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Abstract: The present work aimed to evaluate the effect of farming practices and season on the fat
and protein content and fatty acid (FA) profile of milk and Halloumi cheese produced in Cyprus.
Over a year, raw bulk-tank milk samples from cow, goat, and sheep farms were collected seasonally
from all organic (11) and representative conventional (44) dairy farms, whereas Fresh Halloumi
cheese samples were collected monthly from retail outlets (48 organic and 48 conventional samples in
total). The different farming practices did not affect the milk fat content of ruminants, while protein
levels were decreased in organic bovine and caprine milk. Under organic farming practices, milk
and cheese contained increased values of total mono-unsaturated FA (MUFA) and poly-unsaturated
FA (PUFA), and specific FA, such as oleic, conjugated linoleic, linoleic, and «-linolenic acids. Total
saturated FA (SFA) levels were particularly decreased in organic samples and, consequently, the
atherogenic indices of milk and cheese were decreased. Season influenced milk and Halloumi cheese
FA profile; spring samples had lower SFA and higher PUFA and MUFA concentrations. Overall, the
organic farm practices improved the lipid profile of milk and Halloumi cheese, which is more likely
attributed to the different feeding strategies applied in organic dairy farms.
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1. Introduction

Milk fatty acid (FA) composition can fluctuate widely according to several factors,
including animal breed and species, season, stage of lactation, management, and diet [1],
with the latter being the predominant factor affecting milk FA profile [2,3]. Several feeding
sources, including pasture, conserved forages, concentrates, and oil supplements, can affect,
in different ways, the lipid profile of milk and dairy products. For instance, the increase of
grass-based forage intake or of vegetable oil, oilseed supplements, or oil by-products levels
is associated with an increase in the content of poly-unsaturated FA (PUFA) and individual
unsaturated FA, like oleic (C18:1 cis-9, OA), a-linolenic (C18:3n-3, ALA), and conjugated
linoleic (CLA cis-9, trans-11; rumenic acid: RA) acids in the milk fat of cows [4-7] that are
beneficially associated with human health and disease prevention [8,9]. On the contrary,
when ruminants fed conserved forages, the concentrations of these FA are decreased, while
saturated FA (SFA) are increased in milk fat [4]. As a result, seasonal variation in the milk
FA profile is observed due to the utilization of grazing-based diets during the summer
and ensiled forage diets during the indoor winter period in dairy systems [4]. Studies in
north European farms reported that the milk collected during summer contained higher
concentrations of PUFA, including CLA and ALA, when compared with milk that was
produced during winter when cows were fed silage-based diets [10-15].
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The different farming systems used in organic production have been reported to
induce a desirable effect on milk FA composition of dairy animals (i.e., more unsaturated
lipids that are beneficial for human health and lower saturated fats than conventional
milk) [16-18]. With regards to studies comparing organic and conventional bovine milk
derived from farms or retail outlets in Europe, a significantly higher concentration of PUFA
was reported for organic milk [10,12-14,19,20]. The majority of these studies also demon-
strated a higher proportion of CLA content in organic milk, apart from Ellis et al. [13] and
Adler et al. [10], who found no difference in this FA. Nevertheless, increased concentrations
of total PUFA and CLA have also been reported in studies evaluating organic milk from
small ruminants [15,21,22]. According to the previous literature, it is clear that an overall
conclusion between organic and conventional farming regarding product quality is difficult
to reach for all areas and countries due to the great variability within the production meth-
ods, diets, or breeds that used among different regions, and such comparisons should be
carried out in each country/area independently [23]. Recently, we compared the metabolite
profile of the lipid fraction of organic and conventional bovine milk collected from dairy
farms in Cyprus using Nuclear Magnetic Resonance (NMR) metabolomic analysis, only
focusing on a minor fraction of lipid components [24]. To date, the effect of organic farming
on the milk FA profile from different species in Cyprus, as well as on FA of the increasingly
popular worldwide Halloumi cheese that is manufactured from a mixture of goat, sheep,
and cow milk has not yet been examined. Furthermore, the effect of season on fat quality
of both milk and Halloumi cheese produced in Cyprus has not been previously evaluated.
Therefore, the objective of the present work is to determine both the effect of season and
applied farming system (organic vs conventional) on the composition and lipid profile of
bovine, caprine, and ovine milk and Halloumi cheese retailed in the Cypriot market.

2. Materials and Methods
2.1. Sample Collection and Analysis

During a whole year (2014), bovine, caprine, and ovine milk samples from all organic
farms of Cyprus were collected (three, five, and three farms, respectively). Conventional
milk samples were also collected from 24 cow, 10 goat, and 10 sheep farms that were
considered to be representative of the country’s dairy farming according to their annual
milk yield. As a standard sampling practice, raw bulk-milk samples from each farm
were seasonally collected throughout the year (one sample per farm and season). Thus,
a large set of bulk-milk samples accumulated, as follows: 118 bovine (12 organic and
96 conventional), 60 caprine (20 organic and 40 conventional), and 52 ovine (12 organic
and 40 conventional). In Cyprus, caprine, ovine, and bovine milk is mainly derived from
Damascus goats, cross-bred Chios ewes, and Holstein Friesian cows, respectively.

After their collection, the milk samples were transferred in cool opaque boxes to the
laboratory into 30 mL sterile, screw-top plastic bottles and then stored at —20 °C until
further analysis. Measurements for total fat and protein were performed by the application
of combined thermo-optical procedures (Lactostar 3510, Funke Gerber, Berlin, Germany)
calibrated previously for protein with the Lowry protein assay and fat with the Gerber
method 989.05 [25].

Moreover, four organic and four conventional fresh Halloumi cheeses were sam-
pled every month from one specific brand, which is the largest of the island, available
in supermarkets and other retail outlets, summing a total of 96 samples (48 organic and
48 conventional samples), which were also stored at —20 °C until further analysis. The
chemical composition of fresh Halloumi cheese collected was standardized by the manu-
facturer following the Protected Designation of Origin (PDO) regulations (% crude protein:
28.5%, % fat: 28.6%) [26]. In Cyprus, fresh Halloumi cheese production is made without
the addition of starter cultures, and the coagulant that is used for its production is of
non-animal origin (e.g., chymosin). The amount of rennet used is ~1 mL 100 mL™ to
provide a firm coagulum in about 60 min. Pasteurised sheep and goats milk the primary
component, with cow’s milk used in less quantities [26].
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Lipids from milk were extracted, as described by Tzamaloukas et al. [27]. Briefly,
1.5-mL aliquots of fresh milk were first centrifuged at 17,800 g for 30 min. at 4 °C. The
resulting separated fat globules (lipid cake) were removed, placed in new tubes, and then
allowed to melt at room temperature for 20 min. The samples were then recentrifuged at
19,500 g for 20 min. at room temperature, and 20 mg aliquots of the resulting lipid cake
were removed to new tubes and dispersed in 1 mL of n-hexane by shaking.

The cheese fat was extracted with diethyl ether according to the method described
by Neofytou et al. [28]. Briefly, 50 mL of diethyl ether and 0.5 g of Na,SO4 was added
to 30 to 40 g of cheese samples and mixed vigorously. After 15 min., the mixture was
filtered through filter paper (Whatman no. 4, Sigma-Aldrich, St. Louis, MO, USA) from a
funnel. The filtrate was centrifuged for 2 min. at 2500 g at room temperature to remove
the undesired particles that originated from cheese. The liquid phase of diethyl ether and
oil was taken into a centrifuge test tube and diethyl ether was removed using a rotary
evaporator at 40 £ 1 °C. Subsequently, the sample was flushed with nitrogen to remove
the remaining ether from oil.

Fatty acid methyl esters (FAME) of milk and Halloumi cheese lipids were prepared by
transesterification with methanolic potassium hydroxide according to the ISO [29] method. The
FAME profiles were generated using a GCMS-QP2010 Plus Gas Chromatography-Mass Spec-
trometer (Shimadzu, Duisburg, Germany) that was equipped witha 50 m x 0.25 mm x 0.2 pm
column (Agilent CP-Sil 88 fused- silica capillary column) with a split ratio of 1:20. The
column was held for 1 min. at 80 °C after injection, increased at 20 °C/min. to 120 °C,
then raised to 193 °C at 1 °C/min., and finally increased to 220 °C at 5 °C/min. Helium
was the carrier gas at 1 mL/min., with both injector and inter-face temperatures of 225 °C.
Chromatographic profiles were analyzed using Shimadzu GCMS Postrun Solution software
(GCMSsolution, Shimadzu, Duisburg, Germany). Individual peaks were identified by
comparison of their retention indices and mass spectra to those of commercially available
standards (Supelco 37-FAME standard mix, CLA cis-9, trans-11, CLA trans-10, cis-12, C18:1
trans-11; Sigma-Aldrich, Gillingham, UK) and mass spectral libraries (NIST) quantitated
by peak integration and expressed as a percentage of the total fat.

2.2. Statistical Analysis

All of the data on the composition of milk and Halloumi cheese were analyzed based
on mixed-effects models with 2 x 4 factorial treatment design representing the farming
system (F) and season (S) as the main fixed effect factors, using the SPSS 20 software
(StatSoft Inc., Tulsa, OK, USA). The results are presented as least square means =+ standard
error of the means (SEM). Because of the lack of significant interactions, the main effects for
the season were compared when appropriate using Tukey’s Honestly Significant Difference
(HSD) test. Significant differences for both fixed main effects were considered at p < 0.05,
and p-values within 0.05 and 0.10 were regarded as tendencies.

3. Results
3.1. Effect of Farming System and Season on Milk Composition

The fat percentage was neither affected by the farming system nor by season in the
milk produced from all species (Table 1). On the contrary, the protein content was decreased
by 4 and 7% in organic bovine (p < 0.01) and caprine (p < 0.001) milk, respectively, while it
was similar in the organic and conventional ovine milk samples. Seasonally, there were no
significant differences in the proportion of protein milk of cows and ewes, while the caprine
milk samples collected during the winter had a significantly higher (p < 0.01) percentage of
protein when compared with the other three sampling periods.

3.2. Effect of Farming System and Season on Milk FA Profile

Tables 2—4 presents the bovine, caprine, and ovine milk FA composition, respectively.
The concentration of individual SFA, such as C12:0, C14:0, and C16:0, were lower (p < 0.001),
while that of C18:0 was higher in organic as compared with conventional milk samples,
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with the exception of some FA in ovine milk. For instance, there were no significant
differences in C12:0 and C18:0 levels, while a tendency for decreased C14:0 concentration
was observed in organic ewe milk. The levels of total MUFA were increased (p < 0.001)
in organic milk of cows and goats, while, in ovine milk, no statistical differences were
observed. Regarding the concentrations of individual 18-C MUFA, such as OA (C18:1
cis-9), they were increased in organic milk of cows (p < 0.001), goats (p < 0.001), and ewes
(p < 0.05), while the content of vaccenic acid (C18:1 trans-11, VA) and other C18:1 isomers
was only enhanced in organic bovine and ovine milk. In contrast, the contents of other
MUFA, i.e., C10:1 cis-9, C12:1 cis-9, C14:1 cis-9, and C16:1 cis-9 acids, were decreased in
organic bovine and caprine milk fat, while, in ovine milk, the levels of these FA were not
affected by the applied farming practices.

Table 1. Effect of farming system (organic vs conventional) and season on the chemical composition of bovine, caprine and

ovine milk.
Parameter Farming System ! Season 2 p-Value 3
Con Org Aut Spr Sum Win SEM * F S
Bovine milk n=96 n=12 n=27 n=27 n=27 n=27
Fat, % 3.46 3.40 3.53 3.70 3.43 3.76 0.10 NS NS
Protein, % 3.76 3.62 3.74 3.75 3.68 3.77 0.05 ** NS
Caprine milk n=40 n=20 n=15 n=15 n=15 n=15
Fat, % 4.11 4.14 4.38 4.07 4.03 4,51 0.40 NS NS
Protein, % 4.03 3.76 3.86P 3.83Pb 3.72b 4.092 0.04 Ak #
Ovine milk n=40 n=12 n=13 n=13 n=13 n=13
Fat, % 5.34 5.57 5.31 5.17 5.29 5.60 0.20 NS NS
Protein, % 4.64 4.58 4.66 4.60 4.56 4.66 0.10 NS NS

1 Con = conventional; Org = organic, 2 Aut = autumn; Spr = Spring; Sum = Summer; Win = Winter, a-b Means within a row not sharing a
common superscript differ due to season (p < 0.05), 3 Probability of significant effects due to farming system (F) and season (S), 4 Standard
Error of the Mean; ** p < 0.01; *** p < 0.001; NS: Non-significant.

Table 2. The effect of farming system (organic vs conventional) and season on the fatty acid composition (expressed as a

percentage of total fatty acid methyl esters) of bovine milk.

Farming System ! Season 2 p-Value 3
Parameter Con Org Aut Spr Sum Win SEM * F S
n=96 n=12 n=27 n=27 n=27 n=27
Short- and medium-chain SFA °

C4:0 2.50 2.67 2.67 2.50 2.64 2.30 0.06 NS NS
C6:0 1.95 1.93 1.93 1.95 2.12 1.77 0.02 NS NS
C8:0 1.39 1.31 1.27b 1452 1472 1.20P 0.05 NS *x
C10:0 3.15 2.82 296P 3.07b 3412 298P 0.11 #¢ #¢

C12:0 3.83 3.15 3.59 3.70 3.94 3.68 0.10 +
C14:0 1147 10.37 11.292 10.52b 11.692 11.702 0.09 ¢

Sum 24.31 22.25 23.73 23.24 25.31 23.67 0.44 +

0Odd- and branched-chain FA ©

C11:0 0.084 0.050 0.078 0.083 0.085 0.066 0.01 NS

C13:0 0.144 0.100 0.132 0.151 0.146 0.118 0.01 +
iso C14:0 0.14 0.13 0.12P 0.182 0.14" 0.13P 0.01 NS ok
C15:0 1.43 1.17 1.37P 1572 1.38P 1.23P 0.07 ot
ant/iso C15:0 0.68 0.56 0.55P 0.802 0.712 0.56P 0.02
iso C16:0 0.35 0.29 0.30b 0422 0.33b 0.32b 0.01 # 5%
C17:0 0.70 0.66 0.64 ¢ 0.83a 0.72b 0.59 ¢ 0.02 NS
iso C17:0 0.38 0.36 0.24¢ 0.532 0.37P 0.37b 0.04 NS
ant/iso C17:0 0.67 0.55 0.58P 0.712 0.65ab 0.662 0.02 ¢
Sum 4.49 3.77 3.56 ¢ 5.642 4.18"P 411b 0.20
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Table 2. Cont.

Farming System ! Season 2 p-Value 3
Parameter Con Org Aut Spr Sum Win SEM * F S
n=96 n=12 n=27 n=27 n=27 n=27
Long-chain SFA
C16:0 30.68 26.20 31554 26.63 ¢ 29.54b 32.364 0.45
C18:0 10.25 12.80 9.82b 11.992 10.26 b 10.47b 0.25 ok ¢
C20:0 0.23 0.29 0.14P 0474 0.19b 0.18b 0.01 *x
Sum 4112 39.20 4151b 38.89 39.93°¢ 43.002 0.35
MUFA 7
C10:1 cis-9 0.33 0.26 031P 0362 0.35 ab 0.28¢ 0.02
C12:1 cis-9 0.11 0.06 0.11 0.09 0.11 0.10 0.01 NS
C14:1 cis-9 1.23 0.96 1.40 1.08 1.26 1.03 0.05 ¢ +
C16:1 cis-9 1.31 0.98 1.04° 1.732 0.89 b 1.372b 0.15 * #x
C18:1 cis-9 19.78 23.10 21.232 20.34 ab 19.06 P 20.38 ab 0.30
C18:1 trans-11 0.70 0.96 0.45b 1.382 0.55P 0.59b 0.03 #
Other C18:1 8 0.50 0.98 0.61ab 0792 0.53 b 0.33¢ 0.07 ot
Sum 23.37 26.27 24.672 24.702 2241b 23.44 b 0.47 *x
PUFA°?
C18:2n-6, LA 222 3.46 250 2.36 247 2.30 0.09 NS
CLA—cis-9, 0.34 0.60 0.37b 0.50 2 0.35b 030 0.03
trans-11
C18:3n-3, ALA 0.25 0.50 0.26 0.36 0.27 0.25 0.05 t
C20:4n-6 0.19 0.20 0.16P 0.272 0.19b 0.17b 0.01 NS
Sum 3.06 4.76 3.29ab 3.652 3.37ab 3.00P 0.59
Calculated values
LA:ALA 9.83 7.30 9.47 7.57 8.82 8.38 0.90 ¢ NS
Atherogenic 3.09 2.30 2922 2.60P 3192 3162 0.03 *
index

1 Con = conventional; Org = organic, > Aut = autumn; Spr = Spring; Sum = Summer; Win = Winter; 3 Probability of significant effects due to
farming system (F) and season (S); 4 Standard Error of the Mean; < Means within a row not sharing a common superscript differ due to
season (p < 0.05); 5 Saturated Fatty Acids; 6 Fatty Acids; 7 Monounsaturated Fatty Acids; 8 Other C18:1: C18:1 cis-11, C18:1 cis-12, C18:1
trans-13; ° Polyunsaturated Fatty Acids; '? Atherogenic index = (C12:0 + 4 x C14:0 + C16:0)/(EMUFA + ZPUFA); * p < 0.05; ** p < 0.01;
*** p < 0.001; NS: Non-significant; t+ p < 0.1: tendency.

Table 3. Effect of farming system (organic vs conventional) and season on the fatty acid composition (expressed as a
percentage of total fatty acid methyl esters) of caprine milk.

Farming System ! Season 2 SEM 4 p-Value 3
Parameter Con Org Aut Spr Sum Win F S
n =140 n=20 n=15 n=15 n=15 n=15
Short- and medium-chain SFA 3

C4:0 2.00 1.66 1.87 1.96 1.95 1.61 0.05 HHE NS
C6:0 2.25 1.98 2.11 2.23 2.21 1.94 0.10 x* NS
C8:0 2.69 2.49 2.55 2.72 2.60 2.48 0.11 + NS
C10:0 6.53 7.01 6.45 7.15 7.17 6.17 0.45 NS NS
C12:0 481 4.36 5232 414b 434b 4.75 b 0.15 # et
C14:0 11.02 9.32 11.692 9.42°¢ 9.65 b 10.38 b 0.23 e e

Sum 29.31 26.85 29.86 27.79 27.62 27.03 0.65 ** NS
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Table 3. Cont.

Farming System ! Season 2 SEM p-Value 3
Parameter Con Org Aut Spr Sum Win F S
n=40 n=20 n=15 n=15 n=15 n=15
Odd- and branched-chain FA ©
C11:0 0.14 0.13 0.15 0.14 0.12 0.13 0.01 NS NS
C13:0 0.11 0.09 0.12 0.11 0.10 0.09 0.01 * NS
iso C14:0 0.11 0.07 0.11 0.09 0.10 0.07 0.001 +
C15:0 1.09 0.81 1.03 1.01 0.95 0.88 0.03 +
ant/iso C15:0 0.52 0.30 0.49 0.42 0.45 0.36 0.02 +
iso C16:0 0.32 0.21 0.30 0.26 0.29 0.26 0.01 NS
C17:0 0.74 0.60 0.60P 0.792 0.66 P 0.66 P 0.02
iso C17:0 0.50 0.32 0.42ab 0512 0.42ab 036" 0.01 e
ant/iso C17:0 0.62 0.44 0.58 0.54 0.58 0.50 0.01 +
Sum 4.20 2.99 3.65 3.87 3.53 3.33 0.15 NS
Long-chain SFA
C16:0 27.38 24.60 28.30 2 23.74 ¢ 25.90 b 27.00 &P 0.65
C18:0 10.00 11.17 8.66 P 12.012 10.77 2 10.56 2 0.65 ¢
C20:0 0.29 0.22 0.26 0.28 0.27 0.23 0.02 * NS
Sum 37.62 35.93 37.04 35.73 36.86 37.46 0.41 #x +
MUFA 7
C10:1 cis-9 0.27 0.19 0312 0.22b 021b 0.21b 0.02
C12:1 cis-9 0.065 0.045 0.092 0.04" 0.05P 0.06" 0.01 e
C14:1 cis-9 0.24 0.15 0.272 0.12b 0.11P 0262 0.04
C16:1 cis-9 0.82 0.60 0.902 0.722 0.44b 0.822 0.04
C18:1 cis-9 19.30 21.96 19.19b 20.75 ab 19.71 @b 21812 0.56 ot
C18:1 trans-11 0.64 0.70 0.39P 1472 0.48" 0.33P 0.20 NS ot
Other C18:18 0.58 0.60 0.57 ab 0.79 2 0.58 &b 0.43b 0.06 NS *
Sum 21.38 23.78 21.07°¢ 23.67 2 21.26 b 23.34ab 0.65
PUFA °
C18:2n-6, LA 2.79 4.54 3.18 b 4152 3.88 b2 3.02°¢ 0.15
CLA—cis9, 0.42 0.88 0.64 0.70 0.65 0.50 0.04 NS
trans-11
C18:3n-3, ALA 0.32 0.45 0.35P 0.502 036" 0.29b 0.02 ook ook
C20:4n-6 0.213 0.215 0.20 0.25 0.19 0.21 0.01 NS +
Sum 3.30 5.70 417b 4.862 418Pb 402" 0.37 *
Calculated values
LA:ALA 11.30 10.54 10.50 11.29 11.07 10.37 0.35 + NS
Atherogenic 3.16 2.29 3272 242b 271b 2.77b 0.23 ook ook
index

! Con = conventional; Org = organic; > Aut = autumn; Spr = Spring; Sum = Summer; Win = Winter; 3 Probability of significant effects due to
farming system (F) and season (S); 4 Standard Error of the Mean; < Means within a row not sharing a common superscript differ due to
season (p < 0.05); 5 Saturated Fatty Acids; 6 Fatty Acids; 7 Monounsaturated Fatty Acids; 8 Other C18:1: C18:1 cis-11, C18:1 cis-12, C18:1
trans-13; ? Polyunsaturated Fatty Acids; 10Atherogenic index = (C12:0 + 4 x C14:0 + C16:0)/(XMUFA + ~PUFA); * p < 0.05; ** p < 0.01;
*** p < 0.001; NS: Non-significant; t p < 0.1: tendency.

The content of total PUFA was enhanced between 43 and 67% in bovine, caprine,
and ovine milk as a result of the organic farming practices (p < 0.001). Additionally, the
concentrations of RA and ALA were significantly increased in all types of organic as
compared with conventional milk samples (p < 0.05). At the same time, the levels of
linoleic acid (C18:2n-6, LA) were elevated between 36, 40, and 30% in organic bovine,
caprine, and ovine milk. No significant differences due to the applied farming system
in the percentage of arachidonic acid (C20:4n-6) were observed. The LA:ALA ratio was
significantly decreased in bovine (p < 0.05), tended to be decreased in caprine (p < 0.1), and
was not affected in ovine organic milk. Additionally, the atherogenic index was significantly
diminished within 26 and 33% in organic compared with the conventional milk of cows,
goats, and ewes.
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Table 4. Effect of farming system (organic vs conventional) and season on the fatty acid composition (expressed as a

percentage of total fatty acid methyl esters) of ovine milk.

Farming System ! Season 2 p-Value 3
Parameter Con Org Aut Spr Sum Win SEM * F S
n=40 n=12 n=13 n=13 n=13 n=13
Short- and medium-chain SFA °
C4:0 252 2.73 2.89 247 2.54 2.35 0.30 NS NS
C6:0 233 2.34 2.54 2.28 2.30 2.23 0.31 NS NS
C8:0 243 2.37 2.49 2.44 231 2.47 0.26 NS NS
C10:0 5.59 6.12 4.95 5.98 6.01 5.79 0.42 NS NS
C12:0 4.86 4.40 4.86 4.63 4.46 5.24 0.65 NS NS
C14:0 11.92 10.80 12.68 10.64 1157 12.21 227 + +
Sum 29.67 28.78 31.04 27.41 29.45 29.01 1.50 NS NS
Odd- and branched-chain FA ©
C11:0 0.11 0.09 0.09 0.14 0.10 0.11 0.002 NS NS
C13:0 0.11 0.10 0.10 0.13 0.11 0.11 0.001 + NS
C15:0 1.12 0.92 0.97b 1.202 1.192 0.99b 0.02 *x *
C17:0 0.69 0.62 0.60 0.77 0.70 0.69 0.02 NS NS
Sum 3.96 2.14 3.20 3.37 2.86 2.76 0.22 * NS
Long-chain SFA
C16:0 26.80 23.93 27.78 23.48 26.71 27.49 1.01 * +
C18:0 9.72 10.14 8.59b 11522 9.49b 9.47"b 0.45 NS *x
C20:0 0.28 0.31 0.25 be 0342 0.32 b 0.23¢ 0.01 NS o
Sum 36.80 34.39 34.76 35.18 36.39 36.05 1.00 + NS
MUFA 7
C10:1 cis-9 0.30 0.29 0.34 0.31 0.29 0.25 0.01 NS +
C12:1 cis-9 0.06 0.05 0.082 0.05P 0.05P 0.06 2b 0.001 NS *
C14:1 cis-9 0.20 0.21 0.24 0.23 0.14 0.11 0.01 NS NS
C16:1 cis-9 0.89 1.02 1.154 1.022 0.61P 0.91 ab 0.13 NS *
C18:1 cis-9 20.64 23,51 21.50 19.85 21.52 21.40 0.84 * NS
C18:1 trans-11 0.96 1.03 0.68P 1.79 2 071" 0.86" 0.09 *
Other C18:1 8 0.97 1.16 0.59 ¢ 1.712 0.99b 0.83 b 0.08 # ot
Sum 23.20 25.00 24.19 22.80 22.73 23.92 1.69 NS NS
PUFA °
C18:2n-6, LA 1.39 1.97 1.72 1.82 1.88 1.28 0.26 * NS
CLA—cis9, 0.52 0.75 043P 0.76 2 0.63 2 0.45b 0.02 * *
trans-11
C18:3n-3, ALA 0.35 0.48 0.31 0.46 0.42 0.31 0.02 * NS
C20:4n-6 0.23 0.24 0.20 0.28 0.23 0.22 0.004 NS NS
Sum 235 3.59 2.24 2.93 2.75 2.34 0.42 # +
Calculated values
LA:ALA 4.06 431 433 4.84 3.94 3.61 .0.40 NS NS
Atherogenic 3.14 2.33 3222 263 2.820 3.152 0.40 * *
index

1 Con = conventional; Org = organic; > Aut = autumn; Spr = Spring; Sum = Summer; Win = Winter; 3 Probability of significant effects due to
farming system (F) and season (S); 4 Standard Error of the Mean; < Means within a row not sharing a common superscript differ due to
season (p < 0.05); 5 Saturated Fatty Acids; 6 Fatty Acids; 7 Monounsaturated Fatty Acids; 8 Other C18:1: C18:1 cis-11, C18:1 cis-12, C18:1
trans-13; ? Polyunsaturated Fatty Acids; 1[]A’cherogenic index = (C12:0 + 4 x C14:0 + C16:0)/(XMUFA + ZPUFA); * p < 0.05; ** p < 0.01; ** p
< 0.001; NS: Non-significant; 1 p < 0.1: tendency.

A considerable variation in bovine, caprine, and ovine milk FA content was observed
due to the season of production (values presented in Tables 24, respectively). The levels of
long-chain SFA and nutritionally less desirable individual SFA, including C14:0 and C16:0,
were significantly lower in bovine and caprine milk collected during spring as compared
with the other three seasons, while opposite results were observed for the C18:0 content
(p < 0.05). Concentrations of total PUFA were increased by 13 and 17% in cow and goat
milk collected during spring, respectively. The average percentage of RA was higher in
the milk of cows and ewes collected during spring when compared with the other seasons,
while the LA concentrations were only statistically enhanced in the caprine milk during
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spring. Additionally, the percentages of VA and other C18:1 were significantly higher in all
types of milk collected during spring, while the highest values for the major MUFA, like
OA (C18:1 cis-9), were observed in autumn for cows (p < 0.001) and in winter for goats
(p < 0.01). Nevertheless, the milk atherogenic index was decreased during spring, while
the LA:ALA ratio did not differ across seasons in all types of milk.

3.3. Effect of Farming System and Season on Halloumi Cheese FA Profile

Table 5 presents the differences in fresh Halloumi cheese FA composition due to
farming system and season of sampling. The results showed differences in retail Halloumi
FA composition between organic and conventional cheese; organic Halloumi contained
increased levels of 18-C FA, and decreased the total SFA (p < 0.001), particularly short-
and medium-chain SFA between C6:0 to C14:0. Furthermore, the concentrations of total
MUFA and the OA, VA, and other C18:1 isomers were enhanced in retail organic Halloumi
cheese (p < 0.001). It is also noteworthy that the concentrations of total PUFA were higher
by 26% in organic as compared with the conventional cheese (p < 0.001), with the average
percentages of individual PUFA, namely LA, ALA, and RA, being particularly enhanced,
by 25%, 20%, and 28%, respectively. No farming effect in the levels of C20:4n-6 as well as
in the LA:ALA ratio of cheese fat was observed. The atherogenic index of Halloumi cheese
was also affected and diminished by 15% in the organic samples when compared with the
corresponding conventional.

Table 5. Effect of farming system (organic vs conventional) and season on the fatty acid composition (expressed as a
percentage of the total fatty acid methyl esters) of Halloumi cheese.

Farming System ! Season 2 p-Value 3
Parameter Con Org Aut Spr Sum Win SEM * F S
n=48 n=48 n=24 n=24 n=24 n=24
Short-chain SFA 5
C5:0 0.039 0.033 0.043 2 0.0422 0.0412 0.021° 0.003 NS *
C6:0 1.22 1.10 1.13 1.15 1.22 1.19 0.01 NS
C8:0 1.34 1.13 1.16 1.29 1.39 1.23 0.04 ** +
C10:0 3.45 2.97 3.17 3.23 3.62 3.06 0.10 » NS
Medium-chain SFA
C12:0 3.11 2.71 2.94 2.94 3.03 2.97 0.05 NS
C14:0 9.03 8.54 8.98 2 8.66 P 8.93 ab 8.83ab 0.06
iso C14:0 0.092 0.085 0.087 0.087 0.097 0.086 0.002 * NS
iso C15:0 0.246 0.224 0.238 0.235 0.246 0.230 0.004 NS
agtl/;%o 0.89 0.88 0.95 0.85 0.84 0.91 0.04 NS NS
C16:0 27.86 25.76 27.70 2 25.94P 27.352 27.2542 0.15
iso C16:0 0.33 0.30 0.31 0.32 0.34 0.33 0.005 NS
C17:0 0.85 0.72 0.74b 0.842 0.812 0.832 0.01
iso C17:0 0.67 0.58 0.62 0.63 0.66 0.66 0.01 +
Long-chain SFA
C18:0 12.63 13.95 12.27° 13.382 13422 13.36 2 0.15
MUFA ©
ClOl a b b b
5.9 0.18 0.15 0.18 0.15 0.16 & 0.17 2 0.004
(;1;:91 1.43 1.30 1.602 1.19° 1.16° 1.52b 0.07 NS
C18:1
“is.9 25.62 26.95 26.31 26.29 25.47 26.50 0.15 NS
C18:1 0.71 0.83 0.70 P 0.90 2 0.69 P 0.70° 0.03 * e
trans-11
Other 0.9 1.50 1.22 121 1.07 1.16 0.03 ook NS

C18:17
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Table 5. Cont.

Farming System ! Season 2 p-Value 3
4
Parameter Con Org Aut Spr Sum Win SEM F S
n=48 n=48 n=24 n=24 n=24 n=24
PUFA 8
Cl%i“'& 3.47 4.62 3.93P 4322 3.68¢ 3.74 bc 0.05
CLA—cis-
9, 0.79 1.07 0.992 1.012 0.82b 0.77b 0.02 *
trans-11
Cl:f’gg” 0.61 0.72 0.62bc 0.882 0.68P 0.47°¢ 0.03 # Ak
C20:4n-6 0.29 0.30 0.27 0.29 0.28 0.32 0.01 NS NS
Calculated values
SFA 62.12 59.28 60.56 < 59.84 € 62.522 61.32b 0.15
MUFA 28.93 30.63 30.032 29.58 2 28.59 P 30.022 0.15 *
PUFA 5.01 6.69 5.79 ab 6.272 5.31b 5.25b 0.12
LA:ALA 7.03 6.70 6.73 5.79 6.29 8.65 0.52 NS NS
Atherogenic ) g 1.68 1.87° 1.77¢ 1.96 2 1.86° 0.01 wok wok
index

1 Con = conventional; Org = organic; 2 Aut = autumn; Spr = Spring; Sum = Summer; Win = Winter; 3 Probability of significant effects due to
farming system (F) and season (S); 4 Standard Error of the Mean; 3 Means within a row not sharing a common superscript differ due
to season (p < 0.05); 5 Saturated Fatty Acids; 6 Monounsaturated Fatty Acids; 7 Other C18:1: C18:1 cis-11, C18:1 cis-12, C18:1 trans-13;
8 Polyunsaturated Fatty Acids; 9Atherogenic index = (C12:0 + 4 x C14:0 + C16:0)/(XMUFA + ZPUFA); * p < 0.05; ** p < 0.01; ** p < 0.001;
NS: Non-significant; + p < 0.1: tendency.

The effect of season on the FA composition of retail Halloumi cheese was similar to
that on milk FA composition of cows, goats, and ewes. In particular, the concentrations
of total SFA and individual FA, such as C14:0 and C16:0, were lower in the fat of cheese
produced in spring as compared with that manufactured during the other three seasons.
In accordance, the average percentages of 18-C FA, like VA, were the highest in spring
products (p < 0.001), while no seasonal effect in OA or other C18:1 isomers of cheese fat
was observed (Table 5). The PUFA content of cheese in spring was significantly higher
(p <0.001) than the content in all other seasons, showing, on average, a 15% increase.
Regarding the results of individual PUFA, the average percentages of LA, ALA, and RA in
Halloumi cheese produced during spring was significantly increased when compared with
that produced during the other seasons. There was no difference in the cheese LA:ALA ratio
and the concentration of arachidonic acid across seasons. Finally, the atherogenic index
was significantly lower in Halloumi cheese that was collected during spring compared
with the other seasons.

4. Discussion
4.1. Effect of Farming System on Milk Composition and FA Profile

In the present study, the milk fat content was not affected by the organic farming
practices in all ruminant species. This is consistent with previous studies examining organic
and conventional milk composition of cows [10,11,30,31], goats and ewes [21,32], although
there are researchers that found an increased [12] or a decreased fat content in organic
milk from cows [33] or small ruminants [15,22,34]. These contradictory reports may be
attributed to different diets that are offered or breeds used or several factors that can
influence milk fat composition in such comparisons [23]. Nevertheless, the protein content
of milk in the present study was affected by farming practices due to higher grazing/forage
consumption showing significantly decreased values for bovine and caprine organic milk
and, numerically, but not significantly, lower values in organic ovine milk. These results
have been observed in previous reports indicating a decreased protein content in the
organic milk of cows [11] and goats [32], while other studies showed no effect in organic
ovine milk [22,34]. Schwendel et al. [23], who reviewed several studies in organic and
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non-organic dairy cattle farms, reported a tendency for conventional milk to contain a
higher concentration of protein, and this was attributed to starch-based supplements, which
are commonly used in higher amounts in conventional diets and increase both energy
intake and milk protein content. Although detailed feeding rations were not possible to be
collected in the context of the present work, this reason could explain the decreased organic
milk protein levels that are shown in the present study, since the conventional farms in
Cyprus use extremely high amounts of concentrates (up 60 to 70% of intake) as opposed to
forage-based organic diets.

The results showed that organic farming practices positively affected the milk FA
profile of all species’ by reducing SFA and increasing individual FA with beneficial effects
for human health. Similar results are found in UK dairy farms, since milk that originated
from organic production systems has an increased nutritionally desirable PUFA content,
i.e,, RA, ALA, eicosapentaenoic, and docosapentaenoic acids, and reduced the levels of
the undesirable palmitic acid [35]. Forage intake (grazing pasture, hay, and silage) is one
of the main differences between organic and conventional farms, since organically reared
animals are expected to consume at least 60% of their diet (dry matter) as forage. These
leafy pasture plants are rich in n-3 fatty acids and their consumption leads to milk with
increased n-3 PUFA content [36]. However, proportions of specific C18 FAs, like LA. are
present in even higher proportions in milk from silage-fed (mainly corn silage) cows than
in milk from grazed cows, in which the proportion of LA is predominantly low [37]. Cows
that were fed grass silage also produced milk with higher C18:0 and trans C18:2 levels
when compared with cows provided with corn silage [38].

The levels of total PUFA and individual 18-C FAs, such as OA, RA, LA, and ALA, were
increased, while the concentration of total SFA, and particularly C14:0 and C16:0, and conse-
quently the atherogenic index, were significantly decreased, as shown in the present study.
These results are in agreement with the findings of several studies examining the effect
of organic management system on the milk FA profile of cows [6,10,12-14,19,20,24,39-41]
and small ruminants [15,21,22]. Similarly, the meta-analysis studies of Palupi et al. [16] and
Srednicka-Tober et al. [17], who summarized the results of 29 and 196 studies in ruminants,
respectively, confirmed that organic milk contained more PUFA and n-3 PUFA than conven-
tional milk with concomitant decreased or non-affected values for SFA. This trend has been
extensively reported in the literature and, when it is not observed, other mechanisms have
been involved. For instance, Adler et al. [10] in Norway reported higher concentrations of
SFA in organic milk, and this finding was attributed to the negative energy status of the
cows when milk samples were collected that caused an alteration in the milk FA profile.

The concentrations of total MUFA were significantly increased in organic bovine and
caprine milk, and these results are in agreement with the findings of Butler et al. [39],
who performed a controlled experiment in cows and with several studies in small ru-
minants [15,22]. Nonetheless, other studies also reported a decrease [10,13,19,40] or no
significant effect [11,12,14,30,31] in the content of MUFA in organic cow milk. Likewise, the
two meta-analysis studies of Palupi et al. [16] and Srednicka-Tober et al. [17] demonstrated
contradictory results regarding MUFA milk content. The former detected significantly
decreased MUFA concentrations in organic milk, while the latter reported no significant
effect between organic and conventional farms, indicating that specific feed components in
diets may have affected this particular FA group. It is likely that the differences highlighted
in the FA profile between ruminant species are mostly due to feeding; for instance, in small
ruminants that are traditionally reared in semi-extensive systems, pasture feeding may
have removed the differences between organic and conventional milk. Pasture grazing is
the main parameter that differentiates bovine milk FA profile of organic vs conventional
farms, as also indicated by Scwendel et al. [42].

4.2. Effect of Season on Milk Composition and FA Profile

Season did not affect the fat percentage of cow, goat, and ewe milk in the present
study. However, the reduction of fat and protein content is consistently reported by farmers
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and the dairy industry in Cyprus (personal communications) due to heat stress during
the summer months. Nonetheless, this was not observed in the present study, since fat
and protein content was similar across seasons in all species, with the only exception
of protein content of goats, which was found to be elevated in milk that was collected
during winter. Increased milk protein content has been reported in the winter season, in
temperate climates, when the concentrate-to-forage ratio of diets is higher as compared
with grazing season (spring, summer), and this has been associated with higher propionic
acid production in the rumen and increased microbial protein supply [43]. Nevertheless,
studies in ruminants show controversial results on the effect of season on milk protein
content reporting no effect [10,12], a significant decrease in summer milk [31], or an increase
in winter milk [15].

The content of total PUFA, MUFA, including RA and VA, was higher, while the
SFA concentrations were lower in milk that was collected from all species during spring
when compared with other seasons. Similar effects have been reported in the milk that was
collected during summer months from cows [10,12,13,31,41,44] and small ruminants [15,45]
as compared with winter sampling. Higher LA and omega-3 levels in ovine milk and the
derived cheese were also observed in spring when compared with winter in an experiment
implemented in central Italy, a fact that is possibly related with the increased linolenic
acid content of the pasture [46]. Similar results were illustrated for caprine milk; a higher
omega 3 to omega 6 PUFA ratio was observed in spring than summer in a study originated
from the same country [47]. Pasture grazing was also associated with increased bovine
milk PUFA and CLA content in low-input mountain farms of Poland [48]. It has been
demonstrated that, during the conservation processes of forages (wilting and ensiling),
especially during winter, extensive lipolysis and oxidative loss of PUFA occurs due to plant
metabolic mechanisms [5]. In addition, the grass in pasture is generally less mature than
the grass that is cut for hay or silage manufacture, leading to decreased levels of PUFA,
mainly C18:3 in conserved grass compared with fresh grass [49]. Therefore, increasing
the intake of fresh forage in dairy diets, which is a usual practice during summer in most
of the European farms and during spring months in Cyprus leads to elevated levels of
MUEFA, PUFA, and individual unsaturated fatty acids, like RA and VA, in milk due to
a combination of increased dietary supply of PUFA and MUFA and shifts in the rumen
biohydrogenation (BH) process or desaturase activity in the mammary gland [5].

4.3. Effect of Farming System and Season on FA Profile of Halloumi Cheese

Interestingly, the effects of organic farming system on the FA composition of retail
Halloumi cheese were similar to those that were observed in the organic bovine, caprine,
and ovine milk. More specifically, a reduction in the concentration of SFA and in the athero-
genic index was demonstrated similarly to the organic milk FA results of all ruminant
species, while increased levels of PUFA and MUFA were observed in organic Halloumi
cheese, as compared with conventional ones that were collected throughout the year, a
result that is line with the results observed in organic cow and goat milk. Organic Halloumi
cheese had increased content of 18-C FA, including OA, VA, RA, LA, and ALA, agreeing
with the results of Prandini et al. [50] and Bergamo et al. [51], who reported increased
proportions of VA, ALA, and RA in organic Grana Podano and Mozzarella cheeses, respec-
tively. Furthermore, the seasonal variation in FA composition of retail Halloumi cheese
was found in the present study, similar to those that were observed in bovine and caprine
milk. Fresh Halloumi cheese that was collected in spring contained more total PUFA and
MUFA as well as higher concentrations of specific FA, like vaccenic, ALA, and RA, with
a concomitant reduction of SFA and cheese atherogenic index when compared with the
other three sampling seasons. Those results agree with previous studies [52,53] evaluating
the effect of season on the FA composition of cheese reporting an almost similar FA profile
in milk and cheese. It has been reported that heating, the fermentation culture used, and
the ripening time required for the production of cheese could potentially modulate cheese
FA composition [4]. However, in our previous studies [28,54], the FA profiles of milk and
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related Halloumi cheese produced were similar, which suggested that the improvement in
nutritional quality achieved in milk due to organic practices is possibly further maintained
in organic Halloumi cheese in the present study.

5. Conclusions

The current work is the first large-scale study undertaken in a semi-arid, Mediter-
ranean type of climate, such as that of Cyprus, investigating the effects of farming system
(conventional vs organic) and season on milk composition and lipid quality of milk and
Halloumi cheese. The major finding of the present work is related to organic milk and
cheese produced. Although similar fat content was observed in organic and conventional
milk, the protein percentage was slightly decreased in organic milk. Regarding FA profile,
organic milk from all species and organic Halloumi cheese had improved quality, since
they contained lower total SFA levels and individual ones, like palmitic acid, while the only
elevated SFA was stearic acid compared with conventional milk and cheese. Additionally,
higher MUFA, PUFA, and individual FA levels, such as oleic, vaccenic, rumenic, linoleic,
and linolenic acids, all related with beneficial effects for human health, were observed in
both organic milk and Halloumi cheese samples. Furthermore, milk and cheese that were
collected during spring months contained lower saturated and higher unsaturated lipids
than the other sampling seasons.
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