.08 11.76
 A

 ±3.38 10.59
 A

 ±3.17 

     Bonsmara 4 12.19
 bA

 ±1.33 12.42
 bA

 ±0.90 12.57
 bA

 ±1.83 13.76
 abA

 ±0.58 15.76
 aA

 ±0.90 13.60
 abA

 ±1.21 14.27
 abA

 ±0.85 

          

    3 Non-descript 4 10.84
 A

 ±0.42 12.80
 A

 ±1.20 12.00
 A

 ±0.88 12.43
 A

 ±1.19 12.53
 A

 ±0.78 12.60
 A

 ±1.27 11.24
 A

 ±0.95 

     Bonsmara 4 11.64
 abA

 ±0.86 9.70
 cB

 ±1.01 12.39
 aA

 ±0.76 10.84
 abcA

 ±0.70 11.92
 abA

 ±0.61 11.31
 abcA

 ±0.22 10.43
 bcA

 ±0.64 

          

    6 Non-descript 4 10.13
 A

 ±0.58 10.18
 A

 ±1.35 12.40
 A

 ±1.47 11.49
 A

 ±0.47 12.56
 A

 ±0.67 12.26
 A

 ±1.25 11.60
 A

 ±0.79 

     Bonsmara 4 8.85
 bA

 ±1.51 9.40
 abA

 ±0.71 11.76
 aA

 ±2.21 9.79
 abB

 ±0.67 11.65
 abA

 ±1.07 10.63
 abA

 ±1.06 10.36
 abA

 ±0.80 

          

          

    0 Overall mean 8 11.30±1.57 11.82±1.34 11.58±2.20 12.33±1.79 13.32±2.99 12.68±2.54 12.43±2.92 

    3  8 11.24±0.75 11.25±1.95 12.20±0.79 11.63±0.72 12.23±0.72 11.95±1.09 10.83±0.86 

    6  8 9.49
 ab

 ±1.91 9.79
 b
 ±1.08 12.08

 a
 ±1.78 10.64 ab ±1.06 12.10

 a
 ±0.96 11.45

 a
 ±1.35 10.98

 ab
 ±1.00 

Mean with 
a-d

 superscripts within a row indicates significant differences (P ≤ 0.05). 

Mean with 
A-B

 superscripts within a column indicates significant differences (P ≤ 0.05). 

Control: no antioxidant, BHT: Butylated hydroxyl toluene, 0.05ML and 0.1ML: Moringa oleifera leaf extract, 0.05ML and 

0.1ML: Biden pilosa leaf extracts.  
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5.3.2 Effect of Moringa oleifera and Biden pilosa leaf extracts on lipid oxidation of ground 

beef during storage at 4 
0
C 

Chemical deterioration, particularly lipid oxidation, is a major factor limiting the shelf-life of 

processed meat products. The results of TBAS analysis show that application of M. oleifera and 

B. pilosa extracts can protect ground beef against lipid oxidation during the storage period (Table 

5.5.). Addition of the M. oleifera and B. pilosa extracts at different concentrations significantly 

lowered (p< 0.05) the formation of TBAS in the beef samples from day 0 to 6 compared to 

control. At day 6, the overall mean TBAS values of the beef samples containing extracts ranged 

from 0.85±0.17a ugMDA/g to 0.94±0.20ugMDA/gg compared to the control and BHT 

treatments at 1.14±0.21 ugMDA/g
 
and 0.98±0.10 ugMDA/g, respectively. However, the addition 

of extracts from B. pilosa exhibited higher antioxidant activity against TBAS formation at 0.05 

and 0.1% than the M. oleifera extracts. In overall, the TBAS values of the Bonsmara beef were 

slightly lower than non-descript beef samples across treatment and storage periods.  
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Table 5. 5 Effect of Moringa oleifera (ML) and Biden pilosa (BP) plant extracts on lipid oxidation (ug mal/g) of ground beef 

during storage at 4 
0
C. 

Day of 

storage 

 Breed n  Treatments     

Control 0.05ML 0.05BP 0.1ML 0.1BP 0.1MLBP BHT 

    0 

     

Non-descript 4 0.76
 abA

 ±0.12 0.76
 abA

 ±0.01 0.84
 aA

 ±0.07 0.67
 abcA

 ±0.06 0.52
 cA

 ±0.01 0.59
 bcB

 ±0.03 0.54
 cA

 ±0.15 

Bonsmara 4 0.52
 bB

 ±0.05 0.69
 abB

 ±0.07 0.65
 abA

 ±0.15 0.57
 abB

 ±0.03 0.63
 abA

 ±0.09 0.64
 abA

 ±0.01 0.98
 aA

 ±0.85 

          

    3 

     

Non-descript 4 0.85
 aA

 ±0.21 0.86
 aA

 ±0.03 0.72
 abA

 ±0.05 0.91
 aA

 ±0.11 0.75
 abA

 ±0.08 0.57
 bB

 ±0.00 0.76
 abA

 ±0.06 

Bonsmara 4 0.68
 bA

 ±009 0.62
 bB

 ±0.03 0.55
 bB

 ±0.06 0.59
 bB

 ±0.02 0.60
 bA

 ±0.17 0.92
 aA

 ±0.11 0.68
 bA

 ±0.14 

          

    6 Non-descript 4 1.13
 aA

 ±0.10 1.15
 aA

 ±0.17 0.89
 abA

 ±0.19 1.04
 abA

 ±0.19 0.71
 b
 ±0.01 1.13

 aA
 ±0.19 0.93

 abA
 ±0.19 

     Bonsmara 4 1.16
 aA

 ±0.09 1.04
 aA

 ±0.16 1.00
 aA

 ±0.22 0.81
 aA

 ±0.05 1.00
 a
 ±0.06 1.05

 aA
 ±0.06 1.03

 aA
 ±0.06 

          

    0 Overall mean 8 0.64±0.04 0.72±0.06 0.74±0.15 0.63±0.06 0.57±0.08 0.61±0.04 0.76±0.39 

    3  8 0.77±0.17 0.74±0.13 0.63±0.09 0.75±0.18 0.67±0.14 0.74±0.19 0.72±0.10 

    6  8 1.14±0.21
a
 1.10

 ab
 ±0.16 0.94

 ab
 ±0.20 0.92

 ab
 ±0.18 0.85

 b
 ±0.17 1.09

 ab
 ±0.13 0.98

 ab
 ±0.10 

Mean with 
a-d

 superscripts within a row indicates significant differences (P ≤ 0.05). 

Mean with 
A-B

 superscripts within a column indicates significant differences (P ≤ 0.05). 

Control: no antioxidant, BHT: Butylated hydroxyl toluene, 0.05ML and 0.1ML: Moringa oleifera leaf extract, 0.05ML and 

0.1ML: Biden pilosa leaf extracts. Each value was multiplied by 10. 
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5. 3. 3 Effect of Moringa oleifera and Biden pilosa leaf extracts on microbial quality of raw 

ground beef during storage at 4 
0
C 

Figure 5.1 and 5.2 shows the effect of plant extracts and storage time on microbial quality of raw 

ground beef. Total microbial counts decreased significantly (P < 0.05) from day 0 to 3 in both 

control and treated meat samples. The initial total viable counts across the treatment ranges from 

6.27 ± 0.37 to 6.78 ± 0.32 log CFU/g with the control having the highest value. However at day 

3, the control group had the highest total bacterial counts of 5.80 ± 1.05log CFU/g, followed by 

BHT treatment (5.30±5.58 log CFU/g) and least in beef containing MLBP extracts (5.06 log 

CFU/g). Similar trend was also observed for lactic acid bacteria counts across the treatments. At 

day 0, the lactic acid bacteria count ranged from 3.07 ± 0.24 to 4.62 ± 0.53 log CFU/g.  While at 

day 3, beef samples containing ML (3.17 ± 0.43 log CFU/g) and MLBP (1.66 ± 0.24 log CFU/g) 

extracts demonstrated lowest lactic acid bacteria counts compared to control. However, at day 6, 

both the total microbial and lactic acid bacterial counts were not significantly affected by the 

extracts compared to control and BHT treatments.  
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Figure 5. 1 Effect of Moringa oleifera (ML) and Biden pilosa (BP) leaf extracts on total 

viable counts of ground beef during storage at 4 
0
C. 
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Figure 5. 2 Effect of Moringa oleifera (ML) and Biden pilosa (BP) leaf extracts on lactic  

acid bacteria counts of ground beef during storage at 4 
0
C. 
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5. 3. 4 Effect of Moringa oleifera and Biden pilosa leaf extracts on microbial quality and 

sensory evaluation of raw ground beef during storage at 4 
0
C 

The sensory scores assessed for odour and overall acceptances of ground beef treated without 

and with extracts on day 0 and 3 of storage are presented in Figure 5.3 and 5.4. At day 0 of 

storage, the results of the odour and overall acceptability scores were significantly (P < 0.05) 

higher in ground beef treated with extracts at 0.05%w/w and well comparable with control at 

0.1%w/w. However, at day 3 of storage, the odour and overall acceptability scores were not 

significantly different (P > 0.05) across treatments. 
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Figure 5. 3  Effect of Moringa oleifera (ML) and Biden pilosa (BP) leaf extracts on odour of 

ground beef during storage at 4 °C.  
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Figure 5. 4  Effect of Moringa oleifera (ML) and Biden pilosa (BP) leaf extracts on overall 

acceptability of ground beef during storage at 4 °C. 
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5.4 Discussion 

The gradual increase in pH values from day 0- 6 could be attributed to the utilization of amino 

acids by bacteria after the exhaustion of stored glucose during the protein break down.  This 

consequently leads to formation and accumulation of ammonia that increases the pH values over 

the storage period (Gill, 1983; Krishnan et al., 2014; Shah et al., 2015). Shah et al. (2015) have 

also reported similar results with a progressive increase of pH values in raw beef treated with M. 

oleifera leaf extracts during the storage period. In general, ground beef samples from Bonsmara 

breed showed higher pH values than the non-descript beef samples. These differences could be 

explained by rate of utilization of amino acids by aerobic bacteria and formation of low-weight 

nitrogen molecules and ammonia compounds which has been reported to vary between breeds 

(Hernandez et al., 2004; Virgilia et al., 2007; Shah et al., 2015).  

 

The hunter color values of the raw beef samples were slightly affected across treatments during 

the storage period. L-values increased steadily across treatments, with beef samples treated with 

extracts and BHT having the highest values at day 3. Similar trend in L* values have been 

reported by Muthukumar et al. (2013) and Shah et al. (2015) for beef steaks and pork patties 

treated with M. olefera leaf extracts.. However, from day 0 to 3, the raw ground beef containing 

plant extracts showed intense red color (a-value), higher than the control and BHT. Kim et al. 

(2013) and Liu et al. (2014) in their study also found higher a-values in fresh ground beef treated 

with natural antioxidants compared to control. Reduction in a* values during storage has been 

associated with oxidation of myoglobin, formation of metmyoglobin and oxidation of lipid 

component of meat products (Mancini and Hunt, 2005; Shah et al., 2015). Krishnan et al. (2014) 

have reported the possibility of pigment oxidation to catalyze lipid oxidation and generate free 
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radicals which may oxide iron atom or denature the myoglobin molecules, thereby causing 

decrease in meat color. Yellowness, b* values varied significantly among the treatments and also 

with the storage period. At day 0 and 3, BHT and ML treated samples reflected the lowest b* 

values while BP treated samples showed the highest value. Similarly, Muthukumar et al. (2012) 

and Shah et al. (2015) had reported a decrease in b* values for raw pork and beef patties treated 

with MLE during storage. Moreso, Rojas and Brewer (2008) also found a decrease in b-values of 

beef patties containing natural antioxidants.  However, fresh ground meat from Bonsmara breed 

exhibited higher colour stability, particulary redness, than the non-descript breed. This could be 

due to differences in their genotypic characteristic. Lynch et al. (2002) had earlier reported a 

significant difference in colour of beef from three breeds during storage period. 

 

The results of the present study on TBARS show that adding M. oleifera and B. pilosa extracts 

can protect ground beef against lipid oxidation. The extracts were able to reduce the formation of 

TBARS in the beef samples when compared to control and sythentic antioxidants (BHT).  The 

inhibitory effects of the extracts against the TBARS formation could be attributed to the inherent 

phenolic content, phyconstituents and antioxidant activity (Chapter Four).  Several studies have 

reported a positive correlation between phytochemical content or antioxidant activity of plant 

extracts and reduction in lipid oxidation in meat products (Jayathilakan et al., 2007; Devatkal et 

al., 2010). The antioxidant activity of phytochemical compounds in extracts have been associated 

with the hydroxyl group linked to the aromatic ring, which is capable of donating hydrogen 

atoms with electrons and neutralizing free radicals (Krishnan et al., 2014). However, the addition 

of B. pilosa extracts exhibited higher antioxidant activity at 0.05 and 0.1% than the M. oleifera 

extracts. Possible reasons for  higher antioxidant activity of B. pilosa extracts on TBAS values 
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could be linked to inherent phytochemicals and the presence of antioxidant compound such as 

Phenol, 2, 2'-methylenebis [6- (1, 1-dimethylethyl)]-4-methyl (BHT) which is absent in M. 

oleifera extracts.  Overall, the TBARS values of the Bonsmara beef were slightly lower than 

Non-descript beef samples across treatments and storage periods. Since both animals were raised 

on natural pasture, this difference in their TBARS values could be attributed to factors such as 

inherent endogenous antioxidants, and composition and distribution of unsaturated fatty acids in 

triacylglycerol molecule, which has been reported to influence the rate of lipid oxidation in 

muscle food (Wsowicz et al., 2004). This result is in agreement with the report of Xie et al. 

(2012) who found that Limousin beef samples had significant lower TBARS values than 

Qinchuan cattle breed. 

 

The results further showed that the microbial population decreased significantly with addition of 

the natural extracts in raw ground meat during the storage days.  This is in accordance with 

findings of Kim et al. (2013) who reported great reduction in microbial counts of raw beef patties 

treated with natural antioxidants. The antimicrobial activities of plant extracts have been linked 

to the presence of active compounds, although their mode of mechanism has not been fully 

understood (Kim et al., 2013; Krishnan et al., 2014). However, the observed gradual decrease in 

the bacteria counts with the increasing storage day in this study could be due to intrinsic factors 

such as high proteins and fat content coupled with some extrinsic factors (temperature and 

oxygen) which have been reported to affect the behavior of bacteria in food ecosystems and also 

act synergistically with preservatives such as antimicrobial agents (El Abed et al., 2014). 

Evidence has shown that food protein and fat contents can bind and/or solubilized phenolic 

compounds to reduce their availability for antimicrobial activity during storage (El Abed et al., 
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2014). However, our results are in contrast with studies of  Muthukumar et al. (2012) Kim et al. 

(2013) and Krishnan et al. (2014) who found a progressive increase in microbial counts of raw 

meat samples containing plant extracts as storage time (4
0
C) increased. Finally, the results of 

sensory score on odour and overall acceptability showed that inclusion of plant extracts can 

improve the sensory characteristics of meat (Velasco and William, 2011).  

 

5.5 Conclusions 

This study has revealed that both M. oleifera and B. pilosa leaf extracts have substantial amounts 

of phytochemical compounds as well as phenolic acids with significant free radical scavenging 

activity. The application of the M. oleifera and B. pilosa leaf extracts at 0.05 and 0.1% 

concentration can delay the formation of lipid and pigment oxidation in meat products during 

refrigerated storage. It also showed that the antioxidant potential of B. pilosa is much greater 

than M. oleifera. Moreso, both M. oleifera and B. pilosa leaf extracts could be used as a potential 

source of antioxidants to replace synthetic antioxidants without causing any adverse effects on 

sensory attributes of meat products. 
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Chapter 6: Effect of thermal treatment on fatty acids, minerals and tenderness of beef and 

liver from Bonsmara and non-descript cattle 

(Submitted to Journal of Food Composition and Analysis) 

 

Abstract  

The objective of this study was to compare the effect of thermal treatment on fatty acids, 

minerals and tenderness of beef (Muscularis longissimuss thoracis et lumborum) and liver 

muscle from Bonsmara (n=40) and non-descript (n=40) cattle raised on natural pasture. Beef and 

liver samples were thermal-processed at 65
0
C and 85

0
C for 120 and 60 minutes, respectively, 

using sous vide cooking techniques. The results did not reveal any significant breed effect (P > 

0.05) on fatty acid composition of raw beef and liver muscles. However, higher concentrations of 

monounsaturated fatty acids (MUFA) and lower concentrations of polyunsaturated fatty acids 

(PUFA) were observed in raw beef than liver sample. The liver samples from Bonsmara and 

non-descript cattle had a higher percentage of intramuscular fat content of 4.67 ± 0.53% and 4.44 

± 0.53% respectively, and fat free dry matter of 27.51 ± 1.05% and 25.73 ± 1.05%, respectively, 

than the beef samples (P < 0.05). The application sous vide thermal method significantly 

increased (P < 0.05) the total intramuscular fat and FFD contents of cooked beef and liver 

compared to raw meat. Beef and liver from Bonsmara showed higher (P < 0.05) Warner-Bratzler 

Shear Force (WBSF) values at 65
0
C and 85

0
C cooking temperatures than those from non-

descript samples. The total percentage of saturated fatty acid (SFA), MUFA, PUFA, n-6, n-3 

retained after cooking was higher in liver than beef samples (P > 0.05). The results further 

revealed higher contents of Na, Mg, Zn and Se in raw and cooked beef than liver samples. In 

general all beef samples from Bonsmara cattle exhibited higher mineral contents than those from 

the non-descript cattle (P < 0.05). 
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It was concluded that application of sous vide thermal method could be used to minimize the 

amount of nutrient loss in beef and liver samples during cooking. 

Key words:  Beef, fatty acids, liver, minerals, sous vide technique, tenderness 
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6.1 Introduction 

In the meat industry, the oxidation stability of lipids, protein and minerals plays an important 

role in ensuring the nutritional, technological and sensory qualities of meat during thermal 

treatments. Generally, oxidation of lipid is believed to occur during cold storage (Chapter 5) and 

also thermal treatment. Oxidation of lipid fatty acids and minerals during thermal treatment has a 

profound impact on organoleptic attributes of meat products (Legako et al., 2015).  Studies have 

shown that thermal treatment can induce free radical production and loss of essential fatty acids 

through lipid oxidation and other nutritive values in meat products (Rodriguez-Estrada et al., 

1997; Alfaia et al., 2010). It has also been reported that thermal oxidation can cause the 

dimerization of lipid degradation products and decomposition of saturated fatty acids (SFA) to 

produce different volatile compounds, such as saturated and unsaturated aldehydes and ketones 

in muscle foods (Mottram, 1998; Legako et al., 2015). Particularly, polyunsaturated fatty acids 

(PUFA) have been found to be more susceptible to oxidation than monounsaturated (MUFA) and 

saturated fatty acids due to their low melting point during thermal treatments (Alfaia et al., 2010; 

Legako et al., 2015).  

 

Any loss of MUFA and PUFA (omega-3 and omega-6) through lipid oxidation during thermal 

treatment will reduce the nutritional quality and biological benefit of meat products (Alfaia et al., 

2010). Studies have shown that the dietary intake of MUFA and PUFA (omega-3 and omega-6) 

in right proportions help to reduce the risk of atherosclerosis, diabetes, obesity, hypertension, 

cancer and improve immunomodulation (Chin and Dart 1995; Stephen et al., 2010; Nantapo et 

al., 2015). Equally, the mineral content of meat has been considered important for both health 

and regulation of several enzymes in the human body (Hosseini et al., 2014). The loss of macro 
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and micro minerals during thermal processing has been reported to cause changes in muscle 

structure, which decreases the water holding capacity, sensory and nutritional quality of meat 

(Gerber et al., 2009; Czerwonka and Szterk, 2015; Lopes et al., 2015). Thus, the nutritional value 

of meat lies in its content and bioavailability of essential macro and micro elements, especially 

after cooking (Lopes et al., 2015). 

 

In order to minimize the nutrient loss while optimizing palatability and shelf life of meat during 

thermal treatment, many food processors now use sous-vide cooking technique to replace the 

conventional methods such as frying, microwaving and grilling (Sanchez del Pulgar et al., 2012; 

Roldan et al., 2014). Most of these conventional cooking methods have been demonstrated to 

significantly decrease the concentration of PUFA, omega-3 and omega-6 and minerals in cooked 

meat (Alfaia et al., 2010; Lopes et al., 2015).  Sous-vide technique refers to process of cooking 

meat in vacuum-sealed pouches inside temperature-controlled water environment for long 

periods of time (Roldan et al., 2014). This method allows heat to be efficiently transferred from 

the water (or steam) to the meat sample. It also allows greater control over degree of doneness 

compared to other cooking methods (Baldwin, 2012). However, there is paucity of information 

on the effect of sous vide cooking method on the nutritional composition of beef and liver in 

terms of the fatty acid and mineral composition. Beef is a potential source of high quality 

proteins, lipid (fatty acids), vitamins, minerals and other bioactive compounds which are absent 

in vegetables and other sources (Sanchez-Ortega et al., 2014).  Also, liver meat has been reported 

to contain higher micro nutrients than other corresponding muscles (Jayathilakan et al., 2012; Li 

et al., 2014). Studies have shown that liver is traditionally consumed in a number of countries 

around the world especially in South East Asia, Australia and Africa (Fatma and Mahdey, 2010). 
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In some cookery, liver meat is considered as primal food that has health benefits and is 

consumed by people of all ages (Fayemi and Muchenje, 2014).  It has been established that 

factors such as muscle type, breed, age, diet, production region and species of animal can greatly 

influence the fatty acid and mineral composition of raw meat including liver (Lopes et al., 2015).  

Therefore, the aim of this study was to evaluate the effect of sous vide cooking on fatty acid 

composition of beef and liver from Bonsmara and non-descript cattle. 

6.2 Materials and Methods 

6.2.1 Experimental animals and sample preparation 

A total of 80 cows from two breeds [(Bonsmara (n = 40) and non-descripts (n = 40)] with final 

live body weight of 450 to 500kg and an average age of 4-5 years were used in this study. All the 

animals were reared on  natural pasture and slaughtered at a high throughput commercial abattoir 

in the Eastern Cape Province of South Africa. Animals were slaughtered by exsanguination after 

stunning with a captive bolt stunner at voltage of 300 V and a current of 5A.  A representative 

sample (100-250g) of Muscularis longissimuss thoracis et lumborum was excised from each 

carcass and processed after 48 hours post mortem. Liver samples from each animal were also 

collected to determine the cooking loss, Warner Brazlter Shear Force (WBSF), fatty acid profile 

and mineral composition. Meat samples were thermal processed at temperatures of 65
0
C 

(medium well) and 85
0
C (well done) for 120 and 60 minutes, respectively, using sous vide 

method (Vaudagna et al., 2002; Garcıa-Segovia et al., 2007; Alfaia et al., 2010). Prior to 

cooking, about 40g of meat samples were weighed into a vacuum plastic bag and sealed using 

vacuum sealer (Genesis, 80-GVS, South Africa). Thereafter, the meat samples were submerged 

in thermostatized water baths that had been preheated to 65
0
C and 85

0
C and maintained within 

the water bath for 120 and 60 minutes, respectively. After cooking, samples were removed from 
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the water bath, submerged in cold water for 10 minutes (4
0
C) and cooled at room temperature. 

The meat samples (beef and liver) for fatty acid and mineral determination were vaccum packed 

immediately after cooling and stored at -23
0
C until analysis. 

6.2.2 Determination of cooking loss and Warner–Bratzler (WB) shear force on beef and 

liver samples 

Immediately after cooking, the beef samples (n=40) and liver samples (n=40) from each breed 

were removed from the vacuum bags and allowed to cool for an average of 10 minutes at room 

temperature to determine the cooking loss and tenderness. Cooking loss was evaluated as 

differences in the weight of raw and cooked meat samples. Warner–Bratzler Shear Force 

(WBSF) values were determined on meat samples as indicators of tenderness using a Universal 

Instron apparatus. Three specimen measuring 10mm core diameter were cored form each cooked 

meat sample after cooling and sheared perpendicularly to the muscle fibre orientation at a 

constant speed of 400mm/ minutes (one shear in the center of each core). The maximum force 

(N) required to shear for each specimen was measured and the mean was recorded for 

tenderness. 

6.2.3 Determination of fatty acid profile of raw and cooked beef and liver samples  

Total lipid of the fresh and cooked beef (n=4) and liver (n=4) samples from each breed was 

quantitatively extracted as described by Folch et al. (1957), using chloroform and methanol in a 

ratio of 2:1. An antioxidant (butylated hydroxytoluene, BHT) was added at a concentration of 

0.001 % to the chloroform: methanol mixture. The fat extracts were dried in a rotary evaporator 

under vacuum and the extracts were dried overnight in a vacuum oven at 50
0
C, using phosphorus 

pentoxide as moisture absorbent. Total extractable fat was determined gravimetrically from the 

extracted fat and expressed as percent fat (w/w) per 100g tissue.  
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Thereafter, the extracted fat muscle was stored in a polytop (glass vial, with push-in top) under a 

blanket of nitrogen and frozen at –20°C for analysis of fatty acids. An aliquot (30mg) of muscle 

lipid were converted to methyl esters by base-catalysed transesterification, in order to avoid CLA 

isomerisation, with sodium methoxide (0.5 M solution in anhydrous methanol) during 2 h at 

30
0
C, as described by Alfaia et al. (2007). Fatty acid methyl esters (FAMEs) from muscle were 

quantified using a Varian 430 flame ionization GC, with a fused silica capillary column, 

Chrompack CPSIL 88 (100 m length, 0.25 mm ID, 0.2 μm film thicknesses). The analysis was 

performed using an initial isothermic period (40°C for 2 minutes) and gradually increased at a 

rate of 4
0
C/minute until a final temperature of 230

0
C was reached. Finally the isothermic period 

of 230
0
C was maintained for 10 minutes. FAMEs n-hexane (1μl) was injected into the column 

using a Varian CP 8400 Autosampler. The injection port and detector were both maintained at 

250
0
C. Hydrogen, at 45 psi, was used as the carrier gas, while nitrogen was employed as the 

makeup gas. Galaxy Chromatography Data System Software recorded the chromatograms.  

 

Fatty acid methyl ester samples were identified (Table 6.1) by comparing the retention times of 

FAME peaks from samples with those of standards obtained from Supelco (Supelco 37 

Component Fame Mix 47885-U, Sigma-Aldrich Aston Manor, Pretoria, South Africa). 

Conjugated linoleic acid (CLA) standards were obtained from Matreya Inc. (Pleasant Gap, 

Unites States). These standards included: cis-9, trans-11 and trans-10, cis-12-18:2 isomers. 

Nonadecanoic acid (C19:0) (SIGMA N553377 – 1G) was used as the internal standard to 

improve quantitative FAME estimation.  Fatty acids were expressed as the proportion of each 

individual fatty acid to the total of all fatty acids present in the sample. Fatty acid data were used 

to calculate the following ratios of FAs: total SFAs; total MUFAs; total PUFAs; PUFA/SFA; ∆
9 
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desaturase index (C18:1c9/C18:0); total omega-6; total omega-3; the ratio of omega-6 to omega-

3 (n-6)/(n-3). Atherogenicity index (AI) was calculated as (C12:0 + 4 x C14:0 + C16:0)/(MUFA 

+ PUFA) (Chilliard et al., 2003). 

 6.2.4 Determination of mineral constituents of raw and cooked beef and liver samples 

The elemental constituents of potassium (K), sodium (Na), magnesium (Mg), calcium (Ca), Zinc 

(Zn) and selenium (Se) in beef (n=4) and liver (n=4) samples were determined after dry ashing 

mineralisation, as described by Gorsuch (1970) and Tomovic et al. (2015). Five gram of meat 

sample was weighed into a porcelain crucible and dried in a laboratory oven at 105
0
C for 3h. 

After drying, the samples were incinerated in a muffle furnace at 550
0
C overnight utill the white 

ash formed. The ash was solubilized with 20 ml of HNO3 (0.5 N) in an Erlenmeyer flask and 

heated to reduce the volume to 5ml. The solution was then filtered through ash-free filter paper 

into a 50-mL volumetric flask. Each sample solution was made up with dilute HNO3 (0.5 N) to a 

final volume of 50 mL and analyzed by flame atomic absorption spectrometry. 

 

6.2.5 Statistical analysis 

The Statistical Analysis System (SAS version 9.1.3 of 2007) was used for all the analyses. PROC 

GLM procedure of SAS was used to consider the effect of breed and sous vide cooking 

temperature on the fatty acid profiles, mineral content, cooking loss and Warner Bratzler Shear 

Force (WBSF) values of beef and liver. Significant differences between the least square means 

were performed using the Fishers’ least significance difference (LSD) method of SAS, with 

significance level of P < 0.05.  
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Table 6. 1 Fatty acid names and Abbreviations 

Common name Abbreviation  

Saturated fatty acid (SFA)   

Lauric  C12:0 C12:0 

Myristic  C14:0 C14:0 

Pentadecylic  C15:0 C15:0 

Palmitic  C16:0 C16:0 

Margaric  C17:0 C17:0 

Stearic acid C18:0 C18:0 

Arachidic  C20:0 C20:0 

Behenic  C22:0 C22:0 

Tricosanoic  C23:0 C23:0 

Monounsaturated fatty acids (MUFA)   

Myristoleic  C14:1c9 C14:1 

Palmitoleic  C16:1c9 C16:1 

Heptadecenoic  C17:1c10 C17:1 

Vaccenic C18:1c7 C18:1 (n-7) 

Elaidic  C18:1t9 C18:1 (n-9t) 

Oleic  C18:1c9 C18:1 (n-9c) 

Polyunsaturated fatty acids (PUFA)   

Conjugated linoleic acid (CLA) C18:2c9,t11 (n-6) (CLA) C18:2 CLA 

Linoleic  C18:2c9,12 (n-6) C18:2 (n-6) 

γ-Linolenic  C18:3c6,9,12 (n-3) C18:3  (n-6) 

α-Linolenic  C18:3c9,12,15 (n-3) C18:3  (n-3) 

Eicosadienoic  C20:2c11,14 (n-6) C20:2 (n-6) 

Eicosatrienoic  C20:3c8,11,14 (n-6) C20:3  (n-6) 

Eicosatrienoic C20:3c11,14,17 (n-3) C20:3 (n-3) 

Arachidonic  C20:4c5,8,11,14 (n-6) C20:4  (n-6) 

Eicosopentaenoic  C20:5c5,8,11,14,17 (n-3) C20:5 (n-3) 

Docosapentaenoic C22:5c7,10,13,16,19 (n-3) C22:5 (n-3) 

Docosahexanoic  C22:6c4,7,10,13,16,19 (n-3) C22:6  (n-3) 
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6.3 Results 

6.3.1 Effect of thermal treatment on cooking loss and Warner Bratzler Shear Force 

(WBSF) of beef and liver muscles 

Results of thermal treatment on cooking loss and Warner Bratzler Shear Force (WBSF) of beef 

and liver from non-descript and Bonsmara cattle are presented in Table 6.2 and 6.3. The results 

revealed a significant increase (P < 0.05) in cooking loss as the temperature increased from 65
0
C 

to 85
0
C. Beef and liver samples from Bonsmara cattle had higher cooking loss (beef, 42.64% and 

liver, 34.70%) at 85
0
C than those from non-descript breed. However, at 65

0
C cooking 

temperature, liver sample from non-descript cattle exhibited lower cooking loss value (21.19%) 

while the beef samples had higher cooking loss value (31.57%) than those from Bonsmara breed. 

Furthermore, beef and liver samples from non-descript cattle showed higher WBSF values than 

those from Bonsmara cattle (P < 0.05). At 85
0
C cooking temperature, liver samples exhibited 

higher WBSF values and beef samples had lower WBSF values.  

 

6.3.2 Proximate composition of raw and cooked beef and liver muscles 

Results on proximate analysis of raw beef and liver from cattle are presented on Table 6.4. The 

results revealed no statistical differences in intramuscular fat, fat free dry matter and moisture 

contents in liver and beef between the breeds. However, liver samples from Bonsmara and non-

descript cattle had a higher percentage of intramuscular fat content of 4.67 ± 0.53%  and 4.44 ± 

0.53% respectively, and fat free dry matter of 27.51 ± 1.05% and 25.73 ± 1.05%, respectively, 

than the beef samples (P < 0.05). Moreso, the moisture contents of the liver samples were much 

lower than that of beef samples. Similar trend was also observed in the cooked samples with 
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liver having higher intramuscular fat and fat free dry matter than beef samples (Table 6.5). 

Application of thermal treatment on beef and liver samples at 85
0
C revealed a higher 

intramuscular fat and fat free dry matter contents and lower moisture content than those cooked 

at 65
0
C. 

 

6.3.3 Fatty acid composition of raw beef and liver muscles 

Table 6.5 to 6.8 showed the results of the fatty acid composition of raw beef and liver.  There 

was no significant difference in fatty acid composition of raw beef and liver between the breeds 

(P > 0.05). However, among individual saturated fatty acid (SFA), beef samples revealed higher 

content of C12:0, C15:0 C16:0 and C20:0 and lower contents of C14:0, C17:0 and C18:0 than 

liver samples (P < 0.05) (Table 6.5). Similarly, the individual composition of monounsaturated 

fatty acids (MUFA) showed that beef had higher contents of C14:1, C17:1, C18:1 (n-7), C18:1 

(n-9t) and C18:1 (n-9c) than liver sample (Table 6.6). While the polyunsaturated fatty acid 

(PUFA) profile of liver revealed higher contents of C18:2 (n-6), C18:3 (n-3), C20:4 (n-6), C20:5 

(n-3) and C22:5 (n-3) than beef samples (Table 6.7). In general, the total MUFA values were 

relatively lower in liver (21.08±1.23%) than in beef (42.53±1.20%), whereas PUFA values were 

higher in liver (31.11 ± 1.19%) than in beef (11.02 ± 2.74%). However, the contents of SFA in 

beef did not differ significantly from the liver samples. Furthermore, it was observed that the 

values of total n-6, n-3 and PUFA: SFA were higher in liver than in beef muscles. While the 

values of PUFA/MUFA, n-6/n-3, atherogenicity Index (AI) and desaturase Index (DI) were 

lower in liver than beef muscles (Table 6.9).  
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Table 6. 2 Effect of thermal treatment on cooking loss of beef and liver from Bonsmara and 

non-descript cattle. 

Meat type Breed Temperature 

65
0
C 

 

85
0
C 

SEM 

Beef Non-descripts 31.57
bA

 38.90
aA

 0.58 

 Bonsmara 28.78
bA

 42.64
aA

 0.58 

     

Liver Non-descripts 21.19
bB

 34.19
aB

 1.86 

 Bonsmara 25.33
bA

 34.70
aA

 1.86 

Non-descript (n=40), Bonsmara (n= 40), mean with 
a-b

 superscripts within a row 

indicates significant differences between temperature (P ≤ 0.05),    Mean with 
A-B

 

superscripts within a column indicates significant differences between breed (P ≤ 0.05). 
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Table 6. 3 Effect of thermal treatment on tenderness (N) of beef and liver from Bonsmara 

and non-descript cattle. 

Meat type Breed Temperature 

65
0
C 

 

85
0
C 

SEM 

Beef Non-descripts 49.45
Aa

 46.75
aA

 2.22 

 Bonsmara 44.29
bA

 43.26
bA

 2.22 

     

Liver Non-descripts 9.59
b
 13.34

a
 0.63 

 Bonsmara 8.84
b
 12.98

a
 0.63 

     Non-descript (n=40), Bonsmara (n= 40), mean with 
a-b

 superscripts within a row 

indicates significant differences between temperatures (P ≤ 0.05). 
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Table 6. 4  Proximate composition of raw beef and liver muscles. 

Selected nutrient Breed Beef Liver 

    

Intramuscular fat % Non-descript 2.04
 b

 ± 0.47
 
 4.44

 a
 ± 0.53 

 Bonsmara 2.40
 b

 ± 0.47 4.67
 a
 ± 0.53 

    

Fat free dry matter % Non-descript 22.82
b
 ± 0.44 25.73

a
 ± 1.05 

 Bonsmara 22.14
b
 ± 0.44 27.51

a
 ± 1.05 

    

Moisture % Non-descript 75.14
a
 ± 0.75 69.83

b
 ± 1.19 

 Bonsmara 75.45
a
 ± 0.75 67.82

b
 ± 1.19 

    

Non-descript (n=4), Bonsmara (n= 4), mean with 
a-b

 superscripts within a row indicate 

significant differences (P ≤ 0.05). 
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Table 6. 5 Proximate composition of cooked beef and liver samples. 

Meat type Selected nutrient Breed 65
0
C 85

0
C 

     

 Intramuscular fat % Non-descript 3.63
a
 ± 0.57 2.87

a
 ± 0.69 

  Bonsmara 3.63
a
 ± 0.57 4.41

a
 ± 0.69 

     

Beef Fat free dry matter % Non-descript 30.11
b
 ± 1.43 36.25

a
 ± 0.79 

  Bonsmara 26.97
b 

± 1.43 37.12
a
 ± 0.79 

     

 Moisture % Non-descript 66.25
a
 ±1.23 60.89

b
 ± 0.64 

  Bonsmara 69.39
a
 ± 1.23 58.48

b
 ± 0.64 

     

     

 Intramuscular fat % Non-descript 5.09
a
 ± 0.23 2.87

a
 ± 0.69 

  Bonsmara 5.17
a
 ± 0.23 4.41

a
 ± 0.69 

Liver     

 Fat free dry matter % Non-descript 26.76
b
 ± 0.99 36.25

a
 ± 0.79 

  Bonsmara 25.96
b
 ± 0.99 37.12

a
 ± 0.79 

     

 Moisture % Non-descript 68.14
a
 ±1.09 62.43

b
 ± 0.84 

  Bonsmara 68.88
a
 ± 1.09 60.41

b
 ± 0.73 

Non-descript (n=4), Bonsmara (n= 4), mean with 
a-b

 superscripts within a row indicates 

significant differences (P ≤ 0.05). 
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Table 6. 6 Total saturated fatty acid (SFA) composition of raw beef and liver muscles. 

Parameter Breed Beef Liver 

C12:0 Non-descript 0.02
b
 ± 0.01 0.00

a
 ± 0.00 

 Bonsmara 0.02
b
 ± 0.01 0.00

a
 ± 0.00 

    

C14:0 Non-descript 2.48
a
 ± 0.52 0.32

b
 ± 0.09 

 Bonsmara 2.49
a
 ± 0.52 0.53

b
 ± 0.09 

    

C15:0 Non-descript 0.37
a
 ± 0.02 0.26

b
 ± 0.03 

 Bonsmara 0.29
a
 ± 0.02 0.34

b
 ± 0.03 

    

C16:0 Non-descript 26.50
a
 ± 2.02 15.14

b
 ± 0.99 

 Bonsmara 27.75
a
 ± 2.02 16.57

b
 ± 0.99 

    

C17:0 Non-descript 1.05
a
 ± 0.04 1.08

a
 ± 0.05 

 Bonsmara 0.80
b
 ± 0.04 1.15

a
 ± 0.05 

    

C18:0 Non-descript 18.29
b 

± 0.64 31.31
a
 ± 1.16 

 Bonsmara 15.92
b
 ± 0.64 28.97

a
 ± 1.16 

    

C20:0 Non-descript 0.09
a
 ± 0.02 0.02

b
 ± 0.02 

 Bonsmara 0.08
a 
± 0.02 0.05

a
 ± 0.02 

    

C22:0 Non-descript 0.00
a
 ± 0.00 0.09

b
 ± 0.02 

 Bonsmara 0.00
a
 ± 0.00 0.02

b
± 0.02 

    

C23:0 Non-descript 0.00
a
 ± 0.00 0.20

b
 ± 0.02 

 Bonsmara 0.00
a
 ± 0.00 0.20

b
± 0.02 

    

Total SFA Non-descript 48.76 ± 2.49 49.17 ± 0.33 

 Bonsmara 47.35 ± 2.94 47.82 ± 0.19 

Non-descript (n=4), Bonsmara (n= 4), mean with 
a-b

 superscripts within a row indicates 

significant differences (p ≤ 0.05) 
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Table 6. 7  Total monounsaturated fatty acid (MUFA) composition of raw beef and liver 

muscles. 

Parameter Breed Beef Liver 

C14:1 Non-descript 0.46 ± 0.10 0.00
a
 ± 0.00 

 Bonsmara 0.44
a
 ± 0.10 0.01

a
 ± 0.01 

    

C16:1 Non-descript 2.39
a 
± 0.65 0.60

b
 ± 0.12 

 Bonsmara 4.18
a
 ± 0.65 0.98

b 
± 0.12 

    

C17:1 Non-descript 0.16
b
 ± 0.05 0.00

a
 ± 0.00 

 Bonsmara 0.22
b
 ± 0.05 0.00

a
 ± 0.00 

    

C18:1 (n-7) Non-descript 1.63
a
 ± 0.87 1.32

a 
±.0.09 

 Bonsmara 1.62
a
 ± 0.87 1.49

a
 ±0.09 

    

C18:1 (n-9t) Non-descript 0.14
b
 ± 0.26 2.17

a
 ± 0.23 

 Bonsmara 0.74
b
 ± 0.26 2.00

a
 ± 0.23 

    

C18:1 (n-9c) Non-descript 35.45
a
 ± 1.22 14.65

b
 ± 1.05 

 Bonsmara 35.33
a
  ± 1.22 16.58

b
 ± 1.05 

    

Total MUFA Non-descript 40.22
a
 ± 1.90 20.11

b
 ± 2.38 

 Bonsmara 42.53
a
 ± 1.20 21.08

b
 ± 1.23 

Non-descript (n=4), Bonsmara (n= 4), mean with 
a-b

 superscripts within a row indicates 

significant differences (P ≤ 0.05). 
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Table 6. 8 Total polyunsaturated fatty acid (PUFA) composition of raw beef and liver 

muscles. 

Parameter Breed Beef Liver 

C18:2 CLA Non-descript 0.44
a
 ± 0.05 0.51

a
 ± 0.06 

 Bonsmara 0.40
a
 ± 0.05 0.51

a
 ± 0.06 

    

C18:2 (n-6) Non-descript 4.76
b
 ± 1.34 6.60

a
 ± 0.39 

 Bonsmara 3.86
b
 ± 1.34 5.00

a
 ± 0.39 

    

C18:3  (n-6) Non-descript 0.00
a
 ± 0.00 0.10

b
 ± 0.03 

 Bonsmara 0.00
a 
± 0.00 0.13

b
 ± 0.03 

    

C18:3  (n-3) Non-descript 1.32
b
 ± 0.31 2.51

a
 ± 0.28 

 Bonsmara 1.09
a
 ± 0.31 1.94

a
 ± 0.28 

    

C20:2 (n-6) Non-descript 0.00
a
 ±  0.00 0.02

b
 ± 0.02 

 Bonsmara 0.00
a
 ± 0.00 0.02

b
 ± 0.02 

    

C20:3  (n-6) Non-descript 0.00
a
 ± 0.00 0.06

b
 ± 0.02 

 Bonsmara 0.00 ± 0.00 0.00 ± 0.00 

    

C20:3 (n-3) Non-descript 0.00
a 
± 0.00 0.06

b
 ± 0.02 

 Bonsmara 0.00 ± 0.00 0.00 ± 0.00 

    

C20:4  (n-6) Non-descript 2.28
b
 ± 0.74 7.14

a
 ± 0.40 

 Bonsmara 2.26
b
 ± 0.74 7.13

a
 ± 0.40 

    

C20:5 (n-3) Non-descript 0.61
b
 ± 0.18 3.54

a
 ± 0.27 

 Bonsmara 0.70
b
 ± 0.18 3.54

a
 ± 0.27 

    

C22:5 (n-3) Non-descript 1.17
b
 ± 0.45 7.45

a
 ± 0.38 

 Bonsmara 1.36
b
 ± 0.45 7.43

a
 ± 0.38 

    

C22:6  (n-3) Non-descript 0.00
a
 ± 0.00 1.99

b 
± 0.33 

 Bonsmara 0.00
a
± 0.00 2.55

b
 ± 0.33 

    

Total PUFA Non-descript 11.02
b
 ± 2.74 30.73

a
 ± 2.60 

 Bonsmara 10.13
b
 ± 3.36 31.11

a
 ± 1.19 

Non-descript (n=4), Bonsmara (n= 4), mean with 
a-b

 superscripts within a row indicates 

significant differences (P ≤ 0.05). 
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Table 6. 9 Fatty acid composition of raw beef and liver muscles. 

Parameter Breed Beef Liver 

n-6 Non-descript 7.91
b
 ± 2.16 17.14

a
 ± 0.69 

 Bonsmara 6.98
b
 ± 2.16 15.51

a
 ± 0.69 

    

n-3 Non-descript 3.10
b
 ± 0.92 13.59

a
 ± 1.53 

 Bonsmara 3.14
b
 ± 0.92 15.60

a 
± 1.53 

    

PUFA:SFA Non-descript 0.24
b
 ± 0.08 0.63

a
 ± 0.04 

 Bonsmara 0.24
b
 ± 0.08 0.65

a
 ± 0.04 

    

PUFA/MUFA Non-descript 2.54
a
 ± 0.12 1.64

b
 ± 0.23 

 Bonsmara 2.29
a
 ± 0.12 1.50

b
 ± 0.23 

    

n-6/n-3 Non-descript 2.54
a
 ± 0.12 1.38

b
 ± 0.18 

 Bonsmara 2.28
a
 ± 0.12 0.99

b
 ± 0.18 

    

Atherogenicity Index Non-descript 0.58
a
 ± 0.07 0.00

b
 ± 0.03 

 Bonsmara 0.59
a 
± 0.07 0.33

b
 ± 0.03 

    

Desaturase Index Non-descript 1.95
a
 ± 0.13 0.54

b
 ± 0.09 

 Bonsmara 2.24
a 
± 0.13 0.58

b
 ± 0.09 

Non-descript (n=4), Bonsmara (n= 4), mean with 
a-b

 superscripts within a row indicates 

significant differences (P ≤ 0.05). 
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6.3.4 Effect of Sous vide thermal temperature on fatty acid composition of beef and liver 

muscles 

As shown in Figure 6.1 and 6.2, the total fatty acid composition in beef and liver samples were 

not significantly (P > 0.05) affected by application of sous vide cooking method at 65
0
C and 

85
0
C temperatures. However, the content of MUFA, PUFA, n-6, n-3, PUFA/SFA, 

PUFA/MUFA, n-6/n-3 were higher at 85
0
C than at 65

0
C cooking temperature for both beef and 

liver samples. The percentage of PUFA, n-6, n-3, PUFA/SFA, PUFA/MUFA, n-6/n-3, 

atherogenicity index and desaturase index loss in relation to raw samples after cooking at 65
o
C 

and 85
o
C was higher in beef than liver samples (Figures 6.3 and 6.4).  

 

6.3.5. Mineral composition of raw beef and liver muscles 

The results of mineral contents in raw beef and liver meat samples are presented in Table 6.9. 

The major minerals present in raw meat samples were potassium (beef 213.7–221.7mg/100g, 

liver 171.1-271.8mg/100g), followed by selenium (beef 141.8-350.7mg/100g, liver 88.8-

365.0g/100mg), magnesium (beef 52-53.7 mg/100g, liver 41-56.1mg/100g)), sodium (29.3-48.4 

mg/100g, liver 32.9-43.9mg/100g), zinc (8.9-19.5mg/100g, liver 8.5-17.3mg/100g) and calcium 

(12.9-13.9mg/100g, liver 17.0-17.5mg/100g). Among the breeds, the mean content of Na (48.40 

± 0.35mg/100g), Mg (52.80
 
± 0.22mg/100g) and K (221.7 ± 1.41mg/100g) were higher in beef 

than liver muscles from Bonsmara cattle. While on the contrary, liver muscles from non-descript 

cattle had higher contents of Na (43.90
 
± 0.76mg/100g), Mg (56.10 ± 0.74mg/100g) and K 

(271.1 ± 3.41mg/100g) than the beef muscles. However, the concentration of Ca in liver from 

Bonsmara (17.50
 
± 0.17mg/100g) and non-descript (17.00 ± 0.17mg/100g) was higher than that 

of beef muscles.  
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Figure 6. 1 Fatty acid composition of cooked beef and liver meat samples. 

65 = 65
0
C, 85 = 85

0
C. 
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Figure 6. 2 Health indicator values of fatty acid profile in cooked beef and liver samples. 

65 = 65
0
C, 85 =  85

0
C. 
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Figure 6. 3 Percentage of fatty acids loss or gain in beef after cooking. 

 n = 8, AI: Atherogenicity Index, DI: Desaturase Index. 
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Figure 6. 4 Percentage of fatty acids loss or gain in liver after cooking. 

n = 8, AI: Atherogenicity Index, DI: Desaturase Index. 
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Table 6. 10  Mineral composition of raw beef and liver samples. 

Minerals  Breed Beef  

(mg/100) 

Liver  

(mg/100) 

Ca Non-descript 12.90
 bA

 ± 0.08 17.00
 aA

 ± 0.17 

 Bonsmara 13.90
 bA

 ± 0.08 17.50
 aA

 ± 0.17 

    

Na Non-descript 29.30
 aA

 ± 0.35 43.90
 aA

 ± 0.76 

 Bonsmara 48.40
 aA

 ± 0.35 32.90
 aA

 ± 0.76 

    

Mg Non-descript 53.70
 aA

 ± 0.22 56.10
 aA

 ± 0.74 

 Bonsmara 52.80
 aA

 ± 0.22 41.80
 aA

 ± 0.74 

    

K Non-descript 213.7
 aA

 ± 1.41 271.1
 aA

 ± 3.41 

 Bonsmara 221.7
 aA

 ± 1.41 171.8
 aA

 ± 3.41 

    

Se Non-descript 141.8
 aB

 ± 2.81 88.80
 aB

 ± 2.81 

 Bonsmara 350.7
 aA

 ± 1.59 365.0
 aA

 ± 1.59 

    

Zn Non-descript 19.60
 aA

 ± 0.15 17.30
 aA

 ± 0.27 

 Bonsmara 8.90
 aB

 ± 0.15 8.50
 aB

 ± 0.27 

Non-descript (n=4), Bonsmara (n= 4), mean with 
a-b

 superscripts within a row indicates 

significant differences between meat types (P ≤ 0.05). Mean with 
A-B

 superscripts within a 

column indicates significant differences between breed (P ≤ 0.05). 
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6.3.6 Effect of thermal treatment on mineral composition of beef and liver muscles 

As shown in Figures 6.5 and 6.6, application of sous vide cooking method at 65
0
C and 85

0
C 

temperature had no significant (P > 0.05) effect on the concentration of minerals in beef and liver 

samples. However, among the mineral contents, the mean value of Se and K was numerically 

higher in beef and liver samples, respectively, after cooking at 85
0
C than at 65

0
C. While on the 

other hand, the concentration of Zn was lower in both beef and liver samples at the cooking 

temperature of 85
0
C than at 65

0
C. The concentration of Mg in beef samples after cooking was 

not different from that of liver samples. 
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Figure 6. 5 Effect of of thermal treatments on mineral content of beef from Bonsmara and 

non-descript cattle; 65 = 65
0
C, 85 = 85

0
C. 
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Figure 6. 6 Effect of thermal treatments on mineral content of liver from Bonsmara and 

non-descript cattle. 65 = 65
0
C, 85

0
C. 
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6.4 Discussion 

The gradual increase in cooking loss as the temperature rises from 65
0
C to 85

0
C can be attributed 

to increase in denaturation of myosin and actin of muscle fibres which has been identified to 

cause structural changes and expulsion of sarcoplasmic fluid from the muscle fibers (Bertola et 

al., 1994; Li et al., 2013). Changes in muscle and connective tissue during thermal treatment 

have been reported to influence muscle texture and cooking loss in processed meat (Murphy and 

Marks, 2000). The expression of cooking loss has been demonstrated to influence the degree of 

juiciness and consumer acceptance of meat after thermal treatment (Aaslyng, 2009).  However, 

our results are in agreement with previous studies (Alfaia et al., 2010; Nithyalakshmi and 

Preetha, 2015) demonstrating that increase in cooking temperature and time increases cooking 

loss. Moreso, the increase in Warner Bratzler Shear Force (WBSF) values as observed in this 

study could also be attributed to progressive transformations and solubilization of  connective 

tissue leading to meat tenderization as cooking temperature increased (Garcıa-Segovia et al., 

2007; Li et al., 2013).  

 

The percentage of intramuscular fat and fat free dry matter of liver sample was relatively higher 

than those of the beef samples. Increase in intramuscular fat content has been attributed to 

accumulation of fatty acid in the muscle (Wood et al., 2008).  The proportion of intramuscular 

fat is known generally to enhance palatability and flavor intensity of meat (Hoehne et al., 2012; 

Legako et al., 2015). Variation in fatty acid composition of raw and cooked beef and liver 

samples as observed in this study is in line with previous studies where significant differences in 

the fatty acid profile of liver and beef of cattle raised and finished on pasture was reported 

(Alfaia et al., 2010; Purchas et al., 2015). Also, the higher proportion of PUFA, n-6 and n-3 
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observed in raw liver than beef samples could be linked to the ability of liver to synthesize most 

of n-6 and n-3 long-chain polyunsaturated fatty acids from dietary precursors during lipid 

metabolism in the body (Araya et al., 2010; Valenzuela et al., 2012). This could also adduce for 

higher total fat and free fat dry matter found in liver in this study. However, omega-6 PUFA 

(arachidonic acid) and omega-3 PUFA (eicosapentaenoic and docosahexaenoic acid) have been 

identified in several physiological functions including regulation of inflammation and prevention 

of transmissible chronic diseases (Simopoulos, 2008; Stephen et al., 2010; Valenzuela et al., 

2012). This result is in line with other studies that have shown that liver meat contained higher 

levels of polyunsaturated fatty acid than lean tissue (Enser et al., 1998; Liu, 2002; Jayathilakan et 

al., 2012).   

 

The non-significant difference between raw beef and liver from Bonsmara and non-descripts 

indicated that their genotypes did not have an effect on fatty acid contents since both breeds were 

rearedon natural pasture. Similar results have been reported by Xie et al. (2012) who found no 

significant difference in fatty acid composition of five breeds of cattle offered the same diet. 

However, our results are in contrast with the finding of Li et al. (2014) and Orellana et al. (2009) 

who had reported significant breed effect on fatty acid composition of liver and beef samples, 

respectively.  

 

The total SFA and MUFA contents that were observed in raw beef and liver were relatively 

higher than those reported by Li et al. (2014) and Alfaia et al. (2010), respectively. However, the 

values PUFA in raw liver was higher than those reported by Li et al. (2014) while that of raw 
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beef was lower that those reported by Alfaia et al. (2010), but comparable with the report of 

Sarriés et al. (2009) and Legako et al. (2015). Also, the values of PUFA/SFA, PUFA/MUFA, n-

6/n-3, AI and DI recorded in raw beef and liver in this study were in contrast with those found  in 

other reports (Sarriés et al., 2009; Alfaia et al.,2010; Li et al., 2014; Purchas et al., 2015). These 

contrasting differences may be attributed to factors such as slaughter age, diet, meat cut and 

seasonal variation which have been reported to influence fatty acid composition of ruminant 

animals (Schmid et al., 2006; Orellana et al., 2009). Application of sous vide cooking technique 

led to significant loss of moisture and, consequently, a higher intramuscular fat and free fat dry 

matter content in both liver and beef samples compared to the raw samples. This is similar to the 

findings of Alfaia et al. (2010) who reported a significant reduction in moisture content and 

higher increase in intramuscular fat of cooked beef compared to raw beef. Other authors have 

also reported an increase in nutrient composition of meat (including fat content) as moisture 

content decreases during cooking (Badiani et al., 2002; Alfaia et al., 2010). 

 

The percentage of fatty acid loss after cooking in this study was relatively lower compared to 

other studies that used cooking methods such as boiling, grilling and microwaving (Alfaia et al., 

2010). Several mechanisms, such as water loss and lipid oxidation, diffusion and exchange that 

occur during cooking have been suggested to lead to relative changes in FA compositions (Dal 

Bosco et al., 2001; Alfaia et al., 2010). This indicates that sous vide cooking method was able to 

minimize nutrient loss and prevent oxidation of fatty acid content by reducing the contact of free 

oxygen with meat sample (Schellekens, 1996; Oz and Zikirov, 2015). Consequently, sous vide 

thermal treatment had lower cooking effect on liver samples than beef samples. This indicates 

that beef is more susceptible to nutrient loss and lipid oxidation than liver meat during cooking.    
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Considering the mineral composition of liver and beef muscle in this study, the concentration of 

K and Na in raw beef and liver was slightly lower than the values reported by Czerwonka and 

Szterk (2015) and Lopes et al., (2015), but higher than that of Reykdal et al. (2014). Equally, the 

level of Mg observed in raw beef and liver in this study was higher than the values reported by 

Czerwonka and Szterk (2015) and Duan et al. (2015).  The content of Ca, Zn and Se in beef and 

liver was in contrast with values reported by Reykdal et al. (2014). However, this contrasting 

difference in the values reported in this study compared to other literature could be attributed to 

factors such as the type of cuts, age of the animals, sex, diet, genetic factors, physiological state, 

geographical site of rearing and method of mineral content determination (Tomovic et al., 2011; 

Mateescu et al., 2013; Czerwonka and Szterk, 2015; Duan et al., 2015). Besides this, many 

studies have also indicated wide variation in the content of these nutrients in bovine meat, and 

the limits of these variations have not been fully defined (Greenfield and Southgate, 2003; 

Tomovic et al., 2011).  

 

The non-significant difference in mineral contents between breed in this study was similar to the 

report of Duan et al. (2015) who found no significant breed effect in mineral content of cattle.  

The impact of thermal processing on the mineral content of beef and liver in this study was 

relatively minimal compared to the findings of Czerwonka and Szterk (2015) who reported great 

loss of elemental nutrients after cooking different meat cuts through roasting, grilling and frying.  

This shows that sous vide cooking methods can preserve the elemental constituents of beef and 

liver during the cooking process than other conventional methods.  
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6.5 Conclusions 

The findings of this study revealed that breed did not have significant effect on fatty acid and 

mineral composition of raw beef and liver muscles. It also showed that the liver meat had higher 

lipid, fat dry matter, PUFA, n-6 and n-3 contents than the correspondent beef muscles. It was 

also observed that the concentration of mineral in liver was similar to that of beef. There was no 

pronounced effect of sous vide cooking temperature on fatty acid and mineral composition of 

beef and liver compared to uncooked meat.  Moreover, the concentration of PUFA, n-6, and n-3 

suffered greater loss in beef than liver after cooking. In comparison to other cooking methods, 

this study has demonstrated that sous vide cooking method can preserve the nutritional properties 

of meat products.  
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Chapter 7: General Discussion, Conclusions and Recommendations 

7.1 General Discussion and Conclusions 

Antioxidants play an important role in meat industry, as they provide protection against 

microbial growth and lipid oxidation in meat and meat products during storage and supply chain. 

Nowadays, antioxidants from natural sources are generally preferred over synthetic antioxidants 

for use in meat products because of their numerous bioactive compounds and potential health 

benefits. Thus, this study was designed to determine the activities of natural antioxidants and 

thermal treatment on meat quality from Bonsmara and non-descript cattle. In chapter three of this 

study, a survey was conducted to assess the level of consumer awareness on application of 

antioxidants in meat and meat products. It was evident from the results that more than half of the 

respondents had not heard about application of antioxidants as preservatives in meat products. 

This could be due to the fact that antioxidants are not predominantly advertised or mentioned on 

meat labels (Venkatesh, 2011) and more so, information regarding its application and benefits 

are rarely heard on public media. However, among the respondents that were aware of 

antioxidants and their application, the majority of them clearly indicated they knew about the use 

of both natural antioxidants and synthetic antioxidants as preservatives in meat products. This 

group of respondents also expressed their great concerns on application and potential health 

consequences of synthetic antioxidant son consumer health. Many studies have shown that 

application of synthetic antioxidants can cause cancers and cardiovascular diseases (Sarafian et 

al., 2002; Faine et al., 2006; Kumar et al., 2015).  

 

With this knowledge, the efficacy of plant-derived antioxidants as preservatives to inhibit lipid 

oxidation, microbial growth and improve the physicochemical properties of meat products during 
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storage is currently being studied. In chapter 4 and 5, the antioxidant and antimicrobial activities 

of Biden pilosa and Moringa oleifera leaf extracts were investigated on meat quality from 

Bonsmara and non-descript cattle. Prior to application in meat, plant extracts (Biden pilosa and 

Moringa oleifera leaf) were screened for antioxidant potentials (Chapter 4). It was found that 

Biden pilosa and Moringa oleifera leaf extracts contained huge amounts of volatile compounds 

which has been reported for antioxidant and antimicrobial activities in food products (Bharathy 

and Uthayakumari. 2013; de Moraes et al., 2015; Mujeeb et al., 2015). The in vitro antioxidant 

activities of the extracts also revealed that the plants possessed strong scavenging capacity 

(DPPH and ABTS) against free radicals production in muscle food.  

  

Upon application of the extracts in meat samples, it was observed that all the meat samples 

treated with Biden pilosa and Moringa oleifera plant extracts had lower pH values and higher a-

value (redness) compared to control and BHT treatments during the storage period. This finding 

is also consistent with other studies who had reported the ability of natural antioxidants to 

improve and increase the colour (redness) of fresh ground beef when compared to control 

(Balentine et al., 2006; Kim et al., 2013; Liu et al., 2015).  Additionally, the results of TBARS 

analysis showed that application of M. oleifera and B. pilosa extracts could protects meat 

products against lipid oxidation and extent its shelf life during the storage period.  The inhibitory 

effects of these extracts against lipid oxidation has been attributed to the inherent phenolic 

content, phyconstituents and antioxidant activity (Moyo et al., 2012; Krishian et al., 2014).  It 

was also observed that breed did not have much effect on most of the parameters except for 

TBARS values, in which ground meat from Bonsmara exhibited lower lipid oxidation than non- 

descript cattle. This is indicating that Bonsmara cattle had better antioxidant ability than non- 
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descript cattle. Similar results had been reported by Xie et al (2012) who found a significant 

lower TBARS values in beef sample of Limousin than Qinchuan cattle breed.  

 

Furthermore, the efficacy of these extracts was tested on sensory and microbiological qualities of 

the meat samples (Chapter 5). It was discovered that beef treated with extract had better sensory 

quality and lower microbial counts compared to control and BHT treatments. Evidence has 

shown that inclusion of plant extracts can improve their sensory quality and reduce food 

pathogens (Velasco and William, 2011). In general, the beneficial effect of producing meat 

products containing natural antioxidants is to prolong shelf life, improve quality and enhance 

consumer health.  In chapter 6, the fatty acids and mineral composition of raw and cooked beef 

and liver meat were studied. The results revealed higher concentrations of MUFAs and a lower 

concentration of PUFAs in raw beef than liver meat.  This is in agreement with other studies that 

have shown that liver contained lower levels of monounsaturated fatty acids and higher levels of 

polyunsaturated fatty acid than lean tissue (Enser et al, 1998; Liu 2002; Jayathilakan et al., 

2012). The presence of MUFAs and PUFAs are known to promote consumer health by reducing 

the risk of developing coronary heart diseases (Stephen et al., 2010, Nantapo et al., 2015). The 

mineral content of raw beef showed higher content of Na, Mg and Se than liver samples. While 

on the other hand, the concentration of Ca and K was higher in liver than beef samples. Studies 

have shown that the amount of fatty acids and minerals contributed greatly to technological, 

sensory and nutritional quality of meat (Wood et al., 2003; Nieto and Ros, 2012). Application of 

sous vide method did not significantly affect the concentration of fatty acids and minerals in beef 

and liver meat samples after cooking. Meanwhile, the percentage of fatty acids and minerals lost 

during cooking in this study was relatively lower compared to other studies that used cooking 
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methods such as boiling, grilling and microwaving (Alfaia et al., 2010; Czerwonka and Szterk, 

2015). This indicated that sous vide cooking method is more efficient in minimizing nutrient loss 

in meat products than other conventional methods.  

In conclusion, this current study has demonstrated that application of B. pilosa and M. oleifera 

leaf extracts and sous vide cooking method can be used to preserve the quality of meat during 

storage. However, due to consumers’ safety concerns on the use of synthetic antioxidants, the 

application of plant-derived antioxidants, particulary B. pilosa and M. oleifera leaf extracts, in 

commercial meat and meat products production should be considered. Evidence from this study 

has also shown that the use of sous vide thermal technique could be effective in preventing 

nutrient loss in meat products during cooking.  
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7.3 Recommendations 

Based on the findings from this study, the following recommendations are offered for for further 

study: 

  More research should be conducted on consumers’ perception on the application of 

natural antioxidants as preservative in on meat and meat products.  

 Research on the antioxidant and antimicrobial activities of essential oil from Moringa 

oleifera and Biden pilosa and their effectiveness on meat quality will be needed. 

  Research should also be conducted on synthetization, characterization and 

commercialization of bioactive compounds in plant extracts in order to improve their 

application in meat products. 

 Qualitative study on the effect of natural antioxidants on physicochemical properties of 

meat from more than two breeds should be considered.  

 Studies on the effect of sous vide cooking technique on meat protein, vitamins and amino 

acid profile should also be considered. 

 

 

 

 

 

 

 

 



188 

 

7.4 References 

Alfaia, C.M.M., Alves, S. P., Lopes, A. F., Fernandes, M . J. E., Costa, A S. H., Fontes, 

C.M.G.A., Castro, M. L.F., Bessa, R. J.B. and Prates, J. A.M. 2010. Effect of 

cooking methods on fatty acids, conjugated isomers of linoleic acid and nutritional 

quality of beef intramuscular fat. Meat Science 84: 769–777. 

Balentine, C.W., Crandall, P.G., O’ Bryan, C.A., Duong, D.Q. and Pohlman, F.W. 2006. 

The pre- and post-grinding application of rosemary and its effects on lipid oxidation 

and color during storage of ground beef. Meat Science 73 (3): 413-421. 

Bharathy, V. and Uthayakumari, F. 2013. Bioactive components in leaves of Jatropha 

tanjorensis J. L. Ellis and Saroja by GC-MS Analysis. International Journal of 

PharmTech Research 5: 1839-1843. 

Czerwonka, M. and Szterk, A. 2015. The effect of meat cuts and thermal processing on 

selected mineral concentration in beef from Holstein–Friesian bulls. Meat Science 105: 

75–80. 

de Moraes, J., de Oliveira, R. N., Costa, J. P., Junior, A. L.G., de Sousa, D.P., Freitas, R. 

M.,  Allegrett, S. M. and  Pinto, P. L. S. 2014. Phytol, a diterpene alcohol from 

chlorophyll, as a drug against neglected tropical disease Schistosomiasis mansoni. 

PLOS Neglected Tropical Diseases 8 (1): 2617. 

Enser, M., Hallett, K. G., Hewett, B., Fursey, G. A. J., Wood, J. D. and Harrington, G. 

1998. The polyunsaturated fatty acid composition of beef and lamb liver. Meat Science 

49(3): 321-327. 



189 

 

Faine,  L. A., Rodrigues, H. G., Galhardi, C. M., Ebaid, G. M. X., Diniz,  Y. S., Fernandes, 

A. A. H. and Novelli, E. L. B. 2006. Butyl hydroxytoluene (BHT)-induced oxidative 

stress: Effects on serum lipids and cardiac energy metabolism in rats. Experimental 

and Toxicologic Pathology 57:221–226. 

Jayathilakan, K., Sultana, K., Radhakrishna, K. and  Bawa, A. S. 2012. Utilization of 

byproducts and waste materials from meat, poultry and fish processing industries: a 

review. Journal of Food Science and Technology 49 (3): 278–293. 

Kim, S., Min, S. C., Shin, H., Lee, Y., Cho, A. R., Kim, S. Y. and Han, J. 2013. Evaluation of 

the antioxidant activities and nutritional properties of ten edible plant extracts and their 

application to fresh ground beef.  Meat Science 93: 715–722. 

Krishnan, K. R., Babuskina, S., AzhaguSaravanaBabu, P., Sasikala, M., Sabina, K., 

Archana, G. Sivarajan, M. and Sukumar, M. 2014. Antimicrobial and antioxidant 

effects of spice extracts on the shelf life extension of raw chicken meat. International 

Journal of Food Microbiology 171: 32–40. 

Kumar, Y., Yadav, D. N., Ahmad, T. and Narsaiah, K. 2015. Recent trends in the use of 

natural antioxidants for meat and meat products. Comprehensive Reviews in Food 

Science and Food Safety 00: 1-14.   

Liu, D. C. 2002. Better utilization of by-products from the meat industry. EFTC Extension 

Bulletins 304:2462. 

Liu, F., Xu, Q., Dai, R. and Ni, Y.  2015. Effects of natural antioxidants on colour stability, 

lipid oxidation and metmyoglobin reducing activity in raw beef patties. ACTA 

Scientiarum Polonorum Technologia Alimentaria 14 (1): 37–44. 



190 

 

Moyo, B., Oyedemi, S., Masika, P. J. and Muchenje, V. 2012. Polyphenolic content and 

antioxidant properties of Moringa oleifera leaf extracts and enzymatic activity of liver 

from goats supplemented with Moringa oleifera leaves/sunflower seed cake. Meat 

Science 91: 441–447. 

Mujeeb, F., Bajpai, P. and Pathak, N. 2014. Phytochemical evaluation, antimicrobial activity, 

and determination of bioactive components from leaves of Aegle marmelos. BioMed 

Research International 2014: 1-11.  

Nantapo, C. W., Muchenje, V., Nkukwana, T. T., Hugo, A., Descalzo, A., Grigioni, G. and 

Hoffman, L. C. 2015. Socio-economic dynamics and innovative technologies affecting 

health-related lipid content in diets: Implications on global food and nutrition security. 

Food Research International 76 (4): 896-905. 

Nieto, G and Ros, G. 2012. Modification of fatty acid composition in meat through diet: effect 

on lipid peroxidation and relationship to nutritional quality – A Review. In:  A. Catala, 

Editor, Biochemistry, Genetics and Molecular Biology "Lipid Peroxidation", Chapter 

12. http://www.intechopen.com/books/lipid-peroxidation  Accessed on 18/08/2015. 

Sarafian, T. A., Kouyoumjian, S., Tashkin, D. and Roth, M. D. 2002. Synergistic cytotoxicity 

of 9-tetrahydrocannabinol and butylated hydroxyanisole. Toxicology Letters 133:171–

179. 

Stephen, N. M., Jeya, S. R., Jeyasekaran, G. and Sukumar, D. 2010. Effect of different types 

of heat processing on chemical changes in tuna. Journal of Food Science and 

Technology 47 (2):174–181. 

http://www.intechopen.com/books/lipid-peroxidation


191 

 

Velasco, V. and Williams, P. 2011. Improving meat quality through natural antioxidants. 

Chilean Journal of Agricultural Research 71: 2.  

Venkatesh,  R.  2011. A Review of the Physiological Implications of Antioxidants in Food.  

https://www.wpi.edu  Accessed on 20/10/2015. 

Wood, J. D., Enser, M., Fisher, A. V., Nute, G. R., Whittington, F. M. and Richardson, R. I. 

2003. Effects of diets on fatty acids and meat quality. Options Méditerranéennes Series 

A 67: 133-141. 

Xie, X., Meng, Q., Cui, Z. and Ren, L. 2012. Effect of Cattle Breed on Meat Quality, Muscle 

Fiber Characteristics, Lipid Oxidation and Fatty Acids in China. Asian-Australas 

Journal Animal Science 25 (6): 824–831. 

 

 

 

 

 

 

 

 

 

 

 

 



192 

 

8: Appendices 

Appendix 8.1: Consumer’s awareness on the use of antioxidants as preservatives in meat 

and meat products  

 

A. Demographic characteristics 
 

Please thick: 

1. Gender: Male                    Female 

 

2. Age group:   < 20          20-25          26-30               31-40             41-50           

>50 

 

3. Education level: Primary        Secondary (Matric)   Tertiary     Others 

 

 

        

B. Application of antioxidants in meat products 

 

1. Do you eat meat? Yes   No 

 

2. In your own view, what are the causes of spoilage/deterioration in meat products? 

Oxidation          Microorganism         Both        Not sure  

 

 

3. Have you heard about the use of antioxidants as preservatives in processed meat? 

              Yes                                           No 

 

If yes; please tick the type of antioxidant you know? 

 

Natural (plant-derived) antioxidants  Both 

Synthetic (artificial) antioxidant  Others (specify)             …………..   

 

4. How did you get to know about the use of antioxidants in meat products?   

School          Internet source            Friends          Radio programs            TV programs 

 

5. In which forms do you think natural antioxidants are used to preserve meat products? 

                As supplement in animal feed 

                As substance (essential oil/extract) to be applied directly on meat 

                All of the above 

     Not sure 
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6. Are you aware that some synthetic (artificial) antioxidants are reported to have toxic 

effect on human health? 

                Yes   No 

                  

7. How concerned are you about the effects of synthetic antioxidants on your Health? 

Very much        Slightly          Somewhat            Not at all  
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Appendix 8.2: Natural antioxidants against lipid–protein oxidative deterioration in meat 

and meat products: A review 
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