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Research article
Ερευνητικό άρθρο

ABSTRACT: Calves that receive sufficient colostrum shortly after birth present improved passive immunity vital for 
optimum calf health and future production. Management practices and the dam’s parity can influence colostrum quality 
and the transfer of immunoglobulins to newborn calves. Cows’ parity is a modulating factor, with increased IgG in old-
er cows, although scarce information exists regarding first- and second-parity cows. This study aimed to determine the 
impact of parity on colostrum immunoglobulin (IgG) concentration, transfer of passive immunity, postnatal growth, 
and incidence of diseases in Holstein calves. The study included 60 animals, Holstein cows and their progeny that were 
distributed into three groups: G1 (first-parity, n=10+10), G2 (second-parity, n=10+10), and G3 (third-parity, n=10+10). 
The birthweight and gender of calves were recorded. Immediately after birth, colostrum IgG was determined by co-
lostrometer and refractometry. Blood samples from calves were collected at birth and 48 h of life to determine the 
transfer of passive immunity (TPI). Subsequently, the incidence of diseases, daily liveweight gain, and mortality were 
recorded weekly up to weaning. Birth weight tended to differ among groups (G1: 33.0±0.9; G2 38.1±2.5; G3: 38.3±1.4 
kg; p=0.07). IgG concentration in colostrum at birth was greater (P < 0.05) in G3 than in G1 and G2, independently 
of the method used. Serum immunoglobulin concentration at birth was similar (P > 0.05) among groups, but at 48 h 
was higher (P < 0.05) in G3 calves compared to G1 but not to G2. Postnatal growth and weaning weight did not differ 
(P > 0.05) among groups. Calves of all groups presented diarrhea (P > 0.05). Two calves died, one from G1 and one 
from G2, with no mortality rate differences (P > 0.05) among groups. In conclusion, the older the cows, the higher the 
colostrum IgG concentration, increasing the passive immunity transfer in calves. Birth weight of calves tended to differ 
among groups, but the postnatal growth performance was similar. These results warrant more research to determine 
whether the reduced colostrum quality produced by first- and second-parity cows does not negatively affect the calves’ 
post-weaning performance and age at first pregnancy.
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INTRODUCTION

Profitability in the dairy herds depends on repro-
ductive and productive efficiency. The animal’s 

long-term productivity depends on its early immuni-
ty; therefore, maximizing survival and attaining the 
full growth potential of newborn calves is challeng-
ing (Van Amburgh et al., 2008; Soberon et al., 2012; 
Ghaffari et al., 2020). Failing to do so leads to peri-
natal mortality in newborns, drawing the consumer’s 
attention from the animal welfare point of view (Cut-
tance and Laven, 2019; Verdon, 2021).

In ruminants, no exchange of immune factors oc-
curs in utero due to the nature of the placenta (Chu-
cri et al., 2010), resulting in agammaglobulinemia in 
newborns (Barrington and Parish, 2001; Gulliksen et 
al., 2008). Therefore, within 12 h post-partum, new-
born ruminants require sufficient colostrum to reduce 
diseases and survive as the gut permeability to absorb 
immunoglobulins rapidly and progressively decreases 
(Moore et al., 2005; Stelwagen et al., 2009). Colos-
trum is responsible for protecting against environ-
mental antigens until the proper functioning of the 
immune system in the newborn because it contains 
proteins, essential and non-essential amino acids, lip-
ids, lactose, growth factors, immunoglobulins, and 
bioactive components (McGrath et al., 2016; Balan et 
al., 2019; Lopez and Heinrichs, 2022). Three types of 
immunoglobulins are found in colostrum that contrib-
ute to the transfer of passive immunity (IgG, IgA, and 
IgM; Larson et al., 1980; Stelwagen et al., 2009; Mc-
Grath et al., 2016), with IgG accounting for more than 
75% of the total (Korhonen et al., 2000). High-quality 
colostrum must contain >50 g/L IgG (McGuirk and 
Collins, 2004). Therefore, high-quality colostrum 
must be provided immediately after birth to improve 
passive immunity and the health status of calves to 
ensure calves’ good health, growth, and pre-weaning 
survival (McGuirk and Collins, 2004; Godden et al., 
2019). Colostrum can be evaluated before providing 
it to newborn calves because selecting colostrum with 
adequate IgG concentration is the only remaining un-
controlled variable influencing passive immunity.

Insufficient colostrum consumption or 
consumption of colostrum with reduced levels of 
immunoglobulins leads to an unsuccessful TPI, 
which increases morbidity and mortality in newborn 
calves (Windeyer et al., 2014; Godden et al., 2019; 
Gavin et al., 2018; Verdon, 2021). A newborn with a 
reduced transfer of passive immunity that does not die 
decreases its feed intake and postnatal growth (Faber 

et al., 2005; Uetake, 2013; Roche et al., 2015) and 
increases its post-weaning mortality (Cuttance et al., 
2017). By contrast, calves with satisfactory transfer of 
passive immunity have lower pre-weaning morbidity 
and mortality and reduced antibiotic treatments due 
to an improved immune system (Berge et al., 2009; 
Williams et al., 2014). In the long term, these calves 
have greater postnatal development through increased 
daily liveweight gain (Dewell et al., 2006; Berge et 
al., 2009), reduced mortality in the post-weaning 
period, increased feed efficiency, reduced age at first 
calving (Brickell et al., 2009), and improved milk 
yield in their first lactation (Faber et al., 2005; Van 
Amburgh et al., 2008).

Different factors modify colostrum quality; it 
varies among genotypes and individuals within a 
breed (Morrill et al., 2012; Puppel et al., 2019), parity 
(Shearer et al., 1992; Gulliksen et al., 2008), maternal 
age (Puppel et al., 2019), maternal health status 
(Puppel et al., 2019), the season of calving (Shearer et 
al., 1992; Gulliksen et al., 2008; Puppel et al., 2019), 
milk yield (Wasowska and Puppel, 2018), dry period 
length (Puppel et al., 2019), and nutrition (Puppel et 
al., 2019). However, data reporting the effect of parity 
on colostrum quality is confounded with the calving 
season and maternal age, as no difference in colostrum 
quality between first and second-parity cows has 
been observed (Quigley et al., 1994; Gulliksen et 
al., 2008; Moore et al., 2005; Bartier et al., 2015; 
Silva-del-Rio et al., 2017). Therefore, the objectives 
of this study were to evaluate the impact of parity 
on colostrum IgG concentration assessed by two 
methods (colostrometer and refractometry; Bartier 
et al., 2015), transfer of passive immunity in serum 
(refractometry; Elsohaby et al., 2019a), and postnatal 
growth rate, the incidence of diseases, and mortality 
up to weaning in Holstein calves.

MATERIALS AND METHODS
The study was conducted on a commercial dairy 

farm in Central Mexico (21°73’N, 100°96’W). The 
climate in this location is semi-arid and temperate. 
The average annual temperature is 16.7 °C, with 
an average annual precipitation of 220 mm. All 
animal procedures were consistent with international 
guidelines (FASS, 2010) and national policies (NAM, 
2010) for the care and use of laboratory animals.

Animals and experimental procedure
A total of 60 animals, 30 pregnant Holstein cows 

and afterwards, their progeny (n = 30) from the in-
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house flock were used to investigate the effect of parity 
on colostrum IgG concentration, immunoglobulin 
levels at birth and 48 h of life, birth weight, and 
postnatal development and weight at three months of 
age. The groups were G1 (first-parity heifers and their 
progeny; n=10), G2 (second-parity cows and their 
progeny; n=10), and G3 (third-parity cows and their 
progeny; n=10). All cows calved in the same week 
period.

Heifers management
First-parity cows were managed in 30 x 30 m² 

pens with 85% dirt surface and 15% concrete surface. 
The diet meets the nutritional requirements for both 
the development and maintenance of the fetus. Thirty 
days before parturition, pregnant heifers were moved 
to a smaller pen, where they were offered a diet 
richer in protein and energy (NRC, 2001). The diet 
was based on corn silage (40%), alfalfa hay (47%), 
and 13% concentrate (18% CP; Trouw Nutrition, 
Nuevo Leon, Mexico), contributing to 2.2 Mcal of 
metabolizable energy and 14.1% of crude protein. On 
average, heifers calved at 27 months of age.

 Multiparous cows
Pregnant cows went through a 40-d dry period 

before parturition. The diet provided during the dry 
period satisfied protein and energy maintenance 
requirements (60% sorghum stubble and 40% corn 
silage). Two weeks before parturition, the protein 
content and starches were increased. The diet was 
based on corn silage (40%), alfalfa hay (47%), 
and 13% concentrate (18% crude protein; Trouw 
Nutrition), contributing 2.2 Mcal of metabolizable 
energy and 14.1% of crude protein. All cows and 
heifers in the facility were vaccinated twice a year 
against bovine viral rhinotracheitis, bovine viral 
diarrhea BVD strains 1 and 2, bovine respiratory 
syncytial virus (BRSV), clostridiosis, and pneumonic 
pasteurellosis. Deworming was not applied. Pregnant 
cows calved in their pen. Cows in labor were not 
assisted unless dystocic parturition was detected. 
Once parturition had occurred, the dam and calf had 
contact for 10 min.

Colostrum management 
At calving, cows and calves were separated, the 

dam was milked, and the colostrum was collected. 
The calves were placed in individual pens (1.2 x 2.5 
m).

A colostrum subsample (250 mL) was collected 

for immediate evaluation using a colostrometer and 
a Brix refractometer (Bartier et al., 2015). Colostrum 
samples were analyzed for specific gravity using a co-
lostrometer (Biogenics, OR, USA; Fleenor and Stott, 
1980; Pritchett et al., 1994). Briefly, the samples were 
transferred to a clean, dry 100 mL measuring cylinder, 
and the colostrometer was gently floated on the sam-
ple for one minute before taking the reading (Fleenor 
and Stott, 1980). This methodology was performed 
twice for each colostrum sample.

In addition, colostrum samples were analyzed 
with a digital Brix refractometer (Vee Gee BX-1, IL, 
USA). This method provides a reliable estimate of 
IgG in first-milking bovine colostrum (Quigley et al., 
2013; Silva-del-Rio et al., 2017). Briefly, 2 to 3 drops 
of colostrum were placed on the measuring prism 
and left for 1 minute to allow temperature adjustment 
before taking the reading (Bielmann et al., 2010).

Calves management up to weaning
At parturition, the birth weight and sex of calves 

were recorded. Cows and their calves remained 
together for 10 min. Newborn management consisted 
of navel submersion in an iodine solution, and no 
vaccines were applied. All calves received colostrum 
during the first two h of life at a rate of 10% of their 
live weight (Godden et al., 2019). The following 
colostrum intakes were given at 24, 36, and 48 h after 
birth, at a rate of 10% of their live weight. Each calf 
received their dam’s colostrum. Afterwards, calves 
received milk at a rate of 5% of their liveweight. 
Simultaneously, on d 15 of life, calves were offered 
concentrate (Sprayfo® Trouw Nutrition, Monterrey, 
Mexico) at a rate of 0.5 kg/day, progressively 
increasing to 2.0 kg. The concentrate was mixed with 
alfalfa hay. Calves were weaned at three months of 
age, and live weight was recorded to determine daily 
weight gain during the preweaning period.

Transfer of passive immunity
Blood samples (6 mL) from all calves were 

obtained in sterile vacuum tubes with 2-inch needles 
using the jugular vein bleeding method 10 minutes 
after birth and at 48 h of age. Blood was allowed to 
clot at room temperature for 60 m, and then serum 
was separated by centrifugation at 2000 x g for 20 
min. Subsequently, serum samples were analyzed 
using a digital Brix refractometer (Vee Gee BX-
1, IL, USA; Deelen et al., 2014). Approximately 
250 µL of serum was used, and the Brix score was 
determined by transmitting light through the sample 
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in the prism and recording the reading on a digital 
scale. Before each analysis, the refractometer was 
thoroughly cleaned and calibrated with distilled water 
at room temperature. These readings gave the serum 
IgG content, reflecting passive immunity’s transfer to 
calves.

Newborn diseases and mortality
Each calf was monitored for three months to 

determine the incidence of diseases. During the 
experiment, two calves died (one from G1 and G2). 
Their information was considered for the mortality 
rate and birth weight variable but not for daily weight 
gain and weaning weight.

Statistical analysis
Data were analyzed using the SAS statistical pack-

age version 9.3 (2010). Each cow and calf were con-
sidered an experimental unit. We acknowledge the 
experiment’s limitation as the sample size is reduced. 
The sample size considered for this experiment was 
based on budgetary constraints (Anvari and Lakens, 
2021; Lakens, 2022). Nevertheless, a post hoc power 
analysis (Proc POWER) indicated that the power of 
the analysis is 0.63 for an alpha level of 0.05. This 
pilot study can still provide reliable results to test the 
feasibility of a larger experiment.

Birth weight, daily liveweight gain, weaning 
weight, colostrum quality, and blood BRIX readings 
were analyzed using linear mixed model procedures 
(PROC MIXED). The fixed effects in the model were 
parity of cows and calf´s gender. Birth weight, daily 
lightweight gain, and weaning data were included as 
covariates in the model. Daily liveweight gain was 
fitted in a linear regression model of liveweight on 
time postpartum, and estimates of the regression coef-
ficients were obtained as a measure of weight change 
by a unit of time.

Disease incidence and mortality rate were ana-
lyzed using the generalized linear mixed model pro-
cedures with a binomial distribution and logit link 
function (PROC GLIMMIX). The fixed effect was 
parity of cows. Birth weight, daily lightweight gain, 

and weaning data were included independently as co-
variates.

The correlations among birth weight, daily weight 
gain, weaning weight, and IgG evaluated by a colos-
trometer and a Brix refractometer were predicted us-
ing PROC GLM with the MANOVA option to allow 
the removal of significant fixed effects. It was con-
sidered strong if the correlation value was > 0.5 and 
near 1.0. It was considered low if the correlation value 
was < 0.5 and weak when the value approached 0.0. 
Group was considered fixed effect.

All 2-way interactions among the fixed effects 
were included in each model, and non-significant (P 
> 0.05) interactions were removed from the model. 
Significant differences among means for parity 
classes within variables were analyzed using the 
CONTRAST statement of SAS (2010).

RESULTS

Brix readings in colostrum
The colostrum IgG concentration (mg/mL±SEM) 

was 73.5±4.0 for G1 cows, 82.8±2.9 for G2 cows, and 
87.9±3.3 for G3 cows assessed by the colostrometer. 
The colostrum IgG concentration estimated by the 
Brix was 23.0±0.8 for G1 cows, 25.1±0.6 for G2 
cows, and 26.2±0.7 for G3 cows. Colostrum IgG 
concentration differed (P < 0.05) among groups by 
both methods, the colostrometer (hydrometer) and 
the Brix refractometer (Table 1). With both methods, 
an orthogonal contrast for the colostrum IgG 
concentration showed that G1 and G3 groups differed 
(P < 0.01); no statistical difference was observed 
between G1 and G2 or between G2 and G3 (P > 0.05). 
With both methods, colostrum IgG concentration did 
not differ between calf´s gender (P > 0.05).

Transfer of Passive Immunity
Parity did not influence serum immunoglobulin 

concentration at birth in newborns calves (G1: 0.22 
g/L; G2: 0.22 g/L; G3: 0.21 g/L; P > 0.05; Table 2) but 
affected the serum immunoglobulin concentration at 
48 h of life (G1:14.4 g/L; G2:15.0 g/L; G3:17.8 g/L; 

Table 1. The effect of the dam’s parity on colostrum IgG concentration (means ± SEM) assessed by colostrometer and Brix refractometer.
Method Parity Significance Contrast

G1 G2 G3 G1 vs. G2 G1 vs. G3 G2 vs. G3
n 10 10 10

Colostrometer (mg/mL) 73.5±4.0 82.8±2.9 87.9±3.3 0.03 0.10 0.01 0.31
Brix (%) 23.0±0.8 25.1±0.6 26.2±0.7 0.03 0.08 0.01 0.30
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P < 0.05; Table 2). At birth, an orthogonal Contrast 
showed no differences between the G1 and G2 groups 
and G1 and G3 groups (P > 0.05; Table 2). At 48 h, an 
orthogonal contrast showed no differences between 
the G1 and G2 or between G2 and G3 but between 
G1 and G3 groups (P < 0.05; Table 2). Neither birth 
weight nor calf´s sex influences immunoglobulin 
concentration at birth nor 48 h (P > 0.05).

Newborn birth weight and postnatal development
In G1, nine females and one male were born, and 

seven females and three males were born in G2 and 
G3. Parity tended to influence birth weight (G1:33.0 
kg; G2:38.1 kg; G3:38.3 kg; P = 0.07; Table 3); but 
not daily liveweight gain G1:551 g/d; G2:515 g/d; 
G3:497 g/d; P > 0.05; Table 3) or weaning weight 
(G1:82.4 kg; G2:84.9 kg; G3:82.9 kg; P > 0.05; Table 
3). Birth weight between G1 and G2 and between G1 
and G3 differed (P < 0.05; Table 3), but not between 
G2 and G3 (P > 0.05). Weaning weight was positively 
related to birth weight (P < 0.05). Weaning weight 
increased by 5.2 kg when birth weight increased by 10 
kg. Birth weight, daily liveweight gain, and weaning 

weight were not influenced by sex (P > 0.05).

Correlations between body weight measurements 
and immunoglobulins present in colostrum

The correlations among birth weight, daily weight 
gain, weaning weight, and the quantity of immuno-
globulins present in colostrum (Brix and colostrom-
eter) are shown in Table 4. The correlation between 
Brix and colostrometer readings for colostrum Ig con-
tent was strong and significant (Table 4). The correla-
tion between birth weight and weaning weight was 
moderate and tended to be significant (Table 4). The 
correlation between daily liveweight gain and wean-
ing weight was high and significant (Table 4). The rest 
of the correlations were not significant (Table 4).

Prevalence of diseases and mortality rate
All calves presented diarrhea; therefore, the 

incidence of diseases did not differ among groups (P 
> 0.05). Two deaths were recorded, one from G1 and 
one from G2. The mortality rate did not differ (P > 
0.05) between groups.

Table 2. Effect of dam’s parity on immunoglobulin serum concentration (g/L) in calves at birth and 48 h of life (means ± SEM).
Variable Parity Significance Contrast

G1 G2 G3 G1 vs. G2 G1 vs. G3 G2 vs. G3
n 10 10 10

Birth (g/L) 0.22±0.002 0.22±0.02 0.21±0.02 0.16 0.72 0.17 0.08
48 h (g/L) 14.4±0.7 15.0±1.0 17.8±1.2 0.05 0.72 0.05 0.29

Table 3. The effect of the dam´s parity on the birth weight, daily liveweight gain, and weaning weight of Holstein calves (means ± 
SEM). Sex is combined for the effect of parity.

Variable Parity Significance Contrast
G1 G2 G3 G1 vs. G2 G1 vs. G3 G2 vs. G3

n 10 10 10
Females 9 7 7
Males 1 3 3

Birth weight (kg) 33.0±0.9 38.1±2.6 38.3±1.4 0.07 0.05 0.04 0.95
Weaning weight (kg) 82.4±2.7 84.9±3.7 82.9±2.7 0.71 0.93 0.82 0.73

Daily liveweight gain (g/d) 551±25 515±46 497±24 0.72 0.57 0.91 0.64

Table 4. Correlations (r) among birth weight (BWT), daily weight gain (DWG), weaning weight (DWG), and the quantity of 
immunoglobulins present in colostrum (Brix and Colostrometer). The data combined groups.

Variable BWT DWG WWT Brix Colostrometer
BWT NA NS (-0.32) 0.06 (0.35) NS (0.19) NS (0.17)
DWG NA *** (0.76) NS (-0.06) NS (-0.07)
WWT NA NS (0.05) NS (0.04)
Brix NA *** (0.99)

Colostrometer NA
NA: Not applicable; NS: P > 0.05; ***: P < 0.001
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DISCUSSION
There have not been many studies examining how 

a cow’s parity affects the colostrum quality using 
Brix refractometry, nor have there been many on how 
this quality impacts IgG absorption by calves. This 
study addresses that gap by assessing the relationship 
between cow’s parity and colostrum quality, measured 
by Brix refractometry. We acknowledge that justi-
fying the sample size that will be collected is an 
important step when designing an empirical study. 
We also acknowledge the experiment’s limitation, as 
the sample size is low. Nevertheless, in animal re-
search, the sample size can be reduced by different 
factors, including but not limited to budget con-
straints (Anvari and Lakens, 2021; Lakens, 2022). 
This pilot study can still provide reliable results to test 
the feasibility of a larger experiment. We hypothesized 
that parity in Holstein cows influences colostrum IgG 
concentration, passive immunity transfer, postnatal 
calves’ development up to weaning, incidence of 
diseases, and mortality rate. Our results demonstrated 
that parity influenced colostrum quality, indicating 
that colostrum IgG concentration in third-parity cows 
was higher than in first-parity cows; however, no 
statistical difference was detected between first and 
second-parity cows or between second-parity and 
third-parity cows. Furthermore, the transfer of passive 
immunity was greater in calves from third-parity 
cows than in calves from first-parity cows. There 
was no statistical difference in the transfer of passive 
immunity among calves from first and second-parity 
cows. Birth weight tended to differ among calves from 
cows with different parity, but not the daily liveweight 
gain and weaning weight. This study has limitations 
due to the resource constraints that reduce the sample 
size and the colostrum chemical composition that was 
not assessed. Still, considering the relevance of the 
results on this topic for the dairy industry, the present 
findings provide a basis for management guidelines 
for colostrum, which could improve the survival of 
young Holstein calves.

Our results indicated that IgG colostrum concen-
tration was higher in G3 cows than in cows from G1 
or G2. We did not observe differences in the IgG con-
centration in colostrum between G1 and G2 cows or 
between G2 and G3 cows. Data reporting the effect 
of parity on the content of IgG in colostrum could be 
confounding with the calving season and maternal 
age, as no difference in colostrum quality between 
cows from first to second parity has been reported 
(Quigley et al., 1994; Gulliksen et al., 2008; Moore 

et al., 2005; Bartier et al., 2015; Silva-del-Rio et al., 
2017). Also, Zarei et al. (2017) found no significant 
increase in IgG and IgM concentration with increas-
ing parity. In cows, the maternal immune system im-
proves with age as older cows have been exposed to 
antigens for a longer time than younger cows; thus, 
older cows produce colostrum with higher Ig levels 
(Shearer et al., 1992; Conneely et al., 2013; Vlasova 
and Saif, 2021). Therefore, a positive relationship has 
been reported between Ig concentration in colostrum 
and pariy in cows (Ahmann et al., 2021). The immune 
system between first-parity cows and second-parity 
cows is similar, and the Ig concentration in colostrum 
was similar between groups. Nevertheless, these ob-
servations do not explain the lack of statistical dif-
ference between G1 and G2 cows. Our results align 
with several authors (Bartier et al., 2015; Chuck et al., 
2017; Ahmann et al., 2021) who observed that first-
calf heifers had a considerably lower colostral IgG 
content than cows in their third parity or later.

Our results indicate that parity did not influence 
serum immunoglobulin concentration of calves at 
birth; however, after colostrum ingestion, serum 
immunoglobulin concentration was higher in calves 
from G3 cows. A similar serum IgG concentration 
among groups at birth was expected as newborn calves 
are agammaglobulinemia (Barrington and Parish, 
2001; Gulliksen et al., 2008) because no exchange 
of immunoglobulins occurs in utero due to the nature 
of the placenta (Chucri et al., 2010). Neonatal calves 
can respond to environmental conditions loaded with 
microorganisms, yet the response is delayed due to the 
immaturity of protective mechanisms (Barrington and 
Parish, 2001). After colostrum ingestion, we observed 
a sustained increase in serum IgG, which agrees with 
previous reports (Topal et al., 2008; Hare et al., 2020). 
According to our results, serum IgG concentration 
of calves at 48 h of life indicated that the passive 
immunoglobulins transference was higher in calves 
from G3 cows. Yet, the transfer of passive immunity 
was similar between calves from G1 and G2 cows. 
Indeed, the transfer of passive immunity is highly 
associated with colostrum quality (Lichtmannsperger 
et al., 2023), and G3 cows had greater colostrum IgG 
concentration than G2 cows. Increasing colostrum 
quality results in enhanced intestinal development, 
improving nutrient absorption and transfer of passive 
immunity in newborn calves (Yang et al., 2015). There 
was no evidence for differences between G1 and 
G2 cows. Nevertheless, the dairy industry needs to 
develop guidelines that indicate the use of colostrum 
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from third-parity cows to improve the transfer of 
passive immunity and, thus, the health of calves. 

It has been well documented that birth weight is 
reduced, and postnatal growth performance is delayed 
in progeny from first-calf heifers compared with 
multiparous cows (Holland and Odde, 1992; Kertz 
et al., 1997). Indeed, a positive genetic relationship 
between birth weight and adult weight has been 
reported (Lamb and Barker, 1975; Holland and Odde, 
1992). Notably, postnatal growth performance highly 
correlates with newborn health because of the high-
quality colostrum ingested (Furman-Fratczak et 
al., 2011; Yang et al., 2015; Elsohaby et al., 2019b; 
Lopez et al., 2020). Furthermore, the relationship 
between birth weight and progeny growth rate was 
characterized by correlation analysis. This point is 
important, as a positive relationship between birth 
weight and postnatal growth and development has 
been reported previously (Furman-Fratczak et al., 
2011). Thus, heavier progeny at birth grows faster than 
lighter progeny and can have greater fertility (Lamb 
and Barker, 1975). Our results align with previous 
observations showing that birth weight from first-calf 
heifers was lower than that of calves from two- or 
third-parity cows. However, we observed that daily 
liveweight gain and weaning weight were similar 
regardless of parity class. This lack of difference in 
the postnatal growth performance among groups was 
reflected in the similar prevalence of diseases and 
mortality among calves from cows with different 

parities. To better understand if colostrum from 
first- and second-parity cows has any adverse effects 
on newborns´ post-weaning performance and first 
pregnancy, additional research is needed.

CONCLUSIONS
It was concluded that parity influenced the colos-

trum IgG content and TPI and tended to influence the 
birth weight of calves. However, postnatal growth 
up to weaning among calves from cows with differ-
ent parity was similar. Further research, including 
larger sample sizes and comprehensive colostrum 
composition analyses, is warranted to determine the 
relationship between colostrum composition and 
IgG concentrations on the TPI and the impact on the 
post-weaning growth performance and reproductive 
efficiency at their first breeding. These results are very 
relevant to the dairy industry in developing neonatal 
management guidelines to improve the transfer of 
passive immunity and, thus, the health of newborn 
calves.

ACKNOWLEDGMENTS
The authors thank the owners of the “Rincon 

del Paraiso” dairy farm for allowing the entry and 
authorization of the use of the animals, as well as the 
employees of the area of   the calf who helped with 
calving, calf care, and sampling collection.

CONFLICT OF INTEREST
None declared

REFERENCES

Ahmann J, Steinhoff-Wagner J, Büscher W (2021) Determining Immuno-
globulin Content of Bovine Colostrum and Factors Affecting the Out-
come: A Review. Animals 11(12), 3587.

Anvari F, Lakens D (2021) Using anchor-based methods to determine the 
smallest effect size of interest. J Exp Soc Psychol 96, 104159

Balan P, Sik-Han K, Moughan PJ (2019) Impact of oral immunoglobulins 
on animal health—A review. Animal Sci. J. 90(9), 1099-1110.

Barrington GM, Parish SM (2001) Bovine neonatal immunology. Vet. Clin. 
North. Am. Food Anim. Prac. 17, 463-476.

Bartier AL, Windeyer MC, Doepel L (2015) Evaluation of on-farm tools for 
colostrum quality measurement. J. Dairy Sci. 98(3), 1878-1884.

Berge ACB, Besser TE, Moore DA, Sischo WM (2009) Evaluation of the 
effects of oral colostrum supplementation during the first fourteen days 
on the health and performance of preweaned calves. J. Dairy Sci. 92(1), 
286-295.

Bielmann V, Gillan J, Perkins NR, Skidmore AL, Godden S, Leslie KE 
(2010) An evaluation of Brix refractometry instruments for measure-
ment of colostrum quality in dairy cattle. J. Dairy Sci. 93(8), 3713-
3721.

Brickell JS, Bourne N, McGowan MM, Wathes DC (2009) Effect of growth 
and development during the rearing period on the subsequent fertility of 
nulliparous Holstein-Friesian heifers. Theriogenology 72(3), 408-416

Chuck G, Mansell P, Stevenson M, Izzo M (2017) Factors affecting co-

lostrum quality in Australian pasture-based dairy herds. Aust. Vet. J. 
95(11), 421-426.

Chucri TM, Monteiro JM, Lima AR, Salvadori MLB, Junior JRK, Miglino 
MA (2010) A review of immune transfer by the placenta. J. Reprod. 
Immunol. 87(1), 14-20.

Conneely M, Berry DP, Sayers R, Murphy JP, Lorenz I, Doherty ML, Ken-
nedy E (2013) Factors associated with the concentration of immuno-
globulin G in the colostrum of dairy cows. Animal 7(11), 1824-1832.

Cuttance EL, Mason WA, McDermott J, Laven RA, McDougall S, Phyn 
CVC (2017) Calf and replacement heifer mortality from birth until 
weaning in pasture-based dairy. New Zealand. J. Dairy Sci. 100, 8347-
8357.

Cuttance E, Laven R (2019) Perinatal mortality risk factors in dairy calves. 
Vet. J. 253, 105394.

Deelen SM, Ollivett TL, Haines DM, Leslie KE (2014) Evaluation of a Brix 
refractometer to estimate serum immunoglobulin G concentration in 
neonatal dairy calves. J. Dairy Sci. 97(6), 3838-3844.

Dewell RD, Hungerford LL, Keen JE, Laegreid WW, Griffin DD, Rupp 
GP, Grotelueschen DM (2006) Association of neonatal serum immuno-
globulin G1 concentration with health and performance in beef calves. 
J. Am. Vet. Med. Assoc. 228(6), 914-921.

Elsohaby I, McClure JT, Waite LA, Cameron M, Heider LC, Keefe GP 
(2019a) Using serum and plasma samples to assess failure of transfer 



J HELLENIC VET MED SOC 2024, 75 (4)
ΠΕΚΕ 2024, 75 (4)

8388 A. GARCÍA-MENDOZA, D.X. VEGA-MANRÍQUEZ, V. CUEVAS-REYES, M.J. FLORES-NAJERA, F.J. ALMENDÁREZ-NAVARRO, E. FELIX SANTIAGO, 
J.M. VÁZQUEZ-GARCÍA, G. BALLESTEROS-RODEA, R. SIMS, M. MELLADO, C.A. ROSALES-NIETO

of passive immunity in dairy calves. J. Dairy Sci. 102(1), 567-577.
Elsohaby I, Cameron M, Elmoslemany A, McClure JT, Keefe G (2019b) 

Effect of passive transfer of immunity on growth performance of pre-
weaned dairy calves. Can. J. Vet. Res. 83(2), 90-96.

Faber SN, Faber NE, McCauley TC, Ax RL (2005) Case Study: Effects Of 
Colostrum Ingestion on Lactational Performance 1. Prof. Anim. Sci. 
21(5), 420-425.

FASS (2010) Guide for the Care and Use of Agricultural Animals in Agri-
cultural Research and Teaching, 3rd ed.; Federation Animal Science 
Society: Champaing, IL, USA, 177.

Fleenor WA, Stott GH (1980) Hydrometer Test for Estimation of Immu-
noglobulin Concentration in Bovine Colostrum. J. Dairy Sci. 63(6), 
973-977.

Furman-Fratczak K, Rzasa A, Stefaniak T (2011) The influence of colostral 
immunoglobulin concentration in heifer calves’ serum on their health 
and growth. J. Dairy Sci. 94(11), 5536-5543.

Gavin K, Neibergs H, Hoffman A, Kiser JN, Cornmesser MA, Haredasht 
SA, Martínez-López B, Wenz JR, Moore DA (2018) Low colostrum 
yield in Jersey cattle and potential risk factors. J. Dairy Sci. 101(7), 
6388-6398.

Ghaffari MH, Sadri H, Hammon HM, Steinhoff-Wagner J, Henschel N, 
Sauerwein H (2020) Short communication: Colostrum versus formula: 
Effects on mRNA expression of genes related to branched-chain amino 
acid metabolism in neonatal dairy calves. J. Dairy Sci. 103(10), 9656-
9666

Godden SM, Lombard JE, Woolums AR (2019) Colostrum Management for 
Dairy Calves. Vet. Clin. North Am. Food Anim. Pract. 35(3), 535-556.

Gulliksen SM, Lie KI, Sølverød L, Østerås O (2008) Risk Factors asso-
ciated with colostrum quality in Norwegian dairy cows. J. Dairy Sci. 
91(2), 704-712.

Hare KS, Pletts S, Pyo J, Haines D, Guan LL, Steele M (2020) Feeding 
colostrum or a 1:1 colostrum:whole milk mixture for 3 days after birth 
increases serum immunoglobulin G and apparent immunoglobulin G 
persistency in Holstein bulls. J. Dairy Sci. 103(12), 11833-11843.

Holland MD, Odde KG (1992) Factors affecting calf birth weight: A review. 
Theriogenology 38(5), 769-798.

Kertz AF, Reutzel LF, Barton BA, Ely RL (1997) Body Weight, Body 
Condition Score, and Wither Height of Prepartum Holstein Cows and 
Birth Weight and Sex of Calves by Parity: A Database and Summary. J. 
Dairy Sci. 80(3), 525-529.

Korhonen H, Marnila P, Gill HS (2007) Milk immunoglobulins and com-
plement factors. Br. J. Nutr. 84(S1), 75-80.

Lamb RC, Barker BO (1975) Genetic relationship between birth weight and 
adult weight in Holsteins. J. Dairy Sci. 58(5), 724-728.

Lakens D (2022). Sample Size Justification. Collabra: Psychology, 8(1). 
https://doi.org/10.1525/collabra.33267

Larson LL, Mabruck HS, Lowry SR (1980) Relationship between early 
postpartum blood composition and reproductive performance in dairy 
cattle. J. Dairy Sci. 63(2), 283-289.

Lichtmannsperger K, Hartsleben C, Spöcker M, Hechenberger N, Tichy A, 
Wittek T (2023) Factors associated with colostrum quality, the failure 
of transfer of passive immunity, and the impact on calf health in the first 
three weeks of life. Animals 13(11), 1740.

Lopez AJ, Heinrichs AJ (2022) The importance of colostrum in the newborn 
dairy calf. J. Dairy Sci. 105(4), 2733-2749.

Lopez BI, Santiago KG, Seo K, Jeong T, Park J-E, Chai H-H, Park W, Lim 
D (2020) Genetic parameters of birth weight and weaning weight and 
their relationship with gestation length and age at first calving in Han-
woo (Bos taurus coreanae). Animals 10(6), 1083

McGrath BA, Fox PF, McSweeney PLH, Kelly AL (2016) Composition 
and properties of bovine colostrum: a review. Dairy Sci. Technol 96(2), 
133-158.

McGuirk SM, Collins M (2004) Managing the production, storage, and 
delivery of colostrum. Vet. Clin. North Am. Food Anim. Prac. 20(3), 
593-603.

Moore M, Tyler JW, Chigerwe M, Dawes ME, Middleton JR (2005) Effect 
of delayed colostrum collection on colostral IgG concentration in dairy 
cows. J. Am. Vet. Med. Assoc. 226(8), 1375-1377

Morrill KM, Conrad E, Lago A, Campbell J, Quigley J, Tyler H (2012) Na-
tionwide evaluation of quality and composition of colostrum on dairy 
farms in the United States. J. Dairy Sci. 95(7), 3997-4005.

NAM-National Academy of Medicine. Guide for the Care and Use of 
Laboratory Animals. Co-Produced by the National Academy of Medi-
cine–Mexico and the Association for Assessment and Accreditation of 
Laboratory Animal Care International, 1st ed.; 2010, Harlan: Mexico 
City, Mexico.

NRC (2001). Nutrient Requirements of Dairy Cattle. 7th rev. ed. Natl. Acad. 
Press, Washington, DC.

Pritchett LC, Gay CC, Hancock DD, Besser TE (1994) Evaluation of the 
Hydrometer for Testing Immunoglobulin G1 Concentrations in Hol-
stein Colostrum1. J. Dairy Sci. 77(6), 1761-1767.

Puppel K, Gołębiewski M, Grodkowski G, Slósarz J, Kunowska-Slósarz M, 
Solarczyk P, Łukasiewicz M, Balcerak M, Przysucha T (2019) Compo-
sition and Factors Affecting Quality of Bovine Colostrum: A Review. 
Animals 9(12), 1070

Quigley JD, III, Martin KR, Dowlen HH, Wallis LB, Lamar K (1994) Im-
munoglobulin Concentration, Specific Gravity, and Nitrogen Fractions 
of Colostrum from Jersey Cattle. J. Dairy Sci. 77(1), 264-269.

Quigley JD, Lago A, Chapman C, Erickson P, Polo J (2013) Evaluation of 
the Brix refractometer to estimate immunoglobulin G concentration in 
bovine colostrum. J. Dairy Sci. 96(2), 1148-1155

Roche JR, Dennis NA, Macdonald KA, Phyn CVC, Amer PR, White RR, 
Drackley JK (2015) Growth targets and rearing strategies for replace-
ment heifers in pasture-based systems: a review. Anim. Prod. Sci. 55(7), 
902-915

SAS Institute. SAS/Stat user’s guide, version 9.3. SAS Institute Inc., Cary, 
2010, NC, USA.

Shearer J, Mohammed HO, Brenneman JS, Tran TQ (1992) Factors associ-
ated with concentrations of immunoglobulins in colostrum at the first 
milking post-calving. Prev. Vet. Med. 14(1), 143-154

Silva-del-Río N, Rolle D, García-Muñoz A, Rodríguez-Jiménez S, Vallde-
cabres A, Lago A, Pandey P (2017) Colostrum immunoglobulin G con-
centration of multiparous Jersey cows at first and second milking is as-
sociated with parity, colostrum yield, and time of first milking, and can 
be estimated with Brix refractometry. J. Dairy Sci. 100(7), 5774-5781

Soberon F, Raffrenato E, Everett RW, Van Amburgh ME (2012) Prewean-
ing milk replacer intake and effects on long-term productivity of dairy 
calves. J. Dairy Sci. 95(2), 783-793.

Stelwagen K, Carpenter E, Haigh B, Hodgkinson A, Wheeler TT (2009) 
Immune components of bovine colostrum and milk. J. Animal Sci. 
87(suppl_13), 3-9.

Topal O, Batmaz H, Mecitoğlu Z, Uzabaci E (2018) Comparison of IgG 
and semiquantitative tests for evaluation of passive transfer immunity 
in calves. Turkish J Vet Anim Sci. 42,11.

Uetake K (2013) Newborn calf welfare: A review focusing on mortality 
rates. J. Animal Sci. 84, 101-105.

Van Amburgh ME, Raffrenato E, Soberon F (2008) Early life management 
and long-term productivity of dairy calves. Pages 185–192 in Proc. 
Cornell Nutr. Conf., vol. 70. Syracuse, NY. Dept. of Animal Science, 
Cornell Univ., Ithaca, NY.

Verdon M (2021) A review of factors affecting the welfare of dairy calves in 
pasture-based production systems. Anim. Prod. Sci. 62(1), 1-20.

Vlasova AN, Saif LJ (2021) Bovine Immunology: Implications for dairy 
cattle. Front. Immunol. 12, 643206.

Wąsowska E, Puppel K (2018) Changes in the content of immunostimu-
lating components of colostrum obtained from dairy cows at different 
levels of production. J. Sci. Food Agric 98(13), 5062-5068

Williams DR, Pithua P, Garcia A, Champagne J, Haines DM, Aly SS (2014) 
Effect of three colostrum diets on passive transfer of immunity and 
preweaning health in calves on a California dairy following colostrum 
management training. Vet. Med. Int. 2014, 698741.

Windeyer MC, Leslie KE, Godden SM, Hodgins DC, Lissemore KD, LeB-
lanc SJ (2014) Factors associated with morbidity, mortality, and growth 
of dairy heifer calves up to 3 months of age. Prev. Vet. Med. 113(2), 
231-240.

Yang M, Zou Y, Wu ZH, Li SL, Cao ZJ (2015) Colostrum quality affects 
immune system establishment and intestinal development of neonatal 
calves. J. Dairy Sci. 98(10), 7153-7163.

Zarei S, Ghorbani GR, Khorvash M, Martin OB, Mahdavi AH, Riasi A 
(2017) The impact of season, parity, and volume of colostrum on Hol-
stein dairy cows colostrum composition. Agric. Sci. 8, 572–581.

Powered by TCPDF (www.tcpdf.org)

http://www.tcpdf.org

