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Processing factors influencing oxidative stability

The various processes used for manufacturing of different type of meat product result in great variation in flavour, appearance, and 
tfiicrobial and chemical stability. These differences highly affect various quality parameters o f the meat products during storage and 
^tail display. For instance warmed-over-flavour is mainly related to pre-cooked meat products intended for re-heating. In contrast, 
rancidity is rarely observed in pickled-cured (salt, nitrite/nitrate and ascorbat) meat products (with low fat content), due to the 
antioxidative action of nitrite. Newer investigations on oxidative stability o f meat products have mostly been related to the effect of 
antioxidants or antioxidative ingredients either supplemented via the diet (endogenous antioxidants) or added during processing 
(exogenous antioxidants). Furthermore, considerable efforts have been directed at clarifying or understanding how the oxidative 
stability and thus the product quality o f traditional, dry-fermented pork products is maintained during a lengthy maturation period and 
afterwards during non-refrigerated storage.

Antioxidative additives for processed foods
to the review by Chizzolini et al.59 dealing with factors influencing the oxidative stability o f processed meat products, it was 
in c lu d e d  that the effect of natural antioxidants present in the muscles from the diet or added during manufacturing had not been 
thoroughly studied. As it appears from Table 1 the use of natural antioxidants have been an active research area since then. It appears 
that studies aiming at examining the effect o f post mortem addition of a-tocopherol on oxidative changes have been performed on 
cooked turkey60, cured sausages61, roast pork62 and beef patties63. In all studies a positive effect has been obtained on lipid oxidation 
And/or on colour stability. However, post mortem addition of a-tocopherol is less effective than dietary a-tocopheryl acetate 
SuPplementation, as both Higgins et al.60 and Kerry et al.62 concluded that ‘endogenous m eat’ was more stable to lipid oxidation, 
Although the a-tocopherol levels were higher in ‘exogenous meat’ than in ‘endogenous m eat’.

Numerous phenolic antioxidants from a variety of plant extracts have been shown to inhibit lipid oxidation in a range of meat 
Products64-71. The phenolics responsible for the antioxidative activity are known for rosemary and comprise camosol, rosmanol, 
fosmaridiphenol, camosoic acid, and rosmaric acid6. Knowledge about the antioxidative components in the remaining plant extracts 
ls insufficient and deserves further attention. It is difficult to predict the ability o f different plant phenolics to inhibit lipid oxidation in 
a complex system such as meat products. The different solubility o f various phenolic compounds leads to differences in their 
Antioxidative activity, since the highest effect will be obtained if the antioxidative phenolics are partitioned in the lipid fraction where 
ftpid oxidation is most prevalent72 Knowledge about the antioxidative components in the plant extracts combined with knowledge 
About these structure-function relationships is critical in understanding and predicting the antioxidative potential o f the plant 
Phenolics in meat products6.

Table I. Effects of natural antioxidants or antioxidative ingredients added post slaughter on oxidative processes in meat

Antioxidants/ 
Jintioxidative ingredients

Product Storage conditions'1
Colour stab.

Effect on21 
Lipid oxi. Chol. oxi.

Ref.

tt-tocopherol Cooked turkey patties Aerob.,4°C, 9d + + - 60
Cured pork/chick. sausages 4°C, 8w + + - 61
Cooked beef patties Vac.,5°C, 30d - + - 63
Pork roast Aerob/Vac.,4°C, 8d/8w - + - 62

J»od. lactate + glu-del.lactone Cooked, cured pork emul. MAP, 5 °C, 4w + + - 80
pod ium  lactate Cooked pork patties Aerob.,-18°C, 14w + - 79
.Sodium polyphosphat Cooked pork patties Aerob.,-18°C, 14w + + - 79
.Ascorbvl palmitate Cooked beef patties Vac.,5°C,30d - + - 63
Ji-caroten Cooked beef patties Vac.,5°C,30d - + - 63
.Borage seeds Meat model Aerob., 4°C, 7d - + - 70
Marjoram,ginger,carry, clove Minced chicken Alu., -18°C, 6mo. - + - 71
thyme,sage, nutmeg,caraway, Minced pork or 4°C, 7d - + - 71

.Peppermint, cinnamon, basil Cooked pork - + - 71
Rosemary Heat-sterilised pork Aerob, 20°C, 8-9w - + - 64

Cooked chicken Aerob., 4°C, 4d - + - 65
Sesamol, quercetin, rutin, Pork patties Aerob.4°C, 7d + + - 68

Jpsem ary oleoresin Cooked pork patties Aerob.4°C, 7d - +3) - 68
t-herry tissue Beef patties Aerob., 4°C, 9d - + + 67

„___ Cooked beef patties Aerob., 4°C, 4d - + + 67
pepper Cooked, ground pork Vac„ 4°C, 8d - + - 66
J^ittanv Cooked turkey homogenate Aerob, 37°C, 90min. - + - 69
Carnosine Cooked chicken patties Aerob., 4°C, 7d - +

7'J , /4  
* ' 73,74

V — — -------------------- --- — - I
Chicken patties Aerob., 4°C, lOd

“ — " . .
+ 73

I )

Analysed, 3)Only sesamol
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Effect o f packaging and storage conditions on oxidative stability 

meat
Research and development on modified atmosphere packaging (MAP) accelerated in the 1970's and 1980's. In recent years,
however, packaging has not been the primary target for ii 
effect o f other parameters on oxidative stability24,34,36,37,92''

investigations, but has rather been included in investigations evaluating the

Modified atmosphere packed meat is a complex and dynamic system. Packaging and storage parameters influencing the shelf-life of 
meat are, e.g., initial headspace atmosphere composition, headspace to product volumen ratio, gas transmission rate o f the packaging 
f e r i a l ,  gas absorption in the meat, storage temperature and exposure to light. All o f these factors are acting and particularly 
'Weracting, resulting in quality changes o f the meat during storage. Skibsted et al.91 pointed out that conflicting results have been 
^Ported on whether increased O2 concentration results in increased lipid oxidation. The picture is more clear today, as several papers 
have since appeared showing unambiguously that increased O2 concentration results in increased lipid oxidation36'37,94,95'98. Thus 

, "Creased knowledge is important to optimize the headspace gas composition considering both colour stability and lipid oxidation. 
Mathematical models may be o f great help in understanding and describing changes in meat quality as a function o f different 
combinations of storage and packaging parameters. By using mathematical models it was thus shown possible to reduce the 02-level 
to approximately 40 % instead o f the normally used 70-80 % without reducing the colour stability for fresh beef Longissimus dorsi 
atl(i Semimembranosus muscles112.

Mathematical models can be used to identify the most important factors affecting quality loss and for defining critical levels of 
different gasses and permeability characteristics o f packaging materials and headspace to product volumen ratio, and thereby to form 

basis for proposing the optimal atmosphere composition or best compromise. Models are needed to describe how the initial 
Package microenvironment changes over time and how these changes influence product quality and shelf-life. More effort should be 
Put into: 1) Modelling o f dynamic headspace changes as a function of packaging and storage parameters (film permeability, initial 
J&S composition, package geometry, product geometry, headspace to product volumen ratio, meat gas absorption etc.), and 2) 
Modelling of quality changes in the meat as a function of packaging and storage parameters (storage time, temperature, gas 
im position , light exposure etc.). Pfeiffer et a l."  made computer simulations of quality deterioration processes mainly in dry 
Products and combined the models with barrier properties for different packaging materials. The method provides a mean of 
etermining the necessary barrier properties for a given shelf-life and can be a valuable supplement to many storage experiments, 

iedictive modelling seems promising for the development o f product-specific packaging, taking into account the increasing 
emands for minimization o f packaging, although at present there is a general lack of kinetic data for modelling of quality 
eterioration reactions in foods.

Jl
rocessed meat products
ackaging is o f utmost importance in preserving processed meat. For both pre-heated and cured meat products packaging should aim 

at excluding as much oxygen as possible from the product, and this is obtained either by vacuum or MAP. The shelf-life o f these 
Products is determined by a complex interaction between several factors: i) residual oxygen, ii) headspace to product volume ratio, 
’”) oxygen transmission rate (OTR) o f packaging material and iv) illumination at the surface of the meat. Therefore, it should be 
Pressed that such information always is provided in storage experiments dealing with packaging of meat and meat products.

0r cured meat products discoloration o f the primary pigment, nitrosylmyoglobin (MbFe(II)NO), is the most critical parameter 
Chaining to packaging and display. The pigment is very susceptible to photooxidation when exposed to light and oxygen. In fact, the 
ratio o f pigment to oxygen is 1 for autoxidation of MbFe(II)NO, whereas the ratio exceeds 1 for photooxidation (M0ller et al., 
^Published results). In practice, this means that more pigment will be converted to metmyoglobin (MbFe(IU)) during photooxidation 
c°rnpared to autoxidation at equal quantities o f residual oxygen. In a recent study performed by Houben & Gerris100 sliced ham 
Produced from meat with or without vitamin E supplementation discoloured only very little when packaged in either vacuum or 
Modified atmosphere (60% COjJAWo N2) and stored at 7°C for 22 days. The latter might be due to very low residual oxygen in the 
P^ekages. However, information on residual oxygen in the headspace was not provided in  Houben & Gerris100. In contrast, packages 
1 sliced, cured ham and sausages were found to fade quickly in redness101,10 . In the study performed by M 0ller et al.m  packages 

c°ntained 0.5% residual oxygen. No colour fading was, however, observed for cured ham packaged with concentrations of residual 
°*ygen below 0.1% during 28 days o f illuminated (1000 lux) storage at chill temperature. This threshold value for residual oxygen 

'll probably increase at lower headspace to product volume ratios or lower intensity o f illumination. As mentioned for fresh meat, 
Mathematical modelling will be a useful approach for predicting headspace changes as a function of packaging and storage 
väraxneters (film permeability, initial gas composition, package geometry, product geometry, meat gas absorption) and thus be used 

°btain a residual oxygen level below the critical value during the entire storage period. The critical value of residual oxygen in the 
™ckages also depends strongly on intrinsic factors such as level of nitrite and vitamin E 103. Thus, optimum oxidative stability can 
My be achieved by using a multifactorial approach, when both intrinsic and extrinsic factors are carefully considered.

n
inclusions and perspectives

. order to improve the overall quality o f the final product several strategies are recommended to provide sufficient resistance against 
^•dative deterioration. One strategy is to manipulate the diet with the purpose o f increasing the concentrations o f intrinsic 
lloxidants, decreasing the content o f prooxidants and/or modifying the oxidative substrate (e.g. changing fatty acid composition). 

Mother strategy is to try to obtain, if  possible, a higher ultimate pH, but still sufficiently low to delay microbiological growth. The
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third strategy is to improve the oxidative stability o f processed meat by extensive addition o f natural antioxidants or antioxidative 3i
ingredients. A final strategy is to improve packaging conditions, which are of utmost importance as packaging in several studies94,96 3
have been shown to be the most important single factor in reducing oxidative changes. 3;

Future research should be focused on several topics. The first one concerns more basic knowledge of the effect o f  intrinsic factors on 
the oxidative balance in meat. Two approaches are recommended: One is to use multivariate mathematical models incorporating the 
important parameters (lipid composition, lipolytic activity, vitamin E, heme iron etc.) in order to predict the relative importance of the 
various parameters on oxidative changes as introduced by Jakobsen & Bertelsen98 and Hernández et al.12. The other is to carry out 
more basic mechanistic studies to establish the relationship between enzymatic (lipolytic and proteolytic) activity and oxidation and 
the relative contribution o f both pro- and antioxidants in oxidative processes in both fresh meat during storage and in dry-cured meat 
products during processing and storage. The second topic concerns oxidative labile processed meat products where inclusion of 
natural antioxidants is an attractive approach for improving the oxidative stability. The focus of research should be to identify the 
minimum and critical levels o f natural antioxidants, present in the muscle from the diet or added during manufacturing, in order to 
improve the quality o f meat products. The third topic deals with optimisation of packaging conditions where predictive modelling 
seems promising for the development o f product specific packaging, taking into account product quality as well as increasing 
demands for minimisation of packaging materials.
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