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SUMMARY 

 Energy is the most expensive nutritional component in livestock diets. Lipids are 

concentrated energy sources and are known to affect growth, feed efficiency, feed dust, and diet 

palatability. The majority of research studies that have been conducted regarding the biological 

effects of lipids in livestock feeds have focused mainly on the effects of feeding high quality 

lipids on animal growth performance in young animals. With increased use of lipids in human 

foods and the wide array of composition and quality of lipid sources available to the animal 

industry, it is essential to understand lipid digestion, absorption, composition, and quality factors 

affecting their utilization. The following proceedings is a summary of recent research by the 

authors related to measures of lipid quality and on the influence of consuming thermally oxidized 

lipids on physiological, metabolic, immunological, and growth indices in growing pigs. 

 

INTRODUCTION 

 World production of vegetable oils, currently approximately 286 billion pounds annually, 

has grown dramatically over the last 20 years, with the main oils being palm oil (30% of the 

world’s vegetable oil production), soybean oil (28%), rapeseed/canola oil (15%), and sunflower 

oil (9%); with other vegetable oils accounting for less than 20% of the market, Figure 1. 

Production of palm oil is largely in Indonesia (approximately 44% of the world’s production) 

and Malaysia (40%), while the production of soybean oil is largely in the US (35%), Brazil 

(30%), and Argentina (20%). Consumption of edible vegetable oils is dominated by its use in the 

food industry (approximately 80% of the total use), but its growth has also been stimulated by 

industrial uses, such as for biodiesel production. Worldwide consumption of vegetable oils has 

largely been driven by economic and population expansion in developing countries such as India, 
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Pakistan, China, North Africa and the Middle East having, but also in other parts of the world 

(EU, US, Brazil, etc.) for new and existing industrial applications. 

 Although smaller in magnitude, fats obtained from the rendering industry also play an 

economically important part in the livestock industry. In the US, fats from the rendering industry 

are approximately 11 billion pounds annually and include: inedible tallow (36% of US rendered 

fats), edible tallow (17%), poultry fat (11%), and lard (3%). In addition, yellow grease (i.e., 

recycled vegetable oils from restaurants) is also considered part of the rendering industry, and 

provides a substantial quantity of lipids (14%) to the animal industry. Animal fats can also be 

utilized in the production of biodiesel thereby affecting product availability and cost for use in 

animal feeds. 

 

LIPID CLASSIFICATION 

Lipids are a group of structurally diverse, water-insoluble, organic-solvent-soluble 

organic compounds. Lipids have hydrocarbon chains or rings as a major part of their structure, 

with the primary types of hydrocarbons being fatty acids and steroids. Fatty acids are linear, 

aliphatic monocarboxylic acids [R-(CH2)nCOO-], and almost always have an even number of 

carbons. Unsaturated fatty acids may contain one or more cis double bonds with essentially no 

conjugated double bonds compounds being found, except for conjugated linoleic acid. In 

addition, there are very few ‘trans’ fats in nature, but some trans fats can be generated due to the 

hydrogenation process, such as in the rumen or from industrial processing, whereupon trans fats 

have a higher melting point and behave more like a saturated fat. A general description of 

common fatty acids is listed Table 1. 

In the body, lipids are stored as triglycerides, having one, two, or three different fatty 

acids esterified to glycerol, as depicted in Figure 2. At room temperature, saturated fatty acids 

tend to be solids (fats) while unsaturated fatty acids tend to be liquids (oils); likewise, long chain 

fatty acids tend to be solids while short chain fatty acids tend to be liquids. In the body, 

membrane lipids differ from storage lipids in that they have only two hydrocarbon chains and 

one polar head group, which have a high affinity for water. Membrane lipids are commonly 

called phosphoglycerides (or phospholipids), with the main phosphoglycerides being 

phosphatidyl-choline, -ethanolamine, -serine, and –inositol. Sphingosine and cholesterol are also 

membrane lipids. When phospholipids are dispersed in water, structures formed include micelles 



(aggregates in with the hydrocarbon chains coalesce in the center, with the polar head groups on 

the surface), lipid monolayers (polar head groups in the surface of the water with the 

hydrocarbon chains projecting upward), and lipid bilayers (a double layer of phospholipids with 

the hydrocarbon chains aligned and projecting inward, and the polar groups forming the interface 

with water on both sides of the bilayer), Figure 3. Esters of fatty alcohols, commonly with a 

chain length of 8 or longer, are considered a wax. 

 

LIPID DIGESTION AND ABSORPTION 

 In animals, lipid consumption occurs mostly in the form of triglycerides from plant or 

animal sources whereupon the process of digestion and absorption is essentially the process of 

converting dietary triglycerides to chylomicrons in the body. Although lingual lipase (salivary 

lipase or pregastric lipase) may partially digest dietary lipids (specific for the C3 linkage), lipids 

are primarily acted upon by pancreatic lipase which hydrolyzes the triglyceride into fatty acids 

(primarily the C1 and C3 ester linkages) and bile salts (stabilize the mixed micelle emulsion) such 

that the resultant mixed micelles are small enough to entry into the intermicrovillous space of the 

intestinal mucosa cells. Subsequent absorption of fatty acids and monoglycerides (largely C2 

monoglycerides) into the intestinal mucosa cell occurs by diffusion into the cell where the fatty 

acids and the monoglycerides are carried to the endoplastimic reticulum where they are reformed 

into triglycerides, and in conjunction with cholesterol and protein, form a chylomicron which 

enters into the lymphatic system for subsequent metabolism, Figure 4. An ‘average’ 

chylomicron is composed of 87% triglycerides, 9% phospholipids, 2% cholesterol, and 2% 

protein. Bile salts are largely reabsorbed in the lower ileum and transported back to the liver for 

reutilization in the lipid digestion process. 

 

LIPIDS IN ANIMAL PRODUCITON 

Supplemental fats and oils are commonly added to swine diets to increase energy density 

of the diet, but may also reduce dust, supply fat soluble vitamins and essential fatty acids, and 

may improve diet palatability. Composition of lipids utilized in the livestock industry varies 

widely, with some common lipids and their fatty acid composition listed in Table 2. Most 

recently, oil extracted from dry-mill ethanol plants has become available to the livestock 

industry. Although little data is available, a recent ‘in-house’ analysis of crude corn oil obtained 



from an ethanol plant suggest that its relative fatty acid composition differs little from refined 

corn oil, however, concentrations of unsaponifiables and free fatty acids appear to be slightly 

elevated compared to its refined counterpart, Table 3. 

Fats and oils have generally been considered to be a highly digestible energy source 

(Babatunde et al., 1968; Cera et al., 1988a,b; 1989a; 1990; Li et al., 1990; Jones et al., 1992; 

Jorgensen et al., 2000). However, their source and level may also affect nitrogen digestibility and 

retention, and amino acid absorption (Lowrey et al., 1962; Cera et al., 1988b, 1989a,b; Li et al., 

1990; Li and Sauer, 1994; Jorgensen and Fernandez, 2000). In addition, the apparent digestibility 

of various lipids in nursery pigs has been shown to increase with age (Hamilton and McDonald, 

1969; Frobish et al., 1970) with digestibility of the lower digestible animal fat sources (lard and 

tallow) increasing to a greater extent with age compared to digestibility of vegetable oils (Cera et 

al., 1988a,b; 1989a, 1990). The NRC (1998) estimates of DE content of various fat sources are 

based on the classic research by Wiseman et al. (1990) and Powles et al. (1993, 1994, 1995) 

where DE, kcal/kg = [(36.898 – (0.005 × FFA, g/kg) – (7.330 × e-0.906×U:S))/4.184], ME 

subsequently calculated as 96% of DE, and NE estimated using an equation that includes ME, 

ash, and ADF [NE, kcal/kg = 328 + (0.599 × ME, kcal/kg) – (15 × % ash) – (30 × % ADF)]. For 

comparative purposes, the prediction of the energy value of lipids for poultry as listed in the 

poultry NRC (1994) is: MEn = 8,227 -10,318(-1.1685U:S) as obtained from Ketels and DeGroote 

(1989) or MEn = 28,119 – 235.8(C18:1 + C18:2) – 6.4(C16:0) – 310.9(C18:0) + 0.726(IV × FR1) 

– 0.0000379 (IV(FR1 + FFA)) as obtained from Huyghebaert et al. (1985). Even though recent 

research (Jorgensen and Fernandez, 2000; Kerr et al., 2009; Silva et al., 2009; Anderson et al., 

2012) has shown that the DE and ME content of various refined lipids in swine are similar to 

values reported in the NRC (1998), the effect of quality (free fatty acid level and degree of 

oxidation) on energy value among fat sources has not been well established. 

 

LIPID QUALITY 

Lipids can be subjected to a wide variety of laboratory tests to define quality or ensure 

that the lipid product meets specifications according to trade or a buyer’s requirements. Some 

general lipid quality indices are listed in Table 4. 

 

LIPID PEROXIDATION 



 Measurement of lipid peroxidation provides useful information to evaluate the degree of 

peroxidation. However, the assessment regarding the degree of lipid peroxidation may not be 

valid due to the drawbacks of the method used for characterizing peroxidation and the stage in 

the peroxidation process when the lipid analysis occurred. Lipid peroxidation is a complex 

process and is affected by several factors including degree of saturation, temperature, oxygen, 

heavy metals, undissociated salts, water, and other nonlipidic compounds. Lipid peroxidation is 

generally considered to consist of three phases: (1) an initiation phase which involves the 

formation of free lipid radicals and hydroperoxides as primary reaction products, (2) a 

propagation phase where hydroperoxides formed are decomposed into secondary peroxidation 

products, and (3) a termination phase involving the formation of tertiary peroxidation products 

(Gutteridge, 1995; Yong and McEneny, 2001). Lipid hydroperoxides initially formed during the 

lipid peroxidation process not only have the potential to impact lipid quality, and therefore on 

animal health and performance, but the formation of secondary and tertiary oxidation products 

(aldehydes, ketones, alcohols, hydrocarbons, volatile organic acids, and epoxy compounds) often 

have additional effects on lipid quality and animal productivity. As such, the increase and 

decrease in the amount of various lipid peroxidation products over time during each of these 

phases increases the difficulty of accurately measuring and assessing the extent of lipid 

peroxidation (Morita et al., 1983). Figure 5 represents a general schematic representation of lipid 

peroxidation depicted in the following figure (Liu, 1997). Unfortunately, there appears to be no 

single method that seems to adequately describe or predict lipid peroxidation due to the 

complexity of lipid composition and the phases involved in lipid peroxidation (Kim and LaBella, 

1987). Therefore, to accurately analyze the amount of lipid damage caused by peroxidation, it 

may be advantageous to determine the degree of lipid peroxidation at several time intervals using 

more than one test, some of which are listed and described in Table 5. 

 

LIPID QUALITY AND NUTRITIONAL VALUE 

A recent examination of lipids obtained from a local feed mill showed a range in total 

MIU from 0.8 to 3.7%, AOM from 8.0 to 332 hours, IV from 66.3 to 84.0 g/100 g lipid, PV from 

0.4 to 7.3 mEq/kg, and FFA from 5.8 to 51.6%. Consequently, there appears to be a wide range 

in composition and quality of lipids being fed to livestock. Unfortunately little is known about 

each quality indices on the ability of the animal to utilize the lipid source for energy. Leeson et 



al. (1997) showed no impact of lipid rancidity on turkey performance. In contrast, Cabel et al. 

(1988) and Dibner et al. (1996) reported decreased broiler performance with an increase in fat 

rancidity. A similar discrepancy has been noted in swine. Fernández-Dueñas et al. (2008) 

reported no effect of oxidized canola oil or tallow on pig performance, while (Derouchey et al. 

(2004) reported that increasing the rancidity of choice white grease (PV of 105 mEq/kg equating 

to 6.3 mEq/kg diet) decreased feed intake, but fatty acid digestibility was not affected. In 

addition to supplementing lipids by themselves, various animal and vegetable protein meals (i.e., 

meat and bone meal, dried distillers grains with soluble) also contain moderate amounts of lipids, 

and since these feedstuffs are heat processed, the lipids in these products may also be susceptible 

to oxidation (Song et al., 2011). To date, however, the data is inconclusive on the level of lipid 

oxidization in these feedstuffs and on subsequent animal productivity. Carpenter et al. (1966) 

and L’Estrange et al. (1967) fed growing pigs 10% meat meal with a peroxide value of 210 

mEq/kg (resulting in 3.5 mEq/kg diet) and reported no difference in performance compared to 

pigs fed the same diet containing unoxidized lipids. In contrast, Fernández-Dueñas (2009) and 

Harrell et al. (2010) reported that diets containing DDGS or oxidized corn oil resulted in 

depressed pig performance. In light of this confusion, Drs. Kerr and Shurson embarked on an 

extensive study evaluating the impact of lipid type and oxidation status on pig performance, 

intestinal integrity, and metabolizable energy concentration with results presented at the end of 

this presentation. 

In addition to the effect of oxidation on the nutritional value of a lipid, there is also a 

potential impact of free fatty acid content on lipid digestibility. Brambila and Hill (1966) and 

Jorgensen and Fernandez (2000) reported that digestibility of free fatty acids is lower than that of 

triglycerides, which coincides with a lower digestible energy content with increasing levels of 

free fatty acids (Wiseman and Salvador, 1991; Powles et al., 1994, 1995; Jorgensen and 

Fernandez, 2000). This appears to be especially true in young pigs as depicted in Figure 6 

(Powles et al., 1995). In contrast, Cera et al. (1989b) reported that feeding 8% of a medium-chain 

FFA did not negatively affect pig performance and DeRouchey et al. (2004) reported that fatty 

acid digestibility was not affected by free fatty acid level in choice white grease fed to nursery 

pigs. 

 Additional factors may also affect lipid digestibility and utilization, being associated with 

where the lipid products are obtained-human food or agricultural industries. These factors 



include the concentration and fatty acid composition of mono- and di-glycerides, emulsifying 

agents/acid oils/soap stocks/free fatty acids, and hydrogenated lipids. Monoglycerides/Fatty Acid 

Position: Limited data is available on the effect of specific fatty acids on the C1, C2, or C3 

position of glycerol on lipid digestibility. It has been suggested (Bracco, 1994) that the presence 

of a long-chain saturated fatty acid at the C1 and C3 positions of a triglyceride are partially 

responsible for the poor absorption of coca butter. It is thought that long chain-fatty acids on the 

C1 and C3 positions are absorbed less efficiently than long-chain fatty acids bound on the C2 

position, due to their more hydrophobic characteristic. This is supported by Smink et al. (2008) 

who reported that randomization of the 16:0 fatty acid to the C2 position in palm oil had a 

positive effect on its digestibility in broilers. In swine, the effect of fatty acid position is less 

clear. Scheeder et al. (2003), reported that fatty acid position had no impact on fatty acid 

composition of depot fat in growing pigs (suggesting no impact on lipid digestibility), which is 

supported by Innis et al. (1996) who reported that the fatty acid composition of adipose tissue 

was only slightly influenced by the triglyceride structure. In contrast, Innis and Dyer (1997) 

reported that the fatty acid on the C2 position is conserved during digestion and absorption, and 

subsequently in its reassembly to chylomicron triglycerides. Location of fatty acids on the C1 and 

C3 position may also be important as long-chain unesterfied fatty acids may have reduced 

absorption because of a tendency to form insoluble soaps with divalent cations. Emulsifying 

Agents: In pigs, lecithin has been shown to have little impact on lipid and energy digestibility or 

growth performance (Overland et al., 1993ab; Overland et al., 1994; de Souza et al., 1995; Miller 

et al., 1994). In contrast, lysolecithin has been shown to improve fatty acid digestibility, but had 

minimal effects on pig performance (Jones et al., 1992). Recently Xing et al. (2004) reported an 

increase in lipid digestibility in nursery pigs supplemented with 0.05% lysolecithin on d-10, but 

no effect on energy digestibility. On d-28, however, neither lipid or energy digestibility was 

affected by lysolecithin supplementation, but there appeared to be was a slight improvement in 

piglet BW gain. Free Fatty Acids: As summarized by Wiseman et al. (1998), the presence of free 

fatty acids has a negative impact on the digestion of fatty acids, more so in young birds>young 

pigs=old birds>old pigs, and more so in saturated fatty versus unsaturated fatty acids. 

Hydrogenation: Hydrogenation of vegetable oils to covert them to semisolid fats is a commonly 

used practice in the food industry, and as a consequence, the availability of these products to the 

animal industry has increased. However, the impact on the digestibility of these chemically 



altered fats must be understood relative to their potential value to the livestock industry. In 

broilers, free palmitic (C16:0) and steric (C18:0) acids have been reported to be poorly or 

completely indigestible (Renner and Hill, 1961). This is supported by Dvorin et al. (1998) 

reported that in broilers, AMEn was lower in diets containing hydrogenated soybean oil, 

compared to the unhydrogenated soybean oil, which the authors suggested was due to a lower fat 

digestibility, less deposition of PUFA in body lipids, and higher lipogenesis compared to birds 

fed unhydrogenated soybean oil. Likewise, Kaplan and Greenwood (1998) reported that 

hydrogenated soybean oil (subsequently high in steric acid, C18:0) was largely unavailable to 

rats compared to hydrogenated coconut oil (high in lauric acid, C12:0). In swine, Tullis and 

Whittemore (1980) suggested that the poor digestibility of hydrogenated tallow was likely due to 

the high concentration of steric acid (C18:0). Most recently, Gatlin et al. (2005) reported that 

apparent fat digestibility decreased linearly as the amount of fully hydrogenated tallow or choice 

white grease fat increased, suggesting that the digestibility of fully hydrogenated animal fats is 

approximately zero. 

 

ANTIOXIDANTS IN ANIMAL NUTRITION 

 Antioxidant chemistry is a complex field of science and is beyond the scope of this 

presentation. Readers interested in this subject are encouraged to reviews on this topic by 

Frankel (2007) and Wanasundara and Shahidi, 2005). Addition of antioxidants (i.e., butylated 

hydroxyanisole, butylated hydroxytoluene, tocopheral, and ethoxyquin) has been evaluated in 

humans, rodents, and livestock, but their impact on animal physiological and performance 

parameters has been inconsistent (Fernández-Dueñas, 2009). Dibner et al. (1996) reported 

reduced feed efficiency in broilers fed oxidized poultry fat compared to birds fed unoxidized 

poultry fat, with the addition of ethoxyquin improving feed efficiency--regardless of lipid 

oxidation level. Likewise, supplementation of additional antioxidants improved growth 

performance in pigs fed diets containing DDGS or oxidized corn oil (Fernández-Dueñas, 2009; 

Harrell et al., 2010). In contrast, others have shown that supplementation of antioxidants have no 

effect on growth performance in animals under dietary oxidative stress (Wang et al., 1997; 

Anjum et al., 2002; Fernández-Dueñas et al., 2008; Song et al., 2012). 
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Table 1. Chemical Names and Descriptions of Common Fatty Acids 

Common name Carbons D-bonds Scientific name Common source 
Butyric 4 0 butanoic acid  butterfat 
Caproic 6 0 hexanoic acid  butterfat 
Caprylic 8 0 octanoic acid  coconut oil 
Capric 10 0 decanoic acid  coconut oil 
Lauric 12 0 dodecanoic acid  coconut oil 
Myristic 14 0 tetradecanoic acid  palm kernel oil 
Palmitic 16 0 hexadecanoic acid  palm oil 
Palmitoleic 16 1 9-hexadecenoic acid  animal fats 
Stearic 18 0 octadecanoic acid  animal fats 
Oleic 18 1 9-octadecenoic acid  olive oil 
Ricinoleic 18 1 12-hydroxy-9-octadecenoic acid  castor oil 
Vaccenic 18 1 11-octadecenoic acid  butterfat 
Linoleic 18 2 9,12-octadecadienoic acid  grape seed oil 
• -Linolenic 18 3 9,12,15-octadecatrienoic acid  flaxseed (linseed) oil 
•-Linolenic 18 3 6,9,12-octadecatrienoic acid  borage oil 
Arachidic 20 0 eicosanoic acid  peanut oil, fish oil 
Gadoleic 20 1 9-eicosenoic acid  fish oil 
Arachidonic 20 4 5,8,11,14-eicosatetraenoic acid  liver fats 
Eicosapentaenoic 20 5 5,8,11,14,17-eicosapentaenoic acid  fish oil 
Behenic 22 0 docosanoic acid  rapeseed oil 
Erucic 22 1 13-docosenoic acid  rapeseed oil 
Docosahexaenoic 22 6 4,7,10,13,16,19-docosahexaenoic acid  fish oil 
Lignoceric 24 0 tetracosanoic acid  some in most fats 
 
  



 
Table 2. Fatty acid composition of various fats and oils utilized in the livestock industry 
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Canola1 - - - 0.1 4.1 1.8 0.7 0.3 0.3 60.9 21.0 8.8 
Coconut 7.1 6.0 47.1 18.5 9.1 2.8 0.1 - - 6.8 1.9 0.1 
Corn - - - 0.1 10.9 2.0 0.4 0.1 0.2 25.4 59.6 1.2 
Fish2 - - 0.1 10.8 23.2 4.2 0.4 0.1 11.4 10.6 1.8 1.7 
Lard - 0.1 0.1 1.5 26.0 13.5 0.2 - 3.3 43.9 9.5 0.4 
Palm - - 0.3 1.1 42.9 4.6 0.3 0.1 0.2 39.3 10.7 0.4 
Poultry - - 0.1 0.8 25.3 6.5 0.2 - 7.2 37.7 20.6 0.8 
Soybean - - - 0.1 10.6 4.0 0.3 0.3 0.1 23.2 53.7 7.6 
Tallow - - 0.1 3.2 24.3 18.6 0.2 - 3.7 42.6 2.6 0.7 
             
Yellow grease - - 0.1 0.6 14.2 6.6 0.4 - 1.0 36.2 35.4 3.8 
1 Canola oil additionally contains: C24:0, 0.2% and C22:1, 0.7%. 
2 Manhaden oil additionally contains: C16:2-4, 4.7%; C18:4, 2.1%; C20:2-4, 3.2%; C20:5, 

11.9%; C22:1, 0.2%; and C22:4-6, 9.0%. 
 
  



 
Table 3. Composition of crude versus refined corn oil 
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Crude 99.30 1.99 0.01 10.38 13.22 0.08 12.79 2.04 0.11 28.14 54.27 1.30 
Refined 98.90 1.54 ND 7.08 3.65 0.08 13.46 2.10 0.11 27.65 49.16 0.03 
 
  



 
Table 4. Lipid Quality Indices 

Color Quantified relative to the Fat Analysis Committee (FAC) standard, ranging 
from 1 (light) to 45 (dark). 

Fatty acid profile Relative amounts of individual fatty acids in a sample. 
Free fatty acids Amount of fatty acids not bound to the glycerol backbone in a triglyceride. 
Insolubles Amount of sediment in a sample. For example, fiber, hair, hide, bone, or soil. 
Iodine value Measure of chemical unsaturation, expressed as grams of iodine absorbed by 

100 g of fat. 
Moisture Amount of moisture in a sample. 
Saponification 
value 

An estimate of the mean molecular weight of the constituent fatty acids in a 
sample, defined as milligrams of KOH required to saponify 1 g of fat. The 
higher the SV, the lower the mean chain length. 

Titer The solidification point of the fatty acids, an important characteristic in 
producing soaps or fatty acids. 

Total fatty acids The total of both free fatty acids and fatty acids combined with glycerol. 
Unsaponifiables A measures of material in the lipid that will not saponify (form a soap) when 

mixed with caustic soda (NaOH or KOH). Examples include: sterols, 
hydrocarbons, pigments, fatty alcohols, and vitamins. 

 
  



 
Table 5. Lipid Oxidation Indices 

Peroxide value (PV) Lipid peroxides and hydroperoxides. 
p-Anisidine value (AnV) Measure of the amount of the high molecular weight saturated and 

unsaturated aldehydes. 
Thiobarbituric acid 
reactive substance 
concentration (TBARS) 

Measure of carbonyl-containing secondary lipid oxidation products 
formed from the decomposition of hydroperoxides. Developed to 
detect malondialdehyde, although other carbonyl compounds can 
also contribute to TBARS values. 

Hexanal A major secondary lipid oxidation product produced from the 
termination phase during the oxidation of linoleic and other • -6 fatty 
acids. 

2, 4-decadienal (DDE) A product derived from peroxidation of linoleic acid. 
4-hydroxynonenal (HNE) An • , • -unsaturated lipophilic aldehyde formed from the 

peroxidation of polyunsaturated •  - 6 fatty acids, such as arachidonic 
or linoleic acid 

Active oxygen method 
stability (AOM) 

A predictive method where purified air is bubbled through a lipid 
sample at 97.8°C, and the PV of the lipid is determined at regular 
intervals to determine the time required to reach a PV of 100 mEq/kg 
lipid (recorded as h), or the PV of the lipid is determined at a 
predetermined time endpoint, such as at 20 h (recorded as mEq/kg 
lipid). 

Oxidative stability index 
(OSI) 

A method whereupon air passes through a lipid under a specific 
temperature, at which point volatile acids decomposed from lipid 
peroxidation are driven out by the air and subsequently dissolved in 
water thereby increasing its conductivity. The conductivity of the 
water is constantly measured, and the OSI value is defined as the 
hours required for the rate of conductivity to reach a predetermined 
level. 
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