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A B S T R A C T

The aim of this study was to determine the effect of colostrum-supplemented transition milk on the growth rate
of newborn calves. Thirty-six day-old female Holstein calves with a birth weight of 43.4 ± 5.5 kg were ran-
domly assigned to a treatment group and a control group. On day 1, all calves received one portion (3 kg) of
colostrum within 2 h after birth. Between the second feeding and the age of 5 days, control calves received only
transition milk that had been collected from dams shortly before feeding, and the treatment group received
1.5 kg of colostrum collected from dams on day 1 and 1.5 kg of transition milk from subsequent milkings.
Monthly body weight and average daily gain were used to measure growth performance. Blood samples were
collected from the jugular vein at multiple time points to evaluate the biochemical and immune status of calves.
Colostrum-supplemented transition milk increased the concentrations of serum immunoglobulins, triacylgly-
cerols, cholesterol and total protein. The activity of lactate-dehydrogenase and ceruloplasmin decreased,
whereas lysozyme activity increased with time in the control group. It can be concluded that additional five days
of colostrum feeding positively influences non-specific humoral immunity indicators and serum biochemical
parameters in dairy calves.

1. Introduction

High morbidity and mortality rates of calves can cause significant
economic loss and reduce the profitability of milk production
(Raboisson et al., 2016). Thus, proper calf management and rearing are
important considerations in livestock production. Newborn calves are
agammaglobulinemic and susceptible to infection. To prevent health
problems, calves acquire immunity from colostrum which is a natural
source of immune factors and nutrients (Godden, 2008;
Raboisson et al., 2016; Torsein et al., 2011). In this paper, colostrum
will be defined as a secretion collected from the first milking, while
milk from subsequent milkings is referred to as “transition milk”.

It has been suggested that calves should be fed only high-quality
colostrum containing at least 50 g/L of immunoglobulins (IgG)
(McGuirk and Collins, 2004). However, IgG concentrations in bovine
colostrum can vary. Several factors have been shown to affect IgG
concentrations in colostrum, including parity, breed, age, the metabolic
status of dam, and the length of the dry period (Gomez and

Chamorro, 2017; Morin et al., 2010; Quigley et al., 2013; Weaver et al.,
2000). Inadequate colostrum intake and its poor quality can result in
the failure of passive transfer (FPT) which is a commonly encountered
problem whose causes and consequences have been well documented
(Beam et al., 2009; Chigerwe et al., 2008; Furman-Frątczak et al.,
2011). FPT is diagnosed when IgG serum concentrations drop below
10 g/L during the first 24 h after birth. Serum IgG levels higher than
10 g/L point to successful passive transfer of immunity. In calves,
morbidity and mortality are minimized when IgG serum levels exceed
16 g/L (Godden, 2008; Güngör et al., 2004). Immunoglobulins are
absorbed most effectively during the first 24 h postpartum; therefore,
calves should receive 2 to 4 L of colostrum during the first feeding
within the first 6 h postpartum. Importantly, the volume offered to the
calf should depend on the quality of colostrum. Ideally, the portion
should provide at least 200 g of IgG, which is regarded as sufficient for
reaching IgG serum concentration higher than 10 g/L (Raboisson et al.,
2016; Vasseur et al., 2010). Additionally, colostrum contains more vital
ingredients such as maternal leukocytes, growth factors, hormones,
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cytokines and nonspecific antimicrobial factors (Ontsouka et al., 2016).
These immunological and biochemical components also protect agam-
maglobulinemic calves and support the establishment and development
of the gut microbiome (Barrington and Parrish, 2001; Godden, 2008;
Gomez and Chamorro, 2017). Despite the benefits of colostrum, artifi-
cial feeding (for example, with the use of an oroesophageal tube) is the
method of choice in calves that experience problems with colostrum
drinking to prevent FPT (Godden, 2008). Therefore, in this study, we
hypothesized that the supplementation of transition milk with colos-
trum could improve the immune status and blood biochemical para-
meters of calves and, consequently, their growth performance.

2. Materials and methods

2.1. Dairy farm and experimental design

The study was conducted on a commercial free-stall dairy farm lo-
cated in the north-eastern region of Poland (Warmian-Masurian
Voivodeship), where approximately 370 Polish Holstein-Fresian lac-
tating cows were housed and fed according to the recommendations of
the German Agricultural Society (Deutsche Landwirtschafts-
Gesellschaft, DLG). During the dry period, all cows were vaccinated
against colibacillosis and rota- and coronaviruses. Cows in maternity
pens were monitored until calving. After birth, female calves born
within two months (mean birth weight 43.4 ± 5.5 kg) to primiparous
and multiparous dams [(the average parity of the dams was
2.47 ± 0.47, Mean ± SEM for control group (CR) and 2.39 ± 0.36,
Mean ± SEM for treatment group, (TRT)] were assigned to a CR
(n = 17) or a TRT (n = 18). After parturition calves were separated
from dams and kept in individual pens until transfer (at the age of 3
months) to another building within the farm where they were placed in
group pens. Additionally, after parturition, colostrum was harvested
from each dam within 1 h post partum. In the TRT group, all colostrum
collected on the first day (two milkings) was pooled in 1 kg bottles
separately for each calf, and kept in the freezer (−20°C). Calves were
fed only from colostrum and/or transition milk milked from their dams.
Before feeding to calves, colostrum was thawed in a warm water bath
(not exceeding 40°C). Colostrum temperature was checked before
feeding. The target temperature of colostrum was approximately 39°C.

2.2. Diets

Until 5 d of age, all calves were fed twice a day (3 kg/feeding;
0800 h and 1600 h) according to the described regimen. On d 1, all
calves received one portion (3 kg) of colostrum within 2 h after birth.
Between the second feeding and the age of 5 days, CR calves received
only transition milk that had been collected from dams shortly before
feeding, whereas TRT calves received 1.5 kg of colostrum collected
from dams on day 1 and 1.5 kg of transition milk from subsequent
milkings (6 kg/d in total). Beginning on d 6, all calves were placed on
an identical feeding regimen. All calves received milk replacer (MR; All
Milk Protein; 21% of CP and 18% of fat on a DM basis; Polmass SA,
Bydgoszcz, Poland) between d 6 and d 90, that was formulated to ob-
tain 100 g DM/L. MR volume was decreased on subsequent days from
6.0 L/calf/day (between d 6 to d 10) to 4.0 L/calf/day (between d 11
and 30) and to 3.0 L/calf/day (between d 31 and d 90). Calves had
unlimited access to fresh water from d 1.

Between d 11 and d 30, calves were fed solid feed (textured starter
(CS); ground triticale and straw) ad libitum. From d 31, corn silage was
introduced to the diet at 0.5 kg/d, whereas CS and triticale meal were
limited to 1.0 kg/d. Between d 61 and d 90, calves received 2.0 kg of
CS, 1.0 kg of ground triticale and 1.5 kg of corn silage. At 91 d of age,
all calves were fed a diet that met their nutrient requirements according
to DLG recommendations and contained soybean meal (0.5 kg/d), ra-
peseed meal (0.3 kg/d), triticale (1.5 kg/d), vitamin premix (0.2 kg/d)
and molasses pulp (0.5 kg/d). The MR and CS used in this study

contained no antibiotics, and the quality of feedstuffs was controlled by
a licensed nutritionist. The trial lasted until 180 d of age, and it was
conducted from September 2012 to April 2013 (Table 1).

2.3. Sample collection and analysis

Blood was collected from the jugular vein of each calf on d 1, 3, 5,
15, 30 and 60 of age, into 9 mL Vacuette® Serum Separation probes.
Sampling was done 2 h after morning feeding. Blood was left to clot at
36°C and subsequently centrifuged (10 min × 3000 rpm; MPW 223e
centrifuge, MPW Med. Instruments, Warsaw, Poland). The serum was
collected and frozen at

−20°C until analysis. Immunological parameters (total IgG (IgG)
content, activity of lysozyme (lys) and ceruloplasmin (cp)) and bio-
chemical parameters (liver enzymes: aspartate transaminase and ala-
nine transaminase (AST, ALT), cholesterol (chol), glucose (gluc), urea
(urea), alkaline phosphatase (AP), lactate dehydrogenase (LDH), tri-
glycerides (TAG), creatinine (crea) and total protein (TP) content) were
analyzed. The concentrations of IgG and TP were measured according
to the colorimetric micromethod (Sigma, Diagnostic Kits) proposed by
Lowry et al. (1951) and modified by Siwicki and Anderson (1993).
Lysozyme activity was determined by the turbidimetric method devel-
oped by Parry et al. (1965) and modified by Siwicki and
Anderson (1986), and cp activity was evaluated according to the
method of Siwicki and Studnicka (1986). The activity (U/L) of ALT,
AST, AP and LDH was determined by the kinetic method proposed by
the International Federation of Clinical Chemistry (IFCC). The con-
centrations (mg/dL) of crea, urea, TAG, gluc, and chol were measured
by the modified method of Jaffe (crea), the urease-glutamate dehy-
drogenase UV method (urea), the glucose oxidase-peroxidase method
(gluc), the glycerokinase peroxidase-peroxidase method (TAG), and the
cholesterol oxidase-peroxidase method (chol). All biochemical para-
meters were determined using the MINDRAY BS-120 automatic bio-
chemistry analyzer (Mindray Medical International Ltd., Shenzhen,
China) and diagnostic kits (Alpha Diagnostics, Warsaw, Poland).

Additionally, IgG concentration was estimated with commercial

Table 1
Ingredients and composition of the basal diets of Holstein calves at 1 to 180
days of age, kg unless noted otherwise.

Feed Days of age
1–5 6–10 11–30 31–60 61–90 91–180

Milk from dam, liter 6.0 – – – – –
Milk replacer1, liter – 6.0 4.0 3.0 3.0 –
Calf starter2 – – Ad lib.* 1.0 2.0 –
Triticale meal – – Ad lib. 1.0 1.0 –
Straw – – Ad lib. Ad lib. Ad lib. 1.0
Corn silage (30–35% dry

matter)
– – – 0.5 1.5 5.0

Haylage – – – – – 3.0
Soybean meal – – – – – 0.5
Rapeseed meal – – – – – 0.3
Triticale – – – – – 1.5
Vitamin premix – – – – – 0.2
Molasses pulp – – – – – 0.5

⁎ Ad lib. - Ad libitum.
1 Composition: all milk protein, 21%; vegetable oil, 18%; ash, 9%; fiber,

0.40%; lactose, 45%, lysine, 1.74%; methionine, 0.38%; calcium, 1.00%;
phosphorus, 0.65%; sodium, 0.60%; manganese, 80 mg/kg; zinc, 70 mg/kg;
copper, 15 mg/kg; iron, 100 mg/kg; cobalt, 2.0 mg/kg; iodine, 1.2 mg/kg;
selenium, 0.3 mg/kg; α-tocopherol, 182 mg/kg; immunoglobulins, 1.0 g/L.

2 Composition: crude protein, 34%; fat, 4%; ash 7.8%; crude fiber 4.7%;
calcium, 1.3%; propionic acid, 0.1%; phosphorus, 0.5%; sodium, 0.2%; mag-
nesium, 0.8%; sucrose, 0.8%; vitamin A, 30,000 IU/kg; vitamin D3, 3100 IU/
kg; vitamin E, 40 mg/kg; α-tocopherol, 36.4 mg/kg; manganese, 135 mg/kg;
zinc, 280 mg/kg; iron, 220 mg/kg; copper 48 mg/kg; cobalt, 95 mg/kg; iodine,
2.5 mg/kg; selenium, 21 mg/kg.
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Bovine IgG ELISA test (Cat. No. E11-118; Bethyl Laboratories Inc.,
Montgomery, TX, USA) according to the manufacturer protocol. Briefly,
100 µL of standards and samples were loaded onto a 96-well plate and
left for

1 h. The plate was then washed four times, followed by addition of
detection antibodies into each well and incubated for 1 h. After the
incubation plate was washed, streptavidin-conjugated horseradish
peroxidase (SA-HRP) was loaded to each well. After 30 min of in-
cubation substrate was loaded into the wells and left for 30 min. Next,
the reaction was stopped with addition of sulfuric acid, and the ab-
sorbance was read at 450 nm with Tecan Sunrise microplate reader
(Tecan Trading AG, Switzerland). Samples were analyzed in duplicate
and all steps were performed at room temperature.

2.4. Clinical records

Each calf was examined daily by one of the team members who was
at the farm during the experimental period. All records were collected
after morning feeding. Diarrhea was diagnosed according to the pro-
tocol given by Larson et al. (1977). Scoring included fecal fluidity (from
1 to 4; 1 = normal, 4 = watery) and consistency (from 1 to 5;
1 = normal, 5 = constipated). Diarrhea was diagnosed if calf scored at
least 3 in fluidity but no more than 3 in consistency for two days in a
row. Respiratory disease was diagnosed if at least two of given symp-
toms occurred simultaneously (coughing, serious nasal and lachrymal
discharge, increased respiratory rate, increased breath sounds, and
pyrexia), as described by Pedersen et al. (2009). Additionally, the effect
of colostrum-supplemented transition milk on the growth performance
of calves was determined based on changes in body weight (BW) and
average daily gain (ADG). Starting on d 1, all animals used in the ex-
periment were weighed on a monthly basis until 6 months of age.

2.5. Statistical analysis

The data were analyzed using the MIXED procedure developed by
the SAS Institute (2018), using repeated measures with a first-order
autoregressive covariance structure in time. The model included the
fixed effects of treatment, time (d or week), and the interaction between
treatment and time. The Bonferroni correction method was used to
adjust for multiple comparisons. The results are presented as least
squares means and SEM. The threshold of significance was set at
P ≤ 0.05.

3. Results

The mean concentration of colostral IgG in dams was 82.7 g/L in the
CR group and 71.7 g/L in the TRT group (P < 0.05). Twenty-four h
after calving, only one out of 35 calves enrolled to the study failed to
reach the 10 g/L serum IgG threshold. In contrast, 35% of CR calves (6/
17) and 22% of TRT calves (4/18) had IgG below 16 g/L. In TRT calves,
average serum IgG levels were higher than in the CR group (Fig. 1a)
throughout the experiment. Despite lower average IgG concentrations
in colostrum, one day-old TRT calves had 12% higher serum IgG con-
centrations relative to CR calves. It should be noted that serum IgG
concentrations on d 1 exceeded 16 g/L in both groups. At the end of the
transition milk feeding period (d 5), serum IgG levels were 57% higher
in TRT calves than in CR animals (P < 0.05). However, on d 60 the
difference decreased to 18% in favor of TRT calves (P < 0.05). Of note,
in TRT group compared with CR, we recorded lower incidence of
diarrhea (6 vs 10 cases, respectively) and respiratory disorders (2 vs 3
cases, respectively).

Colostrum-supplemented transition milk decreased lys activity in
TRT calves (P < 0.05) compared with CR calves (Fig. 1b). Although on
d 1, lys activity was 51% lower in TRT calves than in CR calves, the
difference between groups was minimized to 34% on d 5 (P < 0.05). At
the end of the experiment, lys activity was 27% higher in CR calves

than in TRT calves. Most importantly, TRT calves had lower overall lys
activity throughout the experiment (P < 0.05). Although cp con-
centration was higher in TRT calves than in CR calves, significant dif-
ferences were observed only at 3 and 30 d of age (6% and 9%, re-
spectively).

The effect of colostrum-supplemented transition milk on selected
serum biochemical variables (ALT, AST, AP, LDH, gluc, chol, TAG, urea,
crea and TP) is presented in Table 2. The treatment influenced LDH
activity and the blood concentrations of chol, TAG, TP and urea
(P < 0.05), but not the activity of ALT, AST and AP, or gluc and crea

Fig. 1. Serum concentrations of immunoglobulin G (IgG) (a), the activity of
lysozyme (lys) (b) and concentration of ceruloplasmin (cp) (c) in Polish
Holstein-Fresian calves at 1, 3, 5, 15, 30 and 60 days of age. CR (■; dotted line)
and TRT calves fed with a mixture of colostrum and transition milk (1:1 (v/v))
from d 2 to d 5 (◆; dashed line). Asterisks indicate differences between groups
at the respective time points (P < 0.05).
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levels. All analyzed biochemical parameters were affected by sampling
time (P < 0.05). The time × treatment effect was observed for AST,
AP, chol, TAG, urea and crea (P < 0.05).

In comparison with calves from the CR group, calves from the TRT
group had lower ALT activity between d 1 and d 15, but the noted
difference was not significant (Fig. 2a). AST activity was 15% higher in
TRT calves on d 1, but it decreased on d 15 and d 30 relative to CR
calves (P < 0.05) (by 10% and 17%, respectively) (Fig. 2b). On d 60,
average AST activity was similar in both groups. AP activity varied
throughout the experiment. On d 1, AP activity was 31% higher in TRT
calves, whereas on d 3 and d 5 it decreased by 13% and 10%, respec-
tively (P < 0.05). On subsequent days, AP activity increased in TRT
calves to reach 142% of the average value determined in the CR group,
but on d 60, the difference fell to 14% in favor of TRT calves
(P < 0.05). Although LDH activity was lower in the CR group
throughout the experiment, differences between groups were observed
only on d 1 and d 60 (Fig. 2d) (P < 0.05).

The effect of colostrum-supplemented transition milk on the serum
concentrations of gluc, chol, TAG and TP at different time points is
presented in Fig. 3a–d. TRT calves had higher average concentrations of
chol and TP compared with CR calves (by 28% and 8%, respectively;
P < 0.05) at each time point, but colostrum-supplemented transition
milk had a significant effect only on chol levels. In TRT calves, average
TAG concentrations were 49% higher between d 1 and d 15, and 16%
lower on d 30 and d 60 relative to CR calves (P < 0.05). Colostrum-
supplemented transition milk had no significant effect on serum gluc
concentrations in calves.

In contrast, urea and crea levels were affected by colostrum-sup-
plemented transition milk (Fig. 4). On average, the treatment led to a
10% decrease in serum urea concentrations in the TRT group
(P < 0.05). The treatment also lowered crea concentrations (Fig. 4b) in
TRT calves between d 3 and d 60, but a significant treatment effect was
reported only on d 1, 3 and 5.

Colostrum-supplemented transition milk influenced BW and ADG
(P< 0.05) (Fig. 5a-b). The average birth weight was 43 kg (42 kg in the
CR group and 44 kg in the TRT group), without significant differences
between groups. Between weaning and 3 months of age, CR calves were
characterized by higher ADG than TRT calves. However, after weaning,
ADG was 30% higher in the TRT group between 3 and 6 months of age
(P < 0.05). Differences in BW were not observed between groups until
5 months of age. However, at 6 months of age, TRT calves were 9%
heavier than CR calves (205 kg vs. 188 kg; P < 0.05).

4. Discussion

Blood IgG concentrations in newborn calves are closely related to
the quality of colostrum. According to the current industrial re-
commendations, colostrum should contain at least 50 g/L of im-
munoglobulins to prevent FPT (Morrill et al., 2012; Vasseur et al.,
2009). In the present study, average IgG concentration in colostrum
determined for the entire herd was 77.2 g/L, which points to its high
quality. The calculated average concentration of IgG was higher than
that noted by Furman-Frątczak et al. (2011) (65.5 g/L) but lower than
that reported by Kinal et al. (2004) (79.5 g/L). According to several
authors (Faber et al., 2005; Swan et al., 2007; Weaver et al., 2000), FPT
is diagnosed if serum IgG falls below 10 g/L within 24–32 h after birth.
In our experiment, only one CR calf failed to reach the recommended
threshold within 24 h after birth. Moreover, despite lower colostrum
quality, colostrum-supplemented transition milk increased serum IgG
concentrations in calves receiving the treatment. In this study, colos-
trum-supplemented transition milk seem to offer more effective im-
munological protection due to increased serum IgG concentrations on d
60. In the CR group, 60% of calves were treated for diarrhea. Ad-
ditionally, the incidence of respiratory disorders in this group reached
18%. Our results correspond with those reported by Żychlińska-
Buczek et al. (2015), but are higher than those noted by
Svensson et al. (2006) and Gulliksen et al. (2009). In contrast, the in-
cidence of diarrhea and upper respiratory tract infections in TRT calves
was 40% and 33%, respectively, supporting a positive effect of colos-
trum-supplemented transition milk on the health status of calves. Al-
though IgG are absorbed most effectively within the first 20 h post-
partum, the efficiency of this process drops rapidly 12 h after delivery
(Ontsouka et al., 2016; Suh et al., 2003), it seems that the applied
treatment enhanced acquiring immunity in supplemented calves.

In our study, calves from the TRT group had lower lys activity than
calves from the CR group. Lys is an antimicrobial enzyme that is found
in cells and tissues and is involved in non-specific innate immunity;
therefore, increased lys activity in early stages of life might be con-
sidered beneficial (Firth et al., 2005; Gueorguiev et al., 1996). Calves
from the CR group were characterized by lower values of growth
parameters than calves from the TRT group. The absence of clinical
disease symptoms and improved growth in the TRT group point to re-
duced absorption of lys from colostrum, but are not indicative of sub-
clinical infections (Piantedosi et al., 2010). Previous research (Li et al.,
1995) indicates that glycation, a posttranslational protein modification
which requires the presence of proteins and sugars in the same matrix,
significantly decreases lys activity. However, the above conclusions
should be formulated with caution due to limited data on changes in lys
activity in newborn calves.

The activity of cp, a non-specific humoral immunity indicator, is yet
another health status parameter that was analyzed in this study.
According to Calamari et al. (1982), an increase in cp activity during
the first days of life is linked with liver function after birth. Thus, our
observations of changes in cp activity, accompanied by higher IgG
concentrations and lower lys activity, indicate that alterations in cp
levels are associated with Cu release from the liver (Abeni et al., 2012).
The above phenomenon as well as the lower incidence of clinical
symptoms of infection and a fast growth rate of calves can be attributed
to the healthy development of the gastrointestinal tract
(Zwierzchowski et al., 2016).

Multiple blood variables were measured during the experiment. The
effect of aging on changes in biochemical parameters has been widely
discussed (Knowles et al., 2000; Mohri et al., 2007; Pavlik et al., 2010;
Zwierzchowski et al., 2016). However, the aim of this study was to
determine alterations in selected parameters associated with gastro-
intestinal function as a natural consequence of experimental diet ma-
nipulation. ALT, AST, and AP are non-specific enzymatic disease mar-
kers associated with liver function, growth and development of skeletal
muscles and bone mineralization (Mohri et al., 2007). In our study,

Table 2
The effect of the applied treatment on the serum concentrations of selected
blood variables1 in Holstein calves.

Group2

CR TRT
Item1 Mean SEM Mean SEM P-value

ALT IU 12.7 0.29 12.6 0.28 0.78
AST IU 41.4 0.37 40.8 0.36 0.20
AP IU 212 7.71 233 7.50 0.06
LDH IU 692a 14.2 748b 13.8 < 0.05
gluc mg/dL 101 2.14 105 2.09 0.19
chol mg/dL 62.6a 1.15 80.5b 1.12 < 0.05
TAG mg/dL 25.2a 0.75 29.3b 0.73 < 0.05
urea mg/dL 51.3a 0.61 55.5b 0.59 < 0.05
crea mg/dL 1.01 0.02 0.98 0.01 0.33
TP g/L 51.3a 0.62 55.5b 0.61 < 0.05

1 ALT – alanine aminotransferase, AST – aspartate aminotransferase, AP –
alkaline phosphatase, LDH – lactate dehydrogenase, gluc – glucose, chol –
cholesterol, TAG – triglycerides, urea – BUN urea, crea – creatinine, TP – total
protein.

2 CR – control group; TRT – treatment group fed with a mixture of colostrum
and transition milk (1:1 (v/v)) from d 2 to d 5. a-b Least square means with
different superscripts differ significantly at P < 0.05 within rows denoting
measurement dates.
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colostrum-supplemented transition milk had no effect on ALT and AST
activity (Table 2), which can be considered desirable. Any changes in
the activity of those enzymes should be treated with caution and ap-
proached as a potential marker of liver dysfunction. It should be noted
that increased AST activity in ruminants was associated with liver da-
mage caused by high-grain diets (Castillo et al., 2012). According to
Egli and Blum (1998), increased AP and LDH activity in the first stage
of life is related to colostrum ingestion. Our findings confirm this hy-
pothesis. The average activity of AP and LDH was higher in TRT calves
that gained weight at a faster rate. Rapid weight gain requires better
bone mineralization which stimulates AP release. LDH is also con-
sidered as a non-specific marker of disease since there are many factors
contributing to its activity variations. Additionally, LDH activity differ
between tissues, cells, fluids and those differences can be enhanced
depending on the disease the animal is suffering from (Mohri et al.,
2007; Nagy et al., 2013). For instance, some authors (Żarczyńska et al.,
2012) link increased LDH activity with muscular dystrophy, but it was
not the case in our study since we did not observe any symptoms of this
disease. On the contrary, there are reports suggesting LDH fluctuations
during respiratory diseases (Nagy et al., 2013). However, we did not
analyze each isoform separately, therefore any conclusion coming from
our study should be drawn with caution.

Calves from the TRT group were characterized by higher values of
Glu, chol, TAG, and TP. According to Reynolds et al. (2003), in the first

stage of life, glu levels are associated with colostrum intake, whereas in
later stages, an increase in glu concentrations is linked with up-regu-
lated corticosteroid secretion due to intensified growth. The latter in-
creases chol and TAG levels (Cavestany et al., 2005). The concentra-
tions of glu, chol, and TAG can be altered by infection or diet
(Bozukluhan et al., 2017). This observation is consistent with our re-
sults because the incidence of diarrhea was higher in the CR group than
in the TRT group (10 vs. 6 diarrhea cases, respectively).
Calloway et al. (2002) suggested that TP is a potential FPT diagnostic
tool. In the proposed approach, serum TP levels should not decrease
below 52 g/L 72 h postpartum. In our study, the average TP con-
centration in CR calves at 3 d of age was 51.3 g/L, which indicates that
the suggested safety threshold was not reached. Indeed TP was corre-
lated with IgG concentration (P < 0.001), however correlation coeffi-
cient indicated moderate link between both parameters (r = 0.437;
Figure S1). In 8 out of 17 calves in the CR group TP was below the
recommended level of 52 g/L. In contrast, only one TRT calf failed to
reach the TP concentration of 52 g/L. These results corroborate pre-
vious research findings (Cuttance et al., 2017; Ježek et al., 2006;
Knowles et al., 2000; Mohri et al., 2007; Zwierzchowski et al., 2016).

Urea and crea were monitored as the biochemical indicators of
hydration (Stockham and Scott, 2008). An increase in urea levels that is
not accompanied by changes in crea levels is associated with diarrhea
incidence rates (Pekcan et al., 2012). This observation is consistent with

Fig. 2. Activity of serum enzymes (alanine aminotransferase - ALT (a), aspartate aminotransferase – AST (b), alkaline phosphatase - AP (c), lactate dehydrogenase -
LDH (d)) in Polish Holstein-Fresian calves at 1, 3, 5, 15, 30 and 60 days of age. CR (■; dotted line) and TRT calves fed with a mixture of colostrum and transition milk
(1:1 (v/v)) from d 2 to d 5 (◆; dashed line). Asterisks indicate differences between groups at the respective time points (P < 0.05).
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our findings. All cases of diarrhea were recorded until 21 d of age, thus
reflecting changes in urea and crea. Interestingly, calves from the TRT
group were diagnosed with diarrhea at an earlier stage of life, but the
supplementation of transition milk with colostrum delivered health

benefits at later stages. In previous studies (Adams et al., 1993;
Thrall et al., 2012), elevated crea levels were noted in calves when
skeletal muscles were used as a source of energy. This is a highly un-
desirable situation which negatively affects the growth and

Fig. 3. Serum variables (gluc - glucose (a), chol - cholesterol (b), TAG - triglycerides (c), TP - total protein (d)) in newborn Polish Holstein-Fresian calves on d 1, 3, 5,
15, 30 and 60 day of age. CR (■; dotted line) and TRT calves fed with a mixture of colostrum and transition milk (1:1 (v/v)) from d 2 to d 5 (◆; dashed line).
Asterisks indicate differences between groups at the respective time points (P < 0.05).

Fig. 4. Serum variables (urea - BUN urea (a), crea - creatinine (b)) concentrations in newborn Polish Holstein-Fresian calves on d 1, 3, 5, 15 and 60 of age. CR (■;
dotted line) and TRT calves fed with a mixture of colostrum and transition milk (1:1 (v/v)) from d 2 to d 5 (◆; dashed line). Asterisks indicate differences between
groups at the respective time points (P < 0.05).
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development of calves. A decline in urea concentrations was also re-
ported as a potential indicator of accelerated growth in calves (Otto
et al., 2000).

5. Conclusions

In conclusion, this study revealed the benefits of transition milk
supplementation with colostrum. Additional volumes of colostrum in
the diet positively influenced non-specific humoral immunity indicators
and serum biochemical parameters in Holstein calves. Colostrum-sup-
plemented transition milk decreased the prevalence of upper re-
spiratory tract infections and diarrhea incidence. An alternative
strategy of calf feeding when high-quality colostrum is unavailable was
also proposed in the study.

Funding

This research received no external funding.

Author declaration

I wish to confirm that there are no known conflicts of interest as-
sociated with this publication and there has been no significant fi-
nancial support for this work that could have influenced its outcome. I
confirm that the manuscript has been read and approved by all named
authors and that there are no other persons who satisfied the criteria for
authorship but are not listed. I further confirm that the order of authors
listed in the manuscript has been approved by all of us.

I confirm that we have given due consideration to the protection of
intellectual property associated with this work and that there are no
impediments to publication, including the timing of publication, with
respect to intellectual property. In so doing I confirm that we have
followed the regulations of our institutions concerning intellectual
property.

I further confirm that any aspect of the work covered in this
manuscript that has involved experimental animals has been conducted
with the ethical approval of all relevant bodies and that such approvals
are acknowledged within the manuscript.

I understand that as the Corresponding Author I am the sole contact
for the Editorial process (including Editorial Manager and direct com-
munications with the office). I am responsible for communicating with
the other authors about progress, submissions of revisions and final
approval of proofs.

CRediT authorship contribution statement

Grzegorz Zwierzchowski: Conceptualization, Data curation,
Formal analysis, Investigation, Methodology, Project administration,
Resources, Supervision, Writing - original draft, Writing - review &

editing. Jan Miciński: Resources, Methodology. Roman Wójcik:
Formal analysis, Investigation, Methodology, Writing - original draft,
Writing - review & editing. Jacek Nowakowski: Validation, Writing -
original draft, Writing - review & editing.

Declaration of Competing Interest

The authors declare no conflict of interest.

Acknowledgments

The authors thank Monika Zwierzchowska for the preparation of
graphs and the graphic abstract.

Supplementary materials

Supplementary material associated with this article can be found, in
the online version, at doi:10.1016/j.livsci.2020.103976.

References

Abeni, F., Calamari, L., Stefanini, L., Pirlo, G., 2012. Effect of average daily gain on body
size, metabolism, and milk production of Italian Holstein heifers raised on two dif-
ferent planes of nutrition and calving at two different ages. Livest. Sci. 149, 7–17.

Adams, R., Garry, F.B., Aldridge, B.M., Holland, M.D., Odde, K.G., 1993. Physiologic
differences between twin and single born beef calves in the first two days of life.
Cornell Vet. 83, 13–29.

Barrington, G.M., Parish, S.M., 2001. Bovine neonatal immunology. Vet. Clin. North Am.
17, 463–476.

Beam, A.L., Lombard, J.E., Kopral, C.A., Garber, L.P., Winter, A.L., Hicks, J.A., Schlater,
J.L., 2009. Prevalence of failure of passive transfer of immunity in newborn heifer
calves and associated management practices on US dairy operations. J. Dairy Sci. 92,
3973–3980.

Bozukluhan, K., Merhan, O., Gokce, H.I., Deveci, H.A., Gokce, G., Ogun, M., Marasli, S.,
2017. Alterations in lipid profile in neonatal calves affected by diarrhea. Vet. World
10, 786–789.

Calamari, L., Lombardelli, R., Bertoni, G., 1982. Evoluzione di alcuni parametri ema-
tochimici nel primo mese di vita in vitelli frisoni e meticci. Proc. Società Italiana delle
Scienze Veterinarie 36, 385–390.

Calloway, C.D., Tyler, J.W., Tessman, R.K., Hostetler, D., Holle, J., 2002. Comparison of
refractometers and test endpoints in the measurement of serum protein concentration
to assess passive transfer status in calves. J. Am. Vet. Med. Assoc. 221, 1605–1608.

Castillo, C., Hernández, J., García Vaquero, M., López Alonso, M., Pereira, V., Miranda,
M., Blanco, I., Benedito, J.L., 2012. Effect of moderate Cu supplementation on serum
metabolites, enzymes and redox state in feedlot calves. Res. Vet. Sci. 93 296-274.

Cavestany, D., Blanc, J.E., Kulcsar, M., Uriarte, G., Chilibroste, P., Meikle, A., Febel, H.,
Ferraris, A., Krall, E., 2005. Studies of the transition cow under a pasture-based milk
production system: metabolic profiles. J. Vet. Med. A Physiol. Pathol. Clin. Med.
52, 1–7.

Chigerwe, M., Tyler, J.W., Schultz, L.G., Middleton, J.R., Steevens, B.J., Spain, J.N., 2008.
Effect of colostrum administration by use of oroesophageal intubation on serum IgG
concentrations in Holstein bull calves. Am. J. Vet. Res. 69, 1158–1163.

Cuttance, E.L., Mason, W.A., Laven, R.A., McDermott, J., Phyn, C.V.C., 2017. Prevalence
and calf-level risk factors for failure of passive transfer in dairy calves in New
Zealand. N. Z. Vet. J. 65, 297–304.

Egli, C.P., Blum, J.W., 1998. Clinical, hematological, metabolic and endocrine traits
during the first three months of life of suckling simmentaler calves held in a cow-calf

Fig. 5. Average weight (a) and daily gain
(b) of Polish Holstein-Fresian calves at
birth and at the age of 1, 2, 3, 4, 5 and 6
months. CR (■; dotted line) and TRT
calves fed with a mixture of colostrum and
transition milk (1:1 (v/v)) from d 2 to d 5
(◆; dashed line). Asterisks indicate dif-
ferences between groups at the respective
time points (P < 0.05).

G. Zwierzchowski, et al. Livestock Science 234 (2020) 103976

7

https://doi.org/10.1016/j.livsci.2020.103976
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0001
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0001
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0001
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0002
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0002
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0002
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0003
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0003
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0004
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0004
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0004
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0004
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0005
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0005
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0005
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0006
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0006
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0006
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0007
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0007
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0007
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0008
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0008
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0008
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0009
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0009
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0009
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0009
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0010
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0010
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0010
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0011
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0011
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0011
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0012
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0012


operation. J. Vet. Med. A 45, 99–118.
Faber, S.N., Faber, N.E., Mccauley, T.C., Ax, R.L., 2005. Case study: effects of colostrum

ingestion on lactational performance. Prof. Anim. Sci. 21, 420–425.
Firth, M.A., Shewen, E.P., Hodgins, D.C., 2005. Passive and active components of neo-

natal innate immune defenses. Anim. Health Res. Rev. 6, 143–158.
Furman-Frątczak, K., Rząsa, A., Stefaniak, T., 2011. The influence of colostral im-

munoglobulin concentration in heifer calves serum on their health and growth. J.
Dairy Sci. 94, 5536–5543.

Godden, S., 2008. Colostrum management for dairy calves. Vet. Clin. North Am. 24,
19–39.

Gomez, D.E., Chamorro, M.F., 2017. The importance of colostrum for dairy calves.
Revista Colombiana de Ciencias Pecuarias 30 (Supl), 241–244.

Gueorguiev, I., Bivolarski, B.L., Kutsarov, G.I., Iliev, Y.I., Gueorguieva, T.M., 1996. Serum
lysozyme activity in new-born calves and relationship to milk yield of their mothers.
Rev. Med. Vet. 147, 583–586.

Gulliksen, S.M., Jor, E., Lie, K.I., Hamnes, I.S., Løken, T., Åkerstedt, J., Österås, O., 2009.
Enteropathogens and risk factors for diarrhea in Norwegian dairy calves. J. Dairy Sci.
92, 5057–5066.

Güngör, Ö., Bastan, A., Erbie, M.K., 2004. The usefulness of the γ-glutamyltransferase
activity and total proteinemia in serum for detection of the failure of immune passive
transfer in neonatal calves. Rev. Med. Vet. 155, 27–30.

Ježek, J., Klopčič, M., Klinkon, M., 2006. Influence of age on biochemical parameters in
calves. Bull. Vet. Inst. Puławy 50, 211–214.

Kinal, S., Rząsa, A., Korniewicz, A., 2004. Mineral bioplex supplementation of diets for
cows affects colostrum quality and immunoglobulins in calf blood serum. J. Anim.
Feed Sci. 13 (Suppl. 2), 79–82.

Knowles, T.G., Edwards, J.E., Bazeley, K.J., Brown, S.N., Butterworth, A., Warriss, P.D.,
2000. Changes in the blood biochemical and haematological profile of neonatal
calves with age. Vet. Rec. 147, 593–598.

Larson, L.L., Owens, F.G., Albright, J.L., Appleman, R.D., Lamb, R.C., Muller, L.D., 1977.
Guidelines toward more uniformity in measuring and reporting calf experimental
data. J. Dairy Sci. 60, 989–999.

Li, Y.M., Tan, A.X., Vlassara, H., 1995. Antibacterial activity of lysozyme and lactoferrin
is inhibited by binding of advanced glycation modified proteins to a conserved motif.
Nat. Med. 1, 1057–1061.

Lowry, O.H., Rosebrough, N.J., Farr, A.L., Randall, R., 1951. Protein measurements with
the Folin phenol reagent. J. Biol. Chem. 193, 265–275.

McGuirk, S.M., Collins, M., 2004. Managing the production, storage, and delivery of
colostrum. Vet. Clin. North Am. 20, 593–603.

Mohri, M., Sharifi, K., Eidi, S., 2007. Hematology and serum biochemistry of Holstein
dairy calves: age related changes and comparison with blood composition in adults.
Res. Vet. Sci. 83, 30–39.

Morin, D.E., Nelson, S.V., Reid, E.D., Nagy, D.W., Dahl, G.E., Constable, P.D., 2010. Effect
of colostral volume, interval between calving and first milking, and photoperiod on
colostral IgG concentrations in dairy cows. J. Am. Vet. Med. Assoc. 237, 420–429.

Morrill, K.M., Conrad, E., Lago, A., Campbell, J., Quigley, J., Tyler, H., 2012. Nationwide
evaluation of quality and composition of colostrum on dairy farms in the United
States. J. Dairy Sci. 95, 3997–4005.

Nagy, O., Tóthová, C., Seidel, H., Paulíková, I., Kovác, G., 2013. The effect of respiratory
diseases on serum lactate dehydrogenase and its isoenzyme patterns in calves. Pol. J.
Vet. Sci. 16, 211–218.

Ontsouka, E.C., Albrecht, C., Bruckmaier, R.M., 2016. Invited review: growth-promoting
effects of colostrum in calves based on interaction with intestinal cell surface re-
ceptors and receptor-like transporters. J. Dairy Sci. 99, 4111–4123.

Otto, F., Vilela, F., Harun, M., Taylor, G., Baggasse, P., Bogin, E., 2000. Biochemical blood
profile of Angoni cattle in Mozambique. Israel J. Vet. Med. 55, 1–9.

Parry, R.M., Chandan, R.C., Shahani, K.M., 1965. A rapid and sensitive assay of mur-
amidase. Proc. Soc. Exp. Biol. Med. 119, 384–386.

Pavlík, A., Jelínek, P., Matějíček, M., Illek, J., 2010. Blood plasma metabolic profile of

aberdeen angus bulls during postnatal ontogenesis. Acta Vet. Brno 79, 419–429.
Pedersen, R.E., Sørensen, J.T., Skjøth, F., Hindhede, J., Nielsen, T.R., 2009. How milk-fed

dairy calves perform in stable versus dynamic groups. Livest. Sci. 121, 215–218.
Pekcan, M., Altintas, A., Karagul, H., Fidanci, U., Uysal, H., Besalti, O., Unubol, A.S.,

Ciftci, G., Bilgihan, S., Hanedan, B., 2012. Serum biochemistry and native protein
electrophoresis in diarrheic calves with arthritis. Acta Vet. Beogr. 62, 261–269.

Piantedosi, D., Servida, F., Cortese, L., Puricelli, M., Benedetti, V., Di Loria, A., Foglia
Manzillo, V., Dall’Ara, P., Ciaramella, P., 2010. Colostrum and serum lysozyme levels
in mediterranean buffaloes (Bubalus bubalis) and in their newborn calves. Vet. Rec.
166, 83–85.

Quigley, J.D., 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, 1148–1155.

Raboisson, D., Trillat, P., Cahuzac, C., 2016. Failure of passive immune transfer in calves:
a meta-analysis on the consequences and assessment of the economic impact. Public
Library Open Sci. ONE 11, e0150452.

Reynolds, C.K., Aikman, P.C., Lupoli, B., Humphries, D.J., Beever, D.E., 2003. Splanchnic
metabolism of dairy cows during the transition from late gestation through early
lactation. J. Dairy Sci. 86, 1201–1217.

Siwicki, A.K., Anderson, D.P., 1993. Immunostimulation in fish: measuring the effects of
stimulants by serological and immunological methods. In: The Nordic Simposium on
Fish Immunollogy, Lysekil, Sweden, pp. 24 1993.

Siwicki, A.K., Studnicka, M., 1986. Ceruloplasmin activity in carp (Cyprinus carpio).
Bamidgeh 38, 126–129.

Stockham, S.L., Scott, M.A., 2008. Urinary system. In: Stockham, S.L., Scott, M.A. (Eds.),
Fundamentals of Veterinary Clinical Pathology, 2nd ed. Blackwell Publishing, Ames,
IA, USA, pp. 415–494.

Suh, G.H., Hur, T.Y., Son, D.S., Choe, C.Y., Jung, Y.H., Ahn, B.S., Lee, C.Y., Lee, C.G.,
2003. Differences in the serum immunoglobulin concentrations between dairy and
beef calves from birth to 14 days of age. J. Vet. Sci. 4, 257–260.

Svensson, C., Linder, A., Olsson, S.O., 2006. Mortality in Swedish dairy calves and re-
placement heifers. J. Dairy Sci. 89, 4769–4777.

Swan, H., Godden, S., Bey, R., Wells, S., Fetrow, J., Chester-Jones, H., 2007. Passive
transfer of immunoglobulin G and preweaning health in holstein calves fed a com-
mercial colostrum replacer. J. Dairy Sci. 90, 3857–3866.

Thrall, M.A., Weiser, G., Allison, R.W., Campbell, T.W., 2012. Veterinary Haematology
and Clinical Chemistry, 2nd ed. Wiley-Blackwell, Philadelphia, US, pp. 518.

Torsein, M., Lindberg, A., Sandgren, C.H., Waller, K.P., Törnquist, M., Svensson, C., 2011.
Risk factors for calf mortality in large Swedish dairy herds. Prev. Vet. Med. 99,
136–147.

Vasseur, E., Borderas, F., Cue, R.I., Lefebvre, D., Pellerin, D., Rushen, J., Wade, K.M., de
Passillé, A.M., 2010. A survey of dairy calf management practices in Canada that
affect animal welfare. J. Dairy Sci. 93, 1307–1315.

Vasseur, E., Rushen, J., de Passillé, A.M., 2009. Does a calf’s motivation to ingest co-
lostrum depend on time since birth, calf vigor, or provision of heat. J. Dairy Sci. 92,
3915–3921.

Weaver, D.M., Tyler, J.W., VanMetre, D.C., Hostetler, D.E., Barrington, G.M., 2000.
Passive transfer of colostral immunoglobulins in calves. J. Vet. Intern. Med. 14,
569–577.

Żarczyńska, K., Sobiech, P., Pomianowski, A., Wacławska-Matyjasik, A., Stopyra, A., Illek,
J., 2012. Changes of selected biochemical indicators and electrocardiography in-
dicators in nutritional muscular dystrophy in calves. Acta Vet. Brno 81, 119–125.

Zwierzchowski, G., Miciński, J., Pogorzelska, J., Siwicki, A.K., Wójcik, R., Kobzhassarov,
T.Z., Bermagambetova, N., Shaikamal, G.I., Fijałkowska, M., 2016. Influence of a diet
containing β-carotene and omega-3 fatty acids on the biochemical and nonspecific
humoral immunity indicators and on the results of experimental calf rearing. J.
Elementol. 21, 283–302.

Żychlińska-Buczek, J., Bauer, E., Kania-Gierdziewicz, J., Wrońska, A., 2015. The main
causes of calf mortality in dairy farms in Poland. J. Agric. Sci. Technol. A 5, 363–369.

G. Zwierzchowski, et al. Livestock Science 234 (2020) 103976

8

http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0012
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0013
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0013
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0014
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0014
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0015
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0015
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0015
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0016
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0016
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0017
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0017
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0018
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0018
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0018
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0019
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0019
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0019
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0020
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0020
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0020
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0021
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0021
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0022
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0022
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0022
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0023
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0023
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0023
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0024
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0024
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0024
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0025
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0025
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0025
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0026
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0026
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0027
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0027
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0028
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0028
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0028
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0029
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0029
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0029
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0030
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0030
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0030
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0031
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0031
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0031
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0032
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0032
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0032
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0033
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0033
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0034
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0034
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0035
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0035
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0036
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0036
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0037
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0037
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0037
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0038
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0038
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0038
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0038
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0039
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0039
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0039
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0040
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0040
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0040
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0041
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0041
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0041
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0042
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0042
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0042
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0043
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0043
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0044
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0044
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0044
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0045
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0045
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0045
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0046
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0046
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0047
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0047
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0047
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0048
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0048
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0049
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0049
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0049
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0050
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0050
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0050
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0051
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0051
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0051
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0052
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0052
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0052
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0053
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0053
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0053
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0054
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0054
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0054
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0054
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0054
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0055
http://refhub.elsevier.com/S1871-1413(19)31248-X/sbref0055

