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a b s t r a c t

Globally, there is a trend for healthy food products, preferably incorporating natural bioactive ingredients,
replacing synthetic additives. Fromprevious screening studies, extracts of Foeniculum vulgareMill. (fennel)
and Matricaria recutita L. (chamomile) maintained nutritional properties and improved the antioxidant
activity of cottage cheese. Nevertheless, this effect was limited to 7 days. Accordingly, aqueous extracts
of these plants were microencapsulated in alginate and incorporated into cottage cheese to achieve an
extended bioactivity. Plain cottage cheese, and cheese functionalized by direct addition of free decoctions,
wereprepared andcompared. Independently of plant species, ‘‘functionalization type” factor didnot showa
significant effect on the nutritional parameters, as also confirmed in the linear discriminant analysis, where
these parameters were not selected as discriminating variables. Furthermore, samples functionalized with
microencapsulated extracts showed higher antioxidant activity after the 7th day, thereby demonstrating
that the main purpose of this experimental work was achieved.

� 2015 Elsevier Ltd. All rights reserved.
1. Introduction

Plant-derived bioactive extracts and compounds are interesting
ingredients used to functionalize foods (Carocho, Barreiro, Morales,
& Ferreira, 2014). Aqueous extracts of Foeniculum vulgareMill. (fen-
nel) andMatricaria recutita L. (chamomile) are good sources of phe-
nolic compounds, exhibiting different biological activities such as
antioxidant and antimicrobial properties, as previously reported
by our research group (Caleja, Barros, Antonio, Ciric, Barreira
et al., 2015; Caleja, Barros, Antonio, Ciric, Soković et al., 2015). In
these previous works, the preserving potential of fennel and cha-
momile extracts obtained from decoction was explored through
their direct use as natural preservers. Their incorporation into cot-
tage cheese maintained its nutritional characteristics and
improved the antioxidant properties, namely the free radical’s
scavenging activity. However, after 7 days under storage the
cheese samples showed an antioxidant capacity decrease which
was associated with extract degradation (Caleja, Barros, Antonio,
Ciric, Barreira et al., 2015; Caleja, Barros, Antonio, Ciric, Soković
et al., 2015).
In fact, the use of natural bioactive extracts/compounds as food
additives presents limitations because after extraction they can
become susceptible to degradation. Therefore, microencapsulation
may be considered as an appropriate process to overcome these
limitations, since this technique can provide protection against
the action of several environmental agents like oxygen, light, mois-
ture or heat, ensuring an increase in their stability (Betz & Kulozik,
2011; Dias, Ferreira, & Barreiro, 2015). This process will preserve
the bioactive compound by means of a surrounding coating shell
around it (reservoir type particles) or by embedding it, homoge-
neously or heterogeneously, in a matrix (matrix type particles)
(Çam, Içyer, & Erdogan, 2014). The controlled release along time
or oriented to a specific site, can be achieved by means of different
mechanisms, which depend on the used encapsulation materials,
production process, and microcapsules’ morphology and desired
application (Martins et al., 2014). Alginate, a natural polymer
obtained from bacteria and algae, is widely used for microencapsu-
lation in several fields, namely in food industry (Goh, Heng, & Chan,
2012). This polymer is classified as non-toxic for oral administra-
tion, and is usually commercialized in its salt form (e.g. sodium
alginate). In the presence of bivalent cations (e.g. Ca2+) it gels, giv-
ing rise to a material that resists acidic pH and dissolves at basic
medium (disruption of the ionic network). In this way the release
of the encapsulated compounds will occur in the intestinal tract
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(George & Abraham, 2006). Besides this, it presents good stability,
biocompatibility, exudate-retaining ability and moderate antimi-
crobial activity (Goh et al., 2012). Its use in the food industry is per-
mitted by the FDA – Food and Drug Administration (USA) and EFSA
– European Food Safety Agency.

There are some documented examples dealing with the applica-
tion of microencapsulation to natural extracts for use in functional
foods (Dias, Ferreira et al., 2015). Our research group has success-
fully encapsulated Fragaria vesca L. (Dias, Barros et al., 2015) and
Rubus ulmifolius Schott (Martins et al., 2014) extracts that were fur-
ther incorporated into j-carrageenan gelatin and yogurts,
respectively.

In the present study, aqueous extracts of F. vulgare and M. recu-
tita were prepared by decoction. Then, these extracts were used to
functionalize cottage cheeses following two main strategies: (i)
direct use (extracts in their free form), and (ii) use after stabiliza-
tion through microencapsulation with alginate (extracts in their
microencapsulated form). Microencapsulation was achieved by
using an atomization/coagulation technique following a procedure
developed in our research group (Dias, Barros et al., 2015; Martins
et al., 2014). The incorporation of F. vulgare and M. recutita extracts
into cottage cheeses was compared with samples without free or
encapsulated extracts (control). Moreover the gain derived from
the use of the microencapsulated form over the use of the free form
was also evaluated (specifically color, nutritional value and antiox-
idant activity of the functionalized cottage cheese as a function of
storage time). Besides studying individual changes induced by each
of the defined factors (storage time and functionalization type)
through a 2-way ANOVA, data were also analyzed by a linear dis-
criminant analysis to determine which of the assayed independent
variables (studied parameters) defined the majority of the differ-
ences in the average score profiles of the prepared cheese samples.

2. Materials and methods

2.1. Standards and reagents

2,2-Diphenyl-1-picrylhydrazyl (DPPH) was obtained from Alfa
Aesar (Ward Hill, MA, USA). HPLC-grade acetonitrile was obtained
from Merck KgaA (Darmstadt, Germany). Formic and acetic acids
were purchased from Prolabo (VWR International, France). Sodium
alginate was provided by Fluka Chemie (USA). All other chemicals
and solvents were of analytical grade and purchased from common
sources. Water was treated in a Milli-Q water purification system
(TGI Pure Water Systems, Greenville, SC, USA).

2.2. Preparation of the bioactive extracts

Commercial samples of F. vulgareMill. (fennel) andM. recutita L.
(chamomile) were provided by Américo Duarte Paixão Lda. (Alca-
nede, Portugal). The dried samples were powdered (�20 mesh)
and submitted to decoction. Decoctions were performed by adding
5 g of plant material to 200 mL of distilled water, heated (heating
plate, VELP scientific, Usmate, Italy), and allowed to boil for
5 min. The mixtures were left to stand for 5 min and filtered
through Whatman No. 4 paper. The decoctions were then frozen
and lyophilized in order to obtain the final extracts (FreeZone
4.5, Labconco, Kansas City, MO, USA).

2.3. Microencapsulation of the plant extracts and characterization

2.3.1. Microencapsulation
Microspheres containing extracts of F. vulgare or M. recutita

were prepared by using an atomization/coagulation technique as
previously described in the literature (Dias, Barros et al., 2015;
Martins et al., 2014).
Calcium alginate (matrix material) was obtained by combining
sodium alginate with calcium chloride (CaCl2) (coagulation agent).
Briefly, the atomization solution was prepared by dissolving firstly,
100 mg of the extract with 20 mL of distilled water under stirring
at 250 rpm and room temperature, followed by filtration to remove
remaining non-soluble trace residues. In the second step, 800 mg
of sodium alginate was added and the solution was kept stirring,
under the same conditions, until complete dissolution was
achieved. The obtained alginate solution containing the extract
was then atomized using a NISCO Var J30 system (Zurich, Switzer-
land) at a feed rate of 0.2 mL/min and a nitrogen pressure of 0.1 bar
to produce the microspheres. The atomized microspheres under-
went coagulation upon contact with a CaCl2 aqueous solution
(500 mL at a concentration of 4% (w/v)) over a period of 4 h. The
resulting microspheres were collected by filtration under reduced
pressure, washed twice with distilled water, and further lyophi-
lized and stored in the dark at 4 �C.

2.3.2. Microcapsules characterization
Microspheres were analyzed by optical microscopy (OM) using

a Nikon Eclipse 50i microscope (Tokyo, Japan) equipped with a
Nikon Digital Sight camera and NIS Elements software for data
acquisition. OM analysis was applied to assess the size and mor-
phology of the microspheres after the atomization and coagulation
stages. It was also possible to infer the presence/absence of extract
inside the microspheres.

The effective extract incorporation into the alginate matrix was
investigated by FTIR analysis. For that purpose, spectra of pure
alginate, free extracts of F. vulgare or M. recutita, and the corre-
sponding microspheres were collected on a FTIR Bomen (model
MB 104) by preparing KBr pellets at a sample concentration of
1% (w/w). The spectra were recorded at a resolution of 4 cm�1 in
the spectral range between 650 and 4000 cm�1 and by co-adding
48 scans. The encapsulation efficiency (EE) was also evaluated
through the quantification of the non-encapsulated extract. For
this purpose, the remaining extract in the coagulation and in the
first washing solution were quantified by HPLC and added. The sec-
ond washing solution presented no extract. The encapsulation effi-
ciency was calculated according to the following expression:

EE ¼ ½ðMe�t �Me�neÞðMe�tÞ� � 100

in which Me�t represents the theoretical amount of extract (the
amount of extract used in the microencapsulation process), Me�ne

corresponds to the non-encapsulated extract remaining after the
encapsulation process.

Since the extracts are complex mixtures, only the major pheno-
lic compounds present in the extracts of fennel (quercetin-3-O-
glucoside; Caleja, Barros, Antonio, Ciric, Soković et al., 2015) and
chamomile (luteolin-O-glucuronide; Caleja, Barros, Antonio, Ciric,
Barreira et al., 2015) were selected for EE evaluation.

2.4. Functionalization of cottage cheese with plant extracts

2.4.1. Preparation of the cottage cheese samples
All of the cottage cheese samples were prepared by ‘‘Queijos

Casa Matias Lda.” (Seia, Portugal), by using the milk serum
obtained after the production of cheese. The remaining serum (liq-
uid component) was pumped into a vat where it was mixed and
heated to a temperature that ranged between 83 and 85 �C. After
a few minutes at that temperature, the serum started to flocculate
and rose to the surface where it was scooped into individual forms,
left for a few minutes and packed with parchment paper. The
incorporation of the extracts was carried out immediately before
packaging, individually, into each one of the forms mentioned
above, in order to guarantee a better distribution of the extract
by the cottage cheese mass.
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Fig. 1. Morphology of fennel (A) and chamomile (B) microspheres by OM analysis
under 100� magnification, immediately after atomization (1), and after a 4 h
coagulation period (2) and of lyophilized microspheres (3).
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Five groups, each comprising nine ewe’s milk cottage cheeses
(250 g), were prepared: (i) cottage cheeses without plant extracts;
(ii) cottage cheeses with free fennel extract; (iii) cottage cheeses
with free chamomile extract; (iv) cottage cheeses with microen-
capsulated fennel extract and (v) cottage cheeses with chamomile
microencapsulated extract. For the samples prepared with free
extracts, 100 mg of extract per cottage cheese (250 g) were used.
In the case of microencapsulated extract, 900 mg of microspheres
(quantity containing 100 mg of free extract) per cottage cheese
were used. The samples were analyzed according to color, nutri-
tional composition (protein, fat, carbohydrates, ash and energy)
and free radical scavenging activity, immediately after preparation,
and also after seven, and fourteen, days of storage in the original
package (parchment paper) at 4 �C in the refrigerator. Assays were
carried out in triplicate.

2.4.2. Effects of storage time on color, nutritional and antioxidant
activity of cottage cheese samples

The color of the sampled cottage cheeses was evaluated in the
top and bottom of the cheese, by taking readings at three different
points for each determination, using a colorimeter (model CR-400,
Konica Minolta Sensing Inc., Tokyo, Japan). Using the illuminant C
and a diaphragm aperture of 8 mm, the CIE L⁄a⁄b⁄ color space val-
ues were registered using the data software ‘‘Spectra Magic Nx”
(version CM-S100W 2.03.0006) (Fernandes et al., 2012).

The proximate composition (protein, fat and ash) of the samples
was analyzed according to the AOAC (2005) procedures.

The crude protein content (N � 6.38) was estimated by the Kjel-
dahl method (AOAC, 991.02); the crude fat (AOAC, 989.05) was
determined by extracting a known weight of powdered sample
with petroleum ether, using a Soxhlet apparatus; the ash content
(AOAC, 935.42) was determined by incineration at 600 ± 15 �C.
Total carbohydrates were calculated by difference. Total energy
was calculated according to the following equation: Energy
(kcal) = 4 � (g proteins + g carbohydrates) + 9 � (g lipids). Free
sugars were determined in defatted samples by HPLC coupled to
a refraction index (RI) detector, according to previous analytical
validation and detailed description (Barros et al., 2013). Fatty acids
were identified by comparison with standards and the results were
expressed in relative percentage of each fatty acid. Free sugars
were identified by comparison with standards, and further quanti-
fied (g/100 g of cottage cheese) by using an internal standard
(melezitose).

For the antioxidant activity evaluation, the samples were sub-
mitted to DPPH radical scavenging activity, which was performed
in an ELX800 microplate reader (Bio-Tek Instruments, Inc.,
Winooski, VT, USA) at 515 nm. The complete protocol has previ-
ously been described by the authors (Caleja, Barros, Antonio,
Ciric, Soković et al., 2015).

2.5. Statistical analysis

All statistical tests were performed at a 5% significance level
using IBM SPSS Statistics for Windows, version 22.0. (IBM Corp.,
Armonk, NY, USA).

Data were expressed as mean ± standard deviation, maintaining
the significant numbers allowed by the magnitude of the standard
deviation. An analysis of variance (ANOVA) with type III sums of
squares was performed using the general linear model (GLM) pro-
cedure. The dependent variables were analyzed using 2-way
ANOVA with the factors ‘‘storage time” (ST) and ‘‘functionalization
type” (FT). When a statistically significant interaction was detected
for these two factors, they were evaluated simultaneously by the
estimated marginal means plots for all levels of each factor. Fur-
thermore, if no statistical significant interaction was found, the
means were compared using Tukey’s multiple comparison test,
with a previous assessment of the equality of variances through
a Levene’s test.

In addition, a linear discriminant analysis (LDA) was used to
compare the effect of ST and FT over all the assayed parameters.
A stepwise technique was applied, considering the Wilks’ k test
with the usual probabilities of F (3.84 to enter and 2.71 to be
removed) for variable selection. This procedure uses a combination
of forward selection and backward elimination steps, where the
inclusion of a new variable is preceded by verifying the significance
of all previously selected variables (Zielinski et al., 2014). The basic
purpose of the discriminant analysis was to estimate the relation-
ship between a single categorical dependent variable (cheese for-
mulation) and a set of quantitative independent variables (the
values obtained in all of the assays). Through this method, it is pos-
sible to determine which of the independent variables contributed
the most to the differences in the average score profiles of the dif-
ferent cheese samples. To verify the significance of the canonical
discriminating functions, Wilk’s k test was used. A leave-one-out
cross validation procedure was carried out to assess the model
performance.

3. Results and discussion

3.1. Characterization of the microencapsulated plant extracts

The OM analysis showed efficient incorporation of the extracts,
confirming a homogeneous distribution of the extract within the
microspheres, recognized as brown droplets well distributed in
the alginate matrix. It was also observed that the microspheres
had different shapes and sizes; the larger showed a round shape
while the smaller had a pear-like shape. Their final size at a mag-
nification of 100� varied between 68.1 and 306.5 lm. Fig. 1 shows
the microcapsules morphology at different preparation stages, as
well as after lyophilization. The EE, determined by quantification
of the major compounds identified in the extracts (quercetin-3-
O-glucoside for microspheres with fennel and 5-O-caffeoylquinic
acid for microspheres with chamomile), was estimated as
approaching 100% for both samples. Only traces of these com-
pounds were detected in the coagulation and washing solutions.
The presence of the extract inside the microspheres was also con-
firmed by FTIR analysis (data not shown).

3.2. Effects of incorporating plant-based natural extracts into cottage
cheese

Five groups of cottage cheese were prepared: (i) control (sam-
ples without plant extracts); (ii) samples with free fennel extract;
(iii) samples with free chamomile extract; (vi) samples with
microencapsulated fennel extract; and (v) samples with microen-
capsulated chamomile extract.
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For all of the evaluated parameters, the aim was to assess the
effects of each functionalization type (i.e. functionalization agent
used: free or microencapsulated extracts), independently of the
number of days kept in storage, as well as the influence of storage
time, regardless of whether the sample was plain cottage cheese or
was functionalized. Therefore, the standard deviations should not
be regarded as a measure of accuracy of the applied methodologies,
since they reflect results obtained from samples prepared in differ-
ent conditions. The interaction among factors (ST � FT) was also
evaluated. When a significant interaction was found (p < 0.050),
no multiple comparisons were performed. In such cases, the influ-
ence of each factor was assessed by interpreting the estimated
marginal mean (EMM) plots. The statistical analysis was performed
separately for each of the selected plant species.

The achieved results for water, fat, protein, ash, carbohydrates,
lactose and energy in the prepared cottage cheeses are presented
in Table 1. The evaluated factors showed a significant interaction
(ST � FT) in all cases, indicating that the quantitative variations
in these parameters evolved dissimilarly throughout ST, either
using fennel or chamomile. Considering each individual factor, it
is obvious that ST had a higher effect on these parameters than
FT. In fact, while the variations induced by ST were significant in
all cases, FT produced a significant effect only in ash (for fennel)
and carbohydrates (for both plant species). Except for water, ash
and lactose, which tended to decrease along ST, the assayed
parameters tended to present higher values for longer storage peri-
ods (especially after 14 days). A similar behavior has previously
been reported in cheeses of Portuguese (Caleja, Barros, Antonio,
Ciric, Barreira et al., 2015), Spanish (Diezhandino, Fernández,
González, McSweeney, & Fresno, 2015) and Iranian (Farahani,
Ezzatpanah, & Abbasi, 2014) origin.

The interaction between factors had a less marked effect on the
color parameters, since it only significantly impacted, in both
plants, the b⁄ parameter, thereby allowing to perform some multi-
ple comparisons to be performed (Table 2). Lightness (L⁄) dimin-
ished along ST, also showing a tendency to be lower in
functionalized samples (particularly in those with direct incorpo-
ration of the extracts). Despite the observed differences, the L⁄ val-
ues were generally in the range of those obtained in similar cheese
types (Caleja, Barros, Antonio, Ciric, Barreira et al., 2015; Pizzillo,
Claps, Cifuni, Fedele, & Rubino, 2005; Queiroga et al., 2013).
Regarding the b⁄ parameter, the highest values were obtained in
Table 1
Nutritional parameters, lactose (g/100 g fw) and energy (kcal/100 g) in the cottage chees
deviation.

Water Fat Protein

Foeniculum vulgare
ST 0 days 70 ± 1 14 ± 1 12.0 ± 0.3

7 days 66 ± 1 17 ± 1 12.4 ± 0.2
14 days 54 ± 2 24 ± 1 18.0 ± 0.5
p-Value (n = 27) <0.001 <0.001 <0.001

FT None 63 ± 7 18 ± 4 15 ± 3
Microspheres 64 ± 6 18 ± 4 14 ± 2
Extract 63 ± 8 18 ± 4 14 ± 3
p-Value (n = 27) 0.443 0.532 0.546

ST � FT p-Value (n = 81) <0.001 <0.001 <0.001

Matricaria recutita
ST 0 days 69 ± 1 15 ± 1 12 ± 1

7 days 66 ± 1 17 ± 1 12 ± 1
14 days 53 ± 2 24 ± 1 18 ± 1
p-Value (n = 27) <0.001 <0.001 <0.001

FT None 63 ± 7 19 ± 4 15 ± 3
Microspheres 64 ± 6 18 ± 4 14 ± 3
Extract 62 ± 8 19 ± 4 14 ± 3
p-Value (n = 27) 0.753 0.863 0.681

ST � FT p-Value (n = 81) <0.001 <0.001 <0.001
samples stored for 14 days, exhibiting a yellowing tendency inde-
pendently of FT. The increase in this particular parameter is a com-
mon feature in stored cheeses (Buffa, Trujillo, Pavia, & Guamis,
2001; Ginzinger, Jaros, Lavanchy, & Rohm, 1999; Rohm & Jaros,
1996), which seems to be maintained in functionalized formula-
tions, such as those prepared herein. For the a⁄ parameter, which
can be interpreted as a direct indicator of greenness-redness ten-
dency, it was possible to observe a slight increase along ST, while
the control and functionalized samples gave statistically indistin-
guishable results. However, the magnitude of the values obtained
for this parameter is in the expected range for this type of product
(Caleja, Barros, Antonio, Ciric, Barreira et al., 2015; Caleja, Barros,
Antonio, Ciric, Soković et al., 2015; Pizzillo et al., 2005).

Fennel and chamomile have previously been reported to have
high antioxidant activity, as assayed in alcoholic and aqueous
extracts (Barros, Heleno, Carvalho, & Ferreira, 2009; Guimarães
et al., 2013; Mata et al., 2007). In previous studies, it was reported
that the incorporation of chamomile or fennel improved the
antioxidant activity of cottage cheese (Caleja, Barros, Antonio,
Ciric, Barreira et al., 2015; Caleja, Barros, Antonio, Ciric, Soković
et al., 2015). Herein, the incorporation of chamomile- and fennel-
based ingredients improved the DPPH scavenging activity of plain
cottage cheese samples, especially in the case of extracts, either
using chamomile or fennel (Table 2). Since the compounds present
in the extract were readily available when they were incorporated
in the free form, it could intuitively be predicted that the antioxi-
dant activity would be higher in these cheeses. However, it has
previously been verified that the DPPH scavenging activity tends
to decrease throughout the shelf-life of a functionalized cheese
(Caleja, Barros, Antonio, Ciric, Barreira et al., 2015). Thereby, the
encapsulation in microspheres could be hypothesized to preserve
the scavenging activity throughout the shelf-life of the developed
product. As can be seen in Fig. 2, samples functionalized with free
extracts tended to lose some of the initial activity; on the other
hand, it is obvious (particularly after the 7th day of storage) that
the microencapsulation of the extracts promotes increasing levels
of scavenging activity throughout ST, which represents a good indi-
cator of the protective effect intended with the application of the
microencapsulation technique.

The significant interaction between factors was also observed
for all of the fatty acids studied (FA), with most of them also being
significantly changed by each individual factor (Table 3). Neverthe-
e samples alongside shelf life. Results are presented as estimated mean ± standard

Ash Carbohydrates Lactose Energy

1.3 ± 0.1 2.5 ± 0.4 1.9 ± 0.1 186 ± 7
1.1 ± 0.1 3.6 ± 0.4 1.1 ± 0.4 215 ± 3
1.0 ± 0.1 3.7 ± 0.5 0.2 ± 0.1 301 ± 9
<0.001 0.007 <0.001 <0.001
1.1 ± 0.1 3.2 ± 0.5 1.3 ± 0.4 238 ± 49
1.2 ± 0.1 2.9 ± 0.5 1.0 ± 0.5 229 ± 46
1.1 ± 0.1 3.6 ± 0.5 0.9 ± 0.5 235 ± 55
<0.001 <0.001 0.906 0.459
0.013 <0.001 <0.001 <0.001

1.2 ± 0.1 3 ± 1 1.8 ± 0.1 193 ± 4
1.1 ± 0.1 4 ± 1 1.6 ± 0.1 215 ± 6
1.1 ± 0.1 4 ± 1 0.2 ± 0.1 304 ± 13
<0.001 <0.001 <0.001 <0.001
1.1 ± 0.1 3 ± 1 1.3 ± 0.5 238 ± 49
1.2 ± 0.1 3 ± 1 1.2 ± 0.5 228 ± 44
1.1 ± 0.1 5 ± 1 1.2 ± 0.5 245 ± 54
0.056 0.004 0.244 0.793
<0.001 <0.001 <0.001 <0.001



Table 2
Color parameters and free radicals scavenging activity in the cottage cheese samples alongside shelf life. Results are presented as estimated marginal mean ± standard error.

DPPH scavenging activity L* b* a*

Foeniculum vulgare
ST 0 days 152 ± 70 91 ± 3 a 10 ± 1 �2.3 ± 0.2 b

7 days 152 ± 69 90 ± 4 ab 11 ± 1 �2.2 ± 0.2 b
14 days 144 ± 44 89 ± 2 b 16 ± 2 �0.9 ± 0.3 a
p-Value (n = 27) 0.885 0.001 <0.001 <0.001

FT None 200* 92 ± 2 a 12 ± 3 �2.0 ± 0.4
Microspheres 178 ± 31 91 ± 3 a 13 ± 3 �1.8 ± 0.5
Extract 69 ± 20 88 ± 3 b 12 ± 2 �1.7 ± 0.5
p-Value (n = 27) <0.001 0.003 0.054 0.256

ST � FT p-Value (n = 81) <0.001 0.052 0.005 0.263

Matricaria recutita
ST 0 days 145 ± 80 92 ± 2 a 11 ± 1 �2.3 ± 0.2

7 days 151 ± 70 91 ± 2 a 11 ± 1 �2.3 ± 0.4
14 days 142 ± 60 89 ± 2 b 17 ± 2 �0.8 ± 0.2
p-Value (n = 27) 0.856 0.009 <0.001 <0.001

FT None 200* 92 ± 2 a 12 ± 3 �2.0 ± 0.5
Microspheres 188 ± 19 90 ± 2 b 13 ± 3 �1.6 ± 0.5
Extract 50 ± 12 90 ± 2 b 14 ± 4 �1.8 ± 0.5
p-Value (n = 27) <0.001 <0.001 0.460 0.292

ST � FT p-Value (n = 81) <0.001 0.076 <0.001 0.034

* Corresponds to the maximum assayed concentration. Different letters mean significant statistical differences.
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Fig. 2. Effects of storage time and functionalizing agent on the DPPH scavenging
activity of cottage cheese functionalized with chamomile- or fennel-based extracts.
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less, given the number of detected significant changes, the chamo-
mile extracts seemed to have a higher capacity to maintain the FA
profiles of plain cottage cheese. Besides the tabled fatty acids,
C11:0, C13:0, C14:1, C15:0, C16:1, C17:0, C17:1, C18:2, C18:3,
C20:1, C20:4, C21:0 and C20:5 were also detected, but in trace
amounts (<0.2%). As verified in previous studies, saturated fatty
acids (SFA) were the predominant forms, followed by monounsat-
urated (MUFA) and small amounts of polyunsaturated (PUFA),
which is in agreement with the FA profiles typically detected in
this type of lactic product (Caleja, Barros, Antonio, Ciric, Barreira
et al., 2015; Caleja, Barros, Antonio, Ciric, Soković et al., 2015;
Pizzillo et al., 2005; Queiroga et al., 2013).
3.3. Linear discriminant analysis

As discussed in Section 3.1, it was possible to identify different
statistically significant effects (either induced by ST or FT) in most
of the evaluated parameters. However, to characterize better each
level (‘‘0 days”, ‘‘7 days” and ‘‘14 days” in one case, ‘‘none”, ‘‘micro-
spheres” and ‘‘extracts”, in the other) of the assayed factors, it was
essential to know which of the parameters contributed most deci-
sively to the definition of those levels. Accordingly, different linear
discriminant analysis (LDA) was performed with the basic objec-
tive of evaluating the linkage between the ST or FT levels (categor-
ical dependent variables) and the matrix of obtained results
(quantitative independent variables). The significant independent
variables were selected following the stepwise method of the
LDA, according to the Wilks’ k test. Only variables with a statisti-
cally significant classification performance (p < 0.050) were main-
tained by the statistical model.

Initially, the results obtained for fennel were compared consid-
ering the effects induced by ST (Fig. 3a and b). The two defined dis-
criminant functions included 100% of the observed variance by
selecting fat, protein, lactose, energy, DPPH, b⁄, C4:0, -C12:0,
C14:0, C18:1 and PUFA as the variables with the strongest discrim-
inant effect. Function 1, which was mostly correlated (data not
shown) to fat, protein and energy (higher in ‘‘14 days” samples)
projected the markers corresponding to the 14 day period far from
the remaining samples, proving their significant differences. On the
other hand, the separation of non-stored samples and those stored
for 7 days was dictated by function 2, which was highly correlated
to lactose (higher in non-stored samples), C12:0 and C14:0 (lower
in non-stored samples).

Regarding the effect of FT, function 1, which separated markers
corresponding to the extracts, was more correlated to DPPH
(higher scavenging activity in ‘‘extracts”) and lactose (higher in
non-functionalized samples). Markers from non-functionalized
samples and those incorporated with microencapsulated extracts
scored differently regarding function 2, which correlated more to
SFA, and, particularly, with C18:0 (higher in non-functionalized
samples). The other selected variables were water, fat, carbohy-
drates, b⁄, C6:0, C10:0, C16:0 and PUFA.

A similar study was applied to the results obtained from
chamomile-based functionalized cheese. The two defined func-
tions regarding ST effect included 100.0% of the observed variance,
selecting the variables water, protein, lactose, DPPH, C4:0, C10:0,
C12:0, C16:0 and C18:0 as those with significant discriminant abil-
ity. The graph representation (Fig. 3c) indicates clearly that sam-
ples stored for 14 days are those with highest differences. The
correlation among variables and discriminant functions specifies
that lactose, water (clearly lower in ‘‘14 days” samples) and protein
(higher in ‘‘14 days” samples) were the variables which con-
tributed most to this separation. On the other hand, non-stored
samples and those submitted to 7 days of storage were nearly
equal regarding the variables correlated with function 1; their



Table 3
Fatty acids profile (%) of the cottage cheese samples alongside shelf life. Results are presented as estimated mean ± standard deviation.

C4:0 C6:0 C8:0 C10:0 C12:0 C14:0 C16:0 C18:0 C18:1 SFA MUFA PUFA

Foeniculum vulgare
ST 0 days 4.0 ± 0.1 3.5 ± 0.1 3.3 ± 0.1 8.1 ± 0.2 4.7 ± 0.1 10.7 ± 0.2 23.7 ± 0.3 12 ± 2 22 ± 2 72 ± 2 24 ± 2 3.8 ± 0.1

7 days 3.7 ± 0.3 3.8 ± 0.1 3.6 ± 0.1 8.8 ± 0.2 5.0 ± 0.1 11.1 ± 0.3 24.1 ± 0.5 12 ± 2 20 ± 1 74 ± 1 22 ± 1 3.6 ± 0.2
14 days 2.4 ± 0.5 3.2 ± 0.4 3.4 ± 0.2 8.5 ± 0.3 5.0 ± 0.2 11.1 ± 0.2 24.1 ± 0.3 13 ± 2 21 ± 2 73 ± 2 23 ± 2 3.9 ± 0.3
p-Value (n = 27) <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.001 0.053 0.002 <0.001 <0.001 <0.001

FT None 3.5 ± 0.4 3.5 ± 0.1 3.3 ± 0.1 8.3 ± 0.3 4.9 ± 0.2 10.9 ± 0.3 24.0 ± 0.4 14 ± 1 19 ± 1 75 ± 1 21 ± 1 3.8 ± 0.1
Microspheres 3.7 ± 0.5 3.7 ± 0.2 3.5 ± 0.2 8.6 ± 0.4 4.9 ± 0.1 11.1 ± 0.2 24.3 ± 0.2 10 ± 1 22 ± 1 72 ± 2 25 ± 2 3.8 ± 0.1
Extract 3.0 ± 0.5 3.3 ± 0.4 3.4 ± 0.2 8.5 ± 0.3 4.9 ± 0.2 10.8 ± 0.2 23.7 ± 0.4 13 ± 1 21 ± 1 73 ± 1 23 ± 1 3.8 ± 0.4
p-Value (n = 27) 0.015 <0.001 <0.001 0.005 0.328 0.006 <0.001 <0.001 <0.001 <0.001 <0.001 0.443

ST � FT p-Value (n = 81) <0.001 0.001 0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Matricaria recutita
ST 0 days 3.9 ± 0.1 3.5 ± 0.1 3.3 ± 0.1 8.2 ± 0.2 4.7 ± 0.1 10.7 ± 0.2 23.7 ± 0.3 12 ± 2 22 ± 1 73 ± 1 24 ± 1 3.7 ± 0.1

7 days 3.8 ± 0.3 3.7 ± 0.1 3.5 ± 0.2 8.8 ± 0.4 5.1 ± 0.2 11.0 ± 0.2 23.8 ± 0.5 11 ± 2 21 ± 2 73 ± 2 23 ± 2 3.6 ± 0.2
14 days 3.0 ± 0.2 3.4 ± 0.1 3.3 ± 0.1 8.3 ± 0.2 4.9 ± 0.1 11.0 ± 0.2 24.2 ± 0.4 13 ± 2 21 ± 2 73 ± 2 23 ± 2 3.7 ± 0.1
p-Value (n = 27) <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.005 0.234 0.155 0.201 0.004

FT None 3.5 ± 0.4 3.5 ± 0.1 3.3 ± 0.1 8.3 ± 0.3 4.9 ± 0.2 10.9 ± 0.3 24.0 ± 0.4 14 ± 1 19 ± 1 75 ± 1 21 ± 1 3.8 ± 0.1
Microspheres 3.6 ± 0.3 3.5 ± 0.1 3.3 ± 0.1 8.4 ± 0.3 4.8 ± 0.1 10.9 ± 0.2 23.9 ± 0.5 11 ± 1 23 ± 1 72 ± 1 25 ± 1 3.6 ± 0.1
Extract 3.6 ± 0.5 3.5 ± 0.2 3.5 ± 0.2 8.6 ± 0.4 5.0 ± 0.2 10.9 ± 0.3 23.8 ± 0.3 12 ± 2 21 ± 1 73 ± 1 24 ± 1 3.6 ± 0.2
p-Value (n = 27) 0.951 0.452 0.001 0.006 0.062 0.553 0.196 <0.001 <0.001 <0.001 <0.001 <0.001

ST � FT p-Value (n = 81) <0.001 <0.001 0.001 0.022 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.005

(a) (c)

(b) (d)

Fig. 3. Canonical discriminant function coefficients defined from the evaluated parameters. (a) Effect of storage time in samples containing fennel-based extracts. (b) Effect of
functionalization type in samples containing fennel-based extracts. (c) Effect of storage time in samples containing chamomile-based extracts. (d) Effect of functionalization
type in samples containing chamomile-based extracts.
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main differences were related to C12:0, C10:0 (higher in ‘‘7 days”
samples), which were shown to be the variables with the highest
correlation with function 2.

Regarding the effect of FT, the separation among markers
(Fig. 3d) reveals that the most marked differences between plain
cottage cheese and samples functionalized by directly adding
decocted extracts are related to function 1, which was verified to
have the strongest correlations with DPPH scavenging activity
and carbohydrates. On the other hand, samples functionalized with
microencapsulated extracts distinguish from plain cottage cheese
through function 2, which was more highly correlated with SFA,
and, particularly, C18:0. The other selected variables that displayed
discriminant ability were fat, protein, ash, lactose, L⁄, C4:0, C6:0
and C16:0.

The classification performance was 100% accurate for all of the
LDA performed, not only for original grouped cases, but for the
cross-validated grouped cases.

4. Conclusions

Considering all of the results together, it can be concluded that
ST exerted the main effect on the nutritional composition of cot-
tage cheese, as the variables most related to function 1 (that
include most of the variance in both cases) are related to the nutri-
tional parameters. Likewise, it is possible to identify DPPH scav-
enging activity as the main variable in discriminating non-
functionalized and functionalized samples, since it was the vari-
able most correlated with function 1. In view of these results, it
is possible to conclude that cottage cheese was effectively func-
tionalized without causing significant changes in nutritional and
color parameters, or in fatty acids profiles. Furthermore, it is also
possible to deduce that microsphere encapsulation can be applied
as a feasible technique to preserve antioxidant activity throughout
longer storage times (Fig. 2). In fact, the microencapsulated com-
pounds seemed to be released after the 7th day, granting an
increase in the antioxidant activity, while this bioactivity indicator
started to increase for cheese samples containing free extracts after
the same period.
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