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Abstract — Fatty acids intake of French adult population does not comply with the French Population
Reference Intakes (PRI). The aim the study is to quantify the impact of a modification of animal feeding
system on the fatty acids intake of French population. A 15-day diet representative of average
consumption for the French adult male population was developed with animal products derived either
from conventional production system (STD) either from a specific production system (Bleu-Blanc-
Ceeur’ [BBC)) that acts on the fatty acids profile of animal products. The impact of a such change in
feeding system on fatty acids content has been quantified. BBC diet contributes to reducing the gap
between the fatty acid content of a STD diet and the PRI with highest impact on C12:0-14:0-16:0
fatty acids (—4.6 g/d, i.e. 63.3%), C18:3n-3 (4-0.8 g/d, i.e. 48.2%), C20:5n-3 (+35mg/d, i.e. 42.7%),
C22:6n-3 (+49 mg/d, i.e. 35%) and the C18:2n-6/C18:3n-3 ratio (—4.9 points, i.e. 43.5%). The research
also shows that animal products complement one another. Consuming a variety of animal source foods
derived from a specific feeding practices could help reduce the gap between actual consumption and
recommended dietary intake of fatty acids.

Keywords: fatty acids / animal products / production system / Population Reference Intakes (PRIs) / average French
diet

Résumé - Le choix du systéme alimentaire en élevage influence les apports en acides gras du menu
moyen frangais. Les apports alimentaires en acides gras dans la population frangaise ne répondent pas
aux apports nutritionnels conseillés (ANC). Un menu sur 15 jours, représentatif de la consommation
moyenne pour la population francaise des hommes adultes, a été élaboré en utilisant des produits
animaux issus soit de modes de production standard (STD) soit d’une filicre spécifique (Bleu-Blanc-
Ceeur [BBC]) qui agit sur le profil en acides gras des produits animaux. L’impact du changement de
mode de production sur les apports en acides gras au regard des ANC a été quantifié. Les résultats
montrent que le menu BBC permet de contribuer en moyenne a hauteur de 41 % a la réduction des
écarts entre les apports d’un menu STD et les ANC, les plus fortes contributions s’établissant pour les
acides gras C12-C14-C16:0 (—4,6g/j, soit 63,3 %), C18:3n-3 (40.8 g/j, soit 48,2 %), C20:5n-3
(+35mg/j, soit 42,7 %) et le rapport C18:2n-6/C18:3n-3 (—4,9 points, soit 43,5 %). Les travaux ont
également démontré la complémentarité des divers produits animaux aux apports en acides gras totaux.
La consommation de différents produits animaux de filiere spécifique permet donc de réduire
efficacement 1’écart entre consommation réelle et apports conseillés en acides gras.

Mots clés : acides gras poly-insaturés n-3 / mode de production / apports nutritionnels conseillés (ANC) / menu
moyen frangais
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1 Introduction

In industrialized societies, eating habits and lifestyle such
as increase in energy intake and decrease in energy
expenditure are identified as potent promoters of chronic
diseases such as cardiovascular diseases or obesity (Cordain
et al., 2005). In addition, western diet composition of foods
are also pointed out, especially the fatty acids composition
(Simopoulos, 2008; Chardigny, 2013). Due to agribusiness
and modern agriculture, western diets contain excessive
levels of n-6 polyunsaturated fatty acids (PUFAs) but very
low levels of n-3 PUFAs leading to an unhealthy n-6/n-3 ratio
of 20:1, instead of 1:1 that was during evolution in humans
(Simopoulos, 2008).

In general, public health strategies aimed at changing the
nutrient intake in the population can take many forms, from
focusing purely on human behaviour via food- and meal-based
recommendations to invisible pathway such as the modifica-
tion of the food composition. In France, different national
programs took place in order to help modification of the dietary
habits of the French population: in 2001, the French National
Nutrition and Health Program (Programme national nutrition
santé [PNNS]); in 2011, the « Plan obésité » (French national
program to combat obesity) and in 2013 the « Plan national de
I’alimentation » (French national diet programme [PNA]). The
various actions taken through these programs, such as public
education on healthier eating, have helped change consump-
tion habits. For example, fruit consumption rose (4+16% on
average for adults) and consumption of sugary foodstuffs fell
(—22 to —27% in adults) between 1999 and 2007 (Dubuisson
et al., 2010).

As in others countries, the French Population Reference
Intakes (PRIs or apports nutritionnels conseillés) for lipids
highlights the importance of a better balance between n-6
and n-3 PUFA (ANSES, 2011a). Indeed, food consumption
survey INCA 2 demonstrated that the French adult intakes of
alpha-linolenic acid (C18:3n-3, ALA) should be multiplied
by 2.5, that of docosahexaenoic acid (C22:6n-3, DHA by 1.8),
and that of eicosapentaenoic acid (C20:5n-3, EPA) by 2.5 to
reach the PRIs (Dubuisson et al., 2010; ANSES, 2011b).
Additionally, the PRIs highlights the importance of differen-
tiating the three saturated fatty acids (C12:0-C14:0-C16:0)
from the other types of saturated fatty acids (SFAs) (ANSES,
2011a).

Animal products are the main contributors to the lipid
intake of the French population, representing 60 to 67%
depending on the study (Tressou-Cosmao et al., 2015; Tressou
et al.,2016). Yet, the lipid content of animal products is highly
dependent on the production system used, and on feed in
particular. Indeed, there is a direct correlation between the
nature of fatty acids ingested by the animal and those present in
the derived milk, meat and eggs (Chilliard et al., 2008; Wood
et al., 2008; Mourot and de Tonnac, 2015). For example, it has
been clearly demonstrated that the n-3 FA content of meat and
fat from livestock (beef, pork, chicken, etc.) can substantially
be enhanced through altered feeding strategies — especially
through replacement of n-6-rich grains, oils and oilseeds (like
wheat, maize, soybean, sunflower seeds, etc.) with n-3-rich oils
and oilseeds (like fish oil, rapeseed, flaxseed, etc.) and/or grass
in the animal’s diet (De Henauw et al., 2007; Shapira et al.,
2008; Wood et al., 2015).

Alongside these educational measures that aim to change
food consumption habits, another pathway to enhance the
nutrient intake and more specifically fatty acids intake of a
population, is the fortification/enrichment of commonly used
foods or ingredients which can take place on the level of
processing techniques or of production or feeding systems,
such as meat production. )

In France in 2000, the Bleu-Blanc-Ceeur (BBC) food label
established specifications as regards husbandry and feeding
practices, reintroducing plants with a high ALA content (grass,
alfalfa, flaxseed, etc.) in animal feed. Such changes in feeding
practices lead to the marketing of animal products with improved
lipid profile in relation to conventional practices, and that comply
with nutritional recommendations such as increase inn-3 PUFA,
drop in n-6 PUFA/n-3 PUFA ratio, and drop in SFAs (ANSES,
2011b; Mourot and de Tonnac, 2015). Nonetheless, although
differences in lipids profile are clear between conventional
products and those from the BBC food label, it appears necessary
to measure the impact of such a change in production system on
the lipid and fatty acids intakes of humans on an average French
diet and evaluate the contribution of this system to reach the
nutritional adequacy in fatty acids.

2 Material and methods

2.1 Elaboration of the 2-week meal plan (average diet)

An average 15-day meal plan, that is representative of
male French adult (18 years +) population diet, was created.
To do this, a restricted database was created in order to
elaborate the French representative diet with a restricted
number of foodstuffs. It was built on the CCAF survey
“Comportements et Consommations Alimentaires en France”,
which takes into account the food choices of this population
and match actual consumption patterns (Hébel, 2012). Briefly,
the CCAF database was carried out on a sample of 1389 adults
representative of the French adult population (18 years +). It
took note of food consumption over seven days, with an
estimate of portions using photographs. Consumption (without
waste) was then organised into 38 food groups and 1300
foodstuffs. For each foodstuff, the following information was
available: consumption data (in g/d), the percentage in relation
to the food group and the penetration rate (percentage of the
sample having eaten this foodstuff). To create the restricted
database, two steps were followed (Fig. 1):

— selection of food groups: from the 38 CCAF food groups,
only the food groups having a penetration rate of over 50%
were retained (called “major food groups”, Fig. 1). In order
to be exhaustive, consumption of foodstuffs belonging to
non-selected groups (called “minor food groups”, Fig. 1)
was divided among the major groups. The “mixed dishes”
CCAF group includes a wide variety of dishes, some of
which are composed of a single group of foodstuffs
(vegetables, carbohydrates, meats or fish). These increase
the overall consumption (in g/d) for their respective group
(e.g. ratatouille in the “vegetables” group, veal stew in the
“meats” group). Thus, the quantity of mixed dishes is
reduced by as much as the other groups concerned are
increased. In the present study, the “sauce” CCAF group, is
combined with the “fats” group, proportionally to the
sauce’s fat content. By approaching the portions of the
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Fig. 1. Methodology used to create the restricted database from the CCAF survey database, in order to model the French diet.

GEM-RCN (2011), this first selection stage leads to a
distribution into portions for 15 days in each of 21 food
groups (Tab. 1);

— selection of the foodstuffs: among each of the 21 food
groups, foodstuffs that strongly resemble another are
merged (e.g. cooked ham, cured ham, etc.), as is their
consumption in g/d. Foodstuffs retained in the database are
those most often consumed in terms of quantity (g/d), that
have the highest penetration rate, and that represent over
50% (g/d) of the entire group of foodstuffs they belong to.
At the end of this step, a list of 92 foodstuffs including
15 elaborate dishes, belonging to 21 food groups was
drawn up (Fig. 1).

Based on the restricted database including a list of 92
foodstuffs belonging to 21 food groups and on the number of
portions over 15 days for each of these foodstuffs, the
construction of a meal plan (breakfast, lunch and dinner) for a
2-week period was done. This meal plan is known as the
“average diet”.

Two alternatives of the average diet were tested. The first
alternative is based on animal products from conventional
feeding system (STD diet) whereas the second one used animal
products from BBC feeding system (BBC diet) (Fig. 1).

2.2 Evaluation of the nutritional intake for STD and
BBC diets

The average consumption quantity (g/d) of each foodstuff
was determined for average diet and remained equal for STD
and BBC diets. In order to take into account the effect of
production system, the elaborates dishes in the average diet
have been broken down into simple components (flour, butter,
pasta, vegetables, fruit, etc.).

These quantitative data estimates were then used to
calculate the nutritional average energy value of the diets, its
protein, carbohydrate, and lipids content, as well as its fatty
acids profile. To do this, the French food composition
database CIQUAL (ANSES, 2013) is used for all the
nutritional profile (energy, protein, carbohydrates, lipids) of
foodstuffs. Contents in monounsaturated fatty acids
(MUFAs), PUFAs and SFAs, as well as in C12:0-14:0-
16:0 fatty acids, ALA, EPA, DHA and linoleic acid (LA),
also comes from CIQUAL database for all foodstuffs, except
for meats, meat products, eggs, and dairy products, whose
fatty acids profiles were updated. Indeed, CIQUAL data
available for animal products do not take into account the
impact of the production system on the product’s fatty acids
profile. Thus, and in order to take into account the difference
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Table 1. Quantity (g) of the different food groups consumed for 15 days.

Food groups Quantity (g/15 d)

Reference portions (g) (GEM-RCN, 2011)

Number of portions/15 d

Red meat 1042.5 120
Poultry 615 120
Delicatessen 766.5 50
Fish 430.6 115
Eggs and egg products 225.3 120
Cheese 641.8 30
Yoghurts and similar 994.1 125
Milk 320.9 150
Fat and oil/sauces 426.8 13
Vegetables 3439.7 100
Cooked legumes 200.2 200
Bread 2101.6 50
Pasta 556.7 150
Pizzas and savoury pies 1102.6 100
Mixed dishes 1500.9 300
Potatoes 1092.3 200
Rice and semolina 389 150
Desserts 597.5 100
Fruits 2765.7 150
Pastry 1061.3 130
Sugars 615.5 40

8.7
5.1
153
3.7
1.9
21.4
8
2.1
304
344

42
3.7
11

5.5
2.6

18.4
8.2
15.4

in fatty acids profile of foodstuffs according to their
production system (conventional versus Bleu-Blanc-Coeur),
other data sources are used (Tabs. 2 and 3). This data is
drawn directly from the database established from the BBC
association monitoring programme, which compiles the
analyses of fatty acids profiles on animal products produced
using its production system (data from 2010 to 2013) and/or
from scientific literature referring to these products. In the
BBC diet, only the fatty acids profile of animal products
(meats, meat products, dairy products, milk, butter, eggs) was
amended in relation to the STD diet, the quantities of all
foodstuffs remaining unchanged.

3 Results

The macronutrient composition of the average STD diet
is close to the average intake indicated in the CCAF survey
(Tab. 4). Deviations observed are all below 4%.

Changes in the feeding system towards BBC lead to a
significant drop in SFAs intake (—3.2 g/d) and in particular in
C12-C14-C16:0 fatty acids (—4.6 g/d), and to an increase in
MUFAs (+2.3 g/d) (Tab. 5). In the BBC diet, PUFAs increase
by +1.1g/d. More specifically, the ALA, EPA and DHA
content of the diet increases respectively by 0.8 g/d (+80%),
35 mg/d (+43%) and 49 mg/d (+35%) in comparison with the
STD diet. As regards fatty acids, the BBC diet contributes to
reducing the gaps between the content of STD diets and French
PRIs, the highest contributions being for C12-C14-C16:0
fatty acids (63.3%), ALA (48,2%), EPA (42.7%) and the LA/
ALA ratio (43.5%) (Tab. 5). Also of note, the change in
production system enables EFSA recommended intake to be

met for ALA, EPA and DHA (EFSA, 2010) these recom-
mendations being lower than the French PRIs.

Changes in meat (meat, poultry and meat products)
production systems contribute respectively to a 72% and 48%
increase in ALA and EPA in the average French diet (Tab. 6).
Eggs are predominant in the increase of DHA content (66%).
Dairy products (including cheeses and fats) are an important
contributor to the increase in EPA intake (43%) and represent a
solid majority (87.6%) in reducing the intake of C12-C14—
C16:0 saturated fatty acids.

4 Discussion

4.1 Fatty acids composition of animal products

One of the main stakes of the present study was to define the
fatty acids composition of animal products from STD or BBC
feeding system. Indeed, it is difficult to define what is a standard
animal feed because it exists various feeding strategies, genetics,
or seasonal effects that could deeply modify the fatty acids
composition of animal products study (ANSES, 2011b). In the
CIQUAL database, no information about animal feed was
available for animal products. Thus, in some cases, fatty acids
composition of products found in CIQUAL were inconsistent
with the fatty acids profiles of products found into scientific
literature. The strategy adopted in the present study was thus to
determine the relative deviation in fatty acids contents between
standard and n-3 PUFA enriched diets according to scientific
literature, considering that experimental conditions could be
deeply different between studies (genetics, composition of
control diets, n-3 PUFA diets contents, etc.), and to determine
thereafter the fatty acids profile of STD products.

Page 4 of 10



B. Schmitt et al.: OCL 2018, 25(2), D205

anssj |eaido|

Page 5 of 10

(poreId)
¥ o¢l 00 10 €l L'E vl 6°¢ 6 979 £60C 00¢ 933D [ejudwIy
606 00 1o 80 ¢°¢C 60 9C 9 L'y 9'6¢l 00¢ 18} %0T Hequiauie))
i
69¢ 00 €00 €0 I ¥0 't 94 691 9°9¢ '8 s[oym ‘Wpy %0y Yrend)
Sy 00 00 0 10 0 10 €0 1'C 69 6'60 (98e104®) urerd ymysox
iy s
8°CI 00 100 0 €0 0 +0 600 6'S 961 18T [ opoym mySox
pozunaised [HN
L 00 100 I'o <0 10 0 1) e L0l €Sl ‘polIUDS-Twas “NJIA
(uoneorunwwod [euosiad) Ino)H-oueg-najg
‘€107 “p 12 O1AR[[IND ([T ‘7P J2 A[opIuios 80T S0 00 €0 9SI 60 S8l 9'61 8¢ 6'LT €01 339
110T <77 72 K[opruyos 699 SO0  ¥0°0 [ 74 |4 94 So¢ I €26 LST (o8e10AL) 0SESNEg
£68 9I'0 800 £€C 6'1¢ 9C ¥ee 9'6¢ 0'8¥1 STl (439 a3esnes A1
110T v 12 K[Ppruydg 010T 12 12
ISSAIIBIA ‘600T DIAS[[IND 90T 7P 12 JIAJ[[IND §'06 70 €0 ST 96¢ 43 6'1v 'Ly €0vT  9°8CI re 9[K1s Anunod 9gd
(uoneorunwwod [euosiad) Ino)H-oue[g-nojg 1oqe] Kienb
1102 “7v 12 K[pruayds 010z 70 12 9SSAIEN 8L 00 90 TO 8T S0 e v Cel 01 s¢ Pad000 R
(uoneorunwwod [euosiad) Ino)H-oue[g-nojg
110T 7 12 K[Ppranydg {600¢ “OIAd[[ID ¥'8¢ 0 00 'l 61 81 8°0¢ £C Y16 V'8 0°LIT suopJe]
€102 ‘SASNV ‘1107 “10 # Kprugog £ 00 00 T0 81 o z T ve o 0¢ 06 15821q UYOID)
s 0 00 €0 It S0 vy 8y L'L 89 SLT Sop ueyIy)
€10T ‘SASNV 0¢ 00 00 (4 81 (a4 ¥'81 9°0¢ ¥'9C oy 6 nqqey
(1s10p snuissiISuoy)
9 00 200 o Ll 0 I'c £'C S0l L8 94 ulo[ 3104
600 “d1A9[[IND ¥'8¢ o 800 €l 9¢C 81 6'vC 8'LT £'¢6 1'¢e8 SIT squ aredg
143 L00 SO0 80 Ltl I (4| [l 13829 €8y SCl doyo Y104
L9C 000 800 0 91 80 LT I'v 8°¢¢ vy €L8 years qry
(3fonyo) pay[u3
. 98 1000 800 ro 11 S0 6'1 94 49! el 9°¢e Neals joog
110T “7v 2 Ajopruyog . : : . : : : . . . .
8'LI 000 <I0 €0 91 't 6C 4 '8¢ ¥'6¢ €59 Aonyd joog
€S 000 10 o ¢l v0 81 $T 90l  T6 §'€C (eprsdoy) Joaq yseoy
eIy 000 10 90 ¥C el 9% 9L 0°0L 8°S9 0SI 18] %G1 ‘punoid Joog
91D vind vdNd
sadImoS  -ID-CID VHA Vvdd VIV V1 ¢eu 9-u  SVANd SVANN vd4S  spudrT

(ALS) wsAs Jurpady prepuels au Joy spnpoid [ewrue pajos[as jo (') sojgoid sproe Ane ‘g dqeL



Table 2. (continued).

Sources

ALA EPA DHA Cl12-Cl4-

SFA MUFAs PUFAs n-6 n-3 LA

Lipids

Cl6

PUFA PUFA

Average fatty acid profile of “milk” product and

151.8
120

0.0
0.0
0.0
0.0
0.0

0.1

1.4
1.1
1.3
1.1

4.1

1.5
1.2
1.5
1.2
1.9

4.4
35
42

69.7 10.2

233.1

334
264
321
256
420

Gruyere cheese
Goat cheese

“butter” from Schmidely et al., 2011 applied to

all foodstuffs of the category

0.1

3.2
3.9

3.1

55.1 8.1

67

184.2
224

145.9
116.4
190.9

0.1

9.8

Roquefort ewe cheese
Tomme cheese

0.1

34
5.5

7.9
12.9

534

178.6
293.1

0.2

1.8

87.7 5.1

Uncured cheese spread.

42% fat

154.5
140.9

0.0
0.0

42 14 0.1
1.3

1.6
14

10.4 4.5

71

237.2
216.3

340
310

Comté cheese

4.1 3.8 0.1

9.5

64.7

Créme fraiche, >30% fat,

pasteurized)

373.6

0.0

573.6  171.6 25.2 10.8 3.8 10.1 34 0.4

822

Butter unsalted

B. Schmitt et al.: OCL 2018, 25(2), D205

SFA: saturated fatty acids; MUFA: monounsaturated fatty acids; PUFA: polyunsaturated fatty acids; LA: linoleic acid; ALA: a-linolenic acid; EPA: eicosapentaenoic acid; DHA:

docosahexaénoic acid.

For monogastric products, the main differences between
BBC and STD feeding systems were for n-3 PUFA contents,
others FA contents remaining quite similar. In the present
study, ALA contents for BBC pork products were in average
3.6- and 3.3-fold higher for ALA and n-3 PUFA respectively,
with a high variability between pork products. The drop in n-3
PUFA content is two times higher for fat (pork chop and spare
ribes, paté, lardons) than lean meats products (loin or ham).
According to Guillevic et al. (2009) and Guillevic (2009),
ALA contents of different pork products were 5.4 to 6.6 times
higher with an extruded linseed supplementation in feed
compared to a control diet. However, in this previous work as
for others studies, the doses of linseed supplementation into
pork diets were about two to three times higher than the BBC
specifications. Because of a clear linear effect between n-3
intakes and n-3 deposit in tissues, the value retained in the
present study was lower than those reported in scientific
literature (Woods and Fearon, 2009; De Smet and Vossen,
2016). According to Mourot and de Tonnac (2015), in the
context of a nutritional input that conforms to BBC
specifications, ALA content was multiplied by 2 to 4 compared
to a standard feeding system, depending on pork products.

For poultry meats, ALA contents were about four times
higher for BBC than STD, as reported in a review on products
from BBC production system (Mourot and de Tonnac, 2015).
In a review focused on the effect of feeding strategies to
modify the fatty acids composition of animal products
(ANSES, 2011Db), the ratio between ALA content in poultry
meat produced with linseed-rich feed versus control feed
varied from 1.8 to 5 depending on dosis or form (crushed
linseed, linseed oil).

For eggs, the ALA content is 8.7-times higher for BBC
than in STD, which is similar to the level reported by Mourot
and de Tonnac (2015). For DHA, the increase reached 160%
and is lower than those reported in Mourot and de Tonnac
(2015) (4+55%) but similar to the level found in ANSES
(2011b) indicating a maximum DHA contents in eggs of about
2% of total FA contents.

The FA composition of milk is highly variable depending
on season, genetic or feeding strategies (ANSES, 2011b). For
milk products, relative deviations between STD and BBC were
about —10% for SFA and 76% for ALA in BBC products. In a
meta-analysis, Glasser et al. (2008) reported a deviation of
—12% in SFA and 46% for ALA of milk between winter
bovine diets without lipid supplementation compared to n-3
PUFA rich diets with n-3 PUFA (supplementation with
linseed). According to ANSES (2011b), the deviation for ALA
was about 75% and —12% for SFA.

For beef meat, SFA were reduced in average by 4% in BBC
products, which is close to the level reported in other study
(ANSES, 2011b). ALA contents were doubled for BBC, which
is similar to Bauchart et al. (2010) and Normand et al. (2006),
but lower than the average drop of 187% reported by Mourot
and de Tonnac (2015) for different genetics and basal diets,
mainly because of a higher ALA contents in beef diets.

4.2 Nutritional evaluation of BBC and STD diets

The method used in this study to model a 15-day meal plan
that is representative of average French consumption, has
demonstrated its suitability. Nutritional profile values for the
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Table 4. Comparison between the average daily intakes of macronutrients from CCAF survey (CCAF 2010) and from the present STD diet.

CCAF(2010) Survey STD Diet

Total (g) Total (kcal) E% Total (g) Total (kcal) E%
Protein 103.2 413.0 18.1 103.8 415.0 18.1
Carbohydrates 259.1 1036.6 45.6 256.6 1026.5 44.7
Lipids 92.7 834.4 36.7 94.9 853.7 37.2
SFA 39.6 356.2 15.7 40.7 366.7 16.0
MUFA 32.1 289.1 12.7 32.9 295.9 12.9
PUFA 12.9 116.3 5.1 13.0 117.2 5.1

SFA: saturated fatty acids; MUFA: monounsaturated fatty acids; PUFA: polyunsaturated fatty acids; E: total energy intake.

Table 5. Fatty acids daily intake of the standard (STD) and BBC diets.

French PRI EFSA PRI STD diet BBC diet Contribution (%) of the BBC diet to the reduction
(ANSES, 2011) (EFSA, 2010) of gap between STD diet and PRI
g/d E% g/d E% French PRI European PRI
SFA <12% E - 40.7 1598 375 1471 319 -
MUFA 15-20% E - 329 12.89 352 13.79 12.7-42.7 -
PUFA - - 13.0 5.11 142 555 - -
n-6 PUFA - - 10.7 4.21 10.9 429 - -
n-3 PUFA - - 1.2 0.46 2.2 0.86 — -
n-6 PUFA/n-3 - - 9.1 5.0 - -
PUFA
LA 4%E 4%E 104 408 106 415 -
ALA 1% E 0.5% E 0.9 036 1.7 0.65 453 207
LA/ALA <4 - 11.3 6.4 67.1 -
EPA 250 mg - 0.083 0.03 0.118 0.05 20.1
DHA 250 mg }=250 mg 0.139 005 0.188 007 44.1 3300
Cl12-14-16:0 <8% E - 269 1053 222 872 715 -

PRI: Population Reference Intakes; SFA: saturated fatty acids; MUFA: monounsaturated fatty acids; PUFA: polyunsaturated fatty acids; LA:
linoleic acid; ALA: a-linolenic acid; EPA: eicosapentaenoic acid; DHA: docosahexaenoic acid; E: total energy intake.

Table 6. Contributions of animal products to average BBC diet change in fatty acids intakes compared to STD diet.

SFA MUFA PUFA n-6 PUFA n-3 PUFA LA ALA EPA DHA C12-Cl14-Cl16
Red meats
mg/d —244.3 36.1 119.3 -1.9 112.6 40.8 100.9 9.0 6.1 —150.5
% total gap 8 11 -1 11 24 14 26 13 3
Poultry meats
mg/d —82.6 353 115.9 7.5 91.3 15.1 82.7 1.7 2.6 —74.0
% total gap 2.6 1.5 10.2 3.6 9.1 8.9 11.3 4.8 5.4 1.6
Meat products
mg/d —365.0 —-15.9 389.9 57.1 465.0 —25.4 344.0 6.3 1.2 —321.6
% total gap 11.3 —-0.7 344 27.7 46.4 —14.9 46.8 17.8 24 7.0
Eggs
mg/d —64.5 -5.9 =75 —148.6 145.4 —87.5 98.3 3.1 322 —26.1
% total gap 2.0 -0.3 —0.7 —72.2 14.5 —51.3 13.4 8.8 66.1 0.6
Milk products
mg/d —2471.5 2233.2 515.5 291.7 186.9 227.4 109.3 15.2 6.6 —4051.6
% total gap 76.6 97.8 45.5 141.7 18.7 133.4 14.9 43.0 13.6 87.6
Total gap
mg/d —3234.0 2282.7 1133.2 205.8 1001.2 170.4 735.2 353 48.7 —4623.8

Milk products: milk, yoghurts, cheeses, milk fat (butter and créme fraiche).
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average French diet in our study are close to the consumption
averages found in the “alcohol-free ration of an adult male
population” observed in the CCAF survey (Hébel, 2012) for
the male adult population. The diet constructed here therefore
realistically replicates the average consumption of the French
population and makes it possible to conduct a relevant
assessment of the impact of the animal production system on
fatty acids intake in a diet.

Tressou et al. (2016) quantified fatty acids intake of the
French population from INCA 2 gross consumption data and
updated CIQUAL nutritional profile tables, and a similar work
was done by ANSES (2015) with very close results. In relation
to the STD diet in our research (Tab. 5), SFA and C12:0-14:0-
16:0 contents are lower in Tressou et al. (2016) and ANSES
(2015) by about 13%. ALA content is higher by 7% and the
LA/ALA ratio is 9.5 versus 11.3, while DHA levels are
equivalent (147.2 mg/d versus 139 mg). Despite these differ-
ences, which may potentially be due to the time difference
between the survey (2006 versus 2010), the limited number of
selected foodstuffs and the review of foodstuff fatty acids
profile conducted for our study, all studies observe that the
PRIs are not reached in an average diet, in line with the results
presented. While certain strategies to reach the PRIs focus on
replacing foodstuffs by others, the approach used in this study
acts only on the animal production system and more
specifically feeding, without changing the foodstuff itself.

Our results demonstrate that the impact of changes in
husbandry feeding practices enable an overall significant
improvement in fatty acids content. Dairy products act on the
intake of C12—C14-C16:0 fatty acids, even though the drop is
different depending on the study, —4.0 g/d in our own study (Tab.
6) against —2.4g/d in the study led by ANSES (2011b).
Additionally, in this same study, the impact of eggs on the intake
in ALA is lower than that noted here (+76 mg/d versus +98 mg/
d). The same trend can be observed for DHA (+11 mg/d versus
+32 mg/d). Conversely, the impact was slightly higher on ALAs
for meats (+712mg/d versus 527 mg/d) and dairy products
(121 mg/d versus 109 mg/d) in the ANSES study as compared
with the results found here. These discrepancies may be
explained in particular by the fact that the initial dataused (INCA
1) isrelatively old (it predates by 10 years that used in the present
study), and by the lack of assessment of mixed dishes.
Additionally, the fatty acids profile of BBC products relies on
a great amount of data from the field and provided by the BBC
association, which improves the representativeness of their lipid
profile in production condition.

Each food group has a variable and complementary impact
on the improvement in fatty acids content of the diet. Dairy
products predominantly affect the reduction in C12:0-14:0—
16:0 intake, meat the increase of ALA intake, and eggs the
increase of DHA. Yet, considering the significance of animal
products in the overall lipids intake (approximately 60% in the
adult French population [ANSES, 2011b]), acting on produc-
tion systems appears as a relevant and efficient way of meeting
the French PRIs. In addition, the results show that the BBC diet
is sufficient to reach the objectives set by the EFSA (2010).
The most impacted are the pork, milk and beef products. These
strategies can also complement the use of plant products that
offer interesting fatty acid profiles (replacing oils high in n-6
PUFA with oils high in n-3 PUFA (rapeseed or walnut in
particular), the reduction in use of margarines and substitution

with non-hydrogenated fats, or the introduction of flax flour in
the diet (Mourot, 2009; Weill and Mairesse, 2010; Marpalle
et al, 2014). The increase in fat fish consumption is also
required to reach the PRIs for DHA, which is not met through
the single change in production system for land animals.

5 Conclusion

The originality of this work lies in the assessment of the
impact of feeding practices on the fatty acid intake of the French
population on an average diet, and not in the substitution of
products. It demonstrates that improving the nutritional content
of foodstuffs by changing the feeding system of animals has a
significant impact on the daily average nutritional intake of
consumers, and thus makes it possible to reduce the gap between
recommended and real dietary intakes. More generally,
consuming products from the BBC feeding system reduces
from 14 to 60%, depending on the fatty acid considered, the gaps
between average intake and the French PRIs. Consumption of
products from this specific feeding system is thus an interesting
way to meet the nutritional objectives without huge modification
in the French eating habits. Consumption recommendations
issued by the PNNS, in particular as regards consumption of fat
fish, alongside consumption of animal products with improved
fatty acid profiles, would be an interesting combination to
improve the nutritional status of consumers, and would enable all
French lipids PRI to be met.

The present study has been led in France because BBC
feeding system concerned all the different animal products and
allow to propose to French consumers these products into a
meal approach such as proposed here. However, because the
imbalance of n-3 PUFA and n-6 PUFA is widely described in
industrialised country (De Smet and Vossen, 2016), the
development of such agricultural strategies leading to
enhanced nutritional adequacy in a large panel of animal
products should nevertheless be encouraged.
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