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The   over-tenderization  of  irradiated-sterilized meat is one 

of the  more  important  adverse   effects   resulting  from the use   of 

irradiation for  the   preservation  of meat.     Although  research  has 

been  reported  on the  activity and  effect  of the  inherent proteolytic 

enzymes   of irradiated meat,  very  little work has been  directed to- 

ward  the  intimate causes   of  the  textural  problems   induced by the 

irradiation treatment. 

In this   study,  the  influence   of  irradiation- sterilization on 

some   of the muscle  characteristics   involved  in meat texture was 

investigated  in  an attempt to elucidate the   over-tenderizing action of 

irradiation.      In addition,  the influence of treating the meat by several 

means prior to  irradiation was   also investigated to determine their 



effects upon the texture of the meat.    Information relative to the above 

objectives was obtained by using analytical methods designed to show 

changes in muscle protein charges,  water-holding capacity,   acidic 

and basic groups,  bound and free minerals,   and disc electrophoretic 

analysis of the glycine soluble extracts of the treated and control sam- 

ples. 

The results  showed that the irradiation-sterilization of beef 

muscle at 4. 5 megarads caused tenderization of the meat.    Beef 

o 
soaked in an equal amount of distilled water for 7 2 hours at 38   F 

prior to heat inactivation of the enzymes and irradiation was much 

firmer in texture than the unsoaked samples.    Beef heated to an in- 

ternal temperature of 160  F prior to irradiation also resulted in meat 

having a firm texture.    However,   irradiation tends to reverse the ef- 

fects of both soaking and heating and/or the combination of these two 

treatments.    When soaking,   heating and irradiation are combined in 

one treatment,   these factors tend to exert their effect individually and 

by different mechanisms. 

Soaking the meat appears to cause a partial denaturation and a 

net loss of anions of some of the muscle proteins resulting in a shift in 

the isoelectric region of such meat to a higher pH which results in a 

greater loss of water upon cooking and thus a firmer texture. 

Heating the meat to an internal temperature of 160  F results in 

a partial  denaturation of the  proteins  and  probably  leads   to  the 



formation of stable cross linkages and a "salting-out" effect which 

may be responsible for a decrease in the water-holding capacity. 

Thus,  meat would have a tighter or more "closed" structure and 

firmer texture. 

Irradiation exerts a fragmentation effect upon the beef 

muscle proteins.    These fragments seem to be held together by hydro- 

gen bonds and/or electrostatic forces.     The fragmentary alterations 

of the muscle proteins,  the incorporation of water within the frag- 

ments,  and possibly a "salting-in" effect,  appear to be the major 

factors responsible for effects of irradiation on beef muscle texture. 

The zinc cations appear to be involved with the heat-labile 

proteins or enzymes which are denaturated by heating to 160° F. 

The pH-water holding capacity curves were found to be a 

valuable technique for investigating some of the biochemical changes 

in the muscle proteins. 
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water-binding capacity (WHC) of meat is most noticeable at radiation 

levels exceeding two megarads.     The exact nature of this phenomenon 

has not been explained (1,   p.   305). 

Heating prior to irradiation to an internal temperature of 

o 
160    F to inactivate the meat enzymes has been advised as a means 

to improve the quality of irradiated-sterilized beef (4S   p.   100;  12, 

p.   59; 22,   p.   603-610).     Many papers have been published dealing 

with the physical and chemical changes in meat by heating (6,   p.   458- 

460; 50,   p.   587-610; 106,   p.   68-73).    However,  the contribution of 

heating of meat prior to irradiation in order to control the immedi- 

ate overtenderizing effect of irradiation on beef has not been investi- 

gated. 

No reports were found in the literature on the effect of soaking 

of meat in water prior to irradiation and the subsequent effect on the 

texture of the end product.    However,   some studies have been com- 

pleted on the addition of water to ground meat for the production of 

specialized products such as frankfurters (48,   p.   436),   and on the 

water-holding capacity of such meat.     The nature of water-holding 

capacity appears to be quite complicated and is dependent on when the 

water is added,   pH of the tissue and the time of storage.    These 

effects may be due to the relationship between inorganic ions and 

structural muscle proteins and/or shifts in the isoelectric point (I. P. ) 

(48,   p.   437). 



Hydration of meat is closely related to meat quality and is in- 

fluenced by the pre-slaughter treatment of the animal.     The water- 

holding capacity of muscle also affects the quality of meat during 

processing operations as well as being affected by processing per se 

(48,   p.   356).    Hamm (48,   p.   356) stated that research on the hydra- 

tion of meat gives information on the water-holding capacity of meat 

itself and on any changes in the charges and structure of muscle 

proteins. 

Whitaker and Tappel (101,   p.   5-6) found that the addition of 

proteolytic enzymes to lean ground beef caused a considerable in- 

crease in the subsequent water-holding capacity.     This work suggests 

that the water-binding capacity is at least partly dependent on pro- 

tein degradation in the meat.     The electrophoresis technique has 

been used to study proteolytic changes in meat proteins (78,   p.   55- 

57; 83,  p.   461). 

According to the above introduction,  the purposes of the 

experimentwere toinvestigate and confirm the possible causes of the 

observed effect of soaking on irradiated meat texture.     This study 

may also give information about the effect of heating and irradiation 

on the protein charges,  water-holding capacity,   acidic and basic 

groups,   electrophoretic patterns of glycine soluble extract of such 

treated meat,  bound and free minerals, and metallic shifts in the 

meat. 



LITERATURE REVIEW 

Food texture is defined by Kramer (68,   p.   735),  as "those 

properties of a food stuff,  apprehended by the eyes and by the skin 

and the muscle senses in the mouth,  including roughness,   smooth- 

ness,   graininess,  etc."   In this sense,   structure of the muscle, 

degree of hydration, tenderness,  juiciness,   as well as mouthfeel are 

the critical factors involved in meat texture.    Treatments of meat 

before eating,   also,  contribute to its over-all texture. 

Meat hydration and meat texture 

The water-holding capacity of meat is one of its most im- 

portant features.    Muscle tissue contains 75 percent water and may 

even hold added water more or less tightly (48,   p.   356).    Hydration 

of meat is closely related to tenderness and other features of meat 

quality such as taste,  color,  juiciness and texture,  and is affected by 

pre-slaughter treatment of the animals.    In addition,  the water- 

holding capacity of the muscle influences the quality of meat during 

post-slaughter treatment and processes and in turn is affected by 

them.    It has been reported by Hamm (43,   p.   13- 15; 45,   p.   17-23) 

that investigations on the interaction between muscle solids and 

water give information on meat hydration as well as on changes in 

charges and structure of muscle proteins. 



Water-binding by meat proteins.    The proteins of the muscle 

are responsible for the binding of water in meat.    Muscle proteins 

can be divided to water-soluble protein (about 34 percent) and struc- 

tural substances (48,  p.   356).     The structural portion,  which is 

called also fibrillar proteins,  is composed of myosin,   34-38 percent 

(67,   p.   1021-1030); actin,   13-15 percent: X-protein,   7 percent; and 

stroma proteins,  15-17 percent (63,  p.   229-249).    Bailey (5,   p.   271- 

279) reported that tropomyosin,   a protein somewhat similar to myo- 

sin is also a constituent of the structural proteins. 

Hamm reported (48,   p.   357) that actin and nayosin are the 

proteins mainly concerned with the water-holding capacity of meat. 

Fujiuaki and Nakajima (34,  p.   1) found,  however,   that meat con- 

taining a greater quantity of globular proteins such as enzymes 

seemed to have greater water-binding capacity,  and thus they con- 

cluded that globular proteins also have some influence on water- 

holding   capacity.    Hamm (48,   p.   357) reported that in a beef muscle 

homogenate to which 60 percent water was added,   the total water- 

binding capacity was distributed as follows:    structural proteins 65 

percent* water-soluble proteins 5 percent*,  water-soluble non-pro- 

tein 30 percent.    He also concluded that the effect of the latter com- 

pounds was due to their interaction with the structural proteins.     The 

mechanism by which proteins bind water has been summarized by 

Hamm (48,  p.   356-362).    By studying the adsorption isotherm curve 



obtained with lyophiiized beef muscle it was found that about 4 percent 

of the bound water is bound very tightly to the tissue and can be 

given off only at extremely low vapor pressures.     This amount of 

water,   according to the same author,   is about one-fifth of the amount 

required for a monomolecular layer covering on the whole protein 

molecule.    He therefore assumed that this water is bound to certain 

hydrophilic groups forming between the peptide chains,  a layer of 

water that is one molecule thick. 

A second amount of water (4-6 percent) was assumed to make 

a second layer over the same hydrophilic groups,   so that in these 

areas each of the adjacent peptide chains has its own layer.     This is 

called "multi-molecular adsorption, " 

A third amount of water (10- 16 percent) was explained to be 

due to the condensation of randomly oriented water molecules in the 

hydrated surfaces.    At this stage,  the fluid can exist in the small 

capillary spaces of the fibrillar structure of muscles; this phenom- 

enon is called "capillary condensation. " 

Sponsler et al. (87,   p.   996-1005) reported that the hydrophilic 

groups responsible for the fast binding of water are of two types. 

One type includes the polar groups of the side chains of protein, 

that is,   carboxylic,  amine,  hydroxylic and sijilfhydryl groups.     The 

other type is undissociated carbonyl-  and imido-groups of the peptide 

linkage,   on which the water is bound because of its dipolar 



character.    In all cases,  the water molecule is bound by hydrogen 

bonds (48,  p.   359). 

The amount of water bound with protein by monomolecular 

and multimolecular adsorption water is called "true hydration water" 

while that exceeding those types of water is called "free" water 

(48,  p.   360).    Hamm (48,  p.   360) reported that the physical proper- 

ties of the fixed water as compared to the free water are different. 

The bound water has a lower freezing point,  a lower vapor pres- 

sure,  and a lower dissolving power than free water. 

Hamm (48,   p.   361) found experimental evidence that the true 

hydration water is not affected by changes in the structure and 

charges of protein during storage and processing of meat except 

under conditions of high temperature,  high concentrations of salt,  or 

other effective drying procedure.    It was found by Briggs (18, 

p.   367-386) that pH change or addition of salts to proteins did not 

affect the true hydration water but did influence the "capillary con- 

densation. "    This was explained by Mellon and Hoover (77,  p.   3879- 

3882),  who said that although the polar groups of a protein may hold 

the protein chains together by electrostatic forces,  these same polar 

groups may be completely available for the coordination of small 

dipolar molecules like water. 

The free water within the protein structure seems to have 

continuous transition to the "loose" water--that is,  water forced out 
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by very low pressure.    Tightening the network of proteins decreases 

the "capillary condensation water" and increases the loose water and 

vice versa (48,   p.   362-363).    Hamm (45,  p.   17-23) used the term 

"stero effect" to describe this phenomenon and he stated that it is 

extensively influenced by changes of protein due to attraction or re- 

pulsion of charged groups.    By manipulation of pH and ionic contents 

of the meat tissue,  it can take up 700-800 grams of water in im- 

mobilized form per  100 grams of protein. 

Basic factors affecting meat hydration 

The factors influencing meat hydration can be divided into 

basic factors,   animal factors,  and post-mortem factors.     The basic 

factors are those which affect the protein charges,   such as pH, 

metal ions and proteolysis. 

Influence of pH.     pH is an important factor influencing pro- 

tein charges and hydration of muscle proteins (48,   p.   368). 

The dependence of the water-holding capacity upon the pH 

value was reported by Grau et al. (38,   p.   1-11).     Their study showed 

a minimum hydration around pH 5,  which corresponds approximately 

to the isoelectric point of actomyosin.  The normal pH of the meat is 

usually above pH 5.    Even small changes in meat pH may result in 

relatively great changes in water-holding capacity (48,    p.   368). 

The effect of acid or base on the swelling of muscle tissue 



was assumed to be caused by the repulsion between protein groups 

carrying the same kind of charge,  which enlarged the space between 

the peptide chains and so permitted more water to penetrate these 

spaces. 

Hamm (48,   p.   368) found that the curve of pH data plotted 

against that of the hydration of a beef muscle homogenate indicates 

two maximum levels of water-holding capacity,  one at a low pH 

(about 3),  the other at a higher pH (about 10); after either one,  a 

decrease of the water-holding capacity of the beef homogenate takes 

place.    He explained the decrease of water-holding capacity in the 

presence of excess of acid by the screening effect of the anions on 

the positive charges of the amino and imidazol groups.    Harkness 

and Wasserman (54,  p.   1344-1356) explained the corresponding 

effect in the basic range of the isoelectric point also,  by screening 

of the protein charges by the binding of counter ions.     This screen- 
o 

ing of different charges of muscle protein in the presence of excess 

of base or acid reduces the electrostatic repulsion of peptides, and 

consequently,   less water is immobilized. 

The pH-hydration curve provides a tool for studying the rel- 

ative electrochemical conditions of the meat.    Hamm (45,   p.   17-23) 

stated that the influence of any process on the charges of muscle pro- 

teins can be investigated by measurement of the water-holding cap- 

acity at different pH values between pH 3 and 7. 5.     The relative 
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changes of both branches of this curve and the isoelectric point shift 

provide information about the biochemical state of the muscle tissue 

(48,   p.   370).    Hamm (48,  p.   370-372),  in a review on biochemistry 

of meat hydration,   gives examples of the effect of various processes 

on the pH-hydration curve.    From the changes in these curves,  as 

compared to the original ones before treatment,  he explains the 

biochemical state of meat proteins.    He also found that the pH effect, 

in the range of pH 4. 5 and 7. 0,  on muscle hydration is completely 

reversible. 

Metals.    Metals,  naturally present in muscle,  although exist- 

ing in low concentrations,  have an inaportant influence on the water- 

holding capacity of meat (48,   p.   373).    Hamm (42,  p.  423-437) 

reported that 100 grams of beef muscle contains about 25 mg mag- 

nesium,   5 mg calcium and 4. 2 mg zinc.    Potassium and sodium are 

present in muscle in much larger amounts than the above mentioned 

cations.    Beef muscle contains  300-400 mg potassium and 40-70 mg 

sodium per  100 grams of tissue (48,   p.   376). 

Bivalent metals are considered to be more important for meat 

hydration than alkali ions (48,  p.   376).    The polyvalent cations link 

the peptide chains together by forming cross linkages and cause a 

tightening of the structure which results in decreasing the hydration 

of proteins  (25,   p.  436-463).    Barany et al. (7,  p.   12996) reported 

the possibility of linking of peptide chains of different proteins-- 
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actin with myosin--in addition to linking the peptide chains within the 

same protein by alkali earth metals.    It has been found by Bozler (15, 

p.  735-742) that partial extraction of calcium by ethylene diamine 

tetra-acetate (EDTA) and magnesium by polyphosphate increases the 

water-holding capacity of muscle proteins.    Hamm (42,   p.  423-437) 

discovered that the partial exchange of bound muscle calcium (about 

40 percent) and zinc (about 35 percent) for sodium and potassium at 

pH 7 by means of cation exchanges increased the swelling capacity 

of beef muscle by about 50 percent.    Since Mg      and Fe      were not 

exchangeable under the conditions of his experiments,  he concluded 

that the elimination of calcium only,  and perhaps zinc,  was respon- 

sible for the hydration effect after the treatment with an ion ex- 

changer.    However,  the same author (48,  p.   372) reported evidence 

that bound magnesium also decreases the hydration of muscle.     The 

concept that bivalent metals naturally present in meat tissue reduce 

the water-holding capacity is not refutable by the addition of CaC^ 

or MgC^.     The water-holding capacity increasing effect of added 

CaCl? or MgCK- -observed by Swift and Ellis (90,   p.   546-552) and 

Wierbicki et al.  (105,  p.   74-76)--has been explained by Hamm (48, 

p.  417).    He reported that on the addition of MgClp and CaClo to meat 

at pH values higher than its isoelectric point,  the Cl    ion will cause 

the predonninant effect.     The evidence for this is that calcium acetate, 

of which the anion is not effective,   did not affect the hydration of 



12 

muscle proteins when added in the pH range of 5. 5-6. 4 (48,  p.  471). 

The same author (42,  p.   423-437) explained the uneffectiveness of 

these Ca      ions in this case,   saying that the muscle calcium,  while 

unlike the added Ca      ions,  is fixed within the protein structure and 

is more tightly bound.    Added Ca      ions,  on the other hand,   attach 

to the protein by means of electrostatic and loose bonds. 

Exchanging of bound calcium and zinc for alkali metals alters 

the pH-hydration curve of meat characteristically.     This reaction 

causes no change of I. P.  while the water-holding capacity increases 

only in the basic range of I. P.   (42,  p.  423-437).    However,  the ef- 

fect of this exchange upon hydration is pH dependent.    As the pH is 

lowered (from 7 to 5. 5) the binding of bivalent cations by means of 

the carboxyl groups of protein side chains decreases,  and consequent- 

ly the effect on hydration diminishes (44,  p.   95-109).    Such an ex- 

change does not have any influence if it takes place at the I. P.   or 

at pH values lower than I. P. ,  although the exchange occurs much 

faster in this case than at higher pH (42,   p.   423-437). 

Bozler and Lavine (16,   p.   45-49) concluded that the effect of 

Ca      ions on shrinking of muscle tissue is not produced by the semi- 

permeability of the cell membranes but is partially due to discharge 

of protein and partially due to formation of salt bridges. 

Zinc naturally present in the muscle may affect the water 
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retention of the muscle in a way similar to that of calcium (48, 

p.  374).    Swift and Berman (89,  p.   365-370) obtained a correlation 

of +. 913, which was significant at the 0. 01 probability level,  be- 

tween the zinc content of different muscles and their water retention. 

This relationship was parallel to the agreement between pH and the 

water retention of meat (r = +. 947).    On this basis,  the above authors 

suggested that zinc,  although in part having the tendency to act like 

calcium, may participate as a component,  or as an activator,  of an 

enzyme which is partly responsible in determining pH differentials. 

Berman (11,  p.   422-427) studied the activity of three zinc-containing 

enzymes as related to the pH of the muscle,  namely,   carbonic 

anhydrase,   glutamic dehydrogenase and lactic dehydrogenase.    He 

found that pH was directly related to zinc content (+. 966) and in- 

versely related to lactic dehydrogenase (-. 972), but no relation was 

found between the other two enzymes and pH.    On the basis of these 

results the highly significant correlation between pH and zinc con- 

tent is still to be explained. 

Numerous studies have been published to explain the inter- 

action between alkali ions and muscle proteins.    Harris and Burn 

(55,  p.   508-528),  Conway and Garey (27,  p.   773),   Lewis and Saroff 

(71,  p.   2112-2117) and Saroff   (84,  p.   194-203) reported that K1" and 

Na    bind to myosin.    Other results indicate that potassium ions are 

absorbed to a large extent by myosin and actomyosin but not by actin, 
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and that these ions affect the solubility and extractability of these 

proteins (98,  p.   164-170).    Gosh and Mihalyi (36,  p.   107-117) 

stated that the effect of these ions on muscle hydration,  as com- 

pared to divalent ions, may be quite small due to the rather weak 

bonding between alkali ions and protein.    However, Briskey et al. 

(19,  p.   146-152) found a relationship between the content of alkali 

metals in the press juice of the meat and the amount of expressible 

water.    Hamm (48,  p.   376) reported that the function of the alkali 

ions normally present in meat in the hydration of muscle needs 

further clarification. 

Proteolysis.     Wierbicki and Deatherage (102,  p.   387-392) 

and Hamm (48,  p.   391) have reported on the post-mortem changes 

in meat hydration.    These investigators observed that meat im- 

mediately after slaughter has a very high water-holding capacity, 

but within a few hours the hydration drops markedly.    The minimum 

was reached within 24 to 48 hours,  whereafter a slow increase was 

observed during storage.    However,  the water-holding capacity of 

this muscle remains much lower than that of naeat immediately after 

slaughter.     The increase of pH of meat during aging--post rigor--is 

not high enough to explain the increase in the water-holding capacity 

(34,  p.   1; 46,  p.   113-121; 104,  p.   80-86).    Hamm (46,  p.   113-121) 

calculated that 23-33 percent of the total increase of water-holding 

capacity of beef after ten days of aging is due to the increase of pH. 
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By studying the pH-hydration curve of meat during storage (47, 

p.   227-234),  he found that this curve closely resembled the curves 

characteristic to the loosening of structure caused by cleavage of 

non-electrostatic cross linkage.    This also can be explained by 

changes of the buffering capacity of the meat by aging (46,  p.   113- 

121).    On this basis,  Hamm (48,  p.   392) concluded that the proteolytic 

cleavage of peptide bonds had taken place and resulted in an in- 

crease of protein net charge. 

Attempts to follow proteolysis of muscle proteins by ac- 

cumulation of amino acids by the usual analytical techniques resulted 

in the conclusion that little or no proteolysis occurred during aging 

at low temperature (48,  p.   392; 78,  p.   55-57; 100,  p.   1-5).    By the 

electrophoretic technique,  Mohasseb (78) has demonstrated the 

existence of proteolysis at 34    F even in the early period of storage. 

Hamm (48,  p.   392) stated that splitting of only a few peptide 

bonds may result in a significant loosening of protein structure and, 

consequently,   an increase in the water-holding capacity of the muscle 

proteins.     The addition of ficin to ground meat has been shown to 

cause a considerable increase in meat hydration (101,  p.   1-7). 

The literature contains very little information about the effects 

of bacterial secreted enzymes upon the hydration of meat stored under 

practical conditions. 
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Other factors affecting meat hydration 

Animal individuality,  pre-slaughter treatments,   post-mortem 

factors   and processing affect the water-holding capacity of meat. 

Animal individuality.     Different species of meat animals 

show large differences in water-holding capacity.    Hamm (48,   p.   377) 

cited the unpublished results of Schon and Scheper   to show that the 

water-holding capacity increases in this series: 

bull    <r ox, heifer •^cow   /calf <fpig 

The age and sex of the animal seem to have little influence 

on the meat hydration of pork (48,   p.   337).    However,  the results 

of Schon and Scheper indicated that veal has better water-holding 

capacity than meat from older animals. 

The water-holding capacities of different muscles of a single 

species also differ.    Howard and Lawrie (59,   p.   60) reported that 

the drip from the psoas muscle was about one-half of that from 

longissimus dorsi after freezing and thawing.    Callow (23,   p.   173- 

179) proposed that this may be due to the characteristic ultimate pH 

of different muscles. 

Paul and Bratzler (80,  p.   626-634)   showed that,   even within 

the same muscle,   differences in the water-holding capacity occur. 

They found that longissimus dorsi muscle of beef tended to have 

lower cooking losses than steaks from the posterior muscles. 
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Bouton et al. (14,  p.   1-31) investigated the grades of animals and 

found no significant correlation between carcass grade and water- 

holding capacity except that meats of a low grade (cutter,   canner) had 

a lower water-holding capacity. 

Pre-slaughter treatments.     The condition and treatment of an 

animal prior to slaughter may readily influence the hydration of the 

muscles (48,   p.   379).    Various experimental pre-slaughter treat- 

ments have been studied in the attempt to elevate the ultimate pH, 

which in turn allows for an increase in the water-holding capacity of 

the meat.     Such treatments studied include the following:    (1) forced 

exercise,  fasting and the injection of hormones in order to lower 

the pre-slaughter glycogen level of the muscle and thereby obtain 

a reduction in the amount of lactic acid formed in post-mortem gly- 

colysis (8,   p.   11-14; 2,   p.   1-6); and (2) treating the animals im- 

mediately prior to slaughter with certain drugs that tend to inhibit or 

delay the degradation and depletion of adenosine triphosphate (ATP) 

which controls the initiation and severity of the subsequent rigor 

mortis (59,   p.   18-72; 61,  p.   5-16). 

Neither fasting nor enforced exercise alone causes the 

ultimate pH of beef muscle to be stabilized above normal.    However, 

a combination of them appeared to do so (13,  p.   5-7; 59,  p.   18; 60, 

p.   5-6).     The reason is that ruminants spare the carbohydrates under 

conditions of stress that would deplete glycogen reserves in 
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nonruminant species,  and use fatty metabolites as the source of 

energy (48,   p.   380).    Consequently,  the observations of Briskey et al. 

(19,   p.   146-152; 20,   p.   152-157),  that forced exercise of both fasted 

and full-fed hogs lowered the initial content of glycogen and increased 

both ultimate pH and hydration,  were to be expected. 

All attempts to influence the water-holding capacity of meat 

by injecting cattle with medicaments-magnesium sulfate,   EDTA, 

myanesin,  dextrose,   small amounts of insulin,  adrenaline,   strych- 

nine,  thyroid extract,  tyrosine,  methyl uracil,   ephedrine,  potassium 

chloride--did not influence the ultimate pH of beef muscle (13,  p.   5- 

23; 59,   p.   19-72; 60,  p.   5-35; 61,  p.   5-16).    Insulin-tetany reduced 

the loss of juice after freezing and thawing but caused taste deterior- 

ation.     Neopyrithiamine,  which limits energy production from fat, 

lowered the glycogen reserve of beef muscle and raised its ultimate 

pH.    On the other hand,  Anglemier et al.    (2,   p.   1-6) showed that 

injection of pigs with 50 |j,g   epinephrine per kg of body weight four 

hours prior to slaughter produced meat with a considerably higher 

pH than the control. 

Feeding of calves on whole milk ad lib.,  whole milk plus iron 

and copper ad lib. , limited whole milk and milk-replaced feed had no 

effect on the water-holding capacity of meat from the calves (53, 

p.   611-614).    Jacobson and Fenton ( 65,   p.  415-426) fed cattle on 

three levels of nutrition and reported no.effect on the cooking loss, 
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thaw drip or evaporation  loss.    Stilbestrol feeding had no marked in- 

fluence  on the  water retention of beef  (29,  p.   1020- 1028).    Hogs fed a 

ration high in carbohydrates produced  pork with a pH value and wa- 

ter-holding capacity lower than those from hogs receiving a diet 

poor in carbohydrates.(8,  p.   14) .    Marked lowering of the pH value 

in pork muscle requires that at least 1 kg sugar be fed to the pig 

three to four hours before slaughter (48,  p.   383) . 

It has been shown that hogs fed with penicillin showed higher 

water-holding capacity than that of the control (48,  p.   383) . 

Post-mortem factors.    The decline of meat hydration during 

the first hours after slaughter is due partly to the formation of lac- 

tic acid by glycolysis.     The living muscle has a pH of 7 while muscle 

in rigor has a pH of 5. 5 (48,   p.   386) .    However,  Marsh (76,   p.   247- 

260) studied the effect of ATP upon the swelling of rabbit muscle and 

reported that the drop of pH alone does not sufficiently explain the 

post-mortem decrease in water-holding capacity.    He found that 

such a decrease may occur even if the pH remains almost unchanged 

in muscles from animals in which the muscle glycogen was depleted 

by exhaustion or by injecting insulin before slaughter.    Hamm 

(40,   p.   309-322) found that two-thirds of the hydration drop in beef 

muscle post-mortem is due to the breakdown of ATP and one-third 

to the fall of pH.    It was concluded also that ATP is conducive to a 

state of high hydration and that the hydration decreases to the extent 
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that ATP is broken down (48,  p.   386) .    Hamm (40,  p.   309-322) 

studied the influence of added ATP on the hydration of beef and found 

that ATP has two different functions,  its hydrating and softening 

effect and its contracting effect.    He reported that as long as ATP is 

not broken down,  it acts to bind the alkali earth metals and cause 

increased hydration.    On the other hand,  when the ATP is being de- 

composed it causes dehydration and contraction.    Adding a high con- 

_ 3 
concentration of ATP (3x10     M) or removing free alkaline earth 

ions from tissue by means of EDTA keeps the hydrating effect of 

ATP intact.    This is due to the decrease in the rate of ATP break- 

down by inhibiting the ATP-ase activity and/or by a "super-optimum" 

concentration of ATP (40,  p.   309-322). 

During the aging of meat,  only 23 to 33 percent of the total 

increase of the water-holding capacity of beef tissue after ten days' 

storage is due to the slow increase of pH (46,  p.   113-121).    Loosening 

of the protein structure by proteolysis and splitting of the peptide 

bonds by cathepsins and possibly by bacterial proteases increase the 

water-holding capacity of meat considerably (48,   p.   393). 

Whether the natural components of the muscle affect the 

water-holding capacity of meat has not been decided.    Many investi- 

gations have shown no correlation between the water-holding capacity 

and total moisture in meat (48,   p.   396).    However,  it was found that 

the total moisture in meat is highly correlated with protein content. 
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No corresponding correlation between water-holding capacity and 

protein content was observed (48,  p.   396).    This contradicts Swift 

and Herman's (89,  p.   365-370) results,  which showed that increasing 

the water-protein ratio of beef muscle was correlated to water 

retention (r - -0. 854). 

The intramuscular fat present in meat muscle seems to influ- 

ence the water-holding capacity of meat.    Swift and Herman (89, 

p.   365-370) showed a significant positive correlation between fat 

content and water retention (r = +. 868).    Hamm (48,  p.   397) explained 

the possible influence of fat on water-holding capacity of meat.    Al- 

though fat itself has little tendency to hold water, it may act to hold 

back some of the moisture that would otherwise be pressed out.     The 

microstructure of tissue might be loosened by the presence of intra- 

muscular fat,   resulting in more water being held in the immobilized 

state.    The amount of connective tissue (5 to 35 percent) in meat 

may also affect its water-holding capacity (48,   p.   397).    Hamm (48, 

p.   397)  stated that native collagen undergoes remarkable swelling 

at pH values higher or lower than I. P.   of meat.    Gelatin,  the heat- 

denaturated collagen,  also has great ability to bind water.     The vari- 

ations of factors which may determine the influence of connective 

tissue on the swelling of meat are great and may explain the contra- 

dictory conclusions on this point by different investigators.    Some of 

these factors are:   the physiological condition of the animal,  the 
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composition of connective tissue and the quality of meat,  the histolog- 

ical structure and the pH value. 

Storage and processing.   Storage and processing affects the 

water-holding capacity of meat greatly. 

Hamm (39,  p.   153-160) stated that "drip" of the frozen meat 

upon thawing is closely related to the water-holding capacity of the 

meat.     The higher the water-holding capacity of meat is before freez- 

iag,  the higher it is after thawing. . It was reported that meat with a 

pH value of 5. 5-5. 0 had more drip after freezing and defrosting than 

meat with higher pH (48,  p.  403).    At pH 6. 3-6.4,  there may be no 

drip at all.    The frozen aged meat lost much less drip upon defrosting 

than samples which were frozen while in rigor (14,  p.   13-17;  106, 

p.   69-73).    Hamm (48,  p.   407) summarized the factors which influ- 

ence the changes of hydration of meat during freezing and thawing to 

be the time of aging and storage before freezing,  the rate of freezing, 

the temperature of freezing and storage,  the duration and conditions 

of freezing and storage,  the rate and temperature of thawing,  the 

properties of the meat used (muscle,  water-holding capacity,   pH), 

the size of pieces of meat and the presence or absence of salt. 

The rehydration of dried meat is dependent on the water- 

holding capacity (48,  p.  408).    Hamm and Deatherage (49,  p.   573- 

586) reported that dried meat may take up as much water as it had 

before drying,  but most of the water is bound more loosely than in 
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the fresh meat.     The water-holding capacity of meat is considerably 

lowered after drying in a heated air stream (40-60    C).    The lack of 

rehydration is due to considerable denaturation of meat protein which 

results in a tighter network of protein structure (48,  p.   409-410). 

Hamm and Deatherage (49,  p.   573-586) studied the biochemical 

changes that cause the decrease of hydration by freeze-dehydration 

of meat.    They found that freeze drying removed water molecules 

from between the peptide chains.    Such a process causes the forma- 

tion of new salt and/or hydrogen bridges, which are responsible for 

a decrease of the water-holding capacity at the I. P.    Freeze-drying 

also causes an increase of acidic groups of proteins in the basic but 

not in the acidic range of the I. P. ,  which may be caused by cleavage 

of metallic cross linkages between the protein chains. 

Salts added to meat during various processing procedures 

affect    meat hydration very strongly (48,  p.  413).    The influence of 

a salt on the water-holding capacity of proteins may be understood 

only by considering the effects of both cations and anions as well as 

the pH of the meat.    Hamm (41,  p.   281-297) reported the influence 

of chlorides of different metals on the water-holding capacity of 

muscle homogenate at different pH and at ionic strengths greater 

than 0. 1.    He found that the hydration of protein increased by the 

addition of these chlorides in the following order: 
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pH 6.4 Zn++<^Ca++  <^Ba++  <(Mg++ <^K+ <^Na+   <Li+;   pH 5. 5 K+ < 

Na+,  Mg++ <^Ca++   <^Li+ <\Ba++; pH 3. 5 Li+ <^Na+, K+ <^Mg++ <^ 

Ca++ <r Ba++ ..    He also found the water-holding capacity of the 

muscle increased by the addition of these sodium salts,  pH 6.4 F<^ 

Cr<^Br"<^CNS"<V;   pH 5.5 F"<^ Cl" <^Br"<<^CNS" , l" ; 

pH 3. 5 I- ^CNS" <^Cr<^Br~ S F~.     This shows that going from the 

basic to the acidic range of the I. P.   of the muscle,  a reversion of the 

effect of ions on hydration takes place.    Hamm (48,  p.   415) concluded 

from the work of Gosh and Mihalyi (36,  p.   107-117) that the stronger 

the ion is bound to muscle proteins,  the stronger is the hydrating 

effect of the anion and the weaker the hydration effect of the cation 

in the basic range of I. P.   of the muscle.     The reverse is true in the 

acidic   range of I. P.    Cann and Phelps (24,   p.   4266-4270) explained 

the effect of anions and cations on the hydration of meat by the inter- 

action between the salt ions and the protein ions.    In the acidic 

range of the I. P.   of muscle,  the electrostatic repulsion between pos- 

itively charged groups of protein is reduced by the binding of anions, 

resulting in tightening of protein structure and a reduction in the 

water-holding capacity.    In the basic range of I. P. ,  on the other 

hand,   protein has more negatively charged groups which form salt 

bridges with the opposing positively charged groups.     The anions have 

the opposite effect and the result is increase of water-holding capacity 

of meat. 
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It has been reported that salts change not only the molecular 

structure of the muscle tissue,  but also that of connective tissue. 

Hamm (48,  p.   397-398) assumed that salts affect the connective 

tissue by the same mechanisms described for the structural proteins. 

It is well known fact that NaCl addition to the meat increases 

its hydration (38,  p.   1-11; 90,  p.   546-552;  105,  p.   74-76).    However, 

Hamm (41,   p.   281-297) reported that the hydration of muscle in- 

creases with increasing concentration of NaCl,  reaches a maximum 

at ionic strength (u) of 0. 8- 1. 0 and then decreases until finally the 

water-holding capacity is less than that of the original muscle. 

Hamm also suggested that denaturation of protein may take place at 

the same time.    The maximum hydration of meat by added NaCl is 

independent of the amount of water added to ground meat.    Heat 

reverses,  to a certain extent,  the effect of salt added.    However,  the 

heated meat has maximum hydration upon addition of salt (ionic 

strength of 0. 8 to 1. 0) (41,  p.   281-297; 51,   p.   28-32; 90,  p.   546- 

552). 

Salts of weak acids,  polyphosphates,   citrates. . . etc. ,   show an 

effect on the water-holding capacity of muscle protein.    Hamm and 

Grau (52,   p.   280-293) found that the effect of these salts is to raise 

the pH and eliminate alkaline earth metals by sequestering action. 

It was shown also that the polyvalent anions are the most effective. 

The above authors stated the following series for the hydrating effect 
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(JA. = 0. 3; pH 6.4) Na gluconate,  Na glutamate,  Na acetate,  Na 

carbonate "C^Na lactate <^Na tartrate^NaF <^Na dodecylsulfate ^Na 

monophosphate<^'Na cyclotriphosphate<^Na citrate <^'Na diphos- 

phate^^Na oxalate,  Graham's Na polyphosphate <^ Na tetraphosphate, 

Na triphosphate.    All of these salts are effective only at pH values 

above 5.5 and the effect increases with increasing the pH (46, p. 421),. 

The effect of salts of weak acids on the water-holding capacity of 

meat may be preserved to a certain extent after heat denaturation 

(52,  p.   280-293). 

Hamm (43,  p.   1-15) studied the presalting effect on meat 

hydration.    This is a means of preventing a rapid loss of the water- 

holding capacity after slaughter by salting the ground or cut meat 

during the first hours after death.    His explanation of the presalting 

effect is that when meat is salted in the presence of ATP,  it will 

have extremely high water-holding capacity because of the additive 

effect of ATP and salt itself.    Accordingly,   the distance between 

the peptide chains is too great for the bivalent cations released by 

the breakdown of ATP to connect the chains and little or no drop of 

hydration occurs. 

Effect of irradiation on meat texture 

Texture alteration by irradiation sterilization is one of the 

factors contributing to the undesirability of meat so treated.     The 
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information available on this subject is contradictory (1,  p.   305). 

Some laboratories report overtenderizing (21,  p.  4-9; 26,  p.  417- 

423; 73,  p.   645-658; 82,  p.   616-619) while others disagree (66, 

p.   601-603; 70,  p.   742-751). 

Pearson et al. (82,  p.  616-619) observed a loss of texture of 

roast beef,  pork chops,   roast chicken and veal roasts after irradi- 

ation.    The beef roasts tended to fall to pieces on removal from the 

container.    This was observed first at five days when stored at 125 

o 
F and at ten days at 100    F.    The above authors stated that texture 

loss or breakdown appears to be one of the major problems in stor- 

age of pre-cooked irradiated meats.    They explained this phenomenon 

by the non-enzymatic degradation of connective tissue.     Lim et al. 

(73,  p.   645-658) radiated ground pork at three and six megarads and 

found that such irradiated meat felt soft,  having fine,  loose almost 

spongy texture in contrast to the control samples.    The reasons for 

this were postulated to be protein degradation or changes in bound 

water due to irradiation.    However,  they gave no experimental data 

supporting this reasoning. 

It has been stated that texture changes caused by irradiation 

are most noticeable at radiation levels above two megarads (1, 

p.   305).    Coleby et al. (26,  p.  417-424) noticed a definite softening 

of texture of beef and pork samples immediately after irradiation. 

This is in agreement with results of Cain (21,   p.   4-9) who 
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pre-heated beef samples prior to irradiation to an internal tempera- 

ture of 160° F.    On the other hand,   Lawrie£tal.    (70,  p,   742-751) 

reported that beef cuts exposed to five megarads of ionizing radiation 

kept a tough texture which they described as similar to half-cooked 

o 
meat even after six to twelve months storage at 37    C.     These 

authors explained their results by saying that ionizing radiation- 

sterilization caused muscle protein denaturation and formation of 

cross-linkages between protein molecules resulting in more rigid 

structure.    They supported their idea that irradiation causes de- 

naturation by presenting evidence showing an increase in the pH of 

muscle and a decrease in protein solubility.    On the other hand, 

they explained the ATP-ase activity of irradiated muscle fibers by 

suggesting that the linkages involved in these cross linkages are 

different from those involved in reaction with ATP.    Histologically, 

the above authors observed disorientation of the muscle fibers by 

irradiation.    However,  the cross striations were persistent and 

they used this fact as evidence that the proteins are denatured but 

not proteolyzed by irradiation and storage. 

Irradiation of meat usually causes an increase of muscle pH. 

An increase of 1. 0 pH unit by a dosage of ten megarads has been 

reported (1,  p.   305).    Although Lawrie etal. (70,  p.   742-751) 

partly related pH change to protein denaturation,   Evans and Batzer 

(1,   p.   305) reported that the cause of pH shift and its contribution. 
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if any,  to the overall changes in texture is unknown. 

The effect of irradiation on the water-holding capacity of 

muscle proteins is not clear.    It has been reported that a consider- 

able amount of liquid is released during and after irradiation (48, 

p.   305).    Lawrie et al. (70,  p.   74Z-751) also observed a loss of 

water-holding capacity of beef irradiated to five megarads and 

large quantities of weep fluid on opening the sterilized meat con- 

tainers.    On the other hand,   Cain (personal communications) found 

no significant difference in the free water percentage of beef samples 

before and after irradiation.    The cause of the effects of irradiation 

on water-holding capacity of muscle proteins is not known (1,   p.   305). 

The effect of five megarads of irradiation on collagen and 

elastin was investigated by Lawrie et al. (70,  p.   742-751).    They 

reported that the chemical as well as histological tests showed no 

evidence of breakdown of these connective tissues. 

Effect of heating on meat texture 

Heating the meat to an internal temperature of 160 -  170° F 

before irradiation has been advised by many investigators for in- 

activating meat enzymes (4,   p.   100;  12,   p.   59; 22,  p.   603-610). 

It is known that heating releases juice,  the amount of which depends 

on the temperature,  and that this water loss influences juiciness and 

texture of meat (6,  p.  458-460;  103,  p.   506-511;  104,  p.   80-86). 
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Hamm and Deatherage (50,  p.   587-610) studied the effect of heating 

for 30 minutes at different temperatures on hydration of beef muscle. 

They found that a mild denaturation of muscle proteins takes place 

upon heating at 30 - 40    C,  resulting in an unfolding of peptide 

chains and the formation of new electrostatic and/or hydrogen cross- 

linkages.    A strong denaturation starts at 40    C and continues to 

50    C,   resulting in the development of new stable cross linkages. 

The acidic groups of the meat proteins decrease with increasing 

temperature.    By heating at temperatures between 50-55    C,   de- 

naturation and the formation of new cross linkages continue, but the 

decrease of negatively charged groups is delayed.    Carboxylic groups 

o 
decrease again upon heating at temperatures higher than 55    C.    At 

temperatures of about 65    C the denaturation is almost completed. 

The denaturation of protein causes a tighter network of protein 

structure and lower water-holding capacity.    Heat denaturation does 

not cause any significant decrease in the number of basic groups in 

muscle proteins.    The reason for the decrease of carboxylic groups 

is unknown.     Lowe and Kastellic (74,  p.   192-^207) reported that 

roasts cooked to an interior temperature of 70    C were more tender, 

lost less cooking weight, were juicier,  and had a higher collagen 

o o o 
content than cuts cooked to 90    C.     Cooking either to 90    C or 70    C 

increases the pH by about 0. 3-0.4.    These authors found no relation 

between pH values of cooked meat and differences in palatability 
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scores. 

The effect of heating on meat structure has been reported by 

various investigators (1,  p.   24-29;  17,   p.   246-254; 56,   p.   284-288; 

74,  p.   192-207; 81,  p.   221-233; 96,  p.   314-322).    Cooking steaks to 

an internal temperature of 77    C results first in swelling of collagen- 

ous fibers,  then a shrinkage and finally disintegration.    Heated 

collagen fibers appear fused in some areas,   are straighter and less 

distinct than the untreated ones,  and differ from them in affinity for 

dyes (1,   p.   24).    Neither the structure,  the staining affinities nor the 

physical properties of elastic fibers are appreciably altered by 

cooking. 

Attempts to correlate changes in the diameter of muscle 

fibers with changes in tenderness and/or cooking gave contradictory 

results.    Satorius and Child (85,  p.   619-626) reported a difference 

of 12 to  16 percent in size between fibers of raw and cooked triceps 

brachii,   aductor and longissimus dorsi muscles.     However, 

Birkner and Auerback (1,   p.   24) cited unpublished data of Wang that 

average muscle fiber diameters are 4 and 4. 4 microns before and 

after cooking,   respectively. 

The above author s reported that significant fiber diameter 

decrease was found to take place in semitendinosus fibers subjected 

o o 
to temperatures of 58    C and 67    C,  with no further decrease after 

heating to 75° C.     They concluded that shrinkage due to coagulation of 
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o 
muscle protein is complete near 67    C since they found that tender- 

ness of semitendinosus increased from 58    C to 67    C and de- 

o 
creased from 67 to 75    C. 

A separation of the fiber body from the sarcolemma and the 

subsequent filling of the space between them with a granular mater- 

ial has been observed in the heating of muscle fibers (1,  p.   76).    The 

thickness of the granular layer varies with the intensity and duration 

of the application of heat.    This phenomenon seems not related to 

grade,  weight or aging of carcass. 

Wang (96,  p.  314-322) studied the fat translocation on 

cooking.    He found that endomysial and perimysial fat cells move in- 

to the surrounding spaces by diffusing out of the structurally un- 

damaged cells.    The movement of fat released from perimysial is- 

lands appears to be influenced by the surrounding collagen.    Collagen 

o 
degraded by cooking to an internal temperature of 66    C was found 

to contain fat droplets while intact collagenous fibers were fat-free. 

This suggests a dispersing function whereby fat is relocated within 

the degraded collagen. 

Effect of soaking on meat texture 

Soaking of meat in water for 72 hours before irradiation- 

sterilization shows a definite improvement in the texture of beef 

samples so treated (21,  p.   4-9).    Such meat samples had a firmer 
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and more desirable texture,  as indicated by panel evaluation and 

shear press,  than beef steaks not soaked prior to irradiation.' The 

reason or-reasons  for  this   effect of water-on irradiated  meat 

texture are unknown. 

However, water is added to ground meat in manufacturing 

meat products such as frankfurters.    Hamm (46,  p.   113-121) studied 

the effect of such addition of water on the water-holding capacity of 

ground meat.    He reported that the nature of this influence appears 

complicated and is dependent on when the water is added and ths pH. 

Immediately after slaughter,  the water ^holding capacity increased 

with increasing amounts of water added.    Meat stored for orie to 

three days showed the reverse effect,  and after four to seven days 

the water-holding capacity was almost independent of the amount of 

water added. 

The influence of pH on the relation between added water and 

pH was studied by Hamm (47,  p.   113-121).    He reported that in- 

creasing amounts of added water from 20 to 80 percent caused a 

decrease of water-holding capacity at pH values greater than the 

I. P. ,  and increases at pH values below the I. P.  and no noticeable 

change within the range of the I. P.    He reported also a shift of I. P. 

of beef from 4. 5 to 5. 5 one day post-mortem.    Hamm (48,  p.  437) 

reported that these differences are due to the relations between in- 

organic ions and muscle proteins.    The addition of water lowers the 
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ionic strength and this diminishes the number of the negatively 

charged counter ions,  such as Cl   ,  of the muscle proteins.    Such 

diminution of the anions at the acidic range of I. P.  will increase the 

water-holding capacity as a result of lowering the "screening" effect 

of counter ions and increasing of the positive net charge,  which will 

result in the repulsion of peptide chains.    On the other hand,  a de- 

crease in the anion effect in the basic range of the I. P.  will result in 

an approach of positively and negatively charged groups to form salt 

cross linkages and,  therefore,  a decrease in the amount of water 

held by meat. 

As mentioned above,  the effect of added water on meat hydra- 

tion decreases with increasing time of aging.    Thus,  Hamm (48, 

p.  437) concluded that the effect of anions naturally present in meat 

diminishes with increasing time of storage. 

Histological evaluation of meat texture 

Many attempts have been made to establish relationships be- 

tween histological findings and the characteristics of different meat 

muscles as well as chemical and physical changes brought about in 

meat by various treatments and processes (1,   p.   21-44;  17,   p.   246- 

254; 56,  p.   284-288; 70,  p.   742-751; 74,  p.   192-207; 81,  p.   221- 

233; 85,  p.   619-622; 86,  p.   1-36; 96,   p.   314-322; 97,  p.  423-438). 

The muscle fiber diameter is thought to be associated with 
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the relative tenderness of the muscles (58,  p.   364-376).    Brady 

(17,  p.   246-254) reported a mean diameter of 58. 5 microns for fibers 

from yearling steers and 70. 9 microns for mature cows when the 

same muscle was used.    Grain feeding appears to decrease the fiber 

diameter (1,   p.   27).    In addition,  decreases in fiber diameter were 

noted between full-fed,  half-fed and roughage-fed animals. 

The muscle bundle size is also related to meat texture. 

Brady (17,   p.   246-254) found that the longissimus dorsi muscle, 

which is considered to have good texture,  has more fibers of the 

same diameter per primary bundle than the muscles having less 

desirable texture.    For example,  the longissimus dorsi has about 

260 fibers per primary bundle as contrasted to 98 observed in that 

of the semitendinosus.     The same author concluded that "the number 

of fibers in a bundle is a measure of texture. . . Texture is an indica- 

tion of tenderness,  the finer the texture,   the more tender the meat. " 

The breakage of muscle fibers is observed to accompany 

tenderness during aging (81,   p.   221-233).    Muscle fibers of freshly 

killed animals are straight or slightly wavy with distinct longitudinal 

striations and no transverse breaks (1,  p.   30).    After one day's 

o 
storage at 1. 7    C the fibers are characterized by more distinct out- 

lines,   cross striations,  less distinct longitudinal striations and con- 

tracture nodes and fiber kinks.     Two days storage results in the dis- 

appearance of cross striations in small infrequent areas and in the 
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appearance of transverse breaks.     The areas of cross-striation 

disintegration increase in frequency and extent and the kinks and 

waves disappear after four to nine days.    After  14 days,  however, 

there are no fiber changes.    It must be mentioned also that different 

muscles behave differently (1,  p.   30). 

The physical stresses produced by rigor and action of auto- 

lytic enzymes are possible causes of transverse breakage of the the 

fibers.    Almost all of the added proteolytic enzymes to meat causes 

degradation of muscle fibers (97,   p.  423-438). 

The connective tissues also might contribute to the tenderness 

of meat.    Muscles differ in their content of collagen and elastin 

fibers.     Low-activity muscles have less collagen than extensively 

used muscles (1,  p.   22-23).    Although there is no apparent consistent 

relation between carcass grade or weight and collagen content of in- 

dividual muscles in uncooked samples,  there is some indication that 

fiber size increases with the age of animals. 

The elastin content of uncooked meat is also unrelated to 

either carcass grade or weight.    However,  Burkner and Auerbach 

(1,   p.   23) reported that the total amount of elastin in cuts of the 

semitendinosus muscle is 2. 5 times that found in longissimus dorsi 

of the same animal. 

Wang et al. (97,  p.   423-438) found that the diameter of ribeye 

elastin fibers ranges from 0. 5 to 0. 8 microns,  while the diameter of 
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EXPERIMENTAL PROCEDURE 

Source  of material 

The  intact loin or ribeye muscles (longissimus dorsi) were 

obtained from each of three   steer carcasses   of the standard grade 

at a  local meat packing plant.    The carcasses had been aged six 

days   prior to  the removal of the muscles.     All external fat and 

mennbranes were removed from  the muscles and the remaining lean 

portions  were  cut into one-inch-thick steaks weighing 200-300 grams 

each. 

Sampling description and  distribution 

By use of a random number table,  duplicate samples (labelled 

A and B)  were assigned to each of the following eight treatments: 

R = raw muscle (control sample) 

RS = raw muscle,   soaked 

RSC       = raw muscle,   soaked and cooked 

RSI = raw muscle,   soaked and irradiated 

RSCI     = raw muscle,   soaked,   cooked and irradiated 

RC = raw muscle,  cooked 

RCI        = raw muscle,  cooked and irradiated 

RI = raw muscle,  irradiated 
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where 

S indicates that the samples were soaked in an equal weight of 

distilled water for 72 hours at 38    F; 

C represents the heat inactivation of the muscle enzymes by 

cooking the meat to an internal temperature of 160    F; 

and 

I stands for irradiation at a dosage level of 4. 5 megarads. 

The duplicate samples for each treatment were designated as 

A and B because a series of different analyses were performed on 

each,  as will be explained later. 

In accordance with the above design,  three replications con- 

stituted the experimental work of this study. 

Sample treatments 

Samples to be soaked in water were wrapped in sheets of 

cheese cloth,   placed in a glass jar with the proper amount of distilled 

water and stored at 38    F for 72 hours.    After soaking,  the meat was 

blotted dry with paper towels, weighed and placed in plastic pouches. 

Samples to be heat treated for inactivation of the enzymes were 

placed in boil-in-the-bag plastic pouches and submerged in boiling 

water until the internal temperature of the beef reached 160° F. 

Temperature changes were measured by thermocouples inserted into 

the meat and connected to a Brown Electronik Recorder.    Samples to 





41 

sample was then added and re-mixed with its ground solids.    The 

ground meat was used for determination of acidic and basic groups, 

protein,  dry weight,  ash,  total minerals,   pH-WHC curves,  and 

separate juice and its mineral content.    Separate juice is the filtered 

supernatant resulting from the centrifugation of 100 grams of ground 

meat at 16, 000 rpm at 38    F for 30 minutes in a Servall Superspeed 

Centrifuge (TypeSS-3). 

The glycine soluble extract was also obtained from the B- 

samples.    Ten grams of ground meat were homogenized with 30 ml 

of 0. 2 N glycine-NaOH buffer,  pH 8. 6,  in a Waring blender at 32° F. 

The resulting suspensions were centrifuged at 16,000 rpm for 30 

minutes at 38    F in the Servall Superspeed Centrifuge.     The super- 

natants were then filtered through Whatman No.   1 filter paper.     This 

filtrate was used for the tyrosine-tryptophan index determination as 

well as electrophoretic analysis. 

Soaking water.    Samples of the soaking water were filtered 

through Whatman No.   1 filter paper and then analyzed for dry weight, 

ash, minerals,  total protein,  and the tyrosine-tryptophan index both 

before and after protein precipitation by trichloroacetic acid (TCA). 

The soaking water was analyzed at 24 hour intervals. 

Analytical procedures 

In all the following tests duplicate samples were used unless 
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specified. 

Total moisture determination 

Forty ml of soaking water,   15 ml of drip,   10 ml of separate 

juice or 10 g of ground meat were used for moisture determination. 

The sample to be dried was placed in a tared 50 ml pyrex beaker and 

the moisture evaporated by heating in an oven at 100- 110    C for  16 to 

18 hours.    After cooling,  the beakers were weighed and the moisture 

content and the percent dry weight were calculated.    The dried 

samples were retained for subsequent ashing and preparation of the 

stock electrolyte solution. 

Ash determination 

The samples dried for moisture determination were charred 

at 200    C for 24 hours and then ashed in a muffle furnace at 525- 

o 
550    C for  12 hours.    After cooling,  the residues were weighed and 

the amount of ash was calculated and retained in the beakers for 

analysis of electrolytes. 

Stock electrolyte solution 

The ash was dissolved in hot 2 N HC1,  filtered through 

Whatman No.  42 ashless filter paper and the filtrate was collected in 

a 100 ml volumetric flask.     The filter paper was washed repeatedly 



43 

by small portions of the acid and the washings were combined in the 

volumetric flask.    The solution was then adjusted to volume with 2 N 

HCl and used for determining zinc,   calcium,  magnesium,   sodium and 

potassium contents. 

Determination of zinc 

Zinc was determined by the method of Jackson and Brown 

(64,   p.   1-5).    The method involves the separation of zinc from inter- 

fering ions by means of the absorption and release of zinc ions on, 

and from,  a column of Dowex I resin, X-8 linkage,  50- 100 mesh. 

The zinc is then determined colorimetrically using zincon reagent as 

the complexing coloring compound. 

The resin column (5 X 140 mm) was prewashed with 10 ml 

0. 005 M HCl followed by 5 ml 2M HCl and the material passing 

through the column was discarded.     Ten ml of ash solution were then 

transferred to the column and allowed to pass completely through. 

All ions in the ash except zinc,  which is quantitatively retained on the 

column,  were completely eluted by passing 50 ml of M HCl through 

the column.     The zinc was then freed from the resin by washing the 

column with 30 ml of 0. 005 M HCl.    The eluate was collected in a 

50 ml pyrex volumetric flask.     To the zinc solution,   5 ml of boric 

acid buffer,  pH 9. 8,  and 3 ml of 0. 13 percent Z-carboxyl-Z'-hydroxy- 

S'-sulfaformazyl benzene (Zincon reagent) were added and the 
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solution was made to volume with distilled water.    The absorbancy 

was then determined at 625 m/A in a model B Beckman Spectro- 

photometer.    The amount of zinc was obtained by comparing its 

absorbance value with a standard curve. 

Determination of calcium 

Calcium was precipitated as the oxalate with subsequent 

oxidation of the oxalate by ammoniunn hexanitrocerate and the excess 

cerate was titrated with ferrous ion employing orthophenanthroline 

as an oxidation-reduction indicator as described by Berman (10, 

p.   429-432) and Berger (9,   p.   249-252).     Twenty-five ml of the 

stock electrolyte solution were transferred to a 50 ml conical centri- 

fuge tube and evaporated to dryness in an oven at 100    C.    The 

residue was dissolved in 5 ml of 1 N HCl,  and 2 ml of a 1:1 20 percent 

sodium acetate-saturated ammonium oxalate solution and two drops 

of 0. 1 percent brom cresol green indicator were added.    The solu- 

tion was adjusted to pH 4. 5 (green color) and allowed to stand over- 

night to obtain complete precipitation of the calcium oxalate.     Each 

tube was then centrifuged at 3500 rpm for  15 minutes and the super- 

natant was decanted.    The precipitate was washed once with two per- 

cent ammonia and twice with a mixture of equal parts of 95 percent 

ethyl alcohol,   ethyl ether,  and two percent amnaonia.     The moist cal- 

cium oxalate precipitate was dried in an oven at 60    C. 
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(T/T NP). 

pH - water-holding capacity curves 

A procedure described by Hamm and Deatherage (50,  p.   587- 

610) was modified for obtaining the pH-WHC curve.    Six and one-half 

grams of ground meat were placed in each of ten 50 ml beakers. 

These meat samples were then mixed with 1. 5 ml of solutions con- 

taining distilled water plus varying amounts of HC1 or NaOH to give 

different pH values within the specified pH range of 3 to 7. 5.    It 

was found that 1. 5 ml of 1 N HC1 or 0. 3 N NaOH were suitable for 

the terminal beakers.    After equilibration at 38    F for a few hours the 

WHC and pH were determined for all the samples. 

WHC was measured by a method modified from that by 

Wierbicki and Deatherage (102,  p.   387-392).    Triplicate samples, 

0. 400-0. 600 gram each, were weighed on a 2 x 4 inch sheet of non- 

absorbent nylon parachute textile.    The samples thus prepared were 

placed between four sheets of Whatman No.   5 filter paper and pressed 

in a Carver laboratory press for two minutes at 500 psi.    The 

pressed samples were weighed within five minutes after pressing. 

The bound water was then calculated by subtracting the amount of 

the pressed water from the total moisture plus the added water. 

pH was determined by a Backman Zeromatic pH meter after 

addition of 5 ml of distilled water to each beaker and equilibration 
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of the mixture for one hour at 38    F. 

Acidic and basic groups 

Acidic and basic groups were determined by the dye binding 

method of Fraenkel-Conrad and Cooper (32,  p.   239-246) as modified 

by Hamm and Deatherage (50,  p.   587-610).    Twenty-five mg of 

ground meat were agitated at 38    F for 24 hours with either 2 ml of 

phosphate buffer,  pH 11.5,  and 8 ml of 0. 2 percent safranine dye 

solution for determination of the acidic groups or with 2 ml of citrate 

buffer,  pH 2. 2,  and 8 ml of 0. 1 percent orange G dye solution for 

the basic groups.    After agitation,  the mixtures were centrifuged 

at 3500 rpm for ten minutes.    The supernatants for the acidic groups 

were then diluted 250 times with distilled water and the absorbancy 

measured at 520 mu, whereas those for the basic groups were diluted 

50 times and the absorbancy determined at 490 mu.    The amount of 

bound dye was then calculated by means of calibration curves,  and 

4 
the results were obtained as equivalents per 10    grams protein. 

The protein content for the above calculations was determined 

by the macro-Kjeldahl method after precipitation of the protein by 

15 percent TCA.    One gram of ground muscle was soaked in 10 ml of 

distilled water for 30 minutes in a boiling tube.    Twenty ml of 15 per- 

cent TCA were added and the tubes were kept refrigerated for 60 

minutes with occasional stirring.     The protein mixture was then 
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filtered through Whatman No.  42 filter paper, the precipitate was 

washed by three percent TCA and the filter paper with the proteins 

was transferred to a 800 ml Kjeldahl digestion flask.    Ten grams of 

"Kel-pak" catalyst and 25 ml of concentrated sulfuric acid were then 

added.    The mixture was digested for two hours,  cooled,  diluted 

with 200 ml of distilled water and cooled again.    After the addition of 

six pieces of Hanger granules and 50 ml of 50 percent NaOH, the 

solution was distilled for 30-45 minutes.    The distillate was collected 

in 40 ml of four percent boric acid and the ammonia was titrated with 

0. 1 N H SO. using bromocresol green-methyl red indicator (75, 

p.   280-282). 

Electrophoresis 

A disc electrophoresis apparatus was used to obtain the 

electrophoretic pattern of the proteins soluble in glycine buffer.    The 

procedure used was that of Davis (28,  p.   1-22), which involves the 

separation of the protein fractions on a small column of polyacryl- 

amide gel,  fixation of the proteins by seven percent acetic acid and 

staining the fractions with amido schwarz dye. 

Shear value determination 

Steaks of the A-samples were broiled in an oven by the con- 

ventional method before cutting and removing four cylindrical pieces 
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of meat with a one-inch diameter coring device.     These cores were 

weighed,   and the resistance to shear force was measured by a 

modified Lee-Kramer shear press,   fitted with an x-y recorder. 

Each sample was sheared three successive times,   and the average 

of the maximum shear force peaks of the three shearings per sample 

was expressed as pounds of shear force per gram of meat. 

Statistical analysis 

The effects of the different treatments on the various meat 

characteristics were calculated by use of the individual degree of 

freedom test after subjecting the results to analysis of variance. 

The correlation coefficient was used to determine the relationship of 

the different data to the shear value of corresponding samples since 

the shear value was considered as a measure of tenderness.       All of 

the above statistical techniques are described by Li  (72). 

It is emphasized that the isoelectric point,   as mentioned in the. 

course of this investigation,   indicates the pH range at which the 

hydration of the meat is at a minimum level. 
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RESULTS AND DISCUSSION 

The data were calculated on a wet weight basis and the average 

of the three replications is presented.    Variations due to the meat 

itself may be noted from the outcome of the statistical analysis of 

the experimental results. 

Change in meat weight on soaking 

Meat samples increased slightly in weight during soaking. 

This increase averaged 2.24 percent and ranged from -1. 50 to 

+ 5. 23 percent. 

Soaking water 

The changes in dry weight,  ash,  total protein and mineral 

content as well as the tyrosine-tryptophan indices of the soaking 

water are presented in Table 1. 

Table 1.    Average of dry weight,  ash,  minerals, total protein,  T/T indices of the soaking water 
during 72 hours soaking period. 

Percent 
me/100 ml Time in Dry 

Weight      Ash Protein 
Absorbancy (280 mci) 

Hours Zn Ca        MR Na K T/T P           T/T NP 

0 0000000 00 0 
24 1.41        0.29       0.90      0.10     0.45     4.18     25.46 93.00      7.32 2.73 
48 1.98        0.39        1.25      0.17     0.57     7.05     34.85 131.21     10.82 3.66 
72 2.39        0.45       1.78      0.22     0.75     8.75     32.47 160.83    13.72 4.37 
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Analysis of the soaking water showed that the contents of this fluid 

in regard to dry weight,  ash,   cations,  protein and nonproteinous 

materials increased considerably during the first 24 hours of the 

soaking period after which the increase was gradual up to 72 hours 

except in the case of sodium which decreased slightly during the 

last 24 hours. 

Weight losses of the meat 

Weight losses during the various treatments were measured 

on the A-samples.     The drip freed during thermal inactivation of 

enzymes and irradiation as well as weight loss resulting from 

broiling were calculated as percent of the original weight of the beef 

samples.     These data and the sum of losses are tabulated in 

Table 2.    Analysis of variance on such data,   Table 3,   shows that 

soaking (S)--when followed by other treatments--thermal inactiva- 

tion of the enzymes (C) and/or irradiation (I) caused the liberation of 

significant amounts of drip.     This was true at both 0. 05 and 0.01 

probability levels. 

Table 2.    Average of percent drip freed during thermal-enzymes inactivation,  percent weight loss 
due to broiling and the sum of weight losses.    (A-samples) 

Treatment R RS RSC RSI RSCI        RC RCI RI 

Drip 0 0 33.76 8.77 37.28      28.52 28.74 4.30 
Loss during broiling 17.16      24.87 15.62      26.51 13.85       14.54 14.81 16.53 
Sum of loss 17.16      24.87 49.38      35.28 51.13      43.06 43.55 20.83 



Table 3.   Analysis of variance of drip,  loss due to broiling and the sum of losses. 
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Source of Variations 
Degrees of 
Freedom 

Mean 
Square 

Significance at 
0.05     0.01 

Drip 
Replications 
Treatments 

S           vs. n*S 
C vs. n.C 
I vs. n.I 
S&C vs. n.S&C 
S&I vs. n.S&I 
C&I vs. n.C&I 
SCSI vs. n. SC&I 

Error 
Total 

Loss during broiling 
Replications 
Treatments 

S vs. n.S 
C vs. n.C 
I vs. n.I 
S&C vs. n.S&C 
S&I vs. n.S&I 
C&I vs. n.C&I 
SC&I vs. n. SC&I 

Error 
Total 

Sum losses 
Replications 
Treatments 

S vs. n.S 
C vs. n.C 
I vs. n.I 
S&C vs. n.S&C 
S&I vs. n.S&I 
C&I vs. n.C&I 
SC&I vs. n. SC&I 

Error 
Total 

2 44.35 6.57 S s 
7 756.90 112.13 S s 

I         124.90 18.50 S s 
I       4978.94 737.60 s s 
L          105.97 15.70 s s 
I        3340.67 494.90 s s 
L          230.47 34.14 s s 
I       3268.98 272.41 s s 
I       2084.32 308.78 s s 

14 6.75 
23 238. 32 

2 69.49 9.83 s s 
7 71.79 10.16 s s 

I         118.90 16.83 s s 
1         258.46 36.58 s s 
L            0.09 0.01 NS NS 
I            13.38 1.89 NS NS 
I           56.25 7.96 s NS 
I         134.07 18.97 s S 
I            16.43 2.33 NS NS 

14 7.07 
23 32. 19 

2 50.52 2.08 NS NS 
7 489.33 20.16 S S 

L          401.88 16.56 S s 
2751.40 113.36 S s 

144. 70 5.96 S NS 
2628. 18 108.29 s s 
514.44 21.20 s s 

2079.02 85.66 s s 
1730.60 71.31 s s 

14 24.27 
23 168.09 

*   n   refers to non-. 
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The soaked samples showed a much greater, broiling loss than 

did the control meat while smaller differences were noted between the 

control and the cooked meat.    Irradiation had little or no effect on the 

weight loss due to broiling.    Combination of soaking and cooking 

balances the effects of both with the result that beef samples which 

were soaked and cooked lost the same amount of weight upon broiling 

as did the unsoaked and uncooked samples.    On the other hand,  the 

beef steaks which were soaked and irradiated lost a slightly higher 

amount of weight than the unsoaked and unirradiated samples did. 

This shows that irradiation tends to slightly decrease the loss of 

weight upon broiling.    However,  this effect of irradiation is not high 

enough to show a statistical difference when irradiation,   cooking and 

irradiation or soaking,   cooking and irradiation effects were studied. 

Statistical analysis on the sum of drip and broiling losses is 

presented in Table 3.    All of the treatments except irradiation, 

which had only a slight effect,   showed a significant increase in the 

total weight loss.    This was indicated by testing the significance at 

both 0. 05 and 0. 01 probability levels. 

Shear value 

The shear value per gram of broiled meat was considered as 

a measure of tenderness.     The average results of the shear value 

determination as effected by the various treatments are presented in 
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Table 4.    The analysis of variance calculations on the shear value is 

shown in Table 5.    The statistical analysis of the data shows that 

both soaking and cooking noticeably toughen the meat while irradi- 

ation results in a remarkable over-tenderization.    Soaking em- 

phasizes the toughening effect of cooking.    On the other hand, irradi- 

ation seems to reverse the effect of soaking,   cooking and/or both. 

Table 4.   The effect of various treatments on the average shear value/gram of meat. 

Treatment R RS RSC RSI RSCI RC RCI RI 

Shear value/g 11.00 13.07 18.53 10.07 14.83 17.10 11.63 8.47 

Table 5.    Analysis of variance of the shear values. 

Source of Variations 
Degrees of    Mean 
Freedom       Square 

Significant at 
0.05        0.01 

Replications 
Treatments 

S vs. n.S 
c vs. n.C 
I vs. n. I 
s&c vs. n.S&C 
SGI vs. n.SGI 
C&I vs. n.C&I 
SC&I vs. n. SC&I 

Error 
Total 

2 17.90 4.48 NS NS 
7 36.75 9.19 S S 

I         25.83 6.46 s NS 
L       142.59 35.67 s S 
L        81.03 20.27 s S 
L       144.91 36.25 s S 
I           7.68 1.92 NS NS 
L           4.32 1.08 NS NS 
I        22.04 5.51 s NS 

14 4.00 
23 15.17 





Table 7.   Analysis of variance of percent total, bound and free moisture. 
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Source of Variations 
Degrees of 

Freedom 
Mean 

Square 
Significant   at 
0.05      0. 05 

Total moisture 
Replications 
Treatments 

S vs. n.S 
C vs. n.C 
I vs. n.I 
s&c vs. n.S&C 
SSI vs. n.S&I 
C&I vs. n.C&I 
SC&I vs. n. SC&I 

Error 
Total 

Bound moisture 
Replications 
Treatments 

S vs. n.S 
C vs. n.C 
I vs. n.I 
S&C vs. n.S&C 
S&I vs. n.S&I 
C&I vs. n.C&I 
SC&I vs. n. SC&I 

Error 
Total 

Free moisture 
Replications 
Treatments 

S vs. n.S 
C vs. n.C 
I vs. n.I 
S&C vs. n.S&C 
S&I vs. n.S&I 
C&I vs. n.C&I 
SC&I vs. n. SC&I 

Error 
Total 

2 12.25 42.65 S s 
7 10.47 36.43 S s 

I           59.44 206.96 S s 
I             0.92 3.19 NS NS 
L             5.11 17.78 S s 
L           37.56 130.78 S s 
I           14.85 51.71 s s 
L             0.85 2.95 NS NS 
I            9.00 31.35 S s 

14 0.29 
23 4.42 

2 2.77 1.24 NS NS 
7 13.24 5.92 S S 

I             5.92 2.65 NS NS 
1           55.51 24.83 S S 
L             3.84 1.72 NS NS 
1           12.59 5.63 S NS 
L              0.11 0.05 NS NS 
L            44. 27 19.80 S S 

6.72 3.01 NS NS 
14 2.23 
23 5.63 

2 12.32 5.54 S NS 
4 15.52 6.98 s S 

27.84 12.51 s s 
70.69 31.78 s s 
0.09 0.04 NS NS 

93.63 42.09 s s 
12.38 5.57 s NS 
32.87 14.77 s s 
31.28 14.06 s s 

14 2.22 
23 7.15 
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The molecular weight for the peptide is 203 and that of water 

is  18.     Thus the increase in the percent dry weight of the peptide upon 

fragmentation to its amino acid content is — x 100 = 17. 74 per- 

cent.    It must be mentioned that this does not indicate that the peptide 

bonds are the only linkages broken by irradiation.    It has been stated 

by Mauriee et al.   (92,  p.   149) that there is no chemical bond immune 

to the action of such process. 

The amount of bound water per 100 grams of meat seems to 

change with the various treatments.    The statistical analysis of the 

results,  Table 7,  shows that the increase in the water holding capac- 

ity is not affected significantly either by soaking or irradiation.    On 

the other hand,  heating the meat samples to an internal temperature 

of 160    F causes a remarkable decrease in the capacity of the meat 

to hold and keep water.    Combination of soaking and cooking seems 

to slightly decrease the WHC of the meat.     This indicates that soaking 

has a reversing action on the effect of cooking on meat hydration. 

This also can be seen if the effect of the SCI- is compared to the 

effect of CI- treatment.    Soaked,  cooked and then irradiated samples 

had no significant effect on the WHC of beef samples while cooked and 

irradiation treatment decreases the amount of bound water signifi- 

cantly as tested at both 0. 05 and 0. 01 probability levels. 

The percent free water was obtained by subtracting the 

amount of bound water from percent total moisture.    The amount of 
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Table 11.    Analysis of variance of the percent of the ash content of the meat,  separate juice and drip. 

Source of Variation 

Degrees of 

Freedom 
Mean 

Square 
Significant at 

0.05     0.01 

Ash content of the meat 
Replications 
Treatments 

s vs. n. S 

c vs. n.C 

I vs. n.I 

s&c vs. n.S&C 

S&I vs. n.S&I 

C&I vs. n.C&I 

SC&I vs. n. SC&I 

Error 

Total 

Ash content of the separate 

Replications 

Treatments 

S vs. n.S 

C vs. n.C 

I vs. n.I 

S&C vs. n.S&C 

S&I vs. n.S&I 

C&I vs. n.C&I 

SC&I vs. n. SC&I 

Error 

Total 

Ash content of the drip 

Replications 

Treatments 

S vs. n.S 

I vs. n.I 

Error 

Total 

2 0.020 2.53 NS NS 

7 0.162 20 81 S S 

L          1.092 140.03 S s 
L         0.003 0.35 NS NS 

L         0.0001 0.01 NS NS 

I         0.493 63.24 S S 

L         0.536 68.69 s S 

I         0.002 0.24 NS NS 

L         0.267 34. 19 s S 

14 0.008 

23 0.056 

2 0.010 5.39 s NS 

7 0.353 196.17 s S 

L         2.352 1306.67 s S 

L         0.083 46.39 s S 

0.013 7.22 s NS 

L         0.770 430.28 s S 

L          1.008 559.83 s S 

L         0.081 45. 11 s s 
L         0. 346 192.17 s s 

14 0.002 

23 0. 110 

2 0.006 1.41 NS NS 

3 0.475 103.30 s s 
1 308.39 s s 
1 1.41 NS NS 

6 0.005 

11 0. 133 
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Cations 

All the data for zinc,  calcium,  magnesium,   sodium and 

potassium are represented as mg/100 g tissue or 100 ml juice or 

drip. 

Zinc 

Total zinc of the meat samples, the amount of zinc in the 

separate juice and the zinc content of the drip are tabulated in 

Table 12.    Statistical analysis on the data is given in Table 13.    The 

various treatments did not cause a significant change in the total 

zinc in the meat samples.    Statistically,  there was no significant 

change in the zinc content in the drip from samples of the various 

treatments.     The amount of zinc in the separate juice varies with 

treatments.    The data in Table 13 shows that either soaking or cook- 

ing or both decreases the amount of zinc in the separate juice.    Ir- 

radiation, however, has no significant effect on the separate juice 

content of such mineral, 

Table 12.    The effect of various treatments on the average zinc content of the meat, the separate 
juice and the drip (mg/100 g or ml). 

Treatment R RS RSC RSI RSCI RC RCI RI 

Zinc content of the meat   3.04 2.60           2.49 2.44           2.72 2.75           2.86 3.62 
Zinc content of the 
separate juice                      2.26 1.22           0.15 1.21           0.06 0.31           0.17 1.98 

Zinc content of the drip                   0.03             0.06 0.08           0.09   
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Table 13.    Analysis of variance of the zinc content of the meat, separate juice and drip. 

Source of Variations 

Degrees of      Mean 
Freedom       Square 

Significant at 
0.05     0.01 

Zinc content of the meat 
Replications 
Treatments 
Error 
Total 

Zinc content of the separate 
Replications 
Treatments 

S            vs. n.S 
C           vs. n.C 
I             vs. n.I 
S&C       vs. n. S&C 
S&I         vs. n.S&I 
C&I        vs. n.C&I 
SC&I      vs. n. SC&I 

Error 
Total 

Zinc content of the drip 
Replications 
Treatments 
Error 
Total 

2 2.08 12.96 S S 
7 0.43 2.69 NS NS 

14 0.16 
23 0.41 

2 0.02 0.20 NS NS 
7 2.68 45.57 S S 

I            1.62 27.51 S S 
L          13.44 228.34 s S 
I           0.10 1.68 NS NS 
L          12.20 207.19 S S 
L            1.26 21.40 S s 
L            7.93 134.61 S s 
L            7.26 123.18 S s 

14 0.06 
23 0.74 

2 0.002 0.71 NS NS 
3 0.002 0.60 NS NS 
6 0.003 

11 0.003 
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Calcium 

The results for the calcium determinations on meat,   separate 

juice and drip are presented in Table  14.    The analysis of variance 

calculations on these data are shown in Table 15.    Due to difficulty 

with the analytical procedure the first replication was omitted. 

Table 14.    The effect of various treatments on the average calcium content of the meat, the 
separate juice and the drip (mg/100 g or ml). 

Treatment R RS RSC RSI RSCI RC RC1 Rl 

Calcium content of the 
meat 4.29        3.29 3.00 3.10 3.59 3.74 3.60 3.34 

Calcium content of the 
separate juice* 3.58 1.93 2.84 2.03 3.04        3.78 3.95 3.00 

Calcium content of the 
drip     2.85   2.73 3.64 3.62   

*Also referred to as free calcium. 

The statistical analysis,   Table 15,   shows that total calcium is 

not significantly changed by the various treatments.    This indicates 

that the amount of calcium lost to the soaking water was not signifi- 

cant as compared to the total calcium content of the meat.    On the 

other hand,  the amount of calcium in the separate juice appears to 

respond slightly to the treatments.    Soaking decreases and cooking 

increases the free calcium.     This is concluded from the significant 

results obtained at both 0. 05 and 0. 01 probability levels.    Irradi- 

ation alone does not have a noticeable effect on the amount of calcium 

in the free juice.    However,   such treatment may cause a reduction 
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Table 15.    Analysis of variance of the calcium content of the meat,  separate juice and drip. 

Degrees of Mean Significant at 
Source of Variations Freedom Square F 0.05 0.01 

Calcium content of the meat 
Replications 1 1.07 0.45 NS NS 
Treatments 7 3.37 1.42 NS NS 
Error 7 2.37 
Total 15 0.34 

Calcium content of the separate juice 
Replications 1 0.33 2.89 NS NS 
Tre atments 7 1.13 6.16 S NS 

S            vs.    n. S 5.03 27.32 s S 
C            vs.    n.C 2.35 12.76 s s 
I             vs.    n. I 0.003 0.002 NS NS 
S&C       vs.    n. S&C 0.25 1.37 NS NS 
S&I         vs.    n. S&I 2.64 14.37 S s 
C&I        vs.    n.C&I 1.09 5.91 S NS 
SC&I      vs.    n.SC&I 0.30 1.61 NS NS 

Error 7 0. 18 
Total 15 0.64 

Calcium content of the drip 
Replications 1 0. 17 4.69 NS NS 
Treatments 3 0.47 12.66 S S 

S            vs.    n.S 1 1.39 37.58 s s 
I             vs.    n.I 1 0.01 0.26 NS NS 

Error 3 0.04 

Total 7 0.24 

in the free calcium.    This can be noticed by comparing the effect of 

the combination of cooking and irradiation with the effect of cooking 

alone.     The combination of cooking and irradiation slightly increases 

the free calcium, while cooking alone causes a highly significant 

liberation of calcium to the separate juice.    When meat samples were 

soaked and then cooked,  there were no noticeable net effects of such 

treatments on the free calcium. 

The effect of soaking or irradiation on the amount of calcium 
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in the drip is similar to that in the separate juice. 

Magnesium 

The effect of the various treatments on the average magnesium 

content of the meat,  the separate juice and the drip is presented in 

Table 16. 

Table 16.    The effect of various treatments on the average magnesium content of the meat,  the 
separate juice and the drip (mg/100 g or ml). 

Treatment R RS RSC RSI RSCI RC RCI RI 

Magnesium content of 
the meat 28.49      15.82 17.32      18.49 18.70      30.17 30.84      26.20 

Magnesium content of 
the separate juice*       23.52      11.56 20.09      15.99 20.61      42.52 43.15      22.15 

Magnesium content 
of the drip — — 16.02 — 18.41       29.46 42.93 

*Also referred to as free magnesium. 

These data were subjected to statistical analysis and the results are 

shown in Table 17.    The individual degrees of freedom tests show 

that soaking was the only treatment to lower the total magnesium. 

Other treatments had no significant effect on the magnesium content 

of the meat.    On the other hand,  free magnesium seems to be de- 

creased by soaking and increased remarkably by heating the meat to 

160    F internal temperature.    Thus,  it appears that the effects of 

soaking and cooking on the free magnesium tend to balance each other. 

The separate juice content of magnesium is not significantly affected 

by irradiation.     The conclusions concerning the effect of soaking or 
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Table 17.   Analysis of variance of the magnesium content of the meat,  separate juice and drip. 

Source of Variations 

Degrees of 
Freedom 

Mean 
Square 

Significant   at 
0.05     0.01 

Magnesium content of the meat 
Replications 
Treatment 

S 
C 

I 
S&C 

S&I 

C&I 

SC&I 

Error 
Total 

vs. 
vs. 
vs. 

n. S 
n. C 
n. I 

vs.    n. S&C 
vs.   n. S&I 
vs.   n. C&I 
vs.    n. SC&I 

Magnesium content of the separate juice 
Replications 
Treatments 

S vs. n.S 
C vs. n.C 
I vs. n.I 
S&C vs. n.S&C 
S&I vs. n.S&I 
C&I vs. n.C&I 
SC&I vs. n. SC&I 

Error 
Total 

Magnesium content of the drip 
Replications 
Treatments 

S vs. n.S 
I vs. n.I 

Error 
Total 

2 171.06 35.21 S S 
7 118.05 24.30 S s 

I         772.14 158.93 S s 
L           22.24 4.58 NS NS 
I              2.21 2.21 NS NS 
L         261.52 53.83 S S 
I          345.83 71. 18 S S 
I           20. 51 4.22 NS NS 
L          143.77 29.59 S S 

14 4.86 
23 53.76 

2 259.61 12.98 s S 
7 408.04 16.85 s s 

L        1493. 10 61.66 s s 
1059.74 43.76 s s 

L             6.47 0.27 NS NS 
18.52 0.76 NS NS 

650.33 26.85 S S 
617.05 25.48 S S 

12.70 0.52 NS NS 
14 
23 161.50 

2 113.54 6.07 S NS 
3 584. 03 19.47 S S 

1 1725.36 92. 18 s s 
1 25.84 1.38 NS NS 

6 18.72 
11 190. 13 

irradiation on the free magnesium are applicable to the effect of such 

treatments on the magnesium content of the drip. 

Sodium 

The average amounts of total sodium of the meat samples, 
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free sodium of the separate juice and the sodium content of the drip 

are tabulated in Table 18.    Statistical analysis on the sodium data is 

given in Table  19.    Soaking was the only treatment causing a marked 

reduction of the total sodium.     The sodium in the separate juice was 

also remarkably decreased by soaking and was not affected by either 

cooking or irradiation.    However,   irradiation after soaking seemed 

to increase the free sodium.     This can be observed by comparing 

the highly significant reduction  of   sodium content of the separate 

juice by soaking and the slight decrease of the free sodium by soaking 

and irradiation.    In addition,  the SC treatment showed low sodium 

content in the separate juice while the SCI treatment did not have a 

net effect on this mineral.     The sodium determinations of the drip 

resulted in the same conclusions as those obtained from the. separate 

juice analysis. 

Table 18.    The effect of various treatments on the average sodium content of the meat,  the 
separate juice and the drip (mg/100 g or ml). 

Treatment R RS RSC RSI RSCI RC RCI RI 

Sodium content of the 
meat 57.05      39.03 37.18       36.91 41.32      77.71 70.93      67.14 

Sodium content of the 
separate juice* 105.36      43.14 54.60      54.59 56.98     109.50       101.09     133.28 

Sodium content of the 
drip — --- 49.89 --- 51.78      60.40       124.61 

*Also referred to as free sodium. 
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Table 19.    Analysis of variance of the sodium content of the meat, separate juice and drip. 

Degrees of Mean Significant at 
Source of Variations Freedom Square F 0.05 0.01 

Sodium content of the meat 
Replications 2 133.48 1.25 NS NS 
Treatments 7 851.92 7.97 S s 

S vs. n.S 5255. 48 49. 18 S s 
S vs. n.C 273. 58 2.57 NS NS 
I vs. n.I 10.71 0.10 NS NS 
s&c vs. n.S&C 1565. 45 14.65 S s 
S&I vs. n.S&I 2395. 88 22.42 S s 
C&I vs. n.C&I 196.26 1.84 NS NS 
SC&I vs. n. SC&I 370.84 3.47 NS NS 

Error 14 106. 86 
Total 23 335.94 

Sodium content of the separate juice 
Replications 2 1117.54 1.09 NS NS 
Treatments 7 3400. 24 3.31 S NS 

S vs. n.S 21587.40 20.99 s S 
C vs. n.C 75.69 0.07 NS NS 

VS&C 
vs. n.I 416.75 0.40 NS NS 
vs. n.S&C 12110.09 11.78 S S 

S&I vs. n.S&I 800. 65 7.78 S NS 
C&I vs. n.C&I 242. 19 0.23 NS NS 
SC&I vs. n. SC&I 3511.90 3.41 NS NS 

Error 14 1028.25 
Total 23 1757. 92 

Sodium content of the drip 
Replications 2 8.32 0.02 NS NS 
Treatments 3 3205.64 6.57 S NS 

S vs. n.S 1 9736.74 19.97 s S 
I vs. n.I 1 945. 19 1.94 NS NS 

Error 6 487. 49 
Total 11 1141.68 
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Potassium 

The data for potassium determinations are presented in 

Table 20.    In this table, the average potassium content of the meat, 

the separate juice and the drip is given.    The statistical analysis of 

these data is shown in Table 21.    Total potassium was decreased 

significantly by soaking but was not changed by cooking or irradiation. 

The potassium of the separate juice was also decreased significantly 

by soaking.    Thermal inactivation of the enzymes resulted in a 

slight increase in the free potassium.    Although irradiation alone 

has no effect on the potassium of the separate juice,  it appears that 

irradiation slightly increased the free potassium.    This can be 

observed by comparing the marked reduction of potassium of the 

separate juice by the SC treatment to the slightly significant de- 

crease of the mineral by the S,   C and I treatment.    The potassium 

of the drip responded to the various treatments in a way similar to 

that of free potassium. 

Table 20.    The effect of various treatments on the average potassium content of the meat, the 
separate juice and the drip (mg/100 g or ml). 

Treatment R RS RSC        RSI RSCI RC RCI RI 

Potassium content of 
the meat 295.24    112.78       138.20    136.35       137.56    284.48       273.70    303.26 

Potassium content of 
the separate juice*      312.44    162.67       178.17   ~182.55       202.50    405.00       426.92    307.30 

Potassium content of 
the drip  — 210.89               215.55    413.44      412.37        

*Also referred to as free potassium. 
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Table 21.    Analysis of variance of the potassiiun content of the meat,  separate juice and drip. 

Source of Variance 

Degrees of 
Freedom 

Mean 
Square 

Significant at 
0.0S     0.01 

Potassium content of the meat 
Replications 
Treatments 

S vs. n.S 
C vs. n.C 
I vs. n.I 
s&c vs. n.S&C 
S&I vs. n.S&I 
CGI vs. n.C&I 
SC&I vs. n. SC&I 

Error 
Total 

Potassium content of the separate juice 
Replications 
Treatments 

S vs. n.S 
C vs. n.C 
I vs. n.I 
S&C vs. n.S&C 
S&I vs. n.S&I 
C&I vs. n.C&I 
SC&I vs. n. SC&I 

Error 
Total 

Potassium content of the drip 
Replications 
Treatments 

S vs. n.S 
I vs. n.I 

Error 
Total 

2 45S4. 52 4.43 S NS 
7 21785.07 21.20 S S 

I     149635.52 145.65 S S 
I             69.36 0.07 NS NS 
I            151.10 0.15 NS NS 
I       78074.04 76.00 S S 
L       70138.29 68.27 s s 
L                7.86 0.001 NS NS 
I       37296.05 36.30 s s 

14 1027. 34 
23 7651.62 

2 8551.99 3.24 NS NS 
7 33498.13 12.69 S s 

I     197537.36 74.81 S s 
L       22995.85 8.71 s NS 
I         1395.07 0.53 NS NS 
L       42868.24 16.23 S S 
L       82865.66 31.38 S s 

17865.66 6.76 S NS 
I       18131.30 6.87 s NS 

14 2640. 56 
23 12546.04 

2 6433.17 3.70 NS NS 
3 39535.73 22.75 S S 

1 118562.33 68.23 s S 
1 2.47 0.001 NS NS 

6 1737.63 
11 12899.94 

Total protein and T/T indices of the drip 

The percent crude protein and the absorbancy of the drip 

before and after TCA precipitation of the proteins are presented in 

Table 22.    The analysis of variance calculations on these data are 
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given in Table 23.    Soaking seems to significantly decrease the per- 

cent nitrogenous substances in the drip.    On the other hand,  irradi- 

ation slightly increased the crude protein content of the drip.    Al- 

though the tyrosine-tryptophan index is a relative measure of the 

proteinous substances; the data of this index are statistically identi- 

cal to the results obtained with the Kjeldahl method.    The tyrosine- 

tryptophan index after TCA protein precipiation indicates the presence 

of the relative amount of nitrogenous non-protein compounds.    Such 

substances were also noticeably decreased by soaking and increased 

by irradiation. 

Table 22.    Average of the percent total protein, tyrosine-tryptophan indices before and after TCA 
protein precipitation of the drip. 

Treatment R RS RSC RSI RSCI RC RCI RI 

Total protein     
T/T P            
T/T NP     

Acid and basic groups 

The acid and basic groups of the meat tissue were determined 

4 
as equivalents per 10    grams of protein.    The average percent meat 

protein and the data for the acid and basic groups are presented in 

Table 24.    Analysis of variance was performed on the above results 

and is given in Table 25.    The statistical analysis indicates that the 

various treatments do not affect any of the above meat characteristics. 

1.92 2.13 3.63 4.05 
.1.85      — 15. 47 21.07 26.64 
9.21 12.67 14.80 23.35 



3 3.85 94.11 S S 
1 10.92 267.12 S S 
1 0.50 12.23 S NS 

6 0.04 
11 1.09 
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Table 23.    Analysis of variance of the percent of total protein and on the tyrosine-tryptophan 
indices of the drip. 

Degrees of      Mean Significant at 
Source of Variations Fie,e4om        Square F 0.05     0.01 

Total protein 
Replications 2 0.09 2.09 NS NS 
Treatments 

S vs.    n.S 
I vs.    n.I 

Error 
Total 

T/T P 
Replications 2 14.73 2.51 NS NS 
Treatments 

S vs.    n.S 
I vs.    n.I 

Error 
Total 

T/T   NP 
Replications 
Treatments 

S vs.    n. S 
I vs.    n.I 

Error 
Total 

Table 24.    The effect of various treatments on the average protein (percent) acid and basic 
4 

groups (equivalents per 10   gram protein) of the meat. 

Treatment R RS RSC RSI RSCI RC RCI RI 

Protein 
Acid groups 
Basic groups 

3 126.13 21.51 S s 
1 312.02 53.22 S s 
1 63.53 10.83 S NS 

6 5.86 
11 40.28 

2 26.15 3.98 NS NS 
3 108.75 16.56 S S 

1 198.62 30.25 s S 
1 108.12 16.47 s s 

6 6.56 
11 37.99 

17.62 16.76 17.21 17.71 17.25 18.77 18.61 17.54 
12.03 11.53 15.58 12.62 15.21 14.99 14.36 12.54 
13.68 13.13 14.01 13.79 13.79 13.77 13.37 13.30 



2 1.00 2.08 NS NS 
7 1.43 2.96 NS NS 

14 0.48 
23 0.81 

2 24.74 6.41 S NS 
7 7.64 1.98 NS NS 

14 3.86 
23 6.83 

2 0.12 0.16 NS NS 
7 0.26 0.35 NS NS 

14 0.74 
23 0.54 
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Table 25.    Analysis of variance of the percent protein, equivalents of acidic and of basic groups 
4 

per 10   grams protein of the meat tissue. 

Degrees of     Mean Significant at 
Source of Variations Freedom      Square F 0.05        0.01 

Protein 
Replications 
Treatment 
Error 
Total 

Acid groups 
Replications 
Treatments 
Error 
Total 

Basic groups 
Replications 
Tre atments 
Error 
Total 

This conclusion is drawn from comparing the corresponding F-values 

at both 0. 05 and 0. 01 significance levels. 

pH 

The effects of soaking,   cooking and/or irradiation and of com- 

binations of such treatments on the pH of the meat are shown in 

Table 26.    Statistical analysis on these results is presented in 

Table 27.     The soaking treatment has little effect on the meat pH.    On 

the other hand,   cooking or any combination of treatments,  including 

heating the meat to an internal temperature of 160    F,   causes a 

statistically significant rise in the pH value of beef steaks.    The pH 
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Treatment R RS RSC RSI RSCI RC RCI RI 

PH 5.50 5.57 5.73 5.59 5.83 5.69 5.78 5.58 

Table 27.    Analysis of variance of the pH of the meat tissue. 

Source of Variation 
Degrees of     Mean 

Freedom      Square 
Significant at 
0.05        0.01 

Replications 
Treatments 

S vs. n.S 
C vs. n.C 
I vs. n.I 
S&C vs. n.S&C 
S&I vs. n.S&I 
C&I vs. n.C&I 
SC&I vs. n. SC&I 

Total 

2 0.005 0.78 NS NS 
7 0.040 5.24 S S 

L      0.010 1.32 NS NS 
I      0.234 30.79 S S 
L      0.287 3.63 NS NS 
L      0.170 22.42 S S 
L      0.036 4.78 s NS 
L      0.213 28.07 s S 

0.160 21.07 s s 
14 0.008 
23 0.017 

of the meat was increased,  on the average,   Oi, 07 pH units by irradi- 

ation.    However,  this value was not high enoiigh to show a significant 

difference between irradiated and non-irradid.ted treatments.    Despite 

this result,  irradiation may be considered as a factor in raising the 

pH of meat.    This is indicated by the data showing that the SI treat- 

ment causes a significant increase in the pH value of the beef at the 

five percent probability level. 
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Glycine soluble extract 

The effect of the various treatments on the extractability of 

muscle proteins and non-protein nitrogen compounds was measured 

by the tyrosine-tryptophan indices of the glycine - NaOH extract of 

the meat.    Glycine soluble proteins and non-protein nitrogen com- 

pounds are presented in Table 28.    Statistical analysis of the absorb- 

ancies (280 mu.) of the glycine extracts is given in Table 29. 

Table 28.    The effect of various treatments on the tyrosine-tryptophan indices of the glycine 
soluble extract (relative level). 

Treatment R RS RSC RSI RSCI RC RCI RI 

T/T P 
T/TNP 

15.82 
4.43 

9.92 
4.00 

4.07 
6.44 

9.81 
4.41 

3.97 
5.68 

5.27 
7.71 

5.95 
8.05 

13.04 
4.05 

Table 29.    Analysis of variance   of the tyrosine-tryptophan index of the glycine soluble extract of 
meat. 

Source of Variation 
Degrees of 
Freedom 

Mean 
Square 

Significant at 
0.05        0.01 

Replications 
Treatments 

S vs. n.S 
C vs. n.C 
I vs. n.I 
SGC vs. n.S&C 
SGI vs. n. S&I 
C&I vs. n.C&I 
SC&I vs. n. SC&I 

Error 
Total 

2 4.05 5.34 NS NS 
7 57.82 76.11 S S 

t         56.76 74.73 S S 
L       322.30 424.30 S s 
t           2.01 2.65 NS NS 
L       324.79 427.58 S S 
L         40.04 52.71 s s 
t       187.55 246.90 s s 
L       210.51 246.90 s s 

14 0.76 
23 18.41 
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Statistical   analysis of the  tyrosine-tryptophan  index  shows 

that all the  treatments   significantly  decrease  the  amount  of the 

glycine   soluble proteins except  irradiation,   which had no  noticeable 

effect.      Statistical  analysis  was not  attempted  on the  data of the 

glycine   soluble non-protein  compounds  because  the  results  were 

not  logical.      Cooking  the  meat resulted in a  higher absorbancy 

after   TCA   precipitation of the  protein than before   protein  removal. 

The   other   treatments  had little   effect upon the   T/T  NP. 

Glycine   soluble   extract was also  used to  determine  the 

electrophoretic patterns of the  treated meat  samples.     The results 

of this   part  are   shown in photographs of the  polyacrylamide gel 

columns   on which the  protein fractions   appear   as dark bands.     The 

electrophoretic patterns of the  meat   samples   as well as the 

number   of fractions on each  gel  column  are   shown on Figure   1. 

These  must be considered as qualitative  rather  than quantitative 

results.     Soaking  appears   to reduce  the.  number   of the protein 

fractions.     One  to  two bands   disappear   from the gel as the   result 

of soaking.     The  number   of the   electrophoretically mobile fractions 

in the glycine   soluble   extract was   drastically  decreased by 

cooking.      Heating beef  steaks  to  an internal  temperature of 160° F 

results   in the   loss   of  seven to  ten electrophoretic  fractions from 

the  proteins soluble  in the glycine-NaOH buffer.     On the other hand, 

irradiation  seems to have no serious   effect on the electrophoretic 
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pattern of glycine soluble extract.    Irradiation may cause the dis- 

appearance of a single band on the gel column. 

pH-water-holding capacity curves 

The pH-hydration curves of the R,  RS, RSC, RSI, RSCI,  RC, 

RCI and RI treatments are presented in Figures Z through 9,   res- 

pectively.    Schematic diagrams showing the variations of the pH-WHC 

curves between the control beef and that of the different treatments 

are given in Figure 10.    The diagram designated R is the control. 

The effect of soaking on the pH-hydration curve can be observed by 

examining the diagram RS (Figure  10).    Placing meat in an equal 

o 
volume of distilled water for 72 hours at 38    F caused (1) a shift of 

the isoelectric point (I. P. ) to a higher pH,   (2) an increase in the 

water-holding capacity in the acidic ranges of I. P. , and (3) a de- 

crease in the percent bound water in the basic .range of I. P.     These 

changes are the reverse of the type VI pH-WHC curve given by 

Hamm (48,  p.   370). 

The I. P.   shift to a higher pH value is the result of the meat's 

losing anions to the soaking water.    Muscle proteins having a normal 

pH higher than their isoelectric point have a negative net charge. 

Consequently,   such proteins should bind cations more firmly than 

anions which may be lost to the soaking water when beef is soaked. 

This is in agreement with Gibbs-Donnan effect (33,  p.   111).    If such 
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Figure 2.     The Influence of pH on the Water Holding Capacity of the 
Raw Meat (Control). 
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Figure 3.     The Influence of pH on the Water Holding Capacity of 
Meat Soaked in an Equal Volume of Distilled Water for 
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is the case,  then soaked beef is relatively more positively charged 

than the unsoaked samples.    Asa result,  the net positive charges in- 

crease in the acidic range,  causing repulsion between the peptide 

chains.   Such change in the protein structure would cause an increase 

in the WHC in the acidic range of I. P.    This situation was observed 

with soaked meat.     The decrease in the hydration of soaked-beef at 

pH higher than the I. P.   can be explained   in a corresponding way. 

The soaking effect on the I. P.  is preserved even after cooking,  ir- 

radiated or both,  Figures 4,   5 and 6. 

Heating the beef samples to an internal temperature of 160    F 

causes the decrease of meat hydration in the whole range of pH, 

Figure 7.     This observation was also reported by Hamm and 

Deathrage (50,   p.   587-610).     These investigators explained this ef- 

fect as a tightening of the structure due to heat denaturation of meat. 

This might be caused by the formation of new stable cross linkages 

such as peptide,   disulfide or ester bonds which cannot be cleaved 

by lowering the pH to 3 or increasing it to 7.    The cooking effect 

has been observed in all samples subjected to such treatment, 

Figure 4,   6 and 8. 

Irradiation-sterilization seems to affect pH-WHC of muscle 

proteins in a different fashion.    Examining Figure 9 and diagram RI 

in Figure 10 indicates that an irradiation dose of 4. 5 megarad results 

in a decrease of beef hydration in the whole pH range,   especially 
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near the I. P.    Alteration of the hydrogen or electrostatic bonds of a 

protein should have maximal effect on hydration around the I. P.   (48, 

p„   311).    In other words,  irradiation may tighten meat protein struc- 

ture by increasing such bonds.    This is in agreement with the infor- 

mation presented by Drake and Giffee (92,  p.   145).    They reported 

that when aqueous solutions of 0. 07 percent bovine serum albumin 

o 
solutions were irradiated by X-rays to 67, 000 rep at 24    C the pro- 

o 
tein v^as precipitated.    At 3    C precipitation did not occur until the 

o 
solutions were warmed to 25    C.    They concluded that the stability 

of the protein at the lower temperature was due to a supressed ther- 

mal agitation on hydrogen bonding.     The same investigators intro- 

duced evidence that electrostatic bonds may be increased by irradi- 

ation.     They found that the addition of electrolytes before irradiating 

the albumin solutions at 180, 000 rep resulted in prevention of pro- 

tein precipitation.    "Salting-in" effect of the electrolytes was re- 

ported to be responsible for their action.    The "salting-in" phenom- 

enon is known to be the reduction of the charges on the protein causing 

less electrostatic interaction between protein particles (33,  p.   95- 

96). 

Figures 4,   7 and 8 appear to be very similar.     These show 

that cooking,   or cooking and irradiation result in pH-WHC curves 

which are characteristic for heating.     This is feasible because the 

hydrogen and electrostatic bonds are very weak as compared to those 
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linkages formed by heat denaturation of muscle proteins. 

The above data give experimental evidence to the statement 

that irradiation causes a different type of denaturation of muscle 

proteins than heating does (70,  p.   742-751). 

Correlation coefficient between the shear value and other character- 
istics of the treated beef samples 

Correlation coefficient (r) calculations were performed to 

relate the tenderness of meat to its other characteristics.    Such 

statistical analysis was done only with those tests showing statisti- 

cally significant response to the various treatments.    Table 30 shows 

the correlation coefficient data.     The percent drip,  total weight loss 

during treating the beef and preparing it for the shear press,  and the 

percent free water showed positive significant correlations with the 

shear value.    On the other hand,  the percent dry weight in the sep- 

arate juice and the amount of zinc in the same liquid as well as the 

tyrosine-tryptophan index of the glycine soluble extract were nega- 

tively correlated with meat tenderness.    All the above r values were 

significant at both the 0. 05 and the 0. 01 probability levels.    The per- 

cent total dry weight correlated with the shear value (r = 0.4Z0) only 

at the five percent significant level.    Other meat characteristics 

were not significantly related to meat tenderness. 

The data in Table 30 indicate that the higher the drip,  the 
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Table 30.    Results of statistical analysis of the relationships between shear value/gram and other 
characteristics of soaked,  cooked and/or irradiated beef samples. 

Characteristic 
Correlation coefficient* 

with shear value/g. 
Significant at 
0.05        0.01 

Drip 
Loss in weight due to broiling 
Sum of weight losses 
Total moisture 
Water holding capacity 
Free water 
Total dry weight 
Dry weight of the separate juice 
Total ash 
Ash content of the separate juice 
Zinc content of the separate juice 
Calcium content of the separate juice 
Total magnesium 
Magnesium content of the separate juice 
Total sodium 
Sodium content of the separate juice 
Total potassium 
Potassium content of the separate juice 
pH 
Tyrosine-tryptophan index 

+0. 642 S S 
-0. 131 NS NS 
+0.603 S S 
+0. 222 NS NS 
-0. 367 NS NS 
+0. 538 S S 
-0. 420 s NS 
-0. 727 s S 
-0.261 NS NS 
-0.231 NS NS 
-0.611 S S 
+0. 262 NS NS 
-0.316 NS NS 
+0. 027 NS NS 
+0.011 NS NS 
-0. 162 NS NS 
-0. 398 NS NS 
-0. 197 NS NS 
+0.091 NS NS 
-0. 636 S S 

*r has 23 degrees of freedom except in the case of calcium,  it has 15. 
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total loss of weight during treatment or the percent free water,  the 

tougher the meat will be.    This may be due to lowering the amount 

of bound water.    Decreasing the amount of immobilized water in 

beef causes tougher meat (39,  p.   153-150; 48,  p.   363; 104,  p.   80-86). 

The question may arise then why the WHC did not show a significant 

correlation with tenderness . 

This subject as well as the relatively low correlation coef- 

ficient values obtained even with the significant ones may be ex- 

plained by the fact that tenderness is more than just a matter of 

muscle hydration (48,  p.   401).    As will be explained,   soaking, 

cooking and/or irradiation seem to exert their effects on muscle pro- 

teins through various mechanisms. 

The dry weight and zinc content of the separate juice and the 

amount of glycine soluble proteins seem to be related to the sol- 

ubility of beef muscle proteins.     This may be the reason for their 

correlation with meat tenderness.     The more soluble protein the 

meat contains,  the lower the shear force required in cutting.    The 

relationship between the solubility of muscle proteins and the per- 

cent dry weight in the separate juice or the tyrosine-tryptophan index 

is thus obvious.    The high correlation between the zinc of the sepa- 

rate juice and protein solubility can be explained by the findings of 

Swift and Berman (89,  p.   365-370).    They found that zinc correlates 

with water retention in a fashion parallel to the effect of pH on the 
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water holding capacity.    Thus they concluded that zinc may participate 

as a component of an enzyme, the action of which may partly deter- 

mine the ultimate pH of the muscle. 

Vallee (93,  p.   1053-1057) and Vallee and Wacker (94,  p.   1771- 

1772) found that the enzymes carbonic anhydrase,  glutamic dehydro- 

genase and lactic dehydrogenase are present in muscle tissue and 

contain zinc as an integral part of the protein molecule.    These data 

may indicate then that any factor lowering the solubility of these 

enzymes may prevent the zinc from going to the free juice of the 

meat. 

The total dry weight of beef also showed a negative correla- 

tion to meat tenderness.    However,  the r value was only significant 

at the five percent probability level.    This may be due to the effect 

of irradiation on muscle proteins.    It was mentioned earlier that 

sterilizing irradiation may fragment the meat proteins resulting in an 

increase in the total dry weight of such sannples due to the incorpora- 

tion of water within the fragmented protein particles.    Thus the in- 

creased water content of beef may result in tenderization of such 

meat. 

Effect of soaking on the meat characteristics 

The soaking treatment proved to have a significant effect on 

meat tenderness.    Meat soaked in an equal volume of distilled water 
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for 72 hours at 38° F showed a tougher texture than unsoaked samples. 

The pH-WHC curve for the samples so treated produces evidence 

that the soaking effect may be due to the liberation of anions from the 

meat protein.   This would agree with observations by Hamm(48i,p. 437 ). 

He found that addition of water to ground beef muscle may diminute 

the negatively charged counter ions of muscle proteins by a lowering 

of the ionic strength.    In the present experiment,  the removal of the 

anions would be due to dilution and their subsequent release in the 

soaking water.    Although anions were not determined in this work, 

the shift in the I. P„  to a higher pH value would support the above 

theory. 

The pH of the meat does not change by soaking.     But during 

broiling of the soaked meat to prepare it for the shear press,  the 

beef is being heated at a pH clos er to its isoelectric point than that 

of the control sample.     This may cause severe precipitation of the 

muscle proteins and the loss of more water during cooking or broil- 

ing and result in meat tougher than the unsoaked sample.    In this 

experiment,  it was shown that soaked beef lost a significant amount 

of drip and weight during broiling; the sum of these losses was also 

significantly higher than that in the untreated samples.    It was also 

observed that soaking significantly increased both total and free 

moisture. 

Soaking   causes the liberation of ash into the soaking water. 
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The total ash content and the free ash of the soaked beef were signifi- 

cantly lower than those of the control samples.      The zinc and cal- 

cium content of the meat was not statistically affected while magnesi- 

um,   sodium and potassium were decreased by the soaking treatment. 

All of these minerals,   however,  were decreased in the separate 

juice by such treatment.    Although the reduction of the cations by 

soaking was determined in this experiment,   the pH-WHC curve of 

the soaked beef suggests that the net loss is favoring the anions. 

Soaking seems to decrease the amount of protein soluble in 

water or in glycine-NaOH buffer which may be due to a partial de- 

naturation of some of the muscle proteins by soaking.    However,   the 

amount of proteins lost during soaking was not sufficient to cause a 

statistical decrease in the total protein or in the acidic and basic 

groups of the meat. 

Effect of cooking on the meat characteristics 

o 
Heating the meat samples to an internal temperature of 160 F 

caused a statistical significant increase in the following:   percent 

drip,   total weight losses,   shear value,   percent free water,   percent 

ash in the  separate juice,   free calcium,   magnesium and potassium,and 
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pH of the meat.     The above were accompanied by a significant de- 

crease in percent loss upon broiling,  the amount of dry weight and 

zinc in the separate juice,  WHC and glycine soluble proteins. 

The contents of moisture,  ash,   zinc,  calcium,  magnesium, 

sodium,   potassium,  protein,  acidic and basic groups of the meat 

and the free sodium of the separate juice were not affected by the 

heating treatment.     The data showing that absorbancy of the glycine 

soluble extract is less than that of the same extract after protein 

precipitation by TCA was observed only when cooking was one of the 

processes the meat was subjected to.    No explanation was found for 

this observation in the literature reviewed. 

The pH-water-holding capacity curve for the cooked meat in 

this experiment was identical to that published by Hamm (48,  p.  430). 

This curve is typical for that of heat denaturation of muscle proteins. 

.   o 
Heating meat to an internal temperature of 160    F causes a 

drastic decrease in the glycine soluble proteins.    This reduction 

appears to be both in quality and in quantity.     The electrophoretic 

patterns of the cooked meat as compared to those of the control are 

presented in Figure  1.    The niunber of electrophoretic fractions were 

reduced from 15 to 7 by the thermal-enzyme-inactivation treatment. 

The effect of the cooking treatment on the meat tenderness 

can be explained by the heat denaturation of most of the muscle pro- 

teins; which tend to cause the formation of new stable cross linkages 
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such as peptide,   sulfide or ester bonds (48,   p.   371).    This would 

result in a tightening of the meat structure which would cause a 

decrease in the water holding capacity of the beef proteins.    The 

various cations responded to the heating of the meat in a different 

fashion.    Calcium, magnesium and potassium were liberated to the 

separate juice.    Sodium was not affected while the amount of zinc in 

the separate juice was reduced by cooking the beef.    The muscle Ca 

and possibly Mg      are fixed within the protein structure and are 

tightly bound with them (48,  p.   417).    Others (91; 98) have presented 

evidence that the potassium ions are firmly bound by myosin and 

actomyosin but not by actin.    However,  data presented in this investi- 

gation show that the above ions are released upon heat denaturation 

of the meat.    Zinc,  on the other hand,   seems to be bound in a dif- 

ferent fashion to the muscle proteins or is involved with some of the 

enzymatic proteins which are denaturated by heating to 160    F.     The 

second hypothesis is more likely because Vallee (93,  p.   1053-1057) 

and Vallee and Wacker (94,  p.   1771-177Z) found zinc as an integral 

part of some enzymatic molecules.    If these enzymes were rendered 

insoluble by heating,  the zinc in the free juice would also be reduced. 

The sensitivity of such enzymes to heat denaturation may be increased 

by a higher level of free ions present in the cooked meat. 
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that irradiation may break the protein molecules into smaller seg- 

ments is the data from protein and non-protein substances in the 

drip.    The tyrosine-tryptophan index of the drip from irradiated 

meat was higher than that of the control.    However,   the F value for 

the above test was significant only at the five percent probability 

level.     On the other hand,   the increase in the non-protein nitrogenous 

compounds as measured at 280 mja. after TCA protein precipitation 

was significant at both the 0. 05 and 0. 01 probability levels.    Thus, 

the irradiation tenderizing effect on the beef may be due to the break- 

down of the protein as well as to the incorporation of water in the 

broken fractions. 

A slight liberation of some minerals may take place in irradiated 

meat.     This was concluded from the significant increase in the percent 

of ash in the separate juice.   However,   irradiation alone did not show 

any effect on the individual minerals as tested at 0. 05 and 0. 01  signifi- 

a 

cance levels.     This could possibly be explained in that irradiation lib- 

erates very small amounts of each mineral.   The observation that free 

sodium and/or potassium were slightly increased by irradiation after 

o 
the meat was soaked in distilled water for 72 hours at 38  F,   can be 

used to support the above hypothesis.    Since soaking reduced the 

amounts of free sodium and potassium considerably and since these 

two minerals are present in the meat in much larger quantities than 

the other metals,   the amounts of these minerals liberated by 
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irradiation were significant only after soaking.    The small amount of 

the divalent cations existing in the meat as well as the small quantity 

of such minerals lost to the soaking water prevents the occurrance 

of similar observations with the   calcium,   magnesium and/or   zinc. 

If irradiation liberates slight amounts of the muscle ions, in an un- 

specified manner, a"salting-in" effect may increase the solubility of the 

muscle; such a process may contribute to the effect of irradiation on meat 

texture. 

Since irradiation causes fragmentation of the muscle proteins and 

increases the hydrogen and possibly the electrostatic bonds between the 

protein particles, the tenderizing effect of irradiation may be accomp- 

lished without changing the number of the electrophoretic fractions of 

irradiated meat.    The raw meat showed 15 fractions,  while irradiated 

beef had 14 bands on the polyacrylamide gel column.   This would sup- 

port the observations by Lawrie et al. (70, p. 742-751), who stated that 

irradiation causes a different type of denaturation than that caused by 

heat. 

Effect of soaking and cooking on the meat characteristics 

Beef samples soaked in an equal volume of distilled water for 

o o 
72 hours at 38  F and then heated to an internal temperature of 160   F 

were tougher than samples which were not so treated.   Since the indi- 

vidual treatments,   such as soaking or cooking,   cause toughening of 

the beef,   the above conclusion was expected.    The SC treatment causes 
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a significant increase in the drip,   sum of weight losses,   total moisture, 

free water and pH of the meat.    The soaking and cooking treatment did 

not have any net effect on the following meat characteristics:  percent 

loss on broiling; total zinc; total and free calcium: free magnesium; 

protein acidic and basic groups.    The other tests showed a significant 

decrease with the above treatment. 

The additive effect of soaking and cooking resulted in a de- 

crease in the number of electrophoretic fractions of the glycine sol- 

uble extract from 1 5 to 5-6 fractions. 

Effect of soaking and irradiation on the meat characteristics 

Meat that was soaked and then irradiated showed no signifi- 

cant difference in tenderness when compared with the untreated 

samples.    Apparently,   the two treatments compensated for the 

effects of one another.    Soaking appears to be the decisive process 

in regard to the other tests performed since the soaking and irradia- 

tion treatment produced results identical to those obtained with the 

soaking treatment with the exception of pH.    The soaked and irradi- 

ated beef had a significantly higher pH than the control samples.     This 

can be attributed to irradiation,  which has been shown to increase the 

pH of beef (1,   p.   305).    The pH-WHC capacity curve of the soaked- 

irradiated samples resembles the average of the curves produced 

by the soaked or irradiated beef. 
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Effect of cooking and irradiation on the meat characteristics 

,o 
Beef heated to an internal temperature of 160    F and then 

irradiated to 4. 5 megarad seems to have the same shear value per 

gram meat as the non-cooked non-irradiated samples.    In other 

words,  the cooking effect on meat tenderness was balanced by the 

counter influence of irradiation.    In all the tests performed,   except 

the shear value determination and the drip analysis,  cooked-irradi- 

ated samples showed results similar to those obtained for cooked 

meat. 

The drip analysis was obtained from samples which underwent 

cooking as a part of their treatment.    Thus any variation in the drip 

may be due to soaking or irradiation or both.    By the individual de- 

gree of freedom technique the effect of irradiation on the pre-cooked 

samples can be isolated.     The drip content of protein showed a signifi- 

cant increase at the five percent probability level when the heated 

meat was irradiated.    The same treatment also increased the non- 

protein-nitrogenous compounds in the drip.    However,  in this case, 

the effect was significant at both the five percent and the one percent 

probability levels.    This may provide evidence that irradiation 

causes protein fragmentation even after heating the meat.    As a re- 

sult,   one would expect irradiation to soften the meat structure or 

texture.    On the other hand,   one may ask why the pH-WHC of cooked 
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and precooked irradiated meat seems similar.    This might be ex- 

plained by the fact that heat denaturation induces more stable link- 

ages to the protein structure than the hydrogen or electrostatic bonds 

resulting from irradiation.    In other words,  cooking appears to be 

the decisive treatment as far as pH-WHC curves are concerned. 

From the above discussion,  it can be concluded that cooking 

as well as irradiation may exert individual effects on the meat tex- 

ture with the result that the toughening effect of heating and the 

tenderizing effect of irradiation tend to balance each other. 

Effect of soaking,  cooking and irradiation on the meat characteristics 

It has been found that the net effect of cooking and irradiation 

on meat tenderness was nil.    However,  meat that was soaked, 

cooked and then irradiated, was tougher than the control samples. 

Thus the effect of combinations of such treatments on meat texture 

appears to be influenced by the individual processes.    Although the 

irradiation-tenderizing effect may still exist,  the influence of both 

soaking and cooking predominate. 

The data for SCI samples are very similar to those from SC 

samples except in the following respects:    (1) total and free sodium, 

(2) WHC,  and (3) pH-WHC curves.    Total sodium of the soaked, 

cooked and then irradiated samples was not significantly different 

from the untreated beef.    In addition,  free sodium was not 
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influenced by such treatment. Since total sodium was expected to be 

decreased by the soaking treatment, the above data may suggest that 

the samples used for SCI treatment had higher sodium content than 

the control samples did. Thus after soaking, the residual sodium 

was reduced to show no statistical variation from unsoaked samples. 

It has been emphasized (48, p. 378) that variations in meat composi- 

tion occur repeatedly within the same muscle. 

The WHC data may indicate the effect of irradiation on meat 

proteins.    The soaking and then cooked samples decreased the WHC 

significantly at both the five percent and the one percent probability 

levels.    On the other hand, SCI treatment showed no reduction in 

meat hydration.    This may show the prementioned fragmenting effect 

of irradiation on meat proteins as indicated by water incorporation 

in such compounds.    This may also be responsible for the differences 

in meat texture of SC and SCI beef. 
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SUMMARY  AND  CONCLUSIONS 

The influence   of irradiation-sterilization of beef at 4. 5 

megarads   on  some of  the muscle characteristics involved in meat 

texture  was   studied  in an attempt to  elucidate  the over-tenderizing 

action of irradiation  on beef muscle.     In  addition,  the influence of 

treating the beef muscle by several means   prior to  irradiation were 

also  investigated to determine their effects upon the final texture of 

the  irradiated meat.     Conclusions drawn from the analysis of the 

experimental data are as follows: 

1. The soaking of beef in an equal amount of distilled water 

for 72 hours at 38    F prior to irradiation at 4. 5 megarads results 

in a definite improvement in the texture and firmness of such treated 

meat as contrasted to the over-tenderization of the non-soaked 

irradiated meat.    Heating the meat to an internal temperature of 

o 
160    F prior to irradiation also results in an improvement in texture. 

However,   irradiation at a dosage level of 4. 5 megarads tends to 

reverse the effects of both soaking and heating. 

2. The data indicate that the soaking,  heating and irradiation 

treatments each alter the textural properties of beef muscle dif- 

ferently. 

3.     The  soaking cf the meat appears to cause a partial denatura- 

tion and a net loss of anions of some of the muscle proteins resulting 
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may have contributed to a slight "salting-in" effect of the protein 

fragments. 

6. Results of the disc electrophoretic analysis show that the 

number of fractions of the glycine soluble proteins was the same for 

the irradiation samples as for the non-irradiated meat. This would 

indicate that although irradiation exerted a fragmentary effect upon 

the muscle proteins, the protein segments were apparently held to- 

gether by a system of weak bonding, such as hydrogen bonds and/or 

electrostatic forces. 

7. The comparison of the electrophoretic patterns and the 

pH-WHC curves of the cooked meat with those of the irradiated beef 

show that these two treatments altered the muscle proteins in a 

different fashion. 

8. Since cooking decreased the zinc content of the separate 

juice,  it appears that zinc is intimately involved with the heat-labile 

proteins or enzymes which are denatured at 160    F. 

9. The pH-WHC curves proved to be a valuable research 

method for elaborating some of the biochemical changes occurring in 

muscle proteins as a result of the various treatments. 

10. Positive correlation coefficients,   significant at the one 

percent probability level,  were obtained between the shear force 

values and the percent drip,  total weight loss during broiling,  and the 

percent free water. 
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11. Negative correlation coefficients,   significant at the one 

percent probability level,  were obtained between the shear force 

values and the percent dry weight,  the zinc content of the separate 

juice and the tyrosine-tryptophan indices of the glycine soluble 

extract. 

12. Although the above correlation coefficients were statis- 

tically significant,  they are not high enough to warrant their use as 

predictive measures of meat texture.    Furthermore,  these correla- 

tion coefficients indicate that the various treatments exerted their 

effects upon the muscle proteins through different mechanisms. 
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