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Abstract

Masek T., Z. Mikulec, H. Valpoti¢, N. Antunac, N. Mikulec, Z. Stojevi¢, N. Filipovi¢,
S. Pahovi¢: Influence of Live Yeast Culture (Saccharomyces cerevisiae) on Milk Production and
Composition, and Blood Biochemistry of Grazing Dairy Ewes during the Milking Period. Acta
Vet. Brno 2008, 77: 547-554.

A feeding trial was conducted to evaluate the influence of live yeast culture (Saccharomyces
cerevisiae) on milk production, composition, and blood biochemistry of dairy ewes during the
machine milking period.

The control group (CD) was fed a concentrate mixture and hay and grazed twice daily, while
the second (YS3) and third (YS6) groups were fed the same diet supplemented with 3 or 6 g of
live yeast culture (Yea Sacc'®®), respectively. The treated groups had significantly higher values
(p <0.05) for fat corrected milk (FCM) (1221, 1116 and 940 g/day, for YS6, YS3 and CD group,
respectively) and fat-protein corrected milk (FPCM) (1204, 1103 and 931 g/day, for YS6, YS3
and CD group, respectively), while the values for milk yield, fat yield and lactose yield were
higher (p < 0.05) only in the YS6 group compared to the CD group. Milk yield values were
constantly higher in the YS6 group than in the control group while the values for the YS3 group
were more variable during milking. Milk composition was not significantly affected by yeast
supplementation with the exception of urea values which were lower (p < 0.05) in the YC6 group.
Yeast administration influenced B-hydroxy-butyrate (BHB) values, which were higher (p < 0.05)
in the treated groups; and non-esterified fatty acids (NEFA) values, which were higher (p < 0.05)
only in the YS6 group compared to the control group. Other blood biochemistry values were not
influenced by the treatments.

We conclude that supplementation with live yeast culture, under the conditions of our
experiment, had a significant effect on the performance and metabolism of grazing dairy ewes
during the machine milking period. Based on more constant results, we could recommend the
inclusion of live yeast culture (Yea Sacc!%?) at 6g/animal/day as appropriate for field conditions.

Metabolic profile, sheep, machine milking, pasture, Yea Sacc'?

The use of dietary yeast cultures as a mechanism for manipulating rumen fermentation
has been extensively investigated since the 1950s (Beeson and Perry 1952). These
investigations are nowadays becoming even more important because of the ban on
antibiotics in the EU. Products containing Saccharomyces cerevisiae vary widely in
efficiency, primarily because of differences in strain and the viability of yeast cells.
Numerous models have been designed to explain the effects of yeast in the rumen. Data
indicate that supplementation of yeast in the ruminant diet may improve feed intake
(Robinson and Garrett 1999; Williams et al. 1991), milk production (Abd El-Ghani
2004; Wang et al. 2001), weight gain (Salama et al. 2002), digestion (Jouany et al.
1998; Wohlt et al. 1991), numbers of anaerobic and cellulolytic bacteria (Newbold
et al. 1995), ruminal pH value (Doreau and Jouany 1998; Jouany et al. 1998), and
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alter the patterns of volatile fatty acids (Arcos-Garcia et al. 2000) or even supply the
animal with unknown growth factors (Girard and Dawson 1995). Nevertheless, the
results of these studies have been variable and strongly influenced by ration composition
(Newbold 1996; Dawson 1992). The influence of yeast supplementation on grazing
animals has mainly been investigated in grazing steers (Olson et al. 1994a, 1994b;
Arakaki et al. 2000). Much less is known about the effects of yeast supplementation
on grazing dairy ewes, nevertheless in vitro trials (E1 Hassan et al. 1994) and trials on
grazing steers may give justification for investigation.

According to FAO (1999) two-thirds of the world’s sheep milk production is concentrated
in the Mediterranean region. About 95% of sheep and goat milk is converted into high-
quality dairy products of regional or local importance (Boyazoglu and Morand-Fehr
2001). The breeding of dairy ewes suitable for the Mediterranean region of Croatia started
in 1989 by crossing indigenous Istrian Sheep with high producing East Friesian dairy sheep
(Mikulec etal. 2000). The aim of the breeding programme was to improve milk production
without affecting the resistance of the animals to environmental conditions and to produce
a dairy sheep breed that could be successfully grazed on low quality Mediterranean
pastures. In the Mediterranean region of Croatia sheep husbandry is extensive and is based
on grazing and therefore high producing animals may experience nutritional imbalances
during summer droughts (Mikulec et al. 2000). In these conditions direct-fed microbials,
such as live yeast cultures, may improve the productive performance of dairy ewes.

Since milk produced by dairy ewes in Croatia is used only for cheese making, the
manipulation of the milk’s chemical composition is an important objective. Therefore, the
trial was designed to investigate the effect of live yeast culture on milk yield and the chemical
composition of the milk of Istrian Sheep X East Friesian grazing dairy sheep during the
machine milking period. Additionally we evaluated changes in blood biochemistry in order
to test possible changes in metabolism.

Materials and Methods

Sixty crossbred Istrian Sheep x East Friesian dairy ewes were used in the lactation trial from the 40" to the
180™ day of lactation (between February and July 2007), which is the usual period of machine milking in the
region. All ewes were in second lactation. The sheep were divided into three groups on the 40" day of lactation
according to milk yield and body condition score recorded in the previous and current lactation. The ewes were
milked twice daily (at 06:00 h and 17:00 h) in a double 24-stall parallel milking parlour. During the experiment,
each group was kept in separate pens and separate paddocks between morning and evening milking. The sheep
were randomly selected from a herd numbering 471 animals kept on the “Spin” dairy sheep farm located in the
Istria Region, Republic of Croatia.

During the experimental period the animals received 1 kg/ewe/day of concentrate mixture, 0.3 kg/ewe/day
lucerne hay and were allowed to graze from 7:00 h to 15:00 h and from 18:00 h to 21:00 h on rotational mixed
grass pasture. The concentrate mixture was composed of corn (35%), barley (20%), sunflower meal (16%), wheat
bran (16%), soybean meal (8%), and vitamin-mineral mixture (5%). The chemical composition of the concentrate
mixture, hay and pasture are provided in Table 1. Fresh water was available ad libitum. Diets were formulated to
meet or exceed NRC recommendations (NRC 1985).

Each group of ewes was randomly assigned to one of the dietary treatments: diet without live yeast culture
(control diet = CD), diet with 3 g/day/sheep of live yeast culture (YC3) and diet with 6 g/day/sheep of live yeast
culture (YC6). The live yeast culture (Yea Sacc'*; Alltech, Inc., Nicholasville, Kentucky, USA) was mixed with
concentrate mixture and individually fed to ewes two times daily during morning and evening milking.

Samples of the concentrate, hay and pasture were collected throughout the experimental period for chemical
composition analyses. The samples were ground and analyses were made according to the AOAC (1999). Neutral
Detergent Fibre (NDF) and Acid Detergent Fibre (ADF) were determined by detergent procedure of Robertson
and Van Soest (1981) and Van Soest et al. (1991), with alpha amylase (SIGMA-ALDRICH, Inc., USA) being
added during NDF extraction. Sodium sulphite was not added.

The milk yield of each sheep was recorded weekly during two consecutive milkings (6:00 h and 17:00 h)
by using recording jars in the milking parlour. Milk samples for composition analysis were taken biweekly
until the end of the experiment. The samples were analysed for fat, protein, lactose, total solids and non-fat
solids by a near infrared spectrophotometer using a Milkoscan FT 120 (Foss Electric, Denmark) and somatic
cell count was determined using a Fossomatic 80 (Foss Electric, Denmark). The urea values were determined
by an enzymatic colorimetric method using commercial kits of reagents (Herbos Dijagnostika doo, Sisak,
Croatia).
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Table 1. Chemical composition and content of minerals and trace elements of concentrate mixture, pasture and hay

Chemical composition Concentrate Mixed grass Lucerne
(dry matter) mixture pasture hay
Dry matter 88 21 89
Ash (%) 7.5 8.1 7.2
Crude fat (%) 3.0 3.8 23
Crude protein (%) 18.3 11.2 15.9
Crude fibre (%) 7.7 33.5 33.2
Neutral detergent fibre (%) 16.9 59.5 52.3
Acid detergent fibre (%) 7.1 36.4 38.6
Calcium (%) 0.67 0.38 1.28
Phosphorus (%) 0.77 0.30 0.29
Magnesium (%) 0.25 0.14 0.30
Sodium (%) 0.22 0.19 0.12
Sulphur (%) 0.05 0.15 0.24
Potassium (%) 0.80 1.68 1.9
Chloride (%) 0.09 0.57 0.37
Zinc (mg-kg!) 97 28 22
Manganese (mg-kg™!) 74 89 66

Blood samples were collected on the 40™, 110" and 180™ day of lactation by puncture of the jugular vein,
with the addition of heparin as an anticoagulant, prior to morning feeding. The blood plasma was separated by
centrifugation and stored at -20 °C for a maximum of 60 days until assayed. Biochemical indicators were assayed
by an automatic analyser (SABA 18, AMS, Italy) using commercial kits of reagents (“Herbos Dijagnostika d.0.0.”,
Sisak, Croatia). Enzyme assays were done at 37 °C, and alkaline phosphatase activity was measured at pH 10.5.
Lipoprotein fractions were determined by electrophoresis in tapes of gelled cellulose-acetate (Cellogel®, MALTA
Chemetron, Milan, Italy). Interrelation and absolute concentration of lipoprotein fractions were determined by
Global-scan densitometer (MALTA Chemetron, Milan, Italy).

Normality of the distribution was tested with skewness and kurtosis tests, and Shapiro-Wilk test. The data not
presenting Gaussian distribution (Triglycerides and AST) were normalized by log transformation. The PROC
MIXED for repeated measurements of SAS was used for the analysis of variance (SAS 1992). Values recorded
before the start of the experiment were used as covariates. Differences were considered at a significance level of
p <0.05.

Results

Two ewes were eliminated from the final data analysis (Tables 2 and 3) because of a
health problem that was not considered to be associated with the treatments. In both ewes
this health problem was acute mastitis (one in the control and one in the YC6 group).

The values for milk yield and composition are presented in Table 2. Supplementation with
live yeast culture only significantly increased the total milk yield during the experimental
period in the YC6 group (p < 0.05) although YS3 also had a higher, but non-significantly,
milk yield than the control group. Values for FCM and FPCM were higher in the treated
groups (p < 0.05) than in the CD group. Fat yield and lactose yield significantly increased
(» <0.05) only in the YS6 group compared to the CD group.

The chemical composition of the milk was not influenced by the treatments with
the exception of milk urea nitrogen that was significantly lower in the YC6 group (p <
0.05). Values of milk yield and chemical composition did not differ from the respective
values recorded in other animals in the herd (not included in the experiment) kept on the
experimental farm.

The values of blood biochemistry are summarised in Table 3. Values for BHB were
higher (p <0.05) in the treated groups than in the CD group and NEFA values were higher
(p <0.05) in YC6 than in the control group. All other values concerning blood components
were not significantly different between the groups.
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Table 2. Influence of yeast supplementation on average milk yield and composition'

Indicator CD (n=19) | vyc3m=20 | vce6m=19)
Yield
Milk yicld (g/day) 929 = 110° 996 + 107 1072 = 171°
FCM®(g/day) 940 +122* 1116+ 1220 1221 +200°
FPCM®%3%(g/day) 931 £115° 1103 + 120° 1204 + 193°
Fat yield (g/day) 73+ 8 76+ 8 85+ 15°
Protein yield (g/day) 54+5 56+ 6 60+ 8
Lactose yield (g/day) 38+ 5% 43 £ 3® 47+ 8°
Composition
Fat (%) 78405 77403 8.0+0.1
Protein (%) 5.8+04 5703 5.7£0.5
Lactose (%) 4.4+0.1 44+0.2 43+0.2
Total solids (%) 19.0£0.8 18.8 £0.5 19.5+£0.8
Non-fat solids (%) 11.2+04 11.0+0.3 11.1+0.6
SCC (X 10%/ml) 402 + 169 377+75 490 + 15.2
Urea N (mg/100ml) 27.37 £ 2.46° 27.16 £ 1.95* 25.01 +2.55°

'Values represent means + standard deviation

*b¢Values within rows with different superscripts are significantly different (P < 0.05)

CD = control diet; YC3 = 3 g of live yeast culture per day; YC6 = 6 g of live yeast culture per day

FCM® = fat corrected milk (6.5% milk fat); FPCM® 5% fat and protein corrected milk (6.5% milk fat and 5.8%
milk protein) (Pulina and Nudda 2004)

Table 3. Influence of yeast supplementation on blood plasma components'

Biochemical indicators CD (n=19) YC3 (n=20) YC6 (n=19)
NEFA (mmol-l") 0.30+0.10? 0.37 £ 0.20® 0.38 £0.12°
BHB (mmol-1") 0.51 +0.08° 0.61 +0.14° 0.60 +£0.12°
Urea (mmol-1") 7.40 +1.39 7.31+0.86 6.94 +1.17
Triglycerides (mmol-1") 0.25+0.06 0.24 +0.06 0.28 +0.07
Cholesterol (mmol-l") 1.92 +£0.23 1.91+0.25 1.96 £0.16
VLDL (%) 6.3+4.1 6.1+4.0 7.7+4.0
HDL (%) 445+ 12.1 46.6 £ 8.7 48.5+8.8
LDL (%) 49.1+12.6 472479 43.7+10.0
AST (ukat-1") 2.55+1.01 2.78 £ 1.30 2.45 +0.95
ALT (ukat1") 0.31+0.15 0.23+0.12 0.26 £ 0.13
GGT (ukat1") 0.82+0.07 1.07 +0.20 0.93 +0.33
ALP (ukat-1") 3.82+£0.98 3.75+1.43 3.28 +£1.30

'Values represent means + standard deviation
*b<Values within rows with different superscripts are significantly different (p < 0.05)
CD = control diet; YC3 =3 g of live yeast culture per day; YC6 = 6 g of live yeast culture per day

Discussion

In our study, the inclusion of live yeast culture to the ewes’ diet showed a positive effect
on milk yield during lactation. This has also been reported in dairy cows (Wang et al. 2001;
Robinson and Garrett 1999; Wohlt et al. 1991) and in dairy goats (Abd EI-Ghani 2004;
Stella et al. 2007; Reklewska et al. 2000). In contrast, other authors found no improvement
of milk yield in dairy cows (Soder and Holden 1999; Arambel and Kent 1990; Swartz
et al. 1994), dairy goats (Hadjipanayiotou et al. 1997; Giger-Reverdin et al. 1996) or in
dairy ewes (Hadjipanayiotou et al. 1997). These results confirm that the effects of live yeast
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administration were strongly influenced by diet composition. Although many authors stated that
live yeast cultures are most efficient when animals are fed diets poor in nutrient supply (Jouany
et al. 1998; Plata et al. 1994) or high concentrate diets overloaded with energy (Williams
et al. 1991; Zelenak et al. 1994), in some cases it is difficult to find a correlation between
diet composition and the results of yeast supplementation. The animals in our trial were fed
relatively high levels of concentrate (1 kg/animal/day) which could lead to improved buffering
capacity in the rumen. Our results were also dose-dependent because 3 g of live yeast cultures
per day was not efficient enough to maintain a constantly higher milk yield than in the control
group. Similar results were obtained by Abd El-Ghani (2004) with 3 and 6 g of live yeast
cultures per day fed to dairy goats.

Due to the higher amount of total solids in sheep milk, compared to cows and goats,
we expected that the supplementation of yeast may be more efficient in changing milk
composition. However, the milk fat content was not significantly higher in the treated
groups than in the control group, which is in agreement with Piva et al. (1993) who stated
that the common result of yeast supplementation to dairy cows is only a slight (non-
significant) increase in the milk fat content. Hadjipanayiotou et al. (1997) and Stella et
al. (2007) also reported no increase in milk fat content in dairy goats. In Damascus dairy
ewes Hadjipanayiotou et al. (1997) found no influence of live yeast administration on
milk composition, although in their study the yeast was steam-pelleted with no report on
cell viability. On the contrary, Abd EI-Ghani (2004), Giger-Reverdin et al. (1996) and
Masek et al. (2008) found increased milk fat values in dairy goats and ewes. Milk protein
and lactose values did not differ between the treatments, which was also noticed by the
majority of authors (Stella et al. 2007; Giger-Reverdin et al. 1996). Milk urea values
were significantly lower in the group fed 6 g per day. Harrison et al. (1988) reported
a much lower concentration of rumen ammonia N after yeast supplementation, which
is in agreement with the results from Erasmus et al. (1992), who found that the mean
concentration of rumen ammonia decreased by 10% after YC supplementation. Erasmus
et al. (1992) explained these reduced concentrations of ammonia in the rumen as the result
of increased incorporation of ammonia into microbial protein and the direct result of
stimulated microbial activity which could explain lower blood and milk urea values in our
experiment.

We found significantly higher NEFA and BHB values in the treated groups, which is
in agreement with Giger-Reverdin et al. (1996) and Quigley et al. (1992). Increase in
NEFA values could be explained by increased mobilisation of fat tissue caused by live
yeast supplementation, which was also noted in dairy goats (Giger-Reverdin et al. 1996).
According to Quigley et al. (1992), the increased ruminal butyrate was at least partially
responsible for increased BHB values. Triglycerides and cholesterol values tended to be
higher in the treated groups, which was also noted by Pysera and Opalka (2001). The
same authors also found, in contrast to our results, differences in lipoprotein fractions.
All biochemistry values were within the normal reference range for lactating dairy ewes
(Masek et al. 2007; Roubies et al. 2006; Yokus and Cakir 2006; Dubreuil et al. 2005).

Literature dealing with yeast supplementation in grazing animals is scarce and to our
knowledge, involves mainly steers. Various authors found an increased number of protozoa
(Arakaki et al. 2000), increased live weight gain (Combellas et al. 2002) and increased
degradation and digestibility (Olson et al. 1994a, 1994b). According to most authors,
micro-population plays a key role in the mode of action of yeast in the rumen (Dawson
1992; Wallace and Newbold 1992; Newbold et al. 1995). El1 Hassan et al. (1994)
observed that Yea Sacc'®¢ stimulated the total bacterial number in a rumen-simulating
fermentor (Rusitec) when the basal diet was grass and increased, but not significantly, the
number of cellulolytic bacteria. This increase in the number of bacteria, with a diet of grass,
could explain the better performance of the dairy ewes in our trial.
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We concluded that the supplementation of live yeast culture (Yea Sacc'*?®) had
a significant beneficial effect on the milk yield of grazing dairy sheep, fed pasture and
concentrate mixture during the milking period. The significant results were probably a
result of the interactions between yeast culture supplementation and diet composition.
Since the influence was dose-dependent, we could recommend 6 g per day for inclusion in
dairy sheep diets. Additional studies under different feeding conditions and in earlier stages
of lactation should clarify the influence of live yeast supplementation in the diets of grazing
dairy ewes and define the dietary situations in which it may be beneficial.

Vliv zivé kultury kvasinek (Saccharomyces cerevisiae) na produkci
a sloZeni mléka, a na biochemické ukazatele v krvi pastevné chovanych ovci
mlééného plemene béhem obdobi laktace se strojnim dojenim

Predmétem této studie bylo zhodnoceni vlivu podavani krmiva obohaceného o Zivou
kulturu kvasinek (Saccharomyces cerevisiae) na produkci a slozeni mléka, a na biochemic-
ké ukazatele krve ovci mlééného plemene v obdobi strojniho dojeni. Ovcim v kontrolni
skupiné (CD) byla podavana krmné davka slozend z jadrného krmiva a sena, pastva byla
dvakrat denné. Pokusnym zvifatim druhé (YS3) a tfeti (YS6) skupiny byla podavana stej-
na dieta dopInéna o 3 resp. 6 g zivé kultury kvasinek (Yea Sacc!'®¢). U zvitat, kterym bylo
krmivo obohaceno o kulturu kvasinek, se vyznamné zvysily (p < 0.05) hodnoty pro mléko
s upravenym obsahem tuku (FCM) (1221 resp. 1116 g/den u pokusné skupiny YS6 resp.
YS3 a 940 g/den u kontrolni skupiny CD) a hodnoty pro mléko s upravenym mnozstvim
tuku a proteinu (FPCM) (1204 a 1103 g/den u pokusnych skupin YS6 resp. YS3 a 931
g/den u kontroly CD). Hodnoty dojivosti, tu¢nosti mléka a obsah laktézy byly vyznam-
né vyssi (p < 0.05) pouze v YS6 skupiné ve srovnani s CD skupinou. Hodnoty dojivosti
u zvifat v YS6 skupiné byly trvale zvy$ené v porovnani s kontrolni skupinou, zatimco do-
jivost u ovei v YS3 byla béhem obdobi strojniho dojeni variabilni. Jednotlivé slozky mlé-
ka nebyly vyznamné ovlivnény pfidavkem kultury kvasinek do krmiva, pouze u ovci ve
skupiné YC6 byla zjisténa niz§i hodnota mocoviny (p < 0.05) a zaroven doslo ke zvySeni
(p <0.05) obsahu nenasycenych mastnych kyselin (NEFA). V obou pokusnych skupinach
bylo pozorovano zvyseni (p < 0.05) obsahu B-hydroxy-butyratu (BHB) ve srovnani s kon-
trolni skupinou. Dalsi biochemické ukazatele métené v krvi nebyly pfidanim kvasinek do
krmiva ovlivnény.

Z naseho experimentu vyplyva, ze za téchto podminek pokusu ma pridavek zivé kultury
kvasinek vyrazny vliv na produkci mléka a metabolismus ovei mlééného plemene béhem
obdobi strojniho dojeni. Na zakladé dalsich vysledkil Ize zahrnuti zivé kultury kvasinek
(Yea Sacc'®%) do krmné davky pastevné chovanych ovci pokladat za ptiznivé a to v mnoz-
stvi 6g/zvite/den.
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