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ABSTRACT

The aim of this work was to investigate the effect 
of casein haplotypes (αS1-, β-, and κ-caseins) on mor-
phometric characteristics of fat globules and fatty acid 
composition of Italian Holstein milk. Casein haplotypes 
were determined by isoelectric focusing; milk fat globule 
size was measured by using a fluorescence microscope; 
and fatty acid profile was determined by gas chroma-
tography. Casein haplotype significantly affected the fat 
globule size, the percentage incidence of each globule 
size class on total measured milk fat globules, and fatty 
acid composition. A higher incidence of smaller milk fat 
globules was associated with the BB-A2A2-BB genotype 
(αS1-, β-, and κ-casein haplotypes, respectively), where-
as small globules were not detected in BB-A2A1-AA 
milk, but that milk had the highest percentage of large 
globules. A higher content of monounsaturated fatty 
acids was associated with the BB-A2A2-AB genotype, 
whereas higher contents of conjugated linoleic acid and 
docosahexaenoic acid were detected in BB-A1A1-AA 
milk. Our results indicate that casein haplotype could 
affect fat characteristics and, therefore, the nutritional 
and technological quality of milk.
Key words: casein haplotype, milk fat globule size, 
fatty acid profile, Italian Holstein cows

INTRODUCTION

The milk proteins of ruminants have a complex ge-
netic variability. In particular, αS1-, β-, and k-CN have 
many genetic variants that can result from SNP or 
from nucleotide deletions or insertions, which affect, 
at the phenotypic level, both milk composition and 
cheesemaking properties (Di Stasio and Mariani, 2000; 
Caroli et al., 2009). Casein genes were the first to be 
identified and sequenced entirely. Close linkage among 
the caseins was detected through physical mapping 
techniques, showing that αS1-CN, β-CN, αS2-CN, and 
κ-CN are coded by 4 genes (CSNS1, CSN2, CSN1S2, 

and CSN, respectively) tightly linked in a 250-kb cluster 
on chromosome 6 (Martin et al., 2002). Many authors 
(Ojala et al., 1997; Braunschweig et al., 2000) have 
suggested that the effects of an individual locus are 
confounded in statistical analyses, even when they are 
included simultaneously in the model, because certain 
alleles at the casein loci may appear together more or 
less frequently than expected with a random combina-
tion. However, their influence on milk traits could be 
due to the cumulative effects of different casein loci 
on chromosome 6. Consequently, the effects of casein 
genotypes should be estimated using the whole casein 
cluster instead of single casein loci (Boettcher et al., 
2004; Gambacorta et al., 2005; Secchiari et al., 2009; 
Perna et al., 2013).

Fat is the major substance defining the energetic 
value of milk and it makes a major contribution to 
the nutritional properties of milk. Lipids in milk are 
mainly present as an oil-in-water emulsion in the form 
of globules with a diameter that ranges between <0.1 
and approximately 18 μm, with an average diameter 
of about 4 μm in cow milk (El-Zeini, 2006; Martini et 
al., 2013a). The globules consist of a triglyceride core 
surrounded by a natural biological membrane com-
posed mainly of cholesterol, enzymes, glycoproteins, 
and glycolipids (Fauquant et al., 2007). About 70% of 
all fat globules have a diameter of <4 μm, whereas 
20% of globules, which represents almost the entire 
weight of the fat, have diameters between 4 and 6 μm 
(Barłowska et al., 2011). The milk fatty acids and fat 
globule size influence the physicochemical, nutritional, 
and sensorial properties of milk and milk products, 
as well as their technological ability (Michalski et 
al., 2003; Fauquant et al., 2005). They, in turn, are 
affected by various factors, both endogenous (breed, 
individual milk production, state of health, lactation 
stage) and exogenous (environmental conditions and 
farm management, with special reference to the type 
of diet) (Michalski et al., 2005; Couvreur et al., 2006; 
Janik et al., 2008; Martini et al., 2013b). The influ-
ence of milk protein polymorphisms on morphometric 
characteristics and the fatty acid composition of milk 
has been detected in sheep (Martini et al., 2006) and 
goats (Chilliard et al., 2006; Cebo et al., 2012). In the 

The influence of casein haplotype on morphometric characteristics of fat  
globules and fatty acid composition of milk in Italian Holstein cows
Annamaria Perna,1 Immacolata Intaglietta, Amalia Simonetti, and Emilio Gambacorta
School of Agricultural, Forestry, Food and Environmental Sciences, University of Basilicata, Viale dell’Ateneo Lucano 10, Potenza, 85100, Italy

 

Received September 14, 2015.
Accepted December 22, 2015.
1 Corresponding author: anna.perna@unibas.it



Journal of Dairy Science Vol. 99 No. 4, 2016

EFFECT OF CASEIN HAPLOTYPE ON MILK FAT TRAITS 2513

bovine, the connection between milk protein polymor-
phism and fatty acid composition has been thoroughly 
investigated (Bobe et al., 2004; Melia et al., 2009). 
However, little information is reported in the literature 
on the association between milk protein polymorphism 
and morphometric characteristics of milk fat globules. 
Martini et al. (2007) detected relationships among fat 
globule size and β-CN, κ-CN, and β-LG polymorphisms 
in Holstein milk. The aim of our study was to estimate 
the effects of casein haplotypes on morphometric char-
acteristics and fatty acid composition of milk in Italian 
Holstein cows.

MATERIALS AND METHODS

Animals and Sampling

This study was conducted on an intensive farm, 
consisting of more than 500 Italian Holstein cattle, 
in the countryside of Potenza, southern Italy. Before 
starting the experiment, about 250 animals in lactation 
were identified by isoelectric focusing (IEF) to define 
their haplotypes. Haplotypes were formed by combin-
ing individual allelic loci of αS1-, β-, and κ-CN. After 
defining individual phenotypes, the cows were grouped 
by haplotype. Each group consisted of 10 to 12 animals, 
at similar stages of lactation (70 to 120 d postpartum), 
season (spring), and parity (third calving). All animals 
were fed a commercial standard diet according to milk 
yield. Individual milk samples of cows at the morn-
ing milking were collected once and all milk samples 
were stored at 4°C until analysis; determination of fat 
globule size was conducted on fresh milk samples. Indi-
vidual milk samples from each cow were analyzed and 
each analysis was carried out in triplicate.

Sample Preparation for IEF

Individual milk samples were defatted by centrifuga-
tion (3,000 × g for 30 min at 4°C); the fat layer was 
solidified at −20°C for 20 min and removed. Casein 
was prepared by isoelectric precipitation at pH 4.6 with 
10% (vol/vol) acid acetic and 1 M sodium acetate at 
room temperature. After centrifugation at 3,000 × g for 
10 min at 4°C, the casein pellet was washed twice with 
distilled water and stored at −20°C. The whole casein 
was dissolved in 9 M urea and 1% 2-mercaptoethanol 
for IEF analysis, according to Aschaffenburg and Dre-
wry (1959).

Genetic Variants of Casein by IEF

The genetic variants of the different caseins by IEF 
were determined according to the method of Trieu-Cuot 

and Gripon (1981). The IEF analysis was performed 
on polyacrylamide gel (5% acrylamide and 0.15% bi-
sacrylamide) with a thickness of 1 mm and 2% carrier 
ampholytes to create a gradient of pH 2.5 to 10. The 
gel was prefocused at a constant value of 0.35 W/mL of 
gel and at the maximum limit of 1,200 V. The gel was 
stained in Coomassie Brilliant Blue G-250 according to 
Blakesley and Boezi (1977). Haplotype frequencies were 
determined by the number of each haplotype divided 
by the total number of haplotypes [% = (ni, haplotype/
ntotal, haplotype) × 100]. Haplotypes are presented in order 
for αS1-, β-, and κ-CN, respectively.

Determination of Fat Globule Size

Milk fat globule size were determined as described 
by Martini et al. (2013b). Image acquisition and pro-
cessing (100×) were performed using a fluorescence 
microscope (Axioskop, Zeiss, Germany) equipped 
with Image J software (National Institutes for Health, 
Bethesda, MD). After determination of diameter, fat 
globules were divided into 3 size classes: small globules 
(diameter <2 μm), medium-sized globules (diameter 
from 2 to 5 μm), and large globules (diameter >5 μm). 
In addition, the percentage incidence of each globule 
class on total measured milk fat globules was calculated 
separately for haplotype: Σni globules (each class)/Σntotal globules 
× 100.

Determination of Fatty Acid Profile

Total lipids of the samples were extracted using chlo-
roform/methanol (2:1, vol/vol) according to Folch et 
al. (1957), and FAME were prepared according to the 
ISO (1978) method. Analysis was performed using a 
Varian 3400 gas chromatograph (Varian, Turin, Italy), 
equipped with a split-splitless injector, an Omegawax 
250 capillary column (30 m × 0.25 μm i.d. × 0.25 μm 
film thickness; Thermo Fisher Scientific, Milan, Italy), 
and a flame-ionization detector. Helium was used as 
carrier gas at a flow rate of 1.0 mL/min, and the injec-
tor and detector temperatures were set at 250°C and 
220°C, respectively. The oven temperature program was 
50°C for 2 min, increasing at 4°C/min up to 220°C, 
where it was maintained for 15 min.

Individual FAME were identified by comparing their 
retention times with those of the corresponding pure 
standards (Sigma-Aldrich, Milan, Italy). Quantitative 
analysis was obtained by peak area integration using 
the Galaxie Chromatography Data System version 
1.9.3.2 software (Varian), and results were expressed as 
percentage of the total fatty acids analyzed. To evalu-
ate the nutritional implications, PUFA:SFA and n-6:n-3 
ratios, and atherogenic and thrombogenic indices were 
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calculated. The atherogenic and thrombogenic indi-
ces were calculated using the Ulbricht and Southgate 
(1991) equations:

 Atherogenic index = [(4 × C14:0) + C16:0]/  

[ΣMUFA + ΣPUFA n-6 + ΣPUFA n-3];

 Thrombogenic index = (C14:0 + C16:0 + C18:0)/  

(0.5 MUFA + 0.5 PUFA n-6 + 3 PUFA n-3  

+ PUFAn-3/PUFAn-6).

Statistical Analysis

Data were analyzed according to the following linear 
model (SAS Institute, 1996):

 yik = μ + αi + εik, 

where yik is the observation; μ is the overall mean; αi 
is the fixed effect of the ith haplotype (i = 1, 2, 3, 
4, 5); and εik is the random error. Before setting the 
values (expressed as percentages), they were subjected 
to angular transformation. Student’s t-test was used to 
compare all variables. Differences between means at 
the 95% (P < 0.05) confidence level were considered 
statistically significant.

RESULTS AND DISCUSSION

Haplotype Frequencies

In the study population, 5 different casein haplotypes 
were identified by IEF. The different allelic combina-
tions of loci αS1-, β-, and κ-CN and their frequencies 
are reported in Table 1. Haplotypes BB-A2A1-AA, BB-
A2A2-AA, and BB-A2A2-AB had the highest frequency 
(>28%), followed by BB-A2A2-BB (7.89%); BB-A1A1-
AA had the lowest frequency (<5%). Likely, the selec-
tion boost carried out for specific aspects only (e.g., fat 
and protein yields) decreased the variability of allelic 
combinations.

Effect of Casein Haplotype on Fat Globule Size

Fat globule size, clustered according to the 3 classes 
analyzed, is reported in Table 2. Overall, the studied 
milk samples showed an overall mean fat globule di-
ameter of 3.85 μm, with a mean value of 1.63 μm for 
small globules, 3.45 μm for medium globules, and 5.90 
μm for large globules. These findings are in agreement 
with that by other authors (Czerniewicz et al., 2006; 
Martini et al., 2013a). Casein haplotype significantly 
affected fat globule size (P < 0.01). This is consistent 
with Ollier et al. (2008), who observed in goat milk 
that polymorphisms in αS1-CN influenced expression 
of key lipogenic genes that regulate membrane fluid-
ity, cell–cell interactions, and chromatin organization. 
Significant differences in average diameter were ob-
served among the studied haplotypes. In particular, the 
BB-A2A1-AA haplotype gave milk with a significantly 
higher fat globule diameter (P < 0.05), whereas BB-
A2A2-AB and BB-A2A2-BB milk had the lowest fat 
globule diameters. Within the small fat globule class, 
BB-A1A1-AA milk had the lowest fat globule diameter 
(1.55 μm; P < 0.05), whereas small fat globules were 
not detected in BB-A2A1-AA milk. Cebo et al.(2012), in 
goat milk, observed that the genetic polymorphism at 
the αS1-CN locus is related to milk fat globules, includ-
ing size and ζ-potential, together with the lipid and 
protein composition of the milk fat globule membrane. 
It is known that small droplets of triacylglycerol are 
synthesized in or on the surfaces of rough endoplasmic 
reticulum membranes and released into the cytoplasm 
as microlipid droplets with a surface coat of protein 
and polar lipid (Mather and Keenan, 1998). Some 
lipid droplets grow substantially between the time of 
their formation and the time of their secretion (Scow 
et al., 1980). Furthermore, post-secretion, some of the 
larger milk fat globules may fuse with smaller ones and 
thereby increase their diameter (Argov et al., 2008). In 
light of this, we hypothesized that, in our study, the for-
mation of large globules and rare presence or absence 
of small globules could be due to the biochemical bal-
ances associated with the haplotype, which influences 
the surface charge of the milk fat globule membrane, 
and thus would lead to a more rapid aggregation of the 
fat droplets. Furthermore, fatty acids associated with 
phospholipids may affect membrane fluidity and, hence, 
the likelihood of globules to coalesce into larger globules 
(Bitman and Wood, 1990). For the medium and large 
globule classes, BB-A2A2-BB milk had globules at the 
lower end of the range for medium globules (3.19 μm; P 
< 0.05), whereas BB-A1A1-AA and BB-A2A1-AA milks 
had globules at the highest diameters of large globules 
(6.03 and 6.08 μm, respectively; P < 0.05).

Table 1. Frequencies of the αS1-CN, β-CN, and κ-CN haplotypes in 
Italian Holstein milk

Haplotype  
(αS1-CN, β-CN, κ-CN)

Frequency 
(%)

BB-A2A1-AA 30.13
BB-A2A2-AA 29.09
BB-A2A2-AB 28.41
BB-A2A2-BB 7.89
BB-A1A1-AA 4.47
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In addition, we calculated the percentage incidence of 
each globule class on total measured milk fat globules 
separately by haplotype (Figure 1). Within the small 
fat globule class, for αS1-CN variant BB and β-CN 
variant A2A2, BB-A2A2-BB milk had the highest per-
centage (12.7%; P < 0.05) and BB-A2A2-AA milk had 
the lowest percentage (4.2%; P < 0.05). These findings 
are supported by Martini et al. (2007), who reported 
that, in Italian Holstein milk, the BB genotype of κ-CN 
showed a higher percentage of smaller globules than 
did the AB and AA genotypes. Milk with haplotypes 
BB-A2A2-AB, BB-A2A2-BB, and BB-A2A2-AA had the 

highest percentages of medium-sized globules (83.0, 
80.4, and 75.4%, respectively; P < 0.05) compared with 
the other studied haplotypes. Within the large fat glob-
ules class, BB-A2A1-AA and BB-A1A1-AA milks had 
the highest percentages of large fat globules (39.5 and 
32.0%, respectively; P < 0.05).

Effect of Casein Haplotype on Fatty  
Acid Composition

The fatty acid profiles of milk from the 5 studied 
haplotypes are reported in Table 3. Casein haplotype 

Table 2. Fat globules diameter (μm) of Italian Holstein milk separately for casein haplotype

Haplotype  
(αS1-CN, β-CN, κ-CN)

Globule

Small 
(<2 μm)

 

Medium 
(>2 ≤5 μm)

 

Large 
(>5 μm)

 

Overall

Mean SD Mean SD Mean SD Mean SD

BB-A2A1-AA ND1 ND  3.64a 0.19  6.08a 0.11  4.86a 0.36
BB-A2A2-AA 1.69a 0.04  3.63a 0.04  5.84b 0.15  3.70b 0.16
BB-A2A2-AB 1.65a 0.02  3.32b 0.08  5.82b 0.36  3.57cd 0.16
BB-A2A2-BB 1.63b 0.02  3.19c 0.11  5.73b 0.21  3.56c 0.15
BB-A1A1-AA 1.55c 0.04  3.47a 0.36  6.03a 0.12  3.68bd 0.17
a–dMeans within a column with different superscripts differ (P < 0.05).
1Not detected.

Figure 1. Percentage incidence of each globule class (large, medium, and small) on total measured milk fat globules separately for each 
casein haplotype (shown in order: αS1-CN, β-CN, κ-CN). Significant differences (P < 0.05) within each globule class are indicated by different 
letters (a–d).
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significantly affected the fatty acid composition of 
milk (P < 0.01). This result is in line with that re-
ported by many authors (Bobe et al., 2004; Ferlay et 
al., 2008), even though those authors considered single 
casein loci, not the whole casein cluster. In this study, 
despite significant differences in some individual SFA, 
we found no significant effect for total SFA content. 
In particular, the content of C4:0 was lower in BB-
A2A2-BB and BB-A1A1-AA milk compared with milks 
of other haplotypes (2.84 and 2.54%, respectively; P < 
0.05). Several studies have highlighted the role of C4:0 
fatty acid on human health; in fact, C4:0 regulates 
fluid transport, protects colonocytes from oxidative 
stress, and modulates cell proliferation and differen-
tiation; it is also important for its alleged antitumor 
activity (Parodi, 1999; Canani et al., 2011; Zał ski et 
al., 2013). In the current study, the BB-A2A2-AB, BB-
A2A2-BB, and BB-A2A1-AA milks showed the highest 
contents of saturated short-chain fatty acids (C6:0, 
C8:0, and C10:0). These fatty acids are particularly 
digestible, have a low tendency for adipose formation, 
and (together with C18:0) do not affect serum choles-
terol levels (Fushimi et al., 2006; Marten et al., 2006). 
Furthermore, Neyts et al. (2000) reported that C4:0, 
C6:0, C8:0, and C10:0 fatty acids exert antimicrobial 
and antiviral activities in both in vitro and in vivo ani-
mal studies. The BB-A2A1-AA milk showed the highest 
contents of C12:0 (6.11%; P < 0.05) and C14:0 (14.19%; 
P < 0.05), whereas milk with haplotype BB-A2A2-AA 
showed the highest C16:0 content (22.43%; P < 0.05). 
From a general nutritional point of view, C12:0, C14:0, 
and C16:0 acids, synthesized de novo in the mammary 
gland, have a hypercholesterolemic effect because they 
are associated with a higher concentration of low-
density lipoprotein (LDL; Mensink et al., 2003). Other 
authors (Bobe et al., 2004; Melia et al., 2009) reported 
that allele CSN3 B is associated with increased de novo 
fatty acid synthesis in the mammary gland. In particu-
lar, C14:0 acid is the most atherogenic fatty acid, hav-
ing 4 times the cholesterol-raising potential of C16:0 
(Ulbricht, 1995). With regard to C18:0, BB-A2A2-AA 
and BB-A2A1-AA milks showed the lowest content 
(9.41 and 10.06%, respectively; P < 0.05). This fatty 
acid has been shown to have no net effect on plasma 
levels of either LDL or high-density lipoprotein (HDL) 
cholesterol in humans (Bonanome and Grundy, 1988; 
Yu et al., 1995) and is not atherogenic (Mensink et al., 
2003). This effect of C18:0 acid has been attributed 
to its reduced digestibility and easy desaturation into 
oleic acid (C18:1; Bonanome and Grundy, 1988). Oleic 
acid is the most prevalent MUFA in milk from rumi-
nants. In the current study, BB-A2A2-AB milk showed 
the highest content of C18:1n-9 (18.40%, P < 0.05), 
whereas BB-A2A2-BB milk showed the lowest content 

of C18:1n-9 (16.19%). From a nutritional viewpoint, 
C18:1n-9 has a hypocholesterolemic effect because it 
positively modifies the LDL:HDL ratio (Ulbricht and 
Southgate, 1991). Melia et al. (2009) reported that 
allele CSN3 B is negatively associated with C18:1n-9 
content. The BB-A2A2-AA and BB-A2A1-AA milks 
showed the lowest percentage of C18:2n-6 (3.13 and 
2.81%, respectively; P < 0.05), and consequently of 
n-6 PUFA, whereas C18:3n-3 content was significantly 
lower in BB-A2A2-AB and BB-A2A1-AA milk (0.66 and 
0.65%, respectively; P < 0.05). The BB-A2A2-AA and 
BB-A2A1-AA milks had the lowest C20:5n-3 (eicosapen-
taenoic acid) content (P < 0.05), whereas BB-A2A2-AA 
milk had the lowest C22:6n-3 (docosahexaenoic acid) 
content. The C18:2n-6 (cis) fatty acid is the precursor 
of C20:4n-6, which is considered advantageous for car-
diovascular health only when present in low amounts, 
being antagonist of the health benefits resulting from 
the n-3 fatty acids (Parra et al., 2007). The n-3 PUFA, 
such as C18:3n-3 and docosahexaenoic acid, instead, 
are regulators of gene expression in the body (Kaur 
et al., 2011). In particular, C18:3n-3 may have an 
antiadipogenenic action because of competition with 
C18:2n-6 in the synthesis of C20:4n-6 (Kaur et al., 
2011). In general, the mean content of CLA in milk 
was 0.56%, in agreement with the amount detected by 
Secchiari et al. (2002). In particular, BB-A1A1-AA milk 
showed the highest percentage of CLA (0.68%; P < 
0.05), whereas BB-A2A2-AB milk presented the lowest 
content (0.44%). The CLA have important biological 
activities, including anticarcinogenic and hypocholes-
terolemic properties (Jenkins et al., 2006).

Nutritional indices and ratios of the lipid fraction 
of milk with different casein haplotypes are reported 
in Table 4. Statistical analysis showed a significant 
effect of casein haplotype on nutritional indices and 
ratio (P < 0.01). The ratio of PUFA to SFA found in 
our samples was below the nutrition recommendations 
proposed by the UK Department of Health (1994); in 
particular, BB-A2A1-AA milk showed the lowest value 
(0.064; P < 0.05) compared with the other studied hap-
lotypes. In fact, the UK Department of Health (1994) 
recommended a PUFA:SFA ratio >0.40 to prevent ex-
cesses of some SFA that have a negative effect on the 
LDL cholesterol plasma level, and of some PUFA that 
are precursors of powerful clotting agents and that are 
involved in the etiology of some cancers. Currently, the 
European Food Safety Authority (EFSA), has not set 
specific values for PUFA:SFA but, among its recom-
mendations, proposes a general reduction in the intake 
of SFA and an increase in the intake of n-3 PUFA 
(EFSA, 2010). However, the PUFA to SFA ratio may 
not be completely suitable to evaluate the nutritional 
value of fat because it ignores the effect of MUFA, 
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such as C18:1n-9 (cis), and overestimates the effect of 
some SFA, such as C18:0, that do not increase plasma 
cholesterol (Santos-Silva et al., 2002). Therefore, it is 
necessary to use other nutritional indices and ratios, 
suc as n-6:n-3 ratio, atherogenic index, and thrombo-
genic index, which best define the dietetic properties 
of milk fat. Our samples showed a mean n-6:n-3 ratio 
of 3.56; in particular, BB-A2A1-AA milk showed the 
best value (3.19; P < 0.05). EFSA (2010) proposed not 

to set specific values for n-3 and n-6 intakes, because 
biochemical and clinical data in human are insufficient 
to recommend a value independent of absolute levels 
of intake. However, Simopoulos (1999) recommended 
a low intake of n-6 PUFA to avoid the prothrombotic 
and proaggregatory effects. In this study, BB-A2A1-AA 
milk showed the highest atherogenic index (P < 0.05) 
and thrombogenic values, whereas BB-A2A2-AB milk 
showed the lowest values.

Table 3. Fatty acid composition (%) of the Italian Holstein milk separately for casein haplotype

Fatty acid

Haplotype (αS1-CN, β-CN, κ-CN)

BB-A2A2-AB

 

BB-A2A2-BB

 

BB-A2A2-AA

 

BB-A1A1-AA

 

BB-A2A1-AA

Mean SD Mean SD Mean SD Mean SD Mean SD

C4:0 3.47a 0.39 2.84bc 0.17 3.01b 0.22 2.54c 0.24 2.86b 0.04
C6:0 3.73ac 0.28 3.45ab 0.34 3.31bc 0.38 3.07b 0.16 3.53c 0.29
C8:0 2.27ab 0.26 2.25ab 0.25 2.09a 0.19 2.03a 0.23 2.35b 0.19
C10:0 5.15a 0.77 5.37a 0.74 4.94a 0.58 4.75a 0.17 5.52a 0.58
C10:1 0.39a 0.03 0.45ab 0.06 0.49b 0.05 0.53bc 0.05 0.60c 0.06
C11:0 0.08a 0.01 0.15b 0.01 0.12c 0.01 0.11c 0.01 0.11c 0.01
C12:0 5.64ab 0.78 5.95ab 0.30 5.46a 0.63 5.57ab 0.66 6.11b 0.51
C13:0 0.23a 0.03 0.24a 0.03 0.21ab 0.02 0.19b 0.02 0.19b 0.02
iso C14:0 0.17a 0.02 0.22b 0.02 0.21b 0.02 0.28c 0.01 0.22b 0.02
C14:0 12.70a 1.27 13.07a 0.87 13.30ab 0.81 12.99a 1.11 14.19b 0.26
C14:1 1.01a 0.07 1.36b 0.15 1.44b 0.11 1.79c 0.21 1.64c 0.10
iso C15:0 0.25a 0.02 0.37b 0.02 0.33c 0.03 0.43d 0.05 0.39bd 0.04
anteiso C15:0 0.48a 0.06 0.66bc 0.09 0.61b 0.07 0.76cd 0.05 0.78d 0.08
C15:0 1.24a 0.11 1.51b 0.20 1.57b 0.12 1.61b 0.13 1.54b 0.15
C15:1 0.04a 0.00 0.05b 0.01 0.07c 0.01 0.06c 0.01 0.06c 0.01
C16:0 20.46a 1.34 19.56a 2.02 22.43b 1.44 20.25a 1.04 21.01a 1.38
C16:1 cis-7 0.25a 0.03 0.20b 0.02 0.20b 0.02 0.16c 0.02 0.16c 0.02
C16:1 cis-9 2.86a 0.32 2.70a 0.16 2.92a 0.25 2.65a 0.21 2.15b 0.25
iso C17:0 0.49a 0.06 0.56abc 0.07 0.57b 0.05 0.67c 0.03 0.58b 0.04
anteiso C17:0 0.48a 0.06 0.50a 0.03 0.51ac 0.06 0.60b 0.07 0.55bc 0.02
C17:0 1.32a 0.09 1.39a 0.20 1.05b 0.06 1.00b 0.03 0.78c 0.08
C17:1 0.53a 0.06 0.51a 0.03 0.54a 0.07 0.42b 0.04 0.38b 0.04
iso C18:0 0.06ab 0.01 0.06a 0.01 0.06a 0.00 0.08b 0.01 0.05c 0.00
C18:0 11.25a 1.07 11.42a 1.13 9.41b 0.77 11.02a 0.92 10.06b 0.86
C18.1n-9 (cis) 18.40a 1.10 16.19b 1.99 16.71b 1.05 16.62b 0.43 16.51b 0.65
C18:1n-9 (trans) 2.27a 0.20 2.28a 0.25 1.86b 0.19 1.67b 0.18 1.71b 0.23
C18:2n-6 (cis+trans) 3.46a 0.27 3.69ac 0.39 3.13b 0.27 3.92c 0.21 2.81d 0.21
C18:3 0.66a 0.03 0.78b 0.07 0.76b 0.08 0.80b 0.08 0.65a 0.04
CLA 0.44a 0.04 0.60b 0.06 0.52c 0.05 0.68d 0.06 0.55bc 0.06
C20:0 0.16ab 0.02 0.18ac 0.02 0.15b 0.01 0.21c 0.04 0.17ac 0.02
C20:1n-9 0.18a 0.01 0.19a 0.02 0.19a 0.02 0.20a 0.02 0.20a 0.03
C20:2 0.03a 0.00 0.03ab 0.00 0.03b 0.00 0.03ab 0.00 0.02c 0.00
C20:3n-6 0.02a 0.00 0.02a 0.00 0.02a 0.00 0.02a 0.00 0.02a 0.00
C21:0 0.15a 0.02 0.19b 0.03 0.20b 0.01 0.13a 0.02 0.10c 0.01
C20:3n-3 0.21abc 0.03 0.23a 0.03 0.20b 0.01 0.17c 0.02 0.21ab 0.02
C20:4n-6 0.25a 0.03 0.23ab 0.01 0.24a 0.03 0.23ab 0.02 0.21b 0.02
C20:5n-3 0.07a 0.00 0.06b 0.01 0.05c 0.01 0.06ab 0.00 0.05c 0.00
C22:0 0.08a 0.00 0.08ac 0.01 0.05b 0.01 0.07cd 0.00 0.06d 0.01
C22:1n-9 0.05a 0.01 0.04a 0.00 0.04a 0.00 0.07b 0.00 0.06c 0.01
C22:2 0.01a 0.00 0.02a 0.00 0.03b 0.00 0.03b 0.00 0.03c 0.00
C23:0 0.53a 0.07 0.57a 0.08 0.58a 0.03 0.61a 0.04 0.69b 0.05
C24:0 0.15ab 0.01 0.16a 0.01 0.14b 0.01 0.16ab 0.01 0.15ab 0.01
C22:6n-3 0.05a 0.00 0.04b 0.01 0.03c 0.00 0.04bc 0.00 0.04ab 0.00
SFA 70.56a 1.95 70.75a 2.39 70.30a 2.45 69.13a 2.35 7,200a 1.82
MUFA 25.98a 1.84 23.97ab 2.19 24.46ab 1.29 24.17ab 0.28 23.47b 0.91
n-3 PUFA 0.99ac 0.05 1.11b 0.09 1.02abc 0.08 1.07ab 0.07 0.95c 0.04
n-6 PUFA 3.72a 0.29 3.95a 0.39 3.39b 0.25 4.17a 0.22 3.05c 0.24
a–dMeans within a row with different superscripts differ (P < 0.05).
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CONCLUSIONS

The morphometric characteristics and fatty acid 
composition of milk are strongly influenced by casein 
polymorphism, as shown by the significant differences 
found among casein haplotypes of milk. These results 
are of interest because the degree of differentiation in 
globule size influences the renneting, cheese texture, 
color, flavor, and butter texture. Therefore, although 
more studies are needed to confirm these findings, 
our work suggests that, a separate analysis of milk for 
haplotype could be useful to obtain milk characterized 
by different sizes of milk globules, in order to allocate 
milk toward a more productive trade, for both fresh 
consumption and manufacture of dairy products.
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