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ABSTRACT
The effect of supplementary dried brewer’s yeast, Saccharomyces cerevisiae, during 100 days
rearing period on meat quality of lambs was investigated. Twenty four male Kamieniecka breed
lambs were divided into two groups: I - control, II - experimental - supplemented with preparate
Inter Yeast® S, containing Saccharomyces cerevisiae.
Meat quality was determined on samples of M. longissimus lumborum (LL) and M. quadriceps
femoris (QF), based on the following parameters: chemical composition, physicochemical properties,
the fatty acid composition and profile of intramuscular fat, and sensory properties. Meat of lambs from
group II contained more dry matter (0.78%) and intramuscular fat (0.33%), compared with control
lambs (P<0.01). An increase the red colour component a* (P<0.01) and improvement the waterholding capacity (P<0.01) of meat were also found in the experimental group. The concentrations
of C14:1, C18:2 and C22:6 fatty acids (P<0.05) and conjugated linoleic acid C18:2 cis9trans11 were higher
(P<0.01) and the content of C20:4 was lower (P<0.01) in the intramuscular fat of lambs from group
II. The above changes had no influence on the sensory properties of meat. The content of dry matter
and protein was higher, and cooking loss was lower (P<0.001) in LL than in QF muscle. The sensory
properties were better in QF muscle.
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INTRODUCTION
Lamb meat is lean, easily digestible and assimilable, it has a high nutritional
value (Kłobukowski et al., 2002) and health-promoting properties (Milewski,
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2006). Lamb meat has a desirable amino acid composition (Jandásek et al.,
2003; Brzostowski and Tański, 2006) and amino acid profile of intramuscular
fat (Brzostowski and Tański, 2006), as well as a high content of functional
components (Patkowska-Sokoła et al., 2000). It is also a rich source of minerals
and vitamins (Milewski, 2006). Meat with superior health benefits is obtained
when lambs are fed rations based on organic feed. However, such systems
are characterized by a slower growth rate of animals and lower production
effectiveness. Therefore, attempts are made to supplement lamb diets with natural
stimulators (Collins and Ribson, 1999), including yeast Saccharomyces cerevisiae,
which has a wide spectrum of activity (Lyons, 2001). Dried yeast supplements
are more comprehensive for dietary purposes due to broader distribution, storage
and application. Depending on production technology, they can be administered
in the form of a probiotic containing live cells or a prebiotic comprising dead
cells (Dobicki et al., 2007). Milewski’s studies (2009) support the use of dried
yeast (Saccharomyces cerevisiae) with prebiotic properties in lamb feeding, the
administration of Inter Yeast® S mixed with concentrate stimulated the growth
rate and muscle development in suckling lambs. However, none of the studies
conducted to date examined the influence of dried yeast on lamb meat quality.
Titi et al. (2007) reported significant changes in the chemical composition of meat
(an increase in fat content and a decrease in protein content) from lambs fed diets
supplemented with live yeast cultures (Diamond V).
The objective of this study was to determine the effect of supplementing the
concentrate fed to suckling lambs with prebiotic preparate of Saccharomyces
cerevisiae dried brewer’s yeast on meat quality.
MATERIAL AND METHODS
Animals, diets and sampling
The experimental materials comprised meat samples collected from 24 male
Kamieniecka breed lambs aged 100 days. The lambs were divided into two groups:
a control (I) and an experimental (II), with similar body weight (determined on the
second day of life: group I - 5.22 kg, group II - 5.18 kg) and the age of ewes (3-4
years old), to eliminate the differences in milk yield. During the 100-day rearing
period a uniform feeding regime was applied in both groups, including ewes
and lambs. Lambs were fed diets composed of meadow hay, hay silage of grass
and legumes and CJ concentrate. Nutritive value of feeds, using INRA system
(1988), were calculated using a computer program WINWAR. Dry matter content
in hay silage, meadow hay and CJ concentrate was: 44.26, 83.95 and 88.65%,
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respectively. UFV and crude protein content in feed were respectively: 0.81 and
181.88 g in hay silage, 0.66 and 89.34 g in meadow hay, 1.106 and 169.32 g in
CJ concentrate. The lambs from group II received the supplement Inter Yeast® S,
prebiotic preparate, containing dried brewer’s yeast (Saccharomyces cerevisiae).
The prebiotic was mixed with CJ concentrate in the proportion of 50 g/kg CJ
concentrate, identical for both groups, and was increased every 10 days by 0.05
kg/animal/day, starting from 0.05 kg/animal/day at the age of 11-20 days. The
quantity of the administered feed and refusals were monitored throughout the
experiment, and their chemical composition was analysed according to standard
methods (AOAC, 1990) to determine nutrient intake throughout the experiment.
Lambs were slaughtered at the age of 100 days. Average body weight at the end
of experiment was 23.55 kg in group I and 28.65 kg in group II. After slaughter
carcasses were chilled at 4oC for 18-24 h and then the M. longissimus lumborum
(LL) and M. quadriceps femoris (QF) of the right half-carcass were separated.
Meat quality determination
Meat quality was evaluated based on the following parameters: chemical
composition, physicochemical properties, the fatty acid composition and profile
of intramuscular fat, and sensory properties. The proximate chemical composition
of meat was determined according to standard methods (AOAC, 1990). The
following physicochemical properties of meat were measured: pH24 - 24 h postmortem, using a Double Pore glass-combination electrode (Hamilton) and a 340i
pH-meter, colour parameters L*, a* and b* - by the reflectance method, using
a MiniScan XE Plus spectrophotometer (HunterLab), water-holding capacity - by
the Grau-Hamm method (Oeckel et al., 1999), natural drip loss and cooking loss
- by the Honikel method (1998). The fatty acid composition of intramuscular fat
was determined by esterification (Peisker, 1964) followed by gas chromatography
using a VARIAN CP-3800 chromatograph. Separation parameters were as follows:
a flame ionization detector FID, capillary column - length: 50 m, inner diameter:
0.25 mm, liquid phase - CP-Sil 88, film thickness - 0.25 µm, carrier gas - helium,
carrier gas flow rate - 1.2 ml/min. The sensory properties of cooked meat, including
aroma (intensity and desirability), taste (intensity and desirability), juiciness and
tenderness were evaluated by five trained panelists on a five-point scale, using
calibration methods. Shear force of meat was determined after thermal treatment,
as described by Honikel (1998), using a Warner-Bratzler head (500 N) attached
to an INSTRON universal testing machine (model 5542), on cylindrical samples
with a diameter of 1.27 cm and height of 2 cm.
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Statistical analysis
The results were performed statistically by a two-factorial analysis of variance
in an orthogonal design. The significance of differences between groups was
verified with Duncan’s test. The calculations were performed using Statistica 8.0
StatSoft Inc. software.
RESULTS
The feed intake by lambs in both groups were similar, about 530 kg of dry
matter, 65 kg crude protein, 114 kg crude fibre, 39 kg UFV, 41 kg PDIN and
43 kg PDIE.
No significant differences in feed consumption were observed between the
groups during the experiment. Only small amounts of hay silage were sporadically
left, which suggests that nutrient intake was similar in both groups.
The chemical composition and physicochemical properties of meat are
presented in Table 1. Meat from group II lambs contained more dry matter
and intramuscular fat compared with control lambs (P<0.01). Significant
differences were also found between the groups as regards the colour parameters
and water-holding capacity of meat. Meat from group II lambs was characterized
by a lower value of colour component L*, a higher value of component a*
(P<0.01), and a higher water-holding capacity (P<0.01). Muscle type had
a significant effect on the investigated traits. The LL muscle had a higher content
Table 1. Chemical composition and physicochemical properties of meat
Group
Muscle1
Parameter
Interaction
I
II
LL
QF
B
A
A
B
Dry matter, %
23.87 ± 0.81 24.65 ± 0.63 24.66 ± 0.67 23.86 ± 0.77
ns
ns
Protein, %
20.54 ± 0.65 20.76 ± 0.61 20.99A ± 0.58 20.32B ± 0.50
2.23 ± 0.36
ns
Fat, %
2.00B ± 0.11 2.33A ± 0.33 2.10 ± 0.20
1.07 ± 0.05
ns
Ash, %
1.08 ± 0.04 1.06 ± 0.04 1.07 ± 0.05
5.63 ± 0.06 5.63 ± 0.08 5.59B ± 0.04 5.67A ± 0.07
ns
pH24
ns
Water : protein ratio
3.70 ± 0.15 3.63 ± 0.13 3.59B ± 0.13 3.74A ± 0.12
Colour:
48.48A ± 2.58 46.01B ± 2.30 47.76 ± 2.61 46.73 ± 2.80
ns
L*
ns
11.14B ± 0.69 12.28A ± 0.77 11.60 ± 0.95 11.82 ± 0.90
a*
ns
14.44 ± 0.85 14.23 ± 0.72 14.22 ± 0.70 14.44 ± 0.86
b*
ns
Water-holding capacity, cm2 18.06A ± 2.24 16.25B ± 2.01 16.88 ± 2.09 17.44 ± 2.50
Cooking loss, %
37.38 ± 4.54 37.48 ± 2.15 35.81B ± 3.43 39.05 ± 2.79
ns
1.22 ± 0.37
ns
Drip loss, %
1.36 ± 0.37 1.18 ± 0.25 1.32 ± 0.27
A,B
- P≤0.01; a,b - P≤0.05; ns - not significant; 1 LL - M. longissimus lumborum, QF - M. quadriceps
femoris
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of dry matter and protein, but lower values of pH, W/P ratio and cooking loss
(P<0.01). The applied yeast supplement significantly affected the levels of fatty
acids in intramuscular fat (Table 2). The concentrations of C14:1, C18:2 and C22:6
fatty acids (P<0.05) and conjugated linoleic acid C18:2 cis9trans11 were higher
(P<0.01), and the content of C20:4 was lower (P<0.01) the intramuscular fat of
lambs from group II. The fat of the LL muscle contained more C18:0 fatty acid in
comparison with the QF muscle (P<0.05). The fatty acid profile was similar in
both muscles and in both groups (Table 3). No significant interactions between the
experimental factors were found for any of the above traits.
Table 2. Fatty acid composition of intramuscular fat, %
Group
Muscle
Fatty acids
I
II
LL
QF
0.28 ± 0.06
0.31 ± 0.11
0.31 ± 0.09
0.29 ± 0.09
C 10:0
0.77 ± 0.17
0.75 ± 0.27
0.75 ± 0.21
0.77 ± 0.24
C 12:0
6.08 ± 0.72
6.16 ± 1.31
6.13 ± 1.13
6.11 ± 0.98
C 14:0
0.73 ± 0.07
0.70 ± 0.11
0.71 ± 0.10
0.72 ± 0.09
C 15:0
0.23 ± 0.02
0.25 ± 0.03
0.25 ± 0.04
0.24 ± 0.03
C 16:0 iso
26.87 ± 0.92
26.00 ± 1.54
26.40 ± 1.27 26.47 ± 1.42
C 16:0
1.33 ± 0.06
1.31 ± 0.06
1.34 ± 0.06
1.30 ± 0.06
C 17:0
15.93 ± 1.01
16.14 ± 1.29
16.50a ± 1.24 15.57b ± 0.83
C 18:0
0.16 ± 0.02
0.15 ± 0.03
0.16 ± 0.03
0.15 ± 0.02
C 20:0
0.11 ± 0.03
0.10 ± 0.03
0.11 ± 0.03
0.10 ± 0.03
C 22:0
0.02 ± 0.01
0.02 ± 0.01
0.02 ± 0.01
0.02 ± 0.01
C 12:1
0.19b ± 0.03
0.22a ± 0.19
0.20 ± 0.04
0.20 ± 0.04
C 14:1
1.45 ± 0.14
1.47 ± 0.05
1.44 ± 0.17
1.49 ± 0.16
C 16:1
1.09 ± 0.07
1.10 ± 3.07
1.09 ± 0.05
1.10 ± 0.07
C 17:1
38.63 ± 2.03
38.85 ± 0.02
38.41 ± 2.29 39.08 ± 2.85
C 18:1
0.10 ± 0.01
0.11 ± 0.82
0.11 ± 0.01
0.10 ± 0.02
C 20:1
3.68b ± 0.31
4.15a ± 0.03
3.89 ± 0.82
3.94 ± 0.47
C 18:2
0.15A ± 0.09
0.13 ± 0.02
0.14 ± 0.03
C 18:2 cis9 trans11 0.12B ± 0.02
0.84 ± 0.12
0.85 ± 0.01
0.83 ± 0.10
0.86 ± 0.12
C 18:3
0.03 ± 0.01
0.03 ± 0.18
0.03 ± 0.01
0.03 ± 0.01
C 20:2
1.11A ± 0.13
0.88B ± 0.07
0.96 ± 0.15
1.02 ± 0.23
C 20:4
0.14 ± 0.05
0.15 ± 0.05
0.13 ± 0.04
0.16 ± 0.07
C 20:5
0.10b ± 0.04
0.14a ± 0.05
0.12 ± 0.04
0.12 ± 0.05
C 22:6
A,B
a,b
1
- P≤0.01; - P≤0.05; ns - not significant; see Table 1

Interaction
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
Ns
ns
ns
ns

The analysis of the sensory properties of meat revealed a significant effect of
muscle type (Table 4). The score of aroma (intensity and desirability) and taste
(intensity and desirability) was higher (P≤0.05) in QF than in LL muscle. Average
shear force was by 3.82 N higher for the LL muscle (P≤0.05). Significant
interactions between the experimental factors were found with respect to this
parameter (P≤0.05) only for the LL muscle in the experimental group.
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Table 3. Fatty acid profile of intramuscular fat
Group
Muscle1
Specification
Interaction
I
II
LL
QF
51.89 ± 2.80
52.62 ± 2.25 51.74 ± 2.61
ns
SFA, %
52.50 ± 2.07
41.77 ± 3.04
41.26 ± 2.20 42.00 ± 2.88
ns
MUFA, %
41.49 ± 2.05
6.34 ± 1.05
6.09 ± 0.91
6.27 ± 0.74
ns
PUFA, %
6.01 ± 0.48
48.11 ± 2.80
47.35 ± 2.25 48.26 ± 2.61
ns
UFA, %
47.50 ± 2.07
0.93 ± 0.11
0.90 ± 0.08
0.94 ± 0.10
ns
UFA:SFA
0.91 ± 0.07
0.15 ± 0.03
0.15 ± 0.02
0.15 ± 0.02
ns
PUFA:MUFA
0.15 ± 0.01
0.12 ± 0.02
0.12 ± 0.02
0.12 ± 0.01
ns
PUFA:SFA
0.12 ± 0.01
DFA, %
63.43 ± 1.74
64.25 ± 3.14
64.85 ± 2.58 63.84 ± 2.57
ns
35.74 ± 3.14
36.15 ± 2.58 36.16 ± 2.57
ns
OFA, %
36.57 ± 1.74
1.82 ± 0.26
1.78 ± 0.21
1.78 ± 0.20
ns
DFA:OFA
1.74 ± 0.13
5.21 ± 0.92
5.01 ± 0.83
5.13 ± 0.56
ns
PUFA n6, %
4.93 ± 0.36
1.14 ± 0.19
1.08 ± 0.14
1.14 ± 0.20
ns
PUFA n3, %
1.08 ± 0.15
4.61 ± 0.62
4.67 ± 0.64
4.54 ± 0.40
ns
PUFA n6:PUFA n3
4.60 ± 0.44
ns - not-significant; SFA - saturated fatty acids; MUFA - monounsaturated fatty acids; PUFA polyunsaturated fatty acids; UFA - unsaturated fatty acids; DFA (UFA + C 18:0) - dietary fatty acids
having desirable (either neutral or hypocholesterolemic) effect in humans; OFA (SFA - C 18:0) dietary fatty acids having objectionable (hypercholesterolemic) effect in humans; PUFA n6 (C 18:2
+ C 18:2 cis9 trans11 + C 20:2 + C 20:4); UFA n3 (C 18:3 + C 20:5 + C 20:6); 1 see Table 1

Table 4. Sensory properties (points) and shear force (N) of meat
Group
Muscle
I
II
LL
QF
Traits
mean
mean
mean
mean
Aroma intensity
4.50 ± 0.32
4.66 ± 0.35
4.44b ± 0.36
4.72a ± 0.26
4.66 ± 0.35
4.44b ± 0.36
4.72a ± 0.26
Aroma desirability 4.50 ± 0.32
4.16 ± 0.24
4.06b ± 0.31
4.31a ± 0.25
Taste intensity
4.22 ± 0.36
4.16 ± 0.24
4.06b ± 0.31
4.31a ± 0.25
Taste desirability
4.22 ± 0.36
4.22 ± 0.32
4.28 ± 0.32
4.13 ± 0.29
Tenderness
4.19 ± 0.31
4.19 ± 0.40
4.28 ± 0.36
4.09 ± 0.38
Juiciness
4.19 ± 0.36
4.34 ± 0.21
4.26 ± 0.24
4.38 ± 0.19
General evaluation 4.30 ± 0.24
26.62 ± 4.10 26.50 ± 5.81
28.47a ± 4.60 24.65b ± 4.65
Shear force
a,b
- P≤0.05; ns - not significant; * interaction significant at P≤0.05

Interaction
ns
ns
ns
ns
ns
ns
ns
*

DISCUSSION
Meat from lambs of both group was high quality. The value of water to protein
ratio was low, indicating a high degree of ripeness (Brzostowski and Tański, 2006),
and pH24 from 5.5 to 5.9 considered optimal by Schieffer and Scharner (1977).
The yeast supplement contributed to an increase in the fat content in meat. A
similar effect was reported by Titi et al. (2007). It is a well known that the majority
of consumers prefer lean meat. Intramuscular fat, as an integral component of
meat, affects its sensory properties (Campo et al., 2003). However, the increase
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in fat content from 2.00 to 2.33% observed in the present study had no significant
influence on sensory traits which remained high irrespective of the experimental
factor. The increase of fat content could be considered desirable as it resulted in
positive changes in the fatty acid composition of intramuscular fat, including an
increase in the concentrations of linoleic acid C18:2 and conjugated linoleic acid C18:2
cis9 trans11, which are essential for health (Ulbricht and Southgate, 1991; Fritche
and Steinhart, 1998). However, significant differences between groups were minor
and could be a result of a small variation, hence it is difficult to unambiguously
associate them with the influence of the yeast preparation. The noted changes in
the concentrations of fatty acids had no significant effect on their profile, which
was similar in both studied muscles. The health benefits of lamb meat analysed in
the study should be stressed. The ratio between n-6 and n-3 polyunsaturated fatty
acids was within the optimal range of 4-6:1. The described changes could result
from the wide spectrum of yeast activity. According to Dobicki et al. (2005), yeast
affects the structure of ruminal microbial populations, thus determining nutrient
utilization. As suggested Titi et al. (2007), changes in the chemical composition of
lamb meat may be correlated with the rate of rumen fermentation and metabolism
of end products under the influence of yeast. Such changes, involving an increase
in propionic acid production, were reported by, among others, Erasmus et al.
(1992). It seems that the improvement in the health status of lambs fed a yeastsupplemented diet positively affected the course of metabolic processes (Milewski
et al., 2007; Milewski and Sobiech, 2010). Such effect of prebiotics was also
reported by Masanetz et al. (2010, 2011) who administered lactulose and inulin
to calves. The results of those studies show a clear effect of prebiotics on certain
parameters associated with animal health and performance, but effect differ
between substances. In this respect an important role was played by the structural
components of yeast cell walls, β-1,3/1,6-D-glucan and mannanoligosaccharides
(MOS) (Milewski et al., 2007). Meat from lambs received dried yeast had a higher
water-holding capacity, i.e. the ability of muscle cells to retain water during heat
treatment (Aaslyng et al., 2003; Micklander et al., 2005). A lower water-holding
capacity is usually correlated with a lighter colour of meat. However, in this study
the darker colour of meat from experimental lambs resulted most probably from
a higher contribution of red colour component a*. Those changes were small and
would have no influence on consumer preferences. M. longissimus lumborum,
in comparison with M. quadriceps femoris, had higher content of dry matter and
protein, a higher degree of maturity and lower cooking loss. Sensory properties,
aroma and taste, were better in M. quadriceps femoris. It was also more tender,
as confirmed by the lower values of shear force which is an objective measure of
tenderness. The difference between shear force and sensory evaluation confirms
the opinion that both methods complete each other and should be performed
simultaneously (Brzostowski et al., 2006).
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CONCLUSIONS
Supplementation of diet for lambs with dried yeast Saccharomyces cerevisiae,
had a significant effect on the meat quality. The intramuscular fat content of meat
increased, the fatty acid composition of intramuscular fat and the water-holding
capacity of meat improved, and meat colour became darker. The above changes
had no influence on the sensory properties of meat.
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