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CHEMICAL DLOOD STUDIES VII. 

INTRODUCTION. 

1'ms article is a continuation of the "·ork done by Graf (1933) and 
Hamersma (1934) on various domestic animals under stated 
conditions, both normal and pathological. It was pointed out that 
many of the figures recorded in the literature \vere of little value 
since they were often obtained from a small number of animals 
examined only a few times or from larger numbers. but examined only 
once (slaughter house specimens) and that as a rule little information 
as regards breed, diet, ·environment, etc ., was given. 

'l'he main purpose of the data here presented is, therefore, to give 
such figures for healthy cattle under stated conditions as will provide 
a comparative basis for pathological work. The following constituents 
have been determined: haemoglobin· (Hb), total nitrogen (T.N.), 
sugar (S.), non-protein nitrogen (N.P.H.), urea nitrogen (U.N.), 
"total" creatinine nitrogen (T .C.N .), uric acid nitrogen (U.A.N.), 
and amino acid nitrogen (A.A.N.). In view of the facilities offered 
by the experiment, it was decided to determine also a number of 
inorganic constituents such as: Chlorine(Cl), Sodium (Na), Potas­
sium (K), Magnesium (Mg), Calcium (Ca), Inorganic Phosphorus (P) 
and Iron (Fe) . Cholesterol was also determined but the figures 
obtained were very variable and inaccurate judging from duplicate 
results. It was therefore decided to omit the cholesterol data and to 
present figures for the lipoid constituents of bovine blood at a later 
date. 

Nine animals of different sexes, age from 15 to 27 months, were 
included in the experiment and kept on the rations for 2 months 
before the analyses were started. 1'he analyses were done 18 times 
over a period of 12 months (August, 1933-July, 1934). The original 
plan was to do the analyses fortnightly but this proved to be impos­
sible . 

TECHNIQUE. 

(a) RATION AND ENVIRONMENT. 

The animals were arranged in three groups, each group being 
placed on a different ration as follows :-

G1·oup A.-B. 4528, 5146,5184.* 

Dry Grass (24 lb. per clay). 

Crushed Mealies (3 lb. per day). 

Silage (30 lb. per day). 

Salt (! ounce per day). 

Blood meal (t lb. per day). 

Bonemeal (1i ounce per clay). 
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GToup B .-B. 4548, 4607, 4654. 
Dry Grass (24 lb. per day). 
Crushed Mealies (3 lb. per day). 

P. J. HAMERSMA. 

Green Fodder (30 lb. per day) (only fefl in December). 
Salt (! ounce per day). 
Blood meal (t lb. per day). 
Bonemeal (1i ounce per day). 

GToup C.-B. 4626, 4667, 4533.* 
Dry Grass (24 lb. per day). 
Crushed Mealies (3 lb. per day). 
Salt (~ ounce per clay). 
Blood meal (t lb. per clay). 
Bonemeal (1 i ounce per clay). 

As the first 10 months of 1933 represented one of the driest periods 
Onclerstepoort has ever experienced, we could not feed these rations as 
regularly as we would have liken to. For only one month green 
fodder was available. The silage was feel during the whole period. 
Finally, when the experiment was concluded, the differences between 
the results of the three groups were so insignificant that it was decided 
to take the seven animals that survived as being in one group. How­
ever, we giYe the numbers of the animals in the three groups with 
their rations and from Tables 2 and 4-23 any individual differences 
can be noted. 

'rhe dry grass, green fodder and silage were given early in the 
morning (7 a.m.) and the mixture of crushed mealies, salt, bonemeal 
and blood meal at 2 o'clock in the afternoon. 

These three groups were kept in three different kraals next to 
each other, each kraal having its own stable which was always lefi. 
open. The animals in the same group were not separatefl from one 
another. 

The bovines were all in a fine condition when the analyses were 
commenced (see weights of each animal under History of Experimen­
tal Animals). 

(b) HISTORY OF ExPERIMENTAL ANIMAJ,s. 

D.O.B. 5146. Hei/eT. Age: 16 months. Born 4.4.32. 

Negative for tuberculosis (22.5.33). 

Weight: 13. 6.33-625 lb. 
23. 9.33-725 lb. 
23 .12.33-730 lb. 
23. 1.34-720 lb. 
21. 3.34-765 lb. 

* These two animals died of anthrax during the experiment and none of their data has 
been included. Their loss is regrettable because the remaining two animals of each respective 
group cannot be regarded as really represent~ttive for ration·group purposes. 
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CHE1IICAL llLOOD STUDIES VII. 

D.O.B. 4528. Ox. Age: 27 months. Bani 1Z.5.3l. 

Previous to inclusion in this experiment hacl been immunised 
against Anthrax, Black Quarter ,and Redwater. Proved to be negative 
for tuberculosis. Had been in metabolism experiments (Ca,P). 

Weight: 13. 6.33-555 lb. 
<:3. 9.33- 665 lb. 
23.12.33- 740 lb. 
23. 1.34-740 lb. 
21. 3.34---785 lb. 

D.OB. 4548. Ox. Age: 26 months. Born 10.6.31. 

Metabolism experiments. Immunised against Anthrax, Black 
Quarter and Redwater. Negative for tuberculosis. 

Weight: 13. 6.33-565 lb. 
23. 9.33- 703 lb. 
23.12.33-706 lb. 
23. 1.34-706 lb. 
21. 3.34-635 lb. 

D.O.B. 4607. Heifer. Age: 24 months. BoTn 20.7.31. 

Immunised against Anthrax, Black Quarter, negative for Tuber­
culosis. Utilised in Theileria and Anaplasmosis Experiments. 

VV eight: 13. 6.33-620 lb. 
23. 9.33-640 lb . . 
20.12.33- 670 lb. 
23. 1.34-671 lb . . 
21. 3.34---640 lb. 

D.O.B. 4654. H ei,fe1'. Age: 22 months. Born 1.10.31. 

Negative for tuberculosi"s. 

lVeight: 13. 6.33- 450 lb. 
23. 9.33-495 lb. 
2-3.12.33-500 lb. 
23. 1.34---502 lb. 
21. 3.34---520 lb. 

D.O.B. 4626. Hei/e1'. Age: 23 months. Born 15.9.31. 

Negative for tuberculosis. 

W e·ight: 13. 6.33-550 lb. 
23. 9.33-620 lb. 
23.12.33-705 lb. 
23. 1.34---700 lb. 
21. 3.34---700 lb. 
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P. J. HAMERSMA. 

D.O.B. 4667. Heifer. flge: 21 months. Bom 13.11.31. 

Negative for tuberculosis and contagious abortioit. 

TV eight : 13. 6.33- 430 lb. 
23. 9.33-435 lb. 
23 .12.33-465 lb. 
23. 1.34-465 lb. 
21. 3.34-550 lb. 

(c) METHODS Ol' ANALYSIS. 

'rhe methods utilized, except those for chlorine and the mineral 
constituents (sodium, potassium, magnesium, calcium, phosphorus and 
iron) have been describecl fully in the first paper of t his series. 
(Chemica.l Bloocl Studies I. See under References.) It must be · 
stated here, howeYer, that the ;N.P.N. met4od was, found not to be 
very satisfactory in our hands as duplicates did not always correspond 
too closely, especially when done a few hours or a day afterwards. 
This was found more particularly in the case of the " unlaked " 
filtr ates . 

'l'he rest nitrogen was calculated by subtracting the sum of urea 
nitrogen, amino acid nitrogen, uric acid nitrogen, and the " total " 
creatinine nitrogen from the respective non-protein nitrogen. The 
figures for rest nitrogen are thus obviously not absolute but are in­
fluenced by the limits of experimental error -of the various fractions. 

For the elements mentioned above, except iron, a tri-chloroacetic 
acid filtrate was used. Chlorine was determined by adding excess 
silver nitrate to an aliquot and titrating the excess back with 
potassium thiocyanate, using ferro-alum as indicator. 

For sodium, potassium, magnesium, calcium and inorganic phos­
phorus the methods described by Malan and van der Ling-en (1931) 
were used . In some cases small deviations from these methods were 
found advisable. In the case of sodium the supernatant fluid was not 
syphoned , but poured off. Furfher the potassium precipitate waR 
wa shed twice with a mixture of acetone and water (1: 3) the third 
washing being " ·ith acetone alone. Magnesium was determined in the 
same aliquot as the calcium after this had been removed by precipita­
tion as oxalate. The oxalate was dissolved by weak hydrochloric 
acid and the calcium determined as described in the above method. 

Iron was deter1i1ined by \Vong' s method as given by Hawk and 
Bergein (1931). 

(d) ARRANGJ<:~mJ:o.·r OF ExPERHIENTAJ, DATA . 

The figures have been tabulated giv.ing averages for each month 
(Tables 1 and 4-23) and for each individua.l animal (Table 2) as well 
as the means minimum and maximum values, etc. (Table 3) . 
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CHEMICAL BLOOD STUDIES VIJ. 

The " laked " figures have been statistically analysed but not so 
the " unlaked " . The discussion of the separate tables, viz., from 
6-16, is therefore only strictly applicable to the " laked " figures but. 
as these are usually only proportionately higher than the " unl aked " 
such a statistical analysis was, not considered necessary for the latter. 
Such findings would not differ appreciably from those of the " laked " 
figures. 

As regards the other constituents, viz., the minerals and haemo­
globin, these have also been statistically analysed . 

A comparison with t he results of other \Yorkers is included as far 
as such figures could be obtained. 

'l'he fo llowing abbreviations have been used both in the tables 
and in the text :-

L. and 1.- ' ' laked' ' . 

U. and u.-" unlaked " . 

S.-sugar. 

Hb.-Haemoglobin. 

T.N.-total nitrogen. 

N.P .N.-non-protein nitrogen. 

U.N.-urea nitrogen. 

"T."O.N.-" totnl " creatinine nitroge n. 

U.A.N .-uric acid nitrogen. 

A.A.N.-amino acid nitrogen. 

R.N.-rest nitrogen. 

av.-average. 

no.-number. 
detms .-determinations. 

cliff .- difference. 

an .-analyses. 

EXPERIMENTAL DATA. 

Tables 1-23 and Discussion. 

Bovine No. 5146 . H eifer . 

" 
4528. Ox. 

" 
4548. Ox. 

" 
4607. H eifer . 

" 
4654. H eifer. 

" 
4626. H eifer. 

" 
4667. Heifer . 

448 



I'. J. HA ~\1 ETC~~L\. 

TAllLE 1. 
Table of Averages (7 Animals) for each Month. 

·--

I 
1933. 1934. 

I Aug. I Sept. I Oct . I Nov. I Dec. Jnn. 
I 

:Feb. IMarch.j April. I May. I June. I July. 
I , 

Hb. gm, per 
100 cc .... 13·64 13 ·80 13·17 13·68 13·40 13·99 13·11 12·17 12·04 12·41 13·59 12·5 6 

----- ------------------------- ----
T.N. gm. per 

100 cc .... 3·014 3·098 2·912 2·916 2·890 2·940 2·727 2·714 2·643 2·665 2·719 2·63 5 
-------------------------------- ----

Sugar mgm. 
per cent. 

I ...... 55·5 54·8 59·4 55·4 67·8 60·8 57·3 59·1 64·7 55·1 54·6 53·8 
lf ...... 50 ·5 48·0 50·4 48·1 54·0 52·4 46·4 52·3 47·8 45·0 49·5 45 ·0 

------------------------------- ----

N.P.N.mgm. 
per cent. 

L ...... 19·8 19·0 21·2 23·3 30·0 18 ·4 22·3 20·7 17·2 20 ·4 20·9 20 ·3 
U ...... 12·3 13·2 15·2 15·8 20·9 12·1 13·2 13·6 11·9 13·2 14·2 14·0 

------------------------------
Urea N. 

mgm. per 
cent . 

L .... .. 4·8 5·4 5·1 5·5 10 · 1 5·6 7·0 4·5 3·4 6·0 5·0 6· i) 
-----------------------

T .C.M.mgm. 
per cent. 

L ...... 2·31 2·30 2·43 2·63 2· 16 2·46 :?·57 2·47 2·44 2·51 2·46 2·54 
U ...... 1·95 1· 88 2·08 2·22 1·97 2·10 2·28 2·19 2·48 2·18 2·10 2·16 

--------- - - ----------
U.A.N. mgm. 

per cent. 
L ...... 0·62 0·53 0·51 0·58 0·45 0·59 0·43 0·37 0·53 ·036 0·45 0·45 
u ...... 0·12 0·13 0·11 0·25 0·14 0·19 0·19 0·14 0·28 0·19 0·18 0·21 

--------------------

A.A.N.mgm. 
per cent. 

L ...... 5·62 5·37 5·01 4·90 4·46 6·26 5·13 5 ·42 5·52 4·66 5·46 5·46 
U .. .... 4·52 4 · 70 4·10 4·50 3·90 4 ·57 4 · 29 5 ·02 5 ·04 4·11 4·66 4·15 

----------------------
Cl. mgm. per 

cent ...... 311 322 304 299 292 310 298 295 304 296 290 286 
----------------------

Na. mgm. 
per cent . . 300 284 285 286 289 284 292 307 317 294 310 290 

-- - - ----------- - -----

K. mgm. per 
cent . ..... 37·5 40·6 40·8 40·3 41·6 39·8 39·8 37·2 36·7 35·7 37·5 33·4 

----------------------
Ca. mgm.per 

cent ..... . 12·5 10·2 10·0 9·8 9·9 10·2 9·3 ' 10 ·9 12·1 11·0 12·4 10·4 

Mg. mgm. 
4·07 1 4·70 per cent .. 5·55 4·46 4·54 4·43 4·79 4·20 4·93 4·59 4·70 -

ln01·g. P. 
mgm. per 
cent .. . ... 7·84 7·26 8·04 7·25 7·49 6·25 6·53 6·42 7·24 6· 72 7·41 6·82 

--------- -----------------
Fe. mgm . 

per cent . . 50·0 49·0 49·0 51·0 56·0 50·0 46·0 55·5 45·0 43·0 45·0 49·0 
---·~·· 
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CHEMICAL l3LOOD STUDIES VII. 

In the above table t he average value for the seven animals are 
giYen for each m onth and constituent separately. The table, there­
fore , illustrates such tendencies over the experimental year as may 
exist in ea<;h of these constituents. 

TABLE 2. 

Table of c1 verages for Each Animal over the Year. 

No ... ... .. . . : . . . . . . . . . . . . . . I 5146 1 4528 1 4548 1 4607 1 4654 1 4626 1 4667 

Hb . gm. per 100 cc .. . ...... 14·87 12·79 12·18 12·89 13 ·04 13· 47 12·68 
------------- -·- --------------------------
T.N. gm. per 100 cc. .. .. . . . . 3·051 2·759 2·681 2·841 2·808 2·857 2· 771 
-·------------·- --------------------- ------
Sugar mgm. per cent. L..... 63·1 

u .. . . . 56·4 
56·8 
49·5 

55·5 
46·7 

55·7 
46·4 

61·3 
51·7 

53·9 
41·8 

53· 1 
48·5 

- --------------·- ---- ---- ---- ----- ---- - - - - ---
N .P.N. mgm. per cent. L..... 21 · 9 

u..... 12· 5 
23 ·2 
15·8 

20·8 
13·2 

18·9 
15·4 

21· 9 
15 ·6 

19·7 
13 ·3 

21· 7 . 
15·3 

--- ----------- ------ - ------ - --- - -------J--
U reaN. mgm.percent. L..... 5·31 6·19 4·98 5 ·60 6·56 5·23 6·33 
--- -------- -- ------- - ---------------
T.C.N. mgm. per cemt. L .... . 2·48 2·51 2·51 2·61 2·45 2 ·36 2· 57 

u .... . 2·04 2·21 2·14 2·20 2·08 2 ·07 2·17 
--- - - - ---- - - - ---------

U.A.N. mgm.per cent. L .... . 0 ·63 0·50 0·53 0·37 0·49 0·48 0 ·45 
u .... . 0·20 0 · 19 0·17 0·16 0·24 0·16 0·17 

- ----- ------ - -----
A . .'\.N. mgm. per cent. L . . .. . 5·55 5·42 5· 20 4·49 5·19 5·29 5·34 

u .. . .. 4·56 4 ·72 4·39 4·03 4·49 4·46 4·56 
------ --·-·- ------ - - - ---

Cl. mgm. per cent ....... . . . . 291 296 30i 308 309 297 305 
--------------- - ----------------- --
Na. mgm. per cent .... ... .. . 298 293 291 297 290 291 304 
----------- - -------------------
1(. mgm. per cent........... 36·4 40 ·6 38·8 39 ·8 35·4 38·6 :15 ·0 
------------1--- - - ------------ - ------
Ca. mgm. per cent. ...... .. .. 10· 6 11 ·4 10·6 11·0 10·9 10·3 10·7 
----- --------1------------------- ----
l\Ig . mgm. per cent . ...... .. . 4·6 4·4 4·4 4·3 4 ·6 4·4 4 ·7 
---- --------1------------------- - --
I norganic P. mgm. per cent. 7 ·4 7·2 7·5 6· 1 6·2 6·6 8·1 
----------1--- - ----------------
Iron mgm. per cent. ... . ..... 53 ·0 45·0 47·0 49·0 50·0 52·0 48 ·0 

In the above table the average value over t he experimental year 
is given for each animal and consti tu ent separatelyJ This table 
illustrates the existing differences behYeen averages for sepa.rate 
animals in each constituent . 
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P. J. I-IAMEitS111A. 

TAllLE 3. 

Total Aurage over a Year, S.D., C. of T!ar., Range and 
Number of Observat-ions. 

Constituent. 1\Iean. S.D. 

Gm. p. 100 cc. 
Hb ................. 13·13 ± 1·396 

Gn•. p. lOO .cc. 
T.N ............. . .. 2·824 ± 0·223 

lofgm. l'· 100 cc . 
Sugar L . .. .......... 58·2 ± 8·517 

u ............ 48·6 

N.P.N. L . ........... 21 · 1 ± 2·879 
u ........... 14·0 

Urea N. L ....... .. . 5·74 

T.C.N. L .......... . 2·50 ± 0·2476 
u ........... 2·13 

U.A.N. L ............ 0·49 ± 0· 132 
u ........... 0·18 

A.A.N. L . ........... 5·27 ± 0·408 
u ........... 4 ·41 

Cl. ..... ·-·· ........ 301 ± 7·415 

Na .. .. .... . ........ 295 ± 14·67 

K . ........ . ..... . .. 38·6 ± 3·282 

Ca ....... . .... . .. ... 10·7 ± 1·006 

Mg ................. 4·64 ± 0·524 

Inorganic P .... .. ... 7·10 ± 0·6559 

Fe ................ . . 49·0 ± 4·775 

C. of Var. 
% 

10·6 

7·9 

14·6 

13·6 

9·9 

27·0 

7·7 

2 ·5 

5·0 

8·5 

!l ·4 

11 ·3 

9 ·2 

9·8 

Range for 
95% 

Probability. 

9·90- 16·36 

2·38- 3·27 

39·1- 77·3 

12·6- 29·6 

1· £8- 3.02 

0·17-0·81 

4·04- 6 ·50 

274- 325 

260- 330 

29·8- 47· 4 

8·0- 13·4 

3·41-5·87 

5 ·00- 9·21 

37-61 

No. of 
Observa­

tions. 

126 

123 

126 
126 

- ---
120 
122 

115 
- ----

113 
115 

119 

- - --
126 
124 

113 

123 

113 

119 

115 

119 
- --- -

125 

In columns 2, 3 and 4 are given the mean, standard deviation 
and coefficient of variabi lity, respectively. These values are 
calculated from all the observations, given in the respective tahles 
for the constitueuts. The ooefficients <lf variabilities, column 4, 
indicate the relative variation in the observations for each con­
stituent. 

Column 5 gives the range within which approximately 95 per 
cent . of similar observations may be expected to fall . 
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CHEMICAL BLOOD STUDIES VII. 

TABLE 4. 

Haemoglobin (Hb) gm. pe1· 100 c.c. Blood. 

No. I Aug. I Sept. I Oct. I Nov. [ Dec. j Jan. [ Feb. ~~brch. [ April. I May. [ June.[ July. 

5146 . ...... 13·03 15·91 15·57 16 · 14 14·28 13·68 15·10 12·79 14·26 15 ·07 16·29 16·29 
4528 ....... 14·31 14·55 10·87 11·67 11·40 11· 96 12·37 11·67 12·91 12·82 14 ·49 14 ·49 
4548 ... . ... 12·23 13 ·01 13·50 12·95 14·28 12·42 
4607 ....... 12 ·95 13·21 12·50 13 ·05 13·87 14·08 
4654 ..... . . 15·79 14·83 13·98 15·46 15·98 14 ·72 

11 · 70 11 ·96 11 · 14 
11·21 13·31 12 ·42 
12·27 10·60 10·87 

ll ·08 11·98 
12·76 13·31 
10·30 ll·67 

9·9 
11· 9 
9·9 

4 
6 
7 

4626 ... .... 15·18 13·61 13·90 14·38 12·59 14 ·49 15·40 12·01 11· 24 11·38 14 ·08 13·31 
4667 ... ... . 11·97 11·51 11 · 90 12·12 11·39 16·60 13·70 12 · 83 11 ·39 13·4'l 13·31 11·9 

--- --- --- ---- --- ------ --------- -----
AvERAGE 13·64 13·80 13·17 13·68 13·40 13·99 13·11 12 · 17 12·01 12·41 13·59 12·5 

---------=== ---------=== ------=== == 

Haemoglobin. 

The average through the course of the year remained fairly 
constant, showing no significant variation between monthly averages. 
The differences between the mean values for individual animals show 
that bovine 5146 has a considerably higher mean value than the other 
animals (Table 2). Except for the first animal there is a reasonable 
agreement between the other means in the sense that there is not a 
single significant difference between any two of them. 

The data hardly warrants a sex comparison when the animals 
are so few and no definite conclusions can be drawn although it may 
be noted that the two oxen (4628 and 4648), being incidentally also 
the oldest animals in the group have the lowest averages, while both 
of these animals were feel better food than 4626 and 4667. Animal 
5146, the youngest, has the highest mean. Here, ho"ll"ever , 4667 , 
being the second youngest, has the second lowest Hb mean (Table 2). 
Nate that animals .5146 and 4628 were both feel silage. 

In all 126 analyses have been clone, 18 per animal (see Table 3). 

'fABLE b. 

Total Nitrogen (T.N.) gm. ]J e1· 100 c.c. Blood. 

6 

6 

No. I Aug. I Sept. [ Oct. I Nov. I Dec. \ Jan. I Feb. \March. I April. I May. I June. [ July. 

5146 ....... 3·038 3·199 3·318 3·271 2·982 3·080 2·709 3·015 2·961 3·024 2·971 (2·92) 
4528 ....... 2·954 2 ·992 2·768 2·6i6 2·590 2·618 2· 856 2·667 2·744 2 ·712 2·968 2·562 
4548 ....... 2·810 2·856 3·033 2·891 2·884 2·702 2·433 2·60i 2·485 2·525 2·429 2·548 
4607 .... .. . 3·020 2·912 2·816 2·800 2·905 3·122 2·772 2· 786 2·674 2·747 2·667 2·870 
4654 ... . ... 3·164 3·157 3·168 3·157 3·031 3·102 2·569 2· 618 2·422 2·425 2·324 2·562 
4626 ....... 3·213 3·059 2·765 2·965 2·870 3·094 2·794 2·590 2·653 2·492 2·934 (2 · 71) 
4667 ....... 2·901 2·712 2·548 2·712 2·968 2·863 2·9i5 2·691 2·562 2·732 2·842 (2· 63) 

-------------- ------ - --------- - ---
AVERAGE 3·014 3·098 2·912 2·916 2·890 2·940 2·727 2·714 2·64312·665 2·719 2·64 

== ===[=== === === ====== ===.=== === 
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Tota.Z NitTogen. 

The total nitrogen varies from 2 · 24 to 3 · 35 grams nitrogen per 
100 c.c. blood with an average of 2·83 gram per 100 c.c . 

A definite decrease in 'I'.N. towards the ·end of the experiment is 
noticed (':L'able 1 or 5). 

As in the case of the haemoglobin, 5146, the youngest animal in 
the group, has the highest 'l'.N. figure, while 4528 and 4548, the 
oldest animals, have the lowest '1' .N. figures. These two are also the 
only oxen in the group (Table 2). The above differences are sig­
nificant. 

By comparing the T.N. and Hb values in Table 2 there seemB to 
be a relationship. 123 Determinations have been done, approximately 
18 per animal ('l'able 3). 

TABLE 6. 

Sugm· (" Laked " ) ?niJ?n. per cent. 

No. I Aug. i Sept. I Oct. I Nov. I Dec. J Jan.J Feb. IMarch.J April.ll\fay. J June. I July. 
I 

5146 ....... 71·0 65 ·4 65 · 7 58 ·6 85·2 67·1 61·5 84·7 56 ·8 57·0 61 · 3 58 ·8 
4528 ....... 55·0 56·5 60·4 53·2 71·4 60·6 54·3 70·4 48·3 47·6 54·3 51·0 
4548 ....... 54·2 52·0 61·6 55·7 62·5 61·7 60·5 42·0 57·1 54 · 2 51·3 52 ·6 
4607 ..... .. 47·7 52·0 58·4 53·0 57·1 58·5 56·3 73·6 47·3 50·5 48·8 65·4 
4654 ...... . 53·7 55·5 59·8 52·9 72·5 55·9 59·9 50·2 98·0 54·6 55·9 67·1 
4626 ....... 51·9 49·7 52·7 52·9 64·5 57·1 52·7 46 ·0 68·0 53·5 56·8 40·6 
4667 .... ... 55·3 52·3 57·0 61·5 61· 7 61 · 9 56·2 46·8 78 ·0 68·6 51·0 41·3 

-------------------------- ---------
AVERAGE 55·5 54·8 59·4 55·4 67·8 60·8 57·3 59·1 61· 7 55 · 1 54·6 53·8 

- ·- ------- ---== --------=== ------ ---

'l'ABLE 7. 

Sugm' (" Unlalwd ") mgm. peT cent . 

No. I Aug. I Sept. I Oct. I Nov. I Dec.J Jan. I Feb. IMarch.[ April. I May. I June. I July. 

5146 ....... 64·G 54·9 55·2 50·7 72·5 61·0 48·2 71·4 53 ·7 41·5 5!)·5 52 ·G 
4528 ....... 49·0 48·4 52·0 48·4 62·9 51·3 42·2 68·0 39·5 38 ·6 44 · 8 49 ·3 
4M8 ....... 49·1 44·6 48 ·8 49·6 46·5 49 ·0 49·6 38·3 42·4 48·1 52·6 41·7 
4607 ..... .. 43·8 46·1 49·1 44·8 46·7 49·3 46·4 67·6 30·3 47·0 43·1 42·9 
4654 ....... 45·1 48·4 51·4 44·1 53·5 46·5 53·8 37·7 75·2 43·3 58·5 62·5 
4626 ....... 48·4 43·9 44·7 44·2 45·7 50·0 41·2 42 · 0 51 ·3 44·4 48·3 33·0 
4667 ...... . 53·3 49·5 51·7 55·1 50·0 59·5 43·5 41·3 42·5 51· 8 50·0 33·3 

----- -·------------------ -------
AVEHAGE 50·5 ·18·0 50·4 48·1 54·0 52 ·4 46. 4 52. 3 47 . 8 45·0 49·5145·0 

= == = === ===~= 
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Sugar " Lalw d " and " Unlal.:ed ". Discussion. 

The percentage difference between " laked " and " unlaked " 
figures varies from 0 per cent. to 4G per cent. with an average 
difference of 8·1 mgm. per cent., i.e., the average percentage 
difference is 14 per cent. (56· 7-48 ·G). In one case the " laked " 
figure was smaller than the " unla ked " but usually the " laked " 
figure. is the higher of the two . 

There seems to be a slight tend·ency to a rise in the sugar content 
towards the summer months, the difference of the highest and lowest 
averages being 20 per cent. in the cat>e of the " Inked " fig-ures and 
17 per cent. in the case of the " unla ked " figures (see Tables 1 or 6 
and 7). 

'l'here is not a significant difference between the monthly averages 
(see Tables 1 or 6 and 7), but a significant difference between mean 
values for the individual animals, 514G being significantly above all 
others except 4654 which is again above 4626 (Table 2). 

TAJJLE 8. 

Non-protein 1Vit1'og en (" Lal.:ed ") mgm. zJe1' cent. 

No. I Aug. [ Sept. [ Oct. I Nov. [ Dec. I Jan. [ Feb. [March. [ April.\ May. [ June. I July. 

5146 ....... 21·4 19·1 22·4 23·4 30·0 16·9 20·9 19·2 20·0 24·6 23·5 22·0 
4528 ....... 16· 5 19·5 22·2 21·0 42 ·0 15·4 34·4 18·8 16·9 22·8 24·0 24·6 
4548 ....... 24·3 23·2 21·1 23·0 31·6 19·9 15·9 21 · 7 16·2 17·4 17·5 17·7 
4607 ....... 17·fi 15·8 15·5 22·9 26·9 17·8 . 19·5 19·0 16·6 20·1 18·0 17·2 
4654 ....... 22·1 20·5 25·9 25·1 28·6 18·9 22·7 22·7 19·6 18·8 18·4 20·0 
4626 . ...... 17·3 17·5 20·0 24·2 25·0 21·4 18·0 - 14·6 16·9 21·8 -

4667 ....... 19·3 17·6 21·1 23·4 25·9 - 25·0 22 ·7 16 · 7 21·9 23·0 -
--------- - ------------- -

AVERAGE 19·8 19·0 21 ·2 23·3 30·0 18·4 22·3 20·7 17·2 20·4 20·9 20·3 
- - = -- = = = = = = = --= 

TABLE 9. 

Non-protein Nitl'ogen ( " Unlak ed ") mgm. per cent. 

No. I Aug.\ Sept. [ Oct.[ Nov. [ Dec. \ Jan. I Feb. \March. [ April. I May. [ June. [ July. 

5146 ....... 
4528 ...... . 
4548 ....... 
4607 ... .. .. 
4 
4 
4 

654 ....... 
626 ....... 
667 . . . .. . . 

AVERAGE 

! 

ll· 8 
8 ·5 

14·4 
ll · 8 
15·4 
ll·2 
15·0 
--

12·3 
= 

14·3 14·9 12·2 
14· 7 16·9 16·2 
15·0 14·8 14·2 
11·0 11·3 16·2 
13·9 17·3 17·0 
10·6 15·3 16·9 
13·1 15·8 17·9 
--- - --

13·2 15·2 15 ·8 
= -- = 

15·8 9·7 ll·1 9·8 13·5 13·6 ll· 9 11·2 
36·4 ll·4 16·2 11·4 13 ·9 15· 3 15·0 14·3 
20·3 12·2 10·8 12·8 9·7 11·2 ll·3 11·3 
22·2 11· 7 13·0 13·3 13·8 14·7 12·6 12·2 
21·8 13·0 15·3 17·6 15·0 12·4 14·0 14·3 
14·0 14·6 11·0 14·6 7·8 11 · 1 16·2 16·7 
15 ·9 - 15·1 15·6 9·4 14·3 18·3 18 ·2 
----------- - --- -

20·9 12·1 13·2 13·6 11·9 13·2 14·2 14·0 
= ----= = - - -- = 
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As is the case with the Hb and T. N. the sugar is also the highest 
for animal 5146. Younger animals usually have a higher blood sugar 
content, but here 4626 and 4648 (ox) have the lowest blood sugar 
content, 4528 (ox), the oldest animal, coming fourth on the list 
(Table 2). Note t hat 5146 and 4528 were also fed on silage, 4548 
was feel in December on green fodder and 46.26 wa s on the dry ration. 

Non-p1·otein Nitrogen " Laked " and " Unlaked ". Discussion. 

The difference between the '' laked '' and '' unlaked '' figures 
varies from 12 ·1 per cent . to 49 per cent. with an average of 34 per 
cent. and an average difference of 7· 1 mgm. N. per cent (21·1-14 
mgm. per cent.) . 

The only striking feature here is the exceedingly high figure for 
December (Tables 1 or 8 and 9). The ·explanation might be t hat 
three animals, viz., 4548, 4607 and 4654 were fed green fodder in 
December and from 'l'able 8 and 9 it will be not iced that the figures 
for these animals in December are rather higher than those not fed 
on silage, viz., 4626 and 4GG7. For the rest the N .P .N . remained 
practically constant throughout the year. 

No significant difference is noticed in th·e case of the individual 
animals (Table 2). As far as the age is concerned the youngest 
animal, 5146, together with 4654, haYe the second highest N.P.N. 
In the case of the " laked " figures the oldest animal, 4528, has the 
highest N.P.N. Animals 5146 and 4528 were fed sil age, and as the 
N .P .N. usually tends to fluctuate according to the ration, the high 
figures of these tKo animals might be ascribed to- this cause. 

Nothing can be concluded about the sex influence and there is 
altogether no correlation between the N .P. N . and the T .N ., Hb and 
sugar. 

TABLE 10. 

Urea Ndrogen (" Lalced ") mgm. per cent. 

No. I Aug. , Sept . , Oct., Nov. j Dec. j Jan. \ Feb. ,11arch. , April. l l\1ay. , June. i July. 

5146 . .... . . 5·31 4 ·27 4·60 4 · 14 9 ·81 - 3·74 2·51 2·64 7·51 5·66 8·26 
4528 . ...... 3·37 3·95 6·99 5·18 17·19 - 7·70 2·45 1·67 7·70 - 5 ·66 
4548 ....... 6·05 6·67 3·59 4·5'7 ll · 65 5·55 3·42 4·26 2·73 2·01 3·44 5 ·87 
4607 ...... . 5·56 4· 77 3·48 6·44 8·52 5·66 6·54 3·65 4· 13 5· 78 - 7·00 
4654 ....... 5·24 5· 10 7· 97 5·62 9·69 5·66 9·65 7·33 5·37 6·40 6·69 6·02 
4626 .. .... . 3·40 6· 20 4·80 6·47 7·00 - 6·66 4·75 3 ·08 4 ·40 4 · 13 6·69 
4667 .. .. ... 4· 94 6· 84 4·05 6·23 7·00 - 11·12 6·41 4 ·26 8·30 4·H9 5·66 

-------------------------
AVERAGE 4·81 5·40 5·07 5·52 10· 12 5·62 6·98 4·48 3·41 6·01 4·98 6·45 

--= = = = -- - - ---- - - = --
' 

Urea Nitrogen ( " Lalced" and " Unlalced "). Discussion. 

The " laked " urea nitrogen varies from 1· 67 to 17·18 mgm. 
nitrogen per 100 c.c. with an average of 5 ·74. 
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A table of the " unlaked " figures is not given because the 
amount of urea in each of the two different filtrates is practically the 
same. 'l'he minimum-maximum variation is 1·67-16 ·8G mgm. urea 
nitrogen per 100 c.c . 

As the urea nitrogen is that part of theN .P.N. " ·hich is the most 
Yariable it can be seen from the tables (viz. 1 or 8, 9 and 10) that 
the N .P.N. fluctuates as the urea increases or decreases ( c£. Decem­
ber and April). 

Since the " laked " and " unlaked " :figures are u sua lly very 
nearly the same it is concluded that the urea nitrogen is 
approximately equally divided between the blood cells and the 
plasma. 

There is not an appreciable differ·ence between the mean values 
for the individual animals (Tables 2), nor is there a marked correla­
tion between the urea nitrogen and non-protein nitrogen, but as has 
been said unrler " M.ethods of Analyses " the N .P .N. method was 
not very satisfactory. 

The sex and age appears to exert no definite influence on the 
composition of the blood . 

TABLE 11.. 

" Total " Creatin·ine Nitrogen (" Laked ") mgm. ]Jer cent. 

No. Aug., Sept. , Oct. [ Nov. \ Dec., Jan. j Feb. ,March. , April. \ May., June. ,.July. 

5146 ...... . 2·44 2·22 2·45 2·57 1·()7 2·62 2·35 2·66 2·66 2·66 
4528 ..... . . 2·16 2· 19 2·62 2·66 1·97 2· 75 2·66 2· 66 2·85 2·35 
4548 ....... 2·42 2·58 2·66 2·57 2· 76 2· 7.~ 2· 27 2·27 2·35 2·35 
4607 .... .. . 2·50 2·23 2·99 2· 63 2·96 2·48 2·16 3·08 2·60 2·42 
4654 ....... 2·35 2·41 2·14 2·85 2·25 2·38 2·85 2· 23 1·92 2·11 
4626 ....... 2·11 2·19 2·02 2·46 2·10 2·42 2·41 2·42 2·35 2·50 2·66 2·41 
4667 ....... 2·23 2·25 2·16 2·65 2·23 2·85 2·58 2·60 2·85 2·66 2·76 2·76 

AVERAGE 2·31 2·30 2·43 -~ · 63 2·16 2·46 [ 2·5~ , 2·47 1__: · 44 2·51 2~~ --=~~= 
--------------~--

TABLE 12. 
"Total" Creat·inine Nitrogen ( " Unlak ecl ") mgm. per cent. 

No. I Aug., Sept. \ Oct., Nov., Dec., Jan. , Feb. \March. , April. I May., June., July. 

5146 ... . ... 1·88 1·86 2·29 2·20 I - 1·64 2·16 1·35 2·66 2·23 - 2·01 
4528 ..... . . 1·78 1·72 2·38 2·45 - 1·82 2·37 2·16 2·66 2·75 - 2·04 
4548 ...... . 2·33 2·04 1·86 2·19 - 2·49 2·18 2·58 2· 10 1· 82 1· 86 -
4607 .. . .. . . 1·95 2·07 2·12 2·20 - 2·11 2·24 2·10 3·04 2·35 1· 86 -

4654 .. .. ... 1·91 1·84 2·16 2·26 - 2·23 2·05 2·6'1 1·90 1·80 2·01 -
4626 ....... 1·78 1 ·76 1·89 1·97 1·97 2· 15 2·31 2·15 1·86 2·10 2·48 2·23 
4667 ....... 2·00 ]·84 1·84 2·30 1·97 2·23 2·58 2·34 2·10 2·20 2·28 2· 3fi 

------------------------
AVERAGE 1·95 '1·88 2·08 __2_:_:~,1· 97 2·10 2·28 2·19 2·48 2·18 2·10 2· 16 

= = == = = =1=-
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" Total" CTeatinine Nitrogen "Laked " and " Unlalced ". 

Discussion. 

'l'he difference between " laked " and " unlaked " " total " 
creatinine nitrogen lies between 0 and 42 ·4 per cent., the average 
difference being 15 per cent., and expressed in m,gm. it is 0· 07 
(2 . 50-2 ·13). 

There is no significant seasonal variation. Note that many 
values for December and July are missing (Tables 1 or 11 and 12). 

There is no significant difference between individual animals, the 
averages being very nearly equal (Table 2). 

'rhere is no obvious correlation between the " total " creatinine 
nitrogen and urea nitrogen or T.N., Hb or sugar nor does, sex and age 
appear to exert an influence. 

'rADLE 13. 

Uric Acid' Nitrogen ( " Lal,·ed " ) mgm. per cent. 

No. I Aug. I Sept. I Oct. I Nov.! Dec. I Jan. I Feb.ll\iarch.l April. I May. I June. I July . 

514() ..... . . ·98 ·61 ·59 ·98 I ·22 ·76 ·61 ·59 ·67 ·42 ·48 ·63 
4528 ... ' ... ·90 ·67 ·47 ·50 ·37 ·51 ·42 ·38 · 60 ·28 · 41 ·39 
4548 ..... ' . ·53 ·51 ·75 ·64 I ·67 ·63 ·42 ·39 ·56 ·42 ·36 ·43 I 
4607 ...... . ·51 ·33 ·34 ·37 ·26 ·39 ·35 . 27 ·48 ·34 ·39 ·38 
4654 .. .. ... ·73 ·87 ·44 ·60 ·53 ·48 ·38 ·28 ·44 · 31 ·31 ·51 
4626 .. .... . ·28 ·36 ·52 ·45 ·67 ·76 ·45 ·37 ·46 ·37 ·60 ·41 
4667 ...... . · 40 ·36 ·47 ·50 ·44 ·63 ·38 · 29 ·51 ·37 ·60 ·41 

--------------
~~-~~~~ AVERAGE '62 ·53 ' 51 ' 58 ·45 ·59 ·43 

== === ====·= 

TADLE 14. 

Ur£c Ac1~d Nitrogen (" Unlalced ") mgm. per cent . 

No. I Aug. I Sept. I Oct. I Nov.! Dec. I Jan. I Feb. !March. I April. I May. I June. I July. 

i\146 ....... ·11 ·17 ·21 ·48 ·11 ·27 · 11 ·10 ·33 ·15 ·14 · 17 
4528 ....... ·10 ·29 ·05 ·30 ·09 ·20 ·20 ·ll ·44 ·13 ·14 ·22 
4548 . .... .. ·09 ·10 - ·26 · 14 ·15 ·25 ·16 ·24 ·18 ·18 · 18 
4607 ....... ·15 - - · 18 ·13 · 11 ·18 · 12 ·23 ·15 ·17 -

4654 ... .... ·13 - - · 25 ·20 · 15 ·26 ·22 ·41 ·28 ·23 ·26 
4626 . . ..... - ·05 ·08 ·19 - · 19 · 16 · 16 ·15 ·21 ·21 ·22 
4667 ...... . · ll ·04 ·08 ·21 ·17 ·24 ·18 ·14 ·17 ·21 ·21 ·23 

------------------- ----
AVERAGE ·12 ·13 ·11 ·25 · 14 ·19 ·19 ·14 ·28 · 19 ·18 ·21 

= ------= --- = -- = = = --
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U1'ic Acid N1:t1·ogen, " Lalced " and " Unlalced ". Discttssion . 

The difference of the '' laked '' and ' ' unlaked '' figures vary 
from U to !:J;) per cent. with. an avemge of 64 per cent. There is a 
significant difference between the months but no seasonal tendency is 
noticed ('l'able 1 or 13 and 14). 

By the study on bovines it was soon obvious that uric acid figures 
could usually be obtained from the " unlaked " filtrates, but these 
are very much lower than the " laked " figures. It was thus possible 
that a table for these figures could be drawn up . In the case of sheep 
it was often impossible to determine the uric acid content in the 
unlaked filtrates but in the present instance this was only occasionally 
the case (Hamersma, 1934). 

There is a significant difference between animals as regards the 
" laked " figures, which is mainly due to 5146 (0 · 63) being 
relatively high and 4G07 (0 · 37) rather low (Table 2). 

'l.'he young·est animal (5146) here again has the highest uric acid 
figure, but 4548 and 4528 the oldest animals have the second and third 
highest figure, these also being the only oxen in the group. There is 
not a correlation between the uric acid and the separate constituents 
already considered . 

TABLE 15. 

Am_:ino Acid N1:t1'ogen ("Laked") mg111. ]Jer cent. 

No. I Aug. I Sept. I Oct. I Nov. I Dec. I Jan. ) Feb.IMarch.l April. I May. J June. I July. 

5146 .. .. . .. 5·71 5·43 5·57 5·19 4·00 6·93 4·87 5·55 5·83 4·87 5·83 6·73 
4528 ....... 5· 51 5·47 5·09 5 ·00 4·12 7·61 5·20 5·18 4·93 4·77 5·60 6·54 
4548 ....... 5·77 5·35 4·88 4·76 3·89 6·25 5·23 5·46 5·74 4·68 5·46 4·89 
4607 ....... 5·79 5·00 4·49 4·21 4· 10 5·60 4·83 5·26 5·14 4·25 5·38 5·18 
4654 ...... ' 5·83 5·58 4·93 4·92 4·67 6·03 5 · 14 5·38 5·46 4·39 5·22 4·73 
4626 ....... 5·40 5·38 5·17 5·19 5·26 5·83 5·38 5·81 5·60 4·44 5·38 4·66 
4667 . . ..... 5·34 5·41 4·93 5·02 5·18 5·60 5·26 5·32 5·93 5·19 5 ·38 5·46 

---------------------------
AVEHAGE 5 ·62 5 ·37 5·01 4·90 4·46 6·26 5·13 5·42 5·52 4·66 5·46 5·46 

= - - = = = == = == ---== - - - - -

TABLE 16. 

AnYino Ac·id Nitrogen (" Unlalced ") rng111. per cent . 

No. I Aug.) i:lept.l Oct. I Nov.j Dec. I Jan.) Feb.)March.j April. I May.l June. I July . 

5146 .. ' .... 4 ·52 5·15 4·32 4·57 2·80 5·38 5·02 5·18 4·60 4·37 4·24 4·63 
4~28 ....... 3·85 5·00 4·45 4·90 3·68 5·83 4·55 5·07 4·93 4·50 5·38 5·00 
4548 ...... . 4·86 4 ·37 3·48 4·06 3·68 4·29 4·56 5·83 5·46 3·VO 5·00 3·18 
4607 .... ... 4· 72 4·13 3·68 3·95 3·68 4·51 3·95 4·07 4·37 3·76 4·04 3·50 
4654 ...... . 5·34 4 ·47 4·57 4·05 4·24 4·16 4·53 4·37 5·00 3·96 4·82 4·37 
4626 ....... 4·16 4·84 4 · 14 5 · 19 5· 26 3·18 3·74 5·83 5·00 4·11 4·16 3·89 
4667 ...... . 4·19 4·95 4·10 4·75 4·00 4·66 3·68 4·77 5·93 4·18 5·00 4·51 

------------------- ----~ -----
AVEHAGE 4·52 4·70 4·10 4 ·50 3·90 4·57 4·29 5·02 5·04 4 · 11 4·66 4·15 

----- =----= = =--= = == ------=== - - - ---
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Amino Acid Nitrogen ( ' ' Lalcerl" and " Unlalced "). Discussion. 

The percentage diff€rence between " lal{ed " and " unlaked " 
figures varies from 0 to 42 per cent. In two cases the " laked " figure 
was found smaller than the " unlaked " anrl in three cases equal to 
each other. The average difference is 15·5 per cent . and in mgm. 
0·8 (5·2-4·4). 

'l'here il:l no significant seasonal variation, the highest figure 
being that of January (6·26) and the lowest that of December (4 ·46), 
in the case of the " laked " filtrates, 'l'ables 1 or 15 and 16). 

'l'he significant differences between individual animals are caused 
by the relatively high average for 5146 and low value for 4607. The 
others agree fairly well (Table 2). (Compare uric acid nitrogen.) 
The oldest animal in the group 4528 (ox) has the second highest value 
in the case of the " lal;:ed " and the highest in the case of the " un­
lakecl ". As in the case of tb€ two previous constituents, no correla­
tion exists between amino acid nitrogen and the other constituents. 

'l'he percentage of amino acid nitrogen in the respective N .P.N. 
is very variable. 

It is the following :-

" Lalcerl." 

Aug. Sept. Oct. Nov. Dec. Jan. Feb. March. April. May. June. July. 

------------------ - - -------

28 28 24 21 15 34 23 26 32 20 25 27 

" U nlalced." 

Aug. Sept. Oct. Nov. Dec. J"an. Feb. March. April. May. June. July. 

---------------------------

36 36 27 28 19 38 35 36 42 31 33 36 
I 

Rest iVitrogen. 

" Laked " filtrates . 
)£in.-max . variation 

in mgm . N% 
2·11-13 ·16 

Discussion. 

" U nlaked " filtrates. 
Min.-max. variation 

in mgm. N % 
- 2·42-+5 ·94 

From the rest nitrogen it can be seen that one or possibly more 
of the methods are not very exact, becaus€ not infrequently the sum 
of the different nitrogen fractions of the blood are more than their 
respective non-protein nitrogen. 'l'his, applies only to the " unlaked " 
filtrates and in the writer's opinion is ehiefly associated with the 
N.P.N. determination. (See also under Methods· of AnalyRes.) 
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TABLE 17. 
Chlor,ine mgm. pe1· cent. 

No . I Aug. I Sept. I Oct. I Nov.\ Dec. I Jan. I Feb.\March.\ April. I May. I June. I July. 

5146 ....... 299 321 287 288 281 303 286 277 296 285 282 271 
4528 ....... 311 318 292 306 287 314 295 282 289 285 282 280 
4548 .. . .... 309 325 296 301 289 308 303 305 312 303 293 296 
4607 ....... 312 328 314 307 308 305 295 298 311 306 303 295 
4654 . ... . .. 314 325 315 298 305 302 312 308 323 305 289 302 
4626 ..... . . 304 318 306 290 289 314 - 302 298 293 286 273 
4667 ....... 329 321 317 303 287 321 - 296 302 296 295 282 

--------------------- ----

AVERAGE 311 322 304 299 292 310 298 295 304 296 290 286 
----------= -- = --- = ----

Chlorine. D£scuss,ion. 

There is no seasonal tendency, the monthly differences being 
significant (Table 1 or 17) . 

The differences between the mean values are ins,ignificant. Note 
that 5146 has here again the lowest chlorine content. 

No specific tendency is noticeable as regards age and sex. 

'l'he chlorine figure is not correlated with that of any of the other 
constituents. 

TABLE 18. 

Sodium mgm. per cent. 

No. I Aug. I Sept. I Oct. I Nov.\ Dec. I Jan. I Feb. \March. I April. I May. I June. I July. 

5146 ... .. . . 314 298 305 2731 284 297 289 305 307 300 312 294 
4528 . ...... 294 302 255 3041 266 305 303 305 305 287 297 298 
4548 ....... 266 268 289 295 284 263 290 312 325 301 309 294 
4607 ....... 299 ' 274 297 300 280 278 302 301 347 289 321 278 
4654 ....... 320 259 283 259 284 263 295 312 321 297 297 294 
4626 ....... :302 296 296 268 304 280 272 297 299 284 312 278 
4667 ... ... . 307 289 268 305 321 305 294 314 31G 300 323 294 

---------------------------
AVERAGE 300 284 285 286 289 284 292 307 317 294 310 290 

= == --· -- -------- -------------

Sodium. D'iscussion. 

In some cases ther-e is a s,ignificant variation between the monthly 
averages (Table 1 or 18). 

The animals can be considered as homogeneous as regards this 
constituent, the individual differences being small. · Here again 
animal 5146 has a high figure, being only second to 4667 ('l'able 2). 
Nothing is noticeable about the age or sex. There is, no correlation 
between the sodium figures and that of any of the other constituents. 
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TABLE 19. 

Potassiurn 1ngm. per cent. 

No. I Aug., Sept., Oct. I Nov.\ Dec. I Jan. , Feb. ,March., April. I May., JunP.I July. 

5146 ...... . 30·1 41·5 43 ·2 36·3 42 ·7 34·4 36· 2 33·6 35·7 36·5 33·7 31·0 
4528 ....... 44·9 41·6 41· 9 43·3 44·:! 38·3 44·5 40·8 42·3 40·2 43·7 :~6· 8 
4548 ..... .. - 41· 2 40·2 42·2 43·2 42·9 44·8 40·8 34·8 34·0 36·9 34·4 
4607 ....... -- 41·9 42·9 43·8 43·2 46·8 43·3 40·2 38·4 37·7 32·8 36 ·8 
4654 .. .. ... - 38·3 38·6 42·3 39 ·8 35·1 32·8 30·0 35·7 30·6 40·7 (30·9) 
4626 ....... 37·5 43·8 40·6 38· 6 39 ·0 47·7 40·3 39·6 36·5 35·7 39·3 32·2 
46fl7 .. . . . .. - 35·7 38·0 35·8 39·0 33·8 36 ·6 35 ·2 33·8 :35·4 34·4 31·8 

~---------- --------------

AvERAGll 37·5 40·6 40·8 40 ·3 41·6 39·8 3!l·8 37·2 36·7 35·7 37·5 33·4 
- - - = = = = =----= -----------=== --· 

Potassiurn. D1:scu ssion. 

According to Table 19 (or 1) there seems to be a slight down­
ward tendency to,Yards winter in potassium ; it is, however, m slg­
nificant. 

The differences between the values for individ -ual animals are not 
at all very marked, 4528, the oldest animal and one of the two oxen 
have the highest figure and 4548, the other ox, come thirrl on the list, 
while the three young~st animals haY·e the lowest potassium figures 
(Table 2) . 

There is no correlation between the potassium figures and any 
of the other constituents. 

TABLE 20. 

Calci1t1n rngm. per cent. 

No. I Aug. [ Sept.j Oct., Nov., Dec., Jan. , Feb. ,March., April. I May., June. , July. 

5146 ....... 13·4 10 · 1 9·2 9·0 8 ·5 8·9 8·9 10·4 - 11·4 11· 6 10·4 
4528 .. . .. . . 13·7 ll·O 9·8 9·5 10·1 14·2 9·9 12·0 12·1 ll·O 12·3 10·6 
4548 .. .. . .. 11·7 11·2 ll · 1 10·4 9·9 9·5 9·4 9·2 11· 6 11·3 12·3 9·!) 
4607 ....... 12·2 ll· 2 10·2 10·6 9·8 11· 6 10·5 11·0 10·7 ll·5 12·3 10·4 
4654 .. . .. . . 11 · 7 10·0 10·5 10·7 9·8 8·7 8·6 12 ·7 12·4 ll·4 13·6 9·8 
4626 ....... 12·2 9· 1 9·5 9·0 13·1 8·6 9·0 10 ·9 ll · 6 9·7 12·1 10·6 
4667 ....... - 9·1 9·9 9·7 8·0 9·8 9·0 10·2 14 ·3 10·5 - 10·8 

--------- - --- - - - -- - - --· ---
AVERAGE 12·5 10·2 10·0 9·8 9·9 10·2 9·3 10·9 12·1 ll·O 12·4 10·4 

-------- - = = = = --= = === 

Calciurn . Discussion. 

There is no significant variation between the monthly averages 
except that the :figures for August, April and June are rather on the 
high side (T<a ble 1 or 2U). 
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The di:ffer·ences between the figures for individual animals are 
insignificant though 4528 ha s again the highest value, and 514ti 
comes third (Table 2). 

Nothing can be concluded about the sex and the age rlifferences. 

No obvious correlation between the calcium and other con­
stituents exists. 

TABLE 21. 

Magnesium mgm. per cent. 

No. I Aug. I Sept. I Oct. I Nov. I Dec. I Jan . I :Feb .li\'Iarch. l April. I May. I June. I July . 

5146.0 .. 0 .. 5·38 4·87 3·99 4·88 3·95 3·75 4·47 4·20 7·24 4·89 4·98 --
4528 ... 0 0. 0 5·54 4·27 4·87 4·32 4·27 3·89 4·07 3·45 5·25 4·72 4·66 -
4548 .. 0. 0. 0 5·84 4·50 4 ·30 4·24 5·36 4·57 3·95 5·05 4·10 4·34 4·12 -
4607 0 ... 0 0 0 5·53 4 ·30 4·29 4·18 4· 86 4·04 3·80 4·45 4·3i 4 · 60 4·49 -
4654.0 . 0 0 .. 5·65 4·24 5·32 4·58 5·20 4·20 3·94 5·25 5·36 4·28 4·04 -
4626 ... 0. 0 0 5·28 4·28 4·32 4·30 5·14 4·0i 4·13 5· 12 4·20 4 · 50 .5 ·14 -
4667 .. 0 0 0 .. 5 ·62 4·75 4·72 4·52 4·72 4·91 4·10 5·36 4·04 4·80 5·46 -

--- ---- ---- ------------------------
AVERAGE 5·55 4·46 4·54 4 ·43 4· 79 4·20 4·07 4·70 4·93 4·59 4·70 --

== === === === ------=== == === = -- = 

Magnesium . Discussion. 

'l'he monthly variation is insignificant (Table 1 or 21). 

As regards the magnesium Yalues for individual animals the 
group of animals can be considered as homogeneous ('L'a ble 2). 

Nothing can be concluded about the sex and age. 

No correlation between magnesiUm values ancl that of the other 
constituents is apparent. 

TA13LE 22. 

Inorganic Phosz1horus mgm. per cent . 

No. I Aug. I Sept. I Oct. I Nov. I Dec . I .Jan. 1 Feb. IMarch. l April. I May. I June. I July. 

5146 .. 0 0. 0 0 7·95 7·16 8·97 7·46 7·53 6·42 8·19 7·44 7·71 6·81 7·71 6·12 
4528.0 0 .. 0 0 7·98 7·73 9·10 7·49 8 · 19 6·06 6·33 6·24 6·67 6·90 7·28 7·4i 
4548 .. 0 0 0 0. 7·79 8·24 7·62 7·47 8·74 6·68 7·01 6·90 7·20 7· 25 8·62 7·89 
4607. 0 0 0 0 0. 7·45 6·16 6·67 6·90 6·06 5·24 5·35 5·24 5· 70 5·88 7· 53 4·52 
4654.0 ..... 7·58 7·04 7·45 6·15 7·28 4·52 5· 77 5·46 7·28 6·46 6·42 7·36 
4626.0.0 0. 0 6·76 6·29 7·62 7·20 5·90 7·12 - 6·11 7·71 6·13 6·42 6·55 
4667 .. 0 0 ... 9·36 8·22 8·85 8·09 8·74 7·53 - 7·56 8·40 7·61 7·89 7·89 

----------------------- ----
AVERAGE 7·84 7·26 8·04 7·25 7·49 6·25 6·53 6·42 7·24 6·72 7·41 6·82 

-- = == ------------== ---==--= ---
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lno1·gan'ic Phosphorus. Discussion. 

There is no significant variation between the monthly averages 
(Table 1 or 22). 

In connection with the values for individual animals 4667 is 
rather high in comparison with 4607, 4654 and 4626, the last three 
being on the lower side. 

Nothing ean be concluded about the sex and age and no correla­
tion exists between inorganic pho&phorus values and that of the other 
constituents. 

TABLE 23. 

b ·on mgm. per cent . 

No. I Aug. I Sept.j Oct. I Nov.j Dec. j Jan. I Feb.jMarcb.j April. I May. j June. j July. 

5146 ....... 44 56 59 61 56 52 51 48 56 49 50 48 
4528 ....... 43 47 41 44 45 41 41 54 46 43 52 45 
4548 . .. .. .. 50 47 51 48 56 46 42 54 44 40 37 44 
4607 . . ..... 51 49 51 48 56 54 48 50 42 43 41 54 
4654 . ..... . 54 51 54 55 64 52 47 64 38 33 35 48 
4626 ....... 58 50 47 53 56 57 48 56 42 46 52 54 
4667 ....... 47 43 42 48 56 48 47 58 44 49 45 50 

---- ------------------ --
AVERAGE 50 49 49 51 56 50 46 55 45 43 45 49 

= = = = --= --= --= = = 

Iron. Discussion. 

No seasonal tendency is noticed (Table 1 or 23). 

Considering the individual averages (Table 2) we notice that the 
two males 4528 and 4548, being also the oldest animals in the group, 
have the lowest iron values, and 5146, being the youngest animal, has 
the highest figure. 

By comparing the iron figures with the haemoglobin figures there 
seems to be a relationship. Graphs plotted on the values of these 
constituents for individual animals will show the same tendency 
(Table 2). 

COMPARISON WITH RESULTS OF OTHER WORKERS. 

In reviewing the literature, one finds fairly considerable quanti­
tative differences, of content in respect of the various constituents of 
the blood, but whether these differences are mainly due to climatic, 
dietetic, environmental, etc., factors or chiefly expression of the 
different methods of analyses or the same methods in the hands of 
different workers, it is difficult to say. 
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In spite of quite a number of analyses from various countries, 
there are still many gaps and too large a diversity of methods em·· 
played to enable one to analyse accurately the significance of the 
divergency of analytical data from various different areas. 

Much of the data that is available represents analyses done only 
once on a relatively small number of indivicluals and occasionally on 
mixed slaughter-house blood; data extended over a large period 
being restricted to only a few cases. No other comparative figures 
for all the constituents enumerated here for both " laked " and " un­
laked " bovine blood filtrates could be founrl. 

For eomparative purposes some data from the available 
literature, together with the writer's own, have been tabulated for a 
number of the constituents; for others the m .nge of data wa s deemed 
too small to warrant tabulation (e.g. T.N.). 

'l'he compilation should, however, not be considered exhaustive, 
the period covered being large'ly from 1919-1935. 



..,..
 
~
 

Q
1

 

Y
ea

r.
 

1
9
~
7
 

19
28

 

19
Z8

 

19
30

 

-
-

·-
19

3
l 

19
31

 

-
-
-
-
·
 

19
32

 

19
33

 

19
33

 

19
35

 

A
u

th
o

r.
 

T
h

d
k

r,
 

G
re

en
, 

ar
:d

 
d

u
 T

o
it

 

v
an

 
G

el
d

er
 .

..
.

..
..

. 

va
n 

G
el

de
r 
..

..
..

..
. 

G
re

en
 a

n
d

 1
\f

ar
as

k
il

l 

M
cC

ay
 .

..
..

..
..

..
..

 

M
lC

ay
 .
..

.
..

.
..

..
..

 

B
ro

o
k

s 
an

d
 H

u
g

l·.
cs

 

N
ea

l 
an

d
 R

ec
k

er
 .

..
 

G
ra

f 
..

..
..

..
..

..
..

. 
-

T
hi

s 
pn

,p
er

 .
..

..
..

..
 

M
et

ho
d.

 

K
 e

w
co

rr.
cr

 
di

sc
 

m
et

h
o

d
 

S
ah

li
 

B
ee

rw
al

d 
H

ae
m

o-
m

et
er

 

S
ah

li
 

B
ee

n
v

al
d

 
.H

ac
rn

o-
m

et
er

 

N
ew

co
m

er
 

di
sc

 
m

et
h

o
d

 

C
o

h
en

 
a

n
d

 S
m

it
h

 .
..

..
..

 

C
oh

en
 

an
d

 S
m

it
h 

..
..

..
. 

N
ew

co
m

er
 

di
sc

 
m

et
h

o
d

 

N
ew

co
m

er
 

el
is

e 
m

et
h

o
d

, 
an

d
 C

o
h

en
 

an
d

 S
m

it
h 

N
ew

co
m

er
 

di
sc

 
m

e
th

od
 

N
ew

co
m

er
 

di
sc

 
m

et
h

o
d

 

H
A

E
M

O
G

L
O

B
IN

. 

I N
o

. o
f A

n
al

ys
es

 
C

o
u

n
tr

y
. 

I 
an

d
 

:\T
o.

 o
f 

A
ni

m
al

s.
 

S.
A

 .
..

..
..

. 
I7

 
5 

an
im

al
s 

S
w

it
ze

rl
an

d 
I 

M
an

y 

S
w

it
-ze

rl
a

n
d

 
M

an
y 

S
.A

 .
..

..
..

. 
13

 
3 

an
im

al
s 

U
.S

.A
 . .

..
..

 ' 
10

73
 

90
 a

n
im

al
s 

U
.S

.A
 ..

..
..

 
70

 
6 

an
im

al
s 

U
.S

.A
 .

..
..

. 
33

5 
29

7 
a

ni
m

al
s 

U
.S

.A
 .

..
..

 
M

an
y 

M
an

y 
a

ni
m

a
ls

 

S
.A

 ..
.

..
..

. 
50

-6
0 

M
an

y 
n,

ni
m

al
s 

-
-
-
-
-
-
-

S
.A

 ..
..

..
..

 
12

6 
7 

an
im

al
s 

G
m

. 
p

er
 1

00
 c

c.
 

H
l-

7
-2

3
·8

 
A

v
.:

 
22

·6
 

A
v

.:
 

10
·3

6 
A

v
.:

 
7·

77
 

A
v

.:
 

7·
55

 
A

v
.:

 
7·

15
 

15
·5

-2
5·

9 
A

v
.:

 
18

·4
 

A
v

.:
 1

0·
9 

±
0·

86
 

A
v

.:
 1

2-
8 

±
 

0·
8 

A
v.

: 
10

·9
6 

±
 0

 ·0
64

 

10
· 9

4
-l

l·
 0

6 

~
-
-
-
-
-
-
-

12
·1

-2
3

·2
 

A
v

.:
 

17
·1

 
-
-
~
-
-
-
-
-

9·
94

-1
7·

51
 

A
v

.:
 

13
·1

3 

: 

Tt
et
n
a.

r~
s

. 

F
ro

m
 

bo
rd

er
-l

in
e 

to
 

am
pl

.e
 
p
h
os

pl
io

ru
~ 

an
d

 c
al

ci
um

, 
no

rm
al

 a
ni

m
al

s.
 

S
u

m
m

er
. 

W
in

te
r.

 
-

S
u

m
m

er
. 

W
in

te
r.

 
.. 

V
el

d-
br

ed
 

ca
tt

13
, 

fr
om

 
24

 
h

oU
l·o

 t
o

 
10

 
w

ee
ks

 a
ft

er
 c

al
vi

ng
. 

60
 c

ow
s 

a
nc

l 
21

 y
o

un
ge

r 
an

im
al

s.
 

M
at

u
re

 
bu

ll
s.

 

C
ol

le
ge

 h
e r

d.
 d

a
ir

y 
ca

tt
le

 :
 

10
3 

co
w

s,
 

59
 

h
ei

fe
rs

, 
11

1 
ca

lv
es

, 
an

d 
24

 b
ul

ls
. 

-
--
-
-
~
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

S
am

pl
ed

 
a
t 

2
1-

h
o

m
s 

in
te

rv
al

s,
 

h
e:'L

lt
h

y
 

co
w

s.
 

-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
~
-
-

V
ar

io
us

 
b

re
ed

s 
n,

nd
 

ag
es

. 

~
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
~
 

A
ge

 a
b

o
u

t 
2 

ye
at

·s
; 

an
im

al
s 

of
 b

o
th

 s
ex

e3
 

ex
am

in
ed

 p
er

io
di

ca
ll

y 
ov

er
 1

 y
ea

r.
 

~
 

:-< pj
 

:>­ '-
' ....,
 ~ CJ

J 
'-

' .... :--



.....
 

C
J)

 
C

J
) 

Y
ea

r.
 

19
23

-
19

24
 

-
-

-
-

19
28

 

19
28

 

19
28

 

19
29

 

-
-
-

19
30

 

10
30

 

-
-
-

10
32

 

1
9
~
2
 

10
33

 

--
-

-
19

33
 

A
u

th
o

r.
 

H
ay

d
en

 a
n

d
 S

ch
ol

l .
. 

H
ay

d
en

 a
n

d
 :F

is
h 

..
. 

H
ay

d
en

 a
n

d
 F

is
h

 ..
 

H
ay

d
en

 a
n

d
 F

is
h

 .
. 

E
ay

d
en

 .
.

..
..

..
.

..
. 

A
n

d
er

so
n,

 
G

ay
 le

y,
 

an
d

 P
ra

tt
 

A
ll

ar
dy

ce
, 

F
le

m
in

g,
 

F
o

w
le

r,
 a

n
d

 C
la

rk
 

II
 o

dg
so

n,
 

R
id

de
l,

 
an

d 
.h

ug
he

s 

H
o

dg
so

n
, 

R
id

d
el

, 
an

d
 

H
u

g
h

es
 

D
cr

:: 
r::

el
 .

..
..

..
.

.
..

 

D
em

m
cl

 .
..

..
..

..
.

. 

S
U

G
A

R
. 

-
-

N
o.

 o
f A

n
al

ys
es

 
M

et
ho

d.
 

C
o

u
n

tr
y.

 
an

d
 

N
o

. o
f 

A
ni

m
al

s.
 

R
q

:o
rt

 n
o

t 
o

b
ta

in
ab

le
 ..

 
U

.S
.A

 .
..

.
. 

75
 

44
 a

n
im

al
s 

B
en

ed
ic

t .
.
..

..
..

..
..

..
. 

U
.S

.A
 ..

..
. 

16
 

2 
an

im
al

s 

B
en

ed
ic

t .
..

..
..

..
..

..
..

 
U

.S
.A

 .
..

..
 

27
 

3 
an

im
al

s 

B
en

ed
ic

t .
..

..
..

..
..

..
..

 
U

.S
.A

 .
..

..
 

68
 

5 
an

im
al

s 

N
ew

er
 

B
en

ed
ic

t 
m

et
h

o
d

 
U

.S
.A

 .
..

..
 

25
3 

23
 

an
im

al
s 

F
o

li
n 

an
d

 W
u

 .
..

..
.

..
.

. 
U

.S
.A

 .
..

..
 

58
 

36
 a

ni
m

al
s 

B
en

ed
ic

t .
..

..
..

..
.

..
..

. 
C

an
ad

a .
..

. 
65

 
21

 
an

im
al

s 

F
ol

in
 .
..

..
..

..
..

..
.

..
..

 
U

.S
.A

 ..
..

. 
40

 
16

 a
ni

m
al

s 

F
o

li
n

 .
..

..
..

.
..

..
..

..
..

 
U

.S
.A

 .
..

..
 

22
2 

7 4
 a

ni
m

al
s 

H
ag

ed
o

rn
-J

 en
 se

n 
..

.
..

..
 

S
w

it
ze

rl
an

d 
12

 
12

 a
n

im
al

s 

F
u

g
it

a 
Iw

at
ak

e 
..

..
..

..
. 

S
w

it
ze

rl
an

d 
12

 
12

 a
n

im
al

s 

M
gm

. 
p

er
 1

00
 c

c.
 

A
v

.:
 

52
·0

 

A
v

.:
 

45
·6

 

A
v

.:
 

4
6

·1
 

30
-7

0 
A

v
.:

 
46

·5
 

A
v

.:
 

41
 

43
·2

-1
42

·0
 

A
v

.:
 

84
·1

 

47
·3

-7
3·

5 
A

v.
: 

57
·6

 

A
v

.:
 

55
 

35
-7

4 
A

v
.:

 
53

 

86
-1

20
 

A
v

.:
 

10
2 

72
-1

00
 

A
v

.
: 

87
·2

 

R
em

ar
k

s.
 

C
ow

s.
 

2 
D

ry
 c

ow
s,

 d
o

n
e 

ov
er

 1
3 

m
o

n
th

s.
 

3 
M

il
k 

co
w

s,
 d

o
n

e 
ov

er
 a

 p
er

io
d.

 

C
ow

s,
 4

 c
al

ve
s 

d
u

ri
n

g
 e

x
p

er
im

en
t,

 d
on

e 
o

v
er

 1
3 

m
o

n
th

s.
 

C
ow

s 
d

o
n

e 
ov

er
 l
l 

m
o

n
th

s.
 

A
ni

m
al

s 
fr

om
 9

 m
o

n
th

s 
to

 9
 y

ea
rs

, 
b

o
th

 
se

xe
s,

 
d

o
n

e 
d

u
ri

n
g

 l
at

e 
su

m
m

er
, 

fa
ll

, 
a

n
d

 w
in

te
r.

 

D
ai

ry
 c

ow
s 

an
d

 h
ei

fe
rs

, 
bl

oo
d 

d
ra

w
n

 4
-5

 
h

o
u

rs
 

af
te

r 
m

o
rn

in
g

 
fe

ed
in

g 
; 

d
o

n
e 

ov
er

 3
 a

n
d

 4
 m

o
n

th
s 

; 
±

 3
 a

na
ly

se
s 

on
 

ea
ch

 a
ni

m
aL

 

20
-4

7 
M

on
th

s-
ol

d 
d

ai
ry

 
ca

tt
le

, 
d

o
n

a 
d

u
ri

n
g

 w
in

te
r 

m
o

n
th

s.
 

C
at

tl
e 

be
tw

ee
n 

2 
an

d 
8 

ye
ar

s,
 d

o
n

e 
d

u
ri

n
g

 
w

in
te

r 
m

o
n

th
s.

 

N
o

rm
al

 c
ow

s,
 5

-1
0 

y
ea

rs
 o

ld
, 

sl
au

g
h

te
r-

h
ou

se
 b

lo
od

. 

N
o

rm
al

 c
ow

s,
 5

-1
0 

y
ea

rs
 o

ld
, 

sl
au

g
h

te
r-

ho
us

e 
bl

oo
d.

 

-
-

-

0 ~
 

r.1
 
~
 

H
 0 >
 r 1:0
 

r 0 0 t:::
 

[f
J >-3
 

d l:i
 

H
 H
 

[f
J <1
 .... ... 



"""
 

O
J 
~
 

S
U

G
A

R
 (

co
n

ti
n

u
ed

).
 

I N
o.

 o
f A

na
ly

m
s 

Y
ea

r.
 

A
u

th
o

r.
 

M
ct

ho
ed

. 
C

ou
n

tr
y

. 
an

d
 

M
gm

. 
p

er
 1

00
 c

c.
 

R
em

ar
k

s.
 

J 
N

o.
 o

f 
A

ni
m

al
s.

 

19
33

 
D

er
om

e!
. .

..
..

..
..

. 
F

u
g

it
a 

Iw
u

ta
k

c 
..

..
..

..
. 

S
w

it
ze

rl
an

d 
20

 
55

-1
41

 
N

o
n

-P
re

g
n

an
t 

co
w

s,
 

sl
au

gh
te

r-
ho

us
e 

20
 u

ni
m

al
J 

A
v

.:
 

95
 

bl
oo

d.
 

· 
-
-
-
-
-
-
-

·-
19

33
 

D
em

m
el

. 
..

..
..

..
..

 
F

u
g

i t
a
 I

 w
at

ak
e 
..

..
..

..
. 

S
w

it
ze

rl
an

d 
21

0 
68

-1
34

 
P

re
g

n
an

t 
co

w
s,

 s
la

ug
h

te
r-

h
ou

se
 b

lo
od

. 
40

 a
ni

m
ul

s 
A

v
.:

 
88

 
-
-
-
-
-
-
-
-
-
-
-
-
-
-

19
33

 
D

em
m

el
. 
..

..
..

..
..

 
]<

'u
g

it
a 

Iw
at

ak
e 
..

..
..

..
. 

S
w

it
ze

rl
an

d
 

60
 

55
-1

41
 

T
w

o 
p

re
vi

ou
s 

gr
ou

pa
 t

ak
en

 t
og

et
he

r.
 

60
 u

ni
m

al
s 

A
v

.:
 

90
 

19
33

 
A

ll
cr

of
t .

..
..

.
..

..
..

 
H

ag
ed

or
n-

Je
ns

en
 .
..

..
..

 
E

n
g

la
n

d
 .
..

 
72

 
±

 
60

-±
 7

8 
N

on
-l

ac
ta

ti
n

g
 c

ow
s,

 b
le

d 
o

ve
r 

a 
p

er
io

d 
of

 
6 

an
im

al
s 

24
 c

la
ys

 w
it

h
 i

n
te

rv
al

s 
of

 2
6 

h
o

u
rs

. 
-
-
-
-
-
-
-
-

19
33

 
G

ra
f 
..

.
..

..
.
..

..
.

..
 

F
ol

in
 .
..

.
..

..
..

..
.
..

.
..

 
S

.A
 ..

..
..

..
 

50
-6

0 
37

-9
5 

'L
ak

e
d

' 
fi

lt
ra

te
s,

 
an

im
al

s 
of

 
va

ri
ou

s 
M

an
y 

an
im

al
s 

A
v

.:
 

60
 

br
ee

ds
 a

n
d

 a
ge

s.
 

19
33

 
G

ra
f 
..

..
..

..
..

..
..

. 
F

ol
in

 .
.
..

..
.

..
.
..

.
..

..
. 

S.
A

 .
..

..
..

. 
50

-6
0 

31
-8

3 
' U

n
la

k
ed

 ' 
fi

lt
ra

te
s,

 
an

im
al

s 
of

 
va

ri
ou

s 
M

an
y 

an
im

al
s 

A
v

.:
 

48
 

b
re

ed
s 

an
d

 a
ge

s.
 

19
35

 
T

h
is

 P
ap

er
 .
..

..
..

..
 

F
o

li
n 
..

..
..

..
..

..
..

..
..

 
S.

A
 .

..
..

..
. 

12
6 

41
-9

8 
' L

ak
ed

' 
fi

lt
ra

te
s,

 
an

im
al

s 
2 

ye
ar

3 
ol

d,
 

7 
an

im
al

s 
A

v
.:

 
57

 
di

ff
er

en
t 

br
ee

ds
 

an
rl

 
se

x,
 

cl
on

e 
ov

er
 

1 
ye

ar
. 

19
35

 
T

hi
s 

P
ap

er
 .
..

..
..

..
 

F
ol

in
 .
..

..
..

..
..

..
.

..
..

 
S

.A
. .

..
..

..
 

12
6 

30
-7

5 
'U

n
la

k
e
d

' 
fi

lt
ra

te
s,

 a
n

im
a

ls
 2

 y
ea

ro
 o

ld
, 

7 
an

im
ul

s 
A

v
.:

 
49

 
di

ff
er

en
t 

b
re

ed
s 

an
d

 
se

x,
 

cl
on

e 
ov

er
 

1 
ye

ar
. 

S
om

e 
of

 t
h

e 
fi

gu
re

s 
h

er
e 

ar
e 

m
u

ch
 h

ig
h

er
 t

h
an

 t
h

e 
S

o
ut

h 
A

fr
ic

a
n 

fi
gu

re
s.

 
In

 t
h

e 
ca

se
s 

w
he

re
 t

h
e 

sa
m

e 
m

et
h

o
d

 w
as

 u
se

d 
th

e 
fi

gu
re

s 
ag

r·e
e 

fa
ir

ly
 w

el
l. 

~
 

;-<
 

~
 >
 "" "" i:':l ~ [/

) ~
 

>
 



"""
 

o:
> 

0
0

 

N
O

N
-P

H
O

T
E

IN
 

N
IT

H
O

G
E

N
. 

-
-
-
-
T
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
~
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
 

Y
ea

r.
 

A
u

th
o

r.
 

M
et

ho
d.

 
C

on
n 

tr
y

. 
N

o.
 o

f A
na

ly
se

s 
an

d
 

I M
gm

. 
p

er
 1

00
 c

o.
 

N
o.

 o
f 

A
ni

m
al

s.
 

19
28

 
H

ay
d

en
an

d
F

is
h

 ..
..

 I
 F

ol
in

 .
..

..
..

..
.
..

..
..

..
 
I 

U
.S

.A
 .
..

. 
. 

67
 

5 
an

im
al

s 

19
30

 
A

nd
er

so
n

, 
G

ay
le

y
, 

I 
F

ol
in

 a
n

d
 W

n 
..

..
..

..
..

 
I 

U
.S

.A
 .

..
. 

. 
59

 
an

d
 P

ra
tt

 
37

 a
ni

m
al

s 

19
30

 
A

ll
ar

dy
ce

, 
:F

le
m

in
g,

 
I 

F
o

li
n

 a
n

d
 W

u
..

..
..

..
. 

. 
I 

C
an

ad
a .

.
..

 
63

 
F

ow
le

r 
an

d
 C

la
rk

 
21

 
a

ni
m

al
s 

19
32

 
G

od
de

n 
an

d
 A

ll
cr

of
t 

I 
F

ol
in

 .
..

..
..

..
..

..
..

..
. 

I 
U

.S
.A

 .
..

 .
. 

37
 

12
 a

ni
m

al
s 

19
33

 
G

ra
f.

 .
..

..
..

..
..

..
. 

I 
F

o
li

n
 a

nd
 W

u
 .
..

..
..

..
. 

I 
S.

A
 .
..

..
..

. 
I 5

0-
60

 
M

an
y 

an
im

al
s 

19
33

 
G

ra
f.

.
..

..
..

. 
. .

 . 
. .

 . 
I 

F
o

li
n 

an
d

 W
u

..
..

..
..

. 
. 

I 
S

.A
..

..
..

. .
 

I 
50

-6
0 

M
an

y 
an

im
al

s 

19
35

 
~ 

T
hi

s 
P

ap
er

 .
..

..
..

..
 
I F

o
li

n
 a

n
d

 W
u

 .
..

..
..

..
. 

I S
.A

. .
..

.
..

. 
1

12
0 

. 
7 

an
u

n
al

s 

1(
)3

5 
T

hi
s 

P
a
p

e
r.

..
..

..
..

 
I F

o
li

n 
an

d
 
W

u
..

..
..

..
. 

. 
I S

.A
..

..
..

..
 
I 1

22
 

7 
an

im
al

s 

25
-3

5 

20
·7

-4
2·

1 
A

v
.:

 
30

·1
 

2
5

·7
-4

3
·4

 
A

v
.:

 
33

·5
 

20
·1

-3
7·

7 
A

v
.:

 
2

9
·9

 
( c

al
cu

 Ia
 te

d)
 

12
·5

-2
5

·0
 

A
v

.:
 

18
·2

 

9
·4

-1
8·

7 
A

v
.:

 
13

·5
 

14
·3

-4
2

·0
 

A
v.

: 
21

·1
 

7·
8-

36
·4

 
A

v
.:

 
14

·0
 

R
em

ar
k

s.
 

C
ow

s,
 4

 c
al

ve
d 

d
u

ri
n

g
 e

x
pe

ri
m

en
t,

 d
o

ne
 

ov
er

 1
3 

m
o

n
th

s.
 

A
ge

 f
ro

m
 1

 m
o

n
th

 t
o

 9
 y

ea
rs

, 
di

ff
er

en
t 

br
ee

ds
, 

b
o

th
 

se
xe

s 
; 

av
er

ag
e 

of
 

al
l 

g
ro

up
s 

cl
os

e 
to

 a
ve

ra
ge

 o
f 

al
l;

 
do

ne
 

d
u

ri
n

g
 l

at
e 

su
m

m
er

, 
fa

ll
, 

an
d

 w
in

te
r.

 

D
ai

ry
 c

ow
s 

an
d

 h
ei

fe
rs

, 
bl

oo
d 

d
ra

w
n

 4
-5

 
ho

ur
s 

af
te

r 
m

or
ni

ng
 

fe
ed

in
g 

; 
do

ne
 

ov
er

 3
 m

on
th

s,
 
±

 3
 a

na
ly

se
s 

on
 e

ac
h

 
an

im
al

. 

C
ow

s 
fr

om
 4

 t
o

 7
 d

ay
s 

af
te

r 
ca

lv
in

g.
 

' 
L

ak
ed

 ' 
fi

lt
ra

te
s 

of
 v

ar
io

us
 b

re
ed

s 
an

d
 

ag
es

. 

'U
n

la
k

ed
' 

fi
lt

ra
te

s 
of

 a
bo

ve
. 

'L
ak

ed
' 

fi
lt

ra
te

s,
 

an
im

al
s 

±
 

2 
y

ea
rs

, 
di

ff
er

en
t 

br
ee

d
s,

 b
o

th
 s

ex
es

, 
d

on
e 

ov
er

 
1 

ye
ar

. 

'U
n

la
ke

d
' 

fi
lt

ra
te

s 
of

 a
b

o
v

e.
 

T
h

is
 c

o
n

st
it

u
en

t 
is

 v
er

y
 v

ar
ia

b
le

 a
n

d
 f

lu
ct

ua
te

s 
ac

co
rd

in
g 

to
 t

h
e 

k
in

d
 o

f 
di

et
. 

A
 c

o
m

pa
ri

so
n 

is
 t

h
u

s 
n

o
t 

of
 a

n
y

 v
al

ue
 w

h
en

 t
h

e 
di

et
s 

ar
e 

no
t 

st
at

ed
. 

C'
l .... .... t'1
 ""' c C'

l >
 

r !;:
j r 0 § [/

1
 

>-3
 

q t!
 .... t=1
 

rr.
 

~
 .... .... 



>!>
­
~
 

<:
o 

Y
ea

r.
 

19
SO

 

-
-
-
-

19
30

 

-
-
-

19
30

 

19
33

 

19
35

 

19
35

 

-
-

A
u

th
o

r.
 

M
et

ho
d.

 

A
n

d
er

so
n

, 
G

ay
 le

y.
 

va
n 

S
ly

k
e 

an
d 

C
ul

le
n 
..

. 
an

d
 P

ra
tt

 

H
ay

d
en

 a
n

d
 F

i1
h 

..
. 

F
o

lin
-v

V
u

's
 f

ilt
-m

te
s 

us
ed

 

· A
ll

ar
dy

ce
, 

F
le

m
in

g,
 

N
o

t 
st

at
ed

 .
..

..
..

..
..

..
 

F
o

w
le

r 
an

d
 C

la
rk

 

G
ra

f .
..

..
..

..
..

.
.

..
 

F
o

lin
 

a
n

d
 

S
ve

d
b

er
g 

..
..

 

T
h

is
 P

ap
er

 .
..

..
.

..
. 

F
ol

in
 a

n
d 

s
,·

ed
b

er
g

 ..
..

. 

T
h

is
 P

ap
er

 .
..

..
.

..
. 

F
oJ

in
 a

n
d

 S
ve

db
er

g .
..

..
 

U
U

R
A

 
N

 I'
l'H

O
G

 E
N

. 
-

N
o.

 o
f A

n
al

y>
es

 
C

ou
n

tr
y

. 
~t
n
d
 

N
o.

 o
f 
A
n

im
a

l~
. 

U
.S

.A
 .
..

..
 

50
 

37
 a

ni
m

al
s 

--

U
.S

.A
 .
..

..
 

67
 

5 
an

im
al

s 

C
an

ad
a 

..
..

 
61

 
21

 a
n

im
al

s 

S
.A

 .
..

..
..

. 
50

-6
0 

M
an

y 
an

im
al

s 

S
.A

 ..
..

..
.

. 
11

3 
7 

an
im

al
s 

S
.A

. .
..

..
.

. 
11

5 
7 

an
im

al
s 

M
gm

. 
p

er
 1

00
 c

c.
 

I 

4·
40

-2
1·

64
 

A
v

.:
 

12
·9

4 

2
·4

-1
2

·4
 

A
v

.:
 

5
·6

 

7
·2

-2
1

·3
 

A
v

.:
 

15
·7

 

3
·0

-9
·0

 
A

v
.:

 
5

·7
 

1·
67

-1
7·

2 
A

v
.:

 
5·

 6
7 

1·
67

-1
6·

9 
A

v
.:

 
±

 5
·6

7 

-
·-

R
em

ar
k

s.
 

--

A
ge

 f
ro

m
 1

 m
o

n
th

 t
o 

!)
 
ye

M
·s

, 
di

ff
er

en
t 

b
re

ed
s 

b
o

th
 

se
xe

s,
 

d
o

n
e 

d
ur

in
g 

h
t<

 
su

m
m

er
, 

fa
.I1

, 
a

n
d

 
w

in
te

r.
 

-

C
ow

s,
 4

 c
al

v
ed

 d
u

ri
ng

 e
xp

er
im

en
t.,

 d
on

E
 

ov
er

 1
3 

m
o

n
th

s.
 

D
ai

ry
 c

ow
s 

an
d

 h
ei

fe
rs

, 
bl

oo
d 

d
ra

w
n 

4·
-5

 
h

ou
rs

 a
ft

er
 m

or
ni

ng
 f

ee
d

in
g 

; 
d

o
n

e 
ov

er
 

3 
an

d
 4

 m
o

n
th

s,
 ±

 3
 a

n
a

ly
se

s 
o

n 
ea

uh
 

an
im

al
. 

·
-
-

'L
a
k

e
d

' 
an

d
' 

un
la

k
ed

' 
fi

lt
ra

te
s,

 a
n

im
al

; 
of

 
di

ff
er

en
t 

ag
es

 
an

d
 

b
re

ed
s,

 
n

o
rm

a
l 

ra
ti

on
. 

'L
ak

ed
' 

fi
lt

ra
te

s 
; 

ag
e 

±
 

2 
y

ea
rs

, 
va

ri
ou

s 
br

ee
ds

, 
b

o
th

 s
ex

es
, 

d
on

e 
ov

er
 

1 
y

ea
r. 

'U
nl

a
k

e
d

' 
fi

lt
ra

te
s 

of
 a

bo
ve

. 

~
 

:-< l:I;
 

:>
 

t,;
;.l "" [<j ;:;;
 

'J
l ~
 

>
 



~
 

....
..j_

 
0 

Y
f'

ar
. 

19
14

 
-
-
-

19
18

 

19
30

 

19
30

 

-
-
-

H
l3

3 

-
-
-

19
33

 

H
l3

5 

1!
)3

5 

A
u

th
o

r.
 

F
o

li
n 

an
d

 D
en

is
 .
..

. 

G
re

en
w

al
d

 
an

d
 

M
e-

Q
u

ir
e " 

" 
A

nd
er

so
n,

 
G

ay
le

y,
 

an
d

 P
ra

tt
 

A
lla

rc
ly

ce
, 

F
le

m
in

g,
 

F
o

w
le

r,
 a

n
d

 C
la

rk
 

G
m

f 
..

..
.
..

..
.

..
..

. 

G
ra

f.
 .

.
..

..
..

..
..

..
 

T
hi

s 
P

ap
er

 .
..

..
..

..
 

T
h

is
 P

ap
er

 .
..

..
..

..
 

"T
O

T
A

L
 "

 
C

R
E

A
T

IN
IN

E
 

N
IT

R
O

G
E

N
. 

I 
N

o.
 o

f A
na

ly
se

s 
M

et
ho

d.
 

C
oc

.n
tr

y.
 

an
d

 
M

:g
m

. 
p

er
 1

00
 c

c.
 

N
o.

 o
f 

A
n

im
al

s.
 

I 

F
o

li
n 

..
..

..
..

.
..

..
..

..
. 

U
.S

.A
 .
..

..
 

2 
4

·0
7

 

F
o

li
n

 a
n

d
 D

en
is

 .
..

..
..

. 
U

.S
.A

 .
..

..
 

2 
3

·2
7 

A
u

th
o

rs
' 

m
et

h
o

ds
 .
.

..
.

..
 

U
.S

.A
 ..

..
..

 
2 

1
·9

4 

F
o

li
n 

a
n

d
 W

u
 .
..

..
..

.
..

 
U

.S
.A

 .
..

..
 

59
 

1
·2

3
-3

·2
1 

37
 

a
ni

m
a

ls
 

A
v

.:
 

1
·9

0
 

(c
al

cu
la

te
d)

 

F
o

li
n 

an
d

 v
V

u 
..

..
..

..
..

 
C

an
ad

a 
..

.
. 

64
 

1
·7

1
-2

·3
1

 
21

 a
n

im
al

s 
A

v
.:

 
2

·0
0

 
(c

al
cu

la
te

d)
 

F
o

li
n 

a
n

d
 W

u
 .

..
..

..
..

. 
S.

A
. .

..
..

..
 

5
0

-6
0

 
1

·9
-2

·9
 

A
v

.
: 

2
·3

 

:F
o

lin
 

an
d

 W
u

 .
..

..
.
..

..
 

S.
A

 .
..

..
.

..
 

50
-

60
 

1
·4

-2
·6

 
A

v
.:

 
1

·9
 

F
o

lin
 

an
d

 W
u

 .
..

..
..

..
. 

S.
A

. .
..

..
..

 
11

3 
1·

86
-

3
·0

8
 

7 
an

im
al

s 
A

v
.:

 
2

·5
1 

F
o

li
n 

:>n
d 

W
u

 .
..

..
..

..
. 

S.
A

. .
..

..
..

 
11

5 
1 

. :
1.
~-

3
. 0

8 
7 

an
im

nl
s 

A
v

.:
 

2
·1

3
 

R
em

ar
ks

. 

B
ee

f 
Ll

o
od

. 
~
-
-

B
ee

f 
bl

oo
d 

o
x

a
b

tc
rl.

 

B
ee

f 
bl

oo
d 

o
x

al
at

ec
l. 

A
ge

 f
ro

m
 

1 
m

o
n

th
 t

o
 9

 y
ea

rs
, 

di
ff

er
en

t 
br

ee
ds

, 
b

o
th

 s
ex

es
 ;

 
cl

on
e 

d
u

ri
n

g
 l

at
e 

su
m

m
er

, 
fa

ll
, 

an
d

 w
in

te
r.

 

D
ai

ry
 c

ow
s 

an
d

 h
ei

fe
rs

, 
bl

oo
d 

d
ra

w
n

 4
-5

 
ho

ur
s 

af
te

r 
m

or
ni

ng
 

fe
ed

in
g

; 
cl

on
e 

ov
er

 3
 a

n
cl

4
 m

o
n

th
s 

; 
±

 3
 a

n
al

ys
es

 o
n 

ea
ch

 a
ni

m
a

l. 

' 
L

ak
ed

 '
 

fi
lt

ra
te

d 
; 

an
im

al
s 

of
 d

if
fe

re
n

t 
ag

es
 a

n
d

 b
re

ed
s,

 b
o

th
 s

ex
es

. 

' U
 n

l:>
ke

d 
' 

fi
lt

ra
te

s 
of

 a
b

o
ve

. 

' L
ak

ed
 ' 

fi
lt

ra
te

s
; 

an
im

al
s 

of
 ±

 2
 y

ea
rs

, 
di

ff
er

en
t 

b
re

ed
s,

 
b

o
th

 s
ex

es
, 

do
n

e 
o

ve
r 

1 
y

ea
r.

 

' U
 n

la
ke

d 
' 

fi
lt

ra
te

s 
of

 a
b

o
v

e.
 

('
l ::.: r.: ;::: H
 ~ r ""
 t= 0 0 t;
l 

iJ
1 

H
 d t;
l ;; U!
. --1
 

H
 .... 



U
H

IC
 

A
C

ID
 

N
IT

R
O

G
E

N
. 

-
-
-
-
-
-

-
-
-
-
-

I 
N

o.
 o

f A
n

al
ys

es
 

Y
ea

r.
 

A
u

th
o

r.
 

M
et

ho
d.

 
C

o
u

n
tq

. 
an

d
 

M
gm

. 
p

er
 1

00
 c

c.
 

I 
N

o.
 o

f 
A

ni
m

al
s.

 

1!
l2

8 
H

a:
;d

en
 a

n
d

 .
Fi

sh
 ..

. 
F

o
lin

 
d

ir
ec

t 
m

et
h

o
d

 ..
..

 
U

.S
.A

 .
..

..
 

73
 

A
v

.:
 

0·
68

 
5 

an
im

al
s 

19
28

 
H

ay
de

n 
an

d
 F

is
h 

..
. 

Is
o

la
ti

on
 m

et
ho

d 
of

 F
o

lin
 

U
.S

.A
 .

..
..

 
34

 
A

v
.:

 
0·

20
8 

19
30

 
A

n
d

er
so

n
, 

G
ay

le
y,

 
B

en
ed

ic
t .

..
..

.
..

..
..

..
. 

U
.S

.A
 .
..

..
 

59
 

0·
50

-1
·0

7 

IP
- ;i
 

an
d

 P
ra

tt
 

37
 

an
im

al
s 

A
v

.:
 

0·
69

 
(c

al
cu

la
te

d)
 

19
33

 
G

ra
f .

.
..

..
..

..
..

..
. 

F
o

li
n 

..
..

..
..

..
..

..
..

..
 

S
.A

 ..
..

..
..

 
50

-6
0 

0·
33

-0
·7

3 
A

v
.:

 
0·

46
 

19
33

 
G

ra
f 
..

..
..

..
..

..
..

. 
F

ol
in

 .
..

..
..

..
.

..
..

..
..

 
S

.A
. .

..
..

..
 

50
-6

0 
0·

14
-0

· 5
6 

A
v

.:
 

0·
23

 

19
35

 
T

hi
s 

P
ap

er
 .
..

..
..

.
. 

!<
'o

lin
 .

..
..

.
..

..
..

.
..

.
..

 
S

.A
. .

..
..

.
. 

11
9 

0·
18

-1
·2

5 
7 

an
im

al
s 

A
v.

: 
0·

50
 

-
-
-
-

-
-
-
-
-
-
-

·
-
·
 

19
35

 
T

h
is

 P
ap

er
 .
..

.
..

.
..

 
F

o
li

n 
..

..
..

..
..

..
..

..
..

 
S

.A
 ..

.
..

..
. 

ll
9

 
0·

08
-0

·7
1 

7 
an

im
al

s 
A

v
.:

 
0·

18
 

·
-

-
-
-
-

R
.e

m
ar

ks
. 

C
ow

s,
 4

 c
al

ve
d 

d
u

ri
n

g
 e

xp
er

im
en

t,
 d

on
e 

ov
er

 1
3 

m
on

th
s.

 

B
lo

od
 o

f 
ab

o
v

e 
an

im
al

s.
 

A
ge

 f
ro

m
 

1 
m

o
n

th
 t

o
 9

 y
ea

rs
, 

di
ff

er
en

t 
br

ee
d

s,
 

b
o

th
 s

ex
es

 ;
 

do
ne

 d
u

ri
n

g
 l

at
e 

su
m

m
er

, 
fa

ll
, 

an
:l

 w
in

te
r.

 

' L
ak

ed
 ' 

fi
lt

ra
te

s 
; 

an
im

al
s 

of
 

di
ff

er
en

t 
br

ee
ds

, 
ag

es
, 

an
d 

b
o

th
 s

ex
es

. 

' U
nl

ak
od

 ' 
fi

lt
ra

te
s 

of
 a

b
o

v
e 

an
im

al
s.

 

' L
ak

ed
 ' 

fi
lt

ra
te

s 
; 

an
im

al
s 

±
 2

 y
ea

rs
, 

di
ff

er
en

t 
br

ee
ds

, 
b

o
th

 s
ex

es
, 

d
o

n
e 

ov
er

 
1 

y
ea

r.
 

-

' U
nl

ak
oc

l 
' 

fi
lt

ra
te

s 
of

 a
bo

ve
. 

~
 

:"'
 

p;
 .,. "" "" i?j P:i
 

(f
] ~
 



HL
. 

-"
1 

{.
;)

 

A
ll

fi
N

O
 

A
C

ID
 

N
I'

l'U
O

G
E

N
. 

N
o.

 o
f 
A
r

:a
ly

c'
l~
 

Y
ea

r.
 

A
u

th
or

. 
)1

ct
h

o
d

. 
C

ou
n

tr
y

. 
an

d
 

M
gm

. 
p

er
 1

00
 c

c.
 

R
em

ar
k

s.
 

N
o.

 o
f 

A
n

im
al

s.
 

19
30

 
A

lh
rd

yc
P

, 
F

le
m

in
g,

 
F

o
li

n
 a

n
d

 W
u

 .
..

..
..

..
. 

C
an

ad
a 

..
..

 
()

4
 

5
·0

-8
·6

 
D

ai
ry

 c
ow

s 
an

d
 h

ei
fe

rs
 ;

 b
lo

od
 d

n
tw

n
 4

-;
) 

F
o

w
le

r,
 a

nr
l 

C
la

rk
 

21
 

an
im

al
s 

A
v

.:
 

6
·3

 
h

o
u

rs
 

af
te

r 
m

or
ni

ng
 

fe
ed

in
g

; 
d

o
n

e 
(c

al
 en

 la
te

rl
) 

ov
er

 3
 a

n
d

 4
 m

o
n

th
s 

; 
±

 3
 a

n
al

ys
es

 o
n 

ea
ch

 
an

im
al

. 
·-
-

-
· 

-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

·
-
-

19
:1

3 
D

an
ie

ls
on

 .
..

..
..

..
. 

F
ol

in
 .
..

.
..

..
..

..
..

..
..

 
-

1 
5·

23
 

W
h

o
le

 
bl

oo
d 

of
 c

al
f. 

~
-

·-
~
-
-

19
:3

3 
G

ra
f 
..

..
.

..
..

.
..

..
. 

F
o

li
n 

..
..

..
..

.
..

..
.
..

..
 

S
.A

 .
..

..
..

. 
50

-6
0 

4
·3

-8
·4

 
' L

ak
ed

 ' 
fi

lt
ra

te
s 

; 
an

im
al

s 
of

 d
if

fe
re

nt
 

A
v

.:
 

5
·8

 
br

ee
ds

 a
n

d
 a

ge
s.

 

19
33

 
G

ra
f 
..

..
..

..
..

..
..

. 
F

ol
in

 .
..

.
..

..
..

..
..

..
..

 
S.

A
 .
..

..
..

. 
50

-6
0 

2·
1

-5
·6

 
' U

n
la

ke
d 

' 
fi

lt
ra

te
s 

of
 

at
o

v
c 

a
ni

m
al

s.
 

A
v
.:

 
3

·8
 

-
-

-

19
35

 
T

hi
s 

P
ap

er
 ..

..
..

..
. 

F
o

li
n

 .
..

..
..

..
.

..
..

..
..

 
S

.A
 .
..

..
..

. 
12

6 
3·

89
-7

·6
1 

' L
ak

ed
 '

 
fi

lt
ra

te
s;

 
a

ni
m

al
s 

±
 2

 y
ea

ro
, 

7 
a

n
i,n

al
s 

A
v

.:
 

5
·2

1 
d

iff
er

en
t 

br
ee

ds
, 

b
o

th
 

se
x

es
; 

d
on

e 
ov

er
 1

 y
ea

r.
 

19
35

 
T

hi
s 

P
ap

er
 .
..

..
..

..
 

~'
o
li

n 
..

..
..

..
..

..
..

..
..

 
S

.A
 ..

..
..

..
 

12
4 

2·
44

-5
·8

3 
'U

n
la

k
ed

' 
fi

lt
ra

tE
's 

uf
 

ab
ov

e.
 

7 
an

im
al

s 
A

v
.:

 
4·

41
 

T
h

e 
m

et
h

o
d

s 
us

ed
 f

o
r 

th
e 

ab
o

v
e 

co
n

st
it

u
en

t 
ar

e,
 w

it
h 

th
e 

on
e 

c;;
:0

ep
ti

on
, 
th
~ 

sa
m

e.
 

T
h

e 
av

er
ag

e 
in

 a
il

 i
n

st
an

ce
s 

ag
re

e 
fa

ir
ly

 w
el

l, 
ex

ce
p

t 
o

f 
co

u
rs

e 
tb

a.
t 

of
 t

hE
' 

' 
u

n
la

k
cd

 '
 f

il
tr

at
es

. 

'"
} 

>-<
 

r-;
 '""' "" H 0 ;...
 

t-<
 

t;
j 

t-<
 

0 0 lj
 

[/
) H
 

q lj
 

H
 
~
 

[/
) <
j 

H
 

H
 



.... -
l 

C.
:>

 

Y
ea

r.
 

19
26

 

19
27

 

19
28

 

H
l2

8 

19
30

 

19
30

 

19
30

 

19
35

 

1!
)3

5 

A
u

th
o

r.
 

R
o

b
in

so
n 

an
d

 H
uf

f-
n

1a
n

n
 

T
h

ei
le

r,
 

G
re

en
, 

an
d

 
d

u
 T

o
it

 

G
re

en
 a

n
d

 l
\I

ac
as

ki
ll

 

H
ay

d
en

 
an

d
 F

is
h 

..
. 

A
nd

er
so

n,
 

G
n,

y
le

, 
n,

nd
 

P
ra

tt
 

A
lla

rd
yc

e,
 F

le
m

in
g,

 
l?

ow
le

r,
 a

n
d

 C
la

rk
 

S
jo

l!e
m

a 
..

..
.

..
..

..
 

G
ro

en
ew

al
d 

..
.
..

..
. 

T
hi

s 
P

ap
er

 .
..

..
.
..

. 

M
et

h
od

. 

v
an

 S
ly

k
c 

..
..

.
..

..
..

.
. 

N
o

t 
st

>
tte

d 
..

..
..

.
..

.
..

. 

V
ol

ha
rd

 
V

ol
um

et
ri

c 
m

et
ho

d 

-

W
h

it
eh

or
n 

..
..

..
..

..
.

..
 

W
hi

te
h

o
rn

 .
.

..
..

..
..

..
. 

N
o

t 
st

at
ed

 ..
..

..
..

.
..

..
 

S
m

ir
k 

..
.
..

.
..

..
..

..
..

. 

M
et

ho
d 

d
es

cr
ib

ed
 i

n 
te

x
t 

C
H

L
O

R
IN

E
. 

K
 o

. o
f A

n
al

ys
e

, 
C

o
un

tr
y

. 
an

d 
N

o.
 o

f 
A

n
im

al
s.

 

U
.S

.A
 .
..

..
 

11
0 

11
0 

an
im

al
s 

S
.A

. .
.
..

..
. 

5 5 
an

im
al

s 

S
.A

. .
..

..
..

 
12

 
3 

an
im

al
s 

U
.S

.A
 .
..

..
 

M
an

y 

l'
.S

.A
 .

..
..

 
55

 
37

 a
n

im
al

s 

C
an

ad
n,

 .
..

. 
64

 
21

 
an

im
a

ls
 

-
-
-
-
-
-
-
-

H
ol

la
n

d
 .
..

 
4 4 

a
ni

m
al

s 

S
.A

. .
..

..
..

 
31

2 
12

 a
ni

m
al

s 

S
.A

. .
..

..
..

 
11

3 
7 

an
im

al
s 

-
-

M
gm

. 
p

er
 1

00
 c

c.
 

29
4-

35
7 

A
v

.:
 

32
9 

28
0-

30
5 

A
v

.:
 

28
8 

29
5 -

30
5 

A
v

.:
 

30
0 

26
7-

30
3 

26
0-

2
99

 

25
5-

30
2 

A
v

 .. 
: 

28
8 

( c
a!

cu
la

t.e
d)

 

31
9-

33
2 

A
v

.:
 

32
6 

21
7-

36
9 

A
v

.:
 

31
4 

I 
25

0-
33

6 
A

v
.:

 
30

1 

R
em

ar
k

s.
 

V
ar

io
us

 
ag

es
 

an
d

 
b

re
ed

s,
 

b
o

th
 

se
x

es
; 

d
o

n
e 

o
v

er
 8

 d
ay

s 
on

 p
la

sm
a.

 

F
ro

m
 b

o
rd

er
-l

in
e 

to
 a

m
pl

e 
P

. 
a

n
d

 C
~t

. 
; 

u
m

m
al

 
an

im
al

s.
 

V
e l

d
-b

re
d 

ca
tt

le
; 

an
al

y
si

s 
do

n
e 

on
 w

ho
le

 
bl

oo
d 

ov
er

 
2 

m
on

th
s.

 

H
an

ge
 f

or
 h

o
rs

e,
 c

ow
, 

g
o

at
, 

an
cl

 c
hi

ck
en

. 

A
ni

m
al

s 
fr

om
 !

m
o

n
th

 t
o

 9
 y

ea
rs

, c
lif

fe
re

n
t 

br
ee

ds
, 

b
o

th
 s

ex
es

 ; 
do

n
e 

d
ur

in
g 

la
te

 
su

m
m

er
, 

fa
ll

, 
an

d 
w

in
te

r.
 

-

D
ai

ry
 

co
w

s 
an

d
 

h
ei

fe
rs

 ;
 

bl
oo

d 
d

ra
w

n 
4-

5 
h

o
u

rs
 a

ft
er

 m
or

ni
n

g 
fe

ed
in

g;
 

d
o

n
e 

ov
er

 
3 

an
d

 4
 m

o
n

th
s 

, 
±

 3
 a

na
ly

se
s 

on
 

ea
ch

 
an

im
al

. 

N
o

rm
al

 c
ow

s.
 

Y
ea

rl
in

g 
h

ei
fe

rs
, 

do
n

e 
ov

er
 2
~-

yf
'a

rs
. 

A
ge

 
±

 2
 y

ea
rs

, 
di

ff
er

en
t 

b
re

cc
lH

, 
bo

th
 

se
x

es
; 

d
o

n
e 

ov
er

 
l 

y
en

,r
. 

~
 

'-<
 

Pi
 >
 

:::; t;
j 

;::
! 

if
 ·-· ~ 



fl::
>. 

-
l 

fl::
>. 

-

Y
ea

r.
 

19
23

 

19
27

 

-
-
-

19
28

 

19
30

 

19
35

 

19
35

 

-
--

-

A
ut

ho
r.

 

B
ri

gg
s 
..

..
.
..

..
.
..

. 

T
h

ei
le

r,
 

G
re

en
, 

an
n 

du
 T

o
it

 

G
re

en
 a

n
d

 M
ac

as
ki

ll
 

S
jo

ll
e m

a 
..

..
..

..
..

. 

G
ro

en
ew

al
d 
..

..
.

..
. 

T
h

is
 P

ap
er

 .
..

..
..

..
 

-
-

-
-

S
O

D
IU

M
. 

N
o.

 o
f A

na
ly

se
s 

M
et

ho
d.

 
C

ou
n

tr
y

. 
an

d
 

N
o.

 o
f 

A
ni

m
al

s.
 

K
ra

m
er

 a
n

d
 T

is
d

al
l .

.
..

 
U

.S
.A

 ..
.

..
 

2 1 
an

im
al

 

N
o

t 
st

at
en

 .
..

..
..

..
..

..
 

S
.A

 ..
..

..
..

 
5 5 

an
im

al
s 

G
r a

vi
m

et
ri

ca
ll

y 
as

 p
y

ro
· 

S
.A

 ..
..

..
..

 
13

 
an

ti
m

on
at

e 
13

 a
ni

m
al

s 

N
ot

 
st

at
ed

 .
..

..
..

..
.

..
. 

H
ol

la
nd

 .
..

 
5 5 

an
im

al
s 

M
al

an
 a

n
d

 v
. 

cl.
 L

in
ge

n 
..

 
S

.A
 ..

..
..

..
 

31
2 

12
 a

ni
m

al
s 

M
al

an
 a

n
d 

v.
 d

. L
in

ge
n 

..
 

S
.A

 ..
..

..
..

 
12

3 
7 

an
im

al
s 

M
gm

. 
pe

r 
10

0 
cc

. 

32
2-

32
5 

A
v

.:
 

32
3 

28
0-

30
1 

A
v

.:
 

28
9 

24
0-

29
5 

A
v.

: 
26

7 

30
3-

34
9 

A
v

.:
 

33
0 

11
0-

51
9 

A
v

.:
 

30
2 

24
0-

34
9 

A
v

.:
 

29
3 

-
-
-

-
-

--
-

- R
em

ar
k

s.
 

D
et

er
m

in
ed

 
on

 
pl

as
m

a,
 

do
ne

 
on

 
sa

m
e 

sa
m

pl
e.

 

F
ro

m
 b

or
de

r-
li

ne
 t

o 
am

pl
e 

C
a.

 P
.;

 
do

ne
 

on
 n

or
m

al
 a

n
im

al
s.

 

V
el

d-
br

ed
 

ca
tt

le
 

fr
om

 
24

 
h

o
u

rs
 

to
 

10
 

w
ee

ks
 a

ft
er

 
Pa

lv
in

g.
 

N
or

m
al

 c
ow

s.
 

Y
ea

rl
in

g 
h

ei
fe

rs
, 

do
ne

 o
ve

r 
2
~
 y

ea
rs

. 

A
ge

 
±

 2
 y

ea
rs

, 
di

ff
er

en
t 

br
ee

ds
, 

b
o

th
 

se
x

es
; 

d
o

ne
 

ov
er

 
1 

ye
ar

. 

("
l 

~
 

t-1
 
~
 

H
 

("
) .. r t::
l r 0 0 t:
; 

(f
J H
 

<:1
 

t:;
 

H
 r.;
 

(f
J -< H
 ....,
 



P
O

T
A

S
S

IU
M

. 
-· 

N
o.

 o
f A

na
ly

ce
s 

Y
ea

r.
 

A
u

th
o

r.
 

M
et

ho
d.

 
C

on
n 

tr
y

. 
an

d
 

N
o.

 o
f 

A
ni

m
al

s.
 

19
23

 
B

ri
gg

s 
..

..
..

..
..

..
. 

D
oi

sy
 l

tn
cl

 
B

el
l 

m
od

if
ie

d 
U

.S
.A

 ..
..

..
 

2 l 
an

im
al

 

19
26

 
R

ob
in

so
n 

an
d

 H
uf

f-
B

ri
gg

s 
..

..
..

..
..

..
..

..
. 

U
.S

.A
 .
..

..
 

M
an

y 
m

an
 

M
an

y 
a

ni
m

al
s 

·-

H'>
-

~
 

19
27

 
T

h
ei

le
r,

 
G

re
en

, 
a

n
d

 
N

o
t 

st
at

ed
 ..

..
..

..
..

.
..

 
S

.A
 ..

..
..

..
 

6 
d

u
 T

o
it

 
6 

an
im

al
s 

·
-

19
28

 
G

re
en

 a
n

d
 M

ac
as

ki
ll 

V
ol

um
et

ri
ca

ll
y 

by
 K

lY
in

O
, 

S
.A

 ..
..

..
..

 
13

 
ti

tr
at

io
n

 
3 

an
im

al
s 

19
35

 
G

ro
en

ew
ft

ld
 .
..

..
..

. 
lV

Ja
la

n 
an

d
 v

. 
d.

 L
in

gc
n 

..
 

S.
A

 .
..

.
..

..
 

31
2 

12
 a

.n
im

al
s 

-
-
-
-
-
-

19
39

 
T

h
is

 P
ap

er
 .

..
..

.
..

. 
M

al
an

 a
n

d
 v

. 
cl

. 
L

in
gc

n 
..

 
S.

A
. .

..
..

. 
11

3 7 
an

im
al

s 

-
-
-
-

-

M
gm

. 
p

er
 1

00
 c

c.
 

I 
17

·0
-1

8·
1 

A
v

.:
 

18
·0

 

16
.4

-4
1-

:1
 

A
v

.:
 

27
·3

 

49
-6

4 
A

v
.:

 
55

·5
 

34
-4

3 
A

v
.:

 
38

·7
 

28
·7

-
11

4
·0

 
A

v
.:

 
58

·7
 

30
-4

7 
A

v
.:

 
38

·5
 

R
em

ar
k

s.
 

D
et

er
m

in
ed

 
on

 
pl

as
m

a,
 

sa
m

e 
bl

oo
d 

sa
m

pl
e.

 

V
 ft

ri
ou

s 
br

ee
ds

 
an

d
 

ag
es

, 
b

o
th

 
se

xe
;s

 
do

n
e 

ov
er

 8
 d

ay
s.

 

F
ro

m
 

bo
rd

er
-l

in
e 

to
 a

m
p

le
 

P
. 

an
d

 C
a.

, 
no

rr
r.

al
 a

ni
m

al
s.

 

V
ek

l-
br

ed
 

ca
tt

le
, 

fr
om

 
24

 
ho

ur
s 

to
 

10
 

w
ee

ks
 a

ft
er

 c
al

vi
ng

. 

·
-

Y
ea

.rl
in

g 
he

if
er

s,
 d

on
e 

0v
er

 2
~-

ye
ar

s.
 

A
ge

 
±

 
2 

y
ea

rs
, 

di
ff

er
en

t 
br

ee
ds

, 
b

o
th

 
se

xe
s;

 
d

o
n

o 
ov

er
 

l 
ye

ar
. 

'"d
 

<.
; ~
 >
 

~
 

t.J
 
~
 

X
 "" :;: 



.... -
l
 

o;
, 

C
A
L
C
I
U
~
f
.
 

-
-
-
-

-
~
-
-
~
-

~
 

-

N
o.

 o
f A

na
ly

se
s 

M
gm

. 
p

er
 1

00
 cc

.l
 

Y
ea

r.
 

A
u

th
o

r.
 

M
et

h
o

d
. 

C
o

u
n

tr
y

. 
an

d
 

R
em

a
rk

s.
 

N
o.

 o
f 

A
n

im
al

s.
 

I 
19

19
 

M
ei

gs
, 

B
la

th
er

w
ic

k
, 

A
b

d
er

h
al

d
en

. 
c
o
m
b
i
n
~
t
l
 

U
.S

.A
 .
..

..
 

11
 

8
·9

-1
0·

2 
P

la
sm

a 
C

a.
, 

4 
o

n
ly

 p
re

g
n

an
t,

 3
 p

re
g

n
an

t 
an

d
 C

ar
y

 
w

it
h

 M
cC

ru
dd

en
 

11
 

an
im

al
s 

A
v

.:
 

0
·6

 
a

n
d

 l
ac

ta
ti

n
g

, 
4 

on
ly

 l
ac

ta
ti

ng
. 

19
19

 
C

ow
ie

 a
n

d
 C

al
ho

un
 ..

 
M

od
if

ie
d 

L
y

m
an

's
 m

et
h

o
d

 
U

.S
.A

 .
..

..
 

28
 

A
v

.:
 

7
·8

 
H

ea
lt

h
y 

ox
en

, 
d

on
o 

on
 w

ho
le

 b
lo

od
. 

3 
an

im
al

s 

19
23

 
:B

ri
gg

s 
..

..
..

.
..

..
..

 
P

p
t.

 a
s 

o
x

al
at

e 
an

d
 t

it
.r

a-
U

.S
.A

 .
..

..
 

2 
12

·4
-1

2·
6 

D
et

er
m

in
ed

 
o

n
 p

la
sm

a.
 

ti
o

n
 

1 
an

im
al

 
A

v
.:

 
12

·5
 

1 9
26

 
R

o
b

in
so

n
 a

n
d

 H
uf

f-
P

p
t.

 a
s 

o
x

al
at

e 
an

d
 t

it
ra

-
U

.S
.A

 .
..

..
 

11
7 

7·
7

-1
4·

7 
V

ar
io

us
 

ag
es

 
an

d
 

b
re

ed
s,

 
b

o
th

 
se

x
es

; 
m

an
 

t'
o

n
 

±
 4

0 
an

im
al

s 
A

v
.:

 
11

·0
 

do
n

e 
o

v
er

 8
 d

ay
s.

 
--

19
27

 
T

he
il

er
, 

G
re

en
, 

an
d

 
P

p
t.

 a
s 

o
x

al
at

e 
an

rl
 t

it
ra

-
S

.A
. .

..
..

..
 

9 
8

·7
-1

0·
4 

F
ro

m
 

bo
rd

er
-l

in
e 

to
 a

m
p

le
 

P
. 

~t
nd
 

C
a.

, 
d

u
 T

o
it

 
ti

o
n

 
5 

an
im

al
s 

A
v
.:

 
9

·5
 

n
o

rm
al

 
:t

ni
m

al
s.

 

19
28

 
H

ay
d

en
 a

n
d

 F
is

h
 ..

. 
C

la
rk

-C
ol

li
p 

m
od

ifi
ca

ti
on

 
U

.S
.A

 .
..

.
. 

56
 

7
·5

-1
4·

0 
4 

A
n

im
al

s 
ca

lv
ed

 
d

u
ri

n
g

 
ex

p
er

im
en

t 
of

 K
ra

m
cr

-T
is

d
a.

ll 
5 

an
im

al
s 

A
v.

: 
10

·8
8 

do
ne

 o
v

er
 1

3 
m

o
n

th
s.

 

19
28

 
G

re
en

 a
n

d
 M

ac
as

ki
ll 

T
it

ra
ti

o
n

 o
f 

o
x

al
at

e 
..

..
 

S
.A

 ..
..

..
.

. 
13

 
8

·9
-1

0·
8 

V
el

d
-b

re
d

 
ca

tt
le

, 
fr

om
 

24
 

h
o

u
rs

 
to

 
10

 
3 

an
im

al
s 

A
v

.:
 

10
·1

 
w

ee
k

s 
af

te
r 

ca
lv

in
g.

 

19
30

 
A

nd
er

so
n,

 
G

ay
 le

y,
 

M
od

if
ic

at
io

n 
of

 K
ra

m
er

-
U

.S
.A

 .
..

..
 

55
 

9·
 9

6-
16

·1
8 

A
ge

 f
ro

m
 l

es
s 

th
an

 1
 m

o
n

th
 

to
 

9 
ye

ar
s,

 
an

d
 P

ra
tt

 
T

is
da

ll
 

±
 3

7 
an

im
a.

Is
 

A
v

.:
 

12
·6

3 
el

i f
fe

re
n

t 
b

re
ed

s,
 

b
o

th
 s

ex
es

. 
-

19
30

 
A

ll
ar

dy
ce

, 
F

le
m

in
g,

 
C

la
rk

 a
nr

l 
C

o !
li

p 
..

.
..

..
. 

C
an

a.
cl

a .
..

..
 

64
 

8·
7-

12
·8

 
D

ai
ry

 c
ow

s 
an

d
 h

ei
fe

rs
, 

bl
oo

d 
d

ra
w

n
 4

-5
 

F
ow

le
r,

 a
n

d
 C

la
rk

 
21

 
an

im
al

s 
A

v
.:

 
10

·4
 

h
o

u
rs

 
af

te
r 

m
or

ni
ng

 
fe

ed
in

g
; 

d
o

n
e 

(c
al

cu
la

te
d)

 
o

v
er

 3
-4

 m
o

n
th

s,
 ±

 3
 a

n
al

ys
es

 o
n 

ea
ch

 
a

ni
m

al
. 

19
33

 
H

am
b

ro
ck

 .
..

..
..

..
 

-
G

er
m

an
y

 ..
 

49
 

8
·0

-1
3

·8
 

D
o

n
e 

on
 s

er
u

m
 o

f 
h

ea
lt

hy
 a

n
im

al
s.

 
49

 a
n

im
al

s 
A

v
.:

 
10

·9
 

19
34

 
A

ll
cr

of
t 

an
d

 G
re

en
 .
. 

M
od

if
ie

d 
m

et
h

o
d

 o
f 

E
n

g
la

n
d

 .
..

 
13

9 
8·

 5
6-

ll
· 6

5 
10

8 
S

am
p

le
s 

fr
o

m
 c

o
w

s 
an

d
 h

ei
fe

rs
 a

n
d

 
K

ra
m

er
 

an
d

 T
is

d
al

l 
13

9 
an

im
al

s 
31

 
ra

n
d

o
m

 s
am

p
le

s.
 

~
-
-
-
-
-
-

19
35

 
G

ru
en

ew
al

d 
..

..
..

..
 

M
al

an
 a

n
d

 \
'. 

d.
 L

in
g

 en
 .
. 

S
.A

. .
..

..
..

 
36

4 
5

·5
-1

5·
5 

Y
ea

rl
in

g
 h

ei
fe

rs
, 

d
o

n
e 

ov
er

 2
~~

 y
ea

rs
. 

13
 a

n
im

al
s 

A
v

.:
 

8
·4

 

19
35

 
T

h
is

 P
ap

er
 .
..

.
..

..
. 

M
al

an
 a

n
d

 v
. d

. L
in

g
en

 ..
 

S.
A

 ..
..

..
..

 
11

9 
7

·6
1-

14
·3

 
A

go
 ±

 2
 y

ea
r·

s,
 d

if
fe

re
n

t 
br

ee
ds

, 
di

ff
er

en
t 

7 
an

im
(l.l

s 
A

v
.:

 
10

·5
 

se
xe

s
; 

do
n

e 
o

,·e
r 

1 
y

ea
r.

 

M
an

y
 o

f 
th

e 
ab

o
v

e 
fi

gu
re

s 
ag

re
e 

v
er

y
 c

lo
se

ly
 w

it.
h 

th<
> 

A
u

th
o

r'
s,

 t
h

o
u

g
h 

m
an

y 
di

ff
er

en
t 

m
et

h
o

ds
 h

av
e 

be
en

 a
p

p
li

ed
, 

b
u

t 
m

os
t 

of
 t

h
es

e,
 i

f 
n

<:>
t 

al
l,

 a
re

 b
as

er
l 

on
 t

h
e 

o
x

al
at

e 
p

re
ci

p
it

at
io

n
. 

" "" \::: H
 " ;.. t<
 

l:::
i t<
 

0 0 tl
 

[J
J >-
l 

q tl
 

>-<
 
~
 

(J
J ~
 

>-<
 

>-<
 



>1
'­

-l
. 

-l
. 

M
A

G
N

E
S

II
J:

M
. 

N
o.

 o
f 

A
na

ly
se

s 
Y

ea
r.

 
A

u
th

o
r.

 
M

et
ho

d.
 

C
o

u
n

tr
y

. 
an

d
 

M
gm

. 
pe

r 
10

0 
cc

. 
R

em
ar

k
s.

 
N

o.
 o

f 
A

n
im

al
s.

 

19
23

 
B

ri
gg

s.
 . 

. .
 . 

. .
 . 

. .
 . 

. .
 
I B

ri
gg

s 
..

..
..

.
..

..
..

.
..

. 
U

.S
.A

 .
..

..
 

2 
2

·4
-2

·7
 

D
on

e 
on

 p
la

sm
a 

of
 s

am
e 

bl
oo

d 
sa

m
pl

e.
 

l 
an

im
al

 
A

v
.:

 
2·

55
 

-
10

26
 

R
ob

in
so

n 
an

d
 H

uf
f-

B
ri

gg
s 
..

..
..

..
..

..
..

..
. 

U
.S

.A
 .
..

..
 

26
 

0·
31

-3
·0

8 
V

 a.r
io

us
 

br
ee

ds
 

an
d

 
ag

es
, 

b
o

th
 

se
xe

s 
; 

m
an

 
M

an
y 

an
im

al
s 

A
v

.:
 

2·
16

 
cl

on
e 

ov
er

 8
 d

ay
s.

 
-
-
-
-

19
28

 
T

he
il

er
, 

G
re

en
, 

a
nd

 
N

o
t 

st
at

er
! 
..

.
..

..
..

..
..

 
S

.A
 ..

..
..

..
 

4 
4

·3
-5

·4
 

F
ro

m
 

bo
rd

er
-l

in
e 

to
 

am
pl

e 
C

a 
an

d
 

P
, 

d
u

 T
o

it
 

3 
an

im
al

s 
A

v
.:

 
4

·7
 

no
rm

al
 a

ni
m

al
s.

 
-
-
~
~
 

-
-
-
-
-

-
1!

!2
8 

G
re

en
 a

n
d

 M
ac

as
ki

ll
 

G
ra

vi
m

et
ri

ca
ll

y 
as

 p
yr

o-
S

.A
 ..

..
..

..
 

12
 

3·
 8

--
4-

·7
 

V
el

d-
br

ed
 

ca
tt

le
, 

fr
om

 
24

 
h

o
m

s 
to

 
10

 
p

h
o

sp
h

at
e 

3 
an

im
al

s 
A

v
.:

 
4

·2
 

w
ee

ks
 a

ft
er

 c
al

vi
ng

. 
-
-
-

-
19

30
 

S
jo

ll
em

a 
..

..
..

..
..

. 
N

o
t 

st
at

ed
 .
..

..
..

 · .
..

..
. 

H
ol

la
nd

 
N

o
t 

st
at

ed
 

A
''·

' 
1·

66
 

N
o

rm
al

 a
n

im
al

s.
 

---
-
-

19
31

 
A

llc
ro

ft
 a

n
d

 
G

re
en

. 
i\-

Io
di

fi
cn

 ti
o

n 
of

 
D

en
is

 
E

n
g

la
n

d
 .
..

 
13

9 
1·

 8
5-

3·
17

 
D

on
e 

on
 

se
ru

m
 ;

 
10

8 
n

o
rm

al
 c

ow
s 

an
d

 
m

et
ho

d 
13

9 
an

im
al

s 
he

if
er

s,
 

32
 r

an
d

o
m

 n
o

rm
al

 s
am

pl
es

. 
-
-
-
-
-

19
32

 
D

ry
er

re
 .
..

..
..

..
..

. 
G

ra
vi

m
et

ri
ca

ll
y 

as
 p

yr
o-

E
n

g
la

n
d

 .
..

 
N

o
t 

st
at

ed
 

1
·8

-3
·1

2 
N

or
m

al
 c

ow
s.

 
p

h
os

p
h

at
e 

A
v

.:
 

1·
 9

 
-
-
-
-
-

-
19

32
-

B
la

ke
m

or
e 

an
d

 
--

E
n

g
la

n
d

 .
..

 
70

 
ca

tt
le

 
1·

04
-3

·1
7 

C
ow

s 
on

 f
ar

m
s 

w
it

h 
hi

st
o

ry
 o

f 
la

ct
at

io
n 

19
33

 
S

te
w

ar
t 

A
v

.:
 

2·
13

 
te

ta
n

y
. 

(s
ee

 
2

·4
 

-
19

34
) 

A
v

.:
 

2·
()

7 
--

--
--

--
--

--
-
-

-
-
-
-
-

---
1(

)3
5 

G
ro

en
ew

al
d 

..
..

..
. 

M
al

an
 a

l1
fl 

v.
 c

l. 
L

in
.g

en
 .

. 
S

.A
 ..

..
..

..
 

3:
~8

 
1

·5
--

4·
9 

Y
ea

rl
in

g 
he

if
er

s,
 

do
nq

 
ov

er
 
2~
 

ye
ar

s,
 

13
 a

ni
m

al
s 

A
v

.:
 

2·
7 

di
ff

er
en

t 
b

re
ed

s.
 

-
-
-
-

-·
-

19
35

 
T

hi
s 

P
ap

er
 .
..

..
..

.
. 

M
al

an
 a

n
d

 v
. 

d.
 L

in
ge

n 
..

 
S.

A
. .

..
..

..
 

11
5 

I 
3·

55
-7

·2
4 

A
ge

 
±

 
2 

yP
ar

s,
 

di
ff

er
en

t 
br

ee
ds

, 
bo

tl1
 

7 
an

im
al

s 
A

v
.:

 
4·

59
 

se
xe

s;
 

do
n

<; 
ov

er
 1

 y
ea

r.
 

T
h

o
u

g
h

 t
h

e 
m

et
h

o
d

 u
se

d 
hy

 C
:1

·o
en

ew
al

d 
is

 t
h

e 
sa

m
e 

t.h
e 

A
u

th
o

r 
us

ed
, 

th
e 

fi
gu

re
s 

of
 C

:r
oe

nc
w

al
d 

ar
e 

ra
th

er
 o

n 
th

e 
lo

w
 s

ic
lc

, 
co

m
pa

ri
ng

 t
h

e 
fi

gu
re

s 
of

 o
th

er
 S

o.
.t.

lt
 A

fr
ic

an
 w

or
ke

rs
. 

ft.
 

m
u

st
 b

e 
~t

at
cd

, 
ho

w
eY

Pr
, 

th
at

 t
h

e 
ab

o
v

e 
m

et
h

o
d

 1
1·

R
s
 

no
t. 

us
ed

 e
x

ae
tl

y 
by

 
th

e 
A

u
th

o
r 

as
 M

al
an

 a
.n

d 
•;.

 d
. 

T.
in

g-
cn

 
p

cs
er

ii
w

 
it,

 (
se

c 
u

n
d

er
"

 1
\fc

f·,h
o

d
s 

of
 A

n
n]

~ 
sr

·s
 "

).
 

~
 

"-<
 

~
 ... "" .... r.J
 

:::0
 

~/
] ~ 



~
 

--
1.

 
0

0
 

-
-

-

Y
ea

r.
 

19
23

 

19
26

 

19
27

 

19
28

 

19
28

 

19
30

 

19
30

 

-
-
-

19
30

 

A
ut

ho
r.

 

B
ri

gg
s 
..

..
..

..
..

..
. 

R
ob

in
so

n 
an

d
 H

uf
f-

m
an

 

T
he

il
er

, 
G

re
en

, 
an

d
 

d
u

 T
o

it
 

G
re

en
 a

n
d

 M
ac

as
ki

ll
 

H
ay

d
en

 
an

d
 F

is
h 

..
. 

A
nd

er
so

n,
 

G
ay

le
y,

 
an

d
 P

ra
tt

 

A
ll

ar
dy

ce
, 

F
le

m
in

g,
 

F
ow

le
r,

 a
n

d
 C

la
rk

 

S
jo

ll
em

a 
..

..
..

..
..

. 

I 

IN
O

R
G

A
N

IC
 
P
H
O
S
P
H
O
R
U
~
.
 

N
o.

 o
f A

na
ly

se
s 

M
et

ho
<'

l. 
C

o
u

n
tr

y
. 

an
d

 
M

gm
. 

p
er

 1
00

 c
c.

 
N

o.
 o

f 
A

ni
m

al
s.

 

M
od

if
ic

at
io

n 
of

 
B

el
l-

-
2 

7
·1

 
D

ai
sy

 
1 

an
im

al
 

B
ri

gg
s 

m
od

if
ic

at
io

n 
of

 
U

.S
.A

 ..
.
..

 
12

2 
3

·0
-9

·0
 

B
el

l-
D

ai
sy

 
40

 a
n

im
al

s 
A

v
.:

 
5

·9
 

N
o

t 
st

at
ed

 .
..

..
.

..
..

..
. 

S.
A

 .
..

..
..

. 
5 

4
·0

-6
·2

 
5 

a
ni

m
al

s 
A

v
.:

 
5

·2
 

G
re

en
 .
..

..
..

..
..

..
.

..
. 

S
.A

. .
..

..
..

 
13

 
4

·3
-5

·6
 

3 
::t

ni
m

al
s 

A
v

.:
 

4
·7

 

F
is

h
 a

n
d

 S
ub

ba
ro

w
 .

..
..

 
U

.S
.A

 .
..

..
 

34
 

2
·3

1
-9

·6
3

 
A

v
.:

 
5

·7
 

B
ri

gg
s 

m
od

if
ic

at
io

n 
of

 
U

.S
.A

 .
..

.
. 

20
 

3
·0

9-
6

·1
7

 
B

el
l-

D
ai

sy
 

M
an

y 
an

im
al

s 
A

v
.:

 
4

·4
6

 

F
is

h
 a

n
d

 S
ub

ba
ro

w
 .
..

. ,
 

C
an

ad
a 

..
..

 
64

 
2·

67
-6

·7
0 

21
 

an
im

al
s 

A
v

.:
 

4
·2

 

N
o

t 
st

at
ed

 .
..

..
..

..
..

..
 

H
ol

la
nd

 ..
. 

N
o

t 
st

at
ed

 
4-

6
 

A
v

.:
 

4
·6

 

-
-
-
-
-

-
-
-
-

-
-
-
-
-
-
-
-
-

-
-
-
-

R
em

ar
k

s.
 

D
et

er
m

in
ed

 
on

 
pl

as
m

a 
on

 
sa

m
e 

bl
oo

d 
sa

m
pl

e.
 

V
ar

io
us

 
ag

es
 

an
d

 
b

re
ed

s,
 

b
o

th
 

se
xe

s 
; 

do
ne

 o
ve

r 
8 

da
ys

. 

S
uf

fi
ci

en
t 

P
. 

an
d

 C
a.

, 
no

rm
al

 a
ni

m
al

s.
 

V
el

d-
br

ed
 

ca
tt

le
, 

fr
om

 
24

 
ho

ur
s 

to
 

10
 

w
ee

ks
 a

ft
er

 c
al

vi
ng

. 

C
ow

s.
 

A
ge

 f
ro

m
 1

 m
o

n
th

 t
o

 9
 y

ea
rs

, 
di

ff
er

en
t 

b
re

ed
s,

 
b

o
th

 s
ex

es
 ;

 
do

ne
 d

ur
in

g 
la

te
 

su
m

m
er

, 
fa

ll
, 

an
d

 w
in

te
r.

 

D
ai

ry
 

co
w

s 
an

d
 

he
if

er
s 

; 
bl

oo
d 

dr
aw

n 
4

-5
 h

ou
rs

 a
ft

er
 m

or
ni

ng
 f

ee
di

ng
 ;

 d
on

e 
ov

er
 3

-4
 m

on
th

s 
; 

±
 3

 
an

al
ys

es
 

o
n

 
ea

ch
 a

ni
m

al
. 

N
or

m
al

 a
ni

m
al

s.
 

("
) 0::
 

t.
j ~
 

H
 

("
) >
 r l:d
 r 0 0 t;
j 

{J
J >-3
 

q t;
j 

H
 r.
i 

{J
J 

<
j 

H
 

H
 



.... -
l 

co
 

IN
O

R
G

A
N

IC
 P

H
O

S
P

H
O

R
U

S
 

(c
o

n
ti

n
u

ed
).

 
-
-

N
o.

 o
f 

A
na

ly
Ee

s 
Y

ea
r.

 
A

ut
ho

r.
 

M
et

ho
d.

 
C

ou
nt

ry
. 

an
d

 
M

gr
n.

 p
er

 1
00

 c
c.

 
R

em
ar

ks
. 

N
o.

 o
f 

A
ni

m
al

s.
 

19
31

 
H

am
 b

ro
c
k

..
..

..
..

. 
O

ri
gi

na
l 

n
o

t 
av

ai
la

b
le

..
 

G
er

m
an

y 
4!

) 
3 

· 0
-

10
· 6

 
D

on
e 

on
 s

er
u

m
 o

f 
he

al
th

y 
an

im
al

s.
 

49
 a

ni
m

al
s 

A
v

.:
 

6
·3

 

19
31

 
M

al
an

 
an

d 
B

ek
ke

r 
G

re
en

, 
w

it
h 

sl
ig

ht
 m

oc
lif

i-
S

.A
..

..
..

..
 

10
8 

1·
 6

-7
 · 5

 
P

re
g

n
an

t,
 2

 a
n

d
 3

 y
ea

rs
 u

lrl
 ;

 
do

ne
 o

ve
r 

N
o.

 
1 

ca
ti

on
 

8 
an

im
al

s 
A

v
.:

 
4·

 8
2 

1 
y

ea
r;

 
di

ff
er

en
t 

br
ee

d
s;

 
fe

d 
bo

ne
­

n1
ca

l. 

19
31

 
M

al
an

 
an

d
 

B
ek

ke
r, 

G
re

en
, w

it
h

 s
h

gh
t 

m
od

if
i-

S
.A

..
..

..
..

 
10

4 
0·

 9
-6

·1
 

C
on

tr
ol

 f
or

 a
bo

ve
 p

re
gn

an
t,

 n
o 

bo
ne

m
ea

l.
 

N
o.

 
2 

ca
ti

on
 

10
 a

ni
m

al
s 

A
v

.:
 

2
·5

3
 

19
31

 
M

al
an

 
an

d 
B

ek
ke

r,
 

G
re

en
, 

w
it

h 
sl

ig
h

t 
m

od
if

i-
S

.A
..

..
..

..
 

76
 

4
· 0

-9
· 9

 
N

ew
-b

or
n 

ca
lv

es
 o

f 
N

o.
 1

, 
ab

o
v

e;
 

do
ne

 
N

o.
 

1 
ca

ti
on

 
8 

an
im

al
s 

A
v.

 :
 

6 
· 7

 
ov

er
 8

 w
ee

ks
. 

19
31

 
M

al
an

 
an

d
 

B
ek

ke
r,

 
G

re
en

, 
w

it
h 

sl
ig

ht
 m

od
if

i-
S

.A
..

.
..

. .
. 

81
 

3
·1

-8
·1

 
N

ew
-b

or
n 

ca
lv

es
 o

f 
N

o.
 2

 a
b

o
v

e;
 

cl
on

e 
N

o.
 

2 
ca

ti
on

 
9 

an
im

al
s 

A
v.

 :
 

6 
· 6

 
ov

er
 8

 w
ee

ks
. 

19
32

 
M

al
an

 a
n

d
 d

u
 T

o
it

..
 

G
re

en
, 

w
it

h 
sl

ig
ht

 m
od

if
i-

S
.A

..
..

..
..

 
24

 
3

·1
-

7 
· 0

 
A

ge
 9

 m
o

n
th

s;
 

cl
on

e 
ov

er
 2

 y
ea

rs
; 

fe
d 

7 
an

im
al

s 
A

v
.:

 
5

·6
 

2 
oz

. 
bo

ne
m

ea
l 

pe
r 

d
ay

. 
-
-
-
-
-
l-

-
-
-
-
-
-
-
-
-
-
-
-
-
l-

-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
j-

-
-
-
-
-
-
-
J
-
-
-
-
-
-
-
-
-
-
j-

19
35

 
G

ro
cn

ew
al

cl
..

..
..

..
 

M
al

an
 a

n
d

 v
. 

d.
 L

in
g

cn
..

 
S

.A
..

..
..

 ..
 

54
 

4·
 7

-
9·

 7
 

A
ll 

m
in

er
al

 s
uf

fi
ci

en
cy

, 
ye

ar
li

ng
 h

ei
fe

rs
; 

2 
an

im
al

s 
A

v.
 :

 
7 

· 2
 

do
ne

 o
ve

r 
2:\

-
ye

ar
s.

 
l-

-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
l-

-
-
-
-
-
-
-
1

--
-
-
-
-
-
-
-
-
l
·-

-
19

35
 

T
hi

s 
P

a
p

e
r.

..
..

..
..

 
M

al
an

 a
n

d
 c

 
d.

 L
in

g
en

..
 

S
.A

..
..

..
..

 
11

9 
4 

·5
-1

0 
· 6

 
A

ge
±

 2
 y

ea
rs

, 
va

ri
ou

s 
br

ee
ds

, 
b

o
th

 s
ex

es
 

_ 
_ 

~
_
v
.
 :

 -~
-

-c
lo

ne
_o

ve
_r_

l_
y.,
_ea
_r
_. 
_

_
_

_
_

_
_

 _
_

 

A
 c

om
pa

ri
so

n 
of

 t
h

e 
ab

ov
e 

fi
gu

re
s 

re
ve

al
s 

th
e 

po
si

ti
on

 t
h

at
 e

xi
st

s.
 

T
hP

 o
nl

y 
fi

gu
re

 t
h

at
 c

lo
se

ly
 a

gr
ee

s 
w

it
h

 t
h

e 
A

u
th

o
r'

s 
is

 t
h

at
 o

f 
G

ro
en

ew
al

cl
, 

rl
on

e 
in

 t
h

e 
sa

m
e 

in
st

it
u

ti
o

n
 a

n
d 

b
y

 t
h

e 
sa

m
e 

m
et

ho
d.

 

~
 

:--<
 

~
 >
 

!<-
' "" !:'j l':i
 

(/
) ,.. s: 



~
 

en
 

0 

IR
O

N
. 

N
o.

 o
f A

na
ly

se
s 

Y
ea

r.
 

A
u

th
o

r.
 

M
et

ho
d.

 
C

ou
nt

ry
. 

an
d

 
l\

fg
m

. 
p

er
 1

00
 c

c.
 

R
em

ar
k

s.
 

N
o.

 o
f 

A
n

im
al

s.
 

19
31

 
M

cC
ay

 .
..

..
..

..
..

..
 

W
on

g 
..

..
..

..
..

..
.

..
..

 
I U

.S
.A

 .
..

..
 

11
3 

A
v

.:
 

3
9

·0
 

C
ow

s,
 

do
ne

 d
ur

in
g 

M
ay

. 
11

3 
an

im
al

s 

-
-
-
-
-

-
-
-
·
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

-
-
-
-
-
-
-

19
31

 
M

cC
ay

 .
..

..
..

..
..

..
 

W
on

g 
..

.
..

..
..

.
..

.
..

..
 

U
.S

.A
 .
..

..
 

ll
3

 
A

v
.:

 
3

8
·7

 
C

ow
s,

 s
am

e 
as

 a
b

o
v

e;
 

do
ne

 d
ar

in
g

 J
'u

ly
 

11
3 

an
im

a!
R

 

--
--

--
--

-
-
-
-
-
-
-
-
-

--
-·-

-
-
-
-
-
-
-

19
35

 
T

hi
s 

P
ap

er
 .
..

..
..

..
 

W
on

g 
..

..
..

..
..

..
..

..
. 

S.
A

. .
..

..
..

 
12

5 
28

-6
4 

A
ge

 
±

 2
 

ye
ar

s,
 

di
ff

er
en

t 
br

ee
ds

, 
b

o
t.h

 
7 

an
im

al
s 

A
v

.:
 

49
 

sp
xe

s 
; 

d
o

n
e 

ov
er

 1
 y

ea
r.

 

In
 c

om
pi

li
ng

 
th

e 
df

tt
a 

of
 t

h
e 

co
m

p
ar

at
iv

e 
ta

b
le

s 
it

 W
fti

l 
fo

un
d 

th
at

 v
er

y
 l

it
t.l

e 
h

as
 b

ee
n 

d
o

n
e 

on
 t

h
e 

ir
o

n
 c

o
n

te
n

t 
of

 b
ov

in
e 

bl
oo

d.
 

T
h

e 
on

ly
 

co
m

pa
ra

ti
v

e 
fi

gu
re

s 
fo

nn
cl

 
be

in
g 

th
e 

ab
ov

e.
 

A
 c

om
pa

ri
so

n 
ca

n
 h

ar
d

ly
 b

e 
w

ar
ra

n
te

d
, 

th
o

u
g

h
 t

h
e 

m
et

h
o

d
s 

u
se

d 
ar

e 
th

e 
sa

m
e.

 
T

h
e 

H
gm

es
 o

f 
M

cC
ay

 
IU

'e 
re

pr
es

en
ta

ti
ve

, 
be

in
g 

fr
om

 m
"n

y
 a

ni
m

al
s,

 b
u

t 
th

e 
an

al
ys

es
 w

er
e 

n
o

t 
do

ne
 o

ve
r 

a 
pe

ri
od

. 

0 >-<
 

,_,
 

Q
i ~
 .... 0 .,.. t<
 

1:::
! r 0 § w
 

,...,
 d tj
 

>-<
 
~
 

[/
J
 .:: .... >-<
 



P. J. HA~fERS'U. 

SUMMARY. 

In this paper, the seventh of a series of bloodstudies of c1omestic 
animals, c1ata in respect of normal bovines have been presented . 
Determinations of Hb, T.N., S., N.P.N., U.N., "T "C.N., U.A.N., 
and A .A.N., as well as Cl, Na, K, :Mg, Ca, P (inorg .), and Fe in 
the case of seven bovines are submitted and the salient differences 
briefly touched upon. Comparative data of other workers, from 
different rountries have been appended. 
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