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Abstract Recent studies have intensively investigated the
possibility of kombucha application as non-conventional
starter culture in manufacture of various fermented dairy
products. Furthermore, natural extracts from medicinal and
aromatic plants contain different biologically active com-
ponents which often have antioxidant properties. Based on
the stated above, the aim of this research was to investigate
the possibility of kombucha inoculum application as a new
starter culture in fresh cheese technology, as well as to
investigate effects of sage (Salvia officinalis) herbal dust
(by-product from filter tea factory), its essential oil and
supercritical fluid extract on antioxidative activity and
sensory characteristics of produced fresh kombucha cheese
during 10 days of storage. In all samples, higher ABTS
than DPPH radical scavenging activity was determined.
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Freshly prepared and 10 days stored kombucha cheeses
fortified with different types of sage preparations had sig-
nificantly higher FRAP values than the control sample. All
analysed samples had satisfied sensory characteristics and
same scores of sensory evaluation after the production.
Kombucha fresh cheese with addition of different types of
sage preparations can be an innovative and valuable dairy
product.

Keywords Fresh cheese - Kombucha - Sage -
Antioxidative activity - By-products

Introduction

Produced from the enzymatic coagulation of milk with
rennet and starter cultures, fresh cheeses have soft texture,
slightly acidic flavour, high moisture and low price. Due to
these characteristics, fresh cheeses are widely consumed
dairy products (Barukcic et al. 2020).

Use of non-conventional starter cultures have a great
potential in manufacture of various fermented dairy prod-
ucts with desirable technological and nutritional charac-
teristics (Hati et al. 2014). Kombucha is a consortium of
yeasts (Saccharomyces, Zygosaccharomyces, Pichia,
Schizosaccharomyces, Saccharomycodes, Brettanomyces,
Torulaspora and Candida), acetic acid bacteria (Aceto-
bacter and Gluconobacter) and lactic acid bacteria (LAB)
(Morales 2020; Marsh et al. 2014). Kombucha beverages
has traditionally been prepared by fermentation different
sweetened teas. Its specific microbiological composition
led to the generation of various chemical compounds:
organic acids, ethanol, proteins, sugars, polyphenols (de-
pending on the utilized raw material), vitamins (B;, Bg,
Bi,, C), minerals (Cu, Fe, Mn, Ni, Zn), anions (F~, CI™,
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Br—, I, NO3~, HPO,~, SO, ) and interesting bioactive
compounds (d-saccharic acid-1,4-lactone (DSL) (Morales
2020). Recently, the possibility of kombucha application
(as new starter culture) in production of fermented dairy
products has been studied (Vukic et al. 2014; Kanuric et al.
2018). It was found that fermented dairy beverages pro-
duced with kombucha starter culture had satisfactory
overall physico-chemical, nutritive and sensory character-
istics (Popovic et al. 2016; Kanuric et al. 2018; Vukic et al.
2018). In addition to formation specific sensory charac-
teristics, milk fermentation is an important way of forma-
tion of bioactive compounds; therefore, the usage of new
starter cultures and prebiotics set a wide possibility to
obtain new functional foods (Hrnjez et al. 2014; Skrzypc-
zak et al. 2017; Vukic et al. 2018; Shariati et al.2020; Haji
Ghafarloo et al. 2020).

In recent years, much attention has been focused on
reuse of by-products and reduction of waste from food
industry. The possibility of using agro-industrial wastes as
natural antioxidants and preservatives in the food industry
could be very important for environmental protections as
well as for food production with additional functional value
(Lorenzo et al. 2014). Sage (Salvia officinalis L.), which
belongs to Lamiaceae family, has been widely used in
pharmaceutical and food industry due to its chemical
composition and high antioxidant potential (Pavlic et al.
2016; Zekovic et al. 2017). The most abundant compounds
in sage essential oil are monoterpenes and oxygenated
monterpenes (Pavlic et al. 2018).

The aim of this research was to investigate the possi-
bility of kombucha inoculum application as a new starter
culture in fresh cheese technology, as well as to investigate
effects of sage (Salvia officinalis) herbal dust (by-product
from filter tea factory), its essential oil and supercritical
fluid extract on antioxidative capacity and sensory char-
acteristics of produced fresh kombucha cheese during
10 days of storage.

Materials and methods
Plant material

Sage (Salvia officinalis L.) originated from Montenegro
was kindly donated by local filter tea factory, Fructus DOO
(Backa Palanka, Serbia). Herbal dust fraction had particle
size lower than 0.315 mm, thus it is discarded as a by-
product in filter tea processing. Discarded plant material
was collected and used as raw material in this research.

Hydrodistillation

The essential oil (EO) of sage herbal dust was obtained
using the official hydrodistillation procedure (Ph. Eur.
2014). The yield of EO was 1.80%, while limonene
(23.22 mg/100 g), eucalyptol (186.12 mg/100 g), camphor
(319.32 mg/100 g), o-thujone (305.28 mg/100 g) were
major terpenoids obtained from sage herbal dust using
hydrodistillation technique (Pavlic et al. 2018).

Supercritical fluid extraction

The supercritical fluid extraction (SFE) experiments were
performed on laboratory scale high pressure extraction
plant (HPEP, NOVA, Swiss, Effretikon, Switzerland)
described in detail by Peki¢ et al. 1995. The main plant
parts and properties, by manufacturer specifications were:
gas cylinder with CO,, the diaphragm type compressor
with pressure range up to 1000 bar, extractor with heating
jacket for heating medium with internal volume 200 mL,
maximum operating pressure of 700 bar, separator with
heating jacket for heating medium (with internal volume
200 mL, maximum operating pressure of 250 bar), pres-
sure control. Extraction was performed according to opti-
mized conditions (298 bar, 44 °C and 0.4 kg CO,/h) for
simultaneously maximized yield and antioxidant activity
previously determined by Pavlic et al. (2018).

Chemical profile of SFE extract

GC-MS analysis was used for identification of volatile
compounds in lipid extract obtained from sage herbal dust
according to a method previously published by Pavlic et al.
2018. Agilent GC890N system coupled to mass spec-
trometer model Agilent MS 5759, equipped with HP-5SMS
column (30 m length, 0.25 mm inner diameter and
0.25 pm film thickness). Helium flow rate was 2 mL/min.
Obtained extracts were dissolved in methylene chloride
(about 1 mg/mL) and injected volume of solution was 5 pL.
with split ratio 30:1. Temperature conditions were as fol-
lows: injector temperature 250 C, detector temperature
300 °C; initial 60 °C with linear increase of 4 °C/min to
150 °C. Compounds were identified using the NIST 05 and
Wiley 7n data base. GC-FID analysis was used for quan-
titative determination of dominant compounds in sage
essential oil (y-terpinene, ( +)-limonene, linalool, cam-
phor, geraniol, eucalyptol, o-terpineol, methyl chavicol,
carvacrol, o-pinene, [-pinene, eugenol and a-thujone).
Standard compounds dissolved in methylene chloride at
different concentrations (1-500 pg/mL) were used to
obtain retention equations which are describing depen-
dence of peak area on different concentration (R2 > 0.99).
Qualitative results were expressed relative percentage,
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while content of major terpenoids was expressed as mil-
ligrams per gram of extract (mg/g).

Preparation of fresh cheese

Fresh cheeses were manufactured in laboratory conditions,
from pasteurized milk (75 °C for 30 s) with 2.8% fat
(Dairy»Mlekoprodukt« AD, Zrenjanin, Serbia). Kombucha
inoculum used for cheese production was prepared by
procedure described by Kanuri¢ et al. (2011) Kombucha
inoculum in concentration of 10% was applied for cheese
production at 35 °C. Kombucha inoculum in concentration
of 10% was applied due to previous results obtained for
production of fermented dairy products, where it has been
proven as the optimal concentration. Enzyme for coagu-
lation (CHY-MAX®Powder Extra NB, Chr. Hansen A/S,
Denmark) was added into milk in concentration of 0.005%
at 35 °C after addition of starter culture. Fermentation was
continued until pH = 4.5-4.6 were reached. After coagu-
lation, the coagulum was cut, pasteurized by gently stirring
at 60 °C for 5 min, quickly cooled to 25 °C and drained.
Different form of sage herbal dust preparations were used:
sage essential oil (EO), sage supercritical fluid extract
(SFE) and sage ground (G). All sage preparations were
added separately after production, at concentrations of
8 nL/100 g for SFE and EO and 0.417 g/100 g for ground
sage.

Finally, depending on which sage herbal dust prepara-
tions were used, four samples were produced and labelled
as follows: 1. Kombucha fresh cheese control sample (KC),
2. Kombucha fresh cheese with added ground (KG), 3.
Kombucha fresh cheese with added essential oil (KEO), 4.
Kombucha fresh cheese with added supercritical fluid
extract (KSFE).

All samples were produced in triplets. All cheese sam-
ples were homogenized and packaged in cups with a lid
and stored in the refrigerator at 4 °C. Samples were anal-
ysed at distinct periods of storage after 0 and 10 days.

Physico-chemical properties

Chemical quality of fresh cheeses after production and
10 days of storage period were analysed using the fol-
lowing methods: dry matter (ISO Standard No. 5534:
2004); milk fat according to Van Gulik method (ISO
Standard No. 3343: 2008); total proteins (TP) (ISO Stan-
dard No. 8968-1: 2014); ash (A) (ISO Standard No. 5545:
2008); a, values were determined using LabSwift-a,,
device (Novasina AG, Switzerland).
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pH value

pH values were determined at room temperature ( 25 °C)
using a pH-meter (pH Spear, Eutech Instruments Oakton,
England); pH-meter was previously calibrated using buf-
fers with pH value of 4 and 7 (Khodashenas and Jouki
2020).

In vitro antioxidant activity
Sample preparation

Fresh cheese was prepared for the spectrophotometric
analysis of total phenols content and antioxidant capacity
(DPPH, FRAP and ABTS assays) according to the fol-
lowing procedure: Approximately 2 g of fresh cheese was
weighted in centrifugal tube and 8 mL of extraction solvent
was added while 70% ethanol was used as moderately
polar extraction solvent in order to extract bioactives from
cheese with sage preparations (KG, KEO and KSFE) added
in cheese. Extraction was carried out by shaking at the
vortex for 1 min, which was followed by sonication at
ultrasonic bath (EUP540A, Euinstruments, France) for
1 min, 30 °C and 42 W/L ultrasonic power. The same
procedure was repeated in try cycles and extracts were
further centrifuged for 10 min at 3000 rpm (1100 g) and
the supernatant was used removed, separately collected in
glass sealed containers and used for further analysis.

Determination of total phenols content

The determination of the total phenols content in cheese
samples was done by the Folin-Ciocalteu spectrophoto-
metric method (Milani et al. 2020). Absorbance was
measured at 750 nm using a 6300 Spectrophotometer,
Jenway, UK and gallic acid was used as standard for
preparation of calibration curve. Results are expressed as
mg of gallic acid equivalents (GAE) per g of cheese sample
(mg GAE/g).

DPPH test

The cheese’s ability to neutralize 2,2-diphenyl-1-picryl-
hydrazyl free radicals (DPPH) was measured using a
modified method (Alipoorfard et al. 2020). Diluted cheese
samples (0.1 mL) and methanolic soulution of DPPH
reagent (2.9 mL) were added to a glass cuvette and incu-
bated at room temperature for 60 min. Absorbance deter-
minations were performed at 517 nm using a UV-VIS
spectrophotometer (6300 Spectrophotometer, Jenway,
UK). All measurements were performed in triplicate and
results are expressed as uM of Trolox equivalent per g of
cheese sample (UM TE/g).
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FRAP test

The samples’ ability to reduce Fe>™ was determined by the
FRAP test (Benzie and Strain 1996). FRAP reagent was
freshly prepared from 300 mM acetate buffer (pH = 3.6),
10 mM 2,4,6-tris (2-pyridyl) -s triazine (TPZT), 40 mM
HCI and 20 mM FeCl; aqueous solution. Solutions were
mixed in a ratio of 10: 1: 1 (v/v/v). Properly diluted cheese
samples and FRAP reagent were mixed (0.1 mL + 2.9
mL) and incubated in the dark at 37 °C for 10 min.
Absorbance was measured at 593 nm with UV-VIS spec-
trophotometer (6300 Spectrophotometer, Jenway, UK).
Calibration was performed using freshly prepared Fe®™
(Fe,SO,4) aqueous solutions (0-0.23 mM, R? = 0.999). All
experiments were performed in triplicate and results were
expressed as pM of Fe’ equivalents per g of cheese
sample (UM Fe**/g).

ABTS test

The ability to scavenging ABTS free radicals was deter-
mined using a modified spectrophotometric assay reported
by Re et al. (1999). ABTS stock solution was freshly
prepared from mixture (1:1, v/v) of 2.45 mM potassium
persulfate aqueous solution and 7 mM ABTS (2,2’-azino-
bis-(-3-ethylbenzothiazoline-6-sulfonic acid)-diammonium
salt aqueous solution and left in the dark at room temper-
ature for 16 h. A stock solution was diluted using 300 mM
acetate buffer (pH =3.6) to an absorbance of 0.70
(£ 0.02). Properly diluted cheese samples and ABTS
reagent were mixed (0.1 + 2.9 mL) and incubated at room
temperature for 5 h in the dark. Absorbance was measured
at 734 nm with UV-VIS spectrophotometer (6300 Spec-
trophotometer, Jenway, UK). Freshly prepared Trolox
aqueous solutions (0-0.8 mM, R? = 0.987) were used to
obtain the calibration curve. Results were expressed as pM
of Trolox equivalents per gram of cheese sample (UM TE/

g).
Sensory analysis

Sensory analysis of the samples was performed by a panel
of 10 consumers between 26 and 60 years old, selected
from University staff members. All samples were stored at
4 °C until the moment of sensory evaluation. Prior to
sensory evaluation, samples were opened, encoded, divided
into 10 equal portions and presented simultaneously to
each of the ten appraisers (Milani et al. 2020). Each sample
was evaluated for flavour, colour, consistency appearance
and taste. Sensory evaluation was performed with the five
points system (1-5, from dislike extremely (1) to like
extremely (5)). The sensory analysis was performed

immediately after production (0) and after 10 days of
refrigerated storage.

Colour measurement

The colour of fresh cheese is determined by photoelectric
tristimulus colorimeter CHROMAMETER CR-400, Kon-
ica Minolta CRA33 extension. The colour differences of
products surfaces (whiteness (L-), red/greenness (a-), and
yellow/blueness (b-)) were measured. Prior to each mea-
surement the tristimulus colorimeter was calibrated with a
black and white ceramic plate (Milani et al. 2020). The
software SpectroMagic NXPROQCver 2.0 was used for the
results processing.

The evaluation of colour changing were analysed though
the total colour difference AE, which was calculated
between measurements of fresh cheese after production
and cheese samples after 10 days of storage according to
Equation [1]:

I (T o S (TS S (0 ) SR ()

where L, aj, by — value of fresh cheese colour components
after production. L™a"b"—value of cheese sample colour
components after 10 days of storage.

Statistics

All analyses were performed in triplicate for all produced
samples and values were expressed as average value.
Univariate treatment of the data was performed by analysis
of variance (ANOVA), using a”Statistica 13" software.
Duncan’s multiple range test was performed to evaluate
significant differences among the analysed parameters.
Differences among analysed parameters of produced sam-
ples with addition of different sage preparations were
considered statistically significant when P < 0.05.

Results and discussion
Physico-chemical characteristics

The acidification time of milk during the fresh cheese
manufacturing by kombucha starter culture was 12 h and
45 min. pH value of sample was measured during the
manufacturing process and stopped when the pH value
reached 4.5. Kombucha starter has characteristic parabolic
flow of acidification which is different from previously
determined sigmoidal shape for kombucha fermented dairy
products (Kanuric et al., 2011). The pH value of kombucha
cheese declined more slowly in the beginning of the fer-
mentation process and then dropped rapidly after 10 h.
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Usually, the pH value of fresh cheese is between 4.6 and
5.2. Slightly lower pH values obtained in studied samples
could be related to activity of bioactive compounds origi-
nated from sage preparations, which is in accordance with
previous research (Ribas et al. 2019). During the 10 day
storage all samples had slight increase of pH values, but
still within the expected limits.

Regardless which sage preparations were used, the
kombucha fresh cheeses were not significantly different in
dry matter and fat content, neither at the first nor at the last
day of the storage period. These results were expected
because sage was added after the cheese production.
According to the performed statistical analysis, there were
no statistically significant differences (P > 0.05) in ash
contents among different samples at the first day of the
storage period (Table 1). Slight increase of ash was noticed
in sample with added ground sage (KG), which could be
consequence of the ash present in sage ground. Decrease of
ash as main indicator of mineral content in milk products
was observed during the storage in all samples expect the
KG. Considering changes within the same sample during
the storage, slight increase in protein content was observed
for all samples. The a, value remain almost the same
during the 10 days of storage in all samples. (Table 1 here).

Bioactives content and in vitro antioxidant activity

Different sage preparations were added as potential source
of bioactive compounds in cheese samples. According to
Pavlic et al. (2017), sage herbal dust (G) represents a good
source of polyphenols, thus it was expected that its addition
will release polyphenols in the cheese. On the other hand,
sage essential oil (EO) and supercritical fluid extract (SFE)
were used as source of lipophilic bioactives such as ter-
penoids. Chemical profile of EO was published elsewhere
(Pavlic et al. 2018) and major terpenoids were present in

following content: o-thujone (169.6 mg/g), camphor
(177.4 mg/g), eucalyptol  (103.4 mg/g), limonene
(12.9 mg/g), a-pinene (16.6 mg/g), methyl-chavicol

(2.7 mg/g) and carvacrol (2.4 mg/g). Chemical profile of
terpenoids determined in sage extract obtained by SFE is
given in Table 2. It could be observed that relative per-
centage of detected terpenoids was very similar with
compounds detected in sage EO (Pavlic et al. 2018).
Quantitative content of major terpenoids: a-thujone, cam-
phor, eucalyptol, limonene, a-pinene, methyl-chavicol and
carvacrol was 47.0, 56.6, 24.2,2.2, < 1, < 1 and < 1 mg/
g, respectively. It could be observed that content of major
monoterpenes was lower in supercritical extract comparing
to EO. However, previous study suggested that other lipids,
particularly diterpenes, co-extracted by SFE could improve
in vitro antioxidant activity (Pavlic et al. 2018). Further-
more, the same study suggested that extracts obtained by
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SFE could be produced in substantially higher yield com-
paring to EO obtained by hydrodistillation which could be
particularly important from the techno-economical aspect
of cheese production. (Tabale 2 here).

In the present investigation, the commonly accepted
in vitro assays: DPPH, FRAP and ABTS were used for the
evaluation of antioxidant activity of produced kombucha
fresh cheeses. The total phenolic content was also deter-
mined since it was assumed that polyphenols could be
released from the sage herbal dust. The results of these
analyses are presented in the Fig. 1.

During the fermentation, there is an increase in
polyphenols in comparison to raw milk and kombucha
inoculum used for cheese production (total phenols content
of milk and kombucha were 1.20 £ 0.01 and
0.125 £+ 0.09 mg GAE/g, respectively). These results are
in accordance with the observations of Jakubczyk et al.
(2020), who found an increase in polyphenols during
kombucha fermentation. Our results are also in accordance
with previous research that determined up to three times
increase of total phenol content during milk fermentation
by kombucha inoculum (Ozyurt, 2020). Owing to the
presence of total phenols in all samples, cheeses supple-
mented with ground and SFE extract did not show higher
contents of total phenols than control kombucha fresh
cheese (KC) after the production. This result is in accor-
dance with the study performed by Deolindo et al. (2019)
who also did not find increase of total polyphenols by
addition of grape seed extracts in Petite Suisse cheese.
With the progress of storage period, total phenols content
increased in all prepared cheeses. The fresh cheeses with
addition of different type of sage extracts show significant
(P < 0.05) variations in content of total phenols. Sample
with essential oil showed significantly (P < 0.05) lower
value compared to other samples and it was not signifi-
cantly different from the control sample (Fig. 1c).

The antioxidative activity towards DPPH radicals of
kombucha fresh cheese with addition of sage SFE was
higher compared to the sample fortified with EO obtained
by hydrodistillation (Fig. 1d). This could be explained by
higher antioxidative capacity of SFE than EO as well as
higher content of diterpene polyphenols in sage extracts
obtained by SFE (Pavlic et al. 2018). Therefore, KEO
sample showed lower DPPH radical scavenging activity
compared to KSFE (0.4663 and 0.987 uM TE/g of extract,
respectively) and it was not significantly different from the
control sample (KC), confirming that phenolic compounds
are likely to contribute to the DPPH radical scavenging
activity. The maximum DPPH value was shown in cheese
with addition of ground sage which is in correlation with
their total phenolic content.

All analysed samples showed significant scavenging
ability against ABTS radical (Fig. la). Although KG
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Table 1 Physico-chemical characteristics of kombucha fresh cheese’s

KG

KSFE

KEO

KC

Sample

10 10 10

10

0

Day of storage

50.23 + 0.10°
26.50 + 0.10°

51.39 + 0.09*
26.70 £ 0.10*

50.99 + 0.2*

49.57 £+ 0.25% 50.68 + 0.15*
26.65 + 0.00°

26.70 + 0.15°

51.19 + 0.2°
26.75 + 0.10°

52.57 £ 0.5°

49.83 £ 0.2*
26.75 £ 0.25%

Dry matter %

Fat %

26.50 + 0.02*

26.50 + 0.00°

1.71 £ 0.03°
22.54 + 0.25°

1.42 + 0.04%® 1.52 £ 0.06*® 1.27 + 0.02° 1.58 + 0.08%® 1.55 £+ 0.07*® 1.53 £ 0.07*®
20.82 + 0.04° 22.49 + 0.17 21.06 + 0.08" 22.58 + 0.09* 2131 £ 0.21*

22.54 + 0.02*

1.48 + 0.08%°
21.33 £ 0.91*

Ash %

Total protein %

pH
Aw

5.05 £ 0.00* 4.92 £ 0.02* 5.12 £ 0.00* 4.88 £+ 0.00* 4.99 £ 0.00* 4.89 £+ 0.03* 5.26 £ 0.00*

4.93 £ 0.01*

0.965 + 0.001* 0.964 + 0.00* 0.964 + 0.00* 0.965 + 0.00* 0.964 + 0.00* 0.968 + 0.00* 0.962 + 0.00*

0.967 £ 0.002*

Different letters (a, b, ¢, d) in the same row represent statistically significant difference at significance level P < 0.05

sample showed the highest effect on DPPH free radical
scavenging activity, they had the lowest values of ABTS
activity (1.1197 £ 0.2038 and 1.286 + 0.0657 uM TE/g,
KGO and KG10 respectively). It could be estimated that the
phenolic compounds present in the extracts are not only
antioxidative active compound. There were no significant
differences in activity towards ABTS between KC and KG
samples, as well as between KSFE and KEO samples, after
production. The antioxidant activity of the kombucha
control cheese (KC) can be attributed to the presence of
bioactive peptides as well as effects of kombucha inoculum
(Morales 2020). The production of bioactive peptides with
antioxidative activity during milk fermentation should be
further investigated to investigate effects of kombucha
starter culture on antioxidative capacity of fermented milk
beverages. The TEAC values of the analysed cheeses
ranged from 1.22 to 2.20 mg TEAC/g depending on the
sample. According to the obtained results, it is evident that
the TEAC values of all samples, except the KG, obtained
by ABTS assay were higher than those obtained by DPPH
assay. It was observed that the phenolic content in the
extracts showed much higher correlation with DPPH rad-
ical scavenging activity than with the reducing power
measured by ABTS assay (r = 0.6986 and 0.179 DPPH and
ABTS, respectively).

The difference between antioxidative effect determined
by DPPH and ABTS assays could be partially due to the
previously reported disadvantage of DPPH assay if used for
hydrophilic antioxidants, such as protein hydrolysates
(Tang et al. 2010). This is mostly due to the fact that the
DPPH can be dissolved only in organic media (especially
in alcoholic media), which can lead to precipitation of
proteins with antioxidative activity, which could not be
measured. Contrary, ABTS can be solubilised in aqueous
and organic media; therefore radical scavenging activity of
both hydrophilic and lipophilic compounds can be mea-
sured (Tang et al. 2010). Our results also confirmed this
finding.

Freshly prepared and 10 days stored kombucha cheeses
supplemented with different types of sage preparations
presented significantly higher FRAP values than the control
sample (KC). (Fig. 1c). The maximum value of FRAP
(3.3302 uM Fe2*/g) was recorded in KG sample.

Antioxidative effect of different cheeses could be
potentially explained by different mechanisms as well as
different synergistic effects of terpenoids and other
polyphenols present in sage preparations with milk pep-
tides realised by protein hydrolisation. Yildirim-Elikoglu
et al. 2021 pointed out the remarkable importance of the
interactions between milk coagulation enzymes and phe-
nols from green tea extracts (GTE) for functional proper-
ties of dairy products. It was found the negative effect of
GTE addition on milk coagulation properties. On the other
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Table 2 Relative percentage of
detected terpenoids in sage
extract obtained by SFE

@ Springer

Compound Retention time [min] Relative percentage [%]
B-Myrcene 4.460 0.07
a-Terpinene 5.077 0.09
p-Cymene 5.283 0.30
Limonene 5.341 0.51
Eucalyptol 5.439 6.04
v-Terpinene 6.106 0.07
cis-Linalool oxide 6.566 0.05
Dehydro-p-Cymene 7.007 0.09
a-Tujone 7.497 9.23
B-Tujone 7.781 2.83
Camphor 8.653 13.66
Borneol 9.466 4.01
Menthol 9.631 0.08
4-Terpineol 9.682 0.18
n.i.* 10.763 0.44
Carvotanacetone 11.483 0.05
Trans-Geraniol 12.208 0.06
Bornyl acetate 12.861 1.40
Camphene 13.111 0.11
Thymol 14.067 0.40
Carvacrol 14.355 0.14
n.i 15.329 2.02
n.i 15.445 2.30
y-Caryophyllene 16.517 0.09
n.i 16.682 0.12
trans-Caryophyllene 16.914 1.70
Aromadendrene 17.503 0.13
n.i 17.791 0.78
o-Humulene 17.983 3.03
n.i 18.236 1.20
Ledene 19.222 0.41
Caryophyllene oxide 21.914 0.63
Viridiflorol 22.386 16.18
Ledole 22.586 0.13
Humulene oxide 22.718 0.38
n.i 23.542 3.49
iso-Geraniol 24.244 1.56
Caryophyllene 24.69 0.70
n.i 28.452 0.33
n.i 30.178 0.77
n.i 30.402 0.36
n.i 32.447 0.82
Epirosmanol 34.136 20.47
n.i 34.814 1.49
Phytol 35.306 0.24
Ferruginol 40.253 0.91
Total 100

*Not identified
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Fig. 1 The changes of
antoxidative activity during the
storage period in: a ABTS

b FRAP ¢ TP; d DPPH
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hand, starter culture through its metabolic activity, could
also contribute to the antioxidative activity of produced
samples. The capability of kombucha fermented milk
beverages to scavenge different free radicals such as
hydroxyl, superoxide anions and reducing power were
anteriorly attributed to the phenolic, flavonoids, vitamin C
and vitamins B presented in the kombucha inoculums was
reported in previous researches (Morales 2020). Notwith-
standing, the contribution of some other compounds, pri-
marily bioactive peptides, should be further investigatedin
more detail.

The sensory analysis

All samples of fresh cheeses fortified with sage prepara-
tions had typical mild milky odour with specific pleasant
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refreshing taste and conspicuous flavour. All analysed
samples had the same score of sensory evaluation after
production. During the storage period overall sensory
characteristics were reduced in all samples (Table 3). The
most intensive changes were observed for consistency and
taste. A decrease score of consistency was described by
comments such as untypical, irregular, grainy while taste
changes were describe as too sour.

Nevertheless, this results indicated that kombucha
inoculum with addition of sage dust extracts could ensure
manufacturing of fresh cheese with satisfactory sensory
characteristics.

At the end of the storage period all samples had the
same sensory scores. Therefore, the final acceptance of the
kombucha fresh cheese with addition of sage preparations
will depend on consumers’ requirements.

Table 3 Sensory characteristics

of fresh cheese samples Characteristics KK KEO KSCF KG
0 day 10 day 0 day 10 day 0 day 10 day 0 day 10 day
Appearance 4° 3.5° 4° 3.5° 42 3.5 4° 3.5
Colour 42 3.5° 42 3.5° 42 3.5° 42 3.5°
Consistency 4* 3.5° 4* 3.5° 4% 3.5° 4* 3.5°
Flavour 47 3.5° 4° 3.5 4° 3.5° 47 3.5°
Taste 4° 3.5° 4° 3.5° 4° 3.5° 4° 3.5°
Total 20° 17.5° 20° 17.5° 20° 17.5° 20° 17.5°

Different letters (a, b, c, d) in the same row represent statistically significant difference at significance level

P < 0.05

@ Springer
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Table 4 Effect of sage addition

on the colour of fresh cheese Sample L a b AE
during storage assayed by CIE 1 day 10 day 1 day 10 day 1 day 10 day 1 day
LAB system
KC 85.55% 84.993? -1.183% - 1.095° 18.078* 19.8107 1.8167°
KEO 87.6728 84.597° - 0.952° -0911° 17.7338 20.418° 4.0825°
KSFE 88.037° 86.123¢ - 0.955¢ - 1.007° 18.242¢ 20.802¢ 3.1968°
KG 82.247¢ 81.583¢ - 1.088¢ - 1.073¢ 16.925P 19.508¢ 2.6670°

Different letters (a, b, ¢, d) in the same column represent statistically significant difference (P < 0.05)

Different letter case (A,a; B,b; C,c; D,d) in the same row represent statistically significant difference
(P < 0.05) between the parameters values during the storage

Colour assay

The cheeses colours were measured by means of the CIE
Lab colour system. Photoelectric tristimulus colorimeter
quantifies the colour in terms of tristimulus values (L, a, b),
which are calculated in a CIE L, a, and b colour spaces.

The whiteness values (L) of KC and KG samples
kombucha cheese were not significantly changed after
10 days of storage but it significantly decreased in cheese
samples with addition of SFE and EO. The samples KSFE
and KEO also had the significant higher L value after
production compared with KC and KG samples (Table 4).

Furthermore, samples KC and KG had the lowest value
of red/greenness coefficient a. Storage time did not have
significant effect on the a values of the fresh cheeses. The
value of coefficient b significantly increased during the
storage period. The samples KSFE and KEO had higher
value of b coefficient after 10 days. In addition, these
samples also had the highest changes of AE (4.0825 and
3.1968 respectively) while the least change of AE was
calculated in control kombucha fresh cheese (KC—
1.8167). (Table 4 here).

Conclusion

Considering obtained results, the addition of different
preparations of sage in cheeses contributed with higher
content of phenolic compounds and antioxidant activity of
samples improving their functional potential. Significant
ABTS, FRAP and DPPH antioxidative activity was deter-
mined in all kombucha fresh cheeses, which increased
during the storage. The differences in all measured colour
‘s parameters among the four groups of fresh cheeses were
observed. The control and all fortified cheeses had overall
high sensory quality. Hence, as a final conclusion of this
research, the successful production of kombucha fresh
cheese with non-conventional starter culture and its
enrichment with sage dust fraction generated as by-product
in filter tea processing, represent a valorisation of this by-

@ Springer

product through convenient new dairy product which sat-
isfies consumer*s interest in functional food.
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