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Abstract — Conjugated linoleic acid (CLA), and especially rumenic acid, are isomers of linoleic
acid which have a great potential in human nutrition for their beneficial properties. The most impor-
tant sources of natural CLA are milk and dairy products such as cheese. This study was delineated
to assess the effects of sampling according to the cheese wheel, the seasonal and regional influence
on CLA content in French Emmental cheese and, finally, the effects of culinary preparation of three
different dishes (gratin, béchamel sauce and cheese fondue) and processed cheese. The rumenic acid
content of Emmental cheese varied between 0.6% and 1.5% of total fatty acids according to the
season and region of production, and appeared homogeneous through the cheese wheel. The culi-
nary utilization and processing did not change the rumenic acid content of Emmental cheese.
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Résumé — Teneur en acide linoléique conjugué (CLA) dans ’Emmental francais : effet de la
saison, de la zone de production, de la fabrication et du mode de préparation culinaire. Les
isomeres conjugués de 1’acide linoléique (CLA) et, en particulier, 1’acide ruménique (Cyg., 9 cis 11
trans) possedent des effets bénéfiques d’un grand intérét en nutrition humaine. Le lait et les produits
laitiers, tels que les fromages, sont d’importantes sources naturelles d’acide ruménique. Ce travail
avait pour but d’en établir la répartition au sein de la meule de fromage, d’étudier I’influence de la
saison et de I’origine régionale sur la teneur en CLA de I’Emmental frangais et enfin, de mesurer les
effets de son utilisation, soit en cuisine dans la préparation de sauce béchamel, de gratin et de fon-
due, soit dans la fabrication de fromage fondu. La teneur de I’Emmental francais en acide ruménique
varie de 0,6 % a 1,5 % de la teneur totale en acide gras selon la saison et la région de production,
elle est homogene au sein de la meule de fromage. Aucune modification significative de la teneur
en CLA n’est observée lors de I'utilisation de I’Emmental, aussi bien pour les trois préparations

culinaires que pour la fabrication de fromage fondu.
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1. INTRODUCTION

Conjugated linoleic acid (CLA) refers to
mixtures of positional and geometrical iso-
mers of linoleic acid with a conjugated dou-
ble bond system [9, 17]. Since the last
decade beneficial properties have been
revealed in various animal experiments
induced by diets containing CLA [1, 13, 16].
The most important sources of natural CLA
in human nutrition are milk and dairy products.
The major CLA isomeris 9c11t-C18:2, also
called rumenic acid [11]. 9c11t-C18:2 is
formed by bioconversion of polyunsatu-
rated fatty acids (PUFA) in the rumen and
by A9-desaturation of vaccenic acid (11t-
18:1) in the mammary gland of the lactating
cow [6, 8].

Various factors have been reported to
modulate the CLA content in milk [2]. As
a consequence, regional variations due to
cows’ diet and breed have already been
reported in butterfat [5, 12]. However, the
CLA content in Emmental cheese, includ-
ing putative differences according to vari-
ous parts of the wheel, as well as regional
variations, have not yet been extensively
studied. Moreover, the relationship between
the CLA content and different parameters
of food processing in dairy products has
been discussed controversially [20, 22, 23].

In the present study, we assessed the
effects of (i) sampling in the wheel, (ii) the
regional and seasonal influence on CLA
content in French Emmental cheese, (iii)
the influence of cooking Emmental and (iv)
the preparation of processed cheese on the
rumenic acid content.

2. MATERIALS AND METHODS
2.1. Chemicals

All solvents were purchased from SDS
(Peypin, France) and hexane was purified
by distillation before use. Chemicals were
obtained from Sigma-Aldrich (L’Isle
d’ Abeau, France).

2.2. Sampling in the wheel

First, a block of cheese was cut accord-
ing to the radius of the wheel. Then, nine
samples were extracted 2 cm (without
crust) from the periphery of the two sides
(faces) and the heel of the cheese block. Six
samples were obtained at the core level.

2.3. Regional variations in CLA
in Emmental cheese from France

Forty-five Emmental cheese samples
were collected from two typical production
areas, i.e. traditional (Savoy and Franche-
Comté - SFC, n =28) and intensive produc-
tion areas (Brittany, n = 17). In the former
region, cows were mainly Red Pie (Mont-
béliarde, Abondance), maintained under a
continental climate, and fed pasture in sum-
mer and hay in winter. On the other hand,
cows in Brittany were mainly Black Pie,
maintained under an Atlantic climate and
fed grass and corn silage.

2.4. Preparation of cheese and dishes

To test the effect on the CLA content
during culinary utilization, the Emmental
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cheese was used in different dishes. The
preparation of the dishes was carried out at
the Maison du Golt (Bourg-en-Bresse,
France) under standardized repeatable con-
ditions. Three typical French dishes were
chosen to determine the stability of CLA in
cheese during homemade cooking. The
types of dishes were selected in order to
expose the cheese to moderate or high tem-
peratures for variable durations. All dishes
were prepared from the same cheese, grated
before use. One sample of the dish was ana-
lyzed as raw material, uncooked, to meas-
ure the CLA content before processing:

e “Purée de pommes de terre gratinée
(Gratin)”: mashed potatoes were covered
with 9 g of grated cheese and grilled at
225 °C for 21 min.

e “Sauce Béchamel”: industrially-pro-
duced Béchamel sauce was mixed with
7.5 g of grated cheese. The sauce was
slightly heated for 10 min up to 78 °C until
the cheese melted.

* “Fondue Savoyarde (cheese fondue)”:
the grated cheese was melted in white wine
for 5 min at 98 °C.

The study was done using two cheese
samples, one manufactured in a pilot-scale
unit and one industrially-produced Emmen-
tal. The different dishes were prepared in
triplicate.

2.5. Fabrication of processed cheese

The processing of cheese spread was car-
ried out at the ITFF (La Roche sur Foron,
France) under standardized repeatable con-
ditions. Emmental cheese was milled,
mixed with melting salts and homogenized.
The mixture was melted in vacuum vessels,
additionally heated for 5 or 10 min and
packed. The cheese spread was prepared
using two different cheeses, one cheese pro-
duced in a pilot-scale unit and one in an
industrial plant.

The manufacturing time (0, 5 or 10 min)
and the processing temperature (75 or
100 °C) were the two studied parameters.
Two independent repetitions for each sam-
ple were carried out.

2.6. Lipid extraction

Liquid samples were lyophilized before
extraction. The other samples were minced.
A defined quantity of sample was weighed
and the lipid content was extracted accord-
ing to Sehat et al. [19]. The extracted lipids
were stored at —80 °C until methylation.

2.7. Methylation

The CLA content was determined using
C23:0 methyl ester as the internal standard.
A defined aliquot (containing about 12—
15 mg lipid) of the extracted lipids and the
internal standard solution were mixed.
Fatty acid methyl esters (FAME) were pre-
pared as described [10] and extracted twice
by 2 mL of hexane.

2.8. GC-Analyses

FAME were analyzed using a Hewlett
Packard HP 5890 Series II (Hewlett Pack-
ard Ltd, Wokingham, UK) equipped with a
split/splitless injector (using split mode —
split ratio 1:20) and a flame ionization
detector. The temperature of both the injec-
tor and detector was 250 °C. Hydrogen was
used as the carrier gas. The analyses were
performed using a CPSil88-fused silica
capillary column (100 m x 0.25 mm LD.,
0.25 pm film thickness, Chrompack, Mid-
dleburg, The Netherlands) using a temper-
ature program as described by Sehat et al.
[19] (70 °C (4 min), 13 °C-min~! to 175 °C
(27 min), 4 °C-min~! to 215 °C (31 min)).
Data were collected using a Borwin work-
station (JMBS Developments, Fontaine,
France) including an acquisition interface,
software and a computer.

2.9. Statistical analysis

Statistical analysis was carried out using
the NCSS-software (Kaysville, Utah). The
Kruskall & Wallis non-parametric test was
used to determine differences between the
groups. A P-value less than 0.05 was con-
sidered as statistically significant.
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Table L. Fatty acid profile of Emmental cheese
according to the sampling in the wheel.

Periphery (n=9)  Core (n = 6)
C4:0 46+0.2 44+02
C6:0 2.7+0.1 26+0.1
C8:0 1.5+£0.2 1.6 £0.1
C10:0 35+0.3 35+0.1
C12:0 3.8+0.1 39+x0.1
C14:0 11.7+0.1 11.7£0.1
Cl4:1 09+0.1 09+02
C15:0 1.2+£0.0 1.2+£0.0
C16:0 272 +0.1 273 0.0
Cl6:1 1.5+0.1 1.5+0.1
C17:0 0.7+0.1 0.7x0.0
C18:0 11.1£0.1 11.1£0.1
9t-C18:1 02+0.0 02+0.0
11t-C18:1 2.8+0.1 2.8+0.1
9¢c-C18:1 21.9+0.1 22.0+0.1
9c12c-C18:2 1.8+0.1 1.8+0.0
9c11t-C18:2 1.1+£0.0 1.1x0.0
SFA 68.7 0.1 68.7 £ 0.0
MUFA* 242 £0.1 243 +0.0
PUFA 29+0.0 29+0.0
TFA 4.1+0.0 4.1+0.0

*: cis isomers only.

3. RESULTS AND DISCUSSION

3.1. Wheel zonal content

The fatty acid composition of different
samples from the same wheel (core and
peripheral zones) is detailed in Table I. No
significant difference appeared for any fatty
acid. Rumenic acid represented 1.1% of
total fatty acids, while vaccenic acid repre-
sented about 2.8% of total fatty acids. Since
sampling did not alter the fatty acid profile,
it was possible to compare samples of dif-
ferent origin, without generating a possible
bias of sampling.

3.2. Regional and seasonal variations

Table II presents the fatty acid profile of
Emmental cheeses samples in winter and
summer, and in the Brittany or Savoy,
Franche-Comté (SFC) regions. The influ-
ence of the place where the cheese (and raw
milk) was produced appeared of major
importance. Moreover, the season was also
of importance. Rumenic acid content was
the greatest in summer compared with win-
ter and for samples from SFC compared
with those from Brittany. A similar trend
was observed for the vaccenic acid content.
At the same time, the content of saturated
fatty acids was decreased, whereas the con-
tent of cis monounsaturated fatty acids was
less altered. Such seasonal effects have
already been observed on butter [12] and
cow's milk [3] or sheep's milk [15]. Com-
pared with the data from Collomb and Buh-
ler [3] obtained in Switzerland, the rumenic
acid content in our French SFC samples was
higher (1.00 vs. 0.64 mg-g-! fat in winter),
which might be due to various parameters,
including cow breeds or feeding strategies [4].
The difference in summer was less signifi-
cant (1.50 vs. 1.44 mg-g~! fat).

3.3. Effect of cooking and grilling

The rumenic acid content remained
unchanged (P > 0.05) during culinary uti-
lization (grilling and cooking), as shown in
Table III. For example, the rumenic acid
content in the “Gratin” prepared with indus-
trial cheese was determined as being
7.3mg-g! fat and 7.4 + 0.3 mg-g-! fat
before and after the exposure of the dish to
high temperatures, respectively. Similarly,
the “Sauce Béchamel” prepared with indus-
trial cheese contained 6.8 mg rumenic
acid-g-! fat and 6.8 + 0.1 mg rumenic
acid-g~! fat before and after the exposure of
the dish to a moderate temperature, respec-
tively. Furthermore, no differences in the
fatty acid composition of the dishes before
or after cooking or grilling were detected
(data not shown).

Our present results indicate that rumenic
acid in cheese during culinary preparations
has a good thermal stability, in agreement
with Shantha et al. [21]. The exposure of
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Table II. Fatty acid profile (%) of Emmental cheese samples in SFC (n = 28) and Brittany (n = 17)
produced either in winter or summer. Values are means + SD.

Winter Summer Statistics
SFC Brittany SFC Brittany Winter vs. SFC
Summer vs. Brittany

C4:0 44+0.03 4.5 +0.02 44+0.03 4.5+0.03 *
C6:0 2.6 £0.02 2.7+0.01 24 +0.02 2.6 +0.01 * *
C8:0 1.5+ 0.01 1.6 £ 0.01 1.4 +0.02 1.5+£0.01 * *
C10:0 3.3 +0.06 3.4 +0.02 3.0+ 0.05 3.2+0.01 * *
C12:0 3.8+0.08 3.9+0.03 3.4+0.05 3.6+£0.05 * *
C14:0 124+£0.18 11.7£0.09 113+0.09 11.5+0.13 *

Cl4:1 0.9 £0.02 1.0+ 0.03 0.9 £0.02 1.0 +0.02 * *
C15:0 1.3 +£0.01 1.1 +0.01 1.3 +0.01 1.3+0.02 * *
C16:0 31.6 £0.66 32.1+0.66 27.0+0.27 29.5+046 * *
Cle:1 1.8 £ 0.08 1.9 £0.06 1.6 +£0.05 2.1+0.09 *
C17:0 0.8 £0.01 0.7 £0.05 0.8 £0.01 0.8 £0.01 *
C18:0 94x022 104026 113+0.16 11.2+0.23 *

9t-C18:1 0.2 +0.01 0.2 +£0.02 0.2 £0.01 0.2 +0.01 * *
11t-C18:1 2.1+0.27 1.5+£0.12 35+0.12 2.4 £0.09 * *
9¢c-C18:1 19.1+043 197+x042 224+025 21.0+041 *

9¢c12c-C18:2 1.7+0.04 1.4+0.02 1.6 £0.03 1.2+0.01 * *
C18:3n-3 0.9 +0.04 0.5 +0.05 0.9 +0.04 0.6 +0.02 *
9c11t-C18:2 1.0+0.13 0.6 £ 0.04 1.5+0.06 1.0£0.03 * *
SFA 72.0+0.78 73.0x054 672+025 703+043 * *
MUFA2 21.8+£0.39 226+036 248+0.22 24.1+0.33 *

PUFA 2.9 £ 0.06 22 +0.05 2.7+ 0.06 2.1+0.1 *
TFA 3.3+0.40 23+0.16 52+0.17 35+0.12 * *

a: cis isomers only.
*: P<0.05.

SFA: saturated fatty acids; MUFA: monounsaturated fatty acids; PUFA: polyunsaturated fatty acids;

TFA: trans fatty acids.

milk to moderate heating temperatures (up
to 200 °C) had no effect on the rumenic acid
content. Only heating milk at 225 °C for
15 min decreased the 9¢11t-C18:2 content
from 1.7% to 1.1% of total fatty acids [18].

3.4. Preparation of processed cheese

The processing of cheese spread by heat-
ing at 75 °C with and without additional
heating time did not change the rumenic

acid content (Tab. IV). Similar results were
observed for a processing temperature of
100 °C without additional heating time.
Only for the highest processing tempera-
ture (100 °C) and the longest manufacturing
time (additional heating time, 10 min) a
small but not significant decrease in the
rumenic acid content was found. The
rumenic acid content decreased from 8.2 +
0.1 mg-g-! fat to 7.0 = 0.8 mg-g-! fat
(P <0.2). However, the different processing
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Table III. Rumenic acid content in cooked and grilled dishes (mean + SD).

CLA content in mg-g-! fat

cheese, made
in pilot-scale unit

cheese, made
in industrial plant

Gratin, raw [n = 1] 8.5 73
Gratin [n = 3] 73+09 74+03
Sauce Béchamel, raw [n = 1] 6.4 6.8
Sauce Béchamel [n = 3] 6.0+0.1 6.8 £0.1
Fondue Savoyarde, raw [n = 1] 7.8 9.2
Fondue Savoyarde [n = 3] 7.8+£0.2 8.7+0.1

Table IV. Rumenic acid content in processed
cheese using different processing conditions
(mean [n = 2] £ SD).

Processing Additional CLA content
temperature heating (mg-g! fat)
“©0 time (min)

control 82+0.1
75 0 8.4+0.6
75 5 8.1+0.5
100 0 84+05
100 10 7.0+0.8

conditions did not induce any significant
difference in the fatty acid composition
(data not shown). Such lack of rumenic acid
content alteration is in opposition to former
published results. Garcia-Lopez et al. [7]
reported a slight increase in the CLA con-
tent from 9.5 mg-g~! fat to 10.7 mg-g-! fat
during the processing of cheese. This effect
could be related to their processing condi-
tions, which were not further detailed. No
direct comparison between the different
fabrication conditions can be made to
explain the discrepancies. But using Amer-
ican cheese instead of Cheddar cheese for
the preparation of processed cheese, the
CLA content remained unchanged [22]. It
seems possible that the increase in CLA
during processing could depend on the type
of cheese, related to differences in cheese
processing.

On the other hand, Luna et al. [14] also
reported no influence of processing on CLA

content and profile during processing of
portions and slices. The temperatures con-
sidered (< 150 °C) in both the present study
and the one by Luna et al. probably
explain this discrepancy with what was
observed with high-temperature (=200 °C)
treatments [18].

4. CONCLUSION

In conclusion, the culinary utilization of
cheese and the fabrication of processed
cheese did not change the rumenic acid con-
tent in Emmental cheese, confirming the
importance of its content in raw milk. How-
ever, the rumenic acid content depends on
the region of production, probably in con-
nection with the dietary habits of the cows.
Furthermore, the rumenic acid content of
Emmental cheese appeared constant, what-
ever the place of the sample in the wheel.
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