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Abstract

Full fat (4.3%) and two reduced fat (2.5% and 1.4%) milk were used to prepare white brined goat cheeses with the addition
of (i) mixed mesophilic/thermophilic (MT1) or (ii) mesophilic/thermophilic (MT1) plus thermophilic adjunct culture (LH-
B02) as starters. Chemical composition, proteolysis and lipolysis were determined, followed by texture profile analysis and
sensory evaluation of cheese samples. The combination of main and adjunct culture resulted in higher values of proteolysis
parameters (water-soluble nitrogen—% WSN, trichloroacetic acid-soluble nitrogen—% TCA-SN and phosphotungstic acid-
soluble nitrogen—% PTA-SN) and lower values of all textural properties. The main free fatty acids of all mature cheese
samples were hexanoic (short chain acid), lauric and myristic acid (medium chain acids) and palmitic acid (long chain acid).
Reduced fat, white, brined cheeses made with 1.4 and 2.5% milk fat and both main and adjunct cultures were judged as
acceptable by panelists for a 12-month period without any off-flavor development.

Keywords Reduced fat - White brined cheese - Adjunct culture - Chemical composition - Proteolysis and lipolysis - Texture
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Introduction

A number of studies on the nutritional value of goat milk
and its products have been published recently [1-5]. Several
studies have revealed that goat milk is a nutritional and ther-
apeutic food being an excellent raw material for development
of functional foods [1, 5]. Kalyan et al. [3] reported that goat
milk fat and casein possess anti-hypercholesterolaemic and
antioxidative properties. Goat milk caseins, also, tend to be
more efficiently digested compared to cow milk by infants
and young children [1, 2].

Goat farming has been one of the earliest agricultural
activities in Greece. Currently, Greece has the largest goat
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population in the EU. According to FAOSTAT [6] Greece
held third place in goat milk production in 2018 (338,400
tons) with France holding first place (648,370 tons) and
Spain holding second place (515,550 tons) in the European
Union.

Brined cheeses are cheeses that are ripened and pre-
served in brine. Traditionally brined cheeses are produced
in numerous Balkan and Mediterranean countries [7]. White,
brined goat cheese is prepared in various parts of Greece
and ripens over 2 months before it can be consumed [8]. Its
commercial shelf life under refrigeration is ca. 18 months.
White, brined goat cheese is similar to Feta cheese differing
in texture, flavor and chemical composition. That is, Feta
cheese, a PDO product of Greece since 2002, is made of ewe
milk or mixtures with goat milk, with the latter not exceed-
ing 30% of the total milk used.

Fat is a functional constituent that plays an essential role
in flavor, texture and color development in cheeses [9]. Now-
adays, consumers are looking for healthy reduced and low-
fat products. Unfortunately, reduced and low-fat cheeses are
often less sensorially acceptable due to the lack of flavor and
texture defects compared to the full-fat cheeses [10]. In order
to overcome such defects, three basic strategies have been
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suggested: (i) fat replacers, (ii) changes in cheese production
processes and (iii) adjunct cultures. Fat replacers and other
additives often cause off-flavors in the final product [9, 11].
On the other hand, various adjunct cultures are capable of
producing enzymes with specificity to hydrolyze caseins,
leading to the release of bioactive peptides and the formation
of additional volatile compounds [12].

Cheese ripening is a complex procedure that affects flavor
and texture of all types of cheeses. The main biochemical
reactions in the development of flavor in cheese during rip-
ening are proteolysis, lipolysis and glycolysis [13, 14]. Pro-
tein degradation affects cheese flavor and texture. Proteolytic
agents in cheese originate from (i) the coagulant (rennet), (ii)
indigenous and endogenous proteinases from the milk (plas-
min and heat-stable proteinases from psychrotrops), (iii) the
starter culture and (iv) the adjunct starter and non-starter lac-
tic acid bacteria (proteolytic enzymes). For the development
of an acceptable and characteristic flavor according to type
of cheese, a well-balanced breakdown of casein into small
peptides and amino acids is necessary, since these products
are flavor compounds or act as precursors for the formation
of flavor compounds during the ripening process. Although
large peptides do not contribute directly to cheese flavor,
they are very important for the development of the desirable
texture [7, 12, 15].

Lipolysis in cheese is caused by lipolytic enzymes origi-
nating from the following sources: (i) milk indigenous
lipases (ii) rennet pregastric esterase, (iii) starter lactic acid
bacteria (LAB), (iv) starter cultures and non-starter lac-
tic acid bacteria (NSLAB) via lipolytic and/ or esterolytic
enzymes they contain and (v) exogenous lipase preparations
[16]. Short-chain fatty acids produced during lipolysis, con-
tribute to the characteristic flavor of cheese. Cheese flavor is
also affected by acetic acid, propanoic acid and some FFAs
produced from lactose fermentation and amino acid deg-
radation by LAB and NSLAB while most free fatty acids
C,.5—Cy.o arise from hydrolysis of milk triglycerides during
aging [17]. The free fatty acids comprise precursors for a
variety of flavor compounds such as methylketones, second-
ary alcohols, esters and lactones [18].

Currently, there is a wide interest in reduced and low-
fat cheeses [19-23] especially in low-fat feta type cheese
[24, 25] such as reduced fat, brined goat cheese. In order to
prepare low-fat cheeses, the fat content of milk used should
range from <0.5% to approximately 1.8%, w /v [11].

In the present study, a series of fat-reduced, white, brined
goat cheeses were prepared using 90% goat milk and 10%
ewe milk. In order to improve cheese flavor, the addition of
a mesophilic/thermophilic adjunct culture was investigated.
To the best of our knowledge there are no reports in the lit-
erature on the improvement of reduced-fat white, brined goat
cheese flavor using adjunct starter cultures. Furthermore,
for the first time, proteolysis, lipolysis, texture and sensory
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profile of reduced-fat, white, brined goat cheese is investi-
gated over a 12-month period, both the above comprising
the novelty of the study.

Materials and methods
Milk

Reduced fat, white, brined cheese samples were prepared
using a mixture of goat and ewe milk at a rate of 90% and
10%, respectively. Milk originated from the region of Epirus,
Greece and was donated by Dodoni dairy S.A., loannina,
Greece. Table 1 shows the physicochemical characteristics
of milk used for cheese production.

Cultures

The CHOOZIT MT]1 freeze-dried culture is a commercially
available mesophilic/thermophilic culture containing Lacto-
coccus lactis subsp. lactis, Lactococcus lactis subsp. cremo-
ris, Streptococcus salivarius subsp. Thermophilus and Lac-
tobacillus delbrueckii subsp. bulgaricus (Danisco, France).
MT1 was used as the main culture. The adjunct culture was
the freeze-dried, LH-BO2 culture containing Lactobacillus
helveticus (Chr. Hansen, Denmark).

Cheese making and sampling

The cheese samples were prepared in the Dairy School of
Ioannina using 150 kg milk to formulate each of the six
batches (two batches for each fat content). Cheese mak-
ing was carried out according to the official quality control
scheme used for commercial production of feta cheese by
Dodoni Dairy Co. The milk was pre-heated at 40 °C and
standardized by centrifugation in order to prepare full-fat
and reduced-fat cheeses. Batches of milk were standardized

Table 1 Composition and physicochemical properties of milk used
for cheese production

Batch RF2 RF1 FF
Fat (%, w/v) 1.40+£0.00*  2.50+0.08°  4.30+0.07°
Protein (%, w/v) 4.21+0.03% 4.16 +£0.04% 4.12+0.05%
Lactose (%, w/v) 4.83+0.04° 4.69+0.05* 4.62+0.03
Acidity (°D) 1550+0.15>  15.00+£0.09*  15.00+0.20°
pH 6.69+0.04*  6.68+0.05°  6.65+0.07°

Data are expressed as means + standard deviation. All samples were
analyzed in duplicate for each cheese making session. Means with
different superscript letter in the same column of each factor were
significantly different (P <0.05)

FF full-fat control (4.3%, w /v), RF1 reduced fat (2.5%, w /v), RF2
reduced fat (1.4%, w /v)
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to 4.3%, w /v (FF, control), 2.5%, w /v (RF1) and 1.4%, w /v
(RF2) fat (Table 1). Each batch of milk was pasteurized in
a double-walled stainless-steel vat type pasteurizer at 63 °C
for 30 min and then cooled to 34 — 35 °C. A quantity of
1.03 g of Normal starter culture MT1 (Danisco France) was
added to each batch. The adjunct culture (0.13 g) LH-B02
(Chr. Hansen, Denmark) was added only to three of the
six batches (one for each FF, RF1 and RF2). The starters
were allowed to ripen for 20 min. Then CaCl, solution
50% (20 mL/100 kg) was added to the mixture. Calf ren-
net (Naturen Extra 220, Chr. Hansen, Denmark) was added
to achieve curdling in approximately 45 min at 34-35 °C.
After coagulation, the curd was cut into cubes of dimen-
sions 3 X3 X3 cm and left to rest for 15 min. The sliced curd
was transferred into perforated inox parallelepiped molds
for draining. The molds were inverted twice: the first time
after 2 h and the second after an additional hour. After the
last inversion, the molds were left for about 12 h at 16 °C to
complete draining. The curd was removed from each mold,
cut and transferred into individual parallelepiped plastic ves-
sels of dimensions 35X 25 X 25 cm. After 24 h, granular salt
was added in an amount of 25 g/kg of cheese weight. On
the next day, the surface of the cheese samples was cleaned
manually from excess salt and cheese was transferred into
parallelepiped metal cans of dimensions 17 x23.5x23.5 cm.
Brine solution was added to the cans at a concentration of
65 g/kg. The cans were then transferred to the ripening room
(at a temperature of 16—18 °C). The cheeses remained there
until the pH of cheese dropped to a value of 4.6 and only for
full-fat samples the moisture content to 56 g/100 g. This was
achieved in approximately 9-11 days. Then the cans were
sealed and transferred into the refrigerator at 4 +2 °C and
kept there for up to a year. The experiment was replicated
twice on different occasions under identical conditions.
All microbiological analyses of raw material and produced
cheese were run by DODONI Dairy Co. following their
official quality control scheme for commercial feta cheese
production.

Physico-chemical analysis

pH of milk and cheeses was determined using a model WTW
(SenTix SP-DIN, 2010 pH meter (Wissenschaftlich—Tech-
nische Werkstitten GmbH, Germany). The titratable acidity
of milk was determined by the Dornic method [26].

All cheese samples (full and reduced fat) were analyzed
for fat, protein, moisture, salt content, total nitrogen (TN),
water-soluble nitrogen (% WSN), nitrogen-soluble in 12%
trichloroacetic acid (% TCA-SN) and nitrogen-soluble in 5%
phosphotungistic acid (% PTA-SN). Fat in milk and cheeses
was determined by Gerber van Gulik method [26] and [27],
respectively. Moisture in cheeses was determined according
to the oven drying method [28]. Cheese salt content was

determined by the Mohr method [29]. Milk protein content,
total nitrogen (TN) and soluble nitrogen were determined
according to the Kjeldahl method [30] using the Inkjel
1210 M apparatus (Behr Labor—Technik Gmb., Diisseldorf,
Germany). WSN, TCA-SN and PTA-SN were determined
as described by Michaelidou et al. [25]. Salt in moisture
content was calculated according to Pappa et al. [31].

All determinations were run in duplicate per replicate
(n=2x2=4).

Free fatty acids analysis

Lipolysis was assessed after extraction of cheese lipids, iso-
lation of FFA and determination of their concentration by
GC according to De Jong and Bandings [32]. A gas chro-
matograph Agilent 6820 GC (G1176A) model equipped
with a FID was used with a capillary column length 30 m,
inner diameter 0.25 mm, coated with FFA phase OV-351
film 0.25 pm nitroterephthalic acid modified polyethylene
glycol (122—3232 Agilent ] & W GC Columns USA). Gas
chromatography oven conditions were programmed from 65
to 240 °C at a rate of 10 °C min~! and then held at 240 °C
for 20 min. The FID temperature was 250 °C and helium
was carrier gas and nitrogen was auxiliary gas at flow rate
1 ml min~! and 30 ml min~!, respectively, and the split
ratio at 1:10. The identification of FFA of the cheese sam-
ples was performed via comparison of the retention times
of the unknown FFA to those of known standards (Merck
Schuchardt OHG, Germany) under identical conditions. The
quantification of the FFA of all cheese samples was deter-
mined using C,. as internal standard [32] and processing the
chromatograms with the software (Agilent Cerity A.04.07,
USA).

All determinations were run in duplicate per replicate
(n=2x2=4).

Texture evaluation

Texture profile analysis (TPA) of cheeses was performed
using an Instron Universal Testing Instrument model 4411,
(High Wycombe, UK) with a cylindrical plunger 35 mm in
diameter. The cheese samples were cut into cube-shaped
pieces (with a cube edge of 20 mm) using a stainless steel
cutter. Sampling was carried out on several parts of the
cheese body, in order to prepare a representative sample. All
measurements were made at room temperature (ca. 20 °C).
The compression of the sample was set at 70% in one cycle
(bite) and the force/time curve was constructed. The operat-
ing conditions were a) compressive load cell of 5 kN and b)
crosshead speed of 30 mm/min. Hardness was defined as
the peak force during the first compression cycle “first bite”.
Fracturability or brittleness was defined as the force at the
first significant break in the curve [33].
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Ten texture measurements were run per sample per rep-
licate (n=10x2=20).

Sensory evaluation

The cheeses were evaluated by seven trained panelists on
days 60, 120, 180, 270 and 365 of storage in individual
booths according to the IDF method [34] as modified by
Katsiari and Voutsinas [35]. The samples were cut into cube-
shaped pieces and placed in 3-digit randomly coded plastic
cups at room temperature for trial. The panelists were asked
to eat a cracker biscuit and drink water between evaluation
of samples. They evaluated flavor (odor and taste), texture
(body) and appearance (exterior—interior). The scoring scale
ranged between 0 and 100 with 60 being the lower accept-
ability limit. The individual scores of flavor and texture were
multiplied by four and five, respectively. The total score was
calculated by adding the individual scores of above attrib-
utes [35].

Statistical analysis
Data were subjected to analysis of variance (ANOVA) in

order to determine the significance of the individual differ-
ences. Significant means were compared using the Tukey

test at the level of P=0.05. Pearson’s correlation was per-
formed among texture profile parameters, chemical compo-
sition, pH, proteolysis and sensory evaluation of the cheese
samples after 120 days at the level of P=0.05 and P=0.01.
All data analysis was performed using the SPSS statistical
package (version 20, IBM Corp., New York, USA).

Results and discussion
Chemical composition

Results on chemical composition of the white, brined cheese
samples are given in Table 2. According to the Greek Foods
and Beverages Codex [8], good quality white, brined, full-fat
cheeses, should contain at least 43% (w/w) of fat in dry mat-
ter (FDM) and maximum moisture of 56% (w/w). In the pre-
sent study the FDM was 53.21% (23.68% as is basis) while
moisture was 55.50% for the full-fat (FF) cheeses samples.
Respective values of the reduced fat samples (RF1) were
36.15% (13.75% as is basis) and 62.01% and for reduced-fat
RF2 were 25.92% (9.13% as is basis) and 64.80%. These
values correspond to a reduction of fat of ca. 41.9% for the
RF1 and 61.4% for the RF2 cheeses samples.

Table 2 Effect of milk fat

Factors Fat FDM MNEFS Moisture ~ Protein ~ Salt SIM pH
content, starter culture and (%, WIW) (%, wiw) (%, wiw) (%, wiw) (%, wiw) (%, wiw) (%, wiv)
ripening time on the chemical
composition of white brined Treatment FF  23.68°  5321*  72.72*  55.50° 16.62°  2.59 471* 4.42°
i‘ﬁgﬂ,‘fse& analyzed by (n=64) RFl 1375 3615  71.89*  62.01®  17.50°  2.96" 480 445

REF2 9.13¢ 2592  71.30°  64.80° 19.72¢  3.08° 478 451°

MSE 0.190 0.690 0.169 0.211 0.134 0.010 0.026 0.005

MSD 4.62 10.23 0.585 2.790 0.877 0.121 0.021 0.030

Culure M 1557*  3850°  71.97*  60.80° 18.18*  2.86 474 4.46

(n=96) MA 1547  3836°  71.96°  60.74 17.71°  2.89° 4791* 447

MSE 0.190 0.690 0.169 0.211 0.134 0.010 0.026 0.005

MSD 0.101 0.134 0.013 0.058 0.467 0.033 0.048 0.011

Days 1 14128 3775 7418  63.66° 18.87* - - 4.87°

(n=24)  9-11 1541° 38.30%  71.99° 60.87° 18.57® 2732 4.48* 4.42°

30 15.41° 38.01%  71.64%  60.58" 18.12%  2.88° 4.74° 437°
60 15.63%  38.38% 7172  60.48" 17.84%¢ 288" 4.76° 436°
120 15.54% 3817 71.59%  60.44% 17.88%¢ 286" 4.74° 4.34°
180  15.78%4 38572  71.65%  60.30%¢  17.62%  2.89° 4.79%  437°
270  16.03¢ 3897 7155  60.05%¢  17.41% 293P 488  443°
365 16.26¢ 39.29¢ 71.41¢ 59.77¢ 17.23¢ 2.97° 4.98° 4.54¢
MSE 0.190 0.690 0.169 0.211 0.134 0.010 0.026 0.005
MSD 0.009 0.085 0.012 0.041 0.040 0.003 0.003 0.001

Means with different superscript letter in the same column of each factor were significantly different

(P<0.05)

MSE mean square error, MSD minimum significant difference, FF full-fat control (4.3%, w /v) cheese,
RF1 reduced fat (2.5%, w /v) cheese, RF2 reduced fat (1.4%, w /v) cheese, Culture M MT1, Culture MA
MT1+LH-B02, FDM fat in dry matter, MNF'S moisture in nonfat dry substance, S/M salt in moisture
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Statistical analysis showed that the fat content was
affected significantly (P < 0.05) by ripening time. The reduc-
tion of fat significantly affected (P <0.05) the chemical com-
position of white, brined, goat cheese. More specifically,
moisture, protein and salt content increased with reduction
in fat, whereas fat in dry matter (% FDM) and moisture in
non-fat substance (% MNFS) decreased. The protein and
moisture content were the highest in the early stages of
the ripening period for all cheese treatments, whereas they
decreased as ripening proceeded. In contrast, the fat, salt
and salt in moisture content increased with ripening. Salt in
moisture in all samples was not affected (P >0.05) by reduc-
tion in fat. These results are similar to those reported for
other low-fat cheeses such as feta type cheeses [24, 25, 35],
low-fat, white, brined cheeses [36, 37], reduced and low-fat,
artisanal-style goat cheese [38] and Cheddar cheese [21].

Salt content is higher in the low-fat cheeses due to lower
fat or higher protein content which contributes to more bind-
ing sites for salt and can increase its retention in the curd
[35]. Moisture in non-fat substance was higher in full-fat
cheeses compared to other treatments. After day 30 of ripen-
ing there were no significant differences in MNFS% in all
cheese samples. Such a behavior has been also observed for
low-fat feta-type cheese [24, 35]. The variation in moisture
of white, brined cheeses during ripening is due to the cleav-
age of peptide bonds, the result of proteolysis. As peptide
bonds are cleaved, two new ionic groups are generated and
each of these will compete for the available water in the
system. Thus, part of the water previously available will be
chemically bound to these new ionic groups and will not be
determined by the classical oven drying method [39].

The use of the adjunct culture significantly affected only
protein content (P <0.05). Present results are in agreement
with studies in the literature involving the addition of adjunct
cultures in white, brined cheeses [24, 31, 40].

The pH values of all samples were similar to those found
in other relevant studies dealing with white, brined cheeses
produced with goat milk [31, 39, 41, 42]. Higher (P <0.05)
pH values were observed for reduced-fat (RF2) samples
while (RF1) and (FF) cheese samples did not differ sig-
nificantly (P> 0.05). The use of the adjunct culture did not
affect pH values. The pH values of all samples decreased
during the first stage of ripening (until samples were trans-
ferred to the cold room) due to the loss of moisture [31] and
the production of lactic acid by the starter culture. This stage
is very important to avoid defects since the rapid and ade-
quate production of lactic acid is crucial for brined cheeses
[43]. The increase in pH of all samples after the second stage
of ripening is caused by utilization of lactic acid, forma-
tion of non-acidic decomposition products and liberation
of protein decomposition alkaline products [44]. The pH
of cheese is influenced by salt content since salt can affect
microbial growth. Thus, the activity of lactic acid bacteria

and non-starter lactic acid bacteria depends on the salt con-
tent and especially for white, brined cheeses on the salt in
moisture content [43, 44].

Proteolysis

Proteolysis is the principal and most complex biochemical
event which occurs during the ripening of most cheese vari-
eties. It is desirable for low-fat cheese starters to have low
proteolytic but high peptidolytic activities [11]. In the pre-
sent study the degree of proteolysis (Table 3) was evaluated
by measuring (i) the % WSN which is due to the formation
of small and medium sized peptides and free amino acids,
(ii) the % TCA-SN including free amino acids, small- and
medium-size peptides, and smaller nitrogen compounds,
such as amines, urea and ammonium and (iii) the % PTA-SN
including free amino acids and very small peptides amino
acids and smaller Nitrogen compounds (except dibasic
amino acids [Arg, Cit, Lys] and ammonia) [7, 14].

All nitrogen fractions of cheese samples were markedly
affected (P <0.05) by the reduction of fat, the use of adjunct

Table 3 Evolution of nitrogen fractions of full- and reduced-fat,
white, brined goat cheese with or without adjunct culture during
aging, analyzed by ANOVA

Factors TN % WSN % TCA-SN % PTA-SN
Treatment FF 2.61% 10.54* 7.76* 3.54%
(n=64) RF1 274> 8.87° 6.21° 2.66°
RF2 3.09°  6.94¢ 5.15° 1.74°
MSE 0.003  0.452 0.180 0.093
MSD 0.137 1671 1.063 0.873
Culture M 2.85% 8.29% 6.012 2.57%
(n=96) MA 2778 9.27° 6.74° 2.73°
MSE 0.003 0452 0.180 0.093
MSD 0.074  0.981 0.726 0.163
Days 1 296 576 3.112 1.06%
(n=24) 9-11 291** 6.91° 4.65° 1.70°
30 2.84%  7.33bc 5.45¢ 1.97°
60 2.80%  8.05¢ 5.91° 2.39¢
120 2.80%4  9.06¢ 6.78¢ 2.844
180 2.76%  9.79¢ 7.48° 3.31¢°
270 2.73% 1118 8.24f 3.71f
365 270°  12.16F  9.37¢ 4208
MSE 0.003  0.452 0.180 0.093
MSD 0.004 0.421 0.461 0.268

Means with different superscript letter in the same column of each
factor were significant different (P < 0.05)

MSE mean square error, MSD minimum significant difference, FF
full-fat control (4.3%, w /v) cheese, RFI reduced fat (2.5%, w /v)
cheese, RF2 reduced fat (1.4%, w /v) cheese, Culture M MT1, Culture
MA MT1+LH-B02, TN total nitrogen, WSN water soluble nitrogen,
TCA-SN nitrogen soluble in 12% TCA, PTA-SN nitrogen soluble in
5% phosphotungistic acid
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cultures and ripening time in the same way as protein con-
tent. Fat reduction raised TN of cheeses while lower TN
values were observed for samples containing the adjunct
culture. A statistically significant reduction (P <0.05) in TN
was recorded during ripening, since a part of the nitrogen
content migrates to the brine. These findings are in good
agreement with reported data on white, full-fat, brined
cheeses made from goat milk [5, 41, 42, 45].

It can also be observed that the content of the % WSN,
% TCA-SN and % PTA-SN increased during ripening
(P <0.05). These findings are in agreement with other stud-
ies [13, 35, 36, 40-42, 45-48]. As expected, the formation
of % WSN, % TCA-SN and % PTA-SN was higher in full
fat cheeses compared to reduced-fat counterparts. These
results are in agreement with those for other white, brined,
low-fat cheeses [35, 48]. The adjunct culture significantly
increased (P <0.05) the values of all fractions % WSN, %
TCA-SN and % PTA-SN. Tungjaroenchai et al. [49] reported
the highest total free amino acid (FAA) content in reduced
fat Edam cheese samples containing Lactobacillus helveticus
adjunct culture, due to this culture’s higher proteolytic activ-
ity compared to other lactobacilli strains in fermented milks.
The present study showed lower levels of soluble nitrogen
in full-fat cheese samples compared to other full-fat, white,
brined goat cheeses prepared using mesophilic [39] and ther-
mophilic starters [41]. In contrast, these values were higher
compared to those for goat teleme cheese [45]. These differ-
ences are probably attributed to differences in milk composi-
tion, the cheese making process, starter culture and salting
conditions. Other studies on white, brined cheeses [45, 50]
reported that ewe and goat cheeses have higher levels of %
WSN than cheeses made using cow milk.

The activity of residual chymosin is high in white, brined
cheeses due to the characteristics of these cheeses such as
low pH, high moisture and particular cheese making process
without heat treatment of the curd [51]. Low proteolysis
of goat cheeses can be attributed to the inaccessibility of
enzymes from rennin, plasmin, lactic acid bacteria and non-
starter lactic acid bacteria to hydrolyze specific bonds of
caseins, or to the genetic variants of goat milk [45]. Salt
content and the method of salting play a decisive role in the
degree of proteolysis. More specifically, high salt content
and low moisture content can reduce the proteolytic activity
in cheeses [52].

Lipolysis

The concentrations of free fatty acids (FA) for all cheese
samples during ripening and storage are presented in
Table 4. All fatty acids increased during the above period
because of lipolysis (P <0.05), except of hexanoic acid
(P> 0.05). The most abundant fatty acids in all cheese sam-
ples independent of adjunct culture were acetic, palmitic and
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stearic acid recorded throughout storage. This tendency has
also been reported by other researchers for various brined
cheeses [53-58] and non-brined goat cheeses [59-61].
Although acetic acid was the dominant acid, being charac-
teristic of brined cheeses [23, 53, 54], it is not considered as
a fatty acid since it is produced from lactose fermentation
(via pyruvate) and amino acid degradation by the cheese
microflora [62, 63].

In general, fat reduction decreases the concentration of all
fatty acids (P < 0.05) except for acetic, hexanoic and stearic
acid. Reduced fat RF2 cheese samples with adjunct culture
had higher concentration of acetic acid over 120 days, com-
pared to the FF cheese with the main culture only (P <0.05).
The additional amount of acetic acid can be attributed to
the peptidolytic activity of adjunct LH-BO2 culture. Simi-
lar results were reported for low-fat feta type cheese made
by ewe milk [53]. Angelopoulou et al. [63] reported that
60 days’ ripened feta cheese inoculated with propionic
adjunct culture enhanced the production of acetic acid.
The adjunct culture (LH-B02) contributed (P <0.05) to the
increase in butyric acid in mature (over120 days), reduced-
fat cheeses samples of the same fat content. Butyric acid,
regardless of the fat content and the culture used, showed
the lowest concentration of all FAs. Such a finding was also
reported for Xynotyri goat cheese [64], for saturated FA of
goat cheese [61] and Rocamadour goat cheese [65]. Accord-
ing to Barlowska et al. [66] butyric acid is associated with
bitterness as well as brine and goat milk odor. Hexanoic
acid content was, also, not affected (P> 0.05) by starter cul-
ture and fat content, as also observed by others [53]. Free
Fatty acids caprylic, capric, myristic and palmitic acids were
affected by fat reduction and were found in higher concen-
trations in full-fat samples compared to those in reduced-
fat samples (RF1 and RF2) (P <0.05). McCarthy et al. [67]
reported a similar behavior for caprylic acid, myristic acid
and palmitic acid in reduced-fat and low-fat cheddar cheese
samples.

The mean concentrations of short-chain (C,.;—Cg.g),
medium-chain (C,,.;—C,4.), long-chain (C,..—Cs.¢) and
total free fatty acids of all cheese samples during ripen-
ing and storage are presented in Fig. 1. During ripening
(1-60 days), short-chain FFAs did not differ significantly
(P>0.05) among treatments. Hexanoic, lauric, myristic
and palmitic acids were the main short-chain (C4.,—Cg.q),
medium-chain (C(.;—C,4.9) and long-chain (C4.,—C5.0)
FFAs, respectively, in all samples, irrespective of fat content
and the use of adjunct culture. The sum of FFAs (C,.,—C5.0)
for all cheeses, especially for full-fat ones, was similar to
that found for goat Teleme cheese [54], but higher than
that of artisanal goat cheese made from raw goat milk [38],
and lower compared to the total amount of free fatty acids
determined for white brined cheeses [23, 56, 57, 68, 69] or
other non-brined goat cheeses [64, 65, 70, 71]. Differences
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Table 4 Concentration of free fatty acids (mg/100 g) of full and reduced fat goat white brined cheese with or without adjunct culture

FFA  Age (days) FFM FF MA RF1I M RF1 MA RF2M RF2 MA
C2:0 1 32.40+3.54 aA 39.00+£2.97 aA 36.85+2.90 aA 39.90+2.83 aA 39.65+4.03 aA 46.10+5.52 aA
9-11 48.25+2.47 aA 57.00+4.81 bAB 58.75+4.60bAB  64.00+4.53bAB  62.00+4.53bAB  67.00+3.25bB
60 84.30+4.81 bA 85.60+4.94 cA 87.80+£2.69 cA 95.00+5.09 cA 91.00£5.37 cA 96.35+3.89 cA
120 95.40+4.95 bA 98.00+4.38cdA  97.50+4.10cdA  101.50+3.96 cA 98.60+4.81 cA  104.25+4.60 cdA
180 100.95+5.80 bA  105.15+4.60 dAB 108.95+4.31 dAB 111.00+4.53 cAB 107.90+4.38 cdAB 120.05+4.74 dB
365 120.50+3.54 cA  127.75+3.18 eAB 123.00+1.41eA  132.15+3.61 dAB 125.25+3.89 dAB 138.00+4.53 eB
C4:0 1 0.58+0.08aAB  0.70+0.08 aB 0.49+£0.02 aAB 0.63+£0.06 aAB 0.43+£0.03 aA 0.44+0.04 aA
9-11 0.62+0.05aABC 0.78+0.05 aA 0.52+0.05 aBC 0.71+0.07 aAB 0.42+0.02 aC 0.51+0.11 aBC
60 1.04+0.09 bAB 1.18 £0.08 bA 0.86+0.17abAB  1.04+0.12 bAB 0.67+0.10 abB 0.90+0.04 bAB
120 1.32+0.07 bcA 1.44+0.05 bcA 0.84+0.05 abB 1.38+£0.04 cA 0.73+0.10 bcB 1.34+0.04 cA
180 1.47+0.07 cA 1.61+0.08 cA 0.92+0.04 abB 1.60+0.04 cA 0.83+0.10 bcB 1.49+0.11 cA
365 1.87+0.12 dA 2.01+0.03 dA 1.22+0.30 bB 1.98+0.05 dA 1.00+0.04 cB 1.97+0.06 dA
C6:0 1 4.65+0.63aA 4.81+0.48aA 4.46+0.34aA 4.61+0.37aA 4.43+0.38aA 4.61+0.57aA
9-11 4.83+0.31aA 5.12+0.42aA 4.58+0.36aA 4.72+0.44aA 4.49+0.32aA 4.76 +£0.60aA
60 5.46+0.31aA 5.63+0.33aA 4.77+0.27aA 5.12+0.33aA 5.02+0.21aA 5.06+0.33aA
120 5.72+0.30aA 5.95+£0.46aA 4.95+0.62aA 5.48+0.53aA 5.10+0.39aA 5.33+0.27aA
180 5.79+0.20aA 6.28 +0.54aA 5.26+0.46aA 5.64+0.28aA 5.11+0.49aA 5.36£0.39aA
365 6.25+0.47aA 6.64 +0.60aA 5.88+0.55aA 6.05+0.65aA 5.47+0.32aA 6.17+0.34aA
C8:.0 1 0.71+0.04 aAB  0.78+0.10 aB 0.58+0.03 aAB 0.76 +£0.04 aAB 0.51+0.07 aA 0.69+0.06 aAB
9-11 1.08+0.03 aA 1.19+0.14 aA 0.82+0.03 aAB 0.95+0.17 aAB 0.63+0.08 abB  0.77+0.12 abAB
60 1.93+0.13 bA 1.98+0.13 bA 1.41+0.12 bB 1.56+0.11 cAB 1.07+0.11 bcB 1.22+0.15 bcB
120 2.36+0.13 bcA 2.47+0.20 bA 1.57+0.05 bB 1.69+0.16 cB 1.27+0.18 cdB 1.46+0.11 cdB
180 3.00+0.27 cA 3.24+0.10cA 2.15+0.10 cB 2.26+0.19dB 1.74+0.18 dB 1.85+0.12 dB
365 4.69+0.25 dA 470+0.31 dA 3.19+0.17 dB 3.37+0.12¢B 2.39+0.17eC 2.57+0.11eBC
C10:0 1 2.63+0.25 aA 2.55+0.45 aA 1.32+0.23 aB 1.43+0.28 aB 0.92+0.11 aB 1.01+0.21 aB
9-11 2.80+0.24 aA 2.98+0.13 abA 1.63+0.17 abB 1.86+0.18 abB 1.24+0.32 aB 1.55+0.20 aB
60 4.02+0.41 bA 4.28+0.26 bcA 2.22+0.27 abB 2.43+0.19 abB 1.88+0.49 abB 2.03+0.35 abB
120 4.36+0.39 bA 4.66+0.54 cdA 2.68+0.62 abcBC 2.75+0.58 abABC 1.92+0.24 abC 2.16+0.41 abC
180 5.57+0.19 cA 5.88+0.25 dA 3.03+0.51 bcB 3.25+0.48 bB 2.68+0.45 bcB 3.04+0.43 bcB
365 7.59+0.04 dA 7.63+0.18 A 4.17+£0.33 cBC 4.82+0.25cB 3.46+0.13 cC 3.58+0.20 cC
C12:0 1 4.39+0.70 aAB  5.04+0.33 aA 3.32+0.32 aBC 3.83+0.25 aAB 2.28+0.31 aC 3.14+0.22 aBC
9-11 4.62+0.38aAB  5.57+0.40 aA 3.52+0.52abBC  4.32+0.46 aABC 2.68+0.40abC  3.85+0.30 abBC
60 6.54+0.48 bA 8.36+0.36 bB 4.94+0.38 bcAC  6.44+0.42bA 4.14+0.41 bcC  5.47+0.38 bcAC
120 8.92+0.29cAB 10.26+0.31 cA 6.14+0.42cdCD  7.77+£0.48 bcBC  4.95+0.46 cdD 6.95+0.75 cdC
180 10.33+0.41 cdAB 10.81+0.39 cA 6.96+0.31deCD  8.51+0.32cdBC  5.60+0.61 cdD 7.88+0.74 dD
365 10.96+0.46 dA 11.69+0.40 cA 7.90+0.39 eB 9.31+0.31 dB 6.12+0.42 dC 8.47+0.44 dB
Cl14:0 1 6.35+0.53aAB  6.81+0.35aA 4.11+0.60 aC 4.54+0.46 aBC 2.62+0.37 aC 3.43+0.56 aC
9-11 6.97+0.46 abA 7.76+0.33 aA 4.83+0.32 abB 5.24+0.41 abB 3.03+0.33 abC 3.89+0.35 aBC
60 7.98+0.50 abAB  8.51+0.41 abA  5.34+0.53 abcCD 6.58+£0.37 bcBC  4.19+0.29 bcD 4.66+0.50 abD
120 8.90+0.47 bcAB 10.37+0.83bcA  6.41+0.42bcdCD 7.15+0.30cdBC  4.76+0.38 cdD  5.89+0.45 bcCD
180 10.48+0.58 cdA  11.20+0.48 cA 6.75+0.46 cdBC  7.62+0.29 cdB 5.41+0.43 cdC 6.45+0.25 cBC
365 11.19+0.54 dA 11.86 +£0.67 cA 7.96+0.45 dBC 8.56+0.42 dB 6.15+0.41 dC 7.30+0.37 cBC
C16:0 1 8.82+1.02aAB  9.65+0.81 aA 599+1.17aABC 5.96+1.39 aABC 3.82+0.97 aC 4.82+0.67 aBC
9-11 11.91+1.17 abAB 12.73+0.93 abA 7.64+2.01 abBC 10.45+1.46 abABC 5.61+0.75 abC 6.88+0.65 aC
60 14.04+0.93 bcAB 17.72+0.68 bcA  11.38+1.44 abcBC 14.01+1.47 bAB 7.21+1.28 abC 8.30+1.06 abC
120 15.86+0.41 cAB  20.48+1.58 cA 13.45+0.88 bcBC 15.78 £0.98 bcB 10.05+1.35bcC  12.28+1.46 bcBC
180 23.23+091 dA 26.01+1.52dA 17.04+1.87cBC  20.92+1.64 cdAB 12.38+0.80 cC 1431+1.12 cdC
365 27.02+1.15dA 29.31+2.01 dA 23.10+1.42dAB 2598 +1.42dA 17.46+1.81 dB 19.10+1.84 dB
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Table 4 (continued)

FFA  Age (days) FFM FF MA RF1I M RF1 MA RF2M RF2 MA

C18:0 1 737+093aAB  8.20+0.68 aB 5.82+0.92 aAB 6.21+1.51 aAB 3.74+0.89 aA 4.38+1.15 aAB
9-11 7.82+0.91 aA 8.60+0.74 aA 7.37+1.07 aA 7.49+1.51 abA 4.20+1.25 abA 4.87+1.09 aA
60 9.82+0.64 abA 9.97+£0.96 abA 8.02+1.04 abAB  8.43+0.92abAB  5.25+0.70 abB 5.58+1.05aB
120 10.73+1.43 abAB 13.33+1.09 abcB  9.65+1.23 abAB 11.91+1.46 abcB 5.86+1.13 abA 6.20+1.16 aA
180 12.22+1.72 abAB 15.09+1.92bcA  11.23+2.05abAB 1342+1.70bcAB  7.84+1.47abB  8.65+1.60 abAB
365 1526 +£2.09 bAB  17.75+2.30 cB 13.48+1.81 bAB  16.40+1.79 cAB 9.37+1.96 bA 12.04+1.91 bAB

Data are expressed as means + standard deviation. Means with different lower case superscript letter in the same column are significantly differ-
ent (P <0.05). Means with different capital superscript number in the same row are significant different (P <0.05)

FF full-fat control (4.3%, w /v) cheese, RFI reduced fat (2.5%, w /v) cheese, RF2 reduced fat (1.4%, w /v) cheese, Culture M MT1, Culture MA

MT1+LH-B02

in total FFAs in the present study vs. those in the literature
may be due to the low lipolytic activity of the main culture
in combination with the short period of the first ripening or
even different kind of cheese making process. Other factors
that can affect the FFA profile are the herd diet and lactation
stage [65]. Total FFAs increased during ripening and storage
(P <0.05) and were significantly affected by fat reduction
especially for mature cheese samples (P <0.05). For a given
fat content there were statistically significant differences in
FFA concentration between different culture treatments of
mature cheese samples.

Texture profile analysis

Texture evaluation of reduced fat, white, brined goat cheese
prepared with or without an adjunct culture as a function
of ripening time is shown in Fig. 2. Statistical analysis of
the cheese rheological properties indicated that the reduced-
fat cheeses were harder and less brittle, showing increased
force at the point of fracture, compared to full-fat cheeses
(P <0.05). These findings are in agreement with the results
reported for low-fat, feta type cheese [72], low-fat, white,
brined cheeses [36, 37] and other types of low- and reduced-
fat cheeses [20, 21, 38, 52, 73]. Increased hardness and
fracture stress of low-fat, white, brined cheeses is attributed
to the more continuous protein matrix prevailing due the
decreased fat content in low-fat cheeses [37, 72].

At the second stage of ripening (9—11 to 60 day), hard-
ness and force at the point of fracture increased. At the later
stages of ripening (after 60 days) all the texture parameters
decreased. This is most likely attributed to the enhanced
proteolysis during ripening [24, 35-37, 74].

The use of the (MT1) mesophilic/ thermophilic and ther-
mophilic (adjunct) (LH-B02) cultures in the present study
led to the decrease in values (P < 0.05) of all textural prop-
erties. Similar results were reported for feta type cheese
[75] and teleme cheese [74]. According to Mistry [11] and
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Karami et al. [76], starter cultures play an important role
in cheese quality due to their contribution to proteolysis,
texture and flavor development through slow but progressive
breakdown of caseins during ripening. Tsigkros et al. [77]
observed that feta cheese made using 30% of goat milk was
harder than that made with ovine milk. Mallatou et al. [42]
and Pappa et al. [74] noted that goat milk cheeses required
a higher force to fracture compared to cheeses made from
other types of milk. This may be probably attributed to
the different casein structure and lower casein content of
goat milk compared to that of ewe milk. In addition, the
network structure of cheese is affected by factors such as
chemical composition, degree of proteolysis, fat droplet size
and distribution as well as casein—casein, casein—water and
casein—fat interactions, the state of water (bulk or bound to
casein matrix), pH and the state of calcium (ionic or bound
to casein matrix) [78].

Sensory evaluation

Sensory evaluation results (appearance, body/texture, flavor
and total score), as a function of ripening time are presented
in Fig. 3. Ripening time did not affect (P> 0.05) body/texture,
flavor and sum of all sensory attributes. This is very impor-
tant since cheeses of up to 1 year may be consumed without
exhibiting over-ripening problems. Bitterness and off-flavors
are common defects in aged, low-fat cheeses, which are usu-
ally developed early in the ripening process due to the low
salt content, high moisture and lower proportion of aromatic

Fig. 1 Concentrations of short-chain (C,-Cg,), medium-chain
(Ci0.0Ci40)> long-chain (C4.—Cig) and total fatty acids of all
cheese samples during ripening and storage. Full-fat control (4.3%, w
/v) with MT1 culture (FF M) (A), Reduced-fat (2.5%, w /v) cheese
with MT1 culture (RF1 M) (@), Reduced-fat (1.4%, w /v) cheese
with MT1 culture (RF2 M) (M), Full-fat control (4.3%, w /v) with
MT1+LH-B02 culture (FF MA) (A), Reduced-fat (2.5%, w /v)
cheese with MT1 +LH-B02 (RF1 MA) (O), Reduced-fat (1.4%, w /v)
cheese with MT1+LH-B02 (RF2 MA) (O)



European Food Research and Technology (2021) 247:2211-2225

2219

(a) (b)
141 14
© ©
[9] 0N =
® o
9 12 9 12+
[ o
S 10 E10 ! =
S g 10+ T
< 5 .
g 8- g 84
i i
w 64 i 84
= < 1
& 4 T 4
o (&)
= =
2 24 2 2
(%] »
0 TT T T T T O TT T | T T
19 60 120 180 365 19 60 120 180 365
Ripening time (days) Ripening time (days)
(c) (d)
35 4 35
0 0
[} 0
8 30 & 304
£ £
[$} O
S 251 S 25
o o
2 201 220+
< <
15 15
£ £
8 8
S 104 S 104
§ 5
T 54 T 54
o) o)
= =
0 TT T T T T 0 TT T T T T
19 60 120 180 365 19 60 120 180 365
Ripening time (days) Ripening time (days)
(e) ®
2 50 © 50
n 0n
[0} [0}
[0} [0}
£ £
S 40 S 40+
jo)) jo2)
(=) o
o o
ES D30+
< <
w w
L 20 4 L= 20
£ £
© ©
£ £
o (&}
10 4 o 10
C o
[¢] [s]
b | —
0 TT T T T T O TT T T T T
19 60 120 180 365 19 60 120 180 365
Ripening time (days) Ripening time (days)
@ (h)
100 - 100 -
o 90 4 m 90
[ [
8 80 8 804
S S
&> 70 o> 704
o o
2 60 2 60
B Fe)
£ 50 £ 50
E 40 E 40 4
[ w
T 30 T 304
g fhag
g 20- g 20-
) >
@ 10 ®» 104
0 TT T T T T O TT T T T T
19 60 120 180 365 19 60 120 180 365
Ripening time (days) Ripening time (days)

@ Springer



2220

European Food Research and Technology (2021) 247:2211-2225

compounds formed through fat degradation [11]. According
to Sousa et al. [15] the hydrophobic bitter peptides in full-fat
cheeses are not easily detected by sensory panelists due to par-
titioning of such peptides into the fat phase. Salt can affect the
production of bitter peptides by promoting hydrophobic inter-
actions between susceptible regions of -Casein, thus reducing
chymosin action on protein. In the present study, no bitterness
and off-flavors were detected by panelists in all samples dur-
ing the entire ripening period probably due to the specific salt
content and low pH values.

The panelists detected differences in appearance, body-
texture and flavor (P < 0.05) between full-fat and reduced-fat
cheeses. They found reduced-fat cheeses to be harder than
the full-fat samples, although well accepted by panelists over
a 12-month period. In general, panelists showed a marked
preference to samples made with the adjunct culture. It
should be noted that in a previous study panelists showed

@),
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20
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Fig.3 Sensory evaluation of full and reduced fat, white, brined goat
cheese made with or without the addition of adjunct culture during
aging. FF: Full-fat control (4.3%, w /v) cheese, RF1: Reduced-fat
(2.5%, w Iv) cheese, RF2: Reduced-fat (1.4%, w /v) cheese. Culture:
MT1 (M) or MT1+LH-B02 (MA)

preference for Prato cheese made using the adjunct culture
Lactobacillus helveticus BO2 [46].

Pearson’s correlation

Correlation between chemical composition, pH, proteoly-
sis, texture properties and sensory attributes of all cheese
samples was attempted after 4 months of cheese ripening
(on day 120) (Table 5). A significant negative correlation
was obtained between texture properties such as hardness
and force at the point of fracture with % WSN, % TCA-SN,
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Fig.2 Hardness (a and b) and force at the point of fracture (¢ and
d) of full- and reduced-fat, white, brined goat cheese made with or
without the addition of adjunct culture during aging. Full-fat control
(4.3%, w /v) with MT1 culture (FF M) (A), Reduced-fat (2.5%, w
/v) cheese with MT1 culture (RF1 M) (@), Reduced-fat (1.4%, w /v)
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cheese with MT1 culture (RF2 M) (W), Full-fat control (4.3%, w /v)
with MT1+LH-B02 culture (FF MA) (A), Reduced-fat (2.5%, w /v)
cheese with MT1+LH-B02 (RF1 MA) (O), Reduced-fat (1.4%, w /v)
cheese with MT1 +LH-B02 (RF2 MA) (O)
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g % PTA-SN and fat content. Pappa et al. [74] reported that
% goat teleme cheese had higher hardness values correlated to
= lower values of % WSN and % TCA-SN. Body and texture
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