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GHAP'ACMTSTTCS AND UNSANjE&TED FATTT ¿.CID

COMPOSÏTÏOI{ OF COÍ,OST-P"IJ¡MAT 
"

(Abstract of Thesis)

Ia¡nberthus van den Berg, 1,i"

The composition of colostrumfat r^¡as j¡rvestigated to

deter"n'rine to r¡¡hat exbent colostrumfat differed from nornal mrï,Ikfat,

and horn¡ these differences change v¡ith the nunber of míIkings after

calving. Spectrophotonetyic nethods v¡ere used to detenn:ine Èhe

irnsaturated fatty acid content.

Colostrr¡nfat from the first nrilkings is characterized by

a higher d-egree of unsaturation, a low saponification value, a

low Reichert-l4eissl value and a low Pol-enske va1ue. The conjugated

fatty acids occur in nonnal anounts, v¡hile the contents of the non-

conjugated dienoic, tetraenoic and pentaenoic fatty acids are

unusually high. The saponification value and the Rej_chert-i{eiss1

value retum to normal- leve1 rapidly, v¡hile the ioùine value, the

Polenske value and the contents of the non-conjugated fatty acids

are not yet normal on the tenth nÉlking after calvi-ng with most

COtrüS o
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INTRODUCTTON"

colostnma is knowr to *iffer i.:r many respects from norn,lal

milk" Al-most all eonstituenüs of the r¿1lk are present j¡r abnor-mal

amounts" The proteÍn content is high, due nainly to the globulin

fraction" The ash conüent and the compositùon of the ash rrary

greatþ from the relativeþ constant values reported durÍng the

rest of the lactation period. The fat content is usuarry nomaal

(L8, 35' l+2)"

In addition to the gross conposition of colostn¡m ühe

properties of the constj-tuents the¡nserves are of int,erest. Iluch

interesti:rg research has been done on the significance of the

globulin fraction of colostrum" Fewer investi-gations have been

perfomred on the composition of the fat i¡ colostn:m al though its
composítíon is of j¡rterest because of its influence on the seasonal

variations j¡ the conposÍtion of ¡oilkfat and in the ptrysiologÍca1

process of fat synthesis in the udder" Also of i¡¡terest is the

question of whether the ner'¡born calf needs some special fatty acids

1n its diet" Recently methods have been developed rshieh make it
possible to do serial Í.nvestigations on the poly-r:nsaturated fatty

acid contents of fats and oils" $tost of these methods i¡vo1ve

absorption measurements in 'bhe ultraviolet regionn Ho¡rrever

infrared absorption specùra are also of use Ín studying uasaturated

fatty acÍds {l+7) "
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Preli¡rinary eryerÍrnents, (41) eon¿ucted i¡r thi.s laboratory

showed that colostru¡n fat eontains large amor.mts of poly-i:nsaturated

fatty acids which decrease rapidly r¿ith the number of ¡rilkings after

ca1v5ng" Tt seemed worthi.¡hi-le to investigate the matter more

thoroqhl;r, to determine if this is true generaI-ly and if so,

whether it is true for all such fatty acíds or only for certairr oneso

Ttris thesis reports the results of ttris 5-nvestigation"



Ï,ITERAT(IRE REmB'r¡I"

1" Anaþsis of nil ja¡¿t and nevrly identified fai;ty aeids,

Fornerly fats could be charaeterized by certain nr¡nbers

such as Eeichert-þieissl va1ue, Polenske value, Kirchner va1ue,

iod:Í¡e value and saponi-fication value" These tesl,s give an j¡¡dicat-

ion of the amorints of certain types of fatty acids present, for

example volatile fatty acids or unsaturated fatty acids. The

isolation of, and analysís for, i-ndividual fatty aci-ds ïras very

difficult due to technical factors, although the prineiple of the

method now in use tr¡ras r^¡ell lfiolro and easyu ft consi-sted of converù-

ing the fatty acids to the methyl- or ethylesters and distilling
them i.n vacuo with fractionating facilities, so that the fractions

do not contain more than 2 or 3 fatty acid esters" The esters cara

then be characterized by the saponification equivalent, molecular

weight and iodi¡re and thiocyanogen value"

However this ¡zrethod r,¡as improved by Hilditch and coworkers

(ZS) arta is now in use in many laboratories as a valuable tool j¡

Í-nvestigating fats and oils. Spectrophotometric analyses are conring

into use to provide additional jrrformation on the poþ-r¡nsaturated

fatty acids (8, 9, l+7) 
"

ltlith the improvement of the isolation techniques, manJr new

fatty acids were found, The poþ-unsaturated fatty acids v¡ere dj-s-

covered and fatty acids r,,rith nore than 18 carbon atoms r^¡ere isolated
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{W, L3, ZO). Unsaturated fatty acj-ds r,ri'i;h snalter chain length

than oleic (down to 10 carbon atoms) were also isolated.. So the

presence in butterfat of deeenoic, dodecenoic, tetradecenoi-c,

he:adecenoi-e, octadecadienoic ( A 9-!2, which is not 'bhe sa-me as

linoleic acid), octadecatrienoic ( A g-fZ-IJ, or ljnolenic acid)

and arachidonic ( A 5-S-1L-14, eicosatetraenoic acid) was proveno

Also vaccenic acid çÁ ff-f2, elaidic acid), once thought to be a

gror^rbh promoting fatty aeid (J2, 33) ís present Ín butter from

0"50 to o.7M (ef)"

Âlf,hough spectrophoiometric erridence exists for the

þresence of a conjugated dienoic acid, this acíd has never been

idenùified" It is not impossible that the dienoic absorption

(Z3Z rrru) is due to tv¡o conjugated double bonds i¡l a non-conjugated.

trienoic, tetraenoic or pentaenoic acid (3ó). Besid.es, spectro-

pho'bometric evidence is available for the presence of small a¡ror¡nts

of fatty acids r,rith 5 and 6 double bonds {l*5, lrZ), which have

absorption maxjrna at, 348 and 375 mu respectively"

Eecently l{ansen and Shorland (23) isolated l2.+rethyl-

tetradecanoic acid, l3-nethyl-tetradecanoic acid and l2+aethyl-

tridecanoic acid, as fj-rst proof of the occurrence of branched chai:r

fatty acids (some with an odd nr¡iøber of carbon aùoms) in mÍlkfat'

2. Norma1 coriposition of rÉIkfat and its variations duþ to feed

and season"

Before considering the compositÍon of colostn:rnfai it is
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perfi-nent to discuss the conpositi_on of normal mirkfaÈ w:lth its
usual variations due to feed. and, season.

Det'ailed analysis of some samples of ni-rkfat are re*
produced in Ta¡le f*)"

Falmitic and oleic acids are the chief component fatty
acids of butterfat. The palmitic aci-d content is more constant

than that of oleic acid" A comparison of samples 4 and 5 reveals

that pal-niti.c acid decreases from 26,7 to 24,0 mor fl, (a decrease

of about rr%) whrre olei.c acíd increases from z2,rç ro 27"7 mo,. %

{an inerease of about z3%)" The acid that balances the oreic acid

increase is largely myristic acid" ûther figures given by Hilditch

{25) indica'r,e that oleic acid content changes are mostly bala¡rced

by the lower saturated fatty acids and stearic acid" consequentry

a high iodine value i-s aeconpanied. by a low Reichert-I{eissl value,

This is aLso evident in the resur-ts of an ínvestigation of

Hilditeh and sleightholme (eg), given i.:r Table rr, and in the

results of Hansen and Shor1anA (eZ), Table III"
lhe volatile fatty acids forrn an appreciabre anorrnt of

the total fatty acids of nilkfat" Anirral depot fats either do not

contai¡ these fatty aci-ds or contain them only Ín very sma]-l amounts

{25) " Buffalo ruirkfat, (r) a¡la cow nilkfat are lcoovn: to contaj¡ the

highest amount of lor^¡er fatty acids of all nui-LkfaÌ;s lnvestigated. up

to the present ti¡ne " Hr¡nan milkfat for instance contaj_ns only a

small amount of volatile fatty acids (8),

â) All tables and graphs are contained i¡ the Âppendix.
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The differences between the analyses of Jack and

I{enderson (30) an¿ those of Hilditch and coworkers {27}, especially

remarkable Ín the oleic acÍd and palmitic acid eontents, cannot be

erçlaÍ-ned, as the origin of the fat irrvestigated by Jack and.

Henderson is not k31ow1. The oleic acid content, however is so low

that the fat must have been obtai¡red under unusual feeding

cj-rc¡:mstancesn Compared with the sample 4, having also a l-ow oleic

acid content, the differences in oleic acid contents seem to be

balanced mainly in the larrie and myristic acid contents, and only

to a srnall exbent in the pal.mitic and stearic acid contents"

The monoenoic r¡rsaturated fatty acids, r^r:ith 10 to 16

carbon atoms, form a consi-derable part of the total unsaturated

acids (3 to 6% by weight or 3 to / mol ',6 of the total fatty acids).

The eontents seem to be a little higher when the ol-eic acid i-s low

and vice versao The resrrlts show clearly that it is not very

accurate to calculate the amount of monoenoic acids as oleic acid"

The real monoenoic acid content must then be I to 3% lo¡¡er than

calcrrlated r^¡hi-Le the content of oleic acid is 3 to 6Ø lower than

the true content of monoenoic acids"

As far as the differenees between r,¡i¡ter fat and spring

and sumner fat are concerned, Hitditch {250 26) pointed out that

this carurot be due to change i¡ feed only. The compositi-on of the

w'j-nter feed of hay and silage did not differ fron the cornposition

of the pasture feed" Therefore the ùifferences in the fatty acid
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composition must be due to some other factors, for example the

temperature or the freedom of movement"

The ingestion of oils and fats can have an i:tfluence on

the composition of milkfat. Oils and fats r,v-ith a high degree of

unsaturation i¡rcrease the amount of oleic acid in milkfat. The

specifi-c unsaturated faity acids of the oj-1s do not appear in the

nilkfat (for exarnple linoleic and Ii¡olen:ic acid from linseed oi1

and soyabean-cake (25, 36)) or only to a small exbent (erucic acid.

from rape oiJ, C2g and Cr, unsatura'bed eeids from codliver oil),
Cottonseea (tfre oiL of which contai¡rs majnLy palmitic, oleic and

linoleic acids) does not give a high content of these acicls in the

fat of buffalo milk (1)u OD the other hand eoconut oiI (taUfe ff)
and paLm kernel oil, both rich i¡ mJrristic and lauric acid,

definiteþ j¡rcrease the contents of these acids i:r ni-ilkfat (25) 
"

&rith and Dastur (cited from 2J) studied the effect of

fasting on the composition of nilkfat" The oleie acid i¡creased

fror¿ 30"5 to 50.1 moJ- %, v¡hile the but;rric acid content decreased

from 9.7 to 3,5 mo].',4. .Llso bhe eontent of the other 'loruer

saturated fatty acids decreased, whi-Ie the stearic acid content

i¡creased" In general the m:i-Ikfaì; secreted durÍng fasting reseurbLed

more closeþ the depot fats of the cor,tru

The variations i¿r the fatty acid compositj-on due to seasoa

were j-nvestigated. by l{ansen and ShorJ.and (ZZ}, They took sarnples

at truo months i¡tervals from a creaJnery j-a a district in rvtrieh more



-8-

LtÊn 85Ø of the cows 'ûrere Jerseys" The nirkj¡¡g season starLs in
July ín New zealand. The cows are the whole year on the pasture,

The poorest pasture condi-tions occur j¡ March" some of their
results are given i.n Tabl_e fTI. The C, ,o ,r, fractions (lower

saturated fatty acids) reacted strongþ on the season as well as

the ioòine value. consequently the Reichert-tr{eissl rrarue and the

Ctt unsaturated fatty acids content respectively naried i¡ the same

tri,ay. The palmitic aci-d content was very constant" The highest

iodjle r¡alue r,r¡as found. i-:e sprjrrg, the ti¡re r,,rith the poorest pasture

conditions" The fat, tended to have the same composition as the fat
obtai¡red by the fasting e>perÍment of snith and Dastur referred to

above"

In other investigations, dealing r,'rith seasonal variations,

speetrophotometric methods r.¡ere used. and consequently, only the

amounts of unsaturated fatty acids identified. accordi¡g to the

nr:nber of double bonds T¡rere reporbed.

schaffer and tlolm (43) aete:rnined. the absorption of milk-

fat at 232 aa and 268 mu after isomerization in eilrylene-glycor-

potassium hydrorlde solutions and calculat,ed the amount of dienoic

and trienoic acids present. They did not correct for absorption

before isomerization, nor for i-rrerevant absorption" They found a

dienoic acid content of z"rre 2,11 and 2.h2,4 in pasteurized winter,

spring, and s¡:m¡ner butter respectiveþ, The trienoic acid content

was i¡ the same order L29, 1,20 and I"O%"
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Matson (36) fowd that surrrrner pasture butterfat contai-ned.

a higher amount of conjugated dienoic acid than rrånter butterfat

(0,1 to 3,7fr and 0"6 to l"l+% respeetively), There r¡as not a clear

seasonal variation i-n the non-conjugated fatty acids contents" The

non-conjugated dienoic aci-d content varied from 0"8 tø Z"ffi, while

the non-conjugated trienoic acid content varied from 0"7 to z.tfru

Therefore the seasonaL variations of the total dienoic acids

(conjqgated plus non-conjugat,ed) is i¡r agreement with the result of

Schaffer and l{olm" Lembke and Kaufmann (31+} also found an incz.ease

of Í;he dienoic and trienoic acicts j¡ surmter, compared rrrith 'bhe

¡rånter,

The seasonal variations in the wrsaturated fatty acÍds j-n

New Zealand as estfunat,ed by spectrophotometri c methods were reporied

by l{cÐoruelI (37) o He ealeulated the oleic acirl conten'b from the

spec'brophotometric analyses and the iodine value as suggested by

I,l-itchell et- aL (341" As staüed before, th-is cloes not give too

relj-able figures, because of the presence of other monoenoic acids

r'¡"ith srnal ler molecular weights. The results are reproduced in

lable TV, The variation i¡ iodÍne value is in accord with the re-

sults of Hansen and Shorlana (taU1e Tfï). ûnlJr the oleic acid and

the conjugated dienoic fatty acid contents showed a defjnite trend

j-n relation to the season, positively comelated with the ioùine

value. The other unsaturated fatty acj-ds varied irregrrlarþ.

Someluhat different from bhe results of l{eDorrell are those
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of shorland (44) u He compared 'the dienoic and tri-enoic acid

contents of two samples of butterfat and founds

Dienoie acid Trienoi-c acid.

Conjugated Non-conjugated Conjugated Non-conjugatedGhurn date

June 28, 1948

March 24, L9l+9

r"31

0,51

r,27

h.63

trace

"05

3"W

2,83

The conjugated dienoic aci.d content for t{arch is half as

much as the content reported by McDowel1, whire the non-conjugated

dienoic and trienoic values are unusualry high" Ttris may be due to
individual variatÍons 

"

Snith and Jack (47) stueied seasonal variatÍons in
california. They for:nd a seasonar variation in the conjugaùed

dienoj.c acid content onJ¡r, it being the highest in July and August.

The content of the other acids varied considerabþ, but not

regularly. This is jn agreement w-ith the results of the other

Ínvestigators already nenti-oned, The average values for conjugated

dienoic, trienoic and tetraenoic acids rn¡ere 0,89, o"oz anð, o.oJfi,

while those for the non-conjugated acids were ruL5r 0.s3 and o,35%,

respectively.

It nust be kept in mind that vari.ations due to süage of

lactation and the seasonal variations occur together and are hard

to distjngu-ish" Generally speaking most cows are i¡ earþ or m:iddle
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lactation perÍod in the months of July and "{ugust, This inay account

parbly for the differences between winter and sutr¡ner fat.

The investigations of Holland et al- (2t) give some

i¡rdieation of the di-fferences between the fatíy acid compositj.on of

nil.kfat of different breeds and the variations due to stage of

lactatÍon" They for:nd that Jersey mi-tkfat contaÍned srnaller amounts

of the lorr¡ molecular and high nolecular fatty acids, but more of the

medirrm molecular weight (tg to Crr) saturated fatty acid.s and more

of'Lhe unsaturated fatty acids than Holstein cows did., During the

stage of lactation there is a marked increase j¡ the content of

higher saturated fatty acÍds.

Also noteworthy in this respeet are the j:rvestigations of

Bartley g[ g!" (10) on the iodine r¡alue and thÍoc¡ranogen value and

of Taha and Kalib (48) on the iodi¡re value of the rdlkfat during

the lactation period.

BarLley and cor"¡orkers (tO) found thai; the m:ilkfat fro¡n

cows kept j¡ the barn had a high iodine value j¡ the first month,

wf¡ich dropped slor.rly to a mjrrimum in the fourbh and fifth month"

&rþ poor nilk producers were able to maintain a hlgh iodine value.

The li¡oleic acid cont,ent, as ealcul-ated from the thiocyanogen

values did not vary much. If the cows r.¡ere trar¡sfered to the past-

ure in the earþ lactation period, the iodi¡re value did not change,

apparently because it r,,ras already hi-gh" If transfered in the

middJ.e or late lactation period however, the íodine value increased,
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Taha and Katib (48) stu¿ied. the variations of the

Reichert-Meissl value and of the iodi-ne value at two week i¡rtervals

dur"ing the whole laetation period. There are large variations in

sample to sample detenninations of both values. The first sarnple

after calving had a 1ow Reichert-i4eissl varue and a tr-igh iod,i.i:e

value' overbhe whole lactation perÍod there was a tendency of the

Reicherü-Ìt[eiss]- value to increase, r+hiIe at the sa¡re tjme the j-odine

value tended to decrease. Ttre Folensl<e value did not chanee much"

3. The composition of colostrumfat.

Detailed analyses of cow colostrum ndlkfai; were reported

by Baldr^rin and. Iongenecker (p) and ¡trnantakrishnan et al. (luÐ,

The forrner investigators ni:i:ced the n'iilk of the first four

days after calving and investigated the fat according to bhe metþl-

ester fractionating technique, using spectrophotometric methods for

the poly-unsaturated fatty acids. TLre cows rùere fed grass-clover

hay, cornsi-lage and grain during two months before ca.lving. Their

results are reprodueed i-n Tal¡le V, together with the results of

Anantakrishnan ejb_ a.L" (Lß) " The latter j-nvestigators took the ¡rjl-k

of 6 conb of 4 different Indian breeds " They mi:ced morni.:rg and

evening nilk and investigated the nilkfat frorn i¡dividual cows for

physical properties" For the detailed fatty acid composition ihe

milkfat of the 6 corss of the sa"rle d.ays were rni-:<ed." The cows were fed

on a diet of l'¡hea'r,bran, groundnutcake, grairùrush and grain before

caluing" 'Ihe grailhush was dropped a few weeks before calving,
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while crude cane sugar and green grass was added a few days after

calvirrg" The physical properties of all- the individual milkfats

showed exactly the sa¡re variations r.rj-th days after calvjlg,

Therefore the values of the n:L.ced samples only are reporLed. jrr

Table V"

The results of Baldwin and l,ongenecker and .Anantakrishnan

et aI" agree qualitativeLy. Cornpared with normal rnilkfat (tafte t)

there are large dj-fferences in composition. ivlost remarkable are

the low butyrie acid and caproic acid contents and the larger amounts

of palnr:itic acido stearic acid, oleic acid and poly-unsaturated fatty

acids present. Correlated with these contents are a Iow saponific-

ation value, a low Reicherb-Meissl value, a lorv Polenske vafue and

a high ioùine value" The differenees with normal m-ilk disappeared

in 4 or ! days" I:r the resul-ts of Ánantakrishnan g[ g!. the pa'lmitic

acid, stearic aci-d and oleic acid contents decrease fron the first

to the tenth day" Tt¡-i.s decrease j-s balanced by the fai;ty acids

with less than 18 carbon atoms, the contents of nearl-y aIL of which

i-ncrease,

T-n general earþ colostrumfat shov¡s si¡r:ilarities to

ruilkfat obtaj¡ed after fasting, Both tend to beeome sjmi-Lar to the

cow depotfat. Horvever while under fasting conditj-ons, it may be

supposed that part of the depotfat is used for the production of

milkfat, th-1s is not so evident for the colostru:¡tfat, because the

eo¡¡ has its nornal diet. Ûne hypothesis has been put fon+ard that
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oleic acid is dissi-¡uilated in metabolic þrocesses and that the

inter¡rediates, being lor,¡er unsaturated. fatty acids (Cn, to CrU) and

especialþ the lolr¡er satrrated fatty acid.s (C4 to Cg) are taken up

in the gþceride structures and so protected from any furbher

breakdor¡nn Because there j-s a low fat production i¡snediately after

calving and also dur5ng fasting, oleic acid is broken dov'm more

completely; this mearls there are fern¡er lower acids present to go

j.nto the glycerS-de structuren l{orn¡ever nothj-rag i-s proven i¡ this

respect, This is refevred to again in the rtDiseussionrru

Anantakrishnan and coworkers (4) also studied the colostrun-

fat of buffaloes, kept under simif¿¡ feeding conditions as the colrs,

as mentioned before" Buffa.lo colostn¡nfat showed the same

characteristies as corr colostrumfat, except for the palm:.itic acid

eontent, which jncreased sharply the first days after calving" This

is balanced by a smal-Ler i¡rcrease i¡l the lower saturated acids

content and a large decrease in the stearic acíd content" Ttre olej-c

acid content also dropped aporeciabþ"

Baldr^¡in and T,ongenecker (8) i¡vestigated human milkfat"

It differed from cow rn:ilkfat i¡i having a very 1or'r butyric acid

content. The nril-kfat from the first days after birth ùi-d not change

much fron norual nilkfai;. The stearic acid content Ì"Ias a ]-ittle

higher, the ulyrísiic and lauric acid contents were a Llttle Lowen

than j.n mature railkfat. Of the unsaturated fatty acids on'ly the

tetraenoic acid. r,.Ias present in large a¡rount,s" The oleic acÍd content
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l+" Spectrophotometric analysis of fatty acidsn

The quanti-tative deter¡aLrati-on of pory-.unsaturated fatty
acids by spectroscopic methods vlas developed only recently and was

put for".uard for the first time by }LitchelJ. e!- g!, :r1 L943 (:S1"

Tt ¡¡as well isror,nn (12) trrat the conjugated dorrble bonds

ín fai;t'y acids have strong absorption in the ultra-violet region,

dependi-ng on the number of double bonds. Horo¡ever, most of the

naturalJ-y occuryÍ¡g poly-unsaturated fatty acid_s are non-conjugated

fatty acids, w-ith no speeific absorptÍon bands" Therefore it is
necessary to eonvert these acids quantitatively bo conjugated fatty
acids "

i,Ioore (3ç) r.¡as the first investigai;or who discovered Ì;hat

the absorption of plantfats aL 232 mu and 270 nu increased remarkably

if heated ¡v:ith alkali. Fats that had already a high absozption at

these r+avelengths did. not get a much higher one. This proved that

conjugated fatty acj.ds r,¡ith two and three double bonds were foryned

from other fatty aeids durirrg this treatment, which were evidently

the corresponding non-conjugated fatty acids"

Mritchell g! aL" (38) use¿ this as a basis for a quantitative

method for non-conjugated fatty acj-ds, As standards they used

linoleic and linolenic acÍd, obtained from natural- sources by the

bromination*d.ebroi¡r-inatíon technique" The etkryl esùers of these
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acids v¡ere heated in a ethylene glycol-potassium hyclroxid-e solution

i¡¡ an oilbath at 180oC" The ethylene g1ycol solution r.¡as 1"3 N

w'ith respect to potassiu:n hydroxide, The effect of heating tÍme on

the conversion of these non-conjugated faLty acj-d esters to their

conjugated isomers was stud-ied firstu For j-nstance the absorptÌ-on

of linoleíc aeid at 231+ nu rapidly i¡rcreased in the first'20

n,i¡utes and then Leveled- off to a nearþ constant value" The

absorption of Ii¡olenic acid aL 231+ mu and 2.68 mu j¡creased rapidþ

with the heating time to a maximum, n'hich r¡¡a.s reached- ai: 1l nrinutes,

a"fter which it d.ecreased. slightly" They chose therefore as a stand-

ard tirne 2l rr-inuies " The absorption coefficients produced under these

circu¡nstances are given in Table VI" The li-nolenic acj-d content can

be calcul¿,ted from the absorption a'i; 268 mu, if no other acids that

absorb at this wa.veiength are present" The linoleic acid content

cen be computed frora the absorpl,ion aL 234 rnu-, a.fter this has been

corrected for the absorption of the U-nolenic acid. present"

Triith the sa¡ne method Bea.dly and Kraybil-l (LL) measured the

specific absorption of a non-conjugated tetraenoie acid, arachidonic

aci-d" Their resuLts can also be found i¡ Table jfl"

Baldw-j¡ and Daubert (7) checked the method for synthetic

glycerides and fotu'ld it satisfact,ory" It is advisable to be very

careful in handlj-::g the fat for spectrophotometr"ie determinations,

as their statement shov¡s that rrour e4lerience has indica.ted that

nanipula.tion of gþceri-cl.es contain-i¡lg these unsaturated acirls in the
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presence of air tends to i¡rcrea.se the conjugated doubie bond

materialrr"

The nethod t"¡as retested- and improved by Brice et alr'

(14, 16) " First of all the¡r 1,e6¡ into consideration the presence

of conjugated fatty acids i¡ the original materj-al" Threy made a

correction as v¡el1 for irrelevant absorption d.ue to the presence

of other absorbing material (backgrourd absorpi;ion), A correction

rtras also made for the absorption of the carbonyl groups present.

The isomerization solution of eth;rlene glycol-potassirmr

hydroxid.e rnns abandoned by them, maÍnly because of the irregular

blank absorption due to o)Vgen j¡fluence" They usecl j¡rstee.d an

1J"Ø potassiuro llydroxld-e gl]'cero1 solu-tj"on" The i¡rfl-uence of the

heating tine ¡,¡as studied r¡ith sim:ilar results as those of liitchell

g[ g!" The optirnuru ti¡¿e v¡as 45 m:i¡rutes" I{oruever, because they

r¡a.nted to use the results of Beadly and Kraybill (11) for arachidonic

acid, they chose 30 ni¡ruùes which had about the same effect as 25

ninutes heating in ethylene glycol4otassirrrn hydroxide. Their

results are also reproCtuced j¡ Table VI" From thei-r results they

derived forntulae for the calculation of the amoqnts of polJ-

w¡saturated fatty acids in fatty materialso As to the value of the

method they stated.: rfThe accura.cy of the method i.s probably not

as Ìr-Lgh as the reproducibí1ity" Factors contributing to the

u¡certajnty of the resuf-ts incJ.u.de irperfections i¡l the correctÍons

for interfering constituents, Íncotrylete identification
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of åmpurities in the standards used and the possi-ble presence in

some samples of iso¡ners having conjugation rates different from

those of the standards" It Ís congervatively estimated that the

errors of the method are within IVÃ of the quantity present, when

that quantity is near LA%i {25% when that quantity is near lfi;

and that the resul-ts are at least correct in order of magnitude,

when the quantity present is L% or J-essrt"

Or0onnor et al, (40) moeified the etlrylene glycol

potassitun hydroxide technique by blanketing the reagent with nÍtrogen

during the preparation and isomerization. This resulted in a h:igher,

nore reproducible transparancy of the medium" This modifÍed method

was accepted by the spectroscopy conin-ittee of the .American 0i1

Chemi-sts Society as a recon¡rnended method (5) " However blanketing

should not make nueh d.ifferenceu The isomerization solution is

prepared and used near the boillng poÍnt of the liquid so that it is

al¡,lays bla:rketed by its own vapor' Therefore Brice and cot¡rorkers

(15) coufd report later that there ï,as not much real difference wj-th

or w'ithout the use of nÍtrogen"

Reeently the results of a thorough investigation of

spectrophotometric methods was published by Brice et aI" (15)"

Cerbain ùiscrepancies had developed v¡hen using the spectrophotonetric

nethod on certain oils and fats" Strong evidence existed that this

raras partly due to the occurrence of geonetric isomerie fatty acids
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that do not have identical isomerizatÍon rates and therefore gave

rise to unequal absorption after isomerízatíon" The fatty acids

isolated and purified by the brorrination-debromj:ration technÍque

r4rere especially suspect in this respeet, compared with the natural

fatty acids, because these cheurical methods of isolation read:ily

ehange the geometrical confi-guration,

Therefore their niain objective was to standardi-ze i..}:re

noethod ¡'rith natural fatty acids. These fatty acids were isolated

frc'm naturaL sourees by physical procedures such as chromatography

and fractional crystallization,

In addition to a compari-son of both t¡rpes of acids,

conrparisons were nade between different methods of isomTerization:

âo The ethylene gþcol-potassium hydroxide method tor 25 and 45

ni¡utes with or lrithout bla.nketi¡g r,':ith nitrogen;

bu The glycerol-potassirln hydroxide method for 30 and 45 ni¡rutes.

The best method proved to be the glycerol-potassirm krydroxide-{5

minute one follovied by the ettrylene gþcol-potassium hydroxide-h5

ni"nute nrethod. Horrrever both gave satisfactory results if standard-

ízed procedure and calculatÍons r^rere adhered to rÍgid.Iy" Some of

their results are given i-n Tables \E and VIf"

Herb and Riæenschneider (24) studied the effect of

isomerization proeedures on the absorption of poJy-irnsaturaùed fatty

acids up to and Íncludi¡g 5 double bondsu They foirnd that an
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ethylene glycoI, 2r'ffi potassirm hydroxlde-nitrogend5 n-inute

method gives a more accurate esti¡ate of the more unsaturated fatty
acids, due to increased absorytion (2 to 3 tlnes as high) " some of

theÍr results are aLso includ.ed i.n Table \Il.

Fror¿ ühe resu-Lts i¡ Tabre v-J it can be concluded that a

difference i¡a absorpÈion after isomerization exlsts between natural

fatty acids and fatty acids, isolated r¿ith the broslination-

debrorrlnation techn:iqueso Ïlenee iù is advisable to standardize i;he

method r,rrith natural fatty aeids "

The results i-n Table lll indicate as r^¡elt the i.nfluence of

the alkali concentration and isomerization ti-ne on absorrot,j.on,
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The roj-Lk samples n¡ere obtained fro¡n eows of the purebred

flolstein herd of the University of I'Ianitoba during the period June

to December L954"

Two quart samples were taken frorn every milking after

calving, usually up to and j.¡rcluding the 10th m:ilking" The fat

content of the miJ-k v¡as detenai¡red and the sampLes l'rrere placed Ín

the cooler overni-ghto The núlk rn¡as skjmmed as conpletely as

possible and the resulti:rg cream churned in glass boËt-l-es, The

butter rn¡as melted and the fat filtered at h5o1. ûre or more samples

were taken a few weeks after calvl.rg for comparison" This sample

l¡Jas a nrixed sample from evening and morning loilk.

The fat content l,¡as estjsated by the official Babcock

test (2).

The Rej-eherbdeissl, Polenske, saponification and iodine

value deteryú¡ations rrere perforued as described j¡r the offícÍal

methods of the AoOuA.Cn (6). The poly-unsaturated fatty acid contents

were esti¡nated according to the original BrÍce et alu method (14),

using the isomerization technique of liiteheIl et a1-. (38) " Tir:is

method has been used in this laboratory so the results n:ight be

eomparable rrrith those of McDoweLL (37), who used the same procedure

after finding the glycerol-potassiun hydroxj-de not practical in

handling" In the light of the recent i.:avestigation of Brice and

coworkers if5) tt" method itseLf is useful and satisfactory" T?¡e
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for:nulae used for the calculations of the concentrations are also

the same a,s given i,n the original paper (14.) " These were i¡ use i¡

this laboratory at the tjme the projeet started" These formulae

are sj.ruilar to the new ones, based on ne,tural fatty acids i15)' A

eomparison of these forsnulae in Tab1e IIJI r,¡ith those given below

inclicates that the results v¡ill not show large differences. To give

some idea of the ùifferences involved, the resr¡lts for cows na.7

and I are calculated by both sets of formulae (Table XiI and ñn) 
"

The absorpti-on of the conjugated fatty acids rr¡as ¡neasured

as follot^Is:

0.1 gram fat rras dissolved i¡ 200 mJ.. petroler:m ether and spectro-

photometric readings made aL 2j2, 262, 268e 271+, 3LO, 3L6 and 322

lnf,u The speci-fic absorption coefficients were ca,lculated for each

vravelength:

etc, wherein

optical density.

eonceniration jn gralns per liter'

i¡side w:idth of the a.bsorption eeIL"

specific absorption coeffieient KZ3Z =

D^^^1t¿
ôc.t

Ðz3z

rr

I

The j-somerization rnras carried out as described by Mitche]-l

and coworkers (38)" The isomerization solution uas prepared by

dissolvi¡B 7"5 gra,rn high grade potassium hydroxide in 100 r[L' ethylene

Bl].coln The solution uas heated. to 18OoC" and kept at this
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temperature for 30 seconds and cooled. The j-somerization Þrocedure

as directed by lvfitcheLl e-L a]-" Íss

ttl'riei-gh out accuratery about 0'J- gram fat or fatty acids j-nto a

snal-I viar of the type used for iodine nunber deterudnations. Add

10 ml, of the alkali¡e glyco1 reagent with a pipet to a 15 x 2,5

{6 x I inch) test tube j:r an oilbath at 180oc" cover the tube with

a loosely fitting glass stop. The tubes shoui-d aluays be imnersed

in the bath to a constant depth. InJhen the temperature of the reagent

in the test tube has reached 180oc. drop i-n the vj-ar contai¡jng the

fat sarnple. Sr,¡irl the tube three ti-mes at I rrinute j¡tervals to

mix the fat with the glycol solution" At the end of 25 nri¡rut,es

remove the tube and cool rapidly under the tap" Transfer the

contents of the tube quantitatively lo a 25o ml" volumetric flask, us-

ing ethanol to wash out the tube and dilute to volume tq¿bh 99%

alcohol.

ttAllor^¡ the samples to stand in a refrigerator for 5 or ó hours or

overnight" At the end of this time, material removed from the glass

by the hot alkalj-ne solution will have been precipi-tated" Bring the

solution in the volmetrie flask to room temperature and filter a

i¡ortion of the solution" Make proper dilutions for absoription

measurements using jffi al:ohoJ-.

trft is necessary to carry a bl-ank solution, consistj¡g of alkaline

glycol, throughout the '.ulro1e of the procedure, including dilutions,

for use i¡ the solvent ce'ì'ltr"
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fueetrophotometric measurements r.¡ere made on the r:ndj-Iuted

solutions at J10, 316 and j22 ma" The solutÍons were diluted 5

times for measurements at, 2J2, 262, 268 and 27h m.o" For all uave-

lengths the specific absorption coefficients were calculated

{Ktz32 etc.), and corrected for irrelevant absorption (K, etc").

For conjugated fatty acids the foIlol^¡ing formulae were

used (C2 etc, bei¡g the contents :n % by weight):

K2 = Kz3z- g.o7; C) = 100K2 ;-t1g-

IV = 2"8 (oro* - È (r.rr, / t< z7ì); a3 = *j" ;

cL s 100K¿ o

220

The non-conjuga.ted fatty acids were calculated as follorvs

(Ct, Ue:.rcg the contents :n'fr by weight)3

Kt2 = KIZ3Z-Or3,

Kt3 = 4,1 (Knz6g - å (t ' 262 / n, 
z?b)) - K¡

Kr¿u æ zr5 {K'3t6-È (ur3ro /n'rrr)) -KA

K4 e 2"5$rr, =å(K3ro/Krrr));



*25*

CtZ æ L"f.25KuZ- L"27 gs 
3 I o'ol+ xt 

U

Ct3 a t"87 Kr3 - l+.h3 K'h

Ct h : l+'43 Kl b

The content of non-conjugated pentaenoic aci-d was

approxi:nated from measurements at 3!+2, 348 and 354 mu, using data

from l{erb and RienenschneÍder (21ù for isomerization under sj-:nílar

circumsta¡aces, Results are only available for cows 5, 6, 7 and 8.

The absorption at 232, 268 and 316 r,¡as not corrected for the

presence of pentaenoj-c aeid because of lack of exact data. The

amounì;s of non-conjugated dienoic, trienoic and tetz'aenoic acids

therefore are smaller than calculated, especially the tetraenoic,

v¡trich may be up to 5tr6 too high"

The a¡roun'bs.of acj-ds are given as f" of the whoLe fat"

The arnou¡rts of the other unsaturated fat'by acids, chiefly oleic,

were caLculat,ed from the iodine value of the fat and those of the

fatty acids and reported as t¡monoenoíc¡t aeid. The z'eal amounts of

monoenoic acids are lower, due to the presence of lor¡¡er unsaturated

faity acids, with consequentþ a higher iod.i-ne value" As stated

in the litera'ture review, the amount of monoenoic acid is L fo Jf"

lower than the value, reported as lrmonoeiloicrr acid, wh-ile the oleic

aciC content is 3 Lo 7iÅ loruer than the true monoenoic acid con'benf;"



The folIor.¡:i¡g fomiula can be used

Ø thronoenoictt acid-s s

ï"v"far *(cz/c'2)181"03 -ßa/ct i273.5a-(cf/Ct ù333 "5O x 100

89,87
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Some particulars of the eight coTdse the colostnnrfat of.

rvhich r¡¡as investigated, are given in Table vrrr" The cows were

not selected for any speci.a'r characteris-bics, but were ehosen u¡Iren

they calved at a convenient time. The eight cor¡¡s fal_l into two

groups, namely the cows that calved duri-ng the sur¡mer months and

the eor,rrs that calved during the wi_nter months, Both groups i.ncrude

a heifer (nunbers h and l) ' rn su¡r¡ner the cor¡¡s were us'ar_ry taken
into the barn a few days before calving" sucrcling was ri¡nited as

far as possible"

The results of üre analyses are given i-n Tables rx to ,TW

i¡rclusive. The same results are reproduced in Graphs r to ,TIrr

incrusi-ve" Table xFJr and Graphs rtrJr and xyTrr contain the average

values for all the cows, as ¡¡erl as for both seasonar groups; these

average vaLues are eompared at the bottom of the Tables vrith average

values of the ¡riIk of the who.re herd for the months November"

Ðecember and January and. June, July and r\ugust.

The anaryses of variance of i;he first 10 nÍtkings are

reported i¡ Tables Ex to Ðn[r inclusive" rr the cases i¡ which

the F test for nr-ilkings was significant, regressi.on coeffici ents

were calculated. The regression formulae are also given i:r these

Tables,
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Obviousl¡r the mai¡r poinf of interest is the answer to the

questÍon rtls there any general trend of changing composition in

colostrumfat after calving? tt 
"

It is anticipated that there vrjl-l be differences betv¡een

inditridual cows as well- e.s between sunmer feedÍ-ng and u'i¡¡ter feeding.

TabLes EX to ÐilIJ show that this is reaIly the case for nearL]' each

constituent and eonstant determined.. Too much significance hov¡ever

must not be attached to the seasonal influence. Although the cov¡s

were selected at random i¡r rrjnter as r'¡elL as i¡r suiïaerå as the¡'

ca,lved at a convenient time, the number of cows in each group is in

itself too snall to represent an unbiased esti¡rate of the seasonal

population. Hor.¡erer the fact that the averages for the stmer calv-

i-ng group and for the r^¡'inter calving group in general shov¡ differences

similar to no¡ura1 seasonal variations (Tables X\IJI and X\[II)

i¡dicates that the differences are at least partly seasonaL.

Another point of interest would be the differences between

heifers and older cows. The nü¡nber of corqs and heifers hov¡ever ï,as

too snal1 to pernr-it stati-stj-cal work j¡ this respect. ComparÍng the

results of the heifers (nunrbers { and 7) with the results of the

other eolls reveals no marked differences"

Consequently we can restrict ourselves j.¡r this discussion

to the variations d.ue to the nunber of railJ<i¡gs after calving"
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Fortr¡nately we are able to compare our results w'iÈh the results of

a si¡nilar r:npubI5-shed investigation on the ¡nåIk of the whole herd"

These, for the last year that they r,,'ere obtained, are reproduced

in lab1e X\ruïI"

Tn the first place there seem to be sorne constituents and

constants of colostrr¡n fat that are not dependenü on the number of

ni-lkings after eaIui.:og" These are the fat content of the col-ostn¡m

(which is in accordance with the literature), the contents of the

conjugated fatty acids, the non-conjugated trienoic acid and the

Polenske value" The conjugated dienoie acid content tends to in-

crease slightly after ealving, although in summer this increase

occurs only after a ninimu¡n at about the fifth mi-llcing (see

Table XVïï)u The Polenske value is very Lov¡ and tends to decrease

after calving" It poi.nts to a low content of volatíle water-

insoluble fatty aci-ds during an e:rtended period, rnrhen the colostrunfat

is already normal again i.:r nany respects.

The constants and constituents, that have a d:ifferent iralue

and concentration in colostru¡fat are the i-odine value (and therefore

also rhonoenoic¡t and total- unsaturated fatty acids), the saponifie-

ation value, the Reichert-HeÍssl value and the contents of non-

conjugated. dienoic and tetraenoic acids.

Duri¡g the first ten milkings, the ReicherL-Meissl value

a¡rd the saponj-fication value show a quadratÍc regression with the

number of m:ilkings, the other values and concentrations a lj¡rear
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regressioa,

As all the graphs show, the ReieherL44eissl values and

the saponi-fication ¡¡arues are closely correlated, except i-n such

cases where there is an unusually large change in the tota.l

unsaturated fatty acids conüent, while at the same time the

Reicherb-i,Ieiss1 value does not change (of cow 5¡ nilking 2 and g) 
"

usually the Reichert-lneissl value decreases when the total un-

saturated fatty acids content increases (of cow 1, milking tro; 3,

ndlking h9/5O; 4, rn-1lking 10; 6, ni].king 8, and 7, milking 9) "

The Reicherb-Meissl varues i¡rcrease up to as much as Lotrt|

or more durirg the first ten n_ilkings, Índependently of how the

iodi::e va-lue changes, The j¡rcreases in the Reichert-l{ei-ss1 values

are more regular and larger for the r^rjnter coÍ¡s, than for the sr¡mmer

COWSo

The saponification r¡alue varies with the amounts of fatty
acids of different chaj-n length present " usually it shoiçs a trenci.

sjmil-ar to t'hat of the Reichert-Meissl value, r¡¡hích is a measure of

shorL chajn fatty aci-d content" The high saponification value for

cow 1, niilking 5 Lo 7, musù be due to a large amorrnt of non-

volatile short chai¡ fatty acids, v¡Lrile on the other hand the

slight decrease in saponification value for cow 4, nrilking ! to 10

musi come from a large amori:rt of long chai¡r saturated fatty acids

as palmìtic and stearie, because the Beichert-Ìvieissl value is jn-

creasing end the to'bal unsaturated fatty acids content is decreasirrg,
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The saponification values for cows L, Z, t+s 7 and. g are

below the herd values, while the ReicherL-Meissl values are well
above the herd values for the 8th, gth and. roth ruirking. Ttr:is

means that i;he medirn morecr:-lar weíght fatty acids are present on_ïy

in relatively sma11 amountso

For the najority of the cows the Íodine value increases

during t'he first days after carvi:rgu The surnmer coïrs, except &e

especially show regular i:lcreases" Table Jffi shows that there i.s a

significant linear regression for î;he average values, as ean also

be seen from-Table x\r[r and Graph xwrr" The iodine varue for most

cot{s seems to approach a r¡axi-mum value at the end of the 5th rtriJk_

5¡lg. ï:: winter as r,¡eI1 as in summer, the averages are above the

herd values, However the ind.ividual variations are rarge r,rithin

each group. They seem to be more inportant than the j¡rfruence of

season or feed"

The increase i¡ the iodi'e var-ues duri'g the first 5 days

after calvíng rn¡as not found by *nantakrishnan et ar" (3) whose

resulì;s have been reproduced in Table V" IIe found a d.ecrease for
coh¡s as well as for buffatoes (4)o our results agree with those of

Taha et al. (441 
"

The non-conjugated dienoic acid content of colostrunfat

is much higher than nomnl" rt decreases slowly, but Ín most cases

the normal content l^¡as not J-et reached at the lOth nr_ilking" The

concentraiion varies from milking to milking. The corqgosi-tion of
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the feed may have some influence on these variat'ions.

The most remarl<able difference betnreen colostnmfat and

nonnal ¡irilkfat is for:nd i:r the content of non-conjugated tetraenoic

fatty aeids. I,'¡ithout an¡¡ exception a¡rd lrj-thout much i-:nterference

from normal daily variations, the content of non-conjugated

tetraenoic fatty acids decreases from the first, to the 10th milkjrrg'

The j¡itial value is up to 5 tj:nes the norual herd average.

The sane holds for the content of non-conjugated penta-

enoic acids (Ta¡Ies Ð1I to X\If , Graphs fX, )ü, XIII, and XV) " TLre

penbaenoic acid content is afuiost exactty 5VÃ of the content of

tetraenoic fatty aci.dsn

Except for ihe iodÍne values, and conseo¡rently also for

the ttnonoenoicrt and total unsaturated fatty acid content, our

results are j¡r general 5:r agreement i'¡ith those of Baldlq-j.ia and

l,ongenecker (9) and .{nantakrishnan e!3!" (3), i-nsofar as they are

comparable"

On the basis of these results it r,¿ould be e4rected thaÙ,

due to the seasonal differences in calvj¡rg frequencies, the seasonal

varia-t ion in the corcposition of uÉlftfat v¡ould be correlated with

the abnortnal composition of colostnm¡-fat " ËIowever a comparison

r¡rith the results in Tabl-e )íV-ITI cloes not reveal such a relationship.

Theh:ighestcalvingfrequenc}'isi¡thespring"Thehi'ghestiodi¡re

values and conjugated- clienoi-c acid contents occur j¡r late sunmer,

concllryent i.rith a 1or^l P"eieheri;-1{eissl value and a low
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saponification rralue" The non-conjugated dienoj.c and tetraenoic

acids do not sÌrow a defi¡r-iLe seasonal variati.on" It must be

concluded, therefore, that seasonal r¡ariations in the composition

of milkfat are not i-nduced or doininantly influenced by seasonal

vari-ations in the amount of milkfat from freshly calved cows. 0f

course the colostru¡m of at least the fi-rst 3 or l+ nr-ì_lki.ngs is not

mi.xed i:r r,'J:ith the normal ûLi-lk"

The second question of j.:rterest is the relation beùween

the abnormal composition of colostrumfat and the pþsiological

process of fat s¡mthesis. ltÏot much i-s ]c:ornr about the synthesis

of fat and fai;ty acids i¡ the udder. Srdth (4ó) gives a revieru of

recent i:nvestigai;ions on the synthesÍ-s of fatty acj-ds jn the udder.

The short chai-n faiíy acids are most probably built up from acetate"

0n the other hand it has been estaÏ¡lished that part of or all of

the long chain fatty acids are entering into the udder from the

bloodstrearn j¡¡ the form of mono- and diglycerides (fg). However,

other investigators (espeeially Hilditch and cor{rorl<ers) assume that

the short chaj-n fatty acids origS.nate from oleic acid, which enters

the udder from the blood il a gtyceride structure" Their assunption

is based on the results of the study of ¡nllkfat composition under

ùifferent circumstances .

The remarks to be nade are based on the assurption that

the lower fatty acids are s¡mthesized jrr the udder r.¡hile the higher

fatty acids at least partly cone from the blood glyceri-des,
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The low content of short chai¡ fatty acids in eolostn¡n-

fat can be e:qplained on the basj.s of low synthesizing capacity of

the udder, r^rhen the nt-ilk secretion starts agailr. Tt is a few days

before the production of lower fatty acids reaches its maximi¡n,

lr small production of fatty acids in the udder rnakes it necessary

that more fatty acids are ¡rimported¡t via the bloodstream. However

th:ls i-r¡creased rrj&portrr of fatty acids itself does not account for

the fact that the relati-ve proporbions of the different t¡rpes of

long chai.:o fatty acids are also changjrrg. Appareni;ly the starting

anew of the milk secretion changed the composition of the supply

of fatty acids, that goes jn into the udder, Idhich part of the

body controls this supply and where these fatty acids are comi:rg

fron are jnteresti¡g questions not yet ansr'rered'

Ánother point of i¡rterest is the relati-on betv¡een the

colostrumfat composition and the needs of the newborn calfo Foly-

unsaturated fatty acids are part of important compounds i¡r the body,

for instance phosphatides and are a'l so supposed, and part'þ proven,

to be necessary in the food for good. nomal growbh of anjnal-s. In

these respects iù nray be important for the calf to have a good

supply of these acids lvhen it has onJ-y a small s¡mthesizing capacity

for them.

The nu'Lritional importance of the 1or"¡ content of volatile

fatty acids is hard to visualize; the special nutritional value of

these acids is unlmor'rn or doubtful"
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It r,¡as found that colostruufat differed from norsral

r,ril-1"-fat, i¡ severaJ- respects " CoLostru:nfa'L from the first míIki:rgs

r¡¡as characterized by a higher degree of unsaturation, a. l-ov¡

saponification value, a lov¡ Reichert-Iieissl value and a lovr Folenske

va.lue" The conjugated fatty acirls occur j¡r normal arnouots, whíle

the coni;ents of -r,he non-conjugateci dienoic, tetraenoic and penta*

enoic fa.tùy acids are unusually high" The saponification value and

the Reichert-l'Íeissl value return i;o norrrral levels very rapicì-I¡r,

wh-ile the iodine t-alue, the Polenske value and the conüents of the

non-conjugatecì fatty acid-s are not yet normal on the 10th nd-lking

after calving wi'Lh most coldse
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TABTE Ï"

The Fatty Acid Cornposition of l'{ilkfat.

Sarrple No"

Reichert-l,IeissI
Value
Folenske Value
Iodi¡e Value

Acids:

Butyric
Caproic
CapryLic
Capric
Lauric
I{yristic
Pal:¿itic
Stearic
As Arachidic

Total saturated

Ðeeenoic
Dodecenoic
Tetradecenoic
Hexadecenoic
Oleic
As Octadecadienoic
As C^^-C^^ Unsat "<.v ¿¿

Total unsat"

3.52
1"40
1,69
2.6V
l+'54

u"65
30,o5
LO"h5
1.68

70"6h

o,25
0"tr5
l'l+8
) øAl

l-:8.69

3 "r0

29.36

3.0
L"l+
L"5
2,7
3,7

J2.L
25.3
9"2
!.3

60"z

o"3
0,4
1.6
l+"O

29.6
3"6
4"3

39,8

27.4
1.78

h2"9

3.7
r"7
1"0
r"g
2"8
öoJ

25 "9JJ.2
r"2

57.5

0,L
o"2
0,ó
3"4

32.8
3"7
!"7

h2"5

26,L
1,40

I+O"5

3.5
I"9
0.7
2"L
0.9
7"9

25 "8w,7
1.5

58,0

0"1
Q"2

2.1+

3l+.0
3"7
1,0

h2"o

26"L
1"85

37,5

^lwer_911t þ

^/-) "o^^4¿U
0,5
2,3
Z,j

1r"l-
29 "o9'2
2,h-

6L.5

0.1
0,1
0,9
h.6

26.7
^/)"Q

L,lþ

38'5
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TITBIJE I" (Cont,)

3 6SarpJ.e No,

Reichert-Meissl
VaIue
Folenske Value
l-oolfle vaJ-u.e

Acids:

Butyric
taproic
Caprylic
Capric
T,auric
Myristic
Pal-¡nitic
Stearic
å,s Arachidic

Tota1 saturated

Ðecenoic
Dodecenoie
Tetradecenoic
Hexadeeenoic
Oleie
As Octadecadienoie
As C^^-C^^ Unsa.t 

"<.v á¿

Toi;al unsat"

9"2
2"8
2.7
?Ã

)"4
14"8
27 12
9"5
L"2

75 "r

0"3
o,2
L"5
5,2

15 "3
o"7
!.7

2l+"9

g"l
2"8
2"5
a17)ø a

4"1+
12"5
¿) ø¿,

7,6
1.0

65.4

0,4
0.9
1,7
3"7

2h,"8
2"9
O,2

3l+"6

9"9
?Ã

-LoL)

4øO

3.LL
8.5

2Lv"O

9"4
no

63 "8

0"1
o"2
0,6
3"2

27 "7
3.L
L"3

)Qø4

9,5
l+"O
1"1
2"9
2,3
8.2

24,L
LO"7
1.1

63 "g

o"L
0.2
o"7
2,3

28.8
)c4
0,8

JOoJ

MoL %

9,5
4'L
0"8
3'2
2"9

JJ-.5
26 ^7
7,6
1"8

69,1

0.1
0"r
0"9
ü,"3

22"1þ

3,L
1.0

3L'9

Sa:nple Description:

1. Origin unloror'rn (:O1t
2" origin unlmor,rn (lf¡t
3" tr'Jinterfat, norual aiet (27);
l+. Shorthorn col,rs, winterfeed; silage (grass and

clover) (27)t
5. Shorthorn cows, êarly summer pasture (27);
6. lryrshire co'hrs, late summer pasture {27)'



-h5*

lABr,E rr"

The Corqgositj*on of I Butterfat Samples (28).

Barnfed, coconut
cake

Spring pasture

Barnfed,
soyabean ca.ke

fndian cotu ghee
(pasture)

Ner¡ Zealand
market Sample I

New Zeala.nd
market Sample ïï

Pasture and
barnfed

Spring pasture

Total
Unsat"

27,6

29 "8

JU o\-r

J¿øL

32"7

33"9

37.4

38,L

(Contents in moL %)"

3L,6

34"5

3h"8

36"O

38.0

39,14

hL,3

l&"6

cb:ctz
A.cids

27 "2

23"7

28"Ci

á4. (

20"7

21,0

ZLoQ

2]-,3

-.czz

l+L.3

36"5

3h"h.

37.7

37,2

)4")

J) '¿

3L"5

39.9

37,6

)loA

L3"h.

4f "g

b4.L

tß"5
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TABI,E TÏT"

Seasonal Variabions in the Corrposition

of l{ew Zeala¡rd Milkfa.t (ZZ),

sample Date rodi-ne Reichert- sapon. cÀ-cl c c-,4 ünsat. Total_ value }i" VaLue Value AõidË'- AËÎds Sat"

JuIy 28,
L948 39,9 31,1 226,t+ ZZ,z zg"j 6:-.9

Sept lJ,
I9l+7 38 ,l+ 3l "7 ZZg "6 Zt+ "l+ Zg "L 67 ,6

Nov" 18,
1948 33 "6 32.0 233 "3 26.1 23 "4 72"L

Jan. 28,
Lghg 36"9 3O"I 229 "g 24"h, 25 "6 ?0,1

April 6,
1948 3g.g 27 *3 225 "3 20,7 29.2 65.7

May 18,
Lghs 40*I 25,2 225"L 1g.g 2g"g 65"3

March J,
].9l+9 22.6 Z7.O 62,8

(Contents in noI S).
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1AÞI¡I I_V"

Aver'age Monthly Conposition of Nev¡ Zeal-and ButterfaL (37),

- - Value Acid Conjug. _ Corijug. - Cglrjue.

Dienoic

Sanple Date lodine O1eic Conjug Non-

oct" tg49 36"7 33"È L"h O,3

Nov, 1949 33,5 3O,5 L"2 0"¿r

Trace 0,9 Nil
rr 0"8 1l

0u8

0"9

0"7

UaO

0*7

Trienoic

Conjug, I[on-

Tetraenoic

Conjug" Non-

O"3

o.3

0,4

0,3

0,3

O.l+

U")

Dec. 1949 32,L 29.3

Jan" 1950 33"O 3o"1

Feb. 1950 3l+,2 32,7

o.g 0"5

0"8 0"6

0"8 Q,3

tl

t¡

rl

ft

¡¡

It

il

March 1950 35.9 33"¿+ 1.1 O"7

ApriJ- 1950 37.9 35,8 L,3 o,2

(Contents in weight 75) "
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lABÏ,8 V"

Reference No"

Saruple

Iodi¡re Value
Reichert-Meissl
Value
Polenske Value
Sapon" Value
Meltirg point,

ocn

Acids:

Butyric
Caproic
Caprylic
Capric
Iauric
lf¡rristic
Palmitic
Stearie
Higher
saturated

Total saturated

The Composition of

(e) (3) e)

Cow Colostrumfat"

ß) ç) ß) ß) o)
Day Day Day Day Ðay Day Day
123h5LoL5

39 "79

l.l+.92
1.10

2r3 '!
38"7

35.30

22,L8
1"À0

22O"1+

34"3

33"5r

2l+,2.7
1"70

224"O

3L,.2

32"06

25.75
r.g5

225,r

??o

3r"56

27,AL
2.Oh,

226,8

33 "9

3r,60

30"56
r"96

228,2

??a

3L.82

29,72
1.gs

229 "6

2,6 2n2 2"1+
1,6 0"5
o"5 0.9 L,2
1.6 r,2 1,9
3.2 L"h, 1.8
9'5 9"5 9,5

3r"7 29.7 32"111"8 L3,7 I2"5

0"6 0.ó o,7

63"L 5g.z 62"5

2,6 2,&
0"9 r"5
1"8 2.0
2,6 2"3
2,O 2"7

10"3 !O.7
30"5 2g "A12,0 12"6

0"9 0,8

63 "5 6t+.h

3"6 3"60"6 0"6
1,9 L"h
2"O 1,9
2"6 2,6

11"1 10"8
30.3 29 

"4,7J_,6 ].2"g

o"7 L,2

6l+.3 6|,to

Decenoic 0"1
Dodecenoic O"2
Tetradeeenoic O"7
Ilexadecenoie 2.7
Oleic 28,5
Octadecadienoic 2"5
Octadeca-
trienoic o"^.

Eicosatetraenoic 0 7
A.s C26-C22
unsaãüraõõd- 1"1

Total Unsat* 36"9
urated

0"1 0u2 0.2 0"2 0"2
0"1 0"1 0u2 0,3 a,h
0.8 0.9 1,1 L"2 0"8
3,O l+.7 h"7 3 .3 3,5

31,0 28"2 27.5 2g"g 29"3
r.7 1"6 o"g a,5 0"4.

0"1
0.I
0"8
3,O

3h,L
r,5

I,2

40,8

0.8 0"8 1.1 1"4

37 "5 36,i 35 "6 35 "7

in r'reight S) "

1.0

35,6

(Contents
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TA.gtE lT"

gpecific Absorption Coefficients

of Poly-Unsaturated Fatty Äcids

After A]-kali Isomerization"

E.bhyLene GlycolSolvent

Method: % WOn
1:.me
Air or
t\t ^

Reference No"
Fatty Acid Source

or
N2

(15) (15)
Natu- Br"-
ral Debr.

2L,O
158
N2

or
Nz
1iÐ (?r+)
Bru- Natu-
Debr. ral

oo)
Lqr-/Air

o.)
25t
Ai-r

AE.
25s
.Lir

¿)o

ALr

(rai
Bru-
Debr.

458
Air
or
Nr

(15)
Natu-
raI

Acid: 't¡Iave 1.
(*u)

Lino-
].eic

T"ino-
lenic

Arachi*
donic

5V,á Eícosa- 233
pentaenoic 268
15Ø Ðoco- 3I5
pentaenoic 3b6

232
233
23h.
232
233
231+

268
232
233
234
268
31.5
)Lo

87"1

60,o
53 "7(11)

59 "3
53,h

1/,cQ

g]-.7
92,L
olÃ
60"7
6L"6
62"z
50.7
56.1
56"9
57 "B
52.8
2J-,5
20,6

55 'l+
56"2
57 "L
5l+"h
23"9
22"6

93"5
93 "9
93"h
58"5
59,O
59,8
l+9,3
53 "8
5h"5
55.5
hl+.8
22.9
22"5

52,9
53 "7
51+.4
l+l+.6
2h"2
22,5

9L"6

47.5

90"5

39.7

It$'2
60.6

l+r-'5
l+3 '669,7
69 "o
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TABIE [I" (Cont")

GlycerolSolvent

. â --^--$letnooå þ ÁuH
line
A:ir or N2

H,eference No.
Fatty Âcid Source

Á.cid: Trlave 1'
(*u)

l,ino-
leic

l,ino-
lenic

Arachi-
don-tc

5ú¡ó Hcosa-233
pentaenoic 268
/50% Doeo- 3r5
pentaenoic 346

TL"O
30s
Air
(14)
Br"-
Debr,

11.0
308
Air
(15)
Natu-
raI

L[,0
301
Air
(re1
Brn-
Debr"

11"0
458
Air
(15)
Natu-
raI

11"0
1, É,t

Air
(16)
Bru-
Debr.

232
233
231+
232
233
231+

268
232
)??
23h
268
3l-5
3].6

gg"g

60,o

53.h
59,3

53 'l+

22"6

go,6
91"1
90"2
59 "560"z
6o,g
l+9 "3
56.1
EAA
57 "6
53,4
L9.L
18u2

8t.g
89"2
gg,6
60.o
60.5
61,0
53,h
55 "8
56"5
57.2
56.3
2T.L
]-9"6

93 'l+ 90"1
93 "9 gO"3

93.3 89"8
58.2 57 "g59,6 59"5
59"2 59"r
48"6 5r"3
5l+,5 55 '355,O 56 "O55.8 56.8

l+6 "8 50,3
2O"3 2I.O
Lg"6 Lg"8
(23) (wz)

l+9 "5
3l+"3
25,3
13"0
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TABï,8 If.r,
Formulae for the talculatÍon of the Contents

Of FolY-Unsaturated FattY Acids

(r{s suggested bY Brice et aI (16)

For the Ebhylene G1ycol-Potassium Hydro>cide-25 ntr." tr[ethod).

Krz = Kr232-KZ3Zi

r(,3 = h.o5 Ln'rar - å (rcn 
262/ 

oo rruü - n3 ,

K'4 = 2.06[o1 
3t., - å (K'¡oe / o, ,rr)] - Kh i

Cr Z = 1,0g6 Kr Z - I"3Lg nr 3 I Aô7 Kt hi

Ct3 = L"g|Z Kt3 - l*,84 Kt4 ,

ct4 = 1n.65 K'h.
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TABT,E VÏM"

Some Particulars of the Cows

the Colostn¡nfat of Which I{as ï¡rvestigated"

Cow Registered Date of Date of Sample Feed tonditions etc.
No" Name talvj¡e For Comparison

1 lvlarygold Jwrc 2j, JttLy 27/28u Fasture, 2 days before
L95l+ L95l+ calving_hlheatbran and

hay" Là day suckling"

2 Porry June J0, JuLy 27/28, Pastureo Duri:rg test
L95t+ L95h period hay and bran

lf day suckli:rg,

3 infínsome Âug. 14, Sept. 7/8, Pasture,
Wj¡nie L95l+ L95h à day suckling,

l+ Raymondale Sept. 9e Sept. 27/28 Pasture, 3 days bran
(neifer) I95l+ until and hay" Fron Sept" 2f

Ðee. i/LO, hay, feedmix and siJage,
L95t+

5. Ajax Nov" 2f, Dec. JflAe Barnfed,
Pri.inus f95h. 1954 No suckling.

6" Tj¡y Dec. 1, Ðec, 9/AOu Barnfed,
I95l+ L95t+ 1 day suckling"

7. Ajax Dec, 18, Ðec" 2J/)0, Barnfed,
UJ¡rssus I95Lç L95lï 2 days suckling"
(freifer)

8, S:'rowden Dec. 20, Dee. Zi/j1u Barnfed,
Queen L95h L954 No suckling"



Fat Constants and

0f the

'53'

TABI,E TX.

Unsaturated Fatty

Colostn¡mfat of Cor¡

AcÍd Conposition

i\-o" 3,

-t¡ieiEht Ø of Fat,

Conjugated
Ivlilk- Iodine Sapon. Reichert- Polenske
ine 6l

.b Value VaIue Ivlel-ssl_ Value Dienoic Trienoic!¿6

No, Fat Value _enoic"

tilon-Con jugated l¡Mono-

enoicl¡
Total
Unsat.

Dienoic Trienoic Tetra-
enoic.

t
2 4.8

3 3,6

h 3.1+

5 2"L

6 l+"2

7 5.O

8 4"7

9 2"2

10 3 "l+

11 3"2

12 3,8

13 3"6

u 2,6

68/69 2.3

lr5"5L

l+6'06

l+6,1ß

lþ7.28

Lþ7.29

h7,85

Lr7 "20

l+7 "69

l+7 "38

Lr7.l*3

h7.LI

h.5.34

l+2"L2

41"41

l+3 "l+8

2]..6,6

2L5 "7

2l.6.3

2L6"3

220,¿t

22O"5

2r8,h

2].4?3

216,3

215"5

2I7.0

2r8"9

22r,9

22r"7

2L7.3

36.96

38"1+7

40.60

41.06

h2"65

Lß "68

42"98

h3 "37

l+2"9O

l+l+"39

l+3.86

l+2"U

38,27

37 "25

t+o,55

l+2,21

h3 "39

44.95

45,67

Iþ6.72

l+7,57

l+6"93

47 "l+l+

Lþ7 "U
l+3 "96

t+7 "5L

4) "o2

hL.97

l+O 
'91+

l+3.9o

L7 't+

t9 "3

20"6

20"4

20,7

21,1

2L"5

2L.5

22"3

22"3

2l+"O

2L+.6

27 "9

27 "9

26"O

0"6

0,6

o"5

0"5

o.5

o,6

o"6

0.6

0.6

0.ó

0"6

0,ó

0.9

1.0

I"2

o"5u

0"51

U o4O

0"46

O"l+2

O "l+3

4"45

o.52

o.56

o.5g

o"59

0,ó1

o,62

o.65

a.77

0"01

0.01

0.01

0.01

0"01

0.01

0.01

V oU4

0.03

0.03

0,03

0"03

0.04

0"02

o"03

Trace

Tr"

Tr.

Tr.

1r"

Tr.

Tr.

Tr.

Tr,

Tru

Tr.

Tr.

lTlø
I¿ O

Tr.

Tr.

2.6I

2"1+9

2.3L

2"60

2.1+2

¿ø1Al

2"39

2"1+6

2.7+

2,07

2.W

'l oo

2,23

r.93

L,72

0"70

0.61

0.61

UoOJ

0"50

at ÃÃ

0,51

o.55

o 'lþ7

0.49

o.lþ9

o"45

O"¿+9

o.72

0.51

L.3g

1.31

o"97

U oA4

o"72

o.67

U"OU

0,43

0.40

0"4.0

0.40

o"44

O"l+2

o.37

o,32



+5¿$'

Conjugated Non-Conjugated
¡rMono- Total
enoicrr Unsat.I!Íilk*

íng
No.

4î
Jo

Fat
Iodine Sapon.
Value Value

Reichert-
Meissl
Va1ue

Polenske Dienoic Trienoic
Value Ðíenoic Trienoic Tetra-Tetra-

enoie c

1

2 5,2

3 3"8

!+ 3'9

5 6"1+

/r/O 2uÐ

7 5"7

t h.7

g 5"6

10 5,4

56/57 4,t

37,50

38"h7

38,7O

l+O"L7

4L.52

h2"59

l+3 "58

Lþ3.2O

l+3.55

l+3 "93

4l+ø,<'é

2L6"8

217 "9

220,O

lllø,/-

220,Ð

2L7.5

2L7 "L

2L7 "t
216"9

2L6"5

218.8

L7 "6

2L.g

1) øU

27 "L

27 "6

26"2

25,5

26.2

25.9

/4 o4

26.O

1,3

1,0

1"1

1.1

J,U

rìo

o"6

a"7

0.6

0.9

O"6Lþ

o"62

0.6r

0"61

o"57

0.55

o "55

o.52

^ÃÃ

O"5Ir

O"TLt,

o.01

t"02

0.Ð2

0.02

0"02

a,t2

0.02

0,02

0.02

o,Q2

0"02

Tr,

Trn

Tr.

Tr'

Tru

Tr.

Tr"

Tr"

1"87

1"77

r"75

r,67

r.77

I"9l+

1,82

1,87

L"g5

1.81

1.49

0,45

0.21

0"31

ô?^

o.2'l

O 
"Lþ5

0./+0

O"l+5

o.42

o,26

0"45

1.13

1"05

0.84

0"67

0,57

o.45

O.l+3

o"39

o"33

0.31

0"26

31.06

33,h,O

3L+.2L

JOo04

38"1v9

39.42

40.88

ho,38

40.8ó

l+2.O9

42"39

35 "L7

37.O7

37,7h

?o ot

hL"69

l+2.92

hL.o9

4t "oJ

Itl+,L3

l+5 "o3

l+5 "36

Tr"

Tr.

Tr.
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tsBr,EJil.

Fat Constants and Unsaturated Fat ty Acid

Composiüion of the Colostri:mfa.t of Cor¡¡ lJo" 3"

Fat Constants Unsaturated Fattv Acid s. lrieieht o,ó of Fat.

Co-njqgated

Trienoic

i[on Con.jugated

Tetra- Dienoic Trienoic Tetra-

r¡lyiono Total
enoicrl Unsat "

Ililk-
ing % fodi¡e Sapon-
No. Fat Value la]ue

Reichert- Polenske Dienoic
j''teLssl. val_ue

r 1,6

2 I"2

3

l+ 2.0

5 3.2

6 2.5

7 4,O

8 2.5

9 3"9

10 2.9

49/5o t+"h

36"7L

35.50

35 "!+2

36,75

36.65

37 "l+3

37,5r

37,82

37,50

l+3.3O

2]-9"6

220.2

222.2

223,5

225.6

225 "5

226,5

225 "6

227 'a
zLg,O

29 "L6

28"/+8

28,71+

30.48

34"55

3I"71+

32"30

33 "O2

32,50

l+2.3L

33 "gA

32.83

32"98

34.62

31+.6L

etr, A^

35.98

JO.)ó

36,r&

hlv.68

21,0

28,8

30"3

31.8

33 "L

33.3

33 "7

25 'Q

1.9

1,4

r"3

r,3

L"h

1"4

T,h

o.g

o"62

c"59

u"oo

0.ru

o.77

o.79

0.80

0"81

o.79

o"65

o.02

0.02

o,02

0"02

0"03

0.02

0"03

0"03

0.03

0,o2

lI o

Th,r

Tr.

Tr"

ï?"

Tr.

tr¡ ð

Tr"

2"36

2"L7

2.O9

L"g6

1"80

1"49

1"33

r"32

I,5Lþ

0.86

o"6h

0.66

1"01

o"9l

,:;, ,.;-

o "63 0,82

0"69 o"77

0"85 O.72

0.84 o"ó8

o"74 0.65

0.69 0,64

o"53 0.31
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TÁ.BIE rIIg

Fat Constants and Unsaturated

Coruposition of the CoLostrumfat

Polenske
VaIue

Fatty Á.cid

of Cow ltlo" 4.

l¿,Ieieht % of Fat

TotaI
Unsat.Milk-

inc
No.

Ioù1ne
Value

Sapon"
Value

Reichert-
IuIeissI
Value

rl
lo

l,'at

Conjugated _ _ _ . - I.TonCorljugated - rrlrrono

enoictlDienoic Trienoic
Tetra- Dienoic Trienoi_c

Non-
Conjug"
Penta-
enoi-e.

1

2

Tþ

o

n(

I

9

10

30lst

48/trg

6h/65

8o/8r

e2/e3

r22fl23

U8flttg

L76/L77

5.9

.5"5

2.5

l"J

4o4

o'J

5"3

4.1

Ãl

?Ã

??

)ø.i

3.3

3'L

??

3"5

43 "hr

42.52

h2.oI

1+1.?4

)+2.60

4¿ø¿1

ha.63

4l-"42

40.L6

41,05

l+2"9O

)Y o)¿

37 '63

36"96

37,7L

3l+.69

JUêOO

22 '74

2U"9

2r7 "2

2I8"7

2L9.1

zLg,4

zlg,6

2r9,2

2rg"l

218.9

2r9.5

22L"6

ll4oL

223,4

228,7

227 "7

228.O

228"O

¿/.o"4

1,U øV

4L"O

23"7

24.5

25 "5

¿o"u

26"3

ZOoO

26"5

25.7

27 "8

1(o)

25 "h

28.8

27.Q

27,8

28 "3

25 "3

1"0

1.0

1,0

0.9

1"1

1"0

1.0

1"1

1"1

0,9

1"0

1"5

L"11.

r"7

L,2

l"h.

r"3

o"76

o.72

o"67

0"ó6

o"65

o.65

UoOO

o.68

0"69

0.ó8

tr"04

o,82

0.8?

a"74

0"8L

0.n

c,68

0.88

0"1

0"1

0.1

o"1

0"1

0,1

0"I

0.1

0"1

0"1

o.?.

o"2

UoZ

0"2

0"1

0"2

0.3

0"3

Tr"

Tr"

Tï"

4rn
J¿ O

Tr"

Tr.

Tr"

Trn

Tr.

Tr"

rf¡râ

Tr.
rF¡

Tru

2,15

1"91

1"91

1.87

1"90

r,77

1Ã2

L,l+7

1.30

1.20

L,22

l_.18

o"99

I,l+4

o.73

1.03

0.91

0"gg

o"63

0"38

O "l+6

4.42

O.l+7

v ø)<'

a"h.2

uo)4

o"3g

0"4ó

Q"57

o"57

a"56

Uo4.O

o"36

o.36

0,41

o,54

36,77

37.08

36.69

36.75

37,53

37 "9r

37.69

?tf no

37 "78

38.37

37.9L

36,60

35.O5

33.r4

36.39

32"1+8

1ó ø)¿

30"98

lr]-"3L

4L.11-

4UoOO

l+O.59

l*L"hIr

41"51

4L"og

h4"29

L,A.70

4L"28

L2"L5

39 "6L

37 "84

)o øJ4

38 "66

35 "00

30,79

0"18

Uø4L

U ol.O

u"¿o

CI"16

0.u

0.16

U"J-O

Trn

Tr"

Unsaturated Fat

Tetra-
enoic
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IABT,E IITT"

Fat Constants and llnsaturated

Composition of the Colostrunifaü

Rei-cherb- Polcnske Di-enoie Trienoie
lvieissl- Value
Value

Fatty Acid

of Cow $o. 5'

MiLk-
inrt
ï$o.

1 l+'14

2 5,r

3 5,L

4 5"4

tsFõ
) )s)

l+.6

7 t+"9

I 4.8

9 4,7

10 4"6

25/26 À."1

Iodine Sapon,
Value Value

%

Fat

con.ju€3ted --_ Non-con.iueatecl rMono- Total tdon-
enoictr Unsat " Conjug"

penta-
enoic.Ðienoic Tríenoi-e Tetra*

enoic
Tetra-
enoic

27,8O

29 "27

29 "h8

28,68

29 
"61+

27,88

3A"23

28,82

32.29

29"6L

3]-,zLe

223"L

2rg "g

222"2

223 "8

2Z+"8

226.h

226,3

227 "o

224"5

227,L

22? 
"l+

18" 5

lg "g

22.O

24..0

lAol

27 "7

29.1

29 "5

30,2

30.h

30.8

1,3

1,6

r,5

1"8

1"4

1"8

1"8

l-.9

L,7

1,0

1"8

o,35

o'39

0"41

o"4.2

0.41

0.40

0,40

0"40

O.l'3

o"33

a "59

o.01

Q"01

0.01

0,02

0,02

o.02

0,02

0.02

0"Q2

0"q2

0"02

1,51

1.40

l"lþ7

r"2b

r,35

L22

r.35

l"o2

I.2l+

r'31

L,O2

o,35

o"33

o"38

v ø)Q

o.35

o.35

o.36

0,41

o"32

O "hl+

0"38

a"gL

0,96

0.84

o.7g

4"75

0.70

Uo OJ

o"53

o,51+

0"58

o.h3

22'59

2l-1"72

2t+"88

24,h9

25.51+

23 "gg

26.61

25 "91+

29,52

26"xl

28,77

Tr

Tr

Tr

Tr

Tr

Tr

Tr

Tr

Tr

Tr

1b

25 "75 0,48

27 "7I 0"¿16

2'l "9O O "l¡l+

27.3I 0"41

28"lr7 0"39

26 "68 0,36

29 "37 0,32

28"32 0"24.

32"07 0"28

28,7& O"27

37,23 o"2I
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TABf,E ffV"

Fat Constarìts and Unsaturated

Composition of the Colostrumfat

Fatty Acid.

of Cow No" 6"

Todj¡e Sapon- Reichert- Polenske Dienoic Trienoic Tetra- Dienoic Trienoic
Penta-
enoic

lüe. _Ee!___JOlt¡e __ TAlf¡ç_ Meíss1 Value Va1ue 

-- 
- - 

-enoic

I'iilk-
ino q
+b

1 5.8

2 6"1

3 5.3

trd4 2oÕ

5 5.1+

6 6"2

7 5"O

8 5,9

9 l+"3

LU ) o4.

LSA? l+"3

29 "78

30"37

3r"83

33"r3

33 "89

3h,38

34"42

35"2L

3l+"I3

?Ã ?o

36"r7

2l-7,6

2t7.5

n9,6

220.9

223 "2

223.6

223"9

223 "9

225 "l
221+"5

222,8

23"68

2h"62

26"85

28.39

29,40

2g "83

30,r2

3L,35

29 "85

3l-.o3

33,39

27 "3h

28 "79

30"16

31"71

J¿èOY

33,r8

33.26

31,,,57

33.r8

34.42

36"2O

f6"7

18"1

2L"2

2l+.6

27,9

29 "5

30"8

30,2

32"4

31.0

29 "8

I.2

1.1

I,2

1.1

1"2

I"2

1"r

0"9

1"1

O,9

0"8

o.35

4.35

4.39

o,h2

O"l+3

0"45

o"47

0.49

O"l+7

0.50

4"53

tr
ür

tr
tr
tr
tr
tr
.F¡

r,g2

1.87

1"67

f .6,

L.69

1,71

1"ó0

1"72

L"82

L,77

]. A.1

4"42

0,42

0"45

O"l+7

o"h3

O,l+7

O"l+3

0"48

O.l+9

Uo)O

O"14.2

0,01

o.01

o.01

0.or

0.01 
\

o"02

0,0L

0"0r

0,01

0"0I

0"02

Lr

*øUL

tr

0"48

o"h7

0.41

0"38

o "35

n2Ã

o.29

o"27

4"25

o"27

0.u

Tetra-
c



-60-

TAEIE Xln"

Fat Constants and Unsaturated

Conposition of the Colostrunfat

Fat Constants Ilnsaturated Fatty Acidsn

Con.iusated

Ì{ilk-
ing % Iodj¡e Sapon. Reichert- Pol-enske Dienoic Trienoic Tetra-
No, Fat Va1ue Value M. Value Value enoic

Fatty .A.cid

of Cow No' 8"

lion-Conjueated

1 5 "2 33.90 2r5 ,6 17 "2

2 5,O 35.33 218.1 r9"3

3 4.0 35"18 22L"I 2)+.O

1,4

I"2

1,&

r"3

1"4

l13

0.9

0"9

uol

o,7

r"3

0,43

O'Lr3

o,M

o.4g

0" 51

o"5h

o"56

o"57

0.58

a,57

0.ó0

0"01

0"01

0,01

0.0L

0.01

0"01

0,o1

0,01

0"01

0,01

0.02

tr
tr
tr
tr
tr
tr
tr
tr
tr

tr
tr

Ðienoic

2"U 2 "08

2.16 2,10

1"98 r,92

2.Oh L"gg

I"gL', 1.88

1"86 1"80

L.79 I"73

L"76 l"69

7.7', L"68

1"68 L,ól

1.40 1.34

Trienoic
16

0"30 o.52

o,27 0"50

o"32 0.50

o.3o 0"46

O"3l+ O.lÐ

O'31+ O,lÐ

o"36 0,39

O,37 A,I*7

o.35 0"45

o"47 O"56

0"38 O"h6

Tetraenoic

1.&8 1"28

r,53 r,32

1.18 L.Oz

1"0ó o"92

1.00 0"87

0"93 0"80

0.81 0"79

a / e 
^ 

FlUoO) Uô)O

o.57 0"h9

0.50 o"h3

0"1+2 0.36

trl{ono

enoicll

26,TL

27 "58

28"92

2n ño

29 "16

3r"47

32.98

31+.79

3l+"79

35.87

32.55

Total
Unsat,

30"47

31,98

32"8h

?? oo

32,96

"d 
"t /.

38"O5

39 "O9

ax eA

Non-
Conjug,
Fenta-

c

Uo l!

O.7Ì+

U n2Y

o,5lv

0,54

O,l+6

0"41

0"32

0"30

v o4)

0"20

l+

6

7

I
9

10

20/2L

36,01 22r,9 26,4

2.7 34.98 225,0 28"6

h,"L 36.69 22t+"6 29.6

3.8 37 "59 222"9 30"6

t+"2 38.66 220.6 28.8

3.7 38"37 220.3 29,2

- 39,27 219,5 28.1

35 "33 226"L 32,7
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?.qEeE_-qIIr"

Average Values for the Fat Constants and.

Unsaturated Fatty Acid Contents of Colostru¡nfat"

. Fat. %_" __ Iod.i*g Value Sapon, Vafqe *
IaiIc-ng Srrmoer I'finter Mean of ¡Srmter .rilinter irfean of Surmer .tVi¡rter 

ivlean ofNo" _ Cowå Cows_ All _Qo¡rs ___Cqius Cov¡s All Cows Cows Cornrs ^ll tìnr"¡s

]-

2

3

l+

5

7

B

10

Herd
Av,

l+"2

h.2

3,3

2,9

l+"O

h,6

Ì+"9

l+"3

l+.o

LL,l

l+"7

5.0

3"9

4,7

l+ 
'la,

Ã^

h"4

4"8

l+"1+

h.6

l+ 
"!+

h,"5

eA

3.6

l+.2

4"8

4,7

h.6

l+.2

4"3

36"99

37.55

37,69

38.18

38 "65

38.91

39 "oz

39.3t

39 "51+

39 "53

ho,78 33 "2I
40"61+ 3l+"46

l+O,75 3l+"6O

l+I.L5 35.22

42.01+ 35,26

l+2"36 35 "27

42,46 35,59

l+2"46 36,16

l+2.3O 36"99

42'l+5 36.6L

2L7 "O 2!7 "5 2L7,2

zf7,g 2L7,5 zL7,6

2L9 "6 220,3 zbg,g

219.7 22L.!+ 220"6

220"9 222"7 22L.7

220"8 2?3.5 222.L

22O,L 221+"L 222.L

219,2 223"6 22I"1þ

2I9 "h 222"3 220.9

2L9"1+ 222.9 22L.L

224,3 228,337 "93 33.70
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TABIE SIJI (Cont")

_&eiqlt'-M Valqç_ polenske Vafue ----*

l,filking .Su¡r¡ner i,Ênter I,{ean of Summer Wi¡ter Mean of Summer InJinier j,[ean of
_J[âe- __ C-9i'rs Coïs AIL .Cows Co_t¡s Cov¡s A]-L Cords Cohrs Co¡vs JL1L Coi.g

O'6!v O.hl+ O.5h

0,61 0.4ó o"53

0.58 A"!+7 O.52

0, ó0 o"5o o,55

o "59 0.51 0"55

0"60 o.52 0"56

0,6I o"53 O,57

0,63 o"55 O"5g

o,65 o "55 o,60

0,65 o,53 O"5g

r,33 4"52

1

t,

n(

É

L\)

I r9,o 17.0 1g"o

2 21,9 18"5 20"I

L.2 1,2 I"2

1.0 1"2 1"1

23 "2 l"O L,3 1"1

2ù,.7 1"0 L.3 1"1

25 "9 1"0 r,2 1"1

27 "J- 1"0 1"3 1"1

27.9 O,g r,2 1.0

28,3 1.0 L"2 1"0

28,1 1"0 1"1 ].O

27 "9 0,9 0.8 0"9

1"S 2,L

2h,2 22,2

25.2 2h"2

25"7 26"2

25 "9 28,k

26,3 29 
"!+

26.9 29 "8

27 "O 29 "2

26,5 29 "3

Herd 26"6 28,9
Av"



MiJ-kine

-oJ_

TÁ3LE X\tff {Cont")

Su¡mer i¡linter l4ean of Sr¡mer hlinter i{ean of Srtnmer I¡iÍnter Mean ofCows Cows ¡Lll Col¡¡s Co¡¡s Cnrnr.q À-l I n^,.^ ^ --_-
N

I
2

3

4

7

I
9

10

Herd
Av,

2.O7

r"8g

1,88

1.91

1"87

1."84

1n-L" ()

1AÔ

l.7L

1"61

2"25 1"88

2,O9 r,6g

2.O3 1"73

2.06 r"76

2.OL I.73

r"g4 r"74
a d^ . //Løö4 J ' OÞ

1..35 r,56

1,66 r,5g

r.67 r"5r

L'Oz L"3l+

0.61 o"3g

O"l+7 O,35

o"h6 oß2

O"l+9 O,33

0,1+7 O.33

0"50 0"36

o "55 0.37

o.55 0,39

0"51 os37

O "l+7 O,!+5

o"55 0"55

1"13 r,23 1.19

L:o7 I"14 1"'t l
0.gg 1"07 0,gg

o"94 0"gg o"g1

O"75 O "91+ 0"84

0,69 0"g6 0,77

0,63 0,77 0.70

o.53 Q "61+ 0.69

0"49 0.61 o,54

0,48 0,56 o,52

o,25 o,3g

o"hg

0./+1

o'b2

o.4f

0'/aO

o "43

v "¿+o

o 'Lþ7

O,4l+

o,h6



Composition

Fat

of

"6h*

TABLE $rllÏ,

tonstants and ilnsaturated. Fatty Acid

the }tiJ.kfat of the Univer si-ty of Nanitoba Herd.

sanpring ïodi¡e sapon" -T3i53;- polenske
Date Value Va1ue Va1ue Value

Fat Constants _ . Unsaturated Fatty Acids. trdeight .

Conjugated -. Non-Coniltgate4 
-Díenoic Tri-enoÍc Tetra-

enoi'c
ÐienoÍc Trienoic Tetra-

enoic

llMono-

enoic
Total
Unsat.

CIcL.1953

Nov,1953

Ðec"1953

Jan.l95h

Feb"I95l+

Mar,I95l+

Apr.195Ir

May 1954

June 195&

Jt:-ly1954

Aug.1954

sept.1954

ûct,. L95h

33"7A 2?J"0

3l+.IO 230,5

33.OO 226.7

3h.oo 227,6

35.2A 227 "2

37,LO 22ù,"L

3l+"5O 221+"h

33.10 226"7

32"90 226"L

39.5O 22h"8

41"40 222.0

40.40 22I.8

37.8O 224"0

á) øQ

27 "7

29 "L

29,g

29.1+

28"3

4Y o4

30.l+

29 "A

24,9

26"Q

25.L

25 "h,

I o1.

2.2

4e4

2.O

2"3

r,7

2.I

2,3

2.O

L"2

I"2

1"3

UoYU

rì ÃÁ

o"4L

o.55

o'55

rì lo

o,63

o.65

0"60

1,1I

2"28

r.27

0"87

0,03

0.03

0"01

0.02

0"02

nn?

o"o2

0.02

o.03

c,o4

0.04

0.02

0"02

trace

tl

n

tl

n

ll

lt

1l

¡t

il.

ûl

il

L,77

I 614

1.40

1,40

1"19

1,30

1 lÊ

1"15

1.08

1.ó0

0"38

L.Lh

L.o4

o,76

o.96

o"3h

u,Jo

ô?o

o,52

r\ Âc¡

0"/+0

O.6l+

o"22

o.7g

o.77

O'ruþ

0.50

o.56

o.3L

o"29

o"25

0.31

O,33

0 "12

o"36

o"26

O"l+3

v,10

29,gh

29.26

30.81

3r.93

33 "h2

3l+,55

3L"70

30,56

30"77

36.24

37 "20

35.5h,

33.89

33.80

J-) eOI

33,3L

3l+'55

35 "92

37.39

3l+"42

3-".1J

JJ.¿4

39.6L

l+o,95

39 "lþ7

37 'l+2
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TABTE ffi,

-Anal¡rsis of Variance of the Fat Content"

Source: d"f , M.Su F F(l%\

Cows

Season

MÍ-LIcings

Error

duf"

14"s.

F

o

I
9.55

5,13

L,5g

o"76

6"75

2.O9

7"10

2"73

t2,57 3 "L3

I
58

degrees of freedom;

Mean Square;

Ilj.oùo :rrÏffi--

ïË

Yi*

\ialue or content;

ï averaged over cow

IiiJking number"

TABI,E-ü""

Analysis of Variance of the Iodi¡¡e Value"

(for abbrevo sêê Tab1e NTX).

Source: d"f"Iul"S"FTG%J

Cows

Season

MiJJrings

Error

6 235,59

1 8L9.90

g 6"53

62 L.56

L5O"72

52h"53

4"18

3"10

7.A6

2"TL

Regression Equation: f^ = -1,61 I \ I C"2927 N"
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TABIE EÜt_s

.Ana1ysis of Variance of the Saponification Value,

(For abbr"evo see Tabl e XIX) 
"

Source: d,f , I4oSo F F(1ø)

Cows 6 76"02 22"55 3"7I

Season I 96"3L 28.1þ5 7.O7

Milkings 9 2Lr.L3 7.!4 2"7L

Error 6L 3.38

RegressÍon Equation; le s ^5"h,6}g Å yi / 1"9890 X - 0,1423 *.

IAEI_õ_EfiI".

.{rralysis of \rarÍance of the Reichert-Meissl Value

(For abbr€v, see Table XtX),

Source: d"f" M"S, F F(t%)

Cows 6 b5 "oh 72"1+2 3.a2

Season l- L55"A9 42"70 7.08

lviiJki.:rgs I L05 '22 29.05 2"72

Emor 59 3"64

ô
Regression Equationr Ye * -10.1491n / Yi I 3.Il+93 lC - 0'1863 f'
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TABI,E Ð!trÃ'

.Arralysis of Varj-ance of the Polenske VaLue.

(For abbrevo see Table )GN) 
"

Source; duf . ¡'loS. F F(1ø)

tows

Season I
trfílkings I
Ercor 59

L"LT 39"O 3.12

o,5g L9"7 7"08

0.07 2"3 2,72

o.o3

T¿EJI ÐGV"-

Analysis of Variance of the Conjugated Ðienoie Fatty rtrcid Contenf"

(For abbrevo see Table EX),

Source; d"f " !I"S" F F{LF")

Cows 6 0,1403 58.5 3.10

Season L 0"2587 107"8 7"06

tvlilkings 9 0.004L 1"8 z"TL

Error 6z o"oozh
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TABI,E g\¡,

Anatysis of Variance of the Non-Conjugated

Dienoic FattY Acid Content

(For abbr€'lrø se€ Table lmX) "

Cows

Season

MilkÌngs

Error

Cows

Season

6

I
o

62

O,89/.+9

1.2621+

o"u23

6 0"1450

1 O"l+322

22,65

3L"95

3 "60

26"85

80"03

r
f,

3"LA

7,06

2.71

Regression Equation; Te z 0'2272 / Yi - 0.0413 X.

TABT,E X}Xru"

.Analysis of Variance of ùhe Non-Conjugated

Trienoic FattY Acid Content

(For abbrevo se€ Table XIN)"

Source: d"f . 
-- 

M'S' F 
-F(IØl

3,10

7 "06

lr{i]JcÍngs I 0"0078

Error 62 a'oa5l+

L.h)+ Z"TL
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TIIBIE XEE:I"

Ánalysis of Variance of the Non-Conjugated

Tetraenoic Fatty Acid Gontent

(For abbrev" see Table XTf).

Cows

Season

Milkings

Eryor

d"fu

6

I
I

62

Mr S"

o,2258

o"2953

O "l+298

o,oL32

l-7'ro

22"37

32,56

3"ro

7,06

2"7L

Regression trþuation: Ie ã o"t+LgJ. / ri - Q,O762 X."
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acids

Total
unsaturated

/
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