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ABSTRACT 

Mllk was collected from five Rocky Mountam bighorn 

sheep living in the Jasper National Park area of Alberta. The 

milk was collected at 1 1/Z and 3 months post partum. The total 

solids, ash, fat, lactose and protein contents of the five samples 

wer e determined. The fatty acids constitution of the mllk fat 

was estimated by gas -liquid chromatography. The electropho

retical behaviours of the various caseins and whey protein were 

studied in both starch and polyacrylamide gel medimn. The 

hexose, hexosamine and sialic acid contents of the casein samples 

were determined spectrophotometrically. For the purpose of 

comparison, a sample of domestic sheep milk (Suffolk, 1 month 

post partum) was investigated in exactly the same manner as were 

the bighorn sheep milk samples. 
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I. General Introduction 

The Rocky Mountain bighorn sheep is one of the important 

native ungulates in Canada. The total population of the animal was 

estimated, early in 1944, to be ZZ59 in Jasper National Park of 

Alberta alone ( Cowan, 1944) and the nœnber has been increasing 

progressively since 1944. 

The Canadian Wildlife Service, Department of Northern 

Affaira and. National Resources has initiated a stud.y of the biology 

and. ecology of the bighorn sheep which inhabit the Mountain Park 

Regions of Canada. A study of the composition of the milk of 

these animais has been included in this proposed work. The 

resulta of this study will (a) make possible a comparison of the 

milk of the bighorn sheep with that of other ungulates and with 

domestic animale and (b) provid.e essential information in con

nection with the early growth and viability of the bighorn lam.bs. 

The present thesis deals with (a) the gross composition 

of bighorn shup milk; (b) the fatty acid constitution of bighorn 

sheep milk fat; ( c) the electrophoretic analysis of sheep milk 

casein and whey protein and (d) the carbohydrate (hexose, hexo

sam.ine and sialic acid) content of sheep milk casein. 
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Il. Literature Review 

II. 1. Bighorn Sheep and Sheep Milk Analysis 

Bighorn sheep is .one of the native sheep of North .America. 

It is found in the Rocky Mountains from Wapiti Pass in the North 

to Utah and Colorado in the South ( Cowan, 1940 ). In Canada, 

bighorn sheep are found on grassy slopes close to rough terrain 

in the area of Jasper and Banff National Parks, Alberta. 

The subspecies of the bighorn sheep from which th.e milk 

sam.ples were obta.ined for the present investigation, is Rocky 

M.ountain bighorn sheep, Ovis canadensis canadensis Shaw. This 

animal belongs to sam.e fam.ily Bovidae, subfam.Uy Ovinae and 

genus Ovis Linnaeus as does domestic sheep (Hall and Kelson, 

1959 ). 

~ canadensis canadensis is a large sheep, with robust 

body ( especially the .male ), slender legs, short tail, narrow 

nose, beardless chin and so.mewhat pointed well-haired ears. 

Both sexes carry horns with well-marked brownish transverse 

ridges from base to tip. The horns of adult males are massive, 

curving backward from the base, then outward, downward and 

z 
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forward in a majestic sweep. The horns of adult females are small 

and comparatively slender, with an upward and backward sweep, not 

curled. Adult rams weigh between 200 and 300 pounds, and stand 

from 38 to 42 inches high at the shoulder. The ewes stand less 

than three feet high, and weigh between 125 and 175 pounds (Green, 

1949). The general appearance of the animal is shawn in Figure 1. 

(Downing, 1947) • 

..... -

Figure 1 Rocky Mountain Bighorn Sheep ( Ovis canadensis 
canadensis Shaw) 

The total population of bighorn sheep in Rocky Mountain 

area is not known. However, early in 1944, Cowan estimated 
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tha.t th,e number of l:.ighorn sheep (one year o1d and over) in Jasp~ 

National Park was 2259. In the sam.e report. Cowan described 

twenty different bands of bighorn sheep in Jasper National Park. 

He pointed out that certain bands were fairly isolated and had 

little -communication with othe;r bands. However, there appeared 

to be considerable comm.urdcation between some bands. Downing 

(1947) noted that adult rams tend to wander about in small groups 

of 5 or 6, while the ewes, la:mbs and immature males stay in 

groups of ZO to 30 animais. 

Flook ( 1964} reportee! that grassl*e plant&, forbs and 

browse of mountain meadows malte up the major àiet of the animal. 

In winter, mu-ch of the food is secured by scraping away the snow 

from the vegetation beneath it. 

In eontrast to the voluminous literat:ure on the composition 

of cow' s milk, data on sheep's milk is com.paratively sparse. The 

following authors have published the res:ults of detailed analyses 

of sheep milk;- Godden and Puddy (1935); El-Sokkary !!_~ (1949); 

Jankowski (1953); Barnicoat ~!!:: (1956); Prek.epp {1957); Sartore 

and Lai (1957); Iotov and lkol:ltWl~l957)i Perrin (1958}; NeUm 

( 1963) and Ashton,!!.!!: { 1964). 

A search of the literature faUed. to locate any published 

data on the composition of the milk of Rocky Mountain bighorn sheep. 



II. z. Fatty Acid Composition of Milk. Fat. 

The triglycerides of mllk fat probably contain a greater 

variety of acida than any other n.atur al fat. Our k.nowled.ge of the 

composition of milk. fat has increased greatly with the develop

ment of .new analytical tools for fat an.alysis. One of the most 

outstanding .contributions was gas-liquid chromatography made 

5 

by James and Martin ( 1956) who applied the method to the analysis 

of goat m.Uk fat. Since 1956 this techmque has been used very 

extensive1y for the study of mllk fat com.po.sition. 

Craig and Murty ( 1958) showed that fatty acidmethyl 

ester coW.d be separated according to chain length by the use of 

washed silicone p-.ease supported on firebrick. They reported 

that the same esters could be separ.a.ted according to both chain 

len.gth and degree of unsaturation when a plasticizer was used on 

the fir:ebrick. Patton!!. al. (1960) determined butyrate independ

ently by GLC em.ploying an ionization detection system. Sm.ith 

(1961) developed a procedure by which methyl esters of the fatty 

a.cids were pxoepared by methano1ysis and then dissolved in ethyl 

chloride. The short-chain acid peaks were recorded on the GLC 

chart by in.creasin.g the chart speed. 

DeMan. (1961) devised a method by which the short-chain 
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fatty aeids eould be aceurately determ.ined. He salted out the methyl 

esters with saturated potassium bisulfate solution, then extractecl 

them with pem.tane and resolved the short-ehain peaks by operatiug 

the GLC eolumn at low tempera.ture(78• C). B.ecause of the !act that 

butyl esters are much less volatile than methyl esters, Gander et al. --
(196Z) esterified the short-chainfatty acids (C

4
- Cg) into butyl 

esters and resolved them independently on a nonpolar (.Apie.zon L) 

GLC column. with temperature programming. The long-chain fatty 

acids were made into methyl esters and separated on a polar (dieth-

ylene glyeol suceinate) GLC column. 

Jensen!!._ al. (196Z) used these im.proved GLC methods to 

determine the fatty acid :composition of the lipid fraction oî pooled 

raw mllk. Table 1 shows the r esults of the fatty acid composition 

of butterfat ohtained by severa! workers. 

Bills et al. ( 19.63) employt'd a GLC column paeked with ZO% -·-
diethylene glycol suceinate suppo:rted on 80-100 mesh Celite 545 

to determine the free fatty acid in milk fat. The free fatty aeids 

were isolated from the fat by means of a basic ion-exchange resin 

(Amberlite IJ.tA - 400). A speeial reflux system for concentration 

of the ethyl clûoride extract was used to avoid the loss of volatUe 

esters. Heptanoic and heptadecanoic acids were added to the 

extract prior to methylation, as interna! standards. A temperature 
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of 94~ C was employed for the C4 - Cg acids and 194• C for the Cto

c18 acids. 

DeM.an ( 1964) prevented the loss of the m.etb.ylbutrate by 

carrying out the esterification process in a sealed bulb at 60* C. 

Satisfactory separation of the short-chain fatty acids was achieved 

by using a dual-ceolumn tem.perature-programm.ed gas cbromato

graph. 



Table 1. 
Fatty Aeid Composition of Bovine MUk Fat 

as Determined by GLC Method (Weight %) 

Analysis of 

Samuels Patton** Gander Jensen 
et al. et al. et al. et al. 
(1960) (1960) ( 1962) (1962) 

Components 

4:0* 1.1 3. 6 3. 6 3. 57 
6:0 1. 7 I. 4 2. 3 2.22 
8:0 1. 4 1.0 1. 2 1. 17 
9:0 --- o. 01 o. 1 o. 03 

10:0 3 .. 0 2. 6 2.8 2. 54 
11:0 0.4 o. 04 o. 4 o. 33 
12:0 3.7 3. 3 2.9 2. 81 
12:1 --- --- o. 4 
13:0 T o. 08 o. 33 

14:0 iso T --- 0.2 o. 17 
14:0 11.9 11.3 10.0 10.06 
14:1 1. 6 --- 1. 9 1. 63 15:0 iso 

.... ___ --- .. 
15:0 1. 6 1.1 1.1 1. 09 
15:1 --- --- o. 4 ---
16:0 iso 0.4 --- o. 38 
16:0 31.0 29.9 24.8 24.97 
16:1 3. 0 1.1 2.. 6 2.. 55 
17:0 0.8 o. 7 1. 1 o. 91 
17:1 --- --- ---
18:0 iso o. 3 o. 38 --- ---
18:0 11.2 13. 7 11.9 12.07 
18:1 24.0 *** 17.9 27. 1 27.09 
18:2 1. 7 1. 7 2. 6 z. 39 
18:3 1. 5 1. 4 z.o6 

* Number of carbon atoms: number of double bonds 
** Average of winter and sum.mer milk fat 
*** Average of cis- and trans-form 

8 
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D:i:mid.tand Patton ( 1965) used sillcic acid column chrom

atography and low temperature crystallization from acetone of the 

hydrogenatedmilk fat to isolate the low molecular weight tri

glycerides from milk. The butyric acid was determined also by 

the use of thin-layer and gas chromatography. 

II. 3. Heterogeneity and Composition of l!IUk J!Totein 

II. 3. 1. Variation and Composition of Oasein 

Casein has long been known to consist of se:veral components 

whlch tend to aggregate, to form the casein micelles. The exact 

number of casein components is UDknown, but it has been est:im.ated 

that there are at least twenty (Wak.e and Baldwin, 1961). ln 1939, 

Mellander showed by free electrophoresis tha.t casein contains three 

com.ponents. He natned these components cl-, ~- and f -casein in 

order of decreasing mobility. Other workers have confirmed these 

findings (Warner, 1944; Hipp ~al., 1952; Von Hippel and Waugh, 

1955; and MacRae and Baker, 1958). 

Waugh and Von Hippel (1956) were the first 

to fractionate o( •casein complex into a calcium-sensitive ( ol5 -casein) 

and calcium insensitive ( k-casein) component. McMeekin ~al. (1957) 

reported the isolation of a fraction from acid o(-casein, which was 
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soluble at pH 4. 7 and •· 0 but not soluble at pH 58-6. O. They named 

the fraction c{.&-casein. This fraction was characterized by a low 

phosphorus content (1. 1%) and by the fact that it could not be pre-

cipitated by calcium ions nor clotted by rennet. lt was split by rennet 

at pH 7. 3 into a soluble and an insoluble fraction. Later Hipp and his 

as sociates ( 19 59) showed that o{ -cas ein contained a third component, 

Waugh et~ (1962) fractionated the calcium-sensitive 

fraction into two major components by the use of starch-gel electro-

phoresis, (6. 5 M urea, pH 8. 4). The component of greater mobility 

was termed as o{s,-.casein and the other cl 51-casein. The work.ers 

attempted to fractionate the D{-casein comple:x: by use of DEAE-

cellulose chromatography. The product which they obtained was 

termed ols1,1.-casein, because it was known to contain two compon-

ents. Dr eizen _!!..!;!: ( 1962) estimated, by the use of the light scatter

ing technique, that the molecular weight of the o( Sl,l-Casein complex 

was 27, 300 ± 1500. 

Thompaon et al. ( 1962) showed that c{S"casein could exist in 

three different forma. More recently, Thompson and Kiddy (1964) 

renamed the ~\-casein, ctss-casej;!n, due to the possible existence 

of other .,( s -Iike caseins in milk.. Kiddy et al. ( 1964) confirmed ---
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that the calcium sensitive components of o{ -casein, occur• in 

at !east three major forme which they designated as A, Band 

C in or.der of decreasing mobility. The same WQrkers also found 

that this variation is controlled by. 3 allelic autosomal genes. 

Each allele is responsible for the production of one of the three 

forms of ol5-casein and. thus six possible types and their carres-

pouding genotypes are as follows: A{A/A), B{B/B), C(C/C), 

AB(A/B), AC(A/C), and BC(B/C). 

Recently, Thompson and Pepper ( 1964) described a 

convenient method for the preparation of the genetic variants 

of otst-casein in a high degree of purity. The method involves 

a DEAE-cellulose-Urea (3. 3M) chromatography technique. 

Severalworkers(Manson, 1961; Waugh!!.,al., 1961.; 

Gordon and Basch, 1963; and Schmidt and Payens, 1963) have 

studied the amino ac id composition of o( s 1-casein. Kalan et al. 

(1964) presented evidence to show that ol.sr-casein A, Band C 

have identical N-terminal residues, na.rnely arginine, and ident-

ical C-terminal sequences nam.ely, leucine-tryptophan. 

Waugh and Von Hippel ( 1956) na.rned the 

calcium-insensitive fraction of cl-casein complex, k-casein .. 

They reported that the k-fraction is soluble in O. 40 M calcium 
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~hloride (pH 7. 0, 0 - 4•C), forms polymer at neutra! pH, and 

mO!lOJner at pH IZ. 

Seve.ral workers have publi.shedmethods for the prepar-

ation of k-casein. Most of the methods make use of the solu-

bility of k-casein in di1ute calcium chloride (M~Kenzie and 

Wak.e, 1961; PUson et al., 1960). Novel ira~tionation methods -- . ' 

involving the _aolubility of k-casein in 6. 6 M urea and strong 

acids (Zittle, 1962), 12~ trichloroa~etic acid (Swaisgood and 

Brunner, 1962) or sulfuric acid (Zittle and Cu.ster, 1963) have 

be.en des~ribed. Rose and Marier (1963) employed column 

chromatography (DEAE-cellulose) for purification of k-casein. 

As k-casein is invo1ved in the stabUization of the casein 

micelle, it bas been the subject of extensive chemical and 

physical investigation. Alais (1956) found that k-casein re-

leased.. a glycopeptide when subje~ted to the action of rennin or 

other proteolytic ensymes. The amino a~ids composition of 

the glycopeptide materials isolated.. from k-casein are shown 

in Table 11. 

AccQrd.ing to Swaisgood and Brunner (1963), k-casein 

consists of basic units which have molecular weight of about 

60, 000. They found that the molecular weight of k-casein was 
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e reduced to zo. 000 when the disulfide bonds of the protein were 

broken. They concluded that k-casein consista of two or ;more 

polypeptide chains which are crosslinked by disulfide. 

Table 11 • 

.AMINO ACID COMPOSITION OF k-CASEIN*(%) 

Analysis of 

Amino Acid JoUes Swaisgood Huang 
:et ·al. et al. et al. 
(1962) (1964) (1964) 

Asp 7. 30 7.7Z s. 73 
Thr 6.64 6.74 6.26 
Ser 6. 09 5.03 5.19 
Glu 17. 35 19.80 19.5 
Pro 8. 7.8 10.95 11. z 
Gly 1. 31 1.23 1.5Z 
Al a s. 41 5.40 4.33 
Cys 1. 40 --- ------
Val 5. 10 6.30 3.75 
Met 1. 00 1.68 1.16 
lieu 6.14 7. 10 4.8Z 
Leu 6.08 6.11 4.56 
Tyr 7. 40 7.61 6.91 
Phe 4. 07 3.86 3.53 
Lys s. 76 6.51 0.91 
His 1. 67 Z.36 2.ZO 
Arg 4.00 3.96 3. 31 
Try 1. 05 --- ---
NH 3 1. 94 2.20 

* The values are based on a nitrogen content of 15. 3%. 
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p-Casein Aschaffenburg (1961, 1963) first reported the 

e:x::istencè of th:ree variants of fS-casein, (A, B, and C.) These 

variants could be presented either singly or in pairs in the 

milk of indiviàual cows. The author showed that the synthesis of 

fS-casein in mammary gland of the cow was under the control of 

three allelic genes. Later, Thompson.!!._ al. ( 1964) confirmed 

Aschaffenburg's findings that fS-casein variation was breed-

specifie. 

Thompson and Pepper (1964) compared the nitrogen and 

phosphorus contents of the variants of ol.,- and fS-casein. Table 111 

summarizes their resulta. It is interesting to note that rs-caseins 

contain considerably less phosphorus than do the ols -caseins and 

that ali the als-caseirur contain nine residues of phosphorus. 

Table Ill. 

NITROGEN AND PHOSPHORUS 
CONTENT OF ols- AND fS-CASEIN VARIANTS 

Variants Phosphorus Nitrogen P/N Ratio Atoms P/mol 

(~) (%) 

~s-A l. 01 15. 10 0.0668 9. 0 

o(.s-B 1. 01 15. 34 0.0658 9. 0 

o{s-C 1. 01 15.40 0.0655 9. 0 

(3 -A 0.59 15. 18 o. 0389 4.8 

~ -B o. 57 15. 33 o. 0372 4. 6 

~ -C o. 50 15.45 0.0324 4. 0 
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Thompson and Pepper ( 1964) and Oehrke .!!,. !!:, ( 1964) 

have developedmethods for the isolation and purification of 

electrophoretica.lly pure genetic variants of fS-ca.sein. The 

essential procedures involve chanieal fra.ctionation and .su'b

sequent purification on DEAE-cellulose çolu:mn chromatography. 

Gamm..a.-ca.sein Mellandar (1939) was the first worker to 

note the existence of "( -casein.. He observed that the '"( -casein 

component ha..s a low phosphorus content.. Later, Hipp et~ (1950) 

devised a method for the isolation of "( -casein that involves 

fractionation with 50~ etb.yl alcohol. The Y" -casein prepared 

in this manner had an isoelectri.c point of pH 5. 8 to 6. 0 (Hipp 

et al. 1950). On the basis of the work of M.cMeekin (1954), the 

Protein Committee of .American Dairy Science Association 

defined ~ -.c.aaein as that the slowest-moving component in the 

electrophoretic pattern of .sk:imm.Uk. at pH 8. 4-8. 7. )l=O. 1 

(Jenness .!!._!:!:_, 1956). 

Due to the rèlatively small proportion (MacRae and 

Baker 1958) of Y -casein in the casein comple:x, the 7' -casein 

is easily lost d.uring the preparation of casein and hence may 

not appear in the elecbopherogram. of whole casein (Von Hippel and 

!l:é!t~h, 1955). 



Murthy and Whitney, ( 1958) reported that 'Y -casein was 

electrophoretically homogeneous in glycine hydrochloride buffer 

(pH 2. 3 - 3. 25; p = O. 1 ), but was heterogeneous in a sodium 

lactate buffer (pH 2. 3 - 3. 25; p. = O. 1}. The molecular weight 

·calculated for the major components of -y"-casein varied with 

pH and buffer ions as well as temperature [Murthy and Whitney, 

(1958)] and Aschaffenburg (1965) has suggested that 1""-casein 

may exist in different polymorlic fbrms. 

II. 3. 2. Variants of Whey Protein 

~-Lactoglobulin J:l)-Lactoglobulin is the principle protein corn-

panent in milk whey, The prefix 11~ 11 used in the name identifies 

this protein with a protein which Pedersen (1936) detected in 

ultracentrifugal sedim.entation studies on skimmilk. The name 

a1so serves to distinguish this protein from the classical "lacto

globulin" which is insoluble in half-saturated ammonium sul..fate. 

16 

Aschaffenburg and Drewry ( 1955) examined the milk whey 

protein from individual cows by paper electrophoresis and found 

that there were two variants of ~-lactoglobulin. Further study 

led them to conclude that the variants were the alleles of auto

soma! genes which occurred either singly or in pair s. The two 

variants were termed ~-lactoglobulin A and ~-lactog1obulin B 



o{ -Lactal'bumiu o(. -lactalbumin accounts for 12 ~ of the 

total whey protein (Gordon and Semmett, 1953). Recu.tly, 

Robbins and Kromnan ( 1964) described a .simple method for 

the preparation of both JS-lactoglobul.in and ~-lactalbumin. 

Aschaffenburg and Drewry (I957b) showed that ~-lactal-

18 

bumin might exist in three d.ifferent crystal forms. Blumberg 

.and. Tomba (1958) noted the polymorphism of alpha-lactalbumin. 

Bhattacharya et !!::. ( 1963) confirm.ed the inheritance of alpha-

1aetalbum.in in Indian Zebu cattlè. 

II. 4. Carbohyàrate Constituants of Casein 

Nitschmum et al. ( 1957} reported that a peptide was --
releaseà from casein by rennin treatment. They founà that 

the mo1ecula.r weight vf the peptide was 6, 000 to 8, 000, and 

therefore termed it a macropeptide. Alais (1956} showed that 

this substance was soluble in 12% trichloroacetic acid ( TCA) 

and that it contained galactose, hexosam.ine and neuraminic 

ac id. 

Brunner and Thompson ( 1959) measured the electro-

phoretic mobillty of the peptide in various buffers and. also 

found that the peptide contained the following Bugar s: galactose 
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(5. 1 %), glucosamine (Z. 3%) and sialic acid ( 11. 3~). 

Walpress (1961) reported that casein which was prepared 

from unpasteurised akimmed milk contained., O. 21 '- siallc acid. 

Sixty eight percent of thia sialic acid was released by treabnent 

of the ca.sein with renn.in. The effects of other proteQlytiç 

enzymes (trypsin and pepsin) on casein have alao be:en observed 

(Fish, 1957). However the mechaniam of the proteolytic cleavage 

of ca.sein has not yet been demonstrated with certainty (Beeby and 

Nitschmann. 1963) • 

.Ala.is ( 1963) s.tudied the rate of production of non-protein 

nitrogen (NPN) by the action of rennin on casein. He folm.d that 

the rate of production of NPN ran parallel with the rate of coag

ulation of the casein. The NPN material wa.s low in phosphorus 

but rich in sialic ac id. 

.Johan:sson and Svennerholm (1956) analyzed the casein:a 

prepared from the hum.an milk., cow mllk., goat milk, sheep 

milk, horse milk, reindeer milk, and whale milk for their hexose, 

hexosam.ine and sialic acid contents. Table IV shows the resulta 

of the analyses and. also shows the resulta obtained by Baker 

et al. (1963) for the carbohydrate content of polar bear milk. 

casein. Alais and JoUes (1961) have also shown that caseins 
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prepared from. different anhnal milks may not have the same 

.carbohydr ate constituents. 

Table IV. 
Carbohydrate Content of Casein from. Different Species (Weight 'JO) 

Casein Hexose Hexosamine Sialic Acid 

Hum.an. 1. 98 1. 32 o. 76 
Cow 0.24 0.18 o. 39 
Sheep 0.23 0.15 o. 11 
Go at 0.22 0.16 o. 30 
Wh ale 0.59 0.42 0.37 
Horse 0.55 0.44 0.56 
Reindeer 0.44 0.23 0.46 
Polar Bear 2.80 I. 09 1. 92 

Cayen !!_al. (1962) reported that alpha·, beta-, kappa

and whole casein contained O. 064 ,;, O. 07 %, Z. 22 % ~O. 

O. 38 'fo sialic acid respectively as compared to O. OZ %, O. 08 %. 

1. 28 %and O. 32 % respectively f.ound by De Koning !!_al. {1963). 

These two groups of workers used different methods for the 

determination of sialic acid. It would seem, therefore, that the 

k-fraction contains the bulk of the sialic acid in whole casein. 

Sullivan et al. (1959) used the determination of sialic 

acid as a special indicator for studying the distribution of 

k-casein in various sizes of micelles separ ated by differentiai 
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centrifugation. Marier!!,_!!:, ( 1963) proposed that the k-casein 

content of skim mUk could be estimated by determining the sialic 

acid content of the skim milk. 
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Ill. Mater ial and Methods 

III. 1. Collection of Milk. Sam.ples 

Mi1k. samples were obtained from five Rocky Mountain 

bighorn sheep living in the Jasper National Park area of Alberta, 

Canada. The animais were trapped in a corral-type trap fur

nished with gates which could be closed by remote control. The 

ewes were blindfolded and restrained manually whUe they were 

being mUked. The milking operation was performed not later 

than four hours after the animais had be en trapped. Although 

the animais were extremely excited, the mUk was collected 

readUy by the usual hand-milking procedure. The milk was 

strained through folded cheesecloth and was then frozen. 

A sample of milk was collected from a domestic ewe 

(Suffolk) (Macdonald College Farm). This sam.ple was analysed 

immediately after collection. 

Some pertinent information concerna the five sam.ples 

that were collected is presented in Table V. 
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III. 2. Gross Com.position Analysis 

III. Z. 1. Specifie Oravity 

Specifi~ Gravity was determined pyc~ometerlcally, usin.g 

a Z ml. specifie gravity bottle. 

III. 2. Z. Total Solids and Ash 

The A. O. A. C. ( 1960) official rnethod wa.s used to cieter-

mine the total solids and ash of the rnilk sam.ples. 

Table V. 
Data Pertaining to Collection of Milk Sam.ple 

Sample Milk Collection Months Age of 
Number Date Post Partum Animal - (years) 

1 " .. (Bighorn) Sept. 4/64 3 4 

z. (Bighorn) Sept. 4/64 3 6 

3. (Bighorn) 
Animal No. 1 .July 17/64 1 1/Z 8 
Animal No. Z .July 17/64 1 1/Z 3 

4. (Bighorn) July 17/64 1 1/Z 9 

5. {Suffolk) Feb. 18/65 1 z 



24 

IlL 2. 3. Fat Determination 

Fat was à.etermined by the Roese-Gottlieb procedure 

(A. O. A. C. , 1960). 

III. Z. 4. Lactose Determ.ination 

Lactose was determined by the method of Perry and 

Doan (1950). 

III. 2. 5. Nitrogen Determination 

Total nitrogen was determined by the micro-Kjeldahl 

method (A. O. A. C., 1960). 

III. 3. Preparation of Methyl Ester 

Ill. 3. 1. PreJ)aration of Anhydrous Methanol 

Anhydrous methanol was prepared by the method 

described by Vogel ( 1956). However, spectranalyzed methyl 

hydrate (suitahle fr spectrophotometry, water content o. oss, 

Fisher Scientifical Company) was found to be satisfactory for 

fatty acid interesterification. 
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Ill. 3. 2.. Preparation of Dry Hydrochloric Acid 

Concentrated hydrochloric acid was led by a capillary 

tube from the outlet of one separatory funnel to another which 

contains concentr ated sulfuric acid. The HCl gas was washed 

with sulfuric acid and was then dissolved in anhydrous methanol. 

The amount of hydrogen chloride in the methanol was ascertained 

by weighing the solution. 

III. 3. 3. Fatty Acid Interesterification 

The fatty acid.s were esterified by a modification of the 

method of Stoffel =!_al. (1959). 

Milk fat (50 mg.) obtained by Roese-Gottlieb procedure 

and fr ee of ether, was added to a mixture of dry benzene (O. 6 ml. ) 

and methanollc hydrogen chloride (5'/e, W /W; 6. 0 ml.). The 

resultant mixture was heated under reflux (60-so• C) until a 

single phase was obtained (about 3 hours). 

The solution was cooled to room tem.perature and two 

volumes of water were added. The resultant mixture was ex

tracted with three, four ml. portions of petrolemn ether 

(Redistilled, B. P. 30• C). The ether extract was neutralized 

and dried over a mixture of sodium sulfate and sodium bicarbon-
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ate for one hour. The ether was r ein.oved from the esters by 

evaporation under nitrogen gas, and the esters were stored 

in a glass-stopped tube under nitrogen, in a vacuum desiceator~ 

Ill. 4. Preparation of Gas-liquid. Chromatography Column 

III. 4. 1. Equipment 

The Beclanan Gas -liquid chromatograph (M.odel GC-2) 

equipped witb. a thermal conductivity detecter was ein.ployed 

for the fatty acid analysis. The sampling valve was removed 

and replaced by a straight length of 1/8 inch O. D. annealed 

copper tubing. This modification faeilitated the direct injectiou 

of the sample material into the gas stream.. 

Ill. 4. 2. Preparation of 1, 4-Butanediol Suecinate Polyester 

Six grn .. of 1. 4-butanediol suceinate polyester (Applied 

Scien.ce Laboratories, State College, Pa., U.S.A.) was dis

solved in 110 ml. of chloroform. Thirty-six gm. of aeid-base 

washed Gaschrom P (60-80 mesh, .Applied Science Laboratories., 

State College, Pa., U.S.A.} was added to the polyester solution 

and the mixture was allowed to stand at room temperature for 

15 minutes with occasional stirring. The mixture was then 

placed in an oven maintained at so•. C to remove the chloroform. 
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Ill. 4. 3. Paclting of Column 

A straight piece of annealed copper tubing (8ft., 1/4. in. ,O. D., 

3/16 in. L D. ) was supported in a vertical position and loosely stop

pered at one end by means of glass wool. A slight vacuum was 

applied to the lower end of the tube. The poly-ester -Gaschrom P 

mixture was add.ed to the tube by means of a powder funnel and the 

tube was tapped continuously to ensure even pack.ing. The tube was 

filled to within 1 cm. of the top and was then stopped with a plug of 

glass wool. The column was bent to form a spiral and was attached 

to the chromatographie unit with Swagelok fittings. 

The column was conditioned by passing helium gas through it 

for 24 hours at a slightly higher temperature ~ that required in 

the analysis. The efficiency of the cohunn was checked 'by use of a 

standard fatty acid mixture (Applied Science Laboratories, State 

College, Pa., U.S.A.). 

III. 4. 4. GLC Op er ating Conditions 

The operating conditions for analyzing the fatty acids in 

sheep milk. fat are as follows: 

Stationary phase -- 1, 4-butaned.iol succinate 

polyester on 60-80 mesh 

Gaschrom P (1:6, by weight). 



Mobile phase --

Flow rate --

Helium gas. 

Il 0 ml. per minute, measured by 

water displacement at the exit at 

room temperature and at 35 p. s. i. 

gauge pressure. 

Column temperature-201• C. (Measured by use of a 

thermocouple). 

Detector unit -- thermal conductivity cell. 

Sa:mple iDlet temperature -- Z36• C. (Measured by use 

of a thermocouple). 

Z8 

Recorder .... Bristol Dynamaster recorder at a 

chart speed of 1/Z inch per minute. 

Sa:mple size -- O. 5 microliter. (Hamilton microsyringe). 

llL S. Preparation of Casein and Whey 

Whole casein wa.s prepared by a m.odification of Wat:•e.r<• s 

( 1944) acid precipitation method. 

M.Uk. was centrifuged (International, Model PR-1) (so• C. 

Z, 500 ppm) for 6 hours. The top oily liquid was rem.oved and the 

middle layer was decanted from the trace of white solid which had 

collected at the bottom of the centrifuge tube. The middle layer, 
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which was a greenish-yellow mUky liquid. was extracted twice 

with equal volumes of ethyl ether and then aéid.ified slowly with 

hydrochloriç acid (o. lN). At pH 4.48 the solution becarne clear 

and it was assumed that the casein was completely precipitated 

at this point. The casein was separated from the whey by 

centrifugation (2, 500 rpm, 20 minutès). The slightly yellow 

whey was free~e-dried and stored. a.t s• C. 

The casein precipita.te was washed thoroughly with 

distilled water and then washed with 50%, 60%, 85S alcohol and 

finally with absolute ethyl alcohol. The casein was dried at room 

temperature and was stored in a tightly stoppered bottle. 

lll. 6. Starch-gel Electrophor esis 

.Apparatus The starch-gel electrophoresis apparatus 

was built in this laboratory according to the design described by 

Smithies (l955J 1959). 

Figure na shows the cover plate 'With slot-formers .. 

Figure lib shows the gel tray and Figure ill shows the slicing 

tray. The apparatus was made of Perspex glass. 

Pre;earation of Buffer Solution Buffer No. 1 (Tria-

citrate, pH 8. 6):- A mixture of tris (hydroxymethyl)- aminometha:ne 

(C4HuN03, purified reagent grade, Fisher Scientific Company) 
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(9Z. 06 gm..) and citric acid (Z4 gm..) was dissolved in one liter of 

distilled water. 

Buffer No. Z (Borate-sodi\1D1 hydroxide, pH 8. 6):- A 

solution was prepued which was O. 3 M in respect to borie. acid 

and O. 6 M in respect to sodi1.11n hydroxide. The reaction of the 

solution was pH 8. 6 and was us:ed .to charge the two electrode com

parbnents (McKinley and Read, 1961). 

Preparation of Pre Solution A saturated solution of 

Amidoblack l 0 B ( Cbroma-Gesellschaft and Co. ) in a mixture of 

methanol, glacial a'Cetic acid and distWed water (5H:5, by vol\1D1e) 

was prepar ed. 

Preparation of Caaein Solution Buffer No. 1 was diluted 

tenfold with distilled water. Sufficient urea and starch were a4ded 

to the diluted buffer to adjust their concentration to 7. 0 M and Z% 

r espectively. 

Procedure:- The protein preparations were analy.zed by the 

following modification of the method of Wake and Baldwin (1961). 

Urea (147 gm. .. ) was dissolved in a mixture of buffer No. 1 {35 ml.) 

and diatilled water (ZOO ml.). Hydrolyzed starch (Connaught Med

ical Research Laboratory, University of Toronto) (52. 5 gm..) were 

added slowly to the resultant solution followed by 2-mercaptoeth.anol 
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(Easbnan Organic Chemicals) (O. i :ml.). The final volume of 

the :mixture was 350 :ml. The :mixture which was contained in 

an air-tight .stoppered Erle.n:m.eyer flask (500 ml.) was heated 

in a water bath (SO• - 95• C) un.til the solution became clear. 

The flask was swirled continuously and gently during the heating 

operation. 

The gel solution was poured carefully into a starch-gel 

electrophoresis tray (Figure lib) in order to avoid the trapping 

of air bubbles. Cover plate (Figure lia) was placed in position 

and lead weights were pressed on the cover at the corners. The 

gel was allowed to stand at roo:m. temperature for three hours. 

The slot-for:m.er s were then removed carefully and the casein 

solutions were placed in the slots by means of droppers. Each 

slot was filled co:m.pletely. Liquified Petrolatum N.F. (Fisher 

Scientific Company) was poured over the gel to seal the sam.ple 

slots and to avoid the loss of :m.oisture from. the gel. Vertical 

electrophoresis was perform.ed by use of the assembly shown in 

Figure IV in cold room (5• C). A pontential gradient of Z50 

volts was applied across the system for the period of 16 to 

ZO hours. 



FIG. IV Diagram of Vertical Starcb-gel Electropboresis. 
A • Starcb gel; B • Sam.ple slots; 
C • Stareb-gel tray; D • Petrolatum. sea.l; 
E • Electrode compartment; 
F • Bridge solution; G • Filter-paper bridge. 

35 
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At the end of the electrophoresis, the Petrolatum was 

rem.oved and. the gel plate was transferrecl to the slicing tray 

(Figure lll) where it was sliced longitudinally by means of a 

Blair Br.own knife blade. The bottom half of the starch plate 

(0. 3 cm. thickness) was stained for 5 minutes with saturated. 

Amidoblac.k 10 B solution. After the staining operation the gels 

were thoroughly washed with the solv:ent mixture to rem.ove the 

excess dye. The gels were wrapped in Saran Wrap and stored 

at 5° C. 

Ill. 7. Polyacrylamide-gel .El.ectrophoresis 

Apparatus A cell for horizontal polyacrylamide-gel 

electrophoresis was construct.ed of Perspex glass. A diagram 

of the apparatus is shown in Figure V. The electrical current 

was supplied by a Spinco ·J:Juostat (Seriai No. 436, Specialized 

Instruments Corp., California, u. S. A.). 

Preparation of Buffer Solution Buffer No. 1 (Tris ... 

EDTA-Bor.ate. pH 9.1-9. 3):- Tris(hydromethyl)-amino-methane 

(121 gm.) disodium ethylenediamine tetraacetate (15. 6 gm.} and 

borie acid (9. Z gm.} were dissolved in four litera of distilled 

water. One part of this stock solution was dlluted with two parts 
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of distilled water to give a solution of pH 9. 1-9. 3. This buffer 

was used for the preparation of the polyacrylamide gel for 

casein analysia • 

Buffer No. z. (Tris buffer, pH 9.1-9. 4):- A tris 

(hydroxy.methyl)aminomethane solution (O. OZ M. ZZO ml. ) was 

diluted with diatilled water (1250 ml.) to give a solution of 

pH 9.1-9.4:. This buffer was used for preparation of the poly

acrylamide gels for -whey protein analysis. 

Buffer No. 3 (Borate-sodiUtn hydroxide buffer, pH 8. 6):

This was the sam.e buffer as buffer No. Z which was used in the 

previous section. 

Buffer No. 4:. {Borate-lithium hydroxide buffer, pH 8. 6):

Solid lithiUtn hydroxide was added to a borie a cid solution (O. 3 M) 

until the reaction of the mixture was pH 8. 6 • 

Preparation of Dye Solution .Amidoblack 1 0 B ( 1 gm. ) 

was disaolved in methanol (250 ml.) and the resultant solution 

was added to a mixture of glacial acetic acid ( 100 ml.) and 

distilled water (650 ml.). The solution was then fUtrated. to rem.ove 

insoluble material (Aschaffenburg, 1964). 

Preparation of Gel Solution Gel Solution No. 1:- Cyanogum 

(Cyanogum 4:1, gelling agent, Fisher Scientific Company) (70 gm. ), 
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urea (270 gm.} and 3-dimethylamino-propionitrUe (Eastman Organic 

Chemieals) ( 1 ml.) were dissolved in buffer solution No. 1 and the 

volume was adJusted to one liter. The solution was then filtrated 

and stored in an air-tight bottle. This solution was suitable for 

casein analysia and could be stored at roœn temperature for sever al 

week.s. 

Gel Solution No. 2:- Cyanogum (10 gm.) was d:issolved in 

buffer No. Z &Bd made up to one liter. The solution wa.s suitable 

for whey protein analysis and was stable for several week.s at room 

temperature. 

Procedure The cas.ein preparations were analy.zed by 

a modification of the method of Thompson_:!!.!!,: ( 1964) and the 

whey preparations were analyzed by a modification of the method 

of Aschaffenburg ( 1964). 

The procedures which were followed for casein and whey 

analyses by mea:tts of polyaçrylam.ide-gel eleetrophocresis were 

the sam.e, except that the urea .. free buffers were used for wh.ey 

analysis. 

The desirable gel solution (80 ml.) and freshly prepared 

ammonium persulfate solution (0.2 gm.. /ml. of buffer No. 1 or 

No. 2) ( 1 ml.) were placed in a 150 ml. flask. and the flask. was 
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swir led for 1 minute. The gel was then car èfully poured into the 

gel-mou.lding tray whieh was then covered with the Perspex c:over. 

Atmospl:teric ox:ygen wu .-Iu!ltf and seepage of the pl solution 

was prevented by greasing the margina of the tray with Petrol· 

atum N. F. The gel was allowecl to stand for forty-five minutes 

and the cover plate was then lifted. 

The solid gèl was eut transversely about 4 an. from Us 

1:athodic ~d by means of a thin blade scalpel. Strips (up to five) 

of Whatrnan No .. 3 MM !iller paper ( 1. Z x O. 25 an.) which were soaked 

in the test solution ( 1 ~ casein in buf.f•r No. 1 or whey in buf.fer No. 2) 

and freed from' excess solution by placi:n.g the strip.s on soft tissue 

paper. were insèrted into the slits by use of a stai:n.lesa steel forceps. 

Care was taken to avoid the trapping of air in the slit. 

The gel was the:a connected to the electrode solution (buffer 

No. 3 or No. 4) by means of severallayers of What;m.an No. 3 MM filter 

paper. The gel tray and the .electrode vess:els were eovered vrlth a 

pieee of Saran Wrap to avoid the lo.s.s of moistl:lre and cold tap water 

was eirçW.ated through the apparatus. A diagram. of the as.sembly is 

shown in.. Figure VI. The voltage wu first set at 150 V. and then 

increased to Z50 V. after 15 minutes. The voltage was ma:intained 

at 250 V. for three hours. The current was about 50 mA at the begin

ning of the run but then dropped to about 30 mA at the end of the experi

ment. 
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The gel wa:s rem.oved from. the tray and was allowed to 

.stand in the dye arolution for th:ree minutes. The gel was then 

wuhed thoroughly with acetic acid. (10~ V/V). Gels were 

"W!'app:ed in Saran Wrap and stoz-ed at 5• C. 

ni. 8. Determination of Sialie Acid in Sh•ep Caaein 

Sialie acid was deterl'niDed by the thiobarbituric acid 

method of Warren {1959). Synthetic N-acetylneuraminic acid 

(prepared by Huang and Baker. 1964) -was used for the prepar

ation of the calibration curve. 

A mi:x:.tu:re of casein ( 15 mg.) 

and sulfuric acid (.Z ml., O. 05 N) was heated (95• C) in a .aealed 

tube for 30 minutes (Huang and Baker, 1964). The tube was 

cooled and opened. The hydrolysate was then "Centrifuged (1500 rJIDl, 

2 hours) to remove the insoluble material and was then evaporated 

to dryness in a. vacumn desiecator. The residue was dissolved in 

distilled water (1 ml.) and the resultant solution was analyzed. for 

sialic acid content. 

UL 9. Determination of Hexose and Hexosamine in Sheep Ca:sein 

The h.exose content of the sheep mllk case in was determined 

.. 



43 

by the method of Montgomery ( 1961 ), and hexosamine by the 

method of Anastassiadis and Common (1955, 195$). D(+)·Galac

tose and glucoaamine-hydrogen chloride were uaed for the pre

paration of the standard curves. 

Hydrolysia of Casein A mixture of casein (ZO mg.) 

and resin suspension (5 ml.) (one part of Dowex 50 x 8, 200--iOO 

mesh, in four parts of O. OZ N hydrochloric acid) was heated 

(rotary oven, 105• C) for Z4 hours. The tubes were cooled, 

opened and the contents were plaeed in a sintered-glass chroma

tographie tube (350 x IZ mm.). The eluate was collected and the 

resin colum.n was then.washed with 10 ml. distilled water. The 

colum.n was then eluted with hydrochloric acid ( 10 ml., ZN}. 

The acid eluate was evaporated to dryness to renlove excess 

hydrochloric acid and the residue was dissolved in water. HéXo

samine was determined on the resultant aqueous solution. 



IV. Resulta and Discussion 

IV. 1. Gross Composition of Bighorn Sheep Mllk 

The composition of milk may vary considerab1y. Some 

of the factors which affect the composition of mllk are as follows:

breed, age, stage of lactation, diet, individual genetic factors 

and enviromnent. (Macy et al., 1953; Jenness and Patton, 1959; 

Kon and Cowie, 1961). For example, the total solids tends to 

decrease with successive lactation periods (Parrish =.!_al., 1948); 

the colostrum. contains more mineral salta, protein and less 

lactose than does normal milk (Parrish et al., 1950) and the ash, 

protein and fat contents are higher during the summer m.onths 

(Overmaq~, et ..ai •. ,. 1939). 

Table Vt shows the gross composition, specifie gravity 

and pH of the various mllk sam.ples. Each value shown in the 

Table representa the average of three actua1 determinations. 

The total solids of the milk collected at three months post 

partum. (sam.ple No. 1 and No. Z) were con•iderably higher than 

those of the milk collected at one and one half months post partum. 

(sample No. 3 and No. 4). It was observed that the milk samples 

which had the higher solids content were much more viscous than : 

those which had the lower solids content. 



Table VI 
Gross Composition of Sheep Milk* 

Determination Sample No. 

1 2 

Total Solids ( %) 32.6 35.3 

Water (by 
difference) ( ") 67.4 64.7 

Ash (%) 1. 34 1.28 

Fat(%) 15.8 16.1 

Solids -not-fat 
(by difference) 16. 7 19.2 

(%) 

Lactose (%) 2.68 4.13 

Total Protein ( S) 
(N x 6. 38) 13. 6 10.4 

Specifie Gr avity 
(23° C) 1. 0448 1.0156 

pH value 6. 31 6.45 

* Average of three determinations. 
** Domestic (Suffolk) sheep milk. 
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l'he milk. sa:mples which were collected during the sum.mer 

tnonths and were obtained from older animais (sa:mple No. 3 and 

No. 4) contained less fat and protein and tnore lactose than did 

the other samples. 

Bonnier et al. (1946) reported that the fat and the protein --
contents. of bovine tnil.k. increased as the end of lactation period 

approached. Bailey ( 195Z) reported that this increase is less 

pronounced with older cows. Recently, Nejim ( 1963} analyzed 

the tnil.k. of Iraq Awass i sheep over a wh ole lactation period ( a.bout 

five months). l'he results he obtained were as follows:- speçific 

gravity l. 0305-1. 0415; pH 6. 46-6. 90; fat 5. 7-11. 8~ protein 

5. 85-6. 50%; lactose 4. 65-7. 04%; total solids 17. 34-Z4. 56%; 

solids-not-fat Il. 11-13. 9Z'fc; ash O. 864-1. 018%. It will be noted 

that the ranges of the results are not as great as those obta.iD.ed 

from bighorn sheep mil.k.. 

Blood (1965, persona! communication) reported that the 

mean date for parturition of Rocky Mountain bighorn sheep in the 

Jasper Park area is June Ist, and that the mother suckles her 

offspring for a period of three to five months. It could be. there-

fore, that sample No. 1 and samp1e No. 2 were collected from 

animals at the very end of the lactation period. 
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One might -conclude either that the composition of bighorn 

sheep mi1k is affected greatly by stage of lactation, age, seasonal 

temperature, or that the mllk from inc:lividual animais ciiffers 

markedly in composition. 

A comparison of the composition of bighorn sheep with 

that of domestic sheep shows that the former -contains a consicl

erably higher percentage of fat and protein than the latter. This 

could be due to the -circumstance that the bighorn sheep lambs 

need a highly nutritious diet to cope with the more rigorous 

environment and to promote an early rapid growth of the young. 

Table Y.ijishows the gross composition of sheep mllk 

obtainèd.from severa! different species. It will be noted that 

bighorn sheep milk collected at one and one ha1f months post 

partum is similar in protein and fat content to the milk of Egyptian, 

Polish, Bulgarian and Czechoslovakian sheep. The domestic 

(Suffolk) s.heep mllk is shn.Uar in composition. to Sardinian. and 

New Zealand Clun Forest sheep milk. 



e 
Table VIl 

Com.parison of Gross Com.position of Severa! 
Different Sheep Milks (Weight Percentage) 

Analysis of 

El-Sokkary Jankowski Iotov and PrekD,pp 
Determination et al. (1949) ( 1953) Ikonornov ( 19 57} {1957) 

Egyptian Polish Bulgarian Czechos1o-
sheep sheep Tsigai sheep vakian sheep 

Total Solids 19.35 18.99 18.67 19.4 
"'" .~ .. , 
~ • _J ::. < 

Ash --- 0.86 0.82 o. 9 

Fat 8.0 8.45 7.2 7.7 

polid-not -fat 
by difference) 11.35 10.54 11.47 11. 7 

~actose --- 4. 91 4.31 4. 5 

!I'otal Protein 5.87 5.24 6.07 6. 3 

~pecific Gravity 1.035 1. 0347 --- 1. 037 

Sartore and 
Lai ( 1957) 

Sardinian 
sheep 

15.71-17.43 

------
6.25- 7.87 

11.-48-12.42 

4. 23- 5. 01 

5.02- 8.00 

1.0373-1.0395 

e 

Ashton et 
al. (1964) 

New Zealand 
sheep 

16.9 

o. 87 

6. 2 

10.7 

4.7 

5. 3 

1. 035 ~ 
00 
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IV. z. Fatty A-cid Composition of Bighorn Sheep Milk 

The various samples of sheep milk fat were analyzed for 

fatty acid cons.titution by gas-liquid chromatography. Figure VIlit,1i, 

Vt1b.andmi:show typieal chromatograms which were obtained. lt 

will be noted that twenty-three components, including three iso-

meric forms, were detected in ail five samples. 

Table Vlllshows the resulta of the quantitative eatim.ation 

of fatty acids in sheep milk fat. Each figure representa the 

average of two determinations. All five samples contain faJrly 

high amounts of laurie acid, myristic acid, palmitie acid, stearie 

acid, oleic acid, linoleic acid and linolenic aeid. 

Bartley ,11tt al. ( 1951) reported that the stage of lactation --
influences to a m.arked degree the unsaturated fatty acid content 

of butter fat. For example, they showed that the oleic acid and 

the llbmJë.ic acid content of bovine fat was high at the beginning of 

the lactation period and decreased as the end of the lactation; pèriod 

approached. Hllditch (1956) noted that the butyric acid content of 

sheep milk fat was somewhat lower than it was in bovine milk fat. 

The author•s findings appear to be in agreement with both the works 

of Bartley and Hilditch. 



FIG. VIIa Ga.s-liquid Ohromatograms of Fatty Acids in Bighorn 
Sheep Milk Fat, Saap1e No. 1 & 2. 

Peak number and corresponding fatty acid: 

1 ... 4:0 
4 ... 9:0 
7 "" 11:0 

10 • 14:0 iso 
13 - 15:0 
16 = 16:1 
19 • 1Tzl 
22 == 18:2 

2 = 6:0 
5 = 10:0 
8 = 12:0 

ll = 14:0 
14 == 16:0 iso 
17 = 17:0 iso 
20 = 18:0 
2.3 = 18:.3 

3 = 8:0 
6 = 10:1 
9 = 1.3:0 

12 = 14:1 
15 = 16:0 
18 = 17:0 
21 = 18:1 
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Gas-liquid Chromatograms of Fatty Acids in 
Bighorn Sheep Milk Fat, Sample No. 16Z. 

15 

21 SAMPLE No.l 

22 

15 20 25 30 35 

T 1 ME (MINUTES) 

15 

21 SAMPLE No.2 

10 15 20 

TIME (MINUTES) 

40 

40 



t!G. VIlb Ce.s-liquid. Chromatosrams of Fatt7 J.cids in Biabom 
$.beep Mille Fat, Samp1e Ro. 3 &: 4. 

Peak nwaber and corresponding fatt7 aeid: 

1 "" 4:0 
4 ... 9:0 
7 - 11:0 

10 "" 14:0 iso 
13 = 15:0 
16 - 16:1 
19 - 17:1 
22 = 18:2 

2 = 6:0 
5 "" 10:0 
8 ""' 12:0 

11-= 14:0 
14 = 16:0 iso 
17 = 17:0 iso 
20 = 18:0 
23 = 18:3 

3 = 8:0 
6 = 10:1 
9 = 13:0 

12- 14:1 
15 = 16:0 
18 ... 17:0 
21 = 18:1 
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Gas -liquid Chromatograms of Fatty Acide in 
Bighorn Sheep Milk Fat, Sample No. 3&t4. 

1!1 

SAMPLE No.3 
21 

22 

30 35 

TIME (MINUTES) 

15 

SAMPLE No.4 

21 

22 
23 

30 35 

TIME (MINUTES) 

40 

40 
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FIG. VIIc Qas-liquid Chrematocrams of Fatt;r Acida in Domestic 
( Suffolk ) Sheep Mil.k Fat. . 

Peak number and correspending fatt;y aeid.: 

l- 4:0 
4'- 9:0 
7- 11:0 

10 • 14:0 iso 
1.3 =·15:0 
16 - 16:1 
19-17:1 
.22 ... 18:2 

~- 6:0 
5 - 10:0 
8 - 12:0 

11- 14:0 
14 • 16:0 iso 
17 ... 1?:0 iso 
20 .. 18:0 
23 - 18:3 

3 - 8:0 
6- 10:1 
9 - 1.3:0 

12 •14:1 
15 ... 16:0 
18 - 17:0 
21- 18:1 

• 
~~ 
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Components 

4:0* 
6:0 
8:0 
9:0 

10:0 
10:1 
11:0 
1Z:O 
13:0 
14:0 iso 
14:0 
14:1 
15:0 
16:0 iso 
16:0 
16:1 
17:0 iso 
17:0 
17:1 
18:0 
18:1 
18:Z 
18:3 

Table VIIJ 
Fatty Acid Composition of the Ether -soluble 

(Roeae-Gottlieti) Portion of Sheep Milk 
(Weight ~of Total Eluate) 

Samp1e No. 
1 z 3 4 5 

O.Z5 o. 35 1. Z1 o. 38 Z.47 
T** T T T T 

0.14 o. 50 T o. 50 0.97 
T T T T T 

Z.98 3.86 3. 15 4. 58 Z.97 
0.15 o. 17 T o. 10 0.11 

T 0.11 T T 0.13 
2.66 2.70 Z.19 Z.94 Z.Z7 
0.1Z 0.14 0.16 T 0.19 
0.13 o. 12 o.zo T T 
9.58 8.08 9.37 12. Z3 7. 81 
1. 09 1. 10 1.29 o. 80 o. 39 
1.Z6 1. 31 1.18 1. 09 0.70 
0.49 o. 41 0.40 0.43 O.Z9 

Z1.99 19.87 Z0.58 zz. 91 z z. oz 
Z.7Z 3. 39 Z.47 2.19 1. 57 
0.84 0.78 0.85 0.67 0.39 
1.65 Z.Z7 1. 65 O. 7Z 2.10 
0.58 0.80 0.48 o. 34 1. 05 

16.89 17.43 ZI. 53 19. 05 1 8. 35 
31.18 30.49 25.18 23.89 3 0.43 
4.Z7 4.47 5.27 4. 90 4.7Z 
0.94 1. 60 Z.50 z.o5 0.78 

* Number of Carbon : Number of double bonds. 
** T indica.tes trace (smaller than O. 1 %). 



The reaults reported in the present study suggest (a) that 

the fat f~œn bighorn sheep milk. may contain a smaller propor

tion of sllort-ehain fatty acids than does the !at from dom.estic 

sheep milk, ami (b) that sheep milk in general may contain a. 

higher proportion of stea.:r ic and linoleic ac id than doe• bovine 

milk (see Table 1). 

IV. 3. Elect:rophoretic Analyses of Sheep Casein and Whey 

Figure VIII shows typical sta.:rch-gel electrophoretic 

patterns of sheep milk ca.sein. It will be noted that each of the 

five sa:mples of casein contained two major components desig

nated as a- and~- casein in order of decreasing mobility. The 

four samples of bighorn sheep gave k-casein bands but the 

domestic: sheep casein appeared to contain no k-casein. Many 

small bands were observed on the casein electropherograms, 

som.e of which do not appear in the photograph. One m.ight con

elude either that the k-casein content of dom.estic sheep casein 

is less than that of bighorn sheep casein or that the k-casein of 

dom.estic sheep casein complex was not resolved under the 

conditions of the experiment. 

Sa:mple No. 1 and No. 4 have a pre-a s zone. It is 

possible that polymorphism and genetic variation exist in big-
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horn sheep casein as in bovine mllk casein. However, due to the 

l:imited number of bighorn sheep milk samples, a conclusive ge.netic 

typing of ali possible variants has not been attem.pt.ed in the present 

study. 

Figure IX shows polyacrylamide-gel eleetrophoretic patteru 

of sheep caseins. Each casein sample ga'"' Œs" and ~-cuein .zonas 

and each of the « 8-- and ~-caseins of bighor.n sheep milk. contains two 

çomponents. It is interesting to note that the mobilities of the ceorrespon

ding ceomponents of the sheep caseine were similar and that the mobility 

of the corresponding components of cow casein were higher than those 

of the sheep milk. components. 

The electropherograms which are represented in. Figure IX 

wer e s.canned on a den.sitometer ( Densicor d, Mo del ~-~~. Photo volt 

Corporation, N. Y.) a:nd the resultant ab11orption curves are repre

sented in Figure X. The curves show that each of the a 8 --and fi

zones comprise more th.an one component. No attem.pt was made to 

estimate quantitatively the relative amount of each fraction, because 

(a) light absorption does not ohey Beer's Law at high protein con

centrations, (b) the dye binding capacities of the protein components 

may be different and (c) the peak in each of the a- and ~- .zones are 

so close together that an accurate estimation of the individual compon

ents is not feuible. 
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Sloan et al. (1961) studied the paper electrophoretic behaviour 

of caseins prepared from the milk of mammals of the Ovis genus and 

obtained similar results to those reported in the present study. 

The whey which was obtained from the preparation of bighorn 

sheep milk caseins and domestic sheep milk casein was freeze dried. 

Appropriate solutions of the freeze dried whey samples were analyzed 

by polyacrylamide-gel electrophoresis. A sample of bovine whole milk 

* which was known to contain J3 -lactoglobulin A/B , was analyzed at the 

same time for the purpose of comparison. Figure XI shows the re-

sults of these analyses. Electropherogram A illustrates the position 

of J3-lactoglobulin A/B of bovine milk. Electropherograms 1 to 5 

illustrate that the J3-lactoglobulin fraction of bighorn sheep milk and 

domestic sheep milk contains two electrophoretic components. Electro-

pherogram 4+B was prepared using a solution of bighorn ~heep milk 

casein and freeze dried whey. A suf&cient quantity of freeze dried 

whey was employed in order to show the position of the J3-lactoglobulin 

fraction in relation to those of a- and Ji- caseins. It will be noted that 

the J3-lactoglobulin fraction runs ahead of the a-casein fraction. 

* This milk was supplied by Dr. H. F. McRae, Department of Animal 
Science, and had been established as type A/B by polyacrylamide 
gel electrophoresis. 
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IV. 4. Carbohydrate Content of Bighorn Sheep Casein . 

Figure Xll shows the calibration curves which were obtained 

by the use of galactose, glucosamine-hydrogen chloride and N

acetylneuraminic acid. Table lX;: lista the hHtose, hexosa:m.ine 

and siaUc acid contents of the various sheep milk caseins. Each 

value repr.esent.s the average of four independent determinations. 

It is interesting to note that the casebl,a prepared from the: 

various samples of bighorn sheep milk contain a higher percentage 

of hHtose, hexosamine a.nd sialic acid than does the .domestic sheep 

casein. 

Table ·~ shows a comparison of the c.arbohydr ate contents 

of caseine prepared from bighorn .sheep milk. domestic sheep 

milk. cow milk and goat milk. It will be noted that caseins pr epared 

from bighorn sheep milk contains more hexose than does that pre

pared from domestic sheep milk, cowmilk and goat milk. However, 

the bighorn sheep milk cas ein appear s to coniain les s sialic ac id than 

do the other c.asein samples. 

The values for the sialic acid content of dœnestic sheep milk 

which were obtained in .the present study were somewhat lower than 

those reported by Johansson and Svennerhohn (1956). This could be 

due to the hlgher' speei!icity of the Warren method as compared to 
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Table ·lX . 
Carbohydrate Content of Sheep Casein * 

(mg. / g.) 

Determination 
Sam.ple No. 

1 2 3 4 s** 

Hexose 3. 38 4.47 4.01 4.30 2.37 

Hexosam.ine 1. 37 z.oa 1.29 1.68 1. 02 

Sialic Acid 1. 50 1. 73 1.42 1. 37 o. 98 

Total 
Carbohydrate 6.25 8.za 6.72 1. 35* 4.37 

1 

* Average of four independent determinations 
** Domestic (Suffolk.) sheep casein 

63 
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the Svennerholm ( 1957) m.ethod. Baker et al. ( 1963) and DeKoning --
et al. (1963) made shn.Uar observations in connection with the 

sialic acid content of bovine casein. 

Casein 

Table X< 
Camparison of Carbohydrate Content of 

Bighorn Sheep Casein with Sheep. 
Cow and Goat Casein. 

(Weight %) 

Hexose Hexos amine SiaHc Acid 

Bighorn Sheep 0.40* o. 16* 0.15~ 

Sheep ** o. 23 o. 15 0.11 

c ** ow 0.24 o. 18 o. 39 

** Go at 0.22 o. 16 o. 36 

* Average value for the folll' samples: of bighorn sheep 
m.Uk. ca.seins. 

** Resulh obtained by Johansson and Svennerhohn ( 1956). 
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( I) Milk was collected from. !ive Rocky Mountain bighorn sheep 

living in the Jasper National Park of Alberta. Milk was also 

collected from. a d:om.estic (Suffolk) sheep. 

(2) The gross composition of the milk sam.ple wa.s determ.ined 

by conventional m.ethod. The range of values which were obtained 

for each determination are as follows: total solide, 18. 6-32. 6%; 

ash, O. 93-1. 34%; fat, 7. 77-16.1~; lactose, z .. 68-5. 33%; protein, 

5.13-13.6%. The dom.estic sheep milk contained considerably lower 

fat and protein than did the bighorn sheep m.ilk. 

(3) The fatty acid constitution of the sheep m.ilk fat was esti

m.ated by gas-liquid chromatography. The average am.ounts of the 

major fatty acids in the bighorn sheep milk fat were as follows: 

laurie, 2.62%; m.yristic, 9.81%; p·almitic, 21.34%: stearic, 

18. 72%; oleic, 27. 68%; linoleic, 4. 73% and linolenic, 1. 77%. 

The resulte showed that ~ghorn sheep m.ilk fat contained a sm.aller 

proportion of short-chain fatty acid than did the domestic sheep 

m.ilk fat. 

(4) Starch-ge1 electrophoretic analysis of the various sheep 

m.ilk casein sam.ples showed the presence of as- and ~-casein. 

A pre-a8 zone was observed in two of the casein samples. When 

2-m.ercaptoethanol was used in the buffer, the k-casein com.plex 
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was resolved into severa! diffuse zones. Domestic sheep milk 

appear ed to contain no k-casein component. 

(5) Polyacrylamide gel electrophoretic analysis of the casein 

and whey sample prepared from the various sheep milks indicated 

that as -casein, 13-casein and 13-lactoglobulin each contained two 

electrophoretically separable components. 

(6) The average hexose, hexosamine and sialic acid contents 

of bighorn sheep milk casein was O. 40o/o, O. 16% and O. 15o/o respect-

ively. The carbohydrate content of domestic sheep milk casein 

was somewhat lower than that of the bighorn sheep milk casein. 
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