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Nutritionists encourage improving the diet by combining meat products with fish or other sea-related
foods, in order to equilibrate the omega-6/omega-3 ratio. Strong scientific evidence supports the ben-
eficial health effects of a balanced omega-6/omega-3 PUFA (poly unsaturated fatty acids) diets. In
the present work, the scientific bases of new functional meat products with both a balanced omega-6/
omega-3 ratio and a synergic combination of antioxidants are discussed. The aim is to contribute to
the dietary equilibrium omega-6/omega-3 and to increase the antioxidant intake. Conventional meat
products supplemented with a specific fatty acids and antioxidants combination led to functional

foods with healthier nutritional parameters.
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1 Introduction

The scientific evidence on the relationship between food
and health has promoted the rapid development of a new
food market in the last years: the market of functional
foods. Consumer's increasing interest for maintaining or
improving their health by eating specific food products sup-
plemented with bioactive ingredients has led to the develop-
ment of many new functional foods. Most of these new for-
mulations are dairy products, vegetable based products,
specific fats, efc., but so far only few of them are based on
meat products.

Nutritionists encouraged improving the nutritional value
of meat products intakes by combining them, for instance,
with fish or other sea-related foods (a rich source of omega-
3 fatty acids). Strong scientific evidence supports the bene-
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i  InterScience’

ficial health effects of a balanced omega-6/omega-3 PUFA
(poly unsaturated fatty acids) diets [1].

PUFA omega-3 and omega-6 are functionally and meta-
bolically different and have important opposing physiologi-
cal functions [2, 3]. While both are precursors of metabolic
products such as prostaglandins, thromboxanes, leuko-
trienes, hydroxyl fatty acids, and lipoxins, all of them are
formed in larger quantities from omega-6 fatty acids being
biologically active in very small quantities. Moreover, the
nature and the balance between the different prostaglandins
formed depends on the PUFA precursor. Evidence has dem-
onstrated that the contribution of such compounds to throm-
bus and atheromas formation, allergic and inflammatory
disorders and cells proliferation is higher in omega-6 PUFA
[4]. Moreover, excessive amounts of omega-6 PUFA and a
very high omega-6/omega-3 ratio disturbs cellular redox
balance (shifting to more oxidizing conditions) altering the
expression of key regulatory proteins and thus promoting
the pathogenesis of many diseases, including cardiovascu-
lar disease, cancer, inflammatory, and autoimmune diseases
[5—8]. A balance between the omega-6 and omega-3 fatty
acids is a better physiological state in terms of gene expres-
sion, eicosanoid metabolism and cytokine production [9].

Conventional meat products have an omega-6/omega-3
ratio higher than 15 while the healthy effects have been
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associated to ratios lower than four [4]. Scientific evidence,
based on controlled intervention trials in humans, suggested
dietary omega-6/omega-3 fatty acids recommendations
depending on specific physiological situations (adults with
different pathologies, infant, newborns, efc.) [4]. Therefore,
the best strategy to improve the omega-6/omega-3 ratio in
meat products is the addition of an appropriate amount of
omega-3 PUFA, being the most convenient the long chain
EPA (eicosapentaenoic acid) and DHA (docosahexaenoic
acid) [4, 10, 11] fatty acids.

The higher omega-3 PUFA intake might promote
increasing of oxidative stress in human body [12]. To mini-
mize this effect and to protect the added PUFA from autoox-
idation, the PUFAs should be combined with antioxidants
[13].

The most interesting food grade antioxidants are those
obtained from natural sources, in particular from plants
such as Rosmarinus officinalis. Rosemary extracts obtained
with supercritical fluid technologies showed high antioxi-
dant properties [14] even at low concentrations [15—17].

The use of supercritical fluids technologies to extract key
compounds such as antioxidants have many advantages
compared to traditional extraction processes, such as the
operation at mild and nonoxidative conditions that allows
obtaining bioactive extracts without toxic residues [18].
Other advantages, compared to traditional extraction tech-
niques, are the use of solvents generally recognized as safe
(GRAS) and the higher efficiency of the extraction process
(in terms of increasing yields and lower extraction times).

The supercritical rosemary extracts are heat-resistant,
easily dissolved in different type of foods [19] and do not
change the sensory properties (color, taste, or flavour) of
the food matrix in which they are added as supplement.
Rosemary antioxidant extracts mainly contain phenolic
diterpenes such as carnosic acid [20, 21] which act as pri-
mary antioxidants showing a high synergistic effect with
other antioxidants such as a-tocopherol [22]. Moreover, it
has been demonstrated that these products have an activity
similar to superoxide dismutase (SOD) and positive interac-
tions with glutation reductase and NADPH-quinone reduc-
tase enzymes, regenerating them and increasing their
effects as radical scavengers. The protective effects of phy-
tochemicals against cancer agents in lungs, kidney, and
stomach have been linked to their association with the men-
tioned enzymes [23].

The goal of the present work was to design new func-
tional meat products based on a healthy combination of
omega-3 PUFA and supercritical rosemary extracts with
antioxidant activity (AA). The effect of processing (includ-
ing different technological steps), storage, and culinary
treatment was studied on the designed products. Different
parameters were used to control the quality and to evaluate
the biological activity of the functional meat products. They
were based on exhaustive chemical and functional charac-
terization using chromatographic techniques and in vitro
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assays. Designed products were chemical- and nutritionally
compared to other commercial products considered
“healthy” food such as salmon and ACE fruit beverages
(vitamin A, C, and E supplemented juices).

2 Materials and methods

2.1 Samples, processing, and storage conditions

Sheets (100 g) of vacuum-packed cold-smoked salmon and
fresh salmon slices (100 g) utilized in this study were both
from Norway and produced by aquaculture. They were pur-
chased at local retailers. Six fruit drinks enriched with anti-
oxidants vitamins (A + C + D or E) were also purchased at
local supermarkets.

Pork and Turkey meats for Frankfurt-sausages, cooked
ham, and cooked Turkey breast were obtained from Grupo
Frial (Tres Cantos, Spain). The functional meat products
were manufactured at Grupo Frial facilities following their
quality control standards mixing the meats with the
patented formula® P200402755.2004. The amount of super-
critical rosemary extract, deodorized salmon oil and vita-
min E used was the necessary to achieve a level of, respec-
tively, 0.02% w/w, 0.6% w/w, and 0.001% w/w. The func-
tional ingredients were incorporated into the meat products
through a brine. The meat pieces were prepared by first
eliminating as much fat as possible. Then, the brine con-
taining the bioactive ingredients was incorporated at a rate
of 16.6% in a drum massage specially designed for this pur-
pose that contained the meat products. Contact times were
selected according to the norm for the different meats (ham
and pork tenderloin 18 h, and Turkey breast 4 h). Then, the
meat was introduced into the mould and was cooked in
ovens to get special cooking as smooth as possible while
minimizing the temperature difference between the meat
and the ambient; the final temperature of the products was
66°C and cooking lasted 10 h. After, the products were
cooled for 12 h below 5°C and vacuum-packed in plastic
bags Cryovac® with high barrier effect. Vacuum preserved
samples were then stored at 4°C inside industrial climatic
controlled chambers.

Traditional meat products were prepared as mentioned
above, without addition of the functional ingredients, and
immediately submitted to vacuum shielding and refrigera-
tion.

Afterwards, samples were supplied to UAM laboratories
for further analysis. All samples were transported under
refrigerated conditions and immediately analyzed. Samples
were collected and analyzed at 0, 60, and 90 days.

2.2 Functional ingredients

Commercial supercritical (Flavex Naturextrakte, Germany)
and conventional rosemary extracts were obtained at Grupo
Frial's usual provider and were compared to extracts
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obtained at UAM superecritical facilities (pilot plant scale)
using the conditions previously described [20]. Food grade
commercial vitamin E (BTSA, Madrid) and food grade
commercial deodorized salmon oil (Grupo Frial's supplier)
were also purchased and used together with rosemary
extracts as functional ingredients.

2.3 Reagents

2-Thiobarbituric acid (TBA), 1,1,3,3-tetracthoxypropane
(TEP), 2,2-azinobis (3-ethylbenzothiazoline-6-sulfonic
acid) diammonium salt (ABTS), and potassium persulfate
were purchased from Sigma/Aldrich (St. Louis, USA).
TCA (trichloroacetic acid) and analytical grade organic sol-
vents were obtained from Panreac Quimica SA (Barcelona,
Spain) and Trolox (6-hydroxy-2,5,7,8-tetramethylchro-
mane-2-carboxylic acid) from Fluka Chemie AG (Buchs,
Switzerland).

2.4 Samples preparation for analysis

A wide internal slice of cooked ham and cooked Turkey
breast (from both functional and traditional) was cut from
the whole piece. Five portions of 60 g were obtained from
the internal slice. Each portion was minced using a grinder
and individually analyzed as sample (quintuplicate).

Two portions of 60 g pork Frankfurt-sausage and salmon
products were minced using a grinder and individually ana-
lyzed (duplicate).

2.5 Culinary treatment

To reproduce a culinary homemade process, fresh salmon
slices (100 g) and functional pork sausages (75 g) were
grilled in a frying pan as follows. Firstly, the frying pan was
brought up to 180°C. Salmon slices and Frankfurt-sausages
were grilled during 4 min, by changing the side in contact
with the frying pan each minute. Immediately after, grilled
salmon slices and pork Frankfurt-sausages were ground in a
grinder (Ecron microchop Mec 1126, Madrid, Spain) and
submitted to the chemical and functional analysis below
described.

Similarly, smoked and fresh salmon slices and functional
pork sausages (not heat treated) were also ground and used
as control samples.

2.6 Lipid oxidation measurement: Thiobarbituric
acid reactive substances (TBARS) value

Lipid oxidation in meat products was measured as TBARS
using the TBA method of Pfalzgraf et al. (1995) [24]. This
method is based on the malondialdehyde (MDA) reaction
with TBA to obtain a pink pigment, which results form the
condensation of two molecules of TBA with one molecule
of MDA [25]. The substances that react with TBA are called
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TBA-reactive substances. TBARS value expressed as mg
MDA/kg meat product was calculated in duplicate from a
standard curve of TEP.

2.7 AA by trolox equivalent antioxidant capacity
(TEAC) assay

To carry out the TEAC assay, meat or salmon products
(20 £ 0.10 g) were homogenized with 20 mL of pure ace-
tone using an Ultra Turrax® T25 from IKA Werke, Jane &
Kunkel (Stanfen, Germany) for 45 s at 15 000 rpm. The
homogenate was centrifuged using a Beckman GS-6R (Ger-
many) centrifuge (20 min at 3500 rpm) and the supernatant
filtrated through a Whatman No. 1 paper filter. A second
extraction was performed and supernatants were pooled
together and stored in dark at —18°C. Acetone was removed
using a vacuum rotary evaporator (Heidolph Instrument
Laborota 4000, Germany) at 35°C. Dry extracts were dis-
solved on acetone before analysis. TEAC values assessment
of fruit juices was performed taking the liquid directly as
sample.

The TEAC assay was performed essentially as described
by Re et al. [26] with minor modifications. ABTS* radical
cation was generated by incubating during 16 h at room
temperature in the dark 7 mM ABTS in the presence of
2.45 mM potassium persulfate (final concentration). The
ABTS"" radical solution was diluted with ethanol for meat
and salmon products or phosphate buffer saline (PBS),
pH 7.4, for enriched fruit drinks to an absorbance of
0.70 (= 0.02) at 734 nm. The reaction was initiated by the
addition of 10 pL sample extracts to 0.990 mL of diluted
ABTS"". The reactive mixture was allowed to stand at room
temperature for 10 min (until the reaction reached a steady
state) and the absorbance was immediately recorded at
734 nm. Trolox was used as reference standard and results
were expressed as TEAC wvalues. These values were
obtained from at least four different concentrations of each
sample giving a linear response.

2.8 AA by p-carotene bleaching assay

Meat samples (20 g) were homogenized with 20 mL of
ethanol using an Ultra turrax for 1 min (15000 rpm). The
blended sample was centrifuged at 3000 rpm and filtrated.
The filtrate was evaporated to dryness using a rotary vac-
uum evaporator and the residue dissolved in ethanol to a
concentration of 30 mg/mL.

The extracts were tested for their abilities to inhibit the
autooxidation of linoleic acid and B-carotene as previously
described [27]. For each sample, 0.2 mL extract were added
to 0.2 mL B-carotene (1 mg/mL in chloroform), 20 mg lino-
leic acid, and 200 mg Tween-20. This mixture was firstly
homogenized, then concentrated in a vacuum rotary evapo-
rator, dried under a nitrogen stream and diluted with dis-
tilled water (50 mL). The mixture was vigorously shaken to
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form a liposome solution. The samples were then submitted
to thermal autooxidation at 50°C for 3 h. Afterwards, their
absorbance was measured at 470 nm. Samples were meas-
ured in duplicate. The AA was expressed as inhibition per-
centage relative to the control (sample with no meat extract)
using the following equation:

AA (%) = [(Rcomrol - Rsample)/Rcomrol] X 100

where R onrot = In[Abs(#y)/ Abs(t150)]/180

2.9 Lipid extraction

Meat samples (2 g) plus 5 mL H,O Milli-Q were extracted
twice with 25 mL hexane using an Ultra Turrax at
12000 rpm during 1 min. After extraction, samples were
centrifuged at 3800 rpm for 5 min. The organic phases were
transferred to another vial and centrifuged again with
Na,SO,4 anhydrous (under the former conditions) to remove
any trace of water. The supernatant was collected and con-
centrated on a rotary vacuum evaporator until dryness.

2.10 Analysis of fatty acids profile in meat samples
by GC

To prepare methyl esters of free and esterified fatty acids,
samples were mixed with chloroform/ethanol 2:1 v/v and
methylated by addition of 1 mL of 0.1 M methanolic
NaOH. This mixture was allowed to stand for 30 min at
60°C. Then, 200 uL water was added. The resulting mixture
was extracted with two 1 mL portions of n-hexane. The
final extract was then dried with sodium sulfate.

The method of GC utilized has been published elsewhere
[28]. Derivatized sample (1 pL) was injected into a Perkin-
Elmer autosystem XL (Wellesley, MA, USA) gas chroma-
tograph with a 30 m BTR-Carbowax column (0.25 mm id).
Injector and detector temperatures were set at 220 and
230°C, respectively. The temperature program was as fol-
lows: starting at 100°C and then heating to 180°C at 20°C/
min; followed by heating from 180 to 220°C at 15°C/min.
The final temperature (220°C) was held for 30 min. Identi-
fication of the ethyl esters of the various fatty acids was
based on a menhaden oil fish standard (#4-7085) obtained
from Supelco (Bellefonte, PA).

2.11 Statistical analysis

Means comparison has been performed using GraphPad
Prism v. 4 for Windows (www.graphpad.com) run in a PC.

3 Results and discussion

A proper design of a functional food requires developing a
precise strategy to guarantee the product efficiency, while
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reducing the risks of side effects. Therefore, the main
parameter considered in the present study was the benefit/
risk ratio, raising the benefits to a maximum and decreasing
the risks to a minimum, at the same time.

To increase the benefits, the following statements have to
be considered:

(i) Search for extensive physiological benefits. For
instance, antioxidants [29] and PUFAs [1] ingested through
diet can influence gene expression.

(i1) To guarantee bioavailability. /n vitro tests can be used
to select the functional ingredients previous to animal
assays and clinical trials.

(iii) Test integrity maintenance. Analytical techniques
and biological assays can be used to ensure the chemical
and biological integrity of the functional ingredients after
processing operations, during preservation time and cook-
ing.

To reduce risks, the layout is the following:

(i) To use commonly consumed food products as natural
ingredients. It is important to use ingredients occurring nat-
urally in foods [30], obtained using mild transformation
techniques [31] or preparations with well defined food
activities, extracted from natural sources [32].

(i1) To add the minimum effective dosage of functional
ingredients. Some products, commonly used in the design
of functional foods, such as tocopherols, can have negative
effects at high dose [33].

(iii) To perform an exhaustive characterization of the
product. It is important to ensure that negative chemical
changes have been avoided or detect the presence of resi-
dues or contaminants [34]. Considering that most of the
functional ingredients are extracts, the possibility of con-
centrating toxic compounds along with the main product
should be eliminated.

(iv) To carry out toxicity studies at higher dosage than
those used in the formulation to guarantee the absence of
negative side effects [35].

3.1 Design of functional meat foods

Functionalizing meat products has a great interest, consid-
ering their occurrence in the diet [36, 37]. Meat and meat
products have a great nutritional value with high quality
proteins, around 40% of essential amino acids, vitamins,
and minerals. Their high fat content [38] is the only delete-
rious aspect raising strong controversy since it has been fre-
quently related with a higher incidence of chronic diseases
[39,40].

Following the general strategy previously mentioned,
several steps were taken into consideration in the present
work before designing a functional meat product. Basically,
the first attempt was to modify the fat profile, replacing the
fat excess by fish oil (rich in EPA and DHA) at the mini-
mum dosage. The precise dose was enough to fulfill the
requirements imposed by the meat fat composition, adding
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Table 1. Nutritional information for the conventional and functional meat products used in the present study

Values per 100 g Pork Frankfurt-  Functional pork Cookedham  Functional Cooked Turkey Functional
sausage Frankfurt- cooked ham breast cooked Turkey

sausage breast

Energy (kcal) 373 274 110 110 106 107

Proteins (g) 13 16.5 19.0 19.0 19.0 19.0

Carbohydrates (g) 0.3 1.2 0.5 0.5 1.0 1.0

Fat (g) 31.7 225 2.8 2.8 1.3 2.0

Saturated (g) 13.2 9.1 1.0 1.0 0.5 0.7

Monounsaturated (g) 15.1 11.1 1.6 1.4 0.6 0.8

Polyunsaturated (g) 3.49 2.3 0.29 0.4 0.29 0.5

Na(g) 0.8 0.8 0.8 0.8 0.5 0.5

Ratio n-6/n-3 >20 2.8 20 1.0 >20 0.5

a) n-6.

b) n-6 + n-3.

fish oil until the omega-6/omega-3 ratio was lower than 4.
As mentioned above, it is mandatory to combine the
omega-3 PUFAs with antioxidants. In the present study,
supercritical rosemary extract was added to the designed
functional meats as a technological and physiological anti-
oxidant.

Supercritical rosemary extract was selected considering
its high AA, as compared to other rosemary extracts
obtained using traditional extraction methods (that involved
extraction with organic solvents). As previously reported
[20, 21], supercritical extracts showed a high carnosic acid
content, ranging from 20 to 80% w/w depending on the
supercritical conditions employed. The extracts tested in
this study showed antioxidant activities (AA50%, measured
using the PB-carotene bleaching test) between 1.8 and
16.4 ng/mL for supercritical rosemary extracts (depending
on the extraction conditions) and around 180 pg/mL for tra-
ditional rosemary extracts. Considering that the AA
expressed as AA 50% accounts for the extract concentra-
tion needed to reduce 50% the oxidation, the smallest the
amount, the highest the antioxidant capacity of the extract.
Thus, results indicated a 100-fold higher AA when using
supercritical extracts compared to conventional extracts
typically added to traditional foods.

Vitamin E was also included in the formulation of the
functional meat products because of its synergistic antioxi-
dant effect with the phenolic diterpenes of rosemary extract
[22].

Concluding, the result was a combination of omega-3
fatty acids and synergic antioxidants (patented formula)
[41].

3.2 Functionality evaluation

Several parameters were evaluated to verify the nutritional
and functional value of the developed meat products. First
of all, the nutritional values and omega-6/omega-3 ratios of
the conventional and functional meat products were com-
pared (Table 1). As expected, results indicated that the high-
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est nutritional difference between traditional and functional
products was their fat content and PUFAs composition.
Thus, one of the objectives of the new formulation was ful-
filled since, for all the functional products studied, the
omega-6/omega-3 ratio was lower than 3 and one order of
magnitude lower than the conventional meat products.

Functional pork Frankfurt-sausages showed around 30%
lower fat content (9.2 g less) than the traditional ones with a
different fat profile. In this particular example, to obtain a
functional sausage less pork fat, containing basically
omega-6, was utilized (following the nutritional recommen-
dations of International Organizations), and substituted by
fish oil (containing basically EPA and DHA) in a 3.5%
weight. This fat reduction led also to a lower energy intake
(per 100 g of sausages) while the rest of parameters did not
significantly change.

Cooked ham showed a slightly different behavior since
part of its fat was mechanically removed before the fish oil
addition (0.6% w/w) in order to avoid an excessive increase
in the total fat concentration. Also in this case, the polyun-
saturated omega-6 levels, typical from a traditional cooked
ham, were changed to omega-6 plus omega-3 through the
new formulation. When cooked Turkey breasts were com-
pared, the functional version of the product showed a
slightly higher fat content due to the fish oil addition
(0.6% weight), since it was not possible to remove the fat
from the conventional product before processing with the
new formula.

Moreover, the lipidic profiles (in terms of saturated,
monounsaturated, omega-6 and omega-3 content) of the
functional meat products were closer to salmon products (in
different presentations: fresh, smoked and grilled) than to
traditional meat products, especially in terms of omega-6
and omega-3 fatty acids (Fig. 1). The omega-6/omega-3
ratio in analyzed salmon products ranged from 0.5 to 0.6, in
functional meat products from 0.5 to 2.8, while traditional
meat products showed ratios higher than 20. The closest
profile to the marine products corresponded to cooked Tur-
key breast which indeed showed the lower fat content.

www.mnf-journal.com



1158

G. Reglero et al.

45

40

35

25

Molar percentage

20

monounsaturated n6

saturated

Thus, its functional formula was the most effective treat-
ment using the minimal fish oil dosage of all the functional
products. Worth to mention is the fact that in all the studied
products, the omega-6/omega-3 ratio was lower than 3,
demonstrating the possibility of modifying the fatty acids
profile in a meat product by correcting or adjusting a spe-
cific formulation to produce functional foods.

As previously mentioned, besides salmon oil, the devel-
oped functional meat products contained a combination of
supercritical rosemary extract and vitamin E as antioxi-
dants. Their AA was evaluated using several methods: the
B-carotene bleaching test, TEAC assay, and TBARS value
test.

The B-carotene bleaching test was used as reference of
unsaturated fatty acids peroxidation [27] (Table 2). The
antioxidant capacity (AA%) of the functional meat prod-
ucts was statistically significantly higher than the tradi-
tional products being the highest the functional pork Frank-
furt-sausage. In this samples, the supercritical rosemary
extract + vitamin E were added in higher concentrations
(0.08% + 0.004%) to overcome the problems associated to
the higher fish oil percentage added (necessary to fulfill the
requirements: »n-6/n-3 < 4). Similar AA was found in
cooked ham and Turkey breast indicating that the activity
was mainly due to the amount of antioxidants added to the
formula.

The TEAC assay has been described as the most suitable
to assess the AA of biological samples, food components,
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Figure 1. Lipidic profile of different
functional meat products compared
to salmon products (means and error
bars shown).

n-3

Table 2. Mean and SD of AA (%) of the meat products consid-
ered in the present study using the B-carotene bleaching
method

Sample Mean = SD

Cooked ham 34.71a+2.98
Functional cooked ham 52.80b = 3.13
Cooked Turkey breast 34.26a +2.42
Functional cooked Turkey breast 50.75b = 3.56
Pork Frankfurt-sausage 43.61a = 2.61
Functional pork Frankfurt-sausage 68.75b = 1.87

a—b) Means within a same type of samples, with a different
letter are significantly different (p < 0.05) (from unpaired t-test,
using GraphPad Prism program, www.graphpad.com).

and food extracts [42]. The AA in the functional meat prod-
ucts was compared with some functional beverages specifi-
cally designed to provide a potent antioxidant effect (Fig.
2). The designed functional meat products provided an AA
statistically lower than the analyzed juices but close to, at
least, one of them. Nevertheless, a 50% less AA than those
commercial functional beverages enriched with antioxi-
dants vitamins (A + C + D or D) was still a very high anti-
oxidant capacity.

To compare the efficiency of the added antioxidants in
the formulation in terms of preserving the fat from autoox-
idation, the TBARS value was investigated and used as oxi-
dation index (Table 3). As expected, a higher oxidation
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TEAC
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Figure 2. Antioxidant capacity
(expressed as TEAC, trolox equiva-
lent antioxidant capacity, in pmol/g
product) of the developed functional
meat products (with PUFA + natural
antioxidants) and functional fruit
drinks vitamins enriched (means and
error bars shown).

Functional pork  Funclional cooked
Franidurt-sausage ham

Table 3. TBARS values of meat and salmon products (mg
MDA/kg product)

Samples Mean = SD
Pork Frankfurt-sausage  Control 0.206a + 0.004
Functional 0.209a = 0.019

Functional grilled 0.395b + 0.010

Cooked ham Control 0.100a + 0.007
Functional 0.102a + 0.011
Cooked Turkey breast Control 0.087a + 0.002
Functional 0.101a+0.012
Salmon Control (fresh) 0.965a = 0.013
Grilled 1.296b + 0.037

Smoked 1.071a = 0.089

a—b) Means within a same type of samples, with a different
letter are significantly different (p < 0.05) (from Newman-Keuls
test for multiple comparison, and unpaired t-test, using Graph-
Pad Prism program, www.graphpad.com).

index was observed in salmon samples, containing a higher
omega-3 fatty acids concentration, that in all the functional
meat products. When traditional (control) and functional
meat products were compared, no significant differences
were observed.

3.3 Effect of processing, storage, and culinary
treatments

Once the combination of functional ingredients was added
to the meat products, control analysis were performed to
guarantee the integrity of the formulation during technolog-
ical processing operations, preservation under refrigeration
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Fruit drinkc 1 Fru drink 2 Fruit drink 3 Fru drink 4

Fruit drink S Frut drirk 6

and cooking. Obtained data (not shown) indicated that no
significant differences were found in all the analyzed
parameters (lipidic profile and AA evaluated using the
described methods). After 90 days and culinary treatment,
the increase of oxidation index and the reduction of AA
were lower than 10% indicating that the products, just
before consumption, maintained their high AA.

When comparing different samples before and after the
culinary treatment, oxidation largely increased during grill-
ing of fish samples (Table 3). No significant differences
were observed between fresh and smoked salmon. Concern-
ing the meat products, even after cooking (grill) operations,
the oxidation index of the pork Frankfurt-sausage increased
less than salmon. Functional pork sausages after the treat-
ment showed a statistically significant increase in the oxi-
dation index but these effect could be due to the water evap-
oration (weight lost) occurring during the heat treatment.
Nevertheless, oxidation levels were acceptable and under
the normal oxidation occurring in normal food confirming
the efficiency of the ingredient combination used in the
present work.

4 Concluding remarks

In conclusion, the designed functional meat products, with
a omega-6/omega-3 ratio lower than 4 and a combination of
natural antioxidants, showed a lipidic profile closer to fresh
salmon than other meat products and an AA similar to fruit
“ACE” functional beverages. These properties were main-
tained during 90 days in refrigeration and were not
degraded by culinary treatments.
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