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Abstract

The objectives of the study were to assess colostrum quality and nutrients in
dairy cows in Isfahan, Iran, and to determine the effects of calving season,
parity, and volume of first colostrum on colostrum quality. Colostrum sam-
ples were collected over the period January-December, from 365 Holstein
dairy cows from 12 dairy farms and analyzed for their IgG, IgM, total solids,
fat, protein, lactose, Ca, and P concentrations. The IgG and IgM contents were
measured to be 35.8 = 17.6 and 5.8 + 3.8 mg/mL, respectively. Mean percen-
tages of total solids, fat, protein, and lactose in the samples were 27.2 + 5.8, 4.6
+ 3.4, 18.5 £ 4.9, and 2.0 + 0.9, respectively while calcium and P concentra-
tions were 2.69 + 0.9 and 2.02 + 0.88 g/kg. Colostral IgG and IgM concentra-
tions were found to be higher during the winter months. Calving season af-
fected lactose, Ca, and P concentrations as evidenced by the higher colostral
lactose percentages in cows calved in the fall but higher calcium and P con-
centrations in those calved in the summer. Parity had no significant effects on
IgG and IgM concentrations. However, a decreasing trend was observed in Ca
and P concentrations with increasing parity. Volume of first milking colo-
strum did not have any effect on colostral composition. The findings of this
study indicate that colostrum quality may be affected by calving season.
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1. Introduction

Sufficient colostrum can guarantee the supply of essential nutrients and immune
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factors required for the healthy growth of newborn calves after parturition. Fat
and lactose in colostrum are utilized as a source of energy to help maintain the
body temperature of neonate calves during their first days of life [1]. In addition
to its nutritional value, an equally significant value of colostrum lies in its role in
the development of passive immunity in calves by the three types of immunog-
lobulins (Ze., IgG, IgM, and IgA). Bovine IgM is an imperative component of
colostrum for immune response and complement fixation while it also serves as
an agglutinating antibody of the serum. The role of IgM is in fighting parasitic
infections of plasma. IgG is the primary immunoglobulin for passive immuniza-
tion of the newborn calf. Colostrum quality plays a vital role in the survival of
newborn calves [2] but its quality varies among individual cows [3]. Colostrum
quality is defined by Ig concentration, especially that of IgG.

Identification of the best quality colostrum has always been a major challenge
to dairy farmers. Season of calving, parity, dry period length [4] [5], volume of
colostrum [3] [5] [6] heat stress [7] [8] [9] and maternal feeding during the dry
period [10] [4] [11] have been suggested to influence colostral composition. In a
recent study by [5], samples of spring and fall colostrum were found to have the
lowest and the highest levels of IgG, respectively. Some studies reported colo-
strum IgG content to increase with increasing parity [1] [4]. Moreover, [5]
claimed that a relationship existed between IgG concentration and colostrum
volume while [12] and [6] found no such relationship. Most previous reports on
colostrum quality have concentrated on IgG as a main component of colostrum
and parity or volume of colostrum, and occasionally season, as factors affecting
colostrum IgG. Numerous studies have focused on colostrum quality, and a few
studies based their investigation on the place of experiment to evaluate different
breeds of dairy cows in terms of their colostrum Ig concentration. To the best of
our knowledge, the likely association between most of the colostrum constitu-
ents (Ze, fat, protein, and lactose, Ca, P), on the one hand, and certain influenti-
al factors, on the other, has been rarely ever studied. Moreover, no study is re-
ported to have considered in one single study the effects of different factors in-
volved in the nutritional value and quality of colostrum on Holstein dairy cows
as a dominant breed the world over. The objectives of the present study were: 1)
to evaluate colostrum quality in terms of its Ig content and nutrients in Holstein
dairy cows, and 2) to identify the association between colostrum quality and the
three factors of calving season, dam parity, and volume of first milking colo-

strum.

2. Materials and Methods
2.1. Collecting and Analyzing Samples

For the purposes of the present study, 12 commercial dairy farms with intensive
management were randomly selected from different locations in Isfahan, Iran.
Herd sizes ranged from 300 to 3000 cows, which were grouped into 3 different
herd sizes: small with <300, medium with 300 to 1000, and large with >1000

cows. All the selected farms used either free stall housing or open pack. No spe-
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cific grazing program is practiced in Isfahan and cows are mostly fed hay and
concentrate. Dry period in the selected farms lasts for approximately 50 to 60 d
and cows are separated and placed in maternity pens around 15 to 10 d before
calving.

In each season, the farmers were asked to collect 2 samples for parity (1st
through 3rd or more) which made eight samples per season per farm. Thus, a
total of 365 samples of first milking colostrum were collected from cows calved
during spring (April to June), summer (July to September), fall (October to De-
cember), and winter (January to March). Cows were milked within 4 h of calving
before nursing the newborn. Colostrum samples were collected in three 50 mL
bottles per cow and immediately frozen at —4°C. Cow parity, date of calving,
volume of first milking colostrum and dry period length were recorded. The
samples were then transferred to the laboratory on ice and stored at —20°C until
analysis. All blood-stained samples were discarded before analysis. Prior to
analysis, all the samples were thawed at room temperature and then diluted (1:3,
vol: vol) with a phosphate buffer solution (pH 7.4) to reduce sample viscosity
and prevent technical difficulties commonly encountered with highly viscous
samples. The concentrations of IgG and IgM were determined by ELISA (kit
E10-118 and 101, Bethyl Laboratories, Montgomery, TX, USA). Also, protein, fat,
lactose, and total solids contents in diluted samples were determined using
infrared (Milk-O-Scan133 B infra-analyzer, FOSS Electric, Denmark). Calcium
and P concentrations were determined following the method described in [13]
with the following modifications: one gram of colostrum was digested in nitric
and percholoric acids (9:1) on a hot plate and the acid content was allowed to
evaporate. After cooling, 10 mL of 1.0 N HCI was added. Finally, Ca and P were
analyzed by ELISA using the modified method [14].

2.2. Statistical Analysis

Normality was verified using the UNIVARIATE procedure. Data for IgG; IgM;
percentages of fat, protein, lactose, and total solids; as well as Ca and P concen-
trations were analyzed using the GLM procedure by SAS 9.1 (SAS Institute, 2003)
to determine the effects of season (winter, spring, summer, and fall), parity of
dam (1 to >3), volume of first milking colostrum, and farm. The data thus ob-
tained were reported as least squares means + standard error of the means
(SEM). Effects were considered significant at P < 0.05 and trends at P < 0.1 [15].

3. Results and Discussion
3.1. Colostrum Composition

A total of 365 colostrum samples from Holstein cows were analyzed for the cur-
rent study. Sample means for IgG, IgM, fat, protein, lactose, TS, Ca, and P are
presented in Table 1. The industrial standard for colostrum is one with more
than 50 mg of IgG/ml. Based on the data obtained, only 18.3% of the samples
collected had an IgG content >50 mg/ml, with a distribution in the range of 8.7
to 104.7 mg/ml and a mean value of 35.8 + 17.6 mg/ml, indicating that the IgG
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Table 1. Colostrum composition from 365 Holstein cows raised on Isfahan dairy farms.

Factor Mean N0y Min Max
Volume, L 7.0 3.2 2.0 23
IgG, mg/ml 35.8 17.6 8.7 104.7
IgM, mg/ml 5.8 3.8 0.8 27.2

Fat, % 4.6 3.4 0.3 20.9
Protein, % 18.5 4.9 4.9 29.6
Lactose, % 2.0 0.9 0.3 52

Total solid, % 27.2 5.8 12.9 47.2
Ca, mg/kg 2691 900 914 8078
P, mg/kg 2023 878 609 7896

a. SD: Standard Deviation.

mean was lower than those reported in other studies (48.2 mg/ml in [3]; 40.9
mg/ml in [16]; 68.8 mg/ml in [1]. Colostral IgM also varied greatly from 1 to
27.2 mg/ml. IgM mean was 5.8 + 3.8 mg/ml, which was greater than that re-
ported by [15] but the same as the value reported by [17]. Fat concentration in
the present study was found to be 4.6% + 3.4%, with a range of 0.3% to 20.9%.
The mean value of fat content measured in all the samples was lower than those
in previous reports [8] [16] [18]. The lactose content of the samples ranged from
0.3% to 5.2% with a mean value of 2.0% + 0.9% which is lower than the values
reported in the literature [1] [16]. The reducing trend of lactose is in contrast to
the increasing trend for other nutrients in colostrum. However, this proportion
of colostrum nutrients is physiologically necessary for the neonate calf [1] [13].
Protein content was measured in the present study within the range of 4.6% to
29.6% with a mean value of 18.5% * 4.9%, which was higher than those reported
in recent studies (14.9% in [17]; 12.5% in [1]. Total solids content was found to
be 27.6% * 5.8%, ranging from 12.9% to 47.2%, which was consistent with the
values reported by [16] but lower than the 22.2% total solids (TS) reported by
[1]. Calcium and P concentrations were 2691 + 900 and 2023 + 878 mg/kg, re-
spectively. Almost equal values were reported in [19] but [16] observed lower
values. The level of dietary fat and protein during pregnancy did not affect colo-
strum nutrients [16]. It should be noted that the results obtained from colostrum
composition analysis might have been affected by certain factors such as indivi-

duality among the cows and probably the lab instruments used.

3.2. Season of Calving

All the data on components of colostrum samples as influenced by season and
parity are presented in Table 2 and Table 3, respectively. Our results indicate
that season of calving has a significant effect (P = 0.0001) on IgG and IgM con-

centrations in colostrum. Significantly higher concentrations of IgG and IgM
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Table 2. Effect of season of calving on first milking colostrum composition from 365

Holstein cows on Isfahan dairy farms.

Season of calving (number of samples)

Factor Spring (92) Summer (93) Fall (89) Winter (91)
P-value

LSM! SEM? LSM SEM LSM SEM LSM SEM

Volume, L 7.7 7.1 6.5 6.8
IgG, mg/ml 23.3¢ 1.52 41.2° 1.49 23.8° 1.81 50.8° 1.57 0.001

IgM, mg/ml  6.1° 0.36 5.4 044 297 037 8.4° 0.38  <0.0001

Fat, % 4.2 0.3 4.8 0.4 4.6 0.3 46 0.3 0.15
Protein, % 18.1 0.5 18.9 0.6 18.7 0.5 18.8 0.5 0.22
Lactose, % 1.8° 0.1 1.8° 0.1 2.1° 0.1 2.0 0.1 0.05

Total solid, %  27.9 0.6 27.2 0.6 28.4 0.7 27 0.6 0.06

Ca, mg/kg 2443 952 3086 109.2 2629° 962  2694° 100.2  0.0002
P, mg/kg 1906°  78.8  2200° 90.4 1833 797  1731®  83.3 0.001

1. LSM = Least Squares Mean; 2. SEM = Standard Error of the Mean. a, b, c. Means within the same row
with different superscripts differ, P < 0.05.

Table 3. Effect of parity on first milking colostrum composition from 365 Holstein cows

on Isfahan dairy farms.

Parity of dam (number of samples)

Factor 1(90) 2 (94) 3(89) 3+(92)
P-value
LSM! SEM? ILSM SEM LSM SEM LSM SEM
Volume, L 5.9 7 7.4 7.1
IgG, mg/ml  36.9 148 356 1.39 363 141 3753 231  0.08"®
IgM, mg/ml 5.6 0.36 5.7 0.34 6.7 0.35 7.2 0.56  0.14
Fat, % 6.7° 036  4.03® 032 4.1° 0.34  3.87° 031 <0.001
Protein, % 18.5°  0.53 17.2° 049 1848 051  19.25* 047 0.04
Lactose, % 2.0 0.1 2.2 0.09 1.9° 0.09  1.84®  0.08 0.02
Total solid, %  29.2° 0.6 2548 055  264° 057 27.6> 053  0.003
Ca,mg/kg  3015° 95 2493° 86 2523% 90 2610° 83 0.001
P, mg/kg 2146° 94 1982° 86 1921° 89 1931° 83 0.07

1. Least Squares Mean; 2. Standard Error of the Mean; 3. Non-significant a, b, c. Means within the same row

with different superscripts differ, P < 0.05.

were recorded in the winter. IgG content was lowest in the spring and fall, but
this trend was not observed for IgM concentration which was not low in the
spring. Recently, [20] have shown that the reduced blood IgG levels before par-
turition are related to IgG levels in colostrum and that this association does not
exist between colostrum IgM and blood IgM concentrations before parturition.
Colostral IgM concentration depends on the action of the immune cells in the
udder. However, the differences between the IgG and IgM trends in different

seasons might be related to differences in their secretion patterns [7]. Neverthe-
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less, some studies found no effect of calving season on IgG concentration [3] [8]
[17]. This is while [8] reported higher quantities of IgG in the colostrum of dairy
cows during the summer as compared to winter. In contrast to our results, [4]
studying dairy animals in Norway reported the lowest level of IgG content in
cows calving during the winter. They argued that changing from silage to fresh
grass feeding during the late pregnancy period might have influenced the colo-
strum IgG content. The cows in the present experiment, however, did not re-
ceive fresh grass. Considering the findings of [16] [21] and [22] that colostrum
composition was not affected by prepartum maternal feeding, we did not at-
tempt to determine the relationship between colostrum composition and pre-
partum feeding factors. In a recent study, [5] found that colostrum from cows
calving in the spring (April and May) contained the lowest IgG content whereas
the colostrum from those calving in the fall had a high IgG concentration. The
effects of health status and nutrition were claimed to be the main reasons for the
low IgG levels in samples collected in April [5]. The authors of [5] believed that
longer dry periods might have increased the body condition score (BCS) and,
consequently, declined the function of the immune system. This is while no cor-
relation was observed in the present study between dry period and IgG concen-
tration. Stress is also included among the factors that suppress the immune sys-
tem, which leads to increasing cases of disease. It is well known that the secre-
tion of glucocorticoids due to stress in late pregnancy might be associated with
the decreasing ability of the immune system to produce the required antibodies
[22] [23] [24]. We hypothesize that one reason for the decreasing level of IgG in
the spring and fall seasons is the stressful conditions, including weather condi-
tions and the temperature, in which the cows spent their late pregnancy period.
Calving season did not affect colostrum fat, protein, or total solids. However,
lactose content varied with calving season. Cows calving in the fall had higher
lactose content than those calving in the spring or summer. Calcium and P con-
centrations were greatest in the summer. These findings are not in agreement
with those reported by [8] who observed that cows calving in the fall had higher
colostral protein content. These same authors also reported no relationship be-
tween colostral fat concentration and season of calving. However due to the
complexity of colostrum composition and individual variation among dairy

cows we could not find the clear reason for the fluctuation of these parameters.

3.3. Parity of Dam

It was found in the current study that no significant differences existed among
the samples with respect to their IgG (P = 0.08) and IgM concentrations (P =
0.14) with increasing parity but that there was a trend of higher IgG and IgM
concentrations with increasing parity (Table 3). The Previous studies had re-
vealed an increasing trend for Ig content with increasing parity [1] [4]. Similarly,
we observed a similar trend but no significant differences across parities. The
results reported here are similar to those reported by [25] who reported no sig-

nificant differences among parities with respect to colostrum IgG and IgM con-
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tents. However, these researchers observed differences among parities with re-
spect to total Ig and observed that many of these differences were due to IgA
content. Reference [26] found no differences among the first, second, and third
parities. However, cows in their fourth to seventh parities exhibited higher colo-
strum IgG values. Cows in higher parities reportedly seem to produce colostrum
with higher amounts of IgG probably due to their exposure to more antigens in
their lifetime [16] [5]. This, however, does not agree with our findings. None-
theless, our findings support the idea maintained by previous researchers that
the colostrum of first parity cows should not be discarded [3] [20] [27].

Fat content measured in the present study was significantly higher in the first
parity than in others, but the highest protein content was recorded with older
cows (more than 3rd parity). The cows in their first, second, and third parities
were not significantly different with respect to their colostrum protein content.
Reference [1] found that protein content in colostrum samples collected from
different breeds did not differ significantly across the parities. In our experiment,
lactose percentage was observed to be significantly higher in the first and second
parities. Likewise, total solids varied with parity given the significant correlation
among fat, protein, and total solids. However, in a recent study, [1] reported that
cows in their third lactation produced higher colostrum lactose contents. More-
over, [28] observed that colostral Ca and P concentrations were higher than
those in milk, but quickly declining after 24 h postpartum. In the present study,
primiparous cows had more colostral Ca and P, which supports the results of [28]
who reported that colostral Ca and P concentrations exhibited a decreasing
trend with increasing parity by up to the third or even higher parities. These au-
thors concluded that dairy cows need to consume more minerals at parturition
as these minerals are transferred to colostrum. Parity of dam is the main reason
for the high Ca and P concentrations in colostrum and their low quantities in

plasma at parturition [28] [29].

3.4. Volume of First Milking Colostrum and Farm

Regarding volume of first milking colostrum in this study, it was found to influ-
ence neither colostrum quality nor its components (P > 0.05). In fact, no corre-
lation could be established between volume of first milking colostrum and the
parameters measured in this study. There are, however, controversial reports on
the relationship between volume of first milking colostrum and colostrum qual-
ity so that some have reported an inverse relationship (e.g., [5] [6] while others
have not (e.g., [12]). According to [30], higher milk volume may lead to the dilu-
tion of IgG in the udder, which could explain the negative correlation estab-
lished by some researchers between IgG and volume of first milking colostrum.
Different levels of IgG and IgM were observed in samples collected from the
different farms studied in this experiment; higher IgG levels were recorded for
farms with a large herd size, but no differences were found among farms with
respect to IgM or other measured parameters (Figure 1). Herd size may affect

the management of farms, which thereby leads to different colostrum qualities
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Figure 1. Immunoglobulin G and M (mg/ml) in colo-
strum samples from 365 cows raised on different dairy
farms in Isfahan, Iran, classified based on herd size.

[16]. The results obtained from this study indicate that farms with larger herds
have been more successful in producing high quality colostrum than those with

small or medium herd sizes.

4. Conclusion

In short, season of calving was found to have effects on colostrum quality so that
the highest IgG and IgM concentrations were measured during the winter
months. Regarding the effect of parity, no significant differences were observed
in colostrum quality across the different parities as affected by the volume of
first milking colostrum. The data obtained from this study suggest that season of
calving may be one factor that could be exploited in identifying colostrum qual-
ity used for feeding newborn calves whereas parity and volume of first milking

do not serve as reliable indicators of the expected colostrum quality.
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