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Abstract. A key stage in cheese production is the coagulation of milk proteins, le-
ading to the formation of a curd. The aim of the study was to determine how genetic
variants of β-lactoglobulin (BLG) and κ-casein (CSN3) are linked to milk coagulabi-
lity, fat dispersion and the texture of rennet curds. The material for the study consisted
of blood and milk samples collected from 213 cows of four breeds: 63 PHF HO, 50 JE,
50 RP and 50 BG. BLG and CSN3 genotypes were determined by PCR-RFLP. A total
of 741 milk samples were evaluated, in which chemical composition, the degree of
fat dispersion, and coagulation properties were determined. The texture of 228 rennet
curds was evaluated. The BLG A allele was associated with significantly (P ≤ 0.01)
higher content of non-fat dry matter in the milk and a lower degree of fat dispersion.
The presence of the CSN3 B allele was associated with significantly (P ≤ 0.01) higher
content of non-fat dry matter and significantly (P ≤ 0.01) shorter coagulation time.
The curds from such milk were characterized by greater springiness, gumminess and
chewiness (P ≤ 0.05). The most favourable coagulation properties were noted for the
milk of cows with the CSN3 B allele. The association between the BLG alleles and the
parameters of the suitability of the raw material for processing is less clear.
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INTRODUCTION

A key stage in cheese production is the coagulation of milk proteins, leading
to the formation of a curd. The rheological properties of the curd determine the
further course of technological processes, which in turn is reflected in the cheese
yield and the quality of the final product.

The results of numerous studies [Molina et al. 2006a, Ahmadi et al. 2008,
Heck et al. 2009, Mao et al. 2015] indicate a relationship between genetic variants
of certain milk proteins and the productivity of cows, as well as the chemical
composition and physicochemical properties of the milk. Significant differences
in the coagulation process are influenced by variation in the nucleotide sequence
and phosphorylation and glycosylation sites depending on the genetic variant of
the protein [Jensen et al. 2012]. This mainly involves genetic variants of two ge-
nes: the β-lactoglobulin gene (BLG) and the κ-casein gene (CSN3). Hallen et al.
[2007] emphasize that the genetic variation in κ-casein mainly affects the struc-
ture and function of the proteins, whose influence on the coagulation properties of
the milk is much greater than that of the content of the protein. Phosphorylation
sites of κ-casein are associated with varying ability to bind to calcium phosphate,
and in later stages of coagulation, with the process of cross-linking and hydration
of proteins [Mamone et al. 2003]. Many authors suggest that polymorphism wi-
thin the CSN3 gene may also be a significant factor differentiating the texture and
functional properties of cheese [Hallen et al. 2007, Jensen et al. 2012]. Amenu
and Deeth [2007] report that casein is responsible for forming the original struc-
ture of the curd and its ability to retain water and fat. The structure of curds is
also determined by the degree of milk fat dispersion. Fat globules do not have an
active role in curd formation, but are ‘trapped’ in a network of aggregated casein
micelles, filling the pores in the forming gel (to varying degrees, depending on
their size) [Logan et al. 2014]. Although β-lactoglobulin is not directly involved
in the process of enzymatic coagulation of milk, its genetic variants may also be
associated with the parameters of this process.

The main objective of the study was to determine how genetic variants of β-
lactoglobulin (BLG) and κ-casein (CSN3) are linked to selected parameters influ-
encing the suitability of milk for cheese production, including milk coagulability,
fat dispersion, and the texture of rennet curds.

MATERIAL AND METHODS

The material for the study consisted of samples of blood and milk collec-
ted from 213 cows of 4 breeds, including two dairy breeds, Polish Black-and-
White Holstein-Friesian (PHF HO) – 63 and Jersey (JE) – 50, and two native
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breeds, Polish Red (RP) – 50 and White-Backed (BG) – 50. The Jersey and Polish
Holstein-Friesian cows were housed in free-stall barns and fed in a TMR (Total
Mixed Ration) system; the main components of the feed ration were maize silage,
haylage and straw, as well as post-extraction meal (soya and rapeseed) and grain
meal. The White-Backed and Polish Red cows were housed in tie-stall barns and
their diet was based on on-farm fodder; during the autumn and winter the main
components were haylage and hay, and the feed ration was supplemented with
on-farm grain meal.

Blood samples were taken once during routine epidemiological testing, car-
ried out by veterinarians caring for the animals in the herds studied. DNA was
isolated from the samples using a QIAamp DNA Blood Mini Kit by QIAGEN. β-
Lactoglobulin and κ-casein genotypes were determined by PCR-RFLP according
to Medrano and Aquilar-Cordova [1990a,b].

Samples of milk obtained from a complete milking procedure were collected
in the autumn/winter period (November to March), individually from each cow
during test-day milking (AT4 method), and then refrigerated and transported to the
laboratory. They were collected no earlier than 90 days and no later than 210 days
after calving. Data on the daily milk yield of the cows in the months when the milk
was collected were obtained from documentation (RW-2 reports) conducted by the
Polish Federation of Cattle Breeders and Dairy Farmers [2014]. To eliminate milk
samples from cows with diseased udders (SCC over 400.000 per ml), the somatic
cell count (SCC) was determined using a Somacount 150 apparatus by Bentley.

In total 741 milk samples were evaluated, including 210 from cows of the
PHF HO breed, 188 from JE, 181 from RP and 162 from BG, in which the basic
chemical composition of the milk was determined with an Infrared Milk Analyzer
(Bentley) and used to calculate the content of non-fat dry matter and the protein-
to-fat ratio. The coagulation time was determined by Schern’s method, in which
a 250 µl volume of rennet solution (Fromase® 2,200 IMCU/g Granulate, DSM
Food Specialities, France) at a concentration of 0.66 g/100 ml (w/v) was added
to 25 ml of milk heated to 35°C in a water bath and maintained at that tempera-
ture (35°C ±0.5°C). The sample was observed until the moment when the first
casein floccules formed. Milk fat dispersion (expressed as the mean surface area,
circumference and mean diameter of the fat globules) was determined in 518 milk
samples, including 146 from cows of the PHF HO breed, 119 from JE, 141 from
RP and 112 from BG. The analysis was conducted under a microscope at 1,000×
magnification in slides stained with Sudan III (in three fields of view) using Motic
Images Plus 2.0 software. Texture parameters of 228 rennet curds were determi-
ned, including 100 obtained from the milk of cows of the PHF HO breed, 62 from
PC and 66 from BG. Rennet curds were prepared according to the method de-
scribed by Ziarno [2006] with our own modifications. The milk was heated in a
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water bath at 37°C and then rennet was added at a strength of 2,200 IMCU · g–1

(0.66 g · 100 ml–1 (w/v); Fromase 220TL Granulate, DSM Food Specialities,
France). Parameters defining the texture of the curds obtained, i.e. their hardness,
springiness, gumminess, chewiness and cohesiveness, were determined using a
Zwick/Roell Proline BDO-FB0.5TS universal testing machine (Zwick GmbH and
Co, Ulm, Germany). The measurements were performed in two replications and
the results were registered in TestXpert® II software.

StatSoft Inc. STATISTICA ver. 6 software was used for the statistical ana-
lysis. The analysis was based on a General Linear Model (GLM) – an ANOVA
procedure for factorial designs with interaction:

Yikl = µ + Gi + Pk + (Gi × Pk) + eikl

where:
µ – overall mean, Gi – cow’s breed (i = PHF HO, JE, RP, BG), Pk – BLG geno-
type (k = AA, AB, BB), (Gi × Pk) – cow’s breed × BLG genotype interaction,
eikl – effect of random error, or:

Yimn = µ + Gi + Fn + (Gi × Fn) + eimn

where:
µ – overall mean, Gi – cow’s breed (i = PHF HO, JE, RP, BG), Fn – CSN3 geno-
type (n = AA, AB, BB), (Gi × Fn) – cow’s breed × CSN3 genotype interaction,
eimn – effect of random error.

Significance of differences between means was determined by Tukey’s test, at
P ≤ 0.05 and P ≤ 0.01.

RESULTS AND DISCUSSION

The data in Table 1 indicate that the BLG A allele was associated with si-
gnificantly (P ≤ 0.01) higher content of non-fat dry matter in the milk, while
milk obtained from AB heterozygotes had a significantly (P ≤ 0.05) shorter ren-
net coagulation time. No relationship was found between the occurrence of poly-
morphic forms of the BLG gene and the protein-to-fat ratio. Analysis of selected
parameters of the suitability of the milk for cheese production in relation to ge-
netic variants of BLG for each breed separately generally found confirmation in
the results obtained for the entire evaluated population of cows. Significant breed
× BLG genotype interactions were demonstrated for content of non-fat dry mat-
ter and rennet coagulation time (P ≤ 0.05). The results pertaining to the content
of non-fat dry matter are in agreement with those obtained by Pytlewski et al.
[2004], who also linked higher content of non-fat dry matter to the presence of the
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BLG A allele. Literature reports on the relationship between genetic variants of
β-lactoglobulin and the coagulation properties of milk are unclear. Molina et al.
[2006a] found (as in the present study) the most beneficial coagulation properties
in milk obtained from BLG AB heterozygotes. On the other hand, Ikonen et al.
[1999] and Celik [2003] linked the most beneficial milk coagulation properties
with the BLG AA genotype, while Lodes et al. [1997] and Barłowska et al. [2007]
found no relationship between BLG variants and milk coagulation properties.

In the case of κ-casein (Table 2), the presence of the B allele (in both the homo-
and heterozygous state) was associated with significantly (P ≤ 0.01) higher con-
tent of non-fat dry matter, with the fastest rennet coagulation time noted for the
milk of cows with the CSN3 B genotype (P ≤ 0.01). The first casein floccules
formed considerably later (by 1:31 min) in the milk from cows with the CSN3 AA
genotype. No relationship was found between polymorphism of the gene CSN3
and the protein-to-fat ratio. As in the case of BLG, significant breed × CSN3
genotype interactions were observed for content of non-fat dry matter and coagu-
lation time (P ≤ 0.01). The results obtained in this regard are generally consistent
with data reported by other authors [Barłowska et al. 2007, Sulimova et al. 2007,
Azevedo et al. 2008]. According to Botaro et al. [2009], the B κ-casein genotype
contributes to better stability of casein micelles, shorter rennet coagulation time,
formation of firmer curds, and higher cheese yield.

Evaluation of the relationship between genetic variants of β-lactoglobulin and
milk fat dispersion (Table 1) showed that the milk of cows with the BLG AA ge-
notype had the largest fat globules (greatest mean diameter, membrane circumfe-
rence and surface area). However, the differences were not confirmed statistically
for the entire population, but only for the Jersey breed. The milk from cows of this
breed with the BLG AA genotype had significantly (P ≤ 0.01) larger fat globules
than in the case of AB or B (3.19, 2.84 and 2.77 µm, respectively). Similar analy-
sis of the relationship between κ-casein variants (Table 2) shows that the presence
of the CSN3 B allele (in both the homo- and heterozygous state) was associated
with larger fat globules. The milk of cows with CSN3 B and AB genotypes had fat
globules with a significantly (P ≤ 0.01) longer mean diameter and thus a greater
circumference and surface area. These relationships were also confirmed for each
breed, and were statistically significant in the case of the Jersey and White-Backed
breeds. Significant (P ≤ 0.01) breed × CSN3 variant interactions were found for
all analysed parameters defining milk fat dispersion. A more in-depth analysis of
these relationships is difficult because no studies on this subject were found in the
available literature.

The data presented in Tables 3 and 4 show statistically significant relation-
ships between parameters characterizing curd texture and genetic variants of BLG
and CSN3. The curds obtained from the milk of cows with the BLG A allele were
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significantly (P ≤ 0.05) harder and gummier, while the BLG allele determined
greater springiness (P ≤ 0.05). No significant relationships were found between
the polymorphic forms of the BLG gene and the chewiness or cohesiveness of
the curds. Similar relationships as for the entire study population were also fo-
und for each breed of cow. However, in the case of curds from the milk of the
White-Backed cows, the differences in hardness and gumminess were not confir-
med statistically. The springiest curds were obtained from the milk of the cows
with the BLG B genotype (Table 3). In each of the breeds analysed the evaluation
of the simultaneous effect of breed and BLG variant (interaction) on the texture
parameters of rennet curds showed significant interactions for hardness (P ≤ 0.01)
and springiness (P ≤ 0.05) – Table 3. The presence of the CSN3 A allele was fo-
und to be linked to harder (P ≤ 0.05) rennet curds (Table 4), while the B allele
was associated with greater springiness, gumminess and chewiness (P ≤ 0.05).
Two-way analysis of variance taking into account the effect of CSN3 polymor-
phism and the breed of cow confirmed the statistically significant differences for
the hardness of curds obtained from the milk of native cows. Curds from the milk
of Polish Red and White-Backed cows with the AA genotype were significan-

Table 3. Relationship between genetic variants of β-lactoglobulin and selected texture
parameters of rennet curds

Tabela 3. Związek wariantów genetycznych β-laktoglobuliny z wybranymi parametrami
tekstury skrzepów podpuszczkowych 

Breed
Rasa

Genetic
variant
Wariant

genetyczny

n
(curd

samples)
n

(próbek
skrzepów)

Hardness, N
Twardość, N

Springiness, 
N

Sprężystość,
N

Gumminess,
N

Gumowatość,
N

Chewiness, N 
Żuwalność, N

Cohesiveness,
N

Spójność, N

xx SD xx SD xx SD xx SD xx SD

PHF HO
AA 28 5.74a 2.72 1.78a 0.67 0.62b 0.31 0.95 0.41 0.11 0.04
AB 30 6.21b 1.86 1.70a 0.66 0.58b 0.26 0.85 0.23 0.09 0.02
BB 42 5.65a 2.10 2.00b 0.85 0.48a 0.20 0.84 0.31 0.09 0.03

PR
AB 28 4.87b 2.11 2.07a 1.16 0.58b 0.31 1.10 0.32 0.13 0.05
BB 34 3.73a 1.49 2.44b 1.19 0.47a 0.20 1.04 0.41 0.13 0.08

BG
AA 14 5.12 2.51 1.92a 0.85 0.57 0.21 0.99 0.24 0.11 0.02
AB 28 4.65 2.10 2.01a 0.92 0.52 0.29 0.92 0.38 0.11 0.04
BB 14 4.41 1.90 2.21b 1.11 0.58 0.19 0.81 0.26 0.12 0.05

Total
Łącznie

AA 42 5.54b 2.67 1.82a 0.72 0.61b 0.31 0.96 0.41 0.11 0.03
AB 86 5.28ab 2.09 1.94ab 0.91 0.58ab 0.28 0.95 0.49 0.11 0.04
BB 90 4.74a 2.10 2.21b 1.01 0.49a 0.20 0.91 0.38 0.11 0.06

Effect of 
factor
Wpływ 
czynnika

Breed – Rasa *** * ns ns *
Genotype – Genotyp * * * ns ns

Breed x genotype
Rasa x genotyp

** * ns ns ns

a, b – significant differences at P  ≤  0.05; Effect of factor: * – at P ≤  0.05; ** – at P ≤ 0.01, ***– at P ≤ 0.001;
ns – not found.
a, b – różnice istotne przy P ≤ 0,05; Wpływ czynnika: * – przy P ≤  0,05; ** – przy P ≤ 0,01, ***– przy 
P ≤ 0,001; ns – nie stwierdzono.
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Table 4. Relationship between genetic variants of κ-casein and selected texture para-
meters of rennet curds

Tabela 4. Związek wariantów genetycznych κ-kazeiny z wybranymi parametrami teks-
tury skrzepów podpuszczkowych 

Breed
Rasa

Genetic
variant
Wariant

genetyczny

n
(curd

samples)
n

(próbek
skrzepów)

Hardness, N
Twardość, N

Springiness, 
N

Sprężystość,
N

Gumminess,
N

Gumowatość,
N

Chewiness, N 
Żuwalność, N

Cohesiveness,
N

Spójność, N

xx SD xx SD xx SD xx SD xx SD

PHF HO
AA 20 5.98 2.37 1.70 0.86 0.55 0.21 0.78a 0.24 0.10 0.03
AB 48 5.83 2.34 1.76 0.71 0.52 0.22 0.83ab 0.48 0.09 0.03
BB 32 5.71 1.62 2.03 0.73 0.59 0.17 1.01b 0.32 0.10 0.03

PR
AA 16 5.20b 1.64 2.25 0.77 0.40 0.08 0.88A 0.29 0.12 0.04
AB 28 4.06ab 2.10 2.30 1.36 0.55 0.38 1.04AB 0.45 0.13 0.05
BB 18 3.62a 1.80 2.29 1.24 0.58 0.15 1.27B 0.71 0.14 0.08

BG
AA 20 5.16b 2.24 1.74 1.61 0.46 0.18 0.84 0.32 0.10a 0.03
AB 30 4.74ab 1.42 1.98 0.84 0.58 0.33 0.95 0.32 0.12ab 0.04
BB 16 4.11a 2.11 2.42 0.69 0.60 0.30 0.94 0.45 0.14b 0.02

Total
Łącznie

AA 56 5.48b 1.82 1.88a 1.12 0.48a 0.21 0.84a 0.32 0.11 0.04
AB 106 5.07ab 2.43 2.00ab 0.93 0.55ab 0.30 0.91a 0.38 0.11 0.05
BB 66 4.76a 2.18 2.23b 0.96 0.59b 0.37 1.05b 0.60 0.11 0.04

Effect of 
factor
Wpływ 
czynnika

Breed – Rasa *** ns ns ns ***
Genotype – Genotyp * ns ns * ns

Breed x genotype
Rasa x genotyp

ns ns ns * ns

A, B – significant differences at P  ≤  0.01; a, b – significant differences at P ≤  0.05; Effect of factor: * – at 
P ≤  0.05; ** – at P ≤ 0.01, ***– at P ≤  0.001; ns – not found.
A, B – różnice istotne przy P ≤ 0,01; a, b – różnice istotne przy P  ≤ 0,05; Wpływ czynnika: * – przy P ≤  0,05;
** – przy P ≤ 0,01, ***– przy P ≤ 0,001; ns – nie stwierdzono.

tly (P ≤ 0.05) harder, and in the case of the White-Backed breed, they were also
significantly (P ≤ 0.05) more cohesive than curds from the milk of CSN3 B homo-
zygotes. Analysis of the simultaneous effect of breed and genetic variant of CSN3
on parameters characterizing rennet curd texture revealed a significant interaction
(P ≤ 0.05) only for chewiness (Table 4).

The available literature lacks studies analysing texture parameters of rennet
curds. Authors investigating texture focus mainly on analysing these parameters
with respect to the final product, i.e. various types of cheeses. The quality of the
curd is usually characterized according to two parameters: A30 defining curd firm-
ness 30 min after the coagulating enzyme is added, and K20 indicating the rate at
which the gel attains a given degree of firmness.

The results of the present study are in some sense confirmed by results obta-
ined by Jõudu et al. [2009]. The authors analysed the coagulation properties of the
milk of Estonian Holstein-Friesian and Estonian Red cows with different variants
of the CSN3 gene and showed that curds obtained from the milk of cows with the
CSN3 B genotype attained greater firmness 30 min after the coagulating enzyme
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was added in comparison with AA homozygotes (40 mm and 27 mm, respecti-
vely). Saccà et al. [2003] also report significantly (P ≤ 0.01) greater firmness of
curds obtained from the milk of B homozygotes in comparison with CSN3 AA
(32.9 mm and 25.2 mm, respectively). Molina et al. [2006b], on the other hand,
showed no differences in the firmness of curds obtained from the milk of cows
with extreme CSN3 genotypes. However, when the authors analysed this parame-
ter in the context of polymorphism of the gene BLG they found that curds from
the milk of cows with the AB genotype were significantly (P ≤ 0.05) firmer than
in the case of AA.

CONCLUSIONS

In conlusion, polymorphic variants of β-lactoglobulin and κ-casein substan-
tially differentiate the suitability of milk for cheese production. In the case of
CSN3, the best coagulation parameters were noted for the raw material obtained
from cows with the B allele. Its presence is linked to significantly higher content
of non-fat dry matter in the milk and shorter coagulation time, and the curd formed
is springier, gummier and chewier. The presence of this allele is also associated
with the lowest milk fat dispersion. The relationship between genetic variants of
β-lactoglobulin and parameters defining the suitability of milk for processing is
less clear.
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ZWIĄZEK WARIANTÓW GENETYCZNYCH B-LAKTOGLOBULINY
I K-KAZEINY Z WYBRANYMI PARAMETRAMI PRZYDATNOŚCI
SEROWARSKIEJ MLEKA

Streszczenie. W technologii wytwarzania serów kluczowym etapem procesu pro-
dukcyjnego jest koagulacja białek mleka, prowadząca do powstania skrzepu. Celem
pracy było określenie związku wariantów genetycznych β-laktoglobuliny (BLG) i κ-
kazeiny (CSN3) z krzepliwością mleka, stanem dyspersji tłuszczu i teksturą skrzepów
podpuszczkowych. Materiał do badań stanowiły próby krwi i mleka pobrane od 213
krów 4 ras: 63 PHF HO, 50 JE, 50 RP i 50 BG. Genotypy BLG i CSN3 określono
metodą PCR-RFLP. Oceniono 741 próbek mleka, w których oznaczono skład che-
miczny, stopień dyspersji tłuszczu i właściwości koagulujące. Oceniono teksturę 228
skrzepów podpuszczkowych. Allel A BLG był związany istotnie (P ≤ 0,01) z wyż-
szą zawartością suchej masy beztłuszczowej w mleku i niższym stopniem dyspersji
tłuszczu. Obecność allelu B CSN3 była związana istotnie (P ≤ 0,01) z wyższą zawar-
tością suchej masy beztłuszczowej istotnie (P ≤ 0,01) i krótszym czasem krzepnię-
cia mleka. Skrzepy z takiego mleka wykazywały większą sprężystość, gumowatość
i żujność (P ≤ 0,05). Najlepszymi właściwościami koagulującymi charakteryzuje się
mleko krów posiadających allel B CSN3. Związek alleli BLG z analizowanymi para-
metrami przydatności surowca do przetwórstwa jest mniej jednoznaczny.

Słowa kluczowe: polimorfizm białek mleka, skrzep podpuszczkowy, stan dyspersji
tłuszczu
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