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Introduction. The aim of research was to increase the
content of bioactive substances and improving antioxidative
properties of organic artisanal cheeses by application the
selected organic vegetable additives into manufacture of
cheeses.

Materials and methods. In the produced organic cheeses
containing selected organic vegetable additives the antioxidant
propertied were determined by analyzing the ferric reducing
antioxidant power. Series of spectrophotometric measurement
were performed to determine the content of polyphenolic
substances and other selected bioactive components including:
carotenoids, lycopene, chlorophyll, anthocyanins, flavonoids
and betalains.

Results and discussion. The findings revealed that the
antioxidant activity of the tested products ranged from
1.48+0.11 pmol of Trolox/g (variant of control cheese after
ripening) to 4.1£0.3 pmol of Trolox/g (cheese containing
tomatoes tested after ripening). In turn, the content of total
phenolic compounds in cheeses immediately after ripening
ranged from 141.51+2.38 mg GAE /100 g (in the control variant)
to 289.9+9.9 mg GAE /100 g (in cheese with addition of dried
tomatoes). The final products with the addition of broccoli and
tomato after refrigerated storage exhibited the highest
antioxidant properties in comparison to other tested products.
Furthermore, after the maturation process total carotenoids
content in the organic cheeses produced with organic carrot and
tomato additives correspond to the results of the antioxidant
activity assay. Moreover, cheeses containing the dried tomato
additives were characterized by the highest acidity associated
with the content of lactic acid after ripening (2.33+0.02 g/100 g
of cheese) and after refrigerated storage (2.51+0.03 g/100 g of
cheese); simultaneously, these products exhibited the highest
values of total phenolic contents. The refrigerated storage of
cheeses reduced the hardness and adhesion values only in the
case of cheeses produced with the addition of onions, while the
other variants showed an increase in this parameter after the end
of the refrigerated storage. All vegetable additives contributed
to an increase in the red color in the cheeses.

Conclusions. The tested additives increased the level of
bioactive components and antioxidant properties of cheeses after
ripening and also positively influenced on their color.
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Introduction

Due to the fact that transparent packaging is very often used for packaging dairy
products, the photo-oxidation reactions of cheeses have become a problem [1]. This issue
concerns in particular artisanal organic cheeses, where the manufactured products most often
remain unpackaged. An excessive oxidation induces undesirable changes in properties of
cheeses including aroma, taste and alterations in external appearance. Moreover, oxidation
of proteins and amino acids affects the formation of undesired off-flavour constituents [1].
However, some of the organic products possessing natural antioxidants that might protect
from intensive oxidation processes (that are additionally strengthened by photo-oxidation)
[2-5]. Also, there is currently a growing interest and demand for healthy cheeses [5-7],
nonetheless a limited research is still available on the use of organic fruit and vegetable
additives to fortify cheese products. Therefore, the objective of the investigation was to
develop a natural method increasing content of bioactive substances and improving
antioxidative properties of organic artisanal cheeses. The aim of research is also to evaluate
the influence of application the selected, organic vegetables-derived additives on the changes
of antioxidant activities and other physicochemical parameters of ripening cheeses. The
investigation analyzed also the possibility of using the tested additives as a natural alternative
to conventional cheese dyes and also functional components that might improve the health
promoting characteristics of organic cheeses.

Materials and methods

Materials

Cow's milk purchased from a certified organic farm (No. PL-EKO-07-04210) from
Lublin Province (Krupe, Poland) was used for production of ripened cheeses. The chemical
composition of raw milk (g/100 g) was as follows: lactose 4.48, fat 3.45, protein 3.14 (before
production, samples of milk were analyzed by infrared spectrophotometry using the
MilkoScan 4000 apparatus according to Michaelsen et al. [6]. The average total number of
microorganisms in the raw material samples estimated with the Fossomatic 5000 apparatus
was below 100,000/ml, while the number of somatic cells was on average 282,000/ml. The
hygienic quality of milk obtained from the organic farm and its technological suitability met
the requirements for raw materials intended for the production of ripening cheeses.

Organic vegetables (with certificates confirming compliance with the requirements for
organic raw material) purchased in organic food stores were used as additives in the
production of cheeses (Table 1).

Table 1
List of plant raw materials

Raw plant material Variety Name of distribution
company

Onion (Allium cepa L.) Red Baron
Beetroot (Beta vulgaris L) Wodan Farma Swigtokrzyska Sp. z
Carrot (Daucus carota L.) Nerac 0.0., Warsaw, Poland
Tomato (Lycopersicon esculentum Mill.) Jack

. . Przedsigbiorstwo Handlowo —
Broccoli (Brassica oleracea L.) Kronos Ushigowe, Cedzyna, Poland
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Fresh vegetables were individually pre-treated by washing, removing unnecessary
parts, shredding (roots of carrots and beet — chips with a thickness of 2 mm, onions and fruits
of tomatoes — cubes with sides of 5-7 mm, broccoli — florets not exceeding 15 mm), and
blanching (except for tomato) at 95 °C/60 s. Afterwards, shredded plant material was
subjected to convection drying (separately each type of vegetable) in a food dehydrator SFD
1205WH (Sencor, Poland) at 50 °C for 36 h.

The content of water (moisture) in all dried vegetables was determined in accordance
with the method described by Lucera et al. [7].

Cheese manufacture

Freeze-dried heterofermentative culture Alpha 10 DL 3,5 (Ets A. COQUARD,
Villefranche sur Saone, France) containing Lactococcus lactis subsp. lactis, Lactococcus
lactis subsp. cremoris, Lactococcus lactis subsp. lactis biovar diacetylactis, Leuconostoc
cremoris, and Leuconostoc mesenteroides was used for production of six variants of cheeses.

Each cheese variant was made with 10 L of pasteurized (74 °C, 5 min) milk
supplemented with 2 ml of an aqueous CaCl, solution (40%) after cooling (33 °C).
Afterwards, the starter culture was added to the milk according to the manufacturer's
recommendation and incubated for 45 min. Subsequently, rennet (CHYMOGEN Premium
Plus®, Chr. Hansen, Denmark) was added into the milk in a cheese vat (according to the
manufacturer's instructions). After the coagulation process (33°C/35 min), when the proper
consistency of the curd was obtained, the coagulum was cut into cubes (3 —5 mm), left for 5
min at 33°C, and gently stirred for 15 min raising the temperature gradually (1 °C/2 min) up
to 37 °C. Then, 40% of whey was removed and replaced with the same amount of water at
the temperature of 35 °C. The cooking process (with constant stirring of cheese grains) was
carried out until the acidity of the curd was pH 6.4-6.5. Then, the whey was drained off and
a previously prepared portion of dried organic vegetables (onion, beetroot, broccoli, carrot,
or tomato) was added to the cheese mass at a level of 5% (per 1 kg of cheese curd) and
thoroughly mixed. Cheeses without any vegetable addition were the control variant. The
cheese mass was divided into three equal portions (300 g), transferred into microperforated
plastic (round) molds, and rotated every 45 min to drain off the whey effectively.

After molding, the cheeses were pressed at 18°C for 4.5 h by applying 2 kg/h pressure
on the top of the round molds (13 x 7 cm) to the final load of 6 kg. Fresh cheeses were salted
by immersion in saturated brine (18% NaCl, pH =4.8; temp 13°C/6 h) and turned over every
45 min. Then, the cheeses were thoroughly dried (13°C/24 h), covered with a polyacetate
coating, and transferred to the ripening room for 21 days (13°C/85% relative humidity). After
this time, they were placed in a cold chamber (5°C) for six-week storage.

Determination content of selected bioactive components

The contents of selected biologically active substances (characteristic for each type of
plant material) in the variants of cheeses containing one type of the tested vegetable additive
were determined using the below-mentioned methods.

The lycopene content in cheeses (mg/100 g of product) that contained tomato
supplementation was determined with the method described by Fish et al. [8].

The content of chlorophyll (a and b) in cheeses (mg/100 g of product) containing
broccoli additive was analyzed according to protocol developed by Lichtenthaler and
Buschmann [9]. In turn, the content of betalains in cheeses containing beetroot supplement
was analyzed by using the method described by Goscinna et al. [10] involving the
simultaneous determination of purple betacyanins and yellow betaxanthins.
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The concentration of anthocyanins in variants of cheeses (mg/100 g of product)
containing dried onion was determined using the protocol of quantitative methods for
anthocyanins developed by Fuleki and Francis [11]. While, the content of flavonoids was
analyzed according to Jia et al. [12]. The absorbance was determined (against blank) at 510
nm using Helios Gamma apparatus (Thermo Fisher Scientific, Waltham, MA, USA). The
flavonoid content was calculated using the standard calibration curve (prepared with rutin
solutions) and expressed in mg/100g of the tested product.

Determination of total phenolic contents in all variants of cheeses was performed
according to Jabtonska-Rys et al. [13]. The absorbance was measured by Helios Gamma
apparatus (Thermo Fisher Scientific, Waltham, MA, USA) at A= 765 nm. The results were
expressed as mg gallic acid per 100 g of cheese.

The sum of carotenoids and B -carotene in all variants of cheeses was determined
according to [14].

The titratable acidity was determined according to AOAC (Method 920.124) [15] and
expressed as g lactic acid/100 g cheese.

All chemical analyses were performed in triplicate.

Determination antioxidant activities

The antioxidant activity of all produced variants of cheeses was determined by
analyzing the ferric reducing antioxidant power (FRAP) of the tested samples to reduce
according to the method described by Radzki et al. [16] with some modifications. In brief,
the prepared FRAP reagent contained mixture of 300 mM acetate buffer (pH 3.6) with a
2,4,6-tri(2-pyridyl)-1,3,5-triazine (TPTZ) (Sigma-Aldrich) solution (10 mM TPTZ in 40 mM
HCI), and a 20mM FeClI3-6H,0 solution (at 10:1:1 ratio). The tested material was subjected
to extraction by adding 30 mL of water (distillated, sterile) in to 1 g samples (and mixing in
a shaker (Elpan 357; Elpan, Lubawa, Poland) at 50 °C and 5.000xg for 1 h. After
centrifugation at 4,800xg for 15 min (MPW350-R; MPW) 100 uL of obtained clear
supernatants were thoroughly mixed with 1.9 mL of FRAP reagent and incubated for at 37
°C 90 min in darkness. Then, the absorbance was measured at 593 nm applying the Helios
Gamma apparatus (Thermo Fisher Scientific, Waltham, MA, USA). Ferric reducing
antioxidant power was calculated using the calibration curve prepared with Trolox aqueous
solutions. The results were expressed in Trolox pM or per 1 g of cheese (uM Trolox /g).

Texture profile analysis (TPA)

Measurements were performed with a TA-XT2i Texture Analyser (Stable Micro
Systems, Godalming, UK) according to Sotowiej [17]. All analyzed cheese samples had the
same size and shape (rolls 1.5 cm high and 1.5 cm wide) and were double compressed to 50%
of deformation by a testing set (15 mm diameter). The compression rate was equal to 1 mm/s.
The following texture parameters: hardness, adhesiveness, fracturability, cohesiveness,
gumminess, and chewiness were evaluated.

Determination salt and fat contents

The salt concentration in the cheeses was determined with the Mohr method according
to [18] and expressed as a percentage (%) of sodium chloride.

Determination of the total fat content was performed in accordance with 1ISO 1735:2004
[19] using a Soxtec Avanti 2055 device (Foss Tecator, Hoganés, Sweden).
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Analysis of color parameters

Measurement of color parameters of the cheeses in the CIE L*a*b* system was
performed according to Carini et al. [20] using an X-RiteColor 8200 colorimeter (X-Rite
Inc.) and X-Rite Color Master software. For each variant of the product, the measurement
was made over the entire surface of horizontally cut rings (& 12 cm, 5 cm thick) of cheese
mass. Every sample was analyzed over the entire surface (evenly) in a ten-fold repetition (the
measurements were collected from the surface of the cheese matrix). The L*, a*, and b*
values (L*: brightness, a*: redness-greenness, b*: yellowness-blueness) were measured
between 390 and 700 nm (D65 illuminant, 10° standard observer, @ 13 mm port size) using
a white standard with the following parameters; L*= — 95.87, a* = -0.49, and b* = 2.39.

Statistical analysis

Statistical analysis was performed with the STATISTICA 13.1 program (StatSoft, Inc.,
USA). The results were presented as mean values with their standard deviations (mean+SD).
The analysis of variance (ANOVA) was applied using Tukey’s HSD test in order to estimate
the significance of the differences between the mean values. The results were discussed based
on a significance level set at P <0.05.

Results and discussion

Content of selected bioactive components and determination of antioxidant
activities

The content of selected biologically active compounds was determined in organic
cheeses containing addition of dried vegetables (Table 2). The analyses were performed after
ripening and after refrigerated storage (Table 3).

Table 2
Moisure level of the dried vegetables used in cheese production

Type of dried vegetable
Onion Broccoli Beetroot Carrot Tomato
Moisure [%] | 6.0+ 0.01% | 7.6+ 0.02° | 7.8+ 0.03" | 8.1+ 0.01°¢ | 9.1+ 0.03¢

Explanation notes: The results are given as mean values + standard deviation (x+s/SD; n =3).
The lowercase letters (a-d) express significant differences (P <0.05) between values.

Carotenoids are biologically active substances with a high potential of positive effects
on the human body. These compounds demonstrate a wide spectrum of health-promoting
properties, especially in the prevention and alleviation of cardiovascular disease [21].
Therefore, the selected plant-based raw materials were applied in the production of organic
cheeses as a source of the above-mentioned functional substances.

Lycopene is considered as an important component in prevention some cardiovascular
diseases and formation of tumors and is estimated that in ripe tomatoes fruits accounts to 80-
90% of the total pigment contents [22]. Therefore, high expectations are associated with the
possibility of application this bioactive component in the prevention and therapy of prostate
cancer [23].
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Table 3
Comparison of antioxidant activities and the content of bioactive substances and other
components in the variants of organic cheeses

Analyzed Stage of cheese production
pat(‘)e;r?ueéest;gcr?:egent Cheese variant After ripening After refrigerated storage
Control 0.43+0.029 0.38+0.02°¢
With onion 0.42+0.03cd 0.46+0.04°
Carotenoids With tomato 6.37+0.20! 6.22+0.10K
[mg/100g] With carrot 5.82+0.20 5.57+0.03"
With broccoli 0.94+0.05¢f 0.94+0.04¢%
With beetroot 0.42+0.021 0.26+0.017
Lycopene [mg/100g] With tomato 6.01+0.23° 5.56+0.182
Chlorophyll A [mg/100g ] | With broccoli 0.86+0.05P 0.52+0.012
Chlorophyll B [mg/100g ] | With broccoli n.d. n.d.
Anthocyanins [mg/100g ] | With onion 7.71+0.44° 6.61 +0.16°
Flavonoids [mg/100g ] With onion 12.84+0.22° 9.77+0.802
Betalains [mg/100qg ] With beetroot 0.25+0.032 0.22+0.022
Control 1.37+0.032 1.91+0.03¢f
With onion 1.92+0.00f 2.07+ 0.009
Lactic acid With tomato 2.33+0.02/ 2.51+0.03
[9/100 g cheese] With carrot 1.85+0.00% 1.83+0.03¢
With broccoli 1.5+0.03° 2.00+0.03™
With beetroot 1.67+0.00° 2.07+0.00"
Control 0.73+0.022 0.74+0.002
With onion 0.82+0.022 0.82+0.022
NaCl With tomato 0.84 +0.02°¢ 0.91:+0,020bcde
[%%6] With carrot 0.92+0.00¢de 0.99+0.00¢f
With broccoli 0.86+0.02b¢d 0.96+0.020¢f
With beetroot 0.95+0.029%f 1.03+0.02f
Control 26.5+1.82 26.9+1.92
With onion 29.7+2.12 30.2+2.12
Total fat With beetroot 29.2+2.02 29.9+2.12
[%%6] With carrot 25.5+1.82 25.9+1.82
With broccoli 26.8+1.92 28.1+2.02
With tomato 28.7+2.0% 29.8+2.12
Control 142+2.002 163+4.002¢
TPC W!th onion 185+3.000% 157+ 9.00%
[mg GAE /100g of W!th tomato 290+10.00f 294+13.00f
cheese] W!th carrot _ 166+7.002¢ 173.3+3.000cd
With broccoli 170+7.00bcd 200+% 14.00¢
With beetroot 187+6.00%% 194+12.00%
Control 1.48+0.112 1.76+0.18%
With onion 1.98+0.32abe 1.55+0.222
FRAP With tomato 4.1+0.30f 2.7+0.10%
[umol Trolox/g] With carrot 2.50+0.10% 1.80+0.10%
With broccoli 2.08+0,293abed 3.28+0.28¢
With beetroot 2.25+0,20bcd 2.03+0.28z2bed

Explanation notes: The results are given as mean values + standard deviation (x+s/SD; n =3). The
lowercase letters (a-f) in the same row that presents the analyzed parameter in all the tested cheese
variants (after ripening and after refrigerated storage) express significant differences (P <0.05); n.d.-
not detected; TPC — Total phenolic contents; FRAP — Ferric reducing antioxidant power.
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The application of vegetable additives such as carrot, tomato and broccoli contributed
to enrichment of the organic cheeses with carotenoids (Table 3). After the refrigerated storage
the highest content of carotenoids was observed in cheeses containing tomato and carrot
additives. Moreover, the lycopene content was analyzed in the cheeses with the addition of
tomatoes. The content of this bioactive compound in the cheeses after the ripening process
(Table 3) reached the level of 6.01 mg/100 g, but after cool-storage this value slightly
decreased (5.56 mg/100g).

It has been reported that milk from pasture feeding may be less vulnerable to light
oxidation [24]. Furthermore, some authors have indicated that 3-carotene may be a proper
biomarker allowing distinguishing dairy products that derive from milk of animals fed in the
pasture system from milk of animals subjected to other feeding conventions [25]. However,
it is difficult to establish unequivocally that the antioxidant effect is caused only by B-
carotene, since milk (especially that obtained from the pasture system) contains high levels
of other components exhibiting antioxidant properties e.g. lactoferrin, vitamins C and E or
tocopherols [24].

Carotenoids act as singlet oxygen scavengers exhibiting strong antioxidant properties,
and fB-carotene seems to be an important factor in the prevention of photo-oxidation mainly
because it absorbs light depending on the concentration [24].

The results of the determination the total carotenoid content in the organic cheeses
containing the carrot and tomato additives after the maturation process correspond to the
results of the antioxidant activity assay (Table 3).

It is worth mentioning that tomato lycopene has been perceived as a natural food
colorant that is effective in low concentrations, resistant to heat treatment, and stable at
extreme pH values occurring in various stages of food processing [23]. Cheeses containing
the dried tomato additive were characterized by the highest acidity associated with the
content of lactic acid (2.33+0.02 g/100 g of cheese after ripening and 2.51+0.03 g/100 g of
cheese after refrigerated storage); simultaneously, these products exhibited the highest values
of total phenolic contents (Table 3).

It is suggested that lycopene extract from tomato can be used as a food/dietary
supplement e.g. as an antioxidant in products thus contributing to their specific functional
value [23]. This is consistent with the present results indicating that the highest antioxidant
activity of all the variants of organic cheeses was exhibited (after the ripening period) by
products containing the tomato addition (Table 3). Moreover, the intensive color of dried
tomatoes and carrots as well as their taste and smell had a decisive influence on the choice
of these dried materials in the production of ripening cheeses.

The content of chlorophyll A in cheese with the addition of broccoli after the maturation
period reached 0.86 mg/100g; after the cooling storage period, this value decreased to 0.52
mg/100 g (Table 3). Interestingly, no chlorophyll B fraction was found in the ripened and
cool-stored cheeses (this fraction was found only in dried broccoli), which suggests that the
fraction may have been decomposed in the technological process of cheese production.

It has been suggested that the absence of blanching (as it happens with fermentation) as
well as the enzymatic activity of lipases, lipoxygenases, and peroxidases contribute to
changes in chlorophyll enhancing formation of pheophytins, which results in a decrease in
the content of chlorophyll and development of brown color [26]. It corresponds to the present
results, which indicate that the technology of organic cheese manufacture used (lactic acid
fermentation) changes the chlorophyll content in products supplemented with broccoli. This
negative effect may probably have been limited by blanching the raw material before further
preparation thereof as a dried additive.
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The content of anthocyanins and flavonoids was analyzed in cheeses with the addition
of red onions. The content of anthocyanins in the ripened cheeses slightly decreased after the
cooling storage and amounted to 6.61 mg/100 g. Similarly, the content of flavonoids
decreased in the stored product (Table 3). Also, in cheeses containing dried red beetroot the
content of betalain pigments decreased after storage (in comparison to samples of this cheeses
variant collected after reining process) however the changes in these values were not
statistically significant (P>0.05).

Obtained results indicate that the process of refrigerated storage contributes to the
reduction of the content of some bioactive components used as natural cheese dyes.

It has been suggested the use of phenolic compounds as nutrients to enhance the
functional properties of milk as well as various dairy products, including cheeses [27, 28]
therefore, the obtained in the investigations results are relevant and have considerable
practical application.

The application of the tested vegetable additives in cheese manufacture contributes
significantly to an increase in the total phenolic content in ripened cheese (compared to the
control cheese variant) (Table 3). A similar effect was described by Lucera et al. [7] who
enriched spreadable cheese with flours from by-products derived from red and white grape
pomace, broccoli, corn bran, and artichokes. They showed that the additives used influenced
increased the content of flavonoids and TPC in the products.

The cheese storage had a varied effect on the content of phenolic compounds (Table 3).
In case of the cheeses with broccoli and control products, a slight increase in the content of
polyphenolic compounds was noted. In turn, a decrease in the total content of phenolic
compounds was observed in the case of cheeses with the addition of onion. Moreover, the
results indicate that the addition of vegetables did not result in significant differences in the
fat content of the cheese (Table 3). A similar finding was reported in studies in which green
tea extract was added to full fat cheese [29]. The addition of the extract significantly
improved the antioxidant properties of the products (which is also consistent with the results
of the antioxidant assay obtained for the cheeses at the end of the ripening process) without
affecting the characteristics of the composition of the cheese.

The fat content in the cheeses analyzed directly after ripening ranged from 25.5% (for
the cheese with dried carrots) to 29.7% (for the cheese with onion). While, after refrigerated
storage, the fat content in the products was higher as a result of evaporation of part of the
water in the product during this period. The highest fat content in the final product after the
end of storage was determined in the cheese with the onion addition, while the lowest fat
concentration was recorded for the carrot-supplemented cheese (Table 3). However, the
differences between the products were not statistically significant (P>0.05).

The addition of the vegetables contributed to an increase in the NaCl content of the
products (Table 3). The higher salt content recorded in the stored products was most probably
related to biochemical conversions (including proteolysis) and intensified water loss
(compared to the first analyzed stage of cheese production) contributing to a higher
concentration and diffusion of NaCl in the cheese mass.

Determination of the antioxidant potential (Table 3) measured by FRAP indicated that
the antioxidant activity of the tested products ranged from 1.48+0.11 pmol of Trolox/g
(variant of the control ripened cheese) to 4.1+0.3 pmol of Trolox/g (ripened cheese
containing tomatoes).

The results of the analyses showed that each of the applied vegetable additives
contributed to an increase in the antioxidant properties of the cheese products. Similar effects
were demonstrated by Lee et al. [28], who reported higher antioxidant properties of Cheddar-
type cheese fortified with an Inula britannica flower extract.
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The antioxidant properties of the ripened cheeses were highly correlated with the
content of total phenolic compounds (R=0.94; p=0.05). This is in agreement with findings
described by Lee et al. [28] suggesting that the scavenging activity of cheeses increased
proportionally to the total phenolic content. While in case of the cool-stored cheeses, the
correlation between total content of phenolic compounds and antioxidant activity was lower
and it was not statistically significant (i.e. R=0.6; p=0.05). A slight decrease in the antioxidant
activity was observed in cheeses supplemented with tomatoes, onions, and carrots, whereas
increased values of bioactivity was noted for cheeses with the broccoli addition (Table 3).

The results showed that the variants of organic cheeses exhibited antioxidant properties.
This corresponds to the findings described by Han et al. [27] suggesting that supplementation
of cheese curd with some plant additives e.g. whole grape extract, green tea extract, or
dehydrated cranberry powder, which contain a wide range of bioactive compounds (including
polyphenols), may significantly enhance the antioxidant properties of final cheese products.

Texture profile analysis (TPA)

The analysis of the TPA results showed differences among the tested cheeses in terms
of textural parameters (Table 4). The highest hardness after ripening and refrigerating storage
was observed for cheeses obtained with the addition of dried onion, whereas the lowest values
of this texture parameter were recorded for the carrot-supplemented cheeses.

The refrigerated storage reduced the hardness and adhesion values only in the case of
cheeses produced with the addition of onions, while the other variants showed an increase in
this parameter after the end of the refrigerated storage.

The results of research performed by some authors indicate that hardness of cheeses
increases together with the time of ripening [30], while others have observed an opposite
tendency [31,32]. Whereas, Delgado et al. [33] indicated that hardness and adhesiveness
significantly increased during ripening of raw goat milk cheeses (Ibores cheese), which may
be explained by the progressive loss of moisture in the process of maturation. Similarly,
Pinho et al. [34] indicated a decrease in hardness during ripening of Terrincho raw ewe milk
cheese. The decrease in the hardness parameter in samples of cheeses supplemented with
carrots or onions observed in our research corresponds to the results obtained by Van Hekken
et al. [35], who analyzed Monterey Jack goat milk cheese and analyses of Torta del Casar
raw ewe milk cheese described by Delgado et al. [36].

We observed that the refrigerated storage reduced the fracturability of the control
cheeses as well as products with addition of onions or tomatoes (Table 4). The other variants
of the final products analyzed after the refrigeration storage showed an increase in the value
of this texture parameter. Moreover, the refrigeration storage reduced the values of
springiness, cohesiveness, and chewiness of all the organic cheeses with the exception of
products containing dried onions, which exhibited a higher cohesiveness value after the
refrigerated storage. Similar findings have been described by Delgado et al. [33], who noted
a significant decrease in the values of cohesiveness and springiness up to day 60 of Ibores
cheese maturation. This is apparently connected with the fact that cohesiveness decreased
through breakage of the casein network, while the lower values of springiness were a
consequence of moisture loss and an increase in the fat concentration in the cheese matrix
[37]. Moreover, a decrease in cohesiveness and springiness might also be a result of increased
content of polypeptide nitrogen with simultaneous reduction of casein nitrogen occurring in
the process of cheese maturation [33].
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Table 4

Comparison of the texture parameters of cheese variants analyzed after the ripening process
and in the final products.

Texture parameter
:-Es § c > [%] (7]
> « 3 o % ) = = e
@ ° 35 - (e =5 > 2 ED | =
3 <] E o = 3 e $ b £ % c [t 3=
2| 25| £ s |5 z s |e |©
o | & = 2 @ S O o
= AR 1061.5 7.68 17.9 0.454 0.244 254.8 | 115.8
= +62.2°¢ +0.20' +4.32 | +0.033¢f +0.029f +24.57 | £15.19
8 ARS 1158.7 6.30_ 22.8 0.327 0.170 1925 61.7
+109.1¢ | +1.18 | +7.5° | £0.014% | +0.014%° | +3.9¢ | +45°
AR 1893.9 5.02 59.7 0.585 0.179 2559 | 149.7
= 5 +1385' | +0.67¢ | +13.6" | +0.052" | +0.013bcd | +2529 | +15.3k
=5 ARS 1768.6 451 38.7 0.435 0.192 3315 | 128.6
+131.6% | +0.53¢ | £12.4f | £0.025% | +0.034°% | +76.1% | +30.1"
= AR 1183.6 3.77 38.8 0.491 0.200 225.1 | 109.4
= 9 +136.2¢ | +0.61° | +7.69 | +0.0619 | +0.019% | +34.9¢ | +19.7°
= § ARS 1642.9 6.22 110.7 0.341 0.162 2241 99.4
< #1745 | #0.70' | #14.91 | £0.039" | +0.019% | +83.2¢ | +20.4¢
- AR 14121 4.04 18.4 0.409 0.209 255.9 143.9_
= 9 +49.1" +1.03° | +6.6° | +0.019¢ +0.031¢ | +49.89 | +28.4/
= § ARS 1399.1 5.36 35.2 0.406 0.195 315.4 | 138.1
+142.79 | +0.72f +6.3% | +0.064% | £0.019%% | +83.21 | +31.8
— AR 1283.7 6.06 27.9 0.477 0.253 318.4_ 152.1
S § +60.5f +0.95" +2.0¢ | £0.011f +0.001f +22.1 | £13.7
20 ARS 1416.3 7.07 117.9 0.352 0.181 2749 | 105.5
< +277.5' | +0.87¢ | +24.4% | +0.069° | +0.011bc% | +62.5" | +7.9¢
° AR 882.3 5.79 106.8_ 0.314 0.166 134.6 44.3
= +137.2° | +0.53¢ +3.21 | £0.036% | +0.004%c | +14.12 | +6.92
= g ARS 983.3 2.82 142.1 0.288 0.146 140.2 44.4
+115.42 | +0.418 | £11.9' | +0.059? +0.0072 | +22.8° | +9.4°P

Explanation notes: AR- cheeses analyzed directly after finishing the ripening process; ARS- final
products analyzed after refrigerated storage; The parameters were calculated from texture profile
analysis (TPA). The results are given as mean values + standard deviation (x£s/SD; n = 6). Means
followed by different lowercase letters (a-I) in the same column (texture parameter referring to all
tested cheeses variants after ripening and after refrigerated storage) denote significant differences

(P <0.05).

Changes in gumminess were noticed after the ripening and refrigerated storage period.
The cold storage reduced the values of this texture parameter in the control cheeses and the
broccoli-supplemented products, whereas an increase in the values of this parameter was
noted in the other tested variants.

—— Ukrainian Food Journal. 2020. Volume 9. Issue 1

69



Food Technology ——

The differences in the texture of the final products can be attributed to the different
properties of the additives influencing the activity of the starter culture, which was reflected
in further biochemical processes occurring during maturation and refrigerated storage.

Analysis of color parameters

The results of the instrumental analysis of the color of the cheeses are presented in the
Table 5.

The L* parameter determines the brightness of the tested samples (the higher the value
of this parameter, the lighter the color of the sample). In the analyzed cheeses, the L*
parameter ranged from 46.38 (cheese with beetroot) to 83.74 (cheese without additives —
control). After the period of cold storage, the value of this parameter decreased in all the
samples except for the cheese with carrots, for which a slight increase in the value of L* was
observed. An opposite tendency was reported by Delgado et al. [33] in Ibores cheese during
ripening (samples were analyzed on maturation days 1, 30, 60, and 90), in which the lightness
parameter (CIE L*) significantly increased throughout the ripening process. However, these
differences might be related to the differences in the specificity of goat’s and cow's milk and
the longer period of Ibores cheese ripening, where proteolysis was more intensive.

The present results showed that the use of the vegetable additives decreased the L*
parameter. A similar effect was observed in studies conducted by Golmakani et al. [38], who
assessed the effects of Spirulina concentrations on the survival of L. casei strains in
bacteriologically acidified feta-type (BAF) cheese. They indicated that the addition of
Spirulina significantly reduced the brightness of the cheese; moreover, the L* values
decreased by increasing the Spirulina concentration.

The a* parameter reflects color changes in the scale from green (negative values) to red.
The highest red color value was noted for the control cheese samples (4.00) and the beetroot-
containing cheeses (21.96) after the process of maturation. All vegetable additives
contributed to an increase in the red color in the cheeses. The process of refrigerated storage
of the control cheeses contributed to a slight increase in the value of the a* parameter in these
products. In addition, increased values of this parameter were also observed in samples of
cheeses supplemented with red onion or tomato, while a decrease in the a* parameter value
was recorded in the other samples.

It has been reported that the B-carotene (belonging to carotenoids group) level in dairy
products is correlated with the yellow color [24], which is in agreement with the present
results, especially in the case of the tomato- or carrot-supplemented products (Table 3 and
Table 5).

The b* parameter determines the color changes from blue (negative values) to yellow.
In all cheeses with vegetable additives, except for the cheese with the beetroot addition, the
values of the b* parameter were similar to the values noted for the control product and ranged
from 29.02 (carrot-supplemented cheese) to 30.68 (broccoli-containing cheese). In turn, the
beetroot-supplemented cheese was characterized by blue color (-5.69).

These results indicate that the process of refrigerated storage induced a slight change in
the value of the b* parameter in most of the analyzed samples. An increase in the proportion
of yellow color was observed in the stored control samples and cheeses with the beetroot and
tomato additives, whereas reduced values of this parameter were observed in cheeses
containing onion, carrot, and broccoli.
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Table 5

Comparison of the color parameters in the variants of cheeses analyzed after the ripening

process and refrigerated storage

Color parameter
Cheese Stage of cheese L a* b*
variant production
Control After ripe_ning 83.7411.27'< 4.00+0.39° 29.39+2.19¢
After refrigerated storage | 79.5+0.21" | 4.89+0.08¢ | 31.35+0.36!
With onion After ripening 78.17+3.77" | 5.11+0.39° | 29.95+5.59"
After refrigerated storage | 77.63+0.5¢ | 6.61+0.697 | 27.03+0.8¢
With beetroot After ripening 46.38+2.96° 21.9612.28f< -5.69+1.522
After refrigerated storage | 41.92+0.71% | 19.07+2.96/ | 2.04+4.19°
With carrot After ripening 75.9+1.867 | 11.97+3.39' | 29.02+2.36°
After refrigerated storage | 77.63+0.5% | 6.61+0.697 | 27.03+0.8¢
With broccoli After ripening 73.07£2.5° | 4.63+1.46° | 30.68+3.61
After refrigerated storage | 69.1+2.58¢ | 2.62+0.55% | 25.66+1.64¢
With tomato After ripening 81.48+4.47) | 7.1+2.549 29.23+2.44f
After refrigerated storage | 68.8+1.45¢ | 11.38+0.9" | 32.19+0.8X

Explanation notes: The results are given as mean values + standard deviation (X+s/SD; n =10). Means
followed by different lowercase letters (a-k) in the same column (color parameter) denote significant
differences (p <0.05).

Conclusion

1. The applied vegetable additives had a varied effect on cheese texture parameters. The
highest hardness after ripening and refrigerating storage was observed for cheeses
obtained with the addition of dried onion, whereas the lowest values of this texture
parameter were recorded for the carrot-supplemented cheeses.

2. The used plant-derived additives significantly increased the level of bioactive
components and enhanced the antioxidant properties of cheeses after process of ripening.

3. After refrigerated storage the highest antioxidant properties exhibited the cheeses
produced with the addition of broccoli and tomato.

4. The tested vegetable-derived additives contributed to increase in the red color of cheeses
mass, all vegetable additives (especially carrot, tomato and beetroot) had a positive effect
on the colouring of the cheese mass exhibiting a potential as an alternative to conventional
cheese dyes.
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