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1. Abstract
1.1 Abstract English

This study investigated colostrum quality in terms of immunoglobulin concentrations and the
somatic cell count (SCC). The focus was on the SCC of the milk ante and post-partum as well
as of the colostrum. The 947 colostrum samples were collected from 72 farms of different sizes
in the Austrian province of Salzburg. Of these 72 farms, 47 were members of the National Milk
Recording Association (LKV). In cooperation with the Salzburg Animal Health Service (TGD),
the data from the farms with a LKV-membership was anonymised and used for further data
processing. A mobile cell counter (DeLaval cellcounter DCC®, DeLaval, Sweden), based on
the principle of optical fluorescence, was used to determine the SCC of the colostrum samples.
The total protein content was measured using a digital Brix refractometer. Comparative and
descriptive statistics were used to compare the results of the samples with corresponding milk
recordings of the LKV database. The cows were divided into two groups based on milk quality.
Animals with an SCC <400 cells/pl belonged to the good milk quality group. The lower milk
quality group was composed of those with an SCC >400 cells/pl. The correlations between milk
quality ante and post-partum and colostrum, and between immunoglobulin levels and SCC in
colostrum were calculated. The latter was determined with the Spearman coefficient as -0.2.
The value indicated a negative relationship, but was considered very weak. Further studies and

more balanced cohorts are recommended to analyse this relationship in more detail.



1.2 Abstract Deutsch

Die vorliegende Arbeit beschiftigte sich mit dem Thema der Kolostrum Qualitét in Bezug auf
Immunglobulingehalt und somatischer Zellzahl (SCC). Der Fokus lag auf der SCC in der Milch
ante und post-partum sowie jene im Kolostrum. Es wurden 947 Kolostrumproben von 72
Betrieben unterschiedlicher Grofen im dsterreichischen Bundesland Salzburg gesammelt. Von
diesen 72 Betrieben waren 47 Mitglieder des Landeskontrollverbands Salzburg (LKV). In
Zusammenarbeit mit dem Tiergesundheitsdienst Salzburg (TGD) wurden die Daten der 47
LKV-Betriebe anonymisiert iibermittelt und konnten so zur weiteren Datenverarbeitung
herangezogen werden. Zu der Bestimmung der SCC der 1.051 Kolostrumproben wurde ein
mobiles Zellzahlmessgerdat (DelLaval cellcounter DCC®, Delaval, Schweden) eingesetzt,
welches auf dem Prinzip der optischen Fluoreszenz beruht. Durch vergleichende und
deskriptive Statistik wurden die entsprechenden Resultate der Proben mit der Datenbank des
LKVs verglichen. Die Kiihe wurden basierend auf der Milchqualitét in zwei Gruppen eingeteilt.
Tiere welche eine SCC <400 Zellen/pul aufwiesen, gehorten zur Gruppe der guten Milchqualitét.
Die zweite Gruppe entsprach jenen Proben die sich >400 Zellen/pul befanden und somit einer
niedrigeren Milchqualitét entsprachen. Der Totalproteingehalt wurde mit einem digitalen
Brixrefraktometer gemessen. Es wurden schlielich drei Korrelationen berechnet, betreffend
der Milchqualitit ante und post partum und dem Kolostrum sowie zwischen den
Immunglobulinwerten und der SCC im Kolostrum. Letztere wurde mit dem Spearman
Koeffizienten als -0,2 bestimmt. Der Wert deutete auf eine negative Beziehung der beiden
Werte hin, war jedoch als sehr schwach einzustufen. Weitere Untersuchungen und

ausgeglichenere Kohorten werden empfohlen, um diese Beziehung genauer zu analysieren.



2. Introduction and literature review

The first milk produced in the mammary gland around the event of birth is called colostrum. It
plays an essential role for the newborn calf and its development later on [1]. It contains a wide
range of important components, but in concentrations, which vary significantly in comparison
to regular milk. Each group of components carries its own importance for the development and

health of the neonatal calf, which are described in greater detail below.

2.1 Macronutrients

2.1.1 Fat

The fat content of colostrum can vary greatly, but in general it can be stated that the colostral
fat content is higher compared to regular milk [2]. Expressed in figures, this means a fat content
of 7.0% - 18.0% [3] compared to 3.6-4.0% in regular milk [1]. Colostrum and regular milk have
specific fatty-acid (FA) profiles. It was found that long-chain FA are found in high
concentrations in colostrum, in contrast to short-chain FA. More precisely, colostrum is over
25% richer in n-3 and n-6 polyunsaturated FA as well as palmitic, myristic and linoleic acid for
16%, 27%, and 13% respectively. There are 50% and 60% less C4:0 and C6:0 short-chained
FA. Colostrum is also poorer in branched-chain FA by 13% and trans-monounsaturated FA by
15% compared to regular milk. It was also found that parity had a significant influence on the
FA profile, possibly related to different energy requirements. In high-yielding cows, it is not
untypical, that up to 40 kg of body fat is mobilised in the peripartum period, which leads to an
elevated amount of pre-formed FA in the milk. The higher post-partum feed consumption
boosts the production of volatile FA through ruminal microbial fermentation, which serves as
a substrate for de novo FA production in the mammary gland [4]. Short-chain fatty acids, stearic
acid and oleic acid are present in low concentrations in the first week post-partum and increase
with the ongoing lactation [2]. In addition, lipids are said to have health benefits ranging from
immunomodulation (e.g. oleic acid), neuronal development, to pathogen-binding (gangliosides,
phospholipids) [1]. From a dietary point of view, colostrum is also richer in high levels of fat
to compensate for the lack of thermoregulation capacity in neonates as well as an energy source

[3,5].



2.1.2 Lactose

In contrast to other substances, lactose is found in lower concentrations in colostrum than in
regular milk. Bovine colostrum contains 1.4-3.0% of lactose [6], whereas bovine milk is
comprised of almost double as much lactose with 4.7-5.0% [1]. The quantity increases steadily
as the lactation progresses and should generally return to normal levels within the first seven
days post-partum. Due to the strong osmotic properties of lactose, it significantly influences the
water content of the milk. This also explains the high viscosity of the colostrum. Due to the

lower lactose content, less water is drawn into the milk and the colostrum acquires its typical

thickness [2].

2.1.3 Proteins

The protein levels in bovine colostrum are higher (13.9-21.8%) [6] than in regular milk (around
3%) [1], primarily due to the substantial quantity of immunoglobulins and caseins present. The
proteins can be divided into two groups, the distinction between the two being in their solubility.
The whey proteins are soluble and comprise the immunoglobulins, which will be described in
further detail in a separate section, lactoferrin, a-lactalbumin, 3-lactoglobulin, lactoperoxidase,
glycol-macropeptide and a multitude of growth factors. Besides their nutritional benefit, they
are biologically active, a selected few of them only being activated by exposition to acid or
being partially digested. These biological functions range from reduction of inflammation to
repair stimulation. The second group is composed of insoluble proteins called caseins. In bovine
colostrum, they make up 4.8% and decrease post-partum. In regular milk they represent 2.5-
2.6%. Important functions of caseins, besides being a provider of energy, are of the
immunological sort, comprising antimicrobial, antiphlogistic and immunoregulating

characteristics [1,2].



2.2 Micronutrients

2.2.1 Minerals

Colostrum is richer in minerals than regular bovine milk. Zinc, phosphorus, and calcium are
represented in the highest concentrations with 11.6-38.1 mg/kg, 4.5 g/kg and 2.6-4.7 g/kg
respectively in colostrum. In milk the same minerals are concentrated lower with values of 3.0-
6.0 mg/kg, 0.9-1.2 g/kg, and 1.2-1.3 g/kg, respectively. The minerals iron, copper, magnesium,
and manganese are also comprised on higher levels in colostrum than regular milk and

contribute as well to the neonatal health [1].

2.2.2 Vitamins

The vitamin levels are also higher in colostrum compared to milk and are present in two
different groups: fat-soluble and water-soluble vitamins [1]. Vitamins A, D, E and K are fat-
soluble vitamins, Vitamin B1, B2, B3 and B12 are the water-soluble group. They play a
significant role in relation to the immune system, bone growth, and are also associated with

antioxidative properties [1,7].

2.3 Immunoglobulins

Due to the specific synepitheliochorial structure of the bovine placenta [8], the transfer of any
immunoglobulins is almost impossible. Therefore, bovine neonates are born
agammaglobulinemic, meaning without any immune defence passed on by the cow in utero [9].
Immunoglobulins are proteins in the colostrum which are absorbed through the mucosa of the
intestine of the neonates upon digestion of the first milk [10] and are considered as a temporary
immune defence passed on by the dam. The antibodies enter into the lymphatic system and
continue into the bloodstream through the thoracic duct [10], providing protection against all
sorts of pathogens [11]. This kind of immunity will persist for up to three weeks until the calf
is able to develop its own active immune system [12]. Bovine immunoglobulins (Ig) can be
sorted into three different types, carrying out different roles as antibodies in the neonates
system: IgA, IgG and IgM. Immunoglobulin G represents by far the largest group, taking up
approximately 88.0% [13] and can be distinguished into two subtypes IgGl and I1gG2,
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immunoglobulin G1 being the dominant subgroup with 75.0% [13,14]. IgG can be measured in

the calf’s blood, more precisely in the serum, one day after feeding it colostrum, to check the
success or failure of the passive-immunity transfer [12]. The concentration of IgG in colostrum
can differ a lot depending on a multitude of factors like parity, breed, quantity of colostrum,
herd size, and management [13,15,16]. Proper colostrum management is crucial for successful
transfer of passive immunity. Starting with the collection of the first milk as soon as possible
post-partum to ensure a maximum IgG concentration available to the neonate [16]. It is best for
the newborn to have its first colostrum intake close after its birth or as soon as possible within
the first few hours of life [10,16], as the absorption capacity of the intestinal tract decreases
more and more rapidly after 6 hours of being born [17] and ends entirely at 24 hours after birth
[10]. It is important that the neonate ingests the sufficient quantity of colostrum, at least 2 litres,
to ensure the intake of enough Ig [18]. At the same time, the quality is a factor not to be
neglected. It is equally relevant to administer good quality colostrum to assure a successful

absorption of enough Ig and transfer of passive immunity [19].

2.4. Cells

Another important component of colostrum is its SCC. Langel et al. (2015), found that cells in
colostrum do play a role in the calf's immune system. It was shown that calves fed cell-free
milk had fewer CD4+ T-cells present [20]. The SCC, like the amount of Ig, is dependent on
multiple factors such as infectious status, age days in milk, season, and multiple other reasons
[21]. It is one of the indicators expressing the cow’s state of health, more precisely the udder
health. This parameter is widely used to determine the milk quality and is a very helpful tool to
detect subclinical and clinical mastitis [22]. Furthermore it has been proven, that an increased
SCC correlates with a decline in the amount of milk produced by the animal, which equals to a
significant economic loss for the affected farmer [21]. The composition of the somatic cell
population, also called differential somatic cell count (DSCC), can vary significantly depending
on the status of the cow. The cells that are detected are primarily immune cells such as
lymphocytes, macrophages, and polymorphonuclear neutrophils (PMN) [23]. The difference is
made between cows in their lactating period and cows secreting colostrum. For the former, a

conspicuous amount of the cells are of the macrophage type. In colostrum, a significant surge
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of PMN can be observed without a simultaneous sign of infection. The cells that are

omnipresent in both of these groups are the lymphocytes. The most important task of these cells
is the local protection of the udder tissue and intestines of the newborn calf [24]. The DSCC
can be used to differentiate between regular milk and mastitis milk. In an infected udder, a surge
in PMN or, in the chronic stage, a constantly increased PMN level is measured. In a healthy

udder of a lactating cow, lymphocytes and macrophages are dominant [23].

Objective

The SCC, immunoglobulins, and milk quality are frequently analyzed topics in bovine
medicine. While there are several sources available for reference, there is limited information
specifically on this subject area in Austria. The aim of this study was to measure the somatic
cell count (SCC) and immunoglobulin concentration in bovine colostrum, and to investigate the
association between the amount of immunoglobulins and SCC in bovine colostrum.
Additionally, the study aimed to provide insights into the colostrum and/or milk quality

management situation in Salzburg, Austria.

Hypothesis

The hypothesis of this study was that there is a correlation between the immunoglobulin

concentration and SCC in bovine colostrum.



3. Material and methods

3.1 Study population

The study consisted of three distinct study populations. The first population was limited to 47
farms that were members of the National Milk Recording Association “Landeskontrollverband”
(LKYV), and data was analyzed on a herd-level. In this study, the term 'herd' refers to the sum of
dried-off cows and lactating cows. The second population consisted of the same cows from the
LKV-farms, that provided the colostrum samples, and associated SCC LKV-data. These SCC
results are based on the LK'V-database and correspond to the milk samples taken ante and post-
partum. The third population consists of 947 colostrum samples, which were measured using
the DeLaval cell counter (the method is explained in detail below). The samples were collected
from 72 different farms, including the 47 LKV farms mentioned above, in the federal state of
Salzburg, Austria. The animal health service Tiergesundheitsdienst (TGD) Salzburg kindly

forwarded the data from the LKV recordings of the farms anonymously.

3.2 Sample collection

The farmer harvested the samples from the first milking of each cow post-partum, following
the standard operating procedure provided by the TGD Salzburg. Each farm and cow were
assigned a number, which was marked on the sample tube and recorded in the LKV database
to ensure anonymity. The required 15.0 ml of colostrum were poured, not milked directly, into
a sample tube and immediately frozen on the farm at -18.0°C. The samples were then
transported and stored at -80.0°C at the University Clinic of Ruminants in Vienna. To prepare
for testing, the samples were thawed in a refrigerator at a temperature between 4.0 °C and 8.0

°C approximately one day before testing.

3.3 Assessment of SCC and immunoglobulin levels
3.3.1 DeLaval measurement of SCC

For the measurement of the SCC contained in the assays, a portable cellcounting machine
(DeLaval cellcounter DCC®, DeLaval, Sweden) based on the principle of optical fluorescence

was used. The machine used propidiumiodide, which binds to the DNA present in the
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colostrum. The somatic cells were then counted by Charged Coupled Devices. The Light

Emitting Diodes (LED) emit a wavelength of 540.0 nm and the absorption wave length to 620.0
nm. Between the LEDs and the sensor an absorption filter is installed, enabling only emitting
light to pass. The measurement process started with the defrosted test tube being vortexed for
3 seconds. After having made sure that the liquid is well homogenised, five to seven of the
colostrum sample were put inside of the cap of the test tube. This method proved to be the most
convenient for the following step. The sample was soaked up manually by the cassette
corresponding to the cell counter. It contained approximately 60.0 ul of the sample as well as
the necessary chemicals for the cell measuring. Here it was important that the tip of the cassette
was put deep enough into the liquid, otherwise air would be sucked up and the results would be
falsified and could not be measured. The tip of the cassette was cleaned off before putting it
into the device. The measured volume was 1.0 pl, meaning 100 to 400 cells would be counted.
As the results of the SCC measured by the DeLaval cellcounter DCC® were assessed in pl, it
was decided to represent all the data in the unit cells/pl in this project. Some samples were too
thick in consistency, which is not unusual for colostrum, and were impossible to measure. If
after two measurements, the error message persisted, the sample was marked down as not

measurable (n. m.) and thus would not be included in the results.

3.3.2 Immunoglobulin concentration

The measurement of the immunoglobulin concentration was part of another study that used
the same colostrum samples. A digital Brix refractometer (0 to 85% Brix; HM-DREF-1®,
Hebesberger Messtechnik, Neuhofen, Austria) was used for this purpose. Using a disposable
plastic pipette with a capacity of 2.0 ml, the colostrum was applied to the prism and the Brix
percentage was obtained for the total protein content, of which the IgG content could be

deduced [25].



3.4 Statistical methods
3.4.1 Delaval data

Overall, 1,051 samples were sent in, of which 1,010 were measured with the DeLaval

cellcounter DCC®. There were 41 samples missing. They could not be located and thus not

measured. During the measurement process, 63 samples were impossible to evaluate due to
excessive thickness of the colostrum and were therefore excluded from the sample pool. This
left 947 samples and respective measurements assessed by the DeLaval cellcounter. Descriptive
statistics were carried out and values are shown as the median 25" and 75" percentiles,
minimum and maximum. The results of the SCC were logarithmised with the basis of ten to

better represent the large numbers of SCC values.

3.4.2. LKV data

As only 47 of the 72 the contributing farms were LKV-members, the data for comparisons
between the SCC of colostrum measured by the DeLaval cellcounter DCC® and ante or post-
partum milk samples was limited to the data sets of these 47 farms. The LKV data records
contained numerous information on each cow regarding breed, calving date, number of
lactations, milk composition of the sample milkings, as well as milk yield and SCC among other
records. Only the data regarding the breed, number of lactations (primiparous vs. multiparous),
milk yield (herd-level, selected individual cows), and SCC (herd-level, individual cows) were
used in this study. The dry period was also recorded. This information was used to document
the SCC determined in the last milk test before and the first milk test (German:
Milchleistungspriifung, MLP) after the calving, corresponding to four to five weeks before the
dry period and six weeks after the calving. In addition, the average SCC of the three MLPs ante
partum and of the three MLPs post-partum were calculated, each over a period of three months.
The corresponding colostrum SCC measured in this study was then assigned to the appropriate
COW.

The LKV results of 122 cows needed to be excluded from the analysis due to error in the data
assessment. For ten of the 947 samples, the cow was dried up again before three consecutive

MLPs could be carried out post-partum and hence disabling the possibility to calculate the
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average SCC post-partum. In 86 cases, one or several MLP results were missing ante and/ or

post-partum. One farm presented with data missing for one or more of the reasons listed above,
for all 26 of its cows. The amount of the colostrum SCC data that ultimately remained for
analysis, with corresponding LKV results to compare, equaled 332 samples. Another major

reason for this was that 25 of the 72 farms that have sent in samples are not LKV-members.

According to the AgrarMarkt Austria (AMA), the highest quality level for raw milk, called S-
class, is <250 cells/pul. The second highest quality level, allows up to 400 somatic cells/ pl, the
third and last classification starts at >400 cells/ pl [26]. The cut-off point for good milk quality
in this study, was set at 400 cells/ul, because it represented the limit for the second highest
quality level of the AMA for raw milk. The study of Puppel and co-workers (2020) also used
these cut-off levels [27].

In order to determine whether there was a correlation between the immunoglobulin
concentration and the SCC in colostrum and what kind of association, if any, existed between
the two variables, Spearman rank correlation coefficient was calculated, since the Brix values
and the SCC were not normally distributed (p < 0.05, Kolmogorov—Smirnov test including

Lilliefors correction). Overall, significant level was set at p < 0.05.
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4. Results

4.1 DeLaval cellcounter results

The average SCC of the measured colostrum samples was to 1,091 cells/ul (SD= 1,052
cells/ul). In a comparative overview, Table 1 contains the data of all the 72 farms, that sent in
greater or equal to 10 colostrum samples. Of the 72 farms in total, 39 farms provided a minimum
of ten colostrum samples. The average SCC on each farm is presented, as well as the median,
minimum, maximum and the 25" and 75™ percentiles.

Table 1: Overview of SCC in cells/ul of farms that sent in 10 or more individual colostrum
samples, sorted from lowest to highest median. The standard deviation is abbreviated as SD.

Farm Mean SD Median Minimum Maximum 25 Percentile 75 Percentile

69 325 155 328 43 594 227 458
57 573 649 346 4 2,618 127 793
24 618 669 361 4 2,688 185 979
11 519 417 382 59 1,515 202 824
4 614 642 391 73 2,547 176 730
30 631 872 415 72 3,023 145 633
65 626 672 450 12 3,281 216 776
18 589 720 489 150 1,737 244 735
22 589 466 489 150 1,737 244 735
84 607 596 496 109 2,049 168 820
25 657 572 505 96 1,845 219 1,036
14 821 824 534 37 3,597 307 1,046
87 529 297 541 5 1,117 270 683
29 844 991 594 6 4,318 336 1,008
54 858 723 611 81 3,344 381 1,320
59 1,014 1,115 641 0 2,930 &3 2,146
85 787 614 647 9 2,105 246 1,209
3 1,491 1,648 707 21 5,347 213 2,821
41 1,009 951 731 152 3,279 245 1,678
79 1,308 1,405 763 196 3,907 259 2,750
53 1,085 854 813 267 3,502 527 1,313

55 1,245 1,236 835 214 4,262 508 1,527
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51 1,585 1,510 853 94 4,180 366 3,232
2 1,070 922 856 2 3,825 338 1,528
31 984 816 858 4 3,665 354 1,549
71 1,395 1,291 895 355 4,445 467 2,168
17 1,235 994 905 231 3,707 644 1,608
50 1,149 785 952 278 2,423 425 2,001
56 1,368 1,125 995 45 4,328 558 2,035
7 1,373 1,207 996 0 4,031 294 2,055
21 1,446 1,087 1,103 11 3,918 642 2,028
60 1,456 1,294 1,108 0 4,542 377 2,286
8 1,779 1,521 1,192 206 5,465 775 2,924
27 1,555 1,163 1,245 105 3,779 767 2,214
38 2,132 1,472 1,467 750 4,717 1,020 3,574
13 1,863 1,215 1,769 182 4,976 838 2,598
19 1,651 959 1,806 114 3,159 771 2,468
5 1,880 1,244 1,969 112 4,176 831 2,605
90 1,154 1,209 3,748 480 4,325 583 4,092

The minimal colostrum SCC that was measured was 0 somatic cells/pul for three different
samples. One of these samples originated from a farm that was also a member of the LKV. This
enabled insight into more data related to the farm and details of the individual cow. This farm
took care of 42 cows of which 21 were having their first calf. The mean SCC of this farm
amounted to 99 cells/ul. According to the LKV data, the sampled cow in question was of the
Fleckvieh breed. It was in its first lactation period with a milk production of 4,988.0 kg. The
maximal SCC measured amounted to 5,465 somatic cells/ul. The farm linked to this sample
was also a member of the LKV and had a herd size of 21 cows with one being a dam. The cow
that provided the sample was in its fifth lactation period and of the Holstein Friesian breed with

a milk production of 8,810.0 kg. The mean SCC of the farm was 323 cells/pl.



12

4.2 LKV results: herd level

The database included information on the breed or breed-mix represented in the herd, including
dry and lactating cows. The data of 696 Fleckvieh cows was available. The second most
represented breed was Holstein Friesians, with red or black colouring, counting 61 animals.
Coming third was the Pinzgauer breed with 39 cows. 12 of the cattle were Swiss Brown and 6
were other breeds that were not further specified such as Ayrshire or Jersey. There were no
mixed breed cows among the data pool that were of interest. The average milk yield of these
cows amounted to a performance of 7,460 kilograms.

From Table 2 (Tab.2) it was apparent, that the majority of the participating LKV-farms were
smaller businesses keeping 1 to 30 cows.

Table 2: Herd size of the LKV-farms, lactating and dried-off cows included, listed from lowest
to highest number of cows.

Number of cows Number of farms Percentage of farms (%)
1-10 10 21.3
11-20 11 23.4
21-30 13 27.7
31-40 6 12.8
41-50 4 8.5
51-60 1 2.1
61-70 1 2.1
71-80 0 0.0
>80 1 2.1
Total 47 100.0

In terms of the amount of first calvings on each LKV-farm, the groups were rearranged in the
following Table 3 . There was no information available for three farms on their frequency of
first calvings. More than half of the farms had between 21.0% and 40.0% of their cows having
their first calf during the observation period. In Figure 1 , the 47 farms are sorted from smallest

to largest herd size. The first calvings are visualized in proportion to herd size.
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Table 3: Percentage of first calvings in the herd.

First calvings (in %) Number of farms

<10.0 1
11.0-20.0 9
21.0-30.0 12
31.0-40.0 14
41.0-50.0 7
>50.0 1

no information 3
Total 47
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Figure 1: Parity sorted by herd size and for each LKV-farm, highlighting the diversity in

the composition of the participating herds.

Taking into consideration the data on the herd SCC provided from the LKV data base, most of
the farms didn’t show elevated SCC results on a herd level. As shown in Table 4 (Tab. 4),
87.3% of the farms had an SCC of <200 cells/pl.



There were 41 of the 47 farms, which were assigned to the first category of the highest quality
level of raw milk. The lowest result being 49 cells/ul and stretching up to 239 cells/ul. Two
farms would be in the second highest quality class according to the AMA cut-offs, with values

of 323 and 333 cells/ul. There was one single farm, that presented with an SCC of over 400

14

cells per pl, and thus falling into the last category.

Table 4: SCC at the level of the total herd of lactating cows.

Cell count (cells per pul) Number of farms Percentage of farms (%)
<100 16 34.1
100-200 25 53.2
200-300 5 10.6
>300 1 2.1
Total 47 100.0

4.3. LKV results: cow level

Regarding the data of the LKV, a few different results can be considered. The average SCC of
the milk quality tests was calculated for the last three MLPs ante partum and the first three after
the cow was being milked again post-partum. This data was set into relation to the SCC that
was measured in the colostrum of the corresponding cow. There were a few outliers in both the
MLP and colostrum count data. For Figure 2 the median and SD of the MLP data were 1.9 logio
(79 cells/ul) and 0.4 logio (202 cells/ul) respectively. The MLP data in Figure 3 had a median

of 1.7 logio (51 cells/ul) and SD= 0.6 logio (330 cells/ul).
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Figure 2: Scatterplot depicting the milk quality ante partum, calculated by
averaging the last three SCC LKV-values before calving of each cow, to the
corresponding colostrum sample.
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Figure 3: Scatterplot of the milk quality post-partum to the colostrum SCC.

By examining features such as dispersion and outliers of the data, the analysis highlighted the

variability and patterns within the data pool (Fig. 4).
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Figure 4: Boxplots with a median line inside the box, flanked by the first and third quartiles.
The whiskers extend to the minimum and maximum data points within a specified range,
excluding outliers. The boxplot analysis shows the distribution of colostrum SCC in two
different categories of milk quality: a good milk quality group with an SCC ante partum of
<400 cells/pl (GQM) and a second group with a lower milk quality (LQM) starting from >400
cells/ul ante partum, based on the MLP ante partum LKV-data.

Table 1: Characteristics of the two SCC groups in the boxplot (Fig.4), comparing LKV data of
ante partum milk samples.

Group GQM <400 cells/pl LQM >400 cells/pl
n samples 315 17
median 796 697
25" quartile 394 363
75" quartile 1,676 1,960

In Figure 5 the data of the MLP SCC ante partum was reassembled with the groups being
organized according to the colostrum SCC. For the group of good quality colostrum (GQC),
the minimum and maximum cell counts were 9 cells/ul and 762 cells/pul, respectively. In group
2, with lower quality of colostrum (LQC), the minimum and maximum cell counts were 10

cells/ul and 902 cells/pul. For further details see Figure 5 and Table 6.
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Figure 5: Boxplot, the colostrum SCC cut-off point was <400 cells/ul, the MLP SCC is now on
the y-axis, the blue box represents the colostrum samples <400 cells/ul with better quality
(GQC) and the orange box the group >400 cells/ul with lower quality (LQC).

Table 2: Characteristics of the two SCC groups in the boxplot (Fig. 5), comparing LKV data of
ante partum milk data between the good (GQC) and lower colostrum quality (LQC).

group GQC (=400 cells/pl) LQC (>400 cells/ul)
n samples 82 250
median 77 80
25" quartile 40 45
75" quartile 140 167

Lastly, a boxplot was created with the LKV data of the MLP post-partum and the colostrum
SCC. For the first group (GQP), the lower whisker extended to 59 cells/ul and the upper whisker
to 5,211 cells/ul. In the GQP group, there were 6 outliers outside the lower whisker with values
between 2 and 43 cells/ul. The box or interquartile range of group 2 was larger than that of
group 1. In group 2 (LQP), the lower whisker reached down to 69 cells/ul and the upper whisker
up to 5,465 cells/ul. One outlier with the value of 17 cells/ul was identified. For more details,
see Figure 5 and Table 7.
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Figure 6: Groups were built with data of the MLP results post-partum and the matching
colostrum sample SCC. The cut-off point was the same as in the other figures (Fig. 4 and 5) at
400 cells/pl. This separated the data into one group, in blue, with good quality of milk with an
SCC post-partum of <400 cells/ul (GQP) and the second group with a lower quality of milk, in
orange, starting at >400 cells/ul post-partum (LQP).

Table 3: Characteristics of the two milk quality groups based on MLP results post-partum in
Fig. 6

Group GQC (=400 cells/ul) LQC (>400 cells/ul)
n samples 299 32
median 757 1,347
25" quartile 413 347
75" quartile 1,638 2,304

4.3 Immunoglobulin results

In total, 1,045 of the 1,050 investigated samples revealed a readable result, five samples were
excluded due to technical errors. The median Brix value was 22.0% (min =7.3%, max = 36.1%,
25" percentile = 19.0%, 75" percentile = 25.1%). The number of samples with good and poor-
quality colostrum was 517 (49.5%) and 528 (50.5%), respectively. The cows in the first (N =
276), second (N = 224), third (N = 176), fourth (N = 115), fifth (N = 88), sixth (N = 62) and >6
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(N = 83) lactations showed median Brix values of 22.7%, 20.8%, 21.3%, 22.1%, 23.3%, 23.1%

and 24.1%. (Lichtmannsperger et al. unpublished)

4.4. Correlations

All correlations were calculated using log-transformed SCC results. The correlation between
the mean SCC of the last three MLP ante partum results and the SCC of the colostrum samples
was 0.04 (p<0.05). The correlation between the mean SCC of the first three MLPs post-partum
and the colostral SCC was 0.3 (p<0.05). Additionally, a Spearman correlation was calculated
between the Brix values and the SCC of bovine colostrum, resulting in a coefficient of -0.2
(p<0.05). The scatterplot in Figure 3 displays the Brix value as a percentage in relation to the
SCC value of the 947 colostrum samples.

R? Linear = 0.032
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Figure 7: Scatterplot showing the relation of the Brix of the total protein to the

colostrum SCC.
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5. Discussion

This study presented data of the SCC and immunoglobulins in bovine colostrum and milk on
selected dairy farms across the federal state of Salzburg Austria. In total 72 farms participated
and sent in colostrum samples but only 47 farms (65.3%) were members of the LKV. For future
studies in Austria, it would be advisable to create a more homogenous study population by
sampling only LKV-farms as this allows quick access to a lot of useful data.

The average milk yield of an Austrian Fleckvieh dairy cow is 7,500.0 kilograms and aligned
closely with the regional average of 7,460.0 kilograms. In this study, many farms took part that
were operating on a smaller scale. According to the annual report of 2022 of the LKV Salzburg,
the average herd size in that year was 20.6 cows per farm in the federal state of Salzburg and
the mean herd size in Austria averaged to 24.2 milking? cows per farm [28]. The average herd
size of the participating 47 LKV-farms was 24 cows per farm. Conclusively 44.7% of the LK'V-
farms were below average sized. Only three farms (6.3%) had herds of considerably larger sizes
ranging from 51 to 83 animals. Therefore the milk yield was lower as in other studies [29] since
milk production correlates positively with herd size. Smaller, often family-run, farms have a
comparatively lower milk yield on average. In addition, a negative correlation was observed in
a few studies, between herd size and SCC [30,31]. It could not be applied to every farm, but
generally there was a tendency for the SCC to be significantly lower in larger herds compared
to smaller herds, where the SCC of the herd tended to be elevated, possibly influenced by
different milking techniques. This was also partially observed in this study.

Of'the 47 LKV-farms, 87.3% fell into the S-class of raw milk quality (3), which can be assessed
as positive. All LKV-farms, with the exception of one, were below 400 cells/ul in their MLP
data. The farm with a SCC above 400 cells/pl therefore has milk of low quality. Here it would
be important to eliminate the potential quality issues, emphasizing the need for investigation
and corrective actions.

In this section, the materials and methods used are discussed to provide a clear insight into the
experimental framework of this study. The selection of suitable materials and the precise

application of the methods are of crucial importance to ensure the validity and reproducibility

of the experiments carried out. The effective range of the DeLaval cellcounter DCC® expands
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from 10 to 4,000 cells/pl. The variation coefficient is between 7.0% and 12.0% for repeated

measurement. This made the accuracy of the results located beyond those limits questionable.
It is worth mentioning that some samples showed 0 cells/ul, which is physiologically
impossible as somatic cells are a constituent of colostrum and milk [20]. These samples should
have been excluded or measured again for more accurate results. Hisira et al. (2023) compared
three indirect measuring methods for SCC, among them the DeLaval cellcounter DCC®. They
determined a sensitivity of 75.0% and a specificity of 97.5%, deeming the cell counting
machine suitable for freshly taken and cooled tank milk samples [32]. Additionally, to the
limitations of the used cell counting device, another aspect worth mentioning would be the
storage methods. Barkema et al. (1997) froze their samples at -20.0°C and determined that the
SCC was lower after freezing compared to the fresh samples SCC. The difference between fresh
and frozen was more significant the longer the freezing period lasted but they deemed it still
useful for detecting mastitis [33]. In this study, the samples were stored at -80.0 °C for various
periods of time, of 6 to 18 months. In 2005, Sanchez et al. tested goat milk, using different
treatments for storage freezing. They found that the SCC significantly decreased for the milk
samples not treated with preservatives. The use of bronopol (BR) as a preservative resulted in
unaltered SCC after freezing [34]. For reliable, accurate results, it would therefore make sense
to measure the samples as fresh as possible or to keep the freezing period short and at best to
use a preservative such as bronopol. The gold standard for measuring SCC is the direct
microscopic counting method [35]. However, in a study of Hanus et al. (2010) they found a
strong agreement and consistency between the direct microscopic method and the DeLaval

cellcounter DCC® aswell as the Fossomatic 90 [36]. The clear advantage of the DeLaval

cellcounter DCC® is its portability making it suitable for quick on-farm measuring without
needing a laboratory. In Tab. 4 the mean colostrum SCC of the farms that sent in at least ten
samples are listed. It is noticeable, that colostrum samples showed much higher SCC results
than milk, which corresponds with findings in other studies [37].

In this study, only the SCC was measured, but there are several papers that put their focus on
the DSCC in relation to udder health. Macrophages are the dominant cell type with 50.0-90.0%
followed by T-cells making up 16.0% of the cell population and only a few B-cells in
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comparison. Polymorphonuclear cells, most present neutrophil granulocytes, and epithelial

cells with 2.0-15.0% are also part of the DSCC[5]. The composition of the cell population
changes depending on the health status of the cow as well as other factors like parity and age.
It is assumed that leucocytes have a role to play in the calf's immune system[5]. However, this
role is yet unclear, as calves that have been fed colostrum without leucocytes have nevertheless
developed a competent immune system, so more research is needed in this field. For the
measurement of the DSCC, electronic particle counting or fluorescence counting [38] and flow
cytometry were used. The DSCC could be used as a complimentary method to SCC for mastitis
screening [39]and could be of interest for further studies.

In Figure 2 and 3, the SCC values post-partum are lower than ante partum. It can only be
assumed, since there is no data available, that this shift in SCC was due to the usage of antibiotic
dry-off treatments on the farms and self-healing. Since it is a common practice for improving
udder health and consequently lowering the SCC post-partum[40], this would be the most
evident conclusion. The outliers indicate individual differences between cows in terms of
general udder health, age or parity. Another reason could be external factors such as antibiotic
dry-off or environmental factors, which were all a type of data that was not collected because
it would go beyond the scope of this study. In general, it can be pointed out, that the outliers
would need further investigation with possibly more specific diagnostic tests for the cows in
question to make a well-founded interpretation. However, the accuracy of the outlier results
should also be kept in mind in combination with the limits of the machine used for the SCC
determination.

In the work by Puppel et al. in (2020), 40 Polish Holstein Friesian cows from one experimental
organic dairy farm (n=250) were sampled. 40 cows were then selected to be separated into two
groups. This explained why the two quality groups, were more balanced (n=18 good quality
and n=22 low quality) in comparison to the groups in this study. Here, data from many LKV-
farms (n=47) were used. The study population was also more heterogenous, consisting of
different cow breeds, although the dominant breed was Fleckvieh. So, it was natural that larger
differences occurred between the farms and the results looked different, which lead to more
unbalanced quality groups, respectively fewer cows milk above the limit of 400.0 cells/pul.

Some other studies have shown that the SCC of colostrum is related to the quantity of Ig and
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other key components [27], consequently influencing the neonatal health and immunology

status upon ingestion [11,41]. Puppel et al. (2020) conducted research on SCC as an indicator
of colostrum quality. The study analysed various elements of colostrum and regular milk,
including IgG and SCC. The results showed that the SCC of colostrum is higher than that of
regular milk, which was also observed in our study. The SCC concentration gradually
decreases, and the protein content, including IgG, was significantly affected by SCC. The
sampled group with low SCC (<400.0 cells/pul) in the colostrum, contained twice as much IgG
as the group with elevated SCC >400.0 cells/ul [27]. Dunn et al. (2017) obtained a colostrum
SCC mean value of 6.3logio (n=117), measured using the delta somascope lactoscope method
[42]. This corresponds to 1,995 cells/ul. In the current study, a mean value of 1,091 cells/pl
was calculated (n=947). This shows that SCC in colostrum can vary in a wide range, through
the influence of a lot of factors already mentioned.

The median brix value was at 22.0% which corresponded to the cut-off value for good
colostrum quality [43]. In the study of Lichtmannsperger et al. (unpublished), almost half of the
colostrum was of good quality (49.5%). It was found that the cows in their second parity had
the poorest colostrum quality at 20.8% and the quality steadily increased after that with each
lactation. This is consistent with the literature on this topic[44].

The hypothesis of this study was that there is a correlation between the immunoglobulin
concentration and SCC in bovine colostrum. In this project the determined correlations were
weak and closer to 0.0 than to 1.0, leading to the conclusion that there was no relevant
correlation existing between the SCC and content of immunoglobulins in bovine colostrum for
our samples. The negative Spearman coefficient hints that the two values could be negatively
related, signifying that a higher SCC in colostrum could entail lower levels of
immunoglobulins. This would comply with results of other studies [27,41], that have proven
that such a correlation exists. Nevertheless, the initial hypothesis is to be rejected and further

work 1s needed.

Inherent to this study were certain limitations that warranted consideration, as they might
influence the interpretation and generalizability of the findings. One of the limitations, as

mentioned above, was the fact that the samples were measured after being frozen and then
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thawed, having a possible influence on the results. The colostrum samples too thick for

measurement could have been diluted to include in the results. Another source of error to
consider would be the lack of knowledge of freezing the samples regarding the farmers, though
they had a standard operating procedure. Furthermore, only the SCC was evaluated, but it might

be of interest to put the focus on the DSCC as well.
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