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An experiment was conducted to investigate whether pork quality characteristics

could be improved by feeding supra-nutritional levels of vitamin E (as α-tocopheryl acetate)

to Berkshire x PIC and Hampshire x PIC finishing pigs.  Diets contained 0, 75, 150, 300 or

600 mg α-tocopheryl acetate/kg and were fed ad libitum for six weeks. Pigs were biopsied on

0, 21 and 42 d to evaluate potential pork quality.  After the six-week feeding period, pigs

were humanely slaughtered at a commercial facility and the right loin was taken from

previously biopsied pigs for pork quality measurements. Chops were packaged and placed in

refrigerated illuminated conditions and displayed for 0, 2, 4, 6 and 8 d.  Loin sections were

vacuum packaged, refrigerated and stored for 25, 35, 45 and 55 d.  Supplemental vitamin E

had no effect on improving average daily gain and tended to increase average daily feed

intake.  Average daily gain and gain:feed were greater for the Hampshire crosses and average

daily feed intake was greater for the Berkshire crosses over the six-week feeding period.

Supplemental vitamin E had no effect on carcass characteristics but there were differences

between the two genotypes with Berkshire crosses having greater back fat and a lower

percent yield, loin eye area, and lean percent.  Supplemental vitamin E had no effect on

biopsy fluid loss or pH.  Hampshire crosses had greater fluid loss measured on day 42 than

Berkshire crosses.    There was no effect of supplemental vitamin E on initial (taken 45 min

after slaughter) or ultimate (taken 24 hrs after slaughter) pH or temperature of the carcasses.

There were no differences between genotype for initial pH and initial or ultimate

temperature; however, ultimate pH was greater for Berkshire crosses.  Serum and tissue



vitamin E levels both increased with increasing levels of vitamin E in the diet and tissue

vitamin E levels were greater for Hampshire crosses.  Drip loss taken 24 hrs after slaughter

was not affected by supplemental vitamin E and was lower in Berkshire crosses.  However,

there was a tendency for increasing level of vitamin E to decrease drip loss for the display

chops of Hampshire crosses.  Drip loss for the vacuum packaged loin sections was not

affected by supplemental vitamin E and was lower in Berkshire crosses.  Minolta L* values,

taken 24 hours after slaughter, were not influenced by vitamin E.  There was a trend for

increasing levels of vitamin E to linearly increase a* and b* values.  Hampshire crosses had

greater a* values than Berkshire crosses, indicating redder meat.  Supplemental vitamin E

had no effect on any of the Minolta color values for the display chops or chops from the

vacuum packaged loin sections.  Berkshire crosses had lower L* and b* values and

Hampshire crosses had greater a* values for both the display chops and chops from the

vacuum packaged loin sections.  TBARS values measured for samples collected 24 hrs after

slaughter were not affected by supplementation of vitamin E but were greater for Hampshire

crosses.  TBARS values for Hampshire crosses were consistently greater over the display

period.  For day 4, 6, and 8, TBARS values decreased with increasing levels of vitamin E in

the diet. No differences were seen in 0 or 2 d samples.  TBARS values for Hampshire crosses

decreased linearly with increasing levels of vitamin E in the diet but no effects were seen for

Berkshire crosses.  TBARS for chops from vacuum packaged loin sections were not affected

by supplemental vitamin E and did not differ between genotype.
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Introduction

Pork quality is a major issue facing the U.S. pork industry today.  It is a challenge to

satisfy both the local and export market due to their differing demands.  Pale, soft and

exudative (PSE) pork has become a real problem to the industry when trying to meet the

demand for a quality product.  Smithfield Foods, a large swine processor in North Carolina,

reported that up to 40% of the hogs they process have PSE related problems during the

summer (Morgan et al., 1994).   Sonka et al. (1994) reported in the Pork Chain Quality Audit

that the total cost per pig from PSE related problems were $1.05, of which producers could

be losing $0.79 per pig.  Poor color and inadequate water holding capacity were identified as

the main quality concerns identified by all members of the pork marketing chain (Cannon et

al., 1995b).

Management, genetics and nutrition all have the potential to affect the quality of fresh

and stored meat.  Proper handling of pigs both on the farm and at slaughter has a large impact

on pork quality.  With the introduction of new, leaner genotypes the prevalence of stress

genes such as the Halothane Gene and the Napole Gene have increased in the industry

amplifying the problem of PSE pork in the industry.  Leaner, faster growing genotypes have

been implemented in production to answer American demand for a leaner, healthier product,

but at the same time have produced an even bigger challenge to meet the quality standards

and storage life for the export market.  The NPPC Terminal Line Genetic Evaluation (1995)

showed substantial differences in loin color and drip loss among breeds of pigs evaluated.

Vitamin E has shown to have potential to improve pork quality characteristics when fed at

supra-nutritional levels (levels higher than those recommended by the NRC).  Optimal level

of vitamin E may vary depending on the genetics used and on the amount and length of time
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fed prior to slaughter.  This literature review will look at several aspects of pork quality and

the potential of vitamin E to improve them.

Color

Consumers use the impression of color to judge quality of meat and thereby make

purchase decisions (Cassens et al., 1995).  There are three sources of color variation in meat:

(1) the content of pigment, which is dependent on species, breed, age, nutritional regimen,

sex, muscle, and marbling content; (2) the preslaughter period and the slaughter process itself

(which influences the rate of pH decline, the ultimate pH and the carcass chill rate); and (3)

during storage, distribution, and display, the processes of oxygenation and oxidation (Hunt et

al., 1991; Cassens et al., 1995).

In fresh meat, myoglobin occurs with hemoglobin (the blood oxygen carrier) and is

the most important pigment in terms of meat color. Hemoglobin is present in erythrocytes

and is mainly bled out at slaughter to a concentration between 12 and 30% in the final meat

(Rickansrud and Hendrickson, 1967).  Deoxymyogobin (or myoglobin, Fe++) (Mb),

oxymyoglobin, Fe++ (MbO2), and ferrimyoglobin (or metmyoglobin, Fe+++) (MetMb), are the

three forms of myoglobin that have similar chemistry except at the sixth coordination

position of the heme iron (Stryer, 1995).   In deoxymyoglobin, it is empty; in oxymyoglobin,

it is occupied by O2; in ferrimoglobin, it is occupied by water (Giddings, 1977).

Oxymyoglobin is the most important chemical form of myoglobin in fresh meat since it

represents the characteristic red color consumers desire (Lawrie, 1985).  Metmyoglobin is the

most undesirable pigment on meat surface, since meat is noticeably brown when 60% of

oxymyoglobin is in this form (Brooks, 1938).  Factors influencing metmyoglobin formation



4

rate include oxygen partial pressure (Ledward, 1970), temperature and light (Franke and

Solberg, 1971, Hood 1980), lipid oxidation (Greene and Price, 1975), and microflora

(Ockerman and Cahill, 1977).  Deoxymyoglobin is the purplish-red pigment of deep muscle

or of meat under vacuum.  On exposure to air, deoxymyoglobin combines with oxygen to

form oxymyoglobin, the cherry-red pigment, an oxygenation process referred to as blooming

(Kanner, 1994).

Pale meat or “white meat”, can result due to the relative absence of myoglobin, or

chemical change in pigment that occurs due to a rapid fall in pH exposing the sarcoplasmic

proteins, including myoglobin, to low pH conditions while post-mortem temperatures are still

high (Brooks, 1930).  In both cases the myoglobin is oxidized to metmyoglobin, which has a

low color density and causes the structure to be “open” and scatter light.  Myoglobin is

denatured at pH values below 5.  The rate of oxymyoglobin autoxidation also increases with

decreasing pH, causing the enzyme reduction of metmyoglobin to be far less effective at low

pH (Lawrie, 1985).

In general, muscles of low pH discolor more rapidly than those of high ultimate pH

(Ledward, 1984).  It has been shown (O’Keefe and Hood, 1980; Renerre, 1984) that the less

color stable muscles have the highest autoxidation rates and the highest oxygen consumption

rate (OCR) by O2 –utilizing enzymes.     A high oxygen consumption rate decreases MbO2

and favors MetMb formation at the surface; consequently beef muscles with high OCRs tend

to be less color-stable than those of low OCR (Ledward, 1985; Renerre and Labas, 1987;

Lanari and Cassens, 1991; Renerre et al., 1992; Madhavi and Carpenter, 1993). Renerre,

(1984), showed that Longissimus dorsi is one of the most color stable muscles in beef.
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pH

The pH of the muscle post-mortem plays a large role in pork quality.   The rate and

extent of post-mortem pH decline are two of the most important causes of variation in pork

technological quality (Briskey, 1964).  Both the rate and extent of the post-mortem pH

decline are influenced by intrinsic factors such as species, the type of muscle and variability

between animals and also by extrinsic factors such as the administration of drugs pre-

slaughter and the environmental temperature (Lawrie, 1985).  Measurements of muscle pH,

initial pH (pHi, 45 minutes post-mortem) and ultimate pH (pHu, 24 hours post-mortem),

which indicate the rate and extent of postmortem glycolysis respectively, are good indicators

of meat quality (Scheper, 1971; Hofmann, 1988).

Once the animal expires there is a shift from an aerobic environment to an anaerobic

environment in the cell.  Lactic acid is the product of anaerobic glycolysis.  As lactic acid

accumulates post-mortem the pH in the muscle declines (Hedrick et al., 1994). The sequence

of chemical steps by which glycogen is converted to lactic acid is essentially the same post-

mortem and in vivo when the oxygen supply may become temporarily inadequate for the

provision of energy in the muscle; but it proceeds further.  Except when exercise

immediately pre-slaughter has appreciably diminished the reserves of glycogen in muscle,

the conversion of glycogen to lactic acid will continue until a pH is reached where the

enzymes affecting the breakdown become inactivated (Lawrie, 1985).  In typical mammalian

muscles this pH is about 5.4-5.5 (Bate-Smith, 1948).   Because it is generally about 5.5,

which is the iso-electric point of many muscle proteins, including those of the myofibrils, the

water-holding capacity is lower than in vivo, even if there is no denaturation (Lawrie, 1985).
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As the pH declines below 6.1 the proteins in meat are more likely to be denatured (Lawrie,

1985; Warriss and Brown, 1987).

 It has been demonstrated that at pH below 6.1 the reflectance of the pork is adversely

impacted (Warriss and Brown, 1987). Ultimate pH of the meat also affects color of fresh

meat by keeping muscle proteins considerably above their iso-electric point.  This causes

much of the water in the muscle to be associated with them, and the fibers to be tightly

packed together presenting a barrier to diffusion.  As a result, the layer of bright red

oxymyoglobin becomes vanishingly small and the purplish-red color of myoglobin will

appear dark.  The meat will also appear dark because its surface will not scatter light to the

same extent as that of more “open” surface of meat of lower ultimate pH (Lawrie, 1985).

The effect of ultimate pH on meat color is limiting, but it is the rate and extent of pH fall pre-

rigor, post–mortem, that plays a more marked role (Hood, 1980 and Renerre, 1990).

Drip loss / Water Holding Capacity

Water holding capacity (WHC) is the ability of the muscle in it conversion to meat to

bind water.  Water lost as a result of the muscle inability to hold water is referred to as drip

loss, purge, or weep.  Muscle pH also has a large role in affecting WHC in that at their iso-

electric point myofibrilar proteins exhibit their minimum WHC.  Charges on proteins in

muscle create repulsion between proteins, which comprise the structure of muscle (Lawrie,

1985).  Repulsion results in spaces between protein in muscle and these spaces contain water

(Offer and Knight, 1988).  As a result, when the proteins lose their charge they no longer

repel one another which results in shrinkage of the sarcomere since the actin and myosin

reside closer to each other.  Shrinkage of sarcomeres results in water displacement from its
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intracellular position and this water can be lost more readily (Hedrick et al., 1994).

Denaturation of myosin has previously been shown to decrease the WHC of the pork

products due to the reduction in the size of the myosin head when it is denatured (Offer,

1991).  Drip loss is therefore higher in meat that attains a pH closer to its iso-electric point

(Kuo and Ockerman, 1984).

Temperature can influence enzyme activities and protein denaturation and can also be

a factor that can cause an increase in drip loss.  Temperature in post-mortem animals will rise

and this rise is greater in animals with higher glycolytic rates (van der Wal et al., 1993;

Hedrick et al., 1994).  Heat is produced in post-mortem animals via glycolysis (Hedrick et

al., 1994).  The combination of heat production and loss of dissipation capabilities results in

the temperature rise observed (0.2 C to 3 C) (van der Wal et al., 1993; Hedrick et al., 1994).

One way to alleviate the problems caused by the post-mortem temperature increase is

chilling the meat, but this too can cause an increase in drip loss if done too rapidly.  If the

meat is subjected to rapid freezing without proper chilling this will influence the water-

holding capacity since post-mortem glycolysis will still be proceeding in the muscles

(Lawrie, 1985).  If the muscle is frozen before the ATP level has fallen appreciably, there

will be a greatly enhanced ATP-ase activity on thawing which will cause marked shortening

and the exudation of excessive quantities of drip which may amount to 30-40 percent of the

muscle weight.  This is commonly referred to as “thaw-rigor” (Bendall and Marsh, 1951).
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Lipid Peroxidation

Malonaldhyde (MA), a product of in vivo and in vitro lipid peroxidation, has been

reported to be a mutagen and a carcinogen (Jacobson et al., 1983).  Some of the factors that

seem to affect lipid peroxidation in animal tissues after slaughtering include:  species,

anatomical location, diet, environmental temperature, sex and age, and phospholipid

composition and content (Gray and Pearson, 1987).   During processing, other factors affect

lipid peroxidation such as:  composition and freshness of raw meat components, cooking or

mincing, chopping, flaking, emulsification, deboning, and adding exogenous compounds

such as salt, nitrite, spices and antioxidants (Kanner, 1994). The thiobarbituric acid (TBA)

method, with its different variations, is the most widely used test for measuring the extent of

lipid peroxidation in muscle foods (Gray, 1978; Melton, 1983).  The basic principle of the

method is the reaction of malonaldehyde and TBA to form a red malonaldehyde-TBA

complex (Sinnhuber and Yu, 1958), which can be quantitated spectrophotometrically.

Draper et al. (1986) has shown that substances giving rise to malonaldehyde (malonaldehyde

equivalents (MAE)) are detectable in most meat as obtained commercially and prepared at

home. The level of MA equivalents in these meats increase with vitamin E deficiency

(Trostler et al., 1979), the length of storage of the meat (Newburg and Concon, 1980),

temperatures and method of cooking (Tims and Watts, 1958).  MA equivalents are not

primarily formed from depot fat but from the more highly unsaturated membrane lipids of the

tissue cells (Younathon and Watts, 1960).

The TBA method can be performed by (a) extracting the malonaldehyde from meat

by distillation (Tarladgis et al., 1960; Rhee, 1978; Ke et al., 1984), (b) directly heating the
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food sample with TBA followed by separation of the red pigment produced, (c) reacting the

extracted lipid portion with TBA (Pikul et al., 1983, 1989), and (d) extracting the

malonaldehyde with aqueous acidic solutions followed by reaction with TBA (Witte et al.,

1970; Salih et al., 1987).  All methods however have been criticized as being nonspecific and

insensitive for the detection of low levels of malonaldehyde (Hackett et al., 1988).  Other

TBA-reactive substances (TBARS) including sugars and other aldehydes could interfere with

the malonaldehyde-TBA reaction (Marcuse and Johansson, 1973).

Interest in MA metabolism stems from its formation as a product of lipid peroxidation

in the diet and in the tissues; its reactivity with functional groups of nucleic acid bases,

proteins and phospholipids; its mutagenicity in bacteria, and its reported skin and liver

carcinogenicity in animals (Draper et al., 1986).  Since MA is considered a carcinogen it is of

concern to human health.  Jacobson et al. (1983) found that when human subjects ingested

200 g of meat (beef, pork, or chicken), which had been cooked by microwave prior to

refrigeration, and contained 6-8 µg of MAE per gram of wet weight of meat, that urinary MA

level increased to 14 ± 2 µg/kg/day during the day it was consumed.

Vitamin E

Vitamin E has been shown to be essential for the integrity and optimum function of

reproductive, muscular, circulatory, nervous and immune systems (Hoekstra, 1975; Sheffy

and Schultz, 1979; McDowell, 1989).  Since plants only synthesize vitamin E, it is a very

important dietary nutrient for humans and animals (Labuza, 1971; Aruoma, 1991; Hess,

1993).  One of the most important roles of vitamin E is its role as an intercellular and

intracellular antioxidant.  A more broad definition of an antioxidant is “any substance that,
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when present at low concentrations compared with those of an oxidizable substrate,

significantly delays or inhibits oxidation of that substrate”.  Vitamin E (α-tocopherol)

functions as a free radical quencher in biological cells (Machlin, 1984); its localization within

the phospholipid bilayer of cell membranes provides a means of controlling lipid oxidation at

a likely initiation site (Hafeman & Hoekstra, 1977).  It has been shown that with higher

levels of unsaturated fatty acids in the diet, the requirement for vitamin E increases

(McDowell, 1989).

Structurally, the tocopherols and tocotrienols can be viewed as consisting of a

chroman head (with two rings: one phenolic and one heterocyclic) and a phytyl tail (Kamal-

Eldin and Appelqvist, 1996).  The four tocopherols have saturated tails and vary only in the

number of methyl substituents and the patterns of substitution in the phenolic ring.  The four

tocotrienols have chroman heads similar to those in their corresponding tocopherols but

contain three isolated double bonds in their phytyl tails.  While the tocopherols exist only as

free phenols, the tocotrienols can occur naturally in esterified forms (Combs,1992).

Tocopherols are present in oil seeds, leaves, and other green parts of higher plants.  α-

Tocopherol is present mainly in the chloroplasts of plant cells, while β-, γ-, and δ-

homologues are usually found outside these organelles (Hess, 1993).  In contrast, the

tocotrienols are not found in the green parts of the plants but, rather, in the bran and germ

fractions of certain seeds and cereals (Combs, 1992). The tocopherol content of foods is also

important to protect food lipids against autoxidation and, thereby, to increase their storage

life and their value as wholesome foods. It is generally agreed that the relative antioxidant

activity of the tocopherols in vivo is in the order α > β > γ > δ (Dillard et al., 1983; Burton

and Ingold, 1986; Burton and Traber, 1990).  The chemical structures of the tocopherols and
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tocotrienols support a hydrogen-donating power in the order α > β > γ > δ (Pokorny, 1987).

The decomposition of tocopherols was investigated in vegetable oils during accelerated

storage tests and α-tocopherol was found to be used up first, followed by β-, γ-, and then δ-

tocopherol (Kwi-Hyun and Igarashi, 1990).  When the reactivity of different tocopherols

toward singlet oxygen was compared, the relative effectiveness of α-, β-, γ-, and  δ-

tocopherols as singlet oxygen quenchers was 100:55:26:10, respectively (Grams and Eskins,

1972; Foote, 1979).  The quenching efficiency of the four tocopherols was, thus, in the

decreasing order α > β > γ > δ (Foote, 1979; Neely et al., 1988; Kaiser et al., 1990).

External factors have also been shown to affect the antioxidant and prooxidant effects

of tocopherols.  The antioxidant activity of the tocopherols was reported to be in the order α

> β > γ > δ under low-to-mild temperatures and in the reverse order at higher temperatures,

i.e., α < β < γ < δ (Lea and Ward, 1959; Kovats and Berndorfer-Kraszner, 1968).  Light has

also been shown to affect the photooxidative stability of stripped oils.  Warner (1993) studied

the effect of adding α-, β-, γ-, and δ-tocopherols in various ratios on the photooxidative

stability of stripped oils.  Oils with higher levels of α-tocopherol had the best light stability

but were the least stable after aging in the dark (60°C).  Another factor that determines

relative antioxidant potency is the nature of substrate or the medium in which activities were

compared.  The tocopherols were more effective in animal fats than vegetable oils (Cort,

1974).

When more than a single antioxidant is present in an oxidizing lipid system, their net

antioxidant effect is frequently more than the sum of their individual effects, a phenomenon

known as synergism.  There are several mechanisms by which synergism with the

tocopherols can be explained.  The first mechanism, which involves a tocopherol “sparing,”
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occurs when the tocopherol is present with another real antioxidant working by the same or

by a different mechanism.  Parkhurst et al. (1968) found that mixed tocopherols (α-, γ-, and

δ-) gave better protection to lard than any one alone and suggested some synergistic

interaction.  The second mechanism operates when the tocopherol is present together with

other substance(s) which is/are capable of “regenerating” it from its radical or oxidation

products (e.g., vitamin C or glutathione).  Ascorbic acid has been show to regenerate α-

tocopherol from its tocopheroxyl radical in vivo and in vitro and thereby restores its

antioxidant activity (Wefers and Sies, 1988; Packer et al., 1979; Leung et al., 1981; Lambelet

et al., 1985; Scarpa et al., 1984).  Glutathione is also capable of regenerating α-tocopherol

from its tocopheroxyl radical (Wefers and Sies, 1988).  Phosphatidylethanolamine also was

found to synergize α-tocopherol at high temperatures by regenerating it from α-

tocopherylquinone (Wang and Grodon, 1993).  The third mechanism by which many

synergists work is through “trace metal chelation.”  A fourth mechanism was proposed by

Kago and Terao (1995) in which the phospholipids enhance the antioxidant potency of the

tocopherols through a physical rather than chemical action.  They postulated that the

phospholipids form reverse micelles (or micro-emulsions) when dissolved in organic solvents

or bulk oils and that tocopherols are solublized and positioned in these micro-emulsions with

their active phenolic group near the polar region where proxy radicals will be concentrated.

Tissue absorption of vitamin E

Absorption of natural or synthetic vitamin E takes place in the small intestine.

Tocopheryl acetate is converted to tocopherol in the intestine before or duing absorption

(Ogihara et al., 1985).  The bulk of the tocopherol esters are hydrolyzed by mucosal esterases
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in the intestinal brush boarder (Gallo-Torres, 1980) and the remainder may be handled

intraluminally by duodenal esterases (Mathias et al., 1981).   Transport of α-tocopherol in

plasma is associated with lipoproteins.  The major part of total serum tocopherol may be

found in low-density lipoproteins (LDL) (McCormick et al., 1960).

Porcine tissue α-tocopherol levels have been found to respond to dietary α-

tocopheryl acetate (Jensen et al., 1988; Buckley et al., 1989).  Asghar et al. (1991a),

measured the levels of vitamin E isomers in tissues of pigs supplemented with all-rac-α-

tocopheryl acetate.  Only α-tocopherol was detected in adipose and muscle tissues as well as

in the subcellular fractions of the muscle.  No detectable peaks were detected that

corresponded with γ or δ isomers.  At the subcellular level, α-tocopherol was present in the

greatest amount in the mitochondria, followed by the microsomes.  In these subcellular

components, the deposition of α-tocopherol increased linearly with the level of vitamin E

supplementaion in the diet (Diplock and Lucy, 1973).  Various tissues have been found to

respond differently to supplementation of α-tocopherol in the diet.  Tissue α-tocopherol

concentration has been shown to increase in the order:  muscle <kidney < lung < heart < liver

(Monahan et al., 1990; Asghar et al., 1991a).  Levels of α-tocopherol have been shown to

differ in muscles according to their metabolic activity.  Content of α-tocopherol differs

significantly between mitochondria of red and white muscles (Yamauchi et al., 1984).

O’Sullivan et al. (1997) found that muscles of the thoracic limb contained the highest levels

of α-tocopherol followed by the muscles of the neck, thorax, pelvic limb and back.  They

also analyzed α-tocopherol content in the M. longissimus dorsi muscle in three positions and

found that the section nearest to the posterior of the animal had the highest levels of α-

tocopherol.  Arnold et al. (1993) reported that α-tocopherol accumulation differs among
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major muscles within a carcass according to the following ranking:  gluteus medius >

semimembranosus > longissimus.  The deposition of α-tocopherol in the longissimus dorsi

muscle has been shown to be dependent on the concentration of vitamin E in the feed

(Asghar et al., 1991b).

Vitamin E effects on color

The rate of discoloration of meat is believed to be related to the enzymatic reducing

systems and the effectiveness of the oxidative process in controlling metmyoglobin levels

(Faustman and Cassens, 1990).  Supplementation with α-tocopheryl acetate in the diet has

been shown to effectively control lipid oxidation and accumulation of metmyoglobin in beef

(Liu et al., 1995).  Studies investigating α-tocopheryl acetate supplementation to swine diets

have shown mixed results.  Houben et al. (1998) reported no improvement in overall color

stability or stability of the red component of minced pork.  Since their results showed an

improvement in oxidative stability they had no explanation for the lack of improvements in

color.  Hoving-Bolink et al. (1998) showed improvements in red color values at day six of

storage for fresh longissimus thoracis and lumborum (LL) but did not consider this a

meaningful effect being that meat is sold by that time in the Netherlands.  The authors

suggested that the relatively high storage temperature (7°C) that was used to simulate

suboptimal storage conditions of retail markets in the Netherlands might have affected their

results.  Also, Dutch swine diets contain lower levels of unsaturated fatty acids when

compared to the corn SBM diets of other studies that have seen different results.  O’Sullivan

et al. (1997) reported improvements in the stability of Hunter ‘a’ values of both M.

longissimus dorsi and M. gluteobiceps.  Metmyoglobin formation occurred at a greater rate
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in muscles from the basal group compared with the group supplemented with 160 mg α-

tocopherol/kg.  Monahan et al. (1994a) reported improvements in the stability of Hunter ‘a’

values of loin chops from pigs fed 200 mg α-tocopheryl acetate/kg after eight days of

display.  These authors attributed benefits in color stability to a reduction in metmyoglobin

formation. They also found TBARS values to be significantly correlated with changes in

Hunter ‘a’ values for all dietary treatments.  However, some samples had low Hunter ‘a’

values at low TBAR values which suggests that oxidation of myoglobin may proceed lipid

oxidation.  Harel and Kanner (1985) suggested that metmyoglobin formed initially could

react with endogenously produced H2O2 to form H2O2-activated metmyoglobin, which in

turn could catalyze lipid oxidation.    Zanardi et al. (1998) reported that the rate of brown

pigment formation in chops from pigs supplemented with 100 and 200 ppm vitamin E packed

under protective atmosphere was associated with a lower rate of metmyoglobin formation.

Zanardi et al. (1999) reported that the meat from pigs supplemented with 200 ppm vitamin E

was associated with a lower rate of brown metmyoglobin formation.  Asghar et al. (1991b)

reported improved stability in Hunter ‘a’ values for pork chops from pigs supplemented with

α-tocopheryl acetate during the first six days of storage. Table 1 provides a summary of

results from studies that have evaluated the effects of dietary supplementation of vitamin E

on pork color values.

Variation among results of these studies can be attributed to a number of factors such

as differences in genetics, diet composition, feeding duration, storage conditions and times of

slaughter.   Most of the studies reported used Landrace, Yorkshire or Large Whites pigs or

various crosses among these genetics.  The National Genetic Evaluation Program Terminal

Sire Line Program, 1995, reported both Large Whites and Yorkshire sired pigs as having
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superior ranking for loin Hunter L score and for subjective loin color score (1-5 scale), than

Hampshire sired pigs but they did not significantly differ from the other breeds evaluated.
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Table 1.  Effects of supplementation of vitamin E on pork color values.

Source/Feeding
time/Genetics

Musclea Storage
conditions/time

Dietary Level Color value Result

No
Effect

Improved

Asghar et al., 1991a
14 weeks
No genotype specified

LD Vacuum packaged
loin sections were
stored at -20°C for
3 months.  Chops
were cut and
displayed at 4°C
for 3, 6 and 10
days.

100 IU/kg
200 IU/kg

Hunter L

Hunter a

Hunter b No
Effect

No
Effect

No
Effect

Cannon et al., 1996
84 days
No genotype specified

LD Vacuum packaged
loin sections were
stored at 2°C for 0,
14, 28 and 56 days.
Chops were
displayed a 2-4°C
for 1, 3, and 5
days.

100 mg/kg Hunter L

Hunter a

Hunter b
No
Effect

Slight
Improvement
No
Effect

Dirinck et al., 1996
10 to 11 weeks
Danis

LD Loin chops
displayed at 4°C
for 2, 4, 5, 6, 7 and
8 days.

200 mg/kg CIE L*

CIE a*

CIE b* Not
Measured
No
Effect
Improved

Houben and Gerris,
1998
12 weeks
GY x (FL x NL)

Ham Pasteurized and
stored at 7°C for
one day under
vacuum (VAC) or
low modified
atmosphere packs
(FOG).

200 IU/kg L* (VAC)

a* (VAC)

b* (VAC) Improved

No
Effect

No
Effect

Houben et al., 1998
12 weeks
GY x (FL x NL)

Shoulder Minced pork,
displayed at 7°C
for 0, 3, 6, and 10
days

200 IU/kg CIELAB L*

CIELAB a*

CIELAB b*
No
Effect
No
Effect

Improved
(LL)
 No
Effect(PM)

Hoving-Bolink et al.,
1998
84 days
Landrace x Dutch
Landrace

LL and
PM

Fresh pork stored
at 7°C for 0, 3 and
6 days

200 mg/kg CIELAB L*

CIELAB a*

CIELAB b*
No
Effect
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Not
Measured

No
Effect

Jensen et al., 1997
50 kg – 90 kg
Danish Landrace

LP and
PM

Displayed at 4°C
for 6 days.

100 mg/kg
200 mg/kg
700 mg/kg

Minolta L*

Minolta a*

Minolta b*
Not
Measured
No
Effect

No
Effect

Jensen et al., 1998
Danish Landrace x
Danish Yorkshire

LD Displayed at 4°C
for 0, 2, 4, 5 and 8
days.

100 mg/kg
200 mg/kg
CuSO4 (0, 35,
175 mg/kg)
Rapeseed oil (0
and 6%)

Minolta L*

Minolta a*

Minolta b*
No
Effect

Not
Measured
Improved

Monahan et al., 1994a
30 kg – 98 kg
Yorkshire x Landrace

LD Vacuum packaged
loin sections were
stored at -20°C for
4 months.  Chops
were displayed at
4°C for 0, 2, 4, 6
and 8 days

100 mg/kg
200 mg/kg
3% Fresh or
oxidized corn
oil.

Hunter L

Hunter a

Hunter b Not
Measured
Not
Measured
Improved

O'Sullivan et al., 1998
130 days
No genotype specified

LD and
MG

Vacuum packaged
loin sections were
stored at -20°C for
6 months.  Chops
were displayed at
4°C for 7 days

160 mg/kg Hunter L

Hunter a

Hunter b Not
Measured
No
Effect
No
Effect
No
Effect

Zanardi et al., 1998
6 months
Large Whites

LD
(LL and
LT)

Loins were stored
in a cold room for
a week and then
cut into 1.5 cm
chops.

100 ppm
200 ppm
0 or 6%
sunflower oil
0, 35 or 175
ppm copper

Visual color
scale
Minolta L*

Minolta a*

Minolta b* No
Effect
No
Effect
No
Effect
No
Effect

Zanardi et al., 1999
6 months
Large Whites

LD and
Ham

Loins were stored
in a cold room for
5 days.  Green and
mature hams

100 ppm
200 ppm
0 or 6%
sunflower oil
0, 35 or 175
ppm copper

Visual color
scale
Minolta L*

Minolta a*

Minolta b* No
Effect

a.  LD = Longissimus dorsi
     LL = Longissimus lumborum
     PM = Psoas major
     MG = M. gluteobiceps
     LT = Longissimus thoracis
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Vitamin E effects on drip loss / WHC

Although the exact mechanism of how vitamin E affects drip loss is not known,

several possible explanations have been suggested.   Asghar et al. (1991b) reported a

reduction in drip loss from frozen pork chops of pigs that were fed diets supplemented with

α-tocopheryl acetate.   One possible mechanism is that α-tocopherol may protect the

integrity of cellular membranes from freeze injury to avoid increase in permeability and

increased fluid leakage.  It has also been shown that α-tocopherol can protect cellular

membranes from phospholipases that remove the fatty acid moiety from phospholipid

molecules (Erin et al., 1986).  The fluidity of cellular membranes that can otherwise be

adversely affected by oxidative changes in phospholipids could be protected by α-

tocopherol.  Cheah et al. (1995) studied the effect of supplementing vitamin E on reducing

drip loss from Landrace x Large White, normal (NN) and those carring the Halothane gene

(Nn) and the incidence of PSE carcasses in Landrace (NN and nn), Landrace x Large White

(NN and Nn) and Pietrain (nn) pigs.  Their results showed that daily supplementation of 500

mg vitamin E/kg could reduce drip loss in unfrozen longissimus thoracis (LT) by 45% in Nn

and 54% in NN pigs.  In addition, they used a shot biopsy procedure to identify Nn pigs after

which they were supplemented with 1000 mg vitamin E/kg for 46 days.  They reported that

supplementation could transform carcasses with a potential for PSE pork to normal.  They

also reported that supplementation of 200 mg vitamin E/kg for 130 days had positive effects

on the erythrocyte fragility and LT mitochondrial phospholipase A2 activity of Pietrain (nn)

pigs when compared to untreated Pietrain (nn) and British Landrace (NN and nn) pigs and

approached levels found in normal British Landrace.  This is supported by data in rats where

vitamin E has been reported to inhibit the activity of partially purified phosholipase A2 of rat
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platelet in vivo and in vitro (Douglas et al., 1986).  Lauridsen et al. (1999) reported that the

water holding capacity of the longissimus dorsi (LD) and psoas (PM) was improved with the

addition of supplemental vitamin E in the diet.  Kerry et al. (1998) studied the effect of

endogenous and exogenous supplementation of vitamin E and reported lower cooking loss

from loin samples from control pigs and pigs fed a diet supplemented with α-tocopheryl

acetate when compared to those exogenously supplemented with soya oil and vitamin E and

soya oil.  Data from studies supplementing vitamin E to improve drip loss are summarized in

Table 2.

Several factors can contribute to some of the variation in the results of these studies

such as differences in genetics, diet composition, feeding duration, storage conditions and

times.  van Laack and Spencer (1999) suggested that the fatty acid composition of the

membrane phospholipids might influence whether the oxidative state of the muscle alters

water-binding capacity.  The composition of membrane lipids can be altered by the addition

of unsaturated oils to the diet, which would change the fatty acid profile of the animal,

favoring polyunsaturated fatty acids (PUFA).  Differences in genetics used in these studies

(which specified the breed or breeds used) may contribute to the variation in results.   Large

White and Yorkshire were two breeds used in some of the studies that were evaluated by the

National Genetic Evaluation Program terminal Sire Line Evaluation Program (1995).  Large

White pigs and Yorkshire sired pigs were reported to have significantly more loin drip loss

than Berkshire sired pigs but less drip loss than those pig sired by Hampshire or Hampshire

cross boars.
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Table 2.  Effects of supplementation of vitamin E on drip loss from pork.
Source/Feeding
time/Genetics

Musclea Storage conditions/time Dietary Level Result

Asghar er al., 1991a
14 weeks
No genotype specified

LD Vacuum packaged loin
sections were stored at -20C
for 3 months.  Chops were cut
and displayed at 4°C for 3, 6
and 10 days.

100 IU/kg
200 IU/kg

Reduced

Cannon et al., 1996
84 days
No genotype specified

LD Vacuum packaged loin
sections were stored at 2°C
for 0, 14, 28 and 56 days.
Chops were displayed a 2-4°C
for 1, 3, and 5 days.

100 mg/kg No
Effect

Experiment1:
500 mg/kg

ReducedCheah et al., 1995
46 days
British Landrace (NN
and nn)
Landrace x Large White
(NN and Nn)
Pietrain (nn)

LT LT samples were hung for 24
hours post-mortem and for 48
hours in polythene bags.

Experiment2:
200 mg/kg
1000 mg/kg

Reduced

Dirinck et al., 1996
10 to 11 weeks
Danis

LD Loin chops displayed at 4°C
for 2, 4, 5, 6, 7 and 8 days

200 mg/kg No
Effect

Houben and Gerris, 1998
12 weeks
GY x (FL x NL)

Ham Pasturized and stored at 7°C
for one day.

200 IU/kg No
Effect

Hoving-Bolink et al.,
1998
84 days
Landrace x Dutch
Landrace

LL and
PM

Fresh pork stored at 7°C for 0,
3 and 6 days

200 mg/kg No
Effect

Jensen et al ., 1997
50 kg - 90 kg
Danish Landrace

LP and
PM

Displayed at 4°C for 6 days. 100 mg/kg
200 mg/kg
700 mg/kg

No
Effect

Jensen et al., 1998
Danish Landrace x
Danish Yorkshire

LD Displayed at 4°C for 0, 2, 4, 5
and 8 days.

100 mg/kg
200 mg/kg
CuSO4 (0, 35,
175 mg/kg)
Rapeseed oil (0
and 6%)

No
Effect

Kerry et al., 1998
70 days
Large Whites

LD Cooked samples were
displayed at 4°C for eight
days.  Cooked vacuum
packaged samples were stored
under the same conditions for
8 days or 8 weeks.

500 mg/kg
0 or 5% soya oil

Reduced

a.  LD = Longissimus dorsi
     LL = Longissimus lumborum
     PM = Psoas major

          LT = Longissimus thoracis
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Vitamin E effects on pH

Results from studies conducted to evaluate the effect of supplementation of vitamin E

on pork pH, both initial and ultimate, usually show no benefits.  Lauridsen et al. (1999)

however showed an improvement in ultimate pH (taken 24 hours post-mortem in meat) from

pig fed 200 mg dl-α-tocopheryl acetate (pH = 5.7) compared with the group supplemented

with 100 mg dl-α-tocopheryl acetate (pH = 5.5) and controls.  Table 3 summarizes the results

of studies that measured the effects of supplementation of vitamin E on the pH of pork.

Table 3.  Effects of supplementation of vitamin E on pH of pork.
Source/Feeding
time/Genetics

Musclea Storage conditions/time Dietary Level Result

Lauridsen et al., 1999
25 to 100 kg
No genotype specified

LD Fresh meat. 100 mg/kg
200 mg/kg
0, 35 or 175 mg
copper
0 or 6%
rapeseed oil.

Increased

Hoving-Bolink et al.,
1998
84 days
Landrace x Dutch
Landrace

LL and
PM

Fresh pork stored at 7°C for 0,
3 and 6 days

200 mg/kg No
Effect

Zanardi et al., 1998
6 months
Large Whites

LD
(LL and
LT)

Loins were stored in a cold
room for a week and then cut
into 1.5 cm chops.

100 ppm
200 ppm
0 or 6%
sunflower oil
0, 35 or 175 ppm
copper

No
Effect

Zanardi et al., 1999
6 months
Large Whites

LD and
Ham

Loins were stored in a cold
room for 5 days.  Green and
mature hams

100 ppm
200 ppm
0 or 6%
sunflower oil
0, 35 or 175 ppm
copper

No
Effect

a.  LD = Longissimus dorsi
     LL = Longissimus lumborum
     PM = Psoas major

                   LT = Longissimus thoracis
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Vitamin E effects on lipid peroxidation and palatability

Vitamin E has repeatedly been shown to be very effective in reducing lipid oxidation

in pork as measured by thiobarbituric acid reactive substances (TBARS).  According to Frigg

(1992), a concentration of 0.2 mg malonaldehyde/kg meat is a concentration at which the

first signs of rancidity become apparent.  Houben et al. (1998) reported that vitamin E

supplemented pork had TBARS values lower than 0.2 mg malonaldehyde/kg meat when

compared to controls, demonstrating the powerful anti-oxidant effect of vitamin E.  Many

studies have shown that vitamin E can improve oxidative stability with increasing length of

display.   Hoving-Bolink et al. (1998) reported improvements in lipid oxidation on day three

and six of storage when compared to controls.  Similar results were reported by O’Sullivan et

al. (1998) who reported increases in oxidative stability in pork from pigs supplemented with

160 mg vitamin E/kg after three days under fluorescent light at 4°C. Pfalzgraf et al. (1995)

reported an increase in oxidative stability in pork from pigs supplemented with 200 mg

vitamin E/kg after seven days of storage at 4°C.  Cannon et al. (1996) observed

improvements in TBARS in pork from pigs supplemented with 100 mg α-tocopherol acetate

after three and five days of display.  Kerry et al. (1998) observed lower TBARS values from

supplemented chops after 0, 2 and 4 days of display but no significant differences were

observed on days six and eight.  Ashgar et al. (1991a) reported lower TBARS values in pork

from pigs fed 100 and 200 mg α-tocopherol acetate/kg than controls over a ten-day storage

period and consistently no differences in TBARS values in pork supplemented with 200

mg/kg than those supplemented 100 mg α-tocopherol acetate/kg.    Monahan et al. (1994a)

reported increased stability in both fresh pork and chops frozen for four months and

subsequently displayed for 2, 4, 6 and 8 days in refrigerated storage when pigs had been



24

supplemented with vitamin E.  The authors suggested that α-tocopherol could preserve the

integrity of muscle cell membranes by preventing the oxidation of membranal phospholipids

during storage.  Jensen et al. (1997) reported that pigs fed 200 and 700 mg α-tocopherol

acetate had significantly decreased TBARS development during chill storage and a similar

relationship was seen with cooked pork.  Dirinck et al. (1996) and Lauridsen et al. (1999)

observed a reduction in iron induced lipid oxidation of the longissimus dorsi from pigs

supplemented with 100 mg and 200 mg α-tocopherol acetate/kg.  Results of studies that have

evaluated the potential benefits of vitamin E on oxidative stability of pork are summarized in

Table 4.

From the results of these studies it is clear that vitamin E has been shown to improve

the oxidative stability of fresh pork and pork stored for short periods of time.  This implies

that vitamin E can improve the oxidative stability of pork for the domestic market.  However

there are no data available on the potential benefits of vitamin E for pork destined for the

export market requiring prolonged storage.  With increasing pork exports, vitamin E could be

used to improve the oxidative stability of fresh vacuum packaged pork during transport.
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Table 4.  Effects of supplementation of vitamin E on lipid oxidation (as measured by
   TBARS values) of pork.

Source/Feeding
time/Genetics

Musclea Storage conditions/time Dietary Level Result

Asghar et al., 1991a
14 weeks
No genetics specified

LD Vacuum package loin sections
were stored at -20°C for 3
months.  Chops were cut and
displayed at 4°C for 3, 6 and
10 days.

100 IU/kg
200 IU/kg

Reduced

Cannon et al., 1996
84 days
No genetics specified

LD Vacuum package loin sections
were stored at 2°C for 0, 14,
28 and 56 days. Chops were
displayed a 2-4°C for 1, 3, and
5 days.

100 mg/kg Reduced

Dirinck et al., 1996
10 to 11 weeks
Danis

LD Loin chops displayed at 4°C
for 2, 4, 5, 6, 7 and 8 days

200 mg/kg Reduced

Houben et al., 1998
12 weeks
GY x (FL x NL)

Shoulder Minced pork, displayed at 7°C
for 0, 3, 6, and 10 days

200 IU/kg Reduced

Hoving-Bolink et al.,
1998
84 days
Landrace x Dutch
Landrace

LL and
PM

Fresh pork stored at 7°C for 0,
3 and 6 days

200 mg/kg Reduced (LL)

Jensen et al., 1997
50 kg – 90 kg
Danish Landrace

LP and
PM

Displayed at 4°C for 6 days. 100 mg/kg
200 mg/kg
700 mg/kg

Reduced
(200 and 700
mg/kg)

Jensen et al., 1998
Danish Landrace x
Danish Yorkshirec

LD Displayed at 4°C for 0, 2, 4, 5
and 8 days.

100 mg/kg
200 mg/kg
CuSO4 (0, 35,
175 mg/kg)
Rapeseed oil (0
and 6%)

Reduced

Kerry et al., 1998
70 days
Large Whites

LD Cooked samples were
displayed at 4°C for eight
days.  Cooked vacuum
packaged samples were stored
under the same conditions for
8 days or 8 weeks.

500 mg/kg
0 or 5% soya oil

Reduced

Lauridsen et al., 1999
25 to 100 kg
No specific genetics

LD Fresh meat. 100 mg/kg
200 mg/kg
0, 35 or 175 mg
copper
0 or 6%
rapeseed oil.

Reduced

Monahan et al., 1994a
30 kg – 98 kg
Yorkshire x Landrace

LD Vacuum packaged loin
sections were stored at -20°C
for 4 months.  Chops were
displayed at 4°C for 0, 2, 4, 6
and 8 days

100 mg/kg
200 mg/kg
3% Fresh or
oxidized corn
oil.

Reduced
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O'Sullivan et al., 1997
130 days
No genetics specified

LD and
MG

Vacuum packaged loin
sections were stored at -20°C
for 6 months.  Chops were
displayed at 4°C for 7 days

160 mg/kg Reduced

Pfalzgraf et al., 1995
30 kg – 95 kg
Federal German hybrid
breeding program
(BHZP)

LD Chops were displayed for 2, 5,
7, 9, and 14 days after which
one slice of each chop was
vacuum packaged and stored
at -24°C for no more than 3
months.

200 mg/kg Reduced

Zanardi et al., 1998
6 months
Large Whites

LD
(LL and
LT)

Loins were stored in a cold
room for a week and then cut
into 1.5 cm chops.

100 ppm
200 ppm
0 or 6%
sunflower oil
0, 35 or 175 ppm
copper

No
Effect

a.  LD = Longissimus dorsi
     LL = Longissimus lumborum
     PM = Psoas major
     MG = M. gluteobiceps

          LT = Longissimus thoracis
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Introduction

Meat quality has become more important to the pork industry as it faces the challenge

of improving its domestic market and attempts to increase its presence in the global market.

The challenge comes when trying to provide a product to satisfy the differing demands of

both markets for visual and sensory characteristics.  Poor color and inadequate water holding

capacity were the main quality concerns identified by all members of the pork marketing

chain (Cannon et al., 1995b).  Many factors affect the quality of meat such as genetics, on

farm handling, slaughter techniques and nutrition.  Dietary supplementation with vitamin E is

one possible way to improve meat quality.

Vitamin E is a very potent fat-soluble antioxidant that incorporates into the cell

membrane where it acts as a “chain-breaking” antioxidant to protect the phospholipid by-

layer and improve stability of the cell.  Levels of α-tocopherol in pig tissues have been

shown to respond to dietary α-tocopheryl supplementation (Jensen et al., 1988; Buckley et

al., 1989; Ashgar et al., 1991).  Supplementation of vitamin E in swine diets has been

demonstrated to decrease lipid oxidation, decrease drip loss, and improve color (Asghar et

al., 1991; Monahan et al., 1990ab, 1992; Cannon et al., 1996).  Results for lipid oxidation are

much more consistent than for color or drip loss.

The objectives of this study were to evaluate the effects of supplementation of α-

tocopheryl acetate to diets of Berkshire crosses and Hampshire crosses on color, drip loss,

and TBARS (lipid oxidation) of display chops and vacuum packaged loin sections.  Meat

storage times for this trial (0, 2, 4, 6 and 8 days display and 25, 35, 45 and 55 day vacuum

storage) were designed to evaluate potential improvements in product for both domestic and
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export markets.  The following chapter will discuss results from this trial and its implications

for the domestic and export markets.
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Materials and Method

Animals and Diets

Berkshire x PIC and Hampshire x PIC barrows and gilts (n=240; initial BW=87kg)

were blocked by weight and sex and randomly assigned within block to one of twenty

treatments (8 pens per treatment, 3 pigs per pen) in a 2 x 2 x 5 factorial design.  Factors

included genotype, (Berkshire crosses or Hampshire crosses), gender (barrows and gilts), and

level of vitamin E, (0, 75, 150, 300 and 600 mg α-tocopheryl acetate/kg feed).  Pigs were

housed at the North Carolina State University Swine Evaluation Station, Clayton, NC.  Pens

were solid floor design with 1.86 m2 per pig.  The basal diet was a corn and SBM diet that

contained 2.5% added fat, 0.83% lysine and 15 mg/kg of vitamin E per kilogram feed.

Vitamin E analysis of the feed showed levels of vitamin E to be one-half to two-thirds of the

amount expected (Table 1).  Stability of tocopheryl acetate premix stored at ambient

temperature for 4 weeks has been reported to be approximately 93% (Coelho, 1996).  Feed

samples were stored in refrigerated storage for approximately 6 months.  Diets were fed ad

libitum for 6 weeks.  Pigs were weighed every three weeks and feed intake was determined

on d 0, 21 and 42.

Sampling

Blood samples were taken from the jugular vein of one pig (the same pig each time)

per pen every three weeks. Blood was centrifuged at 2,000 g, and serum was collected and

stored at -7°C until it was analyzed for vitamin E.  Potential water holding capacity (WHC)

was evaluated using the procedure of Cheah et al. (1993) on biopsy samples collected from
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the Longissimus dorsi on day 0, 21, and 42 of the 6-week feeding period.  After the six-week

feeding period pigs were slaughtered by replicate at a commercial slaughter facility.

Meat Quality

Carcass weights (head on), temperature (using a Traceable Thermometer) and pH

(using a NWK binary pH-K21 Hand Probe) were taken 45 minutes after slaughter.

Temperature and pH were measured on the right ham.  After 24 hours the right loin was

collected from each pig and used for muscle quality analysis.  Each loin (n=80) was deboned,

trimmed and cut into five sections, of which four were placed in oxygen impermeable bags

(Cryovac, product # 9DE19) and vacuum packaged (Multi-vac) under 27 inches of vacuum.

The sections were assigned from anterior (neck) to posterior (rear), with section 1 (anterior),

2, 4, and 5 being assigned to storage times of 25, 35, 45 or 55 days in refrigerated storage at

1°C.   The third section was cut into five chops for pork quality measurements.  One chop

was vacuum packaged (Multi-vac) to represent a day zero chop.  The other chops were

placed onto polystyrene trays (Cryovac, 6S) with pre-weighed absorbent Dri-Lock Pads

(Cryovac) covered with oxygen permeable polyethylene overwrap and displayed for 2, 4, 6

and 8 days in refrigerated storage with 24 hour illumination at 1°C.

One chop was allowed to bloom for 10-15 minutes at which time day zero drip loss

was determined using the filter paper method of Kauffman et al. (1986).  A piece of filter

paper (4.5 cm in diameter; S&S filter paper, Keene, NH) was placed on the chop and drip

loss was determined from the difference in dry and wet filter paper weight. The same chop

from each loin was used to take loin eye tracings (using acetate paper), temperature (using a

Traceable Thermometer), pH (using a NWK binary pH-K21 Hand Probe; Landeburg,

Germany), and color (Minolta Chroma Meter CR-300).  The chromameter was set to D65
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illuminant, a 2 degree standard observer, using an 8 mm optical port with glass insert and

calibrated with Minolta’s white standard color plate.

Color was measured using a Minota Chroma Meter CR-300, on display chops after

days 2, 4, 6 and 8 of storage.  Color was averaged over three measurements on each chop.

Drip loss was taken at this time by using the difference in weight of the dry and wet

absorbent pad, the final weight of the chop and expressing it as a percent of chop weight.

After measurements were taken, chops were placed into oxygen impermeable bags (Cryovac,

product # 94930), vacuum packaged (Multi-vac) under 27 inches of vacuum and frozen at -

20°C until further analysis.

After storage for 25, 35, 45 and 55 days, each of the packaged loin sections were

weighed as a whole, the packages were opened and drained, the bag and loin sections were

dried of any excess moisture with a paper towel and weighed separately. Drip loss was

expressed as a percent of loin section weight.  A chop was cut from the center of each loin

section and allowed to bloom for 20 minutes before color measurements were taken as

described previously.  Each chop was then placed in oxygen impermeable bags (Cryovac,

product # 94930), vacuum packaged (Multi-vac) under 27 inches of vacuum and stored at -

20°C until further analysis.

TBARS

TBARS were performed on chops taken at 0, 2, 4, 6, 8, 25, 35, 45 and 55 days of

storage.  Samples were removed from the -20°C freezer and thawed overnight in refrigerated

storage.  Excess fat was removed and samples were ground twice using an Oster Heavy Duty

Food Grinder.  Two grams of sample was homogenized in an Omni mixer for 10 seconds
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with 8 milliliters of 50 mM phosphate buffer.  Phosphate buffer (pH=7) was prepared by

using 50 mM Na2HPO4, 50 mM NaH2PO4, 0.1% EDTA (Fisher Scientific, Fair Lawn, NJ,

USA) and 0.1% propyl gallate (Sigma, St. Louis, MO, USA).  Two milliliters of a 30%

Trichloroacetic acid (TCA; Fisher Scientific) mixture was added to the sample and

homogenized for 20 seconds.  Homogenates were filtered using filter paper (#P8, Fisher

Scientific) into beakers.  Two milliliters of the clear supernatant was mixed with 2 milliliters

of 2-thiobarbituric acid (TBA; Sigma) vortexed and incubated in a boiling water bath for 20

minutes. Samples were cooled immediately in an ice bath.  Absorbance of samples was read

at 533 nm using a spectrophotometer (Beckman model, DU640).  A TEP stock solution was

made with 1, 1, 3, 3 tetraethoxypropane (TEP; Sigma) 4.046x10-5M and standards were made

at concentrations of 40 x 10-7, 20 x 10-7, 10 x 10-6, 8 x 10-7, 4 x 10-7 and 2 x 10-7M.

Vitamin E

Serum and tissue vitamin E concentrations were determined using HPLC, which was

comprised of a Waters In-line Degasser, Waters 600 Controller, Waters 717plus Autosampler

(20µl loop), and Waters 996 Photodiode Array Detector.  The column used was a Ultremex 3

silica (75 x 4.6 mm micron) column with a Ultremex 3 silica guard column (30 x 4.6 mm

micron) from Phenomenex (Torrance, CA).  Flow rate was 1.5 ml/min with an attenuation of

6 minutes. Mobile phase was prepared by adding 1,500 milliliters of IsoOctane HPLC Grade,

(Fisher), to a 2,000 milliter volumetric flask, adding 30 milliliters of Tetrahydrofuran HPLC

Grade (Fisher) and bring to volume with IsoOcatane, HPLC Grade (Fisher).  The solution

was then filtered using a vacuum pump.  Standards were prepared, at concentrations of 100,



44

50, 25, 12.5 and 6.25 µg α-tocopherol/ml IsoOcatane using a stock solution (Sigma), which

contained 67% α-tocopherol.

Serum collected on day 0, 21 and 42 was analyzed for vitamin E using a procedure

modified from Bieri et al. (1979).  Samples were thawed and 0.5 mL of sample was pipeted

into a 13 x 100 mm tube (kept on ice in minimal light) and mixed with 4 mL of 1% L-

Ascorbic Acid (Fisher) in absolute ethanol (200 proof) (AAPER Alcohol and Chemical Co.,

Shelbyville, KY, USA).  Samples were vortexed and 2.0 milliters of hexane, HPLC Grade,

(Fisher) was added and samples were vortexed for one minute.  Tubes were centrifuged at

15°C for 10 minutes at 830 g.  Hexane layers were transferred to a clean 10 x 75 mm test

tube, kept on ice and protected from light between extractions.  Another two mL of hexane,

was added to the samples and they were vortexed for two minutes.  Again the samples were

centrifuged at 15°C for 5 minutes at 830 g.  Hexane layers were transferred and combined

with the first hexane layer.  Tubes were dried under a stream of pure nitrogen.  IsoOctane

HPLC Grade (0.125 ml) was used to dissolve the samples to be analyzed using HPLC.

Tissue samples were analyzed for vitamin E concentrations in samples collected on

days 0, 8 and 55 of storage using a modified procedure of Zaspel and Saari Csallany et al.

(1983).  Excess fat was removed from the chop, which was then ground twice using an Oster

Heavy Duty Food Grinder.  Tissue (0.5 g) was placed into a 16 x 150 mm tube to which 5.0

mL of 1% ascorbic acid in absolute ethanol was added.  Samples were homogenized for one

minute using the Polytron Explosion Proof Homogenizer.  The remainder of the procedure

was the same as that described for serum except samples were dissolved in one mL of Iso-

Ocatane before HPLC analysis.
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Statistical Analysis

Data were analyzed as a randomized complete block design with a 2 x 2 x 5 factorial

arrangement of 20 treatments using the general linear models (GLM) procedures of SAS

(1988).  The model for growth performance, biopsy data, carcass data, and day 0 quality

measurements included sex, genotype and vitamin E. For growth performance traits starting

weight was included as a covariate to adjust for weight differences at the beginning of the

feeding period.  Interactions between sex, genotype and vitamin E were included when

significant.  For carcass traits final weight for the feeding period was included as a covariate

to adjust for weight differences at slaughter.

   Orthogonal contrasts were used to evaluate linear, quadratic and cubic effects of

vitamin E supplementation.

Color, drip loss, TBARS, and vitamin E (serum and tissue) data were analyzed as

repeated measures using the MIXED procedures of SAS. Vitamin E, sex, genotype and

replicate were analyzed within pen. Orthogonal contrasts were used to evaluate linear,

quadratic and cubic effects of vitamin E supplementation.  For all data effects were

considered significant at P < 0.05.
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Results and Discussion

Growth Performance

Supplementation of α-tocopheryl acetate to the diet did not affect average daily gain,

(ADG), (P > 0.1), but tended to increase average daily feed intake, (ADI), (P < 0.1) and

decrease gain to feed ratio, (G:F), (P < 0.08)  over the 6-week supplementation period (Table

2).  Amer and Elliot (1973), Monahan et al. (1990b), and Cannon et al. (1996), reported no

effect on growth performance with supplementation of vitamin E.  These results disagree

with those of Asghar et al. (1991) who observed improvements in the early stages for growth

and feed efficiency when pigs were supplemented with 100 and 200 IU vitamin E /kg feed.

In the current study, daily gain was different between the two breeds (P < 0.001) with the

Hampshire crosses growing an average of 7.1% faster than Berkshire crosses over the 6-week

feeding period (Table 3).  Daily feed intake for the Berkshire crosses was greater (P < 0.02)

when compared to Hampshire crosses, which had a greater (P < 0.001) G:F than the

Berkshire crosses.  These data are in agreement with those from the NPPC Terminal Sire

Line Genetic Evaluation Program (1995), which showed Hampshire crosses to be superior to

Berkshire crosses for growth traits. In the current study, daily gain was not different between

barrows and gilts (P > 0.2), but barrows had a greater ADI (P < 0.03) and G:F was greater for

gilts (P < 0.001) (Table 4).

Carcass Characteristics

Supplementation of α-tocopheryl acetate to the diet had no effect on yield % (hot

dress head on %, (head-on hot carcass weight/live weight) x 100), backfat, loineye area, or
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lean % (Table 5).  This is in agreement with results of Cannon et al. (1996), in which carcass

characteristics did not differ among pigs fed 100 mg vitamin E/kg feed from those fed 10

mg/kg.  However, Asghar et al. (1991) reported that numerical values for hot and cold

carcass weights from pigs supplemented with 100 or 200 mg vitamin E/kg feed were 2.4 to

4.8% greater, respectively, relative to controls and were attributed to heavier live weights of

these pigs.   However, there were no differences in dressing percentage or evaporative losses

in carcasses for all groups in that study.  In the present study, differences, however, were

observed between the two genotypes with Berkshire crosses having a greater yield % (P <

0.02) and 61.9% more backfat (P < 0.001) when compared to Hampshire crosses (Table 6).

Hampshire crosses had a greater loin area (P < 0.001) and greater lean percentage (P < 0.001)

when compared to Berkshire crosses.  The NPPC Terminal Sire Line Genetic Evaluation

Program (1995) also reported Berkshire sired pigs to have greater backfat, lower lean percent

and reduced loin area than Hampshire sired pigs

Biopsy Data

Fluid pH, taken on day 0 of the experiment, was greater in Hampshire crosses (P <

0.001) when compared to Berkshire crosses, (Table) but was not affected by supplementation

of α-tocopheryl acetate to the diet (Table 7) and there were no interactions.  Fluid loss from

muscle biopsies taken on day 42 was greater in Hampshire crosses (P < 0.006) when

compared to Berkshire crosses, but was not affected by supplementation of α-tocopheryl

acetate to the diet and there were no interactions (Table 8).  Lauridsen et al. (1999) measured

water-holding capacity (WHC) of muscle tissue from biopsy samples taken three days before

slaughter and post-mortem and reported that meat from pigs supplemented with 100 and 200
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mg dl-α-tocopheryl acetate/kg had greater WHC than meat from control pigs.  In addition,

they reported that fluid from biopsy samples from pigs receiving no supplemental vitamin E

had a lower pH than fluid from biopsy samples from pigs receiving the supplemented diets.

There was a tendency for fluid loss taken on day zero (P < 0.08), day 42 (P < 0.09) and fluid

pH (P < 0.09) to be greater in gilts but this was not affected by vitamin E (Table 9). Cheah et

al. (1993) evaluated using live animal biopsies to predict the potential meat quality in

halothane-positive and halothane-negative pigs.  They compared fluid loss and pH from the

biopsy samples collected prior to slaughter to those taken post-mortem.  They reported very

high correlations for biopsy fluid pH and biopsy fluid loss, pH60 and fluid biopsy and biopsy

fluid pH and pH60 (pH taken 60 minutes post-mortem).  Therefore they concluded that the

biopsy procedure resulted in accurate indicators of meat quality.  In the present study,

differences were observed between Hampshire crosses and Berkshire crosses for fluid loss at

day 42 and pH taken at day 0 but not on day 21 or 42.  The results from the biopsy samples

agreed with drip loss results between the two genotypes showing Berkshire crosses to have

greater WHC, but fluid pH was greater for Hampshire crosses on day 0 for the biopsy

samples.

pH and Temperature

Dietary supplementation of vitamin E had no effect on pHI, pHu, or temperature

measured at 45 minutes and 24 hours after slaughter (Table 10). These results support those

of Zanardi et al. (1998), who reported no improvements in pH due to vitamin E

supplementation.  However, Lauridsen et al. (1999) reported that pHu was slightly greater

(P=0.03) in pigs fed 200 mg dl-α-tocopheryl acetate/kg compared with the unsupplemented
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group and the group fed 100 mg dl-α-tocopheryl acetate/kg feed.  We did not expect any

difference in pH in the present study, because vitamin E has not been previously reported to

have a direct effect on glycolytic potential or post mortem glycolysis.  No differences

between genotypes were detected for pHI, or temperature measured at 45 minutes and 24

hours after slaughter.  Ultimate pH (pHu) was significantly lower (P < 0.001) for Hampshire

crosses when compared to Berkshire crosses (Table 11).  This is in agreement with

observations of the Terminal Sire Line National Genetic Evaluation Program (1995) that

showed Hampshire sired pigs to have lower pHu than Berkshire sired pigs.  In the present

study, there were no differences between barrows and gilts for pHI, pHu, or temperature

measured at 45 minutes and 24 hours after slaughter (Table 12).

Serum Vitamin E

Serum vitamin E levels increased linearly (P < 0.001) and quadratically (P < 0.07)

with increasing levels of supplementation. Serum level of vitamin E increased linearly with

increasing levels of vitamin E on day 21 (P < 0.001) and day 42 (P < 0.002) with levels on

day 21 being greater than those on day 42 (Figure 1).  Asghar et al. (1991), Jensen et al.

(1988), and Monahan et al. (1990ab), observed increases in blood vitamin E levels with

increasing levels of dietary vitamin E. van Heugten et al. (1997) observed increases in serum

vitamin E in weanling pigs supplemented with vitamin E at 73 µg/kg via the drinking water.

We also observed that serum vitamin E levels increased quadraticly (P < 0.07) from day 0 to

42 with the highest levels being seen for day 21(Figure 1).  Soler-Velasquez et al. (1998)

observed a quadratic increase over time in serum α-tocopherol concentrations with

increasing levels of dietary vitamin E, (0, 50, 125, and 200 mg all-rac-α-tocopheryl
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acetate/kg), for d 7, 14, 21, 28 and 35.  In the current study, serum levels of vitamin E were

not affected by genotype and there was no difference between males and females (P > 0.1).

Tissue Vitamin E

Tissue levels of vitamin E increased linearly (P < 0.001) with increasing levels of

supplementation (Figure 2). Hampshire crosses had greater levels of vitamin E (P < 0.04)

compared to Berkshire crosses.  Asghar et al. (1991), Cannon et al. (1996), Jensen et al.

(1988, 1997), Monahan (1990a,b) and Pfalzgraf et al. (1995) reported increases in α-

tocopherol in the M. longissimus dorsi with increasing levels of dietary vitamin E.  Vitamin

E levels in the tissue increased (P < 0.001) with increasing days of storage and increased

linearly with increasing vitamin E for 0 d (P < 0.005), 8 d (P < 0.001) and 55 d (P < 0.001)

(Figure 3).  Vitamin E is typically used up over time if not replenished through the diet or

regenerated by vitamin C.  Pfalzgraf et al. (1995) reported no change in muscle α-tocopherol

levels (mg/kg) during storage at 4°C for 2, 5, 7, 9, and 14 days.  O’Sullivan et al. (1998)

studied the uniformity of distribution of α-tocopherol levels along the length and width of the

M. longissimus dorsi from pigs fed 20 or 160 mg α-tocopherol/kg feed.  Their results showed

differences in α-tocopherol for both the control and supplemented groups throughout the

length of the muscle with the lowest concentration being closer to the anterior (neck) and

higher concentrations being closer to the posterior (rear).  Therefore differences in where

samples were taken along the length of the muscle may explain the increase in vitamin E

levels with increasing days of storage seen in this study.  Another possible explanation for

this observation is an increase in drip loss for the display chops and the vacuum packaged

loin sections over time (discussed in the next section) that would decrease the amount of
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water in the meat resulting in greater concentrations of vitamin E in the meat.  Kerry et al.

(1998) reported that as a result of weight loss due to the cooking process vitamin E content

increased in the meat of pigs fed diets with 20 and 500 mg α-tocopheryl acetate/kg of feed

and those supplemented with 20 mg α-tocopheryl acetate/kg of feed and 5% soya oil.

Barrows had greater tissue vitamin E levels (P < 0.02) when compared to gilts (Figure 4).  In

contrast, Jensen et al. (1997) reported muscle α-tocopherol concentrations were not affected

by gender.

Drip loss

Display chops

Berkshire crosses had lower drip loss (P < 0.001) in loin chops collected 24 hours

postmortem when compared to Hampshire crosses (Figure 5). However, drip loss was not

affected by supplementation of α-tocopheryl acetate to the diet.  There were no differences in

drip loss (P > 0.6) between barrows and gilts.  Similarly, the NPPC Terminal Sire Line

Genetic Evaluation Program, (1995) reported that Berkshire crosses had lower drip loss and

greater water holding capacity (WHC) when compared to Hampshire crosses. Drip loss for

the display chops of Berkshire crosses was not affected by supplementation of α-tocopheryl

acetate to the diet but there was a tendency for drip loss in Hampshire crosses to decrease

linearly (P < 0.07) with increasing levels of vitamin E in the diet (Figure 6).  Berkshire

crosses had lower drip loss (P < 0.001) over the display period when compared to Hampshire

crosses. Drip loss increased linearly (P < 0.001) with increasing days of display (Figure 7)

and there was no interactions between days of display and genotype.  As we had

hypothesized, increasing dietary levels of vitamin E improved the water holding capacity of
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the Hampshire crosses with the greatest improvement being seen at the 600 mg α-tocopheryl

acetate/kg level (Figure 6).  Drip loss levels from the Berkshire crosses remained constant for

all levels with 600 mg α-tocopheryl acetate/kg showing a slight improvement when

compared to the controls.  Jensen et al. (1997) reported no effect of supplementing 100, 200

or 700 mg α-tocopheryl acetate from the time of weaning to slaughter (90 kg live weight) on

drip loss from non-illuminated chops after 48 hour at 4°C.  The authors reported that vitamin

E levels of 5.3 mg α-tocopherol were achieved in the longissimus by feeding 100 mg α-

tocopheryl acetate/kg feed, which in agreement with levels reported by Asghar et al. (1991).

This should have resulted in pig meat containing sufficient α-tocopherol for optimum drip

loss stability and in comparison with the result of Asghar et al. (1991) should have resulted in

a reduction in drip loss in the study done by Jensen et al. (1997).  In the present study,

supplementation with vitamin E increased vitamin E levels in tissue to 5.5 mg/kg, and

reduced drip loss.  Jensen et al. (1998) supplemented diets containing 6% rapeseed oil with

CuSO4 (0, 35 or 175 mg/kg) and vitamin E (0, 100 or 200 mg all-rac-α-tocopheryl

acetate/kg) and found no effect of vitamin E supplementation on drip loss during chilled

storage for 8 and 13 days.   Dirinck et al. (1996) reported no difference in drip loss for

animals fed the control diet containing 60 mg of α-tocopheryl acetate/kg feed from 20 to 100

kg live weight, or those that received a diet containing 200 mg of α-tocopheryl acetate/kg of

feed at 10 or 11 weeks preslaughter (45 to 100 kg live weight).  Monahan et al. (1994b)

found that drip loss from fresh pork chops placed in refrigerated storage at 4°C for eight days

was less in pigs fed a diet containing 3% oxidized corn oil supplemented with 200 mg of α-

tocopherol acetate/kg of diet compared to controls.  They also observed an increase in drip

loss over the eight days storage period for both control and supplemented pigs.
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Vacuum packaged loin sections

Berkshire crosses had lower drip loss (P < 0.001) in vacuum packaged loin sections

when compared to Hampshire crosses (Figure 8).  However, supplementation of α-

tocopheryl acetate to the diet did not affect drip loss in vacuum packaged loins from either

genotype and there were no differences between barrows and gilts (P > 0.8). Day (P < 0.001)

and genotype effects (P < 0.001) were also observed with drip loss from Hampshire crosses

increasing linearly (P < 0.002) over time, but there was no interactions between genotype and

days of storage (Figure 9).  Drip loss from Berkshire crosses remained relatively constant

from 25 to 55 days. We hypothesized that vitamin E would decrease drip loss in the

Hampshire crosses (poor meat quality breed) to improve drip loss for the export market but

expected smaller improvements in Berkshire crosses.  Cannon et al. (1995a) measured the

cooking/storage loss of precooked roasts from pigs supplemented with 100 mg vitamin E/kg

diet and found no differences between the roasts from supplemented pigs and those from

control pigs over 0, 7, 14, 28 and 56 days of storage at 2°C.  Cannon et al. (1996) reported

that purge loss (determined after 28 and 56 days of vacuum storage) and retail drip loss and

cook loss (determined after 0, 14, 28 and 56 days of storage) did not differ between control

and supplemented pigs (100 mg vitamin E/kg diet for 84 days).  Asghar et al. (1991) found

that pork chops from pig fed 200 IU of vitamin E/kg diet had less drip loss than those fed 10

and 100 IU/kg diet for 14 weeks.
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Color

Display loin chops 0, 2, 4, 6 and 8

Berkshire crosses had lower L* values (P < 0.001) and b* values (P < 0.001) when

compared to Hampshire crosses for pork chops taken 24 hours postmortem. This indicates

meat that is darker and yellower, respectively.  Hampshire crosses had higher a* values (P <

0.001) for day 0 measurements, when compared to Berkshire crosses which indicates redder

meat (Figure 10).  There was no effect from supplementation of α-tocopheryl acetate to the

diet on L* and a* values for day 0 measurements, however there was a trend for a* values (P

< 0.06) to increases linearly with increasing levels of vitamin E and a tendency for vitamin E

to increase (P < 0.07) b* values linearly (P < 0.05).    Similarly, Goerl et al. (1995) studied

the effect of protein level and genetic lines, (Hampshire gilts and gilts from a population with

low lean growth potential) on lean tissue composition, color, tenderness, and water-holding

capacity.  They reported that the longissimus muscle of the Hampshire pigs were lighter,

redder, and more yellow that those from the low lean growth pigs, which is in agreement

with our study.  The NPPC Terminal Sire Line Genetic Evaluation Program (1995) also

reported that Berkshire crosses had lower Hunter ‘L’ values when compared to Hampshire

crosses taken 24 hours after slaughter.  In the present study, Berkshire crosses had lower L*

values (P < 0.03) and b* values (P < 0.003) over the eight-day display period when compared

to Hampshire crosses.  Hampshire crosses had higher a* values (P < 0.001) over the eight-

day display period when compared to Berkshire crosses (Figure 11).  Vitamin E had no effect

on any of the color values over the eight-day display period.  We hypothesized that vitamin E

would improve color values for the Hampshire crosses to expand display life and improve

visual appeal for the consumer.  Monahan et al. (1994a) correlated TBARS values and
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changes in Hunter ‘a’ values in chops from pigs fed oxidized and fresh corn oil with 10, 100,

and 200 mg α-tocopherol/kg diet that were stored for 2, 4, 6, and 8 d at 4°C under fluorescent

light.  They reported TBARS values and Hunter ‘a’ values were negatively correlated but

there were still some samples that had low TBARS values and low Hunter ‘a’ values.  They

suggested that the metmyoglobin oxidation preceded lipid oxidation, which in turn could

catalyze lipid oxidation.  This could be an explanation as to why supplementation of vitamin

E had no effect on color stability during the eight-day display period.   However,

supplementation of vitamin E to the diet has been shown to reduce the formation of

metmyoglobin in beef, (Chan et al., 1995).  Zhu and Brewer (1998) reported that

metmyoglobin reductase activity differed for Dry Dark and Firm (DFD), normal, and Pale

Soft and Exudative (PSE) porcine Longissimus muscle with DFD having the highest activity

and PSE having the lowest activity in both light and dark conditions.  A difference in

ultimate pH could explain the difference in activity between DFD and PSE but no difference

in pH was detected for normal and PSE pork.  Jensen et al. (1997, 1998), Zanardi et al.

(1998, 1999) and Dirinck et al. (1996) reported no improvements in color values with

supplementation of vitamin E.

Vacuum package loin section 0, 25, 35, 45, and 55

Berkshire crosses had lower L* values (P < 0.001), a* values (P < 0.001), and, b*

values (P < 0.001) after the storage period when compared to Hampshire crosses, but there

was no effect of vitamin E supplementation (Figure 12).  The b* values of Hampshire crosses

were consistently greater when compared to Berkshire crosses, but differences varied at the

various time points (genotype*day (P < 0.02)) (Figure 12). Increasing levels of vitamin E
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tended to have a quadratic effect on L* values (P < 0.1) and a* values (P < 0.05). Increasing

levels of vitamin E in the diet tended to increase (P < 0.1) b* values, and had a quadratic

effect (P < 0.01) (Figure 13).  Cannon et al. (1996) reported no improvements in color value

with vitamin E supplementation of 100 mg dl-α-tocopheryl acetate/kg diet in vacuum

packaged loins stored for 0,14, 28 and 56 days at 2°C.  These results are similar to the effects

observed with color values from the display chops in that increasing levels of vitamin E

supplementation tended to increase L*, a* and b* values.  Increasing levels vitamin E tended

to improve the redness of pork for the display chops and the chops obtained from the vacuum

packaged loin sections.  Improved redness values for the display chops and chops obtained

from the vacuum loin sections would theoretically improve the appeal of the products to the

domestic and export consumer.

TBARS

Display loin chops 0, 2, 4, 6, and 8 days

Thiobarbituric Acid Reactive Substances (TBARS) values for Hampshire crosses

were greater (P < 0.001) when compared to Hampshire crosses (Figure 14).  Relative

differences varied over time (day x genotype; (P < 0.01)) (Figure 14).  There was a linear

decrease (day x vitamin E; P < 0.06) in TBARS from display chops on d 4 (P < 0.001), d 6 (P

< 0.05) and d 8 (P < 0.001) with increasing levels of vitamin E (Figure 15).  However, there

were no differences on d 0 (P > 0.1) and d 2 (P > 0.5).  In agreement with the present study,

Pfalzgraf et al. (1995) reported that amounts of TBARS in chops from pig fed 40 mg dl-α-

tocopherol/kg and those fed 200 dl-α-tocopherol/kg were the same for the first two days after

slaughter but increased rapidly after 7 days of storage for the basal group. Corino et al.
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(1999) reported that TBARS development was inhibited in muscle from pigs fed 100 and 300

mg all-rac-α-tocopherol/kg diet when compared to controls on day 6, but only for the highest

group on day 8. Monahan et al. (1994a) reported that TBARS were significantly reduced in

both fresh and 4 month frozen pork chops after 2, 4, 6, and 8 days of refrigerated storage

from pigs fed 100 and 200 mg α-tocopheryl/kg diet when compared to those fed the basal

diet. Pork from all groups was more susceptible to oxidation after 4 months of frozen storage

when compared to fresh chops indicating destabilization of membrane lipids during frozen

storage.  Buckley et al. (1989) reported that vitamin E supplementation influenced the

stability of pork chops when stored in the dark and under light. Jensen et al. (1997),

O’Sullivan et al. (1998), and Asghar et al. (1991) reported beneficial effects of supplemental

vitamin E on TBARS formation in pork chops displayed at 4°C.  In the present study,

TBARS for display chops from Hampshire crosses (genotype x vitamin E; P < 0.02)

decreased linearly (1.02 to 0.66 mg MDA/kg tissue; P < 0.001) with increasing vitamin E

level but there was no effect of vitamin E supplementation on TBARS formation in chops

from Berkshire crosses (Figure 16).  These results show that supplemental vitamin E does

improve oxidative stability of muscle from Hampshire crosses that produce low quality pork

and would therefore extend shelf life of the pork products.

Vacuum package loin sections 0, 25, 35, 45, and 55

TBARS in chops obtained from vacuum packaged loin sections were not affected by

genotype (P > 0.1) or supplementation of α-tocopheryl acetate to the diet (P > 0.1) (Figure

17).  However, Cannon et al. (1996) reported improvements in TBARS values for chops

from pigs fed 100 mg vitamin E/kg diet for 84 days and displayed for 1, 3, and 5 days in a
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retail display at 2 to 4°C after they had been vacuum packaged and stored for 0, 14, 28 and

56 days at 2°C.  In the present study, TBARS values of vacuum packaged chops were greater

for Hampshire crosses compared to Berkshire crosses for all days except day 55 values which

were greater for Berkshire crosses (day*genotype interaction, P < 0.03) (Figure 18).

Implications

Supplementation of vitamin E showed no effect on average daily gain or carcass

characteristics, but tended to increase average daily feed intake.    Increase in average daily

feed intake could indicate that feed was less oxidized and more palatable.  Differences in the

two genotypes were seen for all pork quality parameters measured in this study.  Dietary

supplementation of vitamin E showed benefits for the lower quality Hampshire crosses for

reducing drip loss and improving oxidative stability and shelf life for the display chops. This

implies a beneficial effect from dietary vitamin E supplementation for pork from Hampshire

crosses and other possibly poor meat quality breeds destined for the domestic market.  No

improvement was observed for quality measurements taken on the vacuum loin sections,

which indicates that there is no improvement for refrigerated vacuum packaged pork for the

export market due to dietary supplementation of vitamin E.
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Table 1.  Dietary composition of all treatment diets.
                                                                   Diets (%), as-fed basis

0 mg/kga 75 mg/kg 150 mg/kg 300 mg/kg 600 mg /kg
Ingredients
Corn 77.8 77.7 77.5 77.2 76.6
SBM (48% CP) 17.1 17.1 17.1 17.1 17.1
Fat (Poultry Fat) 2.5 2.5 2.5 2.5 2.5
Dicalcium Phosphate 1.5 1.5 1.5 1.5 1.5
Limestone 0.4 0.4 0.4 0.4 0.4
Salt 0.35 0.35 0.35 0.35 0.35
Vit/Min Premix 0.25 0.25 0.25 0.25 0.25
Lysine HCl 0.15 0.15 0.15 0.15 0.15
VitE Premix 0 0.15 0.3 0.6 1.2

Analyzed Content
Dry Matter 87.13 88.01 87.44 87.26 87.44
Crude Protein 15.12 15.31 14.93 14.81 14.93
Crude Fat 5.03 5.03 4.92 5.08 4.45
Calcium 0.73 0.58 0.66 0.76 0.62
Phosphorus 0.64 0.58 0.62 0.65 0.6
Vitamin E (IU/kg) 12.13 54.68 98.78 173.97 350.59

a.  Basal level of vitamin E in control diet, 15 mg/kg.
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Table 2. Effects of dietary supplementation of vitamin E on growth characteristics of
Berkshire crosses and Hampshire crosses by dietary treatmenta.

Vitamin E Level
0 75 150 300 600 SEM P-value

ADGb,
kg/day 1.012 1.002 0.982 1.042 1.029 0.017 0.1345

ADF,
kg/day 3.466 3.516 3.516 3.560 3.642 0.047 0.0987

Gain:Feed 0.292 0.286 0.280 0.293 0.283 0.0038 0.0717
a. Diets were corn/SBM based supplemented with at 0, 75, 150, 300 and 600 mg α-

tocopheryl acetate per  kg diet.  A total of 240 pigs (120 Berkshire x PIC, 120
Hampshire x PIC; initial weight = 86.7kg) were used with 3 pigs per pen, 4
replicates (4 pens per treatment).

b. Weights were taken at 0, 21, and 42 days.
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Table 3. Effects of dietary supplementation of vitamin E on growth characteristics of
Berkshire crosses and Hampshire crosses by genotypea.
                                                         Genotypes

Berkshireb Hampshirec SEM P-value
ADGd,kg/day 0.978 1.048 0.011 0.0001
ADF, kg/day 3.593 3.487 0.03 0.0156
Gain:Feed 0.273 0.301 0.0024 0.0001
       a.   Diets were corn/SBM based supplemented with at 0, 75, 150, 300 and 600 mg

 α-tocopheryl acetate per  kg diet.  A total of 240 pigs (initial weight = 86.7kg)
were used with 3 pigs per pen, 4 replicates (4 pens per treatment).

b. Berkshire x PIC.
c. Hampshire x PIC.
d. Weights were taken at 0, 21, and 42 days.
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Table 4. Effects of dietary supplementation of vitamin E on growth characteristics of
Berkshire crosses and Hampshire crosses by sexa.
                                                              Sex

Giltsb Barrowsc SEM P-value
ADGd,kg/day 1.023 1.003 0.011 0.2126
ADF, kg/day 3.489 3.591 0.03 0.0222
Gain:Feed 0.294 0.280 0.0024 0.0001
       a.  Diets were corn/SBM based supplemented with at 0, 75, 150, 300 and 600 mg

 α-tocopheryl acetate per  kg diet.  A total of 240 pigs (initial weight = 86.7kg)
were used with 3 pigs per pen, 4 replicates (4 pens per treatment).

b.  60 Berkshire x PIC, 60 Hampshire x PIC.
c. 60 Berkshire x PIC, 60 Hampshire x PIC.
b. Weights were taken at 0, 21, and 42 days.
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Table 5. Effects of dietary supplementation of vitamin E on carcass characteristics of
Berkshire crosses and Hampshire crosses by treatmenta.

Vitamin E Level
0 75 150 300 600 SEM P-value

Yield % 79.3 79.5 79.7 79.4 79.4 0.215 0.6757
Backfat,
mm 26.3 28.2 27.9 27.6 28.0 0.830 0.5253
Loin area,
cm2 42.3 42.6 41.8 41.5 41.5 0.701 0.7201
Lean % 54.7 54.4 54.3 54.3 54.3 0.178 0.6098

a. Diets were corn/SBM based supplemented with at 0, 75, 150, 300 and 600 mg α-
tocopheryl acetate per kg diet. A total of 240 pigs (120 Berkshire x PIC, 120
Hampshire x PIC; initial weight = 86.7kg) were used with 3 pigs per pen, 4
replicates (4 pens per treatment).
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Table 6. Effects of dietary supplementation of vitamin E on carcass characteristics of
  Berkshire crosses and Hampshire crosses by sex and genotypea.

   Berkshireb    Hampshirec P-value
Gilts Barrows Gilts Barrows SEM Sex Geno Sex*Geno

Yield % 79.6 79.9 79.2 79.1 0.215 0.6038 0.015 0.2552
Backfat,
mm

31.9 36.3 20.4 21.8 0.83 0.0005 0.0001 0.0629

Loin area,
cm2

38.3 37.0 47.5 45.0 0.701 0.0054 0.0001 0.419

Lean % 53.4 52.8 56.1 55.5 0.178 0.0008 0.0001 0.9293
a. Diets were corn/SBM based supplemented with at 0, 75, 150, 300 and 600 mg α-

tocopheryl acetate per kg diet.  A total of 240 pigs (initial weight = 87kg) were
used with 3 pigs per pen, 4 replicates (4 pens per treatment).

b. 120 Berkshire x PIC.
c. 120 Hampshire x PIC.
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Table 7. Effects of dietary supplementation of vitamin E on biopsy fluid loss and pH of
  Berkshire crosses and Hampshire crosses by treatmenta.

Vitamin E Level
0 75 150 300 600 SEM P-value

Fluid lossb, %
           day 0 47.08 53.82 58.33 54.38 60.00 4.23 0.2430
           day 21 51.53 49.43 49.81 48.39 51.56 4.89 0.9885
           day 42 45.24 46.15 54.88 42.38 47.99 3.66 0.2861
Fluid pHb

           day 0 6.33 6.22 6.32 6.31 6.28 0.038 0.3129
           day 21 6.33 6.42 6.36 6.46 6.38 0.043 0.2979
           day 42 6.45 6.41 6.50 6.51 6.48 0.057 0.7738

a. Diets were corn/SBM based supplemented with at 0, 75, 150, 300 and 600 mg α-
tocopheryl acetate per  kg diet. A total of 240 pigs (120 Berkshire x PIC, 120
Hampshire x PIC; initial weight = 86.7kg) were used with 3 pigs per pen, 4
replicates (4 pens per treatment).

b.  Measurements taken at 0, 21, and 42 days.
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Table 8. Effects of dietary supplementation of vitamin E on biopsy fluid loss and pH of
  Berkshire crosses and Hampshire crosses by genotypea.

                                                         Genotype
Berkshireb Hampshirec SEM P-values

Fluid lossd, %
               day 0 55.61 53.84 2.68 0.6440
               day 21 48.02 52.27 3.09 0.3456
               day 42 42.29 52.37 2.32 0.0056
Fluid pHd

               day 0 6.23 6.36 0.024 0.0004
               day 21 6.37 6.41 0.028 0.3030
               day 42 6.48 6.46 0.036 0.6363

a. Diets were corn/SBM based supplemented with at 0, 75, 150, 300 and 600 mg α-
 tocopheryl acetate per kg diet.  A total of 240 pigs (initial weight = 87kg) were
 used with 3 pigs per pen, 4 replicates (4 pens per treatment).

b.  Berkshire x PIC.
c.    Hampshire x PIC.
d.    Measurements taken at 0, 21, and 42 days.
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Table 9. Effects of dietary supplementation of vitamin E on biopsy fluid loss and pH of
  Berkshire crosses and Hampshire crosses by sexa.

                                                             Sex
Giltsb Barrowsc SEM P-value

Fluid lossd, %
               day 0 58.17 51.27 2.68 0.0758
               day 21 50.83 49.46 3.09 0.7592
               day 42 50.39 44.27 2.32 0.0823
Fluid pHd

               day 0 6.28 6.31 0.024 0.4864
               day 21 6.40 6.37 0.028 0.4032
               day 42 6.52 6.42 0.036 0.0853

a. Diets were corn/SBM based supplemented with at 0, 75, 150, 300 and 600 mg α-
tocopheryl acetate per kg diet.  A total of 240 pigs (initial weight = 87kg) were
used with 3 pigs per pen, 4 replicates (4 pens per treatment).

b.   120 Berkshire x PIC, 120 Hampshire x PIC.
c.   120 Berkshire x PIC, 120 Hampshire x PIC.
d.   Measurements taken at 0, 21, and 42 days.
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Table 10. Effects of dietary supplementation of vitamin E on pH and temperature of
    Berkshire crosses and Hampshire crosses by treatmenta.

Vitamin E Level
0 75 150 300 600 SEM P-value

pHI 6.19 6.20 6.19 6.16 6.15 0.0339 0.7876
phu 5.74 5.75 5.75 5.80 5.75 0.0303 0.6941
Temp Int., °F 104.5 104.4 104.8 104.4 104.5 0.14 0.2568
Temp.Fin., °F 43.7 43.8 43.8 43.7 44.1 0.14 0.2379

a. Diets were corn/SBM based supplemented with at 0, 75, 150, 300 and 600 mg α-
tocopheryl acetate per  kg diet.  A total of 240 pigs (120 Berkshire x PIC, 120
Hampshire x PIC; initial weight = 87kg) were used with 3 pigs per pen, 4
replicates (4 pens per treatment).
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Table 11. Effects of dietary supplementation of vitamin E on pH and temperature of
    Berkshire crosses and Hampshire crosses by genotypea.

                                                 Genotype
Berkshireb Hampshirec SEM P-values

pHI 6.17 6.18 0.0214 0.9247
Phu 5.88 5.64 0.0192 0.0001
Temp Int., °F 104.4 104.5 0.086 0.5680
Temp.Fin., °F 43.9 43.8 0.088 0.6039

a. Diets were corn/SBM based supplemented with at 0, 75, 150, 300 and 600 mg α-
tocopheryl acetate per kg diet.  A total of 240 pigs (initial weight = 87kg) were
used with 3 pigs per pen, 4 replicates (4 pens per treatment).

b.    Berkshire x PIC.
c.    Hampshire x PIC
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Table 12. Effects of dietary supplementation of vitamin E on pH and temperature of
    Berkshire crosses and Hampshire crosses by sexa.

                                                     Sex
Giltsb Barrowsc SEM P-value

pHI 6.19 6.17 0.0214 0.4678
PHu 5.77 5.75 0.0192 0.5728
Temp Int., °F 104.4 104.6 0.086 0.1223
Temp.Fin., °F 43.8 43.9 0.088 0.3563

a. Diets were corn/SBM based supplemented with at 0, 75, 150, 300 and 600 mg α-
tocopheryl acetate per kg diet.  A total of 240 pigs (initial weight = 87kg) were
used with 3 pigs per pen, 4 replicates (4 pens per treatment).

b.  120 Berkshire x PIC, 120 Hampshire x PIC.
c.  120 Berkshire x PIC, 120 Hampshire x PIC.
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Figure 1.   Effect of dietary supplementation of vitamin E and day on serum vitamin E levels
taken at 0, 21 and 42 d of the 6-wk feeding period.  Supplementing vitamin E into the diet
linearly increased (P < 0.001; SEM = 0.37) overall serum levels.  Serum vitamin E increased
linearly (P < 0.001) on 21 d and (P < 0.002) 42 d.
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Figure 2.  Effect of dietary supplementation of vitamin E and genotype on tissue levels of
vitamin E.  Hampshire crosses had greater tissue vitamin E levels (P < 0.04; SEM = 0.27)
than did the Berkshire crosses from samples taken on 0, 8, and 55 d.  Dietary
supplementation of vitamin E increased tissue vitamin E linearly (P < 0.001)
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Figure 3.    Effect of dietary supplementation of vitamin E and day on tissue levels of vitamin
E from samples taken on 0, 8 and 55 d.  There was an effect of day of storage with levels
increasing linearly (P < 0.001; SEM = 0.53) from 0 d to 55 d of storage.  Tissue vitamin E
levels increased linearly with increasing levels of vitamin E in the diet for 0 d (P < 0.005), 8
d (P < 0.001) and 55 d (P < 0.001).
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Figure 4.  Effect of dietary supplementation of vitamin E and sex on tissue levels from
samples taken on 0, 8, and 55 d.  Tissue vitamin E levels were affected by sex (P < 0.02;
SEM = 0.27) with males having greater tissue levels over all levels of dietary treatment when
compared to gilts.
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Figure 5.  Effect of dietary supplementation of vitamin E and genotype on 0 d drip loss.
Berkshire crosses had lower drip loss (P < 0.001; SEM = 8.47) than did Hampshire crosses
across all levels of dietary supplementation.
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Figure 6.  Effect of dietary supplementation of vitamin E and genotype on drip loss of chops
displayed for 0, 2, 4, 6 and 8 d.  Drip loss from Hampshire crosses decreased linearly (P <
0.07; SEM = 0.39) with increasing levels of vitamin E into the diet.  There was no overall
effect of vitamin E.
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Figure 7.  Effect of genotype and day on drip loss of chops over the 0, 2, 4, 6 and 8 d display
period.  A day effect (P < 0.001; SEM = 0.38) and genotype effect were seen on drip loss
with Hampshire pigs increasing linearly (P < 0.001) with increasing days of storage.
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Figure 8.  Effect of dietary supplementation of vitamin E and genotype on drip loss from
vacuum packaged loin sections stored for 25, 35, 45 and 55 d.  Berkshire crosses had lower
drip loss (P < 0.001; SEM = 0.7) over all levels of dietary supplementation.  There was no
effect of vitamin E.
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Figure 9. Effect of genotype and day on drip loss from vacuum packaged loin sections stored
for 25, 35, 45 and 55 d.  There was an effect of day (P < 0.001) and genotype (P < 0.001;
SEM = 0.66) on drip loss with Hampshire crosses increasing linearly (P < 0.002) over the 55
days of storage.
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                               Figure 10a.                                                           Figure 10b.

                                          Figure 10c.

Figure 10.  Effects of dietary supplementation of vitamin E and genotype on 0 d Minolta L*,
a* and b* values.  (a).  Berkshire crosses had lower L* values (P < 0.001; SEM = 0.95) over
all levels of dietary treatments.  Increasing vitamin E tended (P < 0.01) to increase L* values.
(b).  Hampshire crosses had greater a* values (P < 0.001; SEM = 0.34) over all levels of
dietary treatments. Increasing vitamin E tended (P < 0.06) to increase a* values. (c).
Berkshire crosses had lower b* values (P < 0.001; SEM = 0.36) over all levels of dietary
treatments.  There was a trend (P < 0.07) for vitamin E to increase b* values linearly (P <
0.05).
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         Figure 11a.                     Figure 11b.

                                                   Figure 11c.

Figure 11.  Effects of genotype and day on Minolta L*, a* and b* values of display chops
stored for 0, 2, 4, 6 and 8 d.  (a).  Berkshire crosses had lower L* values (P < 0.03; SEM =
0.67) over the eight day display period. There was no effect of vitamin E. (b).  Hampshire
crosses had greater a* values (P < 0.003; SEM = 0.24) over the eight day display period.
There was no effect of vitamin E. (c).  Berkshire crosses had lower b* values (P < 0.003;
SEM = 0.22) over the eight day display period.   There was no effect of vitamin E.
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   Figure 12a.                                 Figure 12b.

                                   Figure 12c

Figure 12. Effects of genotype and day on Minolta L*, a* and b* values of loin chop from
vacuum packaged loin sections stored for 25, 35, 45 and 55 d.  (a).  Berkshire crosses had
lower L* values (P < 0.001; SEM = 0.73) over the vacuum package storage period.  There
was no effect of vitamin E.  (b) Hampshire had greater a* values (P < 0.001; SEM = 0.32)
over the vacuum package storage period.  There was no effect of vitamin E.  (c).
Genotype*day interaction (P < 0.02; SEM = 0.25).
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           Figure 13a.           Figure 13b.

             Figure 13c.

Figure 13. Effects of dietary supplementation of vitamin E and genotype on Minolta L*, a*
and b* values of loin chops from vacuum packaged loin section stored for 25, 35, 45 and 55
d.  (a).  There was a tendency (P < 0.1; SEM = 1.16) for a quadratic effect in L* values with
increasing levels of vitamin E in the diet.  (b).  Increasing dietary levels of vitamin E caused
a quadratic effect (P < 0.05; SEM = 0.41) in a* values.  (c). Increasing dietary levels of
vitamin E caused a quadratic effect (P < 0.01; SEM = 0.39) in b* values.
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Figure 14.  Effects of genotype and day on TBARS values for chops displayed for 0, 2, 4, 6
and 8 d.  Hampshire crosses had greater TBARS values (P <0.001; SEM = 0.055) over the
eight-day display period.
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Figure 15.  Effects of dietary supplementation of vitamin E and day on TBARS values of
chops over 0, 2, 4, 6 and 8 d of display.  A day*vitamin E effect (P < 0.06; SEM = 0.055)
was observed with linear decreases in TBARS values being seen on 4 d (P < 0.001), 6 d (P <
0.05) and 8 d (P < 0.001) with increasing levels of vitamin E in the diet.
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Figure 16.  Effect of dietary supplementation of vitamin E and genotype on TBARS values
for chops displayed for 0, 2, 4, 6 and 8 d.  A genotype*vitamin E interaction (P < 0.02;SEM
= 0.043) with TBARS values for Hampshire crosses decreasing linearly (P < 0.001) with
increasing levels of vitamin E in the diet.
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Figure 17.  Effect of dietary supplementation of vitamin E and genotype on TBARS values
for vacuum packaged loin sections stored for 25, 35, 45 and 55 d.
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Figure 18. Effect of genotype and day on TBARS values for vacuum packaged loin sections
stored for 25, 35, 45 and 55 d.  There was a genotype*day interaction (P < 0.03; SEM =
0.072) observed.  Both genotypes had similar values over day of storage with Berkshire
crosses being greater on day 55.
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