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Nutritional and microbiological quality of bovine colostrum samples in Brazil
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ABSTRACT - The objective of this study was to evaluate the nutritional and microbiological composition of colostrum
samples collected from colostrum banks or newly calved cows on dairy farms. For this purpose, 66 colostrum samples from
dairy cows were directly collected during the milking of newly calved cows or from colostrum storage bank. Samples were
collected from commercial properties in the states of Minas Gerais, Sdo Paulo, and Parana - Brazil, which were classified
according to the total daily milk yield (MY). Even though average immunoglobulin concentrations were either adequate
(79.7 and 51.7 mg/mL, for farms with MY>701 L/d and <200 L/d, respectively) or marginal (48.1 mg/mL for MY between
201-700 L/d), for only 48.4% of the colostrum samples, immunoglobulin concentrations were greater than 50 mg/mL. A
variety of factors such as production system, animal breed, and time of sample collection can also affect the variables studied.
In addition to emphasizing nutrition, good hygiene practices during the colostrum collection and storage process also deserve
attention, since 24% of colostrum samples were below the microbial quality parameters. When nutritional and microbiological
quality were simultaneously analyzed, only 22.6% of colostrum samples met the recommendations. Therefore, most of the
calves in this region of Brazil are likely to present failure of passive immunity transfer and are exposed to pathogens when fed
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maternal colostrum.

Key Words: dairy calf, enterobacteria, immunoglobulin G, passive immunity transfer

Introduction

Due to physiological characteristics of bovines, the
supply of antibodies via colostrum during the first hours
of life becomes fundamental to newborn survival (Weaver
et al., 2000). The serum concentration of immunoglobulin
G (IgQG) that is desired for calves within the first 24 h
of life is greater than 10 g/L (Godden, 2008), which is
determined by colostrum IgG concentration, the time of
intake, and the volume of consumed colostrum. Adequate
transfer of passive immunity has a positive correlation with
a reduction in morbidity and mortality during the pre- and
post-weaning periods (Wells et al., 1996), an improvement
in weight gain and feed efficiency (Donovan et al., 1998), a

reduction in the age at first calving, and an increase in the
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milk yield during the first and second lactations (DeNise
et al., 1989; Faber et al., 2005).

Besides the transfer of passive immunity, colostrum has
other important functions such as providing nutrients for
the metabolism of the newborn (NRC, 2001). Fat, the main
energy source for newborns, represents approximately 6.7%
of colostrum (Foley and Otterby, 1978) and is important for
heat production and maintenance, as well as for providing
fatty acids for glucose homeostasis via gluconeogenesis
(Hammon et al., 2012). In addition to the lipid content,
lactose, despite its low colostrum concentration (2.7%), has
also an important function in the energy supply of newborns
(Davis and Drackely, 1998). Another group that contributes
to good newborn development is non-immunoglobulin
proteins, which facilitate nutrient absorption and provide
amino acids for development of the gastrointestinal tract
(Talukder et al., 2002).

Colostrum can be contaminated by microorganisms,
which can reduce animal performance as well as increase
morbidity and mortality rates (Godden, 2008; Stabel et al.,
2004). These pathogens may originate from the mammary
gland or contaminate the colostrum during collection,
manipulation, and storage processes (Stewart et al., 2005).
Moreover, bacteria can bind to free immunoglobulins
in the intestinal lumen and block absorption of these
molecules by enterocytes (James and Polan, 1978) or
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stimulate the standstill of pinocytosis activity in enterocytes
(James et al., 1981).

Morrill et al. (2012) evaluated colostrum from different
North American regions and concluded that only 39%
of samples had adequate IgG concentrations and ideal
microbiological characteristics. Data in Brazil are scarce,
and generally, evaluation of the quality of colostrum
provided to newborns considers only the immunoglobulin
(Ig) concentration, which is estimated using a colostrometer.
The objective of this study was to evaluate the nutritional
and microbiological composition of colostrum samples
collected from a colostrum bank or newly calved cows that
were supposed to feed newborn calves, on dairy farms in
Brazil.

Material and Methods

Sixty-six colostrum samples were directly collected
by milking newly calved cows or came from a colostrum
bank, depending on the availability of colostrum when
visiting properties between July and December of 2013.
Samples were collected from commercial dairy farms
in Minas Gerais (24), Sdo Paulo (32), and Parana states
(10), Brazil. Parana had the highest average production
by lactating cow (30.25 kg) and daily production (3,485
kg/day) due to the feeding production system, specialized
animals, and a more favorable climate with lower average
temperature. S3o Paulo had the farm with the largest volume
of daily production (42,000 L), but the average daily
production was 1,895 L and production per lactating cow
was 18.30 kg/day. The maximum daily production per cow
(42.31 kg) was observed in Minas Gerais, which presented
the lowest average productivity (14.11 kg) and daily
production (1,085 kg) due to utilization of non-specialized
animals (crossbred zebu and Holstein cows) and a lack of
feed supplementation in the majority of the properties.

In addition to classification by region, properties
were classified according to their total daily milk yield
(Table 1) into the following categories: small, when the
milk yield was lower than 200 L (47% of the total evaluated
farms); medium, when the milk yield was between 201 and
700 L (17% of the total evaluated farms); and large, when

Table 1 - Distribution of properties as a function of daily milk
yield and region

Minas Gerais  Sdo Paulo Parana All
<200 L 12 19 0 31
201 to 700 L 8 3 0 11
>701 L 4 10 10 24
Total 24 32 10 66

the milk yield was greater than 701 L (36% of the total
evaluated farms). In small farms, the feeding of lactating
and pre-partum cows were based on grazing without
supplementation and the animals were mostly crossbred
Zebu x Holstein. On the other hand, farms classified as large
had more than 90% of the Holstein animals in free-stalls,
receiving total mixed ration (TMR) according to lactation
phase. Pre-partum cows were also stabulated and fed a
balanced TMR to meet their requirements for an average
period of 60 to 80 days pre-partum.

Only one sample of colostrum was collected from
each property and all samples were transported in a cooler
box to a laboratory. At the laboratory, samples were frozen
(20 °C) to undergo further nutritional and microbiological
(enterobacteria, lactic acid bacteria, fungi, and yeast) and
chemical analyses (dry matter, lactose, fat, and total protein).
Samples of colostrum obtained by milking newly calved
cows were also frozen to simulate storage in a colostrum
bank for further newborn calf feeding, since this is done in
most of the visited farms. In this manner, all samples were
frozen for further analysis.

To perform the analysis, colostrum samples were
removed from the freezer and thawed in a water bath at
50 °C, being homogenized during the thawing process,
simulating the process adopted in farms. Samples at room
temperature were used to estimate the Ig content with a
colostrometer (Fleenor et al., 1980). From the total sample,
aliquots were removed for microbiological evaluation
and the remainder was lyophilized (Model Alpha 1-4/2-4
Ldplus — CHRIST - Sao Paulo, SP, Brazil) for evaluation
of dry matter and nutrient contents. The determination of
ether extract was performed by ether extraction using a
Soxhlet extractor (AOAC, 1990). Samples of colostrum
were also analyzed for total nitrogen by the Dumas
method according to the methodology proposed by Saint-
Denis and Groupy (2004).

For microbiological analyses, dilution, plating, and
microbial count methods were utilized as described by the
Standard Methods for the Examination of Dairy Products
(APHA, 1992). To prepare the dilutions, a 1.0-mL aliquot
was added to 9.0 mL of deionized sterile water in test
tubes to obtain a dilution of 10~!. Next, 1 mL of a diluted
solution at 107" plus 9.0 mL of sterile water were added
to obtain a dilution of 102, and successive dilutions were
performed to create the dilution needed for inoculation and
microbial count. Enterobacteriaceae Petrifilm® plates (3M
do Brasil®, Sumaré, SP, Brazil) were utilized to count the
enterobacteria. Plates were inoculated with 1.0-mL dilutions
that were then prepared and incubated at 32.5+1 °C in BOD
incubators, TE-402 model (Tecnal, Piracicaba, SP, Brazil),
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for 24+2 h. After the incubation period, the microbial count
was performed considering red colonies with a yellow
zone and/or red colonies with gas bubbles, with or without
yellow edges, as positive for enterobacteria. Petrifilm® AC
plates (3M do Brasil®, Sumaré, SP, Brazil) were utilized
to count the lactic acid bacteria, which were incubated in
closed containers with an anaerobic atmosphere generator
(ANAEROBAC, Probac do Brasil Produtos Bacteriologicos
Ltda., Sao Paulo, SP, Brazil) and using the BOD incubator,
TE-402 model (Tecnal, Piracicaba, SP, Brazil), at 32.5+1 °C
for 4843 h. Red colonies were considered positive for lactic
acid bacteria, independently of the color size or depth.
To count yeasts and fungi, Petrifilm® YM plates (3M do
Brasil®, Sumaré, SP, Brazil) were used and incubated at
22.5+1 °C while using a BOD incubator, TE-402 model
(Tecnal, Piracicaba, SP, Brazil). The incubation lasted for
72 h and the number of small colonies with defined blue-
green edges were counted. Large and dark colonies with
diffuse edges were counted after 120 h of incubation and
were considered to be fungi colonies.

Data were summarized by simple descriptive statistics
and grouped in tables while aiming to promote a better
understanding, comparison, and discussion of results.
The nutritional and microbiological compositions were
analyzed through PROC GLM of SAS (Statistical Analysis
System, version 9.0), considering the size and region of
each farm, from which the colostrum was sampled, through
the following statistical model: Y, = p + vy, + 8 + ¢, in
which Y, = response variable; u = general mean; v, = effect
of total milk production; Sj = effect of region of property;
and e, = random effect (residue). Evaluation of the
interaction between the total milk production and region
of the property was not possible because the samples
from the south region were obtained only from large-
sized properties. For the effect of mean comparison, a
Student t test was utilized and the means were estimated
through the method of least squares with a significance
level of 5%. The correlation among variables for the
nutritional and microbiological compositions were
explored through PROC CORR of SAS.

Results

In properties with milk yields greater than 700 L/d, the
contents of dry matter, crude protein, and Ig were higher
than that of properties with milk yields lower than 200 L/d
or between 201 and 700 L/d (P<0.05). The average ether
extract content was 5.59%, though there was a large variation
(5.20 to 6.25%) (Table 2). The colostrum crude protein
content was almost 6.5 pp higher for properties with a milk
production greater than 700 L/d (P<0.05), averaging 21.46%
(Table 2). The average Ig concentration among colostrum
samples was 51.72, 48.06, and 79.69 mg/mL for production
systems with milk yields lower than 200 L/d, from 201 to
700 L/d, and greater than 700 L/d, respectively (Table 2).
Immunoglobulin G concentration in colostrum samples
were stratified as a function of the daily milk production
of properties (Figure 1). In farms where the volume was
lower than 200 L/d, almost 60% of colostrum samples were
presented with Ig concentrations lower than 50 mg/mL
(P<0.03), which is below literature recommendations for
feeding newborn calves. On the other hand, in farms where
the volume was greater than 701 L/d, only 28% of colostrum
samples were below this recommendation, although other
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Figure 1 - Immunoglobulin concentration in colostrum samples
from properties with different daily milk yields.

Table 2 - Nutritional composition and microbiological evaluation of colostrum samples as a function of daily milk yield

<200L 201 to 700 L >701 L P-value
Dry matter (DM; %) 22.6+1.35b 22.1+2.12b 27.3+1.26a 0.04
Ether extract (% DM) 5.24+0.90 5.3+1.14 6.2+0.85 0.72
Crude protein (% DM) 15.1£1.77b 15.2+2.78b 21.5+1.64a 0.04
Immunoglobulin (mg/mL) 51.7+8.11b 48.1£11.90b 79.7+7.11a 0.03
Lactic acid bacteria (log 10) 5.1+0.61 4.5+0.95 5.0+0.56 0.86
Enterobacteria (log 10) 1.4+0.59b 1.6+£0.93b 3.5+0.55a 0.04
Yeast (log 10) 1.3£0.42 1.7+0.66 1.7+0.39 0.69

Means in the same row with different letters are different at P<0.05.
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factors such as production system, animal breed, and time
of cow milking can also affect the variables studied.

In regard to the microbiological characteristics of
colostrum samples, there were no differences for the acid
lactic bacteria count; however, the count of enterobacteria
was greater in farms with the highest milk productions
(Table 2). None of the colostrum samples presented
fungi.

From the total samples that were analyzed, 47 and 76%
presented characteristics recommended by the industry in
relation to Ig concentration and microbial count, respectively
(Figure 2). Some parameters of quality have a high correlation
and can be utilized as practical methods for colostrum
evaluation. For example, the estimate of Ig can be made
through measurements of density. A positive correlation was
observed between dry matter and crude protein contents, Ig
and ether extract concentrations, as well as Ig concentration
and crude protein content (Figure 3).
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Figure 2 - Nutritional and microbiological quality of colostrum
samples as a function of regions of samples (A) and
production scale (B) of properties.

Discussion

Results suggest that there is a greater amount of
newborn calves that are likely to have failure of passive
immunity transfer in properties with total daily MY<700 L/d.
Santos and Bittar (2015) characterized the production of
calves in the same regions where colostrum was sampled
and observed that in the majority of the small properties,
dry and pregnant cows were raised without an adequate diet
and in low-comfort and poor animal welfare conditions.
These factors contribute to the differences, since feeding
pregnant cows with restricted amount and poor-quality
diets can compromise colostrum production (Weaver et al.,
2000; Morin et al., 2001). According to Kehoe et al.
(2007), the size of a dairy production system, which may
be a confounding factor with total daily MY, influences
the number of available workers, the financial capacity,
and the feeding practices of cows, which then results in
significant differences in terms of handling and colostrum
composition.

Ether extract content influences the volume of produced
colostrum, although few changes occur in the first five
days after calving (Contarini et al., 2014). Previous studies
showed that the ether extract concentration varied from 4.6
to 6.7% (Kehoe et al., 2007; Morril et al., 2012; Contarini
etal., 2014) and similar values were observed in the present
study. High-fat colostrum is desirable when there is a high
demand for energy for the newborn, since calves are born
with reduced energy reserves (Okamota et al., 1986) and
have high energy requirements to maintain thermogenesis
(Hammon et al., 2012).

Total protein and Ig contents were higher for farms with
the highest total daily milk yield (Table 2). The average
protein content of colostrum is represented mainly by Ig,
which has the important function of helping to combat
microorganisms during the first days of life in a newborn calf
(Weaver et al., 2000). Moreover, proteins from colostrum
serve as a source of amino acids, although they can also
play the role of meeting energy requirements (Talukder
et al., 2002). Kehoe et al. (2007) found a protein content
of 14.9% and emphasized that this component has little
influence of feeding but more of parity of cows. In addition,
Morril et al. (2012) observed a protein concentration of
12.7% without a significant difference between parity
and breed in protein contents, factors not tested in the
present study. The difference among protein contents
can also be a function of the different methodologies
of analyses, colostrum volume (Godden, 2008), and
colostrum collection time after calving (Contarini et al.,
2014). Colostrum presents higher total protein, mainly
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due to the high Ig contents, which decreases during the
subsequent milkings, decreasing the total protein content
until it stabilizes around 3.2% (Tsioulpas et al., 2007).

The industry recommendation is that colostrum
concentrations that are lower than 50 mg IgG/mL should
not be offered to newborns as their first feeding, as this
increases the risk of failure of passive immunity transfer in
calves (Donovan etal., 1998; Godden, 2008; Weaver, 2000).
The average colostrum concentration in properties with
milk yields between 201 and 700 L/d is below the industry
recommendation (<50 mg/mL). The lower concentration
is probably due to the fact that samples were collected
directly from the colostrum bank and these samples were
not properly identified, and could have been taken from the
2nd, 3rd, or 4th milking without evaluation of the quality
before storage. The fact is that these samples would probably
be utilized to supply newborn calves when fresh cows do
not produce colostrum in adequate quality, but mainly in
volume, since there were no efforts to evaluate quality in
these farms. Indeed, a survey conducted by Santos and
Bittar (2015) at the same regions in Brazil, showed that
26% of the producers stored colostrum and only 7.4% of
that measure quality using a colostrometer. However, other
variables such as parity, breed, and colostrum collection
time also contribute to these differences. The average value
of Ig concentration (59.8 mg/mL) is below the average
that was presented by Morril et al. (2012) for 827 samples
in the United States and the value that was reported by
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Bielmann et al. (2010) for 288 samples in Canada (69.7 and
94.4 mg/mL); however, it is above the 34.9 mg/mL value,
representing 55 samples from Kehoe et al. (2007) in the state
of Pennsylvania, USA. Gulliksen et al. (2008) reported
that most of the Norwegian cows produce colostrum with
quality under the recommendations for feeding newborn
calves. In a Brazilian study, Silper et al (2012) found
an average Ig concentration of 77 mg/dL, with a 32%
coefficient of variation for different crossbreeding of
Holstein cows.

Some factors probably contributed to the disparity in
the values of Ig concentration according to the farm size.
For example, the fact that the colostrum samples from
larger properties had been collected from freezer-stored
colostrum and should have received a previous evaluation
of their quality prior to being stored. Another factor is the
poorer handling of dry cows on small properties, since
this group of animals was placed in low-quality paddocks
without feed supplementation (Santos and Bittar, 2015),
thereby negatively affecting colostrum formation.

Counts of lactic acid bacteria were not different among
farms with different total daily milk yield (Table 2). Although
this bacteria population is commonly found in milk
products, as represented by Lactococcus, Streptococcus,
1992),
temperature and inadequate storage conditions contribute to

and the Lactobacillus genera (Frank et al.,

fast growth of these microorganisms. These results suggest
good milking and freezer storage of colostrum for further
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Figure 3 - Pearson correlation coefficient among the main variables studied
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feeding of newborn calves. The main damage caused by
this group of bacteria is the degradation of lactose to
obtain energy and the consequent pH reduction due to the
lactic acid production (Wounters et al., 2002). However,
in this group of bacteria, microorganisms with a probiotic
function do exist and are beneficial to the host animal in
that they improve intestinal microbial equilibrium through
competitive exclusion, produce harmful metabolites to
pathogenic bacteria, and play a role in the activation of the
immune system (Seo et al., 2010).

On the other hand, the count of enterobacteria was
greater (P<0.05) in colostrum samples from farms with
milk production greater than 701 L/d. The main factor for
development of bacteria from the Enterobacteria genus
is the lack of hygiene before, during, and after colostrum
milking (Stewart et al., 2005). In addition to the bacteria
that degrade carbohydrates, bacteria such as Escherichia
coli and Salmonella can be present, which are organisms
responsible for causing diseases such as diarrhea. According
to Quigley et al. (1994), there are several causes of diarrhea
in calves such as a high bacterial load in the environment,
failure of handling, and poor animal resistance. Thus, the
supply of colostrum contaminated with diarrhea-causing
microorganisms, while it does reduce the capacity of the
animal to absorb IgG (James et al., 1981), also contributes
to be the main cause of this disease. Therefore, even the
performance of calves that receive adequate feeding,
handling, and are raised under good welfare conditions
can be affected. Thus, measurement of microbiological
levels present in colostrum, as well as handling practices
to avoid contamination and bacterial proliferation, become
fundamental. According to the USDA-NAHMS (2007),
62% of deaths in milk-fed calves is caused by diarrhea
and the supply of contaminated feedstuffs contributes to
this high rate, as well as the exposure to a contaminated
environment.

Colostrum should have adequate nutritional quality,
as evaluated by Ig concentration (>50 mg/mL), and
microbiological quality, determined as a function of
low bacteria contamination (<100.000 CFU/mL), to be
considered as acceptable to supply to newborn calves
(Godden, 2008). When two quality variables were
simultaneously analyzed, only 22.6% of all colostrum
samples presented enterobacteria count below 100,000
CFU/mL and Ig concentration higher than 50 mg/mL
(Figure 2). Thus, 77.4% of calves in the studied regions are
likely to suffer failure of passive immunity transfer. In the
United States, Morrill et al. (2012) found that only 39.4% of
593 colostrum samples met both industry recommendations

for colostrum quality. Such results are the evidence that
more attention needs to be directed to management practices
oriented towards cow handling in the last weeks before
calving, as well as training and awareness of employees
regarding the milking, storage, and supply of colostrum to
feed newborn calves. There is a great difficulty in obtaining
colostrum with adequate IgG concentrations associated
with adequate microbiological quality at the recommended
levels. This is relevant because the amount of variables that
influence colostrogenesis is much greater than the hygienic
aspects related to microbiological contamination (Stewart
et al., 2005). Nevertheless, the concern of the farmer
should be to meet these two quality issues simultaneously,
due to their relevance for the newborn to acquire passive
immunity and consequent health.

Almost half of the samples from farms where the
milk yield was greater than 700 L/d presented adequate Ig
concentrations, although they were inadequate with regard
to the microbiological parameters (Figure 2). When samples
were separated by region, it was observed that in the Sdo
Paulo region, 40% of the samples presented an adequate
Ig concentration; however, microbial contamination
exceeded 100,000 CFU/mL. In the same manner, in Minas
Gerais, almost 40% of colostrum samples had nutritional
and microbiological qualities that did not fall within the
industry recommendation. Thus, a large number of calves
had problems due to the lack of hygienic care related to
colostrum manipulation. All of these factors will negatively
impact the cash flow of the milk production system through
increases in the expenditure with health treatments and
labor, increases in the duration of the pre and post-weaning
phases, and increases in mortality (Faber et al., 2005;
Godden, 2008).

Some quality parameters have a high correlation
and can be utilized as practical methods for colostrum
evaluation (Figure 3); these results correlate with data
in the literature (Foley and Otterby, 1978; Davis and
Drackely, 1998; Morin et al., 2001), which have reported
a great influence of protein, mainly IgG, on the dry matter
concentration of colostrum. Morin et al. (2001) found a
correlation of 0.76 (P<0.0001) between the solid content
and protein concentration and a slightly lower correlation
with the IgG content (r = 0.53, P<0.0005). The authors
explained that this greater correlation with protein is
because there are other protein sources in colostrum besides
IgG. The highest Pearson correlation was observed for dry
matter (solids) and protein, corroborating the colostrometer
method for colostrum quality evaluation, which is based on
the colostrum density.
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Conclusions

Dairy calves born on farms with milk yield greater than
700 liters of milk per day are less susceptible to diseases
during the first days of life due to the use of colostrum with
a higher nutritional and microbiological quality.
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