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Abstract

The aim of this work was to investigate the influence of olive type (green and black) and content on
quality and sensory properties of spreadable cheese with olives. Total solids, pH value, colour (colouri-
metric), total phenols by Folin-Ciocalteau method and antioxidant capacity (FRAP) of the raw materials
as well as of the prepared samples were examined. Furthermore, samples of spreadable cheese with
olives were sensory evaluated using the Quantitative Descriptive Analysis (QDA). ANOVA showed that
the applied sources of variation significantly affected the majority of investigated parameters. Sam-
ples with black olives had slightly higher dry matter content and pH value, and were characterized by
darker and dull colour. The determined total phenols contents and antioxidant capacity showed a good
potential of spreadable cheese with olives as a functional food, whereby green olives samples had
higher total phenols content as well as antioxidant capacity. Generally, sensory properties of all sam-
ples were very well scored, indicating their good acceptability by consumers. Samples with black olives
accomplished higher scores for flavour harmony and overall acceptability, where spreadable cheese
with the highest olive content emphasized with the highest scores for these properties.
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Introduction cedure, fresh cheese can be further processed into
various fresh cheese-based products such as fresh
cheese spreads, which are frequently consumed

milk-based commodities.

Cheese is a widely popular dairy product con-
sumed almost on a daily basis. It basically repre-
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sents a solid milk concentrate, mainly consisting
of proteins and fats (Han et al, 2011). Among
numerous cheese types, fresh cheese refers to a
type of cheese produced by the coagulation of milk,
cream or whey via acidification or a combination
of acid and heat and is ready for consumption
after completing the manufacturing operations
(Guinee et al, 1993). Based on the applied pro-

Due to increased health awareness of modern
consumers, fortification of dairy foods, including
fresh cheese spreads, with bioactive compounds
from natural plant sources is desirable. The main
bioactive constituents of plants, fruit and vegetable
are polyphenols which represent a wide group of
compounds with scavenging free radicals activity
and thus strong antioxidants, therefore providing
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many beneficial health effects (Han et al, 2007;
Cutrim and Cortez, 2018). Dairy products possess
a certain antioxidant activity that is mostly derived
from milk proteins, primarily caseins (Fardet and
Rock, 2018), and various cheese types have been
documented as a good sources of bioactive pep-
tides (Gupta et al, 2009; Korhonen, 2009; Revil-
la etal,2016;Barac etal, 2017). Implementation
of various plant, fruit and vegetable-based mate-
rials could be a good solution to additionally in-
crease their antioxidant activity. Olives surely could
represent a good choice for that purpose. Due to its
valuable composition constituted of high contents
of monosaturated fatty acids, fibres, minerals, vita-
mins, polyphenols and triterpenic acid compounds
(Romero et al, 2002, 2004, 2010; Garcia et al,
2018), olives provide numerous health advantages
(Pérez-Lépez et al, 2009; Frisardi et al, 2010;
Estruch et al, 2013; Féart et al, 2013). Those
bioactive compounds are also accountable for ol-
ives sensory properties, bitterness namely, which
originates mainly from oleuropein, the most pre-
dominant olive’s polyphenol. In order to reduce
its bitterness, olives are cured in several possible
preparation types for debittering and obtaining
the edible product, i.e., table olives (Johnson and
Mitchell, 2018).

Table olives composition can vary due to many
pre-harvest factors, e.g., cultivar type (Durante
et al, 2018; Garcfa et al, 2018), maturity stage
(Othman et al, 2009; Ghorbal et al, 2018) and
environmental conditions (Ghorbal et al, 2018).
Furthermore, considering the applied preparation
procedure, table olives qualitatively and quantita-
tively differ in polyphenols composition (Garcia et
al, 2018), which consequently affect its bioactive
and sensory properties. For example, lye debit-
tered olives showed deficiency of polyphenol con-
tents compared to unprocessed ones or naturally
fermented (Romero et al, 2004; Marsilio et al,
2005; Alexandraki et al, 2014; Johnson et al,
2018). At the same time they were sensory eval-
uated as less bitter, less firmed and less crispy
(Marsilio et al, 2005). Hence, table olives’ chem-
ical, textural and sensorial characteristics consid-
erably depend on the selection of cultivar, harvest
stage and processing technology.

Along with high valuable nutritional properties,
consumers also demand sensorially suitable food

product. Accordingly, it is important to properly ex-
amine and evaluate sensory characteristics of par-
ticular product in order to recognize its advantag-
es or possible disadvantages, thus pointing to its
improvement and thereby achieving the satisfying
desirability.

Therefore, the aim of this study was to produce
spreadable cheese fortified with olives and to in-
vestigate the influence of black and green olives
addition, as well as their various contents on its
quality, functional and sensory properties.

Materials and methods
Sample preparation

For the preparation of the spreadable cheese
with olives samples (SCO), fresh semi-fat cheese
(up to 25 % of milk fat in dry matter) (FC) and un-
pitted table black (B) and green (C) olives were pur-
chased from the local market (Croatia). Amount of
100 g of FC was homogenized with kitchen hand
blender ProMix HR1623/00 (Royal Philips, Amster-
dam, Netherland) with the following contents of
drained and chopped olives: 10 g (B10, G10), 30 g
(B30, G30) and 50 g (B50, G50). Prepared samples
(300 g) were stored in sealed sterilized glass jars at
+4 °C. Prior analysis, samples were kept at ambient
temperature for 1 h.

Determination of the total solids and
pH value

Total solids (TS) were determined gravimetri-
cally by drying the samples at 105 °C until reach-
ing constant mass (AOAC, 1990) and pH value was
measured using a pH-meter SevenEasy S20 (Met-
tler Toledo GmbH, Zurich, Switzerland). All measure-
ments were done in triplicate (n=3) and results are
expressed as the mean value + SD.

Colour measurement

CIELab colour space (CIE, 1976) was applied
for the colour analysis, where reflectance colour
measurements were performed by Konica Minolta
CM-5 spectrophotometer (Konica Minolta Sensing,
Inc, Osaka, Japan). Before the measurement, in-
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strument was calibrated with a standard black and
white according to the manufacturer’s instructions.
Samples were situated in a glass petri dish provid-
ed with the instrument and values of L* (lightness),
a* (redness/greenness) and b* (yellowness/blue-
ness) were triple (n=3) recorded for D65 illuminant
with 2° standard angle. Furthermore, C* (chroma),
H° (hue angle) and AE*, (total colour difference)
were calculated using following equations:

C* = Jf@>+b?) (1)
o _ b*

He = arctg ( a*) (2)

AE; =V(AL?+Aa+Ab™ (3)

where all AL*?, Aa*?, Ab*? were calculated in ref-
erence to FC. Colour data are presented as mean
value+SD.

Determination of the total phenols and
antioxidant capacity

Extracts of FC, B, G and SCO were prepared ac-
cording to modified method of Apostolidis et al.
(2007). Briefly, 20 g of sample was ultrasonicated
with 20 mL of an aqueous solution of ethanol (70
%, v/v) in an ultrasound bath (Bandelin Electronic
GmbH&Co. KG, Berlin, Germany) at 50 °C for 30
minutes. The obtained extracts were centrifugat-
ed at 5500 rpm/20 minutes, decanted and filtered.
Collected supernatants were used for total phenols
(TP) and antioxidant capacity (AC) determination.
Before the measurements, B and G extracts were
fivefold and SCO twofold diluted, while FC was an-
alysed without dilution.

The TP determination was carried out using
Folin-Ciocalteau method (Shortle et al, 2014),
as follows: 100 pL of the sample, 200 pL of Folin
Ciocalteu’s reagent, 2 mL of distilled water and 1
mL of sodium carbonate aqueous solution (20 %,
w/v) were combined and incubated at 50 °C for 25
minutes. The absorbance was measured at 765 nm
against the extraction solvent set as blank. Calcu-
lation of TP concentrations was based on the gallic
acid (5 mg mL™) calibration curve and TP were ex-
pressed as mg of gallic acid (GAE) equivalents per
100 g of fresh weight.

Ferrous reducing antioxidant power (FRAP)
method (Benzie and Strain, 1996) used for the AC

determination, was slightly modified: the mixture of
240 pL of distilled water, 80 pL of the sample and
2080 pL of FRAP reagent [2.5 mL of 2,4,6-Tripyr-
idyltriazine (TPTZ) solution (10 mM) in hydrochloric
acid (40 mM) mixed with 2.5 mL of iron (lll) chlo-
ride solution (20 mM) and 25 mL of acetate buffer
(0.3 M, pH=3.6)] was incubated for 5 min at 37 °C
before the absorbance was measured at 593 nm
against the blank (ethanol, 70 %). The calibration
curve was obtained using different concentrations
of iron (Il) sulfate heptahydrate solution (1

mM) and AC was expressed as pmol Fe?* equiv-
alents per 100 g of fresh weight.

All spectrophotometric assays were triple (n=3)
performed using UV-VIS spectrophotometer UV-
1600PC (VWR International, Radnor, USA) and the
mean value+SD was calculated.

Sensory analysis

The Quantitative Descriptive Analysis (QDA)
was applied for SCO sensory evaluation, where fol-
lowing sensory properties attributed to SCO were
examined: appearance, taste (saltiness, sourness,
bitterness, off-taste), flavour (cheese flavour, olive
flavour, flavour harmony), odour (cheese odour, ol-
ive odour, off-odour), spreadability and the overall
acceptance (Lucera et al, 2018). The procedure
was conducted by a trained group of thirteen peo-
ple (n=13) (eight females and five males, 22-59
years old) using a 10-point scale (O = none, 10 =
extremely strong) in a sensory laboratory equipped
according to I1SO 8589 (2007). Prior to the sensory
evaluation, panelists were trained in a 2 h-session
in order to familiarize with the product and to de-
fine the applied descriptors. Samples were served
at room temperature in randomly ordered coded
transparent plastic cups with associated plastic
spoons. Obtained results are presented graphically
in “spider net” as mean values.

Statistical analysis

In order to investigate the differences among
raw materials in their physical and functional char-
acteristics as well as the influence of olive type and
olive content on physical, functional and sensory
properties of SCO, analysis of variance (ANOVA)
was performed and marginal means were com-



pared by Tukey's HSD test. Furthermore, for the
assessment of relationships among determined
parameters of SCO samples, Pearson’s correlation
coefficient was calculated and possible grouping of
the SCO by the applied conditions (olive type, olive
content) was examined using the Principal Compo-
nent Analysis (PCA) on the physical, functional and
sensory analysis correlation matrix. Al tests were
carried out using a statistical software Statistica
ver. 80 (Statsoft Inc, Tulsa, USA) at significance
level p=<0.05.

Results and discussion

Objective of this study was to examine the in-
fluence of adding various contents of black and
green olives to fresh cheese in order to obtain a
spreadable cheese fortified with olives. Hence, the
physical, functional and sensory properties of raw
materials (FC, B, G) and obtained SCO samples
were investigated. The determined TS and pH val-
ues of SCO raw materials are presented in Table 1
and are generally in accordance with previous re-
search data (Romero et al, 2004; Garcia et al,
2018; Lucera et al, 2018). TS of raw materials
did not differ much (21.30-21.82 %), whereby the
highest TS (21.82 %) was associated to sample
B. Statistical analysis showed significant influence
(p=0.05) of the olive type and olive content on the
TS content of SCO samples (Table 2). As for ol-

ive types, TS of SCO with B (BSCO) were slightly
higher compared to the SCO containing G (GSCO).
Based on the olive content, increase in olive level
resulted in a slight TS increase. Furthermore, pH
value of FC was 4.43, similar to the results pub-
lished by Lucera et al. (2018), while olives showed
larger differences. Sample B had a higher pH value
(7.55), opposite to G (3.63). The obtained results
are comprehensible, since olives used in this study
differentiated by its brine composition, whereby
sample G was stored in brine containing the citric
acid and brine of B did not include acid. Our re-
sults corresponds to previous research of Garcia
et al. (2018) who documented a pH value between
7.0-7.2 in several black olive types and Panagou
and Tassou (2006) who reported a pH of 4.2-4.3
in green Greek olives at the end of fermentation.
The mentioned pH differences between olive types
significantly (p<0.05) affected the SCO pH values,
whereby all BSCO showed higher values, ranging
from 4.46-4.67 (Table 2). The pH range in GSCO
was 4.28-4.37. Although the olive content did not
show a statistically significant influence on the pH
values, an opposite trend in pH values among BSCO
and GBSCO could be observed. With the increase
of B levels in BSCO, pH values also increased, while
pH values of GSCO decreased in the same condi-
tions, what is in accordance with previously men-
tioned pH values of raw materials. The calculated
correlation coefficients showed strong correlation
between TS and pH value (Table 4).

TABLE 1. Total solids, pH value, colour parameters, total phenols and antioxidant capacity of fresh cheese (FC), black (B) and green
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(G) olives
Samples TS pH L* a* b* c* H° TP AC
(%) value (mg GAE/ (umol Fe?*/
100 g) 100 g)
- 21.30 443 94.35 -1.05 10.02 10.07 95.95 584 26.41
+0.032| +0.00° +001¢| +0.012 +0.00° +0.00°| +0.07¢ +0.34? +1.06?
5 21.82 7.55 19.55 3.70 6.30 7.30 59.53 14.78 23742
+0.172|  +0.00¢ +002*| +0.10°| +0.09*| +0.072| +0912 +1.11° +17.88°
c 2134 363 5761 412 3473 3498 83.24 4316 736.93
£0.392| +0.00? 003"  +0.00°| +0.02¢| +0.02°| +0.01° £1.61¢ +34.34¢

Different letters indicate significant difference between samples (p<0.05). Results are expressed as mean value+SD.

TS=total solids, TP=total phenols, AC=antioxidant capacity
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TABLE 2. Total solids, pH value and colour parameters of spreadable cheese with different content of black (B) and green (G) olives

Samples TS pH L* a* b* c* H° AE*
(%) value

B10 21.33 4.46 78.96 1.21 9.89 9.97 83.02 15.56
+0.27% +0.00° +0.014¢ +0.02% +0.00% +0.072 +0.082¢ +0.01%

B30 21.39 454 71.39 1.51 11.18 11.28 82.32 2312
+(0.14% +0.00% +0.0128 +0.00% +0.0128 +0.0128 +0.0128 +0.01%8

B50 21.40 461 65.41 2.08 12.96 13.12 80.87 29.26
+0.40°8 +0.00°" +0.07% +0.02°¢ +0.0172¢ +0.00%¢ +0.09* +0.01%¢

c10 21.30 4.37 89.77 -0.62 13.65 13.67 92.57 5.86
+0.273 +0.00** +0.00°¢ +0.01%* +0.00°" +0.00°" +0.05°¢ +0.00*

C30 21.31 4.32 85.62 -0.38 18.35 18.36 91.17 12.08
+0.30%8 +0.00* +0.01%8 +0.01%8 +0.00°8 +0.00°8 +0.04%8 +0.00%8

50 21.31 428 83.01 -0.09 20.79 20.79 90.24 15.66
+0.27%8 +0.00* +0.00%" +0.013¢ +0.01°¢ +0.01°¢ +0.04% +0.00%¢

Different lowercase letters indicate significant difference in olive type and different uppercase letters indicate significant difference

in olive content between samples (p<0.05). Results are expressed as mean value+SD.

TS=total solids

Colour measurement of all samples was per-
formed by colorimetric analysis and recorded values
(L* a* b%), as well as calculated ones (C*, H°, AE* ),
are presented in Table 1 and 2. Considering raw
materials (Table 1), FC was described by a bright,
slightly green colour with yellow component (L* =
94.35, a* = -1.05, b* = 10.02) and moderate satura-
tion (C* = 10.07) in yellow area (H° = 95.95). Similar
fresh cheese colour data reported Evert-Arriaga-
da et al. (2012). On the other hand, B samples were
instrumentally defined by a darker colour in slightly
red and yellow area (L* = 19.55, a* = 3.70, b* = 6.30),
while G had moderate redness luminosity combined
with expressed yellowness (L* = 57.61, a* = 4.12,
b* = 34.73). The obtained results are generally in
accordance with data presented in Ghorbal et al.
(2018) study of Gemlik olives during ripening at sev-
eral locations. According to the calculated C*and H°
values, colour tone of B was in a dark deep yellow
area (C* = 7.30, H° = 59.53) and G was located in
a dull middle yellow area (C* = 34.98, H° = 83.24).
Addition of B and G different contents into FC sig-
nificantly (p=0.05) affected all colour parameters of
SCO (Table 2). BSCO samples were darker regarding
GSCO, what is in accordance with B and G lightness.
L* values of BSCO ranged from 65.41-78.96 and

in GSCO they were in 83.01-89.77 range. The in-
crease of olives addition resulted with the lightness
decrease in SCO of both olive types, where sam-
ples with the highest olives content were the dark-
est (B50 = 6541, G50 = 83.01). As can be seen, L*
strongly correlated with TS and high correlation was
established with pH value (Table 4). Observing the
a* parameter, BSCO samples were characterized by
low positive a* values (1.21-2.08), belonging to the
red colour area, while GSCO samples had low, but
negative a* values (-0.09 - -0.62), meaning transit to
greenness. Increasing of the olives content caused
the increase of a* values in SCO of both olive types
(Table 2), where a* showed strong correlation with
TS, pH value and L* (Table 4). Regarding b* values,
all SCO samples were situated in yellow colour area
(positive b* values), with b* in range from 9.89-
20.79, where all GSCO had more pronounced yellow
component. As well as in trend of a* values of b*
increased with the increase of olive content. The
observed trends reflected also on SCO C* values,
where BSCO samples were characterized with low-
er C*values (9.97-13.12) opposite to GSCO samples
(13.67-20.79), defining GSCO colour as more clear.
As previously, C* values increased by the greater
addition of the olives, meaning olives addition gave
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more saturated colour of SCO. Moreover, C* strong-
ly correlated with b* (r = 1.00). Presented H° values
explained SCO colour tone, where all samples were
situated in yellow area (80.87-92.57) despite the ol-
ive type. It should be mentioned that BSCO samples
had H° values from 80.87 to 83.02, while H® of GSCO
were in range from 90.24 to 92.57. Same as with
the L* values, the olive content increase resulted in
the decrease of H°, but without major alterations in
the area of the colour tone. In order to observe the
change of SCO colour in reference to FC, total colour
difference (AE* ) was calculated (Table 2). Obtained
results showed greater BSCO colour difference
comparing to FC, contrary to GSCO, where at the
same time larger amount of olive content resulted
with higher AE*, 'in both olive type SCO. Expectedly,
the maximum AE*  values peaked in SCO with the
highest olive content with almost twofold difference
between samples (B50 = 29.26, G50 = 15.66). Also
an interesting observation could be noticed regard-
ing the AE* , values of B10 (15.56) and G50 (15.66)
which were almost the same.

Olive is rich in polyphenols (Romero et al,, 2004;
Othman et al, 2009; Boskou, 2010; Malheiro et
al,2011; Durante etal,2018; Garcia etal, 2018;
Ghorbal et al, 2018; Johnson and Mitchell,
2018; Johnson et al, 2018), which possess strong
antioxidant activity, while proteins (especially ca-
sein), peptides, antioxidant enzymes (i.e. superoxide
dismutase), catalase and glutathione peroxidase),
conjugated linoleic acid, coenzyme Q10, lactofer-
rin, vitamins (C, E, A and D3), carotenoids, some
minerals and some trace elements are antioxidant
compounds present in various dairy products (Lind-
mark-Mansson and Akesson, 2000; Bara¢ et
al, 2017; Grazyna et al, 2017). Thereby, creamy
fresh cheeses generally have higher antioxidant ac-
tivity, which can be related to their high levels of
protein (Fardet and Rock, 2018). Hence, TP and AC
determination was conducted in all samples. Table
1 provides TP and AC results of raw materials. The
lowest TP content was determined in FC (5.84 mg
GAE/100 g). The obtained value is in range with Ap-
ostolidis et al. (2007) TP results of various cheese
types, but lower compared to other studies (Rashi-
dinejad et al, 2013; Lucera et al, 2018; PFikryl
et al, 2018), what is explainable due to different
type of researched cheese, as well as differences
in the extraction procedure. TP levels in olives were
much higher, whereby the highest contents (43.16

mg GAE/100 g) were observed in sample G, while B
showed a threefold lower TP concentration (14.78
mg GAE/100 g). Romero et al. (2004) reported
similar TP concentrations in the examined green
and black olives, as well as Garcia et al. (2018) doc-
umented higher polyphenols content in green olives
compared to black ones. Other studies (Othman
et al, 2009; Boskou, 2010; Malheiro et al, 2017;
Durante et al, 2018) showed higher polyphenol
concentrations, probably caused by different extrac-
tion and determination procedure. The same trend
in AC values among the raw materials samples can
be noticed, where G peaked out with 736.93 pmol
Fe?*/100 g, followed by B (237.42 pmol Fe**/100 g),
while FC showed the lowest AC value (26.41 pmol
Fe?"/100 g). Lucera et al. (2018) reported a slight-
ly higher FRAP value in the control cheese sample,
what could be due to differences in extraction meth-
ods. Other studies (Apostolidis etal,2007; Gupta
et al, 2009; Rashidinejad et al, 2013; PFikryl et
al, 2018) also reported AC of cheese samples, but
it is difficult to compare it with our results, as they
used different cheese samples, as well as extrac-
tion and determination methods. As for olive type
AC differences, Boskou (2010) noticed also higher
AC in green olives compared to black type. Further-
more, SCO samples significantly (p<0.05) differed in
TP and AC regard to olive type and olive content. As
presented in Figure 1, TP of BSCO samples ranged
from 7.75-12.81 mg GAE/100 g and TP determined
in GSCO were in 10.96-17.36 mg GAE/100 g range.
The same as with TP content of B and G, GSCO
showed higher TP amounts than BSCO. Besides,
TP increased with the increase of olive content, re-
sulting with the highest TP levels in B50 and G50.
Considering AC, obtained results showed greater AC
of GSCO samples (106.19-316.96 pmol Fe?*/100 g)
than BSCO (71.80-191.61 pmol Fe**/100 g), where
the highest values were obtained in samples with
the highest olive content (B50, G50). It is under-
standable, since AC derives mainly from polyphenols
present in olives and obtained values are in accord-
ance with TP differences between B and G, as well
as BSCO and GSCO. Strong correlation coefficient
confirmed the relationship between TP and AC
(r=0.97). Based on TP and AC results, it can be con-
cluded that the addition of olives surely contributes
to spreadable cheese enrichment and thereby en-
hances its potential as a functional food.
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FIGURE 1. Content of total phenols (mg GAE/100 g) and
antioxidant capacity (imol Fe?*/100 g) of olive-fortified
spreadable cheese

Appearance
a 10

Overall acceptance _ Saltiness

Spreadability Sourness

Off-odour 1 Bitterness

Olive odour * Off-taste

Cheese odour Cheese flavour

Flavour harmony “Olive flavour

-m- B30
--A- BSO

(Results are expressed as mean value)

(800T1/+224 lownl} Ayseded jJuepixonuy

‘O - B10

TABLE 3. F-distribution and the p-level in the ANOVA analysis
of olive-fortified spreadable cheese sensory attributes with
olive type and content

Sensory Olive Olive
attribute type content
Appearance 0.63 0.10
Saltiness 11.45% 0.61
Sourness 10677 0.87
Bitterness 4.84* 043
Off-taste 0.08 0.01
Cheese flavour 1.84 11.48*
Olive flavour 262 18.64*
Flavour harmony 1.92 2.06
Cheese odour 0.29 17.62%
Olive odour 407* 17.52%
Off-odour 1.79 0.09
Spreadability 0.13 0.07
Overall acceptance  |5.76* 5.52*
*p=<0.05
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FIGURE 2. Sensory evaluation of spreadable cheese fortified with a) black and b) green olives

Since sensory properties of the food product
highly affect consumer’s preference and thus their

acceptability, it is of a great importance to provide
the product with satisfactory and desirable charac-
teristics. Besides that, it is necessary and essential
to familiarize with the consumers opinion and de-

mands, and their criterions about specific product
surely should be investigated as well, especially

when releasing a new product on the market. Thus,
the prepared SCO samples were sensory evaluated
using a QDA and the obtained results are presented

in Figure 2, as well as the influence of olive type and
olive content on the examined sensory attributes
(Table 3). The results of ANOVA showed that salti-
ness, sourness and bitterness, olive odour and over-
all acceptance were significantly (p<0.05) affected
by the olive type, while the olive content significant-
ly (p=0.05) affected cheese and olive flavour, cheese
and olive odour, as well as the overall acceptance.
Although SCO appearance was not significant-
ly influenced by either of the variation sources, it
could be noticed that panellists scored BSCO with
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slightly higher appearance scores, whereby the
sample B10 was scored with the most excellent
appearance (6.9), while larger B content was not
contributing to the higher appearance scores (B30
= 6.6, B50 = 6.5). Opposite to that, GSCO with the
highest olive content was the most attractive (G50
= 6.4) and other two GSCO samples scored slightly
lowers scores for the same attribute (G10 = 6.3,
G30 = 6.1). Compared to the instrumentally defined
colour results, it could be concluded that panellists
preferred SCO with darker and less yellow colour,
where L* value strongly correlated with overall ac-
ceptance (r = -0.92) also. According to the evaluat-
ed taste properties, SCO differed by its dominant
taste attributes (saltiness, sourness, bitterness).
GSCO showed a more pronounced saltiness, sour-
ness and bitterness (saltiness 6.0-6.7, sourness
5.8-6.2, bitterness 3.0-3.4), unlike the BSCO (salt-
iness 4.4-4.9, sourness 4.0-5.2, bitterness 1.6-2.3),
whereby a larger olive content in SCO of both olive
types resulted with stronger expression of saltiness
and bitterness. BSCO sourness decreased with in-
crease of olive amount, while GSCO generally re-
tained its sourness despite various olive contents.
These panellists’ observations corresponded with
the determined pH values of raw materials as well
as SCO samples, where obviously in SCO with the
lowest olive content of both olive types, sourness
was mainly provided from FC. The increase of B,
which had a higher pH value, decreased the sour
sensation in SCO, while GSCO samples kept sour-
ness expression regardless of the olive content, due
to the G content, which pH value was lower in the
start. A strong correlation coefficient between sour-
ness and pH demonstrated the above observations
(Table 4). The olive bitter taste originates mainly
from oleuropein - the major polyphenol in olives,
and ligstroside, that hydrolyse and form bitterless
components hydroxytyrosol and tyrosol (John-
son and Mitchell, 2018; Johnson et al, 2018).
As oleuropein content decreases due to ripening
(Ghorbal etal, 2018; Johnson and Mitchell, 2018)
or processing (Garcia etal, 2018), green olives are
characterized by a more pronounced bitter taste
compared to black olives (Johnson and Mitchell,
2018). Accordingly, GSCO were scored as more bit-
ter and its bitterness increased with the addition
of olives. Additionally, a strong correlation between
bitterness and TP (r = 0.84) was observed. Flavour

of the SCO was evaluated with two main attributes,
cheese and olive flavour. According to the sensory
scores, cheese flavour was slightly more noticeable
in all BSCO and its expression decreased in both
olive types SCO with the increase of olive content.
Differently, olive flavour was more dominant among
the GSCO and it was more pronounced with the ol-
ive content increase. Considering flavour harmony,
better scores were found in BSCO (5.5-7.2), than in
GSCO (5.0-6.1). Higher BSCO harmony scores are
probably related with its lower saltiness, sourness
and bitterness expression. Based on the panelists
scoring, it can also be assumed that less expressed
olive flavour is more suitable for achieving better
flavour harmony. SCO odour evaluation was also
divided by two main attributes, cheese odour and
olive odour. As with sensory results of cheese and
olive flavour, cheese and olive odour intensity were
equally recognized, meaning cheese odour was
more present among BSCO and its intensity de-
creased with the increase of added olives despite
the olive type, while GSCO had more intensive ol-
ive odour which increased with addition of olives in
SCO of both olive types. Off-taste and off-odour,
representing undesirable SCO attributes, were not
remarkably perceived by the panellists regardless of
the olive type or olive content. Spreadability of SCO
was also evaluated by the panellists, since spread-
ability is an important characteristic of spreadable
cheese. Its sensory scores, ranging from 8.6-9.1,
evidenced a very good possession of spreadabili-
ty in all SCO samples, whereby the highest score
was achieved in B50. The last sensory attribute for
which panellists were asked to evaluate was the
overall acceptance. Based on their preference, they
preferred BSCO (B10 = 5.5, B30 = 6.7, B50 = 7.8) in
comparison to GSCO (G10 = 4.7, G30 = 5.5, G50 =
6.3), as well as they favoured the SCO of both olive
types containing the highest olive amount where
B50 surely distinguished as the highest scored.
Based on the correlations, it seems that scores for
overall acceptance were most affected by sourness
(r=-0.82) and more flavour harmony contributed to
overall acceptance (r=0.98).

Finally, PCA was applied to examine a possible
grouping of SCO samples by the determined phys-
ical, chemical and sensory properties influenced
by olive type and olive content. The obtained PCA
results are shown in Figure 3, where the first two
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FIGURE 3. Distribution of olive-fortified spreadable cheese samples in two dimensional coordinate system defined by the first two
principal components (PC1 and PC2) according to the investigated influences: olive type (black, green) and olive content (10, 30, 50 g)

components (PC1, PC2) explained 92.37 % of the
total variance and the apparent separation of SCO
could be observed. Considering the olive type, all
BSCO samples situated on the left side of the plot
and all GSCO samples located on its right side,
where the most discriminating variables were L%,
b, C*, AE* , TP, AC, cheese and olive flavour, flavour
harmony, cheese and olive odour, and overall ac-
ceptance, since they strongly correlated with PC2.
Furthermore, all SCO samples with the lowest olive
amount (B10, G10) placed below PC1, while SCO
with higher content of olives (B30, G30, B50, G50)
grouped above the PC1. TS, pH value, L* a*, b*, C*,
He, AE*,, TP, AC, appearance, saltiness, sourness,
bitterness and off-taste, flavour harmony, off-odour,
spreadability and overall acceptance strongly cor-
related with PC1, and thereby represent the most
important differentiating variables. PCA results are
in accordance with previously explained results in
Table 2, Figures 1 and 2.

Conclusions

After the conducted study, it could be conclud-
ed that spreadable cheese fortified with olives has
good potential as a functional product with desira-
ble and favourable sensory characteristics that can
satisfy consumer’s demands. Spreadable cheeses
with both olive types showed promising character-
istics, whereby black olives samples received slight-
ly better preference, indicating the importance of
the appropriate olive type selection, as well as its
proportion. However, both types of olive fortified
spreadable cheeses could fulfil consumer’s criteri-
ons and consequently have market potential.
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Funkcionalna i senzorska svojstva sirnog namaza obogacenog
maslinama

SaZetak

Cilj ovog rada bio je ispitati utjecaj tipa (crne i zelene) i udjela masline na kvalitetu i senzorska svo-
jstva sirnog namaza s maslinama. U uzorcima polaznih sirovina te pripremljenog sirnog namaza s
maslinama odredeni su ukupna suha tvar, pH vrijednost, boja (kolorimetrijski), sadrZaj ukupnih fenola
Folin-Ciocalteau metodom i antioksidacijski kapacitet (FRAP). Nadalje, uzorci sirnog namaza senzor-
ski su ocijenjeni kvantitativnom deskriptivnom analizom (QDA). ANOVA je pokazala da su primijenjeni
izvori varijacija znacajno utjecali na vecinu ispitivanih parametara. Uzorci s crnim maslinama imali su
nesto visi udio suhe tvari, pH vrijednost te tamniju i zasi¢eniju boju. Odredeni sadrZaj ukupnih fenola
i antioksidacijski kapacitet ukazuju na dobar potencijal sirnog namaza s maslinama kao funkcionalne
hrane, gdje su uzorci sa zelenim maslinama sadrzavali vise ukupnih fenola i antioksidacijski kapacitet.
Opcenito, senzorska svojstva svih uzoraka su vrlo dobro ocijenjena, $to upucuje na njihovu dobru pri-
hvatljivost kod potrosaca. Uzorci s crnim maslinama postigli su viSe ocjene za harmoni¢nost arome
i ukupnu prihvatljivost, gdje se uzorak sirnog namaza s najvisim udjelom maslina istaknuo najvisim

ocjenama za navedena svojstva.

Kljucne rijeci: sirni namaz, masline, kvaliteta, fenoli, senzorska svojstva
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