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IN:FLuENCE OF RATIONS ON COJ\IPOSlTTOK OF HL OOJ J AKJ) MlLK . 

It is interesting to compare the daily intake of calcium , phos
phorus, magnesium, potassium, sorlium, and chlorine in the feed with 
the amouuts of these elements excreted in the milk supply daily 
during the two three-month lactat ion periods. The figures sho"·ing· 
the daily intake and loss of minerals are giYen in tables 19 and 20. 

From the above tables it is avpareut that in all grouvs t he actual 
inta ke of minerals, " ·here such \Yas in tended to be lo1Y in a ration, 
" ·as actually reduced to a lo"·er level than the daily output in 1hc 
milk, the only exceptions being in the case of the group receiving 
a ration low in potass ium and also of the group receiving a ratio11 
low in m agnesium. The groups on a lo"· l:alcium intake ac:tua lly 
excreted in t he milk more than hYice the amount of calcium i.ngeste(l 
daily. 

The actual ;;ignifican ee of these figures is, howeYer, diffieult to 
interpret when it is remember ed that according to Crichton (19:30) 
the system assimilates only about 15 to 20 per cent. of the minerals 
i.ng·ested daily . These fig ures neYertheless show the tremendous drain 
to ''"hil'h the organism may he subjected " ·ithout a corr esponrling 
lo11·el'ing· of any mineral in the mille 

III. F uRTHER STl:DIES OK ~In.K. 

In order to clemonshate the severe drop in milk f!O\Y dunug 
the first lactation periorl , tables aTe gi.Yen for the monthly milk y ielrl 
of Pa('h r·o"· and the influen('e of snr·h a rlecreaNe on consti turnts 
such as butter-fat , solids-not-fat, sugar, protein, and ash. The for·· 
mulae that were previously given were of course used iu colllpiliug· 
thr (lata gi ven for t he protein, sugar , ancl total ash of milk. 

(a) Total milk procltLction.-The monthly as well as the total 
milk production fm each CO\Y is given in table 21, in order not only 
to allow group (:ompari sons to he dra"·n ;;howillg the effect of low 
minerals on production, hut also to compare the first lactation JWrio(lR 
"·ith the sec<md lactahon periods, during which lattrr ve1·iod more 
protein tras given. A r ecm·d of the amount of milk proclueerl also 
enable the calculation of tohd mineral output in t he milk of each 
CO\Y as g1ven m tahles 19 and 20. 

The figures repreRenting· the milk yields for the l'O,YS (luring
the fir;:;t lactation (table 21), we1·e ('Orreded so aR to enable cl irect 
C:Oll1})arisons to he made with the yielcls of the seeoncllacbhon period. 
rrhe conections were effected aecorrling to the proposals of 
1Iacanrllish (J 921), i. e. that tll e milk yields of the first lactation 
period were multiplierl by 1 ·143. 

Attention sh ould be rlrawn to the fact that the eows, without 
ex('eption, produced more milk tl uring the second lactation period. 
Unfortunately the cleath of a number of cows rencleTecl the records 
rather incomplete. 
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(b) Hatter-fat percentayes.-All the butter-fa t percentages \Yere 
l"Ompiled frolll Jnorniug and eYening- determinati ons over a forty
eight hour period, and are giYen in table 22. 

The butter-fat pen:entages, as may be seen from table 22, are 
s1.uprisingly low throughout both the first and se l"onrl lactation 
period,; for all the groups, reganlle"s of 1vhi ch m ineral ''"as low in 
the (luily ration. Deplorably lo-Y ail these figmes may appear to a 
dairyman, the average~ are neYertheless comparable ''"it h those of 
thousand;-; of veld cattle in South Africa . 

(c) 8olids-nut-fat pn·centa.ues .- These r eadings " ·ere taken on all 
milk "ample~ l"ollede(l , ancl are gi n n in iahle 2:3 . 

As ma:v be seen hom table 2:), the1·e is 110 appre(; iahle <liHei·euc·e 
hei,.-een (lifl'arent gToups m· beh,·et-n the two ladahon period" Jn 
r egard to the percentage of solicl ;-;-not -fat content. The average figure, 
S ·2 pe1· (·ent. is, howeYei·, definitely lo,Yer than the normal figtne 
obta ine(l ir. othe1 c•ountries 01 ''"ith cows -of high milking qualiti es . 

(d) P1·otein, lflttosr aml ash in 11/.ilk.-From the following tables 
giving the data collederl for protein, la r·tose, an d :1sh in monthly 
milk Rmn plt-s, cletenninecl according to th e previous!:,· cl escr ihecl for
mulae, it \Yill he seen that nutritiona l cleficiencieH proclu (;ecl by 
lmYerecl mineral constituents in different groups had no effect on 
the~e substanees in mille 

There i,; , ho"·eyer, a general uniforml~· lmYere (1 protein and a:>h 
throug-hout the whole experimental pariod in all t he gToup;;, regard
less of thei1· Yariation;, in rations in reg-anl to mineral intake. This 
cireumstance i ;; easily explicable on t he ground that t he protein and 
ash Ya lues " ·ere calculated directl-'· from t he butter-fat per centages 
and would olwiousl)r tend to be lo''" if the l atter were low, as was 
the case (seen in table 22). Th e aYerag-t- protein " ·as found to be 2·8 
per cent. , ash 0·68 per c·ent. , and lactose 0·2 per cent., as shmYn 
in tables 24, 25 and 26. 

IY. 'l'nE :MumnAL CoKTEXT OF C'.lLF BLoon. 

D eterminations of calcium, inorganic phosphorus, magnesium, 
potassium, soclin m nn e! chlorine, " ·er e made ou the cahes as often 
as pos;;ihle, with the result tha t, a set of figures was -obtain ecl :-;tretch
ing OYer the three-J\\OJl th pt-riocl, i. e . Yalnes for cah es from 1 t-o 86 
rb ys ol(l. 'l'o cletermine the general cour;;e i.n " ·hich a min eral 
element movetl , seven-day period values 11·ere aYeragecl su ccessively 
and plotted in weekly periods. Three-weekly averages ,,.e1·e t h t-n 
t aken as the first point , that is \\·eeks Xos. 1, 2, and 3; to obtain 
thr seroncl point an aYerage ''"as taken of \Teeks X.os . 2, 3 ancl 4; 
i hinl point NOS. !1, 4 and 6, and so on for all the points. rrhere \Yere 
15 ca lves, 12 of "·hich were heifers, all "·ere remarkably uni form, 
anrl as no gToup Cli.fferen ce,; as affected by nutrition occurrecl, they 
''"er e studied collect ively as normal cah es. 
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The trend of blood cal ci urn of calf blood for the first three months 
of a calf's life is given in figure l. 
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Fig. 1. 

From Fig. 1 it will be noticed that the calcium of calf blood is 
relatively high for the first month of the calf's life. Then there is 
a gradual decline, until it finds 1ts final le.-el after seYen weeks. 

In a similar manner the inorganic blood phosphorus content of 
the calves was determined and plotted in figure 2 . 
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Fig. 2. 

A glance at the curve shmYs that the inorganic phosphorus 
cont ent of the blood of the young calf is relatively high and that 
there is no drop appreciable during the first three months of life. 

The magnesmm content of cal£ blood is shown in figure 0. 
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From figure 3 it is apparent that the magnesium content of calf 
blood is slightly higher than that of the cow's blood, and that there 
is no decline in t he blood magnesium content for the first three 
mon ths of a calf's l ife . 
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'l'he potassium content of calves' blood IS given in figure 4 . 
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A study of the curve shows a trulv remarkable behaviour of the 
potassium. In week-old calves the "potassium of blood is about 
130 mgm. per 100 c.c. blood, there is a steady dedine as the animal 
advances in age until at about ten weeks the potasssium is approxi
mately 50 mgm. per 100 c.c. of blood, which may be taken as normal 
for adult bovines. 

Figure 5 gives the sodium content of calves' blood. 
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Fig. 5. 

Again from the curve an upward trend as age advances, is 
noticeable in the sodium content of calf blood; although the sodium 
of blood is subject to greater fluctuations than is potassium, the 
upward trend is nevertheless significant. 

The chlorine con tent of calf blood is given in figure G . 
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From figure o it is apparent that the chlorine in cal£ blood is 
not subject to variation with increasing age. There is no appreciable 
difference between calf blood ehlorine eontent and the chlorine eon
tent of adult bovine blood. 

It has been mentioned that during the first week of life each 
cal£ received its mother's milk. 'l'he mother's milk, however, had 
no influence on the mineral con,;tituents of the calf's blood, as may 
be seen by comparing the figures for different calves during the first 
'veek. Changes in the calf blood are not to be expected when there 
were no changes in the composition of the milk (as may be seen 
from the vari·ous tables), so the analyses of the calf blood was con
tinued after the first "·eek "·hen all the calves were receiving the 
mixed milk from the cows, substituted in due course by the proper 
amounts of grain and hay usually given to cahes according io 
W eaver, Shaw and Ely (1924). 

GENERAL DISCUSSION. 

At the outset it must be mentioned that the rations low in 
various minerals had apparently no effeet upon the animal so far as 
could be judged by any corresponding lowering of the blood mineral 
element concerned in the blood or milk. For this reason, as Rtated 
before, it "·as preferable to deal with all the animals colleetively in 
respect of all the substances determined (except phosphorus) rather 
than to involve unnecessary repetition by considering each group 
separately. 

In order to substantiate t he results in t he tables and illustrate 
these more clearly, curves are presentea for mineral analyses of i:h P 

bloocl of groups receiving rations low in t he element plotted. 'l'be 
objeet is, of course, to show " ·hat direct effec~t certain deficiencies in 
the rations had on the blood and mille 

Deficiencies such as one of general protein, which occurred in all 
the gToups during the first lactation period (as may be seen from 
table 21, where the milk production was cousiderably lowered), had 
no effect on the composition of the blood and milk. 

It 'ns likewise observed that a cow which Q'ives birth to a 
weakling has nevertheless a normal mineral conte'nt of blood and 
mille 

The abnormal conditions, may therefore, be discarded "·hen con
sidering the eurves and tables illustrating the blood and milk com
position, because higher protein, plu8 ensilage in the rations, result
in"' in good g·ains in " ·eight (seen in table 5) and normal calves 
du~·ing the second season d i.d not bring a bout the sli£thtest changes 
i.n the composition of the blood and. milk as compared. " -ith that of 
the first season. 

(a) Calc·imn.-By comparing the daily intake of ealf'ium (table 
3) and the intake anc1 output, in milk (tables 19 and 20) with the 
results for blood and milk calcium (tables 6 and 14), it will be 
noticed that although comiderable fluctuations in ea1cinm content 
from month' to month are manifest, these fluctuations may easily 
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fall '"ithin the limit of experimental error or even of normal varia
tion. ~()twithstanding t he fact that table 19 shows tl1at lluriug a 
certain period of the animal's life it ''"as actually losing more than 
twice t he calcium in the miLk than was ingested in the daily ration, 
this shortage was not reflected by a lmYering of the blood or milk 
c:alcium. 'l'he groups on t he ration~ low calcium (D.O.B . 0643 aJH1 
3655), 10\Y calcium lmv magnesium (D.O .B. 3640 anrl 3650), and all 
mineral cleficiency except calciu m an d phosphoru~ (D.O.B. 3()42 and 
J G49) " ·ere not subjected w disease and la~terl fm the whole experi
mental pe1iod . Th e blood calcium of these g-roup;,; is plottecl in tlw 
curves tog-eth er "·ith that of the normal co11trols in figures 7, 8 anrl 9. 
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Fig. 7.-Calcium and magnesium in the blood of cows. 
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Fig. 8.-Calcium a nd magnesium in the blood of cows. 
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304 5 ·COnlrOI. 
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Fig. 9.- Cnkium and inorgan ic phosphorus in the blood of cows . 

Althoug-h a 1·i::;e in Gah-iunt is s h O\Yll during- the 11th month 19:30, 
f.ollo11·ed by a depression IYhich reaches its lo11·est le,-el cluring· the 
6th month 1930, Gareful study of the cu rves will show that all the 
levels fall \Yell \Yithin the normal range of blood c·alcium . .JioreoYer 
the gradual rise in blood calcium commences at a time \\·hen it would 
be eXl?.ectecl to he at its lo"·est, namely, the first lac-tation period. 
when the animals shOIYed a pronounced chop in weight, a:-; may he 
seen from table 5. In regard to its blood calcium content the control 
animal behaved in exactly the same manner as did the other animals . 

It ,;]wultl be ::;ta tecl here Lha t at times the animab suffered from 
sore feet from the concrete floors, and for t his reason were restefl 
in a sand fl.oorecl paclclock \Yhere earth-eating occurred to a slighi 
extent. The soil in this paflclock sh o1Yecl a CaO content of 0·2 per 
cent.; an amount IYhich coulcl not be of any grent importanc-e as it 
" ·ould not seriom;]y affect the a lready Yet.v low intake . 

There must, therefore, haYe been a tremenclou,; clruin on th e 
cah·ium of the system in onler to mnintair1 a nonnal blood calcium. 
This Rhom; that in times of inaclequate intah of calcium the hotls· 
makes g·ood use of its natural storehouseR, such as hone trabeculae. 
The a dult animal is t hen able to c-ope with conditions of lo11· calc·ium 
intake for consider a hle periods, but will more easily succumb to 
condit ions such as milk fever or l o11· bloofl c-aleium during paturition. 

The importance of calcium in bone building should not be lost 
sight of, anfl is eleady illustratecl in young- c-alves, as may be seen 
from figure 1. 'l'he calcium content of calf blood is higher than 
that of eo1Y's blood. Especially is this true for the first mouth of 
life. \Vhen the calf starts to feed for itself there occ-urs a g-radual 
lmYering of the calcium content of the blood, although clurin;2' the 
first three months of li fe t he level remains relatively higher tJwn 
in the hloofl of the cow. 
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~b) Phosphmus.-1'hat the importanee of inorganic blood phos
phorus has not been over-estimated in the past is clearly borne out 
by table 6, which shows the ease with which this element may 
fiuetuate .in the blood stream. The groups on lmY phosphorus intake:; 
exhibited a n·otably low inorganic blood phosphorus level. A glance 
at figure 10 is nec:essary to clearly illustrate this. 'rhe first fall in 
inorganic phosphorus was due to the first lactati.on period llming the 
6th, 7th and 8th months. Unfortunately animals died lluring the 
second month of the second laetation. 'rhe decline observed from 
the second month of 1932 ,yas caused by the substitution of five 
pounds of mealies by five pounds of fanko, resulting in a grain rat ion 
of 10 pounch of fan ku The phosphorus in five pounds of mealies 
"·as, therefore, sufficient to carry the ro"·s over the first lactation, 
although it is hardly likely that they \\·ould have survived had the 
lactation lasted for more than three months, as an average inor
ganic blood phosphorus con tent of 4 · 0 mgm. may be regarded as on 
the safety borderline. 

Although subject to rlecidecl monthly fluetuations in morgauiLO 
blood phosphorus, all the other groups may be considered to have 
shown a relatively high level in their blood. It is noteworthy, 
however, that there was a general lowered level during the lactation 
periods, indicating the greater drain of inorgan.ie phosphorus during 
these periods as shmn1 in figure 9. 

Months 6 7 8 9 10 11 11 1 2 3 4 5 6 7 8 9 10 II 12 I 2 3 4 5 6 7 8 9 10 11 12 

Year 1930 1931 1932 

Fig. 10.-lnorganic phosphorus in the blood. 

'l'he inorganic phosphorus oontent, as well as the total phos
phorus content of the milk (tables 13 and 14) remained unaffected 
by lmYering the phosphorus intake to a quantity less than that ex
creted in the milk over the two three-month lactation periods ( e.f. 
tables 19 and 20). 

A consideration of figure 2 shows that the blood of the young 
calves was relatively high in inorganic blood phosphorus and re
mained so during the three months under observation. It is in this 
caae rather difficult to draw direct comparisons bebYeen the inorganic 
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phospnonrs-l-eTels of cow and cal£ bloods, beeause the blood of the 
cows m ay be considered to be higher than the average, clue to the 
greatel' intake of phosphorus in their mtions. 'l'he general upward 
trE-nd of inorganic blood phosphorus of the calves during the first 
week of life, ns indicated by other \Yorkers, is eclipsed by aYeraging 
all the values for the fir~t three weeks and plotting them as one point, 
as indicated previm1sly. 

Beca use of the imme<liate reflection in the blood of a phosphorus 
shortage, th e supply of this element should be adequate in order 
to pre\'en t mortality. The method of phosphorus supplementation 
being of course purely an economic question, we shall here content 
oursehes by tlra,Ying attention to tl1e fact (sho,vn in figure 10) that 
five pounds of mealies supplied sufficient phosphorus to maintain a 
normal level of inorganic blood phosphorus in dry co\\·s. 

(c) Jfagnesiu.Jn,.--'l'he ahuncl ::mce of magnesium i11 nature and 
the small amount utilised by the animal (as shmYn in the milk 
secretion tables 19 and 20) makes it cliffieult to lmver this element 
sufficiently in the ration to cause obvious stress or eYen to be sure 
of a deficiency at any time. 1' he data collected in table 8, and more 
plainly shown in figures 7, 8 and 11 (low Ca 3G43 and 3655) : (l ow 
Ca low mg.-- 0640 and 3650), and all minerals defieient except Ca 
and P-3642 and 3649), indicate that, although there appears to be 
a minilllum fluctuation of magnesium content in the blood stream 
and no apparent group variations, there is nevertheless a slight ten
dency for higher values t,o obtain tluring lactation periods. This 
faet, together with the Telatively hi gh mag-nesium content of milk 
(table 15) as compared " ·ith blootl, as '"ell as the generally higher 
cal£ blood maguesi um values, suggest that tluring periods of neetl 
mag nesium may be increased for some purpose or other, presumably 
to supplement calcium and in this way to maintain the normal acitl
base equilibrium. The data may not, howeYer, be considered con
clusive enough to substantiate the aboYe theory, especially in vie\\
crf lhe fact that the absence of group variations shows that the blood 
magnesium "-as definitely not influeneerl by the nntritional fador. 

(d) Potassiu ntr.-'l'he abundant occunence of this element in 
nature is probably the reason that it h as not reeeiYe<l such inten;.;ive 
study aR have certain of the other elements, such as cal ci'J.m and 
phosphorus that have figured more prominently in inYestigations. 
A glan ee at table 9. as well as fig-ures 11 and 12 (all mineralR low 
exeept Ca and P ) D.O.B. 1642 and 3()4.9 ancl low K-3656 and 3G73) 
plotted "-ith the curve for the normal control animal (D .O.B. !3G45) 
shows that there is a wide rang'e of monthly blood potasRium fluc
tuation, bnt there is no imlication that the blood potassium may bP. 
lowered by lowering the daily intake in the ration. From tables 19 
and 20 it is evident that to devise a lmY potassium ration is no easy 
matter. TndeAd, the ration ~riYPn, alth-oug'h as low in thi s element 
as nossihle under these conditions, gives no indi cation of haYing been 
rlE>fieient in potassium. 

Attention shoulcl be (lrn,Yn to the hig·h blood potassium I'Ontent 
·of D.O.B. 3642 ~hown in figure 11. Similarly the hehaYiour of 
potassium in calf blood ma:'i' be stndierl from figure 5. Tn the day
old cal£ the potassium content of the blood is nearly three time;; as 
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high as it is in the case of the normal adult cow. The nonnal level 
of adolescence is reached in about ten weeks when the blood potas
sium is approximately 50 mgm. per 100 c.c. This phenomenon 
stresses the close relationship existing between the blood potassium 
conteut and the blood oorpuscles. Potassium is, of course, intra
corpuscular and as there is a higher corpuscular count in newly born 
young (li'raser 1929), it is quite obvious why the potassium content 
of the blood would be higher at that age. This may be the reason 
why in the case of exceptional individuals a higher value for bl{)od 
potassium is evidenced, as for example in the case of D.O.B. 3642. 
This argument bears out the statement of Peters and van Slyke 
(1931) that " Potassium is the chief mineral constituent of the 
muscle& a.nd of most other tissues and apparently can be replaced 
onl:y to a limited extent by sodium; " ·hile the latter is the chief 
cation of the plasma and is incapable of any considerable replace
ment by potassium '"ithout fatal results ". 
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Fig. H.-Magnesium and potassium in blood of cows. 

Although lo,Yering the potassium intake in the daily ration did 
not (as may be seen fr.om table 18) a:ffeet the potassium oonte11t of 
the miLk in the groups concerned, tlJe concentration of potassiurn 
in milk is much higher than in the blood stream. 

All the indications are, therefore, that although a potassium 
deficiency may not readily be brought about, this element neverthe
less plays a very important role in the anirnal organism. 

(e) Socl-ium.-The behaviour of sodium in the blood of co,vs is 
somewhat similar to that of the potassium, except that the range 
of fluctuation (as may he Reen from table 10) is not as great as that 
of the latter element. Blood sodium eunes have been drawn of 
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the following: normal animal in low ~a group compared with 
normal control animal (3603 against ;)645), low Ka and Cl (D.O.B. 
3646 and 3651) with D.O.B. 3645, and all minerals low except Ca 
and P (D.O.B . 3642 and 3649). All these curves show plainly that 
during the lactation periorls the average blood values for sodium 
were lower than during the other periods, although not sufficiently 
low to attach any special importance to this. However, it ,.-auld be 
interesting to enquire more closely into the question of low sodium. 
The low sodium animal (3653 in figure 13) does tend tG have a 
slightly lower blood sorlium level than does D.O.B. 3645, the control 
animal. Unfortunately the figures for her mate D.O.B. :)672 which 
contracted tubereulosis, could not be considered in deciding this 
important question. Fmther figures ] 4 and ] 5 do not sufficiently 
substantiate the evidence of figure 13 to be of any definite assistance 
in throwing light on the matter. During the lactation periods the 
sodium output in the milk was aetually greater than the intake in 
the ration as may be seen from tables 19 and 20. 
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Fig. 12.- Potassium in the blood of cows. 

No Ytuiation occurre<1 in milk composition in the so<lium lo"" 
gl'{)Upt>. 

In the calf blood sodium there appeared a steady though ~llnY 
rise. The progressive rise in blood sodium corresponds to the fall 
in blood potassium as calves grow older, due to increase in serum 
content o£ the blood. It may therefore he expected that D.O.B. 
3?42 which showed the extraordinary high blood pota ssium pre
vwusly referred to, would show a correspondingly lower sodium eon
tent of the blood, a eirnunstanee borne out in figure 13. 

The degree of correlation between the rise in sodium and the 
fall in the potassiu:m of the calf blood amounted to · 5315. Hence 
the probability that this correlation is coincidental is less than 1 in 
100; the relationship is very significant. 

(f) ChloPine.-The :fluctuations in blood chlorine content of the 
various groups and during the different experimental phases as 
s1w,Yn in table 11, may be considered to fall within the range of 
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normal monthly variation. For this reason it would appear ques
tionable whether values giving curves consistently lo1Yer than those 
of the control should be regarded as significant. 'rhe curves plotting 
the blood chlorine of the group low in chlorine (D.O.B. 3658 ann 
3675) are compared with the control 3645 in figure 16, and in figure 
15 is likewise given the curve giving: the chlorine in all the minerals 
deficient except Ca and P group (D.O.B. 3642 and 3649). 
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Fig. 13.-Sodium in the blood of cows. 

Although the intake of chlorine was lower than the output in 
milk during t he lactation periods (tables 19 and 20) the milk chlorine 
showed no variations in any of tl1e gToups. The chlorinr content 
of the calf blood (figure 6) was remarkably constant and did not 
differ hom that of the co\\· blood. 
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Fig. 14.- Sodium in the blood of cows. 
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From the data colleeted here, it is difficult to sho\Y precisely 
\Yhat influence one mineral element exerts over another. That in
timate relationships do exist cleady emerges from the behaYiour of 
the sodium and potassium in cal£ blood, and the slight calcium 
depletion during lactation periods giving rise to a raised blood 
magnesium. Precise reasons for the higher blood calcium and inor
ganic phosphorus content Df calf blood cannot be given at this stage. 
It is possible that the form in which these elements are ingested 
makes them more easily available, and that greater use is made of 
these elements at an important period of bone-building. 
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Fig. 15.-Sodium and chloride in the blood of cows. 

Generally speaking, therefore, the animal body, once afforded 
an opportunity for storing mineral resen-es, is able to ''"ithstancl 
conditions ·of short intake for considerable period~. I£ under these 
laboratory ronili.tions no mineral deficiency other than inorganic 
phosphorus could be reflected to any great degree, in the blood stream, 
there is little likelihood that any of the other mineral elements in 
the blood "·ould ever be of clinical significance under practical veld 
conditions. It is interesting at this juncture to tabulate the nmmal 
blood and milk constituents of bovines as giYen by other investi
gators. The blood analyses are given in table 27. 
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TABLE 27.-.Vonnal bor·in e blood analyses (pet centage.s). 

Investigator. I CaO. I I MgO. I K ,O. I Na 20. Cl. 

Robinson a nd Huffman (1026) . . ·0154 ·01 344 · 0042+ ·0327 - ·329 
Abderhalden (1898) .......... .. ·008 ·016 ·003 ·041 ·366 ·307 
Theiler, Green, and du Toit (1927) ·0124 ·0168 ·0071 ·0605 ·405 ·302 
Gruenewald . .. . ............... . 0117 ·0164 ·0044 ·0710 ·407 ·314 

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

Average .... . . . .. . . . .. · 0119 
I 

·01 56 
I 

· 00+ ·0513 · 301 ·317 

J 50 
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Fig. 16.- Chlorine in th e blood of CO\YS. 

It should be bmne in minr1 that analyt ica 1 met hods haYe ch a ug·ecl 
considerably since the time of Aberhalden (1898) " ·hich probably 
account,; fm the lo\Y blood calcimn fip:ure giYPll b~· him. T able 27 
sho"·s that the final fig-ures nniverl at in t h is inYesti.gation for 
normal bovine bloorl an a lyses ;n·e in dose agreement with th e finrl
ings of other worke1·s, an r1 indicat e;; ilw correctness of the aventge;, 
as taken for different g roups . D Pfinite anrl final proof is h ere offered 
that '"i t h the exception of phosphont~, n o other constituen t could be 
lo"·erecl sufficiently in the 1·ati on t o be 1·eflected in a lo"·ering of t hat 
elemeu t in the blood shea m of c Cl\Y ~ . 

In table 28 aTe giYen similar :~nal;yses of mill; by d.ifferent 
in Yestigators . 
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TABLE 28. 

i\"onnal b01.:ine milk analyses (percentages). 

Investigator. 

Harrington and 
Kinnicutt (1920) .. . 

Babcock (1922) .. . .. . . 
Leach (1907) . . . . .... . 
van Slyke and 

Bosworth (1914) . .. . 
Richmond (1920) .... . 
Babcock (1920) ..... . 
Fleischman (1907) ... . 
Halt, Courtenay and 

Tales ( 1927) .. . .... . 
-Groencwald ......... . 

·157 
. 140 
·200 

·128 
·203 
·200 
· :247 

·235 
·131 

·096 

· 199 

Na20. 

. 107 ·019 ·298 ·114 
·170 ·017 ·175 ·070 
·241 ·024 ·250 ·tOO 

·125 ·012 ·120 ·055 
· 293 ·028 ·287 ·066 
. 243 ·024 ·250 ·100 
·216 ·031 ·257 . 119 

·265 · 028 ·249 ·072 
-:327 ·020 ·:2+6 ·061 

Cl. 

·201 
·100 
· 142 

·081 

· 163 

· 136 
·101 

It it> appa1·ent ±rom a study of table 2.S that the difterent iu,·e"
tigators give figm·es ''"hich in most cases aJ:e in dose agreement for 
all the minerals in milk excepting ralcium and phosphorus. The 
latter elements sho"· a rather "·i<1e range of normal Yari n tion, ,,-hich 
Hodgers (1928) giYes as: CaO = 0 ·102 to 0 · 210 and P 2 0., = 0 ·190 to 
0 · 294. All the milk minerals as shO\nl by the average values in 
table 28 fall within t he limits giYen f-or these elements in normal 
CO \Y ' s milk. Total phosphorus, ho,YeYer, is the only e:s:reptiou, anc1 
mny be seen hom this table to he sl igh tly highe1· thnn the highest 
range giYen by Rodgers . The slightly eleYnted totnl milk phosphorus 
a!"eounts for the 'wider CaO: P 2 0 , ratio given in table ;)0 (1: 1· 79) 
IYhich is, of course, wider than is generally believed. For example, 
Richmond (1920) gives 1: 1· 4, Stoc-king (1922) 1: 1· 21, Hawk (1931) 
L:1·13, un<1 Hogers (1928) l:l·4(i. In the present work (19 milk 
sampleH were analysed. The range of CaO : P 2 0., 1·ntio \\·aR found to 
vary from 1:1·4 to 1:2·2 ''"ith an <lYerage of ] :1·79. Strictly 
speaking, c1etenoinations of Ca on t he trichlorncehc acid ~oh1tion 
might not he companthle to total C'a detenninef1 hom the same milk 
samples as sho"·n in table 28(b). 

TABLE 28(b) . 

*Total mille Ca con1pm·ed u·ith tricltlowcetic Ca. 

Sample. 

l. ............ . 
2 ......... . . . . . 
3 ............. . 
4 ... .. ........ . 

Average ..... . 

Ca ashed from Whole Mille 

·280 
·262 
. 227 
·198 

Ca by Trichloracet ic Acid 
Method. 

·262 
·227 
·198 
· 176 

*The figures in Table 28 (b) were kindly supplied by J. S . Otto, }I.Sc. 
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J u dg-ing from the figures in the aboYe table it is, therefore, 
apparent that Ca determined in milk by means of the trichloracetic 
aeid method is lmYer than when determined by the total ashing of 
the milk. 

As the various mineral elements in the milk remained constant 
throughout the experimental period, each was averaged and may 
be considered as the normal figure for milk as given in table 29. 

TABLE 29. 

llhneral constJit~tents in t!w lilood and milk ·in rngm.f 100 c. c. 

Ca. I In. P. I Total P. l Mg. K. Na. CL 

Blood .... . ... 8·4 7·2 - 2·7 58·7 302·0 314 

Milk .. .. ... . . 131·0 87·2 143 12 ·6 204·0 45·6 101 

A great deal of importance is attached to the study of ratio8 in 
mineral metabolism. 'l'he ratios of some of the elements that occur 
in blood and milk are derived from table 29 and given in table 30_. 

Substance. 

Blood ...... . 

Milk ..... . . . 

TABLE 30. 

Minera.Z -ratios -m blood and mille 

CaO. : P 20 5 • I CaO. : MgO. Na20 . : K 20. Na20. : CL 

1·40 

1·79 

0·38 

0·114 

0·174 

4·00 

0·77 

1·64 

The figures in table 30 are interesting in that they enable one 
readily to read off the concentration of one element in relation to 
another in both the blood and the milk. For instance, potas;,ium 
and chlorine are much more abundant relatively to sodium in milk 
than in blood, whereas the relationship of calcium to phosphorus 
may be said to be fairly constant in both blood and mille 

MILK PRODUCT ION. 

Frmr. the figurese in table 21,it will be seen that, althoug·h 
the milk yield per cow was fairly good for the first month, a definite 
drop became apparent in the succeeding months. Lo,Yered yield is 
especially marked during the first lactation period and is in fact the 
reason why the lactation periods \Yere as short as in those r ows 
which dried off spontaneously. The other animals \Yere art ificially 
dried off in order to make the experimental conditions as uni form 
as possible . 
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Table 21 is especially interesting from the point of vie''" of milk 
secretion because the figures show that apparently the sudden stop
page of milk flow during the first lactation periods may be attributed 
to the secreti<Jn by the cows of nonual milk of constant composition 
at the expense of body-\Yeight until the limit of some es::;ential 
element was reached, when the milk flow is stopped rather than 
continuerl "ith an abnormal secretion. 'fhe slight additional mineral 
elements added in the additional protein and ensilag-e of the se<;ond 
lactation periods may h:t\·e been :mfficient to tide the anilllals oyer 
for a longer period of production than \Yas the case during the first 
lactation period. 

The protein content of the original ration of the first laetation 
period, 4 72 grams daily, was definitely inadequate for piOcluetioll, 
but 1,02G grams daily proved to he sufficient as mny abo he ;oee11 
by sturlying the figures in table 2.t. 

BUTTER-FAT PERCENTAGES. 

By studying the butter-fat content of the milk from tnbl,j 22, 
one would naturally conclude that although the pereentag·es c·o,;ering 
the b1·o lactation peri()(ls may he f·onsi(lerecl a,; aYemge for many 
Frieslands under nonnal veld conditions in South Africa, they \Yould 
he very lmY. 

Nutrition hacl no effect upon the butter-fat content of the milk 
as may he seen by oomparing the gToups Rurh as the lmY c-alcium 
and plwsp horus group (3G41 an c1 0fl48) or the lo"· phosphoruR animal 
3659 suffering from extreme deficiency of some essential element. 
In fact the last reading in the latter group was 4·0 per rent . but 
was taken when the anima 1 \\'as suffering from " styfsiekte " and 
may thufl not be ronsiclerecl as significant. The same appliPs to Rome 
of the other high readings in cases where the animals diecl or \Yei'e 
s uffering from &ome or other abnormality as ma:v he ,;een from the 
'·Comments" column. 

SOLIDS-NOT-FAT PERCENTAGES. 

'l'he fin clings in J eganl to solids-not-fat <"mrohorate substantially 
the past investigations in this country. From table 23 it may be 
seen that the rations had no effect of lowering the reading in any 
group, all group readings may, therefore, be regarded aR equally 
lo"·, averaging 8·2 per (;ent. There is, theref.me, 110 doubt that 
both the butter-fat and solids-not-fat percentages of many of our 
herd s are below the normal standards usually prescribed by mumei
palities. Having-, therefore, established a relationship bet"·eeu these 
substances . it heromes dPsirahle to cal culate protein, sugar, and total 
ash in order to determine. if possible, the factor responRible for 
lowering the solids-not-fat in the mille 

PROTEIN. 

The protein estimation given in ta hle 24 may be seen to be 
below the normal average which is generally giYen as a-;1 per eent. 
In no group, however, "·as the protein level consiclPrabl:-· loKer than 
in the others illustrating· ag·ain that although there wa;; such a 
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shortage of protein in the ration cluring the first laetatiou period the 
values for protein in the milk of that period compare very favourably 
with those of the second lactation periorl v.·bere the protein intake 
level " ·as very much higher. As the formula for the protein e::~lcu
lation is derived direetly from t he butter-fat percentages, the lo'Y 
fat test milks m ay be expected to shov.· correspondingly low protein 
percentages. For this reason several milk samlpes were actually 
tested for protein by means of the Kjeldahl method (table 31). 

TABLE 31. 

Ptotein 111 mill.· by th e l\. jelif<tlt l test. 

Date. D.O.B. I % Protein.[[ Date . D.O.B. I % Protein. 

25/10/32 ... . ....... . 3640 3 · 2 25/ 10/32 ....... . . 3655 2·9 
3643 :H5 3677 3·6 
3645 3 ·0 18/ 10/32 ...... . .. 3641 2·5 
3649 3·2 3642 2·9 

3653 2·7 
----- - --- ---------

Average .. . .. . 3·0% Average ... ... 2·9% 

The above table bears out t he fact that a low protein content 
of the milk is eYidently correlated -with the lov.· butter-fat 
percentages. The formula , when not supplemented by actual 
chemical tests, is not of much use, because it is dependent upon the 
butter-fat level. 

SUCAR. 
The r elationship bebYeen lactose and chlorine in milk has made 

a formula possible by means of which the lactose content may be 
estimated, as shown in table 26. The figures in this table indicate 
t hat there a1·e no group or periodieal differences in lactose coni.ent. 
The averages may be c·onsicl ered normal in all cases. Ch emical 
determinations of lactose in milk as compared "·ith the formulae 
estimations a1·e given in table 32. 

Date. 

25/10/32 .......... . . .. ...... . 

'l'ABLE 82. 
~actose in cows 1nilL 

D.O.B. 

3640 
3643 
3645 
3649 
3655 
3677 

Folin-vVu 
Method. 

ii·25 
:3·07 
ii · 25 
5·52 
.5· 20 
5·28 

Average .............. . .. . . . . ... .. .. . 5 ·26 

Formula. 

5·3 
5·1 
f5·2 
:)· 5 
!3 ·2 
ii · l 

5 · 2 

The above table fullv endorses the accuracy of the formula 
method of estimating lactose. 
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TOTAL ASH . 

The calculation of ash in milk is derived from a formula based 
on protein values and is thus similar to the calculation of protein 
from fat values. Consequently a study of table 25 shows that the 
values of total ash are uniformly low in all groups for all periods. 
The depression as shown for total ash levels is so slight that it would 
scarcely call for conui1ent were it not that chemical determinations 
" ·ere made to check these values. This shows the accuracy of these 
formulae. By dry combustion the total ash "·as determined as given 
in table 33. 

TABLE 33. 

Total ash of m.ilk. 

Date. 

25/10/32 .................... . 

D.O.B. 

3643 
3655 
3645 
3649 
3640 
3677 

Averages ........ . ... .. .............. . 

Chemical. 

0· 78 
0·76 
0-77 
0 · 73 
0·76 
0·75 

Formula. 

0·70 
0·68 
0·69 
0-62 
0·69 
0·74 

--------1-----

0·76 0·68 

The above table sho\l·s that in the case of ash, as indicated in 
table 25, the slight depression \Yas caused by the low protein values. 
'l'he ash values as seen in table 33 compared with the normal of 0 · 7 
per cent. may, therefore, he considered normal for all the groups. 

There are, therefore, strong inchcations that the butter-fat and 
protein levels have a tendency to be on the low side. 'rhe chemical 
data are not enough to warrant definite conclusions, but are never
t heless encouraging for further researches along these lines. Inves
tigators have in the past been inclined to believe that ach-erse feeding 
eondi tions may possibly be reflected •On a lowered milk casein content. 
This idea may be attributed largely to the fact according to II<mk 
and Bergeim (1927) that casein contains 0 · 7 per cent. of phosphorus. 
A lowered casein might thus not unreasonably be expected to reflect 
a lowered milk phosphorus content. It appears, therefore , that all 
indications point in a direction other than a nutritional factor. It 
is here t hat the genetic factor steps in. In the past not enough 
attention has been given to improving the butter-fat percent age,; of 
our cows, as may be judged from the small number of good sires 
used [Bosman (1932)]. Further, climatic and veld conditions render 
it essential that improvement in breeding and feeding should proceed 
together, neither being allowed to advance too far ahead of the 
other. Failure to realise this has resultecl in disappointment for 
many stockmen. The question of breeding ancl feeding under the 
c-onditions of this f'ountry necessarily focuses more attention on in
d ig:enous breeds. which are accustomed to their environment. 
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rrhe importance of increasing butier-fal procludion is emphas i::.e<l 
beca use ·of t he Yery clm;e relationship existing between butter-fal and 
protein. In i ncreao>ing butter-fat production, protein production will 
automatically be increased and the solid s-not-fat automatically 
corrected. It is generally accepted that the fa to; a 11 c1 proteins play 
an important role in the physiological interchange .of mineral 
elements between the blood and the m ilk. Th!). complexity of the 
ultimate blood chylomicron as it appears in the glycerides of volatile 
and non-volatile fatty acids of the milk. as " -ell as the intricacies 
of t he protein molecule and its synth etic pmYer of combining vast 
numbers of essential amino-acids int<O t he main groups in milk-casein 
a nd lactalbumin, haYe giYen opportunities of demonstrating the 
linkage of mineral elements . 

The existence of a shortage of casein and butter-fat in milk and 
normal quantities of minerals and total ash, shows that minerals 
may be secreted in the milk not only attach ed to the protein, but 
also in the form ·of combination '"ith the fat and possihl:v also w·ith 
other milk constituents. 

It is suggested that the normal physiological osmotic relationship 
in milk is maintained by free solub le mineral elements that are able 
to pass through the tiRRue spaces. 

In the milk <.:ertain mineral element combinations may again 
take place giving such known combinations at CaHP04 MgH4 P 2 0 8 , 

CaCl, Na 3 CnH5 0 7 and K,HP04 • These substances are probably not 
at all stable in mille 

In regard t<O minimum mineral requirements it may be suggested 
that, although lactating cows are kno"·n to be on negative balances 
for months at a time, such a condition cannot be expected to lasL 
Consequently, in this case certain mineral elements are lowered to 
a plane consid ered to be below the normal requirements-to the be:;t 
of <Our knmy] edge- as may be seen in table 3, and the inta ke is 
actually less than the daily output in milk for certain perio<ls, as 
may be seen from tables 19 and 20. 

In Yie'" of the great importance of the part pla~·ed by minends 
in normal bodily functions, it may he supposed that, although l•O 
immediate effects are seen , rations com;tituted to be as low in !'erta in 
elements as t hose described, " -ill ultimately deplete the animal body 
to a state of prostration. A mi nimum requirement should , therefore, 
allm·.- fm a margin OYer au<l aboYe lo~s in normal production. 

SUMMARY. 

Twenty-one grade Friesland heifers, cliYided into groups o{ two 
animals each, except one animal t hat " ·as alone, and was feel a basal 
ration adequate in all constit uents except mineral elements. 

The necessary minerals were supplemented in such a ·way that 
each group was purposely fed as low a rahon as possible in some 
element or other, in order that the influence could be studied of such 
a deficienC'~' upon the blood and milk of the animals. 
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The experiment lasted for a period of thirty months, being· ulti 
mately cliscontinuecl clue to the loss from Yarious causes of eleYen 
of the original experiment al animals <huing the course of the 'York. 

A record is <llso presented of the general trend of cer t ain calf 
blood mineralR, \Yhich were determined cln ily for the first 85 days 
of life of the calf while fed on the m ixed milk of the 0ows. 

U sefnl information is also presente<l in regard t o the mineral 
analysis ·of mille 

1. Phosphorus .-(a) Phosphorus " ·as t he only mineral element , 
a shortage of "·h ich in th e ration was fonn(l t o be reflect ed by a sub
sequent lo\Yering of the inorganic pho;,phoru,; of co"·s . 

(b) Five pounds of maize \Yere foun<l to supply an a<lequate 
amount of phosphorus to " dry " cows receiving rations otherwi se 
low in phosphorus. The animals ultimately su ccumhe<l t o debili ty 
as a sequel to " styfsielde " upon the substitution of fanko (maize 
enuosperm) for the mai:r,e during tlt e lactat ion period. 

2 . The blood min eral element 1letennination,; in the various 
groups did not cliffer from those of the control group, except in t he 
case of t he lmY phosphorus group . An a\·erage for all animal- , 
except those on lo\Y phosphorus intakes, is g iYen as follmYs:-

(a) Ca=S-4, P = 7 ·2, Mg = 2·7, K = 58· 7, Ka = 302, <mel 
Cl = 314 mgm. per 100 e .c . ·of blood. 

(b) During ladation periods sl igh t depressions \Yer e noticeable 
in some cases : Cn = 8 ·3, P = 6 ·:!, Mg = 3 ·1, K = 50· 2, 
Xa = 27:3, a n<l Cl = ;HO ·O mgm. per 100 e .<: . blood. 

3 . 'l'he rati ons defini tely had no infi o.1 ence on the composition of 
milk , " ·hich wa s found to be: -

(a ) Ca = 101, Inor. P = 87·2, Total P=14:3, 1'Ig=12 · fi , 
K = 204, ::\fa = 45 ·6, an<l Cl = 101 mgm. per 100 c .c . of 
milk. 

(b) Butter-fa t pen·eJt hlge was 0 · ] , solids-not-fat 8 ·2 , pro tein 
:~·0 , ash 0·76, and sugar 0 ·2, indicating that butter-fat 
and pr otein " ·ere Hligl} tly lower tlJ an 1·epor te<l for (la i ry 
C:O\\' S. 

(c) The formulae employed (Kahlenberg an<l Hichmond) in 
the ash and p rotein calculation s praYed t·o be unreliable 
be!'ause t hese calculati ons are based upon the butter-fat 
percentag es, '"lt ich i n this !'ase were lo"·, r esulting in l ow 
readings being o htained for these !'Onst i tuents. 

(d ) The CaO : P 2 0 5 ratio of milk " ·as found to be 1 : 1· 79 " ·hen 
Ca determinations were made lw means of the t richlor-
acetic acid method. · 

4 . Cunes are giYen illu strating the treu<l of mineral elements 
m the bloou of calves from one <lay to three months of age. 

(a ) Calc:ium \\·as found to he higher th an in the blood of t he 
cows for the first month of the c·aH 's life . 
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(b) Inorganie phosphorus during the first three months of life 
remaineJ relatively higher than in the blood o£ the co>vs. 

(c) Magnesium was slightly higher in cal£ blood than in the 
blood of the cows. No great significance is attached to 
this, however, because the increase is not marked. 

(d) Potassium was three times as high in the blood of day-old 
cahes as in the blood of cows, and declined steadily, 
reaching the level for adult cow blood in about ten weeks. 

(e) Sodium in cal£ blood shmYecl a steady increase which waB 
correlated with the decrease in the potassium, a pheno
menon attributed to the fact that potassium is intra
rmpuscular, " ·h ereas sodium is canied ,,·ith the blood 
plasma. 

(.f) Chlorine sho1Yed no ehange anrl had tl1e same blood level 
in ea lYe,; as in cmYs. 

5 . 1'he relationship between low butter-fat alJ(l solids-not-fat 
percentages is dea1·ly illustrated and bears out the advisability of 
paying more nttention to breeding for increased butter-fat, a pro
cedure "·hich would in time automatically eliminnte the low :solirl~>
not-fat ('Ontents of South African milks. 
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APPENDIX. 

Mineral Elements in Calf Blood of different ages given in mgm.,IIOO c.c. 

Days after Birth. 

1... . .. 
2 .............• 
3 ............. . 
4 I2 ....... . 
.5 . . . . .... . ... . 
6 ............. . 
7 . ....• . .... . .. 
8 ........ . .... . 
. 9.: .......... . . 

10 
11 3 ....... . 
I2. 
I3 .. . ...... .•.. . 

No. of 
Calves. 

3 
3 
2 
2 
1 
1 

2 

14 . . . . . . . . . • . . . I 
I5 . 2 
16 . . . . . . . . . . . . • I 
I7. 2 
18 6 ....... • 
19 ............. . 
20 ..... . . 
2I ... .. •.... . . . . 
22 . . . . . . . .... . . . 
23 . . .. . 
24 ............. . 
25 4 ..... . . . 
26 ....... . ..... . 
27 . .. . . . 
28 . . ........ . ..• 
29 . . ........... • 
30 .............• 
31. ............ . 
32 5..... . . . 1 
33............ . . 2 
34..... . ........ 1 
35 . .... . ..... 1 
36 . .. ... . ...... . 
37 ..... . 
38 ..... . 
39 4 ... . ... . 
40 . ............ . 
41 ...... ... .... • 
42... .. . .. ...... 2 
43 ............. . 
44 .. .... . ...... . 
45 ............. . 
46 2 ....... . 
47.......... . ... 1 
48 ............. . 
49 . .. .. . .•...... 
50 ..... • ... . .... 
51 ....... . ..... . 

Ca. 

11·6 
11·2 
13·0 
11·1 
I2·9 
I2·8 

I0·5 

11·0 
10·0 

9·5 
12·0 

11·5 

I3·4 

I3·0 

I2·0 

9·0 

12·4 
11·7 
11·3 
11·7 

I 3 ·2 

I2·7 

11·5 

9·0 

9·7 

8·9 

P. K. 1\Ig. Na. 

8·9 I77·6 2·8 272 
7·1 187·0 3·2 226 
7·4 171·4 3·6 252 
7·5 114·3 2·3 308 
7·3 116·I 3 ·7 224 
7·0 109·0 2·8 300 

7· 5 I53·2 2·9 228 

7·3 89·9 2·6 200 
6·9 142 · 6 2 · 7 I92 
6·5 I63·3 2·7 I90 
6·8 150·0 :3 ·4 300 

6·4 114·3 2·7 206 

6·9 96 · 7 2· 8 250 

7·5 99· 7 i3 ·5 254 

6·3 112·I 3·5 242 

6·2 I58·3 3·3 260 

6·2 99·4 3·6 268 
6·8 I00·8 3·1 232 
6·3 112·1 2·9 282 
7·5 132·7 2·9 228 

6·3 75·2 3·2 238 

6·3 92·3 3·3 242 

7·2 96·I 3·8 272 

5·5 80·2 3·1 29! 

6·7 89 ·9 2·9 276 

5·2 78 ·I 2·9 262 

164 

Cl. 

293·0 
295·0 
303·8 
299·5 
334·0 
3I3·4 

309·0 

3I8 
301 
289 
339 

294 

309 

3I8 

344 

294 

30·c 
321 
289 
28e 

294 

3L 

:3(!. 

30~ 

318 

294 
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APPENDIX-( continued). 

Days after Birth. Ko. of Ca. P. K . )!g. Na. Cl. Calves. 

52 ... ........... 1 ll·5 7·6 7,)·9 3·0 236 304 
53 3 ... 
5~ ... 
55 . 
56 . 11·5 7. 7 7-J·5 2·9 266 3H 
57 . 
58 4 ....... . 9·0 7·6 75·9 2·6 236 304 
59 ... .......... 9·2 6·7 71·0 3·3 268 31± 
60 . . . 
61 ... . .... .. .... 2 8·9 7·2 78·0 2·7 266 301 
62 . ... . .... . .... 
63 ...... 
64 ..... 
65 ..... . ... 
66. 10·2 9·0 63 9 2· 8 248 318 
67 2. 
68 ....... 9· 8 7· S 54·7 3·0 312 309 
69 ....... 
70 ......... . .. .. 
71 ...... . . . ... .. 
72 ......... . . . .. 
73 . . ... . 9·2 9·0 63·9 2·7 248 318 
74 .. . ........... 9·8 7·2 H·O 3·1 296 30-1 
75 5 . ....... 2 9·8 7·4 54·3 3·5 282 319 
76 .... . .... .. ... 1 10 ·2 7·3 H4·0 3·1 286 318 
77 ..... . ..... . .. 
78 ...... . ....... 8 ·3 6·7 51·0 2·8 294 299 
79 .............. 10·3 8 ·± 68·8 3·8 32~ 334 
80 .......... .... 
81. . . . .......... 9·7 6·0 44·0 2·9 398 309 
82 5 ....... . 9·8 8·6 H ·U 3·4 294 318 
83 .............. 
84 .............. 

*85 .... . ... 9·8 9 · 3 H·7 ±· 2 312 :118 

*For convenience the curves have been s:ightly extended to three months. 
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