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ABSTRACT

We studied changes in chemical composition, somatic
cell count, and immunoglobulin G (IgG) and M (IgM)
content in red deer (Cervus elaphus) colostrum during
the transition to milk at different times after parturi-
tion (<5 h, 24 h, 48 h, 2 wk, and 4 wk). The production
level was higher at 2 and 4 wk of lactation than during
the first day after parturition, with intermediate values
at 48 h postpartum. Fat content did not vary during
the study period. However, total protein and casein
contents were particularly high in the initial 5 h after
parturition, decreasing to approximately 50% after 24 h
postpartum. Conversely, lactose concentration was low
in the beginning (<5 h), increasing gradually through-
out the study. Similarly, dry matter dropped during
the first 24 h and then remained constant throughout
the study. Urea content decreased during the study,
showing a slight recovery at 4 wk. Somatic cell count
was higher during the first hours after parturition and
gradually decreased throughout the study period. The
IgG content was higher before 5 h postpartum than
at 24 h postpartum. After 5 h, the level of IgG de-
creased progressively until it reached 0.18 mg/mL at 4
wk of lactation. We observed a similar pattern for IgM
content, but it decreased more quickly than IgG and
was not detected after 2 wk. In the case of deer, milk
should be considered transitional from 24 to 48 h after
parturition, and samples collected after 2 wk can be
considered mature milk.
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Short Communication

As a result of the lack of gamma globulins in newborn
ruminants (Hedegaard and Heegaard, 2016), intake of
colostrum in the first hours postpartum is crucial. In
addition to providing nutritional benefit, colostrum
supplies immunity, because it contains several immu-
noglobulins (Tsioulpas et al., 2007). Colostrum in small
ruminants changes its composition and properties to
that of mature milk within a few hours or days postpar-
tum (Castro et al., 2011; Sadnchez-Macias et al., 2014),
and it is important to assess the changes in variables
and the timing of this transition. Colostrum transition
to milk has been assessed in different ruminant species,
and the transition time varies: 5 to 7 d for cows (Gapper
et al., 2007; Georgiev, 2008), 3 to 5 d for goats (Romero
et al., 2013; Sadnchez-Macias et al., 2014), 6 to 8 d for
sheep (Keskin et al., 2007; Pavlikova et al., 2010), and 5
d for buffalo (Abd El -Fattah et al., 2012). Several fac-
tors affect the transition, including litter size and lacta-
tion number (Argiiello et al., 2006; Romero et al., 2013;
Ruiz et al., 2015). Although changes in the composition
of red deer milk throughout lactation have been well
studied (Arman et al., 1974; Landete-Castillejos et al.,
2000, 2003, 2005; Serrano et al., 2018), little is known
about the composition and immunological properties of
colostrum and its transition to milk. One of the reasons
for this lack of research might be the difficulty involved
in obtaining samples of colostrum or transition milk,
even from captive red deer (let alone from hinds in the
wild). Arman et al. (1974) studied the composition of
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colostrum samples from red deer and concluded that
the complete transition from colostrum to mature milk
occurred in no more than 3 d. However, data from this
study were limited to 3 hinds milked at 0, 15, and 21
h postpartum, and without assessing immunoglobulin
concentrations. Recent studies have evaluated the tech-
nological variables of red deer milk, concluding that
this milk is suitable for dairy products (de La Vara
et al., 2018). Therefore, it is important to understand
the changes occurring in the transition from colostrum
to milk, both to comply with food regulations and to
avoid the negative effects of colostrum presence in final
dairy products. The purpose of this study was to assess
the evolution of physicochemical and immunological
variables in the transition from colostrum to milk dur-
ing early lactation in red deer.

For this aim, colostrum and transition to milk
samples were collected from each hind from an original
Iberian population of red deer (Cervus elaphus: Skog et
al., 2009) kept at the experimental farm of University
of Castilla-La Mancha (Albacete, Spain) during the
calving season in 2013. Colostrum and transition to
milk samples were collected by milking according to
Landete-Castillejos et al. (2000) within 5 h (n = 11)
and at 24 h (n = 11), 48 h (n = 8), 2 wk (n = 14), and
4 wk (n = 14) after parturition. The differences in the
number of replicates used in each case were due to the
impossibility of accessing all animals at each sampling,
because the experimental hinds were reared in semi-
captivity during the study.

For ethical reasons, because deer are wild and be-
cause of the semi-free status of hinds in the rather large
enclosures at the experimental farm, the authors de-
cided not to collect colostrum immediately postpartum.
Instead, milking was conducted at 2 to 5 h postpartum,
creating the first set of samples as milked in less than
5 h postpartum. Yield was measured using a graduated
cylinder at the handling premises.

Each sample was divided into 2 aliquots of 100 mL.
From the 2 aliquots, the first was stored at 4°C until
analysis for composition and SCC, and the second was
immediately frozen and stored at —70°C for assessment
of immunological variables. Gross composition (fat,
total protein, casein, lactose, DM, and urea) of the
colostrum and transition milk samples was determined
at the Official Regional Dairy Laboratory (LILCAM,
Toledo, Spain) using an automated infrared method
with a MilkoScan FT120 milk analyzer (Foss Electric,
Hillerad, Denmark) subjected to quality controls and
inter-comparative trials. The mean values 4+ standard
deviation for fat, total protein, casein, lactose, and DM
were expressed as percentage, and urea was expressed
in milligrams per 100 mL. The SCC was calculated (as
log cells/mL) by flow cytometry using Fossomatic FC
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equipment (Foss Electric). Just before immunoglobulin
analysis, the frozen material was thawed at 4°C and the
lipid fraction was removed by centrifugation at 10,000
x g for 10 min at 4°C. Quantification of IgG and IgM
in colostrum was performed using goat ELISA kits
(Bethyl Laboratories, Montgomery, TX) according to
the method of Moreno-Indias et al. (2012).

For each parameter measured in the samples, we fitted
a repeated-measures model using R statistical software
and programming language (R Core Team, 2018). In
particular, we relied on the “nlme” package by Pinheiro
et al. (2018), which uses the expectation maximization
algorithm described by Laird and Ware (1982). This
algorithm can handle unbalanced designs and missing
values, as was the case in this study, where it was not
possible to get samples from all animals at each time
point. Thus, we fitted a linear mixed effect model to
estimate the variance of the random effect (individual)
and the means within the fixed effect (time). Then,
for variables whose models were significant according
to ANOVA, we made pairwise comparisons using the
“multcomp” package (Hothorn et al., 2008), selecting
the Tukey method for linear mixed effects. We analyzed
the model residuals, confirming normality for most of
the variables. For variables whose normality could not
be confirmed, a log-transformed fitting of the model led
to the same conclusions (details omitted for the sake of
clarity).

We observed no differences in production level be-
tween 5 and 48 h postpartum, but after that production
gradually increased until 2 and 4 wk; values at 48 h
were intermediate (P = 0.001; Table 1). Arman et al.
(1974) observed a similar evolution when calculating
the colostrum production of 3 hinds milked at 0, 15, and
21 h. Several studies in goats have reported an inverted
bell-shaped curve of production, with a higher colos-
trum volume immediately postpartum that decreased
in the first hours and started to recover after 24 to 48
h (Romero et al., 2013; Sanchez-Macias et al., 2014).
Similarly, a quadratic behavior has been described for
the volume produced within 4 to 5 d postpartum in
sheep (Alves et al., 2015). The different milking time
intervals in the studies above, together with the dif-
ficulty of obtaining samples from red deer hinds in the
first 2 h after calving, could explain the differences
in patterns reported by other authors compared with
those observed in the current study. In our 20-yr ex-
perience observing red deer, we have found that calves
suckle about 4 to 5 times in the first hours (data not
shown), so we may have missed valuable information
from the very early colostrum samples. However, for
ethical reasons we could not isolate the mothers from
the calves in the first 5 h postpartum to standardize
the colostrum stored in the mammary glands, so the
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Table 1. Effects of time after delivery on production, composition and SCC of deer colostrum, 2013 (mean + SD)
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Time postpartum

Item <5h (n=11) 24h (n=11) 48 h (n = 8) 2 wk (n = 14) 4 wk (n = 14) P-value
Volume, mL 248.2 + 253° 404.6 + 239" 453.4 + 386" 680.4 + 266" 603.2 + 200° <0.001
Fat, % 9.34 + 3.06 8.04 + 0.92 9.14 + 1.84 8.98 + 0.94 8.59 + 1.81 0.499
Total protein, % 13.21 + 2.92° 7.00 £ 0.47" 7.01 & 0.69" 6.60 & 0.33" 6.79 & 0.49" <0.001
Casein, % 9.11 + 2.22° 4.51 + 0.41° 4.56 + 0.54" 4.45 + 0.24° 4.45 + 0.34 <0.001
Casein/total protein, % 68.6 + 2.21° 64.35 + 1.79" 64.98 + 1.74° 67.38 + 1.45" 65.63 &+ 2.17° <0.001
Lactose, % 1.82 + 0.577 3.64 & 0.29° 3.28 + 0.33° 3.98 + 0.26" 4.38 + 0.40" <0.001
DM, % 27.39 + 4.18" 20.94 + 1.3 21.94 + 2.28" 22.23 + 0.85" 22.34 + 1.73" <0.001
Urea, mg/100 mL 702.5 + 65.6° 591.2 + 54.7° 556.5 + 43.7° 563.4 + 49.2" 660.3 + 73.3* <0.001
SCC, log cells/mL 6.03 + 0.29° 5.16 + 0.28™ 5.51 + 0.69" 5.15 + 0.50™ 4.90 + 0.60° <0.001

*“Means within a row with different superscripts differed (P < 0.05).

calves could have suckled several times before the first
milking. We avoided such an isolation protocol because
it was likely to result in the rejection of the calf by the
mother and, therefore, could have resulted in the death
of several calves.

Our results indicated substantial changes in the
chemical composition of samples from the first hours
postpartum through the early lactation period. Fat
concentration at 2 and 4 wk was similar to the values
reported in previous studies (Landete-Castillejos et al.,
2001; Serrano et al., 2018). However, the fat content
was similar throughout the experimental period (P =
0.499). Arman et al. (1974) characterized the colostrum
of 3 hinds at different time intervals during the first 2 d
postpartum and found slightly higher fat content in the
first hours postpartum (about 11%), but after 24 h fat
levels were lower than 8%, similar to values observed in
the current study. Fat content seems to be more stable
in the transition from colostrum to milk in red deer
than in other ruminant species. Indeed, fat evolution
in the transitional period from colostrum to milk has
been found to follow a different pattern depending on
the species (Argiiello et al., 2006; Keskin et al., 2007;
Romero et al., 2013) or even the breed (Pattinson and
Thomas, 2004; Rachman et al., 2015). For colostrum
from sheep, goats, or cows, the decrease in fat content
during successive milkings postpartum was more pro-
nounced, with a 30 to 50% decrease in similar periods
(Romero et al., 2013; Sdnchez-Macias et al., 2014; Alves
et al., 2015; McGrath et al., 2016).

Total protein and casein contents were particularly
high in the initial 5 h after parturition, decreasing to
approximately 50% during the 24 h thereafter (P <
0.001). Then, total protein content decreased slightly
and tended to show a similar composition to that re-
ported by our research group for this species (and the
same herd) in mature milk (Landete-Castillejos et al.,
2000; Serrano et al., 2018). The proportion of casein in
relation to total protein was higher in samples obtained
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in the first 5 h postpartum than in samples from 24
h postpartum. Arman et al. (1974) found a ratio of
casein to total protein similar to that observed in the
current study at 24 and 48 h postpartum. However,
the ratio between casein and total protein observed
by Arman et al. (1974) in the colostrum from a hind
immediately postpartum was lower than that observed
in our study for colostrum obtained during the first 5
h postpartum. Studies in other species reported that
the protein content of colostrum just after calving is
almost twice as high as that after 24 h (Romero et al.,
2013; Sanchez-Macias et al., 2014; Alves et al., 2015;
McGrath et al., 2016). However, these authors did not
specifically study the evolution of casein during the
first days postpartum.

Data about casein content in deer colostrum are very
scarce. However, it is possible that deer colostrum ob-
tained during the first hours after delivery has a higher
casein/protein proportion than colostrum from other
ruminants. For example, Gajdasek et al. (2001) found a
lower proportion of casein in the total protein content
during the first hours postpartum (2 and 24 h) in goats
compared with that found in red deer at 5 and 24 h
postpartum in the current study. Discrepancies observed
for the casein and protein proportions of colostrum be-
tween authors might be due to differences in the diets
consumed by the animals in each study (Pecka-Kielb
et al., 2018). However, it seems more likely that deer
colostrum produced during the first hours postpartum
might be different in its proportion of casein because of
biological differences between species. In fact, the co-
lostrum of various species varies widely in the amounts
and proportions of its principal constituents because of
differences in physiology and digestion (Bernabucci et
al., 2013). Interspecies variations reflect, in part, differ-
ent adaptive strategies to environmental conditions and
selective pressures of various species during evolution.

Lactose concentration was low at the beginning of
lactation, increasing throughout the study (P < 0.001).
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This finding was in agreement with the findings of sev-
eral authors in other ruminants (Romero et al., 2013;
Sénchez-Macias et al., 2014; Alves et al., 2015; McGrath
et al., 2016). Lactose production is directly related to
water influx, and the initial low concentration of this
disaccharide could explain the lower volumes observed
at the first sampling times (Ontsouka et al., 2003; Mc-
Grath et al., 2016). The content of this carbohydrate
was lower than the content reported by Arman et al.
(1974) during the first 24 h. These authors did not
find differences in lactose during the period of lactation
studied (0 to 260 d postpartum).

Dry matter decreased during the first 24 h and then
remained constant throughout the study period (P <
0.001). Similar results have been described in red deer
for colostrum (Arman et al., 1974) and for milk during
the initial period of lactation (Serrano et al., 2018). A
comparable evolution of DM during the earliest lacta-
tion days has also been described for goats (Romero et
al., 2013; Sanchez-Macfas et al., 2014), sheep (Alves et
al., 2015), and cows (McGrath et al., 2016).

Urea content decreased during the period of study,
showing a slight recovery in the fourth week of lacta-
tion (P < 0.001). We found no studies that reported on
urea content in red deer colostrum or milk. However, a
similar pattern has been described for the urea content
of goat colostrum (Gajdtsek et al., 2001; Ruiz et al.,
2015). Urea concentration is related to the feed con-
sumed. However, the feed did not change during the
milking time in the current study. Therefore, we can as-
sume that changes in urea content were not associated
with changes in diet. A variable content of nonprotein
nitrogen was reported by Arman et al. (1974) in indi-
vidual samples, with higher concentrations observed at
initial times during lactation.

In contrast, SCC was higher during the first hours
after parturition and gradually decreased (P < 0.001)
until reaching values similar to those reported for red
deer milk (Kurki et al., 2004; de La Vara et al., 2018).
We found no studies reporting on the SCC of red deer
colostrum. However, the higher content of SCC observed
in red deer colostrum than in milk in the current study
was in accordance with findings for cows (Wall et al.,
2015) and goats (Ontsouka et al., 2003; Romero et al.,

5665

2013; Sanchez-Macias et al., 2014). The engorgement
of the udder during advanced pregnancy often results
in very high-level stress on the tissue, which may be
responsible for the elevated SCC and neutrophil counts
during the first day of colostrum production for Murrah
buffalo (Kalyan et al., 2010). Frequent emptying of the
udder (Dang and Anand, 2007) returns SCC gradu-
ally to normal values as the stress on the udder tissue
decreases.

Deer colostrum during the first 5 h postpartum was
richer in immunity molecules (IgG and IgM) than
successive samples during early lactation (P < 0.001;
Table 2). Mean IgG values in deer milked up to 5 h
postpartum were more than 4 times higher than values
observed at 24 h. After that, IgG levels decreased until
they reached 0.18 mg/mL at 4 wk. We observed a similar
pattern for IgM content. However, [gM decreased faster
than IgG and was not detected after 2 wk of lactation.
We found no reports on immunoglobulin content over
time in red deer colostrum and transition to milk. The
decrease in immunoglobulins after delivery agrees with
results for cows (Zhao et al., 2010) and goats (Romero
et al., 2013; Sanchez-Macias et al., 2014). In fact, these
authors concluded that IgG was 4 to 10 times lower
in the initial 48 h postpartum. It is worth mention-
ing that, compared with available data at 24 and 48
h postpartum, the IgG and IgM content found in the
current study were much lower than those observed for
cows (Zhao et al., 2010) and goats (Romero et al., 2013;
Sénchez-Macias et al., 2014) at the same time points.

According to the patterns observed for immuno-
globulins and the other variables analyzed, we sug-
gest that from 24 to 48 h after parturition, secretions
should be considered transitional milk, because the
immunoglobulin content was too low for colostrum but
too high for milk. Samples collected after 2 wk can be
considered to be milk: all components fell within the
normal ranges described in the literature for deer milk.
Arman et al. (1974) reported a rapid transition from
colostrum to mature milk in less than 3 d. In general,
the complete transition has been fixed between 3 and
5 d for other ruminants (Abd El -Fattah et al., 2012;
Romero et al., 2013; Sanchez-Macias et al., 2014; Chen
et al., 2018). These results could be because of the need

Table 2. Effects of time after delivery on IgG and IgM content of deer colostrum, 2013 (mean + SD)

Time postpartum

Item <5 h (ng = 8; nyy = 11) 24 h (n=11) 48 h (n = 8) 2 wk (n = 14) 4 wk (n = 14) P-value
IgG, mg/mL 8.73 + 3.92° 1.81 + 1.66" 1.76 + 1.15" 0.24 4 0.09" 0.18 & 0.09" <0.001
IgM, mg/mL 0.049 + 0.017" 0.013 £ 0.008" 0.004 =+ 0.007¢ ND! ND <0.001

*“Means within a row with different superscripts differed (P < 0.05).
'Not detected.
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for wild animals to transmit immunity to offspring as
quickly as possible. However, more studies are needed
to characterize the composition of deer colostrum in the
first days after delivery.
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