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Abstract 
Meat is considered as a biologically delicate product prone for rapid 

decomposition, microbiological activities, physiological and chemical 
changes. Color and flavor are the first stimuli for the acceptability of meat 
and meat products and are significantly influenced by lipid oxidation. It 
leads to discoloration, drip losses, off-odor/off-flavor and the production of 
potentially toxic compounds. The low oxidative stability of fresh meat, pre-
cooked and restructured meat products is a problem for all those involved 
in the meat production chain, including the primary producers, processors, 
distributors and retailers. To prevent/minimize/reduce the oxidative 
changes in meat products is a major challenge for meat scientists. In this 
review, the problem, its probable remedies, importance of natural anti-
oxidants, method of application in meat system has been discussed 
extensively.  
 
Keywords: Lipid oxidation, antioxidant, natural antioxidant, 
phytoextracts, meat quality. 
 

Introduction 
Color and flavor are the first stimuli for the 

consumers to purchase meat and meat products. 
However, lipid oxidation abbreviates the quality and 
acceptability of meat and meat products due to 
discoloration, drip losses, off-odor and off-flavor 
development, and the production of potentially toxic 
compounds (Gray et al., 1996; Mane et al., 2010). The 
low oxidative stability of fresh meat, precooked and 
restructured meat products is a problem which have 
economic and safety implications. The scientific 
literature pertaining to propensity of lipid oxidation in 
meat and other bio-logical systems is vast and suggest 
various remedies to combat this problem. However, 
before adopting the solution there is need to understand 
the concept of lipid oxidation. 
 
Lipid oxidation: A mechanism for food 
deterioration 

Lipid oxidation, oxidative rancidity is often the 
decisive factor in determining the useful storage life of 
food products, even when their fat content is as low as 
0.5% or 1%. Oxidative rancidity is initiated by the 
‘reactive oxygen species’ (ROS) (Evans and Halliwell, 
2001). This term combines various free radicals which 
include oxygen-centered free radicals (activated 
oxygen-containing molecules) as well as non-radical 

derivatives of oxygen. Free radicals contain one or 
more unpaired electrons and are capable of 
independent existence. Lipid oxidation in muscle foods 
is initiated in the highly unsaturated phospholipids 
fraction of subcellular bio-membranes, unsaturated 
portions of fatty acid esters (triglycerides or 
phospholipids) react with molecular oxygen to form 
peroxides, hydroperoxides and carbonyl compounds 
(Benzie, 1996). The hydroperoxides are unstable and 
are reductively cleaved in the presence of trace 
elements to produce new free radicals and non radical 
compounds including aldehydes, ketones, alcohols and 
acids that cause the off odor, off flavor, change in 
nutritive value and safety of muscle foods (Valenzuela 
and Nieto, 1996). Cholesterol is oxidized to form 
oxysterols, which are toxic and their consumption 
causes potential harm to cellular physiology (Morel 
and Lin, 1996). The products of lipid oxidation also 
interfere with the absorption of protein or folic acid and 
have found to cause pathological changes in the 
mucous membrane of the digestive tract. 
 
Factors predisposing muscle foods to 
oxidation 

Oxidation of lipids is accentuated in the 
preslaughter and early post slaughter phase. The 
propensity of meats and meat products to undergo 
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oxidation depends on several factors including 
preslaughter events such as stress and post slaughter 
events such as early postmortem pH, carcass 
temperature, cold shortening, and techniques such as 
electrical stimulation (Buckley et al., 1995). It also 
include any disruption of the integrity of muscle 
membranes by mechanical deboning, grinding, 
restructuring or cooking which alters cellular compart 
mentalization and releases the catalytic metal ions. 

Post-slaughter Changes which Predispose 
Muscle Foods to Oxidation are:  
 

• Stunning and bleeding, circulation of blood and 
nutrients ceases and it impairs preventative 
antioxidant enzyme system viz. superoxide 
dismutase, catalase, glutathione peroxidase, 
glutathione reductase etc. 

• Acute phase proteins which scavenge iron + 
aeruloplasmin, transferrin, haptoglobin-unlikely to 
be activated.  

• Sarcoplasmic reticulum loses its Ca-accumulating 
ability. 

• Ca-dependent proteinases degrade muscle proteins 
and causes destruction of cell 
compartmentalization. 

• Low-molecular-weight chelatable iron released 
which initiates chain reactions. 

• Membranal lipid oxidation initiated. 
 
Lipid oxidation in meat systems 

The mechanism of lipid oxidation is presented 
below:   

 
Initiation 

   Initiator                 Free Radicals (Fatty Acyl 
Radical  (R’), Peroxyl 
Radical (ROO’)) 

Propagation 
       R°+ O2                       ROO°   
       ROO° + RH                      ROOH + R° 
                                              (Lipid Hydroperoxides )   
Termination 
      R° + R°                      R-R 
      R° + ROO°                  ROOR 
      ROO°+ ROO°                     ROOR + O2  
 
During handling, processing, cooking and storage, 
transition metals, notably iron, is released from high 
molecular weight sources (e.g. haemoglobin, 
myoglobin, ferritin, haemosiderin) may directly cause 
oxidation or produces low molecular weight 
compounds such as amino acids, nucleotides and 
phosphates with which it is believed to form chelates. 
These chelates are thought to be responsible for the 
catalysis of lipid oxidation in biological tissues 
(Halliwell and Gutteridge, 1986). Lipid oxidation in 

meat is dependent upon hydroperoxides, which are 
fairly stable at physiological temperatures, but in the 
presence of transition metal complexes, especially iron 
salts, their decomposition is greatly accelerated. 
 
Preventing oxidative rancidity: The role of 
antioxidants 

Antioxidants are organic molecules of either 
synthetic or natural origin, which can avoid or delay 
the progress of oxidative rancidity. Antioxidants work 
by donating hydrogen to the lipid free radical to reform 
the fat molecule or by donating one hydrogen to a 
peroxide free radical to form a hydroperoxide and a 
stable antioxidant free radical (Valenzuela and Nieto, 
1996). They “sacrifice themselves” by giving up a 
hydrogen atom, then rearrange to a stable 
conformation. 

 
  A: H + RO• → A• + ROH  
 

Antioxidants can be classified into two main 
categories: primary and secondary.  
 

• Primary antioxidants can inhibit or retard oxidation 
by scavenging free radicals by donation of 
hydrogen atoms or electrons, which converts them 
to more stable products.  

 
• Secondary antioxidants function by many 

mechanisms, including binding of metal ions, 
scavenging oxygen, converting hydroperoxides to 
non-radical species, absorbing UV radiation or 
deactivating singlet oxygen  

 
The most commonly synthetic antioxidants used 

in food industry includes Butylated hydroxyanisole 
(BHA), butylated hydroxytoluene (BHT), propyl 
gallate (PG) and Tert butyl hydroxyl quinine (TBHQ).  
In last two decades, interest in using antioxidants of 
natural origin in food has increased dramatically due to 
carcinogenic effects and dietary natural compounds 
mitigate the etiology and pathology of chronic diseases 
and the ageing process.  

Natural antioxidants are presumed to be safe 
and are available in variable amounts in plants such as 
fruits, leaves, flowers, roots, grains and seeds. Plant 
phenolics, “phytochemicals” are multifunctional and 
can act as reducing agents, free radical terminators, 
metal chelators and singlet oxygen quenchers.  
 
Mode of application of antioxidants 
 

• Dietary supplementation: Dietary 
supplementation of various antioxidants such as Vit 
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E and tea catechins to meat animals known to 
provide more oxidative stability to the meat and 
meat products.  

 
• Direct addition to the product: The antioxidant 

extracts, powders or any other form are added 
directly in the formulation of processed meat 
products.  

 
• Spraying: The antioxidants directly or their active 

principle are sprayed over the surface of the meat.  
 
• Active package: Antioxidant active packaging 

system; a plastic film embodied with antioxidant 
extract inhibit oxidation and enhances display life 
of meat. The inactivation of free radicals occur 
either by migration of antioxidant molecules from 
the active film to the meat or scavenging of those 
oxidant molecules from the meat onto the active 
film. Pezo et al. (2008) demonstrated that active 
films incorporated with oregano reacted with 
headspace free radicals and increased the display 
life of lamb and other meats. However, the legal 
regulatory status of active packs is so far not clear 
and needs to be specifically addressed. 

 
• Marination: Various marinades mixture or 

enhancement solutions are incorporated with 
antioxidants such as turmeric rhizomes, tamarind, 
lemon grass are used by different marination 
method in meat industry.  

 
Classification of Antioxidants 
 
Exogenous antioxidants: are incorporated in the 
meat system from the external sources. These includes, 
flavonoids (quercetin, rutin), spices (rosemary, thyme, 
sage, cloves), polyphenols (catechins, 
proanthocyanidins, ellagic acid, tannins), plant extracts 
(tea, nutmeg, garlic, plums, grape seed) etc. 
 
Endogenous antioxidants: These are produced in 
the body/muscles due to various metabolic reactions 
and provide innate resistance to the meat for oxidation. 
It varies from species to species, breed to breed and 
animal to animal. These includes non-enzymes 
(carnosine, tocopherol, ascorbic acid), formed 
antioxidants – MRP’s. 

The natural antioxidants which have been 
explored in the meat system, their effective 
concentration and active principle are listed in Table 1. 

 
Dried plums: Plums are rich in flavonoid and 
polyphenols which makes it antioxidants, 

antimicrobials and flavorants. The principal 
phytochemicals in dried plums are phenolic acid 
derivatives, flavonoids and coumarins (Macheix et al., 
1990) including neoclorogenic, chlorogenic and 
cryptochlorogenic acid. Chlorogenic acid isomers have 
a high antioxidant activity and inhibit low density 
lipoprotein oxidation. Nunez et al. (2008) concluded 
that 2.5 percent dried plum or fresh plum juice 
concentrates or plum puree 3% can be used in beef 
roasts and pre-cooked pork patties respectively without 
any detrimental effects and with potential benefit of 
reducing lipid oxidation and warmed over flavor 
(WOF). Similarly, Lee and Ahn (2005) observed that 
plum extract used at >2% in turkey breast rolls and 
irradiated at 3.0 kg was effective in retarding oxidation 
and enhancing juiciness. 
 
Green tea: Antioxidant properties are attributed to the 
presence of tea catechins (TC), epicatechins (EC), 
epigallocatechin (EGC), epigallocatechin gallate 
(EGCG) and epicatechin gallate (ECG). These 
compounds have high affinity for lipid bilayers of 
muscle and the radical scavenging activity which 
prevent lipid oxidation and also have antibacterial 
action. (Goto et al., 1999) TC can also reduce the 
formation of peroxides more effectively than alpha 
tocopherol or BHA in canola oil, porcine lard and 
chicken fat (Chen et al., 1998) and fish muscle model 
system (He and Shahidi, 1997). Tang et al. (2001) 
reported that concentration of 300 mg/ kg, TC 
controlled the lipid oxidation in cooked patties during 
refrigerated storage. However, it caused discoloration 
might be due to binding with the iron component of 
myoglobin.  
 
Mint (Mentha spicata L): Spearmint or garden mint, 
family Lamiaceae (Labiatae) is often used as a flavour 
enhancer, is a rich source of polyphenolic compounds 
with strong antioxidant properties (Dorman et al., 
2003; Biswas et al., 2012). Kanatt et al. (2007) 
investigated that Mint extract (ME) had good total 
phenolic and flavonoid contents with high superoxide 
and hydroxyl-scavenging activity but low iron-
chelating ability.  
 
Grapes: Grapes are used in various forms as seed 
extract, dietary fiber, pomace, grape wine etc.  
 

• Grape seed extract (GSE) rich in 
proanthocyaninidins in the form of oligomers and 
polymers of polyhydroxy flavan-3-ols such as 
catechin and epicatechin (Weber et al., 2007). 
Antioxidant effect of GSE evaluated on cooked - 
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Table 1: List of natural antioxidant and their effective concentration in meat systems 
 

Name Part Active component Meat Product Percent effective References 
 Plums Juice Chlorogenic acid 

neoclorogenic 
acid,cryptochlorogenic 
acid              

Beef roasts 2.5% Nunez et al., 2008 
Puree Pork patties 3% Nunez et al., 2008 
Plum 
extract 

Turkey breast rolls >2% Lee and Ahn, 2005 

Green tea Leaves/extr
act 

Catechins- epicatechins 
(EC), -epigallocatechin 
(EGC), epigallocatechin 
gallate (EGCG), 
Epicatechin 
gallate(ECG). 
- 

Red meat and 
poultry meat. 

200 -400 mg/kg Tang  et al., 2001 

Dietary  - 300 mg/kg feed 
Poultry diets 

Tang et al., 2000 

 TC (1000 mg/kg 
muscle)+ 
rosemary (1000 
mg/kg muscle) 

Maher et al., 2002 

Mint 
(Mentha 
spicata L) 

Leaves/extr
act 

Polyphenolic 
compounds 

Lamb 0.1% Kanatt et al., 2007       

Grapes Seed 
extract 
(GSE) 

Proanthocyaninidins Beef,turkey 0.1% Brannan et al.,  
2007 

GADF Flavonoids Chicken hamburger 2% Ayerdi et al., 2008 
Pomace 
(dietary) 

 Chicken patties 60 parts GPC Ayerdi et al., 2008 

Wine Resveratrol Raw beef  Behkit et al., 2003 
Cocoa Leaves/extr

act 
Polyphenols MDCM 800 mg/kg Osman et al., 2004 

Honey   Turkey slices 15% wt/wt Antony et al., 2006 
Pomegrana
te 

Juice Tannins, anthocyanins 
and flavonoids 

Chicken patties 10 mg equivalent 
phenolics/100 g 
meat 

Naveena et al., 2008 

 Rind 
powder 

 ,, Chicken patties  ,, Naveena et al., 2008 

Oil seeds 
Rapeseed  Meal Hydroxycinnamic acid- 

sinapine and sinapic 
acid 

Pork patties 0.7 g/100 g meat 
& 
0.5 g/100 g 
meat+CO2 extract of 
rosemary 
0.04g/100g 

Salminen et al., 
2006 
 
          

Camelina  Meal Flavonols (quercetin 
glycosides), 
hydroxycinnamic acids 

Pork patties 0.7 g/100 g meat+ 
CO2 extract of 
rosemary0.04g/10
0g 

Salminen et al., 
2006 
 

Canola Seed 
extract 

 Canola oil 500 and 1000 
ppm 

Wanasundara and 
Shahidi, 2007 

Sesame Oil Sesamol Phenolic   compounds      Muscle models 
(bovine & porcine) 

500– 2000 µg/ml Hayes et al., 2009 

Tart Cherry  Entire 
Tissue 

Flavones, isoflavones, 
anthocyanins 

Beef patties 11.5% Britt et al., 1998 

Rice Hull 
Extract 

Phenolic compounds Turkey breast 0.1%, w/w Ahn et al., 2007 
 

Dark green 
leafy 
vegetables 

Lutein Phenolic   compounds      Muscle models 
(bovine & porcine) 

300 µg of 
phenolic 
extract/ml 
distilled water 

Hayes et al., 2009 

Pork patties 0.01% Nam and Ahn, 2003 
Raspberrie, 
strawberries 

Ellagic 
acid 

 Muscle models 
(bovine & porcine) 

300–900 µg/ml Hayes et al., 2009 

Olive Leaf Phenolic compound Muscle models 400 ppm Bouaziz et al (2008) 
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extract (bovine & porcine) 
cells 50 µg/ml Carpenter et al., 

2006 
Cloudberry Extract  Pork patties 100-500 mg/kg Rey et al., 2005 
Willow 
herb 

Extract  Pork patties 100 & 500  mg/kg Rey et al., 2005 

Beetroot Extract  Pork patties  500 mg/kg Rey et al., 2005 
Garlic Fresh 

garlic 
Allicin, diallyl sulfide 
and diallyl trisulfide 

Chicken sausage  50 g/kg Sallam et al., 2004 

Garlic 
powder 

 Chicken sausage  9g/kg Sallam et al., 2004 

Garlic 
oil 

 Chicken sausage  0.06g/kg Sallam et al., 2004 

Onion Freeze-
dried 
onion 
powder 

Quercetin   Karastogiannidou, 
1999 

Juices Quercetin Turkey 50% strength 
onion juice brine 

Xueyan Tang et al ., 
2005 

Soya beans Soy 
protein 
hydrolys
ates 

 Pork patties 2 % Pen a-Ramos and 
Xiong, 2001 

Dry 
soya 
sprouts 

 Chicken patties 30 g/ kg Romero et al., 2008 

Evening 
primrose 

EP meal  Phenolic compounds Pork 1% and 2%, w/w Wettasinghe and 
Shahidi,  1999 

Thyme Thyme 
essential 
oils 

1,8‐cineole  250 and 500 mg/l Migel et al., 2004 

Marjoram Oil T3b,a polyphenol Model systems  Schmidt et al., 2008 
Sage Oil Carnosol, rosmanol, 

rosemadiol,carnosic 
acid. 

Beef 3 % Fasseas, 2008 

Oregano Oil and 
extracts 

Rosmarinic acid Beef 3% Fasseas et al., 2008 
Bone 0.15% oregano + 

0.3% AA 
Grobbel et al., 2006 

Potato  
 

Peel 
Extract 

Catechin, chlorogenic 
acid 

Irradiated meat 0.04% Kanatt et al., 2005 

Bamboo Leaves Flavones, lactones, 
phenolic acids 

  Zhang et al., 2007 

Pine  Bark 
extract 

Pycnogenol Cooked beef 1% Ahn et al.,  2007 

Animal Sources 
Bone 
protein 
hydrolysate
s 

  Pork patties 2% Diao et al., 2009 

Milk 
proteins 

 Casein peptides Ground beef 
homogenates and 
MDM 

20 mg/ ml Rossini et al., 2009 

Meat products 2% Sakanaka et al., 
2005 

Whey  hydrolysates Pork patties 2% Pen˜ a-Ramos and 
Xiong, 2003 

Carnosine 
and 
ascorbic 
acid 

  Beef steaks 50mM +500ppm Djenane et al., 2004 
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beef (Ahn et al., 2002), turkey patties and 
refrigerated turkey meat (Lau and King, 2003). 

• Grape pomace is a concentrate of grape seeds, 
stems and peel. This is a rich source of flavonoids 
including monomeric phenolic compounds, such 
as catechins, epicatechin and epicatechin-3-O-
gallate and dimeric, trimeric and tetrameric 
procyanidins (Yilmaz and Toledo, 2004). It can be 
used as dietary supplement in broiler chickens to 
oxidative resistance of poultry meat (Ayerdi et al., 
2009a).   

• Grape Antioxidant Dietary fiber (GADF) 
effectively used (0.5, 1, 1.5 and 2% concentrations) 
in raw and cooked chicken breast hamburger by 
Ayerdi et al. (2009b) during refrigerated storage. 
GADF addition resulted in reduction in lightness 
and yellowness and an increase in redness in raw 
and chicken hamburgers without affecting the 
acceptability of the products.  

 
Cocoa leaves: These are effective antioxidants similar 
to green tea polyphenol.  These can be used as extract 
and it has lower astringency and bitterness (Osman et 
al., 2004). Therefore, can be used in higher 
concentrations, for increased effectiveness as 
antioxidant. 
 
Honey: Honey alters the water activity, thereby 
indirectly affecting oxidation rate. Moreover, it 
facilitates the Maillard reaction during the cooking 
process and thus the development of an antioxidant 
effect. Honey (15% w/w) was reported to retard lipid 
oxidation in cooked beef patties (Antony et al., 2006), 
turkey meat (McKibben and Engeseth, 2002), chicken 
(Hashim et al., 1999) and ground beef (Johnson et al., 
2005). However, it is reported that incorporation of 
honey has imparted a slightly darker color with lower 
lightness values but had no effect of redness and 
yellowness values. 
 
Pomegranate: Pomegranate fruit parts have bioactive 
compounds which prevent low-density lipoprotein 
oxidation, prostate cancer, platelet aggregation and 
various cardiovascular diseases (Adhami and Mukhtar, 
2006). Ozkal and Dinc (1994) reported the presence of 
tannins, anthocyanins and flavonoids in pomegranate 
rind. Pomegranate peel is a rich source of tannins and 
other phenolic compounds (Naveena et al., 2008). The 
meat industry can use these fruits or fruit byproducts as 
a potential source of phenolics as they have immense 
nutraceutical value and can be used to produce 
functional meat products of commercial interest. 
 

Oil seeds: The by-products of different oilseeds are 
rich sources of phenolic compounds which can 
improve the nutritional value of the product. The use of 
less refined soy materials than highly refined isolates 
and concentrates is more beneficial with respect to 
antioxidant activity. Some of them are listed as under: 
 

• Rapeseed meal: Rapeseed meal contains α-
tocopherol (52 μg/g) and phenolic hydroxycinnamic 
acid derivatives including sinapine (2,400 - 2,900 
μg/g) and sinapic acid (280 μg/g) which inhibit 
hexanal formation (≥85%). It is also used in 
combination with commercial CO2 extract of 
rosemary (0.04 g/100 g meat) and was excellent 
toward oxidation of meat lipids. (Salminen et al., 
2006). 

 
• Camelina meal: The camelina meal also contains 

flavonols (quercetin glycosides), hydroxycinnamic 
acid derivatives (sinapine, and sinapic acids) and 
tocopherols, however their concentration is lower 
than rape seed meal. It exhibits more potential in 
inhibiting the oxidation of proteins than rapeseed 
phenolics.  

 
• Canola extract: The antioxidative properties of 

canola extract were compared with various 
synthetic antioxidants. Canola extracts (500 and 
1000 ppm) were more active than BHA, BHT and 
TBHQ (Wanasundara and Shahidi, 1994). 

 
• Sesame oil : Sesamol (500– 2000 µg/ml) reduced 

lipid oxidation in bovine muscle model systems by 
an average of 97% (Joshi et al., 2005). They further 
added that sesamol at a concentration of 90 µM 
inhibited Fe(III)-induced oxidation by 99%. Nam 
and Ahn (2003), confirmed sesamol at 0.01% as 
superior antioxidant than gallate, tocopherol and 
carnosine in pork homogenate. 

 
Cherry: Cherry fractions contain phenolic compounds 
such as flavones, isoflavones, anthocyanins, 
anthocyanidins and phenolic glycosides. The effects of 
tart cherry (Montmorency and Balaton) tissue added at 
an 11.5% level on the oxidation of lipids in raw and 
cooked ground beef patties and on the formation of 
heterocyclic aromatic amines (HAAs) in the fried 
patties were investigated by Britt et al. (1998). 
Thiobarbituric acid-reactive substances values and 
cholesterol oxidation for raw and cooked ground beef 
patties containing cherry tissue were significantly 
lower than those for the control beef patties. The 
formation of mutagenic/carcinogenic HAAs during 
frying of the patties was inhibited by components in the 
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cherry tissue. The concentrations of 2-amino-1-methyl-
6-phenylimidazo [4, 5-b] pyridine (PhIP), the principal 
HAA in cooked muscle foods, were reduced 93 and 
87% by Montmorency and Balaton cherry tissue, 
respectively.  
 
Rosemary: The antioxidant potential of Rosemary 
(Rosmarinus officinalis L.) was investigated by various 
workers in turkey rolls (Yu et al., 2002) beef loins 
(Lawrence et al., 2004). It contains carnosol, carnosic 
acid, rosmanol, isorosmanol, rosmariquinone, 
rosmaridiphenol and rosmary-diphenol. Rosemary 
extracts can chelate metal ions, Fe+2, resulting in a 
reduced rate of formation of activated oxygen 
(Formanek et al., 2003). It is four times more effective 
than butylated hydroxy anisole (BHA) and equal to 
butylated hydroxy toluene (BHT) as antioxidants but 
less than TBHQ (Richheimer et al., 1996). Rosemary 
extract has also been used in the combination of 
various other antioxidants (McBride et al., 2007) to 
have synergistic effect. Moreover, several authors 
reported that some compounds such as phenolic di-
terpenoids present in rosemary extracts have 
antibacterial activity (Cuvelier et al., 1996).  
 
Rice Hull Extract: Rice hull is an attractive protective 
source due to its easily extractable antioxidant 
compounds. Furthermore, radiation (FIR) of rice hull 
liberate and activate covalently bound phenolic 
compounds that have antioxidant activities. It has been 
observed that RHE increases red and yellow color 
intensities and produced an off-odor characteristic in 
raw and cooked meat, and can be used in meat system 
after refining process with the removal of off-color and 
off-odor compounds. 
 
Olive leaf: Olive leaves extract is known to have 
antioxidant, antimicrobial, and anti-inflammatory 
properties. It has medicinal value to control the 
hypertension problem and strongly protects against 
oxidative stress (Bouzin, 2008). However, still require 
extensive study to be used in food system. 
 
Garlic: Garlic was used traditionally as a flavor 
enhancer in foods and has medicinal properties due to 
wide spectrum of actions such as antibacterial, 
antiviral, antifungal and antiprotozoal. It also has 
beneficial effects on the cardiovascular and immune 
systems (Leuschner and Ielsch, 2003). Garlic 
demonstrated effective antioxidant activity in vivo and 
in vitro (Jackson et al., 2002) due to organ sulfur 
compounds and their precursors, allicin, diallyl sulfide 
and diallyl trisulfide (Ankri and Mirelman, 1999). This 
can be used as fresh, powder and oil forms in food 
systems. Sallam et al. (2004) graded the antioxidant 

activity of the various materials in the following order 
fresh garlic<garlic powder<BHA<garlic oil in raw 
chicken sausage during cold storage (3°C) however, 
their activity is concentration dependent. In higher 
concentration it has very strong flavour and cannot be 
acceptable to the consumers.  
 
Oregano: Oregano (Origanum vulgare L.) extracts 
contain high concentrations of phenols, primarily 
rosmarinic acid, which can prevent color deterioration 
(Hernandez et al., 2009). Phenolic carboxylic acids and 
glycosides can effectively scavenge superoxide anion 
radicals (Nakatani, 2003). It delays surface 
discoloration (metmyoglobin formation) in ground beef 
(Sánchez‐Escalante et al., 2003). Camo et al. (2008) 
compared the active films containing oregano and 
rosemary and reported oregano were more efficient 
than rosemary for extending retail display life of lamb. 
Similarly, Grobbel et al. (2006) used oregano in 
combination with ascorbic acid in polyvinyl chloride 
(PVC) film in a high‐oxygen modified atmosphere 
(MAP) environment.  
 
Onion (Allium cepa L.): Onion is much valued for its 
flavouring components and have high flavonoids, 
quercetin (284–486 mg/kg) which act as antioxidant in 
cooked ground turkey (Younathan et al., 1980) and in 
cooked ground lamb (Jurdi-Haldeman et al., 1987), 
oven-cooked turkey breast. The antioxidant potential 
varies with the type of product, with the variety and 
cultivar of onion.  
 
Soy protein hydrolysates:  These are very frequently 
utilized in meat products as functional ingredients. Soy 
protein hydrolysates demonstrated inhibition of 
TBARS formation in an iron-catalyzed liposomal 
system however, it varies with proteases used and 
hydrolysis conditions (Pen a-Ramos and Xiong, 2001). 
Yet, these protein hydrolysates as potential 
antioxidants in meat products (in situ) have not been 
validated.  
 
Dry soya sprouts: These are rich in phenolics and 
flavonoids as well as have little amount of vitamin C, 
however, it is a good source of essential amino acids 
and play an important role in preventing and treating 
chronic diseases such as heart ailments, osteoporosis, 
cancer, kidney ailments and menopausal syndromes 
(Pardeshi et al., 2013; 2014). Although reduction 
power is not good, DPPH radical scavenging activity 
was comparable to BHA and could be used as a cheap 
natural antioxidant source for meat and meat products 
(Romero et al., 2008). 
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Potato Peel Extract: The effective utilization of potato 
peel, as an antioxidant in radiation processed lamb 
meat was investigated by Kanatt et al. (2005). Potato 
peel extract (PPE) has a high phenolic content (70.82 
mg, catechin equivalent/100 g), chlorogenic acid 
(27.56 mg/100 g of sample). The yield of total 
phenolics and chlorogenic acid increased by 26 and 
60%, respectively, when the extract was prepared from 
γ irradiated (150 Gy) potatoes. The antioxidant activity 
of PPE was found to be comparable to butylated 
hydroxytoluene (BHT). 
 
Marjoram: Marjoram (Origanum majorana L.) 
essential oil inhibits formation of primary oxidation 
compounds (conjugated dienes) by 50% and the 
secondary generation oxidation products (of linoleic 
acid) by 80% in a model system (Schmidt et al., 2008). 
The varieties of wild marjoram have also demonstrated 
antioxidant effect in refrigerated and chilled pork 
patties (El‐Alim et al., 1999). The purified active 
compound isolated from marjoram, T3b, a phenolic 
substance, is a better superoxide anion radical 
scavenger than BHT, BHA, alpha‐tocopherol, ascorbic 
acid and a variety of polyphenolic flavonoids 
epigallocatechin gallate, quercetin, epicatechin  (Jun et 
al., 2001). The inhibitory mechanism of T3b appears to 
depend on the action of an endogenous enzyme 
(superoxide dismutase) which destroys the superoxide 
anion by converting it to H2O2. 
 
Sage: Sage (Salvia officinalis L.) contains a variety of 
antioxidant compounds such as carnosol, rosmanol, 
rosemadiol, epirosmanol, isorosmanol, galdosol and 
carnosic acid (Nakatani, 2003). The antioxidative 
activity of sage oil is concentration dependent and 
demonstrated more potency in cooked meat than in raw 
meat (Fasseas, 2008). The non-polar (ethanolic) 
extracts are poor antioxidant than the polar extracts 
which exhibits comparable antioxidant activities to 
BHT (Tepe et al., 2006). It might be due to the 
presence of adjacent ‐OH groups in sage (Miura et al., 
2002).  
 
Thyme: A number of species of thyme (Thymus 
Vulgaris, T Caespititius, T. camphorates, T. 
mastichina) known to have antioxidant activity.  These 
contain 1,8‐cineole, alphaterpineol, linalool, carvacrol 
and thymol (Lee et al., 2005). The antioxidant activity 
of T. caespititius (250 and 500 mg/l) has been reported 
to be comparable to that of vitamin E and BHT (Migel 
et al., 2004). Among the compounds isolated from 
thyme, the order of antioxidative activity is thyme oil > 
thymol > carvacrol > gamma ‐terpinene > myrcene > 
linalool > p‐cymene > limonene > 1,8‐cineole > 
alpha‐pinene (Youdim et al., 2002). Thyme essential 

oil exhibited very strong free‐radical scavenging ability 
and inhibited Fe2+/ascorbate and Fe2+/H2O2 induced 
lipid oxidation (Bozin et al., 2006). Golalde et al. 
(1995) effectively used thyme permeated film to reduce 
oxidation of cooked beef during refrigerated storage.  
 
Evening primrose:  Evening primose extract inhibited 
the formation by 43.6−72.6 % of conjugated dienes, 
hexanal, and total hydrogen peroxide (H2O2), hydroxyl 
radical (•OH), and superoxide radical (O2

-) cooked 
comminuted pork when used @  1% and 2%, w/w ( 
Wettasinghe  and Shahidi, 1999).  
 
Bamboo leaves: Dried bamboo leaves powder (yellow 
or brown colored) are traditionally used as antioxidant 
in various food systems. It exhibited antioxidant 
property due to flavones, lactones, phenolic acids 
(Zhang et al., 2007), which impairs chain reaction and 
chelate transitional metal ions, and therefore can be 
used as primary and second antioxidant. Furthermore, 
bamboo leaves powder can help in the partial or 
complete replacement of the nitrites in cured meat. It 
inhibits the synthesis of N-nitrosamine, and has anti-
bacterial, bacteriostatic, deodorizing, aroma enhancing 
functions. It is commonly used in oil-containing food, 
meat product, fishery product, expanded food etc.  
 
Tomato: The main active compound of tomatoes is 
lycopene. It is highly effective antioxidant owing to its 
ability to act as free radical scavenger and has the 
highest singlet oxygen quenching rate than all 
carotenoids tested in biological system (Hanldelman, 
1996). It can be used as tomato paste, sun dried tomato, 
tomato peel, tomatos puree (Joseph et al., 2012; and 
2013). Osterlie and Lerfall (2005) confirmed that 
antioxidant effect of tomato paste in beef during 
refrigerated storage, beef patties (Escalante et al., 
2003), dry tomato peel in dry fermented sausage 
(Calvo et al., 2008) incorporated Tomato paste can be 
successfully used upto a level of 12% without any 
negative effect on the processing and quality 
characteristics of the product throughout its storage. It 
is also effective in limiting the use of nitrite in cured 
meat products (Deda et al., 2007). Moreover, lycopene 
provides protection against many chronic diseases such 
as cancer and cardiovascular disease. 
 
Seabuckthorn: Seabuckthorn (Hippophae 
rhamnoides) berries extracts rich in antioxidant 
polyphenols mainly flavonols are stable during short-
term cooking in mechanically deboned chicken meat 
(Pussa et al., 2008). It is also well known for its 
antimicrobial, antioxidant, anti inflammatory, 
immunomodulatory and bio-regulatory properties 
(Dhanze et al., 2013).  
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Plant extracts from cloudberry, willow herb and 
beetroot: The antioxidant potential in meat system 
compared to pure quercetin, rutin and caffeic acid and 
found that cloudberry extract and quercetin are the 
most potent, caffeic acid intermediate and pure rutin 
has the lowest antioxidant activity (Rey et al., 2005). 
Hexanal production was inhibited more than 
malonaldehyde production, perhaps because the red 
color of beetroot extract interfered with the 
determination of the pink TBA chromogen.  
 
Lutein: This is an oxygenated carotenoid (xanthophyll) 
abundantly present in dark green leafy vegetables and 
is one of the most important dietary antioxidants for 
eye health. Lutein reduces the risk of age-related 
macular degeneration, atherosclerosis and UV damage 
(O’Connell et al., 2008). Antioxidant activity of   lutein 
is based on its singlet oxygen quenching ability. 
  
Ellagic acid: This is a polyphenol found in numerous 
fruits and vegetables including raspberries, strawberries 
and other plant foods. Ellagic acid has four phenolic 
OH groups with a fused benzofuran structure. It 
exhibits antioxidant potential with high free radical 
scavenging ability, anticancer, antimutagen, and anti-
inflammatory and cardioprotective activity (Ezdihar et 
al., 2006). The addition of ellagic acid at 
concentrations of 300–900 µg/ml reduced lipid 
oxidation however, increasing concentrations of ellagic 
acid further did not reduce lipid oxidation. Hayes et al. 
(2009) documented the potency order as, sesamol > 
ellagic acid > olive leaf extract > lutein for both bovine 
and porcine muscle model systems.  
 
Endogenous Antioxidants 
 
Vitamin E (α-tocopherol): This is widely studied 
antioxidant and has the ability to neutralize free 
radicals are neutralized by tocopherol before lipid 
oxidation propagates among highly unsaturated fatty 
acids in cellular and subcellular membranes. The 
chromanol ring of α -tocopherol is located among the 
polar head groups of the phospholipids, and the phytol 
side chain interacts with the unsaturated fatty acyl 
chains of the phospholipids through van der waals 
interactions in the interior of the membrane. This 
specific localization of α -tocopherol in the membrane 
and the molecule’s lateral mobility allow it to function 
very efficiently to protect highly oxidizable 
polyunsaturated fatty acids from peroxidation by 
reactive oxygen species produced by adjacent 
membrane bound enzymes. A logical hypothesis is that 
tocopherol quenches free radicals originating from lipid 
oxidation and in turn protects oxymyoglobin oxidation. 
α tocopherol inhibits free radical oxidation by reacting 

with peroxyl radicals to stop chain propagation and 
with alkoxyl radicals to inhibit the decomposition of 
the hydroperoxides and decrease the formation of 
aldehydes. Postmortem addition of vitamin E was less 
effective in retarding the oxidation of pigment and lipid 
than endogenous one. Thus, dietary vitamin E 
supplementation would be a safer and more effective 
method for retarding pigment and lipid oxidation in 
beef. 
 
Ascorbic acid: Ascorbic acid (AA) is a chelating agent 
that binds metal ions, scavenges free radicals and acts 
as a reducing agent. At high levels (> 1000 mg/kg), AA 
inhibits oxidation, however, at low levels (< 100 
mg/kg) act as pro-oxidant and lead to warmed over 
flavor (WOF) development (Ahn and Nam, 2004). 
Sepe et al. (2005) found that sodium ascorbate and 
sodium erythorbate more effective than AA and 
ascorbyl palmitate. The solubility of ascorbate affects 
its ability to prevent discoloration (Mancini et al., 
2007). The lack of effectiveness of the hydrophobic 
antioxidant may be a result of localization of 
components responsible for bone discoloration within 
the aqueous phase. AA work synergistically with 
phosphates, sesamol and tocopherol to inhibit lipid 
oxidation (Sato and Hegarty, 1970; Ismail et al., 2008). 
This has been theorized that AA functions to maintain 
a portion of the iron in the reduced state. The 
permissible level of AA in meat products varies 
depending on the mode of the application brine, or 
surface spray. A 10% AA solution can be applied as a 
spray to cured beef and pork surfaces. It can be applied 
directly (500 ppm or 1.8 mg/sq. in.) to fresh beef, pork 
and lamb surfaces (FSIS, 2000). Sodium ascorbate or 
erythorbate are also used as cure accelerators. 
 
Animal sources 
 
Carnosine: Carnosine is a naturally occurring skeletal 
muscle dipeptide, which consists of alanine and 
histidine which act as both a buffering agent and as an 
antioxidant. The antioxidant mechanism has been 
postulated to be a combination of its ability to act as a 
chelator, free radical scavenger and hydrogen donor 
(Decker and Faraji, 1990). Carnosine is water soluble, 
thus permitting the inactivation of lipid oxidation 
catalysts such as haem pigments, iron, lipoxygenase 
and singlet oxygen and free radicals in the aqueous 
phase of muscle (Decker and Faraji, 1990). The color 
protecting effects of carnosine were greater than 
butylated hydroxytoluene, a-tocopherol or sodium 
tripolyphosphate (Decker and Crum, 1991). Decker et 
al. (1995) investigated the interactions between 
carnosine and the different redox states of myoglobin. 
Carnosine did not stabilize oxymyoglobin or 
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significantly catalyze the reduction of metmyoglobin at 
the pH and carnosine concentrations found in skeletal 
muscle. Djenane et al. (2004) concluded that the 
combination of carnosine (50mM) with ascorbic acid 
(500 ppm) provided the best antioxidant protection for 
meat (beef steaks) during refrigerated storage. Surface 
application of carnosine or ascorbic acid combination 
or alone resulted in an effective delay of oxidative 
deterioration of meat. 
 
Milk proteins: Milk and milk components have been 
frequently used in the enhancement of nutritional and 
technological properties of a wide variety of foods. A 
feasible application of peptides or hydrolysates as 
antioxidants is being explored especially in muscle 
foods. The phosphorylated caseinophosphopeptides 
(CPP) has the ability to scavenge free peroxyl radicals 
as well as to chelate transition metals such as iron, 
copper, and zinc (Kim et al., 2007). This is positively 
correlated with the amounts of histidine, lysine, 
proline, and tyrosine. Incorporation of casein calcium 
peptides (2%) inhibited about 70% of lipid oxidation 
and prevents formation of an off-flavour in meat 
products (Sakanaka et al., 2005). Rossini et al. (2009) 
suggested that casein peptides (20 mg/ ml) effectively 
inhibited lipid peroxidation in ground beef 
homogenates and mechanically deboned meat. As 
cooking increases the catalytic activity of iron, the 
stronger chelating activity of enriched CPP may make 
them more effective antioxidants in cooked muscle 
foods (Diaz and Decker, 2004). Whey hydrolysates 
may also act as potential antioxidants in meat products. 
Pen˜ a-Ramos and Xiong (2003), evaluated the 
antioxidant activity of selected whey hydrolysates in 
cooked meat pork patties. The results indicated that at 
an application level of 2% the whey protein isolates 
and their hydrolytic products not only reduced the 
cooking loss but also suppressed lipid oxidation in 
cooked pork patties during refrigerated storage. 
Notably, hydrolysis with protamex improved the 
capability of whey protein to inhibit early-stage lipid 
oxidation (formation of hydroperoxides or conjugated 
dienes) as well as to retard propagation of the oxidation 
process. Therefore, milk proteins can be superlatively 
used as nutrion, flavour enhancer as well as antioxidant 
in processed muscle foods. 
 
Bone protein hydrolysates:  These can be prepared by 
limited alcalase hydrolysis. It possessed significant 
antioxidant activity, which increased with the 
increasing hydrolysates concentration. Bone protein 
hydrolysates at 2% application level are able to not 
only stabilize meat colour but also suppress lipid 
oxidation in pork patties during storage and better 
sensory quality. Diao et al. (2009) therefore, bone 

protein hydrolysates can be used as potent natural and 
cheap antioxidant for meat and meat products. Further 
studies are needed to identify the specific compounds 
in hydrolysate that are responsible for the overall 
antioxidative capability. 

Synergism effect between different natural 
antioxidants: Evidence based on pulse radiolysis 
technique (Packer et al., 1979) and electron spin 
resonance studies (Loliger et al., 1986) supports a 
redox mechanism, involving reduction of the 
tocopheroxyl radical intermediate by ascorbic acid to 
regenerate tocopherol. By this synergistic mechanism, 
α-tocopherol and AA can mutually reinforce each other 
by regenerating the oxidized form of the other. Another 
mechanism of synergism involves metal inactivating 
effect of AA. A mixture of α-tocopherol, AA or 
ascorbyl palmitate and phospholipids are also known 
for their good synergistic effects lead to inhibition of 
pigment as well as lipid oxidation. Ascorbate alone 
enhanced the lipid oxygen radical propagation but its 
pro-oxidant effect was reversed when TA was added 
(Liebler et al., 1986). Yin et al. (1993) reported that 10 
ppm of Vit E and 500 ppm of Vit C showed the 
strongest synergism to inhibit pigment and lipid 
oxidation in beef. Sahoo, 1995 documented 500 ppm 
SA, 10 ppm TA and 0.5% STPP improved pigment, 
lipid stabilities and functional properties in ground 
buffalo meat. Adding rosemary to Vit E supplemented 
beef and pork resulted in lower TBARS than either of 
the compound alone suggesting a synergistic effect 
(Mc Bride et al., 2007). 

Mansour et al. (2006) reported synergism of 
rosemary and marjoram in minced beef, oregano and 
AA (Grobbel et al., 2006) and different spices and 
BHA. Combination of oil seed by products such as 
Rapeseed meal (0.5g/100 g meat) or Camelina meal 
(0.7g/100g) along with CO2 extract of rosemary (0.04 
g/100g meat) showed a higher  inhibition of  lipid 
oxidation  than either alone (Salimen et al., 2006). A 
very pronounced synergistic effect exists between 
rosemary and citric acid. However, synergistic effect 
between various antioxidants needs to be exploited in 
the meat industry.  
 
Measurement of efficacy of antioxidant 
activity: It can be evaluated by various physical and 
chemical methods.  

• Physical evaluation of meat color and odor can be 
measured by sensory panelists using score card. 
However, it is always ensured that the sensory 
panelists can able to properly recognize the color 
and odor and able to distinguish them for different 
meat species.  
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• Ferric reducing/antioxidant power (FRAP), It is 
used to measure the activity of the compound for 
reducing [Fe+3-TPTZ] to [Fe+2-TPTZ], which is 
blue in color (λ = 593 nm). 

• 2,2-diphenyl-1-picrylhydradzyl (DPPH), If an 
antioxidant is present in the reaction, the radical is 
stabilized by the hydrogen donated by the 
antioxidant, reducing the absorbance value( 515 
nm) according to the time of the reaction, until 
achieving a steady state. 

• Oxygen radical absorption capacity (ORAC), an 
azo-initiator (AAPH) at 37 C abstracts hydrogen 
from sodium fluorescein, reducing the fluorescence 
as measured by a 485-nm excitation filter and a 
525- nm emission filter. In the presence of an 
antioxidant, the AAPH does not react with 
fluorescein, meaning that the decrease in 
fluorescence is inhibited as long as the antioxidant 
is active. 

• Oxidation of an aqueous dispersion of linoleic acid 
accelerated by azo initiators (LAOX), fatty acids 
are oxidized by an azo-initiator activated at 37 7C, 
producing peroxides and hydroperoxides that  
suffer thermal degradation forming 

malondialdehyde (MDA), among other products  
MDA reacts with TBARS, producing adducts 
which can be quantified by absorbance at 533 nm. 

• Oxidation of a meat homogenate submitted to a 
thermal treatment (TBARS). 

• ABTS method 
 
Conclusions 

Natural compounds enjoy positive consumer 
image and have application in development of novel 
functional healthy meat products. Antioxidants are 
nature’s defense against the damaging effects of free 
radicals for health and to extend shelf life of food 
products. Still there is various nature’s gift for the 
mankind need to be explored. The appropriate 
combinations of natural antioxidants can help in 
designing of functional foods. There are various 
microbial peptides and plants which need to be 
explored as antioxidant and scientists are developing 
niche based technologies, combinations and delivery 
vehicles for the incorporation of effective and 
economic usage of natural antioxidants.  
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