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Be~ore precee41na to detail e~per1ments undertaken 1t :a.a 

rxst necessary te apprec1ate at least eome of the research 

work that ha& been dlreot towarde eluc1dat1na the manner 1n 
• 

wh1ch m1lk tat 1& a1nthes1sed ·1n the ru~nant, ae well as 

underetand1Di the present beltete reaardlna the d1~eet1on 

t fats •. In v1ew of the "dynam~ofl aapects of ph3a1oloar 1t 

1a w.ttb. caut:a.on that. one v1ewa on ,peot e1naly; but t 

ttem})t to 1ntearate theol'1ea of :tat metabolunn,. 1n 1t-aelt a 

l&l'i O f1eld 1 W1tb th t metabel1 r other aubatancea 

throuahout the deYelopment ot a rcs;-v1ew of 11terature would 

pr-ovft too unwieldy. Accord1nal1 the d-laeetl.on lind absorptlon 

•~ fats t:rorn the d1et 1nto tha bloodstr ta br1etJ.y d1a-

ouaaecl aa preparatlon tor cone:t.der1ne: tll• ''General Rev1ew 

or Lt&.terature" wh1ch :a.s c•Dr1ned to papers pert1nent to tb 

~wt, ot the aource ot ml.lk :tat l.D tbe rumlJUant. r a:a.mp-

l1o1ty of oone1derat1on alone tb1s has been seot1oned ~urther 

1nte tour 1n aspects. It 18 tully apprec1ated that sub• 

41Y1&1en of any aspect ot metabol1em is purely arbltl*ar¥ 

nd that 1n actual fact the •ect1ona are interdependent 

wlthout eatabl1ahed boundarlea. 

Tho Gene1•al Rev1ew ot t1teratul!'e incorporates work 

whloh relates te the exper1menta later to be deacr1bed but 

1n add1t1on there follows a br1et Partlcular Rev1ew of 

L1te~ature 1n Whlch several other papera 1mmed1ately pert-

1nent to the epeo1t1c r1aearch undertaken toaether w1th tbe 

ebjects of the latter are d1scuased. 

Thel'eatter t1Ye experiments conducted at Jlaasey 

AaJ-loul tural Oolleae 1n 194.9 are deecrl.bed 1n turn and 

ev1deno~ Dresented corrob t1ng the obeervatlone or 
veral workers whose researcch, 1s rev.a.ewed. Evl.dence 1 

alae presented of a cons1etent d1urnel 'Vfll'l.at~on 1n 4earee 

f unsaturatton ot rru.lk tat .:f'rorn pasture-fed oowa. 

\. 
, . 
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II THE TRANSFER OF FAT FROM THE ALIJ'E:NTARY CANAL 

INTO THE BLOODSTR • 

The earlier work on dlgest1on o~ tats by simple­

stomached animals was based on observatlons o£ that 

fract1on of blood fat which 1s most readilY apparent 

follow~ng the 1ngest1on of a meal conta1n1ng fat. 

In 1622 Aselllus observed the "m1l.lcy" appearance 

ot lacteals leading from the 1ntest1ne 

evidenced when food was present. 

1650 Pecquet traced the lacteals to the jugular 

vein. 

1665 Boyle demonstrated that blood serum assumes 

a "m1lky'' appearance at the Game t1me as 

the laoteals, follow1ng food 1ngeat1on. 

1774 Hewson showed that the ••milky'' tlul.d of the 

lacteal chyle conta1ned apprecl.able 

amounts of fat. 

1877 Edwards flrat noted actual part1cles 1n 

um1lkY" blood under the microscope . 

In the older literature these particles were 

referred to by various terms such as "blood dust", 

and "bemakonla" a term eo1ned by Neumann l.n 1907. 

Later, 1n 1924, Gage and Fish (2) (who quoted the 

above few experimenters) pt>poaed the term "chylom.1cron" 

Wh1ch 1s now WJ.dely used. Ga.ge and Fish (2) devised a 

system tor making comparative chylomicron counts under 

the microscope. They clearly demonstrated fat to be the 

only food constituent causing an 1ncrease 1n chylom1cron 

count on ingestion. Pure carbohydrate and prote1n d1eta 

Vthen supplied tq humans and var1ous experlmental animals 
I • 

caused no alteratlon 1n the chylomicron count. Meals 

conta1n1ng fat caused marked r1aes 1n numbers of part1cles, 

reach1ng a peak up to four hours after the meal and then 
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decl1n1ng less rapldly. lt was generally aumed that 

the increased fat in the blood w representative or 
the tat that had been fed,but the authors were awar 

that the •1a1ble blood tat 1ncrement did not account 

tor all the t'at ted. EXper1.menta showed the deviat1ona 

from normal absorption rat caused by phJs1cal 

activity and by mental activ1t7• 
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xoe~iment designed to inveet1aete the mobilisation 

ot tat reserves during fdat1na wa lao eonducted. 

plo71.ng a b: subject, aix•day :teet w imposed 

at the beainn1ng and end of which a meal conta1n1n 

30 gme of fat was allowed. At intervale during the,·~ 

fast th ub;)ect wa iven :PhYsical exercise. Thee$; 

pointe are ~ked in the ~ollowing graph by double 

ertioal linea. The two meals each produced a no~mal 

and characteristic increase 1n blood :tat• while the 

exercise apparently induced a r1ee and tall wh1oh 

became more ~renounced tbe t'aat proceeded. 

FASTING HUMAN SUBJECT. 

1ST. DAY 

12 2~ 

2 NO. DAY 

2~ 36 ~8 

~I 3 RD. DAY 
~ 
~ 
() 

"' 
~~~8 60 7'2 

~ TH. DAY 
1.1 .... 
~ 
() 

~ 
ll ~ 

"'?2 84 96 

5TH DAY 

120 

120 132 ~~~ 

TIME IN HOURS . 
F'AT F'ED AT 0 .C 120 HOURS . 

.. 
I • 
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It appeared 1n th1s experiment that fat could be 

mob1l1sed as required, and that follow1na the cesaat1on 

of demand the fat supply was not immediately curtailed 

but tended to carry on w1th a klnd of "phystologlCal 

1nert1a". It appeared to these workers that the blood 

fat picture on draw1ng on body fat reserves paralleled 

the d1geetlon lipaem1a normally following the 1ngeet1on 

of fatty foods. Baldwln (1) 1n 1948 states the ver~ 

antithesis of this in that "when fat 1s beLng w1thdrawn 

from the depots to be metabol1eed elsewhere there 1s 

no 11paem1a" and presumes moblllsed fat to be trans­

ported as phoJh.oll.po1ds, appreciably soluble in water. 

He further polnts out that neutral :fat 1s present in 

the blood as such only while the oond1t1on of post-

absorbt1ve: l1 m1a persists. However Baldwin does 

not discuss the situation where a tasting subject is 

suddenly called upon to perform phys1oal exercise. or 

where a demand such as that of lactation 1s super­

imposed. Gage and Fish found that for Simple 

stomaahed an1mals a meal containing fat ~ndu.o.ed a 

characteristic s1n~le peak curve when ohylo~cron 

count 1s graphed against time as already shown. 

~hen £2.!! were g1ven a small quantity of fat 1n the 

rat1on the subsequent blood picture proved very 

fluctuating, yielding a many-peaked curve. A 

similar result was noted for goats. The authors 

concluded that the fluctuations 1n absorption 1n 

the rum1nant were assocl1ated with 1nterm~ttent 

passage of food 1nto the 1nteet1ne, Although 1n 

general 1t has been assumed that the~ncreased 

blood fat consequent upon fat 1ngestion 1a the 

same tat that has been fed, later workers have 

shown that certain mod1f1cat1ons occur during 
~ 

abeorbt1on. One example of thls 1a the work 

of Wilson and Hanner (3) who compared the degree 
' of saturat1on of the blood fat 1ncrementa 
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reeul'tlng from feeding cream, and cod liver o11 

respectively to chlld~en. The 1od1ne values of 

the blood fat '• increments we:tte mark~dly Ulcll.ned 

towards those of the fed fats, but it appeared 

that the butterfat had undergone a certa1n amount 

ot de-saturation durl.ng absorbtion whereas the 

cod l1ver oil 1n1t1ally of very h1gh iodine value 

had been partially saturated. 

lthough, as shown 1n the foregoing brief 

rev~ew of earlier work, 1t at fl.rst appeared that 

food fat could gl.ve r1se to blood fat 1n a simpl 

manner, th.e fact that the .food f'a't- could not all 

be accounted for 1n the visible blood fat increment, 

and the tact that there were 1nd1cat1ons of the 

occurrence of saturation and de-saturat1on of food 

fats during absorbt1on led workers to realise that 

the mechanism of fat absorbtl.on 1s far more complex. 

Frazer (4), in 1946• 1ntegrat1ng the results 

of other workers w1th those of hls own 1n v1tro, 

and 1n vivo experiments us1ng rate, put forward the 

presently accepted tentat1ve bypothes1s of fat 

abaorbtlon, of wh1oh the following ls a preo1u• 

~ 

I • 
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P~azer•a (4) Hypothes~s of Part~oulate Fat Absorption. 

Diet tat 1s ma1nly 1n \he form of mixed tr1gly­

cer1des 1ncorporat1ng various tatty acids having 

var1ous lengths of even-numbered carbon chaine. It 

has been shown that the properties and behav1our 

during absorptl.on, of t:r1glycer1des d1:rter. 

uls~f~cat1on:- The flr&t alteration of ingested 

tr1~lyoer1de 1s that of emuls1t1cat1on occurr1ng 1n 

the tlret part of the small 1ntest1ne. The resulting 

particle s1ze 1s o.sp and less, wh1cb aarees with 

Gage and Fish's earlier observations (2).Emuls1f1cat1on 

is known to occur 1n a med1um of pH 6.5 In vitro 

xper1ments showed that the only effective emulaity1na 

system is that of a triple comb1nat1on of tatty acid/ 

bile salt/ monoglyeeride. Frazer aasumee the emula1-

t1cation of trlglycerides 1n the 1ntest1nal lumen to 

be dependent upon partial hydrolysls, resulting 1n 

fatty acids and monoglyeer1des. and that these two 

products together with bile salts provide the basis 

of the emuls1~1ng system. 

Hzdrolysie:- Optlmum hydrolysis of tr1glycer1des 

in v1tro occurs at pH8.5 and hydrolysis 1s re ~trlcted 

t hlgher ac1d1t1es. The upper two-thirds of the 

1mall intestine ha pH of less than 7•0 while a more 

lkaline reaction preva1la at the lower end of the 

ileum. Short-eha1n tr1glycer1des are read.1ly 

hydro.lysed even in the more acidl.c upper 1ntest1nQ. 

It appears that the hydrolysis of long-ohal.n tr1-

lycer1d 1a restr1cted 1n the upper two-th1rde of 

the 1ntest1ne but more extensive hydrolysis may be 

expected 1n the lower end of the 1leum wher 

hort-chaln triglycerl.de 
I • 

a exempl1f1ed by tr1-

butyr1n are likely to be adequately hydrolysed 

irrespective of pij. 
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Particalate Absorption:- The final products of 

emuls1f1cation consistof 11p1d part1clea of lees 

than Oe5p d~ameter. 

In order to accept an bypothee1e ot part­

leulate absorpt1on Frazer oons1ders that f1ve 

major aspects must be elucidated. 

1. The presence ot an effective emuls1fy1ng 

system:• Already d1sousaed. 

2. The receptiveness ot the 1ntest1nal cell 

membrane to part1culate absorption:­

Baker, quoted by Prazer has shown fine 

canals to exist 1n tbls membrane at 

r1ght angles to the sur~aoe, but 1& not 

yet demonstrated in mammals. 

3· The ab1l1ty of the 1ntest1nal cell membrane 

to absorb t1nely dispersed particles such as 

unhydrolyeable paratf1n of particle size less 

than 0•5f :- Frazer bas been able to show 

thla experimentally. 

4• The ability of negat1vely charged particles 

to pass through a membrane ot th1e type:-

If particulate absorption 1s allied to known 

systems of electrolyte absorption then an 

art1f1c1ally induced d1sturbance ot elect­

rolyte metabolism may be expected to 

1nterfere w1th particulate fat absorpt1on. 

Frazer quotes Verzar and Laszt who demon­

strated the depression of ~at absorpt1on 

follow~~ double adrenalectomy, wh1ch 1a 

known to 1nduce electrolyte 1mbalancea. 

Replacement therapy corrected the 1nduced 

fatll ~Y tat absorption. 

5· The ability of the 1ntest1nal cell membrane 

to absor~ substances 1n a preferent1al 
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manner:- Seelng that canals readily 

admitting relat1vely large globules of 
may 

lipid mater1al/exJ.st, 1t is dltf1cult to 

appreciate why carbohydrates and proteins 

have to be so areatly stmpllf1ed prior to 

absorption. This latter is not yet 

explalned. 

Some evidence has also been shown that under certain 

circumstances complete hydrolysls to ilyoer 01 and 

tatty acids 1n the intestinal lumen may ooou~followed 

by resynthesis to tr1glycer1dea within the 1ntest1nal 

cell. The fat observed 1n the cbyle of the lacteals 

1s mal.nly 1n the form of trl.glycer1des. If a con­

Slderable amount of the d1et tat is absorbed 1n the 

1ncompletely hydrol1sed or un-nydrolysed form as 

seems very likely from the foregoing cons1derat1ons 

then theories of resynthesis dl.m.l.nlsh 1n 1mportance. 

Phosphor11at1on;- During fat absorption phosphollpids 

are known to be :formed 1n the 1ntest1nal cella but 

1t 1s only small port1on of the absorbed tat that 

takes part 1n the synthesis. The purpose of phos­

phorylation remains obscure. The 4ndl.catione are 

that phospholipids formed 1n the 1nteet1nal oell 

beoome l.ncorporated 1n the ~nter:fneial st:-ucture 

ot the ~at globules be1ng absorbed, and are 

reapons~ble for the stability of the part1culate 

fat in the blood. 

Entry routes of l1p1d material 1nto the Organlsm:-

Ingest~on of tr1glycer~de~ .1n the diet 

1ve r1se to large lipl.d globule formation w1th1n 

the 1ntest1nal cell• to the '1m~lky11 laot&als noted 

by early workers, to a post- absorptive systemic 
• 

lipaem1a, nnd'to depos1t1on ~n the ~at depots . 

Ingest1on of fatty ao1ds and glycerol 

' eparately producea ••granular '1 appearance 1.n 
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the 1ntest1nal cell, a portal l1pae~a and 

depoa1t1on 1n the liver, with no change 1n the 

systemic blood or fat depot~. 

It 1a suggested by Frazer and others that 

ratty material absorbed ynhfdrolyse4 tends to pass 

by the lacteal lymphat1c pathway 1nto the system1c 

circulation, and may be largely deposlted 1n the 

tat depots, whlle on the other hand bldrolzsed 

mater1al travels by the portal route to the liver • 

Short-chain tr1glycer1dea be1ng readilY hydrolysed 

behave more like long-cha1n tatty nelda than long­

chain tr1glycer1des. For instance, tributyrin, 

tollow1ng 1ngeet1on, cannot be recovered from the 

chyle nor does 1t appear to be deposited 1n the 

fat depots. 

Frazer presents tho following table in 

1llustrat1on Of h1B bypOthes1s:-

"'• 

.. 
' . 
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TRIGLYCERIDE 

Lipase 

FATTY ACID MONOGLYCERIDE 

, Bile Salt 
~ ~------------_J 

Fine emuls1f1cat1on of 

Water-soluble 

compounds or 

complexes 

glyeer1des 

Chol1ne 

Adrenal Cortex 

Normal Electrolyt 

absorption. 

PartJ.clea less 

than o.s)J­

diameter 

Phosphorylation------

Portal Blood Lacteal a 

Liver 

t 
System1c Blood . . l 
Depots 

1 

~ 

'. 
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III GENERAL REVIEW OP LITERATURE. 

The majority of papers oonoern1ng tat metabolism 

1n relation to lactation deal perforce wlth 1nd1v1dual 

aspects, and 1n add1t1on, most ot the pe~1od1o reviews 

of literature tend to turn1sh the bare results of 

research work with little integration of the con-

elusions of various workers 1nto a logical sequence. 

In an endeavour to present such a review the 

literature, as tar aa practicable, 1s discussed under 

tour main headings, the latter be1ng based on th 

primary assumpt1ons that the mammary gland 1s the site 

of m11k syn:thes1s, and that the nraw materials" for 

this proce re supplied to the mammary gland by way 

t the blood. 

ILK P.AT IN THE RUMINANT. 

Cons1der1ng blood as a tluid t1seue acting as 

transport agent carry1ng materials to and from the 

t1xed t~ssues 1t 1a teas1ble to expect, w1th particular 

regard to the fixed t1asues ot the mammary gland, that 

milk tat could possibly ~e synthea1sed in any or com­

binations ot the follow1ng ~aya:-

1~ From 11po1d materlals of the blood derived 

Yia the walls of the al1mentary tract trom 

lipid fract1ons ot tbe d!et. 

2. From lipoid materials synthea1aed from non-... 

lipid substances such as carbohydrate, e1ther 
. . 

actually 1n the mammary gland itself, or 

elsewhere 1n the bo4y and transported to the 

mammary gland by the blood. 
\. 
, . 

3· From lipoid materials ot the blood derived ... 
from mob1l1sat1on of tat reserves in fixed 

' 
tissues other than the mammary gland, or 
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d1rectlf from fat reserYes of the mammary 

gland. 

4~ Prom vary1ng comb1nat1ons of the above 

possible sources acoordlng to the level of 

n~tr1t1on of the animal, to 1ts state ot 

health• or to ita react1ons to chan2ea 1n 

env1ronmental condition •• 

Oona1derat1on of the literature has been seet1oned 1nto 

the above broad d1v1a1ons but 1t 1e to be borne 1n ~nd 

that no one sect1on be resrar4ed as ent1rely complete 

1n itself w1thout relation to the conclue1ons from each 

ot the other section •• 

1. THE !ELATION OF !OOD fAT 60 MILK FAT. 

(a} -·-- ------- -- ·-:vc=::a. ·:·- ..--·-e -- ·-.- •:;·~--

Maynard and co-workers (5 1 6) 1n studying the 

1n:tluence of d1:tt'erent levels of fat l.ntake upon 

milk secretion found that on drastically lower1n& 

the level of fat 1n the ration of dairy cowa marked 

lowering of m1lk yield also occurred although the 

percentage of tat in the reduced amount of milk 

tended to remain the same. Further atud1ee revealed 

that there was a certain threshold level below which 

the reduction of fat 1n the rat1on commenced to show 

1 ts effect on the m1lk yleld. Reduction from 7.~ to 

4% level of fat 1n the rat1on ach1eved no s1gn1f1cant 

r~duot1on ot milk yleld, but below th1s level of 

1ntake m1lk y1eld reductions did occur. Where fat 

1n the ration was not lowered below t~~ level of 

that secreted in the ~lk no oons1stent lowering of 

m1lk yield occurred. In the experl.ments the low-fat 

diets had been made up to equ1valent energy level 
\. 

w1th the normal'fat d1ete by the add1t1on of starch. 

It would appear from thl.s that the level of fat 

intake 1s intimately concerned w1th the process ot 
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o~ milk secret1on 1n that as the secreted fat was 

reduced the othe~ constituents decl1ned as •ell 

even though the diet was as bef'ore wl.th the 

exceptlon of the tat content alono. 

Nat. N. Allen (7) (8) exper1mented w1th 

~ncteaslng the tat 1ntake levels ot lactating da1r~ 

cows above normal and at ~l~at ln short-term 

exper~ents, stx-dsy per1oda or teedlng of var1ou 

oils, found that while ~lk 11eld waa affected but 

allghtly, an 1noreaae ot butterfat product1on 

occurred equ1valent to 109£ to 20~ of the increased 

tat 1ntake. Later longer-term t~1ala, (flfty-day 

per1ode) also showed the e effects but certa1n o1ls 

xerted a depressing effect not noted 1n the short­

term tr1als ·prev1ously. 

Gibson and But"frnan (9) confirmed Uaynard's 

work that additlon of tat to a low-fat rat1on for 

da1ry oowa led to an 1norease 1n milk productton, 

lthough over the range of diet~rat percentage 

trom 2.6~ to 4·89~ Monroe and uss ( 10, 1n the 

course of ta1rly extensive experiments were unable to 

ehow any s1gn1f1aant d1tf$rencea 1n milk or butterfat 

productlon. 

(b) 

The problem ot actually trac1 fed tat atter 

1ngest1on was perhaps first attem~ted seriously by 

mploy1ng fat-soluble dyes. From 1896 onwards var1ou 

workers ua~d th1e techn1que. Mendel and Daniels (11) 

u&1ng Sudan 111 and other dyes were able to show 

that stained tats when fed to various.8mall experi­

mental an1mals were laid down readily 1n the tat 

reserves Of.!· the body and 1n the bone marrow. Also 

when fed to lacteting rats, au1nea p1ga, cats and , . 

oats, sta1ned m1lk t"at waa readily demonstrated, 

but when the trlal was attempted w1th a lactating 

cow stained milk fat was not secreted. 
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In preinant animals the ata1ned fat d14 not tl'averse 

the placenta 1n any instance. Later, 1n 1924. Gage 

and Flab (2) published results ot extensive experiment 

on sta1ned tat teed1 sent1ally similar 

to those ot Mendel and Daniela and others. They repeat­

edly attempted to demonstPate sta1n64 m1lk tat 1n the 

cow by the feeding of stained tats but entirely w1tnout 

result. Following on these attempts Kelly and Petersen 

(12} in 1939 again attempted stained tat ~eed1ng to 

dairy cows and tailed to secure ata1ned milk tat. They 

further· endeavoured to discover tne rate of the sta1n 

by histological techniques but could t1nd no eVidence 

ot the sta1n in body fat, udder tissue or milk tat. 

They euggeated that 1n the cow the dye molecule was 

changed in some manner to a water-soluble to~. In 

p1te or all these previous ta11ures Buttman and 

Duncan {13) 1n 1941 repeated tbe experiment usina 

massive doses ot various dyes and 1n moat cases 

eoured pos1t1ve appearance of the dyes 1n the milk 

fat within ~welve hours. In View of the p~eviou 

total failures it seems possible that in the latter 

xpertment the doses were ot such magnitude that 

the normal "'meehan1sm"of da1r:- cows by which dy 

may be el1m1nated had either broken down or had 

been unable to operate at auft1o1ently high a level 

1n order to eliminate the greatly increased amounts 

of dyesturt. The amounts of the 4Jea appearl.ng in 

the m1llt fat were not estimated quantitatively. 

(o) The Tracing of Chem1gally; Ident1:f1able Fata from 
the Foog into \hf;l ltilk1 

Suggeat1ng that dyes fed to animals may 

dissociate from the fed tat w1th1n the organism 

and reoomb1ne w1•h tats already present thereby , . 

1nval1dat1ng the conclus1on of the ted tat 1tselt 

bavin& reappeared ln ,the milk, Bowea (14) in 1915 
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traced an ingested fat b~ chemical means . Employ1ng 

a goat he checked prior to the eX»er1ment that no 

arachid1c ao1d was be1ng secret~d 1n the milk then 

proceeded to teed small dosee ~ 25 co . ) of ar~ch1s 

o1l conta1n1ns 5% arachidic ao1d along with ~he 

normal ration. 'l'welYe and one-half' hours la\er 

arachidic ac14 wae tound 1n abundance 1n the m11k 

tat. Quani1tat1ve eatlmat1on was not attempted 

and no ~eoord was made of how long the arachidic 

ci~ ~ontinued to be secreted. 81m1larl7 Maynard, 

McCay, and Madson (15) administered rood tat ot 

vary1na dearees ot unsaturat1on to dairv cowa 

nd followed the 1od1ne valuea of the mllk fat 

aec»eted. on teed1Di around tlaxseed contD1ning oil 

ot a h1gh degree of unsaturai1on (iodine value 1}7) 

a marked r 1se was noted lk t at 1odl.n 

va l ue 'tt1th1n e1ghteon tQ t wenty :f'onr hours and tbe 

Yalue rose t o a m.eximum by tlle tlUrd to foU;Jlth 

de¥ 1ihe authors concluding trom th1a that there must 

ex1s~ close relationship between tood t at and milk 

tat, and that the oourae of tat metaboll~ 1n laotat1on 

must be a very d1reot one or that the Ya~ious prooeaeee 

must take place Yery r apidly. Hill end Palme~ {16) 

also, noted that when o~le or tats are ted to 4air7 

cows the reault1ng butterfat aesumea some ot the 

oharacter1stics of the tat or oil ted and that apart 

from deliberate 011 teeding the chem1oa l characte~1st1c 

of the milk fat are more or leas apec1f'1c for the type 

ot ration fed. In greater detail H11d1toh, and 

Thompson ( 17) 1n 19.36 studied the var.1.at1ons of apec1t1c 

ac1da of butterfat resulting trom 1ngeat1on of •ar1ou 

unsaturated oils by 4a1ry cows. As their work entailed 

extensive and exaot1ng chemical analysis they were 
\. 

unable to provide a p1oture ot yar~at1ona in butterfat 

composition day by day over a per~od but relied on 
' taking composite sample rrom severa~ cows tollo•1na 

• 
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onw week periods of feedlng o11s of Yarlous degrees of 

unaaturot1on. Constderlng the fact that b~t ~ne cows 

were used and one sample from each taken 1t is doubtful 

1f 
u 

uch exhasttve. chemloal analyses wer x-eally orth 

wh1le, especially when 1t is realised that the 1nd1v-

1dual1ty of the an1mal e can affect comparat1ve results to 

such a great extent. Nevertheleea Hilditch and ~hompaon 

did show clearly that certain :fatty ac1da of the dl.et 

~at were readily ut111sed 1n the production of m1lk 

tat 1nd1cat1n" that a highly select1ve mechanism n~y 

be operating 1n mllk fat aynthes1s . Earller, H1ld1toh 

and Sle1ghtholme (18) tn 1930 had already shown by 

chemical anal:N'aes that certa1n added fats 1n the d1et 

could 1nfluence the compos1t1on of bov1ne mtlk fat 

pos1t1vely, but that other factors could 1nfluenoe 

tatty ae1d oompos1t1on more profoundly than short­

term changes 1n the nature of the diet. e.g . such 

ffects as those brought about by general level of 

nutr1t1on over longer term per1ods• and possibly 

those reault~ng from seasonal temperature var1at1ona. 

(d) The Ident1f1cat1on or rat fractlona of the Blood 
utilised by the m&mmarl alan4. 

The study of uptake of nutrients from the blood 

by the mammary gland was first 1nst~tuted by varlo~s 

workers just prior to 1900. 

To compare blood immediately entering and 1mmed-

1ately leavlng the mammary gland would neoess1tate aoceea 

to the external pudic artery on the ninput" alde, so 

deep-seated as to be 1mpract1cable and to the aubcutaneoas 

abdom1nal vetne wh1ch are read1ly aooess1bl ......... 
Kaufmann and Magne (19) quoted by Blackwood and 

Stirling (22) 1n 1906 chose to compare the oompos1t1on 

of the jugular blood with that of the aubcutaneou 
~ 

bdom1nal venous-blood 1n an endeavour to ascertaln 

by difference what constituents were be1ng utilised 

' by the mammary gland during milk aecretlon. 
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They assumed all venous blood 1n non-lactating 

nimals to be similar regardle or the sampling 

point. Later this method of comparing input with 

output was utilised and modified by many other 

workers. 

1th spec1f1o regard to fat metabolism in 

relation to laatat1on interest was aroused 1n 

determ1n1ng just what fract1on or fractions of 

blood l1plds of da1ry oows are utilised 1n the 

synthesis of m1lk fat. Sloor (20) classifies the 

constituents of blood lipide as follows:-

(a) Neutral Fat. Mixed tr1glyaer1dee 1n small 

amounts. 

(b) Pbospholiplds. Lecithin predom1nat1ng 1n 

the plasma while cephalin and 

ph1ngorr~el1n constitute most 

o~ the phospholipid ot the 

cerpusoles. 

(c) Cholesterol. Occurring 1n amounts parallel1n 

the phospholipJ.ds, as fr 

cholesterol in the corpuscles 

and 60 - 70 per cent in ester 

oomb1nat1on w1th fatty acids 1n 

plasmu. 

(d) An ttonsaponJ.f1able" fraet1.on of little­

known constituents. &1m1lar tn 

amount to cholesterol, mostl¥ 

complex sterols and sterol 

derivative~. 

(e) Fatty ac1ds 1n other aomb1nat1on than above 

plus some free f a tty acids . 

In 1919 Ke1g~, Blatherwick and Oary (21) followed 
'. 

the Kaufmann and Magne technique and using cows i.n 

laotat1on discovered that the phospholipid tract1on 
' 

was apparently depressed 1n blood leaving the mammary 
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aland and also that the inoraan1c phosphorus (presumably 

resultin~ from the breakdown of phospholipid and other­

wise not required for milk secretion,) was apparently 

increased, and that the apparent decrease in phospholipid 

was sufficient to account for all the fat in the milk. 

They concluded from this that blood phospholipid was 

the sole source of milk fat. Other workers were unable 

to repeat this work. Blackwood and Stirling (22) quoted 

Schalk and Armadon (23) who had shown that the salivary 

lands of the ox can secrete more than sixty li tre.s 

volume of saliva in twenty-four hours. Blackwood and 

St1r11ni (22) considered that this could possibly 

produce significant concentration of ju~ular blood. 

To check on this; using cattle, they compared the 

compositlon of jugular blood with radial artery 

blood and verified that the juaular blood actually 

was more concentrated that the arterial blood. They 

attributed this fact to the process of saliva secretion 

from which area of activity the jugular ve1n returns 

to the heart. Blackwood (24) them compared blood from 

the subcutaneous abdominal artery with blood from 

the radial artery and examined the variations in 

phosphorus content. The little difference they found 

between the bloods from the two sources proved to hold 

for non-lactat1ng cows as well as lactating animals. 

They concluded from this experiment that phospholipid 

was BQl a precursor of milk fat. Sinclar (25) likewise 

arrived at a similar conclusion from the results of 

his experiments using rats. 

Petersen, Palmer and Eckles (26) showed that 

in the dairy cow fat is one of the major constituents 

of the lactat1ng mammary gland, averaging 40% of the 

dry matter. Further, they found that the gland fat, 

( as judged by the three constants, iodine number, 
'. 

Relchert-Wollny number, and the saponification number) 

is almost intermediate in nature between butterfat and 

body fat. Later, experiments by the same workers (27) 
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on pert'ilsion of the surviving bovine mammary gland 

subsequent to exc1s1on; proved that perfusion tends to 

lter the nature of the 2land tat as reaards the lower 

tatty acids towards butterfat but does not alter the 

iodine n~er or sapon1f1cation number. The 1nterenoe 

fl"om these experiments was that fat may be laid clown 

t1rst as glandular tat pr1o~ to being mob1llaed for 

m1lk tat ayntheals. The presence of appreciable amounts 

ot the lower tatty acids, more than could be accounted 

tor 1n the calculated amount ot milk retained, was 

also noted. Thia stimulated f urther 1nveatl&&tlon to 

be ~ntioned 1n due course (see Kelly and Petersen 

(12) later )• 

aynard, Harrison and McCay (28) and al&o 
" 

Blackwood (24) observed 1n cattle a rapid and 

proportionate rise 1n all blood l1po1da following 

parturition, succeeded by a aradual tall as 

lactation advanced. 

Schaible (29) 1n studying plasma l1p1ds 1n 

laotat1na and non-lactat1ng cows. concluded that 

lactation apparently requires neither a difference 

1n distribution, or difference 1n nature ot blood 

11po1da, but merely a greater supply of all. Thi 

worker compared the dearee of saturat1on of the 

tatty aolde ot blood constituents, f1nd1ng the 

fatty acid radicle of cholesterol esters to be 

more h1ghly unsaturated than those of plasma 

lec1th1n, while fatty acid rad1olea of tr1glycer1des 

of neutral fat were intermediate. This proYed true 

for lactat1ng and non-lactating an1ma~~ · Scha1ble 

uggested that cholesterol esters might play a 

part in fat transport. 

Maynard, Mccar, Ellis; Hodson, and Davis (39} 
\. 

t Cornell 1n 19.38 (1n fUrther experiments w1th dairy 

cows} improved on the older blood sampling techniques, 
\ 

by sampll.n& 1ngo1ng blood to the mammary gland :from 
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the internal pudic artery Via the vag1na. Results 

from this method proved tar more oons1atent than 

with the older methods. No 1nd1ost1on was found 

that elther phospholipid fatty ao1de or those 

llnked with cholesterol were removed b1 the 

lactating gland but total 11p1ds proved to be 

cons1stently lower 1n the mammary venous samples . 

Oslculated values for fatty a~1ds present as 

neutral fat showed that the aland apparently does 

ut111se th1G tract1on, 1nt1mat1ng that neutral 

blood fa~ posa1bly plus some free fatty ao1da may 

be the precursors of m11k ~et. 

Any method ot blood sampl1ng 1s open to 

question from the aspect of the excitement caused 

the an1mal dur1ng actual sampllng. Nervous and/ or 

hormonal respon to pain or fear may rapldly 

red1rect metabolism 1n other than novmal d1rect1ona . 

In auch cases lt is feasible to expect that the 

blood, work1ng on unusual "errands", may have other 

than normal compos1t~on, to a oerta1n extent 

1nval1dat~ng the reeulta of blood analya1s. 

Shaw and Petersen (31) 1n 1940 confirmed 

aynard'a work (30) and added that 1n ueneral the 

bovine mammary gland uaes only neutral fat of the 

blood end poas1bly cholesterol ~ract1one of the 

plasma. They calculated that the quantity o~ blood 

fat used by the gland is sufficient to account for 

all the fat secreted 1n milk, concluding that but 

little mllk fat could be der1ved from other sourceD. 

Voris, Ell1a and Maynard (321 developed 

improved methode of eet1mat1na neutral tat by means 

of glycerol determinations. Their paper deals mainly 

w1th che~oal technique but includes some arter1o-
~ 

I • 

venous compar1sona of neutral f'at 1n laotat1na:r and 

non-lactat1ng cows by 8ampllna:t blood from the sub-
' 

cutaneous abdomlnal veins and internal iliac arter1ee 
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Yla the rectal wall. As before the method may be cr1t-

1c1sed on the count of disturbance of the antmal stl~ 
~ 

ulating abnormal blood composition, and fUrthermore. 

excitement could feasibly 1nh1b1t the rate of m1lk 

eecretton, wh1oh fact 1n turn could assist arterial 

and venous m ry blood to become more nearly alike . 

That excitement can cause e1m11ar1ty o~ arterial and 

venous mammary bloods had been shown by Grah~, Kay 

an4 Kclntosh (3~) (quoted b7 Vorla (32) ln 1936.) 

Nevertheless Voris and co-workers were able tQ de~ 

onstrate an arterio-venous difference ot about 3 mg. 

ot neutral fat per 100 oe. of plasma 1n the non­

lactating cow, and differences of the order of 191 16, 

12 ~. per 100 cc. of plasma 1n lactating cows indicating 

greater removal of neutral fat from the blood by the 

actively secreting ar7 gland. 

At first eight the foregoing findings m1A:ht 

appear to 1nd1cate that ln a a1mple manner neutral 

tat ot blood mq account, as a precursor, for fat 

secreted 1n m1lkJ but m1lk tat on cr1t1cal chemical 

xam1nat1on 1a tound to conta1n ahort-cha1n tatty ac1d 
4-14 

c to an extent or 30% of the total tatty ac1d 

resent, and could not have originated 1n a e1mple manner 

trom the neutral f at of blood. 

(d) ~be Problem ot Aocount1Ai for the Short-cba1n 

ilk Fat. 

Hilditch and Sle1ghtholme (18) suggested that 

these '8bort•cha1n ac1d 1 reault from the breakdown 

ot ole1c tr1glycer1des from blood neutral tat. They .. 
had observed 1n studf1ng mllk trom cows ted with 

cod liver oil that the lower tattN ac1da wer 

apparently depressed and that 5 - 1% of the highlY 
\. 2G-22 

unsaturated se~lea C c1ds were present • 

This might be interpreted ~a additional ev1denc 
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ot the operat1on of a highly aelect1'Ve meoha.n1sm 1n 

tn1lk f'at synthesis referred to preY1ously. The authors 

proposed that the presence ot the 0 2o-22 acids, avid 

acceptors of hydogen and oxygen, may have inhibited th 

"normal'' oxldatl.on aDd reduct1on ot ole1o ac1d to lower 

fatty ae1da, which fUrnishes a teaa1ble explanation ot 

the presence of greater than normal amounts of oleic aoid 

they noted 1n the samples. Kelly and Petersen {12) 

ment1oned earl1e• 1n connection with stained fat teed1na 

to dairy cows proceeded, after the stained tat experiment, 

to two further 1nvest1gat1ons. Ex&ract1ng the tat from 

several mammary glands they estimated the t atty ao1d 

content and found markedly h1gb values in the actively 

cret1na gland as compared w1tb a.y glands and gland 

from cows at the end ot lactation. In the third e~periment 

they endeavoured to looa~e juat where in the tissue of th 

mammary gland, the tatty acids predominated. Udder t1ssu 

ct1ons were sta1ned w1th •ar1ous 4Jea believed 8pec1~ic 

for ~atty acids and for neutral ~at. The tatty acids 

consistently proved to be situated towards the basal 

port1ops or the alyeolar secretory cells wh1le the 

neutral tat, apparently in larger ooallesced globulee , 

was located distally. They deduc ed tatty ac1ds to be 

present e1ther molecularly or collo1dally and that as 

the1r synthesis to neut,ral tat occurs there ma7 be 

alterations 1n 1ntertac1al tension allowina the devel­

opina tat particles to coalesce eo tha~ on reachina th 

lveolar lumen surtaoe they are of normal milk fat 

particle size. Shaw and Knodt (34) obs••••d dur1na 

arter1o-•enoue blood comparisons 1n.exper1ments w~th 

cattle that the lactat1 land remo•es from circulation 

an amount of beta-h7droqbutyr1o ao1d sut1"1oient to 

account tor all the lower fatty acids of milk up to 
• 

o14. but see1ng that this ac1d 1s so readily ox1d1sed 

by the tissues the authors but tentatively su2~ested 
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that 1t might be a precursor of lower ratty acids. 

If this latter suagestion were correct 1t would 

be logical to expect that if the supply of beta­

hydroxybutyric acid to the mammary gland were 

increased, then an increase 1n the lower fatty 

acids of milk fat would result. 

Shaw (35) noted that in eases of ketosis where 

the mammary gland took up twice as much bet"­

hydroxybutric acid• instead of the lower fatty 
• acid cont·ent of the milk fat being increased, it 

was markedly lowered. This seemed to preclude the 

conception of beta-hydroxybutyric aoid being the 

precursor of lower fatty acids, and indicated 

greater l1kl1hood that it might be used in the gland 

for energy purposes. 

Paralleling this work in principle Malpress 

(36) injected sodium butytate into a goat and 

cow, also fed large amounts of silage as a 

source of butyric acid but found that no increase 

of lower fatty acids of milk fat resulted,, 

additionally supporting the view that beta-hydroxybut­

yric acid is BQ1 the precursor of the lower fatty 

acids of milk fat. 

Hilditch and Meara (.37) investigated human 
8 milk fat and found few fatty acids below 0 , in 

contrast to cow milk fat. This suggests that the 

rouminant form of digestion for the eow secreting 

a greater proportion of the lower fatty acids. 

Barcroft,McAnally and Ph1llipson (38) noted a 

peculiarity of ruminant digestion 1n.that follow­

lng breakdown of carbohydrate material in the rumen 

by m1crofloral action, the resulting short-chain 

fatty acids ma~be directly absorbed via the 
I • 

rumen wall and that these acids may circulate 

in the blood. 
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I~ v1ew of Malpress• negative results (36) ot 

odium butyrate and s~l feeding exper1ments 1t 

t111 seemed improbable that these observed acid 

could be the precursors of the lqwer tatty acids 

of m1lk f'at • So the 1ncl1nat1on was to return to 

Hlldttch'e hypothesis of the breakdown of oleo&­

lycer1dee prov1dlng the precursors ot tbe lower 

fatty ao1dtu 

Further support was lent to the latter theory 

by the results of Smith and Dastur•s work (39) 

wh1ch demonstrated the ettects of 1nan1t1on on 

the composition of milk tat. When cows were 

tasted for periods of twel•e days, up to an 

80% decrease occurred 1n the lower tatty ae1ds 

(up to o14 ) ot the secreted milk f'at, compensated 

by, a corresponding increase 1n the oleic ac1d 

fraotlon. Th1a. had actually been noted previously 

by several other workers, notably Eckles and 

Pa~er (40) 1n 1916. 

Concluding this Section 1 "The Relation of 

Diet Fat to Milk Fat" tentative .. ,., .......... ~. ... ....... ____ ,. ~---,.,··-

follow1ns 1 the following 1deaa have been derived:• 

A• The bulk of the milk fat may be deriVed 

from neutral fat of blood. 

B. The lower tatty ac1d :fractions of milk 

tat may result trom the breakdown 1n the 

mmary gland or oleic tr1glycer14es. 

(later shown to be improbable.) 

.. 
, . 
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II • TilE RELATION OF BOB-LIPID nPRECURSORS" 

TO LULK FA'f· 

Despite so much ev1denee favour1ns the theo~y of 

blood neutral tat belng the precursor ot milk f'at a 

discussed 1n seot1on 1 there have been confl1ct1ng 

indieations of' synthesis of a pl'opo~tl.on ottbe m.1lk 

tat from other sources. 

( ent. 

In 1938 Graham, Houchin, jletersen, and Turner 

(41) showed that the respiratory quot1ent of tb 

lactat1ng rwn1nant tnammary gland was greater than 

unity wh1cb would appear to indicate oynthes1s of 

fat from carbohydrate. 

(Resp1ratory Quotient- Volume of Qarbon dioxide produced 
) 

Synthesis of the relatively oxyae~poor tats from 

the oxygen r1oh carbohfdrates 1nvolves liberation of 
in 

carbon dioxide, result1ng/reepiratory quotients of unity 

or temporarlly greater than un1ty 1n some oasotu 

Ut111aat1on of fats on the other band 1nvo1ves 

more oxygen consumed than represented by the curbon 

dioxide g1ven ott and results J.n :resp1:t-atory quotlents 

of leee than untty. ) 

Re:a.neke, Stoneo1pher• and Tuztner (42) also showed 

respiratory quot:a.enta greater than unity 1n th 

glande of' esthetlaed goats. On fast1ng, the R.Q. 

decl1ned below unity aftel1 the th11"d day, suggeat1ns 

breakdown of fat to~ m1lk fat synthesis on faetkng, end 

conversely that carbohydt'ate ti mater1al may have been 

ut111aed ~or m1l.k: fat eynthes1s pr1or to rast1ng 1.c. 

dur1ng normal lactat1on. 
'. 

These observat1ons when linked with 8rn1th v and 

Dastu~'s {39) f1nd~ng that 1n tasting animals tb 
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lower tatty acids of milk tat greatly decrease, lends 

upport to the 1dea that the lower fatty acids ~up to 

o14 ) may be products of synthesis from carbob¥drate, 

an 1dea confl1ct1na with B1ld1tch's theory ot lower 

tatty acids being des£adatAon products of ole1c 

tr1glycer1des. Smith and Dastur (39) offered yet 

nother theory pppos1na H1ld1toh's, that the lower 

fatty ac1ds o~ m1lk fat might be the 1ntermed1at 

stages or by•produete of oleio acid. e:t;nthes1s, and 

that dur1na 1nan1t1on when the gland 1a producing 

less than the normal amount or fat more ole1e, acid 

ynthea1s 1s allowed to prooeed to complet1on w1th 

eonaequent reduction ot th 

c1d "by-products"• 

ount of lower tatty 

This latter theory would be borne out by the 

R. ~ . rema1n1na above unity while readily ava1labl 

carbohydrat reserves last, passing below un1t1 

s these reserves are used up and body fat reserves 

become more heavily drawn upon, &t the l atter actually 

does occur. 

It ~eserve body tat ts to be drawn·upon tot 

lk.~at synthesis dur1na fast1ng (1.e.:~ concetvably 

cond1t1on where reater-than-normal propoat1on ot 

l1p1d material 18 being oft'ered the mammary gland, by 

virtue of the l1kl1hood of l1p1d reserves bet~ the 

most readily ava1lable 1n any appreciable quantity), 

and one accepts H1ld1tch's hypothesis of ole1 

lycer1de degradation providing the lowe~ fatty ac1d 

ot m1~ tat, then one might reasonably expect the 

lower tatty actds to tnorease dur1ng tast1ng. But 
.. 

euch la not the case. Both dur1ng tast1~, and wh11 

the animal 1s on tat rich d1ets (s~th and Dastur 

(39} the lower tatty 14 ~ct1on or mllk fa~ remain 

below normal wb.1le the oleic acid fraction rema1ns 
'. 

bove norm.al. These facts would not ily be recono1led 

1th H1ld1tch's theory. urthermore "41ets r1c• 1n 
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1n carbohydrates and poob 1n fat cause a increase in the 

lower f atty ac1da of milk fat, wh1le thoae poor 1n carbo­

hydrates and r1ch 1n fat have the reverse effect, 1nd1eat1ng 

that w1th d1ets on wh1ch tat synthesis would most probably 

be .necessary the lower f a tty aclds 1ncrease ~ (Smith and 

Dastur (39)• 

(b) 

Kaufmann and Shaw (43) had shown in exper1ments w1th 

dairy cows by means of s1mpll f1ed d1eta that carbobydrate­

rlch diets increase the lower tatty acids of m1l.lt t'at and 

at the same t1me depress the 1od1ne va lue. To determine 

whether sy~tbes1a of lower t atty acids from carbohydrate wa 

direct or not 1nsu11n was 1njected into tast1ng cows to induce 

a condition of hypoglyoaem1a for about thirty hours. If the 

transtormat1on of carbohydrate into lower tatty acids were a 

direct process then on removal ot available carbohydrate from 

the blood one would expect the proport1on of lower fatty acid 

ot the milk fat to drop correspondingly. But no chanae 1n rate 

t decline trom that proeeed1ng wh1le on faat1na alone (without 

insulin) was noted. The authors concluded from this that blood 

alucose was not the precursor o~ the lower tatty ac1ds of milk 

fat . Shaw and Knodt (44) had earl1er put forward evidence con­

fl1ct1ng with Kautroann's and Shaw•s a~plif1ed d1et story for 

in feeding pure carbohydrate 1n the form of dextrose to dairy 

cows they found that the lower fatty ec1ds of the secreted milk 

f'at declined and the mammary R·" · also decl1ned below unity 

thus parallellng the recog~sed consequence of 1nan1t1on as 

shown by R~1neke's work (42). They showed a lso that ln ketosis, 

blood sugar and lactic acid decrease to less than 50~ ot the 

normal values wh1le the mammary R.~ . rema1ns sreat'r than 

un1ty 1nd1cat1ng the improbability of the mammary gland 

aynthes1s1ng mllk fat from blood carbohydrate 1n a direct 

manner . Kaufmann a*d Shaw (45) aga1n demonstrated that 1n 

r~nants carbohydrate-rich diets stimulated extra secret1on 

ot the lower fatty ac1de and proposed that the mechan1sm wa 

an indlrect one since from their prev1ous experiments they 
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e were convinced that blood carbohydrate was not respons1ble . 

They suggested that the carbohydrate of -the die~ mlght be 

c. converted into the necessary precursors by rumen m1croflora •. 

This suppos1t1on was proven possible by Ba~croft and co­

workers (38) as has been seen 1n Section 1. Further Kaufmann 

and Shaw (45) pointed out the l1klihood that the precursors 

of the lower fatty acids ~ .::.:· of ruminant mlllt fat 1n normal 

cases may be 1n demand by tissues other than the 

mammary gland and that the presence of carbohydrate 1n the 

diet may in some way exert a sparing action on the ut111sat1on 

by other body tissues of substances which act as precursors 

of the lower fatty ao1ds of milk fat. Shaw (46), Knodt (47), 

and Shaw and Powell (48} had all done extensive work on glucose 

therapy in ketosis without providing any very great advance , 

towards a logical theory of lower tatty ac1d synthesis. They 

consistently observed th~ 1ncrease 1n lower tatt7 acids of 

milk f a t consequent upon carbohydrate adm1n1atrat1on, a 

well as demonstrating the uptakeby· the mammar7 aland of 

beta•hydroxybut,ric acid but not of aceto•acet1c ao1d. 

ann and Shaw (49) in 1946 8Volved a method tor the oon­

t1nuous intravenous 1njeotion of food materials 1nto cow 

by drip feed Via the subcutaneous abdom1nal ve1nw They 

tested out a number of oomp ;)unds 1n an endeavour to . find a 

substance wh1ah would arrest the deollne 1n the lower fatty 

ac1ds of ml.lk fat nor mally result1ng from inani t ion. GluQ~ae, 

prote1n hydrolysate, eodl.um oleate, and sodium acetate each 

proved 1neff'ect1ve whll odium butyrate ylelded var~ing 

results. The fact that sod1um oleate failed to prevent the 

tall1n l~wer fatty ac1da of milk tat would seem Do refute 

H1ld1tch*s theory ot oleic ac1d breakdown be1ng respons1ble 

for the lower f atty ac1ds. Similarly soa1um aoet ~te belng 

1neffect1ve would seem at fl.ret s1ght to preclude blood 

acetate bel.ng ut111sed for synthee1a. That glucose failed 

eemed to co~roborate the work of Kaufmann and Shaw (45) 
I • 

which had a lready 1nd1cated that ilucooe wa s not the dlr~ct 

precursor. That the nes1dues from deam1nat1on of am1no 

ac1ds, { as exempl1f1ed by protein hydrolysate) might 
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pro'l'1de precursors also appeared to be precluded. The 

~lucose uptake ot the mammary 2land w found sutf1c1ent to 

ccount for all the lactose of the milk, but not for all tb 

lactose plus the abort•oha1n fatty acids of butterfat . 

The forego1ng experiments on earbohydrate feeding all 

tended to indicate that onrbobydrate o-: tbe blood is not 

utilised d1rectlz by the mammary gland for synthes1a of th 

lower fatt~ ac1ds of milk fat 1n spite of the well reoo~n1sed 

but &till 1ned high R.Q. 

The old 1dtta ot certain amounte of carbohydrate be1ng 

requ1red ror certa1n amount of fat ox1dat1on was dis-

credited by Stad1e (50) who found diabetics to ox1d1 

ketones or fats wltbout simultaneous ox1dat1on of carb-

obydratee. Stad1e 1n his review quote ver&.l other 

rkers wbo have oonf1rmed thte. Stad1e postulated that 

up to certain level all fat catabol1aed may be completely 

oxid1sed, and no ketonurea resultaJ be~ond th1s level all fat 

catabol1sed may not be completely ox1d1sed, .d consequ~ntly 

part of the tat catabol1sed may be excreted "unburned" in th 

form of ketone bod1es. He au sted that the function ot 

c Drbohydrate may be simply ·t .o ?pa·re~f'at 1dat1on, ml.oh would 

ocount for the the~apeut1c value ot carbohydrate adm1n1at-

J9atl.on. 

(c) 

The or1g1nal theory of suco 1V j3 -oxl.dat1oli of 

tats proposed b¥ Knoop and not accepted 1n expla1~ng th 

entire catabol1am of fatty 1ds 1n Stadie's rev1 {50) 

stimulated 1nterest 1n the tate of the 2- carbon degredatl.on 

products ot fat catebol1em.Buohanan, Hast1ngs and Nesblt (51) 

ue1ng radioactive c11 synthesised ace~~c, proplon1c 1 and 
11 butyr1c acids w1 th the 0 as the carboxyl carbon at.om. The 

odl.um salts of these ac1de were fed alo wlth alu.co to 

fasted wh1te rate. Results demonstrated exceptionally rapid .. 
ut111sat1on of the ahort-oha1n acids fed 1n that 50N ot th 

rad1oact1ve tatty acid abaorbed was excreted 1n the reap1ratory 
' 

carbon d1ox1de over a two-hour per1od. 
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Using deuterium Stetten and Schoenheimer (52) 

synthesised palmitic acid and on feeding the ethyl ester of 

this in very small quantities (.56~ Of the diet) found that 

the bulk of the teet material was absorbed, 44% of the 

deuterium fed as palmitic acid apparently having been depos1ted 

1n the tissue fats. Some of the fed palmitic acid had been 

deposited directly 1n the tissues; so~e degraded to shorter­

chain fatty ac1ds; some desaturated to palm1tole1c actd; and 

some o ~nverted into stearic acld by an addition of two carbon 

btoms to the chHin. These observat1ons together w1th those 

reoult1ng from other work by Schoenhelmer and R1ttenberg (53) 

(54) showed str1kingly the lnterchangability of fatty ac1ds 

1n the tissues. 

The shortenlllg and elongat1on of fatty acid chains, 

and the saturation and desaturat1on of fatty ac1ds have been 

ably demonstr eted. Further,the stud1es with the ald of 1sotopes 

have established the fact that the var1ous react1ons ment1oned 

above accur cont1nuously even when the total amounts and 

propePti e s of the body fats do not change. 

Rittenberg and Bloch (55) were able to synthes1se acetic 

acid incorporating both o13 and deut()r~um; the former l.n the 

carboxyl group, the latter 1n the methyl group . The sodJ.um salt 

was fed to rats and mice on a low-fat, high-carbohydrate d1et. 

Fatty acids and cholesterol were separately Eolated from the 

carcases. Both lipids conta1ned both 1sotopes, strongly sug­

gestlng that both carbon atoms of the acet1c acl.d had been 

utilised J.n .fat formatJ.on. There was further ev J.dence that the 

labelled carbon a toms were d1str1buted at alternate pos1t1ons 

along the fatty acJ.d chalns. 

These results f'urn1sh a very good J.ndl.catJ.on of the 

abl.lity of an1mals to synthesise fatty ac1ds from acetate 

"un1ts" ~f these be supplied. 

That apprec1able quant1t1es of acetate could normally 
~ 

be present 1n the·blood was not compatible w1th the then-

current beta OX1dat1on-condensat1on theory of ketone bodies 

' being formed 1n the 11ver by degredatlon of whole fatty acid 

mo1ecn1AR W1i:h. 11+.+1• Ol'>r>nl'l'>'1,a+,,.. .... ,.. .p ~ .......... I) _ ... __ "'"- ~--·~- .. 
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The above research w1th isotopes was carried out by med1oal 

workers and the appl1cat1on of the1r observat1ons t o the studf 

ot rum1nant t at metabol1sm does not appea~ to have been 

1mmed1ately recogn1sed 1n spite of the eetabl1bhed fact 

(Barcroft and co-workers (38) tha t 1n the ruminant short­

chain fatty ac1ds are absorbed d1reot from the rumen and 

do circula te ~ the blood • ..... 
As we have seen earlier 1n t h1s section all endeavour 

to demonstrate synthesis of milk fa~ f rom blood carbohYdrate 

w1th1n the mammary gland had failed and the well reoo~n1aed 

hlgh R. Q. of the lactat1ng gland rema1ned une~pla1ned. 

In 1946 Folley and Mapresa (56) had conducted an 

xper1ment s1~lar to that of Mann and Shaw (49).Sodium 

acetate was intravenously infused 1nto lactat1ng goats 

dur1ng per1ods of 1nan1tlon. The observat1ona were the same as 

Mann and Shaw•a, that tbe admlni atered acetate ta1led to arrest 

the decline of ahort-chaln fatty ac1da of milk fat. They 

proposed that th1a result was poss1bly due to the avid ut1l-

1Satlon of the adm1n1stered acet ate by the tast1ng t1sauee 

overwhelmlna the demand ot the mammary a land to use the acetate Dor 

m1lk tat secret1on. 

(d) Surv1v1ns T1ssue Stud1ea. 

Recent work w1th isotopes haa re-emphaslaed the 

t'acllity w1th whlch ti ssues ma3" ut111se short-ohal.n acld 

1n the synthesis of longer-chaln fatty ao1da. Employ1ng 

eurv1v1ng artery tissue fromrats Chernick, Srere, and 

Oha1kot'f (57) studied the synthesis ot' l1p1d material from 

aeet1c ac1d 1n wh1ch both carbon atoms were represented by 

c14, as well as follo wing the ut1 1 1aat~on of 1norgan1c 

phosphate labelled w1th p32. Ready ability to convert acetat 

1nto longer eha1n fatty ac1da was demonstrated as •ell as 

the 1ncorporat1op of p32 into the phosphol1pld molecule. 
I • 

The work of Folley and French (58) using lactat1ng 

mammary gland sllce techn1que throws new llgh t on the 
' 

mammury gland R. Q. problem. Lactatl.n mmary gland al1ces 
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from non- rum1nanta (rat, mouse• rabb1t, g~nea p1g} in 

the pr nee of carbohydrate (glucose) all showed a h1gh 

R.Q. 1nd1oat1ng the poaelble format1on of f at from carb­

ohydrate. But When the same exver1msnt was conducted on 

r~alnant (cow, goat) mammary gl and sl1cos , an R.Q. well 

be~ow un1ty was demonstrated. The experiment repeated w1th 

aoetate as substrate 1n place of glucose ~howed the R.Q' 

reversed, 1.e. the non-ruminant al1oes showlng a low n ••• 

and rum1nant al1cea a hlgh R.Q . 

Gluooa Sod1um Aoetat 

--------~---- - -- ~~·-------- ----- -- -----~ - - R·~--- -·- -- -

____ Rata 1.66 .75 

Goats .as 1.20 

In view of the knowledge that acet1c, prop1on1o and 

butyr1c ao1da 1n appreclable quant1t1es are produced 1n th, 

rumen f rom ~crofloral aot1v1ty upon 1ngested carbohydrate, 

nd that these ac1ds are reud1ly absorbed d1reot from the 

rumen 1nto the bloodstream, Foll nd French' ork strongly 

1nd1oate8 the poss1b111ty that the rUII14nant mammnry &land may 

ut111ae such ec~ds of the blood 1n the synthes1s of mllk fat. 

A fresh problem 1s re•ealed on compar1ng Folley and 

French's results wtth those of Popjak and Beeckmans (59)• 

The latter 1n study1 the ut111aat1on of acetate by the 

foetue for fatty ac1d and cholesterol synthes1s employed the 

taotopes deuter1um and 14o. Deuter1um 1n~ested ns heav 

ter, and 14c as sod1um acetate parenterally adm1n1atered 

to pregnant rabbit .bowed clearly a hlgher rate of synthesis ot· 

fatty acids and choleatLrol 1n the foetal than the maternal 

tissues w1th the sole except1on of the mamnrory gland where the 

14c content of the neutral tats 1nd1oated a much hlgher rate 

or acetate ut111sat1on tor fatty ac1d synthesis than/!Ru toetu 

or a.nywhere else . It lS noteworthy that the 14a was fbund to be 
~ 

particularly coaeentrated 1n the lo ~er (volatlle) fatty ac1d 

tract1on (60) . Th1s 1ndlcat1on of ready ut1l1uat1on of aoetat 

' tor milk fat format1on 1n the r abb1t cont'l1cte w1th Folley 
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and French's (60) observations on the ut1l1eat1on of aaetat 

b7 lactat1ng rabb1t mammary glan4 al1ces. As before (58) 

l1cea fromn1t, mouae, rabbit• and gu1nea p1g mamma~y 

glands proved almost 1nert towards ut1llBLt1on of acetatQ, 

but with experiments on rabbit mammary gland sl1ces 1n part­

ioula~ add1t1on of glucose markedly raised the prev1ously 

negl1g1b1l cetate uptake. Folley and French sug t that the 

act1.on of glucose may be to provtde glycerol for glyoerld 

ynthea1u. 

In Popjak and Beechman'a note (59) the ma1n substanc 

of the dlet of the experimental an1mals is not mentloned but 

1t is conceivable that it would be a hlghly-carbohydrate on 

(as would be normal) and that .,th1e may have induced a con-

d1tlon more or 1 ,ll.ng Folley and French's gland 

lice technlQue us1ng acetate when glucose was suppl1od 1n 

dd1t1on. 

However the fact that the in VlVO isotope exper~ents 

demonstrated ready ut111sat1on of acetate by the lactatlng r abbl.t 

mmary gland, and the 1n v1tro gland ellce teobnlque shows the 

reverse would appear to throw some doubt on one or the other of 

the techniques. The dlfferencee 1n metabollam between surv1v1ng 

t1ssue al1ces nnd tissue 1n the l1v1ng an1mnl constitute an 

unknown factor; while on the other hand the 1ntroduct1on of 

ven m1nute amounts of rad1oact1ve mater1al 1nto the l1v1ng 

n1mal body may feaslblY 1nduce other than normal metabol1~m 

to a oertaln de~rev• 

Neverthel theee recent exper1ments provide stro 

lndl.catl.one thut t:.hort-cha1n :ratty acl.da reeult1ng :from break­

down of carbohydrate material ln the rumen may be readlly utlllsed 

by the mammary gland 1n the syntheb1S ot: mlk fat. It 1a perhap 

f1tt1n. t thl.s po1nt to recall Smlth and Daatur•e, (.39) work 

ment1oned earl1er, 1n 19381 that the lower tatty ac1ds of 

rum1nant mllk fat m1ght be the by-products of ole1o ac1d 
~ 

whloh'in the light of th latest exper1mente may 

be very nearly correct. 

Tbe work of Folley and Frenoo, Popjak•a observat1on 
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of rapid synthesla of neutral fat fatty ao1ds 1n the mammary 

land from acetate, and h1s not1ng 1n us1ns labelled acetate 

that the h1ghest concentrat1.on of 14o occurred 1n the lower 

fAtty acid frectl.on of t he mammary aland fat largely 1nfluence 

the conolue1ona to be drawn from the l1terature rev1ewed 1.n 

thJ.s aectJ.on "Relat1on of Non ... LJ.pl.d Precursors to J11lk Fat" 

and modlfy the conclusions of Sect1.on 1. 

! . Neutral fat of the blood 1s very possl.bly 

the precursor of the bulk of the milk tat. 

B • Short-chaln fatty aclda reaultJ.ng from -
breakdown of carbohydrate 1n the rumen and 

absorbed d1reot 1nto the bloodstream, 1n 

all probab111ty, are the pre~uraors not 

only of the lower tatty acids of m1lk fat 

c4-14, bUt alao Of Bvr e of the higher member 

of the fatty ao1da of m1lk fat. 

~ 

I • 



<:. 

. 

36. 

III THE RELATION OF DEP,OT ~At TO MILK F6T · 

That, 1n the r~nant, body f a t reserves may be drawn 

upon to part1c1pate 1n the synthesis of mJ.lk 1s tao1tly 

sumed, but as yet the aoouraoy of thJ.s asaumpt1on has not been 

ver:Lf1ed. 

F~lJ.er 1nd1cat1ons that depot fate may be mob1l1eed for 

general ut1l1aat1on by the t1asues are afforded by the obv1ous 

deplet1on of body fate 1n starved an1mals, and by the loss of 

cond1t1on of hlgh-y1eldlng da1r~ cows dur1ng lactat1on. 

The work of Gage and F1sh (2) (mentloned 1n Sect1on II 

1th graphs 111ustrat1ng) demonstrated by dlreot chylom1oron 

count of a tnet1na human subject that as epee1al demands ar1 

so neutral fat appears to be mob1l1sed 1nto the blood, act1ng 

WJ.th kJ.nd of "over-run1' effect or '1physlolog1oal 1.nert1fttt 

uthors deaorlbed 1t. Patterson (61) us1ng a more ref1ned tech-

n1que than that of Ga 

t1ons of blood fat 1ncr 

.d F1ah verlf'1ed the lattera• observ-

1n fast1na human sub j ect con-

quent to vere exerc1oe, and added tha t blood cholesterol 

content appeLred unaffected by the exero1ses 1mposed and thus 

poas1b l y not closely related to other blood-fat cont.tl tuent 

var1at1ont:i. 

Baldw1n (1) bell.ev however thut when fat 1 e be1n 

th 

1thdrawn from the depots no cond1t1on of l1paem1a 1a ev1denoed, 

but he makes no ment1on of c1al e1tuat1ons obta1n1n !hen 

unuGually heavy demands for fat ar e to be met . 

Bloor (20) 

lrregular o~ 

not, but that pos1ubl 

uch blood-fat ~ncrementa to be 

somet1mes beln& observable, aomet1mes 

xplanat1on 1s that the amount of fat 

be1ng tranbported 1s often so sma ll 1n relatlon to the volUmP­

ot' the blood and the perlod of tllUe over vrhl.ch fat may be 1n 

proces of w1thdl'awal from the depots, tha t the methodb U;;>ed .. 
to mea~ure the 1ncrements may be too crude. Further he sug~est 

that where an obv,1oue 1ncrease 1a noted, 1to magn1.tude may 
' 

be dependent on the nature of the stored fat, an "easll$ 
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movable" fat being more responeJ.ve to a at1m1.1lus ouch a 

that of etarvat1on, so that larger amounts of llpld ar 

del1vered 1nto the blood than can be ut1l1~ed 1mmed1atel y• 

reault1ng in observable accumulat1on. 

Addlllg~: we1ght to the ideas favour1ng moblllsatlon 

of neutral fat, H1ld1tch and Pedelty (62) 1n thelr work o~ 

the compoe1t1on of plg depot fats dur1ng etarvat1on epphas1se 

that the problem of mob1l1sat1on of fat reserves may only be 

considered adequately 1n terms of mixed tr1glycer1dee 1 1n 

that where a spec1f1c tatty ac1d 1s required from the depot 

fate 1ta Wlthdrawal 1nvolves the s1multaneoua removal of 

the other two compan1on fatty acod molecules of the p~rt1~ulur 

tr1glycer1de. 

endel and Daniels (11) and Gage and Flah (2) demon­

strated clearly that 1n s1mple-etomached animals, eg. rat , 

cot, the feed1ng of fat sta1ned w1th a fat-soluble dye 1nduoed 

depoa1t1on of coloured fat 1n the t1sauee, nloo that 1f ata1.ned· 

fats were fed wh1lo the an1male were 1n lactat1on then the milk 

fa~ secreted was also resdlly sta1ned. 

Feed1na of ata1ncd fats dur1ng-geatat1on 1nduoed col-

oured body fate as before. At partur1t1on the rate plaoed 

on normal non-sta1ned diet secreted ~lk of normal appearance , 

whereas if starvut1on were 1mposed m1lk conta1n1ng sta1ned fa t 

was promptly secreted; strongly 1nd1cat1ng that bo~ fat e may 

by ut111f)ed for m1lk fat seoretl.on. Gaae and F1sb po1nt out 

that although ata1ned body end milk tats may be ev1dence4 as 

as resulting from ingest~on of eta1ned fats fed; these results 

do not lmply that food fat 1s the only ~ource of milk or body 

fat or· that tt has been taken without mod1f1cat1on t'rom the 

food fat . 

Mendel and Daniels (11) ua1na a goat showed that 1 gm. 

of a fat-soluble dye (Sudan 111) 1n fat of the feed could 

1nduce coloured ~lk fat aeoret1on within 9 hours . On oesaat1on 
~ 

'. 
of ~e feed1ng coloured milk fat was no longer secreted 

altbou&h the eta1n persisted 1n the adipose t i ssues . Th1a , 1n 
' 

1mpl e manner indicates two of the poss1ble dest1nnt 1ons or 
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ingested fats, and additionally sugiests that 1f body fat 

is utilised at all for milk fat synthesis at a normal level 

f nutrit1on the amounts inv~lved may be insuffic1ent for 

1dent1ficat1on by stained fat , techniques: at least it would 

appear unl1kely for milk fat, at normal feed1ng levels ,to 

be elaborated wholly from depot fats. 

As ~1nt1oned 1n Section III 1 (b), all the earl1er 

xperiments of feeding fat soluble dyes to dairy cows failed 

to demonstrate either coloured fat depos1t1on, or secret1on in 

milk. Huffman and Duncan's experiments ,(13) successfully demon-

strat1 the secretion of stained milk fat 1n the dairy cow 

consequent upon ingestion of stained fat were possibly fac­

ilitated by the stage of lactat1on of the exper1mental cows 

and by the heijvy concentration of dye used. The co ws employed 

in the exper1ment were apparently ne~r the •end of lactat1on1 

producing but 0.5lb of butterfat per day. The dyes were fed 1n 

0.5lb of soybean oil. The oil content of the normal dairy 

r ation at the time 1s not stated in their brief report but it 

would appear possible, in the absence of more deta1led 1nfor~ 

at1on, that 1n effect the experimental animals may have been 

ingesting a normal amount of digestible oil from the feed plus 

the 0.5lb of stained oil. The situation obtaining may have been 

extremely favourable towards spectacular results 1n compar1son 

with those of expor1ments of earlier workers who used smaller 

quantities o~ dye and who may have employed cows at an earlier 

staie o~ lactat1on. 

Gage and Fish (2) SUigested that where an am1mal is 

"deluaedrt with :fat following starvation, subjected to ":forcedu 

~attening, or ~ed abnoraal amounts o~ unusual fats, it may not .. 
be able to 1nd1Vidual1se the ingested fat under such advers 

conditions as completely as normally, prior to dopositon in 

the tissues or to secret1on 1n milk • 
• 
I • 

The experiments of Gage and Fish (2) and Mendel and 

Daniels (11) while not conducted with ram1nants do sug~est 
' 

ready mobilisation of depot fats for purposes of general 
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t1&S\ll tabollsm and possibly for m1lk fat secretion. It 

eems poss1ble that to certa.1n extent fast1ng metabollsm 

of depot tats may amount to an exaaaerat1on of the withdrawal 

aspect of normal metabolism to a dearee suff1o1ent to be 

di~ferent1ated. 

In order to avoid repet1t1on ev1denoe more d1rectly 

pertl.nent to possible rY.nunant mob111aat1.on or depot !'ato 

for m1lk fat synthesis 1s w1thheld for more convenient 

cons1darat1on in the follow1lli Sect1on III No•4 "Th 

1nter-relattonsh1p of milk tat preoureora". 

.. 
I • 
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(A) Under arassland ta~ng &¥stems 1t beoomea apparent 

from cons1de~1ng grass compoa1t1on that the amount of d1ie8t1ble 

11 ingested da117 by a cow 1s qu1te 1nsutf1o1ent to account 

tor the total amount of m1lk :rat secreted even it 1t were 

J~~eotly quantitative conversion. FUrther, tt 1s not yet 

poss1ble to est1mate to what extent the short-cha1n ac1ds, 

proven to be available 1n the b1oodstream and result1na 

from breakdown of carbobl'drate material 1.n the rumen, may com­

pensate for the det1c1t. 

A lactat1ng Jersey cow may 1naest little more than 0.7lb 

t digestible 011 daily and yet at the same t1me secrete ~P to 

2lba ot buttertat. 

More than half the butterfat produced appears to be 

derived trom sources other than that of fat 1n the rat1on. 

Mo•eover, b7 Frazer's hypothea1e ot tat absorption (4) the 

1ngeated tat fract1ona may be d1fferent1ally absorbed so that 

ln actual tact therema7 be tar less than 0.7lb of' neutral fat 

ot the blood or1g1nat1ng from food tat 1ngeated, although, lea 

directly, the tatty acid tractions of the 1ngested tat may 

become available Y1a the liver. It may also be e~pected that 

the m 't:l gland 1r1ll be 1n oompet1t1on w1th other t1xed 

tissues tor the ut111aat1on of blood tat: so that, 1n effect, 

cons1derably more than halt the butterfa t produced may be :• 

(a) ot non• l1p1d origin. 

(b) of llpid or1g1n withln the body. 

(a) . Posa1ble non-11p1d sources would be carbohydrate or 

protein of which the former predominates 1n ruminant food and 

wh1oh ns has alrpa4y been described, may i1Ve rise• on its 
I • 

breakdown within the rumen, to short-chain fatty ao14s 

absorbable direct Via the rumen wall into the bloodstream.(38} 
' 

These ac14a are mainly acet1o and propionic w1th some butyric 

. ------
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Jarl (85) b hown in controlled experiments that 

the addition o~ a p~otetn supplement 

cows may 1ndtlce a lowertna 1n deJtr 

md1k tat. This effect 1 

rations of deir-y 

-r- \ln.B&t11rat1on of' 

that ~esultlng trom 

the ~eeding ot a bighe• carbob7drate~content ration but 

apparently is not as marked 

a~ollema (9~) hse repofted tbat the feeding or gras 

ot high protein content to dat,ry eows results in the 

cretion ·o~ milk tat ot markedly higher degt-ee 0 
' 

unsaturat1on than wben gt-ass of' lower protein content le 

t"ed. Frene ( 95) • also, men ttons the t under condt tion; 

xper~enced in Holland the. feeding ot younJt .Q:rass to 

dairy .cow a fttequen tly incr~~e.as the d e ot uneaturation 

ot milk t'at to an e:ttent surf'toient to cause ditf1cult1e 

in' buttep manutacturo. 

Jarl (96) demons.trated that the above pro~lem 

resUlting from the grazing of pz.ote1n .. r1c~ pastur~e ma' 

be countered by tbe teed1ng or eupplemente of high 

carbohydr$te content. 

From the abo•e 1t appears thet although pt-otein to 

certain extent, and/' OJ' under certain condi tiona m< 

provide some milk fat precursors. possi~l~v1a an -
1ntermed1at& earboh7drate stage u«geated by Bloor (20). 

the procea& 1& br no means ae direct from carbohydrate 

1 t.selt, ae evidenced pa.rtloulet'lY bY the effects reaultin 

1'l'om the supplementing ot p.-otein-rlch diets wit,h teed 

ot h1ah carbohfdrate content. 

t 
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and small mounts of othe~ ac1da. Acetic and butyric ao1d 

are both recogn~aed "fat-forme~&" wh1le prop1on1c may beeo 

transformed into glycogen. Baldw1n (1) oons1dera it very 

probable that the main reaerv of f at and carbohydrate 1n 

herb1vorous animal re bu1lt up from abort-chain fatty 

aids. 

It ~~pears, according to Bloor (20), that 1n slmpl"­

~omached animals prote1n may, when fed 1n excess, be 

formed 1nto depot tat w1th carbohydrat an 1ntermed1at 

stage so that the r esult1na fat pppeara to be 1dent1oal 

w1th that formed d1rect from 1ng 

In v1ew of the faet that th 

ted carbohJdratei· (See P. 40a 
opposite.) 

rum1nant d1et normally , 

oonta1ns abundant carbohydrate greatly 1n exc of prote1n, 

1t seems unlikely tbat 1n the ~~nant, prote1n would b 

major precursor ot depot or m1lk tat. 

(b) The poes1b1l1ty,also, or l1p1d or1g1n of milk t at 

w1th1n the body ;te good 1n v1ew of Stetten and Sc~oenh-

e1mer• rk (52) evidencing the continual 1nterchan 

ot fatty scads, aaturat1on, de-saturatJ.on.; degradatlon, 

nd synthes~ s of tats. Hllditoh and Pedel.ty (62) stat 

"The ad1po t1ssuea are now clearl1 recogn1aed dynarruo, 

rather than ~ 

It seems quite f easible to expect that depot llpldQ, 

belnJ:, apparently so readily 1nterchangeable, would also b 

Slly ava1lable t o demandln~ t1asue uch tho or th 

mammary gland. 

(b) Lawes and Gilbert (63) in 1859 had been able to sho 

that carbohydrate 1n an1mal roods could be re spons1ble for deDot 

fat format1on whlle later, 1n 1897, Jordon and Jenter (64) 

demonstrated that on vlrtually fat-f7ee rat1on da1ry cow 

could ga1n 1n we1ght. and secrete m1lk o pparently normal 

eompos1t1on. cow wh1ch yielded 62. 9lba ?t nalk fat over 

a per1od of 95 days d1gested d~1ng th1 e t1me only 5·7lbs 
~ 

ot o1l from the ~ation ( wh1ch was otherwise normal) and 

1ned 47lba 1n we1ght, 1.e. 57.2lba or the milk f at creted 

obVlOu3ly had arisen rrom 
I 

ouroe other than that of food 
I 

J 
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fat. From th1$ experiment and others on prote1n ~ntake 

nd excret1on the authors concluded that milk fat could 

be produced 1n part at least trom carbohydrate 1naeated. 

Further, they conollllded, perhapa r ather hastily, that as 

the animal in the f1rat exper~ment had 1ncreaoed 1n we1ght 

while lactat1n~, milk fat could not have been der1ved from 

prev1ously stored body fat. 

(c) H1ld1tch and Longenecker (65) in analys1ng ox depot 

~sts found the major component ac1ds to be of relat1vely 

constant proport1on~ . 

Oleic Acid 38,0 - 40.0~ of total fatty acldg. 

Palmltic Acid 

Stearic Acid 

26.0- 31.0 

20.0 - 25.0 

rt 

.. 
It tl " 
tt tf " 

(d) Although 1t has been eeen that relat1vely Lsm&.ll 

mounts of l1p1d material are normally ingested by grass fed 

n1mals, 1t proves surpr1s1ng to f1nd ex1at1n~ such a dearth 

of literature on the subject or grass l1pid ohem1atry ~ Tb 

research on vegetable fats, 1n the past, has been almost 

nt1rely devoted to the chemistry of seed fats of 1ndustr1al 

r ather than agr1oultural appl1cat1on. Smith &nd Ch1bnall (66) 

po1nt out that leaf glycer1deo d1~ter from seed glycerides 1n 

that the f'ormer are 1.ntegral components o:f the protoplasm of 

phys1olog1oally active cells, as compared with tho latter Which 

re regarded as possibly more statio components of resorv 

ter1a1 . The tats present 1n arasaes are known to have a 

hl&h proportion of unsaturated ac1ds and the presence of thes 

1n such relatl.vely large amounts &reat ly compl1catea chem1cal 

analysis. 

acid 

fatty 

17 

Sm1th and Ch1bnall (66) 

of cock&f'oot nd rye&r 

xam1ned the glyceride fatty 

(perennial) and of the total 

o10s separated could not avoid an 1n1t1al loss of 

(later prov~n to be mainly of unsaturated acids) 1n 

endeavouring to separate the saturated group of ao1.ds from 

the unsaturated. They• employed various methods of' analysis, 

and pointing out poss1ble 1naccurAc1es r~sult1ng from 
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technique gave the approximate major tatty ao1d compos1t~on 

ot glycerides of the two 2rasaes as :-

Saturated Ac1ds 15 

Oleic Acid 0 

L1nole1c and L1nolenlc acids over6 

plus the in1t1al loss of 17 

Older methods of analysis whose greater 1naccurae1es 

were po1nted out by S~th and Chlbnall had 1nd1oated the 

presence of up to 17% of oleic acid. Repeated analysis by 

the latter workers tailed to sbow the presence of any ole1c 

Old. 

H1lditab and Jasperson (74) us1ng dlfferent techn1qu 

found values for the saturated ac1da tract1on of m1xed 

pasture grass fats whloh they realised were subnormal but 

conflrmed Smlth and Chibnall•a view that 11nolen1c aold 

nd closely allied acids are the pr1nc1,pal components of 

grass fat glycer1des. Contary however to Smith and Ch1bnall 

they believe the linoleic ao1d aeries to be 1n the m1nor1ty 

ot the unsaturated ac1da, and~ oleic acid to be present 1n 

relat1vely appreciable amounts. 

Shor~land (71) separated the l1p1ds from samples of 

mixed pasture and, aa regardu the proportions of total 

lipids and glyeer1de fatty acids; results parallealed those 

ot Smith and Chibnall (66) for cookafoot and ryegraso. 

Rewald (72) us1ng a triple-solvent method of extract1on 

showed a tather h1gher figure for total l1p1ds. The abov 

workers• f1gures together with Woodman's {73) are shown 

below:-

Sm1th and Ch1bnall 

Shorland 

Rewald 
~ 

I • 

~rasa L1e1da (Peroentaae Dry Matter) 
Sample .• Total L1pids. Glycer1de 

.Fa.tty Ac1da. 

Cocksfoot 
nd rye-'trass 

m1xed paa:;ture 

m1xed pasture 

s.a 

5·6 
7.0 

2.2 

2.5 

Woodman mixed pasture 3.0-6.5 
' 
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Sm1th and Ohibnall appear to be amon~ the few chemists 

who have conducted 11pld analysis on pure species and even 

1n their work the starting po1nt 1s 1ndef1n1te regard1ng such 

factors as ataae of growth, height of cutt1ng, season etc. 

Th.la applies similarly to the other work reported while 1n 

dd1t1on the term "mixed pasture" even when qu~ed by per­

centage oompos1t1on as 1n Shorland's work (90) rema1na some­

what 1nde:f1n:~.te. 

Although the above workers• results agree 1n certa1n 

aspects 1t 1a pla1n that the chemistry of grass llp1de 

rema1ns at present but 11ttle known. 

The f act tha t alycer1des ot depot fa ts of rum1nants 

have been shown to contal.n pr1nc.lpallyole1c, stear1c, and 

palm1t1c ac1ds; coupled w1 t h the knoWbd~e that the already 

very m1nor amounts of gr os s l1p1d material 1ngeated by 

cattle conta1n barely 15~ of the saturated 8Clds stearic 

nd palm1t1c, and conta1n poas1bly no ole1c ao1d (con­

troversial) prov1des add1t1onal emphasis on the concept 
. ' 

that rum1nant depot fats are the products or b1oeyntbea1s 

from non-ll~ld mater1als. 

(e) As an adjunct to the 1mmed1ately rorego1ng consld­

eratJ.ons 1t 1s o'f interest to note the e:ff'ects ot: greatly 

increased amounts of oll in the r at1on on the depot 'fat of 

ruminant c. 

Edwards and Holley (67) us1ng cattle, sheep and 

pure added corn oil to the rations f'ed. The ole1c and l1noleu~ 

acids of corn o1l are practicall~ the only unaat..1rated f a tty 

acids present 1n quant1ty and are respons1ble :for the corn 

o11 having a high iodlne value of 11 5 to 120. It wae pre• 

sumed that 1:f thJ.s 011 in the food were to be utilised 1n a 

s1mple maaner and deposited DB depot fat then 1te presence 

hould be revealed by an 1.ncrease 1n the 1od1ne Value of the 

anlmal depot fat.~ .Their results are briefly summarised b·elow:-
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Feed1ng Per1od 
(days) Ration 

Iodine Valu 
of' Depot Eat . 

Body Fat 
~ncreas 

in tr~al 

I 
Oattle 56 Normal 34. 06 150% 

oil 35·40 

Sheep 70 Normnl 39·06 160% 
011 42~74 

Sw1ne 70 Normal 56.72 4007o 
011 75-67 

From the above 1t may be seen that the cattle and sheep 

pparently had tailed to deposit the i ngested fat as such although 

the linoleic glyceride content of the abeep depot fat d1d 

how a sllght increase. In the oase of' the swine however 

marked ass1milat1on of ingested o11 1s 1nd1cated. On analys1 

thls 1ncrea se also was f ound to be 1n the 11nole~c glycer1d 

fract1on of the depot tat. 

The 1ncreases had to be assessed f rom oompar1son wlth 

body fat a of control animals on nnormal ,. rat~ons and 1 t may 

be expected that "1nd~v1dual1ty" would 1nfluence the value 

quoted• for the tr1al s conducted on b~t few an1ma1 •• 

Lon&er-term trials had been conducted earl~er by Thomag, 

Culbertson and Beard (68) who used var1ous o~l dded t o th' 

r a t1on of fattenlng steers for per1ode up to 260 day~. 

Essentially s1m1lar results to those of Edwards and Holley 

were ach1eved. 

Although the apparently m1nor role of food fat 1n 

rum1nants may be appreciated from earl1er ~ons1derat1ons 

these latter experiments prov1de stl.ll further evidence that 

body fa~ of rum1nants may be l ar gely the product of aynthesl " 

from substances other than food fat~. 

(f) Hlld1tch and Pedelty (62) 1n dlscuselng the analysis 

of p1g depot fats durlng starvat1on emphas1se the markedly 

preferent1al 

(not lOSl.D 

nner 1n whlch ole1c ac1d 1s nmob1l1sedu, 
.. 

1ght of the essent1ally tr1glycer1de nature 

of depot fat mob1l1aat1on.) It appeared to the authors from 
' the results of prev1ous J.nvest1&s t1ons tha t m1nor unsaturated 
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acids o£ the depot fate• presumably or1glnat~ng ln the food, 

ere less raad1ly moblllsed than those ao1ds synthesised from 

non-11pid sources 1n the food. Oleic ac1d appeared to be 

read1ly mobilised but the structurally closely related 11nole1c 

acid over the same per1od was w1thdrawn from the depot fate to 

less extent than any other ac1d. B1ld1toh and Pedelty suggested 

that 1n the pig depot f'ats, ao1ds der1ved by ass1m1lat1on 

:f'l'om dietary :fate may be less readl.ly mob1l1sed than thos 

which are synthesised by the an1mal f rom oorbohydrate. 

These analyses. although n~t repeated apeclf1cnlly with cattl- . 

.showing ready mob1l1sat1on of ole1c a.c1d f rom depot :fat 1n the 

pig durlng starvation, 1ncUcate possible appl1cab1litJ to 

ruminant studies. In the cow, as has been shown, oleic ac1d 

1s the major component ac1d of the depot fat glycerides. 

Further 1t 1e apparent that 1t 1s synthesised by the animal and 

not an ingested fat. If the behaviour of ole1c ac1d l.n the 

depot :fats of the oow 1& a1m1lar to 1ts behaviour 1n the depot 

fate ot the plg then 1t 1s probable that oleic ac1d ma¥ be the 

"first oall " fatty ao1d available on demand by \'ar1ous t1ssues . 

(g) The e:fteot of' abnormal amounts of ole1o ac1d ln th 

ration or da1rv cows on the m1lk fat secreted was shown by 

Hilditch and Jasperson (69)· The :feed1ng of groundnut eake 

w1th olelc ac1d repreaent1n& 55% of the total tatty acids to 

lactat1na dairy cows led to an increase 1n the oleic acid 

content of the m1lk fat and to fall 1n the lower tntty ao1ds . 

(h) A s1m11ar ef'fect was noted by Eckles and Palmer (40) 

1n 1916, by Smlth and Daetur (39) 1 and ver1f'1ed more recently 

1n 1941 by R1ddet• Oampbell; McDowall, and Oox (70) on sub· 

ject1ng da1ry cows to reduced planes o:r ·nutr1tlon. Sm1th and 

Daatur (39) imposed 12-day periods of starvat1on on laetat1ng 

da1ry cows and noted a decrease of about 80% of the or1g1nal 

content of the lo~er fatty ao1ds of milk :fat up to and 1nclud1n 
I • 

o14. conpen&ated almost quantltat1vely by 

1n oleic ac1d eonbnt . , 

lmultaneous 1ncreas 
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In sequence of the arb1trary subd1Vltnons of thiS rev1e11 

the foreil:Ol presentations of evidence, 1n summary, have 

shown:-

1 . T~ the tissues of the ruminant mammary gland ut1l1s 

neutral fat of the blood dur1ng m1lk aecret1on. 

2. That, 1n the runu.nant short-chal.n fatty ac1.ds result 

from the m1erofloral degredat1on of ln~ested carbo-

hydrat ter1al 1n the rumen; are absorbed d1rect 

:from the rumen 1nto th, tem1c blood; and possibly 

may be ut111sed 1n the ayntbesls of mllk fat with 

particular but not l1m1ted reaard to the lower ~atty 

acids fraction o4-14. 

3• That, in simple stomao~ed animals, mob1l1sat1on of 

depot fat 1nto the bloodstream as neutral fat occur 

durin& starvation; also, by stained tat teohnlqueQ, 

that mobilisation of depot fats for ~lk fat synthesis 

1s a poaelb111ty. 

4.(A&B) That, ln the rumjnant, food fat may be of minor 1~ 

portance 1n milk fat aynt.hes1s, and that depot fats and 

carbohydrate fractions of food are other 11kely source 

of malk fat precursors; and also that body lipids may 

under2o cont1nual 1nterobange and alterat~on. 

(0) That oleic 1s the major component ao1d of ruminant depot 

glycerides. 

{D) That. 1n grass l1p1ds, (the chemistry of wh1ch 1s but 

little known) 9le1o acid 1s believed to be v1rtually 

absent by most worker~. 

(E) That ruminants tail to deposit reco~n1eable fract1ons of 

unaccustomed 1naested.o1ls ~~ch, the depot fats 

rema1n1na of apparently normal oompos1t1on. 

(B) That~ in the p1g, tr1glycor1dea 1ncorporat1ni oleic acld 

are mob111aed more readlly than those incorporating 
\. 

other ac1tra . 

(G) That an increase 1n tho oleic ao1d content of the food 

' of the lactatlng ruminant et1mulat an 1ncrea 1n 

the ole~c ac1d content of the m1lk fat secreted 1 and 
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a decrease in the lower fatty acid content . 

(H) That subjection of a laotat1ng ruminant to a 

ubnormal plane o~ nutr1t1on has essentlally 

1milar effects to those evidenced on feeding a 

ration conta1n1ng glycerides of hlgh oletc ao1d 

content. Viz:- a decrease 1n the lower fatty 

acids fract1on of the secreted milk fat com-

pensated by an approximately eorrespondlng 

increase 1n ole1o acid content. 

It 1a here su&gested, 1n view of the evidence presented 

reaard1ng possible source& of lower fatty acids and hlgher 

molecular we1ght glycerides of rum1nant mllk fat, that in the 

ruminant at normal levels of nutr1t1on neutral tat and lipoid& 

ot the blood (originatln& trom ingested fats, from ayntbes1 

from carbohYdrate, and from withdrawal of read1ly 

mobll1aed components of depot tat ) and 

(re&ult1ng from microfloral breakdown 

of carbohYdrate tract1ons of ingesta in the 

rumen) 

may be tteompetitors" tor milk .fat eyntbea1s: and 

that a balance 1e arr1ved at, resulting in aoout 30% of th 

total fatty acldb ot milk rat be1ng oompr1sed of the lower 

members 04-14. It 1a further auaaeatod that thls does not 

imply that the sbort-ohu1n fatty ao1da from the rumen are the 

sole precursors of the lower fatty ac1da of milk fat, or that 

the~ do not partlc~pate 1n the synthes1s of some of the ~gher 

members; but rather tbat the sbort-chaln fatty ac1ds from th 

rumen may be the precursors of the majority of the lower r:IU.llt 

fat tatty acids, and alao of aome of the h1ghcr member~ . 

mnen the apparently readily ut111oable olelc acid 1s 

suppll.ed to the mamm&l'y gland ~n abnormal amounts 1t may exert 

a depre~s1ng effaot on the efflo~~noy of the lower fatty acld 
I • 

precursors by v1rtue of being a super1or "oompetltor" as ex­

empllfled by B1ldltch'a hLgb olelo aold feed1ng exper1ment 
' 

(1n d1vis1on G above). 
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The depreaa:ton of the lower t'attN a<ud content of mi lk 

tat on subjecting a ruminant to a reduced plane of nutx-1t1on 

or to s~arvat1on mar be expla1nable from the po1nt 0f v1ew 

t hat dur1 1nan1t1on the supply of short-cha1n ac1de, result-

1ng from breakdown of carbohydrate 1n the rumen, would be 

reduced to an extent probabl~ 1n some measure proportlonal 

t o the degree of 1nan1t1on. 

The latter however doos not account for the simultaneous 

increment of the o1e1c ac1d fract1on of the ~lk tat fatty 

c1ds dur1na 1nan1t1on as noted by Smith and Dastur (J9)• 

It has been shown that r~nant depot tat contains a h1~h 

proportion of oleo-glyoerl.de&, and that 1n a non--ruminant,. the 

p1g, (elmilar lnformat~on on ruminants belng lack1ng) oleic 

cid 1s the mos t readily mobilised of the depot glyoer.J.de 

:fatty aclds. 

It ruminant depot tat 1s able to be mobilised 1n tne 

preferential manner demonstrated in pigs, the l1poids that may b­

ava1lable to the mammary gl&nd during 1nan1t1on conceJ.vably 

may be of high oleic aoid content. It th eo th 1tuat1on 

dur1ns 1nan1t1on may approximately pa~allel that obtaining 

when a h1gh oleic ac1d content ratlon 1s fed and thus furnish 

s1m11ar results. 

From the considerations 1n tb1s rev1ew relatlng to th 

source of milk ~at in the ruminant, 1t ~ould appea~ pose1ble, 

lthough the evidence rema1ns at preseint c1rcumet&nt1al, that 

1n addlUon to food fat and 11po1ds resultini from carbo~drat 

digestion, depot fat _may be a ready source of 11po1ds for 

m1lk fat synthesas . 

It 1s auigested that at normal levels of nutr1t1on the 

balance of these three ma1n supplies may result 1n the synthesis 

t unormaln milk fat, and :further, that any tt lteratlon 1n 

level or supply f~om one source may be compensated by en ad• 

justment of the J.evel o£ supply from other sources ·where th1 
I • 

18 possible. The suppl¥ to the mammary gland of milk fat 

precursors may dd1t1onally be affected by th 
' 

desr of demand 

of other f1xed tissues 1n competition. Var1at1ona :from 
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normal balnn o~ supplies to the mammary gland may result 

in dev1at~ons from normal of the butterfat constants as 

markedly demonstrated dur1ng 1nan1t1on. 

In spite of Stetten and Schoenhe1mer•s work showing 

the apparently ever-vary1na interchange and alteration of 

fats dur1na metabolism 1t 1a considered that although al­

terations may occur to dif'ferulg deirees accord1ng to th 

oompos1t1on of the particular fat considered there still 

ppears to be a certain ttmalntainance of entity" of fatty 

acids for sufficient periods w1th1n the livlng orjlan1sm 

to just1fy the foreio1na endeavour to dlecuss the source 

of milk fat 1n the ruminant . 

The foregoing discussion is summarised 

diagrammatically on pages 50a to 50e, following:-

. ................. . 

\. 

I • 
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INGESTED 
CARBOHYDRATE 

(+ Protein) 

50 a 

~ _ , ;- , -; I?. E P' 0 T S 
' 

N N= 'I 
i 

REAM 
I 

~id 
i po 

& lN"GESTED as---- FAT 

J. . . 
-~~-----~L ____ L ________ Competitive 

" D1= ~ 
MAMMARY 

GLAND 

l .... 

RM = N 

I.v. = Nl 

D2= N 
OTHER 

F1XED 

TISSUES 

Demand 

= Normal milk fat. 

1 • s = Supply of lipoids resulting from ingested carbohydrat 

s2 -

s3 = 
Supply of lipids and lipoids resulting from 

ingested fats of the diet. 
Supply of lipids and lipoids resulting from 

mobilisation of depot fat. 
N = Normal 

• 
D = Demand 

RM = Reichert-Meissl Value 

I.V. = Iodine Value 
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2. THE EFFECT 0F RATIONS OF LOW CARBOHYDRATE 

LOW 
CARBOHYDRATE 

(&/or high 
Protein) 

CONTENT. 

t F A T D E P 0 T S 

-

I 

----+~-B-L-10 10 D I S 

Lipo 

"\ 
D

1 = N 

MAMMARY 

GLAND 

\II 

,tf\ 

= ? 

REAM 

,..._---+--- INGESTED 
. FAT 

+ 
3 

Q ~ N C t•t· 
-~-r---------- ompe 1 lVe \V Balance of Supply 

--------------Competitive 
Demand 

D
2 = N 

OTHER FIXED 

TISSUES 

R.M. = N-

I, V. = N+ 
= Milk fat more highly 
unsaturated than normal. 

N+ = greater than normal 

N- = ~ess than normal 
I • 
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3. THE EFFECT OF RATIONS OF HIGH CARBOHYDRATE CONTENT. 

HIGH 
CARBOHYDRATE 

(&/or Low 
Protein) 

t F A T D E P 0 T S 
··-·--· ..... ---·- .. -.. ·-- . 

~ 
N++ I H 

l 
Ni= ? 
I 

B> :Jl, 0 0 T RI E A M 

LipoiCJs I . . .• I . INGESTED FAT 

~· ---s 

N 
------------ Competitive 

Balance or Supply 

- ---- ------ Competitive 
Demand 

. D1 = N D
2 = N 

~ 

I • 

MAMMARY 

GLAND 

t 
R.M. = N+.., 

I.V. = N--

OTHER FIXED 

TISSUES 

= Milk fat more highly 
saturated than normal 
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4. THE EFFECT OF INANITION. 

N.B. :-

(Extreme case) 

l2:_A_!_._.D E P ~ ... T ~ .J 
' 

0 I I 
..... 
Q) .c:,... 

~ 0 

a1 

u f o ~:-t~ M 
I -· 

s1:! o 
s2= N+ 

s3= o Competitive 
-------Baiance of Supply 

--~ 
1 2 D = N D = N++ 

Competitive 
demand 

MAMMARY I OTHER FIXED 

i. 
,S 

j 

GLAND t TISSUES 

= N++ 

R. M. = N-- · • 
= Greater unsaturation 

I.V. = N++ of milk fat than 
normal/ 

implies a greater t~an normal degree 
of mobilisation of glycerides from 
depot faf, but does not imply that 
s2 = (s + s2 + s3) at a normal 
level of nutritianas shown in diagram 1. 

(P.50a) 
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5. THE EFFECTS OF HIGH FAT INTAKE. 

INGESTED 
CARBOHYDRATE 

(+Protein) · 

-

~ 

I • 

-

Lii 

l wAT DEPOTS J 
~ ~~-----~~~-----· -

4/\ 

B L 0 0 

oids 

s = 

... ~ 
~ --~-

~ Negligibl 
in depot 
ingested 
highly u 

~ ·- See pp. 

D f T R E AM 
. 

> 

~-sj N'-

e deposition 
:fats i:f 
:fat is 

nsaturated. 
44,45) 

HIGH 
FAT 
INGESTION 

I s 5= N++ 

---~ "-- "--u---,~------ _ Competitive 
ance o:f Suppl: 

Competitive 
demand. 

D 
1 = N D

2 = N 

MAMMARY 

GLAND 

OTHER FIXED 

TISSUES 

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

R.M. = N--

I. V. = N++ 

When ingested :fat is 
highly unsaturated; 

= ~reater unsaturation 
of milk fat than 
normal. 

When ingested :fat is 
R.M. = N++ highly saturated; 

= Milk :fat more Jlighly 
I.V. = N-- saturated than normal. 
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IV. 

~ 

EXPERIMENT I. 

on the Butterfat Produced. 

Early experiments on the teed1ng of o11 to 
dairy cows were undertaken with a v1ew to discov­
ering an economic supplement whlch would 1ncrease 
the percentage end yield of butterfat. Differing 
results w1th dlfferent o11a at~lated interest 1n 
the phs1ology of ass1m1lat1on and seoret1on of 
spec1:f'ie acids of ingested t s ta.otner work on oil­
feeding was directed on the addition of flsh oils 
t o da1ry rations with a view to arresting the dec11ne 
ot v1t~n A content of milk &ecreted by cows durlng 
w1nter teed1na on concentrates, roots, and hay. 
Certain detrimental effects o:f' cod liver oil feed­
ing be1ng noted attracted further research. A fresh 

pect of interest in o11-teed1ng baa been w1th 
regard to concentrate da1ry feeds 1n Great Br1to1n 
and u. s.A. where many constituents of rations ar 
indust1'1al by ... products. The extent to which conmerc1al 
olls are extracted becomes of agr~aultural 1nterest 
when the oil content of by-products falls below the 
opt1m~Qm for maximum yield of m1lk and butterfat, 
while 011 contents above that level 1n the by-product 
representp a loas to industry. 

In exam1n1ng experiments relat1ng to o11-
fee41ng of dairy cows the aspect outstanding for 
comment 1n practically all oases 1s the doubtful 
reliability of the practices of compos1te or ln• 
frequent sampl~. While 1t 1s appreciated that 
the amount of work entailed 1n accurate chemical 
analysis greatly 11m1ts the numbers of samples 
xamined, 1t 1s necesearN to ta~e 1nto account the 

well recoan1sed 1nd1V1dual 'far1ab111ty· of animal 
product aamples and to v1ew w1th cons1derabl 
reserve f1gures resulting from extremely cr1t1cal 
analyses of small numbers ot a~plea. 

s to trace by frequent 

sampling (twlce dally) the effects on the dearee of 
0 

• \ I \ - I ) 

unsaturat1on of butterfat resulting from the feed1ng 

ot peanut o1l to dalry cows. 

W1ng (75) in 1895 fed up to 2lbs or tallow 

per head t~ dairy cows without apparent effect on 

yield or compoa1t1on of milk, or on health or body 

weight. 
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Smith, lla, and ~wing (76) noted changes 1n butter-

!'at composition result1ng :f'rom 1nclus1on of cottonseed 

o11 1n dairy rations. Group sampling was employed and 

xper1mental group compared w1tb a control group. 

Only sllght changes were noted 1n that the iodine value 

of the experimental group 1ncreased sl lghtly . The 

suggest1on was made that some of the substances of 

whlch the o11 was composed had been transferred 1nto the 

m1lk 1n greater amounts than others. 

Bowes (14) ua1ng a s1ngle goat fed 25 eo. of 

arachis oil and noted the appearance of arachidic ac1d 

1n the milk 12i hours later. Continued feed1ng twice 

daily brought maximum arach1d1c acid content 1n the 

milk 24 hours atter the first feeding . This level 

appeared to continue for the rema1n1ng three days of the 

xpertment . 

Channon, Drummond and Golding (77) studied the 

e~!'ects ot adding coconut, arachis, and cod liver oil 

to dairy rations on the yield of milk and on the yield 

and compos1t1on of butterfat. Although milk y1elda and 

butterfat t ests were recorded for every m1lklng 1 butter 

amples were taken only at the commencement, middle and 

end ot reed1ng periods. Three cows were used and no 

control animals. No effects were noted as resulting rrom 

the first two o1lo but cod liver oil apparently 1nduced 

high iodine values and lowered aapon1f1cat1on and Relchert­

Wollny values suggesting that there mav have been some 

transference of the fed oil or fractlon of the fed oil 

1nto the mil~ fat. 

The e~fect of feed1ng M~~aden 011 (1od1ne value 

176.6) to dairy cows on the butter~at compos~t1on was 

investigated by Brown and Sutton (78). A fourteen-

day feeding perlod was employed. One Holstein cow was used 
\. 

and butter'eamples made up from two-day composites. A 

aeneral steady 1ncrease of 1od1ne value from 42 to 57 
' was noted dur1ng the feeding period followed by a per1od 
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t about s1x days during whlch the 1od1ne value returned 

to normal. A drying-of! tendency was noted. Some ot the 

highly unsaturated acids of the menhaden oil were shown 

to have passed into the m1lk tat ln sm&ll amounto. 

Butterfat percentage was depressed dur1.ng the o11-

feed1ng period from 3·0% to 2.1 ~ followed by a return to 

normal wh~ch, from h1s flgurea, p~actically co1nc1ded 

w1th the r eturn to normal or the butterfat constanto. 

1lk y1eld decreased markedl7 during oil-feeding and mad 

poor recovery followlng the cessation of o1l-feedlng. 

Feedlng d1ff1cult1 resultlng from unpalatab1llty wer 

exper1enced. Brown and Sutton (78) noted 1n this tr1al that 

depression of sapon~f1cat1on number and 2e1chert-Mel.ssl 

number accompanied the rise 1n 1od1ne value as had been 

noted by Obannon, »rummond, and Goldlng (77)• 

A similar efrect was demonstrated by Bender and 

Maynard (79) 1n aupplement1ng low-tat diet with linseed . 
11, Four lactat1ng goats were used. A change back to a lo 

fat ration 1n all cases had the r everse effect v1z:- a 

lower1ng of 1od1ne value. and an 1ncrea 1n sapon1f1catl.on 

number. On the low-fat ratione marked lowering of milk and 

tat yields occurred but when suppltmented with linseed or 

coconut 011 tb yields returned t.oward normal. In the 

case of the coconut o1l•feed1ng however the 1od1ne valu 

remained low. 

It may be not_ed that the above 1& not, as may 
m ct t'1~st e1gh'&, oontrad1ot01'lt to the b.ypothes1 

t competl.tl.ve ba lance ot "neutral :fat and l1po1d 
lreacy;reaent 1n the body/ 11po1da f!'om carbo-

hYdrate neutral fat and 11po1de !'rom food fat'1
, 

put forward ln the conolud1ng sect1on of the Gen­
eral Rev1ew of Literature. In the case of th 
add1t1onal coconut oil-teed1ng the extra blood 
11p1da and l1po1da reault1ng could st1ll depress 
the fraot1on of butterrat resul~tna from the 
sbort-oha1n ac1ds ~rom carbohydrate degradatlon 
and the effects not be not1ced; the explanation 
ffered for this being that coconut o11 conta1ne 

over 84% saturated acids from caproic (06) upwardo. 
Saturated ac1ds below 014 1n coconut o1l may 
to over 60~ (data trom Jam1eson (80) • .. 

From th1s 1t may be seen that although the ration 
m88 be h1gh 1n food fat, 1f the latter be h1ghly 

turate~ then the blood 11p1da and 11po1ds re­
ultin& ~ould st1ll be "superior competitors" 

for mil& fat synthesis •1th 11ttle not1ceabl 
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a l terat1on of butterfat constants. 

Allen {7) atudy1ng the effects of addlng various oils to 

dairy rations on the fat percentage of milk noted that 12 

to 24 hours elapsed before the influence of the added fat 

became observable in the milk. and also that a t1me lag 

of 30 to 42 hours after the cessation of fat feedlng was 

evident before the fat percentage returned to normal . 

Mayna~d, McCay, and Madsen (15) using two cows fed 

alternate rations containing fats of high and low degrees 

of unsaturatlon. As noted ln previous emperiments above a 

fat of high unsaturat1on in the ration induced a hlgher 

than normal degree of unsaturat~on of the milk fat. Samples 

were 24-hour ( 2 milklngs) oomposit1es. On chang1ng rat1ons 

abruptly from high to low unsaturat1on marked correspond1ng 

alterations were ev1denoed by the milk fat rlsing or falling 

to a relatively constant level from the third to fourth 

day following the change of ration. 

Hill and Palmer (16) in examinlng the relation of 

teed consumed by the cow to the composition of m1lk fat 

carried out oil-feeding experiments us1ng 7-day feeding 

periods. Sampling was done at the endof each feeding 

period. As previously shown highly unsaturated fats when 

added to the rat1on caused increase 1n iodine ~umber, and 

decrease in Re1chert-J4eissl and sapo:nificat1on values. 

Owing to the infrequency of sampling the rate of change 

of the butterfat constants caused by oil-feeding was not 

demonstrated. 

Using 8 cows and 4-day composite sampling Gibson and 

Huffman (9) conducted an experiment to show the effects of 

differing fat intake levels on milk yield and f'at test • 
. . 

The addition of soybean oil to a low fat ration caused 

increases in butterfat percentage which returned to normal 

from 4 to 12 days follow1ng the cessat~on of feeding. 

Mzore et"f'ic1entlv planned than any of the foregoing was 

the experiment of' Garner and Sanders(81). Ua1ng a Latin 

square design the effects of eight different oils fed 

at three d~~terent levels, on milk and butterfat yields 
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were studied. In addition three different lengths of terms 

of o1l•feed1ng were investigated. Aseum1ng the effects or the 

o1la to be rapid 1n act1on per1ods of only two days without 

o11 were allowed between any two feedlng levels wh1ch may 

have been too short tor the effects of the prev1ous o11-

feedlng to be dlss1pated. They found that exper1ments with 

the same 011 were not always eons1etent, that the effects 

may vary w1th 1nd1v1dual cows, and with the same cow at 

different t1mes. 

Kuhlman and Gallup (82) followed the effect of 

several feeding levels on the butterfat produced by 8 cows 

throughout a lactat1on per1od. Sampl1ng was infrequent 

being morn1ng/even1ng compoe1tes of the m1lka from 1ndl'f-

1dual cows taken at 3D-day intervals. It was cla~d; 

nevertheless, that the results showed 1nd1v1dual var-

1ab111ty with respe~t to the properties of the fat pro• 

duced by cows on the same teed, and 1n the same per1od of 

lactat1on. 

The depressing effect on m11k and butterfat yield 

result1ng from add1t1on of' cod l1ver o1l to dairy rat1ona 

having been noted by var1oue wol'kers and the s1m1lar ef'feot 

resulting from add1t1on of menhaden oil (Brown and Sutton 

( 78), focussed attent1on on t.~e traot1ons of these flab oils 
,, 

respona1.ble for the ef'tecta. Ji1ld1tch and Thompson ( 17) 

compared the effects of ra ;.e, linseed, and cod liver o1ls 

1n the dairy rat~on Gn the compos1t1on of butterfat. A 

feedJ. per1od of one week was used, 9 cows employed. Six 

spec1mens of tat were obtained for analysls at the end of 

the feeding per1od, three of the samples be1ng tneee cow­

pa1r oompoa1tes• The oils were s;1ven 1n 4oz. lots twice 

daily. Marked changes as 1nd1oated by the buttttrfat constants 

resulted from the oil feed1ng, as shown 1n the follow1ng 

condensed table:-
\. 

I • 
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· Control Linseed ~82& god t;ver 011. 

Re1chert-Me1ssl 
value 30.0 28.9 28.5 16.0 

Sapon1:f'1cat1on 
walue 244.2 249.0 251.2 264.2 

Iodine value .34·9 46.0 44·5 51.7 

The 1ncre 1n eapon1f1oat1on value as the 1od1ne 

value 1noreases does not agree with the earl1er observat1ona 

of Obannon Drummond and Goldl.ng (77)• 

Hl.ld1tch and Jasperson (69) 1n feedlng groundnut 

11 found s1m1lar trends 1n butterfat constants as had 

B1ld1tcb and Thompson (17)• Hilditch and Jasperson (69) 

bs·e·rv.ed ·- tbat the 1od1ne values of the m1llt tats (observed 

t ee•eral-day 1n~ervals) were variable for the first 2-3 

weeks or o11-feed1 ·.nd then b ec relat1vel~ constant 

a~ter 34 days when a two-day oompos1te ot butter was mad~ 

up and subjected to detailed analY81a• 

Brown, Dust end Weakley (84) examined th 

relation of the degree ot unaaturat1on of fat 1n the rat1on 

t dairy cows to the 1od1ne number of the butterrat. Eleven 

cows were used. During a pre-feeding period daily deter­

m1nat1ons of 10d1ne values of milk tat were carried out to 

oertain the normal daily variations. These were not p~b-

lisbed 1n their paper. Experimental feed1 per1oda were ot 

six weeks followed by reversals 1n teedinj.TW§ samples 

week from each cow were used t'or 1od1ne value determin­

ttons although for other experiments an development of 

x1d1sed flavour tn1lk samples were obta1nod every morning. 

The effects of soybean oll and coconut o11 added at tb 

rate of 1lb per day were noted a seent1ally s1~lar to 

results of prev1ous workers 1n that on feeding the h1gbly 

unsaturated soybean oil the degree of uneaturat1on of the butter 

t'at was 1ncre d while on feeding the tar more saturated 
I • 

coconut oil, the 1odlne value of the butterfat was deptessed 

below normal. Brown et al tound that on feeding 1lb of 
' 

oil per dat 3-4 weeks were required before the 1od1n 
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values reached a maximum. 

Moore. Hofhlan, and Berry (84 re apparently 

among the few workers who have employed frequent eampl1ng 

1n tracing the effects of oils added to dairy rat1ons. 

Cod liver o11 feeding by two methode was 1nvest1gated. On 

group of cows was fed 5-8oz. o~ cod liver o1l 1n one dose 

ach day for 3-6 da~s. the second group received the same 

amount of oil d1v1ded 1nto twelve equal feedlngs each day. 

The aJ,.ngle feed1lli each day pro4uced abrupt 1norease 1n the 

iodine values of the m1lk tat. The "gradual"feed1ng of the 

same amount of oil resulted, 1n general, 1n a slower and 

smaller response. Samples exarolned were daily composites 

ot th rnlng and evening milks from eaoh cow. Three.da7 

pre-feeding, six-day o11-feedlng, and fourteen da; post-

fee41 periods were employed. 

From the. above brief review it may be seen that 

although the general effects of feeding unsaturated Oil 

to dairy cows are ta1rly well known the trao1na o:f tb 

et.f"eota by f'requent sampling apparently has been done 'by 

very few workers, and 1t ma¥ be noted that even Moorg, 

Hotrman and Berry (84) whose paper has just been briefly 

reviewed used daily composites of morning and even1n~•s 

mllk, 1.e. 1n e:ff"eot, sampling every 24 hour..,. 

as des1gned to enable, by frequent sampl1ng, 

observation ot change& 1n buttertat compoa1t1on resulting 

trom o11-teed1n~ to dairy COWD• 

(A abort pre-feeding per1od was employed followed 
by 7 days ot oil-feeding, and 1 days post-reeding. 
Three cows were used as control animals, and thr 
as experimental. Snmpl1ng was carried out twice 
day trom all cows, except during the f1rst thr 
days of o11-fe~d1ng when the exper1mental group 
were milked and samples takea. every 6 hours. It 
was hoped that the more frequent sampl1ng 2n th 
early part of the o1l-teed1ng period would pro­
vide a clearer p1oture of the oil-feed-induced 
changes 1n butterfat composition • 

• 
I • 
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EXPERIMENT 2. 

The Efects of Inanition on the Degree of Unsaturat1on 

of Mllk Fat Sec~ed by Dairy Cows. 

The fact that wor~da1ry products are subject 
to var1ability is manifest upon even the most 
cursory glance at da1ry sc1ence literature. 

The work already reviewed has demonstrated 
that var1at1ons 1n quality and quantity of 
~lk fat may result from var1at1ons of the 
constituent proportions and qual1t1es of the d1et of 
dairy cows. In addition 1t has been shown that 
under-feeding may also influence the quantity 
and compos1tion of milk fat. 

Comparatively little research has yet been 
devoted to under-nutrition with particular 
regard to rum1nant fat metabol1sm. In moat under­
feedlng research projects frequent sampl1ng has 
been employed record1ng plalnly durlng 1nan1t1on 
the course of changes in compos1t1on of malk 
fat. 

Inadequate feeding under New Zealand cond1t1ons 
may occur as a result of lnsuff1cient pasture ' in 
late winter I early spring, late s~~er/ early 
autumn, overstocking. extremes of weather con­
ditions, or instances where cows are fed to 
capacity on bulky foods of inadequate nutritive 
value. 

~he Aim of Experiment 2 was to determlne the effects and 

after effec ~ s of short-term inanltion on the degree of un­

saturatlon of milk fat secreted by dairy cows. 

The "classic" work on the effects of under-feed1ng dairy 

cows on the composition of milk and milk fat was that of 

Eckles and Palmer (40) 1n 1916. They subjected lactating cows 

to varying degrees of undernutrition, and for varying terms. 

Sampllng in general was carried out at 2-day inter vals and in 

one or two 1nstances, on consecutive days. In general their 

work showed that dur1ng under-feeding:­

Body weight declines. 

Milk yield may remain normal or decline dependlng on 

whether underfeeding is imposed early of 

late 1n lactat1on respecitvely. 

Fat yield may he variable but in general, subnormal. 

Fat pereentage may also be variable. In half of the 

experiments fat percentage was 1noreased. 
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Iodine value or the m1lk fat 1noreae 

Re1ohert-Jde1sal values decline. 

Sapon1f1oat1on values decline. 

• 

It was also apparent that the effects of unde;rfeedlng were 

subject to modification by :-

The staae of lactation at whloh underreedlng was imposed. 

The pre~1ous plane of nutrition and cond1t1on of the cow. 

The degree and per1od of the underreed1n~. 

The nature of the 1nadequate ration dur1ng the period of 

undor-nutr~t1on. 

Theae obse;rvhtions have been ver1fied by subsequent research. 

- s~th and Dastur (39) studied the butterfat constants and 

chemical oompos1t1on of milk tat from two cows during a12-d 

fast. Using dally sempl1n& they found s1m1lar but more marked 

trends than did Eckles and Palmer. 

Milk fat constants·. Before faa .... 

Iodine values IOow 1. 36.6 

~ow a. 37.1 

Reicher . 
' values Cow 1. 26.0 

Oow 2. 33·3 

1ret day 
ot fast. 

46.1 

22. 

End of fast~ 

5a.5 

9·8 

13.8 

It appeared fitom e hem.1cal analysts that dux-J.ng the 12-da7 

etervatJ.on there bad been a decreaee of about 80% 1n the origJ.nal 

content ·of lower fatty ac1ds of the ~lk fat up to 014, th 

decrease apparently be1ng compensated by an 1ncr 

acl.d content. 

1.n oleic 

The 'effect on m1lk composJ.tlon of lowerJ.na the plane of 

nutrition of dairy cowa was also tnvee~+gated by R1ddet, Camp-

bell, McDowall and Cox (70). Thr conaaot1ve 30-daY feed1n 

per lode re employed 1n the trial, The 6 cows used 

housed, tbro~hout the 90 daye. All received a nta1nanc 
'" 

t rat1on over the whole period. In add1t1on the control pair of 

cows rece1ved a f~ll product1on ratlon. Ot the other two pa1rs, 

' one received half I fUll I half produot1ori rat1one respectively 
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in the three conaeout!ve periods, the other reoe1v1na full I 

half I full produot1on rations 1n the correapon<Ung periods. 

M1lk sampl~na was oarr1ed out tw1ce daily for purposes of 

stud71ng the m1lk compos1t1on; but with spec1f1o regard to 

butter£at constants 10-day compoa1te morning and evening 

samples were taken. It would be expected that this mstbod of 

amp11na would be qu1te satisfactory to reveal def1n1te trends 

1n butterfat oonetanta, but that the short term rate of change 

of butterfat oonstante resulting :f'ltom changeovers in level ot 

rat1on wou ld be masked. 

It was found that 1n general on ileduc1ng ths plane ot 

nutr1t1on from a normal level:-

Uilk yield decreased. 

Fat ~1eld decreased. 

Fat percentage was ver1ablu. 

Iodine value 1ncreased. 

Sapon1f1catl.on value increased. Th1s latter la not 1n agree--
ment with the ma3or1ty of Eoklea and Palmer's work (40) 

1n whlch there appeared only a ~ew lnetances of sapon1f-

1cat1on velue 1noreaa1ng at the same t1me as tbe 1odl.ne 

value. and were of ~r~eaular occurrence. 

klea and Pa~~ (40) found that "all types of under-reed1ng 

have marked effects on the physical and chemlcal constants of 

the butterfat. whioh are characterised by a deolJ.ne 1n the 

Re1chert-Me1ssl number and sapon1f1cat1on v 

1n the 1od1ne value." 

In the work of R1ddet et al ·(70) the 1ncreaee 1n sapon1f-

1cat1on values ~es pos1t1ve and coincided w1th 1noroosea 1n 

1od1ne values. As Relehert-Me1ssl values for the sum.t>leo were 

aot determined 1 t is dif!'lcult to asse the oauee of aapon1f-

1oat1on velue 1ncrease. 

At an udequ~te or hlgh plane or nutritlon an exact balance 

of nutrients may be of no areat 1mportance 1n that oll th 

ration oona*1~uenta are present 1n more than n~cessary amounts, 
I • 

bu~ at a reduced plane of nutr1t1on nutrient balance mey be of 

gr ter 1mport 1n that 
' 

ome oonst1tuent mn¥ be qu1te 1nauff1c~ent 

while others are stlll adequate . In this manner 1t would b 
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possible ~or sllght l y d1fter i ng ·effect s to result from under­

feeding when the character of the l.nsuff1cl.ent r at i on differed. 

Jar l {85) has shown stat1et ieallJ that decreases 1n body 

weight of da1ry cows are correlated wl.th the 1od1ne values of the 

milk fate, but that increases 1n body we1ght ar e not . Jarl 

states " the 1ncrease in 1odlne number when cows lose wei ght l.S 

due to catabolism of stored bod1 tat with a h1gh l od1ne number and 

1ta secretion 1n the milk". It has been pol.nted out in the 

General Revl.ew of L1terature that although the evldence to support 

such a statement 1s s trong 1t rema1ne as it4tt c i roumatantlal. 

A s1mple direct proot has not yet been put forwar d. 

The latter work refers to small gains and l osses 1n 

body welght of' dalr¥ cows occurring dur1.ng apparently well­

managed reedl.ng. The previous exper1ments have ill ustr ated either 

the etfects of lowered planes of nutr1t1on on oompoa1t 1on of 

butterfat over short and long terms; or the effects of the 

extreme case or starvat1on over a period improbable 1n practica. 

Exper1ment 2 was des1tned to follow the cP,~ngea 1n buttex-f at 

compoe1t1on dur1ng and follow1n abort- t erm starvat1on such a s 

occastonally may be tmposed on laot attns cat t le 1n hol dlng yards, 

at sales, or more oocaa~onally dur1ng sh1pment by rail . 

\. 

I • 
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The E:t[ects Qf Inan1t1on during the FqedJ.l)Jl 9t' Unsaturated 

Milk Fat Secreted. 

The pr1no1pel literature relating to 
the two main aspects of thls exper­
iment, oil-feeding and inonitlon, 
alreadJ has been surve¥ed 1n the 
General Review of Literature and 1n 
the Particular Rev1ews of L1teratu~e 
perta1n1ng to Experiments 1 and 2. 

the 

The A was to discover 1f o11a, fed to 

dairy cows during drast1eall3 reduced 1ntake, cay be aso1m1lated 

and ut111eed tor m1lk tat synthesis to eny marked dea~ee. 

The prev1oue work reviewed has illuatruted that some tract1ons o. 

t-uminant blood l1po1da reeultl.na from 1ngeoted :rate may part1c1pate 

1n milk tat $Jnthea1s to varying degrees. Some of the o1l·teed1ng 

work hns been conducted more with a v1ew to studying the var1at1ona 

in m1lk f'at percentage induced than the mecharusm by whl.ch they 

occurred. 

In Short-term o11-feed1ng experiments (6-dey perloda) with 

dairy cows Allen (7) showed that certain o1l$ 1n the rat1on 1n 
.. 

excess ot normal amounts could induce 1ncrcaaed milk fat y1eldg, 

the latter belng of the order of 10.20% of the add1tlonal tat 

that had been r ·ed. Allen and F1 tch ( 8t repeated these experiments 

ue1ng 5D-day feeding periods and sec~ed essentially Blm1lnr 

results. 

Garner and sanders (81) and Maynard iLoosl1• and YeO , 
(86) were also abla to demonstrate 1noreaaed milk fat ylelds 

resultlng from o1l~~eeding 

In manJ or the experlments eo far discussed the feedlng of 

o11s was euper1mposed on normal rat1ons. &rom these experiments 
I • 

1t ls apparent that the mammary gland 1e quite ~ble to ut1l1 

gret- ter than normal 

food f bat. Under the 

ounta of blood l1po1ds resulting from 

eona1t1ons of normal nutr1t1on or above 
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thi s h1gher -than• normal bl ood f at traction reaultlng ~rom 

f'ood f'at may be expected to be 1n '•competition" w1th ot her 

b l ood lipoi.ds. If some of the "compet1 tion'' wer e t o be removed 

it would seem possible that an even il'eater proport1on o~ t b 

bl ood 11po1ds from fed fat miaht be utilised by the mammary 

gland and be reflected 1n the milk tat compoalt1on. 

was designed to discover 1f1 dur•na 1nanit1on 

in the dairy cow. blood 11po1ds resulting from absorpt1on of 

n 1ngeeted tat may be utilised tor milk fat synthesi s mor 

readily and to a gre6ter extent than normally ev1denoed. 

B7 feeding peanut o11 to da1ry cows dur1ng a 
period of drast1c reduetaon 1n food intake, 1t 
was ant1c1pated that ~f the 011 were aaslmi lat ed 
and ut ilised for milk tat eyntbee1e to an abnorm-

1 extent tb1s would be reflected 1n a h~gher 
degree of unaaturat1on of' the secx-eted milk fat 
than dur1ng 1nan1t1on alone 1.e.:- the effect of 
supplying a "ready-made" :fat to an avidly ta~­
demQndln& tissue. 

Experiment J was planned in oonjanction with Experiment 2. 
; 

During the periods of 1ne.n1t1.on 1n Experiment 2 ~he onl y 

food allowed waa approximately equivalent in rood value to 

the o11 in mea1 which a allowed duri othe r·wise s i milar 

periods of 1nan1t1on in Experiment 3• 

.. 
' . 
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~h~ Ettects of Feeding ~ta1ned Fats to Simple Stomached Animal~. 

The f'eed1ng of ata1ned tats alread¥ has 
been br1efl¥ discussed 1n the General 
Review of Literature. 

wae to confirm that the ~eeding of 

a stained fat to a lactating s1mple~stomacbed anlmal m~y reault 

1n tbe secretion-or stained m1lk fat. 

Mendel and Daniels (11) credit D.addl. with discovering 1n 

1896 that the tat soluble ~e Sudan 111 when fed 1n :rat to small 

xper1mental antmals may be absorbed and la1d down 1n the adipose 

tissues. Mendel and Daniels con4uoted stained-fat feedina exper­

iments on rata, oats, guinea pigs, la¥1ng hens, a oow and a goat. 

ith gu1nea pigs they found that 80 mgms. of Sudan 111 ted every . 
econd day tor 4 weeks gave no evidence o~ ata1ned tissues but 

at h.liher dosage rates alight v1s1.ble deposition wa t'fected. 

The feed1ng of sta1ned fats to lactating oats and rat 

resulted 1n ste1ned milk fat be1ng secreted, seem1na to 1nd1cate 

ready ut111eat1on of blood lipo1de resulting from ingested fat, 

by the mammary gland. One feed1 of a stained fat to a aoat 

resulted in d1st1netly fa1ntl,- pink m1lk fat be1ng secreted, wherea 

repeated t'eed1ngs to a dairy cow f'atled to result 1n the secret1on 

of coloured m1lk fat. B~ the eompat1t1ve t1mee taken to sta1n 

depot tats, or m1lk fats by the feeding of stained fats Mendel 

and Daniela concluded that "those an1mals wh1ch a'bsorb fat 

readily g1ve evidence of Suda.n-etal.ned fat 1n far lees t1m, 

than those, llke the gulnea pi& and the cow 1n wh1ch fat form 

a smaller factor ot: the d1et''. 

I• would appear from th1a statement (ln 1912) tbat the 

herb1vora may have limited ab111ty to ut111 l1p01ds reeult1ng 

from ingested fatJ but from the recent work of Allen (7) and {8) 
\. 

and Maynard, Looe11, and II<;Ca¥ (86} 1t bee been shown that the 

msmmar¥ gland of rumlnants_!!. able to ut111ae areater than 

normal amounts or blood 11po1ds of food fat or1g1n• 
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It was found that an1ma1s previously fed w1th stained 

fat and then subjeGted to f)tarvat1on excreted stain b¥ medium 

of the b1le 1nd1oat1ng that much of the depot tat mob111sed may 

be utilised or underiO alteration in the 11ver. 

If the stain Sudan 111 1e actually soluble 1n bile 1t 

would be reasonable to expect that 1t would also be soluble ~n 

the small 1ntest1ne where bile 1 dmixed wtth ingesta. o 
and F1ah (2 ) fed Sudan 111 not in oll to oats and found no 

vidence of absorption. sta1nod body fat occurred only wben 

the dye was supplied d1saolvcd 1n o11. They sho~cd that the 

clye rema1ns with the fatty aoids. On f'eedln& alternate stained 

and non-sta1ned fats to laying hens concentric r~ngs o~ alter­

nately sta1nod and non-sta1nod mater1ul appeared 1n the egg-yolks. 

No d1t':fusion of' stal.n into the parto of the yolk bc1ng la1d 

down when no uta1n was being fed occurred 1nd1cat1ng thut the 

ata1n remained closely aseoo1ated with the fatty ac1da Wl. th 

wh1oh orJ.g1nally un1 ted. Gage nnd F1eh oel1eved that \~tl~~:_sta1n 

remained w1th these fatty ac1da 1n the l1v1ng body and could 

be separated from the t atty aol.d radicals on11 l'lhen the rad1cals 

themselves were broken up 1n metabol1sm. 

The work of Kendel and lels was re~eated b7 Gage 

nd Flah with simalar results, notably the repeated fallures 

to secure secretion of stained milk fat by feeding sta1ned 

tats to lactst1ng cows • 

In addition to demonstrat1ng stalned milk fat secretJ.on 

and sta1ned depot fat depos1t1on in small an~als during the 

feeding of stained fats 1t was abown that laotatlng rats. known 

to have a aood supply of stained depot tat (from previous feeding) 

when fed non-ata1ned rations secreted m1lk of normal colour. 

On subjecting these ~ate to starvat~on·ata~ned mllk fat promptly 

resulted. 

Th1s would appear to indicate that 1n the ~1mple­

stomached an1mal fiepot fats may be readily mob111oable ror 
1. 

~lk tat secret1on when demand occasions. Du~1ng normal levels 

ot nutr1t1on i f depot tats are be1ng drawn on for ~lk fat 
' 

synthesis it Ylould seem that 1t Jnt:iY be at too slo-w a rate to be 
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detected by sta1ned fat techniques. As prev1ously ment1oned, 

1n spite or the ta1luree or Mendel and Dan1els (11), Gaae 

and Pish (2) and Kelly and Peter·~:~en (12); G1bson and Hut't"man 

{9) wore able to demonstrate 1n the dairy oow pos1t1ve oases 

f sta1noct m1lk fat secret1on r esult i ng fr om the ingestion of 

ta1ned food fats. These results were secured by adm1n1stertng 

mass1ve doses of dyestuff. It lB believed thatt as yet, no 

further work has been carr1ed out w1th dairy cows us1ng this 

method of lngeatod-fat trac1n~. 

Along w1th other t eehn1ques or tracing ingested material 

the teed1ng of sta1ned f at lnvolves the 1ntroduct1on 1nto the 

organism of a forelin body wh1oh may eau ae metabolic processes to 

deviate from normal. 

EXPERIMENT 4 was pul'el~ confirmatory to observe that et~u.ned :fa~ 
I 

when fed to lactat1ng guinea piaa does result 1n the aearet1on of 

ata1ned milk fat. 

~ 

I • 
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Experiment 1 ~evealed ev1dence ~~ a 
oons1stent d1fterence ~ degree of 
unaaturat1on ot· m1lk fat f'rom morn ... 
~n& and even1na milk1nge. 

t9 dl.scover 1f afl¥ marked dif'f'erenoe 
r 

ot keeplng qualities eXists between milk fats £rom morntng and 

'Yenlng milklngs. 

(In that 'ilia experiment was but a tn~nor 

sidellne to Exper1ment 1 only brlef 

discussion will be devoted to 1t.) 

Henderson end Roadhouse (87) observed that milk fat produced 

by cows on sub-~1nta1nnnce rat1ona ~bows a hi r degl' 

unaaturat~on than normal and l.noreaGed sueoeptJ.b1l1ty , to 

ox1dat1on. 

of 

Stebn1tz and Sommer (88) following on tb1a work found that 

t he stability o£ butterfat toward ox1dat1on 1s 1nversely rel a ted 

to the degree of unsaturat1on. It has been noted 1n t he forego1ng 

rev1ews of 11 ttwature that da1r.Y products are var1ablo 1.n oom .. 

pos1t1on and also that and »1ndl.vi~all.ty of pJ'oduot" 1& apparent 

from d1i't'e · · n~v1duala. Thls 1s turther emphaa1sed b3 

stebn1t nd Somme~ (88) who found that w1th reiard to stability 

f butterfat toward oXidation there 1s considerable var1at1on 

between samples from d1~teront oowa and between samples from the 

aame cow at different time~ . 

Brown, Duatman, and Weakley (83) in working on suscept1b1lity 

t o oXld1&ed flavour in m1lk found that small changes 1n degree 

of unsaturatlon of butterfat had little influence on the 1ntena1ty 
• 

of metal-induced OX~dised f l avour when fat intake lS l ow. i hen 

f at intake 1s b1gh then tho relatlonabip ehown b7 Stebn1tz and 
' Sommer tends to become evldent . 
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In pel'1ment 1 it w noted thut the de~ree of unsaturat1on 

of ml.lk fat r.1ed from mornl. to even1ng. (see sraph 1 belo 

nd also grapha 2, and 3 later ). 

(Th 

CONTROL GROUP. 
IODIN£ VALUES. 
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te hown as 19,19,20,20, etc. refer reupectively to 

morn1 nd EiVenl. m1lkl.ngs on tho3dates.) 

of the consistency of morn1n; /even1ng 
renees for each 1ndl.V1dual cow ... nd th 

auggeatl.on :from the 11 terature that dl.f'ferences 
1n keep1na qual1t1ea o~ mllk fats may h~v 
Ntlatlon to degree of un&aturatJ..on 1 t seemed 
posal.ble that dlfferences 1.n keep1.ng ClUt 11 t1 
might ex1st betueen nulk fats from morning and 

ven1ng m1lk1n~s. 

was conducted stmply as an exploratory check 

to aee lf any obvious differences in keep1ng quallt~ d 

between morn:i. nd even~ng m1lk f'atcu 

(Morn4ng and even1ng f~t samples from 6 
~ndlv~dual oowa on 4 separate days wer 
used .1n tho e.xpe1'1ment 1.e. 48 samples) 

.. 
I • 
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V EXPERIMENTAL PROCEDURE. 

EXPERIMENT 1 

( Apr1l / Ma¥ 1949)• 

rlal:--
The animals ueed 1n tb1s study were s1x Jersey 

cows of the College her4J designated 1 - 6 1n the ensu1ng 

ta. 

Numbers 1, 3, and 5 were "oontrol" an1mala 

Numbers l• 11, and ~ were "experimental'' an1mal~~:a 

Age 
Cow ~8 In lactation Pregnancy con(l1t1on 

I 

-
1 1~ 8 months. Non-preg. I Good 

3 6i I 7 months. I t) I Good 

5 7i I .5 months· I n I Fair -
7i I 8 months. I tt I Aversa 

6i I 9 months. I " I v. Good 

4i I 7 months. I tt I Aver 

Durin& the oour oft he experiment all cow 

were paatur1ng with the college her4a receiving 1n add1t1on 

to pasture 

each m1lkina. 

ll amount or arass silage supplement atter 

Duration of experiment: 

Pre-teed1ng period 

011-Feed1ng period 
' . 

Poat-Feedin~ period 

, Total 

1i day 

7 

1 ·-
R 

.. 
15i d8Jc;t• 
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Routine:• 

M1lk1AS was conducted at 5·)0 a.m. and 4.00 p.m. daily. 

Durina the first thYee days of o11-teed1ng the 

xper1mental cows £, 3 were milked at 11.00 

a.m. and 11.00 p.m. in addition to the normal 

lk1nas. For eake of convenience, over these 

th~ee da.vs all a1x cows were isolated :fl'om tb 

herd 1n a small ~1eld conven1ont to the ~lk1ng 

hed. 

Sampling was carried out at every milklng for all cows for 

the 15i days. The cows were m1lked 1ndl.Vldually 

by mach1ne 1.nto 'test1ng• buckets, the milk 

weighed1 and a quart sample of each taken. 

the experimental cows ! 1 ~ & s w 

accomplished by 'drenching' 1n the DUlkl.ng 

ba11 immediately tollow1 each morn1ng milk• 

ins of the 7-day oil-teed1na period. Th 

amount a~Dietered each day was 8oz. of pea­

nut o1l (1od1ne value 96.2 )• 

~tt1o1encl q~ drenoh1ps:-

Ow1ng to the amount of o11 which tended to remain 

dhertng to the aides of the dre~b1nj-bottl 

1t was necessary to pour in more than the 8 oz. 

1n order to ensure a drench of 8 o~. 

Co• g_ proved subborn and d1tt1cult to manaae and could 

not be considered to have reoe1ved the full do 

ot oil at every drenching• 

~ ~ & § accepted the o11-drenchl.ng quite read1ly rece1Y-

1hi the tull amount at each adm1nietrat1on without 

apparent loss. 

He4lt4 o:f OOJs:- Throuahout the experiment all cow 

appeared 1n normal health. No a4verse effects 

were n~ted as reault1na ~rom the o1l-feed1ng• 
I • 

LaboratorJ Roun1ne:-
' The quart samples of m1lk taken at each even1ng 
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milking were stood overn1pt at room tempera t ure to allow 

the cream to r1se. In the forenoon o~ the following day 

the cream was drawn off w1th the aid of a Buchner flask, 

churned to butter with a YJar1ng Blendor, the butter melted 
0 

in an over at 65 0 1 filtered through No.1 Whatman paper 

1n the oven 1nto sample bottles. labelled and stored 1n a 

refrigerator for future analysts . (Photos 1n A~pendlx V) 

The quart samples of milk taken at each morn1na 

m1lk1ng were stood at room temper ature unt1l the afternoon 

or even1ng of the same day ror the cream to rise, and then 

treated 1n the same manner. 

--.---- ·--...,- --,.zr .. -·--·;-.. - were conducted 1n duplicate on 

every r at sample by W1j:, ' a Method (detail 1n Appendix 1 ) 

Determ1nat1ona were repeated on any samples or whl.ch, at 

the first eet1mat1on• dup11.cates d1t"f'ered 1n Iodine Value 

by areater than 0.40. Values were taken to two places of 

declmals. 

{As a check on the accuracy of the work per1od1c 
1od1ne value determ1nat1ona were conducted on 
a standard peanut o1l suppl1ed by the Fats 
Research Laboratory, D.S.I.R., Well lngton. The 

tandard o1l was of Iodine Value 92 . 1 with a 
standard dev1at1on ot 0.44. 

The mean of 16 determ1nat1ons of Iodine 
Value on th1s oil was 90.62 and the stand­
ard dev1at1on 0.24) 

The actual Iodine Values tound tor the fat samples of 

Exper~ment 1. are set out 1n AppendiX 11 . 

(One sample, v1z: Cow 1, May 2nd, a.m. W; 
accident l y overturned 1n tbe laboratory 
and was irrecoverable for analysis.) 

\. 
, . 
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EXPEBIMEN't 1 • 

RESULTS: 

Gr aphs 1, and 2, below, depict the ohanaea 1n Iodine Values of f at 

snmpl from 1nd1v1dual cows tlu'ouahout the exper1ment. 

The ttaur 18, 18 1 19, 19, etc. at the foot ot each araph ~eter 

to morn1na and evening samplings respective~, on the date d 

noted by each number. 
(In Graph 1 the 1od1ne value of Cow 1, May 
2nd. a .m. was estimated by averagin; the 
Iodine Values of tbe three prev1oue a.m. 
sampl1ngs from the same cow. ) 

In Graph 2 1nterm•diate aampl1ngs at 11 . 00 a.m. and 11.00 p .m. 
n the 19th & 20th, and 11.00 a . m. on the 21st are l.noluded. 
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EXPERIMENT 1. 

RESULTS (Oontlnued) 

Graph 3, below, 1llustratee the obanges 1n mean Iod1ne Val ues 

ot f'at samples from cows 1n eaah group at 

out the exper~ent. 

oh m1lklng through-

Graph ~ ahowa the deiree to wh~oh the mean Iodine Values of the 

tat samples at each m1lk1na from the oil•fed group var1ed above 

or below the moan Iod1ne Values of tbe fat samples at each 

nu.lking ot the control gpoup • 

,. r ~/ EX_f'T. I JEI!S(YS L~ ~ 
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T • r r 
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BXPERIMENT 1 

RgSULTS (continued) 

Analysis of Variance of Iodine Values of Milk Fat Sample 

over the period April 22nd. to April 26th. inclusive. 

s~~~~ . d.r. 8$ me - - -
Between cow-pairs 2 157·8559 78.9279 

Between treatments 1 152.7931 152.7931 

rror 1, (Treatments 
x pairs) 2 .2$42 .1421 

Between days 6 145.2488 24.2081 

Treatment x days 6 22.9447 3.8241 

rror 2. 24 21.5861 .8994 

Periods (a.m./p.m.) 1 43.0144 ij-,3. 0144 

Period& x Treatments 1 • 4651 . 4651 

Periods x Days 6 7.4565 1. 2427 

rror .3. 34 9.}.390 • 2746 

•• e Stgnitieant at the 1% level • 

.. 
'. I 

•• 
•• 

•• 
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EXPERIMENl' 1 • 

RESULTS (Continued) 

In Graphs 1, and 2 the most outstand1ng feature 1s the ta1rly 

consistent morning I even1ng relationship of Iod1ne Values of 

samples from individual cows, an effect wh1ch tends to be super­

imposed on other longer-term effects whlch appear to affect all 

cows 1n a s1m11ar manner. 

It may be noted also that there appears to b marked 

tlma1nta1nance of ind1vldual1tyn regurd1ng Iod1ne Val~ from 

1nd1 Vl.dual oowcu 

The ef':f'ects result1ng !'rom the oil-feeding are not so readily 

apparent except over the two days immediately followlng th 

cessation of Oll-feedlng, when the o11-fed group show 1n gen­

ral a hlgher level of Iod1ne Values than the control group. 

Graphs 3 and 4 illustrate the d1fference between the oil-fed 

and control groups to greater advantage. In Graph 3 the o11-f'ed 

group tends to d1fferent1ate itself from the control group a t 

bout 3 to 4 days followlng the commencement of o11-teed1ng and 

to return to approximately normal at 3 to 5 days after the cess­

ation of o1l-f'eed1ng. The marked morn1na I even1ng effectLrema1ns 

pparent even in terms of mean value~. 

Gra eh 4 shows even more plainly the "carry-over" e:r:rect of 

11-feeding after oil-feeding has ceased. 

• • • • • • • • • • • • • • • • • • • • • • • • • 

~ 

I • 
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DISOUSSION OF RESULIS• 

The analysis of Varlance of Iodine Values was carried out on 

th values determined from morn~na and even1ng sampl of the 

period April 22nd. to Apr1l 28th. 1nclus1ve, 1.e. :- from thr 

days follow1na the commencement of oil-feed1na to the third day 

after the cessation of oil-feeding • 

From Graphs 3 and 4 1t may be seen that the experimental 

roup bea1ns to be differentiated from the control group from 

3 to 4 days follow1ng the commencement of o1l~feed1ng and that 

upon the cessation of oil-feeding a "carry-over" effect of from 

3 to 5 days 1e evidenced. 

The "carry-over" effect co1nc1dee with the findings of Brown 

nd sutton (78) who found the 1od1ne v turnin& to normal 

about 6 days after the cessation of feedtna menhaden 011. Allen 

{7) had noted a time lag of 30 to 42 hours befor 

returned to normal after ceasing o11-feed1ni• G1bson and Huffman 

(9) had observed from 4 to 12 days laa following soybean oil 

~ 

cod 11ver o11 feeding exper1ments of Moore , Hoffman and Berry (84) 

marked increase in degree of uneaturat1on of mllk fat was noted 

w1th1n 24 hours after the first teedlng of 5 - 8 oz. of 011. 

!• The hiahly s1gn1f1oant difference between cow-pairs 

illustrates the val1d1ty of pa1r1ng of control and o11-~ed cows 

n the bae1s of Iod1ne Values determined dur1ng the pre-feeding 

period. 

By 1nepect1on of Graphs 1 and 2 1~ becomes apparent that 

the Iodine Values of samples from 1nd1v1dual cows almost without 

xcept1on ma1nta1ned the1r relat1ve pos1t1ons throughout the 

xperlment. Thls~addit1onally emphas1sed the statement 1n th 
1. 

1ntroduct1on to the Particular Rev1ew of L1terature relat1n 

to Exper1ment 1 (p. 51) 
' 
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n•••• 1t 1s necessary to take ~nto aooount th 
well-reoogn1sed 1nd1v1dual var1ebility of animal 
product samples and to view w1th considerable 
reserve t1gures resulting from extremely cr1t1oal 
nalyses of small numbers of samples." 

( shown to be highly 

1gn1f1cant ) 1s quite apparent from Graph 3 of Group Means 

and from Graph 4 of Mean Differences between the control and 

11-fed groups. It appears def1n1te that some fraet~on or 

fract1ons of the 1naested peanut 011 have passed into th 

m1lk w1thout suff1o1ent de-saturet1on dur1na metabol1sm to 

prevent th& degr f unseturet1on of the milk fat from 

1ncreas1na. The peanut o11 was of Iod1ne Value 96.2. The 

ctual oompoa1t1on was not known but aecord1ng to Jamieson 

(80) th1 11 would probably conta1n approx1metely 

Ole1e Acid 58 

Linoleic Acid 20 

Saturated Ao:Lda 16. 

Since ole1o ac1d has been shown (P.42) to be major ac1d of 

rumlnant depot fat and aleo that olelo acid ia one of the most 

readily utilised ec1ds dur1ng mob111s&tion from depot f a t ( 1n • 

non-rum1nant s ,(aim1lar information reaard1ng rum1nants be1ng 

lacking) 1t is a logical antlc1pat1on ~or a fed oil of high 

leic acid content to be readily ass1m1lated. As mentioned on 

P60 H1ld1tch and Jasperson (69) 1n reea1na &roundnut cake of 

le1c acid content 55 f the total fatty ac1da, noted an 1ncreas 

1n the oleic ac1d content of the milk fat plu deer lD th 

lower fatty acids. tt would seem that the effects of feedlna 

pe&nut oil 1n Exper1ment 1 may haveparalleled those noted 1n 

greater deta11 by H1ld1tch end Jasperson • 

Add1ns weight to th ------ --- r---- dlSCUBSlon 1t may b 

polnted out that the d1fferences between daze have been shown 

to b• highly Blgn1f1aant . 

From inspec~1on of Graphs 1; 2, and 3 1t 1a apparent that 

over the per1od 22nd. Apri l to 28th April lon~er te~m effect 

was functlonl.llg. There 1 rked smoothlng-out of th .m./ 

p.m. effect over the 25th. and 26th . April where 1n all 
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indiv1dual samples except those from cow No.1, the Iodine Values 

f the mornini of the 26th Apr1l were h1gher than the corresp-

onding ones of the previous evening which is in marked contrast 

to the regularity of the a.m./p.m. effect over the ensuing 6 

days to the end of the experiment. 

~· The 1nteraction between treatments and days which the analysis of 

var1ance has shown to be highly siin1f1oant indica ted that the 

effect of the treatment differed on different days and is probably 

due to the longer term effect mentioned 1n the discussion on 

differences between days. 

!• The treatment x period interaction proved to be non-s1gn1f1cant, 

showing that the treatment effect did not differ as between a .m. 

nd p.m. m1lk1ngs. 

!• From the days x periods interaction proving h1ghly s12nifioant it 

ppears that the period (a.m./p.m.) effect was not the same on all 

days. 

g,. The strik1ni' ev1.denoe of period (a.m./p.m.) differences (shown 

to be highly significant) 1s the prin1c1pal result arl.sing from 
"' 

the fre quent sampling. It is an effect which would have been 

ffectJ.vely masked by:-

eompos1te sampling of morning and even1ng milk fats, 

composite sampl1ng over longer periods, 

r by intermittent sampling. 

The cause of the effect is not apparent. The cows were rece1ving 

pasture plu 

there were n 

small amount of silage both morn1ng and evening so 

bvious differences of diet between day and night. 

If the effect were to studied throuihout a lactat1on period better 

indications as to the cause might acor~~· Hancock (89) has shown 

that with dairy cows the time spent grazing over 24 hours 1s 

divided into 60% between morning and even1ni milk1ng, and 40 

between evening and morning milking. Hancock points out that 
\. 

most of the ruminaton is done during the night for during the day 

the majority of cows are too busy iraz1ng to rum1nate. 

One possible cause of morning I evening variation in Iodine 

Values 1s here su~~ested. During the day when the cow 1s actively 
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enaaied araz1na, aathering a large bul:t. of feed J.nto the rumen 

without previous chew1na, there may be to a very m1nor extent 

n effect of part1al starvat1on resultl.ng from the mobilisation 

of body reserYes t 11ghtly ~reater extent than during the 
Ni~HT 
~· In Experiment 1, five of the cows almost 1nvar1abl7 

ore ted greater amount of m1lk at the morn1ng milking than at 

the evening milk1ng. Thls mliht at fi rst sight appear to bear 

some real1on to the dturnal variations in Iodine Values; but 

Cow 5 d1d not ¢ontbrm to the greater-seoret1on-1n-morn1na 

pr1nc1ple. The milk we1ahts tor this cow were 1n oppos1t 

relatton to thos fth ther five oows, viz: m1lk wetihta wer 

greater at tne evening milk1ng tho.t at the morn1na m1lk1ng. In 

spite of th1s the trends of Iod1ne Values :for the even1na I 
morn1na fat samples from this cow followed th f th ther 

cows, as readily mar be observed 1n Graph 1. Moreover s1nce 

all cows 1n the experiment were non-pre nt veral cam· 

in-season dur1ng the course of the experlment. At these 

1nstances the m1lk we1aht t the part1cular cows decl1ned 
• 

markedly, usually for one m1lk1nQ onl7 return1n~ to normal or 

bove at the succeeding m1lk1na• Re~ardl of th rked 

d1fference 1n milk weights recorded at these mllk~n~s the 

diurnal rythm of Iodine Value change oont1nued un~nterruoted. 

(~lk we1ahts are recorded 1n Append1x 111) It would appear 

from these observat1ona thut amount of m1lk secreted bear 

little relation t o the observed reaular chang 

unsaturat1on of the milk tat. 

1n de~ree of 

Brouwer and Jonker-Scheffener (91 ) {Holland 1947) toun1 

th~t grass teed1na effected 1ncreaaea 1n the vaccen1c ao1d 

content of the butterfat creted ~Y da1ry cows and that a 

poe1t1ve correlat1on may ex1st between the vaccen1c ac1d 

content of the mllk fat and 1ts Iodlne·Value. No s1gn1f1cant 

dlfferences between morn1 

The extent to wh1ch 

and even1ng samples were found. 

feedlng was carr1ed out 1n the trl.al 

was not noted 1n the abstract. Cannon , Espe , and B1rd (92) 
~ 

'. 
1n an exoer1ment on soybean feedl. to da1ry cows found un-

xola1ned dally fluctuat1ons 1n Iodine Values of the m1lk fat 
' 

(not only from soybean-fed cows.) It was suggested that 



... 

.. 

I' 

79· 

correlatJ.on might ex1st between temperature and Iodine Valu 

but no data were furnJ.shed •• 

Regan and Richardson (93) had shown earl1er with dairy 

cows that as external temperature increases respiration rate 

increases 

constant 

reached, 

nd pulse Pate falls, but body temperature remaLns 

t 101°F until an external temperature of 70Cp is 
temperature 

fter whJ.ch, body/does increase. In theJ.r experiments 

when the external temperature was raised above 806F marked 

changes J.n milk compositlon and butterfat constants occurred. 

At no time dur1ng Exper1ment 1 did the daily temperature 

r1se above 63°F whJ.ch would tend to throw doubt on the augg-

est1on that temperature var1at1ons exper1enced durJ.ng Exper~­

ment 1 may have been related to the chanaes 1n IodJ.ne Values 

recorded. 

~ . 

\. 

I • 
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In Expex•1ment 1, \leather dat re ~napeoted for poeslble 

relat1on~h1pa to the fluotuatlons 1n Iodine Valu • Temperatur 

nd Hour t sunahlne were the only recorda that appeared to 

bear fa1nt relet1on to trends 1n Iod1ne Values. For purposes 

of comparison Graph 1. 1a repeated below toaether w1th Graph 

5 wh1ch 111uatrateu var1at1ona 1n hours of aubshlne and 

max1mum, nun1mum, and mean temperatures throughout the exper-

1ment. 
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It y b n that the Jor trend f Iodlne Valu ppear 

te foilf»w very approx1mately the recorded hours ot aunahl.nca 

In respect to tho temporatux•e, 1f degrs t unaaturat1on of 

butterfat and temperature are related 1n any way, marked 

~1uctuat1ons 1n temperatur y feasibly b xoected to b 

~etlected 1n some marked alterat1ons 1n Iod1ne Values. In 

Graph 5 the sreateat dally temperature ranaes occur between 

the 17th. and 23rd. Apr1l and t o me extent tend to co1nc1d 

1th the per1od of marked fluctuat1ono 1n Iod1ne Values 1n 

Graph 1, but on MaN 1st. the temperature ranae aaain extends 

towards prevl.ous values 1n tb rly part of the ex~er1ment, 

1thout apparent reflect1on 1n Iod1ne Value cha~eu . 

the 4.5° frost on the morn1ng of the 19th Aprll co-

1nc1des wlth th rked depreas1on of Iod1ne Valu of Graph 1 

n the same mornln&, and the }.6v frost on the morn1na of th 

23rd. Apr1l co1nc1des also w1th a marked deprese1on of Iod1n 

Values. Although 1n the above c contorm1ty does appear, 

none 1 v1denced on the 20th. and 30th Apr1l and 1st May 

when other frosts of lower dearee were exper~enced. 

Sincei• :tn .Experl.ment 1 ther emed to b l1ght poas1bl1ty 

f relat1onsh1p of weather to dear t unsaturat1on of bu.tter• 

fat, aunsh~ne and temperature records were graphed w1th the 

resulta f~om Exper1menta 2, and 3, as well and 1n the cases 

no relatlons ap r to exist. (See Graphs 6 and 10,P.91 and 

Graphs 11 and 13. P.99) 

The ev1denoe whtch has been presented 1nd1cat1~ th 

x1ateno f dl.urnal var1at1on 1n dearee of unsaturat~on of 

milk fa~ po1nts to the des1rab111ty certa1~1f th1s effect 

cont1nuea throughout lactation and 1a not a ~nort term 1rregul-.. 
ar1ty . If the effect does pera1at throughout lactat1on 1t 

emphas1a the necesa1ty, 1f daily compoa1te samples for th 

purpose of deter~n1ng butterfat constants are to be read1ly 
~ 

rccurate, f tak~ng equal auant1t1 f tallk,fat from mornl. 

and even1ng m1lk. 

Dl.urnal and lon~er-term var1at1on uch clearly 
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illustrated 1n Exper1ment 1 could 1nvalidate work founded 

n m1nor d1f'f'erenc between oompoa1te se.mpl~o· 

\. 

I • 
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The daily addltlon of 8 ez. of an unsaturated o11 to 

the ration ef lactat1na dairy oewa wao shown to lead to 

an increase in the degree of unsaturat1on ~f the milk 

fat secreted: the increase becom1na manifest 3 to 4 

days followini the commencement ef oil-feeding; th 

return to 'no~al' requ1r1na 3 to 5 days tollow1n~ the 

cessation ot o1l-teedin&• 

Lactatlni dairy cows were shown to e.xh1b1t marked 

1ndiY1dual1ty w1th reiard to the Iodine Values of the 

milk rat secreted. 

The existence of diurnal differences 1n dearee of 

unaaturat1on ot m1lk tat secreted byda1ry cows was 

demonstrated, in add1t1on to lon&er-term var1at1ona. 

The importance of diurnal variations in m1lk fat 

constants with reiard to the practice ot composite 

mpl1n~ ~as considered • 

• •••••••••••••••••••• 

\. 
I • 
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EXPERIMENT 2. 

(June I Jul¥ 1949) 

.,.. ______ 1:-

The an1mala used 1n thla study four Fr1es1<Ul 

cows of the Colleae herd; deelanated A, B,C , and D in th 

nsu1na da,tu. 

A and C were "control"an1malcu 

B and D were "experl.mental" an1malsu 

Cow Aae In lactation :Pregnancy Cond1t1on 
yes. 

ll 

A I 5 11 months 6 mths. prea• l Fairly good. 

c I 8 20 " non-prea. I Fat 

B 8 12 tt " I V.Good 

D 5 14 " tt I v. Good 

Dur1na the course of the experiment, with the 

xcept1on of the per1od of 1nan1t1on of cows B and D, all 

cows were pasturing w1th the College herd and recelVln& in th 

bail at each m1lk1na about 1lb ot concentrate each (aporox. 

s.E. 6o) 

Prior to 1nan1t1on Bi d 

Period of 1nan1t1on 1 " 
Post-1nan1t1on oer1od 4 tt -

Total 14 day 

was carr1ed out at 5 a.m. and 4·30 p.m. 
I • 

daily. 

~amp_l~rutt- was carried out at evem.1na milk1nae only, for 

all cows for the 14 days of the exper1ment. The oowa wer 
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milked 1nd1V1dually by ms.ohine 1nto ttteatl.n&11 buckets, the 

mllks wel.abed, and a quart sample of each taken, wi th the 

xception o~ cow B whose mllk was of low test and necess1t~ 

ated takl.ng a 2-quart sample 1n order to obta1n an adequate 

amount of cream for churn1na· 

Inan1t1.on was effected 1.n the treatment per1.od by w1thhold1na 

cows B and D from pasture on a concrete yard for a period ot 

36 hours. Adequate water was allowed . 

~at!o~ allowed each for cows B and D for each 12-hour per1od 

f the 36 hours 1nan1t1on consisted of;• 

2ilbs concentrate supply1na approx. 

3ilbs hay supply1n{i approx. 

Total 

1 ·3' l be. 

1·35 lbf.h 

2 .70 lba. 

s . .E. 

s .E. 

s.E. 

The above ration was approx1mate only and was dealined to be 

comparable on a Starch Equivalent bas1.s to the rat1on employed 

in Experiment 3 dur1.ng ei~lar per1odb of 1nan1t1on where 

peanut o11 was included 1n the ratJ.on. '.l'be. concentrate was 

supplied 1n the regular teed-boxes 1n the m1.lk1ng baJ.le ond 

the hay was fed outdoor n the concrete yard. 

Laboratory Routine and Iod1ne 

exactly as £or Exper1ment 1. 

(The Friesian cream proved · to be al1aht ly 
more d1f£1cult to churn than the J '.rsey 
cream ot Expertment 1) 

\'9ere 

The actual Iodine ~aluea found tor the fat samples of 

Experim~nt 2 are set out 1n Append1x v. 
(One aample from cow D on July 3rd was 
m1esed ow1ng to a shed-worker inadvert­
ently plnc1ng the "reaular" machlnea on 
the cow without th• u~u~l t·~ting bucket 
£or oollect1ng the sample) 

\. 
I • 
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EXPERIMEN'Ji . 2 • 

J.UlSUtTf! 

Graphs 6 and 7 below. show the changes 1n Iodine Value 

f fat samples from 1nd1v1dual cows throuaho\lt the experiment . 

(In Graph 7 the missing Iodine Value tor 
cow D en July 3rd was estimated at a valu 
that seemed reasonable in order to fao111tate 
dra~1na an unbroken ~raph•) 

The immediate and marked ef:feot of 1nan1t1on may be read11¥ 
noted f'rorn Grapn 7• 
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.XPERidNT 2. 87 

RESULTS (cont!nued) 

Graph 8, below. 4emontstrates the Changes in mean tod1ne Val ue 

o~ f'at eampl trom cows in h group at each sempli ng through• 

out the experiment. 

Graph 9 shows the degree to which the mean Iodine Values ot the 

fat samples at each sampling :trom the starTed group varied above 

or below the mean Iodine Values o'f the tat tamplee at the 

corresponding samplings ot the Control group. 

The immediate et~ect of 1nan1tion is again emphasised in these 

graphs. 

(The tact that the mean Iodine Values ot the starved group 
amount to a st:r•ight line between JUl.:r 7th. and 9th. 18 purely 
co-1nc_1dental. ) 

~-1 ~·k···r~·tt'f I+ ~~ t1'~= ,.~:,.;:::, EKPT. 2 eRIE~IANS. 
t i! +-....- .... 1. .&. . ~ ... l . 

.. G/!APH 6 

-r +.-~ 
L_ CONTROL GROUP ·- ·-·- · 

• 
f 

4# 

48 

41' 

46 

45 

.ul " 
" :I '-..... /' -~ ...... 

40 

u 

I 
-. r- ··- [ ! :·. 

30 1 2 3 lli ~-

JUL.Y . 

MEAN DIFFERENCES. 
JQD1NE YALIIE .L 

5 

.., 
, 
2 ....,._j..; 

PLUS 

6 T I 

..,..._- ----+". t:-

EXPT. 2 FRIESIANS 

-+----'"---'---

I + 
I 
I 

EXPENIAIENTAL -· 
GROUP 

, 10 ;u 12 13 . . ......_,..__ 

01 ·: CONTROL- 0 .... .. . I 1 
t ~ £_ t-_·t-"" £~· I r 1 \ 7 c 

1 
'MINUS 

2 

, 
4 

30 , 
JULY 

I 
L 
I 

! .16 HOURS 

J INANITION 
I 
I 

----1 
T I 

-1----

~ 10 11 12 13 



"'' 

-..... 

EXPERIMEiT 2. 

. DISCUSSION OF RESULTS. 

Experiment 1 demonstrated clearly the 
importance of considering diurnal var­
iations ~n deiree of unsaturat1on of 
milk fats from individual cows when 
•arrying out composite san~ling, 1n 
cases where the samples obtained are 
to be subjected to cr~tica l analysis. 

In view of the fact that both i n 
Experiments 2 and 3 only major effects 
were to be investigated, and in order 
to lessen the amount of work involved, 
sampl ing was carried out a t evening m1lk1ngs 
only. 

It may b een from Graphs 6 and 7 that, as in Experiment 
. 

1, the Iodine Values of fat samples from 1ndiv~dual cow 

demonstra~marked lndividuality. Of the control cows A and C, 

Cow A exhlbited a de1r of unsaturation of milk fat con-

sietently lower than cow c. Cow A was 1n normal lactation 

and pregnant whereas Cow C was non-pregnant, had been in 

lactation 20 months, and was extremely fat. 

Althouih the variations 1n Iod1ne Val ues of fat samples 

from milk of cow A show an oppos1te trend from those of 

cow C over the per1od 6th to 9th July, certain long-term 

influences seem, in general, to affect the degree ot un­

saturation of the mllk-fat from both o~ws s1~larly . Thi s 

parallels some of the observations 1n Experiment 1. 

In like manner cows B and D show similarity of trends 

in the period prior to the imposition of i nanition . Diurnal 

variation is not, of course, i llustrated as only even1ng 

samples were being taken . 

The immediate effects of 1nan1t1on ar e str 1k1ngl y shown 

i n Graphs 7, B, and 9· Al so it is seen t hat on resumption of 

normal diet there is a prompt return· toward nor mal in the 

degree of unsaturation of milk fat secreted but that in the 

part icul ar case of the t wo cows under exper iment norma l va lues 

were not immediatel y rega~ned . Experiment 3 was commenced 
I • 

few days l ater and from Gr ap 12 it may be seen t hat from the 

19th July onward the Iodi ne Values of m1lk fa t sampl es f r om 

cow D were a t a 'normal' l eve l s imi l ar t o those evi denced 
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1n the period prior to 1nan1t1on 1n ~xper1ment 2, t.e. :­

from Graph 7 cow D had not reaained no~mal values up t 

4 daye follow1na reeumptlon of full rat1ons after 1nan1t1on, 

but 10 days later when 

Value f samples rr 

r~ent 3 commenced the Iodine 

D appeared to be normal. 

Return1n& to the l.d, 

~lk-tat preoureor 

_ _ • .. nee ot: supply of 

rd 1n the concludl oect1on 

f the General Rev1e f L1terature, 1f body fnt ie ut111aed 

fai~lY dlrectl¥ durln& 1nan1t~on ~t would appear from 

Experiment 2 that the normal balance may be a dellcate one 

nd rap1dl7 respons1ve 1n a compensatory d1rect1on when the 

uppl~ •t precursors of m1lk fat from any one source 1a 

d1m1n1ehed. If ut111eat1on of depot fat tor part1c1pat1on 

1n ~lk-tat aecret1on 18 1 meohantsm 1t could b 

xpected tbat the response to ttttll the aapn 1n supply 

would not be qUlte so J'ap1dly ev1denoed as in E:rper1ment 2. 

The need for areater frequency o mpl1na 1s 1nd1oat 

rder to follow better the rapl<Jt.ty ot 

bY 1nan1t1on. 

soon t1mul 

l.n 

d 

In addit1on to a s~mpl ffeat result1ng !'rom dra&tlc 

underfeedin& in Experiment 2, there was the "fretting" aspect 

f the two experimental oow& be~ng shut away from the rest of 

the herd for the 36-hour under:reed1ng per1.od, nt1rely 

unaccustomed procedure qu1te apart from the impoa1t1on of 

1nan1t1on. Purther, there was the add1t1onal upset of rejo1n1na 

the herd for eaCh ~lk1ng and the repeated fruetret1on of not 

be1ruz able to return to pasture w1tb the rest of the herd 

t'ollow1 the m1lklna. It 1s possible that this factor may 

have accelerated and magn1f1ed the chanaea ~eault1na d1reotly 

t'Pom 1nan1 t1on. 

y Fr1es1an m1lk :rat samples exhibit the same type of 

diurnal var1at1on of degre r unaatuztat1on for 

Jersey milk 1'at 1n Exper~ment 1, morn1na samples would 

have lower Ioq1ne Values than the even1na•e. Applylna thl 

to Graph 7: th~ 36-hou~ perlod or 1nan1t~on was o~mmcnoed 

atter tb rn1ni mllk~na on the 8th Jul¥ and the lodin 

valu t the milk fat ot that l kl. woul d be expected 
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to be lewer than that shown on the arnph ror the evening 

milk1na of the 7th Jul7. The flrst Iodlne Values determined 

during 1nan1t1on were of samples collected on the evenlna 

of the 8tb 12 hours after the per1od of 1nanit1on commenced. 

It the degrees of unsaturat1on of the m1lk fat n the 

morning of tb 8th .!!.!:.!. lower than those shown for thi 

even1ng of the 7tb. the r~ault1ng il'a~h if plotted for 

the first 12 bours 1nan1t1on would prove considerably 

ateeper and of greater ranae than shown by Graph 7• Llke­

wtae the return tov1ard normal may be more rapid than Graph 

7 1nd1catea. 

As intimated 1n the d1souss1on ot results of Experiment 

1 weather data were 1nspected durlng the course o~ Exper~ent 

2 dor possible effects on the degree of unsaturat1on o~ milk 

Gat of the cows under exper1ment. 

For purposes of comparison Gra.ph 6 shol.1na the Iodine 

Value trends of the m1lk fats of the oontrc.l oowa ~n ExperQ 

1ment 2. 1s repeated below together w1th temperature an~ 

hours- of-sunsh1ne graphs. Although 1n Exper1ment 1, a possible 

relat1on appeared 1n one or two pl aces, they do not nppear 

to be paralleled 1n Experiment 2• except perhaps for the 

downward trend 1n Iod1ne Values from the 1st to 2nd July 

oo1nc1dlni w1th a marked decrease 1n the hours of sunsh1ne 

over the same two dQYD• 

\. 

I • 
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In the absence of de. ts. fltom {lreater fre quency o.f &amol1n 

but utll1s1ng the inferences from pertment 1 1t Y be 

expected that the wttholal of dairy cows trom pasture for 

even br1et' pex-iod f a few hour y result 1n murked ohanaes 

1n milk fat constants, 

\. 

I • 
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EXPERIMENT 2• 

! I· 

It was demonstrated that by w1tholdlna reed from da1rf 

cows for 36-hour periods marked increases 1n degree of 

unsaturatlon ot the m.1lk fat cret ¥ be effected~ and 

that this ma1 beoome evident w1th1n the first 12 hours . 

Tbe marked '1nd1V1dual1t¥' of dairy oowa with regard t 
,;. 

the nature of the m1lk fat secreted was observed as 1n 

Experiment 1 • 

• •• • ••• •• ••••••••••••• 

\. 
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MILK FAT SECRETED BY DAIRY COWS WHEN 1 LB . OF PEANYI O~L 

! Iodine Value 96. 2) IS SUPPLIED DAILY IN THE RATION. 

ltl!~ ~~ 1o_~_ll,.. The cow6 used ln Exper1ment 3 were three Fr1ea1an 

cows from the Colle£e herd, be1ni cows A, B, ond D whlch wer 

mployed 1n Experiment 2. 

Oow D was used as n control unlmal . 

Oowa A and B were experimental anlmal~. 

r1ment 2. -

D~at1on or exper~ent Cow A ggv. Cow D 

Pr ior to 1nan1t1on 11i daas 7i day 

Per iod of 1nan1ti on 1-f u 1.1. tt Control 

Post•1nan1tion period 4 " 8 ., 

Total 17 days 17 day 17 day1 

R 

s 

!,lk1l!i wna carried out at 5 a.m. and 4.30. p.m. daily. 

was carried out at even:uu; m1lklnae only for all cows 

t or the 17 day f the experiment. Tne cow er lkod 1nd1V1d-

ualcy 1nto •testlng' buckets, the milks wcl..ihed , and quart 

ample taken :t'rom the milk or Cow D, and two-quart samples t aken 

from Cowa A and B. 

Ration: - In add1'bon to normal pasttll'1ng w1th the her d and con-

centrate ratl.on as deacr1bed 1n Exper1mont 2 (1lb. concentrat 

at each m1lk1ng), cows A and B received 1l b or peanut oi l 

( Iod1ne Value 9)5.2) mixed J.n ~ach evenJ.ng•s concentrate r atJ.on. 

Th1a r esulted 1n quite an oi ly mash but wa 

little residue be1ng left. 

ccepted ~Uita w~11 
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lnan1t1on was e:f'f'ected, as :ln Experiment 2. 1n the respective 

treatment per1od allotted 0 A and B. by w1thP1dlna th 

cows from pasture on a concrete ysrd f'o7! periods of 36 hourtt. 

Adequate water was allowed. 

Rnt1on allowed ench tor cows A and B during the alloaated 

per1ods of' 1nanit2on amounted to tot ul da1ll allo~ance 

of:-

1lb. or peanut o1l supplying approx. 

3lbs. of ha7 supply1ng approx. 

2.41lba. G . E . 

1.20lbo. S • .m. 

3lbs. of concentrate eupply1na approx . 1.80lba. S.E. 

Total 5•41lba. S.E. 

i.e. oqu1valent to about 2.70 lba of s.E. 'lor each 12 hour 

perlod• As mentioned 1n Experiment 2 the i'at1on used :t.n that 

xper1ment was approx~mate only and dea1gned to be comparable 

n a Btaroh Equivalent basis to the ration shown abovet but 

as tb.e :food values may only be est1mo.ted and the · losses 1.n 

attempt1ni to feed au~h small quantltlea of hay under the 

oond1t1ons or the expertment, d1tf~oult to assess, (ra1n, 

wind.) the rat1onn are only roughly aomparabl~. 

were 

exaotlyas for .per Ullent 1 and 2. 

(As 1n ~per1ment i the Fr1es1an cream 
proved to be sli~htly more difficult 
to churn than Jeraey cream but in 
add1 t1on1 ere run t'rom the oil-fed oows 
A and B proved mor~ d1ff1oult than 
trom Fries1an cows on normal rat1one. 
Acoord1ngly as haa been noted under 
Rampll.Bi {above) two-quart m1lk samples 
were taken from Cows A and B thl'OUih­
out the experiment. ) 

' 
The actual Iod1ne Values tound for the tat samples of 

Exper1ment 3 are set out ln Appendix VIII· 

\. 
I • 
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Graph 11 12 below, illustrate the trend derLP 

f unsa\uration ot lk rat fPom individual eowa thr~uahout 

t he exper 1men~ • 

The Iod1ne Values ~or control Cow D appear 1n both i r aphs . 

The trends 1n Iod1ne V&lues tor Cows A and B show pl a1n1J 

the 1ncrea&l.fl8 degree ot unsaturat1on of m1lk tat apparent lY 

~duoed by the o~l-reed1n&• Also the per1ods of 1nan1t1on 

appear to have been ~mpoaed while the Iod1ne Values of t he 

lk tat were still increaain&• In sp1t 

to Cows A and B thet•e appears to be 

t: the otl-teedtna 

par all 

of uneaturat1on of ~lk fat from all 

:from the 19th 

r1ment . 
0 1 L - FEEDING 

u IODINE VALUES . 
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DlSCUSSIO,N 0~ RESULtS • 

In Expex-1ment 1 it bad been noted that aa Ju.daed by tho Iod1n 

Valu&s the e1l•fed g~oup differentiated ~tselt from the oont~ol . 

group by the th1rd day at en o11-~eed1ng level of B oz. per bead 

per day. 

In EJ:per1Jllent it was ant~c~pated that tho Iod~ne Veluea 

o~ tho o1l•fed cows would prob.bly reach a max~ levole by 

the stxth day after commencement ot o1l-feed1na. Then by 

1mpos1ng 1nan1tlon it was expected that blood l1p1da result1na 

:f'tom the lns;etsted 011 { to Which the cows had become "¢CUE'tomed) 

miaht be freed trom the oompe~lon of 11po1dS normally result1n& 

frcm cnrboh.fdrata or tl\e food, and be ut1l1eed to a greater 

extent by the mammar1 gland, becoming man1~est by extrem&ly 

hlih dearees of unsaturat1on of secreted m1lk fat. 

By 1napect1on of Graph 11 1t appeats that Cow B was sub­

jected to 1nan1t1on wh1le the degree or unsaturat1on of the 

m1lk fat was still 1norcas~g as a result of the o1l-feed1ng . 

It seems llkelJ that the :a.nan1t.1.on aoeelerated the 1ncreaa 

stnoe tho Iodl.ne Ve.lw of the m1lk fat was lowere 11ahtly 

n return to normal reedlna plus o11. W1th only one cow belna 

eubjecte~ to 1nan1t1on at th1& t1me, and the reaulto not ve~y 

marked 1t 1a net posa1ble to drnw any definite oonolualone. It 

y be noted that the drop in Iodine Value of the mllk fat or 

Oow B following 1n~tlon C01ne1des W1th a fell of loaser de"r 

1n the Iod1ne Value of the milk rat of the oontrol cow c. 
1t 1b poss1blo that tbe sl1gbt fall 1n Iod1ne Value o~ milk 

fat from Oow B follow~~ 1nanit1on may not be related ent1rely 

to the effect of return1ua t 1 ~.at1CD.o• 

As emphasised by Exper1ment 1• w1'h "1ndl.v1dua11t, .. 

~ cows 1nvolved and eo few samples• no outat and1na etteot 

att~lbutable to 1nan1t1on bc1ng noted. poe1t1ve conolualon 
\. 

may no• be draw~~ 

Oow A (Grapb 12) was subjected to 1nan1t1on at 
' later staae of 011-tee~na but it was still not ole 
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whether a maximum degree of unsaturat1on of m2lk fat as a 

result of o1l-f eed1ng had been achieved at that time. 

From Graph d..l2 the steady increase in Iodine Values of 

milk fat of Cow A appear s to cont1nue und1sturbed by the 

1mpos1t1on of inan1t1on w1th n o marked f all occurring 

immediately follo wing the relaxing of 1nan1t1on, although 

n irreiular1ty does appear on the second d~. 

The .r all in milk yield of Cows A and B resulting from 

inanition during oil-feeding was not a s marked as in the 

corresponding per1ods of inanition in Experiment 2. (For 

detail of milk yields see Appendix IX ) 

It 1s apparent, 1n spite of havlng so few cows in the 

exper1ment, that o11-feedini affected the degree of unsat­

uratlon of the milk fat in a similar manner se that shown 

1n Experiment 1 but it seems that with the heav1er daily 

ingestion of oil ( 1 lb. as compared with z. in Exp.1) 

the "build-up" effect of the o11-feed1na extends over a 

lonier period than expected. Brown, Dustman, and Weakley 

(83) had observed that under the conditions or their exper-

1ments a per1od of three weeks ~as required before the degree 

et unsaturation of m1lk fat reached its maximum as a result 

f the feeding of 1lb of soybean oil daily. The h1iheet value 

obtained was 52. From this it would appear that had Exper­

iment 3 been continued the Iod1ne Value s of the milk fat 

would probably shown little 1ncrease on the v a lues obtained 

within the period ~f the experiment. 

The fact that the experiment was conducted on such 

small scale and that only one type of oil was fed renders 

interpretatlon difficult, but a pose1ble explanat1on is 

s~gested:-

!! body depot fat may be drawn upon readily t 

supply milk tat precursors, and !£ the theory that oleo­

glycerides are the "first preference" glyeer1d~s to be with-.. 
I • 

cbawn from depot fat 1s correct, it would be poss1ble for 

theoretical purposes to postulate a hypothetically perfect 
' 

instance where~ in the first stage of starvation, pur 
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t~1ole1n was be1na withdrawn f rom adipose tissue. This would 

be expeoted to have an lod1n lue ot 86.2 In the o t 

EXpe~tment 3 the oil be1na fed •ts not very d1tferent in ~eare 

t unsaturat1on, belna •r :Iodine Value 96•2• Th1s latter oil 

would be exTJeeted, 1n addl.'t1on , to be B?mewhat altered duril'.ijt 

the proceesese of d1aest1on . and absorpt1on. In erteet blood 

l1po1ds result1na from the oll be1ng ted mav have d1ffered ver7 

llttle 1n doaree of unsaturat1.on trom those belng offered the 

emmary &land from the tat depots. If sueh a s1tuat1on may 

exist 1t is feasible that 1t may have boen 1n operation 1n 

Exper1ment 3· It would be of 1nterest to dupllcate tho 

xper1ment ua1ng greater numbers of c and to feed oil of 

low degree of unsaturat1on ~n oompar1oon with oil~ of o1m1lar 

de~ree of unsaturat~on to r~nant depot tat, of o1m1lar 

degree of uneaturat1on to tr1ole1n, and ot markedly h1gher 

de~reea of unsaturation than tr1ole1nt and 1n compar1son 

with a1mple 1nan1tion. It m1iht lo5ically be ant1o1pated that 

the teedin2 of o1ls of low uneat~rat1on such aa coconut 011, 

r nydroienated oils. 4ur1na 1nan1t1on ght leaeen the extent 

f the normally manlteated 1nc~easea 1n Iodine Value of ~lk 

tat 1f these ingested o1ls were to be ut1l1sed more avtdly 

dur1n~ the period Of drast1C underfeeding• 

The fact that super1mpoa1ng 1nan1t1on on o1l•reedlni to 

dc1ry cows did not appreciably mod1fy the normally observed 

ftecta of o11-teedl.ni• togother with the tact that the oll 

be1ng fed waa not markedly di.ss1mllar 1n dearee of unsuturat1on 

rom tr1ole1n, adds further o1roumstant1al ev1dence to the theory 

that the eleoglyoerldes, known to be predominant alyoer14es 1n 

rum1nant depot tat, may be road1ly avalltible to furnlah milk 

t'at preotWsors tton demandu l•t!!J• :- that t fat may be mob• 

1l!sed as required to pa~t1o1pate 1nm1lk fat synthesis . 

\. 

I • 
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Fol' comparat1ve p~rpoaes Graph 11 s.s l'i$peated below toaether 

W1th Graph 13 ~hich shows the temperature and bour sunwu.ne 

dU1"1ng tb rlod of' th nt • 

Aa 1n :per1ment 2 ther 

bv1oue between t weather 

not appear to be any relation 

a anown and degree o~ unsaturat-

1on of milk tat secreted throughout the same per1od. 

I 

~ 
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A& 1n gpert.ment 1, the f)ddl.tion of 1lb ot peanut oil 

te the da111 rat1on of laotattn~ dairy cows was enown t 

l~ad to marked 1nereascs J.n the degree of un.satUllat1en ot 

the m1lk tat sec,Jteted. 

When per1ode or 36 hours 1nan.tt1on were imposed on 

leetat~ng da1ry cows, whioh ware ~eoe1v1na 11b of peanut 

11 dailY 1n o.ddit1on to the normal rat1'0n, i'lO sne.rked 

ffec;ts ettr1butable to it'eater ut1li.sat1cn ot bltDod 

lipide and 11po1ds ttesult1ng Nom the · l.us;eeted o11 were 

apparent. 

· It was eua~eeted that the blood llp1ds · and llpo~de 

~eault1ng from the ingested 011 (lodlne Value ~6·2) 

nearly may ha~e matched 1n degree of unsaturat1on the 

blood l1plda and l1po1do resu.ltlng trom m<fb111aa\1on 

1: the moat reacUly ava11a'b1e s;lyoer:tdea of depot fat; 

pt-esumar>ly cleoalycer1d.es • 

···············-·~····· 

~ 

1. 

~ 
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THE EFFECTS OF FEEDING A STAINED FAT TO A LACTATING 

GUINEA PIG • 

.f!:.pcedure:-

Compressed-meal "nuts" on which experimental 

u1nea pigs are normally fed were d1ppcd 1n melted butter­

fat deeply stained with Sudan IV. 

These were fed ad lib to a lactatina auinea pi~ 

and her two young one week following partur1tlom-

Seven hours after placini the sta1ned food in the 

cage 1t was observed that an appreciable amount of the food 

had been eaten. The adul t guinea pig was ki lled by chloro• 

forming and then dissected. The mammary glands were carefUlly 

removed and about 0.25 cc. of milk expressed v1a the teats by 

equees 1ng the g l ands . The young were also killed and examined. 

The milk was then centrifuged to separate the m1lk 

fat as a concentrated l ayer . 

Another guine~ pig which had not rece1ved stu1ned 

fat was a l so killed and dissected f or CGmparison of.depot fats• 

RESULTS: 

The milk on be1ng expressed from the glands was 

fa1nt l y but positively pink. On being centrifuged for 20 

minutes 1n a small phial the fat l ayer separated to the top 

satisfaotor1ly. This fat l ayer was markedly pink in colour. 

The depot fats of both the adult guinea pig and her 

young were faintly pink in col our in comparison w1th the depot .. 
fats of the guinea pig which had not r~cc1ved sta1ned food. 

The full length of the intestines of the guinea p1ge fed 

stained f at were of def1n~te pink colour in compari son wlth 
~ 

the grey of th& ·lntestlnes of the normally-fed animal • 
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Dl90U§SION OF RRSqLTS. 

• 
The observ&tiona 1n th1s experiment in general corro·borate 

those of parallel oa mentioned in the literature • 

. tendel and Daniels (11) had foWld difficulty Ui aett1na 

au1nea pias to evidence sta1ned depot fat reault1ng f~om 

1naest1na cr sta1n4d tood fat but 1n Expertment 4 sev 

hours after t 1niest1on ot heavily stained food tat ther 

was poa1t~vc evidence or 4oloUl•at1on or depot fats 1n both 

adult and young au1nea p1aa. AlthQugh the YOUDi were da11Y 

eat1ng · a certain amount or th.et normal adult rat1on they wev 

alee re~e1•1ng the milk of the mother. 

The appearanoe ot stained milk tat 1n the m1lk ot the 

dult was poa1t1ve and 1t may be presumed th&t thls stained 

mllk tut would have contr1buted to the etalnlna of tne depot 

tats of the . yeuna. 

The positive oolour1ng of the l.nteatines of the adult 

and young 1n compar1son w1th thot of a normall¥-fed iUin 

p1Q' was not due to oolourat.lon of 1ngeata showin,a thl'Ol.:lKh• 

A washed sect1on ot the ~ntest1ne of the oolou~ed-fat-fed 

adult wa till markedly pink 1n oontx•aat t• that o:r the 

normall3 fed anlmal. Th1s would seem to conf1.rm Frazer's 

(4) obeervat1on that fat absorption occurs 1n the intestlne • . 
It was only from the entry of the bile duct onwerd that the 

all f the alimentary oenal were pink 1n oolcur which uld 

also aooear to be evidence ravout•in¥ the observat 1.one in the 

11terature that b1le lta ere major factors 1.n tat absorption. 
••••••••••••••••••••• 

lt was shown· that the 1.ngest1on of fat atatned wlth the 

tat aoluble dye Budan IV induoea eecret1.on of atQlned m11k 

fat and appeeranoe of al1ghtly eta1ned depot fat 1n auinea 
~ 

p1ge • I • 

The abao~pt1on of 1ngeated fat appeared to ecur pr1nc-

1pally 1n the amall ' 1ntest1ne. 
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Ttu.a 
ll 

from 
lo.st 

exper1ment was carr1ed out 
rn1Di and even1ng samples 
~ndlVldual cows dur1na the 

ek of Experlment 1. 

The ru1lk fat moles used 1n thl~ exoer1ment were from 

Oowu 1 t~ 6 1n Z.XJerlment 1, taken at the a.m. and p.m. m1lk1nae 

of the 27th, 28th, und 29th Aprllt and 1st flfl-3• 'l!heae eampl 

re lglnally taken roP the purpo of carry1ng out Iodln' 

Valu terminat1ons, and :Ul tbe course of these th mpl 

had not been heated for exactly a1m1lar per1oda of t1rne ao 
/ 

that the co~par1son~ shown ~n Experiment 5 nwy bo bY tYo mean 

or1t1cal. 

2 ccs. of each sarnpl~ were placed separately 1n ~~11 

square-bottomed test tubes. (See plata 1n Appondlx X) 

The rack mples wel'e -pl d J.n a const4olnt tom. 

rstu:r:re cupboard ma1nta1ned at .38"' c. 
A d~lute solutlon of' potuosl te w prepared 

to motch 1n colour• tho f'1ret sample to d~scolou:r VlSlbly on 

oxidatlon. Thereafter the number of days ta.ken for each ·-.;ampl 

to dlsoolour suff1c1ently to match the pot 1um dlcbr 

·olut1on ~~a n~ted. In all cas 

nd not aradual• 

the d1aGolouret1on wa 

t 

udden 

The next pRee shows a table tn wh1oh a~e t out th 

npmber· of' days regu1red for each SAmpl e to d2.scolour . 

~ 

'. 



~ 

" 

.. 

~ 

.. 

c. 

104· 

'A • •• P.M. 

~ 27th a 8th 29th 1st 27th 28th 29tll 1st. 

1 

2 

.3 

4 

5 

6 -
-sum. 

AYa• 

sa 13 }6 46 73 5.3 48 67 412 

74 51 19 .34 74 71 32 49 410 

45 2 Ufm, 49 57 49 ll'l:fUh 55 257 

43 15 6 44 68 '7 30 untm. 263 

45 2 28 7f> 67 62 49 75 40.3 . 

' 

54 2 11 ot'Jn, tltCb• 64 48 73 252 

319 109 100 248 339 .356 207 319 1997 

53•1 18.1 20.p 49•6 ?7·6 59·3 41•4 6.3·6 
- -~ ·~--~·~-

A·M· Avera .. 35.27 day~ 

(EXiUdlni lew ·~lues ef 2,2,2, Of the 28tb and 6, and 11 

r the 29th 

a.m. aYeraie bee 44•3 dqs. ) 

P.M. Averaie # 58•1 4a9•• 

~ 

I • 
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pBRliBN'l' 5 

No detailed analye1e o~ the reeulte hae been made a 

the 1n1t1sl eamplee taken eould not be considered perfectl7 

etand.al'd, on account ot ha'Ying been heated pre-.1ously tor 

the purpose ot talt1ng eamp~ea tor Iodine Value determlnationa. 

In ge~eral all eemplee would have had appro.x1mately th• 

eame aaount ot heating prior. to Experiment s. 
It dleY be seen trom the table ot reettlta that th1 

· aampl 
averaae nQIIber ot daJ's taken tor the A. r.t./to oxldia 

waa 35,, 4&78 but that aeTeral •e~y low valuee occurred. 

It tbeee are assumed to be the result ot previous O'Yerhoating ,.. ~ -

and left out ot the table the A.ll. averate beoom~a 44.) 
Bven th1e doee aot raise the avera~e 

the P. H. samples. 

hlgh as that ot 

It would appear trom thle experiment that the A. M. sample 

Which were ot lower Iodine Value than the P.M. eamplea were 

re eusceptlble toward oxidation than the P.U. 

This would not be 1n accordance w1th the obaervat1one 

ot Henderson and Roadhouse (87) who tound that •an1 condition 

or reed that wtll tly 'ncreaee the unsaturat1on ot milk 

f'at will incttease the euscept1b111ty ot the tat to becbme 

ox1d1sed. " 

The experiments of Bendereon. and Roadhouse were conducted 

on samplee of extreme Iodine Veluea, low onee being ot tb 

order of ,30.0 to 36. 0 and the higher valuee 4&.o to 54. 0. 

The average Iodine Value ot the A. ll. etmplee in Experiment 

wae ·29.·8 while the average or the P • .ll. earnplea wae 31 . 5. 

lt 1a apparent that a much mcu.•e cr1~~oal experltnent then 

xper1ment 5 •ot11d be neceesar7 in ordet- to ee'tabl1eb 

det'1n1•ely whether or not diffel"eQcee 1n keeping qualities 

do exist between morning and evening samples of milk fat. 
\. 
1. 
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UPBRIM§NT ~ 

fr.i,! I! l\l 

In an· expe~iment carried out ae e POU~~ 

explo.rato~y check 1t wae rouna that 

t ~lk tat tro~ A~u· milkinge, 

o·t- a"'er Iodine Val~e 29.8 tended 

to be more susceptibl'e' toward oxi.dation 
, • I 

than samples ot milk ' tat trom eTening 

lkinaet of averag4!t Io~ine Val~e ,1.,. 

It was emphasised that a tar more or1t1cal 
' ' ·' 

experiment than Experiment 5 would be 

neceaear7 in order to distinguish 

ditterenoee 1n keeping queli tiee ft 

between samples ot ~lk ~at from A.M. 

end P. M. milk ln. • 

··~················· 
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APPENDIX 1. 

THE DETERMINATION OF IODINE VAL.UE • 

Made up by dasaol~1na QYstala and 1od1ne tr1chlor1d 

in acetic acid 1n the rat1o of :-

• 

8.5 grna. Iodine to 7.,8 f:h of Iodine tr1chlor1de 

per lltre of acet1c ac1d. 

Scrupulous dryness of containers is essential. 

The tdlal volume of acet1c ac1d 1s halvod and the 

1od1.t1e crystal nd the 1.od1ne tr1ohlorl.de 41 .. -

o1vsa1n the acetic acid. Occaslonal ag1tat1on 

o.1da the solut1on of the lodlnP but the ::bd1ne 

tr1ohlor1de d1ssolves readily. 

Once the iodine crystals have dissolved the _two 

solut1ona are mixed to form W1js Reaient • 

(In Experiment 1, 2, and 3, Wl ja Solut1on was 
prepared 5 litres at a time.) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -. . . . . . 

0.20-0.25 gms. of melted and filtered sample 1s welghed 

1nto a glass-stoppered 16 oz. bottle. 

I '/,-

5 cc. of chloroform 1H added and the fat sample dissolved. 

10 cc. of the W1js Solution 18 added by pipette, allow1ng 

I~ ,, 

the same dre1n1ng t1me at each determination. 

The etopper 1s moistened slightly with 10~ potas~1un1 

1odJ.ne solutlon taklng care to all-ow none to run down 

the 1ns1de of the bottle on replacing the stopper. 

The stoppered bottle 18 then set 1de 1a the dark for 

30 m1n8. .. 
10 ClO• Of 10; potasa1um 1od1ne SOlUtlon lS added plUS 

100-150 cc. of d1st1lled water. The potassium iodlne 

olut1on 1 dded in such a manner that 1t r1nses th 
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11_3 • 

stopper and neck of the bottle in enterlng. A wash­

bottle may be used 1n add1tion • 

The resulting light-brown solution 1s next titrated 

w1th N/10 sodium thiosulphate solut1on, the latter 

be1ng added until the solution 1n the bottle 18 

almost colourless. Violent shak1ng is necessary to 

enable the potassium iod1ne to take up any 1od1ne 

rema~n1ng in the chloroform. 

At this po1nt few drops of starch 1ndicator sol-

ut1on is introduced and titration continued caut-

iously untl.l the last Drace of blue colour vanishes. 

Blank determinations (all above reagents but no fat ) 

are carried out at the same t1me as the actual de-

terminations. 

Iodine Value of the butterfat l.B given by 

1.27 x (No. ccs. N/10 Na S 0 requ1red for blank, minus 
2 2 3 

i.e.-

No. acs. N/10 Na2s2o
3 

required for sample. ) 

Gms. of fat sample initially taken. 

the number of centigrams of iodine absorbed by 1 gm. 

of fat. 

~ 

I • 
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@BNDIX I.I 

EXPJPiiMm£1' 1. 

(Aprll/Mq 1949) 

' 

·Peanut oil (8 oz. ) wae given by drench 
I 

'to each ot cowe 2~ 4, and 6 following 
' I 

the morning m1lk1ngs o~ Ap~il 19th. to 

April 25th• 1noluatv~. 

Analyeie of Varienoe of Iodine Values 

( F· 7~ waa ca.rr1ed out on those <tal.ue 

tw~en the two dotted linee 1n the 

table. 

(i.e. ~~ trom Apr11 . 22nd. to April- 28th. 
ineluei ve . ) 

~--~·~·~~~--~--~.........----,.·--~ -------~----,.--- --,-~~-~ . . 

.. 
I • 

I 



Control 115. Experimental 
Date 1 a 4 6 

e 
April 17 34.26 )J,'J7· 32.90 ,32.40 34.19 

am 18 .87 32.22 31·34 . 29.26 30.26 30.96 
4 pm 18 .32.45 32.02 .?9. 75 30.64 )1.67 

1- 11 am 19 

61:34 
... ... ~·i!! 29t04 3().97 

19 ,32.43 31.02 J0.64 30~15 .31.80 

11 pm. 19 .. .. - .. g_i._9_6 31t0.9 32.00 

20 )0.87 31.16 3(>.66 JQ:.J7 30.92 32.99 

11 mn 20 - - -· JQ.8g 30·21 J!.t-30 

pm 20 33.46 33.59 33.12 39=·!l1 l3e0] ~~~*6 .. 

11 pm 20 - - .... _}5.02 33·& 35·5.6 

am 21 ,31.25 ;,4.27 )2.54 ,a~,l8 .}1. BR 34·03 

11 am 21 .. - .... .32·Zi 31.55 34.Wf 
pm 21 +32.90 34.44 33.90 J2.84 32.§a J].09 
&m-- ~2- 3l'.~s-- '34:-93- -,'3,4(- lJ:"o5'- -,u.313-- :3'6:-9;-

pm 22 3.3.69 ,36.46 34.11 i6!58 3_6._0__2 36tt.33 

am 23 28.82 ,3).18 32.66 31.96 3..1.§_7 3_5.3~ 

pm 23 30.19 34.04 32.69 ,~,66 ~·8:! ~·2!t 
em 24 26.92 31.0& 3().60 JQ·§~ ~J,J6 ~7 

24 128.79 .32.75 32.25 32.61 34 .• 61 36.81 

am 25 127 • .34 3().76 29.86 . J2·09 J,.61 J!h.27 
pm 25 128.68 30·93 29.49 ~·J~ 3_3~_56 35.68 

am 26 128.44 ,31.65 29.77 31.96 33.85 36.12 

pm 26 29 • .38 ,32.61 3().20 33.39 35.74 37.13 

am 27 27.75 )0,28 e9.o9 · 28.55 32·96 32.78 

pm 27 130.09 . 32· 74 29.87 31.83 33·34 33·58 

am 26 27.72 30.91 29.13 28.95 ,30.39 31.08 . 
pm 28 jo.62 32.57 30 • .39 )1.38 32.81 33.76 ........ .....--....... ~ 

-------~----------~-~-------~~~~-.---~~-----am 29 28.22 31.72 29.61 29.16 )0.66 ,30.64 

pm 29 30·36 ,32.62 ,3(),82 )0.93 c 32.66 32.48 .. 
JUD .30 28,08 ,30. 91 29.37 29.69 29.17 !Jj.07 

30 3().62 '2·50 29.88 29.88 ,30.85 33.18 

May 1 28.32 30.94 29.41 27.43 29.04 30.,58 
\. 

pm 1. 29.08 32.0.3 29.69 29.73 30.63 32.77 . 
am 2 Spilt 31.20 28.27 28.95 28.63 31.39 

pm 2 I .31,19 ' 32.71 29.28 ,30.65 30.48 33.82 





18 9.6 9., 7.1 11.4 9·9 8 .. 

pm 18 ·6•0 1·9 9 .. ;5 10.1 8.5 .. 
19 10.6 8.8 e.o 12.1 8.9 8. 
19 ..... - .. 5·6 2.1. ,.5 
19 8.4 6.9 1.1 s.o $.7 .o 
19' ·. ... - - 5·5 }.2 4.9 
20 11.5 os.o 9·4 7.6 6.9. 4.8 

11 am 20 . ... - - 1t"4 2.5 ,J.9 
20 9·5 11.3 6.6 1·5 6. 0 "·' 20 - ' - - 10.1 ~., 6.0 

1 11.1 8.9 10.0 s.a :S·2 4·7 
1 - - .. . 6.9 4·5 ,5.4 
1 10. 4 8.8 1·9 5.2 4. 2 4.8 

am 22 I 11.1 9.6 7. 6 14.1 1·9 . 9· 

2 I 9.2 7-7 8.4 10.1 9.4 9 .. i 

2.3 11.2 8.8 ?.1 12.8 10.0 10.1 

pm 2) a.o 1·9 8.6 9.6 7·1 .a •. 4 

am 24 I 10.7 9.3 5.1 11 . ~ 9·3 02•9 

24 I 8.6 6. 9 9. 6 9· 9 7· 6 1).5 

25 I 10. 4 8.3 '·' 11 .5 10.5 9.7 

25 I 9.8 7.5 1·9 10. 5 8.4 7·5 
am 2~ I · 10.4· 8.8 6.6 11.3 02.9 9·5 

• 
pm 26 6.5 6.3 6.8 9.1 13.3 1·0 

' ' 

27 11.0 9.2 7·1 12.5 10.3 a., 
27 9·2 a.o 8.6 10.1 8.4 8. 

' 
28 · 10.8 ·8.3 5.7 12•5 9.s u • . 

28 I 9·4 9.1 8.1 9.7 8.1 8 •. 2 

am 29 I 10.7 8.4 6.5 12.0 9.8 9.4 

29 I 7.1 7.4 6 ... 1 . 9. 8 7.6 1·9 
am 30 10.3 9. 5·' 6.8 .11.8 9., 1·9 

'· pm 30 · 7.6 7·4 1·0 a • .3 7.5 8.5 
I&Y am 1 10.8 9.4 !).7 11.9 9.4 8.2 

1·9 6.8 8.9 9.3 1·9 u. 

2 I . 11.1 10.0 s.a 10.9 9.2 9·2 
' 

pm 2 I 9 • .3 1·1 1·8 1o. e· 1·9 1·1 

• • • • • • • • • - • • • • • • i • • • • 

"' 
NN ~ Not normal; in season. 
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APPENDIX IV 

EXPERI@N'r 1 

o~er the period April 22nd. to April 28th. inclusive, 

So'!J,ro~ ct. f . 88 me - - -
Between oow•paire 2 ' 157.8559 78.9279 •• 
Between treatmen\s 1 152.7931 152.7931 •• 
,rror 1 ,(Treatment 

x pairs) 2 .2842 . 1421 

Between days 6 145.2488 24. 2081 •• 
Treatment x d.ve 6 22.9447 3. 8241 •• 
m.-roa- 2. 24 21.!)862 . 8994 

, 

Periods (a.m. /p.m.) 1 43.0144 43. 0144 •• 
PeriodS x Treetmente 1 .4651 • 4651 N 

Periods x Days 6 7.4565 1. 2427 • 
Error ,'S. 34 9·3390 .2746 

•• = Sign1t1eant at the 1~ level. 

'> 

.., 

.. 
~ 

I • 



Periods. A.M. 

Oowa 
pays 1 3 

1 . 31.25 34-93 
2 28.82 33.18 

' '3 26.92 31.08 
4 27.34 30.76 
5 28.44 31.65 
6 27.75 30.28 
7 27.72 3().91 . 

sx 198.24 222.79 

• 
"" 

...., 
0\ -1\) 0 

sx2 0\ ....., 
• • 
0\ ..... - "' - 0 
,f:' ~ 

--~·---~ 

.. 

CONTROL l 

P.ll. A.M. 

5 1 3 5 2 4 

33.41 3.3.69 36.46 34.11 33.05 33-38 
32.66 ,30.19 34.04 32.69 31.96 33.87 
3Q.6o 28.79 }2.75 32.25 .J0.85 33.36 
29.86 28.68 30·93 29-49 3().04 }}.67 
2.9-77 29.36 32.61 30.20 31.96 33.85 
29.09 }0.09 32.74 29.87 26.55 32.96 
29.13 30.62 }2.57 30·39 28.95 30·39 

214.58 211.44 232.10 219.00 215 .. 36 231.48 

0\ ~ ...... 0\ 0\ ...., 
"" 

_, 0> ~ 0\ 
\0 0 - 0\ 0\ 

"" +=- Vl \0 !\) \x 
• .. • • • • 
\0 0 .r:- 0\ \Jt 

. 
0\ .. 

¥! ~ 0 ~ 
~ ..... \0 

\1t +=" 0\ 
0 0\ 1\) <» ()) 0 

- - - ------- -~·-

G = 7341877. 9681 

84 
= 87403. 3091 

Total SS = 87964.2969 - C 
= 560.9878 

~ 

" 

TREATMENT 
c 

P.ll. 
I 

. ·-· 

6 2 4 6 I 

36.95 36.58 36.09 38.}3 418.29 
35.32 33.66 34.85 36.24 397.48 
35·37 32'.61 3ll-61 36.81 386.00 
,34.67 30·33 }}.56 35.68 375.01 
36.12 33.39 35.74 37.13 390.24 
32.78 31.83 33.34 33-58 372.86 

---" -\0 
31.08 31.}8 32 .. 81 33.76 369.71 . 

242.29 229.78 241.00 251.53 2709.591 

.. ~ <» 

~ 
...., ()) \0 ....., 
\1• ~ 0 \0 ..... · Q'\ "" ~ 0 ....., 0\ 0\ • • • • • . \0 - "" •· \Jt • I\) 

\0 "" \.M Vt \0 
\0 i! "" \J\ 0\ 
\0 0\ \0 \0 

~ 
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J!a1t-e 

Cows 1 • 2 148.71 

854.82 

906.06 

Oowe 3 + 6 

Cows 5 + 4 

COY"=-

1 

3 

5 

sa tor Pair• • 157.8559 

• 

Treatmente 

Control 

Treatment (Oil•fed) 

1298.15 

1411.44 

as tor Trea ts a 152.7931 

Control Cow Treatment 

409.68 2 445.14 

454.69 . 6 493. 82 . 

4.3.3. 58 4 472.48 

1298.15 1411.44 
- - ~--- - - · ·- - - ·- --- - -~- ---· -- --~-- ---- - --- - -~- -~- --- - · -. ~---~ - - - - •--·- - ------ ---- - -- ----- · ---- --- -~ - - - ---- -- -- ·· --~-

Subclaee SS ·= 310.933~ 
Total ot ss•s 
tor Treat-

ent.s & Pa1re = 310.6490 
s~ tor T X Pr,. 
(Erz-or 1) • • 2842 

~ 

I • 

• 

' 

854.82 

948.71: I 

906.06 

2709.59 
- --- •-- -- -~-- - - ·- ---- ~---



.-... 

+ 

" 

"' 

121 . 

Days. To 

April 22 1 418. 29 
' 

23 2 397. 48 
\ 

24 ' 
\ 386. 00 

25 4 375•01 

26 s 390. 24 

27 6 ~ 372. 86 

28 7 369. 71 

as tor Days II 145e2488 

rreatment " DeB 

D 1 
. 

3 4 6 
~ 

2 5 7 

;,, 
pontrol 20). 91 191 • .58 182. 39 177. 06 182. 05 179. 82 181.34 

frreatment 214.38 205.90 203 •. 61 197· 95 a>8. 19 193.04 188. 37 

418. 29 397,48 386. 00 .375. 01 390. 24 372. 86 369. 71 
• - - -- ~- - -- - - - -- - -·---- - -~----- -~..........__1...-- ·- . 

lubclaea SS • 320. 986 

Total SS'e tor 

Tratmente & De7e • 298.0419 

T X D = 22. 9447 

\. 
I • 

1298.15 

1411.44. 

2709. 591 



... 

PAIRS X TREATMENTS X DAYS 

.CO!fTROL TREATMENTS . 
Cows 

D&7S 1 3 5 2 4 6 

1 ~ .. 64.94 71.39 67.58 69.63 69.47 75.28 ., 41 8.29 

, 

2 59.01 67.22 65.35 65.62 68.72 71.56 397.48 
Subclass 88 = 500.7128 

3 55.71 63.63 62.85 63.46 67.97 ' 72.18 . }86.00 Total SS's 
for Treat- ~ 

4 56.02 61~69 59.35 60.37 67·.23 ' 10.35 375.01· I 
! 

menta, Days, 1\J 
f\) 

Pairs, T X D • 
and T X Pr. = 479.1267 -

5 57.82 64.26 59-97 65.35 69.59 13.25 390.24 SS f'or T X 
D X Pr • • 

• (Error 2) = 21. 5861 
6 57.84 63.02 58.96 60.38 66.30 ' 66.36 372.86 

I 7 58.34 63.48 59· 52 6o.33 63.20 6ll.84 369.71 

409.68 454.89 43;3.58 445.14 . 472.48 493.82 2709.59 
-----~ 



"" 

~· 

• 

h 

" 

123. 

Bttween Pe£1948 
Periods 

A. •• 

p. u. 
1)24. 74 

1384. 85 

98 tor Period 43.0144 

~ COn,I'Ol 

A, I• 63S.6j 

p. ... 662.54 
' 

' 
1298.15 

--

Subolase SS 

1.'otal ss•e ~or 
P and T • 

Treatment 

689.13 

722.31 

1411.44 

196.2726 

195.8075 

p X 'r ::;r · •46!)1 

erloda x D!l 

~ 
-

1 2 ' 4 5 

A. Jl. 20.3.0~ 195· 81 1ea.1 a 186 • .34 191 . 79 

}) ..•. 215.26 201,67 197.82 188. 67 198.45 

418.29 397.48 386.00 375.01 390.24 

Subolaea as = 195,7197 

Total sa for 
~ P & D • 188.,2632 
I • 

PXD a 7.4565 

1.324· 74 

1384. 85 
I 

~709. 59 ] 

..... 

6 7 

181.41 ~ 78.18 1324· 74 

~91.45 ~ 91.53 1384.85 

372.66 369.71 2fi09.59 
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126. 

EXPERIMENT 1 • 

I \ 

1 ' 

\ 
\ 

ILLUSTRATION ABOVE SHOWS OREAM BEING DRAWB OFF 

PREPARATORY TO ClitJRNIBG Ill THE WARING BLENDOR (below)/. 

WARING BLENDOR AND CHURNED SAMPLES 

~ \',. 

~~ 

\ 
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1 27. 

EXPERIMENT 1. 

FILTERING MELTED BUTTER SAMPLES IN OVE N 

INDIVIDUAL SAMPLES FOR IODINE VALUE DETERUIN~1'IO, 

WERE WEIGllED ON BALANCE BELOW. 

- . ' . '·' ~ ' - ~ ' . ' . ., 

I • 

CHAINOMA TIC BALANCE 
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APPBNDI' VI. 

EXi'ERIMEN'I' 2. (June/ Jul,- 1949) 

T,Bi EFFEQT OF lNAN.I'l'ION ON THE IODINE ,VALUE OF BUT'£ERFAT. 

I~d.~~.., Ve.lues. ot evening samplings-

Oow Gow cow cow 
Date A B a D - 44.~ ~1 .• 59 . 45.77 40.14 June 30 

I July 1 40.70 41.77 45.66 40,86 

2 I 40.73 41.04 43.76 )9.48 

3 I 41.64 42.22 44.68 ------
4 I 42.22 42.52 45.95 42.27 

5 I 41.85 41.59 46.34 42.07 

6 I 42.66 44.17 45·77 41.51 

7 t 40.28 40.25 46.61 41.22 

8 I 40.39 46.l2 46.60 ~2._9l 

9 .I 40.- 7l' !l2·~ 45.98 4z.zz 
10 42,61 4.3.27 46.80 43.94 : 

11 I 41.9) 43.42 46.20 43.83 . ' 

12 ' I 4'1. 97 4.3.42 45.70 43. ·62 . 

13 I 41.06 43.09 44.72 43.98 

Iodine values ot tat actually secPeted during inanition 

are underlined in above ta'bl~. 

The e~ple from cow D on JUly 3~d. wee mieaed owing to a 

ahe4-worker inadvertently plaeing the etendard machines 

on the cow without .the testing bucket for collecting the 

ample. 

\. 

I • 
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.PPENDIX VII 

t; 

EXPERI!OOfl , 2. 

JIILK,W!IOHTS REOORDED AT BACH Ml:LKIJ!G 

FOR IJ1DlVIDJl.AL, COWS: 

(Weight given ill lbs.) 

cow ~----~~· - , . ......,...---~---~------- - ----~---·- -- - - --·----~-~-

. A · 8· c D " 
Da!e 'OQntroll 'ContJ-oll I 

June .30 8.3 14.6 6.6 9.9 

July 1 8.8 14~0 6.7 1·- •' 
t'. 

n 2 8.8 15.4 . a.o a.o .. 
• 3 8.7 12.2 1.4 -.. 4 9.1 1.2.9 s.4 11.0 . .. 

' a.s 15.8 '·" 9.0 
.. 6 8.0 11.4 6.7 15.1 

It 7 8.2 13. 4 .6.3 9·4 
.. 8 7~~:5 8.8 5·7 ~ .. 9 8.1 ~!1. 5·7 LA 
.. 10 1·1 11 .• 9 6.8 7.8 
.. 11 9.1 12.6 6.5 8.2 

.. 12 e.o 1·2.6 6.0 10.0 

.. 13 9.2 13.7 4.7 a.o 

M11k weights recorded at evenin. .l~ngs tor 

Oowe B and n during 1nan1t1on underlined in above tablv. 

\. 

'. 

• • • • • 4 • • • • • • • 
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'V 

.APPEND I 
,.. 

EXPiRIMENT ~· 
I 

IGHTS RECORDED AT EAOH MILKING 

FOR INDIVIDUAL COWS. 

(Weight given in lbs.) 

· 0Qw' 
A B D 

,;: Dat 

Jtlly 19 6,1, 13.5 '12,,0 

~ " 20 7.1 15•0 5.8 
,. 

21 7 .. 7 12.6 6.3 
n 22 8.1 12. 3' 6.4 
u 23 1·5 14.2 6.8 
.. 24 7.4 1},6 &.4 

" 25 7•5.' 12.2 9.8 

" 26 6.,6 10.6 NN6. 

" 27 8~2 ~~ 
/. 8.3 

" 28 7.1 9·5 a.s 
lt 29 1·3 12. ,,~ a. 

I • . , ,· 

" 30 ~ 11.8 8. 
. ' 

" 31 hl 11.8 8.8 
I I . 

Aug. 1 6.2 12.7 9·3 

" 2 1·3 14.9 1?.5 . 
1t 3 6.0 11.0 I' 10.0 

ilk weights record~d tor 06ws A and 

at P.J. milking& during inanition underlined in 

above table. 

I • 

~ 

• • • • • • • • • • • • • • • 
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