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GENERAL INTRODUCTION 

For many years cattle blood has served as the medium for 

abstract experimentation. The methods which have been developed and 

brought to their present state of perfection, have been determined 

largely by work upon the blood of slaughtered cattle. Much of our 

fundamental knowledge of blood chemistry has been thus acquired. 

Many workers have investigated the mineral content of cattle blood, with various objectives. There have been those who used the 

blood merely as blood, as a means to an end not connected with the an 

imals furnishing the sample. 

Some have studied the reaction of the blood constituents to 

various diets and living conditions. These have done much work upon 

the blood of calves and of adult cattle, both lactating and non-lactating. 

Hart, steenbock, and associates have been indefatigable workers in this 

field. 

The researches of Eckles, Palmer, and their school m y be 

taken as an illustration of work of another group of investigators. They 

have determined the calcium and inorganic phosphate in the blood of adult 

cattle as affected by the sexual and lactation cycles and also the effect 

of certain, artificially induced, fluctuations in these two elements in 

the blood upon the quantity and quality of the milk. 

The veterinarians and those interested In animal disease 

problems represent yet another class of investigators. They have in recent 

years been examining the fluctuations of the blood constituents, espec-

ially of calcium and of phosphorus, in order to determine whether such 
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variations may be regarded as either the etiological factor, or the 

premonitory sign or diagnostic a symptom, in certain cattle diseases. 

Although it has long been known that the level of calcium 

and of inorganic phosphate in the blood of calves was higher than that 

in the blood of adult cattle, unfortunately few workers have recorded 

the ages of their subjects. 

Meigs, Blatherwick, and Cary (79), in 1919 determined, in 

a few animals, the variations in the calcium and in the inorganic phosphorus occurring from birth to the age of one year. They used plasma 

for many of their determinations and in the light of the work of Kay 

and Robison (56), and that of Martland and Robison (70) to be discussed 

later, the inorganic phosphate determinations of those workers using 

whole blood have greater accuracy. Godden and Allcroft (32, 2), and 

Stare and Elvehjem (104) used whole blood for their analyses of the 

phosphate fraction in the blood of calves. The former workers would 

seem to be the only ones using healthy calves, recording the ages, and 

making their estimations upon whole blood. 

Accurate information upon the blood inorganic phosphate, 

and upon the serum calcium as related to age in cattle is scarce and 

fragmentary, and in regard to Canadian cattle is non-existent. 

The calcium and the inorganic phosphate in the blood of 

Canadian cattle were investigated for the first time in a systematic 

manner in 1930, in British Columbia (l) and during the next year in 

Ontario (73). 

Following the initial work of Theiler (106) in South Africa 

in 1919, interest in aphosphorosis of cattle arose in other countries. 



During 1931, a committee was formed to make a survey of certain Ontario 

counties, and to determine if aphosphorosis, or acalcosis existed amongst 

the cattle of these regions. The findings of this committee were pub-

lished in 1931 (73), 1932 (74), and 1933 (75). A definite deficiency of 

phosphorus in the herbage of certain localities was reported. Some of the 

cattle of these parts developed hypophosphoraemia with its characteristic 

symptom osteophagia. Only in rare instances, however, are the more advanced stages osteoporosis, and osteomalacia (in the adult), or rickets 

(if the epiphyses are not yet closed in the young), found in Ontario. 

Malan, Green, and du Toit (66) had demonstrated quite conclusively that under natural conditions phosphorus deficiency of the pasture is directly reflected in the blood of the cattle grazing upon it, 

even though such deficiency was not acute enough to lead to clinically 

recognizable disease. These workers established the fact that estimation of the blood inorganic phosphate of cattle would serve as an early 

method of diagnosis, and as a means of distinguishing true osteophagia 

from a possible pica of different origin. Green (35) considering the 

findings of many workers, thinks that perverted appetite nay result, in 

cattle, from several causes. 

Mclntosh and his committee used twelve animals as controls, 

the British Columbian workers used twenty-one for this purpose. These 

are the only records of calcium and inorganic phosphate determinations 

made upon the blood of healthy Canadian cattle. In neither case was the 

age of a subject noted; ail the animals used were adults. 

Although similar work has been done elsewhere, there is some 

lack of uniformity in the results obtained in different countries. The 
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figures recorded for calcium in the whole blood of South African cattle 

(36) are about the same as those given for plasma calcium in American 

cattle (79). Therefore it would appear that the South African figures 

for plasma are considerably higher than the American ones; this result 

suggests that local conditions may be a factor. 

The present work was undertaken to show the effect of age 

upon the level of calcium and inorganic phosphate in the blood of cattle 

of various ages, and to establish figures which could be regarded as the 

normal levels of these elements in the blood of healthy Canadian cattle. 

Thus it may serve as a basis for comparison when applying blood analyses 

to the investigation of disorders of cattle in Canada. 

The physiological variations in organic phosphate, as shown 

by Palmer et al (90) and in serum calcium found be Frei, and Emerson (30) 

and which will be discussed later, were in as far as possible avoided. 

The majority of the specimens were obtained at a local slaughterhouse. 

Animals known to have come from those localities with herbage suspected 

of being phosphorus deficient were not studied. The samples were obtain-

ed from animals drawn from many sections of southern Ontario, and form a 

representative group of the cattle therein. The cattle were all in apparent good health at the time of slaughter when the sample was obtained, 

and subsequently the carcase in each case passed inspection as being free 

from disease. The ages of the animals were determined by a careful exam-

ination of the subjects after death. 

Calves and cattle from the herd of the Ontario Agricultural 

College at Guelph were used as a control group. The ages of these 
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animals could be accurately determined from the herd-book, and they were 

free from any possible alterations in the blood constituents resulting 

from the vicissitudes of shipment from distant parts, and of stockyard 

management. 

No analyses were made upon the blood of calves less than 

three weeks of age as younger animals were not to be found in the slaught-

erhouse pens. 

The cattle from which this blood was taken were practically 

all cross-breeds. But it has been shown by Malan, Green, and duTToit (66) 

that in cattle, breed makes no apparent difference to the calcium and 

inorganic phosphate in the blood. Therefore no attempt was made to record 

the breed of the subjects. 

any workers when publishing their findings of blood inorganic 

phosphate and serum calcium record and discuss the two together. This is 

because of a primary interest in the diseases of man resulting from an 

abnormal metabolism of one of these substances, which because of their 

close interrelationship, usually affects the other. Ho ever, in this 

article they will be recorded separately. It has been noted that veterinarians (and the viewpoint of this paper has been that of the veterinarian 

throughout) are chiefly interested in diseases affecting only one or other 

of these two substances, for example calcium is the only blood constituent 

considered to show diagnostic fluctuations in "milk fever", and in aphos 

phorosis in cattle the lowering of the blood phosphate is considered to 

be the only material alteration to be found on blood analysis. 

No recent survey of the various physiological factors influenc-

ing the calcium and inorganic phosphorus of cattle blood, and of the effect 
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they exert, has "been found. Therefore some reference is given in the 

text to the findings of other workers in this field. Where a factor 

influencing the investigated constituents in cattle blood is well auth-

enticated only those references pertaining to cattle are given. here 

there has been some dispute over its influence collaborative references 

from similar work in man have been g i v e n . Where no reference can be 

found as to the effect of a certain physiological factor, known to have 

such effect in other animals, upon the constituents of bovine blood, 

the findings, if any, in man and other animals are noted. 
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INORGANIC PHOSPHORUS 

INTRODUCTION. 

The inorganic phosphate of the serum, plasm, or whole blood, 

in man and in animals has been shown to vary as the result of certain 

physiological, and pathological conditions. Byrom and Kay (14) and 

Byrom (15) found different levels of blood inorganic phosphate in certain 

diseased conditions in man, and this was also shown to be true for cattle 

by Fish (27). 

Fluctuations are produced by physiological processes both in 

man and in laboratory animals. These are of more significance in this 

investigation than are those produced by pathological conditions, as all 

the animals used in these determinations were apparently In good health, 

A seasonal variation in the blood inorganic phosphate is known 

to occur in man. That there is more phosphorus in the blood Sf the human 

adult during the summer months was shown by Pucher (95) and by Havard and 

Reay (44). The latter workers found 2.9 rag. per 100 cc. blood in January 

and 4.0 mg. percent in August. This summer increase of ;lood phosphate 

in the adult was not confirmed by the work of all and Bill (84). In 

children Riesenfeld et al (97) and Hess arid Landagen (50) found higher 

blood inorganic phosphate in the stunner months. No statement as to a 

seasonal variation in cattle blood phosphate has been found in the liter-

ature. As already noted it is considered to exist in man, and lias been 

mentioned (53) and shown, Grant and Gates (34) to occur in rabbits. 

Hart et al (42) found that ultraviolet light had no influence upon the 

metabolism of inorganic phosphate in adult cattle. But that the summer 
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increase in man is not due to ultraviolet light was shown by the work of 

Havard and Hoyle (46). It would seem possible that a seasonal variation 

occurs in the blood inorganic phosphate of cattle, especially in Canada 

where there is such a drastic change from the natural conditions of summ-

er, to the extremely artifical conditions under which cattle are confined 

during the winter months. Unfortunately most workers have not recorded 

the season in which their determinations were made. This problem of a 

seasonal variation in the blood inorganic phosphate of cattle is one that 

requires further investigation. 

In man, Vallette and Dubois (113) found that fluctuations in 

the blood phosphate m y occur in the same individual within a few hours. 

An alteration in the level of the inorganic phosphate was shown by 

Bolliger and Hartrman (46) and by others (40, 103) to be intimately related 

to carbohydrate metabolism. Havard and Reay found (45) a somewhat similar 

alteration to occur after exercise in man. Palmer, Cunningham, and Eckles 

(90) have shown that exercise produced fluctuations in the blood inorganic phosphate of cattle similar to those found in man. The postprandial 

state in ruminants is difficult to determine. However, Palmer et al con 

sidered that the varying levels of blood inorganic phosphate found in 

the same animal in successive hours may be related to carbohydrate metabolism. 

The specific effect of various diets upon the level of blood 

phosphate in cattle has been extensively studied, especially by Hart, 

Steenbock, and their school. That the addition of phosphorus-rich supp-

lements to the ration will raise the inorganic phosphate of the blood 

was demonstrated by Miller et al (83). Huffman et al (52) have shown 
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that a direct reduction of the ration phosphorus will cause an immediate 

lowering of the inorganic phosphate of the blood. So also will a reduction of the assimilable phosphorus in the diet cause a reduction of this 

element in the blood as shown by Raithby (96) and Palmer and Eckles (89). 

Theiler (110) considers that a specific deficiency of phosphorus is the 

main cause of the naturally occurring bone deficiencies in cattle. He does 

not consider either the ratios of the minerals in the diet as significant 

or the vitamin factors (so important in human rickets) to enter into 

practical consideration with cattle. 

The physiological fluctuations produced in the blood inor-

ganic phosphate by the states of pregnancy, parturition and lactation 

in the adult cow are established. Unfortunately, because of our methods 

of cattle husbandry it is difficult to obtain samples from pregnant, 

non-lactating cattle, in the earlier stages of gestation. Theiler and 

Green (108) and Malam and Becker (69), quoted by Green (37), state that 

gestation does not appear to affect inorganic phosphorus of the blood 

beyond experimental error and so the pregnancy factor does not vitiate 

biochemical findings. 

The effect produced by the later stages of pregnancy and by 

parturition upon the blood phosphate of cattle was investigated by 

Palmer et al (90), and by Godden and Allcroft (2, 32). The latter work-

ers found in twelve cattle an average of 3. 93 mg. percent whole blood 

inorganic phosphate before parturition and a rise to 5. 29 mg. percent 

after parturition. They state that the fall of inorganic phosphate in 

the dam's blood, Just prior to calving is so characteristic that it is 

in most cases a better index Of approaching parturition than the 
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outward and visible signs. 

Meigs (80) in 1922 reviewed the known facts regarding bov-

ine lactation at that date. It was recognized then that lactation 

caused some alteration the blood constituents. The blood inorganic 

phosphate of lactating cattle seems to be less than that of the non-

lactating. Blackwood and Stirling (7) obtained average figures of 

5. 61 mg. percent and 5. 81 mg. percent Inorganic phosphate in the whole 

blood of lactating and non-lactating cows respectively. Fish (27) 

gives average values of 6. 25 rag. percent inorganic phosphate for dry 

cattle and of 4. 65 mg. percent for the milking, using serum for his 

determinations. The blood leaving the mammary gland of cattle during 

lactation has been shown by Meigs (80) and Blackwood and Stirling (7) 

to be richer in inorganic phosphate than that of the jugular vein. 

Investigations of the physiological lowering of the blood 

inorganic phosphate during growth and development in cattle have been 

recorded. It has long been known that the level of inorganic phosphate 

in the blood of young animals is higher than in that of adults, Meigs, 

Blatherwick, and Gary (79) using plasma from five animals established 

the fact that the level of inorganic phosphate is at birth higher than 

that of the adult animal; for a time it increases and then drops, and 

at about one year or eighteen months reaches the normal adult range. 

Robinson and Huffman (99) in 1926, working with plasma found that in-

organic phosphate is lower in calves at birth than at six months of 

age, but suggest that the peak is reached at about the second month. 

Green and Macaskill (36) working with veld bred cattle, and using 

whole blood from ten calves, note that the inorganic phosphate fraction 
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of the blood from the calf is appreciably higher than that of the 

mother. The phosphate level rises sharply within the first week and 

begins to fall during the second month; but even after ten weeks, the 

age limit in their experiment, It is still higher than in the adult. 

From various papers they have given values of 8 mg. percent for calves 

(36), of 5. 2 mg. percent for heifers nearly two years old, and of 3. 1 

mg. of inorganic phosphate per 100 cc. of whole blood, for lactating 

cows (66). 

Wilson and Hart (116) and Godden and Allcroft (2, 32) 

working with calves both found that the phosphate fraction of the blood 

increased during the first week of life. The latter workers showed that 

at birth there was a whole blood inorganic phosphate (the average of 

twelve animals), of 5. 38 mg. percent, at one week this had risen to 

5. 86 mg. percent, at one month to 6. 62 mg, percent, and at two months to 

7 rag. of inorganic phosphate per 100 cc. of whole blood, Malan (67) found 

the inorganic phosphorus content of the blood of a six month foetus to 

be similar to that of the calf at birth. 

With regard to other animals Pearson (42) has shown for the 

horse, Elvehjem and Kline (26) for the fowl, and Stearns and Warweg (105) 

for man, that age in these subjects as with cattle has a definite in-

fluence upon the level of the blood inorganic phosphate. This is in all 

eases roughly 50 percent higher in the young than in the mature animal. 

Unfortunately not all workers have stated whether whole blood 

or some fraction thereof was used in their determinations. Where this 

necessary information is given, it Is found that only serum or plasma has 



been used in many cases. It seems to have been the custom of many 

investigators to allow the blood to clot and then draw off the serum, 

or else use the plasm from citrated blood, for inorganic phosphate 

analyses. The blood samples, therefore, generally stood twenty-four 

hours, and some haemolysis may occur during this delay, liven the 

samples analysed by workers using plasma must necessarily suffer some 

delay before estimations are made. Slight haemolysis may easily be 

produced by the centrifuging for the plasma specimen. From the work 

of Kay and Robison (56) it is noted that there is present in the blood 

an acid soluable compound which is readily hydrolysed by the enzyme of 

ossifying bone. The inorganic phosphate values m y thereby be distorted, 

hydrolysis taking place in the interval between the time the blood is 

drawn and the analysis commenced. Especially is this the case in samples 

obtained from young animals in which there is more phosphatase in the 

blood as demonstrated by Kay (57). 

Martland and Rodison (70) report that inorganic blood phos-

phate increases very rapidly after laking of the blood cells. A slight 

haemolysis, therefore, during the manipulations would tend to increase 

the Anorganic phosphate of either the plasma or the serum. Precipit-

ation of the blood proteins completely inhibits hydrolysis, Kay (58) 

states, and consequently they should be precipitated with the minimum 

of delay. Once they are precipitated with trichloracetic acid, Malen 

(68) found that even at the end of eight days fairly accurate determin-

ations of inorganic phosphate could be made. 

Because of the alterations that may be introduced by the 

treatment of the sample after it is obtained, Stare and Elvejhem (104), 
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used whole blood for their inorganic phosphate determinations. This 

method being the most accurate, it was also used in this work. It has 

the added advantage that it is applicable to field conditions in rural 

Ontario, a factor of considerable importance if these results are to 

be used as the basis for further investigational work. 

This use of whole blood in this manner introduces the 

question (if these findings are to be compared with those of other 

workers using either serum or plasma Just what, if any, portion of 

the whole blood inorganic phosphorus is within the blood cells and what 

portion is without? If the quantity within differs from the quantity 

without then what percentage of the whole blood used is plasma and what 

cells? 

Buell (13) has claimed that there is no inorganic phosphate 

within the red blood cells of the dog. Peters and Van Slyke (94) con-

sidering the findings of Kay and Robison (56) and of Lawaczeck (62) 

think it probable that inorganic phosphate as such does exist within 

the red blood cells of man. Stare and Elvejhem (104) working with ox 

blood find that the corpuscular fraction contained definite amounts of 

inorganic phosphate; but they admit the difficulty of telling whether 

this was within the cells or concentrated in the small amount of plasma 

adhering thereto. Their average figures were, corpuscles 5. 2 m g . percent, 

plasma 7. 4 mg. percent and whole blood 6. 25 mg. per 100 cc. 

Since the corpuscular content of inorganic phosphate in ox 

blood would seem to be less than the plasma or serum content, the cells 

in the whole blood may introduce a variable factor. Therefore the cell 

volume percentage of the samples studied was determined, and the findings, 



which will be discussed later, are given together with the phosphate 

content of each sample, in the appendix. 

A portion of the inorganic phosphate is filterable, and a 

part is not. Brull (12) working with the dog found, with in vivo tech-

nique, that an animal with a plasma inorganic phosphate of 5. 2 rag. per-

cent had a plasma ultrafilterable inorganic phosphorus of 3. 2 mg. per-

cent. He concludes therefrom that a large part of the blood inorganic 

phosphate in the dog is not ultrafilterable. He states however that the 

magnitude of this fraction varies greatly from one animal to another. 

Little and Mattick (64), studying the same fraction in the blood of 

pregnant cattle, in a series of five cows with an average total phosphate 

of 11. 5 mg. percent, found 5. 7 rag. per 100 cc. serum or 49. 8 percent to 

be filterable. Sjollema and Seekles (102) also working on cattle serum 

found in an average of eleven determinations an inorganic phosphate of 

4. 57 mg. percent of which 4. 6 mg. percent or the total to be filterable, 

COLLECTION OF SAMPLES 

Those factors already mentioned which nay Introduce fluc-

tuations in the inorganic phosphate of the blood were as far as possible 

eliminated. A seasonal variation, if it exists in the inorganic phos-

phate of cattle blood, was avoided in this work since all determinations 

were made during the winter months, December, January, February and early 

arch. Thus the figures obtained only apply to the winter season and 

may be slightly lower than those appertaining to the whole year. 

The animals chosen for the slaughterhouse group were healthy, 

non-pregnant, and non-lactating. They had not been fed for at least 
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twelve hourse, and had had only limited exercise. The control animals 

from the Ontarlo Agricultural College herd were not starved for twelve 

hours prior to the taking of the sample. Those factors affecting the 

level of inorganic phosphate in the blood of cattle were either avoided, 

minimized or equalized, and idiosyncrasies mitigated to some extent by 

using a large number of animals. 

The blood samples were obtained from the first flow of blood 

following the severing of the jugular veins, upon the slaughter of the 

animals. The subjects in the slaughterhouse group were, if over nine 

months of age, stunned before slaughter, by a blow on the head, if under 

nine months old no preliminary stunning occurred. Samples from animals 

in the Ontarlo Agricultural College herd were obtained from the jugular 

vein by means of the usual bleeding needles, 

Four cc. of fresh blood were added at once, before it had 

time to clot, to 16 cc. of 10 percent trichloracetic acid. This was 

filtered in one hour and the filtrate used to do duplicate determin-

ations for inorganic phosphorus. The duplicate results were averaged 

and the resulting figure recorded. 

METHOD 

The method used was that of E. J, King (59) and depends 

upon the reduction of phosphomolybdic acid to give a blue colour, the 

intensity of which is proportional to the concentration of phosphate 

present. This method of King was evolved as a combination of the 

methods of Martland and Robison (71) and of Fiske and Subbarow (28), 
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The Martland and Robison method was derived from the Bell-Doisy (4), 

itself a modification of the older Briggs method (11). King retained 

the high acidity recommended "by Martland and Robison, and used as 

his reducing substance the aminonaphtholsulphonic acid as suggested 

by Fiske and Subbarow. 
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T A B L E 1. 

INORGANIC PHOSPHORUS 

Inorganic phosphate in milligrams per 100 cc. whole blood. 
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Inorganic Phosphorus 

Table 1 Cont'd 



T A B L E 2. 

Inorganlc phosphate in milligrams per 100 cc. whole blood. 

The top figures in each pair are those obtained from the 

slaughterhouse group the lower ones were obtained from 

the control animals in the O. A. C. herd at Guelph, Ont. 
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Inorganic phosphorus in milligrams per I00 cc. as recorded in 
the literature. 

T A B L E 3. 
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TABLE 3 Cont'd. 

Results obtained in this investigation. 
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R E S U L T S 

The values obtained in this work are given in table 1. In 

the appendix are recorded the complete findings of inorganic phosphite 

for each animal along with those for serum calcium and the blood cell 

volume percentage. 

In table 2, will be found average figures of inorganic 

phosphate obtained by averaging the findings in different age groups. 

It will be seen from table 1 that after the first six 

months of life blood inorganic phosphate drops steadily from an average 

value of 6. 5 mg. percent to reach at ten years of age one of 3. 7 - 4. 0 

mg. of phosphate per 100 cc. of whole blood. 

D I S C U S S I O N 

There is not a complete list of the amount of inorganic 

phosphorus in the blood of cattle of various ages available for com-

parison. The results obtained by some workers whose methods allow 

comparison with those used in this work are shown together with the 

findings in this work in table 3. 

Some discrepancy between the average figures of the 

various workers is seen. However the range of inorganic phosphate 

in the blood of British Columbian, New Zealand, Australian, Dutch, 

and Ontario cattle is seen to be similar; that of the South African 

cattle is somewhat lower. 

The ranges obtained by those using serum or plasma and 

by those using whole blood are comparable. The work of Kay and Robison (56) and of Martland and Robison (70) demonstrated that alter-



ations in the blood, inorganic phosphate; may occur owing to the necessary 

technique in using blood fractions, Therefore the results obtained by 

the workers on fractions may contain greater experimental errors than 

those of the workers using whole blood. 

Another and more probable reason why the discrepancies to 

be expected but not found between the results of the workers using serum 

or plasm and those of workers using whole blood did not occur, ay 

be in the fact that there was a considerable difference in the ages of 

the adult animals used by the different investigators. It is seen in 

table 1 that whereas cattle of three years of age have a blood inorganic 

phosphate of 5. 54 mg. percent those of eight to ten years old have an 

inorganic phosphate of 3. 89 mg. per 100 cc. of whole blood. Cattle 

over three years of age may be regarded as adult. Therefore the blood 

inorganic phosphate of a group of adult cattle may vary depending, in 

part, upon the age of the animals used. In this paper the values ob-

tained from 59 animals, three to ten years of age, were taken as the 

adult level. 

The blood cell volume percentage, the findings of which 

will be discussed subsequently, was not found to vary sufficiently 

between young and old animals to be of any significance, regardless of 

the inorganic phosphate content of the cells compared to that of the 

plasma. Therefore in normal cattle the cell volume percentage need not 

be considered as causing a significant difference in the blood inorganic 

phosphate when whole blood is used for the determinations. 

The results from the control group not subjected to stunn-

ing or slaughter agree well with the findings in the major group, as 
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will be seen from table 2 . this treatment cannot have greatly affected, 

the blood inorganic phosphate. 

The figures given apply only to levels of inorganic phosphate 

found daring the winter months. Those appertaining to the whole year, 

or to the summer months alone may be slightly higher. 

The findings for whole blood inorganic phosphate for the 

control group and the slaughterhouse group are comparable. Thus move-

ment through the normal channels of live stock traffic, and handling 

upon the killing-floor do not seem to cause significant alterations in 

the whole blood inorganic phosphate. 

S U M M A R Y 

(1) The inorganic phosphate content per 100 cc. of whole 

blood is reported in a series of 198 determinations on the blood of 

198 cattle ranging in age from three weeks to ten years. 

(2) The whole blood inorganic phosphate is higher in the 

young calf than in the young adult. After two and one-half years of 

age values reveal a slow but steady decline as the animal grows older. 

(3) Stockyard and killing-floor management do not affect 

the inorganic phosphorus of the whole blood to a significant degree. 

(4) Variations in the blood cell volume percentage in 

normal cattle blood need not be considered as altering materially the 

whole blood inorganic phosphorus. 
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CALCIUM 

INTRODUCTION 

Dryerre and Greig (25) In 1925 proposed the parathyroid def-

iciency theory of post parturient paresis. This theory though later 

abandoned aroused interest as to the percentage of calcium in the serum 

of dairy cows. Little and Wright (63) working at that time found that 

the level of blood calcium could be regarded as a diagnostic symptom in 

"milk fever", findings afterwards collaborated by Fish (27) and Greig 

(35). Thus the serum calcium of adult cattle may be altered by a pathol-

ogical condition. Physiological fluctuations have also been noted. 

In man, differences in the normal levels of serum calcium 

between the two sexes have been shown by Greisheimer and Amy (39), that 

of the male being slightly higher. Meglitzky (78) in cats, Charles (19) 

working with rabbits, and Watchorn (114) and Mclsaac (77) with rats, all 

found the serum calcium slightly higher in the male, but none regard the 

difference between the sexes to be of any significance as it is so slight, 

well within the range of experimental error. 

In mature women the affect of the sexual cycle upon the blood 

calcium has been studied. The findings are consistent, those of Matters 

(72) and Malamud (65) being similar. The last worker sums them up thus: 

"Les variations normales de la calcemie sont larges. Ces oscillations 

rendent difficile 1etude de l'influence menstruelle qui est irreguliere, 

mais avec tendance a l hypercalcemia. " 

The cessation of the sexual cycle either by ovariectomy, or 

at the menopause was found by Blanchetiere (8), to cause a permanent rise 
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in the serum calcium of women. Frei and Emmerson (30) studying the 

effect of the sexual cycle on the serum calcium of cattle, found a rise 

of 0. 7 mg. percent during oestrus, and that pregnancy was associated 

with a fall from 10. 20 mg. percent to 10. 07 mg. of calcium per 100 cc. 

of serum. This drop in serum calcium in pregnancy is found to occur in 

man as shown by Qberst and Plass (88) and shown in cattle by Godden and 

Allcroft (2, 32). At parturition this drop in serum calcium is accen-

tuated, but if no complications arise it returns to its normal level 

again within four or five days after calving according to Godden and 

Allcroft (2, 32). 

If the lactation cycle in milking cows produces fluctuations 

in the serum calcium, there is no record of it doing so, Meigs, Blather-

wick, and Cary (79) found that the serum calcium of pregnant non-lactating, and of pregnant lactating cattle to be identical, 9. 6 mg. percent, 

whilst that of lactating non-pregnant cattle was 9. 8 rag. percent, not a 

significant difference. 

The question of a seasonal variation in serum calcium like 

that of blood inorganic phosphate, is a moot point. In children a season-

al fluctuation is conceded by Bawkin and Bawkin (3) and Needels and 

Merber (86) : these workers find the serum calcium to be slightly higher 

during the summer months. Hull and Bill consider the serum calcium 

of adults to be lower in January, February and March, but admit that there 

is no conclusive evidence of a seasonal drop in non-pregnant women. They 

claim a seasonal drop to exist and to be accentuated during pregnancy (85), 

On the other hand Grant and Gates (34) find no evidence of a seasonal drop 
in the serum calcium in man under normal circumstances. 
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A seasonal variation in the serum calcium of rabbits is 

noted by Herman and Zentner (49) and by Grant and Gates (34); and Cam-

eron and Williamson (17) working with rats found serum calcium defin-

itely lower in the spring - a finding not confirmed by Watchorn (114) 

working with rats in England, Cameron (18) suggested that his varia-

tions were due to seasonal alterations in the vitamin D content of the 

feed of his animals. Cameron considered that in the case of Watchorn's 

English rats, the seasonal variation in the vitamin D content of the 

food was not so great as it was in the food of his own Canadian rats. 

Only one reference, that of Frei and Emmerson (30) to a 

seasonal fluctuation of serum calcium in cows has been found. By these 

workers higher values of serum calcium were reported for the summer 

months. Hart et al (41) have shown that while the vitamin content of 

the food influenced serum calcium in cattle, ultraviolet light has no 

apparent effect upon calcium metabolism (42). As already mentioned under 

the inorganic phosphorus section, the contrast between the summer and 

winter living conditions and feed of Ontario cattle are such that a 

seasonal variation in the blood constituents may exist. 

The effect of various diets upon the serum calcium in cattle 

has received attention, having been investigated by Blatherwick (9). By 

altering the amount of calcium in the ration Fitch et al (29) found 

that lowered calcium intake in milking cows is not reflected by lowered 

serum calcium, They state that cattle showed a marked ability to adjust 

themselves to the calcium at their disposal. Such changes as could be 

produced were not beyond the range of experimental error. Theiler (109) 

thinks that acalcicosis is never likely to be encountered amongst 
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grazing cattle. Miller et al (82) found that bonemeal added to the 

ration of milking cows will replace a negative calcium balance by a 

positive one, and they also found (83) that serum calcium may thereby 

be slightly increased. Moderate doses of ergosterol have no effect, 

but excessive doses cause a rise in serum calcium, according to the 

findings of Hess et al (51), Little and Mattick (64) found that cod-

liver oil fed to cattle has a tendency to raise serum calcium, but only 

from 9. 9 mg, to 10, 5 rag, of calcium per 100 cc. of serum. 

That excessive calcium in the diet seems to have more effect 

in lowering serum inorganic phosphate than in raising serum calcium, was 

found by Raithby (96). According to McIntosh (76) this excess of diet 

calcium may be considered as a possible cause for certain cases of 

aphosphorosis on some Ontario farms. 

Age has some effect upon the level of serum calcium. Bogert 

and Plass (10) and Jones (54) found in man that the percentage of calcium 

in the serum of the new born was higher than that in the blood of the 

mother and of older children. That younger individuals had higher values 

of serum calcium was shown to be true for the lower animals by many work-

ers; for chickens by Elvehjem and Kline (26) and for rats by Watchorn 

(114), This latter finding was not confirmed by Cameron (18), Parhon 

and Werner (91) noted a similar tendency for serum calcium to decrease 

with age in many species. Cahane {16) found that in the tissues and 

serum of the cavy, rabbit, dog, and cat, there was a remarkable dimin-

ution of calcium with age. At maturity the calcium in the tissues had 

dropped to roughly fifty percent of that found in the tissues of the 



young of the same species. 

Robinson and Huffman (99) have shown that calves at birth 

have a higher plasma calcium than their dams. This is supported by the 

findings of Godden and Allcroft (2, 32) but not by those of Green and 

Macaskill (36) who could find no significant difference between the calf 

and its dam in this respect, Gooden and Allcroft state that the serum 

calcium of the calf dropped after fourteen days from a level of 13. 5 -

13. 8 mg. percent to a level of about 12. 3 - 12. 8 rag, of calcium per 100 

cc. of serum, and thereafter remained steady at about 12, 4 mg. percent; 

this was true for five out of the six calves studied. Salit (100) in 

1934 working with cattle of various ages found in calves four to eight 

weeks old, in young adults one to two years old, and in older animals 

five to ten years of age, average values of 11. 5, 10. 32, and 9. 69 mg, of 

calcium per 100 cc, of serum, respectively; this shows calcium decreasing 

with advancing years. 

It is common practice to use serum for calcium estimations, 

but the calcium content of the whole blood is of some interest. Peters 

and Van Slyke (93) conclude from the results of various workers that in 

man the circulating red blood cells are almost, if not entirely, devoid 

of calcium. But Thomas (112) working with cattle in Australia found 

that ox red blood cells contain definite amounts of calcium, namely, 6, 1 mg. 

per 100 cc. of cells. 

Of the serum calcium a portion is non-ionized and non-diffusible, 

a part is non-ionized but diffusible, and a third portion is both ionized 

and diffusible. In man roughly 40-60 percent of the serum calcium is 

diffusible and about 20 percent of the total calcium is ionized, Brull (12) 
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working with ultrafilteration experiments in vivo in the dog, found 6. 66 

mg. percent of calcium to be filterable from a plasma calcium of 10. 8 mg. 

per 100 cc. Seekles, Sjollema, and van der Kay (lOl) found in three cattle 

with an average total serum calcium of 9. 80 rag. percent, 5. 43 mg. percent 

to be diffusible. In another paper (102) the same workers found that in 

a group of eleven cattle the averaged results gave a diffusible calcium 

of 5. 23 rag. percent of which 1.65 mg. percent was ionized. 

Little and Mattick (64) found that at parturition there was 

a marked decrease in both the diffusible and the total calcium. They 

found that at calving the total calcium dropped from 11, 0 rag, percent to 

9. 35 rag. per 100 cc. of serum, and that the diffusible fraction dropped 

from 4. 15 mg. percent to 3. 45 rag. of calcium per 100 cc, of serum, 

COLLECTION OF SAMPLES. 

The serum for the determinations in this work was obtained at 

the same time as the blood for the inorganic phosphate estimations already 

described. The possibility of a seasonal variation was avoided by doing 

all the analyses during the winter months. 

Blatherwick (9) has shown that the fasting of the slaughter-

house cattle prior to the taking of the sample will not affect the serum 

calcium values. Thus no difference in the results obtained from the con-

trol and the slaughterhouse groups will occur upon this account. 

Twenty-five cc. of blood were collected and after removal of 

four cc. for inorganic phosphate, and 2 cc. of blood for blood cell volume 

estimations, (to be described later), the remainder was set aside and 

allowed to clot. The clot was freed from the sides of the tube and the 
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tube containing the clot and serum was placed in the ice-box over night. 

The next morning, about eighteen hours after the sample had 

been obtained, the tube containing the clot and serum was centrifuged, and 

the clear serum removed and used for the determinations. That this delay 

in determining the serum calcium did not invalidate the results was shown 

by Mattick and Little (64). They found that no change occurred in the 

total calcium content of cattle serum within several days, whether the 

serum was removed from the clot, or allowed to remain in contact with it, 

provided that the material is kept in sterile vessels and in an ice chest. 

The determinations were done in duplicate and an average of 

the two analyses used as the estimate of serum calcium. 

METHOD 

Calcium was estimated on the serum by the Clarke-Collip (20) 

modification of the Kramer-Tisdall (60, 111) method. The calcium is 

precipitated directly from the serum as oxolate and the latter is titrated 

with potassium permanganate. 
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T A B L E 4. 

CALCIUM 

Calcium in milligrams per 100 cc. serum. 



Table 4 - Cont'd. 
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T A B L E 5. 

Calcium in milligrams per 100 cc. serum. 

The controls are those animals at the O. A. C. which were 

not subjected to shipment or stockyard management. 
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T A B L E 6. 

Calcium in milligrams per 100 cc. substance as recorded in its literature, 
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Table 6 - Cont'd. 

* The results obtained in this investigation. 
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R E S U L T ' S 

A summary of the results of the serum calcium determinations 

is given in table 4. Serum calcium, inorganic phosphorus, and the blood 

cell volume percentage were determined upon each sample. The complete 

results are found in the appendix. The results obtained from the animals 

in the control group are marked in the appendix with an asterisk. 

Few workers have used age groupings similar to those used in 

this paper. In table 6 the percentage of calcium in the blood of Ontario 

cattle are shown together with the findings of other workers the world 

over, as reported in the available literature. 

In table 5 will be found the average figures for serum calcium 

of larger groups of the slaughterhouse animals compared with the averaged 

values for similar groups amongst the control cattle. 

\ 
D I S C U S S I O N 

In table 4, there is observed a gradual drop in serum calcium 

in cattle with increasing age. From an average of 11.64 mg. percent in 

the serum of calves at one month of age, it drops to an average of 9. 9 mg. 

per 100 cc. of serum at the age of ten years. 

The results obtained from the animals in the control group are 

not found to differ materially from those obtained from the slaughterhouse 

animals as noted in table 5. Hence it may be concluded that normal stock-

yard management does not Invalidate serum calcium determinations made upon 

butcher cattle at the time of killing. 

In table six it will be seen that the results obtained from 

Canadian cattle are similar to those obtained by workers using British 
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Columbian, New Zealand, Australian, and English cattle. 

With regard to the serum calcium of calves one and two months 

of age, it will be noted that the findings of Godden and Allcroft in 

England are consistently higher than those in the Ontario animals. It 

may be that there Is a seasonal variation in serum calcium and that the 

English workers made their investigations during the summer months. 

No seasonal variation of significance would appear to exist 

in adult cattle in Ontario. The work of Mclntosh on Ontario cattle dur-

ing the summer months gives almost identical results, except in the 

minimum range, with those of this investigation, made during the winter 

months. 

With regard to adult cattle the findings in this work are 

consistent with those of other workers. The most notable difference 

being in the extensive range for serum calcium as observed by Craige, 

and by Norris, and by Hayden and Fish. In this work no such marked range 

of serum calcium was observed, and this result corresponds with the find-

ings of McIntosh, Josland, Grelg, and Clark. 

The same methods or slight modifications of them were used 

by all the above mentioned workers. 

S U M M A R Y 

(1) One hundred and eighty-nine determinations for serum 

calcium were done upon the blood of 189 cattle ranging from one month to 

ten years of age. 



(2) In the one-month-old animal serum calcium was higher 

than in the young adult; it remains fairly constant for a number of years 

and then shows a slight decrease. 

(3) There is no significant alteration produced in serum 

calcium by normal stockyard or killing-floor management. 

(4) There is no material difference seen between the serum 

calcium percentage found in Canadian cattle and that of cattle in other 

countries. 
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THE B L O O D C E L L V O L U M E P E R C E N T A G E 

INTRODUCTION 

The red blood cells of cattle contain a certain, not definitely 

established amount of inorganic phosphate. Stare and Elvehjem (104) found 

the corpuscles to have 5. 20 mg. percent of inorganic phosphate in blood, 

the plasma of which contained 7. 40 mg. percent. Since the amount of inor-

ganic phosphate within the cells appears to differ from that in the plasma, 

the cell volume percentage was determined upon the samples used for phos-

phate estimations • 

Upon the blood cell volume 100 cc. of whole blood, in cattle 

only meagre data could be found in the available literature. In this paper 

opportunity has been taken to make some observations upon the effect of 

age upon the cell volume percentage in cattle blood. 

In man, Stearns and Warweg (105) found that the blood cell 

volume per 100 cc. of whole blood in new born Infants is higher than that 

of adults. An increase is noted during the first three days of life, but 

by the eighth day a drop in the corpuscle volume is distinctly seen. This 

decrease continues throughout the second week; it is recorded that one five-

week-old infant had only 25 percent of its whole blood as cells. After 

a low point occurring between two and eight weeks of age is reached, the 

corpuscle volume percentage increases slowly during childhood, rising during 

early adolescence. 

In cattle Meigs, Blatherwick and Cary (79) found in one calf 

a higher blood cell volume percentage at birth than at one year of age, 

whereas in four others they noted a slightly higher volume of cells in 
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the whole blood in the year old animals, than was found at birth. 

In calves Craige (23) gives 38. 3 volume percent of cells in 

whole blood with a range of 30 to 50 volumes percent. In adults he 

gives the same range, but working with fat steers he found an average 

volume percentage of 42. 5. Von Deseo (24) in adult cattle gives a 

range of 30 to 54 cc. of cells per 100 cc. of whole blood. Thomas (112) 

gives 40. 16 volumes percent of cells in the whole blood of adult cattle. 

The influence of lactation upon the blood corpuscle volume 

has been investigated in connection with the blood constituents by 

Blackwood (6) and Blackwood and Stirling (5, 7). They found 39. 9 and 

36. 8 volumes percent in the non-lactating and 38. 8 and 36. 5 cc. of cells 

in 100 cc. of whole blood in the lactating animal. 

In man, according to Pucher (95), the blood cell volume per-

cent is lower during the summer months. On the other hand Clowson (21) 

found higher red blood cell counts in American cattle during the summer 

time which may indicate a higher blood cell volume percentage in Americ-

an cattle during the summer. This question as to a seasonal variation in 

the blood cell volume percentage in cattle is not yet settled. 

COLLECTION OF SAMPLES 

The samples used for these determinations were obtained at 

the same time, and in the same manner, as those to be used for the inor-

ganic phosphate, and calcium estimations. Four cc. of fresh blood were 

added to 8 mg. of powdered potassium oxalate and well shaken. Since the 

same amount of anticoagulant was added to each sample the slight shrink-

age produced thereby, and consequent slight reduction of the corpuscle 
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volume percentage, is constant throughout in all the samples. 

METHOD 

In determining the blood cell volume percent Lamarre (61) 

states that centrifugation is essential with cattle blood. 

The Haematocrit introduced by Hedin (48) was used in these 

determinations. Millar (81) showed that in using the haematoctit to 

determine the blood cell volume percent high speeds were necessary. 

Green and Macaskill (36) concluded that regardless of speed the hematocrit readings on cattle blood were not correct. They stated that the 

true corpuscle volume percent was only two-thirds of the apparent vol-

ume owing to the presence of plasm between the compacted cells. But 

Thomas (112) found that with cattle blood the Haematocrit readings agreed 

with the calculated volume and could be regarded as a true estimation 

of the blood cell volume percentage. 

The seasonal variation, if one exists, was again avoided as 

all determinations were made during the winter months. 

The estimations by the hematocrit method were made the same 

day, and within four hours of obtaining the sample. The determinations 

were done in duplicate and the averaged result taken as the true blood 

cell volume percentage. The Haematocrit was centrifuged at 3, 000 to 

4, 000 R. P. M. until a constant volume was reached. 



Cell Volume Percent Whole Blood 

T A B L E 7. 
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Cell Volume Percent Whole Blood 

Table 7 - Cont'd. 
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T A B L E 8 

The Cell Volume per 100 cc. of Whole Blood. 

The controls are those animals at the O. A. C. which were 

not subjected to shipment or to stockyard management. 



Cell Volume per 100 cc. of whole Blood as Recorded in 

the Literature. 

Results obtained in this investigation. 

T A B L E 9. 
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RESULTS 

Table seven shows the findings in the estimation of the 

blood cell volume percent. The calf would appear to have a slightly 

lower blood cell volume percent than mature cattle. However, in all 

eases there appeared individual variations of roughly 20 percent 

between the highest and lowest values in each group. 

Table 8 shows the averaged results in large groups, of the 

control animals along with those obtained from the slaughterhouse group. 

DISCUSSION 

Prom table 7 it will be seen that the individual variations 

between the highest and lowest values in each group are so great that 

the values are of little significance. 

It is noteworthy that in the adult cow the cell volume per-

centage is around 42. percent, which is somewhat less than the normal 

value for the adult in man. 

These values of the cell volume percentage stated for cattle 

are slightly less than the true values because the anticoagulant caused 

a slight cell shrinkage. 

In table 8 it will be noted that the values obtained from 

the slaughterhouse group agree with those obtained from the control 

animals. Therefore stockyard and killing-floor management would appear 

to have no significant effect upon the blood cell volume percentage of 

cattle. 

Table 9 shows the findings of other investigators in this 



field along with those obtained in this work. All sets of values give 

somewhat the same range and average level. 

summary 
(1) The cell volume percentage in 185 cattle from three 

weeks to ten years of age is reported. 

(2) Calves and young cattle have a slightly lower blood 

cell volume percentage than do mature animals. However, the normal 

range is so great that any individual giving results between 30 and 

50 volumes percent may be considered normal, in so far as its blood 

cell volume percent is concerned. 

(3) The normal channels of live stock traffic, and kill-

ing floor management do not materially alter the blood cell volume 

percentage in healthy cattle. 
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APPENDIX 

Inorganic Phosphorus in Mg. per 100 cc. whole blood. 

Calcium in Mg, per 100 cc. serum. 

Blood cell volume per 100 cc. whole blood. 

An asterisk marks the results obtained from the samples. of 

the animals in the control group. 
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