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ABSTRACT

The effects of a n-3 fatty acid (FA) enriched yoghurt on blood FA were investigated in 23 fe-
males and 23 males, who consumed 2 yoghurts/day for 6 weeks, providing 64 mg EPA and 74 mg
DHA. Blood samples were collected before treatment, at the beginning, end, and after wash out.
Yoghurt intakes increased blood EPA (35%) and DHA (11%) with different trends of changes in
women versus men. In conclusion, the daily consumption of a yoghurt containing small amounts
of n-3 FA significantly increases blood n-3 FA, providing a useful approach to reach the recom-
mended intakes in populations.
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INTRODUCTION

There is a vast amount of literature support-
ing the favourable impact of n-3 long chain pol-
yunsaturated fatty acids (LC PUFA) in the pre-
vention and treatment of chronic diseases, espe-
cially of the cardiovascular (CV) system (YASHOD-
HARA et al., 2009; GALLI and RISE’, 2009). Stud-
ies on the effects of the administration of n-3 fat-
ty acid (FA) preparations, mainly in the form of
capsules, are generally based on doses in the or-
der of at least 1 g/day, and the low doses men-
tioned in some investigations refer to at least
600 mg/day (BAYS, 2007). The nutritional fea-
tures of these compounds, in relation to human
physiology at different ages, the patho-physio-
logical processes at the basis of chronic diseas-
es, and the changes in dietary habits (individu-
al and age-related), clearly indicate that the in-
take of essential and bioactive nutrients, such as
n-3 LC PUFA, should be maintained throughout
one’s entire life (FLEITH and CLANDININ, 2005;
CALDER, 2007). Since these FA are rather pre-
cious and are present in very small amounts in
most diets (HIBBELN et al., 2006), formulations
that optimize their bioavailability and facilitate
strategies aimed at maintaining optimal intakes
should be developed. The ingestion of n-3 FA
as components of foods rather than formulated
preparations allows greater bioavailability (VI-
SIOLI et al., 2003; ELVEVOLL et al., 2006; GALLI
and MARANGONI, 2006). This type of approach
has been used, e.g. through the intake of milk
enriched with n-3 FA (VISIOLI et al., 2000), giv-
ing significant increments of the circulating lev-
els of these FA, even with relatively low intake.
Milk-derived products such as yoghurt, a rath-
er popular food item in most countries, can also
represent a potential form of administration of
n-3 LC PUFA, contributing to optimizing the in-
take of these compounds, especially in the case
of subjects who do not generally consume fish
or may not appreciate this type of food.

HLAVATY et al. (2008) reported increments of
circulating n-3 FA after 3 weeks of consumption
of a yoghurt providing about 600 mg/day of n-3
LC PUFA; these amounts were lower than those
used by DAWCZYNSKI et al. (2009), i.e. 1.2 g/day
of n-3 LC PUFA, a dose with favourable effects
on the cardiovascular system and on rheuma-
toid arthritis. However, the consumption of the
yoghurt containing 600 mg/day of n-3 LC PUFA
(HLAVATY et al., 2008), in addition to increasing
the proportion of n-3 FA in serum lipids, pre-
vented unfavourable changes in FA composition
of serum lipid classes in obese females under a
low caloric diet.

On the basis of the above considerations we
planned to specifically investigate the effects of
a newly designed yoghurt preparation with low
amounts of n-3 FA, i.e. 184 mg/day, lower than
those used by HLAVATY et al. (2008), on the FA
profile in whole blood of volunteers. This study
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was conducted for six weeks, a time period that
is followed in most nutritional interventions.

MATERIALS AND METHODS
Subjects and study design

Subjects (46) were recruited by the Depart-
ment of Experimental Medicine, University of
Parma, from people living in the Province of Par-
ma. The informed consent was obtained from all
volunteers participating in the study.

At the beginning of the study, serum total
cholesterol and triglycerides were assessed by
enzymatic methods using commercially availa-
ble kits.

At TO the subjects began to consume 2 yo-
ghurts/day, providing 184 mg/day of total n-3
FA, of which 64 mg were eicosapentaenoic acid
(20:5 n-3, EPA) and 74 mg were docosahexae-
noic acid (22:6 n-3, DHA). This regimen was
maintained for 6 weeks (T6) and then followed
by 4 weeks of washout, for a total duration of 10
weeks. Since the study was aimed exclusively at
assessing the changes in blood FA profiles dur-
ing the consumption of a LC n-3 FA-enriched yo-
ghurt, a control group consuming a preparation
without these FA was not included.

Blood samples for FA analysis were collected
at the following times: 2 weeks before initiation
of treatment (run-in period, i.e. T -2), at the be-
ginning of treatment (T0), at the end of 6 weeks
of treatment (T6) and after 4 weeks of wash-out
(T10). During the run-in period, recommenda-
tions were given to the subjects to avoid foods
rich in linoleic acid (LA, 18:2 n-6), namely seed
oils with high LA levels, e.g. corn, soy bean, sun-
flower, and especially foods rich in n-3 FA, such
as walnuts and spinach containing ALA (alpha
linolenic acid, 18:3 n-3), and fish providing EPA
and DHA.

The yoghurt used in the study (yoghurt Ome-
ga 3 Plus® produced by Parmalat, Parma, Ita-
ly) consisted of a 115 g preparation/dose, con-
taining (g/100 g) 1.6 g fat, 60 mg EPA + DHA,
0.1 g dietary fiber, 4 mg Vitamin E, 0.4 ug Vita-
min B12 and 80 yg folate. The detailed FA com-
position of the yoghurt is presented in Table 1.
The enriched yoghurt was obtained by adding
0.25% of fish oil (ROPUFA ® ‘30’) that contained
n-3 FA as triglycerides.

Whole blood FA analysis

Whole blood drops, obtained from a finger-
tip, were collected on a special adsorbent paper
embedded with the antioxidant butyl hydroxyl
toluene both contained in a specific kit (Sig-
ma-Aldrich, St. Louis, MO). The FA analysis of
whole blood was then carried out as previously
described (MARANGONI et al., 2004). FA methyl
esters (FAME) were directly prepared by transes-



Table 1 - Percentage levels of major fatty acids in the yo-
ghurt enriched with omega 3.

FA %

(wiw)
C4.0 3.38
C6:0 2.25
C8:.0 1.20
C10:0 2.75
C12:0 3.23
C14:.0 11.35
C14:1 0.94
C15:.0 1.08
C16:0 32.20
C16:1 2.29
C17:1 0.19
C18:0 8.70
C18:1n-9 16.48
C18:1n-7 0.96
C18:1n-5 0.26
C18:2n-6 1.21
C18:2 trans 0.20
CLA 0.29
C18:3n-3 0.59
C18:4n-3 0.32
C20:0 0.15
C20:1 n-9 0.50
C20:4 n-6 0.14
C20:4 n-3 0.26
C20:5n-3 1.91
C22:5n-3 0.32
C22:6 n-3 222
Values are the average of data obtained on several samples. FA, fatty ac-
ids; CLA, conjugated linoleic acid.

terification with 600 pL of 3N HCl/methanol and
maintained in a dry bath at 90°C for 1 h. Then,
after extraction with a KCI solution (2 mL) and
hexane (400 pL), FAME were analysed by gas lig-
uid chromatography (Shimadzu FAST GC 2010),
equipped with a PTV injector (220°C) and a FID
detector (270°C). An Agilent DB-FFAB capillary
column (15 m length, 0.10 mm I[.D., 0.10 mm
film thickness) was used with helium as carrier
gas. Oven temperature was programmed from
150° to 248°C. FA from 16 to 24 carbon atoms
were identified by the use of pure reference com-
pounds, and were quantified as relative percent-
ages of total FA.

Statistical analysis

It was calculated that the sample size, estab-
lished also on the basis of previous data (VISI-
OLI et al., 2003), and allowing a type I error (o)
level of 0.05 and a power of the test of 90% with
the expected SD for EPA and DHA (30% of mean
levels), would allow a change of 10% in varia-
tion with the same power to be detected. Data
analysis was performed with the statistical soft-
ware SPSS 16.0 for Windows (SPSS Inc., Chica-
go, IL, USA). Results are expressed as mean+SD;
one-way ANOVA univariate between groups and

Tukey post-hoc for multiple comparisons were
applied and a value of p<0.05 was considered
significant. The significance of differences for
FA analyses between males and females, at dif-
ferent times, was assessed using the unpaired
Student T-test.

RESULTS

The characteristics of the subjects are shown
in Table 2. The average ages of men and wom-
en were rather similar and ranged from 40 to
50 years. Anthropometric data reflected aver-
age values of the population in the area, also
including a certain percentage of smokers (> 5
cigarettes/day). A rather small percentage of
subjects were moderately hypercholesterolem-
ics (average value of total cholesterol 250+22
mg/dL) and the proportion of hypertriglyceri-
demics (average value of triglycerides 360+170
mg/dL) was even lower. A certain percentage
of subjects occasionally took some drugs (an-
tibiotics, anti-inflammatory), which however do
not affect lipid metabolism.

The FA profiles of whole blood lipids, ex-
pressed as percentage values of total FA, at the
different time periods are reported in Table 3.
At the various time points, there was a signifi-
cant difference in the trend of changes, especially
for EPA, docosapentaenoic acid (DPA) and DHA.
This is reflected in changes of SFA, PUFA and of
the unsaturation index (U.I., it is the sum of the
percentage of each FA x its number of double
bonds) over time. Also total n-6 and n-3 PUFA,
n-6 and n-3 HUFA were significantly different
at the different time points.

In particular, there were significant incre-
ments in the n-3 LC PUFA, while the precursor
ALA, present in very small amounts in the yo-
ghurt, decreased at T6 versus TO. In fact, there
was an increase of EPA from 0.40 to 0.54%
(35%) between TO and T6, followed by a decline
from T6 and T10 (13%), although the final val-
ue (0.47%) remained higher than that at TO.
As for DHA, the increments followed a different

Table 2 - Characteristics of the subjects.

All Females Males

n=46 n=23 n=23
Age (y) 43.2+70 42,2+6.7 44 3+73
Weight (kg) 73.3£14.8 64.7+11.4 82.0+12.8
Height (cm) 170.8+8.7 164.7+5.3 177.0+6.8
BMI 25.0+4.1 24.0+4.7 26.1+3.2
% Smokers 13 13 13
% Hyperchol 15 17 13
% Hypertrigl 6 9 4
% Drugs 24 30 17
BMI, body mass index (the ratio between the weight and the squared
height in meters).
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Table 3 - Whole blood fatty acid profiles of healthy subjects (n=46), consuming a yoghurt rich in n-3 fatty acids.

% FA T-2 TO T6 T10
(wiw)

16:0 25.72+1.51 25.49+1.60 25.91+1.86 24,951,618
18:0 11.46+0.88 11.25+0.85 11.28+0.98 10.91£0.75%
16:1 1.38+0.66 1.44+0.65 1.48+0.67 1.39+0.56
18:1 n-9 20.32+2.45 20.61+2.98 19.88+3.95 20.29+2.66
20:3n-9 0.13+0.03 0.13+0.04 0.13+0.04 0.13+0.04
18:2 n-6 18.24+1.63 18.55+2.07 18.26+2.17 18.96+2.00
18:3 n-6 0.20+0.07 0.23+0.08 0.26+0.11 0.24+0.09
20:3 n-6 1.38+0.26 1.38+0.30 1.46+0.30 1.45+0.27
20:4 n-6 746+1.19 767+1.25 791+1.36 8.24+1.05
22:4 n-6 0.96+0.23 0.96+0.22 1.00+0.25 1.02+0.20
22:5n-6 0.21+0.07 0.21+0.06 0.22+0.06 0.23+0.06
18:3n-3 0.29+0.19 0.29+0.09 0.24+0.06 0.28+0.11
20:5n-3 0.43+0.14 0.40+0.11 0.54+0.20 0.47+0.17*
22:5n-3 0.62+0.13 0.63+0.13 0.70+0.15 0.71+0.14#
22:6 n-3 1.78+0.45 1.76+0.40 1.95+0.50 2.03+0.59%
SFA 41.60+1.53 40.96+1.71 41.21+1.90 39.77+1.75*
MUFA 26.68+2.44 26.83+3.01 26.05+3.75 26.40+2.65
PUPA 31.57+2.21 31.99+2.68 32.57+3.28 33.67+2.31*
Ul 119.90+5.84 121.29+5.93 123.48+7.11 126.87+5.57*
n-6 28.46+2.05 29.00+2.69 29.10+2.85 30.15+1.93¢
n-3 3.12+0.62 3.07+0.57 3.43+0.75 3.48+0.80*
n-3 HUFA 2.84+0.65 2.79+0.57 3.19+ 10.76 3.20+0.81#
n-6 HUFA 10.02+1.45 10.23+1.55 10.59+1.70 10.94+1.26°
T-2 is the start of run in period; after 2 weeks the start of treatment is T0; T6 (after 6 weeks) the end of treatment and T10 the end of wash out (a 4 week peri-
od). During the treatment, volunteers consumed 2 yoghurt/day that provided 202 mg/day of n-3 FA. Values are mean +SD; one-way ANOVA univariate between
groups (different time periods) is applied and the significant differences are §: p<0.05; #: p<0.01.

FA, fatty acids, SPA, saturated FA; MUFA, monounsaturated FA, PUPA, polyunsaturated FA; U.l. unsaturation index; HUFA, highly unsaturated FA.

trend and were of lower magnitude: from TO to
T6 there was an 11% increment, but the value
was further increased after wash-out (15% ver-
sus TO). As for the changes in DPA, the inter-
mediate compound in the conversion of EPA to
DHA, there was an increment especially dur-
ing consumption of the yoghurt, of the same
magnitude as that of DHA (11%), and the in-
crement was substantially maintained after
wash-out (12.6%).

A further type of evaluation concerns dif-
ferences between females and males in the re-
sponse to the consumption of the yoghurt. At TO
the EPA and DHA levels were similar in the 2
groups with a tendency to be higher in females
than in males. By comparing the changes of EPA
and DHA levels from TO to T10 it appears that
increments of both DHA and EPA were greater in
women than in men (Fig. 1). In fact, EPA incre-
ments in women, over values at TO were 49% at
T6 and 24% at T10, and those of DHA were 16%
at both T6 and T10, while in men the changes
for EPA were 21 and 13% and for DHA were 5
and 17%, respectively. In addition, increments
of DHA in women took place mainly in the TO
to T6 time period, and remained constant dur-
ing wash out, while in men increments occurred
mainly during wash-out.
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DISCUSSION

Increments in the consumption of n-3 LC
PUFA are presently widely accepted as part of
an effective strategy for optimizing physiological
processes and preventing major diseases (HOOP-
ER et al., 2004). The relationship between in-
take of fish or fish oil and relative risk of death
from cardiac heart disease shows that the mod-
est consumption of 250 mg/day EPA and DHA
appears sufficient for primary prevention (MO-
ZAFFARIAN and RIMM, 2006). A contribution to
this strategy may be provided by the use of food
items containing these compounds or food items
enriched with n-3 FA, and generally consumed
by large population groups.

Among natural foods, milk is characterized by
highly dispersed features such as fat globules
(ranging from 0.1 to 10 ym in diameter), a con-
dition that favours the digestion and intestinal
absorption of fats and FA. These characteristics
are retained in yoghurt, a type of milk-derived
product that is widely consumed.

The intake of 2x115 g of partially defatted yo-
ghurt (1.6% fat versus 3.2% in a standard yo-
ghurt) fortified with omega 3 and providing only
64 mg EPA and 74 mg DHA/day resulted in sig-
nificant increments of both FA in blood lipids



after 6 weeks. The increments were statistical-
ly significant and especially concerned EPA, as
predictable on the basis of lower starting val-
ues of this FA, that is also mainly incorporated
into metabolically less stable lipid pools (RISE’
et al., 2007). This last consideration partly ex-
plains the decline of EPA during the wash-out,
in agreement with the trend towards a reduc-
tion of the FA during the run-in period. Reduc-
tion of blood EPA levels during the wash-out pe-
riod was also observed in a previous study (GALLI
and MARANGONI, 2006). Conversion of the sup-
plemented EPA to its derivatives, supported also
by the increments of DPA and especially of DHA
even during wash-out, may contribute to the re-
duction of EPA after its intake is interrupted.
We observed a similar trend, i.e. increments of
blood DHA levels at the end of wash-out follow-
ing a 3 weeks intake of LC n-3 PUFA through ei-
ther fish consumption or ingestion of encapsu-
lated preparations in male subjects and this in-
crement was greater when the FA were ingest-
ed through food (GALLI and MARANGONI, 2006).

HLAVATY et al. (2008) showed combined in-
crements of EPA + DHA of about 60% from ba-
sal values, after the daily intakes of an n-3 FA
(620 mg/day) enriched yoghurt. Interesting-
ly in our study, the increment of 15% in these
FA in blood was obtained with a dose of about
25% (138 mg/day) of that in the study by HLA-
VATY et al. (2008). On the other hand, the basal
values of DHA, which in a previous comparative
assessment in plasma versus whole blood lipids
were very similar (RISE’ et al., 2007), were sig-
nificantly higher in our study than in the Czech
population, possibly reflecting the low intake of
fish in this population, as mentioned in the ar-
ticle (HLAVATY et al., 2008).

Another interesting finding concerns the
different patterns of EPA and DHA changes,
i.e., greater in women than in men. In addi-
tion, during washout EPA declined in women
more than in men while DHA remained sta-
ble in women and increased in men, although
remaining lower than in women. Higher cir-
culating levels of DHA associated with lower
levels of the precursor DPA, suggesting more
efficient conversion to the end product, have
been previously reported in pre-menopausal
women versus men (MARANGONI et al., 2007).
These differences have been attributed to es-
trogenic effects (GILTAY et al., 2004) and great-
er efficiency in the conversion of ALA to DHA
has been described using stable isotope tech-
niques (BURDGE and WOOTTON, 2002). In ad-
dition gender-related differences have been
described in the kinetics of various “exoge-
nous” compounds, such as drugs (bioavaila-
bility, distribution, metabolism and elimina-
tion) (GHANDI et al., 2004). The gender differ-
ences in blood increments with the same dos-
es of n-3 FA should, however, be more care-
fully explored, although they were recently de-
scribed (METHEREL et al., 2009), also in term
of functional responses to the different incre-
ments, in order to optimize the supplementa-
tion of these compounds in women versus men.

Our data show that the consumption, for a rel-
atively short duration, of a low fat yoghurt con-
taining small amounts of n-3 FA, compared to
the generally administered doses in most sup-
plementation studies, resulted in appreciable
increments in blood levels of these compounds,
thus providing a useful approach to reach the
recommended intake in large population groups
consuming this type of food item.
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Fig. 1 - 20:5 n-3 and 22:6n-3 levels in whole blood of male and female subjects.

Values represent the mean+SEM; & 20:5 n-3 male; & 20:5 n-3 female; - 22:6 n-3 male; -8- 22:6 n-3 female.

One-way ANOVA univariate between groups (p values) was applied; differences between males and females, at different times,
were assessed using the unpaired Student T-test. The differences were significant for §: p<0.05.
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