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CHAPTER I 

INTRODUCTION 

The growth and development of animal tissue is 

important to the food industry. The pork industry is 

interested in producing superior quality products in a 

profitable manner. Yield and composition of pork carcasses, 

in relation to a food product, are of considerable interest 

to producers and consumers alike. 

The food technologist is interested in the stages of 

animal growth and development for optimal protein production 

and minimal lipid content. It is known that certain lipids 

contribute to the structural integrity of muscle cell 

membranes. Other lipids are deposited in muscle tissue to 

provide an energy reserve and insulating tissue. The role 

of lipids in the muscles of meat animals is often discussed 

with regard to the palatabllity or keeping quality of meat. 

The presence of differing lipid types and concentrations 

affect meat flavor, texture, odor, nutritive value and 

deteriorative potential in pork because lipid oxidation is a 

major part of the deteriorative process. Phospholipids are 

actively involved in oxidation during the processing and 

storage of meat which results in the development of a 

"rancid" flavor. Thus, lipid content significantly 

Influences the acceptability of pork. 



Maturity of meat animals may be another of the factors 

affecting rancidity development in meat. Our laboratory 

(Chang, 1981) has shown there is an extremely rapid 

formation of rancidity in blends of ground meat from 

youthful beef and pork. 

Although much work has been done on the composition of 

the depot fat and intramuscular lipids of large meat 

animals. Intramuscular lipids in baby pigs have not been 

studied to the same extent. Knowledge relating to the 

factors involved in storage stability of baby pig muscle 

tissue lipid is essentially unknown. There exists a need to 

investigate its phospholipids and neutral lipid composition 

in relation to the physiology of lipids in various stages of 

growth. 

Thus, the objectives of this study are: (1) to 

determine the relative fatty acid composition in neutral 

lipid fraction and phospholipid components of pig ham muscle 

at various stages of growth (particular attention was given 

to development of oxidative rancidity during storage); and 

(2) to elucidate changes in muscle components of baby pigs 

at various growth stages as an index to the physiological 

maturity of pigs, and, thereby, to establish optimum fresh 

refrigerated storage shelf life for the consumers. 



CHAPTER II 

REVIEW OF LITERATURE 

The Lipid Composition of Pork 

Lipid, as a major component in the carcass of meat 

animals, comprises 12 to 20^ of the live weight of .the 

average market hog (Price and Schweigert, 1971). Lipid 

found in meat can be classified as intermuscular fat, 

subcutaneous fat (depot fat) and Intramuscular fat (tissue 

fat or marbling) (Forrest et al. , 197'^). The depot or 

intermuscular lipids are generally stored in specialized 

connective tissue in relatively large deposits, whereas 

tissue lipids are integrated into and widely distributed 

throughout the muscle tissue (Kono and Colowick, 1961). 

The amount of lipid found in muscle tissue appears to 

vary with species and specific muscle. Allen et al. (1Q67) 

reported that the lipid content of pork muscle varied from 3 

to 10*?̂  in different muscles. Hornstein et al. (1^61) 

reported a lipid content of 4 to 12"̂  in different locations 

of beef muscle. The lipid was primarily neutral lipid 

(triglycerides) and phospholipids. Two to 20 percent of the 

tissue phospholipids are integral parts of cellular 

nenbranes and exist in tissue as phospholipoprotelns 

(Hornstein et al., I96I; Watts, 1Q62; Klnsella, 1^72). 
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Hornstein et al. (196I) found that pork muscle 

contained .7 to ,9% phospholipid and-beef muscle contained 

.8 to 1.0^. Later studies showed that the amount of 

phospholipids in different muscles of different animals were 

relatively constant while total lipids (mainly neutral 

lipids) varied to a much greater extent, usually about five 

times more than the phospholipid fraction (Body et al., 

1970; Campbell and Turkki, 1967; Igene and Pearson, 1Q79; 

Keller and Kinsella, 1973; Kuchmak and Dugan, 1963; O'Keefe 

et al., 1968; Turkki and Campbell, 1967). The approximate 

composition of the phospholipid fraction in most animal 

tissue is similar (Body et al., 1970; Hornstein et al., 

1961). The percentage phospholipid composition of total 

phospholipids in meat tissue is shown in table 1 (Body et 

al., I97O; Hornstein et al., I96I; Keller and Kinsella, 

1973; Kuchmak and Dugan, 1963). 

Many analyses of lipid composition in pork muscle 

tissues have been published. The principal fatty acids 

found in various pork muscles are shown in table 2 (Allen et 

al., 1Q67; Campbell and Turkki, 1967; Hornstein et al., 

1961). The animal body contains several classes of lipids 

but the neutral lipids predominate. The CI6 and CI8 fatty 

acids predominate with C12, Cl4 and C20 fatty acids present 

only in small quantities. Of the saturated fatty acids, 



TABLE 1 

PERCENT PHOSPHOLIPID COMPOSITION OP TOTAL PHOSPHOLIPIDS IN 
BEEF, LAMB AND PORK TISSUE 

Reference 

a b ^c r^d 
Phospholipid A^ B"" C D 
component (Beef) (Lamb) (Pork) (Pork) 

Acidic phospho- 5.7 _ _ _ 
lipids 

Phosphatidyl- 23^9 23-29 40-45 34.2 
ethanolamlne 

Phosphatidyl- 1.9 - - 7.8 
serine 

Phosphatidyl- 5.4 
inositol 

Phosphatidyl- 57.2 40-42 40-4S 54.7 
choline 

Sphingo- 5.3 11-12 10-15 3.^ 
myelin 

Lysophospha- .6 4-5 
tidylcholine 

^Adapted from Keller and Kinsella (1973). 

^Adapted from Body et al. (1970). 

^Adapted from Hornstein et al. (1961). 

^Adapted from Kuchmak and Dugan (1963). 



TABLE 2 

PERCENT FATTY ACID COMPOSITION OF TOTAL LIPIDS, NEUTRAL 
LIPIDS AND PHOSPHOLIPIDS IN PORCINE LONGISSIMUS MUSCLE 

Patty 
acid TL^ 

A^ 

NL^ 

Reference 

B^ 

NL PL^ TL 

C^ 

NL PL 

C10:0 . 1 . 1 - . 2 . 1 - _ _ -

C12:0 . 1 . 1 . 2 - - - -

C14:0 1 . 5 - 1.8 1 . 6 - 1.8 1.2 2 . 0 . 8 . 6 1.1 

0 1 6 : 0 2 5 . 9 - 2 6 . 9 2 6 . 5 - 2 7 . 4 2 3 . 9 2 0 . 0 3 4 . 0 3 4 . 2 4 2 . 3 

C16 :1 3 . 5 - 4 . 6 4 . 3 - 5 .3 7 .4 2 . 3 . 5 . 5 . 1 

C l 8 : 0 1 0 . 4 - 1 2 . 2 1 1 . 0 - 1 2 . 4 11 .6 11 .0 8 .5 8 .8 1 6 . 5 

C l 8 : l 3 8 . 0 - 3 9 . 1 4 6 . 2 - 4 7 . 9 4 5 . 2 16 .2 5 3 . 8 5 3 . 9 1 9 . 6 

0 1 8 : 2 9 . 4 - 1 6 . 0 5 . 0 - 7 .4 8 .7 2 7 . 9 2 . 4 2 . 0 1 7 . 9 

C l 8 : 3 . 8 - 1.2 1 . 1 - 1.2 1.6 1.0 - - -

0 2 0 : 1 - - - 1.6 - - -

0 2 0 : 4 . 9 - 2 . 5 - . 1 1 6 . 3 - - 2 . 5 

^Adapted from Allen et al. (1967). 

^Adapted from Hornstein et al. (1961). 

^Adapted from Campbell and Turkki (1967). 

^TL = total lipid, NL = neutral lipid, PL = phospholipid. 



palmitic (016:0) and stearic (Cl8:0) predominate. However, 

the predominant unsaturated fatty acids in pork lipid are 

palmitoleic (Cl6:l), oleic (Cl8:l), linoleic (Cl8:2) and 

linolenic (Cl8:3) (Allen et al., 1967; Campbell and Turkki, 

1967; Hornstein et al., 1961). Pork phospholipids contained 

a greater amount of unsaturated fatty acids than neutral 

lipids; particularly high levels of linoleic and a prepon

derance of C20 unsaturated fatty acids, mainly arachidonlc -

acid, was present in the phospholipid fraction but absent 

from the neutral lipids . The lability of the phospholipids 

is a result of their high unsaturated fatty acid content 

(Campbell and Turkki, 1967; El-Gharbawi and Dugan, 1965; 

Giam and Dugan, 1965; Hornstein et al., 1967; O'Keefe et 

al., 1968; Terrell et al., 1968). 
V 

Variations in fatty acid composition of phospholipids 

were found depending upon the location in the carcass 

(Kuchmak and Dugan, 1965). The total unsaturated fatty acid 

content averaged 34.3/S in phosphatidylcholine (lecithin), 

52.5f. in phosphatidylethanolamine (cephalin), 40.3% in 

phosphatidylserine and 41.3T- in sphingomyelin (Kuchmak and 

Dugan, 1965). The cephalins had a much higher percentage of 

polyunsaturated fatty acids. The chief saturated fatty acid 

in lecithin and sphingomyelin was palmitic, whereas the 

chief saturated fatty acid in cephalin was stearic 



(Hornstein et al., 1961; Kuchmak and Dugan, 1965; Igene and 

Pearson, 1979). The unsaturated fatty acids were found most 

commonly at the beta position and the saturated fatty acids 

at the alpha position in the phosphoglycerides (Kuchmak and 

Dugan, 1965). 

Coniglio et al. (1954) have shown that the neutral 

lipid fraction contains the fatty acids with the highest 

specific activity or greatest metabolic turnover in muscle 

and is implicated in supplying energy to the tissue. 

Influence of Growth and Development 
on Composition of Muscle Lipids 

Forrest et al. (1975) have defined the terms growth, 

development and maturity as follov/s: 

Growth is defined as a normal process 
of an increase in size, produced by accre
tion of tissues similar in constitution to 
that of the original tissue or organ. This 
increase in size may be accomplished by 
hypertrophy, which is the enlargement of 
existing cells; hyperplasia, which is a 
multiplication or production of new cells; 
or accretionary growth, which is due to an 
increase in non-cellular structural material. 

Development, which must be defined 
along with growth, is a gradual progression 
from a lower to a higher stage of complexity 
as well as a gradual expansion in size. 

Maturation is the process of becoming 
fully developed. Maturity is used in meat 
grading to Indicate the stage of development 
of the animal producing the carcass. Fully 
mature tissues have attained their highest 
stage of complexity. T^e different tissues 
and body parts grow, develop and mature at 
different rates. 



A fundamental principle of postnatal growth is that the 

shape of the growth curve is similar in all species (Forrest 

et al., 1975). Within species, animals having a large 

mature size require a longer time for each growth phase. 

Generally, pigs need six months to reach maturation. Three 

periods of porcine growth are discernible by Elson et al. 

(1963): (1) the period of rapid growth extending from birth 

to about 80 days, (2) the period of transition, 80 to 120 

days, and (3) the fattening period, 120 days to maturity. 

During the initial period, one would expect nutrients to be 

converted primarily into proteins. During the transition 

period, both protein and fat are produced. In the final 

fattening period, nutrients are primarily converted to fat 

(Elson et al., 1963). 

The composition of muscle tissues change with age and 

affect the muscle fiber area. Intramuscular fat deposition, 

muscle water content and protein content. 

Water Content During Growth 

During growth, as fat content increases, there is a 

decline in relative water. Moulton (1923) concluded that on 

a fat-free basis all mammals show a relative decrease in 

water content as they mature. This is accompanied by a 

corresponding increase in protein and ash content at 
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chemical maturity. The decrease of water content (In 

percent) is more rapid during the early stages of growth. 

During this period, the increasing size of muscle fiber 

causes a reduction in intermascular, intramascular and 

intracellular spaces. The decrease in space leads to a 

decreasing proportion of muscle water. In later periods, as 

the fat content increases, the water content is further 

decreased (Elson et al., 1963; Hedrick, 1968). The 

decreasing percentage of water becomes progressively less 

rapid with maturity (Hedrick, 1Q68). 

Protein Content During Growth 

During growth, there is an increase in the concen

tration of intracellular protein in skeletal muscle (Bailey 

et al., 1968). During the initial period of rapid growth, 

the protein content of the muscle is greatly increased. 

Then, as growth slackens and fat deposition increases, there 

is a corresponding decrease in the percent of protein 

present (Elson et al., 1963). 

There is a consistent increase in the concentration of 

sacroplasmic and myofibrillar proteins in mammalian skeletal 

muscle during growth. The concentration of myofibrillar 

proteins is consistently greater than that of sarcoplasmic 

proteins in both immature and mature animals. Myoglobin, a 
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sarcoplasmic protein, increases in concentration, and is 

partly responsible for the darker color of muscle from 

mature animals compared to that of Immature animals (Railey 

et al., 1968). 

Ash Content During Growth 

In general, during growth, there is an overall increase 

in the total amount of ash (minerals) present in muscle 

(Hedrick, 1968). 

Pat Content During Growth 

Fat is the most variable chemical constituent in 

muscle. Muscle growth is generally accompanied by an 

increase in intramuscular and intracellular lipids. 

Growth and Development of Adipose 
Tissue 

Fat tissue cells are derived from the embryonic 

mesenchyme of the mesoderm. When the primitive fat cell 

begins to accumulate lipids it is known as an adipoblast and 

when it is filled with lipid it is known as a mature 

adipocyte (Forrest et al., 1975). The diameter of 

adipocytes in muscle increase during growth. Anderson and 

Kauffman (1973) found that not all adipose tissue sites 
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develop at the same rate. They observed that hyperplasia 

and hypertrophy of adipocytes took place simultaneously up 

to the age of about five months, after which hypertrophy was 

primarily responsible for increases in tissue mass. 

Elson et al. (1963) reported that fat content of 

muscle, following an initial increase, decreases through the 

period of weaning. During this same period fiber growth 

rate increases rapidly. After approximately 8n days, fat 

content of growing animals is at the lowest level. At the 

transition period, fat deposition rate increases. Finally, 

moving into the fattening period, the fat level increases 

almost linearly. Both the rate of fat deposition and the 

amount of fat deposited varied between muscle locations 

(Elson et al., 1963) . 

Compositional Changes of Musc1e 
Lipids During Growth 

The most significant change during growth of an animal 

is a rapid Increase in fat content. For instance, the 

newborn Romney lamb weighs only 2.6 to 4.4 Kg and contains 

2.8 to 4.0'*. total lipid with phospholipids constituting 14.? 

to 20.8"̂ ;̂ the nature ewe which weighs 3^.6 to 44.4 Kg 

contains 32.0 to 42.5- total lipids including 1.25 to 2.̂ "*-

phospholipids (Body et al., 1966). The age associated 



compositional changes in other mammals appear to be similar 

and also would be true for red neat producing species. 

During growth of animal the amount of intram.uscular 

lipid increases markedly (Elson et al., 1^63; Link et al., 

1970a). Link et al. (1970) and Shorland (1955) showed that 

the amount of phospholipid in intramuscular lipid remains 

nearly constant during growth while the amount of neutral 

lipid increases with increased deposition of intramuscular 

fat. A rapid deposition of fat is associated with a more 

saturated fat (Elson et al., 1963; Link et al., 1970a). 

Allen et al. (1Q67), Hornstein et al. (1967) and Kaucher et 

al. (1943) noted that phospholipid concentration appears to 

be positively related to the physiological activity of the 

different muscles. Bloor (1940) also demonstrated that the 

more active dark muscles of the chicken have a higher 

phospholipid concentration than the less active light 

muscles. Dawson (1957) reported that the functions of 

phospholipids in animal tissues may include: (1) energy-pro

viding substrates, (2) structural roles in membranes, (3) 

intestinal fat absorption, (4) fatty acid transport, (5) 

fatty acid oxidation and fatty liver formation, (6) blood 

coagulation, and (7) phospholipid metabolism in glandular 

secretion of proteins. 
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Fatty acid distribution varies with advancing maturity 

in bovine species and in maturing pigs (Allen et al., 1967; 

Elson et al., 1963; Lawrie, 1966). During the growth 

period, the relative proportion of individual saturated and 

monounsaturated fatty acids in intramuscular lipids show 

only small changes between biopsy periods. However, polyun

saturated fatty acids, which are found primarily in the 

phospholipid fraction, decreased in proportion to the other 

fatty acids with increasing animal age and concomitant 

increases in intramuscular neutral lipid deposition (Link et 

al., 1970c). In poultry muscle, Marion (1965) reported that 

age tends to reduce the level of linoleic acid in the 

phospholipid fraction, while the level of polyunsaturated 

fatty acid Increases. Hornstein et al. (1967) have reported 

that the triglyceride fatty acid composition was lesser 

affected by the different ages and diets of the cattle. 

Usually 85 to 90^ of the stored fat in young animals Is 

subcutaneous fat (Deuel, 1955). Vfhite and brown adipose 

tissue are the two types present in the body of meat animals 

at birth. The brown adipose tissue provides the newborn 

animal with an available energy source. Most brown fat 

either disappears within a few weeks after birth or, 

possibly, is converted to white fat (Duncan et al., 1967). 

Brown adipocytes are characterized by their large and 
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numerous mitochondria and their color is probably due to 

their high content of cytochromes. Some of its color also 

comes from the erythrocytes of extensive brown fat vascular 

network (Stokes and Walker, 1970). 

In the pig and sheep white adipose tissue is the 

principal site of fatty acid synthesis. It consists of 98 

to 99T̂  triglycerides, but varies at different ages and under 

a variety of nutritional conditions. The fatty acid 

composition of biopsy samples of subcutaneous adipose tissue 

of steers and heifers has been observed at different stages 

of growth of the animals and at different times of the year. 

The studies show that with increasing age stearic acid 

content decreases and there is a corresponding increase in 

unsaturated acids, oleic acid increasing the most. (Link et 

al., 1970b; Waldman et al., 1968). In contrast. Callow and 

Searle (1956) and Callow (1958) have shown that firmness of 

fat tends to increase with age in both lambs and cattle. 

In comparing to white to brown adipose tissues, the 

proportion of triglycerides in the lipids of brown adipose 

tissue is as low as 75 to 907o (Pruslner et al. , 1^70), while 

the amount of phospholipids (particularly diphosphatidyl 

glycerol) is correspondingly higher than in white adipose 

tissue. This is due to the difference between the 

adipocytes of the two tissues in the numbers of mitochondria 
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which they contain (Garton et al., 1972). There is a 

tendency for triglycerides in brown adipose tissue to 

contain relatively more stearic acid than white adipose 

tissue (Garton and Duncan, 1Q69). 

The distribution of lipid in muscle tissue depends on 

many factors, including genetics, sex, nutritional intake 

and environment. 

Heredity provides the necessary potential for growth 

and development. The animal's breed is a prime determinant 

of the age at which it enters the fattening phase of growth. 

The early maturing breeds are noted for their early 

fattening ability (Forrest et al. , 1975). 

Generally, the female has a higher fat content than the 

uncastrated male animal of the same species (Deuel, 1955). 

Heifers are generally lighter in live weight and have more 

intramuscular lipid and less phospholipid per unit weight of 

muscle than steers of the same age. Even though animals 

have been sampled at various times during their growth, with 

differing weights and amounts of Intramuscular lipid, sex 

apparently does not contribute to compositional differences 

(Link et el., 1970a). 

The rate at which intramuscular fat is deposited in 

muscle increases during periods of high calorie or nutrient 

intake, and decreases during periods of reduced nutrient 
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intake (Forrest et al, 1975). The influence of diet on the 

proportion of different fatty acids in the depot fat of the 

pig have been reported by Ellis (1933). Ellis (1933) 

reported "soft pork" which is largely due to allowing 

growing fattening pigs free access to feeds with a high 

content of unsaturated lipids such as peanuts, soybeans and 

acorns. Thus, diets causing unsaturation of the depot 

lipids would increase their susceptibility to oxidative 

rancidity and thereby might decrease the acceptability of 

the meat (Pearson et al., 1977). 

Total amounts of saturated fatty acids are lower during 

the winter and higher in the summer (Link et al., 1970a). 

Similar observations have been reported in sheep (Cramer and 

Marchello, 1964). The seasonal differences noted in the 

intramuscular fatty acid composition may be due to the 

animals* response to changes in ambient temperature (Link et 

al., 1970c). Marchello et al. (1967) have proposed that a 

cold environment may act as a stimulus to enhance a 

dehydrogenase enzym.e system which would increase the 

biosynthesis of unsaturated fatty acids and heat may act to 

inhibit a dehydrogenating system. 
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Oxidative Rancidity of Meat Lipids 

Meat lipids, especially the phospholipids, readily 

undergo autoxidation because of the presence of unsaturated 

fatty acids. Ground meats are especially susceptible to 

autoxidation (Dawson and Gartner, I983). The basic autoxi-

dative reaction involves unsaturated acyl groups which, in 

the presence of oxygen and catalysts, form unstable 

hydroperoxides (Lundberg, 1962). The mechanisms involved 

have been described (Parmer et al., 1942; Lundberg, 1962). 

The induction period in meats, i.e., the lag period 

occurring at the onset of oxidation, has been studied by 

Watts et al. (1954). They associated the variation in the 

induction period in meats with the naturally occurring 

antioxidant, alpha-tocopherol. However, the presence of an 

induction period does not prevent oxidation. Oxidation 

usually occurs because of the low activation energy required 

in the initiation process (Waters, 1Q71). 

Though hydroperoxides contribute little to off-odors 

and off-flavors, emphasis has been placed on their decompo

sition since they serve as precursors of products which 

cause deterioration of meat. Bell et al. (1951) proposed 

that secondary autoxidation involves the conversion of a 

hydroperoxide into an alkoxy radical that decomposes to 

aldehydes, alcohols, ketones, or polymers. The latter one 
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is commonly encountered after cooking. Parmer et al. (19^2) 

proposed an additional reaction, showing epoxide formation 

from hydroperoxides. These products, mostly volatile, 

constitute the major products of secondary autoxidation and 

are believed responsible for the characteristic off-flavors 

of oxidized fats (Keeney, 1962). From a flavor viewpoint, 

they may constitute a problem. Patton et al. (1959) 

observed the flavor threshold of n-deca-2,4-dienal, the 

compound most responsible for deep fat fried flavor, to be 

less than one part per billion. Furthermore, the secondary 

products may be further oxidized by the same mechanisms 

(Lundberg, 1962). 

Autoxidation is characterized by many reactions and 

products including not only aldehydes, alcohols, ketones, 

and polymers, but semialdehydes, aldehydoglycerides, 

short-chain carboxylic acids, ketoglycerides, and smaller 

degradation products (Lea, 1962). These products may cause 

off-odors, flavors and destruction of pigments, vitamins, 

and essential fatty acids. 

Many factors influence the susceptibility of various 

lipid classes to autoxidation. It has been well established 

that the rate of autoxidation increases with increasing 

unsaturation of fatty acids (Chang et al., 1961; Kuchmak and 

Dugan, 1963; Lea, 19^7; Watts, 1954). Molecular oxygen 
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attack is believed to occur at the unsaturated bond (Bell et 

al., 1951; Chang et al., 1961; Lundberg, 1962). Saturated 

fatty acids may autoxidlze with the attack occurring 

anywhere along the chain with possible predominance at the 

beta position (Ingold, 1962). However, the rate of this 

reaction is much slower, perhaps negligible, compared to 

unsaturated autoxidation (Ingold, 1962). 

Meat phospholipids, which are minor components, 

autoxidlze much more rapidly than neutral lipids because of 

the greater amount of polyunsaturated fatty acids in the 

former. Chargaff et al. (1942) reported that tissue 

phospholipids become brown and brittle when stored at 

refrigerated temperatures under nitrogen. The higher the 

percentage of unsaturation within the fatty acî ^ the higher 

the percentage of hydrolysis which occurred. Unsaturated 

acids containing two or more double bonds made up 10*̂  of the 

triglyceride fraction and over 30*̂  of the phospholipid 

fraction (Hornstein et al., 1961; Igene and Pearson,1Q79). 

Thus, total phospholipids, especially phosphatidylethano

lamine (PE), were shown to be the major contributors to the 

development of warmed-over flavor (WOF) in cooked meat 

^Wilson et al., 1976). Triglycerides enhanced development 

of WOF only when combined with phospholipids. 

Phosphatidylcholine (PC) did not influence WOF in the meat 
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model system. Changes in the polyunsaturates of the 

phospholipids were shown to be related to development of WOF 

in cooked meat (Igene and Pearson, 1979). 

Egg PE spread in a thin film oxidizes one hundred times 

faster than egg PC which is less unsaturated (Lea, 1957). 

In the case of cod lipids, the oxygen consumption by PE was 

much higher than PC (Roubal, 1967). The PC possessed a long 

induction period and oxidized only when stimulated by 

hemoglobin. Using emulsified model systems, Corliss and 

Dugan (1970) found egg and soybean PE, which possessed more 

arachidonlc and linolenic acid than PC from similar sources, 

to oxidize faster. In cooked turkey, PC oxidized more 

rapidly than other phospholipids, but this was attributed to 

contamination by phosphatidylserine (Acosta et al., 1966). 

Mattson and Swartling (1963) showed milk PS oxidized more 

rapidly than PC and PE at various pH levels. PC and PE 

oxidized more rapidly than normal when contaminated with PS 

(Mattsoon and Swartling, 1963). 

The bases and phosphorylated bases of phospholipids may 

affect the autoxidation of unsaturated fatty acids present 

(Lea, 1962). For example, the free amino group of PF, 

disappears during its oxidation in proportion to the amount 

of oxygen absorbed. This suggests that the amine was a 

pro-oxldant (Corliss and Dugan, 1070; Lea, 1^^7). Since PE 
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and PS each contain this grouping they would be expected to 

display equal rates of oxidation. However, Tsai and Smith 

(1971) using methyl linoleate emulsions, demonstrated that 

ethanolamlne and o-phosphoethanolamlne increased oxygen 

absorption at pH 7.9. Choline and o-phosphocholine had no 

effect, and serine and o-phosphoserine decreased oxygen 

absorption. Generally, PE is the major phospholipid 

fraction which undergoes rapid autoxidation. However, PS, a 

ninor phospholipid, also is very susceptible to oxidation. 

Metal (Non-Heme) Catalysis 

Heavy metals are powerful pro-oxidants, but the role of 

metal catalysis in meat lipid oxidation has not been fully 

explained. Heavy metals exist in meat as complexes, as 

salts of organic and inorganic acids, or as enzyme 

components. They promote non-heme and heme catalyzed 

oxidation (Ingold, 1962). 

Non-heme catalysts include muscle tissue components 

such as ferritin, transferrin, and enzymatic compounds from 

the mitochondrial respiratory chain. They also include 

metallic salts and free metals which are present in fat 

(Kwoh, 1971). Practically no free metal exists in neat 

naturally, but trace amounts may arise by contamination from 

storage in metal containers (e.g., aluminum foil trays). 
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canning or other processing methods, and cooking on metal 

surfaces (Ingold, 1962; Waters, 1971). 

Heavy metals, particularly those possessing two or more 

valence states (transition elements) with a suitable 

oxidation-reduction potential between them (iron, copper, 

manganese, cobalt, nickel), increase the oxidation of lipids 

by affecting rates of initiation, propagation, and 

termination, but most importantly, they shorten the 

induction period and promote hydroperoxide decomposition 

(Ingold, 1962; Waters, 1971). Haber and Wlllstatter (19:=̂ 1) 

established that metal ions produce free radicals by an 

electron transfer reaction with a substrate. This mechanism 

has been supported by other studies (Haber and Weiss, 1934; 

Waters, 1971). Various workers have shown in both polar and 

non-polar media that metal catalyzed oxidation commences 

when the metal attains its higher valence state (Ingold, 

1962). Furthermore, the potency of metals affecting 

hydroperoxide decomposition is well Illustrated by the fact 

that the activation energy involved is only one-third that 

of a similarly uncatalyzed thermal decomposition (Walling, 

1957). 

Several factors influence metallic decomposition of 

hydroperoxides. Increases in the quantity of metal present 

also increases rate of oxidation. However, when a "critical 

catalyst concentration" is approached, further addition of a 
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catalyst has no further effect upon the rate of oxidation 

(Ingold, 1962; Waters, 1971). Ellis et al. (1971) listed an 

order of reactivity for metals as Fe''"̂  > Fe'''̂  > Cu"̂  > Cu'''2 > 

+ 2 Ni in lard gel at pH 5.5, the approximate pH of meat. 

Polarity of the medium (meat) may increase or decrease metal 

catalysis by altering the metal's redox potential and its 

subsequent affinity for oxygen (Blanchard, 1Q60). Chelating 

agents have been shown to increase, have no effect, or 

decrease metal catalysis (Chalk and Smith, 1057). 

Hematin Catalysis 

Heme catalysis, unlike non-heme catalysis, is a special 

metal catalysis which can occur in meats and involves only 

iron porphyrin compounds (myoglobin, hemoglobin, cytochrome 

C, catalase and peroxidase) which act solely in catalyzing 

the decomposition of hydroperoxides (Bishov et al., 1Q60; 

Greene, 1971; Love, 1983). Maler and Tappel (1959) and 

Tappel (1062) postulated a mechanism for hematin catalysis 

whereby active hemes form unstable complexes with hydroper

oxides and then decompose to give two free radicals which 

initiate further oxidation. The reaction is accompanied by 

extensive degradation of not only the lipids, but also of 

proteins and vitamins. 
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Both heme and non-heme catalysis occur in meats, but 

the former reaction is dominant (Kwoh, 1971; Lin and Watts, 

1970). Myoglobin, the major muscle pigment, is the primary 

hematin catalyst. In its reduced state myoglobin imparts to 

meat a purple-reddish coloration (myoglobin), bright red 

meat in the oxygenated state (oxymyoglobin), and 

brownish-gray meat in the trivalent state (netmyoglobin). 

It is the trivalent metmyoglobin, a ferric hemochromogen 

(Pe"*"3), that functions as the active catalytic form whereas 

the divalent (Pe''"2) myoglobin or oxymyoglobin are inactive 

(Greene, 1971; Love and Pearson, 1976; Younathan and Watts, 

1959). During cooking of fresh meat the grayish-brown color 

which forms results from the rapid conversion of all the 

pigment to the active catalytic form, ferric hemochromogen 

(Fe'̂ )̂ (Hirano and Olcott, 1971; Kwoh, 1971; Love and 

Pearson, 1971; Olcott, 1962; Younathan and Watts, 1959). 

Eventually, the active heme is destroyed which liberates 

iron, causing non-heme catalysis (Kwoh, 1971; Lin and Watts, 

197O; Love and Pearson, 1971; Younathan and Watts, 1959). 

Various factors influence the degree of henatin 

catalysis in meat. Watts and co-workers showed the presence 

of a natural enzymatic reducing system in fresh meat which 

retards heme catalysis by reducing metmyoglobin to the 

ferrous form (Greene, 1^71; Watts et al., 1066). This 
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enzyme system is believed to originate from the 

mitochondrial electron transport chain which remains active 

in post-mortem meat (Saleh and Watts, 1068; Watts et al., 

1966). The process has not been attributed to one specific 

enzyme; hence, it has been termed the metmyoglobin reducing 

activity (WA) system (Watts et al. , 1966). In fresh meat 

MRA activity is quite low and is completely lost upon 

cooking, thus permitting hematin catalyzed autoxidation 

(Greene, 1971; Kwoh, 1971). Artificial means of maintaining 

MRA before and after cooking have been attempted. Glutamate 

and ascorbic acid-BHA promote l̂'fRA and are less expensive 

(Greene, IO71). 

Curing decreases hematin catalysis in meat by 

maintaining a reduced state through formation of a stable 

ferrous nitric oxide hemochromogen (Pe ^). This pigment 

gives cured meat its characteristic red color even after 

cooking (Greene, 1^71; Younathan and Watts, IO6O). 

A high concentration of hematins inhibits heme 

catalysis (Hirano and Olcott, 1971; Uri, 1070). Apparently 

excessive porphyrin derivatives act as free radical 

scavengers and interfere with oxidation. This is a process 

identified by Uri (1970) as "catalyst-inhibitor conversion." 
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Phospholipids in Meat 

Phospholipids are integral parts of cell structures and 

exist in meat as phospholipoprotelns (Hornstein et al., 

I96I; Watts, 1962). In the bound state phospholipids are 

less prone to oxidation, but when free they oxidize readily 

(Lea, 1957). Castell (IO7I) observed cod phospholipids to 

oxidize readily after extraction. Existence in a bound 

state may explain a lack of phospholipid oxidation during 

freezing. However, upon cooking, oxidation rapidly ensues. 

This may be due to the liberation of phospholipids, or to 

their removal from a natural environment containing antiox

idants . 

Effect of Temperature 

Higher temperatures have a more pronounced effect upon 

lipid oxidation than upon most chemical reactions. 

Increasing temperatures dramatically accelerates propagation 

and hydroperoxide decomposition (Lundberg, 1062). Autoxi

dation occurs over a wide range of temperatures. At very 

high temperatures (e.g., deep fat frying) a steady state 

concentration of hydroperoxides is reached at which 

oxidation is maximum (Keller and Kinsella, 1973; Love and 

Pearson, 1071; Lundberg, 1^62). 
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Effect of pH 

The normal pH of meat ranges from 5.2 to 6.6 depending 

on slaughter conditions (Watts, 1954). Especially during 

netal catalysis, the effect of pH on lipid oxidation is 

quite variable. Lea (1057) established a pH of 5.2 as the 

optimum pH of meat for PC stability. PE and PC are oxidized 

rapidly at pH values of 8.0 and 7.0, respectively, but these 

pH values are non-typical of meat (Corliss and Dugan, 1070; 

Tims and Watts, 1958). Keskinel et al. (1064) Indicated an 

inverse relationship between pH and TBA (2-thiobarbituric 

acid) values (an index of oxidation) in meat. As the pH 

increased from 5.5 to 7.5, TBA values of ground beef stored 

at 4 C decreased markedly. Ellis et al. (1968) showed that 

as pH progressed toward neutrality, metal catalysis 

decreased. Greene (1969) observed at pH 6.2 that meat 

samples remained red under aerobic storage conditions even 

without antioxidant. 

Effect of Salt 

Salt functions as both a pro-oxldant and an antioxidant 

in meats (Watts, 1962; Judge and Aberle, 1080). The curing 

effect of nitrates which inhibits heme catalysis is well 

known. Sodium chloride exhibits a puzzling effect in neat, 

in that it stabilizes color and flavor, but causes enhanced 
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oxidation of triglycerides during storage (Ellis et al., 

1968; Love and Pearson, 1971; Watts, 1962). 

Judge and Aberle (1080) reported that salt (2.0*̂ - NaCl) 

had a pro-oxldant effect in both prerigor and postrigor 

ground muscle. Salting prerigor ground muscle reduced the 

rate of autoxidation (TBA value) during storage at 0 C. 

This contrasted with oxidation in sausage that was salted 

postrigor after grinding either prerigor or postrigor 

(Drerup et al., 1981). It has been suggested that the 

addition of salt to ground muscle before rigor development 

inhibits glycolysis and production of lactic acid. Thus, 

sausage prepared from prerigor ground and salted meat 

contained a higher pH (Hamm, 1977; Honikel and Hamm, 1978; 

Judge and Aberle, 1080). 

Effect of Atmosphere 

It has been shown that rates of autoxidation vary with 

oxygen pressure. The rate of autoxidation is proportional 

to oxygen pressure at low oxygen tensions, but the rate is 

-".ndependent at higher oxygen tensions (Holland and Gee, 

1946). Autoxidation is maximum when oxygen pressure is at 

'^alf-saturation (George and Stratmann, 1062). Significant 

oxygen pressure enhances red meat color; however, high 

oxygen tension destroys ÎTRA and promotes peroxide formation 

(Holland, 1047). 
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In meat, autoxidation is almost exclusively a surface 

phenomena. Increases in surface area with subsequent 

greater exposure to oxygen (e.g., ground meat), can greatly 

accelerate autoxidation (Ellis et al., 1071). Under such 

conditions oxidation is very pronounced. 

Effect of Antioxidants 

Antioxidants generally are not used in meats on a 

commercial basis. Antioxidant treatment retards meat lipid 

oxidation; however, use of antioxidants has been restricted 

legally. The mechanisms of antioxidant action in meat have 

been discussed (Holland, 1947; Shelton, 1959; Stuckey, 

1962). Types of antioxidants used in meats include phenolic 

compounds, chelators, and phospholipids (Stuckey, 1962). 

Many antioxidants function synergistically for greater 

antioxidative effect. For example, ascorbic acid increases 

the effectiveness of many primary polyphenolic antioxidants, 

but alone it functions very weakly (Stuckey, 1962). Greene 

(1971) observed that butylated hydroxyanisole (BHA)-ascorbic 

acid reduced netmyoglobin and preserved color and flavor in 

hamburger patties stored for eight days at 4 C. Of all 

commonly used antioxidants, only ascorbic acid preserves 

meat color (Caldwell et al., I960). 



31 

Several contradictory findings have appeared concerning 

antioxidant action in meats. Greene (I960) reported that 

propyl gallate and BHA were effective meat antioxidants. 

They especially inhibited heme catalysis, whereas 

polyphosphates were ineffective. However, Tims and Watts 

(1958) showed that polyphosphates in meat were potent 

antioxidants. They apparently function by sequestering 

trace metals, but they do not inhibit heme catalysis. 

Ethylenedlamine-tetraacetate (EDTA)-ascorbic acid prevented 

malonlc dialdehyde formation in ground meat stored at 3 C 

(Lin and Watts, 1970). 

Certain drawbacks are associated with the use of 

antioxidants in meats, for example, the difficulty of 

solubillzing antioxidants in fatty tissues (Watts, 1954). 

The use of emulsions is a possible solution (Watts, 1954). 

Antioxidants, particularly volatile phenolics, are lost 

during cooking (Stuckey, 1962). High concentrations of 

antioxidants also can have a pro-oxldant action (Stuckey, 

1962). 

Lipid Oxidation in Raw Meat During 
Refrigerated Storage 

The most common method of prolonging the shelf life of 

meat is the use of refrigeration. The term "refrigeration" 
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is defined to mean the use of temperatures between -2 and 5 

' for the storage of neat fForrest et al., 1075). The 

':eeping quality of raw ground meat is quite short, while 

'grinding of meat increases surface area. Incorporates 

oxygen, and enhances heme catalysis in meat (Keskinel et 

al., 1964). Deterioration in raw meats is attributed mainly 

to heme catalysis (Greene, 1060, 1071). The resulting brown 

color, rancidity and off-odors often cause rejection of the 

neat by consumers (Greene, 1969, 1971; Lea, 1957; Watts, 

1962; Younathan and Watts, 1059). Under ordinary commercial 

conditions, the length of time that fresh meat maintains an 

acceptable appearance during retail display is generally 

about three days (Forrest et al., I075). 

Raw ground beef patties stored at 4 C for eight days 

exhibited 77T. netmyoglobin formation and had TBA values of 

8.9 (mg malonic dialdehyde/lOOOg meat), but similar samples 

treated with RHA-ascorbic acid possessed only 16^ metmyo

globin and TBA values of .3 (Greene, I960). Raw beef 

patties stored at 4 C always possessed the most discolo

ration, rancidity, and the highest rejection by panelists 

(Greene, 1971). Greene (1969) made two important 

conclusions with regard to successful storage of raw ground 

meat: (1) Anaerobic packaging (Saran wrap, oxygen 

impermeable) reduces metmyoglobin formation, but yields a 
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purple discoloration (reduced metmyoglobin) which is 

objectionable though not harmful. (2) Aerobic packaging 

(Prime wrap, oxygen permeable) along with antioxidant 

treatment gives excellent retention of red meat color, 

retards heme catalysis, and results in high consumer 

acceptance of the meat. 

Lipid Oxidation in Raw Meat During 
Frozen Storage 

Various workers have shown that tissue lipids are quite 

stable to autoxidation during frozen storage (Caldwell et 

al., I960; Evans et al., 1967; Keskinel et al., 1064; Witte 

et al., 1970). Evans et al. (1967) noted no oxidative 

change in triglycerides, phospholipids, or fatty acids in 

eggs stored at 0 C for six and twelve months. Ground beef 

muscle held at -18 C for 14.5 weeks showed little change in 

TBA values as compared to fresh samples. That is, little 

oxidation occurred (Keskinel et al., 1964). Witte et al. 

(1070) observed insignificant increases in TBA numbers from 

beef stored at -20 C. Pre-cooked beef slices held at -26 C 

showed irregular TBA values (2.0-5.0) (Chang et al., 106l). 

'/ith added antioxidant these values decreased below .^0, 

which was the threshold value for rancidity. The study 

further demonstrated the effectiveness of antioxidant 
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"cover" solutions or dip techniques in preventing meat lipid 

oxidation. Chang et al. (I96I) implied that these methods 

could be valuable processes for the preservation of 

pre-cooked frozen meat dinners. 

In beef held at -5, -10, and -20 C, high TBA values 

corresponded to high metmyoglobin content, indicating heme 

catalysis in the frozen state. Overall, however, the TBA 

numbers reflected little oxidative change even when samples 

./ere fortified with metmyoglobin. Increases in TBA values 

and metmyoglobin were very apparent when samples held at -5 

" were not rapidly frozen (Ledward and MacFarlane, IO71). 

Although lipid oxidation in the freezer is much slower 

than at refrigeration temperatures (Chang et al., IO6I), 

rancidity can develop during freezing and thawing (Watts, 

1962). Wide fluctuations in temperature and inadequate 

protection from oxygen can accelerate the development of 

rancidity. Younathan and Watts (IO6O) showed that less 

oxidation occurred in the neutral lipid fraction whereas 

f'horland (1076) showed the rancidity of meat under frozen 

.storage at -10 C was mainly from the triglycerides which, are 

not protected from autoxidation by combination with protein. 

The polyunsaturated acids of triglycerides, comprised 

chiefly of linoleic acid, are susceptible to oxidative 

rancidity. Depending on the species from which it 
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originated and storage conditions, lean raw meat is quite 

stable for periods of several months to a year (Forrest et 

al., 1975). 

Due to the high degree of unsaturation in fish lipids 

(Olcott, 1962) and to the high concentrations of metals in 

seafood (Sweet, 1973), fish may be more unstable during 

frozen storage than beef or chicken (Olcott, 1062). Yu et 

al. (1073) have studied the effect of packaging as a 

determinant to lipid oxidation during frozen storage of 

salmon steaks. They reported that vacuum packaging improved 

the sensory scores of salmon stored at -IP C. The 

importance of maintaining a constant temperature was also 

emphasized, as temperature fluctuation to above -I8 C 

resulted in the development of more off-flavor and a fading 

of the orange-red pigments. Awad et al. (1960) noted that 

lipid oxidation and the production of off-flavors appeared 

to be linked to the loss of protein solubility of frozen 

whitefish muscle. They proposed that the insolubilization 

of whitefish muscle proteins during frozen storage may at 

least partially result from the interaction of myofibrillar 

proteins with products of lipid autoxidation. Similar 

results have been obtained for frozen Plaice fillets by Dyer 

and Morton (1956) who demonstrated a relationship between 

protein denaturation and lipid deterioration during frozen 

storage. 
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Enzymatic Degradation 

Enzymes cause rancidity either by hydrolysis (induced 

by lipases) or by oxidation of fatty acids by oxidases. 

Breakdown of triglycerides and phospholipids in muscle 

tissues by lipases has been shown especially during frozen 

storage (Awad et al., 1968; Bosund and Ganrot, 1969; 

Davidkova and Khan, I968). Phospholipases occur in bovine 

tissues (Condrea et al., 1963). Awad et al. (IO68) observed 

decreases in the phospholipids of bovine muscle after eight 

weeks at -4 C. He attributed the loss to enzymatic 

hydrolysis. Bosund and Ganrot (I969) observed a twenty-fold 

increase in free fatty acids during lipolysis of herring 

stored at -15 C for twelve weeks. They found negligible 

increases in lysophosphatides by TLC and suggested 

simultaneous cleavage of both fatty acids from the glycerlde 

backbone. Davidkova and Khan (1968) noted definite 

increases in lysophosphatidylcholine during frozen storage 

of chicken muscle. They suggested that leclthinase was 

responsible for these increases. Mai and Kinsella (1070) 

proposed that the degradation of phospholipids and the 

concomitant accumulation of free fatty acids indicated that 

hydrolytic enzymes remained active in uncooked samples at 

-18 C. 



CHAPTER III 

THE EFFECT OF ANIMAL AGE AND 
REFRIGERATED STORAGE TIME ON LIPIDS 

IN PIG HAM MUSCLE 

Summary 

Lipid composition in ham muscle from pigs of increasing 

maturity (new born, 14, 29, 42, 56 and 180 days) and stored 

at 1 and 7 days was studied. Samples from the ham muscle 

were stored from 0 to 7 days at refrigerated temperature (4 

C). Ground samples also were stored at -18 C for 60 days, 

then stored at 4 C. TBA tests were performed for each day 

of refrigerated storage. Neutral lipid, phospholipid, fatty 

acids profile in neutral lipid and individual phospholipids 

were ascertained after 1 and 7 days of refrigerated storage. 

Proximate analyses were performed on the first day of 

storage. Neutral lipid content ranged from .88-2.54*̂  and 

the phospholipid content ranged from 1.19-1.06f̂ , depending 

upon the age of the animals. The major fatty acids in 

neutral lipid were Cl6:0, Cl8:0, Cl8:l and Cl8:2. The 

relative amount of Cl6:0 decreased while Cl8:l increased 

during growth. The fatty acid profile of neutral lipid also 

was significantly related to age. Muscle from carcasses of 

nature animals contained greater amounts of unsaturated 
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fatty acid, especially monounsaturated fatty acid, than more 

youthful animal. The phospholipid fraction was composed of 

phosphatidylethanolamine, phosphatidylserine, phosphatidyli-

nositol, phosphatidylcholine and sphingomyelin which ranged 

from 7.77-20.94, 9.63-21.50, 3.36-11.22, 36.01-57.81 and 

4.42-8.98%, respectively. All phospholipid components were 

significantly related to age. The percent distribution of 

phosphatidylcholine increased while phosphatidylethanolamine 

decreased as age Increased from new born to 180 days. TBA 

values increased after the fifth day of refrigerated 

storage. Phosphatidylethanolamine and phosphatidylcholine 

concentrations decreased during refrigeration periods. 

There were no significant changes in the fatty acid 

composition of neutral lipids during refrigerated storage. 

Thus, neutral lipid may not be involved in quality changes 

of raw meats during 8 days refrigerated storage time. Thus, 

the small increases in TBA values were apparently due to 

phospholipid breakdown caused by oxidative processes during 

refrigerated storage. Tissue lipids in general have been 

shown to be quite stable in the 60 days of frozen storage. 
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Introduction 

Growth and development of animal tissue is of major 

importance to the food industry. The food technologist is 

interested in animal growth and development in order to 

provide optimal protein production for efficient utilization 

of resources. A great deal of variation exists among muscle 

components when they are examined at various ages (Elson et 

al., 1963). McMeekan (1040) and Callow (1947) concluded 

that the composition of body fat in pigs were primarily 

influenced by feed ration. Judge et al.(1959) reported 

significant differences in the intramuscular fat content of 

six swine breeds. Elson et al. (IO63) showed significant 

age effects in muscle fiber area, intramuscular fat 

deposition, muscle water content and protein content. Link 

et al. (1970) observed that the quantity of intramuscular 

lipid in beef skeletal muscle increased significantly with 

animal age but also was influenced by sample location. The 

increased intramuscular lipid content was caused by an 

increase in the amount of neutral lipid while the amount of 

phospholipid per unit weight of muscle remained essentially 

unchanged. Kaucher et al. (1943), Allen et al. (1067) and 

Hornstein et al. (1967) noted that phospholipid 

concentration appears to be positively related to the 

physiological activity of different muscles. 
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The quantity and composition of pig skeletal muscle 

lipids are related to the eating quality of pork. Muscle 

lipids affect the nutritive value of pork and may be of 

concern in the storage stability of meat (Forrest et al., 

1975). 

Grinding of meat increases surface area, incorporates 

oxygen and enhances heme catalysis in meat (Keskinel et al., 

1964). Lipid oxidation is the major cause of the deterio

rative process (Watts, 1962). Shorland (1076) showed that 

development of rancidity in frozen meat was caused mainly by 

triglycerides which were not protected from autoxidation by 

combination with protein. However, Younathan and Watts 

(I960) showed that less oxidation occurred in the neutral 

lipid fraction. Since highly unsaturated fatty acids are 

distributed in phospholipids (Keller and Kinsella, 1073), 

their presence renders the phospholipid more susceptible to 

oxidation (Lea, 1957) 

Various workers have shown that tissue lipids are quite 

stable to autoxidation during frozen storage (Caldwell et 

al., I960; Evans et al., 1067; Keskinel et al., 1064; witte 

et al., 1070). Increases in TBA numbers reflect the 

development of oxidative rancidity in meat (Tarladgls et 

al., I960). Witte et al. (1070) did not observe any 

significant increase in TBA numbers in beef stored at -20 C. 
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Maturity of meat animals also may be another factor 

affecting the development of rancidity in meat. Our 

laboratory (Chang, 1981) has shown that there is a rapid 

formation of rancidity in ground meat prepared from a 

combination of youthful beef and youthful pork. 

A great deal of research has been focused on 

composition of depot fat, intramuscular lipids and muscle 

tissue of large meat animals. The neutral lipid and 

phospholipid content of various meats and muscle tissue have 

been determined (Elson et al., 1963; Hornstein et al., 1061, 

1967; Keller and Kinsella, 1973; O'Keefe et al., 1068; 

Terrell et al., 1968; Turkki and Campbell, 1967). However, 

intramuscular lipids and muscle composition of pigs during 

growth have not been studied to the same extent. Factors 

related the stability of muscle lipids in growing, maturing 

pigs are essentially unknown. 

The present investigation v/as designed to: (1) 

determine the relative fatty acid composition of pork 

skeletal muscle in the neutral lipid fraction at various 

stages of growth; (2) determine phospholipid components in 

pork at various stages of growth; (3) elucidate the changes 

in the muscle components of baby pigs at various growth 

stages which might be an index to the physiological maturity 

of pigs. 
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Experimental Procedure 

Preparation of Meat Samples 

A serial slaughter experiment was conducted with Suis 

Scrofa domesticus pigs. Five to 7 pigs/litter from 11 

litters were used. The pigs were reared in conventional 

farrowing units. At 10 days (d) the males were castrated. 

The litters were randomly allotted to dietary treatments at 

14 d as shown in table 3, and their respective diets fed as 

creel feed at this time. All pigs were weaned at 28 d and 

transferred to 1.2 x 1.2 m elevated nursery pens (8 

pigs/pen) where they remained on their respective diets for 

28 d. 

The experimental diets consisted of a corn-soybean meal 

basal diet (A), corn-soy + 20% dried whole whey (R) and 

corn-soy + 5% lard (C) (partially hydrogenated, BHA and BHT 

added, Wilson and Co.). All diets were formulated to 

contain 1.15'?̂  lysine, .80% calcium and .6'^"-^ phosphorus (as 

fed) . 

Eleven pigs were selected at random and sacrificed at 

birth prior to nursing and at 14, 29, 42, 56 and 180 d by IV 

injection of T-61 Euthanasia (American Hoechst Corporation, 

Animal Health Division, Somerville, NJ). Immediately after 

administration of T-61, both rear legs were separated from 

the carcass and stored 24 hours at refrigerated temperatures 
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TABLE 3 

ALLOCATION OF EXPERIMENTAL ANIMALS TO DIETS 

Litter No. of 
identification animals Diets 

2 6 
31 6 corn-soy meal basal diet (A) 
35 4 

5 6 
6 6 corn-soy + 20% dried whole whey 
30 5 (B) 
32 6 

1 6 
4 6 corn-soy + 5% lard (C) 
34 5 
36 5 

(4 C). Subcutaneous fat and connective tissue were removed 

as completely as possible from the han muscle. Muscles then 

were cut into small cubes. Equal amounts of semimem

branosus, semitendinosus, bleep femoris, vastus lateralis, 

vastus intermedius, rectus femoris, vastus medialis and 

adductor muscles from pork ham were mixed and ground through 

a breaking plate with a 1.3 cm opening. To further 

homogenize the samples they were blended in a Waring blendor 
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at low speed for 10 seconds. Ground samples then were 

stored in polypropylene bags at -18 C until used. Samples 

from each litter were prepared and packaged separately. 

The litter identification numbers 01, 02, 04, 06, 07 

were used for unfrozen storage treatment and 30, 31, 32, 34, 

35, 36 were used for frozen storage treatment. 

Experimental Design and Sample 
Treatments 

A 6 X 2 factorial experimental design, as described 

below, was used to test for differences in the means of the 

main effects of animal age and storage time (table 4). 

Unfrozen Storage Treatment 

Samples which were never subjected to freezing 

temperature are referred to as "unfrozen" samples. Samples 

were stored at 4 C from 0 (the same day of sample 

preparation) to 7 days. Samples were assayed for TBA values 

each day. Lipid extraction, phospholipid content and fatty 

acid content were analyzed after 1 d and 7 d of storage. 

Proximate analyses were performed on the first day of 

storage. 
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TABLE 4 

EXPERIMENTAL DESIGN 

Storage time (days) 

7 

Animal age 
(days) Unfrozen Frozen Unfrozen Frozen 

0 N^= 5 N = 3 N = 5 N = 3 

'14 N = 5 N = 6 N = 5 N = 6 

29 N = 5 N = 6 N = 5 N = 6 

42 N = 5 N = 6 N = 5 N = 6 

56 N = 5 N = 6 N = 5 N = 6 

180 N = 5 N = 4 N = 5 N = 4 

^N = Numbers of litters stored under unfrozen or frozen 
conditions for two storage times at various animal ages. 

Frozen Storage Treatment 

Samples which were subjected to freezing temperature 

(-18 C) im.mediately after the animal was slaughtered are 

referred to as "frozen" samples. Ground samples were stored 

in polypropylene bags at -18 C for 60 days. Frozen samples 

were prepared for analyses by thawing under tap water; 



46 

further analyses then were performed exactly as described 

with unfrozen samples. 

Proximate Analyses 

Moisture, protein and ash were determined by methods 

described in AOAC (1980) for meat products. 

Thiobarbituric Acid Analyses 

The determination of oxidation in meats by the 

2-thiobarbituric acid (TBA) method involves spectrophoto-

metric measurement of the complex formed between one 

molecule of malonic dialdehyde and two molecules of TBA 

reagent. 

TBA analyses of samples were accomplished by the 

procedure of Tarladgls et al. (I960). The method can be 

applied directly to foods without prior fat extraction. It 

is presently the best method for assessing meat lipid 

oxidation. 

Ten grams of sample tissue and 50 ml of distilled water 

were homogenized in a semimicro Waring blendor Jar for one 

minute at low speed. The mixture was transferred 

quantitatively into a 300 ml KJeldahl flask by washing with 

an additional 47.5 ml of distilled water. The sample then 

was acidified with 2.5 ml of 4N HCl to give a total solution 
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volume of 100 ml. The neck of each flask was coated with 

antiform (Arthur H. Thomas Co., Philadelphia, PA) and 

several glass beads were added to prevent bumping. Distil

lation was accomplished by using a KJeldahl distillation 

apparatus. Fifty ml of distillate was collected per sample. 

Five ml of distillate and 5 ml of TBA reagent (.02M 

2-thiobarbituric acid, Eastman Kodak Co., Rochester, NY, in 

90% glacial acetic acid) then were combined in 10 x 150 nr\ 

screw cap test tubes. The test tubes were heated in a 

boiling water bath for 35 minutes. A pink color complex 

appeared. After cooling, absorbance of the reaction mixture 

was read on a double beam Beckman Model 35 Spectrophotometer 

at 532 nm wavelength (Beckman Instruments, Inc., Fullerton, 

CA). Duplicate determinations were run for each sample. A 

water-TBA reagent blank was used with each set of determi

nations. Absorbance was multiplied by 7.8 to give mg 

malonic dialdehyde per 1000 g meat (Tarladgls et al., 1060). 

Lipid Extraction 

Lipid extraction was made by an AOAC (198O) method as 

modified by Zolfaghari (I98O) and Chang (IO8I). Meat 

samples (3 to 4 g) were dried in a vacuum oven (20 psig) at 

40 C for 12 hours. Neutral lipids of the sample then were 

extracted for 6 hours with petroleum ether on a Goldfisch 
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apparatus (Goldfisch Labconco Corporation, Kansas City, MO) 

at low heat setting. Solvent was removed under vacuum (20 

psig) at 32 C. Neutral lipids were redissolved in 10 ml of 

petroleum ether, stored at -18 C in the absence of oxygen 

until derivatized for subsequent gas chromatographic 

analysis. 

The neutral llpid-extracted sample was subjected to a 

further chloroform-methanol (2:1) extraction, in the absence 

of oxygen, on a Goldfisch apparatus overnight at low heat 

setting. Solvent then was removed from the extracted crude 

phospholipid fraction at 32 C under vacuum (20 psig). The 

fraction was redissolved in a known volume (20 ml) of 

n-hexane-lsopropanol-water (6:8:1.15, v/v/v) mixture. This 

fraction was flushed with nitrogen then stored at -18 C 

until used for subsequent high pressure liquid chroma

tography analysis. 

Preparation of Patty Acid Methyl 
Esters (FAME) 

The lipid-extracted portion was saponified and 

methylated using the boron trifluoride methanol technique 

described by AOCS method Ce 2-66 (1970). Patty acid methyl 

esters were prepared from the intramuscular lipid extract of 

the neutral lipid fraction. The fat was introduced into 50 
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or 125 ml reaction flasks. Samples were saponified by 

adding the specified amount (AOCS method Ce 2-66, 1070) of 

.5N methanolic sodium hydroxide reagent and several glass 

beads. A condenser was attached and the mixture heated on a 

steam bath apparatus (Glas-Col Apparatus Co., Terre Haute, 

IN) until the fat globules dissolved into solution. This 

step required 10 to 20 minutes. An appropriate amount (AOCS 

method Ce 2-66, 1070) of boron trifluoride methanol reagent 

(Eastman Kodak Company, Rochester, NY) was then added 

through the condenser and boiled 5 to 10 minutes. Pour ml 

of heptane (MOB Manufacturing Chemists, Inc., Cincinnati, 

OH) was added through the condenser and boiled 1 minute 

longer. The heat source and condenser then were removed. 

Enough saturated NaCl solution was added to float the 

heptane solution of methyl esters into the neck of the 

boiling flask. The heptane solution was transferred to 

Wheaton 5 ml serum bottles (Wheaton Scientific, Millvllle, 

NJ). Slotted teflon/butyl liners and tear-off aluminum 

seals were used to seal the vials after flushed with 

nitrogen. Fatty acid methyl esters were stored at -18 C 

until analyzed by gas chromatography. 
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Standard Preparation 

Standard mixtures of ME-MIX-22 (C12:0-C16:1), ME-MIX-38 

(018:0-020:4) and ME-MIX-44 (C20:0-C20:4) fatty acid methyl 

esters (Alltech Associates, Inc., Deerfield, IL) were 

prepared to 1 ̂ g/jul as follows: 

Thawed FAME mixtures were centrifuged at low speed to 

bring all liquid into the body of the ampoule. Ten ml of 

heptane (MOB Manufacturing Chemists, Inc., Cincinnati, OH) 

was used to dilute 50 mg standard mixture/ampoule. Diluted 

standards were stored at -18 C until used for identification 

of fatty acids by gas chromatography. 

Individual standards of L-phosphatidylcholine, L-phos-

phatidylethanolamine, L-phosphatidylinositol, L-phosphati-

dylserine and sphingomyelin (Sigma Chemical Co., St. Louis, 

MO) were prepared to contain 1 oig/jul respectively by 

dilution with n-hexane-isopropanol-water (6:8:1.15, v/v/v) 

mobile phase. Diluted standards were stored at -18 C until 

used for identification of phospholipids by high pressure 

liquid chromatography. 

Gas Chromatography 

Fatty acid methyl esters were analyzed on a Varian 

Model 4600 gas chromatography equipped with a flame 

ionization detector and a Varian A/'ista Series 401 chromato-
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graphic data system recorder (Varian Instrument Group, 

Walnut Creek Division, CA). A coiled stainless steel column 

(2 m X 1/8 inch O.D.) packed with 1̂'f. diethylene glycol 

succinate (DEGS) on 80-100 mesh acid-washed Chromosorb W 

(Varian Instrument Group, Walnut Creek Division, CA) was 

used to analyze fatty acids. The analysis was conducted 

Isothermally at a column temperature of 180 C, injection 

part temperature of 205 C and a detector temperature of 205 

C (AOCS method Ce 1-62, 1970). The nitrogen carrier gas was 

maintained at a flow rate of 20 ml/mln (60 psi) while the 

hydrogen gas and air for the FID (flame ionization detector) 

was adjusted to 40 and 60 psig, respectively (AOCS method Ce 

1-62, 1970). The chart speed was adjusted to .5 cm/min for 

8 min then changed to .2 cm/min. At 22 min the chart speed 

was changed to .1 cm/min until the end of the analysis 

(about 35 minutes). One microliter (jul) samples of FAME 

solution were injected using a S xil Hamilton syringe 

(Hamilton Company, Reno, NV). Appropriate attenuation 

levels were used to give peak sizes suitable for the 

recorder. Standards were run at the beginning of the 

analysis. Chromatographic peaks were identified by 

comparison of their retention times to those of known fatty 

acid methyl ester standard mixtures. Peak areas were 

calculated by the area percent method of the Varian Vista 
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Series 401 chromatographic data system. Results were 

expressed as percentage of the total area. 

High Pressure Liquid Chromatography 

Phospholipids were analyzed by high pressure liquid 

chromatography (HPLC). A method modified from that of Hax 

and Geurts Van Kessel (1977) and Geurts Van Kessel et al. 

(1977) was used. Phospholipid components were analyzed on a 

Tracer Model HPLC equipped with a Tracer Model 995 isochro-

matographic pump, a Tracer Model 970 variable wavelength 

absorbance UV detector (Tracer Instrument, Austin, TX) and a 

Varian Vista Series 401 chromatographic data system recorder 

(Varian Instrument Group, Walnut Creek Division, CA). A 

stainless steel (30 cm x 4 mm I.D.) jj-Porasil column packed 

with 10 micron diameter particle size silica was used 

(V/aters Associates Inc., Milford, MA). Twenty jil samples 

were injected by a Rheodyne Model 7010 sample injection 

valve with a 20 jul Rheodyne Model 7011 sample loop fRheodyne 

Inc., Berkeley, CA). The analysis was conducted using an 

isocratic elution method. The mobile phase consisted of 

n-hexane-isopropanol-water (6:8:1.15, v/v/v). n-Hexane and 

Isopropanol were analytic reagent grade (MOB Manufacturing 

Chemists, Inc., Cincinnati, OH) and were clarified and 

degassed separately through a .2 jul fluoropore (FG) membrane 
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filter using Millipore glass filter apparatus with 

teflon-faced screen (Millipore Corporation, Bedford, MA). 

Distilled water was clarified through a .45 micron MF-Mil-

lipore (HA) membrane filter and degassed by applying vacuum 

overnight. The solvents were mixed together then degassed 

before use. The flow rate of mobile phase was maintained at 

a constant 1 ml/m.in. Detector absorbance measurements were 

made at a wavelength of 205 nm. The chart speed was 

initially set at .5 cm/nin. At 10 min it was changed to .1 

cm/min until the end of analysis (about 4S minutes). 

Appropriate attenuation levels were used to give peak sizes 

suitable for the recorder. Standards were run at the 

beginning of the analysis. Chromatographic peaks were 

identified by comparison of their retention times to those 

of known individual phospholipid standards. A quantitative 

determination of peak areas was calculated using an external 

standard method of the Varian Vista Series 401 chromato

graphic data system and results were expressed as mg per g 

of dried sample weight. 

Statistical Analysis 

Data were analyzed as a 6 x 2 factorial randomized 

block design using the General Linear Model (GLM") Procedure 

of the Statistical Analysis System (Helwig and Council, 

1079) package on the Texas Tech University computer. Main 
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effects of the statistical design were animal age and time 

of sample tissue storage. Animals were blocked to remove 

one source of variability. Where appropriate, means were 

separated by Duncan's New Multiple Range test. 

Results and Discussion 

Effect of Age on Porcine Muscle 

Proximate Composition 

Moisture, protein and ash contents of meat samples are 

shown in table 5. 

Results obtained in this study showed that moisture 

levels of animal tissue decreased with increasing maturity. 

Moulton (1923) concluded that on a fat-free basis all 

mammals show a relative decrease in water content as they 

mature. The decrease in moisture content is more rapid 

during the early stages of growth. During this period, the 

increasing size of muscle fiber causes a reduction in 

Intermascular, intramascular and intercellular spaces. The 

decrease in space leads to a decreasing proportion of muscle 

water. With more age, as the fat content increases, 

moisture content is further decreased. The decreasing 

percentage of moisture becomes progressively less rapid with 

maturity (Hedrick, 1968). 
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TABLE 5 

MEAN^VALUES OF PROXIMATE COMPOSITION, NEUTRAL LIPID AND 
PHOSPHOLIPID CONTENT OP PORK MUSCLE AT VARIOUS STAGES OF 

ANIMAL MATURITY 

Animal m a t u r i t y ( d a y s ) 

I t e m ~~ ~ 
(%) 0 14 29 42 56 180 

M o i s t u r e 7 8 . 7 8 ^ 7 6 . 7 3 ^ 7 6 . 6 6 ^ 7 6 . 2 4 ^ 7 6 . 8 8 ^ 7 2 . 2 2 ^ 

P r o t e i n 1 0 . 5 0 ^ 1 6 . 3 0 ^ 1 7 . 1 0 ^ ^ 1 7 . 7 1 ^ l 8 . 0 2 ^ 2 0 . 8 2 ^ 

Ash . 67^ . . 9 2 ^ . 9 5 ^ 1 . 0 3 ^ 1 . 0 6 ^ . 9 5 ^ 

NL"^ .88"^ 2 . 4 8 ^ 1 .97^ 1 .36^ I . I O ^ S 2 . ^ 4 ^ 

1 .19^ 1.36"^ 1 .82^^ 1 .59^ l .f iQ^g 1 .96^ PL^ 

N^ 5 5 10 10 10 10 

^Means were calculated from analysis of tissue on the first 
day of unfrozen storage. 

Expressed as percentage of wet tissue weight. 

NL = neutral lipid, PL = phospholipid, N = number of 
observations in each mean value. 

d e f 2 
' ' ' Means in a row with unlike superscripts differ 

(P<.05). 
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Protein concentration increased with age. Robinson 

(1952) reported that protein content in muscle increased as 

the chicken advanced in age. During growth, there is an 

increase in the concentration of intracellular protein in 

skeletal muscle (Bailey et al., 1968). Elson et al. (1063) 

reported that the protein content of muscle was greatly 

increased during the initial period of rapid growth. 

Neutral Lipid and Phospholipid 
Content at Various Stages of Animal 
Maturity 

The neutral lipid content of pork muscle at various 

stages of growth also is shown in table 5. Neutral lipid 

content markedly Increased from 0 d of age (.88*̂ 0 to 14 d 

(2.48%), then decreased through 56 d (1.10%). The highest 

tissue content of neutral lipid (2.5%) was at 1̂ 0 d of age. 

These values agreed with others reported in mature pork 

muscle (Allen et al., 1967; Hornstein et al., 106l). Elson 

et al. (1063) reported that muscle lipid, following an 

initial increase, decreased through the period of weaning. 

After approximately 80 days, fat content is at its lowest 

level. Link et al. (1970) and Shorland (1955) showed that 

the amount of neutral lipid increased in the fattening 

period of growth, with increased deposition of intramuscular 

fat during growth. 
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The phospholipid content of pork muscle at various 

stages of growth also is shown in table 5. The phospholipid 

content markedly increased from 0 d of age (1.19%) to 29 d 

(1.82%), then decreased through 42 d (1.59*̂ 0 and gradually 

increased through 180 d (1.96%). These values, ranging from 

1.19 to 1.96%, were higher than the phospholipid content of 

pork muscle reported by Hornstein et al. (1961) (.7 to .9%). 

This may be due to their inclusion of other polar lipids 

such as cholesterol in the phospholipid fraction and 

inclusion of other non-phospholipid material such as 

protein. The relative amounts of neutral lipid and 

phospholipid increased with increasing maturity. The 

increase of neutral lipid and phospholipid was probably due 

to an increase in the amount of intramuscular lipid during 

animal growth. However, Link et al. (1070) and Shorland 

(1955) showed that the amount of phospholipid in 

intramuscular lipid remains nearly constant during growth. 

In beef tissues, Hornstein et al. (1967) reported that 

increased lipid content was not a result of an increase in 

phospholipids, but by an increase in neutral lipids. 

Kaucher et al. fl943) noted that phospholipid concentration 

appeared to be positively related to the physiological 

activity of the different muscles. Higher phospholipid 

contents were associated with muscles of greater activity. 
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^atty Acids of Neutral Lipid a^ 
Various Stages of Animal Maturity 

The relative amounts of fatty acids in neutral lipid at 

various stages of growth are shown in table 6. Thirteen 

fatty acids are presented in the table. One peak was 

omitted from the table which appeared on the chromatogram, 

but could not be satisfactorily identified because of low 

concentration. 

The fatty acid profile of neutral lipid in mature pig 

tissue was similar to that reported by Allen et al. (1967), 

Hornstein et al. (1961) and Wood and Lister (1973). 

Predominant fatty acids were Cl6:0, Cl6:l, Cl8:0, Cl8:l and 

018:2. The amount of total saturated (36.3%), unsaturated 

(61.0%), monounsaturated (52.3%) and polyunsaturated (8.63%) 

in mature animals were in agreement with the work of 

Hornstein et al. (1961) who reported a total saturated 

content of 37.0%, a total monounsaturated content of 52.6% 

and a total polyunsaturated content of 10.4%. 

An analysis of variance of the data indicated that a 

significant effect of age was observed with all fatty acids 

(table 10). Of the most abundant fatty acids, oleic (Cl8:l) 

increased (P<.001) with age while palmitic (Cl6:0) decreased 

(P<.001) with increasing maturity. 
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TABLE 6 

MEANS OF FATTY ACID COMPOSITION OF NEUTRAL LIPID AT VARIOUS 
STAGES OF ANIMAL MATURITY 

Fatty 
acid 
( % ) ^ 

012:0 
014: 0 
C14: 1 
Cl6:0 
016: 1 
Cl8:0 
Cl8: 1 
Cl8:2 
Cl8:3 
020: 1 
020:2 
020: 3 
020: 4 

SFA^ 
USFA^ 
MUSFA^ 
PUSFA^ 
Ratio^ 

N^ 

0 

.21 
4.00 
.96 

27.87^^ 
6.00^ 

12.89^ 
30.00^ 
2.50^ 
.79 
.92 

2.34 
.17 
.39 

44.96^ 
44.06^ 
37.88^ 
"6.18^ 

.98^ 

10 

Animal maturity i 

14 

.13 
3.55 
.80 

23.23^ 

9.53^^ 
28.18^ 
11.19^ 

.81 

.82 

.48 

.38 
1.88 

36.44^ 
57.67^ 
42.Q6^ 
14.72^^ 
1.65^ 

15 

20 

.06 
2.42 
.40 

29.92^ 
12.03^ 
8.60^ 

28.73^ 
11.82^ 

.44 

.37 

.25 

.26 
1.75 

40.91^ 
56.05^^ 
41.53^ 
14.52^ 
1.38^ 

20 

42 

.07 
2.17 
.44 

26.65^ 
8.06i 
9.71^^ 

20.26^ 
12.41^ 

.74 

.67 

.66 

.25 
1.75 

38.60^^ 
54.23^ 
38.44^ 
15.70^^ 
1.41^ 

20 

'days) 

56 

.07 
1.74 
.23 

23.49^ 
5.17^g 
10.52^ 
35.63^ 
12.29 

.69 

.86 
1.40 
.30 

1.67 

35.82^^ 
58.23^^ 
41.88^ 
16.^ae 
1.6?^ 

20 

Po 
180 

.00 
1.73 
.14 

22.14^ 
4.33^ 
12.37^ 
46.67^ 
6.49^ 
.58 

1.19 
.61 
.19 
.76 

36.32^ 
60.95^ 
52.335 
8.63^ 
1.69^ 

20 

oled 
SE 

.02 

.08 

.04 

.57 

.27 

.31 

.56 

.37 

.06 

.06 

.22 

.03 

.08 

.60 

.77 

.67 

.45 

.04 

^Percent means were calculated from the unfrozen 
storage. 

^SFA = saturated fatty acids, USFA = unsaturated fatty 
acids, MUSPA = monounsaturated fatty acids, PUSPA = poly
unsaturated fatty acids. Ratio = unsaturated fatty acids/ 
saturated fatty acids, N = number of observations in 
each mean value. 

c,d,e,f,g]vieans in a row with unlike superscripts differ 
(P<.n5). 
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When fatty acid composition is examined by animal 

maturity (table 6), it is observed that mature animals had 

relatively greater (P<.001) amounts of unsaturated fatty 

acids, especially monounsaturated fatty acids, than youthful 

animals. This result is in agreement with Link et al. 

(1970b) and Waldman et al. (1968) who observed that with 

increasing age there is a corresponding increase in 

unsaturated acids, oleic acid increasing the most. Changes 

in fatty acid suggests differing mechanisms of metabolism in 

muscles at various stages of maturity. Link et al. (1070c) 

reported that the two major fatty acids of beef lipid, Cl6:0 

and Cl8:l, are a pair of fatty acids with similar physical 

properties. Therefore, the amount of Cl6:0 decreased 

concurrent with an increase of Cl8:0 during, growth. 

Distribution of Phospholipid at 
Various Stages of Animal Maturity 

The distribution of phospholipid classes by various 

stages of animal maturity is shown in table 7. Five 

phospholipid conponents are presented in the table. Two 

additional peaks appeared on the chromatogran that could not 

be satisfactorily identified because of low concentration 

and/or inconsistent appearance. An analysis of variance of 

phospholipid data indicated that all phospholipids were 
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TABLE 7 

PHOSPHOLIPID COMPOSITION IN MEAT TISSUE AT VARIOUS STAGES OF 
ANIMAL MATURITY 

Animal maturity (days) 
Phospholipid 
component Pooled 

(%)^ 0 14 29 42 56 180 SE 

Phosphatidyl- 20.94^ 7.07^ 11.40^ 10.52® 9.82® 7.77^ .46 
ethanolamlne 

Phosphatidyl- 21.50^ 14.66^ 17.14® 14.34^ 14.16^ 9.63^ .41 
serine 

Phosphatidyl- 3.36^ 8.00^ 8.41^ 10.58® 11.22® 10.57® .34 
inositol 

Phosphatidyl- 36.91'' 57.25^ 49.15® 51.13® 48.08® 57.81^ .70 
choline 

Sphingomyelin 4.42^ 5.82^ 5.01^ 6.92® 7.69® 8.98^ .28 

N^ 10 20 20 20 20 20 

^Percent means were calculated from the unfrozen storage 
samples. 

^N = number of observations in each mean value. 

c,d,e,fj^g^^g ^^ ^ PQ^ with unlike superscripts differ 
(P<.05). 
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significantly affected by the interaction of age and storage 

time (table 12). The effect of age-storage time interaction 

is discussed in a later section. 

The phospholipids found in greatest quantity in pork 

muscles is phosphatidylcholine. This results agreed with 

observations made by Acosta et al. (1966), Igene and Pearson 

(1979), Keller and Kinsella (1973) and Kuchmak and Dugan 

(1963). 

The relative amount of phosphatidylcholine in samples 

increased (P<.001) as age increased from new born (36.91%) 

to 180 d (57.87%). The percent of PC in muscle at all 

stages of growth agreed with the reported literature values 

of 40-57.2% (Acosta et al., I966; Body et al., 1970; 

Hornstein et al., I96I; Keller and Kinsella, 1973; Kuchmak 

and Dugan, 1963). Thus, phosphatidylcholine is the most 

abundant muscle phospholipid component. 

The relative amount of phosphatidylethanolamine and 

phosphatidylserine decreased (P<.001) as age increased from 

0 d of age (20.94%), (21.50%) to I80 d (7.77%), (9.63%), 

respectively. However, the amount of phosphatidylinositol 

and sphingomyelin Increased (P<.001) as age increased from 0 

d of age (3.36%), (4.42%) to I80 d (10.57%), (8.98%), 

respectively. The amount of PE in muscle at all growth 

stages was somewhat.lower than reported values of 23-34.2% 
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for PE in the pork, beef and lamb muscle while the amount of 

phosphatidylserine in muscle at age was higher than reported 

values of 1.9-7.8% in the meats (Keller and Kinsella, 1973; 

Kuchmak and Dugan, 1963; Zolfaghari, 1079). This 

discrepancy probably arises because of the different methods 

of analyses which have been used such as thin layer chroma

tography (TLC) (Igene and Pearson, 1979; Keller and 

Kinsella, 1973) and infrared analysis (Acosta et al., 1066). 

Until this report, no comparisons of the distribution of 

phospholipid components in pork muscle have been made by 

using HPLC method. 

The Effect of Storage Time on Lipid 
Oxidation in Pork Muscle 

Rancidity Development as Measured 
by TBA 

A comparison of TBA values in pork muscle during 

refrigerated storage is shown in table 8. There were no 

marked changes in TBA values during eight days of 

refrigerated storage. TBA values in all storage periods 

were below a TBA threshold value (.50) at which rancidity is 

readily detected (Chang et al., 1961; Tarladgls et al., 

I960; Younathan and Watts, I960). This result agreed with 

Younathan and Watts (1060) who showed no appreciable changes 

in pork muscle TBA values during 10 days of refrigeration. 
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TABLE 8 

CHANGES IN MEAN TBA VALUES AS A FUNCTION OF REFRIGERATED 
STORAGE TIME IN UNFROZEN AND FROZEN PORCINE MUSCLE 

Storage 
time 
(days) 

0 

1 

2 

3 

4 

5 

6 

7 

N^ 

55 

49 

49 

54 

49 

52 

50 

54 

(mg 

Unfrozen 

Mean 

.20="̂  

.13' 

.16^^ 

.39^ 

.2-5 = 

.50^ 

.39^ 

.48^ 

TBA 
malonald 

SEM 

.04 

.01 

.01 

.00 

.01 

.00 

.04 

.07 

value^ 
lehyde/1000 g me 

N 

57 

56 

56 

50 

56 

50 

56 

59 

Frozen 

Mean 

.18^ 

.17^ 

.21^ 

.37^ 

.30^ 

.47^ 

.38^ 

.51^ 

at) 

SEM 

.08 

.01 

.01 

.08 

.01 

.07 

.01 

.07 

^Expressed as means of all animal ages. 

^N = number of observations in each mean value. 

^'^'®' '^Means in a column with unlike superscripts 
differ (P<.05). 
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However, the small increase in TBA values indicated 

that rancidity development existed in muscle lipid during 8 

days refrigerated storage. Because ground meat has an 

increased surface area, oxygen is incorporated and enhances 

heme catalysis (Keskinel et al., 1964). The magnitude of 

increases in TBA values in this study was similar for both 

unfrozen and frozen storage methods. This finding provides 

further evidence that the degree of lipid breakdown during 

storage does not differ between storage methods. This 

agrees with other TBA studies which have observed negligible 

oxidation in meats subjected to various frozen storage 

treatments (Keskinel et al., 1964; Ledward and MacFarlane, 

1971). 

Changes in the Fatty Acid 
Composition of Neutral Lipid During 
Storage 

Changes in the fatty acid composition of neutral lipid 

during storage time are shown in table 9. Relatively little 

change was noted in the fatty acids of neutral lipid during 

storage in either unfrozen or frozen storage methods. 

An analysis of variance shows that there were no 

significant (P>.05) changes between means of saturated, 

unsaturated, monounsaturared, polyunsaturated or between 

means of the ratio of unsaturated/saturated fatty acids 
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TABLE 9 

CHANGES IN THE MEANS OF FATTY ACID COMPOSITION OF NEUTRAL 
LIPID IN UNFROZEN AND FROZEN PIG HAM MUSCLE AFTER 

REFRIGERATED STORAGE FOR ONE AND SEVEN DAYS 

Unfrozen Frozen 

storage time (d) storage time (d) 
Patty acid (%) 

C12:0 
014:0 
014: 1 
Cl6: 0 
C16: 1 
018:0 
Cl8: 1 
018:2 
Cl8:3 
020: 1 
020: 2 
C20:3 
C20: 4 

Saturated 
Unsaturated 
Monounsaturated 
Polyunsaturated 
Unsaturated/ 
saturated 

.11 
2.54 
.45 

24.03 
8.02 
10.51 
33.32 
9.69 
.74 
.01 
.91 
.28 

1.3^ 

38.09 
55.65 
42.70 
12.96 

1.49 

.08 
2.32 
.42 

25.90 
8.15 
10.37 
3^.87 
10.34 

.58 

.69 

.79 

.24 
1.51 

?P.66 
56.59 
43.13 
13.46 

1.50 

.83 
2.95 
.51 

24.63 
7.69 
10.78 
31.80 
10.82 

.82 

.88 

.42 

.36 
1.81 

3Q.^6 
S^.02 
40.78 
14.23 

1.43 

.10 
2.70 
.44 

27.8^ 
7.80 
9.42 
31.74 
10.77 

.80 

.83 

.34 

.31 
1.77 

40.47 
54.72 
40.74 
1^.98 

1.38 
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(table 10). However, the analysis of variance showed that 

saturated, unsaturated, monounsaturated, polyunsaturated and 

the ratio of unsaturated/saturated fatty acids were signifi

cantly different at different ages (table 10) and that the 

age by storage time interaction for these fatty acids was 

not significant except for that of saturated fatty acids 

(P<.05). Perhaps the age by storage time interaction can be 

explained partially by taking into account the experimental 

error in performing the experiments. This is because of the 

fact that the amount of saturated fatty acids was lower in 

tissue stored 1 day at 14 days' animal ages compared to the 

other animal ages and storage times. 

Keskinel et al. (1964) and Witte et al. (1970) observed 

negligible changes in the fatty acids of beef and pork 

during frozen storage. Observation's made in this study 

indicated that neutral lipids may not be involved in the 

quality changes found in raw meats during 8 days refrig

erated storage. 

Changes in Phospholipid Components 
During "Storage 

Changes in individual phospholipids during storage are 

shown in table 11. 
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TABLE 10 

ANALYSIS OF VARIANCE OF PATTY ACID OF NEUTRAL LIPID AT 
VARIOUS STAGES OF ANIMAL MATURITY AND AT VARIOUS 

REFRIGERATED STORAGE TIMES 

Sources of variation^ 

Item Age Storage time Age x Storage time 

Saturated 185.44*** 25.29 47.47* 

Unsaturated 4l8.49»»* 34.61 14.94 

Monounsaturated 499.75*** 16.59 31.39 

Polyunsaturated 265.37*** 3.27 9.46 

Unsaturated/ .93*** .004 .04 
Saturated 

Degrees of freedom 5 1 5 

^Mean squares (except for degree of freedom) for age = 
various stages of animal maturity (0, 14, 29, 42, 56, I80 
days) and storage time (1, 7 days). 

* P<.05. 
*** P<.001. 
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TABLE 11 

MEANS OP INDIVIDUAL PHOSPHOLIPIDS IN UNFROZEN AND FROZEN PIG 
HAM MUSCLE AFTER REFRIGERATED STORAGE FOR ONE OR SEVEN DAYS 

Unfrozen Frozen 

storage time (d) storage time (d) 
Phospholipid 
component 
(mg/g dried ^ 1 7 1 7 
tissue weight) N N 

Phosphatidyl- 5 9.53^ 7.74^ 6 8.78 8.62 
ethanolamlne 

Phosphatidyl- 10 13.37^ 12.51^ 12 14.78 18.35^^ 
serine 

Phosphatidyl- 10 8.00^ 9.06^ 12 6.23 6.03 
inositol 

Phosphatidyl- 10 48.73^ 44.71"" 12 38.29^ 52.17"^ 
choline 

Sphingomyelin 10 5.97^ 6.39^ 12 5.87 7.76^ 

axT -N = number of observations in each mean value. 

^'^Means in a row with unlike superscripts differ 
(P<.05). 
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Analysis of variance of the concentrations of 

phospholipid components showed that there were significant 

interactions between the main effects of animal age and 

tissue storage time for all phospholipids (table 12). Since 

phosphatidylcholine is the most abundant phospholipid 

component in pork muscle, it was chosen to explain the 

age-storage time interactions found in this study. 

The concentration of phosphatidylcholine by both age 

and storage time are shown in figure 1. The amount of 

phosphatidylcholine increased (P<.001) as age Increased from 

0 day to 180 days, and the concentration of phosphatidyl

choline in unfrozen stored muscle decreased by the seventh 

day of refrigerated storage. However, the amount of 

phosphatidylcholine in tissue stored 1 day was lower than 

that stored 7 days at 14 days' animal age. This may be due 

to the difference of experimental sample amounts analyzed at 

1 day storage for 14 days' animal age in unfrozen storage. 

The largest difference in amounts of phosphatidylcholine 

between the two storage times is observed at 20 days' animal 

age (figure 1). This may be due to the higher amount of 

phosphatidylcholine in the 29 days' growth age. The higher 

the phosphatidylcholine content, the more unsaturated fatty 

acids were present, and faster was the oxidative 

development. This is in agreement with Igene and Pearson 
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TABLE 12 

ANALYSIS OF VARIANCE OP PHOSPHOLIPIDS AT VARIOUS STAGES OF 
ANIMAL MATURITY AND AT VARIOUS REFRIGERATED STORAGE TIMES 

Sources of variation^ 

Phospholipid Age Storage time Age x Storage time 
component 

Phosphatidyl- 66.15*** 108.51*** 33.92*** 
ethanolamlne 

Phosphatidyl- 200.37*** 50.77 286.76*** 
serine 

Phosphatidyl- 127.53*** l̂ .̂ O 84.42*** 
inositol 

Phosphatidyl- 2730.19*** 545.67** 1855-14*** 
choline 

Sphingomyelin 67.31*** .02 57.23*** 

Total 5939.60*** 2904.28*** 6768.81*** 

Degrees of freedom 5 1 5 

^Mean squares (except for degree of freedom) for age = 
various stages of animal maturity (0, 14, 29, 42, 56, 
180 days) and storage time = (1, 7 days). 

** P<.01. 
»»* P<.001. 
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Figure 1 Interaction of growth ages and storage times on 
the concentration of phosphatidylcholine in the 
pork muscle. Vertical bar = standard error of 
mean. Blank block = 1 day refrigerated storge. 
Slashed block = 7 days refrigerated storage. 
Number above the blocks indicate the number of 
observations in each mean value. The 
concentration of phosphatidylcholine expressed as 
mg/g dried tissue weight. 
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(1979). Decreases in concentrations of phosphatidylcholine 

indicate that oxidation occurred during refrigerated 

storage. Phospholipid breakdown appears to have been caused 

by autoxidation and by enzymatic hydrolysis as suggested by 

Gokalp et al. (I98I), Keller and Kinsella (1973) and Lee and 

Dawson (1976). During refrigerated storage of muscle, the 

decrease in phospholipid components were ascribed partly to 

autoxidation because of concurrent increases in TBA values. 

Phospholipid breakdown during the storage of meat results in 

rancidity and browning (Caldwell et al., IO6O; Greene, 1071; 

Lea, 1957; Love and Pearson, 1976). Grinding of meat 

liberates bound phospholipids which can easily decompose 

(Castell, I97I; Ledward and MacFarlane, 1971). Keller and 

Kinsella (1973) suggest that only unbound phospholipids 

undergo degradation, whereas bound phospholipids remain 

intact. Natural antioxidants may prevent complete 

phospholipid breakdown (Watts, 1954). However, variability 

in degradation products reported by Watts (1954) appears to 

be related to the quantity of unsaturated fatty acids in 

phospholipid rather than merely their association with the 

phospholipid class of lipids. 

Lipid oxidation in muscle is one of the major 

degradative processes. Neutral lipid, phospholipid, fatty 

acid profiles in neutral lipid and phospholipid components 
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are all related to age. Therefore, lipid oxidative 

development may be hypothesized to be associated with the 

age of animal in this study. As this information does not 

explain the fundamental biological mechanisms responsible 

for these observations; therefore, any speculation on the 

specific factors associated with lipid changes during growth 

would be difficult and somewhat misleading in this 

discussion. 

Conclusions 

Analysis of the lipid composition of selected tissues 

at six stages of maturity in pork muscle was undertaken in 

this study. Mature animals contain significantly lower 

moisture and significantly higher protein levels than 

youthful animals. Neutral lipid and phospholipid content 

were different, depending upon the age of animals. The 

highest amounts of neutral lipid and phospholipid were found 

in mature animal muscle. It is inferred from this result 

that the amount of neutral lipid and phospholipid increased 

with increased deposition of intramuscular fat during 

growth. 

The major fatty acid components of neutral lipid were 

palmitic, stearic, oleic and linoleic. Mature animals had a 

relatively greater (P<.001) amount of unsaturated fatty 
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acids, especially monounsaturated fatty acids, than youthful 

animals. The significant increase in oleic fatty acid and 

decrease in palmitic fatty acid were apparents due to the 

effect of animal maturity. Patty acid changes suggest 

variable metabolism in muscles throughout these age 

Intervals. 

Phosphatidylcholine was the most abundant muscle 

phospholipid component found in this study. The 

phospholipid fraction was composed of phosphatidylethano

lamine, phosphatidylserine, phosphatidylinositol, phosphati

dylcholine and sphingomyelin. Mature animals contained a 

significantly higher percentage of phosphatidylcholine and 

lower phosphatidylethanolamine than youthful animals. 

The influence of storage time on muscle lipids was 

examined. There were no marked changes in TBA values during 

eight days of refrigerated storage. However, the small 

increase in TBA values indicated that oxidative rancidity 

developed, during refrigerated storage. The magnitude of 

these Increases were relatively similar for both unfrozen 

and frozen storage methods. No significant changes of the 

neutral lipid fatty acid profiles in either unfrozen or 

frozen storage were found as a result of the effect of 

storage time. However, decreases in concentration of 

phosphatidylethanolamine, phosphatidylcholine and total 
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phospholipids in unfrozen muscle were significant. This 

result also indicates that oxidation occurred during 

refrigerated storage. It is therefore concluded that the 

increasing TBA values were due to phospholipid breakdown 

caused by the oxidative process during refrigerated storage. 

However, variability in degradation products reported by 

Watts (1954) appeared to be related more to the quantity of 

unsaturated fatty acids in the phospholipid rather than 

merely their association with the type of phospholipid. 

There were indications in this study that neutral 

lipids may not be involved in quality changes of raw meats 

during either frozen storage interval or during an 8 day 

refrigerated storage period. Neutral lipids compose most of 

the total lipids and oxidize very slowly compared to 

phospholipids (Hornstein, et al., 106l; Love, 1971). Thus, 

tissue lipids in general have been shown to be quite stable 

in the frozen state. 

The observed changes of porcine muscle lipids in growth 

age and storage time observed relate to meat quality. 

Therefore, further research is needed on the nutritional 

effect of these changes in living systems. 
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