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ABSTRACT

An attempt has been made to assess the accuracy of the radial 

immunodiffusion (RID) technique when utilized to determine bovine 
colostra! immunoglobulin (Ig) levels. Colostrum samples collected 

from nursed and unnursed dams within 24 hours postpartum were analyzed 

for the major chemical constituents present. RID was performed on 
different colostra! fractions (whey, whole or fat-free colostrum) to 

determine total Ig levels. Total Ig values were compared to standard 
values and a percent error was computed. No statistical differences 
were observed between the standard and whole or fat-free colostrum 

values. A statistical difference was noted between the standard and 

whey values. The difference was attributed to enhancement or interfer

ence of Ig diffusion by the various colostral constituents present. 

Removal of casein and fat during whey preparation caused a concentrating 

effect upon the Ig constituents, thereby producing mean Ig values 

greater than the standard. Different solvents were investigated to 

determine their influence upon Ig diffusion characteristics through 

the agarose gel. Physiological saline, blood serum and colostral whey 

produced increasingly larger ring diameters, respectively, for a 

given concentration of purified bovine IgG.

A practical field test for the estimation of bovine gamma

globulin levels was developed based upon the linear relationship between 

colostral specific gravity and gammaglobulin concentration.

viii



chapter 1

INTRODUCTION

Bovine colostra! immunoglobulin (Ig) concentrations can be 
determined by various analytical techniques (1, 9, 22, 28, 50). Each 

technique is based upon specific properties of the immunoglobulins and 

different colostral fractions, e.g., whey, whole or fat-free colostrum, 

thus making it difficult, if not impossible, to standardize quantita
tively the concentration of immunoglobulins in colostrum. The compari

son of results from different laboratories is made difficult by the use 
of varied techniques and colostral fractions

The concentration of colostral immunoglobulins has been suggested 

as an important factor in the transfer of passive immunity in the bovine 

neonate (18, 20, 32). No techniques for determining colostral Ig levels 
have been reported for field application. A technique that would allow 

a rapid determination of colostral immunoglobulins would provide assur

ance to the dairyman that the neonates were receiving colostrum contain
ing adequate levels of immunoglobulins.

. The purpose of this experiment was to develop a technique based 
upon radial immunodiffusion that provided values consistent with an abso

lute standard. During the course of the experiment a relationship was 

noted between the specific gravity of the colostrum and the concentra
tion of gammaglobulins. A rapid field test for the determination of 

colostral Ig levels was then developed.

1



CHAPTER 2

LITERATURE REVIEW 

Introduction

The, following literature review is divided into two sections. 
Section one delineates the various techniques used to determine colos- 

tral Ig concentration with emphasis upon the RID technique and potential 

sources of error therein. Section two discusses the relationship be
tween colostral Ig concentration and serum Ig concentration in the 
bovine neonate. Rapid field determination techniques for the assessment 

of the transfer of passive immunity are also discussed.

A brief synopsis of the following literature review is found in 
the introductions to Chapters 3 and 4, which have been written in a pub

lishable format.

Radial Immunodiffusion Assay

Analytical methods for the determination of ,Ig concentrations 
in blood serum and colostrum are vital tools in the study of passive 

immunity. Although several methods have been developed for this pur

pose (1, 9, 22, 28, 30, 33, 46, 50), most of these were developed to 

evaluate blood serum Ig concentration. Of these methods, RID and 

electrophoresis are primarily used for the determination of colostral 
Ig levels. The RID technique is the method most commonly used in 

studies concerned with passive immunity and is one of the few techniques 

capable of distinguishing between individual classes of immunoglobulins.
2
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Electrophoresis has also been employed to quantitate specific serum and 

colostral proteins but is usually limited to diagnostic clinical medi
cine. The magnesium sulfate precipitation method can only quantitate 

total gammaglobulin levels and cannot be utilized to study the passive 

transfer of specific classes of immunoglobulins. Zinc sulfate turbid
ity has been used to quantitate gammaglobulin levels in whey (34), al
though this technique has not been substantiated for whey.

Originally the RID method was developed to assay toxin- 

producing ability of different strains of Corynebacterium djptheriae 

(39). Over the years the RID assay has undergone numerous modifica

tions to finally become a quantitative analytical technique (10, 11,

28). The RID method has been used extensively for the quantitation of 
blood serum immunoglobulins (4, 17, 44), and more recently to evaluate 

the Ig levels in colostrum (27, 34, 43). However, there is much dis

crepancy in the literature concerning the preparation of colostrum for 
RID analysis. Mach and Pahud (27) first centrifuged the colostrum to 
remove the fat, then precipitated the casein with either acid or rennin, 

and finally used the supernatant or whey for RID analysis. McGuire et 

al, (34) prepared whey by centrifuging the colostrum and pipetting the 

"whey" from underneath the fat layer. Smith et al. (56) prepared whey 

similar to Mach and Pahud but clarified the whey by a second centrifu

gation. Klaus, Bennett, and Jones (17) prepared whey similar to Smith 
et al, (56) except the whey was restored to its original pH. Penhale 
and Christie (43) used high-speed centrifugation to clarify the colos
trum. Table 1 lists the various whey preparation techniques and Ig 

values obtained by several researchers. The wide variation in Ig values



Table 1. Comparison of bovine whey preparation techniques 
and resulting immunoglobulin concentrations

Milligrams per milliliter
Researcher Whey Preparation Technique IgG1 lgG2 IgM IgA Total

Klaus et al» (17)
1, centrifugation 
2P fat removal
3P casein precipitated with acid 
4. reneutralization

+43.3 - 14.0 3.2 t 1.7 m 46.5

Penhale and Christie (43) 1. high speed centrifugation
2. fat removal 34.1 t 2.1 4.9 t 0.4 NA 39

Mach and Pahud (27)
1. centrifugation
2. fat removal
3. casein precipitated with acid or

75.0 1.9
rennln

4.9 4.4 85.2

Butler (6) Not indicated 33.8 3.6 HA 2.0 39.4
Brandon, Watson, and 
Lascelles (4)

1, cent rifugatIon
2, fat removal
3, casein precipitated with rennet

79.2 t 6,5 5.2 f 0.8 10.7 - 1.3 6.5*1 a 102.0

Penhale et al. (45) 1» high speed centrifugation 
2» fat removal 36.0 5.1 6.9 48.0

McGuire et al« (34) lo centrifugation 
2, fat removal 139.5 t 53.7 8.1 - 3.3 NA 147.6

Porter (47) 1. casein precipitated using ultra-centrifugation gg % 2.5
2. fat removal 9.2 3.4 103.3

Wilson et al» (61) 1, casein precipitated using ultra-centrifugation + +
2. fat removal 34,0 " 11•4 3*5 ~ 1.2 3.9 t 1.1 1,5*0,6 42.9

Beef cattle
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may be attributed to several factors: two of which may be the whey
preparation and RID standardization techniques. Additional factors 

such as time of colostrum collection, breed differences (18), geo

graphic location, time of the year, and sample size (7) may also con

tribute to the variability. Due to the additional factors, the effects 
of whey preparation technique on Ig values are difficult to assess.

Standardization of RID analysis is based upon standard reference 

antigens of each Ig class (10), Normal blood serum or colostral whey is 
compared to these reference antigens and the levels of each Ig class de
termined. Aliquots of this serum or̂  whey are then used as working stan

dards, with no attempt made to ascertain the absolute levels of Ig found 
within the working standard. The resulting values obtained by the RID 

method may be in error due to possible interference or enhancement of 

diffusion by other components found in the serum or whey working stan

dard (40). When standardizing the serum or whey working standard against 
the isolated and purified IgG, IgM or IgA, the suspending fluid (or 
diluent) for the isolated Ig may be significantly different than blood 

serum or whey. The differences in diluent may produce differences in 
diffusion of the immunoglobulin through the agar gel (40). During the 

working whey standardization process, for example, the whey components, 

which are different than the saline or serum in which the reference pro

teins are dissolved, could either interfere or enhance the diffusion of 

the whey immunoglobulins, thereby altering ring diameters and resulting 
concentration values.

In electroimmuno assay work, high molecular weight proteins 
(>200,000) have been found to block the gel pores, resulting in
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irregular precipitin lines (22)„ Irregular precipitation may also re
sult from contaminating particles found in the undiluted sera blocking 
the gel pores (22). When using whey, contaminating particles such as 

albumin, lactose or residual fat may interfere with or enhance the mi
gration of Ig through the agar gel. In electroimmuno assay work all 

/
samples are clarified and diluted with a standard electrophoresis buf
fer to minimize the error due. to high molecular weight proteins and 

contamination. There is no indication in the literature that this 
clarification and dilution is a necessary requisite to perform RID 

analysis. Fahey and MeKelvey (10) altered the concentration of the 

antisera to produce ring precipitates that were easily read in the 
range of the protein concentration tested. They further pointed out 

that the problems induced by polydisperse molecules in all gel diffu

sion systems may be reduced if a standard reference protein is used and 
if the size distribution of the molecules is similar in the test sample. 
Nowhere in the literature is it directly implied that the standard ref

erence protein be suspended in a fluid similar in composition to the test 

sample.

Few experiments have been performed to determine the accuracy 
of the RID method when analyzing whey, whole or fat-free colostrum.

There is much variability in the literature as to which colostra! frac

tion to employ for RID analysis. A standardized whey preparation pro
cedure is required to insure consistent results between laboratories. 
Furthermore, uniform procedures in Standardization must be developed 

to insure the attainment of absolute values when performing RID
analysis.
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Rapid Field Determination Techniques for the 

Assessment of the Transfer of Passive Immunity
There are no practical field methods for determining colostra!

Ig concentrationsMost methods of colostrum analysis are expensive, 
time-consuming and require sophisticated equipment (22, 28, 50). On- 
the-farm assessment of transfer of passive immunity is generally lim
ited to an evaluation of husbandry procedures and post-colostral 

neonatal blood serum Ig determinations using either a refractometer 

(48), sodium sulfite precipitation (46) or zinc sulfate turbidity meth
ods (33). The principal disadvantage of these rapid blood serum Ig 

determination techniques is their inability to predict or detect an 

incipient failure in the transfer of passive immunity.
Calves are usually born agammaglobulinemia and acquire passive 

immunity by the ingestion and absorption of immunoglobulins from colos

trum (55). Selman, MeEwan, and Fisher (53) found no instances of 

agammaglobulinemia in calves fed colostrum. However, others have found 

calves that remained virtually agammaglobulinemic despite the ingestion 

of colostrum (13, 17). Precise information concerning the volume and 

Ig concentration of the colostrum fed and the method and time of feeding 

is lacking in these latter instances. Selman, McEwan, and Fisher (52) 
concluded that the ingestion of large amounts of colostrum does not in

sure correspondingly high serum Ig levels. High correlations between 
low post-colostral serum Ig levels and susceptibility to. disease have 
also been reported (13, 16, 31, 44).

Kruse (18) stated that a heifer or cow should yield at least 

2 kg of colostrum with at'least 5% Ig at first milking postpartum
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(which is equivalent to a concentration of approximately 50 mg/ml).

Kruse also concluded that some of the cases of post-colostral hypo
gammaglobulinemia in calves may be due to inadequate amounts of Ig in 
the colostrum. Logan (23), in close agreement with Kruse, reported that 
the calf should receive a minimum of 1.42 liters of first-milking 

colostrum.

Meyer and Steinbach (35) recommended that 2 liters of colostrum 
be given as soon as possible and not later than 8 hours after birth. 

Stott et al. (58) also recommended 2 liters of colostrum be given within 
4 hours postpartum to achieve a maximum absorption rate. Kruse (1.9) 
noted that the post-colostral serum Ig concentration was primarily a 

function of the mass of Ig fed and the age of the calf. He also noted 
that the absorption coefficient appeared to be unaffected by the Ig 
concentration in the colostrum and also by the quantity of Ig given to 

the calf. The absorption coefficient which expresses the absorbed 

fraction of a given amount of Ig is primarily a function of the age of 

the calf at first feeding. Kruse speculated that the gut of the neo
natal calf has a large absorption capacity and is capable of compen

sating for low levels of Ig by utilizing large volumes of colostrum. 
Stott et al. (59) found that body weights Or pooled colostra! Ig concen
tration had no influence on the maximum serum Ig concentration. They 

also concurred with Kruse that colpstral Ig concentration had no effect 

upon the absorption coefficient. However, the amount of Ig absorbed by 

the neonate depends at least in part upon the mass of Ig consumed (5,
19, 32). Logan, Penhale, and Jones (25) and Selman et al. (52) sug

gested that the variation in post-colostral serum Ig levels may be a
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result of differences in both intake and quality of the colostrum.

These differences may account for the lack of correlation noted by 
various researchers between colostral Ig concentration and post- 
col ostral serum Ig levels in the bovine neonate.

Bush, Aguilera, and Adams (5) found a correlation (p < 0.01) 
between the grams of Ig consumed per 50 kg body weight and the post- 

col ostral serum Ig concentration. Differences in the Ig consumed per 
unit weight accounted for 68% of the variation in Ig serum concentra

tion. Bush et al. concurred with McGuire et al. (34) that other fac
tors undoubtedly play a role in determining the post-colostral serum Ig 
concentration in the bovine neonate. MeEwan, Fisher, and Selman (32) 
found a relationship (p■d0.02) between the amount of globulin present in 

colostrum and the amounts of Ig absorbed. They concluded that 1.42 g Ig 

per kg body weight must be obtained in order to provide protection from 

neonatal calf disease. MeEwan et al. further estimated that a volume of 

3.25 liters of colostrum with a whey concentration of 80 mg/ml must be 
fed to the neonate to. insure survival.

Smith, O'Neil, and Simmons (54), McGuire et al. (34) and Klaus 

et al. (17) found no significant correlation between colostral Ig con
centration and the calves' post-colostral serum Ig concentration. Sev

eral researchers have found that absorption efficiency of Ig is 

dependent upon time and amount of colostrum ingested (17, 19, 59).

Meyer and Steinbach (35) concluded that the Ig concentration in colos
trum was important, since all calves that died in their experiment had 

received less than 80 grams of Ig. Kruse (18) conducted a similar ex

periment that supported the findings of Meyer and Steinbach (35).
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Following first milking, the Ig concentration of the subsequent mammary 
secretions rapidly declined (47). This extremely rapid decline in 

colostral Ig content is of great importance if Ig concentration is in
deed related to the Subsequent post-colostral serum Ig concentration„

Based upon the above literature, one may conclude that colostral 
Ig concentration is probably an important factor in the passive transfer 

of immunity. A rapid field determination of colostral Ig levels would 
allow the dairyman or practitioner to selectively feed colostrum of 
adequate Ig concentration to help insure the passive transfer of immur 
nity to the neonate.



CHAPTER 3

THE EFFECTS OF COLOSTRAL COMPONENTS ON THE- QUANTITATION 

OF BOVINE IMMUNOGLOBULINS USING RADIAL 
IMMUNODIFFUSION ANALYSIS

6

Introduction
The radial imtaunod if fusion (RID) technique has been used ex-, 

tensively to quantitate specific serum and colostra! proteins. Tra
ditionally the RID type of precipitin reaction is performed by 

incorporating antisera into the agarose gel at a uniform concentration, 

and then introducing antigen into a well where it diffuses through the 

gel and reacts with the antisera. A precipitin line forms around the 

well at the zone of equivalence where antisera and antigen concentra
tions are equal. The diameter of the resulting precipitin ring is 

proportional to the antigen concentration.
Originally the RID method was employed to assay toxin-producing 

ability of different strains of Corynebacterium diptheriae (39). Over 

the years the RID technique has undergone numerous modifications to 
finally become a quantitative analytical technique (10, 11, 28). The 

RID technique has become highly diversified and has been employed in 

the analysis' of a variety of substances such as: blood serum, colos

trum, saliva, and nasal secretions. Radial immunodiffusion has been 
used extensively for quantitation of blood serum immunoglobulins (4,
17, 44), and more recently, to evaluate Ig levels in colostrum (27,
34, 43).

11
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In the literature various methods have been described concerning 

the preparation of colostrum for RID analysis. Table 1 lists the various 
whey preparation techniques and respective Ig values obtained by several 
researchers. The large differences in Ig values may be attributed to 
several factors: two of which may be the whey preparation and RID stan
dardization techniques. Additional factors such as time of colostrum 

collection, breed differences (18), geographic location, time of year, 

and sample size (7) may also contribute to the variability. Due to the 

additional factors, effects of whey preparation technique on Ig values 
are difficult to assess.

Various studies have also been conducted to determine factors 
that affect the RID assay (11, 28, 40). Some of the factors include: 
temperature, incubation time, pH, agar type, solvent volume, antisera 
and antigen concentration. Most of these factors have been standard

ized so as to produce uniform results. However, Ouchterlony (40) re

ported another factor, the presence of extraneous substances in the 

reagent layer, that may affect the diffusion of the antigen. Some 

examples of these non-specific extraneous substances are: mammalian
sera, phosphate, glucose and polyvinylpyrrolidene. He also pointed out 
that increased saline or protein content of the medium has been found to 

enhance diffusion. No attempt has been made to determine whether the 

properties of colostrum as a suspending fluid differ significantly from 
either saline or serum which have been commonly used to suspend the ref

erence proteins during RID standardization. A difference in diffusion 

potential due to the suspending fluid may cause incorrect ring diameters 

and subsequently incorrect concentration values. The purpose of this
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experiment was to determine the effect that suspending fluid had on the 

resulting Ig values. Additionally, an attempt was made to find the best 
colostral fraction to utilize when performing RID analysis.

Materials and Methods 

Collection of Colostral Samples
Colostrum samples were collected from nursed and unnursed 

Holsteitt-Ftiesian dams within 24 hours postpartum. Each sample was im

mediately aliquoted into separate analysis tubes and placed on ice for 
transport. Quantitative analysis was performed on the fresh samples
within one week of collection, during Which the samples were stored at
p o4 C . An aliquot of each fresh sample was frozen at-10 C and was used
only if repeats were required after one week post-collection. Duplicate

determinations along with a standard sample were made for each analysis
with a maximum of 5% error allowed.

Specific Gravity Determination

Specific gravity was determined for each sample immediately after 

collection by use of a hydrometer calibrated in increments of 0.002 g/ml 

with a range of 1.000 to 1,220. Several readings were obtained for each 
colostrum and an average value calculated.

Total Solids Determination

Total solids were determined by the method outlined in A.O.A.C. 

(2). The sample was first heated on a steambath for 10 to 15 minutes 
then oven-dried at 100°C - 2°C for three hours.
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The sample was cooled to room temperature in a desiccator and 

weighed to the nearest 0.1 mg.

Lactose Determination
Lactose was determined by the method of Teles, Young, and Stull 

(60). This method is a colorimetric determination based upon the com

bined action of phenol, sodium hydroxide, picric acid and sodium bi

sulfite with lactose.

Fat Determination •

The fat content was gravimetrically determined by extraction of 

the fat from an. ammoniacal alcohol solution of colostrum with diethyl 
ether and light petroleum as outlined in A.O.A.C. (2). The solvents were 

evaporated and the residue weighed to the nearest 0.1 mg.

Protein Determination

Total nitrogen, non-casein nitrogen, non-protein nitrogen and 

globulin nitrogen were determined by Roland's method (50, 51). The 

total nitrogen, globulin and non-protein nitrogen were directly deter
mined and the casein, total protein and albumin values were obtained by 

difference. The macioKjeldahl procedure was utilized rather than the 
microKjeldahl procedure recommended by Roland (51).

A globulin spike determination using purified bovine gamma

globulin (36) was employed to assess the accuracy of the magnesium sul

fate precipitation and Kjeldahl procedures. Bovine gammaglobulin was 

added to a colostrum sample in 0.5 g increments beginning at 6.8533 g 

per 100 g colostrum and ending at a concentration of 10.7853 g per 100 g.
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The spiked colostrum samples were then analyzed according to the pro

cedure outlined above and the results compared to the theoretical glob
ulin values. The percent error increased from a minimum of 2.6 to a 
maximum of 9.3 at the greatest spike concentration. Further trials 

demonstrated that during the,initial acid precipitation of casein, small 

amounts of globulin were inadvertently precipitated. The amount of glob
ulin precipitated increased with increasing globulin concentrations.
Many of the colostrum samples assayed were equal to or less than the 
starting spike concentration, and thus, the error due to acid precipi
tation of globulin was considered negligible.

Colostra! Whey Preparation

Whey was prepared from colostrum, by rennin precipitation and
ocentrifugation at 8000 x g at 5 C for one hour. The clear supernatant 

was then carefully separated from the casein-fat layer and stored at 
-10°C.

Fat-Free Colostrum Preparation

Fat-free colostrum was prepared by centrifugation at 1650 x g
o oat 5 G for ten minutes. The tubes were then chilled at -10 C for ten

minutes to solidify the fat rim. The fat-free supernatant was then
carefully pipetted from underneath the fat layer and stored at -10°C.

Radial Immunodiffusion Analysis

Whole colostrum, fat-free colostrum and whey were assayed for 

IgG and IgM using the radial immunodiffusion gel procedure (10). Anal

ysis for IgA utilized micro-diffusion discs as described by Masseyeff
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and Zisswiller (29), Antisera to bovine IgG, IgM, and IgA were pre
pared in rabbits by methods described by Campbell et al. (8). The 

specificity of all antisera was determined by Ouchterlony plates and 
Immunoelectrophoresis. The standards utilized for RID plates were 

quantitated by Lowry protein determinaition (26) and verified by Quanti
tation Kits available from Miles Laboratories (36).

Experimental Procedure for Determining the 
Effects of Solvent on RID

Reference Protein Preparation; 30 mg of purified bovine IgG

(42) was suspended in 1.00 ml of either physiological saline, agamma-
aglobulinemic bovine blood serum or bovine milk whey. Each reference 

protein solution was then serially diluted to 1/128 in quadruplicate 

using the same diluent that was Originally used to suspend the purified 
protein.

Agarose Gel and Plate Preparation. 11 agarose immunodiffusion 

tablets (3) were suspended in 52.7 ml of deionized water by heating on 

a boiling water bath. After the agarose solution was transferred to a 
56 C water bath and allowed to equilibrate, 2.3 ml of rabbit-antibovine 

IgG serum was added and thoroughly vortexed. This agarose-antisera solu
tion was then transferred, in 12 ml aliquots, to four 8.3 x 10.2 cm glass 
plates and allowed to solidify.

The bovine milk whey was found to be slightly contaminated 
( 0.2 mg/ml) with IgG. The ring diameter for the pure whey was 
smaller than the lowest dilution (1/128) of the whey reference protein 
solution.
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Inoculation and Incubation of Agarose Gel Tlates. wells were 

punched into the agarose gel and the plugs were removed by suction.
Using a 2.5 yul inoculum per well, each plate was inoculated with a com
plete serial dilution from the three reference protein suspensions. 
Finally, the plates were incubated for 30 h at 4°C in a humidifier and 

ring diameters determined using a Vubox (14).

Statistical Analysis

The data were analyzed using a statistical computer package (38). 
In addition, analysis of variance was performed using two-way and split- 

plot three-way factorial designs with one observation per cell (37).

Means were compared by the least significant difference test (LSD) 
described by Steel and Torrie (57).

Results

The major constituents of 14 fresh bovine (Hoistein-Ffiesian) 

colostrums were assayed and the resulting data tabulated in Table 2.
In addition, radial immunodiffusion was performed on whey, whole and 

fat-free colostrum for each respective sample and the results compiled 

in Table 3. Total Ig was computed for the three colostral fractions of 
each sample and compared to the standard magnesium sulfate globulin 

value for each sample. The standard globulin value, although measuring 

total gammaglobulin, has been accepted to represent the total Ig level 

in. colostrum (21, 49). The percent errors for the three colostral frac
tions of each sample in Table 3 Were then linearly regressed against the 

major constituents present in each respective colostrum sample. Casein 

was the only constituent found to be related (p/C 0.001) to the percent



Table 2 0 The quantitative analysis of bovine colostrum

Grams per 100 grams secretion

Sample
Number

Specific
Gravity

Total
Solids Lactose Fat

Total N
(I)

Non-
Casein N

(i d

Non-
Protein N

(in)
Globulin

(IV)
Casein
(I-II)

Albumin
(ll-lH-IV)

Total
Protein
(I-III)

1 1.046 12.796 3.934 1.245 6.626 3.113 0.402 1.876 3.543 0.835 6.224
2 1.050 15.377 2.793 0.707 10.243 5.981 0.354 4.833 4.262 0.794 9.888
'3 1.062 24.811 2.379 3.653 17.952 13.416 0.342 11.532 4.536 1.542 17.679
.4 1.046 15.215 2.933 0.392 11.139 7.801 0.383 5.890 3.338 1.527 10.756
5 1.058 21.449 3.577 2.403 14.698 6.596 0.366 4.413 8.102 1.816 14.332

6 1.050 17.601 2.748 0.903 13.135 9.057 0.365 6.819 4.078 1.873 12.770

7 1.052 19.024 2.834 1.676 13.387 7.985 0.351 5.561 . 5.402 2.073 13.037
8 1.032 12.459 3.896 1.903 5.996 2.323 0.271 0.949 3.673 1.103 5.725
9 1.044 13.554 3.852 0.213 8.661 3.864 0.269 2.487 4.797 1.108 8.392
10 1.036 12.880 4.034 1.585 6.594 3.462 0.362 2.156 3.132 0.945 6.232
11 1.045 17.988 3.129 2.765 10.880 5.004 0.326 3.258 5.876 1.420 10.554
12 1.066 21.711 2.520 0.841 16.597 10.187 0.318 7.703 6.410 2.166 16.279
13 1.061 20.925 2.754 1.017 15.584 10.712 0.387 8.288 4.872 2.037 15.198
14 1.072 36.920 1.343 8.395 21.825 16.708 0.420 13.658 5.117 2.630 21.404

X 1.051 18.765 3.052 1.978 12.380 7.586 0.351 5.673 4.796 1.562 12.033

% c.v. 1.074 34.663 24.625 105.090 37,807 54.825 12.503 65.190 28.197 35.920 38.804



Table 3„ Radial immunodiffusion analysis of whey, whole and fat-free colostrum

Grams per 100 milliliters.secretion
Whole Colostrum Whey Fat-Free Colostrum

Sample
Number Globulin3 IgG ■ IgM IgA

Total
Ig % b Error IgG IgM IgA

Total
Ig

%
Error IgG IgM IgA

Total
Ig

%
Error

1 1.962 1,65 0.18 0.15 1.98 0.65 1.90 0.39 0.19 2.48 26.40 1.45 0.20 0.15 1.81 - 8 ,00
2 5.075 2.80 0.45 1.08 4.33 -14.67 4.65 1.14 1.48 7.27 43.26 3.05 0.75 1.08 4.88 , - 3.84
3 12.247 7.60 0.78 2,80 11.18 - 8.71 12.00 1.53 5.20 18.73 52,93 8.20 1.00 2.80 12.00 - 2.02

4 6.161 5.00 0.75 1.60 7.35 19.29 5.05 0.86 2.08 7.99 29.68 4.35 0.75 1.92 7.02 13.94

5 4.669 2.12 0.39 0.46 2.97 -36.39 5,30 1.32 0.64 7.26 55.49 2.25 0.50 0.46 3.21 -31.25
6 7.160 4.30 0.41 1.48 6.19 -13.54 6.00 0.86 1.60 8.46 18.16 4.70 0.50 1,48 6.68 - 6.70

7 5.851 3.10 0.45 1.28 4.83 -17.44 6.60 1.14 1.36 9.10 55.54 3.30 0.50 1.08 4.88 -16.59
8 0.980 0.77 0.19 0.12 1,08 10.24 1.00 0.38 0.15 1.53 55.66 0.78 0.21 0.12 1.11 13.30

9 2.596 1.60 0.29 0.32 2.21 -14.88 2.35 0.59 0.48 3.42 31.73 1.80 0.32 0.32 2.44 - 6.21

10 2.233 1.50 0.28 0.40 2.18 - 2.61 2.05 0.55 0.48 3.08 37,92 1.75 0.33 0,40 2.48 10.83

11 3.404 1.60 0.35 0.40 2.35 -30.97 2.90 1.16 0.46 4.52 32.77 2.00 0.46 0.35 2.81 -17.46
12 8.212 3.60 0.54 0.42 4.56 -44.47 8.00 1.80 0.92 10.72 30.54 4.40 0.54 0,42 5.36 -34.73
13 8.794 6.80 0.45 0.92 8.17 - 7.09 10.50 1.08 1.40 12.98 47.60 6.80 0.50 0.98 8.28 - 5.84

14 14.642 8.80 1.50 2.20 12.50 -14.63 13.60 2.80 3.50 19.90

8.39

35.91 8.80 1.50 2.40 12,70 -13,26

X 5.999 3.66 0.50 0.97 5.13 -12.5 5.85 i . u 1.42 39.5 3.83 0.58 1.00 5.40 - 7.7
% c.v. 66.10 69.03 67.69 83.83 69.04 136.89 67.32 57.46 98.84 67,68 31.05 66.40 59.72 86.45 66.95 190.41

a z
Globulin concentration was converted from mass/mass to mass/volume by using colostrum specific gravity and globulin values 

. from Table 2
Percent' error was computed by subtracting the globulin value from the total Xg value, dividing by globulin and multiplying VQ
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errors for the whole and fat-free colostral fractions. No relationships 
were found between the percent error for whey and any of the colostral 
constituents. In the whole and fat-free colostrum fractions, an increase 
in casein resulted in an underprediction of total Ig as indicated by the 
negative percent errors in Table 3.

During whey preparation, immunoglobulins are concentrated as a 

result of removing casein and fat from the sample. The concentration 
of immunoglobulins in whey would cause an overprediction of total Ig as 

indicated by the positive percent errors in Table 3. A correction 

equation (Table 4) was formulated based upon the volume of fat and 
casein removed from the colostrum. Correction equations were also com
puted for whole and fat-free colostrum based upon the regression coef

ficients obtained when percent error was regressed against casein.

Table 4 summarizes the means and percent errors for the three colostral 
fractions before and after employing the correction equations. As in
dicated, the percent error and standard deviation were reduced when the 
appropriate correction equation was utilized.

The total Ig and percent error means for each colostra! fraction 

were compared using the least significant difference test (Table 5). 

Statistical differences were found between total Ig for whey and the 

magnesium sulfate globulin standard, whole or fat-free colostrums. 

Statistical differences were also found between percent error for whey 

and the whole or fat-free colostrums.
The effects of plate, solvent and dilution upon RID are listed 

in Table 6. Highly significant effects due to solvent, dilution and 

solvent-dilution interaction were noted along with a small, but



Table 4. Summary table of total Ig and percent error means, standard deviations and correction 
equations based upon the results of radial immunodiffusion analysis of whey, whole 
and fat-free colostrum

Fraction
a
X

%
Error

7o Error 
Std. Dev. Correction equations

Mag. sulfate globulin 5.999 - - -

Whole colostrum 5.13 -12.5 0.171 -

Corrected whole colostrum 5.99 0.2 0.114 total 1% whole colostrum 
1,395 -(0,096 x casein)

Fat-free colostrum 5.40 - 7.7 0.147 -

Corrected fat-free colostrum 5.96 0.1 0.078 total Ig fat-free colostrum 
1,385 -(0,096 x casein)

Whey 8.39 39.5 0.123 -

Corrected whey 7.28 23.9 0.115 total Ig Whey(5-0,11 x fat-0.07 x casein)
5

^Grams per 100 grams
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Table 5. The least square means (g/100 g) for total Ig and percent 

error from the radial immunodiffusion analysis of whey, 
whole and fat-free colostrum

Fraction
X

mag. sulfate 
globulin

whole
colostrum

fat-free 
whey colostrum

Total Ig 5.999k 5.13b 8.39* 5.4b

•% Error -12.5d c d39.5 -7.7

a, bMeans 
LSD = 1.

with different superscripts are 
10 (p = 0.01)

statistically different.

C ̂ Means 
LSD = 6.

with different superscripts are 
87 (p = 0.01)

statistically different.

Table 6. The statistical analysis of the effects of 'solvent* 
dilution and plate during radial immunodiffusion

Source D.F. S.S. M.S. F P

Plate 3 0.4096 0.1365 5.871 0.05

Solvent 2 7.2609 3.6304 156.126 <0.001
aError-1 6 0.1395 0.0232

Dilution 7 871.1550 1 424.451 1.99 x 10 <0.001

Solvent-dilution
interaction 14 2.3541 0.1682 26.901 ^0.001

bError-2 63 0.3938 0.0662

aThe plate-solvent interaction, assumed to be zero, was used to test the 
effects of plate and solvent

The plate-dilution and plate-solvent-dilution interactions combined, 
assumed to be zero, were used to test the effects of dilution and 
solvent-dilution interaction
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significant effect due to plate. Table 7 lists the mean precipitin ring 
diameters per serial dilution for each plate-solvent combination. Sta
tistical differences occurred among the three solvent types with respect 
to ring diameter size: whey producing the greatest diameter, serum in?-

termediate and saline the smallest. Further statistical analysis of the 
solvent-dilution interaction (Table 8) demonstrated significant differ

ences between serum and"whey. With increasing dilution there was a 

corresponding increase in the effect of solvent on. Ig diffusion.

Discussion

The effect of sample or solvent type on RID analysis has not been 
thoroughly investigated to determine sources of potential error. Colos- 
tral Ig levels have been evaluated using RID under the assumption that 

whole colostrum or its respective fractions do not affect the diffusion 

characteristics of Ig through the agarose gel. Results from this ex

periment indicate that this assumption may not be valid. In addition, 

the different colostra! fractions, each with differing preparation meth

odologies, may contribute to the variability seen between laboratories 
(Table 1).

Colostra! whey has been utilized most frequently by researchers 
evaluating colostra! Ig levels. The primary justification for using whey 

was based upon the removal of interfering substances (i.e., casein) that 

may plug the gel pores. However, during whey preparation immunoglobulins 

are concentrated in the remaining solvent as a consequence of the removal 
of casein and fat. Subsequently, the results of RID analysis using the 

whey fraction are consistently high as indicated by the positive percent
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Table 7. The least square means for precipitin ring diameters from 

the statistical analysis of the effects of solvent, 
dilution and plate during radial immunodiffusion

Precipitin ring diameters^
Plate Saline Serum Whey

1 5.9750 6.5750 6.6875
2 6.0625 6.5625 6.6375
3 5.9750 6.4250 6.6750
4 6.2000 6.6250 6.7875
X 6.0531b 6.5469 6.69693

^The mean ring diameter size per 
combination is listed

serial dilution for each plate-solvent

k9C3 ̂ Means with different 
LSD = 0.0932 (p = 0.05)

superscripts are statistically different.

Table 8. Regression analysis of the solvent ̂-dilution interaction

Regression Coefficients3
Plate Saline Serum Whey

1 -0.6321 -0.6452 -0.6113
2 -0.6089 -0.6316 -0.5892

3 -0.6107 -0.6202 -0.6083

4 -0.6155 -0.6411 -0.6125

X
b,c

-0.6168 b-0.6345 c-0.6054

Regression analysis was performed using dilution and ring diameter as 
independent and dependent variables, respectively, for each plate-solvent 
combination. The resulting slopes for each combination are listed.
b,cMeans with different superscripts are statistically different.
LSD = 0.0272 (p = 0.05)
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error in Table 3. Some researchers have recognized the need to correct 

the Ig level based upon the proportion of whey in the colostrum sample 

(15). Due to the highly variable nature of the casein-fat matrix during 

whey preparation, the volume of whey exuded is not always constant. Be
tween the inconsistent whey volume and the concentrating effect upon the 

Ig due to the removal of casein and fat, highly unpredictable and inac
curate Ig values may result. Correction equations based upon the volume 

of casein and fat removed tend to decrease the variability, but do not 
account for all variability present.

Whole and fat-free colostrum have been shown to produce statis

tically reliable results when compared to the standard globulin value.

Whey was found to produce inaccurate results that were statistically dif
ferent from the standard globulin, whole and fat-free colostrum values.

In whole and fat-free colostrum RID. analysis, casein was found to inter

fere with the Ig diffusion through the agarose gel, and subsequently 

produced lower Ig values (Table 3). The effect due to casein can be 
virtually eliminated by using a casein correction equation (Table 4).

During the initial RID standardization, reference proteins, 

e.g., purified bovine IgG, are Suspended in physiological saline and 

used to standardize the working standard which consists of either blood 

serum or colostral whey. The working standard Ig levels, as determined 

by comparing precipitin ring diameters to the specific reference proteins, 

are then assumed to be the absolute value for that sample. However, the 
resulting Ig value for the working standard is relative to the diffusion 

characteristics of both the reference protein suspended within saline 
and the Ig suspended within the working standard solvent.
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The three solvents analyzed in the experiment were found to pro

duce different sized precipitin rings for a given concentration of puri
fied bovine IgG. Since saline has been used traditionally to suspend 
the reference proteins and blood serum used as the working standard, the 

differences in Ig diffusion between the two solvents may have resulted 
in erroneous working standard values. The precipitin ring diameter for 
a given concentration of saline or serum Ig would be equivalent to a 
larger ring diameter for whey with the same Ig concentration. Conse

quently, during whey standardization, a given whey Ig concentration will 
result in an exaggerated ring diameter, Unknown samples, when compared 

to the whey working standard, would be assigned artificially high Ig 

concentration values.

Differences between RID plates have been noted by other research
ers and determined to be within acceptable limits for analytical work 
(28). The solvent-dilution interaction noted by other researchers (28) 

may be of importance during the analysis of colostrum since, occasionally, 

the colostrum sample requires dilution to fall within the range of the 

standard. During RID plate standardization, the working standard is 

serially diluted and a standard curve derived by which the unknown sample 

concentration is determined. As a result of the solvent-dilution inter

action, the ring diameters from the serial dilution are not linearly re

lated, i.e., they tend to enlarge with increasing dilution.
Based upon the above discussion, a standardized method of colos

trum analysis may be derived. Whole colostrum, having no preparation 

requirement and exhibiting no statistical difference from the globulin 

standard, is recommended for RID analysis. The whole colostrum sample
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should be used undiluted, if possible, to minimize the effects due to the 

solvent-dilution interaction. The reference proteins should be suspended 
in a solvent of similar composition to the sample to be analyzed. In 
performing whole colostrum analysis, the reference proteins may be sus

pended in a milk sample that is devoid of gammaglobulins. In performing 

blood serum analysis, the reference proteins should be suspended in an 
agammaglobulinemic serum, e.g„, precolostral neonatal calf sera. The 

reference proteins, working standard and unknown samples should be 
diluted in identical volumes of solvent.



CHAPTER 4

A HYDROMETER TEST FOR THE ESTIMATION OF IMMUNOGLOBULIN 
LEVELS IN BOVINE COLOSTRUM

Introduction

Calves are usually born agammaglobulinemic and are totally de

pendent upon the absorption of immunoglobulins from maternal colostrum 

to achieve passive immunity (55). Selman et al. (53) found no instances 

of agammaglobulinemia in calves fed colostrum, while colostrum-deprived 

calves have been shown to die at a significantly increased rate (16). 
Penhale et al. (44) found a significant difference in the levels of 
serum immunoglobulin (Ig) between calves surviving versus those dying 

from septicemia. Gay et al. (13) noted a similar correlation between 

low post-colostral serum Ig levels and susceptibility to disease.
Kruse (18) stated that in order for an adequate post-colostral serum Ig 

level to be attained in the calf, the dam must yield a sufficient amount 

of colostrum with an acceptably high Ig concentration. He further stated 

that the post-colostral serum Ig concentration was primarily a function 

of the mass of Ig fed and the age of the calf (19). Other researchers 

have also noted that the quantity of Ig absorbed is related to the mass 
of Ig consumed (5, 19, 32). Furthermore, the mass of Ig consumed is con
tingent upon the volume and Ig concentration of the colostrum fed.

Meyer and Steinbach (35) considered the Ig concentration in colostrum to 

be important, since all calves that died in. their experiment had received

28
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less than 80 grams of Ig. An experiment performed by Kruse (18) sup

ports this view. McEwan et al. (32) further estimated that a volume of 
3.25 liters of colostrum with a whey Ig concentration of 80 mg/ml must 
be fed to the pre-colostral neonate to insure survival. Kruse (18) 
stated that a heifer or cow should yield 2 kg of colostrum with at 

least 5% Ig (which is equivalent to a concentration of approximately 
50 mg/ml).

The concentration of Ig in colostrum has been implicated to be 

an important factor in the attainment of adequate post-colostral serum 

levels in the neonate. The estimation of colostral immunoglobulins 

would permit the selective feeding of colostrum containing adequate Ig 

levels, thereby allowing the attainment of passive immunity by the neo
nate. For practical purposes the estimation technique should be simple 
and rapid with little cost per sample, so that colostral Ig concentra

tions of a large number of samples may be determined as easily as an 

individual sample.
Few methods for determining colostral Ig concentrations have 

been reported for field application. A technique based upon the rela

tionship between colostral specific gravity and gammaglobulin concen
tration has been developed that should satisfy the requirements for 
field applications.

Materials and Methods
Detailed materials and methods for the analysis of colostrum 

are given in Chapter 3.
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Results

A total of 29 bovine (Holstein-Friesian) colostrums were assayed 

for specific gravity and gammaglobulin levels. Fourteen colostrums were 
collected within 24 h postpartum and the remaining were collected imme

diately postpartum prior to suckling. According to the data presented 
in Table 2, a significant relationship (p < 0.001) can be demonstrated 

between total(solids and specific gravity. Since protein accounts for 
64% of the total solids, a relationship (p<0.001) between specific 
gravity and total protein is also apparent. Gammaglobulin represents 

approximately 47% of the total protein, and again, a significant rela
tionship (p-d.0.001) is observe^ between specific gravity and gammaglob
ulins. Figure 1 illustrates the linear relationship between specific 
gravity and gammaglobulins based upon 29 samples. No relationship 

(p > 0.01) was noted between specific gravity and fat, non-protein nitro

gen or casein. However, a relationship (p<0.001) between specific grav

ity and lactose or albumin was found. Lactose and albumin both have 

small coefficients of variation compared to other colostral constituents 
(Table 2) and therefore, should not alter the specific gravity appreci

ably. Protein has been found to be the most variable constituent within 

colostrum (41). Gammaglobulin accounts for approximately 47% of the 
total protein fraction, and has the greatest coefficient of variation of 
all colostral constituents that were found related to specific gravity. 

Therefore, gammaglobulin may be considered as the primary factor in 

determining colostral specific gravity variation.
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Figure 1. Relationship of Colostral Gammaglobulin Con

centration to the Colostral Specific Gravity
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To further verify the relationship between specific gravity and 

gammaglobulin concentration, a serial dilution of colostrum was per
formed. Figure 2 shows that as colostrum was serially diluted with 

whole milk the specific gravity decreased proportionally with decreasing 
gammaglobulin concentration. The graph further illustrates that the re
lationship is linear over the range tested.

Discussion

Rapid field determinations of colostra! and serum Ig concentra
tions may be used prophylacticly to insure the passive transfer of im
munity to the neonate. Pfeiffer and McGuire (46) have developed a 
sodium sulfite precipitation .test to estimate quickly the serum Ig 

levels in post-colostra! neonates. Zinc sulfate (33) and refractometer 

measurements (30, 48) have also been employed to estimate post-colostral 

serum Ig concentration. The principal disadvantage to these rapid serum 

determination techniques is their inability to detect or predict an in

cipient failure in the passive transfer of immunity as a result of in
adequate Ig intake. To help insure the attainment of adequate 
post-colostral serum Ig levels, the neonate must be fed a volume of 

colostrum that provides an adequate amount of immunoglobulins (18, 19, 
31, 32). Thejvplume of colostrum fed will be dependent upon the con

centration of colostral Ig, i.e., high colostral Ig concentrations 

would require less volume.

A rapid field hydrometer test for £he estimation of colostral 
Ig levels would enable the dairyman or practitioner to establish the 
quality of colostrum prior to feeding, and thus, avoid an incipient
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failure in the passive transfer of immunity due to inferior colostrum. 

Secondly, pooled colostrum may be extended over a greater number of 

neonates by adjusting the amount fed to a minimum volume that delivers 
a fixed mass of Ig to the neonate.

By use of the regression equation in Figure 1, colostra! gamma
globulin concentrations at different specific gravities were computed 
and compiled in Table 9. The relative quality of colostrum was deter
mined by assigning the cut-off value between poor and moderate at a 

specific gravity reading slightly higher than the average specific grav

ity of "normal milk". This value should prevent the inadvertent use of 

milk in the place of colostrum. Whole milk has a specific gravity that 
corresponds to a gammaglobulin concentration of 14.16 mg/ml but has an 

actual concentration of less than 0.5 mg/ml. This discrepancy is a 

direct result of the fundamental differences between colostrum and milk. 
The regression equation is based solely upon the constituents of fresh 
colostrum and subsequently is only valid for colostrum. The cut-off 

value between moderate and excellent colostrum is based upon the find

ings of Kruse (18) and others (31, 32). Obviously, the greater the 

colostral Ig concentration, the greater will be the likelihood of a suc

cessful transfer of passive immunity. Therefore, only colostrums that 
are well within the superior zone are recommended to be given pre- 

col os tral neonates as soon after birth as possible to allow the success

ful transfer of immunity. A rapid serum Ig determination procedure (30, 
33, 46, 48) may then be utilized to verify the attainment of passive 
immunity by the neonate.
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Table 9. Colostral globulin concentration and quality 
based on colostral specific gravity

Specific
Gravity Quality Globulin

Specific
Gravity Quality Globulin

1.027
’

1.42 1.052 65.10
1.028 3.97 1.053 67.65
1.029 6.52 1.054 70.19
1.030 Poor 9.06 1.055 72.74
1.031 11.61 1.056 . 75.29
1.032° 14.16 1.057 77.84
1.033 16.70 1.058 80.38
1.034 19.25 1.059 82.93
1.035 21.80 1.060 85.48
1.036 24.35 1.061 88.02
1.037 26.89 1.062 90.57
1.038 29.44 1.063 93.12
1.039 31.99 1.064 Excellent 95.67
1.040 34.53 1.065 . 98.21
1.041 Moderate 37.08 1.066 100.76
1.042 39.63 1.067 103.31
1.043 42.18 1.068 105.85
1.044 ,44.72 1.069 108.40
1.045 47.27 1.070 110.95
1.046 49.82 1.071 113.50
1.047 52.36 1.072 116.04
1.048 54.91 1.073 118.59
1.049 Excellent 57.46 1.074 121.14
1.050 60.01 1.075 123.68
1.051 62.55 . . 1.076 126.62

^mg/tal
Average whole milk specific gravity
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Post-colostral neonates may also be fed colostrum that has been 

diluted with water to provide a low cost feed (12). Many first-milking 

colostfums can be diluted by as much as 50% and still have a superior 
Ig concentration. A hydrometer test would enable the dairyman to deter

mine the maximum colosttal dilution that produces an acceptable level of 

immunoglobulins. This diluted colostrum may then be fed to the.post- 

col ostral neonate as a prophylaxis against disease (24) as well as a 
nutrient source (12).
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