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ABSTRACT

The effect of adding artichoke (Cy-
nara scolymus L.), strawberry-tree fruit
(Arbutus unedo L.) and cherry (Prunus
avium L.) extracts was evaluated on
the physico-chemical, antioxidant and
microbiological properties of home-
made yogurts. Yogurts, enriched with
artichoke or red ripe strawberry-tree
fruit extract, demonstrated high in vitro

RIASSUNTO

In questo lavoro é stato valutato I'ef-
fetto dell’aggiunta di estratti di carciofo
(Cynara scolymus L.}, frutti di corbezzo-
lo (Arbutus unedo L.) e ciliegia (Prunus
avium L.) sulle proprieta fisico-chimi-
che, antiossidanti e microbiologiche di
yogurt preparati in laboratorio. Gli yo-
gurt con estratti di parte edibile di car-
ciofo o con frutti maturi di corbezzo-

- Key words: antioxidant properties, microbiological characteristics, vegetable extracts, yogurt -

Ital. J. Food Sci. n. 4, vol. 21 - 2009 447



antioxidant activity. Ten days after their
preparation, no variations in the anti-
oxidant components and antioxidant
activity of the yogurts were observed.
The enriched yogurts showed an in-
crease in laclic acid and acetaldehyde.
As regards microbial characteristics,
there was a notable increase in the mi-
crobial count of Lactobacilli in yogurts
with edible artichoke parts (4.5x10°
cfu/g) and with strawberry-tree fruit ex-
tracts (1.8x10° cfu/g) during the three-
week experimental period. During the
same period persistence of Streptococ-
ci in yogurt with artichoke edible parts
was observed until the end of the first
week (5.2x107 cfu/g). Our results in-
dicate that the enrichment of yogurts
with Sardinian plant extracts can sig-
nificantly improve the antioxidant ac-
tivity of yogurt and in some cases the
survival of its microbial flora.

lo dimostravano un’elevata attivita an-
tiossidante in vitro. Dieci giorni dopo la
loro preparazione, gli yogurt mantene-
vano inalterato il contenuto in polifenoli
e l'attivita antiossidante e mostravano
un significativo aumento nel contenu-
to di acido lattico e acetaldeide. Dopo
sette giorni € stato osservato un incre-
mento di Lactobacilli negli yogurt con-
tenenti estratto di parte edibile di car-
ciofo (4,5x10° cfu/g) e estratti di frut-
ti di corbezzolo (1,8x10° cfu/g) ed una
persistenza di Streptococchi negli yo-
gurt contenenti estratto di parte edibi-
le di carciofo (5,2x107 cfu/g). I risultati
indicano che la preparazione di yogurt
contenenti estratti di carciofo pud mi-
gliorare significativamente la sopravvi-
venza della flora batterica solo per i pri-
mi 7 giorni e pud potenziarne l'attivita
antiossidante.

INTRODUCTION

Yogurt is a well-known fermented
dairy product obtained by the lactic acid
fermentation of milk by the action of yo-
gurt starter bacteria, Streptococcus sali-
varius subsp. thermophilus and Lactoba-
cillus delbrueckii subsp. bulgaricus. The
role of these bacterial strains in yogurt
production is primarily milk acidifica-
tion by D- and L-lactic acid and synthe-
sis of flavour compounds that contribute
to the final aroma of the yogurt, such as
volatile and non-volatile acids, carbon-
yl compounds (acetaldehyde or diacetyl)
and miscellaneous products (SERRA et
al., 2009). Yogurt has long been recog-
nised as a healthy food since the associ-
ated bacterial metabolism is responsible
for the development in a yogurt of com-
pounds that make it beneficial for hu-
man health. For example, 3-hydroxy-3-

448 1tal. J. Food Sci. n. 4, vol. 21 - 2009

methylglutaric acid is known to be an
antihypercholesterolemic product (HEP-
NER et al., 1979) and B-galactosidase is
indispensable to lactose digestibility, and
antihypertensive peptides inhibiting an-
giotensin-I-converting enzyme (ACE) de-
rived from casein hydrolysis (TAKANO,
2002; ASHAR and CHAND, 2003). More-
over, the contribution of yogurt bacteria
to the improvement of intestinal micro-
flora is widely recognised and yogurt con-
sumption is associated with health ben-
efits: for lactose intolerance, diarrhoeal
diseases, inflammatory bowel diseases,
Helicobacter pyloriinfection and allergies
(ADOLFSSON et al., 2004).

To meet consumer demands, yogurt
is also produced in flavoured, supple-
mented and enriched forms. Flavouring
can be carried out by addition of natu-
ral ingredients i.e. “berry” fruits such as
strawberry, raspberry, bilberries, black-



berry, blackcurrant and cherry. well
known sources of polyphenolic antioxi-
dants (COISSON et al., 2005). Supple-
mentation with functional components
(APOSTOLIDIS et al., 2006) is carried out
for various reasons: probiotic strains,
such us Lactobacillus and Bifidobacteri-
um, are added for their therapeutic prop-
erties in gastrointestinal disorders and
their ability to improve immune func-
tions (ISOLAURI, 2001; SAAVEDRA, 2001).
Prebiotic oligosaccharides enhance the
growth of probiotics in the yogurt envi-
ronment; o-3 long-chain fatty acids are
precursors of important anti-thrombotic
and anti-inflammatory molecules (MAR-
CHIOLI et al., 1999; ALBERT et al., 2002);
phytosterols and phytostanols help low-
er the absorption of cholesterol (RAMJI-
GANESH et al., 2000); and, finally, plant
polyphenols are added because of their
well-known antioxidant activity (FUKU-
MOTO and MAZZzZA, 2000; SZETO et al.,
2002).

In terms of natural polyphenolics from
dietary plants, there is an increasing ev-
idence that a diet with an increased in-
take of these compounds is associated
with reduced risk of cardiovascular dis-
eases (YOCHUM et al., 1999) and certain
types of cancer (YANG et al., 2001). The
characterization and quantification of
phenolic compounds present in typical
Sardinian plants such as artichoke (Cy-
nara scolymus L.) Spinoso Sardo variety,
strawberry-tree (Arbutus unedoL.) fruits
and cherries (Prunus avium L.) Bonnan-
naro variety and the in vitro evaluation
of their benefits have been the focus of
recent research (ALAMANNI and COSSU,
2003; ALAMANNI et al., 2006). The results
showed a high content of antioxidant
polyphenolics whose activity was com-
parable, and in some cases higher, than
well-known antioxidants such as beta-
carotene, ascorbic acid and catechins.

The effect of adding strawberry-tree
fruit and artichoke extracts on the via-
bility of fermenting bacterial strains and
a probiotic strain was evaluated in a pre-

vious investigation (PISU et al.. 2006);
the results showed that the extracts had
a positive action on the development of
bacterial flora.

The aim of this research was to inves-
tigate the effect of enrichment with ar-
tichoke. strawberry-tree fruit and cher-
ry extracts from Sardinian plants on
the physico-chemical, antioxidant and
microbiological characteristics of home-
made yogurt, as compared to commer-
cially produced yogurts.

MATERIALS AND METHODS

Extract preparation and

determination of polyphenolic

content

Fresh artichokes (Cynara scolymus
L.), Spinoso Sardo variety, purchased
from the local market with stalk and
leaves, were subdivided into the edible
part (EP) (consisting of internal bracts,
cup, and the edible part of the stem) and
the non-edible part (NEP) (consisting of
the fibrous portions rich in chlorophyll,
i.e. outer bracts, stem bark and leaves).
Strawberry-tree (Arbutus unedo L.) fruits
at two different stages of ripening, ripe
(red fruit) and unripe (yellow fruit), were
collected in the Sardinian mountains
(Tempio Pausania, Sassari, Italy). Cher-
ries (Prunus avium L.), Bonnannaro va-
riety, were harvested in the Bonnannaro
area (Sassari, Italy). Plants and fruits
were stored at -20°C. The extracts were
prepared by suspending 300 g of each
plant, finely homogenized in a blender,
in 300 mL of Milli-Q water and boiling
them for 30 min. The suspensions were
filtered and the filtrate was concentrat-
ed up to ~30 mL at 70°C and at reduced
pressure. The residue obtained was dis-
solved in water to a final volume of 50
mL. All plant extracts were stored at 5°C
until use.

The amount of total phenolics in the
extracts was determined according to
the Folin-Ciocalteu spectrophotometric
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method (SINGLETON and ROSSI, 1965).
The resuits are expressed as mg/mL of
gallic acid equivalent (GAE) (Acros, Mi-
lan, Italy). The calibration curve was pre-
pared using concentrations of gallic acid
ranging from 5 to 50 pug/mkL.

Preparation of yogurts containing

polyphenolic extracts

Commercial whole fresh pasteurised
bovine milk was mixed with a commer-
cial natural bovine yogurt as a start-
er culture at 5, 10 and 20% (v/v) in or-
der to determine the best conditions re-
quired to obtain a “home-made” yogurt.
The mixtures were incubated at 45°C
and the yogurt was taken out of the in-
cubator when the pH dropped to approx-
imately 4.5 (~6-7 hours). The yogurt was
cooled to room temperature and stored

at 4°C. Samples were collected after 1
day at 4°C and analysed for the viable
counts of both L. bulgaricus and S. ther-
mophilus.

To prepare yogurts enriched with veg-
etable and fruit extracts, aliquots of 45
mL of whole milk inoculated with nat-
ural yogurt as a starter (10% v/v) (per-
centage chosen on the basis of micro-
biological results) were transferred to
sterile plastic containers. Appropriate
amounts of each extracts were add-
ed to obtain the following polyphenol-
ic concentrations: 0.05% (w/w) for ar-
tichoke yogurt (edible and non-edible
parts), 0.05% (w/w) for strawberry-tree
fruit yogurt (ripe and unripe) and 0.02%
(w/w) for cherry yogurt (Table 1). Con-
trols consist of unsupplemented yogurt
samples.

Table 1 - Commercial and home-made yogurts assayed.

Home-made Characteristics Polyphenolic content %
yogurt samples (w/w)
LW unsupplemented yogurt (ctr)
LE1 with edible artichoke part (EP) extract 0.05
LE2 with non edible artichoke part (NEP) extract 0.05
LE3 with ripe strawberry-tree fruit (red) extract 0.05
LE4 with unripe strawberry-tree fruits (yellow) extract 0.05
LE5 with cherry extract 0.02
Commercial
yogurt samples
cwi natural yogurt
cw2 natural yogurt
CW3 natural yogurt
Ccw4 natural yogurt
CW5 natural yogurt
CW6 natural yogurt
Ccw7 natural yogurt
Cws natural yogurt
CE1 withVit. C, D, E
CE2 with Q10 factor and Vit. A, D,, E
CE3 with blueberry/currant extract 0.07*
CE4 with papaya/guava extract 0.07"
CW: Commercial natural; CE: Commercial enriched; LW: home-made natural; LE: home-made enriched; * report-
ed on labels.
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Commercial yogurt samples

Eight samples of natural bovine yo-
gurt, and four samples of yogurt enriched
with different antioxidant compounds
and polyphenolic extracts, produced from
whole bovine milk in different factories,
were purchased one month before the
expiry date at a local supermarket and
stored at 4°C until used (Table 1).

Physico-chemical properties of

yogurts

The pH of different yogurt samples was
measured at 20°C by using a pH meter
equipped with a specific electrode for
semi-solid substances (Hanna FC200,
Hanna Instruments, Milan, Italy).

The acidity of the yogurt was mea-
sured suspending 10 g of yogurt in 100
mL of water and titrating with a solu-
tion of 0.25 N NaOH, with phenolphtha-
lein solution as indicator. Yogurt acidity
is expressed in Soxhlet-Henkel degrees
(SH°) and is reported for 100 g of yogurt
according to the equation:

SH° = milliliters NaOH consumed/yo-
gurt weight;

D- and L-lactic acid and acetalde-
hyde were dosed in yogurts using rapid
UV-Kit enzymatic conventional methods
(Megazyme International Ireland Limit-
ed, Bray, Co. Wicklow, Ireland) based on
spectrophotometric detection of specific
compounds.

Total polyphenolic content and

antioxidant activity of the yogurt

samples

One gram of yogurt was placed in a
volumetric flask and diluted in a meth-
anol/water (1:1 ratio) solution to 10 mL,
it was then transferred to a plastic tube
(15 mL) with a screw cap, shaken by
vortex for 15 s and centrifuged at 4,000
rpm for 10 min. The total polyphenol-
ic content was determined by the Folin-
Ciocalteu method previously described
and the results are expressed as micro-
grams of gallic acid equivalent (GAE) per
gram of yogurt.

The antioxidant activity of the different
yogurt samples was evaluated in terms
of “free-radical-linked scavenging abili-
ty” by measuring the decoloration of a
methanolic solution of the stable radical
1,1-diphenyl-2-picryl-hydrazyl (DPPH’)
{Sigma-Aldrich, Milan, Italy) with a spec-
trophotometric test (VON GADOW et al..
1997). The percentage of scavenging of
the radical in the presence of the sam-
ple was calculated according to the fol-
lowing formula:

Inhibition % = [(At-At)/A1 ]x100

60
where At is the absorbance of the con-
trol at 517 nm at time = 0 min and At
is the absorbance of the DPPH-sample
solution at the same wavelength after
60 min. The percentage inhibition data
are expressed as micrograms of Trolox
equivalents (TE) per gram of yogurt. The
calibration curve had been prepared us-
ing concentrations of Trolox {Acros, Mi-
lan, Italy) between 1.0 and 10.0 ug/mL
(r2=0.999,y = 2.351x + 0.443).

The determination of the reducing
ability of yogurt was carried out by us-
ing a method based on the ferric reduc-
ing ability power {FRAP) (BENZIE and
STRAIN, 1996). At low pH, when a ferric-
tripyridyltriazine (Fe**-TPTZ) {Acros, Mi-
lan, Italy) complex is reduced to the fer-
rous (Fe?*) form. an intense blue colour
develops with an absorption maximum
at 593 nm. The data of absorbance ob-
tained are expressed as micrograms of
Trolox equivalents (TE) per gram of yo-
gurt by calibration curve in a range from
1.0 to 12.0 ug/mkL (r* = 0.999, 2.337x +
0.0098).

Microbiological analysis

Aliguots of 1.0 g of each yogurt sample
were weighed in sterile tubes and mixed
with 100 mL of sterile phosphate saline
buffer (pH 7.4; PBS) (Oxoid. Milan, Ita-
ly); serial tenfold dilutions were prepared
using the same buffer. The selective enu-
meration of yogurt microorganisms was
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performed by plating the dilutions of yo-
gurt samples onto appropriate media. Vi-
able counts of Streptococcus thermophil-
us were carried out on M17 agar (final pH
6.9+0.2) (Oxoid Milan, Italy) plates incu-
bated aerobically for 48 h (TERZAGHI and
SANDINE, 1975), while Lactobacillus del-
brueclkci subsp. bulgaricus was enumerat-
ed on MRS agar, final pH 6.2+0.2 (Oxoid,
Milan, Italy) plates, incubated anaerobi-
cally for 48 h in the Gas Generating Kit
Anaerobic System (Oxoid, Milan, Italy)
(DAVE and SHAH, 1996). Bacterial counts
of yogurt samples and controls were car-
ried out at T, (24 h after yogurt manu-
facturing) and after 1, 2 and 3 weeks of
refrigerated storage (4°C).

The percentile survival rate was cal-
culated for each time with the following
formula:

% = (bacterial number at T/bacterial
number at T,) x 100

Statistical analysis

Data reported in the tables and fig-
ures are the means of experiments re-
peated three times. Statistical analyses
were conducted by GraphPad Prism 4
software (GraphPad Software Inc., San
Diego, CA, USA). Correlations were ob-
tained by Pearson correlation coefficient
in bivariate correlations. Differences be-
tween means at the 5% (p<0.05) level
were considered significant.

RESULTS

Total polyphenolic content of plant

extracts

The total polyphenolic contents of the
different fruits and plant extracts, ex-
pressed as mg/mL of gallic acid equiva-
lents are reported in Table 2. As expect-
ed on the basis of the available literature
(ALAMANNI and COSSU, 2003; ALARCAO-
E-SILVA et al., 2001; USENIK et al., 2008),
the polyphenolic content of the assayed
extracts are quite different, ranging from
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4.0 mg/mL (cherry extract) to 15.3 mg/
mL (yellow strawberry-tree fruit extract).

Physico-chemical properties and
antioxidant activity of natural
yogurts

The baseline values of some chemical
characteristics of commercial and home-
made natural yogurts are reported in Ta-
ble 3. L-lactic acid concentration and pH
were comparable between the two types
of yogurt: the L-lactic acid concentra-
tion was 3-5 times higher than D-lac-
tic acid. Acetaldehyde levels were high-
er in commercial yogurts even though
the high standard deviation (data not
shown) demonstrates a great variability
of this parameter (0.05 to 1.73 mg/g),
probably due to the different geograph-
ical origins of the milk and/or the pro-
duction process.

Good baseline correlations (r) were ob-
tained between the polyphenolic content
and the antioxidant activity of all the ex-
amined yogurts without any plant-based
supplementation (r = 0.771 for DPPH test
and r = 0.827 for FRAP test; p<0.05).

Physico-chemical properties and

antioxidant activity of enriched

yogurts

Enriched yogurts were prepared in
the laboratory and analyzed 24 h after
preparation, as previously described in

Table 2 - Total polyphenolic contents of artichoke,
strawberry tree and cherry extracts, expressed as
gallic acid equivalents (mg/mL).

Extract Polyphenolic content
(mg/mL+SD)

Artichoke (EP) 8.0+0.01

Artichoke (NEP) 6.7+0.04

Red strawberry-tree fruits 11.3:0.06

Yellow strawberry-tree fruits 15.3+0.03

Cherry 4.0+0.01

MeanSD (standard deviation) of 3 determinations for
each sample.




Table 3 - General features of commercial and home-made natural yogurts.

Commercial® Home-made*
mean+SD

pH 4.3+0.26 4.4+0.11
Acidity SHe 52.8+8.1 40.5+3.5
Lactic acid D mg/g 3.29+3.3 1.320.1

L 9.47+2.2 9.8+0.14
Acetaldehyde mg/g 0.5420.53 0.34+0.04
Polyphenolic content GAE (ug/g) 73.2+176 101.4+12.6
Antioxidant activity DPPH test TE (pg/g) 39.6x+11.1 35.7+5.8

FRAP test 3111219 50.616.7

*MeanzSD of 8 samples.

the experimental section. In Table 4 the
results of home-made enriched yogurts
{LE 1-5) are compared with four selected
commercial enriched yogurts (CE 1-4).

Compared to the unsupplement-
ed yogurt (LW), all of the home-made
enriched yogurts had a lower pH and
consequently a higher SH® acidity val-
ue, no variation in D- and L-lactic acid
contents and a lower concentration of
acetaldehyde.

pH and acidity values of enriched com-
mercial yogurt were comparable to those
of the unsupplemented yogurt, while in
the CE2 sample (yogurt with Q10 factor

and vitamin A, D, E) the L-lactic acid
and acetaldehyde contents were higher.

The polyphenolic content and the
antioxidant activities of enriched yogurt
samples, commercial and home-made
yogurts are compared in Fig. 1. In gen-
eral, the antioxidant activities were quite
similar for all of the yogurts examined
with the exception of the LE3 and LE4
samples (enriched with red strawber-
ry-tree fruit and yellow fruit extract. re-
spectively) that showed the highest ac-
tivity in the DPPH radical scavenging as-
say. Moreover, yogurt enriched with ed-
ible parts of artichoke (LE1) contained

Table 4 - Physico-chemical characteristics of commercial and home-made vogurts enriched with polyphe-
nolic substances (mean+SD of 3 determinations for each sample).

Samples pH Acidity Lactic acid Acetaldehyde
(SHY) (mg/g) (Hg/g)
D L

CE1 4.45+0.08 46.20+1.3 0.0+0.00 9.3:0.34 88.1:3.4
CE2 4.17+0.06 55.40+1.8 1.420.06 30.7+2.9 387.6+20.3
CE3 4.23+0.07 40.20+1.1 0.2+0.01 5.7+0.19 141.0£7.7
CE4 4.36+0.02 33.50+0.8 0.3+0.01 5.3:0.24 176.2+8.4
w 4.4+0.03 40.5+1.5 1.3+0.04 9.1+0.39 343.9+18.6
LE1 3.8+0.04 76.63.7 1.4+0.05 9.2+0.41 121.8:6.8
LE2 3.8+0.07 69.9+2.4 1.7+0.08 9.6+0.65 103.6+5.5
LE3 3.8+0.08 70.0£3.1 1.4+0.10 9.4:0.55 172.6+7.0
LE4 3.7£0.05 63.7+2.1 1.120.09 9.6+0.47 246.7:13.8
LE5 3.8+0.06 63.9+2.9 1.9+0.11 8.9:0.38 105.7£7.1
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Fig. 1 - Antioxidant activities [e:xpressc.d as Trolox equivalents. TE) and total polyphenolic content of
commercial enriched yogurts and home-made enriched yogurts at T,
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Fig. 2 - Characteristics of home-made yogurts: per cent increase or decrease of values after ten days.
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a greater quantity of polyphenols and
showed a higher antioxidant activity
than commercial yogurts without any
plant extract enrichment.

The variations in the physico-chemi-
cal characteristics, polyphenolic content
and antioxidant activities of all of the
home-made yogurts (both unenriched
and enriched) were observed over a peri-
od of ten days. Results of these observa-
tions are reported in Fig. 2, where the in-
creases or decreases (minus sign) in the
values with respect to t are reported as
percentages. Notable increases were ob-
served particularly in lactic acid (D and
L) and acetaldehyde production; in par-
ticular there were marked increases in

100 -
90 -

70 -
60

Survival %
g

30

the D-lactic acid and L-lactic acid in yo-
gurt containing strawberry-tree fruit ex-
tracts (LE4) and in yogurt enriched with
edible artichoke parts (LE1). Acetalde-
hydes increased remarkably in sever-
al yogurts and especially in the sam-
ple enriched with cherry extract (LE4).
After ten days. the antioxidant compo-
nent levels were almost unchanged. and
the antioxidant activity showed negligi-
ble variations.

Microbiological analysis

Bacteria were counted periodically in
both the unsupplemented commercial
and home-made yogurts. All the experi-
ments were performed in triplicate and

B Home-made natural
O Commercial natural

Survival %

2 weeks 3weeks

= |

1weeks

2weeks 3weeks

to
Fig. 3 - Viability of L. bulgaricus (a) and S. thermophilus (b) in commercial and home-made natural yogurt.
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bacteria were also counted in triplicate
for each sample. The results, expressed
as % survival, are reported in Fig. 3.

In commercial natural yogurts, the
initial cell counts were in the range of
2.6x10%and 5.0x10? cfu/g for L. bulgari-
cus and S. thermophilus respectively, and
these numbers decreased steadily over
the three-week experimental period.

Home-made yogurt samples were
characterised by lower initial counts of
both L. bulgaricus and S. thermophilus
(ranges 3.5x10% and 1.1x10° cfu/g, re-
spectively) and by a more marked de-

7.E+09+

Bacterial number (CFU/ g)

3.E+081

2.E+081

2.E+08+

1.E+08+

Bacterial number (CFU/g)

5.E+07

0.E+00+
ctr LE1

LE2

crease after the second week of stor-
age. This might be due to the quality of
milk used, to the yogurt used as an in-
oculum to produce home-made yogurt,
which most likely was quite different if
compared to the industrial starter, and
also to the equipment and methodology
of preparation.

The enriched yogurts showed an in-
creasing trend in microbial counts when
enriched with the edible artichoke ex-
tract (LE1) (Fig. 4): at time O both L. bul-
garicus and S. thermophilus showed sig-
nificantly higher numbers compared to

mto

LE4 LES

LE4

LE3 LES

Fig. 4 - Survival of L. bulgaricus (a) and S. thermophilus (b) in home-made yogurt enriched with plant

extracts over 3 weeks.
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the controls. It is also noteworthy that
this effect was not observed after the
addition of non-edible artichoke parts
(LE2). This result may be partly attrib-
uted to the presence of inulin, a well-
known prebiotic polysaccharide (KRUSE
et al.,, 2005) in artichoke ED extracts.
Moreover, at time zero a notable improve-
ment of viable counts of lactobacilli was
observed in yogurt enriched with un-
ripe strawberry-tree extract (LE4) and
an enhanced effect was observed after
the addition of ripe strawberry-tree ex-
tract (LE3).

Survival (%)

Fig. 5 shows the bacterial survival (ex-
pressed as percentage) in yogurts en-
riched with polyphenolic extracts in com-
parison with the control (LW) over the es-
tablished period of time. As far as lacto-
bacilli are concerned, the values for the
survival after the first week were higher
than the controls only in the presence of
LE1 extract (85% and 70%, respectively).
while the other extracts did not improve
their viability. On the other hand. strep-
tococci survival was positively affected by
the presence of LE2 extract (65% viabil-
ity vs 55%) after one week. The viabili-

Time (weeks)

Survival (%)

Time (weeks)

Fig. 5 - Evolution of L. bulgaricus (a) and S. thermophilus (b) in yogurts in the presence of polyphenol-

ic extracts.
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ty was not improved due to the extract
at later times. At the second week, sur-
vival of the lactobacilli and streptococci
was always less than 20%.

CONCLUSIONS

Commercial dairy yogurts and home-
made dairy yogurts were quite compara-
ble in terms of chemical-physical char-
acteristics. Moreover, these properties
were not significantly modified by sup-
plementation with different edible plant
extracts just before fermentation, except
for a slight decrease of pH and increase
of acidity in all the samples.

Enriched home-made yogurts showed
antioxidant activities quantitatively com-
parable to those of commercial enriched
yogurts; the yogurt with red strawber-
ry-tree fruit extract was the most active
in the DPPH assay.

After ten days, an increment in the
lactic acid (D and L) and acetaldehyde
production was observed in some sam-
ples of home-made yogurt, while vari-
ations in the antioxidant components
were not observed and antioxidant ac-
tivities were almost unchanged.

In terms of microbial activity over the
experimental period of three weeks, a
high microbial count was observed at
time O after fermentation with lactoba-
cilli and streptococci in yogurts enriched
with strawberry-tree extract and with
edible artichoke extract. Under these
storage conditions these counts did not
change significantly in yogurt enriched
with edible artichoke parts for the first
week of the experiment.

On the basis of these results the in-
corporation of selected edible polyphe-
nolic extracts did not affect the chem-
ical and microbiological characteristics
of yogurts. Further considering that a
regular intake of these dietary polyphe-
nolic compounds is regarded as benefi-
cial for human health, it can be conclud-
ed that the yogurts produced as in this

458 Ital. J. Food Sci. n. 4, vol. 21 - 2009

study could be of potential interest for
the design of probiotic yogurts with ad-
ditional bioactive metabolites from edi-
ble sources and therefore more effective
functional foods.
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