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Background: Heat-treatment of colostrum is a method developed to reduce calf exposure to pathogens. Infrared (IR)

spectroscopy and Brix refractometers can be used for measuring colostral IgG concentration and assessing colostrum quality.

Objectives: To determine the impact of heat-treatment on accuracy of IR spectroscopy and Brix refractometers for mea-

suring colostral IgG concentration and assessing colostrum quality before and after heat-treatment.

Animals: A total of 60 Holstein dairy cows on 8 commercial dairy farms.

Methods: A cross-sectional study was designed to determine the effect of heat-treatment at 60°C and 63°C each for 30

and 60 minutes duration on colostral IgG concentration measured by the reference radial immunodiffusion (RID) assay, IR

spectroscopy, and digital and optical refractometers.

Results: Colostrum IgG concentration significantly decreased after heat-treatment at 63°C for 30 or 60 minutes as mea-

sured by RID, but the IgG values remained unchanged when measured by IR spectroscopy and refractometers. The lowest

correlation coefficient found between IR spectroscopy (r = 0.70) and RID results was in colostrum heat-treated at 63°C for

60 minutes. For digital (r = 0.48) and optical (r = 0.50) refractometers, the lowest correlation coefficient was at 63°C for

30 minutes when compared to RID. The accuracy of the IR spectroscopy, digital and optical Brix refractometers was

decreased from 91.7 to 80%, 81.7 to 45%, and 80 to 45%, respectively, when colostrum heat-treated at 63°C for 60 minutes.

Conclusions and Clinical Importance: Radial immunodiffusion, IR spectroscopy, and Brix refractometers exhibit utility for

measuring IgG concentration when colostrum heat-treated at 60°C but does not detect decrease IgG concentrations when

heat-treated at 63°C.
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Colostrum management is critical in a successful calf
rearing program1 and is the main source of nutri-

ents and immunoglobulins, for the newborn calf.2 Fail-
ure of transfer of passive colostral immunoglobulin G
(IgG) to newborn calves is associated with increased
morbidity and mortality.3–6 Concentration of colostral
IgG affects acquisition of passive immunity, thus an
accurate assessment of colostrum IgG is essential to
achieve adequate transfer of passive immunity to calves.

Historically, radial immunodiffusion (RID) assay has
been the gold standard, direct, quantitative method for
measuring colostral IgG concentration and assessing
colostrum quality.7,8 Recent studies have reported

measuring colostral IgG concentration by ELISA9,10;
midinfrared spectroscopy11,12; and near-infrared
spectroscopy13 techniques. Other indirect methods have
been developed through correlating IgG concentration
to specific gravity14,15 and refractive index.16,17

Heat-treatment of colostrum is a method developed to
reduce calf exposure to pathogens.18,19 The optimal tem-
perature and timing for heat-treatment of bovine colos-
trum that could be used with no important changes in
viscosity, IgG concentration, and relevant reduction in
bacterial count are 60°C for 30 or 60 minutes.20 Several
studies have reported the effect of heat-treatment on
accuracy of the reference RID assay for measuring colos-
tral IgG concentration.10,21,22 Pasteurization of colos-
trum at 60°C for 60 minutes23,24 or 120 minutes22,25 had
no effect on colostral IgG. However, when colostrum was
heat-treated at 63°C for 30 minutes18,20 or at 72°C for
15 seconds,23 there was a relevant decline in colostral
IgG level. Only one study has reported the effect of heat-
treatment on accuracy of colostral IgG concentration
measured by ELISA.10 To the authors’ knowledge, the
effect of heat-treatment on accuracy of colostral IgG con-
centration measured by infrared (IR) spectroscopy and
Brix refractometers has not been assessed.
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We hypothesized that heat-treatment of bovine colos-
trum at improper temperature and timing will affect
accuracy of IR spectroscopy and Brix refractometers
for measuring IgG content. Therefore, the primary aim
of this study was to evaluate if heat-treatment of bovine
colostrum affects the diagnostic performance of IR
spectroscopy and digital and optical Brix refractometers
methods for assessing colostral IgG. There were 3
objectives for this aim: (1) determine the IgG concentra-
tion of untreated and heat-treated colostrum samples by
the RID assay, IR spectroscopy, and digital and optical
Brix refractometers; (2) determine the baseline diagnos-
tic performance of IR spectroscopy and digital and
optical Brix refractometers in predicting unheated and
heat-treated colostral IgG concentrations when com-
pared to the RID-IgG reference method; and (3) evalu-
ate the agreement between the reference RID assay, IR
spectroscopy, and digital and optical Brix refractome-
ters for the assessment of unheated and heat-treated
colostrum quality.

Materials and Methods

Colostrum Samples

This study was conducted in accordance with the Canadian

Council on Animal Care (CCAC) guidelines26 under a protocol

approved by the Animal Care Committee at University of Prince

Edward Island (UPEI). First milk colostrum from 60 Holstein

dairy cows on 8 commercial dairy farms in New Brunswick,

Canada was collected between April and September 2015. It was

requested that farm personnel collect colostrum within 1 hour

after calving in a vial labeled with the farm name, cow identifica-

tion number, and date of collection. Samples were stored at

�20°C until transportation to the Maritime Quality Milk Labora-

tory, UPEI. All samples arrived frozen and were placed at �20°C
for later analysis.

Heat-treatment of Colostrum

Colostrum samples were kept at room temperature (20–24°C)
for 2 hours to thaw and then mixed thoroughly by inverting the

tubes by hand. Five 10-mL aliquots were prepared from thor-

oughly mixed colostrum from each sample. One aliquot was kept

at room temperature as an unheated control for baseline IgG anal-

ysis. The other 4 aliquots were subjected to 1 of 4 heat-treatment

methods. The heat-treatments were performed in a water bath

with agitation at the following 4 temperature-time conditions:

60°C for 30 minutes (HT1), 60°C for 60 minutes (HT2), 63°C for

30 minutes (HT3), and 63°C for 60 minutes (HT4). Water bath

temperature and temperature of colostrum samples were moni-

tored continuously during the heat-treatment. At the end of the

pasteurization time, all samples were immediately cooled in an ice

bath until the sample temperature was 20°C.

RID Analysis

Unheated and heat-treated colostrum aliquots were mixed by

vortex before RID analysis. Samples were diluted (1:3) with deion-

ized sterile water and mixed by vortexing for 10 seconds. After

dilution, a commercial bovine IgG RID kita was used as the refer-

ence method for measuring colostral IgG concentrations. Five lL
of diluted colostrum was added in each well on the RID plate and

tested alongside the manufacturer’s standards. The RID plates

were incubated at room temperature for 24 hours, and the diame-

ter of the precipitating ring was measured with a handheld caliper.

The assay standards were used to build a linear calibration curve

that was used to determine the IgG concentration for each colos-

trum samples. Samples with IgG concentration greater than that

of the highest standard (27.48 g/L) were further diluted and reana-

lyzed. Samples with IgG concentration smaller than that of the

lowest standard (1.96 g/L) were retested in an undiluted form.

Each of the assay standards and colostrum samples were tested in

duplicate. The final IgG concentration for each aliquot sample

was determined by calculating the average of the 2 replicates.

Coefficient of determination of the standards calibration curve was

≥0.97.

IR Analysis

Infrared spectra were collected from the unheated and heat-trea-

ted colostrum aliquot samples with Tensor 37 Fourier transform

infrared (FTIR) spectrometerb equipped with a deuterium tryglycine

sulfate detector and controlled by proprietary software.c Aliquot

samples were diluted (1:3) with deionized sterile water and vortexed

for 10 seconds. Each diluted aliquot was analyzed by evenly spread-

ing 5 lL of it onto a 5 mm diameter well within an adhesive-

masked, 96-well silicon microplate.27 All samples were tested in a

replicate of 6. The loaded microplates were allowed to dry at room

temperature (20–24°C) for 2 hours and then inserted into HTS-XT

autosampler.b All spectra were averaged over 512 scans at a resolu-

tion of 4 cm�1 and corrected for background absorbance by sub-

traction of the spectrum of the empty well. Collected spectra were

converted into a printable format (PRN) in GRAMS software.d A

previously developed PLS model built for the prediction of bovine

colostral IgG concentrations by IR spectra11 was used to predict

colostral IgG concentrations by MATLAB software.e The IgG con-

centration was predicted from each spectrum, and subsequently, the

IgG concentration for each colostrum sample was calculated as the

average of the 6 replicate values.

Refractometers Readings

Approximately, 100 lL of unheated and heat-treated colostrum

aliquots was tested with digitalf and opticalg Brix refractometers.

Before each analysis, the digital and optical refractometers were

cleaned and calibrated with distilled water at room temperature

then the Brix scores for each sample were recorded. The Brix

scores were determined first by the optical refractometer to avoid

any bias in the results by the technician. Each sample was read

once.

Statistical Analysis

The statistical analysis was carried out by Stata softwareh and

statistical significance was at a P-value ≤0.05. Descriptive statistics

for RID, IR spectroscopy, digital and optical Brix refractometers

were calculated for untreated and heat-treated colostrum. The

effect of heat-treatment on colostrum IgG concentration measured

by RID, IR spectroscopy, and digital and optical refractometers

was analyzed by Kruskal-Wallis one-way ANOVA tests. Spearman

correlation coefficients were calculated to determine the relation-

ship between IgG concentration measured by the reference RID

assay and IgG predicated by the IR spectroscopy or the Brix

scores measured by the digital and optical refractometers across

the unheated and heat-treated samples.

Epidemiological diagnostic test characteristics (sensitivity, speci-

ficity, and accuracy) were calculated using recommended cut-

points 50 g/L for IR spectroscopy11 and 22%Brix for digital and

optical refractometers.28,29 Sensitivity (Se) was defined as the
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proportion of good quality samples that are correctly identified,

and specificity (Sp) was defined as the proportion of poor quality

samples that are correctly identified. Accuracy was defined as the

proportion of colostrum samples that were correctly classified.

Cohen’s kappa statistic was calculated for the IR spectroscopy

and digital and optical refractometers compared with the reference

RID assay for assessing the quality of unheated and heat-treated

colostrum.

Results

Effect of Heat-treatment on Colostral IgG

The mean RID-IgG concentration of unheated colos-
trum was 45.6 g/L. The mean RID-IgG concentrations
of heat-treated colostrum ranged from 30 to 48 g/L.
The mean RID-IgG concentration was not different
between the unheated and colostrum heated at 60°C,
regardless of the time. However, when colostrum was
heated at 63°C for 30 or 60 minutes, the RID-IgG con-
centration decline to 31.1 and 30 g/L, respectively. The
mean IR-IgG concentration of unheated colostrum was
44.7 g/L. However, the average IR-IgG concentration
of heat-treated colostrum ranged from 37.7 to 42.5 g/L.
There were no differences in mean IgG concentrations
measured by IR spectroscopy between unheated and
heat-treated colostrum regardless of temperature and
time. Mean Brix scores of unheated colostrum measured
by digital and optical Brix refractometers were 24 and
23.5% Brix, respectively. The Brix scores of the heat-
treated colostrum measured by digital refractometer
were ranged from 21.7 to 23.9% Brix, while for optical
refractometer was ranged from 21.3 to 23.7% Brix.
There were no differences in Brix scores measured by
the digital and optical refractometers between unheated
and heat-treated colostrum regardless of temperature
and timing.

Correlation Coefficients

Correlation plots for IgG concentration measured by
the IR spectroscopy and RID assay are shown for
colostrum samples before and after heat-treatments in
Figure 1. The IgG values for the same samples measured
by IR spectroscopy and RID assay were more closely
correlated (r = 0.88) in unheated colostrum and decline
from 0.85 to 0.70 with increase in heating temperature of
colostrum from 60 to 63°C. Correlation plots for the Brix
scores determined by both the digital and optical refrac-
tometers and the IgG values measured by RID assay are
shown for colostrum before and after heat-treatments in
Figure 2. Brix scores from digital and optical refractome-
ters were most closely correlated to the RID-IgG concen-
tration in unheated colostrum (r = 0.74 and 0.73,
respectively) and heat-treated colostrum at 60°C for
30 minutes (r = 0.75 and 0.73, respectively) and 60 min-
utes (r = 0.71 and 0.70, respectively). However, when
colostrum heat-treated at 63°C for 30 or 60 minutes, the
correlation coefficients of digital (r = 0.48 and 0.58,
respectively) and optical (r = 0.50 and 0.57, respectively)
refractometers substantially decline (Fig 2).

Diagnostic Test Characteristics

The test characteristics of the IR spectroscopy and
Brix refractometers for assessing the quality of unheated
and heat-treated colostrum using previously recom-
mended cut-off values (50 g/L and 22% Brix, respec-
tively) are presented in Table 1.

Discussion

In our study, optimal heat-treatment of colostrum at
60°C for 30 or 60 minutes resulted in no differences in

Fig. 1. Correlation plots of IgG concentration measured by radial immunodiffusion (RID) assay and infrared (IR) spectroscopy in

colostrum samples (n = 60) before and after heat-treatment.
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IgG concentrations measured by RID, and predicted by
IR spectroscopy, digital and optical refractometers com-
pared to unheated colostrum. Similar results were previ-
ously reported when colostrum heat-treated at 60°C for
30 or 60 minutes and IgG concentration measured by
RID,23 ELISA,10,20 and turbidimetric immunoassay.25

However, increasing heating temperature in this study
to 63°C for 30 or 60 minutes, resulted in reduction in
RID-IgG concentration by 27 and 29%, respectively,
compared to the unheated colostrum. Previous studies
showed that heat-treatment of 5-mL colostrum to 63°C
for 30 minutes reduced RID-IgG concentration by
12.3%.21 Further, on-farm commercial batch pasteur-
ization (63°C for 30 minutes) reduced RID-IgG concen-
tration by 58.5 and 23.6% for 95-L and 57-L batches,
respectively.18 In another study, colostrum was heat-
treated at 63°C for 120 minutes and a reduction of
34% in IgG concentration measured by turbidimetric
immunoassay was reported.25 The reduction in IgG
concentration measured by immunoassays in colostrum
heat-treated at 63°C could be attributed to denaturation
of colostral immunoglobulins by heat-treatment, which
results in an initial reversible unfolding of native struc-
ture with loss of globular configuration which then pro-
ceeds further to irreversible denaturation because of
hydrophobic and disulfide interactions.30 At 60°C, some
unfolding of structure might occur, but this unfolding is
reversible and native structure can be regained.31,32

Our results did not detect differences in IgG concen-
trations predicted by IR spectroscopy and Brix refrac-
tometers in unheated and heat-treated colostrum. These
methods predict total IgG concentrations regardless of
heat damage to IgG versus functional IgG concentra-
tion, as detected by the RID method.10 This is consistent
with other research that showed that IR spectroscopy is
insensitive to denaturation of total protein.33,34

The correlation between unheated colostral IgG con-
centrations (r = 0.88) measured by RID and predicted
by IR spectroscopy was similar to the 0.85 previously
reported12 and was lower than the 0.97 reported in
another study.13 The correlation coefficients of 0.74 and
0.73 between RID-IgG concentration and Brix scores
measured by the digital and optical refractometers,
respectively, for unheated colostrum were similar as
reported by several studies28,29,35 and higher than some
previous studies.17,36 In heat-treated colostrum, the cor-
relation between results from IR spectroscopy and RID
was relatively lower than that in unheated colostrum.
However, the Brix scores from both digital and optical
refractometers were more highly correlated in colostrum
heated at 60°C than that heated at 63°C, regardless of
time. Although the correlation between results derived
from IR spectroscopy, Brix refractometers, and RID
assay for heat-treated colostrum was relatively lower
than that of unheated colostrum, it was stronger than
the correlation coefficient (0.12) reported previously
between RID and ELISA for heat-treated (60°C for
30 minutes) colostrum.10

Measurement of colostral IgG concentration can be
very useful in assessing colostrum quality.1 In dairy cows,
high-quality colostrum is widely considered to contain
IgG concentration ≥50 g/L as measured by RID.1 Diag-
nostic test characteristics of the IR spectroscopy and Brix
refractometers were calculated across all the unheated
and heat-treated colostrum using the recommended cut-
point of 50 g/L11 and 22%Brix,28,29 respectively.

For the IR spectroscopy, the cut-point of 50 g/L pro-
vided strong specificity and moderate sensitivity values
across the unheated and heat-treated colostrum
(Table 1). The accuracy of the IR spectroscopy (91.7%)
to differentiate between unheated poor and good quality
colostrum was higher than that reported in previous

Fig. 2. Correlation plots of IgG concentration measured by radial immunodiffusion (RID) assay and Brix scores obtained by both digital

and optical refractometers in unheated and heat-treated colostrum (n = 60).
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studies.11,12,37 However, the accuracy of the IR instru-
ment to correctly determine quality of heat-treated
colostrum was lower with more samples with poor IgG
levels categorized as adequate. For Brix refractometers,
the cut-point 22% Brix showed strong sensitivity and
moderate specificity values across the unheated and
heat-treated colostrum. However, both refractometers
showed the lowest diagnostic characteristics with more
samples with high IgG levels categorized as poor qual-
ity when colostrum improper heated at 63°C for 30 or
60 minutes (Table 1).

The IR spectroscopy and digital and optical Brix
refractometers had a high-to-moderate agreement with
the reference RID assay for assessing the quality of
unheated colostrum and colostrum heat-treated at
60°C, which is similar to a previously report by the
authors for unheated colostrum.37 However, when
colostrum heat-treated at 63°C, there was a poor agree-
ment between the 3 methods and RID assay (Table 1).

In conclusion, data from our study confirm that heat-
treatment of colostrum at 60°C for 30 or 60 minutes did
not affect the IgG concentration measured by RID, IR
spectroscopy, and Brix refractometers. Improper heat-
treatment of colostrum at 63°C for 30 or 60 minutes
results in inaccurate functional IgG concentration values

by IR spectroscopy and Brix refractometers analysis.
Studying the effect of on-farm batch pasteurization on
diagnostic accuracy of IR spectroscopy and Brix refrac-
tometers compared to RID-IgG values is warranted.

Footnotes

a Bovine IgG RID Kit, Triple J Farms; Bellingham, WA, USA
b Bruker Optics, Milton, ON, Canada
c OPUS ver. 6.5, Bruker Optics, Milton, ON, Canada
d Thermo Fisher Scientific Inc, Waltham, MA, USA
e MathWorks R2016a, Natick, MA, USA
f PAL-1 digital Brix refractometer, Atago Co. Ltd; WA, USA
g Westover RHC-200ATC handheld refractometer, Woodinville,

WA, USA
h Stata, version 14; StataCorp, LP, College Station, TX
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