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• Saskatchewan 

– Leader 

• Cereal grain 

• Oilseed production 

 

– Processing Industry 

• Ethanol (400,000 tonnes ) 

• Canola processing (2.000,000 tonnes+ ) 

• Grain processing (600,000 tonnes ) 

• Pulse processing 

• Oat processing 

supply of grain and 
oilseed by-products 

unique nutritional 
characteristics 

including variable fat, 
starch, protein and 

mineral levels. 

Background 



– Distillers’ grains (both wet and dry) 

• High energy value due to fat content 
• High by pass protein content 
• High levels of Phosphorus and Sulphur 
 

For example: dried distiller's grains has been shown to replace 
barley in growing rations at levels up to 40% without negatively 
affecting performance (Walker and McKinnon 2008).  

Beliveau and McKinnon 
(2008), Mustafa et al. 
(2000), Walter et al. 

(2008). 

However, feeding at these levels greatly over supplies 
protein and minerals (P and S) to the animal. 

So, excess nutrients are wasted and pose a 
potential environmental concern.  

Background (con’t) 

• We know... 



– Peas 
• High soluble starch and protein content 

 
 
 

For example: Pea protein and starch are very degradable in the 
rumen (Mustafa et al. 1998).  

Mustafa et al. (1998), 
and Chen et al. (2003). 

Failure to adequately balance rumen degradable starch 
and protein 

...can result in inefficient rumen fermentation 
and reduced microbial protein synthesis.  

Background (con’t) 



–Other by-products 

 

 
Thompson  et al. 

(2002). 

For example: Pea and oat hulls tend to be high in fibre, however 
the availability of that fibre to rumen microbes differs between the 
two by-products.  

Background (con’t) 

• Oat hulls 
– High ADF and NDF 

 
 

 

• Pea hulls 
– High ADF and NDF 

– Soluble fibre 
 

 
 

 



–Other by-products 

 

 

For example: Canola seed and canola screenings are 
a good source of both energy (i.e. fat) and protein for 

backgrounding cattle but both have limitations for 
finishing cattle (Pylot et al. 2000).   

Stanford et al (1999); 
Pylot et al (2000) and 
Mustafa et al. (1998). 

Background (con’t) 

• Off-grade canola & canola 
screenings 

– Good source of energy (i.e. fat)  

and  protein 

 
 

 



• A key point is.... 
 

 

While helping to define nutritional value of each by-
product studied, this research did not result in 

optimum utilization of the nutrient content of each 
by-product.  

Research to date has looked at chemical 
composition and feeding trials for these  

by-products in isolation.   

Background (con’t) 



Overall Hypothesis 

Strategic blending of by-product feeds that 

vary in rumen available nutrients can be 

accomplished to meet energy and protein 

requirements of growing cattle in a cost 

efficient manner. 



Study 1:  

Performance of Backgrounding Cattle 

fed Blended By-Product Feeds that Vary 

in Rumen Available Energy and Protein. 



Feedlot 
(Backgrounding) 

Objectives  

to compare the performance of steers 

fed a barley-based backgrounding diet 

to that of steers fed diets based on 

strategically blended pellets. 



Feedlot 
(Backgrounding – Trial 1) 

Materials and methods 

• 300 head of cross-bred steers 
(average initial weight 705 lbs ) 

• Target end weight was 900 lbs 

• Trial lasted 70 days 



Control Diet (Barley-based diet)*  

Treatment Diets* 
 

65% Barley silage** 
5% Oat hulls 
 
 PLUS ONE OF FOUR PELLETED TREATMENTS 

 30% HS HSP 

 30% HS LSP 
 30% HF HSP 
 30% HF LSP 

TDN: 70% 

CP: 12.6% 

Each pellet varies 
in terms of rumen  
available energy 

and protein 
content.  

24% Barley grain 
55% Barley silage ** 
5% Oat Hulls  
5% Canola meal 
6% Alfalfa-grass hay  
5% Supplement 

TDN: 70% 
CP: 12.4% 

Feedlot 
(Backgrounding – Trial 1) 

*Values are % As fed 

**32% DM 



Ingredient make up of the four strategically blended feeds (% 
DM basis).  
  Formulated blended feeds   
  HS HSP   HS LSP   HF HSP   HF LSP   
Pellet composition    % DM basis   
Canola  - - 9.2 8.9 
DDG  - 11.8 1.7 13.8 
Oat Hull  4.3 9.2 6.2 12.9 
Pea screening  23.1 - 37.1 - 
Grain screening  2.6 - 34 38.4 
Wheat  38.8 56.6 - 13.2 
Peas  17.6 8.3 - 0.4 
Min/Vit/Ionophore 3.18 3.46 2.83 3.05 

Feedlot 
(Backgrounding) 



Feedlot 
(Backgrounding) 

Formulated composition of the four strategically blended 
feeds (% DM Basis). 

Formulated blended feeds 

HS HSP HS LSP HF HSP HF LSP 

Formulated 

composition 

% DM basis 

DM 90 90 91 91 
TDN 78 77 78 78 
CP 17 17 17 17 
Sol. Protein (%CP) 36 27 37 28 
Crude Fat 3 3 9 9 
Starch 46 45 27 27 



Results 

Feedlot 
(Backgrounding – Trial 1) 

Analysis of control and treatment rations (% DM basis) (Trial 1). 
Treatment 

  Control HS HSP HS LSP HF HSP HF LSP 
Ration Analysis 
Crude Protein 12.7  12.2  11.4 11.8 11.8 
Crude Fat 2.5  3.4 3.5 5.4 5.5 
Starch 25.4 22.6  23.1 15.1 14.0 
SCP (%CP) 34.4  49.6  47.5 44.9 40.9 



Results 

Feedlot 
(Backgrounding – Trial 1) 

Effect of strategically blended pellets on the performance 

of backgrounding cattle (Trial 1). 
Treatments 

Variable Control HS HSP HS LSP HF HSP HF LSP SEM P-value 

Body Weight (lb)              

Initial 703 703 703 708 705 9.628 0.825 

Final 937 926 917 924 928 11.34 0.5335 

ADG (lb d
-1

)  3.3 3.2 3.0 3.1 3.2 0.045 0.3574 

DMI (lb d
-1

)  21.0 ab 20.1 bc 19.4 c 21.7 a 21.4 ab 0.291 0.0004 

Feed:Gain 6.33 b 6.33 b 6.35 b 7.06 a 6.73 ab 0.162 0.0043 
Means with different letter in the same row are different (P<0.05). 



Economic Results 

Feed Costs 

Feedlot 
(Backgrounding – Trial 1) 

Prices include transport and processing (January, 2011): Barley: $180/tonne, Canola meal: $323/tonne, 

Alfalfa Hay: $88/tonne, Barley Silage: $30/tonne, Oat Hulls: $34/tonne, Vit-Min Supplement: $206/tonne, 

HS HSP: $195/tonne, HS LSP: $212/tonne, HF HSP: $/128tonne, HFLSP: $/143tonne. 
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Feedlot 
(Backgrounding – Trial 2) 

Materials and methods 

• 180 head of cross-bred steers 
(average initial weight 720 lbs ) 

• Target end weight was 900 lbs 

• Trial lasted 70 days 



Economic Results 

Feed Costs 

Feedlot 
(Backgrounding – Trial 2) 
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Prices include transport and processing (April, 2011): Barley: $180/tonne, Canola meal: $374/tonne, Alfalfa Hay: $53/tonne, 

Barley Silage: $30/tonne, Oat Hulls: $37/tonne, Vit-Min Supplement: $374/tonne, HF HSP: $/128tonne, HFLSP: $/143tonne. 



Study 2:  

Effect of Rumen Degradable Energy 

Source on Performance of Steers 

Grazing Mature Crested Wheatgrass 

 



Crested wheatgrass 
 (Agropyron cristatum) 

 

 

 

Characterized by: 

 Early spring (mid-April to mid-June) growth 

  High in nutritive values 

 ↓ in digestible protein and energy at mature stage 

(Daugherty et al., 1982; Hart et al., 1983; Hoffman et al., 1993) 

Grazing trial 



Steers grazing mature CWG 
↙                          ↘ 

No supplement 
 

↓ 

Supplemented 
*48.2 l/d of thin stillage 

**Barley and/or wheat DDGS at 0.5% BW 

↓ 

Restricted gains 
(< 2.0 lbs/d) 

Enhanced gains 
(>3.0 lbs/d) 

Daugherty et al. (1982) 
Ojowi et al. (1996).  

*Ojowi et al. (1996) 
**Clark et al. (2009) 

Grazing trial 



Objective  

to determine the effect of two by-

product feed pellets (equal in total 

energy and protein) that differ in rumen 

available energy on performance of 

steers grazing mature crested wheatgrass 

Grazing trial 



Materials and methods 

Two year study 

• WBDC’s Research Ranch, Lanigan, SK 

• 45 crossbred yearling steers (IBW = 736 lbs) 

• Grazing mature crested wheatgrass 

• 9 paddocks (4.5 acre/paddock) 

Grazing trial 



Materials and methods 

• Treatments 

 3 treatments (3 replications) 

  Control (no supplement) 

  Low starch (LS) pellet 

  High starch (HS) pellet 

   Equal in total CP and TDN 

   Offered daily at 0.6% BW   

Grazing trial 



Data Collection 

Animal performance 

• Body Weight (BW) 

 2 days at the start and end of the trial 

 Every 2 weeks 

• Forage utilization and intake 

 Weight pre and post grazing technique 

 Clipping every 2 weeks for quality 

  

Grazing trial 



Ingredients (% DM) L S H S 

Canola 9.93 7.22 

DDG 8.94 - 

Oat hulls 17.96 6.62 

Pea screenings - 28.41 

Grain screenings 1.06 14.54 

Wheat 33.93 43.22 

Pea hulls 17.96 - 

Peas 10.22 - 

Composition of pellets 

Grazing trial 



Nutrient (% DM) L S H S 

CP  18.1 18.2 

Starch 40.3 48.6 

NDF 29.5 22.8 

ADF 17.8 12.2 

Fat 5.0 3.8 

TDN 75.7 76.5 

Composition of pellets 

Grazing trial 



Grazing trial 

First year resultsé 



Available forage 
(lbs/acre) 

Forage 
Utilization 

(%) 

DMI 
(lbs/hd/d) 

Initial Final 

Control 3788 975 74.1 19.9 

L S 3892 977 74.7 20.6 

H S 3757 1054 71.6 19.1 

P value NS NS NS NS 

SEM 340.6 47.2 1.87 2.22 

Forage utilization and dry matter 

intake (DMI)  

Grazing trial 
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Grazing trial 
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Total digestible nutrients (TDN) values of forage 

n Average SD 

27 54.5 4.2 

Required* 60.0 ---- 

*For growing steers (1,200 lbs @ finishing) to gain 2 lbs/d (NRC, 1996) 

Grazing trial 
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NDF ADF 

n Average SD 

NDF 27 66.2 4.9 

ADF 27 42.1 3.7 

Grazing trial 



P1 P2 P3 P4 P5 

L S 2.2 4.4 5.4 5.6 5.9 6.2 

H S 2.2 4.4 5.5 5.8 5.9 6.2 

Pellet Allotment (lbs/hd/d) 

Grazing trial 

BW * 0.6% 



Days 
IBW 
(lbs) 

FBW 
(lbs) 

ADG 
(lbs/d) 

Control 70 737 887a 2.2a 

L S 70 736 958b 3.2b 

H S 70 736 967b 3.3b 

P value - NS < 0.05 < 0.05 

SEM - 1.7 9.9 0.144 

Steersô performance 

Different letters in the same row mean significant difference at 0.05 

Grazing trial 
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Body weight (BW) change 

Control LS HS 

967 lbs 
958 lbs 

887 lbs 

736 lbs 

Different letters mean significant difference at 0.05 

Grazing trial 



Cost ADG Revenue* 

$/lbs gained Lbs/d  $/lbs 

Control 0.32 2.2 1.23 

L S 0.36 3.2 1.23 

H S 0.35 3.3 1.23 

Economical Analysis 

Grazing trial 

*Market  price to mid October, 2011  
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$ 62.00 
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$ 69.00 85 Lbs 



Take Home Message  

Strategically Blended By-Product Feeds can: 

• be a substitute for barley in backgrounding diets 

• enhance performance of  yearlings grazing mature 

forages 

•  enhance profitability of  intensive and extensive 

backgrounding operations 

• potential  issues include ingredient variability 

      and  pellet quality 
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