(0202) 65-82 ‘(1) 0 onrsipyaliy sasaayd jo santadoid Alosuag :zsoydi) "0 pue exydajaig ‘N

28

ORIGINAL SCIENTIFIC PAPER | UDK: 637.35 | poi: 10.15567/mljekarstvo.2020.0103
RECEIVED: 04.04.2019. | ACCEPTED: 26.11.2019.

The effect of milk fat replacement and the
addition of Lactobacillus paracasei LPC-37
on the sensory properties of cheeses

Marika Bielecka*, Grazyna Cichosz

University of Warmia and Mazury, Faculty of Food Science, Department of Dairy Science
and Quality Management, Oczapowskiego 7, 10-719 Olsztyn, Poland
*Corresponding author: marika.kowalska@uwm.edu.pl: Tel.: +48 89 524 51 79

Abstract

The market of ripened cheese is growing rapidly and is highly competitive. Dairy manufacturers have
expanded their product range to include cheese-like products where milk fat is replaced with vegetable
oils. Cheese-like products have gained popularity among both convenient food producers and con-
sumers looking for cheaper cheese substitutes. Fat determines the sensory attributes of cheeses. The
sensory quality of cheese can also be modified through the addition of selected adjunct cultures. This
study evaluated the influence of milk fat replacement with palm oil and the addition of an adjunct cul-
ture of Lactobacillus paracasei LPC-37 on the sensory attributes of Dutch-type cheeses and cheese-like
products during ripening. The chemical composition, content of volatile compounds and colour were
analysed. The replacement of milk fat with palm oil contributed to differences in the sensory profile
and colour of cheese-like products and deteriorated their sensory quality. However, the addition of L.
paracasei LPC-37 improved the sensory characteristics of cheese-like products.
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Introduction crease is noted during cheese ripening, depending
on the type of cheese. Excessive counts and diversi-

Consumers select cheese based on their sen-  ty of NSLAB in cheese can compromise the sensory

sory attributes which incorporate various param-
eters, including texture, colour, eye formation and,
above all, odour and taste (Cakir and Clark, 2009).
Non-starter lactic acid bacteria (NSLAB) exert a
great influence on the sensory properties of cheese
(Cichosz et al, 2006a; Beresford and Williams,
2004). Non-starter lactic acid bacteria cannot be
eliminated from cheese. After cheese pressing,
NSLAB counts are relatively low, but a 4-5 log in-

quality and storage stability of cheese.

The growth and diversity of NSLAB can be
limited through the addition of selected adjunct
cultures to boost the activity of starter cultures
(Settanni and Moschetti, 2010; Broadbanet
et al, 2003). Adjunct cultures support the standard-
ization or modification of quality parameters, and
they can shorten ripening time (Antonsson et al,
2002; Courtin et al, 2002). The effects of adjunct



cultures have been extensively researched in differ-
ent cheese types (Lynch et al, 1996; Antonsson
et al, 2002, 2003; Gomez-Ruiz et al, 2008).

Fat and the products of fat hydrolysis are the
key determinants of cheese odour and aroma. En-
zymatic hydrolysis of triacyloglycerols leads to the
production of medium-chain fatty acids (MCFAs)
and short-chain fatty acids (SCFAs). The lipolytic
and esterolytic activity of microflora is limited, but
numerous aroma compounds are formed during
long-term ripening. Fat also acts as a solvent and a
carrier of aromatic substances released during the
degradation of proteins and lactose.

In contrast to cheese, cheese-like products are
manufactured from skimmed milk and vegetable
oils with or without the addition of milk fat. The
replacement of milk fat with vegetable oils affects
sensory attributes because fat is a component of
the cheese matrix, and it acts as a “filler” that de-
termines the rheological properties of cheese. The
replacement of milk fat with vegetable oils also
changes the type and distribution of fat globules
in the protein matrix, which alters the sensory at-
tributes of the final products (Lobato-Calleros et
al, 2002; 2003). Cheeses where milk fat is replaced
with vegetable oils are characterized by a more
compact network. Vegetable oils are composed
of smaller and more homogeneous fat globules
(Dinkgi et al, 2011). According to Everett and
Auty (2008), homogenization of milk with vegeta-
ble oil promotes the formation of smaller and more
evenly distributed fat globules. Fat and the products
of fat hydrolysis significantly influence the sensory
quality of cheese and cheese-like products by de-
termining their consistency, colour and palatability.

Materials and methods
Cheese production

Semi-hard ripened cheeses and cheese-like
products were investigated. The analysed cheeses
were produced under industrial conditions in a dairy
cooperative in Gizycko, Poland. Control (2 batches)
and experimental (2 batches) cheeses were made
using 10,000 liters of thermized milk (65 °C for 15
s) each. After cooling to 4 °C, milk was bactofu-
gated, pasteurized (72 °C for 15 s), standardized to

3.0 % fat content and supplemented with 3 kg of
CaCl, and 110 mL of Annato colouring agent (Chr
Hansen, Poland). Pasteurized milk was inoculated
with the Choozit™ Classic 111 (0.06 %) (DuPont,
Poland) cheese starter culture to produce control
cheeses, and it was additionally supplemented with
a commercial direct-to-vat-culture of Lactobacil-
lus paracasei LPC-37 (DuPont, Poland) (0.028 %
by volume) to produce experimental cheeses. The
CHY-MAX® (Chr Hansen, Poland) coagulant enzyme
(1:26500) was added in the amount of 450 mL.
After approximately 30 minutes, curd was slow-
ly cut with rotating cutting blade frames into 6-8
mm particles. Whey (2500 L) was strained and pro-
cess water (1300 L) was added. Curds were heated
to 39 °C and pressed. Cheese blocks of 3kg were
salted for 24 h at 12 °C in brine (17 % w/v NaCl),
hermetically sealed in Cryovac® oxygen barrier bags
(Sealed Air, Poland) and ripened at 12 °C and 85 %
humidity for 10 weeks.

In the cheese-like products, milk fat was com-
pletely replaced with palm oil (Kruszwica, Poland),
and the production process was identical to that of
ripened cheese.

After 4, 6 and 10 weeks of ripening, cheese and
cheese-like products were subjected to instrumen-
tal analyses (volatile free fatty acids and colour)
and a sensory evaluation.

Analysis of free short-chain fatty acids

Ground samples of 6 g of ripened cheese or
cheese-like product were placed into a 22 mL
clear glass crimp vials (Agilent Technologies) and
subjected to headspace solid-phase microextrac-
tion gas chromatography (HS-SPME-GC). The vials
were sealed with 20 mm aluminum crimp caps with
PTFE/silicone septa (Agilent Technologies). Carbox-
en-polydimethylsiloxane fibre with a thickness of
75 pm was used (Supelco, USA, Bellefonte). Equi-
librium was achieved after 40 minutes at a tem-
perature of 60 °C. The analyts were desorbed in the
injector at 250 °C in 4 minutes.

Volatile compounds were analysed in the Agi-
lent 7820A GC chromatograph with a flame ion-
ization detector (FID) and a 0.75 mm ID Straight
Ultra Inert Liner for SPME (Agilent Technologies).
The sample was introduced in the splitless mode.
Chromatographic separation was performed on
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the HP-INNOWax column (30 m x 0.25 mm x 0.20
pm) (Agilent Technologies, Poland, Warszawa). For
gas chromatography, oven temperature was main-
tained at 40 °C for 3 minutes, raised to 100 °C in
steps of 5°C min', maintained at 100 °C for 2 min,
raised to 240 °C in steps of 10 °C min”', and main-
tained at 240 °C for 2 min (carrier gas: helium at
0.5 mL min™ for 10 min, raised to 2.5 mL min™ in
steps of 0.5 mL min™). Injector and detector tem-
perature was set to 250 °C. In a quantitative anal-
ysis, volatile free fatty acids were calibrated with
external standards (Sigma Aldrich, Poland, Poznan).
Peaks were integrated in the ChemStation program
(Agilent Technologies, Poland, Warszawa) and iden-
tified by comparing analyte retention times in the
sample with the retention times of the standards.

Instrumental colouranalysis

The colour of cheeses and cheese-like prod-
ucts was analysed with the CM-3500d spectro-
photometer (Konica Minolta Sensing, Inc. Osaka,
Japan) which measures colour transmittance and
reflection. Measurements were performed with d/8
geometry, 8 mm aperture size, 10° observer angle
and D65 illuminant. Before analysis, the device was
calibrated against a white calibration plate (CM
A120) and a black calibration plate (CM A124). A
representative sample was prepared at room tem-
perature immediately before analysis and placed
into a CM A-128 Petri dish (h = 25 mm, @ = 34
mm). Colour measurements were conducted in 4
replications.

Colour lightness was calculated in the CIE LAB
colour space and expressed by component L* (L*=0
for black and L*=100 for white colour). Chromatic-
ity of the light source was described with compo-
nents a* (-a*= greenness and +a*= redness) and b*
(-b*= blueness and +b*= yellowness). The values of
L*, a* and b* were used to calculate saturation C*
and hue angle H* (Ramirez-Navas and de Stou-
venel, 2012). Hue was expressed in degrees (H*=0
for red, H*=90 for yellow, H*=180 for green, H*=270
for blue). The whiteness index (WI) and the yellow-
ness index (Yl) were calculated. The colourof chees-
es and cheese-like products was evaluated after 4,
6 and 10 weeks of ripening.

Sensory analysis
Preparation of samples for a sensory analysis

Cheese and cheese-like products with different
degrees of ripeness (after 4, 6 and 10 weeks) were
subjected to a sensory analysis. The samples were
prepared in a special compartment. Representative
cheese cubes were cut into 6 cuboids. The samples
were labelled with a three-digit codes and were
evaluated by a trained sensory panel.

Sensory evaluation

Panelists trained in sensory assessment were re-
cruited and screened according to 1SO 8586:2012.
The sensory trial was conducted in a special test
room designed according to ISO 8589:2007. A rat-
ing scale was developed for evaluating the sam-
ples based on selected attributes according to
ISO 4121: 2003. Samples of ripened cheeses and
cheese-like products were evaluated based on the
following sensory attributes: colour, eye formation,
consistency, odour and taste. Based on the quality
attributes that are considered most important by
consumers, weighting factors of 0.15, 0.15, 0.20,
0.25 and 0.25 were adopted for colour, eye forma-
tion, consistency, flavour and aroma, respectively,
as described by Cichosz et al. (2003).

The samples were evaluated on a six-point
scale where each point was defined. The sensory
quality of Dutch-type ripened cheeses and cheese-
like products was determined according to 1SO
22935-3:2009.

Statistical analysis

The results were analysed statistically by calcu-
lating mean value and standard deviation. Differ-
ences were determined by factorial analysis of var-
iance test (ANOVA) at a p<0.05 significance level.
The Tukey test was used for post-hoc analysis. Sta-
tistical correlations between colour attributes and
ripening time were assessed by the Spearman’s
rank correlation coefficient. Data were processed in
the Statistica v. 10 program (Statsoft, Poland).



Results and discussion

The production of ripened cheeses with identi-
cal chemical composition is practically impossible,
even when the composition of milk is standardized
by ultrafiltration and when cheese blocks are formed
automatically (Aljewicz et al,, 2014). The chemical
composition of cheese is determined by the rate of
lactose fermentation, curd decalcification and treat-
ments (rinsing grains, cheese salting in brine) which
decrease the products’ acidity and increase their wa-
ter content. For these reasons, minor differences in
chemical composition cannot be avoided.

The use of L. paracasei LPC-37 as an adjunct
culture in the production of Dutch-type cheeses
did not influence their chemical composition. The
replacement of milk fat with palm oil led to a sig-
nificant decrease in the fat content of cheese-like
products. Therefore, the chemical composition of
cheese-like products containing L. paracasei LPC-
37 as the adjunct culture differed significantly from
that of control products (Table 1).

The use of L. paracasei LPC-37 as the adjunct
culture in the production of Dutch-type cheeses
and cheese-like products increased the content of
volatile free fatty acids (FFAs) (Table 2). Dutch-type
cheeses should be characterised by a relatively lim-
ited extent of lipolysis, and the total content of FFAs
in cheeses manufactured from pasteurized milk is
generally low. However, even low concentrations
of short chain FFAs influence the aroma of Gou-
da cheese, whereas long-chain FFAs can impart an

unpleasant soapy flavour to cheese (Dustrerhoft
and van den Berg, 2007).

Acetic acid was the predominant volatile car-
boxylic acid in the analysed products. The content
of acetic acid was higher in experimental chees-
es and cheese-like products than in control prod-
ucts (Table 2). The presence of acetic acid can be
attributed to the activity of both starter cultures
and NSLAB (Akin et al, 2003). Heterofermenta-
tive strains of L. casei are capable of producing
lactic acid (Limsowtin et al, 2003). Acetic acid
is produced from amino acids, lactose and citric
acid, which are fermented by starter cultures and
degraded by LAB (Tungjaroenchai et al, 2004).
Acetic acid is synthesized during glycolytic process-
es and the breakdown of amino acids, but its con-
tent is also influenced by B-oxidation of free fatty
acids whose chains are shortened by two carbon
atoms (Zareba et al, 2008). A predominance of
acetic acid (up to 3500 ppm) was also reported in
Edam cheeses produced with the use of Lactococ-
cus lactis subsp. diacetylactis, Brevibacterium linens
BL2, Lactobacillus helveticus LH212 and Lactobacil-
lus reuteri ATCC 23272 cultures (Tungjaroenchai
et al,, 2004).

In the present study, Dutch-type cheeses were
characterised by a high content of butyric acid due
to the relatively low microbiological quality of milk
(unpublished data) produced in March and April. Mi-
crobiological and biochemical changes in the exam-
ined cheese samples were also intensified by high
water content (Table 1). Butyric acid is produced

TABLE 1. Composition of control and experimental Dutch-type cheeses and cheese-like products

Composition Cheeses Cheese-like products

w/w% Abbreviation control experimental control experimental
Moisture 4223 +| 02| 4243+ 05| 434° +| 01| 419* +| 03
Fat 2723 +| 03| 2773+« 03] 252° +| 03| 242¢ +| 03
Salt 1512 +| 001 153%| +| 001 | 1.71° £ 005| 153 + 0.04
Total solids TS| 579% +#| 02| 576% | 05| 566°| + 0.7 581% +| 03
Fat in dry matter FOM| 47.0% +| 04| 470% +| 02| 445°| £ 05| 41.7¢| +| 06
Salt in dry matter SDM| 2.623 +| 001| 265%| +| 0.04| 299°| «+| 0.12| 2.63*| +| 007
Salt in moisture S/M| 359 +| 001 | 360% +| 001 391° +| 0.14| 364% =| 006

The results are expressed as the arithmetic mean and standard deviation ( + o) from 6 measurements (n=6)
A-D - mean values in rows marked with different letters differ significantly at p<0.05

Data were analysed using factorial ANOVA
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TABLE 2. Content of volatile compounds in Dutch-type cheeses and cheese-like products during ripening [mg kg™']

Ripeninig Cheeses Cheese-like products
time [week] control experimental control experimental
acetic acid
1983.842| +| 189.46| 474221°| +| 4317|6038.75¢| +| 30.81|6082.18| + 0.50
6 1217.78°| +| 3497|439565%| +| 1390|4587.592| +| 387.55| 6376.06¢| +| 268.00
10 1386.21°| + 1.56|4506.15%| +| 164.53| 5109.95%| +| 222.43| 5969.44¢ +| 175.79
propionic acid
18747 + 191 16.77% + 0.30 15432 + 132 31.17°| + 0.69
6 2693 038| 2823 x| 1007 2439% = 076 2376%| & 0.96
10 79.64%| 1.63| 8128 = 274 2810° = 0.37 16.02¢| =+ 0.64
isobutyric acid
7.56% & 0.14 7.60% & 027 8.81°| + 0.02 120 0.40
6 713 & 0.11 719% & 121 11.82°| + 0.05 1355° + 0.31
10 7.38% & 0.07 7443 092 12.57°| = 0.08| 2004 = 0.04
butyric acid
84.57¢| = 5.53| 156.17¢) + 397 13.03%| = 0.18| 3266° = 1.08
6 96.89°| + 343 149.89° & 6.57| 2370%| = 003| 2288% & 0.66
10 14560 | =+ 397 | 28389 & 643  2634°| 0.76| 136917 + 2.39
isovaleric acid
4,05 + 0.14 9.14°| + 1.76 6.55%| + 022 7322¢ « 0.69
6 478 0.10 12.72%] + 0.34 14528 + 049 11569° + 478
10 582°| + 015 23.72%| & 164 21.70% = 042 15061¢| + 2.75
valeric acid
2470 0.07 404 + 018 1322 ¢ 0.07 1712 ¢ 0.04
6 2.62°| + 0.05 4.02¢ & 0.69 1612 + 0.03 1342 ¢ 0.14
10 364°| + 012 535¢ 0.04 299 0.09 2677 ¢ 0.07
isocaproic acid
11.09%| + 0.15 11.02° + 0.02 11.38% + 0.03 11.36%| + 0.14
6 11.032| + 0.08 11.06%] + 0.08 11152 + 013 11.29°) + 0.08
10 11.042| + 0.01 11.16%] + 0.36 11932 + 0.08 11.372 | + 034
caproic acid
4 19.67°| =+ 2.32 26.80°| = 1.59 7.35% + 0.14 6.072| ¢ 0.08
6 2852°| + 2.98 39.88| = 292 9.072| = 0.08 6412 0.19
10 4314°| «+ 0.97 69.18| = 2.33 9127 = 017 8112 + 0.85

The results are expressed as the arithmetic mean and standard deviation ( + o) from 4 measurements (n=4)

A-D - mean values in rows marked with different letters differ significantly at p<0.05

Data were analysed using factorial ANOVA

by microorganisms colonizing milk, and it also  characteristic cheesy aroma, which is particularly
is synthesized during the lipolytic activity of na-  desirable in Italian and blue cheeses. In semi-hard
tive enzymes in milk (Murphy et al, 2016). When  cheeses high levels of butyric acid are undesirable
present in small quantities, butyric acid imparts a  (Curioni and Bosset, 2002; Collins et al, 2003),



and they testify to butyric fermentation by Clostrid-
ium tyrobutyricum, a spore-forming anaerobic ba-
cillus. High concentrations of butyric acid were re-
ported in smoked cheese made from salted sheep’s
milk in the Tatra Mountains region of Poland, af-
ter steaming, salting and 3 days after production
(Majcher et al, 2010). In the Portugese Serra da
Estrela cheese made from sheep’s milk, the content
of butyric acid was estimated at 800 mg/kg, and it
exceeded 3000 mg/kg after only 35 days of ripen-
ing (Macedo and Malcata, 1997).

In our study, butyric acid levels increased in
cheese-like products where NSLAB counts were
reduced by the addition of L. paracasei due to sub-
strate use (Table 2). In those products, butyric acid
was formed in the presence of Clostridium tyrobu-
tyricum (unpublished data). High levels of butyr-
ic acid in cheeses produced with the addition of
L. casei have also been reported by other authors
(Peralta et al. 2014; Zareba et al. 2008; Cichosz
et al. 2006b). According to some authors, howev-
er, Lactobacillus is capable of inhibiting the growth
of butyrate-producing bacteria (Tima et al. 2008;
Matijasic¢ et al, 2007). It should be noted that
the cited research results are not contradictory
because they concern different types of cheeses
with various chemical composition, water activity
and microbiological quality.

In this experiment, the addition of L. paracasei
LPC-37 as the adjunct culture contributed to an in-
crease in the content of butyric, isovaleric, valeric
and caproic acid in experimental cheeses (Table
2). An increase in the extent of lipolysis in cheeses
containing additional cultures, including Lactoba-
cillus, has been demonstrated in numerous studies
(Kumar et al, 2015; Hynes et al, 2002; Madkor
et al, 1999). It should be noted, however, that bac-
terial cultures and strains have different lipolytic
activity (Madkor et al, 1999).

Cheese-like products from experimental and
control groups differed in their content of isovaleric
acid (Table 2). Isovaleric acid is produced by the
transamination of leucine to ketoisocaproic acid,
which is then converted to isovaleric acid. The
above reactions are mediated by active proteolytic
enzymes of streptococci, in particular Lactobacillus
(Ganesan et al, 2006; Thierry et al,, 2004).

In the analysed cheeses, L. paracasei LPC-37
did not influence the production of isobutyric or

isocaproic acid (Table 2). Volatile FFAs are synthe-
sized from branched amino acids, and they are re-
sponsible for undesirable aromas such as sweaty,
rancid, fecal and rotten fruit, especially at high con-
centrations (Rychlik and Bosste, 2001; Thierry
et al, 2002). Branched chain fatty acids were not
detected in Belgian Gouda-type cheeses produced
from raw milk after 6 weeks of ripening, but they
were present in cheeses made from pasteurized
milk (Van Leuven et al, 2008).

The content of nearly all volatile FFAs increased
during ripening of cheeses and cheese-like prod-
ucts (Table 2). Many authors have reported an in-
crease in the extent of lipolysis during ripening of
various types of cheeses (Atasoy and Turkoglu,
2008; Malacarne et al, 2009; Voigt et al, 2010).

The analysed Dutch-type cheeses and cheese-
like products had a different sensory profile (Table
5). The replacement of milk fat with palm oil in-
creased the content of acetic acid, probably due
to higher counts of citrate-fermenting bacteria.
Cheese-like products were characterized by a
lower content of butyric, valeric and caproic acid
due to the replacement of milk fat with palm oil
which has a different fatty acid profile (Table 2).
The content of volatile FFAs was also very low in
Swiss cheese-like products manufactured with the
addition of high oleic sunflower oil in comparison
with cheeses containing milk fat (Yu and Ham-
mond, 2000).

After 4 weeks of ripening, Dutch-type cheeses
were characterized by higher colour brightness (L)
than cheese-like products (Table 3). During ripen-
ing, colour brightness decreased in cheeses (R?=-
0.87, p<0.05) and in cheese-like products (R*=-0.76,
p<0.05). The decrease in colour brightness led to
a drop in the WI of Dutch-type cheeses (R?=-0.61,
p<0.05) and cheese-like products (R?=-0.6, p<0.05)
during ripening (Table 4). The values of WI differed
significantly in control and experimental products
and were always higher in experimental products
(Table 3). In a study by Pavia et al. (1999), param-
eter L* was negatively correlated with the protein
content of hard cheeses. A non-homogeneous pro-
tein matrix was produced in cheeses with a lower
water content and a higher content of soluble ni-
trogen compounds, which affected colour reflection
and, consequently, decreased the value of parame-
ter L* (Table 3).
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TABELE 3. Colour attributes for cheeses and cheese-like products

Ripeninig time Cheeses Cheese-like products
[week] control experimental control experimental
L*
737° + 0.1 73.4°) + 0.4 7057 + 1.0 7177 0.9
6 734 + 02| 725 + 0.2 694 + 15| 70.7%| + 09
10 71.6°| =+ 03| 71.7°| = 06| 6737 = 09| 6877 = 09
at
476 + 0.23 452 + 0.22 5.63°| + 0.3 473 + 0.7
6 4.86°| + 013 420° 040 480% + 030| 430 + 0.30
10 474°| + 0.15 421° + 0.09 510 + 0.18 4312 ¢ 0.20
b*
247 = 02| 2272 = 0.1 2579 + 05| 2269° = 0.04
6 252¢ = 03] 223 « 0.1 2669 + 01| 2329° = 0.27
10 255¢ = 02| 226% = 02| 26937 = 0.07| 24.06°| + 0.25
H*
79.1% = 05| 784 « 06| 776% = 06| 783 = 16
6 7917 03] 793 = 10| 7977 = 07| 796% = 0.8
10 79.5% = 03] 794 + 02| 793 = 04| 7997 = 0.5
C*
252 + 0.1 22.5%| + 0.1 2639 + 0.5 232°| + 0.2
6 25.7¢) + 0.2 22.77| 0.1 2709 + 0.1 23.7°| + 0.3
10 259¢ + 0.2 229 = 0.2 2749 + 0.1 245°| + 0.3
WI
63.6%| + 0.1 65.1¢ + 0.3 60.5°| + 1.1 634*| = 0.7
6 63.1%] + 0.3 64.4° + 0.1 59.1¢| + 12 62.3%| = 0.8
10 61.6%| 0.3 63.6° + 0.6 57.3% + 0.8 60.3%| = 0.9
Yl
4 480 + 03 43.0°| = 0.4 5214 + 1.7 452°| + 0.6
6 490 + 0.6 439 = 0.1 5489 + 14 471° + 1.0
10 50.8%| = 0.6 449°| + 0.8 572° + 09 50.1%| + 12

The results are expressed as the arithmetic mean value and standard deviation (x+o0) from 4 measurements (n=4)
A-D - mean values in rows marked with different letters differ significantly at p<0.05

Data were analysed using factorial ANOVA

L* a* and b* values for light to dark, red to green, and yellow to blue respectively
Chroma (C*), hue (H*), Whiteness index (WI) and Yellowness index (YI) were calculated from data collected from reference

The contribution of yellowness (b*) increased
gradually during ripening of the analysed cheeses
and cheese-like products. Control products were
characterized by significantly higher values of b*
than experimental products. The YI of cheeses and
cheese-like products also increased during ripen-

ing (Table 3). A decrease in colour brightness and
an increase in the contribution of yellowness have
also been reported by other authors (Dufossé et
al, 2005; Marchesini et al, 2009). Those observa-
tions can probably be attributed to changes in the
chemical composition of cheese during ripening



TABLE 4. Correlations between colour attributes and ripening time

L* a* b* ‘ H* c* ‘ wi ‘ v
Cheeses
ripening time -087* [-018  |045*  |047  [043*  [-061* |047"
Cheese-like products
ripening time -076* |-032  |047  |056*  |046*  |-06° 049"

Spearman's rank correlation coefficient *p<0.05
L* - colour lightness; a* and b*- chromaticity of the light source; C*

(increase in dry matter content) and lipolysis (Avila
et al,, 2008). In the work of Dufossé et al. (2005),
the contribution of yellowness (b*) and redness (a*)
was highly correlated with fat content (R* = 0.77
and R?=0.72, respectively; P<0.01). According to
Ginzinger et al. (1999), Yl values are significantly
correlated with the season of milk collection and
the ripening time of Austrian Bergkase cheese.

Contrary to the results reported by Avila et
al. (2008), the addition of Lactobacillus paracasei
LPC-37 as an adjunct culture did not influence col-
our brightness (L*) of the evaluated cheeses and
cheese-like products. However, the applied adjunct
culture contributed to a significant decrease in the
contribution of redness (a*) and yellowness (b*) in
the experimental cheeses and cheese-like products.
The analysed adjunct culture also led to a decrease
in colour saturation (C*), an increase in WI values
and a decrease in Yl values. The colour(parameters
L* and b*) of Brazilian semi-hard Coalho cheese,
produced from goat’s milk with the addition of a
probiotic strain of Lactobacillus paracasei (L. ca-
sei-01, 2910976), did not differ significantly from
the colour of cheeses containing Lactococcus lac-
tis ssp. lactis and Lactococcus lactis ssp. cremoris
strains after salting or after 7 and 14 days of rip-
ening at a temperature of 10 °C. However, after 21
days of ripening, cheeses with the addition of the L.
paracasei culture were characterized by significant-
ly higher values of L* and lower values of b* than
the cheeses containing mesophilic streptococci
only (Oliveira et al, 2012).

In our study, the replacement of milk fat with
palm oil led to a significant decrease in colour
brightness L* and an increase in the values of b*, C*
and Yl (Table 3). By contrast, Dinkgi et al. (2011)
replaced milk fat with a blend of vegetable oils in
Turkish Kashar-like cheese and observed a signifi-
cantincrease in parameter L* and a decrease in the

- chroma; H* - hue; WI - Whiteness index; YI - Yellowness index

values of b* and C*. Cheeses made from the milk
of cows whose diets were supplemented with fish
oil (500 g d'cow™) and fish oil with hydrogenated
palm oil (250 g d"'cow™ + 250 g d'cow™") were char-
acterized by higher values of L* and b* than control
cheeses made from the milk of non-supplement-
ed cows (Vargas-Bello-Pérez et al, 2015). In this
study, the overall sensory evaluation with weighting
factors did not reveal significant differences be-
tween control and experimental cheeses. The ad-
dition of L. paracasei LPC-37 as the adjunct culture
did not influence their sensory quality. Cheese-like
products scored significantly lower than Dutch-type
cheeses in the sensory evaluation. The replacement
of milk fat with palm oil significantly deteriorated
the sensory quality of cheese-like products. The
eyes of cheese-like products should be not numer-
ous, round and evenly distributed across the cross
section, similarly to those of Dutch-type cheeses.
However, cheese-like products scored much lower
for eye formation than cheeses. The colour scores
of cheese-like products during ripening and stor-
age were relatively high, but control products were
slightly discoloured.

Cheese-like products were characterized by a
tough and gummy consistency and low elasticity.
A sample squeezed between the thumb and the
forefinger remained permanently deformed, which
is typical of products where milk fat was replaced
with vegetable oil, and points to the lack of springi-
ness. Immediately after salting, cheese-like prod-
ucts had unpleasant and bland odour and taste,
which were not typical of cheese. Experimental
cheese-like products, produced with the use of the
probiotic strain L. paracasei LPC-37, scored each
time higher for odour and taste than control prod-
ucts. Despite the above, the experimental cheese-
like products containing L. paracasei LPC-37 scored
higher than control products (Table 5).

(0202) 65-8C ‘(1) 0/ onlsipyafjy sasaayd o santadoid Alosuag :zsoydl) ‘0 pue exdajaig ‘W

35



(0202) 65-82 ‘(1) 0 onrsipyaliy sasaayd jo santadoid Alosuag :zsoydi) "0 pue exydajaig ‘N

36

TABLE 5. Overall sensory evaluation with weighting factors

Ripening time Cheeses Cheese-like products
[week] N N
control experimental control experimental
4.9¢ + |02 4.8¢ + |02 2.92 + (01 3.3P + 02
6 4.8¢ + |02 5.0¢ + |02 3.32 + (01 3.6° + 0.1
10 4.7¢ + (01 4.8¢ + |02 342 + (01 3.9° + 0.1

The results were expressed as arithmetic mean value and standard deviation (X+o) from 6 measurements (n=6).
A-D - mean values in rows marked with different letters differ significantly at p<0.05

Data were analysed using factorial ANOVA.

Mean values marked with the same letters do not differ significantly between control and experimental products at p<0.05

According to many authors, the quality of rip-
ened cheese is determined by the predominant
NSLAB strains (Crow et al, 2001; Swearingen et
al, 2007; Kieronczyk et al, 2003). High NSLAB
counts can intensify the product’s odour and taste,
and they can shorten ripening time (Cichosz et al.
2006a; Crow et al. 2001). For this reason, selected
Lactobacillus strains are used to modify the odour
and taste of the final product (Buriti et al, 2005;
Buriti et al, 2007). Previous studies demonstrated
that L. paracasei strains exerted varied effects on
the sensory quality of ripened cheeses. L. paracasei
had both positive and negative effects on Danish
Danbo cheese, subject to the applied strain (An-
tonsson et al, 2003). Lynch et al. (1996) found
that Cheddar cheese made with the addition of
L. paracasei subsp. paracasei was characterized
by a more intense odour and greater bitterness
than control cheeses. Ong et al. (2007) also found
that the addition of L. paracasei contributed to a
bitter taste of probiotic cheeses. In a study eval-
uating 2 Lactobacillus paracasei strains (R-40926
and R-40937) isolated from Gouda cheeses (made
from raw milk), the analysed strains had varied
effects on the sensory quality of cheese. Cheeses
made with strain R-40926 contained mostly prod-
ucts of proteolytic degradation, whereas cheeses
supplemented with L. paracasei R-40926 contained
mostly volatile compounds (volatile FFAs, y- and
6-lactones) from the lipolytic breakdown of fat, as
well as amino acids and their derivatives (branched
aldehydes, sulfur compounds). The above data sug-
gest that strain L. paracasei R-40926 displays both
proteolytic and lipolytic activities, whereas strain L.
paracasei R-40937 has mainly proteolytic activity
(Van Hoorde et al, 2010). In some studies, pro-
biotic LAB did not influence the sensory attributes

of cheeses (Gardiner et al, 1998, Santillo and
Albenzio, 2008).

El-Salam (2015) demonstrated that the re-
placement of milk fat had a negative impact on
the sensory quality of cheese. The cited author
evaluated the effects of milk fat replacement with
sunflower oil and the addition of whey protein con-
centrate to fresh Tallaga cheese. In a sensory eval-
uation, control cheeses ranked significantly higher
than experimental cheeses (64). Original Turkish
Kashar cheese also scored much higher in a sen-
sory analysis than Kashar-like cheese containing a
vegetable oil blend. The quality of control cheeses
and cheese-like products deteriorated with ripening
time (Dinkg¢i et al, 2017).

Conclusion

In the present study, the addition of L. paracasei
LPC-37 as the adjunct culture to Dutch-type chees-
es and cheese-like products increased the content
of volatile FFAs, decreased the contribution of red-
ness a* and yellowness b*, decreased colour satu-
ration C¥, increased the values of Wl and decreased
the values of Yl in cheese and cheese-like products.
The use of L. paracasei LPC-37 as the adjunct cul-
ture had no effect on the sensory quality of Dutch-
type cheeses.

The replacement of milk fat with palm oil con-
tributed to differences in the sensory profile and
colour of cheese-like products and deteriorated
their sensory quality. However, the addition of L.
paracasei LPC-37 improved the sensory character-
istics of cheese-like products but they are still infe-
rior compared to cheeses.
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Ucinak zamjene mlijecne masti i dodatka soja Lactobacillus
paracasei LPC-37 na senzorska svojstva sira

SaZetak

TrZiSte sireva sa zrenjem brzo raste i izrazito je kompetitivno. Proizvodaci mlijecnih proizvoda proSirili su
svoj asortiman na proizvode sli¢ne siru koji sadrZze zamjene za mlije¢nu mast. Takvi proizvodi postaju sve
popularniji kako medu proizvodacima hrane, tako medu potrosacima koji su u potrazi za jeftinijim zam-
jenama za sir. Mast odreduje senzorska svojstva sira. Medutim, senzorska kvaliteta sira moZe se modifi-
cirati i primjenom pomoc¢nih starter kultura. U ovom istraZivanju ispitivan je utjecaj uporabe palminog ulja
kao zamjene za mlijecnu mast i soja Lactobacillus paracasei LPC-37 kao pomocne starter kulture na sen-
zorska svojstva nizozemskog tipa sira te zamjena za sir tijekom razdoblja zrenja. Svim uzorcima odredivan
je kemijski sastav, sadrzaj hlapivih sastojaka i boja. Zamjena mlije¢ne masti palminim uljem uzrokovala je

razlike u senzorskom profilu i boji zamjena za sir te je smanjila senzorsku kvalitetu ovih proizvoda. Medu-
tim, dodatak soja L. paracasei LPC-37 pobolj$ao je senzorska svojstva zamjena za sir.

Kljucne rijeci: Lactobacillus paracasei LPC-37, sir, palmino ulje, okus, boja
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