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Abstract:

Three vitro digestion trials were conducted comparing 5 barley starches, corn starch, milo starch,
amylose and amylopectin. Within each trial, substrates were subjected to digestion on each of 3
different days. The phenol-sulfuric acid procedure used to analyze for residual starch was compared to
the enthrone method of Moore et al. (1962).

In Trial I the starches of corn, milo, wheat, Oderbrucker barley and Compana barley were compared.
Oderbrucker starch was digested significantly faster (P<.01) or equal to corn starch and the other
starches. In most instances wheat and milo starch were digested slower than corn starch.

The starches of corn and the barley varieties, Compana, Newpaha, Betzes and Unitan were compared in
Trial II, Corn starch digested significantly faster (P<.01) or equal to the other starches in all but one
instance. Unitah starch digested significantly slower (P<.01) or equal to the other starches in all but one
instance.

In Trial III corn starch, Compana starch, Newpana starch, amylopectin and amylose were compared.
Amylopectin digested significantly faster (P <.01) or equal to the other substrates. Amylose tended to
digest faster than the 3 starches at the start of the fermentation period; however at the end of the period
amylose digested slower than the other substrates.

In all trials at the end of the fermentation period, digestion was either greater than or approached 90
percent. All interactions excluding hours x variety for Trials I and II were highly significant (P <.01)
Hours x variety was significant (P<.05) for Trial III.

The correlation between the phenol-sulfuric acid method and the enthrone method was highly
significant (r = .99).
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ABSTRACT

Three in vitro digestion trials were conducted comparing 5 barley

. starches, corn starch, milo starch, amylose and amylopectin. Within each
trial, substrates were subjected to digestion on each of 3 different days.
The phenol-sulfuric acid procedure used to analyze for residual starch
was compared to the anthrone method of Moore et al. (1962).

In Trial I the starches of corn, milo, wheat, Oderbrucker barley and
Compana barley were compared. Oderbrucker starch was digested significant-
ly faster (P<C.0l) or equal to corn starch and the other starches. In
most instances wheat and milo starch were digested slower than corn starch.

The starches of corn-and the barley varieties, Compana, Newpana,
Betzes and Unitan were compared in Trial II. Corn starch digested signifi-
cantly faster (P<(.01) or equal to the other starches in all but one in-
stance, Unitan starch digested significantly slower (P<<:01) or equal to
the other starches in all but one instance. ,

In Trial III corn starch, Compana starch, Newpana starch, amylopectin
and amylose were conipared. Amylopectin digested significantly faster
(P <G01) or equal to the other substrates.’ Amylose tended to digest fas-
ter than the 3 starches at the start of the fermentation period; however
at the end of the period amylose digested slower than the other substrates.

In all trials at the end of the fermentation period, digestion was
-either greater than or approached 90 percent. All interactions excluding
hours x variety for Trials I and II were highly significant (P<7Ol).
Hours x variety was significant (P<[05) for Trial III.

The correlation befween the phenol-sulfuric acid method and the an- .
throne method was highly significant (r = .99).




INTRODUCTION

Barley is Montana's most important livestock feed grain. Many vari-
eties are grown each year and new varieties are continually being devel-
oped. There is a need to determine if there is a difference in the
microbial digestion of the numerous barley varieties.

Emphasis on high-energy feeding programs fér ruminants has resulted
in widespread use of rations in which starch is the primary sourcé of
energy. Very litgie digestibility data, either in vitro or im vivo, is
available on highvconcentrate rations,

The in vitro procedure has made a major contribﬁtion to the under-
standing of cellulose digestion in the ruminant; however relatively little
attention has been given to the study of starch digestion by rumen micro-
organisms.

Bedause barley is the major source of energy in Montana's livestock
feeding programs, it was deemed necessary to study starch digestion'of
several varieties produced by the Montana Agricultural Experiment Station
at Bozeman. The major objectives of the ffials reported in this manu-
script were to detérmine if differences exist among barley varieties in
regard to starch digestion by rumen microorganisms, to evaluate the in
vitro method as a bﬁsis for comparing digestion of starch and to evaluate
the phenol-sulfuric acid method of starch determination as compared to the-

more difficult anthrone method used by Moore et al. (1962).




REVIEW OF LITERATURE

The suggestion that microorganisms were responsiblg for cellulose
disappearance as feed passed through the alimentary tracts of ruminants was
made as early as 1874-1882, Johnson (1963). It was not until the early
1940"5 that the in vitro digestion technique w;s‘developed; Since that
time, in vitro digestion has been widely used in cellulose digestibility
studies. In vitro techniques have also been used to measure the produc-
tion of volatile fatty aéids, to study utilization of various nitrogenous
compounds by rumen microflera and to predlct forage nutritlve valueso

Warner (1956) established criteria for the validity of in vitro
studies with rumen microorganisms. Warner stated that motility of the
bacteria appeared to be a sensitive measure of normal rumen function,
For the in vitro microbial population to remain normal in numbers, it was
necessary to use as test substrates only substances similar to Ehe diet
fed the animal-ffom which the innoculum was takene

Barnes et al, (1964) compared several in vitro methods of cellulose
@igestion° As ‘the length of fermentation increased, the standard deyia=
tion between methods decreased, The variability was therefore associated
with the initial lag phase perlod of 6 and 12 hour fermentations. Donefer
et al. (1960) stated that the prerequisite of a useful in vitro technique

was its ability to measure the effects on cellulose digestion of the early

lag differences in fermentation.

Correlations Between In Vitro and In Vivo Methods
In order to effectively evaluate the in vitro method of digestibility,

the in vitro and in vivo methods were compared.
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Barnett (1957) reported that results ?alculated for cellulose digest-
ibility coefficients were within ¥5.6 percent of determined in vivo and in
' xiggé digestion. It was sﬁown that the variability associated with cellu-
lose digestibility in vivo was only glightly smaller than the variability
associaéed with replicate determinations of cellulose digestibility i&

Quick (1959) compared in vitro and in vive digestibilities of several
grass hays and legumes. There was no significant difference between the
two methods.,

Forty-eight hoﬁr fermentations conducted'by Lefevre and Kamstra (1960)
yielded. cellulose digestion coefficienté similar te values obtained in vivo
(r = 0.84). Cellulose digestion in twenty-four hour fermentations was
below that obtained in vivo. Digestion coefficients obtained in vitro with
sheep and cattle rumen fluids as inoculum were similar.

Correlations between in vitro and in xixg_measureé of digestibility
were conducted by Bowden and Church (1962). These correlations were as
follows: (1) in vitro dry matter digestiﬁility and in vivo dry matter
digestibility were correlated (r = 0.93), (2) in vitro cellulose digestion
and in vivo dry matter digestibility were correlated (r = 0.87), (3) in
XEEEQ dry matter digestibility with crude bro;ein of the forage was corre-
lated (r = 0.94), (4) in vitro cellulose digestion with crude protein con-
tent of the forage was correlated (r = 0.93).

Baumgardt et al. (1962b) supported the work by Bow@en and Church by
finding that tﬁe pgfceht forage cellulose digested in vitro was signifi-

cantly correlated with total digestible nutrients, digestible dry matter




b=
and digestible energy determined in conventional digestion trials, The
corfelation between in iiégg cellulose digestion and EE_Xiig‘digestible
energy was higﬁly significant (r = 0.85). Hershbergef égﬂgl. (1959) found
a correlation of 0,92 b;tween cellulose digeste& ig zigig ;nd the digest-
ible energy of the forage.

Digestible prétein was estimated in xiggg'ByIBaumgardt et gl. (1962b).
When the cfude prote?n was known, the correlation between crude and di=-
gestible protein was highly significant.(r = 0.999).

Pigden and Bell (1955) found that the artificial rumen procedure, when
used with the proper regressidn equations, gave estimates of total digest-
ible nutrignts; ahd that digestibility of crude protein from eleven fofages
was in close agreement with values derived from conventional digestion
‘trials using sheep. Baumgardt et al. (1962a) conducted reseérch in which
the in vitro fermentation of forage carbohydrate was measﬁred, Estimates
of total diggstibie nutrients were significantly correlated with conven=
tional digestibility data; however these estimates were consistently undex=-
estimétea,

High correlations between in vitro and in vivo digestion indicate

that in vitro fermentation has a definite value in estimating the nutritive

value ?f forages.
Factors Affecting Cellulose Digestion

Inoculum

A method for the study of cellulose digestion by washed cell suspen-

sions was developed by-Cheng et al., (1955). Washed suspensions of rumen
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microorganisms were sensitive enough to detect the effect of small amounts
of unidentified factors stimulatbry to cellulose degradation. Washed sus-
pensions were relatiQely free from any ﬁetabolic end producés produced by
microorganisms while still in ﬁhe fumen,'

Church and Peterson (1960) noted that the amount of rumen liquor had
appreciablé-influence on the extent of in vitro digesﬁion of cellulose df
dry matter. Marquafdt and Asplund (1§64) found that cellulose digestion
incr;ased as the volume of inocﬁlum increased. Increased bacterial numbers
and additionai nutrients possibly increased the rate of ferﬁentati;n by
decreésing thé'initial lag phase of growth and/or by increasing the rage
of.growtﬁ and metabolism‘during the logarithmic growth phase. Small
changes in minefal medium concentrations had only negiigible effect on in
vitro digestion of dry matter and cellulose.

Based on the composition of ruminant saliva, McDo;gall (1949) sug-
gested a mineral mgdiﬁm which adequately supported iglziggg digestion.
Several ;ariations,pf this pedia have been used and all support iﬁixigzg'
digestion,

Marquardt and Asplund (1964) noted that unless the nytrient medium
in artificial rumen s;u&ies was completely adequate, standardization Af_
inoculé'or,statistiéal dontrol was necessary.

Cheng et al. (}955)'reportedlfhe optimuﬁ pH for cellulose digestion
té be from 6.8 to 7.6, Rumen microorganisms exhibited a greater toler-.
ance to a high pH than to a low pH. Church and Peterson (1960) concluded

the oﬁtimum pH was 6.0 to 6.7; however the pH tended to vafy according to

substrate and/or source.of rumen liquor.
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Burroughs et al. (1950a) noted that cattle and sheep fed rations
of a widely varient nature indicated differences in the predominating

types of rumen microorganisms. The same general type of organisms were

present in each animal even though the predominating type was different.

Minerals and vitamins

Burroughs et al. (1950b) reported that rumen microorganisms have
nutritional requirements which must be fulfilled if they are to digest
roughage efficiently, It was suggested that these nutrients are found in
ample quantities in certain good quality roughages and are inadequate in
certain poor quality roughages. Cellulose digestion, using the in vitro
technique, has shown needs for varying amounts of the elements sodium,
potassium, calcium, magnesium, phosphorcus, sulfur and chlorime. Burroughs
et al. (1951) noted that iron and phosphorous found in the ashes of plants
or plant products have a stimulatory effect uponm cellulése digestion in

Several workers have observed the effects of water extracts and ash
of good and poor qualiéy roughageso Marquardt (1964) noted that grass
hay extract supported very poor cellulose digestien even when it contained
high levels of protein, ash, calcium and phosphorous. Comparable to other
lextracts, the high carbohydrate content may have suppfessed cellulose
digestion. Burroughs et al. (1950a) reported a beneficial influence of
the ash of élfalfa upon roughage digestion which has been referred to in
in vivo éxpériments° Bentley et al. (1951) provided evidence which indica-

ted that the low phosphorous’ content of the poor quality forage was a
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iimiting factor in cellulose digestion in vitro. Huntfg& al. (1954) found
that more cellulose was digestéd and more urea utilized when inoculum was
obtained from steers fed alfalfa hay than frém steers fed poor quality
hayov Marquardt (1964) showed that ﬁany of the nutrients required by rumen
microorganisms for the fermentation of cellulose were present in aqueous
extracts of forages; however phospherous, sulfur and in -some cases nitro-
gen were not present in adéquate amounts.,

Burroughs et al. (1951) found that urea utilizatioﬁ like cellulose
digestion was dependent to a larée extent upon the nutrienf requireménts
of rumen microorganisméa Tﬁey suggested that a roughage was utilized most
efficiently when each of the nutrient requirements was adequately supplied.

Hunt et al. (1954) observed that microorganisms‘wﬁich synthesize"
riboflavin, niacin and vitamin Big and also digest cellulose and utilize
urea for protein synthesis have a sulfur reqqiiemento Bentley et al.
{1954) found that biotin, vitamin By, para-aminobenzoic acid,.;anthine;
uracil, guanine and adenine when added to the basal medium improved cellu-
lése digestion, The amount of cellulose digested waé always-less than
that digested in flasks which coﬁt@ined rumen juice supernatent; a water
extfact of alfalfa, yéést, or molasses. This implied that thege were
factors in natural products which enhaﬁcéd theﬁmicfbbial activity in in
vitro fermentation.

Hubbert et al. (1958) found sulfur, magnesium and calcium to be the
'inorg;nic nutrients most 1ike1f to be deficientkin a prepared fermentation
medium; Extremely low leveis of copper, cobalt, zinc and boronvdepressed

cellulose digestion.
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Vitamin Bg showed stimulatory activity in cellulose digestion accord-

ing to Macleod and Murray (1956).

‘Carbohydrates

A verf importaﬁt factor affecting cellulose digestibility is the
amount and type of concentrate fed with the cellulose containing material.
Head (1961) reported the main effect of concentrates was due to their con-
tent of starch, which lowered the digestibility of roughage.

Head (1961) and el;Shazly (1961) reported that with low nitrogen
containing cellulose substrates, the organisms digesting sugars or starch
used all the available soluble nitrogen sources in the rumen liquor, thus
starving the cellulolytié organisms of tﬁis nutrient,

Mills et al. (1941) reporfed that when adequate fermentable carbohy-
drate was included in the ration, urea was utilized at a maximum rate and
a maxiﬁum efficigncy in the rumen of the cow. He sﬁgge;ted the carbohy-
drate served as a readily available energy source for ghe microorganisms
enaBling them to build n;w protoplasm in which the nitrogen from the urea
was incorporated.

Baker (1942) found that the addition of increésing amounts of starch'
to ruimen contents incubated in vitro ré;ultéd,in a parallel incréase in'
the rate of multiplication of microorganisms of all types. Marston (1948)
noted that in diets containing a high proportion of starch, the rate of
pfoiiferationhéf the miéroflora in the rumen was limited usually by the

nitrogen supply. When additional nitrogen was provi&ed, a large proportion

was converted to protein,
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Arias et al. (1951) found that increasing the energy content of the
fermentation medium fesulted in an increased urea utilization with all
sources of energy tested. This was true whether the energy. source was a
soluable carbohydrate such as dextrose or sﬁcrose, or ﬁhegher the carbohy-
drate was.more complex such as cellulose; It was also noted that rumen
microorganisms have definite energy requirements and the degfee to which
these requirements are fulfilled has consi&éraﬁle influence upon their
utilization of urea or other ammonia‘supplying compounds. Small amounts
of readily available ca;bohydraée aided. cellulose digestion which in turn
increased urea utilization. Large amounts of readily available carbohy-
drate inhibited cellulose digestion. Hunt et al. (1954) supported Arias’
work in that rumen microorganisms obtain their energy requirements from
the more readily available source, instead of breaking down cellulose.

" Macleod and Murray (1956) noted that glucose stimulated cellulose

s
7

digestion at a concentration of ,OS'pérceﬁt to 2.percent° Decreased
digestion was ;bserved at highéf concentrations of glucose.

Cline gs_glo, (1958) reported a gre#ter synthesis of valeric acid
from the more readily available carbohydraté. These WOrkérs offered this
as an explanation for increased in vitro cellulose d;geétionlébéerved by
Arias gg_glo k1951) and Hunt et al. (1954) with a 1:2 starbh-qellﬁlose
mixture versus cellulose alone, .

Belasco (1956) found the optimﬁm starch-cellulose ratio to be 1l:4.
Here urea utilization, cellulose digestion and volatile fatty acid pro-
‘ dﬁctioﬂ reached a peak. The inclusion of large aﬁounts of dextrose in-

hibited cellulose digestion. These data also supported Arias et al, (1951)
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which showed a need for readily available carbohydrate in the proper pro-
portions. Salsbury (1961) found that if éhe propoftion of readily avail-
able carbohydrate was'too high it was doubtful that cellulose digestion
could be maintained at a significant level. Johnson et al. (1960) noted
that when the starch-cellulose ratio reached 1:1 or higher, cellulose
digestion was completely or severely depressed. At higher ratios of starch
to cellulose, both in vivo and in vitro cellulose digestion was completely
inhibited and was not recovered by additienal quantities of nitrogen. The
effect of hiéh levels of.giucose was shown by Huhtanen and-Elliot (1956) .
They postulafed that the inhibitory effect of high levels of giucose may
be exﬁlained on the basis of availability of energy sourcés for the rumen
bactefia, If enough glucose was present, the organisms used it for a
carbon source, rather than the less available cellulose.

Kane et al. (1959). in a conventional digeétion trial showed that high
levels of corn starch had a depressing effect upon the digestion of alfalfa
hay; however Qhen a preliminary period for adjustment to corn starch was
used, no dep;ession in the digéstion of alfalfa hay was observed.

el-Shazly ggygl, (1961) proposed several theories to explain the de-
pressiop of cellulose digestion by starch in a ration. These are as
follows: (i) production of an inhibitor by starch digesting microorgan-
isms, (2) decrease in rumen pH due to acids produced from starch fermenta-
tion, (3) competition for esseﬁtial nutrients with the result that starch
digesting microorganisms proliferate preferentially, (&) predominanceqof
starch digesting microorganisms in the rumen of énim#is on high starch

diets.
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Urea appeared to be the most efficient of all nitrogen supplements
tested by el-Shazly in alleviating the depression of cellulose digestion

caused by starch in a ration.

Lignin

The degree of lignification of cellulose is an important factor in
cellulose digestion because the digestibility of cellulose is lowered by
the presence of lignin, Head (1961). Sullivan (1955) reported that the
percent lignin and the digestion coefficients of ceilulose are correlated
from -0,92 to -0.94. Percentage of 1ighin is siénificantly correlated
with digestibility of all inseluble carbohydrates. Tomlin ggjgl, (1965)
found that as grasses and legumes matured the digestibility of cellulose
decreased and lignin content increased.

Gaillard (1962):ﬁoted a sérong correlation betwéen the digestibility
of organic'matter and the éercentage crude fiber, percentage lignin and
peréeﬁtage ;ellulose plus lignin. A decrease in digestibility-of the
planf was observed as the plant matured.

Some evidence has been obtained that lignin itself is digestible under
certain conditions,. Kane gg‘élo (1951) observed the products of metabolism
of the lignin molecule in fuminant urine. The amount of lignin actually
digested was very small and no microorganisms capable of.attacking lignin
have been found.

" The grinding of feeds has been tried as a method of increasing digest-
ibility of cellulose. The expected effect of grinding is to increase total

surface area gnd give bacteria more surface to attack. This has not proven
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too useful due to the fact that smaller particles pass through the digest-
ive syétem faséer and lower digestibilify rather than increase it.

Dehority and thnson (1961) found the total amount of cellulose
diggsted.increased with the time of ba11-milling; Amount of forage cellu- -
lose digested by rumen bacteria decreased with increasing maturity and
lignification of the plént° The increase in in vitre cellq%ose digesti-
bilfty due to ballémilling became larger as the forage matured and lignin
‘deposition f’ﬂaslincre.asedo There was a basic differencé in grasses and
1Egﬁﬁes in %egard to amount of cellulose which could Be digested per given
amount of lignin in the plant. This evidencé presented by Dehority and
Johhson substantiated the theory~that lignin in forages acts as a physical

barrier between the cellulose and cellulolytic rumen bacterial.

. Enzymatic Starch Digestion

Balls and Schwinmer (1944) found that grains of corn starch were more
rapidly broken down than grains of wheat starch. Potato s;érch was much
more resistant to enzyme acﬁivity° it was also noted tﬁat the size of the
stafch graiﬂs did not appear to be a iimiting»factoro

Leach énd Schoch (1961) expléined that high linegr corn starch is
least éffected by enzyme activity. They'aiso obserﬁed-that normal pea
starch is attacké& more rapidly than high iinear étarch from wrinkled péas;
therefore the presence of a linear fraction prbbably retards solubiiization
by enz&mes,' ¢

According to Sandétedt (1955) when amylase acts on raw starch, the

} t

énzyme enters at the narrow edge of the granule and following the path of




-13-
least resistance digests its way into the granule. Sandstedt (19605 é;éo
noted that starch which‘has been &amaged will digest easier tﬁan un&ém;éed
étarch grénuleéf Enzym;s'do not penetrate freely into the molecular
lattice of the grénﬁle,'put are limited té certain accessible surfaces or

regions, Leach and Schoch (1961).

In Vitroe Starcﬁ Digestion

Moore et al. (1962) studied the use of the in vitro system of starch
fermentation. A high speed centrifugal procedure was used to obtain the
predominate rumen bacteria_t° Maximal starch fermentatién was ﬁeasured
coloritﬁet;rically° The difference bétween concentrations of anthrone re-
active material in inoculated flasks at the time of inoculation, and after
a beriod of incubatioﬁ was taken as an index‘of.fermentation, Maximal
starch digestion occﬁrred at about 12 hours which amounted to 90 percent
of the added starch. Starch was added ét the rate of 1.5 grams per 100
ml. of liquid, |

Loper et al. (1966) dsed a gravimetric technique to'study starch
digesiion{ig vitro. A éeries of experiments based on washed cell suspen-
sions" of rumen microorganisms was conducted to deﬁeldp an accurate, simpli-
fied technique. Starch remaining after fermentation was measured érévi=
metrically. Results obtained by this method Qére highly correlated
(x = 0?94) with the resulfs using the anthrone procedure. The fermeﬁtation'
was carried out at a pﬁ of 6.8. Maximal starch digestion occurred at 12
Héurg, which amounted to 70 perceﬁt of the édded staréh,' Starch was added

at the rate of 0.5 percent.
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There has been very limited work conducted on in vitro starch diges-
tion., The foregoing literature on in vitro starch digestion studies is-

the only work reported.




PROCEDURES

General Procedures

Barley varieties were selected on the basis‘of known or expécted‘
structural differences observed in laboratory analysis of their respective
starches, Goering sg,gl. (1957) and Goering and Imsande (1960). Varieties
selected were Coﬁpana, hulless Compana (Newbana), Betzes, Oderbruéker and
Unitan. Corn starch was used as a standard for éomﬁarison since corn is
a major source of carbohydrate in 1ivestoék rations; Mile and ﬁhéat
starches were also included»because wheat is being used in Méntana Tive-
stock rations and milo is used extensively aé a feed gréin in other areas
of.the'Uﬁited‘States.

Barley starch waé separated from Barley flour by Dr. K. J. Goering
using the method of Diniler ggiél, (1944), Barley'flour used in the above
proce&ure was ob;ained from the Montana State University Cereal Quality
Laboratory.

Three trials were conducted to measure differences in the in vitro
digestibiiity of starches from selecéed'varieties of grain. Amilose and
’.amyiopectin were included in one compérisoﬁ, Identical in vitro p:océ&ures
were employed in each triél, .Starches compared in this study wére as
follows: Trial 1 - corn, Compaha; Oderbrucker, milo and wheat; Trial 2 -
corn, Compana, Newpana, Betzeé and Unitan and Trial 3 --corn, Compana,
Newpana, amylose, and amylopectin.

Residual starch was measured by the phenol-sulfuric acid, colorimetric
metho& for hexoses dgscribed by Whistler (1962).- The percent starch di-

gested was calculated using as the initial amount of starch the values
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obtained from control tubes in which bacterial action was not allowed to
take place. Absorbances we;e'measured on a Bausch and Lomb Speétronic 20,

Fermentation vessels were aﬁalyzed fof residual starch every 2 hours
for a maximum of 12 hours. Blanks consisting of rumen liquor and nutrient
media but without added starch were analyzed at zero time to correct for
starch present in Fhe rumen liquor.

The phenol-sglfuric acid method was combared to the anthrone colori-
metric method described by Moore et al. (1962) using corn starch as the
substrate, |

Absorbance curves were prepared with a Beckman DK2 spectrophotometer
to insure maximum absorbance for all substrates.

A 3 x5 x 6 factorial design was used in all trials as described by

Li (1965).

In Vitro Procedure
Each experiment was initiated at 5:;00 A.M. Rumen cdntents were ob-

tained from a three-year-old fistulated Hereford steer maintained on a

ration consisting oﬁtilﬁjsteaﬁ rolled barley;:iké &éhydrated,alfalﬁé>pe1=
lets, and 1/3 beetxpulp pelig;s with salt provided free choice. The_§peer
was fed this ratiop_iO‘days prior to the initial qql%ection, Rumeﬁ con-
tents were collected engsstrained‘through qurv¥?§$stof cheeseAclg&Q

into a 39° C. prewarmed thermos. Rumen liquor was then centrifuge& ;t
2,000 x é for 20 minutes using an international size 2 centrifuge. The

supernatent was mixed with pre-warmed (39° C.) carbon dioxide saturated

nutrient medium at a rate of 3 parts rumen liquor to 4 parts nutrient
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medium. The composition of the nutrient medium used is as follows:

KH,P0, 0.600 gm/liter NaCl 4,00 gm/liter
Na,HPO, 1.600 gm/liter FeS0,.7H,0 0.075 gm/liter
NaHCO; 3.500 gm/liter caCl, 0.550 gm/liter
KCl 4,00 gm/liter Urea 2,000 gm/liter -

1

Carbon dioxide was bubbled through the mixture for 10 minutes and the
pH adjusted to 6.8. Fifty ml. of rumen liquor and nutrient medium was
added to ‘100 ml. fermentation vessels which were fitte& with rubber stop-
pers containing inlet and outlet glass tubing for the introduction of
carbon dioxide. Starch was added at the rate of 0,5 percent or 256 mg.
starch per fermentation vessel. Blank vessels containing noe added starch
were included to correct for starch added via the rumen liquor. Fermenta-
tion vessels were placed in a 3§° C. water bath, Carbon dioxide was
bubbled through the tubes slow enough ts prevent excessive splashing.

Fermentations were carried out for a maximum of 12 hours.

Measurement of Starch Fermentation

Phenol-sulfuric acid procedure

One ml. of unknown containing between 20 and 50 ug. substrate was
pipetted into a coloriﬁetric tube, One ml., of 5 percent diéfilled phenol
solution was added and contents mixed. Five ml, concentrated sulfuric
acid were added to each tube. Each tube was agitated.during acid addition.
After standing 10 minutes, tubes were shaken and placed in a 25-30° C;
water batﬁ for 20 minutes, Absorbances were measured at 490 mu. After

subtracting the absorbances of the blank, the amount of sugar was deter-

b\
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mined from a standard curve prepared from corn starch.

Anthrone colorimetric method

Ten ml. of anthrone reagent in a series of test tuﬁes were immersed
in a cold water bath (10-15° C.) and carefully overlayed with 5 ml, of
sample containing from 20-40 ug./ml. of starch. After the addition of
starch was made, the tubes were agitated:and replaced in the cold water
bath. When the series was completed the tubes were heated for 16 minutes
in a boiling water bath and then cooled. Absorbances were :ead at 625 mu,
and after subtracting the absorbances of the blank, the amount of sugar

‘was determined from a standard curve prepared from corn starch,




RESULTS AND DISCUSSION

Triais I, II and 1I1I

The pertinent data of Trials I,:II and IIL showing the percent diges;
tion for the 5 substrates every 2 hours on each of 3 days are given in
Tables I, III and V réspe;:tively° Anal&sigvof variance of the data for
the respective trials are given in Tables IT, IV and VI.

Analysis of this data revealed considerable variance and several
highly significant interactions in all trials. All interactions e#cluding
hours x variety for Trials I and II were highly significant (P <.0l).

The hogrs X variet& interaction was significant (P<:}05) for trial III.
Since the subseﬁuent digestioé rates of the substrates were. significantly
different (P<(.05) and the hours x variety interaction was not significant,
some general inferences can be made concerning the differences in
digestibilities of the.starcheso

In Trial I, Oderbrucker starch was.digested significantly faster
(P<.0l) or equal to corn starch and the other starches. In no éase was
Oderbrucker digested significantly slower. 1In most instances wheat and
milo starch were digested slower than corn starch; however on day lhwheat
tended to digest faster than corn starch. ﬁigestion of all substrates was
very rapid on day 3 of Trial I; therefore it‘iS‘difficult to detect any
real differences. On days 1 and 3 at the end of 12 hours fermentation,
the percent digestion had exceeded 95 percent. On day 2, 90 percent
digestion was approached at 12 hours. Replications‘were highly significaﬁt
(P<01) for Trial 1 indicating that the reproducibility of measuring

residual starch in the triplicate fermentation vessels was unsatisfactory.

Al
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TABLE I, PERCENT DIGESTION OF STARCHES IN TRIAL T,

Percent Digestion 1/

_ Oder-

Hours Corn brucker Compana Milo Wheat

2 18.02 17,72 17,92 18.5% 12,6°

4 37.82 36.12 36.32 36.82 30.7°

Day 1 6 48,72 60,4° 55,5P 50,72 52.8°
8 72,94 87.5¢ 79.6% 67.2° 80,62

10 88.6°" 94.,0° 92.9°° 86.5" 93.4°

12 99,22 99,32 99,42 99,02 99,12

2 9.6 19,0° 18,3° 12,6 8.0%

4 40,6° 36.5°¢ 33,57 31,22 22,59

Day 2 6 44,7 40.7b¢ 41,5%¢ 38,23P 35,92
| 8 60.0P 63.5° 56,43 56.32 50.0°
10 78.0% 84.2° 80,0°° 75.3° 78.5%

12 90, 22P 92,1P 89.92P 86.32 92,4

2 37,2° 43,3 43.1° 33.6° 37.7°

4 77.5° 75.53P 77.8" 71.7% 76.6°

Day 3 6 93,72 91.9% 93,72 93,02 91,42
8 95.42 96.02 95,92 95,62 9,02

10 95,82 95,2% 95,72 95,1% .95,0%

12 97.5% 96.92 97.0% 97.12 96,92

1/ Values expressed are an average of 3 replications.

a, b, ¢, d Means on the same line bearing different superscript letters

are significantly different (P<( 01) as determined by Duncan's

multiple range test.
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TABLE.II. ANALYSIS OF VARIANCE OF PERCENT DIGESTION FOR STARCHES IN

—IRIAL T (CORN, ODERBRUCKER, COMPANA, MIIO, WHEAT),

Source D.F. __S.S. M.S, F,
Replication 2 66.05 33,03 8.00%%
Days 2 42,696.55 21,348.28  5,172,80%%
Hours 5 164 ,648.65 32,929,73 20, 72%%
Variety 4 893.14 223,29 4.36%
Days x Hours 10 15,891.69 1,589.17 ' 385, 06%
Days x Variety 8 | 409.53 51,19 12, 40%%
Hours x Variety , 20 620.63 31,03 1.06
Days x 'Hours x Vafiety 40 1,168.82 29.22 7 . 08%%

Error 178 734.66 4,13

TOTAL 269 227,129,72

* P05
#% P01

It can be seen from the data of Trial II presented in Table IIX and
from the analysis of Qarignce (Table IV) that there were large ﬁari;tions
.and highly significant interactions; however the houfs X variety inter-
‘actiom was considerably smaller @han in Trial I. In Trial II corn stérch
was digested significanfly faster (P<C.01) or equal to the other starches

in all but one instance. On day 2 at 2 hours, Unitan and Newpana were
digested significantly faster (P<{.0l). Unitan starch was digested signif-

icantly slower (P<:}01) or equal to the other starches; however on day 2
at 2 hours Unitan was digested significantly faster than Bétzes, Compana
- or corn starch, Cqmpaﬂa, Newpana and Beﬁées'starch were intermed{ate,

between corn starch and Unitang Powever it is difficult to determine how

they did compare becausé of day to day and hour to hour variation. At the
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TABLE III, PERCENT DIGESTION OF STARCHES IN TRIAL II.

Percent Digestion 1/

Corn

Hours Compana Newpana Betzes Unitan
2 16.6° 9,42 6.42 7.22 9,02
4 - 22,9 18.62P 15,52 18.7%P 9.5
Day 1 6 48.6° 37.0% 33,9° 33,92 11.0°
8 65,2 59.63 57.28 58,62 34.4°
10 83.62 83.82 81.42 80.32 70.7P _
12 - 96.0° 95,32P 94.,92b 94 ,43b 91.02
2 8,7%° 7.2% 14.8%%.  12,7P¢ 18.5%
4 21.8" 23.1° 23.7° 16.4% 20,62°
Day 2 6 39,7P 33,82 41.3° 37,430 33,32
8 58.,1¢ 50,62  48,3% 53,7°¢ 48.5°
10 " 80,2P 74,72 71.42 73.52 62.2°
12 92.6° 89.5% 89.0% 89.8% 83, 8°
2 17.49 8.8bc 3,18 9,4 4,23b
4 22.4P 23.0b 19.78b 21,23P 17.48
Day 3 6 36,2b¢ 37.7¢ 31.62P 32,12P 29,82 -
8 49.4° 46.82 46.92 47.7% 47,72
10 66.0% 67.8% 65.72 65,3a 66.42
12 86.9P¢ 90. 8¢ 83.93b 84,38b 82,22

1/ Values expressed are an average of 3 replicatioms.

a, b, c, d Means on the same line bearing different superscript letters
are significantly different (P<[.01) as determined by Duncan's
multiple range test. -
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end of 12 hour fermentations in almost all cases the substrates reached
90 percent digestibility. It should be noted that replications were not

significantly different in Trial II.

TABLE IV, ANALYSIS OF VARIANCE OF PERCENT DIGESTION FOR STARCHES IN

el RIAL TT
Source D.F, S.S. M.S. . F,
Replications 2 3.63 1.81 4267
Days : 2 988.57 _ 494,28 116, 25%%
Hours 5 213,830.98 42,766.20 244, 67%%
Variety 4 2,631.77 1657.9% 4,30%
Days x Hours 10 1,747.93 174.79 41,11%%
Days x Variety 8 1,224.45 153,06 36 . 00%%
Hours x Variety 20 894.66 44.73 .8147
Days x Hours x Variety 40 2,196,05 54,909 12, 91%%
Error 178 756,81 4,25
TOTAL ' 269 224,274.85
:J;:ﬂﬁzégiigzzﬁ N — E——
*% P01

The analysis of variance (Table VI) and the data from Table V show
that for Trial III thére were again large variations and highly signifi-
cant interactions. Unlike Trials I and II, the hours x variety inter-
action was significant (P<.05) indicating that the substrates did not
digest in the same manner at the different hours. Due to the fact that
all interactions were significant, general conclusions cannot be maée;
however from an inspection of the data there are obvious differences,

namely amylopectin and amylose digestion. In all cases émylopectin
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TABLE V. PERCENT DIGESTION OF SUBSTRATES TN TRIAL IIT.

. Percent Digestion 1/

Hours " Corn Compana Newpana ﬁ:Zi:; Amylose

2 11.4° 11.3° 9.9 18.9" 20.1°

4 . 25,82 23,92 24,12 56,7° 42.0°

Da§ 1 6 41,8% 39.8% 36,77 75.1°" 57.4°
8 55.9% 53.6° 56.5" 86.1° 74.4°

10 70,3° 68.1° 1.5* 9075 7860

12 89.6° 91.4° 882" 92.5° . 83.4°

2 13,42 16,22 18.9° 57.0° 31.6°

4 - 2.0 ' 24,32 22,72 90.1¢ 49,9°

pay 2 6 45.6% 51,02 49,52 95.8¢ 64,40
8 81,02P 83.3> 76,3 .96,1° 66.0%

10 93,92 95,92 94,12 98.12 79.7°

12 '97.02 98,12 97.1% 98,72 84,2
2 303 3.0 29.3° 45.7° 42,5

4 76,92 75.82 74.63 91,52 48, 9P

Day 3 6 95,92 94,98 92.92 ( 95.7% 77.3P
8 97,72 98,22 97,93 97.48 82.2b

10 99,02 99,18 99,12 98.82  86.0P

12 9906a 99.12 © 99,28 98.9%  90.6

1/ Values expressed are an average of 3 replicatlonse -

a, b, ¢, d Means on the same line bearing different superscrlpt 1etters
are significantly different (P<<:01) as determined by Duncan's
multiple range test. .
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digested significantly faster (P<<.0l) or equal to the other substrates,
On day 1 amylese digested significantly faster (P<(,01) than corn, Compana
or Newpana; however at 12 hours amylose was éignificantly slowef (P 01)
than corn, Compana and amylopectin. On day 2 amylose digested significant-
ly faster (P<(0l) than corn, Compana or Newpana at 2, 4 and 6 hours; how-
ever at 8, 10 and 12 hours amylose was significantly slower (P{;Ol)° On
day 3 amyiose digested faster at 2 hours but beyond 2 hours amylose diges-
ted siower than the other substrates. As.in Triais i and II, digestion
was either greater.than or approached 90 percent at the end of 12 hours
fermentation, Replicatiﬁns were again non=significant'as in Trial‘II°

TABLE VI, ANALYSIS OF VARIANCE OF PERCENT DIGESTION FCR STARCHES IN

e LA AL_TIT (CORN, COMPANA, NEWPANA, AMYLOPECTIN, AMYLOSE), .
Souzce_ ' D.F. S.S. _M.S. F,
Replications .2 18,82 o4l 1.29
Days ‘ 2 33,775.36 16;887,65 2,317, 28%%
 Hours 5 145,119,51  29,023,90 35,57%%
Vartety | | 4 14,605.97 3,651.49  4.10%
Days x Hours 10 8,159.56 815.96 °  111.96%%
Days x Variety 8 7,100,47 887.56 121, 79%%
Hours x Variety 20 7,226,75 361.34 1,94%
" Days x Hours x Variety 40 7,456,57 .  186.41 25, 58%%
Error 178 1,297.21 7.29

TOTAL - 269 224,760.22




26~

The results of these trials indicate that‘if the digestibility of
starches is to be compared by the in vitro method, improﬁed techniqueé
must ﬁe employed. |

It became evident as the’trials.progressed that an improved inoculum
should be tried which would contain a more representative starch digesting
baéteriél population., étrained, centrifuged rumen liquer as used in these
studies probably contained m;ny types and strains of bacferia plus enzymes
which would digest starch. Moore et al, (1962) used a differential centri-
fugation to prepare a bacterial §ediment that was microscoﬁiéally repre-
sentative of the mixed culture found in the whole rumen fluid of sheep.
Loper EE.§L° (1966) used a washed cell suspension following the ﬁethod of
Cheng et al. (1955) to obtain a predominate bacterial population. An in-
oculum similar to that used by Moore and Loper could possibiy eliminate
some éf the variability due to abnormal bac’terialh.populations° There are
however many factors which affect the bacterial populétions° Johnson
(1963) reported tﬁat numbers of species and types of microorganisms ﬁhich
éigesé starch in the rumen are considerably greater than f@? cellulose,
Thié is cdﬁplicatgd further by the fact that inoéulum taken from a given
animal on a standard starch ration ma§ différ from day. to day in predomin-
ating species of microorganisms. Moore et al. (196?) noted the variability
in the amylolytip flora of shﬁépo Variability in the microflora within
the animal can be a result of rumen volume, Purser and Moir (1966a) and
-?uré@r and Moir (1966b), or ration characteristies, Ghristianseniéglglp
(19645, By providing the donor animai with a constant ration and sampling

at a constant time after feeding variability in microflora can be reduced.
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Structural differences between starches should be examined when com-
paring differences in starch digestion. A micrdscopic examination can be
made to determine differences in gf§nu1ar sizé and shape. It has been
reported that structural differences affect starch breakdown. Baker et al.
(1950) noted a distinct difference between maize starch and potato starch
when'tﬁey were sﬁbjected tO‘EE;ZEZQ digestion by oxen. Goering et al.
(1957) reported that the amylose content of 44 différent bafléy varieties
varied from 13‘tol24 percent, Leach and Schocﬁ (1951) found that high
linear -corn starch (i.e. corn starch with a high éercentége of amylo§e) is
least affected by bacterial enzyme activity, Harris (1962) and'Greenwood
(1964) stated that starch granules in general céhtaiﬁ more amylopectin
than amylose. Tﬁese authors imply tﬁat starches with a high percentage of
‘amylobectin will digest faster than those starches with a ﬁigh percentage
of anyloséq In Trial III, amylopec;in digestéd faster than amylose, indi-
cating that a high linear barley starch may digest slower., If starcheg
with ﬁigh,percentgges of amylopectin repeatedly digest faster than high
linear starches, then it may be.possible that starches can»be fanked iﬁ

regard to digestibility by their percentages of amylopecfin and amyiosey

Pﬁenol=Su1furic Acid - Anthroﬁe Compafison
The data for the comparison of the phenolésulfuric acid. and anthrone
procedures is shbwn,in Table VII. There was a highly significant cor-
relation (r = 0.99) befween the two methods. The percentage of residual
starch measured was comparable except ‘at the 2 and 4 hour determinatioms.

These results indicate the phenol-sulfuri¢ acid method used in this study
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et al, (1962).

was equivalent to the anthrone method employed by Moore

- TABLE VII, COMPARISON BETWEEN THE ANTHRONE METHOD
~ AND THE PHENOL-SULFURIC ACID METHOD
USING CORN STARCH ON DAY 3 TRIAL III,

Percent Digestion

Phenol-
Sulfuric

Hours Anthrone Acid
29.9 37.0

2 27.9 38.0
29,2 36.5

84.1 77.1

4 82.7 78.5
82.6 77.0

92.8 93.7

6 91.8 93.2
93.0 94,2

98.0 95.3

8 97.8. 95.4
97.6 95.4

98.9 95.8

10 99,2 95.9
99.2 95.8

98.9 97 .4

12 98.6 . 97.6
98.1 97.7

r=.,99
The phenol-sulfuric acid colQrimetric method has worked very well in
the trials réporteé in this manuscript. Dubois et al., (1956) observed
that the phenol-sulfuric acid procedure was simple, répid and sensitive
and gavé reprod#cible results. The reagent is inexpensive and stable and
a given solut%on requires only one standard curve for each sugar.

There are several inherent problems in the anthrome procedure used by
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Moore et al. (1962). The concentration of acid in the reagent and the
manner in which the reagent and test solution are brought togetﬁer deter=~
mine the nature and intensity of the color developed, Johanson (1954).
Morris (1948) described some of the problems éssociatgﬂ with the éﬁthrone
procedure, These are as follows: (1) the reagent is difficult to prepare,
(2) if cooling'is produced before the reaction is finished, error can be
introduced, (3) a known sugar standard musé be run with each series of
unknowns, (4) fresh reagent must be prepared daily ;hd (5) aging of the
reagent causes a color change.

Moore et al. (1962) using the anthrone procedure recovered 130 *
5.7 percent of the added starch. Using the phenol-sulfuric acid method
in this laboratorylthe recovery of added starch was 109 * 6.5 percent
(Table VIII).

With the evidence presented the phenol-sulfuric acid procedure

because of simplicity can be used in preference to the anthrone method for

estimating in vitro starch digestion.




IABLE VIIT. PERCENT RECOVERY OF ADDED STARCH FOR TRIALS I, - Iti,

Day 1 “Day 2 " Day 3 Day 1 - Day 2  Day 3 732;;f>”m“"32§‘;LL7-mbé§:§f_
Trial 1 Trial I Trial I Trial IT Trial IT Trial II Trial III Trial III Trial III

108.7 113.3 108.2 112.8 108.6 112,8 110.1 110.2 112.2
113.6 118.0 106.0 112.6 113.9 ' 110.1 112.8 107.7 107.4
113.6 117.8 103.2 112.8 115.9 112.9 115.3 197.6 109.8
113.7 117.7- 108.2 112.4 108.4 112,6. 107.6 112.5 107.2
113.7 117.9 105.8 102.8 108.4 110.1 110.1 105.1 109.9
118.6 106.8 110.6 105.3 106.1 105.1 112.9 “ 107.6 109.6
108.7 117.7 115.8 102.6 108.6 110.1 115.3 110.0 102.3
118.8 =~ 113.3 113.5 107.7 108.4 107.6 112.7 110.0 107.1
113.8 . 113.3 110.6 102.6 108.4 107.9 107.7 105,6 104.7
108.7 113.3 105.7 108.1 113.3 112.7 105.4 105.2 107.2
118.6 113.4 103.2 102.9 108.5 107.6 107.8 . 107.4 107.5
113.9 113.4 105.7 102.6 -106.,0 110.1 112.9 107.6 112.3
118.8 113.2 103.3 77.9 108.4 102.9 112.7 112.5 112.3
113.8 113.4 105.9 72.7 103.5 102.7 110.1 105.1 -105.0

113.8 117.7 108.4 77.7 106.0 105.3 107.6 107.6 107.3

e - e
—— ——————

.' _‘: :;. e e e T
Standard Deviation 6.5.

—OE-




SUMMARY

Three i&.XiEﬁQ digestion trials were conducted comparing 5 barley
étarches (Oderbrucker, Compana, Newpana, Betzes and Unitan) corn starch,
milo stéréh, wheat starch, amylose and amyloi)ectin° Within each trial
substrates were subjected to digestion on each of 3 different days. The
phenol-sulfuric acid method of starch hydrolysis was used to méasure
residual starch in the fermentaéion vessels every 2 ﬁours up to 12 hoﬁrs;

The pheno}«sulfuric acid and anthrone procedures were compared to
determine if éﬁe phéﬂol=su1furié acid methed was comparable to the anthrone
method of-Méore et al. (1962)°

In Tfiai I the starches of corm, Oderbrucker, Compana, ﬁilo and wheat
were compared., Oderbrucker starch was digested significantly faster .
(P<.01) or equal to corn starch and the other starches. In no case was
6derBrucker digested significantly slower. In most instances wheat and
milo starcﬁ were digested slower than corn starch; however on day 1 wheat
tended to &igesf faster than corn starc:,h°

In Trial II the starches 6f corn, Compana, Newpana, Betzes and Unitan
were compared. Corn starch &igeéted s;gnificantly faster (P<Z.01) of
equal t§ the otﬁer starches in all buf'sne instance.  On day 2 at 2 hours
Unitan and Newpana were digeéted significantly faster (P<:,01)° ' Unitan
Qtarch digested significantly slé@er (P<.01) or equal to the other
starches; except on day é at 2 hours Unitan was digested significantly
faster than Betzes, Compana or corn. .

In Trial III corn starch, Compana starch, Newpana starch, amylopectin

and amylose were compared. Amylopectin digested significaptly faster

(P<.01) or equal to the other substrates. On day 1 amylose digested
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significantly faster (P<,01) than corn, Coﬁpana or Newpana; however at 12
hours amylose was significantly sloWér than corn, Compana or amylope'ctin°
Amylose téndea to digest faster than the other substrates at'the start of
the fermentation period. At the end of the périod amfioée was digested
'slower than the other substratés. |

In all trials at the end of the fermentation period digesfion was
either greater than or appréachéd‘90 percent.

All interactions excluding hours x variety for Trials I aﬁd IT were
highly significant. Hours x variety was significant (?<:,05) for Trial
IXII.

There was a h;ghly significant correlation (r = .99) between ;pe )
anthrone method apg F?e pyeno}-sdlfuric acid method. This indicateﬁ_éhat
the two methods are comparable.

Some differences in starch digestion have been indicated from these
téials: In order to more effectively compare differences between starches, i

improved techniqueé must be'employed to eliminate the variability which

was encountered.
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APPENDIX TABLE I. PERCENT DIGESTION -- THREE DAY AVERAGE FOR TRIALS
I, IT, IIY
_—s—__—____&_—_——_;&g—_ﬂ_—___—__—_——__—

Percent Digesfion 1/

Oder-

Hours Corn brucker " Compana Milo Wheat

2 21.6% © 26.7P 26.4° 21,6 19.42

4 52.0° 49,6 49.2° 46.6%°  43.2%

Trial I 6 62.43P 64.3P 63.62P 60.63P 60.02
8 76.12 82,3 77.38 73.02 74.92
10 87.53° 91,1° 89.53P 85.62 89.,03P

12 95.6% 96.12 95,42 94.12 96.22

Hours Corn Compana Newpana - Betzes Unitan

2 14.,2° 8.52 8.12 9.82P 10.62°

4 22.4° 21.6° 19,62 18.7%P 15.8°

Trial II 6 41,57 36,22 35.6% 34,42 24,7°
8 57.6° 52,42 50,82 53,330 43.5¢

10 76.62 75.52 72,92 73.72 66.4°

12 91.8P 91.9P 89,2ab 89.52P 85.72
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APPENDIX TABLE I, Continued,

, Amylo- o
Hours Corn Compana Newpana pectin Amylo;e
2 21.42 22,12 - 19.48 40.5°¢ 31.4°
6 42,2% 41,3%° 40.4% 79.4° 46.9°
Trial 1II 6 61.1%° 61.9%° 59,7 88.9° 66.4°
8 78.22 78.32 76.9% 93.4P 764,22
10 . 87.7% 87.7% 88.2* 95.9° . 81.4°
12 95,22 96.22 94,82 9.7% 86,1°

1/ Values expressed are an average of 3 replications on each of 3 days.

a, b, ¢ Means on the same line bearing different superscript letters
are significantly different (P<: 01) as determined by Duncan s
multiple range test,
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APPENDIX TABLE II. TWO-WAY TABLE SHOWING DAYS X VARIETY INTERACTION FOR
__TRIALS I, IT, III._

Percent Digestion._/

' Oder- :

Corn brucker Compana Milo Wheat

Day 1 60.9%P 65.80 63.6° 59,82 61.5°

Trial I Day 2 53.82 56.0° 53.3% 50,0° 47,9°
| Day 3 82.8%°  83.1%° 83.9° 8i.0” 81.9%
Corn Compana Newpana _Betzes _ Unitan

Day 1 55.59 50,6° 48,22 48.8% " 37.6°

Trial II  Day 2 50.2° 46.5% 48,12 47,2° 44,5°
| Day 3 46.4° - 45.8° 40.2%  43.7° 41,3
Corn Compana Newpana pectrn Amyiose

pay 1 49,1% 48.0% 47.8° 70.0° 59,3¢

Trial III Day 2 59,2a 1.5 59,72 89.3¢ 62.6°
Day 3 84.6° 84,3ab 82,2° 86.3b 71.2°

1/ Values expressed are an average of 3 replications on each of the 6
time periods,

a, b, ¢, d Means on the same line bearing different superscript letters
are significantly different (P<(.0l1) as determined by Duncan's
multiple range test.
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APPENDIX TAB#E III. . TWO-WAY TABLE SHOWING HOURS X DAY INTERACTION_FOR

TRIALS I! II! II1,

' Percent Digestion 1/

‘ 2 4 6 8 10 12

Da& 1 16.9° 35.5¢ 53.6° 77.6° 91,1¢  99,2¢
Trial T  Day 2 13,5P 32,9 40,2b 57.2P 79.2> 90,26

Day 3 39.02 75.82 92,72 95.4% 95.4% 97,12

Day 1  9.7° 17.02 32.9b' 55.0° 80.0°  94,.3°
Trial II  Day 2 12.4%  21.1° 37.1%,  s1.8° 72.4°  88.9P

pay 3 8.6°  20.7°  33.5°  47.7®  66.6*  85.6°

_ __ \

pay1 14.3°  3.5°  s50.2°  65.3°  75.8° 89.0"

Trial TII Day 2~ 27.4° 42.2® - 61.3P 80.5° 92,3 95,08

pay 3 39.1% ¢ 73,52 91,32 94,78 96.42 97,42

1/ Values expressed are an average of 3 replications for each of the 5
substrates.

a, b, ¢ Means on the same line bearing dlfferent superscrlpt letters are
51gn1f1cant1y different (P<<:01) as determined by Duncan's multlple
range test. ,
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