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1. ABSTRACT 

This study aimed to investigate if the number of lactations or breed, affects milk quality 

parameters, i.e. protein profile, gross composition, pH, somatic cell count, and processability, 

i.e. rennet coagulation time (RCT), gel firmness, and curd yield for the two major breeds of 

Swedish dairy cows. In this study, 116 milk samples from Swedish Red and White (SRB) and 

Swedish Holstein (SLB) cows were collected in herds participating in an ongoing research 

project. Fresh milk samples of the individual animals were pooled separately for young and old 

cows. pooled milk samples (PM) were used in each analysis. The protein composition of milk 

samples was investigated by capillary electrophoresis, to evaluate the variation in protein 

profile from different lactation numbers and breeds. In milk from SRB cows, the content of  

βA1-caseins was significantly higher than in milk from SLB cows, whereas SLB milk had a 

significantly higher content of βA2-caseins. Additionally, milk from SRB cows had a 

numerically higher content of fat and total solids, and higher relative concentrations of SFA, 

UFA, MUFA, PUFA, C14:0, C16:0, C18:0, and C18:1C9, compared to milk from SLB cows. 

Milk from older SLB cows had a higher gel firmness and shorter rennet coagulation time 

compared to milk from young cows, however, opposite results were observed within milk from 

SRB cows. There was no significant difference in ethanol stability, and SCS between young 

and old cows, but SLB had significantly higher ethanol stability compared to SRB. Several 

statistically significant correlations were found in old cows within the data, including SCS and 

C18:0 (0.688, P<0.05); rennet coagulation time (RCT) and gel firmness (-0,967, P<0.001); 

whey and protein (0.761, P<0.05); RCT and βA1-CN; (-0.815, P<0.01); RCT and βA2-CN 

(0.829, P<0.01). Overall, there were few variations in milk composition and processibility 

between young and old cows. These results demonstrate that older cows could be retained in 

dairy production but more extensive studies are needed in order to support the results. 

Keywords: milk quality, lactation number, gel firmness, rennet coagulation time, Swedish 

Holstein, Swedish Red. 
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Abbreviations 

SRB         Swedish Red  

SLB         Swedish Holstein 

SCC         Somatic cell count 

SCS         Somatic cell score 

PM           Pooled milk samples 

G20                Gel firmness after 20 min 

RCT         Rennet coagulation time 

CE           Capillary Electrophoreses 

FA           Fatty acid 

κ-CN       κappa-casein 

βA1-CN  beta A1-casein 

βA2-CN beta A2-casein 

αS1-CN alfa S1-casein 

αS2-CN alfa S2-casein 

β-LG  beta-lactoglobulin 

βB-CN beta-casein B 
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2. INTRODUCTION 

Sustainability is a key topic in modern day dairy farming. In recent years, dairy farming is 

integrated with major sustainability challenges emerging from the growing public interest in 

animal welfare and health, and the impact on the environment. Modern dairy farming leads to 

various problems including emission of greenhouse gases, resource depletion, and pollution of 

watercourses, simultaneously production costs are increasing but profit from milk production 

is very low, Therefore Impact of these problems has given special attention to sustainable dairy 

production over the past few years (Segerkvist et al., 2020). The dairy sector is an important 

sector in agriculture in Sweden and it contributes to sustainable food production. The recent 

development of the dairy industry reflects more economic, social, and environmental aspects. 

In addition, it also considers ethical aspects like animal health and welfare. (Gunnarsson et al., 

2009). Recent trends in sustainable dairy farming in Sweden focus more on sustainability goals 

to achieve more profit enhance productivity, resource efficiency and climate benefits. One of 

the most important goals is to increase resource efficiency and focus more on animal health, 

welfare and waste management. (Diary-Sweden-Sustainability-Goal, 2019). 

Dairy cattle represent an important part of livestock production. Cow longevity is an important 

factor in dairy farming. Increasing longevity by reducing culling and keeping older cows more 

lactation is key to improving farm profit and animal welfare. Dairy producers cull cows because 

of fertility problems, mastitis, and locomotive disorders (Van Knegsel et al., 2014). Culling is 

the process of removing an animal from the herd due to death, damage, trade, or slaughtering. 

Culled dairy cows are replaced by more profitable cows but replacement cost is one of the most 

expensive costs in dairy farming. The high cost is due to feeding, medical treatments and health. 

(Fetrow et al., 2006). The cost of replacement and rearing of heifers has been estimated to be 

around 20% of the total operating cost (Grohn et al., 2003). Replacement cost can be reduced 

by increasing the longevity by keeping older cows more lactation. Economic benefits that can 

be generated from replacement of a heifer may exceed keeping an older cow in a herd (TW & 

JW, 1998). Keeping older cows in the herd may provide advantages in the long-term run. In 

typical weather conditions, older cows typically make more milk than their younger herd mates 

(Lin et al., 1974). Older animals feed intake is high compared to younger animals, they do not 

use nutrients for growth. Both of these factors increase their milk production potential when 

compared to their younger herd mate. The high cost of rearing calves forces many dairy farmers 

to keep their animals for longer lactation.  
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The natural life expectancy of dairy cattle is approximately 15-20 years but in the commercial 

system lifespan often shorter than the natural life expectancy which is around 5- 6 years. In 

Sweden, dairy cows have 2.5 lactation cycles during their 5 years of life expectancy. Increased 

longevity is associated with many benefits that include reducing the climate impact caused by 

milk production, reducing involuntary culling and increasing the profitability of the farm. When 

increasing the longevity and reducing involuntary culling there will be fewer substitutions of 

heifers that produce no milk. De Vries & Marcondes 2020 stated that a herd with cows that 

have given birth more than once excretes less phosphorus and emits less methane per unit of 

milk and meat compared to a herd with a high number of heifers. Therefore, the present study 

was carried out to examine whether keeping older animals longer will have a significant benefit. 

 

2.1. Dairy Cattle Farming in Sweden 

Livestock production is an important part of Swedish agriculture. Dairy farming is the largest 

sector in economic standings accountable for 20 % of the value of Swedish agricultural 

production (Kuylenstierna et al., 2019). In 2019, there were 305 600 dairy cows and 3253 

animal holdings. The yield of Swedish dairy cows is one of the highest in the EU, the average 

production is 10 232 kg of milk per year. The average fat percentage is 4.25 and the average 

protein percentage is 3.57 (Cattle statistics, 2021).   

Sweden's dairy industry (farming and dairy production) is concentrated in the southern regions 

of Sweden. Together, these regions account for 73% of the milk production, with Halland and 

Gotland being the most important regions. The Swedish “milk belt” is situated in Southern 

Sweden where nearly 70% of all Swedish milk is produced on only 20% of the entire land. 

Swedish dairy farmers produce about 2.8 billion kg of milk per year (Wille-Sonk & Lassen, 

2013). The total quantity of milk delivered to diaries in 2020 decreased compared to the year 

2019 but the delivery of organic milk increased marginally. The number of animals and animal 

holdings continuously decreased from 2010 to 2019 (Jordbruksverk & Scb, 2020). 
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 2.2. Dairy Cattle Breeds in Sweden 

In Sweden, Swedish Red cows (SRB) and Swedish Holstein cows (SLB) are the two high-

producing dairy breeds. Currently, Swedish Holstein cows are the most common breed (50% 

of the dairy cow population in Sweden), followed by Swedish Red (SRB; 44%), rest only 5 % 

for Jersey, Swedish polled (SKB) and crossbred cows (Two Competing Swedish - 

Milkproduction.Com, 2004), (Växa Sverige, 2017) and Swedish Mountain cattle are related to 

native breeds in Sweden (Poulsen et al., 2017). The following table summarizes the average 

milk yield, fat %, and protein % per breed in 2020. Swedish Holstein has the highest milk yield 

but SRB has high fat and protein content compared to SLB. Swedish Jersey cattle (SJB) have 

the highest fat and protein contents compared to other breeds (Cattle statistics, 2021). 

 

Table 1.  Average milk yield, fat and protein percentages per breed 

Breed Milk (Kg) Fat % Protein % 
SRB 9471 4.41 3.68 
SLB 10787 4.14 3.51 
SKB 5968 4.40 3.61 
SJB 7065 5.88 4.16 

Swedish Red and White cows (SRB), Swedish Holstein cows (SLB), Swedish polled cows 
(SKB) and Swedish Jersey (SJB). 

 
 
2.3. Milk composition 

The composition of milk is based on various factors such as breed, age, lactation stage, milking 

intervals, and health status. These factors are vitally important in determining the specific 

technological and physicochemical properties of milk (Christian 2014). The principal 

components of cow milk are water, protein, fat, lactose and minerals. Milk composition and 

characteristics are vital factors that can directly Influence the quality and quantity of dairy 

products. (Murphy et al., 2016) 

Milk contains a higher percentage of water than any element, about 87.7 %.  Bovine milk 

contains on average 3.5% protein and consists of two major protein groups, which are casein 

and whey protein.  Casein is the most dominant milk protein which covers 80% of total protein 

and whey protein covers nearly 20% (Yalcin, 2006).   
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Milk fat is the most variable component in milk. (Emery, 1988). Fat constitutes represents 

nearly 3-4% of the total solid content in milk. Milk fat has high levels of saturated fatty acids 

and low levels of polyunsaturated fatty acids. Unsaturated fatty acids are most important in 

human nutrition and health. (Singh et al., 2018). Triglycerides are the major fat in milk and it 

consist of short, intermediate, and long chain fatty acids. In cows, about one-half of the fatty 

acids are produced in the mammary gland, and the remaining are derived directly from the 

blood plasma. (Linn, 1988). Milk fat also consists of other lipids such as phospholipid, 

Cholesterol, free fatty acids and trace amounts of fat-soluble vitamins, B carotene, and flavoring 

compounds. (Taylor & MacGibbon, 2002). According to Hanuš et al. (2018), several factors 

influence the variability in fat profile in bovine milk. These factors are breed, genetic factors, 

lactation stage, milk yield, methods of animal rearing, and feeding. Milk fat highly influences 

on Texture and consistency of dairy products (Wright et al., 2011). Furthermore, it acts as an 

energy source and gives flavor and palatability values to dairy products therefore it is highly 

important in determining the pricing of Milk. (Laben, 1963). Lactose is the major carbohydrate 

found in milk and is commonly referred to as milk sugar. (Gambelli, 2017). It gives significant 

value to dairy products but it does not have any nutritional value (Laben, 1963). Bovine milk 

contains on average 4.6% lactose and it is the least variable component in milk.  Lactose 

synthesis is carried out in epithelial cells of the mammary gland and it involves osmoregulation 

of milk, it is mainly linked to milk production (Osorio et al., 2016). Milk is an excellent source 

of macro and micronutrients. It provides many minerals and vitamins, In particular, calcium 

and phosphorus, potassium, magnesium, zinc, selenium, and both water-soluble vitamins 

(riboflavin and B12) and fat-soluble vitamins (e.g., A and E)  (FAO, 2013). 

 

2.4. Protein Profile in Milk 

Casein and whey proteins are complete protein sources that contain all essential amino acids 

and are an important source of bioactive compounds. (COZMA et al., 2011). Milk protein 

classifies into soluble and insoluble proteins. Casein is an insoluble protein that comprises 

numerous forms of caseins such as αs1-, αs2-, beta-, gamma-, and kappa-casein. Whey or serum 

proteins are soluble milk proteins. Major whey proteins are α−lactalbumin and β-lactoglobulin. 

Other minor proteins like immunoglobulin and lactoferrin also can be found in milk. (Park et 

al., 2007). 
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Casein is the primary protein group in milk. Cow milk contains on average 24–29 g L of casein, 

depending on breed and lactation stage. Caseins exist in milk as micelles. Casein micelles are 

proteinaceous colloidal particles with an average diameter of 120 nm and an average mass of 

105 kDa (Semenova et al., 2010, Fox et al., 2015). The micelles comprise casein molecules 

together with calcium, inorganic phosphate, magnesium, and citrate ions. (Petrotos et al., 2014). 

The structure of the casein micelle is shown in figure 1. As observable, the casein submicelles 

are incorporated together to construct a bigger casein micelle. These submicelles are bound 

together by calcium phosphate. The surface of the submicelles directly cooperates with calcium 

phosphate and forms linkage sites between the submicelles. Kappa-Casein peptide chains are 

connected to the outer surfaces of the micelle structure. (Fox, 2003). Some studies reported that 

Casein micelle size can influence several technological properties of milk such as coagulation 

time (Ekstrand et al., 1980). Casein micelle size is influenced by several factors such as A and 

B genetic variants of κ-casein, and glycosylation of κ-casein (Bijl et al., 2014). 

 

Figure 1 - Schematic diagram of casein micelle structure (Fox et al., 2015). 

The primary function of the casein micelle is to allow fluidity to casein molecules and solubilize 

calcium and phosphate. Tong & Berner (2016) describe that casein micelle contain 6.6% 

inorganic material, 35.6% αs1-casein, 9.9% αs2-casein, 33.6% β-casein, 11.9% κ-casein, and 

2.3% casein protein in dry basis. Alpha casein represents a major protein fraction among bovine 

milk proteins. αs1-casein and αs2-casein have four genetic variants A, B, C, and D. β-Casein is 

the most hydrophobic casein and it occurs in five gene/tic variants (A1, A2, and A3, B, C, D, 

and E) (Kalyankar et al., 2016).  κ-CN has genetic variants A, B, and E (Lisson et al., 2013). 
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Whey proteins are the proteins that remain in solution after coagulation of the casein. β-

lactoglobulin (β-Lg),α-lactalbumin (α-La), and protease peptone are abundant forms that can 

be found in whey (Tavares & Malcata, 2013). β-Lactoglobulin is the major whey protein in 

milk and it represents one-half of the proteins in whey. It has four genetic variants while α-

Lactalbumin has three genetic variants (Kalyankar et al., 2016). 

Casein and whey protein are important in the dairy industry, especially in cheese production. 

Previous  research showed that casein and whey proteins influence milk coagulation properties. 

Jõudu et al. (2008) stated that κ-casein (κ-CN) and α-casein (α-CN) amounts have positive 

effects on rennet coagulation time and curd firmness. Higher contents of αS1-, β-, and κ-Cn, 

decrease the rennet coagulation time and formed a firmer curd. Further, his study has reported 

that whey proteins influence curd properties such as α -lactalbumin (α-LA) helps to improve 

the rate of curd firming and curd firmness. 

The analysis of the different individual protein profiles is widely used in dairy research. There 

are several techniques for the identification and quantification of individual protein profiles in 

milk and dairy products. Quantification of the individual proteins involved ELISA and Western 

blot techniques (Bär et al., 2019). Milk proteins can be identified by chromatographic and 

electrophoretic techniques. Liquid chromatography is a great technique, particularly together 

with mass spectrometry. This technique can be used to identification of proteins and their 

genetic variants accurately. Capillary electrophoresis also used quantification of milk protein 

especially whey protein. Liquid chromatography and mass spectrometry are the best methods 

for the identification of protein compare to other methods (Dupont et al., 2018). 

2.5. Proteases in Milk 

The proteolytic activity of milk is a result of external and internal factors. Proteases are enzymes 

produced by bacteria that contribute to degrading milk proteins. Protease is considered as an 

external factor that causes proteolytic activity in milk. These proteases can cause unpleasant 

flavors and odor’s in milk, therefore it strongly affect dairy product quality. Proteolytic 

enzymes in bovine milk have obtained important attention because these proteases strongly 

affect milk quality (Fox, 1981, Veisseyre, 1988, Mitchell and Ewings, 1985). Bovine milk 

contains various Indigenous enzymes such as PL, PG and lysosomal proteinases of somatic 

cells. They are considered as internal factors that contribute to proteolysis of milk proteins. 

Milk also comprises several proteolytic enzymes, which are derived from somatic cells in the 

milk such as collagenase and cathepsin (Kelly and McSweeney, 2003). 
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2.6. Technological properties and processability of Milk 
 
Milk composition together with favorable technological properties and processability can 

influence the quality of milk and dairy products. Different quality attributes contribute to milk 

processing characteristics, such as rennet coagulation time (RCT), curd-firming time (k20), 

(a30 and a60) - curd firmness 30 or 60 min after addition of rennet to milk, pH, heat coagulation 

time (HCT), casein micelle size (CMS), and pH.  Rennet coagulation time, k20, a30, and a60 

are commonly referred to as milk coagulation properties or Indicators of milk processability 

(Visentin et al., 2017). Milk coagulation properties are the outcome of some interrelating factors 

such as milk composition, somatic cell count, and calcium and phosphorus concentrations. (De 

Marchi et al., 2007). Somatic cell count is used as indicator of milk quality. Inflammation of 

the udder results in a high somatic cell count in milk and it has a significant effect on milk yield, 

milk protein, milk lactose, and total solids except for milk fat. (Cinar et al., 2016). Higher SCC 

in milk changes the protein profile. It increases the level of whey protein but decreases α- and 

β-caseins (Le Maréchal et al., 2011). The main effects of SCC in dairy products include lower 

cheese yield, fat and protein loss, high humidity, shorter shelf life, and lower sensory quality in 

mozzarella cheeses (Andreatta et al., 2007, 2009). High SCC increases the rennet coagulation 

time resulting in low curd firmness and reducing the rate of curd firming (Raynal-Ljutovac et 

al. 2007). Le Maréchal et al., (2011) also reported that high SCC could influence on renetting 

steps in cheese production and lower the production yields of some cheese. According to 

Fernandes et al. (2008), a high SCC in raw milk surges the proteolysis of UHT milk because of 

beta-casein degradation, which can lower nutritional value and affect the quality of dairy 

products in an undesirable way. 
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3. AIM OF THE THESIS 
 
 
Dairy cows in Sweden have an average life span of five years, which means that each cow 

undergoes about 2.5 lactation cycles throughout her life. Most dairy cows are culled involuntary 

before their full potential is reached. Culled dairy cows are replaced with heifers but it takes 

dairy farmers an average of 1.5 lactations to repay the cost of rearing a heifer to calving. 

Therefore, it is important to investigate whether older cows can be retained in production for a 

longer period of time, thus increasing productivity and longevity of cows, without having milk 

quality attributes negatively affected. For this purpose, we examined the difference in 

composition, technological properties, and cheese-making ability of the milk from older cows 

and younger cows and if there any positive outcomes in milk from older cows. Previous studies 

were carried out on Individual cows and pooled milk samples whether the number of lactations 

has an effect on raw milk composition therefore this study was carried out as an advantage for 

those studies and also to obtain higher reliability. The aim was also to evaluate if the milk 

composition differed between two breeds, Swedish red and Swedish Holstein.  
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4. MATERIALS AND METHODS 
 
4.1. Milk Samples   

Representative milk samples from separate cows were collected from the dairy farms in 

Uppland and Södermanland County in Sweden. The selection of cows was based on the number 

of lactations. Milk samples were collected from 11 different farms and 116 dairy cows. The two 

common breeds in Sweden, Swedish Red (SRB) and Swedish Holstein (SLB) were used. The 

cows were divided into two groups based on breed. Each group consisted of five younger i.e., 

≤ 2 lactations and five older i.e., ≥ 3 lactations. Except for two groups consisting of four younger 

i.e., ≤ 2 lactations and four older i.e., ≥ 3 lactations. Milk (300-500ml) from each cow was 

directly transferred into a glass bottle and kept in a cooling box until arrival at the dairy science 

lab.  

Table 2. Number of young and old cows in Swedish Red and Swedish Holstein 

Breed SRB SLB 

Young 44 14 

Old 44 14 
 

 
 
 

  

 

 

 

 

 

 

 

Figure 1. Location of the farms participating in the trial. 
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The cows taking part in this study were in the lactation interval of a minimum of 8 weeks after 

calving and have 12 weeks until the next one. Milk sampling took place in the morning for five 

different months (February, March, September, October, and November) in 2020. The study 

was conducted in the research facilities at the Swedish university of agriculture (SLU) in 

Uppsala, Sweden. 

Table 3. The proportions of pooled milk samples (PM) from young and old cows. 

Fresh milk samples of the individual animals were pooled separately for young and old cows 

from each of the two breeds. Pooled milk aliquots of 200 ml were created, based on five 

different concentrations of young and old cows’ milk. The different concentrations intended to 

examine whether pooling milk with different proportions of milk from younger and older cows 

affects the outcome. In all analysis five concentrations of this pooled milk samples (PM) were 

used. 

 

4.2 Milk Analysis 
 
4.2.1 Preparation of Samples 

The fresh whole pooled milk (PM) were used for micro cheese production and gross 

composition analyses.  An aliquot of 50ml from each pooled milk was used for protein profile 

analyses, rheology measurement, and ethanol stability. These milk samples were centrifuged 

and defatted at 3,000 RPM at 4°C for 10 min. After centrifugation, the fat layer on the surface 

was removed by a cotton stick. Other remaining milk was stored at -20°C for further analyses. 

 

 

Pooled Milk Samples Milk from young cows (%) Milk from old cows (%) 

PM 1 0 100 

PM 2 30 70 

PM 3 50 50 

PM 4 70 30 

PM 5 100 0 
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4.2.2 Milk Gross Composition Analysis 

Individual milk samples were analysed for gross composition at the Department of Animal 

Nutrition and Management, SLU (Sweden). Total protein, total casein, total fat, lactose 

concentrations, saturated FA (SFA), unsaturated FA (UFA), monounsaturated FA (MUFA), 

polyunsaturated FA (PUFA), myristic acid (C14:0), palmitic acid (C16:0), stearic acid (C18:0), 

and oleic acid (C18:1c9) were analysed by a mid-infrared spectroscopy method (Fourier 

Transform Infrared Spectroscopy; FTIR); (FOSS Electric A/S (Hilleröd, Denmark). Somatic 

cell count (SCC) in milk was examined by electronic fluorescence-based cell counting 

(Fossomatic Foss FT 120, Hilleröd, Denmark). SCC was converted to SCS by logarithm 

transformation to achieve normality  [SCS = log2 (SCC/100,000) +3] according to Ali and 

Shook (1980). 

 

4.2.2.1 Buffer samples preparation  

Sample buffers and running buffer formulations were prepared for capillary electrophoresis. 

The sample buffer consisting 0.167M Tris base (Triss; Mw 121.14), 0.067M EDTA disodium 

dihydrate (EDTA; Mw 372.2), 0.042M 3-(N-Morpholino) propane sulfonic acid (MOPS; Mw 

209.26), and w/w 0.05% hypromellose (HPMC) and 6.3g ion exchange resin (AG 501-X8 

Resin, Bio-Rad Laboratories, Inc, CA) was dissolved in 0.35L of 6M urea solution (Mw 60.06) 

overnight. After dissolution, the sample buffer was filtered through a 0.45 µm Nylon Membrane 

Filter into 15 ml falcon tubes, with aliquots of 10 ml. The sample buffer aliquots were stored at 

– 20˚C.  

The running buffer comprised of 0.02 2M Trisodium citrate dihydrate (Mw 294.10), 0.19M 

citric acid (Mw 210.14), and w/w 0.05% Hypromellose (HPMC) and was dissolved in 0.35L of 

6M urea solution. The running buffer was filtered through a 0.45 µm Nylon Membrane Filter 

into aliquots of 2 ml which were stored at –20˚C together with the sample buffer aliquots until 

used for analysis. mL? 0.017M DTT (DL-dithiothreitol, anhydrous Mw 154.25) was added to 

the Sample buffer before the analysis of samples for reduction or disruption of the natural 

disulphide bonds of the milk proteins. Materials were purchased from Sigma Aldrich Chemicals 

(St. Louis MO, USA) unless mentioned otherwise. 
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4.2.2.2 Milk sample preparation 

From each pooled milk sample, 2ml of defatted milk was thawed at room temperature for 

30min. From each sample, 200μl of milk was transferred in an Eppendorf tube, and then 400 μl 

of sample buffer with DTT (D, L-dithiothreitol (DTT) was added to the sample buffer to disrupt 

disulphide bridges of the milk proteins. The mixed solution was vortexed and kept for one hour 

at room temperature. The samples were centrifuged for 10 min at 10,000 RPM and 4°C (VWR 

Hitachi CT15RE). The surface fat layer was removed by cotton bud and a clean sample was 

filtered through a 0.45µm nylon syringe filter into a new Eppendorf tube. Then, 30μl of the 

filtrate was transferred to the 250μl polypropylene conical vials for CE. Running buffers were 

added to snap polypropylene 1 ml vials. Prepared samples were inserted into NAOH vials and 

then run through the machine according to standard procedures. 

 

 
 
 
4.2.3 Milk Protein Profile Analysis 
 
4.2.3.1 Capillary electrophoresis method  

Electrophoresis is a method that explores the use of an electric field to separate charged species 

in the liquid phase. Capillary electrophoresis is the high-performance version of this method 

that has been used for the determination of a large variety of food-related molecules, In our case 

milk proteins. These milk proteins have different mobility under the influence of an electric 

field, depending on their size, shape, and net charge. CE carries the advantages of lack of 

complication in setup and miniaturization, fast separation with high resolution and efficiency, 

and need a very small amount of sample compared to the traditional separation techniques like 

liquid chromatography and gel electrophoresis (Gao, Z., & Zhong, 2018). Compared to high-

performance liquid chromatography (HPLC), Capillary electrophoresis has a low operative 

cost, higher resolving power, and shorter analysis time (Xu 1995; Perrett 1999). A wide range 

of biologically active molecules can be separated by CE, i.e., proteins, AA, peptides, hormones, 

steroids, vitamins, carbohydrates, etc. 
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4.2.3.2 Analysis of protein profile 

Analysis of milk protein profile was performed with a 7100-capillary electrophoresis (CE) 

system (Agilent Technologies Co., Santa Clara, USA), using an unfused silica standard 

capillary. This method was performed according to Johansson et al (2013). 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Capillary electrophoresis (CE) system 

 

The casein fractions (αS1-CN, αS2-CN, β–CN, and κ-CN) and whey proteins (α-LA and β-LG) 

were measured as a percentage of total area, based on the peak area expressed in percentage in 

the electropherogram. The peaks in the capillary electropherogram were identified by 

comparing the migration time of molecular weight standards. The area of each identified peak 

was calculated from the electropherogram using a valley to valley method. The total casein 

concentration was defined as the totality of αS1-CN, αS2-CN, βB-CN, βA1-CN, βA2-CN, and к-

CN. The total whey protein concentration was defined as the sum of α-LA and β-LG. 
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Figure 3. Electropherogram of a milk sample on capillary electrophoresis  

 

4.2.4 Milk pH measurement 
 

The pooled milk samples were thawed in a water bath for 15 minutes (min) at 30˚C before 

measuring the pH of the milk. The pH was determined using Mettler Toledo, Seven Compact 

pH meter S210.  

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 

24 

4.3. Micro cheese making procedure 

Micro cheeses were produced according to Othmane et al.(2002) and Högberg (2016), with 
some changes.  

 

Figure 4. Micro cheese production flowchart (Othmane et al. 2002; Högber, 2016). 

Briefly, 200 µl rennet (strength 18 IMCU) was added to 20 ml of fresh milk (30°C) and 

vortexed. The samples were kept to coagulate for 30 min before the curd was vertically cut into 

four equally sized pieces. After another 30 min of incubation at 30°C, the samples were 

centrifuged at 1,650 RPM for 20 min at 22°C. (Sorvall, Super T21, Sorvall Products L.P., 

Newton, Connecticut, USA). Expelled whey was transferred to 50ml conical falcon tubes and 

curd and whey were weighted individually. The weight of the conical falcon tube was deducted 

from the weighted curd in order to get the curd weight. The whey was frozen at –20˚C for 

further analyses of the protein content.  

The curd yield was determined from the weight difference between the initial milk sample and 

the expelled whey, expressed as grams of curd per 100 g of milk, and presented as a percentage.  

Whey was analyzed by mid-infrared technique to determine the casein content in milk.              

The following equation was used to calculate casein content (Casein content = Total protein 

content – Whey protein content). The casein number (Cn No%) was calculated as (casein/total 

protein) *100. 
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4.4. Ethanol stability test 

The Ethanol stability test is used on fresh milk to indicate whether it will coagulate during 

thermal processing. Ethanol stability was expressed as the maximum ethanol concentration that 

could be added to the sample without causing visual coagulation of the milk. Ethanol stability 

was measured by mixing equal volumes of 0.5ml of a milk sample and ethanol solution 

(water/ethanol ranging from 10 to 100%, v/v) at room temperature. During each sampling 

occasion, one biological replicate of the ethanol stability test was carried out on each pooled 

milk sample. 

 
 
4.5. Rheological measurements  
 

Milk coagulation properties were measured according to the method reported by Johansson et 

al. (2015) using a rheometer (Bohlin CVOR 150, Malvern instruments) equipped with a cup (Ø 

25 mm) and a concentric cylinder (Ø 28 mm) at a height of 40 mm.  In brief, skimmed milk 

mixed with bovine rennet 75/25 chymosin/pepsin, 180 IMCU (Scandirenn Kemikalia AB, 

Skurup, Sweden), at a concentration of 0.18 IMCU/ml. The rennet coagulation time (RCT) was 

measured from the addition of the rennet until the elastic modulus (G’) reached 1 Pa. The gel 

firmness (G20, Pa) was determined twenty minutes from the rennet addition. The RCT and G20 

in each pooled milk sample were analyzed. 
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4.6 Statistical Analysis 
 
 
Mean values and standard deviations (SD) were calculated for each parameter. One way 

analysis of variance (ANOVA) was performed separately for the effect of lactation number and 

breed (since groups were not balanced for running a two-way ANOVA) on the different milk 

quality parameters. Differences between means were calculated with Tukey's test and the P 

value threshold for significant effects was set at P<0.05.  

 
The effect of lactation number on milk quality variables and milk proteins and cheesemaking 

traits were analyzed by a one-way ANOVA  according to the following model: M1 

 

M1 𝒚𝒊𝒋 = 𝜇 +	𝑳𝒂𝒄𝒕𝒊 + 𝒆𝒋, 

 

where y represents the phenotype, μ is the overall mean, Lacti is the fixed effect of the ith 

lactation number in classes (class1: PM1; class2: PM2; class3: PM3; class4: PM4; class5: PM5) 

and 𝑒 is the residual effect. The random effect of 𝑒 was deemed to be normally distributed as 

𝑒~𝑁(0, 𝐼𝜎#$), where 𝜎#$ is the residual variance component. 

 

The effect of breed on milk quality variables and milk proteins and cheesemaking traits were 

analyzed by a one-way ANOVA according to the following model: M2 

 

 M2 𝒚𝒊𝒋 = 𝜇 + 	𝑩𝒓𝒆𝒆𝒅𝒊 + 𝒆𝒋, 

 

where y represents the phenotype, μ is the overall mean, Breedi is the fixed effect of the ith 

breed in classes (class1: SRB; class 2: SLB) and 𝑒 is the residual effect. The random effect of 

𝑒 was deemed to be normally distributed as 𝑒~𝑁(0, 𝐼𝜎#$), where 𝜎#$ is the residual variance 

component. 

 

Relationships between milk quality and cheesemaking traits and milk proteins were analyzed 

with Pearson's correlation (P<0.05). All the statistical analysis were performed using the 

software Minitab® Version 20 (Minitab Inc., in the United States). Graphical illustrations were 

made in Microsoft® Excel® version 2016. 
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5. RESULT AND DISCUSSION 
 
5.1 Analysis of Protein Profile 
 

Protein profile were measured as a percentage of total area, based on the peak area expressed 

in percentage in the electropherogram. The peaks in the capillary electropherogram were 

identified by comparing the migration time of molecular weight standards. The area of each 

identified peak was calculated from the proportion of the detected peak area of a milk protein 

make up out of the total area of all detected peaks (See Figure 5). 

 
 
 

Figure 5. Representative electropherogram of bovine milk determined by capillary 
electrophoresis (Mohamed et al., 2020). 
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5.1.1. Individual proteins in Pooled milk samples for Swedish Red cows 
 

In milk from SRB cows, the relative concentrations of four variables κ-CN, βB-CN, βA1-CN, 

and Total β-casein, were shown to differ when comparing pooled milk levels but it was 

significant only for Total β-casein (Table 4). The relative content of Total β-casein in milk from 

SRB cows was significantly higher in PM5 compared to older cows (PM1) (P<0.05).  

Figure 6. The Mean values of an individual protein in pooled milk samples for Swedish red 
cows. 

 
Table 4. Individual proteins percentages in pooled milk samples from Swedish red cows(n=9) 

 
Abbreviations: SD=standard deviation; PM=pooled milk sample. 
The percentage in parentheses in pm 1-5, indicates the proportion of milk from younger cows in the PM 
a,b Different letter superscripts in the same row indicate significance difference within breed (P<0.05). 

SRB Means 
± SD 

PM1 (0%) 
Old cows 

PM2 (30%) PM3 (50%) PM4 (70%) PM5 (100%) 
Young cows 

α-La 2.13±0.35 2.14±0.34 2.18±0.30 2.22±0.29 2.20±0.40 
β-Lg 7.41±0.94 7.47±1.09 7.63±1.10 7.55±0.89 7.60±1.14 
α S2-CN 7.95±0.52 7.93±0.42 7.80±0.56 7.68±0.71 7.65±0.59 
α S1-CN 23.56±2.25 23.66±2.19 23.76±2.33 23.72±2.61 22.86±0.72 
κ-CN 7.65±0.78 7.61±0.77 7.47±0.61 7.24±0.66 6.86±0.73 
βB-CN 4.88±0.46 4.80±0.43 4.68±0.35 4.59±0.33 4.58±0.42 
βA1-CN 17.09±6.86 16.40±4.04 16.07±2.87 15.73±3.55 15.28±6.14 

βA2-CN 27.49±6.68 28.32±4.14 28.98±3.33 29.90±4.17 31.00±6.83 
Total whey 9.54±1.24 9.61±1.39 9.82±1.34 9.78±1.10 9.80±1.47 
Total β-
casein 48.99±1.05

a
 49.16±1.50

ab
 49.34±1.53

ab
 49.86±1.49

ab
 50.86±1.08

b
 

Total CN 87.99±1.20 88.17±1.42 88.16±1.30 88.29±1.09 88.22±1.34 
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5.1.2. Individual Proteins in pooled milk samples for Swedish Holstein cows 
 

In milk from Swedish Holstein cows, none of the proteins were differed significantly between 

different pooled milk samples but κ-CN and βA1-CN were numerically increased in a higher 

proportion of milk from older cows. βB-CN and α S1-CN were increased numerically in a higher 

proportion of milk from younger cows. 

Figure 7. The Mean values of an individual protein in pooled milk samples for Swedish Holstein 
cows. 

 
Table 5. Individual proteins percentages in pooled milk samples from Swedish Holstein cows (n=3) 

Abbreviations: SD=standard deviation; PM=pooled milk sample. 
The percentage in parentheses in pm 1-5, indicates the proportion of milk from younger cows in the PM 
a,b Different letter superscripts in the same row indicate significance difference within breed (P<0.05). 
 

SLB Means ± 
SD 

PM1 (0%) 
Old cows 

PM2 (30%) PM3 (50%) PM4 (70%) PM5 (100%) 
Young Cows 

α-La 2.10±0.29 1.92±0.32 2.03±0.25 2.09±0.31 1.96±0.28 
β-Lg 7.49±0.12 7.13±0.41 7.58±0.30 7.70±0.60 7.48±0.56 
α S2-CN 6.97±1.28 6.98±1.46 6.31±2.26 6.54±2.18 6.56±2.41 
α S1-CN 24.04±4.70 24.51±4.39 24.65±4.26 24.81±4.26 24.83±3.78 
κ-CN 9.25±2.06 8.78±1.54 8.17±1.16 8.02±0.60 7.42±0.72 
βB-CN 4.23±0.80 4.38±0.61 4.25±0.55 4.43±0.31 4.78±0.16 

βA1-CN 7.92±2.39 7.65±1.43 7.26±2.75 6.98±4.45 6.69±6.87 

βA2-CN 37.51±2.00 38.32±2.13 39.34±4.16 39.24±5.20 39.32±6.41 
Total whey 9.59±0.30 9.05±0.68 9.60±0.43 9.79±0.91 9.44±0.79 
Total β-casein 48.66±0.88 49.26±1.55 49.81±0.47 49.47±1.40 49.47±3.03 
Total CN 88.05±0.88 88.65±1.61 87.95±1.13 87.77±1.68 87.24±2.95 
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5.1.3. Comparison between Swedish red cows and Swedish Holstein cows for individual 
proteins 
 
Milk from SRB cows contained more βA1-caseins and it was significant for PM2, PM3 and, 

PM4 compared to SLB cows. Milk from SLB cows contained more βA2-caseins compared to 

SRB cows and it was significant for PM1-PM4.  
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5.2. Ethanol stability  
 
The comparison of the ethanol (EtOH) stability between all sampling occasions is shown in 

figure 8. In SLB cows PM1 7.0%, PM2 7.3%, PM3 5.8%, PM4 7.3% and PM5 5.8% 

numerically higher in ethanol stability compared to SRB cows. The highest values for EtOH 

stability, 90%, were observed in milk from both SLB and SRB breeds. In milk from SRB, the 

lowest value observed was 56% and 82%. Karlsson et al. (2017) stated that in their research the 

average value of ethanol stability was 79% and 81% during the indoor and outdoor periods, 

respectively. In our research average value of ethanol stability is also similar to Karlsson's 

study.  

 

  
 

Figure 8. The mean values of ethanol stability (%) in pooled milk samples from Swedish red and 
Swedish Holstein cows. 

PM1–5 is the different pooled milk samples, and the percentage indicates the proportion of milk from young 
cows in the PM. Standard deviation is indicated. 
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5.3. Milk gross composition 
 
The mean values of gross composition from the milk sampling in both breeds are shown in the 

tables. In SLB milk, Fat and Total solids (TS) were numerically higher at 14.9 % and 5.4 % 

respectively for milk from younger cows, but it was not significant. There was no significant 

milk composition factor for both breeds. 

 

Table 7. Average Milk composition in pooled milk samples (PM1-5) for Swedish 
Holstein(n=3) cows. Values presented are mean and standard deviation 

SLB Means ± 
SD 

PM1 (0%) 
Old cows 

PM2 (30%) PM3 (50%) PM4 (70%) PM5 (100%) 
Young Cows 

Object Means ± SD Means ± SD Means ± SD Means ± SD Means ± SD 

Fat% 4.29±0.20 4.53±0.13 4.68±0.23 4.82±0.32 5.04±0.45 
Protein% 3.43±0.20 3.45±0.21 3.48±0.21 3.50±0.22 3.53±0.23 
Lactose% 4.78±0.08 4.77±0.06 4.78±0.05 4.79±0.06 4.79±0.04 
Total Solids% 13.19±0.38 13.41±0.25 13.57±0.25 13.73±0.31 13.95±0.38 
SCS 3.42±0.51 3.32±0.55 3.29±0.69 3.15±0.63 2.61±0.85 
Whey% 0.85±0.07 0.86±0.06 0.87±0.05 0.89±0.04 0.90±0.03 
Casein% 2.69±0.14 2.73±0.16 2.77±0.16 2.61±0.19 2.63±0.23 
CN 75.30±1.71 75.40±1.77 75.41±1.46 74.56±1.08 74.53±1.86 
Curd %g 57.38±4.97 56.38±3.36 58.12±4.82 58.41±6.99 60.24±3.49 

Abbreviations: SD=standard deviation; PM=pooled milk sample.  
The percentage in parentheses in pm 1-5, indicates the proportion of milk from younger cows in the PM 
a,b Different letter superscripts in the same row indicate significance difference within breed (P<0.05) 
 
Table 8. Average Milk composition in pooled milk samples (PM1-5) for Swedish Red (n=9) 
cows. Values presented are mean and standard deviation 

SRB Means ± 
SD 

PM1 (0%) 
Old cows 

PM2 (30%) PM3 (50%) PM4 (70%) PM5 (100%) 
Young Cows 

Object Means ± SD Means ± SD Means ± SD Means ± SD Means ± SD 

Fat% 5.09±0.67 5.01±0.72  5.05±0.68  5.04±0.79  4.95±0.84  
Protein% 3.78±0.24  3.77±0.21  3.76±0.19  3.72±0.23  3.73±0.26  
Lactose% 4.62±0.10 4.64±0.10 4.66±0.10 4.65±0.13 4.68±0.14 
Total Solids% 14.16±0.76 14.07±0.83 14.11±0.75 14.06±0.93 13.97±0.97 
SCS 3.57±1.07 3.51±0.83 3.36±0.77 3.29±0.78 2.73±1.39 
Whey% 1.00±0.11 0.99±0.09 1.00±0.07 0.99±0.07 0.99±0.08 
Casein% 2.78±0.15 2.78±0.14 2.77±0.14 2.72±0.17 2.74±0.19 
CN 73.54±1.57 73.75±1.44 73.50±1.35 73.23±0.90 73.45±1.12 
Curd %g 57.58±7.88 57.76±6.83 57.98±6.80 60.21±7.36 61.98±9.80 

Abbreviations: SD=standard deviation; PM=pooled milk sample. 
The percentage in parentheses in pm 1-5, indicates the proportion of milk from younger cows in the PM 
a,b Different letter superscripts in the same row indicate significance difference within breed (P<0.05). 
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5.3.1. Comparison between Swedish Red cows and Swedish Holstein cows for milk 
composition 
 
Milk from old SLB cows (PM1) had a significantly lower content of whey protein (P<0.05) 

compared to milk from old SRB cows.  Pooled milk samples with 30% and 50% milk from 

young SRB cows had significantly higher protein content compared to the corresponding 

sample from SLB. Old SLB cows had a significantly higher lactose content compared to old 

cows from SRB. 
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5.4. Fatty Acid Composition 
 
The mean values of fatty acid composition from the milk sampling in SRB and SLB are shown 

in Tables 11-12. SFA, UFA, MUFA, PUFA, C16:0, C18:0, C18:1C9, and C14:0 were increased 

as the proportion of milk from young cows increased in pooled milk but it was significant only 

for SFA acid in Swedish Holstein cows (P<0.05). In Swedish red cows pooled milk sample 

values were similar for each fatty acid and also there was no significance difference. When 

comparing SRB and SLB, SRB had higher Fatty acids compared to SLB but there was no 

significance difference in any fatty acids between breeds. 

 
 Table 10. Milk fatty acid composition in pooled milk samples (PM1-5) for Swedish Holstein       
(n=3) cows. Values presented are mean and standard deviation. 

Abbreviations: SD=standard deviation; PM=pooled milk sample. 
The percentage in parentheses in pm 1-5, indicates the proportion of milk from younger cows in the PM 
a,b Different letter superscripts in the same row indicate significance difference within breed (p≤0.05 ) 
 
 
 
Table 11. Milk fatty acid composition in pooled milk samples (PM1-5) for Swedish red (n=9) 
cows. Values presented are mean and standard deviation. 

SRB Means ± SD PM1 (0%) 
Old cows 

PM2 (30%) PM3 (50%) PM4 (70%) PM5 (100%) 
Young Cows 

Object Means ± SD Means ± SD Means ± SD Means ± SD Means ± SD 

SFA 3.41±0.46 3.34±0.51 3.36±0.50 3.37±0.60 3.29±0.65 

UFA 1.31±0.22 1.30±0.23 1.32±0.23 1.31±0.27 1.29±0.28 

MUFA 1.00±0.18 1.00±0.20 1.01±0.20 1.00±0.23 0.98±0.24 

PUFA 0.12±0.04 0.13±0.04 0.13±0.04 0.13±0.04 0.12±0.05 

C16:0 1.55±0.24 1.53±0.26 1.54±0.24 1.53±0.29 1.50±0.30 

C18:0 0.41±0.09 0.41±0.10 0.42±0.11 0.44±0.12 0.44±0.14 

SLB Means ± 
SD 

PM1 (0%) 
Old cows 

PM2 (30%) PM3 (50%) PM4 (70%) PM5 (100%) 
Young Cows 

Object Means ± SD Means ± SD Means ± SD Means ± SD Means ± SD 

SFA 2.88±0.10
 a
 3.00±0.02

ab
 3.06±0.05

ab
 3.14±0.14

ab
 3.27±0.20

b
 

UFA 1.11±0.23 1.21±0.23 1.28±0.25 1.33±0.25 1.40±0.29 

MUFA 0.83±0.18 0.92±0.18 0.98±0.20 1.02±0.20 1.08±0.24 

PUFA 0.09±0.06 0.11±0.05 0.13±0.06 0.13±0.05 0.14±0.05 

C16:0 1.34±0.19 1.39±0.15 1.41±0.11 1.44±0.09 1.50±0.09 

C18:0 0.33±0.09 0.34±0.11 0.38±0.12 0.40±0.15 0.44±0.17 

C18:1C9 0.68±0.17 0.73±0.17 0.78±0.17 0.81±0.17 0.85±0.21 

C14:0 0.57±0.03 0.60±0.03 0.61±0.04 0.62±0.05 0.64±0.06 
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C18:1C9 0.84±0.15 0.83±0.15 0.83±0.17 0.83±0.20 0.81±0.21 

C14:0 0.67±0.10 0.66±0.10 0.66±0.10 0.64±0.12 0.63±0.12 

Abbreviations: SD=standard deviation; PM=pooled milk sample. 
The percentage in parentheses in pm 1-5, indicates the proportion of milk from younger cows in the PM 
a,b Different letter superscripts in the same row indicate significance difference within breed (P<0.05). 
 
 
 
 
5.5. Rheological measurements 
 
5.5.1. Gel firmness 
 
The gel firmness (G20) in the different PMs of milk from old and young cows of the SRB breed 

did not vary as much compared to milk from SLB (see Figure 6 a–b). The mean values of gel 

firmness from sampling occasions in both breeds are shown in Figure. A numerical stronger gel 

was observed in PM 1–3 in SRB compared to SLB, in contrast to a weaker gel in PM 4–5. It 

was a greater variation in G20 within the pooled SLB milk samples compared to SRB, 

especially for PM1 (see Figure 9).  

 

 
 
Figure 9.  The mean values (n=12) of gel firmness (Pa) in milk from Swedish red and 
Swedish Holstein cows.  

PM1–5 is the different pooled milk samples, and the percentage indicates the proportion of milk from young 
cows in the PM. Standard deviation is indicated. 
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5.5.2. Rennet coagulation time for milk from Swedish red and Swedish Holstein cows. 
 

 

Figure 10. The mean values (n=12) of rennet coagulation time(s) in milk samples from Swedish 
red and Swedish Holstein cows. 

PM1–5 is the different pooled milk samples, and the percentage indicates the proportion of milk from young cows 
in the PM. Standard deviation is indicated.  

 

The mean values of RCT from sampling occasions in both breeds are shown in Figure 10.  

Milk from older cows had 22.8% numerically higher RCT in SLB compared to SRB older cows 

and milk from younger cows observed the opposite of this where the younger SRB cows had 

11.7% numerically higher RCT compared to SLB younger cows. Besides there was a higher 

difference between breeds but there was no significance difference. The proportion of milk 

from younger cows increased, and the RCT decreased in the milk of SLB cows but the decrease 

was not significant between pooled milk samples. 
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6. DISCUSSION  
 
6.1. Milk composition  
  
According to cattle statistics 2021, SLB cows had higher numerical content of total protein 

compared to SRB cows. Our study also had a higher numerical value of total protein and total 

casein in SRB cows compared to SLB cows. Considering the result of Wedholm (2008) total 

protein is expected to be higher in milk from SRB cows compared to SLB cows. The protein 

content in the milk is largely determined by the availability of amino acids in the feed and  

proper activity in the ruminant system (Nilsson, 2017). Therefore along with the genetic factors, 

the feed could be the one reason why there was a variance between SRB and SLB for the total 

protein content. Previous studies results show that the concentration of milk fat was 

significantly higher in SRB milk compared to SLB milk. In our study same result was observed, 

the fat content of  SRB milk was 7.75 % higher compared to SLB milk. According to previous 

studies allele frequencies and effects of the DGAT1 K232A variants in the Swedish dairy breeds 

could be the reason for the difference in milk fat between SRB and SLB (Näslund et al., 2008). 

In the present results, Average lactose content was higher in SLB compared to SRB. Other 

studies also mentioned average lactose content is also higher in SLB. However, the lactose 

content between breeds was not significant in our study. Wedholm (2006a) reported significant 

higher concentrations of lactose in milk from SLB than in milk from SRB, thus in agreement 

with our result. α-Lactalbumin acts as the regulatory protein of lactose synthase (Walstra et al. 

2005). Therefore, the concentration of α-Lactalbumin in milk affects the concentration of 

lactose (Wedholm 2008). But there was no positive correlation between ‘α-LA’ and ‘lactose’ 

in our research. In this study, milk from SRB had a higher proportion of fat, total solids, SFA, 

UFA, MUFA, PUFA, C14:0, C16:0, C18:0, and C18:1C9, compared to SLB. But it was 

significant only for SFA between two breeds. Somatic cell score (SCS) was decreased 

numerically with a higher proportion of milk from younger cows. Therefore milk from older 

cows contained more SCS compared to the milk from young cows. This was observed for both 

breeds, but there was no significance difference between pooled milk samples only numerically 

higher difference were observed. Somatic cell score is used as an indicator trait for 

intramammary infection (Shook & Schutz (1994).In our research Somatic cell score ranged 

between 2.6 – 3.6 for both breeds which seemed to indicate that they were healthy during the 

time of sampling.  
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There was significant correlation between SCS with other quality parameters in pooled milk 

samples. C18:0 and SCS positively correlated in PM1(0.688, P<0.05), PM2(0.747, P<0.05) and 

PM3(0.689, P<0.05) in SRB cows. In milk from younger SRB cows (PM5) Total solids, fat, 

protein, whey, and casein were positively correlated for SCS (P<0.05; P<0.01). Whey and SCS 

positively correlated for PM2 and PM3 IN SLB cows (P<0.05). When comparing the breeds 

milk from SRB cows had higher SCS compared to SLB. In previous research, SLB cows had 

higher SCC counts because of high exposure to diseases. Due to limited number of SLB 

replicates could be the reason why there was no such observation in our research. 
 

 

6.2. Protein Profile 
 

In our research, relative concentrations of βA2-CN and βA1-CN varied with respect to breed. 

SLB had a higher content of βA2-CN compared to SRB, and SRB had higher relative content of 

βA1-CN compared to SLB. This is in contrast with Wedholm (2006a), who stated that βA1-CN 

was more common in milk from SRB cows than in SLB in Swedish dairy herds. The high 

frequency of A1 allele in the SRB population could be the reason for this specific observation. 

According to previous research, SRB had a higher concentration of β-CN compared to SLB 

milk. The lower concentration of β-casein in SLB milk could be due to protein degradation 

since they found a higher level of amino terminals in SLB compared to SRB milk. In our 

research higher concentrations of β-casein were not observed in SLB milk compared to SRB. 

The reason for this observation could be due to a limited number of SLB cows used in our 

research.  

 

There was a trend that the relative concentrations of κ-CN, βB-CN, and βA1-CN decreased with 

higher proportions of milk from younger cows but it was not significant for any of the pooled 

milk samples. Total β-Casein was increased with higher proportions of milk from younger cows 

and it was significant only for milk from younger cows (PM5) and old cows (PM1) in the SLB 

breed (P<0.05). These results suggested that lactation number/ Pooled milk levels limited 

influence on milk protein profile and milk gross composition but according to a recent findings 

from Hallqvist, J,. (2022) Gabriella Apelthun. (2020) there was a great variety in the results for 

protein profile between milk from older and younger cows. Furthermore, they stated that the 

evidence for observed differences is not strong enough to conclude if there is a difference or 

not, related to lactation number. 
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6.3. pH and Ethanol stability 

 
In this study average pH is similar between the two breeds. It was found that the average pH 

value for the two breeds was 6.6.  There was no significant difference in mean pH between 

pooled milk samples. Most of the research found that the average pH value for normal milk is 

6.6. The ethanol stability test indicates the ethanol concentration needed to cause the milk 

proteins to precipitate. The purpose of the ethanol test is to predict the milk heat stability and is 

used as a reliable indicator of raw milk stability for ultra-high temperature and milk powder 

production process (Boumpa et al., 2008; Omoarukhe et al., 2010). In the current study Ethanol 

stability of the SLB milk was higher compared to SRB. ethanol stability of milk from SLB was 

always above 82% but it ranged between 56% and 90 % in SRB cows. The low ethanol stability 

in SRB milk could be due to the content of ionized calcium but it was not estimated in our 

research  

 
  
 
6.4. Curd Yield 

The variances in curd yield between the breed and pooled milk levels rely on several important 

factors such as pH, fat percentage, and calcium ion activity (Walstra, 2006). In our research 

SRB cows, curd yield increased with an increased proportion of milk from younger cows. Milk 

from SLB cows showed greater variability in curd yield among the PM compared to SLB. There 

was no significance difference in curd yield between young and old cows in SRB and SLB. 

Casein number (Cn No %) is an important factor in cheese making (Walstra, 2006) and it is 

defined as total casein out of the total protein, times hundred. In our research Swedish Holstein 

cows had higher casein number compared to Swedish red cows. According to Lindmark-

Mansson et al. (2013) low casein content is negative for the cheese yield and a high casein 

number has positive impact in cheese making (Walstra, 2006). However, In our study casein 

number had strong negative correlation to the curd yield (-0,776, P<0.001) in Swedish Holstein 

cows. With increasing age, casein concentration decreases and whey concentration increases, 

whereas with the increasing lactation, casein concentration increases (Ng-Kwai-Hang et al., 

1982). In our study lowest casein number within SRB cows were observed in milk from young 

cows but it was not significant. In SLB cows were not observed any specific observation. 

According to Wickstrom lower casein number was associated with higher somatic cell count 

but the opposite was observed in our research. SCS was negatively correlated to curd yield. It 

was significant only for PM2 and PM3 in SRB cows (P<0.05). 



 
 

40 

6.5. Rheological Measurement   

In SLB gel firmness increased in pooled milk samples with a higher proportion of milk from 

young cows. However, it was not significant. In SRB opposite was observed, a higher 

proportion of milk from young cows had lower gel firmness. According to Ng-Kwai-Hang 

(1998), κ-casein has a reduced coagulation time (by 10%–40%) and increased curd firmness 

(by 20%–140%). In this study κ-casein was higher in milk from old cows and lower in milk 

from young cows for both breeds. κ-casein content decreased with an increasing proportion of 

milk from young cows. However, according to numerous research strong gel firmness was 

observed in milk from young cows but it was the opposite in our research. Casein has effect on 

both curd firmness at cutting and firmness and composition of the cheese. Lower milk fat and 

casein concentrations lower the cheese yield. Total casein decreased with an increasing 

proportion of milk from young cows in SRB but it varied between the PM for SLB 

cows.(Semenova et al., 2010). Somatic cell count reflects the udder health condition and the 

milk quality in the herd or population. It also provides information on the inflammatory status 

of the mammary gland (Schukken et al., 2003).  

 

SCS is the most important factor that affects milk coagulation properties along with the protein 

composition. High somatic cell score is associated with lower clotting ability of milk resulting 

in slower coagulation and weaker curd firmness. It negatively effect on cheese making 

properties as well as cheese processing (Cecchinato et al., 2016).  SCS associated with pH, 

when SCS increased milk pH also increased simultaneously thus it reduced the enzyme activity 

related to milk clotting (Swaisgood., 1982).  In our research total protein content was increased 

along with the lower SCS in SLB cows but it was not significant. SCS and total casein content 

positively correlation (P<0.05) in SLB but in SRB there were weak positive correlation 

compared to SLB. There was no significant correlation between SCS and rheological 

measurements. Only RCT negatively correlated with SCS in PM3 and PM4 (-0.645, -0.677) 

respectively in SRB cows the but level of significance was p≤0.1. Wickstrom et al. (2009) and 

Leitner et al. (2008) also reported that RCT was not correlated to the SCS in their studies and 

also no correlation was observed between SCS and gel firmness in a study by Wickstrom et al., 

2009. This is in agreement with our result which there were no significance correlation between 

SCS and gel firmness, and  SCS and RCT. It is therefore likely that the coagulation properties 

are affected by many other different factors.  
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7. CONCLUSION 

When investigating the differences in raw milk quality i.e. pH, gross composition, SCS, and 

processability of milk i.e. ethanol stability, rennet coagulation time (RCT), gel firmness, and 

curd yield from cows with a different number of lactations and breeds, some differences were 

found but overall there was no major difference between older cows, i.e. cows who had 3≥ 

lactations and younger cows (2≤ lactations). Instead, as it seems, the variation in milk 

composition was mainly associated to breed. Swedish red and white cows (SRB) had 

numerically higher values of fat, total solids, SFA, UFA, MUFA, PUFA, C14:0, C16:0, C18:0, 

and C18:1C9, compared to Swedish Holstein (SLB). Milk from SRB cows had a numerically 

higher concentrations of βA1-CN and lower relative concentration of βA2-CN. The main aim of 

this study was to evaluate the effect of lactation number/Pooled milk levels on the gross 

composition and processability of the milk. In conclusion, in this study, there were no major 

differences between milk from young and old cows. In this study, only a few SLB cows were 

included compared to SRB which might affect the obtained statistical results since it was not 

possible to include both effects (i.e. lactation number and breed) at the same time. The results 

could therefore be considered as implications and to obtain higher reliability, a larger number 

of SLB cows should have been included in this study. More extensive studies would be needed 

in order to further support the outcomes and show further how the number of lactations of the 

cow affects the processability and quality of milk. Further studies may also consider modifying 

pooled milk combinations and the definition of old and young cows. 
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