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Simple Summary: High levels of bioactive factors in colostrum may benefit the growth of dairy
calves when provided after the loss of macromolecule absorption ability at the gastrointestinal level.
We explored the effects of feeding two feedings of colostrum instead of only one on dairy calves and
analyzed the impact of growth and disease during the pre-weaning period. Calf rearing accounts for
a significant expense on farms. Therefore, raising calves without additional costs becomes important
economically and for improving animal welfare. Feeding calves with two feedings of colostrum did
not significantly affect growth but increased total serum protein in those calves.

Abstract: We studied the effect on average daily gain (ADG) and health of an additional colostrum
feeding to Holstein dairy heifers 12–16 h after the first colostrum feeding, provided within 2 h of birth.
Calves (n = 190) with an average birth weight of 38.8 kg (29.5–52.6 kg) were randomly enrolled in
blocks to either the control (CON) or colostrum (COL). The CON received 3 L of acidified pasteurized
whole milk, and the COL received 3 L of pasteurized colostrum [average: 25.5 (24.7–26.4)% Brix].
Calves were group-housed, weighed, withers height measured weekly. Serum was obtained and
analyzed with a% Brix refractometer. Mixed linear models were used to assess the differences in
ADG, body weight, and height between the treatment and control. There was no difference in ADG
between the COL and CON. However, serum % Brix was higher in the COL group (9.7%) than in
the CON group (9.2%). Calves in the COL had more antibiotic treatments for respiratory diseases
but fewer antibiotic treatments for otitis than the CON. In conclusion, providing an extra feeding
of colostrum did not contribute to ADG of Holstein heifers during the pre-weaning period but did
provide them with a higher total serum protein concentration.

Keywords: colostrum; dairy calf; passive immune transfer

1. Introduction

Colostrum is the first milk secreted after parturition, and it has a greater concen-
tration of antibodies that confers passive immunity to the neonatal calf [1]. In several
studies, colostrum composition is found to be more intricate than just containing greater
concentrations of immunoglobulins [2–4]. The abundance of colostrum components can be
categorized into two main groups–the nutritive and the non-nutritive elements [5]. The
nutritive components deliver adequate energy and building blocks to support calf growth
and thermoregulation. The non-nutritive components include the immunoglobulins and
bioactive factors such as insulin-like growth factors (IGFs), glucagon-like peptides, oligosac-
charides, glucocorticoids, growth hormones, and leptin [6]. Some of these factors may affect
gastrointestinal growth signaling pathways [7,8]. Fischer et al., (2018) [9] demonstrated
that calves fed with colostrum with greater concentrations of oligosaccharides had a greater
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prevalence of beneficial bacteria in their gastrointestinal tracts. Moreover, Hammon et al.,
(1998) [10] observed an increased insulin response in calves that were fed colostrum instead
of colostrum replacer. The blood IGF-1 concentrations in calves were negatively affected
when colostrum intake was delayed or omitted [11].

The complex interactions of these bioactive factors are not yet entirely understood at
the molecular level; previous studies elucidate how providing these bioactive factors in
the initial diet may positively affect the overall morphology of small intestinal villi size
and weight [12–14]. Additionally, some of these bioactive factors may reduce morbidity
and mortality during the pre-weaning period in dairy calves [15,16]. The Animal and Plant
Health Inspection Service U.S. Department Of Agriculture (2014) [17] showed that diarrhea
and pneumonia are the two primary causes of mortality in pre-weaned dairy calves, at
56.4% and 24%, respectively.

The consequences of calf-hood diseases during the pre-weaning period may substan-
tially impact their herd’s growth rates and longevity [18]. Previous reports have shown
an increased milk production during the first lactation, approximately 704 kg for every
additional kilogram of average daily gain (ADG) during the pre-weaning period [19].
Soberon et al., (2012) [20] have shown that calves treated for diarrhea produced 493 kg
less milk during their first lactation than those without any diarrhea events. Besides, the
top reasons for antimicrobial use in pre-weaned heifers in most U.S. dairy operations
are treating sick calves for gastrointestinal problems and pneumonia, at 16% and 11.4%,
respectively [17].

Feeding an adequate amount of good quality colostrum, IgG concentration > 50 g/L
at 10–12% of the calf’s body weight, to newborn calves has been the mainstay of cur-
rent practices on most dairy farms and the focus of colostrum research for the past
three decades [3,15,21]. Based on the criteria, around 4 L of colostrum is fed within 4 h
of the neonatal life to ensure adequate immunoglobulins delivery to the agammaglobuli-
naemic calf before a reduction of permeability to these large molecules occurs in the calf’s
gastrointestinal tract [22]. Furthermore, in instances where colostrum intake is impeded
by feeding method, i.e., nipple bottle versus esophageal tubing, a second feeding is rec-
ommended 6 h later, whereas esophageal tubing efficiently delivers 4 L independent of
calf’s intake ability [15]. Following colostrum intake, calves are routinely fed various milk
products in different amounts until weaning, depending on the on-farm availability of milk
products. Thus, finding ways to improve calf health is undeniably crucial for maintaining
dairy farms’ economic efficiency and animal welfare.

Our objective was to compare the benefits of providing calves with two feedings
of colostrum 12–16 h apart to calves that get only one colostrum feeding, both feedings
delivered via an esophageal tube. Specifically, to compare the differences in ADG, and
the number of antibiotic treatments for neonatal diseases. Therefore, we hypothesized
that calves fed with two feedings of colostrum within the first 12–16 h of life achieved
greater weekly ADG. These calves will also have fewer disease incidences and require
fewer treatments.

2. Materials and Methods

All animal procedures were approved by the Cornell University Institutional Animal
Care and Use Committee (protocol no. 2019-0026). Holstein heifer calves (n = 190) from
a family-owned commercial herd in Tompkins County, New York, USA, were enrolled
from August 2019 to April 2020. The sample size of 95 animals per treatment was based on
identifying a biological difference in average daily gain (ADG) between the control and the
treatment of 0.07 kg with SD of 0.13 kg, confidence level of 95%, power 95%, and accounting
for 10% of mortality. Heifer calves were blocked in pairs based on their birth date then
randomly assigned to either treatment or control using PROC PLAN (SAS 9.4, SAS Institute
Inc., Cary, NC, USA). The heifer calves enrolled were singletons born unassisted from dams
with a gestation length (278 ± 8 days). Heifer calves weighing between 31.5 and 54 kg and
without any phenotypical abnormalities at birth were included in the current study. All
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calves were removed from the dam immediately after birth, weighed using a scale, and
navel dipped with 7% iodine.

Treatment calves (COL; n = 95) received two feedings of pooled maternal colostrum
with an esophageal tube (Perfectudder bags system; Dairy Tech Inc. Greeley, CO, USA).
The first feeding was 4 L within 2 h of age, and a second feeding of 3 L between 12–16 h
of age. 12–16 h coincides with the farm movement of heifers from maternity pen to the
calf barn and where they will be fed at the nipple. Control calves (CON; n = 95) received
one feeding of 4 L of pooled colostrum within 2 h of age followed by 3 L of pasteurized
acidified milk between 12–16 h of age with an esophageal tube (Perfectudder bags system).
Pooled colostrum with a % Brix value ≥ 22 was collected using the 4 L and 3 L, heat-
treated at 60 ◦C for 60 min. All the % Brix measurements were performed using a digital
dairy refractometer (IgG colostrum and serum concentration—MISCO DD-2 Refractometer,
Solon, OH, USA). Colostrum was stored at 4 ◦C for no longer than five days to ensure
good colostrum quality and maintain an IgG concentration greater than 50 g/L delivered
to each calf at the first feeding [15]. Milk fed to the control calves was collected similarly
with 3 L Perfectudder bags. This second feeding milk used was pasteurized acidified milk,
which was the same as those being fed to all calves at the farm facility. Prior to all feedings,
the colostrum and acidified milk were thawed in a water bath maintained at a consistent
temperature of 40 ◦C until the temperature of milk and colostrum reached a temperature
of 40 ◦C, approximately 20 min. One of the authors (Zheng) performed all second feedings
for the COL and CON calves, % Brix were measured in both COL and CON, and the farm
personnel was blinded to all the treatments.

All enrolled calves were moved from the maternity area to an independently operated
calf barn post-second feeding. Calves enrolled in the study were commingled with other
calves on the farm that were not enrolled in our study. Calves enrolled from November 2019
to April 2020 were provided with calf blankets (Udder Tech, Rosemount, MN, USA) from
1 d of life. Calves were group-housed in a naturally ventilated barn supplemented with
positive pressure ventilation. Approximately 20 calves within 1–2 days of age difference
were housed in 13 × 6 m pens bedded with straw (3.91 m2/calf). All calves had ad libitum
to pasteurized acidified milk delivered through a milk line with nipple bars, 6 nipples per
pen; 3.33 calves/nipple. Milk was pasteurized at 72 ◦C for 15 s, then formic acid diluted
with water in a 1:10 ratio was added to the milk and constantly agitated until milk pH = 4.5.
Whole milk was mixed milk replacer (Herdfirst 20–20 AM Bov EZ, 20% CP, 20% crude fat,
0.15% crude fiber, Cargill, MN, USA) to correct the % total solid and deliver a mix with
13% total solids.

Upon arrival to the calf barn, farm personnel introduced all animals to the nipples,
and training persisted for 2–3 days. The automated feeding system was cleaned daily, and
all nipples were replaced weekly. All calves were offered pasteurized acidified milk at
25.5 ◦C ad libitum from arrival to the calf-raising facility until d 42. All pens had free access
to fresh water at all times. On d 7, calves were offered ad libitum textured calf starter (Key
Calf Starter, 18.10% CP, 4.00% crude fat, and 5.00% crude fiber, Keystone Mills, Romulus,
NY) and at d 14 until d 56, to ad libitum hay in addition to the calf starter (21.01% CP, 2.99%
crude fat, and 6.26% crude fiber, Keystone Mills, Romulus, NY, USA). Weaning of calves
utilized a gradual step-down protocol initiated at d 42 with a 40% reduction of time for
milk access till d 50, then a 90% reduction of time for milk access until d 56. All calves
were disbudded around d 21 of age, with a butane cauterizer (Portasol, Carlow, Ireland).
Prior to dehorning, a local anesthetic (2% lidocaine, Vetone, Boise, Idaho) combined with
0.5 mg/mL sedation (XylaMed, Vetone, Boise, ID, USA) was delivered to each cornual
nerve. Each calf then received appropriate pain medication using transdermal flunixin
(Banamine Transdermal, Merck, Madison, NJ, USA).

2.1. Data and Sample Collection

Days carried calf, parity, calving ease score (1–5), and dam parity were recorded for
each calf enrolled in the study. Calves were weighed immediately after birth and weekly
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thereafter with Waypig 15 digital scale (Raytec LLC, Ephrata, PA, USA) until d 56. Withers
heights were measured with a meter stick (NASCO, Fort Atkinson, WI, USA).

On d 2 to 7 after birth, at least 12 h after the second feeding, blood samples were
collected from the jugular vein in all calves with a 22 G × 1” needle in a 10 mL red top tube
(BD Vacutainer, Fisher Scientific, Waltham, MA, USA). A heparinized microhematocrit
capillary tube (Kimble, Rockwood, TN, USA) was filled immediately from the red top tube,
and the hematocrit was determined. The remaining sample was centrifuged at 3000× g
at room temperature for 15 min for serum separation. The serum was evaluated using an
optical Brix refractometer (Misco Palm Abbe #PA201, Cleveland, OH, USA), and the value
was used to estimate each calf’s total serum protein. Failure passive transfer immunity was
assumed at two different methods: (1) % Brix < 8.4 [23–25]; and (2) four different categories
(Excellent [≥9.4]%, Fair [8.9–9.3]%, Good [8.1–8.8]%, and Poor [<8.1]%) [15,24].

Pneumonia and otitis were diagnosed, treated, and recorded by two trained farm
personnel for all animals. All diagnoses and treatments of disease followed the standard
operating procedures outlined in this commercial dairy. Otitis was defined as unilateral or
bilateral ear droop, head tilt, cough, and or shallow breathing. Pneumonia was defined as
shallow breathing, cough or noticeable effort to breathing, and rectal temperature > 39.7 ◦C.
All disease events and treatments were recorded in DairyComp 305 (VAS, Tulare, CA, USA).
Diarrhea events were not consistently recorded by farm personnel and were not used in
this study. Once diarrhea was observed, calves with poor appetite and noticeable dehy-
dration were fed 2 L of oral electrolytes (Land O’Lakes, Arden Hills, MN, USA) using an
esophageal tube for 2 d. Calves that had no appetite and were severely dehydrated with
sunken eyes were given 2 L Lactated Ringer’s Solution intravenously (Radix Labs, Inter-
national Drive, Eau Claire, WI, USA). For respiratory and otitis, calves were treated once
with tulathromycin 2.5 mg/kg subcutaneous (Draxxin, Zoetis, Parsippany, NJ, USA) and
rechecked 7 d after the initial treatment. A second treatment using the same antimicrobial
and same dose was given if the calf did not recover. Those that required a third treatment
were given once tilmicosin 20 mg/kg subcutaneous (Micotil, Elanco, Greenfield, IN, USA).

2.2. Statistical Analysis

Prior to statistical analysis, one calf in the CON group was excluded from the study
due to death in the first 48 h. The necropsy opportunity was not available. This resulted in
a study population of n = 189. Chi-squared tests were performed using PROC FREQ of
SAS (SAS 9.4) for differences in categorical variables such as dam parity, failure of passive
transfer % Brix value < 8.4% [25], passive transfer failure four different categories (Excellent
[≥9.4]%, Fair [8.9–9.3]%, Good [8.1–8.8]%, and Poor [<8.1]%) [15,24], ADG categories [26],
hematocrit, and the number of antibiotic treatments. The correlation between hematocrit
and serum % Brix was analyzed using Proc corr in SAS 9.4 and GraphPad Prism 9.2. One-
way ANOVA was used for differences in continuous variables such as average weight
at birth and serum % Brix. The weekly ADG and height were analyzed with repeated
measures ANOVA using PROC Mixed in SAS 9.4. Five covariance structures were tested for
the weekly ADG outcome (simple, compound symmetry, autoregressive order 1, Toeplitz,
and unstructured), and the covariance structure with the lowest Akaike’s information
criterion was selected. Treatment was included as a fixed effect, and the REPEATED
statement was used for the time variable. Other plausible fixed effects terms (e.g., dam
parity, days carried calf, and birth weight) were tested and not included in the final model
if the p-value ≥ was 0.05. Block was included in this model as a random effect and to
control for changes in management, weather, and other factors that we were not able
to control. The treatment × time interaction was forced in the model. Other plausible
interaction terms were tested and not included in the final model if the p-value is ≥ 0.05.
Tukey’s post hoc test were used for multiple comparison correction of p-values for all
pairwise comparisons of least square means. Normality and homoscedasticity of residuals
were visually evaluated for the model fit. The average incidence of both diseases and the
number of treatments between the control and treatment were compared using the one-way
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ANOVA method. Significance for all analyses was declared if p < 0.05. Univariable logistic
regression models using PROC GLIMMIX were used to investigate potential associations
between the treatment groups and respiratory diseases and otitis. Then, odds ratios were
calculated for these associations.

3. Results
3.1. Description of Study Population and Treatment

The descriptive statistics of the study population are shown in Table 1. There was
no difference in the % Brix of the first colostrum feed to both CON and COL (p = 0.43).
Time interval from the first feeding of colostrum to the second feeding averaged (±SD) at
843 (±6) min [CON: 853 (614–1180), COL: 834 (665–1037); p = 0.12].

Table 1. Description of the study population and treatment are presented as total counts and 95% CI.

Measurement
1Treatments

Control Colostrum p-Value

Number of animals 94 95 -
Birth weight (kg) 38.0 (35.7–40.3) 38.8 (31.7–52.6) 0.19

Parity of dams 1.4 (1.2–1.7) 1.6 (1.3–1.8) 0.35
Days carried calf (days) 276.3 (267.1–285.4) 275.7 (266.3–285.0) 0.36
%Brix of first colostrum 25.2 (24.1–26.2) 24.9 (23.8–25.9) 0.43

%Brix of second colostrum 7.3 (6.5–8.2) 25.5 (24.7–26.4) <0.01
Serum % Brix 9.2 (9.0–9.5) 9.7 (9.4–9.9) <0.01

1Treatments: control (CON) received 4 L of colostrum within 2 h of life followed with 3 L of acidified milk within
12–16 h later; Colostrum (COL) received 4 L of colostrum within 2 h of life followed by another 3 L of colostrum
12–16 h later.

The hematocrit (HCT) was similar in CON and COL groups (p = 0.31). However,
serum % Brix concentration was greater in the COL group than CON (p < 0.01). We
observed a very weak association between HCT and serum % Brix, Figure 1.
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Figure 1. Linear regression analysis between the hematocrit concentration and serum % Brix. The
solid line represents the linear regression, and the dotted lines represent the 95% CI.

There was no difference in the number of calves with passive transfer failure using
the 8.4% Brix cut-off, 7 calves in COL, and 10 calves in CON (p = 0.40). Similarly, we did
not observe a difference in the failure passive transfer immunity serum% Brix categories
by treatment (p = 0.14; Table 2).



Animals 2021, 11, 3209 6 of 11

Table 2. Overall average daily gain (ADG) wk 1–8 and serum % Brix categories by treatment.

1Treatments

Control Colostrum p-Value

Categories serum % Brix
Excellent (≥9.4)% 32 (17.0%) 45 (23.8%)

0.14
Fair (8.9–9.3)% 28 (14.8%) 24 (12.7%)

Good (8.1–8.8)% 29 (15.3%) 25 (13.3%)
Poor (<8.1)% 5 (2.6%) 1 (0.5%)

Categories Average Daily Gain
(ADG) WK 1–8

Excellent (ADG > 0.82) kg/d 12 (7.0%) 10 (5.8%)
0.57Fair (ADG 0.64 to 0.82) kg/d 42 (24.4%) 36 (20.9%)

Poor (ADG < 0.64) kg/d 33 (19.2%) 39 (22.7%)
1Treatments: control (CON) received 4 L of colostrum within 2 h of life followed with 3 L of acidified milk within
12–16 h later; Colostrum (COL) received 4 L of colostrum within 2 h of life followed by another 3 L of colostrum
12–16 h later.

3.2. Average Daily Gain and Height

Bodyweight increased over time from calving to weaning (p < 0.01) and were similar
in both groups up to wk 8 (p = 0.70). The ADG during the entire pre-weaning period and
weekly ADG between CON and COL are summarized in Figure 2.
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Figure 2. Least squares means of repeated measures ANOVA of ADG during the pre-weaning period.
Treatments: control (CON) received 4 L of colostrum within 2 h of life followed with 3 L of acidified
milk within 12–16 h later; Colostrum (COL) received 4 L of colostrum within 2 h of life followed with
another 3 L of colostrum 12–16 h later. Error bars represent standard error. Enrollment block was
included as a random effect.

We did not observe a difference in the ADG (95% CI) kg/d during the pre-weaning
period between CON 0.68 (0.63–0.72) kg/d and COL 0.67 (0.63–0.71 kg/d; p = 0.72). In
addition, there were no differences in ADG (p = 0.62) and height (Figure 3; p = 0.95) for
treatment × Time interaction between CON and COL.
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Figure 3. Least squares means of repeated measures ANOVA of withers height (cm) during the
pre-weaning period. Treatments: control (CON) received 4 L of colostrum within 2 h of life followed
with 3 L of acidified milk within 12–16 h later; Colostrum (COL) received 4 L of colostrum within
2 h of life followed with another 3 L of colostrum 12–16 h later. Error bars represent standard error.
Enrollment block was included as a random effect.

3.3. Health Status

In respiratory disease, 31.34% of the study population was treated for the respiratory
disease at least once. Colostrum calves had a greater number of treatments for respiratory
disease than CON at 56 and 38, respectively (p = 0.02). There was no significant difference
in odds of developing a respiratory disease in COL than the CON calves [1.3 (95% CI; 0.65,
2.68; p = 0.43)]. Out of the total study population, 52.4% were treated for otitis at least
once. The odds of developing otitis were not significantly different between CON and COL
calves during the pre-weaning period [1.3 (95% CI; 0.72, 2.31; p = 0.38)]. The CON had a
greater number of antibiotic treatments for otitis than COL at 141 and 116, respectively
(p = 0.01). The overall antibiotic treatment was higher in CON than COL at 179 and 172,
respectively (p = 0.001). There was no difference in mortality rate between the CON and
COL groups during the first 8 wk of life, at 4.2% and 3.7% (p = 0.77), respectively.

4. Discussion

The study was performed to primarily investigate the effect of providing an additional
feeding of good quality colostrum on the pre-weaning ADG in dairy Holstein heifers
compared to those fed with acidified milk. Our study did not observe a difference in total
body weight gain, ADG during the 56 d study period, weekly ADG, and withers height
between the two groups.

Unique to our study situation, the farm at which the study was conducted experienced
a malfunctioning feeding system. Cold unpasteurized acidified milk was delivered through
the automated feeders to all pre-weaning heifers for approximately seven days. During this
period and to reduce the effects of the malfunctioning automatic feeding system, all heifers
were bottle-fed individually with pasteurized acidified milk by farm personnel. Despite
great effort, the acute change in diet affected the enrolled heifers at the time, and our overall
data starting from the ADG at week 4. The remaining of the data was also affected due
to this cohort of calves. The ADG was compromised during this period equally for both
the CON and COL. However, their total body weights continued to increase during this
period. An increase in calf morbidity and mortality of calves was also equally observed for
the CON and COL during this period.



Animals 2021, 11, 3209 8 of 11

Recent research in colostral bioactive factors has proposed prolonged feeding of
colostrum may benefit the health of neonatal calves [27–29]. Explanations of these ef-
fects include better small intestinal absorption, as demonstrated by Hammon and Blum
(1997) [27], where the xylose absorption test at d 5 was seen greater in calves that received
1 and 6 feedings of colostrum compared to those calves that received milk replacer only.
In addition, consistent with other studies [5,30], significant greater villus heights, circum-
ferences, and villus areas were morphologically observed as early as d 8 in those calves
that have received colostrum than those that received milk replacer. Likely, these beneficial
results are not only due to one bioactive factor but rather a synergistic effect and various
intricate interactions at the molecular level that results in changes in the endocrine system
and metabolic state. Nonetheless, the results of our study did not show an enhanced
growth performance in calves that were fed with two feedings of colostrum. This may be
in agreement with Hammon and Blum (1997) [27], where they did not observe a difference
in the xylose absorption capacity at d 5 between the 1 or 6 feedings of colostrum treatment
group. In addition, in the natural physiology of cattle, the colostral phase of mammary
secretions may last up to 5–7 days post-partum [22]. Yet, the number of bioactive factors
decrease significantly after 6 milkings or 3 days [3]. In our study, the potential beneficial
effects of colostrum may also be masked as calves were provided with only one additional
feeding 12–16 h post the first feeding. The duration of which colostrum was provided may
not be sufficiently prolonged.

Moreover, providing a second feeding of colostrum is beneficial to achieve the new
standards on calf- and herd-level passive immunity in dairy calves in the United States [24].
However, time and feeding techniques must be considered, especially in large dairy farms.
In addition, calves are commonly reluctant to drink a second colostrum feeding from
a bottle with a nipple shortly after the first feeding, <6 h. Therefore, esophageal tube
feeding is an effective strategy for feeding a second dose of colostrum 12–16 h after the first
colostrum feeding, obtaining greater serum % Brix in dairy calves.

Housing management may play a role in the effect of ADG in our study. Faber et al.
(2005) [29] observed a higher pre-weaning ADG in Brown Swiss heifers that were provided
with either 4 L of high-quality colostrum (50–140 mg/mL of IgG) at birth via bottle-feeding
than those that were provided with 2 L. However, the animals were housed in individual
pens. In our study, enrolled calves CON and COL were group-housed with other heifers
that were not part of the study. Svensson et al., (2003) [31] reported that calves in large
group-housing pens with an automatic feeding system had greater odds of developing
severe or mild pneumonia than individually housed calves. This may affect ADG in calves.

The proportion of enrolled calves in our study in each pen ranged from 10–50% at
any given period. Although numerous research has shown that grouped housed calves
are associated with increased body weight gains than individually housed [32,33], group
housing, along with other factors, are associated with higher calf morbidity [34,35]. How-
ever, these effects are group size-dependent [36]. Thus, the mass pen effect may have
increased our calf morbidity and affected the ADG. Additionally, our study did not report
on diarrhea and its effects on ADG.

It is important to note that the sample size calculation used in our study intended to
find a biological difference in ADG. The current sample size may be insufficient to fully
understand the effect of two colostrum feedings in calf disease incidence and mortality
during the pre-weaning period. However, we found a reduction in the total number of
antibiotic treatments during the pre-weaning period in the COL calves. This is in agreement
with a recent study by Abuelo et al., 2021 [16]. However, the prevalence of respiratory
disease reported by Abuelo et al., 2021 [16] is lower than the prevalence of respiratory
disease observed in our study. This retrospective study analyzed data from individually
housed calves [16].

Hemoconcentration has been associated with changes in total serum proteins in
calves [37], and the HCT is a standard method to estimate hemoconcentration. We did
not observe an association between serum % Brix and HCT in the current study. In our
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study, calves that were fed two feedings of colostrum approximately 12–16 h apart had
greater serum % Brix than those calves with a follow-up the feeding of 3 L of acidified
milk instead. There was no difference in calves with failure of passive transfer among the
groups. The feeding method, by esophageal tubing, may not play a role in the observed
differences in the IgG between the two groups. Desjardins-Morrissette et al., (2018) [38]
have demonstrated that when colostrum is fed at higher quantities, 3 L compared to 1.5 L,
abomasal emptying was not affected as the residual amount remained in the rumen is
proportionally smaller. As the amount of colostrum or acidified milk fed to the calves
was 4 L for the first feeding and 3 L for the second feeding in this study, it is unlikely
slower abomasal emptying rate would have an effect on the observed results. In addition,
Quigley et al., (2019) [39] observed that serum IgG was lower in calves that were fed 1.8 L of
colostrum replacer followed by two feedings of 1.8 L of milk replacer within 24 h compared
to those calves that were fed 1.8 L of pooled colostrum within the same time period. The
study also attributed the low serum IgG in the group fed with milk replacer to dilution IgG
in the colostrum replacer. A dilution effect may have minimal effect on our observed result,
as milk curds in the abomasum are fully digested by 12–18 h, which is approximately the
time of our second feeding [40–42].

Unlike other farm animal species where the cessation of absorption of macromolecules
is greatly affected by the timing of first feeding [43,44], in bovine neonates, absorption is
greatly reduced after 6–12 h of age [9], and cessation to absorb immunoglobulins is blocked
entirely at 24–36 h of age [45,46]. Consistent with other studies, our result supports that
the small intestine may continue to absorb IgG despite diminished absorption capacity,
resulting in greater serum total proteins [9,47]. Although the incidence of evaluated disease
events between the COL and CON was inconclusive, the total number of antibiotics
used in the COL was lower, which may be attributed to the higher estimated serum IgG.
Greater IgG concentration may not be sufficient to achieve optimal growth in dairy calves.
Appropriate nutrition is critical during the pre-weaning period to allow the dairy calves to
reach their maximum growth.

5. Conclusions

Providing calves with a second feeding of good quality colostrum 12–16 h after first
feeding did not result in a more significant pre-weaning average daily gain compared with
feeding those calves with milk in our current study. However, those calves that received
two feedings of colostrum resulted in higher serum % Brix, required a lower number of
antibiotic treatments for otitis. The benefits of feeding additional colostrum or transition
milk high in bioactive factors may be seen with a more intensified feeding regime. Still,
further studies are needed in group-housed calves.
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