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INTRODUCTION

One of the most demanding challenges facing the scientist
today is to supply the food and feed processor with knowledge
to meet the nutritional needs of the ever-expanding population.

Today's world can be divided into two groups when classi-
fied on the basis of their food supply. The first group is the
technically developed, food abundant countries which include
the United States, Canada, Europe, Argentina and Uruguay in
South America. Approximately one-third of the world population
falls within this group receiving 3,000 calories per person
daily (73).

The second group is the technically underdeveloped coun-
tries which comprise two-thirds of the population and exist on
2,000 calories per person per day. Asia, Africa and tropical
America make up this group (73).

The differences between the diets of these two groups are
not only quantitative, but also gualitative.

As of today, in many parts of the world, protein is defi-
cient. Fortunately for man, the ruminant animal is available
to convert low-quality roughages to a high-quality protein.

Cellulose is one of the most widely distributed, naturally
occurring organic compounds in the world, comprising nearly
one-third of the world's plant material.

Pollution problems arise in disposal of low—quality cellu-

losic by-products such as paper pulp and crop residues. A



devised plan for improved utilization of these wastes in animal
feeding would not only aid in the food scarcity problem, but
also help solve the pollution problem.

Calorically, these materials are potentially rich. Nutri-
tionally, however, the energy present does not avail itself to
the rumen microorganisms to any great extent. This is due to a
complexity of factors which will be further discussed.

The object of this research was to improve the utilization
of a low—quality, high-fiber crop residue. Processing tech-
niques, such as extrusion cooking and addition of chemicals and
trace minerals were employed to upgrade the nutritional value
of sorghum stover (NRC 1-07-961). Evaluations were made via

in vitro, in vivo and chemical techniques.




REVIEW OF LITERATURE

Factors Effecting the Feeding Value of High-Fiber, lLow-Quality
Roughages

The feeding value of forages is a function of how much can

be consumed and to what extent the energy can be digested.
These factors are interrelated and depend mainly on the chemi-
cal composition of the forage. The digestibility is influenced
by the relative amount of solubles, cellulose, hemicellulose,
silica and lignin. Feed intake is related to these composition
factors as well as the rate of digestion and rate of removal of
the fiber mass through the rumen.

The inability of ruminant animals to avail themselves to
most of the energy in cellulosic materials is explained by one
or more of three factors: 1. lignin acts as an inert barrier
between the carbohydrate and the energy system (4,3%4,35,56,57,
76), 2. the cellulose is too highly crystalline to quickly avail
itself to enzyme action (5,17,80) or 3. that silica inhibits the
cellulose digestibility (76).

Lignin. Lignified fiber is of two distinguishable types,
rpotentially digestible or indigestible. The indigestible por-
tion disappears from the rumen only by removal. The removal is
related to that amount present and is a linear-semilog function
of time (78). The digestible portion disappears by both removal
and digestion. These two rates total to one rate, which is pro-
portional to the amount present and again may be expressed as a

linear semilog function of time (78).



Lignin contains a considerable portion of alcocholic, phe-
nolic and other oxygen containing groups (56). The groups as
mentioned are frequently involved in hydrogen bonds. Hydrogen
bonds are generally very weak, unless arranged in a highly
organized manner, such as in cellulcse. This organization of
hydrogen bonds is nonexistent in lignin (56).

The presence of the ligno-carbohydrate complexes is firmly
established. These complexes exhibit an implication ¢of chemi-
cal linkage, their exact nature merits further study.

Quinone methides derived from coniferyl alcohol are believed
to be the intermediates in lignin formation and readily combine
with sugars and form ether linkages (56). These compounds are
believed to be the models for the lignin-carbohydrate bond in
wood.

Straw treated with B-glycosidase resulted in an increase
in phenolic-hydroxyl groups (56). These results differ from
that of the ether bond theory.

The chemical bond theory cannot explain all of the resis-
tance to cellulolytic breakdown. The incrustation theory is an
important factor in enzyme attack. The three-dimensional lignin
complex inhibits the large enzyme molecules from entering the
structure (4,34,35,56,57,76).

Silica. Silica may act as a soluble cellulolytic inhib-
itor (30,64,76). The addition of soluble silica (sodium meta-
silicic acid) or aqueous extracts into in vitro systems reduced

the degradation of forage fiber (78).



The Use of Sodium Hydroxide for Digestibility Improvement of
Low-Quality Koughages

Early workers attempted to increase the digestibility of
roughages by sodium hydroxide addition in hopes of freeing
digestible nutrients from tﬁe lignin and silica (3). This pro-
cess included washing the residues with water after alkali
treatment to eliminate the effects that the alkali might have
on in vitro or in vivo systems. This technique rinsed away the
soluble nutrients and, in many cases, lowered the nutritional
value.

The action of sodium hydroxide on high fiber material may
be explained in a three-fold manner (3). First, separation and
dissolving of the silicic acid, which may be involved in the
incrustment theory. Secondly, splitting off the methoxy and
acetyl groups from lignin. This results in acetic acid forma-
tion, which will neutralize some of the sodium hydroxide pre-
sent (54). The delignification removes the complex "shell"
while swelling opens up the complex and allows entrance of
enzymes for attack (80). ﬁlectromicrographs of lignin dispersed
in the cell walls treated with sodium hydroxide support this
theory (54). Thirdly, forcing or springing the bonds which link
lignin and cellulose together (3). The swelling of fiber in
water in presence of sodium hydroxide is a result of cleavage
of ester bonds on xylene chains acting as cross-links that main-
tain swelling (54). At room temperatures sodium hydroxide dis-
solves part of the hemicellulose in wood and converts a portion

of lignin to a soluble alkali-lignin complex (54).



The Effect of Sodium Hydroxide Addition on Chemically Analyzed
Fiber Components

Acid Detergent Fiber. Varying results have been obtained

depending on concentration of sodium hydroxide and substrates
used. Graded levels of 2, 4, 6 and 8% NaOH significantly
decreased acid detergent fiber with each increasing level of
alkali on rye-grass straw (2). Similar data were obtained by
other workers on oat straw, poplar bark and reconstituted whole
barley (25,53,62); while others could show an increase or no
response on corn stover and wheat straw (36,54,80). The possi-
ble reason for disagreement was the procedures used in treating
materials. The researchers that indicated no difference, rinsed
the treated material with water to remove excess NaOH and, while
doing so, probably washed away soluble nuirients and sclubilized
silica. The same reasoning applies for neutral detergent fiber,
where increases were reported by some workers (62); while others
reported a decrease (24,25,53).

Cellulose, Hemicellulcse. Steam and NaOH treated whole

plant barley yielded significantly higher cellulose digestibil-
ity than the untrezted control (53). However, with NaOH treated
poplar bark, no net change in cellulose disappearance was
observed (25).

A 42% decrease in hemicellulose content was observed in
NaOH treated wheat straw (80). A significant disappearance was
also found in NaOH treated poplar bark (25).

Lignin. Research has shown that a 10% NaOH treatment on

ground corn cobs reduced lignin content by 26% (14). Similar



reports of decreased lignin content have been reported on treated
straw, hardwood sawdust, poplar bark and corn cobs (2,25,33,35,
58). Contradictory results were reported by other researchers
who found no net change in lignin content (29,36,54,62,80).

Gross Fnergy. Gross energy, as measured by a bomb calori-

meter, was significantly increased in reconstituted whole ﬁlant
barley treated with NaOH (52); while no change was observed in

NaOH treated hardwood sawdust (35).

In Vitro and In Vivo Studies

| Chemical treatment responses for improved in vitro dry
matter digestibility (IVDMD) is species specific (54). Wash-
ing the substrate prior to IVDMD affects the nutrients remain-
ing and the results obtained (35). Washing partially removes
the cell solubles, silica and lignin dissolved by NaOH. There-
fore, fiber and ash content could increase in the remaining
material (35). The organic acids produced by the in vitro fer-
mentation would lower the pH of the system (54). As the pH
decreases, the dissociated silicate would revert to undissoci-
ated silicic acids, which could repolymerize to silicic acids
and form a gel (30). These gels may form a barrier within the
cell walls and inhibit in vitro fermentation (30). These con-
clusions agree with other workers who suggest that silica may
be a soluble cellulolytic inhibitor (64,76).

Method of processing, whether spraying, soaking and/or

degree of heat treatment has a significant effect on in vitro
and in vivo systems. A simple spraying method yielded no

increase in IVDMD, while soaking for 24 hours yielded a highly



significant difference (2). Heat treatment (pressure cooking)
increased the IVDMD of NaOH treated sawdust over two-fold (58).

- The reducing sugar content was reported significantly increased
via the combined effects of pressure cooking and chemical treat-
ment (58). Temperatures of 100 C for 90 minutes resulted in
IVDMD increases of 10 percentage units over that treated at

room temperature and atmospheric pressure (54). The digestibil-
ity of straw via the enzymatic method was more than doubled when
a 3% NaOH treatment was used in conjunction with steam treatment
at 28 kg/cm2 for three minutes (79).

Particle size had little or no effect on IVDMD (2,24).
However, small particle size will yield a slightly higher fiber
digestibility in vitro as a result of the increased surface area
exposed to microbial attack in a closed system. In vivo fiver
digestion is inversely correlated to particle size. Smaller
particles spend less time in the rumen due to a faster rate of
removal, thus, they are exposed for less time to microbial
attack.

A search of the literature reveals that a range of 4-12%
sodium hydroxide treatment (depending on substrate and condi-
tions) increased IVDMD from 20 to over 100% (25,33,35,36,38,53,
54,58,62,74,80).

Neutralizing unreacted NaOH with hydrochloric or acetic
acid does not increase microbial degradation (30). Unreacted
NaQOH present does not appear to alter in vitro systems.

The in vivo dry matter digestibility tended to be lower
than the in vitro tests; however, a marked improvement in uti-

lization still existed.



With sheep there was a significant improvement in feed con-
sumption, weight gain, feed efficiency and carcass quality when
steam alkali-treated straw (compared to contrcl) was incorpo-
rated in the diet at approximately 65%. These animals performed
similar to those fed a 60% concentrate ration (36).

Similar performance occurred when lambs were fed treated
wheat straw and corn cobs (37). A 17% improvement in organic
matter digestibility was noted when feeding wheat straw treated
with 5% NaOH (37). Treating corn cobs more than doubled the
average daily gains of lambs when fed at 80% of the ration (37).

Chemical treatments appear to improve in vivo dry matter
digestibility without a significant reduction in lignin content
or lignin to fiber ratio. Some treatments may reduce lignin
content, but yield a significantly lower dry matter digestibil-
ity (80). These findings leave the side-effects unclezr.

Chemical additions tend to shift rumen volatile fatty acid
concentrations. Propionic concentration increased linearly
with increased levels of NaOH, while isovaleric significantly
declined (52). The acetic:propionic ratio tended to decrease
linearly with increased additions of NaOH.

Rumen fluid lactic acid increased and resulted in lower
rumen pH with increased NaOH additions (52). This indicates a
more fermentable substrate was available to the microorganisms.

Several hours after feeding a linear decrease in rumen
fluid ammonia and plasma urea was observed (52). These obser-

vations may be hypothesized as increased microbial protein
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synthesis; thus leaving less free ammonia present in the rumen
at any given time.

NaOH treated feedstuffs do not appear to exhibit detri-
mental effects on the physioclogy of the rumen. Young calves
fed a ration containing 10% NaOH for six months demonstrated no
adverse effects (43). Freguent urination and increased wafer
intake was the only behavior change observed. Sheep fed NaOH
treated reconstituted whole plant barley for a long period of
time did indicate tendencies of alkaline urine, osmotic diuresis
and hemoglobinuria (53).

Sodium has been reported as being slightly stimulatory to
rumen bacteria (9,10). It was also found to inhance volatile
fatty acid production and to be a required element for rumen
bacteria (11).

Sodium is very important in maintance of buffer systems
and regulations of osmotic pressures and body fluid volume (15).
Excess sodium intakes are excreted via the urine, resulting in
a greater water intake to maintain water balance. Extreme
excesses of sodium result in hypertonicity of extracellular
fluid, resulting into intracellular dehydration and eventually,
death simply because the kidney is overridden (15).

Very high levels of sodium chloride (up to 12.8% of the
ration) have been fed to growing lambs with no adverse effects
on digestibility or growth (49). Upon postmortem examination,
the high salt fed lambs had significantly larger kidneys. teers

also withstood a 9.3% NaCl diet without adverse effects. High
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salt additions had no effect on either in vitro cellulose diges-
tion (32) or on in vivo digestion of the steers (12).

" Trace Minerals

Maximum cellulose utilization is very important to rumi-
nant animals that depend on roughages as their primary energy
source. In order to utilize the vast amounts of low-quality,
fibrous feedstuffs, the maximum efficiency of utilization must
be obtained. To achieve maximum cellulose digestion, the rumen
microorganisms must obtain a balanced supply of all nutrients.
The energy and nitrogen requirements have been studied with
little attention given to the trace elements.

In the paper pulping industry, the presence of trace min-
erals has been shown to significantly influence the delignifi-
cation rate and paper pulp yield (39). In the presence of oxy-
gen and alkali, manganese increased the pulp yield, pulp vis-
cosity and nearly doubled the delignification rate of fiberized
wood. Cooper increased the delignification rate, but reduced
both the pulp yield and viscosity. Yield losses were contrib-
uted mainly to the disappearance of hemicellulose. Viscosity
decreases were due to the formation of free radicals created by
the oxidative attack on the carbohydrate chains.

Effects of Copper and Manganese Additions on Metabolism of Rumi-
nant Animals

Copper. Copper is a catalyst oxidant and is a constituent
of many enzymes and red blood cells (15).
Low level additions of copper have been found in limited

cases to stimulate cellulose digestion and microbial protein
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synthesis (22,81). Other researchers have not demonstrated
improvement of microbial activity with copper additions (28,41,
b5). Low levels of copper addition have been found to be inhib-
itory to rumen microorganisms (48).

The liver contains the highest concentrations of copper
in animal tissue. When feeding sheep, the amount of liver cop-
per storage was proportional to their intake, within the range
of 3-20 mg/day (19). Over a six-month period copper was stored
to the extent of 5% of the intake.

No information was found on the site of copper absorption
in ruminants, but rats readily absorb copper from the stomach
(75).

Urinary excretion of copper is known to be low in most
species of animals. When cattle were fed copper-containing
grass and alfalfa, urinary copper excretion amounted to 1.2-1.9%
of the total copper excretion (40). Young bulls fed labeled
copper excreted 75% of the dose in the feces and 3% via the
urine within a five-day period (16).

Copper requirements and toxicity levels for ruminants can
not be clearly defined when interfering factors are present in
the diet.

Copper complexes with molybdenum sulfate and the complex
is biologically unavailable (15,21.72).

Chelating agents, such as EDTA and penicillamine, can sig-
nificantly decrease copper absorption and increase urinary cop-
per excretion (42).

The chemical form of copper changes its biological value.

Copper acetate 1s absorbed to a greater extent than that of
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copper sulfate (19,68). Toxic levels of copper sulfate and cop-
per acetate were fed to sheep and those consuming copper in ace-
tate form died sooner than did the copper sulfate animals (68).

Dietary calcium carbonate supplementation to sheep has
been shown to reduce copper availability where dicalcium phos-
phate did not (19).

There is no regulatory mechanism for controlling copper
intake in ruminants; therefore, the liver may accumulate high
concentrations. The extent of copper toxicity depends on the
animal species (55,70,77) and the breed within a species (44).
Sheep are less tolerant to copper toxicity than are cattle (72).
Toxic symptoms occurred in Border-Leicester sheep when fed 100
mg copper per day, but when the same amount was fed to Merino
sheep, no toxic symptoms were observed (44).

Chronic copper toxicity in ruminants has three distinct
phases (15). 1. Gradual accumulation of copper in the liver
where blood copper content is normal with no observed clinical
signs of toxicity. 2. Blood copper concentration doubles,
billirubin concentration increases and liver function decreases,
resulting in reduced hematocrit. Sorbitol dehydrogenase, argin-
ase and glutamate-coxaloacelate transaminase in the bloocd serum
inereases in activity (31). Stage three is known as the hemo-
lytic crisis (15). Dullness, anorexia and acute thirst are
observed. Bellering animals reveal that abdominal pain is
occurring. The mucous membranes indicate presence of jaundice.
Total hemoglobin level drops dramatically to low levels, while

methemoglobin increases (47). Blood hemoglobin has been shown
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to drop as much as 10 g % within 48 hours. Blood glutathione
concentration falls and whole blood copper increases five to
eight times the normal coﬁcentration (69). These sudden changes
that occur in the final stage are a result of degeneration of
the liver cells, accompanied by a sudden release of copper into
the blood stream. Animals generally die within two to four days
after the onset of the hemolytic crisis (15).

Copper toxicity in cattle is ill-defined. Estimates of
safe levels of 70-100 ppm copper for periods of 112 days have
been made (55). Chronic cases of toxicity have been reported
when feeding young calves milk replacer containing 115 ppm (63).
However, in contrast, young calves were fed as much as 500 ppm
daily and did not develop clinical symptoms until 20 weeks cof
age (70).

Adult cattle are more resistant to copper toxicity than
young cattle (67). Yearling heifers and cows have been shown
to tolerate repeated doses of 20-40 g of copper sulfate and
repeated single doses up to 100 g (63). The single lethal dos-
age occurred at between 200-300 g. But yearling cattle receiv-
ing 200-300 mg of copper sulfate per head per day for 16 months
demonstrated no ill-effects (63).

The recommended safe level for sheep is between six to
seven ppm calculated copper in dry feed; whereas, 19 ppm was
observed to be toxic (50). Hemolytic crises were observed in
lambs when fed 40 ppm copper in 20 weeks (60)., Feeding lambs
80 ppm copper for 6-12 weeks resulted in very high liver copper

values and eventually death (20). Contradictory results have
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been reported that when one gram of copper sulfate was fed 13-
15 weeks, no symptoms occurred (8).

As revealed by this literature review, copper requirements
and toxicity levels are dependent upon many interactions. It
is very difficult to access a set toxic amcunt for any species.

Manganese. Manganese is involved in enzyme activation,
many of which can be activated by other divalent ions (15).
Manganese is more specific for activating the enzymes that are
involved in oxidative phosphorylation, fatty acid and choles-
terol synthesis (15).

As in other trace minerals, manganese is found in rela-
tively high concentrations in the liver, kidney and pancreas
(15). The normal liver manganese concentration in sheep and
cattle is 6-8, 9-12 ppm on a dry basis, respectively (71).

Manganese requirements for cattle have been suggested to
be near 20 ppm (7,59). The maximum safe level appears to be
about 1000 ppm for both cattle and sheep.

Manganese deficient heifers have been shown to cycle slower
and breed later than control animals (59). The newborn from
these animals exhibited weak pasterns. Common symptoms in
calves born from manganese deficient mothers were bone defor-
mities, enlarged joints, twisted legs, stiffness and general
weakness.

Manganese additions of 7.5 ppm increased cellulose diges-
tion after chelating agents were added (41). Low level addi-
tions to washed rumen suspensions demenstrated a stimulus to

cellulose digestion (22,45). Deletion of manganese resulted
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in a marked reduction in cellulose digestion (13). Other
researchers could not demonstrate a stimulatory effect on cel-
lulose digestion by manganese additions (28).

Excess manganese has been found to interfere with iron
metabolism by antagonizing the enzyme system at the absorption
site, thus affecting iron availability (23,46). Calves fed up
to 4900 ppm manganese produced variable growth performances and
had decreases in hemoglobin and serum iron values (18).

High level intakes of manganese have been shown to increase
the fecal excretion of both calcium and phosphorous, while plasma
levels remained unchanged (23).

Calves fed 2460 ppm of manganese as manganese sulfate for a
period of 84 days exhibited a depressed feed intake and decreased
weight gains (18). Lower levels of 820 ppm supplemental manga-
nese caused no adverse effects on either growth or appetite.

This indicates the decrease in performance from the higher man-

ganese levels, is a reflection on the decreased feed intake.
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METHODS AND MATERIALS

Raw Material Preparation

One metric ton of dehydrated, .953 cm sorghum stover (NRC
1-07-961) pellets were procured from CK Processing, Marhattan,
Kansas. The material was cleaned using an osclllating pellet
scalper to remove fine particles and grain that was present due
to handling of the pellets after processing.

Following cleaning, the material was ground through a
hammermill equipped with a .318 cm hole diameter screen. The
ground material was sacked and stored for further processing.

Pressure Cooking

Sorghum stover samples were processed in an experimental
pressure chamber at the Kansas State University Physical Plant.

The assigned trace mineral mixtures (appendix A) were dis-
solved in half the amount of water required to bring the mols-
ture content of the 41 g samples to 55%. This mixture was well
mixed in a 1000 ml beaker by a stirring rod before the other
half of the water and appropriate amounts of sodium hydroxide
were added (appendix A). This was done to prevent precipitation
of the trace minerals before being uniformly distributed. Sam-
ples were then placed in rectangular trays and spread in a layer
approximately 1.27 cm in depth.

Pressure cooking of the samples was accomplished with satu-
rated steam at 8.79 kg/cm2 for two minutes.

Following cooking, samples were mixed and spread in a thin,

uniform layer and dried under ambient conditions.
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Extrusion Cooking

Sorghum stover samples were processed using a Wengera,
model X-25 continuous cooker extruder at the Kansas State Uni-
versity Feed Mill.

The specified trace mineral mixtures (appendix A) were
dissolved in half the amount of water required to raise the
moisture content of the 18.61 kg samples to 55%. This material
was well mixed using a 45 kg capacity double ribbon mixer before
adding the other half of the water containing the assigned
amounts of sodium hydroxide (appendix A). After the dissolved
NaOH was added, the samples were allowed to mix for 5 minutes.
This procedure was followed to allow the trace minerals to be
well distributed before the addition of the strong alkaline
solution.

Following mixing, samples were extruded through a .476 cm
die hole with the extruder head temperature reaching 115.6 C.
The material was dried, following extrusion cooking, in a forced
air, heated horizontal drier.

Representative samples of each batch were taken and ground
through a Wiley mill equipped with a #40 mesh screen before any
laboratory tests were conducted.

Reducing Sugar Analysis

The standard AACC sodium thiosulfate, alkaline ferricyanide

reducing sugar analysis (1) was used with modifications.

aWenger Manufacturing Company, Inc., Sabetha, Kansas.
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Ten gram samples of finely ground, extruded sorghum stover
were weighed to the nearest .1 mg. The weighed samples were
placed in a high speed Lourdes blender, along with 80 ml of
distilled water, for 2 minutes. Samples were then vacuum fil-
tered using Whatman's #2 filter paper. Twenty ml of distilled
water were poured through the vacuum filter as a wash. Super—
natant volumes were adjusted to 100 ml and pH recorded (appendix
B). The pH was adjusted to 4.6 by the addition of concentrated
HC1. Duplicate 5 ml aliquots were volumetrically pipeted to
large test tubes to which 10 ml of .1 N alkaline ferricyanide
solution had previously been added. The solutions were well
mixed and placed in boiling water for exactly 20 minutes. Fol-
lowing boiling, the tubes were rapidly cocled in tap water.
This supernatant-alkaline ferricyanide mixture was transferred
to clean 125 ml Erlenmeyer flasks with three washings of an
acetic acid salt solution of 25 ml total volume. One ml of
starch-potassium iodide indicator was added tec the mixture
before titrating with .1 N sodium thiosulfate. A magnetic
stirrer was used during titration.

Reducing power was cobtained by extrapolating from a stan-
dard curve prepared from known, graded concentrations of malt-
ose, Values were expressed as mg of reducing sugar contained
per ml of solution.

In Vitro Technigques

Inoculum. Rumen fluid was collected from an Angus X Hol-
stein steer receiving a high-roughage, low-concentrate diet.

Rumen fluid was withdrawn with a suction syringe and transferred
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to a previously-warmed insulated jug. The rumen fluid was
quickly taken to the laboratory where, after vigorous shaking,

- it was strained through four layers of cheese cloth into a
clean 1000 ml graduated cylinder. All rumen fluid samples were
collected at least 12 hours after feeding.

In Vitro Dry Matter Digestibility. Dry matter digestibil-

ity was determined by the method of Tilley and Terry (66) with
slight modifications. A .4 g sample, 8 ml rumen fluid and 32

ml of McDougall's artifical saliva were used to facilitate the
use of 50 ml tubes, instead of 100 ml tubes used in the original
reference,

In Vitro Gas Production. A gas production measuring device

was set up similar to that described by Behnke (6). The proce-
dures were modified as explained below.

Four gram samples, in duplicates, were mixed with 100 ml
of phosphate tuffer and 50 ml of strained rumen fluid. The
described mixture was placed in a water bath with a constant
temperature of 39 C. Readings of water displaced (gas produced)
were taken at 30 minute intervals, followed by gentle swirling
to insure good mixing. This procedure was centinued for a four-
hour period.

Nylon Bag Techniaue

Samples were placed in nylon bags and suspended in an
Angus X Shorthorn steer at the Kansas State University Beef
Animal Research Unit. The steer was maintained on a corn

silage, prairie hay, low-concentrate ration.
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All samples had been ground through a Wiley mill equipped
with a #40 mesh screen and were placed in 72 thread count nylon
bags. The bags used, measured approximately 10 cm X 15 cm.
Before weighing samples, the nylon bags and strings were dried
to a constant weight in a drying oven. Five gram samples were
weighed and transferred to the nylon bags, tied with nylon cord
and reweighed. Sample sacks were identified by knot cocding in
the cord.

Weights were placed on the top of each sample bag to mini-
mize mobility during ruminal contractions. Sample cords were
secured to the cap of the fistula.

Ten sample bags (five samples in duplicate) were placed in
the fistulated steer for a period of 48 hours. Placement of
samples was just below the stratamat to insure optimum microbial
activity.

Following the digestion period, the samples were washed in
water to remove the ruminal material on the outside of the bags.
Samples were then oven dried at 102 C for 16 hours and reweighed.
Dry matter disappearance was found by difference betwesen the
initial and final weights. All samples were adjusted according
to the sodium hydroxide content.

A duplicated control was included in each trial to account
for microbial and environmental variations. |

For each trial, the control's dry matter disappearance was
assigned a value of 100%. Each treated sample value was divided
by the control value for each trial to obtain the percent of

change in dry matter disappearance over that of the control.
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Chemical Analyses

Van Soest procedures (26) for forage fiber analyses of the
samples were conducted by the Department of Animal Science and
Industry Service Laboratory, Kansas State University.

Statistical Analyses

The effects of sodium hydroxide and trace mineral additions
were analyzed by the least squares analysis of variance (65) in
a 3 X 6 factoral design. Duncan's multiple range test was used

to determine the significance of differences between means (65).
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RESULTS AND DISCUSSION

Reducing Sugar Values

Reducing sugar values are summarized in table 1. Highly
significant differences (P<.0l) were found between all treat-
ments, as well as interactions between treatments (table 2).

Extrusion cooking alone increased (P<.05) the reducing
sugar content when compared to that of uncooked, untreated sam-
ples (table 1). These findings agree with other work (58) that
demonstrated a significant increase in reducing sugar content
when pressure cooking sawdust.

The 8% NaOH level increased (P<.05) the reducing sugar
content when compared to all other treatments combining the
effects of NaOH additions and extrusion cooking (table 1).

This may be explained in part by a partial dissolving of cellu-
lose and hemicellulose (54) thus creating more reducing ends
(tables 13,15).

The 4% NaOH treatments significantly (P<.05) decreased the
reducing sugar content when compared to the 8% NaOH addition
(table 1). An increase (P<.05) still remained, however, when
comparing the 4% NaOH level to that of the uncooked, untreated
stover. The decrease in reducing sugar values caused by 4%
NaOH treatments are not clearly understood, but may be a result
of carbohydrate complexing.

The addition of trace minerals demonstrated no definite

distinguishable trends. All trace mineral treatments in the
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TABLE 2. ANALYSIS OF VARIANCE ON DATA FOR THE EFFECT
OF SODIUM HYDROXIDE AND TRACE MINERAL ADDITIONS
ON REDUCING SUGAR CONTENT OF EXTRUDED SORGHUM STOVER

source of Veristion  SUMOf  DgEresof  een
Sodium hydroxide 387.931 2 193,965%%
Trace minerals 28.390 5 5,678%%
NaOH X Trace minerals 64.858 10 6.486%%
Error 1.010 18 .056
Total 482.189 35
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absence of NaOH resulted in different (P<.05) reducing sugar
values (table 1). The interaction between NaOH and trace min-
eral additions were highly significant (P<.01l) (table 2).

One can deduce from these data that addition of copper
yielded superior (P<.05) reducing sugar values when compared
to manganese (table 1). All trace mineral treatments in the
absence of NaOH resulted in increased (P<.05) reducing sugar
values (table 1). Trace minerals did not significantly increase
(P<.05) the reducing sugar values when in the presence of NaOK
(table 1).

In Vitro Dryv Matter Disappearancs

Special sample treatment was employed before In Vitro Dry
Matter Disappearance (IVDMD) determinations were performed.
Samples were boiled in ethanol for five minutes, rinsed and fil-
tered to remove the soluble material. This procedure was fol-
lowed to remove potentially toxic amounts of trace minerals and
silica and lignin dissolved by the NaOH treatment (35). The
dissolved silica has been suggested as impairing in vitro fer-
mentation (30). It was hoped this procedure would bring out
the effect the treatments had on the remaining dry matter and,
most importantly, fiber digestibility.

Values for IVDMD of treated sorghum stover samples are
shown in table 3. Both sodium hydroxide levels and trace min-
eral additions had highly significant (P<.0l) effects on IVDMD
(table 4).

The samples treated with 8% NaOH demonstrated over a two-

fold increase in IVDMD when compared to treatments with no
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TABLE 4. ANALYSIS OF VARIANCE ON THE DATA, THE EFFECT OF
SODIUM HYDROXIDE AND TRACE MINERAL ADDITIONS GON IN

VITRO DRY MATTER

ISAPPEARANCE OF

EXTRUDED SORGHUM STOVER

Source of Variation g;ﬁaigs D;%ggso;f Sgigﬁe
Sodium hydroxide 3046.712 2 1523.356%%
Trace minerals 3658.992 5 731,798%%
NaOH X Trace minerals 548,156 10 54,816
Error 502.281 18 27.905
Total %é

7756.141

28
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additions of NaOH (table 3). The 4% treatment also resulted in
a significant (P<.05) increase in IVDMD (table 3). These data
are in agreement with results found by other workers (54,58,79),
who found heat treatments and NaOH additions to be advantageous
to IVDMD. The increase in IVDMD may be explained by partially
dissolving the silica and lignin, thus, removing the complex
shell and allowing the material to swell for an improved micro-
bial attack (80).

Heat and steam addition (extrusion cooking) in the absence
of NaOH resulted in no differences (P<.05) in IVDMD when com-
pared to the uncooked, untreated sorghum stover (table 3). This
finding was not in agreement with other work where an increase
in IVDMD was observed when processing sawdust in a pressure cham-
ber (58). The possible difference may be due to differences in
retention time spent in the steam heated environment. The reten-
tion time in the pressure chamber was 15 minutes. Maximum tem-
perature and pressure conditions are found only during a very
short period in the cooker extruder; therefore, the extruded
samples were exposed to maximum conditions only briefly.

Trace mineral additions appear to be more beneficial in
aiding IVDMD at the 0 and 4% NaOH level (table 3). This improve-
ment vanishes with the 8% NaOH treatment. The depressing effect
of 1000 ppm of copper and manganese on IVDMD may be explained by
the presence of toxic residues remaining, which inhibited micro-
bial activity. Other researchers have found that low levels of

copper limit microbial activity (41,48).
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In Vitro Gas Production

The amount of gas produced by microorganisms has been cor-
"related (.95) with dry matter disappearance (61). The more
fermentable a substrate is, the larger the amount of gas pro-
duced. Relative amounts of gases produced (COE' HZ' CHB) are
coupled with the extent of microbial protein synthesis and vola-
tile fatty acid formation.

Pressure cooking and extrusion cooking were compared, and
the effect of neutralizing or not neutralizing 8% NaOH with
hydrochloric acid were evaluated based on gas production (table
5). All treatments were statistically different (P<.01) (table
6). Extrusion cooking resulted in greater gas produced (P<.05)
than pressure cooking (table 5). Neutralizing the 8% NaOH was
found to improve (P<.0Cl) gas production (table 6). These find-
ings are not in agreement with those of other researchers who
found the presence of unreacted NaOH bore no harmful effects on
in vitro systems (30,45). This difference may be due to the
NaOH to innoculum ratio or to the in vitro technique used.

Gas production values of extruded sorghum stover, as
effected by sodium hydroxide levels and neutralization, are
summarized in table 7. All treatments were found to have a
significant (P<.05) effect on gas production (table 8). The
interaction between treatments was due to the microbial inhi-
bition of the non-neutralized 8% NaOH treatment (table 7). All
treatments, with the exception of the non-neutralized 8% NaOH
treatment, resulted in greater (P<.05) gas production than the

untreated, uncooked sorghum stover sample (table 7). The



TABLE 5. GAS PRODUCTION AS EFFECTED BY PRESSURE COCKING OR
EXTRUSION COOKING VERSUS NEUTRALIZED 8% NaOH AND
NON-NEUTRALIZED 8% NaOH TREATED SORGHUM STOVER
(Mls of Water Displaced During Four Hours)

31

Non-Neutralized Neutralized (HC1)

8% NaOH 8% NaOH %
Pressure 43.5 71.5 57,4
Cooked 4b .0 70.5 :
Extrusion 52 el 78.5 65.3
Cooked 52.0 by !
% 48.1 74.5
Uncooked, 51.5

Untreated




32

TABIE 6. ANALYSIS OF VARIANCE ON THE DATA, THE EFFECT OF
PRESSURE COOKING OR EXTRUSION COOKING VERSUS NEUTRALIZED
8% NaOH AND NON-NEUTRALIZED 8% NaOH ON GAS PRODUCTION
OF SORGHUM STOVER

Source of Variation gzﬁaﬁis Dg?gzgo;f sgﬁirﬁe
Cooking method 124.031 1 124,031 %**
Neutralizing 1391.281 i 1391.281%*
Cooking X Neutralizing 1.531 1 1.531
Error 1.625 4 0.406
Total 1518.468 %




TABIE 7. GAS PRODUCTION OF EXTRUDED SCRGHUM STOVER AS
EFFECTED BY SODIUM HYDROXIDE I1EVELS AND NEUTRALIZATION
(Mls of Water Displaced During Four Hours)

33

ﬁéﬁﬁfiﬁiiff Non—N;ggﬁalized X
4% NaOX it 625 67.3
8% NaoH 10e2 3.0 65.3
X 75.4 57.1
Uncooked, By 2

Untreated

aNon—significant cell averages connected by super-
scripts.



TABLE 8. ANALYSIS OF VARIANCE CN THE DATA, THE EFFECTS OF
SODIUM HYDROXIDE IEVELS VERSUS NEUTRALIZED NaOH AND
NON-NEUTRALIZED NaCH ON GAS PRODUCTION Cr SORGHUM STOVER

Source of Variation g:ﬁaggs Dg%gggogf Sgigge
NaOH level 8.000 1 8.000%
Neutralizing 666.125 1 666.,125%*
Level X Neutralizing 105.185 4 1Q%.125%%
Error 34250 4 . 813
Total 82.500 7
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neutralized 8% NaOH treated, extruded, sorghum stover sample
resulted in greater (P<.05) gas production than any of the treat-
ments (table 7).

Nylon Bag Dry Matter Digestibilities

Nylon bag dry matter digestibilities are summarized in
table 9. Digestibility values were calculated by assigning the
control (uncooked, untreated sorghum stover) a value of 100%.
All treatments were divided by the control value to obtain the
percent improvement over the control.

Sodium hydroxide additions resulted in significant (P<.01)
digestibility effects (table 10). Neither trace mineral source,
nor amount effected the nylon bag digestibility wvalues (table
10).

Eight percent and 4% NaOH additions resulted in 250 and
163% dry matter digestibility increases, respectively, when
compared to the extruded sorghum stover without NaOH treatment
(table 10).

Due to the high variation among samples, trace mineral
source or level was not found to have a significant effect on
nylon bag dry matter digestibilities (table 9).

Trace mineral levels were assumed to be nontoxic in the
nylon bag technique due to the low concentrations in relation
to the large rumen veolumes, but could have given localized
effects.

Cell Wall Content

Cell wall content values are shown in table 11. The analy-

sis of cell wall content represents the holocellulose and lignin
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TABLE 10. ANALYSIS CF VARIANCE ON THE DATA, NYLON BAG
DIGESTIBILITIES OF EXTRUDED SORGHUM STOVER AS
EFFECTED BY NaOH AND TRACE KINERAL IEVELS

Source of Varlavion SO Degree of  Jean
Sodium hydroxide levels 3672.125 2 1986, 063 %%
Trace mineral levels 183.104 5 36.621
NaOH X Trace minerals 554,763 10 55,476
Error 3439.137 54 63.688
Total 8149.129 71
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TABIE 12. ANALYSIS OF VARIANCE ON THE DATA, THE EFFECT OF
SODIUN. HYDROXIDE AND TRACE NMINERAL ADDITICONS ON THE CELL
WALL CONTENT OF EXTRUDED SORGHUI: STOVER

Source of Variation  Smof  Degreeof  ean
Sodium hydroxide 611.042 2 305,521 %%
Trace minerals 19.143 5 3.829
NaOH X Trace minerals &7 552 10 B4 7 H5%E
Error 26.386 18 1.466
Total 7i4.123 38
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content as a sum. Cell wall analyses appear to partition the
nutritively available and soluble components from those that
are unavailable and dependent on microbial fermentation (26).

Sodium hydroxide treatment significantly (P<.0l) effected
the cell wall content values of extruded sorghum stover (table
12). Eight percent NaOH treatments reduced (P<.05) the cell
wall values when compared to all other treatments (table 11).
This decrease in cell wall content is due to the partial solu-
bilization of cellulose and hemicellulose (tables 13,15). Four
percent NaOH treatments, when compared to extruded sorghum
stover, failed to statistically reduce (P<.05) cell wall con-
tent (table 11). However, both the 4% NaOH treatment and the
extruded, untreated stover resulted in lower (P<.05) cell wall
contents than the uncooked, untreated material (table 11},

Trace mineral additions did not effect overall cell wall
contents significantly (P<.05) (table 12). There were values
within the data that did suggest differences. Trace mineral
additions at the 8% NaOH treatment level had a more pronounced
effect on decreasing the cell*wall content (table 11). A sig-
nificant (P<.0l) interacticn was present (table 12). The inter-
action present was apparently due to sample variance, rather
than the trace mineral, NaOH associative relationship.
Cellulose

Values for cellulose contents are summarized in table 13.
Sodium hydroxide additions significantly effected (P<.0l) the
cellulose contents of sorghum stover (table 14). The 8% NaOH

treatment reduced (P<.05) the cellulose content in extruded
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TABLE 14. ANALYSIS OF VARIANCE ON THE DATA, THE EFFECT OF
SODIUL HYDROXIDE AND TRACE NMINERAL ADDITION ON CELLULOSE

CONTENT OF EXTRUDED SORGHUNK STOVER

Source of Variation ggiaggs D;%g:gogf Sgiizge
Sodium hydroxide 53.183 2 26.,591%%
Trace minerals 5.969 5 1.194
Error 19.336 10 1.934
Total 78.488 l;z
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sorghum stover from 29.79% to 23.97% (table 13). These find-
ings agree with those of researchers (52,53) who found signifi-
cant decreases in cellulose content in steam and NaOH treated
whole plant barley.

Treatment with 4% NaOH did not result in differences in
cellulose content frocm that of extruded only, sorghum stover
(table 13). These results suggest that a 4% NaOH treatment was
not severe enough for cellulose breakdown.

Extrusion cooking alone, with no additives, reduced (P<.05)
the cellulose content when compared to the unprocessed sample
(table 13).

Trace mineral additions had no effect on lowering the cel-
Julose content of the extruded sorghum stover (table 14).

As a result of decreased cellulose, more reducing ends
should be formed. The reducing sugar data (table 1), agrees
with this concept.

Hemicellulose

Data on hemicellulose content are shown in table 15. Hemi-
cellulose content is estimated by the difference between cell
walls and acid detergent fiber. Highly significant differences
(P<.01) were found due to 311 treatments, as well as significant
interactions between treatments (table 16).

Eight percent NaOH additions lowered (P<.05) the hemicel-
lulose content in extruded sorghum stover (table 15). These
results are in agreement with other workers that have reported
significant hemicellulose decreases following treatment of wheat

straw (80) and poplar bark (25) with NaOH. The 4% NaOH treatment
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TABLE 16. ANALYSIS OF VARIANCE ON THE DATA, THE EFFECT OF
SODICH HYDROXIDE AND TRACE MINZRAL ADDITIONS ON
HEMICELLULOSE CONTENT OF EXTRUDED SORGHUM STOVER

BS

Source of Variation ggﬁaggs D;%gggo;f Sgi:?@
Sodium hydroxide 562.610 2 281.305%%
Trace minerals 61.341 5 12.278%%
NaOH X Trace minerals 25.841 10 2.584%%
Error 3.818 18 w212
Total 653.660 38
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did not statistically effect the hemicellulose content; however,
a decreasing trend is present (table 15).

Trace mineral treatments resulted in lower (P<.05) hemi-
cellulose values when compared to the extruded only, sorghum
stover (table 15). With the interacticns present, it is diffi-
cult to determine which trace mineral and concentration was
responsible for maximizing hemicellulose degradation.

Extrusion cooking with no additives provided sufficient
energy to reduce the (P<.05) hemicellulose content more than
that of the uncooked, untreated sample (table 15). The combina-
tion of high temperature, high pressure and shear in the extruder
plus chemical treatments increases these effects.

Acid Detergent Fiter

The acid detergent fiber fraction contains lignin, cellu-
lose and silica (26). This fraction 1s used as a preparatory
step in the determination of lignin. Values for this determina-
tion are summarized in table 17.

Highly significant differences (P<.01) were found for all
treatments, including the interactions between treatments (table
18). The interactions present are due to the marked decreases
(P<.05) in cellulose (table 13), silica (table 21) and increases
found in lignin (table 22). The complexity of these data makes
it difficult to extract conclusions. The lignin and gsilica com-
ponents of the acld detergent fiber fraction will individually
be discussed later. However, upon examination of table 17, a
decreasing trend is present when comparing the extruded mate-

rials to the untreated, uncooked samples.
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TABLE 18. ANALYSIS OF VARIANCE ON THE DATA, THE EFFECT OF
SODIUM HYDROXIDE AND TRACE MINERAL ADDITIONS ON THE ACID
DETERGENT FIBER CCNTENT OF EXTRUDED SORGHUM STOVER

L8

G g Sum of Degree of Mean
Source of Variation Squares Freedom Square
Sodium hydroxide 6.677 2 F3IGEE
Trace minerals 14,912 5 2,982%=*
NaQH X Trace minerals 15.228 10 1. 523%%
Error _3.361 18 187
Total 40.180 35
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Other research that has been reported on acid detergent
fiber values of alkali treated material, show mixed results.
Decreases in acid detergent fiber have been reported by some
researchers (2,25,53,62) on alkali treated substrates, while
other work found an increase or no response (25,53,62).

Lignin

Sodium hydroxide treatments increased (P<.01) (table 20)
the lignin values (table 19) in the extruded sorghum stover
samples. These data are in disagreement with those of other
researchers, who found lignin content to decrease in alkali
treated straw, sawdust, poplar bark and corn cobs (2,25,33,35,
58). The increase in lignin content may be a result of losses
in other materials which results in an apparent increase in
lignin or the effect may be the formation of artifacts due to
heat and NaCH treatment, thus, altering the true lignin values,

Trace mineral additions indicated no effect (P<.05) on
lignin content (table 20).

Sllieca

Silica values for extruded sorghum stover samples were
significantly (P<.01l) lowered by NaOH treatments (tables 21,22).
Dissolved silica, however, has been shown to be a cellulolytic
inhibitor (78). Consequently, the lowering of silica content
should be noted only in respect to other data. Neither trace
mineral treatments, nor extrusion cooking alone lowered the
values for silica content in processed sorghum stover.

Cell Solubles

Soluble cell components (table 23) are comprised of lipids,

soluble carbohydrates, most proteins and other water soluble



50

7946 psjesajuf
GGl ‘payooouf
00T°'8 €099 gon g £€80°Q g64 4 G91°g X
288 566°¢ Hes s 588°9 646°G 048G T90'9 0
2GT"9 9804 T2E'9 rAA 006°6G 06
20g'0T  942°0T  SSHtOT  AAT'TT  LO°TT  830°TT  €95°'0T g
€44 TT 79¢°8 287°0T H#60°TT 1646 144t €T
4269 HT12'6 606G 9G4 29t L T6€°Q GlL9'4 b
A A CIT"S 459'Q 600" 4 090'9 2186
X L ny 000T ny 00§ ny 06¢e ——— i =
pautqwop i U 000T U 00§ un 0562 no 005§ u 00§
(%) HO®BN

(udd) sTeIaUT) 80RIY,

(s1seq J8q9eW AId %00 uo jusoaad)
STHATT TVHININ JOVHL ANV HOBN X9 QHLDHAAH SY
HdHAOLS WAHDYOS JEANYMLXE A0 INHINOD NINDIT 6T HIAVL



TABLE 20. ANALYSIS OF VARIANCE ON THE DATA, THE EFFECT OF
SODIUM HYDROXIDE AND TRACE MINERAL ADDITIONS ON LIGNIN

CONTENT CF EXTRUDED SORGHUN STOVER

Source of Vertation  Sun T Dggeeef  ean
Sodium hydroxide 616.018 2 80.509%%
Trace minerals 13.095 5 2.619
NaOH X Trace minerals 6.454 10 . 645
Error 22.58 18 1.255
Total 35

203.150
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TABIE 22. ANALYSIS OF VARIANCE ON THE DATA, THE EFFECT OF
SO0DIUM HYDROXIDE AND TRACE MINERAL ADDITIONS ON SILICA
CONTENT OF EXTRUDED SORGHUL STOVER

., o Sum of Degree of Mean
Seures of ¥arlakion Squares Freedom Square
Sodium hydroxide 6.775 2 3,387
Trace minerals 483 g . 097
Error 694 10 . 069

Total

§ ok
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TABIE 24, ANALYSIS OF VARIANCE ON THE DATA, THE EFFECT OF
SODIUM HYDROXIDE AND TRACE MINZRAL ADDITIONS ON THE
CELL SOLUBLES OF EXTRUDED SORGHUM STOVER

Source of variamce  S°T  DgEmesof  Jean
Sodium hydroxide 1711.658 2 855.829%%
Trace mineral 48.671 5 9., 734%x
NaOH X Trace minerals 40,842 10 L.oB4*
Error 28,102 18 1.561
Total 35

1829.2
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matter (26). This fraction is assumed to be completely digested.
Therefore, changes in this measurement should reflect the avail-
~ability of nutrients.

All treatments, including interactions between treatments
were statistically different (P<.0l1) (table 24). The 8% NaCH
treatment created over 43% more soluble materizal than did the
extruded non-alkaline treated material (table 23). When compar-
ing the 8% alkali treatment with that of the 4% treatment, a 27%
inerease in cell solubles was found (table 23). The increase in
cell solubles indicate solubilization and, therefore, decreases
in cellulose, hemicellulose and silica (tables 13,15,21).

Trace mineral additions failed to establish consistent
effects on cell solubles values (table 23).

Extrusion cooking resulted in increased (P<.05) cell solu-
ble yields when compared to the untreated, uncooked samples
(table 23). The alkaline treatment effects were additive to
those of the extrusion cooking process.

Hot Water Insoluble Matfer

Hot water insoluble matter (table 25) contains the cell
wall material not readily soluble in hot water.

Alkali treatment significantly reduced (P<.01) the hot
water insoluble material remaining in extruded sorghum stover
(tables 25,25). A 26% reduction in hot water insoluble matier
was observed when comparing the extruded 8% NaOH treated stover
to that of extruded nonalkaline treated stover (table 25). The

extruded 8% alkaline treatment resulted in an additional 19%
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TABIE 26. ANALYSIS OF VARIANCE ON THE DATA, THE EFFECT OF
SODIUM HYDROXIDE AND TRACE MINERAL ADDITIONS ON THE HOT
WATER INSOLUBLE MATTER OF EXTRUDED SORGHUM STOVER

s s Sum of Degree of Mean

Source of Variatlou Squarss Freedom Sguare
Sodium hydroxide 1426, 044 2 713.022%%

Trace minerals 6.261 5 1 252

NaOH X Trace minerals 71.973 10 7.197

Error 60,541 18 3.363

Total 1564.819 35
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decrease in insoluble matter when compared to the extruded 4%
NaOH treated stover (table 25).

Extrusion cooking alone produced lower (P<.05) hot water
insoluble values than the untreated, uncooked material (table
25). These findings are in close agreement with the treatment
effects on cell wall content (table 11).

Trace minerals failed to produce any effect on the hot
water insoluble material remaining in the extruded sorghum sto-
ver.

Nitrogen Content in Hot Water Insoluble Matter

Nitrogen content of the hot water insoluble matter in
extruded sorghum stover is summarized in table 27. This deter-
mination is an estimate of nitrogen availability. True protein
nitrogen in forages may be estimated by multiplying the hot
water insoluble nitrogen content by a factor of 6.25 (26)
(appendix C). The hot water coagulates the protein, which is
then insoluble. It, therefore, remains in the residue and can
be used for nitrogen determination and estimates of true pro-
tein content.

Sodium hydroxide significantly (P<.01) effected the nitro-
gen content remaining in the hot water insoluble fraction
(table 28). The 8% alkaline treatment lowered (P<.05) the
nitrogen content of the hot water insoluble material (table 27).
These results agree with that of other work which found a decrease
in protein availability due to alkaline treatments (2,54,62).
These data indicate that the more severe the alkaline treatment,

the greater the decrease in coagulatable protein. The sodium
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TABIE 28. ANALYSIS OF VARIANCE ON THE DATA, THE EFFECT OF
SODIUM HYDROXIDE AND TRACE MINERAL ADDITIORS ON THE
NITROGEN CONTENT OF THE HOT WATER INSOLUELE MATTER

IN EXTRUDED SORGHUM STOVER

S 65" &0 Vaniatian Sum of Degree of Mean
ST © Squares Freedom Square
Sodium hydroxide .1590 2 .0795%*

Trace minerals . 0073 .0015

2
NaOH X Trace minerals . 0247 10 .0025%
Error .0143 18 .0008
2053 35

Total
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hydroxide treatments may have broken down some of the protein
to free ammino acids, and thus, increased hct water soluble
nitrogen and decreased the coagulatable protein.

Trace mineral addition failed to demonstrate any effect
(P<.05) on the nitrogen availability (table 28).

Alternate Fepsin Insoluble Nitrogen

Alternate pepsin inscluble nitrogen (table 29) gives an
estimate of the nitrogen availability to the enzyme pepsin.
This procedure simulates the available nitrogen metabolism in
the nonruminant animal, or nitrogen digestion in the abomasum
of the ruminant.

Sodium hydroxide additions significantly (P<.01) effect
the pepsin insoluble nitrogen values (table 30). Both alkaline
treatments reduced (P<.05) the availability of nitrogen to the
enzyme pepsin (table 29). This agrees with the results on the
nitrogen content in hot water insoluble matter (tabtle 27). Both-
analyses indiate that NaCH additions have altered the nitrogen
components in the treated material.

Trace mineral additions failed to effect these nitrogen

values (table 30).
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TABIE 30. ANALYSIS OF VARIANCE ON THE DATA, THE EFFECT OF
SODIUM HYDROXIDE AND TRACE MINERAL ADDITIONS ON ALTERNATE
PEPSIN INSOLUBLE NITROGEN VALUES OF
EXTRUDED SORGHUM STOVER

Source of Variation ggﬁaigs Dg%gggogf Spcfszge
Sodium hydroxide 1149.194 2 57l 597 %%
Trace minerals 165,562 5 33.112
Error 270.349 10 27.035

Total 1585.105 17
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SUMMARY

In vitro, in vivo and chemical studies indicate that pro-
cessing methods, alkali and trace mineral additions can result
in increasing the nutrient availability of dehydrated sorghum
stover.

Extrusion cooking in the presence of sodium hydroxide
significantly increased (P<.0l) the reducing sugar content of
dehydrated sorghum stover. The addition of 8% NaOH (as is basis)
resulted in more reducing sugar content than did any other treat-
ment. The treatments containing copper produced higher reducing
sugar values than did the manganese treazted samples.

A two-fold increase in in vitro dry matter digestibllity
(IVDMD) was observed in the 8% NaOH treated extruded stover com-
pared to extruded stover in the absence of alkali. Trace mineral
additions decreased IVDVD apparently by microbial inhibition.

Extrusion cooked alkali-treated stover gave superior (P<.05)
in vitro gas production results when compared to alkali treated,
pressure cooked material. Neutrallzing the unreacted NaCH with
HC1 was found to increase (P<.05) the microblal activity on both
the extruded and pressure cooked material.

Nylon bag dry matter disappearance was enhanced DYy NaQOH
treatments. The 8% NaCH treatment gave a 250% dry matter digest-
ibility increase when compared to extruded samples in the absence
of NaOH. Trace mineral additions displayed no apparent effects

on the nylon bag dry matter digestibilities.
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Forage fiber analyses indicated a significant (P<.05)
decrease in cell walls, cellulose, hemicellulose, silica, hot
water insoluble matter and the nitrogen content in hot water
insoluble matter in the 8% NaOH treated, extruded sorghum sto-
ver when compared to the extruded stover in the absence of NaCH.
The 8% NaOH treatment solubilized significantly (P<.05) more of
the cell components than the 4% alkali treatment.

Trace minerals used in addition to the alkali treatments
gave nonconsistent results in the chemical components. Some

additional responses may have been achieved, indicating that

further study is needed.
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APPENDIX A

SODIUM HYDROXIDE AND TRACE MINERAL ADDITIONS
TO SORGHUNM STOVER SAMPLES

Trace Minerals® (ppm)

NaOHP (%)
500 Mn 500 Cu 250 Mn 500 Mn 1000 Mn -
——— -_—— 250 Cu 500 Cu 1000 Cu -
N 1° 2 3 4 5 6
8 7 8 ] 10 11 12
0 13 14 15 16 17 18
Uncooked,
Untreated 19

8Ccalculated trace mineral content (ppm, as is basis).
bsodium hydroxide content (%, as is basis).

®Denotes sample number,



APPENDIX B

pH OF SUPERNATANT USED IN
REDUCING SUGAR ANALYSES

Sample

Number A
1 9.00
2 8.90
3 9.15
4 9.05
5 9.00
6 9.30
7 10.10
8 10,00
9 10.10

10 '10.05
11 10,05
o, 9.90
13 5.25
14 6.35
15 6.80
16 6.30
17 6.15
18 6.95
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Maximum cellulose utilization is of great importance to
ruminants that depend on roughages as thelr primary caloric
intake. With vast amounts of low-quality fibrous feedstuffs
available, this efficiency of utilization is important. The
object of this research was to improve the nutrient availabil-
ity of low-quality crop residue by processing techniques, trace
mineral additions and the incorporation of sodium hydroxide.

The processed materials were evaluated by in vitro, in vivo and

chemical techniques.

Dehydrated sorghum stover pellets were grocund through a
hammer mill equipped with a .318 cm hole diameter screen. This
material was subjected to various levels of trace minerals,
sodium hydroxide and processing techniques. Pressure cooked
samples were obtained by applying saturated steam at 8.79 kg/cm2
for two minutes. Extruded samples were accomplished by passing
the material through a cooker extruder equipped with a .476 cm
die hole. The concentrations of sodium hydroxide used were 4
and 8% of the dehydrated sorghum stover on an as is basis. Cal-
culated copper and manganese were added at 250,000 and 1000 ppm
with different combinations of each.

Extrusion cooking in the presence of NaOH increased the
reducing sugar content of sorghum stover significantly (P<.01).
The 8% NaOH addition was found to maximize reducing sugar con-
tent. Trace mineral additions increased (P<.05) reducing sugar
contents. Copper additions yielded superior reducing sugar

values when compared to manganese.



Extruded sorghum stover in the presence of 8% NaOH resulted
in over a two-fold increase in in vitro dry matter digestibility
(IVDMD). Trace mineral additions decreased IVDMD apparently by
microbial inhibition.

Extrusion cooked alkali-treated stover gave superior in
vitro gas production results when compared to that of the alkali-
treated, pressure cooked material. Neutralizing the unreacted
NaOH with HC1 was found to enhance the microbial activity sig-
nificantly (P<.05) of both the extruded and pressure cooked
material.

Sodium hydroxide additions produced dramatic increases in
the nylon bag dry matter disappearance. The 8% NaOH treatment
gave a 250% dry matter digestibility increase when compared to
extruded samples in absence of NaOH. Trace mineral additions
displayed no apparent effects on the nylon bag dry matter digest-
ibilities.

Forage fiber analyses indicated a significant (P<.05)
decrease in cell walls, cellulose, hemicellulose, silica, hot
water insoluble matter and the nitrogen content in hot water
insoluble matter in the 8% NaCH treated, extruded sorghum sto-
ver when compared to the extruded, untreated samples. Cell
solubles were drastically increased (P<.05) in the alkali-treated
stover compared to extruded stover in the absence of NaGH. The
8% NaOH treatment solubilized significantly (P<.05) more of the
cell components than did the 4% alkali treatment.

Trace minerals used in addition to the alkall treatments

gave nonconsistant results in the chamical components. Some



additional responses may have been achieved, but further study

is needed before recommendations can be made.



