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Introduction

Recent years have seen increased consumer 
awareness of the nutritional and health-promoting 
qualities foods significantly influencing health. 
The beneficial effect of the bioactive components 
contained in milk and its products on consumer 
health is well documented (Myers, 2007). The 
level of bioactive components in raw milk, espe-
cially fatty acids, is determined, among others, 

by the animal species, diet and stage of lactation  
(Wójtowski et al., 2003; Pikul et al., 2008; 
Markiewicz-Kęszycka et al., 2014). Sheep milk has 
a greater nutritional value than cow, or even goat 
milk. It is characterized by a higher content of in-
dividual nutrients, as well as bioactive components, 
such as immunoglobulins, lysozyme and lacto-
ferrin (Blasi et al., 2008). Sheep milk fat contains 
more conjugated dienes of linoleic acid (CLA),  
mg · g–1: (12.38) than cow (8.71) and goat milk (6.67).  

ABSTRACT. The content of bioactive components in dairy products depends 
mainly on their content in raw milk and on the technological production pro-
cess. The experiments were performed on the milk collected from dairy sheep 
receiving concentrated feed without (control group) and with a 12% addition 
of gold of pleasure (experimental group). Adding Camelina sativa cake to the 
feed led to an increase in the share of monounsaturated fatty acids (MUFA), 
including trans MUFA, and polyunsaturated fatty acids in raw milk and in the 
produced yoghurt, even after 21 days of refrigerated storage. The percentage 
of conjugated dienes of C18:2 acid was more than 3 times higher. There was 
no difference in the processability of the experimental milk and the milk from 
the sheep in the control group. The increased share of bioactive components 
in milk did not cause any changes in acidity, consistency or colour (assessed 
instrumentally), nor in the taste, smell and consistency (assessed sensorially) 
of the produced yoghurt.
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Sheep milk fat is also characterized by the highest 
content of cis-9, trans-11 CLA isomer (Wójtowski 
et al., 2003). CLA has a particular biological activ-
ity. It contributes to the reduction of unwanted LDL-
cholesterol, has antioxidant properties and strength-
ens the immune system of the whole organism. The 
capacity to synthesize CLA is also present in lactic 
acid bacteria (LAB), which thus contribute to its 
raised level in dairy products, especially fermented 
drinks. The content of CLA produced by bacteria de-
pends on the type of bacteria strain used, type of milk  
and incubation conditions (Meľuchová et al., 2008). 
The component of milk that is the most sensitive to 
changes due to feeding are the fatty acids contained in 
milk fat and the fat-soluble vitamins and carotenoids 
(Collomb et al., 2006).

Appropriately selected components of the feed 
ration in ruminants may constitute a source of sub-
strates for microorganisms colonizing the rumen that 
produce biologically active compounds as a result of 
nutrient fermentation processes (Sieber et al., 2004). 
An example of compounds exhibiting high biological 
activity in the milk of these animals is the conjugated 
dienes of linoleic acid, which (depending on their 
form) may prevent the development of many diseases 
of civilization (Park, 2009). Feed ration components 
rich in polyenic fatty acids include products obtained 
in the course of biofuel production from seeds of oil 
crops (cakes and meals). While the effect of adding 
rapeseed and linseed cake on the composition of fatty 
acids in the milk of small ruminants is relatively well 
known (Mughetti et al., 2012), there are no data on the 
application of cake from gold of pleasure (Camelina 
sativa), an oil crop known for centuries, which may be 
grown on poorer soils unsuitable for growing rape as 
an energy crop.

Camelina sativa is an oilseed crop of the Bras-
sicaceae (Cruciferae) family (Zubr, 1997). The re-
cent search for new sources of essential fatty acids, 
particularly n-3 fatty acids, has led to a renewed in-
terest in it. Camelina seeds contain about 39% fat, 
30% α-linolenic acid and 26% crude protein. A co-
product obtained from camelina seed after oil ex-
traction, gold of pleasure cake, is finding alternative 
use in animal diets due its high oil content (Cais-
Sokolińska et al., 2015). The oil contains about 90% 
unsaturated fatty acids. Approximately 50% of the 
total fatty acids are polyunsaturated, e.g., linoleic 
acid (18:2n-6) and α-linolenic acid (18:3n-3).

Because of its rich chemical composition, sheep 
milk is an excellent raw material for the production 
of fermented drinks. The large share (up to 18%) of 
dry matter in sheep milk does not require the use 
of any thickeners, which makes the drinks fully 

natural and free of additives. Initially, yoghurt used 
to be produced from sheep and goat milk, mainly 
in the Balkans, Turkey and the Middle East. Cur-
rently, sheep milk yoghurt is produced on an in-
dustrial scale also in Mediterranean countries. In 
Poland, small quantities of yoghurt are produced, 
chiefly using the thermostat method (Danków and 
Pikul, 2011). Yoghurt from sheep milk may contain 
between 15% and 21% dry matter, including from 
4.5% to over 8% fat, which determines its very good 
nutritional and energy value. It is characterized by  
a dense, smooth and stable curd, compact consist-
ency, absence of a whey layer, slightly sour taste 
and fresh scent. The proper selection of inoculation 
methods allows modification of acidity, the amount 
of flavouring compounds, as well as sensory attrib-
utes of yoghurt. By introducing probiotic bacteria, 
such as Lactobacillus acidophilus and bifidobacte-
ria, it is possible to maintain or restore the intestinal 
microflora. 

The aim of the study was to establish the poten-
tial for modification of the fat composition of ewe’s 
milk and yoghurt produced from it by supplementa-
tion of 12% Camelina sativa cake to the feed ration. 

Material and methods

Animals, feeding and sample collection
The raw material was collected from 32 milking 

ewes from the Polish Dairy sheep line 05. The ani-
mals had a mean body weight of 60 ± 3 kg and were 
aged 3 and 4 years (the second and third lactation). 

The ewes in this experiment were fed with basal 
diet (control) and basal diet plus 12 g ·100 g–1 of  
C. sativa (CS) concentrate dry matter. The amount 
of CS offered was established on the basis of a 
series of previous experiments with gold of pleasure 
supplementation to ewe diets, when 10 g · 100 g–1 
and 20 g ·100 g–1 of CS in concentrate dry matter 
improved sheep milk fatty acid composition 
(Szumacher-Strabel et al., 2011).

All the ewes were at the identical stage of 
lactation. Up to day 89 of lactation the animals  
(n = 32) were fed the basal diet. Starting from day 
90 of lactation, for the next 30 days the sheep in the 
control group (n = 16) continued to receive the ba-
sal diet, while the animals in the experimental group  
(CS) were fed the experimental diet, i.e. basal diet 
plus 12 g ·100 g–1 of CS in concentrate dry matter 
(DM). After a 30-day period of adaptation to the 
experimental diet, on days 120 to 123 of lactation 
individual milk samples were collected during the 
morning and evening milking (2 × 250 ml) from all 
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ewes (n = 32) for chemical analyses and for the pro-
duction of yoghurt. From this material, 10 yoghurt 
batches of 5 l each were produced, with five batches 
from the milk of each ewe group. The analyses were 
performed in two replicates.

Ewes were machine milked twice a day. Daily 
samples of milk from individual ewes were prepared 
by mixing morning and evening milking (1:1). 

During the experiment, the ewes were fed  
1 kg concentrate and 2.4 kg lucerne/grass silage and 
meadow hay (DM basis) per ewe per day. Concen-
trates were individually fed in two equal portions 
during milking, while chopped lucerne hay was pro-
vided in individual box feeders twice daily (07:00 
and 18:00). Ewes had free access to water and  
a mineral saltlick. 

The basic composition and nutritive value of 
the used breeder mashes and forages are given in  
Tables 1 and 2.

The concentrates offered to the sheep had on 
average 0.99 UFM (unit for milk production),  
115 g PDIN (protein truly digestible in the small 
intestine depending on the NH3 N amount) and  
107 g PDIE (protein truly digestible in the small in-
testine depending on energy amount). The chemi-
cal composition (g · kg–1  of DM) of lucerne/grass 
silage and meadow hay used in the experiment was: 
dry matter 51.26 and 90.96, crude protein 8.14 and 
10.17, crude fat 1.46 and 1.37, and neutral deter-
gent fibre (NDF) 44.97 and 48.39, respectively and 

neutral detergent fibre (NDF) 449 and 484, respec-
tively. Moreover, Camelina sativa cake contained 
(g · kg–1 DM): dry matter 926, organic matter 871, 
crude protein 305, crude fibre 102 and crude fat 139,  
and the following fatty acids (profile in percentage):  
C16:0 (7.3), C18:1 cis-9 (16.1), C18:2 cis-9 cis-12 (26.2), 
C18:3 cis-9 cis-12 cis-15 (38.8), C20:1 (11.6).

Physicochemical analysis
Samples of concentrates and lucerne/grass  

silage were collected every week and analysed 
according to the AOAC (2007) for dry matter (DM; 
method No. 934.01), ash (AS; method No. 942.05) 
and crude fibre (method No. 978.10). Crude protein 
(CP) was determined with the use of a Kjel-Foss 
Automatic 16210 analyzer (A/SN. Foss Electric, 
Hillerød, Denmark; method No. 976.05), while crude 
fat (CF) was tested with a Soxtec System HT analyzer 
(Tecator AB, Horanas, Sweden; method No. 973.18). 
NDF was estimated by the method of van Soest et 
al. (1991). The fatty acid composition of CS after 
extraction was determined in a gas chromatograph 
(GS; Varian Star CP 3800; Varian Analytical 
Instruments, Walnut Creek, CA, USA) equipped 
with a flame ionization detector and a CP-Sil 88 
silica capillary column (100 m 9 0.25 mm id, 0.20 lm 
film thickness; Chrompack, Varian, Middleburg, the 
Netherlands), according to the protocol described by 
Cieślak et al. (2009). Hydrogen was used as a carrier 
gas at a constant flow of 30.0 ml · min–1 and a split 
ratio of 1:10. The oven temperature was programmed 
as follows: initially 175°C for 25 min, then increasing 
at 5°C · min–1 to 235°C. The fatty acid peaks were 
identified by comparison with the retention times 
of known standards (FAME Mix; Supelco-Sigma-
Aldrich Co., St. Louis, MO, USA), and according 
to Collomb and Bühler (2000). Fatty acid standards 

Table 1. Ingredients, basic composition and nutritive value of concen-
trates

Indices Group
control CS1 

Ingredient, g · kg–1  DM
wheat
wheat bran
rapeseed extracted meal
Camelina sativa cake (CS)
minerals and vitamins

700
 80
200
  0
 20

700 
 80
 80
120
 20

Basic composition, g · kg–1  
dry matter
organic matter
crude ash
crude protein
crude fibre
crude fat
NDF2

 88.49
 83.25
  5.24
 17.20
  5.13
  3.46
 15.39

 91.63
 87.50
  4.13
 17.95
  4.83
  4.45
 15.71

Nutritive value, per kg of DM
UFM3

PDIN4, g
PDIE5 , g

  0.99
115.4
106.8

  0.99
116.1
107.4

1 CS – with Camelina sativa; 2 NDF  – neutral-detergent fibre; 3 UFM – 
unit for milk production (1700 kcal ENL ); 4 PDIN – protein truly digestible 
in the small intestine depending on NH3 N amount; 5 PDIE – protein truly 
digestible in the small intestine depending on energy amount

Table 2. Basic composition and nutritive value of lucerne/grass silage 
and meadow hay

Indices Lucerne/grass 
silage

Meadow 
hay

Ingredients, g · kg–1 DM
dry matter

crude ash
crude protein
crude fibre
crude fat
NDF1

Nutritive value, per kg of fresh matter
UFM2

PDIN3, g
PDIE4, g 

 
51.26
 7.42
 8.14
11.31
 1.46
44.97
  
 0.28
28
23

 
90.96
 6.86
10.17
28.39
 1.37
48.39
  
 0.64
66
73

1,2,3,4 see Table 1
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Supelco (Supelco-Sigma-Aldrich Co., St. Louis, 
MO, USA,) were used to create calibration curves 
for the quantification of C18:0, C18:1 trans 9, C18:1 cis 9,  
and C18:2.

Using standard methods, the following para-
meters were measured and determined for raw milk 
collected from each group of animals: fat, protein, 
lactose, mineral substances and dry matter contents 
(AOAC, 1995). Active acidity was measured with 
a Hanna Instruments HI 98230 pH-meter (Hanna 
Instruments, Woodnsocket, RI, USA), potential 
acidity was determined using the titration method, 
with the results given in °SH. The energy value of 
milk was also calculated. The somatic cell count 
and total bacterial count, were measured using an 
IBCM BENTLEY device (BENTLEY Instruments, 
Inc., Chaska, MN, USA). Lactic acid bacteria were 
counted according to ISO 6611 (2004).

Milk and yoghurt samples (10 ml) after ex-
traction were analysed for fatty acid profiles us-
ing a gas chromatograph (Varian Star CP 3800, 
Varian Analytical Instruments, Walnut Creek, CA, 
USA) fitted with a flame ionization detector and  
a 100 m fused-silica capillary column (0.25 mm i.d.), 
coated with 0.2 μm CP-Sil 88 (Chrompack, Varian, 
Chrompack, Varian, Middleburg, the Netherlands). 
Nonadecanoic acid (C19:0; Sigma Chemical Co.,  
St. Louis, MO, USA) was used as the internal stand-
ard. Observed peaks were identified by the com-
parison of retention times with appropriate fatty 
acid methyl ester standards (37 FAME Mix, con-
jugated LA; Supelco, Supelco-Sigma-Aldrich Co., 
St. Louis, MO, USA; Supelco). Moreover, the CLA 
peaks were identified by comparison with reten-
tion times of the reference standard (conjugated LA 
methyl esters, a mixture of cis and trans-9,11 and  
10, 12 octadecadienoic acid methyl esters; Sigma, 
Supelco-Sigma-Aldrich Co., St. Louis, MO, USA) 
and according to Collomb and Bühler (2000), using  
a Varian Workstation (Version 5.31).

Prior to statistical verification of analytical re-
sults, the fatty acids identified in raw milk and yo-
ghurt were grouped into the following categories:

• SFA (C4:0; C6:0; C8:0; C10:0; C12:0; C13iso; C14:0; 
C15:0; C15iso; C16:0; C17:0; C17iso; C18:0; C19:0; 
C20:0; C22:0; C24:0) 

• MUFA (C14:1; C16:1; MUFA cis; MUFA trans; 
C20:1; C22:1; C24:1)

• MUFA cis (C18:1c9; C18:1c11; C18:1c12; C18:1c13; 
C18:1c14; C18:1c15)

• MUFA trans (C18:1t9; C18:1t10; C18:1t11; C18:1t12; 
C18:1t15)

• PUFA (C18:2c9c12 ; C18:2c9c15; C18:2 c9 t11; C18:2t10c12; 
C18:3c9 c12c15; C20:3; C20:4; C22:5; C22:6)

• CLA (C18:2c9t11; C18:2t10c12)

Yoghurt manufacturing
Yoghurt was produced using the thermostat 

method. Whole non-standardized processing milk 
was heated to 45°C and clean skimmed in a centri-
fuge. It was then subjected to heat treatment at 95°C 
with a retention period of about 15 min. The pasteur-
ized milk was then cooled to the inoculation temper-
ature between 43 and 45°C, and an ABT-1 ‘Direct 
Vat Set’ starter culture was added, produced by Chr. 
Hansen (Hørsholm, Denmark) composed of lactic 
acid bacteria (Streptococcus thermophilus, Lactoba-
cillus acidophilus LA5 and Bifidobacterium anima-
lis ssp. Lactis BB-12) in the amount indicated by the 
manufacturer. After very thorough mixing, the milk 
with the added starter culture was put into 200 ml 
unit packages (polypropylene cups) and then incu-
bated at 43 to 45°C for about 4 h, until active acid-
ity expressed as pH 4.6 was reached. The ferment-
ed drink was then left to ripen at 20°C for the first  
2 h, then its temperature was lowered to about 4°C 
and it was stored under refrigerated conditions at  
4 to 6°C for 21 days. The contents of fat, protein, 
lactose and dry matter were determined in yoghurt 
produced using the thermostat method and its en-
ergy value was calculated. Its active acidity and ti-
tratable acidity were measured as well. 

The viscosities of the samples (50 ml) were meas-
ured at a temperature of 12 ± 1°C using a HAAKE 
ViscoTester VT5L rheoviscometre (Karlsruhe, Ger-
many) equipped with an L3 rotor (Radius/Length 
17.35/1.65 mm, legacy product code VHA-315-
506E ) revolving at 60 rpm (DIN 53019-1).

Texture and consistency were measured using  
a TA-XT plus Texturometer (Stable Micro Sys-
tems, Surrey, UK), equipped with an A/BE attach-
ment having a compression disk with a diameter  
Ø = 35 mm. The sample was placed inside a cyl-
inder with an internal diameter Ø = 50 mm (75% 
full). Measuring conditions: distance 30 mm, pre-
test 1.0 mm · s–1, post-test 10.0 mm · s–1. The test 
sample was prepared according to Marshall and 
Rawson (1999) and Brennan and Tudorica (2008).  
The behaviour of the sample during compression 
and return movement of the disk was analysed (sam-
ple compactness – the maximum positive force F+, 
consistency – the surface under the curve of F+ force 
in time t1:t2, firmness – the maximum negative force 
F-, viscosity index – the surface under the curve of 
F- force in time t2:t3). The results were recorded in 
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Texture Exponent E32 version 4.0.9.0 (Stable Micro 
Systems, Surrey, UK).

The textural parameters: maximum force in 
compression (firmness), positive area of the curve 
(consistency), maximum negative force which  
indicates the resistance to withdrawal of the sample 
from the extrusion disc being lifted (cohesiveness) 
and negative area of the curve (viscosity index) 
were recorded. Consistency and index of viscosity 
are related parameters; consistency indicates the 
thickness of the sample, while the index of viscos-
ity gauges the resistance of the sample to flow off 
the disc during back-extrusion. Triplicate measure-
ments were taken on each sample.

The colour constituents of yoghurt were deter-
mined according to the CIELAB colour space as 
L*a*b coordinates using a X-Rite SP-60 spectro-
photometer (Gorshkova, 2005).

Yoghurt sensory examination
Sensory examination of the taste, smell and 

texture of yoghurt was carried out using the profiling 
method (Isleten and Karagul-Yuceer, 2006). In it, 
the intensity of a stimulus is assessed along with 
the differences in the intensity of stimuli between 
the tested samples, and the values are scores on  
a 10-point scale, where 0 corresponds to the lowest 
intensity of the attribute and 10 to the highest. The 
assessment was carried out by a panel of 10 specifically 
trained and prepared people (Bárcenas et al., 2001).

Statistical analysis
The effect of feed supplementation on the 

milk production, fatty acid profile in milk, milk 
chemical composition and hygienic quality of 
milk was assessed statistically using analysis of 
variance based on a fixed model (SAS, 2008).  
Somatic cell count, total microbial count and lac-
tic acid bacteria in milk were subjected to loga-
rithmic transformation according to the formula  
y = logn (x + 10), where: x – the actual number of 
somatic cells (total microbial count lactic acid bacte-
ria) in milk. Data for fatty acid profiles and chemical 
composition of yoghurt was assessed using PROC-
MIXED of SAS (2008), with group effect and stor-
age time (days) class variables with interaction diet 
× storage time. Means were compared using Schef-
fe’s test. Differences were declared significant at P 
< 0.05. Only statistically significant interactions are 
presented in the tabular summaries of results. 

Statistical analyses of apparent viscosity, con-
sistency, cohesiveness, colour parameters (L*a*b*) 
and taste, flavour and consistency of yoghurt during 
refrigerated storage were determined using Statis-

tica 8.0 software (StatSoft, Inc., 2011) at the level 
of significance α = 0.05.

Results and discussion
Chemical composition, acidity and hygienic 
quality of sheep milk

The basic chemical composition and acidity of 
milk collected from sheep in the control group (C) 
are similar to the figures given by Danków and Pi-
kul (2011) and Wójtowski et al. (2003). The milk of 
sheep in the Camelina sativa (CS group) contained 
less fat and dry mater in comparison with the C 
group milk (P < 0.05; Table 3). The energy value of 
the milk from this group was lower than that from 
group C. The other analysed parameters character-
izing processability of milk did not differ between 
the groups. The hygienic quality of raw sheep milk 
in both groups (C and CS) did not differ. The re-
quirements regarding the total somatic cell count 
and total plate count per cubic centimeter of milk 
were met. The milk satisfied the requirements of the 
standards regarding the presence of coliform bacte-
ria as well as molds and yeasts.

Fatty acid profiles of sheep milk and 
yoghurt during refrigerated storage

Gold of pleasure supplementation of the diet 
of lactating sheep led to an increase in the percent-
age share of long-chain unsaturated fatty acids in 
milk (Table 4), in particular, of monounsaturated 
trans acids and conjugated dienes of C18:2 acid.  

Table 3. Milk yield, chemical composition, acidity and hygienic quality 
of sheep milk

Analysed parameters Group SEMcontrol CS1

Milk yield, kg
g · kg–1  

fat 
protein 
lactose
minerals
dry matter

Energy value, kJ · kg–1

Active acidity, pH
Titratable acidity, °SH
Somatic cell count, SCC · cm–3

CFU · cm–3

total bacterial count 
lactic acid bacteria 
coliform bacteria 
molds
yeasts

 34.76

  5.28 b

  4.08
  5.98
  0.74
 16.08b

367.36b

  6.48
  6.81 
262·103

145·103

6.8·103

<10
200
500

 35.05

  3.93a

  3.92
  5.75
  0.82
 14.42a

309.97a

  6.50
  6.93
241·103

125·103

6.2·103

<10
210
490

2.15

0.04
0.04
0.06
0.02
0.10
0.13
0.04
0.06
3.41·103

2.23·103

1.80·103

–
3.33
4.66

1 see Table 1; a,b mean values within each row with different superscripts 
differ significantly at α = 0.05; SEM – standard error of the mean
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The highest (3.7-fold) rise in the percentage share 
was found for C18:1 trans-10 acid. The increase in 
the share of C18:1 trans-11 acid was also very high, 
about 3-fold. An almost twice as high percentage 
share of monounsaturated fatty acids was found in 
the case of C18:1 cis-11–15 acids. The percentage 
of conjugated dienes of C18:2 acid was more than  
3 times higher. The high content of monounsaturat-
ed acids and conjugated dienes of C18:2 acid result-
ed in a higher percentage of monounsaturated and 
polyunsaturated acids in the milk of sheep whose 
diet was supplemented with Camelina sativa. It is 
worth stressing that the milk of sheep fed with gold 
of pleasure had a lower percentage of saturated fatty 
acids. 

In their study on the milk of sheep receiving gold 
of pleasure cake as a supplement of the feed ration at 
100 and 200 g per sheep per day. Szumacher-Strabel 
et al. (2011) reported an increase in the share of C18:2 
cis-9 trans-11 acid by 72% and 78%, respectively, in 
comparison with the control. These authors recorded 
an increase in the share of n-3 fatty acids in both 
feeding groups by over 50% and 80%, respectively. 

Interesting observations were also made concerning 
sensory evaluation of the ewe milk produced in 
this experiment. It was found that the higher level 
of gold of pleasure supplementation significantly 
deteriorated quality attributes, particularly aroma, 
of the produced milk (Cais-Sokolińska et al., 2011). 
In the context of these data, the supplementation 
dose used in this study, i.e. 120 g per sheep  
a day, seems optimal. 

A similar MUFA content was found in milk 
of Sarda, g · 100 g–1: (21.5), Churra (22.1) and 
crossbreeds of Sarda and Lacaune sheep (20 g), 
(Carta et al., 2003; Atti et al., 2006; De La Fuente  
et al., 2009).

Atti et al. (2006) when analysing the fatty acid 
profile in milk of Sarda ewes fed hay, silage and 
grain concentrate found a much lower content of 
PUFA (2.06 g · 100 g–1), which indicates that the 
content of these acids may be more closely related 
to nutrition than had been assumed. A greater share 
in pasture sward, especially of C18:3, may contri-
bute to the increase of PUFA in the milk of grazing 
ewes (Talpur et al., 2009).

Table 4. Fatty acid profiles of sheep milk and yoghurt during refrigerated storage, g · kg–1  fatty acid methyl esters (FAME)

Fatty acids, 
% FAME

Milk Yoghurt

group SEM
storage time, days
1 7 14 21 SEMcontrol CS1 control CS control CS control CS control CS

C10:0  6.65  6.60 0.41  6.90  6.66  6.61  6.51  6.69  6.72  6.72  6.70 0.46
C12:0  4.72  5.03 0.29  4.51  4.34  4.16  4.20  4.60  4.05  4.63  4.15 0.31
C14:0 13.07 12.92 0.51 13.17 12.85 12.53 12.52 12.45 12.32 12.51 12.37 0.68
C16:0 30.39 30.30 1.22 30.17 29.39 30.00 29.25 29.67 29.17 29.75 29.26 1.41
C18:0  8.28b  5.98a 0.49  9.00b  6.61a  9.37 b  6.67a  9.17 b  6.81a  9.08b  6.75a 0.54
C18:1c9 21.68b 18.55a 0.92 21.65b 19.13a 21.96b 19.17a 21.80 b 19.26a 21.69b 19.31a 1.01
C18:1c11-15  1.17a  2.09b 0.19  1.08a  2.13b  1.24a  2.25b  1.27a  2.36b  1.25 a  2.27b 0.22
C18:1t9-10  0.71a  2.66b 0.17  0.73a  2.59b  0.81a  2.74b  0.78a  2.61b  0.75a  2.66b 0.21
C18:1t11  0.59a  1.59b 0.09  0.60a  1.23b  0.68a  1.19b  0.72a  1.34b  0.70a  1.28b 0.16
C18:2c9c12  2.25  1.98 0.11  1.92  2.02  1.95  2.00  2.06  2.14  2.02  2.08 0.14
C18:3 c9c12c15  0.61  0.72 0.03  0.64  0.77  0.65  0.78  0.69  0.82  0.67  0.80 0.05
CLA2  0.53a  1.53b 0.06  0.58a  1.61b  0.64a  1.77 b  0.63a  1.80b  0.61  1.78b 0.09
SFA3 68.36b 65.48a 2.12 68.75b 65.38a 67.77b 64.67a 67.75b 64.20a 67.92b 64.41a 2.28
MUFA4 27.53a 29.57b 1.23 27.36a 29.36b 28.17a 29.85b 27.93a 30.18b 27.80a 29.98b 1.41
MUFA cis5 22.85b 20.64a 0.86 22.73b 21.26a 23.20b 21.42a 23.07b 21.52a 22.94b 21.56a 0.98
MUFA trans6  2.02a  5.51b 0.22  1.84a  4.67b  1.79a  4.90b  1.86a  5.02b  1.92a  4.96b 0.24
PUFA7  4.11a  4.95b 0.16  3.90a  5.26b  4.06a  5.49b  4.32a  5.63b  4.28a  5.61b 0.18
n-38  0.99  0.96 0.04  0.97  0.85  1.03  0.97  1.15  0.88  1.09  0.93 0.05
n-69  2.33  2.15 0.12  2.45  2.18  2.47  2.27  2.39  2.34  2.42  2.31 0.15
1 see Table 1; 2 CLA (C18:2c9t11,C18:2t10c12); 3 SFA (C4:0, C6:0, C8:0, C10:0, C12:0, C13 iso, C14:0, C15:0, C15 iso, C16:0, C17:0, C17 iso, 
C18:0, C19:0, C20:0, C22:0, C24:0); 4 MUFA (C14:1, C16:1, MUFA cis, MUFA trans, C20:1, C22:1, C24:1); 5 cis-MUFA (C18:1c9, C18:1c11, 
C18:1c12, C18:1c13, C18:1c14, C18:1c15); 6 trans-MUFA (C18:1t9, C18:1t10, C18:1t11, C18:1t12, C18:1t15); 7 PUFA (C18:2 c9 c12, C18:2 c9 
c15, C18:2 c9 t11, C18:2t10 c12, C18:3 c9 c12 c15, C20:3, C20:4, C22:5, C22:6); 8 n-3 (C18:3 c9 c12 c15, C20:3, C22:5, C22:6); 9 n-6 (C18:2 c9 c12, 
C20:2, C20:3, C20:4); a,b mean values within each row in the same time of storage with different superscripts are significantly different (α = 0.05);  
SEM – standard error of the mean
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According to many authors, feeding is the key 
factor influencing the content of cis-9, trans-11 C18:2 
in milk. The highest differences were reported be-
tween summer feeding (with a large share of green 
forages) and winter feeding (Nudda et al., 2005).  
Pasture feeding is a rich source of linolenic acid and 
provides the precursor (C18:1 trans-11) for endo-
genous synthesis of CLA. Higher contents of cis-9, 
trans-11 CLA, in comparison with the results report-
ed in this study, were recorded by Patkowska-Sokola 
et al. (2005) in the milk of Polish Mountain sheep 
and Friesian sheep during grazing, amounting to 
0.9% and 0.71% of the total fatty acids, respectively. 
In milk of Tsigai and Sarda sheep kept on the pasture, 
the content of CLA was also higher than that in the 
present study (Atti et al., 2006). Similar contents of 
this isomer as in our study were reported by Tsiplakou 
et al. (2006) in the milk of typical milk breeds such as 
Awassi (0.46%), Lacaune (0.44%), Friesian (0.35%) 
and Chios (0.46%) sheep that were kept under identi-
cal feeding management conditions as in this study.

The differences between fat content in the milk 
from the sheep in the control and experimental 
groups influenced the fat content and energy value 
of the produced yoghurt. In contrast, milk collected 
from different feeding management groups of sheep 
had no influence on the active acidity of the pro-
duced yoghurt. The three-week refrigerated storage 
of yoghurt did not affect active acidity in any ana-
lysed  yoghurt sample (Table 5).

The fatty acid profile of yoghurt produced from 
the milk of sheep in the control and experimental 
groups is presented in Table 4. A decreased saturated 
fatty acid (SFA) content was observed in the yoghurt 
from the experimental group milk when compared 
with that from the control group milk (P < 0.05),  
regardless of the storage period. In the yoghurt 
made from CS milk, the MUFA content was more 
than 2.5 times greater than in the yoghurt made from 
the milk of the control (C) animals, both immedi-
ately after production and in the 21-day storage pe-

riod. During storage the share of PUFA remained at 
a higher level in the yoghurt produced from the CS 
milk. The CLA content in the CS yoghurt was more 
than 2.8 times greater than in that made from the 
control milk, both immediately after its production 
and after 3 weeks of storage.

In the study of Hurtaud and Peyraud (2007),  
a control diet composed of 60% maize silage-based 
ration and completed with high-energy and nitrog-
enous concentrates was compared with two experi-
mental diets designed to provide the same amount of 
polyunsaturated fatty acids via either camelina seed 
(630 g · d–1, CS diet) or camelina cake (2 kg · d–1, CC 
diet). The experiment was realized during a 4-week 
period on 6 Holstein dairy cows. The camelina diets 
tended to decrease dry matter intake but did not have 
a significant effect on milk production. They gener-
ated a slight decrease in milk protein and a strong 
decrease in milk fat yield and content. The CC diet 
led to a stronger decrease in fat content. Camelina 
(CS) generated a greater proportion of monoun-
saturated fatty acids, notably C18:1 trans isomers, 
including trans-10 and trans-11 C18:1, which in-
creased by 11.0- and 2.6-fold, respectively, with the 
CC diet. Camelina also led to an increase in conju-
gated linoleic acids, particularly rumenic acid, cis-9, 
trans-11 C18:2. Camelina did not affect butter mak-
ing parameters, except churning time, with milk from  
CC-fed cows, which was longer (Hurtaud and  
Peyraud, 2007).

Rodríguez-Alcalá and Fontecha (2007) observed 
the total fatty acid and CLA contents in dairy pro-
ducts during processing and 10-week refrige- 
rated storage. The tested products in this study in-
cluded a CLA oil supplement and several skim milk 
dairy products fortified with the supplement, among 
others, fermented milk and yoghurt. After 5 weeks 
of storage, the contents of total CLA and total PUFA, 
and of cis-9 C18:2, trans-11 CLA and cis-10 C18:2, 
trans-12 CLA isomers decreased (Rodríguez-Alcalá 
and Fontecha, 2007). In the work of Campbell et al. 

Table 5. Chemical composition and acidity of yoghurt during refrigerated storage

Composition1

Storage time, days
1 7 14 21 SEMcontrol CS1 control CS control CS control CS

g · kg–1  
fat  5.60b  4.34a  5.62b  4.39a  5.64b  4.41a  5.68b  4.43a 0.05
protein  4.41  4.31  4.45  4.35  4.44  4.32  4.47  4.36 0.04
lactose  4.93  4.77  4.88  4.74  4.86  4.71  4.84  4.68 0.06
minerals  0.78  0.86  0.77  0.85  0.76  0.87  0.78  0.88 0.03

Active acidity, pH  4.60  4.60  4.56  4.57  4.51  4.53  4.47  4.51 0.04
Titratable acidity, °SH 42.61A 41.20A 46.81AB 45.69AB 50.70BC 49.30BC 53.60C 51.84C 0.07
1 see Table 1; mean values within each row in the same time of storage (a,b) or in the same group (A,B,C) with different superscripts are significantly 
different (α = 0.05); SEM – standard error of the mean
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(2003) a significant loss of cis-9 C18:2, trans-11 
CLA after HTST pasteurization of 2% CLA-fortified 
skim milk was found. Other results were reported  
by Xu et al. (2005) using a combination of mainly 
probiotic bacteria with yoghurt cultures. In this re-
search on fermented milk products,  slightly higher 
contents of cis-9, trans-11 and trans-10 C18:2 and 
cis-12 CLA were found. 

Interesting results were recorded by Cais-
Sokolińska et al. (2015) in kefir made from milk from 
dairy goats supplemented with gold of pleasure (CS) 
at 120 g per day per head. The administration of CS 
cake had a positive effect on the fatty acid profile of 
raw milk and kefir produced from this milk, caus-
ing an increase in the proportion of PUFA, including 
CLA and n-3 fatty acids. Their increased percentage 
was detected in kefir both immediately after produc-
tion and after 1, 2 and 3 weeks of storage.

Apparent viscosity, consistency, cohesiveness 
colour parameters, and taste, flavour and 
consistency of yoghurt during refrigerated 
storage

In this study, sheep milk and yoghurt produced 
from it are characterized by high viscosity when 
compared with milk of other animal species and 
fermented drinks produced from it (Skrzypek et al., 
2003; Wójtowski et al., 2003). Viscosity is affected 
by the diameter of casein micelles and casein protein 
content. The lowest apparent viscosity values were 
recorded in yoghurt produced from the CS sheep 
milk (Table 6). The highest apparent viscosity was 
found in yoghurt from the C sheep milk. Also the 
type of sheep milk (C vs CS) influenced the apparent 
viscosity of the examined yoghurt. An increase in 
apparent viscosity was observed only at the end of 
the storage period.

The texture of yoghurt depended on the type of 
used milk. Immediately after production, the lowest 
texture values were recorded for yoghurt produced 
from C group sheep milk. At the end of the storage 

period, the lowest consistency values were found in 
the yoghurt from C milk. However, during storage 
of the examined yoghurts, the consistency values in-
creased depending on the type of milk used (Table 6).

The parameter characterizing the consistency 
values of analysed yoghurts depended primarily on 
the type of milk. Negative values of this parameter 
were higher for yoghurts obtained from the con-
trol milk. Negative yoghurt cohesiveness values 
increased in a statistically significant way with the 
duration of storage (Table 6).

Despite the absence of differences in titratable 
acidity and pH of yoghurt made from milk of sheep 
from both feeding management groups, differences 
were observed in the fermentation process. These dif-
ferences resulted, e.g., in a significantly lower viscos-
ity and cohesiveness of yoghurt made from the milk 
of ewes receiving the gold of pleasure supplement. 

Faster and more abundant growth of strepto-
cocci in the initial phase of fermentation may result 
in excessive development of lactic acid bacteria, 
which in turn are characterized by a greater capacity 
to produce exopolysaccharides. Exopolysaccharides 
are responsible for binding greater amounts of water 
in the curd. The final product will thus not only have 
different rheological attributes, but will also give 
different yields of whey and chrome yellow. This 
was confirmed by analyses in this experiment. In the 
case of the experimental yoghurts, it was shown that 
those produced from the milk of sheep receiving gold 
of pleasure cake were less light-coloured and had 
a less saturated yellow colour than yoghurts made 
from the milk of ewes receiving conventional diets.  
These observations may prove valuable when plan-
ning further experiments connected with analyses of 
the course of fermentation in the milk of animals 
fed enriched feeds and which have not been investi-
gated in this study. 

The type of milk used (C or CS) had no effect 
on the brightness of colour in yoghurt. There was  
a decrease in the L* value after 14 days of storage 

Table 6. Apparent viscosity (mPas), consistency, cohesiveness and colour parameters (L*a*b*) and taste, flavour and consistency of yoghurt 
during refrigerated storage

Parameters
Storage time, days
1 7 14  21 SEMcontrol CS1 control CS control CS control CS

Viscosity 7461A 731A 7520A 7372A 7582AB 7422AB 7652B 7483B 12.23
Consistency 11336A 11434A 11365A 11652A 11533B 11677A 12297C 12456B 24.89
Cohesiveness –139B –132A –138A –136A –157B –156B  –185C  –172C 1.87
L* (%) 87C 83B 85B 83ABA 84BA 81A  82A  81A 0.21
a* (–) –3C –2C –2AB –2BC –2BA –2AB  –2A  –2A 0.03
b* (–) 10C 9B 9B 9BA 9BA 9A  9A  9A 0.07
1 see Table 1; * mean values within each row in the same group (A,B,C) with different superscripts are significantly differ; SEM – standard error of 
the mean 
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of yoghurt. The type of milk used had no influence 
on colour constituents a* and b*. In contrast, stor-
age time had an effect on the decrease in the values 
of constituents a* and b* (Table 6). The values of 
parameters a* and b* indicate a shift in the colour 
space towards green and yellow. The white colour 
of milk is mainly caused by the diffusion of light on 
colloidal particles of the casein-calcium complex.

The distance from white index values decreased 
only at the end of the yoghurt storage period, regard-
less of the type of milk used.

The results of sensory examination of taste, 
smell and texture of sheep milk yoghurt are present-
ed in Table 7.

Yoghurt produced from the CS milk inoculated 
with the ABT-1 starter culture differed from that 
made from the C milk by a faint oily taste.

These results may be compared to those recor-
ded by Cais-Sokolińska et al. (2015) when evalu-
ating the quality of kefir from milk from goats fed  
a diet rich in bioactive compounds (gold of pleasure 
cake). In this study, the processing value of milk did 
not differ from the quality attributes of milk from the 
control goats. An increased proportion of bioactive 
components in goat milk did not result in changes in 
acidity, texture, colour, flavour, aroma or consistency 
of the produced kefir (Cais-Sokolińska et al., 2015).

Conclusions
Feeding sheep with a concentrate supplemented 

with gold of pleasure cake had no effect on the 
hygienic and microbiological quality or technological 
stability of the collected raw milk. Supplementation 
with a 12% addition of gold of pleasure cake proved  
beneficial in terms of the fatty acid profile in milk fat, 

resulting in an increased share of monounsaturated 
fatty acids (MUFA), including trans- MUFA, and 
polyunsaturated fatty acids, including conjugated 
linoleic acid (CLA). Sheep milk with an increased 
content of bioactive components was a valuable 
raw material for yoghurt production. The same 
advantageous differences in the composition of 
fatty acids were found in yoghurt produced from 
milk in the experimental group both immediately 
after its production and after 21 days of storage. 
Taking into consideration the results of both the 
instrumental analysis and sensory examination, it 
was shown that the yoghurt produced from sheep 
milk with an increased content of biologically 
active components did not differ significantly in 
quality from that made from milk of sheep drown 
the control group.
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