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AbstrAct

Owing to their health-promoting values, products obtained from sheep are the center of atten-
tion among consumers. The chemical composition of sheep’s milk is largely conditioned by sea-
sonal dietary variables, which contribute to its pro-health qualities. The aim of the study was to 
evaluate the impact of a production season on parameters of milk and rennet cheese produced 
from milk obtained from Frisian sheep during winter and summer feeding. Milk from the winter 
season contained more lactose, less vitamin A and less than half the vitamin E content than 
milk obtained in summer. Cheese from the winter season was characterized by a higher content 
of dry matter, proteins and minerals but less than half vitamin A content than cheese from the 
summer period. In cheese from the winter season, the concentration of tyramine was over four-
fold higher while the concentration of histamine, while putrescine, and cadaverine were over 
twice as low as in cheese of the summer feeding period. The content of total biogenic amines did 
not vary seasonally. Milk fat from milk obtained in winter contained more medium-chained 
saturated fatty acids (SFA), but less long-chained SFA and polyunsaturated fatty acids (PUFA) 
in comparison with the summer period. Fat from cheese produced in winter had a higher con-
tent of medium-chained SFA, whereas cheese from the summer feeding season contained more 
long-chained SFA, monounsaturated fatty acid (MUFA), and PUFA. Milk and cheese from the 
summer feeding period had higher ratios of PUFA to SFA and n-6 to n-3.
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INTRODUCTION

Products obtained from sheep are the center of attention among consum-
ers owing to their health-promoting values (Milewski 2006). The chemical 
composition of sheep’s milk largely depends on seasonal dietary variables, 
which are of key importance of its health-promoting qualities (Ząbek et al. 
2014). It is also crucial to trace pesticide residues in green fodder, silage and 
cereal grains, as well as in meat and milk, due to the possible risk to con-
sumers (ŁoZowicka et al. 2012). Talpur et al. (2008) demonstrated significant 
differences between the composition of fatty acids in milk obtained from 
sheep during winter and summer feeding. Nudda et al. (2005) reported that 
the amount of conjugated linoleic acid (CLA) and vaccenic acid in sheep 
cheese depends on their content in milk, and seasonal changes occur in con-
nection with changes in the quality of pastures. The concentration of vita- 
min A and E in milk and cheese depends mainly on a feeding season, i.e. the 
content of carotenoids and tocopherols in green fodder and preserved feed.  
In green fodder, grass and legumes, the content of β-carotene may be  
33-700 mg kg-1 DM, but in silages it can decrease by as much as ten-fold 
(kalač 2011). According to Müller et al. (2007), grass forage supplies  
10-50 mg of vitamin E in kg of fresh fodder while silages contribute  
the remaining 15-70% tocopherols in raw material. Mayer and FiechTer 
(2012) reported that the impact of a feeding season on the concentration  
of cholesterol is less4er than that on the content of lactose, fat or minerals in 
milk sheep. Taylor (1985) reported that the value of total biogenic amines  
in cheese higher than 100 mg kg-1 may be unsafe to consumers’ health, while 
SchiroNe et al. (2011) and poveda et al. (2015) observed that the content  
of total amine in cheese often exceeds 1000 mg kg-1. According SchiroNe et al. 
(2011), SpiZZirri et al. (2013) and poveda et al. (2015), pasteurisation of milk 
reduced the formation of amines, and the extension of the cheese ripening 
period and the presence of microflora (Enterobacteriaceae) favoring decarbox-
ylation processes result in an increase of their content. 

MATERIAL AND METHODS

The research was conducted on an organic farm, where 95 Friesian milk 
sheep are reared. Animals are maintained indoors on deep litter. The research 
period was divided into two sub-periods: winter (months: December, January, 
February) and summer (months: June, July, August). In winter feeding, 
grass haylage and papilionaceous plants were fed ad libitum and supple-
mented with crushed oats grain. Summer feeding was based on grass forage 
ad libitum supplemented with oat grain. Sheep were milked twice a day with 
a portable milking unit. The milk is processed on site to final products such 
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as rennet cheese. Samples (n=5) were collected from bulk tank milk of the 
whole herd, between the 10th and 15th day of each month. Sheep cheese is 
produced in a traditional manner, with the addition of rennet. After the curd 
has set, the coagulum is cut until the grain reached the size of 3-5 mm. 
About 20% of the whey is removed and water warmed to 60°C is added  
so that the cheese mass reaches the temp. of 40-42°C. The resulting curd  
is passed through a sieve into whey, which completely covers the cheese 
mass. After 16-20 h, cheese is transferred to brine. Batches of cheese that 
weigh about 3 kg are salted for 4-6 h (9.5% salt in the brine). When removed 
from the brine, they are left for two days to drain. Then, they are transferred 
for ripening. The samples of cheese (n=5) were taken randomly from the pro-
duced batches after a 30-day maturation period and just before cheese  
batches were sent for retail selling. All chemical measurements were made 
in triplicate

The basic chemical composition was determined in the samples of feed 
and cheese with standard methods. Cheese was analyzed for the moisture 
content by AOAC (1990), and the ash content was determined with the dry 
ash method (aoac, 2005). The fat content in cheese samples was deter-
mined by the Gerber method and their total protein content was determined 
by measuring total nitrogen using the Kjeldahl method and converting it to 
the protein content by multiplying by 6.38 (aoac, 2005). The nutritional 
value of feed was presented in IZ-INRA (1997) units (Table 1). In addition, 
the samples were tested for the content of b-carotene according to MaNZ 
(1986) and the content of vitamin E according to pN-eN iSo 6867 (2002).

The content of dry matter, fat, protein and lactose was determined  
in the samples of milk with an instrumental method on a MilcoScan. Methyl 
derivatives were obtained from fat contained in feed (Soxhlet’s method), milk 
(Roese-Gottlieb’s method) and cheese (Schmid-Bądzyński-Ratzlaff’s method) 
and the profile of fatty acids was determined (Tables 1 and 2) with a gas 
chromatography (GC) method. In milk and cheese extracts obtained with the 
Folch’s method, as described by rhee et al. (1982), the content of cholesterol 
was determined in enzymatic reactions with cholesterol esterase and oxidase 
and with the use of Pointe Scientific tests. The content of vitamin A (retinol) 
and E (a-tocopherol) in samples of milk and cheese was determined accord-
ing to hewaviTharaNa et al. (1996). The content of biogenic amines in the 
cheese samples was determined with the HPLC method on a Schimadzu 
apparatus with post-column derivatization involving ninhydrin (JooSTeN, 
olieMaN 1986). The values of thrombogenic (IT) and atherogenic (IA) indices 
were calculated for milk and cheese fat according to the formulas proposed 
by ulbrichT aNd SouThgaTe (1991). 

The results were statistically processed in a one-factor model for the 
winter and summer periods. The significance of differences between the periods 
was verified with t-Student’s test. Statistica 13.0 (StatSoft Inc. 2013) soft-
ware was used for the calculations. 
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RESULTS AND DISCUSSION

The content of nutrients in feed used for the winter and summer feeding 
of sheep did not diverge from the values presented by the National Research 
Council (2001). The content of b-carotene and vitamin E in fodder was over 

Table 1
Chemical composition (g kg–1 DM), content of b-carotene, vitamin E (mg kg–1 DM),  

PDIN and PDIE (g kg–1 DM) of feed and composition of fatty acids (% of fatty acid sum)  
in fat of feed used in winter and summer feeding of sheep

Specification Haylage
n=9

Oat grain
n=9

Grass forage
n=9

Dry matter (g kg–1) 602.3 870.7 284.4
Crude ash 80.3 26.5 64.4
Crude protein 110.0 108.0 119.8
Crude fat 16.3 46.7 18.2
Crude fiber 334.7 114.9 301.7
b-carotene 290.4 0.7 546.5
Vitamin E 16.4 5.4 40.7
UFL 0.72 1.02 0.875
PDIN 64.03 72.03 75.2
PDIE 74.11 85.48 84.015
C10:0 - 0.02 -
C12:0 0.95 0.03 1.19
C12:1 0.47 - -
C14:0 1.09 0.41 1.41
C14:1 0.57 0.08 -
C15:0 1.09 0.15 1.19
C16:0 23.76 27.52 19.31
C16:1 1.90 0.47 -
C17:0 0.72 0.43 -
C17:1 0.70 0.05 -
C18:0 4.67 2.02 2.76
C18:1 14.82 45.67 6.74
C18:2 n-6 31.22 21.63 23.36
C18:3 n-3 16.91 0.29 44.04
C20:0 1.13 0.21 -

UFL – feed unit for milk production, PDIN – protein digested in the intestine subject to available 
nitrogen, PDIE – protein digested in the intestine subject to available energy
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twice as high as in haylage. The fatty acid composition of haylage fat and 
especially in fodder was distinguished by a higher content of linoleic acid 
(LA) (C18:2 n-6) and a-linolenic acid (ALA – C18:3 n-3), while oats had high 
oleic acid content (Table 1). 

Milk from winter feeding contained by 15% more lactose (P<0.01) but 
less vitamin A (P≤0.05) and more than half the amount of vitamin E 
(P<0.01) determined milk from the summer period. Cheese from the winter 
feeding period had a higher content of dry matter by approximately 12% 
(P<0.05) and of minerals and protein by approximately 37 and 13%, respec-
tively (P<0.01) almost 50% less vitamin A (P<0.05) than cheese produced 
during summer feeding (Table. 2). 

JaNdal (1996), Jelínek et al. (1996), koNdyli et al. (2012) reported various 
but mainly lower concentrations of vitamin A in milk, such as 8.25, 11.73, 
5.07-7.40 mg g-1 of fat, than the values recorded in this study (15.91 and 
21.59 mg g-1 fat). The higher concentration of vitamin A in milk achieved  
in this study (Table. 2) indicated that the fodder (Table 1) was a very good 

Table 2
Chemical composition (%), content of vitamins: A, E (µg g -1 of fat), cholesterol (mg 100-1g,)  

and biogenic amines (mg kg-1) in milk and cheese depending on the feeding season

Specification

Milk Cheese
winter
n=15

summer
n=15

winter
n=15

summer
n=15

x SD x SD x SD x SD
Dry matter (g-1 kg-1) 16.04 1.02 16.07 1.70 71.32x 3.85 62.82y 4.18
Crude ash - - - - 5.74X 0.28 3.64Y 0.50
Crude protein 4.97 0.33 5.21 0.76 27.06X 0.55 23.66Y 1.48
Crude fat 6.16 0.92 6.67 0.76 34.96 2.60 32.19 1.85
Lactose 4.91A 0.35 4.19B 0.28 - - - -
Vitamin A 0.98b 0.18 1.44a 0.32 1.64Y 0.86 3.56X 0.68
Vitamin A* 15.91b 21.59a 4.69Y 11.09X

Vitamin E 0.34 B 0.13 0.78 A 0.15 2.46 0.64 2.36 0.50
Vitamin E* 5.52B 11.69A 7.04 7.34
Cholesterol 18.56 0.95 20.71 2.76 43.06 12.72 44.40 17.69
Cholesterol* 3.01 3.10 1.23 1.38
Tyramine - - - - 353.82X 13.09 75.63Y 15.38
Histamine - - - - 39.60Y 4.55 102.28X 8.65
Putrescin - - - - 82.00Y 5.80 169.85X 9.44
Cadaverine - - - - 58.80Y 2.81 178.00X 9.33
Total biogenic amines - - - - 534.22 12.08 525.76 6.88

A, B, X, Y – P≤0.01; a, b, x, y – P≤0.05
* mg 100 g-1 of fat
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source of b-carotene, a provitamin of vitamin A. koNdyli et al. (2007)  
also reported that winter milk had a lower content of vitamin A (by 14%) 
than summer milk, which was confirmed in our study. According to perreTTi 
et al. (2004), the concentration of vitamin A (1.35-3.20 mg g-1) and vitamin E 
(0.86-6.83 mg g-1) in Parmesan cheese was comparable to the value reported 
herein, and varied depending of the method of determination. The content  
of vitamin E in milk determined in our study was lower than reported  
by Jelinek et al. (1996), rayNal-lJuTovac et al. (2008) and koNdyli et al. 
(2012) (average: 49.33, 16.13 and 31.35 mg vitamin E g-1 fat). koNdyli et al. 
(2012) reported that summer milk had a higher content of vitamin E  
(by 19%) than spring milk, which was confirmed by results of our research 
(11.69 vs 5.52 μg wit. E g-1 fat). Grass forage was a good source of vitamin E, 
although the conversion of a-tocopherol in milk was lower than expected. 
The feeding season influenced the concentration of specific biogenic amines 
in cheese. Cheese produced in winter had a higher concentration of tyramine 
(P<0.01) than cheese produced in summer. In cheese produced in summer, 
the concentration of tyramine was twice as low as that of other biogenic 
amines (Table 2). Cheese from winter feeding contained three-fold less hista-
mine and cadaverine (P≤0.01) and over two-fold less putrescine (P≤0.01) than 
cheese produced during summer feeding. The values of total biogenic amines 
in cheese from both seasons were similar (Table 2).

The content of total biogenic amines in cheese both seasons was similar 
and did not differ from the wide range of results provided by SchiroNe et al. 
(2011), SpiZZirri et al. (2013), or poveda et al. (2015). SchiroNe et al. (2011)  
in cheese produced in winter (from December to March), SchiroNe et al. 
(2013) and poveda et al. (2015), who reported that the content of total bio-
genic amines was 209-2393, 10.3-1483.1, 48-1881.7 mg kg-1, respectively. 
Moreover, these authors determined a high share of tyramine (over 40%). 
The content of this amine in cheese tested in our study was higher (66%) 
than the values reported by the above authors (Table 3). Novella-rodrígueZ 
et al. (2003) and guarcello et al. (2015) informed about a lower content  
of tyramine (nd-301.4 and 5.9-69.3 mg kg-1 respectively) in cheese produced 
from thermally processed milk. These authors suggested that the dominance 
of tyramine above the other amines may have been caused by numerous fac-
tors, such as the higher content of tyrosine in the amino acid composition  
of milk and, above all, because microorganisms favour decarboxylation of 
amino acids. Cheese produced in winter had twice as much histamine  
as cheese produced in summer, and comparably to the value reported  
by SchiroNe et al. (2011) and SpiZZirri et al. (2013), guarcello et al. (2015), 
poveda et al. (2015): 0.0-21.8; ND-19.1; 2-253, 23.2-100.1 mg kg-1 respective-
ly. Moreover, these authors determined a wide range of concentrations  
of putrescine: 0-668 mg kg–1 and cadaverine: 1.1-80 mg kg–1 in cheese.  
The content of putrescine and cadaverine in cheese was twice as high as  
the content of these amines in summer cheese tested in this experiment,  
and was within the ranges of values given by the aforementioned authors. 
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Table 3
Composition of fatty acids in milk and cheese fat (%)

Specification
Milk Cheese

winter summer winter summer
n=15 SD n=15 SD n=15 SD n=15 SD

1 2 3 4 5 6 7 8 9
C4:0 2.69 0.32 2.56 0.23 2.69 0.18 2.64 0.36
C6:0 2.61 0.37 2.13 0.31 2.43x 0.21 1.99y 0.21
C8:0 2.59A 0.18 1.95B 0.36 2.45X 0.21 1.79Y 0.20
C10:0 8.66a 0.40 6.45b 1.45 8.43X 0.63 5.85Y 0.92
C10:1 0.29 0.03 0.24 0.04 0.27 0.05 0.26 0.06
C12:0 5.25a 0.33 4.05b 0.77 5.22X 0.41 3.94Y 0.64
C12:1 0.07 0.05 0.08 0.04 0.06 0.05 0.09 0.03
C13:0 0.13 0.01 0.11 0.02 0.13x 0.01 0.11y 0.02
C14:0 iso 0.13B 0.01 0.16A 0.02 0.13Y 0.01 0.17X 0.01
C14:0 13.25 0.96 12.63 0.89 13.78 0.92 12.54 1.43
C14:1 0.25 0.05 0.26 0.06 0.41y 0.25 0.79x 0.04
C15:0 1.22B 0.03 1.41A 0.10 1.29 0,11 1.45 0.12
C16:0 iso 0.27b 0.02 0.31a 0.02 0.27 0,04 0.31 0.03
C16:0 28.66 1.30 29.33 1.37 28.66 1,23 29.87 1.28
C16:1 0.74 0.27 0.97 0.46 0.86y 0,39 1.45x 0.26
C17:0 0.64 0.06 0.71 0.07 0.66 0,08 0.72 0.07
C17:1 0.41 0.03 0.42 0.06 0.41 0,04 0.45 0.07
C18:0 9.39 0.86 10.70 1.79 9.21 0.87 10.56 2.14
C18:1 18.84 1.11 19.64 2.71 18.83 1.13 20.02 1.95
C18:2 n-6 1.93 0.11 1.71 0.20 1.91 0.14 1.58 0.28
C18:2 n-6 cis9 
trans11 (CLA) 0.58B 0.04 1.91A 0.49 0.57Y 0.06 1.61X 0.14

C18:3 n-3 0.74b 0.09 1.22a 0.39 0.66Y 0.14 1.07X 0.10
C20:0 0.29 0.03 0.30 0.06 0.31 0.03 0.30 0.06
C20:1 0.06b 0.01 0.11a 0.04 0.06Y 0.01 0.09X 0.01
C20:2 n-6 0.01B 0.03 0.21A 0.06 0.00 0.00 0.00 0.00
C20:4 n-6 0.15 0.01 0.16 0.01 0.14 0.02 0.15 0.02
C20:5 n-3 0.04B 0.01 0.09A 0.01 0.04y 0.01 0.06x 0.02
C22:0 0.08b 0.04 0.14a 0.03 0.10y 0.01 0.13x 0.03
SFA 75.87a 1.27 72.96b 2.26 75.76x 1.47 72.37y 1.89
MUFA 20.68 1.24 21.73 2.28 20.92 1.29 23.15 1.89
PUFA 3.46B 0.10 5.30A 1.10 3.32Y 0.22 4.48X 0.30
UFA 24.13b 1.27 27.04a 2.26 24.24y 1.47 27.63x 1.89
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The content of putrescine and cadaverine could increase several times with  
a longer ripening time of cheese, mainly as a result of the increased number 
and activity of microflora (Enterobacteriaceae) (SchiroNe et al. 2011). Howev-
er, the results of a subsequent study by these authors (SchiroNe et al. 2013) 
showed a lower amount of these amine in the long ripening cheese  
(10 months < 3 months). The increased concentration of putrescine, cadaver-
ine and histamine during the summer feeding, although average compared 
with data from the literature (Table 2), could suggest an increased amount 
and activity of enzyme microflora in cheese. guarcello et al. (2015) reported 
a different content of putrescine (594 and 5 mg kg-1), cadaverine (129 and  
1.3 mg kg-1), histamine (253 and 2 mg kg-1) in pasteurized milk depending  
on the type of cheese. The content of each biogenic amine and the total con-
tent of all biogenic amines - in relation to the data reported by the above 
authors – implicated an inadequate extent of microbial decarboxylation  
of amino acids and therefore good quality of the assessed cheese.

The influence of the season of feeding on the fatty acid profile of milk fat 
and sheep’s cheese was noted (Table 3). There were more medium-chained 
SFA (C8:0 P≤0.01, C10:0 and C12:0 P≤0.05) in milk fat from winter feeding 
than in milk fat from the summer (Table 3). Milk fat obtained from summer 
milk contained more long-chained SFA than milk from winter feeding: C14:0 
iso P≤0.01, C15:0 P≤0.01, C16:0 iso P≤0.05, C22:0 P≤0.05, and more PUFA 
including CLA (C18:2 n-6 cis9trans11 P≤0.01), ALA (C18:3 n-3 P≤0.05),  
as well as eicosadienic (C20:2 n-6 P≤0.01) and EPA (C20:5 n-3 P≤0.01).  
Fat from cheese produced in winter had a higher content of C6:0 (P<0.05) 

cont. Table 3

1 2 3 4 5 6 7 8 9
MUFA/SFA 0.27 0.02 0.30 0.04 0.28y 0.02 0.32x 0.03
PUFA/SFA 0.05B 0.00 0.07A 0.02 0.04Y 0.00 0.06X 0.00
UFA/SFA 0.32b 0.02 0.37a 0.04 0.32y 0.03 0.38x 0.04
PUFA/MUFA 0.17b 0.01 0.25a 0.06 0.16Y 0.01 0.19X 0.02
n-6 PUFA 2.68B 0.11 3.99A 0.71 2.62Y 0.18 3.35X 0.31
n-3 PUFA 0.79b 0.09 1.31a 0.40 0.70Y 0.13 1.13X 0.11
n-6/n-3 PUFA 3.48 0.47 3.12 0.33 3.86 0.77 2.98 0.42
DFA (UFA+C18:0) 33.52 2.03 37.74 3.96 33.46y 2.00 38.19x 3.65
OFA (SFA–C18:0) 66.48 3.70 62.26 3.96 66.54x 2.00 61.81y 3.65
DFA/OFA 0.51 0.05 0.61 0.10 0.50y 0.05 0.62x 0.10
AI 3.60A 0.18 3.10B 0.24 3.67X 0.18 3.08Y 0.22
TI 3.58A 0.21 3.08B 0.28 3.65X 0.27 3.12Y 0.24

A, B, X, Y – P≤0.01; a, b, x, y – P≤0.05
DFA – dietary fatty acids with a desirable (neutral or hypocholesterolemic) effect on humans, 
OFA – dietary fatty acids with an undesirable (hypercholesterolemic) effect on humans,  
AI – atherogenic index, TI – thrombogenic index
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and, similar to milk fat from this period, a higher content of medium-chained 
SFA (C8:0, C10:0, C12:0 P≤0.01) compared to cheese from summer feeding.

Cheese fat from summer feeding had a higher content of long-chained 
SFA - C14:0 iso (P≤0.01), C22:0 (P≤0.05), MUFA (C14:1, C16:1 P≤0.05, C20:1 
P≤0.01) and, same as milk from the summer – it contained more PUFA,  
including CLA (C18:2 n-6 cis9trans11 P≤0.01), ALA (C18:3 n-3 P≤0.01) and 
EPA (C20:5 n-3 0 P≤0.05) than cheese fat from winter feeding. Milk and 
cheese fat from winter feeding had 4% more SFA (P≤0.05), and 11 and 12% 
less UFA (P≤0.05), respectively, while the content of PUFA was lower  
by 35% and 26%, respectively (P<0.01), than milk and cheese fat from sum-
mer feeding. There was no seasonal change in the concentration of monoun-
saturated fatty acids (MUFA). During summer feeding, the proportion  
of UFA and PUFA in relation to SFA in milk and cheese (P<0.05 and 
P<0.01) was more beneficial than in winter. The calculated omega-6 to ome-
ga-3 ratio did not exceed 3-1 in milk or in cheese. 

Cheese produced in the summer had more hypocholesterolemic acids 
(DFA P≤0.05) and less hypercholesterolemic acids (OFA P≤0.05). Thus,  
the DFA to OFA ratio was higher (P≤0.05) but atherogenic index (AI) was 
lower in cheese obtained in summer. In our study, the content of saturated 
fatty acids in the total fatty acid in sheep’s milk fat did not differ from  
the values presented by the JaNdal (1996), ZervaS and TSiplakou (2011),  
koNdyli et al. (2012). 

The amount of medium-chained and long-chained SFA (C8:0, C10:0, 
C10:0 iso, C15:0, C16:0 iso, C20:0) and their seasonal variations were similar 
to the data reported by the cited authors. Talpur et al. (2008) demonstrated 
considerable changes that occur throughout the year in the composition  
of fatty acids in milk obtained from sheep. These authors show that the SFA 
concentration (including acids for C6:0 to C14:0) was higher in winter 
months, and the MUFA, PUFA, CLA concentrations were higher in summer 
months. As viewed by the authors, fresh forage feeding in summer favours 
the synthesis of PUFA, including conjugated acids, which probably results 
from a change in the pathways of fatty acid bio-hydrogenation in the rumen. 
It is common that higher PUFA content, including PUFA n-3, in products 
obtained in the summer period results from a higher concentration of C18:3 
n-3, which is the main acid in forage (Table 1). This acid is an initial sub-
strate for trans-11 vaccenic acid (TVA) and conjugated cis-9, trans-11 C18:2 
linoleic acid (CLA) in a bio-hydrogenation reaction in the rumen (lock, 
garNSworThy 2003). Both metabolites generate an increase in Δ9-dehydro- 
genase activity. This enzyme catalyses the transformation of vaccenic acid 
into endogenous CLA in the mammary gland (lock, garNSworThy 2003).  
The study conducted on cows by chioN et al. (2010) showed huge influence  
of pastures on the increase of the concentration CLA in milk. koNdyli et al. 
(2012) and SiTZia et al. (2015) determined higher concentrations of linolenic 
acid (by 16 and 19%) and CLA (by 4 and 42%) in the spring feeding season 
than in summer or autumn, and indicated a positive effect of early start  
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of the grazing season and green forage feeding. In our study, milk obtained 
from the grazing season had a greater share of these acids (ALA and CLA) 
– Table 3. According to elgerSMa et al. (2006), there was less CLA in winter 
(November to March) – about 3 mg kg-1 fat - and more in summer milk fat 
(June to August) – about 7-8 mg kg-1 fat. bioNdi et al. (2008) reported a treble 
increase of the levels of ALA and CLA, a more than 40% increase in PUFA 
but a 9% decreased share of SFA in milk fat after 23 days of sheep’s grazing, 
which confirms the dynamics of the changes found in our study (Table 3). 
The content of the short (C4:0, 6:0), medium (C8:0, C10:0, C12:0) and long 
chain saturated fatty acids (C14:0, C16:0, C18:0) (% of total FAs) determined 
in cheeses (Table 3) was similar to the values shown by FerNaNdeZ-garcia  
et al. (2006), by approx. 5.4, 9.3 and 23%) and by ZervaS and TSiplakou 
(2011), by approx. 3, 3.7 and 12.7%. ZervaS and TSiplakou (2011), MarroNe  
et al. (2014) and SiTZia et al. (2015) reported a lower concentration of SFA 
(61, 51.3, 49.4%) than the values recorded in our study (74%). 

The values of MUFA and PUFA averaging 22 and 3.9% (Table 3) were 
lower than 32 and 7% (ZervaS, TSiplakou 2011) and 25.7 and 7% (SiTZia et al. 
2015) but similar to 4.3 and 19.8% (MarroNe et al. 2014).

The content of PUFA in total fatty acids in cheese that were evaluated 
in this study was higher than reported in the literature, and marked the 
impact of a feed ration containing UFA (linseed, olive cake) on the fatty acid 
profile of fat sheep cheese (braNciari et al. 2012, vargaS-bello-péreZ et al. 
2013). Higher content of SFA had the impact of the UFA to SFA ratio  
(0.32 and 0.38) – Table 3 and was lower than 0.63, 0.47 and 0.66 reported  
by ZervaS and TSiplakou (2011), MarroNe et al. (2014), and SiTZia et al. 
(2015), respectively. Fat from cheese produced in winter had a higher con-
tent of SFA and lower PUFA including CLA and ALA (P≤0.01), AA (arachi-
donic acid – C:20:4 n-6) and EPA (eicosapentaenoic acid – C 20:5 n-3) 
(P≤0.05) (Table 3) in comparison with cheese produced during summer feed-
ing, which confirmed the results of FerNáNdeZ-garcía et al. (2006). Cheese 
produced in winter had 9-40% higher levels of medium-chain SFA and long-
chained SFA (12-22%), according to these authors. SiTZia et al. (2015)  
confirmed that the content of SFA was lower by 13-14% and PUFA higher  
by 16% in cheeses from the summer, which is consistent with our results 
(Table 3). The estimated n-6 to n-3 ratio was 3.1:1 in the winter and 2.62:1 
in the summer feeding period (Table 3), being higher than that calculated  
by MarroNe et al. (2014) – 1.72:1, but this positive ratio, especially in sum-
mer, pointed to the pro-health quality of cheese. The values of AI (atherogen-
ic index) and TI (thrombogenic index) – Table 3 are slightly higher than 
those determined by braNciari et al. (2012) – 3.42 and 3.01, respectively, 
vargaS-bello-péreZ et al. (2013) – 3.54 and 1.45, or MarroNe et al. (2014) – 
2.75 and 1.90, but the values of both indices in cheese obtained in summer 
(Table 3) indicated their health-promoting quality. 
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CONCLUSIONS

In conclusion, it was found that the feeding season significantly differen-
tiated the chemical composition of both milk and cheese, but with regard  
to some of the examined characteristics. Significantly higher parameters  
in milk and cheese in favor of the summer season were noted in the case  
of vitamin A and E. Also in the summer season, higher values of biogenic 
amines in cheese, i.e. histamine, putrescin and cadaverine, were recorded. 
On the other hand, in the winter season, higher values were related to the 
chemical composition, i.e. dry matter, crude ash, crude protein and the 
amine called tyramine.

The positive effect of the summer season on the pro-health properties  
of milk and the rennet cheese made from it was found through the analysis 
of the fatty acid profile. In both cases, significantly higher values of unsatu-
rated acids, i.e. MUFA, PUFA, UFA, were noted, as well as a more favour-
able ratio of PUFA to SFA, UFA to SFA, PUFA to MUFA and acids from  
the n-6 and n-3 families, with a very good mutual ratio of 3:1. Moreover,  
in the summer season, the ratio of DFA to OFA acids was better for human 
health.

REFERENCES
AOAC. 2005. Association of Official Analytical Chemists. Official Methods of Analysis. 18th Edition, 

Arlington.
bioNdi l., valvo M.a., di gloria M., SciNardo TeNghi e., galoFaro v., priolo a. 2008. Changes 

in ewe milk fatty acids following turning out to pasture. Small Ruminant Res., 75(1): 17-23. 
DOI: 10.1016/j.smallrumres.2007.07.004

braNciari r., valiaNi a., TrabalZ-MariNucci M., Miraglia d., raNucci d., acuTi g., eSpoSTo S., 
MugheTTi l. 2012. Consumer acceptability of ovine cheese from ewes fed extruded linseed-
-enriched diets. Small Ruminant Res., 106: 543-548. DOI: 10.1016/j.smallrumres.2012.04.032

chioN a.r., Tabacco e., giaccoNe d., peireTTi p.g., baTTelli g., borreaNi g. 2010. Variation  
of fatty acid and terpene profiles in mountain milk and „Toma piemontese” cheese as affec-
ted by diet composition in different seasons. Food Chem., 121(2): 393-399. DOI: 10.1016/j. 
foodchem.2009.12.048

elgerSMa a., TaMMiNga S., elleN g. 2006. Modifying milk composition through forage. Anim. 
Feed Sci. Tech., 131(3-4): 207-225. DOI: 10.1016/j.anifeedsci.2006.06.012

FerNáNdeZ-garcia e., carboNell M., calZada J., NuñeZ M. 2006. Seasonal variation of the free 
fatty acids contents of Spanish ovine milk cheeses protected by a designation of origin:  
A comparative study. Int. Dairy J., 16(3): 252-261. DOI: 10.1016/j.idairyj.2005.02.010

guarcello r., diviccaro a., barbera M., giaNcippoli e., SeTTaNNi l., MiNerviNi F., MoScheTTi g., 
gobbeTTi M. 2015. A survey of the main technology, biochemical and microbiological  
features influencing the concentration of biogenic amines of twenty Apulian and Sicilian 
(Southern Italy) cheeses. Int. Dairy J., 43: 61-69. DOI: 10.1016/j.idairyj.2014.11.007

hewaviTharaNa a.k., vaN brakel a.S., harNeTT M. 1996. Simultaneous liquid chromatographic 
determination of vitamins A, E and β-carotene in common dairy foods. Int. Dairy J.,  
6(6): 613-624. DOI: 10.1016/0958-6946(95)00057-7

IZ-INRA. 1997. Norms for feeding cattle, sheep and goats. Nutrittional value of feeds for rumi-



380

nants. Developed according to the INRA (Institute National de la Recherche Agronomique). 
Wyd. II. Omnitech Press, Warszawa. (in Polish) 

JaNdal J.M. 1996. Comparative aspects of goat and sheep milk. Small Ruminant Res.,  
22(2): 177-185. DOI: 10.1016/S0921-4488(96)00880-2

JelíNek p., gaJdůšek S., illek J. 1996. Relationship between selected indicators of milk and 
blood in sheep. Small Ruminant Res., 20(1): 53-57. DOI: 10.1016/0921-4488(95)00771-7

JooSTeN h.M.l.J., olieMaN c. 1986. Determination of biogenic amines in cheese and some other 
food products by High-Performance-Liquid–Chromatography in combination with thermo- 
-sensitized reaction detection. J. Chromatogr. A, 356: 311-319. DOI: 10.1016/S0021- 
-9673(00)91491-2

kalač p. 2011. The effects of silage feeding on some sensory and health attributes of cow’s milk: 
A review. Food Chem., 125(2): 307-317. DOI: 10.1016/j.foodchem.2010.08.077

lock a.l., garNSworThy p.c. 2003. Season variation in milk conjugated linoleic acid and  
Δ9 desaturase activity in dairy cows. Livest. Prod. Sci., 79(1): 47-59. DOI: 10.1016/S0301- 
-6226(02)00118-5

ŁoZowicka b., MicińSki J., ZwierZchowSki g., kowalSki i.M., SZarek J. 2012. Monitoring study  
of pesticide residues in cereals and food stuff from Poland. Pol J Environ Stud,  
21(6): 1703-1712. http://Users/B4RDOCK91/Downloads/Monitoring%20Study%20of.pdf 

MaNZ u. 1986. Assay methods for beta-carotene in ROVIMIX-b-carotene 10% and in mixed  
animal feeds, and of carotene in animal feedstuffs, blood plasma and milk. Inf. Serv. Anim. 
Nutrit. Dep. F. Hoffmann – La Roche. Second Edition, Chalcombe Publications.

MarroNe r., baleSTrieri a., pepe T., vollaNo l., Murru N., d’occhio M.J., aNaSTaSio a. 2014. 
Physicochemical composition, fatty acid profile and cholesterol content of “Pecorino Carmas-
ciano” cheese, a traditional Italian dairy product. J. Food Compos. Anal., 36(1-2): 85-89. 
DOI: 10.1016/j.jfca.2014.05.006

Mayer h., FiechTer g. 2012. Physical and chemical characteristics of sheep and goat milk  
in Austria. Int. Dairy J., 24(2): 57-63. DOI: 10.1016/j.idairyj.2011.10.012

MilewSki S. 2006. Pro-health values of sheep products. Med Wet. 62(5): 516-519. (in Polish) 
http://www.medycynawet.edu.pl/images/stories/pdf/pdf2006/05/20065s05160519.pdf

Müller c.e. 2007. Influence of harvest date of primary growth on microbial flora grass herbages 
and haylage, and on fermentation and aerobic stability of haylage conserved in laboratory  
silos. Grass Forage Sci., 64(3): 328-338. DOI: 10.1111/j.1365-2494.2009.00695.x

National Research Council. 2001. Nutrient requirements of dairy cattle. Vitamins. National 
Academies Press, 162-168. 

Novella-rodrígueZ S., veciaNa-NoguéS M.T., iZquierdo-pulido M., vidal-carou M.c. 2003.  
Distribution of biogenic amines and polyamines in cheese. J. Food Sci., 68(3): 750-755.  
DOI: 10.1111/j.1365-2621.2003.tb08236.x

perreTTi g., MarcoNi o., MoNTaNari l., FaNToZZi p. 2004. Rapid determination of total fats and 
fat-soluble vitamin in Parmigiano cheese and salami by SFE. LWT-Food Sci. Technol., 
37(1): 87-92. DOI: 10.1016/S0023-6438(03)00138-5

PN-EN ISO 6867 - Polish Standard of Feed. 2002. Determination of vitamin E content. 
High-performance liquid chromatography method - tocopherols in feed. (in Polish)

poveda J.M., chicóN r., cabeZaS l. 2015. Biogenic amine content and proteolysis in Manchego 
cheese manufactured with Lactobacillus paracasei subsp. paracasei as adjunct and other 
autu chthonous strains as starters. Int. Dairy J., 47: 94-101. DOI: 10.1016/j.idairyj.2015.03.004

rayNal-lJuTovac k., lagriFFoul g., paccard p., guilleT i., chilliard y. 2008. Composition  
of goat and sheep milk products: A update. Small Ruminant Res., 79(1): 57-72. DOI: 10.1016/j. 
smallrumres.2008.07.009

rhee k.S, ThayNe r. duTSoN g.c. SMiTh r.l. hoSTeTler r.r.. 1982. Cholesterol content of raw 
and cooked beef longissimus muscles with different degrees of marbling. J. Food Sci., 47(3): 
716-719. DOI: 10.1111/j.1365-2621.1982.tb12698.x



381

SchiroNe M., ToFalo r., FaSoli g., perpeTuiNi g., corSeTTi a., MaNeTTa a.c., ciarrocchi a.,  
SuZZi g. 2013. High content of biogenic amines in Pecorino cheeses. Food Microbiol.,  
34(1): 137-144. DOI: 10.1016/j.fm.2012.11.022

SchiroNe M., ToFalo r., MaZZoNe g., corSeTTi a., SuZZi g. 2011. Biogenic amine content and  
microbiological profile of Pecorino di Farindola cheese. Food Microbiol., 28(1): 128-136. 
DOI: 10.1016/j.fm.2010.09.005

SpiZZirri u.g., reSTuccia d., curcio M., pariSi o.i., ieMMa F., picci N. 2013. Determination  
of biogenic amines in different cheese samples by LC with evaporate light scattering detec-
tor. J. Food Compos. Anal., 29(1): 43-51. DOI: 10.1016/j.jfca.2012.09.005

Statsoft Inc., 2013. Statistica for Windows. Computer program manual.
Talpur N., bhaNger M.i., khooharo a.a, MeMoN g.Z. 2008. Seasonal variation in fatty acid 

composition of milk from ruminants reared under the traditional feeding system of Sindh, 
Pakistan. Livest. Sci., 118(1-2): 166-172. DOI: 10.1016/j.livsci.2008.04.008

Taylor S.l. 1925. Histamine poisoning associated with fish, cheese and other foods. Prepared 
for World Health Organization. Food Research Institute. Willow Drive. Madison. Wiscon-
sin. USA.

ulbrichT T.l.v., SouThgaTe d.a.T. 1991. Coronary heart disease: seven dietary factors. Lancet, 
338: 985-992. DOI: 10.1016/0140-6736(91)91846-M

vargaS-bello-péreZ e., vera r.r., aguilar c., lira r., peña i., FerNáNdea J. 2013. Feeding  
olive cake to ewes improves fatty acid profile of milk and cheese. Anim. Feed Sci. Tech., 
184(1-4): 94-99. DOI: 10.1016/j.anifeedsci.2013.05.016

Ząbek k., MilewSki S., wóJcik r., siwicki A.k. 2014. The effects of supplementing diets fed  
to pregnant and lactating ewes with Saccharomyces cerevisiae dried yeast. Turk. J. Vet. 
Anim. Sci., 38(2): 200-206. DOI: 10.3906/vet-1305-68

ZervaS g., TSiplakou e. 2011. The effect of feeding systems on the characteristics of products 
from small ruminants. Small Ruminant Res., 101(1-3): 140-149. DOI: 10.1016/j.smallrumres. 
2011.09.034


