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Biological Effects of Lipid Oxidation
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Free Radicals and Human Diseases
 Aging: a syndrome of changes that are deleterious, progressive, universal and irreversible.
 Inflamation, atherosclerosis, arthritis
 Cancers
 Porphyrias
 Ischemia
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Porphyrias
 Defects in porphyrin metabolismAccumulation of phorphyrin in the skinCauses excessive production of singlet oxygen upon
 exposure to lightGenerate unpleasant eruptions, scarring, and thickening of
 skin
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The Link to Aging
 Prolonged exposure to free radicals actually fast-forwards the aging process. One of the clearest manifestations of cumulative free radical damage is a phenomenon known as cross-linking.
 Cross-linking affects protein, enzyme, DNA, and RNA molecules. A bit like handcuffing, it hampers the ability of its molecular hostages to perform their assigned tasks. In this way, cross-linking works to the detriment of the entire body. Because of cross-linking, the elastic, flexible tissue of youth gives way to the wrinkled skin, stiff joints, and hardened arteries of old age.
 Cross-linking worsens with age, as the cellular wear and tear of several decades accumulates and the body becomes less adept at scavenging free radicals. The result is the general, body-wide impairment of function that's synonymous with degenerative disease and aging.
 In skin cells, the cross-linking of molecules causes the wrinkles characteristic of aging. In arterial cells, cross-linking reduces flexibility, which in turn raises blood pressure and puts extra strain on the heart as it pumps harder to maintain a continuous flow of blood.
 In the brain, cross-linking impedes message transmission between nerve cells. Thought processes slow down, and memory and concentration problems are more likely.
 Cross-linking of DNA molecules compromises the cell's ability to correctly interpret its DNA-encoded genetic blueprint. This results in impaired DNA replication and protein assembly. The entire process of Renewal depends on cells being able to replicate themselves exactly. This is why the failure to protect a cell's genetic coding has particularly profound consequences.
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Free radical formers
 Free radicals are everywhere. They're in the foods we eat, the water we drink, the air we breathe. Even our bodies produce free radicals.
 Our bodies are equipped to dispose of free radicals. The problem is that we usually have more of these troublemakers floating around than our bodies can manage. And that's when we run into problems.
 Any combination of factors that produces excessive free radicals (or suboptimal scavenging) can ultimately cause mass destruction throughout the human body. This destruction has been linked to the development of disease and the acceleration of aging.
 Some sources of free radicals we can't control. But many we can.
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Sources
 Our body is generating humongous quantities of free radicals. And it's quite normal.
 These free radicals are a kind of cellular "exhaust" -- a by- product of metabolism.
 They're produced as cells use oxygen to convert food into energy. The only way to avoid these free radicals would be to stop burning oxygen.
 Because these free radicals are really your body's own doing, your body expects them and is designed to deal with them.
 It has highly efficient ways of grabbing and neutralizing these renegade particles before they can do harm. So your cells just keep on making them
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The Usual Suspects
 The free radicals that occur naturally within your body should be no cause for concern.
 It's the excess free radicals, the ones that your body is not prepared to handle, that cause life-shortening damage.
 This extra load results from two key factors: an overabundance of toxins and a shortage of antioxidants.
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Sources of Free Radicals
 General Factors: Aging, metabolism, stress
 Dietary Factors: Additives, alcohol, coffee, foods of animal origin, foods that have been barbecued, broiled, fried, grilled, or otherwise cooked at high temperatures, foods that have been browned or burned, herbicides, hydrogenated vegetable oils, pesticides, sugar
 Chemical Factors: Air pollutants such as oxides of sulfur and nitrogen, asbestos, benzene, carbon monoxide, chlorine, formaldehyde, ozone, tobacco smoke, and toluene, chemical solvents such as cleaning products, glue, paints, and paint thinners, over-the-counter and prescribed medications, perfumes, pesticides, water pollutants such as chloroform and other trihalomethanes caused by chlorination.
 Radiation: Cosmic radiation, electromagnetic fields, medical and dental x-rays, radon gas, solar radiation
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Prevention of aging
 Maximizes antioxidant intake from foods and supplementsChoose organic, pesticide-free, additive-free foods. Drink only purified water. Avoid exposure to volatile chemicals, including perfume, hair spray,
 glue, paint, gasoline, solvents, and smoke. Limit exposure to air pollution: Keep your windows closed when driving
 in heavy traffic, and stay off busy streets when exercising. When outdoors, limit the amount of time you spend in direct sunlight,
 especially at midday. Check your house for radon gas Get medical and dental x-rays only when absolutely necessary. Take medications only when absolutely necessary.
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Mechanism for tissue injury on reoxygenation of ischemic or hypoxic tissues
 Deprivation of oxygen Xanthine dehydrogenase
 ATP ADP AMP Adenosine oxidation of –SH groups and Proteolysis (Ca2+- stimulated Proteolysis)
 Inosine
 Hypoxanthine reperfusion xanthine oxidaseO2
 O2-, H2 O2 , xanthine, uric acid
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Antioxidants and Prevention of Lipid Oxidation
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Antioxidant
 Means "against oxidation." Antioxidants work to protect lipids from peroxidation by
 radicals. Antioxidants are effective because they are willing to give
 up their own electrons to free radicals. When a free radical gains the electron from an antioxidant
 it no longer needs to attack the cell and the chain reaction of oxidation is broken.
 After donating an electron an antioxidant becomes a free radical by definition.
 Antioxidants in this state are not harmful because they have the ability to accommodate the change in electrons without becoming reactive.
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Radical Reaction Potentials
 Radical mV.OH (hydroxyl) +2300.LO (alkoxyl) +1600LOO. (peroxyl) +1000.GS (glutathione) +920.HU- (urate) +590.Toc (tocopherol) +480.Asc- (ascorbate) +282Fe3+-EDTA +120
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Antioxidant defense system
 Antioxidants are manufactured within the body and can also be extracted from the food humans eat such as fruits, vegetables, seeds, nuts, meats, and oil.
 Two lines of antioxidant defense within the cell. Fat-soluble cellular membrane: vitamin E, beta-carotene, and coenzyme Q. Vitamin E is considered the most potent chain breaking antioxidant within the membrane of the cell. Water soluble antioxidant scavengers are present: vitamin C, glutathione peroxidase, superoxide dismutase (SD), and catalase.
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Glutathione peroxidase
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Mechanisms of antioxidants in meat
 Four main mechanisms for inhibition of oxidative reactions:1. Interrupt the free-radical chain mechanism: phenolic
 compound2. Function as being preferentially oxidized: ascorbate3. Chelating agents for free iron 4. Changing environments: packaging, composition (dietary
 modification of fatty acid, vitamin E enrichment)
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Chain-Breaking and Free Radical Scavengers
 Synthetic Phenolic antioxidantsBHABHTPGTBHQ
 Natural antioxidantsFlavonoidsPolyphenolsTocopherol
 OH scavengers: mannitol, formate, thiourea, dimethylthiourea, methanol, ethanol, 1-butanol, glucose, tris-buffer, or sorbitol
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Synthetic antioxidants
 PGTBHQ
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Natural antioxidants
 Epicatechin
 sesamoltocopherol
 Quercetin
 IsoflavoneFlavone
 http://www.isoflavones.info/
 http://en.wikipedia.org/wiki/Image:Vitamin_E_structure.png
 http://en.wikipedia.org/wiki/Image:Epicatechin.png
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Ascorbate Free Radical Formation
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Regeneration of Vitamin E by Ascorbate
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Iron Chelating Agents
 Phosphate
 EDTA
 Citric acid
 DTPA
 Desferrioxamine
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Effect of antioxidants on the formation of TBARS
 Breast Leg MDTMTreatments Buffer DW Buffer DW Buffer DW
 -------------------- mg MA/kg meat -----------------------None 0.14 0.34 0.13 0.20 0.10 0.29Fe++ only 1.36 1.44 0.26 1.59 0.53 3.33Mannitol+Fe 1.12 1.38 0.33 1.49 0.43 3.18Glucose+Fe 1.12 1.22 0.36 1.37 0.43 3.05Formic acid+Fe 1.08 1.34 0.39 1.39 0.46 3.26DMSO+Fe 1.22 1.42 0.35 1.92 0.46 3.30Tyrosine+Fe 0.94 1.15 0.25 0.99 0.35 2.30Ascorbate+Fe 0.55 0.64 0.28 0.77 0.54 1.42BHA+Fe 0.22 0.28 0.09 0.21 0.23 0.39Citrate-phosphate buffer, 0.1 M, pH 5.5 were used
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Effect of iron chelators on the formation of TBARS
 Breast Leg MDTMTreatments Buffer DW Buffer DW Buffer DW
 -------------------- mg MA/kg meat -----------------------None 0.14 0.34 0.13 0.20 0.10 0.29Fe++ only 1.36 1.44 0.26 1.59 0.53 3.33EDTA +Fe 0.21 0.37 0.18 0.21 0.10 0.85DTPA + Fe 0.17 0.30 0.12 0.14 0.10 0.65Desferriox-amine + Fe 0.40 0.36 0.19 0.25 0.16 0.70Citrate-phosphate buffer, 0.1 M, pH 5.5 were used
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Effect of free and protein complexed iron on the generation of TBARS
 Breast Leg MDTM
 Treatments pH 5.0 pH 6.5 DW pH 5.0 pH 6.5 DW pH 5.0 pH 6.5 DW
 ------------------------------- mg MA/kg meat -------------------------------------
 None 0.17 0.16 0.34 0.20 0.20 0.20 0.20 0.23 0.29
 10 ppm Fe 1.04 1.14 1.44 1.04 0.53 1.59 0.53 0.36 3.33
 Hb 0.18 0.19 0.28 0.19 0.16 0.19 0.26 0.21 0.28
 Ferritin 0.20 0.18 0.41 0.24 0.19 0.37 0.22 0.22 0.40
 Transferrin 0.26 0.24 0.45 0.25 0.29 0.31 0.25 0.24 0.39
 Citrate-phosphate buffer, 0.1 M were used for pH 5.0 and pH 6.5.
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Effect of free and protein complexed iron on the generation of TBARS in meat with DTPA
 Breast Leg MDTM
 Treatments pH 5.0 pH 6.5 DW pH 5.0 pH 6.5 DW pH 5.0 pH 6.5 DW
 ------------------------------- mg MA/kg meat -------------------------------------
 None 0.16 0.17 0.21 0.19 0.15 0.16 0.09 0.16 0.29
 10 ppm Fe 0.19 0.18 0.21 0.22 0.21 0.17 0.12 0.21 0.32
 Hb 0.20 0.15 0.24 0.19 0.18 0.18 0.10 0.18 0.25
 Ferritin 0.20 0.16 0.19 0.21 0.15 0.14 0.09 0.15 0.31
 Transferrin 0.21 0.17 0.20 0.22 0.17 0.16 0.09 0.15 0.24
 Citrate-phosphate buffer, 0.1 M were used for pH 5.0 and pH 6.5.
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Nitrite
 More than one mechanism involved
 1. Formation of a stable complex between the heme pigments and nitrite, thereby preventing the release of nonheme iron and its subsequent catalysis of lipid oxidation
 2. Stabilization of unsaturated lipids in the membranes which are normally disrupted and exposed to oxygen by cooking or grinding
 3. Formation of inactive "chelates" between nitrite and metal ions such as ferrous ions, thus rendering them unavailable for catalysis of oxidation reactions
 4. Formation of nitric oxide myoglobin which has antioxidant properties per se
 Of the four mechanisms, stabilization of the porphyrin ring and preventing release of Fe2+ during cooking process appears to be the most important
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Effects dietary and packaging treatments on lipid oxidation of meat
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Packaging
 Prevent oxygen contact to meatOxygen is the most important factor in the development of
 lipid oxidation in meatModified gas packaging has similar effect to vacuum
 packagingHot packaging vs traditional packagingRaw meat vs cooked meat packaging
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Effect of Raw-meat Pkg, Irradiation, and Cooked-meat Pkg on TBARS of Cooked Pork Patties
 A-C-A A-C-V A-IR-A A-IR-V V-IR-A V-IR-V0
 1
 2
 3
 4
 5
 6
 70 day afterIR3 days after IR
 B. 7 days of storage after cooking
 Raw-meat pkg, irradiation (4.5 kGy), and cooked-meat pkg
 TBA
 RS
 (mg
 MD
 A/k
 g m
 eat)
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Effect of dietary supplements on TBARS of raw and cooked chicken breast meat
 Dietary 0 day cooked 7 day cookedtreatment Raw Hot-vac Aerobic Hot-vac Aerobic
 -- TBARS values (mg malondialdehyde/kg meat) ---Control 0.16 0.17 0.50 0.20 3.21α-LNA 0.61 0.73 1.87 0.89 6.32α-LNA+toc. 0.67 0.73 1.79 0.93 5.600 day samples were analyzed 3 hr after cooking.
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Effect of dietary supplements on TBARS of raw and cooked chicken leg meat
 Dietary 0 day cooked 7 day cookedtreatment Raw Hot-vac Aerobic Hot-vac Aerobic
 --- TBARS values (mg malondialdehyde/kg meat) ----Control 0.19 0.21 0.83 0.23 5.56
 α-LNA 0.66 0.87 2.58 1.01 9.32
 α-LNA+toc. 0.37 0.23 1.01 0.52 8.350 day samples were analyzed 3 hr after cooking.
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Iron and NaCl (2 %) on the TBARS of cooked turkey meat patties (3 hr after cooking)
 1210864200.6
 0.8
 1.0
 1.2
 1.4
 1.6
 1.8
 2.00% NaCl2% NaCl
 Free ionic iron added (ppm)
 TBA
 RS
 (mg
 MD
 A/k
 g m
 eat)
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NaCl and Iron Combinations on the TBARS of cooked turkey patties with different pkg methods
 Control NaCl FeCl2 NaCl + FeCl20
 1
 2
 3
 4Hot vac-pkgCold vac-pkgAerobic pkg
 A. After 0 day storage
 Prooxidant treatment
 TBA
 RS
 (mg
 MD
 A/k
 g m
 eat)
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NaCl and Iron Combinations on the TBARS of cooked turkey patties with different pkg methods
 Control NaCl FeCl2 NaCl + FeCl20
 1
 2
 3
 4
 5
 6
 7
 8Hot vac-pkgCold vac-pkgAerobic pkg
 B. After 1 day of storage
 Prooxidant treatment
 TBA
 RS
 (mg
 MD
 A/k
 g m
 eat)
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NaCl and Iron Combinations on the TBARS of cooked turkey patties with different pkg methods
 Control NaCl FeCl2 NaCl + FeCl20
 2
 4
 6
 8
 10
 12
 14Hot vac-pkgCold vac-pkgAerobic pkg
 C. After 3 days of storage
 Prooxidant treatment
 TBA
 RS
 (mg
 MD
 A/k
 g m
 eat)

Page 37
                        

NaCl and Iron Combinations on the TBARS of cooked turkey patties with different pkging methods
 Control NaCl FeCl2 NaCl + FeCl20
 5
 10
 15
 20Hot vac-pkgCold vac-pkgAerobic pkg
 D. After 7 days of storage
 Prooxidant treatment
 TBA
 RS
 (mg
 MD
 A/k
 g m
 eat)
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Relationships between TBARS and hexanal content of cooked-pork patties
 8765432100
 200
 400
 600
 800
 1000
 1200
 1400hexanal-PS+RFhexanal-LD
 A. TRARS-Hexanal
 TBARS (mg MDA/kg meat)
 Hex
 anal
 (are
 a)
 y = 30.120 + 155.70x R^2 = 0.943
 y = 10.698 + 84.939x R^2 = 0.939
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Relationships between TBARS and total volatiles of cooked-pork patties
 8765432100
 500
 1000
 1500
 2000
 2500Total volatiles-PS+RFtotal volatiles-LD
 B. TBARS-total volatiles
 TBARS (mg MDA/kg meat)
 Tota
 l vol
 atile
 s (a
 rea)
 y = 245.83 + 226.66x R^2 = 0.947
 y = 208.39 + 142.11x R^2 = 0.933
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Factors Affecting the Efficiency of Antioxidants
 Activation energy of antioxidants
 Oxidation-reduction potential
 Stability to pH and processing
 Solubility
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Choices of Antioxidants
 SafetyAntioxidant effectivenessOff-odorOff-colorConvenienceof antioxidant incorporation to foodsCarry-through effectStability to pH and food processingAvailabilityCost
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Ideal Antioxidants
 No harmful physiological effectsNot contribute an objectionable flavor, odor, or color to the
 productEffective in low concentrationFat solubleCarry-through effect – no destruction during processingReadily availableEconomicalNon-absorbable by the body


                        

                                                    
LOAD MORE
                                            

                

            

        

                
            
                
                    
                        Related Documents
                        
                            
                        

                    

                    
                                                
                                                                                              
                                    
                                        
                                            
                                                
                                            
                                        

                                        
                                            17. biological oxidation

                                            
                                                
                                                    Category: 
                                                    Technology
                                                

                                            

                                                                                    

                                    

                                

                                                                                                                            
                                    
                                        
                                            
                                                
                                            
                                        

                                        
                                            Reactivity and Biological Functions of Oxidized Lipids...

                                            
                                                
                                                    Category: 
                                                    Documents
                                                

                                            

                                                                                    

                                    

                                

                                                                                                                            
                                    
                                        
                                            
                                                
                                            
                                        

                                        
                                            Lipid Oxidation in Oil-Inwater

                                            
                                                
                                                    Category: 
                                                    Documents
                                                

                                            

                                                                                    

                                    

                                

                                 
                                                                                               
                                    
                                        
                                            
                                                
                                            
                                        

                                        
                                            Rosemary distillation residues reduce lipid oxidation ...

                                            
                                                
                                                    Category: 
                                                    Documents
                                                

                                            

                                                                                    

                                    

                                

                                                                                                                            
                                    
                                        
                                            
                                                
                                            
                                        

                                        
                                            Biological oxidation bo 04

                                            
                                                
                                                    Category: 
                                                    Science
                                                

                                            

                                                                                    

                                    

                                

                                                                                                                            
                                    
                                        
                                            
                                                
                                            
                                        

                                        
                                            Milk protein-iron complexes: Inhibition of lipid oxidation.....

                                            
                                                
                                                    Category: 
                                                    Documents
                                                

                                            

                                                                                    

                                    

                                

                                 
                                                     

                                                
                                                                                              
                                    
                                        
                                            
                                                
                                            
                                        

                                        
                                            Biological oxidation -3

                                            
                                                
                                                    Category: 
                                                    Technology
                                                

                                            

                                                                                    

                                    

                                

                                                                                                                            
                                    
                                        
                                            
                                                
                                            
                                        

                                        
                                            Biological water oxidation

                                            
                                                
                                                    Category: 
                                                    Documents
                                                

                                            

                                                                                    

                                    

                                

                                                                                                                            
                                    
                                        
                                            
                                                
                                            
                                        

                                        
                                            Biological oxidation lecture 2

                                            
                                                
                                                    Category: 
                                                    Documents
                                                

                                            

                                                                                    

                                    

                                

                                 
                                                                                               
                                    
                                        
                                            
                                                
                                            
                                        

                                        
                                            Lipid Oxidation in Food Emulsions

                                            
                                                
                                                    Category: 
                                                    Documents
                                                

                                            

                                                                                    

                                    

                                

                                                                                                                            
                                    
                                        
                                            
                                                
                                            
                                        

                                        
                                            Lipid oxidation in meat: mechanisms and protective factors.....

                                            
                                                
                                                    Category: 
                                                    Documents
                                                

                                            

                                                                                    

                                    

                                

                                                                                                                            
                                    
                                        
                                            
                                                
                                            
                                        

                                        
                                            Lipid domains and lipid/protein interactions in biological.....

                                            
                                                
                                                    Category: 
                                                    Documents
                                                

                                            

                                                                                    

                                    

                                

                                 
                                                     

                                            

                

            

        

            



    
        
            	Powered by Cupdf


            	Cookie Settings
	Privacy Policy
	Term Of Service
	About Us


        

    


    

    
    
    

    
    
    

    
    
        
    
    















