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Milk intake during childhood and adolescence, adult bone density,
and osteoporotic fractures in US women1–3

Heidi J Kalkwarf, Jane C Khoury, and Bruce P Lanphear

ABSTRACT
Background: Calcium supplements increase bone mass in children,
but the effect does not persist once supplementation is discontinued.
Objective: The objective of this study was to determine whether
milk intake during childhood and adolescence, when controlled
for current calcium intake, is associated with adult bone mass (ie,
bone mineral content), bone mineral density, and the incidence of
osteoporotic fracture.
Design: We used data from the third National Health and Nutri-
tion Examination Survey of 3251 non-Hispanic, white women
age ≥ 20 y. Bone density was measured at the hip. History of frac-
ture of the hip, spine, or forearm was classified as a lifetime frac-
ture (occurring after age 13 y) or an osteoporotic fracture (occur-
ring after age 50 y). Subjects reported frequency of milk
consumption during childhood (aged 5–12 y) and during adoles-
cence (aged 13–17 y). Regression models controlled for weight,
height, age, menopause and use of estrogen, physical activity,
smoking, and current calcium intake.
Results: Among women aged 20–49 y, bone mineral content was
5.6% lower in those who consumed < 1 serving of milk/wk (low
intake) than in those who consumed > 1 serving/d (high intake)
during childhood (P < 0.01). Low milk intake during adolescence
was associated with a 3% reduction in hip bone mineral content
and bone mineral density (P < 0.02). Among women aged ≥ 50 y,
there was a nonlinear association between milk intake during
childhood and adolescence and hip bone mineral content and bone
mineral density (P < 0.04). Low milk intake during childhood was
associated with a 2-fold greater risk of fracture (P < 0.05).
Conclusion: Women with low milk intake during childhood and
adolescence have less bone mass in adulthood and greater risk of
fracture. Am J Clin Nutr 2003;77:257–65.

KEY WORDS Bone density, milk intake during childhood
and adolescence, calcium intake, osteoporosis, peak bone mass,
fracture, women

INTRODUCTION
Recommendations for dietary calcium intake have been

increased for children and adolescents to maximize peak bone
mass and ultimately reduce the risk of osteoporotic fracture (1).
The long-term benefit of increased calcium intake during growth
for reducing disease risk many decades later is uncertain. Calcium
supplementation of children and adolescents increases bone mass
and density (2–9). This benefit, however, appears to be transient,
and bone mass in children supplemented with calcium is similar
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to that in children given placebo after supplementation is discon-
tinued (10–12). Because this effect does not persist, the long-term
benefit of promoting higher calcium intake in children and ado-
lescents, specifically, is questionable. In contrast, studies supple-
menting the diet with milk or milk-derived calcium showed per-
sistent effects on bone mass 1.5–3.5 y after the supplementation
was discontinued (13, 14).

Although some (15–20), but not all (21–25), epidemiologic
studies have found a relation between lifetime calcium intake and
adult bone mineral density (BMD), few studies have investigated
the independent effects of calcium or milk intake during child-
hood and adolescence. Dietary behaviors such as milk and cal-
cium intakes developed in childhood have been shown to persist
into adulthood (17, 18, 26, 27). Thus, adjustment for current cal-
cium intake is necessary for the examination of the independent
effects of intake during childhood or adolescence. Results of stud-
ies that examined the effects of milk or calcium intake during
childhood or adolescence and adjusted for current calcium intake
were inconsistent, possibly because of differences in study sam-
ple characteristics. One study found that milk intake in childhood
(≤ 12 y) was independently related to spine and hip BMD in
women aged 45–49 y (28). Another study found no association
between childhood milk intake and BMD of the total body, hip,
spine, or mid-radius in young women (aged 18–31 y) (27). This
latter study, however, did find that milk intake during adolescence
(13–19 y) was independently associated with total body and radial
shaft BMD but not with spine and hip BMD in young women (27).
In contrast, another study found no significant association between
calcium intake during adolescence and spine, hip, mid-radius, or
distal radius BMD among women aged 30–39 y after adjustment
for current calcium intake (29).

Few studies have examined the relation between childhood diet
and the risk of osteoporotic fracture. Two studies found no asso-
ciation between milk intake during adolescence and the incidence
of fracture of the forearm and hip in adulthood (30, 31), whereas

See corresponding editorial on page 10.
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Quali sono i punti più controversi relativamente 
al consumo di latte e formaggi?

Quantità e qualità dei grassi:

ì Eccessivo contenuto di colesterolo

ì Rapporto acidi grassi saturi/insaturi a favore dei primi

ì Presenza di acidi grassi trans

Elevato contenuto di sodio (per alcuni formaggi)



Research Article

Intake and sources of dietary fatty acids in Europe: Are current
population intakes of fats aligned with dietary
recommendations?

Ans Eilander1, Rajwinder K. Harika1 and Peter L. Zock1,2

1 Unilever Research and Development, Vlaardingen, The Netherlands
2 Top Institute Food and Nutrition, Wageningen, The Netherlands

The development of food-based dietary guidelines for prevention of cardiovascular diseases requires
knowledge of the contribution of common foods to SFA and PUFA intake. We systematically reviewed
available data from European countries on population intakes and dietary sources of total fat, SFA, and
PUFA. Data from national dietary surveys or population studies published >1995 were searched
through Medline, Web of Science, and websites of national public health institutes. Mean population
intakes were compared with FAO/WHO dietary recommendations, and contributions of major food
groups to overall intakes of fat and fatty acids were calculated. Fatty acid intake data from 24 European
countries were included. Reported mean intakes ranged from 28.5 to 46.2% of total energy (%E) for
total fat, from 8.9 to 15.5%E for SFA, from 3.9 to 11.3%E for PUFA. The mean intakes met the
recommendation for total fat (20–35%E) in 15 countries, and for SFA (<10%E) in two countries, and
for PUFA (6–11%E) in 15 of the 24 countries. The main three dietary sources of total fat and SFA were
dairy, added fats and oils, and meat and meat products. The majority of PUFA in the diet was provided
by added fats and oils, followed by cereals and cereal products, and meat and meat products.

Practical applications:While many European countries meet the recommended intake levels for total
fat and PUFA, a large majority of European population exceeds the widely recommended maximum
10%E for SFA. In particular animal based products, such as dairy, animal fats, and fatty meat contribute
to SFA intake. Adhering to food-based dietary guidelines for prevention of CHD and other chronic
diseases in Europe, including eating less fatty meats, low-fat instead of full-fat dairy, and more vegetable
fats and oils will help to reduce SFA intake and at the same time increase PUFA intake.

Keywords: Adults / Dietary fat / Europe / PUFA / SFA
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1 Introduction

Most dietary recommendations to prevent chronic diseases
such as coronary heart disease (CHD) focus on the reduction
of saturated fatty acid (SFA) intake. Animal foods are

quantitatively the most important dietary sources of SFA
intake [1]. Dietary recommendations by FAO/WHO [2] as
well as the European Society of Cardiology [3] and European
Commission Eurodiet Core report [4] advise an upper limit
of 10% of energy intake (%E) for total SFA intake and an
intake range of 6–11%E for PUFA. In practice, dietary
PUFA are mainly linoleic acid (LA) and some a-linolenic
acid (ALA) from vegetable oils. The long chain PUFA
eicosapentaenoic acid (EPA) and docosahexaenoic acid
(DHA) from marine sources contribute very little to total
PUFA intake, a few hundredmilligrams as compared with up
to dozens of grams for LA plus ALA.

Guidelines for total fat are quite liberal, FAO/WHO
recommends a range of 20–35%E [2] and some others up to
40%E (or no upper limit at all) because there is no strong

Correspondence: Dr. Ans Eilander, Olivier van Noortlaan 120, PO Box
114, 3130 AC, Vlaardingen, The Netherlands
E-mail: ans.eilander@unilever.com
Fax: þ31(0) 104605993

Abbreviations: ALA, a-linolenic acid; CHD, coronary heart disease;
DHA, docosahexaenoic acid;EPA, eicosapentaenoic acid; FAO, food and
agricultural organization; LA, linoleic acid; PUFA, polyunsaturated fatty
acids; SFA, saturated fatty acids; TFA, trans-fatty acids; WHO, World
Health Organization
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- 120000 soggetti tra uomini e donne divisi in tre coorti
- Periodo di osservazione: 1986-2006
- Dati confrontabili per peso, età, BMI
- Le relazioni fra cambiamenti negli stili di vita e variazioni nel peso

corporeo valutati a intervalli di 4 anni.



Dairy Consumption and Risk of Stroke: A Systematic Review and
Updated Dose–Response Meta-Analysis of Prospective Cohort
Studies
Janette de Goede, PhD; Sabita S. Soedamah-Muthu, PhD; An Pan, PhD; Lieke Gijsbers, MSc; Johanna M. Geleijnse, PhD

Background-—A higher milk consumption may be associated with a lower stroke risk. We conducted a comprehensive systematic
review and dose–response meta-analysis of milk and other dairy products in relation to stroke risk.

Methods and Results-—Through a systematic literature search, prospective cohort studies of dairy foods and incident stroke in
stroke-free adults were identified. Random-effects meta-analyses with summarized dose–response data were performed, taking
into account sources of heterogeneity, and spline models were used to systematically investigate nonlinearity of the associations.
We included 18 studies with 8 to 26 years of follow-up that included 762 414 individuals and 29 943 stroke events. An increment
of 200 g of daily milk intake was associated with a 7% lower risk of stroke (relative risk 0.93; 95% CI 0.88–0.98; P=0.004; I2=86%).
Relative risks were 0.82 (95% CI 0.75–0.90) in East Asian and 0.98 (95% CI 0.95–1.01) in Western countries (median intakes 38
and 266 g/day, respectively) with less but still considerable heterogeneity within the continents. Cheese intake was marginally
inversely associated with stroke risk (relative risk 0.97; 95% CI 0.94–1.01 per 40 g/day). Risk reductions were maximal around
125 g/day for milk and from 25 g/day onwards for cheese. Based on a limited number of studies, high-fat milk was directly
associated with stroke risk. No associations were found for yogurt, butter, or total dairy.

Conclusions-—Milk and cheese consumption were inversely associated with stroke risk. Results should be placed in the context of
the observed heterogeneity. Future epidemiological studies should provide more details about dairy types, including fat content. In
addition, the role of dairy in Asian populations deserves further attention. ( J Am Heart Assoc. 2016;5:e002787 doi: 10.1161/
JAHA.115.002787)

Key Words: dairy products • meta-analysis • prospective cohort study • stroke • systematic review

S troke is the second-leading global cause of death,
accounting for 11% of total deaths worldwide,1 and a

major cause of long-term disability.2 East Asian countries
such as Japan and China have greater mortality and morbidity
from stroke than from coronary heart disease, whereas it is
the opposite in Western countries.3 A healthy diet is

important for the primary prevention of stroke.4,5 In Western
as well as Asian countries, dairy consumption is recom-
mended as part of a healthy diet.6–9 For example, in the
United States, 3 daily servings of dairy, mainly low-fat or fat-
free, is recommended.7 The Chinese and Japanese recom-
mendations are 300 mL of daily dairy8 and 2 daily servings of
milk and dairy products, respectively.9

In 2011, we observed a nonsignificant inverse association
of milk with stroke risk with a relative risk (RR) of 0.87 (95%
CI: 0.72–1.07) per 200 mL of daily intake in a meta-
analysis.10 This meta-analysis was, however, based on only
6 cohort studies and showed large heterogeneity, partly due
to a strong inverse association in a Japanese cohort.11 In a
more recent meta-analysis of dairy consumption and stroke
risk, the pooled RR was 0.91 (95% CI 0.82–1.01) for high
versus low milk intake with large heterogeneity, based on 9
studies,12 including 1 study in children.13 Based on 6 studies,
the association was nonlinear.12

Several new prospective cohort studies14–17 have
become available on the association between dairy con-
sumption and stroke risk, amounting to a total of 18
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studies,12 including 1 study in children.13 Based on 6 studies,
the association was nonlinear.12

Several new prospective cohort studies14–17 have
become available on the association between dairy con-
sumption and stroke risk, amounting to a total of 18
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Methods

Literature Search and Selection
This review was conducted in accordance with the Meta-
analysis Of Observational Studies in Epidemiology (MOOSE)
guidelines.18 Published articles, without language restric-
tions, up to October 2015 were retrieved from PubMed,
EMBASE, and SCOPUS (search strategy and MOOSE check-
list are shown in Data S1), complemented by hand searches
of reference lists and correspondence with researchers in
the field. Based on titles and abstract, we excluded studies
on animals, children aged <18 years, and patient popula-
tions. Eligible studies were selected using predefined criteria
(ie, prospective design and reported data on dairy consump-
tion in relation to incident fatal or total stroke). For 21
eligible articles, the full text was retrieved. Several authors
provided additional information upon request.14,15,19–25 One
of the authors (A.P.) additionally provided unpublished data

from the Singapore Chinese Health Study, a population-
based cohort of 63 257 Chinese adults (A.P., unpublished
results, 2015).

Two articles were excluded because the available data did
not allow dose–response calculations.15,18 In case of dupli-
cate results,26,27 we included the most updated23 or
comprehensive27 results. For the Nurses’ Health Study we
used 2 articles: 1 on low-fat and high-fat dairy23 and 1 on
other types of dairy.28 One article provided results for 2
studies (Nurses’ Health Study and the Health Professionals
Follow up Study)23 and 2 presented results for men and
women separately,19,29 resulting in 18 studies (see flow chart
in Figure 1).11,14–17,19–25,28–33

Data Extraction
The selection and data extraction process was conducted by
the first author (J.G.) and checked by a coauthor (S.S.S.-M.)

Figure 2. Relative risks of total stroke for an increment of 200 g of daily milk intake, by continent. Squares represent relative risks and square
sizes study-specific statistical weight; horizontal lines represent 95% CIs; diamonds represent summary relative risk estimates with 95% CIs.
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Conclusions:	Milk	and	
cheese consumption
were inversely
associated with	stroke
risk.	



Nel grasso del latte coesistono diverse sostanze 
grasse ad azione contrapposta



Prodotti lattiero caseari arricchiti
Alcuni esempi

Acidi grassi
• acidi grassi omega-3
• CLA

Minerali
• Iodio
• Ferro
• Calcio

Vitamine
• Vitamina D
• Acido folico
• Vitamina B12

Sostanze di origine vegetale
• Fibre
• Steroli vegetali
• Polifenoli



Quali e quanti omega-3 nel latte?

• Nel	grasso	del	latte	gli	acidi	grassi	polinsaturi	sono	normalmente	
circa	il	3%	o	poco	più.

• Il	totale	degli	acidi	grassi	omega-3	è	di	solito	<	1%
• L’acido	grasso	omega-3	più	rappresentato	è	l’acido	alfa-linolenico	
(<	0.5%)

• EPA	circa	0.05%;	DHA	sotto	la	soglia	analitica.

Holstein Friesian Brown Swiss Jersey

C18:2 n-6 2.86 2.04 2.57

C18:3 n-3 0.39 0.56 0.49
C18:2c9t11 
(CLA)

0.52 0.65 0.51

EPA 0.06 0.05 0.05

DHA - - -



Raccomandazioni EFSA per omega -3 

 Labelling reference intake values for n-3 and n-6 polyunsaturated fatty acids
 

 The EFSA Journal (2009) 1176, 9-11 

for preformed ARA can be defined. Linoleic acid, when incorporated into skin ceramides, is 
essential for maintaining the water-permeability barrier of the skin thereby avoiding excessive 
trans-epidermal water loss and the accompanying energy loss from water evaporation. AA is 
the precursor for series 2 prostanoids and series 4 leukotrienes. 

In Europe, average intakes of cis n-6 PUFAs range between 3.8 E% to nearly 6 E%. 
Distribution of intakes were only available for the Netherlands, ranging from 2.6 to 9.8 E% at 
the 5th and the 95th percentile, and for the UK, ranging from 1.9 to 10.5 E% at the 2.5th and 
97.5th percentile, respectively. Since LA is the primary n-6 PUFA, the intake of LA might be 
only slightly lower than the intake of total n-6 PUFA. In some European countries, average 
LA intakes in adults range from nearly 7 g/day to approximately 19 g/day, corresponding to 
3.9 to 6.5 E% (Table 2). 

No intake recommendations have been specifically set for ARA in adults. Intake 
recommendations for LA range from a minimum of 1 E% (aimed at the prevention of 
deficiency symptoms) to about 4-10 E% (based on considerations of cardiovascular health 
and mean observed intakes in healthy populations), which correspond to 2-3 and 8-30 g 
LA/day, respectively, for energy intakes of 1800-2700 kcal/day. The lower bound of intake 
recommendations based both on considerations of cardiovascular health and on average 
observed intakes in healthy populations is 4 E%, which corresponds to about 8-12 g/d (Table 
2).  

The proposed labelling reference value of 6 g has been calculated from the SCF (1993) 
Population Reference Intake (PRI) of 2 E% for n-6 PUFA (mainly LA), which was based on 
rough estimates from feeding studies in infants, extrapolated to a reference energy intake of 
2700 kcal/day (adult male). This amount is lower than mean intakes observed in Europe 
(between 7 and 19 g/d). It is also lower than intakes recommended for individuals in the 
general population based on considerations of cardiovascular health (4 E%; equivalent to 8-12 
g/d for adults) by some national and international authorities (Table 1).  

The Panel proposes 10 g as labelling reference intake value for the n-6 PUFA LA, which is 
consistent with recommended intakes for individuals in the general population in European 
countries based on considerations of cardiovascular health.  

CONCLUSIONS  

The Panel concludes that: 

• The proposed labelling reference value for the n-3 PUFA ALA (2 g) is consistent with 
recommended intakes for individuals in the general population in European countries 
based on considerations of cardiovascular health. 

• The Panel proposes 250 mg/d as the labelling reference intake value for the long-
chain n-3 PUFAs EPA plus DHA, which is in agreement with most recent evidence 
on the relationship between the intake of these fatty acids and cardiovascular health in 
healthy populations. 

• The Panel proposes 10 g as labelling reference intake value for n-6 PUFA LA, which 
is consistent with recommended intakes for individuals in the general population in 
European countries based on considerations of cardiovascular health. 
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SCIENTIFIC OPINION 

Labelling reference intake values for n-3 and n-6 polyunsaturated fatty 
acids 

Scientific Opinion of the Panel on Dietetic Products, Nutrition and Allergies 
on a request from the Commission related to labelling reference intake 

values for n-3 and n-6 polyunsaturated fatty acids 1 

(Question No EFSA-Q-2009-00548)  

Adopted on 30 June 2009  

PANEL MEMBERS 

Jean-Louis Bresson, Albert Flynn, Marina Heinonen, Karin Hulshof, Hannu Korhonen, 
Pagona Lagiou, Martinus Løvik, Rosangela Marchelli, Ambroise Martin, Bevan Moseley, 
Hildegard Przyrembel, Seppo Salminen, Sean (J.J.) Strain, Stephan Strobel, Inge Tetens, 
Henk van den Berg, Hendrik van Loveren and Hans Verhagen. 

SUMMARY 

Following a request from the European Commission, the Panel on Dietetic Products, 
Nutrition and Allergies was asked to review and provide advice on labelling reference intake 
values for n-3 and n-6 polyunsaturated fatty acids (PUFA). 

The proposed labelling reference intake values for n-3 and n-6 PUFA provided by the 
Commission in the terms of reference are intended to represent typical recommended daily 
intakes (adults). These values can be used in food labelling to facilitate comparison of the 
PUFA content of food products and to help convey the relative significance of the food as a 
source of PUFA in the context of a total daily diet, and can also be used to set appropriate 
conditions of use for health claims on PUFA. For practical application, a single reference 
intake value is proposed for each nutrient using rounded values for ease of calculation. 

The PUFA for which advice on labelling reference intakes is requested are the n-3 PUFA α-
linolenic acid (ALA), the  long chain n-3 PUFA (mainly eicosapentaenoic acid (EPA) and 
docosahexaenoic acid (DHA)), and the n-6 PUFA (mainly linoleic acid (LA)).  
 
Labeling reference intake values for PUFA may be derived from science-based intake 
recommendations for the general population established by national and international 
authorities taking into account observed intakes in the population. For these PUFA, intake 
recommendations for the general population are sometimes aimed at the avoidance of 
                                                 
1  For citation purposes: Scientific Opinion of the Panel on Dietetic products, Nutrition and Allergies on a request from 

European Commission related to labelling reference intake values for n-3 and n-6 polyunsaturated fatty acids. The EFSA 
Journal (2009) 1176, 1-11. 



Arricchimento del grasso del latte con omega-3

Olio di pesce

Olio di pesce
Olio di lino Semi di lino

Acido alfa-linolenico
EPA + DHA

EPA + DHA



Problematiche per arricchimento
Linolenic	Acid
cis-9,	cis-12,	cis-15	C18:3

cis-9,	trans-11,	cis-15	C18:3

trans-11,	cis-15	C18:2

trans-15	or	cis-15	C18:1 trans-11	C18:1

Stearic	Acid	C18:0

EPA e DHA interagiscono con le 
bioidrogenazioni.

Grasso
del latte 

Acidi grassi 
trans

Bioidrogenazioni	ruminali
Più	del	90%	dell’acido	alfa-linolenico	

è	bioidrogenato

Elevate	quantità	di	
integrazione	lipidica

EPA e DHA: bassa efficienza di 
trasferimento dalla dieta al latte



Alcuni esempi

M. Doreau and A. Ferlay: OCL 2015, 22(6) D611

Fig. 1. Effect of increasing amounts of 18:3 n-3 intake from linseeds
on milk 18:3 n-3 proportion (from Chilliard et al., 2009; Ferlay et al.,
2013; Hurtaud et al., 2010). Equation of linear regression is: Y =
0.0018X + 0.38 (R2 = 0.59), where Y is milk 18:3 n-3 proportion
(g/100 g of total FA) and X is 18:3 n-3 intake (g/d).

effects of long-term supplementation (2.5 to 3% of oil in DM)
with extruded linseed over 2 consecutive lactations, succes-
sively on a grass silage-based diet and at pasture. Compared
to control diet, linseeds resulted in the enrichment of different
isomers of CLA and conjugated linolenic acids, particularly
cis-9, trans-11, trans-13 18:3, identified for the first time in
bovine milk fat.

Supplying linseeds for beef production has the same global
consequences on FA meat composition as on milk, but with
some particularities. The increase in 18:3 n-3, EPA and DPA
has been demonstrated in all trials where linseeds were used
(e.g. Corazzin et al., 2012; Scollan et al., 2005). Due to ru-
minal biohydrogenation, the proportion of 18:3 n-3 in per-
centage of total FA remains low. For example in Longissimus
thoracis, it increases from 0.5 to 0.9–1.6% (Normand et al.,
2005, 5 trials), from 0.4 to 1.9% (Mach et al., 2006), from
0.4 to 0.8% (Barton et al., 2007), from 0.6 to 2.0% (Herdmann
et al., 2010), from 1.2 to 1.6% (Corazzin et al., 2012), from 0.4
to 0.6% (Habeanu et al., 2014), from 0.9 to 1.4% (Mialon
et al., 2015). Differences in the extent of the increase depend
more on the amount of added fat and their processing than
on the duration of distribution before slaughter. It can also be
noted that pasture feeding, which is another source of 18:3 n-3,
increases 18:3 n-3 in meat, although generally to a lower extent
(Scollan et al., 2005). The increase in muscle 18:3 n-3 concen-
tration is significantly higher with extruded linseeds than with
rolled linseeds (Normand et al., 2005), and higher in ground
or rolled linseeds than with whole linseeds (Maddock et al.,
2006). The increase in 18:3 n-3 was higher in Longissimus tho-
racis than in Rectus abdominis and Semitendinosus in a trial by
Mialon et al. (2015), but this difference was not observed in tri-
als by Normand et al. (2005) and by Habeanu et al. (2014).
Despite elongation process, very long-chain FA are present
in muscle in low proportions whatever the diet: less than 0.7
and 0.4% of total FA for DPA and EPA, respectively, and
this proportion is either unchanged or moderately increased
by linseed supply (Barton et al. 2007; Corazzin et al., 2012;
Habeanu et al., 2014; Herdmann et al., 2010; Mialon et al.,
2015). These three latter authors also observed an increase in
CLA, but the two former authors did not. In any case, the CLA

concentration in beef is too low for a possible effect on hu-
man health. Beef trans-18:1 FA comprise a significant amount
of isomers other than trans-11, but few studies are available
about the effect of linseeds on this pattern. With diets based
on 30% straw and 70% concentrates, extruded linseed did not
change the proportion of trans-11 (33%) but trans-12, -13, -14
and -15 increased at the expense of trans-9 and -10 (Habeanu
et al., 2014).

There has been a steady decline of fertility in major dairy
cow breeds associated with the improvement of genetic merit
for milk production (Barbat et al., 2010; Butler, 2003). Part of
this decline is due also to extended period of negative energy
balance and intense mobilisation of body reserves during early
lactation. The relationships among energy balance, body con-
dition score and reproductive function are well documented
(e.g. infrequent LH pulses, delayed ovarian activity, abnormal
estrous cycles, poor follicular response to gonadotropins, re-
duction of oocyte quality and embryo survival (Butler, 2003,
Chagas et al., 2007). Recent interest on lipid feeding to cows
has focused on reproduction because of their high energy den-
sity and a supply of specific FA. Lipid supplementation could
influence reproduction by altering the size of the dominant
follicle, shortening the interval between calving and the first
postpartum ovulation, increasing progesterone concentration
during the luteal phase of the oestrous cycle, modulating uter-
ine prostaglandin synthesis, and improving oocyte and em-
bryo quality and maintenance of pregnancy (Santos et al.,
2008). The omega-6 and omega-3 polyunsaturated FA seem
to have the major effects on reproductive responses. Neverthe-
less, results from feeding linseeds on reproductive variables
are inconsistent. Some authors reported an improved increased
follicular and corpus luteum growth (Santos et al., 2008),
oocyte (Moallem et al., 2013; Zachut et al., 2010) and embryo
quality (Thangavelu et al., 2007), decreased pregnancy loss
(Ambrose et al., 2006), reduced plasma prostaglandin (Petit
et al., 2002), and increased serum progesterone concentration
(Jahani-Moghadam et al., 2015), reduced interval from calv-
ing to ovulation (Colazo et al., 2009). In contrast, others noted
no changes in milk progesterone concentration or corpus lu-
teum activity (Ponter et al., 2006), or oocyte quality (Bilby
et al., 2006, Fouladi-Nashta et al., 2009). The inconsisten-
cies among these studies could be due to differences in the
amounts of lipid supplements, duration of supplementation,
and season. The global effect on cow fertility has not been
evidenced: no effect of linseed feeding has been reported on
conception rate (Ambrose et al., 2006; Bork et al., 2010; Petit
and Twagiramungu, 2006; Petit et al., 2008), or pregnancy rate
(Jahani-Moghadam et al., 2015). Further studies with a larger
number of animals are necessary to be conducted in order to
confirm these results.

3 Linseed, a way to mitigate methane
emissions by ruminants

Among greenhouse gases, which are responsible of global
warming, methane is the major contributor for livestock ac-
tivities: more than 40% of greenhouse gases, when they are
expressed as carbon dioxide-equivalents. The major part of
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L’integrazione di oli o farine di pesce o di alghe nella dieta dei ruminanti da
latte comporta un aumento nel contenuto di EPA e DHA nel latte.

La concentrazione di EPA e DHA nel grasso del latte, tuttavia, di norma non supera il
valore di 0.8%, in quanto tali acidi vengono esterificati di preferenza nei fosfolipidi
muscolari piuttosto che nei trigliceridi del latte.

Da	Wright	et	al.,	1999.
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Alcuni esempi

efficiency with which EPA and DHA are incorporated
into edible tissue. There is also little evidence to suggest
that there is any inherent difference between broilers and
turkeys in their ability to incorporate EPA and DHA into
their edible tissues, except perhaps for EPA in white
meat. There is evidence that white chicken meat is a richer
source of DHA than dark meat and also has greater en-
richment efficiency than dark meat for DHA. This finding
is promising since in the EU the consumption of white
poultry meat far outweighs the consumption of dark meat.
This result is not perhaps surprising as EPA and DHA
preferentially accumulate in the phospholipids, which are
much more prevalent in the white meat compared with the
dark meat. As shown in Table 5, diets containing 40 g fish
oil/kg give rise to white chicken meat containing about
140–160mg EPA+DHA/100 g, which has the potential to
make a real contribution to dietary EPA+DHA intake.
The same study also examined the birds’ ability to con-

vert dietary ALNA to EPA and DHA and then deposit
these fatty acids in the edible tissues(38). The evidence
from this experiment suggests that, as in man, the process
is extremely limited, which is in agreement with the con-
clusion of an earlier study(39). The latter study suggests that
although the birds may be capable of converting ALNA to
EPA and DHA to some extent, these acids are not then
deposited in skeletal muscle but rather sequestered in the
liver or transported to other tissues. It therefore seems that
ALNA cannot be used to make worthwhile enrichment of
EPA and DHA in poultry edible tissues and that currently
reliance continues to be on the use of fish oil.
There are some potential drawbacks to enriching poultry

meat with EPA and DHA. These factors are the potentially
reduced oxidative stability and hence shelf-life of the pro-
ducts and the possible negative effect that EPA and DHA
enrichment may have on the organoleptic qualities of
poultry meat. Current work in the author’s laboratory indi-
cates that most problems of this type can be overcome by
the use of additional vitamin E in the diet of the bird.

Enrichment of milk

As a result of extensive biohydrogenation in the rumen and
the inability of ruminant tissue to synthesise PUFA, typical
levels of linoleic acid (18:2n-6) and ALNA in milk fat are
extremely low. Even when high amounts of PUFA from
plant oils and oilseeds are included in the diet, absolute
increases in linoleic acid and ALNA are relatively small.
In relation to EPA and DHA, milk from cows fed conven-
tional diets based on forages and cereal-based concentrates
has extremely low concentrations (typically <1 g/100 g

fatty acids(40)). It is possible to increase levels of EPA and
DHA in milk fat by including some fish oil in the diet
of the cow, although the extent of enrichment in milk fat
is very low, with a typical efficiency of transfer of EPA
and DHA from the diet into milk of 2.6% and 4.1%
respectively(41). These values are much lower than the
transfer efficiencies of 18–33% and 16–25% seen for EPA
and DHA respectively when fish oil is infused post-
ruminally(41). The poor transfer of EPA and DHA into milk
when marine lipids are fed arises from extensive (between
74% and 100%) biohydrogenation in the rumen (for
example, see Shingfield et al.(42)) and preferential parti-
tioning of these fatty acids into plasma phospholipids and
cholesteryl esters, which are poor substrates for mammary
lipoprotein lipase(43). Table 6 shows the typical effect of
including fish oil in the diet of the cow on EPA and DHA
concentrations. Whilst milk from the fish oil-containing
diet is to some extent enriched with EPA and DHA, a side
effect of this process is the substantial increase in the
trans-fatty acids and conjugated linoleic acid content of
the milk fat. Unlike industrially-hydrogenated products the
majority of the increased trans-fatty acids is trans-vaccenic
acid (trans-11 18:1)(42). Whilst most evidence indicates
that trans-vaccenic acid is not a risk factor for CVD(44),
there are few data from human studies, which have mostly
evaluated trans-fatty acids from industrial sources. A study
is currently underway to directly compare the effects of
trans-fatty acids from milk and industrial sources on CVD
risk factors in healthy human subjects(45).

There have been various approaches developed to pro-
tect fish and other marine lipids from biohydrogenation in
the rumen, including encapsulation of oils and the creation
of calcium salts of fatty acids or fatty acyl amides. Most of
these technologies have been developed to overcome the
negative effects on animal performance of feeding high
levels of lipid, but can also allow sizeable and strategic
changes in milk fatty acid composition.

Table 5. Effect of fish oil in the diet and breed of broiler chicken on the mean EPA and DHA concentration (mg/100 g meat) in white chicken

meat (from Rymer & Givens(38))

Diet*. . . Control Lofish Hifish Statistical significance (P) of:

Breed. . . Ross 308 Cobb 500 Ross 308 Cobb 500 Ross 308 Cobb 500 Breed Diet

EPA 7.5 6.9 17.4 20.0 27.2 30.8 NS <0.001
DHA 39.6 38.6 54.9 64.3 118 126 NS <0.001

*Contained fish oil at (g/kg): control, 0; lofish, 20; hifish, 40.

Table 6. Effect of including fish oil in the diet of the dairy cow on

EPA, DHA, trans-18:1 and conjugated linoleic acid (CLA) in milk fat

(from Shingfield et al.(42))

Fatty acids
(/100 g total fatty acids) Control diet

Diet containing
herring and mackerel

oil (250 g/d)

EPA (mg) 50 110
DHA (mg) 0 100
Total trans-18:1 (g) 4.5 14.4
Total CLA (g) 0.39 1.66

How can the diet n-3 content be improved? 277
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Enrichment of foods with marine omega-3 polyunsaturated fatty acids (PUFA) poses a multidisciplinary challenge to
food industry and academia. Although our knowledge about possible health effects of omega-3 PUFA has increased
tremendously during the last 30 years, there is still a lot to be learned about these healthy fatty acids. Moreover,
consumer acceptance and lipid oxidation of omega-3 PUFA-enriched food are other major challenges that the food
industry meet when developing omega-3–enriched foods. Two examples on multidisciplinary research projects to
overcome some of these challenges are given in this article together with cases studies illustrating how lipid oxidation
can be prevented in a range of different omega-3–enriched foods.
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Introduction

Fat is an essential component of the diet, and the dif-
ferent fatty acids have a range of different roles in the
human body. In the 1970s, Bang and Dyerberg dis-
covered that Greenland Inuits, who consume large
amounts of marine lipids rich in long chain omega-3
polyunsaturated fatty acids (omega-3 PUFA) as part
of their native lifestyle, had a much lower cardiovas-
cular mortality (10–30%) compared with the Danes,
who consume much lower levels of these lipids.1,2

These findings triggered new research on the role of
omega-3 PUFA in the development of cardiovascu-
lar disease and other lifestyle-related diseases. The
interest in this research area has continued to in-
crease during the last 30 years. From a nutritional
point of view the three most important omega-3
PUFA are !-linolenic acid (LNA, C18:3 omega-
3), eicosapentaenoic acid (EPA, C20:5 omega-3),
and docosahexaenoic acid (DHA, C22:6 omega-3).
This article will only discuss the marine omega-3
PUFA: EPA and DHA. Their molecular structures
are shown in Figure 1. The research efforts during
the last 30 years have revealed that the potential
health effects of EPA and DHA include reduction

of cardiovascular disease risk,3–5 anti-inflammatory
effects including reduction of symptoms of rheuma-
toid arthritis6,7 and Crohn’s disease8 and reduction
of the risk of certain cancer forms. DHA is particu-
larly important in the development of brain and ner-
vous tissue in the infant.9 A high intake of EPA and
DHA has also been associated with lower risk of de-
veloping Alzheimers and depressions.10,11 However,
there is still a lot to be learned about the effects of
omega-3 PUFA in human health, both with respect
to their ability to prevent the development of the
above-mentioned diseases, but also with respect to
their role in weight management and general mental
health.

Because of the increasing evidence about the
health beneficial effects of EPA and DHA and owing
to the fact that populations in several parts of the
world have a too low intake of seafood and thereby
also a too low intake of EPA and DHA there is a
growing interest in the industry for applying fish
oils in foods. Currently, functional foods contain-
ing omega-3 lipids is one of the fastest growing food
product categories in the United States and Europe12

and there are already many omega-3–enriched
products on the market. However, several of the
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Table 1. Results of the sensory evaluation of fishy flavor in n-3-enriched dairy emulsions during storage at 2◦ C

Week 0 Week 1 Week 3

M 5.4 ± 1.5b 6.0 ± 2.4b 7.4 ± 1.0b

Y 0. 5 ± 0.4a 0.8 ± 1.0a 1.6 ± 1.2a

Y+CA 0.4 ± 0.5a 0.7 ± 1.0a 1.3 ± 0.9a

Y+GDL 0.9 ± 1.4a 1.2 ± 1.5a 1.7 ± 1.7a

Y+CA+P 0.4 ± 0.5a 0.9 ± 1.4a 1.0 ± 1.3a

Y+GDL+P 0.9 ± 1.1a 1.2 ± 1.7a 1.5 ± 1.3a

Y+CA+P+FS 0.0 ± 0.1a 0.5 ± 1.0a 0.4 ± 0.7a

Y+GDL+P+FS 0.2 ± 0.5a 0.2 ± 0.4a 0.4 ± 0.5a

Numbers are given as avg ± SD. N = 9.
M, milk; Y, yogurt, CA, citric acid; GDL, glucodeltalactone; P, pectin; FS, fructose syrup.
a,bValues with different letters within a column are significantly different (P < 0.001). Adapted after Nielsen, N.S., A.
Klein & C. Jacobsen. 2009. Eur J Lipid Sci Technol. 111: 337–345.

However, ascorbyl palmitate (300 mg/kg) was able to
inhibit lipid oxidation in this food system (Fig. 5).34

It was suggested that ascorbyl palmitate exerted its
antioxidative effect either via its ability to regener-
ate tocopherol, via its ability to act as a free radical
scavenger, or via its metal-chelating properties. In
skimmed milk, EDTA (5 mg/kg milk) was able to
retard oxidation significantly when the emulsions
were enriched with 1.5% fish oil with a PV of 1.5
meq O2/kg oil, but despite the fact that EDTA is
a very efficient metal chelator, it was not capable
of preventing oxidation completely.29 On the other
hand, no antioxidative effect of EDTA was observed
in milk emulsions based on 1.0% milk fat and 0.5%
fish oil with a PV of 0.1 meq O2/kg oil (Fig. 5),34

and only a slight antioxidative effect was observed
in emulsions based on fish oil with a PV of 0.6 meq
O2/kg oil. These data thus indicated that the effect of
EDTA might depend on the level of lipid hydroper-
oxides present in the fish oil or in the emulsion
system in general. Taken together, the most efficient
antioxidant in fish oil-enriched milk was ascorbyl
palmitate.

Several studies in our laboratory have shown that
yogurt and yogurt drinks enriched with omega-3
PUFA in contrast to omega-3–enriched milk have a
very good oxidative stability (Table 1).35,36

In the studies with yogurt drink, strawberry flavor
and additional ingredients, such as pectin and cit-
ric acid, were added. It was also observed that even
addition of iron as pro-oxidant did not increase ox-
idation during storage in the strawberry flavored

fish oil-enriched drinking yogurt. Moreover, the ef-
fect of the different ingredients in drinking yogurt
on lipid oxidation was studied, but no effect of the
ingredients was observed (Table 1).36 Preliminary
data from our laboratory suggest that the good ox-
idative stability of the yogurt systems at least partly
may be due to antioxidative peptides formed during
the fermentation process (unpublished data).

Fitness bars
As was also the case for mayonnaise, fitness bars
produced with neat fish oil were oxidatively unsta-
ble and already after 2 weeks the fishy off-flavor
was higher than in fitness bars without fish oil.37

Fitness bars contained 5% fish oil. Addition of fish
oil as microencapsulated powder offered protection
toward oxidation. Addition of fish oil as an oil-in-
water emulsion with sodium-caseinate as the emul-
sifier also improved the oxidative stability of fitness
bars as did packaging of the fitness bars in modified
atmosphere.

Different antioxidants were also evaluated in fit-
ness bars. Addition of EDTA (100–2000 mg/kg) to
the emulsified fish oil decreased the oxidative stabil-
ity of the fitness bars compared to fitness bars with-
out EDTA.37 The pro-oxidative effect of EDTA was
suggested to be due to the ability of EDTA chelates
to act as reducing agents that can reduce Fe3+ to
Fe2+ and thereby catalyze oxidation.

The lipophilic !-tocopherol reduced lipid oxida-
tion during storage when added in a concentration
above 440 "g/g fish oil.38 The best antioxidative
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• L’aggiunta di olio di pesce al latte consente di
raggiungere livelli di arricchimento molto più
elevati, rispetto all’arricchimento ottenuto in
allevamento (ottenimento claim nutrizionale).

• Il prodotto è più sensibile all’ossidazione
• Importante sia la microincapsulazione dell’olio di

pesce sia la protezione con antiossidanti naturali
(vit. E, polifenoli, flavonoidi, catechine, ecc.)

• Lo yoghurt arricchito è comunque più stabile del
latte: probabile l’azione antiossidante di peptidi
bioattivi
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Esistono prove sull’efficacia di prodotti lattiero 
caseari arricchiti con omega-3 sulla salute umana?

of EPA+DHA in the young are a result of low or zero con-
sumption of oil-rich fish, a habit that young adults may
carry forward into middle and later life. It is interesting to
note that in young women (19–24 years) the intake of
canned tuna has been reported to be considerable(29), pos-
sibly in the belief that this product is a good source of fish
oils.
In most studies the primary source of EPA and DHA is

fish and seafood and thus variation in intake is a function
of variation in consumption of these foods. Two studies
have reported that meat, poultry and eggs contribute
substantially to the intake of docosapentaenoic acid
(22:5n-3)(26,31), with docosapentaenoic acid contributing
29% total LC n-3 fatty acids consumed(26). These data
highlight the need to better understand the physiological
effects of dietary docosapentaenoic acid.

Options for increasing intake of EPA and DHA

Clearly, one option to increase intake of EPA and DHA is
to encourage increased consumption of oily fish. However,
given that young adults (18–24 years) appear to consume
only small amounts if any, education in this area needs to
start at a very young age and be built into an increased
awareness of diet and health in general. Another option is
to encourage the increased use of fish oil supplements such
as capsules. However, data from the recent UK Low
Income Diet and Nutrition Survey(32) indicates that habi-
tual use of fish oil capsules in this population is very much
less than that found in the National Diet and Nutrition
Survey(21), suggesting that encouragement to increase use
would have less uptake in populations that are perhaps at
greatest risk.
A further option is EPA and DHA enrichment of foods

that are consumed in relatively large quantities by a large
proportion of the population and that are amenable to en-
richment. Animal-derived foods are key targets in this
context since changes to the animals’ diet can be used to
bring about enrichment of the food products.

Enriching animal-derived foods with EPA and DHA

There have been many studies aimed at improving the
EPA and DHA concentration in animal-derived foods in
relation to chronic disease (for reviews, see Givens(33) and
Pisulewski et al.(34)), although few studies have attempted
to connect the potential for enrichment with current and
projected patterns of food consumption. Assuming that
consumption of enriched foods would be the same as the
current intake of normal foods, estimates have been made
of the potential for enrichment of a wide range of animal
foods and how these foods could contribute to additional
EPA and DHA intake(23). The findings for milk and milk
products, meat and eggs are summarised in Table 4, which
shows that enrichment of animal-derived foods has the
potential to provide a daily intake of EPA+DHA of about
230mg, with poultry meat providing the largest potential
intake (74mg). Other useful contributions could be pro-
vided by eggs and full-fat cheese, although the average

contributions from liquid milk and other meats are likely to
be modest based on current food consumption data.

Enrichment of poultry meat

The EPA and DHA content of poultry meat can in theory
be relatively easily modified by dietary means. As early as
1963 it was noted that the fatty acid compositions of
broilers’ breast, thigh and skin tissues are similar to those
of the broilers’ diet(35), and it was demonstrated that
feeding fish oil to turkeys increases the concentrations of
EPA and DHA in their depot fat and muscle lipids(36). A
considerable amount of work has been done to enhance the
EPA and DHA content of poultry meat by dietary means in
ways that will result in nutritionally-meaningful intakes of
these fatty acids by individuals who consume these pro-
ducts (for review, see Rymer & Givens(37)).

Despite the volume of work, there are few data relating
to the relative ability to enrich the meat of modern geno-
types of broiler chickens and turkeys(37). A study was there-
fore carried out to determine the effect of different species
and genotypes of poultry on their response as measured by
increases in the EPA and DHA content of their edible tis-
sues to increased concentrations of fish oil in their diet(38).
Some key findings for skinless white chicken meat are
shown in Table 5. Overall, the results show that in modern
broiler genotypes there is no significant difference in the

Table 4. Potential mean intakes of EPA and DHA by adults in the

UK from enriched animal-derived foods (from Givens & Gibbs(23))

Food
Intake

(g/week)*

Concentration†
(mg/g) of Intake of

EPA +DHA
(mg/d)EPA DHA

Milk products
Whole milk 337 0.106 0.141 11.9
Semi-skimmed milk 877 0.045 0.060 13.2
Skimmed milk 215 0.008 0.011 0.57
Cream 12 1.064 1.406 4.27
Other milk 42 0.080 0.105 1.12
Cottage cheese 9 0.104 0.137 0.31
Other cheese 98 0.745 0.984 24.2
Butter 22 2.181 2.882 16.0
Total milk products 71.5

Meat
Beef and veal 249 0.24 0.053 10.4
Sheep meat 51 0.82 0.97 13.0
Pork 63 0.13 0.167 2.67
Bacon and ham 105 0.072 0.093 2.47
Poultry 374 0.60 0.80 74.8
Sausages‡ 68 0.012 0.015 0.26
Other products‡ 216 0.036 0.006 1.70
Total meat products 105.4

Eggs 194 0.06 1.90 54.3

Total intake 231

*Intake of milk and milk products and meat from the National Diet and
Nutrition Survey(21) and eggs from British Egg Information Service(22).

†Values for milk based on Chilliard et al.(41), beef from Scollan et al.(51), sheep
meat from Cooper et al.(61), poultry meat from Rymer & Givens(37) and eggs
from Simopoulos(62).

‡Unchanged relative to non-enriched.
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Effetto significativo in 
termini nutrizionali solo se si 
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Consorzi	di	produttori	mirato	alla	commercializzazione	di	un	paniere	di	prodotti	
(latte,	formaggi,	uova,	carne)	che	garantiscono	livelli	mediamente	più	elevati	di	

omega-3	rispetto	alla	media	delle	altre	filiere	

Esempi	di	panieri	di	
prodotti	arricchiti



Estimated EPA and DHA ingestion for standard and BBC 
versions of the four diets.

Coelho	CRV,	Pernollet F,	van	der	Werf HMG	(2016)	Environmental	Life	Cycle	Assessment	of	Diets	with	Improved	Omega-3	Fatty	Acid	Profiles.	
PLoS ONE	11(8):	e0160397.	doi:10.1371/journal.pone.0160397
http://journals.plos.org/plosone/article?id=info:doi/10.1371/journal.pone.0160397

BBC = alimenti arricchiti con omega-3
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Abstract
Intake of dairy fat has long been considered as a risk factor for CVD. Pasture and dietary lipid supplementation have been reported to be
reliable strategies in ruminant nutrition, in order to increase the content of a-linolenic acid (ALA), conjugated linoleic acid (CLA) and vac-
cenic acid (VA), and decrease SFA in milk fat. In the present study, we aimed at verifying whether consumption of a sheep cheese, naturally
enriched in ALA, CLA and VA, would modify the plasma lipid and endocannabinoid profiles in mildly hypercholesterolaemic subjects.
A total of forty-two adult volunteers (nineteen males and twenty-three females) with diagnosed mildly hypercholesterolaemia (total
cholesterol 5·68–7·49mmol/l) were randomly assigned to eat 90 g/d of a control or enriched cheese for 3 weeks, with a cross-over
after 3 weeks of washout. Plasma lipids, endocannabinoids, adipokines and inflammatory markers were measured. The intake of enriched
cheese significantly increased the plasma concentrations of CLA, VA, the n-3 fatty acids ALA and EPA, and more remarkably decreased
that of the endocannabinoid anandamide. LDL-cholesterol decreased significantly (7%). No changes were detected in the levels of
inflammatory markers; however, a significant correlation was found between the plasma levels of anandamide and leptin. The control
cheese modified none of the parameters measured. The results obtained do not support the view that intake of dairy fat is detrimental
to hypercholesterolaemic subjects. Indeed, they show that a naturally enriched cheese possesses beneficial properties, since it ameliorates
the plasma lipid profile, and more remarkably reduces endocannabinoid biosynthesis.

Key words: Endocannabinoids: Conjugated linoleic acid: Vaccenic acid: a-Linolenic acid: Dairy fat: Hypercholesterolaemia

Diets high in SFA have been associated with CVD(1–5).
Peculiarly, replacement of SFA with dietary PUFA, but not
with carbohydrates or MUFA(6), decreases the risk of cardio-
vascular events, even though the ideal type of unsaturated
fat is unclear(7). Replacement of 5% of energy of SFA with
PUFA lowers the risk by 10%(5). The question is whether the
effect is due to a decreasing SFA per se (8) or to an increase
in dietary PUFA(5). Actually, also dietary PUFA can have a
strong impact on the risk of CVD, particularly when they
increase the tissue n-6:n-3 highly polyunsaturated fatty acid
(HPUFA) ratio with associated circulating levels of endothelial
growth factor(9) and pro-inflammatory markers(10).

All these effects could be ascribed to modulations of the
biosynthesis of eicosanoids and endocannabinoids, which
are both strongly influenced by the tissue n-6:n-3 HPUFA
ratio(11). Down-regulation of the endocannabinoid system is
also known to greatly improve several parameters of the meta-
bolic syndrome(12). It emerges that the effect of dietary fatty
acids on the incidence of CVD is mediated by their influence
on cholesterolaemia, inflammatory response and endocanna-
binoid tone.
The composition of dairy fat is strongly influenced by the

ruminant’s diet. In the latter, linoleic acid (LA) and a-linolenic
acid (ALA) are the main fatty acids that are mostly modified

*Corresponding author: Professor S. Banni, fax þ39 70 6754191, email banni@unica.it

Abbreviations: AEA, anandamide; ALA, a-linolenic acid; CLA, conjugated linoleic acid; HPUFA, highly polyunsaturated fatty acid; LA, linoleic acid; VA,

vaccenic acid.
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a b s t r a c t

Substitution of dietary saturated fat by oleic acid and/or polyunsaturated fatty acids (PUFA) has been
described to reduce the cardiovascular risk by reducing blood lipids, mainly cholesterol. Additional ben-
efits have been described for long chain omega-3 PUFA (eicosapentaenoic acid—EPA and docosahexaenoic
acid—DHA) from fish oils. In recent years, food technology has been used to produce dairy drinks with
a reduced content of saturated fat in favour of those fatty acids, most of them claiming cardiovascular
benefits. This review summarises all the scientific evidence regarding the effects of milks enriched with
long chain omega-3 PUFA (EPA + DHA) and/or oleic acid on cardiovascular health. Nine controlled inter-
vention studies with enriched milks have reported effects on healthy volunteers, subjects with increased
risk factors and cardiovascular patients. The main effects observed were reductions of blood lipids, mainly
cholesterol, LDL-cholesterol and triglycerides.

© 2009 Elsevier Ltd. All rights reserved.
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Abstract Objective: The main goal of the present study was to evaluate the effect of a commercially
available milk containing small amounts of eicosapentaenoic acid and docosahexaenoic acid, oleic
acid, and vitamins A, B6, D, E, and folic acid compared with semi-skimmed and skimmed milk in
volunteers with moderate cardiovascular risk.
Methods: Two hundred ninety-seven subjects 25 to 65 y of age with moderate cardiovascular risk
were randomly allocated into three groups. In addition to their diets, one group consumed 500 mL/d
of the enriched milk, another group consumed 500 mL/d of skimmed milk, and a control group
consumed 500 mL/d of semi-skimmed milk. All groups consumed the dairy drinks for 1 y and blood
samples were taken at 0 and 12 mo.
Results: Consumption of enriched milk for 1 y produced significant (P ! 0.05) increases in serum
folate (58%) and high-density lipoprotein cholesterol (4%). Plasma triacylglycerols (10%), total
cholesterol (4%), and low-density lipoprotein cholesterol (6%) were reduced significantly only in
the supplemented group. Serum glucose, homocysteine, and C-reactive protein remained un-
changed. In the skimmed milk and semi-skimmed milk groups, the only significant decreases were
in serum folate (17% and 11%, respectively).
Conclusion: Daily intake of a milk enriched with fish oil, oleic acid, and vitamins improved the
nutritional status and cardiovascular risk markers of volunteers, whereas skimmed milk and semi-
skimmed milk did not. © 2009 Published by Elsevier Inc.

Keywords: Enriched milk; Fish oil; Oleic acid; Folic acid; Cardiovascular disease

Introduction

Cardiovascular diseases (CVDs) are the leading cause of
morbidity and mortality worldwide. In Europe, CVDs in 2000
accounted for 49% of all deaths and 30% of all deaths before

the age of 65 y. These data clearly indicate that CVDs are a
major public health problem [1]. The diet is known to influence
some of the risk factors described for CVDs [2].

Over recent decades, numerous nutritional and epidemi-
ologic studies have linked !-3 polyunsaturated fatty acid
(!-3 PUFA) consumption (namely "-linolenic acid, eicosa-
pentaenoic acid [EPA], and docosahexanoic acid [DHA]) to
a significant decrease in some CVD risk factors.
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Received 1 September 2005; accepted 12 December 2005

KEYWORDS
o-3 fatty acids;
Oleic acid;
Folic acid;
Cardiovascular risk
factors;
Metabolic syndrome;
n-3 fatty acids;
Fortified milk;
Folate

Summary
Background & aims: Patients with metabolic syndrome (MS) have increased
cardiovascular risk factors. Dietary modifications mainly polyunsatturated fatty
acids intake, can improve them. The present study was performed to assess the
effects of enriched milk with o-3 and oleic fatty acids, folic acid and vitamin E, in
these patients.
Methods: We performed a randomized, placebo-controlled and open clinical trial,
among 72 patients with MS for 3 months. Thirty-six of them consumed 500 cm3 per
day of semi-skimmed milk (control group), and the others consumed 500 cm3 per day
of enriched milk (test group). Daily supplements in this group were 5.7 g of oleic
acid, 0.2 g of o-3 fatty acid, 150 mg of folic acid and 7.5mg of vitamin E.

Serum for total and HDL cholesterol, triglycerol, Apo B, glucose, insulin, hs-CRP,
homocysteine and fatty acids contents in serum phospholipids, was obtained at the
beginning and at the end of the study. LDL cholesterol was calculated by Friedewald
formula.
Results: Four patients in the test group, and two in the control group dropped out.
In the test group a decrease in serum total cholesterol (!6.2%, P ¼ 0:006), LDL
cholesterol (!7.5%, P ¼ 0:032), triglycerol (!13.3%, P ¼ 0:016), Apo B (!5.7%,
P ¼ 0:036), glucose (!5.3%, P ¼ 0:013), and homocysteine (!9.5%, P ¼ 0:00) was
observed. Any of these parameters changed in the control group.
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APPLIED NUTRITIONAL INVESTIGATION

Cardiovascular Effects of Milk Enriched With !-3
Polyunsaturated Fatty Acids, Oleic Acid, Folic

Acid, and Vitamins E and B6 in Volunteers With
Mild Hyperlipidemia
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OBJECTIVE: Results from epidemiologic studies and clinical trials have indicated that consumption of !-3
fatty acids, oleic acid, and folic acid have beneficial effects on health, including decreased risk of
cardiovascular disease. We evaluated the combined effects of these nutrients through the consumption of
milk enriched with !-3 polyunsaturated fatty acids, oleic acid, vitamins E and B6, and folic acid on risk
factors for cardiovascular disease in volunteers with mild hyperlipidemia.
METHODS: Thirty subjects ages 45 to 65 y (51.3 ! 5.3 y) were given 500 mL/d of semi-skimmed milk
for 4 wk and then 500 mL/d of the enriched milk for 8 wk. Plasma and low-density lipoproteins were
obtained at the beginning of the study and at 4, 8, and 12 wk.
RESULTS: Consumption of enriched milk for 8 wk increased plasma concentrations of docosahexaenoic
acid and eicosapentaenoic acid and significantly (P " 0.05) decreased plasma concentrations of triacyl-
glycerol (24%), total cholesterol (9%), and low-density lipoprotein cholesterol (13%). Plasma and
low-density lipoprotein oxidation and vitamin E concentration remained unchanged throughout the study.
Significant decreases in plasma concentrations of vascular cell adhesion molecule-1 (9%) and homocys-
teine (17%) were found, accompanied by a 98% increase in plasma concentration of folic acid.
CONCLUSIONS: Dairy supplementation strategies with !-3 polyunsaturated fatty acids, oleic acid, and
vitamins may be useful for decreasing risk factors for cardiovascular disease. Nutrition 2004;20:
521–527. ©Elsevier Inc. 2004

KEY WORDS: enriched milk, !-3 fatty acids, folic acid, homocysteine, cardiovascular disease

INTRODUCTION

There is a wealth of evidence from epidemiologic and clinical
studies suggesting that modifications of dietary fat composition
affect the risk of cardiovascular disease (CVD).1 Consumption of
!-3 polyunsaturated fatty acids (!-3 PUFAs), namely eicosapen-
taenoic acid (EPA) and docosahexaenoic acid (DHA), has several
beneficial properties that prevent CVD, including antiinflamma-
tory, antiarrhythmic, and antihypertensive effects, and are espe-
cially valued for their capacity to decrease blood lipids, inhibit the
synthesis of cytokines and mitogens, modulate endothelial func-
tion, stimulate endothelial-derived nitric oxide, and inhibit athero-
sclerosis and thrombosis.2–5 Olive oil also is considered a healthy
source of fat, and international nutritional guidelines recommend its
consumption due to the cardiovascular beneficial effects reported.
Supplementation with certain nutrients such as folic acid and

vitamins B6 and B12 also has come to be regarded as potentially
protective against CVD. For instance, plasma homocysteine con-
centration, a novel risk factor for CVD, is decreased when the
intake of these vitamins is increased.6
Health authorities have recommended increased consumption

of PUFAs,7 in which fish oil is especially rich. The most recent

report by the World Health Organization8 recommends regular fish
consumption to provide approximately 200 to 500 mg/wk of EPA
and DHA, replacement of saturated fat by monounsaturated fat,
and increased consumption of fruits and vegetables to achieve proper
antioxidant and vitamin status. However, modern Western societies
tend to include very little fish, vegetables, and fruits in their diets, so
ways to increase consumption of PUFAs and folic acid have to be
explored and assessed at a community or clinical level.
An oil blend containing !-3 PUFAs, olive oil, vitamins B6 and

E, and folic acid was produced and included in skimmed milk to
create a dairy product with the palatability of semi-skimmed milk
but with a healthier fatty acid and vitamin profile. Milk, an every-
day drink, is a very efficient vehicle for absorption of fat and
lipid-soluble compounds because of its dispersion in micelles. In
this 8-wk study, we tested the hypothesis that the substitution of
regular milk (approximately 70% saturated fat) with this dairy
product would have the potential to decrease cardiovascular risk
factors in free-living, mildly hyperlipidemic subjects.

MATERIALS AND METHODS

To ensure analytical consistency, samples at the beginning of the
study (T#4) and at 8 wk (T8) from the same volunteers were
processed at the same time and analyzed in one batch when
techniques involving high-performance liquid chromatography,
gas-liquid chromatography, or spectrophotometry were used. For

Correspondence to: Eduardo López-Huertas, PhD, Puleva Biotech SA, 66,
Camino de Purchil, Granada 18004, Spain. E-mail: elopezhuertas@
pulevabiotech.es

0899-9007/04/$30.00Nutrition 20:521–527, 2004
©Elsevier Inc., 2004. Printed in the United States. All rights reserved. doi:10.1016/j.nut.2004.03.017

• Prodotti	lattiero	caseari	arricchiti	con	EPA+DHA:	aumentano	
in	maniera	significativa	le	possibilità	di	raggiungere	i	livelli	
raccomandati	nella	dieta

• Consentono	di	controllare	il	livello	plasmatico	di	trigliceridi
• Nessun	effetto	su	colesterolo	ematico
• Prodotti	lattiero	caseari	arricchiti	con	ALA		e	CLA:	aiutano	a	
controllare	il	colesterolo	ematico

• NB:	in	tutti	i	casi	i	livelli	di	arricchimento	dei	prodotti	
coprivano	una	quota	significativa	dei	fabbisogni



Prodotti lattiero caseari e polifenoli

• Obiettivo: mercato dei prodotti funzionali ad azione 
antiossidante

• Latte e yoghurt i prodotti più utilizzati
• Di solito addizionati in fase di trasformazione
• Privilegiati i fitocomplessi
• Polifenoli dell’uva o delle vinacce (Howard et al., 2000; 

Chouchouli et al., 2013)
• Sottoprodotti dei succhi di frutta (mele, melograno, ribes, 

mirtilli) (Han et al., 2011; Sun-Waterhouse et al., 2011).
• Estratti delle fogli di Tè (Najgebauer-Lejko et al., 2011).



Alcuni esempi
Fortification of yoghurts with grape (Vitis vinifera) seed extracts

Vaya Chouchouli a,b, Nick Kalogeropoulos a,*, Spyros J. Konteles c, Evangelia Karvela a,
Dimitris P. Makris d, Vaios T. Karathanos a

aDepartment of Nutrition and Dietetics, Harokopio University, 70 El. Venizelou Av., 176 71 Kallithea, Athens, Greece
bQuality Assurance & Quality Control Department, Sklavenitis S.A., Peristeri, Athens, Greece
cDepartment of Food Technology, Technological Educational Institute of Athens, Athens, Greece
dDepartment of Food Science & Nutrition, University of the Aegean, Myrina, Lemnos, Greece

a r t i c l e i n f o

Article history:
Received 17 June 2012
Received in revised form
20 February 2013
Accepted 12 March 2013

Keywords:
Yoghurt
Grape seeds
Polyphenols
Antiradical activity
Degradation kinetics

a b s t r a c t

The feasibility of full-fat and non-fat yoghurts fortification with grape seed extracts from two grape
varieties, namely Moschofilero and Agiorgitiko, was examined. Epicatechin, total phenolics, antiradical
activity, reducing power, viable Lactobacilli counts and pH of fortified and not fortified yoghurts were
followed throughout products' shelf life. The fortification of yoghurts at 5e10 mg gallic acid equivalents/
100 g of yoghurt did not affect yoghurt pH and Lactobacilli counts and e as perceived by the authors
during tasting e did not cause major defects in consistency, colour and flavour compared to controls;
differences in colour were detectable by colorimetry. Seed polyphenols were detected in supplemented
yoghurts, in amounts proportional to those of seed extracts. Fortified yoghurts contained more poly-
phenols and exhibited higher antiradical and antioxidant activity than controls, even after 3e4 weeks of
cold storage. The degradation of polyphenols and the decrement of yoghurts' antiradical and antioxidant
activities followed first order kinetics, with full-fat yoghurts exhibiting higher deterioration rates and
lower half-lives than the non-fat ones. It is concluded that, at the supplementation levels tested, the
production of functional yogurts with grape-seed antioxidants is feasible, given that the supplementa-
tion is carried out in the fermented product and not in milk prior to fermentation.

! 2013 Elsevier Ltd. All rights reserved.

1. Introduction

Yoghurt has gained a positive perception by consumers as a
functional dairy product with health promoting ingredients
(Allgeyer, Miller, & Lee, 2010). Consequently, yoghurt’s consump-
tion is increasing worldwide (Roberfroid, 2007), and it has more
than doubled between the past 20 years in the US (Wallace & Giusti,
2008). Health benefits of yoghurt are correlated with the presence
of living microorganisms like lactic acid bacteria, streptococci,
bifidobacteria or their combinations, which originate from the
starter cultures and are recognised as functional ingredients
(Parvez, Malik, Ah Kang, & Kim, 2006; Puupponen-Pimia et al.,
2002).

Yoghurt with added antioxidants from natural sources appears
to be a convenient food format to satisfy consumer interest in
original yoghurt nutrients, beneficial effects of starter cultures, and

health benefits of added antioxidants. For this reason, several at-
tempts to produce yoghurts fortified with natural antioxidant-rich
extracts have been undertaken, including supplementation with
polyphenol-rich wine extract (Howard, Nigdikar, Rajput-Williams,
& Williams, 2000), Hibiscus sabdariffa extract (lwalokun & Shittu,
2007), pycnogenol from French marine bark extract (Ruggeri,
Straniero, Pacifico, Aguzzi, & Virgili, 2008), quince scalding water
(Trigueros, Pérez-Alvarez, Viuda-Martos, & Sendra, 2011), apple
polyphenols (Sun-Waterhouse, Zhou, & Wadhwa, 2011), grape and
grape callus extracts (Karaaslan, Ozden, Vardin, & Turkoglu, 2011),
and tea infusions (Najgebauer-Lejko, Sady, Grega, & Walczycka,
2011).

Polyphenols are secondary metabolites synthesised by plants
during normal development and/or as a response to environmental
stress, wound or infection. They posses strong antioxidant activities
acting as free radical scavengers, electron or hydrogen donors and
strong metal chelators, preventing lipid peroxidation, DNA damage
etc. Numerous studies have shown that polyphenols are important
preventive agents against several degenerative diseases, clearly
improving the status of different oxidative stress biomarkers
(Pezzuto, 2008; Williamson & Manach, 2005), while there is now
emerging evidence that their metabolites in the circulatory system
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Alcuni esempiAntioxidant Activity and Protein−Polyphenol Interactions in a
Pomegranate (Punica granatum L.) Yogurt
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ABSTRACT: Pomegranate juice (PGJ) is rich in phenolics which are potent antioxidants but also prone to interact with
proteins. A yogurt rich in PGJ (40%) made from arils was elaborated (PGY) to determine the antioxidant activity and to estimate
the phenolics−proteins interaction during 28 days of cold storage. Juice, yogurts, and protein-free permeates were analyzed for
phenolic composition. Yogurt fermentation modified the anthocyanin profile of the initial PGJ, especially the content in cyanidin-
3-O-glucoside. During storage, individual anthocyanin content in PGY decreased but it did not modify yogurt color. The analysis
of permeates revealed that the degree of phenol−protein interaction depends on the type of phenolic, ellagic acid and
dephinidin-3,5-O-diglucoside being the least bound phenolic compounds. The presence of PGJ in yogurt enhanced radical
scavenging performance, whereas all the observed ferric reducing power ability of PGY was strictly due to the PGJ present. The
84.73% of total anthocyanins remained bound to proteins at the first day of storage and 90.06% after 28 days of cold storage,
revealing the high affinity of anthocyanins for milk proteins.
KEYWORDS: pomegranate, fermented milk, phenolic compounds, protein−polyphenol interaction

■ INTRODUCTION
The pomegranate (PG, Punica granatum L.), a fruit grown
throughout the Mediterranean region and in Southeast Asia,
California, and Arizona in the USA is one of the oldest known
edible fruit tree species.1 In terms of crop yield, although having
a very little area (2000 ha), Spain ranks first (18.5 t/ha),
followed by the USA (18.3 t/ha). Because of its immense
potential for health benefits, PG has achieved the title of “super-
food”.2 The health effects of whole pomegranate, its juices, and
extracts have been studied in relation to a variety of chronic
diseases.3,4 The in vitro antioxidant activity has been attributed
to its high polyphenolic content, specifically punicalagins,
punicalins, gallagic acid, and ellagic acid.5

The edible part of the PG fruit (50%) consists of 40% arils
(which are used to obtain juice) and 10% seeds. PG juice
polyphenols are hydrolyzable tannins (mainly ellagitannins),
anthocyanins, noncolored flavonoids, and phenolic acids.6 In
arils juice, anthocyanins are the major group of phenolics and
are responsible for its red color.
PGs are eaten fresh and also used to obtain juice (PGJ),

grenadine syrup (a reduced juice from fresh PG seeds),
“anardana” (dried PG raisins), and extracts. Also, PGJ and seeds
are used to prepare toppings, sauces, and dips for many types of
food.2 PGJ concentrate is currently used in the production of
commercial PG Greek style yogurts, especially in the USA and
UK. The attractive red color provided by PG depends on
pigment concentration, and it is one of the most important
quality factors in fruit yogurts.
The binding of polyphenols to milk proteins has been

suggested to reduce their bioavailability and functionality and
thus to reduce their antioxidant potential.7,8 There are two
main groups of proteins in milk, usually defined depending on

their solubility at pH 4.6 at 25 °C: caseins, constituting about
80% of the total proteins in milk, and whey proteins.9 Because
of its relatively high charge, caseins show a tendency to
associate with other proteins according to the hydrophobic
character of the micelle.8 Furthermore, caseins are proline-rich
proteins, which in turn have a strong affinity for the hydroxyl
(−OH) group of phenolic compounds.8 We previously
developed a new dairy product formulated with PGJ rich in
phenolic compounds,10 but the degree of protein−phenols
interaction and its effect on the antioxidant properties were still
unsolved. Juices solely made from arils are typically
characterized by low phenolic contents with the predominance
of anthocyanins, gallotannins, hydroxybenzoic acids, hydrox-
ycinnamic acids, and dihydroflavonols.11 Anthocyanins have
been associated with the prevention of cardiovascular disease,
obesity, and diabetes.12 Anthocyanins are the major group of
phenolic compounds in pomegranate juice, so their stability as
well as their interaction with milk proteins during yogurt shelf
life is of great interest. The specific functionality of phenolic
compounds in dairy products is based on their ability to
interact with milk proteins. Furthermore, the protein−
polyphenol interaction is maximal at the isoelectric point of
the protein,13 i.e., when yogurt is produced.
The aim of this work was to determine the antioxidant

activity of a yogurt rich in PGJ made from arils during 28 days
of refrigerated storage as well as to estimate the interaction
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addition of proteins, i.e., assessing separately the antioxidant
activity of flavonoid and protein yields higher values than the
antioxidant activity of the mixture tea−milk. Additionally, they
proved that masking not only depends on the type of protein
but also on the type of flavonoid; proteins which contains more
proline groups and flavonoids such as epigallocatechin gallate
(EGCG) and epicatechin gallate in green tea and gallic acid in
black tea are responsible for the masking. However, the
protein−polyphenol interaction could be both reversible and
irreversible depending on pH, temperature, and protein and
flavonoid concentration.42 Nevertheless, new findings have
pointed out to a protective role of milk as a carrier of bioactive
molecules such as flavonoids, arguing that binding of flavonoids
such as EGCG to the casein micelles did not affect the
bioefficacy of EGCG.43

Total Phenol Content, Total Flavonoid Content, and
Total Anthocyanin Content. Figure 3 shows total phenol

content (TPC), total flavonoid content (TFC), and total
anthocyanin content (TAC) of pomegranate juice, pomegran-
ate yogurts, pomegranate yogurt permeates, and control
yogurts. As expected, among the assayed samples the higher
phenolic content was observed in the PGJ (707.25 mg GAE/
L). We found lower phenolic substances than did previous
reports10,28 for the same pomegranate cultivar group. Both aril
composition and differing textural properties of fruit tissues
may influence the transfer of phenolic compounds into the
juices upon processing.11 PGY contained 40% of juice and
presented 241.44 mg GAE/L of total phenolic substances,
which means 85.35% of the theoretically expected. On the first
day of storage, the TPC in JY permeates was 111.92 mg GAE/
L, which means that nearly 54% of the total phenolic substances
remained in the proteic phase interacting with milk proteins. At
the end of the storage period, this percentage decreased
(40.50%), the TPC in PGY and yogurt permeates being 142.60
mg GAE/L and 111.92 mg GAE/L, respectively. PGY exhibited
the most remarkable decrease (40.94%) in phenolic concen-
tration (p < 0.05) during the storage period followed by yogurt
permeates (24.19%), CY being the most stable (4.32%) sample.
Other studies showed the same tendency in phenolic content
reducing in enriched yogurts with phenolic compounds stored
during 14 days14 and 7 days.44 The stability of pigments and
phenolics in yogurts is affected by storage temperature, pH,

phenolic content, fat,38,44 and the type of bacterial culture
used.38 Taking into account the TFC in the juice (75.50 mg
RE/100 g), that observed in JY was higher than expected
(34.13 mg RE/100 g). Permeates retained the 65.78% and 90%
of the flavonoids on the first day and 28th day, respectively. So
we have estimated by colorimetric methods that flavonoids
have less affinity to proteins than other phenolic compounds.
Interestingly, although yogurt is not being considered as a
significant source of phenolic compounds,13 CY presented
39.08 mg GAE/L and 3.78 mg RE/100 g on the first day of
storage for TPC and TFC. During the storage period, TFC
decreased 39.93%, 17.82%, and 23.28% in PGY, yogurt
permeates, and CY, respectively (Figure 3), although such
decrease was only statistically significant for PGY. The phenolic
and flavonoid contents can be used as important indicators of
antioxidant capacity in the screening of natural sources of
antioxidants.45

PGJ presented a total anthocyanin content of 126.04 mg of
cyanidin-3-glucoside equivalents/L. Quantitatively, our results
are higher than those reported by Elfalleh et al.46 (39.19 mg
CGE/L) and Ozgen et al.47 (60.0 mg CGE/L) as analyzed by
the same method, but lower than our own LC-MS results an
those of by Gil et al.23 (306.0 mg/L) as assessed by
chromatographic method. Chromatographic methods and
results are considered more accurate than colorimetric methods
given their limitations and expression under an individual
representative compound. However, colorimetric methods may
be still of interest where more sophisticated chromatographic
methods are not available.
Because naturally neither milk nor control yogurts provide

anthocyanins, we found that such content was relatively high in
PGY during the storage period (56.91 and 57.60 mg of
cyanidin-3-glucoside equivalents/L at first and 28th day,
respectively). Anthocyanin concentrations of PGY as assessed
by colorimetric methods were not affected (p > 0.05) by
storage time, which is not correlated with the previous HPLC
results. But these results were in accordance with those
obtained from color determinations in yogurt (Table 3).

During the storage period, the recorded a* and b* values
showed significant variations: redness (a*) increased and
yellowness (b*) decreased, meaning that the reddish color was
reinforced. Although not statistically, lightness (L*) decrease
during storage was also a clear sign of pigment stabilization.
This stabilization could be due to intermolecular/intra-
molecular, copigmentation, and self-association reactions.42

Furthermore, Jing and Giusti48 found that anthocyanins were
more stable in milk matrices than in a phosphate buffer solution
used as control. In the study carried out by Srivastava et al.,49 a
relatively superior content of malvidin glucosides was observed

Figure 3. Total phenol content (TPC; mg GAE/L), total flavonoid
content (TFC; mg RE/100 g), and total anthocyanin content (TAC;
mg cyanidin-3-glucoside/L) of pomegranate juice and yogurts and
permeates over 28 days of storage at 4 °C.

Table 3. Color Characteristics of Yogurts during 28 Days of
Cold Storagea

type of yogurt L* a* b*

control 84.61 ± 1.16b −2.73 ± 0.06a 5.27 ± 0.17c

PGY d1 66.65 ± 0.41a 5.61 ± 0.10b 4.93 ± 0.11b

PGY d14 65.95 ± 0.05a 5.78 ± 0.02b 4.83 ± 0.05a,b

PGY d28 65.24 ± 0.52a 6.26 ± 0.04c 4.56 ± 0.04a

aValues expressed as means of triplicate ± standard error. Significant
differences between values in the same column are indicated by
different small letters (p < 0.05) according to Tukey’s multiple range
test.
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in a stored blueberry extract. In yogurt permeates, non-
anthocyanin content was detected by colorimetric quantitative
methods.
Antioxidant Activity in Pomegranate Juice, Yogurts,

and Permeates. In this study, the in vitro antioxidant activity
(AA) of pomegranate juice and yogurts and permeates during
28 days of storage was measured by two different analytical
methods: DPPH• and FRAP (results shown in Table 4). The
free radical scavenging activity of the samples were reported as
the amount of the juice, yogurt, or permeate (g/100 mL)
required to scavenge 50% of DPPH• (IC50), and the lower the
IC50 values the higher the antioxidant power. PGY displayed
the highest AA in comparison to the other samples. PGJ
showed a poor free radical scavenging activity by DPPH•

method, similar to the reported in a previous own study,
7.47.10 Considering the results obtained for CY, it is possible
that a synergistic action is taking place when the pomegranate
yogurt is produced. Indeed, we analyzed the unfermented mix
of milk and PGJ (data not presented), resulting in a IC50 value
of 4.72. During the storage time, enriched yogurts slightly
increased the radical scavenging activity, and the same pattern
was found in the study carried out by Jimeńez et al.50

Nonetheless, at the end of the storage, TPC and TFC
decreased significantly (Figure 3), anthocyanins (TAC) being
the phenolic compound which remained stable. Hence, is it
possible that the radical scavenging activity of the PGY could be
done by the anthocyanins. Oppositely, studies carried out in
yogurts fortified in phenolic extracts showed a tendency in
decreasing the AA during the storage period.14

According to the FRAP values, a concentration-dependent
ferric reducing capacity was found for all the samples analyzed.
PGJ showed by far the highest (p < 0.05) ferric reducing
capacity in terms of Trolox concentrations. In juice, FRAP was
strongly correlated with TPC and TAC (Table 6). In PGY at
day 1 of storage, results from FRAP assay corresponded to
nearly 40% of those of PGJ, so due to the low AA of CY
detected by this method, the AA of PGY was done by PGJ. In
Table 5, we could easily intuit how the same potentially
antioxidant sample behaves differently in the face of different
antioxidant methods. Only the ferric reducing capacity was
affected (p < 0.05) by the storage time in PGY. At the end of
the storage, no difference were found between PGY and
permeates. Furthermore, the AA in CY was correlated with
TPC (Table 6).

A point worth mentioning is the poor correlation between
phenolic compounds and antioxidant activity in PGY in
comparison to juice and permeates (Table 6). Permeates and
juices are free of proteins, so phenolics are mainly in free form.
However, yogurt is a complex matrix where several interactions
could occur, so it is not clear whether the antioxidant capacity
of the PGY is given by phenolics alone or by a multifactorial
cause. This fact may mean that other components naturally
present in PGJ, such as ascorbic acid or vitamin E, need to be
investigated for their contribution to the AA.12

In conclusion, yogurts enriched in pomegrante juice are
especially rich in anthocyanins, and also other phenolic
compounds such ellagic acid and punicalagins are present at
significant levels. Fermentation process affects the anthocyanin
profile; the content in cyanidin-3-O-glucoside, the main
anthocyanin present in the juice, is significantly reduced

Table 4. Antioxidant Activity of Pomegranate Juice and Yogurts and Protein-Free Permeates during Storage at 4 °C Measured
by the DPPH• Assay and the FRAP Method at Different Concentrations (A = 2.5 g/100 mL, B = 5 g/100 mL, C = 7.5 g/100 mL,
D = 10 g/100 mL)e

FRAP TEACb (mM Trolox/L)

sample storage time (day) DPPH• IC50
a A B C D

juice 10.45 0.254 ± 0.006aD 0.479 ± 0.001bE 0.710 ± 0.011cD 0.870 ± 0.011dD

PGYc 1st 2.51 0.090 ± 0.003aC 0.132 ± 0.002a,bD 0.215 ± 0.036b,cC 0.279 ± 0.030cC

28th 2.45 0.060 ± 0.002aB 0.115 ± 0.001bC 0.163 ± 0.002cB,C 0.202 ± 0.009dB

PGY permeate 1st 70.62 0.061 ± 0.001aB 0.111 ± 0.001bC 0.164 ± 0.001cB,C 0.208 ± 0.004dB

28th 85.46 0.049 ± 0.001aB 0.089 ± 0.003bB 0.132 ± 0.001cB 0.162 ± 0.002dB

CYd 1st 5.38 0.023 ± 0.002aA 0.036 ± 0.000bA 0.048 ± 0.000cA 0.062 ± 0.001dA

28th 6.96 0.022 ± 0.000aA 0.028 ± 0.004a,bA 0.044 ± 0.000b,cA 0.054 ± 0.004cA

aIC50, concentration (g/100 mL) for a 50% of inhibition. bTEAC, Trolox equivalent antioxidant capacity. cPGY, pomegranate yogurt. dCY, control
yogurt. eValues expressed as means of duplicate ± standard error. Significant differences between values in the same line are indicated by different
small letters (p < 0.05) according to Tukey’s multiple range test. Significant differences between values in the same column are indicated by different
capital letters (p < 0.05) according to Tukey’s multiple range test.

Table 5. Relative Antioxidant Activity of Pomegranate Juice
and Yogurts and Protein-Free Permeatesa

sample DPPH• FRAP

juice ++ ++++
PGY ++++ ++
PGY permeate − ++
CY +++ +

aPGY, pomegranate yogurt; CY, control yogurt; .

Table 6. Correlation Matrix between Antioxidant Capacity
Methods and Total Phenol Content (TPC), Total Flavonoid
Content (TFC), and Total Anthocyanin Content (TAC) in
Pomegranate Juice, Pomegranate Yogurts, Protein-Free
Permeates, and in Control Yogurtsd

TPC TFC TAC

PGJa DPPH• 0.98 0.10 1
FRAP 0.99 0.45 0.92

PGYb DPPH• 0.64 0.88 0.24
FRAP 0.89 0.77 0.72

PGY permeates DPPH• 0.90 0.99
FRAP 0.99 0.98

CYc DPPH• 0.57 0.01
FRAP 0.84 0.42

aPGJ, pomegranate juice. bPGY, pomegranate yogurt. cCY, control
yogurt. dThe r value of the correlation is given. All correlations were
significant at p < 0.05.
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• La	presenza	di	estratto	di	melograno	aumenta	l’attività	di	
scavenging radicale	dello	yoghurt	arricchito	in	raffronto	al	
controllo.

• Circa il 90% delle antocianine totali rimane legato alle proteine 
dello yoghurt, rivelando una elevata affinità.

• Questa	interazione,	tuttavia,	non	diminuisce	il	potere	
antiossidante	dello	yoghurt	arricchito.

• Lo	yoghurt	arricchito	con	estratto	di	melograno	si	può	
considerare	un	prodotto	con	un	buon	potere	antiossidante.



Formazione del complesso tra la 
molecola del polifenolo e la 

caseina.
(Hansi et al.,	2011)

Uso di caglio di kiwi per la coagulazione del latte: 
trasferimento dei polifenoli



La presenza della matrice casearia migliora significativamente la
stabilità dei polifenoli nella fase intestinale e aumenta l’attività
antiossidante dal 29% (formaggio) al 42% (latte), in confronto al
controllo. Questi risultati suggeriscono che il consumo simultaneo
di estratti di tè verde e prodotti lattiero caseari aiuta a mantenere
l’integrità dell’azione antiossidante dei polifenoli durante la
digestione.

Interaction of green tea polyphenols with dairy matrices in a 
simulated gastrointestinal environment

Sophie Lamothe, Naheed Azimy, Laurent Bazinet, Charles 
Couillard and Michel Britten

Food Funct., 2014,5, 2621-2631



Catalytic effects of heme on the formation of ATNC and lipid 
peroxidation, and their inhibition. 

Nadia M. Bastide et al. Cancer Prev Res 2011;4:177-184
©2011 by American Association for Cancer Research



Conclusioni

• L’arricchimento del grasso del latte di vacca con omega-3 in 
allevamento è più semplice per ALA e più limitato per EPA e DHA.

• In entrambi i casi i livelli di arricchimento che si possono ottenere 
sono limitati o da motivi fisiologici o da motivi di ordine tecnico-
economico

• Il successo di tale strategia è legato alla creazione di un ampio 
paniere di prodotti in quanto i soli prodotti lattiero caseari 
rappresenterebbero un contributo limitato all’intake complessivo 
di omega-3.

• Per il latte di pecora migliori prospettive in funzione di una 
risposta produttiva più efficace e di sistemi di allevamento più 
estensivi.

• Presenza di realtà commerciali in via di affermazione



Conclusioni

• L’arricchimento con oli di pesce è legato a problematiche di
ossidazione risolvibili con vari livelli di protezione (microcapsule,
antiossidanti).

• Lo yoghurt più stabile del latte
• I prodotti arricchiti con polifenoli sono in crescita in funzione di

larga disponibilità di sottoprodotti ricchi in fitocomplessi
contenenti quantità apprezzabili di diverse sostanze ad azione
antiossidante.

• La capacità antiossidante d molte sostanze fenoliche sembra
potenziata dal legame con le proteine del latte.

• Interessanti prospettive alla luce del ruolo dell’ossidazione nello
sviluppo del cancro al colon-retto.



Grazie	per	l’attenzione


