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SUMMARY 

The yields of colostral immunoglobulins were estimated from 

the four quarters of 18 cows soon after birth (Experiment A). The 

concentration$ of IgG, IgG2, IgA and IgM were found to be similar 

between the four quarters with means rang�ng from 82-08 mg/ml for IgG, 

4.8-4.9 mg/ml for IgG2, 9.6-11.1 RSA/ml for IgA (RSA = relative to 

concentration of serum IgA) and 7.1-7.4 mg/ml for IgM. The calculated 

total yields of the four immunoglobulins were (means � S.E.) 411"!:44 g, 

23.4�3.0 g, 42.6�4.9 (RSA) and 35.0�4.8g for IgG, IgG2, IgA and IgM 

respectively. These amounts were considered adequate for the require-

ments of passive immunity in newborn calves. Most Cdlves which were 

allowed to su ckle their dams for the first two days were abl� to absorb 

high levels of these immunoglobulins in their sera. + The means -

S.E. of the 24-hour serun1 levels of the immunoglobul in in these calv�3 

were 37.1:5.3 mg/ml for IgG, 1.3�0.1 mg/ml for IgG2, 3.2�0.4 RSA/ml 

for IgA �.nd 2.f.!:o.2 mg/mi for Igf-.1 (Experiment C). 

The apparent absorption efficiencies of the four imrnunoglobulin5 

by newborn calves fed with colostrum within 6 hours of birth were 

similar at (means + + + - S.E.) 33.3-2.7% for IgG, 26.8-3.5% for IgG2, 
+ +· 32.3-3.1% for IgA and 36.0-3.8% for IgM. However sheep IgG2 was 

absorbed at lower efficiency (18.5-1.6%) by ten of these calves 

( P � 0.05) (E xperi ment B) . In contrast the apparent absorption 

efficiency of sheep IgG2 was significantly greater (26.0!1.4%) in 20 



calves whi ch were a l lowed to remain with their dams for two days 

(P �0.01) ( Experiment C) . Thi s  indi cates that the absorption 

e f f i c iency of immunoglobulins  by calves wh i ch were a l lowed to nurse 

the i r  dams was superi or to the ca lves wh ich were removed from thei r  

dams and fed from a nipple  feeder . 

The results obta ined in the present stud ies  were discus sed 

in relat i on to  relevant data reported in the l i terature . 
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1 • 

INTRODUCTION 

The immunological importance o� passive trans�er o� colostral 

immunoglobulins to the youn� has been well recoenised in cattle and 

other �arm animals including piGs, horses, goats and sheep (Bramoell, 

1958; Gay, 1965; Butler, 1969; and Simpson-1�organ and Szr.eaton, 

197 2). All thene an imals lack prepartum rnaterno�oetal tr�ns�er o£ 

immunoglobulins probably due to the epitheliochorial (pies and horses ) 
or syndesmochorial placentation ( cows, goats and sheep ) (SterzJ and 

Silverstein, 1967), which are impermeable to macromolecules such as 

irnmunoglobulins, antitoxin (Mason et al, 1930) and even to smaller 

molecules such as �rowth hormone (Alexander et al, 1973). In the 

calves, this la ck o� prenn tal tra.ns�er, coupled with the P. pparent 

inability of the newborn calves to a ctively produce antibodies in 

sufficient quantities during the imm ediate prenatal and postnatal 

period, means that the newborn are ill-equipped to resist pathocens. 

Their early ability to obtain and absorb adequate maternal colostral 

antibodies is therefore o� paramount importance to ensure survival 

against most neonatal diseases. 

In order to �ully understand the need �or antibody transfer 

in newborn calves, some knowledge o� the physiology of the bovine 

immune system is required. For this reason part o� the present thesis 

will include a brie� review o� some o� these aspects, particularly the 

characteristics o� the irnmunoglobulins and the inherent �actors which 

lead to the.necessity �or passive acquisition of immunity, and �actors 

a��ecting this transfer in newborn calves. 



CHAPTER I 

1 .1 Bovine Immune System 

2. 

The basic structure of the immune system in adult cattle is 

pro bably similar to that in other mammals. The latter has been 

extensively reviewed (Dutton, 1967; Sterzl and Silverstein, 1967; 

Edelman and Gall, 1969; Owen, 1972). Briefly it involves both the 

primary lymphoid organs, the bone marrow and the thymus, and all the 

peripheral lymphoid tissues ( secondary lymphoid. organs ) such as the 

lymph nodes and the spleen. The bone marrow is responsible for the 

production of small lymphocytes, which originate fror.J pri!r!itive 

haemopoetic stem cells, and which later migrate to the peripheral 

lymphoid tissues either directly or by way of the thymus. Those 

lymphocytes which pass directly from the bone rnarrov1 to the peripheral 

lymphoid tissues are known as bone marrow-derived lymphocytes or· 

B-cells, while those lymphocytes which first enter the thymus before 

migrating to the lymphoid tissues are called thymus-dependent, thymus

derived lymphocytes or T-cells. B-cells and T-cells att ain 

immunocompetence while in bone marrow and in thymus respectively 

(Abdou, 1972; Owen, 1972). 

The nature of i mmune responses initiated by the two populati ons 

of lymphocytes is also different. T-lymphocytes which are predoninantly 

found in the paracortical area of the lymph nodes and in the centre ·of 

the Malpighian body of the spleen, are generally associated with cell 

mediated reactions which include delayed sensitivity, graft rejection 

and various autoimmune phenomena. These reactions are, however, not 



relevant to the present thesis and wil l  not therefore be di scussed 

further. 

3. 

The reaction which results in the production of humoral 

antibodies is generally initiated by B-cells .  Soluble or particulate 

antigens nre initi�-�.lly 'processed' by macrophages in the medulla of 

the lymph nodes or in the red pulp of the spleen and the macrophages 

later reluy these 'nntigenic messages' to the B-cells which are found 

in the corticomcdullary junction . Thi s  stimulates the B-cells to 

proliferate into clones or plasma cells which produce antibody ( or 

immunoglobulin ) directed specifically against the particular antigen . 

This first response to antigen, also knovr as primary response, 

i s  usuaJly limited in intensity and duration . Often it is also 

characterised by high production of Id·� \':hich precedes the production 

of IgG. 

After this prima�J responne , a second and subsequent e)�osure 

to the same antigen· is manifested by a much rr:ore extensive prolifere>.tion 

of the plasma cell s .  This secondary or Rnarr�estic respo�se is  believed 

to be dependent on immunological memory which is  cal'ried on a special 

population of cells (memory cells ) . During the secondary response , a 

much more extensive and lasting production of immunoglobulins , 

particularly IgG , occurs . Small quanti ties of IgJl are still  hovrever ,  

produced , but only for a limited period . 

1 . 2 The General Structure of Irnmunoglobulins 

A comprehensive review of the literature on the molecular 

structure of immunoglobulins i s  beyond the scope of the pre sent thesis . 



4. 

Re�erencos may be �ound in Putnam (1969), Edelman and Gall (1969), 

Leslie and Cohen (1973), and Porter (1973). S��ice to describe the 

ba sic structure o� an immunoglobulins which consists of a pair o� heavy 

chains (H chains ) and a pair of light chains (L chains ) joined together 

by disulphide bond ( s ) to �orm a tetrachain molecule, with two speci�ic 

antigen combining sites (Figure 1). A great v ariability is required 

for the structure of these combining sites in order to meet the 

multitudes of antigens that exist. Thi s is achieved by the hypervariable 

reg ion (VH and v1) involving some 110 to 120 amino acids on the NH2 

terminal end of the Hand L chains. 

An antibody molecule in classified into different classes on 

the basis o� antigenic and structural dif�erences on its heavy ch ains. 

These differences not only contribute to differences in class-specific 

physicochemical properties but also determine their biological 

properties. Nevertheless, antibody molecules which are classi�ied within 

a single class are still heterogenous mixtures of chemically different 

molecules despite sharing similar overall structure. 
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FiGUre 1. A schemcttic representntion of a four chain siructure of an 
irr.munoglobulin molecule showing two heavy (H) chains, tYIO licht (L) 

chains and intra and interchain disulphide bridges. The solid line 

and the broken line indicate the 'constant' and 'variable' portions of 

the H and L chains respectively. The combining sites of the molecule 
A 

for antibens (marked '+} ) are believed to be the function of amino 
V 

acid sequence in the variable region VH and v1. P is the approximate 
site of enzymatic cleavage by papain which split the molecule into two 

Fab fragments and an Fe fragment. The nomenclature of the H chain 

would correspond to the class of the immunoglobulin which is either 

11 , � , Lt , or f • 



1 . 3 Classes  of Bovine I mmunogl obu l i ns 

Four  c l asses  and two subc l a s s e s  of bovine immunog l obu l i ns  

have been recogni sed with  H cha in  ident i f ied as� ('6 1 , '{)')...), o< , M. 

and t also known a s  I gG 'IgGl and I gG2), I gA, I gM  and IgE  (Butl er, 

1 969; Hammer et�, 1 971 ; Duncan et�, 1 972) . In  contrast  to the 

6 .  

heavy cha in,  the  l i ght cha ins wi th in  i nd iv idual  molecules  of a l l  the 

c l a sses are e i ther 2 � or 2 A but never t ogether. In  addit i on ,  a l l  

pol ymeric  i mmunog l obu l i ns  includ i ng d imeri c I gA ,  secretory I gA 

( SigA) and pent amer i c  I gM but not monomeri c I gG and I gA, may possess  

a n other cha i n  ca l l ed J cha in . The  pre sence of  J cha in ha s been 

described in humans ( Ha l pern and Kosh l and ,  1970; Mestecky et  �, 

1 971;  and Kob ayashi et�' 1973) , rabbi ts  ( Ha l pe rn and Koshl and , 

1 970) and p igs  ( Porter,  1 973) , but h a s  yet to  be found i n  c at tle 

( Beale and Buttress , 1 972) . The funct ion '  of thi s cha i n  i s  t o  joi n 

together s ubun it  immunog l obu l i ns a s  we l l  a s  to  ma int a i n  the tertia ry 

s tructure of the subsequent polymer ( Meste cky et�, 1974) . 

Another polypept ide cha i n  c a l led secretory p iece ( SP) i s  

a l so known t o  be i n  unique a s soc i a t i on wi th  e xocrine I gA or secre tory 

I gA ( SigA). However the  exact funct i on of th i s  cha i n  rema in s  

s pecu l a t i ve a nd wi l l  b e  d i s cussed i n  page  21. 

1 .4 Characteri s t i c s  of Bovine Immunogl obu l i ns  

The structure a nd the phys i cochemi c a l  and i mmunol og i c a l  

funct i ons of bovine I gG, IgA a nd  I gM are ba s i ca lly simi l a r  t o  the i r  

respective c l asses  i n  human a nd oth er spec ie s  revi ewed extensive ly  by 

Cohen and M i l st e i n  {1967), Tomas i  and  B i enenstock ( 1 968 ) a nd Metzger 



( 1 970). Spe c i f i c  revi ews and other s im i l a r  recent pub l i ca t i on s  on 

bovine  immunog l obu l ins  have been wri t t en by But l er ( 1969 ; 197 l b) and 

Mukkur and Froese ( 1 971 ). 

1 0 4 0 1 r- •• l.g.G., ;& ( ZS) 
Two s ubclasses  o f  bovine I gG have been es t abli shed on the 

7 .  

bas i s  of  minor  ant i gen i c  and structura l d i fferenc es on the  � cha in. 

They are d i s t i ngui shab l e  e lect rophoret i cally as  a fa st and slow IgG 

(Murphy et .Q.l, 1964 ; 1965) or IgGl a nd IgG2 res pect i vely ( !J1i l st e i n  

and Fe i ns t e i n ,  1968). I gGl has a mol e cula r we i ght of between 163,000 

to 1 65,000 Da l tons and sed imentat i on coe ffi c i ent (s20w) of 6 . 6 to 7 S 

( Table 1 ), wh i l e the more bas i c  I gG2 ha s a molecular  weight of 150,000 

and s20w o f  6 . 3 S .  I n  addit i on i t  was reported that a penlameri c form 

o f  IgG ( 1 9S) wh i ch wa s characte r i st i cally d i st inct from 19S !gM, 

ex i sted i n  colostrum a s  well as  i n  i ntestinal secret i on of very young 

c a l ves ( Hammer et �' 1968 and Porter� .Q.l, 1972). 

I gG has a relat ive ly  low ca rbohydrate content o f  2-3% compa red 

to 6-10% for I gA and 1 0-1 2% for !gM (Tab l e  1 ). The ir  components  o f  

D-mannose,  D-ga l a ctose,  L - fucose a nd  D , N , a cetyl neurami n i c  a c id ,  but 

not the i r  proport i ons,  a re however s imi l ar ( But l er, 1969 ; 197l b). 

The protect i ve func t i on s  of IgG appear  ma in ly  r e l ated to  

s yst emi c de fence . Thi s  inc ludes neutra l i sat ion  of vi ru s e s ,  toxins  a nd 

foreign enzymes,  opson i s at i on o f  agglut i nat i on of b a ct er i a  (Murphy 

et�, 1 966 ; R i ce a nd Carri ere, 1 969 ;  and W i l kie,  1 974). I n  add i t ion 

d i f ferences  i n  the Fe fragment d i st i ngu ish  some propert i es o f  the two 

subc l a s s e s . Only  I gGl has been shown to  be capable  o f  f i x i ng compl ement 

a nd i s  there fore more e f fi c i ent than  IgG2 i n  bacteri o lys i s  ( Beh, 1 973 ; 



TABLE 1 - Phys ico  chemical and biological characteristics of bovine i�nunoglobulins. 

Heavy cha i n  ( H  cha i n )  

Light cha i n  ( L  cha i n )  

J Cha i n  

Termino logy 

Molecu l a r  we ight (MW) 

MI'<'H cha i n  

MW L cha i n  

E l ect rophoret ic mobil ity  

Sed i mentat ion 
coeff i c ient  ( s20w) 

Carbohydrate  % 

Ha l f  l i  f e ( days ) 

Ant ibody a c t ivi ty  

Compl ement fi xati on 

La ctea l transmission 

Placental transmission 

IgGl 

";51 

� or 1\ 

IgGl (CS' Gl) 

163,000 (b) 
165,000 

55,000 - 58,000 (c) 

20,000 

Fast '6 a nd p :1 

6.6 - 7.0 (c) 

2-3 (c) ' 

9.6 ( c ) 

+ 

+ 

Selective 

-

IgG2 IgA 

.._., 2 ()<... 

k_ or !I � or )\ 

+ ? 
IgG2 ( 1S G2) IgA ( 15 A)  

150,000 (b) Q00,000-400,000 ( i ) 
385,000 ( e )  

54,000 - 58,000 (c) 60,000-63,000 (c) 

20,000 20,000 ? 

-'6 /3:z. 

6.0 - 7.0 (c) 6 - 13 (g, i ) 

2-3 (c) 6-10 (c) 

18, 17.7 (h) 2.1 - 2.8 (h) 

+ + 

? ? 

Passive ? ? 
- -

1 Ig�'l 
I 

,.<A.. 

k. or  A 

+ ? (a) 

( I g�1 ( '6" M ) 

1,030,000 ( d )  

61,000- 76,000 (d 

22,000 - 28,000 ( d) 

(32. 

19.5, 19.7 ( d )  

10-12 (c) 

I 4 (f, h) 

+ 

I + I I 

I ? 
- en 

. 

i 



1974 ) . I gGl i s  also report edly ca pable of  s k i n  f i xat ion i n  

heterologous s pec ies ( c.f . Butler,  1 969 ) . 

No  evidence i s  reported , however,  on the pos s i ble role o f  

IgGl i n  the defence o f  intest i nal epitheli um o f  t he ealve s ,  despite 

i t s  be ing t he ma jor immunoglobulin i n  the  colos t rum ( Po rter  £1 �' 

1 972 ) . 

1 . 4 .2 IgA 

The occurrence o f  I gA i n  cattle analogous to  human I gA has 

only recently been con f i rmed . Thi s  i mmunoglobulin forms  the bulk 

o f  the immunoglobuli ns  i n  most ext ernal secre t i ons including the 

s a l iva ,  g a s t rointest inal se cret i on ,  s permat i c  fluid , flu i d  o f  

s e cret ion o f  resp ira t ory tract  ( But ler , 1 969 ; Mach et �' 1969 ; 

Porter and Noakes , 1 970 ; Ma ch a nd Pahudy 197 l a ;  l97lb ) . IgA i s  

n ot , however , predom i nant  i n  bovi ne colostrum a s  i n  human (Tomasi 

and Bi enens t ock , 1 968 ) . 

The reason for  the comparat ively large r amoun t  o f  I g A  in  

external e x cret i ons  i s  l arge l y  becau s e  o f  the local synthes i s  o f  I gA 

by plasma c e lls found i n  the reg i on underlying lamina propr i a  o f  the 

seromucosa  of  t he g lands  concerned ( Wils on £1 �' 1972 ) . In  sheep 

th i s  concept of  l oca l i mmune product ion a s soc i ated with IgA i s  well 

known. Local product i on o f  I gA part icularly SigA we re noted  i n  

immunised g l ands o f  ewe s  ( La s ce l l e s  and McDowell, 1 970 ;  1974 ; 

Watson and La scelle s , 1 973 ) and i n  l ocally i mmuni sed i ntest i ne 

( Husband and Las ce l l e s , 1 974 ) . 

I gA e x i s t s  i n  a range o f  mole cu l ar s i zes ranging i n  

mol e cu l a r  we ight from 200 , 000 to  400 , 000. Mu ch o f  t h i s  ex i st s  a s  a 

9 .  

dimer o f  s20w of  l O- l l S  wit h o r  without secretory p iece ( Porter ,  1 97 1 ) . 



Bot h  d imeri c I gA and monomeri c IgA are known to  occur i n  s erum 

( Butler,  197la ; Mach and Pahud , 197la , b ;  and Butler et�' 1972 ) , 

where a s  in  e xternal secret i on ,  SigA i s  usually predominant ( Porter,  

1 971  ; 1 972 ) • 

10 . 

The protect i ve funct i on o f  I gA i n  d i f ferent an i ma ls i nclud ing  

cat tle appe ars to be ma i nly concerned wi th local de fence , part i cularly 

at  the  mu cosal surface o f  ep i thelial membrane (Toma s i  and Bi nenstock , 

1968 ; Porter,  1969 ; 1 973 ; Port er��, 1970 ;  and South , 197 1 ) . 

Comogli o and Gugli elmore ( 1973 ) sh owed that SigA was capable o f  

anchori ng to t h e  intes tinal lum inal surface t hrough t he s e cretory 

pie c e  thus formi ng a barr i er aga i ns t  i nvad i ng organ i sms . I n  young 

calves , lo cal product i on o f  SigA has been shown i n  the i nte s t inal  

muc os a  ( Port er et !:l' 1972 ) a s  well a s  i n  s a li va (Ma ch and Pahud , 1971 ) , 

and i s  rega rd ed to be the pri nc i pal anti body provid i ng prot ect i on 

a ga i n st enteri c disea s es on the mucos al surface o f  the gut (Toma s i  and 

Bi e nens tock , 1968 ; South , 1971 ;  Penhale et�' 197 1 ;  Logan and 

Penha l e ,  1972 ; and Porter ,  1972 ) . Moreover, IgA is the most  res i st ant 

o f  a ll the i mrnunoglobuli ns  t o  proteolys i s  by intest i nal  enzyme s ( Brown 

et�' 1970;  St eward , 197 1 ) . Port er ( 1972 ) showed that c i rcula t i ng 

I gA i n  calf ' s serum wa s los t  rapidly through the intest i ne ,  suggest i ng 

t h a t  abs orbed colostral I gA was able t o  re-enter intest i nal lumen to  

provide e xternal  protect i on . 

The me chanism o f  prote ct ion by I gA i n  external d e fence i s  

reg a rded t o  be  ma inly thro ugh i t s  s t rong agglut i nat i ng (Beh , 1974 ) and 

ba ct eri cidal ab ility  (Burdon , 1973 ) . These  propert i es ,  e f fect i vely 

immobili s e  mo st o f  the i nvad ing organ i sms and a s s i s t  phagocyt os i s . 
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I n  add i t ion IgA i s  known t o  be capabl e  o f  caus i ng lys i s  o f  .S . co l i in 

the presence o f  l ys ozyme ( Ad i no l f i et�, 1 966; Hi l l  and  Porte r ,  1 974). 

1.4.3 IgM 

IgM is the larg est  o f  the four immunoglobulins, with a 

mol e c u l a r  weight o f  about one m i l l i on and s20w o f  1 9S . I g� i s  a l s o  the 

majo r and f i rst  i mmunog lobu l i n  to appea r  during prima ry i mmune res pons e  

( Met zger , 1 970) . Structura l l y ,  IgM  i s  a polymer o f  f i ve 7S I gM subun i t s  

joined to�cther, pro�ably by a si ngl e J cha i n  ( Be a l e  and But t re s s ,  1 972) , 

thus g i ving a potential  o f  t en ant i gen combin ing s i tes . For unknown 

rea s ons , however ,  only f ive o f  these are a ctive ( Metzger , 1970). Never-

the l e s s  IgM  is  very e f fe ctive i n  syst emi c defence  pa rt i cu l a r ly  in 

compl ement f i xat i on ,  aggluti nation and opson i s aLon ( Rob�in .£1 .Q.l_, 1 965 ; 

P ike , 1 967 ; and Metzger , 1970). Bes ide s , I gM unl i ke I gA doe s  not 

requ i re lys ozyme for co�plement fixat i on �Metzger , 1970). Work in mic e  

showed that I gM a n t i  pneumoc occal  ant i body wa s 100,000 fo l d  mor e  

e f f e c t i ve than I g G  ( H i l l  a nd Robbi n ,  1966). In rabbi ts  IgJ-', was 

report ed l y  500 to  1,000 gold  better a s  an  opson i n  than I gG ( Robbi n £1 .Q.l_, 

1 965). S i m i l ar ly  other reports a l s o  i ndicated that I gM wa s h i gh l y  

e f fect i ve i n  ha emolys i s  and agglut i na t i o n  o f  bacter ia  ( Onoue .£1 �' 

1 965 ; Hammer e t �' 1968) , and i n  neutra l i s a t i on of v i ru s es ( Bauer  et .Q.l_, 

1 963). 

The funct i on of  I gM in  catt l e  i s  probably l imi ted t o  systemi c 

d e fence due t o  i t s  re l at i ve ly l a rge s i ze.  Thi s  wa s re f l ected in  the 

f a i lure of  puri f i ed IgM fra ct ion in  the e xperi ment of Logan e t  a l , ( 1 971 ) 
--

t o  provide  protect ion aga i n s t  enter i c  i n fect i on whi l e eviden t l y  c a pabl e  

o f  s l owing the onset  o f  s ero l og i c a l  s e pt i caemi a .  
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1.5 Quantity o f  B ovine  Immunoql obu l i ns  

Quantitative s tud ie s  o f  bovi n e  i mmunoglobuli ns  i n  d i f ferent 

body f l uid s  have been l imi ted to I gG ,  I gA and IgM. These are summar i sed  

in Table 2. The fourth immuneglee8lin el as s, whieh is asseeiaied with 

homocytotropic activity, simi l ar to human IgE, has recently been 

identified in cows fo ll owi ng an tigen i c  s timu l at i ons  with rabb i t  s erum 

albumin  (Hammer��, 1971) . So far th i s  i mmunoglobulin has only been 

partially characterised. 

As shown i n  Table 2 ,  IgG is quantitatively the most abu ndant 

immunoglobu l i n i n  most body fluids. The p:·oportions of the two sub

classes vari es . Thu s , whereas IgGl and IgG2 occur in approximate!y 

equal amounts in serum, the subclass IgGl is dominant in colostrum and 

i n  secretions from the reproductive trac�. This is due to lhc selecl;ve 

tran smi s s i on o f  IgGl which will be discussed later. 

IgA and IgM together from about 20% of all immunoglobulins in 

serum and most  secretions. In add i ti on free secretory piece (FSP) is 

a l s o  found i n  m i lk (Porter and Noake s , 1970; Mach and Pahud , 1971), 

gas troi ntesti n al s ecreti on , colostrum and i n  s ali va (Mach et �' 1969; 

Porter and Noak s , 1970). 
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TABLE 2 - The concentrations of the different immunoglobulins in various 
body fluids of cattle. 

13ody Fluids IgG IgG1 I gG2 IgA I g�·\ Ref. 
( mg/ml ) ( mg/rr.l ) ( mg/ml ) (mg/ml) (mg/m1) 

+ + ... 
SEflUM * 20 . 3 -4 . 6  10 . 7-5 . 7 1'-:D 0 .1- . 04 NO a 

+ + + NO -j( 26 . 4-7 . 3 12 . 9-6 . 1 NO . 06- . 04 a 
* + 

26 . 4 - 1 2 . 6  NO NO ND 
+ 

2 .6- . 08 b 
+ + ·li-* 1 2 . 9- . 66 NO NO NO 2 .8- . 01 c 

9 . 2-12 . 0 6 . 2-9 . 6  . 07-1 . 2  1 . 1 2 -3 . 1  d 
SJgA .065 d 

1 6 . 9- 22 . 3  8 . 67- 1 2 . 6  7 . 67 - 1 2 . 2  . 12- . 28 3 . 6-5 .1  e 

** + 
1 3 . 4- . 75 

+ 
1 0 . 1 - . 4 f 

MILK . 3 1 - . 40 . 03- . 08 NO NO d 
+ + ND -)( 2 . 0  1 . 38-1 . 9 NO . 23- . 4 a 

COLOSTRUM * 34 . 5+21 . 1 31 . 6+1 9 . 3 NO 1 . 82+1 . 9 NO a 
43�1 4  

-'-
* NO NO NO 3.2.:.1 . 7  b 

28 . 1 -70 . 7  1 . 4-5 . 5  1 . 07- 1 1 . 2 5 . 7- 1 2 . <)  g 
71 . 2- 1 24 1 . 1-:3 . 0  2.5 -4 . 8  5 . 8- 13 .4 '-. 

** + 
79 . 2-6 . 2  

+ 
5 . 1 8- .  75 

+ 
6.85-1.11 

+ 
1 0 . 7- 1 . 3  f 

52-87 1 . 6-2 . 1  3 .2-6 . 2  3 . 7 -6 . 1  d 
** 78�2 . 2 

+ ... 
SALIVA -)( 2 . 0  . 05 - . 07 NO • 3.:.. . 2  NO a 

. 01 - . 08 . 01 . 28- . 70 . 01 d 

TEARS 2 . 0  
+ 

NO 
+ ND * . 54- . 39 3 . 88-2 . 4  a 

. 08- . 1 8  . 03- . 08 . 66- 1 . 01 . 05 - . 1 2 e 

GASTRO- . 08- . 70 . 04 . 1 1  . 0<)- . 60 NO d 
INTESTINAL 
SECRETION 

LACRIMAL . 20- . 50 . 08- . 1 3  1 . 55-3.1 0 . 006 d 

SPERMATIC . 09- . 1 2  . 08- . 1 3  . 08- . 1 6  Trace d 
FLUID 

BILE . 07- . 1 4  . 06- . 1 2  . 07- . 1 0 .os d 

VAGINAL . 1 6- . 30 . 1 0- . 20 . l l - . 32 NO e 
FLUID 



TABLE 2 - cont i nued 

Re fe re n c e s 

a = But l er e t  � ( 1 972 ) 

b = Klaus et  a l  ( 1 969 ) 

c = P enh a l e  and  Chr i s t i e  ( 1 969 ) 

d = M a c h  and Pahud ( 1 97 1 ) 

e Du n c a n  et  a l  ( 1 972 ) 

f B ra n d o n  e t  a l  ( 1 97 1 ) 

g 

h 

i 

NO = 

** = 

1 . 6 

H u s b and e t  a l  ( 1 972 ) 

Porter  ( 1 972 ) 

F e y  a n d  Hunyady ( 1 962 ) ( c i t ed from Kru s e 1 970a ) 

n ot d e t e rm i n ed 
+ 

Mean- s t a ndard devi at i on 
+ 

M e a n - s t a n d a rd error 

I m�une S t a t u s  o f  N e o n a t a l  Ca l v e s  

The lympho-ret i cu l a r  t i s s u e s  a n d  r e l a t e d  i ffi�uno l o9 i c a l  

1 4 .  

c ompon e n t s  i n  neonat a l  calves  are mo s t l y  re l u t i ve l y  i n a c t i v e b e c a � s e  

o f  the  e f fect i ve i ntraut e r i ne prot ect ion  g i ven  t o  t h e  f o e t u s  a g a i n s t  

mos t ant i gen i c s t i mu l a t i ons . Subs e qu ent l y t h e  c a l f i s  b o r n  w i t h l i t t l e  

o r  n o  a nt i bod y ( But l e r ,  1 96 9 ; Klaus et �, 1 969 ; a n d  r: u sb a nd £1 0 l , 

1 972 ) and only beg ins  a ct i ve endogenous prod u ct i on o f  the  i mmun o g l obu l i n s  

a fter  b i rth. Thi s  be comes  apparent dur ing the f i rs t  to  s e c o n d  w e e k s  o f  

post  natal li f e , part i cularly with  I gM and I gG ( Port e r  e t  � '  1 972 ; 

Hus ba nd et �' 1 972 ) . The product i on o f  I gA wa s shown by Hu s b a n d  e t � ' 

( 1 972 ) to  be s li ghtly d e l a yed , although Porter et � ( 1 972 ) showed that  

both I gA and SP were produc ed by the young calves at  the same t i me a s  

I gG and  I gM .  This  means that t he onset o f  endogenous produ ct ion  of  all 

i mmunog l obuli n s  in  neoborn calves i s  s imi la r ,  and co��ences s oon a fter  

b i rth . Nevertheles s  the t ime o f  thi s ons e t  o f  a ct i ve a nt ibody produ ct i on 
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may be d e l ayed by the presence o f  pa s s ively  acqu ired immunog l obu l i n s  

( Grave s , 1 963 ; McEwa n £.!_ � '  1 970b ; Logan £.!_ � ' 1 972 ) . Th i s  

inh ib i tory e f fe c t  may b e  due to  remova l o f  i nvad i ng o rg o n i sms b y  the  

a cqu i red i mmunog l obu l ins  be fore  the  former can  s t imul ate  t h e  ant ibody 

In s pi te  o f  the  l ow i mmune act i v i ty in newly  born ca lve s , 

exper ime n t a l  data  i s  ava i l ab l e  whi c h  i nd i cates  that the ma turat ion  

o f  most  i mmunol og i ca l  capab i l i t i es occurs mu ch ea r l i e r  d ur · ng 

gesta t i on . Schu l t z  ( 1 971 ) a nd S chu l t z  et a l  ( 1 973 ) u s i n g i mmuno-- -

f l uores c en c e  stud i es showed that  t h e  spleen  o f  foet a l  c a l ve s  s u b j e c t e d  

t o  ant i gen i c  s t i mu l a t i on wh i l e in  u t e ro , beg an act ive pro d u c t i o n  o f  

IgM and I gG a t  gestat i ona l ages  o f  60 and 1 45 days re s pe c t i v e l y . 

Others ( T ran i n  and r-'1 etrom , 1 973 ; Sawyer et  �' 1 973 ) h ave a l s o 

report ed s imi l ar obs e rvat ion  o f  h i gh product i on of  I gG a n d  I g� by 

foe tuses  whi ch were i n fected e i th e r  natura l l y o r  art i f i c i a l ly . Conner  

� � ( 1 973 ) further d emons t ra t ed that  such an ima l s  i f  a d equ a t e l y  

s t i mu l a t ed wi l l  even e l i c i t  s e condary re spons es  wh i l e i n  u t ero  o r  so on 

a fter  partur i t i on .  

Another s igni ficant  chara ct eri s t i c  o f  the proce s s  o f  prenat a l  

immuno log i ca l  matura t i on i s  that  i t  occurs i n  a seri e s  o f  d i s crete  

stepwi s e  event s i nvolving the a t t a i nment  of  c ompetence f rom one  ant i gen 

t o  the other.  Thi s  matura t i on s equence w i l l  go on unt i l  a l l  the 

potent i a l  ant igens  are covered . An i l lus tra t i on of the s equenc e  i s  

g i ven i n  Ta bl e 3 .  



TABLE 3 - Foe t a l  ages o f  ca l ve s  at wh i ch i mmuno l o g i c a l  res ponse  to  
in fect i ons or a nt i gens wa s f i rst  obs erved . 

I n fect i ous  agents  Gestat i ona l 
or ant i gens age ( d ays ) Re f e ren c e s 

.Ear..ai.niluenz a-3 
V l i U 6 l A El Bw i f t  a nd Kennedy { 1 �<12 )  
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Lept ospi ra s a x k oeb i nq 1 32 - 1 68 Fennes t ad and Pet ersen ( 1 962 ) 

B o v i n e  v i r a l  d i a rrhoea 1 68 Ca saro  e t  .Ql ( 1 971 ) 
1 80 Gi bson and Zemjan i s  ( 1 973 ) 
200 Braun et  .Ql ( 1 973 ) 

A n a ol a s ma ma rgi n a l e l OO T rueb l ood .£!:. .Ql ( 1 971 ) 

V i b r i o  f e t u s  2 1 2  Osburn a nd Hos k i n  ( 1 97 1 ) ---

Fe r ri t i n  1 20 \ I 

Ova l bumin 150  ) Gibson a nd Zemj a n i s  ( 1 973 ) ) 
B r u c e l l a  a b o rt u s  1 20- 1 50 ) 

Yet , desp i t e t h i s  i nherent capa � i ty o f  neona t a l  c a l ve s  t o  

em p l oy th e i r i mmu n o l og i c a l  re s ou r c e s  aga i ns t  pot ent i a l  p a t h og e n s , t h e y  

a r e  v e r y  much de pendent on c o l ostra l  i mmunog l obu l i n s  fo r t he i r e a r l y  

d e fence . Th i s  i s  i nd i c a t ed b y  the  i n abi l i ty o f  c o l o s t r um- d e pr i v e d  

ca l ves to  cope with the mu l t i tude of pathogen i c  organi sms t o  wh i ch they 

are exposed  fo l l ow ing b i rth . Moreove r ,  the ant i bod i e s  wh i ch � a y  h a v e  

been synth e s i s ed pri o r  to bi rth are usua l l y  h i gh l y  s pe c i f i c  and on l y  

t o  the i mmun i s i ng anti gen  and wi l l  b e  inef fect i ve for prot e c t i on a ga i ns t  

d i f fer ing d i s eases . 

1 . 7 Protect i ve R o l e s  o f  Co l ostral  I mmunogl obu l i n i n  Ca l ves  

O f  t he many -d i s eases  i n  neonata l  c a l ve s ,  col ibaci l l os i s  

cau sed by pathogen i c  s t ra ins  o f  ,g_. co l i i s  we l l  known . The rol e  o f  

E. � i n  th i s  re �pect has  been revi ewed b y  Love l ( 1 955 ) and Gay ( 1 965 ) . 
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Earl i er , observat i ons have been  reported on the rol e  o f  col ost rum 

aga inst  th i s  d i sease  ( Smi th a nd Litt l e ,  1 922 ; As cha f fenburg et �, 

1 949 ) , and s ince then many other report s have shown the re l at i onsh i p  

o f  l ow s erum immunog l obu l i n l eve l s  nnd the incidence o f  fat a l  d i sea se s  

in young ca lves ar i s ing from s i mi l ar  pa thogens  ( Pierce , 1 955 ; Smi th , 

1 962 ; Smi th et �, ( 1 967 ; K l aus  e t  a l , 1 969 ;  1-\ cEwan et � , 1 970 ; 

Penha l e et � , 1 970 ;  Fey ,  1 971 ) .  Simi l a r ly  surveys o f  dead ca l ve s  

ind i ca te  a h igh proport i on wi th  l ow immunog lobu l i n concentrat ions  in  

the i r  s e ra ( Smi th , 1 962 ; Gay £1 �, 1 965 ; McEwan £1 �, 1 970 ; Boyd , 

1 972 ) .  Moreover exper iment a l  reprodu ct i on o f  col i s e pt i caemi a wa s more 

e a s i l y  shown in c a lves depr i ved  of colos trum than those  fed with 

co l os t rum s oon a fter  b irth ( Smi th , 1 962 ) . 

Protect ive funct i ons  of  ingested col os trum were a l so  noted i n  

ca lves  infect ed wh i l e i n  u t e ro in s p i t e  of  some ab i l i ty  of  t h e  foetus  

to  produce s pec i f i c  ant ibody . Report s o f  calve s  s u f fer ing from 

congen i t a l  d i s e a se s , for example , showed that the rate of surviva l 

wa s better i f  they were g iven  their mother ' s  colostrum ( Dunne £1 �, 

1 974 ; Lambert and  Ferne l i u s , 1 974 ) . 

There i s  l i tt l e  doubt there fore that l ow s erum leve l s  o f  

immunogl obu l ins  i s  one of the  most important pred i s pos ing factors to  

bacteri al  i nva s i on in  ca lves . I t  appears that the abi l ity of  

pathogenic  microorgani sms to  estab l i sh and  subsequent l y  cause 

sept i caemi a ,  or enteric d i sease  i n  the calves is  i nh ibited or del ayed 

by the presence o f  absorbed colostra l immunog 1 obul in s  ( Gay et �, 1 965 ; 

Penha le et a l , 1971 ; Logan and Penha l e , 1 971 ) .  
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1 . 8 Immunogl obu l ins  i n  the Col ostrum 

Over  70% of  the  i mmunog l obu l i n s  in  the colustrum of  cows 

be long to the s ubc l a s s  I gGl . IgA and I gM make the  bu l k  of the 

rema inder .  I n  contras t  the subc l a s s  I gG2 i s  a lmo st comp l et e ly  

e xc l uded from the  colostrum (Tab l e  2 ) . Thi s  i s  un l i ke t h e  s i tuat i on 

i n  the col os t rum of  human and other spec i e s  rece i ving i mmunog l obul i n s  

wh i l e  i n  utero wh i ch i s  predom inant l y  I gA ( Brambe l l ,  1 966 ; T oma s i  and 

B i enenstoc k ,  1 968 ) . 

The orig i n  of  most o f  these  i mmunogl obu l i ns i n  c o l ostrum wa s 

ear l i er rega rd ed a s  l oc a l l y  synthes i sed . Th i s  wa s bas ed on observat i on s  

by  Campbe l l  et � ( 1 950 ) on  t rans i ent p l a smacytos i s  i n  the  co l ostru�

forming udder . However , we now know that th i s  i s  on l y  part i a l l y t rue 

and wi l l  be d i s cu ssed later . 

1 . 8 . 1  The origi n of colostra l IgG 

The cel l s  o f  bovine udder are  known t o  be capab l e  o f  concen

t rat i ng pre formed IgG from c i rcula t i on to l a ctea l secret i on ,  

part i cu l arly duri ng the  f ormat i on o f  co l ostrum (B lackmore and Garner , 

1 956 ; Larson and Gi l l espie , 1 957 ; Garner and Crawley ,  1 95 8 ;  D ixon 

et � '  1 961 ) . Later i t  h as been shown that t h e  immunog l obu l i n  whi ch i s  

t rans ferred i s  a lmcst exclus ive l y  I gGl (Murphy e t  � '  1 964 ; 1 965 ; 

P ierce and F ienste i n ,  1965 ;  Sul l ivan  et �' 1 969 ) . Thi s  indicates  that 

a s e l ective t ransport mechan ism i s  operat ing in  the mammary g l ands in  

favour of  I gGl . More recent ly ,  Brandon !! � ( 1 971 ) showed that 

colostra l I gGl  was indeed derived pre ferent i a l ly from s e rum . Thi s  

evidence was based o n  the t empora l changes i n  the concentrat i on of  both 
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I gGl and IgG2 i n  the s erum and col ostrum be fore and after  parturit ion ,  

c l early i nd i c a t i ng s e l ect ive remova l o f  IgGl i n  pre ference t o  I gG2 . 

1 . 8 . 2  The origi n o f  colostral  IgA and IgM 

The concentrat ions  o f  both I gA and IgM 1n  the colostrum are 

greater than that in the s erum (Table  2 ) . Much of  the I gA and I gM i s  

l oca l ly synthes i s ed in  the mammary g l a nds ( La s ce l l es ,  1 970 ) . Thus 

sheep mammary g lands e ither immuni s ed or in fected natura l ly produced 

immunog lobul i n s  whi ch are l arge l y  IgA ( Las ce l les  et a l , 1 96 6 ;  

Outteridge a nd  La s ce l les , 1 967 ; McDowe l l  and La scel l e s , 1 969 ; 1 970 ; 

Lee and Las ce l l es ,  1 970 ) . IgM and sma l l  amounts o f  IgG are a l s o  

produced ( Las c e l les  and McDowe l l , 1 970 ) . I t  i s  regarded that  most I gA 

produc ing systems i n  ruminants wi l l  become a ct i ve fol lowing ant i gen i c  

st imu lat i on ( La s ce l l e s  and McDowe l l ,  1 974 ) . Unst imu l a ted primaparous 

g l ands are the re fore mos t l y  l a ck i ng i n  I gA production a ct iv i ty ,  wh i l e  

the g l ands o f  the older ewes , part i cu l ar ly  i n  ewes whi ch were 

antigen i ca l ly s t imu l ated , were heav i l y  popul ated with l ymphocytes  

concerned with  IgA production ( Lee and Lasce l l es ,  1 969 ) . More recen t l y  

Watson and Las ce l l e s  ( 1 973 ) , were ab l e  to  obt a i n  quant itat i ve data  

showing that l oca l  synthes i s  was t he ma i n  source o f  col ostra l  I gA in  

both immuni sed and non- immuni s ed g lands  of  ewe s . 

Evidence on the l oca l product ion of  the two immunog l obu l i ns i n  

cow ' s mammary g lands i s  s t i l l  sparse .  Stud ies  by Mach and Pahud ( 1 97 1 ) 

us ing t i s sue culture d id  reve a l  that IgA produc ing ce l l s were pres ent 

in the col ostrum- forming udder . Thi s  indicates  that the phenomenon a s  

described for  sheep i s  a l so common t o  other ruminants .  

The proport ion o f  co lost ra l IgA and I gM synthe s i sed  l oca l ly 



has a l s o  not been ful ly i nvest igated i n  sheep a nd cows . I n  the p ig  

i t  i s  kn own that a l l  co l ostra l I gG and a l a rge  proport i on o f  IgM and 

about 40% of IgA are derived from s erum ( Bourne and Curt i s , 1 973 ) . 

I n  the mi l k  l oca l product ion o f  IgA and IgM i s  bel i eved to  be a t  90% 

whi l e  I gG i s  at 70%.  
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1 . 8 . 3  The mechan i sm o f  transport o f  c o l ostra l i mmunogl obu l i n s  

T h e  manner o f  how s e l ec t i ve t rans fer o f  IgGl from c i rcu l a t i on 

acros s  the e pithe l i a l  cel l s  o f  the mammary g l and is a ch i eved has  been  

the  subj ect  o f  a number  of  i nvest igat ions  a nd s pecul at i ons . I n  v i tro  

stud ies  by  Hammer and c owork ers ( c . f .  Brandon et �' 1 97 1 ) have shown 

that th i s  s e l ect ivity  occurred i n  the g l andu l a r  epithe l i a l  ce l l s . 

La s ce l l e s  ( 1 970 ) sugge sted that t h i s se l ect ive mechan ism i nvolved the 

need for Fe type s pec i f i c  receptors s imi l a r  to that postu l ated ear l i e r  

by Brambe l l ( 1 966 ) , but wh i ch a r e  spec i f i c  t o  I gGl . The presence o f  

the s e  receptors , be l ieved t o  b e  l ocated o n  the ba sa l  and i nt erce l l u l a r  

membrane o f  the g l andu l a r  epithe l i a l  ce l l s  (Brandon et a l , 1 97 1 ) would 
-- --

a l l ow f ormat ion o f  t rans port veh i c l es wh i ch wou ld cont a i n  cons i derab l y  

more I gGl than I gG2 . 

The mechani sm o f  t ransport o f  I gA and IgM into  co l os trum i s  

even l e ss  wel l  understood . Wat s on a nd Las c e l les  ( 1 973 )  recent ly showed 

that the magn itude o f  pre feren t i a l  trans fer o f  IgA and I gM in the immuni sed 

and non - immun i sed mammary g land o f  ewes was c losely re l a ted to the  

act ivity o f  the loca l  immune system.  On t he bas i s  o f  t h i s f i nd i ng 

they proposed that these two immu nog lobu l i ns  were transported a cros s  

the g l a ndular  epithel ium within  ves ic les  a s s i sted by t he concent rat i on 

grad ient  created through loca l  synthes i s  o f  t hese immunogl obu l i n s , 
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which occur in the proxiii1ity of the glandular epithelium . 

Others have pos tulated that the SP may play an important role 

in assisting the secretion of IcA acros s  the epi thelium cells by 

complexing with IgA (Tomasi and Bienenstock, 19G8 ; Tourville et ·al, 

1 969 ) . However evidence presented by Allen and Porter ( 1973 ) and 

Allen et al ( 1 973) from immunofluorescent ru1d el ectron microscope 

studies in pig intestine showed that the transport of If,A acro s s  the 

epithelial cells vrhich occur by way of vesicles was quite independent 

of the requirement for SP . This has also been shown in i mmunohi s to

chemical study in mice by Comoglio and G uglielmone ( 197 3 ) who also 

showed that SP was probably concerned more with local d efence by 

anchoring IgA to luminal surface . They maintain ed that the joining of 

SP to IgA took place in the lumen rather than at the base of the 

epithelial cells as postulated by Tourville et al (19G9 ) . 

The function of' SP in bovine ma'?illary glands is not knovm . 

Nonetheless, SP is found in the colostrum as well as in milk (Porter 

and Noakes, 1 970 ; Mach and Pahud, 1 971) . 

1 . 9  Absorption of Colostral Immunoglobulins by the Nevrborn Calves 

The intestines of newborn calves are generally permeable to 

intact immunoglobulins during and up to 36 hours postnatal life 

( Comline and Robert, 1 951 ; Deutch and Smith, 1 957 ; Smith and Erwin, 

1 959 ; McCoy � � ' 1 970 ) and with declining efficiency with time 

(Kruse , 1 970b) . During this period ,  ingested colostral immunoglobulins 

are absorbed exclusively via the lymphatic system and reach the 

circulation through the thoracic duct (Comline and Robert, 1 951 ; 
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Balf'our and C ornline , 1 962 ) . Peak serum conc entration s are usually 

attained by twelve hours f'ollowing f'eeding f'or IgA and IcM , and about 

24 hours f'or IeG (Husband et al , 1 972 ) . Thcreaf'ter the serum iMnuno

gl obulins decline progre r: siveJ.y at a rate depending on the b ioloc;ical 

half' lif'e of' the protein (Husband et al , 1 972 ; L ogan et nl , 1 972 ) 
as well as the state of' health of' the calves (McDougall and 1.�ull igan , 

1 96 9 ) . 

The absorption of' the immunoglobul ins by the inte stine i s  

largely non selective (Deutch and Smith , 1 957; Bangam et al , 1 958 ; 

Pierc e ,  1 961 a ;  1 961 b ;  Pierce and Fienstein, 1 965 ) and independent of' 

requirement of' F e  type specif'ic receptor (Fey, 1 971 ) . Nevertheless 

only the large irrmunoglobulin molecule s  are retain ed in the c irculation :  

most of the non-antibody colos tral proteins , parti cula�ly beta

lactoglobulin, are rapidly f'il tered by the kic1ney givin g rise to 

transient protenuria whi ch usually occurs during the peri od of' 

colostral intake (Deutch and Smith , 1 957 ; Pierc e ,  1 959 ; 1 96 0 ;  

1 961 a and b ;  Pierce and Johnson , 1 960 ; Hardy 1 969b ) . 

The region of' the calve s '  intestines where absorption take s 

place has n ot been shown conclu sively . Hardy ( 1 96 9a ) has , however , 

suggested that the terminal part of' small intestine was probably the 

only site capable of' ab sorbing col ostral immunoglobulins . Thus , 

ab sorption of' labelled serum immunoglobulins did not occur when inf'used 

through the upper part of' the small inte stine . 

1 . 1 0  Ce ssation of' Uptake of' Intact Irnmunoglobulin s  by the Intestine 

of' Newborn Calve s 

The cessation of' uptake and transf'er of' irnmunoglobulins by 



the intestines of newborn calves was , at one s taee , rer;:1rded to be 

associated  with the ons et of peptic activity vrhich digests the 
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c olostral proteins in the young animal (Hill , 1956 ) . This was horrever 

disputed by Deutch and Smith ( 1 957 ) ,  Smith and Erwin ( 1 959 ) . In the 

former ins�cnce , inhibi tion of gastric proteolytic activity by aluminium 

hydroxide gel and probanthinc did not re sult in absorption of immuno

globulin after the 36-hour period of postnatal life . Smith and E�vin 

were als o  unable to show absorption of colostral immunoglobulins in 

calve s of two days and older when their gastric juice was prevented 

from entering the inte stine by ligature . 

In other newborn animals such as lamb s and piglets , ab sorption 

of macromolecules also ceases by 30 to 48 hours of postnatal life 

(Lecce et al , 1 961 ; S impson-Morgan Smeaton , 1 972) . Hov;ever in the 

case of piglets , the t ime of intestinal ' cl osure ' to macromolecule 

absorption may be prolonged up t o  86 hours by \rithholding food (Lecce 

et al , 1 961 ) . Thi s ,  however , is  not possible  in calves (1>'cCoy et al , 

1 970) . On the contrary it has been stated that premature loss of 

permeability can o ccur in calves �s young as 6 to 8 hours old (Gay, 

1 965; Gay et al, 1965) .  In these instance s  the authors showed that 

calve s which had b een given colostrum or assumed to have suckled,  were 

found to be agammaglobulinaemic . The volume and conc entration of 

immunoglobulins in the colostrum used, however, was not stated .  

The effect o f  feeding prior t o  inge stion of colostrum o n  the 

absorption of immunoglobulins was demonstration by Graves ( 1 963 ) . He 

showed that feeding of protein or immune serum to newborn calves prior 

to feeding c ol ostrum inhibited absorption of the immunoglobulins from 

the latter. This indicates that the presence of food c ould depre s s  the 
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mechanism involved in the absorp t ion . 

A series of histological and morphological investigations on 

the phenomenon of closure has recently been reported involving 

different animals ( Clark and Hardy , 1 969 ; 1 970 ;  1 971 a and b ) . 

Simil ar vrork was als o reported by Simpson-Morgan Smeaton ( 1 972 ) with 

lamb s . These workers noted that the uptake and transfer of macro

molecules by the intestine may involve two proce sses , namely ( i ) 

uptake by vacuolated epithelial cells in the intestine and ( ii )  

release of the prote in to the lymph . The latter process cease s much 

earlier and is affected by factors such as feeding and the solution 

used to fee the mAcromolecules . Thus it  may be possib le that colo s tral 

immunoglobulins are taken up by the epithelial cells after the 36 hours 

of life but not released into the circulation . 

The reason for the closure is also not known , although 
corticosteroid hormones may have some influence .  Work by Ealliday 

( 1 959 )  showed that a decline in ab sortive ability was brought about by 

large doses of deoxycort icocos terone acetate or cort isone ace tate . 

Thi s decl ine also coincides w ith an incre ase in t he act iv ity of 

alkal ine phosp hatase , thus s uggest ing t hat t he two p rocesses are 

rel ated . L ittle is known however on t he role of t his enzyme . 

1 . 1 1  Factors Affect ing the Amount of C olost ral Immunoglobu lins absorb ed 

Under natural mothering conditions , t he amount of colostral 

immunoglobul ins in the ser a of 2 to 3 d ay-old calves v aries cons iderably 

from al most neg l ig ible to very hig h levels , often exceeding that in t he 

adult serum (Smit h ,  1 962 ;  Gay � � ' 1 965 ; Smith � � ' 1 967 ; Selman 

� � '  1 970) .  Low concent rat ion of immunoglobul ins in t he cal f 's serum 



may be produced by a failure of the cow to secrete sufficient immuno

globulin into the colostrum (Kruse , 1 970b ) or the calf not suckline 

within the period of permeability or inability of the calf to ab sorb 
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the immunogl obulin inge sted (Fey and 1{argRdant , c . f .  Selman et A.l ,  1 970b ; 

McCoy et al , 1 970 ) .  

Where colostrum is fed from buckets , low serum level of 

irnmunoglobulins is probably due to feeding too late or too little or 

both (Smith et ..§!1 ,  1 967 ;  Kruse , 1 970b ; McBeath et al , 1 971 ; Selman 

et al , 1 971 ) .  Thus it is important to  feed newborn calves with 

sufficient colostrum very early in life . Apart from that , it has been 

shown that calves which receive colostrum from buckets  tend to have a 

lower serum immunoglobulin level than those which suckled ( Smith , et ell , 

1 967; Selman et al , 1 971 b ) . In these ,in stances , however , precise 

information regarding the volume and concentrati on of immunoglobulin in 

the colostrum used was not knO\m . Later , Selman et al ( 1 971 a )  were 

able to show that calves which were allowed to remain with their dams 

after feeding colostrum , absorbed greater amounts of immunogl obul in 

than a non-mothered group in
' 

spite of similar amounts of colostrum 

ingested. 

The effect of certain protein factors present in colostrum 

which promote absorption of immunoglobulins has been shown b y  Balfour 

and Cornline ( 1 962 ) and later by Hardy ( 1 969 ) .  Vfuen immunoglobulin .was 

dissolved in colostral whey or filtered and boiled colostrum , 

absorption was much more rapid than immunoglobulin dissolved in 

saline . A similar effect was produced by lactate pyruvate and salts 

of certain fatty acids . However the role of these anions is uncertain 



since the concentrations necessary to produce the effect were far 

greater than their concentrati ons in colostrum . 

1 .12 The Efficiency of Ab sorpb on of Col ostral Irnmunoglobul in s in 

Newborn Gal ves 
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Investigation into the absorption efficiency of colostral 

imrnunoglobulins by newborn calves have been relatively few . In one 

of the earlier experiments , Bangam et al (1958 ) noted an absorption 

into circulation of about 8 to 1 6% after feeding 200 to 500 mg of 

labell ed serum globulin . A similar experiment was conducted by 

Balfour and Comline (1962 ) ,  using anaesthetised calves realised an 

ab sorption of 1 2  to 23,% when sampled from the thoracic duct . S imilar 

results were al so obtain ed by Hardy ( 1 969)  in a later experiment . 

McEwan et al ( 1 970a ) have shown , however , a higher absorption 

efficiency for colostral immunoglobulin in calves .  They obtained e.n 

averaee of 25% absorption into the plasma when fresh colostrum was 

given and upon taking into c onsideration the fat and casein content 

of the colostrum used and diffus ion into other fluid compartoents , 

the value of 65% was calculated . In a similar experiment by Kruse 

(1970b ) ,  an efficiency of only 2o% was recorded when colostrum was 

fed within a few ho·�s of life . 

More recently , Brandon and Lascelle s (1971 a )  showed that the 

relative efficiency of absorption of the three classes of immune

globulins when sample s  were taken from the thoracic duct lymph soon 

after feeding , were s imilar . Thi s  was then followed with other 

experiments by Husband � �  (1972 ; 1973) which showed that the apparent 
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efficiency of the absorption of the different immunoglobul ins were as 

follows : I6�1 43 . 9  ! �� ' IgG2 58 . 9  � 1 Q% , IgA 71 � 1 � , I�� 

94 . 7  � 9,7� (means � standard errors ) .  From these data an d from the 

earlier ob servation by Brandon and Lascell e s  ( 1 971 ) it was concluded 

that all the four immunogl obulins were absorb ed e qua lly well and at an 

effi ci ency approaching 1 00 perc ent .  Thi s  con clusion was based on the absorptim 

efficiency of I g!>r  whi c h ,  b ecause of its large s i z e ,  was re tained within 

the intrava scular c ompartment . IgG1 , IgG2 and I gA were as sumed to 

diffuse into other b ody fluid s ,  hence lowering their apparent ab s orption 

efficiencie s relative to Ig:M . 

1 . 1 3 The ?re sent VI ork 

There are still many gaps in the knowledge of many aspe cts of 

bovin e  immunology -.hich require further research and much is s t il l  to be 

learnt on the importc> .. nce of vari ous immunoglobulins f'or the early 

defenc e  of calve s B{;o inst variou s  disease s .  One of many practical 

featu re s  of calf immunology i s  the need for n ewborn calves to acquire 

ade quate passive immunity via the dam ' s c ol o strum to insure survival . 

T hus , i t  has b een stated that calves receiving less than 80 g .  of 

immunoglobulins invariab ly died (Meyer and Steinbach c . f .  Kruse , 1 970a ) . 

A cow therefore , as suggested by Kruse (1 970a ) should produc e a minimum 

of 1 00 g .  of immunoglobulin in the f irst day of calving . In reality ,  

however , the calf ' s  ability t o  ac quire ade quate immunity is influenced 

considerably by the total yield of colostrum and the absorption 

efficiency of inge sted colostrum , all of which vary . 

In the pre s ent work the foll owing aspects of cow ' s and calf ' s  

immunology have been investigated under local condi tions : 
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(i ) A survey to estimate the yeild of c olostrum at firs t  

milking post partum and to estimate the yield of 

individual immunoglobulin from individual quarters of 

the glands . 

( i i ) An estimate of absorption efficiency of ab sorption of 

different classes of colostral immunoglobulins by 

calves fed from a nipple feeder . 

(iii ) An estimation of the effici ency of absorption of 

colostral immunoglobulin under natural conditions 

using data obtained from ( ii ) . 



CHAPI'ER II 

KATERIALS AND �.TETHODS 

2 . 1  Animals 

2. 1 . 1  Cows and calves 

Eighteen multiparous Friesian cows which calved in autumn 

were used in Experiment A ;  their n ewborn calves were used in 

Experiment B. Another twenty cows which calved in spring and their 

newborn calves were used in Experimen t  C .  These animals were part 

of the town milk herd of Massey Univers ity No . 1 Dairy Unit . 

2 . 1 . 2 Rabbits and guinea pigs 

29. 

New Z ealand white rabbits and guinea pigs bred and maintained 

in the lV:assey University Small Animal Production Unit were used for 

the raising of antisera . 

2 . 2  Chemical s 

All the chemicals used in the experiment for the preparation 

of solutions and buffers were of analytical quality . 

2. 3 Isolation of Immunogl obulins 

2.3. 1  Source of immunoglobulins 

(a) Bovine serum 

Blood for the preparation of sera was obtained by vene

puncture from cows when required. The blood was allowed to clot at 



room temperature and then remained overnight at 4
°C .  The serum was 

then expre ssed by centrifugation 2500 g �or 20 minutes . 

(b ) Bovine col o strum 

Bovine colostrum used �or the isolation o� IgG 1 and 

other analytical purpose s  was obtaine d �rom th e �irst milking post 

partum. Colostral whey was prepared as �ollows. The colostrum at 

0 
4 C was �irst centri�uged at 2000 g �or 30 minute s in order to 

s eparate the �at . Conunercial rennet was then added to the �at �ree 
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colostrum at a rate o� 1 : 100 (Selman et al, 1 971 ) and th e mixture 

incubated at 37°C �or 15 minute s . The re sultant curd was broken into 

small pieces and the whey expre ssed by centri�ugation at 12350 g for 

20 minute s .  

( c ) Sheep serum 

Sheep s erum was obtained from the local Free z ing Viorks . 
The blood was collected in clean buckets and its seru m  expre ssed in a 

similar manner to that o� bovin e serum ( page 29) . 

2 . 3 .2 Fra.ctionation method s 

( a )  Salt �ractionation 

Fractions containing gamma globulins �rom sera and 

colostral whey were prepared by precipitation with ammonium sulphate 

at a � inal concentration o� 3� as d e scribed by Campb ell et al ( 1970) . 
- -

The procedure was repeated twice in order to produce relatively pure 

gamma globulin �ractions which were subs equently �urth er puri�ied by 

gel chromatography. A detai l ed �low diagram is outlined in Fi gure 2 .  
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Bovine se rum 
� 

Added s aturat ed (NH4) 2S04 t o g ive f inal cone • 

of 33% · St and f or 4 hours at 4° C . 

supernat ant ( d i s card ) 

( P re c ipit at e ) 

1 
R esuspended i n 33% saturated 

(NH4 ) 2S04 

( Pre c
i�p�i�t�a�t-e�)--------------------------- ' 

1 
suspended in smal l volume o f 

d i st il l ed wat e r • Di alysed agai nst 

running wate r f ol l owed by Q . Ol M 

s od ium phosph at e buf f er pH 7 

r 
( Pre ci pit ate ) 

supernat ant ( disc ard) 

Supernat ant (us ed f or 

prepar at ion o f lgG and 

lgA ) 

sus pended in di st i l l ed wate r 

( Prec
��i�t-a�t-e�)---------------------------- ' supernat ant ( di scard) 

DiSSO�ed in o .g% NaCl , 

sodium phosphate ( pH 7 ) 

for preparati on o f lgM · 

and used 

F igure 2 ·  fl OW diagram outlining the i sol ati on procedure for 

preparation of di f ferent bovine immunogl obul in• • 
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( b )  Ge l chromat ography 

Thi s  was performed on Sephadex G200 ( Pharmac i a )  c o l umn 

( 3 . 0 x 60 cm ) equ i l ibrated with  0 . 05M sod i um phos phate buffer  pH 7 and 

conta i n i ng 0 . 9% s od ium ch l oride  and 0 . 02% s od i um az ide . The gel wa s 

prepared fo l l owi ng the method descri bed i n  Work a nd Work ( 1 969 ) . The 

f l ow rate was ma i n t a i ned at  20 ml per hour and fract i on s  of 5 m l  were 

col l e cted u s i ng a fract ion  co l l ector . The prote i n  in the e l uent wa s 

dete rmined a t  280 nm . 

( c )  I on e xchange chromat ography 

An i on exchange chromatography wa s per formed on e i ther 

DEAE Sephadex A50 ( Pharmac i a ) column ( 2 . 2  x 60 cm) equ i l i brated wi th 

0 . 02M sod ium phos phate bu ffer  ( pH 8) or on  DEAE ce l lu l ose ( 2 . 2  x 60 cm ) 

column equ i l ibrated with 0 . 05M sod ium pho sphate bu f fer ( pH 8 )  cont a in ing 

0 . 9% s odium chl or i d e .  A cont i nuous grad i ent was produced by s l ow l y  

i ncreas ing the mo l arity o f  s od i um ch l oride  and s od ium phosphate i n  the 

e lut ing bu f fer .  This was achi eved by connect i ng a s i phon from the f l a s k  

cont a i ning the l im i t i ng bu f fer  into a second f l a s k  cont a i n i ng 500 m l  o f  

the e l uti ng bu f f e r  and equ i pped with a st i rrer . Th i s  f l a s k  wa s 

connected t o  the column via  a pump . Thi s  e f fective l y  provided a l inear  

grad i ent o f  i ncreas ing mol a r i ty as  determined by the  conduct ivity  of  

the e luent . 

2 . 3 . 3  Methods o f  a s s es s i ng the pur i ty of  the protein  fracti ons 

( a ) Immunoel ectrophore s i s  

M i cro immunoel ectrophores i s  was performed o n  mi cros copi c 

s l ides  with barb i ta l  bu ffer ( pH 8 . 6 ) u s i ng the LKB apparatus . The method 



used wa s s imi l a r  t o  that  recommended i n  the manufacturer ' s  handbook .  

( b ) Doub l e  di f fus i on 

Doub l e  immunod i f fu s ion was carr i ed out i n  1% agar i n  

0 . 9% s od ium ch l oride on  g l a s s  mi croscopi c s l i des , a s  described by 

Campbe l l  � � ( 1 970 ) . 

( c ) Rad i a l  immunod i f fus i on 

Thi s  was carried out a s  des cribed i n  sect i on 2 . 5 . 4 .  

2 . 3 . 4 Preparation o f  ind ividua l immunogl obu l i ns  

( a ) Bovine IgGl  

Bov ine  I gGl  was  prepared from co l o st ra l whey with 

s l ight mod i f i cat ion , by the method of  Brandon et � ( 1 971 ) .  Sa l t  

prec ipi tat ion of  co lostra l  whey with ammonium su lphate wa s carr i ed 

out and repeat ed twi ce as described earl i er .  A fter centr i fug a t i on )  

the pre c i pi tate  was d i s solved i n  sma l l  amount s  o f  d i st i l l ed wa t e r  
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and d i a lysed i n  runn ing water  fo l l owed by several changes of  0 . 01 M 

sod ium phosphate bu f fer ( pH 8 ) . The preparat ion wa s then cent ri fuged 

and a su i tab le  amount of the supernatant wh i ch wa s r i ch in  I gGl was 

fract i onated on DEAE cel lu los e  with a cont inuous grad i ent from 0 . 01 M 

t o  0 . 05 M phos phate  i n  0 . 5  M s od ium ch l or ide , pH 8 .  The fract i on s  i n  

the descend ing s ide  o f  the  s ec ond peak were concent rated by negat i ve 

pres sure d i a lys i s  and further puri fied  on a Sephadex G200 column . 

Pure IgGl  was recovered from the  fract i ons  i n  the l a rgest peak . Thi s  

shown shown i n  F igure 3a . 

( b ) Bovine IgG2 

Thi s  was prepared from bovine  serum by a method 
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s imi l a r  to tha t des cribe� by Porter ( 1 972 ) and Brandon · �  � ( 1 971 ) . 

Bovi ne serum wa s f i rst d i a l ys ed overnight i n  d i st i l l ed wat e r .  A fter  

cent r i fugat i on the  supernatant was equ i l ibrated with 0 . 02M sod i um 

phos phate  bu f fer ( pH 8 )  and chromatographed on DEAE Sephadex A50 

column e l uted in  the same bu f fe r .  The fa l l through fra ct i on whi ch 

was r i ch in  IgG2 was concentrat ed and further fract i onated on a 

Sephadex G200 co l umn .  Pure I gG2 was obt a i ned i n  the fract ions o f  the 

l argest  pea k .  

( c )  Bovine IqM 

R e l at ive ly pure IgM fra ct i ons were prepared a s  fol l ows . 

Bov i n e  serum wa s f i rst  subjected t o  s a l t  preparat ion and the prote i n  

prec i pitate obt a 1 ned was di s s o lved in  equa l vo l ume o f  wat e r .  The 

preparat ion wa s d i a lysed in d i st i l led wat er  and then i n  sod ium phosphate  

bu f fer  ( 0 . 01 M ,  pH  7 ) . A ft e r  centri fugat i on the superna tant wa s 

ret a i n ed for l a t er use i n  i s o l at i on of  serum IgA to be described on 

page 36 . The prec i pitate wa s resus pended in d i s t i l l ed water  and aga in  

centri fuged . The prec ip i tate  obta i ned wa s then d i s so l ved i n  0 . 05 M 

sod ium su l phate bu ffer ( pH 7 )  conta in ing 0 . 9% sodium ch loride , and 

fract ionated on a Sephadex G200 col umn . The a scend ing  l imb of the 

f i rs t  peak was then col lect ed , concentrated and app l i ed to  a cont i nuous 

grad i ent DEAE ce l l ulose  column .  The thi rd pea k  wa s co l l ected and 

recyc led on G200 for further pur i f icat ion ( F igures 3b , 3c  a nd 3d ) .  



F igure 3 .  Immunoe lect rophore t i c  and immunod i f fu s i on analyses  o f  

vari i ou s  bovine  immunog l obul in s  pur i fi ed from serum 

or co l ostrum . The symbols  u sed are : 

Gl == IgGl 

G2 == I gG2 

M == !gM 

A IgA 

BS who l e  bov ine  s erum 

C = co l ostrum 

Ab preceding any of  the above denotes  ant i s erum to 

that prote in . 

Ab I gM* re fers t o  monospeci f i c  ant i s erum to bov ine 

IgM provided by Pro fes s or Las c e l l e  ( page 39) . 
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I n  l at e r  preparati ons , the I gM fra ct ion wa s i s ola ted 

by gel f i l trat ion of serum eug l obu l i n on Sepharose 6B co l umn . The 

I gM fract i on was obt a i ned by d i lut i ng the serum with s i x  vol umes o f  

d i st i l l ed water .  The precipi tate formed was co l l ected and red i ss o lved 

in 0 . 9% sod i um chloride s o lut i on a nd the sampl e  appl i ed on to the 

co lumn . The fract i ons  preced i ng the l a rgest  peak were co l l e cted , 

c oncentra ted and recyc l ed three t : me s  i n  the same co lumn to g ive pure 

I gM . 

( d ) Bovine IgA 

I gA u sed for the preparat ion o f  ant isera wa s prepared 

from serum by mod i f i ca t i on of the method of But l er and Maxwe l l ( 1 972 ) . 

The supernat ant obt a i ned dur i ng the preparat i on of  IgM ( page 34 ) wa s 

used a s  a s ou rce o f  serum IgA . Thi s  w� s f i rs t  d ia lys ed i n  the  s t art i ng 

buf fer be fore  fract iona t i ng on DEAE ce l lu l ose co lumn . The fract i on 

from the d e s cend ing l imb of the s econd pea k were col l e ct ed a nd 

concentrated and f i l tered on a Sephadex G200 co lumn . The fract i on 

immed i a t e ly  a fter  the f i rst peak and  preced ing the second peak were  

then recyc l ed on the same column . Sel ected fracti ons from the f i rst  

pea k were found to be  r i ch i n  IgA but  conta ined traces o f  IgG . Thi s  

fract i on was used i n  t he prepara t i on o f  ant i s erum t o  I gA .  

Several  further a ttempts to  fract ionate I gA from 

samples  o f  colostra l whey ,  l ymph and mi l k  had not y ie lded the quant ity 

o f  reasonably pure I gA required for construct ion o f  IgA s ta ' � 

curve . These fa i l ures are however not surpris ing ,  due t o  the l ow l eve l 

o f  thi s immunog l obu l in in the s amples  used . Other workers have a l so 

expressed d i f fi cu l t i es in obta in ing I gA in  reasonable quantity and 
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purity ( But l e r  and Maxwe l l , 1 972 ) .  Be cause o f  th i s , i t  wa s con s i dered 

as an a lternat ive , that the quant i ty  of  I gA wou ld  be best e x pres sed a s  

a re l a t ive t o  the concentrat ion o f  I gA i n  the s erum,  wh i ch vary from 

0 . 1  to  1 . 2 mg/ml ( Tab l e  2 ) . I t  i s  a l s o  poi nt ed out by But l er ( 1 97 l a ) ,  

Mach and Pahud ( 1 971 ) and But l er  et � { 1 972 ) that both forms o f  I gA , 

i . e .  d imeri c I gA and SigA occur i n  t he serum . Thus the  s t andard curve 

wa s constru cted us ing d i lut i ons of bovine serum . The resu l t ant s l ope 

of  the curve  was then rechecked w i th  d i lut ion s  of co los t ra l  whey to 

con f irm i t s  s imi larity .  In  view of th i s , the quant ity  of I gA in the 

pres ent s tudy  is  e xpressed as  r e l at i ve t o  s erum IgA ( RSA ) . 

( e ) Sheep IqG2 

Pure sheep I gG2 wa s k ind ly prov ided by Dr D . D . S .  

Ma c kenz i e . 

( f ) Sheep se rum i mmunogl obu l i n prepa r a t i o n 

Th i s  was prepared by s a l t  pre c i pi tat ion as des cribed o n  p a g e  

30 . The prote i n  pre c i pitate obt a i ned a fter  the second preci p i tat i on 

was d i a l ys ed overn ight aga inst  runn ing water . The supernatant was 

t a ken and i t s  prot e i n  content wa s determi ned us ing an e xt i nct i on 

coe f f i c i ent ( El% 280 nm ) of  1 3 . 7  for IgG.  Sodium ch loride  wa s then 

added to  g ive a fin a l  concentrat i on of 0 . 9  g/l OOml . A l iquots of  

a pprox imate l y  30 ml conta ining 2 gm of gamma g l obu l i n  were frozen 

unt i l  requi red . 

2 . 4 Ant i s era 

2 .4 . 1  Preparat ion 

Ant isera t o  bovi ne immunog lobu l ins  were prepared by i n je ct i ng 

the rabbi t s  or guinea pigs with the appropriate prote in  fract i ons 
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emu l s i f i ed with Freund ' s  i ncomplete  adjuvant . Three i n ject ions  were 

g iven at  two week ly  i nterva l s . E a ch fract ion tor i n ject ing  rabb i t s  

conta i ned e ither 5 mg  IgGl , 5 mg I gG2 , 2 mg I gM or  1 mg I gA .  l mg 

I gG2 wa s i n j ected i nto the gui nea  pigs . 

Two weeks a fter the l a s t  i n ject i on ,  the rabb i t s  and gui nea  

p igs  were  b l ed e i ther from the  ear  ve i n s  or by card i a c  puncture . 

Severa l  b l eed i ngs  at  two week l y  i nterva l s  were carri ed out a fter  

wh i ch a nother i n ject i on was g i ven . 

Monospec i fi c  ant i -bovi ne  IgA and ant i -IgM were a l so k indly  

provided by  Profes sor A . K .  La s ce l l es o f  the  Da i ry Research Foundat i on ,  

Canberra , Aus tra l i a .  These  were extens ive ly  used to a s sess  the  pur i ty 

o f  ou r preparat i ons  of ant i sera and anti gens . 

2 . 4 . 2  Ad s o rpt i on o f  a n t i s e ra 

( a )  Ant i bov i n e  IgG2 

Rabbit  ant i sera to bovi ne I gG2 fa i l ed t o  show spurr ing  

of  IgGl  and IgG2 s peci f i c  determinants ( F igure 4a ) .  Th i s  was  in  

accorda nce w ith the resu lt  reported by But l er and Maxwe l l  ( 1 972 ) . I t  

was then dec ided that the rabb i t  ant i s era to  bovine IgG2 b e  used for 

quant i t a t ive determi at ion of t ota l  I gG ( IgGl + IgG2 ) . Neverthe l e s s  

th i s  ant isera had t o  b e  extens i ve ly  adsorbed with I gM to  render  i t  

monospec i f i c .  

Guinea pig ant isera t o  bovi ne I gG2 on the other hand , showed 

s purr i ng to both I gG subc l a ss  determinants as shown i n  F i gu re 4b , and 

was su itab l e  for prod uction o f  ant i I gG2 when appropr i ate  adsorbed 

with  I gGl . Th is  was done by r epeated adsorption wit h  so luble  I gGl 
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wh i ch removed the l ine correspond i ng to I gGl  whi l e  l eaving t h e  IgG2 
. 

l in e  part i a l l y  inta ct ( F igure 4c ) .  

( b )  Ant i bovine  IgM 

Ant iserum to bovine IgM requ ired adsorpt i ons wi th 

preco l ostra l ca l f ' s  serum and I gA to render  i t  monospeci f i c  

( F igures 4g , 4h , 4 i  and 3c ) .  The resultant ant i serum when  reacted 

with who l e  serum i n  double  immunod i f fus ion showed a s i ng l e  l i ne  o f  

comp lete  ident ity with ant i I gM provi ded by P ro fessor La s ce l l es  

( Figure 3d ) .  

( c )  Ant i bovine IgA 

Ant i s erum to  bovi ne IgA requ i red adsorpt i ons  with 

both pre colostra l c a l f ' s serum and IgG2 ( F igures 4d and 4e ) .  The 

resul tant ant i s erum a l so  showed a s ing l e  l in e  of compl et e id ent ity 

with ant i IgA provided by Pro fes sor Las ce l les  when rea cted with who le  

s erum and colostrum in  doub l e  i mmunod i f fus ion ( F igure 4 f ) .  

( d )  Ant i bovine  IgG2 

Rabbit  ant i serum to bov ine  IgG2 ( prov ided by Dr D . D . S .  

Mackenz i e )  was e xhaust ive ly adsorbed with bovine serum to  remove cross  

react ion  to bovine  IgG in  the  a nt i serum ( F igure 4j ) .  

2 . 5 Ana lyt i cal  Methods 

2 . 5 . 1  Fat content in the colostrum 

Fat percentage in the colostrum were assessed in t r ipl i cate  

u s i ng the  method of  F leet and Linze l  ( 1 964 ) . Co lostra l s ampl es were 

drawn by capi l l a ry act ion i nto  haematocrit tubes immed i ate ly  a fter  

mi l k i ng . Whenever this  was  not  pos s i bl e ,  the  sample  was f i rst h eated 



F igure 4 .  I mmunoe lect rophoret i c  and 

ant i serum to  bovine I gG2 , 

The symbol s used are z 

Gl = IgGl 

G2 = IgG2 

G = IgG ( I gGl + IgG2 ) 

A c IgA 

M = I gM 

BS = whol e  bovine serum 

C = co l ostrum 

SS = whol e  sheep serum 

SG2 = sheep I gG2 

immunod i f fus i on ana lyses  of  

I gA ,  IgM and  sheep IgG2 . 

Ab preced ing any of the a bove denotes  ant i serum to that 

protein . 

R or GP denotes that the ant i serum wa s rai s ed i n  rabb its  

or guinea pig s .  

*Ab IgA re fers to monospeci f i c  ant i s e rum t o  bovine I gA 

provided by Professor Las ce l les  ( page 38 ) 
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to 37°C and thorough ly m i xed be fore the s ampl e  wa s drawn . The t ubes 

were  then sea l ed and spun for 15 minutes in a haematocr it  centri fuge 

at 1 0 , 000 g and the fat  percen t ages were obta ined by mea suring the  

fat l ayer from a haematocrit  chart . 

2 . 5 . 2  E s t i ma t i on of  case i n  content i n  the co l os trum 

The c a s e i n  cont ent in the co lostra l s amples was e st imated 

us i ng the dye b ind ing method of  Do lby ( 1 961 ) .  Protein  content of the 

fat  free col ostrum  and tot a l  prote i n  in the colostra l whey were 

e st imated and the cas e in content obt a i ned by the d i f ference . Deta i l s  

o f  the method were a s  fol l ows . 

To 0 . 05 ml o f  the prote in  s ampl e  was added 1 ml of 0 . 9% 

s a l i ne solut i on . 5 ml of  dye solut ion  cont a i n i ng 0 . 062% amido b l a ck 

wa s added , mi x ed , l e ft for 1 5  minutes and then centri fuged a t  

a pproximate ly  1 , 500 g .  0 . 2  ml of the supernatant wa s then d i luted 

w ith  4 ml of  d i s t i l led water  and i t s  opt i ca l  den s i ty ( O .D . ) meas u red 

at 615  mu . Determi nat ion o f  the O . D .  wa s a l so  made on the b l an k  

wh i ch wa s prepared b y  add i ng 1 m l  s a l ine  t o  5 m l  o f  the dye so l u t i on 

a nd carried through in  a s im i l ar  manner . The d i fference i n  the O . D .  

va lue , O . D . b l  k - O . D .  1 was then u sed t o  determ ine  the protein  an  s amp e 

c ont ent o f  the unknown d i rectly from a standard curve . The l a tter 

was prepared in  a s imi l a r  manner u s i ng dried skin mi l k  o f  known 

prote in  content . An example  of the standard curve is s hown i n  

A ppend i x  1 7 ,  F igure 2 .  

2 . 5 . 3  Est imat ion o f  co l ostra l immunoglobu l in u s i ng B i uret 

rea ct ion 

Thi s was estimated from the d i fference between the tota l  



42 . 

prote i n  content  in  the co lostra l  whey and its  a lbumin cont ent . The 

B iuret react i on method was used as des cr ibed by Gorna l a nd cowo rkcrs 

( 1 949) . The standard curve wa s prepared us i ng commerci a l  bovine 

a l bumin .  An e xample of th i s  is shown in  Append i x  1 7 ,  F igure 1 .  

2 . 5 . 4 Rad i a l  i mmunod i f fus ion 

Quant i t at ive determinat i on o f  immunog lobul ins  in  the  co los trum 

and serum s amp les  was carr ied out u s i ng the method of s i ng l e  rad i a l  

immunod i ffu s i on of  Manc i n i  et � ( 1 965 ) ,  and Fahey a nd McKe l vey ( 1 965 ) . 

1% agar ( Nob l e  Difco ) was prepared in  sod ium phosphate bu f fer  ( 0 . 01 M 

pH 8 )  cont a i n i ng 0 . 9% sod ium ch l or ide  and stored i n  volumes o f  20 ml . 

When requ i red the agar was melted and a l l owed t o  cool t o  50°C i n  water  

bath . Accura t e  amounts of  appropr i at e  a nt i sera were then  added a nd 

m i xed thoroughly .  The ant ibody cont a i n ing agar was then poured onto a 

l eve l g l a s s  p l ate ( 7  x 1 5  cm ) enclosed in a perspex frame a nd a l l owed 

to  harden a t  room temperature . Ant i g en wel l s  o f  2 . 5 mm d i ameter were 

l ater cut 1 . 5 cm apart . The we l l s  we re subsequent ly f i l l ed w i th  1 0  ul  

o f  su itab l y  d i l uted colostrum or  serum sampl es . React ions were then 

a l lowed i n  a humid chamber at  room t emperature for 24 hours for 

quantitat ion o f  IgG and I gA a nd 48 hours for IgM .  The r i ng d i a meter 

was subsequent ly determined u s ing a Part igen reader ( Hoechst ) , a nd 

converted to the a ctua l concentrat i on  in  mg/ml  u sing the  appropriate  

standard curve . 

The standard cu rve was prepared using known concentrati ons 

of each ant igen .  Examples of these are g iven in Appendi x  1 7 ,  F i gures 

3 ,  4, a nd 5 ) . 



2 . 6  Stat i st i cs  

Stat i st i ca l  eva luat ions were  based on t -test , a na l ys i s  o f  

vari ance and the  method o f  ' Least  Squa re Devia t i on '  a s  descr ibed i n  

Snedecor a nd  Cochran ( 1 967 ) .  

43 . 
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CHAPTER I I I  

EXPERIMENTAL PROCEDURES AND RESULTS 

3 . 1 Experiment A 

A s urvey o f  the yi eld  of  col ostrum and  its immuno-

globu l i n content at  fi rs t  mi l ki ng pos t  partum . 

3 . 1 . 1  Procedure 

E i ghteen mu l t i parous Fr ie s i an  cows whi ch calved dur ing the 

autumn months  had the i r  ca lves · removed be fore they suck led . The 

cows were then mi l ked as soon as poss ibl e .  Most of t he cows were 

mi l ked w � t hin two to  s i x  hours of parturit i on .  Each quarte r  was 

mi l ked i ndependent ly us ing a quarter  sample  bucket . A t ra nspare nt 

sect i on i n  the mi l k  l ine a l l owed observat ion o f  mi l k  f l ow from e a ch 

quarter , s o  that ind i v i dual  mi l k i ng cups cou ld  be removed a s  mi l k  

f l ow from that quarter stopped . I n  e leven of the cows , when a l l  

the four quarters had been mi l ked ,  the cow was injected wi th 5 i . u .  

o f  oxytoc i n  (Orasthin forte , Hoechst) in sterile saline �ough its jugular 

ve i n ,  a nd mi l king was resumed unt i l  complet i on . The vo l ume o f  the 

colostrum from each quarter was recorded and a representat ive s ample 

of about 50 ml was taken a fter it had been thoroughly mixed . The 

col ostrum from the four quarters was then bulked and a further s ampl e 

0 drawn • .  The bulked col ostrum was stored at  - 10  C in  plas t i c  buckl ets  

unt i l  needed for feed ing the ca lves . 

Colostral samples were analysed within three to four hours 

of col l ect ion for fat percentage , casein and immunog l obu l in content 
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as  described ear l i e r  ( pages 39 and 41 ) .  

3 . 1 . 2 Resu l ts 

The i ncrease  in co lostrum yie lds fol l owing i n j ect i ons  of  

oxytoc in  was h igh i n  most cows ( Append i x  l b ) , possi b l y  because  o f  the 

stress  wh i ch was not i ceab l e  in these cows , a f fect i ng mi l k  l etdown 

pr ior  to  the i n j ect i on . The mean and s tandard error o f  th i s  

increa s e  was 27 .5±2 . 5% o f  the  tota l  yi e ld .  I t  might be  e xpected that 

the other cows whi ch were not i n j ected wi th  oxytoc i n  woul d  have yie lded 

a s imi l a r  i ncrease  i f  simi l arl y i nj ected . 

The tot a l  volumes of the col o strum from the four quarters , 

the immunog lobu l ins  and fat concentrat ions are pres ented i n  Append i ces 

l a ,  2,  3 ,  4,  5,  and 6 and are s ummar i s ed in  Tab l e  4.  The means and 

st andard errors of the  total  y i e l ds of co los t rum and i mmunoglobu l ins 

are g i ven  in Tab l e  5.  There was a cons iderab le var i a t i on between cows 

in  t he y i e ld which ranged from 1 . 9 to 1 3 . 8 l itres . The c a l cul ated 

ranges  of the tot a l  immunogl obu l ins  in  the colostrum were : 

IgG,  2 17-691 g ;  I gG2 , 7 .4 -46 .3  g ;  IgA , 7 . 6-80 . 9  ( RSA )  a nd IgM ,  

1 0 . 5-76 . 3  9 •  

Volume d i fferences between the f our  quarte rs were Rowever not 

s ign i f i c ant ly d i f ferent , a lthough the mean of the tot a l  from the front 

quarters was l es s  than from the rear quarters ( P  � . 05 ) . The 

means of  the fat percentage and concentrat i ons  of the four immune

g l obu l ins  were a lso  not s ign i f i c ant l y  d i f ferent between the four 

quarters . But aga in  there were wide  vari at i ons betwee n  the cows . None

the less  a lmost a l l  cows produced high concentrations of immung l obu l ins 
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TABLE 4. - Summary of  the y i e ld s  o f  fat % and concent ra t i ons  o f  
immunog l obu l ins  I gG ,  I gG2 , I gA and IgM i n  c o l ostrum 
from the four quarters of 18 cows obt a i ned a t . f i r�t 
mi l k i ng post  pa rtum . Va lues  presented are means - s t a n d a rd 
errors . Fu l l  data  are  pres ented i n  Append i c es 1 ,  2 ,  3 ,  
4 ,  5 a nd 6 .  

�Qua rter  Front Le ft Front 

� 
Righ Rear Le ft Rear  R i gh t  

Vo lume ( 1 )  + 1 . 30-0 . 20 + 1 . 3 1 -0 . 21 + 1 . 87-0 .25 + 1 . 72-0 . 24 

Range 0 . 27-3 .05 0 . 40-3 .51  0 . 6 1 -3 . 85 0 . 50-3 . 83 

Fat % 7 . 3 + - 0 . 8  + 7 . 2  - 0 . 9  + 6 . 5  - 0 . 8  + 6 . 4  - 0 . 8 

Range 1 . 5 - 13 . 5  1 . 0 - 1 3 . 5 1 . 0 - 14 . 0  1 . 0 - 1 4 . 0  

Tot a l  I gG + 82 . 1 - 9 . 4  + 85 . 1 - 8 . 3  + 88 . 7 - 8 . 1  
+ 88 . 4- 7 . 9  

( mg/m l ) 
30 . 0- 144 . 5 1 Range 33 . 0-1 28 . 9 31 . 0- 1 54 . 2  30 . 0- 151 .3  

I i 
I 

.l.. + + + IgG2 4 . 82.:.0 . 39 

I 
4 . 81 -0 . 43 4 . 82-0 .41  4 . 95-0 . 4 1  

( mg/m l ) 
Range 1 . 63-7 . 88 1 . 88 -8 . 68 1 . 48- 8 . 68 1 . 63 -8 . 08 

I gA ( RSA )* + 1 0 . 3 - 1 . 4 + 1 0 . 2- 1 . 5 9 . 6  -t 1 . 4 + 1 1 . 1 - 1 . 7 

Range 2 . 4  -24 . 3  1 . 4 -26 . 1  1 . 6 -26 . 1  1 . 8 -26 . 0  

I gM + 7 . 24-0 .72 + 7 . 1 5 -0 .77 + 7 . 20-0 . 83 + 7 . 40-0 . 82 
( mg/ml ) 
Range 1 . 47-12 . 50  1 . 66-1 2 . 00 1 . 08-12 . 00 1 . 28-12 .20  

*RSA • re lat ive t o  concentrat ion of  I gA i n  bovine s erum. 

NS = Non s igni f i cant ( P >  0 . 05 )  

S i g  
D i f f .  

NS 

NS 

N S  

hS 

NS 

NS 

I 

' 

I 
I 
I 
' ! 
! 
' ! 

I 
I 
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TABLE 5 - The means and standard e�rors and the ranges  o f  the tota l 
yi e ld o f  co lost rum ( l i tres ) and immunog lobul i ns  I gG ( g )  
IgG2 ( g ) ,  I gA (RSA )* and ! gM ( g )  i n  the co l ostrum of 1 8  
obtained a t  fi rst m i l k ing post partum . 

+ Mean - S .E .  Range 

T ot a l  vo lume ( 1 )  + 6 . 20- .63 1 . 90 - 1 3 . 80 

T ota l IgG ( g )  4l l"t44 217 - 691 

Tota l  IgG2 ( g )  + 23 . 4 -3 . 0  7 . 4  - 46 . 3  

Tota l  IgA ( RSA )* + 42 . 6-4 . 9  7 . 6  - 80 . 9  

Tota l  ! gM ( g )  + 35 .0-4 . 8  10 .5  - 76 . 3  

* = relat ive to concentra t ions of I gA in bovine  serum . 

i n  the i r  col ostrum wh i ch ranged from 30 . 0-151 . 3  mg/ml  for IgG ,  

1 . 48-8 .68  mg/ml  for IgG2 , 1 . 4-26 . 1  R SA/ml for IgA and 1 . 08-12 . 5  

mg/ml f o r  ! gM .  The deta i l s  o f  the ranges o f  the di f ferent immuno-

g l obu l i ns from the four quarters are  shown in  Table 4 .  O f  the 

e i ghteen  cows invest igated , only  three produced col ostrum conta in ing 

l es s  t han  50 mg/ml of  immunog lobu l i ns . None had less  t ha n  30 mg/ml . 

S imi l ar ly ,  most o f  the colos tru m  had high l eve l s  of f a t  whi ch were 

greater  than and up to  14% (Append i x  2 ) .  The l eve l s  

o f  case in  were a l so  high ( Append ix 7 ) . 

It  was a l so  evident from the data l i sted i n  Append i ces  

1 ,  3,  4 ,  5 and  6 that  cows producing a sma l ler colostrum yie ld  t e nded 

to have a higher concentrat ion  of immunog l obu l ins in  the colostrum . 

Thi s i s  i ndicated by the h igh and s igni ficant negat ive correlat i ons 

between these parameters as shown in Table  6 .  

Signif icantly high correlat ions a lso exi st  between the 

concentrat ions o f  d i fferent immunog lobul ins in the colostrum (Table 

7 ) . 
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TABLE 6 - Corre l at ions between  the volumes of  colostrum and th e 
concentrati ons of  i mmunog lobul ins  IgG ,  IgG2 , I gA and 
IgM in the colostrum of 18 cows obta i ned at f i rst 
mi l k i ng post  partum . 

Corre lat ions between co los t ra l  vol ume and : 

IgG r -0 . 58-H<·* 

IgG2 r = -0 .46-l(** 

IgA r = -0 . 49� ** 

I gM r -0 .41 -*-)(  

NS = Non s igni f i cant ( P > 0 . 05 )  

* p c:::.. 0 . 05 

-!{·-!(· = p <:. 0 . 01 
-!<·** p < 0 . 001 

TABLE 7 - Corre l at ions between  the concentrat i ons of d i f ferent 
immunog l obul ins  in  the colostrum from the f our  quart er s , 
and f rom the bu l ked colostrum sampl es o f  1 8  cows , 
obta i ned at f i rst  m i l k i ng post pa rtum . 

I I Corre lat i on ( r )  in Corre l at ion ( r )  
quarter samples  bu l ked samples  

Corre lat ions 
I gG and :  

Corre lat ions 
I gG2 and : 

Corre lat ion 
I gA and : 

between 

IgG2 0 . 65-1<** 
IgA 0 .  72U·* 
I gM o .  72**-1<· 

between 

IgA 0 . 51*** 
I gM 0 . 63**-1<· 

between 

I gM 0 .46*** 

NS = Non s i gn i f i cant ( P  7 0 .05 )  
* = p <:: o . os 
** == P <. o . o1 
*** = p � 0 .001 

0 . 65·H 
0 . 75-1<** 
0 . 77*** 

0 . 63*-�<· 
0 . 67-�<* 

0 . 52* 

I 
i n  ! • I 

I I 
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3 . 2 E xper iment  B 

Est imat ion of th e appa rent e f f i c i en c i e s  of abs orpt ion 

of  bovine co l ostra l  immunogl obu l i n s  and sheep IgG2 

by newborn ca lves . 

The n i neteen pre suck led ca lves wh i ch were removed from the i r  

dams fo l l owing parturit i on were used i n  th i s  exper iment . The ca lves  

were  i nt ended to be  fed with  the  previ ous ly  avai l ab l e  cow ' s colostrum 

a t  a rate o f  e i ther 4 or 8 g of  immunog l obu l i n  ( Ig ) per kg body we ight 

at  b i rth .  The vo lume of col ostrum requ ired to feed e a ch cal f wa s 

ca l c u l at ed u s i ng in forma t i on from the pre l imina ry a s s e s sment  of  immune-

g l obu l i n content  in the co los trum by B iuret react ion ( page  4 1 ) . The 

ca l cu la t i on wa s as fol lows : 

Volume ( ml ) of  co lost rum per kg body we i ght 

(B . w . ) required . 

For 4 g Ig/kg B . W .  

For 8 g I g/kg  B .w .  

where : 

= 

4 X 1 00 
'6 G  

8 X 1 00 
'6 G  

1 00 ml . 
X (1 00-F -C*) 

1 00 ml . 
X (1 00-F-C*) 

'iS G  = concentrat ion of  immunog lobu l in i n  t h e  co lostrum 

F = 

C* = 

i n  g/1 00 ml . ( g% ) 

fat percentage in  t he colostrum .  

corrected casein percentage i n  the  co l ostrum . 

Thi s was derived as  fo l l ows : 
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c� � (100 -F )C  where c i s  the c a se in  content a s ses sed from 
100 

the fat free col ostrum.  

3 . 2 . 1  Procedure 

Each ca l f  was f i rst  we ighed to the nearest 0 .5 kg , s ampled a nd 

p l a ced in an i ndividua l pen . The ca l cu l ated amount of  thawed col ostrum 

w a s  then o f fered to each c a l f from a n i pple feeder ( Append i x  9 ) . Ten 

of the ca lves were a l s o  g i ven 4 g of sheep serum immunog lobul i n  

( A ppend i x  1 4 ) . A l l  ca lves  were on ly fed col ostrum once a nd  wi thin  2 to 

6 hours of  post  nata l  l i fe .  Subseque nt ly ,  on ly  who l e  mi l k  wa s g iven a t  

a pproximate l y  5% o f  body we i ght per day . A se cond and  a th i rd b l ood 

s ample were t aken at 24 and 48 hours a fter  feed i ng col ostrum . 

3 . 2 . 2  Est ima t i on o f  co l os tra l i mmunogl obu l i n i nge s t e d  and  

absorbed by the  c a lves 

The concentra t i on o f  the col os tra l immunogl obu l i n  and she ep  

s erum IgG2 actua l ly fed and  absorbed by the ca l ves was  ana lysed from 

the colostrum and serum s amples res pe ct i ve ly .  E ach c l a s s  of immuno-

g l obu l i n  was  est imated u s i ng the method of rad i a l  immunodi f fus ion ,  

d e s cribed ear l i er ( page 42 ) . The ma s s  o f  immunog l obu l i n  absorbed into 

the  b l ood was  then ca lcu l a t ed by mu l t i plying the increase i n  the  s erum 

i mmunog lobu l i n  concentrat i on at 24 hours a fter  feedlng � g  24 ) ,  by the 

p l a sma volume which was assumed to be at 7% of body we ight  at bi rth 

(McEwan et �, 1 968)  i . e .  

g I g  absorbed/kg B .w .  = �I 924( mg/ml ) x B .W .  ( kg )  

A n  estimate of  the apparent e f f i c i ency of absorpt i on was then ca l cu l ated 

a s  a proport ion of  the pmount of immunoglobul i n  absorbed into  the b l ood 



51 . 

t o  t he amount fed . 

3 . 2 . 3  Resul t 

( a ) Fat and ca s e i n  content in  the co lostrum 

Dur ing the j n i t i a l  stage of the e xper iment , the cas e i n  

content of  seven co l os trum sampl es used t o  feed the ca lves was not 

e s t imated but wa s assumed t o  be at 5% , based on the data  o f  Roy ' s 

( 1 969 ) . La ter  the casei n c ontent was determined by the method of  dye 

b ind ing ( Dolby ,  1961 ) .  The s e  resu l t s  and those of fat a re presented 

i n  d eta i l  i n  Append i x  7 .  The means and standard errors for fat  a nd 

c a s e i n  are 6 . 0-0 .6% and 5 . 1 -0 .4% res pective l y .  The l at ter  thus l end 

support for t he ear l i er  a s s umpt i on wh ich was 5% . 

( b ) Immunoglobu l i n  i n  the colostrum 

The concentrat ions o f  colos t ra l  immunog lobu l i n  in the 

whey  determined by the B iuret reacti on are l i st ed in Append i x  7 .  The 

concentrat i on s  of the immunog lobul i n s  in the s ame co lostrum when 

determined by the more s pe c i f i c  method of rad i a l  immunodi ffu s i on a re 

g i ven i n  Append i x  8 .  F rom the resu l t s  i t  may be seen  that t he two 

methods d id not g ive s im i l ar resu l t s . A lmost  a l l  e s t imat ions based on 

the  B iuret react ion method had overest imated the values  obt a i ned by 

rad ia l  immunod i f fus ion . Thi s  overestimate var i e s  from 7 . 8% to  68% and 

+ ha s  a mean a nd standard error o f  32 - 6%. As  a resu l t  of  th i s  anoma l y ,  

a n d  s ince feed i ng doses of  colostrum t o  ca lves was bas ed o n  the 

e s t imat i on of immunog lobu l i n by B iuret method , the i nt ended doses of 4 

and  8 g immunog lobu l in per kg body we i ght were not reconc i l ed .  Thi s , 

however ,  d i d  not a f fe ct the des ign  o f  the e xperime nt a s  wi l l  be 

d i s cussed l at er .  The reasons for the d i fferences in e s t ima t i on between  



TABLE 8 -

Tot a l  I gG 

Range 

I gG2 

R ange 

I gA·* 

R ange 

I gM 

R ange 

5 2 .  

+ The means - s t a ndard errors and the r anges o f  the amounts  
o f  bovine col os tral  immunog l obul i n s  IgG ,  IgG2 , I gA , I gM and 
sheep IgG2 ingested , and the amounts absorbed into  the b l ood 
at 24 hours pos t feed i ng ,  a nd the appare nt e f f i c i en c i e s  o f  
absorpt i on o f  t h e  immunog l obu l ins by 1 9  newborn ca l ve s . The 
co los trum and sheep IgG2 were fed to  the ca lves from a n i pp l e  
feeder at 2 t o  6 hours pos t nata l  l i fe .  

No . of  Ig  i ngested 24-hour s erum E f f i c i ency o f  
Ca lves ( g/kg 8 . w . ) I g  ( mg/ml ) absorpt i on (% )  

1 9  + 
4 . 404-0 . 29 + 20 . 75-2 . 22 

+ 33 . 3 -2 . 7  

2 . 43-6 . 56 5 . 4-49 . 2  1 5 . 2-54 . 6  

1 9  
+ 

0 . 229-0 . 01 
+ 

0 . 902-0 . 07 
+ 

26 . 8-3 . 5  

0 . 1 02-0 . 389 0 . 36-1 . 74 1 2 . 8-46 . 3  

I + + + 
1 9  0 . 464- 0 . 05 

I 
2 . 03-0 . 26 32 . 8-3 . 1  

0 . 1 0- 1 . 03 I 0 . 65-4 . 60 1 6 . 6-70 . 0  I 
1 9  

+ 
0 . 354-0 . 03 

+ 
1 . 569-0 . 1 3 

+ 
36 . 0-3 . 8 

0 . 1 1 9-0 .555 0 . 77- 2 . 90 1 7 . 7 -73 . 5  

Sheep I gG2 8 
+ -3 29 . 7-3 . 3x l0  + 

0 . 077-0 . 01 
+ 1 8 . 5 - 1 . 6  

I 
Range l 4 . 0-45 . 0x l 0  - 3  . 040-0 . 1 20  1 2 . 2-25 .5  

I 

* RSA = rel at ive to concentrat ion g IgA i n  bovine s erum 

B iuret  and immunod i f fu s i on method wi l l  be d i s s cussed . 

I 

I 
I 
I 
I 1 
I 
I 

( c ) The apparent e f f i c i ency o f  absorpt i on o f  col o stra l 

immunoglobu l ins  and sheep IgG2 by the n ewborn c a lves . 

The data  showi ng the amount o f  colostra l immunog l obu l i ns 

and sheep IgG2 fed to  and absorbed by the ca lves are l i s t ed i n  d et a i l 
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i n  Append i ce s  1 0 ,  1 1 , 1 2 ,  13  and 14 and summar i s ed in  Table  8 .  

Ana lys i s  o f  vari ance showed that the coe ff i c i ent of absorpt ion o f  

+ + + c o l ostra l I gG ( 33 . 3-2 . 7% ) , IgG2 ( 26 . 8-3 .5% ) , I gA ( 32 . 8-3 . 1% ) , and 

+ I gM ( 36 . 0-3 . 8% )  were not s igni f i cant l y  d i f ferent . Sheep IgG2 wa s a l s o 

a bsorbed by a t  least  e i ght of  the t en  ca l ves wh i ch were g iven thi s 

prote in . However ,  the a bsorpt i on e f f i c i ency was lower than o f  the 

c o l ostra l immunog l obu l ins  ( P  <::. . 05 ) . Sheep IgG2 was not pos i t i ve l y  

detected i n  the rema in ing two ca lves . 

The relat ionsh i p  between  the increa s e  i n  the concentrat i on 

o f  col ostra l immunog lobu l in in the ca lves ' s e ra and the amount of  the 

correspond i ng immunog l obu l in fed are shown i n  F i gures 5a , b,  c ,  d 

a nd e .  The corre l at ion coe f f i c i ent s o f  these re l at ionships are g iven 

in Tab le  9 .  I t  can be s een that a t endency o ccurred for  the amount of  

immunog l obu l i n  abs orbed to  increas e with the amount fed . The 

a pparent e f f i ciency of absorpt i on ,  however ,  rema ins the same . 

TABLE 9 - Corre lat i ons and  regres s ion coe f f i c i ents between the i ncrease  
i n  the serum i mmunog l obu l i ns concentrat ions at  24 hours  a ft er  
feed ing co los t rum ( mg/ml ) ,  and the amounts o f  corres pond i ng 
immunog lobu l i n s  ingested ( g/kg B .W . ) in  1 9  newborn c a l ves  fed  
with colostrum with i n  2 to 6 hours a fter  b i rth . 

Immunog l obul ins corre l a t i ons 
( r ) 

IgG 0 . 56* 

IgG2 0 . 64** 

IgA 0 . 75*** 

I gM 0 .47* 

Sheep I gG2 0 . 81* 

R . + egres s 1on -
coe f f i ci ent 

+ 4 .26***-

2. 63* + -

3 .  71** + -

1 . 78NS + 
-

2 .  47* + -

S . E .  

1 . 53 

0 . 78 

0 . 77 

0 . 86 

0 . 60 . 



F igure 5a  - The re l at i onsh i p  be tween the amount s o f  colostra l 

IgG i ngested ( g/kg B .W . ) and the  amounts absorbed into  the b l ood 

( mg/m l ) at 24 hours post feed i ng in 1 9  newbor� ca lves . The 

col os trum was fed to the ca lves from a n i pple feeder at 2 to 6 

hours post nat a l  ages . 

F igu r e  5b - The  re l at ionsh i p  be tween the amount s of col ostra l 

I gG2 i ngested ( g/kg B .W . ) and t he amount s absorbed i nto  the b l ood 

( mg/m l ) at 24 hours pos t feed i ng i n  19 newborn ca lves . The 

co lostrum was fed to the ca lves from a n i pple feeder at 2 to 6 

hours post nata l  ages . 
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Bovine IgG 
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Figure 5a 

Bovine IgG-2 
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Fi�re 5b 
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F igu re S e  - The re lat ionsh i p  between  the amount s  of  c o l ostra l 

I g a  ingested ( RSA*/kg B .W . ) and the amounts abs orbed i nto  t he 

b l ood ( R SA*/ml ) at 24 hours pos t feed i ng i n  1 9  n ewborn c a l ve s . 

The co l ostrum wa s fed to the ca lve s  f rom a n ipp le  feeder at  2 

to  6 hours post  nata l  ages . 

RSA* = re l at i ve to  concentrat i on o f  bov ine serum I gA .  

F igu re 5d - The  rel a t i on shi p  between t he amount s o f  co l o stra l 

I gM ingested ( g/kg B .W . ) and the amounts absorbed i nto the b l ood ( mg/ml ) 

at 24 hours po st feedi ng i n  1 9  newborn ca lves . The col ostrum 

was fed t o  t he calve s  at 2 to 6 hours  post nat a l  age s . 
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Figure 5c 

Bovine IgM 
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Sheep IgG-2 

· 1 5 
y = 2 .47x + 0.0045 

• 
r = 0 .81 * 

• 
· 1  0 

· 0 5  • 

0 1 0  2 0  3 0  4 0  5 0  X 1 0-3 0 

Sheep serum IgG2 ingested (g/kg B .w .)  

Figure 5e 

The relationship between the amounts of sheep serum IgG2 

ingested (g/kg B.W. ) and the amounts absorbed into the blood (mg/ml ) 
at 24 hours post feeding in 8 newborn calves .  Sheep IgG-2 was fed 

to the calves with bovine colostrum from a nipple feeder at 2 to 6 

hours post natal age . 

; 



TABLE 1 0  - Correlat i ons between the absorpt i on e f f i c i ency o f  the  
d i f ferent immunog l obu l in s  i n  1 9  newborn ca lves  fed with 
co lostrum within  2 to 6 hours  a fter  b i rt h .  

Corr e l at i on between absorpt i on e f f i c i ency 
of to t a l  IgG and : 

I gG2 
l <JA 
I gM 

Corre l at ion between absorpt i on e f f i c i ency 
o f  I gG2 and : 

IgA 
I gM 

Corre l a t i on between absorpti on e f f i c i ency 
of I gA and : 

I gM 

NS = Non s i gn i f i cant ( P ;>  0 . 05 ) 
-l(- = p < 0 . 05 

H p ..:::_ 0 . 01 

* * *  p < 0 . 001 

3 . 3 E xper iment C 

r = 0 . 67·� * 
r 0 . 68-� *  
r = 0 . 57-x-

r 0 . 56-l( 
r = 0 . 84*-l( * 

r = 0 .5()-l< 

( i ) Determinat i on o f  the apparent e f f i c iency o f  

absorption of  sheep IgG2 by ca lves l e ft with 

the i r  dams 

( i i ) Est imat i on o f  the col ostra l immunoglobu l i ns 

absorbed by these  ca lves 

57 . 

Fol l owing determinat ion of  absorpt ion e f fi c iencies  o f  co l ostr a l  

i mmunoglobu l i ns and sheep  I gG2 by ca lves when fed from a ni ppl e feeder 

( Experiment B ) , a survey was carried out to  determine the absorption 

o f  sheep I gG2 when the ca lves were a l l owed to suckle the i r  dams . 
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3 . 3 . 1  Procedure 

Twenty newborn ca lves born in spring months were u sed . The 

ca lves were we i ghed soon a fter b i rth . 4 grams o f  sheep s erum immuno

g l obul in wa s then i n fused s l owly  by u s ing a 50 ml syri nge f i t ted with 

p l a st i c  tub i ng ( Append i x  1 5 ) .  Th i s  e l iminates los ses  through dri pping , 

wh i l e  a l l owing  suck l i ng . 

Fo l l owing dosi ng w ith sheep  i mmunog lobu l in ,  the c a lves  were 

a l l owed to s u c k l e  the i r  dams and rema i n  with them for two days . B l ood 

s ampl i ng s  were  carr i ed out at 24 and 48 hou rs . 

3 . 3 . 2 E s t i mat i on o f  sheep IgG2 absorbed and co l o st r a l  

i mmunogl obu l i n s  i n  th e c a l ve s ' s e ra 

The e st imat i ons o f  colostra l immunog lobu l i ns IgG , I gG 2 ,  I gA 

I gM and sheep  IgG2 i n  the ca lves ' s era  were carr i ed out u s i ng immuno

d i f fus i on method a s  described in page 42 

3 . 3 . 3  R e su l t s  

The resu lts  o f  th i s  expe r i me nt a re g i ven i n  Append i ce s  1 5  

a n d  16  and summari s ed i n  Tab l e� 1 1  a nd 1 2 .  T h e  re l a t i onsh i p  between 

the amounts  o f  sheep I gG2 fed  and the  amount absorbed at  24 hours pos t  

f eedi ng i s  s hown in  F igure 6 .  Seventeen of the twenty ca lves  absorbed 

d etectab l e  amounts of  sheep I gG2 , whi le in  the rema ining three the 

a mounts absorbed were l e ss than 0 . 04 mg/ml  and were not eas i ly 

d etermined w i th cert ainty.  The imp l i c at ion of  this  w i l l  be d i s cu s sed . 

The mean ( 26 .0�1 .4%) o f  the a pparent absorpt ion e f f i c i ency o f  

sheep IgG2 from this experiment was h igher than that (1 8 .5�1 . 6% )  from 
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t he group i n  Experment B ( P  � 0 . 01 ) , i nd icat ing a better ab sorpt i on 

by cal ves l e ft with the i r  dams . However thi s e f f i c i ency wa s not 

s ign i f i c an t l y  d i f ferent t o  the a pparent absorpti on e f f i c i en c i es of 

other bovin e  c o l ostral  i mmunog l obu l i ns i n  E xper imen t B .  

The amounts o f  colostral  i mmunog l obu l ins  abs orbed by the 

c a l ves  l e ft  with their  dams in  th i s  exper iment i s  shown in Append i x  

1 6 .  The means  and sta ndard errors o f  the 24-hour serum l e ve l s  o f  the 

d i fferent immunog l obu l i ns are sho�m in Tab le  1 2 .  Large i nd ividua l 

vari a t i ons i n  the s erum leve l s  o f  immunog l obu l ins  was a ppa rent .  The 

ranges were from 6 . 9-1 02 . 2  mg/ml f or IgG , 0 . 54-2 . 62 mg/ml  for I gG2 , 

0 . 51 -7 . 9  RSA/ml fo r I gA , and 0 . 29-4 . 20 mg/ml  for I gM .  S eventeen of  

the ca lves  had  serum I gG l eve l s  o f  we l l  over 20  mg/ml . Of  the  other 

t hree , one ha d I gG l evel  of l e s s  than  1 0  mg/ml , whi l e  the other two 

had intermed i ate  l eve l s  o f  between 1 0  a nd 20  mg/ml ( Append i x  16 ) . 

TABLE 1 1  -
+ Means - s t a ndard errors a nd ranges o f  the amounts  of  sheep 

I gG2 fed and absorbed i nt o  the b l ood at  24 hours post 
fe ed i ng and the a pparent e f f i c iency of absorpt i on o f  t h i s  
i mmunog l obu l i n  by 1 7  newborn ca lves  fed with in  two hou rs 
a fter  b i rth a nd then l eft  with  the i r  dams for 48 hours . 

Dose ( g/k93B .W . ) I gG2 absorbed absorpt i on 
X 1 0  ( mg/ml ) e f f i c i ency 

(%) 

25 . 8  
+ 

1 . 9 0 . 096 
+ 

0 . 007 26 . 0  + 
1 . 4 - - -

Range 1 6 . 6  - 50 . 2  . 06 - . 1 8  1 4 . 8  - 34 . 2  
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Figure 6 

The relation ship between the amounts of sheep serum IgG2 

ingested (g/kg B .w . )  and the amounts absorbed into the blood (mg/ml ) 

at 24 hours post feeding , in 1 7  newborn calves which were left with 

their dams for two days . The calves were given sheep IgG-2 within 60 
minutes of birth . 



TABLE 1 2  - The 24-hour i n crea s e  i n  the serum immunog l obul i ns  
concentrat i ons in  20  ca l ves l e ft with  the i r  dams+ for 
48 hours a fter  b i rt h . The data  g iven are means -
standard errors and the ranges .  

+ I R ange Means  - S . E .  
( mg/ml ) ( mg/m l ) 

Tot a l  I gG 37 . 1  
+ 
- 5 . 3  6 . 9 - 1 02 . 2  

I gG2 1 . 35 
+ 

0 . 1 2  0 . 54 - 2 . 62 -

I gA 3 . 2 + 0 . 4* 0 . 51  - 7 . 9* -

I gM 2 . 1 7  
+ 

0 . 26 0 . 29 - 4 . 20 -

* Re l at i ve t o  concentrat i on o f  IgA in  bovine serum 

I t  i s  a l s o  i f  i ntere s t  t o  not e that ca l f  2 . 05 did not 
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a pparen t l y  abs o rb co l ostra l i mmunogl obu l i ns duri ng the  f i rs t  24 hours 

of l i fe ,  but on l y  obta i ned  i mmunog l obu l i ns duri ng the next 24 hou rs 

(Append i x  1 6 ) . I t  had , howeve r ,  abs orbed sheep I gG2 d uring t he f i rs t  

day . Th i s  obse rvation c ontrasted to a l l  the other ca l ves  wh i ch obt a i ned 

the i r  col ostra l immunog l obu l i n s  on ly  i n  the f irst  day of l i fe and wh i ch 

d id  not show further i ncrease  o f  immunog l obu l ins  i n ' t h e  48-hour serum 

s amp l e s  over the 24-hour l e ve l s .  



TABLE 1 3  - Corre l a t i ons  between the d i f ferent immunog l obu l i ns 
concent rat i ons i n  the 24-hour serum samples of 20 
newborn c a lves whi ch were l e ft with the i r  d ams for 
48 hours a ft er bi rth . 

Corre l a t i on between I gG and : 

I gG2 
IgA 
I gM 

Corre lat i on between I gG2 and : 

IgA 
I gM 

Corre l at i on between I gA and : 

NS = 

* = 

** = 

*** = 

I gM 

Not  s i gni f i cant  ( P >  0 . 05 )  

p < 0 . 05 

P <. O . Ol 

p <. 0 . 001 

Corre l a t i on 
coe f f i c ient 

( r ) 

0 .64-ll -)(-
0 . 86-li X *  
0 . 86-l< -lH 

o .  78-l< -l< -)(· 

o . 72-l< -l< -l<-

0 .  79-l< H . 

62 . 
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CHAPTER I V  

DI SCUSSION 

The d i s cus s i on  of th e re su l t s  in th i s  s tudy fa l l s ma i n l y  i nt o  

two sect i ons . The f i rs t  wi l l  dea l with d i s cu s s i on o f  the ana lys i s  o f  

immunog lobu l ins , i n  part i cular  the  rea sons  for  the d i s par ity i n  the 

va lues  of  the concent rat ions of  immunog l obu l i ns e s t imated by the B i uret 

rea ct ion  method and va lues obta ined by rad i a l  immunod i f fus ion method , 

and the analyt i ca l  probl ems a s s o c i ated with e st imat i on o f  sheep I gG2 

absorbed by the ca l ve s . I n  s ect i on 4 . 2 ,  whi ch forms the ma in part o f  

thi s cha pter ,  the re su l t s  obt a i ned from the present expe riments  wi l l  be 

d i s cus s ed in re l a t i on to the re l evant work re port ed i n  the l it era ture . 

4 . 1  Ana lysi s o f  I mmunoglobu l i n s  

4 . 1 . 1  Re l a t i onship between th e va l u es of c o l o s tra l  immuno-

gl obu l i ns obt a i ned by the B i uret rea ct i on and from 

rad i a l  immunod i f fu s i on . 

Comparis on o f  th e data on the  va lues of  c o l ostra l 

immunog l obu l i n  obt a i ned  by the B iuret rea ct i on (Appendi x  7 )  and those  

by  the  more spec i f� c method of  radi a l  i mmunod i ffus i on (A ppend i x  8 )  

reve a l s  out stand ing anomal ies . Th is  i s  featured by the s tr i k i ng l y  h i gh 

va lues  o f  immunogl obu l i n  concentrati on obt a i ned by the  B iuret react i on 

method re l at i ve to  the more speci f i c  method o f  rad i a l  i mmunod i f fus ion . 

+ + 
The results  obta ined by the B iuret react i on were 32 - 6% ( mean - S . E . )  

greater than th e resu lts  obt a i ned  by rad i a l  i mmunod i f fus i on .  The 

re l at i onshi p  between the va l ues  obta ined by the two methods was a l s o  

s i gn i f i cantly corre l a ted ( r = 0 . 91 ( P  � . 001 ) ,  i nd i cat ing a pos s ib l e  



intrins i c  method i c a l  error in  e s t i mat ion . I t  i s  suggested th at the 

reason for the h igher  res u l t s  obt a ined from the  B iuret rea ct i on wa s 

probab ly  due to  th e u s e  o f  bovine s erum a l bumi n (BSA ) for the 

constru c t i on of the s tandard curve ( Append i x  1 7 ,  Figure 1 ) .  A 
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standard curve determined l ater us ing sheep I gG reve a l ed an  obv i ous  

d i f feren ce in  grad ient  to  that  for BSA . I n  a l ater inves t i g at i o n ,  i t  

wa s shown that e st ima t i on o f  prot e i n  concen trat ion us i ng a BSA s t a nd a rd 

curve wou l d  overest i ma t e  bov ine i mmunog l obu l i n  concentrati on by 27% 

(Ma ckenz i e ,  D . D . S . , persona l commun i c a t i on ) . 

Th i s  wou l d  e xp l a i n  the f a i lure t o  achieve the feed i ng l e ve l s  

o f  4 and 8 g/kg body wei ght ori g i na l ly propos ed (Append i ces  1 0 ,  1 1 ,  1 2  

and 1 3 ) . Except f or  th i s , the experiment s h ave not beer. a f fe ct ed i n  

any way . I n  add i t ion  the s catter  o f  po ints  i nd i ca t i ng varying doses  

( F igures  Sa , 5b , 5 c  a nd 5d ) were i nevitabl e ,  a s  the  pro port ion o f  the  

i nd i vidual  immunog l obu l i ns  vari ed betwe en the  d i f ferent co l os trum 

s ampl e s . 

4 . 1 . 2 Ana lysi s o f  the concentrati ons  of  sheep IgG2 abs orbed 

by t he ca l ves . 

Ana l yt i cal  prob lems were a l so encountered i n  e s t imat i ng 

sheep I gG2 part i cu l a r l y  when a s ses s ing  the amounts absorbed into  the 

b l ood of the ca lves . Th i s  s i tu at i on arose l a rg e ly because insu f f i c i ent  

sheep I gG2 was g i ven  t o  each c a l f .  The amounts  of  shee p  I gG2 g i ve n  

were bare l y  adequate for  i t  to  be  absorbed i n  measureable  quant i t ies  

part i cu l arly  s i n ce the  e f fectivene s s  o f  the  ant i serum to  sheep I gG2 wa s 

reduced considerabl y  by the repe ated adsorpt i on of the a nt i s erum with 

bovine  s erum necessary t o  make i t  speci fi c t o  sheep I gG2 . The cro s s  
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rea ct i on between the sheep I gG2 and bov ine I gG2 when  react ed with  the 

orig i na l  a nt i s erum was qu ite extens ive and a c onsiderab l e  amount of  t h e  

ant ibody to  sheep I gG2 was removed by the ads orption proces s . Moreover 

read i ng o f  th e pre c i pi t in d i ameters wa� made d i f f icult  by the presence  

of  non s pe c i fi c  art i fa ct s  i n  c l ose  prox imity  of  the  pre c i p i t i n  ri ng . 

As a res u l t  the m�thod o f  est imat ion  was subj ected t o  some erro r ,  

part i c u l arly at the l ower range o f  absorpt i on .  

The method o f  e s t i ma t i on , there fore , d id  not  a l l ow determ i nat i on 

o f  abs orbed sheep I gG2 at con centrat ions o f  l e s s  that 0 . 04 mg/ml with 

any cert a inty.  In  the  f i ve c a lve s  a f fected ( Append i ces 1 4  and 1 5 )  t h i s  

represents  abs orpt i on e f f i c i enc ie s  rang i ng from 1 1% to  20% and l es s .  

Thus , these  ca l ves , whi ch a pparent l y  did  not  absorb sheep  I gG2 , ma y ha ve 

in  fact absorbed i t  but at e f f i c i enc ies  o f  l e s s  than that c a l cu la t ed 

( Append i ces 1 4  and 1 5 ) . 

4 . 2 Eva luat i on o f  the Resu l t s  from the  P resent  E xperiment s 

4 . 2 . 1  Apparent absorpt i on e f f i c ienci es  of  bovine col ostra l  

immunoglobu l i n s by newborn ca lves . 

Mos t  exper iment s describ ing the  e f f i ci ency of  absorpt i on 

of  col o stra l  immunog l obul ins by newborn calves  that have been reported i n  

the l i terature have e st imated immunog l obu l i n  or t ot a l  i mmunog l obu l i ns by  

re l at ive ly inaccurate  methods . These inc luded the work o f  Bangam e t  � 

( 1 958) , Ba l four and Coml ine ( 1 962 ) , Hardy ( 1 969) , McEwan et � ( 1 970a ) 

and Kruse  ( 1 970b ) ment i oned in  the Revi ew . Kruse ( 1 970b ) , bas ing h i s 

work on e le ctrophoret i c  fract i onat ion to  e st imate immunogl obu l i n  and 

assuming p lasma vol umes of 5% of body weight and after tak ing i nto  con

s idera t i on immunog l obul i n  i n  both e xtravascu l a r  and i nt ravascu l ar  s pa c e , 



found a rea l e f f i c i ency o f  absorpt ion  o f  20% when fresh co l ostr um was 

used . McEwan et � ( 1 970a ) obta ined an a pparent e f f i c i ency of 25% i n  

a s i m i l a r  e xper iment i n  wh i ch i nd i vi dual p l a sma vol umes o f  the ca lves 

were a l s o measured . ( The term ' a pparent e f f i c i ency ' i s  used because  

the est imate only  i nc ludes immunog l obu l i ns present i n  the serum and  

does not. take  into  account immunogl obu l in s  wh i ch ci rcu l ate i n  o ther  

f lu id  c ompa rtment s . )  

More speci f i c  data were recent ly reported by Husband e t  � 

( 1 972 ; 1 973 ) . A notab l e  feature o f  the i r  d ata wa s that a l l  th e 

co lostra l immunog l obu l i ns were absorbed at much higher apparent 

e f f i c iencies  than prev ious l y  reported . The va l ues ob t a i ned were : 

44 -46%, 48-59% ,  56-71% and 87 -95% for I gGl , I gG2 , IgA and I gM 

respect i ve l y .  
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The data  on  the abs orpt i on e f f i c i en cy o f  var ious i mmunog l obu l i n s  

from the  present studies  (Tab l e  8 )  were a ls o  e xpressed in  terms o f  

a pparent e f f i c i en cy s o  a s  to fac i l i tate c ompari son with other work . As  

i nd i cated in  Tab l e  8 ,  a l l  the colostra l i mmunog l obul ins  were absorbed 

at a s imi lar apparent e f fi c i ency , but d i d  not atta in the magn i tude  

observed by  Husband et � ( 1 972 ; 1 973 ) .  The l ower va lues obt a i ned i n  

the present work , whi ch i n  spite  o f  s im i l ar a pproach t o  Hu sband e t  �' 

were d i f f i cult to expl a i n ,  a l though the h ighest obs erved e f f i c ienc i e s  

obt a ined , i . e .  55% , 46%, 7 0%  and 73% for I gG ,  I gG2 , I gA and I gM 

respecti vely  were wi thin the range shown by them ( Husband et �, 1 97 2 ; 

1 973 ) . 

It i s  poss i ble that the fa i rl y  l ow absorpt i on e f f i c i en c i es 

were a result  o f  d e natu ration o f  immunog l obu l i ns during free z i ng a nd 
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thawi ngs . C lose  exami nat i on o f  the corre l at ion coe ffi c i cnc ies  b etwe en 

I gG and othe r immunog l obu l ins , both in co l os trum and i n  se rum ( Ta b l e s  

7 and 1 0 ) , showed a decrea se  from the former t o  the l a t t e r ,  part i cu l arly  

for IgM . These decreases a l though not  s i gn i f i cant wore probab ly  

ind i ca t ive o f  some denatura t i on o f  th e immunog l obul ins , part i cu l a r l y  

I gM .  Th i s  i s  n o t  surpris i ng i n  v iew o f  the  l arger s i ze o f  I gM in  

re lat i on to  other immunog l obu l i n s . Thus denaturat ion may exp l a i n  the  

non-s i g n i fi cant re l a t ionsh ip  b e tween IgM i ngested a nd s ubs equent l y  

absorbed by the ca lves ( F igure S d  and Tabl e  9 ) . 

Neverthe le s s  denatura t i on per � was un l i ke ly t o  have been  the 

on ly  rea s on for the l ow a pparent e f f i ci enc ies . Thi s i s  evident from 

the work o f  Kruse ( l 970b ) and McEwan et � ( 1 970 ) , who i n  s p i te o f  

us ing fresh  co l ostrum , onl y  obta i ned e f f i c ienci es o f  a b s o rpt i on o f  about 

20 to  25% . Admi tted l y ,  howeve r ,  they us ed the non s pec i f i c  met hod o f  

e l ect rophoret i c  frac t iona t i on t o  determ i ne i mmunogl obu l i n  concen

tra t i ons . Further reca l c u l a t i on o f  t he data  o f  McEwan � � ( 1 970 )  

by  ma k ing a l lowance for  the  vo l ume o f  f at  and  ca se in  i n  the  orig ina l 

col os trum fed to the  ca lves wh i ch was assumed to be 1 7% o f  th e tota l 

volume , th e apparent e f f i c iency o f  absorpt i on was 31% . Thi s was we l l  

i n  the range o f  the results  obta i ned from the  present wor k  ( Tabl e  8 ) . 

The higher e f f i c ienc ies  observed by Husband et  � ( 1 972 ; 1 973 ) 

may have been du e to  the feedi ng method empl oyed . Th i s  i nvolved 

repeated feed ing o f  about one l it re each o f  co l ostrum at one and four 

hours of l i fe respective ly .  Thi s  may have had the e f fect  of  i n crea s i ng 

the e f f i c i en cy of  absorpt i on o f  i ngested co lostra l i mmunog l obu l i ns , a s  

h a s  been stated b y  Kaeckenbeeck  � � ( 1 961 ) ( c . f .  Se lma n  et �' l 970a ) . 

I n  the present study a l l  ca l ve s  were fed with c0 � 0; t rum once onl y .  
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Thus on the ba s i s  o f  the above c ons iderat i on ,  i t  i s  sugg e s t ed 

that the e f f i c i en cy of  abs orpt i on o f  d i f ferent immunog l obu l i ns i n  t h e  

pres ent study wa s part l y  reduced by feed i ng c o l os trum wh i ch had been 

frozen and b y  g i v ing i t  a t  a s i ng l e  feed i ng . Moreover ,  the resu l t s  o f  

Hu sband e t  a l  ( 1 972 ; 1 973 ) i nd i ca ting that  immunog l obu l in s  were 

absorbed at rea l e f f i c i en c i e s  approa ch ing l OO% are unexpect ed . Thu s 

Se lman et � ( 1 970 ;  1 97 1 ) have suggested there are psycho l ogi ca l 

e f fec t s  due t o  mother depr i vat i on in  ca l ves removed from the ir  moth e rs 

wh i ch may depres s  absorpti on e f fi c iency . The y  have shown that t h e  

serum immunog l obu l i n  i n  c a l v e s  wh i ch were  a l l owed to rema in  w i th t h e i r  

dams a ft e r  co l o s t rum feed i ng ( but muz z l e� ) were s i gn i f i c a nt l y  g re a t er 

than t h e  c a l v e s  wh i c h were r e a r e d  i n  pen s . S im i l ar amoun t s  o f  

co l os trum we r e  g i ven t o  ea ch g ro u p  a l though n o  attempt was made to 
' 

est imate the d i f ferences i n  the  a b s o r pt i on e ff i c i en c i e s b e t we e n  the 

g roups . 

The res u l t s  from the ex peri ment on the apparent abs orpt i on 

e f f i c i ency o f  sheep I gG2 t end to c on f i rm th e i r observat i ons . Ca l ve s 

wh i ch were l e ft w ith  the ir  dams a fter  feeding sheep I gG2 ( Ex per i ment C )  

absorbed s ign i f i cantly  more e f f i c i ent l y ( 26 .0 ! 1 . 4%)  than those  

( 1 8 . 5  ± 1 . 6%) l e ft  in  the  pen s  ( E xperiment  B ) , ( P �  0 . 01 ) ,  i nd i ca t i ng 

a superior absorpt ion e f fi c i ency by ca lves wh i ch were a l l owed t o  

rema i n  with t he i r  dams . Nevertheless  care  i s  requi red i n  i nterpret i ng 

the  resul ts  and i t  would b e  unwi se  t o  overemphas ize the mag n i tude  o f  

t he d i f ference b e cause o f  the  pos s i b l e  e rrors whi ch may ar i se  from the 

l ow d oses g i ven t o  each ca l f  ment i oned earl ier , and of  us i ng several 

d i f ferent bat ches  o f  sheep I gG2 when  feed ing  the ca lve s .  The sma l l  



s tandard errors a nd the h igh ly  s i gn i f i ca n t  d i f ference between th e 

groups , however , mean s that t he i n f luence  o f  the two factors are not 

great . More c l ear  data i s  t he re f o r e  re qu i red .  

4 . 2 . 2  R e l at i ve appa rent a b s orpt i on e f f i c i en c i e s  of b o v i n e  

c o l o s t ra l i mmu nog l obu l i n s  and s h e ep IqG2 . 

The reas on for the l ower apparent absorpt i on e f f i c i ency o f  

sheep I gG2 re la t i ve t o  bov ine  immunog l obu l ins i n  E xperi ment B i s  not  

apparent . The  pos s i b i l ity e x i s t s , howeve r ,  that the e s t i ma t i on o f  

she ep I gG2 wa s l ow because o f  the reduced e f fe ct i vene s s  o f  the ant i 

serum to sheep I gG2 a s  a res u l t  o f  extens ive adsorp t i on stated  

earl i e r .  But l ow absorpt i on of  sheep  I gG2 may h ave a l s o  b e e n  d u e  to  

sma l l  a mou n t s o f  sheep  I gG2 fed  ££! � ·  I n  newborn p ig let s , P i e rce  
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a nd Sm i th ( 1 967a ) s h owed t h a t  t h e  a m ou D t s  o f  b o v i n e  I gG ab s orb ed i nt o  

t h e  b l ood was n o t  proport i on a l  to the amount s fed when l e s s  t h a n  2 g 

I gG wa s g i ven . Thus on l y  1 %  wa s absorb ed i n to  the b l ood wh en 0 . 5  g 

I g G  was fed , but the proport i on abs orbed i n creased to 5% when lg  I gG 

was fed and t o  1 0% when 2 g wa s g i ven . N o  further i ncrease wa s noted 

as  the amounts o f  IgG fed were increased . This  showed that the  

e f f i c i ency of  absorpt i on o f  bovine IgG wa s not opt imum when the  a mount 

of I gG g i ven was l ess than 2 g .  Exami na t i on o f  Append i ces 14  and 1 5  

reve a l s  t hat  most o f  the calves  in  th e pre sent study were g i ven l es s  

than 2 g  o f  sheep I gG2 . Thus and absorpt i on o f  this  prot e in  may h a ve 

behaved i n  the same manner to  that reported  by Pierce a nd Smith ( 1 967a ) 

for the absorpt i on o f  bovine IgG i n  the p i g lets . 

At the s ame t i me ,  the l ower absorpt ion of  sheep  IgG2 may have 

been an i nd i ca t i on of s ome minor s e l e ct i on  phenomenon b etween h omo l ogous 

and hetero l ogous IgG .  In newborn pig l et s  it  i s  known that s ome  
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s e l ect i v i t y  o c curs b etween homologous and hete�o l ogous IgG  ( P i erce  

and Smi t h ,  1 967a ) and between human serum a l bumin a nd bovine  I gG 

( P i erce and Smi t h ,  1 967b ) . I n  newborn ca lves , it ha s been stated 

that the intest ine of f ew hou rs o ld  ca lves can absorb many d i f ferent 

k i nds o f  prot e i ns and nonprot ein  ma cromolecu l es  non s e l e ct i v e l y  

( Deut ch and Smith , 1 957 ; Bangam e t �' 1 95 8 ;  P i erce , 1 961 ; Ha rd y ,  

1 969a ; b ) . Ha rdy ( 1 969a ; b ) a l s o  demons trated that  labe l l ed serum 

immunog l obu l i n  and  l abe l led PVP K60 were  absorbed f rom th e sma l l  

i nt est i ne i n t o  the lymph o f  anaesthet i zed , unsuckled ca lves  i n  euqa l 

amount s .  Thus a l though the data  suggest  that ca lves a re ab l e  t o  

absorb non s e l e ct ive l y ,  n o  one has , h owever , attempted t o  determ i ne 

the  d i f ferenc e s  or s imi l a ri t i es i n  abs o rpt i on e f f i c i enc ies  o f  s i�i l a r  

but not ident i ca l  protein  ma cromo l ecu l e s  from d i f ferent s pe c i e s . 

A t h i rd pos s ib i l i ty i s  th at s o�e una ccount ed l o s s  o f  sh eep  

I gG2 may occur  by way o f  denatura t i on , or  by  way  o f  unknown factors  

caus i ng re l at i ve ly  g reater rate  o f  d e s t ruct ion  of  sheep  IgG2 d i re ct l y  

re l ated t o  th e method of  preparat ion  from sheep serum i nvol v i ng 

repeated pre c i pitat ion with ammQnium s u l phate . This may res u lt i n  

more rapid l o s s  o f  sheep I gG2 from the c i rcu lat ion o f  the ca l ve s , 

e s peci a l ly dur i ng the f i rst  day , and may there fore i ntroduce  an  

und erestimat i on of  the amounts o f  sheep  IgG2 i n  the  s era o f  the 

ca l ves . Th i s  error wi l l  a l so become s i gni f i cant as the amount s of 

sheep IgG2 fed were sma l l ,  thus l owering the ca lculated e f f i c i ency 

of absorpt ion o f  sheep IgG2 . 

I n  v iew o f  the factors ment i oned , f i rm conc lusi ons  cannot 

there fore be drawn . It rema ins  to  be veri f ied that heterogenous IgG 

( sheep IgG2 ) i s  e ither absorbed by the c a l f ' s intestine  at an  equa l 
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e f f i c i en cy or  at a l owe r e ff i c i ency re l at ive to bov i ne i mmunog l obu l i n s  

when they a r e  g i ven tog ether . 

4 . 2 . 3  The yi e l d  of co l ostrum a t  f i rs t  m i l k i ng po s t  par t um and 

the amounts  o f  i mmun oglobu l i n s a b s orb ed by n E' wb o r n  

calves  l e ft wi th t h e i r d ams f or t wo d ays . 

The y i e l d s  o f  i mmunog l obu l ins  i n  th e c o l os trum o f  the  

cows used in  th i s  experiment were con s idered adequate t o  mee t  the 

requi rements  of  the ir  ca l ves (Appendi ces 1 ,  2 ,  3 ,  4 ,  5 and 6 ) . Whe re 

the vol ume o f  the co lostrum wa s smal l ,  i t  was more than compensat ed for 

by h igh i mmun og l obu l i n  concentra t i o n s . The negat ive corre l a t i ons  

between the vo lume and concentrat i on o f  the  d i f ferent  i mmunog l obu l ins  

( T ab l e 6 ) were  s trong and s ign i f i ca nt . Thus in  sp ite o f  c on s iderabl e 

i nd i vidua l variat i ons  i n  volumes , the tota l  amounts of  i mmun og lobu l i ns 

a va i l a b l e  we re h igh and a lways greater  than 200 g (Tab l e  5 ) . Th i s  i s  

we l l  i n  exce s s o f  the 1 00 g min imum requi rement st i pu l ated b y  Meyer and 

Steinbach ( 1 961 ) ( c . f . Kruse , 1 970a ) . The resu l ts a l s o  contrasted wi th 

the f ind ing s o f  Kruse ( 1 970a ) who showed that about 1 2% of the cows 

i nvest i gated had l e s s  than 1 00 g o f  t ot a l  i mmunoglobu l in at th e f i rs t  

m i l k ing  and that the negat ive corre l a t i on between the vol umes o f  the 

co lostrum a nd the i r  i mmunog l obu l i n  concentrat ions  were s ma l l  and not 

s igni f i cant ( r = -0 . 05 to -0 . 27 ) . The d i f ference shown in t h i s  study 

c ompared to  that o f  Krus e ' s i s  there f ore l i ke l y  due t o  breed 

d i f ferenc e s . 

The means o f  i mmunog l obu l in concentrat i ons i n  the c o l os t rum i n  

the pres ent s tudy were h i gher than th ose  shown b y  K laus  et � ( 1 969 ) , 

Kruse ( 1 970a ) , and But ler  et � ( 1 97 1 ) , but were in  agreement with data  

presented by  Brandon £1 � ( 1 97 1 ) , Husband £1 � ( 1 972 ) and Porter ( 1 972 ) . 



I n  the present study very l it t l e  d i f ference between quarter 

volume y i e l d  and i mmunog l obu l i n concent rat i ons were found (T ab l e  4 ) . 

The s l ight ly l ower vo lume y i e lds  from t h e  front quarters were 

undoubted ly re l ated to t he relat ive s i z e  of  the front and rear 

quart e rs ( Schmidt , 1 97 1 ) .  In  s pi te  o f  t h i s ,  a ca l f ,  wh i ch for 

re as ons o f  behavi oura l pre ference on l y  suck l ed the front t eats , 

wa s unl i ke ly  to rema i n  hypogammag l obu l i naemi c , as the t ot a l  i mmune

g l obul ins from the front quarters were g enera l l y  su f f i c ient for  i ts 

requi rement s .  Furthermore , behavi oura l  s tud ies  have not i nd i c ated 

any evidence o f  such pre ference ( Ha fez , 1 969 ) . Se lman � � ( 1 97 0 )  

showed that 91% o f  newborn ca lves started suc k l ing from one o f  the  

anter i or teats  and  tended to  cont i nue suck l ing  from the  same s i d e  

o f  t h e  d a m  i n  subsequent suck l i ng s . They d i d  not , however ,  show any 

ca l f  wh i ch suck l ed on l y  the ant eri or t e a t s  throughout observa t ion  

pe r i ods of  e i ght hours from b i rth . Thus i t  may be  a ssumed that  a l l  

ca l ves were able  t o  obta in  l a rge quant i t i es o f  colostrum , reg ard l es s  

o f  suck l i ng behaviour ,  e xcept in  speci a l  c i rcumstances such a s  

parent reject i on ,  condi t i ons surround i ng the b i rth area wh i ch ,  due  
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to  s l ippery cond i t i ons d e l ayed the ca l f ' s ab i l ity  to stand and suck l e ,  

and a l so due t o  poor udder shape o f  the  d am wh ich made suckl i ng 

d i f f i cu l t  for the young ca l f  ( Se lman  et a l , 1 970a ; b ) . 

The genera l ly h i gh l e ve l s  o f  serum immunogl obu l in& i n  ca lves 

l e ft with the ir  d ams (Append ix  1 6 )  jus t i f ied the above con cl u s i on . 

E xcept for three ca lves which have serum I gG leve l s  o f  l e s s  than 

20 mg/ml , a l l c a l ves have s erum IgG l evo l s  of  greater than 20 mg/ml 

and were comparab l e  to  Port er ' s  ( 1 972 ) observati ons for ca lves whi ch 

were l e ft with their  dams . From the mean va lues .  shown i n  Tab l e  1 2 ,  i t  



may a l s o  be c a l cu lated that  for an  average  35 kg · ca l f , the means  a nd 

s t a ndard errors o f  i mmunog l obul ins  a bs o rbed i nto  the b l ood were 

92 . 7  � 13 g ,  3 . 4  � 0 . 3 g ,  8 � 1 R SA and 5 .4 � 0 . 6  g for  I gG ,  I gG2 , 
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I gA a nd I gM re s pe c t i ve l y . On a l l ow i n g  f o r  di f fu s ion into  e xtrava scu l a r  

pool , wh i ch w a s  shown t o  b e  1 . 2 t i mes l a rger than the intrava s cu l a r  

pool (McDouga l l  and Mu l l i gan , 1 969 )  the ca l cu l at ed tota l  amount s  o f  

+ + 
i mmunog1 obu 1 i ns  absorbed wou ld be 203 . 9 - 28 . 6  g ,  7 . 5  - 0 . 7  g ,  

1 7 . 6  � 2 . 2  RSA for I gG ,  I gG2 and I gA respect i ve l y .  Very l i t t l e  I gM 

i s  a s sumed t o  d i f fuse out j nto  e xtrava s cu l a r  pool ( Husband � � ' 1 972 ) . 

Thu s , the above serum leve l s  o f  immunog l obu l i ns  whi ch are cons i dered 

' high '  for pas s i ve immun i ty ,  were amply provided for by the amount o f  

immunog l obu l i n  i n  the c o l ost rum a s  shown i n  Tab le  5 .  

The l eve l s  o f  se rum immunog l obul in s  cons idered adequa te  for 

protect ion ag a i nst  most d i s e a se s  i n  very young ca lves va ry . P e nha l c  

e t  a l  ( 1 973 , c . f .  Logan .£.!:_ a l , 1 073 ) s r. o·:.·cd t hat th e l eve l s  o f  s c rum 

i mmunog l obu l i n s  in  ca lves  that surv ived col i sept i caemia  had means o f  

7 . 5 mg/ml f o r  I gG ,  0 . 8  mg/ml  for I g M  a n d  0 . 22 mg/ml for IgA . Those 

dying of s ept i ca emia  had on ly 0 . 8  mg/ml o f  IgG,  0 . 2  mg/ml of I gM and 

0 . 1  mg/ml of I gA . Based on these obs er vat ions it may be seen that 

most  o f  the ca lves  i n  the present study were potent i a l ly res i st ant  t o  

most pathogens ,  a lthough b y  no means  complete ly  prote cted from 

neonata l  d i s e a se s . 

Another  i nterest ing feature o f  i mmunog l obu l i n  i nt ake  by  

c a lves l e ft w i th  the ir  d ams was that most  obta ined the i r  immunog l obu l ins  

on ly  during the  fi rst d ay of l i fe . A s ingl e  ca l f  ( Ca l f  2 . 05 )  however ,  

d id not a ppear t o  absorb immunoglobu l ins unt i l  the second day  o f  l i fe 



( 

( Appendix  1 6 ) , a lthough absorpt i on of  she ep  I gG2. 
by this  ca l f  was 

norma l ( Append i x  1 5 ) .  These  observat ions  showed that those ca lves 

wh i ch have had access  to co lostral  immunog lobul ins within the f irst  
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day o f  l i fe l o$t  their  capacity to  absorb further immunog lobul ins in 

the second day. The reason for thi s cessat ion of  absorpt ion a ft er  

the fi rst 24 hours of  l i fe was probably due  to  changes  in  the  

structure of  absorpt ive ce l l s  a fter e xposure to  prote i n  or immune

g lobu l ins s imi l a r  to that widely  shown in other newborns ( St a l ey et �' 

1 969 ; Cl ark and Ha rdy ,  1 97l a ;  b ;  Simpson-Morgan and Smeaton , 1 972 ) .  

Graves ( 1 963 ) showed that adsorpt ion o f  neut ra l i z i ng ant ibody 

by newborn c a lves  cou ld be prevent ed by feeding s kim mi l k  or i mmune 

serum prior to  feeding of  colostrum. McCoy et � ( 1 970)  showed t hat 

the intest ines of  newborn calves  becom� impermeable to colostrum 

immunoglobu l ins when colostrum was withhe ld  and only given a fter  24 

hours of l i fe .  However , ca l f  2 . 05 wh ich presumably d id not suck l e  

duri ng the f irst  24 hours , did not total l y  lose its  ab i l i ty t o  absorb 

colostral  i mmunog l obu l in and was abl e  to obta ined 1 8 . 5  mg/mlo f  I gG in  

its  se rum during the  next 24 hours o f  l i fe .  This  there fore contrasted 

to observat i ons o f  Graves ( 1 963 ) and McCoy et � ( 1 970) that ne i ther 

the presence of protein  ( sheep I gG2 ) i n  the cal f ' s  intestine pri or to 

i ng estion of colostrum nor withholding of colostrum prevented 

absorpt ion of co l ostra l immunog lobu l ins a fter  24 hours of  l i fe .  But 

further absorpt i on a fter  the f irst day was  prevented by the pres ence of  

l arge amounts o f  col ostra l immunog l obu l i ns during the  f irst day  as  

i nd i cated i n  the  remain ing 19  ca lves . Nevertheless , the  nature of  thi s  

observation warrants further study as  i t  only  occurred i n � o l at i on and 

i nvolved a l ow level of  sheep IgG2 . 



From the res u l t s  o f  th i s  s t udy i t  may b e  seen that most 

+ 
ca l ves  were born with l ow i ntrins i c  l e ve l s  o f  I gG and I gM ( means 

s t andard errors of 0 . 52 + 0 . 1 8  and 0 . 07 ! 0 . 04 mg/ml  respect i ve l y ) . 

On ly  one ca l f ,  however , had  dete ctab le  amounts o f  I gA (Append i x  

1 2  ) . Thus i n  genera l t h e  presuck l i ng leve l s  o f  serum immune

g l obu l i ns agree with that  observed by other workers ( Brandon et  �' 

1 97 1 ; Merriman , 1 971 ; Hu sband et �' 1 972 ) . 

I t  has  been repo rted that s ome ca l ve s  whi ch have had a cces s  

to  colostrum d ur i ng the  f ir s t  day were unabl e  to  abs orb i mmuno

g l obu l in because  o f  premature l os s  o f  abs orpt ive capa ci ty ( Fey and  

Margadant , 1 961 c . f .  Kru se ,  1 970b ; Gay et � ' 1 965 ; Gay 1 965 ; 
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Se lman  et .§1_, 1 970a ) .  N o  such evidence was shown in  t he !J rc s e n t  

s tudy , although some ca l ve s  ( Ca l f  2 . 04 , _2 . 1 0 )  had rel at i ve ly  l ow s c rum 

i mmunog l obu l i n s  at the end of the 48-hour  p e riod . Howeve r ,  furt h e r  

examina t i on showed that these  c a lve s  were capab l e  o f  abso rbi ng sheep  

I gG2 i n  comparab le amount s to the other  c a lves , thus sugge s t i ng that 

absorpt i ve capacity  i n  these ca l ves  wa s norma l . Thus i t  may be 

concluded t h at the i n c i d ences  of hypogammag l obu l i naemia in some 

c a l ves may not be due t o  the inabi l i ty  o f  the ca lves concerned to  

absorb immunog lobu l in during the f ir s t  24 to 36 hours o f  l i f e ,  but 

were more l i ke ly  due t o  i nadequate  inta ke of co l ostrum and/or  of l ow 

i mmunog l obu l ins contents .  Factors wh i ch resu l t  in l ow intake  o f  

co lostrum during the se  periods inc lud e  parent reje ct i on ,  cond i t i on 

o f  birth area and the  shape o f  the udder o f  the dams as men t i on ed 

e ar l i er .  The time between birth a nd f irst suck l ing i s  a ls o  important . 

Serum immunog lobu l in l evel s  i n  ca lves  vary i nverse ly  with  the  t i me 

post  partum of first suc k l ing ( Smith et a l ,  1 967 ; Kruse ,  1 970b ; 

Selman et  a l ,  1 970a ) . I n  a s imu l a t i on study the pos s ib i l ity o f  l ow 



i ntake o f  co lostrum by newborn ca lves due t o  one or  more o f  t he 

fact ors ment i oned , a lways ex i s t s  ( Krus e ,  1 970c ) . 

4 . 3  Con c l u s i on 
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The pre sent work prov ided data  wh i c h  s uggest  that the amount 

and compos i t i on of co l os t rum wa s adequate to meet the i mmunog l obu l i n  

requ i rement  for pas s i ve i mmun i ty by ca l ves  dur i ng th e i r  early  l i f e .  

Further ,  mos t  o f  the newborn ca lves  i n  the pres ent study d i d  obt a i n  

a h i gh l eve l o f  serum i mmunog lobu l i n s , a lt hough abou t 1 0% had i nter

med i ate  t o  l ow leve l s . 

From the data  i t  i s  a l s o  shown that a l l the immuno9 l obu l in s  

were absorbed equa l ly we l l  w ith  app�rent e f f i c i enci e s  o f  33 . 3% , 26 . 8% , 

32 . 8% and 36 . 0% for I gG ,  I gG2 , I gA a nd . I gM respect i v e l y .  Evidence  i s  a l s o  

g i v en th a t  th e e f f i c i en c y  o f  absorpt i on was g re a ter i n  ca l ve s  l e ft 

w i t h  the i r  dams than fed from a n i pp l e  feeder and kept i s o l at ed i n  

pe n s . The resul t s , h owever , d i d  not  a l l ow a c curate quant i ta t i on o f  

t he magni tude  o f  these d i f ferences . 

4 . 4 Sugge st i ons for Further Work 

Obv i ous ly que s t i ons regard i ng s ome a s pects  of ca l f  i mmuno l og y  

whi ch th i s  work was orig i na l ly des i gned t o  res o lve , rema i n  unanswere d , 

part i cu larly  the d i f ferences i n  absorpt i on e f f i c i ency between c a l ves  

a l l owed to  rema i n  with  t h e i r  dams a nd those  removed from thei r  dams . 

I n  view o f  th i s ,  a s im i l a r  experi ment wou ld  be b est carr i ed out i n  

which  these parameters s hould be  a c cu rately  determined . Thi s  may 

i nvo lve the u se of  homologous i mmunog lobu l in s , s uch a s  from colostrum ,  

or heterol ogous immunog l obu l in s . I f  the l at t er are us ed ,  i t  wou l d  b e  
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advantageous t o  use  thos e wh i ch wou l d  not cross rea ct wi th  a homo l og ou s  

immunog l obu l i n . The pos s ibi l i ty o f  s e l ect i ve i mmunog l obu l i n  s hou l d  

a l s o  b e  i nve s t igated . 
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Append i x  l a  

V o l umes o f  Co l o s t rum (L i t re s ) 
The y i e l d  o f  co los t rum ( 1 ) from the four qua rters o f  1 8  cows 

obta i ned at f i rst mi l k i ng post  partum . 

� Front Front Rear  Rear Tot a l  
Le ft R i ght Le ft R i ght . 

1 83 0 . 30 0 . 48 0 . 61 0 . 50 1 . 89 

29 0 . 27 0 . 40 0 . 86 0 . 82 2 . 35 

1 50 0 . 54 0 . 50 0 . 81 0 . 91 2 . 76 

1 24·* 0 . 59 0 . 51 1 . 02 1 . 00 3 . 1 2  

1 21* 2 . 85 3 . 32 3 . 85 3 . 83 1 3 . 85 

1 29-J< 2 . 01 1 . 38 2 . 55 2 . 85 8 . 79 

25 1 . 05 0 . 98 1 . 84 1 . 87 5 . 74 I 87 1 . 1 0  1 . 35 2 . 05 2 . 38 6 . 88  I j 
93 0 . 76 0 . 73 1 . 33 1 . 34 4 . 1 6  

I 1 1 9·� 1 . 1 5  1 . 1 7 1 . 42 1 . 66 5 . 4 0  i ' 
83 1 . 25 0 . 80 1 . 45 0 . 72 4 . 22 I I 

176* 1 . 1 0  1 . 20 1 . 00 0 . 54 3 . 84 

27* 1 . 30 0 . 68 2 . 77 2 . 00 6 . 75 

3 1 *  1 . 66 1 . 89 2 . 05 2 . 03 7 . 73 

44* 0 . 44 0 . 5 9  0 . 67 0 . 74 2 . 44 

5 9* 1 . 38 1 . 5 1  2 .  7 1  2 . 48 8 . 08 

1 04* 2 . 74 2 . 60 3 . 60 1 .  75 1 0 .69  

1 67-J<· 3 . 05 3 . 5 1  3 . 23 3 .48 1 3 . 27 

* injected with oxytoc in  a fter the completion o f  ini t i a l mi l ki ng .  
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Append i x  l b  

The i ncrease i n  th e y ie ld  o f  c o l ostrum ( l i t re s ) a ft e r  oxyt o c i n  

i n j e ct i on and t h e  tot a l  y i e l d s  i n  th e four quarters o f  1 1  cows wh i ch 

were  inject ed w i th oxytoc in  a ft er comple t i on o f  f irst  mi l ki ng .  

� F ront Front Rear R e a r  
L e f t  R i gh t  Le f t  R i gh t  . 

1 24 NO NO NO NO 
0 . 59 0 . 5 1  1 . 02 1 . 00 

1 21 0 . 53 0 . 65 0 . 7 1  0 . 75  
2 . 85 3 . 3 2  3 . 85 3 . 83 

1 29 0 . 38 0 . 1 8  0 . 55 0 . 45 
2 . 01 1 . 38  2 . 55 2 . 85 

' 

1 1 9 NO NO NO NO 
1 . 1 5  1 . 1 7  1 . 4 2  1 . 66 

I 1 76 0 . 55 0 . 45  NO NO 
1 . 1 0  1 .2 0  L OO 0 . 54 I I 

27 0 . 50 0 . 1 3 0 . 85 o .  7 0  I 
1 . 30 0 . 68  2 . 77 2 . 00 I I 

31  0 . 1 2  0 . 1 7  0 . 1 5  0 . 1 8 : I 
1 . 66 1 . 89  2 . 05 2 . 03  l 

I I I 
44 0 . 1 9  0 . 20 0 . 28 0 . 3 5  I 

' 

0 . 44 0 . 5 9  0 . 67 o .  74 I 
I 

I 59 NO 0 . 66 0 . 98 1 . 23 I 1 . 38 1 . 5 1  2 . 7 1  2 . 48  

1 04 0 . 44 0 . 50  0 .30  0 . 20 
2 . 74 2 . 60 3 . 60 1 . 75 

1 67 1 . 25 1 . 43  1 . 43 1 . 66 
3 . 05 3 .5 1  3 . 23 3 .4 8  

N O  = not determi ned 



Append i x  2 

Fat Percentage i n  the Co l ostrum 

The f a t  percent ages i n  co l os t rum from the four quarters o f  

1 8  cows obt a i ned  a t  f irst  mi l k ing � pa rtum . The method o f  F l ee t  
a nd Linzel  ( 1 964 ) was 1.1sed t o  determined the fat content . 

� Front Front Rear Rear  Bu l ked 
Le ft R ight Le ft R i ght . 

1 83 1 3 . 5 13 . 0  1 4 . 0  14 . 0  1 4 . 0  

29 8 . 0 8 . 0  6 . 0  5 . 0 5 .5 

1 50 8 . 0  8 . 0  8 . 5  8 . 0  8 . 0  

1 24 1 2 . 5  1 2 . 0  8 . 0  8 . 0 1 1 . 5 

1 2 1  6 . 0  5 . 5  6 . 0  6 . 0  6 . 0  

1 2 9  8 . 5  8 . 5  9 . 0  9 . 0  8 . 5  

25 1 0 . 0  1 1 . 0 1 1 . 0 l l . O  1 1 . 0 

87 7 . 0  1 1 . 5 7 . 0 6 . 5  7 .5 

93 1 . 5 1 . 0 1 . 0 1 . 0 1 . 0 

1 1 9 3 . 5  4 . 0 4 . 0  4 . 0  4 . 0 

83 2 . 5 1 . 5 1 . 5 I 2 . 0  2 . 0  

1 76 6 . 0  9 . 0  5 . 5 I 5 . 5 7 . 0 
I 

27 6 . 0  3 . 5 5 . 5  7 . 5 7 . 5 

31  7 . 0  8 . 0  7 . 0 9 . 0  8 . 0 

44 1 1 . 5 3 . 5 3 . 5 3 . 5  5 . 0  

59 1 1 . 5 1 3 . 5 1 1 . 0 u . o 1 1 . 0 

1 04 6 . 5 6 . 0  5 . 0  3 . 0  5 . 5 

1 67 9 . 0  9 . 5 1 0 . 0  8 . 0  9 . 5 

80 . 
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Appendix  3 

Tot a l  IqG (IgGl and IgG2) in  the Col os trum 

The concentrations  o f  IgG ( mg/m l ) i n  the co l ostrum from the 

four quarters of 18 cows obta ined at f i rs t  m i l king post partum . 

Est imations of IgG were based on the method of immunod H fus ion ( page  42) . 

� 
Front Front Rear Rear  

Le ft R i ght Left R ight . 
( mg/m1 ) ( mg/m1 ) ( mg/ml ) ( mg/ml ) 

1 83 1 28 . 9  154 . 2  151 . 3  144 . 5  

29 120 . 0  1 37 . 0  101 . 0  1 20 . 0  

150 98 . 0  81 . 0  11 5 . 0  1 32 . 5  

1 24 130 . 0  1 32 . 0  140 . 0  1 22 . 5  

' 1 21 74 . 0  65 . 0  71 . 0  65 . 0  

1 29 78 . 5  73 . 5  77 . 5  6 9 . 0  

25 94 . 0  1 02 . 5 1 1 0 . 0  1 00 . 0  

87 95 . 0  98 . 0  120 . 0  1 27 . 5  
-

93 96 . 5  74 . 0  69 . 0  82 . 5  

1 1 9  106 . 0 1 06 . 0  98 . 0  77 . 5  

83 72 . 5  67 . 5  61 . 5  63 . 0  

1 76 97 . 0  1 05 . 0  1 1 4 . 0  1 1 2 . 0  

27 47 . 0  31 . 0  49 .5  50 . 0  

31  33 . 0  34 . 5  30 . 0  30 . 0  

44 1 1 1 . 0  1 09 . 0  1 1 1 . 0  1 02 . 5  

59 71 . 0  61 . 0  81 . 5  82 . 5  

1 04 65 . 0  60 . 0  50 . 0  72 . 5  

1 67 38 . 5  40 . 0  46 .5  37 . 5  
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Appendi x  4 

IgG2 in the Colostrum ,. 

The concentrati ons o f  I gG2 ( mg/ml ) i n  the colost rum from four 

quarters of 18 cows obtained at f i rs t  mi l king  post partum . E s t imat i ons 

of I gG2 were based on the method o f  rad i a l  immunodi ffus i on ( page 42 ) .  

� 
Front Front Rear Rear  
Le ft R ight Le ft R i ght  

( mg/ml ) ( mg/ml ) (mg/m1 ) ( mg/ml ) . 

183 5 . 55 5 . 1 5  5 . 55 4 . 85 

29 6 . 1 6  6 . 66 5 . 76 6 . 56 

1 50 4 . 24 4 . 1 4  3 . 94 4 . 54 

1 24 6 . 76 6 . 77 7 . 38 7 . 38 

. 121  3 . 67 3 . 21 3 . 62 3 . 83 

1 29 :� ·4�54 4 . 1 4 4 . 34 4 . 95 

25 6 . 97 6 . 97 5 . 77 6 .37  

87 4 . 79 5 . 1 0 5 . 1 0  5 . 35 
-

93 4 . 95 6 . 06 5 . 66 5 . 45 

1 1 9  3 . 23 3 . 1 3 3 . 23 3 . 74 

83 3 . 1 1  2 . 75 2 . 75 2 . 39 

176 5 . 66 5 . 45 6 . 06 6 . 1 6  ' 

27 4 .44 3 . 74 4 . 24 4 . 24 

31 1 .63 1 . 88 1 . 48 1 . 63 
44 7 . 88 8 . 68 8 . 68 8 . 08 

59 6 . 56 5 . 76 5 . 76 6 . 36 ' 

1 04 4 .49 4 . 79 5 . 1 0  5 . 1 0  

1 67 2 . 14  2 . 1 9  2 . 29 2 . 1 9  



Appendix  5 

IgA in  the Colostrum 

The concentrat i ons o f  I gA ( RSA/ml ) i n  the co l os trum from 

the four qua rters of  18 cows obta i ned at f i rs t  mi l k ing  post  partum . 

Est imat i on..'> v�ere based on the method o f  rad i a l  immunodi f fu s i on ( page 

42) . The concentra t i ons of I gA are expressed a s  re l at ive to  the 

concentra t i ons o f  I gA i n  bovi ne s erum . 

� Front Front Rear Rear  
Left R i ght Left R i ght . 

1 83 20 .7  26 . 1  26 . 3  26 . 0  

29 24 . 3  23 .4 1 9 . 1  31 . 0  

150 1 0 . 3  1 2 . 1  1 4 . 2  12 . 1  

124 1 8 . 0  1 6 .5 1 6 . 0  1 8 . 0  

121 5 . 6  . 5 . 6 6 . 1  6 . 3 

129 4 . 2  4 . 3 5 . 2  5 . 4  

25 6 . 6 7 . 8  5 . 6  6 . 6 

87 1 1 . 2 9 . 1  9 . 1  1 1 .2  

93 1 2 . 7  1 2 . 1  1 0 . 7  1 1 . 0 

1 1 9  1 1 . 1  1 1 . 1 9 . 4  12 . 1  
S3 2 .4 1 .4 1 . 6 1 . 8 

176 5 . 6  6 . 6  7 . 2  7 . 2  

27 4 . 9  2 . 8  3 . 9  4 . 6  

31 5 . 4  5 .4 ' 3 . 6 4 . 2  

44 1 4 . 0  1 1 .0 1 0 . 2  1 3 . 0 

59 1 2 . 3  1 2 . 6  rt .7 1 1 . 7 

1 04 1 1 .7  1 1 .5 a . o  1 1 .5 
167 5 . 2  4 . 7  4 . 8  5 . 2 

83 .  
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Append ix  6 

IgM i n  the Col ostrum 

The concent rat ions  o f  I gM ( mg/m l ) i n  the col ostrum f rom 

the four quarters of 1 8  cows obt a ined at first  mi l k ing  post pa rtum . 

Est imati ons ,�'based on the method o f  rad i a l  immunod i f fus i on ( page 
42) .  

� 
Front Front Rear  Rear  

Le ft Right Le ft R i ght 
( mg/ml ) ( mg/ml ) ( mg/ml ) ( mg/ml ) . 

1 83 1 0 . 90 9 . 99 1 1 . 93 1 1 . 95 

29 5 . 25 5 . 81 4 . 69 5 . 61 

1 50 9 . 38 8 . 82 1 0 . 96 9 . 94 

1 24 - 8 . 82 1 0 . 96 1 0 . 95 1 1 . 22 

1 21 4 . 69 4 . 54 4 . 38  4 . 38 

129  3 . 31 3 . 1 1 3 .4 1  3 . 31 

25 7 . 80 8 . 31 8 . 3 1  8 . 00 
' 

87 1 2 . 50 1 2 . 00 1 2 . 00 1 2 . 20 

93 4 . 69 4 .53 4 . 23 4 . 94 

1 1 9  8 . 26 7 . 14 6 . 78 6 . 52 

83 5 . 50 4 . 99 4 . 38 4 . 69 

1 76 1 0 . 20 1 1 .52  1 0 . 96 1 1 .59 

27 5 . 3 0  3 .30 5 .40 5 . 1 0 

31  1 . 47 1 . 66 1 . 08 1 . 28 

44 9 . 3 8  1 0 . 20 9 . 98 1 0 . 20 

59 1 0 . 20 1 0 . 20 1 1 . 20 1 0 .50 

1 04 9 . 3 8  8 . 36 5 . 61  8 . 77 

167 3 . 1 1  3 .31 3 .4 1  3 . 1 1  
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Append i x  7 

The Fat ,  Ca s e i n  and Immunogl obu l i n Content i n  the Co l os trum fed to the 

Ca l ve s  

The const i tuent s o f  fat , ca s e i n  and immunog lobul i n  i n  the 

co l os trum from d i f ferent cows used to  feed the calves . The est i mat i ons 

of fat were based on the method o f  F l eet and L i nzel  ( 1 964 ) ; the case i n ,  

by dye b i nd i ng method ( Dolby ,  1961 ) and immunog lobu l i n  by the B i uret 

react i on method of Gorna l et � ( 1 949 ) . The i ntended amount o f  

co l ostrum to  be  fed to  each c a l f  wa s cal cu l ated by us i ng these three 

in format i ons . 

Co l . o f  F a t  % Ca se in  % Tot a l  I g% C* Fat  + C* 
Cow No . ( F )  ( C )  ( in whey ) 

1 83 1 1 . 0  � 1 9 . 6  4 .4 

29 5 . 5  1 8 . 6  4 . 7 

150 8 . 0  as sumed 1 6 . 0  4 . 6  

1 24 u . o > 24 . 2  4 . 4  to be -
1 2 1  6 . 0 5% 4 . 3  4 . 7  

1 29 6 . 5 5 . 7  4 . 5  

87 7 . 5 1 7 . 6  4 . 6  " 
l l 9 4 . 0  5 . 0  1 2 . 4  4 . 8  

83 2 . 0  3 . 0  8 . 4  2 . 9  

1 76a 7 . 0  6 . 0  1 6 . 8  5 . 6  

3 1  8 . 0  3 . 9  4 .4 3 . 6 

44 5 . 0  7 . 5  1 9 . 0  7 . 1  

59  1 1 . 0 5 . 1  1 5 . 2  4 .5 

1 67 9 .5 6 . 3  6 . 4  5 .7 

1 27 8 . o  8 . 0  7 . 5  4 . 6  

1 2 . 5  2 . 5  7 . 3  4 .8 

1 1 1 a  5 . 0 5 . 0  1 5 . 8 4 . 7  

l l lb 5 . 0  5 . 0 1 4 . 6  4 . 7  

1 76b 7 . 0  4 . 0  1 4 . 2  3 .7 

C* • corrected caseing percentage in  colostrum 

where C* = (100 -F) C 
1 00 

1 5 . 4  

1 0 . 2  

1 2 . 6  

1 5 . 4  

1 0 . 7  

1 3 . 0  

12 . 1  

8 . 8  

4 . 9  

1 2 . 6  

l l . 6 

1 2 . 1  

1 5 .5 

1 5 . 2  

1 2 .6  

7 . 3  

9 . 7  

9 . 7  

1 0 . 7  

Whey % 
i n  col . 

84 . 6  

89 .8  

87 .4  

85 . 6  

89 . 3  

87 . 0  

87 . 9  

91 . 2  

95 .0  

88 .4  

88 .4  

87 . 9  

84 .5  

85 . 8  

87 .4 

92 .7 

90. 3  

90. 3  

89 . 3  
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Appendi x  8 

The concentrati ons of  I gG ,  I gG2 , IgA and IgM i n  the c ol ostrum 

used to feed the c a l ves . Est ima t i ons were based on the method o f  

rad i a l  immunod i f fus ion ( page - 42 ) . 

Col . o f  Tot a l  IgG I gG2 I gM I gA-�< 
Cow N o .  ( mg/ml ) ( mg/m1 ) ( mg/ml ) ( RSA/ml ) 

1 83 150 . 0  4 . 85 l l . 70 26 . 1  

29 1 1 2 . 5 7 . 07 5 . 01 24 . 3  

1 50 99 . 0  4 . 59 8 . 87 1 1 . 2  

1 24 134 .2  7 . 66 11 .05 18 . 0  

12 1  71 . 0  3 . 72 4 . 43 5 . 9  

1 29 77 .5 4 . 79 3 . 36 4 . 9  

87 1 1 1 . 5 5 . 1 2  1 1 .92 1 1 . 2  

1 1 9  85 .0  3 . 83 6 .42 14 .4  

83  73 .0  3 . 1 1  4 . 74 1 .  9 

1 76a 1 1 5 . 0 5 . 1 5 
' 1 1 .00 7 . 2  

3 1  35 . 5  1 . 73 1 . 82 5 . 4  

44 1 02 .5 8 . 68 10 .60 1 5 . 2  

59 80 .0  6 . 29 10 .50 12 . 1  

1 67 56 .0  1 . 94 3 . 26 5 . 2  
I 

1 27 53 . 0  3 . 39 2 . 22 5 .4 

1 55 .0  I 3 .43 5 . 40 5 .4 I I 
l l l a 102 .5  4 . 00 5 .40 8 . 2  

1 1 l b  1 05 .0  I 3 . 80 5 . 76 8 . 3  

1 76b 80.0 5 . 10 7 . 60 5 . 9  

*RSA = relative to concentration o f  IgA i n  bovine serum . 



Append i x  9 

The volumes of col ostrum,  the sources 6f the co lostrum a nd 

the i r  ca l cu lated whey  equiva l ent used to feed 19 newborn ca lves for 

estimat iorn of absorpt i on e f f i c iendes cf' colostral immunog lobu l i ns . 

Ca l f  No . B i rth Vol . o f  Sou rce o f  E q .  vol . 
we ight Co l .  fed col . o f  whey i n  

( kg ) ( 1 ) ( Cow No . ) col . ( 1 )  

1 . 01 3 1 . 0  1 .44 183 1 . 22 

1 . 02 3 2 . 0  1 . 52 29 1 . 37 

1 . 03 34 . 0  1 . 90 150 1 . 66 

1 . 04 4 1 . 0  1 . 65 124 1 . 39 

1 . 05 3 8 . 5  4 . 00 121 3 .57  

1 . 06 45 .5  4 .25 129 3 . 70 

1 . 07 40 .5  2 . 1 0  87 1 . 84 

1 . 08 32 .5  1 .65 87 1 . 45 

1 . 09 34 .5 2 .46 1 1 9 2 . 24 

1 . 1 0  36 . 5  1 . 85 83 1 . 76 ' 

1 . 1 1  36 .5 1 . 99 176a 1 . 76 

1 . 1 2  37 .5 1 . 23 176b 1 . 1 0  

1 . 1 3  25 . 0  1 . 57 59 1 . 32 

1 . 14  3 1 . 0  1 . 94 59 1 . 64 

1 . 1 5  3 8 . 0  3 . 00 167 2 .56 

1 . 16  22 .5  1 . 40 127 1 . 22 -

1 . 1 7  32 .5  2 .00 1 1 . 85 

1 . 1 8  2 8 . 0  0 . 79 1 1 1 a  0 . 72 

1 . 1 9  3 9 . 0  1 . 1 9  l l l b  1 . 07 

l 

87 . 



Appendi x  10  

The amounts of  co lostra l  I gG fed ( g/kg B .W . ) and  absorbed 

i nto  the b lood �g/ml ) of 1 9  newborn ca lves fed wi th  colostrum w�th in  

2 to  6 hours o f  post nat a l  l i fe .  Apparent e f f i ci enci e s  of  absorpt i on 

wer e  ca l cu l ated · by as suming plasma volumes of 7% o f  body we ight and 

a s  described on page 50 . 

I n 

Ca l f  I gG fed so 524 548 I gG24 E f f % 
No .  g/kg B .W .  

mg/ml mg/ml mg/ml mg/ml 

1 . 01 5 . 91 1 . 02 25 . 3  24 . 3  24 . 3  28 . 7  

1 . 02 4 . 84 0 . 09 22 . 0  24 . 5  24 . 4  35 . 2  

1 . 03 4 . 82 2 . 00 37 . 9  38 . 6  36 . 3  52 . 7  

1 . 04 4 . 53 · 0 . 05 1 7 . 5  1 7 . 5  1 7 . 5  27 . 0  

1 . 05 6 . 56 0 . 08 23 . 0  20 . 5  22 . 9  24 . 4  

1 . 06 6 . 30 0 . 05 49 . 3  45 . 0  49 . 2  54 . 6  

1 . 07 5 . 08 0 . 06 29 . 3  28 . 3  29 . 2  40 . 2  

1 . 08 4 . 94 0 . 22 1 6 . 4  1 5 . 8  1 6 . 2  22 . 9  

1 . 09 5 . 52 0 . 03 17 . 2  1 5 . 2  1 7 . 2  2 1 . 8  

1 . 10  3 . 52 0 . 95 21 . 4  1 9 . 2 20 . 5  40 .7  

1 . 1 1  5 . 56 2 . 91 1 9 . 4  15 .7  1 6 . 5  20 .7  

1 . 12  2 .43 1 . 43 6 . 8  6 . 6  5 .4 15 . 0  

1 . 13  4 . 24 0 . 20 21 . 8  1 7 . 3  21 . 6  35 . 6  

1 . 14 4 . 24 0 . 05 9 . 2  7 . 4 9 . 2  1 5 . 2 

1 . 15 3 . 75 0 .55 1 4 . 4 14 . 0  1 3 . 9  25 . 9  

1 . 16 2 . 85 0 . 1 1  1 6 . 2  1 5 . 2  1 6 . 1  39  •. 5 

1 . 17  3 . 1 1  0 . 04 20 . 2  1 7 . 4  20 . 2  45 .4  

1 . 18  2 . 60 0 . 04 15 . 2  14 . 9  1 5 . 2  4 0 . 9  
1 . 19 2 . 89 0 . 07 1 8 . 7  1 5 . 7  18 .7 45 .3  

this  table and subsequent tables a 

s = Ca l f ' s  serum s amples taken at birth 
0 

524 
= Cal f ' s  serum s ample taken 24 hours a fter colostrum feedi ng 

5
48 

= Ca l f ' s serum sample taken 48 hours a fter colostrum feeding 

Ig24 = The increase  i n  the serum immunog lobul in l eve l a fter 

24 hours  of colostrum feeding 

88 . 
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Appendi x  1 1  

The amounts o f  colostra l IgG2 fed ( g/kg B .W . ) and absorbed 

into th e blood �g/ml ) in 1 9  newborn calves  fed with co l os trum with i n  

2 t o  6 hours o f  pos t natal  l i fe .  Apparent absorpt j on e f f i c i enc i c s were 
ca l cu l a t ed by assumi ng pln.srna volume s o f  7% o f  bod y we i g h t  nnd as  

des cribed on  page 5 0. 

Ca l f  IgG2 fed so 524 548 Al gG224 E f f  cV I'' 
No . g/kg B .W .  mg/ml mg/ml mg/ml mg/ml 

1 . 01 0 . 1 91 0 .06 o .  71 0 . 67 0 .64 23 . 4  

1 . 02 0. 304 0 .04 1 .49 1 . 40 1 . 45 33 . 4  

1 . 03 0 . 223 0 . 1 0  1 . 20 1 . 1 0  1 . 1 0  34 .5  

1 . 04 0 . 258 o . oo 0 . 67 0 . 63 0 .67 1 8 . 2  

1 . 05 0 . 343 0 .02 1 . 20 1 . 1 0  1 . 1 9  24 . 3  

1 . 06 0 . 389 o . oo 1 .  74 1 . 60 1 . 74 3 1 . 3  

1 . 07 0 . 233 0 .03 0 . 95 NM 0 . 92 27 . 6  

1 . 08 0 . 227 o . oo 0 . 63 ' 0 . 63 0 . 63 1 9 . 4  

1 . 09 0 . 248 o . oo 0 . 72 0 . 7 1  0 . 72 20 . 3  

1 . 10  0 . 1 50 o . oo 0 . 99 0 . 91 0 . 99 46 . 3  

1 . 1 1  0 . 249 0 .88 1 .  78 1 . 60 0 . 90 25 . 3  

1 . 1 2  0 . 1 52 0 . 1 2  0 .49 0 . 47 0 . 36 1 6 . 6  

1 • 1 3  0 . 333 0 .03 1 . 32 1 . 26 t'- 1 . 30 27 . 3  

1 . 14  0 . 333 0 .02 0 . 63 0 . 56 0 . 61 1 2 . 8  

1 . 1 5  0 . 1 44 o . oo 0 . 84 o . so 0 . 84 40 . 8  

1 . 16 0 . 1 82 0 .03 1 .03 0 . 98 1 . 00 38 . 4  

1 . 17 0 . 1 94 o . oo 0 . 82 0 . 76 0 . 82 29 .6  

1 . 1 8  0 . 1 02 0 .02 0 . 63 0 . 63 0 . 61 4 1 . 8  

1 . 1 9  0 . 104 0 .02 0 . 67 0 . 60 0 . 65 43 . 7  

Symbols used & s e e  footnotes of  Appendix  1 0 .  
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Append ix  12  

The  amounts o f  c o l ostral  I gA fed  ( RSA"*/kg B .W . )  and absorbed 

into  the b l ood RSA-J(/ml ) in 19 newborn c a lves fed with col ostrum with in 

2 to 6 hours o f  po st nata l l i fe .  Appa rent absorpt i on e f f i c ienc ies  were 

ca l cul ated by assuming pla sma volumes o f  7% of body we ight and 
as  des cribed on  page 50.  

Ca l f  I gA fed so s24 s48 6, l gA24 No RSA-l</k g BW 
RSA/ml  RSA/ml RSA/ml RSA/ml 

1 . 01 1 . 03 o . oo 3 . 98 2 . 87 3 . 98 

1 . 02 0 . 82 o . oo 3 . 45 3 . 00 3 . 45 

1 . 03 0 . 55 o . oo 3 . 30 2 . 30 3 . 30 

1 . 04 0 . 58 o . oo 1 . 40 1 . 08 ' 1 .40 

1 . 05 0 . 55 0 . 08 2 . 52  1 . 64 2 .52 

1 .06 0 . 40 o . oo 2 . 92 1 . 15 2 . 92 

1 . 07 0 . 51 o . oo 2 . 1 2  1 . 65 2 . 1 2  

1 . 08 0 . 50 o . oo 1 . 64 1 . 04 1 . 64 
-

1 . 09 0 . 59 o . oo 2 . 28 1 . 18  2 . 28 

1 . 1 0  0 . 10 o . oo 1 . 00 0 . 69 1 . 00 

l o l l 0 . 35 o . oo 0 . 92 0 . 32 0 . 92 

1 . 12  0 . 1 7 o . oo 0 . 65 0 . 35 0 . 65 

1 . 13  0 . 64 o . oo 4 . 60 3 . 80 4 . 60 

1 . 14 0 . 64 o . oo 1 .52  0 . 65 1 .52 
r-

1 . 15  0 . 35 o . oo 0 . 86 0 . 92 0 . 92 

1 . 16  0 . 29 o . oo 1 . 32 0 . 88 1 . 30 

1 . 17 0 . 31 o . oo 1 . 80 0 . 95 1 . 80 

1 . 18 0 . 21 o . oo 0 . 92 0 . 41 0 . 92 

1 . 1 9  0 . 23 o . oo 1 .40 0 . 52 1 .40 

*RSA = re lative to concentration o f  IgA in bovine serum . 

Symbols  used z see footnote o f  Appendix 1 0 .  

E f f % 

27 . 0  

29 . 5  

42 . 0  

1 6 . 9  

32 . 0  

51 . 0  

29 . 1  

23 . 0  

27 . 0  

70 . 0  

1 8 . 4 

26 .7  

50 . 0  

1 6 . 6  

1 8 .4 

31 . 4  

40 . 6  

30 . 6  

42 .6  
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Appendi x  13 

The amounts of col ost ra l  !gM fed ( g/kg B .W . )  a nd absorbed 

into  the bl ood ( mg/m l ) in 19 newborn ca lve s  fed wi th col ostrum wi thin 

2 to  6 hours o f  post nata l l i fe .  Apparent absorpt ion e f f i c i enci es were 

cal cu l at ed by as suming pla sma volume s of  7% of  body we ight and a s  
described on  page 50 . 

Ca l f  I gM fed so s24 
548 6_ I gM24 E f f  % 

No  g/kg B .W .  mg/ml mg/m1 mg/ml mg/ml 

1 . 01 0 . 460 0 . 04 1 . 95 1 . 59 1 . 90 28 . 9  

1 . 02 0 . 21 6  0 . 07 1 . 47 1 . 13  1 . 40 45 . 4  

1 . 03 0 . 431 0 . 91 2 . 81 2 . 43 1 . 90 30 . 8  

1 . 04 0 . 374 0 . 05 1 . 1 0  0 . 80 1 . 05 1 9 . 7  

1 . 05 0 . 4 10  0 . 09 2 . 08 1 .  76 2 . 00 34 . 1  

1 . 06 0 . 273 0 . 04 1 . 1 3  0 . 98 1 . 1 0  28 . 2  
1 . 07 0 . 543 0 . 06 2 . 91 2 . 58 2 . 87 37 . 0  

1 . 08 0 . 528 0 . 05 1 . 55 1 . 1 9  1 . 50 1 9 . 9  
1 . 09 0 .417  0 . 04 1 . 24 ' 0 . 99 1 . 20 20 . 1  

1 . 1 0  0 . 229 0 . 85 2 . 62 2 . 81 1 . 76 59 . 9  

1 . 1 1  0 . 581 0 .50 1 . 50 1 .50 1 . 00 1 2 . 0  

1 . 1 2  0 . 224 0 . 09 0 . 86 0 . 68 0 . 77 24 . 0  
1 . 1 3  0 . 555 0 . 08 2 . 98 2 . 81 2 . 90 36 . 6  
1 . 1 4  0 . 552 0 . 04 1 .48 1 . 21 1 . 40 1 7 . 7  
1 . 1 5  0 . 2 1 9  0 . 07 1 . 38 1 . 28 1 . 25 40 . 0 
1 . 1 6  0 . 1 1 9  0 . 20 1 . 1 3 1 . 07 0 . 91 5 3 . 5  

1 . 1 7  0 . 305 0 . 05 2 . 00 . 1 . 76 1 . 95 44 . 7  
1 . 1 8  0 . 1 37 0 . 07 1 . 51 1 .42 1 . 44 7 3 . 5  

./" 
1 . 1 9  0 . 158 0 . 06 1 . 38 1 . 1 1  1 . 32 58 . 5  

Symbols used l see  footnote of  Appendi x  1 0 .  
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Appendi x  1 4  

The amounts o f  sheep s erum IgG2 fed ( g/kg B .W . ) and absorbed 

into  the b l ood ( mg/ml ) o f  1 0  newborn c a lves fed wi thin  2 to 6 hours 

of post  nat a l  l i fe .  Apparent e f f i c i enci es of absorpt i on were 

ca l cul ated by assuming plasma volumes of 7% of body weight and a s  

des cribed on  page 50. 

Ca l f  No . IgG2 g iven s
24 

( mg/ml ) E f f % 

( g/kg B .W .  

X 1 0-3 ) 

1 . 05 1 4 . 0  < 0 . 04 < 20 

1 . 06 25 . 0  < 0 . 04 � 1 1  

1 . 08 1 7 . 4  0 . 040 1 6 . 0  

1 . 09 31 .0  0 . 065 14 . 6  

1 . 10 1 6 . 5  0 . 060 25 . 5  
' 

l . l l  31 . 0  0 . 080 1 8 . 0  
L 1 . 12  30 . 6  0 . 1 05 24 .0  

I 
1 . 13  45 . 0  0 . 1 20 1 8 . 7  

1 . 14  36 . 8  0 . 1 00 1 9 . 0  

1 . 15  29 . 8  0 . 052 1 2 . 2  

Symbol s  used & see footnote o f  Appendi x  1 0 .  
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Append i x  1 5  

The amounts o f  sheep serum I gG2 fed ( g/kg B .W . ) and abs orbed 

i nto the b l ood ( mg/ml ) at 24 hours pos t  feed i ng in 20 newborn ca lves 

fed with i n  2 hours of  post  nat a l  l i fe and then a l l owed to rema in  w i th 

the i r  dams f o� two days . Apparent e f f i c ienc i e s  o f  absorpt i on were 

ca l cu l ated by a s suming plA sma volumes of 7% of body weight and a s  
described on  page 50. 

Ca l f  N o .  B .W .  ( kg )  Sheep I gG2 IgG2 E f f  % 
fed ( g/kg absorbed o f  

-3 B .W .  x 1 0  ) ( mg/ml ) absorpt i on 

2 . 01 40 . 0  21 . 5  0 . 095 30 . 9  

2 . 02 31 . 5  35 . 8  0 . 1 25 24 . 4  

2 . 03 - 34 .5  33 . 0  0 . 1 36 28 . 8  

2 . 04 35 .5  24 . 2  0 . 088 25 . 4  

2 . 05 36 .0  23 . 9  0 . 065 1.9 . 0  

2 . 06 43 . 5  1 9 . 7  0 . 070 24 . 9  

2 . 07 40 . 0  21 . 5  ' 0 . 096 31 . 3  

2 . 08 45 . 0  1 9 . 1  0 . 040 1 4 . 7  

2 . 09 3 8 . 0  22 . 5  0 . 1 1 0 34 . 2  

2 . 1 0  36 . 0  23 . 6  0 . 1 05 31 . 1  

2 . 1 1  36 . 5  23 . 6  0 . 050 1 4 . 8  

2 . 1 2  32 . 5  26 . 3  0 . 1 1 0 2 9 . 3  

2 . 1 3 30 . 0  28 . 6  0 . 130 31 . 8  

2 . 14 22 . 5  50 . 2  0 . 180 25 . 1  

2 . 15 3 0 . 5  27 . 8  0 . 090 22 . 7  

2 . 16 41 . 5  20 . 7  0 . 080 27 . 1  

2 . 1 7  32 . 0  16 . 6  0 . 063 26 . 6  

2 . 1 8 36 . 5  1 9 .5 <. 0 . 040 < 1 4 . 0  

2 . 1 9  38.0  1 6 . 0  <. 0 . 040 < 1 7 . 0  

2 . 20 3 2 . 5  20 . 6  <.Q . 040 < 1 3 . 0  



Append i x  1 6  

The 24-hour and 48-hou r l eve l s  o f  s e rum I gG ,  igG2 , I gA and I gM i n  20 newborn ca l ve s  l e ft with  

thei r  dams for 48 hou rs . 

Ca l f  N o . I gG I gG2 

5
24 

5
48 

5
24 

5
48 

5
24 

( mg/m1 ) ( rng/ml ) ( mg/rn l ) ( mg/m ) ( R SA/ml )  

2 . 01 42 . 0  39 . 9  l .  74 l .  70 2 . 85 
2 . 02 47 . 8  44 . 2  1 .  74 1 . 93 3 . 45 
2 . 03 24 . 5  21 . 3  0 . 77 0 . 74 1 . 72 
2 . 04 9 . 5 8 . 1  0 . 5 8  0 . 54 1 . 30 
2 . 05 2 . 0  1 8 . 5  0 . 03 1 . 09 0 . 07 
2 . 06 34 . 3  3 1 . 7  1 . 97 1 . 93 5 . 40 
2 . 07 1 9 . 1  20 . 1  1 . 32 1 . 32 2 . 92 
2 . 08 27 . 5  25 . 7  2 . 01  1 . 84 2 . 35 
2 . 09 27 . 1  22 . 1  1 . 40 1 . 32 3 . 5 8  
2 . 1 0 6 . 9  NO  0 . 54 NO 0 . 5 8 
2 . 1 1 43 . 2  NO 1 . 05 NO 1 . 72 
2 . 1 2 3 2 . 6  NO 0 . 90 NO 1 . 30 
2 . 1 3  55 . 6  NO 1 . 32 NO 3 . 90 
2 . 1 4 76 . 2  NO 1 . 93 NO 6 . 20 
2 . 1 5 22 . 7  NO 1 . 24 NO 2 . 00 
2 . 1 6 21 . 1  NO 1 . 1 0  NO 2 . 1 0  
2 . 1 7  52 . 2  49 . 2  1 . 03 0 . 88 4 . 75 
2 . 1 8  1 02 . 2 82 . 2  1 . 93 1 . 80 7 . 95 
2 . 1 9  1 6 . 0  1 4 . 9  0 . 63 0 . 61 1 . 32 
2 . 20 62 . 0  58 . 4 ? . 62 2 . 43 7 . 1 0  

--

NO* = Not det ermined , b c c CJ u s c  s e :-:-1p 1 e s  v:er e  not t a ken . 
Symb o l s  u s ed - refer  foot n o t e  o f  a ppend i x  1 0 .  

I gA I gt� 

5
48 

5
24 

5
48 

( RSA/m1 ) ( mg/ml ) ( mg/m1 ) 

1 . 90 1 .  70 1 . 66 
2 . 50 4 . 1 0  3 . 86 
1 . 1 9  1 . 28  1 . 26 
0 . 85 0 . 67 0 . 56 
1 . 32 0 . 08 1 . 55 
3 . 60 2 . 85 2 . 62 
2 . 40 0 . 62 0 . 56 
1 . 41  2 . 52 2 . 52 
2 . 35 1 . 5 9  1 .5 0  
N O  0 . 29 N O  
NO 2 . 1 0 NO 
NO 1 . 55 NO 
NO 3 . 29 NO 
N O  4 . 20 �m 
NO 2 . 1 8  N O  
NO 2 . 03 NO 

3 . 20 2 . 69 1 . 97 
5 . 70 4 . 20 3 . 50 
0 . 75 0 . 77 0 . 67 
6 . 00 3 . 30 3 . 04 

\.0 � . 



Append i x  1 7  

F igure 1 

An  exampl e  o f  s t a ndard curve for determination o f  co lo stra l i mmuno

g l obu l in concent rat i on by Biuret  rea ct i on method (Gornal  et  �' 1 949 ) 

p l otted u s i n g  bovine serum a lbumi n  ( BSA ) . 

F igu re 2 

A n  examp le  o f  standard curve for det erminat i on o f  c o l ostra l c a se in  

c ontent by dye bind i ng meth od ( Dolby , 1 961 ) p l ot t ed us i ng s k im 

m i l k  powder . The sk im  m i l k  cont a i ned 2% moi s t ure and 40 . 3% prot e in 

( moi s ture free bas i s ) o f  which  77% was case in . 
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F igu re 3 
An example o f  s tandard curve for determi nat ion o f  I gG ,  IgG l ,  and I gM 

by rad i a l  immunod i ffus i on method , p lotted  on semi l ogarithmi c graph 

pa per . 

F igur e  4 

An e xamp l e  o f  standard curve for dete rrr.ination o f  I gA �n  serum a nd 

co l o st rum saffip le s ,  expres s ed as re l a t ive to concent rat i on o f  s e rum 

I gA ( RSA ) . The graph wa s pl otted  u s i ng d i luti ons of bovine serum 

and rechecked with d i lut i ons o f  bov i ne c ol ostra l whey . 

F igure 5 

A n  e xample o f  st andard curve for determinat ion o f  sheep I gG2 by rad ia l 

i mmunod i f fus i on method , p l ot ted on sem i  logar ithmic graph paper . 
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APPENDIX 1 7 - continued 

Standard curve for IgG, IgG2 and I gM  
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APPENDIX 1 7  - continued 

Stru1dard curve · ror I gA  
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APPENDIX 1 7 - continued 

S tandard curve �or sheep IgG2 
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