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Abstract

The aim of this study was to investigate the differences in the fatty acid composition between the core and
the membrane of the fat globules (MFGM) in sheep’s milk during lactation.

Individual milk samples were collected from seven Massese ewes and analyzed for fatty acids from whole
milk, from the core and from the MFGM.

The MFGM showed more saturated fatty acids (SFASs) than the core, specifically C16:0 (+21.5%) and C18:0
(+67.64%), and more polyunsaturated fatty acids (PUFAS) (+48.66%). The core had a higher content of
monounsaturated (MUFAS) (+12.36%) and short chain fatty acids (SCFAS) (+640.42%).

SCFAs showed higher values (P <0.05) in milk at 60 days of lactation and lower values (P <0.05) at 30 and
120 days. These changes in the SCFAs occurred mainly in the core, whereas the amount of SCFAs in the
MFGM remained almost unchanged.

The medium chain fatty acids increased with advancing lactation in the whole milk, in the core and in the
MFGM; the long chain fatty acids on the other hand decreased.

In addition, the SFAs increased during lactation, while MUFAs and PUFAs tended to decrease in the

decreasing lactation phase; the same trends were observed the core and in the MFGM.
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1.Introduction

Milk fat is scattered as milk fat globules (MFGs) of different sizes in a liquid phase (Mather & Keenan,
1998). Research on dairy cows and ewes has shown that the size of MFGs affects the fatty acid profile of
milk (Briard, Leconte, Michel & Michalski, 2003; Martini, Cecchi & Scolozzi, 2006) and the size itself is
affected by genetic, physiological and environmental factors (Mehaia, 1995; Couvreur, Hurtaud, Marnet,
Faverdin & Peyraud, 2007; Sanz Sampelayo, Chilliard, Schmidely, & Boza, 2007; Salari, Altomonte, &
Martini, 2010).

MFGs are made up of a core of triglycerides enveloped by a triple membrane, composed of a single inner
layer originating from the endoplasmic reticulum and a double layer from the membrane of the secretory cell
(Mather & Keenan, 1998). Thus during fat secretion, part of the apical membrane is sacrificed for secretion,
resulting in a consumption of resources for the organism (Argov et al., 2008), but also contributing to the
nutritional characteristics of the lipid fraction-of milk (Jensen & Nielsen, 1996).

In fact, scientific evidence on the nutritional benefits of milk fat globule membranes (MFGMs) is
accumulating (Dewettinck, Rombaut, Thienpont, Le Messens, Van Camp, 2008) due to the various bioactive
protein and lipid components of the MFGM that act as defense mechanisms in newborns and have health-
enhancing functions.

Although the fat globule membranes (MFGMSs) are minor components of fat compared to the triglycerides of
the core (approximately 98% of fat), the membrane content in milk changes depending on the number and
diameter of globules (Martini, Salari, Pesi, & Tozzi, 2010) and thus on the changes in the core/membrane
ratio (Briard et al., 2003; Martini et al., 2010).

Nevertheless, studies on the fatty acid composition of the core and MFGMs have been carried out mainly on
cow's milk (Palmquist & Schanbacher, 1991; Jensen & Nielsen, 1996), while relatively little is known about

the core and membrane composition in ewe’s milk (Scolozzi, Martini, & Salari, 2006).

MFG: milk fat globules; MFGM: milk fat globules membrane; SG: small globules; MG: medium
globules; LG: large globules; SCFA: short chain fatty acids ; MCFA: medium chain fatty acids;
LCFA: long chain fatty acids; SFA: saturated fatty acids; MUFA: monounsaturated fatty acids;
PUFA: polyunsaturated fatty acids; UNS: unsaturated fatty acids; FAME: methyl esters of fatty
acids.
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Focus on the changes in the fatty acid profile of the core and MFGM and on the morphometric
characteristics of MFGs contributes to the knowledge of the nutritional characteristics of milk fat and the
variability in the nutritional quality of fat during lactation.

The aim of this paper was to investigate the differences in the fatty acid composition between the core and

membrane of the fat globules in sheep's milk during lactation.

2. Materials and methods

2.1 Animals and sampling

The trial was carried out on seven dairy ewes (Massese breed). All ewes were reared on the same farm and
kept indoors at 10" day before partum. The experiment lasted 90 days, from 30 to 120 days in milk. All the
ewes lambed over a period of six days and were homogeneous in terms of parity, average live weight and

feed.

2.2 Milk analysis

Individual milk samples from the morning milking were collected at 30, 45, 60, 90 and 120 days post partum
for a total of 35 samples (N=35). All the samples were refrigerated at 4 °C. For each sample collected, three
aliquots (n=3) were taken.

The first aliquot of each fresh milk sample was analyzed in terms of milk fat globule characteristics (number
of globules/mL and average diameter). The second aliquot of each fresh milk sample was used to isolate the
MFGM from the core according to the macroversion of Patton & Huston’s method (1986) followed by
centrifugation of the cream at 100,000xg for two hours at 10°C. The core and the membrane of the milk fat
globules were stored at -20°C until analysis. The third aliquot of each whole milk sample was stored at

-20°C until fat extraction and fatty acid analysis. Each analysis was carried out in duplicate.

2.3 Fatty acid analysis
Whole milk fat extraction was performed using hexane and ethanol, according to Rose-Gottlieb's method
(AOAC, 1995), modified by Secchiari et al. (2003). Methyl esters of fatty acids (FAME) were obtained after

transesterification with sodium methoxide (Christie, 1982). Core lipids were extracted according to Folch,
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Lees, & Stanley (1957), using a chloroform-methanol mixture. Membrane fat extraction was performed
using HCL, methanol and toluene according to Ichihara & Fukubayashi (2010).

The composition of the fatty acids extracted from the whole milk, core, and membrane, was determined by
gas chromatography using a Perkin Elmer Auto System (Norwolk, CT, USA) equipped with a flame
ionization detector (FID) and a capillary column (FactorFour Varian, 30 m x 0.25 mm; film thickness 0.25
um, Middelburg, Netherlands). The helium carrier gas flow rate was 1 mL-min. The oven temperature
program was as follows: level 1, 50°C held for 2 min, level 2, 50 to 180°C at 2°C-min then held for 20 min,
level 3, 180 to 200°C at 1°C-min then held for 15 min, and finally level 4, 200 to 220°C at 1°C-min then

held for 30 min. The injector and detector temperatures were set at 270 and 300°C, respectively.

2.4 Morphometric analysis of milk fat globules

The number of fat globules per mL of milk and the diameter (um) were measured by florescence microscopy
according to Scolozzi, Martini, & Abramo (2003). This is a simple method for the identification and
morphometrical assessment of MFGs, and means that the diameter of each visible native globule from fresh
milk can be analysed directly using the image analyzer system. Other methods use the refractive index in
order to carry out an indirect analysis of the standard parameters of milk fat globules using software
applications. Our method enables the fat globules to be characterized without handling the milk too much. In
fact, it has been demonstrated that changes in the MFGM (Evers, 2004) and in the size of MFGs can result

from milk-handling practices (Wiking, Nielsen, Bavius, Edvardsson, & Svennersten-Sjaunja, 2006).

2.5 Statistical analysis

The frequency distribution of the total counted and measured MFGs was evaluated according to their size:
fat globule diameters were divided into ten classes of 1 pm class width, from 0 to > 9 pum. For each milk
sample, the percentage of MFGs within each size class was calculated. All ten classes were represented in all
the milk samples evaluated. Each milk sample was thus characterised by a different percentage of MFG, for
each diameter size class. Subsequently, the ten classes were arbitrarily grouped into three sizes of fat
globules: small globules (SG) with a < 2um diameter, medium-sized globules (MG) with a diameter from 2

to 5 um, and large globules (LG) with a > 5 pm diameter.
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The results of the fatty acid composition and of the morphometric characteristics of the MGFs were analysed
by ANOVA for repeated measurements, where sampling time and fat source (whole milk, core and
membrane of MFGs) were fixed effects. Significant differences were considered at the level P<0.05. The

statistical analysis was carried out using JMP (2002) software.

3. Results and Discussion

In the milk of the first lactation phase (30 days), the number of MFGs per mL (Table 1) was lower (P <0.01)
than the following period, while at 30 days, higher values (P <0.01) were recorded for the average diameter
compared to the later time. The increase in the number of MFGs and the decrease in the diameter with
advancing lactation had already been observed in our previous study (Salari et al., 2010). The trends
observed in the number and the diameter of MFGs are mainly linked to the decrease (P<0.01) in the
percentage of LGs and to the increase in SGs (P<0.01). In addition, these trends led to a significant increase
(P<0.01) in the content of the membrane after the 30" day of lactation, thus affecting the content of the fatty
acids deriving from the membrane, as suggested by Briard et al. (2003) for bovine milk.

The average content of membrane lipids (mg/g of milk), assessed during the lactation was 1.64+ 0.71, which
was 4.5 times greater than that of cow's milk. Indeed, the content of lipid membrane reported in the literature
in cow’s milk is 0.36 (mg/g of milk) (Fong, Norris, & Mac Gibbon, 2007). Our findings are consistent with
the fact that the average content of fat in cow's milk is approximately half that of sheep's milk, and the
average size of the fat globules is larger in cow's milk compared to ewe’s milk (Mehaia, 1995), which leads
to a lower contribution of membrane lipids in cow's milk. In addition, given the bioactive molecules of the
membrane (Dewettinck et al., 2008) the higher contribution of the membrane in ewe's milk could be
significant in terms of the nutritional functionality of this milk.

Regarding the trend of milk fat content during lactation (Table 1), there was an increase in its secretion from
the 45" day. The amount of fat secreted corresponds to a decrease in the average size of the MFGs and to an
increase in the content of the membrane and in the number of MFGs. These findings highlight the fact that in
sheep, an increased fat secretion is linked to smaller fat globules and not the other way round as suggested by
Wiking, Stagsted, Bjorck, & Nielsen (2004) in cows. The opposite trend between fat content and diameter

could be caused by the energy deficit that animals selected for milk production usually have during the first
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phase of lactation. Since fat secretion involves an expenditure of resources because parts of the mammary
epithelial cell membrane are sacrificed to envelope the fat globule (Argov, Lemay, & German, 2008), the
energy balance could affect the availability of the membrane during the first lactation phase. Thus larger fat
globules may be secreted to reduce the amount of membrane used by the cell.

The difference between cows and sheep could be due to the effects on the mammary metabolism of the
energetic balance and the availability of nutrients (including related endocrine changes) that vary between
species, thus changing their relative responses in fat, lactose, and protein secretions as observed by Chilliard,
Ferlay, Rouel & Lamberet, (2003). The effects of the energy balance on mammary gland metabolism have
not yet been completely understood.

During lactation, changes in the morphometric characteristics of the MFGs are followed by changes in the
composition of the milk fatty acids (Table 2).

The short-chain fatty acids (SCFAs) showed higher values (P <0.05) at 60 days of lactation, while the
incidence of short chains was lower (P <0.05) at 30 and 120 days. The trend in SCFAs was particularly
evident in C8:0 and C10:0, which is in agreement with findings reported by other authors in the decreasing
phase of the lactation curve in sheep (De La Fuente et al., 2009; Salari et al., 2010). SCFAs (Table 3) were
found mainly in the core (11.60 vs. 1.81 g/100 g of fat), as shown in other studies on cow's milk (Jensen &
Nielsen, 1996) and in our preliminary study on sheep (Scolozzi et al., 2006). In any case, in the latter the
findings refer to bulk milk whereas changes occurring in the membrane and in the core during lactation were
not investigated.

Figure 1 shows that the amount of SCFA in the membrane remained almost unchanged during lactation, thus
the changes occurring in this class of fatty acids in milk were mainly due to the core.

The importance of SCFAs in the human diet stems from the fact that they are an interesting class of fatty
acids from a therapeutic point of view, as they form medium chain triglycerides with a particular metabolism
and are used in certain cases of metabolic illness (Haenlein, 2004).

With the advance in lactation, there was also an increase in the medium chain fatty acids (MCFAS).

The increasing trends found in the SCFAs and in MCFAs were probably linked to an increase in fat
endogenous synthesis in the intermediate phase of lactation (Lock & Bauman, 2004). The changes in these

classes of fatty acids seem to confirm the link between the energetic balance and the lower diameter of
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globules (Argov et al., 2008). An increase in MCFAs has been found especially in some saturated fatty acids
that are considered to be hypercholesterolemic (Clark, Frost, Collins, Appleby, & Peto, 1997) such as C12:0,
C14:0 and C16:0. The increase in C14:0 and C16:0 was in agreement with previous studies on sheep's milk
(Salari et al., 2010; De la Fuente et al., 2009) and occurred both in the core and in the membrane (Figure 1).
In addition, the membrane showed a higher percentage of MCFAs (Table 3) mainly due to the incidence of
C16:0 (+21.5% compared to the core), which has also been found in large quantities in the bovine membrane
(Palmquist & Schanbacher, 1991). In fact, C16:0 has been reported to have a role in the conservation of
membrane rigidity and stability together with C18:0 (Jensen & Nielsen, 1996), as well as an antibacterial
action (lsaacs, 2001).

Although the core had lower amounts of MCFAs, it contained significantly higher amounts of C12:0
(+65.37%) and C14:0 (+12.49%), in agreement with the findings observed by other authors in ewe’s and
cow’s milk (Scolozzi et al., 2006; Jensen & Nielsen, 1996).

As reported in the literature for both cow’s and sheep's milk (De La Fuente et al., 2009; Bitman & Wood,
1990), a significant decrease occurred in the long-chain fatty acids during lactation (Table 2). C18:0
decreased gradually and C18:1 cis 9, C18:2 cis 9,12 and C20:4 decreased from 60 days, while C18:1 trans 9
and C18:3 w3 decreased at the 120" day. The decrease in the long chains in the whole milk was also
detectable in the core and in the membrane (Figure 1).

Membrane lipids were characterized overall by higher percentages of long chains than the core (+17.5%),
and in particular by C18:0 (+67.64%), C18:1 trans 9 (+176.84%), CLA cis 9 trans 11 (+227.30%), C18:3 w3
(+245%), C20:4 (+89.19%), C22:6 (+306.67%) and C24:0 (+ 1475%) fatty acids; the latter coming mostly
from membrane sphingolipids (Snow et al., 2010).

Some of these fatty acids are of particular interest from a nutritional point of view. In fact, isomers of CLA
showed anti-obesity, anti-diabetic and antiatherogenic effects in animals, although an excessive intake of
CLA was found to induce insulin resistance in humans (Melanson, Astrup, & Donahoo, 2009); C18:3 w 3
(alpha-linolenic acid) and C22: 6 (DHA) are w3 fatty acids, which are regulators of gene expression in the
body (Kaur, Smith, Barr, Garg, & Sinclair, 2011). C18:3 w 3 ingested with food could have an anti-
adipogenenic action because of the competition with linoleic acid for the delta 6 desaturase enzyme in the

synthesis of C20:4 (Kaur et al., 2011).
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Indeed, C20:4 is an essential fatty acid, however an excessive synthesis or ingestion influences adipose tissue
development, and increases the synthesis of pro inflammatory and vasoconstrictor prostaglandins and
leukotrienes, as well as the synthesis of endocannabinoids. The latter are involved in increasing a sense of
hunger, and affect the energy balance and glucose homeostasis (Gaillard et al., 1989). On the other hand,
C22:6 is an important constituent of the retina and of the nervous system (Kaur et al., 2011).

A higher w3/w6 ratio (P <0.01) was found in the membrane than in the core (0.163 vs 0.075). The w3/w6
ratio increased significantly after 45 days of lactation, mainly due to a decrease in w6 fatty acids. A recent
scientific panel of the European Food Safety Authority (EFSA) proposed not to set specific values for the
intake of w3 and we, since the biochemical and clinical data in humans are not sufficient to recommend a
ratio independently of the levels of total intake (EFSA, 2010). In spite of this, a general decrease in w6 fatty
acids in human food could be positive as currently there is an excessive intake of these fatty acids (EFSA,
2010) and modifying the amount of membrane could balance the uptake of these two families of fatty acids
in milk.

Of the long chain fatty acids, C18:1 cis9 and C18:2 cis9,12 have been detected in greater percentages in the
core than in the membrane, unlike what has been observed in cows (Jensen & Nielsen, 1996).

In our study, the content of saturated fatty acids (SFA) increased during lactation, both in the core and in the
membrane (Figure 2). In the membrane (Table 3), the average percentage of SFA was significantly higher
(+2.88%). The families of monounsaturated fatty acids (MUFAS) and polyunsaturated (PUFAS) on the other
hand, tended to decrease in the decreasing lactation phase and the same trend was observed in both the core
and in the membrane (Figure 2).

The trends of MUFAs and PUFAs during lactation were the opposite to those reported by De La Fuente et al.
(2009). This difference could be due to the different farming systems used in each study. In fact, the trials of
De la Fuente et al. (2009) included periods of grazing, and as is well known, pasture leads to larger amounts
of MUFASs and PUFAs in milk (Couvreur, Hurtaud, Lopez, Delaby, & Peyraud, 2006).

Given the same weight for the core and membrane, the core was richer in MUFAs (+12.33%), while in the
membrane there were 48.66% more PUFAs (Table 3). However, higher percentages of PUFAs have also

been found in bovine species (Jensen & Nielsen, 1996).
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Despite this, in ewes the ratio of unsaturated/saturated fatty acids was higher (P <0.05) in the core of MFGs

than in the membrane (0.437 vs. 0.386).

4. Conclusions

In this study the membrane and core of fat globules in ewe’ s milk showed remarkable differences in fatty
acid composition, and the fatty acid profile from both lipid fractions changed during lactation probably due
to the energy metabolism of the mammary gland. The changes in the fatty acids occurred in similar ways in
both the substrates analyzed, with the exception of the short chains.

Despite the higher presence of C16:0, the membrane contained higher percentages of beneficial fatty acids.
Therefore, the greater contribution of the membrane in milk could be significant for nutritional functionality.
In conclusion, membrane—enrichment or modulating the size of the fat globules and changing the
membrane/core could provide a way to adjust the content of some fatty acids in whole milk in order to

develop dairy products with better health properties.
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Figure 1

Trends of the short (a), medium (b) and long chain fatty acids (c) in membrane —®—and core

Y~ of milk fat globules during lactation (g/100 g of total fatty acids) (Mean of the measured

values for the subjects at each sampling day).

Footnote:
short chain fatty acids (chain length from 4 to 10 C); medium chain fatty acids (chain length from

11 to 17 C); long chain fatty acids (chain length from 18 to 24 C)
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Figure 2

Trends of saturated (a), monounsaturated (b) and polyunsaturated fatty acids (c) in

membrane—®—and core —* of milk fat globules during lactation (g/100 g of total fatty acids)

(Mean of the measured values for the subjects at each sampling day).



345
346



g/100 g of total

fatty acids

20.00
18.00
16.00
14.00
12.00
10.00
8.00
6.00
4.00
2.00
0.00

b)

30

45

60

Days in milk

o
~—

g/100 g of total

fatty acids

80.00

70.00

60.00

50.00

40.00

30.00

20.00

10.00

70.00
60.00 T
T —
b 50.00 |
o w E
o) Q
* & o, 40.00 £
i)
S £
= 30.00
an
20.00
—
' 10.00 - - T
90
30 45 60 90 120
Days in milk
T T
¢
1
30 45 60 90 120

Days in milk



g/100 g of total

fatty acids

84.00
80.00
76.00
72.00
68.00
64.00
60.00
56.00
52.00

b)

60.00

50.00

40.00

30.00

fatty acids

20.00

10.00 T
30

T t
=
)
&
i L o
on
| o
(=]
=
on
30 45 60 90 120
Days in milk
5.00
c) 450
4.00 I

e IT\ T .

3.00

N T

1.50

2.00 4 N— T —

1.00

g/100 g of total
fatty acids

0.50

0.00 T '
30 45

60 90 120

Days in milk

45 60 90 120

Days in milk



Table 1 — Morphometric characteristics of sheep milk fat globules, fat yield, and amount of MFGM
lipids during lactation (mean of the measured values for the subjects at each sampling day).

Days in milk
30 45 60 90 120 SEM
Mean diameter um 3.15% 2.798 2.718 2.638 2.688 0.341

Number of globules  N°/mL*10°  2.16®  2.56% 254" 2704 2.62%  0.699

SG! % 303°  41.3*  309° 4074 372  9.004
MG? % 487° 418 4245  443%C 582° 5229
LG % 210~ 168  17.7° 1518 46  7.45
Fat g/mLof milk 0049 0061% 00565 0077 0.082* 0.016
MFGM lipids g/l00 goffat 2,585  326°  317°  302° 357  0.602
MFGM lipids! mgmbof e 104 2004 205* 1903 0511

milk

Different superscript letters indicate statistical differences across a row at P <0.01 (A, B, C)

!Abbreviations: SG: small globules (diameter <2um); MG: medium globules (diameter between 2
and 5um); LG: large globules (diameter >5um); MFGM: Milk fat globules membrane; SEM:
standard error of the model






Table 2- Composition of milk fatty acids (g/100g total milk fatty acids) during lactation (mean of the measured values for the subjects at each sampling day).

Days in milk
30 45 60 90 120 SEM

C18:119 0.88B 1.03%® 1.1248 1234 0.327° 0.452

. AB AB B A B
C4:0 1.15%  1.09®° 1.04® 094> 0.97° 0.203 C18:219,12 0.40™ 0.45 0.32 0.47 0.16°> 0.177

. A AB B B B
C8:0 1130 135% 1476 133% 1.01° 0420 C18:2¢9,12 0.98* 0.95 0.69 0.77 0.67° 0.289

. AB A A A B
C10:0 410° 502% 564° 537° 4.68% 1570 C18:3n3 0.12 0.16 0.14 0.12 0.06° 0.065

: A A B B B
C12:0 293 358° 398° 397 3.66° 0850 C20:4 0.20 0.19 0.05 0.02 0.02° 0.131

1 b ab a ab b
C14:0  9.36C 10.868 12.05%8 11.66° 13.16* 1.568 SCFA 7.37° 8587  935° 8707 7577 2291

1 c c B BC A
Cl4'1 0345 036° 046° 043 041 (102 MCFA 43.52¢ 46.21° 50.16° 48.69°¢ 59.20* 4.401

1 A AB B B c
C15:0 093¢ 1.00° 1.145 1.16° 1.42° 0197 LCFA 49.10" 45.20"% 40.49° 42.61° 33.23“ 5.684

1 B B AB B A
C15:1 0198 0198 022° 023" 028 0.05] SFA 68.87° 70.70° 73.03" 71.31° 75.42% 4.163

1 A AB B AB B
C16:0 27.85C 28.42° 30528 290.175C 37.46* 2764 MUFA® ~ 28.45% 26.63°" 24.86" 26.42°% 22.712° 4.197

1 A A B AB B
C16:1 0765 072 0785 0988 1.47A 0.207 PUFA 2.67% 267 211° 227" 1.85% 0.570
A A B B C
C17:0 088" 078> 076° 077° 092* 0.187 w6 2.08% 205" 156° 168" 128 0421
W3/W6 009 010® 0128 013 013 0.049

C18:0 18.15* 16.10°® 13.61%¢ 14.24® 10.41° 3.667

UNSYSFA 0.46* 0.42%% 0.37® 0.40® 0.35°
C18:1c9 24.20 22.45"8 19.268 21.738 18.75% 4.682 0.084

In the table are shown only the significant differences LAbbreviations: SCFA: short chain fatty acids (chain length from 4 to 10 C);
Different superscript letters indicate statistical differences across a row at P MCFA: medium chain fatty acids (chain length from 11 to 17 C); LCFA:
<0.01 (A, B, C) and P<0.05 (a, b) long chain fatty acids (chain length from 18 to 24 C); SFA: saturated fatty
' Y ' ' acids; MUFA: monounsaturated fatty acids; PUFA: polyunsaturated fatty
acids; UNS: unsaturated fatty acids; SEM: standard error of the model






Table 3- Fatty acid composition of whole milk (g/100 g of milk total fatty acids), isolated core (g/100g of fat from core) and membrane (g/100g of fat from membrane) (mean of

Vmﬁle Core Membrane SEM
C4:0 1514  1.587 0.018  0.203
C6:0 1.551% 1.622% 0.002® 0.298
C8:0 1.88%  1.87* 0.03®  0.420
C10:0 6.59%  6.524 1.778 1.570
C11:0 0.05*  0.05 0.02®  0.017
C12:0 424~ 4147 2,508  0.850
C13:0 0.074  0.077° 0.048  0.019
C14:0 11.95% 11.81* 10.49® 1.568
Ci4:1 0.418  0.49° 0.29¢  0.102
Ci15:1 0.23*  0.25% 0.19®  0.051
C16:0  29.10® 28.42® 34534 2.764
C16:1 1.01A  1.017 0.808  0.207
C17:0 0.78%  0.73® 0.95%  0.187
Ci7:1 0.27%  0.23A 0.148  0.131
C18:0 11.88% 11.82B 19.814  3.667
C18:1c9 22.23* 21.98° 19.62°  4.682

the repetitions)

Vx:;ﬁle Core Membrane SEM
C18:119 0.728 0.73® 1.30"  0.452
CLAc9.t12 0.36® 0.26° 0.59%  0.219
C18:2t9.12 0.41* 041 0.26® 0.177
C18:2c9.12 0.91% 0.97%  0.56® 0.289
C18:3n3 0.118 0.07° 0.17%  0.065
C20:0 0.944 0.89" 0.76® 0.238
C20:1 0.728 0.86" 0.57¢ 0.201
C20:2 0.028 0.028 0.03*  0.017
C20:3n6  0.018 0.018  0.07* 0.062
C20:4 0.06> 0.07° 0.142 0.131
C21:0 0.08% 0.08% 0.13* 0.055
C22:1 0.21® 0.258 1.05%  1.018
C22:2 0.058 0.058 0.91%  0.218
C22:6 0.04® 0.04® 0.14% 0.054
C24:0 0.058 0.058 0.66*  0.151
C24:1 0.02® 0.022 0.16% 0.048

Whole

. Core Membrane SEM
milk

SCFA! 1154~ 11604 1.818 2291
MCFA! 49.24® 4833 51.10* 4.401
LCFA! 39.228 40.07®  47.09% 5.684
SFA! 71.85% 70.85° 72.89*% 4.163
MUFA! 26.04% 27.20° 24.21° 4197
PUFA! 2.108  1.958 2.89% 0570
w3 0.16® 0.128 0.324  0.097
w6 1.658  1.648 2.06" 0421
w3/w6 0.108 0.07® 0.16~  0.049

UNSYSFA 0.41* 0.44° 0.37°  0.084

Different superscript letters indicate statistical
differences across a row at P <0.01 (A, B, C)
and P<0.05 (a, b)

IAbbreviations: SCFA: short chain fatty acids
(chain length from 4 to 10 C); MCFA: medium
chain fatty acids (chain length from 11 to 17 C);
LCFA: long chain fatty acids (chain length from
18 to 24 C); SFA: saturated fatty acids; MUFA:
monounsaturated fatty acids; PUFA:
polyunsaturated fatty acids; UNS: unsaturated
fatty acids; SEM: standard error of the model.
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