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SCOPE OF THE SUBJECT 

Quality of beef is a subject of various implications to people in- 
volved in different phases of beef production and merchandizing. 
The livestock producer may use the term to imply his judgment of 
the condition of live beef animals as to fatness, conformation, and 
general well-being. The processor measures quality in terms of 
carcass characteristics, that  is, fat  covering, conformation, firmness, 
and color. 

In retail markets the measure of quality is dominated by con- 
sumer reaction. It applies not only to visual characteristics, as color 
and distribution of fat and lean, but also to how the meat feels under 
the knife.  A skillful meat cutter can make a fairly accurate predic- 
tion when he is preparing cuts for his showcase, as to probable ten- 
derness of the meat after it is cooked. His honesty and reliability 
in this respect are extremely valuable assets in holding his trade. 
Tenderness seems to be the paramount quality desired in beef by the 
consumer. 

In production and merchandizing usage, quality of beef implies its 
saleability. To the consumer i t  means eatability. Although tender- 
ness appears to be the quality most insistently demanded by con- 
sumer trade, i t  need not be assumed that  tenderness is the most im- 
portant quality of beef. Rather, i t  may be tha t  tenderness is one of 
the most variable qualities, and, likewise, one most likely to be 
hidden. 

The consumer who buys beef not too skimpy in fat has a right to 
expect reasonable satisfaction in other palatability qualities, such 
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as flavor, aroma, and juiciness. There are gradations in these latter 
qualities, but seldom to  the extent of gradations in tenderness. Their 
relative real importance may be judged by the fact that  the con- 
sumer quickly loses concern for all other qualities if the flavor hap- 
pens actually to be disagreeable. Flavor is paramount. 

Taint or off-flavor occasionally develops through poor keeping 
quality of beef in the coolers. Poor keeping quality also usually is 
attended by high shrinkage losses during storage or ripening. Atten- 
tion of station personnel was called to reports of poor keeping 
quality of beef from animals grazed in a certain part of the state. 
Pasture soils in that area were suspected of being deficient in phos- 
phorus. The investigations here reported were begun with the in- 
tention of examining those reports and the local conditions involved 
there. 

The first part of that  study included a broad investigation of the 
mineral elements in the blood and tissues of widely different grades 
of beef animals. 

The second part included a comparison of keeping quality, shrink- 
age loss, and palatability of beef obtained from two lots of steers on 
different levels of phosphorus ration. 

The third part was similar to the second part, in scope and pro- 
cedure, but comparison was made between two lots of steers, one of 
which received limestone in its ration. 

The fourth part was confined t o  color quality of lean beef. It
applied primarily to dark-cutting beef, the ultimate purpose being 
to find its cause and control. 
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PART I. MINERAL CONSTITUENTS OF BLOOD, MUS- 
CLE TISSUE, AND FAT TISSUE OF BEEF ANI- 

MALS AND THEIR RELATION TO
KEEPING QUALITY 

INTRODUCTION 

In view of the extent to which meat is used in the human dietary, 
surprisingly little information is available concerning the factors 
which may influence the various qualities of meat. Since Bancroft 
(3)2 has shown that the character of an oil and water emulsion 
can be altered by changing the kind of emulsifying agent, and 
Clowes (11) has shown that  the ratio of certain mineral elements 
in living tissue, especially sodium and calcium, has an effect upon 
its permeability, i t  might be expected that the mineral composition 
would bear a decided relation to shrinkage and keeping quality of 
meat. The effect of mineral balance on wetability of the walls of 
the intercellular spaces in tissues should in turn affect the capillary 
flow of intercellular fluid. That  is, with an increasing ratio of mono- 
valent, cation3 to divalent cation it might be expected tha t  the ma- 
terial would lose an increasing amount of moisture in storage; also, 
that the material would be more permeable to the action of bacteria, 
molds, and enzymes, since the mobility of these agents is greater in 
a water medium than in fat. (5), (26), 30), (43).

REVIEW OF LITERATURE 
In  an examination of the literature, limited data were found on 

the complete mineral analysis of the muscle tissues and adipose 
tissues. No information was found on the mineral analysis of muscle 
tissue and adipose tissue in relation to any quality considered in 
these investigations. Abundant data are available on the analysis 
of blood, but none of these was correlated with meat and its keep- 
ing quality. 

Moulton (35) observed that the partial starvation of beef animals 
caused no increase in water content of the lean tissue but did cause 
a decrease in its nitrogen and phosphorus content when calculated 
to a fat-free basis. He also noted an increase in the water content 
and a decrease in the protein content of the blood. Moulton called 
attention to the importance of calculating data to a fat-free basis, 
and pointed out that erroneous conclusions may be drawn if the data 
are calculated to a water-free basis. Moulton (36) found also that 
the chemical composition of meat from mammals changed with age 
of the animal, a decrease in water content and an increase in ash 
and protein content being noted with increase in age. 
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Ritchie, Moulton, Trowbridge, and Haigh (45) found that  ages or 
levels of nutrition had little if any effect on the ash of the lean or 
ash of the fa t  of the rib when these were calculated t o  a fat-free 
basis. Neither did they have much effect on the total phosphorus 
in the round and rib as the level of nutrition was lowered. The total 
nitrogen in the lean flesh of the round, rib, and loin did not change 
noticeably with the condition of the animal but did increase as the 
animal increased in size. 

Chatfield (9) found that  the percentage of ash, protein, and fat 
varied with different cuts. The results of analyses for similar cuts 
from different animals were fairly uniform in most cases when these 
results were calculated to a fat-free basis as suggested by Moulton. 
There was, however, some variation in the results with degrees of 
fatness of the animal, even though the results were calculated to  a 
fat-free basis. 

EXPERIMENTAL 

ANIMALS USED

Since the materials for analyses were available from  the coöpera- 
tive meat investigation project carried on a t  this station, it was de- 
cided to  make an extensive analysis of the blood and of the muscle 
tissue and adipose tissues of a particular cut from all the project 
beef animals slaughtered in the fall of 1931. Eighteen animals 
were used. 

Under the management of the Department of Animal Husbandry, 
12 yearling Hereford steers, 17 to 18 months of age a t  time of 
slaughter, were fed alike during the winter of 1930-’31, and, May 1,
1931, were divided into three lots. Animals in lots 4, 5, and 6 came 
from other sources. 

Lot 1.-Five head were full-fed ground corn, cottonseed meal, 
and alfalfa hay in the dry lot until September 29, when they were 
slaughtered.

Lot 2.-Five head were full-fed ground corn and cottonseed meal 
on bluestem pasture during this same period, and were slaughtered 
September 30. 

Lot 3.—Two head were turned on bluestem grass until the time of
slaughter, October 23. 

Lot 4.-Two Shorthorn heifers about 18 months old a t  time of 
slaughter (September 28) had been on bluestem pasture (low in 
phosphorus) in another part of the state under private management 
and were the two best animals from that  pasture. A number of 
other animals from the same pasture were showing signs of phos- 
phorus deficiency, especially bone chewing. 

Lot 5.-Two Hereford heifers (private management) about one 
year old a t  time of slaughter (September 28) had been on grass 
pasture similar to  the one occupied by lot 4 and in the same region, 
but had received bone meal with their salt. None of the cattle from 
the lot 5 pasture was showing symptoms of phosphorus deficiency. 

Lot 6.-Rib cuts (6th to 12th rib) from two animals commonly 
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known as  dark cutters were obtained from Armour and Company 
in Omaha through the courtesy of W. J. Loeffel of the Department 
of Animal Husbandry, Nebraska Agricultural Experiment Station. 
Classification of animals according to feed is shown in Table 1.

METHOD OF PREPARING SAMPLES 

Blood.—Blood samples, taken from the jugular vein, were ob- 
tained from all animals a t  the time of slaughter except those in lot 6. 
Glass jars in which the blood was collected contained sufficient 
ammonium citrate to serve as an anti-coagulant, and a few drops of 
a dilute solution of formaldehyde were added as a preservative, after 
which the samples were sealed and stored in the refrigerator until 
analyzed. 

Muscle Tissue and Adipose Tissue.—The carcasses were dressed, 
split, and hung in the cooler at 2 Cº for 120 hours. At the end of
this period, the carcasses were cut up  and from the left side the 9th- 
to 11th-rib cut was taken for chemical analysis. 

The eye muscle, or rib eye (Longissimus Dorsi), other lean tissue, 
adipose tissue (a  composite of all mechanically separable fa t  tissue),
bone, and gristle were separated and weighed. (Table 2.)

The eye muscle was ground twice, first with a coarse grinder blade 
and then with a fine one. This procedure helped to avoid separation 
of connective tissue. Juice separating from the tissue was rein- 
corporated with it after grinding. 

The adipose tissue was ground in a refrigerated room (2º C.) to
keep the tissue firm for effective cutting. 
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Portions of the ground tissues for chemical analyses were weighed
by difference from large weighing bottles to avoid evaporation. A
short spatula for removing sample portions was included and weighed 
with 30 or 40 grams of the material in the weighing bottle. This 
quantity of material was ample for duplicate determinations of pro- 
tein, ether extract, moisture, and ash. 

Reserve sample material was stored in sealed fruit jars in a sharp 
freezer at—29º C.

TREATMENT OF MATERIAL FOR CHEMICAL ANALYSES 

Whole Blood and Plasma.—The material was coagulated and 
partially dried in Vitreosil dishes in an air oven below 100º C. after 
which the temperature was raised slowly to about 150º C.  This 
dried and faintly charred sample was placed on an electric heating 
unit and heated below dull redness while a low gas flame was applied 
carefully to  the top surface. When charring was complete, the sam- 
ple was removed to the muffle and ignited a t  a temperature just be- 
low dull redness (500º C.).  Mineral constituents of whole blood are 
shown in Table 3. Mineral constituents of plasma from two repre- 
sentative samples from each of the first two lots are shown for com- 
parison in Table 4.

Muscle Tissue (Longissimus Dorsi).—Samples were dried and ig- 
nited in the manner indicated for blood samples. 

transferred to a hot plate (low heat), and burned with a small wick 
of ashless filter paper inserted in the melted fat. The charred resi- 
due was ignited a t  500° C. in an electric muffle. 

Adipose Tissue.—The material was dried in an air oven a t  110º C.,

METHODS OF ANALYSIS 

Calcium.—The ash from 100 ml. of blood or plasma, or from 100 g. 
of muscle tissue, was taken up in dilute HCl. The calcium was 
precipitated in the form of the oxalate from a dilute acetic acid solu- 
tion as directed by Scott (47), and titrated with N/50 KMnO4. 
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The ash from 25 g. of adipose tissue was analyzed as directed in 
Methods of Analysis (1i), using N/50 KMnO4.

Phosphorus.—The material (20 ml. blood or plasma, 2 g. muscle 
tissue, or 5 g. adipose tissue) was ashed with 10 ml. of 50-percent 
magnesium nitrate solution, with repeated small applications of con- 
centrated to  accomplish almost complete decomposition of 
organic matter before final ignition in the muffle a t  500º C.  Analysis 
was completed as directed in Methods of Analysis (1a).

OPTIONAL METHOD FOR CALCIUM AND PHOSPHORUS 

Frequent loss of determinations occurred through explosive violence in oxi- 
dizing the material, especially adipose tissue, with magnesium nitrate. The 
following procedure was later adopted after demonstration of no loss of phos- 
phorus by checking with above method. 

Muscle Tissue.—A sample of 25 g. was placed in a 250-ml. beaker 
with 25 ml. water, 3 ml. concentrated H2SO4 and 25 ml. concen- 
trated HNO3 and heated on hot plate (low heat) until clear. Ten 
ml. of 60-percent perchloric acid was then added and heating con- 
tinued until condensation of H2SO4 appeared on wall of beaker about 
1 cm. above the bottom. If residue became darkened, it was cleared 
with a few drops of concentrated HNO3 cooled, and made up  to 
100 ml. volume in a graduated flask. 

An aliquot of 50 ml. was taken for calcium determination and 
evaporated to dryness in a 100-mi. beaker. Heating was continued 
with the cover glass removed until SO3 fumes no longer appeared. 
The residue was taken up with 2 ml. of 20-percent HC1, warming 
if necessary to obtain clear solution. Five ml. of water, then 2.5 ml. 
of 5 normal ammonium chloride, 10 ml. of 2.5-percent oxalic acid, 
and a drop of indicator capable of registering p H  5 were all added. 
A mixture of methyl red and methylene blue was found satisfactory. 
A 1:1 dilution of strong ammonia was added until indicator turned 
green. Immediately more oxalic acid solution was added dropwise 
until indicator became pink (pH 5) .  

After standing over night the precipitate was filtered under suc- 
tion with a fritted glass crucible and washed four times with 2-per- 
cent ammonia saturated with calcium oxalate. The filter crucible 
was returned to the 100-ml. beaker, 10 ml. of normal sulfuric acid 
added, and the oxalate titrated hot with N/50 permanganate. Since 
small amounts of calcium were found, it was necessary to carry 
through complete blanks containing exact amounts of reagents used, 
especially nitric acid. 

For phosphorus determination, 1 ml. aliquot of the digest was 
transferred to a 100-ml. volumetric flask containing 50 to 60 ml. of
water, and 1 :3  ammonia was added until faintly pink to  phenol- 
phthalein. Ten ml. ammonium molybdate reagent (2.5 percent in  
5 normal sulfuric acid) and 4 ml. aminonaphthol sulfonic acid re- 
agent (0.5 g. in 195 ml. 15-percent NaHSO3 and 5 ml. 20-percent 
Na2SO3 were added and made up to  volume with water. The solu- 
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tion was compared colorimetrically with a standard solution made 
up in exactly the same way with 7 ml. standard phosphate contain- 
ing 0.08 mg. phosphorus per ml. as described by Fiske and Sub- 
barow (14).

Adipose Tissue.—Samples of 10 g. each were placed in 250-ml.
beakers and were dried over night in vacuum oven a t  100º C., trans- 
ferred to hot plate and burned with a small ashless filter paper wick. 
To  the residue were added 25 ml. water, 3 ml. concentrated sulfuric 
acid and 25 ml. concentrated nitric acid. Digestion was completed 
as under muscle tissue. 

For calcium determination 50-ml. aliquots were treated as under 
muscle tissue. 

For phosphorus determination 5-ml. aliquots were neutralized in 
50-ml. volumetric flasks with 1:3 ammonia and made barely acid to 
litmus with normal sulfuric acid. Five ml. of ammonium molybdate 
reagent and 2 ml. of aminonaphthol sulfonic acid reagent were added 
and made up t o  volume with water. The solution was compared 
colorimetrically with the nearest matching of a series of similarly 
prepared standards containing 1, 2, and 3 ml. standard phosphate 
with 0.08 mg. phosphorus per ml. (See reagents used under muscle 
tissue.) 

Chlorine.—Chlorine was determined on the ash from 10 ml. of 
blood as directed in Methods of Analysis (1b).

Sodium and Potassium.—Sodium and potassium were determined 
as directed in Methods of Analysis (1c) upon the ash from 10 ml.
blood or plasma, 5 g. muscle tissue, or 25 g. adipose tissue. 

Magnesium.—Magnesium was determined on the filtrate follow- 
ing the separation of calcium as directed in Methods of Analysis 
(1d). 

Moisture.—Two t o  3 g. of the material was spread in a thin layer 
over the inner surface of a 7-cm. porcelain dish, placed in a vacuum 
oven, and partially dried a t  a pressure below 25 mm. of Hg and a t  a 
temperature of 60º C. for four hours. The dish containing the sam- 
ple was then removed to a vacuum desiccator and dried to constant 
weight over concentrated sulfuric acid a t  a pressure less than 10 mm. 
of Hg, as directed in Methods of Analysis (1e).

Ash.—The material remaining from the determination of moisture 
was completely ignited in the muffle at  a temperature just below dull 
redness, and the procedure in Methods of Analysis (1f) was fol- 
lowed. 

Fat (Ether Extract).—Three to 5 g. of the material was spread in 
a thin layer over the surface of a thin sheet of fat-free absorbent 
cotton, then rolled, inserted into an extraction thimble which was 
placed in a 50-ml. beaker, and dried along with the portion for 
moisture determination. This dried material was then extracted 72
hours with anhydrous ether. Otherwise the procedure was that  given 
in Methods of Analysis (1g).
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Protein.—Approximately 2 g. of the material was rolled in a filter 
paper and dropped in an 800 ml. Kjeldahl flask; 18 g. of digestion 
mixture (HgO—80 g., CuSO4—16 g., and K2SO4—1904 g.) and
37.5 ml. of concentrated H2SO4 were added. The material was di- 
gested for one hour after it became clear. It was then cooled and 
400 ml. of water was added. Otherwise the procedure followed was 
the same as in Methods of Analysis (1h).

SHRINKAGE TESTS 

The right side of each of the first 12 carcasses was stored in the 
cooler a t  2º C. for approximately two weeks from the time of 
slaughter. At the end of this period the 6th- to 12th-rib cuts were 
removed and placed in the cooler again for the ripening test. The 
shrinkage of the rib cuts was determined for a storage period of 
20 days. 

DISCUSSION OF RESULTS 
COMPOSITION OF BLOOD 

A noticeable uniformity of substantial values for blood calcium 
is evident in the first lot in Table 3. These steers had alfalfa, a well 

recognized source of calcium. Consistently low values for calcium 
and potassium appear in lot 3. Deviations in this lot, however, 
should not be ascribed altogether to diet; these two animals had been 
regarded as culls and turned out on pasture at the beginning of the 
feeding experiment. Although the phosphorus averages for lots 4
and 5 from the two pastures deficient in phosphorus were below the 
averages of the other lots, the number of animals was too small t o  
make the differences significant, especially since three of the 10 sam- 
ples in the first two lots were practically as low in phosphorus. 
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Sodium was higher and potassium was lower in the plasma than 
in the whole blood as shown in Table 4. 

COMPOSITION OF MUSCLE TISSUE 

In  view of the fact that the percentages of protein and ash were 
fairly constant in these samples of muscle tissue (Table 5), it fol- 
lowed that the sum of the percentages of ether extract and moisture 
should be nearly constant also. The average for the sums of ether 
extract plus moisture for this set of samples was 76.69 percent and 
the average deviation was 0.67 percent. The extreme deviation was 
1.87 percent occurring in sample No. 7. Only two samples deviated 
more than 1.08 percent from the average. Since variations in ether 
extract and moisture in muscle tissue thus tended to compensate each 
other, analytical data stated as percentages of the whole muscle 
tissue were preferable to data reported on the fat-free basis, as  
shown by the constancy of phosphorus as a percentage of the whole 
muscle. 
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The data in Table 6 shows that a similar relation was found in 
other years. 

COMPOSITION OF ADIPOSE TISSUE 

A dry, firm fat  covering not only gives a carcass a desirable ap- 
pearance but also is essential t o  good keeping quality and low 
shrinkage loss. The factors which appeared to be most intimately 
related to moisture content in beef adipose tissue were' (in decreas- 
ing order) phosphorus, protein, and the monovalent-to-divalent posi- 
tive ion ratio (Table 7).  The phosphorus alone follows the mois- 
ture so closely tha t  moisture was closely approximated by the 
formula : 

Percentage phosphorus x 322 = percentage moisture 

An average deviation from the mean of 0.81 percent and extreme 
deviations of +2.01 and –1.87 percent were obtained.  A lower 
mean deviation could be obtained by using all three factors men- 
tioned above, but the extreme deviation was wider. The relation 
giving the lowest mean deviation found was: 

The deviation from the mean was 0.70 percent moisture, and the 
extreme deviations were +2.01 and –2.05 percent.  Sodium, po- 
tassium, and calcium were expressed in chemical equivalents. This 
same relation was applied to  seven animals studied the previous year 
with an average deviation of 0.76 percent and extreme deviations of
+1.46 and –1.36 percent.  A similar relation has been found in 
other years, although the factor by which the percentage of phos- 
phorus was multiplied varied apparently with the rainfall during 
six months previous to slaughter. 

In  fact the following empirical equation predicted the percentage 
of moisture in rib fat of steers slaughtered in September with an 
average deviation of less than 1 percent moisture from determined 
values over a period of 3 years (1930-’32) : 

R F  represents inches of rainfall in the six months previous to slaughter, 
which occurred as follows: 1930, 24 in.; 1931, 22.5 in.; 1932, 15.8 in.
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Since percentage composition of adipose tissue is affected greatly 
by relative size of fat  cells, comparison of mineral balance can be 
shown better by ratios as in Table 8. The most evident abnormali- 
ties were the high Na/Ca and P/Ca ratios in lot 5. These animals 
were grass fed in an area deficient in phosphorus and were given a 
bone-meal supplement. Calcium may have been diverted from 
adipose tissue to bone structure when additional phosphorus was 
supplied. Relation of phosphorus and calcium is discussed in greater 
detail in Pa rt II and Part III.  Also noteworthy were the low P /N 
ratios in the lots on grass alone (lots 3, 4, and 5) as compared with 
the lots receiving corn (lots 1 and 2).  These ratios indicated that  
even the so-called “adequate” pasture did not meet the full phos- 
phorus requirement of the animals. 

But probably of greatest significance was the low P/Ca ratios in 
lot 4, especially No. 14, in relation t o  shrinkage and keeping quality 
discussed under the following subtopic. 

RELATION OF COMPOSITION TO SHRINKAGE 

Since corresponding rib cuts were ripened in all cases, they were 
practically the same shape and were considered as similar geometri- 
cal solids having the same average density. Since the surface areas 
of similar solids are proportional t o  the two-thirds power of the 
volume, W2/3 (W = weight of the cut) may be taken as a factor 
proportional to the surface area of the cut. This factor for the series 
of cuts divided by the factor for the smallest cut gave what was 
called the “surface ratio,” or a direct comparison of the surface area 
of each cut with that of the smallest cut. On the assumption that  
the loss in weight was proportional to the surface exposed, the weight 
lost was divided by the “surface ratio” to obtain the relative loss 
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per unit area as given in Table 9 (column 5) and Table 10 (column 
6).  These values represented the loss from a surface area equal to 
the surface area of the smallest cut. 

A cut containing a relatively high percentage of water would 
naturally be expected to lose weight more rapidly during ripening 
than a cut containing a lower percentage of water, other factors be- 
ing equal. On tha t  assumption the loss per unit area was divided 
by the percentage of water content (disregarding bone) to obtain 
the factors in Table 9, column 6. These factors may be taken as a 
measure of permeability, since other variants, as size and water 
content, are compensated. These results showed the high permeabil- 
ity of the cuts from the animals on phosphorus-deficient grass. 

In  the case of the smaller cuts from the grass-fed animals i t  will 
be seen that  the cuts from the two animals (samples 13 and 14,
Table 9)  receiving the low-phosphorus grass lost more weight during 
the ripening period than did the cuts from the two animals (samples 
11 and 1 2 )  on pasture where there was no phosphorus deficiency. 
According to popular belief, the keeping quality of meat, as well as 
shrinkage during ripening, depends almost entirely on the amount 
of fat covering the cut. If this popular belief were true, then sam- 
ples 13 and 14 from the animals receiving the low-phosphorus grass 
should have had higher keeping qualities than samples 11 and 12
from the animals on normal grass, for the latter samples contained 
only 16.28 percent and 11.41 percent, respectively, of mechanically 
separable adipose tissue; while the former contained 20.81 percent 
and 22.92 percent, respectively, of mechanically separable adipose 
tissue (Table 2 ) .  However, samples 11 and 12 were as free from 
spoilage than samples from full corn-fed animals and shrank only 
slightly more. 
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It is interesting to  note tha t  sample 14, which showed most spoil- 
age during the ripening process, also showed the highest loss of water, 
and had the lowest P/Ca ratio in the adipose tissue. This high loss 
of water during ripening indicated that the water-holding power of 
this sample of meat differed from that  of the other samples. Just  
what caused this loose combination of water and tissue was not de- 
termined. However, a deficiency of phospholipides in the tissue no 
doubt would materially reduce the quantity of water held by emul- 
sification. Also the relatively high amount of calcium compared t o  
phosphorus in the adipose tissue would reduce the hydrophyllic 
nature of the phospholipides. 

The feeding of a limited quantity of bone meal seemed to have 
little effect on the structure of the meat produced, as samples 15
and 16 showed about the same keeping quality as did No. 13. Al- 
though samples 15 and 16 contained more fat (Table 2), they were 
of lower quality grade than samples 11 and 12 which were produced 
on normal grass. There appeared to  be no direct correlation between 
the mineral composition of the samples, except the adipose tissue, 
and this loss of weight during cooking or ripening. 

Cooking evaporation losses (Table 10) did not show so wide varia- 
tion as ripening losses. The reason for the more constant cooking 
losses probably lies in the method of roasting. All roasts were 
brought to the same internal temperature, then removed from the 
oven. Therefore, a small roast would require less time in the oven 
and be subjected to less evaporation per unit surface area than 
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would a large one. Likewise a tissue relatively permeable t o  water 
would be relatively permeable t o  heat also (since water is a better 
heat conductor than fat), and the time required for roasting should 
be relatively short. Therefore, it seems tha t  compensating factors 
tend to  make cooking evaporation losses relatively constant as com- 
pared to ripening losses. 

As indicated in the introduction, one of the reasons for under- 
taking this study was to determine whether the poor keeping quality 
of the meat produced by animals on an unbalanced mineral diet 
could be accounted for by an unbalanced mineral ratio in the meat.
It was thought that  the poor keeping quality might be due to  an in- 
crease in permeability resulting from a high ratio of monovalent, to 
divalent minerals. The keeping quality of the meat from the ani- 
mals on low-phosphorus grass was very poor. 

Of the two samples obtained from the animals on low-phosphorus 
grass one, No. 14, spoiled during the ripening process so that it was
unfit for consumption. The other sample, No. 13, from this lot was 
in very poor physical condition a t  the end of the ripening period. 
Sample 14, which spoiled during the ripening period, instead of hav- 
ing a high ratio of monovalent to divalent minerals, was actually 
next to  the lowest of the 18 samples tested both in the muscle tissue 
and adipose tissue as shown below: 

The sample showing the highest ratio of monovalent to divalent 

minerals in the muscle tissue (percentages of = 17.8) was No. 1,

one of the steers full-fed in dry lot. This sample showed excellent 
keeping quality. 

These results seem to indicate that  there was little if any relation 
between the ratios of total monovalent to  divalent minerals in muscle 
tissue and its keeping quality. A better relation was apparent with 
P/N, P/Ca, and Ca/N ratios in adipose tissue as shown in Table 8. 

In  this connection it should be remembered that  the mineral an- 
alyses of these samples represented the total quantity of minerals 
only, and tha t  no attempt was made to investigate the chemical and 
physical condition of these elements in the tissue. Furthermore, i t  
seems likely tha t  only the mineral elements absorbed in the surfaces 
of the intercellular spaces, or ionized in the intercellular fluid should 
bear any significant relationship to  permeability of the tissue. 

Studies have been begun on the relation of keeping quality in meat 
to ratios of minerals in various forms and conditions in the tissues. 
Wide differences have been found in mineral ratios in the expressible 
juice that  could not be predicted from the ultimate analysis of the 
whole meat. 

Na + K 

Ca + Mg 

(For summary and conclusions, see page 79.) 

Student Student
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PART II. EFFECT OF DIETARY PHOSPHORUS DE- 
FICIENCY ON QUALITY OF BEEF4 

INTRODUCTION 
Although recently much attention has been given to  phosphorus re- 

quirements in animal nutrition and to clinical aspects of phosphorus 
deficiency, little information appears available concerning the effects 
of phosphorus deficiency on tissues of the animal other than bone and 
blood. The purpose of this investigation was to observe the effect of 
phosphorus deficiency in beef cattle on the composition and quality 
(especially keeping quality) of muscle and adipose tissue. 

In Part I were reported mineral analyses of muscle and adipose 
tissues from beef animals taken from an apparently phosphorus-de- 
ficient region in Kansas. It was reported tha t  butchers in tha t  region 
complained of the poor keeping quality of beef from animals taken 
from certain pastures, and refused to buy them on tha t  account. In- 
spection of some of those pastures showed ample grazing, but many 
of the cattle were listless, had poor appetites, stood with their hind 
feet somewhat forward and with the back arched. They were re- 
luctant to move even when closely approached by strangers. General 
poor condition was further indicated by rough, dry, shaggy hair coat. 
Similar symptoms were noted in experimental aphosphorosis by Rid- 

Field tests on the soil of those pastures mostly indicated adequate 
phosphorus. However, a prevalence of soft, finely weathered lime- 
stone on the surface suggested doubtful availability of the phos- 
phorus as plant food. This suspicion was confirmed by chemical 
analyses showing less than 0.1 percent phosphorus (dry basis) in the 
pasture grasses. 

Another symptomatic evidence of phosphorus deficiency among 
the cattle was bone-chewing. A local butcher designated one pasture 
as the “bone-chewingest” pasture he had ever seen. The feeding of 
steamed bone meal was reported to have corrected the abnormal 
condition of the cattle, but the feeding of limestone appeared only 

dell (44).

to  aggravate it. 
Since results reported in Pa r t  I indicated poorer keeping quality 

and higher shrinkage losses in the beef obtained from tha t  region, it
was decided to  induce phosphorus deficiency in steers under care- 
fully controlled conditions a t  the Kansas Agricultural Experiment 
Station, and to compare the quality and composition of the carcasses 
with those from carefully matched controls. 
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EXPERIMENTAL PROCEDURE 

Three low-phosphorus feeding trials were conducted, one each in 
1936, 1938, and 1940. Hereford steer calves, matched in pairs by 
weight a s  nearly as possible, were fed by the Mitchell (33) paired- 
feeding method. A ration was fed composed of pearl hominy, oats, 
beet pulp, blood meal, and prairie hay. Feed allotment for each 
pair was held to the level of the amount tha t  the lower-consuming 
member would take. The ration provided six to seven grams of 
phosphorus per day per head. It was supplemented with monocal- 
cium phosphate to provide a total of 20 g. of phosphorus per day for 
the high-phosphorus animal of each pair. Sufficient calcium carbon- 
ate was added to the ration to  maintain a P/Ca ratio of 1 :2  for 
each steer. 

Since the third trial was the most successful in attaining typical 
phosphorus deficiency and in avoidance of complications, as later 
explained, detailed data for only that  trial will be given and general 

In  the first experiment, eight steers were used. Two pairs were 
slaughtered after 35 weeks and two pairs after 48 weeks of feeding. 
Although blood and bone analyses indicated successful induction of 
phosphorus deficiency in the low-phosphorus animals, two of the 
high-phosphorus animals were not satisfactory controls. One be- 
came highly excitable just before slaughter, and the other was the 
low-consuming steer of its pair, which could not be explained until 
a large abscess in the liver was discovered after slaughter. 

In the second experiment 12 somewhat older calves were started. 
After 48 weeks of feeding, these animals did not develop low blood- 
phosphorus values characteristic of typical phosphorus deficiency on 
the low-phosphorus ration. 

At slaughter the inorganic blood-phosphorus ranged from 5.2 to 8.9 
mg. per 100 ml. serum in the low group; normal range is 8 to  10 mg. 
However, the bones of the low group had strikingly lower specific 
gravity and breaking strength. This condition seemed to indicate 
that the animals maintained their blood phosphorus requirement a t  
the expense of the bones. Likewise, tissue phosphorus requirements 
evidently had been adequately maintained, since no distinct differ- 
entiation was evident, between the two lots in regard to  phosphorus 
relationships in muscle and adipose tissues. Neither was any con- 
sistent difference in quality of the meat observed between the two 
lots. 

In  the third experiment 12 steers weighing from 344 t o  393 pounds 
were started on the ration November 10, 1939, and were fed 44 weeks 
before slaughter. Although the members of each pair were on the 
same energy-intake level, the high-phosphorus animals gained from 
50 to 140 pounds more than their pair mates with one exception; the 
low phosphorus animal of the first pair (the heaviest pair) gained 
nine pounds more than its mate. This pair was different in another 
noteworthy respect; although the inorganic blood phosphorus was 

comparison made with the other two trials. 
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critically low in the low-phosphorus animal, the bone phosphorus 
and ash (Table 11) were notably high, almost as high as in its pair 
mate, which was highest of all the animals in tha t  respect. Slaughter 
weight of the animals ranged from 568 to 779 pounds. Low-phos- 
phorus steer No. 6 died from bloating. Data  are given on the re- 
maining five pairs. 

After slaughter the carcasses were hung in the cooler five days 
before ribbing. The 6th- to 12th-rib cuts were removed from each 
side. The right rib cut was hung in the cooler for ripening and keep- 
ing quality observations. On each side the 12th-rib sections were 
removed for pH,  oxidation potential, and color measurements. The 
9th- to 11th-rib sections were used for physical and chemical anal- 
yses. The  6th- to 8th-rib sections were used as roasts for cooking 
and palatability tests. 

RESULTS 

Characteristics of phosphorus deficiency were evident in the com- 
position of blood and bones of the low-phosphorus animals shown in 
Table 11.

The next, most obvious characteristic after low blood phosphorus 
was the higher blood phosphatase in the low-phosphorus animals of 
all but one pair. Unfortunately, phosphatase activity was not meas- 
ured in muscle tissue. Later evidence (unpublished) has indicated 
higher phosphatase activity in dark-cutting beef than in bright beef. 
Further investigations on phosphatase activity in beef muscle tissue 
are in progress. 

PALATABILITY 

The left 6th- to 8th-rib cuts were roasted by standard procedure. 
Oven temperature was maintained a t  300º F., and the roasts were 
removed when their internal temperature reached 137º F.  An en- 
tire slice across the face of each roast was served hot to  each judge. 
The samples were identified only by code numbers. Approximately 
six judges were selected from the college staff. As nearly as possible 
the panel of judges included the same personnel throughout the sev- 
eral years over which these investigations extended.
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It was evident tha t  favor was shown the high-phosphorus roasts 
in all the palatability factors listed in Table 12.  No more than 
one pair was judged in favor of the low-phosphorus roast under any 
one palatability factor. In  three pairs the high-phosphorus roasts 
were given unanimous favor under all factors. In the other two 
pairs only two of the six factors favored the low-phosphorus roasts; 
in one of those pairs, Nos. 3 and 4, it is interesting to note tha t  the 
carcass grade, Table 13, of the low-phosphorus animal was slightly 
higher than its pair mate in this one pair alone. In  that same pair 
a slight advantage also appeared in the feeder grade of the low- 
phosphorus animal at the beginning of the experiment. I n  the first 
pair also a slight advantage in feeder grade went to the low-phos- 
phorus animal, but the carcass grades were even. Further evidence 
of the advantage to carcass grade in the high-phosphorus animals 
is shown in the third and fourth pairs; here the feeder grades were 
even in both pairs, but a full grade difference appeared for the 
carcasses in the fourth pair. 

Since carcass grade and estimation of meat quality depend a great 
deal on quantity and distribution of fat,  mechanical separations were 
made of fat,  lean, and bone in the 9th- to 11th-rib cut, as shown in 
Table 13. The most evident differential characteristic is the higher 
percentage of outside fat  in the low-phosphorus cuts in all but one 
pair; in that one pair (the third) the fa t  covering was scanty in both 
cuts. Total fat was distinctly higher for the low-phosphorus cuts in 
the second and fifth pairs, and total f a t  was distinctly higher for the 
high-phosphorus cuts in the third and fourth pairs. In  the first pair 
total fat  was nearly even. Only fat  distribution appeared affected 
by high and low levels of phosphorus feeding. 

Although, as previously mentioned, the high-phosphorus animals 
made consistently greater gains in weight, it was evident tha t  no 
parallel increased fat  deposition occurred in them. Since bone and 
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muscle tissue contain a much higher percentage of phosphorus than 
fa t  tissue contains, they might be presumed to have been more re- 
stricted in their development by phosphorus deficiency than was the 
case with fat  tissue. Conversely a higher percentage of the energy 
intake in the low-phosphorus animals might be assumed to  have 
been converted to  fat  because of the restricted bone and muscle for- 
mation, thus accounting for the independence of fat formation from 
gains in body weight. 

Such assumptions might be extended to  explain higher palat- 
ability of high-phosphorus muscle tissue because of higher growth 
rate, the relation being analogous to the greater succulence and ten- 
derness of more rapidly grown plant tissues. In  support of that  as- 
sumption may be cited the fact that  four out of five animals weigh- 
ing over 700 pounds (including No. 9 )  graded 6 or better in ten- 
derness. 

On the other hand, although the low-phosphorus animal, No. 2,
gained nine pounds more than its pair mate, and the rib cuts from 
the two animals were nearly identical in physical composition, 
nevertheless the high-phosphorus roast graded higher in every pal- 
atability factor listed in Table 12, and especially high in flavor. The 
difference in quality was, therefore, evidently more deep-seated than 
would be apparent in routine physical grades and measurements. 
Similar palatability trends were found in the first two trials, though 
they were not so consistent, probably because of disturbing factors 
previously mentioned. 

IET n/a




WEEPING QUALITY 

The 6th- to 12th-rib cuts from the right sides were hung 28 days 
in a cooler at 33 ±1º F.  They were then grouped and placed in 
order of keeping quality as judged by wholesome appearance and 
odor and freedom from spoilage. No observable advantage in keep- 
ing quality appeared for either member of three pairs, but in the 
other two pairs a distinct advantage appeared for the high-phos- 
phorus cuts, as shown in Table 14.

Since no low-phosphorus cut exhibited better keeping quality than 
its pair mate and two pairs were definitely in favor of the high- 
phosphorus cuts, the net result is a strong indication of the better 
keeping quality of high-phosphorus beef. The number of samples 
was of course too small to be statistically significant. 

In  the first two trials of the experiment all cuts ripened satis- 
factorily with little spoilage and with no evident advantage for 
either high or low phosphorus. 

The ability of a beef rib cut to endure ripening with minimum 
spoilage probably depends on three distinct qualities of the cut: 
First, the physical compactness and freedom from gaps between the 
muscles and fa t  deposits; second, ample fa t  coverage; third, low 
permeability of the tissues. Occasionally beef is flabby and tends 
to fall apart a t  the junction of tissue segments, making i t  suscepti- 
ble to  mold and bacteria penetration and large surface evaporation 
losses. This type of beef obviously is not suitable for ripening. 

All the cuts used for ripening in this experiment were firm and 
compact. 

As previously mentioned, fa t  coverage for each pair was more 
abundant on all but one of the low-phosphorus cuts, according to  
percentage outside fa t  shown in Table 13.  However, in spite of this 
advantage there were higher ripening shrinkage losses (percent) for 
the low-phosphorus cuts in all but one of the pairs as shown in 
Table 14, column 5.

Shrinkage losses were adjusted for variation in surface area of the 
cuts (column 6 )  and again for total moisture content of fa t  and 
muscle tissues (column 7) ,  as explained in Par t  1.  Surface area 
adjustment of losses still left only one high-phosphorus cut showing 
greater loss than its pair mate. It is interesting to note that  this 
one (No. 3) was graded below its pair mate in two palatability 
factors and equal in another factor (Table 12).  Also, i t  was the 
only high-phosphorus carcass with a grade inferior to its pair mate 
(Table 13), and the rib cut contained 7.3 percent less total fa t  than 
its pair mate. Strangely also i t  was the heaviest animal of all. 

On the assumption that  moisture losses were a function of the total 
water content of the cut (disregarding bone), other factors being 
equal, the loss per unit area was divided by the percent of total 
water content (disregarding bone). The resulting factor (Table 14, 
column 7)  may be assumed to  be a rough index of average permea- 
bility of the tissues. On this basis, the first two pairs indicated only 
slight and insignificantly higher losses (less than 2 percent more) 
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for the high-phosphorus cuts. The other three pairs indicate dis- 
tinctly lower losses for the high-phosphorus cuts. 

Furthermore, a striking relation was apparent between keeping 
quality and permeability by comparing the sequence of data in 
columns 4 and 7 in Table 14. Cuts ranking first in keeping quality 
ranged 9.9 to  10.9; second, 11.3 to 11.5; third, 11.4 to 12.3; fourth, 
13.5 to 13.9. It was, therefore, evident that good keeping quality 
was closely indicated by low-permeability index in shrinkage losses. 

Cooking data in Table 14 conform more with what might be ex- 
pected from the relative amount of outside fat on the roasts as in- 
dicated by the composition of the adjacent cuts (9th to 11th ribs) 
in Table 13. The cooking time per pound was less in every case for
the high-phosphorus roasts. Also in spite of the fact tha t  these 
roasts were in the oven a shorter length of time, total evaporation 
losses were higher in three of the high-phosphorus roasts. In  the 
third pair a slightly higher fat covering on No. 7 did not require a 
longer cooking time, but there was a slightly lower evaporation loss. 
Also in the fifth pair the change in order of evaporation losses from 
the trend in the other four pairs was probably caused by the exces- 
sively longer cooking time required by the low-phosphorus roast, 
exposing it  to evaporation in the oven for a relatively much longer 
period of time than required by the high-phosphorus roast. 

Because of the rapidly changing thermal conditions in the meat, 
changes in protein structure, and uneven periods of exposure to oven 
evaporation during cooking, such data were obviously not so satis- 
factory for comparing permeability as ripening shrinkage data, 
where uniform conditions were maintained for the same period of 
time for all cuts. 
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TENDERNESS 

Palatability grade for tenderness was in favor of only one low- 
phosphorus roast, but this roast was the only low-phosphorus sample 
receiving a higher aroma grade than its pair mate. Experienced 
judges are aware of the difficulty of differentiating palatability fac- 
tors, even one which might seem so purely mechanical as tenderness. 
In  view of the consistently higher palatability grades for high-phos- 
phorus roasts in all factors shown in Table 12,  some question might 
be raised regarding the independence of tenderness grades. 

Comparisons of mechanical shear, .collagen content, and palata- 
bility grades for tenderness are shown in Table 15.  Mechanical 
shear was measured by the Warner-Brateler (4) machine, which 
records the force required to shear a core of meat, one inch in diame- 
ter. Collagen was determined by a modification of the Mitchell (34)
water-extraction method. The ground meat and water were tritu- 
rated 90 minutes in a pebble mill a t  5º C. and washed through a 
100-mesh sieve with warm water (50º C.).  The residue was auto- 
claved and the gelatinized collagen was extracted with boiling water. 

(Part III will give in more detail the method of protein-fraction separations). 

In  no case did mechanical shear indicate a pair tenderness rela- 
tionship contradictory to  palatability grade in the fresh samples. 
In  the ripened samples contrary indications appeared in only two 
pairs where differences were small (less than 0.5 pound). 

In  only one pair, fresh or ripe, did more collagen appear in the 
sample judged more tender by eating. The judges found eight of 
the 10 samples more tender after ripening. The two found less 
tender also registered higher shear and contained more collagen in 
the ripened samples. However, six of the 10 ripened samples con- 
tained more collagen than the corresponding fresh samples. This 
anomalous condition has been noted frequently during the past 10 
years of ripening studies a t  this station. It leads to a conjecture 
that  the corresponding right- and left-rib cuts from the same beef 
carcass may not have been always so uniform before ripening as 
generally has been assumed. 

In order to see if shrinkage losses during ripening could so reduce 
the moisture content of the rib eye removed from the ripened cut 
tha t  an apparent increase in protein would occur, data obtained in 
1933 are shown in Table 16. 

As usual the rib-eye samples were taken from the 9th- to  11th-rib 
sections out of the 6th- to 12th-rib ripened cuts, and were therefore 
a t  least one inch from the exposed surface during ripening. It was 
obvious that  no significant amount of moisture was lost from the rib 
eye which could account for a relative increase in the collagen of 
sample No. 221. Collagen in both fresh and ripened samples as 
shown in Table 15 was calculated as percent of total protein ob- 
tained in the fresh sample. 

The high correlation of mechanical shear with collagen content 
and with palatability-tenderness grade was evident, in comparing 

IET n/a




relative change in each sample during ripening. I n  this manner con- 
fusing differences in other palatability factors were eliminated as  far 
as possible. In  only two samples was the change in mechanical shear 
during ripening distinctly contrary in trend to the change in palata- 
bility tenderness grade during ripening. Likewise in only two sam- 
ples was the change in mechanical shear distinctly contrary t o  
change in collagen content during ripening. 

It was thus evident that the Warner-Bratzler shear gave a re- 
liable index of tenderness. In  its use the authors have found special 
caution necessary to  avoid mutilation with the cutter in order t o  re- 
move a smooth, uniform core. The core cutter should be sharp; it 
should be rotated alternately in short strokes, and not continuously 
in the same direction; the entrance of the cutter should be directed 
after inspection of both faces of the roast in order to  avoid large 
segments of connective tissue. Six to eight shear trials were made 
on one core. 

JUICINESS 

Palatability grade for quality of juiciness favored the high-phos- 
phorus roasts in all pairs but the second, in which pair quantity 
also favored the low-phosphorus roast as shown in Table 17. 

A higher grade for quantity of juice was given the high-phos- 
phorus roasts in three pairs. But quantity of juice appears to  be 
one of the most difficult palatability factors to differentiate from 
other factors, especially flavor, tenderness, and aroma. Unless judg- 
ment is quickly made, the grade may indicate quantity of saliva 
rather than quantity of juice from the meat. 

It is reasonable to  assume that  quantity of juice judged by eating 
should correlate with quantity of fluid obtained from the meat with 
a mechanical press. No such correlation is evident in Table 17 with 
press fluid from either raw or cooked meat, but perfect correlation 
was apparent between quantity of press fluid and phosphorus level; 
greater quantity was obtained from the low-phosphorus sample in 
every pair, both raw and cooked. Results were similar in the first 
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year of the experiment, when phosphorus deficiency was success- 
fully induced. 

Such consistent behavior of press-fluid yields gives rise to  strong 
suspicion that  desirability of flavor and other palatability factors 
may frequently influence the reaction of the judges regarding quan- 
tity of juice. 

Regardless of its doubtful relation with palatability grade for 
juiciness, press fluid provides valuable means of determining the rel- 
ative degree of retention of various constituents of muscle tissue as
shown in Table 18. In  this case retention of calcium bore a signifi- 
cant relation to permeability ,of the muscle tissue. Higher yield of 
press fluid from the raw tissue further indicated the higher permea- 
bility of low-phosphorus beef previously discussed with keeping 
quality. 

It was pointed out in Pa r t  I  tha t  calcium decreased permeability 
of muscle tissue. Therefore, i t  appeared significant tha t  a higher 
yield of calcium was obtained in the press fluid of the low-phos- 
phorus samples in each pair but the third, in spite of the fact that  
the corresponding original rib-eye tissues contained less total cal- 
cium than their pair mates. As a result, a higher retention of cal- 
cium in the high-phosphorus samples was clearly indicated. 

Although calcium concentration in the press fluid was considerably 
below its concentration in the original tissue as shown in Table 18, 
phosphorus concentration was practically unchanged, indicating that  
i t  was not retained perceptibly by the pressed tissue. This relation 
was further illustrated by P/Ca ratios being generally higher in 
press fluid than in whole rib eye. Only about one-half the total 
phosphorus reacted as inorganic phosphorus by the Fiske and Sub- 
barow (14) method for blood. 
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Press fluid was obtained by use of a Carver laboratory press (hy- 
draulic) using a 2.25-inch test cylinder. I n  order to prevent extru- 
sion of raw tissue past the plunger, 100 g. ground raw rib eye was 
mixed with three g. pulverized filter paper pulp (ashless) and strati- 
fied in the cylinder in 16 wafers separated by 5.5-cm. ashless filters. 
The felt pads were caulked outside with light strands of cotton fiber. 
The cylinder was placed in a tinned cup provided with a spout at
the bottom so that  the fluid could be drained directly into a gradu- 
ated cylinder. For this purpose the cup was set upon a steel cylin- 
der on the press platform t o  provide elevation for drainage. Mini- 
mum pressure to effect free flow of fluid was applied 15 minutes, 
when probably 90 percent of the yield was obtained. Pressure was 
gradually raised to  4,000 pounds per square inch in the next 15
minutes and maintained 15 minutes longer a t  that pressure. 

Cooked tissue required no added paper pulp; 50 g. was divided in 
four portions between filters in the cylinder. Pressure was gradually 
raised to  4,000 pounds per square inch in 15 minutes, when the yield 
was taken. 

The fluid and press cake were weighed, and from the weight of 
filter paper and meat used the loss (mostly evaporation) was found 
to be 4 t o  6 percent. Considerable time was saved by using two 
cylinders, one of which was packed while the other was being 
pressed. The fluid was centrifuged before analysis. 

When an ample supply of sample material is available, the Carver 
press method has the advantage of effecting a clean separation of 
plentiful amounts of fluid for analysis. The pressometer described 
by Child and Baldelli (10) has the advantage of being usable with 

There appeared t o  be a significant relation between quality grade 
of juiciness and yield of drippings in Table 17. In  only the fifth 
pair, where quality-grade difference was small, was a lower grade 
given to the sample yielding more drippings. Also a significant 
negative correlation appeared between quantity grade of juiciness 
and total cooking losses. I n  only the first pair, where quantity grade 
difference was small, was a higher grade given t o  the sample yielding 
higher total cooking loss. 

small samples, two grams being sufficient. 

COLOR OF RIB EYE 

As usual, the gross compositions of rib eyes (Table 19)  were 
nearly uniform in protein and ash content. A small range of varia- 
tion occurred between ether extract and moisture. The general oc- 
currence of this relationship of rib-eye components was discussed 
in Pa r t  I .

Since marbling and degree of finish have been shown (28) to in-
fluence color grading of beef, i t  is interesting to note that ether ex- 
tract of rib eye followed a better correlation with inter-muscular 
fat than with outside fat, as shown in Table 13. 
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Although color measurements indicated no tendency toward shady 
or dark beef in any of the samples, measurements were made on 
three of the most important factors related to color of beef muscle 
tissue as shown in Table 20. 

(The significance of these factors will be discussed more fully in Part IV.) 

Muscle hemoglobin, which has been shown to have high correla- 
tion with both brilliance and chroma (28), was slightly higher for 
the low-phosphorus sample in three of the five pairs, averaging 3 
percent more for the low-phosphorus lot. The difference is not 
significant, and was similar to  the results obtained in 1938. I n  1936 
the result was contrary with distinct differences. I n  conclusion, it
was evident that  no significant correlation existed between amount 
of muscle hemoglobin and dietary phosphorus level. Nor was any 
correlation evident between muscle hemoglobin and hemoglobin in 
the blood. Muscle hemoglobin was determined by spectrophoto- 
metric analysis described by Shenk, Hall and King (48).
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I n  only one pair was the p H  distinctly more acid for the low- 
phosphorus sample. In  the previous two years pH was measured 
by quinhydrone electrode, which was no doubt influenced by differ- 
ences in oxidation potential. Comparison with third-year p H  data 
was, therefore, not justifiable. Dark beef generally is less acid than 
bright beef, sometimes having a p H  more than one unit higher than 
normal. Therefore, on tha t  basis the low-phosphorus samples had 
a tendency toward the dark beef condition, which is most evident in 
sample No. 2. The glass electrode was inserted in a depression made 
by a large rounded glass rod in the 12th-rib slice; the tip of the 
calomel cell touched the surface of the slice. After ripening, eight 
of the samples had slightly higher p H  values, all reaching approxi- 
mately the same value near 5.65. 

Oxidation potentials were slightly less positive for the low-phos- 
phorus sample in three pairs and nearly even in the other two pairs. 
Dark  beef has been found to have abnormally low oxidation poten- 
tial, and a tendency toward that condition was indicated by the 
low-phosphorus samples again. It is noteworthy that  the lowest 
potential occurred in a low-phosphorus sample, No. 8, and the high- 
est potential occurred in a high-phosphorus sample, No. 3.  After 
ripening, oxidation potentials decreased in eight samples, all reach-
ing approximately the same value near 0.1 volt. 

I n  the second trial, in which critically low values of blood phos- 
phorus were not reached, both the highest and lowest oxidation po-
tentials were found in high-phosphorus samples. In  the pair in 
which greatest difference in potential occurred, the high-phosphorus 
sample had the higher potential. I n  other pairs differences in po- 
tential were relatively small. 

In the first trial, oxidation potentials were all abnormally high on 
the fresh samples, suggesting some error in technic. But in the 
ripened samples the highest potential was found in a high-phos- 
phorus sample; the lowest potential was found in a low-phosphorus 
sample: in three out of the four pairs the higher potential was found 
in the high-phosphorus samples, and in the fourth pair the potentials 
were almost identical. 

It was, therefore, apparent from the three trials that  a definite 
tendency toward low oxidation potential obtained in low-phosphorus 
beef muscle tissue. 

Measurements of oxidation potentials were made with a Leeds and 
Northrup student type potentiometer between an inserted platinum 
rod and a calomel cell making contact with the tissue surface by  
means of the cell solution. Proper conditioning of the platinum elec- 
trode was found to be important in order to  promote rapid equilib- 
rium with the tissue. The two-inch lengths of No. 16 platinum wire 
were cleaned either in sulfuric acid-dichromate mixture or by igni- 
tion in a non-luminous gas flame. After being rinsed they were im- 
mersed in a 10-percent sodium bisulfite solution a t  least 10 minutes. 
They were thoroughly rinsed with distilled water before being in- 
serted in the tissue. About 10 minutes was required to reach equi- 
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librium; this condition was evident when repeated potentiometer dis- 
placements of one millivolt alternately positive and negative from 
the balance point caused corresponding reversed deflections by the 
galvanometer. The galvanometer had a sensitivity of 0.125 micro- 
ampere per division. 

Another tendency toward a condition characteristic of dark beef 
was slightly evident in the higher inorganic phosphorus found in 
low-phosphorus samples in three pairs in Table 18. Again, No. 2
was outstanding in that  respect as i t  was in p H  as shown in Table 
20, and the lowest inorganic phosphorus occurred in a high-phos- 
phorus sample, No. 1.  However, inorganic phosphorus in typical 
dark beef generally runs considerably higher than any of these 
values, 120 to 130 mg. per 100 g. Much higher values were found 
in the ripened samples in Table 18; apparently phosphoric acid was 
released from the hexose phosphates by hydrolysis during ripening. 

CHARACTER OF FAT TISSUE 

The undesirability of high moisture content in outside fat cover- 
ing of beef was discussed in Part  I.  Also, the relation of phosphorus, 
protein, and mineral balance to moisture content was pointed out. 
Although the two outstanding high moisture values occurred in low- 
phosphorus samples as shown in Table 21, it is noteworthy tha t  these 

In four pairs the tissue concentrations of phosphorus as repre- 
sented by P /N ratios were higher in the high-phosphorus samples. 
Results were similar in 1936. Calcium percentages were distinctly 
higher in the high-phosphorus samples in four pairs; results in the 
remaining pair (Nos. 9 and 10) were obscured by anomalous high 
values for calcium, phosphorus, and ash in No. 10, suggestive of 
contamination by bone chips or gristle. 

Except in that same pair again, Ca/N ratios also were distinctly
higher in the high-phosphorus samples, and P/Ca ratios were lower. 
Similar evidence of accelerated calcium mineralization of fat tissue 
in high-phosphorus steers was observed in all pairs in 1936; for, in 
spite of the fact that P /N ratios were higher in the high-phosphorus 
samples, the calcium was so much higher in those same samples that
the P/Ca ratios were lower. It was thus evident that  effects of 
phosphorus deficiency were more apparent in fat tissue than in 
muscle tissue. 

samples contained the highest percentages of protein. 

(For summary and conclusions, see page 79.)
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PART III. EFFECT OF FEEDING LIMESTONE SUP- 
PLEMENTON QUALITY OF BEEF5

INTRODUCTION 

Experiments conducted a t  the Kansas Agricultural Experiment 
Station (1920-1931) (32) demonstrated that the addition of ground 
limestone t o  certain cattle-fattening rations materially increased the 
efficiency with which cattle utilized the feed. A nutrition experiment 
was carried out a t  this station in 1937 and repeated in 1939 for the 
purpose of obtaining further specific information on the influence of 
ground limestone on a fattening ration for steers (49) .   Meat from 
these steers was utilized in this investigation to  determine what dif- 
ference in quality could be observed as a result of feeding high and 
low levels of calcium. 

In Pa r t  I of this publication, the role of mineral balance, involv- 
ing calcium especially, was discussed showing tha t  calcium tended 
to  decrease permeability of animal tissue, thus improving keeping 
quality and decreasing shrinkage losses in beef. 

Par t  II pointed out tha t  low-phosphorus mineralization in beef 
muscle and fa t  tissues was accompanied by lower concentration and 
lower retention of calcium in the tissues. It was, therefore, unde- 
termined whether deficiency of phosphorus or deficiency of calcium 
in the tissue, or perhaps a combination of both, caused inferiorqual- 
ity in beef. It was believed further information on this question 
might be gained from the meat from steers fed on high and low 
levels of calcium. 

EXPERIMENTAL PROCEDURE 

Hereford steer calves, matched in weight and grade as nearly as 
possible, were fed by the Mitchell (33) paired-feeding method a ra- 
tion of corn, cottonseed meal, and Atlas sorgo silage. Feed allot- 
ment for each pair was held to  the level of all that  the lower con- 
suming member would take. To one member of each pair was given 
a supplement of 0.1 pound of ground limestone daily. For con- 
venience the members of each pair were designated as high- and low- 
calcium steers. 

The phosphorus intake of these steers was only slightly higher 
than the normal requirement. The addition of the limestone was 
sufficient to change the phosphorus-calcium ratio from 1:1 to 1:2, a
more nearly optimum ratio. 

Two trials of the experiment were conducted following the same 
procedure, one in 1937 with four pairs of steers and one in 1939 with 
six pairs. Since the second trial involved a larger number of ani-
mals, detailed data for tha t  trial only are presented herewith; gen- 
eral comparisons are made with data of the first trial. 
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I n  the first trial steers ranging in weight from 438 to 468 pounds 
each were fed 250 days and slaughtered in October. Final weights 
varied from 727 to 820 pounds. I n  two pairs the high-calcium steers 
gained more, and in two pairs they gained less than their pair mates. 

In  the second trial steers ranging from 342 to 401 pounds each 
were fed 190 days and slaughtered in June. Final weights varied 
from 625 to 715 pounds. In  all six pairs the high-calcium steers 
gained 13 to 56 pounds more than the low-calcium steers. 

The use of heavier steers in the first trial than those used in the 
second trial may have accounted for the difference in response to 
mineral deficiency. A similar experience was encountered in the 
experiment on phosphorus deficiency reported in Part II in which 
large steers on low-phosphorus ration did not develop critically low 
blood-phosphorus concentrations characteristic of extreme phos- 
phorus deficiency. 

After slaughter, carcasses were treated as described in Part II
which described also the meat cuts taken for experimental use. 

RESULTS 
CALCICM AND PHOSPHORUS BALANCES 

Only slight variation was observed in calcium and phosphorus in 
the blood. Blood calcium, surprisingly, was fractionally lower in 
the high-calcium steers in four pairs. Phosphorus showed a comple- 
mentary effect to the calcium, being slightly higher for the high- 
calcium steers in five pairs as shown in Table 22. 
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Bone composition showed a distinct correlation with calcium in- 
take in Table 22. Except in the first pair, in which the analyses 
were practically identical, bone ash, phosphorus, and calcium were 
consistently higher for the high-calcium steers. Distinctly higher 
values for breaking strength and specific gravity of the bones were 
also obtained for the high-calcium steers. It was evident, therefore, 
that  steers on the lower calcium-intake were not receiving adequate 
calcium for optimum bone development. 

Similar effects on bone mineralization were observed in the 1937 
trial, indicating that  the calcium deficiency was clearly evident in 
the bones before its effect could be noted in blood or tissues. Like- 
wise in the phosphorus-feeding experiment previously mentioned, 
bones of the larger steers showed mineralization deficiency although 
phosphorus deficiency was not evident in blood or tissues.

PALATABILITY 

Rib roasts were prepared and judged on palatability factors as 
described in Pa r t  II.  In Table 23 are shown the judging grades on 
the same factors in which high-phosphorus beef showed superiority 
in the previous experiment.

No such clear distinction is evident in the palatability of high- 
and low-calcium beef. The number of pairs out of a total of six 
pairs in which the high-calcium sample drew a superior grade over 
its pair mate were as follows: tenderness, 2; flavor of lean, desira- 
bility, 1; juiciness, quality, 3; aroma, desirability, 3; flavor of fat, 
intensity, 4; texture, 1.  In only one factor, intensity of fat flavor, 
were high-calcium samples superior in a majority of the pairs. How- 
ever, low-calcium samples were superior in a majority of pairs under 
only one palatability factor, tenderness. Both were bare majorities,
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4 out of 6,  and have little or no significance. The judging record 
therefore indicated practically no preference for either high- or low- 
calcium beef in regard to palatability. 

However, a similar trend in tenderness was observed in the first 
trial, when only one high-calcium sample out of four was judged 
more tender than its pair mate. 

Advantage in quality of the high-calcium steers is evident in 
Table 24. Although feeder grades were balanced almost evenly at 
the beginning of the experiment, slaughter grades were higher for
the high-calcium steers in five pairs and were nearly identical in the 
remaining pair. However, carcass grades did not show as distinct 
classification, indicating higher quality for high-calcium carcasses 
in only four pairs and only by narrow margins. It is interesting to 
note the reversal in order from slaughter grade to carcass grade in 
the fourth and sixth pairs. The wide difference in fatness in the 
fourth pair, as indicated in the composition of the rib cuts in Table 
24, undoubtedly influenced the carcass grades. 

The amount of outside fat on the rib cuts appeared evenly bal- 
anced between the high- and low-calcium steers. However, in four 
pairs there was more total fat  in the low-calcium cuts. In the phos- 
phorus experiments more outside fat appeared on the low-phosphorus 
cuts, but total fa t  was balanced, even though high-phosphorus steers 
made better gains. Related effects on palatability were also dis- 
cussed. Likewise even though high-calcium steers made better gains, 
i t  was evident that  no parallel increased fat  deposition occurred in 
them, as indicated by the rib cuts. 

KEEPING QUALITY 

The 6th- to 12th-rib cuts from the right sides were hung 21 days 
in a cooler at 33 ±1º F.  All cuts ripened in good condition and dif- 
ferences in pair mates were not pronounced. However, they were 
placed in order of keeping quality as judged by clean, wholesome 
appearance and freedom from spoilage as shown in Table 25. A1- 
though order grades represented but small differences, the high-cal- 
cium cuts received higher rank in every pair. 

I n  the fourth pair greatest difference appeared, and i t  is interest- 
ing to note that  this low-calcium cut (No. 7) had considerably more 
fa t ,  both outside and total, than its pair mate. It appeared, there- 
fore, tha t  the high-calcium rib cuts possessed better keeping quality 
than the ones on low calcium, regardless of fat coverage. Similar 
observations were previously reported for high-phosphorus rib cuts. 

Although keeping quality appeared largely independent from 
amount of f a t  coverage, the same was not true of shrinkage losses. 
In  the phosphorus experiments even the shrinkage losses appeared 
independent from amount of fat coverage (Par t  II).  But as shown 
in Table 24 and Table 25 (column 5) in the five pairs on which fat 
data were complete, only two of the high-calcium cuts suffered a 
lower percent shrinkage loss than their pair mates, and in every pair 
a higher percent shrinkage loss was accompanied by a lower outside 
fa t  content. 
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Even after shrinkage losses shown in Table 25 were adjusted for 
variation in surface area (column 6)  and again for total moisture 
content (column 7), as described in Pa r t  I, higher losses were in-  
variably associated with lower outside fa t  content. A similar cor- 
relation occurred in the first pair with total fat, where outside fat 
was not weighed separately. It, therefore, seemed evident that high 
calcium was not successful in reducing shrinkage losses in beef rib 
cuts. Furthermore, i t  was indicated that  good keeping quality was 
not necessarily associated with low shrinkage losses when the same 
phosphorus level was maintained. 

In  the first trial of the experiment, high-calcium rib cuts suffered 
slightly higher ripening shrinkage losses than their pair mates in two 
out of four pairs. Although outside fat  tissue was not weighed 
separately in the first trial, the higher shrinkage losses accompanied 
lower total fat  tissue of the rib cuts. This relation was consistently 
displayed by both trials, and i t  indicated that  shrinkage losses were 
more dependent on fa t  coverage than calcium feeding. These re- 
sults were in contrast with the phosphorus-feeding experiments as 
previously mentioned. 

Keeping-quality observations in the first trial indicated that the 
rib cut ripening in the poorest condition was in the low-calcium lot; 
the one in t he  best condition was in the high-calcium lot. No dis- 
tinct difference appeared in the others. Consequently the high-cal- 
cium cuts appeared to have slightly better keeping quality. 

The cooking time per pound was less for four of the high-calcium 
roasts, but the corresponding cooking evaporation losses were 
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greater, as shown in Table 25.  It was significant that  three of those 
four samples had less outside fat than their pair mates as shown in
Table 24, accounting for the more rapid penetration of heat and the 
more rapid escape of water vapor. Such simple explanation did not 
apply t o  the fifth pair, however; in spite of the lower amount of out- 
side f a t  tissue and total fa t  tissue in No. 9, i t  required longer cooking 
time per pound and yielded one-third less evaporation loss than 
No. 10. 

However, the ripening shrinkage losses in this pair were opposite 
in trend to  the cooking evaporation losses, whereas, in four of the 
six pairs, these two losses followed the same trend. It, therefore, 
seemed evident that  an abnormal condition existed in the fifth pair 
of roasts. It may have been that  No. 10 was less compact and more 
loosely bound between the muscle and fat  tissue segments than 
No. 9. 

Because of rapid thermal changes in the meat, change in protein 
structure, and uneven time-exposure to  heat during cooking, such 
data were obviously not so satisfactory for comparing permeability 
as were ripening shrinkage data, where conditions were maintained 
as uniform as possible for the same period of time for all cuts. 

TENDERNESS 

Although the low-calcium roasts were judged more tender in four 
pairs, three of them showed very narrow and insignificant margins. 
Comparisons of mechanical shear, collagen content, and palatability 
grades for tenderness are shown in Table 26. 

Collagen was found to  be slightly higher in the high-calcium sam- 
ples in five pairs. 
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In  only one case where a difference in palatability grade of more 
than 0.2 unit occurred between pair mates did mechanical shear in- 
dicate tenderness relationship contrary t o  palatability grade, in both 
fresh and ripened samples. 

On the same basis of comparison, in only two pairs did more 
collagen appear in the sample judged more tender by eating. Only 
one sample (No. 8) was judged more than 0.2 grade unit less tender 
after ripening. This sample also contained more collagen in the 
ripened cut than in the fresh one. I n  fact four ripened samples had 
more collagen than the corresponding fresh samples. This peculiar 
condition frequently has been observed and casts some doubt on the 

. uniformity of corresponding right-rib and left-rib cuts from the same 
beef carcass. 

Three samples were judged more than 0.2 grade unit more tender 
after ripening, and also contained less collagen in the ripened cuts. 
However, there were too few significant tenderness differences in 
sample pairs and in fresh and ripened samples t o  apply a significant 
estimate of correlation between palatability grade, mechanical shew, 
and collagen content. 

The Mitchell (34) water extraction method for collagen and elas- 
tin was adapted for the purpose of effecting a gross separation of 
protein fractions in the rib eye, classified primarily by physical be- 
havior, in order to observe relation of tenderness to other protein 
fractions than collagen. The fraction passing through a 100-mesh 
sieve was called “water soluble”; it was made up to volume in a 
four-liter bottle, and, while the contents were vigorously agitated 
by a motor stirrer, a 200-ml. sample was taken for Kjeldahl nitrogen. 

In  some samples a distinct difference was observed in the softness 
of the residue remaining after the gelatinized collagen had been 
washed from it. To test the relative dispersability of the residue, 
it was vigorously agitated five minutes in 400 ml. of boiling water 
with a motor stirrer and transferred to a 100-mesh sieve. The 
coarse residue was washed on the sieve with a fine stream of hot
water until a combined filtrate of one 1. was obtained, which was 
called the “fine residue,’’ and a 100-ml. aliquot was taken for 
Kjeldahl nitrogen. The coarse residue was treated by trypsin digest 
as directed by Mitchell. After the elastin had been removed on a 
100-mesh sieve, t he  filtrate was made up to one 1. and a 50-ml. 
aliquot was taken for Kjeldahl nitrogen. This fraction was desig- 
nated the ‘“coarse residue.” 

The ranges of percentage composition of total rib eye protein in 
the various fractions, both fresh and ripe, are shown in Table 27. 

A complementary relation was observed between the water-soluble 
fraction and collagen, which led to a further observation that  col- 
lagen was a nearly constant percentage of the water-insoluble frac- 
tion. The water-soluble fraction and collagen are shown in Table 26.

The percentage of collagen was found to be very nearly equal to 
21 percent of the water-insoluble fraction of the total rib-eye protein. 
The average deviations in both fresh and ripened samples covering 
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It was apparent that  a satisfactory approximation of the amount 
of collagen could be made by simply determining the water-soluble 
fraction and total protein, thereby greatly reducing the time and 
labor involved. The results should be adequate for many types of 
routine meat-quality investigations. The group of samples showing 
greatest deviation were the ripened samples of 1940. These steers 
were used in the third trial of a phosphorus-feeding experiment de- 
scribed in Pa r t  11, and mention was made of the abnormal ripening 
performance of those rib cuts. 

The relation found between collagen and water-insoluble protein 
suggested the latter t o  be a structure of which collagen was a con- 
stant fraction serving as the structural binding agent; for as collagen 
decreased during ripening, more of the complex became water-solu- 
ble. 

IET n/a




JUICINESS 

Palatability grade for quality of juiciness divided preference 
nearly evenly between the high- and low-calcium roasts. Grade for 
quantity of juice was higher for the low-calcium roasts in four pairs 
as shown in Table 29. 

However, in the first trial, grade for quantity was higher for the 
high calcium roasts in three out of four pairs. Therefore, no trend 
was apparent to  distinguish between high- and low-calcium roasts 
in regard to quality or quantity of juiciness. 

No correlation appeared between grade for quantity of juiciness 
and quantity of press fluid obtained from either raw or cooked rib 
eye. The small range of variation in quantity of press fluid was 
further evidence of little distinction in quality between high- and 
low-calcium roasts. Relation of palatability grade to quantity of 
press fluid was discussed in Pa r t  I I .

Higher grade for quality of juiciness coincided with greater 
amount of drippings in only three pairs, but coincided with lower 
total cooking losses in four pairs.

A higher concentration of calcium in the press fluid from the high- 
calcium samples was found in only two pairs, as shown in Table 30. 
Press-fluid calcium followed the order of total rib-eye calcium in all 
but the last pair, where the difference was insignificant. 

IET n/a




Five press-fluid calcium concentrations were higher, and seven 
were lower than the corresponding total rib-eye calcium concentra- 
tions but differences were small. 

Nine press-fluid phosphorus concentrations were slightly less than 
total rib-eye phosphorus, but  the  even balance of phosphorus and 
calcium in rib eye and its press fluid is illustrated by the fact that  
six press-fluid P/Ca ratios were higher and six were lower than the 
corresponding rib-eye P/Ca ratios, and again differences were small. 

Furthermore, no significant variation occurred in the relation of 
inorganic phosphorus in the rib eye t o  total phosphorus, total cal- 
cium, or calcium in the ration. 

Therefore, from these results it seemed evident that no significant 
difference in juiciness or phosphorus-calcium mineralization of the 
rib eye was caused by feeding high or low levels of calcium in the 
ration for steers. 

COLOR OF RIB EYE 

The gross compositions of rib eyes as shown in Table 31 indicated 
remarkable uniformity, especially in ether extract and moisture. 

The color of five of the samples was bordering on the “shady” 
class, though probably only one, No. 12, was dark enough to  escape 
classification as light beef. This sample, as shown in Table 32, had 
the lowest oxidation potential and next to the highest pH. Sample 
No. 7 had the highest p H  and next t o  the lowest oxidation potential; 
its color rating (A4+) was also next to the darkest sample, No. 12 
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(See Table 32). Low oxidation potential and high p H  are char- 
acteristics of dark beef, which will be discussed in Part IV.

Of the two darkest samples mentioned above, No. 12 was in the 
high-calcium lot and No. 7 was in the low-calcium lot. However, 
some significance might be attached to  the fact that  three of the 
four brightest samples (color A3) were in the low-calcium lot. The 
one in the high-calcium lot, No. 5, had next to the lowest amount 
of muscle hemoglobin, which undoubtedly accounted for a lighter 
color. Also the dark color reading for low-calcium sample No. 9
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must have been caused to some extent by its high muscle-hemoglobin 
content, highest of all. 

In  view of these circumstances a definite trend toward darker 
color was evident in the high-calcium samples. In  the first lime- 
stone-feeding trial, the two darkest samples were in the high-calcium 
lot, and the brightest one was in the low-calcium lot, indicating a 
trend similar to that  of the second trial. 

Since characteristic high pH values in dark beef indicate inhibition 
of acid-forming enzyme systems in the tissue, and since Mawson 
(31) has shown that  addition of glutathione t o  dialyzed tissue-ex- 
tracts caused increase in formation of lactic acid from hexosediphos- 
phate, glutathione determinations were made in order to  observe if 
its amount was related to p H  and brightness of color. 

Although no wide variation occurred in amounts of glutathione, 
as shown in Table 32, a trend toward low amounts in samples hav- 
ing high pH was evident. The highest p H  (in No. 7) was accom- 
panied by the lowest glutathione content, and all p H  values of 5.95 
or above were accompanied by glutathione amounts under 11.9 mg. 
per 100 g. rib eye. All but two of the p H  values of 5.88 or lower 
were accompanied by glutathione amounts of 13.7 mg. or more. 

Glutathione was determined by a modification of the method de- 
scribed by Huzita and Numata (24) adapting i t  to  use with the 
Bausch and Lomb spectrophotometer. To eight ml. of filtered aque- 
ous extract. of tissue was added two ml. 10-percent HPO3.  The
mixture was shaken and filtered. To two ml. of this filtrate in the 
photometer cup was added in order eight ml. saturated NaCl solu- 
tion, one ml. freshly prepared two-percent sodium nitroprusside, and 
one ml. normal ammonia. The mixture was quickly stirred with a 
thin glass rod, and the optical density a t  5300 Angstroms was read 
within one or two minutes from time of mixing. From standards of 
pure reduced glutathione used a t  26° C. and depth of four cm. the 
concentration in mg. per 100 ml. filtrate was found to  be (optical 
density –0.12) X 11.95. This value times 1.25 gave concentration 
in tissue extract. 

If optical density exceeded 1.0, fading was too rapid for satis- 
factory measurement, and less extract was used with sufficient water 
to  make eight ml. 

The amounts of glutathione found were lower than the 25 mg. per 
100 g. leg muscle of rat  reported by Dohan and Woodward (13).
However, these samples had been kept in frozen storage 11 months. 
A sample of fresh beef was found to  have 40.5 mg. per 100 g. wet 
tissue. 

Measurements of p H  were made with a quinhydrone electrode. 
Following measurement of oxidation potential, the platinum elec- 
trode was removed from the tissue and dipped in powdered quinhy- 
drone, which was then worked into the hole in the tissue by means 
of the electrode. The tip of the calomel cell was allowed t o  touch 
the surface of the slice to complete the circuit. Subsequently par- 
allel measurements with quinhydrone and glass electrodes indicated 
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that  quinhydrone p H  values were 0.3 to 0.4 of a unit higher, occa- 
sionally more, than glass electrode values in beef rib eye. 

Oxidation potentials were measured as described in Part II.
CHARACTER OF FAT TISSUE 

The feeding of two different levels of calcium had no apparent 
effect on the gross composition or phosphorus-calcium mineraliza- 
tion of outside rib-fat tissue as shown in Table 33. Similar results 
were obtained in the first trial. These observations are in distinct 
contrast to those made in the low-phosphorus feeding experiments, 
in which distinct differences were found in phosphorus-calcium-nitro- 
gen relationships in the outside rib-fat tissue. 

(For summary and conclusions, see page 79.) 
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PART IV. CHARACTERISTICS OF DARK-CUTTING 
BEEF. SURVEY AND PRELIMINARY INVESTIGA- 
TION 6 

INTRODUCTION 

In  dark-cutting beef, the color of the lean may vary from brown- 
ish red (designated as “shady”) to purplish black. The appearance 
of the fa t  is usually normal. The unattractive and abnormal ap- 
pearance of the lean naturally causes the consumer to suspect it to
be spoiled or from a diseased animal. However, after cooking, i t  is 
normal in appearance, and no reason has appeared to  cause i t  to be 
suspected of being anything but healthful, nutritious, and palatable 
as bright beef. I ts  sale usually must be induced by sacrifice in grade 
and price, which loss ultimately falls upon the processor. 

No means has yet been devised for predicting dark color in the 
meat before slaughter of the animal, and the processor has no means 
of protection against this loss except as i t  is offset by more profita- 
ble operations. Losses from this one cause amounted to  $140,000 in 
one year for one Chicago packing concern. Chicago packers have 
estimated their combined yearly losses from this source a t  approxi- 
mately one million dollars. 

The Ohio Agricultural Experiment Station (46) reported the oc- 
currence of 1 percent dark-cutters in a total of 5,993 carcasses in a 
survey made in Columbus, Ohio, between April 16 and May 27,1939. 
Maximum price reduction because of color was 3 cent’s a pound car- 
cass weight. 

The cause of dark beef is not yet known. There have been strong 
suspicions among packer buyers that  certain feeding and manage- 
ment practices, especially grass feeding, caused it. As a result dis- 
criminations were sometimes made against cattle sold by certain 
feeders whose cattle a t  one time had been known to yield dark- 
cutters. 

On the other hand, among a great variety of assumptions there has 
been wide belief that  delayed bleeding a t  time of slaughter, and ex- 
citement and violent handling of the animals just previous t o  
slaughter were a t  least contributing causes of dark beef. 

The controversial nature of the problem is therefore evident, in- 
volving practices of both producers and processors. 

SURVEY 
Little if any information concerning dark-cutting beef has been 

published except in confidential reports of a few experiment stations 
and commercial agencies. Directors of the state agricultural ex- 
periment stations, a t  a meeting in 1925 to  consider administration 
of the Purnell Act appropriation, included as one of the four projects 
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in their program of Purnell research one entitled “Factors Involved 
in the Production and Quality of Meat.” 

The resulting project was organized as a cooperative effort be- 
tween the experiment stations and United States Department of 
Agriculture. The National Livestock and Meat Board has like- 
wise been an active cooperative agency. One of the major phases 
in the project outline covered an extensive study of color in meat, 
methods for its measurement, and its dependence on other factors 
such as feed, age, rate of development, and storage. 

Although no specific mention of dark-cutting beef was made in the 
original project outline, interest in that  problem has dominated de- 
velopment of the color phase of the project, and its importance has 
been emphasized frequently in the discussions a t  the annual con- 
ferences of the cooperative agencies. 

In 1932 the authors (19) reported two simple experiments on dark 
beef which demonstrated tha t  the dark color was not caused by the 
presence of any abnormal pigment. An aqueous extract of dark 
beef was found to  be normal bright red with normal spectrophoto- 
metric characteristics as determined by Shenk, Hall, and King (48).
This behavior seemed to  indicate that  the dark color might be due to  
incomplete oxygenation of muscle hemoglobin, and that  oxygenation 
was completed during the process of extraction with water. 

The sticky, gummy nature of dark beef easily lent itself to the
supposition that  the tissue was less permeable to oxygen than bright 
beef; if adequate oxygen could be introduced into it, the color should 
brighten. Accordingly some finely ground dark beef was placed in 
a vacuum desiccator (without desiccant) and quickly evacuated with 
an efficient pump. The vessel was then allowed to fill with oxygen; 
in a few minutes the meat was perfectly normal bright red. I t ,  
therefore, appeared evident that  a deficiency of oxygen existed in the 
dark beef. But i t  was not clear whether the deficiency was caused 
by low permeability of the tissue or excessive demand for oxygen 
by post-mortem metabolic processes. 

A number of experiments on delayed bleeding have been reported 
with somewhat contradictory results. The Illinois Agricultural Ex- 
periment Station (6) reported one experiment in which spectropho- 
tometric measurements of brightness were invariably lower in ani- 
mals subjected to 10-minute delayed bleeding; in another experiment, 
where breeding and feeding varied, the evidence was less conclusive. 

The New York (Cornell) Agricultural Experiment Station (22)
reported finding no darkening due t o  delayed bleeding, and confirmed 
their findings the following year (23).  A period of five minutes in- 
tervened between stunning and bleeding. 

The authors (19) (28) reported delayed bleeding experiments on 
two steers in 1932; neither carcass was a dark-cutter, though one 
was slightly darker than t h e  controls; the other was almost identical 
in brightness with the controls. The rib eye of the first carcass con- 
tained less blood hemoglobin than two of the eight controls, How- 
ever, i t  happened to contain more muscle hemoglobin than any of 
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the controls, which may have accounted for its darker color measure- 
ment. Rib eye of the second carcass contained no measurable 
amount of blood hemoglobin. Bleeding was delayed 10 minutes. 

Although the precise effect of delayed bleeding remains uncertain, 
i t  seems significant that it caused no truly characteristic dark-cut- 
ters as reported in any of the above mentioned experiments. 

Little information is available concerning effect of preslaughter 
excitement on color of beef. The Illinois Agricultural Experiment 
Station (7) conducted an experiment in which 11 calves were run by 
a man on horseback for 1.25 to 1.5 miles just prior to slaughter. The 
calves were very hot and exhausted after their run. The rib eyes of 
the carcasses were found to be unusually bright by visual observa- 
tion and by spectrophotometric analysis. 

Similar results were obtained at  the New York (Cornell) Agri- 
cultural Experiment Station (22).  Animals were tied behind a truck 
and given a run previous to slaughter, but no dark beef resulted 
from that  treatment. 

In  1938 the National Livestock and Meat Board sponsored the 
organization of a committee for the study of dark-cutting beef. The 
committee, hereafter referred to as the Meat Board Committee, in- 
cluded chemists and technical staff members from the laboratories 
of cooperating packing companies and the Institute of American 
Meat Packers. This committee reported the following case in a sur- 
vey of the occurrence of dark-cutting beef in 1938 (37).

Rigorous exposure of unfed animals two days before slaughter, with 
no cause for excitement other than strange environment, resulted in 
off-color grades in 28 percent (including 11 percent black) of a lot 
of 53 calves. The animals were exposed to rain and cold without 
shelter early in December, and had been without feed three days be- 
fore slaughter. Furthermore, the animals had previously been ac- 

The effect of abrupt change to  more rigorous environment requir- 
ing higher maintenance energy level appears to  be more than mere 
coincidence. The occurrence of dark beef is rare in summer months, 
but i t  rises sharply in the fall following first frosts. Although care- 
ful observations have been made on carcasses of animals slaughtered 
a t  this station every year for more than 15 years, only once has beef 
been found dark enough even to  be classed as shady (27) .   In  that 
year the slaughter date (November 7) was one and one-half to  two 
months later than usual. Of the remaining 30 steers of that  project 
which were shipped t o  Kansas City, three yielded black beef when 
slaughtered there a t  a packing plant. The general practices of han- 
dling cattle in transit and in the yards previous to slaughter un- 
doubtedly in many cases combine the factors heretofore discussed: 
chilling, excitement, and rigorous exposure of unfed animals. 

Correspondence with packing plant superintendents still reveals 
persistent ideas that  occurrence of dark beef is associated with grass 
feeding. Nevertheless it is interesting to note that  the three black 
carcasses mentioned above came from the same lot of steers finished 

customed to  ample provisions and comfortable quarters. 
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in dry lot on full feed 100 days before slaughter. Included in the 
same shipment were an equal number of animals full-fed on pasture 
the same period of time, which yielded no black carcasses. While 
an isolated example of this sort cannot be accepted as sufficient proof 
that grass feeding is not a cause of dark beef, i t  serves as supporting 
evidence. 

Even though grass feeding in itself might not cause dark beef if 
animals were a t  the same time getting a grain ration, there is strong 
possibility that  the carbohydrate reserve (glucose and glycogen) in 
beef muscle tissue might be less in animals fattened on grass alone 
or with very little grain supplement. This possibility needs investi- 
gation, since i t  will be shown later that  carbohydrate reserve is prac- 
tically non-existent in black beef tissue. Whether a similar con- 
dition existed in the animal before slaughter is not known, and an 
answer to  the question is difficult because of the unpredictable oc- 
currence of dark beef. 

In  the case mentioned above of the two lots of steers, one full-fed 
in dry lot and the other full-fed on pasture, both should have had 
ample carbohydrate reserve if that  depended on feeding alone. The 
occurrence of black-cutters in the dry-lot steers suggested other 
factors than feeding were involved in the cause. The dry-lot steers 
were provided with sheds. The pasture animals may have been more 
resistent and better conditioned to  withstand rigorous exposure and 
sudden change of conditions. It is well known that  animals main- 
tained under constant environmental conditions, especially mild tem- 
perature, have lower resistance to shock from chill and exposure than 
animals regularly subjected t o  wide temperature fluctuations. 

There was, however, a very significant difference in these lots in 
regard to exercise. The dry-lot group showed the usual symptoms 
of heavy feeding combined with little exercise; the pasture group 
did not. This difference may have been a contributing factor in de- 
veloping the condition leading to dark colored muscle tissue. 

Most 4-H Club calves get only a limited amount of exercise; oc- 
currence of dark-cutters has been found exceptionally high in this 
group of animals exhibited a t  the International Livestock Exposi- 
tion in Chicago (39).  Furthermore, questionnaires indicated that 
on the average less exercise was given the dark-cutters in this group 
than was obtained by the normal animals, and that  the dark-cutters 
were given 37 percent more roughage in their ration. 

A tentative conclusion derived from the foregoing observations in- 
dicates the  possibility that  two conditions may be contributing fac- 
tors in the occurrence of dark beef: inadequate carbohydrate reserve, 
and inadequate conditioning of the animals to  cultivate resistance 
against shock from drastic changes in environmental conditions. 
There is obvious need for investigation of the effect of shock from 
exposure on carbohydrate reserve in beef muscle tissue, both in 
grain-fed and grass-fed animals. 

The physico-chemical characteristics typical of dark beef first to 
be announced were low oxidation potential, high pH, high oxygen 
uptake, and low reducing sugar content. 
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Relation of low oxidation potential to dark color in beef was ob- 
served a t  this station (27) in 1933 and confirmed by the Meat Board 
Committee (39) in 1939. 

Relation of high p H  to dark beef was observed independently and 
announced almost simultaneously in 1939 by this station (29), by 
the Meat Board Committee (37), and by Winkler (50).  Winkler 
apparently made no observations on natural dark beef; but by in- 
jecting ammonia into the tissue he was able to  demonstrate that  a 
rise in pH was accompanied by a darkening of color. 

Difference in relative rates of oxygen uptake in bright and dark 
beef was first reported by the Meat Board Committee (37) in 1939. 
When adjusted t o  the normal p H  of living tissue ( p H  7.4), five black 
beef samples averaged 30 percent less oxygen consumption than the 
average of three light samples. However, later in the same year the 
same investigators (38) found in working with only one sample each 
of dark and bright beef that  the relative rate of oxygen uptake de- 
pended on the pH, as reported by Canzanelli and others (8).  At pH
7.4 the rate for the dark sample was 35 percent less than the rate for 
the light one. At p H  6.4 (characteristic of black beef) the rate for 
the dark sample was 75 percent greater than the rate for the light 
one. At pH 5.4 (characteristic of light beef) the rate for dark beef
was more than five times as great as that  of light beef. However a t  
the same time the rates for both samples decreased as p H  decreased, 
and decreased more rapidly in the light sample. The dark sample 
used was induced by insulin injection as described later. 

A short time later the same investigators (39) found the average 
oxygen uptake of five natural black samples with average p H  6 . 6  t o
be more than five times as great as the average uptake of two light 
samples with p H  5.6. These measurements were made a t  the in- 
dividual native p H  of the tissues. 

While these results still leave unanswered the question whether 
oxygen uptake of natural dark samples behaved toward p H  changes 
in a manner, similar to  the induced sample mentioned above, and the 
question as to how much the difference in uptake was due to  pH 
difference and how much due to difference in metabolic demand for 
oxygen, nevertheless, the results indicate the actual practical relative 
performance of light and dark beef. And they probably indicate the 
mechanism by which the dark color is developed. The demand for
oxygen in dark beef is evidently greater than can be supplied 
by normal transfusion through the tissue, resulting in rob- 
bing oxyhemoglobin of its oxygen. 

Along with their first observations on oxygen uptake the Meat 
Board Committee (37) also made the significant observation that 
black beef contained approximately one-sixth as much reducing 
sugar (glucose) as light beef. This observation was later substanti- 
ated by the authors as subsequently shown. These results naturally 
infer that  rapid oxygen consumption and glucose disappearance were 
interdependent phenomena. However, proof was lacking that  normal 
amounts of glucose were originally present in dark beef animals be- 
fore and just after slaughter. 
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Upon that  proof depends another important question, whether re- 
stricted acid formation in dark beef depends on abnormally low 
glucose and glycogen content or a shift in the mechanism of conver- 
sion to  the formation of less acid products by derangement of some 
enzyme system. 

The next step by the Meat Board Committee (38) was to deplete 
the animals’ tissues of glucose by injections of insulin. Animals were 
slaughtered when sufficient insulin had. been administered to  produce 
coma. In  four animals thus treated, dark colored rib eyes, chucks, 
and rounds were found. The rib eyes averaged p H  6.0, had half the
normal amount of glucose, consumed about twice the normal amount 
of oxygen, and the color scale values were in the narrow range of 
A7 to A8, classified as dark beef. This appears to have been the first 
successful attempt to produce dark beef experimentally, and i t  
marked a significant advance in the study of the problem. 

Some questions naturally arise concerning relation between insulin 
and dark beef: 

1. Was glucose depletion in the tissue alone the cause of dark 
beef through removal of acid forming material? 

2. Was the mode of glucose conversion altered so that, less acid 
products developed? 

3. Was abnormally high insulin activity characteristic of animals 
from which naturally occurring dark beef was obtained? 

The first two questions are somewhat interdependent, and i t  seems 
significant that  there was still half the normal amount of glucose 
present and twice the normal oxygen uptake. There seemed to  be
ample opportunity for formation of acids by normal processes. But 
if the processes were altered so that  the acids themselves were not 
produced as rapidly or were in turn oxidized more rapidly, p H  of 
the tissue would naturally be higher. This question deserves further 
investigation. Unfortunately glycogen was ignored in these investi- 
gations, since its role in post-mortem lactic acid formation was not 
then understood. 

The third question was approached by the Meat Board Committee 
(39) in a later experiment. Pancreas from a large number of ani- 
mals were prepared for histological examination. When the car- 
casses were graded, the pancreas corresponding t o  seven black and 
seven bright carcasses were examined as to number and size of Islets 
of Langerhans, beta cells and granules, and alpha cells and granules.
Variations were detected in the microscopic preparations, but no par- 
ticular condition could be related to occurrence of light or dark color 
in the muscle tissue. Still the investigators felt their observations 
were not conclusive enough to preclude a possibility that  differences 
may have existed between bright and dark beef in regard to  insulin 
activity. 

Little conclusive information has appeared concerning any differ- 
ence in the nature of acid substances in light and dark beef. The 
Meat Board Committee (40), using three samples each from light, 
medium, and black carcasses, found no distinct difference in the 
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amount of lactic acid. However, much less pyruvic acid was found 
in black beef than in the two other color classes. If this observa- 
tion can be confirmed with significant numbers of samples, i t  consti- 
tutes striking evidence of the nature of the difference in glucose con- 
version in bright and dark beef. 

The effects of feeding increased amounts of protein, carbohydrate, 
and fat were investigated in relation to  color of beef in an experi- 
ment sponsored by the National Livestock and Meat Board (41) at
the Kansas Agricultural Experiment Station. Steers in lot 1 (con- 
trols) received a typical corn-belt ration. Lot 2 received cottonseed 
meal, lot 3 received Cerelose (corn sugar), and lot 4 received cotton- 
seed oil, each substituted for part of the corn in the basal ration so 
that  the four rations were identical in caloric value. 

Two steers from each lot were slaughtered a t  the Kansas station 
in mid-March, and the remaining eight steers from each lot were 
shipped to  Chicago where they were kept in open pens exposed to 
cold weather (28º to 5° F) and without feed until time of slaughter. 
Average meat scale color readings of the cattle slaughtered. in Chi- 
cago were as follows: Lot 1, 2.87; lot 2, 4.12; lot 3, 4.00; and lot 4, 
4.75. Two members of lot 4 registered the darkest rib-eye color 
reading, 6, of all 32 carcasses. 

While this color was classed as shady, no typical dark or black 
beef developed. In  lot 4 the highest average pH was found, also the 
lowest average oxidation potential. The lowest individual, but not 
lowest average reducing sugar, also occurred in lot 4. These factors 
correlate with the color readings to substantiate a trend toward 
darker color in the lot receiving cottonseed oil. The oil was fed a t  
the rate of one-third pound daily to  each animal in lot 4.  The high- 
est individual and highest average reducing sugar were found in lot 
3, but not a corresponding lightness in color. 

The results of the above experiment illustrate the adage of bio- 
chemistry that  “fats burn in the flame of carbohydrate,” probably 
thus accounting for lower amounts of glucose in the muscle tissue of 
lot 4. This condition again was associated with darker color, al- 
though not to  the extent found in the insulin experiment previously 
mentioned. But again i t  is not clear whether lower acid develop- 
ment in the tissue was caused by deficiency of carbohydrate or for- 
mation of less acid oxidation products under the influence of addi- 
tional fat oxidation. 

EXPERIMENTAL PROCEDURE 

From the foregoing discussions i t  seemed that  the abnormally high 
pH of dark beef was significantly related to  its abnormal carbohy- 
drate conversion and abnormal physical behaviour. It seemed prob- 
able that  any derangement of normal acid development in beef 
muscle tissue resulting in higher pH might cause darker color. It
therefore seemed important to find out whether changes in p H  of 
dark beef and bright beef would be accompanied by similar physi- 
cal changes in both, and whether both had the same isoelectric point. 
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The extremely lyophylic nature of dark beef and the high degree 
of colloidal dispersion in aqueous extracts from it have been re- 
ported from this station (19), (20).  In the present investigation 
water imbibition measurements were made on light and dark beef 
from p H  4 to p H  7.6. The isoelectric point was determined by the 
region of minimum imbibition. 

Pre-slaughter and post-mortem progress of glucose changes in 
blood and muscle tissue was observed during 10 days before and five 
days after slaughter of a steer-receiving only water. 

Post-mortem changes in pH,  glucose, glycogen, hydrolyzable sugar, 
inorganic phosphorus, lactic acid, and pyruvic acid were followed 
over a period of eight days in a steer full-fed until time of slaughter. 

Rates of conversion of glucose and glycogen were determined by 
incubation of tissue preparations of bright and dark beef adjusted 
to the same pH. 

Buffer strength titrations were made on samples of light and dark 
beef with sodium hydroxide, hydrochloric acid, lactic acid and pyru- 
vic acid. 

Generation of lactic acid in dark beef was measured during incu- 
bation with added glucose and glycogen. 

WATER IMBIBITION AND ISOELECTRIC POINT 

By altering the pH of a series of portions of the same beef rib eye 
it was found tha t  the amount of imbibed water could be varied from 
110 percent a t  p H  7.60 to 27 percent a t  p H  5.00, where it appeared 
to  be a t  a minimum as shown in Table 34. With further decrease 
in pH, amount of imbibed water increased. 

A sample of black beef supplied by Wilson and Company in Kan- 
sas City exhibited a minimum a t  practically the same pH as the
bright sample. This point is clearly shown in Figure 1.

Filtrates from both samples in the region of p H  5 were almost
completely free from turbidity. But turbidity increased on either 
side of this point, in both sample series. Therefore, i t  seemed jus- 
tifiable to conclude that the isoelectric point of black beef muscle 
protein was the same as that of bright beef, and was near p H  5.07. 
The physical properties of both samples were quite similar a t  the 
same pH. 

The concentration of inorganic phosphorus found in the aqueous 
extract, as  shown in column 5 of Table 34, exhibited divergent ten- 
dencies in black and bright samples in relation t o  p H  changes on 
the alkaline side of the isoelectric point. Inorganic phosphorus re- 
mained practically constant up to p H  6 in the bright samples, and 
then i t  sharply dropped. I n  contrast there was a steady increase in 
inorganic phosphorus concentration in the black beef extracts as the 
p H  increased. The final values in the two series were not reliable 
because of t h e  small amount of extract obtained for analysis. 

Although insufficient supporting evidence was available to estab- 
lish the significance of these results, it seemed evident that  the de- 
gree of phosphate retention (probably by adsorption) was different 
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in black and bright beef, not only quantitatively, but also qualita- 
tively. It is interesting to  note tha t  the concentration of inorganic 
phosphorus in bright beef extract passed through a maximum near 
p H  5.5, which is the normal p H  of bright beef; also in the black 
beef extract the concentration passed through a maximum a t  the 
native p H  of the tissue, 6.77, although the value of the one point be- 
yond i t  was doubtful and thereby caused the maximum to be in 
doubt. However, i t  seemed tha t  addition of either acid or base a t  
the native p H  caused closer retention of inorganic phosphates in the 
muscle tissue, reflected by lower concentration in the extract. 

The procedure was as follows: Ground rib eye in 20 g. portions 
with 20 ml. water was dispersed three minutes with a small high- 
speed motor stirrer in square four-ounce bottles for effective turbu- 
lence. The acid or alkali was added dropwise during the stirring. 
After standing six hours in a near-freezing cooler, the samples were 
dispersed again three minutes. The following morning the samples 
were dispersed three minutes and transferred to centrifuge tubes. 
During the transfer, p H  was measured with a glass electrode potenti- 
ometer. Samples were centrifuged 10 minutes a t  2,500 r.p.m., all
eight samples of one series at once. Liquid was drained off immedi- 
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ately and measured. This volume was subtracted from total volume 
of liquid added (including acid or alkali) to  indicate volume imbibed 
by the tissue. 

Inorganic phosphorus was determined in the extract by the Fiske 
and Subbarow (14) method for blood. 
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GLUCOSE CHANGES DURING STARVATION AND AFTER 
SLAUGHTER 

A steer which had been on full feed was taken off feed and given 
only water for 10 days. Blood samples were taken, and cores of 
muscle tissue were taken from the right hind quarter by operative 
technic by staff of the veterinary hospital. Schedule of samples and 
corresponding amounts of glucose found are shown in Table 35.  A
decisive drop in glucose occurred in both blood and muscle tissue in 
the first three days off feed; here blood glucose was at, a minimum, 
but muscle glucose reached a minimum on the sixth day. 

Thereafter both rose, and at the time of slaughter blood glucose 
was normal. After slaughter, muscle glucose in the left quarter rose 
in six days to a value nearly normal for bright beef, and the tissue 
had in fact no indication of dark color. Rib-eye glucose, however, 
a t  the end of the period was considerably below normal, but p H  and 
oxidation potential were quite normal. The rib eye likewise was 
normal bright color. 

The amount of glucose found in urine removed from the bladder 
after slaughter was of course low, but occasionally lower values, 
usually accompanied by high urine volume, have been found in this 
laboratory for steers on full feed. 

Two significant points can be made from these results. First, low 
glucose concentration in the rib-eye tissue was not accompanied by 
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dark color; this fact indicated tha t  the occurrence of low glucose
values in dark beef is probably secondary to other abnormal condi- 
tions. Second, glucose reached near-minimum concentration in blood 
and muscle tissue in three days off feed. This observation recalls 
the case mentioned earlier in this paper wherein 28 percent of a lot 
of 53 calves were off color when they had been off feed three days 
and exposed to cold rain previous ,to saughter. Apparently they had 
been killed just before the mechanism got under way t o  replenish the 
glucose from the glycogen reserve in the liver or muscle tissue. 

Glucose was determined by a modification of the Folin-Wu (15)
method using 10-percent cadmium sulfate in N/4 sulfuric acid as the 
deproteinizing agent. Since uric acid, glutathione, and other sub- 
stances that reduce alkaline copper tartrate, except glucose and its 
phosphates, are removed (18) ,  the method is applicable to tissue, 
blood, and urine. 

Enough water was added to sample of aqueous muscle extract 
(8 ml.) ,  blood (1 ml.),  or urine (5 ml.) t o  make total volume of 
eight ml. in 50-ml. Erlenmeyer flasks. One ml. cadmium sulfate re- 
agent was added, followed by one ml. 0.75 normal NaOH slowly and 
with gentle rotation of flask. The mixture was shaken vigorously, 
and after standing a few minutes it was filtered through a dry quan- 
titative paper. The remainder of the procedure was followed as in 
the Folin-Wu method, except the tubes were heated 15 minutes in 
the boiling water bath.

POST-MORTEM CHANGES IN CARBOHYDRATE METABOLITES 

Samples of rib eye were taken from a full-fed steer as soon as 
possible (two hours) after death, and a t  intervals over a period of 
eight days. Results of the analyses are shown in Table 36. 
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The p H  h a d  already dropped at least one-half unit below the 
normal living-tissue value when the first sample was taken, and it 
continued to drop rapidly during the first 1 2  hours. Thereafter, p H  
remained practically constant. Most of the other factors reached a 
minimum, a maximum, or a level in the first 12 hours. 

Glucose concentrations were similar to concentrations in the tissue 
of the starved steer (Table 35) and increased in a similar manner 
following slaughter. Glycogen made a precipitous drop in the first 
12 hours. Lactic and pyruvic acids reached a maximum in the same 
period, but lactic acid concentrations were undoubtedly much too 
low and were given only to indicate trends. The method used was 
for fresh tissues containing far less amounts of these acids (16).
Later trials indicated 700 to 900 mg. lactic acid in 100 g. beef mus- 
cle tissue a t  least five days after slaughter. The method is discussed 
later. 

Hydrolyzable sugar (as glucose) did not show a satisfactory cor- 
relation with glycogen. In  only three of the samples was there more 
hydrolyzable sugar than glycogen. In  those three samples glycogen 
(as equivalent glucose) averaged 83 percent of the hydrolyzable 
sugar. Apparently incomplete hydrolysis was attained in the other 
samples. Hydrolysis was attempted by heating the ground tissue 
with 2/3 N sulfuric acid. The tissue protein may have buffered the 
acid to an ineffectively low hydrogen ion concentration. It probably 
would have been better to prepare a boiling water extract of the 
tissue for hydrolysis than to follow the above procedure used by the 
Meat Board Committee. 

Glycogen was determined by a modification of Pfluger’s (42)
method. Rib-eye samples of 5 g. were dissolved in 20 ml. 30-percent, 
KOH over a steam bath with occasional stirring 20 to 30 minutes un- 
til well dispersed, though not necessarily clear. After samples were 
cooled, 15 ml. water and 40 ml. 95-percent ethyl alcohol were added 
with stirring. After standing over night a t  room temperature, the 
glycogen was centrifuged in 50-ml. tubes and washed three times 
with 25-ml. portions of 66-percent ethyl alcohol. The residue was 
extracted by centrifugation three times with 10-ml. portions of boil- 
ing water. 

The extracts were collected in a one-inch test tube, and two ml. of 
10 N sulfuric acid were added. The tubes were provided with reflux 
funnels, and were set deep enough in a steam cone so that the entire 
liquid portion was exposed to  live steam when the tops of the tubes 
and cone were blanketed with a towel. Occasionally incomplete 
hydrolysis occurred when these precautions to ensure near-boiling 
temperature were not followed. 

After three hours’ hydrolysis the solutions were neutralized to lit- 
mus with 30-percent NaOH (about 3 ml.) and made up to 50-ml. 
volume. Aliquots of two ml. were taken for Foln-Wu glucose de- 
termination as described previously. Glucose was multiplied by 
0.90 to obtain glycogen.
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It was found that  use of HC1 for hydrolysis, as indicated by Bab- 
ers (2), caused the phosphomolybdate blue color to fade rapidly, 23
percent, in 70 minutes after addition of the phosphomolybdic acid. 
Similar effect was observed upon adding a corresponding amount of 
NaCl to  a pure glucose solution before analysis. 

The use of KOH for neutralization caused a 3 percent stronger 
phosphomolybdate blue color in 20 minutes after addition of phos- 
phomolybdic acid. Hydrolysates prepared as described above held 
a constant color relation toward a standard glucose solution more 
than 90 minutes. 

CONVERSION OF GLYCOGEN IN BRIGHT AND DARK BEEF 

Losses of glycogen during incubation of five pairs of bright and 
dark beef samples were consistently greater in the bright samples 
when glycogen was added to bring all inital concentrations up to  
600 mg. per 100 g. tissue. It was uncertain, however, whether added 
and native glycogen were converted a t  the same rate. Since the dark 
samples contained no glycogen, and the bright ones contained 130 
to 230 mg. per 100 g., a difference in conversion rates in native and 
added glycogen easily could obscure any difference in conversion 
rates in bright and dark beef. 

Furthermore, after doing these experiments, it was found that 
something happened to glycogen almost as soon as it was dispersed 
in water with dark muscle tissue, so that only 85 to 90 percent of it 
was recoverable by immediate analysis. It made little difference 
whether dispersion was done by gentle stirring with a glass rod or 
by vigorous agitation with a high-speed motor stirrer. Quantity of 
glycogen added to the meat was based on analysis of the stock gly- 
cogen carried through the complete routine as in meat analysis.

However a differential method was devised for estimating the rate 
of conversion of added glycogen alone during incubation of dis- 
persed aqueous preparations of muscle tissue as shown in Table 38. 
Characteristics of the two beef samples used are shown in Table 37.
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In order to  differentiate between incubation losses for added glycogen and 
total glycogen as shown above in Table 38, losses in added glycogen were 
assumed to be represented by the increment loss between preparations No. 1 

ations No. 3 and No. 4 for the bright sample. These increment losses were 
and No. 2 for the black sample, and by the increment loss between prepar- 

tions in the two preparations following incubation and the difference in amount 
calculated in the following manner from the difference in glycogen concentra- 

of glycogen originally added to  the two preparations: 
W15 (black). Increment loss between preparations No. 1 and No. 2:

Increment added (103)—increment after incubation (159-75) = increment
loss (19) = 18.5 percent loss. 

Increment added (103)—increment after incubation (185-88) = incre-
ment loss (6) = 5.8 percent loss.

Samples of five g. ground tissue with 20 ml. water, added glycogen, 
and an amount of 0.75 N NaOH to adjust pH of bright sample to pH
of dark sample were dispersed four minutes with a high-speed stirrer 
in square four-ounce bottles. The bottles were filled with oxygen, 
capped, and placed in a shaker mounted in a Warburg apparatus 
operating a t  120 r.p.m. and four cm. amplitude. Incubation pro- 
ceeded one hour a t  38° C., and immediately afterward seven g .  KOH 
pellets were added to  each bottle and quickly stirred into solution. 
The tissue was dissolved, and glycogen analyses proceeded as de- 
scribed above. 

Each preparation in Table 38 represented the average of dupli- 
cates. Duplicate pairs of preparations 2 and 4 were analyzed im- 
mediately after being made up, disclosing a 9-percent loss in the 
dark sample, but none in the bright one. 

Incubation loss was designated as the difference between amounts 
found by immediate analysis and after incubation, expressed as per- 
centage of the amount found by immediate analysis. Total loss rep- 
resented loss to  the sum of added glycogen plus native glycogen fol- 
lowing incubation. 

The method of differentiating incubation losses in added glycogen 
is shown in Table 38.  Since added glycogen was converted more 
rapidly in the black sample, and since a higher incubation loss of 

W16 (bright). Increment loss between preparations No. 3 and No. 4:
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all glycogen occurred in the bright sample, i t  became apparent that  
native glycogen was converted more rapidly than added glycogen 
in the bright sample. 

Unfortunately there seems to be no way t o  compare native glyco- 
gen conversion rates in black and bright beef, for the reason there 
is practically no native glycogen in black beef. However, i t  is in- 
teresting to note that relative conversion rates so compensated each 
other that percent total losses were the same in preparations 1 and 3.

GLUCOSE CONVERSION IN BRIGHT AND DARK BEEF 

An experiment pattern similar to that used in measuring glycogen 
conversion was used to measure relative rates of glucose conversion 
in bright and black beef muscle tissue. At the same time an attempt 
was made to measure changes in content of inorganic phosphorus, 
lactic acid and pyruvic acid. 

Preparations were made with 10 g. ground tissue dispersed in 30 
ml. water with added glucose and amount of 0.75 N NaOH to adjust 
p H  of bright sample t o  p H  of dark sample. Immediately after in- 
cubation, p H  was measured with a glass electrode potentiometer. 
The material was then transferred to  50-ml. centrifuge tubes, im- 
mersed in boiling water five minutes, and frequently stirred. After 
centrifuging five minutes a t  2,500 r. p. m., the extract was poured 
through ashless filters into 100-ml. volumetric flasks. The tissue was 
washed twice by centrifugation with 20 ml. boiling water. 
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The extract was made up to  100-ml. volume, and two ml. was 
taken for inorganc phosphorus determination, eight ml. for glucose 
determination, and the remaining 90 ml. was taken for lactic and 
pyruvic acid determinations. Determinations were made as de- 
scribed above. Results are shown in Tables 39, 40, 41, and 42. 

Incubation losses in Table 39 represented algebraic differences be- 
tween analyses of duplicate preparations before and after incuba- 
tion, plus glucose equivalent of native glycogen. The previous gly- 
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cogen conversion experiments indicated that  glycogen was converted 
much more rapidly than glucose. Percentage incubation losses were 
nearly the same in preparations 1 and 4, where no glucose was added, 
although there was wide difference in initial content of native glucose 
and glycogen in the black and bright samples. 

However added glucose was converted much more rapidly in black 
beef than in bright beef, possibly indicating a difference in rate of 
phosphorylation in the two samples of beef. 

Further evidence of dissimilarity in phosphorus relations in the 
two samples was shown in the large amount of inorganic phosphorus 
(phosphate) liberated during incubation of the black samples, while 
practically no change occurred in amount of inorganic phosphorus 
in the bright sample. These results might seem to indicate greater 
phosphatase activity in the black sample. Phosphatase activity 
naturally would be assumed t o  interfere with phosphorylation of 
sugar. Further investigation of phosphatase activity is planned. 

As previously mentioned, results for lactic acid and pyruvic acid 
were uncertain, but they are shown for what they might indicate in 
trends during incubation. 

A distinct difference was noted in the conversion trends of both 
acids in bright and black beef. Lactic acid remained practically un- 
changed in the black sample, but decreased in the bright sample 
nearly to the same level as in the black sample. 

On the contrary, pyruvic acid indicated not only a pronounced de- 
crease in the black sample, but an increase in the bright one. These 
trends are consistent, with the Meat Board Committee’s (40) obser- 
vations previously mentioned, in which less pyruvic acid was found 
in black beef than in bright beef, but little difference was found in 
lactic acid in the two types of beef. 

BUFFER STRENGTH OF BRIGHT AND DARK BEEF 

Buffer strength titrations were made on preparations similar to 
those used for incubation; the purpose was to find out how much 
lactic or pyruvic acid was necessary to cause a difference in pH cor- 
responding to  the pH difference in black and bright beef. It was 
found that  p H  change was nearly linear with amounts of lactic and 
pyruvic acid added between pH 5.50 and 6.50. In that  range buffer 
strength was indicated by the milliequivalents of acid or base neces- 
sary t o  cause a change of one pH unit. 

The results shown in Table 43 indicated no significant difference 
in buffer strength of dark and bright beef toward strong acid and 
base. The effectiveness of the buffer action toward the strong acid 
and base can be illustrated by the fact that  acid and basic ion con-
centrations were reduced approximately to 1/15,000 of original after 
dispersion with the muscle tissue. It was therefore not surprising 
that  similar amounts of lactic and pyruvic acids were required to  
produce the same pH change caused by HC1 and NaOH. 

The amounts of lactic and pyruvic acids necessary t o  cause one 
p H  unit change corresponded approximately to 450 mg. per 100 g. 
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tissue. If formation of lactic acid were the principal cause of post- 
mortem lowering of p H  in normal beef tissue, nearly 900 mg. per 
100 g. tissue would be required. The experiment on post-mortem 
changes (Table 36) indicated sufficient glycogen probably existed 
in the muscle tissue a t  the time of death to produce such an amount 
of lactic acid. 

However, when attempts were made to recover lactic and pyruvic 
acids which had been added in such large amounts, sometimes even 
less was found than the original native content. Formation of a 
precipitate was observed in the distillation flasks. It was assumed 
to be calcium phosphate, and the acidity of the reaction mixture 
during oxidation to  acetaldehyde had probably been lowered by the 
relatively large amount of calcium lactate. 

The method used by the Meat Board Committee for lactic and py- 
ruvic acid determinations was followed in attempt to duplicate the 
committee’s observations that more pyruvic acid occurred in bright 
beef than in black beef. The method was essentially the one de- 
scribed by Friedemann and Graeser (16). The boiling water ex- 
tract from 50 g. wet muscle tissue was carried through the routine 
for lactic acid in urine as described in Practical Physiological Chem- 
istry by Hawk and Bergeim (21).  An aliquot corresponding to five 
g. tissue was oxidized to  the aldehyde. 

Following the above observations on incomplete recovery of added 
lactic acid, one ml. of 85-percent phosphoric acid was added to each 
distillation flask; the yield of lactic acid was greatly increased, but 
still it was much too low. 

An aqueous extract prepared as usual was deproteinized with 
tungstic acid. Although a 100-ml. aliquot would have been used in 
the above method, smaller aliquots were tried. Aliquots of 20 ml. 
yielded 332 mg. lactic acid per 100 g. tissue; aliquots of four ml. 
yielded 916 mg. per 100 g. tissue, which seemed to be a maximum.
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Intervening aliquot amounts indicated a steadily increased percent- 
age yield with decreasing volume used. 

It was therefore evident that  the method was entirely inadequate 
for such large amounts of lactic acid. The older method of Friede- 
mann and Kendall (17) using a higher concentration of MnO2, oxi- 
dizing agent and larger amounts of manganese sulfate and phos- 
phoric acid in the distillation flasks was found satisfactory. The 
oxidizing agent was 0.08 N MnO2, suspension. Distillation was 
started with approximately 200 ml. volume in a 500 ml. Kjeldahl 
flask. The manganese sulfate-phosphoric acid reagent was made so 
that  10 ml. of i t  would make the distillation mixture one-percent 
manganese sulfate and 0.1 molar phosphoric acid. The reagent con- 
tained 225 g. MnSO4.H2O and 140 ml. 85-percent phosphoric acid 
per liter. Approximately 150 ml. distillate was collected. Yield 
was proportional t o  volume of extract prepared as below at least up 
to 40 ml. A sample of 20 ml. was found satisfactory with 0.004 N
iodine for titration. 

For combined lactic and pyruvic acid procedure, five g. tissue was 
extracted by centrifugation with boiling water three times in 50-ml. 
tubes. The hot, extract was poured through a filter to separate most 
of the fat .  T o  the extract was added five ml. 20-percent copper sul- 
fate solution and five ml. 20-percent calcium hydroxide suspension. 
After standing a t  least one-half hour with occasional shaking, the 
precipitate was removed and washed with water three times by 
centrifugation. The extract was made up t o  250 ml., and 20-ml. 
aliquots were taken for lactic and pyruvic acid determinations. 

The pyruvic acid sample was reduced with one-half g. zinc and 
2.5 g. sodium acid sulfate over night on a steam bath by the method 
of Kendall and Friedemann (26).  After neutralization to litmus the 
precipitated zinc hydroxide was removed and washed by centrifuga- 
tion; the entire extract was analyzed for lactic acid as before. It
was found by use of pure lactic and pyruvic acid standards that  95- 
percent recovery was obtained for lactic acid, and 95 percent of 
pyruvic acid was converted to  lactic acid. 

By  this method 870 mg. lactic acid per 100 g. wet muscle tissue 
was found in a sample of fresh, unfrozen beef, and 888 in another. 
After 234 mg. lactic acid had been added to the first meat, a total 
of 1130 mg. was obtained by analysis, in error by 2.3 percent. 

A bright sample (pH 5.44) of beef rib eye (held in frozen storage 
11 months) contained 989 mg. lactic acid. A dark sample (pH 6.24)
under same storage contained 613 mg. lactic acid, This difference 
in acid content of the two samples was approximately sufficient to  
account for the 0.8 pH unit difference in their acidity, or 470 mg. 
lactic acid per unit p H  per 100 g. of tissue. 

A trace of pyruvic acid was found in two fresh, unfrozen samples 
of bright beef, six mg. in one and nine mg. per 100 g. in the other. 
No pyruvic acid was found in two dark samples and four bright 
samples of beef rib eye, all of which had been held in frozen storage 
11 months. 
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LACTIC ACID GENERATION 

The foregoing observations point to the conclusion that the 
difference in amount of lactic acid in bright and dark beef is 
of primary importance and significance, and that it may be 
the factor upon which depends most, if not all, the character- 
istic differences between bright and dark beef. 

Consequently experiments on glucose and glycogen conversion 
were repeated with particular attention paid to lactic acid changes, 
making use of the revised technic of analysis. 

A summary of the results appears in Table 44. It was apparent 
that  addition of glucose had little, if any, effect on lactic acid 
changes in either the dark or bright sample during incubation. The 
wide difference in the two samples incubated without added glucose 
(Table 44, third items in series 1 and 2) may be attributed t o  their 
difference in content of native glycogen discussed below. 

Likewise, addition of glycogen to the bright sample (Table 44,
series 3)  had practically no influence on lactic acid changes during 
incubation. Lactic acid was generated, however, during incubation, 
as shown in Table 44, series 3, item 2.  More than sufficient native 
glycogen was present (Table 45) to account for the increase in 
lactic acid. This fact probably explains why additional glycogen 
had practically no effect in generating more lactic acid. The signifi- 
cant fact remains that  the tissue retained its ability to produce lactic 
acid, and it contained ample native glycogen for that  purpose. 

Significant increases in lactic acid appeared when glycogen was 
added to  the incubated preparations of the dark sample (Table 44, 
series 4) .  Therefore, it was evident that the deficiency of lactic acid 
in the dark sample was not caused by inhibition of its lactic-acid- 
producing enzyme system. Rather, it was simply due to glycogen 
deficiency. When glycogen was supplied, the tissue was able to build 
up its lactic acid rapidly. 

The question now arises whether the accumulation of lactic acid 
or the drop in p H  finally inhibits the further conversion of glycogen 
t o  lactic acid in normal bright beef. The fact that  the pH of bright 
beef is consistently near 5.5 suggests that  glycogen conversion to 
lactic acid is automatically stopped when that  p H  is reached. 

However, the effect of adding more lactic acid and adjusting to  
original p H  was first tried as shown in Table 44, series 5 to  8. The 
same quantity of glycogen was added t o  the first two preparations 
of each of the series 5 to 8. After addition of the lactic acid, the pH
was adjusted to  6.38 with 0.75 N NaOH. 

The first item in each of series 5 to 8 indicated no significant 
change in lactic acid was brought about by simply adding the glyco- 
gen and extracting immediately with hot water. The apparent losses 
in added glycogen, under similar immediate extraction procedure 
previously discussed under glycogen conversion, do not seem there- 
fore, to have been attributable to  lactic acid formation in the brief 
period of time involved in the glycogen loss. 
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The second item in each of series 5 to 8 indicated significant in- 
creases in lactic acid formed from the added glycogen. The added 
lactic acid appeared to impede to some extent the generation of more 
lactic acid, but not in proportion t o  the amounts added. 

The third item in each of series 5 to 8 indicated losses in lactic 
acid occurring during incubation when no glycogen was added. 
These losses appeared t o  decrease with increasing amounts of added 
lactic acid, but that  behavior was probably an illusion caused by 
the tendency of lactic acid to  polymerize in aqueous solutions. 

The stock solution of lactic acid added to the preparations in 
series 6 to 8 was made by dissolving two ml. 85-percent lactic acid 
in one 1. of water. By the oxidation method the solution was found 
to contain 1.57 mg. per ml., but when it was added to the dispersed 
tissue preparations, the amount recovered far exceeded expectations 
on that  basis. An aliquot of the lactic acid solution was then heated 
one hour on a steam bath with an excess of 0.1 N NaOH and back- 
titrated with 0.05 N potassium acid phthalate. The concentration 
of lactic acid thus analyzed was found to  be 2.36 mg. per ml. This 
concentration can not be interpreted rigidly to  indicate the concen- 
tration of the original stock acid, because the two-ml. pipette con- 
taining syrupy lactic acid was rinsed into the diluted solution. 

Therefore, the concentration of the lactic acid solution added in 
series 6 to 8 was determined by the NaOH titration method and 
represented concentration of lactic acid after depolymerization. In  
series 6,  item 4, the slight change in lactic acid during immediate 
extraction indicated that  depolymerization must have been com- 
pletely accomplished in the process. But in item 4 of series 7 and 8, 
increasing losses were noted, indicating that  depolymerization of 
these larger amounts of added lactic acid had not been accomplished 
in the short time interval involved. But depolymerization probably 
was accomplished during the six-hour incubation period in item 3, 
series 6 t o  8. Since lactic acid changes in this item were based on 
analyses of duplicate preparations, one immediately after mixing, 
and the other after incubation, it is evident that  losses during incu- 
bation would be counteracted by release of more lactic acid by de- 
polymerization. The evidence thus strongly indicated that the de- 
crease in losses of lactic acid in item 3 of series 5 to 6 was not caused 
by an inhibiting effect of increasing amounts of added lactic acid, 
but rather i t  was caused by an increase of monomolecular lactic acid 
through depolymerization of the added lactic acid during incubation. 
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The effect of increased acidity on formation of lactic acid from 
glycogen is shown in Table 44, series 9. The p H  changes were in- 
duced by adding 0.68 N HC1 to  the aqueous dispersions.   The evi- 
dence mas convincing that  increase of acidity effectively inhibited 
conversion of glycogen to lactic acid, and i t  actually appeared to  
effect losses rather than gains in lactic acid during incubation with 
added glycogen. 

The question as to whether lactic acid may have been converted 
back t o  glycogen under the more acid environment is to be investi- 
gated later. According to Diemair and Mollenkopf (12), animal cells 
under certain conditions can convert sugar to lactic acid, which is 
to  a considerable extent resynthesized into glycogen, and following 
death the rapid rise in lactic acid roughly corresponds t o  the decrease 
in glycogen. 

The effect of decreased acidity on formation of lactic acid from 
glycogen is shown in Table 44, series 10. The p H  was increased by 
adding 0.72 N NaOH to  the aqueous dispersions. A corresponding 
increase in generation of lactic acid from the added glycogen gave 
further convincing evidence that  pH characteristic of black beef 
promoted rapid conversion of glycogen to  lactic acid, whereas that  
conversion previously had been shown definitely to  be inhibited by 
p H  characteristic of normal bright beef. 

In  conclusion, the cause of dark-cutting beef definitely 
seems to rest upon a deficiency of glycogen in the tissue at
the time of slaughter. Many factors may be involved in the 
quantity and stability of glycogen in the animal tissue beside simply 
the feed the animal gets. I n  a survey made by the Meat Board 
Committee (39) on occurrence of dark cutters, i t  was found that  
calves yielding dark beef received on the average 37 percent more 
roughage than calves yielding bright beef, a higher percentage of 
them were nervous, and a higher percentage of them had been cas- 
trated after the age of three months. The results were based on 58 
calves in each group. 

Nervousness naturally suggests susceptibility to  shock, and it is 
quite possible that  glycogen, as well as glucose, is thrown out of ani- 
mal tissues by shock. The question of conditioning of animals t o  
withstand shock was discussed in the beginning of Part IV.  It is
planned to investigate the quantity and stability of glycogen in 
grass-fed and in grain-fed beef animals. 

Winter and Thomson (51) disagree with other investigators who 
found that  castration reduced muscle glycogen in male rats. The 
age at  castration may have been an unreckoned variable in this, con-
troversial subject. However, Winter and Thomson agreed that low 
levels of muscle glycogen were found in rats affected by adrenal 
insufficiency.

Therefore, i t  seems probable that  glycogen deficiency in muscle 
tissue may result from a number of unrelated causes, and that  exten- 
sive investigations will be necessary to determine all the causes upon 
which may depend the occurrence of dark-cutting beef. 

(For summary and conclusions, see page 79.) 
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SUMMARY AND CONCLUSIONS 

PART I. MINERAL CONSTITUENTS 

Samples of blood from 16 animals were analyzed for phosphorus, 
calcium, sodium, potassium, and chlorine. Muscle tissue from these 
same animals was analyzed for water, fat, protein, ash, phosphorus, 
calcium, magnesium, sodium, and potassium. 

The adipose tissue from these animals was analyzed for water, 
fat,  protein, ash, phosphorus, calcium, sodium and potassium. Five 
of these animals were full-fed in dry lot, five were full-fed on 
pasture, two were grazed on grass of normal mineral composition, 
two were grazed on grass of low-phosphorus content, and two were 
grazed on grass of low-phosphorus content but were given limited 
quantities of bone meal. The muscle tissue from two samples of 
meat from animals commonly known as dark-cutters, the method 
of feeding not known, was analyzed for water, fat, protein, ash, phos- 
phorus, calcium, magnesium, sodium, and potassium. 

Ripening shrinkage was found to  be dependent upon mineral con- 
stituents as well as upon fat covering. 

The influence of the ratios of the mineral constituents upon the
keeping quality of the meat was discussed. No correlation could 
be detected between the total mineral constituents of meat and its 
keeping quality, except to  a limited extent in the adipose tissue. 
Here the low-phosphorus condition was most apparent in the low 
P/N ratios in the lots on grass alone as compared with the lots re- 
ceiving corn. 

The effect of phosphorus intake on calcium retention was reflected 
in the relatively high Ca /N  ratios in the fat tissue of corn-fed 
animals. 

The poor keeping quality of meat from animals receiving low- 
phosphorus grass, as compared to  meat from animals receiving grass 
of normal-phosphorus content, indicated that this element in the 
ration had an important relation to the keeping quality of the meat 
produced. 

PART II. PHOSPHORUS DEFICIENCY 

Ten yearling steers were fed by the paired-feeding method on 
high and low levels of phosphorus. Steers on low phosphorus de- 
veloped definite symptoms of phosphorus deficiency as shown by 
blood and bone analyses. 

Rib roasts from the high-phosphorus steers were judged higher 
grade in tenderness, desirability of flavor of lean, quality of juiciness, 
desirability of aroma, intensity of flavor of fat,  and texture. 

After ripening 28 days, rib cuts from the high-phosphorus steers 
suffered less spoilage and lower shrinkage losses than the low-phos- 
phorus cuts. 

High-phosphorus roasts required less cooking time per pound, but 
cooking evaporation losses were higher. 
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Mechanical-shear measurement of tenderness and collagen content 
indicated no pronounced distinction in tenderness between high- and 
low-phosphorus samples, suggesting that  palatability grade for ten- 
derness may have been influenced by other superior palatability 
factors for high-phosphorus beef. 

A method was described for pressing the fluid from raw or cooked 
muscle tissue using a Carver laboratory press. 

Higher quantity of press fluid was obtained from the low-phos- 
phorus rib-eye samples, both raw and cooked. 

A higher yield of calcium was obtained in the press fluid of the 
low-phosphorus samples in spite of the fact that  the whole tissue 
contained less total calcium than the high-phosphorus samples. 
Higher retention of calcium in high-phosphorus rib eye was thus 
clearly indicated. 

No significant color differences were observed in the samples and 
no shady or dark colored specimens appeared. However, a slight 
tendency toward dark beef characteristics was apparent in higher 
p H  values and lower oxidation potentials in low-phosphorus samples. 

Fa t  tissue appeared to be more profoundly affected than muscle 
tissue by phosphorus deficiency. Lower P/N and Ca/N, and higher 
P/Ca ratios were found to  be characteristic of low-phosphorus fat 
tissue. 

In conclusion, phosphorus-deficient beef was inferior to high- 
phosphorus beef in palatability, keeping quality, and shrinkage loss. 

PART III. LIMESTONE SUPPLEMENT 

Twelve yearling steers were fed by the paired-feeding method, a 
ration of corn, cottonseed meal, and silage; one member of each pair 
received 0.1 lb. ground limestone daily. 

Only insignificant differences were found in blood calcium and 
blood phosphorus. But in the bones higher ash, phosphorus, calcium, 
and much higher breaking strength and specific gravity were found 
in the limestone lot. 

No palatability distinction was found between rib roasts from the 
two lots, except slightly lower tenderness for the limestone lot. 

After ripening 21 days, rib cuts from the limestone lot appeared 
t o  have suffered slightly less spoilage, but shrinkage losses appeared 
largely dependent on outside fat covering. 

Cooking time and cooking evaporation losses likewise appeared 
dependent almost entirely on outside fa t  covering. 

Mechanical shear test for tenderness indicated no distinction be- 
tween lots. 

Slightly more collagen was found in the limestone lot. Collagen 
was found to be 21 percent of the water-insoluble fraction of rib-eye 
protein. 

No distinction was observed between lots in quantity of press 
fluid obtained from the rib eye, nor was any distinction observed in 
regard to phosphorus-calcium relations in the rib eye or its press 
fluid.
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A trend toward darker color was found in rib eyes of the lime- 
stone lot. 

No distinction was observed between lots in regard to  gross com- 
position or phosphorus-calcium-nitrogen relationships in outside rib- 
fa t  tissue. 

I n  conclusion, only slight and insignificant differences were found 
in the quality of beef from steers fed on high and low levels of cal- 
cium. Although distinct differences were observed in gains in weight 
and bone strength, no distinction was observed in calcium minerali- 
zation of tissues. These findings were in contrast with the significant 
changes in both phosphorus and calcium in tissues when steers were 
fed on high and low levels of phosphorus. 

PART IV. DARK-CUTTING BEEF

Early investigations on dark-cutting beef were discussed. 
Characteristics of dark-cutting beef muscle tissue are abnormally 

high pH,  low glucose, practically no glycogen, high inorganic phos- 
phate, low oxidation potential, and rapid oxygen uptake. 

I n  these investigations it was shown that colloidal behavior and 
degree of water imbibition of black beef and bright beef muscle 
tissue were practically the same a t  the same pH. 

Black beef and bright beef muscle proteins had practically the 
same isoelectric point. 

In  a steer receiving only water for the 10 days preceding slaughter, 
blood glucose reached a minimum on the third day, and muscle 
glucose reached a minimum on the sixth day. Muscle glucose con- 
tinued to  rise six days after slaughter, when i t  was nearly normal for 
bright beef. 

Immediately following slaughter of a full-fed steer, periodic de- 
terminations indicated rapid changes during the first 12 hours fol- 
lowed by stable values in pH, glycogen, lactic acid, pyruvic acid, and 
inorganic phosphorus. Glucose continued to rise eight days.

Added glycogen was converted more rapidly in dark beef than in 
bright beef. Native glycogen was converted more rapidly than 
added glycogen in bright beef. 

Added glucose was converted during incubation much more rapidly 
in black beef than in bright beef. At the same time inorganic phos- 
phate increased 50 percent in the dark sample and remained un- 
changed in the bright sample. 

No significant difference was found in the buffer strength of bright 
beef and dark beef. Hydrogen ion concentrations were reduced to 
approximately 1/15,000 of original after dispersion with muscle 
tissue. 

A method was adapted for determining large amounts of lactic 
acid and pyruvic acid in beef muscle tissue. Approximately 900 mg. 
lactic acid was found in 100 g. bright beef rib eye having p H  5.50.

Approximately 450 mg. lactic acid or pyruvic acid was required 
to  change 100 g. beef rib eye from p H  6.50 to p H  5.50. 
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The most significant difference in properties of dark beef and 
bright beef appeared to  be lower amounts of lactic acid in dark beef. 

No significant changes in lactic acid occurred during incubation 
of aqueous dispersions of either dark or bright beef to which glucose 
was added. 

Significant increases in lactic acid occurred in dark beef disper- 
sions incubated with added glycogen. 

Conversion of glycogen t o  lactic acid in dark beef was found to  
be sharply inhibited by lowering the p H  t o  5.5, which is character- 
istic of bright, fresh beef. 
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