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SUMMARY

The studies were conducted on gamma irradiation effect of low

quality roughages having potential as ruminant feedstuffs.
The studies falls into 2 major categories: effect of gamma irra-
diation on low quality roughages (Experiment 1), and Mixed treat-
ment effects of gamma irradiation with grinding, chemical treat-
ment and enzyme addition (Experiment 11).

In Experiment 1, effect of gamma irradiation on the fibrous
material degradation, ADF-N content, reducing sugar formation,
crystallinity of cellulose and jits susceptibility, dacron bag dry
matter disappearance, in vitro dry matter disappearance and VFA
production of barley straw (BS), barley hull (BH) and rape husk
(BH) were reported.

Four levels of irradiation were applied: 2.5, 5. 10 and 25
Mrad. Three adult sheeps fed high quality Italian ryegrass hay
ad libitum. Dacron bag dry matter disppearance was measured when
suspended for 12, 24, 36, 48 and 72 hours in the rumen. Four
incubation periods were used (12, 24, 36 and 48 hours) to deter-
mined in_vitro dry matter disappearance, and individual VFA pro-
duction was determined at 1, 2, 4 and 6 hours fermentation.

Camma irradiation decreased the NDF and hemicellulose
content but contents of ADF, cellulose and lignin were not changed.

Reducing sugar content and ADF-N content varied with test samples;
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ADF-N content of BS was decreased, however, the ADF-N of BH was
increased by irradiation. ADF-N content of RH was not changed.
Gamma irradiation increased reducing sugar formation of BH and RH,
but reducing sugar formation of BS was increased at 2.5 and 10 Mrad
levels,

Cellulose crystallinity of BS was markedly increased at the
25 Mrad level, and 5 Mrad irradiation also significantly increased
cellulose crystallinity of BH. Higher levels (10 and 25 Mrad) of
irradiation increased enzyme hydrolysis of low quality roughages
in a short time. But the relationship between degrees of crystal-
linity of cellulose and its susceptibility to cellulose was found
only at a dose of 2,5 Mrad.

Dacron bag dry matter digestibility (DMD) of gamma irradiated
BS, BH and RH varied with samples types and irradiation doses; BH
showed a more positive effect to gamma irradiation than BS and RH.
In 72 hours suspension, DMD of BS decreased at 2.5 and 10 Mrad
levels, and lower irradiation levels (2.5 and 5 Mrad) decreased
the DMD of BH. All levels of irradiation increased the DMD of RH,
while DMD of irradiated with 5 Mrad was lower than that of 2.5 Mrad.

Gamma irradiation increased the cell wall digestion and leng-
then the cell wall digestion time up to 48 hours. A level of 25
Mrad decreased cell wall digestion of BS, and 5 Mrad irradiated
BH showed lower cell wall digestion at 12 hour suspention.

The 5 and 25 Mrad irradiation reduced in_vitro dry matter

- o —
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digestibility (DMD) of BS, and low irradiation levels (2.5 and 5
" Mrad) decreased DMD of BH at 12 hours incubation. Gamma irradia-
tion increased DMD of RH, whereas 5 Mrad level was lower than
that of 2.5 Mrad level.

increased by prolonging incubation time. Total VFA production

of BS was decreased at 5 and 10 Mrad levels, and 2.5 and 5 Mrad
levels decreased VFA production of BH while VFA production of RH
was decreased at the 5 Mrad irradiation level.

Gamma irradiation changed the acetic/propionic acid (C2/C3)
acid ratio and increased the propionic acid production.

In experiment II, effects of grinding (2 mm screen grinding
and fine grinding), chemical treatment (NaOH and NH,OH) and gamma
irradiation (2.5 Mrad), and its combination on improving the nutri-
tive value of barley straw (BS), barley hull (BH), rape stem (RS)
and rape husk (RH) were studied.

NaOH treatment increased DMD of BS, BH, RS and RH by increa-
sing the NaOH level. Physical treatment also enhanced the effect
of alkali treatment. Fine grinding was more effective in improving
DMD of NaOH treated BH, and 2 mm screen grinding was more effective
in improving the DMD of NaOH treated RS and RH. NaOH treatment
markedly decreased NDF and hemicellulose content of RS and RH by
increasing NaOH levels, The optimal treatment level of NaOH was
67 in BS, BH and RH but 4.5% in RS.
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NH4O0H treatment improved DMD of BS, BH, RS and RH by increa-
sing the NH,OH level up to 3%. The NDF and hemicellulose content
of BS and BH were decreased by NH4OH treatment. Total N content
of BS, BH, RS and RH markedly increased by ammonia treatment, howe-
ver, the lowest total N content was found in RH. The highest
total N content of BS, RS and RH was obtained at 4,57% level of
NH4OH level, but the highest total N content of BH was obtained
at 3% NH,OH level. The optimal treatment level of NH,OH was 3%
in BS, RS and RH, but 4.5% in BH.

Grinding increased dry matter digestibility (DMD) of BS, BH,
RS and RH. 2 mm screen grinding was effective to improving the
DMD of BS, and RS, and fine grinding was more effective in BH and
RH.

Combination of grinding and gamma irradiation showed compen-—
sation effect in improving the DMD of low quality roughages.

The effect of mixed treatment with chemical and gamma irradia-
tion varied with sample types. Mixed treatment of grinding, NaOH
and irradiation on the BS and BH were less effective than only
grinding and NaOH treatment. The prositive effect of mixed treat-
ment with grinding, NaOH and jirradiation was found in BH and RS
at 67 NaOH level. Mixed treatment with NaOH and gamma irradiation
linearly decreased the NDF and hemicellulose contents BS, BH and
RH than only NaOH treatment. But, ADF content was not changed by

mixed treatmemt with NaOH and irradiation.

— 6 —



Mixed treatment with grinding, NH4OH and irradiation on BS
and BH was less effective than NH4OH treatment. The positive
effect was obtained only treated with 4.5 and 6% NH,4OH in BS and
irradiation was effective in improving the DMD of RS and RH than
only NH,OH treatment. The NDF and hemicellulose content were
decreased by mixed treatment with NH,OH and irradiation than only
NH,OH treatment. But, ADF content was not changed by mixed treat-
ment with NH4OH and irradiation. The optimal combination level
of NH,OH and irradiation was 4,5% in BS, 6% in BH, 1.5% in RS and
3% in RH.

Enzyme addition increased the DMD of gamma irradiation BS
only at the 25 Mrad irradiation level. Enzyme addition increased

the DMD of gamma irradiated BH and RH at all levels.
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L.__INTRODUCTION

It is increasingly evient that unless effective restraint is
placed upon the rate of population increase, the world is moving
into a serious ecological imbalance between food supply and demand.

This ecological imbalance is further exacerbated by the fact
that in the developing countries of the world the animal protein
consumption per head is increasing. The improvement of living
standards in developing countries will lead to further increase in
animal protein consumption and a growing demand for high quality
red meat.

The increase of animal protein consumption is accompanied by a
rapid rise in the demand for feedstuffs and animal stock. Grain is
an important food for both man and the production of animal protein,
Consequently there exists competition “etween man and animal produc-
tion., In many areas of the world, agricultural by-products are
becoming important feedstuffs for ruminants as competition for
grains and the needs for high protein meals increases.

The ruminant has biological interest because it is the most
developed form of herbivore, Ru‘rants manage to extract more
nutrient from coarse fibrous feedstuffs than any other herbivore.
Symbiotic microbial population of the ruminant digestive tract
allows the host animal to derive energy from cellulose and hemi-

cellulose in the furm of volatile fatty acids, which are metabolised
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by the animal tissues.

Large quantities of low quality roughages are available such
as straw, grain hulls, corn stover, corn cobs and other agricul-
tural by-products. These can be efficiently utilized by the
ruminants as livestock feed. The potential use of low quality
roughages, as animal feeds is worthy of consideration since ruminants
are uniquely adapted to utilize the cellulose in high fibrous
materials.,

In KOREA, about 765 M/T of rice straw and 200 M/T of barley
straw are produced annually. Rice and barley straw are most impor-
tant sources of feedstuffs for ruminants. However, only a small
proportion of this straw is fed to livestock. Most of the straw,
an important plant nutrient, is either plowed into the soil to
improve fertility or burnt in the field.

Although these materials contain enough cellulose to make them
a rich source of energy for ruminants, they are poor-quality feeds
in their natural state. However, they have several shortcomings :
low digestibility, low protein content, poor paratability and
bulkiness.

Many studies using chemical, physical and gamma irradiation
treatment have been conducted to improve the nutritive value and
digestibility of these materials. Reliable technical solutions of
the best ways to utilize low quality roughages are lacking and of
those practices employed there is no consistent rationale as to why
they sometimes work and sometimes fail.

—13 —



The present studies were carried out to measure the effects
of different treatments on improving the nutritive value of low
quality roughages.

The examination of different treatment :

1) effect of gamma irradiation on the properties of roughages and
on the nutritive value of low quality roughages.

2) effect of chemical treatment on improveing the nutritive value
of low quality roughages.

3) effects of mixed treatment by grinding, chemical treatment,
enzyme addition and gamma irradiation on improving the nutritive
value of low quality roughages.

This review of the literature assesses the carbohydrate meta-
bolism, especially structural carbohydrate-metabolism in the rumen.
tonsideration is given to the properties of low quality roughages
and to the effects of different treatments applied to improve their

nutritive value and techniques to measure thelr nutritive value.



II. REVIEN OF LITERATURE

2. 1. 1. Fermentation of carbohydrate

Carbohydrates are the main source of energy for productive
processes associated with growth, pregnancy and lactation in the
ruminant animal.

The bulk of carbohydrate in low quality roughages is the
polymer : Cellulose, hemicellulose, pectin and starch. The first
step in fermentation of carbohydrates is hydrolysis to form mono,
di, tri, et cetera, saccharides and oligosaccharides (figure 2.1).

Cellulose, the chief constituent of the cell wall in the most
plants, is one of the most abundant organic substances. Cellulose
molecules are long, unbranched chains of B-1, 4 linked with glucose
units. Cellulose in plants exists in a loosely associated (amor-
phous) form along with hemicellulose and other polymers as well as
in a highly crystalline form.

Manta (who quoted from Pillipson and Cuthbertson, 1956) sum-
marized the process of degradation of cellulose to simple sugars
in three stages :

a) the breaking down of cellulose into smaller polysaccharides,
resulting in the production of glucose and celloblose;

b) a second stage that seems to be analogous tc the enzymic
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Figure 2.1 Pathways of carbohydrate metabolism in the rumen
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hydrolysis of other polysaccharides, resulting in the produc-
tion of glucose and cellobiose j

c) the hydrolysis of cellobiose to glucose by cellobiase.

Pettipher and Lantham (1979) reported that the cellulases of
the R, albus are active in the hydrolysis of denatured or amorphous
cellulose, but are relatively inactive against crystalline cellulose.
BL-EE%YEEEEEEEE can hydrolyze crystalline cellulose. The ruminoco-~-

cci are able to degrade all the components of the cell wall, but

where mature forages are concerned, tend to degrade quantitatively

celluloytic organism in the rumen contents of animals fed wheat
straw, high in crystalline cellulose; suggesting that the cellulase
enzymes of the ruminococci. Gorleau and Forsberg(1981), Dehority
and Scott(1967) and Coen and Dehority(1970) are in unaimouse agree-=
digesting cell wall cellulose, but was unusual in being unable to
utilize the hemicellulose which it degraded.

Hemicelluloses are a group of polysaccharides consisting of
largely linear xylose chains with varying amounts of arabinose,

uronic acid and galactose. Prins(1977) reported that the bran-



ching and solubility in water increase as proportions of uronic
acids and galactose increase. As with cellulose, hemicellulose
hydrolysis proceeds primarily through the extracelular release of
the dissaccharide, xylobiose, which is hydrolyzed by a intracell-
ular enzyme-xylosidase-to form Xylose. It appears that the
cellulolytic bacteria are the most important species involved in
hemicellulose hydrolysis. Dehority{(1973) suggested this activity

represents a nonspecific hydrolysis of the @-1, 4-xylosidic linka-

poor quality forage tend to digest more hemicellulose than cellu-
lose., They also reported that hemicellulose hydrolysis can be
quite gratuitous for closely associated noncellulolytic bacteria,
which can use xvlobiose, because several cellulolytic microbes,
pentoses(figure 2.1).

Pectin' is a complex group of polysaccharides the basic buil-
ding block for which is glacturonic Acid. Prins(1977) noted that
varying amounts of the methyl ester of galacturonate and other
sugars are present within the linear portion of the polymer and
in side chains of pectin,. At least two enzymes are required for

pectin hydrolysis, methylesterase and polygalacturonidase., Pectin

——— e . s gty ————— ——— e —— —— —— — —— — o — ——— —— —
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2.1.2. Volatile fatty acid production in the rumen

The V.F.A. which serve as a major source of energy to the
ruminant, arises largely from the fermentation of dietary carbohy-
drates. Manta(who quoted from Rasmussen, 1965) commented that
energy metabolism in ruminant is essentially one of fatty acids
rather than carbohydrates. As much as 707% of the net energy
requirements of ruminant is provied through V.F.A. Blaxter(1962)
found that animal performance was highly related to the proportions
of acetate to propionate, observed in rumen contents. It soon
became common practice to measure rumen fluid V.F.A. in connection
with performance trials and relate the acetate/propionate proportion
to diet composition.

The amounts and proportions of individual V.F.A. produced
during the fermentation of feed in the rumen vary according to the
diet and the way in which it is prepared before feeding. In addition
the observed ratios for V.F.A. vary from animal to animal and within
animals, from time to time. Bath and Rook(1963) reported that with
diets consisting entirely of hay it is usual to find 68-76% acetic,
14-19% propionic, 8-12% butyric acid. Manta(who quated from Ras-
mussen, 1965) reported that the addition of concentrates to diets
of hay or silage, fed to cattle has usually caused a decrease in
the proportion of acetic acid and a rise in propionic acid.

The fine grinding of hay has been shown to decrease markedly

the proportion of acetic acid and to increase the proportions of



propionic and butyric acids {(Wright et al, 1963 ; Moore, 1964).
But, Hogan and Weston(1967) found that changing sheep from chopped
wheaten hay to ground wheaten hay, at the same level of intake,
increases the proportion of acetate and reduces the proportion of
propionate, Table 2,1 showed the effects of physical form of diet
on V.F.A., production.

Recently, Murphy et al(l982) have studied a relationship
between chemical composition of feeds and V.F.A. formation. Roughage
diets are high in cellulose, intermediate in scluble sugar and low
in starch. consequently, the numbers of cellulolytic and saccharol-
ytic microbes are high and a large proportion of acetate is formed.
This 1s due to cellulose fermentation, but also because the saccha-
rolytic microbes compete favorablv for soluble carbohydrates and
the products of starch hydrolysis. Diets, high in starch, result
in larpe numbers of amylolytic microbes which compete favorably for
soluble carbohydrates and the products of starch and hemicellulose
hydroivsis. Thus, propionate production is increased when cereals
are fed, not only because of the high starch fermentation, but also
hecause the fermentation products, formed from other carbohydrates,

are altered to favor proplonate.

2.2, Low_quality roughage

No absolute definition of roughage quality has, so far, been

given, and the ter.. '"quality'" remains relative. The value of a
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roughage as a feed depends on the amount of dry matter consumed,
its chemical composition, digestibility, balance of nutrients and
economy of use.

Crop residues have potential as feedstuffs for ruminants.
However, this practice has not been widely accepted because thse
low quality roughages are inefficiently utilized by ruminants
compare to higher quality forages. This inefficiency is due to
the low digestibility and poor nutritive value of crop residues.

Lignin is the chemical fraction of the cell wall most frequ-
ently associated with digestibility of forages by ruminants, and
is a major factor associated with the poor digestibility of straw
and other low quality forages (Van Soest, 1967, 1969; Waite et al,
1964).

It is now generally accepted that the decrease of digestibi-
lity accompanies with plant maturity. And this due to the deposi-
tion and extent of the lignin compounds, which form a protective
covering against.cellulose—splitting micro-organisms. Van Soest
(1971) and Smith et al(1972) are unannimous agreement that lignin
is a major endogenous plant factor, affecting digestibility of
forage fiber. Lignin consists of polyphenols that are highly
polymerized. It is intimately associated with other fiber compo-
nents of the plant cell wall and apparently decreases the rate and
extent of fiber digestibility. Digestibility of fiber or dry matter

has been negatively related to the lignin content of forage (Van
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Soest, 1971; smith et al, 1972).

Kirk and chang(1981) summarized the nature of lignin:

a) lignin is the most abundant biopolymer next to cellulose and
contains 1.5 times the carbon content of cellulose

b) it is a comple macromolecule synthesized by the dehydrogenative
radical polymerization of p-hydroxycinnamyl alcohols

c) it containsx several different interunit linkages, many of which
are non-hydrolysable

d) it physically protects the polysaccharides in lignocellulosics
and must be disrupted for enzyme accessibility to the polysaccha=-
rides.

Baker(1973) and cogswell et al(1976) reported that lignifica-
tion has been considered to be one of the primary barriers to rumi-
nant microbial digestion of fiber. Various mechanisms have been
suggested by which lignin inhibits cell wall digestion, e.g. incru-
station, toxicity to digesting microbes and lignin-polysaccharide
complexes. Bolker(1963) found plant polysaccharides are apparently
not simply encrusted by lignin but are probably covalently bonded
to it. Hartley(1972), Barton and Akin(1977) suggested the type
and extent of lignin-polysaccharide bonding could have more effect
on digestion than the amount of lignin per se. Dehority and Johnson
(1961) reported ball milling of lignified tissue greatly increased
in vitro digestion of cellulose in intact forages, suggesting that

lignin inhibited cellulose digestion by acting as a physical barrier .
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between cellulose and celluloytic rumen bacteria.

There are, however, several other factors which may account
for anomalies in the relationship between lignin content and digesti-
bility.Wilkins (1969) reported the digestibility of forage is influ-
enced, in some cases, by rate of digestion in the rumen and by the
rate of passape of the forage through the alimentary tract.

Van Soest(1964) observed that lignin appears to influence only
the digestibility of other cell wall components. Johnston and waite
(1965) suggested that the effect of a particular quantity of lignin
on the digestibility of other cell wall components is, therefore,
likely to vary according to the pattern of distribution of lighin.
Wilkins(1972) reported that the potential cellulose digestibility
had significant negative correlations with both lignin content(r=
-0.862) and lignified tissue (r= -0.905).

In recent years, however, increasing evidence has been found
of the existence of a complex formation between lignin and other
cell wall constituents, particularly the hemicellulose. It is
believed that lignin is amorphously deposited along with the hemi-
cellulose, between microfibrils, which appear to exist as an aggre-
gated separate phase. Hartley and Jones(1976) found ester crosslinks
between hemicellulose and lignin in monocotyledonous plants. In
extracting the lighin carbohydrate complex of ryegrass, Morrison
(1974) also discovered ester crosslinks between phenolic groups on

lignin, and polyme: of xylan and cellulose. These crosslinks hinder
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swelling and digestion of fiber, but can be broken by alkaline
agents during the process of saponification (Tarkow and Feist, 1969).
Higuchi et al (1967) established the presence of ester linkages in
the bridging units between lignin and cell wall carbohydrates.
However, there is evidence that lignin is not a totally inert
compound. Philips (1934) concluded that some lignin could be degraded
during digestion. Gaillard and Richards (1975) found that the cell-
free rumen liquor of steer on a diet of spear grass, contained macro-
molecular substances in which carbohydrates and lignin-derived com-
pounds were covalently bound to each other. The possibility then
exists that the formation of soluble lignin-carbohydrate complexes,
by the action of rumen microorganisms on a forage, might account
for the dissolution and thus the apparent digestion of about half
of the total lignin ingested (Gaillard and Richards, 1975).
Minson (1971) and Grant et al (1974) indicated that lignin was
partly digested. They recovered only the lignin that remained in
the fibrous residues of the feces. Therefore, apparent digestion
of lignin may be obtained partially by the formation of soluble
lignin-carbohydrate complexes that pass from the rumen. This
digestion is due to the dissolution of lignin~carbohydrate complexes.
Soluble lignin-carbohydrate complexes from forages which had been
degraded by bacterial enzymes were isolated from rumen liquor of
grass fed ruminants.

Morrison (1974) found that when lignin-carbohydrate complexes
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were subjected to mild alkaline conditions, lignin was degraded to
a lower molecular weight phenolic compound. He postulated that
ferulic acid and p-coumaric acid, degradation products of lignin,
acted as crosslinking agents between lignin and carbohydrate because
they possess two important functional groups : the hydroxyl group
and the carboxylic acid group. Hartley (1972) also found that two
of these phenolic degradation products, ferulic acid and para
coumaric acid-act as cross-linking agents between lignin and cell
wall carbohydrates.

Cinnamic acid derivatives serve as bulilding blocks of lignin,
and other universal components of vascular plants (Harkin, 1973).
Para coumaric and ferulic acids crosslink lignin to structural
carbohydrates of plant cell walls (Hartley, 1973). These phenolic
degradation products could be of considerable importance in the
evaluation of carbohydrate digestibility.

Chaves et al (1982) obtained two high correlations between
NDF digestibility and p-coumaric acid content, and lignin and p-
coumaric acid content, Fahey et al (1980) report the disappearance
of phenolic material from various sections of the gastrointestinal
tract. All phenolic monomers of roughages decreased in concent-
ration with passage through the tract.

Zemek et al (1979) who studied the inhibitory effects of 11
different lignin degradation products on bacterial growth. All

compounds showed some inhibitory activity. Isoeugenol, a compound



containing double bond in the @\ , ﬁ positions of the side chain
and a methyl group in the positions, was found to be the most inhi-
bitory. Compounds with a carbonyl group in the g or p position
or those with carboxyl and hydroxyl groups in the side chain were

substantially less inhibitory.

2.3. Some treatments for imeroving the nutritive value of low

- e T e e e B e i

The low digestibility and the poor nutritive value of crop
residues are related to the extent of lignification of the cell wall
component. Processes which delignify the fibrous fraction or other-
wise solubilize cellulose and hemicellulose should improve digesti-
bility of residues.

Numerous methods have been developed for improving the nutri-
tive value of low quality roughages. Different methods : the chemi-
cal methods use of alkali and ammonia, grinding, gamma irradiation

and enzyme addition.

2.3.1., Alkali treatment

NaOH is the most widely used alkali reagent. Most workers
appear to consider that benefits attributable to NaOH treatment
arise from the delignification of cell walls.

Tarkow and Feist (1969) reported that NaOH attribute benefi-
cial effects to removal of lignin by saponification of acetates and
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cleavage of ester bonds on xylan chains of timber. Crystalline
cellulose is not soluble in strong alkalis, but is greatly swollen
and undergoes modification to the crystalline structure (Warwicker
and weight, 1967)., Considerable variations exists in the method
of alkali treatment used ; levels and type of alkali used ; type
of forage materials and physical conditions during the treatment
process.

Bechmann (1921) developed an alkali treatment process. In the
Beckmann process for improving the nutritive value of poor quality
roughages, the feed is soaked in a dilute solution of sodium hydro-
xide for 1-3 days, allowed to drain, and washed repeatedly with
water to remove excess alkali. The process improves the digesti-
bility of the straw from 40 to 60-70% and makes the feed more
acceptable to the animal. Its major disadvantages are a high requi-
rement of labour, the loss of soluble nutrients, and the need to
preserve the product by drying or ensiling. 1In arid areas the
requirement for large volumes of water (c.40 1/kg) would also be a
disadvantage.

Recently a new process has been devised by Wilson and Pigden
(1964) and Donefer et al (1969), Which involves spraying with a
relatively small volume of a concentrated solution of NaOH and
neutralization of excess alkali with an organic acid.

Many hydroxides are used : sodium hydroxids, ammonium hydroxide,

calcium hydroxide .nd potassium hydroxide.
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Waller (1976) compared the effect of chemical treatment of corn
cobs with either sodium, calcium or ammonium hydroxide. He reported
that alkali treatment, especially with sodium hydroxide, increased
the rate of both in vitro cellulose and hemicellulose digestion.
He also stated that chemical treatment solubilized some of the hemi-
cellulose while not changing the cellulose content. Meang et al
straw improved with increasing concentration of chemicals, however
treatment with Ca (OH)p and NH4(OH) only improved a small extent.
The solubility of barley straw increased and at the same time cell
wall constituent of barley straw decreased with increasing concent-
ration of NaOH, but acid detergent fiber, cellulose and lignin con-
tent of barley straw were not changed.

Klopfenstein (1978) concluded that the effect of chemical
treatment, especially treatment with sodium hydroxide included :
a) solubilization of hemicellulose, b) increasing the extent of
cellulose and hemicellulose digestion and ¢) increasing the rate of
cellulose and hemicellulose digestion, probably by swelling.

Klopfenstein et al (1972), and Rexen and Thomsen (1976) reported
that lignin contents are generally not reduced by chemical treat-
ment, This indicates that the increase in extent of digestion 1s
probably due to breaking of the bonds between hemicellulose and

cellulose without actually removing the lignin (Klopfenstein, 1978).

Lesoing et al (1981) found that a significant amount of hemicellulose
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was solubilized by chemical treatment with NaOH and Ca(OH)2, but
little cellulose was solubilized.
However, there is a different response to chemical treatment

where measured by in_vitro and in vivo results. Rexen and Thomsen

digestibility did not increased, but in_vitro digestibility appeared
to increase. Jackson (1977) observed a marked and consistent
increase in dry matter digestibility of NaOH treated straw with

in vitro fermentations j; however, in vivo digestibility increases

were not so consistent. Mowat and Ololade (1970) found that in vivo
digestibility of barley straw increased up to 4% NaOH treatment ;
however, treatment at 6 and 8% did not produced a further increase,
Undigested cell walls in the the feces decreased at higher levels
of NaOH treatment, indicating that cellulose and hemicellulose dige-

stibilities continued to respond to chemical treatment, however,

increased excretion of neutral detergent solubles was apparent.

He also reported that NaOH decreased NDF content but only slightly
decreased the percentage of ADF in corn cobs.
The low quality roughages which have been treated chemically

are corn cobs (Waller and Klopfenstein, 1975), Wheat straw(Chandra



and Jackson, 1971) Barley straw (Rexen and Thomsen, 1976) oat straw
(Sexena et al, 1971 ; Rexen and Thomsen, 1976), and rice straw
(Chandra and Jackson, 1971).

Physical condition of roughages is also the factor affecting
alkali treatment. Coombe et al (1979) reported that alkali treat-
ment of either the chopped or pelleted straw increased digestibility
of these components by 107% units compared to nonalkali treated straw.
Potential digestibility of straw dry matter in the rumen, was incre-
ased by alkali treatment from 49-847% in chopped straw and from 59
to 73% in pelleted straw.

NaOH treatment of straw for feeding to animals has not always
resulted in increased intakes and weight gains that might be expected
with improved digestibility.

Jackson (1977) cited several possible reasons for such differ-
ences including an inhibitory effect on rumen microbial activity,

a high pH and osmotic pressure of rumen fluid and a faster rate of

passage of feed through the rumen.

2.3.2., Ammonia treatment

Attempts to improve the nutritive value of straw and other low
quality roughages by chemical treatment have been made from about
the end of the last century (Lehmann, 1895).

Today there is a world wide search for new practical methods

to treat low quality roughages to increase their feeding value.
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One of the most promising is the ammonia treatment. Both anhydrous
ammonia and solution of ammonia in water have shown a positive
effect in improving the nutritive value of low quality roughages.
Herrera-Saldana et al (1983) concluded that the ammonia treat-
ment has some advantages over other alkali it increases both diges-
tibility and crude protein content, does not require dehydration of
the straw after treatment and can be carried out under farm condi-
tions. Rounds et al (1976) observed that ammonia treatment appears
to give slightly lower improvement in feeding value, than the methods
involving "dry" treatment with sodium hydroxide, or ensiling with
mixtures of sodium and calcium hydroxide. With damp materials, it
may difficult to remove excess free ammonia, resulting in poor intakes.
Terashima et al (1980) and Tohral et al (1978) commented that
ammonia treatment increased the nitrogen content and the dry matter
digestibity. Furthermore, the ammonia treatment decreased the con-
tent of neutral detergent fiber and increased the in vitro dry matter
disappearances but did not affect the content of acid detergent
fiber, composed of cellulose and lignin. Sundstol et al (1978)
found that ammonia treatment increased nitrogen content by 0.8 to
1.0 percentage units equal to an increase of 5-6 percentage units
in crude protein content ; in other words, the nitrogen content of
the feed is roughly doubled. Horton and Steacy (1979) reported
that ammonia treatment increased the average crude protein content

of the straws, almost threefold, though improvement ranged from 50



to 276% when barley, oat and wheat straw were treated with 3.5%

anhydrous ammonis.

Itoh et al (1975) found that most of the increased nitrogen
was occupied with non-protein nitrogen. It was assumed that the
increased N content, especially bound fibrous materials, existed as
a lignified nitrogen compound.

Soundstol et al (1978) mentioned that there is no reason to
doubt that N bound to the feed, through ammonia treatment can be
utilized for protein synthesis in the rumen in a manner similiar to
other NPN. However, more research is required to determine if the
nitrogen in ammonia treated materials is more slowly released from
the rumen than that from ; the urea.

Coxworth et al (1976) reported an improvement of 14%, 8% and
127 units of digestibility when wheat, oat and barley straw were
treated with 5% anhydrous ammonia. Arnason and Mo (1977) also
reported an improvement of digestibility in barley straw, treated
with 3.5% anhydrous ammonia,

In some fibrous materials, only the cell wall constituent was
decreased, that is the non cell wall material was increased by
ammonia treatment. Contents of acid detergent fiber and cellulose
were not affected by the ammonia treatment.

Terashima et al (1980) found that ammonia treatment the decre-
ased hemicellulose content, but did not affect the other fibrous

materials such as cellulose and lignin. Lee (1981) reported that



NDF content decreased, but ADF and lignin content were not changed
by ammonia treatment, indicating that considerable amounts of
nutrients in these low quality roughages remained undigestible even
after ammonia treatment.

There are many factors influencing ammonia treatment of low
quality roughage ! type and level of ammonia; moisture content;
temperature and time of treatment; initial quality and type of
material,

Kiangi and Kategile (1981) reported that anhydrous ammonia

bility of rice and wheat straws. Harrera-Saldana et al (1983)
compared anhydrous ammonia and aqueous ammonia treatments. Crude
from 3.6 to 9.87% and from 13.8 to 31.8%, with anhydrous ammonia
treatment, and from 3.6 to 11.9% and from 13.8 to 32.9% with aqueocus
ammonia treatment. Borhami and Sundstol (1982) found that treatment
with equeous ammonia caused significantly higher improvement of in
vitro dry matter and organic matter digestibility than with anhyd-
rous ammonis. Solaiman et al (1979) concluded that NH,OH had the
potential to reduce the chemical cost of treatment and increase the

crude protein content of the treated wheat straw.

Sundstol et al (1979) showed that the dry matter digestibility
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increased as the level of ammonia increased up to 47 dry matter.
No benefit in increasing the level about 5.5% was observed.

dry matter digestibility of straw when the level of ammonia was
increased from 3% to 5.5%.

Borhami and Sundstol (1982) reported that the 47 level of
ammonia was more effective than the 27 level; treatment with aque-
ous ammonia was more effective than with anhydrous ammonia.

Moisture content of the straw influenced the effect of ammonia
treatment; moisture contents ranging from 10 to 507% have been cited
as optimal (Waiss et al, 1972; Solaiman et al, 1979; Sundstol et
al, 1979). Sundstol et al (1979), however, found a positive effect
of increasing moisture content up to 507%, these workers stressed
that high moisture content, in the material may cause some distri-
bution problems when ammonia is injected.

The optimal time of treatment varies with the temperature of
treatment. Kernan et al (1977) concluded that treatment time should
be longer, at iow temperatures. Solaiman et al (1979) reported that
prolong treatment period had a significant linear effect on both
in _vitro dry matter digestibility and nitrogen content.,

Horton and steacy (1979) found that cereal straws do not res-
pond uniformly to treatment with anhydrous ammonia in terms of

increased crude protein content, intake and digestibility. Horton

(1978) reported that barley, wheat and oat straw may differ in their .
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response to treatment with anhydrous ammonia.

2.3.3. Gamma irradiation

Considerable evidence indicates that the feeding value of many
low quality roughages is limited, not by the absence of potential
nutrients, but rather by the encrustation of carbohydrates within a
lignin structure which is impenetrable to rumen bacteria,

Gamma irradiation can be expected to increase the amount of
test-fed material in a finely particulate form and to increase,
by cell rupture, soluble material in cells (McManus, 1972a).

Gamma irradiation have been successfully to liberate these nutrients
from the encrustation.

Timpa (1983) summerized the effect of gamma irradiation on the
lignocellulosic materials. High levels of gamma irradiation causes
degradation of cellulose. The manifestations of this degradation
include increased the availability to rumen bacteria in the case of
wood and grasses and alterations in physical properties, such as
viscosity, swelling, and mechanical strength in the case of poly-
saccharides. Cleavage of 1l,4-glucosidic bonds in cellulose results
in reduction in chain length., Oxidative degradation related to the
production of carbonyl and carboxyl groups at the chain ends.

Teszler and Rutherford (1956) commented that the general
effects of radiation onpolymers are at least twofold : polymers may

be improved with i1 .spect to certain properties, through the medium



of cross-linking or they may be degraded because of scission of
their long chain molecules. Thus, in one case, the effect is to
increase the average molecular weight while in the other it is to
decrease the molecular weight.

Varous radiation sources were used : high enegy cathold-ray
(Charlesbay, 1955), thermal neutron (Teszler et al, 1958), gamma
ray (Gilfillan and Linden, 1955 ; Teszler et al, 1958 ; Dilli et
al, 1967 ; Ammerman et al, 1959 ; Pigden et al, 1966 ; Pritchard
et al, 1962 ; McManus et al, 1972ab, and Timpa, 1983).

The effect of irradiation on cellulose has been reported by
several worker. Lawton et al (1951) reported high energy irradia-
tion can produce delignification, depolymerization and destruction
of the crystalline structure of cellulose. Charlesbay (1955) showed
that high energy cathod-ray bombardment of wood pulp and cotton
linters resulted in chain-scission j; evidence of this is a decreased
in viscosity and an increased in solubility. Gilfillan and Linden
(1955) found that the strength of cotton was reduced by gamma irra-
diation. Teszler et al (1958) reported extensive depolymerzation
of cotton fibers at low levels of irradiation.

Ammerman et al (1959) showed that the crude fibre and cellulose
content of cotton linters, peanut hulls, corncobs and sugar cane
bagasse irradiated at doses of 0, 10, 20, 40 megaroentgens, decrea-
sed with each increased in level of irradiation. Yu yu and Emery

(1975) reported that electron irradiation markedly reduced fibrous
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components at dose levels of 7.66 log rads and above. About 40%

of the fibrous constituents in the original straw was solubilized
~at the highest dose level (9 log rads).

Gamma irradiation effects the in vitro and in_vivo experiments.
pigden et al (1966) studied effect of gamma irradiation on forages

at different maturity stage and the faeces from animals fed these

forages. They found that irradiation decreased in vitro dry matter

———— e —

dry matter digestibility at intermediated and mature stages ; the
in_vitro dry matter digestibility of faeces was increased at all
growth stages, with maximum effects at mature stages. Total VFA
production was generally decreased in the forages but markedly
increased in faeces.

Pritchard et al (1962) studying the effects of gamma irradia-
tion of 60co upon the feeding value of wheat straw, determined by
in _vitro fermentations, reported an increase of digestibility.
However, increases the VFA production from the fermentations were
found only up to doses at 2.5x108 rads, suggesting that above this
level of radiation the carbohydrates are disintegrated to such a
degree that they are no longer suitable substrates for rumen microor-

ganisms.,

Millett et al (1970) reported that electron irradiation incre-

o
o

digestibility of aspen from 327 to more than 75%.
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McManus et al (19722) reported that gamma-irradiated rice
straw, nassella and cotton lint in terylene bags in the rumen of
sheep were degraded at substantially enhance rate compared to non-
irradiated feed samples. However, evidence of reduced intra-ruminal
dissimilation was also presented for the irradiation dose range
5-25 Mrad, especially of feeds irradiated in the wet state. This
depression was not alleviated by supplying nitrogen as urea, indi-
cating that nitrogen lack was not the only contributing factor. He
suggested that factors generated by irradiation per se (active hyd-
roxyl groups, peroxide or p! effects) could have suppressed dissimi-
lation. It was recognized that these factors could also exert
effects directly upon the host ruminant animal as well as upon the
microbiota. He also commented that the optimum dose of irradiation
is 25 Mrad.

McManus et al (1972P) reported that mean retention time and
apparent digestibility were reduced when sheep fed irradiated wheat
and rice straw. But voluntary feed intake was not significantly
affected. He also reported that distinct changes occurred in the
ratio of acetic to propionic acid in the rumen liquor of sheep,
which suggest an alteration in the species composition in the foregut
microbial population. This is the evidence presented for the pre-
sence in irradiated diets of a factor or factors toxic to the rumen

microbiota. Yu yu and Emery (1975) reported that high level of



cell wall digestion mainly by solubilization; rumen microbial cell
wall digestion was dramatically reduced at high levels of irradia-
tion.

Formation of free radicles and unknown toxic compounds by
irradiation have been reported. Gilfillan and Linden (1955) sugge-
sted that the major cause of cellulose degradation was oxidation,
resulting in the formation of cellulose peroxide, formed from the
hydroxyl groups present in cellulose, Teszler et al (1958) found
that acid groups were formed in cotton when the fiber arose by
oxidation. Dilli et al (1967) reported that radiation induced the
formation of trapped radicals in cellulose.

Some researchers have tried chemical, grinding and gamma irra-
diation. McManus and Choung (1976) studied the effects of prior
grinding, and irradiation with gamma rays (0-50 Mrads) on NaOH
treatment. Moderate increases in solubility and digestibility of
straw followed irradiation but not for hulls. Major increases were
found in irradiated straw further treated with alkali but hulls
were little affected by 5g N3zOH/100g D.M. excepted at the 50 Mrads
level. Grinding had little effect on degradation of alkali-treated
hulls. Alkali treatment removed encrusting silica and lignin from

Timpa (1983) reported effects of gamma irradiation and chemical
treatments at low levels (HCl, HpSO, and NaOH) on crystalline cellu-

lose and amorphous cellulose, JIrradiation treatment reduced the
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fiber dry weight, but the greatest loss of weight was in the bagasse
sample, treated with 17 sodium hydroxid and gamma irradiation. He
suggested that the fiber weight loss reflects the amount of material
that has been soulbilized during the irradiation treatment. The pH
changes toward the acid range, with irradiation treatment compared
with the corresponding control indicate the generation of acidic
groups. The aliquots of samples from the sodium hydroxide treat-
ment and gamma irradiation were extremely viscous and difficult to
filter. By HPLC separation, irradiation and chemical treatments
solubilize more material of an acidic nature as would be expected
from a hemicellulose component. The amorphous cellulose powder was
generally degraded into a greater number of components, detected by
HPLC, than the more crystalline cellulose cotton. The most dramatic
effect was found with combination of sodium hydroxide and irradia-
tion in bagasse, when much larger amounts of materials were solu-

bilized into a liquid phages.

2.3.4. Grinding
Some researchers have shown that finely ground and pelleted
forages are less digestible than chopped forages, while others have
observed little or no effect of these treatments on digestibility.
Blaxter et al (1956) showed that increasing the fineness of
grinding led to a decrease the mean time spent in the rumen, and

to a depression in the apparent digestion of dry matter and organic



matter., The digestion of crude fiber, nitrogen free extract and
crude protein fractions were also depressed. The investigation of
the effects of grinding on single feed, suggests that the depression
in digestibility could be accounted for largely by increased rates
of passage.

Alwash and Thomas (1971) observed that grinding and pelleting
depressed cellulolytic activity in the rumen. Gharib et al (1975)
reported that dry matter digestibility of poplar bark was not enhan-
ced when the bark was ground through finer screens. Milne and Cam-
pling (1972) found only small differences between the physical forms
of forage and digestibility of organic matter.

The digestibility of crude fiber and the mean retention time
in the gut decreased with decreasing particle size.

Osbourn et al (1981) reported that the digestion of organic
matter and cell wall was depressed by decreasing fineness of grin-
ding. Osbourn et al (1976) found that the fiber or cell wall frac-
tion is inveriable fraction which is most affected by grinding.

It seems logical therefore to assume that grinding, has less effect
on the digestion of legume forages which contain a lower proportion
of potentially digestible cell wall than grasses of similar organic

matter digestibility.



2+3.5. Enzyme addition

The use of enzymes to increase the feeding value of low quality
roughage has been investigated.

Yu yu and Emery (1975) reported that the addition of cellulase
and pectinase did not reduce fiber content of oat straw nor improved
wall digestibility of alfalfa residue. Daniels and Hashim (1977)
found increases of dry matter digestibility when ground rice hulls

were added with fungal enzymes. Willis et al (1980) observed that

the addition of enzymes (hemicellulase, pectinase and p - glucosi-

obtained when pretreated with 5% N;0H and an enzyme addition (20mg/

100g DM).

2.4. Some techniques for measuring nutritive value of roughage

The value of roughages depend upon the number of animal they
will support. Because feeding trials are expensive in terms of
animal, labor, equipment, and feeds, investigations generally have
adopted or are developing laboratory tests to screen potentially
valuable ruminant feeds. These tests were correlated with animal
production performance.

The detergent system of feed analysis, proposed by Van Soest

(1967) has been satisfactory for temperate forages. Various equa-
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tions using neutral detergent fiber, acid detergent fiber and acid

detergent lignin, in various combinations, have been developed

by Tilly and Terry (1963) and used by many other investigators, has

proven reliable in prediction in vivo digestibility. Enzymatic

lity, total digestible nutrients and intake.

Because of the cost and labor involved in conducting in vivo
experiments, alternative methods of determining degradability of
feedstuffs are being investigated. The dacron bag technique is

one of these procedures which has the potential to alid dry matter

digestibility in the rumen.

2.4,1. Chemical Method

The Weende system of proximate analysis has been generally
used for all the foregoing objectives in human nutrition, nonrumi-
nant and ruminant nutrition for more than 100 years. However, there
has been much dissatisfaction with this system, particularly with
the crude fiber determination and the calculation of nitrogen free
extract (NFE).

From time to time efforts have been made to find a suitable

replacement. The :ldetergent partitioning of dry matter suggested by
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Van Soest (1963) is now widely used for evaluation of forages.

Goering and Van Soest (1970) described a detergent system
which included neutral detergent fiber (cell wall constituents),
acid detergent fiber, acid detergent lignin, acid detergent cutin
and acid detergent nitrogen. They also described assays for perman-
ganate lignin, cellulose, insoluble ash and silica. They concluded
that neutral detergent fiber appears to separate the nearly comple-
tly digestible nutritive available (98%) and the soluble forage
constituents (cellular contents) from those that are not completely
available (cell walls). However, they depend upon microbial fer-
mentation in the rumen becoming partially available to the animal,.
Neutral detergent fiber is considered to be essentially hemicellu-
lose, lignocellulose, and insoluble ash. Acid detergent fiber is
cosidered to be lignocellulose and silica, so that the difference
between neutral and acid detergent fiber residues is estimate of
hemicellulose. But, this difference also included some cell wall
protein.

Summative equations have been proposed for calculating digesti-
bility of a mixed forage population, based on consideration of the
cell walls and the cellular contents as separate digestive entities
(Goering and Van Soest, 1970 ; Van Soest, 1967 ; Seoane, 1982).

There are :

Dry matter digestibility (%) : 0,98 x (100-NDF) + NDF x Digestion

coefficient of the cell wall metabolic fecal losses ; Goering
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and Van Soest (1970).

Dry matter digestibility (%) : 0.98 x (100-NDF) -12.9 + NDF (1.473-

0.789 log lignin) x 100/ADF ; Van Soest (1967).

Dry matter digestibility (%) : 0.98 x (100-NDF) -12.7 + NDF (1.285-

0.638 log lignin) x 100/ADF ; Seoane (1982).

Many correlations between either detergent fiber and fibrous
material, or between digestibility and intake level have been repor-
ted. Barnes (1973) obtained that there were high correlations bet-
or forages intake, Marten et al (1975) found that ADF was the best
of numerous chemical assays for predicting in_vivo digestibility of
corn and sorghum silages. Seoane (1982) found high correlations
between lignin and apparent cell wall digestibility, between logari-
thsm (lignin x 100/ADF) and apparent cell wall digestibility.

Numerous modifications of the Van Soest detergent system have
been reported. Clancy and Wilson (1966) proposed a modified acid
detergent fiber, They found that increasing the acid strength and
prolonging the boiling time improved the relationship between ADF
and digestibility. But this treatment prevented the acid detergent
fiber being used as a means of assaying for heat damage and unavai-
lable protein. Mcleod and Minson (1969) reported that the residual
standard deviation for ADF as an index of digestibility, was higher
for tropical than for temperate species. Consequently they suggested

that modifications to the ADF procedure would be necessary to obtain



ADF values which could be used to predict digestibility for tropi-
cal grasses with the same residual standard deviation as for tem-
perate grasses.

Bailey and Ulyatt (1970), Das et al (1975) and Van Soest and
Robertson (1979) found some interference in the estimation of hemi-
cellulose differences between NDF and ADF. These stem from the
fact that neutral detergent dissolves pectin, tannin, and somtimes
silica ; whereas acid detergent does not dissolve all pectin, or
tannin-pectin complexes or silica. Thus, to obtain a purified ADF,
neutral detergent extraction should precede acid detergent extraction,

These researchers outlined fiber system modifications that @
a) omit decalin, because it increases fiber yield and contributes
to difficult filtering 3§ b) add treatment with aceton or ethanol
for high lipid feeds ; c¢) additional protease digestion for sam-
ples which contain an excess of 307% protein ;3 d) omit sodium sul-
fite from neutral detergent solution because it attacks lignin and
causes significant lignin losses ; e) use amylases to overcome
neutral detergent fiber filltering problems with high starch sam-

ples.

2,4,2, In vitro technique
Conventional digestion trials with large animals are frequently
prohibitive, because of the time and expense involved. In some

cases it may not be possible to obtain sufficient quantity of the
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feed to conduct a digestibility trial. It may be of interest to
evaluate, separately the contribution of the leaves and stems of
herbage to the overall digestibility of the plant.

Considerable attention has been given to the development of
in_vitro techniques for estimating the forage feeding values, using
small samples of herbage.

In his review, Johnson (1963) summarized the potential uses
of the in_vitro techniques, as follows :

a) cellulose digestion and factors affecting it

b) utilization of non protein nitrogen

¢) intermediate metabolism in both mixed and pure cultures

d) studies of symbiosis

e) studies of rate phenomena requiring a non steady state situation
f) forage evaluation studies

g) studies of bioenergetics of the rumen fermentation.

Since the two stage rumen fermentation method introduced by
Tilley and Terry (1963), there has been extensive use of their
procedure for the prediction the in vivo apparent dry matter digesti-
bility of many different forages. An initial 48hr fermentation
stage simulates the digestive process in the rumen and is followed
by a second stage involving the solubilization of the dry matter
residus from the first stage using acid-pepsin. The acid-pepsin

bial protein by thc digestive enzymes in the abomasum of the ruminant.



most accurate predictor of digestibility for both tropical and
temprate grasses and legumes. They used 146 samples of grass,
clover and alfalfa of known in_vivo digestibility (Y), the regre-

ssion equation Y=0,99 x -1.01 (S.E. + 2.31) was calculated ; X=

in vitro dry matter digestibility.

as closely as possible, the fermentation within the rumen of the
animal, occurring as the result of microbial activity.

To minimize variation of in vitro techniques, Hungate (1966)
have indicated the need for obtaining the rumen liquor from the
class of stock from which the evaluations are being made and from
animals fed diets similar to those being evaluated. Moore et al
(1962) reported, sheep fed the same ration, showed considerable
day-to-day variation in the amount of starch fermented. In addi-
tion they observed some differences between sheep in the relative
numbers of predominant rumen bacteria. For these reasons they
found it convenient to use a composite of the rumen liquor. Drawn
from several animals to minimize variations.
means of a water bath., Variations as little as 0,5°C may invalidate

comparisons between individual fermentations. In addition special
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care is necessary to prevent temperatures over 40°C which, if
maintained for significant periods, may affect rumen bacteria
activity (Johnson 1969). Anaerobic conditions are achieved by
passing a steady stream of CO; through the test solution, or
simply by saturating the medium with CO2 and closing the fermen-
tation vessels with a Bunsen valve. The pH is adjusted by the
addition of McDougall's solution, which is an artificial saliva
first used by McDougall (1948). Most of the rumen microbial acti-
vity occurs between PH 6.7 and 7.0 (Johnson 1969).

Instead of an acid pepsin digestion stage, Van Soest et al
(1966) used neutral detergent solution. Neutral detergent solu-
tion is very effective in removing the bacterial cell wall and
other endogenous products., They proposed the two stage in_vitro

procedure with neutral detergent, for the estimation of the true

digestibility of forages, rather than the apparent digestibility.

2.4.3. Nylon (Dacron) bag technique

The nylon bag technique is a microdigestion method in which
small samples are secured in bags made of indigestible materials
(nylon, dacron, teryene or silk) and suspended in the rumen for
microbial digestion. This technique is useful for the measurement
of the digestion rate of forages or for measuring the effect of
various treatment on the rate and extent of digestion. The rate

and extent of dipestion are measured by the loss of dry matter or
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nutrient content from the sample after a specified period of incu-
bation.

Factors infuencing measurement of dacron bag digestibility in
the rumen have been exténsively studies : bag pore size and sample
weight ; time ; basal diet j; rinsing method effects.

Samples from lg (Van Dyne, 1962) to 2.85 kg (Lambert and
Jacobson, 1958) have been reported. Erwin and Ellistion (1959),
Van Dyne (1962) and Van Keuren and Heinemann (1962) are unannimouse
agreement that digestibility was linearly decreased when amount of
sample was increased.

Fermentation times varying from a few hours to 96 hours have
been adopted. Lusk et al (1962) compared dry matter disappearance
values obtained by the nylon bag technique with those obtained from
conventional trials of several roughages. The found that the 72
hours dry matter disappearance values were more closely associated
with those obtained in conventional digestion trials than with any
of the other time periods studies. Van Dyne (1962) and Hopson et
al (1963) reported that digestibility is directly influenced by the
duration of fermentation.

The influence of the basal diet on nylon bag digestibility has
been reported. Hopson et al (1963) found that alfalfa fed to fistul-
ated wethers significantly increased the cellulose digestion in the
nylon bag containing alfalfa, bromegrass and timothy, compared with
a basal ration of grass hays. Van Keuren and Heinemann (1963)
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reported higher, but non-significant values when a steer was fed
alfalfa hay than when the steer grazed alfalfa-orchard grass
pasture. Neathery (1969) found that dry matter disappearance of
samples of bermuda grass was higher in a steer was fed a ration of
alfalfa-orchard grass mixed hay. He suggests that the reason
bermuda grass gave significantly higher values might be that when
the steer was on the bermuda grass diet, the number and specles
of microopganisms were more specific for cellulose digestion than
the steer was on the alfalfa diet. Ayers et al (1976) reported
that obtained 9 percentage units lower value when fed a wheat straw
diet than when fed other diets, Ali and Stobbs (1980) suggested that
the rate and final extent of loss of both protein and dry matter was
related to the diet fed. He reported that the highest values were
found when the fistulated cattle consumed a grass/legume diet and
lowest values when eating a grass diet supplemented with grain
sorghum.

The rinsing method on nylon bag digestibility were studied by
Van Dyne (1962), Hopson et al (1963) and Chonest et al (1970). Van
Dyne (1962) comparing two rinsing methods, in a first experiment
the bags were rinsed as a group under running top water to minimize
variations due to rinse procedures. In a second experiment they
were processed in two different ways ; they were rinsed as in the
first experiment and half of them received additional soaking in

75% ethyl alcohol sclution, The latter group were thrice alternately
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rinsed in running tap water and soaked in 757 ethyl alcohol solu-
tion and agitated in a large beaker of water prior to drying.

They found differences between average percent cellulose digested
for the two rinse procedures were highly significant although
relatively small. There was greater than 107 difference (highly
significant) in estimates of dry matter digestion by the two rinse
procedures. Cellulose and dry matter digestion values both include
losses of small undigested parages particles which might pass
through the weave of the bag. Dry matter digestion values also
include losses of soluble components from the bag during rinsing
that may not have been digested. But, Hopson et al (1963) found
that samples of ground forage placed on dacron bags and suspended
in runing water for a 24 hour period, have lost approximately 1%
of the forage.

Chonest et al (1970) reported that the addition of pepsin
treatment of the residue remaining in the nylon bags after removal
from the rumen may improve the reliability of the nylon bag method.
The pepsin treatment permits a more effective washing and reduces
variation among triplicates, which is attributed to the elimination
of microorganisms.

The nylon bag technique is subject to considerable variability
and is difficult to standardize., Pigden (1969) and Lowrey (1970)
concluded sources of variation are size and type of bags, cloth

mesh size, sample size and fineness of grind, number or sample per
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trial, diet of host animal, method of suspension, and method of
cleanning and rinsing the bags after removal from the rumen.
Orskov (1976) suggested standardized procedure of nylon bag techni-
que. The standardized procedure include : a) the sheep should be
fitted with a large rumen cannula, 30-40 mm in diameter and should
be fed on a high quality hay or artificially dried grass, defined
as hay with a digestibility of not less than 700g/kg dry matter ;
b) the recommended bag size is 200 mm long and 90 mm wide ; c¢) the
mesh size should be abbut 100 ; d) the length of nylon strings
should be approximately 25 cm ; e) 4-6 bags can be incubated at
the same time,

Ayers et al (1976) suggested that nylon bag technique will
only closely reflect in vivo dry matter digestibility values provi-
ded that : a) the procedure of nylon bag technique is properly
standardized in terms of sample size, forage consistant, incubation
time, rinsing and pouch fabric, b) a nylon bag technique is used
which permits ready ruminal insertion and withdrawal and flexible
movement of pouches in the rumen, and ¢) adequate account is taken

of the effects of different animal's basal diets.
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IIT. MATERIALS AND METHODS
Barley straw, barley hull and rape husk were used in Experi-
ment I, and barley straw, barley hull, rape stem and rape husk
were used in Experiment II. These barley and rape byproducts were

obtained from farms around Cheju city.

3: 1. Chemical analysis

Proximate analysis was performed by A.0.A.C. (1980) procedure.
Neutral detergent fiber (NDF), cellulose, permanganate lignin and
acid detergent fiber nitrogen (ADF-N) analysis were carried out
according to the method proposed by Goering and van Soest (1970).
Acid detergent fiber (ADF) content was measured by the method out-
lined by Clancy and Wilson (1966), after pre-—extracted with a
neutral detergent solution. Hemicellulose content was calculated
by difference between NDF and ADF.

The chemical composition of the barley straw, barley hull,
rape stem and rape husk used in these studies, is shown in table
3.1 and table 3.2.

Total volatile fatty acid concentration was measured by the
steam distillation method as described by Fenner and Elliot (1963),
and individual volatile fatty acid production was determined by

gas liquid chromatography, using hydrogen flame detector (Varian

3700), as proposed by Cottyn and Boucque (1968).
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Reducing sugar formation was evaluated by the DNS method with
glucose as a standard describe by miller (1959).

X-ray diffraction was carried out by the powder method descri-
bed by Fan et al (1980), using X-ray diffraction analyzer. The

sample was ground with cyclon mill using 200 mesh sieve,

Three adult wether sheep weighing about 40kg and fitted with
rumen fistula, were used. The sheeps were individually maintained
and housed in metabolism cases. They were fed high quality italyan
ryegrass hay ad libitum, and fed twice daily.

These sheep were used as a donor source of pooled, strained

rumen liquor in the in vitro study, and as test animals in the

Barley straw, barley hull and rape husk were used in this
experiment. Gamma irradiation was carried out using the 60co
source of the Korea Atomic Energy Research Institute, Seoul, Korea.
About 700g of barley straw, barley hull and rape husk were placed

individually in plastic bags and then packed in appropriate cardboard



cylinders. Four levels of irradiation were applied : 2.5, 5, 10
and 25 Mrad.
Following gamma irradiation, about 100g of irradiated samples

were ground through 1 mm or 2 mm screen,

3.3.1.1. Experiment I-1

This experiment was conducted to assess the effect of gamma
irradiation on the fibrous material degradation, heat damage, redu-
cing sugar formation, cellulose crystallinity and enzyme suscepti-
bility of barley straw, barley hull and rape husk.

All samples were tested to determine the contents of NDF, ADF,
cellulose, hemicellulose and ADF-N.

Following extraction with 0.05 M citrate buffer (PH 4.8) for
12 hours at 10 ©C, reducing sugar content was measured using extrac-
tion solution.

The crystallinity of cellulose was measured by means of X-ray
diffraction analyzer. The sample was mounted horizontally, while
the geiger counter moved in a vertical arc. A Cuka target with
filter was used. The sample was scanned through a range of 28 from
59 to 30°. Relative crystallinity was calculated by following
equation.

Crystallinity index (I) = relative intensity of 28 = 22.5°/

relative intensity of 28 = 18°
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Enzyme susceptibility was measured using cellulase, obtained
from Trichoderma viride (ONOZUKA RS, Yakult Parmaceutical Industry
Co. LTD), as production of reducing sugar. 1lg enzyme powder was
dissolved in 100 ml of 0.05 M citrate buffer (PH 4.8), and then
enzyme activity was checked. Including C.M.C. activity : 0.3953 IU,
Filter paper activity : 0.4893 IU and Cotten fiber acrivity : 4.1098
IU per ml enxyme solution.

The standard mixture contained 50 mg ground sample, 0.5 ml
enzyme solution and 1 ml of 0.05 M citrate buffer. The mixture was
incubated at 50 °C for 30 minutes, 1 hour and 12 hour intervals in
a shaking incubator. After incubation, 3 ml of DNS sclution were
added to each sample to stop anzymatic reaction. Following 5
minutes boiling, the reducing sugar production was determined as

a gluccee using a spectrophotometer at 550 nm,

o — . ——— e e e e e e e e s

This experiment was designed to test the coffect of different
levels of gamma irradiation on the dry matter disappearance and
cell wall digestion of barley straw, barley hull and rape husk in
the rumen.

Following gamma irradiation, pround (2 mn screen) samples
weighing about 2g were placed in 6 x 10 cm dacron bags. After
insertion of the samples, each bag was tied with nylon string.

Bags were secured at about 0.5 c¢m intervals near the end of a



weighted 69 cm nylon line. The line was tached to the rumen fistula
and placed into the vental sac of the rumen for 12, 24, 36, 48 and
72 hours. Every sheep recieved one dacron bag from each of the 15
treatment groups. After removal from the rumen, the bags were
washed throughly in running water, and then dried at 105°C for 12
hours. The dried residue was weighed and calculated dacron bag dry
matter disappearance.

NDF content determination was performed on the dried residue

in dacron bag to measure the cell wall digestion.

toxic compounds being diluted as happens in the dacron bag technique.
Therefore, this experiment was designed to measure the effect of
gamma irradiation on the microbial activity. In_vitro dry matter
disappearance, total and individual VFA production was determined

using ground (1 mm screen) barley straw, barley hull and rape husk,

after gamma irradiation.

o ——y ———

Tilley and terry (1963), 0.25 g ground samples were incubated with
30 ml1 of inocula in water bath at 39 + 1°C. The inocula was composed

of artificial saliva (McDougall, 1948) : 25 ml and strained fresh
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rumen liquor from italyvan ryegrass hay fed sheeps : 5 ml. Each
tube had a blank control tube containing rumen liquor but no test
substrate thus allowing calculation of the dry matter loss of sam-
ples following fermentation, After incubation, mixture of inocula
and substrate in the tube filtered through filter paper (No. 5A,
TOYO). After that, residue dried at 105°C for 12 hours. The
dried residue was weighed and calculated in_vitro dry matter
disappearance. Filtered solution was refrigerated for determining
the VFA concentration.

Total VFA concentration was determined on control and treat-
ment liquor at the end of each fermentation. Determination of
total VFA concentration was performed by steam distillation method
(Fenner and Elliot, 1963). Determinations were carried out tripli-
cate,

For the determination of in_vitro individual VFA production,
0.25 g samples of all test matterials were incubated for 1, 2, 4
and 6 hours, in the same manner as the in vitro dry matter disappe-
arance determination. After fermentation, incubated liquor filtered
through No. 5 filter paper (TOYO), and 5 ml of filtrate added to
1 ml of 25% metaphosphoric acid in a centrifuge cell. following
centrifuging at 3000 rpm for 30 minutes, the supernatent was used

to determine the total and individual VFA production. Individual

VFA production was measured using gas liquid chromatography.
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3.3.2. Exgeriment II. Effects of chemical treatment and mixed

Barley straw, barley hull, rape stem and rape husk were used

in this experiment.

3.3.2.1. Experiment II-1

This experiment was designed to assess the effect of chemical
treatment on improving the nutritive value of barley and rape by-
products, and to determinie the optimal treatment level of chemical
treatment.

Two kinds of chemical reagent were used : sodium hydroxide
(NaOH) and ammonium hydroxide (NH,O0H). Sample was ground through
100 mesh or 2 mm screen using labolatory mill.

About 100 g of ground samples were treated with 1.5, 3, 4.5
and 6 g NaOH/100 g DM, using 50 ml of distilled water/100 g DM.
The NaOH solution was sprayed on the samples while contained in a
plastic bag and allowed to react for 24 hours.

Another 100 g ground samples of each materials were treated
with 1.5, 3, 4.5 and 6% NH4O0H (NH3 basis). The samples contained
50% moisture. NH4OH solution was sprayed on the samples while

contained in plastic bags and allow to react for 7 days.

After reaction, NaOH and NH,4O0H treated samples were dried for
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overnight at 80°C,

NDF, ADF and hemicellulose and total nitrogen content were
determined in all test materials.

Two grams samples of treated materials were inserted in dacron
bag, and were suspended for 24 hours in the rumen of three rumen

fistulated, italyan ryegrass hay fed sheeps.

3:3.2.2. Experiment I1-2

This experiment was conducted to evaluate the effect of mixed
treatment bv grinding, chemical treatment with gamma irradiation
on improving the nutritive value of barley and rape byproducts,
and to determination of optimal combination level of gamma irradia-
tion and chemical treatment,

Barley straw, barley hull, rape stem and rape husk were
exposed to gamma ray at a level of 2.5 Mrad using the Korea Atomic
Fnergy Research Institute's 60co source at Seoul, Korea.

Following gamma irradiation, the samples were ground through
100 mesh or 2 mm screen using the laboratory mill. After grinding,
samples were treated with 1.5, 3, 4.5 and 6% NaOH or NH,OH as the
same manner in Experiment II-1.

NDF, ADF, hemicellulose contens and dacron bag dry matter

digestibility were measured as the same manner in Experiment II-1.
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3.3.2.3.__Experiment II-3

Effect of enzyme addition on the digestibility of gamma
irradisted barley straw, barley hull and rape husk was mesured.

The enzyme used in this experiment was harvested from Tricho-
derma viride QM 9414 using dialysis with ammonium sulfate. The
harvested enzyme solution was freeze dried and preserved. This
enzyme has a relatively lower enzyme activity than a commectial
enzyme (C.M,C. activity : 0.3695, Filter paper activity : 0.,2692
and Cotton fiber activity : 2.6225 TU per ml enzyme solution).

Four levels of gamma irradiation were applied : 2.5, 5, 10 and
25 Mrad. About 100 g irradiated and ground (2 mm screen) samples
of each material were treated with 25 mg enzyme/100 g dry matter,
using 80 ml of 0.05 M citrate beffer (pH 4.8) to dissolve the
enzyme. The enzyme solution was sprayed on the samples
while contained in a plastic bag and allowed to react for 24 hours.

Two gram of enzyme treated samples were suspended in a dacron
bag for 48 hours in the rumen of three rumen fistulated italyan

ryegrass hay fed sheeps.

Differences between means of treatment were tested using

Duncan's New Multiple Range Test (Duncan, 1955).
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IV. RESULTS AND DISCUSSION

RESULTS

4.1 Experiment I, Effect of gamma irradiation

4.1,1 Experiment I-1. Effect of gamma irradiation on fibrous
material degradation, ADF-N content,
reducing sugar formation, cellulose

crystallinity and susceptibility to

microbial cellulase

Table 4.1.1. 1 shows the effect of gamma irradiation on the
degradation of fibrous material. The NDF and hemicellulose con=-
tents of barley straw (BS), barley hull (BH) and rape husk (RH)
markedly decreased by irradiation. A significant decrease was
found at the 25 Mrad level in BS, and at 10 and 25 Mrad irradiation
levels in BH and RH. Nearly 157% of NDF in RH and nearly 207 of
hemicellulose in BH were solubilized at the highest irradiation
level (25 Mrad).,

Except for the ADF content of BH, gamma irradiation does not
change the ADF, cellulose and lignin content of BS, BH and RH.
The ADF content of BH was increased by gamma irradiation. The

highest value of ADF was obtained at the 25 Mrad.
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It may be that gamma irradiation of the test materials has
resulted in the production of sufficient cellulose-derived reducing
sugar to after the nitrogen : substrate ratio available to micro-
organisms, at the degradative sites. The content of ADF-N and
reducing sugar were then determined. ADF-N and reducing sugar
content of irradiated BS, BH and RH varied with test materials
(Table 4.1.1.2 and Table 4.1.1.3).

The ADF-N content of BS was decreased by gamma irradiation.

The lowest ADF-N content was obtained at the 25 Mrad level. The
BH, ADF-N content was markedly increased at the irradiation level
of 25 Mrad. However, the ADF-N content of RH was not affected by
gamma irradiation, and the lowest ADF-N content was found at the
25 Mrad irradiation level.

The reducing sugar content of BS was increased at the 2.5 and
10 Mrad levels, but decreased at an irradiation level of 25 Mrad.
A1l levels of gamma irradiation increased the reducing sugar content
of BH. The highest value was obtained at 25 Mrad. In the case of
BH, the reducing sugar content was affected by gamma irradiation.

A 2.5 Mrad irradiation level decreased the reducing sugar content,
and other levels increased the reducing sugar content of RH. The
highest value of reducing sugar content was obtained at an irradia-
tion level of 25 Mrad.

The x-ray diffractograms of the low quality roughages irradiated
with gamma ray, were measured for estimation of cellulose crystalli-

nity.
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Figure 4.1.1.1 shows the x-ray diffractogram of gamma irradiated
barley straw. This diffractogram showed that unirradiated BS peaked
between 20=18%and 20=25% The x-ray diffraction pattern of 2.5 and
5 Mrad irradiated BS whowed no peaks. This result suggested that
the crystalline structure of BS was disrupted at the 2.5 and 5 Mrad
irradiation levels. 10 Mrad irradiated BS had a peak but, it was
weaker than the control. However, 25 Mrad irradiation gave rise
to a very strong peak higher than the control and other irradiation
levels.

Gamma irradiation affected the crystalline structure of barley hull
(figure 4.1,1.2). The x-ray diffraction pattern of uﬁirradiated

BH showed no peak. All levels of irradiation raised the peak,
particularly the 5 Mrad level which had high peak.

The x-ray diffractogram of irradiated rape husk is shown in
figure 4.1.1.3. Gamma irradiation disrupted the crystalline struc-
ture of RH. There was no peak with any levels of gamma irradiation,
however, unirradiated RH gave rise to a peak. There were no diffe-
rences among the irradiation levels.

The crystallinity index of cellulose, from x-ray diffractogram,
is calculated in table 4,1.1.4. The cellulose crystallinity of BS
and RH was decreased by gamma irradiation, but gamma irradiation
increased the cellulose crystallinity of BH. The lowest value of
cellulose crystallinity was obtained at 2.5 Mrad in BS. A 25 Mrad

irradiated BS gave a higher crytallinity than other orradiation
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Figure 4.1.1.1 X-ray diffractogram of gamma irradiated barley straw
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Figure 4.1,1.3 X-~ray diffractogram of gamma irradiated rape husk
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levels. With barley hull, the highest value of crystallinity was
obtained at 5 Mrad level. The 2.5 and 10 Mrad levels gave similar
crystallinity and there were no differences in crystallinity of RH
between 5 and 25 Mrad.

The biological susceptibility of gamma irradiated low quality
roughages was checked with cellulases, obtained from Trichoderma
viride., Figure 4.1.1.4 shows the hydrolysis of gamma irradiated
low quality roughages. BS, BH and RH irradiated with 10 and 25
Mrad were extensively hydrolyzed in a short time (30 mins), however,
these irradiation levels decreased or did not increase the rate of
hydrolysis at 1 hour incubation. There were no significant diffe-
rences in hydrolysis rates between the control and 5 Mrad level in
BS. The hydrolysis rate of 2.5 Mrad irradiated BS, BH and RH was
linearly increased by prolonging the incubation time. At 12 hours
incubation, 2.5 Mrad irradiation increased hydrolysis more than the
5 and 10 Mrad levels in BS. However, the hydrolysis rate was
higher than that of 5 Mrad in BH. Irradiation of 2.5 Mrad increased
hydrolysis more than any other irradiation levels, at 12 hours

incubation.

4.1.2 Experiment I-2, Effect of gamma irradiation on dry matter

disappearance and cell wall digestion

The dacron bag dry matter disappearance of gamma irradiated

g —
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low quality roughages is shown in figure 4.1.2.1. The dry matter
disappearance (DMD) of unirradiated BS, BH and RH was improved by
prolonging the suspension time up to 48 hours, after which DMD was
not improved, although the suspension time was increased to 72
hours. The DMD of gamma irradiated BS was markedly increased up
to 36 hours, after which time the DMD differed according to level
of irradiation. fhe DMD of gamma irradiated BS was lower than the
control at a suspension period of 48 hours. After 72 hours suspen-
sion, the DMD at the 2.5 and 10 Mrad irradiation levels were lower
than the control but, at the 5 and 25 Mrad was highef than the
control.

With barley hull, the disappearance pattern, when irradiated
with levels of 2.5 and 25 Mrad, was similar to the control.
Irradiation levels of 5 and 10 Mrad markedly increased the DMD by
prolonging the suspension time up to 36 hours. There was, however,
no increase at 48 hours suspension, but an increase was obtained at
72 hours. The DMD at the treatment level of 5 Mrad was lower than
that of the 2.5 Mrad. The highest DMD was obtained at an irradia-
tion level of 25 Mrad.

In rape husk, higher irradiation levels (10 and 25 Mrad)
increased the DMD more than the control, but lower irradiation
levels (2.5 and 5 Mrad) had the opposite effect. The greatest DMD
was found at 25 Mrad.

Figure 4.1.2.2 shows the changes of residual cell wall

—8] —
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content after suspension in the rumen. Gamma irradiation improves
cell wall digestion and lengthens cell wall digestion time, except
2.5 Mrad and 5 Mrad irradiation in RH. Most cell wall digestion of
unirradiated BS and BH occured within 12 hours but, cell wall diges-~
tion continued up to 24 hours in RH. Gamma irradiation increased
cell wall digestion of BS and BH up to 24 or 48 hours suspension,
The cell wall digestion of BS was reduced when irradiation level
was increased to 12 hours suspension. The lowest cell wall diges-
tion was found at 12 hours suspension when irradiated with 25 Mrad.
However, 25 Mrad irradiation prolonged the cell wall digestion of
BS up to 48 hours.

However, opposite effect was found in BH, as cell wall diges-
tion increased by raising the irradiation level, During the 12
hours suspension period, the lowest cell wall digestion value was
obtained at the 5 Mrad level.

These results suggested that lower cell wall digestion of
25 Mrad irradiated BS and 5 Mrad irradiated BH were due to an
increase of cellulose crystallinity of cell wall (see figures 4.
1.1.1 and 4.1.1.2).

Low irradiation levels (2.5 and 5 Mrad) decreased the cell
wall digestion of RH, but high levels (10 and 25 Mrad) increased
it more than the control. All irradiation levels decreased cell

wall digestion more than unirradiated RH at 24 hours suspension.
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fermentation

In vitro dry matter disappearance of gamma irradiated low

quality roughages is shown in figure 4.1.3.1. In_vitro dry matter
disappearance (DMD) of all test materials increased by prolonging

the incubation time. Irradiation at 5 and 25 Mrad decreased the

DMD of BS, whereas irradiate at 2.5 and 10 Mrad increased the DMD

at 48 hours incubation. The lowest value of DMD was obtained at

25 Mrad. At 36 hours incubation, all levels of irradiation decreased
theDMD of BS than the control,

Gamma irradiation greatly affected the DMD of BH. The DMD of
low levels (2.5 and 5 Mrad) irradiated BH was decreased at 12 hours
incubation. Higher irradiation levels (10 and 25 Mrad) significantly
increased the DMD and the highest DMD was obtained at the 25 Mrad
level.

In rape husk, the DMD was improved by raising the gamma
irradiation level, but a 5 Mrad level decreased the DMD of RH more
than the 2.5 Mrad level,

In vitro total VFA production of gamma irradiated low quality
roughages is shown in table 4.1.3.1. Total VFA production of all
test materials was increased by lengthening the incubation period.

Total VFA production of BH was higher than BS or RH.

The 5 and 10 Mrad irradiation levels decreased the total VAF
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production of BS at ail incubation periods. At 36 hours incubation,
the 5 and 10 Mrad irradiation lowered the total VFA production,
while only the 25 Mrad level increased the total VFA production.

Similar results were obtained for barley hull. At 48 hours
incubation, total VFA production of BH, irradiated at 2.5, 5 and
10 Mrad levels, was decreased. Only exposure to 25 Mrad increased
the total VFA production.

Raising the gamma irradiation level increased the total VFA
production of rape husx irradiation at 5 Mrad decreased total
VFA production in all incu ation periods. The highest total VFA
production was obtained at the 25 Mard.

Tables 4.1.3.2 3 4.1.3.4 and 4.1.3.5 shows in vitro individual
VFA production of gamma irradiated low quallity roughages according
to fermentation intervals.

The total VFA and acetic acid (C2) production of barley straw
was decreased at 5 and 10 Mrad irradiation levels, however, irra=-
diation levels of 2.5 and 25 Mrad increased the total VFA and C2
production of BS. The lowest total VFA and C2 production were
obtained at 10 Mrad level and treatment level of 25 Mrad lowered
than the 2.5 Mrad in total VFA and C) production of BS.

All levels of irradiation increased the propionic acid (C3)
and butyric acid (C4) production of BS. The highest production of
C3 and C4 were obtained at 2.5 Mrad level, However, gamma irradia-

tion reduced the ucetic acid/propionic acid (C2/C3) ratio of BS.
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Except 10 Mrad irradiation, other irradiation levels increased

the total VFA production of barley hull (figure 4,1.3.3). But,
irradiation level of 25 Mrad lowered the total VFA production of

BH than the 2.5 and 5 Mrad. All levels of gamma irradiation increa-
sed the C2 production of BH. The C2 production of BH irradiated at
5 and 10 Mrad lowered than the 2.5 Mrad level and the gighest C2
production was obtained at 25 Mrad. High irradiation levels (10
and 25 Mrad) decreased the C3 production, whereas low irradiation
levels (2.5 and 5 Mfad) increased the C3 production of BH. Gamma
irradiation decreased the C2/C3 ratio of BH than the control, but

5 Mrad level increased the C2/C3 ratio.

The total VFA production of rape husk was increased by raising
irradiation level. Gamma irradiation increased the C2 production
of RH. Irradiation of 5 Mrad lower C2 production of RH than other
treatment level, and there were no differences among the 2.5, 10
and 25 Mrad irradiation. The C3 production of RH was increased by
gamma irradiation, however, there were small differences among
treatment levels. The C4 production was increased by raising the
irradiation level. Except for the 5> Mrad irradiation, other treat-
ment level increased the €2/C3 ratio of RH and the highest Cc2/C3

ratio was obtained at 10 Mrad.
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4.2 _ _Experiment II. Effect of chemical treatment and mixed treat—
ment by grinding, chemical treatment, enzyme
addition with gamma irradiation on low quality

roughages

4.2.1 Experiment II-1. Effect of chemical treatment

Effect of NaOH treatment on the dry matter digestibility (DMD)
of low quality roughages is shown in table 4.2.1.1. Dry matter
digestibility of barley straw (BS), barley hull (BH), rape stem (RS)
and rape husk (RH) was improved by increasing the NaOH treatment
level. NaOH treatment was more effective to improve the DMD of BS
than that of BH, RS and RH. Particle size affected the NaOH treat-
ment. The 2 mm screen grinding was effective in improving the DMD
of BS, RS and RH than fine grinding. In BH, fine grinding was more
effective to improve the DMD than the 2 mm screen grinding.

Figure 4.2.1.1 shows the effect of NaOH treatment on the
nutritive value of low quality roughages. The NDF and hemicellulose
contents of BS, BH and RH were decreased by increasing NaOH treat-
ment levels. But, NaOH treatment did not change the ADF content of
BS and BH, however, the ADF content of RS and RH was decreased by
NaOH treatment,

Table 4.2.1.2 shows the effect of NH4OH treatment on the DMD
of low quality roughages, The effect of NH;4OH treatment varied
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Figure 4.2.1.1 Effect of NaOH treatment on the nutritive value

of low quality roughages.



with paritcle size. The DMD of NH40H treated barley straw was
markedly improved by increasing the NH4OH treatment level up to 3%.
There was no further increase of DMD in the case of treated with
4.5 and 6% of NH40H. The fine grinding was effective on improving
the DMD of BS than the 2 mm screen grinding. The DMD of BH was
markedly increased by raising the NH4OH treatment level up to 1.5%
in 2 mm screen grinding. Above 3% of NH40H treatment, there was no
economical increase of DMD. However, the DMD of fine ground BH was
significantly improved by increasing the NH4OH up to 3%. The DMD
of NH4OH treated rape stem and rape husk were increased up to 3%
and 1.5% of NH4OH level in 2 mm screen grinding. However, in the
fine grinding, the DMD of RS and RH were increased up to 4.5% NH, OH
level. The fine grinding was effective to improve the DMD of BS
and BH. The DMD of 2 mm screen grinding was higher than the fine
grinding in RS and RH.

Effect of NH4OH treatment on nutritive value of low quality
roughages is shown in figure 4.2.1.2, NH4OH treatment decreased
the NDF content of BS and BH, while the NDF content of RS and RH
were not changed by NH4OH treatment. NH4OH treatment did not
decrease the ADF content of BS, BH, RS and RH. Total N content of
all test materials increased up to 3 or 47 of NH4OH level. The RH

showed a lower total N content than that of BS, BH and RS.
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4,2,2 Experiment II-2. Effect of mixed treatment by grinding,

chemical treatment with gamma irradiation

Table 4.2.2.1 shows the effect of grinding and gamma irradia-
tion on the DMD of low quality roughages. The DMD of barley straw
and rape husk was increased by 2 mm screen grinding. This grinding
was the most effective in improving the DMD of BS. The DMD of BH
and RH was increased by fine grinding. The fine grinding was the
most effective in improving the DMD of BH. Mixed treatment with .
grinding and gamma irradiation showed compansation effect. The DMD
of 2 mm screen ground BS was higher than the fine grinding, however,
mixed treatment with fine grinding and gamma irradiation gave a
higher DMD of BS than the mixed treatment with 2 mm screen grinding
and gamma irradiation. The opposite phenomena was found in BH.

The DMD of RS and RH was increased by mixed treatment; grinding and
gamma irradiation. The highest DMD of RS was obtained in mixed
treatment with fine grinding and gamma irradiation. The highest
DMD of RH was found by mixed treatment with 2 mm screen grinding
and gamma irradiation.

Effect of mixed treatment with grinding, NaOH and gamma
irradiation on the DMD of low quality roughages is shown in table
4.2.2.2. The DMD of all materials treated with grinding, NaOH and
gamma irradiation was improved by increasing NaOH treatment level.

Mixed treatment effect was varied with particle size. Mixed
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Figure 4.2.2.1

and gamma irradiatiom.
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treatment with fine grinding, NaOH and gamma irradiation was
effective to improve the DMD of barley byproducts, whereas mixed
treatment with 2 mm screen grinding, NaOH and gamma irradiation was
effective in improving the DMD of rape byproducts.

Figure 4.2.2.1 shows the changes in nutritive value when
treated with NaOH and gamma irradiation. Mixed treatment with NaOH
and gamma irradiation markedly decreased the NDF and hemicellulose
contents of BS, BH, RS and RH. The ADF content of BS was slightly
decreased by mixed treatment with NaOH and gamma irradiation, but
the ADF content of BH did not changed. Mixed treatment with NaOH
and gamma irradiation markedly decreased the ADF content of RS and RH.

Effect of mixed treatment with grinding, NH40H and gamma irradia-
tion on the DMD of low quality roughages is shown in table 4.2.2.3.
Mixed treatment with grinding, NH,OH and gamma irradiation improved
the DMD of BS when treated with NH,OH treatment level up to 3%, but
further increase of DMD was obtained in 2 mm screen grinding when
treated with 4.57% NH, OH. in barley hull, mixed treatment with
grinding, NH,OH plus gamma irradiation was more effective in impro-
ving the DMD than only NH,OH treatment. The DMD of RS and RH were
markedly improved with increasing NH, OH level up to 1.5%, and mixed
- treatment of grinding, NH,OH and gamma irradiation more effective
in improving the DMD of RS and RH than only grinding and NH, OH
treatment. The 2 mm screen grinding was effective in RS and the
fine grinding was effective in RH.
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Figure 4,2.2.2 Changes in nutritive value when treated with NH,OH

and gamma irradiation.
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Changes in nutritive value when treated with NH,OH and gamma
jrradiation is shown in figure 4.2.2.2, Mixed treatment with
NH,OH and irradiation decreased NDF content of all test materials.
The ADF content did not changed by treatment with NH,OH and

irradiation.

4,2.3 Experiment II-3. Effect of enzyme addition on gamma

irradiated low quality roughages

Table 4.2.3.1 shows the effect of enzyme addition on the dry
matter digestibility of gamma irradiated low quality roughages.
The dry matter digestibility of irradiated barley straw was increased
by enzyme addition only at the 25 Mrad level. Enzyme addition
increased the DMD of irradiated BH and RH. The highest DMD of BH
was found at the 5 Mrad, and the 10 Mrad irradiation level reached

the highest DMD in RH.

Discussion

—————————— —

4.3.1 _Experiment I. Effect of gamma irradiation on low quality

roughages

There is considerable evidence that the feeding value of many

low quality roughages is limited not so much by the absence of
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potential nutrients, but rather by encrustation of carbohydrates
within the lignin structure of the cell wall which is considered to
be impenetratable to rumen bacteria or their enzyme (McManus et al,
19722).

Gamma irradiation has been used to librate the nutrient from
the encrustion (Ammerman et al, 1959; Lawton et al, 1951; McManus
et al, 19723, b; McManus and Choung, 19763 Millett et al, 1970;
Pigden et al, 1966; Pritchard et al, 1962; Timpa, 1983; Yu vu and
Emery, 1975).

Our study shows that low quality roughages do not respond
unformly to treatment with gamma irradiation in terms of fibrous
material degradation, ADF-N content, reducing sugar formation cellu-
lose crystallimity, enzyme susceptibility, dacron bag dry matter
disappearance, in_vitro dry matter disappearance and VFA production.
These suggest that different response due to innate physical struc-
tural differences between low quality roughages. Similar results
were reported by McManus et al (1972 a,b) and Yu yu and Emery (1975).

Gamma irradiation markedly decreased the NDF and hemicellulose
contents but contents of ADF, cellulose and lignin were not changed
by gamma irratiation. (Table 4.1.1.1.) This indicates that degra-
dation of gamma irradiated cell wall is due to the solubilization of
hemicellulose., It also may be that the 25 Mrad irradiation dose is
not sufficient to solubilize the cellulose, ADF and lignin. Similar

results were repor:~2d by Yu yu and Emery (1975). They reported that
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electron irradiation markedly reduced fibrous components (NDF, ADF,
cellulose and lignin) of wheat straw at a dose level of 7.66 log
rads and above,

They also found that fibrous constituents were slighyly
increased at the low irradiation level. It is the reverse of the
situation expected from the work of Ammerman et al (1959), who
showed that the crude fiber and cellulose content, samples of cotton
linters, peanut hulls, corn cobs and sugar cane bagasse irradiated
at doses of 0, 10, 20 and 40 megaroentgen, decrease with each
increase in level of irratiation. These decrease may be due to
innate physical differences between test materials.

The x-ray diffraction pattern of 25 or 5 Mrad irradiated barley
straw or barley hull showed a very strong peaks higher than the
control. Exposure to 2.5 and 5 Mrad in BS and gamma irradiated RH
showed no peak. These results suggested that crystalline structure
of BS was changed to a noncrystalline form (amorphous type) at the
2.5 and 5 Mrad irradiation levels, and gamma irradiation disrupted
the crystalline structure of RH. The x-ray diffractogram of the
25 or 5 Mrad irradiated BS or BH showed these irradiation levels
stronged crystalline structure of BS and BH,

Gamma irradiation decreased cellulose crystallinity of BS and
RH, whereas cellulose crystallinity of BH was increased by gamma
irradiation. It may be agree with result commented by Teszler and

Rutherford (1956). They commented that the general effect of
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radiation on polymers are at least twofold : polymer may be improved

with respect to certain properties, through the medium of cross-
linking or they may be degradaded because of scission of their long
chain molecules. Thus, in one case, the effect is to increase the
average molecular weight while in the other it is to decrease the
molecular weight.

Similar results were reported by Sasaki et al (1979). They
reported that x-ray diffractogram of cotton cellulose treated with
H,SO04 showed no sharp peaks, but only weak and broad peaks. However,
x-ray diffractogram of the cryo-milled cellulose to 250 mesh showed
that it had still crystalline structure of cotton cellulose powder, and
was disrupted by acid dissolving treatment and changed to a noncry-
stalline form. Yoon et al (1983) found that NaCOH treatment decreased
crystallinity of rice straﬁ, whereas ammonia treatment increased
crystallinity of rice straw cellulose, when compared with NaOH and

ammonia treatments.

Gamma irradiation increased hydrolysis of low quality roughages.
Enzyme hydrolysis of low quality roughages was rapidly increased in
a short time at higher irradiation levels (10 and 25 Mrad), sugges-
ting that gamma irradiated cellulose markedly changed to amorphous
form at higher irradiation levels. These results suggest that gamma
ijrradiation can affect both the amorphous and the crystalline regions
of the cellulose molecule. In this respect, our study agrees with

McManus et al (1972).
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The relationship between degrees of crystallinity of cellulose
and its susceptibility to cellulose was found only at a dose level
of 2.5 Mrad. These results differ from those reported by Sasaki et
al (1979). They found that in pure cellulose there are good correla-
tions bc:ween cellulose crystallinity and susceptibility to microbial
cellulose when cellulose is treated with various solvents. Further
studies are required to solve the disagreement between crystallinity
and its susceptibity.

Dacron bag dry matter disappearance of gamma irradiated low
quality roughages varied with samples types and irradiation doses
(4.1.2.1). Barley hull showed a more positive to gamma irradiation
than barley straw or rape husk. In 72 hours suspension, dry matter
disappearance of barley straw decreased at 2.5 and 10 Mrad levels,
and lower irradiation levels (2.5 and Mrad) decreased the dry matter
disappearance of barley hull. AlI levels of gamma irradiation
increased the dry matter disappearance of rape husk while DMD irra-
diated with 5 Mrad level was lower than that of 2.5 Mrad. Similar
result was reported by McManus et al (19722), They reported a
marked depressive action of irradiation on apparent loss of test
material dry matter, over the dose range of 5-25 Mrad. This loss
least for nassella, on either base ration, and greatest for cotton
on a rice straw base diet. They also suggested that the lose is due
to the innate structural differences between these materials or to

formation of toxic factors.

- 111 —



Gamma irradiation increased the cell wall digestion and
lengthen the cell wall digestion time up to 48 hours. The lowest
cell wall digestion was found at the 25 Mrad irradiated BS and 5
Mrad irradiated barley hull in 12 hours suspension period. It may
be these results due to increase of cellulose crystallinity in cell
wall so inhibiting the cell wall digestion by the microorganism and
its enzyme.

In the in vitro system there is no opportunity for certain

found in barley hull.

In the in_vitro trial, 5 and 25 Mrad irradiation levels reduced
dry matter desappearance of barley straw and low irradiation levels
(2.5 and 5 Mrad) decreased the DMD of barley hull at 12 hours incu-
bation. Gamma irradiation increased dry matter disappearance of rape
husk, whereas 5 Mrad level was lower than that of 2.5 Mrad level
(figure 4.1.3.1).

In vitro total VFA production of all test samples was increased
by increasing incubation time. Total VFA production of barley straw
was decreased at 5 and 10 Mrad levels and irradiation of 2.5 and 5
Mrad decreased VFA production of barley hull while VFA production
of rape husk were decreased at 5 Mrad irradiation level.

There were good correlations between dry matter disappearance

and total VFA pro.luction in barley hull and rape husk; however, dry
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matter disappearance and total VFA production was poorly correla-
ted in BH.

The reduction of dry matter disappearance and total VFA pro-
duction may be due to formation of toxic compounds when exposed
to gamma irradiation. McManus et al (1972 a,b) suggested that
toxic factors generated by irradiation per se (active hydroxyl
groups, peroxide or pH effect) could have surppressed dissimilation.
Gilfillan and Linden (1955) suggested that the major cause of
degradation by gamma ray was oxidation resulting in the formation
of a cellulose peroxide, which formed from the hydroxyl groups
present in cellulose. Dilli et al (1967) reported that radiation
induced formation of trapped radicals in cellulose and maximum
concentration of trapped free radicals were found at the 10 Mrad
irradiation dose. Timpa (1983) found the pH changes toward the
acid range with irradiation treatment when compared to that of the

corresponding controls, indicating the generation of acidic groups.

digestibility of wood. Pigden et al (1966) found that irradiation

but markedly increased ig_giggg dry matter digestibility at
intermediate and mature stages. Pritchard et al (1962) reported
in_vitro dry matter digestibility of wheat straw irradiated with

5-9 log rad was increased the DMD. Yu yu and Emery (1975) found
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that in_vitro cell wall digestion was improved by increasing the
irradiation level up to a maximum of 7.66 log rad.

Similar results was reported by pritchard et al (1962).

They found that total VFA production of wheat straw was increased
only up to doses of 2.5 x 108 rads, suggesting that above this
level of radiation the carbohydrates are disintegrated to such a
degree that they are no longer suitable stbstrates for rumen
microorganisms.

Gamma irradiation increased the production of propionic acid
in all test materials. However, acetic acid production varied
with irradiation levels and samples. In C2/C3 ratio, irradiation
decreased C2/C3 ratio of BS, only the jrradiation level at 5 Mrad
increased the C2/C3 ratio of BH. Except for 5 Mrad level, other
level increased C2/C3 ratio of RH. This suggesting concomitant
alteration in species composition of the ruminal microorganism.
McManus et al (1972 ¢) found that C2/C3 acid ratio was decreased
with increasing irradiation levels when wheat straw was treated
at 25, 50 and 75 Mrad levels. They suggested that changes in the

C2/C3 ratio could be due to particle size effects or to chemical

factors consequent upon irradiation.
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Experiment II. Effects of chemical treatment and mixed treat-

ment with grinding, chemical treatment and gamma

irradiation

NaOH treatment increased DMD of BS, BH, RS and RH with
increasing NaOH level. Digestibility results of this experiment
are in general agreement with those of other research by Rexen
and Thomsen (1976), Jackson (1977) and Berger et al (1979).

Particle size affected alkali treatment. Fine grinding was
more effective in improving DMD of NaOH treated BH, and 2 mm
grinding was more effective in improving the DMD of NaOH treated
RS and RH.

NaOH treatment markedly decreased NDF content and hemicellu-
lose content of BS, BH, RS and RH, ADF content of BS and BH was
not changed by NaOH treatment, however, the ADF content of RS and
RH was markedly decreased by increasing NaOH treatment levels.

The optimal treatment level of NaOH was 6% in BS, BH and RH but
4.57% in RS. Similar results were reported by many researchers.
Waller (1976) and Lesoing et al (1981) reported that NaOH treat-
ment markedly solubilized hemicellulose content while not or
slightly changed the celluloseicontent. Berger et al (1979) found
NaOH treatment decreased NDF content while only a slight decreased
in the percentage ADF of corn cobs. Klopfenstein et al (1972),
and Rexen and Thomsen (1976) reported that lignin contents are
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generally not reduced by NaOH treatment. Klopfenstein (1978)

suggested that the increase in extent of digestion is probably
due to breaking of bonds between lignin and hemicellulose, of

cellulose without actural removal of lignin.

NH,OH treatment improved DMD of BS, BH, RS and RH by increa-
sing the NH4OH levels up to 3%. Similar results were reported by
sundstol et al (1979) and Borhami and Sundstol (1982). Sundstol
et al (1979) reported that dry matter digestibility increased as
the level of ammonia increased up to 47%. No benefit in increase
the level to 5.5% observed. Borhami and Sundstol (1982) found
that the 47 level of ammonia was more effective than the 27 level;
this trend was more clear with aqueous than with anhydrous ammonia.

NDF and hemicellulose contents of BS and BH were decreased by
NH4OH treatment whereas NDF and hemicellulose contents of RS and
RH were not changed by NH,OH treatment. (Figure 4.1.1.2). The
optimal treatment level of NH4OH was 3% in BS, RS and RH but 4.57%
in BH. . Similar results were reported by many researcher.
Terashima et al (1980), and Tohrai et al (1987) found that ammonia
treatment decreased the content of ADF. Itoh et al (1975) reported
that ammonia treatment decreased NDF content, however, contents of
ADF and cellulose were not affected by the ammonia treatment.
Lee(1981) reported that NDF content decreased, but ADF and lignin
content were not changed by ammonia treatment. He suggeste that

unchange of ADF and lignin, indicating considerable amounts of
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nutrients in low quality roughages were remained undigestible even
after ammonia treatment.

Total N content of BS, BH, RS and RH markedly increased by
ammonia treatment, however, the lowest total N content was found
in RH. (Figure 4.2.1.2). The highest total N content of BS, RS
and RH was obtained at 4.5% level of NH4OH treatment, but the
highest total N content of BH was obtained 3% level of NH4OH.
Similar results were obtained by Sundstol et al (1978) and Horton
and Steacy (1979). Sundstol et al (1978) found the ammonia treat-
ment increased nitrogen content by 0.8 to 1.0 percentage units.,
Horton and Steady (1979) reported that ammonia treatment increased
the average crude protein of the straw almost threefold though
improvement ranged from 50 to 2767 when barley, oat and wheat
straw treated with 3.5% anhydrous ammonia.

BS, BH,RS and RH do not respond uniformly to treatment with
NH4OH in terms of DMD, total N content and fibrous material contents.
Horton and Steacy (1979) and Horton (1978) found barley , wheat and
oat straw were ammonia treated indicated that cereal straws may
differ in their response to treatment with anhydrous ammnia.

Grinding increased dry matter digestibility (DMD) of varley
straw (BS), barley hull (BH), rape stem (RS) and rape husk (RH).
(Table 4.2,2.1) 2mm grinding was effective to improve DMD of BS
and RS, and fine grinding was more effective in BH and RH.

This results indicate that there are physecal structural differences

— 117 —



between these materials. Similar results by Gharib et al (1975).
They reported that DMD of the poplar bark was not enhaced when
the bark was ground through the finer screens. Blaxer et al
(1956) suggested that increasing the fieness of grinding let to
a decrease the mean time spent in the rumen, and to a depression
in the dry matter digestibility.

Combination of grinding and gamma irradiation showed compen-
sation effect on improving the DMD of low quality roughages.

The effects of mixed treatment with grinding chemicals and
gamma irradiation varied with types of samples. Mixed treatment
with grinding, NaOH and irradiation on the BS and BH were less
effective than only grinding and NaOH treatment. The positive
effect of mixed treatment with grinding, NaOH and irradiation was
found in barley and rape by product at 67 NaOH level. Mixed
treatment with NaOH and gamma irradiation linearly decreased NDF
and hemicellulose contents of BS, BH, RS and RH than only NaOH
treatment. But, ADF content was not changed by mixed treatment
with NaOH and irradiation. There results suggest the presence of
different physical structure between BS, BH, RS and RH, and that
gamma irradiation aid to solubilize the NDF and hemicellulose of
NaOH treated low quality roughages. The optimal combination level
of NaOH and irradiation was 6% NaOH in all test materials.

Similar results were obtained in mixed treatment with grin-

ding, NH4OH and gamma irradiation. Mixed treatment with grinding
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NH,OH and irradiation on BS and BH was less effective than NH,OH
treatment. The positive effect was obtained only treated with

4.5 and 6% NH4OH in BS and BH. Mixed treatment with grinding,
NH4OH and irradiation was effective in improving the DMD of RS

and RH than only NH4OH treatment. NDF and hemicellulose contents
were decreased by mixed treatment with NH,OH and irradiation than
only NH4OH treatment. But, ADF content was not changed by mixed
treatment with NH,OH and gamma irradiation than only
NH,OH treatment. But, ADF content was not changed by mixed treat-
ment with NH4OH and gamma irradiation. The optimal combination
level of NH4O0H and irradiation was 4.57% in BS, 6% in‘BH, 1.5% in
RS and 3% in RH.

Enzyme addition increased the DMD of gamma irradiated BS only
at the 25 Mrad irradiation level, however, decreased the DMD at
other irradiation levels. (Table 4.2.3.1). Enzyme addition incre-
ased the DMD of gamma irradiated BH and RH at all levels. Similar
results were obtained by willis et al (1980). They observed that
addition of enzyems (hemicellulose, pectinase and glucosidase)
but that the highest in _vitro dry matter digestibility when
pretreat with 5% NaOH and enzyme addition. These results suggest
certain level of gamma irradiation cause a formation of toxic
conpounds to enzyme or polymer may be improved with respect to
certain properties through the medium of cross-linking by gamma

irradiation., — 119 —
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