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ABSTRACT 

The objectives of this research were firstly to determine 

the nutritive values for beef cattle and sheep of refuse 

screenings that had undergone various chemical or physical 

treatments; secondly to quantify the effects of chemical or 

physical treatments on viability of weed seeds after passage 

through the digestive tract of the ruminant; and thirdly to 

assess the potential for use of screenings in a hay based 

ration. 

The nutritional value of refuse screenings was determined 

in feeding trials with ewes and steers, as well as by 

analytical laboratory procedures. The grain screenings were 

either steam pelleted, untreated, or chemically treated with 

three percent ammonia or one percent urea, both in whole or 

pelleted form. Eight diets were fed, six containing 

screenings, and two control diets of pelleted or unpelleted 

hay. The screenings were fed at 60, 40, or 20% of the diet in 

combination with brome-alfalfa hay. 

Both in vivo and in vitro digestibilities showed 

pelleting, chemical treatment with ammonia and, to a lesser 

degree, the addition of urea improved the nutritive value of 

refuse screenings for the ruminant animal. Ammoniated and 

pelleted diets showed higher digestibilities of organic matter 

(OM) , crude protein (CP), energy, neutral detergent fiber 

(NDF), acid detergent fiber (ADF) and cellulose than whole 

unprocessed screenings. Digestibility increased as the level 

iii 

lks130
Sticky Note
None set by lks130

lks130
Sticky Note
MigrationNone set by lks130

lks130
Sticky Note
Unmarked set by lks130



of screenings in the diet decreased. Ammoniation and pelleting 

were both effective in reducing weed seed viability, according 

to germination tests. Unpelleted diets containing urea or non

chemically treated diets contained large numbers of seeds 

which survived passage through the digestive tract and 

germinated, representing a potential weed contamination 

problem in manure from animals fed these diets. 

This study showed that refuse screenings can be used 

effectively as a component of the ruminant ration. With 

growing ewes and steers it appeared that a screenings level of 

approximatly 40% of the diet was optimal. This is economically 

significant as a large amount of relatively inexpensive 

screenings are available annually. Since ammoniation appeared 

effective in decreasing weed seed viability, it potentially 

could replace pelleting of screenings for livestock rations if 

proven to be more cost effective than the traditionally used 

steam pelleting. 
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CHAPTER 1 

1.0 INTRODUCTION 

Grain screenings represent a potential valuable source 

of energy and protein for the ruminant animal. This by

product of the grain industry could be a large feed resource 

for western Canadian cattle feeders. 

A problem faced in the use of screenings is the extreme 

variability found between samples of screenings from year to 

year, between geographic areas, and even variability within a 

single field. Because of variation between samples in 

botanical and chemical composition, and variation within the 

various fractions of each sample, precise nutritional 

evaluation of screenings is not possible (Tait et al., 1986). 

Despite the nutritional variability, screenings have been 

used extensively in animal diets. Tai t et al. ( 19 86) 

successfully fed grain screenings to sheep and pigs, while 

screenings have also been fed to chickens (Stapleton et al, 

1980). 

Potential weed problems that occur due to spreading on 

cropland the manure of animals fed whole screenings has led to 

studies on chemical or mechanical destruction of weed seeds 

viability. Pelleted screenings have long been fed in the beef 

industry and are often used in western Canada as supplements 

for beef cows on range. Pelleting has been shown to 

significantly reduce weed seed viability (Kernan et al., 

1990). Kernan et al. (1990), Kernan et al. (1980), and 
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Coxworth et al. (1987) have also demonstrated success in 

destroying weed seed viability by treatment with ammonia. 

Ammoniation also increased the N content of the diet, which 

may be of nutritional value. 

The current study was conducted at the Agriculture Canada 

Research Station in Swift Current. The main objective was to 

determine the effects of chemical and/or physical processing 

on utilization of refuse screenings by beef cattle and sheep. 

Refuse screenings were fed either in unpelleted or pelleted 

physical form, while chemical treatment involved ammoniation 

or the addition of urea. Additional objectives involved 

determination of weed seed viability following passage through 

the digestive tract, and the effect of different treatments on 

the viability of these seeds. The scientific and common names 

of all weed species referred to throughout this thesis are 

shown in Appendix 2 and only common names are used in the 

thesis text. 
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CHAPTER 2 

2.0 REVIEW OF THE LITERATURE 

2.1 Grain Screening 

2.1.1 Definitions 

Grain screenings are defined as that portion of the crop 

which remains after the grain has been cleaned, and consists 

of damaged grain, weeds seeds, chaff, dirt, dust and other 

foreign material (Harrold et al., 1980). Grain screenings 

vary from 60% whole (thin or shrunken) grain to approximately 

90% weeds seeds. High quality screenings contain minimal 

amounts of dirt, straw, chaff, and other undesirable material 

(Harrold et al. 1980). 

Due to the variable composition of screenings they have 

been defined in the regulations of the Feeds Act of the 

Government of Canada in 1984 on the basis of their allowable 

content of broken grains, fiber, weed seeds and dust 

(Anonymous, 1984; Appendix 1). Categories of screenings 

include the following: No. 1 feed screenings, No. 2 feed 

screenings, uncleaned screenings, refuse screenings, mixed 

feed oats, and No. 2 mixed feed oats. The dust fraction is a 

combination of soil, seeds and vegetative material. In the 

Canadian cleaning system dust is incorporated into refuse 

screenings, while in the United States the dust is utilized 

separately (Beames et al., 1986; Hubbard, 1982). 
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2.1.2 Availability of Screenings 

In Canada, most grain sold for export has straw, soil and 

foreign seeds largely removed. Cleaning can occur at primary 

elevators, but more often uncleaned grain is shipped to the 

Lakehead, Pacific Coast, or terminal elevators where it is 

cleaned. Traditionally these screenings have been disposed of 

by fine grinding and incorporation into livestock rations, 

burning, or by dumping. The relative importance of these 

disposal methods varies at these different sites. 

The amount of dockage in grain is variable, but 

represents approximately 1 to 5% of the grain delivered 

(Harrold and Nalewaja, 1977). More precisely, Shuttleworth 

(1972) reported mean dockage values from 1966 to 1971 to be 

2.5% in cereals and 9% in oilseeds. These results appear 

similar to the values of 3% and 9.7% from cereal and oilseed 

dockage respectively, obtained by Chow and Lapka (1975). This 

dockage results in a tremendous amount of screenings 

potentially available as a feed for the livestock industry. 

The actual Canadian production of grain screenings is 

difficult to assess since records are not kept. Shuttleworth 

(1972) reported that dockage delivered from 1969 to 1970 to 

the terminal elevators at vancouver and Thunder Bay totalled 

487,000 tonnes, the majority of this being weed seeds. More 

recently, the Canadian Grains Council (1985) reported the ten 

year (1975-1985) annual average freight shipment of screenings 

was 43,900 tonnes but undoubtedly more were produced and sold 
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at the local level or used in other processes, for example in 

prepared feeds. The percentage of dockage varies with grain 

type, grade, and production year. In 1984 Canada produced 

21,199,400 tonnes of wheat, excluding durum, and if 2% dockage 

is assumed the screenings would be approximatly 424,000 

tonnes. If this value is assumed at 3% dockage the amount of 

screenings would be about 635,982 tonnes. It is estimated 

that 100,000 tonnes of wild oats alone are disposed of at 

export shipping terminals each year in Canada (Barranco et 

al., 1978). Beames et al. (1986) reported on estimates of the 

amounts of screenings, divided into categories, that were 

produced in elevators in British Columbia in 1980 as follows: 

No. 1 feed screenings 47,088 t; No. 2 feed screenings 1,538 t; 

refuse screenings 37,510 t; uncleaned screenings 6, 399 t; 

mixed feed oats 26,713 t; flax screenings 766 t; and rapeseed 

screenings 42,896 t, totalling 162,910 tonnes. In North 

Dakota, Harrold et al. (1976) estimated the amount of pigeon 

grass seed (green and yellow foxtail) cleaned out of grain to 

be 500,000 t annually. They suggested that this would have 

the potential of replacing 469,000 t of barley or 415,000 t of 

corn in rations for growing-finishing swine. More information 

is needed on the quantities of screenings collected throughout 

North America. 

Screenings impose a large cost to the grain industry. 

Early work by Crafts and Robbins (1962) reported dockage 

losses totalling $43,000,000 in 1954, with another $6,000,000 
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added due to cost of handling the dockage. Much of this cost 

results from shipping uncleaned grain to terminal elevators at 

the ports for cleaning, with the screenings often then 

pelleted and shipped back to the prairies, resulting in two 

way shipping costs for screenings. Some terminals, including 

the Weyburn Inland Terminal, clean the grain before shipping, 

saving the expense of shipping the screenings, and then sell 

the screenings locally. Weyburn Inland Terminal produces 

about 3,500 t of screenings per year (Kernan et al. 1990). 

This would have a value of $245, 000 based on a pelleted 

screening price of $70.00 per t. 

Screenings should be considered as an economically 

attractive feed source for western canadian livestock 

producers. The potentially large amounts of screenings 

available in Western Canada and new information on the use of 

screenings as 1 i ves tock feed offer an excellent opportunity to 

potentially increase livestock production efficiency. With 

operations such as the Weyburn Inland Terminal and the 

development of many comparable facilities across the prairies 

one would expect a substantial increase in the availablity of 

screenings to the regional market. Other developments which 

will impact strongly upon local availability of screenings 

include changes in freight rate subsidies, abandonment of 

branch rail lines, changes in regional competitive advantages, 

efforts towards diversification of cropping sys terns, increased 

awareness of sustainability and environmental protection, and 
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increased feeding and production of livestock in the prairie 

region. There will also be a demand for increased competitive 

efficiency of production in the livestock sector which will 

require more efficient use of quality and price in feedstuffs. 

Changes in the livestock industry will demand increased 

production efficiencies, such as eliminating shipping of 

screenings approximatly 1600 kilometers one way to the Pacific 

coast, the Lakehead, or Churchill and receiving back a 

somewhat processed product at a greatly increased price after 

a further 1600 km journey. Proposed increases in freight 

rates will not permit this inefficiency in terms of 

maintaining/improving competitiveness of the livestock sector. 

2.2 Nutritive value of Grain screenings 

Corbett (1978) described nutritive value (NV) of ruminant 

feeds as NV = I x D x E. Where I = feed intake, D = feed 

digestibility and E = the efficiency of the use of 

metababolites from digestion. However I, D and E can all be 

influenced by the chemical composition of the feed, 

particularily with respect to monogastric animals. 

2.2.1 Chemical Composition 

Great variation between samples of screenings in 

botanical composition creates great variation in the chemical 

composition. The net nutritive value and chemical composition 

of any heterogeneous material is the sum of the proportionate 

values of the respective parts (Harrold and Nalewaja, 1977) . 

For this reason it is often more practical to find literature 
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on the chemical composition of the individual weed seed 

species and specific components of the screenings rather than 

the screenings as a whole, and calculate the nutrient value or 

chemical composition from the botanical composition. 

Beames et al. (1986) chemically analyzed No. 1 

screenings, refuse screenings, mixed feed oats and rapeseed 

screenings obtained from the prairie provinces and collected 

at Vancouver eleva tors or from Northern Alberta Rapeseed 

Processors. The range and SD for the analyses indicate the 

large variability that exists between and within samples 

(Table 2.1). 
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Table 2.1 Chemical composition (%) of No.1 feed screenings, refuse screenings, 
rapeseed screenings and mixed feed oats. 

As received Drv matter basis 

Dry matter Crude protein Ether extract Acid detergent Ash 
(%) (%) (%) fibre (%) (%) 

Mean 
Range 
SD 

Mean 
Range 
SD 

Mean 
Range 
SD 

Mean 
Rang 
SD 

89.8 
87.7-91.6 

0.7 

92.2 
89.0-94.7 

1.3 

91.8 
90.6-93.0 

0.6 

93.0 
91.6-95.0 

1.0 

No.1 feed screenings(n=30) 

14.8 
13.5-16.7 

0.7 

3.1 
1.9-4.1 

0.6 

8.7 
6.8-13.4 

1.3 

Refuse screening (pelleted) (n=16) 

13.1 5.4 28.8 
10.6-19.3 3.2-8.6 22.8-37.2 

2.0 1.5 4.6 

Rapeseed screenings{n=15) 

19.6 22.5 28.0 
17.3-21.0 14.9-25.0 23.4-33.4 

0.9 2.8 2.7 

Mixed feed oats(n=23) 

13.4 4.3 22.5 
12.0-15.3 3.6-5.3 17.2-29.6 

0.7 0.5 2.5 

Rapeseed screenings were obtained at Vancouver elevators only 
SD=Standard Deviation 
n=number of samples analyzed (Beames et al. , 1986) 

2.2 
1.1-2.7 

0.3 

10.6 
7.6-12.8 

1.5 

7.4 
6.0-9.2 

0.8 

4.3 
3.3-4.7 

0.3 

.2. 
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The botanical composition of No. 1 feed screenings was 

67.5% wheat and 25.9% wild buckwheat, similar to the results 

of Biely and Pomeranz (1975), but lower in wheat content and 

higher in wild buckwheat than the 77% wheat and 17% wild 

buckwheat found by Stapleton et al. (1980). These screenings 

were consistently over 90% wheat, with the rest mostly wild 

buckwheat. However, considerable variation did occur between 

samples. The high levels of wild buckwheat in these samples 

had a marked effect on the nutritional value of the diet, due 

to the difference in chemical make up of the Buckwheat verses 

other weed seeds. 

Refuse screenings used in analyses by Beames et al. 

(1986) were ground as required by government regulations for 

destruction of the weed seed viability. The composition of 

unground samples was 70% chaff and dust. This, along with 

high soil contamination resulted in a 28.8% ash content in the 

samples analysed by Beames et al. (1986). Earlier work on 

screenings by Scott et al. (1950) showed the average chemical 

composition of refuse screenings (%) to be as follows: 

DM 
Ash 
E.E. 
C.P. 
Crude Fiber (CF) 
Nitrogen Free Extract (NFE) 

90.4 
9.6 
7.3 

16.0 
17.3 
49.9 

These screenings were high in lambsquarters and fanweed and, 

again showed variability in chemical and botanical 

composition. Work by Hunt {1980) showed refuse screenings to 

be higher in protein, fat, and ash, but lower in energy than 
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No. 1 feed screenings, likely due to the dilutary effect of 

the ash. 

The components of rapeseed screenings differed greatly 

from other screenings. The rapeseed screenings analyzed 

contained 63.5% of stinkweed, lambsquarters, hoary alyssum and 

rapeseed as major weeds. The differences in species of weed 

seeds present in cereal grains are a result of different 

herbicides used to control weed growth, and differences in the 

competitiveness of different weed species with rapeseed versus 

cereal grains. 

The mixed feed oat samples analyzed by Beames et al. 

(1986) were mostly wild oats, with a mean wild oat content of 

93.6%. These results are typical of this screenings category. 

Differences in growing conditions and environments 

affect locational differences in chemical composition. The 

chemical and amino acid compositions of several common weed 

species (Tkachuk and Mellish, 1976), (Table 2.2) show the high 

nutritive values that weed species can have and the potential 

contribution of these weed seeds to a sample of screenings. 

Variation in protein, oil, and fiber content between weed 

seeds is also apparent from Table 2.2. The seeds belonging to 

the Cruciferea family appear to have the highest protein 

content (mean 23.6%) while the two Polygonaceae samples had 

the lowest (11.0%). 
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TABLE 2.2 PROTEIN, OIL, FIBER AND AMINO ACID COMPOSITION OF WEED SEED MEALS(GRAMS AMINO ACID PER 100g SAMPLE N) 

W~ld W~ld Green False 
Wild Stink- Flix- buck- Field oat fox- rag- Lamb's- Redroot 
mustard weed weed wheat dock groats tail weed quarterspigweed Mean 

Protein content %a 24.0 20.7 26.2 9.1 12.9 19.6 15.2 18.0 16.8 15.0 17.8 
Oil Content % h 38.8 34.0 38.0 2.1 2.4 1.6 6.2 31.8 8.4 6.8 17.0 
Fiber Content % b 11.9 NDC 7.6 9.0 20.1 2.6 10.4 28.2 12.8 12.7 11.5 

Tryptophan 6.5 7.7 8.6 6.5 7.7 6.9 9.4 6.6 9.4 6.9 7.6 
Lysine 35.3 34.0 30.7 30.5 29.0 24.3 9.7 26.7 28.3 33.1 28.2 
Histidine 18.5 15.5 15.8 16.0 16.1 14.0 12.5 15.7 15.7 15.7 16.2 
AnUnonia 16.3 17.5 14.8 10.3 10.4 17.1 18.1 16.3 12.3 10.4 14.4 
Arginine 43.0 45.2 48.2 59.4 65.2 42.5 17.6 50.0 51.1 51.1 47.4 
Aspartic acid 43.2 47.6 52.8 55.8 52.0 52.4 43.4 58.0 46.8 54.7 50.7 
Threonine 28.2 28.6 27.0 24.2 23.9 22.9 24.6 23.0 19.7 22.0 24.4 
Serine 29.8 25.4 29.4 35.5 34.3 34.5 34.3 29.4 24.7 52.0 32.9 
Glutamic acid 106 100 105 85.7 96.8 147 137 135 87.2 106 111 
Proline 40.4 38.2 34.3 25.1 24.9 36.5 52.6 29.8 21.9 24.9 32.9 
Glycine 32.9 36.8 44.0 32.0 37.1 30.0 15.3 21.4 34.4 54.3 33.8 
Alanine 29.2 27.2 26.8 30.1 29.0 28.8 59.4 25.4 21.7 21.4 29.9 
Cysteine +cystine 17.5 15.2 12.7 12.9 11.9 20.0 12.6 15.9 12.2 16.6 14.8 
Valine 32.7 35.1 33.4 36.5 35.3 34.3 34.3 34.3 25.9 26.4 32.8 
Methionine 10.7 7.3 9.9 16.3 11.0 10.2 22.5 89.8 11.1 13.3 12.1 
Isoleucine 24.2 24.6 25.4 30.0 25.5 26.0 27.2 27.1 21.0 21.8 25.3 
Leucine 44.3 41.8 39.5 44.3 41.5 48.8 91.0 41.0 35.3 33.7 46.1 
Tyrosine 18.8 16.4 19.9 14.9 15.7 20.1 17.4 14.0 15.3 18.0 17.0 
Phenylalanine 23.7 26.7 24.7 28.0 27.9 35.4 34.6 28.1 21.5 22.8 27.3 
N recovery (%) 95.2 95.1 95.1 92.9 94.5 98.5 95.4 96.6 83.5 93.5 

Tkachuk & Mellish. (1976) 
a Dry Basis, N x 5.7 
b Dry Basis 
c ND, Not Determined 
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Cruciferae samples also had a high oil content (30.7%) as did 

the Composi tae sample of False Ragweed (31. 8%), while the rest 

were low in oil. The seeds from the Cruciferae family were 

also high in energy (Table 2.2), with higher energy a 

reflection of higher oil content. These results are in 

agreement with the compositions for stinkweed and flixweed 

determined by Miller et al. (1962) and for lambsquarters and 

redroot pigweed by Van Etten et al. (1963). Amino acid 

compositions determined by Harrold and Nalewaja (1977) on 

several weed species also resemble the values in Table 2.2 for 

the respective seeds. Harrold and Nalewaja (1977) evaluated 

the density of several weed seeds (Table 2.3) and all but 

redroot pigweed had a lower density than wheat with most being 

less than oats. 

Harrold and Nalewaja (1977) observed the DM content of 

weed seeds to be high and the ash content frequently higher 

than cereals (Table 2.3) particularily regarding phosphorus 

(P) , calcium (Ca) , and magnesium (Mg) . Potassium (K) content 

of the weed seeds reflects forage composition more than grain 

while sodium (Na), copper (Cu), zinc (Zn), iron (Fe) and 

manganese (Mn) contents appear consistent with those of small 

grains (Harrold and Nalewaja, 1977; Ensminge et al 1990). Fat 

(Table 2.3) and Na were similar to that of grains while CP was 

equal to or greater than that expected for cereals. 

Several reports, (Beames et al. 1986; Harrold and 
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TABLE 2.3 PROXIMATE ANALYSIS AND DENSITY OF 15 WEED SEEDSa 

Criteria 
Unit 

Item 

Densityh 
g/cc2 

Barnyard grass .24 
Buckwheat, wild .57 
Fumitory .55 
Kochia .48 
Mustard, wild .71 
Night-flowering catchfly .69 
Oats, wild .40 
Pigweed, redroot .89 
Russian thistle .38 

DM 
% 

92.2 
4.44 
97.0 
93.2 
91.6 
93.5 
93.0 
89.7 
95.8 

GE 
Kcal/g 

4.17 
16.8 
5.83 
4.92 
6.12 
4.40 
4.68 
4.65 
4.42 

CP 
% 

13.2 
10.18 
19.8 
27.1 
37.3 
16.9 
15.2 
19.3 
28.6 

Ash 
% 

9.46 
7.54 
7.37 

11.57 
6.10 
3.90 
4.29 
2.65 
8.04 

Fat 
% 

2.60 
48.7 
31.38 

7.14 
21.83 

4.97 
5.61 
8.58 

15.08 

Cell 
wall 

% 

58.1 
36.4 
41.4 
28.7 
28.8 
31.8 
48.1 
62.1 
47.8 

ADF 
% 

41.2 
8.8 

41.2 
16.6 
21.8 
20.6 
27.0 
23.9 
31.3 

Lignin 
% 

7.2 

10.7 
4.6 
3.7 
9.1 
8.0 

14.1 
3.5 

14 

aGross energy, crude protein, ash, fat(ether extract), cell wall, acid-detergent fiber and lignin are presented 
on a 100% dry matter basis. 

bFor comparison purposes the "Density 11 values for cereal grains were: hard red spring wheat, .81; barley, .67; 
triticale, .67; oats,.56. 

Harrold & Nalewaja, (1977). 
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Nalewaja, 1977) exist on chemical constituents of common weed 

seeds present in animal diets. These weeds include green 

foxtail (pigeon grass), yellow foxtail, wild oats and wild 

buckwheat. Because of the wide-ranging green foxtail weed 

problem considerable green foxtail seed is readily available 

and has therefore been subjected to nutritional evaluation in 

several studies. Dinusson et al. (1975), Harrold et al. 

{1976), and Harrold et al. (1980) have estimated the 

nutritional value of pigeon grass in North Dakota where an 

estimated 500,000 t of green foxtail seeds are available 

annually (Harrold et al. 1976). Early work on pigeon grass 

seed in North Dakota by Griswold (1933) indicated that pigeon 

grass could replace 40% of barley for pigs and give a diet of 

nearly equivalent nutritive value to barley, but, when 

substituted wholly for barley, reduced nutritive value was 

observed in comparison to barley alone. Dinusson et al. 

{1975) gave the chemical composition {%) of pigeon grass as 

follows: 

Dry Matter 
Ash 
Crude Protein 
Ether Extract 
ADF 
ADL 
Cell Wall 
Hemicellulose 
Cellulose 
Calcium 
Phosphorus 
Magnesium 
Potassium 

92.23 
7.37 

17.24 
3.79 

20.74 
4.01 

36.35 
15.61 
16.73 

0.17 
0.41 
0.26 
0.46 

These values appear to be slightly different from the 
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values of Harrold and Nalewaja {1977) {Table 3), and Tkachuk 

and Mellish {1976) {Table 2), and may represent ranges in 

composition. 

The TDN of pigeon grass seed was first determined by 

Griswold {1933) as 59%, and was later published in Morrisons 

Feed and Feeding Tables {1956) as 58.2%. Dinusson et al. 

{1975) reported that even though the protein in the pigeon 

grass was relatively high, the TDN was lower than the 58.2% 

reported by Morrison {1956), and was only slightly better than 

hay. Swine appear able to digest pigeon grass more fully than 

ruminants; Harrold et al. {1975) found pigeon grass seed could 

make up to 40% of the growing-finishing ration for swine, with 

about 90% of the TDN of barley. 

Wild buckwheat has also been studied extensively in terms 

of nutritive value. Biely and Pomeranz {1975) and Beames et 

al. {1986) noted that wild buckwheat may represent 25-30% of 

the composition of No. 1 wheat screenings, and that wheat and 

wild buckwheat constituted over 95% of No. 1 screenings. 

Domestic buckwheat has a high lysine content and excellent 

amino acid balance, and when used in the diets of poultry and 

swine may reduce the supplementation needs of those amino 

acids. This was also expected in wild buckwheat. The chemical 

composition of wild buckwheat according to Bell and 

Christison, as reported by Biely and Pomeranz {1975), is as 

follows: ash 2.2%; EE 3.7%; CP 12.3%; CF 9.2%; NFE 72.6%. 

Neutral detergent solubles were 72.8% and NDF was 27.2% while 
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Amino acid 

analyses showed only small differences between samples in the 

concentration of essential amino acids. It appears that, on 

the basis of amino acid analyses, wild buckwheat is a valuable 

supplement as it compensates for the limiting lysine content 

in rations based on cereal grains for monogastric animals, 

while providing a good source of energy. 

2.2.2 Diqestibility 

Feedstuffs are evaluated on their ability to elicit a 

requisite product response from the animal. This response is 

determined by productive energy and protein content of the 

feed and varies with the digestibility {Van Soest, 1982). 

Digestibility is defined as the percentage of food taken into 

the digestive tract which is absorbed into the body, as 

opposed to that which is evacuated in the feces. This is 

generally expressed as a digestion coefficient which is the 

difference between nutrients consumed and nutrients excreted 

expressed as a percent {Van Soest, 1982). 

Digestion involves a series of processes in the 

alimentary tract by which feed components are rendered soluble 

so that absorption is possible. This involves both mechanical 

and enzymatic processes (Maynard et al. 1979). Ruminants can 

utilize a high fiber diet due to specialized rumen microflora 

which provide cellulolytic enzymes able to break down fiber. 

These enzymes, which are capable of hydrolyzing B-1,4 

carbohydrate linkages to glucose, are not secreted by any 
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mammalian tissues (Van Soest, 1982). 

Digesta passing through the animal contains undigested 

dietary components, but also metabolic products including 

bacteria and endogenous waste. Because of this, digestibility 

is either apparent (the balance of feed less feces) or true 

(accounts for metabolic products) . The coefficient of true 

digestion will always be higher than apparent digestion (Van 

Soest, 1982). Digestibility is an important value and as Van 

Soest (1982) states, the balance of matter lost on passage 

through the digestive tract is the most reproducible measure 

for a given feedstuff. However, because digestibility varies 

with conditions of feeding, a standard is necessary. 

Digestibility values are affected by many factors, 

chemical composition and level of fiber and feed being among 

the most important (Schneider and Flatt, 1975). Other factors 

include nutrient interrelationships in the ration, age of 

animal, feed source and type (roughage versus concentrate), 

processing, rate of passage, particle size and animal genus 

{Van Soest, 1982). Overall, workers in the field have 

investigated more than fifty different factors that might 

influence the efficiency of digestion {Schneider and Flatt, 

19 7 5) . 

Tai t et al. ( 1986) summarized digestibility values of No. 

1 feed, rapeseed screenings, mixed feed oats, and refuse 

screenings obtained with sheep {Table 2.4). 
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Table 2.4 Apparent digestibilities of dry matter, organic matter, N, and 
ADF of screenings by sheep. 

Type of screenings 

No. 1 feed Rapeseed Mixed feed Refuse 
screenings screenings oats screenings 

Dry matter 72.5 60.2 62.3 56.4 

Organic matter 73.9 63.9 64.2 59.4 

Nitrogen 72.1 77.4 73.4 65.3 

ADF 16.7 25.5 

(Tait et al. 1986) 

No. 1 feed screenings appeared to be of high 

digestibility, compared to mixed feed oats. The nutritive 

value of No. 1 feed screenings to sheep however, was inversely 

related to the content of wild buckwheat digestibility. Biely 

and Pomeranz {1974) suggested that wild Buckwheat should have 

a positive effect on nutritive value of screenings for poultry 

as it creates a more balanced amino acid profile. 

When mixed feed oats were well ground, they were digested 

well by both pigs and sheep, although the dry matter 

digestibility (DMD} was found to be lower than No. 1 

screenings. Mixed feed oats must be processed prior to 

feeding to sheep, (Orskov, 1980) to reduce dissemination of 

weed seeds and increase intake. Mixed feed oats, when offered 

whole, resulted in very poor intakes, and pelleting greatly 

improved intake by sheep. This was suggested to result from 

low apparent digestibility of ADF (Table 2.4) in the seed coat 

(Tait et al. 1986) of various weeds. 
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Unprocessed rapeseed screenings were unpalatable to pigs, 

whereas sheep readily accepted pelleted rapeseed screenings 

and digested the N to a high degree (Tait et al, 1986). Refuse 

screenings appeared suitable only to ruminants (Tait et al., 

1986), as a result of the high ADF level. 

Harrold et al. (1980) determined protein digestibilities 

of several weed species with rats as follows: green foxtail 

77.1%, yellow foxtail 68.6%, wild oats 54.2%, wild buckwheat 

52.5%, and redroot pigweed 54.6%. Intake of wild oats was 

low by rats, suggesting little potential as a monogastric 

feed. Tait et al. (1986) observed protein digestibilities of 

84.7% with rats for mixed feed oats, only slightly lower than 

commonly used grains, while green foxtail was also highly 

digestible. Hell wig e t al . ( 19 7 9) suggested that pigeon grass 

(green foxtail) had a similar feed value to low quality barley 

for monogastric. 

2.2.3 Intake 

There is considerable interest in the factors affecting 

feed intake of animals and attention has focused on the 

regulation of feed intake. This is understandable in view of 

the economic relationship between feed intake and cost of 

production. Much evidence indicates that the gross efficiency 

of production can be increased greatly in growing, fattening, 

or lactating animals if their consumption can be maintained at 

a high level without health problems. 
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The influence of physiological mechanisms of feed intake 

regulation, both for long term and short term regulation in 

ruminants is well established. In ruminants the central 

nervous sys tern, through its hunger and satiety centers located 

in the hypothalamus, is an important means of feed intake 

regulation (Balch and Campling, 1962; Church and Pond, 1982a). 

Electrical stimulation of lateral areas of the hypothalamus 

promote eating while stimulation in the medial areas inhibit 

it (Balch and Campling, 1962). In this respect ruminants 

appear quite similar to monogastrics. The main physiological 

factor that affects regulation of feed intake in both 

ruminants and nonruminants is energy balance in the animal 

(Laflamme, 1973; Minson, 1982;) and changes in energy balance 

will effect long term intake regulation. 

There are several theories regarding the physiological 

control of appetite in ruminants. The lipostatic theory, 

first suggested by Kennedy (1953) suggests that the amount of 

body fat or adipose tissue in some way serves to increase or 

decrease intake as the amount of body fat increases or 

decreases. There is little evidence to support or refute the 

existence of this mechanism and it is unclear how the 

hypothalamus would sense the degree of fatness so as to 

control intake (Laflamme, 1973). Hervey (1971) has suggested 

that progesterone and estrogen may act to control the 

hypothalamus so as to counteract an excess or deficiency in 

body tissue energy. 
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The existence of a thermostatic system of food regulation 

is based on the theory that animals generally eat more when 

they are cold and less when heat stressed (Church and Pond, 

1982b) . It has been shown that changes in the temperature of 

the hypothalamus may cause cessation of, or increases in 

intake, but the evidence is limited and more data are needed 

to validate these findings (Laflamme, 1973; Brody, 1945). 

Another theory on the regulation of intake is the 

chemostatic theory (Laflamme, 1973). In monogastrics blood 

glucose concentrations are negatively related to feed intake 

over the short term and hunger contractions are more 

pronounced when blood glucose is low (Church and Pond, 1982b) . 

In ruminants, volatile fatty acids (VFA' s) , in particular 

acetic and propionic acids, appear to act in a manner similar 

to glucose. It has been shown that an injection of propionate 

and/or acetate into the rumen or rumina! vein causes a marked 

depression in intake as a result of increased VFA 

concentration. The opposite is also true in that dilution of 

rumina! contents and VFA's during a meal prolongs the meal 

(Baile and Forbes, 1974). 

The effects of rumen pH and osmolality have been 

evaluated to a limited extent as "metabolic" systems of food 

intake regulation. Both dilute acid solutions and sodium salt 

solutions infused intrarumenally have been shown to decrease 

consumption (Bergen, 1972). The resulting pH and osmolality 

alterations usually exceed normal physiological levels and 

lks130
Sticky Note
None set by lks130

lks130
Sticky Note
MigrationNone set by lks130

lks130
Sticky Note
Unmarked set by lks130



ll 

therefore may not be of great importance in intake regulation 

(Bergen, 1972). 

Besides physiological mechanisms, there are several 

physical factors that affect consumption. A major physical 

factor controlling intake is digestibility, or the proportion 

of undigestible residue in the feed, while transit time or 

rate of passage, physical size and capacity of the 

rumeno-reticulum and the energy concentration in the feed also 

play central roles (Minson, 1982). 

The digestibilities of organic matter and energy in feeds 

are important factors in intake. Blaxter et al. (1961) showed 

that voluntary intake is positively related to the 

diges tibi 1 i ty of the dry rna t ter and energy in the feed. 

Figure 2.1 shows that as the digestibility of the gross energy 

in the feed increases so does the voluntary intake. Blaxter 

et al. (1961) showed that low intake was associated with low 

digestibility and that a fall in intake was inversely related 

to transit time of stained particles through the rumen. From 

this work he determined that the intake of hay was mostly 

controlled by rumen capacity. 

The transit time or rate of passage of feed plays a major 

role in voluntary intake. Retention time in the entire 

digestive tract is influenced by level of intake, physical 

characteristics of the diet, and rumination time (NRC, 1987). 

Rate of passage is important with coarse, fibrous feeds, since 

the longer the feed residues remain in the rumeno-reticulum, 
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the longer the animal will experience satiation and the less 

it will consume (Laflamme, 1973). Mertens and Ely, (1979, 

1982) suggested that maximum intake of DM is affected more by 

the proportion of indigestible fiber and rate of passage than 

by the rate of fiber digestion. This explains results showing 

limited voluntary intake on very coarse fibrous feeds. Rate 

of passage is strongly influenced by any factor that will 

alter the rate of feed particle breakdown in the rumen with 

greater breakdown rate increasing passage rate through the 

reticulorumen. 

Grinding and pelleting of feed are processes by which 

feed particles are made physically smaller and the density of 

the feed is increased. This usually increases intake, as feed 

particles are broken down more rapidly by rumen microorganisms 

thereby allowing greater rate of passage (Minson, 1982) . 

Since the feed spends less time in the rumen due to an 

increased rate of passage, digestibility is often decreased. 

Pelleting and grinding will increase the size and frequency of 

meals, thus increasing intake. In forage feeding, plant 

factors such as leaf to stem ratios and legume versus grass 

ratios also effect rate of passage. Leaf rna terial has a 

higher rate of passage than stem due to smaller particles and 

more surface area exposed to rumen microorganisms allowing a 

faster rate of breakdown. The higher intake of legumes over 

grass is attributed to a shorter retention time and higher 

packing density. 
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The physical limitation of rumen capacity is also thought 

by many to control intake. This was illustrated by Campling 

and Balch (1961) who showed that consumption of forage can be 

decreased proportionately by the addition of digesta or inert 

bulky material to the rumen. In the same way removal of 

digesta can increase meal time considerably. Physical 

limitations are also probably in effect when pregnant animals 

are near the time of parturition. Near parturition intake 

decreases by as much as 16-25% (Owen et al., 1980) although 

other researchers have recorded lower decreases of 8-10% 

(Broster et al., 1964; Campling and Balch., 1961) . This 

decrease in voluntary intake is not confined to diets limited 

in intake by physical factors but also with concentrated diets 

(Weston, 1982). It is suggested that pressure on the rumen 

from uterine expansion causes this intake decrease. 

Grovum (1979) suggested the presence of stretch 

receptors in the reticulum that are sensitive to the 

distention of the gut after a meal as an additional factor in 

intake regulation. 

The feed itself plays a major role in intake, both 

from the aspect of palatability and also due to chemical make

up. Palatability factors include taste, odor, sight, and 

physical texture while chemical make-up includes protein, 

fiber and mineral concentrations, as well as the level of 

energy. Supplementation of low quality diets with energy, 

protein, and/or possibly minerals may increase intake (Minson, 
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When the CP in a diet falls below 6-8% the intake 

decreases. Sulfur is an important nutrient in bacterial 

protein and therefore sulfur deficiency could lead to protein 

deficiency (Minson, 1982) . Other minerals often lacking are 

Mg, N and P (Church and Pond, 1982b). Toxic factors in the 

feed may also decrease intake (Minson, 1982). 

Genetic and environmental factors are also involved in 

determining intake of an animal. variation in the capacity of 

ruminants to consume food is suggested to be partially genetic 

(Weston, 1982). Under optimal dietary and environmental 

conditions, feed intake should be determined by the animals' 

genetic potential to utilize dietary energy, and therefore 

feed intake differences should reflect differences in genetic 

potential (Weston, 1982). Decreased intake as a result of 

thermal stress has already been mentioned. The animal does, 

however, have means to cope to increase intake, including 

acclimatization, and feed availability, depending on the 

feeding setting (Weston, 1982). 

2.2.4 Efficiency of Energy use 

Energy is quantitatively the most important nutrient in 

the diet (Church and Pond,1982b) and is the first in demand in 

all animal nutrition (Perry, 1980). Depending on the age and 

species concerned, 70 to 85 % of the total dry matter consumed 

is used for energy (Maynard et al., 1979) . Feed energy 

provides for the energy expenditure of the animal and promotes 

synthesis of organic body constituents and secretions (ARC, 
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1980) . Efficiency of energy utilization is an important, and 

often a vital, factor in profitable production as up to 89% of 

the total costs of feed is for energy (Perry, 1980). For this 

reason the efficiency with which energy is used, and factors 

that influence that efficiency, can not be taken for granted. 

Carbohydrates, fats and to some extent protein, all 

contribute as sources of energy for the animal. Ruminants, 

unlike monogastrics, are able to utilize relatively high fiber 

diets for energy. High energy grain diets, which provide 

starch, are used in situations where high productivity is 

expected as in finishing rations or with dairy cows. 

The efficiency of utilization of dietary energy was 

defined by Blaxter (1980) as the slope of the relationship 

between heat of combustion of the feed consumed and fat and 

protein stored in the body. It is the product of the 

metabolizability of feed energy and the efficiency with which 

ME is used, neither of which are constant, varying with the 

amount and composition of the diet given. In the mature 

ruminant, energy retention increases as the feed intake 

increases. Successive increments in daily intake result in 

progressively smaller increments in daily energy retention. 

This relationship is a curvilinear one and varies with the 

type and quality of feed supplied (ARC, 1980; Blaxter and 

Boyne, 1973). The reasons for this curvilinear relationship 

are not totally understood, but involve changes in ruminal 

fermentation and passage of digesta as intake increases, which 
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changes the proportions and amounts of energy yielding 

substrates absorbed. Additionally, there are differences in 

efficiency of energy use when anabolic synthesis of body fat 

and protein occurs, or when body constituents are being 

catabolized. Higher body temperatures may also occur at 

higher feeding levels and differences in the efficiency of 

biosynthesis of protein and fat may have an effect on this 

relationship (ARC, 1980) . 

Energy in feed is used firstly to meet the animal's 

maintenance needs (~),and then to meet the requirements for 

growth and fattening (K£), lactation (K1 ), and pregnancy (KP) . 

(Armstrong,l982). Energy efficiency is greatest for Kro(0.70), 

followed by K1 (0.62), K£(0.55) and ~(0.13) (Church and Pond), 

1982; ARC, 198Gb), where the efficiency is expressed as a 

decimal. The relatively high efficiency of maintenance may be 

due largely to the more efficient utilization of the body heat 

increment and heat of fermentation in the rumen. The less 

efficient use of energy for production as compared to 

maintenance is due in part to a decline in digestibility of a 

given feed as intake increases (Church and Pond, 1982). 

Blaxter and Boyne (1978) showed that efficiencies of 

utilization of GE can be predicted from a knowledge of the 

metabolizability and protein content of the organic matter. 

Efficiency of feed energy use declines as protein content 

increases under maintenance conditions, but increases as 

protein increases in production situations (Blaxter, 1980). 
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The utilization of energy above maintenance requirements 

can be subdivided into one category relating to fat 

deposition, and one relating to protein deposition. With 

monogastrics most values for fat efficiency are in the region 

of 0.70, and 0.45 for protein efficiency (Blaxter, 1980). 

Although few estimates of separate efficiencies of fat and 

protein are found for ruminants, Orskov and McDonald (1970) 

reported values of 0.80 for fat and 0.34 for protein 

efficiency while Church and Pond (1982) give values of 0.70 

and 0.35 for fat and protein deposition respectively. Rattray 

and Joyce (1976) found values for both protein and fat 

efficiency to be variable. A reason for the lower protein 

efficiency is the dynamic state and rapid turnover of body N 

pools (Church and Pond, 1982) . Early post natal growth in 

ruminants is very efficient, approaching that of maintenance, 

and decreasing with age partially due to the increased 

deposition of fat. 

After energy is consumed, 40% or more may pass undigested 

through the alimentary tract to the feces, about 10% is lost 

in gases and urine, and as much as 30% is used in producing 

heat in the digestive tract. This leaves as little as 20% for 

body maintenance and gain (Perry, 1980) . In ruminants, 

volatile fatty acids (VFA's), acetic, propionic, and butyric 

acid are the main products of digestion, representing about 

65% of the energy absorbed (ARC, 1980). The efficiency with 

which the energy of end- products is used for maintenance is 
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about 83% (ARC, 1980) . Acetic acid is the primary VFA (65%-

70%), followed by propionic (18%-20%), and butyric (15%-17%). 

Changing the proportions of these VFA' s will change the 

efficiency of energy use (ARC, 1980). Acetate is less 

efficiently used than propionate for energy and Blaxter (1967) 

reported that when given as the sole energy source, acetic 

acid was poorly utilized and resulted in severe metabolic 

disturbances. Propionic acid showed 86.5% efficiency in 

energy utilization for body fat while butyric fell between the 

two in efficiency. Differences also occur with the source of 

the VFA' s. Blaxter (1967) reported 85% efficiency in the 

utilization of VFA's from carbohydrates, this dropping to 68% 

when protein was hydrolyzed and its catabolic products 

absorbed as an energy source. 

Several other factors influence efficiency of energy 

utilization in ruminants. The addition of concentrate to a 

roughage diet may increase efficiency through depressed 

methane production, reduced rumination required and lowered 

heat increment (Van Soest, 1982). Concentrates are much more 

efficiently used than forages and within forages, senscent 

roughages are less efficiently used than than vegetative 

forage. Theories for differences in efficiency include the 

level of fiber in the diet, the ratio of propionate to acetate 

produced, and the limitations of intake. Higher fiber level 

in the diet generally decreases digestibility and intake, with 

this effect lessened by fine grinding and/or pelleting. 
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Grinding increases intake and decreases the work of digestion 

and rumination, which in turn decrease the heat increment. 

Grinding may also change the VFA ratio, VFA output and methane 

balance, all of which have an effect on energy efficiency 

(Church and Pond, 1982a) . 
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2.3 Laboratory Methods of Diet Evaluation 

The objective of laboratory feed analysis is to obtain 

rapid and reliable compositional information from which 

estimates of animal response to dietary inputs can be made 

(Van Soest and Robertson, 1985). Digestibility, which is 

closely related to nutritive energy yield, can be estimated 

from laboratory techniques and/or from chemical composition. 

Composition and digestibility of feeds vary considerably, both 

among and also within feed species, thus rapid, reliable 

methods for nutritive evaluation of feeds which would allow 

timely and accurate ration formulation are needed. 

The most accurate procedures for measuring nutritive 

values of feed are in vivo digestibility trials. This work 

is labor intensive, slow, expensive and requires large amounts 

of the test feedstuff relative to laboratory techniques. 

Several procedures exist including biological, chemical, and 

enzymatic techniques. Biological procedures include in vitro 

and in situ digestibility, as well as the use of intestinally 

cannulated animals. Chemical procedures include proximate 

analyses as described by van Soest (1982), the detergent 

system of Van Soest (1963) and many modifications to other 

analytical schemes. The use of enzyme preparations to 

determine solubility of feeds has been proposed (Donefer, et 

al, 1963; Jones and Hayward, 1973) to potentially give more 

precision over standard in vitro fermentation procedures. 

Instrumental methods including near infrared spectrophotometry 
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(NIR), is showing considerable promise (Mathison et al, 

1984)as a rapid prediction method for nutritive value. 

2.3.1 Biological Procedures in Determination of Nutritive 

Value 

In Vitro Rumen Fermentation 

Although many variations in in vitro techniques exist, 

the procedure includes all methods which combine inoculum, 

substrate and a buffering medium. The in vitro procedure has 

become the most commonly used method of feed evaluation 

because it imitates the enzyme activity of the ruminant 

foregut which is the primary site of digestion, particularly 

of cellulosic feedstuffs (Rode and Satter, 1984). 

Although modifications of this procedure exist, as 

reviewed by Osbourn and Terry (1977}, most are variations of 

the two stage batch fermentation technique of Tilley and Terry 

(1963). The first stage of this procedure simulates rumen 

digestion of structural carbohydrates by digesting a sample of 

substrate anaerobically with an inoculum of rumen 

microorganisms and appropriate minerals and buffers for a 

specific time period. The rumen microorganisms supply the 

accessory factors of valerie acid and trace elements for 

efficient digestion as well as protein for bacterial growth 

(Tilley and Terry, 1963). The second stage of acid pepsin 

digestion removes undigested protein, this simulating in vivo 

digestion of feed and microbial protein (Rode and Satter, 
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1984). A modification by van Soest et al. (1966) uses neutral 

detergent solution in stage two, this giving greater DM 

disappearance due to the solubilization of bacterial cell 

walls (Barnes, 1973). This in vitro procedure using neutral 

detergent solution has been equated to true digestibility, 

while acid-pepsin digestion is equated to apparent digestion 

(Van Soest et al., 1966). Other modifications have been 

developed by Marten (1981), and Troelsen (1971) . 

The greatest source of variation in any in vitro system 

is the inoculum (Rode and Satter, 1984; Barnes, 1973). Horton 

et al. (1980) found that DM digestion was higher when the 

inoculum was obtained from hay fed versus straw fed animals 

and from sheep versus steers. A strict anaerobic environment 

is necessary for decreasing the variation in the rumen fluid. 

Variation also occurs as a result of lack of standardization 

between laboratories of donor diet, buffer medium, sample 

size, sample:inoculum ratio, and method of inoculum processing 

(Rode and Satter, 1984). 

In Situ Rumen Fermentation 

This procedure involves placement of a feed sample in 

bags made of indigestible fabrics such as nylon, dacron or 

silk. These bags are then placed directly into the rumen for 

varying lengths of time (Barnes, 1973). This technique is 

used to estimate rate and extent of digestion of dry matter, 

fiber and more recently protein by measuring the loss of DM or 

nutrient content (Barnes, 1973). Unlike the in vitro 
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procedure, this procedure involves continuous exposure to an 

active inoculum regardless of incubation length (Rode and 

Satter, 1984). Factors affecting the use of this method have 

been reviewed by Pigden (1969), Barnes (1973), Mehrez and 

Orskov (1977) and Playne et al. (1978). 

A major problem encountered with the in situ method has 

been the difficulty of standardizing the procedure, which has 

caused considerable variation in results (Marten, 1981). The 

fabric bags have varying pore sizes. It is important that the 

porosity of the bag does not allow the influx of rumen 

contents or the efflux of sample except by digestive 

processes. Therefore the pore size should be slightly larger 

than the size where digestion is inhibited but not allow 

escape of the sample. Other variables which affect DM 

disappearance with the in situ technique include substrate 

particle size, sample size, method of placement of bags in 

rumen, size and type of bag used, method of and effects of 

washing bags, ration of the host animal, method of suspension 

in the rumen, location in the rumen, and length of time of 

incubation (Barnes, 1973; Frigroid et al., 1972; Hopson et 

al., 1961; Mehrez and Orskov, 1977; Playne et al., 1978; Rode 

and Satter, 1984; and Uden et al., 1974;). Barnes (1973) 

suggested that variability may be reduced by leaving the bags 

in the rumen for longer periods of time, larger sample size 

(lOg), a larger number of samples per trial, and allowing the 

bags to move freely within the rumen contents. 
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A source of variation not encountered in the in vitro 

method is the variability between animals. Mehrez and Orskov 

(1977) reported that for substrate disappearance from the 

bags, the greatest source of variation was that between sheep, 

followed by incubation day, and bags. Table 2.5 shows this 

variation while Table 2.6 shows the estimated variance of the 

means for various bag numbers, days and sheep. 
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Table 2.5 Estimated Variance Components for Dry Matter (DM) and 
Nitrogen (N) Disappearance (Mehrez and Orskov, 1977). 

DM 
Disappearance 

N 
Disappearance 

Source of Variation 

Between Sheep 
Between Days on Same Sheep 
Between Bags\Same Day\Same Sheep 

Variance Components (%) 

6.2 
4.9 

13.3 

14.7 
4.5 
6.5 

Table 2.6 Estimated Variance of the Mean for DM and N disappearance 
Using the Dacron Bag Technique for Various Numbers of Bags, 
Days, and Sheep. (Mehrez and Orskov, 1977). 

Variance of the Mean (%) 

Bags Days Sheep DM N 

4 2 4 2.3 4.4 
1 2 4 2.6 5.1 
1 1 4 3.6 6.4 
4 2 3 3.0 5.9 
2 2 3 3.2 6.2 
1 2 3 3.4 6.7 
4 2 2 4.5 8.9 
1 2 2 5.2 10.1 
1 3 3 3.0 6.1 

From these results, Mehrez and Orskov {1977) recommend 

using three sheep and incubating one bag per sheep on two 

days, to reduce variation. Playne et al. { 197 8) suggested 

using seven bags per treatment to ensure a 90% probability of 

detecting a 10% difference between treatments in disappearance 

of DM. 

Intestinal Canulation 

The use of intestinally cannulated animals in nutrient 

utilization and evaluation research is limited but cannulas 

may be inserted at sites along the gastro intestinal tract and 

the extent of digestion can be measured at each site. The 

most common sites of cannulae insertion include the abomasum, 
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proximal duodenum and terminal ileum. These partitions allow 

the digestive system to be partitioned between the rumeno -

reticulum, small intestine and large intestine (Rode and 

Satter, 1984). Quantitative estimates of events in the 

digestive tract are then measured by the amounts of digesta 

that pass into and out of a particular section of the 

digestive tract. These measurements are taken in two ways. 

Firstly, the digesta may be diverted outside the animal 

through the cannula while the quantity is measured. It is 

then returned. The second method is by comparing changes in 

concentration of components of the digesta with those of inert 

markers which are passing simultaneously through the digestive 

tract. In this method samples can be received from 

anaesthetized or slaughtered animals or from animals fitted 

with a permanent cannula (Hogan, 1981). The two general types 

of intestinal cannulae include the re-entrant cannulae which 

involves severing the intestine and inserting a cannula 

between the sutured ends, with the cannula brought to the 

outside (Hogan, 1981), or a simple or T-cannula in which 

digesta is diverted from the intestine only at the time of 

sampling (Rode and Satter, 1984). 

Both the re-entrant cannula and the T-cannula (marker 

technique) offer advantages over each other and also carry 

disadvantages with them. The re-entrant cannula allows all 

the digesta passing through the digestive tract to be sampled 

but the surgery interrupts the intrinsic nerve supply, 
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maintenance of the animal is labor intensive, and the 

preparation of the animal is not suitable for grazing animals. 

When samples are taken, no passage of digesta from the 

duodenum back to the abomasum is possible and the life of the 

preparation is short. The marker technique with T- canula 

allows simple surgery, is less laborious and is suitable to 

grazing animals. However, this method relies on markers to 

correct errors in sample collection and requires reasonably 

steady state conditions (Hogan, 1981). 

2.3.2 Chemical Methods for Determination of Nutritive Value 

The nutritive value of a feed varies with the ease in 

which the plant tissues are broken down and utilized by the 

animal. It is generally agreed that the composition of the 

plant cell walls determine how easily this will occur. For 

this reason systems to determine the nutritive value of a feed 

have recently focused on the chemical composition of the plant 

cell wall. 

The Weende system (proximate analysis) prior to the 

work of Van Soest, was the primary analytical system used in 

feedstuff evaluation for over a hundred years (Van Soest, 

1967). Today however the system of fibrous feed analysis 

devised by Van Soest and his associates has become the primary 

standard for chemical evaluation of forages in the United 

States (Marten, 1981) and Canada. 

Chemical composition of a feed determines the 
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concentration of available and unavailable nutrients as well 

as factors that may limit availability of the components (Van 

Soest, 1982). Chemical systems of feed evaluation attempt to 

divide the dry matter of feeds and forages into categories 

relative to their nutritional character and availability. 

Both the proximate and detergent systems provide analytical 

values of composition of dietary ingredients upon which feed 

formulations are based. Fiber in particular is used as the 

chemical component for predicting unavailability of energy and 

is commonly regarded as an index of quality (Van Soest, 1982). 

These chemical analyses do not give a direct estimate of 

nutritive value but rather depend on statistical associations 

between the content of analyzed components and quality (Van 

Soest, 1982). It would be ideal if the chemical entities 

could be separated and sorted according to their nutritional 

uniformity. This however is not possible and only the non 

cell wall portions behave in a uniform fashion as shown in 

Table 2.7 below. The non-conformity of the cellulosic 

carbohydrates is associated with lignification and secondary 

factors. These extrinsic factors in the cell walls 

influence the availability of other cell wall substances. 

Table 2.8 shows correlations of forage chemical constituents 
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Table 2. 7 The Nutritional Uniformity of Feed Fractions and the Factors 
Limiting Utilization (Van Soest, 1982) 

Fraction 
Nutritional 
Uniformi tya Availabili tyb 

Protein High 90 
NPN High 100 
Sugar High 100 
Starch High 100 
Pectin High 95-100 
NFE Nonuniform mix Highly Variable 
Hemicellulose Mix Variable 
Cellulose Nonuniform Variable 
Lignin Mixed, more uniform 
Indegradablec 

Main Factors 
Limiting Utilization 

ADIN + heat damage 
Microbial synthesis 
Fermentation 
Passage to faeces 
Passage to faeces 
Lignin + 
Lignification + passage 
Lignification + passage 

0 

aResults of the Lucas analysis depend on association of dietary content with 
availability. 

bAvailability corresponds to ultimate possible true digestibility. 

cThe unavailability of lignin does not signify that it is recoverable, since 
low molecular fragments appear to be lost in feces and urine in soluble 
form. 

Table 2. 8 Correlations of Forage Components with Voluntary Intake and 
Digestibility for 187 Forages (Mertens, 1973) 

Component 

Digestibility (in vivo) 
Digestibility (in vitro) 
Lignin 
Acid-detergent fibre 
Crude protein 
Cellulose 
Cell wall 
Hemicellulose 
Rate of digestion 

Intake 

+.61 
+.47 
-. 08 
-. 61 
+.56 
-. 75 
-. 76 
-.58 
+.53 

Digestibility 

+.80 
-. 61 
-. 75 
+.44 
-.56 
-. 45 
- .12 
+.44 

with intake and digestibility. These results are from Mertens 

(1973) and summarize 187 forage species (Van Soest, 1982) 

The proximate system of analysis, also termed the Weende 

system, was developed by German workers at the Weende 

Experiment Station. In this approach a feedstuff is 

partitioned into six fractions: water, ether extract, crude 

fiber, nitrogen free extract {NFE), crude protein, and ash 
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(Scott et al., 1982). Dry matter is determined followed by 

ether extraction of the dry residue for estimation of lipids. 

The fat extracted residue is refluxed with sulfuric acid 

followed by refluxing with sodium hydroxide and the insoluble 

organic matter reported as crude fiber. Nitrogen and ash are 

determined on separate samples. NFE is calculated as the dry 

matter not accounted for by the sum of ether extract, crude 

fiber, ash and crude protein (Van Soest, 1982). 

The Weende system is the basis on which the much used 

total digestible nutrient (TDN) system is calculated. Several 

problems exist with the system and some false assumptions are 

made. Firstly, it assumes that ether extract recovers lipids 

and fats which contain 2. 25 times the energy of carbohydrates. 

The ether extract, however, also recovers pigments and waxes 

which are of little value for energy and does not recover 

soaps in feces which are the main form of undigested fatty 

acids. For this reason error often occurs in the energy value 

even though it may be small. Secondly, the assumption that 

all nitrogen is in protein which contains 16% N is not 

entirely correct as true protein accounts for only 70% of 

forage N on average. There is also significant variation in 

the percentage of N in protein, which has only partially been 

acknowledged, for example in the use of 5.7% as the conversion 

factor for calculation of protein from N content in cereal 

grains. Therefore the 6.25 conversion factor constitutes an 

error which shows up in NFE calculation. The third assumption 
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is that CF recovers the least digestible fibrous and 

structural matter of the feed. This again results in error as 

much of the lignin and hemicellulose is solubilized in the CF 

preparation. The last assumption is that the NFE represents 

highly digestible carbohydrates. This again is inaccurate as 

much solubilization and loss of lignin and hemicellulose 

occurs. The NFE therefore contains the cumulative errors of 

all the other determinations. The largest error, however, is 

the division of carbohydrate values into CF and NFE values, as 

it fails to characterize the fibrous fraction or give a 

realistic division of the dry matter (Van Soest, 1982) . Van 

Soest (1982) concluded that the problem will not be solved by 

superficial regressions that fail to disclose causative 

relationships between nutritive value and composition. 

The more popular system of chemical analysis in use today 

in North America is the detergent system of Van Soest and 

associates (Van Soest and Robertson, 1985) and modifications 

thereof. This system fractionates feed dry matter into cell 

contents, which are almost totally available; and cell wall 

constituents, of which cellulose and hemicellulose are 

somewhat available, and lignin and other totally indigestible 

components totally unavailable. The system uses detergents to 

partition the feedstuff through differential solubility and 

sacrifices some detail and precision to be economically 

competitive (Van Soest, 1982). The system of fractionating 

fiber into its dietary components is based on the use of 
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anionic and cationic detergents. Figure 2. 2 shows the 

sequence of analytical treatments of samples subjected to the 

detergent system. 

Sample 

/~ 
NDF ADP -IQeldahi__.IDdilo protein 
lJp.iD Upi.D (bouad in etUde 
c.tluJoH CelluloH Upin u Maillard 

Hemice

1
. llulose P~;~"\-~Jl .,....._) 

·o q. 

ADF 
UIJlin less tannin Cellulose Crude Ucnin 
Cellulose Cutin True lipin 
(pectin free) Pec:tiD Maillard products 

l~,'\-1 sar: ~1 e:., 
o ..,.o ::r ..,.o 
• r r 

Cellulose UpiD Silica Cutin 
AJh Cutin (Ash) 

Ash 

Figure 2.2 Sequence of analytical treatments of feed samples subjected to 
the detergent system: Pretreatment with neutral detergent dissolves tannins, 
pectins, and opaline silica that would otherwise contribute to acid-detergent 
fiber: per.manganate removes tannins but not cutin. (Van Soest and Robertson, 
1985). 

The detergent procedures consist of the neutral detergent 

fiber system (NDF), which recovers the truly indigestible 

component of the feed, and the acid detergent fiber system 

(ADF), which divides the feed into soluble and insoluble 

fractions. The principal obstacle to preparing plant cell 
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wall residues from recovered indigestible components has been 

to remove contaminating protein. These methods depend on the 

capacity of the detergents to render the proteins soluble so 

as to prevent their interference with fiber. These ionic 

detergents form complexes with proteins and lipids in which 

the lipophilic tail of the detergent molecule is attracted to 

the core of the protein or into the surface of the oil 

droplet, and the ionic group to the outer solvent phase. The 

consequence is that the complex behaves as a giant polyvalent 

ion {Van Soest and Robertson, 1985) . The anionic detergents 

form polyanionic complexes which are soluble above pH of 6. 

Ethylenediaminetetra-acetic acid {EDTA) prevents interference 

of heavy metals and alkaline earth metal ions. The sample can 

then be extracted with a neutral solution of sodium lauryl 

sulfate and EDTA allowing recovery of lignin, cellulose and 

hemicellulose. Some minor cell wall components may also show 

up in the residue. Common contaminants of this NDF residue 

include starch, animal keratin and soil minerals. The 

addition of sodium sulfite eliminates keratins {Van Soest, 

19 82) . 

The ADF method consists of preparations of a low nitrogen 

residue that recovers lignin and cellulose by extracting the 

plant tissue with a strong acid solution of quatinary 

detergent thus partitioning the major cell wall components. 

The acid soluble fraction includes hemicellulose and cell wall 

proteins while the residue recovers cellulose and other poorly 
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digestible non-carbohydrate fractions. ADF is widely used as 

a rapid measure of fiber in feeds. Figure 2. 3 shows the 

relative solubilities of the chemical constituents. 

PIIOTtll AID ITS O[T£1lGUT C~UIU -
MOUCJ:LLULDU • • • • - -

\ I.IGIUl~·-·-• 
\ 

l 

Figure 2.3 The relative solubility of forage hemicellulose, lignin, protein 
and protein-detergent complexes in boiling aqueous medium, at different pH. 
Lignin is soluble at pH 7, while hemicellulose is soluble in either strong 
and/or alkaline conditions. Cellulose is generally insoluble over the pH 
range shown (Van Soest, 1982). 

2.3.3 Enzymatic Methods For Determination of Nutritive 

Value 

Donefer et al. {1963} were the first to use enzymes such 

as cellulase, as a means of replacing inconvenient and 

difficult to standardize in vitro rumen fermentations for 

predicting energy digestibilities. Since then various 

enzymatic procedures have been used with Trichoderma viride 

appearing to be the most active and commonly used source of 

enzyme as it exhibits cellulase, hemicellulase and proteolytic 

activity (Jones and Hayward, 1975). The procedure for enzyme 
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use varies considerably but two steps are generally followed. 

Initial treatment with chemicals (HCl, or detergent) and/or 

enzymes (amylase, pepsin, or pronase) to remove protein etc. 

is followed by cellulase alone or mixed with other enzymes 

(Aufrere and Michalet-Doreau, 1988) . 

Results indicated that fungal enzyme methods do not 

predict forage digestibility as well as in vitro rumen 

fermentations (Marten and Barnes, 1985) . This has been 

substantiated by many other authors including Jones and 

Hayward (1973), and McQueen and van Soest (1975) who did 

however find significant correlations between enzymatic 

hydrolyses and in vivo digestion. It was also shown that pre

treatment of herbage samples with pepsin (Jones and Hayward, 

1975; Goto and Minson, 1977), and neutral detergent (McQueen 

and Van Soest, 1973) improved the error of prediction of 

digestibility to values similar to those obtained in the two

stage in vitro procedure (Osbourne and Siddons, 1980). Clark 

and Beard (1977) developed the use of amylase and pepsin in 

conjunction with cellulases and showed that techniques based 

on fungal cellulases have consistently shown less variation 

than techniques using rumen liquor. Terry et al. (1978) 

confirmed the accuracy, reliability and precision of the 

pepsin-cellulase procedure but agreed with McQueen and Van 

Soest (1975) that the pepsin-cellulase method was less 

accurate than the Tilley and Terry (1963) method for 

predicting digestibility of temperate legumes and temperate 
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grass-legume mixtures. McLeod and Minson (1979) found the 

pepsin- cellulase method to be adequate as a predictor of 

digestibility but suggested samples of known in vivo nutritive 

value should be included as standards in each study. Because 

of the variability in activity of commercially available 

cellulases, Marten (1981) suggested further standardization of 

cellulases is necessary to refine the procedure. 

An advantage of the cellulase system is that the problems 

of anaerobic technique encountered in in vitro studies are 

avoided (Van Soest, 1982). In addition, the need for 

management of a rumen inoculum donor is eliminated. 

Disadvantages are that precision of these methods is less than 

those using rumen organisms since enzymes lack the ability to 

adapt to a substrate, and the quality of cellulase sources has 

been variable (Van Soest, 1982). 

2.3.4 Comparison of Feed Evaluation Systems 

Many laboratory methods exist for predicting the 

digestibility of energy and dry matter in forages and feeds. 

Among these are the three classes discussed, which include 

fermentation with rumen microorganisms and/or biological 

analysis, chemical analysis, and hydrolysis by enzymatic 

preparation (Aufrere and Michalet-Doreau, 1988) . Numerous 

comparisons of the various methods have attempted to define a 

sys tern which most closely rna tches in vivo data (Aerts et al .. , 

1987; Judkins et al., 1990; Nik-Khah and Beard, 1977; Barnes, 
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1973; Aufrere and Michalet-Doureau, 1988; Barton et al., 1988; 

Valdes and Jones, 1987). Many researchers agree that if one 

method is to be used, the two stage in vitro method of Tilley 

and Terry (1963) is the procedure of choice. The Tilley and 

Terry (1963) method has given accurate estimates of 

digestibility in most cases and Goldman et al. (1987) 

concluded that the Tilley and Terry two-stage in vitro assay 

of digestibility was the most accurate and practical method 

available for predicting digestibility data for ruminants. 

They also found that the repeatability of in vitro 

digestibilities were high, higher in fact than in vivo runs. 

Some researchers, however, report that in vitro 

digestibilities may be unreliable due to various associative 

effects (Mehrez et al., 1983), level of intake (Van Soest, 

1982), differences in the rate of passage (Ellis, 1978) and 

variation in botanical composition of the diet (Holechek et 

al. , 19 8 6) . The use of appropriate standards, and recognition 

that in vitro values are highly correlated but not often 

numerically identical to in vivo values is critical to valid 

use of in vitro in nutritive value estimation (Knipfel, 1995). 

Comparisons made between biological, chemical, and 

enzymatic methods showed the estimation of organic matter 

digestibility to be more accurate with living microorganisms 

than with purely chemical methods (Aerts et al., 1977). This 

same result was obtained by Oh et al. , ( 19 6 6) , Johnson and 

Dehority, (1968), Marten et al., (1975), Golding et al., (1976), 
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Tinnimit and Thomas (1976), and Goldman et al. (1987). The 

nylon bag technique, another biological technique also showed 

good correlation with in vivo digestibility in many cases but 

variation was observed and repeatability was a problem. The 

reasons for the varying results are the different methods used 

in this technique (Aerts et al., 1977). Aerts et al. (1977) 

concluded that the traditional methods of predicting organic 

matter digestibility proved insufficiently accurate for 

forages and that the nylon bag gave the best estimates of 

digestibility. 

Biological methods for digestibility estimation do not 

always show the best correlations with in vivo data. Aufrere 

and Michalet-Doreau (1988) indicated that enzymatic 

degradability provided estimations of digestibility with more 

accuracy than other biological and chemical methods. They 

also list several other French studies showing improvement in 

nutritive value prediction with purified enzyme use over in 

vitro studies. McLeod and Minson (1976) showed chemical 

methods such as the modified ADF technique to be superior to 

in vitro studies. It appears that all factors influencing 

digestibility may not be assessed by chemical procedures 

(Aerts et al., 1977) and until all these factors are known 

fermentation procedures will give more reliable estimates of 

digestibility. 

Overall, 

appear to be 

biological methods using live microorganisms 

the most reliable methods for determining 
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digestibility. Much of this is due to the sensitivity of the 

microorganisms to undetermined factors (Barnes, 1973). 

Judkins et al. (1990) suggest caution when using any technique 

because no single technique provides accurate estimates over 

all diets and feeding conditions. None of the eleven 

diges tibi 1 i ty techniques tested gave consistently accurate 

estimates of apparent in vivo digestibility. It is also 

important that the analyst be aware of the strengths and 

shortcomings of the various procedures used. 

2.4 Improvement of feeding value by processing 

The feeding value of both grains and roughages has been 

improved by both physical and mechanical processing for many 

years. Chemical processing with ammonium hydroxide, sodium 

hydroxide or other chemicals has become popular during the 

last two decades and offer considerable advantages in certain 

situations. Biological treatments with microorganisms are 

recent techniques being investigated, and are used mostly in 

the treatment of poor quality, high cellulosic roughages. 

The goal of all processing methods for ruminant 

feedstuffs is to maximize microbial digestion and utilization 

of all ingested material (Walker, 1984). Cereals may be 

processed to aid digestion, destroy weed seeds, and 

facilitate the mixing of ingredients in the manufacture of 

compound feeds. Roughages are processed mainly with the 

intention of increasing their available energy value and 
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acceptability to animals (Greenhalgh and Wainman, 1972). In 

general, processing is performed to increase surface area 

exposed to bacterial and/or enzymatic activity or to alter 

chemical or physical properties which affect availability 

(Tait and Beames, 1988). 

2.4.1 Roughage Processing 

Processing of roughages for ruminants has received less 

attention than grain processing. Hale (1980) indicated that 

the importance of processing in a roughage ration comes not 

only from the standpoint of efficiency of energy utilization, 

but also from the standpoint of economics because of forage 

loss during feeding. The method of forage processing that is 

most used is mechanical processing, although chemical and 

enzymatic methods exist. Greenhalgh and Wainman (1972) 

reviewed the effects of various processing techniques on 

roughage feeding. 

Mechanical processing generally involves a reduction in 

particle size of the roughage and aggregation of the 

particles, through grinding, pelleting, cubing, dehydration, 

or wafering (Greenhalgh and Wainman, 1972) . Mechanical 

treatment of forages to reduce particle size usually results 

in a decrease in digestibility, but an increase in voluntary 

intake and in the efficiency with which digested nutrients are 

utilized (Wilkins, 1982; Greenhalgh and Wainman, 1972). This 

occurs because the increase in intake is normally much greater 

than the decline in digestibility, thus a higher level of 
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nutrients is available to the animal. Intake is increased 

about 30% on high roughage diets as particle size decreased 

(Greenhalgh and Wainman, 1972). These improvements have been 

shown to be greater for sheep than cattle, and for younger 

than older animals (Owen, 1978) . In high roughage diets 

pelleting appears to be the preferred treatment to improve 

nutritive value. The effects of pelleting roughage diets were 

reviewed by Minson (1963), and more recently by Greenhalgh and 

Wainman (1972). Minson (1963) stated that any improvement in 

the production value of a ration by pelleting could be due to 

an increase in the dry matter digestibility and net energy 

value of the feed, an increase in feed consumption, or a 

combination of both. 

Pelleting increased cellulose digestibility but decreased 

crude fiber and energy digestibility in most cases (Minson, 

1963). Although apparent digestibility decreases when 

roughages are pelleted, metabolizable energy falls less 

markedly and the efficiency with which the energy of pellets 

is used to promote gain, increases over the characteristics of 

the parent material (Wainman and Blaxter, 1972). The nutritive 

value of the pelleted roughage increases per unit weight, this 

increase being greater the poorer the roughage. Wainman et al. 

(1972) showed that with medium quality hay the increase in 

energy retention was accounted for by a joint effect of a 27% 

increase in voluntary intake and a 28% increase in the 

nutritive value for promoting gain. Wainman and Blaxter (1972) 
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also showed that energy retention of sheep almost doubled when 

grass was pelleted and, again, the poorer the roughage the 

greater the effects of pelleting. 

Pelleting also increased voluntary intake and liveweight 

gains (Minson, 1963). This increased voluntary intake is 

believed to be a result of the accelerated rate of passage of 

a pelleted diet due to the reduction in particle size 

(Wilkins, 1982) as shown by Minson (1963), Balch and Campling 

(1962), and Greenhalgh and Wainman (1972). 

The effect of pelleting on the chemical composition of 

forages, aside from increasing available metabolizable energy, 

is increased protein and decreased fiber content. Grinding and 

pelleting may reduce N degradation in the rumen as a result of 

high temperatures of processing, this should not however, 

alter the proportion of feed N digested in the stomach 

(Wilkins, 1982). Wainman and Blaxter (1972) show that in 51 

analyses the organic matter of pelleted material decreased by 

8.6 ~ 1.5% from the original material. They attributed this 

loss to pelleting through partial pyrolysis and subsequent 

loss of volatile material, water vapors and oxides of carbon. 

They also state that this process does not lead to a stage in 

which N is lost, though it is possible that even though CP 

content does not change, there is some oxidation of N

containing organic compounds. Pelleting does not appear to 

alter ash content even though the loss in OM observed by 

Wainman and Blaxter (1972) suggests a corresponding increase in 
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Ash content should occur. 

With high forage diets grinding is the most common and 

economical method of physical processing. Pelleting although 

also very common, appears to be declining in popularity as 

energy costs of pelleting increase. 

Cubing, a processing method where hay is coarsely ground 

and pressed into a cube of approximately 3.25 em in diameter 

and varying length, is limited due to the high energy cost of 

processing (Hale, 1980) . The advantage of the cubes is in ease 

of transportation and mechanical handling. However due to the 

cost, cubes are used primarily in situations where other 

processing methods are not available. Cubing is usually 

restricted to high quality legume hays and attempts to cube 

grass or low quality roughages have been relatively 

unsuccessful (Hale, 1980) . 

Dehydration of green forage is usually restricted to very 

high quality alfalfa although some success has been reported 

with grasses (Butler and Hellwig, 1973). The dehydrated 

material is usually pelleted. The primary use of dehydrated 

pellets is as a protein and carotene supplement rather than a 

primary roughage source (Hale, 1980) . 

Wafering of hay is another method that offers potential 

benefits but is seldom used in practical feeding situations. 

A review of wafering by Minson (1963) reported wafering to 

depress dry matter digestibility of lucerne (alfalfa) by 9% in 

one experiment but only minor differences were noted in other 
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experiments. Minson (1963) stated that the improvement in 

feeding value by wafering was less than pelleting. 

Chemical treatment has the objective of improving the 

accessibility of structural carbohydrates to microbial enzymes 

in the rumen (Wilkins, 1982). Chemical treatment of roughages 

by treatment with basic chemicals has become an important 

processing technique since the 1960's. This treatment usually 

involves treatment with sodium hydroxide, ammonium hydroxide, 

or calcium hydroxide. Benefits of chemical treatment have 

been documented in numerous papers and include increased 

intake and increased digestibility (Hale,1980). Digestibility 

may also be increased by chemical treatment with oxidizing 

agents such as chlorine gas, ozone, hydrogen peroxide and 

sodium peroxide (Wilkins, 1982) . These treatments are not 

generally used and have little commercial importance. Most 

work on chemical treatment of roughages has used low quality, 

high fiber roughages like straw. Jackson (1977) reviewed the 

use of alkali treatment for processing straw and showed a 

consistent and marked increase in dry matter digestibility 

{DMD) with alkali treatment. However, the increased intakes 

and weight gains expected with the increased digestibility may 

not always occur. Coxworth {1978) also reported increased 

digestibility but the cost of processing was relatively high 

in relation to the improvement achieved, and cultivar and 

species differences in their response to ammonia treatment 

were apparent. 
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Commercial treatment with alkali, of which ammoniation is 

the most popular, has been limited to use on straw with very 

little commercial treatment of grass and legumes. Treatment 

of ryegrass with NaOH however showed some promise and, as with 

straw, the response in in vitro organic matter digestibility 

(IVOMD) was inversely proportional to the percentage 

digestibility of the untreated grass (Wilkins, 1982). 

Hale (1980) suggests alkali treatments hold promise but 

the obstacles of high cost ($25-$30/ton) and the polluting 

effect of the alkali must be overcome before it becomes a 

common farm practice. 

The use of urea as an indirect source of ammonia may lead 

to an increase in the IVOMD and release of ammonia (Wilkins, 

1982). Urea addition holds promise as it is a simple, hazard 

free means of processing. Problems of rapid conversion of 

urea to ammonia exist and can result in toxicity problems. 

Biological treatment of roughage is generally limited to 

very poor quality straws. Linko (1977) reviewed possible 

biological treatments of lignocellulosic waste material. Most 

attention has been given to white-rot fungi which 

preferentially metabolize lignin rather than structural 

carbohydrates. Responses in digestibility have been modest 

and large differences exist between materials treated. Latham 

(1979) isolated 134 types of white-rot fungi and found only 5 

which increased digestibility of barley straws. However, 

these increases were small and more work needs to be done. 

lks130
Sticky Note
None set by lks130

lks130
Sticky Note
MigrationNone set by lks130

lks130
Sticky Note
Unmarked set by lks130



2.4.2 Grain Processing 

The inclusion of grain as a part of the ruminant diet is 

usually done only where high productivity is expected as in 

high producing dairy cows or the finishing stages of sheep and 

cattle, or to supplement the needs of animals fed poor quality 

forages. In some cases high levels of grain may be fed and a 

need for processing these grains may exist. It is only in 

recent years that alternative methods of processing grains 

other than grinding, cracking and steam rolling was 

considered. The need to look at other methods of processing 

results from a change in feeding patterns of ruminants, from 

a forage based diet to one with higher grain levels. Also the 

higher cost of processing these grains as well as increased 

rumenitis when processed grain is fed in high quantities are 

factors (Bergen et al., 1981). 

Processing of cereal grains for ruminants has become 

popular for several reasons. Cereals are generally processed 

to aid digestion, to destroy hard weed seeds, and to use as a 

base for incorporating other essential ingredients in compound 

feeds. It is also done to decrease the appearance of 

recognizable grain in the feces (Orskov, 1980). The validity 

of these reasons are however debated by Orskov (1980) and 

Barnes and Orskov (1982). They feel that the only valid 

reason for processing grains is to aid digestion. With 

today's technology and available herbicides the problem of 

weeds spread from seeds in manure becomes easily controlled 

lks130
Sticky Note
None set by lks130

lks130
Sticky Note
MigrationNone set by lks130

lks130
Sticky Note
Unmarked set by lks130



59 

even though countries, including Canada require by law that 

all grain screenings be ground (Tait and Beames, 1988). The 

presence of whole grain appearing in the feces has some 

validity, however Orskov (1980) reported digestibilities of 

grain in excess of 90% with the presence of grain in the 

feces. For this reason grain in the feces may be misleading 

even though it still bothers cattlemen to see it. Processing 

to produce a compound feed and to incorporate vitamins and 

minerals is still one of the most valid reason to process 

grain. 

Processing of grain will result in increased 

diges tibi 1 i ty, but recent work has shown that differences 

between small and large ruminants exist as a result of the 

size of the reticulo-omasal orifice (Orskov, 1980). Small 

ruminants, including sheep, goats and small calves, have a 

small reticulo-omasal orifice that does not allow whole grain 

to pass until broken (Orskov, 1980). Barnes and Orskov (1982) 

showed good gains with lambs fed processed grain but 

processing led to a high propionic acid concentration in the 

rumen which resulted in an increase of undesirable soft 

subcutaneous fat unacceptable to the butchery trade. Diets 

high in processed grain also lead to pathological changes in 

the rumen wall including rumenitis and parakeratosis (Orskov, 

1979) . These problems were shown to be simply solved by 

feeding whole grain rather than processing extensively. Whole 

grain feeding increased the structure of the diet, induced a 
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greater rate of salivation and rumination and a higher rumen 

pH (Orskov, 1980). Orskov et al. (1974) demonstrated that 

feed utilization was not improved by grinding and pelleting 

and that whole grain feeding decreased propionic acid, 

allowing acceptable fat deposition (Table 2.9). Similar 

results were also shown by Tait and Bryant (1973). 

Table 2. 9 The effect of processing of different cereals on rumen pH, 
proportion of acetic and propionic acids and on food utilization by lambs. 

Cereal Form Rumen Molar Pro2ortions Lwt OMD Food 
pH Acetic Propionic Gain (%) Conversion 

acid acid (g\d) (DM\gain) 

Barley Whole loose 6.4 52.5 30.1 340 81.1 2.75 
Ground pell 5.4 45.0 45.3 347 77.2 2.79 

Maize Whole loose 6.1 47.2 38.7 345 84.3 2.52 
Ground pell 5.2 41.3 43.2 346 82.1 2.62 

Oats Whole loose 6.7 65.0 18.6 241 69.9 3.07 
ground pell 6.1 53.2 37.5 238 67.5 3.33 

Wheat Whole loose 5.9 52.3 32.2 303 82.7 2.97 
Ground pell 5.0 34.2 42.6 323 86.6 2.56 

Orskov et al. 
(1974). 

Whole grain feeding increased rumen pH (Table 2.10) and 

eliminated the problem of rumenitis. When grain was given as 

a supplement to hay, the roughage intake was reduced as a 

result of higher levels of ground and pelleted grain in 

comparison to whole grain. This was due to the reduced rate 

of cellulolysis as a result of a decreased rumen pH. With 

whole grain feeding, the starch release was much slower as not 

all the grains were crushed during eating, thus allowing a 

much more controlled release of VFA' s (Barnes and Orskov, 
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1982). 

Work with cattle has shown that digestibility can be 

greatly improved with some processing (Nicholson et al, 1971). 

Feeding whole grain to large ruminants allows the whole grain 

to pass from the rumen virtually undigested because of the 

larger size of the reticulo-omasal orifice (Orskov, 1980). 

Some grain will be broken down during chewing but if it is not 

processed in some way, much of the grain may pass whole giving 

unacceptably low digestibilities (Barnes and Orskov, 1982). 

With sheep, only about one-third of the grains were cracked 

when first eaten with the rest broken down during rumination 

(Weston, 1974). With cattle, these grains would pass 

undigested as very little grain is regurgitated during 

rumination. Feeding processed grain to cattle or sheep causes 

high levels of rumenitis and liver abscesses. Therefore 

Orskov (1980) suggested that grains receive only slight 

processing to avoid unacceptable reduction in digestibility. 

This has led to attempts to develop a process whereby the seed 

coat is broken enough to allow the ingress of digestive 

enzymes and bacteria, but not to the extent that it would 

depress rumen pH. 

Differences between types of grain also requires 

different processing methods. Hale (1980) reports that whole 

shelled corn can be fed very efficiently to growing steers 

whereas wheat and barley should be processed, and sorghum must 

be processed if it is to be efficiently used in steer 
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finishing rations. 

The methods used in processing are numerous and Tait and 

Beames {1988), as well as Hale {1973), list at least eighteen 

different types of processing methods practiced. These methods 

{Table 2.10) include both dry and wet processes as well as 

either cold or hot treatments. 

Table 2.10 Methods of grain processing. {Tait and Beames, 
19 8 8) • 

Dry processes 

Cold 
No process - whole 
Harruner milling 
Rolling 

Hot 
Popping 
Micronizing 
Roasting 
Extruding 

wet processes 

Cold 
Soaking 
Reconstitution 
Alkali treatment 
Acid treatment 

Hot 
Steam rolling 
Steam flaking 
Pressure cooking 
Exploding 
Pelleting 

Prior to 1960 little work on grain processing, other 

than simple grinding or dry rolling, was done {Hale, 1980). 

Even today, the grinding of grain, most often with a hammer 

mill, is the processing tool most extensively used by small 

operations. Grinding appears to be a useful processing 

technique with practicality and affordability for small 

operations {Hale, 1980). With cereal grain, however, emphasis 

has been put on the effects of dry or steam rolling with or 

without pelleting (Tait and Bryant, 1973). 

The pelleting of concentrates, as in forages, has 
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received considerable attention mostly in an attempt to reduce 

dustiness of the feed. Most commercial pelleting operations 

employ steam in pelleting which increases the moisture content 

to about 17% while the temperature can reach 60-94 °C. {Tait 

and Beames, 1988). This grain is then forced through dies 

with rollers. The effect of pelleting on digestibility 

appears to be negative for high grain rations. Tait and 

Bryant {1973) report higher gains in whole versus pelleted 

barley fed lambs while Fraser and Orskov {1974) report small 

increases in digestibility with whole compared with pelleted 

barley. It has been reported by Hale {1980) that pelleting of 

high concentrate rations would lower the feed requirements but 

frequently reduced daily gains. Other reports such as Clanton 

and Woods, {1966) show a 16% decrease in daily gain and a 9% 

increase in feed requirements when corn was fed pelleted 

versus cracked. They attributed this to a lower intake on a 

pelleted corn ration. Hanke and Jordan {1963) also reported 

that pelleting barley reduced intake and resulted in less 

efficient gains in sheep. The complete pelleted feed has the 

advantage of easy mechanical handling but interest in complete 

pelleted rations has decreased due to questionable performance 

of animals and the high energy cost of pelleting the grain 

portion for ruminants {Hale, 1980) . 

Steam flaking or rolling of grain is a process where the 

moisture content of grain is raised to approximately 18% and 

then the grain is run through a roller to produce a flake 
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(Hale, 1980) . Steam processing or flaking of wheat and barley 

will not improve feed efficiency. It appears that the 

advantage of processing barley in this way relates to the 

improved gain and growth rate that results from increased 

intake (Christensen et al, 1968). Reports on the processing 

of grain fed to sheep generally show no difference between the 

digestibility of barley in the whole or rolled form, but 

rolled barley did appear to improve growth rate and feed 

efficiency over whole barley rations (Tait and Bryant, 1973). 

Since the 1960's, new and sophisticated processing methods 

have been examined including popping, exploding and 

micronizing. These methods expand the grain and completely 

disrupt the endosperm structure of the kernel. These are in 

limited use commercially due to the high expense of 

processing. The roasting, pressure cooking, extruding and 

soaking processes are also no longer used to any extent (Hale, 

1980). Soaking was historically a common practice but little 

evidence exists of any beneficial effects (Tait and Beames, 

1988) . 

Reconstitution of grain is a processing method (Hale, 

1980) that holds considerable promise in improving efficiency. 

A major advantage is its low fossil fuel energy cost of 

processing. Reconstitution involves addition of water to 

grain to raise the moisture level to between 25-30%. The 

grain is then stored in an anaerobic environment, usually an 

oxygen-limiting silo, for up to 20 days before feeding {Tait 
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and Beames, 1988). Feeding trials on sorghum reconstituted to 

28% moisture show that daily gains were the same between dry 

rolled and reconstituted rations but feed intake was reduced 

and efficiency increased by 11% with reconstituted rations 

(Riggs and McGinty, 1970). Similar improvements in efficiency 

are no ted with recons ti tu ted corn by Ton roy e t al . ( 19 7 4) . 

The mechanism for this improvement appears to result from a 

disruption of the endosperm and protein matrix and freeing of 

the starch granules and protein bodies (Hale, 1980). 

The use of alkali treatments on grains has only recently 

been investigated and, of the alkali treatments, only sodium 

hydroxide (NaOH) and ammonium hydroxide have been considered 

to any extent. Sodium hydroxide treatment involves soaking or 

spraying the grain to produce a final concentration of 2.4% to 

4.0% NaOH, depending on the type of grain (Tait and Beames, 

1988) . Orskov et al (1980) treated several grains to 

determine the correct level of sodium hydroxide treatment. 

They established ranges of 2.5 to 3.0% for wheat and corn, 3.0 

to 3.5% for barley and 4.5 to 5.0% for oats. The differences 

relate to the fiber content and nature of the seed coat. The 

alkali is added to disrupt the seed coat and allow the ingress 

of rumen bacteria and digestive enzymes (Orskov and 

Greenhalgh, 1977). The alkali causes swelling of the outer 

starch particles leading to disruption of the seed coat and 

partial gelatinization of the outer starch granules (Barnes 

and Orskov, 19 82) . This increases the fiber digestion 
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(particularly in high fibrous grains like oats) by partial 

solubilization of the hemicellulose in the seed (Berger et al, 

19 81) . 

Bergen et al, (1981) reported in situ digestibility 

increases of 64.2% for wheat, 20% for oats, corn and barley, 

and 11.4% for sorghum in 3% sodium hydroxide treated grains 

over a control of reconstituted grain. With 6% sodium 

hydroxide the average in situ increase was 27.9% over the 

results in the 3% treated grain. Similar results by Orskov 

(1977b), show in situ increases in dry matter digestibility of 

38.6%, 58.3%, and 74.9% for 5% NaOH treated corn, oats and 

wheat, respectively, over untreated controls. In vitro 

treatments showed linear increases across all the grains as 

the time of digestion increased (Bergen et al, 1981). Steer 

feeding trials with corn showed sodium hydroxide high moisture 

corn had higher apparent DMD than did whole, rolled or 

ammonium-hydroxide treated high moisture corn. The ammonium

hydroxide treated corn showed digestibilities lower than the 

rolled corn and similar to the whole corn (Anderson et al., 

1981). They also showed fiber to be less digested with rolled 

corn, as a result of the lower rumen pH. 

The negative effects on forage fiber digestion when fed 

a high grain diet can be reduced with sodium hydroxide 

treatment of whole grain (Anderson et al, 1981). Orskov et 

al., (1978) reviewed this reduction of cellulose digestion 

when diets high in processed grains are fed. The surface-
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area-volume ratio of the whole grain is less affected by NaOH 

treatment than by physical processing. This provides a more 

controlled release of starch in the rumen and higher pH making 

the rumen environment more suitable for cellulolytic bacteria 

(Barnes and Orskov, 19 82) . Table 2 .11 surrunarizes the work by 

Anderson et al., (1981) showing the effect of sodium-hydroxide 

and arrunonium-hydroxide treated high moisture corn versus whole 

or rolled high moisture corn on pH, digestibility and ruminal 

parameters. Table 2.12 shows the effect of method of cereal 

processing on intake and the ratio of hay to concentrate in 

the diet. 

NaOH treated barley or whole barley in the rations of 

dairy cows increased butterfat content of milk in comparison 

to rolled barley where a high concentration of acetate in the 

rumen resulted in lower milk butterfat (Barnes and Orskov, 

19 82) . 

Table 2.11 Effect of alkali-treated corn on grain pH, digestibility and 
ruminal parameters 

Hi2h moisture corn treatments 
Item Whole Rolled NaOH NH40H SEM 

Grain pH 4. 5£ 4. 8b 11. 9a 8. 4ab 0.18 
Rumen pH 5. 8b 5. 3c 6. 3a 5. 9b 0.10 
Fecal pH 5. 9b 5. 6c 6. 2a 5 • 7bc 0.06 
Fecal dry matter, % 23.5 20.1 22.1 23.4 1.3 
Apparent dry matter 
digestibility, % 74. 6b 80. 6b 88. 7a 72. 3c 2.0 

Ruminal fiber 
digestion % 31. 6b 10. 8c 74.1 a 44 .1b 3.9 

Dry matter rate of 
passage from rumen, 
%/hr 1. 9a 1. 4ab 1. 9a 1.2b 0.18 

Total rumen dry 
matter, kg 10.3 11.0 9.7 14.0 1.9 

Fecal starch, % of 
dry matter 19.8 16.2 13.7 13.4 3.3 

a,b, c Means in the same row with different superscripts are different 
(P<.05} by Least Significant difference (Anderson et. al. 1981}. 
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Table 2.12 The effect of method of cereal processing on intake of DM and the 
ratio of hay to concentrate in the diet consumed. 

Type of processing Intake of hay Total intake Ratio of hay 

Whole 
Alkali treated 
Torrified 
Crimped 
Rolled 
Ground 
Ground and pelleted 
SE 

(g DM/kg0
•
75 /d) 

42.1 
43.0 
38.1 
35.1 
34.9 
34.4 
30.5 
1.4 

( g DM/kgO. 75 I d) 

83.5 
80.4 
79.6 
76.6 
76.8 
76.7 
70.9 

to concentrate 

1.01 
1.15 
0.93 
0.84 
0.83 
0.81 
0.75 
0.04 

(Barnes and Orskov, 19 82) 

Also, the higher rumen pH eliminated problems.of rumenitis in 

cattle and sheep and the unacceptable soft subcutaneous fat 

which can occur in sheep (Orskov, 1980). 

Laksesvela (1981) reported excellent gains with ammonia 

treated barley for sheep while Low and Kellway (1983) reported 

good gains with steers . Ammonia has been used more as a 

preservative rather than an aid to digestion (Tait and Beames, 

1988). 

Preservation of grain with both NaOH (Barnes and Orskov, 

1982) and ammonia (Britt and Huber, 1975; Bothast et al., 

1972; Mathison et al., 1989) have been attempted. Britt and 

Huber (1975) demonstrated that 1% ammonia delayed heating in 
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high moisture corn by 280 days. 

ll 

Application of 1% urea 

solution to whole grain has worked well in feeding as urea 

never recrystallized on the outside of the grain. This 

resulted in a homogenous distribution of urea in the feed and 

slow release of ammonia (Orskov et al., 1974). Urea also acts 

as a preservative (Rode et al. 1986). 

The use of organic acids with grains is generally for 

preservation through control of fungal organisms (Tait and 

Beames, 1988). Jones et al. (1974) reviewed the use of 

organic acid addition to grains to increase milk production 

and weight gains. There appears however to be little effect 

of acids on the physical and chemical properties of cereal 

grain except for a reduction in the levels of oc-tocopherol 

(Tait and Beames, 1988). 

3.0 EXPERIMENTAL 

3.1 INTRODUCTION 

CHAPTER 3 

Grain screenings offer a potentially large volume of feed 

to the Western Canadian livestock industry. Variation in 

quality and processing difficulties with screenings however 

may limit the usefulness of these products. With changes in 

the grain transportation system in western Canada there may be 

considerable scope to expand the cleaning and thus 

availability of screenings to regional and local markets. 

Associated with these markets has been increasing interest in 
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the inland terminal concept. The Weyburn terminal represents 

a typical inland terminal which has an interest in using 

screenings as a potential livestock feed. The research 

conducted and reported here examines screenings processing to 

improve the nutritive value of screenings for ruminant 

animals. Weed infestations may result when manure from 

animals fed screenings is spread on land. This potential was 

evaluated, along with the effects of processing on weed seed 

germination before and after passage through the ruminant 

digestive tract. Weyburn Inland Terminal supplied the 

screenings and financial support to conduct this research on 

potential of screenings. 

3.2 MATERIALS AND METHODS 

The effect of chemical and physical processing on the 

nutritional value of grain screenings was examined. Chemical 

processing involved treatment with urea or ammonia, while 

physical processing involved steam pelleting. Feeding trials 

were conducted to study the effects of processing on 

digestibility and voluntary intake of nutrients by yearling 

ewes and yearling steers. Germination trials were then 

performed on the manure to determine weed seed viability, 

following passage through the ruminant digestive tract. This 

allowed comparisons of the effects of steam pelleting, 

ammoniation and urea treatment on weed seed viability. 

3.2.1 Diets and Methods Of Processing 

Eight diets in total were fed to sheep and steers, 
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including six diets containing screenings and two control 

diets of hay. The diets which were fed were as follows: 

Diet 1 Pelleted screenings with hay 
Diet 2 Unpelleted screenings with hay 
Diet 3 Pelleted ammoniated screenings with hay 
Diet 4 Unpelleted ammoniated screenings with hay 
Diet 5 Pelleted urea treated screenings with hay 
Diet 6 Unpelleted urea treated screenings with hay 
Diet 7 Pelleted hay 
Diet 8 Unpelleted hay 

3.2.1.1 Steam Pelleting 

Four of the eight diets were steam pelleted. The 

screenings were pelleted at the Agriculture Canada facilities 

in Swift Current. Pelleting involved steaming the screenings 

to increase moisture content. The screenings were then 

pressed through a die to form pellets of .63 em in diameter. 

A pelleted hay (diet 7) was also made in Swift Current. These 

pellets were a larger pellet of brome-alfalfa hay, measuring 

1.25 em in diameter, since the smaller pellet die was not able 

to pellet the hay. 

3.2.1.2. Ammoniation 

Two diets were fed containing ammoniated screenings 

(Diets 3 and 4) . The ammonia tion of the screenings was carried 

out in November of 1989. The procedure used a cold flow 

apparatus which was connected to a 1200 em x20cm grain auger 

about 1\3 of the distance (400 em) up the auger. This 

apparatus applied ammonia to the screenings as they were 

augered into an epoxy lined bin resulting in a final 
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concentration of 3% ammonia in the screenings. These 

screenings were then left in the bin for a period of two 

months prior to opening the bin and using the screenings. A 

portion of these ammoniated screenings were then pelleted 

(diet 3) . 

3.2.1.3 Urea Treatment 

Addition of urea to the screenings was carried out prior 

to pelleting. A 45% N feed grade urea was mixed with 4 liters 

of canola oil and then added slowly to the screenings in a 

grinder mixer resulting in the screenings containing 1% urea. 

A portion of these screenings was then pelleted (diet 5) while 

the rest were used in unpelleted form. 

3.2.1.4. Hay Processing 

The hay used in both the control diets (7 and 8), and in 

diets containing screenings (1 to 6) was chopped to a length 

of about 5 em in a grinder mixer. The hay used was a brome 

alfalfa mixture grown at the Agriculture Canada Research 

Station at Swift Current. Composition is shown in Table 3.2. 

3.2.2 Digestibility Trials 

Digestibility trials were carried out in which 24 

yearling Hereford steers, and 32 yearling Suffolk ewes were 

placed into metabolism stalls which allowed digestibility and 

in take of the various dietary treatments to be measured. 

Feces and urine were seperated by using a screen bottomed 

conical collection pan where the feces ran out one side. The 

steers were restrained in stalls with either halters or 
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Plywood boxes served as feed bunks to allow 

accurate determination of intake. Total feces were collected 

daily and weighed for each animal. The experimental diets 

were fed to both steers and sheep over three months with 

several different feeding periods. These feeding periods were 

broken down according to level of screenings fed. Period 1 

involved feeding 60% screenings and 40% hay. The hay used in 

these trials was the same for all diets including controls. 

Periods 2 and 3 included the same dietary constituents with 

the level of screenings in the diet reduced from 60%(period 1) 

to 40% in period 2, and to 20% in period 3, while the 

proportion of hay increased to 60% and 80% in periods 2 and 3 

respectively. With the steers the control diets were fed 

following the screenings diets since the design of the barn 

allowed only 24 steers to be fed at one time. It was decided 

that the most appropriate procedure would be to run all diets 

containing screenings simultaneously, and run controls later, 

so that comparisons between the screening diets may have been 

more precise, recognizing that optimum experimental design 

would have been to run the controls simultaneously. 

With the sheep trials 32 stalls were available making it 

possible to run the control and screening trials together. 

The digestion trials were run over the months of May to 

July. Although barn temperatures were never recorded they 

remained relatively constant at approximatly 22°C over the 

feeding period and any fluctuations which may have occurred 
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were not believed to have any effect on intakes and 

digestibilities. The condition of the animals was considered 

to be good. The animals used were all yearlings, approximately 

the same age, weight, and health status. Three steers were 

removed from the experiment as a result of sickness or death. 

These animals were never replaced due to the timing of the 

removal being close to the end of the experiment. 

The steer digestibility trials were conducted with an 

initial 10 day adjustment period followed by a 5 day 

collection period. The second and third steer trials had a 7 

day adjustment period, with a 5 day collection period. The 

shorter adjustment was deemed adequate as daily intakes 

stabilized and remained constant in periods 2 and 3. The ewes 

required a slightly longer adjustment period. An initial 10 

day adjustment proved to be insufficient so this was followed 

by a 8 day collection period to offset the initially slow 

adjustment. A 14 day adjustment followed by a five day 

collection was used for trials 2 and 3 with the ewes. 

The diets were offered at approximatly 10% above ad 

libitum intake throughout. Sorting was not considered to be a 

problem. The adjustment period allowed stabilization and 

determination of voluntary intake. During the collection 

period orts were collected and measured so precise intake 

could be determined. The ad libitum feeding level was chosen 

rather than the commonly used procedure where animals are 

restricted to 80% to 90% of ad lib intake, even though more 
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laborious in ort collection and laboratory analysis, and 

potentially less precise, since ad lib feeding was felt to be 

a more realistic approach to practical feeding conditions. 

3.2.2.1 Laboratory Analyses 

In vitro organic matter digestibility (IVOMD) of the feed 

components was determined using the procedures of Tilley and 

Terry (1963) as modified by Troelson (1970). Chemical 

analyses involved determination of neutral detergent fiber 

(NDF) and acid detergent fiber (ADF) , as outlined by Goering 

and Van Soest (1970), cellulose by the method of Crampton and 

Maynard (1938), gross energy by parr adiabatic bomb 

calorimeter, and CP by the Kjeldahl method (AOAC No.7.022, 

1984). Digestibilities and intakes of components of the 

rations were calculated from animal data and composition of 

feeds, orts and feces. 

3.2.3 Germination Trials 

Germination studies on seeds in the feces of both ewes 

and steers were carried out to study the viability of the weed 

seeds following passage through the ruminant digestive tract. 

During the feeding trials daily fecal samples were collected 

from both steers and ewes. Daily samples were then frozen, 

later thawed, mixed, for each animal, and finally seeded into 

sterilized soil to determine the viability of the weed seeds. 

Frozen samples were seeded for all the trials while fresh 

samples were taken only on the last two ewe trials, and the 

last steer trial. Counts were then taken on germinated plants 
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of redroot pigweed, lamb's quarters, green foxtail and a 

miscellaneous category which was composed of curled dock, 

flixweed, ragweed and a variety of other weeds. 

The effects of steam pelleting and chemical treatments on 

the viability of weed seeds was also studied. The germination 

trials were organized in a randomized block design. Four 

rows, each containing 20 grams of wet manure were seeded per 

animal which had been fed a screenings containing diet. The 

manure was seeded into autoclaved soil so that any weed growth 

that occurred was from weed seeds in the manure. Trials were 

carried out for both ewe and steer manure and on both fresh 

and previosly frozen manure. Following collection of the 

manure, daily samples were mixed and a composite sample taken. 

These samples were then frozen to approximately -30°C. 

Germination trials were performed at all levels of screenings 

for both ewe and steer manure, however, with fresh manure, 

trials were performed only on the 40% and 20% screenings level 

with ewes, and the 20% screenings level with steers since the 

density of weed growth at the highest screenings level was 

exessive relative to the growth medium. Germination trials 

with fresh feces from animals fed screenings at these levels 

were undertaken to determine the effect of freezing to -30°C 

on weed seed viability. In hay the only weed germination was 

a Poe species of grass. 

3.2.4 Statistical Analysis 

The digestibility experiment was set up as a randomized 
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Statistical 

analyses were performed on all data using the S.A.S. (1990), 

statistical program. Analysis of variance was used on the 

data and means were separated using Tukey's test (Steele and 

Torrie, 1960) . 

The germination experiment was also set up as a 

randomized block design. Analysis of variance was performed 

using S.A.S. and the means were seperated using Tukey's test. 

This work was done at the Agriculture canada Research Station 

in Swift Current. 

3.3 Results and Discussion 

3.3.1 Chemical and Botanical Composition 

Botanical composition of the screenings was determined by 

the Western Seed Lab in Regina from a composite sample of 

untreated unpelleted screenings. Table 3.1 shows the results 

of this analysis as well as giving the percent germination on 

four of the major weed seed components of the screenings. The 

other seeds category shows several weed species which appeared 

in small quantities in screenings and which is composed of 

Stinkweed, Russian Thistle, Wild Buckwheat, Flixweed, Dock, 

and Canary Grass. 

The results of the botanical composition analysis shows 

green foxtail (Setaria viridis L.) to make up the largest 

portion of the grain screenings. This proportion would vary 

from year to year and between geographical locations. Green 

Foxtail is the common name used on the Canadian Praries for 
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this weed (Setaria viridis L.) while the same species is 

refered to as Pigeon Grass in the United States. 

TABLE 3.1 Botanical 
screenings by weight) . 
Agriculture Canada. 

Weed % 

Green Foxtail 
Lambs Quarters 
Pigweed 
Other seeds 
Kochia 
Barnyard grass 
Inert Material 

composition of screenings (Percent 
western Seed Lab analysis results for 

of mixture % Germination 

52.0% 58% 
7.3% 39% 
6.5% 76% 
4.7% N\A 
2.2% 14% 
1.8% N\A 

25.5% 

The results of the chemical analysis, and In Vitro 

Organic Matter Digestibility (IVOMD) are shown in Table 3.2. 

Chemical composition and IVOMD were determined on duplicate 

samples for all the screenings treatments as well as hay, both 

in pelleted and unpelleted form to allow calculation of the 

composition of the diets containing different levels of 

screening. 

In all cases pelleting resulted in an increase in IVOMD 

(Table 3. 2) . This was expected as it is known that mechanical 

treatments such as steam pelleting disrupt cell wall 

structures (Bacon, 1988) . It is through disruption of the 

cell wall that bacteria and other microbes pass through the 

protective epidermal layer, thus promoting bacterial 

colonization and microbial at tack, resulting in increased 

digestion of the cell wall constituents. Steam pelleting 
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increases the moisture content of grains and partially 

gelatinizes the starch (Barnes and Orskov, 1982), which also 

increases susceptability to microbial attack. Chemical 

processing also resulted in an increase in IVOMD over 

untreated screenings (Tab 1 e 3 . 2 ) . This was especially 

noticeable with the ammoniated diets, however increased 

IVOMD's were also observed with the urea diets (Table 3.2). 

The increase seen following ammoniation or addition of urea is 

likely due both to swelling of the outer starch particles, 

disruption of the seed coat, and partial gelatinization of the 

starch particles (Barnes and Orskov, 1982). A possible 

"priming" effect from the added N may also have played a part 

(Orskov, 1977, Orskov et. al., 1978) 

TABLE 3.2 Composition and IVOMD's of the Individual Components of the diet. 

Dietary 
Component %DM %OM %Cell GE %ADF %NDF %N %P %IVOMD 

SCREENINGS 
Pellet untreat 89.8 81.8 13.1 4.6 18.6 32.2 2.8 0.5 46.1 

Unpellet untreat 89.2 84.1 16.9 4.1 29.7 46.7 2.3 0.4 42.3 

Pellet NH3 • 87.4 86.6 12.6 4.2 20.0 29.8 3.8 0.5 59.0 

Unpellet NH3 • 86.9 89.7 17.2 4.3 26.0 42.1 3.3 0.4 55.9 

Pellet urea 87.3 83.6 13.6 4.0 21.8 33.5 3.2 0.4 48.1 

Unpellet urea 89.1 85.6 15.1 4.2 27.2 46.4 3.8 0.4 44.1 

HAY 

Pellet hay 89.9 91.3 24.8 4.4 27.4 41.1 3.0 0.2 66.2 

Unpellet hay 89.0 90.6 28.9 4.3 30.7 49.1 2.5 0.3 61.3 
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Both steam pelleting and chemical treatment altered 

chemical composition (Table 3.2). Steam pelleting decreased 

the level of cellulose, NDF, and ADF for all diets while 

increasing the N for all but the urea diets (Table 3. 2) , 

likely due to disruption of cell wall structures (Bacon, 

1988). Ammoniation decreased NDF and ADF for the unproccesed 

diet while in the pelleted diet these effects were not seen in 

the ADF likely due to variation in the improvement following 

pelleting. Urea treatment decreased NDF, ADF and cellulose 

for the unprocessed diets. This effect, however, was reversed 

in the pelleted diets as the NDF, ADF and cellulose were 

higher in the pelleted untreated rations in comparison to 

pelleted urea treated rations. N also increased with 

ammoniation and urea treatment (Table 3.2). This addition of 

N would come in the form of non protein nitrogen (NPN) from 

the ammonia and urea. Increases in N were 39% and 17% for 

pelleted ammoniated and pelleted urea treated screenings 

respectively, over pelleted untreated screenings, and 45% and 

67% for unpelleted ammoniated and unpelleted urea treated 

screenings respectively over unpelleted untreated screenings. 

In ammoniated screenings diets the pelleted form had greater 

improvement inN than the unpelleted form (3.1% higher N), 

while the reverse occurred in the urea treated screenings with 

the unpelleted screenings having greater improvement than 

pelleting (3.7% higher N). This result was not expected and 

the reason for this is unknown. Potential volatilization of 
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urea at pelleting temperatures may be involved and should be 

further investigated. Statistical analysis were not carried 

out on chemical composition parameters since the results were 

the mean of duplicates of one bulked sample for each 

screenings treatment and processing procedure. 

3.3.2 Digestibility and Intake Trials 

3.3.2.1. Sheep Digestibility Trials 

Table 3. 3 summarizes 

chemical treatment of 

digestibility by ewes. 

the effects of physical form and 

the screenings on the nutrient 

As with the In Vitro results (Table 

3.2), pelleting significantly increased digestibility of OM 

and energy in all the pelleted screenings rations over the 

unpelleted screenings rations (Table 3.3) except in the hay 

controls. Pelleting significantly increased digestibility of 

CP in all but the urea rations while increasing cellulose 

digestibility significantly in the urea ration only. Increases 

were seen in the other rations with pelleting, they were 

however not statistically significant (Table 3.3). Pelleting 

screenings had no significant effect on NDF digestibility, but 

significantly reduced ADF digestibility in the untreated 

unpelleted diets only (Table 3.3). While pelleting increased 

OM digestibility of screenings, this effect was reversed in 

controls as in all cases pelleting hay significantly decreased 

digestibility over non pelleted hay. Reduced digestibility 

due to pelleting has been observed previously (Van Soest, 

1982) . A possible explanation for this is the high average 
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Dry matter intakes of 

pelleted hay of more than five percent of body weight were 

recorded. 

rate of 

It has been shown that as the intake increases, the 

passage also increases, and therefore the 

digestiblilty is lower (Van Soest, 1982), as was observed in 

this study. 

Ammonia tion increased digestibility of OM, CP, cellulose, 

energy and ADF in unpelleted screenings over unpelleted 

untreated screenings, while increasing OM, CP, cellulose, 

energy, NDF, and ADF for ammoniated pelleted over untreated 

pelleted screenings. Ammoniated unpelleted and ammoniated 

pelleted rations increased the OM, cellulose, energy, NDF, and 

ADF digestibility over urea treated unpelleted and urea 

treated pelleted rations respectively (Table 3.3). This 

difference in most cases however was not significant. 

Digestibility of CP in urea treated unpelleted sceenings was 

somewhat higher than for ammoniated unpelleted screenings 

(Table 3.3). This was the only instance where urea treatment 

increased CP digestibility more than ammoniation although the 

effect was not statistically significant. From Table 3.2 the 

IVOMD of the urea treated unpelleted screenings was also 

greater than the IVOMD of the ammoniated unpelleted 

screenings. 

Urea treated unpelleted and pelleted rations showed 

slight increases in OM, CP, and energy digestibility in 

comparison to untreated unpelleted and pelleted rations 
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respectively (Table 3.3). These were however not significant 

increases. 

Significant differences (P < 0.05) occurred within diets 

as the percentage of screening changed (Table 3.4), in each of 

OM, CP, cellulose, energy, NDF, and ADF digestibility. As the 

level of screenings in the diet decreased, digestibility 

values increased due to the high quality of the hay (CP 15.8%, 

IVOMD 61. 3%) which was substantially higher than that of 

screenings. 

Table 3.3 Effect of Physical Form and Chemical Treatment 
of Screenings on Nutrient Digestibility by Ewes. 

DIGESTIBILITY OF 

Diet OM CP CELL ENER NDF ADF 

1 Pellet Untreat 60.1 a 63. 9b 52. 2bc 60.1 a 48. 2b 42. 6c 

2 Unpellet Untreat 54. abc 56.2c 50. sbc 49. 7b 49. 9b 48 .2b 

3 Pellet NH3 62. 3a 65. 4b 55. 4b 58. sa 50. 6b 48. 5b 

4 Unpellet NH3 58. 8b 56. 9c 55 .lb 51. 4b 49. 8b 49. 3b 

5 Pellet urea 60. sa 64. ob 54 .4b 57.3a 49 .lb 4 7. 6bc 

6 Unpellet urea 54. 6b 64. 3b 49. oc 50. 8b 49. 8b 45 • 9bc 

Control diets 

7 Pellet hay 51.1 c 64. 7b 40 .2d 46. 3c 30. sc 25.9d 

8 Unpellet hay 62. 9a 70.3a 63. 7a 58. 6a 56. 9a 54. 7a 

Pooled SEMY 0.67 0.66 1.20 0.70 1.09 1.23 

Y Pooled standard error of means a,b,c,d Means with a different letter differ {P<0.05) 
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TABLE 3.4 Mean Digestibility Values of Diets with ewes. 
Percent digestibility (mean of 4 animals) . 

Level of 
Diet Screenings OM CP CELL ENER NDF ADF 

1 Pellet 60% 55. 7c 59 .4b 38. 6c 57.4 37. 3c 29. 6b 
untreat 40% 62. 2ab 64. 6ab 55. Db 61.2 49. 7b 45. 4a 

20% 64. 3a 67. sa 62. ga 61.4 57. ga 52. 7a 

2 Unpellet 60% 46. sc 50.1 c 36. 6c 42. 6c 41. 4b 39.9c 
untreat 40% 54. 7b 54. 4b 54. 32b 50. 32b 51.44a 50. 68b 

20% 60. ga 64. 3a 61. 6a 56 .la 56. ga 55.1 a 

3 Pelleted 60% 58.7 61.9 43. 5b 56.1 42. Db 37. 8b 
NH 3 40% 64.6 67.4 59.2a 61.1 52. ga 52. ga 

20% 63.6 67.0 63.4a 59.3 56. ga 54. 8a 

4 Unpellet 60% 50. 2b 49. 5b 43. gc 45. 9b 42. 6c 40. 7b 
NH3 40% 57.3a 59. oa 56. 6b 52. 7a 50. 6b 52 .4a 

20% 59. 7a 62. oa 62. oa 65.4a 56 .2a 54. 8a 

5 Pellet 60% 58.5 62.5 45. 4b 55.9 42.9b 3 8. 8b 
urea 40% 61.1 64.0 56.2a 57.9 48. Db 49. ga 

20% 62.3 65.5 61. 7a 58.1 56.3a 54.1 a 

6 Unpellet 60% 46 .lc 60. 2b 31. 6c 42. 7b 40. 4b 31. gb 
urea 40% 56. 5b 65.3a 52. 7b 52.9a 51. sa 50.3a 

20% 61. 2a 67. 4a 62. 8a 56. 7a 57. sa 55. 5a 

Control diets 

7 Pelleted 0 42. 8b 56. 8b 26. 4b 37.3b 16. 3b ll.lb 
Hay 0 56.3a 70. 3a 45. 7a 52.2a 36 .4a 29.9a 

0 54.2a 67.1 a 48. sa 49. sa 38. ga 36. 6a 

8 Unpellet 0 59. 2b 7 0. 6ab 58. 3b 54. 8b 50. 3b 48 .lb 
Hay 0 62 .lb 68. 4b 63. Db 57 • gab 56. 7b 54. 7ab 

0 67.3a 71. ga 69. 7a 63. 2a 63. 8a 61. 6a 

Pooled SEM 0.67 0.66 1.20 0.70 1.09 1.23 

a,b,c Different letters indicate differences between level of screenings in the 
diet (P<0.05) 
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Table 3.5 Average daily intake of feed dry matter by ewes 
(g 100g- 1 body weight) . 

Level of screenings in the diet 
Diet 

60 percent 40 percent 20 percent Mean Pooled 
SEM 

Pellet untreat 4.8 3.7 3.0 3. gEe 0.51 

Unpellet untreat 5.1 4.6 3.7 4 • 4ab 0.14 

Pelleted NH3 4.5 3.8 3.3 3. gbc 0.25 

Unpellet NH 3 4.5 4.2 3.4 4. abc 0.19 

Pellet urea 4.8 4.1 3.5 4 .1b 0.32 

Unpellet urea 4.7 4.1 3.3 4 .1bc 0.19 

Pellet hay 5.3 4.7 4.6 4 • ga 0.19 

Unpellet Hay 3.3 3.6 3.2 3 .4c 0.19 

Mean 4. 6x 4 .11Y 3. 49z 

Pooled SEM 0.36 0.21 0.18 

a,b,c, 

x,y,z, 
means with a different letter differ (P<O.OS) between rows 
means with a different letter differ (P<O.OS) between columns 

Intakes of feed expressed as g lOOg- 1 body weight are 

shown in Table 3.5. As the level of screenings in the diet 

increased the intakes also increased. This holds true in all 

cases where screenings is fed with hay. In the control diets 

where only pelleted hay was fed the intakes decreased from 

period one to period three even though there were no 

screenings fed. This suggests that some other factor decreased 

the intakes. The control diet of non pelleted hay however had 

mean intakes highest in period two followed by period one and 

three. This would suggest possible variation in composition 

that caused the increased intake. 
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The mean intakes of the different diets over the three 

feeding periods and screenings levels indicated that intakes 

of pelleted hay were significantly (P<O.OS) greater than any 

other ration fed. Ewes fed the unpelleted hay control diet 

had lower intakes than any other diet, these were not, 

however, always significant. Of the diets containing 

screenings the ration with the non pelleted untreated 

screenings had the highest intakes, this difference however 

was not significant. 

Intakes by ewes were highest during period 1 (4.62g lOOg· 

1
) followed by period 2 (4 .llg lOOg- 1 ) and 3 (3. 49g lOOg- 1

) • 

This suggests a greater ability to consume more of the 

screenings as opposed to hay. Rumen capacity may be of 

importance as the screenings are a more dense feed allowing 

the sheep to consume more as opposed to the less dense hay. 

3.3.2.2 Steer Digestibility Trials 

The effects that physical form and chemical treatment have 

on the nutrient digestibility of screenings by steers are 

presented in Table 3. 6. As in the ewe trials, pelleting 

screenings rations increased the digestibility of OM over non 

pelleted rations. Unlike the ewes, however the difference was 

only significant (P<O. 05) in the untreated pelleted diet 

compared to the untreated unpelleted diets. Pelleting also 

increased digestibility of energy in all dietary treatments, 

and CP, cellulose, NDF, and ADF in all but the urea treated 

diets, where the reverse occurred. These increases were 
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significant (P<O.OS) in the unpelleted treated ration( CP and 

energy digestibility) and for the ammoniated unpelleted ration 

( CP digestibility). The rest of the increases were not 

significant. A decrease in OM, cellulose, energy, NDF, and ADF 

digestibili ties while increasing CP digestibility occurred 

with the untreated screenings (Table 3.6). The higher intake 

of pelleted hay (Table 3.8) probably increased the rate of 

pas sage resulting in the lower 

pelleted hay. From Table 3.6 

digestibilities 

cellulose, ADF, 

digestibilities were lower with the pelleted hay. 

with 

and 

the 

NDF 

Ammoniated unpelleted rations fed to steers showed 

somewhat lower digestibilities of OM, CP, cellulose, energy, 

NDF, and ADF than the unpelleted untreated rations but none of 

these were significantly lower (Table 3.6). The ammoniated 

pelleted ration digestibilities followed the same pattern as 

the untreated pelleted ration except for OM digestibility 

where the pelleted ammoniated diet had slightly higher 

digestibility than the untreated pelleted diet (Table 3.6). 

Steers fed the urea treated pelleted diet had lower 

digestibilities than pelleted untreated or pelleted ammoniated 

diets for OM, CP, cellulose, energy, NDF, and ADF (Table 3.6). 

The urea treated unpelleted diet had higher digestibilities 

than untreated unpelleted or unpelleted ammoniated screenings 

for OM, CP, cellulose, energy, and NDF when fed to steers. 

ADF diges tibi 1 i ty in the unpelleted untreated ration was 

slightly higher than in the unpelleted urea treated diet. None 
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of these results were significant (P<O.OS). This result is 

not consistent with the others and would suggest a sampling 

effect or differences in composition of the product. 

Comparisons made between levels of screenings in the 

same diet showed significant increases (p < 0.005) in 

digestibility as the level of screenings in the diet was 

reduced (Table 3.7). The digestibilities increased as the 

level of screenings decreased from 60% to 40% to 20% in all 

but three of thirty six comparisons for OM, cellulose, NDF, 

and ADF digestibilities. It was only in the CP digestibilities 

with the urea containing rations, and the energy digestibility 

in the pelleted untreated ration that the trend did not hold 

true due to very small and non significant differences (Table 

3.7). This was consistent with results of IVOMD analyses 

(Table 3.2) which showed a higher digestibility of the hay 

compared to screenings. Thus as the hay portion of the diet 

increased the digestibilities would be expected to increase. 

In most comparisons the difference was largest between 40% and 

20% screenings (Table 3.7). 
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Table 3.6 Effect of Physical Form and Chemical Treatment 
of Screenings on Nutrient Digestibility by Steers. 

Diet OM 

1 Pellet Untreat 62.6a 

2 Unpellet Untreat 5S.2b 

3 Pellet NH3 62. 7ab 

4 Unpellet NH3 57.2b 

5 Pellet urea 5S.6b 

6 Unpellet urea 5S.4b 

Control diets 

7 Pelleted hay 5S.1 

S Unpellet hay 65.4 

Pooled SEMY 0.67 

CP 

66. sa 

67.1 a 

70.3 

67.S 

0.66 

Y Pooled standard error of means 

DIGESTIBILITY OF 

CELL 

64.1 

59.7 

60.6 

59.0 

57.S 

60.6 

56.0 

71.1 

0.77 

ENER 

52.9 

60.5 

0.67 

a,b, Means with a different letter differ (P<0.05) 

NDF 

60. oa 

55. sa 

56. oa 

53. sa 

56. sa 

40.9 

63.7 

O.S5 

ADF 

55.5 

55.2 

53.7 

52.6 

49.1 

54.9 

40.S 

63.2 

o.ss 
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TABLE 3.7 Mean Digestibility Values with Steers 
% Digestibility {Mean of 4 animals) 

Level of 
Diet Screenings OM CP CELL 

1 Pellet 60% 63 .1b 62. gb 60. 3b 
untreat 40% 63. 2ab 66. 2b 61. 2b 

20% 69. 6a 71. 2a 70. ga 

2 Unpellet 60% 53. 2b 51. 6b 53. 6b 
untreat 40% 57 .1b 62.2a 57. 8b 

20% 64 .4a 66. 2a 67. sa 

3 Pellet 60% 60 .1b 61. 4b 54. 8b 
NH3 40% 61. 3b 63. 3ab 58. 2b 

20% 66. sa 67. oa 68. sa 

4 Unpellet 60% 53. 6b 53. gb 54. 4b 
NH3 40% 57. 4ab 59. sa 59. 2ab 

20% 60. sa 62. oa 63 .4a 

5 Pellet 60% 54.1 55. 6b 51.3 
urea 40% 59.7 64. 6a 55.8 

20% 62.2 64. 6a 63.3 

6 Unpellet 60% 53 .1b 62. 5b 57. 8b 
urea 40% 57. sab 69.6a 56.9a 

20% 64. 2a 69. 2a 67. oa 

Control Diets 

7 Pell Hay 0 58.1 70.3 56.0 

8 unpellet Hay 0 65.4 67.8 71.1 

Pooled SEM 0.60 0.66 0.77 

ENER NDF 

62.4 54. 5b 
62.1 54. 6b 
67.6 64. ga 

48. gb 50. 8b 
53. ob 53. 6b 
60. 7a 63.1 a 

56. 4b 49. 3b 
57. sab 53. ob 
63. 4a 65. 7a 

49.1 49. 8b 
53. 1 ab 54. 7ab 
56 .1a 57 .1 a 

50.6 40. 5b 
56.4 46. sab 
58.5 57. sa 

48. 7b 54.5 
54 .1 ab 54.3 
60. sa 61.6 

52.9 40.9 

60.5 63.7 

0.67 0.85 

* Indicates a significant difference{p<O.OS) between digestibilities 

diet as the screenings level changed. 

ADF 

50. 4b 
51. gb 
64.3a 

49. gb 
52. 8b 
62.7a 

47 .1b 
51. 6b 
62. sa 

4 7. gb 
52. 6ab 
57. 3a 

41. o ob 
49 .3ab 
57. oa 

51.3 
51.6 
61.8 

40.8 

63.2 

0.88 

for each 
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Dry matter intakes as a percent of body weight are shown 

in Table 3.8. The highest intake of dry matter by steers 

occurred in period 2 at the 40% screening:60% hay feeding 

level. These intakes are significantly higher {P<O.OS) than 

those observed in either period 1 or period 3 with no 

significant difference between period 1 and 3. This would 

suggest that with steers the optimal level of feeding 

screenings of this type would be at the level fed in period 2. 

Significantly higher intakes by steers fed diets 2,4,5, 

and 7 occurred than for steers fed diets 1,3,6, and 8 (Table 

3.8). The higher intakes of diets 2,4,5 and 7 can be explained 

by the lower OM digestibili ties of these diets. Steers 

consuming these diets would require more overall consumption 

to achieve the same nutrient intakes as the animals fed more 

digestible diets. Little or no difference in the OM and 

energy digestibility between diets 5 and 6 occurred, however 

the lower CP, cellulose, NDF, and ADF digestibilities of diet 

5 likely resulted in the higher intake. The physical form of 

diet 7 versus 8 allowed somewhat but not significantly higher 

intakes of the pelleted hay. This higher intake might result 

in a higher rate of passage and account for the lower 

digestibility. Rumen capacity for feed allowed higher intakes 

of the highly dense pelleted hay as opposed to the low density 

non pelleted hay. 

As the level of screenings in the diet decreased from 60% 

to 40% the consumption increased from 3. 09% to 3. 53% body 
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weight {Table 3.8). When going from 40% to 20% a decrease in 

intake from 3.53% to 3.16% body weight intake occurred. Either 

an adjustment problem had occurred and/or an optimum level at 

which the screenings should be fed was reached. The 

relationship of digestibility and intake may also have been 

shifting rather than being a straight line relationship. 

Since the adjustment period was deemed to be adequate it is 

suggested that an optimal feeding level was in the 

intermediate level of dietary screening {40% screenings 

range) . 

Crude protein intake decreased progressively as hay 

levels increased for diet 2, while the opposite occurred for 

diet 3; however for diets 1, 4, 5, and 6, the 40% screenings 

level gave highest CP consumption {Table 3.6). Energy intake 

increased progressively as screenings decreased for diets 2, 

3 and 6 while steers fed diets 1, 4, and 5 had the highest 

energy consumption at 40 % screenings {Table 3.7). 
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TABLE 3.8 Average daily intake of feed dry matter by steers 
(g/100g- 1 body weight) 

Level of screenings in the diet 
Diet 

60% 

1 Pellet untreat 2.9 

2 Unpellet untreat 3. 2 

3 Pellet NH3 3.1 

4 Unpellet NH3 3.3 

5 Pellet urea 3.6 

6 Unpellet urea 2.4 

7 Pellet hay 3.2 

8 Unpellet Hay 2.8 

Mean 3 .1Y 

Pooled SEM 0.16 

3.5 

3.4 

3.3 

3.5 

4.0 

3.5 

40% 

3. 5z 

0.17 

20% 

3.0 

3.2 

3.1 

3.1 

3.3 

3.3 

3. 2Y 

0.11 

Mean Pooled 
SEM 

3. 2a 0.12 

3 • 3ab 0.15 

3 .1 a 0.12 

3 • 3ab 0.10 

3. 6b 0.15 

3 .1 a 0.14 

3. 2a 

2. 8a 

a,b, 

y,z, 
means with a different letter differ (P<O.OS) between rows 
means with a different letter differ (P<O.OS) between columns 
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3.3.3 Germination Trials 

Table 3.9 shows that redroot pigweed made up the largest 

portion of the germinating seedlings, followed by lesser 

amounts of lamb's quarters and green foxtail. Although 

redroot pigweed only formed 6.5 % of the total screenings by 

weight (Table 3.1), it had the highest viability both in the 

unprocessed screenings (76 %) and in the feces. The higher 

numbers of viable redroot pigweed plants in feces resulted 

from this higher percentage viability in the unprocessed 

screenings and also from the large number of seeds per unit 

weight as a result of the small seeded nature of the plant. 

Redroot Pigweed may also be more resistant to the forces of 

digestion than other weed species. 

The effects of freezing on the viability of weed seeds 

was examined and is shown in Tables 3.9 and 3.10. With ewe 

diets (Table 3.9) the seeds from the fresh manure showed 

significantly higher (P < 0.0001) germination than those from 

manure that had been previously frozen. This suggests that 

freezing had a negative effect on germination. It is possible 

that the germination process may be activated while in the 

rumen or animal digestive tract. This would explain lower 

germination in the frozen manure as germinated seeds exposed 

to the -30°C temperature would likely have died. The large 

differences in germination between fresh and frozen seeds in 

the ewe trials were not evident in the steer trials. Table 

3.10, which showed good germination to occur in the steer 
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manure also showed no significant difference between fresh and 

frozen steer manure. This difference between cattle and sheep 

may have been due to differences between the chewing habits of 

the two animals, although other factors including relative 

rates of passage as well as intensity of microbial attack may 

also be involved either independently or synergistically. 

Very few seeds germinated in either pelleted or 

ammoniated screenings (Table 3. 9, 3 .10) . There were 

significant differences (P < 0.05) between diets in the number 

of seeds germinated with diets 2 (untreated unpelleted) and 6 

(Urea unpelleted) showing high seed viability in while feces 

from the other diets ( 1, 3, 4, 5) showed little germination. 

This relationship held true for both steer and sheep trials 

and frozen and fresh manure. This was expected as diets 2 and 

6 had undergone the least severe processing for the seeds. 

Arrunoniation has been previously shown to reduce seed viability 

(Kernan et al, 1990; Coxworth et al, 1980), and pelleting 

destroys seed viability by crushing and/or heat in the 

pelleting process. While not a dietary treatment per se, 

freezing also reduced viability of weed seeds which may offer 

some additional advantage in winter feeding. 

During the germination experiments a large number of 

grass plants germinated in some samples. These were 

identified as a grass of the Poa species, likely Kentucky 

Bluegrass (Poa pratensis) . This was unexpected as no 

bluegrass seeds were found in the sample of screenings. These 
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seeds passed through the digestive tract in viable form and 

must have originated from the hay portion of the diet. 

Further investigation found that small amounts of bluegrass 

were present in the hay. 

From the ewe trial results (Table 3.9) it is apparent 

that the higher the level of screenings the greater the 

passage of seeds through the animal in whole viable form. 

With steer data (Table 3.10) however, the reverse appeared to 

happen, with more seeds surviving at lower levels of 

screenings versus hay. This apparent contradiction may result 

from differences in chewing patterns or digestive processes 

that occur in sheep and cattle. 

The overall results from these germination studies 

indicate that redroot pigweed seeds, and to a lesser extent 

lamb's quarters and green foxtail retained their viability 

while passing through the animal. The green foxtail seeds 

while present in by far the greatest proportions are either 

more susceptible to digestion, or viability was greatly 

reduced by other means while passing through the animal. It 

appears from Table 3. 9 and 3.10 that redroot pigweed and green 

foxtail were more adversely affected by the freezing than was 

lamb's quarters. 
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TABLE 3.9 Number of seeds germinating from a 20 g wet sample of frozen 
fecal material of ewes (Values are averages of four ewes) . 

Ration Plant Species 
Redroot Larnb's- Green 
Pigweed Quarters Foxtail 

Frozen manure (60% Screenings:40% Hay) 
1. Untreat pellet 0.0 o.s . 0. 
2. Untreat unpellet 161.3 35.S 11.S 
3. Pellet NH 3 0.0 0.0 0.0 
4. Unpellet NH3 6.0 2.0 o.s 
5. Pellet urea 0.3 0.3 0.0 
6. Unpellet urea 124.5 33.0 6.3 

Frozen manure (40% Screenings:60% Hay) 
1. Untreat pellet 0.0 0.0 0.0 
2. Untreat unpellet S.5 20.3 o.s 
3. Pellet NH3 0.3 0.0 0.0 
4. Unpellet NH 3 0.0 0.0 0.0 
5. Pellet urea 0.0 0.0 0.0 
6. Unpellet urea 2.3 14.0 0.3 

Frozen manure {20% Screenings:SO% Hay) 
1. Untreat pellet 0.0 0.0 0.0 
2. Untreat unpellet 11.3 6.3 0.3 
3. Pellet NH3 0.0 0.0 0.0 
4. Unpellet NH 3 0.0 0.0 0.0 
5. Pellet urea 1.0 o.s 0.0 
6. Unpellet urea 14.S 14.5 0.3 

Fresh Manure {40 % Screenings:60% Hay) 
1. Untreat Pellet o.s 1.3 0.0 
2. Untreat unpellet 293.0 33.5 59.5 
3. Pellet NH 3 1.3 1.3 1.3 
4. Unpellet NH3 0.6 1.7 0.0 
5. Pellet urea 1.S 1.0 0.3 
6. Unpellet urea 240.S 23.3 33.0 

Fresh Manure (20 % Screenings:SO% Hay) 
1. Untreat pellet o.s o.s 0.0 
2. Untreat unpellet 229.S 20.0 66.3 
3. Pellet NH3 0.3 0.3 6.0 
4. Unpellet NH3 0.5 0.5 0.0 
5. Pellet urea 1.5 0.3 0.0 
6. Unpellet urea 3S1.7 29.0 26.S 

Misc. 

0.0 
2.0 
0.0 
0.3 
0.0 
1.S 

0.0 
0.5 
0.0 
0.0 
0.0 
0.3 

0.0 
1.3 
0.0 
0.3 
0.0 
1.3 

5.0 
5.S 
4.S 
9.0 
7.3 

11.5 

1.0 
2.S 
3.0 
3.0 
3.3 
3.5 

a,b,c, Different letters indicate differences in total plants 
(P<0.05) 

Total 
Plants 

0. sb 
210. sa 

o. ob 
9. ob 
0. 5b 

165.5a 

o. ob 
30. oa 

0.3b 
o. ob 
o. ob 

16. sab 

o. ob 
19. oa 

o. ob 
0. 3b 
1. sb 

3 0. sa 

7. ob 
3 S9. 3a 

s. 5b 
11.3b 
10. sb 

2S3.3a 

2. 5b 
31S.Sa 

6. 5b 
4. 3b 
s. ob 

43 s. sa 

germinated 
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TABLE 3.10 Number of seeds germinating from a 20 g wet sample of fecal 
material of steers. (Values are averages of four steers) 

Ration Plant Species 

Redroot Lamb's- Green 
Pigweed quarters Foxtail 

Frozen Manure (60% Screenings:40% Hay) 

1. Untreat Pellet 
2. Untreat unpellet 
3 . Pellet NH3 

4. Unpellet NH 3 

5. Pellet urea 
6. Unpellet urea 

1.3 
105.5 

2.8 
2.3 
0.0 

5S.5 

0.3 
13.0 

0.3 
0.3 
0.0 

12.5 

Frozen Manure (40% Screenings:60% Hay) 

1. Untreat pellet 
2. Untreat unpell 
3. Pellet NH 3 

4. Unpellet NH3 
5. Pellet urea 
6. Untreat urea 

9.5 
105.0 

2.0 
2.S 
1.5 

113.S 

1.5 
12.5 

0.5 
0.3 
0.3 

21.3 

Frozen Manure (20% Screenings:SO% Hay) 

1. Untreat pellet 
2. Untreat unpellet 
3. Pellet NH 3 

4. Unpellet NH3 

5. Pellet urea 
6. Untreat urea 

2.3 
36.5 

0.3 
1.0 
0.3 

43.5 

0.5 
4.0 
0.0 
0.3 
0.0 
6.3 

Fresh Manure (20% Screenings:SO% Hay) 

1. Untreat pellet 
2. Untreat unpellet 
3. Pellet NH3 

4. Untreated NH3 

5. Pellet urea 
6. Untreat urea 

13.0 
61.S 
o.s 
1.0 
5.S 

43.S 

2.S 
13.3 

0.5 
0.3 
1.3 

10.5 

0.0 
1.5 
0.0 
0.3 
0.0 
2.0 

1.3 
9.0 
0.3 
0.0 
0.3 
6.3 

0.5 
1.S 
0.0 
0.3 
0.3 
3.5 

3.S 
25.S 

0.0 
0.3 
1.3 

21.S 

Misc. Total 
Plants 

0.0 
2.S 
0.0 
0.0 
0.0 
1.0 

0.3 
o.s 
0.0 
0.0 
0.0 
1.S 

0.0 
0.5 
0.0 
0.3 
0.3 
o.s 

3.S 
7.0 
2.5 
2.3 
4.3 
1.3 

1. 6c 
122. sa 

3. oc 
3. oc 
0. oc 

74. ob 

12. 5b 
127.3a 

2. sb 
3. ob 
2. ob 

143. sa 

3. 5b 
42. sa 

0. 3b 
1. 8b 
0. sb 

54. oa 

23. 4bc 
107. 9a 

3. sc 
3 • 9c 

12. 7bc 
77. 4ab 

a,b,c Different letters indicate differences in total plants germinated 
(P<0.05) 
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CHAPTER 4 

4.0 Conclusions 

The results of this study show that pelleting, 

ammoniation, and urea treatment of screenings increased 

digestibility when compared with unpelleted and untreated 

screenings. Pelleting increased IVOMD compared with 

unpelleted feeds in all instances (Table 3.2), due to the 

breakdown and disruption of various components of the fiber 

fraction. With pelleting, increased CP (%N) in all but the 

urea treated diets was observed. Ammonia and urea treatment 

increased IVOMD while at the same time increasing the 

equivalent CP(%N) content of the diet (Table 3.2). The 

nutritionally beneficial effects of supplemental N have been 

demonstrated in many instances previously, and represent a 

potential advantage of the use of N containing treatments in 

screenings treatment. Whether assessing the nutritive value 

with ewes, steers or in vitro the same general trends 

occurred and suggest consistency in treatment effects on 

screeenings nutritive value. 

The germination studies showed that steam pelleting 

almost completely destroyed weed seed viability. Ammoniation 

with 3% ammonia also eliminated most viable seeds. Destroying 

weed seeds viability is important to the grain industry as the 

manure is often spread on the fields as fertilizer and thus 

represents a potentially serious weed infestation source. 

These results show that both ammoniation and pelleting will 
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effectively lower the viability of weed seeds. 

however, may have a reduced cost compared 

pelleting and may be worthy of use from 

efficiency points of view. 

100 

Ammoniation, 

to commercial 

economic and 

Screenings appear to be a potentially valuable addition 

to hay based rations for growing steers and ewes, with 

potential to improve nutritive value through chemical or 

physical treatments. The applicability of these treatments 

will depend upon economic and management factors which will 

require additional investigation. 

In addition to all other factors concerning efficiency 

and nutritive value of screening use, the question of meeting 

the requirements of the Feeds Act in relation to the non 

viability of seeds in commercial products remains. The 

results of this investigation suggest that pelleting or 

ammoniation are prefered methods for meeting the requirements 

of the Feeds Act. Further work is required to establish 

optimum conditions for the ammoniation process and possibly 

for pelleting, to ensure that regulatory, efficiency, 

economic, and nutritional parameters are met. 
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APPENDIX 1 

Description of screenings as defined in the regulations of the 
Canada Grains Act 
(1) No. 1 feed screenings. 
(a) shall be grain screenings; 
(b) shall be cool and sweet; 
(c) shall contain 

(i) not less than 35 per cent in the aggregate of broken 
or shrunken grain. 

(ii) not more than two per cent hare's-ear mustard, 
{iii) not more than one per cent hulls, 
{iv) not more than three per cent in the aggregate of 

small weed seeds that can pass through a 4 112164 
inch round hole sieve, chaff, hulls and dust, 

{v) not more than six per cent of the aggregate of small 
weed seeds that can pass through a 4 112 I 64 inch 
round hole sieve, chaff, hulls, dust, wild and 
domestic mustard seed, ball mustard, and rapeseed, 

{vi) not more than eight per cent wild oats, and 
{vii) not more than one per cent of the seeds designated 

as injurious in the "Feed Regulations"; and 
{d) may contain wild buckwheat and not more than 10 per 

cent of other large seeds not named in this section. 

{2) No 2 Feed Screenings 
{a) shall be grain screenings; 
{b) shall be cool and sweet; 
{c) shall contain 

{i) not more than two per cent hare's ear mustard or wild 
mustard seed, 

(ii) not more than one per cent hulls, 
{iii) not more than three per cent in the aggregate of 

small weed seeds that can pass through a 4 112 164 
inch round-hole sieve, chaff, hulls, and dust, 

{iv) not more than 10 per cent in the aggregate of small 
weed seeds than can pass through a 4 112 I 64 inch 
round-hole sieve, chaff, hulls, dust, wild and 
domestic mustard seed, ball mustard, and rape seed, 

{v) not more than 49 per cent wild oats, and 
{vi) not more than one per cent of the seeds designated 

as injurious in the Feeds Regulations except that 
there may be a total of two per cent of such seeds 
where the excess over one per cent is hare's ear 
mustard or wild mustard {Brassica Kaber); and 

{d) may contain wheat scourings. 

{3) Uncleaned screenings shall be screenings that do not 
meet specifications for No. 1 or No. 2 Feed Screenings because 
of the content of weed seeds, hulls, chaff or dust but that 
contain 
{a) at least 35% of the material that if separated would 
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meet the grade requirements for No. 1 Feed Screenings; 
and 

{b) not more than one per cent of excessive wild oat hulls. 

{4) Refuse Screenings shall be grain screenings that do not 
meet requirements for No. 1 or No. 2 Feed Screenings or 
Uncleaned Screenings because of the content of weed 
seeds, chaff or dust. 

{5) A mixture of western wild oats and western cereal grain 
because of being so mixed shall, if it has the qualities 
set out in subsection {2), be graded "Mixed Feed Oats". 

(1) Mixed Feed Oats shall 
{a) contain not less than 50% wild oats; 
{b) contain not more than 1% of material that passes 

through a 4 112 I 64 inch round hole sieve; and 
(c) contain in whole, broken, hulled or hulless form 

not more than 
{i) 5% heated kernels, 
(ii) 5% wild buckwheat, 
{iii) 5% wheat heads, 
{iv) 4% knuckles, straw and chaff, 
{v) 5% in the aggregate of wild buckwheat, wheat 

heads, knuckles, straw and chaff, 
(vi) 5% flaxseed, 
(vii) 0.1% stones, or 
{viii) 25% ergot. 

{6) (1) A mixture of western wild oats and other materials 
that does not qualify for the established grade 
Mixed Feed Oats because of being so mixed shall, if 
it has all the qualities set out in subsection {2), 
be graded "No.2 Mixed Feed Oats". 

(2) No. 2 Mixed Feed Oats shall 
{a) contain not less than 50 per cent wild oats; 
{b) contain not more than one per cent of material 

that passes through a 4 112 I 64 inch round-hole 
sieve; and 

{c) contain in whole, broken, hulled or hulless form 
not more than 
{i) five per cent heated kernels. 
{ii) five per cent wild buckwheat, 
{iii) 10 per cent in the aggregate of wheat 

heads, knuckles, straw and chaff, 
{iv) five per cent flaxseed, 
{v) 0.2 per cent stones, or 
{vi) 113 on one per cent ergot. 

{7) Rapeseed screenings: there is no category defined in 
the regulations. However, these are known as refuse 
screenings {rapeseed) and are produced in the 
screenings of rapeseed {Beames et al., 1986). 
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APPENDIX 2 

Common and scientific names of weed seeds which appeared in 
the sample of screenings used for the feeding trials. 

Common name Scientific name 

Green foxtail{Pigeon 
Lambs quarters 
Redroot pigweed 
Kochia 

grass) Setaria viridis (L.) Beauv 
Chenopodium album 
Amaranthus retroflexus L. 

Barnyard grass 
Stinkweed 

Kochia scoparia (L.) Schrad. 
Echinochloa crusgalli (L.) Beauv. 
Thlaspi arvense 

Russian thistle 
Wild mustard 
Wild buckwheat 
Flixweed 
Curled dock 
Canarygrass 

Salsola pestifer 
Brassica kaber 
Polygonum convolvulus 
Descurainia sophia 
Rumex crispus L. 

Scientific and common names of other weed species which have 
seeds often appearing in screening samples in Western Canada 

Ball mustard 
Bird rapeseed 
Bluebur 
Broad-leaved plantain 
Canada thistle 
Cocklebur 
Common groundsel 
Cow cockle 
Fumitory 
Hare's-ear mustard 
Hemp-nettle 
Hoary alyssum 
Lady's thumb 
Mouse-eared chickweed 
Narrow-leaved 
hawk's-beard 

Night-flowering catchfly 
Perennial sow-thistle 
Prostrate knotweed 
Quackgrass 
Rough cinquefoil 
Tufted vetch 
Wild oats 

Neslia paniculata 
Brassica campestris 
Lappula echinata 
Plantago major 
Cirsium arvense 
xanthium pensylvanicum 
Senecio vulgaris 
Saponaria vaccaris 
Fumaria officinalis L. 
Conringia orientalis 
Galeopsis tetrahit 
Berteroa incana 
Polygonum persicaria 
Cerastium vulgatum 

Crepis tectorum 
Silene noctiflora L. 
Sonchus arvensis 
Polygonum aviculare 
Agropyron repens 
Potentilla norvegica 
Vicia cracca 
Avena fatua 

Wallr. 
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