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Abstract Antioxidant in vitro markers were used to evaluate the total antioxidant activity of ewe (whole and
semi-skimmed) and cow’s set yogurts. Results showed that cow set yogurt had significantly (p≤0.05) total higher
antioxidant activity than ewe set yogurt and peptidic fraction had significant higher contribution to the total
antioxidant activity compared to lipidic and/or phenolic fraction. However, when lipidic fraction was evaluated, ewe
yogurt (whole and skimmed) had higher antioxidant activity than cow probably associated to the high levels of
conjugated linoleic acid (CLA) in ewe milk. Although significant differences win cortisol levels were observed in
certain groups of population studied (normal risk woman) regarding consume ewe yogurt, it is not possible to
conclude a significant lowering effect of ewe yogurt on cortisol levels in general population.
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1. Introduction
The cell oxidative damage caused by reactive oxygen
species and free radicals is one of the most important
factors associated with chronic such as overweight and
obesity conditions that are closely related with an
increased risk of several degenerative diseases.
The rising of the prevalence of these diseases has led to
an increased number of studies evaluating the relationship
between food and health. Dairy products can be considered
as a functional food or superfood since they provide
a wide range of macro and micronutrients that are
biologically active and with a possible effect on human
health beyond nutritive aspects [1].
Dairy products are one of the most interesting foods
with regard to their potential antioxidant activity, due to
their important diversity of antioxidant molecules such as
milk caseins, whey proteins and low molecular weight
peptides [2,3,4].Furthermore, milk and milk-derived products
contain a wide range of antioxidant molecule traces,
such as low molecular weight thiols [5,6] tocopherol,

and carotenoids [7,8], among others. In addition,
approximately one third of the fat in whole milk is
monounsaturated and small amounts of essential fatty
acids can be provided from milk intake. Milk is one of the
major sources of conjugated linoleic acid (CLA) in the
diet, although it is a minor component of milk fat [9].
Many possible health benefits are associated with the
consumption of CLA by humans has been associated with
many possible health benefits including antioxidant
activity, immune response and lipid metabolism modulation
[10]. One of the major sources of this group of compounds
are dairy products such as milk, cream, yogurt, cheese and
butter [11].
Amongst dairy products, yogurt is a fermented food
with an important quantity of fatty acids, vitamins, highquality proteins and minerals. The fermentative processes
by lactic acid bacteria (LAB) increase its value making
more digestible its nutrients, mainly milk proteins, and
providing bioactive peptides [3,4]. LAB and other strains
used in fermentation have probiotic activities that improve
the properties of the yogurt. Moreover, protein hydrolysis
by LAB proteolytic enzymes produces free amino
acids and oligopeptides increasing its nutritional value.
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Antioxidant compounds in yogurt could be differentiated
by its nature between lipophilic (conjugated linoleic acid,
-tocopherol, b-carotene, etc.) and hydrophilic (proteins,
peptides, vitamins and minerals) [12], being different their
concentration and their respective contribution as natural
scavenging molecules is different.
Cortisol is a human hormone that acts as multidirectional
since it is involved in many physiological processes
affects the metabolism of proteins, carbohydrates and fats
and also participates in the regulation of water and
electrolyte balance, blood pressure, body temperature,
mineralization of the bones and the immune response
[13,14,15].
The nutrient in the diet and the physical activity have an
important impact on the endocrine system and, in
particular, in cortisol levels. Several authors have reported
the effect of different compounds on the regulation of
cortisol. [16] demonstrated than there is an influence of
ascorbic acid on cortisol levels and then the ingest of3000
mg of vitamin C per day leads to a faster cortisol recovery
after response to acute psychological stress, although did
not decrease overall concentration of this hormone. Other
compound that has been described as cortisol regulator is
the γ-aminobutyric acid (GABA). GABA reduces the
secretion of corticoliberin, which triggers a series of
hormonal changes, leading to secretion of cortisol by the
adrenal cortex [17]. In addition, other natural sources such
as fermented milk products have been appointed ascortisol
levels modulators [18,19]. For this reason, the purpose of
this study was to evaluate the antioxidant properties of
ewe yogurts compared to cow’s yogurt (control) and their
impact on cortisol levels.

2. Material and Methods
2.1. Raw Material
Ewe yogurts were prepared using fresh raw milk from
Spanish Churra sp. sheep breed kindly provided by the
School of Viñalta (Palencia, Spain). Milk was obtained
from animals that were handled in accordance with
Directive 2010/63/EU for the protection of animals used
for scientific purposes. The commercial yogurt culture
YF-L903 (Chr. Hansen, Madrid, Spain) which contains a
mixture of S. thermophilus and L. bulgaricus was used for
direct batch inoculation in ewe´s milk. The control yogurts
were obtained from a commercial brand and were prepared
from Holstein cow’s milk. Twelve manufacturing batches
were carried out.

2.2. Yogurts Elaboration
Twelve manufacturing batches for the two ewe types
of yogurts were prepared from January to June 2015:
(1) ewe’s semi-skimmed-milk yogurt (ES) (2.8% fat),
(2) ewe’s whole-milk yogurt (EW) (5.8% fat). The ewe´s
milk was processed in Estación Tecnológica de la Leche
(ETL, Palencia), within 2 h after reception. Milk base was
strained using a cloth filter and divided into two batches of
30 L. Ewe’s milk was standardized and pasteurized at
80°C for 30 min. Afterwards, the milk was cooled to
42-43°C and inoculated with starters. The lyophilized

cultures were prepared individually and used according to
manufacturer instructions. Both mixtures were transferred
to tightly closed plastic cups (125 mL), closed and
incubated (Portinox ARGBT 700-1P, Sevilla, Spain) at
42°C until pH value reached 4.6. Yogurts were stored at
4°C for antioxidant analysis and sent to the Institute of
Food Science, Technology and Nutrition (ICTAN) (Madrid)
where they were used in a crossover study [20] with cow
commercial yogurt. All the yogurts prepared were
evaluated from antioxidant perspective. Four different
fractions were separated in all the yogurts: total fraction
(F1), peptidic (F2), phenolic (F3) and lipophilic (F4)
fraction, in order to evaluate the contribution of each
fraction in the total antioxidant activity. Folin-Ciocalteu
(FC) for total phenol (TPs) assay, (TP), DPPH (1,1diphenyl-2-picrylhydrazyl) radical scavenging activity
Radical (DPPH), Trolox Equivalent Antioxidant Capacity
(TEAC), Oxygen Radical Absorbance Capacity (ORAC)
and relative antioxidant capacity (RACI) were evaluated.
The F2 was further characterized using high performance
liquid chromatography (HPLC), sodium Dodecyl SulfatePolyacrylamide Gel Electroforesis (SDS-PAGE) and
determination of proteinhydrolysis degree (OPA).

2.3. Clinical Assay
A randomized crossover nutritional intervention study
was carried out from January 2015 to July 2015. Every
part of the intervention had a 5 week (wk) duration with a
daily consumption of 2 set yogurts of 125 g of any of the
CW, ES and EW yogurts. During the three phases of the
study, the volunteers consumed in random order the three
types of yogurts; whole ewe yogurt (5.8 % milk fat), semiskimmed ewe yogurt (2.8 % milk fat) and whole cow
yogurt (3.0 % milk fat).Blood samples were obtained after
at least 9 h of fasting in the early morning hours (8 am –10
am) at the beginning and at the end of each intervention
period. One stool sample and a 72-h dietary register were
also collected at these time points. DIAL software was
used to analyse the nutrients composition of volunteer’s
habitual diet, excluding the experimental products intake
[21]. Plasma of the different patients was separated from
blood samples, stored at -80°C, and used for the cortisol
determination in all patients at the start and end of each
intervention period.

2.4. Extraction Procedure
Four different fractions were separated in all the
yogurts: total fraction (F1), peptidic (F2), phenolic (F3)
and lipophilic (F4) fraction, in order to evaluate the
contribution of each fraction in the total antioxidant
activity. Total yogurt fraction (F1) was extracted using
yogurt samples, which were centrifuged at 4,000 × g at
4°C for 30 min to homogenise sample. The sample
obtained was freeze dried and stored at −20°C for further
analysis. Peptidic fraction (F2) was obtained according to
[22]. Yogurt samples were centrifuged at 15,000 × g at
4°C for 30 min. The supernatant was filtered separately
through a 0.45 μm membrane filter and the filtrate was
freeze dried and stored at −20°C for further analysis.
Phenolic fraction (F3) was obtained using 1 g of blended
sample and dissolved in 10 Ml (1:1, v/v; acidified to pH=2
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with 0.1 M HCl) in a temperature-controlled orbital
shaker (25°C, 250 rpm, 1 h). After centrifugation
(25°C, 3800 g, 10 min), the supernatant was collected,
filtered and adjusted to 25 mL with the extracting solvent,
and then, it was freeze-dried. Last fraction corresponded
to lipophilic fraction (F4) that was obtained with methanol,
and later with chloroform, and then the solution
was filtered. The remaining residue was mixed with
chloroform: methanol in a ratio 3:1 and KCl 0.88%
was added. Organic layer was finally evaporated,
freeze-dried and sample was stored at −20°C for further
analysis.

2.5.Folin-Ciocalteu for Total Phenol (TPs)
Assay
The reducing capacity of yogurt fractions and the
content in total phenols (TPs) was estimated using the
Folin-Ciocalteu (FC) assay [23] following the procedure
described in [24]. A calibration curve with gallic acid (GA)
as standard (9.8-70 μM diluted in the extracting solvent)
was used. Results were corrected for moisture and expressed as
micrograms of Trolox equivalents per gram (µg Trolox Eq. /g).

2.6. Total Antioxidant Activity (TAA) of
Yogurts
Classical methods for TAA were used to assess the
potential antioxidant capacity of sample extracts and
whole yogurt. DPPH (1,1-diphenyl-2-picrylhydrazyl)
radical scavenging activity Radical (DPPH), Trolox
Equivalent Antioxidant Capacity (TEAC) and Oxygen
Radical Absorbance Capacity (ORAC) were evaluated.
Relative antioxidant capacity (RACI) was also calculated.
2.6.1. Oxygen Radical Absorbance Capacity (ORAC)
Assay
This method was based on a previously reported
method [25] with slight modifications reported in [24].
Different concentrations of Trolox (7.5-240 μM, diluted in
the extracting solvent) were used to make the calibration
curve. The results were calculated using the areas under
the fluorescein decay curves between the blank (samples
replaced by extracting solvent) and each sample. Final
values were expressed as micromoles of Trolox equivalent
per gram (µmolEq.Trolox /g).
2.6.2. Trolox Equivalent Antioxidant Capacity (TEAC)
Assays
The classical version of this method was adapted from
the assay developed by [26]. A stock ABTS+ solution was
prepared by mixing a 7 mM aqueous ABTS solution with
2.45 mM K2O8S2 in a 1:1 (v/v) ratio. Before the assay, the
stock ABTS+ solution was diluted with phosphate buffer
(75 mM, pH = 7.4) to obtain a working solution with an
absorbance value of 0.70 ± 0.02 at 734 nm. A volume
of20 µL of diluted samples was then mixed with 200 µL
ABTS+ working solution in a 96-well microplate. The
decay in absorbance at 730 nm was monitored over 30
min with a microplate reader. The results were corrected
for moisture and expressed micromols Trolox equivalents
(µmol Trolox Eq./g).
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2.6.3. 2,2-diphenyl-1-picrylhydrazyl(DPPH) Assays
The classical version of this method is based on a
previously reported assay [27] with slight modifications.
A 100 µM DPPH working solution in pure methanol was
prepared. Afterwards, a volume of 25 µL of extracts was
mixed with 100 µL of MilliQ water and 125 µL of DPPH
working solution in a 96-well microplate. The decay
in absorbance at 515 nm was recorded over 30 min
with a microplate reader. The results were expressed as
percentage of inhibition (% inhibition).
2.6.4. RACI Index
Relative antioxidant capacity index (RACI) is an
integrated approach to evaluate the antioxidant capacity
generated from different in vitro antioxidants parameters
[28]. For the calculation, standard scores were used with
no unit impediment and variance among them.

2.7. Determination of Degree of Hydrolysis
(DH)
The degree of hydrolysis (DH) during fermentation of
milk was quantified by determining free NH3 groups
using the o-phthaldialdehyde method (OPA) with some
modifications [22,29,30]. Protein content in water-soluble
extracts were measured by Bradford method.

2.8. Sodium Dodecyl
Sulphate-Polyacrylamide Gel
Electrophoresis (SDS-PAGE)
SDS-PAGE analysis of yogurts was performed on Nu
PAGE Novex 4−12% Bis-Tris gels in the XCell-sure
lock mini cell system (Invitrogen, Madrid, Spain).
Electrophoresis was carried out at 200 V. Nu PAGE
MES-SDS and Nu PAGE LDS were used as running and
sample buffers (Invitrogen), respectively. Runs were
carried out under non-reducing conditions in which
2-mercaptoethanol was omitted in the denaturing buffer.
Electrophoretic bands were stained with SimplyBlue Safe
Stain (Invitrogen), followed by destaining in deionized water.
The molecular weights of poly- and oligopeptides were
determined by comparison with the molecular weight marker
(Novex® Sharp Unstained Protein Standard, Invitrogen).

2.9. High Performance Liquid
Chromatography for Peptidic AnalysisHPLC-RP
The water-soluble peptides in the traditional and
commercialyogurts were profiled using a reverse-phase high
performance liquid chromatography (RP-HLPC-Agilent)
equipped with a column C-18 (300Å, 250 mm x 4,6 mm x
5µm) at 25°C according to the method used by [3]. The
peptides were eluted in a linear gradient from 100% to 0%
of solvent A (0,1%, v/v trifluoroacetic acid (TFA) in
deionized water) in solvent B (0,1%, v/v TFA in acetonitrile)
with a flow rate of 0,75 ml/min over 70 min. All the
samples were filtered through a 0.45 µm filter and 20 µl
were injected. The eluted peptides were detected at 215 nm
using a UV/Vis detector.
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2.10. Cortisol determination
Cortisol was determined in blood plasma using
Enzyme-Linked Immuno Sorbent Assay (ELISA) (De
Meditec, Germany). Plasma was used directly after dilution
(1/300, with ELISA buffer. After centrifugation, the
supernatant was diluted (1/5, with ELISA buffer) and used
for the ELISA assay. According to manufacturer’s instructions,
preliminary tests were performed to assess for the necessity of
purifying plasma before the ELISA assay. Linearity tests
were performed with different dilutions of the samples.
Calculated cortisol levels for the different dilutions
differed less than a 20 %, and therefore, no extraction for
the quantitative in vitro diagnostic measurement of
cortisol in serum and plasma (EDTA) was performed. The
microtiter wells were coated with an anti-cortisol antibody.
An unknown amount of cortisol present in the sample
competes with a cortisol-horseradish peroxidase conjugate
for binding to the coated antibody. After incubation, the
unbound conjugate is washed off. The amount of bound
peroxidase conjugate is inversely proportional to the
concentration of cortisol in the sample. After addition of
the substrate solution, the intensity of colour developed is
inversely proportional to the concentration of cortisol in
the sample. The absorbance was measured at 450 nm and
the cortisol was expressed in nanograms per ml (ng/mL).

2.11. Statistical Analysis
Data were analysed by multifactor analysis of variance
(multifactor ANOVA) of each independent variable.
LSD test was applied for determining group differences
at 95% of significance. Further multivariate analysis was

performed using Principal Component Analysis (PCA).
Statgraphics Centurion XVI was used for developing all
statistical analysis.

3. Results and Discussion
3.1. Antioxidant Total Activity
Antioxidant activity was evaluated using different
methods in set yogurt from different species´ milk (cow,
ewe), and with different fat content (whole and semi
skimmed), in the different chemical compositional
fractions (F1, F2, F3 and F4) and during all the
experimental period (January to June) (Figure 1, Figure 2
and Figure 3).
Antioxidant activity was significantly (p ≤ 0.05) higher
in CW than in ES and EW regardless of the assay utilised
to measure the total antioxidant activity (Figure 1A).
FRAP assay showed high significant differences (p ≤ 0.01)
between species probably due to the antioxidants released
during fermentation have a higher chelating ability in
cow than in ewe, which might contribute to the high
reducing activity. It has been reported that the activity
Streptococcus thermophilus and other microorganisms
such Lactobacillus acidophilus releases higher amount of
chelators such as penincillamine during fermentation [31].
In addition, the process of fermentation generated higher
breakdown of phenolic compounds by enzymatic activity
of the starter culture in cow than ewe, probably associated
to the fact that the commercial started proteolytic system
acted more effectively in cow’s protein linked to phenolics
than in ewe’s proteins [32].

Figure 1.Total antioxidant activity (TAC) of yogurts for ewe versus cow yogurt (A) and semi skimmed versus whole yogurt (B). TAC assessed using
TP, DPPH, ORAC, TEAC, FRAP and RACI. Significant differences (p<0.05) between samples are expressed in lower case Latin letters
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TEAC assay gave higher values of antioxidant activity
than DPPH and ORAC methods for cow than for
ewe yogurt. Maybe this can be associated to
some milk components such as cysteine, glutathione, and
protein sulfhydryls, which would be realised during
fermentation of cow´s milk in higher concentration
and have higher ability to scavenge ABTS•+ radicals
[33,34,35,36].
Fat content had a significant effect on the antioxidant
activity, CW and ES yogurts presented higher antioxidant
activity than EW yogurts (Figure 1B), although we
expected higher values in yogurts prepared from milks
with higher content in fat associated with the higher
levels of antioxidants such as carotene. These results
probably respond to other compounds different to
lipids or antioxidant bounded lipids that exhibited higher
contribution to the total antioxidant activity.
The different fractions obtained from yogurts showed
different antioxidant activity (Figure 2A). Among them,
peptidic fraction (F2) showed higher antioxidant activity
than phenolic fraction (F3) and the total fraction (F1).
These results can be attributed to the higher scavenging
activity of proteins hydrolysed during fermentation that of
free phenolics or lipidic fraction. An important number of
studies indicate that the high antioxidant potential of milk
is determined mainly by proteins [37,38] and this is also
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demonstrated in yogurts. Both whey and casein proteins
are highly active hydrophilic antioxidants present in
yogurts [12].
The study of lipophilic fraction (F4) was evaluated
using ORAC and TEAC and results showed also greater
antioxidant activity of ewe than in cow F4 milk yogurts
(Figure 2B), probably associated to the higher content on
conjugated linoleic acid (CLA) in ewe versus cow
according to previous results reported in previous studies
by the authors [12,20].
The batch also affected the antioxidant capacity of
yogurts, mainly associated to the lactation period. Yogurts
were produced in 12 batches along the time, from January
to June (Figure 2C). Yogurts manufactured in the first
months of the year showed less antioxidant activity than
those manufactured from May to June. It has been
associated to the modifications in animal feeding.
Significant changes of bioactive compounds such as CLA
and/or omega-3 fatty acids could be occur when the diet
changes. [39] observe changes of 128% in summer and
0.54% in winter related with seasonal variations. These
modifications could be also observed also in minerals
content, although they are less related with antioxidant
activity. During the months May to June, ewes grazed
mainly on pastures, which leads to a higher increase of the
antioxidant activity.

Figure 2. Total antioxidant activity (TAC) of yogurts for different fractions: total fraction (F1), peptidic (F2) fraction and lipidic fraction (F3) (A), ewe
lipid fraction versus cow lipid fraction and total fraction for different batches (C). TAC assessed using TP, DPPH, ORAC, TEAC, FRAP and RACI.
Significant differences (p<0.05) between samples are expressed in lower case Latin letters
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Figure 3. Principal Component Analysis (PCA) for TP, DPPH, ORAC, TEAC, FRAP and RACI for ewe and cow yogurts (A) and Principal Component
Analysis (PCA) for TP, DPPH, ORAC, TEAC, FRAP and RACI for different yogurt fractions: total fraction (F1), peptidic fraction (F2), phenolic
fraction (F3) and peptidic fraction (F4) (B)

Principal components analysis (Figure 3) showed
significant distribution along the main components of all
antioxidant markers studied. ORAC were separated from
the other markers within differences between species
(Figure 3A) The PC1 explained the 46.26 % meanwhile
the PC2 explained 66.41 % of the variability. ORAC was
associated mainly to lipidic fraction (F4) which has an
important antioxidant activity meanwhile DPPH was
associated with phenolic fraction (F3) and the peptidic
fraction (F2). Since peptidic fraction showed higher
antioxidant activity than the other fraction, further studies
were conducted on this fraction.

3.2. SDS-PAGE Protein Profile
The electrophoretic patterns of the three types of
yogurts produced in the present study are shown in
Figure 4. As it can be observed, all cow’s yogurts
exhibited similar qualitative protein profile (Figure 4 A),
but slight quantitative differences in band intensity were
observed depending of the period of time when the milk
was obtained. The two major bands corresponded to
β-lactoglobulin (∼18 kDa) and α-lactalbumin (∼14 kDa)

that did not show important qualitative differences in the
yogurts produced from cow’s milk obtained at different
months. A band with an apparent molecular weight of ~28
kDa corresponding to caseins were also observed in all
cow’s yogurts, but the band intensity was slightly less
intense in samples CO7 and CO9. Some bands with
molecular weight lower than 10 kDa were also detected in
all cow’s yogurt samples. These bands might correspond
to oligopeptides released by cow’s milk proteolysis by the
starter culture used for yogurt production.
The protein pattern of yogurts produced from ewe’s
semi-skimmed (ES) milk and ewe’s (Figure 4 B) was
rather similar than that observed in cow’s milk yogurts
from a qualitative point of view, but quantitative
differences were found. In this context, a lower intensity
of the band corresponding to α-lactalbumin was observed,
as well as a more intense band of ~28 kDa that is in
agreement with the higher concentration of β-casein
fraction in ewe’s milk than in cow’s milk, as it has been
previously reported [40,41]. In addition, an intense band
with a molecular weight of ~19 kDa was visible, that
probably correspond to κ-casein. The electrophoretic
profile found in ewe’s milk yogurt match with that
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previously reported [40]. Some bands with molecular
weight lower than 15 kDa, corresponding to hydrolysis
products of ewe’s milk proteins as consequence of the
proteolytic activity of the starter culture, were also
observed in all ES yogurts. No significant differences in
the protein pattern were observed between the different ES
yogurts. The only exception was one band corresponding
to one of the ewe’s milk proteolytic products (15 kDa)
that was slightly lower in samples ES5, ES6 and ES7. As
it was expected, ewe’s whole (EW) milk yogurts
(Figure 4 C) exhibited a similar electrophoretic pattern
than ES yogurts, and no notable differences was observed
between yogurts produced from EW milk obtained at
different seasons.

352

3.3. Determination of Degree of Hydrolysis
(DH)
The degree of protein hydrolysis in yogurts was
determined by measuring the α-amino groups released
during milk fermentation using the o-phthaldialdehyde
reaction (OPA). The result showed significant higher
hydrolysis in ewe versus cow set yogurts (Table 1).
However, this difference was not reflected in a higher
antioxidant activity as it is expecting in the peptidic
fraction. Probably although the hydrolysis was higher in
ewe due to the hydrolytic activity of the starter culture
during the fermentation the peptides produced had lower
activity than those produced in cow.

Figure 4. Dodecyl Sulfate-Polyacrylamide Gel Electroforesis (SDS-PAGE) for cow yogurt- CW (A), skimmed ewe yogurt-ES (B) and whole ewe
yogurt-EW (C)
Table 1. Protein degree of hydrolysis of the peptidic fractions
Yogurt
ES (n = 12)
EW (n = 12)
COW (n = 5)

% Hydrophilic peptides
(mean ± SD)

% Hydrophobic peptides
(mean ± SD)

63.14 ± 17.15b
54.39 ± 19.13a
33.25 ± 15.74a

36.86 ± 17.15a
44.61 ± 19.13a
66.75 ± 15.74b
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3.4. High Performance Liquid
Chromatography for Peptidic Analysis

3.5. Cortisol Determination

Changes in peptide profiles during fermentation of
different milks (cow and ewe-whole and semi skimmed)
were analysed by RP-HPLC. Figure 5 shows the RPHPLC profiles obtained from different yogurts. Ewe’s
yogurt showed higher percentage in hydrophilic peptides
than cow’s yogurt, in which, the higher number of
peptides produced during fermentation were hydrophobic.
These differences were significantly higher in EW yogurt
than in ES yogurt, where both fractions appeared
equilibrated (Table 2). Cow’s yogurt showed the presence
of two peaks corresponding to the aglyco components
of the two principal genetics variants (A and B) of
caseinmacropeptides, which have been identified and
reported as peptides released by the hydrolysis of kappacasein with high antioxidant activity [3]. The hydrophobic
fraction usually presents higher antioxidant activity than
hydrophilic amino acids [42] which explained the higher
peptide ability to scavenge radicals observed in cow
versus ewe peptidic fractions (Table 2, Figure 5).
Table 2. Percentage of hydrophilic and hydrophobic peptide
fractions calculated using high performance liquid chromatography
for peptidic analysis- HPLC-RP
% Protein Degree Hydrolysis
(mean ± SD)

Yogurt
Semi skimmed ewe yogurt (n = 12)

48.77 ± 5.90a

Whole ewe yogurt (n = 12)

41.49 ± 8.33a

Cow yogurt (n = 12)

36.12 ± 2.78a

Cortisol levels were measured on the plasma from 30
volunteers before and after the consumption of 3 types
of yogurts. Baseline levels at the beginning of the
consumption of each of yogurt ranged between 251 to
263 ng/mL as it shown in Table 3. The intake of
yogurts, regardless of the type of specie (cow/ewe) and fat
content (whole and semi skimmed), caused an increment
on the final serum cortisol levels after 5 weeks of
treatment.
The highest cortisol values were observed after the
consumption of cow yogurts in all patients. Results
showed only significant differences on final cortisol levels
when the volunteers were divided by sex and CV risk
(Figure 6). As it shown in Figure 6, significant difference
(p = 0.008, post-hoc test with Bonferroni corrections)
between the consumption of CW and ES yogurts were
observed on women with low CV risk group. The study
showed that women had a cortisol rate of change higher
when they consumed cow yogurt, being lower the rate of
change during ewe yogurt consumption and especially
semi-skimmed yogurt (Figure 7). Since inflammatory
process is in many cases related with high levels of
cortisol [43], seems than SE yogurt seems to be a better
alternative than cow yogurt concerning cortisol levels,
although the results were only significant for woman with
normal Cho-Index. In addition, the consumption of SE
yogurt could contribute to the reduction of inflammatory
processes and/or other metabolic disorders, decreasing the
risk of suffering a chronic disease and improving state of
health.

Figure 5. High performance liquid chromatography for peptidic analysis- HPLC-RP for peptidic yogurt fractions
Table 3. Cortisol levels of intervention study volunteers and rates of change [(Post-Tr/Pre-Tr)/Pre-Tr]
Ewe semi-skimmed
yogurt(n=30)

Ewe whole yogurt
(n = 30)

Cow yogurt
( n = 29)

Mean (SD)

Pre-tr.

Post-tr.

Rate of
change

Pre-tr.

Post-tr.

Rate of
change

Pre-tr.

Post-tr.

Rate of
change

Pa

Pb

Cortisol (ng/mL)

261
(64)

266
(74)

0.03
(0.27)

251
(67)

265 (62)

0.10
(0.32)

263
(66)

289
(53)

0.18
(0.49)

0.240

0.009

a
Treatment effect by lineal mixed models with treatment (Tr), CV risk (R) and sex (S) as fixed factors, visit as random factor, age as covariable and
rates of change as dependent variables.
b
Interactions of treatment with other factors in the same lineal mixed model (interaction sex and CV risk with treatment).
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Treatment effect (Ptt) by lineal mixed models with treatment as fixed factor, visit as random factor, age as covariable and rates of change as dependent
variables assessed in men (white boxes) and women (grey boxes) in both groups Low (A) (men N=10 and women N=10) and High CV risk groups (B)
(men N=4 and women N=6), separately. *: P=0.008 Significant differences between treatments by post-hoc test with Bonferroni correction
Figure 6. Cortisol changes after the consumption of three different types of yogurt (ES, ewe semi-skimmed yogurt; EW, ewe whole yogurt; C, cow
yogurt)

the higher CLA content. Cortisol levels were lower in
normal risk women during ewe yogurt consumption,
although no differences were observed in the males or
women with higher cardiovascular risk, so it is difficult to
conclude that cortisol levels were regulated or affected by
the type of yogurt consumed.
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Figure 7. Cortisol levels before and after consumption of three different
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4. Conclusion
This study showed that cow yogurt has a higher total
antioxidant activity than ewe yogurt. This capability might
be associated to a higher peptidic fraction released during
fermentation. However, lipidic fraction showed significant
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