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Abstract: Lećevački cheese is a traditional Croatian hard cheese, which belongs to the group of hard
Mediterranean cheeses produced from mixed milk (cow and sheep). The aim of this research was to
determine the influence of different ratios and compositions of sheep milk on the composition and
yield of Lećevački cheese. A total of 15 batches of Lećevački cheese were selected containing different
ratios of sheep and cow milk from the regular production of a dairy plant. The ratio of sheep milk
was as follows: up to 39%, from 40 to 44%, and from 45 to 50%. For each ratio, five batches were
randomly selected. A higher ratio of sheep milk caused a noticeable increase in fat, protein, lactose,
and total solids content, while the content of solids-not-fat significantly (p < 0.05) increased. A similar
trend was found for casein content (p < 0.1). The highest ratio of sheep milk in mixed milk increased
(p < 0.05) the protein content by almost 1%. However, the results showed that it is not reasonable
to increase the sheep milk ratio in mixed milk above 44% (v/v) because it causes a higher (p < 0.01)
moisture content in the cheese, as well as a lower fat content (p < 0.01) and fat recovery (p = 0.07)
during the manufacturing of Lećevački cheese.

Keywords: mixed milk; cow milk; sheep milk; cheese composition; cheese yield; Lećevački
cheese; Mediterranean

1. Introduction

Milk and dairy products produced from cows, sheep, goats, and buffalos are an
important part of Mediterranean nutrition [1,2]. Moreover, the production of cheese
from the mixed milk of different dairy animals is a common practice in Mediterranean
countries [3]. There are many examples of cheeses produced from mixed milk, such as
Teleme, Graviera, Kasseri, Kopanisti, and Kefalotiri from Greece [4–6]; Casciotta d’Urbino,
Murazzano, Fossa, Robiola di Roccaverano, and Castelmagno from Italy [7–10]; Cabrales,
Mahon, Hispanico, and Iberico from Spain [11,12]; Halloumi from Cyprus [13]; Picante,
cheeses with Appéllation d’origine protégée, Amarelo, and Rabaçal from Portugal [14,15];
and Lećevački cheese from Croatia [16,17]. Park et al. [18] postulated that the composition
of cow milk changes minimally over the year, taking into consideration that cows’ lactation
is not influenced by the season [19], which is not the case with sheep and goat milk.
Therefore, it is difficult to maintain the standard quality of cheese produced from mixed
milk [20].

The composition of the cheese produced from mixed milk strongly depends on dif-
ferent changeable milk parameters and on the composition of the milk that is used in
its production, especially the protein and casein content [21]. Moreover, fat content and
mineral composition, especially calcium, also influence the composition [18] and yield [22]
of produced cheese. Cheese yield efficiency is the most important item in cheesemaking,

Fermentation 2021, 7, 274. https://doi.org/10.3390/fermentation7040274 https://www.mdpi.com/journal/fermentation

https://www.mdpi.com/journal/fermentation
https://www.mdpi.com
https://orcid.org/0000-0002-4555-9268
https://orcid.org/0000-0001-8162-8390
https://orcid.org/0000-0003-1460-2072
https://doi.org/10.3390/fermentation7040274
https://doi.org/10.3390/fermentation7040274
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/fermentation7040274
https://www.mdpi.com/journal/fermentation
https://www.mdpi.com/article/10.3390/fermentation7040274?type=check_update&version=2


Fermentation 2021, 7, 274 2 of 10

and its improvement is one of the most important tasks in the countries where milk is
processed into cheese [23]. It can be defined as the weight of cheese in relation to the
weight of milk used and can be presented as the value of efficiency of the recovery of fat
and protein from milk into the cheese [24]. All formulas for the prediction of yield include
the milk composition [25]. Cheese yield is lower if it is produced from milk with lower
contents of fat, protein, and solids-not-fat [26]. Kalit et al. [27] reported that increasing
the protein in milk by adding skim milk powder increases actual and adjusted cheese
yield. Temizkan et al. [28] reported that the yield of cheese produced from sheep milk is
higher than that produced from cow milk. Consequently, the yield of cheese produced
from mixed milk with a higher ratio of sheep milk has to be higher. However, there has
not been enough research to confirm that, especially considering the strong influence of
season on the composition of sheep milk used in cheese production, which is typical for
the Mediterranean area [29]. Different mixtures of sheep and cow milk drastically change
the ratio of casein to fat as well as the average size of casein micelles and fat globules in
mixed milk, which could also affect cheese yields.

Lećevački cheese is a pastoral and traditional Croatian cheese that belongs to the group
of hard Mediterranean cheeses. In contrast to the islands of the Adriatic sea and coastal
regions where limited vegetation makes only sheep breeding possible, the environment of
the Lećevica region, located in the hinterlands of Dalmatia, is equally suitable for breeding
sheep and cows. Such an environment dictated that in the past, this cheese was produced
on family farms in the area of Lećevica from full-fat sheep milk, cow milk, or mixed milk,
depending on the season and herd composition (the number of sheep and cows that were
possessed by farmers). Today, it is produced from mixed sheep and cow milk [16,17]. The
composition of mixed milk depends on many different variabilities of milk, including the
composition and physico-chemical properties of different milk types used in the production
of cheese. The composition and yield of mixed milk cheese directly depend on the ratio
of the mixture of milk, as well as the composition of the milk used in its production.
The composition of the milk of the indigenous breed, whose milk is used for Lećevački
cheese making, is strongly affected by the flock, year, and season [29], so it is difficult to
maintain a consistent quality of mixed milk cheeses. Therefore, the aim of this research
was to determine the influence of different ratios and compositions of sheep milk on the
composition and yield of Lećevački cheese.

2. Materials and Methods
2.1. Sampling of Milk

For research purposes, 15 batches of Lećevački cheese were selected containing differ-
ent ratios of sheep and cow milk from the regular production from the Mils dairy plant
in Split, Croatia. The ratio of sheep milk was as follows: up to 39%, from 40 to 44%, and
from 45 to 50%. For each ratio, five batches were randomly selected. Bulk tank-mixed milk
samples were taken after mixing sheep and cow milk and before processing into Lećevački
cheese. Batches were selected randomly, considering the season. Sheep and cow milk
used in the production of Lećevački cheese were collected from the Dalmatian hinterland
between March and August. Sheep for milk production were bred semi-extensively, which
included pasture during the vegetation and milking period. In addition, 150 g of wheat or
barley were given to sheep during lactation. In contrast, the cows were bred intensively
and fed with a concentrate according to their milk production. Similar to sheep, cows were
outdoors during the vegetation period. Winter feeding included hay and some silage.

2.2. Milk Analysis

To determine the chemical composition, mixed milk samples were analyzed for the
content of fat, protein, lactose, total solids, and total solids-not-fat with a mid-infrared
spectrometry method using a MilkoScan FT-120 instrument [30]. The casein content of
milk was detected using the direct method [31]. The value of pH was determined using
the potentiometric method with a Schott CG 842 pH meter.
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2.3. Making of Lećevački Cheese and Cheese Sampling

Following pasteurization, the sheep and cow milk were weighed and then mixed in a
600 L cheese vat. The process flow of the making of Lećevački cheese is presented in Table 1.

Table 1. Process flow of making of Lećevački cheese.

Step Cheesemaking Parameters

Pasteurization of milk Temperature: 74 ± 2 ◦C/30 s
Cooling of milk Temperature: 30–32 ◦C

Addition of CaCl2 Dosage: 0.02%
Addition of lysozyme Dosage: 0.0025%

Addition of starter culture * Dosage: 0.1%
Addition of rennet ** Dosage: 0.0016%

Coagulation Duration: 30–40 min
Curd cutting Size of wheat

Curd grain heating Temperature: 41–42 ◦C
Drying of curd grains Duration: 35 min

Cheese forming Duration: 30 min
Pressing Duration/pressure: 30 min/100 kPa

Duration/pressure: 30 min/200 kPa
Duration/pressure: 1 h/300 kPa

Salting (brine) Salt concentration: 19–20 ◦Be
Temperature: 14–16 ◦C

pH value: 5.1 ± 0.1
Duration: 24 h ± 2 h

Drying of the cheese Temperature: 14–16 ◦C
RAH: 70%

Duration: 24 h
Ripening Temperature: 14–16 ◦C

RAH: 75–85%
Duration: 90 days

* Homofermentative strains composed of Streptococcus thermophilus, Lactobacillus helveticus, and Lactococcus lactis;
** 100% chymosin. RAH = Relative air humidity.

During ripening, the cheese was kept on wooden shelves, turned upside-down, and
washed every week. For analysis, 60 wheels of Lećevački cheese were produced from a
total of 15 selected batches. Each batch of Lećevački cheese was weighed after 90 days
of ripening.

2.4. Composition Analysis of the Cheese

The composition analysis of the cheese included the determination of fat content using
the Van Gulik method [32], protein content using the block-digestion method [33], total
solids content using the drying method [34], pH value using the potentiometric method
using the Schott CG 842 instrument, lactic acid content using the titratable method [35],
and salt content using the Volhard method [36].

2.5. Determination of Cheese Yield Efficiency

The cheese yield efficiency was determined by the weighing of the cheeses produced
from the previously weighed mixed milk, and it was calculated as kg of milk used for
the production of one kg of Lećevački cheese. Predictive cheese yield formulas were used
according to the Van Slyke cheese yield equation [37]:

Van Slyke Cheese Yield =
[(RF × % Fat in milk) + (RC × Casein in milk)]× RS

(100 − % Moisture o f cheese)

RF =
(% f at in cheese × cheese wt)
(% f at in milk × milk wt)
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RC =
(% casein in cheese × cheese wt)
(% casein in milk × milk wt)

where RF is the fat recovered in cheese, RC is the casein recovered in cheese, and RS
represents the other milk solids and added salt recovered in cheese. RS values for each
cheese were calculated by substituting the RF and RC values into the following equation:

RS =
RF × % Fat in milk

[(RF × % Fat in milk) + (RC × % Casein in milk)× FDM]

where FDM is fat in dry matter.

2.6. Statistical Analysis

Statistical analysis was done using the statistical program SAS (SAS Institute Inc., 2001,
SAS/STAT User’s Guide, Version 8.2., Cary, NC, USA). The influence of different ratios of
sheep and cow milk on the chemical composition of cheese and cheese yield efficiency was
studied by analysis of variance (PROC GLM). To determine the different mean values of
the groups where statistical differences were found (p < 0.05), a Tukey–Kramer post hoc
test was used. The obtained results were expressed as least square mean values ± standard
error (LSM ± SE).

3. Results and Discussion
3.1. Mixed Milk Composition

The mixed milk composition used for the production of Lećevački cheese is presented
in Table 2. A higher ratio of sheep milk in the mixed milk caused a noticeable, but not
significant, increase in the content of fat, protein, lactose, and total solids, while the
content of solids-not-fat significantly (p < 0.05) increased as a consequence of a higher
content of sheep milk in the mixed milk. A similar trend was found for casein content
(Table 2, p < 0.1). This is in accordance with Bonczar et al. [38], who found that the content
of total solids, fat, and protein increased in mixed milk with an equal ratio of sheep
and cow milk for the production of Bundz cheese. Similar results were obtained by
Vyletelova-Klimešova et al. [39], who found that the addition of sheep milk to cow and
goat milk increases the ratio of total solids, fat, protein, and casein in mixed milk. Mixing
different ratios of sheep and goat milk for the production of Picante cheese influenced
the content of fat and casein in the mixed milk [40]. The authors found that the content
of casein was the lowest in the mixed milk with the lowest ratio of sheep milk. A similar
effect was noticed when buffalo milk was mixed with cow milk for the production of
Mozzarella cheese [21]. Authors found that the ratio of total solids, fat, and protein
increased in mixed milk in comparison to cow milk. The pH value of the mixed milk was
not changed as a consequence of different ratios of sheep and cow milk, which is in line
with Bonczar et al. [38] and Vyletelova-Klimešova et al. [39].

Table 2. Influence of the ratio of sheep and cow milk on the composition of mixed milk used for making Lećevački cheese
(least square mean ± standard error).

Component
Ratio of Sheep Milk and Cow Milk (% v/v)

Level of Significance35–39
n = 5

40–44
n = 5

45–50
n = 5

Fat (g/100 g) 4.43 ± 0.18 4.80 ± 0.20 4.79 ± 0.22 NS
Protein (g/100 g) 4.06 ± 0.09 4.26 ± 0.10 4.37 ± 0.12 NS
Lactose (g/100 g) 4.24 ± 0.05 4.31 ± 0.05 4.30 ± 0.06 NS

Total solids (g/100 g) 13.68 ± 0.25 14.26 ± 0.27 14.36 ± 0.30 NS
SNF (g/100 g) 9.16 b ± 0.09 9.43 ab ± 0.10 9.57 a ± 0.11 p < 0.05

Casein (g/100 g) 3.20 b ± 0.07 3.40 ab ± 0.08 3.47 a ± 0.08 p < 0.1
pH 6.65 ± 0.37 6.61 ± 0.37 6.64 ± 0.42 NS

NS = Not significant; SNF = solids-not-fat. Means within the same row marked with different letters differ significantly.
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3.2. Lećevački Cheese Composition

The higher content of sheep milk in the mixed milk significantly (p < 0.01) decreased
the ratio of the total solids and fat content of Lećevački cheese (Table 3), while the ratio
of moisture in total solids-not-fat, salt content, pH value, and lactic acid content were not
changed as a consequence of increasing the ratio of sheep milk in the mixed milk. The
highest ratio of sheep milk in the mixed milk (45–50% (v/v)) (p < 0.05) increased the protein
content of Lećevački cheese by almost 1% (Table 3). Freitas et al. [40] found that a higher
ratio of sheep milk in mixed milk with goat milk causes a higher retention of moisture in
hard cheese. This is a consequence of a noticeably higher casein content in mixed milk with
a higher sheep milk content, which was the case in our study as well (p < 0.1). The higher
capacity of water-binding of the casein matrix system of the cheese is a consequence of the
higher casein content in the milk used for the production of this cheese. A similar result
was found in the production of Bundz cheese when half of the cow milk was substituted
with sheep milk [38]. Gobbetti et al. [7] also found that Fossa (pit) cheese produced from a
mix of cow and sheep milk (70:30%) contained less moisture in comparison to Fossa (pit)
cheese produced exclusively from cow milk. Authors postulated that lower total solids
content in such cheese is a consequence of the lower fat content of the cheese, which was
the case in our work as well. Aminifar et al. [41] found that moisture content in Lighvan
cheese decreased when at least half of the cow milk was replaced with sheep milk. The
same was found by Ponce de Leon-Gonzales et al. [42] in researching the influence of the
mixing of sheep milk with cow milk on the composition of reduced fat Muenster-type
cheese. They found that cheese produced from mixed milk has a lower moisture and
higher protein content. Elgaml et al. [43] found that mixing cow and goat milk in different
ratios (from 25% to 50%) changed the moisture content of Halloumi cheese. However,
Niro et al. [44] did not find any influence of mixing of sheep milk (18%) with cow milk
(82%) on the content of total solids of the cheese produced from mixed milk. The content
of moisture in total solids-not-fat did not change significantly as a consequence of different
ratios of sheep and cow milk.

Table 3. Influence of the ratio of sheep and cow milk on the composition of Lećevački cheese (least square mean ± standard error).

Component
Ratio of Sheep Milk and Cow Milk (% v/v)

Level of Significance35–39
n = 5

40–44
n = 5

45–50
n = 5

Total solids (g/100 g) 61.02 a ± 0.27 60.65 a ± 0.30 59.22 b ± 0.34 p < 0.01
Fat (g/100 g) 31.02 a ± 0.42 30.88 a ± 0.46 28.34 b ± 0.47 p < 0.01

Protein (g/100 g) 24.34 b ± 0.21 24.31 b ± 0.23 25.2 a ± 0.26 p < 0.05
MNFS (g/100 g) 56.51 ± 0.43 56.93 ± 0.46 56.91 ± 0.50 NS

Salt (g/100 g) 1.41 ± 0.04 1.40 ± 0.05 1.39 ± 0.05 NS
pH 5.09 ± 0.03 5.04 ± 0.03 5.08 ± 0.03 NS

Lactic acid (%) 1.46 ± 0.04 1.40 ± 0.04 1.40 ± 0.04 NS

NS = Not significant; MNFS = moisture in non-fat substance. Means within the same row marked with different letters differ significantly.

The fat content of Lećevački cheese produced from mixed milk with the highest ratio
of sheep milk (45–50%) was significantly (p < 0.01) lower, which is in accordance with
Gobbetti et al. [7]. The authors found that Fossa hard cheese produced from mixed milk
(30% sheep and 70% cow milk) had less fat content (32.7%) in comparison to Fossa cheese
produced exclusively from cow milk. Fossa cheese produced from pure cow milk had a fat
content of 38.8%. This could be a consequence of the fact that the fat globules of cow milk are
larger than those of sheep milk. Larger fat globules are better entrapped within the cheese
casein matrix in comparison to smaller fat globules. Bonczar et al. [38] determined that
cheese produced from mixed sheep and cow milk (50:50%) contained less fat in comparison
to cheese produced only from cow milk, but more fat than cheese produced only from sheep
milk. Similar to the result of this research, Freitas et al. [40] found that cheese produced
from mixed milk with a higher ratio of sheep milk in comparison to goat milk contained less
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fat. The fat and protein of milk represent the greatest part of the total solids of the cheese
produced from that milk, so the higher content of protein in mixed milk could cause the
cheese to have a lower fat content as was the case in our research (Table 3), especially taking
into consideration that the higher sheep milk ratio in the mixed milk caused a lowering
of the total solids in Lećevački cheese. In contrast, Ponce de Leon-Gonzales et al. [42] did
not find any differences in the fat content of Muenster cheese when 20% of cow milk was
replaced with sheep milk, nor did Niro et al. [44] in Caciocavallo cheese produced with
18% sheep milk and 82% cow milk. Moreover, Freitas and Malcata [14] made cheese from
mixed goat and sheep milk in different ratios (20:80% and 40:60%) and did not find any
differences in the fat content of these cheeses, while Halloumi cheese produced from mixed
goat and cow milk with 25% and 50% of goat milk had a higher fat content [43]. In contrast
to our research, Vyletelova-Klimešova et al. [39] found that cheese produced from mixed
milk (cow, sheep, and goat milk) contained more fat.

This investigation showed that mixed milk with 40–44% of sheep milk did not influ-
ence the protein content of Lećevački cheese in comparison to the ratio of 35–39%, which
is in accordance with Niro et al. [44], who found that replacing 18% of cow milk with
sheep milk did not change the protein content of Caciocavallo cheese. However, further
increasing the ratio of sheep milk in the mixed milk (45–50%) caused a significant (p < 0.05)
increase in the protein content of Lećevački cheese. Gobbetti et al. [7], as well as Ponce de
Leon Gonzales et al. [42], concluded that hard cheese produced with mixed milk with a
higher ratio of sheep milk contains a higher level of protein, which is a result of the fact that
sheep milk has a higher protein content in comparison to cow milk. The obtained results
are in line with those previously reported [38,39,43]. In accordance with our research,
Fenelon et al. [45] and Madsen and Ardo [46] reported that a decrease of fat in cheese
causes moisture and proteins to increase.

Our investigation showed that different ratios of sheep and cow milk did not signifi-
cantly influence the salt content of the cheese (Table 3), which is in line with the results of
previous reports [6,28,42,47]. In contrast, Aminifar et al. [41] reported that the type of milk
used in the production of Linghvan cheese, which ripened in 12% brine for three months,
influenced the salt content of the cheese. They reported that cheese produced from sheep
milk contained less salt than cheese produced from mixed milk (50:50%), or from pure
cow milk. Moreover, Elgaml et al. [43] found that different ratios of goat and cow milk
(25:75% and 50:50%) influenced the salt content of the cheese, which they connected with
the different moisture content in these cheeses. Cheese with a higher moisture content
absorbs more salt by diffusion [48]. In spite of the fact that a significantly (p < 0.01) different
content of moisture was found among Lećevački cheeses produced with different ratios of
sheep and cow milk, these differences did not influence the intensity of the absorption of
salt during the brining of Lećevački cheese in this research.

This research showed that different ratios of sheep and cow milk did not have an
influence on the pH value of Lećevački cheese (Table 3). Regardless of the type of milk used
for cheesemaking, three main factors directly influence the pH value of cheese: the fermen-
tation of lactose, accumulation of amino acids during ripening of the cheese [49], and fat
content of the cheese [45,50]. No differences were found in the concentration of lactic acid as
an indicator of the fermentation of lactose among the cheeses produced with different ratios
of sheep and cow milk (Table 3). Moreover, there were no differences in the concentration
of amino acids, expressed as the ratio of trichloroacetic acid-soluble nitrogen to the total
nitrogen, of Lećevački cheese made from the different ratios of sheep and cow milk (data
are not published). Similar results were obtained by Ponce de Leon-Gonzales et al. [42],
Bonczar et al. [38], and Aminifar et al. [41], who also did not find any differences in the
pH value of the cheeses produced with different ratios of sheep and cow milk. Moreover,
Freitas et al. [40] did not find any differences in pH value as a consequence of mixing
sheep and goat milk. However, Niro et al. [44] reported that the addition of sheep milk
to cow milk (18:82%) decreases pH value as a consequence of the higher production of
lactic acid in the manufacturing of pasta filata cheeses. When the ratio of goat milk is
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increased in a mixture with cow milk (from 25% to 50%), the pH value decreases [43].
Some authors reported that full-fat cheeses have a higher pH value in comparison to
corresponding reduced fat cheese [45]. In spite of significant (p < 0.01) differences in the
fat content of Lećevački cheese produced from the different ratios of sheep and cow milk,
these differences were not sufficient to influence the pH value of the Lećevački cheese in
our experiment.

3.3. Cheese Yield Efficiency

A higher ratio of sheep milk in mixed milk caused a noticeable tendency (p = 0.11) to
increase actual yield (Table 4). There could be two reasons for this trend: a higher SNF
(p < 0.05) and a higher casein (p < 0.1) content of the mixed milk with a higher ratio of
sheep milk (Table 2). This was the reason for less mixed milk with a higher ratio of sheep
milk being required for the making of one kg of Lećevački cheese. Additionally, Lećevački
cheese produced with a higher ratio of sheep milk had a higher moisture content (Table 3).
It is well known that cheese that retains more moisture during its production has a higher
cheese yield [51]. On average, from 100 kg of mixed milk, 13.54 kg of Lećevački cheese was
made. Zedan et al. [21] reported that the cheese yield of fresh Mozzarella produced from
mixed buffalo and cow milk is higher (11.66 kg/100 kg of milk) in comparison to the cheese
produced from pure cow milk (10.66 kg/100 kg of milk). They explained that the differences
are due to higher total solids, which means a higher fat and protein content of buffalo milk
in comparison to cow milk. Authors cited El-Zoughby (1998), who reported that cheese
yields of Mozzarella produced from different types of milk vary greatly. For buffalo milk
it was 11.62 kg/100 kg of milk, for cow milk it was 8.95 kg/100 kg of milk, for goat milk
it was 7.93 kg/100 kg of milk, for mixed buffalo and cow milk it was 10.50 kg/100 kg of
milk, for mixed buffalo and goat milk it was 10.35 kg/100 kg of milk, for mixed cow and
goat milk it was 8.37 kg/100 kg of milk, and for mixed buffalo, cow, and goat milk it was
9.15 kg/100 kg of milk. Similar results were obtained by Economides et al. [13], who found
there to be a higher yield of Halloumi cheese produced from mixed sheep and goat milk
in comparison to the cheese produced from cow milk. Temizkan et al. [28] determined
that actual and adjusted yields were higher for the Kashar cheese produced from sheep
milk (13.77 kg/100 kg of milk and 12.31 kg/100 kg of milk, respectively) in comparison
to Kashar cheese produced from cow milk (8.04 kg/100 kg of milk and 7.53 kg/100 kg
of milk, respectively). Wendorff [52] reported that the cheese yield of cheese produced
from sheep milk varies between 16.1 kg for Manchego cheese and 21.9 kg for blue cheese,
while Kalit [24] reported that the actual yield of semi-hard Tounj cheese produced from
raw cow milk was 11.23 kg/100 kg of milk. Merćep et al. [53] reported that the actual
yield of semi-hard cow Trappist cheese varies between 9.25 kg and 9.49 kg/100 kg of
milk. Tuta [26] determined that the actual cheese yield of semi-hard Trappist cheese varies
between 8.78 and 9.53 kg/100 kg of milk, whereas the yield of PDO Paški cheese, which
is produced exclusively from the milk of the Croatian Paška sheep breed, varies between
18.92 and 19.60 kg/100 kg of milk, depending on the type of rennet used [54]. Finally,
Faccia et al. [55] found that the yield of the Fior di Latte cheese produced from mixed sheep
and goat milk is higher than the corresponding cheese produced from cow milk. Moreover,
from Table 4 it can be seen that Van Slyke cheese yield increased as a consequence of
increasing the ratio of sheep milk up to 44%, while further increasing the ratio of sheep
milk in mixed milk did not cause a further increase of the Van Slyke cheese yield. This could
be associated with the trend of the decreasing recovery of fat, which dropped significantly
(p = 0.07) from 0.76 (35–39% of sheep milk) to 0.66 in mixed milk with 45–50% of sheep
milk (Table 4). Casein recovery was stable regardless of the ratio of sheep milk in mixed
milk. Milani and Wendorff [56] determined that fat recovery varied from 0.83 to 0.84, while
casein recovery varied from 0.94 to 0.96 in the making of hard sheep cheeses, while fat
and protein recovery in the production of cow semi-hard Tounj cheese were 0.85 and 0.77,
respectively [24]. Our results are noticeably lower than those obtained by other authors,
probably due to the fact that the fat globules of cow milk are larger in diameter than those
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of sheep milk [57], which could be the reason that these fat globules were not efficiently
retained in the casein matrix of the mixed milk with a higher sheep milk ratio (due to the
different casein composition of cow and sheep milk). The other reason could be the fact
that the Lećevački cheese for this research was produced in the regular production from
the Mils dairy plant in Split (Croatia) and not in fully controlled experimental conditions.

Table 4. Influence of the ratio of sheep and cow milk on the yield efficiency of Lećevački cheese (least square
mean ± standard error).

Component
Ratio of Sheep Milk and Cow Milk (% v/v)

Level of Significance35–39
n = 5

40–44
n = 5

45–50
n = 5

Actual yield * 7.48 ± 0.23 7.38 ± 0.26 7.25 ± 0.29 p = 0.11
Van Slyke cheese yield 10.63 ± 0.33 10.96 ± 0.35 10.74 ± 0.37 NS

Fat recovery 0.76 ± 0.03 0.74 ± 0.04 0.66 ± 0.05 p = 0.07
Casein recovery 0.82 ± 0.04 0.83 ± 0.05 0.82 ± 0.05 NS

NS = Not significant. * kg of milk required for the production of 1 kg of cheese.

4. Conclusions

In spite of the fact that different mixtures of sheep and cow milk could drastically
change mixed milk composition, these changes only have a slight influence on hard cheese
composition such as in the case of Lećevački cheese. This could allow cheesemakers to
choose from a wide range of mixtures of sheep and cow milk depending on the season due
to the fact that the quantity of sheep milk produced in Mediterranean areas such as the
coast of Croatia is strongly dependent on the season. However, our results showed that it
is not reasonable to increase the sheep milk ratio in mixed milk above 44% (v/v) because it
causes higher moisture content in the cheese, as well as lower fat content and fat recovery
during the manufacturing of Lećevački cheese.
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16. Bubić, M. Contribution to the Knowledge of Quality and Production of Lećevački Cheese. Master’s Thesis, Faculty of Veterinary,
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Mljekarstvo 2007, 57, 49–65.
18. Park, Y.W.; Juarez, M.; Ramos, M.; Haenlein, G.F.W. Physico-chemical characteristics of goat and sheep milk. Small Rumin. Res.

2007, 68, 88–113. [CrossRef]
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2021, 10, 690. [CrossRef] [PubMed]

28. Temizkan, R.; Yasar, K.; Hayaloglu, A.A. Changes during ripening in chemical composition, proteolysis, volatile composition and
texture in Kashar cheese made using raw bovine, ovine or caprine milk. Int. J. Food Sci. Technol. 2014, 49, 2643–2649. [CrossRef]
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