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Abstract

The demand for locally produced food, such as artisan-made goat cheese, is growing among Swedish
consumers. In Sweden, the most commonly used goat breed for dairy production is the Swedish
Landrace goat which is closely related to the Norwegian Landrace goat. The Norwegian Landrace
goat has been found to have extremely low levels of asi-casein (as;-CN) due to a mutation in the
CSN1S1 gene which results in a gene variant called D. The expression of as;-CN in goat milk might
influence the amounts of total protein, fat and calcium in the milk, affecting the milk quality in
connection to cheesemaking.

The aim of this study was to investigate the relation between as;-CN, CSNIS! genotype and curd
yield in milk from Swedish Landrace goats. Milk samples were collected from 143 Swedish
Landrace goats from 3 farms. A mini-manufacturing method for assessing curd yield from the
individual milk samples was used. The milk samples were also analysed for gross composition, milk
protein profile, and somatic cell count. Milk samples were grouped according to their relative
concentration of as;-CN (low: 0-6.9% of total protein, medium-high: 7-25% of total protein) and
according to their genotype at the CSNISI gene (AA, AG, DA, DD, DG/GG). Obtained data were
evaluated by 1-way ANOVA and Tukey pairwise comparison test. The results showed that 48% of
the samples had a low relative concentration of as;-CN (0—6.9% of total protein), while 52% of the
samples contained a medium-high relative concentration of this casein (7—25% of total protein). The
frequency of goats carrying the DD genotype was 19% in the sampled population and 24% carried
the AA genotype classified as “strong”, leading to high expression of as;-CN. The relative
concentration of as;-CN in milk from goats with the DD genotype was 69%, 55% and 54% lower,
respectively, then in milk from goats carrying the AA, AG and DA genotypes (p <0.001). For goats
with the DG/GG genotype, the relative concentration of as;-CN in the milk was 57%, 37% and 35%
lower, respectively, then in milk from the AA, AG and DA goats (p < 0.001). No significant
association between the relative concentration of as;-CN and curd yield was found in this study.
Curd yield was also not significantly different between genotypes, and goats carrying the DD
genotype had the highest curd yield numerically. Milk samples with medium-high relative content
of as;-CN had 8% higher total protein (p = 0.006) and 13 % higher fat content (p = 0.007) than
samples of the group with low relative content of as;-CN. Milk from goats with low relative content
of as;-CN had 5% higher total casein content (p < 0.001), 13% higher B-CN content (p =0.001) and
21% higher x-CN content (p = 0.001). Significant differences in total solids and fat content were
found between the AA, DA and DG/GG genotypes (p = 0.002, p = 0.003). Pearson’s correlation
indicated a trend for a negative association between the curd yield and the relative concentration of
asi-CN, but the correlation was not significant (p = 0.543). However, curd yield was positively
related to total solids (p < 0.001), total fat (p = 0.018), total protein (p < 0.001), casein (p < 0.001),
and casein ratio (p = 0.007). In conclusion, the total protein, fat and casein content were found to be
more associated with the curd yield than as;-CN. These results can be useful for further
improvement of the breeding program of Swedish dairy goats but also for better understanding of
parameters important for cheesemaking.

Keywords: asi-casein, Swedish Landrace goats, goat milk, curd yield



Sammanfattning

Efterfrdgan pd nirproducerad mat, som hantverksmaissigt tillverkad getost, vixer bland svenska
konsumenter. I Sverige utgor Svensk lantras den viktigaste getrasen for mejeriproduktion, en ras
som dr néra besldktad med den norska lantrasgeten. Den norska lantrasgeten har visat sig ha extremt
laga halter as;-kasein (asi-CN) i sin mjolk. Detta forklaras av en o6nskad mutation i CSNISI genen
vilket har gett upphov till genvarianten D. Uttrycket av asi-CN péverkar mdngden totalprotein, fett
och kalcium i mjdlken, vilket i sin tur paverkar mjélkkvalité i samband med osttillverkning. Syftet
med denna studie var att undersdka sambandet mellan as;-CN, CSNIS! genotyp och utbyte av
ostmassa 1 mjolk fran svenska lantrasgetter. Mjolkprover samlades in frén 143 getter av svensk
lantras fran 3 svenska gardar. En laborativ metod for produktion av ostmassa anvindes for att
bedoma ostutbytet frdn individuella mj6lkprover. Utdver detta analyserades ocksa
mjdlksammanséttning, mjolkens proteinprofil och celltal. Mjélkproverna grupperades utifran deras
relativa koncentration av as;-CN (ldg: 0-6,9% av totalprotein och medel/hdg: 7-25% av
totalprotein), och utifran genotyp (AA, AG, DA, DD, DG/GG). Data utviarderades med hjilp av
envigs variansanalys (ANOVA) och parvis jamforelse utfordes med Tukeys test. Resultaten visade
att 48 % av mjolkproverna inneholl 1&g relativ koncentration as;-CN (0—6,9% av totalprotein),
medan 52 % av proverna inneh6ll medel/hdga relativ koncentration (7-25% av totalprotein). DD
genotypen aterfanns hos 19% av getterna och 24% bar AA genotypen i CSNISI-genen, en stark
variant som leder till ett hogt uttryck av as;-CN. Den relativa koncentration av as;-CN i mjolk fran
getter med DD genotypen var 69 %, 55 % respektive 54 % ldgre &n i mjolk fran getter med
genotyperna AA, AG och DA (p < 0,001). For getter med DG/GG genotyperna var den relativa
koncentrationen av as;-CN i mjolken 57 %, 37 % respektive 35 % lagre &n i mjolk fran getter med
AA, AG och DA genotyper (p < 0,001). Det fanns inget signifikant samband mellan utbytet av
ostmassa och den relativa koncentrationen av as;-CN i mjolken. Utbytet av ostmassa skilde sig inte
signifikant mellan de olika genotyperna, men numeriskt sa gav mjolk frén getter som bar p4 DD
genotypen hogst méngd ostmassa. Mjolk fran getter med medel/hog relativ koncentration av as;-
CN hade 8% hogre méngd totalprotein (p = 0,006) och 13% hogre fetthalt (p =0,007) 4n mjélkprover
inom den laga gruppen. Mjolk fran getter med lag relativ koncentration av as;-CN hade 5% hogre
méngd totalkasein (p < 0.001), 13 % hogre miangd B-CN (p = 0,001) och 21 % hdgre mingd x-CN
(p=0,001). Signifikanta skillnader i méngd torrsubstans och fetthalt fanns mellan genotyperna AA,
DA och DG/GG (p = 0,002, p = 0,003). Pearsons korrelation pévisade ett negativt samband mellan
mingden ostmassa och nivéer av os;-CN, men skillnader var enbart numeriska (p = 0,543). En
positiv korrelation fanns dock mellan utbyte av ostmassa och halten total torrsubstans (p < 0,001),
fetthalt (p = 0,018), totalprotein (p < 0,001), kasein (p < 0,001) och kasein-kvoten (p = 0,007).
Sammanfattningsvis sa visade det sig att totala mdngden torrsubstans samt totalprotein, fett och
kasein var mer kopplat till utbytet av ostmassa an halten as;-CN. Dessa resultat kan vara anvindbara
for att fi ett forbattrat avelsprogram och kunskap om osttillverkningsprocesser kopplad till den
svenska getmjolken.

Nyckelord: asi-kasein, svensk lantrasget, getm;jolk, utbyte av ostmassa
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1. Introduction

Goat milk has a long history in human nutrition and has played an important role
providing high quality food (Boyazoglu et al. 2005). It is believed that goats were
one of the first species to be domesticated approximately 10 000 years ago (Nomura
et al. 2013). Goats are high productivity animals. Considering their small size and
feed intake, the milk yield is often exceptional. They are also great at adapting to
different environmental conditions, have a low value feed acceptance and are easy
to keep (Monteiro et al. 2018).

The dairy goat industry is rapidly expanding over the world, with a continuous
increase in the number of dairy goats. There are approximately one billion goats
globally and the number of goats has more than doubled during the last four decades
(Utaaker et al. 2021). About 200 millions of these were used as dairy goats,
producing roughly 15 million tons of goat milk yearly (ALKaisy et al. 2023). Most
of the goats (>90%) are found in developing countries, mainly in Asia followed by
Africa (Utaaker et al. 2021). It is likely that more people consume goat milk than
milk from any other animals (Silanikove et al. 2010). The demand for goat cheese
is increasing among consumers. Europe stands for approximately 35% of the global
goat cheese production (Morales et al. 2019). In countries such as France and Italy,
cheese production is a significant industry, and both countries are known for
producing high quality goat cheeses (Silanikove et al. 2010).

Locally produced food, such as artisan-made goat cheese, is becoming more and
more popular among Swedish consumers (Bosona & Gebresenbet 2018). In earlier
times, goat breeding had an important role in the traditional Swedish agriculture. It
was largely an activity for the rural population and served as an important livelihood
source to resource-poor farmers (Rytkonen et al. 2013). Today, goat farming is
rather small scaled but increasingly growing in the Swedish agriculture. However,
there is no official registration for goats in Sweden and the last census of the
Swedish goat population was carried out in 2018. At that time, the total number of
goats was estimated at 20 000 (Jordbruksverket, 2019a), which is low in
comparison to the Swedish population of sheep and cattle which at that time were
approximately 587 000 and 1.4 million, respectively, (Jordbruksverket, 2019a;
Jordbruksverket, 2019b). The number of registered goat farmers was approximately
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746 in 2018 and the amount of goat milk and goat milk cheese produced was
approximately 1374 and 126 tons, respectively (Jordbruksverket 2019a).

There are four Swedish goat breeds of which the Swedish Landrace goat is the most
common dairy goat breed used for milk and cheese production. This breed is high
yielding and has an average annual yield of 700 litres of milk per goat. However,
individual goats producing up to 2000 litres per year have been recorded (Svenska
Getavelsforbundet 2021). Studying goat farming in other Nordic countries, Norway
has the largest established dairy goat industry. Here, goat milk has traditionally
been used and is still largely used to produce brown “whey cheese” (Skeie 2014;
Adney 2014). Studies on the Norwegian Landrace goat population have previously
shown that this breed has a high prevalence of polymorphism at the CSN/S1! gene,
affecting asi-casein (asi-CN) levels in the milk. A “null” variant of the gene,
leading to zero or very low expression of asi-CN, was found to be predominant
(>70%) in the breed (Devold et al. 2010; Dagnachew et al. 2011). It has been
revealed that polymorphism in the CSNISI locus effects the composition and
technological properties of milk which is believed to affect the development of
dairy goat products (Dagnachew et al. 2011). The Swedish Landrace goat and the
Norwegian Landrace goat are closely related to each other since cross-breeding
between these two has been going on over time. During the 80's and 90's, the
Norwegian goat was frequently used to avoid inbreeding in the Swedish population
(Svenska Getavelsforbundet 2021). Similar to the situation for the Norwegian
goats, previous studies conducted on Swedish goats have reported low relative
concentrations of asi-CN in the milk (Johansson et al. 2014, 2015, 2023), which is
thought to negatively affect cheesemaking properties. The Swedish Board of
Agriculture has not really invested in any official control of the goat farming in
Sweden. Instead, the Swedish Goat Breeding Association is the organization
responsible for the goats, however, on a voluntary basis. This organization is
currently working with developing strategies for breeding against the mutation of
the CSN1S1 gene in order to benefit the producers of dairy products based on goat
milk (Svenska Getavelsforbundet 2021).

1.1 Aim

The aim of this study was to investigate if the expression of as;-CN in the milk
from Swedish dairy goats is associated to the composition and properties,
specifically the curd yield, of the milk. The hypothesis was that the concentration
of as1-CN in the milk influences the curd yield.
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2. Background

2.1 Composition of goat milk

Information about the composition of goat milk is essential for successful
development of dairy goat products. The average composition of goat milk
compared to cow milk is shown in Table 1. However, there are great variations in
the composition of milk, both among the different goat breeds and due to factors,
such as lactation stage, environmental conditions, feeding, health status and
genetics (Park et al. 2007). Generally, it can be said that goat milk composition is
similar to that of bovine milk. They both contain approximately 3-3.5 g
protein/100g, with casein constituting 80% and whey protein 20% of total proteins
(Prosser 2021). The caseins are divided into four subtypes: asl-casein (asi-CN),
as2-casein (as2-CN), B-casein (B-CN) and «x-casein (k-CN) where the genes
encoding the caseins are CSNISI, CSNIS2, CSN2 and CSN3, respectively
(Rahmatalla et al. 2022). The main whey proteins in milk are a-lactalbumin (a-La)
and B-lactoglobulin (B-Lg) (Martin et al. 2002). asi1-CN is one of the major proteins
in bovine milk, constituting up to 40% of the total caseins (Farrell et al. 2004). In
goat milk, the as;-CN concentration varies between 0-25% (Rahmatalla et al.
2022). The amount of k-CN and as2-CN are similar for both goat and cow milk;
however, goat milk contains more of B-CN than cow milk (Clark & Sherbon 2000;
Martin et al., 2002).

Caseins organize themselves with calcium phosphate in the form of a structure
called micelles. The casein micelles have a key role in preventing precipitation of
caseins and, along with fat globules, whey proteins and minerals, make sure that
milk is stable as an emulsion (Runthala et al. 2023). Casein micelles in goat milk
in general contain more calcium and inorganic phosphorus and are larger in size
than bovine casein micelles (Park et al. 2007; Roy et al. 2021). The size of the
casein micelles in goat milk is related to the content of as;-CN in the milk. Smaller
mean sizes are associated with high as;-CN levels in the milk while larger mean
sizes are associated with low asi-CN levels (Pierre et al. 1999; Panthi et al. 2017).
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The fat contents of goat and cow milk are relatively similar, but the fatty acid
profiles differs to some extent (Prosser 2021). Goat milk contains more short-,
medium- and branched-chained fatty acids, which is what gives the goat milk its
distinct flavour (Prosser 2021; Yurchenko et al. 2018). Goat milk fat has higher
digestibility compared to cow milk fat, due to the smaller mean milk fat globule
size and the higher concentration of short- and medium chained fatty acids. The
quantity and composition of fat in goat milk influences the texture, aroma and
flavour of dairy goat products and is highly affected by feed, stage of lactation and
breed (Yurchenko et al. 2018; Curro et al. 2019).

Table 1. Average composition of goat- and cow milk

Component Goat Cow Reference

Total solids 13.60 11.40 Ceballos et al. 2009

Total protein (g/100 ml) 3.30 3.40 Prosser 2021

CN (% of total protein) 83.00 83.00 Prosser 2021

TWP (% of total protein) 17.00 17.00 Prosser 2021

Lactose (g/100 ml) 4.10 4.50 Prosser 2021; Ceballos et al. 2009
Total fat (g/100 ml) 3.50 4.00 Prosser 2021; Walstra et al. 2006
SFA (% of total FA) 70.42 71.24 Ceballos et al. 2009

MUFA (% of total FA) 25.67 25.56 Ceballos et al. 2009

PUFA (% of total FA) 4.08 3.20 Ceballos et al. 2009

CN = casein; FA = fatty acids; SFA = saturated fatty acids; MUFA = monounsaturated
fatty acids; PUFA = polyunsaturated fatty acids; TWP = total whey protein.

2.2 Genetic polymorphism of CSN1S1 in goats

The protein coding gene CSNIS]! is responsible for encoding of asi-CN, which is
one of the four casein proteins in goat milk. as;-CN has an important role in the
transportation of calcium phosphate and the transport of other caseins from the
endoplasmic reticulum. It plays a part in the casein transportation in the secretory
pathway and in the biosynthesis of casein micelles (Rahmatalla et al. 2022).
CSNIS1 is polymorphic, meaning that the gene carries more than one allele on its
locus, which leads to several types of existing variants. These different variants
have been reported to affect milk quality traits such as milk composition, milk yield
as well as coagulation properties (Tumino et al. 2023). In total 18 different allelic
variations of the gene have been identified, and they are divided into four groups
depending on their expression of as;-CN. “Strong” variants (A, Bi, B2, B3, B4, B,
C, H, L and M) are linked to high expression of asi;-CN, “medium” variants (E and
I) and “weak” variants (F and G) are associated with medium and low expressions,
respectively. The last class comprises the “null” variants (01, 02, N) meaning that
the milk only has small traces of asi-CN or that asi-CN is totally absent in animals
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which are homozygote for these alleles (Dagnachew et al. 2011; Devold et al.
2010).

Recent studies reported that a large part of the Norwegian goat population carried
a polymorphism at the CSNIS1 gene, i.e. the Norwegian null allele (D). This allele
leads to zero or extremely low expression of asi-CN (Devold et al. 2011; Skeie et
al. 2014; Johansson et al. 2023). Variants expressing high levels of as;-CN have
been found in the Italian (Dettori et al. 2023), Spanish (Jordana et al. 1996) and in
the French (Carillier-Jacquin et al. 2016) goat populations. Studies by Johansson et
al (2014, 2015, 2023) investigated the expression of as;-CN within the Swedish
goat population. Results showed that a large proportion of the tested goat
population expressed low relative levels of asi-CN (0%—6.9% of the total protein).
The estimated percentage of goats that produced low levels of asi-CN were 65%,
44% and 72% respectively over the years of investigations. Several studies have
been performed to investigate how the different genetic variants affect the
composition of goat milk. Variants leading to high expression of as;-CN have been
positively correlated with a higher amount of total protein, casein, fat, and calcium
in milk leading to higher milk quality, specifically in connection to cheesemaking
(Clark & Sherbon 2000; Ambrosoli et al. 1988; Devold et al. 2010). It has also been
shown that higher asi-CN levels lead to lower pH in the milk (Ambrosoli et al.
1988; Johansson et al. 2015).

2.3 Processing properties in goat cheese production

Milk gelation is crucial for the structural development of dairy products such as
cheese (Lucey 2002). The casein micelle is naturally covered by k-casein (k-CN)
which stabilizes the micelle due to both electrostatic and steric repulsion. There are
various ways of destabilizing the micelle to cause the gelation of milk. The most
used method for cheesemaking is enzymatic hydrolysis of k-CN by rennet (Li et al.
2023). One of the key enzymes in rennet is chymosin, which cleaves the k-CN chain
at the Phe105-Met106 bond, which results in k-CN being split into two parts: an
insoluble peptide (para k-CN) and water-soluble glycomacropeptide (GMP). This
results in the destabilization of casein micelles which will start to aggregate and
form a gel. Finally, the gel is cut to promote syneresis i.e., expulsion of the whey,
and a fresh curd is retained (Pazzola 2019).

High quality milk, e.g., milk with a high total solids content, is associated with
improved cheesemaking (Adney 2014). Higher concentration of asi-CN in the milk
has been positively correlated with higher amount of total casein, fat, and calcium
(Clark & Sherbon 2000; Ambrosoli et al. 1988; Devold et al. 2010). Casein and fat
retain moisture in the curd which contributes to higher cheese yield (Clark &
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Sherbon 2000; Pazzola et al. 2019). Moreover, a high content of as1-CN has been
correlated with higher total protein content and lower pH of the milk which results
in firmer gels (Ambrosoli et al. 1988; Devold et al. 2011; Johansson et al. 2015).
The level of as1-CN has also been found to affect the coagulation properties of milk.
Ambrosoli et al. (1988) and Clark & Sherbon (2000) showed that the coagulation
time was longer in case of milks with higher content of as;-CN. On the other hand,
Devold et al. (2011) and Johansson et al. (2015) found the coagulation time to be
longer for milks with low level of asi-CN. Moreover, the size of the casein micelle
in milk is affected by the level of asi-CN, with high levels of asi;-CN resulting in
smaller micelles (Pierre et al. 1999; Panthi et al. 2017). Milk with smaller casein
micelles coagulated faster and formed firmer curds compared to milk with larger
micelles (Devold et al. 2011). The smaller micelles contain more k-CN, which may
result in increased bridging between proteins and calcium during coagulation
resulting in increased gel firmness (Panthi et al. 2017). The asi-CN content has also
been reported to affect sensory quality attributes of cheese. High asi-CN level in
milk resulted in cheese with improved structure and taste with less typical goat
flavour than cheese produced from milk with low as;-CN (Rahmatalla et al. 2022).
Cheese made from milk with low levels of as;-CN were found to have more of a
rancid flavour, likely due to more free fatty acids being formed by lipolysis of milk
fats (Skeie et al. 2014).

Cheese yield is one of the most important indicators of the efficiency of
cheesemaking. A firm curd results in higher retention of milk solids which increase
the cheese yield (Clark & Sherbon 2000). Goat milk with low levels of asi-CN may
be inferior in forming firm gels which results in decreased cheese yield, since casein
is lost in the whey as it is not properly bound to the casein network (Skeie 2014).
Pirisi et al. (1994) and Frattini et al. (2014) observed that milk with high levels of
as1-CN from Saanen and Alpine goat breeds led to higher cheese yield compared
to milk with low levels of asi-CN. Cheese yield is the final economic target for
many dairy goat farmers. Therefore, it is important for goat farmers and the cheese
industry to understand the effect of milk composition, in relation to asi-CN, on the
cheesemaking ability.
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3. Materials and method

3.1 Animals and milk collection

Goat milk samples were collected from three different farms in the counties of
Visterbotten and Angermanland, Sweden. Out of in total 143 milk samples from
individual goats, 69 came from farm 1, 34 from farm 2 and 40 from farm 3. All the
collected milk samples were from goats of the Swedish Landrace breed. At two
farms, the milk samples were collected during the period November — December
2022, and at one farm they were collected in July 2023. Milk samples were
transported to SLU and were stored at -20 C until use. Factors such as age, lactation
stage, number of lactations, diet and health status were not taken into account in
this study. This study was conducted in the research facilities at the Department of
Molecular Sciences, Swedish University of Agricultural Sciences (SLU) in
Uppsala, Sweden.

3.2 Production of goat milk curd

3.2.1 Rennet preparation

For each cheesemaking occasion, bovine rennet consisting of 75% chymosin and
25% pepsin and with a concentration of 180 International Milk Clotting Units
(IMCU) (Scandirenn Kemikalia AB, Skurup, Sweden), was diluted in water to a
final concentration of 18 IMCU.

3.2.2 Analysis of milk pH

Milk pH was measured on the day of the curd making occasion with a pH meter
(SevenCompact pH meter S210, Mettler-Toledo, LCC., Columbus, OH, USA). The
pH was measured after the frozen milk had been warmed in a water bath at 32°C
for 30 min and allowed to cool down to reach a temperature of 22-26°C.
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3.2.3 Production of goat milk curd

Frozen whole goat milk samples were incubated in a water bath at 32-35°C for 30
min to thaw the samples and to allow the milk fat to melt. 10 g of milk was then
weighed in pre-weighted 15 ml falcon tubes in four technical replicates. The milk
samples were incubated in the water bath for a second time at 32°C for 30 min
before 100 pl rennet was added, resulting in a final concentration of 0.18 IMCU/ml
in the milk samples. The tubes were turned upside down three times to allow even
distribution of rennet in the milk. The milk samples were then kept in the water bath
at 32°C for 30 min for coagulation to occur. The resulting curd was cut using a
cross-shaped tool, which before usage, had been pre-warmed in the water bath at
32°C for 30 min. The curds were cut one time with the cross-shape tool which was
wiped off between each sample to avoid whey transfer between the samples. The
curds were incubated again in the water bath at 32°C for 30 min to allow syneresis
to occur. To separate the whey and the curd, the tubes were centrifuged at 1650
RPM (Sorvall Super T21, Sorvall Products, L.P., Newtown, CT, USA) at 22°C for
20 min. The whey was poured off and collected in a new 50 ml falcon tube and
weighed. The remaining curd was weighed and the weight from the falcon tube was
subtracted to calculate the curd yield. Mean curd yield for 10 g milk (g/10g milk)
was calculated from the four technical replicates of each sample. By multiplying
the mean values with 10, the mean curd yield for 100g of milk (g/100g milk) was
determined.

3.3 Analysis of milk protein profile

To determine the protein profile of the milk samples, milk from each individual
goat and control samples were analysed by capillary electrophoresis (CE; 7100 CE
system, Agilent Technologies Co., Santa Clara, CA, USA) controlled by
Chemstation software version A 10.02. (Agilent Technologies Co., Santa Clara,
CA, USA).

3.3.1 Buffer preparation

For the CE analysis, urea stock solution, run buffer and sample buffer were
prepared. The chemicals were obtained from Sigma-Aldrich (Sigma-Aldrich Co.,
St. Louis, MO, USA) if not stated differently. An urea stock solution (0.30 L, 6 M)
was prepared by mixing 108.10 g urea (Mw 60.06), 0.15 g hydroxypropyl methyl
cellulose (MHEC) (0.05%) and 5.40 g ion exchange resin (AG 501-X8 Resin, Bio-
Rad Laboratories Inc., CA, USA). The compounds were mixed with water to reach
a total volume of 0.30 L, and the solution was mixed and left at room temperature
overnight before being filtered through a 0.45 pm membrane (Agilent Captiva
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Econofilter, Agilent Technologies Co., Santa Clara, CA, USA). Run buffer was
prepared by mixing 0.29 g trisodium citrate dehydrate (Mw 294.10) and 1.996 g
citric acid monohydrate (Mw 210.14) with 6 M urea stock to reach a total volume
of 50 ml. Sample buffer was prepared by mixing 4.046 g hydroxymethyl-
aminomethane (TRISS; Mw 121.14), 4.988 g ethylenediaminetetraacetic acid
(EDTA; CAS no: 6381-92-6, VWR International, Radnor, PA, USA) (Mw 372.24)
and 1.758 g 4-Morpholinepropanesulfonic acid (MOPS; Mw 209.26), and diluting
with 6 M urea stock to reach a total volume of 200 ml. Both run buffer and sample
buffer were aliquoted and stored at -20°C until use. On the day of analysis, both
buffers were thawed at room temperature and filtered through a 0.45 pm membrane
before use.

3.3.2 Sample preparation

Frozen milk samples (2 ml in Eppendorf tubes) were thawed overnight in the
refrigerator or were prewarmed in a water bath at 32°C for 15 min. The samples
were de-fatted by centrifugation (Himac CT 15RE, Hitachi Koki Co., Ltd, Tokyo,
Japan) at 10 000 RPM at 4 C for 10 minutes, and the fat layer on the surface of the
milk was removed by using a cotton stick. The samples were vortexed to allow even
distribution. From each sample, 200ul of milk were pipetted to a new Eppendorf
tube and mixed with 400ul of sample buffer, to which 0.079g D,L-dithiothreitol
(DTT) had been freshly added for each 10 ml of sample buffer. Samples were
vortexed and incubated at room temperature for one hour. The samples were then
defatted a second time by centrifugation for 10 min at 10 000 RPM and 4 C, and
the fat was removed with a cotton stick. After that the samples were filtered through
a 0.45 um membrane into new Eppendorf tubes. The filtrated samples (30ul) were
transferred to conic vials to be run in the capillary electrophoresis system. Control
samples were prepared according to the same procedure from pasteurized, non-
homogenized cow milk.

3.3.3 Capillary electrophoresis analysis

Separation of the proteins was performed as described by Johansson et al. (2013),
using an unfused silica capillary. From the obtained electropherogram, the relative
concentration of the different proteins in the samples was calculated based on
obtained peak areas and expressed as percentage of the total integrated area. Two
milk samples could for unknown reasons not be analysed by CE.
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3.4 Analysis of milk and whey gross composition and
somatic cell count

Milk samples from each individual goat as well as the whey obtained after milk
coagulation, were analysed for gross composition at the milk testing laboratory at
Department of Animal Nutrition and Management, SLU, Uppsala, Sweden. Fourier
Transform Infrared Spectroscopy; FTIR; (Foss Electric A/S, Hilleréd, Denmark)
was conducted to measure concentrations of total solids, fat, protein, and lactose,
density, the content of saturated fatty acids (SFA), unsaturated fatty acids (UFA),
mono unsaturated fatty acids (MUFA), and poly unsaturated fatty acids (PUFA), as
well as the individual fatty acids myristic acid (C14:0), palmitic acid (C16:0),
stearic acid (C18:0), and oleic acid (C18:1 cis-9. Somatic cell count (SCC) was
analysed by electronic fluorescence-based cell counting (Fossomatic Foss FT 120,
Foss electric A/S, Hillerdd, Denmark). Four milk samples could not be analysed for
gross composition, and 45 milk samples failed in the evaluation of SCC and whey
because of technical problems in the laboratory. The percentage of casein in the
milk was estimated by subtracting the amount of protein in the whey fraction from
the total amount of protein in the milk. The casein ratio was calculated as the
amount of casein in the milk divided by the total amount of protein in the sample.

3.5 DNA extraction and determination of genotype at
the CSN1S1 gene

Prior to this thesis project was initiated, the individual goats had been sampled, and
DNA extracted and sequenced to determine genotype at the Department of Animal
breeding and Genetics, SLU. Corresponding data from genotyping of the CSN1S1
gene was obtained for 55% of the total goat population (n = 78). For this, nasal
swabs and reagents included in the kit were used in accordance with the
manufacturer’s instructions (DNA Genotek Inc., Ottawa, ON, Canada). The
procedure for the external analyses is not described in detail in the thesis.

3.6 Statistical analyses

Data for gross composition, SCC and CSN1S! genotype were acquired as raw data
and statistically analysed with data generated in this study. For the statistical
analyses, the goat population was categorized into two groups according to the
relative concentration of as;-CN (low: 0%—6.9% and medium-high: 7%—-25% of
total protein) which is in accordance with the studies by Johansson et al. (2015,
2023).
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In short, in this study the low expressing group showed a relative concentration of
as1-CN within the range 1.09% - 6.99%. The number of goats expressing high
concentration of as;-CN was low (n = 2), whereby goats expressing medium and
high concentrations were combined into one group. In this study, the relative
concentration of asi-CN in milk from the medium and high concentrations group
was within the range of 7.02% to 16.87%. Likewise, there was only one goat which
was homozygote for the G allele, and therefore the GG and DG genotypes were
combined whereas the AA, AG, DA and DD genotypes were evaluated separately.

Statistical analyses were performed using Minitab software (Minitab, LLC., State
College, PA, USA) with a confidence interval of 95%. One-way ANOVA and
Tukey pairwise comparison were used to evaluate the variation in milk quality traits
among all samples and between the groups. Pearson’s correlation was used for
correlation analysis of traits related to as;-CN concentration and curd yield. Two
boxplots were made, one to illustrate the distribution of the relative concentration
of as1-CN and the curd yield, respectively, and one to illustrate the distribution of
relative concentration of as;-CN in milk and curd yield for the different genotypes
of the CSN1S1 gene.
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4. Results

4.1 Relative concentrations of asi-casein in the
investigated goat population

Out of all tested goat milk samples (n = 137) 48% of the samples had a low relative
concentration of asi-CN, while 52% had a medium-high content (Table 2).

Table 2. Categorisation of goat milk samples (n = 137) based on their relative
concentration of asi-casein (asi-CN)

Expression rate ~ Range of the relative Number of Percentage of total
concentration of as;-CN (%) animals animals

Low! 1.09-6.99 66 48

Medium-high? 7.02-16.87 71 52

Milk samples were categorized into two groups: ' low (0-6.9%) and > medium-high (7—
25%) relative concentrations of as;-casein out of the total protein in the milk.

Curd yield within the group low (0-6.9%) and medium-high (7-25%) relative
concentration of asi-CN, respectively, was determined (Figure 1a). The median
curd yield for the low group was 25.8 g/100g which was slightly higher than for the
medium-high group which had a median value of 23.1 g/100g. However, the range
of the curd yield was higher for the medium-high as;-CN group (6.15-55.33
g/100g) than for the low group (11.4-38.15 g/100g). The relative concentration of
as1-CN ranged between 1.09%-6.99% for the low group and 7.02%-16.87% for the
medium-high group (Figure 1b).
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Figure 1. Boxplot showing the range of curd yield (A) and relative concentration of as;-
casein (B) for the two groups: low (0—6.9%) and medium-high (7-25%). The middle line
represents the median and the lower and upper extents of the boxes indicate the 25" and
75™ percentiles of the distribution, respectively. The whiskers show the minimum and
maximum values. Asterisks (*) indicates values identified as outliers.

4.2 Relation between CSN1S1 genotype and
expression of as1-casein

The number and percentage of each genotype out of the total number of goats that
were genotyped for the CSNISI gene (n = 78) were determined (Table 3). Of the
whole studied goat population (n = 137), 59 goats (43%) were not genotyped and
of the tested animals, six different variations were discovered in the following
study: AA (24%), AG (9%), DA (31%), DD (19%), DG (15%) and GG (1%). Of
all goats, 65% carried at least one D allele (DA/DD/DG) and 64% carried at least
one A allele (AA/AG/DA).

The distribution of the different CSN1S1 genotypes in the groups low (0-6.9%) and
medium-high (7-25%) relative concentration of as;-CN, were determined (Table
4). Among goats carrying at least one A allele (AA/AG/DA), six (12%) were in the
low group while 44 (88%) were in the medium-high group. Of goats with at least
one D allele (DA/DD/DG), 30 (59%) were in the low group and 21 (41%) were in
the medium-high group. Only one goat was homozygote for the G allele, and it was
in the low group.
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Table 3. Distribution of the CSN1S1 genotype in the investigated Swedish Landrace
goats (n = 78)!

Genotype
AA AG DA DD DG GG
Number (n) 19 7 24 15 12 1
Percentage (%) 24 9 31 19 15 1

"Number of individuals (n) with each genotype and percentage (%) of each genotype in
the total population.

Table 4. Relationship between genotype at the CSNISI gene and relative
concentration of asi-casein (as1-CN) (n = 78)!

Genotype
Expression rate AG DA DD DG GG
Low (n) 0 1 5 14 11 1
Medium-high (n) 19 6 19 1 1 0

"Number of individuals (n) from each genotype categorized into the two groups: low (0—
6.9%) and medium-high (7-25%) relative concentrations of as;-casein.

The range of curd yield and relative concentration of asi-CN, respectively, was
determined for the different genotypes (Figure 2). The range of curd yield was
14.50-36.58 g/100g for the AA, 6.15-42.40 g/100g for the AG, and 11.40-35.32
g/100g for the DA genotype, respectively (Figure 2a). For genotypes with only D
and G alleles, the range was 13.60-50.15 g/100g for the DD and 12.18-33.23 g/100g
for the DG genotype, respectively. The DD and AG genotypes showed the highest
median value for curd yield, 28.15 g/100g and 27.63 g/100g, respectively. The
lowest median value was shown for the AA (21.57 g/100g) and the DA (22.75
g/100g) genotypes. The DG genotype had a median value of 25.18 g/100g. There
was only one goat with the GG allele and the curd yield was 26.98 g/100g for this
genotype. Genotypes with at least one A allele showed higher ranges of relative
concentrations of as;-CN: 7.71-16.87% for AA, 6.91-8.38% for AG and 6.48-
10.96% for the DA genotype, compared to goats with genotype DD (1.46-5.05%),
DG (2.58-7.12%) and GG (4.15%) (Figure 2b).

24



&
40 c 14
% -
o
L 121
= - "
S g
= T w -
o =
— — 8
=2 = -
= o
£ = 8
E, @
S m ]
~ g
(=] B
w
2
E 4 s
10 o %
o 1] 1] 1] 1] 1] | 0y 1] ] 1] ] |
s a5 DA oo DG 66 an 4 D4 DD DG 66
Genotype Genotype

Figure 2. Boxplot showing the range of curd yield (A) and relative concentration of os;-
casein (B) in milk for the different genotypes (AA, AG, DA, DD, DG and GQG) of the
CSN1S1 gene. The middle line represents median values, and the lower and upper extents
of the boxes indicate the 25" and 75" percentiles of the distribution, respectively. The
whiskers show the minimum and maximum values. Asterisks symbols (¥) indicate values
identified as outliers.

Milk from the AA genotype clearly had the highest median value of asi;-CN
(11.94%) among all genotypes. The median value for the AG genotype was slightly
higher (8.14%), compared to the DA genotype (7.85%). The DG genotype showed
higher median values of asi-CN (5.52%) compared to goats with genotype DD
(3.32%) and GG (4.15%)).

4.3 Differences in milk protein profile and average curd
yield in relation to the relative concentration of as1-
casein

The relative concentration of as;-CN in milk from the low group was on average
4.87% of total proteins, compared to the medium-high group which had an average
0f9.62% (p < 0.001) (Table 5). Comparing the curd yield between the groups, the
medium-high group only had 1% higher curd yield than the low group and the
results were non-significant (p = 0.853). The low group showed higher contents of
both B-CN- and k-CN content, 13% and 21% respectively (p = 0.001, p = 0.001).
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Overall, the percentage of total casein was 5% higher for the low group than for the
medium-high group (p < 0.001). Comparing the relative concentration of whey
proteins between the groups, the low group contained a 14% higher amount of o-
La compared to the medium-high group (p = 0.044).

The amounts of protein in the whey fraction after curd separation differed (p =
0.007), with 15% more protein in the whey for the medium-high group compared
to the low group. No other investigated parameters differed significantly between
the two groups.

Table 5. Comparison of relative protein composition and average curd yield of milk
samples from goats (n = 137) based on their relative concentration of asi-casein
(asi-CN)!

Milk quality traits Mean Range Low Ccv Medium-high Ccv
low Medium-
(%) high (%)
TWP (% of total protein) 9.42+£3.47 3.13-23.71 9.90+429 43.33 8.98£2.42 26.95
a-La (%) 2.29+0.92 0.49 - 6.00 245+ 1.04* 4245 2.14+0.76°* 3551
B-Lg (%) 6.39+£2.75 0.45-17.09 6.67+3.37 50.52 6.14 +2.02 32.90
CN (% of total protein) 7993 +£4.66 67.05-91.59 81.77+£4.92*  6.02 78.21 £3.67° 4.69
asi-CN (%) 7.33+£3.15 1.09 - 16.87 4.87 +1.59* 32.65 9.62+2.42*  25.16
as2-CN (%) 7.12+£3.11 2.02-24.17 6.79+2.08 30.63 7.42 £3.82 51.48
B-CN (%) 5412+ 643  40.83-17.09 57.65+5.86* 10.16 50.84 £ 5.06° 9.95
K-CN (%) 11.36 + 3.67 3.56-24.28 12.47 +4.25* 34.08 10.33£2.67°  25.85
Casein®* (%) 1.84+0.55 0.30-2.88 1.77+£0.49 27.68 1.90 = 0.60 31.58
Casein ratio®* (g/100g) 61.69+11.87 16.76-79.29  6232+11.79 1892 61.10+11.99 19.62
Protein in whey fraction (%) 1.1+£0.34 0.58 -3.67 1.02+0.23> 22.55 1.17+0.40°  34.19
Curd yield (g/100g) 25.24+7.79 6.15-55.33 25.11+£6.30 25.09 25.36 +9.00 35.49

a-LA = a-lactalbumin; B-Lg = B-lactoglobulin; CN = casein; CV = coefficient of variation;
TWP = total whey protein.

'Data are presented as mean values + SD.

Milk samples were categorized into two groups: low (0—6.9%) and medium-high (7-25%)
relative concentrations of as;-casein. Differences between groups were evaluated by one-
way ANOVA and Tukey test. *® values within rows with different letters are significantly

different at p < 0.05.

’Casein = protein in whey fraction subtracted from total protein in milk.

3Casein ratio = amount of casein in milk divided by the total amount of protein in milk.

‘n=136
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4.4 Differences in milk protein profile and average curd
yield in relation to the genotype at the CSN1S1
gene

Differences in relative protein composition and average curd yield between the
CSNISI genotypes AA, AG, DA, DD and DG/GG were determined (Table 6).
Comparing the curd yield between the genotypes, the results were not significantly
different (p = 0.178). However, the result showed significant differences between
the genotypes regarding the relative content of caseins. Milk from DD and DG/GG
goats had the lowest relative amount of as;-CN. Comparing the milk of DD goats
to the AA, AG and DA goats, the relative concentration of asi-CN in the DD milk
was 69%, 55% and 54% lower, respectively (p < 0.001). For the DG/GG milk, the
relative concentration of as;-CN was 57%, 37% and 35% lower than milk from the
AA, AG and DA goats (p < 0.001). The total casein content was 6% lower in AA
milk compared to both the DD and DG/GG milk (p = 0.001). The relative
concentration of as2-CN in the DA milk was 47% higher than AA milk (p = 0.020).
The relative concentration of B-CN was 11% and 12% higher for milk from the DD
and DG/GG goats compared to the AA milk (p = 0.006). The relative content of k-
CN was 73%, 37%, 65% and 26% higher in milk from the DD goats compared to
AA, AG, DA and DG/GG milk (p < 0.001). For DG/GG milk, the relative content
of k-CN was 38% and 31% higher, respectively, than in AA and DA milk (p <
0.001). In addition, there were significant differences between the genotypes
regarding the relative content of whey proteins. Milk from AA goats had the lowest
amount of whey proteins, 28% lower than the DD milk (p = 0.050). The relative
concentration of a-La was 34% lower for AA milk compared to DG/GG milk (p =
0.016). The amount of protein in the whey fraction after curd separation also
differed significantly. The AG milk had 57% higher amount of proteins in the whey
fraction compared to the DG/GG milk (p = 0.040).
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Table 6. Comparison of the relative protein composition and the average curd yield
of milk samples from goats (n = 78) based on their genotype at the CSN1S/ gene!

Genotype
Milk quality traits AA AG DA DD DG/GG
TWP (% of total protein) 8.24 +2.89° 9.08 + 1.15%® 8.73+£2.63  11.49+3.59° 9.67 + 4.63®
a-La (%) 1.72+0.57° 1.90 + 0.44% 1.94 £ 0.68% 2.29+0.88% 2.62+1.072
B-Lg (%) 5.87+2.37 6.38+£1.31 6.13+2.44 8.37+2.83 6.29+3.52
CN (% of total protein) 77.43 +£3.43° 77.79 + 3.68% 78.82+3.78%  82.63+4.73*  82.52+5.84°
asi-CN (%) 11.99 +2.30* 8.19+0.95° 8.01+1.77° 3.69 £ 1.74¢ 5.17 £1.34¢
as2-CN (%) 4.98 +2.56° 7.73 £ 2.40%® 7.31+3.38" 5.78 £ 1.97%® 7.27 £ 1.54%®
B-CN (%) 50.91 + 5.60° 49.81 £ 4.37% 53.47+533%  56.61 £6.40° 56.94 + 6.63%
K-CN (%) 9.55+1.84¢ 12.05 +3.23% 10.04 £ 1.70° 16.56 +3.69*  13.14+3.91°
Casein®* (%) 1.96 +0.70 2.16+£0.19 1.70 £ 0.71 1.83+0.34 1.81+0.40
Casein ratio®*(g/100g) 62.28 + 13.64 65.85+4.20 56.93 £16.10 59.84 + 6.58 65.41 £6.85
Protein in whey fraction (%) 1.11+£0.31% 1.48+0.97 1.15+0.25%® 1.22 +0.24%® 0.94+0.18°
Curd yield (g/100g) 24.50 + 7.44 24.54 £11.72 22.29+6.03 28.74 +9.36 2421 +6.32

a-LA = a-lactalbumin; B-Lg = B-lactoglobulin; CN = casein; TWP = total whey protein.

'Data are presented as mean values + SD.

Because only one goat carried two G alleles, the DG and GG genotypes were combined
into one group (DG/GG). Differences between groups were evaluated by one-way ANOVA
and Tukey test. “>¢ values within rows with different letters are significantly different at p
<0.05.

’Casein = protein in whey fraction subtracted from total protein in milk.
3Casein ratio = amount of casein in milk divided by the total amount of protein in milk.
‘n=77
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4.5 Differences in milk gross composition in relation to
the relative concentration of as+-casein

Significant differences in milk gross composition were observed between the
groups low and medium-high levels of as;-CN (Table 7). Samples with medium-
high relative concentration of as;-CN were 6% higher in total solids (p = 0.001),
8% higher in total proteins (p = 0.006) and 13 % higher in total fat (p = 0.007) than
samples within the low group. In addition to the differences in fat content, the fat
composition differed significantly between the two groups. Milk with a medium-
high concentration of as;-CN was 12% higher in SFA (p = 0.013), 11% higher in
UFA (p =0.025), 29% higher in MUFA (p =0.001) as well as 24% higher in C18:1
cis-9 (p = 0.001) than samples low in as;-CN. Overall, samples in the medium-high
group were 6% higher in total solids in the milk (p =0.001). The SCC in milk from
the low group was 90% higher than that of the medium-high group (p = 0.038).
Overall, in the sample set analysed in this study, the SCC varied a lot among
samples, which was shown by high coefficient of variation (CV%) for the two
groups (Table 6). Also, a large part of the samples could not be analysed for SCC:
21% of samples in the low group and 44% of samples in the medium-high group.
Other parameters presented in the table did not significantly differ between the

groups.
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Table 7. Comparison of gross composition of milk samples from goats (n = 137)

based on their relative concentration of asi-casein (as;-CN)!

Milk quality traits Mean Range Low CvV Medium-high CvV
Low Medium-
(%) high (%)
Total solids (g/100g)  11.53+1.22 7.55-14.87 11.18+1.11° 993 11.85+1.24* 10.46
Total protein (g/100g)  2.92 +0.56 1.42 -4.46 2.79+047°  16.85 3.04 + 0.60° 19.74
Total fat (g/100g) 3.63+0.94 1.13-8.59 3.41+0.83° 2434 3.84 £0.99° 25.78
SFA (g/100g) 2.52+£0.67 1.23-6.03 237+0.61° 2574 2.66+0.712 26.69
UFA? (g/100g) 097+0.26  0.33-2.10 0.92+0.20° 21.74 1.02 +0.29° 28.43
MUFA* (g/100g) 0.64+0.22  0.03-1.58 0.57+0.20°  35.09 0.70 £ 0.23? 32.86
PUFA (g/100g) 0.16+£0.07  0.04-0.50 0.15+0.07  46.67 0.17+£0.07 41.18
C14:0 (g/100g) 0.54+0.17 0.24-1.11 0.51+0.18 35.29 0.56 +0.17 30.36
C16:0 (g/100g) 1.04+0.29 0.46-2.39 099+0.27 27.27 1.08 £0.30 27.78
C18:0° (g/100g) 0.39+0.14  0.01-1.20 0.38+0.10  26.32 0.40+0.16 40.00
C18:1 cis-9° (g/100g) 0.52+£0.17  0.15-1.04 0.46+0.13° 2826 0.57+0.18° 31.58
Density (g/ml) 1.03 £ 0.002 1.02-1.03 1.03 £ 0.00 0.19 1.03+£0.00 0.19
Lactose (g/100g) 422 +0.23 3.47-4.76 4.23+0.22 5.20 422+0.24 5.69
SCC7 (x10%cells/mL) 262 + 360 9-1779 330+ 386* 11691 174 £305°  175.82
pH? 647+0.55 4.25-6.92 6.47+£0.55 8.50 6.47 £ 0.55 8.50

SFA = saturated fatty acids; UFA = unsaturated fatty acids; MUFA = monounsaturated
fatty acids; PUFA = polyunsaturated fatty acids; C14:0 = myristic acid; C16:0 = palmitic
acid; C18:0 = stearic acid; C18:1 cis-9 = oleic acid; SCC = somatic cell count; CV =
coefficient of variation.
'Data are presented as mean values + SD.

Milk samples were categorized into two groups: low (0—6.9%) and medium-high (7-25%)
relative concentrations of as;-casein. Differences between groups were evaluated by one-

way ANOVA and Tukey test. ** values within rows with different letters are significantly
different at p < 0.05.
n=136,*n=132,°n=131,°n=128, 'n=92
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4.6 Differences in milk gross composition in relation to
the genotype at the CSN71S17 gene

Significant differences in milk gross composition were observed between the
different CSN1S1 genotypes (Table 8). Comparing the AA genotype to the DA and
DG/GG genotype, the total solid content was 10% and 15% higher, respectively,
for the AA genotype (p = 0.002). The total fat content was 26% and 37% higher, in
milk from AA goats compared to milk from DA and DG/GG goats (p = 0.003).
Comparing the fat composition, the SFA content of milk from AA goats was 39%
higher than milk from goats with the DG/GG genotypes (p = 0.009). The UFA
content was 33%, 24% and 30% higher for AA milk compared to DA, DD and
DG/GG milk (p = 0.002). The MUFA content was 50% and 40% higher for AA
milk compared to DA and DD milk (p = 0.001). Looking at individual fatty acids,
the content of C16:0 was 37% higher for milk from AA goats compared to milk
from DG/GG goats (p = 0.020). The content of C18:0 was 38% and 52% higher in
the milk from AA goats compared to milk from the DA and DD goats (p = 0.020).
Milk from AA goats was also 43% higher in C18:1 cis-9 than the milk from the
AG, DA and DG/GG goats, and 49% higher than milk from the DD goats (p <
0.001). SCC did not differ significantly between the genotypes (p = 0.055).
However, a large part of the milk samples could not be tested for SCC: 58% in AA,
83% in AG, 46% in AD, 33% in DD and 29% in the DG/GG goats. The other
parameters: total protein, PUFA, C14:0, density and pH did not significantly differ
between the genotypes.
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Table 8. Comparison of gross composition of milk samples from goats (n = 78)

based on their genotype at the CSN1S! gene!

Genotype

Milk quality traits AA AG DA DD DG/GG

Total solids (g/100g) 12.50 + 1.05* 11.78 £ 0.99%®  11.39+1.29° 11.88 +£0.98% 10.89 + 0.95°
Total protein (g/100g) 3.07+0.64 3.33+0.21 2.85+0.70 3.04 £ 0.45 2.75+0.43
Total fat (g/100g) 4.47+£1.26° 3.52+£0.84% 3.55+0.85° 3.72 +£0.52%® 3.26 +0.65°
SFA (g/100g) 3.09 + 0.90° 2.46 + 0.60® 2.52+0.67® 2.63 +0.40% 2.23 +£0.49°
UFA (g/100g) 1.17 £0.31° 0.92 + 0.24%® 0.88 £0.22° 0.94+0.17° 0.90 +0.22°
MUFAZ? (g/100g) 0.81 £0.26 0.58+£0.21% 0.54+0.18" 0.58 £0.14° 0.61+0.17%®
PUFA (g/100g) 0.17 £0.05 0.14 +£0.04 0.17 £0.07 0.15+0.05 0.15+0.07
C14:0 (g/100g) 0.61£0.17 0.50=0.14 0.57+0.20 0.56+£0.11 0.47+0.15
C16:0 (g/100g) 1.26 £ 0.36 1.01 +£0.25% 1.05+£0.31% 1.12 £0.20® 0.92 +0.22°
C18:0% (g/100g) 0.47 £0.23? 0.35+0.08® 0.34+0.11° 0.31 +£0.08° 0.36+0.13®
C18:1 cis-9* (g/100g) 0.67+0.18 0.47£0.17° 0.47 £0.14° 0.45+0.12° 0.47 +0.15°
Density (g/ml) 1.03 £0.00 1.03 £0.00 1.03 £0.00 1.03 £0.00 1.03 £ 0.00
Lactose (g/100g) 4.19+0.29 4.16+£0.23 4.23+£0.25 432+0.18 4.16+0.19
SCC3 (x10%cells/mL) 146 = 105 901 £ 1195 226 +276 637+ 575 362 £ 185
pH 6.58 £0.09 6.64 +0.12 6.31+0.70 6.64 +0.09 6.44 £ 0.63

SFA = saturated fatty acids; UFA = unsaturated fatty acids; MUFA = monounsaturated
fatty acids; PUFA = polyunsaturated fatty acids; C14:0 = myristic acid; C16:0 = palmitic
acid; C18:0 = stearic acid; C18:1 cis-9 = oleic acid; SCC = somatic cell count.
'Data are presented as mean values + SD.
Because only one goat carried two G alleles, the DG and GG genotypes were combined
into one group (DG/GG). Differences between groups were evaluated by one-way ANOVA
and Tukey test. *° values within rows with different letters are significantly different at p <

0.05.

‘n=76,°n=77,n=74,"n=42
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4.7 Correlation between milk quality traits related to
the relative concentration of as¢-casein and curd
yield

The correlation coefficient of different milk quality traits related to the
concentration of as;-CN and curd yield were evaluated with Pearsons’s correlation
(Table 9). The analyses indicated a trend for a negative correlation between the curd
yield and the relative concentration of asi-CN, but the correlation was not
significant (p = 0.543). However, the curd yield was significantly positively related
to total solids (p < 0.001) total fat (p = 0.018), total protein (p < 0.001), casein (p <
0.001), as well as the casein ratio (p =0.007). The concentration of asi-CN depicted
a significant negative correlation with k-CN (p <0.001), B-CN (p < 0.001) and total
CN content (p < 0.001). The concentration of asi-CN was also significantly
positively related with total solids (p = 0.015), total fat (p = 0.040) and total protein
(p=0.018).

Table 9. Pearson’s correlations among milk quality traits related to curd yield and
concentration of asi-casein (as;-CN) (n = 137). R-values and p-values for the
different correlations are indicated; p < 0.05 is considered significant.

Quality trait R-value p-value
Curd yield x as;-CN -0.052 0.543
Curd yield x as;-CN 0.120 0.161
Curd yield x x-CN 0.004 0.963
Curd yield x B-CN -0.126 0.143
Curd yield x Total CN -0.126 0.144
Curd yield x Total solids 0.288 <0.001
Curd yield x Total fat 0.202 0.018
Curd yield x Total protein 0.307 <0.001
Curd yield x Casein'? 0.331 <0.001
Curd yield x Casein ratio>®  0.232 0.007
Curd yield x pH 0.036 0.676
asi-CN x as;-CN 0.120 0.163
asi-CN x k-CN -0.318 <0.001
asi-CN x B-CN -0.621 <0.001
asi-CN x Total CN -0.350 <0.001
as1-CN x Total solids 0.206 0.015
asi-CN x Total fat 0.175 0.040
asi-CN x Total protein 0.202 0.018
asi-CN x Casein!? 0.104 0.226
asi-CN x Casein ratio*? -0.060 0.488
asi-CN x pH -0.005 0.952
CN = casein.

!Casein = protein in whey fraction subtracted from total protein in milk.
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?Casein ratio = amount of casein in milk divided by the total amount of protein in milk.
3.
n=136
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5. Discussion

5.1 Expression of ass-casein and genotypes in the
CSN1S1 gene

The aim of this study was to investigate if the expression of as;-CN in Swedish
dairy goats influences the milk composition and particularly the curd yield. The
results indicated that 48% of the samples contained low relative concentrations of
as1-CN (0-6.9% of total protein), while 52% of the samples contained medium-high
levels (7-25% of total protein) (Table 2). It was a lower percentage of goats
producing low amounts of as;-CN in this study than previously reported by
Johansson et al. (2014, 2023). The authors observed an increase from 65% to 75%
of investigated goats with low levels as1-CN over a time period of 10 years.

Of the goats genotyped for the CSNIS! gene in this study, 65% carried at least one
D allele (DA/DD/DG) and 64% carried at least one A allele (AA/AG/DA) (Table
3). The number of goats carrying the A allele was considerably higher in this study
compared to the study by Johansson et al. (2023), where only 15% of the tested
goats carried at least one A allele and most of the goats, 59%, carried the DD
genotype. In this study, only 19% of the goats carried the DD genotype while 24%
carried the AA genotype. The reduced frequency of goats with a low content of as:-
CN can be associated with targeted work of the Swedish goat farmers and The
Swedish Goat Breeding Association. These parties are now a days jointly working
with breeding strategies against the mutation at the CSNISI gene (Svenska
Getavelsforbundet 2021). This may be an indication that the work is going in the
right direction in the Swedish goat population.

The results of this study also showed that the range of relative concentration of as:-
CN in the milk samples differed between the CSN1S1 genotypes (Table 4; Figure
2b). The A allele is classified as a strong allele leading to high expression of asi-
CN, while G is a weak allele and D is a null allele, leading to low or zero expression
of as1-CN (Dagnachew et al. 2011; Devold et al. 2010). In this study, genotypes
with at least one A allele clearly had higher levels of as;-CN than goats with only
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D or G alleles. This is in agreement with the results by Johansson et al. (2023) who
reported that milk from goats carrying the A alleles had higher relative
concentrations of as;-CN than DD and DG goats. While only one of the goats had
the GG genotype in this study, it is not possible is to draw conclusions about the
effect of the genotype asi-CN levels in the milk.

5.2 Relation between relative concentration of as1-
casein and curd yield

No significant association between the relative concentration of as;-CN and curd
yield was found in this study (Table 5). According to the boxplot (Figure 1a), the
median curd yield was slightly higher for the low group (25.8 g/100g) compared to
the medium-high group (23.1 g/100g). On the other hand, the numerical value for
mean curd yield was slightly lower for the low group (25.11 g/100g) compared to
the medium-high group (25.36 g/100g) (Table 5). The high CV for curd yield of
both the low- (25.09%) and medium-high group (35.49%) shows that there were
large variations in the data sets which may explain the similarity in curd yield.
Likewise, there was no difference in average curd yield between the CSNISI
genotypes. Comparing numerical values of curd yield for DD and AA genotypes,
milk from DD goats had the highest numerical mean (28.74g/100g) and median
values (28.15 g/100g). Milk from goats with the AA genotype had mean and median
values of 24.50g/100g and 21.57 g/100g, respectively (Table 6, Figure 2a). These
results were surprising since previous studies have shown that milk from goats with
“strong” alleles have favourable properties in cheese production (Clark & Sherbon
2000; Ambrosoli et al. 1988; Devold et al. 2010). Pirisi et al. (1994) and Frattini et
al. (2014) investigated the cheesemaking properties of milk from Saanen and
Alpine goat breeds. They observed that milk with high levels of asi-CN resulted in
higher cheese yield than milk with low levels of asi-CN. On the other hand,
Caravaca et al. (2011) found no differences in cheese yield between Murciano-
Granadina goats carrying strong (BB), intermediate (EE) or weak (EF) genotypes.

Curd yield was significantly positively correlated with total solids, protein, fat,
casein and casein ratio, but not with the relative concentration of asi-CN, according
to the results from Pearsons’s correlation (Table 9). Higher content of fat and
protein, and casein in particular, has previously been shown to improve
cheesemaking properties such as leading to increased curd yield (Pazzola et al.
2019; Devold et al. 2010; Clark & Sherbon 2000; Johansson et al. 2015).

The similarity in the curd yield between the two groups in this study, low and
medium-high as;-CN, may be explained by the fact that the milk samples in the
low group showed higher contents of other caseins apart from asi;-CN. Goats in the
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low group had significantly higher relative concentrations of B-CN and x-CN than
the medium-high group (Table 5). Also, milk from goats carrying only D and G
alleles had higher relative concentrations of f-CN and k-CN than goats carrying A
alleles (Table 6). The higher k-CN content of the low group may have resulted in
an increase in curd yield for this group, since higher k-CN content has been
associated with firmer gels due to the stronger bridging between proteins and
calcium (Panthi et al. 2017). Balia et al. (2013) found that Sarda goats producing
lower asi-CN levels had higher concentrations of as>-CN, B-CN and «-CN. This
may indicate that a reduced asi-CN synthesis is compensated by higher synthesis
of other caseins (Devold et al. 2010; Balia et al. 2013). This is further indicated by
the correlation analysis (Table 9) where the amount of as;-CN was found to be
negatively related to k-CN, B-CN and total CN. This suggests the possibility that
other caseins are compensating for the low asi-CN content which resulted in almost
similar curd yield within these two groups. However, as further illustrated in the
correlation analysis, curd yield was not significantly correlated with the k-CN or -
CN content of the milk.

The relative concentration of proteins in the whey fraction significantly differed
between the groups and genotypes. The main proteins in the whey fraction are o-
La, B-LG, and Glycomacropeptide (GMP) which arise from the cleavage of k-CN
by chymosin in rennet (Pazzola 2019). The group with low relative as;-CN
concentration had lower amounts of protein in the whey fraction, even if a-La was
significantly higher and B-Lg was numerically higher for this group (Table 5). a-La
plays an important role in lactose biosynthesis and in turn effects the milk yield
(Yang et al. 2020). The increased levels of a-La in the milk from goats in the low
group may therefore be a result of higher milk production by these goats. However,
as no information was available regarding the milk yield of the individual goats it
makes it difficult to draw any conclusions regarding this. Numerically, goats
carrying the DG/GG genotypes had the lowest levels of proteins in the whey
fraction, but also the highest amounts of a-La in the milk numerically (Table 6).
The AG genotype had the highest amount of proteins in the whey fraction
numerically, 57% higher compared to the DG/GG genotypes. A low concentration
of as1-CN in milk has been associated with larger casein micelles being formed.
These larger casein micelles contain lower amounts of k-CN compared to smaller
micelles which results in lower levels of GMP being formed and released into the
whey (Panthi et al. 2017). Milk from goats with higher expression of asi-CN had
significantly higher losses of proteins from the curd to the whey, perhaps due to
weaker gels formed which may result in caseins being lost in the whey.

However, a high content of asi;-CN has been associated with increased gel firmness

in recent studies, leadings to higher retention of solids in the curd and lower losses
in the whey (Clark & Sherbon 2000; Johansson et al. 2015). On the other hand,
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Caravaca et al. (2011) reported no significant difference in curd firmness when
using milk from goats with either strong, intermediate or weak expression of asi-
CN. The lower concentration of total caseins for the milk in the medium-high group
may have led to lower curd firmness which may be an explanation for the increased
losses of protein in the whey. Since the curd firmness was not investigated in this
study it is hard to draw any conclusion regarding this.

5.3 Relation between asi-casein, CSN1S7 genotype
and milk gross composition

Milk samples in the medium-high group had higher contents of total solids, protein
and fat compared to the low group (Table 7). The correlation analysis showed that
as1-CN was significantly positively correlated with the total solids, protein and fat
(Table 9). This is in line with previous studies which reported that a higher
concentration of asi-CN is associated with higher total solids, protein and fat
content (Clark & Sherbon 2000; Ambrosoli et al. 1988; Vacca et al. 2014; Devold
et al. 2010). Milk from AA goats had the highest levels of total solids and fat
numerically (Table 8). Numerical values for total protein were highest for the AG
and AA genotypes, and lowest for the DG/GG genotypes. Although not observed
in this study, it has been previously shown that the A allele of the CSNI1S1 gene is
associated with higher amount of total protein in the milk (Clark & Sherbon 2000;
Ambrosoli et al. 1988; Devold et al. 2010). However, some studies have reported
similar results as the ones in this study. On investigating different milk quality traits
in Swedish goat population in relation to the expression of asi-CN and CSNIS!
genotype, Johansson et al. (2023) found that the total protein content was
significantly lower in milk from goats with low levels of asi-CN group than in milk
from medium-high level goats. However, in that study, total protein content did not
significantly differ between the CSNISI genotypes (DD, DG and DA/AG/AA)
which is in line with this study. Similar results were reported by Caravaca et al.
(2011) who found that the CSNIS! genotypes did not significantly affect the total
protein content in the milk from Murciano-Granadina goats.

The fat composition also differed between the groups (Table 7), and genotypes
(Table 8). Milk with a medium-high relative concentration of as;-CN was higher in
SFA, UFA, MUFA and C18:1 cis-9 than milk low in as;-CN.

Numerically, milk from goats with the AA genotype had the highest levels of SFA,
UFA and MUFA as well as C16:0, C18:0 and C18:1C9 among all genotypes.

The effect of different genotype for asi-CN synthesis on fatty acid profile in goat
milk has been investigated by Bonanno et al. (2013), who reported that the milk fat
of goats with higher production of as;-CN was richer in SFA which is in line with
the findings in this study. However, they also reported that UFA, MUFA and C18:1
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cis-9 was lower for goats with higher production of as;-CN which was not shown
here. Ultimately, they concluded that the different genotypes for as;-CN synthesis
have a weak effect on the milk fatty acid profile and that feed had the largest
influence on fat composition. As the effect of diet was not in the scope of this study,
it makes it difficult to draw conclusions about this matter.

SCC differed significantly between the low and medium-high group (Table 7). The
total range was 9 000 - 1 779.000 cells/ml. The mean SCC of the low group was
approximately 330 000 cells/ml and 170 000 cells/ml for the medium-high group
which show that the low group on average had 90% higher SCC. However, 31% of
the samples were unable to be tested for SCC due to technical problems in the
laboratory. Moreover, the high CV of both the low group (116.91%) and medium-
high group (175.82%) shows that there was a large variation between samples
within the groups. Estimation of the SCC is widely used for milk quality
assessment. The normal level of SCC in goats free from bacterial udder infections,
is approximately 300 000 cells/ml which is more than three times as much as cows
normally have (Silanikove et al. 2010). In the case of cow health, elevated SCC is
highly associated with mastitis, however, it is not always the case for goats (Clark
& Garcia 2017). It was shown by Chen et al. (2010) that the composition of goat
milk as well as cheese yield were not affected when SCC varied between 214 000
and 1 450 000 cells/ml. Hence it is hard to conclude whether SCC had any effect
on curd yield in this study.

5.4 Control samples

Protein profile and curd yield was measured for the control samples (Appendix 1,
Table 10). The low CVs for the parameters indicates low variations in the sample
group and suggests that the method had high reproducibility.
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6. Conclusion

The CE analysis method used in this survey was able to separate caseins and whey
proteins which allowed for quantification of asi;-CN relative to the other proteins in
the goat milk samples. It was shown that nearby half of the investigated samples,
48%, contained a low relative concentration of as;-CN while 52% of the samples
contained medium-high amounts. Six different genotypes of the CSN1SI gene were
identified in the tested goat population, where 65% carried at least one D allele
(DA/DD/DG) and 64% carried at least one A allele (AA/AG/DA). Only one goat
(1%) carried the GG genotype. The percentage of goats producing low amounts of
asi-CN in this study was lower compared to earlier studies investigating the
Swedish goat population. This may be an indication that breeding strategies against
the mutation at the CSN1S1 gene is going in the right direction.

Significant differences in fat composition were also discovered between the groups
and genotypes. Since fat composition of milk is influenced by factors such as
feeding and stage of lactation, which were not included in this study, it was difficult
to draw conclusions regarding these results. Moreover, there were significant
differences SCC between the groups but not between genotypes. However, large
variation within the groups were noticed and large part of the samples were not able
to be tested. There were significant differences between groups in protein content
of the whey fraction which may be related to the firmness of the gels and losses of
protein from the curd. Nevertheless, certain conclusions cannot be drawn since curd
firmness was not included in this study. Thus, one suggestion for further studies, is
to include additional parameters on curd firmness.

The hypothesis of this study was that the amount of asi-CN in the milk will
influence the curd yield. The curd yield did not significantly differ between neither
groups nor genotypes and thus it was not possible to confirm the hypothesis. It was
suggested that the similarity in curd yield between the groups was due to a high
variation in as;-CN concentration within the groups. Another suggestion was that
the higher relative concentrations of B-CN and «-CN of the low group was
compensating for the low as;-CN which may contribute to higher curd yield.
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Goat milk in the medium-high group had higher content of total solids, protein and
fat which was found to significantly correlate with curd yield rather than the amount
of as;-CN. Numerically, milk from goats with the AA genotype had the highest
levels of total solids and fat, and numerical values for total protein were highest for
the AG and AA genotypes.

In conclusion, total solids, protein, fat and casein content was found to be more

related to the curd yield than the amount of as;-CN and might therefore to be a
better predictor of cheese yield.
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Popular science summary

The demand for locally produced food is increasing among Swedish consumers and
one of these types of products is locally produced goat cheese. The most used goat
breed for milk and cheese production in Sweden is the Swedish Landrace goat
which is one of the highest yielding goat breeds in the world. The goat sector is still
small in Sweden, but it is steadily increasing as the demand for products from goats
is growing.

The composition of milk is crucial for successful production of dairy products such
as cheese. Particularly a high protein and fat content of the milk is important as it
leads to higher cheese yield. The milk composition is affected by factors such as
feeding, health status of the animal, environmental conditions and genetics. In the
same way as in cow’s milk, casein and whey proteins are the major proteins in goat
milk. One of the caseins, i.e., asi-casein, has been the topic of several studies over
the years, investigating how it affects milk quality and cheese production. It has
been reported that high levels of asi-casein is related to a higher content of protein,
fat and calcium in milk, components which are all very important factors in good
cheese quality and high cheese yield. asi-casein is encoded by a gene called
CSNIS1 appearing in different variants, so-called genotypes. The different
genotypes give rise to different expressions of asi-casein which will affect the
levels of this protein in the milk. Some of these gene variants cause high expression
of asi-casein which leads to high levels of this protein in the milk, while other
variants give rise to medium, low or even zero levels.

The Swedish Landrace goat is closely related to the Norwegian Landrace goat since
many Norwegian goats have been imported to Sweden. It has been found that a
large percentage of Norwegian goats have a mutation in the asi-casein producing
gene that cause extremely low or even zero levels of this protein. Since Swedish
and Norwegian goats are closely related, this defect has also been observed in the
Swedish goat population.

In this study, goat milk samples were grouped into a low group and a medium-high

group, according to their concentration of asi-casein, and according to the gene
variant observed, to investigate how the levels of asi-casein affected the milk and
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curd yield. The results showed that 48% of the milk samples contained low levels
of asi-casein while 52% had a medium-high content of this protein. Six different
gene variants were found in the tested goats. 19% of the goats had the gene variant
which is responsible for low production of asi-casein on both chromosomes, while
24% had the gene variant which is responsible for the high production on both
chromosomes. In comparison with earlier studies conducted on the Swedish goat
population, the results of this study showed a higher number of goats producing
medium-high levels of asi-casein. When comparing the results for curd yield, there
were no significant differences between the low and medium-high groups.
Moreover, it was almost no difference in curd yield between the different gene
variants. Interestingly, we observed that when asi-casein content was low, two
other types of caseins and the total amount of caseins were higher, which may
suggest that other types of caseins compensate for low asi-casein levels.

The amount of total protein and fat was higher in milk from goats with medium-
high levels of asi-casein compared to the group with low levels of asi-casein.
Higher levels of total solids and fat were also found in milk from goats with the
gene variant that is associated with the highest level of asi-casein, but the total
protein content was not significantly different between the gene variants. The fat
composition also differed between the asi.groups and gene variants. Fat
composition of milk is highly affected by factors such as feeding and stage of
lactation. However, as these factors were not included in this study it was difficult
to draw any conclusions about these results.

It was found that the whey fraction from the group with medium-high levels of as:-
casein contained higher amounts of proteins. This may suggest that the curds from
this group had a weaker structure so that more proteins were lost in the whey and
the curd yield decreased. In conclusion, it was found that curd yield was more
associated with the total amount of total solids, protein, fat and casein rather than
the concentration of asi-casein. This may therefore be a better predictor of cheese
yield.
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Appendix 1

Table 10. Protein profile and average curd yield of control milk samples (n =5).

Milk quality traits Mean + SD CV (%)
TWP (% of total protein) 9.40+0.14 1.44
a-La (%) 1.35+£0.05 3.77
B-Lg (%) 6.08 +0.24 3.92
CN (% of total protein) 84.80+ 0.91 1.08
asi-CN (%) 22.98 +£0.22 0.94
as2-CN (%) 443 +£0.45 10.06
B-CN (%) 43.43+0.72 1.65
K-CN (%) 13.96 £ 0.34 2.42
Curd yield (g/100g)! 61.69 +1.07 1.74

a-LA = a-lactalbumin; B-Lg = B-lactoglobulin; CN = casein; CV = coefficient of variation;
TWP = total whey protein.
'n=3
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