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ABSTRACT 

The effects of dietary inclusion of yeast culture (YC) and of gradually increasing proportion of 
sugar beet molasses [0 (M 0 ) , 100 (M 1 0 0 ) and 200 (M 2 0 0 ) g kg"1] in the concentrate mixture on feed 
intake, live weight gain and carcass characteristics of growing Ayrshire bulls were examined in 
a 3 x 2 factorial design. Twenty-eight animals with a mean initial hveweight (LW) of 268 kg were used. 
Molasses replaced a part of concentrate, which was based on a mixture (1:1) of barley and sugar beet 
pulp. Grass silage was offered ad libitum and the concentrate supplements at the rate of 100 g per 
LW° 6 on air dry basis. YC (5 g day'1) was top-dressed on the concentrate. Feed intake was not affected 
by the treatments but LW gain decreased linearly (P<0.05) with increasing rate of molasses (1.21, 
1.16 and 1.09 kg day"1; SEM 0.029). As the proportion of molasses increased from 0 to 200 g/kg 
concentrate the efficiency of feed conversion declined (linear effect P < 0.01) from 6.10 to 6.75 kg D M 
kg"1 LW gain. YC had no significant effect either on feed intake (7.26 vs 7.49 kg day"1) or LW gain 
(1.14 vs 1.17 kg day"1). Yeast interacted with concentrate so that with M 0 LW gain was increased and 
with M 2 0 0 decreased by YC. The differences in carcass weight and carcass gain reflected a pattern 
similar to those in LW gain. Dressing proportion and fat grades were not affected by the treatments 
but carcass quality grade was better in animals receiving YC. 
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INTRODUCTION 

Yeast cultures (Saccharomyces cerivisiae) have been used as a dietary 
supplement for ruminants for many years. It has been thought to improve rumen 
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function, and therefore, production and feed efficiency. However, the responses 
in liveweight gain and milk production have been variable (Wallace, 1994). It 
appears that the effects of the products are dependent on the composition of the 
basal diet. The greatest responses have been observed with high-concentrate diets 
(Williams and Newbold, 1990; Carro et al., 1992a). This may be related to the 
stabilizing effect of yeast culture on rumen fermentation and to a reduction in 
postprandial concentration of lactic acid (Williams, 1989). 

In Finland beef production is based on the utilization of large quantities 
of grass silage in the diet. Feeding grass silage-based diets is characterized by 
a high postprandial concentration of ammonia N in the rumen. Extensive 
proteolysis and fermentation of water soluble carbohydrates of the grass in the 
silo leads to unbalanced supply of energy and nitrogen for rumen microbes. 
Sugar supplements have been used to better match energy and N supply from 
silage for rumen microbes (Syrjala, 1972; Chamberlain et al., 1985). Although 
sugar supplements were in these studies more efficient than starch supplements in 
reducing the concentration on ammonia N in the rumen, production responses to 
replacement of other carbohydrate sources with sugar-rich supplements have 
been disappointing in production experiments (e.g. Huhtanen, 1987). This may 
be associated with an increased production of lactic acid and low postprandial 
rumen pH on diets rich in sugars (Khalili and Huhtanen, 1991). 

The objective of the present study was to evaluate the efficiency of a yeast 
culture supplement in growing cattle fed a grass silage-based diet. Another 
specific objective was to determine whether the adverse postprandial effects of 
a sugar supplement given as sugar beet molasses can be alleviated by yeast 
supplementation. 

M A T E R I A L A N D M E T H O D S 

Diets 

Silage was prepared from a secondary growth timothy (Phleum pratense) 
sward harvested with a flail-harvester. A formic acid-based additive was applied 
at the rate of 4 litres t"1 of grass at the time of harvesting. The grass was ensiled in 
a bunker silo. Grass silage was offered ad libitum in amounts of 0.05-0.10 in 
excess of previous day's intake. The silage was given once daily and the 
concentrates twice daily in two equal portions. The ingredients of the concentrate 
mixtures are shown in Table 1. Of the basal concentrate (M 0 ) , a mixture of barley 
and unmolassed sugar beet pulp (1:1) was gradually replaced with beet molasses 
at the rates of 100 (M 1 0 0 ) or 200 g kg"1 (M 2 0 0 ) . Each concentrate mixture was given 
either without (Y-) or with (Y + ) live yeast culture (Western Yeast Culture 



MOLASSES A N D YEAST FOR GROWING BULLS 203 

Cel-Con; Western Yeast Company, U.S.A.) supplementation.Yeast culture 
(YC) was top-dressed to the concentrate at a rate of 5 g day"'. The concentrates 
were given at a rate of 100 g per kg liveweight (LW) 0 ' 6 0 on fresh weight basis to 
maintain a constant forage to concentrate ratio in the diet throughout the 
experiment. Refusals were removed once daily before the afternoon feeding. The 
bulls had a free access to water. 

Animals and design 

Twenty-eight Finnish Ayrshire bulls, with an average liveweight of 268 kg, 
were divided according to liveweight into five blocks of six (3 blocks) or five (2 
blocks) animals. Within the block the animals were allocated at random to the six 
experimental treatments in a 3 x 2 factorial design (three concentrate sup
plements without or with yeast culture supplementation). The number of animals 
for the concentrate treatments were 9-10 and for yeast culture treatments 14. 
Animals were held in individual stalls. 

Experimental procedures 

Daily silage and concentrate intakes were recorded individually. The live-
weights of the animals were recorded before the morning feeding on two 
consecutive days at the beginning and at the end of the experiment. During the 
experiment the animals were weighed at 4-week intervals. The treatments were 
imposed for periods of 140 (2 blocks) or 168 days (3 blocks). The animals with 
a heavier initial liveweight remained five 28-d periods in the experiment and 
those with a lighter initial liveweight six 28-d periods to reach an average LW of 
440 kg. Silage was sampled once a week and weekly samples were composited to 
provide a sample for a 4-week period. Each concentrate was mixed in one batch. 
The samples were collected during the experiment once a week and composited to 
provide two samples for each concentrate mixture. At the end of the experiment 
the animals were slaughtered. Carcass conformation and fat scores were assessed 
according to Finnish standards. Conformation was described on a 1 to 6 scale 
(6 best) and fat scores from 0 (very lean) to 5 (very fat). 

Chemical and statistical analysis 

The chemical analysis of the feed samples and silage fermentation quality were 
those as described by Jaakkola et al. (1990). Metabolizable energy (ME) contents 
of the feeds were calculated according to the Ministry of Agriculture, Food and 
Fisheries (MAFF, 1975). The treatments were arranged factorially and data was 
subjected to analysis of variance. The model included the effects of block, 
concentrate, yeast and yeast x concentrate interaction with 18 degrees of freedom 
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TABLE 1 
Composition of concentrate mixtures, g kg"1 

Ingredient 

Concentrate 

Ingredient M 0 M200 

Barley 320.0 283.3 246.6 
Molassed sugar beet pulp 320.0 283.3 246.6 
Oat hulls 40.0 40.0 40.0 
Wheat middlings 140.0 140.0 140.0 
Rapeseed meal 105.0 105.0 105.0 
Molasses - 100.0 200.0 
Dicalcium phosphate 10.0 8.0 8.0 
Sodium chloride 3.0 3.0 3.0 
Calcium carbonate 10.0 12.0 12.0 
Calcium lignosulphonate 10.0 10.0 10.0 
Meat and bone meal 25.0 25.0 25.0 
Fat 15.0 15.0 15.0 
Trace element premix1 1.0 1.0 1.0 
Vitamin premix2 1.0 1.0 1.0 

1 contained (mg g 1 ): Fe 16.6, Mn 28.5, Cu 10.8, Zn 172, I 3.7 and Co 4.6 
2 vitamin A (14 000IU g"1), vitamin D 3 (2 000IU g"1), vitamin E (11.5 mg g 1 ) , vitamin C (97.5 mg g"1) 

and Niasin (89.1 mg g"1) 

for error. The effects of the type of concentrate supplement were further 
separated using orthogonal polynomial contrasts into linear and quadratic 
effects of the rate of molasses inclusion. Because the experiment was not 
completely balanced, least square (LS) means are presented in the tables. Live-
weight gain was calculated either as a difference or using a second degree 
polynomial regression. Carcass gain was estimated by assuming a dressing 
proportion of 500 g kg"1 in the beginning of the experiment. 

R E S U L T S 

Feed composition 

The quality of the silage was not very good as indicated by the low value of 
0.627 for the in vitro organic matter digestibility and relatively high concent
rations of ammonia N , butyric acid and other volatile fatty acids. The differences 
in the composition of concentrates were as expected (Table 2); NDF and starch 
contents decreased and sugar contents increased with increasing rate of molasses 
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TABLE 2 
Chemical composition and calculated feeding values of experimental feeds 

Concentrates 

Silage' M 0 M,oo M 2 0 0 

Dry matter, g kg"' 236 880 872 868 
In dry matter, g kg"' 

ash 113 81 87 95 
crude protein 141 158 155 154 
ether extract 54 53 50 48 
crude fibre 303 112 105 97 
NFE 2 389 596 603 606 
NDF 557 368 335 307 
ADF 314 133 120 116 
A D L 30 25 24 22 
cellulose 284 108 96 96 
hemicellulose 243 235 215 191 
starch - 229 204 173 
WSC3 18 77 117 . 160 
ME, MJ kg"' D M 8.90 12.19 12.20 12.20 

1 in silage: pH 4.17; in D M (g kg"'): lactic acid 87, acetic acid 27, propionic acid 2.8, butyric acid 7.0; in 
total N (g kg"'): ammonia N 91, soluble N 517 

2 nitrogen free extractives 
3 water soluble carbohydrates 

inclusion. The starch content calculated as a difference of OM - (crude protein 
+ ether extract + NDF + WSC) was on average 50 g kg"1 higher than the starch 
content analysed chemically, probably reflecting a high pectin content of sugar 
beet pulp. There were no differences in crude protein content or in calculated M E 
values of the concentrates. 

Feed intake and LW gain 

No significant differences were observed in silage or total D M intake between 
the treatments (Table 3). However, the response to YC in daily silage D M intake 
tended (P<0.10) to interact with concentrate being +0.86 kg day"1 with M 0 and 
-0.22 kg day"1 with M 2 0 0 . Similar interactions were also noted for total D M and 
calculated ME intakes because the amounts of concentrate refusals were 
negligible. The average proportion of concentrate in the diet was 390 g kg"1 on 
D M basis. 

The average LW gain declined from 1.21 to 1.09 kg day"1 (linear effect 
P<0.05) as the proportion of molasses in the concentrate increased (Table 4). 
The difference was similar when LW gain was estimated using a regression 
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method. YC supplement had no effect on average LW gain. As it was noted for 
feed intake, the animals receiving M 0 were more responsive to YC (0.18 kg day"1) 
than those receiving M 2 0 0 (-0.10 kg day"1). Feed conversion rate declined 
(P < 0.01) both in terms of D M and ME used per kg LW gain as the proportion of 
molasses increased. 

Carcass data 

No significant dietary effects on the dressing proportion were observed 
between the treatments, and the differences in carcass weight reflected those in 
liveweight (Table 5). Animals receiving yeast had a better (P<0.05) carcass 
quality but no significant dietary effects on the fatness grade were observed. 
Carcass gain declined (linear effect P = 0.08) with increasing rate of molasses 
inclusion. 

D I S C U S S I O N 

Effect of molasses 

Molasses and other sugar supplements have been used to improve the 
utilization of silage N for rumen microbial protein synthesis. There is a variable 
degree of proteolysis of plant protein during ensilage, and silage N is rapidly and 
extensively degraded in the rumen. Feeding grass silage is characterized by high 
peak values of rumen ammonia N concentration followed by low concentrations 
for extensive periods between the meals. In reducing rumen ammonia N concent
ration sugar supplements have been more efficient than starch supplements 
(Syrjala, 1972; Chamberlain et al., 1985). This has been assumed to be related to 
the faster energy release from sucrose than from starch (Syrjala, 1972). Later 
studies have, however, shown that starch and barley supplementations increase 
rumen protozoal numbers (Chamberlain et al., 1985) leading to increased 
recycling of nitrogen in the rumen. Reduced LW gain of bulls receiving molasses 
in the present study do not support the idea of synchronization of energy and 
N release with easily fermentable carbohydrates, rather the reverse was true. 

In agreement with the present results, Drennan et al. (1994) reported reduced 
LW gain in bulls when cane molasses accounted for 400 g kg"1 of concentrate D M 
and for 180 g kg"1 total D M . In a Danish study (Andersen and Fredriksen, 1977), 
the net energy value for cane molasses was 0.70 of that of barley. Similarly, 
Huhtanen (1987) reported a negative response in dairy cows given a grass 
silage-based diet when 2 kg of molasses was used to replace on D M basis barley 
or unmolassed sugar beet pulp. 
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The reasons for adverse effect of molasses on LW gain are not clear. The rate 
of inclusion of molasses in the diet was too small to depress rumen cellulolytic 
activity. In the studies of Huhtanen (1987,1988) proportions of molasses greater 
than those used in the present study did not decrease in vivo digestion of cell wall 
constituents, or the rate or extent of forage D M degradation in the rumen. 
Similar silage D M intake irrespective of the level of molasses in the diet also 
suggests that reduced LW gain was not related to differences in silage digestibility 
or in estimated ME intake. It is possible that the lower LW gain on molasses 
containing diets was related to reduced supply of amino acids from concentrate. 
The results of Drennan et al. (1994) indicated a greater reduction in LW gain due 
to molasses inclusion for low protein than for high protein diets. Molasses 
contains less rumen undegradable protein than barley and sugar beet pulp. 
Nitrogen in molasses is mainly in non-protein N that probably provides less 
preformed amino acids and peptides for rumen microbes than barley or sugar 
beet pulp. However, the contribution of molasses to diet D M (40 and 80 g kg"1) 
is relatively small to decrease the supply of amino acids markedly. It should 
also be noted that all supplements contained heat moisture treated rapeseed 
meal which has sometimes (Aronen et al., 1992) but not always (Huhtanen et al., 
1989; Aronen, 1990) improved LW gain in cattle receiving grass silage-based 
diets. 

Because it is not very likely that the origin for reduced LW gain with molasses 
containing diets lies on inadequate supply of energy and protein yielding 
nutrients, reduced LW gain must reflect either changes in body composition or in 
the efficiency of the utilization of ME for growth. Carcass fat scores do not 
suggest increased fat deposition with molasses in the present study (Table 5), 
which agrees with results reported by Drennan et al. (1994). Earlier studies (e.g. 
Lofgreen and Otagaki, 1960) have shown that the net energy (NE) value of 
molasses depends on its contribution to dietary D M . In cattle the NE value of 
molasses when it comprised 300-400 g kg"1 of dietary D M was only 50% of that 
observed at lower levels (100-150 g kg"1). In the study of Heineman and Hanks 
(1977) the calculated energy value of molasses was very sensitive to the level of 
inclusion. Molasses D M had feeding value of 1.04 and 0.64 relative to barley D M 
at inclusion rates of 100 and 140 g kg"1 of D M , respectively. However, in the 
present study the amounts of molasses used were below these levels. In the study 
of Huhtanen and Robertson (1988) a trend towards an increase in heat 
production with sucrose compared with other carbohydrate sources in the diets 
of sheep also suggests that the efficiency of energy utilization of diets rich in 
sucrose may be reduced. In their study, the level of sucrose was much higher than 
those used in the present study. From this discussion it would appear that despite 
of rather low rate of inclusion, a lower efficiency of energy utilization is the most 
likely explanation for reduced performance with molasses containing diets. 
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The effect of yeast supplement 

In agreement with other studies in growing cattle (Mutsvangwa et al., 1992; 
Drennan and Moloney, 1993; Mir and Mir, 1994) YC had only a small effect on 
LW gain. In studies with cattle offered grass silage, YC supplementation 
increased LW gain and improved feed conversion efficiency significantly in one 
of the three trials (Drennan and Moloney, 1993). The effects of YC on 
digestibility, rumen fermentation pattern and microbial protein synthesis have 
been small (Huhtanen, 1991; Carro et al., 1992b), and are probably of little 
biological significance. The published literature shows large variation in 
response to YC inclusion in the diet, especially in the rumen fermentation pattern 
but also in ammonia N concentration, digestibility and ruminal forage de
gradation. The effects of yeast supplements on the supply of nutrients from the 
diet are discussed in more detail by Huhtanen (1991), Carro et al. (1992b) and 
Moloney and Drennan (1994). Recent results of Newbold et al. (1995) suggest 
that differences exist between strains of S. cerevisiae in their ability to modify 
rumen fermentation which could partly explain the variable responses to YC 
supplementation. It has also been proposed that increased bacterial viablity is 
related to partial removal of oxygen entering the rumen (Wallace, 1994). In 
animals given silage-based diets the amount of oxygen entering the rumen is 
likely to be smaller than with dried forages which with large population of viable 
yeast in silage may explain the limited ability of yeast cultures to stimulate rumen 
fermentation with silage-based diets. 

Concentrate x yeast culture interaction 

An interaction (P<0.10) between the inclusion rate of molasses and YC 
suggested that the effects of YC may depend on the composition of the basal diet. 
Results from several studies show that the responses to inclusion of YC culture 
may depend on the composition of the basal diet. Williams et al. (1991) reported 
that cows given YC increased milk yield when the diet contained 600 g kg1" of 
concentrate in the diet but not when the proportion of concentrate was 500 g kg1"1. 
In vitro study by Carro et al. (1992a) indicate that the positive effects of YC were 
greatest on the highest proportion of concentrate in the diet. In contrast to these 
studies, Flachowsky et al. (1993) reported a much greater depressive effect of YC 
on ruminal D M degradation of forages with a high concentrate than with low 
concentrate diets. Fiems et al. (1993) found more pronounced effects of YC with 
maize-silage than with sugar beet pulp. Moloney and Drennan (1994) observed 
that the effect of YC on ruminal N metabolism appeared to be dependant on 
crude protein content of ths basal diet. Rumen ammonia concentration was not 
affected with a low protein diet but it was reduced with a high protein diet when 
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yeast was added. However, these studies do not provide any explanation for the 
apparent interaction between the composition of concentrate and dietary 
inclusion of YC in the present study, and therefore it might be worthy to 
investigate the mechanisms of interactions between diet composition and yeast. 
In the present study, the decreasing response to YC with increasing proportion of 
molasses suggest that a combination of molasses and YC caused changes in 
rumen metabolism which had an overall negative impact on animal perfor
mance. 

In conclusion, the present results confirm the earlier findings that the 
utilization of grass silage-based diets can not be improved by increasing the sugar 
content in the supplement. In the present study, molasses caused a decreased LW 
gain at a lower level of inclusion than observed in previous studies. This was 
partly related to the adverse effect of YC with the highest proportion of molasses. 
Inclusion of YC had no significant effects on feed intake or LW gain. The effect 
of YC tended to be dependent on the composition of the concentrate. Because the 
responses to dietary inclusion of YC in nutrient supply and in animal 
performance appear to depend on the composition of the diet and probably also 
on the strain of S. cerevisiae used, more research is needed to elucidate conditions 
in which the use of YC can be economically justified. 
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STRESZCZENIE 

Wpływ dodatków melasy i kultur drożdży na wyniki opasu buhajków żywionych kiszonką z traw 

Doświadczenie opasowe, trwające 168 dni, przeprowadzono na 28 rosnących buhajkach Ayrshire 
0 średniej początkowej masie ciała 268 kg w układzie czynnikowym 3x2. Buhajki żywiono kiszonką 
z traw z dodatkiem pasz treściwych, uzupełnianych odpowiednio w grupach żywymi kultu
rami drożdży (YC, 5 g/dzień) oraz wzrastającą ilością melasy buraczanej [0 (M 0 ) , 100 (M, 0 0 ) , 
1 200 (M 2 0 0 ) , g/kg]. Mierzono pobranie paszy, przyrost masy ciała i oceniano jakość tuszy. Melasą 
zastępowano część paszy treściwej, złożonej ze śruty jęczmiennej i wysłodków buraczanych (1:1). 
Kiszonkę z traw podawano zwierzętom do woli, a paszę treściwą w ilości 100 g/kg masy ciała (MC 0 , 6 ) . 

Ilość pobieranej paszy nie zależała od podawanych dodatków melasy i drożdży, natomiast 
przyrost masy ciała obniżał się liniowo (P<0,05) wraz ze wzrostem ilości podawanej melasy (1,21; 
1,16 i 1,09 kg/dzień; SEM 0,029). W miarę wzrostu udziału melasy od 0 do 200 g/kg paszy treściwej, 
wykorzystanie paszy obniżało się (efekt liniowy - P<0,01) z 6,10 do 6,75 kg SM/kg przyrostu. 
Dodatek drożdży nie wpłynął na ilość pobieranej paszy (7,26 vs 7,49 kg/dzień) i przyrosty masy ciała 
(1,14 vs 1,17 kg/dzień). Stwierdzono interakcję drożdże x pasza treściwa; pod wpływem dodatku 
drożdży przyrosty masy ciała w grupie M 0 , zwiększyły się, a w grupie M 2 0 0 zmniejszyły się. 

Różnice w masie tuszy i przyrostach masy tuszy miały podobny układ jak różnice w przyrostach 
żywej wagi zwierząt. Nie stwierdzono wpływu stosowanych dodatków na wydajność rzeźną i jakość 
tłuszczu, lecz jakość tuszy zwierząt otrzymujących dodatek drożdży była lepsza. 


