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INTRODUCTION

Sorghum grains are aﬁong the major cereal grains of the world,
In areas other than the United States, a large proportion of the sor-
ghum grains ié consumed directly by the human population@ In the
United States practically all of the sorghum grains produced are used

'.iias livestock feeds.

During the last ten to twelve years sorghum grain production

'-*;%fhas iﬁcreased by more than 300 percent. The major part of the increase'
" has occurred in the southwestern part of the United States. The reason
:,féf this increase.in the Southwest is that sorghum is highly drought

 vesistant and the grain varieties are very sﬁiﬁable to irrigation as the
’f ﬁ}water requirements are considerably lower than would be for corn in
'hfiorder to obtain similar grain yields., Furthermore, the sorghums are
" very adaptable to the high temperagures of the Southwest.
Cormercial cattle feeding has increased by more than 600 percent
in the Southwest during the last 1L years. Commercially fed cattle have
" a high requirement for grain, In the Southwesf the grains used are milo
~and barley. As the barley acreage in the United States has remained
fairly constant for many years, therse has been an increasing amount of
 sorghum grain used for fattening catile in the Southweste
| As the percentage of sorghum grains increased in relation to
barley, the feeders were of the opinioh that performance of fattening
cattle on high sorghum rations was not as satisfactory as equivalent
barley rations. These observations were contrary to the normally
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accepted feeding values for sorghum grains and barley,
o A series éf feed lot trials initiated in 1960, at the Univer-
" sity of Arizona, supported the view of the cattle feeders énd further
suggested that the nutritional value of the two grains should be cowm~-
pletély re-evaluated based on current ration formulation and nutri-
tional information. The University of Arizona trials suggested that .
~digestion of the starch and protein of the sorghum grains were the
limiting factors in the lower nutritional value of the grain.

Evaluation of the many various grain species or varieties with-
in a specie by fattening trials or digesﬁion trials becomes prohibitive
from the standpoint of cost, time, and physical facilities., A labora-
tory method which will permit a rapid screening of gralns would be
highly desirable@ One approach to this broblem is the artificial rumen
‘technique aé severai samples can be tested in one dey's study.

It is generally éccepted that the major portion of digestion
“in the'ruminanf occurs in the rumen., The results of the artificial
_rumen t@@hniqué must be eventually validated with digestion or feeding
trials, If the results between the two methods are in good agreement,
only the more desirable’samples would be further tested in feed lot
trials. |
| The purpose of the studies reported in this thesis was td de=
velop a procedure with the artificial rumen to evaluate the-utilizatian'
"of starch from milo and barley.

The preliminary studies wereAconcerned with the finding of the

optimum conditions for the artificial rumen technique in order to study



the utilization of starch from grains by rumen microorganisms.

The other areas studied were as follows:

1.

2

3.

Comparative study of the starch utilization of milos and
barieys of various origins and treatments,

Effect of an artificial saliva and urea on the starch
utilization from milo and barley.

Effect of feed grade enzymes on the digestibility of

the starch of milo and barley as affected by artificial

saliva and urea.



REVIEY OF LITERATURE

Morrison (27), in his well-known book, Feeds and Feeding, lists

milo with digestion coefficients of 78 percent for crude protein, 91
percent nitrogen-free extract, and 79.4 percent for total digestible
nutrients. For barley the corresponding values are 79 percent, 92 per-
cent, and 77.7 percent, respectively, The small difference in total
»vdigestible nutrients between the two grains can be accounted fér by

" the fact that barley has 6.2 percent crude fiber and milo has only
 303 percent,

Schneider (36), in his compilatlong Feeds of the World, se-

““'-“~‘;_"‘1ected digestion trials that could be critically evaluated, and further

* separated digestibility values of both milo and barley for various

”f__spacies of livestock, With cattle he gives the following digsstion

' ;coefficients for milo: Crude profein 57 percentg nitrogenafree'extract.
83 percent, and total digestible nutrients 80 percent. The equivalent
" values for barley are 76 percent, 92 bercentg and 8l percent, respec-
" tively. Observation of the aﬁove reveals a discrepancy beﬁween the
tﬁo sets of values, especially with nitrogen~ffee extract and protein,
-Since nitrogen;free ext&act constitutes the major portion of both
grains, the true digestibility of the fraction will be a major influ~-
ence in the overall energy value of the grain,

The Pfizer feed formulator (30) gives a metabolizable energy
" value for milo of 1110 Cal/lb. and 800 Cal/lb, for barley,  Titus (41),
fdr poultry, reports & somewhat higher metébolizable energy valus for
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5
both milo and barley, listing 1552 Cal/lb, for milo and 947 Cal/lb. for
barley. On the basis of metabolizable energy values, higher perform-
ance and better feed efficiency would be expected from the rations oon;
taining a high level of milo as compared to a similar bariey ration.

Hale (21), of the University of Arizona Experiment Station, re-
ported that barley rations increased gains by 8 percent and improved
© feed efficiency by 11 percent over comparsble milo rationse Apparently
" the difference in gain Between the two grains becomes higher as the
"~ grain level increased in the rations. When the grain levels were below
60 percent of the ration, the improvement in gain was l percent, where=
as at levels of more than 60 percent the improvement reached & mextimum
of 1l percent, It is worth mentioning at this time that when protein
was raised in the milo diets from 10.5 to 13.5 percent, the performance
increased. A similér protein‘raise in the barley rations appeared to
" reduce perfofmanceo
Digestibility triels with milo and barley (56 percent milo or

barley) rations conducted by Cadena (15) indicated that the barley
:rations were more digestible than the milo rations, The erude protein
and gross energy digestion coefficient of the barley rations were sig-.
" nificantly (P<0,05) greater thanlfor the milo rations,
W Cedena (15) employing the in vivo nylon bag technique showed a
?ﬁgreater disappearance of barley dry matter than for milo dry matter for
Ai:the first eight hours in the rumen, As time progressed the dry matter
-diéappearance between the two grains became similar and by 24 hours were
equal, This suggests that the rate of digestion of milo is slower than

for barley., With tests made in the artificial rumen, bariey starch



digestion was five timéé gréater than that of milo during the first -
three hours of fermentati§n° At nine hours of fermentation the dif-
ference was only two and one-half times as great.

| . Sandstedt et al. (35), using amylolytic enzymes in vitro,
- showed that there was a widé_variation in the digestibility of raw
starches of various origins. In general, there appeared to be no
, @irect relationship between digestibility and aﬁylose content of the
"“grains, as a 61 percent amylose corn was not as resistant to digestion
“as potato starch with 22 percent amylose. The resistance to starch

“Ldiggsﬁicn appeared to be a function of the particular amylose in

" iquestion,

Ackerson (1), working with one day old chicks, demonstrated no

'”‘“;noticeable trace of starch granules in the feces, when the diet con-

" sisted of normal ground corn. The diet of high amylose type ground

’1¢focorn resulted in the detection of many intact starch granules in the

"if;fbceso' Borchers (6), working with rats, found that high amylose corn

... starch had a digestibility of 66 percent to 77 percent, whereas normal

' corn starch was 95 percent digested. 7
The above findings suggest that the new hybrid milos may bé

-high in amylose type of starch which is more resistant to the action

e rumen microorganisms than is barley or the older varieties of miloo.

‘iﬂaBurroughs et al. (12), testing cellulose digestion in good amd poor

H“i qﬁality roughages, found that a complex mineral solution did not im-

gfprove the digestion of the good quglity roughage, but the cellulose

. ‘digestion of the poor quality roughage was improved by the addition .

* of & minerel mixture.



Burroughs et al. (13), studying cellulose digestion as af-
fected by other feeds, found that a complex mineral solution plus ni--
trogen improved the digestibility of ground corn, ground oats; and .

" wheat bran over the control which was éupplemented only with nitrogen,
Warner (h?)g compared the composition of mineral solutions with
' the composition of saliva and rumen liquor in sheep and discussed the

" effects of modifying a conventional saliva-type mixture to appréach

" moré closely the composition of the ruminal ligquid.

| McNaught, Owen, and Smith (25) demonstrated, in vitro, the re- -
"quirements of rumen bacteria for iron, copper, cobalt, etc. The cri-
“teria used'in fhese studies was thelbacterial growth as related to the
”decre&se of non-protein nitrogen in the fermentation medium. Thesge R
f£indings were later confirmed by Little, Chengg and Burroughs (23),

Bryapt9 Robinson, and Chu (7), working with Bacteroides suc-

.ciﬁbiénes, determined that caleium, phbsphorusg magnesium; sodium,
potassium, and ammonium ions are essentiel for the normal growth of
f;thisvorganisme Barnetﬁ_(B) 1ists,calcium9 magnesiuvm, phosphorus,

" sodium, potassium, sulphurg cobaltg copper, iron, molybdenum, mangan-

"ese, zinc, and chlorine as being the minerals normally involved in the

?-[;:various phases of the fermentation in the rumen.

Burroughs, Gerlaugh, and Bethke (11) found that when certain

“amounts of the ash of alfalfa hay were added to a high corn cob ration,

. the digestibility of the fiber was increased, concluding, therefore,

that alfalfa ash and certain complex mineral mixtures definitely in- -
creased the ability of the rumen microorganisms to digest cellulose,

" as well as roughage dry matter, under laboratory conditions, Swift



" et al. (38) corroborated Burroughs (11) findings by obtaining an in-
crease of 10 percent fiber digéstibility on a 4O percent corn cob |
1»ration supplemented with alfalfa ash, Tillman, Sirny, and MacVicar"
'ﬁ(hOQ, working with a 60 percent cottonseed hulls ration, demonstrated
‘that a cdmplex mineral mixture based on the mineral composition of
f,alfalfa ash gave as good results as the alfalfa ash itself,
McDougall. (2k) suvgested that salivary phosphate may have a
v'ﬁf;function in addition to that of a buffer of maintaining the bacterlal
'_'__‘ popu1at1ono This view is supported by Bryant and, Burkey (8)0
a Pearson and Smith (29), studying the in vitro utilizatlon of

; ﬁrea_by rumen microorganisms, found that the urea splitting_power of

,f;ruméh liguor was not appreciably affected by bubbling 002 tﬁrough the

) - flask, but the addition of starch had a slight accelerating effect.

‘E,Wégner et al. (L3), working with an in vitro system; found that add-.

““*flng urea to a sample of rumen 1iquid did not provide a. satmsfactory in
‘ Lvitro system for his s*bucil:tes‘9 for the mixture became acld quite rapidlyo
Mills et al, (26), worklng in vitro, found that urea fed with

_ihay alone was slowly hydrolizedo He suggested this as being indicative
ggiof low microbial activity. The additlon of starch accelerated digesu

" tion and protein synthesis,

Burroughs et als. (9) used an artificial rumen system to assess

' che effects of variqus sources of energy upon the utilization of ureaol

His results confirm Mills's (26) cbservations that the available en-

‘ergy is of major importance in urea uwtilization involving a fermenta-

" tive system.



9.
Bell, Gallup, and Whitehair (5) used yellow'cofn, dehydra,ted
sweet potatoes, cracked milo, ana rolled barley to determine the value
6f urea as a source of nitrogen and found that the addition of urea had
| little effect on the apparent digestibility of nutrien£s9 othér than
" protein, which was increased in all rations. R
| | Burroughs gﬁ al, (10), using an artificial rumen, added thé Sub-
. " trate (filter paper) to flasks conﬁaining (NHL)ZSOL or urea, with and
w;without a salt mixture patternmed after saliva, and found that the com-
';Pplex sait mixture contributed to cellulose digestion, f?i _‘: |
Bell, Gallupg and Whitehair (4), working in feeding'trialé; o8-
'iﬁéessed the value of urea in'fations containing corn, b.mr'lﬁ_eyé7 an&,&iloo

1

- They used steefs of about 550 pounds weight in métabolisﬁ‘tests to com- )
“3;§are barley and milo with corn, and the effectiveness of urea supple-
Ajm@ntation in each ration. The apparent digestibility of the nitrogen-
free extract for the steers receiving barley was 67.8) pefcent; however,
J:}when U5 grams of urea were added to the ration, the apparent digestibil-
A'ity of the nitrégen=free extract was 66,97 percent.” The steeis receiv-

ing milo gave a hitrogen«free extract an apparent digestibility of

" 66630 percent, When L5 grams of urea were added to this ration, the

apparent digestibility was 67.58 percent.

Conflicting evidencé is obtained from a review of the liter-
ature on the use of enzymes in fuminant nutrition. Burroughs et al.
(1)) studying the value of a dried enzyme mixture of a bacterial origin

‘with both amylolytic and proteolytic properties (Agrozyme) found that
" the addition of .015 1lb, per animal increased 1ivewéight gains by 7

percent and decreased feed required per unit of gain by 6 percents



10
however, little or no difference was noted in feed consumption, dress-
ing percentage, and federal carcass grade. Dry matter, organic matter,

_protein, and cellulose digestibility were not influenced by the enzyme
" supplementation.
Crainger and Stroud (19), working with ewes, found that a mul-

tiple enzyme preparation consisting of gumasge, amylase‘and protease,

- and the three separate enzymes improved apparent dry matter, crude

fiber and crude protein digestibility, and also improved nitrogen bal-
ance.

Kercher (22) found no significant differences in the average
- daily gain, live grade, and dressing percentage of steers fed L grams
. of Zymo-pabst enzyme per day, but the steers fed the additive had a
significantly higher dressing percentage than the controls. Nelson
and Catron (28) conducted 8 experiments with 582 steers to compare four 
enzymes: Agrozyme, Zymo-pabst, Rhozyme B-6+H-39, and Takemine and
their relationship to Diethylstﬂbes&»ol (DES) in fattening rations and
found that all enzymes resulted in improved gains andAféed conversion
when fed with DES, but only one, Agrozyme, improved gains without DES,
Further experimenﬁs by the same researchers demonstrated that extra
protein had no effect on enzyme response in this test, OSmith and Kish
(37), adding Zymo-pabst, Agrozyme, and Dawe-Nzyme to low moisture corn
rations for finishing steers, obtained a weight gain impfovement rang-
ing from l.3 to 11,3 percent and a grain feed efficiency improvement
ranging from 2,9 to 9.8 percent., No differences im live or carcass

grade were reported,
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Dyer and Templeton (18), working with 27 steers;, tested Rhozyme
F=3C and Rhoiyme F-}D and found no significant differences in average
daily gain, but control animals required from 5 to 8 percent more feed
~ per pound of gain than those receiving the enzymes. Clark, Dyer, and
Templeton (16), studying the effects of-three bacterial enzyme prepara-
tions (Rhozyme F-3C, Rhozyme F-L4D and Argrozyme) on the performance of
feed lot steers fed chiefly on barley, observed that all enzymes tended
to increase ﬁhe average daily gain of all treated groups but found no
difference in feed required per pound of gain, |

Ralston, Church, and Oldfield (31), using the nylon bag tech-
nique, tested Pectinase, XC 597, HT Protease, and amylase and found no ,
differences on crude fiber, cellulose, or ether éxtract digestibility
due to the treatment., Theurer, Woods, and Burroughs (39) obtained no
improvement in feed consumption, rate of gain, or feed conversion by

the supplementation of lamb rations with Agroﬁyme, a bacterial prepa-

" ration, or Ficin, a proteolytic plant enzyme. In vitro studies by

i the same workers, using an artificial rumen, indicated that most of

the proteolytic activity of these enzyme preparations was lost in the

© . first two or three hours of fermentation, Rea and Ross (32) also re-

.':giported no apparent reSponsebfrom,enzymes added to rations of lambs.



MATERIALS

The rumen fluid used in these studies was obtained from fistu—;
lated steers fed alfalfa hay. The rumen fluid was collected in the
early morning which was approximately 1l hours after the previous
eveﬁing feeding., It was strained tﬁrough a double layer of cheesecloth
and placed in a previously warmed thermos jug in order to protect the
ﬁicroorganisms of the rumen fluid from a sudden change in‘temperafurea
" In the iaboratory the rumen fluid was centrifuged at the spsed of 500
rpm for three minutes to spin down smali particles of hay énd other
. undesirable materials, The supernatant layer was uéed as the inoculum.
One hundred milligrams of the sample to be digested were placed
“in a 50 ml culture tube, and 25 ml of the centrifuged rumen fluid was
added., The tubes were then placed invthe water bath at 3900o and 002

was bubbled into each tube in order to produce anaerobic conditions

| © - and to stir the sample.

"Our preliminary investigations indicated the proper amount of
centrifuged rumen fluid for each tube to be 25 mi. Similarly, the pre=
'zliminar& trials for centrifugation rate of the rumen fluid showed that
500 rpm for three minutes gave the best results, The results of the
preliminary trials will be discussed in a following sections |

The fermentation process took place in a water bath maintained
at a constant temperature of 3900o by a thermostat. A stirrer was
used in order to minimize any variation in the temperature of the

water in various locations in the bath,

12
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After a five«hour incubation period, the tubes were removed
from the water bath and 20 ml of a mixture of 25 percent butanocl and
75 percent ethanoi was added, and the tubeé were centrifuged at 2000
Tpm for 10 minutes. The supernatant 1liquid was poured off and 4O ml
of the butanol-ethanol mixture were added to the sample and centri-
fuged for a second time., The purpose of the butanol-sthancl mixture

was to precipitate the starch, |

The starch determination of the samples was made by a modifi-
cation of the method of Dubois et al. (17), as described below:

The culture tubes were emptied into 250 ml Erlemmeyer flasks,
using water and a policeman to ﬁake sure that no particle remained in
the culture tubes., Fifteen ml of 10 M KCOH were then added in ordex to
gelatinize the starch, and two drOpsvof a one percent solution of
Phenolphtalein in ethyl alcohol were added to be used later as an end
point in the neutralization of the sample., The indicator was added at
this point rather than before the neutralization because of its alcqhol :
content, The samples were then boiled fér 15 minutes to remove; by vol-
atinization, the butanol-ethanol mixture, since both of these chemicals
give a positive reaction for starch. ,

After.the samples were allowed to cool, they were brought to a
volume of 100 ml and filtered through & number 515 filter paper. A
final dilution was made with demineralized water so thét'each ml would
contain about .05 mg/ml of starch.

To a 10 ml Erlemmeyer flask, 1 ml of the diluted sample was

pipetted and 1 ml of a 1/10 dilution of an 80 percent stock solution
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of aqueous phenol and 5 ml of concentrated su}furic acid from a buret
were also added., The sulfuric acid was added rapidly but ecarefully.

Thfee blanks were preparéd in the same manner, using 1 ml of

water in place of.the sample,. The blank giving the greatest trans-

- mission in the Bausch & Lomb Spectronic 20 colorimeter was used, This
;Was done in order toc minimize the possibility of contamination., The
samples were allowed to cool for at least fifteen minutes and then
transferred to 3/4" Spectronic tubes. The wave length of the Spectronic
20 was set at h90 mu and the blank at 100 percent transmission.

The percent transmission of all the samples were read and re-
corded, Since this test is extremely sensitive, all samples were set
up in triplicate and the two closest readings om the Spectronic 20 were
averaged, Amylopectin was used as a standard and treated as described
for the unknown samples alone,

| The percent transmission readings of the starch samples and
standard were converted to optical densities and applied in the follow-
ing formula: |

Optical density of the sample
Optical density of the standard

Percent starch in the sample =

The composition of the artificial saliva used in the artificial
rumen studies is listed in Table 1 and is a modification of the artifi-
cial saliva of McDougall (2) adapted to our 1aboratory,cbnditionso
The artificial saliva was added at the rate of 2 ml per tube in the

studies which required the addition of the artificisl saliva.
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Table 1, Composition of the artificial saliva®

Na.HZPOh 6,00 gre.
NaHCO3 6.00 gr.
KC1 0.875 gr.
NaCl 0.875 gro
Mgsoh 0,250 gr.
Ca.012 0.0875 gr.
H,0 100 ml,

a. The artificial saliva is a modification of McDougall's
(24) artificial saliva formula,

When added, a three percent solution of urea in demineralized
water was used at the rate of 1 ml per tube.

The enzymes studied were furnished by the Rohm & Haas Cormpany
and added at the rate of 1 percent of the grain substrate. The en-
zymes were from pilot production and developed for possible use in the

feed trade,



RESULTS AND DISCUSSION

Only one reference was found that related to the type of study
undertaken in this thesis. Salsbury et al. (3L) measured starch diges-
tion in the artificial rumen but used a method of starch determination
that did not lend itself to routine use., A considerable portion of the
research effort was spént in modifying the method of Dubois et al. (17)
so that it wquid be applicable to the artificial rumen study and be
satisfactory for routine determinations, The method developed has been
described on the procedure section of this thesis,

The results presented in Tables 2 to 5 represent preliminary
observations in order to establish criteria to be_used'for the remain-
ing studies. The preliminary studies were not necessarily conducted
in the order they are presented in the four tablesj; however, the re-
sults.became the besis of operéticntfor the main cbjectives of the
study.

Table 2 presents the effect of gréin level and volume of rumen
fluid in the digestion flask. It was necessary to add a grain level
which would permit sufficient starch for a determination following the
digestion period. The results in Table 2 suggest that under éhe con=
ditions of fermentation in this study, both wvolume of rumen fluid and
sbsolute grain level in the artificisl rusen ave important. With both
milo and barley, it appeared that starch digestion was maximum when

100 mg of starch and 25 ml of centrifuged rumen fluid were used,

16
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Table 2, The effect of substrate level and artificial rumen volume on
starch utilization from milo and barley.

Percent of starch utilizeda

MILO BARLEY
Sample mg. Grain 100 100 50 100 100 50
Number ml., Rumen Fluid 25 15 15 25 15 15
1 12,77 10.L1 7.85 19,71 12,87 15,14
2 15,37 11.21 10,15 2417 17.38 19,09

a, Rumen fluid centrifuged at 150C rpm. for three minutes and
incubated for five hours,

During the course of the preliminary work, it appeared that the
centrifugation speed suggested by most workers could result in a large
number of microorganisms being spun out. Strained rumen liquor was
spun for three minutes at speeds ranging from 250 to 1500 rpm and uti-
lized to digest milo and barley samples for five hours, after which a
determination of the starch utilized by the microorganisms was made,
Table 3 supgests that milo and barley starch utilization was lowest at
1000 and 1500 rpm; whereas at 250 rpm the determinations seemed to be
affected by small feed particles remaining in the rumen liquid, 500
rpm appeared to give the optimum results and, therefore, was adopted
for the remaining part of the research work,

The effect of the length of time of digestion in the artificial
rumen upon starch utilization is given in Tables 4 and 5., Four trials

were conducted with each milo and barley and determinations made at 2,
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Table 3. The effect of centrifugation rate of strailned rumen fluid on
starch utilization from milo and barley.&

Percent starch digestion

Centrifuge speedb
250 rpm 500 rpm 1000 rpm 1500 rpm

Milo® 9.85 13.00 10,54 10.5k
3arley® 30,08 . 30,08 19.72 23,87
- .

a, oSamples digested for five hours,
b, All samples were spun for threce minutes,

co 100 mgs substrate added in 25 ml volumec.

Table 4o The effect of the length of time of digestion in the artifi-
cial rumen upon starch utilization from milo.

Percent of starch digesteda

Digestion time - hours

Trial number 2 L 6 24
1° 8.46 6.00 19.65
2° 109 7.99 10,41
3° 6,20 19.1) 19.00 50,16
L° 15,38 23.66 30.65 L5.L5

e —

a, Rumen fluid centrifuged at 1500 rpm for three minutes,
b Starch determined by the method of Dubois et al. (17)

Cce Starch determined by the method of Folin-Wo (2).
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Table 5. The effect of the length of time of digestion in the artifi-
cial rumen upon starch utilization from barley

Percent of starch digestiona

Difestion time - hours

Trial number 2 L 6 24
1? 8.3 10.91 27.90
2P 2,75 12,77 23,97
3© 14.70 26,0l 28,60 65470
L° 22,87 26,56 L3.35 59.49

a, Rumen fluid centrifuged at 1500 rpm for three minutes,
100 mg of substrate in 25 ml volume.

be Starch determined by the method of Dubois et al. (17).

co Starch determined by the method of Folin-Wo (2),

L4y, 6, and 24 hours of digestion. The rate of starch utilization for
the prains was very rapid for the first L to 6 hours, and considerably
slower for the 6 to 2l-hour period. It was also noticed at 24 hours of
digestion that milo and barley approached similar utilization., Subse-
quently, 5 hours of digestion time was selected because of convenience
in the use of the laboratory facilities and other problems related to

a 24-hour digestion., It is believed that a rapid rate of digestion in
the rumen 1s desirable as this results in a more rapid passage of feed-
stuffs, thus permitting a greater intake of food by the animal, If the
24 hours of digestion were used as the end point, it would be difficult

to detect small differences between the grains.
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A comparative study of Iowa milo, Arizona milo, popped Arizona

milo, and ensiled Arizona milo is presented in Table 6., The popped

Table 6, Starch digestion from Iowa milo, Arizona milo, popped Arizona
milo, and ensiled Arizona milo,

e o e

Trial Iowa Arizona Popped a Ensiled

number milo milo Arizona milo Arizona milo
1

% starch 78017 7701)4 78000 83092

% utilized 11,51 15.11 17.37 10.55
2

¢ starch 77.15 79.24 76.86 81.73

% utilized 1041 12,86 15.59 12,37

a, Popped in a pan using dry heat.

b. Ensiled in an airtight container for 21 days at 30%
moisture at room temperature.

Arizona milo was utilized more completely than the Arizona milo, with-
out any treatment., Conflicting evidence was obtained by Salsbury et
al, (3L), who found no appreciable difference in the digestion of un-
trecated and dry heat treated corn starch during the first six hours
of digestion; however, in the second half of the twelve-hour fermen-
tation period, the dry heat treated corn starch showed slightly more

rapid digestion than the untreated corn starch, The heat treatment
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of the milo in this study was probably more drastic than that of Sals-
bury et al. (3L).

| Ensiling Arizoné milo did not appear to increase starch utili-
zation when digested i‘or five hours in the artificial rumen. This find-
ing was contrary to those of Saba (33) who found in nylon bag studies
that ensiling at 30 percent moisture for 21 days impfoved the dry matter
digestibility of milo, The in vitro fermentation appeared normal and
the low_starch utilization values may be related to starch determinatioﬁ
| with this type of préducto As noted in Table 6, the starch composition
value was considerably higher for the ensiled milo than for the untreated
milo. The Arizona milo showed higher starch utilization than did the

Towa milo, which was grown under different temperature and moisture con-

* ditions,

The coméarative studies on the starch utilization from Califor-
nia, Texas, Arigzona, and Hegari ﬁilos presented in Table 7 sugpest that
the Arizona milo starch is better utilized than that of Texas, Califor-
nia, and Hegari milos. There seems to be very liftle difference in the
starch ubtilization from the California and Texas milos,; bubt there was
69,5 percent inerease in the étarch utilization from the Arizona milo
as compéred to Hegari, and Lh.l percent increase in starch utilization
of the Arizona milo as compared to California milo. The increése in
starch utilization of Texas milo was 41,6 percent greater than from
the Hegari milo. The reason for this is not known; but it had been
suspected that the starch of the open—pollinatéd varieties would be

more digestible than the starch of the hybrid varieties. In fact9 in
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Table 7. Comparative starch utilization from California, Texas, Ari-
zona, and Hegari milos,

e

Trial California Texas Arizona Hegari

number milo milo milo milo®
1

¢ starch 78.86 79.47 79.47 78,51

% utilized 17.18 19.61 23,32 15.13
2

% starch 80.17 83,81 83.41 82.39

% utilized 1.).1008 . 200!45 2608h 1501’4
3

% starch 80025 810,40 79011 .80081

% utilized 16,39 17,57 18,68 10.30

Av, % utilized 15.88 19.21 22,94 13,53

a. Hegari is an open-pollinated milo variety grown locally in
Arizona,

a recent feeding trial reported by llale et al, (20), it appeared that
Hegari resulted in improved performance and feed efficiency when com-
pared to an Arizona and a Texas hybrid,

Table 8 gives the results which compare an Arizona barley with
a barley variety grown in the Sacramento Valley of California, Starch

utilization appeared to be similar with both varieties,
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Table 8, Comparative starch utilization from the Arizona and Califor-
nia barleys.

Trial Arizona California

number barley barley
1

% starch® 7h .36 71.09

¢ utilized 42,53 L1.43
2

% Btarcha 7h036 71009

¢ utilized 386 42,83

a, The percent starch for barley was determined only once for
both trials,

Table 9 illustrates a comparative study of the starch utiliza-

tion from the Arizona barley and the Arizona, California, and Hegari

Table 9, Comparative starch utilization from the Arizona barley and
the Arizona, California, and Hegari milos.

Arizona Arizona California Hegaril

barley milo milo milo
% starch .61 83,22 8lL.35 82.09
% utilized 28.15 25.00 21.20 21.80

o — = =3

——
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milos, The starch from the Arizona barley was found to be utiliged to
a greater extent than the starch from the Arizona milo., This result
is in keeping with Cadena (15) who found barley dry matter to be more
digestible than that of milo. In this study, the starch utilization
from the Arizona barley was lower than for previous artificial rumen
runs, The reason for this is unknown, No appreciable difference was
observed between the California and Hegari milos starch utilization,
but in another study (Table 7), California milo outperformed Hegari
milo. This variation can probably be attributed to the differences
between the artificial rumen runs.

There are several sources of information on mineral mixtures
related to artificial rumen systems. McDoupall (2L) suggested an arti-
ficial saliva to be used in this type of study, and the late Dr. Farris
Hubbert, Jr. of the University of Arizona modified McDougall's artifi-
cial saliva to make 1t more adequate to our laboraiory conditions, The
effect of this modified artificial saliva (Table 1) on the starch uti-
lization from milo and barley by rumen microorganisms was tested, using

Arizona milo and Arizona barley as shown in Table 10. Barley starch

Table 10, The effect of artificial saliva on the utilization of starch
of Arizona milo and barley.2

Barley Barley + Milo Milo+

alone saliva alone saliva
% starch 710)47 noh7 80087 80087
% utilized LL.78 51,36 25.00 31.32

8 The artificial saliva of Table 9 was used at the rate of
2 ml per tube.
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utilization was improved 1.7 percent by the addition of the artificial
salivag likewise, milo starch utilization was increased 2503 percent
Iby the addition of the same amount of artificial saliva. This finding
is in agreement with in gizg studies of Burroughs et al, (ll,l2> and
in vitro studies of Bryant, Robinson, and Chu (7) and McNaught, Owen,
and Smith (25).

With the purpose of investigating the effect of urea on the
starch utilization from mile and barley, a 3 percent solution of urea
was prepared and used at the rate of 1 ml.per tube, Table 11 presents
the results of six trials on the effect of artificisl saliva and urea
on the utilization of Arizona milo, The.artificial saliva proved to be
beneficial to the milo starch vtilization by rumen-microorganisms by
improving its avefage utilization by 85.0 percent, The urea addition
improved starch utilization by 23.9 percent. Previous digestion trials
by Saba (33) indicated that milo protein was poorly digested, and it ap-
peared logical that a small addition of non-pretein nitrogen might sup-
ply a readily awvailable source of nitrogen for the rumen microoréanismsB
" thus permitting more rapid digestion of the grain starch. The addition
~of both artificial saliva and urea to the samples produced an average
_ increase of 63.l percent, which was less than with the artificial
saliva alone.

The effect of the artificial saliva and urea on the starch
‘utilization of Arizona barley in fhe artificial rumen is presented in
Table 12, It was found that the addition of artificial salivs ﬁroduced
an éverage increése of 19.2 percent over the control, and the addition

of urea resulted in only 9.5 percent improvement as cowmpared with the
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Table 1ll, The effect of artificial saliva and urea on the utilization
of Arizona milo.2

Trial Milo + Milo + Milo + saliva

number Milo saliva urea + urea
1

% starch 78.6L 78.64 78.64 78,64

£ utilized 17.49 47.95 23.87 L6.31
2

¢ starch 82,09 82,09 82,09 82,09

¢ utilized 37,22 50454 33.79 48,99
3

% starch 78005 78005 78905 78005

¢ utilized 37.75 L9.Ll 39.uh Ll .63
L

% starch 79.83 79.83 79.83 79.83

% utilized 17.48 29.90 17.48 12,11
5

% starch 79.78 79.78 79.78 79.78

Z utilized 21.80 39.10 31.83 L2.55
6

% starch 82.87 82.87 82.87 82.87

% utilized 13,52 51.82 33.64 42,83

Average

£ starch 80.21 80.21 80.21 80,21

% utilized 24,21 hlie 79 30.00 39.57

ae A 3% solution of urea was used at the rate of 1 ml per

tube,



27

Table 12, The effect of artificial saliva and urea on the utilization
of the starch of the Arizona barley

Triel Rarley + Barley + Barley + saliva

number Barley seMva urea + urea
1

% starch 69,17 69,17 69.17 69.17

% utilized 35,82 60.15 k1.2 61.51
2

% starch 73oh7 730’47 730)47 730’47

% utilized 3’4.1‘9 50092 39-35 50036
3

z starch 72.71 72071 72071 72071

% utilized 28,07 35.67 27.18 36,05

Average

% starch T.78 71.78 71.78 71.78

% utilized 32079 b8091 35092 ,-‘»9.35

control., When both artificial saliva and urea were added, the improve-
ment was 50,5 percent, thus confirming the results obtained with milo.
Furthermore, the difference between the saliva treated group and the
samples containing urea was 36,2 percent, and the difference between
the saliva treated samples and the samples containing both artificial

saliva and urea was only 0.9 percent, These data suggest that the
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effect of urea was very small as compared with the effect of the arti-

.. ficial saliva., The agreement of Tables 11 and 12 seems to indicate

" that the artificial saliva has e definitely beneficial effect on the

_i starch utilization from milo and barley, and that the addition of uréa
. “causes véry little improvement in the utilization of starch from either
“milo or barley. g

- V,The results presented above clearly demonstrate the effective-
ness of the artificisal salive in improving starch utilization from milo

and barley in an in vitro system with rumen microorganisms. The reason

‘ ”fﬁfor the artificial saliva effect is not known. As the mineral solution

| added has a'strong buffering action, the effect observed may have been
one of pH control in the artificial rumen fermentations., HNo pH meas-
urements were made follcwing digestion with and without artificial

‘ saiiva@ In general, studies have shown that a buffering solution need
not be used when mildly centrifuged rumen fluid is used in short«termr
studies, such as the one described above, The possibility exists that
: certain of the minersl ions in the artificial saliva were necessary

© nutrients for the rumen microorganisms or necessary for certain enzyme
activity related to starch hydrolysis and glucose utilization by the

" rumen mlcroorganisms.

Several commercisl enzymes furnished by the Rohm & Haas Co, Sf
Philadelphia were tested for their ability to hydrolyze starch from the
" Arizona milo and barley. According to the sﬁecifications of the manu-
facturers, the enzymes were used at the rave of 1 percent by weight of
the substrate. It is necessary to point out that the enzymes used are
characterigzed primarily by their ability to hydrolyze protein rather

than starch except Rhozyme J=-25 and Rhozyme A=l which are, in additiong.
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good sources of diastase activity; however, according to thevmanufac»
. turers, all enszymes contained some amylase activity, The éommercial
name and the enzymatic activity of the enzymes are given in Table 13,
In performing the artificial rumen trials, it was necessary
to nake only a few runs at a time due to the small capacity 6f our
squipment and the time involved in the determinations. Unfortunately,
the results so obtained cannot be directly compared one with another
but must be evaluated separately. . The reason for this is the variebil-
ity of the artificial rumen inoculum from one trial to another,
The first two enzymes to be evaluvated were Rhozyme J-25 and
Rhozjme H~39 and the results reported in Table 1lij, Neither of the en-
zymes appeared 0 improveAstarch utilization from milo; but when milo
plus enazymes plus artifipial saliva were digested there was a consid-
erable improvement over the control for both enzymes. It is probable
" that this improvement was due to.the artifilcial saliva rather than to
the enzyme addition., With the samples containiﬁg mile plus enzymes plus
urea, & decrease in the starch utilization was noticed., The reason for
this is unkncﬁne
~ The follewing trial was set ﬁp with Rhoszyme W-15, Diastase 70,
Rhozyme P-11, Rhozyme A-l, Rhozyme S, and Rhosyme 33, Table 15 pre-
sents the results obtained using milo grein. The Rhozyme W-15 and the
Diastase 70 produced a slight improvement in starch utilizatiop by
" rumen mi@roorganisms over the control, but this increase was not large
enough to consider of importance., The Rhoiymes?hllg A=li, S, and 33
did not imprové the staf@h utilization, On the contrary, the Rhozymes

'S and 33 appeared to decrease the starch utilization., The Rhogyme J-25
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Table 13+ Relative activity of the selective enzyme preparations
furnished by the Rohm and Haas Co.

Casein Dextrinizing
Enzyme solubilization units -

units8 SKBb
Rhozyme P-11 10,000 150
Rhozyme A-L 2,000 3,500
Rhozyme J=-25 2,250 8,000
Rhozyme B=6 6,000 50
Rhozyme W-15 3,000 25
Protease 30 5,000 ‘ 75
Protease L1 7,500 30
Ihozyme T-22 No information available
Ehozyme 33 No information available
Diastase 70 No information available
Rhozyme S Mo information available
Rhozyme.H-39 No information available

a. An enzyme is said to have 1,000 casein solubilizing units
if 200 mg of it produces 69.l mg soluble nitrogen, or if it solubilizes
750 mg casein after a reaction period of 1 hour at LO°C and pH 8.0,

bo Number of grams of beta-amylase treated starch dextrinized
by 1 gram of enzyme in 1 hour at 3C°C and pH L.7.
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Table 1. The effect of the selective enzyme preparations on the util-
ization of the milo starch as affected by artificial saliva
and urea additions,

Enzyme +
Enzyme Control Enzyme E““"‘T‘” + Enzyme saliva +
name only saliva + urea urea
Rhozyme J-25
% starch 81,13 81.13 81.13 81.13 81,13
£ utilization 30,08 28.12 33.76 26,15 31.96
Rhosyme H-39
% 3tmh 81.13 81013 81013 81013 81'13

% utilization 30,08 21,77 34.10 23,72 37,47

I
|
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. Table 15, The effect of the selective enzyme preparations on the util-
ization of the milo starch, with and without artificial
saliva and urea additions,

Enzyme +
Enzyme Enzyme + Enzyme
Enzyme Control only saliva + urea saliva +
urea

Rhozyme W-15
Z starch 81.76 81.76 81.76 81,76 81.76
% utilized 11,71 15.23 23,97 12,83 15,70
Diastase 70
¢ starch 81.76 81,76 81,76 81.76 81.76
% utilized 11.71 15.23 33,65 15.23 26,02
Rhozyme P-11
% StarCh 81076 81.76 81976 81.76 81.76
% utilized 11071 12083 19069 17057 23097
Rhogyme A-L
¢ starch 81,76 81,76 81,76 81,76 81.76
% utilized n.Nn 10,40 29,92 15,23 29.92
Rhozyme S
¢ starch 81.76 81.76 81.76 81,76 81.76
¢ utilized 11.71 7.99 17.47 10.40 21.94
Rhogyme 33
% starch 81.76 81.76 81,76 81.76 81.76
% utilized 11.7T1 7.99 37.36 29,90 17.47
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and Rhozyme A-l; studied did not seem to produce the effect reported by
the manufacturers of hydrolyzing starches, The sémple contaiﬁing milo
plus~enéymesg'milo plus urea and a combination of the two appeared to_‘
follow the same pattern mentioned in the discussion of Table 1k, This
was, again, reason to suspect that the apparent improvement in starch
vtiligation from this series of studies was due to the artificial sali-
va gnd not the enzymes,

In a separate trial, Protease Ll, Rhozyme T=22, Protease 30,
and Rhozyme B-6 were tested using milo as the substrate., The results
of this test appear in Table 16, None of the enzymes tested appeared
to improve starch utilization by the rumen microorganisms, but here,
again, the beneficial effect of the artificial salivd'wga demonstrated.
 The addition of urea, in conjunction with the enzymes, added little or
notﬁing to improvement in the digestibility of milo starch,

An adaptation of our artificial rumen set-up allowed the author
to be able to test all twelve enzymes_at the same time., The starch
determinations were made progressivelys four at a time., The remainder
of the digested samples were stored in a freezéra This adaptation made
4t possible to compare all the samples oﬁe with another and determine
with more precision which enzymes are beneficial and those that show
no activity with barley as the substrate, |

Table 17 gives the results of the study with barley., Only four
enzymes showed an improvement of the starch utilization from barley over
the control, The Rhozyme T-22 improved the starch utilization by 78,9
percent, while the Rhozyme A-l, whieh has high diastase activity9 ime=

proved the starch utilization from barley by 2Lh.7 percent. The
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Teble 16, The effect of the selective enzyme preparations om the utili-
zation of milo starch, with and without artificial salivs

and. urea additions,.

' Enzyme +
. Enzyme Enzyme + Enzyme .= . _¢
Enzyme Control only saliva + urea saliva +
wrea
Protease Ll |
"% starch 79.35  79.35  79.35 7935 79035
% utilized 19,70 © 219k 29,93  17.48 4070
. ... Rhozyme T-22 -
4 starch 79,35  79.35  79.35 79,35 79,35
% utilized 19,71 19,72 h0.70 -
ffrotease 30 R i
% starch . 79035 79035 79.35 79935 79.35
% utilized:i‘ 19,70 - 19,71 LB.78  15.2L ;10,70
'thozyme B- 6 o o
“7'q gtaveh 7935 79035 79435 79,35 79435
% utilized 1565 1748 3LohS

15,2k
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Table 17. The effect of the selective enzyme preparations on the uti-
lization of the barley starch, with and without artificial
saliva and urea additions,

Enzyme +
Engzyme Enzyme + Enzyme

Enzyme Control only saliva + urea saii:i *
Rhozyme T-22
% starch 69.17 65.17 69,17 69.17 69,17
% utilized 35082 61[-11 h9076 6’4011 51037
Rhozyme A-L ‘
¢ starch 69.17 69.17 69.17 69.17 69.17
% utilized 35.82 Ll 65 58.66 Lh.65 58,66
Rhozyme P-11
% starch 69.17 69.17 69.17 69417 69,17
% utilized 35,82 43.07 51,37 37.72 55.98
Protease 30 _
% starch 69.17 69.17 69.17 69017 69.17
% utilized 35.82 L3.07 57.48 37.72 51.37
Rhozyme 33
% starch 69,17 69.17 69.17 69.17 69,17
% utilized 35,82 l1.23 61.51 390k 57.20
Protease 41
% starch 69.17 69,17 69.17 69.17 69.17
¢ utilized 35.82 39.44 57.20 28,14 58,66



Table 17.--Continued

Diastase 70
¢ starch

¢ utilized

Rhozyme S
¢ starch

% utilized

Rhozyme H-39
¢ starch

% utilized

Rhozyme B-6
% starch

% utilized

Rhozyme W-15
Z starch

% utilized

Rhozyme J=-25
% starch

¢ utilized

69.17
35.82

69.17
35.82

69417
35.82

69417

365,82

69,17
35.82

69.17
35.82

69.17
37.72

69,17
37.72

69.17
35.82

69,17
35.82

69.17
30,06

69.17
30.04

69.17
52,92

69.17
L9.76

69,17
55.73

69.17
55.73

69.17
55.73

69.17
L1.3

69017
Ll,32

69.17
11,32

69,17
11,23

69.17
35.82

69,17
L1.23

69.17
30,04

69.17
Sheli?

69.17
51,37

69.17
52,71

69.17
55.73

69.17
L6431

69,17
Lho79
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Rhozyme P-11 and the Protease 30 each improved the starch utilization
by 20.4 percent, The rest of the enzymes failed to improve starch di-

gestibility to any appreciable extent. The samples to which the arti-
ficial saliva, uréa, and a corbination of both was added followed the
- same pattern as shown in Tables 11, 12, 1k, 15, and 16, thus confirm-
ing once more the suggestion that the apparent improvement in starch
digestion, so far observed, was due to tﬁe artificial saliva addition

© rather than to the enzymatic activity of the added enzymess



GENERAL DISCUSSION

In order to obtéin sevéral cOmpariéoﬁs on the exteni of stérch
utilization fromvmilb and barley by rumen micrdqrganisms; a summary of
all the trials in which milo and barley were studied‘is given in Table
18, The individual values used in this surmary do not include samples
which have Been treated. The 29 samples of milo digested gave an aver-
age starch content of 80,46 percent with a standard deviation of %1.99
as compared with the 10 barley samples that yielded 71.85 percent of
starch with a standard deviation of§§1;87o The difference in. starch
content betwéeﬁ the milo and barley samples can be attributed to the
higher fiber and protein content of barley as compared to milo. The
percent starch utilized for all milo samples was 19,46 with a standard
deviation of#7.0L while the percent starch utilization for ths barley
samples was of 37.2) with a standard deviation of £5,90,. These findings

:xim@@nf‘m the in vivo findings of Hale (21), Cadena (15), and Saba (33)

. that barley ie more digestible to cattle than is milo. The studies

:.r@ported herelin suggest‘that the rate of starch utilization from wmilo
is slower than for barley., On the basis of the five-hour fermentation
’,periodg the starch utilization from barley was epproximately twice |
- that from milo., The studies do not provide an answer as to why thé

difference occurs,
The data collected indicates that the addition of~artificial

" . saliva considerably imprcved the starch utilization from both milo

and barley. The reason for this improvement is not known, but it may

38
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be that the minerals were necessary for certain metabolic processes of
the rumen microorganisms or perhaps the buffering action of the artifi-

cial saliva prevented the pH changes in the in vitro fermentation. If

Table 18, Summary of starch utilization from the milo and the barley.

Milo Barley
Number of samples 29 10
Percent of starch 80.46 * 1,992 Tn.8s + 1,87
Percent utilized 19.46 * 7.04 37.2L * 5.90

a, Standard error of the mean

the pH in the fermentation medium changed drastically, the metabolic
activity of the rumen microorganisms could be sluowed considerably. How-
ever, if a comparison is made between milo and barley samples treated
with artificial saliva, the difference in the rate of starch utiliza-
tion between the two grains is similar to that noted with untreated
sarmples. This sugpests that the artificial saliva improves starch
utilization from both grains and probably does not alter the poor utili-
zation of milo starch rclative to barley starch., With reference to
previous in vivo trials from the Arizona Experiment Station, necessary
minerals were included in the ration; yet a marked difference between

milo and barley was observed,
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The addition of urea contributed very little to the improvement
of the starch utilization from milo and barley, This was especially
ﬁoticed in the samples when both artificisl saliva and urea were added.

The percent starch utilized in such samples was not different from
~that of the samples with ertificial saliva alons,

The addition of the cdmmercial feed grade eﬁzymes to the milo
samples did not'produce any apprecisble effect on the starch utiliszation
from milo, This is in agreement with Burfoughs et alo (lh)g Kercher
(22), Dyer and Templeton (18), Ralston, Church, and 0ldfield (31), end
Rea and Ross (32), who reported that the in vivo addition of enzymes
did not preoduce any appreciable effect on the improvement of the diges-
tibility of various grains.

The addition of enzymes to barley improved the utilization of
barley starch in only féur cases, but it is important to realize that
when the artificial saliva and urea were added to the samples eontain;
ing enzyme, similer results to the samples without enzymes were obtained,
casting a doubt over the beneficial effect of these four enzymes on the
starch utilization of barley.

‘ 14 is suggested that the artificial rumen technique used in .
. these studies is valuable in determining starch utilization from vafio
oueg greins provided there is a marked difference in the utilization of
" the starches in gquestion., The technigue éppeared to have limitation in
" measuring small differsnces that might occur between varieties of one
grain specie. A complicating problem is the difference in absolute
values between artificial rumen runs. This can be attributed to the

rumen liquid obtained on different dates.
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Several different sources of milo and barley were studied but
within each grain, starch utilization was similar, Of particular in-
- terest was the fact that the starch from the open—polliéated Hegari
variety of milo was similar to that of the hybrid varieties of milo,
This suvuggests that there are inherent physieal structures in milo
| starch Which'slow down 1ts rate of utilization by rumen microorganisms
when compared to barley starch, |

No satisfactory method of starch determination is available
‘for determination of starch from grains which lend itself to rapid
routine uss. The starch determination method uséd'in these studies
also determines glucose, but presumably this is not a problem in an
in vitro fermentation as glucose cannot Se found in such fermentations,-
To measure small differences in starch utilization by rumen micro-

organisms, additional analytical technigues must be developed,



SUMMARY

The artificial rumen technique was used to determine.tha dif-
ference in starch utilization from milo and barley and from various
sources of the two grains. The treatmen£ effects studied were primar-
ily the effect of artificial salivagiurea, and commercial feed grade

- enzymes on the utilization of starch from the two grains. The initial

‘:-3 studies indicated the rumen fluid obtained from a fistulated steer on

.

",alfalfa.hay should be centrifuged at 500 rpm for threé'minuteso The

Cartificial rumen volume was 25'ml of centrifuged rumen fluid to which
100 mg of the grain in question was added. The fermentation period
was 5 hourse

Regardless of source; starch utilization from barley was ap-
proximately twice that of milo during the same five-hour fermentation
period, Milo from Arizona, Jowa, California, and Texas, together with
Hegari milo, were compared. There was little difference in starch ﬁtiln
ization from the various milosj however, the Arizona milo appeared to
show the largeét starch-utilization‘among the ones tested,

The addition of the artificial saliva to the aftificial rumen
improved starch utiligation from both gréinsz but it did not changé the
relative difference in starch utilizatioh between the twefgrainso

‘The addition of urea had little effect. Of'thé 12 commercial
“enzymes tested only two resulted in improved utilization of starch fron
hmilo and four improved the utilization of starch from barley, when used

without artificial saliva,

: R I
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