


INFLUENCE OF RATIONS ON COMPOSITION OF BLOOD AND MILK.
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INFLUENCE OT RATIONS ON COMTOSITION OF BLOOD AND MILIK,

It 13 interesting to compare the daily intake of caleium, phos-
phorus, magnesium, potassium, sodium, and chlorine in the feed wi
the amounts of these elements exereted in the milk supply daily
during the two three-month lactation periods. The figures showing
the daily intake and loss of minerals are given in tables 19 and 20.

I'ront the above tables it is apparent that in all groups the actual
intake of minerals, where such was intended to be low 1 a ration,
was actually reduced to a lower level an the daily output m the
milk, the only exceptions being in the case of the group receiving
a ration low 1n potassium and also of the group receiving a ration
low in maguesium. The groups on a low calcium intake actually
excreted in the milk more than twice the amount of calcium ingested

daily.

The actual significance of these figures 1s, however, difficult to
interpret when it iy remembered that according to (richton (1930)
the system assimilates only about 15 to 20 per cent. of the minerals
ingested daily. These figures nevertheless show the tremendous drain
to which the organismi may bhe subjected without a corresponding
lowering of any mineral in the milk.

I1I. Frrrmer Strpmes ox Mriix.

In order to demonsirate the severe drop in milk flow durige
the first lactation period, tables are given for the monthly milk yvield
of each cow and the influence of such a decrease on constituents
such as butter-fat, solids-not-fat, sugar, prolein, and ash. The for-
mulae that were previously given were of course used in compiling
the data given for the protein, sugar, and total ash of milk,

(a) Totar milk production.— 1e monthly as well as the total
wilk production for each cow 15 given in table 21, in order not onlv
to allow group comparisons to be drawn showing the effect of low
minerals on produciion, but also to compare the first lactation periods
with the second lactation periods, during which latter period morve
protein was given. A vecord of the amount of milk produced also
enable the calculation of total mineral output in the milk of each
cow as given in tables 19 and 20,

The figures representing the milk vields for the cows during
the first lactation (table 21), were corrected sco ax to enable direct
comparisons to be made with the yvields of the second lactation period.
The corrections  were eftected  accordine to  the proposals  of
Macandlish (1921), i.e. that the milk i Is of the first laciation
period were multiplied by 1-143.

Adtention should be drawn to 1he fact that the cows, without
exception, produced more milk during the second lactation period.
Unfortunately the death of a number of cows rvendered the records
rather incomplete.
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(b) Butter-fat percentages.—All the hutter-fal percentages were
compiled from morning and evening determiinations over a forty-
eight hour period, and are given i table 22.

The butter-fat percentages, as may he seen from table 22, are
surprisingly  low  throughout both the fivst and second lactation
periods for all the groups, rvegardless of which mineral was low m
the daily ration. Deplorably low as these figures may : pear to a
dairyman, the averages are nevertheless comparable witn those of
thousands of veld cattle in South Africa,

() Nolids-not-fat percentayges.— aexe readings were taken on all
milk <amples collected, and are given in tahle 23.

As may be seen from table 23, there i1s no appreciable difference
hetween different groups or between the two lactation periods in
regard to the percentage of solids-not-tat content. The average figure,
S-2 per cent. is, however, definitely lower than the normal figure
ohtained 1 other countries o1 with cows of high milking quulities.

(ly Protein, lactose and ash inomille—Jrom the following tables
civing the data collected for protein, lactose, wnd ash in monthly
milk samples, deterimined aceording o the previously dexcribed for-
mulae, 1t will be seen that nutritional deficiencies produced hy
lowered mineral constituents in different groups had no effect on
these substances in milk.

There i3, however, a general unitformly lowered protein ar  ash
throughout the whole experimental period in all e groups, regard-
less of their variations in vations n regard to mineral intake. This
cireumstance 1s easily explicable on the ground that the protein and
ash values were caleulated divectly from the butter-fat percentages
and would obviously tend to he low if the latier were low, as was
the case (seen in tahle 22). The average protein was fouwd to be 2-3
per cent., ash 068 per cent., and lactose 32 per cent., as shown
1 tables 24, 25 and 20.

1TV, Tk Minuran Coxrext or ("ane Broon.

Determinations of caletum, inorganic phosphorus, magnesium,
polassiuni, sodium and c¢hlorine. were made on the calves as often
as possible, with the vesult thal a set of figures was obtained stretch-
ing over the {hree-month period, i.e. values for calves from 1 to 8)
daxs old, To deternine the general course in which a nuneral
element moved, seven-day period values were averaged successively
and plotted in weekly periods.  Three-weekly averages were then
faken as the first point, that is weeks sz 1, 2, and 3; to obtem
the second point an average was takeu of weeks Nos. 2. 3 and
third point Nos. 3, 4 and 5, aud so on for all the points. There were
15 calves, 12 of which were heifers, all were remarkably uniform,
and as no group differences as affected by nutvition occurred, they
were studied collectively as normal calves.
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INFLUENCE OF RATIONS ON COMPOSITION O BLOOD AND MILK.

From figure 6 it is apparent at the chlorine in ¢  blood is
not subject to variation with increasing age. There is no appreciable
difference between calf blood chlorine content and the chlorine con-
tent of adult bovine blood.

It has been wmentioned that during the first week of life each
calf received its mother’s milk. The mother’s milk, hovaver, had
no influence on the mineral constituents of the calf’s bloc  as may
be seen by comparing the figures for different calves during the frst
week., Changes in the calf hlood are not t~ be expected when ere
were no changes in the composition of 2 milk (as may hbe seen
from the various tables), so the analyses ot the calf blood was con-
tinued after the first week when all 2 calves were receiving the
mixed milk from the cows, substituted i1n due course by the pr.  ar
amounts of grain and hay usually given {o calves according to

Weaver, Shaw and EKly (1924).

C ERAL

At the outset 1t must be mentioned that the rations low in
various minerals had apparently no effect 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 stated
before, it was preferable to deal with all the anim=ls collectively in
respect of all the substances determnined (except 3 osphorus) rather
than to involve unnecessary rvepetition hy considering each grm
separately.

In order to substantiate the results 1n the tables and illustrate
these more clearly, curves are presented for mineral analyses of the
blood of groups receiving rations low in the element plotted be
object 15, of course, to show what divect effect certain deficiencies in
the rations had on the blood and milk.

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

It was likewise observed that a cow which gives birth to a
weakling has nevertheless a normal mineral content of blood and
milk

The abnormal conditions, may therefore, be discarded when con-
sidering the curves and tables ilustrating the = Hod and milk com-
pomtlon because higher protein, plus ensﬂarre in the rations, result-
ing in good gains in weight (seen in table 5) and normal calves
dmnm the second season did not hrine about the slichtest changes
in the composition of the blood ar  m < as compared with that «
the first season.

(a) Caleium.—By comparing the daily intake of calciwin (ta
3) and the intake and output in milk (tables 19 and 20) witk the
results for blood and milk calcium (tables 6 and 14), it w  he
noticed that, although considerable fluctwations in calcinm content
from month to month are manifest, these fluctuations may easily
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INFLUENCE OF RATIONS ON COMPOSITI( 01" BLOOD AND MILIK.

Phosphorous.
-
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Fig. 9.- Caleinm and inorganic phosphorus in the hlood of cows,

Although a rise in calcium is shown during the [1th month )30,
followed by a depression which reaches its lowest level during the
Gth month 1930, careful study of the curves will show thot all the

levels fall well within the normal range of blood ealeiuni, Teover
the gradual rise in blood calcium commences at a time wh would

be expected to be atl its lowest, namely, the first lactation period.
when the animals showed a pronounced drop v weight, as may be
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 should be stated here that at times the animals suffered from
sore teet from the concrete floors, and for this reason were rested
in a sand floored paddock where earth-eating occurre to a slight
extent. The soil in this paddock showed a CaQ content of 0-2 per
cent.: an amount which could not be of any great Tmportance as i
would not seriously atfect the already very low intake.

There must, therefore, have bheen a trenmendous drain on the
caleium of the system in ovder to maintain @ wormal blood caleium.
This shows that in times of nadequate intake of calenm the body
makes good use of 1ts natural storehouses, sueh ax bone trabeculae.
The aduli animal is then able to cope with conditions of Tow caleinm
intake for considerable periods, hut will more easily succumb to
conditions such as milk fever or low blood caleium during paturition.

The importance of calecium in bone building should not be loxt
sight of, and is clearly illustrated in voung calves, as muay be seen
from fieure 1. The calcium content of calf blood 1z higher than
that of cow’s blood. Especially 1s this true for the first month of
life. When the calt starts to feed for itsel¥ there occurs a gradual
lowering of the calcium content of the bloc  although during the
first three months of life the level remains relatively higher th:
in the blood of the cow.
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phosphiorus devels of cow and calf bloods, because the  od of the
cows may be considered to be higher than the ~verage, due to the
greater intake of phosphorus in their rations. re general u ard

trend of inorganic blood phosphorus of the calves duri:  the first
week of life, as indicated by other workers, is eclipsed by averaging
all the values for the first three weeks and plotting them as one point,
as indicated previously.

Because of the immediate reflection in the blood of a phosphorus
shortage, the supply of this element should e adequate in  ler
to prevent mortality. The method of phosphiorus supplementaton
being of course purely an economic question, we shall here content
ourselves by drawing attention to the fact (shown in figure 10) that
five pounds of mealies supplied sufhicient phosphorus to maintain a
normal level of inorganic blood phosphorus in dry cows.

(¢) Magnesivin.—The abundance of magnesium in nature and
the small amount utilised by the animal (as shown i the milk
secretion tables 19 and 20) makes it difficult to lower is element
sufficiently in the ration to cause obvious stress or even to be sure
of a deficiency at any time. The data collected in table 8, and more
plainly shown in figures 7, 8 and 11 (low Ca 3( 3} and 3655): (low
Ca low mg.-—3640 and 3650), and all minerale deficient except (a
and P—3642 and 3649), indicate that, althou; there appears to be
a minintum fluctuation of magnesium content in the blood stream
and no apparent group variations, there is nevertheless a slight +2n-
dency for higher values to obtain during lactation peric . his
fact, together with the relatively high magnesium content of milk
(table 1) as compared with blood, as well as the generally higher
calf blood magnesium values, suggest that during periods of nec
magnesium may be increased for some purpose or other, presumably
to supplement calcium and in this way to maintain the normal actd-
base equilibrium. The data may not, however, be considered con-
clusive enough to substantiate the above theorv especially in view
of the fact that the ubsence of group variations  ows that the blood
magnesium was definitely not influenced by the nutritional factor.

{(dy Potassinm.—The abundant occurrence of this element in
nature 1s probably the reason that it has not received such intensive
study as have certain of the other elements, such as calcium ar
phosphorus that have figured more prominently in investigations.
A glance at table 9, as well as figures 11 and 12 (all minerals low
except (a and P) D.0.B. 3642 and 3¢ ) and low K—36G56 and 3673)
plotted with the curve for the normal control animal ( O.B. 23645)
shows that there is a wide range of monthly blood potassium  1e-
tuation, but there is no indication that the blood potassium may be
lowered by lowering the daily intake in the ration. From tables 19
and 20 it is evident that to devise a low potassium ration is no easy
matter. TIndeed, the ration given, although as low 1n this element
as possible under these conditions, gives no indication of having heen
deficient in potassium.

Attention should be drawn to the high blood potassinin content
of D.0.B. 3642 shown in figure 11. Simularly the hehavicur of
potassium in calf blood may be studied from figure 5. TIn the day-
old calf the potassium content of the blood is nearly three times as
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high as it is in the case of the normal adult cow. The ~~mal level

of adolescence 1s reached in about ten weeks when the od potas-
sium 1s approximately 50 mgm. per )0 c.c. This anomenon
stresses the close relationship existine petween the bloc  Jotassium
content and the blood corpuscles. otassi is, of course, 1—‘ra-

corpuscular and as there is a higher corpusct r count in newly orn
young (Fraser 1929), it is quite obvious why *he potassium content
of the blood would be higher at that age. 1 is may be the reason
why in the case of exceptional individuals a higher value for hinod

potassium 1s evidenced, as for example in the case of D.O 12,
This argument bears out the statement of Peters and v ke
(1931) that *° Potassium 1is the chief miner: constituen e
muscles and of most other tissues ar apparently can be €

only to a limited extent by sodiu™; while the latter is the chief
cation of the plasma and 1s incap: le « any considerable replace-

ment by potassium without fatal results *-,

110

90
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IFig. 11.—Magnesium and potassium in blood of cows.

Although lowering the potassium intake in the daily ration did
not (as may be seen from table 18) affect the potassium content of
the milk in the groups concerned, the concentration of potassium
imm milk is much higher than in the blood stream.

All the indications arve, therefore, that although a potassium
deficiency may not rveadily be brought about, this element neverthe-
less plays a very important role in the animal organism.

(e} Sodium.—The behaviour of sodiwun in the blood of cows is
somewhat similar to that of the potassium, except ihat the range
of fluctuation (as may be seen from table 10) is not as great as that
of the latter element. Blood sodium curves have been drawn of
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the following: normal animal in low Na gronn compared wi
normal control animal (3653 against 3645), low 1 and Cl (D.O.1.
3646 and 3651) with D.O.B. 3645 and all minerals low except Ca
and P (D.0.B. 3642 and 3(49). 1 these curves show plainly that
during the lactation periods the average blood values for sodium
were lower than during the other periods, although not su -iently
low to attach any special importance to this. However, it would be
interesting to enquire more closely into e question of low sodium.
The low sodium animal (3653 in figure 12 deng tend fc have ¢
slightly lower blood sodium level than does . 3645, the control
animal. Unfortunately the figures for her mate D.0.B. 3672 which
contracted tuberculosis, could not be considered in deciding s
important question. Further figures 14 and 15 do not sufficiently
substantiate the evidence of figure to be of any definite assi=tance
in throwing light on the matter, vving the lactation peric  the
sodium output in the milk was actua - grealer than the intake In
the ration as may be seen from tables 19 and 20.

i
3645 - Gontrof.
561
A\ 36563 Low K,
100} i 3u7$j
I
ro
PR
! \ wEe (Metritis)
, W
f0 L ' P &
G g ! i - A
Rt i/ §
e |5 .
g H
4
€ L
K 60
E
2
40
1 -
Months L 8 Y J[UNNE} 12 T 2 3 1 5 o 7 H 9 10 11 12 2 3
Year | )

Fig. 12.—Potassium in the blood of cows.

No variation occurred in milk composition in the sodium low
groups.

In the calf blood sodium there appeared a steady though slow
rise. The progressive rise in blood sodium corresponds to the f
i1 blood potassium as calves grow older, due to increase in serw—
content of the blood. It may therefore bhe expected that = O
3642 which showed the extiraordinary high blood potassium pre-
viously referred to, would show a correspondingly lower sodium con-
tent of the blood, a circumstance borne out in figure 13.

The degree of correlation between the rise 1n sodium and the
fall in the potassium of the calf blood amounted to 5315, IFence
the probability that this correlation is coincidental 1s less than  n
100; the relationship is very significant.

() Chlorine.

The fluctuations in blood chlorine content of the

various groups and during the different erimental pliases as
shown in table 11, may be considered to f within the range of

13
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Judging from the figures in the above table it is, therefore,
apparent that Ca determined in mi by means of the trichloracetic
acid method is lower 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
Le considered as the normal fieure for milk as given in table 29.

TABLIE 29.

Mineral constituents in the blood and wmilk in mgm[100 c.c.

I

i
[ Ca. \ In. P. ‘ Total P. Mg. ‘ K. ‘ Na. ‘ CL
_ | | | o
Blood........ 84 7-2 — ‘ 2.7 \‘ 58-7 } 302-0 314
| |
‘ ‘ 204-0 \ 456 101

Milk......... 131-0 87-2 143 } 12-6

A great deal of importance 1s attached to the study of ratios in
mineral metabolism. The ratios of some of the elements at cccur
in blood and milk are derived from table 29 and given in table 30.

TABI  30.

Maneral ratios <n blood and milk.

Substance. i Ca0. : P,0;. ‘ Ca0. : MgO. | Na,0. « K,0. | Na,0. : CL
i I
\

| 1:1-79 1 : 0114 1: 400 | 1. 164
|

1 : 0-38 | 1 : 0-174 ‘ 1077

The figures in table 30 are interesting in that they enable omne
readily to read off the concentration ~f one element in relation to
another in both the blood and the m :. For instance, potassium
and chlorine are much more abundant relatively to sodivm 1 milk
than in blood, whereas the relationship of calcium to phosphorus
mayv be said to be fairly constant in both blood and mailk.

LK

From the figurese in ta e seen that, altho: 1
the milk yield per cow was fairly good tor the first month, a definite
drop became apparent in the succeeding months. Towered yield 1is
especially marked during the first lactation period and 1s in fact the
reason why the lactation periods were as shoert as in those cows
which dried off spontaneously. The other animals were artificially
dried off in order to make the experimental conditions as uniform
as possible.
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APPl  DIX.
Mineral Elements in Calf Blood of different ages given in mgm. /100 c.c.
. No. of - ! T

Days after Birth. Calves Ca. P. K. Mg. XNa. Cl.

‘ 3 11-6 39 177-6 l‘ 2.8 272 2930
3 11-2 71 1870 3-2 226 295-0)
2 13-0 7-4 1714 3.6 252 303-8
2 111 75 114-3 2:3 308 2095
1 12-9 7-3 116-1 3.7 224 334-0
1 12-8 7:0 109-0 2-8 300 3134
2 10-5 75 153-2 29 228 3090

- _ - —_ = _ _
1 11-0 73 89-9 26 200 318
2 100 6-9 1426 2.7 192 301
1 9-5 65 163-3 2-7 190 289
2 12-0 6-8 1500 3.4 300 339
1 S Y 64 114-3 2-7 206 294
1 13-4 69 96-7 2.3 250 309
1 13-0 75 997 35 254 318
1 12-0 63 112-1 35 242 344
1 9:0 62 1583 3-3 260 294
1 12-4 6-2 994 36 268 30.
2 117 68 100-8 3-1 232 321
1 11-3 63 112-1 2.9 282 289
1 11-7 75 1327 2.9 228 284
1 13-2 6-3 | 752 32 238 291
1 127 6-3 923 3-3 242 31
2 115 72 96-1 3-8 272 | 30
1 90 55 g0z | 31 294 309
_ il ) e il i
1 9-7 67 800 | 29 276 318
- - | = - = =~ | =
1 8.9 ‘ 5-2 781 2-9 262 | 204
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