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Abstract

In the recent decade, locally produced food has gained in interest among Swedish consumers.
Consumer values for buying local food has to do with concerns about diversity, purity and
authenticity of food as well as a desire to support rural areas. One type of product that has gained in
interest is locally produced goat cheese. The goat industry in Sweden is small scaled, however,
steadily increasing. In goats, the CSNI1SI gene regulates the expression of the protein as;-casein
(as1-CN). This casein has been found to be important for the cheese yield. Over the years, breeding
animals have been imported to Sweden from Norway. Historically a high frequency of the
Norwegian goat population carried a polymorphism at the CSN1S1 gene. This polymorphism, called
the Norwegian null allele (D), leads to zero or heavily reduced expression of as;-CN. Consequently,
in Sweden, the number of goats homozygous for the Norwegian null allele, increased dramatically.
This study aimed to investigate how the expression of 0s;-CN and the genetic profile of the CSN1S1
gene influence the proteolytic activity and milk composition of milk from Swedish dairy goats.
Within the study, milk samples from 75 goats were analysed for total proteolysis, plasmin activity
(PL) and plasminogen derived activity (PG). Total proteolysis was determined by a luminescent
method, measuring the amount of free terminal amino groups present in the milk. For PL and PG
analysis, a spectrophotometric method with chromogenic substrate was used, where PG was
activated with urokinase. The results for gross composition, somatic cell count, protein profile and
genotype were also included in this investigation. Milk samples were grouped according to level of
as1-CN (low 0-6.9% and medium-high 7-25% of total protein) and genotype (DD, DG and
DA/AG/AA). For the statistical analysis, Pearson and Spearman correlations were applied. The
groups were compared with two-sample T-test and one-way ANOVA. The frequency of individuals
homozygous for the Norwegian null allele (DD) was 58%, and only 15% of the studied goats carried
an A allele. A significant association was found between the level of as;-CN in the milk and allele
combination (p <0.001). Moreover, a significant positive correlation was found between as;-CN
with total protein (p < 0.001). Total protein was negatively correlated with total proteolysis (p <
0.001) and PG (p < 0.01) and positively correlated with PL (p < 0.05). However, no correlation
between total proteolysis and PL was found. SCC, pH and FFA were significantly higher among the
genotype homozygous for the null allele (DD) compared to genotypes with an A allele (p < 0.05).
This may have effects on milk processability and the sensory properties of the processed dairy
product. Further research is needed to understand the relationship between as;-CN and proteolytic
activity, for example including additional parameters within the plasmin-plasminogen system such
as the activity of plasminogen activators and plasmin inactivators. In addition, the bacterial status
of the milk could be included.

Keywords: Swedish goat milk, asi-CN, proteolytic activity, total proteolysis, plasmin, plasminogen,
spectrophotometry



Sammanfattning

Lokalt och smaskaligt producerad mat har under de senaste aren erhéllit ett 6kat intresse hos de
svenska konsumenterna. De vérderingar som dr drivande for att kopa lokalt producerad mat har
bland annat att géra med méngfald och autenticitet, samt att konsumenten vill stodja landsbygden.
En produkt med en &kad efterfrigan dr lokalt producerad getost. Den svenska getindustrin ar
smaskalig men har en uppatgaende trend. Hos getter finns en gen, CSNIS1, som reglerar uttrycket
av proteinet asi-kasein (as1-CN). Detta kasein har i studier observerats vara gynnsamt for ostutbytet.
Avelsdjur har forts fran Norge till Sverige varfor den svenska lantrasen dr néra beslédktad med den
norska getpopulationen. Historiskt har en hdg andel av den norska getpopulationen burit pa en
mutation i as;-CN genen. Som en konsekvens, har antalet getter med den norska genvarianten dkat
kraftigt inom den svenska getstammen. Denna studie syftade till att undersdka hur uttrycket av as;-
CN och den genetiska profilen av genen CSNISI péaverkar proteolytisk aktivitet och
mjolksammansittning i mjolk fran svenska getter. Studien inkluderade mjolkprover fran 75 getter
som analyserades for totalproteolys samt aktivitet av plasmin (PL) och plasminogen (PG).
Totalproteolys bestimdes med en luminiscensmetod genom att méita méingden fria, terminala
aminogrupper i mjolken. For PL och PG anvindes en spektrofotometrisk metod och ett kromogent
substrat, varvid PG aktiverades med urokinas. Resultat for mjolksammanséttning, somatiska celltal,
proteinprofil och genotyp inkluderades ockséd i denna undersokning. Mjélkproverna grupperades
utifrdin méngden os-CN i mjolken (1&g 0-6,9% och medium-high 7-25% av totalprotein) och
genotyp (DD, DG och DA/AG/AA). I den statistiska analysen testades korrelationer med Pearson
och Spearman. Skillnad mellan grupper testades med t-test och envigs ANOVA. Andelen individer
som var homozygoter for den norska null-allelen var 58% och endast 15% av individerna bar pd en
A-allel. Ett signifikant forhdllande observerades mellan mingd asi-CN i mjdlken och
kombinationen av alleler (p <0,001). Vidare observerades en positiv korrelation mellan as;-CN och
totalprotein (p < 0,001). Totalprotein uppvisade en negativ korrelation med totalproteolys (p <
0,001) och PG (p < 0,01) och en positiv korrelation med PL (p < 0,05). Studien kunde inte pavisa
en korrelation mellan totalproteolys och plasmin. Medelvérdena for somatiskt celltal, pH-varde och
fria fettsyror var signifikant hogre i gruppen som var homozygoter for null-allelen (DD) jamfort
med gruppen med A-alleler (p < 0,05). Resultatet kan ha effekt pd mjolkens lamplighet for vidare
foradling samt for sensoriska egenskaper hos slutprodukten. Ytterligare studier krévs for att forsta
relationen mellan asi-CN och proteolytisk aktivitet. Ett forslag ar att inkludera fler parametrar s&
som aktiviteten av aktivatorer av plasminogen samt inhibitorer av plasmin. Vidare bor dven den
mikrobiologiska statusen for mjolken inkluderas i framtida studier.

Nyckelord: svensk getmjolk, asi-CN, proteolytisk aktivitet, totalproteolys, plasmin, plasminogen,
spektrofotometri
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1. Introduction

In the recent decade, locally produced food has gained in interest among consumers
(Bosona & Gebresenbet 2018; AGFO 2019). Consumers connect the term “local”
to food productions that are small scaled and to producers of food that are devoted
to their artisanal work and to the quality of their food products (Ditlevsen et al.
2020). Moreover, consumer values for buying local food have to do with concerns
about diversity, purity and authenticity of food as well as to support rural areas
(Ditlevsen et al. 2020). In addition, short food supply chains can be beneficial at
both farm and consumer level regarding economic, social and environmental
aspects. Thus, it can provide fresh foods for everyone and establish a relationship
between farmers and consumers. It can also result in an added value for farmers and
producers of their products (Kneafsey et al. 2013). Initiatives related to short supply
chains are farmers’ markets, box deliveries and farm sales (Asebg et al. 2008).

Locally produced goat cheese is one type of product that has experienced an
increased demand in the latest years (LRF Jordmén, no year). The Swedish goat
industry is small scaled, nevertheless during the last 30 years it has increased.
According to the agricultural index, there were approximately 518 registered goat
farms in 2003 (Jordbruksverket 2019). In 2018 the number had increased to 746
farms, holding approximately 11 000 goats. However, not all farms produce goat
milk with profit-making approach. Though, in 2018, approximately 1374 tons goat
milk and 126 tons goat cheese were produced (Jordbruksverket 2019). Most
common is to process the milk at farmhouse dairies (Jordbruksverket 2015). The
largest part of the goat milk is processed into cheese, other types of products are
milk, yoghurt and ice cream (LRF Jordman, no year). The most common dairy goat
breed in Sweden is the Swedish Landrace (Hogberg 2016). The Swedish Landrace
goat is high yielding and can produce between 1000 and 1400 litres of milk per year
(Jordbruksverket 2015). Other local breeds in Sweden are Jamt goat, Lapp goat and
Goinge goat (Allmogegeten 2018).

The Swedish Landrace is closely related to the Norwegian Landrace
(Jordbruksverket 2015). Historically, a high frequency (>70%) of the Norwegian
goat population contained a deletion in exon 12 of the CSNIS/ gene where asi-
casein (as1-CN) is encoded. The deletion causes a reduced or null expression of asi-
CN (Devold et al. 2011). A reduced expression of asi-CN has also been detected in
the Swedish goat population (Johansson ez al. 2014). Milk with a high concentration
of as1-CN has been observed to be beneficial for the cheese yield (Skeie et al. 2014;
Johansson et al. 2015). Another important parameter for the cheese yield is the
proteolytic activity in the raw milk. This since proteolysis can lead to a lowered
cheese yield due to the degradation of caseins (Walstra et al. 2006).
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1.1. Aim

The aim of this study was to investigate if the expression of asi-CN and genetic
profile of the CSNIS!I gene influence the proteolytic activity and composition of
milk from Swedish dairy goats. In particular, for proteolytic activity, it was the total
proteolysis, plasmin and plasminogen derived activity that were investigated. The
hypothesis was that the level of asi-CN in the milk influences the proteolytic
activity in the milk.

1.2. Delimitations

This study was conducted as an explorative study. Thus, the aim was to examine
the relation between investigated traits in a broad perspective including several
parameters. Moreover, the experiment was limited to a single sampling, which set
limitations for the ability to generalize the result. Consequently, this study intended
to identify potential relations between investigated parameters to be further studied.

12



2. Background

2.1. Gross composition of milk

The composition of milk from different ruminants varies. The variation concerns
amongst others the fat and protein contents, which in turn affects the yield in cheese
production (Walstra et al. 2006). Soliman (2005) and Kapadiya et al. (2016)
compared goat, cow and buffalo milk. Goat milk had the lowest and buffalo milk
the highest content of total solids, fat, protein and lactose. Moreover, Kapadiya et
al. (2016) found that cow milk had, except for protein, a significantly higher content
of total solids, fat and lactose compared to goat milk. In contrast, the study of
Soliman (2005) showed that cow milk had a significantly higher protein content but
not fat, when compared to goat milk. Additionally, the average protein and fat
content of sheep milk is higher than in goat milk (Park ez al. 2007). Moreover, milk
of small ruminants contains a higher content of short chain fatty acids compared to
large ruminants (Skeie 2010).

Goat milk has an average composition of 3.8% fat, 3.4% protein, 2.4% casein
and 4.1% lactose (Park et al. 2007). However, there is a great variation in the gross
composition of milk, both among breeds and among individuals. Differences are
for example caused by genetic factors, stage of lactation, number of lactation and
feed (Walstra et al. 2006; Park et al. 2007). As an example, type of feed is reported
to alter the content of asi-CN, B-CN and k-CN. Goats grazing at cultivated pasture
have higher contents of asi-CN and k-CN, while goats grazing on rangeland have
highest content of B-CN (Inglingstad et al. 2014). In addition, the composition of
fatty acids is highly related to the type of fat in the feed (Skeie 2010). In the study
by Inglingstad et al. (2017), feed was seen to affect the content of free fatty acids
(FFA) in goat milk. Feed containing unsaturated fat, such as rapeseed oil, provided
a lower lipoprotein lipase (LPL) activity and lower levels of FFA in the milk.

2.2. Protein profile of goat milk

Caseins make up approximately 80% and serum proteins 20% of the total protein
content of goat milk (Ambrosoli ef al. 1988). Caseins can further be divided into
as1-CN, as2-CN, B-CN and k-CN (Moatsou 2004; Johansson et al. 2015). B-CN
forms the main part of the caseins in goat milk (Walstra et al. 2006; Poto¢nik et al.
2011; Iskender et al. 2018), followed by a-CN and k-CN (Walstra et al. 2006;
Potocnik et al. 2011). Included in the serum fraction are proteins such as a-
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lactalbumin, [-lactoglobulin, lactoferrin, serum albumin and lactoperoxidase
(Gupta et al. 2012). In goat milk, the main serum proteins are B-lactoglobulin and
a-lactalbumin, whereof B-lactoglobulin constitutes the largest proportion (Poto¢nik
et al. 2011; Selvaggi et al. 2014).

2.3. Casein micelle

Caseins are organised in casein micelles. The hydrophobic as-CN and B-CN are
present in the core, whereas k-CN which is more hydrophilic is present in the
surface region of the micelle. k-CN contains carbohydrate groups providing a
negative net charge and its hydrophilic part of the C-terminal reaches out from the
surface of the micelle. This stabilizes the micelles from clotting and avoids
precipitation from the milk serum. Inside the micelle, bonds between the casein
molecules are to a large extent via nanoclusters of calcium phosphate. The bonding
is through the phosphorylated serine residues present in the caseins. The B-CN
contains less serine residues compared to as-CN, hence B-CN is not as tightly bound
to the micelle. Furthermore, colloidal calcium phosphate (CCP) present in the
micelle is in a dynamic equilibrium with calcium and phosphates in the milk serum
(Walstra et al. 2006; Skeie 2010). At enzymatic coagulation, the negative surface
charge of the casein micelle is removed by the action of rennet. This leads to
aggregation of the casein micelles, and through the action of calcium, a gel network
is formed (Skeie et al. 2014).

2.4. Proteolytic activity

Proteolysis of milk proteins can be ascribed to proteases of both endogenous and
exogenous origin. In cow milk, around 70 enzymes of endogenous origin have been
found. With some exceptions, the largest part of the native enzymes does not have
an evident biological role in the production and secretion of milk (Fox & Kelly
2006). Proteolysis can occur in the udder prior to milking as well as during storage
of the milk (Saeman et al. 1988; Kelly et al. 2006). Enzymes influence milk in
several aspects. Enzymes may lead to deterioration of milk and such enzymes
include LPL and proteases. Some enzymes can preserve milk quality such as
lactoperoxidase and sulphydryl oxidase. Moreover, enzyme activity, such as of
alkaline phosphatase, can be used as a processing indicator of proper heat treatment
of milk. Nevertheless, most native enzymes are likely to have a function for the
neonate or in the mammary gland (Fox & Kelly 2006).

2.4.1. Endogenous proteases

Endogenous enzymes in milk may origin from different sources. One such is blood
plasma, enzymes finding their way into milk via leaky junctions between mammary
cells. Another way into milk is through the secretory cell cytoplasm, where
enzymes are located within the fat globule during excretion from the cell.
Moreover, enzymes may also exist in the milk fat globule membrane (MFGM)
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since the membrane arises from the apical membrane of the mammary cell. Lastly,
in bacterial infections, enzymes may come from somatic cells entering mammary
gland from the blood (Fox & Kelly 2006).

The major endogenous proteolytic enzymes belong to the plasmin-plasminogen
system. Plasmin (PL) is a serine proteinase originating from blood plasma and is
organised in a complex system including its inactive zymogen plasminogen (PG)
(Korycka-Dahl et al. 1983). The system also includes plasminogen activators (PA),
plasminogen activator inhibitors and plasmin inhibitors (Bastian & Brown 1996;
Fox & Kelly 2006). The conversion of PG to active PL entails that PAs cleave a
specific peptide bond on PG. The PAs are serine proteinases located in the tissues
of the mammary gland and in the milk (Korycka-Dahl et al. 1983). PL activity can
also be increased by macrophages through their release of PAs (Albenzio et al.
2004). PL activity is also regulated by inhibitors that constrain the PAs (Korycha-
Dahl ef al. 1983). In milk, PL, PG, and PAs are associated with the casein micelle,
while inhibitors are concentrated in the milk serum (Korycka-Dahl et al. 1983; Fox
& Kelly 2006).

The heat stability of the PL and PG system has been studied for bovine milk (Lu
& Nielsen 1993; Metwalli ef al. 1998; Prado et al. 2006). PL has been observed to
be relatively heat stable in the presence of caseins (Metwalli ef al. 1998). Lu and
Nielsen (1993) showed that PAs were not inactivated by pasteurization and to a
large extent not either by UHT processing. However, the activity of PL and PAs
also depend on the presence of PL inhibitors and PA inhibitors. Prado ef al. (2006)
studied the stability of PL and PA inhibitors in bovine milk after heat treatment at
74.5°C for 15 s. The thermal inactivation of PA inhibitors in milk was 80% and PL
inhibitors 36%. Subsequently, a high percentage of the PL inhibitors was preserved
in the milk after heat treatment. The authors suggested the inactivation of the PA
inhibitors was most likely the explanation for any increase in PL activity after
pasteurization.

PL is specific in its action for peptide bonds with Lysine or Arginine at the N-
terminal side (Fox & Kelly 2006). Moreover, PL seems to have a specificity for
as1-CN, as2-CN and B-CN (Bastian & Brown 1996), of which B-CN is the main
substrate (Fox & Kelly 2006). PL has only little or no action on «x-casein, o-
lactalbumin and B-lactoglobulin (Fox & Kelly 2006). B-CN is hydrolysed into y-
CN and proteose peptones (Bastian & Brown 1996; Walstra et al. 2006). The
amount of y-CN in milk varies depending on the age and the storage temperature
of the milk (Walstra et al. 2006).

Other milk proteases are cathepsin D and elastase, which are associated with
leucocytes (somatic cells) (Fox & Kelly 2006; Albenzio & Santillo 2011). There
are different types of cells, such as polymorphonuclear neutrophilic leucocytes
(PMNL), macrophages and lymphocytes (Albenzio et al. 2015). In milk, these
immune cells together with mammary epithelial cells, are known as somatic cells
(Albenzio & Santillo 2011). In cow milk, it is suggested that mainly PL is
responsible for proteolysis at low somatic cell count (SCC) with a smaller impact
of cathepsin D. Consequently, the relative significance of plasmin decreases as cell
count increases (Kelly et al. 2006). However, Albenzio et al. (2015) examined
activities of PL, cathepsin D and elastase in goat milk with different levels of SCC.
PL was most prevalent at high SCC (>1500 x 10° cells mL"') milk, whereas
cathepsin D and elastase activity were highest at medium level SCC (701 x 10°-
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1500 x 10° cells mL™!). Additionally, Rebucci et al. (2005) reported for late lactating
goats that the PG derived activity was significantly lower in milk with high SCC
than in milk with low SCC. They also reported that PG/PL ratio was significantly
lower in milk with high SCC compared to milk with low SCC. They suggest their
findings could indicate an elevated conversion of PG to PL due to an increase in
PA activity.

Goat milk is reported to have a naturally higher SCC compared to cow milk
(Paape et al. 2007; Albenzio et al. 2015). A level of 700,000 cells mL™! is reported
as a threshold for an altered immune status of the mammary gland in goats
(Albenzio et al. 2015). Yet, values of SCC are varying and are reported between
200 and 1000 x10° mL' milk. In addition, the SCC increases with number of
lactation and towards the end of lactation (Paape et al. 2007).

2.4.2. Exogenous proteases

The microbiological quality of raw milk is of high importance for the processability
of raw milk and shelf-life of dairy products. The predominant microflora of raw
milk varies depending on environment, feeding management, breed (Zhang et al.
2020) and storage conditions (Kamilari et al. 2020; Zhang et al. 2020). In fresh raw
milk 1-10% of the total bacterial count consist of psychrotrophic bacteria (Sorhaug
& Stepaniak 1991). Mesophilic lactic acid bacteria are the dominating microflora
of fresh raw milk (Zhang et al. 2020). At cool storage the growth of the mesophilic
lactic acid microflora is inhibited (Skeie 2010). To prevent growth of spoilage
microorganisms, it is common practise to refrigerate milk directly after milking
(Kamilari et al. 2020). Wiking et al. (2002) observed that storage of milk at 4°C
after milking, inhibited growth of total bacteria for 72 h. However, during this time
the microflora was altered towards psychrotrophs. Kamilari et al. (2020) applied
16S rDNA high-throughput sequencing to examine the bacterial composition of
goat milk samples stored at -80°C and 4°C respectively, for 16 hours after milking.
Samples stored at -80°C primarily consisted of gram-negative genera such as
Acinetobacter and Pseudomonas. In addition, the genera Chryseobacterium,
Corynebacterium,  Methylobacterium,  Enhydrobacter, Bacterioides  and
Clostridium were found. In contrast, goat milk samples stored at 4°C experienced
a decrease in bacterial species diversity and was dominated by the gram-negative
Phyllobacterium.

Most psychrotrophic bacteria are susceptible to pasteurization temperatures but
not their extracellular enzymes. Enzymes secreted are proteases and lipases and
their action can lead to spoilage of milk and dairy products. Pseudomonas spp are
known to secrete extracellular enzymes that hydrolyse milk protein and fat during
cold storage (Walstra et al. 2006). In the study by Zhang et al. (2020) isolated
Pseudomonas spp were able to exude proteases alone or together with lipases.
These enzymes were found to be active during cold storage, indicating that cellular
enzymes contribute to the degradation of milk protein and fat prior to processing.

Gasparini et al. (2020) found that cheese produced with raw milk samples
containing psychrotrophic bacteria above seven log cfu mL™ experienced an
increased hardness and chewiness. In addition, an increased proteolysis was found
in these samples. However, the count of psychrotrophic bacteria did not influence
the overall sensory acceptance of the cheese. Furthermore, Alessandria ez al. (2016)
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investigated the microbiome of hard cheese made of raw milk. Their study found
that the starter culture tended to dominate the cheese microbiota. However, in one
production, contaminant bacteria such as P. acnes was present in the raw milk as in
the cheese at the end of ripening. They underlined that despite of a starter culture,
raw milk with low microbiological quality can affect the quality of the final product
due to metabolic processes related to spoilage microorganisms.

2.5. Genetic profile

Goats have a polymorphism at the CSNISI gene expressing the protein asi-CN, of
which some of the alleles are associated with a reduced expression of this protein
(Mah¢é & Grosclaude 1989). Alleles A, B1, B2, B3, B4, C, H, L and M are high
expressing ~3.5 g L'}, alleles E and I are intermediate expressing ~1.1 g L'}, while
the F and G variants are low expressing ~0.45 g L''. The null-variants 01, 02 and N
only express traces of asi-CN (Martin et al. 1999; Marletta ef al. 2007).

Historically, a high frequency of the Norwegian goat population carried a
deletion in exon 12 at the CSNIS! gene. The deletion, called the Norwegian null
allele (D) leads to zero or heavily reduced expression of asi-CN (Devold et al. 2011;
Skeie et al. 2014). In Norway, a new breeding strategy was launched in 2007, with
the aim to reduce the number of defective null alleles in the population (Skeie ef al.
2014). Over the years breeding animals have been introduced from Norway to
Sweden. Thus, the Swedish goat population, with the Swedish landrace breed, is
closely related to the Norwegian goat population (Svenska Getavelsforbundet
2015). In a previous study on Swedish goats, it was observed that among 283 goats,
65% showed low, 22% medium and only 12% strong expression of oasi-CN
(Johansson et al. 2014). In another study of Swedish goats by Johansson et al.
(2015) it was found that of 62 goats, 44% had a low expression of asi-CN, 33%
medium and 24% were strong expressing.

The study of Dagnachew et al. (2011) reported the defective null-allele to
increase milk yield. However, milk with low level of asi-CN have been found to
have a significantly lower content of total protein and total casein compared to milk
with high level of asi-CN (Ambrosoli et al. 1988; Pierre et al. 1998; Clark &
Sherbon 2000; Devold et al. 2011; Johansson et al. 2015). Studies have also
reported a higher fat content in milk with high level of asi-CN (Pierre et al. 1998;
Clark & Sherbon 2000; Dagnachew et al. 2011). Studies have found a negative
correlation between as;-CN and pH (Ambrosoli et al. 1988; Pierre et al. 1998;
Johansson et al. 2015). Moreover, a negative correlation has also been found
between 0s1-CN and total B-CN (Pierre et al. 1998) whereas a positive correlation
with k-CN (Inglingstad et al. 2014).

The Norwegian null allele has also been reported to correlate with an increased
level of FFA and rancid flavour (Dagnachew et al. 2011). In the study by Cebo et
al. (2012) it was demonstrated that the physicochemical characteristics of the milk
fat globule membrane (MFGM) were affected by the genotype of the as1-CN gene.
In mid-lactation, they observed that milk with a low level of as1-CN contained
smaller milk fat globules with more polar lipids and higher surface charge,
compared to fat globules of milk with a high level of as1-CN. Consequently, the
surface area was larger of fat globules in milk with low content of as1-CN. These
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differences were reduced at the beginning and end of lactation. They suggested that
the larger surface area of the fat globules could lead to higher lipolysis by lipase
and release of FFA.

2.6. Processing properties — cheese production

To produce high quality cheese, milk should contain low SCC and bacterial count
(Skeie 2014). Moreover, milk containing a high proportion of protein and fat will
improve cheesemaking properties (Clark & Sherbon 2000). Additionally, studies
have shown that a high content of as1-CN improve cheesemaking properties due to
a higher total protein content and lower pH leading to a firmer gel (Ambrosoli et
al. 1988; Johansson ef al. 2015). Furthermore, milk with low levels of as1-CN have
larger casein micelles (Devold ef al. 2011; Inglingstad et al. 2014). This is to some
extent explained by the fact that these micelles are more hydrated (Devold et al.
2011). Several studies have investigated the coagulation time, coagulation rate and
curd firmness related to the content of as1-CN. In the studies by Devold et al. (2011)
and Johansson ef al. (2015) the coagulation time tended to be longer in milk with
low level of asi-CN when compared to milk with high level of asi-CN. Whereas
other studies have reported the coagulation time to be longer for milk with high
content of asi-CN (Ambrosoli et al. 1988; Clark & Sherbon 2000). Moreover,
Inglingstad et al. (2014) found the coagulation rate to be lower in milk from goats
homozygous of the null allele. In addition, studies have reported a positive
correlation between gel firmness and milk with high level of as1-CN (Ambrosoli et
al. 1988; Clark & Sherbon 2000; Devold et al. 2011; Inglingstad et al. 2014;
Johansson ef al. 2015). Thus, goat milk containing a low level of asi-CN may not
produce an appropriately firm gel. This can lead to a decreased cheese yield, since
casein not properly bound to the casein gel network, could easily be lost in the whey
(Skeie et al. 2014). Furthermore, Grosclaude et al. (1994) observed differences in
firmness of cheese resulting from milk with low and high levels os1-CN,
respectively. Cheese produced from milk with high level of as1-CN was firmer and
had a less pronounced goat flavor. In addition, Skeie et al. (2014) reported that
cheese made of milk with low level as1-CN had higher moisture content. Moreover,
it was found that milk with high level of as1-CN contained a higher Ca-ion activity
compared to milk with low as1-CN level (Devold et al. 2011). Calcium is essential
for hydrophillic interactions and for interactions between and within the casein
micelles (Walstra et al. 2006).

Proteolysis is reported to have both positive and negative effects on milk and
dairy products (Ismail & Nielsen 2010). A positive effect is the flavour and texture
development in cheese during ripening (McSweeney 2004). In addition, proteolysis
in cheese during ripening can result in bitter compounds leading to off-flavors in
the final cheese (McSweeney 2004). Proteolysis in the maturing cheese is mainly
attributed to rennet. Other sources are plasmin and cellular enzymes from the raw
milk, as well as proteases of starter cultures, non-starters and secondary cultures
(Sousa et al. 2001). Nevertheless, proteolysis in milk before curd separation could
negatively impact the production yield since peptides from proteolysis will be lost
in the whey (Walstra et al. 2006). In the study by Wiking ef al. (2002) there was a
higher proteolysis at day one in raw milk samples stored at 4°C compared to 8°C,
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which is suggested to be related to the higher dissociation of f-CN from the casein
micelle at the lower temperature. At low temperatures hydrophobic bonds within
the casein micelle weaken leading to -CN, which is the most hydrophobic casein,
dissolving from the micelle into the serum (Walstra et al. 2006).

Leitner et al. (2008) found that an increase of SCC from 450 to 840 x 10° mL"!
gave a curd loss of 3.3% and a SCC exceeding 1600 x 10°> mL"! gave a curd loss of
9.8%. Additionally, in goat cheese, SCC have been observed to be positively
correlated with the level of FFA (Sanchez-Macias ef al. 2013). According to the
study of Eknees & Skeie (2006) rancid and tart flavors of goat milk are associated
with a high content of FFA. In goat milk, LPL is bound to the milk fat globule,
while in cow milk, LPL is associated with the casein micelle. Hence, goat milk fat
is readily available for LPL. Mechanical disruption of the globules due to
processing can release triacylglycerides and lead to lipolytic action and the
formation of FFA (Skeie et al. 2014).

2.7. Total proteolysis — analytical method

Proteolysis results in an increased number of peptides and free amino acids in the
milk (Walstra et al. 2006). Thus, total proteolysis can be determined by measuring
the amount of terminal amino groups produced by proteolysis, e.g. by use of the
fluorescamine method. In this method, peptides and free amino acids are separated
from proteins by precipitation with trichloroacetic acid (TCA) (Wiking et al. 2002).
Fluorescamine is added to develop a fluorescent product from its reaction with
primary amino groups (Castell et al. 1979). Other quantitative methods are also
available for proteolysis determination, e.g. by RP-HPLC. This technique is
superior compared to the fluorescamine method based on its accuracy, sensitivity,
and reproducibility. However, the HPLC equipment is more expensive, and has a
relatively low upper limit for detection. Thus, the fluorescamine method is still
commonly used (Chove et al. 2011).

2.8. Plasmin and plasminogen — analytical method

PL and PG derived activity can be determined by adding a chromogenic substrate
to the milk serum, which reaction product is measured as a change in absorbance
and reflects the PL activity. To do so, PL and PG are dissociated from the casein
micelle.  The chromogenic  substrate,  pyro-Glu-Phe-Lys-p-nitroanilide
hydroxychloride, contains a peptide sequence which is cleaved by PL. The cleavage
results in the product p-nitroanilide, that can be measured as a change in absorbance
at 405 nm (Korycka-Dahl ef al. 1983). Moreover, the activity of plasminogen is
measured by activation of PG to PL with urokinase (Korycka-Dahl et al. 1983:
Politis et al. 1992). Urokinase is a serine protease that converts PG to the active
form PL (Crippa 2007).
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3. Experimental procedures

3.1. Milk samples and storage

In total 75 samples of raw goat milk were collected from five different farms in
Sweden. Milk samples from each farm were sent frozen to SLU, and upon their
arrival, samples were kept in a freezer at -20°C prior to analysis.

Prior to this thesis, the samples had been externally characterized concerning
gross composition, SCC and DNA sequencing at the Department of Animal
Nutrition and Management, SLU. The procedures for these analyses are not
described in detail in this thesis. Gross composition was analyzed by mid-infrared
spectroscopy method (Fourier Transform Infrared Spectroscopy; FTIR); (FOSS
Electric A/S (Hilleréd, Denmark). Somatic cell count (SCC) was analysed by
electronic fluorescence-based cell counting (Fossomatic Foss FT 120, Hillerdd,
Denmark). Sequencing of DNA was performed with the BigDye® Direct Cycle
Sequencing Kit from Applied Biosystems® by Life Technologies™ as described
in Bjork (2018). Free fatty acids (FFA) and protein profile were previously
analyzed at the Department of Molecular Sciences, SLU. FFA were analyzed by an
extraction-titration method according to Vidanarachchi ef al. (2015). The protein
profile was analysed by capillary electrophoresis (CE) (Agilent Technologies 7100,
Capillary electrophoresis) according to Johansson et al. (2013).

3.2. Sample preparation

Milk samples were defatted prior to determination of total proteolysis, PL and PG
derived activity. Defatting of milk samples was done by centrifugation. For this, 2
ml of a milk sample was centrifuged (2093 x g, 4°C, 10 min, Himac CT 15RE;
Hitachi Koki Co., Ltd.) using a T15A61 rotor. After the centrifugation, the fat layer
on top of each sample was removed with a cotton stick. If not analyzed the same
day as defatting, samples were stored in -20°C up until analysis.
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3.3. Analysis of total proteolysis

The following procedures were carried out to determine total proteolysis (eq. mM
leucine) in the goat milk. Procedures were performed according to Wiking et al.
(2002) and modified according to Johansson et. al (2017).

A trichloroacetic acid (TCA) (24%) solution was used to precipitate the milk
proteins. It was prepared by dissolving 12 g of TCA (Sigma Aldrich, CAS no: 76-
03-9) in distilled water to the final volume of 50 ml. Moreover, L-leucine standards
(1.0, 0.75, 0.5, 0.3, 0.05 mM L-leucine) were prepared for the analysis. A 0.1M L-
leucine solution was prepared by dissolving 66.1 g L-leucine (Sigma Aldrich, CAS
no: L8000) in ImM HCI (Merck KGaA, CN: 100317) to the final volume of 5 ml.
Fluorescamine (0.2 mg/ml) was used as a reactant to measure the fluorescence. The
fluorescamine solution was prepared by dissolving 10 mg fluorescamine (Sigma
Aldrich, CAS no: 38183-12-9) in 50 ml acetone (Merck KGaA, CAS no: 67-64-1).
Furthermore, a sodium tetraborate buffer (0.10 M) was made daily for the
measurements. To prepare the buffer, 503.1 mg sodium borate (Sigma Aldrich,
CAS no: 1303-96-4) was dissolved in 18 ml distilled water. Then, the pH of the
buffer was measured (Mettler Toledo, SevenCompact pH-meter S210) and adjusted
to pH 8.0 by addition of 1M HCL. After the pH adjustment, distilled water was
added to the final volume of 25 ml.

To precipitate the proteins, 0.5 ml milk sample was mixed with 0.5 ml TCA in
an Eppendorf tube and left on ice for 30 minutes. Subsequently, samples were
centrifuged (21 500 x g, 4°C, 20 min, Himac CT 15RE; Hitachi Koki Co., Ltd.)
using a T15A61 rotor. The supernatant from each sample was transferred to an
Eppendorf tube and kept on ice until analysis on the same day. Supernatant that was
not used for analysis the same day, was stored at -20°C.

Following, 20 ul of each supernatant was mixed with 600 ul of the sodium
tetraborate buffer (0.10 M) in an Eppendorf tube. Then, 200 pl of the fluorescamine
solution was added. In parallel with the goat milk samples, pasteurized, non-
homogenized cow milk was used as a control. As a blank, 620 pl tetraborate buffer
and 200 pl fluorescamine solution were used.

For the luminescence measurement, 200 ul of each sample; was added in
triplicates to a 96-well microplate (Sarstedt, Niimbrecht, Germany). Samples were
measured 35 minutes after addition of fluorescamine. Luminescence spectrometer
(Perkin Elmer LS55, Waltham, USA) was used for the detection of the
fluorescence. The setup of parameters was as follow; excitation wavelength 390,
emission wavelength 480, excitation slit 10.0, emission slit 10.0, emission filter 430
nm cut-off, number of measurement cycles 1, read time per well 0.10 sec, cycle
time per plate 120 sec. The software FLL Winlab version 4.00.03 (PerkinElmer) was
used for the measurement.

3.4. Analysis of plasmin and plasminogen

The following procedures were carried out for the detection of PL and PG derived
activity in the goat milk. Procedures were performed according to Korycka-Dahl et
al. (1983) and modified by de Vries et al. (2016). Chemicals, if not stated
differently, were obtained from Sigma-Aldrich, Germany.
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Plasmin buffer was prepared by dissolving 2.62 g of 20 mM 6-aminocaproic acid
(EACE) Mw 131.17), 8.35 g of 53 mM Trizma hydrochloride (Mw 157.6) and
6.84 g of 117 mM NaCl (Mw 58.44) and by adjusting pH to 7.4 (Mettler Toledo,
SevenCompact pH-meter S210) with 1M NaOH.

The frozen, defatted milk samples were defrosted at room temperature. To
dissociate PL and PG from the casein micelles, 320 pl of the milk sample was
incubated with 4680 pl of the plasmin buffer at room temperature for two hours and
subsequently followed by ultracentrifugation. For the ultracentrifugation, 3.9 ml of
each sample was added to a Beckman Coulter plastic tube. Samples were
centrifuged at 100 000 x g, 4°C for 60 minutes (OptimaTM MAX-XP, Beckman
Coulter, Inc., Bromma, Sweden) using a RP55T angle rotor. After the
centrifugation, the supernatant (serum) was collected and divided into 1.5 ml
aliquots and kept at -20°C.

For the PL and PG derived activity measurement, a chromogenic substrate
(pyro-GLU-Phe-Lys-p-nitroanilide hydroxychloride) was used. The substrate was
prepared by mixing 10 ml of distilled water with 25 mg chromogenic substrate
(Biophen CS-41(03); Hyphen BioMed, Neuville Sur Oise, France). The substrate
was divided into one ml aliquots and stored at 4°C up until analysis. The PG derived
activity was measured by activation of PG into PL with urokinase from human
kidney cells (U4010-10KU; Sigma-Aldrich, Co., St Louise, MO, USA). The
urokinase solution was prepared by mixing 600 pl distilled water with 13.1 mg
urokinase. The urokinase solution was divided into 100 ul aliquots and kept at -
20°C.

For PL and PG determination, 650 pl of milk serum was mixed with 173 pl of
the chromogenic substrate in an Eppendorf tube. Next, 190 pul of the milk serum-
substrate mixture was loaded in duplicates on a micro well plate (Sarstedt,
Niimbrecht, Germany). To the remaining volume in the tube, 10.5 pl of the
urokinase solution was added for activation of plasminogen to plasmin. Then, 190
ul of the solution was loaded in duplicates on the microwell plate. As a control, cow
milk was prepared according to the same procedure. For the blank, 200 pl of the
plasmin buffer was loaded in triplicate. The analysis was carried out on a multi-
mode microplate reader (FLUOstar Omega, BMG Labtech, Ortenberg, Germany).
Absorbance was measured at 405 nm for 120 minutes and the following set up of
parameters was applied; samples were run 41 cycles, 3 minutes per cycle, at 37°C.

The PL and PG derived activities correspond to a change in absorbance per time
unit (AA405/At). PL and PG are stated as units mL™!, where one unit corresponds
to the amount of enzyme producing a change in absorbance at 405 nm of 0.001 per
minute at pH 7.4 and 37°C (de Vries ef al. 2016). In addition, the rate at which p-
nitroanilide is formed, was calculated from the part of the absorbance/time curve
showing a linear mode. Moreover, to calculate plasminogen derived activity, the
difference between total activity (the activity measured after activation of PG to PL
by urokinase) and plasmin activity was used (de Vries et al. 2016).

3.5. Statistical analysis

Merely, the analyses for proteolytic activity i.e., total proteolysis, plasmin activity
and plasminogen derived activity, were carried out within this work. The data for
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the gross composition, SCC, protein profile, FFA, pH and genotypes were obtained
as raw data and statistically analysed together with the data generated in this study.

The statistical analysis was performed using the Minitab® software version
19.2020.1 (Minitab Inc., United States). The population was categorized in two
ways, according to the level of as1-CN in the milk (Johansson et al. 2014) and the
genotype, respectively (Devold et al. 2011). The frequency of goats producing high
levels of as1-CN was low. To obtain reliable results in terms of number of samples,
medium and high producing goats were clustered. Likewise, few goats carried an
A allele, why all genotypes containing an A allele were clustered. The DD and DG
genotype were each in a separate group. The arrangement of alleles was done
according to Devold et al. (2011) who classified the D allele as a null allele in terms
of as1-CN. Similarly, G allele is classified as a weak allele, while A is classified as
a strong allele (Martin et al. 1999).

Correlation coefficients of milk traits were determined using Pearson and
Spearman correlation coefficients. Data for SCC, asi-CN and plasmin were log-
transformed to obtain normal distribution.

A Two-Sample T-test was applied where two groups were investigated (low and
medium-high). Data for total protein, SCC, FFA, PL and PG were log-transformed
to obtain normal distribution. For non-normally distributed data (total whey protein
and total casein), the nonparametric test Mann-Whitney was applied.

A One-way Analysis of variance (ANOVA) was applied where more than two
groups were tested (genotypes). In addition, a Tukey-test was used for pairwise
comparison of means for statistical relationships. For data where equal variances
could not be assumed, the Games-Howell method was used for comparison. Data
for total protein, total fat, total whey protein, total casein, asi-CN, k-CN, SCC, FFA,
pH, total proteolysis, PL and PG were log-transformed to obtain normal
distribution. Also, for genotypes the nonparametric test Mann-Whitney was used
for non-normally distributed data (B-CN).

Lastly, a Chi-square test was applied to determine if the presence of certain
genotypes was different between groups based on the expression level of asi-CN.
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4. Results

4.1. Milk composition and proteolytic activity

Descriptive statistics of goat milk composition and proteolytic activity are depicted
in table 1. Average, standard deviation, minimum and maximum values are
indicated of the studied goat population (n = 75). Two observations of pH were
assumed errors with values of 4.48 and 6.00, thus excluded.

Table 1. Average composition and proteolytic activity of goat milk samples. Standard
deviation, minimum and maximum values

Milk composition and proteolytic activity

Parameter Mean SD  Minimum Maximum
Total protein (g/100 g)" 2.45 0.44 1.68 4.23
Total fat (g/100 g)! 2.85 1.01 0.89 5.88
Free fatty acids (mmol/100 g fat)' 0.94 0.56 0.13 3.69
Somatic cell count (x 10° cells/mL)! 408 362 29 1429
pH? 6.58 0.11 6.32 6.78
Protein fractions as % of total protein:
Total whey protein! 7.51 1.93 2.04 16.04
Total casein' 89.89 2.13 82.21 93.31
osi-casein' 6.79 5.54 0.00 25.29
os2-casein' 533 1.33 1.85 8.53
B-casein! 67.09 6.51 41.01 75.89
K-casein' 10.68 2.32 5.61 16.46
Proteolytic activity:
Total proteolysis (eq. mM leucine)' 43.73 13.90 13.88 70.91
Plasmin (units/mL)! 7.19 451 1.94 21.75
Plasminogen (units/mL)’ 18.69 3.92 10.64 28.73

"Number of observations = 75; 2Number of observations = 73

4.2. Correlation - milk composition and proteolytic
activity

The correlation coefficients of goat milk composition and proteolytic activity were
examined with Pearson and Spearman correlation (table 2). Two samples were
assumed containing errors, thus excluded (n = 73). The tests showed that total
protein had a negative correlation with FFA, total proteolysis (p < 0.001), PG (p <
0.01) and a positive correlation with PL (P < 0.05). asi-CN depicted a negative
correlation with B-CN, pH, FFA (p < 0.001), whey protein (p < 0.01), SCC (p <
0.05) and a positive correlation with total protein, k-CN (p <0.001) and total casein
(p <0.05). Besides, k-CN showed a negative correlation with B-CN (p <0.001) and
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a positive correlation with total casein (p < 0.001) and total fat (p < 0.01).
Furthermore, total casein (p < 0.001) and total fat (p < 0.05) depicted a negative
correlation with total whey protein. SCC indicated a positive correlation with PL (p
< 0.001). FFA (p < 0.001) and total proteolysis (p < 0.05) depicted a positive
correlation with pH. Besides, FFA showed a positive correlation with PG (p <0.05).
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Table 2. Correlation coefficients of goat milk traits — composition and proteolytic activity (n = 73). Pearson above and Spearman below the diagonal’ *

Tot. prot Total fat FFA SCC pH Tot. CN Tot. W.P  og-casein  as-casein p-casein K-casein T. proteol Plasmin PG
Tot. prot 0.464 -0.363 -0.010 -0.053 0.126 -0.240 0.562 0.145 -0.694 0.466 -0.428 0.375 -0.206
sfesksk sk sk seskeok seskeok seskeok seskeok seskeok
Total fat 0.495 0.122 0.094 0.166 -0.234 0.100 0.178 -0.114 0.270 -0.154 0.037 -0.150
EELS -0.202 * *
FFA -0.442 -0.318 0.042 0.395 -0.118 0.206 -0.394 -0.070 0.350 -0.078 0.228 -0.105 0.203
kkok Kk KoKk KoKk Kk
SCC -0.132 0.103 -0.000 0.010 -0.077 -0.010 -0.261 -0.101 0.103 0.179 -0.077 0.381 0.121
* seskeok
pH -0.001 0.081 0.503 -0.051 -0.164 0.154 -0.414 0.200 0.324 -0.203 0.294 0.071 -0.015
sfesksk seskeok ke sk
Tot. CN 0.201 0.254 -0.178 0.024 -0.118 -0.827 0311 -0.038 0.052 0.351 -0.042 -0.162 -0.021
* KoKk Kk Kk
Tot. W.P -0.185 -0.236 0.253 -0.062 0.154 -0.742 -0.327 0.055 0.017 -0.192 0.055 0.067 -0.032
* * KoKk Kk
ag-casein 0.491 0.096 -0.474 -0.250 -0.421 0.292 -0.298 -0.075 -0.824 0.464 -0.268 0.069 -0.185
sfesksk sfesksk sk seskeok sk ke seskeok seskeok sk
asz2-casein 0.118 0.207 -0.123 -0.223 0.282 0.069 -0.033 -0.051 -0.093 -0.145 -0.056 0.210 -0.274
* *
p-casein -0.564 -0.135 0.412 0.142 0.300 -0.044 0.039 -0.838 -0.101 -0.541 0.345 -0.277 0.185
kkok kkok Kk KoKk Kok sk Kk *
K-casein 0.378 0.326 -0.092 0.164 -0.210 0.415 -0.174 0.459 -0.178 -0.566 -0.286 0.126 -0.028
sfeksk sk seskeok seskeok seskeok sk
T. proteol -0.389 -0.208 0.281 -0.066 0.258 -0.121 0.079 -0.215 -0.051 0316 -0.239 -0.179 0.043
sfesksk * sk ke sk
Plasmin 0.266 0.065 -0.135 0.393 0.090 -0.053 0.009 -0.027 0.155 -0.127 0.076 -0.193 -0.322
* KKk *%
PG -0.343 -0.161 0.267 0.148 -0.058 -0.096 0.016 -0.218 -0,296 0.253 -0.047 0.001 -0.296
sk * sk sk sk

Level of significance (*p < 0.05; **p < 0.01; ***p < 0.001)

2Abbreviations: Tot. prot = Total protein; FFA = Free fatty acids; SCC = Somatic cell count; Tot. CN = Total casein; Tot. W.P = Total whey protein; T. proteol = Total
proteolysis; PG = Plasminogen
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4 .3. Distribution of asi-casein

Goat milk samples were grouped according to their level of asi-CN (low 0-6.9%
and medium-high 7-25% of total protein). Table 3 displays the range of asi-casein
(as % of total protein) of group low and medium-high, respectively. In addition, the
percentage and number of individuals of each group of the total goat population (n
=175) are shown. Most of the goats (72%) in the study had a low expression of asi-
casein, while 28% were medium to high expressing.

Table 3. Distribution of goat milk samples based on expression of asi-casein (CN). Milk
samples were categorised in groups of low (0-6.9%) and medium-high level (7-25%) of
asi-CN of total protein

Content asi-casein  Range asi-casein (%)'  Percentage (%)* Number (n)?

Low 0.00-6.82 72 54
Medium-high 7.02-25.29 28 21

lagi-casein as % of total protein
Percentage and number of individuals in each group of the goat population (n=75)

4 4. Differences in milk traits based on level of as1-CN

The differences in milk composition and proteolytic activity were evaluated
between groups based on the level of asi-CN. Milk samples were divided into two
groups, low level (0-6.9%) and medium-high level (7-25%) of asi-CN of total
protein (table 4). The results indicate a significant difference between the two
groups regarding the relative content of asi-CN, where group low on average
contained 3.93% compared to 14.15% in medium-high group (p < 0.001).
Furthermore, total protein was 17% lower (p <0.001) in low compared to medium-
high group. The relative content of k-CN was 10% lower (p < 0.05), while the
relative content of B-CN was 17% higher (p < 0.001) in low group compared to
medium-high group, respectively. Additionally, the content of FFA was 62% higher
(p <0.001) in low group compared to medium-high group. Besides, pH was higher
in low group compared to medium-high (p <0.01). Significant differences were not
found for total fat, SCC, total whey protein, total casein, as2-CN, total proteolysis,
PL and PG.
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Table 4. Differences in milk composition and proteolytic activity between goat milk
samples based on the level of asi-casein (CN). Milk samples were categorised in groups of
low (0-6.9%) and medium-high level (7-25%) of asi-CN of total protein. Mean and
standard deviation of milk traits

os1-casein
Milk trait Low Med-high Sign. level!
n = 54° n=21
Total protein (g/100 g) 2.32+0.31 2.80+0.55 Hokk
Total fat (g/100 g) 2.89+0.90 2.73+1.28 ns
Free fatty acids (mM/100 g fat) 1.05 £ 0.59 0.65 +£0.36 ok
Somatic cell count (x 10° cells/mL) 432 +352 347 £ 389 ns
pH 6.60+0.11 6.53+£0.10 *x
Protein fractions as % of total protein:
Total whey protein 7.76 £1.89 6.85+1.92 ns
Total casein 89.70 £ 2.16 90.36 + 2.04 ns
os-casein 393+£1.72 14.15+5.16 otk
as2-casein 555+ 1.11 4.75+£1.68 ns
B-casein 69.88 £3.25 59.91+7.33 HoHE
K-casein 10.34+2.14 11.55+2.59 *
Proteolytic activity:
Total proteolysis (eq. mM leucine) 4597+ 14.37 39.00+ 12.89 ns
Plasmin (units/mL) 6.83 +3.63 8.12+6.25 ns
Plasminogen (units/mL) 18.98 +3.52 17.93 + 4.83 ns

"Level of significance; *p < 0.05; **p < 0.01; ***p < 0.001; ns = non-significant

2pH group low, n =52

4.5. Distribution of genotype

The number of individuals and the percentage of each group of the studied goat
population (n = 74) is depicted in table 5. Of the studied population, one goat was
not genotyped. Thus, there is one less individual in the result when grouped
according to genotype. Most of the goats (58%) carried a DD allele, followed by
DG (27%), while only 15% carried an A allele (DA/AG/AA).

Table 5. Genotype distribution in the studied goat population. Number of individuals (n)
and the percentage (%) of each genotype of the total

Genotype distribution

DD DG DA AG AA Total
Number (n) 43 20 8 2 1 74
Percentage (%) 58 27 11 3 1 100
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4.6. Relation between genotype and expression of
as1-CN

The genotype frequencies of DD, DG and DA/AG/AA, within the groups low (0-
6.9%) and medium-high (7-25%) level of asi-CN, respectively, were determined
(table 6). Of the goats producing low level of asi-CN, 38 (72%) carried the DD
genotype and 15 (28%) the DG genotype. The A allele was not represented in this
group. Among goats producing medium-high level of asi-CN, five goats (24%) had
genotype DD and DG, respectively, while 11 (52%) goats carried an A allele. There
was a significant difference in frequency of genotypes between the groups with low
and medium-high level of asi-CN, y* (2, n = 74) = 33.8, p <0.001.

Table 6. Relationship between genotype and level of asi-casein (CN). Goat milk samples
(n = 74) categorized in low (0-6.9%) and medium-high (7-25%) level of as;i-CN and
genotypes categorized in DD, DG and DA/AG/AA

Genotype frequency

0si-casein DD DG DA/AG/AA  Total (n) x*> df p-value
Low n' 38 15 0 53 338 2 <0.001
%* 72 28 0
Med-high  n' 5 5 11 21
%* 24 24 52
Total (n) 74

"Number (n) of goats with genotype
ZPercentage (%) out of number of goats expressing low and med-high level as;-casein, respectively

4.7. Differences in milk traits based on genotype

The differences in milk composition and proteolytic activity were tested between
groups based on the genotype DD, DG and DA/AG/AA (table 7). The result showed
a significant difference between the groups regarding the relative content of asi-
CN. The content in DD was 42% and 71% lower compared to DG and DA/AG/AA
respectively, while DG was 50% lower compared to the group with A alleles (p <
0.05). Likewise, there was a significant difference between groups regarding the
relative content of B-CN. Here, the content in DD was 6% and 17% higher
compared to DG and DA/AG/AA respectively, while DG was 11% higher
compared to DA/AG/AA (p < 0.05). SCC and FFA were 58% and 50% lower in
DA/AG/AA compared to DD (p < 0.05), respectively. Additionally, pH was lower
in DA/AA/AG compared to DD (p < 0.05). Significant differences were not found
between the groups for total protein, total fat, total whey protein, total casein, as>-
CN, k-CN, total proteolysis, PL and PG.
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Table 7. Differences in milk composition and proteolytic activity between goat milk
samples based on genotype, i.e., DD, DG and DA/AG/AA. Mean and standard deviation of
milk traits. Means within a row with different superscripts differ significantly (p < 0.05)

Genotype
Milk trait DD DG DA/AG/AA
n =432 n=20 n=11
Total protein (g/100 g) 2.38+0.43 2.53+0.53 2.61+0.30
Total fat (g/100 g) 2.80 £ 0.90 3.03+0.83 2.64 +£1.65
FFA (mmol/100 g fat)! 1.05+ 0472 0.94 + 0.7020 0.52 +£0.42°
SCC (cells x 103/mL)! 474 £3632 394 + 4032b 198 + 186°
pH 6.62 +0.08° 6.56 +0.13 6.50 = 0.10°
Protein fractions as % of total
protein:
Total whey protein 7.69 +2.24 7.56 +1.41 6.71 +£1.34
Total casein 89.54 £ 2.46 90.31 £1.67 90.29 £1.28
asi-casein 437 +3.50° 7.57 +5.23b 1526 £4.01¢
os2-casein 521+1.52 5.73+0.96 5.03+1.09
B-casein 69.58 £4.682 65.61 +7.16° 59.35 £4.65¢
K-casein 10.38 £2.29 11.40 £2.25 10.65 +2.57
Proteolytic activity:
T. proteol (eq. mM leucine)' 44.80 £ 14.29 42.47 £ 14.88 42.08 £11.83
Plasmin (units/mL) 8.01 £4.48 5.68 £4.40 6.61 £4.62
Plasminogen (units/mL) 19.13 £3.96 19.03 £ 3.68 16.26 +3.82

! Abbreviations: FFA, free fatty acids; SCC, somatic cell count; T. proteol, total proteolysis

2pH group DD, n =41
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5. Discussion

5.1. Distribution of as1-CN and genotype

The aim of this study was to investigate if the expression of asi-CN and genetic
profile of the CSNIS1 gene influence proteolytic activity and composition in milk
from Swedish dairy goats. The expression of asi-CN within the Swedish goat
population has been studied by Johansson et al. (2014) and the distribution of alleles
of'the CSN1S1 gene has been studied in a master thesis by Bjork (2018). In addition,
in the closely related Norwegian goat population, the deletion in exon 12 of the
CSNIS1 gene has been well studied (Hayes et al. 2006; Dagnachew et al. 2011;
Devold et al. 2011).

In the current study, the distribution of goats producing low (72%) and medium-
high (28%) level of asi-CN, was similar to the distribution seen in the study by
Johansson et al. (2014). Moreover, the frequency of individuals homozygous for
the Norwegian null allele (DD) was 58%. This was lower compared to the findings
by Bjork (2018) where 94% of the 48 goats were genotyped as DD. The frequency
of DD genotypes was also lower than in the study by Devold et al. (2011). They
found that 70% of the Norwegian goats were homozygous for the null allele.
However, the status for the null-allele in Norway has improved with the breeding
program released in 2007 (Skeie 2014). According to Adnoy (2014), DNA testing
of Norwegian bucks intended for breeding has lowered the frequency of bucks
carrying the deletion in exon 12 from approximately 80% (including a deletion in
exon 9) in 2005 to 16% in 2012.

It is worrying that only 15% of the goats in this study carried an A allele, since
it is known that high expression of asi-CN is beneficial for the cheese yield
(Ambrosoli et al. 1988; Johansson et al. 2015). As the majority of goat milk in
Sweden is used for cheese production (LRF Jordman, no year) and since the goat
cheese manufacturing in Sweden is growing (Jordbruksverket 2019), there are
incitements to breed for the A allele.

5.2. as1-CN in relation to milk composition

In agreement with Clark and Sherbon (2000), a correlation between asi-CN with
total protein and total casein was observed also in the current study. Ambrosoli ef
al. (1988) and Clark and Sherbon (2000) observed a significantly higher content of
total protein and total casein in milk with high level of asi-CN compared to milk
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with low level. In this study, a significant difference between groups (low and
medium-high) based on the level of asi-CN was found for total protein.
Furthermore, Balia ef al. (2013) found that goats with a lower production of asi-
CN had a partial compensation in production of B-CN, as2-CN and k-CN. The
results in the current study does not indicate a compensation of other caseins.

Previous studies reported a positive correlation between asi-CN and total fat
(Pierre et al. 1998; Clark & Sherbon 2000; Dagnachew et al. 2011). This study did
not find a correlation with total fat, in agreement with the studies of Ambrosoli et
al. (1988) and Balia et al. (2013). Pierre et al. (1998) reported a large variation of
total fat during lactation. The maximum difference in fat level of strong and null
milk was seen in early lactation where after it decreased in milk during late
lactation. Thus, the stage of lactation might have affected the results in the case of
total fat. In our study, the lactation stage of the goats was not known. According to
Dagnachew et al. (2011) and Balia et al. (2013), the effect on milk fat content is
not to be considered as a direct genetic cause. Instead, it is believed to be related to
the physical absence of as1-CN, causing an interruption of the intercellular transport
of caseins, leading to a disturbance of the milk lipid secretion in mammary
epithelial cells.

5.3. as1-CN in relation to proteolytic activity, SCC, pH
and FFA

Proteolysis can be attributed to a complex spectrum of proteases of both
endogenous and exogenous origin. The major endogenous proteolytic enzyme in
milk is PL with its inactive zymogen PG. However, also other endogenous
proteases such as cathepsin D and elastase may be responsible for proteolysis in
milk (Fox & Kelly 2006; Albenzio et al. 2015). Exogenous proteases are mainly of
bacterial origin and the bacterial spp. responsible for the proteases depend on
factors such as storage conditions and processing of milk (Kamilari et al. 2020;
Zhang et al. 2020).

Studies of goat milk have found the relative PL to be in excess to PG (Fantuz et
al. 2001; Leitner et al. 2004). Fantuz et al. (2001) suggested the low PG to be due
to a low influx from blood into the mammary gland or to a rapid conversion of PG
into PL by the action of PAs. However, in this study we observed the reverse, which
agrees with studies of cow and sheep milk (Politis 1992; Leitner et al. 2004).
Leitner ef al. (2004) compared goat and sheep milk. In their study, the PA activity
was found to be lower in sheep milk compared to goat milk. A low PA activity
indicates a low transformation of PG into PL. In our study, a low PA activity could
be a possible explanation for PG in excess of PL in the milk. For more detailed
knowledge related to the cause of the low PL in the current study, the plasmin-
plasminogen system should be studied including the PA activity.

The study by Pierre et al. (1998) found that plasmin-like activity was higher in
milk with high level of as1-CN. They suggested that the higher plasmin-like activity
in their milk samples was related to an increased expression of asi-CN. However,
in the current study PL was not significantly different among groups (level of asi-
CN and genotype).
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Total protein was negatively correlated with total proteolysis and PG, whereas
positively correlated with PL. Also, Fantuz et al. (2001) and Santillo ez al. (2009)
found a positive correlation between total protein and PL. Additionally, total
proteolysis and PL were expected to correlate. However, a significant correlation
was not found in this study. Albenzio ef al. (2015) found cellular proteases such as
cathepsin D and elastase to be involved in the proteolysis alongside PL, whereas
Zhang et al. (2020) found bacterial proteases to be active during cold storage. Thus,
the non-significant correlation between total proteolysis and PL could be the result
of cellular and microbial proteases.

The SCC in milk is used as a measure of udder health status and milk quality
(Andersson et al. 2011). Goat milk is reported to have a naturally higher SCC
compared to cow milk (Albenzio et al. 2015). The SCC limit of cow bulk milk in
the EU is 400 x 103 cells mL"!. An altered udder health status of cows is reported to
take place already at bulk milk counts exceeding 200 x 10° cells mL™! (Andersson
et al. 2011). In this study, the average SCC within the whole population was 408 x
103 cells mL™!. As expected, the average count exceeded the limit for cow milk, but
it was still below the identified threshold i.e., 700 x 10° cells mL"!, for an altered
udder health status in goats (Albenzio et al. 2015). In the current study, PL was
positively correlated with SCC, which was also reported in the study by Albenzio
et al. (2015). Moreover, Rebucci et al. (2005) found PG significantly lower in high
SCC milk. They suggested that the lower levels of PG could indicate an elevated
conversion of PG to PL due to an increase in PA activity. However, in the current
study a significant correlation between SCC and PG was not observed and PA
activity was not investigated.

The current study found that asi-CN was negatively correlated with SCC. A
significance was also seen for SCC among the genotype homozygous for the null
allele (DD) and genotypes with the A allele, where lower SCC was found in allele
variants with a high expression level of asi-CN. SCC and genotypes were also
compared in the study by Balia ef al. (2013). However, these authors did not find
any significant difference in SCC between genotypes.

The negative correlation between asi-CN and pH observed in this study, was
also noticed in the study by Ambrosoli et al. (1988), Pierre et al. (1998) and
Johansson et al. (2015). Subsequently, pH was significantly lower in the group
medium-high compared to low level of asi-CN, and in the group with genotypes
containing an A allele compared to the group homozygous for the null allele (DD),
respectively. The lower pH in milk with higher levels of asi-CN could positively
influence the coagulation rate and curd firmness, which is well documented for cow
milk (Ambrosoli et al. 1988; Walstra et al. 20006).

Total protein and asi-CN were negatively correlated with FFA, and the content
of FFA was significantly higher in the group with low level of as1-CN compared to
medium-high. A similar result was found between goats with genotypes containing
an A allele compared to goats homozygous for the null allele (D). This relation was
also seen by Pierre et al. (1998) and Cebo et al. (2012). Cebo et al. (2012) suggests
the higher content of FFA in milk with low level of asi-CN to be related to a larger
specific surface area of fat globules from null milks resulting in increased lipolytic
enzyme-fat interactions.
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5.4. General discussion

The current study was performed with an explorative approach. This type of
approach is suitable for problems that have not previously been well investigated.
Up until today, research on Swedish goat milk, exploring relations between asi-
CN, genotype, total proteolysis and milk composition has not been reported.
However, the relations have to some extent been investigated in Swedish cow milk.
In this approach, a wide spectrum of parameters was included, leading to an
increased understanding of the problem with low asi-CN. Thus, the result of this
study may function as a starting point for further studies within this area.

The assessment included milk samples from 75 goats collected from five
different farms in Sweden. Goats included in the study, were Swedish Landrace
breed randomly selected, where no specific factors as lactation stage, lactation
number, type of production (extensive or intensive) and/or feed were considered.
One possible limitation was that the sampling method varied between farms and
were not fully controlled. Also, the variability in milk composition over time needs
to be considered since only one sampling per individual was done. Another limiting
factor may be the bacterial status of the milk, which was not known. This may have
affected parameters such as pH and proteolytic activity. Furthermore, the low
frequency of high expressing goats and of goats with an A allele was a limiting
factor for the statistical analysis. For this reason, the groups with the medium and
high expression of asi-CN were clustered to one group, and all genotypes
containing an A allele were clustered in one group.

5.5. Future research

The fact that no correlation was found between total proteolysis and PL, indicates
that other proteases might contribute to proteolytic activity in the milk. Therefore,
it would be of interest to identify other proteases besides PL. Thus, the bacterial
status of the milk should be included. Furthermore, inclusion of PA activity in the
analysis would help to explain the relation between PL and PG in different samples.

Most of the goat milk produced in Sweden is used for further processing into
cheese. Therefore, the coagulation properties of the milk from Swedish goats with
different allele combinations would be an interesting approach. Besides coagulation
properties, sensory parameters of milk are of high importance. One example is that
proteolysis during maturation of cheese is highly important for the flavour
development. Another example is that FFA contribute to the goaty flavour of the
milk and sometimes also to the rancid taste. Since FFA was negatively correlated
with levels of asi-CN in this study, another area for future research could be to
investigate how expression of asi-CN influences flavour development in goat dairy
products.
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5.6. Conclusion

The objective of this study was to investigate if the expression of asi-CN and
genetic profile of the CSNISI gene influence the proteolytic activity and
composition of milk from Swedish dairy goats. The study indicates a strong
association between level of as;-CN in the milk and allele combination. Goats with
low expression of asi-CN did not carry an A allele, indicating that one A allele is
enough to significantly increase the expression of asi-CN. Moreover, the frequency
of goats homozygous for the null allele was relatively high (58%), whereas the
frequency of goats with an A allele was low (15%). However, frequencies may not
be generalizable since only five farms were included in this study. Even so, the low
frequency of A alleles is troublesome since it affects not only the as1-CN expression
but also the total protein content of the milk.

As concluded in previous studies, asi-CN positively correlated with total
protein. The protein and casein contents are parameters commonly used to monitor
processability of milk. Since the correlation with total protein was strong, protein
should work well to predict the level of asi-CN in the milk.

The content of FFA was higher in milk from goats with low expression of asi-
CN. Since levels of FFA influence the specific goat milk taste it may have
implications for sensory aspects of dairy products. Total protein was found to be
negatively correlated with total proteolysis. In addition, total protein was negatively
correlated with PG and positively correlated with PL. Implying that milk with a
higher protein content, hence a higher level of asi-CN, is related to lower total
proteolysis at the same time as the PL activity is higher than in milk with lower
level of asi-CN. Furthermore, PL and total proteolysis did not correlate which may
indicate a presence of proteases of cellular and microbial origin. Moreover, PG
derived activity was exceeding that of PL in this study. This is not in line with
previous studies of goat milk. The higher level of PG compared to PL may indicate
a low PA activity in the milk. Nevertheless, certain conclusions cannot be drawn
since PA activity was not included in this study. Thus, one suggestion for further
studies, is to include additional parameters within the plasmin-plasminogen system.
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Appendix 1 — Popular Scientific summary

Did you know that, to produce one kilo of goat cheese, you need 11 litres of goat
milk? A goat of the Swedish landrace breed produces on average 1.9 litres of milk
per day. In 2018, 126 tons of goat cheese were produced in Sweden. Compared to
cow milk cheese, the Swedish goat cheese production is small scaled. However,
compared to other livestock sectors, the number of goats is increasing. One reason
for the increasing goat population is the growing demand for artisanal goat milk
cheese.

Have you ever thought of which factors that influence the final quality of the cheese
you consume? To start, there are a couple of parameters the raw milk should fulfil
to obtain a high cheese yield and a high-quality cheese. Firstly, milk needs to be of
good hygienic quality with low bacterial count. In addition, somatic cell count
should be as low as possible. Somatic cell count is a measure of the udder health
status of the goat. If the udder is infected, the somatic cell count, i.e., the number
of white blood cells, increases in the milk.

Secondly, the milk protein and fat content should be high. A high milk protein and
fat content is associated with a higher cheese yield, i.e., less milk is needed per kg
of cheese. Moreover, milk proteins can be separated into caseins and whey protein.
It is the caseins that constitute the cheese, and that form a gel with help of a rennet
enzyme. In contrast, the whey proteins will be separated with the whey, i.e., the
water phase of the milk, at the end of the cheese production process.

A third parameter of importance for a high cheese yield and high-quality cheese is
a low enzyme activity in the raw milk. Milk contains enzymes that can degrade the
caseins. If caseins are degraded in the raw milk, they will be lost in the whey
resulting in a lower cheese yield. Enzymes can origin from the blood or be of
cellular or bacterial origin. Thus, enzyme activity is higher if milk contains a high
bacterial count and/or a high somatic cell count. To maintain a low bacterial count
in the raw milk, it is common practice to refrigerate the milk directly after milking
up until production. However, there are bacteria that thrive in refrigerated
temperatures, and these can readily grow and take over the microflora if milk is
stored for several days. Bacterial enzymes will then be secreted as part of the
bacterial metabolism and may degrade milk caseins and fat. Thus, milk should be
processed as soon as possible after milking. Moreover, the main protein degrading
enzyme in milk is plasmin. Plasmin exists in an inactive form called plasminogen,
from which it can be activated to its active form by plasminogen activators. In
addition, milk consists of plasmin inactivators. Plasminogen activators are
relatively heat stable. Thus, plasminogen can be activated to plasmin also after heat
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treatment. Therefore, it is important to keep a low enzyme activity already from
start. This is done by applying good hygiene praxis as well as working towards a
good udder health status among the animals.

The gross composition of milk, such as the protein and fat content, is influenced by
feed, stage of lactation, lactation number and genetics. Thus, the genetics of the
goat have an impact on the cheese yield. One example is the gene coding for one of
the milk proteins, called asi-casein. This gene exists in different variants, giving
rise to different properties of goats with respect to their expression level of asi-
casein in the milk. Some gene variants give rise to a high expression, i.e., high levels
of asi-casein in milk, while other variants give rise to zero or low levels of asi-
casein. A high level of asi-casein improves the properties of milk for cheese
production and results in a higher cheese yield. It has been observed that the
Swedish goat population contains a gene variant that produces zero or very low
amounts of asi-casein. In this study, 58% of the goats carried the gene version
responsible for the low production on both chromosomes. Only 15% of the goats
carried a high producing variant of this gene. Moreover, when looking at the level
of os1-casein in the milk, 72% of the milk samples contained a low level of osi-
casein. The result of this study showed no improvement regarding the number of
goats producing a low level of as1-casein, when compared to earlier studies of the
Swedish goat population.

The content of total protein was higher in milk with high level of osi-casein
compared to milk with low level of asi1-casein. Hence, protein content can work as
an indicator of the level of as1-casein in goat milk. In addition, the plasmin activity
was found to be positively correlated with total protein. This indicates that plasmin
activity is higher in milk with a high protein content. Possibly, the higher asi-casein
level in the samples with higher protein content can act as a substrate for plasmin
activity. Moreover, pH was lower in milk with high level of osi-casein. A low pH
is associated to improved properties of the milk in the first steps of cheese
production, i.e., gel formation. In addition, the content of free fatty acids was higher
in milk with low level of asi-casein. A high level of free fatty acids can give rise to
a rancid flavour of the goat milk. In conclusion, milk with high level of asi-casein
is more advantageous for cheese production.

As you understand there are many factors to consider for the cheese maker to obtain
a high-quality cheese. The factors mentioned here are just a few of all the factors
influencing the final cheese quality. Perhaps this knowledge will even more make
you appreciate the cheese on your plate and the artisanal work behind.
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