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CHAPTER 1 

INTRODUCTION 

Many researchers have projected that in the future, cattle 

will be unable to compete with man, nonruminants and poultry for 

conventional sources of energy. If this occurs, the cattle in

dustry will have to utilize by-products, waste products and for

ages which are nonedible by man for their source of energy. 

Those products high in cellulosic materials can be used as a 

source of energy for ruminants. However, the protein content 

is generally low and supplementation is required. 

There are vast quantities of cellulosic materials that could 

be fed to ruminants. The ruminant animal, in view of its symbio

tic relationship with microorganisms in the rumen, is able to 

consume and digest large quantities of cellulosic materials whereas 

nonruminants cannot. The ruminant animal per se cannot digest 

cellulose. However, the microorganisms which thrive in the 

rumen have the metabolic capacity to digest cellulose, and then 

the host animal utilizes the end products of microbial digestion. 

Of course, the cellulose must be available to the microorgan-

i sms. 

The primary factors affecting availability of cellulose are 

plant cell wall lignification, cutinization, and silicification. 

The dry matter, or energy, digestibility is the primary 

factor that determines the merit of such materials as ruminant 

feeds, and it is the lignin fraction of the materials which tends 
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to limit digestion. The digestibility of some cellulosic materials 

can be improved by simply grinding or soaking in chemicals. The 

more lignified materials such as wood waste must undergo a more 

severe chemical treatment to substantially improve digestibility. 

The following studies were designed to determine the poten

tial value of two cellulosic materials, cotton linters and mes

quite wood, as energy sources for ruminants. The specific objec

tives of the work were as follows: 

1) To determine the acceptability and digestibility of 

ground mesquite by sheep. 

2) To determine the acceptability and digestibility of 

ground sulfur dioxide treated mesquite by sheep. 

3) To determine the efficiency of feed utilization of diets 

containing ground sulfur dioxide treated mesquite by sheep. 

4) To determine the acceptability and digestibility of 

cotton linters (obtained by the dilute sulfuric acid delinting 

process) by sheep. 

5) To determine the efficiency of feed utilization of diets 

containing cotton linters by sheep. 



CHAPTER II 

LITERATURE REVIEW 

Cellulose is the most abundant organic compound in the world, 

comprising from 20 to 50% of the dry matter of most plants. The 

quality of all this cellulose is not the same. The combination 

with hemicelluloses, lignin, cutin, and silica in the plant cell 

wall greatly modifies its availability. 

In the feeding of crop residues, proper supplementation of 

protein, minerals, and vitamins must be accomplished for optimum 

results (Morris and Horton, 1959). Previous workers have shown 

that urea and other non-protein-nitrogen containing compounds may 

replace a portion of the protein in the ration of ruminant animals 

(Gallup ejt al., 1952; Pope e^ al., 1950; Wegner et̂  al., 1941). 

With lignin being the major roadblock to widespread utiliza

tion of the carbohydrate content of these residues for ruminant 

and microbiological conversion, delignification would appear to 

provide a straightforward solution to our problems (Millet and 

Baker, 1975). 

Celluloses and Lignin 

The major skeletal carbohydrate in plants is cellulose, which 

is the chain anhydride of glucose with a beta 1-4 pyranosidic link

age. It is isomeric with starch (amylose) in which the 1-4 link

ages are alpha. It is Mery insoluble, unlike starch, and is di

gested only by microbial action (Van Soest, 1973). 



The only chemical difference between starch and cellulose, 

both homopolysaccharides of D-glucose, is that starch has alpha 

1-4 linkages and cellulose beta 1-4 linkages. Cellulose is not 

attacked by either alpha or beta-amylase. In fact, enzymes cap

able of hydrolyzing the beta 1-4 linkages of cellulose are not 

secreted in the digestive tract of mammals, and they cannot use 

cellulose for food. However, ruminants are an exception; they can 

utilize cellulose as food since bacteria in the rumen form the en

zyme cellulase, which hydrolyzes cellulose to D-glucose (Lehninger, 

1977). 

In his classical work on the starch equivalents of 
the pure digestible nutrients in feeding stuffs, Kellner 
concluded that 1 kg of digestible cellulose had the same 
fat-producing value to the ruminant as 1 kg of digestible 
starch (Woodman and Evans, 1947). 

On the basis of published data it seems likely that almost 

any naturally occurring carbohydrate is apt to be fermented in 

the rumen, i.e., soluble cellulose (Underkofler et_ aj_., 1953). 

Stanely et aj_. (1959) and Festenstein et_ aj_. (1959) isolated en

zymes (cellulases) from rumen fluid which could hydrolyze cellu

lose. 

The main agents essential for the utilization of cellulosic 

materials by the ruminant are certain species of anaerobic bacteria 

that inhabit the rumen. These bacterial species produce cellulase 

enzymes which hydrolyze the insoluble cellulose to soluble cellu-

lodextrins and or sugars, some of which they absorb and ferment 

to obtain the energy required for growth (Schafer et_ al_., 1965; 

Sheth et al., 1969). 



The final products of the rumen fermentation of cellulose, i.e., 

mainly acetate, propionate, butyrate, carbon dioxide, methane, and 

microbial cells, are not produced by cellulolytic species alone 

but by a complex interacting population (Leatherwood et̂  a]_., 1965; 

Hungate, 1966; Dehority et_§1., 1967; Hungate e^ al., 1970; Coen 

et.al., 1970). 

The efficiency with which rumen cellulolytic bacteria digest 

the cellulose of plants depends on many factors besides the extent 

to which the nutritional requirements of the bacteria are satis

fied. The chemical characteristics of the cellulosic materials 

such as the amount of associated lignin and silica are of great 

importance (Pigden et_ aj_., 1969; Van Soest, 1969). 

Van Soest (1967 and 1973) concludes that poor digestibility 

is related to the extent of lignification. The rate of digestion 

of cellulose in forages appears to be related to the lignin-cell-

ulose ratio. Waldo et̂  aj_. (1972) also suggest that lignin influ

ences the amount of digestion. 

The association between lignin and carbohydrate has not yet 

been fully established. Three theories involving the association 

are hydrogen bonding between the constituents, covalent chemical 

bonds, and incrustation (Pewet_al., 1962). Gail lard et_ al. (1962) 

and Sullivan et̂  al. (1966) noted that some carbohydrate fractions 

have a \/ery low digestibility and are probably covalently linked 

to lignin. While Kamstra et_ al. (1958), Baker et_ al. (1947), and 

Beveridge et_ al. (1973) examining cellulose fibers in the process 

of being digested, suggested that lignification is a physical bar-



rier to cellulose digestion by cellulytic rumen microorganisms. 

Thus it would appear that lignin might influence digestibility by 

acting as an "encrusting substance" and thus preventing the diges

tive enzymes of the rumen microorganisms from attacking the plant 

nutrients. 

Lignin is an amorphous polymeric material composed of propyl-

benzene units, methoxyl groups, and hydroxyl groups. It is found 

in the cell wall along with cellulose and adds strength and dur

ability to the plant (Cote, 1965). Lignin contains few hydrolyz-

able bonds, so its enzymatic degradation cannot be by hydrolytic 

depolymerization to soluble fragments, as is the mode of degrada

tion of cellulose and almost all other biopolymers (Kirk et al., 

1975). Crampton et̂  al. (1938) and Gray e_t al. (1947) substanti

ated the fact that lignin is not digested by ruminants. 

Whether lignin also exerts a chemical inhibition or not has 

never been proven but the physical barrier concept is well illus

trated by the improvement in cellulose digestibility brought about 

by wet ball milling (Dehority el §1., 1961 and 1962). In addition, 

numerous workers have chemically removed part of the lignin of 

highly lignified roughages varying from straw, to wood, and suc

ceeded in increasing the digestibility of the cell wall carbohy

drates (Beckman, 1923; Pigden el al., 1969). 



Grain By-Products: Straw, 
Stover and Stubble 

Crop residues such as straws and stovers that are ordinarily 

left in the field contain at least as much energy as that of the 

harvested grain crop. The feed energy from this source can be 

used by ruminants only, and is not involved in the man versus ani

mal competition for energy from cereal grains. 

Soybean straw, when ground and mixed with a protein, mineral 

and vitamin supplement, is comparable with low to medium quality 

hay (Gupta el al-, 1978). Sherrod el al. (1974) found that sor

ghum stubble, when supplemented, contains adequate digestible 

energy to be used as a maintenance feed for ruminants, with in 

vitro and in vivo digestibilities of approximately 45%. Summers 

el al. (1975) report that sorghum stubble digestibility tended to 

decrease with biuret and urea supplementation and remain the same 

with cotton seed meal supplementation. Sherrod el al. (1975), in 

feeding studies with beef cows wintered on grain sorghum stubble, 

found that sorghum stubble can be fed with either liquid or dry 

supplement as the only wintering roughage for gestating cows. 

Ward el al- (1979) conducted trials designed to reflect for

age composition and utilization of grain sorghum residue. They 

noted that cows showed a grazing preference for leaves over stalks, 

indicating the negative influence of acid detergent lignin on for

age digestibility of grain sorghum residue. Klett el al. (1972), 

in steer feeding trials using sorghum stubble and wheat straw in 

feedlot rations, conclude that these materials can be used as rough-
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age sources in feedlot finishing rations; however, the level of 

incorporation into the ration will probably be limited due to their 

low digestibility and high lignin content. 

Early workers attempted to increase the digestibility of 

roughages by sodium hydroxide delignification (Gadden, 1920; 

McAnally, 1942; Woodman el al., 1947). In laboratory experiments 

with ground corn cobs, Chandra and Jackson (1971) investigated 

the use of ten common delignifying reagents. Only sodium hydrox

ide gave good digestibility increases at reasonable levels. 

Treatment with sodium hydroxide breaks by saponification of 

the ester bonds that interlink the cellulose molecules, thus pro

moting swelling. This swelling degrades the material further so 

that microorganisms can penetrate to the cellulose and increase 

digestion. Tarkow el §1. (1969) state that sodium hydroxide causes 

cross linking ester linkages in the hemicellulose fraction to be 

saponified, opening up the structure for enzymatic attack. A por

tion of the encrusting silica is also solubilized by alkali (Saxon 

el al., 1971). Stone el al- (1969) suggest that although a few 

lignin-carbohydrate linkages may be disrupted, it is not necessary 

to break up much lignin to get an acceptable digestibility increase 

with straws. 

Attempts to upgrade cereal straws with sodium hydroxide have 

appeared in the literature since 1890. These early efforts have 

been summarized (Archibald el al., 1924). Beckmann (1919) describes 

a process to "render straw soluble", consisting of treating straw 



with eight times its weight of 1.5% sodium hydroxide solution for 

three hours and then washing until alkali free. Saxena el al. (1971) 

report a 50% in vitro digestibility increase for oat straw treated 

by the Beckmann method over untreated straw. Wilson and Pigden 

(1964) simplified these earlier methods by adding less moisture 

and eliminating the washing step. 

Mowat el §1. (1971) report good results with an alkali soak

ing method at 100 C to minimize holding time. Singh el al- (1971) 

conducted calf trials using ground wheat straw treated with sodium 

hydroxide at the 0, 3.3, 6.7 and 10% levels. Results indicated 

the 3.3?i sodium hydroxide treated straw out-performed all others. 

Javed el al. (1970) achieved good results feeding oat straw treated 

with 8% sodium hydroxide at a 50% moisture level for 24 hours. 

Wilson el al. (1964) report the digestibility of wheat straw in

creases as the amount of sodium hydroxide is raised to the 9% level, 

with further increases having no additional effect. 

Rexen el al- (1974) describe a process whereby straw is treated 

with 4% sodium hydroxide by weight and then subjected to severe 

compaction, as in pelleting. Coombe el §1- (1979), conducting feed

ing trials with growing steers, report intake and weight gain on 

straw, supplemented with urea and minerals, ranged from l.S/o of 

body weight and .09 kg/day for coarsely ground straw to 2.5% of 

body weight and .61 kg/day for alkali pelleted straw. 

Klopfenstein el ^. (1972) report an increase in dry matter 

digestibility of 6.3 percentage units for alfalfa stems and 11.2 

percentage units for corn cobs resulting from their sodium hydrox-
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ide ensiling procedure. Coombe el al. (1979) found that both en

siling chopped barley straw with sodium hydroxide or pelleting 

ground barley straw with sodium hydroxide resulted in increased 

digestibility of these components by 10 percentage units compared 

to nonalkali treated straw. 

Summers and Sherrod (1974) noted that sodium hydroxide treat

ment greatly improved in vitro digestibility of sorghum stubble, 

corn stover, corn cobs and wheat straw, but only slightly improved 

forage sorghum hay and cottonseed hulls. Results indicated the 

response to sodium hydroxide treatment is species specific. In 

studies of various hydroxide treatments of sorghum stubble includ

ing 4% sodium hydroxide, 2% sodium hydroxide plus 2% calcium hy

droxide, and 4% calcium hydroxide, Sherrod el al. (1978) report 

in vitro dry matter digestibility was higher (P<.01) for all hy

droxide treatments than the control with no significant differences 

among hydroxide treatments. Summers el al- (1978) found that so

dium hydroxide treated roughages were significantly higher (P<.05) 

in dry matter digestibility than calcium hydroxide treated rough

ages, but suggest that costs, corrosiveness and possible sodium 

soil build-up are considerations that indicate calcium hydroxide 

or a mixture of sodium hydroxide and calcium hydroxide may be pre

ferred to sodium hydroxide alone. 

Most investigators have used sodium hydroxide because of its 

availability and low cost, but other alkalis used successfully in

clude potassium hydroxide (McAnally el al., 1942) and ammonia 

(Weiss elil., 1972). Braman and Abe (1977) report that sodium 
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hydroxide, potassium hydroxide and ammonium hydroxide all improved 

in vitro dry matter digestibility of ground wheat straw at either 

2 or 4% levels. 

It is thought that ammonia treatment may also increase the 

nitrogen level. Klett et al. (1972), in comparing the feeding val

ue of ammoniated sorghum stubble and ammoniated wheat straw, found 

no significant difference in performance over the same materials 

when fed in the non-ammoniated form with added urea to increase 

the nitrogen level to that of the ammoniated product. Garret el 

al. (1979) conducted digestion trials with lambs to determine the 

value of alkali treated (sodium hydroxide or ammonia) rice straw 

in diets for ruminants. Results v;ere the diets containing the 

treated rice straw were consumed in larger amounts and less feed 

was required per unit of gain when compared to untreated straw. 

The ammonia treatment doubled the nitrogen content of the straw, 

but the availability of this added nitrogen is not known. 

Waiss et §1. (1972) describe an ambient temperature ammoni-

ation process involving treatment of baled straw with aquous am

monia in a sealed plastic envelope for 30 days. This type of 

process is visualized as being suitable for on-the-farm operations. 

In feeding barley, oat, and wheat straw treated in stacked bales 

with 3.5% anhydrous ammonia for 42 days, Horton and Steacy (1979) 

report increased crude protein content almost three-fold. Improve

ments in dry matter and organic matter digestibility for barley, 

oat and wheat straw rations were 2.2, 3.7 and 6.3 percentage units, 

respectively. 
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The digestibility of sorghum stalks and gin trash was nearly 

doubled by a proposed sulfur dioxide treating process. In the treat

ment using sulfur dioxide, the 1ignin-cellulose association is broken 

chemically without removing the lignin. The lignin polymer is split 

apart when it is reduced by the gaseous sulfur dioxide and hydro-

lyzed to become lignosulfonic acid. This reaction is widely used 

in the pulp and paper industry. 

Vernor (1977) treated sunflower stalks, sorghum stalks and 

gin trash with sulfur dioxide at 150 C with a water ratio of 2:1. 

For the sunflower stalks, the best in vitro results occurred at 

6% sulfur dioxide for 4 hours. The digestibility of gin trash was 

more than doubled with sulfur dioxide treatment of 2 hours. The 

sorghum stalks digestibility was increased from 53.9 to 75.4%. 

Sherrod el al. (1978) treated sunflower stalks, cotton burrs and 

sorghum stubble with various sulfur dioxide concentrations for dif

ferent reaction times at 150 C. In vitro digestibility was improved 

with all treatments. The largest increase in digestibility of all 

roughages occurred with 6% sulfur dioxide digested for 2 hours. 

These results suggest that sulfur dioxide treatment might be 

feasibly used as a method for improving the utilization of low 

quality roughages by ruminants. 

Cotton By-Products: Hulls and Gin Trash 

Cottonseed hulls are obtained as a major by-product of the 

cottonseed oil industry and are available in amounts sufficient 

for livestock feeding. 
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White (1963), in his review of research being conducted at 

New Mexico State University, writes that cottonseed hulls can be 

used safely and economically to replace at least one-third of the 

alfalfa hay in dairy rations and show no reduction in milk produc

tion. In growth trials with heifer calves. Hale el al- (1969) found 

that addition of cottonseed hulls to an alfalfa ration significantly 

increased (P<.05) feed intake but had no effect on weight gain. 

On this basis, hulls have approximately 74% of the value of alfalfa 

in growing rations. 

Since cottonseed hull contains substantial amounts of substances 

resistant to digestion, it seemed desirable to study the effect of 

mineral supplementation upon its digestibility and utilization. 

Tillman el al- (1954) report that addition of alfalfa ash to a ra

tion for sheep in which all minerals except calcium, phosphorous, 

sodium, chlorine and sulfur were supplied by cottonseed hulls im

proved the digestibility of all ration components. Stangel et al. 

(1955), in feeding tests to determine a means of increasing the 

utility of cottonseed hulls, concluded that the utilization of 

cottonseed hulls was not improved by the additional mineral and 

vitamin supplements. 

Anderson el §1- (1958) found that grinding cottonseed hulls 

did not cause an increase in average daily gain over that of steers 

fed loose hulls, but a group of ten steers fed pelleted hulls aver

aged .24 lb more daily gain per steer than the control group. 

Stangel el al. (1958) report that steers fed pelleted cottonseed 

hulls as the principle roughage had an advantage in gain, carcass 



grade and financial return over those fed loose cottonseed hulls 

in a 140-day feeding test. Brown el §1. (1977), following trials 

where pelleted or nonpelleted cottonseed hulls were substituted 

for 10, 30 or 50% of alfalfa hay cubes in a ration, conclude that 

both pelleted and non-pelleted cottonseed hulls seem an acceptable 

roughage for supporting milk production and body maintenance. 

Jones el al. (1957) report that gin trash is worth about 90% 

as much as cottonseed hulls. Steers fed a roughage mixture con

sisting of equal parts cottonseed hulls and ground alfalfa gained 

more than those fed a like mixture of ground cotton gin trash and 

ground alfalfa, but the difference was not large. An Arizona Ex

periment Station found that cattle ate unprocessed gin trash re

gardless of whether grain or molasses was added and a ration made 

of 60% silage and 40% gin trash produced steer gains equal to all 

silage rations (Crops and Soils, 1957). Logan el al. (1958) found 

that ground gin trash and ground alfalfa hay combinations, not ex

ceeding 50% gin trash, fed with ground sorghum grain and cotton

seed meal, produced satisfactory rates of gain and finish. Erwin 

and Roubicek (1958) concluded that unprocessed gin trash was as 

palatable and, when fed as part of the roughage, was equal to si

lage in the production of steer gains. 

In a 56-day lamb growing trial, Arndt and Richardson (1978) 

found that all performance parameters (average daily gain, feed 

efficiency and feed consumption) were improved when cubed gin trash 

was substituted for loose gin trash. Arndt H a l - (1979) conducted 

experiments to determine the effects of mechanical and chemical 
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processing on in vitro and in vivo digestibility of gin trash. 

Results indicated that the use of 4% sodium hydroxide, nitric acid 

plus steam or sulfuric acid plus steam can improve the digestibility 

of cotton gin trash. 

Wood By-Products: Bark, Shavings 
and Sawdust 

Wood residue may serve as a source of digestible energy and 

as a roughage substitute in ruminant rations. Only a minor per

centage of wood carbohydrate can be utilized by rumen microflora. 

The high lignin content and the low cell contents are believed to 

be the controlling factors (Van Soest, 1964 and 1967). Even though 

most untreated woods can contribute little to the dietary energy 

needs of ruminants, wood can still serve a useful function as a 

roughage substitute. Roughage materials currently used include 

hay, corn cobs, cottonseed hulls, oat hulls, rice hulls and poly

ethylene pellets (Baker el al., 1975). 

Sherrod el al. (1973) evaluated hardwood (HWS) and softwood 

(SWS) shavings and compared them with cottonseed hulls (CSH) in 

10% roughage steer finishing rations. Gains and feed intake with 

both types of shavings as roughage sources were comparable to CSH, 

although feed conversion was somewhat less efficient. Carcass traits 

were similar for all comparisons of roughage treatment. McCartor 

el al- (1972) compared 10% CSH, cottonwood sawdust (CWSO), and raw 

rice hulls (RH) in high concentrate diets. They report the presence 

of 10% CSH, CWSD, or RH in the diets did not alter any of the slaugh

ter or carcass characteristics. 
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Cody elal. (1968 and 1972) evaluated the effect of dietary 

sawdust on animal health (especially on the gastrointestinal tract) 

and examined the merit of sawdust as a roughage substitute and/or 

intake regulator. Results indicated that rations containing screened 

sawdust did not physically injure the gastrointestinal lining nor 

was any toxic effect apparent. Twenty-five percent sawdust appeared 

to be the most desirable level for roughage substitution. Vara 

elal. (1968) report no differences in carcass yield, meat quality 

or in the cost of meat production after feeding rations containing 

14% and 28% cottonwood, compared to a ration based on ground corn 

cobs. 

Anthony and Cunningham (1968) compared hardwood sawdust and 

oyster shell additions to all concentrate cattle rations. The ra

tion containing 10% wood waste supported gain equal to gain of cat

tle fed basal. No deleterious effects resulted from feeding hard

wood waste. Dinius elal. (1970) conducted studies to determine 

the acceptability and digestibility of rations containing various 

roughage substitutes. Wood products (sawdust, shavings and floor

ing waste) were fed at 10% of a complete ration with ground corn 

cobs as the control. Dry matter intakes of the rations containing 

wood by-products were not significantly different from that of the 

control. The presence of substitutes tended to increase the di

gestibility of the concentrate fraction of the rations. Investi

gating voluntary intake by sheep of diets diluted with 30 and 50% 

sawdust, Wei ton and Baumgardt (1970) concluded no difference in 

palatability between these 30 and 50% sawdust rations since the 
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dry matter intakes were essentially the same. After conducting 

two trials to evaluate oak sawdust as a roughage substitute in beef 

cattle finishing rations, El-Sabban elal. (1971) report feedlot 

performance data of both trials indicated that sawdust can be suc

cessfully used at levels up to 15% of the ration. 

Satter elal. (1970 and 1973) fed rations containing hay and 

pelleted concentrate containing 32% aspen sawdust to determine if 

aspen sawdust could serve as a partial roughage substitute in a 

high-concentrate ration for dairy cows. They report no significant 

ration effects on milk production or percent milk production. 

Thirty percent dietary aspen sawdust was effective as a partial 

roughage substitute for hay. 

Millet elal. (1970) determined the in vitro digestibilities 

of various woods and their barks. Although all of the hardwood 

species examined showed some degree of digestibility, they exhib

ited a rather broad range of values from a low of 2% to a high of 

approximately 35%. The softwoods were not digested significantly. 

Mellenberger ^ al. (1970) in similar studies conclude that, except 

for modest digestibility of a few hardwood species, the carbohy

drates of whole-wood residues are essentially unavailable to the 

ruminant animal. The close molecular association between the 

major constituents of wood-cellulose, hemicellulose, and lignin 

appears to limit bacterial and enzymatic access to the carbohydrates 

of the cell wall. 

Success in using wood residue carbohydrates as an energy source 

thus requires the development of an effective and practical means 
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for enhancing the accessibility of the cell wall constituents to 

the action of rumen microorganisms. Pew (1957), Pew and Weyna (1962), 

and Dehority and Johnson (1961) all conducted studies to determine 

whether the amount of cellulose digestion in vitro could be increased 

by fine grinding or ball-milling. It was found that the amount 

of cellulose digested was increased in direct relationship with 

the length of ball-milling. Gharib elal. (1975) studied effects 

of particle size on digestibility using growing lambs and report 

dry matter digestibility of bark as determined by difference was 

not enhanced when the bark was ground through the finer screens. 

Baumgardt et al. (1969) and Millet et al. (1970) concluded that 

treatments such as ultra fine grinding, acid hydrolysis, and high-

energy electron irradiation are not economically feasible. 

Utilization of wood in animal feeds started as a result of 

high feed grain prices during 1918-19. Wood was hydrolyzed and 

the washings and hydrolyzate were neutralized, concentrated, mixed 

with the unhydrolyzed residue and dried. Digestion studies showed 

that if the process of hydrolysis could be modified so as to con

vert a larger portion of the cellulose of the wood into sugar or 

more completely separate the cellulose from the lignin, the food 

value of the material would be enhanced (Archibald, 1926). 

Gharib elal. (1975) investigated the effects of different 

chemicals, their concentrations and reaction times on composition 

and digestibility of poplarbark in vitro. Digestibility was in

creased to the greatest extent (24 to 33%) by NaOH, CaO, CaO plus 

NaOH, NaClO or NaClO treatments. However, longer reaction times 
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were required with CaO or CaO plus NaOH than with NaOH alone. Keith 

and Daniels (1976) treated hardwood sawdust with solutions of NaOH 

and H^SO^, ranging in concentrations from 1.0 to 2.5% for 24 hours. 

The in vitro dry matter digestibility was improved almost 100% by 

the 1% solution of NaOH. But they found that steers fed rations 

containing 25% untreated, 1% NaOH, or 1% H SO -treated sawdust for 
2 4 

85 days, had no difference (P<.01) in weight gains, feed intake 

or feed efficiency. Wilson and Pigden (1964) noted that alkali 

treatments UD to about 9% caused marked increases in in vitro di-

gestibility of wheat straw and poplar wood, but above this level 

no further increases were obtained. 

In studying the effect of reaction time, temperature and con

centration of NaOH alone on the in vitro true digestibility of pop

lar bark, Gharib el al_. (1975) concluded that treatment with 9 or 

12 g NaOH/100 g bark resulted in significant (P<.05) increases in 

in vitro true digestibility. Feist elal. (1970) report that di

gestibility rises to a maximum value with increasing ratio of al

kali-to-wood. The minimum ratio at the maximum digestibility ap

pears to be independent of species and is 5 to 6 g NaOH/100 g of 

wood. Albin elal- (1974) found that in vitro digestibility of 

both hard and soft-wood shavings was somewhat improved by NaOH treat

ment, particularly at a level of 10% of dry matter. Digestibility 

of 25% roughage rations by steers was comparable among the control 

(cottonseed hulls) and the dry and treated hard and soft-wood ra

tions. Millet elal. (1970) and Baker elal. (1975) results of 

in Vitro rumen digestion show a range of response to alkali treat-
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ment. Aspen and basswood attained a digestibility of 55;, other 

species as soft maple show an intermediate response with digesti

bilities ranging from 35% and 40%, other species resulted in di

gestibilities less than 20%. Difference in response appears to 

be related to the lignin content of the treated hard-woods. 

Moore et §1. (1972) reported that treatment of aspen sawdust 

with anhydrous liquid or gaseous ammonia provided substantial in

crease in in vitro digestibility, raising it to approximately that 

of hay. With anhydrous ammonia treatment, the swelling capacity 

of the wood substance is approximately doubled. This, together 

with the indication that the upper molecular weight limit for pene

tration of diffusing materials is increased, accounts for the im

proved digestibility of such treated material by cellulolytic mi

croorganisms (Tarkow, 1969). 

Feist elal. (1970) and Millet elal. (1970) conclude that 

pretreating processes, including steaming and swelling in aqueous 

alkali or in anhydrous ammonia, have given promising results with 

certain hardwoods, but are generally ineffective with softwoods. 

Another approach for improving the accessibility of wood resi

due carbohydrates would be to disrupt the lignin-carbohydrate as

sociation in situ without selectively removing either constituent. 

Under proper conditions, gaseous sulfur dioxide has brought about 

just such a disruption, and the treatment apparently is applicable 

to both hardwoods and softwoods (Clark elal., unpublished). 

Baker and Millet (1975) reacted woods in the form of sawdust 

for 2 hours (hardwood) or 3 hours (softwood) at 120 C with an ini-
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tial sulfur dioxide pressure at room temperature of 30 p.s.i. and 

a water-to-wood ratio of 3:1. The wood was then neutralized with 

NaOH and air dried. Cellulase digestion for 48 hours was carried 

out before and after treatment. Enzymatic conversion of the hard

wood carbohydrates was essentially quantitative, indicative of a 

complete disruption of the strong lignin-carbohydrate association 

in the original woods. The 60-65% digestibility of the treated 

wood is comparable to high quality hay. 

Two feeding experiments were conducted at the University of 

Wisconsin Department of Dairy Science in which red oak sawdust that 

had been treated with sulfur dioxide was fed to goats to determine 

the acceptability, possible toxic effects and the nutritional value 

Clark (unpublished) describes the process whereby red oak sawdust 

was treated in a digester at a water-to-wood ratio of 2:1 and an 

initial sulfur dioxide pressure at room temperature of 15 p.s.i. 

The temperature was then raised to 105-110 C in about 30 minutes 

and held for 3 hours. Treated wood was then neutralized with 

NaOH and air dried. Goats were fed a pelleted ration same as con

trol except 30% sulfur dioxide treated sawdust displaced alfalfa 

meal. Dry matter digestion and carbohydrate utilization were cal

culated from weights and analyses of feeds and feces. For the con

trol ration these averaged 55% and 62%; for the ration with sul

fur dioxide sawdust it was 57% and 65%. From this it is apparent 

the treated wood digestibility is equal to or possibly better than 

alfalfa meal. 
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Ozonization of wood has been used in the past as a method of 

studying the nature of possible chemical bonding between lignin 

and carbohydrates. When spruce flour was ozonized in ethyl ace

tate, removal of a large proportion of lignin (96.4%) was accom

plished, accompanied by removal of a considerable proportion of 

wood carbohydrates (Kiryushina and Tishchenko, 1968). Schuerch 

(1963) carried out ozonization of kraft pulp under a variety of 

conditions: in suspension in water, in solvents that preferen

tially wet lignin, in mixtures of the two and in the gas phase at 

various moisture contents using both constant and fluctuating gas 

pressures. He reports that both cellulose and lignin were degraded 

simultaneously and that the reaction is most rapid and homogeneous 

if carried out using a fluctuating gas pressure and wood contain

ing 100% moisture. 

Ozone is known to degrade lignin as well as carbohydrate 

material in wood (Mester, 1959; Brauns, 1952). It appears that 

ozone treatment offers another area to be researched, regarding 

chemical processes which may increase the feeding value of wood 

and wood based residues. 



CHAPTER III 

UTILIZATION, NITROGEN RETENTION, AND IN VIVO 
DIGESTIBILITY OF DIETS CONTAINING 
SULFUR DIOXIDE (SOJ TREATED OR 

UNTREATED GROUND MESQUITE 
IN RUMINANTS 

Summary 

Three experiments were conducted to evaluate the utilization, 

nitrogen retention and digestibility of sulfur dioxide treated 

ground mesquite (Prosopis spp.) wood in growing sheep. 

An initial dry matter digestibility (DMD), organic matter di

gestibility (OMD) and nitrogen retention trial was conducted with 

five lambs in an 85-day study. A complete diet was fed in which 

ground mesquite, either treated or untreated, comprised 10, 20 or 

40% of the total diet. The five treatments were: A) control 

(practical diet); B) 90% practical diet + 10% SO2 treated mesquite; 

C) 80% practical diet + 20% SO2 treated mesquite; D) 60% practical 

diet + 40% SO2 treated mesquite; and E) 60% practical diet + 40": 

untreated mesquite. The apparent DMD for both the 20% and 40% mes

quite diets were less (P<.01) than that of the control while the 

diet containing 10% mesquite was not different (P<.01) from the 

control. The 40% SO2 treated mesquite level had lower (P<.01) DMD 

than the 40% untreated mesquite level. The same pattern was evi

dent for OMD, with the 40% SO2 treated mesquite level having the 

lowest digestibility (P<.01). Nitrogen retention in lambs consum

ing the 40% SO2 treated mesquite was lower (P<.01) than the control, 

while the 10% and 20% diets were not different (P<.01) from the 

23 
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control. Lambs consuming the 40% SO2 treated mesquite diet retained 

less (P<.01) nitrogen than those consuming the 40% untreated mes

quite diet. These data indicate that higher levels (40%) of the 

SO2 treated or untreated mesquite wood in the diet decrease appar

ent DMD and nitrogen retention. 

In order to more closely evaluate the lower levels of treated 

and untreated mesquite wood in the diet a second 85-day study was 

conducted. OMD, OMD and nitrogen retention were determined as in 

the previous study with five lambs. A complete diet was fed in 

which ground mesquite wood, either treated or untreated, comprised 

either 10 or 20% of the total diet. The five treatments were: 

A) control (practical diet); B) 90% practical diet + 10% SO2 treated 

mesquite; C) 90% practical diet + 10% untreated mesquite; D) 80% 

practical diet + 20% SO2 treated mesquite; and E) 80% practical 

diet + 20% untreated mesquite. The apparent DMD for both the 10% 

and 20% SO2 treated mesquite and the 20% untreated mesquite diets 

were less (P<.01) than that of the control, while the 10% untreated 

mesquite diet was not different (P<.01) from the control. There 

was no difference (P<.01) in DMD between the 10% SO2 treated and 

10% untreated mesquite diets. Likewise there was no difference 

(P<.01) in DMD between the 20% SO2 treated and 20% untreated mes

quite diets. The same pattern was evident for OMD, with the 20% SO2 

treated mesquite diet having the lowest digestibility (P<.01). 

There were no differences (P<.05) in nitrogen retention among any 

of the mesquite diets as compared to the control; however, the 20% 

SO2 treated mesquite diet tended to be lower than the others. These 
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results indicate that SO2 treatment does not improve DMD or nitrogen 

retention over the untreated ground mesquite wood product. However, 

the data indicates that ground untreated mesquite wood may be in

corporated into diets at a level of 10% without affecting DMD or 

nitrogen retention. 

Growing lambs were fed a growing-finishing diet to determine 

the effects of supplementing graded levels of SO2 treated mesquite 

in a practical feedlot ration in partial substitution of other di

etary fiber sources. Treatments included a control (75% concen

trate, 25% cottonseed hulls) and three diets with SO2 treated mes

quite making up 5, 10 or 20% of the cottonseed hulls. Lambs were 

evaluated for average daily gain (ADG) and feed conversion (G/F). 

Lambs consuming the control, or the 5, 10 or 20% SO2 treated mes

quite diets had similar gains (P<.05). G/F was depressed for lambs 

consuming the 20% SO2 treated mesquite diet as compared to the other 

diets. The control, 5 and 10% SO2 treated mesquite diets resulted 

in similar (P<.05) G/F. These data indicate that SO2 treated mes

quite wood may be incorporated in ruminant diets, in partial sub

stitution of other dietary fiber sources, at the level of 5 to 10% 

without affecting acceptability or performance. Higher levels 

(20%) of the SO2 treated mesquite wood product apparently decreases 

animal performance. 

Introduction 

Experiments have been conducted since 1938 in an effort to 

develop effective and economical methods of controlling mesquite. 
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which infests about 70 million acres of grassland in the United 

States. Exploratory feeding trials have shown that ground mesquite 

wood is a possible source of bulk in rations for cattle when other 

roughages are scarce and relatively high in price. 

Marion et al. (1957) reported that cows were maintained 140 

days on a mesquite wood ration. They calved normally and were in 

better condition than cows fed cottonseed hulls. Daily gains of 

2.2 lb were made the next year in a 140-day trial by 645 lb steers 

fed 7.2 lb mesquite wood, 1.9 lb hulls, 2 lb alfalfa and 10 lb con

centrates. Steers in the control group fed cottonseed hulls gained 

2.3 lb daily. Ellis (1969) conducted studies in which pregnant 

lactating cattle were fed ground mesquite. In these studies, it 

was found that mesquite without any supplements could not provide 

the nutritional or energy requirements for pregnant lactating beef 

cows. 

Vernor (1977) investigated several methods for improving the 

nutritional value of mesquite wood. These methods included treat

ment with caustic, sulfur dioxide, elemental sulfur, sulfuric acid, 

or ethanol. Of these methods, the sulfur dioxide treatment was 

most beneficial. Sherrod elal. (1973) treated ground mesquite 

with sulfur dioxide at different temperatures, reaction times and 

concentrations. Maximum improvement in digestibility occurred with 

6% sulfur dioxide and a reaction temperature of 150 C for 2 hours. 

In vitro dry matter digestibility increased from 33% for the control 

to 68% for the best treatment. Fahle (1978) also obtained in vitro 
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dry matter digestibilities of from 33% to 45% for the sulfur dioxide 

treated mesquite. 

Sherrod el al. (1979) conducted investigations to evaluate 

variables associated with sulfur dioxide treatment of large samples 

of mesquite required for practical feeding to ruminants. Three 

hundred g and 26 kg samples of ground mesquite were treated with 

6% sulfur dioxide in a 1:1 (mesquite to water) ratio at 150 C to 

evaluate the effects of reactor sample size upon in vitro digesti-

bility. Sulfur dioxide treatment improved digestibility to approxi

mately similar levels with 300 g and 26 kg samples as with smaller 

samples. 

This series of experiments was conducted to evaluate the ef

fects of sulfur dioxide treatment of mesquite wood on digestibility, 

nitrogen availability and utilization by growing lambs. 

Experimental Procedure 

The Department of Range and Wildlife Management, Texas Tech 

University, harvested approximately 140 kg of mesquite in December, 

1978, from the Montgomery Ranch near Post, Texas. The mesquite 

was then shredded in a Bearcat grinder with a 6.3 mm screen, re

sulting in a shredded particle with the smallest dimension being 

.5 mm. The Department of Chemical Engineering, Texas Tech Univer

sity, conducted the treatment procedure. Water was added in a ratio 

of 1:1 (mesquite to water). The mesquite was then sealed into a 

cylindrical vessel reactor and 6% sulfur dioxide vapor was added 

to the cylinder. An operating temperature of 150 C was employed 
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at 30 p.s.i. pressure for a period of 2 hours. It was then neu

tralized with the addition of ammonium hydroxide and air dried. 

Three experiments were conducted to evaluate the digestibility 

and nitrogen retention of the sulfur dioxide treated mesquite wood 

and its effects on lamb performance. 

Experiment 1. Five wether lambs, averaging 25 kg, were indi

vidually housed in metabolism cages which allowed total collection 

of feces and urine. The lambs were given one tramisol bolus for 

internal parasites 10 days prior to beginning the experiment. They 

were housed in an enclosed building, with the temperature remaining 

relatively constant throughout the experimental period. Clean water 

was furnished ad libitum. 

A complete diet was fed in which ground mesquite wood, either 

treated or untreated, comprised various portions of the total 

(table 1). Composition of the experimental diets is shown in 

table 2. Standard total collection procedures for determining 

consumption and digestibility were used in feeding, excreta col

lection and chemical analysis of feed and feces. Response criteria 

were ration intake and digestibility of the various nutrient com

ponents. 

A 5 X 5 latin square design was used with total collection 

of feces and urine. Each period consisted of a 7-day collection, 

preceded by a 10-day adaptation. Lambs were equally fed during 

collection. One-way analysis of variance and least significant 

differences were used to determine treatment responses. 
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TABLE 1. COMPOSITION OF PRACTICAL DIET (EXPERIMENT 1) 

Ingredient Percentage 

Cottonseed hulls 

Ground sorghum 

Soybean meal 

Plain salt 

Molasses (liquid) 

Dicalcium phosphate 

Vitamin A 

Vitamin D 

Vitamin E 

25 

62. 

7. 

• 

3 

2 

1,506 

440 

33 

,4 

,11 

5 

lU/kg 

lU/kg 

lU/kg 
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TABLE 2. COMPOSITION OF EXPERIMENTAL DIETS (EXPERIMENT 1) 

Ingredient A 

Practical diet, % (control) 100 

Ground mesquite, 

SO2 treated 
Untreated 

10 

0 
0 

Treatments 
B 

90 

10 
0 

30 

20 
0 

D 

60 

40 
0 

60 

0 
40 

Experiment 2. Five wether lambs, averaging 30 kg were indivi

dually housed in metabolism cages allowing total collection of feces 

and urine. The lambs were shorn and given one and one-half tramisol 

bolus for internal parasites 7 days prior to initiation of the experi 

ment. They were housed in an enclosed building with the temperature 

remaining relatively constant throughout the experimental period. 

Clean water was furnished ad libitum. 

A complete diet was fed in which ground mesquite wood, either 

treated or untreated, comprised various portions of the total 

(table 1). Composition of the experimental diets is shown in 

table 3. Standard total collection procedures for determining con

sumption and digestibility were used in feeding, excreta collec

tion and chemical analysis of feed and feces. Response criteria 

were ration intake and digestibility of the various nutrient com

ponents. 

A 5 X 5 latin square design was used with total collection 

of feces and urine. Each period consisted of a 7-day collection 
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preceded by a 10-day adaptation. Lambs were equally fed during 

collection. One-way analysis of variance and least significant 

differences were used to determine treatment responses. 

TABLE 3. COMPOSITION OF EXPERIMENTAL DIETS (EXPERIMENT 2) 

Ingredient 
Treatments 
B D 

Practical diet, % (control) 

Ground mesquite, % 

SO2 treated 
Untreated 

100 90 90 30 80 

0 
0 

10 
0 

0 
10 

20 
0 

0 
20 

Experiment 3. Forty-eight growing lambs averaging 30.5 kg 

were used in a 56-day feeding study. The lambs were given one and 

one-half tramisol bolus for internal parasites and 2.5 cc of Clos

tridium Perfringens types C and D Bacterin-Toxoid to prevent entero-

toxemia. The Clostridium Perfringens Bacterin-Toxoid was repeated 

14 days later. All lambs were injected with 2.5 cc of Tylan upon 

arrival and received one additional injection the following day 

if respiratory problems were evident. The lambs were housed under 

a shed with one side open throughout the experiment. Clean water 

was furnished ad libitum. Lambs were stratified by initial weight 

and sex across four treatments. Data were analyzed as a completely 

randomized design. Lambs were weighed at 28-day intervals and feed 

consumption was recorded. 

A 75% concentrate diet in which graded levels of sulfur dioxide 

treated mesquite replaced cottonseed hulls was furnished ad libitum 
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in self feeders. Composition of the experimental diets is shown 

in table 4. A premix composed of trace mineralized salt, vitamins 

and 25 kg of soybean meal was mixed for 15 minutes in a small pad

dle mixer and then incorporated into the remaining ingredients in 

a one-ton batch paddle mixer for 10 minutes. The four treatments 

were: A) control; B) 5% SO2 treated mesquite; C) 10% SO2 treated 

mesquite; and D) 20% SOj treated mesquite. 

Twelve lambs were allotted to each of the four treatments with 

two replications per treatment and six lambs per replication. One

way analysis of variance and least significant differences were 

used to determine treatment responses. Response criteria were 

average daily gain and gain/feed. 

Results and Discussion 

Experiment 1. Chemical analysis of the experimental diets 

are shown in table 5. The means for dry matter digestibilities 

and organic matter digestibilities for the five experimental diets 

are shown in table 6. The means for nitrogen retention for the 

five experimental diets are shown in table 7. 

The apparent DMD for both the 20% and 40% mesquite diets were 

lower (P<.01) than that of the control, while the 10% mesquite diet 

was not different (P<.01) from the control. The 40% SO2 treated 

mesquite diet had a lower (P<.01) DMD than the 40% untreated mes

quite diet. The same pattern followed for OMD, with the 40% SO. 

treated mesquite diet having the lowest (P<.01) digestibility. 

Nitrogen retention for the diet containing 40% SO2 treated mesquite 
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TABLE 4. COMPOSITION OF EXPERIMENTAL LAMB DIETS (EXPERIMENT 3) 

Ingredient 
Treatments 
B D 

Cottonseed hul ls 

SO2 treated mesquite 

Ground sorghum 

Soybean meal 

Dehydrated a l f a l f a meal 

Dicalcium phosphate 

Trace mineral sa l t 

Sodium sul fate 

25.0 

0 

55.60 

13.33 

5.0 

.32 

.50 

.25 

Percer 

20.0 

5.0 

55.60 

13.33 

5.0 

.32 

.50 

.25 

itage 

15.0 

10.0 

55.60 

13.33 

5.0 

.32 

.50 

.25 

5.0 

20.0 

55.60 

13.33 

5.0 

.32 

.50 

.25 

Vitamins 

Total 100.00 100.00 100.00 100.00 

^Vitamin A added at 1,188 lU/kg of diet. Vitamin D added at 320 
lU/kg of diet. Vitamin E added at 35 lU/kg of diet. 
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TABLE 5. CHEMICAL ANALYSIS OF EXPERIMENTAL DIETS (EXPERIMENT 1) 

Percentage 
Component Crude Dry 
analyzed protein matter Ash 

Diet-A 

Diet-B 

Diet-C 

Diet-D 

Diet-E 

SO2 treated mesquite 

Untreated mesquite 

12.09 

12.81 

13.62 

15.33 

10.56 

21.38 

8.13 

88.63 

86.47 

84.76 

81.09 

90.21 

66.40 

93.75 

6.39 

6.23 

6.35 

5.31 

5.73 

4.4 

2.7 
\J 
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TABLE 6. IN VIVO DIGESTIBILITY OF DIETS CONTAINING SO, TREATED 
OR UNTREATED MESQUITE (EXPERIMENT 1) 

Diets 

Component 
% Digestible % Digestible 
dry matter organic matter 

A (100% control) 73.94 73.85 

B (10% SO2 treated mesquite) 70.06 70.95' 

C (20% SO2 treated mesquite) 63.17 64.67 

D (40% SO2 treated mesquite) 53.89 55.35 

E (40% untreated mesquite) 60.75 62.03 

^'^'^Means followed by different superscripts are different 
(P<.01). 
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TABLE 7. NITROGEN RETENTION OF LAMBS CONSUMING DIETS CONTAINING SO 
__^ TREATED OR UNTREATED MESQUITE (EXPERIMENT 1) \ 

Percent of N 
'-'"'̂'̂̂  N retention, g/day intake retained 

A (100% control) 3.81^ 31.87^ 

B (10% SO2 treated mesquite) 3.04^ 24.60^ 

C (20% SO2 treated mesquite) 1.97̂ *̂  15.41^^ 

D (40% SO2 treated mesquite) .87^ 12.27^^ 

E (40% untreated mesquite) 1.93^^ 19.14^^ 

'̂ Means followed by different superscripts are different (P<.01). 
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was less (P<.01) than the control, while the diets containing 10 

and 20% mesquite were not different (P<.01) from the control. The 

40% SO2 treated mesquite diet resulted in lower (P<.01) nitrogen 

retention than the 40% untreated mesquite diet. These data indi

cate that higher levels (40%) of the SO2 treated or untreated mes

quite wood in diets for ruminants decreases apparent DMD and nitro

gen retention. At the close of this experiment additional experi

ments were designed to further evaluate the lower levels of SO2 

treated and untreated mesquite on DMD and nitrogen retention in 

ruminants. 

Experiment 2. Chemical analyses of the experimental diets 

are shown in table 8. The means for DMD and OMD for the five ex

perimental diets are shown in table 9. The means for nitrogen 

retention for the five experimental diets are shown in table 10. 

The apparent DMD for both the 10% and 20% SO2 treated mes

quite and the 20% untreated mesquite diets were lower (P<.01) than 

that of the control, while the 10% untreated mesquite level was 

not different (P<.01) from the control. There was no difference 

(P<.01) in DMD between the 10% SO2 treated and 10% untreated mes

quite diets. No differences (P<.01) in OMD were found between the 

20% SO2 treated and untreated diets. There were no differences 

(P<.05) in nitrogen retention between any of the mesquite levels 

as compared to the control; however, the 20% SO2 treated mesquite 

level tended to be lower than the others. These results indicate 

that SO2 treated mesquite can be substituted in ruminant diets up 

to 20% without adversely affecting DMD or nitrogen retention. 
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TABLE 8. CHEMICAL ANALYSIS OF EXPERIMENTAL DIETS (EXPERIMENT 2) 

Percentage 
Component Crude Dry 
analyzed protein matter Ash 

Diet-A 12.09 88.63 6.39 

Diet-B 12.81 36.47 6.23 

Diet-C 11.48 88.30 6.60 

Diet-D 13.62 84.76 6.35 

Diet-E 11.09 39.33 6.72 



39 

TABLE 9. IN VIVO DIGESTIBILITY OF DIETS CONTAINING SO2 TREATED 
OR UNTREATED MESQUITE (EXPERIMENT 2) 

Diets 
% Digestible 
dry matter 

Component 
% Digestible 

organic matter 

A (100% control) 74.83' 74.74' 

B (10% SO2 treated mesquite) 70.41 
bed 71.30 

bed 

C (10% SO2 untreated mesquite) 71.51 ac 73.01 ac 

D (20% SO2 treated mesquite) 66.27 
bd 67.73 

bd 

E (20% untreated mesquite) 69.22 
bed 70.50 

bed 

a,b,c,d^^g^^^ followed by different superscripts are different 

(P<.01). 
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TABLE 10. NITROGEN RETENTION OF LAMBS CONSUMING DIETS CONTAINING SO. 
TREATED OR UNTREATED MESQUITE (EXPERIMENT 2) 

Percent of N 
Diets N retention, g/day intake retained 

A (100% control) 3.21^ 27.57^ 

B (10% SO2 treated mesquite) 2.73^ 24.57^ 

C (10% untreated mesquite) 3.15^ 27.56^ 

D (20% SO2 treated mesquite) 2.49^ 19.16^ 

E (20% untreated mesquite) 3.21^ 28.91^ 

'There were no differences among means. 
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However, SO^ treated mesquite did not significantly improve (P<.05) 

in vivo utilization over untreated mesquite. These observations 

are not consistent with in vitro studies on the SO^ treated product. 

It is theorized that the sulfur dioxide treated product in the diet 

may be causing an excess sulfur load on the animal, interfering 

with metabolism. It is also thought that the decreased particle 

size of the mesquite wood chips resulting from the chemical treat

ment process may increase rate of passage, thus decreasing fermen

tation time for digestibility. 

Experiment 3. Lambs fed for 56 days on a 75% concentrate diet 

were evaluated according to average daily gain and gain/feed. The 

four treatments were: A) control; B) 5% SO^ treated mesquite; -

C) 10% SO2 treated mesquite; and D) 20% SO2 treated mesquite. Feed 

consumption was recorded and the lambs were weighed at 28-day in

tervals. 

Average daily gains and gain/feed are shown in table 11, and 

feed consumption is given in table 12. Average daily gains (kg) 

and G/F for treatments A, B, C, and D were .149, .127; .165, .118; 

.164, .135; and .145, .088, respectively. Lambs consuming the 

control and the 5%, 10%, and 20% SO2 treated mesquite diets resulted 

in similar (P<.05) average daily gains. Feed conversion was de

pressed for lambs on the 20% SO2 treated mesquite diet when com

pared with the other diets. The control, 5% and 10% SO^ treated 

mesquite diets resulted in similar feed conversion (P<.05). 

The fact that lambs fed the 5% and 10% SO2 treated mesquite 

levels performed as well as those on the control diet indicates 
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TABLE 11. PERFORMANCE OF LAMBS CONSUMING DIETS CONTAINING 
SO2 TREATED MESQUITE (EXPERIMENT 3) 

Treatment ADG (kg) Gain/feed 

Control .149^ ± .004^ 127^± .013 

5% SO2 treated mesquite .165^ ± .012 113^± .014 

10% SO2 treated mesquite .164^± .033 135^± .014 

20% SO2 treated mesquite .145^± .001 088^± .011 

3 b c 
* ' Means within a column followed by different superscripts are 

different (P<.05). 

^Mean ± SE for 12 animals 
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TABLE 12. FEED CONSUMPTION OF LAMBS CONSUMING DIETS CONTAINING 
SO2 TREATED MESQUITE (EXPERIMENT 3) 

Feed consumption 
Treatment (kg/head/day) 

Control 1.19^ i .080^ 

5% SO2 treated mesquite 1.47^^± .260 

10% SO, treated mesquite 1-20 ±.120 

20% SO, treated mesquite 1-68 ± .200 

^'^Means.followed by different superscripts are different (P<.01) 

^Means ± SE for 12 animals. 
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that the SO2 treated mesquite product may be incorporated into the 

diet without affecting acceptability or performance. These data 

suggest that SO2 treated mesquite wood may be utilized in partial 

substitution of other dietary fiber sources up to 10% of a diet. 

Incorporation of higher levels (20%) of SO2 treated mesquite in 

sheep diets apparently decreases animal performance. 



CHAPTER IV 

UTILIZATION, NITROGEN RETENTION, AND 
IN VIVO DIGESTIBILITY OF DIETS 

CONTAINING COTTON LINTERS 
IN RUMINANTS 

Summary 

Two experiments were conducted to evaluate the utilization, 

nitrogen retention and digestibility of cotton linters (obtained 

by the dilute sulfuric acid delinting process) by sheep. 

A dry matter digestibility (DMD), organic matter digestibility 

(OMD) and nitrogen retention trial was conducted with five lambs 

in an 85-day study. A complete diet was fed in which cotton lin

ters were substituted in diet for various portions of cottonseed 

hulls (CSH). The five treatments were: A) control (practical diet); 

B) 60% practical diet + 40% of CSH; C) 60% practical diet + 40% 

of 1 part 1 inters/5 parts CSH (1 + 5 mix); D) 60% practical diet 

+ 40% of 2 parts 1 inters/5 parts CSH (2 + 5 mix); and E) 60% prac

tical diet + 40% of 3 parts 1 inters/5 parts CSH (3 + 5 mix). The 

apparent DMD for diets containing 1 + 5 mix, 2 + 5 mix, 3 + 5 mix, 

or CSH alone was less (P<.01) than the control. The 1 + 5 mix, 

2 + 5 mix and 3 + 5 mix diets were not different (P<.01) in DMD 

from the diet containing CSH alone. The same pattern existed for 

OMD, with the 1 + 5 mix, 2 + 5 mix, and 3 + 5 mix diets not dif

fering (P<.01) from the diet containing CSH alone. Nitrogen re

tention for diets containing the 1 + 5 mix, 2 + 5 mix, 3 + 5 mix 

or CSH alone was less (P<.01) than the control. Nitrogen reten-
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tion resulting from the 1 + 5 mix, 2 + 5 mix and 3 + 5 mix diets 

was not different (P<.01) from the diet containing CSH alone. These 

data indicate that cotton linters (obtained by the dilute sulfuric 

acid delinting process) may be incorporated into ruminant diets. 

Linters together with cottonseed hulls may be incorporated up to 

a level of 3 parts linters to 5 parts cottonseed hulls without af

fecting DMD, OMD or nitrogen retention of lambs. 

Growing lambs were used to determine the effects of supple

menting graded levels of cotton linters to a practical feedlot diet 

in partial substitution of other dietary fiber sources on accept

ability and performance. All lambs received a constant amount of 

protein supplement and treatments consisted of different roughage 

sources (with or without cotton linters), free choice. The four 

treatments were: A) control (corn silage); B) cottonseed hulls 

(CSH); C) 1 part linters/5 parts CSH ( 1 + 5 mix); D) 2 parts lin-

ters/5 parts CSH ( 2 + 5 mix). Lambs were evaluated for average 

daily gain (ADG), feed conversion (G/F) and feed consumption. 

Lambs consuming the silage, CSH, 1 + 5 mix and 2 + 5 mix diets re

sulted in similar gains (P<.01). G/F was lower (P<.01) for lambs 

on the CSH, 1 + 5 mix, and 2 + 5 mix diets as compared to silage. 

The CSH and 1 + 5 mix diets resulted in similar (P<.01) G/F, while 

G/F was depressed (P<.01) for lambs on the 2 + 5 mix diet as com

pared to CSH. These data indicate that acid hydrolyzed cotton 

linters may be used in partial substitution of other dietary fiber 

sources such as CSH at the rate of 1 part linters/5 parts CSH with

out affecting performance. The higher level of substitution (2 
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parts linters/5 parts CSH) apparently decreases animal perform

ance. 

Introduction 

Cottonseed linters, the short fibers removed from the seed 

as the first step in processing, are sometimes called "the fabu

lous fuzz." Linters are used for making a variety of products from 

gauze to twine. One of the earliest uses of 1 inter pulp was for 

the making of smokeless powder. A bale of linters supplies cellu

lose needed to produce powder for 100,000 rounds of rifle ammuni

tion. 

Berkley (1942) describes the cotton fiber (lint) as a single 

cell containing a primary wall and a secondary thickening, both 

of crystalline cellulose. Schubert elal. (1973 and 1976), in 

studies of the growth and development of cotton lint fibers, re

ported findings showing that, among other things, the deposition 

of almost pure cellulose in the secondary walls of cotton fibers. 

Franz and Meier (1969) and Halliwell (1965) reported that cotton 

linters or hairs are useful in the study of cellulose biosynthesis, 

since they consist mainly of cellulose and contain only very lit

tle pectin and hemicelluloses. Orr (1977) comments that the pur

est cellulose in chemistry is found in cotton linters. 

Gas-acid delinting plants in west Texas have sold a mixture 

of neutralized cottonseed linters and cull seed to local feed lots 

as a feed ingredient. Energy conversion by ruminant animals fed 

the neutralized linters has been estimated to be only 47.39% di-
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gestible, yielding 340 kilogram-calories per pound of dry matter 

(Jones elal., 1976). Selby and Maitland (1967) demonstrated the 

complete hydrolysis of cotton fiber cellulose readily by cellulase 

bacterial enzymes. Hale et al. (1969) state that cotton lint is 

pure cellulose and as such should be 100% digestible by rumen micro

organisms. Following studies of the degradation of different forms 

of cellulose by concentrated suspensions of mixed rumen microor

ganisms, Halliwell (1957a) reported almost complete solubilization 

of native cotton fiber. Halliwell (1957b) demonstrated that the 

form of cellulose found in cotton fibers can be readily and com

pletely dissolved in vitro by mixed populations from the rumen of 

sheep. Halliwell (1965) concluded that enzyme solubilization of 

cotton fibers gives quantitative conversion into glucose. 

This series of experiments was conducted to determine the 

effects of cotton linters (obtained by the dilute sulfuric acid 

delinting process) on digestibility, nitrogen retention and utili

zation by growing lambs. 

Experimental Procedure 

A new process (developed by Cotton Incorporated) for delint

ing cotton planting seed with dilute sulfuric acid is a continuous 

operation. It was engineered to delint large quantities of seed 

for commercial shipment to cotton producers. Basic technical in

formation about their delinting process is given in Cotton Incor

porated Agro-Industrial Report PSP-1, Volume 3, Number 1, dated 

January 1976, entitled, "Dilute Sulfuric Acid Delinting of Cotton 
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Planting Seed." The cotton linters utilized in the following studies 

were obtained by this new method from Cotton Incorporated of Raleigh, 

North Carolina. 

Experiment 1. Five wether lambs averaging 32 kg were individu

ally housed in metabolism cages which allowed total collection of 

feces and urine. The lambs were given one and one-half Tramisol 

bolus for internal parasites 7 days prior to beginning the experi

ment. They were housed in an enclosed building, with the tempera

ture remaining relatively constant throughout the experimental 

period. Clean water was furnished ad libitum. 

A complete diet was fed in which cotton linters substituted 

various portions of cottonseed hulls (table 13). Composition of 

the experimental diets is shown in table 14. Standard total col

lection procedures for determining consumption and digestibility 

were used in feeding, excreta collection and chemical analyses of 

feed and feces. Response criteria were voluntary consumption and 

digestibility of the various nutrient components. 

A 5 X 5 Latin square design was used with total collection 

of feces and urine. Each period consisted of a 7-day collection 

preceded by a 10-day adaptation. Lambs were equally fed during 

collection. One-way analysis of variance and least significant 

differences were used to determine treatment responses. 

Experiment 2. Seventy-two growing wether lambs averaging 

30.5 kg were used in an 84-day feeding study. The lambs were given 

one and one-half Tramisol bolus for internal parasites and 2.5 cc 

of Clostridium Perfringens type C and D Bacterin-Toxoid to prevent 
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TABLE 13. COMPOSITION OF PRACTICAL DIET (EXPERIMENT 1) 

^"9^edient Percentage 

Cottonseed hulls 

Ground sorghum 

Soybean meal 

Plain salt 

Molasses (liquid) 

Dicalcium phosphate 

Vitamin A 

Vitamin D 

Vitamin E 

25 

62. 

7. 

3 

2 

1,506 

440 

33 

,4 

,11 

,5 

lU/kg 

lU/kg 

lU/kg 



Di 

Ingredient 

TABLE 14. COMPOSITION OF EXPERIMENTAL DIETS (EXPERIMENT 1) 

Treatments 
A B D 

Practical diet, % (control) 

Cottonseed hulls (CSH) 

1 part linters/5 parts CSH 

2 parts linters/5 parts CSH 

3 parts linters/5 parts CSH 

100 60 60 60 60 

40 - - -

40 

40 

40 
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enterotoxemia. The Clostridium Perfringens Bacterin-Toxoid was 

repeated 14 days later. All lambs were injected with 2.5 cc of 

Tylan upon arrival and received one additional injection the fol

lowing day if respiratory problems were evident. The lambs were 

housed under a shed with one side open throughout the study period. 

Clean water was furnished ad libitum. Randomization of the lambs 

was based on initial weight. Lambs were weighed at 28-day inter

vals and feed consumption was recorded. 

All lambs received a concentrate supplement. Composition of 

the supplement is shown in table 15. The four treatments consisted 

of different roughage sources, with or without cotton linters as 

shown in table 16. The supplement was provided at a rate of one 

pound per head per day, with the particular roughage source pro

vided free choice. A premix composed of trace mineralized salt, 

vitamins and 25 kg of soybean meal was mixed for 15 minutes in a 

small paddle mixer and then incorporated into the remaining con

centrate ingredients in a one-ton batch paddle mixer for 10 min

utes. The four treatments were: A) control; B) CSH; C) 1 + 5 mix; 

and D) 2 + 5 mix. The 1 + 5 mix was cubed and then reground prior 

to its use in the study. 

Eighteen lambs were allotted to each of the four treatments 

with three replications per treatment and six lambs per replica

tion. A completely randomized design was used. One-way analysis 

of variance and least significant differences were used to deter

mine treatment responses. Response criteria were average daily 

gain and gain/feed. 
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TABLE 15. COMPOSITION OF SUPPLEMENT (EXPERIMENT 2) 

Ingredient Percentage 

Ground sorghum 

Soybean meal 

Dicalcium phosphate 

Trace mineralized salt 

Sodium sulfate 

Vitamin A - 30 

Vitamin D 

Vitamin E 

4: 

1 

72. 

25. 

2. 

,455 

,100 

240 

,25 

,0 

,0 

,5 

,25 

lU/kg 

lU/kg 

lU/kg 



Corn silage (control) 

Cottonseed hulls 

1 part linters/5 parts CSH + 

2 parts linters/5 parts CSH 

54 

TABLE 16. ROUGHAGE SOURCES (EXPERIMENT 2) 

Ingredient 
Treatments 

A B C D 
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Results and Discussion 

Experiment 1. Chemical analyses of the experimental diets 

are shown in table 17. The means for dry matter digestibilities 

and organic matter digestibilities for the five experimental diets 

are shown in table 18, and means for nitrogen retention are shown 

in table 19. 

The apparent DMD for the diets containing 1 + 5 mix, 2 + 5 

mix, 3 + 5 mix and CSH alone was lower (P<.01) than the control. 

The 1 + 5 mix, 2 + 5 mix and 3 + 5 mix diets were not different 

(P<.01) in DMD from the diet containing only CSH. The same pat

tern existed for OMD, with the 1 + 5 mix, 2 + 5 mix and 3 + 5 mix 

diets not differing (P<.01) from the diet containing only CSH. 

Nitrogen retention for the 1 + 5 mix, 2 + 5 mix and 3 + 5 mix diets 

as with the diet containing CSH alone was less (P<.01) than the 

control. Nitrogen retention for the 1 + 5 mix, 2 + 5 mix and 3 + 5 

mix diets was not different (P<.01) from the diet containing CSH 

alone. These data indicate that cotton linters (obtained by the 

dilute sulfuric acid delinting process) may be incorporated into 

ruminant diets. Linters together with CSH may be incorporated up 

to a level of 3 parts linters to 5 parts CSH, without affecting 

DMD, OMD or nitrogen retention. 

Experiment 2. Lambs were fed for 34 days to determine the 

effects of supplementing graded levels of cotton linters (obtained 

by the dilute sulfuric acid delinting process) in partial substi

tution of other dietary fiber sources on average daily gain and 

gain/feed. The four treatments were: A) control (corn silage); 
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TABLE 17. CHEMICAL ANALYSIS OF EXPERIMENTAL DIETS (EXPERIMENT 1) 

Percentage 
Component Crude Dry 
analyzed protein matter Ash 

Diet-A 11.61 88.90 5.40 

Diet-B 9.05 39.31 4.60 

Diet-C 9.32 89.22 4.60 

Diet-D 3.34 33.91 4.44 

Diet-E 9.36 39.83 4.42 

Cottonseed hulls 3.42 90.20 2.54 

Cotton linters 8.93 95.11 2.70 
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TABLE 13. IN VIVO DIGESTIBILITY OF DIETS CONTAINING 
COTTON LINTERS (EXPERIMENT 1) 

Component 

A (100% control) 

B (40% hulls) 

C (40% 1 + 5 mix) 

D (40% 2 + 5 mix) 

E (40% 3 + 5 mix) 

% Digestible % Digestible 
Treatments dry matter organic matter 

76.42^ 

59.36^ 

66.17^ 

65.39"^ 

64.48^ 

77.91^ 

60.59*^ 

67.04^ 

65.35^ 

64.86^ 

^' Means followed by different superscripts are different (P<.01). 
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TABLE 19. NITROGEN RETENTION OF LAMBS CONSUMING DIETS 
CONTAINING COTTON LINTERS (EXPERIMENT 1) 

Percent of N 
Treatments N retention, g/day intake retained 

A (100% control) 4.26^ 36.76^ 

B (40% hulls) l.igb 14.33b 

C (40% 1 + 5 mix) 1.69"̂  18.69^ 

D (40% 2 + 5 mix) 2.04^ 21.94^ 

E (40% 3 + 5 mix) 1.77"̂  19.13^^ 

' Means followed by different superscripts are different (P<.01) 
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B) CSH; C) 1 + 5 mix; and D) 2 + 5 mix. Feed consumption was re

corded and the lambs were weighed at 28-day intervals. 

Average daily gains and gain/feed are shown in table 20 and 

feed consumption in table 21. Average daily gains (kg) and G/F 

for treatments A, B, C, and D were .109, .129; .115, .087; .119, 

.087; and .085, .075, respectively. Lambs consuming the silage, 

CSH, 1 + 5 mix and 2 + 5 mix diets resulted in similar (P<.01) 

gains. Feed conversion was depressed (P<.01) for lambs on the 

CSH, 1 + 5 mix and 2 + 5 mix diets as compared to silage. The 

CSH and 1 + 5 mix diets resulted in similar (P<.01) feed conver

sion, while feed conversion was depressed (P<.01) for lambs on the 

2 + 5 mix diet as compared to CSH. 

The fact that lambs fed the 1 part linters/5 parts CSH diet 

performed as well as those on the CSH diet indicates that cotton 

linters may be incorporated into ruminant diets without affecting 

acceptability or performance. These data suggest that cotton lin

ters may be used in partial substitution of other dietary fiber 

sources (CSH) at the rate of 1 part linters/5 parts CSH without 

affecting performance. The higher level of substitution (2 parts 

linters/5 parts CSH) apparently decreases animal performance. 
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TABLE 20. PERFORMANCE OF LAMBS CONSUMING DIETS CONTAINING 
COTTON LINTERS (EXPERIMENT 2) 

Treatment ADG (kg) Gain/feed 

Control (silage) .107^ ±.012^ .129^ ±.013 

Cottonseed hulls .109^ ±.018 .087^ =.009 

1 + 5 mix .115^ ±.007 .037^ ±.005 

2 + 5 mix .092^ ±.008 .075^ ±.003 

a> »c, »6|^g3p5 within a column followed by different superscripts 
are different (P<.01). 

^Mean ± SE for 18 animals. 
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TABLE 21. FEED CONSUMPTION OF LAMBS CONSUMING DIETS CONTAINING 
COTTON LINTERS (EXPERIMENT 2) 

Feed consumption 
Treatment (kg/head/day) 

Control (silage) .921^ ± .051^ 

Cottonseed hulls 1.316*̂  ± .069 

1 + 5 mix 1.375^ ± .130 

2 + 5 mix 1.157^ ± .063 

a K p 

' ' Means followed by different superscripts are different 
(P<.01). 

^Means ± SE for 18 animals. 
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