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ABSTRACT

The aim of this paper was the application of principal
component analysis (PCA) 1) to elucidate mutual meta-
bolic relationships between milk fatty acids (FA) and
2) to illustrate the origin of milk FA, in particular C;7.;
and cis-9,trans-11 conjugated linoleic acid. Data were
combined from 3 experiments with lactating Holstein-
Friesian cows offered diets based on grass or legume
silage and concentrates. Loading plots of PCA based on
milk FA concentrations showed 4 groups of milk FA,
having similar precursors or metabolic pathways in the
rumen and/or mammary gland: medium-chain satu-
rated FA, de novo synthesized from acetate and (-hy-
droxybutyrate; monoenoic milk FA, products of A°-de-
saturase activity in the mammary gland; odd chain FA
of rumen microbial origin and Cig.9, n-6 Cyg.9, and n-3
Cis.3 of dietary origin or the result of rumen biohydro-
genation. Loading plots of PCA based on both milk and
duodenal FA concentrations as well as on milk FA yields
and duodenal FA flows further illustrated the impor-
tance of postabsorptive synthesis of the milk medium
chain saturated and monoenoic FA and the direct ab-
sorption from the blood stream of odd chain FA, Cyg.,
n-6 Cig.0, and n-3 Cyg.5. In all loading plots, milk oleic
acid (Cqg.1) appeared intermediate between clusters of
18-carbon FA and monoenoic FA, illustrating its dual
(dietary and endogenous production) origin. Milk Cy7.¢
was suggested to be a desaturation product of Cy7.,, in
common with other milk monoenoic FA. Finally, the
PCA technique, based on milk FA patterns of one exper-
iment, was applied to investigate factors determining
cis-9,trans-11 conjugated linoleic acid concentrations in
milk. Within the range of diets and cows studied here,
we showed changes in cis-9,trans-11 conjugated linoleic
acid to be mainly dependent on vaccenic acid supply and
to a lesser extent on variation in desaturase activity.

Received May 2, 2003.
Accepted August 12, 2003.
Corresponding author: V. Fievez; e-mail: veerle.fievez@UGent.be.

(Key words: principal component analysis; odd-chain
fatty acid; conjugated linoleic acid; A%-desaturase)

Abbreviation key: FA = fatty acids, OCFA = odd-
chain fatty acids, PCA = principal component analysis.

INTRODUCTION

Milk odd-chain fatty acids (OCFA) (pentadecanoic
acid, Cys.9; iso methyltetradecanoic acid, iso Cys.o; ante-
iso methyltetradecanoic acid, anteiso Cq5.9; heptadeca-
noic acid, Cy7.9; iso methylhexadecanoic acid, iso C17:0;
anteiso methylhexadecanoic acid, anteiso Cq7.0; and hep-
tadecenoic acid, Cy7.1) were suggested to originate prin-
cipally from rumen microbes (Dewhurst et al., 2000).
However, only trace amounts of C;7.; were detected in
pure rumen bacteria (Miyagawa, 1982; Minato et al.,
1988). This raises the possibility of other sources of
C1741 in milk. Because A%-desaturase activity in the ru-
minant mammary tissue is responsible for the conver-
sion of Ci4, Ci6:0, and Cigy into Cig1, Cig:1, and Cygy
(oleic acid), respectively (Bickerstaffe and Annison,
1970), we hypothesised that Ci7.; could be produced
endogenously from Ci7,y in the mammary gland.

Principal component analysis (PCA) is often used to
reduce the dimensionality of data profiles containing
intercorrelated variables. Moreover, PCA aims to dis-
play the maximum amount of variation in a data profile
within a few principal components. Hence, pairwise
score plots derived from PCA are useful to find similari-
ties and contrasts between samples, whereas correla-
tions among variables can be identified in loading plots.
The latter were used earlier to highlight similarity in
metabolic pathways (Massart-Leén and Massart, 1981).
Consequently, the aim of this study was to test our
hypothesis of endogenous production of C17.; using PCA.
A further objective was to apply this tool to investigate
the importance of mammary A%desaturase activity in
the production of milk conjugated linoleic acid (cis-
9,trans-11 Cyg.9). Indeed, postabsorptive synthesis from
vaccenic acid (¢rans-11 Cyg.1) has been suggested as the
predominant source of milk cis-9,trans-11 Cqg.o (Grii-
nari et al., 2000). This suggestion has led to increased
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interest in stimulating mammary A%-desaturase activ-
ity, particularly as a potential means to enhance cis-
9,trans-11 Cig.9 concentrations of dairy products (e.g.,
Lock and Garnsworthy, 2000).

MATERIALS AND METHODS
Experimental Design and Diets

The current study combined data from 3 experiments.
All experiments were conducted according to a 4-period
incomplete or complete changeover design. Each experi-
mental period lasted for 28 d. All diets were based on
grass or legume silage and concentrate and offered to
4 or 6 lactating Holstein-Friesian cows with duodenal
and rumen cannulas.

Experiment 1. Experimental design and diets are
as described by Dewhurst et al. (2003a, 2003b). Briefly,
the experiment was according to a 4-period incomplete
changeover design, in which 6 cows in the beginning of
the lactation were used to test 6 dietary treatments.
Each cow was offered 4 different diets. Cows received
8 kg/d of a standard dairy concentrate, in 3 portions: 3
kg at milking (0730 and 1600 h) and 2 kg at 1200 h.
Concentrates contained 52 g of fatty acids (FA) per
kilogram of DM, with Cy4,, Ci6.0, C1s:0, C18:1, n-6 Cigzz,
and n-3 Cy5.53 being the most abundant FA, representing
4.2,15.7, 3.1, 25.0, 29.9, and 2.0% of total FA, respec-
tively. Cows had ad libitum access to one of the 6 silages:
grass, red clover, white clover, alfalfa, and 50/50 (DM
basis) mixtures of grass and red clover and grass and
white clover. Each forage treatment comprised a pro-
portional mixture of all cuts taken in the year. Fresh
forage was distributed daily at 0900 h. The FA levels
in the different silages were similar (16 g’lkg DM), al-
though slightly higher for white clover silage (22 g/kg
DM). Cig0 (19.3 to 25.2%), Cig. (16.0 to 23.1%), and
Cis.3 (41.0 to 55.0%) represented over 90% of the FA
(Dewhurst et al., 2003b). Average daily silage DMI was
10.2, 13.9, 12.1, 14.9, 13.6, and 12.4 kg for the grass,
grass-red clover, red clover, grass-white clover, white
clover, and alfalfa silage based diet, respectively (Dew-
hurst et al., 2003b).

Experiment 2. This experiment was a 4 x 4 Latin
square. Four dairy cows in midlactation were offered
diets varying in forage-to-concentrate ratio. Dietary
treatments were based on ad libitum access to ryegrass
silage and a standard dairy concentrate with forage/
concentrate ratios of 80/20, 65/35, 50/50, 35/65 on a
DM basis (Dewhurst et al., 2002; Moorby et al., 2002).
Concentrates and grass silage contained 43 and 12 g
of FA per kilogram DM, respectively. Predominant FA
(% of total FA) in concentrates were Cig.9 (4.8%), Cg.0
(16.9%), Cig.1 (26.6%), n-6 Cig9 (35.4%), and n-3 Cig3
(5.3%), whereas grass silage FA mainly consisted of
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C16:0 (225%), n-6 Clg:g (178%), and n-3 C18:3 (44.8%).
Average daily DMI were 13.2, 15.5, 18.4, and 20.7 kg
for diets with forage to concentrate ratios of 80/20, 65/
35, 50/50, 35/65, respectively (Moorby et al., 2002).
Experiment 3. The experiment was designed as a 4
x 4 Latin square experiment (Hindle et al., 2003). Cows
in early lactation were offered grass silage/beet pulp/
concentrate in ratios of 43/27/30 on a DM basis. Diets
were distributed once daily as a TMR. All diets were
isoenergetic and isonitrogenous and based on the ani-
mals’ requirements for energy and protein. The four
concentrates differed in amount of (protected) starch.
Diets contained between 71 and 121 g of FA/kg DM
with C]_g:() (22 to 49%), 014:0 (12 to 23%), ClG:O (144
to 15.8%), Cigo (1.9 to 3.0%), Cig1 (4.3 to 10.0%), n-
6 Cigo (15.8 to 28.2%) and n-3 Cig3 (29.6 to 51.9%)
representing over 90% of total FA. Average daily DMI
was relatively constant and ranged from 18.1 to 19.6 kg.

Sampling

In all three experiments, feed, duodenal, and milk
samples, taken during the final week of each experi-
mental period were used in the statistical analysis. In
experiments 1 and 2, silage (composite of three) and
concentrate samples were stored frozen and freeze-
dried prior to chemical analysis. In experiment 3, silage
and concentrates were sampled together at feeding
(TMR) and stored frozen. Daily samples were thawed
and mixed prior to chemical analysis. Duodenal sam-
pling in experiments 1 and 2 was performed over 2
consecutive days using the automated equipment de-
scribed by Evans et al. (1981), 24-h duodenum samples
were stored frozen and freeze dried prior to analysis.
In experiment 3, duodenal samples were collected every
4 h during 2 consecutive days and the 12 individual
samples were mixed prior to freezing. Analysis was
performed on freeze-dried samples. Milk samples were
taken from 4 (experiments 1 and 2) or 8 (experiment
3) consecutive milkings, stored frozen without preser-
vative and freeze-dried (experiments 1 and 2) or thawed
(experiment 3) prior to FA analysis.

In experiment 1, ytterbium acetate (mean 650 mg of
Yb/d) was infused into the rumen continuously as a
marker to allow estimation of flows at the duodenum
(Dewhurst et al., 2003a). Duodenal flows in experi-
ments 2 and 3 were determined based on the double
marker technique as described by Faichney (1992). In
all 3 experiments, milk yields were recorded throughout
the experiment, and mean values from the final week of
each period were used for calculations of milk FA yields.

Fatty Acid Analysis

Feed, duodenal, and milk samples were used for ex-
traction and methylation of FA and GLC analysis of
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FA methyl esters. In experiments 1 and 2, extraction
and methylation of FA were based on the methods de-
scribed by Sukhija and Palmquist (1988). Fatty acid
methyl esters in feed and milk samples were analyzed
by GLC using an Innowax column (30 m x 0.32 mm
i.d.) (Phenomonex, Macclesfield, UK). For duodenal di-
gesta of experiment 1, a CP-Sil88 column (50 m x 0.25
mm i.d.) (Chrompack, The Netherlands) was used,
whereas FA methyl esters in duodenal samples of ex-
periment 2 were separated by a chemically bonded CP-
Select for FAME (100 m x 0.25 mm i.d.) (Varian, Wal-
ton-on-Thames, UK). Extraction of milk FA in experi-
ment 3 was according to the method of the International
Organization for Standardization (ISO-3889). Extrac-
tion of feed and duodenal FA, methylation and GLC
analysis of FA methyl esters were as described by Raes
et al. (2001). Compared to the latter, the GLC tempera-
ture program was modified for milk FA analysis (70°C
for 4 min, 13°C/min until 175°C, 175°C for 27 min, 4°C/
min until 215°C, 215°C for 31 min). Thirteen FA were
identified in common in all three experiments and both
in duodenal and milk samples, i.e., C14.9, C14:1, is0 Cy5.0,
Ci5.0, Ci6:0, Ci6:1, 280 Ci7.0, Ci7:0, C17:1, Cis:0, Cis:1, n-6
Cis:2, and n-3 Cig.3. As anteiso Cis9 seemed to coelute
with an unidentified FA on a 30 m column (experiments
1 and 2), this OCFA was excluded from the analysis.
Anteiso Cq7. was not considered either, as its concentra-
tions in duodenal samples of experiment 1 seemed inex-
plicably high. For each of the 13 individual FA, means
were calculated per cow and diet from 2 (duodenal sam-
ples of experiments 1 and 2), 4 (milk samples of experi-
ments 1 and 2) or 8 (milk samples of experiment 3)
FA analyses. Overall, we had duodenal and milk FA
patterns from 56 experimental units (x;;, with i =1, 13;
j =1, 56). Unless otherwise stated, individual milk and
duodenal FA were expressed as a proportion of total
FA (% of total FA), the latter being the sum of the 13
commonly determined FA.

Statistics

Fatty acid proportions (% of total FA) in duodenal
digesta and milk were compared using the general lin-
ear model (GLM) procedures (univariate) according to:
Yijk =+ Ai + Bj + Ck + ABij + ACik + BCjk + Eijk, with
Y;j. = FA proportions; A; = diet effect; B; = animal effect;
Cy = sample origin (i.e., duodenal digesta or milk); AB;;,
ACix, BCjx = interactions between different factors; ejjx
= residual error.

Relationships between milk FA were evaluated from
the loading plots of PCA, based on the correlation ma-
trix (consisting of 13 variables), using SPSS (SPSS soft-
ware for Windows, release 11.0, SPSS Inc.). Levels (%
of total FA) of the 13 milk FA from the 3 experiments
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Figure 1. Loading plot, describing the relationships among milk
fatty acids derived from a principal component analysis based on
proportions (percentage of total fatty acids) of C14 to C18 fatty acids
in milk from 3 experiments (n = 56).

were used in the latter PCA. Similarly, loading plots,
based on FA concentrations (% of total FA) as well as
duodenal flows or milk yields (g/d) of FA, were used to
illustrate the origin of milk FA. Duodenal concentra-
tions of Cy4.1 and Ci7.; were below the detection limit
in duodenal samples of experiments 1 and 2. Hence,
including these duodenal FA in PCA may result in a
(physiologically meaningless) contrast between sam-
ples of experiments 1 and 2 on the one hand and experi-
ment 3 on the other. Hence, these duodenal FA were
excluded from the latter PCA. Accordingly, the correla-
tion matrix consisted of 24 variables (13 milk FA and
11 duodenal FA). Because trans-11 Cqg.; and cis-9,trans-
11 Cyg.2 were not determined in milk from experiments
1 and 2, only data from experiment 3 could be used to
investigate the importance of mammary A% desaturase
activity in the production of milk cis-9,trans-11 Cig.o.
For this PCA, FA concentrations were expressed rela-
tive to 17 identified milk FA (C14.9, C14.1, 250 C15.0, anteiso
C15:0, C15:0, C16:0, C16:1, 180 C17:0, anteiso Cir,, C17:0, C17:1,
Clg;o, 013;1, n-6 013;2, n-3 018:3, trans-11 Clg;l, and cis-
9,trans-11 Cig.9). Grouping of FA in pairwise loading
plots was evaluated based on squared Euclidean dis-
tances. Fatty acids with squared distances below 0.100
were considered to belong to the same group.

RESULTS AND DISCUSSION

The first (PC 1) and second (PC 2) principal compo-
nents described 64.6% of the total variation in milk FA
patterns of samples from the 3 experiments (Figure
1). In this loading plot, 4 groups of milk FA could be
distinguished: Cy4.9 and Cyg.9 in quadrant (A); iso Cys.o,
is0 Cy7.0, C15.0 and Cy7, in quadrant (B); Cyg,, n-3 Cygs,
and n-6 Cqg.5 in quadrant (D); and C14.1, C1¢.1, and Cq7.1
between quadrant (B) and (C). It is likely that FA form-
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ing a cluster follow a common metabolic pathway (Mas-
sart-Leén and Massart, 1981). Cy4,¢ and Cyg.9, showing
negative loadings for PC 1 and positive loadings for PC
2 are (partially) de novo-synthesized from acetate and
G-hydroxybutyrate. These FA were separated by PC 2
from the 18-carbon FA, absorbed directly from the blood
stream, and of dietary origin or the result of rumen
biohydrogenation. The 4 milk OCFA showed positive
loadings for both PC 1 and PC 2. Monoenoic milk FA,
which are predominantly produced by A%-desaturase
activity, had high positive loadings for PC 1 but were
not correlated with PC 2. Cqg.1 is close to this cluster,
although showing a negative loading for PC 2, which
might be due to the dual origin of milk C1g.1, i.e., directly
absorbed from the circulatory system as well as endoge-
nous production. Clustering of Cy7.; with Cy41 and Cyg.1
supports our hypothesis of endogenous production from
Ci7.0. In summary, 2 clusters were mainly determined
by dietary factors or processes in the rumen, i.e., biohy-
drogenation of dietary FA and de novo synthesis of
OCFA by rumen microbes. The 2 other groups were
related to metabolic processes in the mammary gland.
The importance of postabsorptive synthesis of Ciy.,
C14;1, C16:07 C16;1, C17;1, and Clg:l is further confirmed by
their significantly higher proportions in milk than in
duodenal samples (Table 1) (P < 0.001) and illustrated
in the loading plot based on PCA of both milk and
duodenal FA (Figure 2). Indeed, clustering of duodenal
and milk n-6 Cig.9 and n-3 C;g.3 on the one hand and
milk and duodenal OCFA on the other hand illustrates
the positive correlation between duodenal and milk lev-
els of these FA. This could be expected as these FA are
absorbed directly from the blood stream and do not
undergo further transformation in the udder. Neither
Ci4.0 and Cq4.9 nor monoenoic acids in milk clustered
with duodenal C14.9 and C14.9 or monoenoic acids respec-
tively. This illustrates milk levels of these FA are
mainly determined by de novo synthesis in the udder
and not by their duodenal supply. The negative loading
for PC 1 of 18-carbon FA on the one hand and the
positive loading of OCFA and monoenoic FA in milk on
the other hand demonstrates that these FA are nega-
tively correlated. Indeed, increased dietary fat supply
(mainly 18-carbon FA and Cyg.9) reduces the proportion
of OCFA in duodenal contents and milk as de novo
synthesis of odd chain FA by rumen bacteria remains
constant or is partially inhibited at higher dietary fat
levels (Demeyer et al., 1978). The negative correlation
between 18-carbon FA and monoenoic milk FA could
be the result of a partial inhibition of the A°-desaturase
activity through increased concentrations of n-3 Cig.3
and n-6 Cqg.o (Bickerstaffe and Annison, 1970). A simi-
lar picture emerged when running the statistical analy-
sis with duodenal FA flows and milk FA yields, with
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Table 1. Mean concentrations of fatty acids in milk and duodenal digesta (% of total fatty acids!) from 3 experiments [mean + SE].

n-6 Cig n-3 Cig3

cis-9 CIS:I

C17:0 Cl7:1 C18:0

iso Cy7,0

C16:1

Cis0 Cisa iso Cis. Cis0 Cie0

Experiment

Duodenal digesta

+ 0.127

2.08
1.17

+ 0.152

4.07
3.48

+ 0.203

6.05
5.12

+ 0.59

57.1
ND2

+ 0.021

0.87
0.81

+ 0.013

0.35
0.40

+ 0.016

0.33
0.16

23.4
+ 0.21
19.7

+ 0.023

1.94
1.99

0.60
+ 0.021

ND?

+ 0.062

3.14
1.52

=23)

1(n

7
+ 0.54

59.6

2 (n=16)

+ 0.074
2.63

+ 0.339
5.55

+ 0.336
7.02

ND2
0.10

+ 0.051
1.49

+ 0.023
0.15

+ 0.014
0.20

+ 0.11

19.2

+ 0.151
1.50

+ 0.046
0.52

ND?

0.08

+ 0.040
1.96

3 (n=16)

+ 0.007 + 0.030 + 0.052 + 0.38 + 0.023 + 0.014 + 0.113 + 0.020 + 1.02 + 0.225 + 0.205 + 0.257

+ 0.137

1.60 0.27 1.77 35.6 2.52 0.15 0.73 0.39 11.8 27.9 1.98 0.76

14.4

1(n=24)

Milk

+ 0.052
0.43

+ 0.066
1.54

+ 0.40
27.9

+ 0.18
10.9

+ 0.009
0.50

+ 0.009
0.82

+ 0.008
0.26

+ 0.057
2.74

+ 0.44
37.0

+ 0.021
1.86

+ 0.010

0.34

+ 0.046
1.81

+ 0.16
13.9

2 (n=16)

+ 0.021
1.01

+ 0.120
1.80

+ 0.86
16.6

+ 045
14.8

+ 0.024
0.17

+ 0.022
0.69

+ 0.010
0.19

+ 0.123
1.25

+ 0.97

45.2

+ 0.065
1.48

+ 0.014
0.27

+ 0.093
0.75

+ 0.32
15.7

3 (n=16)

+ 0.021 + 0.014 + 1.10 + 0.93 + 0.095 + 0.035

+ 0.010

+ 0.057 + 0.005 + 0.060 + 1.50 + 0.12

+ 0.32

Total fatty acids = 014;0 + 014;1 + 015;0 + iso 015:0 + CIG:O + Clﬁ:l + 017;0 + is0 Cl7:0 + Cl7:1 + 018:0 + cis-9 018:1 + n-6 Clg;g + n-3 C18:3-

ND

not detectable.
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Figure 2. Loading plot, describing relationships between milk
(full symbols) and duodenal (open symbols) fatty acids (% of total
fatty acids). Cig.9, n-6 Cig.9, and n-3 Cig.3 are represented by circles;
014;0 and 016:0 by diamonds; 015:0, 017:0, iso 015:0, and iso 017:0 by
squares and mono-unsaturated fatty acids, i.e., C14.1, C16.1, C17.1, and
Cis.1 by triangles. Duodenal concentrations of Cy4.; and Cy7.; were
not included in the principal component analysis, as they were below
the detection limit in experiments 1 and 2.

PC 1 and PC 2 describing 77.8% of the total variation
in FA flows and yields. All variables had positive load-
ings for PC 1 (figure not shown). Direct absorption from
the blood stream of milk OCFA, Ciz.9, n-6 C1g.9, and n-
3 Cy3.3 was confirmed by the clustering of duodenal and
milk OCFA as well as duodenal and milk 18-carbon
FA, showing high loadings for PC 1 (0.86, 0.81, 0.90,
and 0.87, respectively). These milk and duodenal FA
were clearly separated from mutually clustering mo-
noenoic milk FA (Cy4.1, Ci6.1, and Cy7.1) with average
loading for PC 1 of 0.04. The PC 1 loading of milk
C1s.1 was intermediate (0.37). Duodenal flows and milk
yields of Cy49 and Cqg.9 were separated based on PC 1
(0.67 vs. 0.96) and PC 2 (-0.45 vs. 0.10). Contrary to
PCA based on FA concentrations (% of total FA), FA of
microbial and dietary origin could not be distinguished
in the PCA based on duodenal FA flows and milk FA
yields (g/d). The contrast between OCFA and 18-carbon
FA in the former PCA illustrated the decreasing rela-
tive importance of OCFA in total microbial FA when
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Figure 3. Loading plot, describing the relationships among milk
fatty acids derived from a principal component analysis based on
concentrations (% of total fatty acids) of C14 to C18 fatty acids (includ-
ing vaccenic acid, trans-11 Cig; and conjugated linoleic acid, cis-
9,trans-11 Cig.9) in milk from experiment 3 (n = 122).

readily available long chain FA are supplied. Neverthe-
less, absolute duodenal flows of OCFA are mainly deter-
mined by outflow of rumen microbes. In the three exper-
iments currently considered, milk yield, dietary fat in-
take as well as intake of rumen fermentable OM were
highest in experiment 3, resulting in increased flow and
yields of both 18-carbon FA as well as microbial OCFA.

Interest in mammary A°-desaturase is growing as
cis-9,trans-11 Cig.o in milk was shown to be predomi-
nantly of endogenous origin (e.g., Griinari et al., 2000;
Lock and Garnsworthy, 2002; Piperova et al., 2002).
Low cis-9,trans-11 Cyg.5 concentrations in duodenal di-
gesta compared to milk (Table 2) and the close correla-
tion between duodenal #rans-11 C;g.q; and milk cis-
9,trans-11 Cig:g (Tpearson = 0.876, P < 0.001, n = 16) con-
firm the importance of endogenous cis-9,trans-11 Cqg.o
production in the mammary gland. Clusters in the load-
ing plot based on milk FA concentrations observed in
experiment 3 (Figure 3) were not as obvious as when
combining the 3 experiments (Figure 1), probably due
to lower dietary variation. Nevertheless, clustering of
C17.1 with Cy4q and Cyg.1 reconfirms the importance of

Table 2. Mean (+ SE), minimum and maximum concentrations of vaccenic acid (¢(rans-11 Cqg.1) and cis-
9,trans-11 conjugated linoleic acid (cis-9, trans-11 Cig.9) in duodenal digesta (n = 15) and milk (n = 16) (%
of total fatty acids') and ratio C14.1/C14, in milk (g/g) of cows in experiment 3.

Duodenal digesta Milk
trans-11 Cqg.1 cis-9, trans-11 Cig.o trans-11 Cqg.q cis-9, trans-11 Cig.o C141/Cra0
Mean 3.18 + 0.201 0.036 + 0.008 1.25 + 0.116 0.32 + 0.013 0.048 + 0.001
Min 1.94 ND? 0.56 0.14 0.020
Max 4.46 0.11 2.32 0.51 0.080

ITotal fatty acids = Cyy40 + 014;1 +iso Cy5.9 + anteiso 015;0 + Cis.0 + 015;0 + 016:1 + iso Cy7.9 + anteiso 017;0 +
Cl7:0 + Cl7:1 + Clg;() + Clg:l + n-6 018:2 + n-3 Cl8:3 + trans-11 01331 + cis-9,trans-11 Cl8:2-

2ND = not detectable.
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A%-desaturase activity in the mammary gland for the
production of Cq7.; (Figure 3). Despite the fact that up to
75% of cis-9,trans-11 Cqg.0 was reported to be produced
endogenously (Griinari et al., 2000; Lock and Garnsw-
orthy, 2002; Piperova et al., 2002), it did not cluster
with Cq4.1, C16.1 and Cq7.1. On the contrary, cis-9,trans-
11 C5.0 was located close to its precursor, trans-11 Cqg.q
and a very strong correlation was observed between
these 2 milk FA (rpearson = 0.808, P < 0.001, n = 122).
Close linear relationships between milk fat ¢trans-11
Cig.1 and cis-9,trans-11 Cig.9 has been observed across
a wide range of diets (e.g., review by Bauman et al.,
1999), which was also visualized in a PCA loading plot
previously (Jiang et al., 1996). Correlations between
milk monoenoic FA and their precursors were far less
strong (Ci40 vs. Ci4:1, Tpearson = 0.197, P = 0.030; Cy6.0
Vs. Cl6:1: I‘pearson = 04337 P< 0001’ C17:0 Vs. C17:1, I‘pearson
= 0355, P< 0001, ClS:O vs. cis-9 ClS:l; Tpearson = 0383,
P < 0.001, n = 122). Apparently, within the range of
cows and diets studied in experiment 3, differences in
milk cis-9,trans-11 Cig.9 were determined mainly by
variation in the duodenal supply of trans-11 Cqg.; rather
than by variation in A%-desaturase activity. The latter
is further confirmed by the absence of any correlation
between milk cis-9,trans-11 Cig.9 and C14:1/C14.0 (Tpearson
=-0.127, P=0.165, n = 122), which has been identified
as a good indicator of A°-desaturase activity (Lock and
Garnsworthy, 2002). Correlations between C14.1/Ci4.0
and monoenoeic acid concentrations (Ci4.1, Ci6:1, C17:1,
and Cys.1) were dramatically higher (rpearson = 0.958,
0.522,0.769, and 0.541, respectively; P<0.001; n=122).
Solomon et al. (2000) proposed substantial differences
among individual cows in milk cis-9,trans-11 C;g.5 could
be due to: 1) differences in the production of trans-11
Cig.1 in the rumen, 2) differences in the rumen accumu-
lation of cis-9,trans-11 Cyg.9, or 3) differences between
individual cows in tissue activity of A%-desaturase. Indi-
vidual cows in the current experiment showed consider-
able differences in A% desaturase activity, as suggested
by C14.1/C14. ratios across treatments varying between
0.032 and 0.062. However, both the separation of cis-
9,trans—11 C18:2 from Cl4:1; 016:1; and Cl7:1 in the loading
plot and its strong correlation with duodenal and milk
trans-11 Cqg.1 suggest that the conversion of cis-9,trans-
11 Cqg2 was mainly precursor driven, rather than de-
pendent on variation in desaturase activity. Neverthe-
less, differences in tissue activity of A°-desaturase
might play a secondary role, as suggested from the
significant partial correlation between milk cis-9,trans-
11 Cyg.9 and Cy4.1/C149 when controlling for milk ¢rans-
11 Cy3.1 concentration (rparia = 0.633, P <0.001, n=122).

CONCLUSIONS

Loading plots of PCA appear to offer an interesting
approach to indicate mutual metabolic relationships
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between milk FA and to illustrate origin of milk FA.
Using this tool, C17.;1 was identified to be a desaturation
product of its saturated precursor, Ci7, in common
with other milk monoenoic FA. Moreover, this study
revealed milk cis-9,trans-11 Cig.9 concentrations to be
mainly dependent on the ¢trans-11 Cig.q supply, rather
than determined by the A%desaturase activity, at least
within the range of diets and cows studied here.
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