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Oxidation of Lipids
 School of Food science & Technology Jiangnan University
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What is lipids?
 A group of naturally occurring compounds, which have in common a ready solubility in such organic solvents as hydrocarbons, chloroform, benzene, ethers and alcohols.
 They include a diverse range of compounds, like fatty acids and
 their derivatives, carotenoids, terpenes, steroids and bile acids. It should be apparent that many of these compounds have little by way of structure or function to relate them.

Page 4
                        

Lipids classification : Lipids are categorized into two broad
 classes. The first, simple lipids, upon hydrolysis,
 yield up to two types of primary products, i.e., a glycerol molecule and fatty acid(s).
 The other, complex lipids, yields three or more primary hydrolysis products.
 Most complex lipids are either glycerophospholipids, or simply phospholipids
 contain a polar phosphorus moiety and a glycerol backbone
 or glycolipids, which contain a polar carbohydrate moiety instead of phosphorus.
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Free fatty AcidThey are made of a hydrocarbon chain that terminates
 with a carboxylic acid group; this arrangement confers the molecule with a polar, hydrophilic end, and a nonpolar, hydrophobic end that is insoluble in water. The fatty acid structure is one of the most fundamental categories of biological lipids, and is commonly used as a building-block of more structurally complex lipids. Where a double bond exists, there is the
 possibility of either a cis or a trans geometric isomerism, which significantly affects the molecule's molecular configuration. Cis-double bonds cause the fatty acid chain to bend, an effect that is more pronounced the more double bonds there are in a chain. This in turn plays an important role in the structure and function of cell membranes. Most naturally occurring fatty acids are of the cis configuration, although the trans form does exist in some natural and partially hydrogenated fats and oils.
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Lipids structure:
 Understanding of triglycerides structure:unsaturated fatty acid
 Poly unsaturated fatty acid
 Saturated fatty acid
 glycerol
 Stearic Acid
 Oleic Acid
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what is lipids Oxidation? Lipid oxidation is the oxidative degradation of
  lipids. It is the process in which free radicals "steal" electrons from the lipids molecular , resulting in bond damage. This process proceeds by a free radical chain reaction mechanism.
 Oxidation of unsaturated lipids not only produces offensive odors and flavors but can also decrease the nutritional quality and safety by the formation of secondary reaction products in foods after cooking and processing. Considerable attention has been given to the evaluation and assessment of oxidative and flavor deterioration.
 This review summarizes mechanistic concepts of oxidation with the belief that new knowledge in these areas would lead to more useful methods of controlling lipid deterioration.
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Reaction of lipid oxidation:
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Effects of Lipid Oxidation: Flavor and Quality Loss:
 Rancid flavor. Alteration of color and texture. Decreased consumer acceptance. Financial loss.
 Nutritional Quality Loss: Oxidation of essential fatty acids. Loss of fat-soluble vitamins.
 Health Risks: Development of potentially toxic compounds.
 Development of coronary heart disease.
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Free radicals: Any molecular species capable of independent
 existence, which contains one or more unpaired valence electrons not contributing to intermolecular bonding….is a free radical.
 The most frequent radicals are oxygen-derived free radicals, also known as reactive oxygen species (ROS):
 Superoxide (O2·-) Peroxyl (ROO˙) Alkoxyl (RO˙) Hydroxyl (HO˙) Nitric oxide (NO˙) Other ROS are non-radicals such as singlet oxygen
 (O2), hydrogen peroxide (H2O2), and hypochlorous acid (HClO).
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Free radicals: Free radicals are produced by oxidation/reduction reactions in which there is a transfer of only one electron at a time, or when a covalent bond is broken and one electron from each pair remains with each atom.
 Normal ongoing metabolism, especially from the electron transport system in the mitochondria and from a number of normally functioning enzymes
 2) Environmental factors such as pollution, radiation, cigarette smoke and toxins can also spawn biologically-derived free radicals.
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LIPID OXIDATION: Fats are susceptible to hydrolysis (heat,
 acid, or lipase enzymes) as well as oxidation. In each case, the end result can be RANCIDITY.
 For oxidative rancidity to occur, molecular oxygen from the environment must interact with UNSATURATED fatty acids in a food.
 The product is called a peroxide radical, which can combine with H to produce a hydro peroxide radical.
 The chemical process of oxidative rancidity involves a series of steps, typically referred to as:
 Initiation Propagation Termination
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Initiation of Lipid Oxidation:
 There must be a catalytic event that causes the initiation of the oxidative process: Enzyme catalyzed. “Auto-oxidation”. Excited oxygen states (i.e. singlet oxygen): 1O2Triplet oxygen (ground state) has 2 unpaired electrons in the same spin in different orbitals.
 Singlet oxygen (excited state) has 2 unpaired
 electrons of opposite spin in the same orbital.
 Metal ion induced (iron, copper, etc),Light, Heat, Free radicals Pro-oxidants ,Chlorophyll , Water activity
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Considerations for Lipid Oxidation: Which hydrogen will be lost from an unsaturated fatty acid?
 The longer the chain and the more double bonds….the lower the energy needed.

Page 16
                        

Propagation Reactions:Initiation Ground state oxygen Peroxyl radical
 Hydroperoxide New Radical
 Hydroperoxide decomposition
 Hydroxyl radical!!Start all over again…
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Propagation of Lipid Oxidation:
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Termination of Lipid Oxidation: Although radicals can “meet” and terminate propagation by sharing electrons….
 The presence or addition of antioxidants is the best way in a food system.
 Antioxidants can donate an electron without becoming a free radical itself.
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MEASURING OXIDATIVE STABILITY:
 Active Oxygen Method - Air is bubbled through oil or fat at 97.8°C. Time required to reach peroxide value of 100 meq/kg fat determined. (method replaced by OSI)
 Oil Stability Index – automated Rancimat (instrumental method). Air bubbled through sample (110°C). Oil degrades to many acidic volatiles (e.g. formic acid) which are carried by the air into a water trap. Conductivity of the water can then be assessed.
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Antioxidants and Lipid Oxidation: BHT – butylated hydroxytoluene. BHA – butylated hydroxyanisole. TBHQ – tertiary butyl hydroquinone. Propyl gallate. Tocopherol – vitamin E. NDGA – nordihydroguaiaretic acid. Carotenoids.
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HAT and SET Reactions:
 Hydrogen Atom Transfer (HAT) vs. Single Electron Transfer (SET)
 Antioxidants can work in one of two ways (HAT or SET).
 End result is the same for both, differing in kinetics and side rxns.
 HAT and SET rxns may occur in parallel Determined by antioxidant structure and properties
 Solubility and partition coefficient System solvent, system pH
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HAT:HAT-based methods measure the classical ability of an antioxidant to quench free radicals by hydrogen donation (AH = any H donor).
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SET: SET-based methods detect the ability of a potential antioxidant to transfer one electron to reduce any compound, including metals, carbonyls, and radicals.
 Also based on deprotonation, so pH dependent.
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HAT vs SET:HAT Selectivity in HAT rxs are determined by the bond dissociation energy of the H-donating group in the antioxidant.
 Antioxidant reactivity or capacity measurements are therefore based on competition kinetics.
 Reactions are solvent and pH independent and are very fast.
 Common reducing agents (Vitamin C) are an interference.
 SET Usually slow and can require long times to reach completion
 Antioxidant reactivity is based on a percent decrease, rather than kinetics.
 Very sensitive to ascorbic acid and other reducing agents.
 Trace amounts of metal ions will interfere, and cause over-estimation and inconsistent results.
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Antioxidants and Radicals: Four sources of antioxidants:
 Enzymes:Superoxide dismutase, glutathione peroxidase, and catalase .
 Large molecules:albumin, ferritin, other proteins.
 Small molecules:ascorbic acid, glutathione, uric acid, tocopherol, carotenoids, phenols .
 Hormones:estrogen, angiotensin, melatonin.
 Multiple free radical and oxidant sources: O2, O2·-, HO˙, NO˙, ONOO-, HOCl, RO(O)˙, LO(O).
 Oxidants and antioxidants have different chemical and physical characteristics.
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Complex Systems: Singlet Oxygen:
 Carotenoids are not good peroxyl radical quenchers compared to polyphenolics.
 Carotenoids are exceptional singlet oxygen quenchers compared to polyphenolics.
 However, singlet oxygen is not a radical and does not react via radical mechanisms .
 Singlet oxygen reacts by its addition to fatty acid double bonds, forming end peroxides, that can be reduced to alkoxyl radicals, that initiate radical chain reactions.
 Now we have multiple reaction characteristics and multiple mechanisms.
 No single assay will accurately reflect all of the radical sources or test all the antioxidants in such a complex system.
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HAT assays:
 ORAC: Oxygen Radical Absorbance Capacity. Measures inhibition of peroxyl radical induced oxidations in chain breaking activity by H atom transfer.
 TRAP: Total Radical-Trapping Antioxidant Parameter.
 Measures the ability to interfere with peroxyl radicals or stable free radicals.
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SET assays:
 FRAP: Ferric Reducing Antioxidant Power. The reaction measures the reduction capacity of a ferric compound to a color end-product.
 CUPRAC: Copper Reduction Assay. Variant of FRAP assay using Cu instead of Fe.
 Folin-Ciocalteu assay: Reduction of oxidized iron and molybdenum.
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