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Abstract – Pasture intake is a major factor affecting the content and the distribution of the conjugated
linoleic acid (CLA) isomers in bovine milk fat. The aim of this study was to determine the CLA
contents and its isomeric distribution in milk, cheese and butter from Azores, a Portuguese archipelago
in the Atlantic Ocean. The CLA isomers were analysed using Ag+-HPLC with three silver ion columns
in series. Butter was the richest product in CLA, with a total of 6.58–7.72 mg·g−1, whereas cheese
presented the highest speciﬁc CLA content (12.40–14.00 mg·g−1 fat). The CLA isomeric distribution
showed a clear predominance of the bioactive cis-9,trans-11 isomer (from 72.26% to 82.59%). The
trans-11,cis-13 CLA isomer, a useful indicator of pasture-fed cow’s milk, varied from 2.22% to
3.91%. In conclusion, the Azorean dairy products have a relatively high amount of CLA, especially
the cis-9,trans-11 isomer, constituting therefore a good source of these compounds for the human diet.
conjugated linoleic acid / milk / cheese / butter / pasture
摘要 – 亚速尔群岛乳及乳制品中共轭亚油酸异构体的含量和分布○ 牧草是影响牛乳脂肪中
共 轭 亚 油 酸 ( C L A) 异 构 体 含 量 和分 布 的 主 要 因 素 ○ 本 文 了 研 究 大 西 洋 葡萄 牙 所 属 的
亚 速 尔 群 岛 地 区 牛 奶、 干 酪 和 奶 油 中 共 轭 亚 油 酸 异 构 体 的 含量 和 分 布 ○ 用 3 根 串 联
的 银 离 子 柱 经 Ag + -高效液相色谱测定乳制品中 CLA 异构体○ 奶油中总 CLA 的含量最高
(6.58–7.72 mg·g−1)，而干酪中特殊 CLA 的含量最高 (12.40–14.00 mg·g−1) ○ 具有生物活性的
cis-9, trans-11 异构体 (72.26% ~ 82.59%) 在 CLA 异构体分布中占有明显的优势○ trans-11,
cis-13 异构体 作 为 牧 草 饲 养 奶 牛 乳 脂肪 中 CL A 异 构 体 的 特征 成 分 ， 其 含 量 变 化 范 围
在 2 .2 2 % ~ 3.91%○ 因此，亚速尔群岛乳制品中 CLA，特别是 cis-9, trans-11 异构体含量非
常高，是一类营养价值较高的乳制品○
共轭亚油酸 / 牛奶 / 干酪 / 奶油 / 牧草
Résumé – Teneur et distribution des isomères de l’acide linoléique conjugué (CLA) dans le lait de
vache, le fromage et le beurre des Açores. L’ingestion de pâture est le principal facteur qui affecte la
concentration et la distribution des isomères de l’acide linoléique conjugué (CLA) de la matière grasse
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du lait bovin. L’objectif de cette étude était de déterminer la teneur en CLA et la distribution de ses
isomères dans le lait, le fromage et le beurre des Açores, un archipel Portugais de l’Océan Atlantique.
Les isomères de CLA ont été analysés par Ag+-HPLC, utilisant trois colonnes ioniques argentées, en
série. Le beurre était le produit le plus riche en CLA, avec un total de 6,58–7,72 mg·g−1, tandis que le
fromage présentait la plus grande teneur spéciﬁque en CLA (12,40–14,00 mg·g−1 matière grasse). La
distribution des isomères de CLA a montré une nette prédominance de l’isomère bioactif cis-9,trans11 (de 72,26 à 82,59 %). La teneur en isomère trans-11,cis-13, indicateur de l’ingestion de pâture par
les vaches, variait de 2,22 à 3,91 %. En conclusion, les produits laitiers des Açores ont une teneur
relativement élevée en CLA, et particulièrement en isomère cis-9,trans-11, constituant ainsi une bonne
source de ces composés pour l’alimentation humaine.
acide linoléique conjugué / lait / fromage / beurre / pâture

1. INTRODUCTION
Milk and dairy products have always
played an important role in human nutrition
and, more recently, have also been described
as an important source of a variety of relevant
biologically-active molecules [19]. Among
these compounds, the conjugated positional
and geometric isomers of linoleic acid (cis9,cis-12 octadecadienoic acid), commonly
known as the conjugated linoleic acid
(CLA), have attained a research interest
recently. The beneﬁcial effects of CLA on
health have been reported in a number of
studies using animal models of a variety of
human diseases and a range of culture cells
(see e.g. [24]). Therefore, it has been suggested that CLA isomers (cis-9,trans-11
and trans-10,cis-12) exhibit important biological activities for the human health that
include anticarcinogenic, anti-obesity, antidiabetogenic, anti-atherogenic, immunomodulation and modulation of bone growth [3].
A group of 24 different CLA isomers
have been described as occurring naturally
in food, especially in ruminant fat [6]. However, in milk and dairy products the main
CLA isomer in ruminant fat, cis-9,trans-11
CLA (i.e. rumenic acid), generally comprises about 75–90% of the total CLA [4].
Variation in the CLA content in meat and
in dairy products has been attributed to
breed, species, age and individual environmental conditions, such as feeding regime,

dietary fatty acids, season and farm management [12]. Nevertheless, diet is believed to
be the most signiﬁcant factor affecting the
CLA content in milk fat [4]. Ward et al.
[25] also demonstrated that the CLA content of milk increased linearly with an
increase in the dietary proportion of pasture
fresh grass in the diet.
The Azores archipelago, located in the
Atlantic Ocean, is an important dairy region
of Portugal, that is being responsible for 27%
of the total milk production of the country.
Azores archipelago is deeply inﬂuenced by
the Gulf Stream, with no frost below elevations of 500 m, and an average temperature
of 15 °C in the winter and 22 °C in the
summer [15]. These islands present unique
edapho-climatic features that allow grazing
throughout the year, and thus provide a diet
based on fresh grass. The objective of this
study was to analyse the CLA content and
its isomeric distribution in Azorean bovine
milk, cheese and butter from two different
commercial brands. The data will be used
to compare the CLA composition of Azorean dairy products with similar products
originated from other regions.
2. MATERIALS AND METHODS
2.1. Reagents and standard solutions
All reagents were of analytical and
liquid chromatographical grade. Commercial
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standards of individual CLA isomers (cis-9,
cis-11, trans-10,cis-12, cis-9,trans-11 and
trans-9,trans-11) as methyl esters were purchased from Matreya Inc. (Pleasant Gap,
PA, USA). Additional standards of individual
(trans-8,cis-10 and cis-11,trans-13) and mixtures (cis/trans, trans/cis and trans/trans
from positions 7,9 to 12,14) of CLA isomers
were prepared as methyl esters according to
the procedure described by Destaillats and
Angers [8].
2.2. Milk and dairy samples
Ten samples of each of the two most
important commercial brands of ultrapasteurised half-skimmed milk, ﬂamengo
cheese and butter were purchased from a
regular supermarket between September
2004 and February 2005. All samples were
obtained from different lots of the most consumed commercial brands in Portugal of
each dairy product under analysis. Milk
was kept frozen at –21 °C until the analysis
was performed. Cheese and butter samples
were homogenised using a food processor
for 3 × 5 s (Moulinex type 320, Ecully
Cedex, France), vacuum packed and stored
at –21 °C, for a period no longer than
3 months.
2.3. Lipid extraction
and methylation
Lipid extraction and fatty acid transesteriﬁcation of milk and cheese were performed using the methodology described
in ES ISO 5508 [9]. Brieﬂy, milk samples
(20 mL) were mixed with 5 mL of ammonia
solution and 10 mL of ethanol. Lipids were
extracted three times with 25 mL of diethyl
ether/petroleum ether mixture (1:1 v/v). The
ethereal extracts (ether/lipid extract) were
collected to a glass balloon and concentrated, using a rotoevaporator at 30 °C, to
a ﬁnal volume of 1–3 mL. The extracts were
dried at 90 °C for 1 h and the total fat was
determined gravimetrically. Then, 4 mL of
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isopentane was added to the glass balloon
to drag the fat that was transferred to a
screw Teﬂon-lined cap tube. Fat cheese content was determined similarly to milk after
weighting 1 g acidiﬁcation with chloridric
acid instead of ammonia solution. Fatty acid
transesteriﬁcation was performed by adding
2 mL of methanolic potassium hydroxide
and well shaken for 20 s. The upper layer
was removed to a vial for injection on the
high-performance liquid chromatography
(HPLC) system.
Fat extraction in butter and its methylation were carried out according to NP2283 [18]. The butter (2.5 g) was dried at
102 °C overnight to remove the moisture
content. The fat content was determined
based on the difference between the dried
weight and the fat portion that was dissolved in the petroleum ether (25 m·L−1).
For butter fat extraction, 1 g was weighed
into a screw Teﬂon-lined cap tube, and
10 m·L−1 of isopentane was added to dissolve the lipid fraction. Fatty acid methyl
esters were obtained similar to those of milk
and cheese.
2.3.1. Determination of individual
CLA isomers
The methyl esters of CLA isomers were
individually separated by three silver ion
columns in series (ChromSpher 5 Lipids,
250 mm × 4.6 mm i.d., 5 μm particle size,
Chrompack, Bridgewater, NJ, USA), using
an HPLC system (Ag+-HPLC) (Agilent
1100 Series, Agilent Technologies Inc.,
Palo Alto, CA, USA), as reported previously by Alfaia et al. [1]. Brieﬂy, the mobile
phase was 0.1% acetonitrile in n-hexane, at
a ﬂow rate of 1 mL·min−1; the diode array
detector was adjusted to 233 nm, and the
injection volumes were 30 μL for milk
and 10 μL for cheese and butter. The identiﬁcation of the individual CLA isomers
was achieved by comparing their retention
times with commercial and prepared
standards.
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Total and individual contents of CLA
isomers in dairy products were determined
based on the external standard technique,
using cis-9,cis-11, trans-10,cis-12, cis-9,
trans-11 and trans-9,trans-11 as representatives of each geometric group of CLA isomers, and on the method of area
normalisation, from standard curves for
peak area vs. CLA isomer concentration.
The CLA isomers were expressed in gravimetric contents (mg·g−1 or mg·mL−1 product and mg·g−1 fat) or as a percentage of
the sum of the identiﬁed CLA isomers
(% total CLA).
2.4. Statistical analysis
Statistical analysis of the results was performed using Statistical Analysis Software
[23]. Analysis of variance was used to
determine the statistical differences between
commercial brands, within each type of
product and among types of products.
Results were expressed as mean and standard error of mean. A P < 0.05 was considered as a signiﬁcant difference.
3. RESULTS AND DISCUSSION
3.1. CLA contents
Table I shows the CLA contents and its
isomeric distribution in the analysed Azorean milk and dairy products, commercially
available in the mainland Portugal, using
the Ag+-HPLC methodology.
As expected, the data showed that butter
is the richest product in total fat and total
CLA (P < 0.05), exhibiting 81.37–81.45%
and 6.58–7.72 mg·g−1 product, respectively,
in contrast to milk, which has 1.23–1.35%
and 0.01–0.02 mg·mL−1 product, respectively. No differences (P > 0.05) were
observed between commercial brands,
within each type of product, neither for total
fat nor for total CLA content. The values
described in this study for total CLA are

higher than those reported for milk, cheese
and butter in the samples derived from the
milk produced in farms located in the mainland Portugal, which were of 0.11, 1.09 and
2.64 mg·g−1 product, respectively [17].
Regarding the speciﬁc CLA content,
cheese displayed the highest values
(12.40–14.00 mg·g−1 fat), and was signiﬁcantly higher than the CLA concentration
in butter (8.09–9.48 mg·g−1 fat). The commercial brand did not signiﬁcantly affect
(P > 0.05) the speciﬁc CLA content. The
speciﬁc CLA content in milk was 10.60–
11.41 mg·g−1 fat, which is slightly lower
than a recently published value for Azorean
UHT milk (13.3 mg·g−1 total fatty acids for
cis-9,trans-11 isomer) [15]. This slight difference may be due to regional variations,
as well as due to differences in the CLA
quantiﬁcation methods used in the two studies (Ag+-HPLC vs. GC). Relatively high
amounts of CLA (12 mg·g−1 fat) were also
described, by Precht and Molkentin [20],
for German milks. However, the speciﬁc
contents of CLA described here for Azorean
milks are higher than those reported for the
mainland Portuguese [17] and Italian [2]
milks.
The Azorean cheeses analysed in this
work contain higher speciﬁc CLA contents
than the mainland Portuguese [17] and
Spanish [16] cheeses. The speciﬁc CLA
content in German cheeses ranged from
4.0 to 17.0 mg·g−1 fat [10], whereas the speciﬁc CLA of French cheeses varied between
5.3 and 15.8 mg·g−1 fat [14].
The values of speciﬁc CLA content
found in this study for butter (8.09–
9.48 mg·g−1 fat) are lower than those
obtained for German, Italian and Netherlanders butters [21], but higher than those
described for the mainland Portuguese
butters [17].
3.2. CLA isomeric distribution
The CLA isomeric proﬁle of Azorean
dairy products suggests a clear predominance

Table I. Values of total fat (% w/w), total (mg·mL−1 or mg·g−1 product) and speciﬁc (mg·g−1 fat) CLA contents, and its isomeric distribution (% of
identiﬁed CLA isomers) in Azorean bovine milk, cheese and butter from several commercial brands (n = 10 for each brand of milk, cheese and
butter).
Total fat
and CLA
content

Cheese (C)

Butter (B)

Product effect

Nova
Açores

Terra
Nostra

SEM

Terra
Nostra

Loreto

SEM

Loreto

Nova
Açores

SEM

1.23
0.01
10.60

1.35
0.02
11.41

0.082
0.002
1.988

21.74
2.99
14.00

21.76
2.68
12.40

0.475
0.293
1.383

81.37
6.58
8.09

81.45
7.72
9.48

0.164
0.418
0.515

1.89
2.93
1.11
2.98
0.62
1.10
0.42
11.05
ND
2.22
0.50
ND
79.30
6.94
88.96
ND

1.30
2.73
0.98
3.81
0.53
0.82
0.21
10.38
ND
2.30
0.20
ND
79.88
7.25
89.63
ND

0.098
0.114
0.054
0.859
0.056
0.139
0.075
1.086
ND
0.087
0.094
ND
1.177
0.709
1.086
ND

1.72
3.03
0.92
1.67
0.67
0.72
0.22
8.95
0.75
2.37
–
ND
82.59
5.34
91.05
ND

1.47
2.70
0.90
1.75
0.69
0.60
0.15
8.26
0.63
3.91
–
ND
72.26
14.95
91.75
ND

0.061
0.099
0.049
0.110
0.055
0.032
0.027
0.329
0.045
0.546
–
ND
0.100
0.958
0.329
ND

1.38
2.79
0.82
1.12
0.44
0.62
0.18
7.35
0.62
3.05
ND
ND
82.11
6.88
92.66
ND

1.58
3.03
0.83
1.35
0.48
0.59
0.15
8.01
0.75
2.45
0.44
ND
81.42
6.94
92.00
ND

0.042
0.050
0.037
0.058
0.025
0.043
0.016
0.169
0.027
0.642
0.059
ND
0.747
0.486
0.169
ND

Brand effect
M

C

B

M<C<B
M<C<B
B = M, M = C, B < C

ns
ns
ns

ns
ns
ns

ns
ns
ns

M=C=B
M=C=B
B=C<M
B=C<M
B<M<C
C=B<M
C=B<M
C=B<M
M<C=B
M=C=B
C<B=M
–
C = M, M = B, C < B
B=M<C
M<C=B
–

***
ns
ns
ns
ns
ns
ns
ns
ns
ns
*
–
ns
ns
ns
–

**
*
ns
ns
ns
*
ns
ns
ns
ns
ns
–
***
***
ns
–

**
**
ns
*
ns
ns
ns
*
**
ns
***
–
ns
ns
*
–
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Total fat
Total CLA
Speciﬁc CLA
CLA isomers
trans-12,trans-14
trans-11,trans-13
trans-10,trans-12
trans-9,trans-11
trans-8,trans-10
trans-7,trans-9
trans-6,trans-8
Total trans/trans
cis/trans-12-14
trans-11,cis-13a
cis-11,trans-13
trans-10,cis-12
cis-9,trans-11
trans-7,cis-9b
Total cis/trans
Total cis/cis

Milk (M)

ns, not signiﬁcant; * P < 0.05; ** P < 0.01; *** P < 0.001; ND, not detected; SEM, standard error of mean.
In cheese samples, the CLA isomer co-eluted with minor amounts of the cis-11,trans-13 isomer.
b
The CLA isomer co-eluted with minor amounts of the trans-8,cis-10 isomer.
a
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of the bioactive cis-9,trans-11 isomer
(72.26–82.59%), followed by trans-7,cis-9
(5.34–14.95%)
and
trans-11,trans-13
(2.93–3.03%) isomers, as represented in
Table I. Interestingly, the other bioactive
CLA isomer, trans-10,cis-12, was not
detected in any analysed samples. The major
CLA isomer, cis-9,trans-11, is produced in
the rumen during the microbial biohydrogenation of dietary linoleic acid and
endogenously in the tissues through Δ9desaturation of trans-11 C18:1 [11]. Wahle
et al. [24] reported that a total of 70% of
rumenic acid in milk fat is derived from this
last process. In addition, Corl et al. [5] demonstrated that trans-7,cis-9 isomer in milk fat
is originated almost exclusively via endogenous synthesis by Δ9-desaturation with ruminally derived trans-7 C18:1. Finally, Kraft
et al. [13] hypothesised that α-linolenic acid,
the major fatty acid of pasture, is the indirect
precursor of the trans-11,cis-13 CLA isomer.
Milk, cheese and butter showed relatively high percentages of trans-11,cis-13,
trans-11,trans-13 and trans-12,trans-14
CLA isomers, which have been suggested
to constitute sensitive grass intake indicators
[7]. Luna et al. [16] reported similar percentages for trans-12,trans-14 and trans11,trans-13 CLA isomers in cheese and
milk. The values given in this work for
these grass-sensitive CLA isomers are
higher than those reported for the mainland
Portugal, which may reﬂect better quality of
Azorean pastures in relation to the mainland
Portugal [15]. Rickert et al. [22] reported
lower total trans/trans CLA isomers in
cheese compared with the values described
in this study. In addition, total trans/trans
and cis/trans (cis/trans and trans/cis) CLA
isomers in cheese were similar to those
reported by Luna et al. [16]. Finally, no
cis/cis CLA isomer was detected in the various samples analysed in this study.
The relative percentages of trans-12,
trans-14, trans-11,trans-13 and trans-11,
cis-13 CLA isomers did not show signiﬁcant differences among the several types

of products analysed. This fact suggests that
the relative contents of these CLA isomers
remain constant from milk, the raw material,
to butter and cheese. Comparing with
cheese and butter, milk is the product with
the highest percentage of total trans/trans
CLA isomers, in particular trans-10,trans12, trans-9,trans-11, trans-7,trans-9 and
trans-6,trans-8 isomers. Among milk and
dairy products, the highest percentages of
CLA isomers were the cis-9,trans-11 in butter and the trans-7,cis-9 isomer in cheese.
The CLA isomeric distribution depicted
differences between commercial brands
within the same type of product. For milk,
Nova Açores brand was the richest in
trans-12,trans-14 and cis-11,trans-13 CLA
isomers. Regarding cheese, trans-12,trans14, trans-11,trans-13, trans-7,trans-9, cis9,trans-11 and trans-7,cis-9 CLA isomers
present in Terra Nostra samples were significantly higher than those in Loreto samples,
except for trans-7,cis-9 isomer. In butter,
trans-12,trans-14, trans-11,trans-13, trans9,trans-11, cis/trans-12,14 and CLA cis11,trans-13 were affected by commercial
brand. Nova Açores was the richest brand
in these isomers.
4. CONCLUSION
Azorean bovine milk and dairy products
are important sources of CLA, when compared with similar products originated from
other regions, including the mainland Portugal. This fact likely results from the good
quality of pastures and grazing conditions
of Azores archipelago, which improve CLA
content in milk and have similar subsequent
effects on cheese and butter. As expected,
butter is the most interesting dairy product
for the consumer, containing relatively high
contents of total CLA and its cis-9,trans-11
isomer, for all the analysed commercial
brands. Although there were no important
differences in CLA contents between the
Azorean brands for the same type of product,
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the CLA isomeric distribution showed few
differences between the brands.
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