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______________________________________________________________________________________ 

Abstract  
This study evaluated the ingestive behaviour and performance of feedlot lambs fed saccharine 

sorghum and corn silages. Ten animals were randomly selected from a group of 32 uncastrated male Suffolk 
lambs. The four treatments consisted of diets with 50% of silage made from forage sorghum (BD 1615), two 
varieties of saccharine sorghum (BRS 506 and BRS 511), and corn (BRS 2223). Ingestive behaviour was 
observed by a scan sampling method using seven strategically positioned video cameras so as not to 
interfere with the usual animal behaviour. The animals were observed for three 48-hour periods at 15-day 
intervals, with a total of 144 hours of observation. Video recordings were then examined to identify the time 
spent in ruminating, eating, drinking water and idling. Times spent feeding or drinking water were not 
significantly affected by the treatments. Animals fed forage sorghum silage had higher neutral detergent fibre 
(NDF) intake (0.41 kg of NDF), thus spent more time ruminating (342 min/day). Rumination time was similar 
for the BD  1615 and BRS 506 silages and was 85 min/day greater than for the BRS 511 and BRS 2223 
silages, which were similar. Average daily gain was greater for BRS 2223 (275 g/day) than for BRS 506 and 
BRS 511 silages, which were similar (196 g/day). Ingestive behaviour for BRS 511 was similar to that 
observed for BRS 2223. Ingestive behaviour for BRS 506 was similar to that observed for BD 1615. Average 
daily gain was related to intake and ruminating efficiency. 
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Introduction 

Because of the need for renewable fuel sources, saccharine sorghum has been widely studied for 
ethanol production. The National Centre for Research on Corn and Sorghum (CNPMS) produced varieties 
BRS 506 and BRS 511 to improve saccharine sorghum cultivars that are intended for ethanol production. 
However, there is little information about their potential as roughage in ruminant feed and as a silage crop 
(Orrico Junior et al., 2015). 

Overall, corn and sorghum crops adapt well to the ensilage process, given their ease of cultivation, 
high yield, and desirable characteristics for fermentation. These characteristics include adequate dry matter 
(DM) content, low buffer power, and sufficient soluble carbohydrates, which does away with the need for 
additives to stimulate fermentation. In addition, sorghum is notable for its ability to withstand moisture deficit 
conditions and for its usefulness as an energy source for ruminant livestock (Verma et al., 2018). 

Although the use of sorghum silage is viable in ruminant feeding, using it as the sole ingredient in a 
ration for young slaughter animals does not meet the nutritional requirements for growth. Thus, concentrate 
supplementation becomes crucial for animal finishing to produce standardized carcasses and to attain 
quality meat for consumers. 
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Feed intake is a physiological phenomenon that integrates the animal's ability to deal with changes in 
diet composition and metabolic demands. Understanding animal behaviour and balances in nutrient supply 
can improve food intake and increase production (Akbar, 2018). Sheep are classified as non-selective 
ruminants, part of the grazer group, in terms of diet selection and feed intake (NRC 2007). However, forage 
intake of confined sheep depends on its nutritional value, palatability, particle size, and the physical 
presentation of the diet. Thus, this study aimed to evaluate the effect of forage silage and new hybrids of 
saccharine sorghum and corn silage in the diet on ingestive behaviour and performance of feedlot lambs. 

 
 

Materials and Methods 
The experiment was carried out at the sheep farming section of the Faculty of Agricultural Sciences of 

the Federal University of Grande Dourados (UFGD) in Dourados, Mato Grosso do Sul, Brazil (22°13'18.54"S, 
54°48'23.09"W). Sorghum and corn were planted in the experimental field of Embrapa Agricultural West. The 
soil of the experimental area was classified as a dystrophic dark red Latosol with clayey texture (Santos et 
al., 2013), and had these characteristics, namely pH 4.6; 24.4 mg dm-3 of phosphorus resin; 8.0 mmol dm-3 
of potassium; 42.0 mmol dm-3 of calcium; 17.0 mmol dm-3 of magnesium; 82.0 mmol dm-3 aluminium 
+,hydrogen; sum of buffers of 244.0 mmol dm-3; cationic exchange capacity of 149.0 mmol dm-3; saturation 
buffer of 44.9%; and 30.6 g dm3 of organic matter (OM). The mean temperature in the experimental period 
was 28.1 oC and the accumulated precipitation was 485.4 mm. Fertilizer (8-20-20 N-P2O5-K2O) was applied 
at 450 kg ha-1 at planting. Nitrogen fertilization with 500 kg ha-1 of ammonium sulphate and 100 kg ha-1 of KCl 
was applied 30 days after plant emergence. There was 0.45 m between the rows and seven plants per linear 
meter, to achieve a total population of 155,000 plants per hectare. 

Harvesting occurred when each hybrid reached the point at which the grains had a pasty consistency, 
which occurred between 120 and 138 days after planting. The material was harvested manually and cut with 
a stationary machine. It was ensiled individually in 200-L drums and compacted manually. Mean particle 
sizes were 14, 10, 13, and 10 mm, evaluated according to Lammers et al. (1996) and density of 874.38, 
882.81, 861.47, and 738.82 kg/m3 for BD 1615, BRS 506, BRS  511, and BRS 2223 silage, respectively. 

The animals were housed individually in 2 m2 covered pens equipped with individual mobile feeding 
troughs and nipple drinkers. Wood shavings were used as bedding to absorb faeces and urine, and were 
replaced every 15 days. Prior to the experiment, the animals were tagged, weighed, treated for internal 
parasites (Zolvix®, Elanco, Greenfield, Indiana, USA), and allowed to adapt to the facilities and diets (Table 
1) for 15 days. The diets were balanced to meet the requirements (NRC, 2007) for a mean weight gain of 
0.200 kg/animal/day using 50% roughage (silage) and 50% concentrate. To achieve similar crude protein 
(CP) content in the diets, two concentrates were prepared, one for corn silage with a lower CP content, and 
the other for the sorghum silages with a higher CP content. The concentrates were prepared from corn, 
soybean meal, mineral premix, limestone, urea, ammonium sulphate, vitamin premix, sulfur fluoride, and 
sodium lasalocid 15%. The animals were weighed fortnightly to calculate the average daily gain. 

Ten intact male Suffolk lambs, 2.5 ± 0.5 months old and weighing 21 ± 7 kg, were used in the 
experiment. Feed was provided daily at 08h00 and 16h00. The amount of feed offered to each lamb was 
recalculated every three days to achieve 5% to 10% orts. Every day, before the first meal, the orts from the 
previous day were collected, weighed, and sampled to obtain intakes of DM, CP, and NDF. The samples of 
feed and daily orts were frozen and composited as 14-day periods (one composited sample/animal/period) 
for subsequent nutrient analysis. Each animal was randomly assigned to one of the dietary treatments and 
the evaluation process was repeated three times, resulting in a total of 30 experimental evaluations in the 
whole experiment. Before each evaluation, animals were allowed 14 days to adapt the new diet. The dietary 
treatments were based on GrandSilo® forage sorghum silage (BD 1615), saccharine sorghum silage (BRS 
506 and BRS 511) and corn silage (BRS 2223).  

Ingestive behaviour was recorded using a scan sampling method (Morais et al., 2006) involving seven 
strategically placed video cameras so as not to interfere with the usual behaviour of the animals. Six 
cameras each captured images of two animals, and one camera was placed in the central hallway where the 
feeding troughs were located. The animals were monitored by observation at five-minute intervals (Carvalho 
et al., 2006) during three 48-hour periods for 15 days, providing 144 hours of observation. The time spent 
eating (animal consuming, as seizing, masticating and swallowing food), rumination (animal standing or lying 
and regurgitating, re-masticating and re-swallowing the food bolus), drinking water, and idling were recorded. 
The data were tabulated in spreadsheets suitable for behaviour trials. The ingestive behaviour variables 
investigated in this experiment were the times spent eating, ruminating, idling, and drinking water. Artificial 
illumination was used at night throughout the experiment. Consumption rate and rumination efficiency were 
calculated as DM, CP, and NDF intakes divided by the time spent in the various activities (Bürger et al., 
2000). 
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Table 1 Diets provided to lambs fed forage sorghum silage, saccharine sorghum silages and corn silage 
 

Ingredients, g kg-1 as feed 
Treatments 

BD 1615 BRS 506 BRS 511 BRS 2223 

     

BD 1615 silage 500.0        

BRS  506 silage   500.0      

BRS  511 silage     500.0    

BRS 2223 silage       500.0  

Corn 323.0  323.0  323.0  348.0  

Soybean meal 150.0  150.0  150.0  125.0  

Mineral premix1 10.0  10.0  10.0  10.0  

Limestone 10.0  10.0  10.0  10.0  

Urea 4.7  4.7  4.7  4.7  

Ammonium sulphate 1.5  1.5  1.5  1.5  

Vitamin premix2 0.5  0.5  0.5  0.5  

Sulfur fluoride 0.2  0.2  0.2  0.2  

Sodium lasalocid 15% 0.1  0.1  0.1  0.1  

         
1 Calcium: 111.00 g/kg, cobalt: 50.00 mg/kg, sulphur: 11.99 g/kg, iron: 4.42 mg/kg, phosphorus: 72.00 g/kg, iodine: 75.00 
mg/kg, magnesium: 9.00 g/kg, manganese: 1 550.00 mg/kg, selenium: 13.50 mg/kg, sodium: 174.00 g/kg, zinc: 7.200.00 
mg/kg, fluoride: 720.00 mg/kg 
² Vitamin A: 15 000 000 UI/kg, vitamin D3: 2.000.000 UI/kg, vitamin E: 5 500 UI/kg 
BD 1615: forage sorghum, BRS 506: saccharine sorghum, BRS 511: saccharine sorghum, BRS 2223: corn BD 1615: 
forage sorghum, BRS 506: saccharine sorghum, BRS 511: saccharine sorghum, BRS 2223: corn 

 
 
The experiment was conducted as an unbalanced design, with nine repetitions of BD 1615, nine 

repetitions of BRS 511, six repetitions of BRS 506 and six repetitions of BRS 2223. One way analysis of 
variable was performed using PROC MIXED of SAS (SAS Institute Inc., Cary, North Carolina, USA). 
Differences among the treatment means were evaluated based on Duncan’s test at P =0.05. Principal 
component analyses (PCA) were performed using STATISTICA 8.2 (Cary, North Carolina, USA) to group the 
data of intake, feeding behaviour and average daily gain. 
 

Results 

The CP, ether extract (EE), Ca and P levels in the diets offered to lambs were similar for all silage 
types. BRS 511 had the highest DM and OM content. The contents of NDF and acid detergent fibre (ADF) 
were lowest for BRS 2223 and highest for BD 1615, with similar levels for BRS 506 and BRS 511. The 
estimated total digestible nutrients (TDN) was highest for BRS 2223 (Table 2).  

The greatest DMI was observed for BRS 2223 and was similar among the sorghum silages (Table 3). 
Crude protein intake was highest for BRS 2223 and BD 1615, with the latter also being similar to the 
saccharine sorghum silages. The greater DM and CP intake by the lambs fed BRS 2223 was probably 
because their diet contained less fibre and favoured the intake of those nutrients (NRC 2007). Consumption 
of NDF was greatest for BD 1615 and BRS 2223 and less for saccharine sorghum silage, with no difference 
between saccharine sorghum silages and BRS 2223 (Table 3). Neutral detergent fibre has an important role 
in DMI and feed digestibility (Pu et al., 2019). The increased consumption of NDF by animals fed BD 1615 
was associated with the greater amount of NDF in their diet. 
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Table 2 Chemical composition of diets provided to lambs fed forage sorghum silage, saccharine sorghum 
silage and corn silage 
 

Diet contents 
Silage treatments1 

BD 1615 BRS 506 BRS 511 BRS 2223 

     

Dry matter (g/kg) 339.0c  350.6b  364.5a  346.0bc  

Organic matter (g/kg of DM) 937.3c  946.7b  949.9a  947.3b  

Crude protein (g/kg of DM) 131.5  128.2  126.6  137.7  

Ether extract (g/kg of DM) 13.5  13.5  13.5  14.0  

Neutral detergent fibre (g/kg of DM) 446.1a  410.5b  409.8b  361.1c  

Acid detergent fibre (g/kg of DM) 201.7a  172.6b  175.6b  129.7c  

Total digestible nutrients (g/kg of DM) 703.2b  690.9b  702.5b  746.6a  

Calcium (g/kg of DM) 5.37  5.37  5.37  5.37  

Phosphorus (g/kg of DM) 2.52  2.52  2.52  2.52  

         
1 BD 1615: forage sorghum, BRS 506: saccharine sorghum, BRS 511: saccharine sorghum, BRS 2223: corn  
a, b, c Within a row values with a common superscript do not differ (P <0.05) 

 
 
Table 3 Dry matter and nutrient intakes of lambs fed forage sorghum, saccharine sorghum and corn silages 
 

Response 
variable 

Treatments 1 
SEM P-value 

BD 1615 BRS 506 BRS 511 BRS 2223 

       

DM (kg) 1.04ab  0.93b  0.96b  1.26aa  0.20 0.03 

CP (kg) 0.13ab  0.11b  0.11b  0.15aa  0.03 0.04 

NDF (kg) 0.41aa  0.31b  0.33b  0.38ab  0.07 0.04 

           
1 BD 1615: forage sorghum, BRS 506: saccharine sorghum, BRS 511: saccharine sorghum, BRS 2223: corn, DM: 
dry matter, CP: crude protein, NDF: neutral detergent fibre 
a, b, c Within a row, values with a common superscript do not differ (P <0.05) 

 
 
It was generally observed animals fed BRS 511 had ingestive behaviours most similar to those fed 

BRS 2223, and animals fed BRS 506 had ingestive behaviours that were similar to those fed BD 1615 (Table 
4). The feeding and drinking times did not differ between treatments. Animals ruminated less when fed BRS 
511 and BRS 2223, and consequently spent more time idling. Time spent chewing was similar for BRS 506, 
BD 1615 and BRS 2223. Animals fed BD 1615 had the highest NDF intake with its larger particle size, and 
consequently spent most time ruminating. Time spent on rumination is proportional to the cell-wall content in 
the food (Ferro et al., 2018). Thus, by raising the NDF content of the diets, rumination time would be 
extended (Van Soest, 1994; Harper & McNeill, 2015). Forages that are high in NDF required longer 
rumination owing to the need to process the increased amount of dietary fibre (Merchen & Church, 1988; 
Saraiva et al., 2015). Since animals fed BRS 506 and BRS 511 had lower but similar NDF intake, it was 
expected that these animals would spend similar amounts of time ruminating. This expectation makes the 
observed difference in their rumination times difficult to explain. Orrico Junior et al. (2015) found BRS 506 
silage contained more lignin (3.84%) than BRS 511 silage (3.18%). The higher levels of lignin in BRS 506 
silage may possibly decrease the rate of passage and therefore increase rumination time. 
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Table 4 Time spent on daily ingestive activities (min/day) in lambs fed forage sorghum silage, saccharine 
sorghum silage and corn silage 
 

Ingestive behaviour 
(minutes/day) 

Treatments1 

SEM P-value 
BD 1615 BRS 506 BRS 511 BRS 2223 

       

Eating time 216.39 222.08 215.00 228.33 40.06 0.92 

Ruminating time 341.94a 360.42a 262.50b 270.00b 62.11 0.01 

Chewing2 time 558.33a 582.50a 477.50b 498.33ab 55.06 < 0.01 

Drinking water time 21.11a 20.00a 20.00a 17.92a 9.37 0.94 

Idle time 853.80b 830.83b 935.83a 917.08a 55.39 <0.01 

       
1 BD 1615: forage sorghum, BRS 506: saccharine sorghum,  BRS 511: saccharine sorghum, BRS 2223: corn  
2Chewing: ingestion + rumination 
a, b, c Within a row values with a common superscript do not differ (P <0.05) 

 
 
Rumination efficiency is important for controlling roughage use and may restrict the use of low-quality 

feed, which compromises animal production (Welch, 1982; Vinhas Voltolini et al., 2009; Sampaio et al., 
2010). The rates at which DM, CP, and NDF were consumed did not differ between treatments (P >0.05) 
(Table 5). Since rumination time was less and intake was greater, BRS 2223 had the highest rumination 
efficiency for DM, which was lowest for BRS 506. This was probably because of the lower DM digestibility of 
BRS 506 silage compared with BRS 511 (Orrico Junior et al., 2015). The three treatments containing 
sorghum silage had similar CP rumination efficiency, all of which were lower than that observed for BRS 
2223. Treatment BRS 511 had similar NDF rumination efficiency to BRS 2223 and BD 1615. The high 
rumination efficiency of NDF for BRS 511 was because the animals spent less time ruminating in relation to 
the time they spent eating. BD 1615 contained the highest level of NDF. The consequent reduction in DMI by 
animals fed BD 1615 may have led to the observed reduced rumination efficiency owing to its dependence 
on the amount of feed consumed (Silva et al., 2017). This reduced rumination efficiency cannot be made up 
for by extending rumination time.  
 
 
Table 5 Consumption rate and rumination efficiency (kg/h) of dry matter, crude protein, and neutral detergent 
fibre of lambs fed forage sorghum silage, saccharine sorghum silage and corn silage 
 

Variables 
Treatments1 

SEM P-value 
BD 1615 BRS 506 BRS 511 BRS 2223 

       

Consumption rate 

FEDM (kg DM/h) 0.30 0.26 0.27 0.36 0.093 0.28 

FECP (kg CP/h) 0.04 0.03 0.03 0.04 0.012 0.33 

FENDF (kg NDF/h) 0.12 0.09 0.09 0.11 0.030 0.22 

Rumination efficiency 

REDM kg DM/h) 0.19bc 0.16c 0.23b 0.29a 0.053 < 0.01 

RECP (kg CP/h) 0.02ba 0.02b 0.03b 0.04a 0.007 < 0.01 

RENDF (kg NDF/h) 0.07ab 0.05b 0.08a 0.09a 0.016 0.01 

       
1 BD 1615: forage sorghum, BRS 506: saccharine sorghum,  BRS 511: saccharine sorghum, BRS 2223: corn, FEDM: 
feeding efficiency of dry matter, FECP: feeding efficiency of crude protein, FENDF: feeding efficiency of neutral detergent 
fibre, REDM: rumination efficiency of dry matter, RECP: rumination efficiency of crude protein, RENDF: rumination 
efficiency of neutral detergent fibre 
a, b, c Within a row values with a common superscript do not differ (P <0.05) 

  
 
The animals fed BRS 2223 had greater average daily gain, followed by BD 1615, and lambs fed BRS 

506 and BRS 511 had lower average daily gains (Figure 1). Factors 1 and 2 of the PCA (Figure 2) explained 
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56.39% and 27.91% of total variance, respectively. Thus, average daily gain is indicated as being more 
related to DM and nutrient intake than it is to rumination efficiency. Average daily gains result from the 
consumption of DM and nutrients and from rumination efficiency. Animals with higher intake, such as those 
fed BRS 2223 and BD 1615, had better performance. However, low rumination efficiency can reduce 
average daily gain, as occurred with BD 1615. Lambs with lower DMI, that is, those that were fed BRS 506 
and BRS 511, had reduced performance, regardless of their rumination efficiency. 

 
 

 
 
Figure 1 Average daily gain of lambs fed forage sorghum silage, saccharine sorghum silage and corn silage 
 
BD 1615: forage sorghum, BRS 506: saccharine sorghum silage, BRS 511: saccharine sorghum silage, BRS 2223: corn 
silage 
a, b, c Values with a common superscript do not differ (P <0.05) 
 

Projection of the variables on the factor-plane (1 x 2)
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Figure 2 Principal component analysis of intake, feeding behaviour, and average daily gain of lambs fed 
forage sorghum silage, saccharine sorghum silage and corn silage 
 
DMI: dry matter intake, CPI: crude protein intake, NDFI: neutral detergent fibre intake, REDM: DM rumination efficiency, 
RECP: CP rumination efficiency, RENDF: NDF rumination efficiency, ADG: average daily gain 
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Conclusion 
The new sorghum hybrids BRS 506 and BRS 511 reduced consumption and consequently animals did 

not perform so well as those fed BD 1615 or BRS 2223. However, BRS 506 may be an alternative for diets 
with a higher level of concentrate, because feeding this hybrid would result in longer rumination, and thus 
would help to maintain the rumen environment. BRS 511 had higher rumination efficiency and could be used 
in diets with another source of bulk. 
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