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Introduction 
Some cases have shown that feeds grown on the own farm contributes less to environmental 
problems than imported feeds, for example due to less energy needed for transportation (Flysjö 
et al., 2008; Wallman et al., 2010). A ration with home-grown protein feeds and silage from 
nitrogen fixating legumes would be the best alternative for the environment when emissions 
from excessive fertilization are restricted. Soya bean meal is widely used in the world as a 
protein feed of good nutritional quality but the ethics around the use are often questioned 
because production of soya beans e.g. contributes to the cutting of rainforests and contamination 
of water. Calves need high concentrations of protein in their feed for proper growth. In addition, 
the protein quality must be high with sufficient amounts of rumen undegradable protein since 
the proteins synthesized by the rumen microorganisms will not be enough (Phillips, 2010). The 
purpose of this study was to compare dry matter intake (DMI), live weight gain (LWG), feed 
efficiency (FE), rumen function and profitability in calves fed protein feeds produced in Sweden 
vs. soya bean meal. 

 

Materials and Methods 
The experiment was carried out at Götala Beef and Sheep Research Station, Swedish University 
of Agricultural Sciences (SLU), Skara. Dairy bull calves (Swedish Red and Swedish Holstein) 
were used in a completely randomized design. The protein feeds studied were rolled peas (P) 
and rolled field beans (FB) in year 1, Swedish grown rolled soya beans (SSB) and dried 
distiller’s grains with solubles (DDGS) in year 2, which were compared to imported soya bean 
meal (SBM) both years. The DMI, FE and faecal traits were recorded at a pen level while LWG 
was recorded on the individual bulls. In both years, there were seven animals in each pen and 
four pens per treatment. The calves averaged 90 and 93 kg in live weight at the start of year 1 
and 2, respectively, whereas at the end of the periods, the calves had reached an average weight 
of 245 and 271 kg. Calves were weighed once every 14 days during the experimental period and 
average daily LWG of the calves was calculated. 

Total mixed rations (TMR) consisting of a grass/clover silage, rolled barley and vitaminised 
minerals, together with either P (0.57), FB (0.37), SSB (0.44), DDGS (0.63) or SBM (0.28), was 
daily fed to the calves (mean kg DM, respectively). The silage consisted of approximately 90% 
grass and 10% clover. The P, FB and SBM were purchased from Lantmännen Feeds, Sweden. 
The DDGS was manufactured and sponsored by Agroetanol (Lantmännen AB, Sweden) and the 
SSB was grown in south of Sweden. Feed was offered ad libitum and feeding was done once a 
day. The diets were balanced to be isonitrogenic and isoenergetic. Diets were rebalanced four 
times according to changed nutrient requirements during growth (Spörndly et al., 2003). To 
fulfill the recommended protein requirements of calves given P, FB, DDGS and SSB, cold-
pressed rapeseed cake (CRC; 0.23 and 0.13 kg DM year 1 and 2, respectively) was included in 
the diet until the calves reached an average live weight of 175 kg. Nutrient composition in DM 
of the silage (10.9 MJ ME, 156 g CP, 497 g NDF in year 1 and 11.6 MJ ME, 152 g CP, 534 g 



2 
 

NDF in year 2) and concentrates (Table 1) were analysed by conventional methods. The DDGS 
contained 21% ADIN of total N. 

Table 1 Chemical composition of peas (P), field beans (FB) and cold-pressed rapeseed cake in 
years 1 and 2 (CRC1 and CSC2), soya bean meal in years 1 and 2 (SBM1 and SBM2), dried 
distiller’s grains with solubles (DDGS) and Swedish rolled soya bean (SSB) used in the 
experiment, means and SD, shown as g kg-1 DM if nothing else is stated. 
 Year 1  Year 2 
 P 

n=5 
FB 
n=5 

CRC1 
n=3 

SBM1 
 n=5 

 DDGS  
n=5 

SSB 
 n=4 

CRC2 
n=5 

SBM2 
n=5 

DM, %  89 (0.1) 87 (0.3) 89 (0.2) 87 (0.7)  90 (0.5) 82 (7) 92 (1) 87 (1) 
ME,  
MJ kg-1 DM 

14.0 
(0.1) 

13.8 
(0.3) 

15.1 
(0,1) 

14.7 
(0.1) 

 13.7 
(0.1) 

15.6 
(0.8) 

17.4 
(1.3) 

14.7  
(0.2) 

Crude protein 211 (11) 281 (18) 348 (5) 528 (11)  349 (5) 400 (18) 296 (28) 528 (6) 
Crude fat 21 (1.3) 20 (2.6) 150 (3) 24 (2)  68 (1) 158 (72) 253 (53) 31 (2) 
Ash 30 (1) 37 (1) 63 (1) 65 (1)  49 (8) 54 (2) 57 (3) 62 (3) 
NDF 99 (25) 126 (48) 268 (3) 126 (47)  335 (24) 138 (16) 276 (30) 115 (9) 
Starch 581 (9) 498 (22) 253 163  25 (35) 63 (49) 20 (27) 38 (53) 
AAT1 99 (1) 98 (3) 94 (1) 169 (2)  110 (12) 108 (27) 81 (6) 193 (56) 
PBV2 52 (11) 123 (19) 205 (4) 278 (9)  173 (28) 239 (55) 174 (19) 243 (75) 
1Amino acids absorbed in the small intestine (Spörndly, 2003), 2Protein balance in the rumen (Spörndly, 
2003), 3According to NORFOR feed table 

One fresh faecal sample was collected from each pen on two consecutive days at four times 
during each year. When collecting the faeces the consistency was determined visually on a scale 
from 1 – 5 where 1 means very runny and 5 dry and hard. The two daily samples from the same 
time and pen were pooled and their DM was determined. To determine the content of whole and 
partial grains and long particles (> 10 mm) in the faecal matter, the pooled samples of faeces 
were weighed into a sieve with a pore size of 2.36 mm. After rinsing, the number of particles > 
10 mm and whole and partial grains were recorded while they were collected and put into 
separate dishes, which were weighed after drying. 

Statistical analyses were done separately for each year. To compare the effects of the three 
protein feeds per year two different procedures in SAS (2003) were used. Analyses of DMI and 
FE were done on a pen level with the GLM procedure whereas the MIXED procedure was used 
for analyses of faecal traits on a pen level, with pen nested within treatment, and LWG on an 
individual level, with individual nested within pen. Results with a P-value lower than 0.05 were 
considered as significant and results with P-values between 0.05 and 0.10 were considered as 
tendencies to significance.  

The profitability was calculated as value of calf growth less cost of feeds consumed at 2010 
price level in Southern Sweden. In sensitivity analyses different prices were used. It was 
supposed that differences in calf weights at the end of the experiments would remain until 
slaughter as young bulls at 18 months of age. Thus, the value of kg calf growth was calculated 
as carcass price multiplied by dressing percentage. Climate impact was calculated as 
consumption of each feed used multiplied by emissions of carbon dioxide equivalents for 
producing 1 kg of respective feed (Berglund et al., 2009). Possible differences of emissions from 
enteric fermentation and manure were omitted.  
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Results and Discussion 
In year 1, no differences in daily DMI or LWG were found between the diets (Table 2). There 
was, however, a tendency for a higher intake of ME for the calves fed peas than for the other 
calves, but the FE did not differ between treatments.  

Table 2 Average daily intake, average daily live weight gain and feed efficiency of bull calves 
fed diets containing either rolled peas (P), rolled field beans (FB) or soya bean meal (SBM) 
during year 1, means and standard error of the means (SEM).  
 P FB SBM SEM P - value1

Intake of dry matter (kg day-1) 4,66 4,38 4,41 0.091 NS 
Intake of dry matter (% of live weight) 2.91 2.93 2.79 0.059 NS 
Intake of NDF (kg day-1) 1.65 1.62 1.64 0.033 NS 
Intake of NDF (% of live weight) 1.00 1.05 1.01 0.022 NS 
Intake of metabolisable energy (MJ day-1) 57.1 53.2 53.3 1.11 0.054 
Intake of crude protein (g day-1) 760 710 741 17.3 NS 
Live weight gain (kg day1) 1.16 1.08 1.12 0.029 NS 
Feed efficiency (g gain MJ-1 ME) 20.1 20.2 21.0 0.27 NS 
1NS = not significant, Values that have a tendency to differ (0.05 < P < 0.10) have their P-values written 
in the table 

In year 2, feeding DDGS resulted in the highest LWG due to higher intakes of ME, CP and also 
to a strong tendency for higher DM intake than calves fed SBM, but FE was similar in all 
treatments (Table 3). A higher DMI when feeding wheat DDGS has been observed by others 
(Gibb et al., 2008; Walter et al., 2010), but in those studies the DDGS was used as a replacement 
for barley. Also, the studies were performed on older animals fed rations containing 85% 
concentrates and up to 40% DDGS in the diets, which is very different from the conditions in 
the present experiment. The effect of DDGS on FE differs between studies. Gibb et al. (2008) 
observed that the FE was impaired when feeding DDGS compared to the 85% barley control 
diet while Walter et al. (2010) did not find any difference. However, the feed rations contained 
more CP, on average, in the study by Gibb et al. (2008). The diets in these two trials were not 
balanced to be isonitrogenic as was the case in the present experiment. Also, the nutrient content 
in DDGS varies due to use of grain and processing. In the present study all DDGS came from 
the same batch. 

As calves fed DDGS had higher intakes of ME and CP, of which more was rumen degradable, 
than SBM calves it is possible that the rumen microbes of the DDGS calves produced more 
microbial protein that could be enzymatically degraded and absorbed in the small intestine. This 
might also be the reason for the similar LWGs between calves fed P, FB, SSB and SBM. Also, 
the higher intake in calves fed DDGS resulted in similar daily intakes of AAT between the SBM 
and DDGS fed calves (data not shown). Feeding energy and protein at the same time has been 
identified as a way to optimize the protein utilisation (Børsting et al., 2003). In the present 
study, TMR feeding was used and thus energy and protein were offered simultaneously, which 
improved the utilisation of rumen degradable protein for synthesis of microbial protein. The 
high ADIN concentration of DDGS should decrease the availability of important amino acids 
needed for optimizing LWGs of the calves fed the DDGS diet. However, this was apparently not 
the case in this study and leads us to discuss the possibilities that part of the ADIN in DDGS is 
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digested and can be used by the calves as supported by results on sheep by Nakamuura et al. 
(1994).  

Table 3 Average daily intake, average daily live weight gain and feed efficiency of bull calves 
fed diets containing either dried distiller’s grains with solubles (DDGS), Swedish rolled soya 
bean (SSB) or soya bean meal (SBM) during year 2, means and standard error of the means 
(SEM). 
 DDGS SSB SBM SEM P - value1

Intake of dry matter (kg day-1) 4.81 4.50 4.45 0.098 0.058 
Intake of dry matter (% of live weight) 2.72 2.61 2.69 0.036 NS 
Intake of NDF (kg day-1) 1.78a 1.57b 1.66b 0.035 ** 
Intake of NDF (% of live weight) 1.01a 0,91 b 1.00a 0.013 *** 
Intake of metabolisable energy (MJ day-1) 60.9a 57.7ab 55.5b 1.24 * 
Intake of crude protein (g day-1) 811a 750b 725b 16.8 * 
Live weight gain (kg day1) 1.34a 1.25b 1.21b 0.027 ** 
Feed efficiency (g gain MJ-1 ME) 22.2 21.7 22.0 0.21 NS 
1* P < 0.05, ** P < 0.01, *** P < 0.001, NS = not significant, Values that have a tendency to differ (0.05 
< P < 0.10) have their P-values written in the table, Values on the same row that are significantly 
different (P < 0.05) have different superscripts (a, b) 

There were no differences in faecal traits found between treatments in year 1. In year 2, the 
faecal traits differed little or not at all between the treatments except for the consistency, DM 
content and number of grains. The firmer consistency of the faeces from calves fed DDGS (and 
SSB) compared to calves fed SBM can partly be explained by a higher NDF intake, at least by 
the DDGS calves. In this experiment, differences in consistency were accompanied by 
differences in faecal DM content, which has been observed before (Hessle et al., 2008). A lose 
or runny consistency can indicate a disturbed rumen function with too high passage rates of the 
feed and therefore the rather firm consistency observed in all treatments in the present 
experiment indicated that the rumen functioned normally. There were no differences between 
treatments in the number and dry weight of long particles in faeces. This indicates that all calves 
were fed diets that resulted in similar retention times of the digested feed in the rumen before the 
feed was passed through the intestinal tract. Number of grains in faeces differed between the 
treatments, but there is no clear explanation for this. In general, no obvious advantage or 
disadvantage of the treatments on faecal traits and, hence, rumen function could be observed. 

Highest profitability per calf in the basic price situation had P year 1 and DDGS year 2. 
However, relatively small increases in cost of pea production or decreases in SBM-price would 
make SBM most profitable year 1. DDGS was most profitable year 2 at any probable price 
situation. By using P or DDGS instead of SBM, greenhouse gas emissions from production of 
feed consumed during the calf period would decrease by c. 30 kg carbon dioxide equivalents per 
calf. This corresponds to c. 0.1 kg per kg carcass weight of young bulls or nearly 1 % of the total 
green house gas emissions from the bulls during the rearing. 

 

Conclusions 
Swedish grown protein feeds can replace imported SBM with maintained or, regarding DDGS, 
even improved performance in dairy calves. All diets resulted in good rumen function and diets 
with peas and DDGS resulted in the best profitability and lowest emission of greenhouse gases. 
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