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Abstract. Thirty-six Merino lambs (8 to 9 wk of age, and 15.3 ± 0.13 kg of initial BW) 1 

were used to evaluate the effects of the inclusion of 120 g sugar beet pulp (replacing 2 

barley) and of the addition of 20 g sodium bicarbonate per kg concentrate on feed 3 

intake, digestibility, animal performance and carcass characteristics in fattening lambs. 4 

Animals were housed individually and fed barley straw and the corresponding 5 

experimental concentrate feed ad líbitum (basal diet comprised of (g/kg) barely (500), 6 

maize (230), soybean meal (190), molasses (50) and vit-min premix (30)). Faeces were 7 

collected for 5 days to estimate digestibility. Lambs were slaughtered when they 8 

reached 25 kg body weight. Carcass was chilled at 4ºC for 24 h, some carcass 9 

dimensions were calculated, the left carcass was jointed into commercial cuts and 10 

shoulder tissue composition determined. Sugar beet pulp decreased dry matter intake 11 

(P<0.05) and average daily gain (P<0.001), increasing feed to gain ratio (P<0.001), 12 

whereas sodium bicarbonate increased neutral detergent fibre digestibility (P<0.05) and 13 

average daily gain, reducing feed to gain ratio (P<0.05). Carcass characteristics were 14 

not affected (P>0.05) by either sodium bicarbonate or sugar beet pulp. Replacing barley 15 

with 120 g sugar beet pulp/kg concentrate caused a decrease in dry matter intake and 16 

average daily gain, resulting in an increase in feed to gain ratio, with no detrimental 17 

effect on carcass characteristics. The addition of 20 g sodium bicarbonate/kg 18 

concentrate improved intake and animal performance without affecting carcass 19 

characteristics. Inclusion of sugar beet pulp as a replacement for barley in high-20 

concentrate diets for fattening lambs did not produce performance responses similar to 21 

those observed by adding a buffering salt. 22 

23 



Introduction 24 

Sheep-meat production systems vary considerably across Europe. In the Mediterranean 25 

countries light- or medium-size carcasses (up to 15 kg) are preferred (Sañudo et al., 1998). 26 

Therefore, lambs for fattening are weaned around 6-8 weeks after birth and fed high-27 

concentrate diets for 5-7 more weeks up to reach the desired market weight (approx. 25-30 28 

kg) (Díaz et al., 2005). Such a high-concentrate diets (based mainly on barley or maize) are 29 

supplied in order to achieve high energy intakes and fast growth rates. The microbial 30 

digestion of these diets results in a relatively higher production of short-chain fatty acids 31 

(mainly propionate), reducing the buffering capacity in the rumen contents and increasing the 32 

risk of ruminal acidosis (McKinnon et al., 1990). This situation can be alleviated by different 33 

means, such as the inclusion of a source of soluble fibre or the addition of a buffer in the diet. 34 

Sugar beet pulp is usually used in diets for productive ruminants to permit a reduction in 35 

the inclusion of cereal grain in the diet and, therefore, to reduce the digestive problems 36 

derived from an excess of starch (Pereira and González, 2004). Sugar beet pulp has a high 37 

content of soluble fibre, with a relatively low content of non-structural carbohydrates. Soluble 38 

fibre can be extensively degraded by ruminal microorganisms although at a slower rate than 39 

starch, so that its inclusion as a replacement for starch gives rise to a lower accumulation of 40 

fermentation end-products (propionate) and prevents unfavourable pH declines in the rumen 41 

(Flachowsky et al., 1993). However it has been suggested that sugar beet pulp should not 42 

substitute barley above 25% to essentially maintain the superior performance in fattening 43 

lambs fed on diets based on this cereal grain (Mandebvu and Galbraith, 1999). Nevertheless, 44 

there are no clear recommendations for lambs younger and lighter than those used in that 45 

study, whose rumen may be less developed.  46 

On the other hand, the addition of buffers, such as sodium bicarbonate, to low fibre diets 47 

could prevent or alleviate acidosis (Santra et al., 2003), with subsequent improvements in 48 



feed intake and daily weight gain (Worley et al., 1986). The effects of sodium bicarbonate on 49 

animal performance, digestion and ruminal metabolism have been studied extensively in beef 50 

cattle (Paton et al., 2006) and dairy cows (Valentine et al., 2000; González et al., 2008a and 51 

2008b). However, there is little information on the effects of bicarbonate in small ruminants, 52 

in particular in fattening lambs, although a previous study carried out by our research team 53 

showed that the most effective doses of sodium bicarbonate seemed to be around 20 g/kg 54 

concentrate (Bodas et al., 2009). Moreover, the effect of buffers seems to be dependent on 55 

several factors, including associative effects with other ingredients of the diet (Mould et al., 56 

1983). Therefore, bicarbonate could be less effective when a source of soluble fibre is 57 

included in the concentrate, as this feedstuff might be enough to prevent acidosis and 58 

digestive disorders.  59 

Bearing in mind the potential benefits of sugar beet pulp and sodium bicarbonate for 60 

growing lambs fed high concentrate diets, those can be assessed on the basis of the response 61 

in terms of feed utilization and growth. The research reported here was conducted to evaluate 62 

the effects of the inclusion of 120 g sugar beet pulp/kg concentrate (replacing barley) and of 63 

the addition of 20 g sodium bicarbonate/kg concentrate (as a positive control) on feed intake, 64 

digestibility, animal performance and carcass characteristics in fattening lambs.  65 

Material and methods 66 

Animals 67 

Thirty-six male Merino lambs (8 to 9 weeks of age at the beginning of the experiment) 68 

were used. After random stratification on BW basis (15.3 ± 0.13 kg), lambs were allocated to 69 

four groups (nine lambs per group) to which experimental treatments were randomly assigned 70 

according to a 2 × 2 factorial design. One of the factors in the design was the inclusion of a 71 

source of soluble fibre (beet pulp) at two levels (0 vs. 120 g/kg) as a replacement of barley in 72 

the concentrate feed offered during the fattening period. The other source of variation was the 73 



addition of buffer (sodium bicarbonate) to the concentrate at two levels (0 vs. 20 g/kg). With 74 

this design, the response to the addition of buffer to the diet could be used as a positive 75 

control to assess the benefits of the inclusion of the source of soluble fibre. 76 

The lambs were kept with their mothers until weaning (6 to 7 weeks), with free access to a 77 

commercial starter concentrate, barley straw and alfalfa hay until the commencement of the 78 

trial. They were dewormed with Ivomec® (Merial Labs., Spain) and vaccinated against 79 

enterotoxaemia (Miloxan®, Merial Labs., Spain). 80 

Animals were housed individually and all handling practices followed the 81 

recommendations of European Council Directive 86/609/EEC for protection of animals used 82 

for experimental and other scientific purposes. 83 

Diets 84 

After 5 days of adaptation to the control diet (barley straw and concentrate feed without 85 

beet pulp and without sodium bicarbonate), lambs were fed barley straw and the 86 

corresponding experimental concentrate feed ad libitum. All the ingredients of each 87 

concentrate were mixed and ground in a mill and fed to the animals as dry meal. Concentrate 88 

and forage were supplied in separate feeding troughs and fresh drinking water was always 89 

available. The composition of the concentrate feeds is shown in Table 1. The amount of feed 90 

offered was adjusted daily on the basis of the previous day intake, allowing refusals of ca. 91 

200g/kg feed offered. The amounts of feed offered and of feed refused were weighed daily, 92 

and samples were collected for subsequent analyses. 93 

[Insert Table 1 near here] 94 

Digestibility trial 95 

On day 22 of experimental period, 20 lambs (five per group) were selected randomly and 96 

confined to metabolism cages fitted with devices designed for faecal collection. The number 97 

of animals used was the minimum we considered necessary according to both statistical and 98 



welfare criteria. After 3 days of adaptation to cages, faeces of each animal were collected 99 

daily, weighed, mixed and a sample of faeces (100 g per kg of total amount collected) was 100 

taken and frozen during a collection period of 5 days. At the end of this period, all the aliquots 101 

of faeces from each lamb were bulked and mixed thoroughly, and the pooled samples were 102 

dried to constant weight and stored until chemical analysis. 103 

Slaughter 104 

BW was recorded twice a week, before morning feeding, until lambs reached 24 kg, and 105 

then every two days until a BW of 25 kg or more was recorded. When an animal reached the 106 

intended BW (approx. 25 kg), feed and water were withdrawn, and after 1 h the lamb was 107 

weighed again, anaesthetized with sodium pentobarbitone (Eutalender®, Normon, Spain), 108 

slaughtered by exsanguination from the jugular vein, eviscerated and skinned. It must be 109 

pointed out that, on average, the lambs were slaughtered within a period of 10 days (see Table 110 

2). 111 

Carcass measurements 112 

Dressed carcass and non-carcass components (Colomer-Rocher et al., 1988) were obtained 113 

from the whole body of each lamb and weighed separately. Carcass was chilled at 4ºC for 24 114 

h and then weighed again, so that chilling losses were calculated as the difference between hot 115 

(HCW) and cold carcass weight (CCW) expressed as a proportion of the initial HCW. 116 

Killing-out fraction was calculated as CCW expressed as proportion of body weight recorded 117 

just before slaughtering. 118 

Some carcass dimensions (carcass internal length (L), pelvic limb length (F), buttock 119 

width (G) and perimeter (B), and chest width (Wr)) were measured and indices of carcass 120 

compactness (CCW/L, g/cm) and leg compactness (G/F) were calculated (Fisher and De 121 

Boer, 1994; Cañeque et al., 2004). Fatness score and consistency of fat were also determined 122 

as described by Colomer-Rocher et al. (1988). 123 



The left side of each carcass was jointed into commercial cuts (shoulder, breast-flank, leg, 124 

scrag end, best end, loin-rib and tail) according to Colomer-Rocher et al. (1988). Each cut 125 

was weighed to assess its proportion in the carcass. Thereafter, the shoulder was dissected 126 

into bone, lean and fat depots to determine tissue composition of the carcass (Fisher and De 127 

Boer, 1994). 128 

Analytical procedures 129 

Chemical composition of feed, feed refused and faeces was determined using the 130 

procedures described by Association of Official Analytical Chemists (2003) for dry matter 131 

(DM, AOAC official method 943.01), ash (AOAC official method 942.05), and Kjeldahl 132 

nitrogen (N; AOAC official method 976.06) analyses. NDF was determined by the method of 133 

Van Soest et al. (1991), adding sodium sulphite to the solution. Samples of concentrates were 134 

assayed with alpha amylase. Carcass samples were analyzed for DM (AOAC official method 135 

950.46), ash (AOAC official method 920.153), crude protein (AOAC official method 981.10) 136 

and fat (AOAC official method 960.39). 137 

Statistical analysis 138 

Average daily weight gain (ADG) was estimated as the regression coefficient (slope) of 139 

BW against time using the REG procedure of SAS package (SAS 1999). Similarly, feed to 140 

gain ratio was estimated by regression as the inverse of the slope of BW against cumulative 141 

feed intake. 142 

Data were subjected to a two-way analysis of variance according to a factorial design with 143 

two sources of variation (level of beet pulp inclusion and of sodium bicarbonate in the 144 

concentrate feed). Level of statistical significance of main treatment factors and of interaction 145 

was examined. All analyses were performed using the GLM procedure of the SAS package 146 

(SAS, 1999). 147 



Results 148 

Feed intake and digestibility 149 

Mean values of concentrate and straw intake and digestibility are shown in Table 2. 150 

Concentrate and total dry matter intake was on average 8% lower (P<0.05) in the lambs fed 151 

concentrate containing beet pulp. On the other hand, there were no differences (P>0.05) due 152 

to the addition of buffer in either concentrate or barley straw intake. The inclusion of beet 153 

pulp in the diet did not affect either DM or NDF digestibility (P>0.05). NDF digestibility was 154 

higher (P<0.05) when lambs were fed concentrates with sodium bicarbonate. 155 

[Insert Table 2 near here] 156 

Average daily gain and feed to gain ratio 157 

Mean values of ADG, feed to gain ratio and length of fattening period are presented in 158 

Table 3. The inclusion of beet pulp in the concentrate caused a decrease in AGD (320 vs. 259 159 

g/day, P<0.001) and an increase in feed to gain ratio (2.66 vs. 3.06 g/g, P<0.001), as well as 160 

in the number of days required to reach final BW (33.8 vs. 40.6 days, P<0.05). Lambs 161 

receiving sodium bicarbonate showed higher ADG (277 vs. 305 g/day, P<0.05) and lower 162 

feed to gain ratio (2.97 vs. 2.75 g/g, P<0.05), while length of fattening period was not 163 

statistically affected (P>0.05). 164 

[Insert Table 3 near here] 165 

Carcass characteristics 166 

Mean values of the whole carcass characteristics are shown in Table 4. Carcass 167 

characteristics were not affected by the inclusion of beet pulp (P>0.05) or the addition of 168 

buffer ( P>0.05). 169 

[Insert Table 4 near here] 170 

The proportion of different commercial joints and shoulder tissue composition are shown 171 

in Table 5. A significant interaction between both sources of variation was observed for the 172 



proportion represented by leg (P<0.05). When beet pulp was not included in the diet, the leg 173 

as proportion of carcass was greater if lambs received bicarbonate, whereas the opposite trend 174 

was observed in the lambs fed a concentrate with beet pulp. 175 

[Insert Table 5 near here] 176 

Carcass chemical composition was not statistically affected by either the inclusion of beet 177 

pulp in or the addition of bicarbonate to the concentrate (Table 6). 178 

[Insert Table 6 near here] 179 

 180 

Discussion 181 

Effects of sugar beet pulp on feed utilization and lamb performance 182 

Normand et al. (1999, 2001) suggested that partial substitution of barley with beet pulp 183 

could increase DM intake so that lambs could ingest the same amount of energy. However, in 184 

the current experiment, lambs receiving the concentrates with beet pulp showed lower DM 185 

intakes, in agreement with Bauer et al. (2007). The rate of barley substitution in the current 186 

work was not as high as that used by Normand et al. (1999, 2001). Moreover, these authors 187 

used wheat grain in their diets, and it is known that rate of fermentation of wheat starch in the 188 

rumen is faster than that of maize or barley (Rowe et al. 1999), which were used in the current 189 

experiment. 190 

The decrease in DM intake for those lambs eating beet pulp could be due to the effects of 191 

soluble fibre on rumen fill, rate of fermentation and removal of metabolites and rumen 192 

outflow rates (Rouzbehan et al., 1994). Cooper et al. (1996) found an increase of 24% in NDF 193 

digestibility when barley was replaced with beet pulp. In the present study, NDF digestibility 194 

was on average 15% higher with the concentrates containing beet pulp. Given that the P-value 195 

was nearly significant (P=0.054) and that the interaction was not significant (P=0.906), the 196 

statistical analyses were repeated with the interaction term pooled into the residual. Thus, the 197 



level of significance reached was very similar (P=0.050). Nevertheless, the level of beet pulp 198 

in the present study was lower than that used by Cooper et al. (1996) (120 vs. 320 g/kg), 199 

which could explain the discrepancy between both studies. 200 

Values for ADG and feed to gain ratio observed in the current study are within the range of 201 

those reported by Manso et al. (1998) and Askar (2004) in growing lambs of different breeds 202 

reared on similar conditions to those used in this experiment. In our study we found a 203 

decrease in ADG as well as an increased feed to gain ratio in response to the inclusion of beet 204 

pulp in the concentrate (Figure 1), in agreement with Rouzbehan et al. (1994) using a pelleted 205 

concentrate with a higher proportion of beet pulp than that tested herein. Galbraith et al. 206 

(1989) have also reported reduced growth rates when barley in the concentrate was replaced 207 

with beet pulp. Effects on growth rate are determined by the effects of beet pulp on feed 208 

intake, so that decreased ADG could be expected owing the observed depression in feed 209 

intake in response to the inclusion of pulp in the concentrate. The inclusion of beet pulp also 210 

affected negatively the digestible DM intake to gain ratio. This effect is probably related to 211 

the lower DM intake, which implies a reduction in both energy and protein intake. Moreover, 212 

greater amounts of NDF in the diet, as occurs in pulp treatments, could have induced changes 213 

in the molar proportions of the major volatile fatty acids and bring about a lower efficiency of 214 

utilization of metabolizable energy (Ben-Ghedalia et al., 1989; Normand et al., 2001). 215 

[Insert Figure 1 near here] 216 

The effects of diet on carcass characteristics are strongly determined by dietary energy 217 

concentration and protein to energy ratio, which determines the composition of the weight 218 

gain. Thus, changes in carcass fat and animal performance can be expected when animals are 219 

fed unbalanced diets (Jarrige et al., 1978). In the present study, animals were slaughtered at 220 

the same weight and diets had similar energy and protein contents. Thus, large differences in 221 

carcass and meat characteristics were not expected a priori. It has been suggested that the 222 



supply of soluble fibre to fattening lambs could determine differences in the characteristics of 223 

ruminal fermentation and the proportions of the volatile fatty acids, leading to differences in 224 

the use of metabolisable energy (Berthelot et al., 2001).  225 

Effects of sodium bicarbonate on feed utilization and lamb performance 226 

Regardless of beet pulp inclusion, effects of bicarbonate on concentrate or barley straw 227 

intake were not significant. This lack of response agrees with the results reported by 228 

Mandebvu and Galbraith (1999), who tested diets supplemented with 15 g bicarbonate/kg 229 

concentrate. Despite the lack of differences in DMI, it is known that buffers can affect 230 

nutrient digestibility. Hadjipanayiotou (1982) observed an increase of 22% in NDF 231 

digestibility when bicarbonate was added to the concentrate for ewes eating a low roughage 232 

diet. In the present experiment, NDF digestibility was 24% greater for those lambs receiving 233 

sodium bicarbonate. Likewise, Stroud et al. (1985) reported greater NDF and DM 234 

digestibilities (36 and 9% higher, respectively) when bicarbonate was added to the diet. These 235 

effects could be mediated by changes in ruminal pH (Mould et al., 1983) and osmolality 236 

(Carter and Grovum, 1990). 237 

As could be expected, the addition of sodium bicarbonate increased ADG, which agrees 238 

with the results observed by Corcuera et al. (1977) using a level inclusion of 30 g 239 

bicarbonate/kg. Tripathi et al. (2004) also reported increases in ADG in growing lambs 240 

receiving 15 and 22.5 g of bicarbonate/kg. These authors also noted a better feed to gain ratio 241 

using 15 g bicarbonate/kg, whereas this parameter was not affected by the higher level of 242 

inclusion. It is noteworthy to indicate that the diet fed by Tripathi et al. (2004) had a higher 243 

roughage to concentrate ratio than that of diet used in the current study (0.33 vs. 0.02, 244 

respectively), and this fact could have affected the response to bicarbonate. Moreover, 245 

Tripathi et al. (2004) suggested that high bicarbonate levels could induce respiratory alkalosis 246 

because blood usually is saturated with bicarbonate, which may cause reduced feed intake and 247 



growth. It has been suggested that the effects of bicarbonate on animal performance could be 248 

explained by higher by-pass of starch from the rumen to the intestine rather than by increased 249 

ruminal buffering capacity per se (Russell and Chow, 1993). Based on this mode of action, 250 

bicarbonate would benefit ruminants fed large amounts of readily fermentable carbohydrates 251 

by increasing ruminal dilution rate so that a greater amount of starch would escape ruminal 252 

fermentation and will be digested and subsequently absorbed in the small intestine as glucose, 253 

which is an energetic process more efficient than fermentation of starch and absorption of 254 

volatile fatty acids in the rumen (Rowe et al., 1999). 255 

Regarding the effects of the inclusion of bicarbonate on carcass characteristics, our results 256 

agree with the findings of Mandebvu and Galbraith (1999), who did not observe any effects 257 

on carcass and non carcass parameters when adding 20 g bicarbonate/kg diet. However, 258 

higher levels of addition of bicarbonate may affect some of the characteristics of the carcass. 259 

Thus, a study carried out with fattening lambs, adding 40 g bicarbonate/kg diet, showed no 260 

changes in carcass weight, killing-out percentage or chilling losses, but a significant decrease 261 

in the muscle to fat and bone to fat ratios, as well as a tendency to increase the proportion of 262 

fat when the carcass was dissected (Pérez-Lanzac, 1985). These authors suggested an effect of 263 

sodium bicarbonate on protein utilization and the pattern of fermentation. Therefore, the lack 264 

of effect of bicarbonate on carcass attributes could be due to the level of bicarbonate 265 

inclusion, suggesting that higher concentrations of the buffer in similar diets could affect 266 

these parameters (Mandebvu and Galbraith, 1999). 267 

 268 

Conclusion 269 

It can be concluded that replacing barley with sugar beet pulp, incorporated into the 270 

concentrate at a rate of 120 g/kg, causes a decrease in DM intake and ADG in intensively 271 

reared fattening lambs, resulting in an increase in feed to gain ratio, with no detrimental 272 



effects on carcass characteristics. On the other hand, the addition of sodium bicarbonate to the 273 

concentrate at a level of 20 g/kg improves intake as well as animal performance without 274 

affecting carcass characteristics. Inclusion of sugar beet pulp in replacement of barley in high-275 

concentrate diets for fattening lambs did not produce performance responses similar to those 276 

observed by adding sodium bicarbonate. 277 
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Table 1. Ingredients (g/kg) and chemical composition of the concentrates and barley straw 

(g/kg dry matter) 

 No bicarbonate 20 g bicarbonate/kg  

 No BPA 120 
g BPA/kg No BPA 120 

g BPA/kg Barley straw 

Barley 500 380 491 372  

Maize 230 230 225 225  

Soybean meal 190 190 186 186  

Sugar beet pulp - 120 - 118  

Vitamin mineral premix 30 30 29 29  

Molasses 50 50 49 49  

Sodium bicarbonate - - 20 20  

      Dry matter 867 867 870 868 916 

Crude protein 175 179 180 172 23 

Neutral detergent fibre 131 151 138 168 802 

Ash 72 78 76 81 50 

Metabolisable energy 

(Mcal/kg) 
2.68 2.66 2.63 2.61 1.20 

 

A BP = sugar beet pulp 
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Table 2. Mean values of feed intake, digestibility, length of fattening period, average daily gain, feed to gain ratio and digestible feed to gain 

ratio. 

 No bicarbonate 20 g bicarbonate/kg  Level of SignificanceA 

 No BP 120 
g BP/kg No BP 120 

g BP/kg 
RSDB 
(n=9) 

BP SB BP × SB 

Feed intake (g/day)         

Concentrate 824 747 839 788 73.2 0.01 0.26 0.59 

Straw 13 18 19 20 7.1 0.30 0.13 0.32 

Total 838 735 859 808 75.4 0.02 0.22 0.67 

Digestibility         

Dry matter 0.838 0.837 0.857 0.862 0.0330 0.84 0.09 0.79 

Neutral detergent fibre 0.467 0.543 0.582 0.667 0.1056 0.05 0.01 0.91 

Length of fattening period (days) 35.1 41.3 32.4 39.9 7.00 0.01 0.39 0.80 

Average daily gain (g/day) 302 246 338 271 39.0 <0.01 0.02 0.66 

Feed to gain ratio (g/g) 2.79 3.14 2.52 2.97 0.309 <0.01 0.04 0.62 

Digestible feed to gain ratio (g/g) 2.36 2.64 2.18 2.60 0.277 <0.01 0.25 0.48 
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A Level of significance (P-values) for the effects of sugar beet pulp inclusion (BP), addition of sodium bicarbonate (SB) and interaction of both 
factors (BP×SB) 

B RSD = Residual Standard Deviation 
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Table 3. Mean values of cold carcass characteristics. 

 No bicarbonate 20 g bicarbonate/kg  Level of SignificanceA 

 No BP 120 
g BP/kg No BP 120 

g BP/kg 
RSDB 
(n=9) 

BP SB BP × SB 

Cold carcass weight (CCW, kg) 11.7 11.7 12.0 11.8 0.51 0.59 0.17 0.47 

Chilling losses (g/g) 0.025 0.024 0.024 0.025 0.0020 0.85 0.66 0.60 

Killing-out proportion (g/g) 0.468 0.472 0.472 0.470 0.0165 0.85 0.82 0.53 

Fatness score (1, very lean – 5, very fat) 3.38 3.29 3.66 3.29 0.405 0.10 0.31 0.31 

Consistency of fat (1, firm – 3, soft) 1.63 1.48 1.67 1.59 0.677 0.15 0.33 0.63 

Carcass internal length (L, cm) 53.5 53.9 53.7 53.8 1.67 0.67 0.95 0.79 

Pelvic limb length (F, cm) 29.3 28.9 27.7 28.3 2.08 0.84 0.11 0.45 

Buttock width (G, cm) 19.1 19.1 18.6 19.1 0.77 0.28 0.28 0.29 

Buttock perimeter (B, cm) 53.8 54.6 54.2 53.9 0.98 0.50 0.74 0.13 

Chest width (Th, cm) 19.5 19.0 19.8 18.5 1.60 0.10 0.85 0.38 

Carcass compactness index (CCW/L, g/cm) 218 217 224 220 10.9 0.46 0.25 0.64 

Leg compactness index (G/F) 0.65 0.67 0.68 0.68 0.052 0.76 0.33 0.70 

 

A Level of significance (P-values) for the effects of sugar beet pulp inclusion (BP), addition of sodium bicarbonate (SB) and interaction of both 
factors (BP×SB) 

B RSD = Residual Standard Deviation 
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Table 5. Mean values of the proportion of carcass cuts, shoulder tissue composition and chemical composition of the carcass. 

 No bicarbonate 20 g bicarbonate/kg  Level of SignificanceB 

 No BP 120 
g BP/kg No BP 120 

g BP/kg 
RSDA 
(n=9) 

BP SB BP × SB 

Proportion of cuts (g/g carcass)         

Shoulder 0.204 0.197 0.203 0.208 0.0106 0.18 0.72 0.08 

Breast-flank 0.106 0.106 0.105 0.112 0.0181 0.38 0.19 0.25 

Leg 0.322a 0.336c 0.331b 0.324a 0.0105 0.60 0.27 0.01 

Scrag end 0.093 0.092 0.091 0.089 0.0100 0.43 0.52 0.85 

Loin-rib 0.187 0.178 0.184 0.183 0.0110 0.83 0.17 0.29 

Best end 0.073 0.077 0.072 0.070 0.0070 0.10 0.69 0.26 

Tail 0.014 0.014 0.014 0.014 0.0025 0.62 0.89 0.72 

         Shoulder composition (g/kg)         

Muscle 634 638 634 630 19.4 0.98 0.49 0.56 

Bone 191 194 192 191 16.2 0.81 0.77 0.68 

Subcutaneous fat 90 83 83 95 20.8 0.64 0.71 0.18 

Intermuscular fat 50 51 58 51 14.5 0.56 0.41 0.41 

Total fat 140 135 141 147 29.3 0.96 0.50 0.58 

Others 35 33 34 33 12.3 0.64 0.90 0.90 

Chemical composition of the carcass         

Dry matter (DM, g/kg) 588 583 594 579 21.2 0.15 0.85 0.48 

Crude protein (g/kg DM) 450 447 456 436 38.8 0.38 0.84 0.50 
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Ether extract (g/kg DM) 433 435 424 440 57.1 0.64 0.91 0.72 

Ash (g/kg DM) 97 104 101 12 10.4 0.19 0.77 0.40 

A Level of significance (P-values) for the effects of sugar beet pulp inclusion (BP), addition of sodium bicarbonate (SB) and interaction of both 
factors (BP×SB) 
B RSD = Residual Standard Deviation 



 26 

15

16

17

18

19

20

21

22

23

24

25

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40

Cumulative feed intake (kg)

B
od

y 
w

ei
gh

t (
kg

)

BP -  No SB
BP -  SB
No BP -  No SB
No BP -  SB

 

Figure 1. Body weight (kg) vs. cumulative feed intake (kg) of lambs reciveing sugar beet pulp 
(BP – No SB), sodium bicarbonate (No BP – SB), both (BP – SB) or neither of them (No BP 
– No SB) in the concentrate. 
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