COMPLETION REPCRT
January, 1982

PROJECT: The Effacts of Mechanical Processing, Alkali Treatment and
Moisture Level on the Mutrient Availability of Grain Sorghum
to Ruminants,

CRJECTIVES: To determine the extent of ruminal digestion of sorghum at
various moisture levels when subiectad to dry rolling, steanm
flakiny and/or chemical treatment. To <defernine the wethting
rate of the grain when reconstituted with water, wetting agent
solutions or dilute sodium hydroxide solutions 2t various
tenperaturas,

TD: Taxas Cattle Fzeders Association
SU0T I-40 Jest
Amarillo, Texas 79106

FROM: Dr., C. Reed Richardsan
Gregory D. Anderson
Department of Animal 3Sclence
Texas Tech University
Lubbock, Texas 79409



The Effects of Mechanical Processing, Alkali Treatment and Moisture Level
n the Nutrient Availability of Corn and Grain Sorghum to Ruminants

Laboratory and animal experiments have been completed to determine
the effects of physical and chemical treatments of corn and grain sorghum
on parameters stated in the objectives. Procedurss which have been comp-
leted include: wetting rates of whole corn and zrain sorghum; in situ dry
matter disappearance from nylon bags of whole, rolled or steam flaked
corn and grain sorghum; ruminal digestivbility of corn and grain sorghum
in vitro; nutrient digestibility and nitrogen retention in growinz lambs
fed sodzum hydroxide treated or reconstituted grain sorghum; and feedlot
performance by growing lambs fed sodium hydroxide or reconstituted grain
sorghum.

Laboratory evaluations of the wetiing rate of air dry whole corn and
grain sorghum in various grzin conditiconer solutions have been completed.
Treatments evaluated include: technical-grade sodium hydroxide {1,2,3,5
and 9% soluticns); Temper (Carnation); Grain-wet (3ill Barr); KEM-FLAX
(Kemin); E-Z Flakﬂ (Loveland Industrles) and E~-Z Flake-lU (Loveland Ind-
ustries); Wet Digest? znd Wet Digest? enzymes {Creative Besearch Labs)
used st the rate of 2 or 4 oz. per ton in combinztion with CRL-SI surfac-
tant at the rate of 2 or 4 oz. per ton. The following basic procedure
was used in conducting the evaluations. Twanty-five gram samples of air
dry whole grain were weighed into 250 ml. glass zentrifuze hotiles. The
grain was then immersed with 120 mi. of the appropriate Wwetting solution
and the bottles were placed in 2 water bath adjusted to the desired teﬂp—
erature. All "o“.er~1a1 grain conditioners were used as f{reshly mad
stock soluticns frod “he concentrate supplied by the manufacturer. Con
centraticns of tha stock solutions were hased on manufactursrs' rzecommend-
ations for a typical application with rates ranging from 4 to 32 oz. co-
centrate per ton of grain. Dilution of the concentrate was baszd on the
manufacturers' guidelines of the addition of 4% moisture to typical air
dry grain (12-14% moisture) or aporoximately 10 gal. of water added per
ton of grain. Wettinz rate evaluations wers conductﬁd at 20 C (88 &),

(108 Y, B0 C (140 7)), 80 C (175 F) and 95 C (204 F), Zottles were
removed from the wahter bath after 5, 10, 15, ?O 45, 60, 75 and 90 minutes
and the wetting solution-grain mixture was 1ﬂﬁeq13t ly filtered throuzh
a2 scintered gzlass crucible unider strong suction. The crucible ani grain
were weighed immediately to determine the weight inersase of the grain
sample reflecting the amount of moisture absorbed. Tha raw data (percent
moisture) was then fitted to a lin2 by linear rezression methods and the
slope of the line expressad as percent moisture untake per hour, thus
giving an expressicn of wettln” rate of the grain., Regrﬂ35101 linas with
correlation coefficients below .90 were not used and the wetting rate
determinatisons were repazted, The watting rate of each trentment at each

temparaturse was compared Lo the water control using 2 t-test for homogen-
elt y of regression deazridbed in Stael 2nd Torrie (?CTG}.

Wetting rate determinations of whole corn and sorshum zt 20 © are
shown in Table 1. With sorghum, there were no treatments which nroduced
significantly hrigher watting rates than the wabter control. With corn, 3ll
levels of sodium hydroxide Sreaftment produced sionificant wetting rates
as well a3 the lowsr applicabion level of YWat DizestZ?, Shown in Table 2

3

3
are thes wetting rates of corn and sorghum st 40 C. With sorghum, 2 or A%
sodium hydroxide and the nigu applicetion level of Wel Dizest1 produced
significant wetting rates. With corn, eighi treatments produced signif-



-Dm

icantly higher wetting rates than the water control., Shown in Table 3
ara the wetting rates of corn and sorghum at 50 C. All treatments ex-
cept Grain-wet produced significant wetting rates with sorghum. With
corn, 1, 3 and 9% sodium hydroxide, Grain-wet, E.Z Flakes-li, Wet Digest]
(low level} and Wet Digest2 (hich leval) nroduced 51an1flcanu webting
rates., Snown in Table 4 are the wstting rates of corn and sorghum at 80 C
With sorghum, 1% and 2% sodium hydroxide, Grainewet, E.Z Flake«l, zand YWet
Digest1 (low level) all produced significantly higher grain wetting
rates than tha water contrsl. With ceorn, sodium hydroxide at levels of
2, 6 and 9%, E-Z Flake-U, Wet Digestl (low level) and Wet Dizest? (low
level) produced siznificant wetting rates. Wetting rates of the two
grains at 95 C are shown in Table 5. Sodium hyldroxide at all levels ex-
cept 9% in sorghum produced significant wetting rates as well as Grain-
webt’ and E-Z Flake. With corn, 1, 2 and 3% sodium hydroxide, Grain-wet,
KEM-FLAK and Wet Digest2 (low level) produced significant wetting rates.,
In order to exzmine overall sffects of treatment, time and temperature
on moisture content of corn and grﬂlﬂ sorghum, moﬂels ware proposed and
tested., The data was annalyzad by least sguares regression methods using
Statistical Analysis Systems orogedures. Shown in Table § are the resulis
of computer analysis of tha data for twe such models. The first model ex-
amined the simple relationship between water content of the grain and
treatment. Only al 95 C with sorghum was treatment not z significant
source of variation meaning basically that other variables such as time
were greater sources of variation. As c¢an be sean by the R-square values
decreazsing with increassing temperature, treatment was not a highly contribe
uting factor to grain moisture at tha higher temperatures. The ssoond
model shown in Table A examinad the relationshiop betwaen grain moisture
and three sources of variation: treaztment, time and the freatment hy time
interaction. The data was pocled across both grains and analyzsd abt ezch
temparature, This model app2ared Lo explain the dzta best with R-squars
values ranzing from .33 to .95, A significant F valus for the tri.xtime
interaction source of variztion would indicate thzt on the average the
webtting sclution treatments are definitely altering Lhe rate at which the
grain shsorbs moisture., With this model, the treabtment F values ware high-
1y significant at all temperatures and as expacted, tine was a hizhly siz-
nificant source of varistion at all temperatures. The treatment by time
intersction effect was nob siznificant at 20 C or 95 C which 2an orabahly
be interpretezd to mean that zlthouzh the grain conditioners overall may
be 'ﬂg moisture untaks there are probably few diffzrences hetween the
nts at thes= Lemperaturss. At U0 C, A0 C and 20 C the treatment
nteraction was hishly significant Me“n‘n* that there wers som=
23 hetwa2n treatients on rate of moisturs Untzske at these tLernp-
inzbe that samz of the traztments resp-
n others, ALl of the sodium hydroxide
Lemparatures as well as severél of tha
ka-l and Vet Dizest?. Cther modsls
nd its interactions with other vari-
was a significant source of variztion,
Wit Lreatment was nob siznificant
ts appeare?d 2o respond bebter Lo
1 treatments responded similarly
interzction of temperature with
5 interaction w2s siznificant, mean-
Live effects on the moisture cont:nJ
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Although thesa wettinz rate determinations may zppear confusing be-
cause of the larze data base generated and the extensive statistical anal-
yses conducted, we can draw some practical conclusions and makes some rec-
ommendations on their use in the industry. First, we can conclude that
overall the grain conditioners tested in these experiments do seem Lo in-
prove the rate of moisture uptake by corn and grain sorghum. Secondly,
thae action of several of these grain conditioners is somewhat dependent
on temperature and that overall temperature is an important factor in
moisture absorpticn. Lastly, we can probably conclude that if grain con-
ditioners are apolied to grain, there may be some benefit to using heated
water instead of cold water to apply the solution to aid the acticn of the
grain conditioners.

The primary purpose of using grain conditioners is to aid in the addm
ition of moisturs to the grain. However, it is the opinion of many people
in the industry that the grain conditioners by their chemical action and
softaning of the grain may improve the digestibility of the grain in the
runen. A series of experiments was conducted to exanine this question.
Samples of whole corn or grain sorghum were treated with the various
grain conditioners according to the manufacturers' recommendations and zl-
lowed to react for at least 2 hrs. The treated samples were then cold
rolled or steam flaked using laboratory scale equipment, with portions of
the grain left intact a3 wole grain. Samples of the treated grain in the
three process forms wers weighed into H by 15 om. dacron mesh bags, using
approximataly 2.5 gms of sample dry matter. The bags were tled to a neavy
nylon cord with the bags location randomized on the cord and 2 sinker
weight attached to prevent. flotation of the bags in the rumen. The pre-
pared bags and cord were suspanded in the rumen of z fistulated steer for
24 nrs, The steer was fed twice daily a diet consisting primarily of 75%
crackad corn, 227 cottons2ad hulls and 5% supplement. This diet was of-
fered at the rate of ap yrox1ﬂately 27 of the body weight daily: The 24
hr. incubation time was chosen because it is thought to be a2 good aporox-
imation of the rebtention time in the rumen of high concentrate diets. The

Zh
srocedure was repeated to provide at least U replicates of each Lreatment.
Snown in Table 7 are the dry matter disappearances (24 hrs.) of whole
corn and grain sorghum, With whole corn, thers were trends toward improv-
ad digestibility over the untreatzd conirol (water only added) but dus to
nigh variability between samples, the diffarences were not statistically
significant. With milo, E-Z Flake and Wet Digest? produced significantly
higher 3ry matter disappearance than ths water control. Shown in Table §
are thz 24 ar. 4ry matter disappszrances for cold rolled corn and grain
sorghum, Iibq arain sorghum, there was no mpparent Lreafmant effect,
hut this may have heen due to extremely small particle size with these
samples causing some "washout" of the samples {rom the dacron bags.
With corn, the only significznt freatment =ffect was that the reconstit-

uted znd ensiled corn Mad aizher dig inn thz L1 obther Lreabmenis.,
Showm in Tabla 9 are the 2d-hr, matter disanpearancas for shtaam flaied
corn and grniq sorghurn. With o : ! wef@ na significant
treatment effects but with corn “hore ws iznificant differences.
In order to exznins fthe effects ”afﬂnﬂﬁs in particls size mieht
wave on the digestihility of szmnles ware Lreated and
around throush a2 20-mesh sarean ““ﬂ-““rtlcle size =ffact,
The samples were then subjecte sin: staga in vitro fer-
mentaticn w1*h runzn fluid fwom a steer on a nigh concentrate diet. Re-
sults of this experiment are shown in Table 13, With corn, all digesti-
nilities wers sxbtremely high and wore not significantly differemt. With
grain sorghum the main differences were that sodium hydroxide and E-Z
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Flake had lowasr digestibility than the water control and additional-
1y thess two and Grain wet weare lower than both Wet Digest enzymes.
The reason for this apparently lower digestibility with these treat-
ments is unclear.

In order to svaluate the effects of some of these treatments on an-
imzl performance, two lamb studies were conducted. The zurpose of these
studiass was to evaluate the performance of lambs fed reconstituted or
sodium hydroxide treated grain sorghum znd to determine the feasibility
of sodium hydroxide treated grain sorghum for use in cattle rations.

Tne first experiment conducted was z lamb metabolism study using eight

15 kg. wether lambs allotted to wooden matabolism crates in a double 4xd
latin square design. The lambs wera fed grain and a cottonseed hull based
supplement at a ratio of 82:20 on a dry matter basis twice daily with

feed refusal recorded and sampled for analysis. Each period of the trial
consisted of 10 days adiustment to freatment and intake followed by 7 days
total collection of feces and urinz. The four treatments were-as follows:
Treatment 1, air dry grain sorghum ground to pass through a 3.2 mm. screen
and considered to be the positive control; Treatment 2, reconstituted sor-
ghum, prepared by adding water to dry grain to a moisture level of 303
followed by ensiling for at least 21 days bvafore rolling; Treatment 3,
sodium hydroxide treated and rollad grain sorghum, prepared by treating
the grain with 2 4% #aCH solution to a final concentration of 1.5% NaCH
followed Sy rolling after 21 days; Treatmant 4, was the same as trt. 2

hut was fed as th2 whole grzin instead of rolled, Shown in Table 10 are
the compositions for the btreasted grain for dry matter, starch, crude prot-
ein, neutral dstergent fibar and acid letergent fiber. Taere were no dif-
ferences in starch content of the zrain but z2ll three treated grains had
lower crude protein than the dry control possibly indicasting some velatile
loss of nitrogen from this grain, We are unzble to explain the apparently
highar NDF content of the NalH treated zrain except that the Lreatment
could be making some non-fiber fractions less soluble and they are app2ar-
ing in the ¥DF residue., Shown in Table 11 are the total tract dicestibil-
ities of the four treatments for dry matter, starch, crude proteln, HDE
and ADF. The sodium hvdroxide btreated and rolied grain had signifleantly
lovier starch digestibility than the dry ground control possibly duz to a
hizh rate of passage of the grain caused by the MalH., This treatment also
nad the highest NOF digestibility but this may have just been dus Lo the
artifieially high MOF content of this grain., There were no treatment 4if-
ferances in dry matter or crude protein digestibility.

In order %o comnars thesse metsbolic charzcteristics with actual an
mal performance, 2 lamb fesdinz triasl was conducted using essentially
same treabtments as in the metadbolism trial., Seventy-twd crossored
lambs were v ﬂ"‘watej for enterctoxemia, wormed and slowly adjusted o
high concentrate lamb starier ration over 21 days oricr ts the start of the
experiment. Thz lozmbs ware 2llothed % head per pan Lo allow 2 pen rep-

lications per treaftmant. The lambs were fed 2 complete supplemant =t
tha rate of |2 %1, por hesd daily and rrain sorzhun free chinlce in 5217
feeders. The Lreatsd zrain was prapared in th2 same mannsr as in ths
first expariment excapt that molsture levels wers reduced som2 to avold
handling problems ancounterad previsusly, Te lambs were welghed at 27,
56 and afser 94 davs on test. Showt in Table 12 is the results of the 1amb
feedine “rizl for fead intoka, averaze dzily 7zin zad feed efficiency.
Treatment means for Lthesa fhras statistics were not significantly differ-
ent. Extremely hof weather prevalent in the sumaer of 1930 when this
trial was conducted czused a few bunk spoilase pvobleﬂs and erratic in-
takes and may explain the poorer feed efficiency with this treatrment.



There was no apparent responsa from rolling the sodium hydroxide treated

grain as compared to the whols grain. The results of these lamb studies

indicate that whole grain sorghum treated with sodium hydroxide may be a

feasible zrain source for lambs. These studies also indicate that sodium
nydroxide treatment of grain may offer some limited potential te the cat-
tle feeding indusiry.

CONCLUSTIONS:

Overall we have s=zen from thase studies thzt grain conditioners do
seem to aid moisture uptzke by grain and can be a useful foel in softening
grain prior to processing., This wetting action is highly temperature san-
sitive and there are somz treatment differences in this response. The
use of grain conditioners seems {o have a slightly positive =ffect on
ruminal digestihility possibly by softening the seed ccat or initiating
hydrolysis of the starch., In interpreting this data we have not attempted
to "rank" these products as to their effectiveness bub rather to examine
the overall effects of grain conditiconars., Choice of particular products
should depend on the feedmill arranzement as the products have varying phy-
sical characteristics. Cverall this study indicates that grain condition-
2rs do have 3 place in the industry and should be considered for use,



TABLE 1. WETTING RATES
CF WHOLE CORN AND SORGHIM

Temperature, 20 C (68 F)

{ %2/hour )

Wetting Solution Corn SE Sorghum st @
Water o 5.3 LU N 4.7 1.2
Sodium Hydroxide, 1% 5.5 1.0* 7.4 1.1
Sodium Hydroxide, 2% _ 9.1 1.0*% 7.5 2.0
Sodium Hydroxide, 3% 9.1 5 X 10.2 1.1
Sodium Hydroxide, 6% 2.7 1.7* 1.2 1.1
Sodium Hydroxide, 9% 8.9 1.4% 10.6 1.1
Temper 7.8 .9 4.3 5
Grain-wet 2.8 .9 2.7 .4
WEM-FLAK 4.6 .8 4,7 .7
EwZ Flake 5.3 1.2 11.8 2.1
Ee7 Flake-d 5.0 1.4 7.5 1.8
Wet Digest 1 (low level) ‘ 5.8 .G 5.2 .8
Wet Digest 1 (high level) 5.2 .7 4.1 .6
Wet Cigest 2 (low level) 7. 1.2 4,2 .7
det Digest 2 {(high level} 5.4 1.0 4,2 1.0

SE  Standard error of regression zoefiicient
8 Traatment maans not Aiffarent from water control (P > 103
% Sianificantly zreater than watar conbtrol (P < .05)



TABLE 2.

WETTING RATES

CF WHCLE CORN AND SORGHUM

Temperature, 40 C (104 F)

( %/hour )
Wetting Soluticn Corn 3E Sorghum  SE
Water 6.2 .6 o 7.9 .9
Sodium Hydroxide, 1% 16.8  1,5% 18.7 2.9
Sodium Hydroxide, 2% 8.6 2.7 21.2 3.2
Sodium Hydroxide, 3% 11.3 7% 15.0 8%
Sodium Hydroxide, 6% 5.3 1.8% 19.3  1.8%
Sedium Hydroxide, o7 20.0 3.6 19.6 3.4
Temper 7.1 .9 5.5 .8
Grain-Wat 8.6 1.3% 2.0 1.9
YEM-FLAX 8.0 .7*% 7.6 1.0
E-Z Flzake 5.8 .9 10.4 2.6
E-Z Flake-4 10.9 2.7 10.6 2.0
Wet Digest1 {low level) 7.0 2.7 7.0 1.1
Wet Digesti (high level) 7.8 1.0% 8.3 9F
Wet Digest2 (low level) 7.4 8% 7.8 B
Wet DigestZ (hizh leval) 8.0 .5 ¥ 7.2 .8
SE  Standard error of regression cosfficient
* Significantly greater than water control (P ¢ ,05)



TABLE 3. WETTING RATES -
OF WHOLE CORN AND SCORGHUM

Temperature, 60 C (140 F)

{ %/Hour )

Wetting Solution Corn St Sorahum SE

Water 8.4 1.0 3.0 1.4

Sodium Hydroxide, 1% 19.1  2.6" 22.3 2.4F
Sodium Hydroxide, 2% 21.1 3.4 28.4 3.0t
Sodium Hydroxide, 3% 16.4  1.1% 26.3 1.6"
Sodium Hydroxide, 6% 32,7 4.8 40.1 3.9%
Sodium Hydroxide, 9% 24,2 1.6* 31,2 1.4"
Temper 10.0 2.2 8.7 1.5%
Grain-wet 9.2 1.3° 3.5 2.7

KEM-FLAK 8.2 1.9 10,9 1.2%
E-Z Flake 8.2 1.4 13.3 1.9t
E-7 Flake-4 9.4 1.4% 11.9 1.4%
Wet Digest 1 {Tow level) 9.4  .9% 10.2 1.2%
Wet Digest 1 (high lavel) 8.6 1.2 10.8 1.6%
Wet Digest 2 {low level) 8.6 1.5 11.3 8"
Wet Digest 2 (high level) 9.4 1.4* 11.3 2.1t

SE

Standard error of regression coefficient

Significantly greater than water control (P<.03)

Significantly greater than water control (P<.10)



TABLE 4. WETTING RATES
OF WHOLE CORN AND SORGHUM

Temperature, 80 C (176 F)
( %/Hour)

Wetting Solution Corn  SE Sorghum  SE
Water 12,8 1.5 12,2 2.3
Sodium Hydroxide, 1% 31.4 5.2 22.5 2.7
Sodium Hydroxide, 2% 32.5 3.9" 45.4 4.4%
Sodium Hydroxide, 3% 27.5 4.4 29,8 7.8
Sodium Hydroxide, 6% 26.5 3.0 "36.8 4.2
Sodium Hydroxide, 9% 30.7 3.07 36,5 5.7
Temper 13,3 1.7 “16.7 2.5
Grain-wet 11.3 1,0 13,5 1.4%
KEM-FLAK 0.6 2.0 ©13,0 2.0
E-7 Flake 12.5 1.0 2044 1.6
£-7 Flake-d | 19.9 1.4% 18,4 3.67
Wet Digest 1 (Tow Tevel) 212 2.7° 21.2 3.2t
Wet Digest 1 (high level) 11.1 3.2 13,8 3.3
Wet Digest 2 (Tow level) 15,9 2.7 16.0 2.4
Wet Digest 2 (high level) 11.8 1.3 13.7 3.1

SE  Standard error of regression coefficient
*  Significantly greater than water control (P<.03)

t Significantly greater than water contro]l {P<.10)



TABLE 5. WETTING RATES
OF WHOLE CORN AND SORGHUM

Wetting Solution

Water

Sodium Hydroxide, 1%
Sodium Hydroxide, 2%
Sodium Hydroxide, 3%
Sodium Hydroxide, 6%
Sodium Hydrokide, 9%
Temper

Grain-wet

KEM-FLAK

E-Z Flake

E-Z Flake-4

Wet Digest 1 (low level)
Wet Digest 1 (high Tevel)
Wet Digest 2 (Tow Tevel)

Wet Digest 2 (high Tevel)

Temperature, 95 C (204 F)

( %/Hour )
Corn SE Sorghum SE
19.7 2.0 29.8 1.9
25.7 2.2" 36,5 3.5"
26.9 4.0% 41.2 3.6%
38.7 4,37 53.5 5.0
52.5 8.8 58.6 g,2"
58.3 11.4 86.4  12.8
14,9 1,5 23.1 3.5
25.1  3.3" 30.4 2.3
21.2  2.47 29.3 3.0
16.7 1.8 29.8 2.8"
14,6 1.8 23.1 2.9
13,9 1.4 23,9 2.2
16.3 1.9 23.6 2.1
22.3  4.,0" 27,0 3.0
17.6 1.7 23,4 1.8

SE Standard error of regression coefficient

* Significantly greater than water control {P¢.05)



OVERALL ANALYSIS OF WETTING RATE DATA

TABLE 6.

Model Percent Water = Treatment
Temperature DF SS F R2 Probability
Corn (20 C) 15 4072.3 16.7 .69 .0001 SIG
Corn (40 C) 15 5805.4 10.9 .60 .0001 SIG
Corn (60 C) 15 9736.8 11,2 .60 .0001 S1G
Corn (80 C) 15 6929.8 3.9 .35 .C001 SIa
Corn (85 C} 15 £886.9 3.2 .32 .0002 SIG
Sorghum {20 C) 15 2388.5 11.6 .61 .0001 SIG
Sorghum {40 C) 15 5005.1 7.1 .49 0001 SIG
Sorghum (60 C) 15 7219.9 6.2 A7 L0001 SIG
Sorghum (80 C) i5 8885.4 4.2 .37 L0001 SIG
Sorghum (95 C) i5 3502.8 1.0 .12 .4896 NS
Model Percent Water = Treatment Time Treatment X Time
(By temperature across both grains)

Temp. 20 C

Treatment 15 5597.8 36,8 .88 .Q0CG1 SIG
Time 7 2546.7 35.9 .0001 S1G
Trt. X Time 105 490.7 5 1.0000C NS
Temp. 40 C

Treatment 15 10340.6 37.0 .85 L0001 SIG
Time 7 6474.0 116.7 L0001 SIG
Trt, X Time 105 1779.1 2.1 L0001 SIG
Temp. 60 C

Treatment 15 16488.5 84,67 .85 .0001 SIG
Time 7 10433.1 128.36 .0001 SIG
Trt. X Time 103 3017.3 2.52 ,0001 SIG
Temp. 80 C

Treatment 15 15428.% 43.3 .93 L0001 SIG
Time 7 22048.9 132.7 L0001 SiG
Trt. X Time 103 4462.2 1.8 .QG07 SIG
Temp. 95 C

Treatment 15 11254.1 20,12 .92 L0001 SIG
Time 7 26673.4 162,12 .0001 SiG
Trt. X Time 93 3067.8 .84 .8150 NS



Wetting Sclution

Water

Sodium Hydroxide, 3%
Sodium Hydroxide, 6%
Sodium Hydroxide, 9%
Temper

Grain-wet

KEM-FLAK

t~-Z Flake

Wet Digest 1

Wet Digest 2

Reconstituted

TABLE 7

In situ Digestibility - Whole Grain

Dry Matter Disappearance

Corn Milo
SR 4,14¢C
7.90 5.04 2r0:€
8.03 5,56 arb,C
6.96 5.97 /D€
6.32 4.72 @rbs°
5.96 4.45bs¢
8.76 4,48bsc
8.93 6.823
8.87 6.422,b’
8.74 6,09 &:b,c
9.56 S

a,b,c Means fn the same column with different superscripts differ (Pe .05)



TABLE 8
In situ Digestibility - Cold Rolled Grain

Dry Matter Disappearance

Wetting Solution ’ Corn Milo

Water 55,580 53.38
Sodium Hydroxide, 3% 54,080 49,51
Sodium Hydroxide, 6% | 50.12b 48.20
Sodium Hydroxide, 9% 52.88b 49.06
Temper 54,06D 51,21
Grain-wet 47.92b 49.08
KEM-FLAK 54,89b 46.93
-7 Flake 56.59P 52.47
Wet Digest 1 48,910 43,15
Wet Digest 2 48,29b 50.90
Reconstituted £§9.338 -

a,b Means in the same column with different superscripts differ (P < .05)



TABLE 9
In situ Digestibility - Steam Flaked Grain

Dry Matter Disappearance

Wetting Solution | Corn Milo

Water 37.86a,b 35.41
Sodum Hydrox?de, 3% 33.12b,¢ 31.04
Sodium Hydroxide, 6% 37.99a,b 35.67
Sodium Hydroxide, 9% 41.773:b 37,41
Temper 32,9920 34,05
Grain-wet 38,9825D 33.59
KEM-FLAK 38,843, 36.30
E-Z Flake 38,222350 34,14
Wet Digest 1 36,032,b 37.09
Wet Digest 2 31,28bsc 34,46
Reconstituted 45,03 —--

a,b,c Means in the same column with different superscripts differ (P <.05)



Grain Dry Matter (%)
Starch (%)

Crude Protein (%)
NDF (%)

ADF (%)

TABLE 10
Lamb Metabolism Study

Grain Composition (Dry Matter Basis)

TREATMENT

Dry Ground Reconstituted NaQH-R NaOH-W
86.6 2 65.2°C 73.7 b 76.0 P
65.55 65.28 64.43 65.43
9.793 8.63b 8.640 8.24b
15.84bsc 10.49¢ 24.902 19.213:0
8,50 7.30 7.94 6.36

a,b,c means in the same line with unlike

superscripts are different (P<

.05)



TABLE 11
Lamb Metabolism Study

TREATMENT

Ory Ground Reconstituted NaQH-R NaOH-W
Average Daily Feed (Kg) 1,126 1.008 1.105 1.092
Nutrient Digestibility - (Dry matter basis)
Ory Matter Apparent

Digestibility (%) 74.4 74.0 70.5 70.2

Starch (%) 86.692 82.992>D 79.600 82.758:D
Crude Protein (%) 43.84 - - 35.17 38,489 29.51
N-Retention (Gm/day) 3.64 2.19 3.17 S 1.61
NDF (%) 50,170 33.,88¢ 58.894 47.35b
ADF (%) 42.31 34,38 38.95 31.67

a,b,c Means in the same row with unlike superscripts are different (P< .05)



TABLE 12

Lamb Feeding Trial

Grain Dry Matter (%)
dAverage Daily Feed (Kg)
aAverage Daily Gain (Xg)
8Feed Efficiency (F/G)

TREATMENT
Dry Ground Reconstituted NaCH-R NaQH-W
88.6 77,2 85.6 85.1
1.18 1.09 1.09 1.13
192 177 178 .183
6.30 .56 6,35 5.36

a Means not different (P<

.05)



TABLE 13

24-HR. IN VITRO DIGESTIBILITY COF CORN AND GRAIN SORGHUM

Wetting solution Dry Matter Digestibility (%)

Corn Milo
Water 97.2 90.7 2°
Reconstitubed 96.1 -
Sedium Hydroxide, 3% 98.0 82.8
Temper 85.0 9n.8 ah
Grain wat o 29,14
KEM-FLAY Q2.6 §2.% 3
-7 Flake 95.9 83.824
Wet Digesti 2.3 92.14
Wet Dimest? gu, 8 93,37

a,b,c,d . . . : N
'TTTY Means with different superscripts in the same coluan are signifi-
canly different (P < .05)



