
fcsr

TWASD ORAR KOODY

"., TJnlverslty of Arlsona, 1941

A 1BK8IS

submitted In partial fulfillMnt of the

reqalresients for the (Segrte of

KABTEH OF SCIBSCE

DepartBsent of I^alry Hnabandrjr

KA»SAS STATE COLLEGEW AOEICULTOnE ANT) APPtKD SCIFHCR

19*7



Oozix-

TABUE OF COBTEHTS \s^i^-^

imnxicTioH* , 1

REVIKW or IITEPATORK 2

CtMolae In Normal 'rHk, 2

VlBcoBlty In fjopwil Uilk . 4

Crwuiint; and Viscosity In Colostnm 6

CoBpoaltlon of Colostrun ..... 7

Variability of Colostma 8

RXPIRIKEHTAL PROCEDURE 10

Collection of Data ... ,10

Traataant of Data 14

EOCpraiiEirrAL PEsorTs 15

Transition fron; Colostrun to rfornial lllk 16

Variation In CreaB VolTiae and Viscosity. ....... ,21

Effact of Certain Factors upon Crea«ln« and Viscosity, ,23
Effect of Breed on Creaxdng and Viscosity . . . , ,?3
Effect of Itambers of I«ctations Dpon Creaalne

and Viscosity. ,, 26
Effect of Ration Upon Creaalnc and Viscosity. . . ,27
Effect of Season on Creaitlog and Viscosity. ... ,28
Fffect of '.en«th of Dry Period tJpon Creasing

and Viscosity, ..........,,,,,, ,29
Effect of lenfth of Gestation Upon Creamlne

and Viscosity. ,.,.,, .... ,33
Effect of Fdeoatous Condition TIpon Creais'ng

and Viscosity, ...... ,33
Effect of l-astltlc Condition on CreaBlng and

Viscosity, ,.......,..,..,,., ,35
"ffeet of the Quantity Secreted 0pon Creasing

and Viscosity. ......,..,,,.,,, ,36

Kelatlon of Certain Fhyelcal and Chemical Factors to
Creatt VoIubw and Viscosity of Colostrua , ,38

delation of Creaalnf aiKl Viscosity. 39
Relation of Specific Gravity to CreaBlnc and

Viscosity 43

11



^
111

Relatlo: of Sollds-not-fat to Creaming and
Viscosity. 45

Relation of Proteins to Creasslnc and Viscosity, . .4n
Relation of Lactose to Crewolng and Viscosity . . .54
Keletlon of Ash to Creaizlng and Viscosity .... .54
Halation of Fat to Creaialng and Viscosity .... .55
Relation of Carotenoicis, Vltaoln A and Vltarln F

to Creanlng and Viscosity. .55
Relation of Bloodiness to Creamlnf and Viscosity. .60
Relation of Leucocytes to Creaming and Viscosity. .61

80IOUHT A!»D CORCLnSIOMS 63

kctnmiTo&antB .66

LITBRATOHE CmTC 6?



IJrTRODDCTION

ColostruH differs froo normal milk In tmny of Its ohar«ct«p-

IstlcB. In general, the constituents ar« nore concentrated in

colostruB than In normal Bilk, apparently nature haa TTovlimi

this special eaterial for the pi.rpose of aeetlng the physiolo-

gical deaands of the neonatal calf.

i:any InYestlgators have reported wide variability in the

oolostral secretion and have alsi' reported rapid changes froB

the first secretion to that of normal Bilk. Since the nutritive

properties of colostrua from different cows verled widely and

since colostruB was of considerable luportanee to the well-

beln;; of the calf. It wou'd be desirable to have an Index of

the first secretion In teras of eolostral properties* An

atteispt wns Bade to deteralne whether the physical properties

of creamlnjr pnd viscosity night be used as a aeasure of the

concentration of various nutrients, or the decree of eolostral

characteristics present; therefore, the coa'^OEltion of colostrua

Involving a ntmber of constituents was deterrained for comparison

with these two rothJ^r slsple physical tests. Also, soiae factors

which taight influence the degree of the eolostral characteristics

of the DOstparttiBi secretion were studied to deteralne how the

physical and cherlcal characteristics of this secretion might be

affected.



MVIEU OP MTEliATniiE

Little has b«en published regnrdlng creasing and viscosity

In colostnm, though these properties have lieen studied rather

extensively In rl^k. Therefore, a review of the outstanding

principles involved in these phenoraena in eilk will be beoeflelal

to the study of creasing and viscosity of colostrur!.

Creaming in Horaal klilk

The phenoiBenon of creaaing in nilk has been reported as

due to a tiultlpliclty of causes, prioary aaiong which was that

of the clustering and rising of the fat globules. It was early

recognised that creaming was closely associated with the fat

content. Babcock (3), in lfl89, postulated that the principal

factor affecting the creaming of milk was the difference in

specific (^awity of the serum and the fat. Large fat globules

and a small amount of sollds-not-fat were favorable to creaming*

Kore recently, Dunkley and Tomaer (10) stated,

The vr.rlable creanlnf; properties of normal all- s

cannot be explained on the basis of differences In rates
of rise of fat globules, the electroklnetlc potential of
the fat, nor the interfaclal tension of the fat-serum
Interface, although each of the^e factors nay rlay a
specific part In the creaming process. Tvidence concern-
In,? thp Imrortancc of hydration of the adsorbed rr«r.brane

on the fat globules was not sufficient to Justify draw-
Inp a definite conclusion regarding the significance of
this factor.

The results of their experiment showed that there is a remarkable

similarity of the mechanisms -involved in the agi^lutlnatlon of



bacteria and the clustering of fat globules In esllk, Involving

the presence of eufflobullns,

Kelatlve to crean layer depth In milk, oBaaer (42) gave as

the principal deteriBlnant the slse and Irregularity of fat

clusters. Korsially, he stated, there Is a direct relationship

betneec the creas vcloac and the fat content, the volune occupied

by cream being 4,1 times the fat percentage after standing 24

hours*

The importance of the solid s-not-fat to creaming was

reported by Palmer and Anderson OD who stated that the volume

of crean rising on raw milk of unlfons fat content Is determined

largely by the sollt's-not-fat In the plasma. They sugi'ested

further that neither size of fat globules nor their clumping

deteralncd the voluee occupied by the risen fat. They refer to

the wor'- of Van Dam ^ Slrks showing that the addition of certain

substances such as gum trogacenth, gelatin, starch, gur. arable,

agar and saleb, increased the cream volume 15 to 25 per cent,

concluding that It was the milk plasma and not the fat which has

the chief Influence on creans rising. The work of Hahn and of

Hunzlker, i^o stressed the importance of sollds-not-fat In cream

rising, was also referred to by Palmer and Anderson (32). Cream-

ing, according to Dunkley and Somner (10), will not take place

In the absence of undenatured euglobulln, Hunslker (cited by 32)

was of the opinion that the reduced cream volume In pasteurized

milk was due to the coagulation of certain proteins. Orla-Jensen

(30) reported tbnt the cream volume of heated milk can be
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appreciably deepened by the addition of only one per cent of

colof.truB iihlch Is rich )n globulin.

Peters and Trout (33) and Trout, et al, (-t?), suggested

leucocytes as another factor possibly bearing a relationship to

the depth of the creaai layer. Due to a aratual attraction exist-

ing between fat globules and leucocytes, the two objects cohere,

with the weight of the leucocytes tending to overecKue the buoy-

ancy of the fat globules. This, together with the increased

volume due to the cells, resulted In an extended creaai layer.

It would appear froa the foregoing Investigations that

creaming Involves not only the presence of butterfot but also

the relationship of the solids-not-fat, especially the globulin

fraction, and the cellular content as well,

A relationship between cream volume and viscosity In Dilk

was reported by Palmer and Anderson (3?) who further concluded

that the viscosity of raw milk was a good index of its creaming

ability and could be used as an explanation of changes in cream

layers caused by the temperature of creating or the concentration

of plasma solids in the nsilk.

Viscosity in Normal Mlk

The factors affecting the viscosity of milk and crear were

first studied, according to Dahlberg and Henlng (P), by ;~oxhlet

In IB76. In subsecuent studies various instmoents were used to

measure viscosity i Dahlberg and flening (P) used the ^acUichael
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vlseoneter; ^ItaVer, Shcraan and fharr (47) used the Ostwald

vlscoBwtert Batrfan and Sharp (4) used the Blnghas Ylsooaeter;

Babcoek (?) used the Saybolt Iseoneter; and Nalr and Vocik (29)«

Henlng (?1), and rveltcn and Herreld (4f ) u-scd the TVsrden ?odv

Flow Veter.

Viscosity In milk was affected by the Individuality, ration,

period of pregnancy and lactation, and the health of the cow (8).

Viscosity of erean was not greatly Influenced by the transition

froB! sumner to winter conditions (40), but It did show a day to

day variation regardleits cf how It was handled (21), The varia-

bility of viscosity of Bilk and cream was also reported by

Dahlberg and Henlnit (P).

The viscosity In milk was related directly to the total

solids content (P, 32), though It Is not a strictly linear

function and does not accurately Indicate the total solids

content (4). f^onse Investigators tend to believe fat to be the

most Important cause of viscosity and any factors affecting the

fat percentoge and clumping of fat globules will have an effect

on viscosity. Thus, It Is believed that It Is the effect of

Increased temperature, pasteurization and mechanical agitation

upon the clumping of fat globules that causes the decreased

viscosity; furthermore, the greater viscosity noted In milk and

creao after aging for 4P hours is due to the clumping of fat

globules that has occurred (2, 4, P),

On the other hand, it was the conclxisions of Paliter and

Anderson (3?) that most of the specific viscosity of milk was

due to the solids-not-fat. Casein, according to Kabler (reported



by TalBer tnd And«p«on (32), gr<»atly Influenced the viscosity,

Whltaker, et al* (47)» concluded that the arfect of lactose on

this property was small vAien cooptired with the proteins.

There appears to be no general agreoment as to the funda-

eiental cause of viscosity, but it is apparent frcn these data

that several factors such as the condition of the cow, together

vlth treatnent and milk solids of the sample are involved in

detertnlnlng the viscosity In mlTk and ereaa.

Creaming and Viscosity In Colostrum

Relative to the property of creaming in colostrun, Flelsh-

mann (17) noted that two layers would often form on the undis-

turbed secretion. Hills (22) observed that the cream layer thus

formed was dcpper than It was In the milk secreted three weeks

later. This Increased creaming ability was, according to

Houdlnlere (24), due to the increased content of albumin, globu-

lin and soluble phosphate found in colostrum.

That colostrum was "sllniy" or "viscous" has been noted by

almost all authors who have atteicpted a description of this

secretion, but apparently none have attempted a further study.

An explanation for these noted increases in the creaming and

viscosity has been sought In a study of the composition of colos-

trum.



Conposltlon of Colostna

A great nuaber of Investigators have 8tudlf>d the coispositlOT

of colostruBi, although not all agree on the relative anountt of

the constituents. Fngel and fehlae (13) found the average fat

percentage of coloatruai to vary betveen ?.8 and 6.9 per cent

showing no distinct pattern, whereas Jacobson and v.allls (25)

shoved a sean fat percentage of about four per cent for the first

15 days. The Associates of sogers (1) and Hlchaond (36) In

reviewing the work of others noted different amounts reported.

None, however, reported a lower fat content than 1.36 per cent

or higher than 7.40 per cent which would Indicate that the fat

content nould not play a Biajor part in the extresie creaating and

viscosity that Is often noted In colostma.

Of the sollds'not-rat, the proteins (especially globulin)

were the cost important constituent Quantitatively. Often, In

deteminatlons of protein content, the albumin and globulin are

calculated as one fraction. Crowther and halstrlek (7) gave the

following analyses of colostrum proteins i total protein 18 to

?0 per cent, caselnogen 4 to 5 per cent, albumin 0,7 to 1.5 per

cent, globulin 6 to 1? per cent. Others (1, 7, 11, 13, 14, 20,

22, 30, 36, 43) have reported a globulin content of from 5.77 to

36.86 per cent, kvise and Parrlsh (50) gave the protein analyse*

as indicated below:

first milking postpartum, casein 6.4 per cent, albumin
and globulin 10,1 per cent; fourth milking postpartum,
casein 3.4 per cent, albumin and globulin I.3 per cent;
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fourth day cocposlte, casein 2»^ Pf^ centt albUBln and
globulin 0.7? rer cent} fourtec-nth day coaposlte, casein
2.6 per cent, albunin and irlobulln 0,57 per cent.

It is of Interest to note that the most radical changes In protein

conpoEltion have taken place by the time the udder Is emptied for

the fourth tine which would stron^^ly siiggest that they are

largely responsible for the colostral properties and play an

iBiportant part In the creaaing and Tiscosity of colostrun*

The reported ash content was usually slightly higher whereas

the lactose content was slightly lower in colostrun than in

normal milk, which difference would not suggest an appreciable

effect upon the creaming and yiscoslty, Hoss (37) reported that

the colostral leucocyte content is over 50 tlaies that of noraal

Bilk while others (6, ?4, 34) have similarly reported the pre-

sence of large nuRbers of cells which might play a minor role

In the colostral creating and viscosity.

Other workers (15« 17* ?4, ?6, 3I, 46) have also reported

analyses of the eompoBltlon of colostrum.

Variability of Colostma

In the study of the composition of colostrum it was noted

that variation existed to a greater or lesser degree in all

constituents studied, ruch variability has been recognized by

nany authors (1, 13» ?5) and is given by Hollen (23) as a chief

cause for the contradictory results of the experiments conducted

on this product.
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The Tarlablllty in the oan^mary seoretlon was reported ai

being related tot

(•) lenfth of tine cow was dry (11);

(b) breed (1?)?

(c) Individuality (IP, 31)

I

(d) feed (12) (Only effect of feed is through its influence

on the daily toIum (2f*, 44) )}

(c) interval between Bilklags (12) (Hanaond (20) states

that more frecuent nllkings increase the rate of transition frOB

eolostruB to noraial bIUc, This view is questioned by Overman

and ?aninann (31) );

(f) health of animal (12);

(g) tettperature and woather conditions (I3)

5

(h) age or number of lactation (Ernst (16) stated that

heifers showed more colostral properties than older cows);

(i) stage of lactation (The length of time in active lacta-

tion since calving influences the coopositlon of the secretion,

especially the first few days postpartum (7t 16, 17, 20, 22, 23,

?5, 31, 43, 51), The observations of these Investigators indl-

cste that there is a marked tendency for the ma^t^icary secretions

to becoEe nornal in the first four days postpartum. According to

Fngel and rchlag (13), the colostral period extends up to the

twelfth day and can be determined absolutely by the f;lobulin

content.); and

(J) edesiatous condition of udder (4f ).,

FroB these data, it was concluded that the creaming and

viscosity of colostrum are influenced by a large number of
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flnctuatlne factors. This may be partially responsible for the

great variability noted in the colostral product.

EXFT" TrEHTAI PEOClDnHK

In order to further study the relation of certain factors

to the creamlag and viscosity of colostrux, the follovine pro-

cedure was outlined.

Collection of Data

I-ata included in this study were collected durlne the years

of 1945 to 1947 coincident with other investigations underway

with the Kansas State College purebred dairy herd. The 1?3 cows

were classified according to breed, number of lactation and

ration as indicated in Table 1.

Table 1. Wumber and breed of co«s used.

Breed :

1

No. lad
First «

Intion i

I^ter !

Fit

Ps'ture
(ti
s

on : Total
:

Hoi stein 15 ?2 17 20 37

Ayrshire 13 15 11 17 28

Jersey ?1 17 ?1 17 38

Guernsey 10 10 4 16 _22

Total 123
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Aa a basis of classification, cows beginning lactation fop the

first tine wer© clasrJfied as first lactation anlisalB and those

in the second to seventh lactations vers classified as cows in

later lactations*

In order to study the effect of feed, cows were classified

88 to whether they received fresh ?reen feed in their prepartal

ration. The pasture was of various tyres, sooetims constitu-

ting the entire feed intal<e, but often supplenented with grain

nix, alfalfa hay and silage j irtiereas the winter ration consisted

only of grain eix, alfalfa hay and silage sometiaes supplenented

with a vitamin concentrate (being fed for another experiment).

This ration was fed to the cow for at least four weeks prepartal,

r>urlnE the experimental period all cows received standard herd

treatsent*

Infornation concerning the time of parturition, length of

the dry rest period, and the length of the gestation period was

collected. Observations were sade of the experimental animals

several times weekly both before and after parturition. The

severity and extent of r^maary edema were estimated by palpotion

and visual observation. Froc this inforBation the cows were

classified within one of four groups on the basis of the sever-

ity of edema.

The mastltic condition at the tine of parturition was

deterained by the Oepartment of Bacteriology of the r^nsns rtate

College froB the results of a microscopic examination (?7) of

the mammary secretion prior to its use for human consumption.
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Cows entirely free froB any aastltlc condition »ere classified

"A", cows suspected by reason of their high (over 500,000/ibI.)

leucocytes present were classiflfd "B", and cows definitely

mastltlc as shown by the presence of long-chain streptococci

and staphylococci were classified "C",

In order to obtain the coaplete colostral secretion for

analyslSt the new-born calves were prevented Trtxa suckling and

the dans' udders were milked out completely twice dally, the

first milking talcing place two to six hours postpartun. The

amount of colostrum withdrawn was recorded and representative

samples were collected frois each milking on the first( second,

third, fourth and seventh days. The samples were stored at 40°

to 50° F« for 24 hours whereupon each sample was uniformly

rlxed and cream volume was determined by placing ?00 cc. in a

graduated cylinder to be held at 50° r, for 48 hours, at the

end of which tiiae the creau volume was measured.

After setting aside the sample for cream volume determina-

tion, the viscosity was determined by placing 200 cc. in a

Borden Body flow Keter (29) and the time required for the

efflux of IBB cc. (12 cc. remained in the Jar) through a 1.97

mm, orifice at 50° F. was recorded in seconds and expressed as

the rate of flow,

^.iacroscoplc examination for a brown or red color was made

to determine the presence or absence of blood, Hien a sufficient

number of samples had been collected, rerulring approximately a

week's time, the fat content was determined by the Babcock ^thod.
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The follotvlne analyses were made on the individual samples

of colofitpuH froc the first six nllkingB and on dally cooposites

from the secretion on the fourth and seventh aays, Tltese samples

were stored nt 4^ C, until analyses could be made. The analyses,

listed with their method of determination, of the following

rrop<>rtie9 were made in order that their relationship to creaming

and viscosity could be learned:

(a) specific gravity, determined with the vestphal balance

at 70°/A^ 0,5

(b) solids-not'fat, determined by calculation;

(c) protein constituents, deternlned by an adaption of

procedtire used by Rowland (30 5

(d) lactose, detercined by use of the isethod outlined by

Garrison end Haigh (lP)j

(e) ash, determined b}' evaporating a saaiple to dryness and

heating in s muffle furnace overnight at 500*^ C.j

(f) carotenoids and vitamin A, determined by an adaption of

Boyer, et al, (?), described briefly by wise, et al, (49); and

(g) vitamin F which was determined by a modification of

Cualfe's method (35).

These above methods were used because they were the best

known means of obtaining comparative analyses with a minimum ef

tine and expense.

The number of leucocytes In the colostrum from 13 cows was

determined In the first, third and eighth milkines. Breed's

Kieroscopic method (27) was followed making use of Pappenheia's

stain (19) which facilitated the differentiation of cells.
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TrsatBwnt of Data

After they had b«en collected nnd classified, data »er«

plotted In scatter dlagraiw which nould show the relation of

cream volunte and rate of flow to each other, to season, length

of dry rest and gestation periods, edem and aastltie., aaonnt of

colostrum secreted, specific grarlty, fat percentage and caro-

tenoif? and vitamin A content. In prellalnary stiidles, diagraac

showing these relationships were prepared for each breed, the

lactation and ration belnp listed separately in order to present

a aore coisplete picture of the association* Although scatter

dlagraas were made for all breeds, r<?nerally only data froa the

Jersey breed was used In this presentation. Justification for

this choice is to be found in Table 1 which shows the more

balanced condition of this breed both in lactation and ration as

weU as a larger total nusber. In addition to this, there was

little significant differences noted between breeds*

The relation of cream volune and rate of flow to sollds-

not-fat, total protein, albuoln and globulin, casein, lactose

and ash were plotted according to the lactation and ration only,

while in the case of vitamin '^ coisparlson was cade only on a

basis of whether or not a vitamin F supplement had been fed. The

leucocyte counts were compared to cream voluae and viscosity

without distinguishing between any other factors, "or these

determinations only the analyses of the colostrum from the first

milking was used because preliminary studies had indicated that



15

the first secretion dlspla<red the most narked colostral charac-

teristics?. After preparing these scatter dlaerams, the product-

moment coefficients (41) were calculated where a possible linear

correlation «as Indicated*

The data pertaining to the transition, breed, ration, season

of year, number of lactation, severity of edena, nattltle condi-

tion and the presence of blood as they were related to creaning

and viscosity were studied by calculating the average creaa

voluse and rate of flow for each group and when applicable,

testing the significance by analysis of variance or the t»test

(41).

vaKBiuanikL msvvts

There are miny more or less complex analyses requiring

considerable amounts of skill, tine and eouipment that would

indicate the colostral properties of a secretion, Flnce it la

not always practicable to make such analyses, a slnple test or

testa that would b<° indicative of the colostral properties

would be highly desirable. As the cream volume and rate of

flow seemed to meet these reciuirenents, they were selected as

a basis of comparison in this study. Before determining the

relation of these factors, however, it was deemed advisable to

study the creaming and viscosity In light of the transition

from colostnin to noi'mal milk and sorae of the conditions which

might have an influence upon their expression.
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Transition froB Colostrun to !?onaal £ilk

Th« findings of other ln*»«tlgators to the effect that a

rapid change took place in the aaraaary secretion for the first

few days postpartvm nere substantiated by these experlisental

results. The ereae voluae and relative viscosity (expressed as

rote of flow) were used to neaeure the transition of the MUBsary

secretion froa colostrun to noreel Bilk. The degree of ereamlng

and viscosity were detenslned the first four days on each saaple

drawn and again on the seventh day. This transition is shown in

the over all cream volume and rate of flow values of Table 3*

rince in all breeds studied the trend was the saae as shown in

Fig. 1, it was concluded that the breed had no effect on this

transition. The greatest creaci voluae and viscosity occurred

in the first colostrum drawn, thereafter the extent of these

properties decreased rapidly through the third milking and

leveled off to the eighth irllklng* nreei this point, the average

ereaa volune reisalned rnther constant whereas the average rate

of flow continued to decrease slightly. The radical changes in

eolostral properties i^ch take place during the first few allk-

ings postpartum are Illustrated in Plate I, which shows the

transition in crean volume occurring in the eolostral secretions

of Jersey cow 35?A.

Although it was found In rost ca.es that crean voluae and

viscosity were greatest in the first colostrum drawn and de-

creased subsequently, aawng 123 samples, there were 2f^ excep-

tions In which cream voluae was greatest in any milking other
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than the first, and t*b In which th© rate of flow followed the

snae pattern. For these 26 cons the average creQin voluae and

rate of flow values durlnp the first fi hours are shown In Tahle

2 where It wns deaonstrated that In the third ar«3 fourth nllk>

Ings these properties are the saise as the over all average.

Table ?. Averarc erpnn volune and rate of flow of
colostruB showing a greater creac voIusm in
anjr nllklnp other than the first.

Days 1

:

Hllklng i Crean volume
1 (nor cent)

J Rate of flow
1 (seconds)

1 1 27 166

S 42 95

S 3 21 63

4 20 56

The transition to nonul Bilk was more rapid In the rate of

flow than In the cream voluna. Although Fig. 1 shows a slight

breed difference In the rate of change froa colostrum to noraal

Bilk, there was little basis for the assuaptlon that breed plays

an ioportant part In the trans! tl(m to normal milk.

Under the conditions of this experiment where cows were

Billked out twice daily, the tero colostrum has been applied to

11 secretion up to the eighth milking postpartTici, although

Barked colostral properties do not persist beyond the third or

fourth Bilking. For dairymen this allows a certain aargin of
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eaStty in the elapse of the cuotocmry four days postpartum before

the Bilk is considered marketable, rose authors state that a

longer period of time Is required for the milk to become "nonaal"

in all respects, but with the possible exception of a few oomi

the properties studied herein have for all practical purposes

reached "nonnal" levels after the eighth milking. The judgawnt

of the producer in applying the rule to the individual cow is

Important.

Variation in CreaB Volume and Viscosity

Aoeording to the data presented in Table 3 and rigs. 2

throtigh 1?, variation between tfie creaming and viscosity of

different samples of colostrum w«s greatest in the first milking

postpartum, after which the difference between the hii^st and

lowest values beeeme successively stualler. It was observed that

the Individual cow ordinarily did not persistently secrete colos-

trum with either extrenely high or low creaming or viscosity,

but rather a secretion with extreme properties was generally

followed by eolostnra with creais voluae or rate of flow nearer

the average for the group.

The tendency of the variability to be greatest In the first

secretions and become less variable in later secretions followed

the seme general trend as the transition from colostrum to

norsMil allk, suggesting that it is those factors causing high

creatmlng and viscosity that fluctuate to the greatest extent.
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Representatives of all fotir breeds were to be found in both the

highest and lowest values during the colostral period of four

days. Indicating llttlSf if any, Influence of breed upon the

wide variability*

Fffect of Certain Foctors Upon Creasing and Viscosity

As a basis of eoaparlson it was necessary to sake uniform

use of the analyses froc oie of the mllkings which showed colos-

tral properties. For this purpose, the first colostrua drawn

froB the udder was used because, as shown in rig. 1, the creaa

volunse and rate of flow as well as other properties were then

most 'colostral" In nature.

As 8 further Indication that any relationships present would

be found to the greatest degree In the first colostnu drawn was

the observation based on preliminary studies that the apparent

effect of the factors of breed, ration and lactation disappear

rapidly with the transition to nonaal milk after the third Bilk-

ing, thereafter acquiring properties characteristic of the dif-

ferent breeds* Also, at the first Bilking the ph^'sical condition

of the cow was aost sitailar to that at tine of partxirltlon,

awklng a more Qnlforts basis of study.

UtW\ Qf BWfld OU gEMBinif nnd YlgggSltr. it wlU be noted

froa Fig. 1 that after the third diking the breed differences

were no longer apparent, and during this period the differences

were not consistent and the order not the sasie for creast volusie
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as it «as for rate of flcm* For the first rilking Ouemscy

colo::truBi had the highest ereas voluce, followed by the Ayrshire,

Holsteln ond Jersey} while for tiie rate of floe, the »yrshlre

colostrum had the greatest Taluo followed by the Guernaeyt Jersey

and Holsteln colostmiB* The top and bottoB pair eera the saae

In both cases, however.

Data In Table 4 furth^r Indicated the variability of the

colostral product* stien studied statistically, the difference

existing in oreao volusw between the oolostruB froo Holsteln

and Ayrshire breeds was nonsignificant, being very nearly the

same* Likewise, the difference between the Guernsey and Holsteln

or Ayrshire breeds was nonsignificant. The difference between

Jersey and Ayrshire or Holpteln colostpua, however, was found

to be significant while that between the Jersey and Cuerosey

colostrum was highly 9i(;niflcant. The validity of the greater

aaoont of creaming which was noted in the colostrum from Guern-

sey cows shown in Fig. 1 is questioned by the data of Table 1

which show that there were 4 tiises as many Guernsey cows on

winter ration as on pasture, leading to the conclusion that

the difference was not entirely due to the breed.

The differences between the rate of flow values for the

different breeds was found to be nonsignificant due to the wide

variability within each breed* However, when comparing the

colostrum from the later lactations of Jlolsteln and Ayrshire

cows, a significant difference was demonstrated which can be

traced to the low variability of the colostrum from the Holsteln



Tabic 4* The effect of breed and lactation upon the
creaR voluoe and Tlscoslty of coloetrjis.
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: 12«Bn nnd standard error
Breed il^ctatlonj

: :

llTBiber t Cream volume :

t (ofT e«Bt) 1

n«,te of flo*
(aeeonda)

Holsteln first 15 71.? ± 8.? 6?3 + 288

later ?2 6*.9 ± 6.4 212 + 3*

Ayrahlre first 13 63.7 ± 8.4 817 ± 400

later 15 76,? ± 8.3 623 ± 167

Jer»e7 first 21 55.9 ± 7.7 489 t 123

later 17 35.0 ± 8.6 433 ± 139

Guernsey first 10 83.0 t 8,0 730 ± 579

later 10 82.7 ± 6.3 402 + 98
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eo«s* A greater viscosity wee shown by the Ayrehlre cow In the

first Bilking, but this rairic Is lost to the Jersey breed In the

second diking, strongly euggestln. that the difference «as dxie

not to the breeds Invol'wed but rather to the extrenely vlscoue

colostrua secreted by a few Ayrshire cowe la the first Bilking,

The conclusion drawn fron these data la that although the

creaning and viscosity in nonal nllk are generally recognized

a* being greater in the Channel Islnnd breeds, this characteris-

tic does not apply In colostrm, for no significant differences

due to breed waa noted during the colostral period of four days,

vrr^ett of snabara of Lactations tJnnn CrenBlng mA YlBCOalty.

After noting no significant breed differences in the creaaing

and viscosity of colostrun, the possible effect of the nuabers

of lactations within each breed upon these properties was studied.

It was found that cream volu»e was higher In colostruo froa first

lactation liolstein, Jersey and Guernsey cattle than in colostrun

from later lactations of these sane breeds, However, in the

AynAiire breed, the nature cows had the higher values in first

Bilking coloatroB only. The viscosity, on the other hand, in all

cases was higher in the colqstrun from heifers than nature cows.

Table 4, Although these differences between the flrat and later

lactations within each breed when tested statistically proved to

be nonslenlfleant due to the variability within each group, it

Is notable that with the one exception indicated, the values were

greater in colostrun froo cows laetatlng for the first tlHe,

This would strongly sugi^est that the lactation played a
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laportant part in d«teniinln« th« extent of eretuslng and vis-

cosity of eolostruB then «aa Indloatex) by the statlatioal

analyaes* A possible aoKplanation for thla Inference is that

the masismry tisstw in beglnnlnc to function for the first time

ajr br*« a greater aecuanilation of proteins » Ijraplioid and other

fluids as a result of groeth and developoentf which substances

ight be responsible fCH> sone of the noted colostral properties*

IXiasX flf. r^wUffliJ?p«i .gnwalmr ting YtwpgUy. ^or the

purpose of deteraining the effect of pasture upon colostral

creaslne and viscosity, data were arranged according to shetber

the cow had received pasture in the prepnrtal ration. Results

showing this effect in the first postpartal alltdng are presented

in Table 5.

Table 5, The effect of ration on colostral
creaa volme and rate of flow*

Lactation group t r^ation
>

1 N'o.s Cream voluoe t

(ner cent) t

•jite of flow

First Pasture 96 5? 385

Winter 17 64 550

£«t*r Pasture 23 48 285

Unter 11 78 299

Both groups Pasture 49 53 338

Winter 28 69 451
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Sine* ther* «•• no pastors from r«o«giber to Vtarehi cows

freshening In this psrlod ««re not Includcdt thus Klnladzln^ th«

•ffcGt of the season upon the resoltc* It was found that ell

elues were lover in colostroe fr^ enlnelE that had been oa

IMstare* when the differences were tested hjr analysis of

arianeet the difference of 16 per cent crean volune was signi*

floant (P, less than 0.05) bat that of 113 seconds in the rate

of flow iras not statlstlcolly significant (P, e^eater than 0,50),

This tendency for c loirer crees vclmM and rate of flo* in

eolostrtn frees anlnals that had been on pasture lo further

Illustrated in rigs, ? throush 13,

^f^ect of ficflson on Creaaing end Viscosity. After finding

that the ration seesied to influence the coiaposltion of colostnim«

the possible effect of the temperature was studied, Tiible 6

consists of average oreac volume and viseoaity values in the

first Bilking oolostruD from all cows receiving a winter ration

throughout the year; colostruo analyses froa cows receiving

fresh feed prior to parturition mre not included in order to

eliminate the possible effect of the ration*

Since the saarples of coloatrua Included in this group were

froBi cows not eoosparable as to breed, lactation and/or certain

other factors t these findings did not lend theaselves to a

statistical analysis, Never-the^less, there wr.s a-^parently a

seeeonel difference, the values tending to becooe lower in the

tmmHT and higher in the winter zaonths.
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Tabic 6. rff«ct of ««•<« upon colostral
crMus olxaM and rate of flow.

Saaaon i r«eiatlon
J,

t No«:
t cows

J

Craam volme i

(per cent) i

1 Hata of fiov
r (seconds)

Mn^r first 15 85 1071

later 23 75 553

all lactations 38 80 757

Spring all lactations 18 73 478

Sonar all lactations 6 53 107

FaU all lactations 9 80 663

Tlgora ? ahowa tha aiatrlbutlon thro«ghoat tha yaar of

colostral crear; volum and rata of flow froa Jaraay cons elassi-

fiad according to different feeding ragiaaa and ataabers of

lactations Inrolvad* ihlle showing the vlda variability of

eraasdac and viscosity of eoloatrtiBf the tendency for coloatna

aaerated during the hot inuim aontha appeared to be lover In

eraan voluBe and vlscoaity than thnt colostrua aaerated durlas

the winter laontha*

yffffgt Qf fcmrth.of, Pan ruX^A ' mn (.nwlm ind HmwltT*
It was the observation of Eckles and Palaer (11) that the coa>

position of colostrUB was Influenced tgr the length of tha dry

period. In order to test this effect upon colostral creaa

volusia and rote of flow, scatter dlagnma were constructed for

ell breeds to determine If any relatlonahlp axlated between theaa
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factors* In Fig* 3 data arc presented showing the effect in

Holsteln and Jersey breeds* indicating that there is no rela*

tloDShip present in anlaals baling rest periods of 29 to 224

days (averaging about 6o <lays). Although wide arietioa was

notsdf there was no general trend for a hi(fiMr crean voluas or

rate of flow as the dry period was eztaoded* The mum was true

of the other two breeds*

The effect upon the properties of the auMsary secretion

when there is no iTf period is indicated in the results obtained

froBi a Holstein cow (126a) ailked continuously fron the first

parturition to the second. Her eolostral secretion was without

color and had a lipolytic odor and a tendency to foais which

persisted imtll the fourth postpartal oilklng. The oreas line

was not definite bat was estiawted to be at the two per cent

level for aevwral Oays laaaediately prior to parturition ond

during the first day following parturition. The fat content,

neanwhllet was six to el^t per cent* The creaa voluse had in-

creased to 14 per cent by the eighth ollklng followed by a de»

crease to 12 per cent In the fourteenth Bilking, by which tlaa

the cream line had becocte definite* The rate cf flow for the

Bilking Just prior to parturition was 81 seoonds and for the

first Bilking !^ostpartum the rate of flow was IOC seconds after

which it decreased steadily to 55 seconds in the foturteenth

Bilking*

These foregoing results would Indicate that If there Is a

dry period of at least a month the eolostral seoretion will be
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"noraal**! but If th«r« is no dry period such colestral properties

do Qot develop*

Fffeet of l^nrth of QaeUtlon Upoa Craemlrig and ViaeoaltT.

The possible effect that tbs length of gestation alfht taev vpou

the colostral eresa olume and rate of flow was studied aocovdlng

to breeds bjr Beans of scatter diaffraas* These trowed no rela-

tionship between creao volune and rate of flow vIxkx oovs calred

ziorEially between 247 and 296 days) hoMnrert the eolostrua froa

two heiferst 130A and 373A, irtileh aborted after 220 and 225 cUy*

of pregnancy, showed a ooBtparatively low cream toIubo of 28 and

12 per cent and rate of flow of ?* and 113 soeonas* respectively*

The oolostruB from the Jersey heifer, 3^3A« on the other hand*

which calved nomally after 247 days gestation showed a colostral

creais volose of 8$ per cent and a rate of flow of 365 sceonds*

Fran these studies of the effect of dry period aad l«igth

of gestation upon the creanlng and viscosity, the conclusion

SMSw apparent that In order for the colostral properties to

d««tlop in the awBmary secretion, there oast be a certain aaocnt

of glandular Inactivity preceding a noannal parturition. Of

further Intisrest would he a study of the secretions of cowa

aborting while In regular lactatloa.

After noting that the colostral properties of creaming aad !••

oosity can be iafluMioed by certain conditions, effort was mde

to deterolBe the influence of the condition of the udder upon

these properties* «lse, et al* (46), oade the observation that
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Table 7* The effect of moEsaery edena upon
eolostral erean Toltsse and rnte of flow.

Uetaiibn iiosount of
: a^Hqa

: ii'o*

:

Creair vcluiae j

(ner cept) i

rate of flow
{ seconds)

First 7 30 102

Boderat* 29 71 717

extrene 23 77 705

later none 30 68 4*7

moderate 29 63 338

eztreoe 5 56 423

Flrat A later turn* 37 61 381

pderate 58 67 532

extretae 2? 70 650
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eolostjoin tended to be more vlsoous froa the core edeieetous

udders. This view la home out hy dot* In Table 7 i*tlch Illus-

trates a tendency for colostral creas volume as well as rate of

flow to be Influenced directly by the edeaatous condition of the

udder. v.hen tested by analysis of variance, hoverer, the differ-

ences »er« found to be nonsignificant, the probability for ereaa

voluae vas 0»50 and for rate of flow 0.19.

Efftfit af JtoaMlf^g COTdtttm on gntanTng ,nmt ^waalte. a

eoiBon belief Is that the cream volune on allk fron saatltle

udders Is often sore extensive than that from nonaal udders. To

detensine If In oolostrus such was the case and if iseoslty ware

slnllarly affected, the average value for these ]»ropertles for

cows with "B" and "C» ratings as described In Experimental

i rocedure were coopered with the average for all cows studied

and the results shown in Table 8. It was found that the creast

volune In the colostrum frors "C" cows was higher and froa "B"

eows lower than the average of all co«.'8. The rate of flow wae

In both cases lower than the overall average. Any significance

in these differences was offset by tho extreae variability within

each group. A t-test showed the probability of the comparison in

cream volune to be approxleuately 0,19. The differences In the

rate of flow were not large enough to warrant the apnllcatlwi of

the test.



36

Tabl* 8« The affcot of Dastltls upon colostral
oM«n voloM «Bd rata of flo«»

iisstltic : No.t Cr«aB volUM i Rat* of flew
elaaalflcatlon ;cow«» (par cant) » (Wflmig?

"C" 16 74 391

"B" 13 59 398

All oera 125 66 514

fttmat ftf thm Ciiantltv . t-erafd Onoa CraaaJM and Vlscoaity.

Feklas and Shaw (1?) gaT* the quantity of saoretlon as on* of tba

factors affactlng the cosiposltlon of milk* Effort «M aad* In

this experliaent to determine If the aaae principle applied also

In coloatroB* How the croaia voluaw and rate of flow of coloetrun

•as affooted by the auantlty seereted is denonatrated for the

Jersey breed in Fig. 4, r^eatter dlacraas constructed for the

other breeds showed sleiilar results. The linear correlation was

ocleulatad to deterolne the significance of this relationship,

the results of which ar« presented in Table 9. The relationship

between these properties was negative and because of wide varla«

billty between Individual saatpl^St the product-nsocsent coeffi-

cients of linear correlation were not significant. This varia-

bility In the colostruB was especially noted vh9t\ the aooimt

seoreted was bslow 15 pounds. Abov* this aaount there was aore

reliability In expecting a lowered erean volnne and rat* of flow

In the coloetruB with an Increase in secreticm. In ganeralt
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1Table 9* Product^aaMW M>fflolonts of linear
corr«latiOQ existing between the ereaa
Tolnme and rate of flon and the aaoont
of colostrum eeereted.

38

Breed :

1

No* i Creao Tolone i1 Rate of flow

Bolsteln 36
r

-0,423»*
r

-0,322»

iTrehlre 28 -0.045 -0.339

Jersey 38 -0.169 -0.331*

Goeraaejr 20 -0.38? -0.338

•• igniflcant at 1 per cent level*
* significant at 5 P*>T cent level.

hOMver, it can be concluded that in eolostruia as in nomal nilk

the concentration of the product decreasea with an Increase in

secretion.

Relation of Certain Physical and Cheaieal Factors
to Creaa Tolaw and Viscosity of Colostrua

Vaof analyses of eolostrtn have been made in an attmpt to

learn the nature of this secretion. The results obtained froa

this study were essmtlally the seae as those of other investi-

gators as reported In the literature. Colostrua was found to

differ from nomal milk prlwirlly In its variability and In the

concentration of various oonstltuentst particularly the globolln

fraction. The laeasurenents of creaming and viscosity were two
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•aslly dttteralnod nethods that mre tested and found Indicative

of the prosence and oaount of a nuaber of colostral properties

in a secretion*

Relation of CrfMwIne end Vlecosity. Before determining the

extent to ehieh certain phyaioai and chemical properties of

colostrtim are Indicated tqr aeans of the creaa Yoltaae and rate of

flo»t the relationship existing taeteeen these two factors ems

studied. Figures ? and 6 Illustrate this relationship, while

Table 10 shows the product^Hsoisent coefficients of linear corre-

lation, according to breed and lactation, existing bettMen these

two properties.

These figures displsT' a rathor typical pattern characterised

by an increasing Tarlability in viscosity corresponding to the

increased cream voluise* The opposite tendency was found with

regard to the viscosity; the higher it beosnie the less variable

the creanlng. %en the ereac volume was below 90 per cent there

was ordinarily a variability in rate of flow from 53 to 300

seeonds. tfhen the crea» voluae was 90 per cent or more, however,

the variability In the rate of flow ranged froa 160 to 4410

seeonds* Another «ay of expressing this relationship Is that in

colostrua with a rate of flow less than 5^ seconds the creaa

volusje Bl0»t range froo 3 to 100 per cent. However, when the

rate of flow was larger than this, there was no case irtterein the

ereais voluaie was less than 97 per cent.

Fren Table 10 it is apparent that the relationship between

eolostral oreaa voluae and rate of flow is variable, depeiHling



40

TatOe 10. rroduet-aoBMit cMfflolvnts of linear
correlation axlstlnc b*tM«n eolostral
crear. Toltnw and Tlsooalty*

Br««<3 1

1

Lactation i

1

1 ifmber
1 com

1 r

Belstain first 13 0.497

later 32 0,728»«

Ayrahlrv first 13 0.569»

later 15 0.3?2

Svrwn first 21 O.TOd**

later 16 0.819**

Quarnaay first 10 0,702»

later 10 0,692*

* significant at 1 per cent level.
• significant at 5 per cent level.
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aoaeirtiat upon th« br«ed, lactatl<m and possibly other factors.

There «as no consistent pattern to these variations. It was the

Ayrshire cowa in later lactations *hi^ had the lowest correla-

tion while the oovs of the Jersey breed in 8ubse(;uent laotations

had the highest correlation* Froa these data it nay be ooiMlnded

that factors which are related to creaalng will likewise be

related to viscosity* The validity of this relation is borne

out In subsecuent material* Also to be noted was the high degree

of variability of these rroperties of creaaing and viscosity}

and the average values were aucb higher than those obtained in

norwal nilk*

Rttlat^ffl of iSMfiiftc C'fayUy to croBurtiHK .nafl .yi.8BMltr» 'The

specific gravity in normal milk Is recognized as being rather

constant, varying but little froni the average of 1*032* The

specific gravity In colostrum on the other hand was ouch greater

than that found in nllk and was also extreiaely variable* The

extent to iriiloh the colostral specific gravity was related to

creas volume and rate of flow in the Jersey cows Is shown in

Fig. 7* That a significant correlation slsilarly exlstedf despite

wide variability, in other breeds except the Kolsteln is denon-

strsted in Table 11* This variability was especially apparent

idien the specific gravity of the product was between 1*050 and

1*075* ColostruBi with a lower specific gravity had a low creaa

volurce and rate of flow while all cases over this level had a

creasi voluDe of over B5 per cent and a rate of flow of over 1000

seconds*
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Table 11» Pro<1uct««oB»nt coefficients of lin»ar
correlation of specific gravity to
creaR volUB» anfl rate of flow of
colostmai*

Breed < {Amber
t eoejB

Crean voluae •

«

Kate of flow

r r

Rolstein 27 0.299 0.349

Ayrshire 23 0,641»« 0.402*

Jersey 28 0,660** 0.6*1»*

Guernsey 19 O.P33** C.715**

** slgtilficant at 1 per ceat level.
• significant at 5 per cent level.

the discovery of such a slfnifloant correlation of the specific

gravity to crean voltaie and rate of flow, it «as deemed advisable

to deternine the extent to which this relationship was due to

the solide-notofat and to irttat extent to the fat present. Whan

the product-Boaent coefficient of linear corxelatlon between

erean volmae and the solid8>not«>fat was detenalned, it was found

to be 0.720. With the rate of flow the line.ir correlation was

0.606, This relationship Is further depicted In Fig, 8, The

pattern here was very similar to that of the specific gravity,

Wben the solids-not-fat content was between 12 and 7? per cent

the ereaa voluae was oulte variable. Below this level the cream

volume was less than 10 and above this level it was sore then
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98 per o«Qt* Th« picture presented by the rate of flow was irery

similar*

fi<l<.tl<m <?f Prgt«^n« tg Cr<MlBg WA Ytafiflllliy. ^Ince the

protein* were found to be the most inportant aollds-not-fat

constituent quantitatively. Fie* 9i showlne the relation of this

factor in coloatrun to the creaa voluae and rate of flow, is of

special interest. It was found that with the exception of one

BMraalt aon-sdenatons Ayrshire cow, all sasples with nore than

16 per cent total protein had a creaia woluae of ower 97 per cent*

Below this protein level the creac volume was variable but tended

to Inerease with an increase in protein content*

Below 350 seconds, the rate of flow showed a good linear

relationship with the total proteins. Above this value, the

reliability was decreased*

Despite the divergence In these values, the linear correla-

tion of creas! volume and rate of flow to the total protein

content was found sicnlficantly high as shown in Table 12, In

the cows studied, the relation of the cream volose ami rate of

flow to the albumin and globulin content differed greatly accord-

ing to lactBti(m. This difference is shown in Figs. 10 and 11

and In the linear correlation values shown in Table 12. The

ereaa volune of the colostrum secreted by all first Ir.ctatlon

heifers was unusually high, belnf nore than 98 per cent, and the

rate of flow with one exception was Rore than 500 seconds. The

albumin and plobullr. content varied between 7 per cent and 16

per cent.
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Table 12* Product-coBsnt coefficients of lln«ar correlation
of proteins to creas voluae and rate of flow of
cclostruBU

Ration iLactetloni
.1 •

No.i Creaa
voluna

s liate of flov
t

Total Protein
r r

Paatnre all 6 0.533 0,887»*

winter first u 0.e79** 0.707**

later 10 0,572 0.761**

AltaBla ft Qlotmlln1

Ulater first 10 0,089 0.029

later 10 0.417 0.877*»

** significant at 1 per cent level.
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Tl» eolostnan from later lactation cows showed a rang* In

create oluae froB 24 per cent to 92 per cent when the altaein

and globulin content waa five per cent to eight per centt Above

thla albunin and globulin level the creaa voluae was over 95 per

cent with one exception for which there was no apparent explana-

tion other than the individual variability. The rate of flow In

coloatrun fron the cowa in later lactations was a relatively

reliable eatinatlon of the albunin and globulin content, bearing

a direct relationship*

The eaaeln ccmtent bore no apparent relation to either the

ereas voluaie or the rate of flow as Indicated by scatter diagraa*

ade to study this relationship* The presence of casein was

reported re being soewwhnt greater In colostrtn than noreal lallk

but apparently has no BeaRorable relation with the creasing and

viscosity*

It appeared that of the Bolids«ftot>fat the alboaln and

globulin Influenced colostral crean volune to the ireateat extent.

Especially was this noticeable when the alboaln and globulin

content was above 8 to 10 per cent. Apparently, below this level

other factors caused the variation in the ercais voltme, irtterees

above this level there was enough albonin and globulin to either

Buike the non-fat serum extreaely snail in proportion to the creaa

or prevent their separation entirely.

It was clearly evident that the albumin and globulin frac-

tion of colostrum affected the vi?coslty. The relation of these

factors was sonewhat sinilar to that of cream volune except that
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th«r« ««• no llialt to the viscosity. Had there been a Halt of

500 seconds for the rate of flow as there ms of 100 per cent

with creasing, the two relationships would have been verjr laach

alike.

In these analyses coloatrnn frots the aaBary glands func-

tioning for the first tlaw generally had a hleher altamln and

globulin content than that froB adders secreting for the second

tlae. This fact la believed to be responsible for the higher

creaK voltwe and viscosity observed in the colostroit froa the

heifers lactatlng for the first tlsse. The only explanctlon at

present is that these proteins are left as by-products of the

growth and developaient necessary to Initiate lectstlon. Since

these cows were nil on a winter ration, of further Interest

would be a study of the protein content of colostrua froK cows

on pasture nnd calving in different seasons of the year. In

order to deter&lne if these factors influenced the proteins and

if a disturbance of the protein content were responsible for

the differences in oreaa volume and viscosity noted under th«se

conditions.

The possibility la suggested thnt the higher albuain and

globulin content of colostruB sight bear a relationship to the

higher incidence and severity of BaoEiary edeoa at calving tlae

observed in heifers as compared to nature cows. Whether the

edetsa Is a result of the high albumin and globulin content of

oolostmn or visa versa Is a provocative probleo beyond the

llnlts of this study.
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^lft^^«}Q gf UstfOaff X9 <^nmlm antii V^la^ogity* or the mm*

protein sollds-not»fot there mis a negative aoasignifleant rela-

tionship existing betveen the lactose content and creasi voltmi

(r -.(H^) and rate of flow (p • -•093) • Taylor and Husband

(44) suggested that the percentage lactose in lolXk controlled

the dally voluae secreted » the loctose content varying directly

with (luaatlty produced. Figures 11 and 12 show the relationship

existing between the cream volvune and rate of flow and the

lactose rresent in colostnia. Contrary to the above 8Uggefltion«

in colostrum there was a tendency for the creasting and viscosity

to Increase inversely with the lactose content*

fiilaU9H 9f HU, %QJ^immlM fin<^ Yli^Sfifta^ty* in prellzslnary

studies^ a scatter diagras was constructed to show the relation-

ship between crea&ing and viscosity and the ash content. Ther«

was no indication of any relationship between these factors^

although there was a greater variability in ash content noted

in colostrum with 100 per cent creas volu&e than at ails' other

eresMing level*

Though the salt balance^ electrolytes, and other factors

present in the ash content siay be essential for the expression

of the i^senoeienon of creaoiingf there was no relationship between

these two factors that could be noted fraa available facts*

The foregoing siaterial would lead to the assuBption that

the solids-not-fat play an essential part in effecting the

phenoaeBa of creating and viscosity of colostruis and the presence

of sollde-not-fat is indicated rather reliably by raeasuremcnts of

these properties*

^
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Relation of r«t, to CfMlnt nnd VlncoiHtT. Cnite etistoD.

arlly the fat ccmtent of milk is Judged ty the depth of creaa

layar formed, Th« results (rig. 1?) sho»«d that within wide

Halts this vas tnM« but the reliability decreased as tha cr«aa

TOloM and fat percentage Increased, Figures showlnj; the

product,«:oBent coefficients of linear correlation hctwen these

two factors are presented In Table 13. The correlations »«re

significant to a varying degree In all ossea eimept In the

values obtained fron the Holsteln heifers In their first lacta-

tion period.

The rate of flow was not a reliable Index of the fat content

m coloBtruB except in that froo Holsteln, Jersey and Guernsey

heifers. Although the linear correlation in these eases mt

CRlculated as being highly significant, there existed as srach as

four per cent difference 5n the fat content at the same level of

viscosity. The variability Is further Illustrated in Fig. 12

and Table 13, Attention Is called to the fact that In each breed

the colostrufis fros the first lactation showed a higher correla-

tion than was to be found in the later lactations. Thus it tmj

be noted that the fat content of colostnui la a relatively good

index to ereadng but is extroMly variable in its relationsMp

with the rate of flow,

and Vlseoaitv. Due to the nutritional Importance of carotenolds,

and vltanlns A and K, It was of interest to determine their

relationship to creaming and viscosity. The carotenolds present



Tabl« 13. Product-aonent coeffjcients of llnetir
corrttlatlon of fat content to crsan
volume uad rata of flow of colostruja.

Bread : Lactation :: Bo, 1 CreaE yoiume t Hate of
: flow

p r

Holsteln first 13 0.387 0,75*"

later ?? o,456» 0.009

Ayrshire first 13 0,685»» 0,320

later 15 0,785* 0.264

Jercey first 21 0.644«» o.579»*

later 16 0,776»» 0.168

(hwnuMy first 10 0,7*0»* 0.738»»

later 10 0,727** 0.439

•• significant at 1 per cont level.
* significant at 5 per cent level.
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in coloBtrtKa mre rencralljr higher and more variable in the

eolostrua froci cove on pasture than thot froB cowa on winter

feed. Sicillarlyt colostrnD froR coum recelvini; a vitaBln A or

ItaBln ?. eapplenent displayed a generally higher and more

variable vitamin content. This couZd be due in part to the

greater variation in the Intake, eetabollss and secretion of

these nutrients in the individual cotra.

Since colostrim is generally described as belne a yello*

secretion believed to be rich in carotenoids, endeavor vas mda

to detersine iriiethor the carotenold potency would be indicated

by the crear. voluoe and rate of flow* By oeans of scatter

diagrau it was shown that such a relationship did not exist*

This fact wee bome out further by statistical analyses.

The date shoving the relationship between vitanin A and

creae volone when translated onto a scatter dlagraa were daaea*

strated as being ill adapted for the determination of a linear

correlation* The picture presented was one of increasing varia-

bility of vitamin A potency with an Increasing creast voluoe* In

cows not receiving a vitaaln A supplezwnt, at the 10 per cent

orean woIomi level the vltanin k potency varied fron 7 to 40

alcrograKs per 100 al, colostrun. Tht 45 to f5 per cent creaa

voluae level showed b vitaaln .'. potency variation fr«E f?5 to 425

Bicrograms per IOC tl. colostrum, whereas at the loo per cent

level the potency varied from 100 to 650 sslcrograes per 100 ml.

The colostrum froa vitamin A suppletMnted cows showed a similar

pattern at a higher level* This aane tendency was shown in all
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iNNMds* Colostna with a low ereais volnm* could b« ncpcoted to

tM99 s low rltaain A potonojr. However, with the rls* in creaa

olUM tba rwliablllty of predietlns th« Titaain A content

d«ereas«d»

The rate of flow as a naana of estlaatlng the vltaaln A

potency of eolostruB showed mere dependatde resnlts for eawe

that received no vltaialn A BuppleB»nt* This was trtte In all

except the -lolsteln breed refardleas of lactation and ration.

The linear correlation of Jersey oows was fotuvl to be 0«69»

Since there was leas variation observed in this breed than others,

this calculation included also vitaaln A nspplment cows*

This relationship between vitaaln A and the viscosity In

colostruB la an extreoiely interesting one which strongly suggests

that the vitamin A naturally occurring in colostrum (as fron eows

not re«elving a vitamin A supplement) w»s related closely to the

sane factors responsible for the viscosity* The rate of flow

appeared to be a dependable index of the vitamin A potency under

these conditions, a high viscosity indicating a high vitaaln A

potency. Of interest is the observation that irtien the colostral

vitamin A potency was Increased bgr means of a concentrate in the

prepartal ration of the cow, this relationship no longer existed.

The relation of the vltanln E potency to cream voloae shewed

• scatter diagram pattern similar to that of vitamin A. From

cows recelvlnfr no supplement, the vitamin f: potency was between

100 to 300 mlcrograns per 100 ml. colostrum when the cream velune

was below 10 per cent, but the range extended fron 50 to 1100
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BloregraBM when the cream voloBe was over 99 per cent* Colostrom

froB oo*> reeelTlnc a tocopherol suppleoent tiMwxl • siallar

relatlon^lp but at a hleher level*

Although the abo>ve relationship existed between ntanln t

and ereaa voluMt no relationship oT any type «as apparent

beteecn vltasiin F and viscosity*

These relationships have been deterained on the basis of

the aierosraBta carotenolda and vltaiBlas A and t per 100 bI*

colostroB. Since these are fat soluble meterialSf a nore accur-

ate picture probably could have been drawn by isa?:lng use of the

potency per grmm of oolostral butterfat.

R«lAtlon nf B1flftdlH>«. t.n CiHMMrtrur lii^ Vl«fi«»ltV. It is not

unecBBOO to observe a too«n or red color in colostrue Indicating

the presence of blood* In order to determine the effeet of

blood upon the colostral creaa voluae and rate of flow* saaples

showing a prooouneed bloodiness were ccoipared with non»bloody

saaples froa eews Batehed according to breed* laotatlon and

ration. It was found that the bloody eolostruB had a creac vol*

uae of 79 per cent and rate of flow of 5^2 secraids as cocrpared

to the non-bloody colostna values of 85 per cent creaa voluae

and 386 seconds rate of flow* rshan the t^test was applied to

these differences it was found that they were both nonsignificant*

The approKioste probabilities were 0*35 for creaa voluae and 0*33

for the rate of flow* There were no cows of the Jersey breed

that secreted bloody colostrun In the first Bilking. It is not

possible froa the liaited data to det^raine iritether there was a
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difference in the Becretlon of bloody colostnaa or if it

«> • nattar of coincidence that no Jersey ooea were noted.

Thia infomatlont though not conclt2siTe« would indicate

that the preaeooe of blood haa a depressing effect upon the

erear volvae and an Increaalng effect upon the visooaity* The

apparent effect upon the creataing could possibly be explained

by the presence of blood constituents lAiieh Interfere with the

ereaislng properties* whereas the greater viscosity tsight be du«

to the presence of the blood fibrin and corpuscles*

Balitlgn flf JMSKJ^M \fi PrwalM urt Yljuwaity. "The

Investigators whoso «(n>k was reviewed noted a high incidence of

cellular oatorlal in colostrua* Sine* there was reportedly a

direct relationship between large ranben of leucocytes and the

creaB voluae* an nttenpt was eade to find if the creasdng to>

gether with viscosity in colostrun would indicate the nunber of

these cells present. S^icroscopic exaalnation was laade on the

oolostral secretion of 13 cows of all four breeds receiving a

winter ration. All with the exception of two heifers were in

a later lactation. The nuDber of leucocytes present was deter>

Bined for the first t third and eighth oilklng. In the case of

five cowSf counts were also laade on the second day*

(ith the exoepticHi of oovs 363A and 35?At results showed

the leucocyte count to be greatest in the first aillcingt de-

orensing coincident with crea» voltane and rate of flow with the

transition to nonsal Bilk* In no case was the leucocyte count

higher in the eighth nilking of colostrum than in the first*



TiM mibvrs vitrled greatly froe 60 ,000 , 00 to I,ffgOjOC»,oeg

l.«aooeyt«s per rsl, in tha first mlUdng with ttw «>«« ^oli

ve.Tfi.ng Trca 9 to 95 p«r cant end th« rate of flow from 70 to

53? seconda* "Tha sanplea reprasonting extrenas In laucoeyta

nufflbars« homvar, did not involva tha >«aa autplas as those

representing extreaes In creeiB volime and viscosity.

These findings for the first and third tallklni^s ware plotted

in a scatter diagram and the results of statistical treataent

of the data ahoeed that a linear correlation did not exist in

either milking between the nunher of leucocytes present and the

oreast voluns (r < 0.948 in the first Bilking and r * •O«380 in

the third nllklng). The rate of flow showed a significant

linear correlation of 0«612 In the first silking but in the

third Bilking shoved a nonsignificant cmrelatlon of -0«312« The

fact that these relatlontrtiips change froai positive to negative

frcB the first to third lailkinKs, together with the low values

ohtalnedt indicated that ttte creaning and viscosity are of no

value in estlmting the lewocyte content in colostroa* These

results were not in accord with the conclusion drawn fros the

literature reviewed prior to this study*

This study has deaonstrated that Colostrum is a highly

variable product, the causes for which to a large extent reaain

unknown and have been attributed to peculiarities of the indi-

vidual cow. The secretion of colostnm can be sonewhat Influ-

enced by the prepartal ration and envlroisaatal tesipereture}

however, the practicability of auch a Beaae of obtaining a

secretion with high eolostral properties Is <|aestiooied.
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^tny colostral constituents cen bs sstlnatad tqr Deasurlns

the ereaalas and vleeosltr* but the varl ability preswit CAoses

such estlaatlonSf unless general In ncture, to be unreliable*

This study suceested that sine* colostrum with a high creao

ToluBo and viscosity contained a greater concentration of

nutrlentSf it would be aore desirable than nonaal tsllk In con-

sidering the physloloelcal needn of the ne»itern calf*

As a single Indication of the colostral properties of a

secretion^ there vas not sufficient data to indicate the prefer-

ence of creaming to viscosity or vise versa* Creact voIubm

BeaBsd to be indicative of a greater nuaber of properties in

the first cilklne, at least, bat It »bs only the viscosity that

reflected the slight decrease in the colostral properties stieh

as proteins (50) after the eighth milking* Taken singly* both

aeasnreeients can be used to indicate the colostral properties

of a secretion, but a oeh sore reliable index Is available

itwn both the ereais voluas and rat* of flow are aeasured*

stnaamr and concLnsine

It «as recognized that an easily determined aethod of aaaattro

Ing the colostral properties of a nuaaary s*creti<» would be

desirable* ?lnce the jdienaBena of ereasing and viscosity appeored

to be related to certain factors responsible for the unusual

properties of colostna, these phenoaena «*r* selected and studied

in view of their relation to certain factors of production and
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•thcr properties of colostrum*

In ord«r to detemlne such relRtJonshlps, enviroaaaBtal

factors TMrtalning to thn cow war* noted. Tamples reprasantB-

tiva of tha eomplata colostral aaor*ti<ms fros 1?3 cove of tha

Kaasaa Stata Collaea puratarad dalrjr herd of nolstaln, Ayrshlrat

itraty and Cuamsay cattle mr* oolleet&d twice dally for the

first fonr days and again tm the sevvntta day postpartun. These

•eaplas vere tasted hy a standard proeedara for creaB voliaw

and rate of fleVf a Beaaureaent of Tlseosity. for eoeiparlson

with these two charaeterl sties, analyses for other physical and

ehevteal propertiea of eelostron were m4e»

The following conclusions were reached:

1« The relstive colostral properties of a secretion can be

determined by Keasnreiiients of creaclng and Isooslty. H>li!<>nee

lesdlner to the preference of one aeatureaent to the other was

not coneluslTe* Taken sin(ly, either aeasnmeot Indicated soaa

other colostral properties^ tnt a Rtore reliable Index was availo

able when both creas volmo and rate of flow were aeasured*

P.» The transition froa colostrua to norael Ellk« as aeasured

by ereaalns and vieeoaityt was nest rapid durln; the first two

days and had been conpleted after the fourth day postpartun with

the exception of a few cases.

3. ColostruB was extre!?ely variable in all analyses even

iriten produced under the saae experlnentnl ooodltlons*

4. The breed of cattle had no eonaistaat Influence upon

eolostral properties.
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5* ColoBtran fron eovs laetatlnc for the first tins shoMd

characteristlce that were algnlflcantly boi* prMiounced than «••

noted In the colostroB trtm eoM in later laetationa. Aoone

coirs in later laetation* (iMeond to seventh) there vat no appreo

clable difference in the ehttracterlBtlca of the'r colostrel

secreti<m9(

6* The ration of the eo« influenced colostral properties;

the influence attrlhat«)d to pasture was a dcoreesed creaa

volone, lAloh was statistically eignlficantf and deereascd

l»eoslt7t vhieh was not statistically significant*

7* The effects «hich varaer seasons of the year and io-

cresscd quantities secreted had upon colostrua mre aonslenlfl-

oent decreases in the colostral properties*

?• Apparently a nastitic condition tends to Increaoe tbe

creanlns ii^lle decreasing the viscosity* Colostrum froB edeat**

tous udders tended to tw nee* viscous vith no relation to

ereaiilng*

9* A certain aooont of aasaary inactivity together with

nomal period of gestation was ne«eseary apparently for the

developawnt of the extreue colostral properties that were twted*

This was indicated hy results obtained vhen one oo* mis ollked

continuously with no rest period and when teo heifers calved

prwaeturely.

10* A direct relationship was ehoira statistically to exist

betvesn both creasing and viscosity and the folloelne colostral

pr<q>ertles and constituents t specific gravity* solids-not-fat,
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total rfotfflne, albomln and globulin and fat content* A slisllar

relntlonshlp waaad to be Indionted between these two jdqrflleal

characterletlCB and vltanln A in the eoloetrm frtm com not

receirlng a Tltanin A atippleBent*

11* Thexw «nfl found to be an Inverse relatlonahip betnesn

creaming mnS vlseoslty and the lactose content. This relation-

ship ms foond to be stetlstleallr nons J irnifleantt bovevvr*

1?« He relationship was found between the crMddJax aad

Tisecsitjr and the essein, and ash* as these conotitoents renalned

relntlvely constant vhile creaalns end iseosity varied vldelyi

nor «as a relationship found with the c«rotenolds« Tltiaain F.,

or leoeoeytes present, ^ile these constituents ««re widely

verlnble, they did not vary in relation to ereaalnc and Tiseoalty*

13. The presenoe of blood In colostrua tended to decrease

erear) wolnw and increase viscosity.
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