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CHAPTER I 

INTRODUCTION 

About one hundred years ago there was very little mesquite in 

Texas. Due to overgrazing and grass fires, mesquite now occupies about 

70 million acres of ranchland in the southwest and is continually 

spreading (Goldstein et̂ . a]_., 1971). This figure represents 50% of the 

grasslands in the State of Texas. When mesquite infests grasslands, 

it continually robs grasses and other range forages of moisture, 

sunlight, and space. About two acres of good grassland, free of mes

quite is required to support one cow, whereas twelve to one hundred 

acres is required for mesquite-infested land. It is also estimated 

that 10 million acrefeet of water could be salvaged annually with the 

elimination of mesquite {Soltes, 1964). 

Some areas of West Texas have ten tons of mesquite per acre. The 

annual growth rate of a moderate mesquite stand is 200 to 500 pounds 

per acre per year (Burzlaff, 1977). This mesquite represents a signi

ficant amount of energy that should not be wasted. 

Many methods of controlling mesquite growth have been used. 

These include chemical control, chaining, and root plowing. However, 

such methods attempt to eliminate rather than utilize the mesquite. 

The most economically attractive utilization would be to harvest and 

process the mesquite and feed it directly to cattle. An economical 

method to increase the digestibility of the mesquite would make this 

practical. The purpose of this research was to investigate potential 
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processes which will make the mesquite sufficiently digestible for 

use in animal rations. Bench scale tests are to be used. Hopefully, 

the technology developed could result in a major improvement in 

ranch profitability. 

The research involved in mesquite utilization is a joint effort 

among several departments at Texas Tech University. The Range and 

Wildlife Department is responsible for developing a harvesting mecha

nism and conducting a survey of the mesquite population in Texas. 

The Animal Science Department has performed the analysis of the 

treated mesquite and in future studies will determine the desirability 

of feeding mesquite to cattle. These two departments have worked in 

conjunction with the Chemical Engineering Department to find a prac

tical means to increase the digestibility of mesquite for cattle. 

Finally the Agricultural Economics Department will determine the 

financial attractiveness of processing mesquite within the total 

ranch economy. 



CHAPTER II 

LITERATURE REVIEW 

General Mesquite Applications 

Much research has been devoted to the eradication of mesquite 

using methods which will minimize the expense. These methods include 

the conversion of mesquite to useful products such as charcoal, ethyl 

alcohol, and plastics; the extraction of tannin from mesquite; use 

as special wood products, such as block flooring and woodwork; use 

as raw material for pulp and paper manufacturing and use as a live

stock feed (Marshall, 1947). 

Mesquite burns slowly and evenly and has a high heat value. Be

cause of its high density, high yields of a good grade of charcoal 

can be produced. However, the tannic acid in mesquite causes damage 

to the iron in stoves and furnaces (Marshall, 1945). Use of mesquite 

as an energy source is also uneconomical. Considering harvesting, 

shredding, and hauling costs, delivered mesquite would cost about $15 

per ton. It has been calculated that mesquite would have to sell 

for $10 to $13 per ton to compete with coal on an equivalent energy 

recovery basis (Wiley, 1977). 

Special products can be produced or extracted from mesquite. 

Mesquite wood has a relatively low percentage of cellulose and a high 

percentage of lignin, which is detrimental in the production of ethyl 

alcohol but advantageous in the production of plastics. Heartwood 



mesquite contains five to nine percent tannin and the bark contains 

five percent. This is too low of a yield for commercial application 

(Marshall, 1947). 

The use of mesquite as lumber has very little application. The 

mesquite tree trunk is short and crooked, and the tree itself has 

many short branches. Those trees with trunks of nine to ten inches 

in diameter usually have windshake because of the brittleness of the 

wood. Worm defects are also common to mesquite. Mesquite could be 

ground into small pieces and used as fiberboard, or as a raw material 

in the pulp and paper industry, however, the abundance of other woods 

in forests makes these utilizations currently uneconomical. 

The most attractive method of control and utilization of mesquite 

is to harvest and feed it directly to the cattle. A method to econo

mically increase the digestibility of the mesquite would make this 

concept practical. A process which would make the mesquite suffi

ciently digestible for cattle feeding has been developed and will be 

discussed later. 

Mesquite as a Cattle Feed 

Mesquite might serve as a roughage with little nutritional value, 

or as an energy cattle feed. Use as a roughage source is the more 

simple function, but use as a total energy feed is the more beneficial, 

In the latter case, feed grains would not have to be purchased. This 

would free the feed grains for human consumption thereby supplementing 

man's dwindling food supply (Scott et. al., 1969). 



Ruminant animals have four stomachs. Of these, the first three 

have the unique ability to digest cellulosic materials which humans 

cannot digest. This is possible because these animals have a symbio

tic arrangement with cellulolytic microorganisms which habitate their 

rumen, a first stomach. Thus, the rumen provides ideal conditions for 

fermentation, and the microorganisms provide the animal with nutrients 

by enzymatically breaking down cellulose and hemicelluloses. Pure 

cellulose is completely digestible and thus provides as much energy 

as the best feed grains (Scott, et̂ . ail_., 1969). The fermentation 

products which the animal utilizes for energy are primarily acetic 

acid and propionic acid. The animals also obtain proteins from the 

bacteria and protozoa that pass into the digestive tract. Thus, in 

the overall process man gains because materials not suited for human 

consumption are converted to usable meat and milk products. 

Beef and dairy cattle consume over 400 million tons of feed each 

year (Millett, £t. aj_., 1975). In feedlots and dairy farms, the 

cattle are fed high carbohydrate grains to promote meat and milk 

production. However, some roughage material must be mixed with these 

high energy rations or else abnormalities in the liver and stomach 

occur (Millett, et̂ . aj^., 1969). Roughage is also required to physi

cally stimulate the rumen walls and promote chewing which increases 

salivation for the maintenance of rumen pH. Roughage material, such 

as grass hay, corn cobs, and cottonseed hulls, can range from $20 to 

$40 per ton and are increasing in price (Scott et_. aj_., 1969). 



The Texas Agricultural Experimental Station at Spur, Texas, con

ducted feeding tests on yearling steers to determine the effects of 

using mesquite as a roughage. The steers consumed a maximum of 10 

pounds of mesquite per day without the addition of molasses. When 

molasses was blended into the ration for palatibility, the steers 

consumed up to 16 pounds of mesquite per day which represented about 

50% of their ration. When mesquite roughage was compared to silage 

roughage, the silage-fed steers gained more weight; but, because 

mesquite v/as less expensive, the mesquite-fed steers gave an advantage 

in net return of $0.32 per head over those fed silage. The mesquite-

fed steers showed no ill effects and the slaughter and carcass data 

differed little from that of the control group. This study showed 

that the use of mesquite as a roughage is attractive when the price 

of conventional roughage is abnormally high (Marion, et̂ . al_., 1957). 

However, research at Texas Tech University concluded that a ration 

of ground mesquite alone could not meet the nutritional or energy 

requirements for pregnant, lactating beef cows (Ellis, 1969). Al

though mesquite contains 70% to 75% carbohydrates, a relatively small 

percentage of this is digestible due to the protective action of the 

lignin (Millett, et^. a\_., 1969). If the digestibility of mesquite 

could be increased so that a cow could sustain herself and her calf, 

the processed mesquite would have potential for significant utiliza

tion on ranches. In order to meet these needs, a treatment of mes

quite would be necessary to make the cellulose more readily available 

to the rumen microorganisms. In order to increase the digestibility 



of wood, it is necessary to break down the lignin in the cell walls 

and to disrupt the structure of the cellulose. Lignin is an amorphous, 

polymetric 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 durability to the plant (Cote^ 1965). Lignin is 

indigestible and resistant to many microorganisms. 

Lignin Chemistry 

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 (Pew, et_. aj^., 1952). 

Hydrogen bonding is probably only a contributing factor in the 

ligno-cellulose bonding. Lignin has a considerable amount of polar 

alcoholic, phenolic, and ether-oxygen groups which can easily be 

involved with hydrogen bonding with hydroxyl groups in the carbo

hydrates. However, hydrogen bonds are very weak unless systematically 

arrayed, which is unlikely with the amorphous character of lignin. It 

does not seem likely that hydrogen bonding explains the total resis

tance of wood from attack by cellulolytic enzymes. 

Chemical bonds also cannot explain the total resistance of wood 

to cellulolytic enzymes. Even if all of the lignin molecules were 

combined with carbohydrate, the wood would not be as resistant to 

cellulolytic attack as it is. 

Incrustation, along with hydrogen and chemical bonding, is the 

most plausible explanation. The lignin polymer prevents the large 
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enzyme molecules from entering the structure. Delignification removes 

this barrier completely. Swelling of the wood permits the entrance 

of enzymes. 

General Treatments to Increase Digestibility 

Many efforts have been made to increase the digestibility of wood 

and wood-based residues. Some of these treatments are electron irradi

ation, vibratory ball milling, gaseous and liquid ammonia, gaseous 

sulfur dioxide, and dilute sodium hydroxide. Each of these treatments 

can increase digestibility for particular wood wastes (Baker, ejt. al., 

1975). 

Electron irradiation destroys the lignin in order to increase 

the digestibility of wood. It is a ^ery effective method of increas

ing digestibility of woods that are not initially wery digestible. 

A high level of irradiation, however, also destroys the carbohydrates, 

and is ^ery expensive. Irradiation of a moderate level would cost 

$150 per ton. Vibratory milling can increase digestibility as much 

as 70% to 80%. However, the amount of increase for different woods 

vary. Tests have shown that in vitro digestibility results are higher 

than in vivo digestibility because finely ground feeds exhibit insuf

ficient residence times in the rumen. Treatment with liquid anhydrous 

ammonia increases digestibility. Maximum digestibility can be reached 

in 30 minutes at 30°C. Hardwoods that have been treated with liquid 

ammonia have an increased swelling capacity which permits greater 

accessibility of cellulose to rumen microorganisms. Ammonia treatments 



also react with various woods to give different digestibilities 

(Millett et. al., 1970). 

Treatment with sodium hydroxide breaks by saponification the ester 

bonds that interlink the cellulose molecules, thus promoting the swell

ing of wood by water. This swelling degrades the wood further so that 

microorganisms can penetrate to the cellulose and increase digestion. 

Results show that this treatment affects various woods in different 

ways. For example, aspen and basswood respond extremely well to 

alkali treatment; ash, birch, and maple show an intermediate response; 

and fir and spruce show wery little response to treatment. For hard

woods, the difference seems to be related to the lignin content 

(Millett et. al., 1975). 

In the treatment using sulfur dioxide, the lignin-cellulose asso

ciation is broken chemically without removing the lignin. The lignin 

polymer is split apart when it is reduced by the gaseous SO2 and 

hydrolyzed to become lignosulfonic acid. This reaction is widely 

used in the pulp and paper industry. Sulfur dioxide treatment is the 

most favorable treatment for mesquite and detailed process literature 

will be cited when experimental observations are discussed. 

Recent interest has been focused on oxidative hydrolysis of woody 

wastes. A process for treating organic matter using oxidation and 

hydrolysis was patented by J. W. Jelks in 1973. In this process, the 

organic material was mixed with water and a nontoxic acid so that the 

resulting solution contained 40% by weight dry matter and 60% by 

weight acid solution. The acid selection could be phosphoric, acetic. 
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hydrochloric, sulfuric, or sulfurous acid. A metal catalyst was added 

to the acid solution in the amount of 0.4% of the dry weight of the 

organic matter. This metal catalyst could be iron or magnesium. The 

mixture was subjected to a pressure of about 150 psig of compressed 

air and a temperature of 105°C to 110°C for 12 to 20 minutes. The 

purpose of this oxidation step was to break up the lignin-cellulose 

bonds. The gas was then purged to reduce the pressure to atmospheric 

and the temperature raised to 180°C with saturated steam at a pressure 

of 150 psig for 3 to 7 minutes. This procedure allowed the acid and 

metal catalyst to hydrolyze the oxidized organic material, thereby 

converting a portion of the cellulose molecules to saccharides. The 

final product was neutralized with ammonia. 

Sawdust that was treated with Jelk's process was tested on beef 

cattle in Tulia, Texas. Results indicated that this sawdust could 

replace 40% of the grain in a high energy, low roughage finishing 

ration for beef cattle. The estimated grain replacement value of the 

sawdust was 60% of the value of corn (Albin, 1976). Gin trash was 

also treated with Jelk's process in Tulia. The treated gin trash is 

being tested so that in the future it might be used on a commercial 

basis. 

Techniques in Wood Pulping 

In paper making, the commercial pulping process must remove lignin 

from wood. This delignification is accomplished by agents which alter 

and solubilize the lignin. However, no known reagents are capable 
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of dissolving lignin without attacking the carbohydrate components. 

The pulp and paper industry treats wood chips at elevated temperatures 

and pressures with sulfides under alkaline conditions (kraft process) 

or with sulfites under both alkaline and acid conditions to remove 

the lignin. 

The kraft process uses NaOH and NapS as the active chemicals in 

the cooking liquor. It evolved from the older soda process which 

used only NaOH. The addition of the sulfide ion accelerates the rate 

of delignification, with less damage to the cellulose and hemicellu-

lose. The cooking temperatures range from 168°C to 175°C with cor

responding pressures of from 95 to 115 psig. The cooking time varies 

from 45 to 90 minutes. The lower temperatures and longer heating 

times yield a more highly purified pulp (Britt, 1970). 

In the sulfite pulping process, the cooking liquor consists of 

4 to 9% SO2 dissolved in water together with 2 to 3% SO2 in the form 

of bisulfite. The total time of cook varies from 5 to 12 hours. 

Higher temperatures are used for shorter cooking times. The cooking 

times are relatively long in order to allow complete penetration of 

SOp into the wood chips. Thus, the temperature is slowly raised to 

130°C with a pressure of 100 psi at the beginning of the cook (Britt, 

1970). 

Oxidative pulping is not widely used in industry but it has been 

found effective in lab-scale processes. Delignification is induced 

by an oxidative reaction with dissolved Op and a hydrolytic reaction 

catalyzed by a base. The pulping of wood with O2 instead of S0« 
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increases the percentage of sugars and carbohydrates retained in the 

wood. However, since mass transfer of oxygen into the wood is res

tricted by the low solubility of oxygen in pulping solutions, diffu

sion of O2 is much slower than the bisulfite ion (Sarkanen, et_. al., 

1976). Thus, the partial pressure of Op and the residence times of 

O2 pulping are much greater than for SOp treatments. For reasonable 

delignification of wood at 125°C and at pH 9, 200 psi of oxygen 

pressure and a residence time of 16 hours is required (Minor, et_. al., 

1974). If the reaction temperature is increased in order to shorten 

the reaction time, the transfer of oxygen into the wood is increased. 

However, the rate of oxygen consumption is increased even more and 

ultimately no oxygen will reach the core (Sarkanen, et̂ . al., 1976). 



CHAPTER III 

CHEMICAL TREATMENT OF MESQUITE 

Procedures to Observe the Effect of Chemical Treatment 

For preliminary screening of methods to improve the digestibility 

of mesquite, it was impractical to process sufficient mesquite for 

actual cattle consumption. For this reason, it was necessary to use 

bench scale in vitro methods to estimate the in vivo digestibility of 

mesquite. These laboratory procedures do not predict absolute digesti

bility for actual animal feeding tests, but they do serve to rank 

different forages and different treatments of woody materials with 

regard to their potential for animal feeding. 

All of the in vitro dry matter digestibility (IVDMD) analyses 

were determined in triplicate by the Moore modification of the two-stage 

Tilley-Terry procedure (Harris, 1970). Rumen fluid from a fistulated 

steer was collected four hours after being fed forage sorghum hay. 

This rumen fluid was strained through cheesecloth and then filtered 

through glass wool. A buffer solution saturated with carbon dioxide 

was added to this filtered rumen fluid in a 7:3 ratio (Sherrod, et_. al., 

1974). This buffered rumen solution was added to two grams of the 

mesquite sample and placed in a flask with a CO2 environment. The 

samples were incubated at 39°C for 48 hours, HCl and pepsin added, and 

then incubated for another 48 hours. At the end of this period, the 

samples were filtered, dried, and weighed. The difference in weight 

of the mesquite sample before and after incubation determined the 
13 
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digestibility. A reference forage of known digestibility was included 

in each run to compare repeatibility and accuracy. These tests were 

performed by the Animal Science Department of Texas Tech University. 

The Range and Wildlife Management Department identified and sup

plied mesquite for preliminary testing. Honey mesquite was harvested 

in October, 1975, February, 1976, May, 1976, and September, 1976, and 

labeled fall, winter, spring, and late summer, respectively. The fall 

mesquite came from Wilbarger County, near Lockett, Texas; the winter 

mesquite came from Fisher County, between Snyder and Roby, Texas; the 

spring mesquite came from Borden County, near Gail, Texas; and the late 

summer mesquite was cut from light, moderate, and heavy mesquite stands 

in various parts of Texas. The mesquite was shredded by the Range and 

Wildlife Department into pieces of about 5 cm in length using a Bear-

Cat grinder. Each sample was then pulverized to a size of about 30 

mesh using a Bantam Micropulverizer. Heartwood mesquite was obtained 

from a sawmill and was supplied by the Biology Department. Analyses 

of these samples are shown in Table I. A complete analysis of fall 

mesquite is shown in Table II. 

From Table II, the dry matter was determined by the weight loss 

of 0.5 gram samples exposed to 105°C for 24 hours. The dry matter 

content allows all other nutrient to be compared on a dry basis. 

Cattle feeds with less than 80% dry matter tend to develop mold 

growths which deteriorates the feed and often adversely affects its 

palatibility. The ash content was determined by the weight loss of 

0.5 gram samples exposed to 600°C for 24 hours. This measure 
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TABLE I 

In Vitro Dry Matter Digestibility (IVDMD) 

Of Harvested Mesquite 

Season in which harvested %IVDMD 

Fall 1975 

Winter 1976 

Spring 1976 

Late Summer 1976 

Light 

Moderate 

Heavy 

Heartwood 

33. 

28. 

36. 

21. 

22, 

25, 

5, 

,0 

.5 

.0 

.5 

.1 

.4 

.3 
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TABLE II 

Fall Mesquite 

Item Value 

DRY MATTER % 94.4 

COMPOSITION, % OF DM 

ORGANIC MATTER 97.3 

ASH 2.7 

CELL WALLS 75.1 

ACID DETERGENT FIBER 57.4 

CELLULOSE 41.8 

LIGNIN 15.7 

HEMICELLULOSE 17.7 

CELL SOLUBLES 22.8 

CRUDE PROTEIN 7.3 

ETHER EXTRACT 0.0 

ESTIMATED SOLUBLE CARBOHYDRATES 14.9 

GROSS ENERGY KCAL/G (DM) 4.22 

IN VITRO DIGESTIBILITY 

DRY MATTER 33.0 

ORGANIC MATTER 32.2 
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represents the mineral content of the sample. The cell walls, which 

contain lignin, cellulose, and hemicellulose represent the least di

gestible and least valuable fraction of the wood. The cell solubles 

which include crude protein and carbohydrates, are highly digestible. 

The acid detergent fiber is composed of cellulose and lignin. Cellu

lose and hemicellulose are very digestible in the rumen and are a 

valuable energy source for cattle. Lignin is not digestible. If 

the cell wall contains a high quantity of cellulose and a low amount 

of lignin, then the sample is very useful as a ruminant feed. The 

crude protein was determined by multiplying the amount of nitrogen by 

6.25. Nitrogen is in all amino acids which are the building blocks 

of proteins and meat (Mcllroy, et̂ . al., 1976). The lignin and ash 

content of the fall mesquite is not digestible in the cow's rumen, 

so the maximum in vitro digestibility would be about 80%. 

Steam and Caustic Treatment 

Previous Work 

In experiments by Millett, et_. ̂ al. [1970], various woods were 

treated for 1 hour with 100 ml of 1% NaOH, washed to neutrality, and 

dried. Aspen and basswood showed outstanding improvement in digesti

bility from alkali treatment. The digestibility of bassvyood was im

proved from 5% to 55%. Black ash, white birch, and soft maple in

creased to maximum digestibilities of from 35% to 41%. Yellow birch, 

eastern cottonwood, American elm, red oak, and white oak all had di

gestibilities of less than 20% after treatment. However, they all 

did show an increase in digestibility. Douglas fir and Sitka spruce 
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which are soft woods, did not respond at all to the alkali treatment. 

Studies have been conducted at Texas Tech University on low di

gestibility roughages to determine the effects of sodium hydroxide 

treatment. These roughages have a high degree of lignification. Each 

sample was ground and treated with 5% sodium hydroxide and 50% water. 

The in vitro digestibility was improved for corn cobs, corn stover, 

wheat straw, sorghum stubble, and bermuda grass. A slight improvement 

was found for hay and cottonseed hulls, but no improvement was real

ized for peanut hulls or alfalfa (Summers, et_. al., 1974). 

Simple, inexpensive steam treatments can be used to increase in 

vitro digestibility for some hardwoods. For aspen, the digestibility 

was increased to over 50% and feeding tests with sheep showed it 

to be palatable. Beech, sugar maple, white birch, white oak, and 

white ash had final digestibilities of 30 to 40%. ^ery little effect 

occurred for black spruce, bolsam fir, and eastern hemlock. The con

trol materials such as timothy hay, wheat grass, and wheat straw were 

all improved by steaming. The hardwoods were steamed for 2 hours at 

165 to 170°C. The control materials were steamed for 1 hour (Bender 

et. al., 1970). 

Steaming and alkali treatment of honey mesquite was conducted at 

Texas A&M University. The wood was treated with 1% to 5% NaOH at 

100°C for 1 hour. After treatment, the wood was filtered and washed 

with dilute acid. Treatment with steam was carried out at 150°C and 

200°C for 4 hours. These treatments were not effective on honey mes

quite. It also appeared from this study that the heartwood of mesquite 
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contains a cellulase inhibitor (Goldstein, et_. al., 1974). 

Experimental Data 

The apparatus shown schematically in Figure 1 was assembled to* in

ject steam at 40 psi into a stainless steel pressure bomb in order to 

cook caustic-treated mesquite. Steam tracing was wrapped around the 

bomb to raise the temperature in order to minimize condensation of the 

steam and therefore lower the amount of water left in the bomb after 

the run. 

Fall mesquite was treated with 4% NaOH by weight of mesquite at 

temperatures from 100°C to 130°C. After each test, the mesquite was 

divided into three aliquots. Nothing further was done to the first 

aliquot, the second aliquot was osterized for 10 minutes at the oster-

izer's highest speed, and the third aliquot was osterized and homo

genized. The samples were osterized with a domestic, ten-speed oster-

izer and homogenized in a colloid mill, manufactured by Premier Mill 

Corporation. The samples were sent through the colloid mill several 

times, decreasing the shear space each time until the space was 0.05 

cm. If the shear space was decreased further, the sample would not go 

through the mill. This mechanical treatment was intended to physically 

break up the lignin and cellulose molecules. All samples were then 

put into a vacuum oven at 80°C to dry. All of these samples were 

analyzed for in vitro dry matter digestibility and in each case, the 

digestibility was less than raw, untreated fall mesquite as shown in 

Table III. The caustic treatment was thus abandoned. 
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Figure 1. Apparatus for Steaming Mesquite 
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TABLE III 

NaOH Treatment for Fall Mesquite 

Temp. (°C) Time (hr.) Physical Treatment %IVDMD 

. 125 
125 
125 
100 
100 
100 
130 
130 
130 

— 

2 
2 
2 
2 
2 
2 
2 
2 
2 

Phys ical 

ost 

ost 
ost, 

ost 
ost. 

Treatment 

homo 

homo 

33, 
26, 
27, 
29. 
27. 
27, 
29. 
26, 
33. 
30, 
28, 

.0 

.6 

.8 
,0 
,9 
.0 
.9 
.7 
.6 
.1 
.6 

ost 
ost, homo 

NaOH Treatment for Heartwood Mesquite 

o 2 

135 2 13.0 
135 2 ost 8.0 
130 2 0.4 
130 2 ost 3.9 
140 2 4.9 
140 2 ost 8.6 
135 2 14.1 
135 2 ost 11.9 

ost = These samples were osterized 
ost, homo = These samples were osterized and homogenized 
%IVDMD = Percent in vitro dry matter digestibility 
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Sulfur Dioxide Treatment 

Previous Work 

Treatment with sulfur dioxide was effective for increasing the 

digestibility of red oak sawdust, a wood whose digestibility was not 

adequately improved by treatment with caustic. A water to sawdust 

ratio of 3:1 was placed into a reactor that was pressurized to 30 psig 

with sulfur dioxide and then heated to 120°C for two hours. The ex

cess gas was vented, the sawdust neutralized with sodium hydroxide, 

and then dried. This material was fed to goats for eight weeks as 

50% of their ration with no complications. The dry matter digestibi

lity of the treated sawdust was 52% (Millett, et. al., 1975). 

Douglas fir was also sulfite pulped to increase digestibility and 

fed as a ration to Hereford steers. The wood was shredded to particles 

of 1 to 2 inches long and pulped with ammonium sulfite under high 

pressure and temperature. The experimental steers were fed a 70% wood 

ration and a control group was fed a 78% barley ration. There was no 

significant difference between the two groups except that the control 

group gained an average of 0.48 kg per day faster than the steers fed 

wood. The dry matter digestibility of the wood was 55.71% (Clarke, 

e^. al., 1973). 

In the pulp and paper industry, sulfite pulping is one of the most 

important wood pulping processes because it yields the brightest pulp 

which can be easily bleached. When sulfurous acid is used alone as a 

pulping agent, the wood becomes dark-colored, thus, sodium bisulfite 

is added. Bisulfite ions react with lignin and the sodium base buffers 
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the solution to prevent polycondensation which causes the wood to 

become dark-colored. Sulfurous acid can be used alone in the sulfona-

tion of mesquite because the color of the end product is of no conse

quence and lignin release is much faster with a SOp solution alone 

than when a base is present (Stockman, 1960). The paper industry also 

must separate the lignin from the cellulose and attain high values for 

tearing strength, breaking length, and bursting strength. All of these 

properties have no importance in mesquite sulfonation for cattle feed. 

There are three principal reactions in the sulfite cook with 

sulfur dioxide solutions. These reactions are sulfonation, condensa

tion, and hydrolysis, and they occur more or less simultaneously. 

Lignin first reacts with the bisulfite ion (HSO^') or with undissoci-

ated sulfur dioxide to form a lignosulfonate. Hydrolysis of the ligno-

sulfonate causes the lignin to go into solution. A definite level of 

sulfonation is required before hydrolysis takes place. The dissolu

tion of the solid lignosulfonate is controlled by the hydrogen ion 

concentration so that the speed of dissolution increases with decreas

ing pH. Hydrolysis is countered by one or more reactions that are 

unknown and referred to as lignin condensation. In the sulfonation 

process, conditions must be chosen to make the rate of condensation 

as low as possible. Condensation is favored by high temperature and 

low pH. The pulp and paper industry controls condensation by adding 

sodium, magnesium, or aimonium bisulfite to raise the pH. However, 

experimental evidence indicates that lignin condensation decreases if 

the sulfur dioxide concentration is high for any given temperature 
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(Stockman, 1960; Erdtman, 1949; Richter, 1954). 

Experimental Data 

Sulfur dioxide was used next to treat mesquite. In the first set 

of experiments, heartwood mesquite was placed in pint-size fruit jars 

and subjected to 1.2%, 3.0%, and 6.0% sulfur dioxide in water. The 

sulfur dioxide was added as sulfurous acid, and additional distilled 

water added so that the final sample contained 50% water by weight. 

The samples were then placed in a forced air oven at 70°C for periods 

of 1, 2, 4, and 8 hours. When the samples were taken out of the oven, 

the pH was measured and then adjusted with concentrated ammonium 

hydroxide to a pH of about 7. This action was necessary to prevent 

condensation of the lignosulfonate molecules. 

The samples were then analyzed to determine the in vitro dry 

matter digestibility. The digestibility of the control heartwood, 

which had no treatment, was 5.3%. As shown in Table IV, the highest 

digestibility attained among the samples submitted was the sample 

with 6% sulfur dioxide and an 8 hour heating time. Its IVDMD was 

determined to be 10.8%. 

The temperature in the forced air oven was then increased to 80°C 

and samples were prepared in the same manner. The highest digestibi

lity attained was 15.8/^ for the sample that was treated with 6% sulfur 

dioxide and heated for 16 hours as shown in Table V. 

Samples of fall mesquite were prepared in the same manner and 

cooked in the forced air oven at 80°C. This time, however, a stirring 
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TABLE IV 

SOp Treatment of Heartwood Mesquite at 70°C 

%S02 Time (hr.) %IVDMD 

0 0 

1.2 1 

1.2 2 

1.2 4 

1.2 8 

3.0 1 

3.0 2 

3.0 4 

3.0 8 

6.0 1 

6.0 2 

6.0 4 

6.0 8 

5. 

8. 

11. 

11. 

9. 

10. 

10, 

9, 

10 

10 

10 

9 

10 

3 

4 

2 

,1 

,6 

.3 

.6 

.5 

.0 

.2 

.0 

.2 

.8 
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TABLE V 

SOp Treatment of Heartwood Mesquite at 80°C 

%S02 

0 

3 

3 

3 

3 

3 

3 

6 

6 

6 

Time (hr.) 

0 

4 

8 

8 

8 

8 

16 

4 

8 

16 

Additional Changes 

— 

— 

— 

no pH adjustment 

2:1 water to wood 
ratio 

pH adjustment before 
cook 

— 

— 

— 

— 

%IVDMD 

5.3 

9.1 

11.6 

12.7 

11.2 

11.7 

12.1 

10.6 

14.0 

15.8 
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device was built to tumble the samples end-over-end in order to obtain 

mixing and decrease the time required for the samples to reach maxi

mum temperature. This device rotated at about 7 r.p.m. Without 

treatment, fall mesquite was 30.1% IVDMD. As shown in Table VI, the 

highest digestibility attained was 37.8%, which was treated with 6% 

sulfur dioxide and heated for 8 hours. To increase the digestibility 

harsher conditions were imposed. 

Since the temperature in the oven had to be increased above 

the boiling point of water, the fruit jars, which would not withstand 

the pressure, were abandoned. Small 25 ml teflon-lined Parr acid di

gestion bombs were used instead of the fruit jars. A sketch of such a 

bomb is shown in Figure 2. Samples of heartwood and fall mesquite 

were prepared with 0% to 6% sulfur dioxide and heated from 2 to 16 

hours at temperatures of 125°C to 150°C. These results are shown in 

Table VII, VIII, and IX. The greatest digestibilities attained in 

all cases were with a 6% sulfur dioxide treatment for two-hour 

periods. Fall mesquite was therefore treated for time periods of 

1/2, 1, 2, and 4 hours at 150°C. Under these conditions, the best 

results to date were attained. As shown in Figure 3 and Table X, the 

6% sulfure dioxide treatment for two hours reached a digestibility of 

59%. Fall mesquite was also treated with additional concentration of 

7.6% sulfur dioxide. As shown in Table XI, no appreciable increase 

in digestibility above 6% sulfur dioxide was realized. 
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TABLE VI 

SO2 Treatment of Fall Mesquite at 80°C 

%S02 Time (hr.) %IVDMD 

0 0 30.1 

0.6 1 33.4 

0.6 2 33.4 

0.6 4 32.6 

0.6 8 27.2 

1.2 1 34.2 

1,2 2 34.4 

1.2 4 32.8 

1.2 8 34.8 

3.0 1 33.8 

3.0 2 35.4 

3.0 8 36.4 

6.0 1 35.9 

6.0 2 34.6 

6.0 8 37.8 
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Figure 2. 25 ml. Parr Acid Digestion Bomb 
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TABLE VII 

SO2 Treatment of Fall Mesquite at 125°C 

%S02 Time (hr.) %IVDMD 

0 0 29.0 

1.2 2 34.2 

1.2 4 36.7 

1.2 8 29.2 

1.2 16 30.8 H 

3.0 2 46.0 > 

3.0 4 40.2 

3.0 8 32.3 I 

3.0 16 36.1 -, 
i 

6.0 2 38.0 I 
A, 

6.0 4 36.5 

6.0 8 36.9 

6.0 16 27.4 



31 

TABLE VIII 

SO2 Treatment of Fall Mesquite at 150°C 

%S02 Time (hr.) %IVDMD 

0 0 29.0 

0 2 41.5 

0 4 43.8 

0 8 27.8 

1.2 2 43.7 

1.2 4 42.6 X 
> 

1.2 8 24.3 ^' 

1.2 16 20.3 r 

3.0 2 46.0 

3.0 4 19.3 

3.0 8 18.6 

3.0 16 18.6 

6.0 2 46.6 

6.0 4 35.6 

6.0 8 33.1 
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TABLE IX 

SO2 Treatment of Heartwood Mesquite at 150°C 

o/cn 

1 Time (hr.) %IVDMD 

0 0 5.9 

1.2 2 10.2 

1.2 4 16.2 

1.2 8 4.7 

1.2 16 6.2 :̂  
X 
> 

Ti me (h r . ) 

0 

2 

4 

8 

16 

2 

4 

8 

16 

2 

4 

8 

16 

3.0 2 13.4 

3.0 4 14.8 :: 
1' 

n 
3.0 8 9.2 J 

3.0 16 7.8 II 
i 

6.0 2 12.0 }' 

6.0 4 15.9 

6.0 8 15.9 

6.0 16 13.4 
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Figure 3. Fall Mesquite Treated With SO2 At ISO^C 
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TABLE X 

SO2 Treatment of Fall Mesquite at 150°C 

%S02 Heating Time (hr.) %IVDMD 

0 0 

0 0.5 

0 1 

0 2 

0 4 

1.2 0.5 

1.2 1 

1.2 2 

1.2 4 

3.0 0.5 

3.0 1 

3.0 2 

3.0 4 

6.0 0.5 31.4 

6.0 1 47.1, 45.1, 48.7* 

6.0 2 57.4, 59.2* 

6.0 4 43.7 

33.0 

27.3 

30.5 

31.2 

35.6 

32.8 

33.3 

40.7, 

40.7 

29.3 

35.6 

49.8, 

45.9 

38.4* 

49.3* 

*Duplicate Preparations 



35 

TABLE XI 

Fall Mesquite Treated with 7.6% SO2 at 150°C 

Time Period in Oven (hr.) %IVDMD 

1/2 33.2 

1 52.6 ^ 
in 

2 54.7 > 
in 

4 39.4 
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Increased Temperature 

Fall mesquite was treated in the same manner using sulfur dioxide 

at 170°C instead of 150°C. Both finely ground mesquite and shredded 

mesquite were used. The results are plotted in Figure 4 and Table 

XII. The shredded mesquite was prepared by the Range and Wildlife 

Department using a Bear-Cat grinder. These particles were about two 

mm at their smallest dimension and were the same material employed 

in previous tests. 

The higher temperature reduced the reaction time for maximum 

digestibility to one hour or slightly less as contrasted to two hours 

at 150°C for both particle sizes. This improvement could signifi

cantly reduce the required reactor sizes for a commercial plant. The 

larger particle size had less digestibility. 

Particle Size Study 

The branch of a mesquite tree was cut into cubes of about 6 mm 

per side. These cubes were treated with 6% sulfur dioxide at about 

150°C for 0.5, 1, 1.5, 2, and 4 hours. More cubes were also treated 

in the same manner except they were allowed to soak for 24 hours 

before heating. There was no appreciable difference in the results 

between the soaked and unsoaked cubes. Sawdust was gathered after 

the sawing of the cubes. The untreated sawdust was analyzed and 

found to be 31.4% IVDMD. The sawdust was treated with 6% SO2 for 

two hours and the IVDMD was raised to 49.2%. The cubes treated in 

the same manner were much lower in digestibility. Figure 5 is a 

graph of the previous results with sawdust-sized particles of fall 
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TABLE XII 

Fall Mesquite Sawdust Treated with 

6% SO2 at 170°C (R = 0.6 mm) 

%S0 2 

6 

6 

6 

6 

6 

6 

Time (h r . ) 

0.5 

1.0 

1.5 

2.0 

2.5 

4.0 

%IVDMD 

30.7 

49.7 , 50.8* 

46.3 

38.6, 35.8* 

37.4 

30.0 

*Duplicate preparations 

Shredded Fall Mesquite Treated with 6% SO2 

at 170°C (R = 2.0 mm) 

%S02 Time (hr.) %IVDMD 

6 

6 

6 

6 

0.5 

1.0 

2.0 

4.0 

26.6 

39.8 

32.0 

20.5 
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mesquite treated with 6% SO2 at 150°C plotted along with the larger 

cube-sized particles. The analysis of the cube-sized particles are 

shown in Table XIII. A hammermill was used to make the sawdust-

sized particles which had an average particle size of 0.6 mm. This 

figure shows that particle size had a significant influence in the 

treatment of mesquite and should be considered in the design of a 

large mesquite processing plant. 

TABLE XIII 

Fall Mesquite Cubes with 6 mm Sides Treated 

with 6% SO2 at 150°C 

%S02 Time (hr.) %IVDMD 

0 0 

6 0.5 

6 1 

6 1.5 

6 2 

6 4 

16. 

15. 

22. 

27. 

29. 

18, 

,4 

.2 

.5 

.9 

.3 

.0 

In order to make the cubes as digestible as sawdust, the partial 

pressure of SO2 would have to be increased. An increase in tempera

ture would not be of benefit because the sulfonation is temperature 

controlled and the HSO., ion would only react faster on the outer 

edges of the particle. Therefore, a higher SOp pressure, longer 



41 

heating time, or lower temperature would increase SOp penetration into 

the cube. All of these conditions would decrease the profitability of 

a mesquite processing plant. However, grinding the mesquite into saw

dust-sized particles also decreases the profitability of a processing 

plant by adding equipment and fuel costs. 

Heating Rates in Parr Bombs 

To estimate optimum reaction temperature and time for treating 

mesquite in large reactors, it was desirable to know the actual time 

and temperature history inside the Parr bombs being used for the pre

ceding tests. A thermocouple was placed in a modified bomb and the 

time-temperature data shown in Table XIV were observed. These data 

are also plotted in Figure 6 as the unaccomplished temperature dif

ference. After thirty minutes in the oven, the mesquite temperature 

was about 30 degrees below the oven temperature, and after one hour, 

the mesquite was within two degrees of oven temperature. 

Extraction of Mesquite 

Water solubles were extracted from the mesquite with 300 ml of 

distilled water for time periods of 4 and 48 hours. The extraction 

thimbles were 43 X 123 mm single thickness cellulose. The 4-hour 

extracted mesquite lost 10% of its weight and the 48-hour mesquite 

lost 24% of its weight. Each sample was then treated with 7.6% sul

fur dioxide in water and heated to 150°C in the same manner as the 

previous samples. As shown in Figure 7 and Table XV, the extracted 

but untreated mesquite had a low digestibility of 16%, but after 
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TABLE XIV 

Temperatures of Mesquite in Parr Bombs 

Oven Temperature Set Point 150°C 

Time (min) 

0 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

75 

80 

85 

Temp (°C) 

26 

45 

55 

77 

97 

112 

122 

129.5 

134 

139 

142 

144 

145.5 

146.5 

147 

147.5 

148 

148 

170°C 

Temp (°C) 

26 

42 

61 

88 

110 

127 

139 

149 

154.5 

159 

163.5 

166 

168 

169 

170 

171 

172 

172 

200°C 

Temp (°C) 

26 

49 

73 

105 

129.5 

147 

162 

172 

183 

189 

195 

197 

198 

199 

199 

199 

199 

199 
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Figure 7. Fall Mesquite Extracted With Water 
Then Treated With 7.6% SO2 At 150°C 
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TABLE XV 

Fall Mesquite Extracted with Water 

Then Treated with SO2 at 150°C 

48 Hour Extraction 

%S02 Heating Time (hr.) %IVDMD 

0 

7.6 

7.6 

7.6 

7.6 

4 Hour Extraction 

0 0 16.2 

7.6 1/2 35.2 

7.6 1 49.4 

7.6 2 52.1 

7.6 4 35.3 

0 

1/2 

1 

2 

4 

16.2 

26.1 

47.5 

50.6 

34.4 
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treatment with sulfur dioxide, the digestibility was raised to 50%. 

This extracted mesquite analysis did not demonstrate an initial de

crease in digestibility that had always been present in the unextrac-

ted mesquite. This observation might imply that during the initial 

heat-up of unextracted mesquite, the soluble sugars and carbohydrates 

were degraded. 

The extract was evaporated in a vacuum oven and the residue was 

a black, crystalline substance. It was analyzed and the 4-hour ex

traction residue was 93.2% digestible and the 48-hour extraction resi

due was 90.0% digestible. This result should be interpreted with 

caution since any water soluble organic material would be reported as 

digestible in the procedure for in vitro dry matter digestibility 

determination. 

Treatment With Sulfuric Acid 

To determine if low pH was effective for treating mesquite, fall 

mesquite was treated with HpSO. instead of HpSO^. Concentrated sul

furic acid was diluted with distilled water to a 9.6% HpSO. solution 

and a 4.8% HpSO. solution which was equivalent to 6% SO2 and 3% SOp, 

respectively. A yery dilute solution of 0.8% HpSO, was also prepared 

in the same manner. The best results occurred after one hour, but 

they were not as favorable as the sulfur dioxide treatments, as 

shown in Figure 8 and Table XVI. 
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Figure 8. Fall Mesquite Treated With H2SO4 At 150°C 
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%H2S04 

0 

0, 

0, 

0, 

0, 

4, 

4, 

4, 

4. 

9. 

9. 

9. 

9. 

.8 

.8 

.8 

.8 

.8 

.8 

.8 

.8 

.6 

.6 

,6 

,6 

TABLE XVI 

Fall Mesquite Treated with H2SO. at 150°C 

Heating Time (hr.) %IVDMD 

0 

0.5 

1 

2 

4 

0.5 

1 

2 

4 

0.5 

1 

2 

4 

33.0 

31.4 

33.2 

38.1 

35.2 

36.3 

42.2 

37.4 

31.0 

41.0 

45.6 

38.4 

33.6 
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Preneutralization 

If the pH is kept high, condensation of the lignin after sulfo

nation is not favored and hydrolysis of the lignin might be increased. 

Therefore, ammonium hydroxide was added to fall mesquite along with 

sulfurous acid. Except for the addition of NH,OH before heating, the 

same sulfur dioxide treatment procedure as before was followed. After 

heating, the samples had a pH of 7 or above, so neutralization was not 

necessary. However, the digestibilities were not as high as the sam

ples with pH adjustment after heating, as shown in Table XVII. Even 

so, the digestibilities were still increasing after four hours which 

indicated that longer cooking periods would be necessary for the 

higher pH at 150°C. A longer residence time would not be beneficial 

for a continuous reactor design nor for a small batch reactor plant. 

However, this longer residence time for preneutralization may not be 

necessary if a higher temperature is incorporated. 

TABLE XVII 

Fall Mesquite with Preneutralization, 
SO2 Treatment at 150°C 

%S02 

3 

3 

3 

'3 

6 

6 

6 

6 

Time (hr.) 

1/2 

1 

2 

4 

1/2 

1 

2 

4 

%IVDMD 

32.1 

38.9 

43.8 

45.7 

33.8 

38.7 

45.7 

51.2 
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Smaller Water to Wood Ratio 

If less water could be added to the mesquite before SOp treatment, 

less energy would be expended in a large mesquite processing plant for 

subsequent drying of the wood. Fall mesquite was treated with SOp in 

the same manner as previously described except with a water to wood 

ration of 1:3 instead of 1:1. However, the digestibilities were less 

favorable than the previous results, as shown in Table XVIII. 

TABLE XVIII 

Water to Fall Mesquite Ratio of 3:1 
Treated with SO2 at 150°C 

%S02 

6 

6 

6 

6 

Time (hr.) 

1/2 

1 

2 

4 

Greater Water to Wood Ratio 

%IVDMD 

29.5 

38.8 

42.9 

31.9 

Since a lower water to wood ratio in the SOp treatment was not 

advantageous in increasing digestibility, a greater water to wood 

ratio was attempted to determine its results. However, a higher ratio 

of water would not be beneficial in a mesquite processing plant unless 

the digestibility was increased significantly. Fall mesquite was, 

thus, treated with 6% SO2 for 2 hours at 150°C with both a 1:1 ratio 

and a 2:1 ratio of water to wood. The 1:1 ratio had a digestibility 
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of 58.8% and the 2:1 ratio had a digestibility of 67.6%. More data are 

pending to amplify these results. 

Introduction of SOp Gas at 30 psig 

A Parr digestion bomb was modified so that SOp gas could be in

jected into the bomb which contained the sample. Both sawdust-size 

particles and cubes were treated. A water to wood ratio of 1:1 was 

placed inside the bomb and a vacuum induced in the bomb to pull out 

the air. SOp gas was then forced into the bomb at a pressure of 30 

psig and held for about 5 minutes. The sample was then heated in a 

forced air oven at 150°C in the same manner as all other SOp treat

ments. At the end of the heating period, the pH was adjusted to about 

7 using NH-OH. Some of the results have not yet been attained, but 

Table XIX shows the results that are available. The highest digesti

bility ever attained was the 68.1% IVDMD of the sawdust, cooked for 

2 hours. The reason for these higher results is that the concentra

tion of the SOp in the water phase was greater. As the SOp gas was 

pressured into the bomb, some of the gas dissolved in the water until 

equilibrium was approached which increased the concentration of SO2 

in the water. 

Elemental Sulfur Treatment 

If solid elemental sulfur could be used rather than gaseous SO2, 

a mesquite processing plant could be simplified because solids could 

be handled more easily than gases. Therefore, fall mesquite was 

treated with 0, 2.0, 5.0, 10.0, and 15.7 weight percent of sulfur at a 
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TABLE XIX 

Fall Mesquite Treated with 30 psig SOp Gas 

at 150°C and 1:1 Mesquite to Water Ratio 

Cubes 

Particle Size (mm.) Time (hr.) %IVDMD 

6.0 0 

6.0 1/2 

6.0 1 

6.0 2 

6.0 4 

16. 

32, 

35, 

.4 

.9 

.7 

Fall Mesquite Treated with 30 psig SOp Gas 

at 150°C and 1:1 Mesquite to Water Ratio 

Particle Size 

0.6 

0.6 

0.6 

0.6 

0.6 

*unanalyzed 

(mm. ) 

Sawdust 

Time (hr.) 

0 

1/2 

1 

2 

4 

%IVDMD 

33.0 

* 

60.9 

68.1 
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temperature of 150°C for time intervals of 1/2, 1, 2, and 4 hours. 

Fall mesquite and sublimed sulfur were put into a pint-sized fruit jar 

and mixed with an osterizer at its highest speed for five minutes. 

The water to wood ratio was one to one. The entire ingredients were 

put in a Parr digestion bomb and placed in a forced air oven. During 

heating, the samples were rotated to ensure mixing. When the samples 

were taken out of the oven, they were cooled and the pH adjusted to 7 

or 8 with NH.OH. The results, as shown in Figure 9 and Table XX indi

cate that the greater the concentration of sulfur added, the less the 

benefit. 

Ethanol Treatment 

Previous Work 

Aspen chips were treated with several alcohols and water for 4 

hours and at temperatures of from 158-186°C. Water was added to the 

alcohol in a 1:1 ratio, and the alcohol to sawdust was a 15:1 ratio. 

The pressure was kept at 10 atm. The normal primary alcohols were the 

best pulping agents. Normal butyl alcohol yielded the best pulped 

residues, which were comparable to the commercial soda pulp. Ethy

lene glycol was the best pulping agent of all the polyhydroxy alcohols 

(Aronovsty, et.. al., 1936). 

Hardwoods and softwoods were pulped with an ethanol-water mixture 

(42.4 wt.% ethanol) at 185°C and a pH of 6. Hardwoods were deligni-

fied about twice as fast as softwoods, and the hardwoods were treated 

for 1 hr. The wood to liquor ratio was 1:10. The wood was pulped 

about equivalent to a pulp using commercial pulping techniques. 
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TABLE XX 

Fall Mesquite Treated With Elemental Sulfur at 150°C 

%Ŝ  Time (hr.) %IVDMD 

0 1/2 28.1 

0 1 31.0 

0 2 33.4 

0 4 36.7 

2 1/2 28.7 

2 1 27.7 

2 2 31.8 

2 4 36.6 

5 1/2 25.5 

5 1 28.7 

5 2 32.5 

5 4 36.7 

10 1/2 23.9 

10 1 26.0 

10 2 30.3 

10 4 32.0 

16.67 1/2 23.3 

16.67 1 23.6 

16.67 2 27.7 

16.67 4 28.2 
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Carbohydrate retention was higher and cooking cycles shorter than the 

present commercial pulping techniques (Kleinert, 1974). 

Experimental Data 

Fall mesquite was also treated with ethanol at 150°C for time 

intervals of 1/2, 1, 2, and 4 hours. Four grams of mesquite, four 

grams of water, and four grams of ethanol were placed in the Parr 

digestion bomb and heated in a forced air oven. The pH was measured 

after the samples were taken from the oven and the processed mesquite 

was placed in a vacuum oven to evaporate the ethanol. The results 

were not as satisfactory as the SOp treatment as shown in Table XXI. 

The measured digestibilities were still increasing at the longest time 

employed suggesting that higher temperatures and longer reaction times 

may further increase the digestibility with ethanol treatment. 

TABLE XXI 

Mesquite, Ethanol, and Water at 150°C 

Time (hr. 

1/2 

1 

2 

4 

.) 

SOp Treatment of 

%IVDMD 

27.0 

30.1 

31.9 

38.4 

Agricultural Wastes 

pH 

5.6 

5.3 

4.5 

4.5 

Sunflower stalks, sorghum stalks, and gin trash were all treated 

with SOp at 150°C with a water to sample ratio of 2:1. Results are 
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shown in Tables XXII, XXIII, and XXIV. For the sunflower stalks, the 

best results occurred at 6% SOp for 4 hours. The digestibility was 

nearly doubled using the SOp treatment. The digestibility of gin 

trash was more than doubled with SOp treatment of 2 hours. The sor

ghum stalks had a high digestibility initially and the digestibility 

was increased from 53.9 to 75.4%. These high digestibilities indicate 

that the SOp treatments have high promise for wastes other than 

mesquite. 
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TABLE XXII 

Sunflower Stalks Treated with SOp at 150°C 

1:2 Sunflower Stalks to Water Ratio 

Time (hr.) %IVDMD 

40. 

_ _ . 

47. 

49, 

.9 
* 

.0 

.6 

0 0 

0 1/2 

0 1 

0 2 

0 4 — - ' 

3 1/2 — - ' 
i 

3 1 
i 

3 2 
i 

3 4 

6 1/2 — - ' 

6 1 64.6 

6 2 77.7 
6 4 78.9 

* 
unanalyzed 
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TABLE XXIII 

Sorghum Stalks Treated with SOp at 150°C 

1:2 Sorghum Stalks to Water Ratio 

53. 

——. 

57. 

58, 

.9 
* 

.6 

.0 

%S02 Time (hr.) %IVDMD 

0 0 

0 1/2 

0 1 

0 2 
•A 

0 4 

3 1/2 — - ' 

3 1 
•i 

3 2 
•* 

3 4 
6 1/2 - — ' 

6 1 73.7 

6 2 75.4 

6 4 60.9 

* 
unanalyzed 
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TABLE XXIV 

Gin Trash Treated with SO2 at 150°C 

1:2 Gin Trash to Water Ratio 

%S02 Time (hr.) %IVDMD 

0 0 28.0 

0 1/2 

0 1 36.4 

0 2 35.2 

0 4 
* 

3 1/2 
* 

3 1 

3 2 
* 

3 4 

6 1/2 — - * 

6 1 58.6 

6 2 59.5 
* 

6 4 

* 
unanalyzed 



CHAPTER IV 

POTENTIAL ECONOMICS 

Preliminary plant designs for a 100 ton per day and a 500 ton 

per day mesquite processing plant were prepared by small groups of 

senior-level students at Texas Tech University in a process design 

course. The 100 ton per day plant was designed by M. Brahn, S. Brosig, 

G. Hass, and M. Stephens.* The 500 ton per day plant was designed by 

M. Capps, K. Kelley, and B. Craig.** A flow sheet of each plant can be 

found in the Appendix. These two designs have been slightly modified 

to complement each other. They have also been updated with additional 

information. The 500 ton per day plant employed a commercial "Pandia" 

continuous digester manufactured by Black-Clawson Company. It has 

been used in pulping processes of the pulp and paper industry and is, 

therefore, well researched and tested. The 100 ton per day plant 

employed a couple of batch reactors with the capability of being 

moved by truck without much disassembly. Both plants treated mesquite 

at a reasonable cost in comparison with medium grade hay. 

In order to process 500 tons of mesquite, a continuous operation 

was necessary, which made the "Pandia" process ideal (Atchison, 1955). 

Brahn, M.; Brosig, S.; Hass, G.; and Stephens, M.: Ch.E. 4354 
Design Report to Prof. L. D. Clements, Texas Tech University, Lubbock, 
Texas (May, 1977). 

**Capps, M.; Kelley, K.; and Craig, B.: Ch.E. 4354 Plant Design 
Report to Prof. L. D. Clements, Texas Tech University, Lubbock, Texas 
(May, 1977). 
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The process consisted of a grinder that grinds the mesquite to 10 mesh 

before introduction into the digester. The Pandia continuous digester 

consisted of four horizontal tubes with screw conveyors to propel and 

constantly mix the mesquite at the operating conditions of 150°C and 

150 psi. After a one-hour residence time, the mesquite exited into a 

blow tank where excess sulfur dioxide and steam were purged and recy

cled to the feed. The mesquite then passed through a rotary neutral-

izer where NH, was used to neutralize the wood to a pH of about 7. The 

final product could be loaded on trucks and shipped to cattle feed lots 

The total capital investment was $6,860,000 and the total product cost 

was $6,804,400 as shown in Table XXV. 

If present worth goes to zero, an interest rate of 9% assumed, 

and a corporate tax of 48% alloted, then a minimum price of the 

treated mesquite can be calculated as shown in the following equation 

(Parker, 1972). 

(Working^capital)(^_3YE$) + (J^]j^^9e)(sYE$)(T.t) 

where: t = corporate income tax of .48 

(1+i)" - 1 
AYE$ = annual year-end dollars = -̂  '-—-— 

i(l+i) 

r^r.r^.^ ^ ^. -x J ' +• 2(n-AYE$) 

DSD$ = sum of digits depreciation = S^l^^s. 

SYE$ = single year-end dollars = (1+i)"" 

1 = interest rate 

n = number of years. 
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The minimum cost of the product was thus $43.8 per ton, assuming the 

plant operated 360 days per year, the life of the project was 15 years; 

and the project was depreciated for 12 years. 

The 100 ton per day plant was designed as a batch-wise operation. 

It consisted of two reactors so that one reactor could be unloaded and 

loaded with mesquite while the other reactor was treating the mesquite. 

After the mesquite was treated for two hours, the excess SOp and steam 

could be vented to the other reactor, thus conserving SOp and steam. 

The mesquite was to be loaded and unloaded pneumatically and a blower 

used to recirculate steam and SOp during treatment, and NH^ during 

neutralization. The total capital investment was $765,000 and the 

total product cost was $1,089,000 as shown in Table XXVI. From the 

equation above, the minimum cost of the treated wood would have to be 

$40.3 per ton. It was assumed that the plant would run 300 days per 

year because of the time required for assembly, disassembly, and trans

fer of the plant to different locations. 

In Table XXVII, the price that mesquite would have to sell for 

is shown with the corresponding rate of return. If the treated mes

quite is compared to a low grade of alfalfa hay which would presently 

cost $65 per ton, then both the 100 ton/day and the 500 ton/day plants 

would permit a rate of return of over 30%. This assumes that the jji 

vitro digestibility closely resembles the in vivo digestibility. 
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TABLE XXV 

Five Hundred Tons per Day Continuous 

Mesquite Processing Plant 

Direct Costs 
Purchased Equipment $2,740,000 
Installation 959,000 
Instrumentation 274,000 
Piping 274,000 
Electrical 548,000 
Service facilities 411,000 
Land 3,000 

Indirect Costs 
Engineering Supervision 264,000 
Construction and Contractor fee 370,000 

Contingency 331,000 

Fixed Capital Investment 6,174,000 

Working Capital 686,000 

Total Capital Investment 6,860,000 
Manufacturing Costs 

Raw materials 5,047,200 
Labor 227,520 
Utilities 355,000 
Maintenance 620,500 
Operating Supplies 313,900 
Laboratory Charges 34,700 
Local Taxes 36,000 
Insurance 30,870 
Plant overhead expenses 138,700 

Total Product Cost $6,804,400 
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TABLE XXVI 

One Hundred Tons per Day 

Batch-wise Mesquite Processing Plant 

Direct Costs 
Purchased Equipment $ 294,610 
Installation 132,300 
Instrumentation 26,460 
Piping 47,040 
Electrical 29,400 
Service facilities 117,600 

Indirect Costs 
Engineering Supervision 2,940 
Construction and Contractor fee 47,000 
Contingency 80,700 

Fixed Capital Investment 688,400 

Working Capital 76,600 

Total Capital Investment 765,000 

Manufacturing Costs 
Raw Materials 747,350 
Labor 214,800 
Utilities 45,000 
Maintenance 40,350 
Insurance 3,400 
Plant Overhead Expenses 38,100 

Total Product Cost $ 1,089,000 
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TABLE XXVII 

Cost of Mesquite Corresponding to Rate of Return 

500 Ton Per Day Plant 

Rate of Return 

1% 
2% 

4% 
5% 
6% 
7% 

20% 
22% 
25% 
30% 

Cost of Mesquite 

43.8 
44.3 
44.9 
45.4 
45.9 
46.5 
47.1 
47.7 
48.2 
48.8 
50.1 
51.3 
53.2 
56.5 

($/ton) 

100 Ton Per Day Plant 

Rate of Return Cost of Mesquite ($/ton) 

9% 
0% 
1% 
2% 
3% 
4% 
5% 
6% 
7% 

20% 
22% 
25% 
30% 

40. 
40 
41 
41 
41 
42 
42 
42 
43 
43 
44 
45 
46 
48 

3 
7 
0 
.4 
7 
.1 
5 
.9 
.3 
.7 
.5 
.3 
.6 
.8 



CHAPTER V 

RECOMMENDATIONS 

Current Research 

A small reactor is being built that can treat two pounds of mes

quite. Provision is made to rapidly heat and stir the reactor and to 

continuously observe the internal temperature and pressure. This addi

tional data can be used to study the kinetics of the sulfonation reac

tion. With this information, a commercial size reactor can be designed 

A pilot plant has been designed and major equipment items ordered. 

This pilot plant will consist of a batch reactor that can process 

fifty pounds of mesquite in four hours which can then be fed to cattle 

to determine energy utilization and physiological effects. 

Agricultural wastes such as sunflower stalks, gin trash, and sor

ghum stalks are presently being treated with SOp to increase their di

gestibility. Other solid wastes should be treated and the economics 

studied to determine the desirability of treating other wastes as 

well as mesquite. 

Additional Research on the SOp Process 

Extraction of sugars and carbohydrates from the mesquite before 

sulfur dioxide treatment may prove to be beneficial. After treatment 

of the extracted mesquite, the extract can then be added to the 

treated mesquite to increase palatibility and digestibility. However, 

the extra processing will add to the cost of treatment. 
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New analysis procedures need to be developed so that weight loss 

is not a factor in in vitro digestibility tests. This would also help 

determine if the extraction of mesquite before treatment is beneficial. 

A sulfur analysis of the treated mesquite is also needed to determine 

how much sulfur is incorporated in the mesquite during treatment. This 

would improve the mass balance of a mesquite processing plant. 

The adjustment of the pH before heating deserves more research 

because the digestibility was still increasing after four hours of 

heating. It would be beneficial to monitor the pH during a cook. If 

the pH gets too low, condensation occurs, but the pH must be below 

seven for hydrolysis to occur. A moderate pH of four needs to be 

maintained. Operating the reactor at a pH of four would decrease 

the operating pressure and minimize corrosion problems. 

A higher concentration of sulfur dioxide is needed for large mes

quite particle sizes to increase diffusion. Increased temperature 

will not help because the SOp will react with the lignin on the outer 

portion of the particle faster than it can diffuse to the core of the 

particle. Therefore, the core will remain unreacted. 

• _. - ; Other Processes 

Treatment of mesquite with ethanol needs to be studied further 

because the digestibility was increasing after four hours of heating. 

Ethanol has a much lower vapor pressure than sulfur dioxide so the 

pressure in the reactor would be less. It is also less corrosive. 

This means the reactor would be less expensive. 
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Treatment of mesquite with the sulfide ion in a basic environment 

also needs to be studied further. The addition of NapS or NaHS with 

a small amount of NaOH would facilitate these conditions. This prin

ciple is used in the Kraft process of the pulp and paper industry. 



CHAPTER VI 

CONCLUSIONS 

Several methods for converting mesquite to cattle feed were 

tested. These methods included treatment with caustic, sulfur di

oxide, elemental sulfur, sulfuric acid, and ethanol. Of these methods, 

the sulfur dioxide treatment was the most beneficial. A total increase 

of from 33% to 68% was achieved in the in vitro dry matter digestibi

lity with the SO2 treatment. With two significantly different plant 

designs, the cost of treating the mesquite was found to be attractive 

if compared to a low grade of alfalfa hay which presently costs $65 

per ton. If treated mesquite proves to be acceptable to beef cattle 

in actual feeding tests, then the rancher can potentially improve the 

economics of his ranch by control and utilization of mesquite. 
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NOMENCLATURE 

%IVDMD = percent in vitro dry matter digestibility 

- unaccomplished temperature difference 

TM = temperature of oven 

Tp = temperature of mesquite inside bomb 

Tp = room temperature 

AYE$ = multiplicative factor to calculate the present worth 
of a series of year end payments 

(1+i)" - 1 

i(l+i)" 
^ .. •. ^ . ̂ . 2(n-AYE$) DSD$ = sum of digits depreciation = ;̂̂/̂ ;̂ .̂\.j 

SYE$ = multiplicative factor to calculate present worth 

of a single payment transferred at year end. 

= (1+i)"" 

t = corporate income tax of 48% 
i = interest rate 

n = number of years 
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APPENDIX 

Flowsheets for the 100 and 500 ton per day mesquite processing 

plants. 
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