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Chapter 1
INTRODUCTION

The commercial cattle feeding industry of the southwest has grown
tremendously in recent years due, at least in paft, to the abundant supply of
cereal grains and the dry climate. In Kansas the number of cattle fattened
annually tripled between 1965 and 1970.

Cereal grains are the principle energy source in modern fattening rations
with grain sorghum or milo most common. It has long been known that sorghum
must be processed for efficient utilization by cattle. ‘Until about 1965, dry
rolling and coarse grinding were the common processing methods. Hale and Taylor
(1965) and Husted i1966) reported that sorghum grain is covered by a hard outer
layer which resists digestion and must be broken if the grain is to be efficientiy
utilized. |

Researchers at the University of Arizona pioneered work in developing the
steam processing and flaking method of preparing milo. They demonstrated improved
efficiency and digestibility vhen the grain was flaked as compared to dry rolled
(Hale et ale., 1964, 1965 and 1966).

Other workers have attempted to use modifications of the Arizona system and
have not zlways been successful (CGarrett, Lofgreen and Hull, 1968; Garrett, 1968).

Frederick (1968) reported that a combination of heat, moisture and pressure
during the steam flaking process increased the susceptibility of the milo starch
to enzymatic attack. |

Although production technigques have not been standardized and quality control
not well defined, steam flaking has rapidly become the most accepted method of
processing grain for commercial cattle feeding.

The improved efficiency from steam flaking milo is due largely to improved

digestibility of the NFE or starch fraction. During flaking, the starch



molecule undergoes partial gelatinization or rupturing. These gelatinized
molecules are more susceptible to enzymatic degradation.

This research was initiated because of a need for more work to determine
the individual effect of flake flatness, moisture and cooking time on starch

gelatinization.



Chapter II
REVIEW OF LITERATURE
Feedlot Performance

The development of sophisticated methods of grain processing has been a
gradual process in which animal performance pointed the direction to further
improvement in cereal utilizatioﬁ.

Phillipson (1952) fed flaked_corn to lambs and noted a narrowing of the
normél acetate:propionate ratio and an inecrease in the efficiency of
utilization.

Preston, Brewer and Pfander (1961) noted that the sharp rise in blood
urea-N characteristic or urea and casein could be reduced by the addition of
corn starch., Other sources of carbohydrate had little effect, indicating a
difference in the rate of utilization of various carbohydrates.

Steam rolled and dry rolled barley were studigd by Thomas and Meyers
(1961) in high concentrate steer finishing rations. In trial I, there was a
slight improvement in feed efficiency for the steam rolled treatment (9.24 vs
9.36). In trial IT,the steam rolled barley resulted in a higher da%ly gain
(2.60 vs 2.30)

Hentages, Palmer and Carpenter (1961) used ground, cracked, steam rolled
and ground steam pelleted corn to study the effect of physical form on cattle
responses. The steam rolled product was described as a flake. Consumption vas
reduced and efficiency increased by both heat processes. Feed/lb gain ranged
from 7.5 for the steam rolled to 9.0 for the cracked ccrn. An increase in the
percentage propionic acid of the to£a1 VFA's 8 hours post feeding was also
observed for the steam flaked corn treatment.

tn apparent decreased palatability but increased cfficiency was observed

for flaked corn by Newland, Mages, Branaman and Blakeslee (1961). The flaked



corn wWas prgpared by fine grinding, cocking at ZSOOF for 30 minutes, rolling
"into a thin ribbon and drying, at which point the ribbon broke into flakes.
Other treatments included ground, pelleted and flakednpelleted—érumbled COIN.
The ruminal acétate:propionate ratio was narrowed significantly by processing.

Hale et al. (1964) described a method for stean processing milo which
increased its value by $7.20 per ton over dry rolling. The process entailed
steaming at atmospheric pressure for 20 minutes at 205 to 210°F and then rolling,
Low pressure (20 psl at steam generator) steam was used and the product moisture
was 18 to 19% after rolling., In feeding trials the steam processed milo
resulted in more rapid weight gain (3.04 vs 2.88) and better conversion (708 vs
758) than dry rolled sorghum grain. |

Ground corn steam cocked at 180°F for 5 minutes then extruded and flaked
at the die decreased intake on three lamb feeding trials (Jordon, 1965). The
cdrn reached a temperature of 250°F in the barrel of_the extruder but was only
exposed to this temperature about 10 seconds. The increased efficlency was too

slight to offset the cost of processing the corﬁ. Similar findings have been
reported by Mudd and Perry (1968).

Hale et al. (1965) observed increased intake, gain and improved efficlency
when flaked milo was compared to dry rolled. Steam flaking barley increased
both intake and gain but did not alter feed conversion. The grains were steamed
in an open chamber at 205 to 210°F and rolled through a 10x20 Davis roller mill
with 14 cut rolls. The workers reported that difficulty in rolling was minimal
when rolls were worn nearly smooth and that milo must be at least 16% moisture
to roll satisfactorily. Boiler pressure was 20 psi and grain normally entered
the roller at 18 to 20% moisture. Steaming for 3 to 5 minutes was insufficlent
to improve the steam processed grain over dry rolling. Hale (1968) again

reported no improvement in feed efficiency from steam flaking barley, 722 vs
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735 lbs/bwt gaine However; Garrett, Lofgreen and Hull (1967) have denmonstrated
a significani improvemenlt in efTicicancy of utilizetion for barley which was
stean processed and Tlaked.

The capacity of the roller mill when making a good flake has been reported
to be 1/3 to 1/2 that of dzy rolling. A good flake was described as one which
was rolled so as to be "flal' in appearance (Hale and Taylor, 1965),

Increasad daily gain and feed efficlency was reported for pressure
processed as compared to atmospheric steamed sorghum (Garrett, Lofgreen and
Hull, 1965). They reported no difference in daily gain or efficiency when
comparing milo steamed 8 minutes at atmospheric pressure and flaked to dry
rolled milo. -

Sorghum grain processed at 60 psi and Tlaked depressed consumptlon when
fed to cattle (Garrett, Lofgreen and MHull, 19546).

Hale et al. (1966) used a Moorspeed roller mill with roll spacing of 0.003
inches to produce a poor and an excellent milc flake. The grain entered the
rolls at 20% moisture after 20 minutes steaming at atmospheric pressure. The
25 1bs/bu excellent flake was produced by Teeding the 18x30 roller mill at 3
tons/hour. The poor flake (36.4 1bs/ﬁu air dry) was produced by tripling the
feed rate. Rate of gain was similar for both flakes, but cattle-receiving the
excellent flake required 81 1bs less feed/cwt gain.

Replacing 40% of the cracked milc in an 84% concentrate ration with popped
milo resulted in similar gains, but a 16% improvement in efficiency (Ellis and
Carpenter, 1966).

Menzies et ale. (1966) finished lambs on a 45% sorghum ration in which O,
33, 66 ard 100% of the dry ground milo was replaced by extruded milo. A fifth
treatment conzlisted of 1007 of the griin steam rolleds Deily feed corsumption

decreased as the percent extruded milo in the ration increascd and the treatment



| with all extruded milo exhibited the lowest gain and poorest feed efficiency.
- The ration éontaining 2/3 of the grain as extruded was most efficient,while the
steam rolled milo treatment group gained the fastest. |

Hentages et al. (1966); Matsushima, Sprague and Johnson (1966); and
Matsushima and Montgomery (1967) compared flaked and dry rolled corn and found
similar rates of gain, but improved feed efficiency for the flaked corn.
Similar results were obtained with milo (Brethour and Ely, 1969).

Milo processed by steam flaking, dry rolling, fine grinding, reconstituting
and rolling or by reconstituting and grinding was compared in cattle finishing
rations by Newson et al. (1967). Both feed efficiency and rate of gain were
superior for the fiaked sorghum treatment.

Matsushima and Stenquist (1967) compared ensiled high moisture corn rolled
Just prior to feeding to flaked corn processed by atmospheric steaming 12 minutes
and rolled to 0.08 cm thickness. leed efficiencies were similar, but cattle on
the flaked corn consumed slightly more and gained faster. _

Popped, flaked and cracked milo were compared by Dunbar, ELlis and Cude
(196?). No differences in gain or conversion were' of statistical significance,
but feed intake was significantly depressed by flaking.

Drake et al. (1967) fed graded levels of extruded sorghum in cattle
finishing rationss. The ration containing the highest level of extruded milo
was most efficient, but the trend was not consistent and there was little
difference in rate of gain.

Garrett (1968) processed milo and whecat by atmospheric steaming 8 minutes
and rolling, pressure processing l.5 minutes and 50 psi and rolling, pressure
processing 1.5 minutes at 80 psi and rolling, and dry air expansion “popping".

Cattle receiving pressure processed wheat consumed significantly less than



other wheat treatments. Galn was depressed and approached significance. There
were no differences among milo treatments in performance or efficiency, VFA's
or acetate:propionate ratios. This is in contrast with other workers (Adame,
Riggs and Sorenson, 1968) who reported depressed intake and gain and a lowering
of acetate:propionate ratios from 1.82 for dry rolled milo, down to 0.88 for
normal run popped sorghume

Garrett, Lofgreen and Hull (1968) and Garrett (1969) reported that feed
efficiency was improved when intake of pressure processed milo was not depréssed
sufficiently to retard performance.

Flaked grain weighing 35 lbs/bu vas ceompared to milo welghing 21 lbs/bu'
where the milo had been steam processed at atmospheric pressure for 6 and 141
minutes, respectively (Lofgreen, Mendel and MeIlroy, 1968). The steers fed the
rolled grain ate and gained significantly more tﬁan those fed the flat flake,
although there was little difference in conversion (5.27 vs 5.3%). The roller
mill capacity of 3.6 tons/hour for the rolled product was reduced to 0.75 ton/
hour when producing the flat flake.

A comparative slaughter technique was used to determine the energy value
of sorghum grain processed by steam flaking, micronizing, dry grinding and
reconstituting (Euialy et ale, 1966). The all-concentfate ration was fed 168
days during which time the cattle fed micronized grain gained faster than those
on other treatments. The cattle on steam flaked milo were a close second and
were followed by reconstituted and dry ground. Feed conversion was mosi desir-
able with steam flaked grain, equal for micronizing and reconstituting and
pocrest for dry rolled process. Net energy for production was higher for the
micronized grain than the other processes, while steam flaked sorghum was given

the highest net encrgy for maintenance value.



Schuh et al. (1969), in two trials with dairy calves, found that flaking
milo significantly improved efficlency by 9% and 11% over steam rolling. Steam
flaking barley resulted in a small, nonsignificant improvement in efficiency
over steam rolling. There were no differences in rate of gain among treatments.

Riggs (1970), reviewing literature on sorghum grain processing, reported
that micronization depressed intake; but improved efficiency and digestibility
as compared to dry ground milo. In commercilal feedlot studies milo could be
popped about 26¢/ton chedper than flaking. Net energy values of processed
sorghum grain were dry ground, 73; reconstituted ground, 90; steam flaked, 96;
and micronizéd, 82 Mecal/cwte Lambs were less dependent on processing for
maximal utilization of starch than cattle; probably due to increased hydrolytic
capacity in the small intestiﬁe. Stgdies with swine Iindlcated improved digesti-
bility of protein and gross energy when milo was steam flaked or reconstituted,
but performance differences too slight to be economical.

Arnett (1970a,c) compdred methods of processing grain sorghum in both
growing and finishing rations and found that steam flaking improved feed effi-
ciency over dry rolling; 878 vs 1010 during the growing phase and 840 to 922
during finishing. Arnett (1970d) also investigated the effect of pressure when
extruding milo for cattle. Increasing pressure decreased feed required per unit
galin up to a point where consumption dropped and efficiency decreased.

Steam rolling and pressure processing were compared by Schuh, Hale and
Theurer (1970) using young dairy calves. Milo was processed 25 minutes at
atmospheric pressure, 1020C flaked or at 3.5 kg/cm?, rolled. No differences
were observed in elther gain or conversion.

Garrett (1970) comparcd energy utilization of milo processed 8 minutes at

atmospheric pressure and rolled to milo processed 1.5 minutes at 50 psl and rolled.
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Ho differences were ohserved in dally gains of the finlshing steers, but feed

required per unit of cmpty body welrsht gain simmificantly favored pressure

processing. I, values were calculated to be 69 Meals/owt and 51 Feals/ewt for
s e ;

pressure processed and atmospheric processed milo, respectively.

Lofgreen (1970) compared ground wheat, steam flaked wheat and steam flaked
mile for finishing cattle., All treatmenls were equal for both zfficiency znd
saine  Yheat was flaked to 28 lbs/bu; milo flakes welighed 27 lbs/bu. File was
steamned 30 minutes; wheat 12 to 15 minutes.

Dry heal processing or "micronizing" was compared to stean flaking as methods
of preparinz sorshum grain in cattle finishing rations (Schake et al., 1970).

Rate of gain favored micronizing (2.62 vs 2.50 1bs/day), while conversion was

more efficicnt when milo was flaked (840 vs 860 lbs/ewt gain). Other charactec-~
isties of the flaked and micronized milo were test weights, 22.8 and 38.4; starch
gelatinization, 69.2 and @1-6% and moisture cortent, 19.6 and 8.5%. Cost of
processing was reported to be $1.81/ten with flaking and $1.32/ton for micronizing.

Lofgreen ard Durbar {1970) eveluated milo processing by a steam pressure
method of popping, "expleding", or steaming 30 minutes.at atrospheric preccure
and flaked to 26, 28 or 20 lbs/bu. All treatments were similar in promoting
weight gain; however, pepping and flaking to either 28 or 20 lbs/bu all sirnifi-
cantly improved feed converslon. 'There was no éifference between milo flaked to
28 or 20 1bs/bu. lxpleding was accemplished by holding the milo for 15 to 20
secends at o steam pressure of 225 to 250 psi (392 o @OlOFJ then relcusing
throush a 3"x25" orifice. PFopping was nserly 100%;

Iofgresn (1971) found that steam flaked corn wos utilized more efficiontly

3

by steeors than elther whole or dry rolled corn. Pate of galn was sinllar amon
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Yauk, Drake and Schalles (1971) compared sorghum grain processed by steam
Tlaking, popping, reconstituting and dry rolling. Gains were similar with
cattle receiving flakes gaining 2.72 lbs/ﬁay as compared to 2.46 for dry rolled.
All three processing methods significantly improved efficiency over dry rolling.
Flaking resulted in greatest efficlency as compared to dry rolling, 549 vs 7.85
1bs/1b gain. The steam flaked milo was processed 40 minutes at 210°F and rolled
to a hot test welght of 23.5 1bs/bus |

Arnett (1971a,c) fourd that flaking and extruding milo resulted in better
feed utiliiation than either dry rolling or recoﬁstituting. Extruding the total
blended ration improved feed efficiency 10% over extruding only the sorghum and
then blending the ration (1971d). Wheat was utilized as‘efficiently when dry
rolled as when flaked, extruded or reconstituted; but all were much superior to
feeding whole wheat (1971f).

Dry rolling was equal in promoting gain and efficiency to poorly flaked
milo for dairy calves (Morrill, 1971). However, calves receiving extruded milo
exhibited superior galn and conversion, indicating that heat processing could be
effective,

Ames (1971) compared popped,-fiaked and dry ground milo in finishing lamb
rations. A fourth treatment evaluated preference by allowing free access to all
three processess Both flaking and popping improved gain énd efficiency over dry
grinding. Lambs in the preference treatment consumed 70% popped, 18.5% ground
and 11.5% flaked milo. This group alsc had the most rapid gain and were most
efficient.

Bolson, Cox and Drake (19?2) used steam flaked milo as a contrel trcatment
when studying organic acid preservation of reconstituted milo stored in concrete
silos, metal Lins or cxycen-limited sterage. Cattle recclving flakel milo ate

significantly less than other treatments and gained slightly less than those
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catile receiving the acld-preserved or oxygen-limited stored reconstituted grain.
However; gain for the flaked milo treatment was 2.98 1bsﬁiay and was more offi-
cient, even though the cattle were fed tc a final weight of 1120 1lbs.

In Vivo Digestibility

Arnett and Bradley (1961) found the nitrogeﬁ free extract (NFE) portion of
flaked corn to be significantly more digestible than that of ground or pelleted
corns

Feeding an all-barley ration raised the percent propionic acid of the rumen
volatile fatty acids and resulted in more efficient feed conversion, but there
were no differences in efficiency or digestibility between dfy rolling or steam
rolling the barley (llayer, Taylor and Hubert, 1961 and Parrott et al., 1967).

Woods and Luther (1962) found a narrowing of the acetate:propionate ratio
from pelleting a complete ration used for finishing lambs.

Saba gi.gl,(196@) reported the digestibility of the NFE fraction of barley
t0 be 90.8% as compared to the 79.3% observed for'milo. This indicated that the
difference in utilization of the grains was due to a lack of digestibility of
the milo starch. Work by Hale et al, (1964) was in agreement, but also noted
that cooking the milo raised the digestibility of the NFE fraction from 70.47%
10 76.3%.

Kenting et al. (1965) also noted increased digestibility of the NIE portion
of milo by cooking a mixture of 1 part milo to 2 parts water at 180°F for 9
hours, but noted a significant decrease in the digestibility of the protein.

Hale et al. (1965) reported that steam processing and flaking milo signifi-
cantly increased the digestibillty of dry matter, nitrogen free extract, and
gross energy as comparcd to dry rolling the milo. TDN was increased, but the

digestibility of ether extract was depresscd. Proteln digestibility was
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| unaltereds The TDN bf the flaked milo was 79%, while that of the dry rollcd
- milo was ?1%.

Post~ruminal digestion becomes increasingly important as dictary starch
intake is increased., liore starch may reach the small intestine than can be
digested when the ration is high in concentrates (Karr, Little and Mitchell,
1966).

Husted, Hale and Theurer (1966) conducted digestibility studies with mile
processed the following four ways: (1) dry rolled through a 10x20 Davis roller
mill, (2) steam processed 20 minutes and flaked through the 10x20 roller mill
with no tolerance on the rolls, (3) steam processed 20 minutes and passed
through a decorticétor which cut the kernel into six to eight pieces without
applying physical pressure and (&) socaked in water 16 hours and cut through the
decorticator at about 36% moisture. They found that the digestibility of dry
matter, NFE and gross energy were significantly improved by steam flaking.
Soaking and cutting significantly improved protein digestibllity and TDI.

Steam flaking or pressure cooking and flaking resulted in the lowcred
digestibility of ether extract; but significantly imprdved digestion of dry
matter, nitrogen free extract, and gross energy as compared to dry rolling or
fine grinding. Pressure cooking at 40 psi tended to lower protein digestibility
(Mehen et 2l., 1966).

Hale ot al. (1966) and Husted et al. (1968) have reported that steam flaked
sorghun grain was superior to dry rolled in diécstibility of ' and TDN.

An upward trend in dry mettcer digestibility from pressure processing milo
1.5 minutes, 50 psijor 1.5 minutes, 80 psi;over processing 8 minutes at atmospher-
ic pressure prior to rolling was reported by Carrett (1968).

Johneon, latsushina and Knex (1968) flaked corn by atmospheric steaning 12

minutes at §39C, then rolling at near zero roll tolerance at a rate of Z1 kg/min.
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The moisture content was increased about 4% during steam processing. Digesti-
bility was improved 4 to 6% by flaking and energy retention was increased by 6
to 10%. The rate of passage through the gastrointestinal tract was 24% more
rapid for the flaked corn.

Dry air popping of sorghum grain at 3100F significantly increased the
digestibility of dry matter, organic matter, NFE and nonprotein organic matter
over the original grain (Adame, Riggs and Sorenson, 1968; Riggs et als, 1970).

Buchanan, Totusek and Tillman (1968) reported that sheep and cattle do not
différ in their digestibility of steam processed or reconstituted milo. Non-
protein organic matter digestibility was improved by flaking over grinding,
while protein digestibility tended to be depressed.

McNeill, Potter and Riggs (1969) reported thet ruminal digestion of milo
starch was more complete when steam flaked or reconstituted than when dry ground
or micronlzed.

J Garrett (1969) compared the energy utilization of milo rations in which the
grain had been either processed 8 minutes at atmospheric pressure and rolled or

1.5 minutes at 5.6 kz/er® and rolled. Rations were utilized equally for mainte-
nance, but the pressure processed sorghum was not efficient for production.

Milo was processed by dry rolling, or steaming 1.5 minutes at 30, 50 or 70
psi before rolling. The digestibility of dry matter, gross energy and protein
trended upward as processing pressure was increased (Figroid et al., 1969 ).

Iolmes, Drennan and Garrett (1970) observed that 89.3% of the starch, in a
ration containing milo processed & minptes at atmospheric pressure and rolled,
was digested in the rumen as compared to 9.5% for a ration in which the milo
was ;..ocessed 1.5 minutes at 3.5 kg/cmz. Overall starch utilization was 97.3
and 97.6% which indicates necarly complete post~ruminal compensation. In yitro
incubation rates indicated that the rumen microflora was adapted to the readily

fermentable diet within 5 weekse
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Sorghum grain processed by grinding, steam flaking, reconstituting and
micronizing was evaluated by MelNeill, Potter and Rigss (1970). Both ruminal
and total starch utilization were greatest for steers fed steam flaked or
reconstituted milo. Post-ruminal starch digestion was insufficient to over-
come limited ruminal utilization of ground or micfonized sorghurte They indi-
cated that the starch granule must be released from its protein matrix to be
efficiently utilized. The starch energy of sorghum grain is enclosed in small
cells by low quality, poorly soluable protein. When ruptured, the starch and
protein become avéilable. Ruminal utilization of both starch and protein were
significantly improved by reconstituting and steam flaking. Conversion of feed
protein to microbial protein was evaluated using lysine and leucine ratios and
this converéion was enhanced by both flaking and reconstituting. These results
agree with Potter, McWeill and Riggs (1970).

Yauk, Drake and Schalles (1971) processed sofghum grain by steam flaking;
recenstituting, dry air popfing and dry rolling. 'NFE digestibility was signif-
icantly higher for flaked milo than other treatments. NFE digestibility of the
popped grain was significantly hiéher than that of the reconstituted grain,
which was significantly higher than dry rolled. The TDN of the flaked mllc was
also significantly higher than all other treatments.

Melaren and Matsushima (1971) fed extruded corn which wes 10, 45 and 90%
gelatinized and found more starch digested in the rumen with the 45 and 90%
levels than with the 10%. Virtually all of the starch which escaped rumen
Termentation was dizested in the small intestine.

Hale (1971), in a grain processing revieﬁ, noted that quality contrel is
essential in steam processing and flaking systoms. lle stated that the depressed

starch digestibility associaled with poor flakes may be due to proteln
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denaturation, and thét the Tull impact of graln processing must be evaluated by
. studying thé utiligation of the grain fractions in the various segments of the
alimentary tract.

Chemical and Physical

Salsbury, Hoerer and Lucike (1961) reported that apﬁlication of moist heat
to starch causes hydration and the hydrated starch was more rapidly digested by
runmen microorganisms. These findings are in agreemeni with Frederick, Theurer
and Hale (1968). |

The effect of flake integrity on animal performance has heen evaluated
(Hale et al., 1968). Rations containing 80% steam flaked milo were fed with
flakes intact or réground prior to fegding. Crinding the flakes reduceld gain
and efficiency and increased feed cost/cwt gain by $1.92. The same effect has
been reported with wheat flakes (llale gt al., 1970) and extruded milo (Arnett,
1971b ).

Johnson, Matsushima and Xnox (1969) reported that flaking corn resulted in
partial starch granule birefringence loss, increased water uptake, decreased
specific gravity of soaked particles and larger particles. During sieve analysis
79.6% of the flaked corn was retained on a2 5 mm screen as compared to only 16.3%
of the cracked corn. The flaked corn has %0% starch granule gelatinization
measured by less of birefringence.

Pharr (1968) defined starch gelatinization as "The rupturing of the starch
molecule making it more susceptible Lo enzymatic dezradation". He reported that
milo starch gelatinization of 30 to 50% is a practical level at which mill
capacity will be adequate and satisfactory animal performance is expectcd.

Reeve and Walker (1969) reported differences in the microscople structure
of popped cercals. Barley and wheat swelled only slightly when popped, and

storch gelatinization (loss of birefringence) was not cxtensive. Sorghun and
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analysis ?9.6% of the flaked corn was retained on.a 5 mm screen as compared to
only 16.3% of the craéked corn. The flaked corn had 40% starch granule gelati-
nirzation measured by loss of bilrefringence.

fharr (1968) defined starch gelatinization as "The rupture of the starch
molecule naking it more susceptible to enzymatic degradation". HHe reported
that milo starch gelatihization of 30 to 50% is a practical level at which mill
capacity will be adequate and satisfactofy animal performance is expected.

Reeve and Walker (1969) reported differences in the microscopic structure
of popped 5ereals. Barley and whea£ swelled only slightly when popped and
starch gelatinization (loss of biréfringence) was not extensive. Sorghum and
popcorn were highly gelatinized during popping and the kérnel swelling was very
pronounced. Dent corn vas gelatinizedtb nearly the extent of sorghum or pop-
corn, but was much less swollen. OSorghum starch granules near the aleurdne or
in deep endospern near the scutellum werc poorly gelatinized. Iorxrny endosperm
was the ma jor constituent of the expended poftibn of popped kornels where the
cells were not ruptured. This may be due to differences in endosperm iypes
(Cox, Melasters, Hubert, 194#; Zuber, 1965). The fgrcent popped kernels was
related to the molsture coﬁtent of.éhe grain. The highést yield of popped milo
occurred. at a moisture of 18 to 20%. This relatieﬁship between molsture content
and_starch gelatinization has been noted by other workers (Halker; Rockwell,
Kohler, 1970; Walker, 1970; Riggs, Sorenson, Hobgood, 1970; Pfost, 1971; Seib,
1971 )« Animal performance apparently is not retarded until ration moisture
exceeds about 35% (Arnett,_l9?0b; Brethour and Duitéman, 1970; Arnett, 1971e).

Using in vitro estimations of digestibility; lMeGinty, Riggs and Kunkel
(1969) noted differences among sorghum varieties with those varieties having
the least nitrogen in the pericerp yiclding the highest gos production.  Tanile

acid added to the fermentation media depressed ln. vitro gas production. Differences
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in the response of.sorghum types to processing have also been noted by Hinders
and Eng (1970, 1971), Hale et al. (1970) and Seib (1971).

Walker, Rockwell and Kohler (1970) repofted that a temperature of 25670
or higher was éatisfaciory'for popping grain and that exposure time required
was about 30 seconds at 246CC. Wheat, barley and dent corn swelled to about
1 1/2 to 2 tiﬁes their original vblume when popped, whereas individual kernels
of fed or white sorghum expanded to as much as 9 times their original volume.
The in vitro digestibility appeared to be related to the percent of fully
expanded milo. | |

Walke# (1970) reported that some starch gelatinization occurred during
the popping process due to stean fofmation within the cells from the vaporiza=-
tion of intracellular grain moisture. The moisture level of the grain hefore
popping.may be modified as a quality centrol prbce&ure.r

Steam flaked milo weighing 22.8 1lbs/bu was rgported to be 69.2% gelatinized
while micronized sorghum was said to bé 47 ,6%. The ma jority of particles from
both proceéses fell into the catagqry of 0.4 to 0.2 cm, but the steam flaked
préduct had less fines (Schake et al., '1970). | '

McNeill, Potter and Riggs (1970) reported that starch granules of steam
flaked and micronlized sorghum graln were completely gelatiniéed and exéensively
swollen, and that merely disrupting thé substructure of the starch is probably
sufficient to free the granule ffom the protein matrix.

Seidb (1971) reportéd that when heating sorghum starch in a water suspension
lthere is a gradual swelling until a critical temperature is reached (68 to 78°C)
when granules begin a rapid, irreversible swelling accompanied by loss of
birefringence, increased_transparency and a change in the characteristic X-ray
diffraction patiern. These changes occuf with gelatinization. He defined

gelatinization as "the irreversible rupture of the native secondary bond forces
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in the crystaline region of a starch granule" thus, loss of birefringence by
microscopic examination was said to be the most sensitive andrreproducable
nethod of measurenent.

Particle size of sorghun grain ground after reconstituting was signifi-
cantly smaller than when the grain was ground prior to reconstituting., Feed
efficiency was significantly improved for the treatments having the smaller
particle size (Berry and Riggs, 1971 ).

In Vitro Evaluation

Troi, Hale and Theurer (1966) resuspended rumen miéroorganisms in artificial
saliva and used this as the inoculunm for an in vitro gas production system. The
substrate consisted of 2 gnm of dry grain ground through a 20 mesh scrcen. The
mixture was incubated 3 hours and ges production was correlated with dry matier
disappearance (r = «95)s Gas production increased with flake flatness until
about 30 to L0% gelatinization wes reached, after which gas production did not
further incrcase.

An in vitro system using porcine pancreatin as the inoculum has been
described by Osman, Theurer and I'ale (1966). Inéuﬁation was for 30 minutes at
5000 and reducing sugars (expressed as maltose) were determined by colorimetric
techniques. Pressure cooking milo at 20 or 40 psi lowered maltose values as
compared to untreated grain,while coocking at 60 or 80 psi increased maltose
yield by 37 and 78%. Test weight of the flaled grain appearced to provide a
useful means of maintoining a desirable product during the steam flaking process.

‘nalysis of in vitro fermentatlon products showed increasing total volatile
fatty acid (VPA) and narrowing acetate:proplonate ratio as flakes were made
Tlettors Steaning without flaking lowered VFA production (Theurer, Trel and

e le, TOAAY,
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Other workers have used rumen fluid inoculunr and measured zas production
or dry matter disappearance to g¢valuate processed grains. There is general
agreement 1n trends; but rumen fluld 1s highly variable in nicrobial concentra-
tion with time within an animal, between animals and between doner aniral
meintenance ratlons (MeGinty, Rlggs and Kunkel, 1969; Neuhaus and Totusck, 1969;
Trei, Hale and Theurer, 1970).

Waller, Rockwell and Kohler (1970) used an in vitro system in which dlastase
was ncubatod with dry grain after grinding through a 20 mesh screen in a ¥Yiley
nill., After 24 hours, values were reported in mg Glucosc/gnm dry sample as
follous: pressure cooked flaked, 508; atmospheric steaned and flaked, 377;
pressure cooked whole, 207; poppcd, 199 and raw milo, 50.

Differences between sorghum grain types in starch desgradation from pressure

coolking or micronlzing have been reported (Llnder and Ing, 1970). Varicbles

cited included the structure of the starch granule and protein matrix. DBvalua-

(=]

tion of starch degradation was by in vitro gas production where gas was produced
by yeast hydrolysis of Glucose released by the action of amylozlucocidate on
starche. This systen has alzo been shown to be significantly correlated with

starch gelatinization as measured by loss of birefringence (r = .87)(Hinders

and g, 1971). Albin and Sherrod (1971) found this in vitro system hishly

correlated with ration digestible cnergy.in vivo.
her workers have also used this system successfully to evaluate the effect
of grain processing (Schake et al., 1970; lellcill, Totter and Riggs, 1970).
Berry and Rirgs (1971) have shown a relatlonship between particle size and in
vitro gas yicld.
Yauk, Drake aad Schalles (1971) reported in vibtro work using maltose produc-
Lion f=om the aclion of beta-arylase on processcod sorshum grain. Celatinization

was debormined by comparing malloze yicld to a standard extruded milo. Doxghun
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gelatinization from processing was dry rolled, 12%; steamcd unflaked, 8%;

Tlaked 24 1bs/bu, 363; flaked 22 lhs/bu, 40%; popped, 62% and roconstituted,

10%. Pfost (1971) reported that the hota-amylase nethod wonld evaluate starch
damage when microscopic methods were unable to pick up the effect of additiocnal
processing. FPfost, Penner and Roth (1971, unpublished) found the beta-aznylase
method to be correlated with test weight of the flaked milo (r = =.95). They
also used a Steinlite molsture tester to compare di-clectric constants of intact,
alr dry flakess There was a high correlation between maltose yield and Steinlite
reading (r = -.96) and between test weight and Steinlite reading (r = .99).
FMlake thickness was also measured with a nicrometer and the average of ten
readings correlated with test weight (r = .85).

Seilb (1971) reported that the best method for estimating gelatinization in
processal cereals is to use an enzyme susccptibility nethod and estimate gelati-
nization in the initlal, accelerated portion of the curve.

lercier (1971) cvaluated a number of grain Processing methods using in
vitro digestlbllity and starch alternation. Steam [laking appeared to be the

P

best nethod for precessing both milo and corn.
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Chapter ITI

FACTORS AFFICTING STARCIH DAMAGE DURING TIE
STEAM FLAKING OR SORGHUM GRAIN

The steam processing and flaking of sorghum grain for feod use has become
widely accepteds BSteam flaking milo can improve feed conversion and digestl-
bility as'comparcd to dry rolling or coarse grinding (M2le ct 2l., 1984 1965
a,b,c; 1966, Husted, Hale and Theurer, 1966; lVehen et al., 1966; lusted et als,
_ 1968; Buchanan-Smith, Totusek and Tillman 1968; Mclieill, Potter and Riggs, 1969;
Brethour and [y, 1969; Arnett, 19?0a,b;rYauk, Drake and Schelles, 1971 and
Arnett, 1971). It has also been shown that the improvement in utilization
obtained from steam flaking is at least equal to that obtained by reconstituting
or popping (Newson et al., 1967; Carrett, 1968; Adame, Riggs and Sorenson, 1968;
Budaly and Riggs, 1969; McNeill et al., 1969, 1970; Schake et al., 1970;
Lofgreen and Dunbar, 1970; Yauk et al., 1971; Bolson, Cox and Drake, 1972).

Hale et al. (1966) and Lofgreen and Dunbar (1970) have shown that the
degfee of flake flatness was a critical factor in obtaining satisfactory animal
performance. Frederick, Theurer and Hale (1968) reported that a combination of
heat, moisture and pressure were involved during the steam flaking process in
increasing the susceptibility of the milo starch to enzymatic attack.

A relationship between moistuﬁe content of grain and the amount of starch
gelatinization occurriﬁg during processing has been reported (Walker et al., 1970;
Riggs, Sorenson and Hobgood, 1970; Pfost, 1971; and Seib, 1971).

This study was initiated in an attempt to individually evaluate the impor-
tance of flake flatness, cooking time And moisture content in regard to the
amount of starch ruptured (gelatinization) during the process. Enzymatic suscep-
£ibility was used to evaluate starch rupturing. Berry and Riggs (1971) have

shown that processing can signiiicantly affect the grinding properties of nilo.
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Since surface area is an important factor in enzymatic reactions, an attempt
was made to use the methods of lleadly and Pfost (1970) to evaluate grinding
differences due to processing and to corrcct for surface area in the enzymatic
determination. _

B@wmmmlwmmw%

The Steam [Mlakine Process

The grain used throughout this study was “elevator run" Fo. 2 red sorghunm
which was accumulated in a 200-ton hoppered steel bin. The grain was harvested
in September and Cctober (1971) and the flaked grain samples taken throush
April. The moisture content of the grain averaged 15% and the test weight
57 1bs/bu. Prior to flaking, the grain was passed through a 17/64" round hole
screen and over a 4/64" round hole screen to remove foreign objects. IHulls
and other chaffy material were removed by dropping the grain through an upward
noving air stream. The grain was stored in bins gbove the steam flaking equip-
ment where it remained until use.

Steam processing was done in a Ross model 960 (96 cu ft) stainless steel
steanm chamber with a capacity of about 4300 1lbs. Elght steaming tubes ran
through the steam chamber at five different levels. The steam was supplied by
a 40 hp Superior scotch merine boiler operated at 70 to 90 pci. The steam was
released to atmospheric pressure within the steaming chamber end the temperature
of the grain elevated to 210°F.

The rate of grain discharge freom the steam chamber to the flaking rclls
was regulated by a feeder roll and ad justable feed gates The Ross Heavy Duty
roller mill with 18" diameter x 24" long rolls, corrugated with 24 Stevens cuts/
inch and powered by a 40 hp electric motor was immediately below the stcam

chanbhor.
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The hot, moist grain passcd between the flaking rolls which were set at
" zero tolerances Normally this statlon produces mile [lakes weighing 24 1bs /bu.

Make Test Welgzhi

The bulk density or test weight of flaked grains is commonly used as a
gquality control parameter. There may.be much variatlon between the test weight
of wet, fresh flakes and air-dry flakes. Unfortunately, nuch of the literature
is vague as to the method of mezsuring test welzht.

In this study, test weight was determined by sampling from directly below
the rolls with 2 long-handled ladle. The sample was taﬁen by moving the ladle
from one end of the rolls to the other at a uniform rate. The flakes were
immediately poured (loosely) into a l-ﬁint test welight cup from a height of 3
to & inches. The cup was struck level with a standard maple strike-off board
and test weisht taken.

It would seem logical to measure flake thickness by some more direct method,
such as a micrometer. This is, however, quite difficult to do accurately. Roth,
Penner and Pfost (1971, unpublished) correlated [lake thickness with test weight
(r = +85)« The results are illustrated in Appenﬂiﬁ 3.

Normally, flake test welght is altered during operation by altering the
rate at whici grain enters the rolls. It was desired to keep the amperage draw
constant for this study, and "o adjust test weight by altering both feal rate
and roll pressure. The flaking mill was operated at 75% of the rated full-load
amperage for 2ll samples. [lakes were produced weizhing from 16.5 to 47 1bs/bu.
A11 samples were alr-dricd in a ilemperature Controlied roocm, then ground in a
Viley mill through a 1 mm screens. Starch damage was determined by in wilre zas

manonctry and surface area ncasured by sieve analysis. UPachine capacity was

SR o Foi SN [ O - N O~ B B S A SAE o B . Q.. \
gt e Puediltind srpe welel bal wesl deioiEd by collieting and. wed sl
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tolal output of the flaking rill for 1 minute.
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Retention Time

The amount of time grazin is held in the steam chamber depends on the
volume of the chamber and the rate of grain withdrawal. Conventional steam
chests provide mess flow of the grain rather than the "funneling" which occurs
in many hoppered tanks. During flaking the grain enters the steam chamber at
the same rate at which it is discharged to the roller mill and the process
becomes continuous.

To study the effect of retention time, the roller mill was operated
routinely Tor an hour or so and the steaming chamber allowed to empty out.
This was ample time for the flaking rolls to become heated to normal operating
temperature. The stean chamber was refilled and the grain steamed as a batch.
When the mass reached 210°F the mill was started and samples of both unflaked
and 25 1bs/bu flakes were tzken at various time intervels. Values cited for
:etention time were not absclute, but were relative and should be valid for
comparison., |

Foisture Gontent

A portion of the normal run grain was s{ored in a small bin equipped with
an aeration fan and dried to 13.8% moisture. Other portions were placed in a
rotating drum nixer and water added at 1, 2, 3, and 4%. The wetted grain was
allowed to temper for at least 2L hours prior to flaking. Samples of Lhe Taw,
steamed-unflaked and 25 lbs/bu flaked milo wore prepared from the dry, normal
and wetted grain treatments. All samples were taken after sufficient rolling
time to allow the rolls tec warm to operating temperature.

In Vitro Gas Prcduction

An in vitro gas production sysiem was used to estimate starch damage.
Samples were alr-dried and ground as described preovicusly. One gm of raw or

steam processed-unflaked grain or 0.5 gm of flaked grain was weighod into a
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125 ml Exrlynmeyer flasks An enzyme solution containing 1.25 gm Diazyme 160
(Miles labs, Inc.), 15 gm Fleischmann's dry yeast and distilled water previously
warmed to 390C to meke 500 mle This solution was prepared fresh for each run
and held at 390C until use.

After adding the sample, the flasks were placed in a shaking water bath
at 399C. The water level in thé bath wes apfroximately at the 50 ml level of
the flasks.

The gas entered the top of the 50 ml burets and displaced 1 N. sulfuric
acid. The acid was displaced through a leveling tube attached to the boitom of
the buret end to an adjustable clamp on the buret. The clamp was ad justed
prior to cach reading so that the level of the buret and discharge tube coincided
and there was no pressure irn the systems Two burets were connected to flasks
containing flaked grain to give added capacity. Burets were Tilled and adjusted
to zero prior to connccting to the fermentation f}asks. A vent was provided in
each connection hose so the flask stoppers could be inserted without displacing
acid from the burcts.

To initiate the reaction, 20 ml of the warm ensyme-~yeast solution was added
to each flask in the water bath; the sloppers inserted and the vents closed. A
timer was set at the closing of the first vent. Vent closure and readings were
done in crder from burets 1 through 18. Readings were taken every 15 minutes,.
for 2 hours. The apparatus was adapted from Trei, Hale and Theurer (1970}, A
standard raw sorghum grain was included in cach rune.

In trecatments where moislturec was a variable, samples were taken in sealed
glass Jars and noisture determined by lwo-stage oven drying.

The 100 gm ground samples were sieved 5 minutes using a Ro-tap silter .
prd Toler siove shanl enri=inine the no. 20, 28, 35, I8, 65
L

Sicve analysis eguipment made available through courtesy of the Dept. of Crain
Seicnce and Todustry, Vansas Stote University, Manhattan.

, 100, 150, 200, 270
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and a pan. -A dispersing agent ( ab-o—sil) wes used 28 well as two round-ball
sieve clcancrs per sieve. The dispersing agent was added by volume and was
about 0.47 zn (average weizht of 10 volumes of cab-o-5il). The geonetric mean
particle dianeter, standarnd dev1at10n, total surface arez/gm and number of
particles/gm were calculated as described by Headley and Pfost (1.970).

Stepwise deletion (alpha = .05) miltiple regression was used fto interpret
the gas yleld data.

Results and Discussion

The cffect of flake flatness on in vitro gas yield and sieve analyslc is

shown in talle 1. -Readings of gas productlion were ioken every 15 minutes fox
2 hourss The rate of ges relcase was most rapid carly and decreased with iting,
since Diazyme 160 iz an amyloglucocidase, acting on the non-reducing ends of

- 2

starch chains. The number of these active sites iz maximal at the initiaticn

£ the reactlon and decrcases as substrate is degraded to D-Clucose uniiz. The
yeast wes able to convert the CGlucose to gas as fgst 23 the Zlucoss was roleased
from starchs This iz evident by the rate of gas production where D-Glucoce
alone was used 23 the substrate. The observed tinme vslbau yleld relationship
agrees with Valker et al. (1970) and Seib (10?1), who also noted that cstimation
of sltarch dameze should be mede early in the incubation where substrate 1z net
limiting. The 30-ninute readings were chosen for comparisons The 30, 60 and
120-minute rendings wezre presented in order to establizn the roiatio ship of gzas
yield vs timc.

A sample of cxtruded nilo waes iacluded for reference purposess. The cxtru-

sion precess s nozmally expscted to preduce total gelatinizaticns The milo was

sround through o 1/16" liermernill sereen pricr to extrusicns The average por-

. o S A - v £ v i
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X=25 Yenger extrudcer throush a 3/8" die. The grain temperature reached 285¢0F
at the die head and rermained in the bLarrel 12 Lo 15 secoimds. & I1-hour incublo-
tion with beta-anmylese at UOC yielded 211 gm maltose/gm sarple.
was ground throuzlh a coffes grinder and was obwlously fincer than the flaksd
srain semples which were ground through a 1 mm screen in & Wiley wmill. Amonz
the greound flale samples there was a trend towarxd incressing particle sice and
decreasing surtece arez as processing severity ineresseds This frend must be
attributed to a difference in grinding properties due to processing, as =11
anpleos were air-dricd and ground in the same nill.

Retention time in the steam chest, within the limits stuulcd did not

appear to influence ges producticn. Accoxding to the regression equations (tabtle

I}, increasing retentlon time tended to decrezse the zas yield of the steamed
unflaked sanmples; but increased zoes production of the flaked somples. In cither

czse, the regression coefficient of the retention time is emall. Hale ot 2l

inadequate to impreve

E:_.
o
0
=Y
w

(1965¢c) reported that retention tine of 3 to 5 minut

3

’-E‘.r‘

cattle performcnce while Carrott, Lofzrecn and Ml (1965) found no differences

in gein or efficlency between dry rolled milo and nilo steamed € minutes prior

Tncrezsing moisture prior to nopping grein (Wolker et al., 1970) and

preseure ceoking (Plogt, 1971) has increascd in viftro onwyre susceptibllity

Addings moisturce prior to flaking has not boen stidicd. In this study, inteedsing

iy

molsture Sncreosed zos yield az is evident frowm the regression equations. Thare

was no 4ifTiculty in fluling the rmilo al any of Lthe Indicaled moisture lovels

and machine enpacity moy hove been inereased (t2tble 5).



Table 1

EFFECT OF FLAKE T.uST VEICHT OF
IN VITRO CAS YIELD AND SIEVE ANALYSTS

M pas/rn Particle Surface Il 52g/100 Standard

Test wt  Incubation timc {min) diamcter area gn cme raw milo

(1bs/bu) 30 60 120 (microns) (sq em) (30 min) (30 min)
7.0 12415 16455 25.50 377 151,01 804 11425
43.5 12475  17.95 28.30 390 144,17 8484 10.80
43.5 12.65 18,20 26,00 356 162422 7480 10.80
41.0 18,30 25460 38.20 371 149.21 1226 1175
38.0 21.70 3200 49,90 381 140,90 15,08 1175
3545 2300 ° 3770 61470 392 138.85 16,64 11420
33.0 40,20  £1.20 92.20 361 159,91 2514 11.8%
29.5 53.30 £80.50 11540 Loo 131.06 LO.67 11.85
2645 66.10  97.70  131.60 421 125,47 52 468 11.85
23¢5 72450 105,00 137,10 Ll 116459 62.18 10,820
2e5 82,20 116.70 147.90 b11 020 636 10.80
2045 88.00 Y22,90 153.10 L37 117.14 2R 10.80
19,5 83.60 125.10 156440 iy} 114.75 ¢y e 11.25
1745 08.40 131.80 161.90 L26 118,90 82.76 11.25
16.5 101.90 135.00 161.20 Log 123.36 32,60 1125
Ixtruded 106.50 121,90 129.10 267 203,86 52,24 11.20

D-Clucose 164,00 262,00 264,00 ' 11.85



Table 2

UPTICT OF STEAL CHIST RUITHITION TIND ON
I VITRO CA3 YILLD ARD SIZVE ANALYSIS

Sleve Analysis

Retention 1 mas/om Particle Surface 101 gas/iOO Standard
tine Incubation btime (min) diameter arca C nilo
(min) 30 60 120 microns crnf/gn (30 min) (30 min)

Steamed-~unflaked

20 12,90  15.20 19.65 431 1z2:e7 10453 11465
34 12.20 1430 18455 418 126495 9.4, L5
L2 12,25 1#.55 18.75 118 126,10 0.71 11:65
50 11.90  14.00 18425 368 151 .54 7 o Bl 11.65
50 11.10 13.70  18.15 hal 176455 8.72 11.95
50 12.60 14,95 19.40 420 126455 9.96 11.65

Tlaked 25 1bs/bu

20 57,40 93,30 133,50 L16 125406 53472 11.@5
Lo 70,60 102.70 138.60 ull 125,43 56429 11.65
50 71,50 103.70 138.20  h23  120.69  59.2h 11.65

< Zor I a0 P o o) [ 13_.65
50 72 c?u 10)|)G 1. 30 ik Q 1526 o 05 S0

50 72,30 105.10 142,10 Loz 187,16 56475 11465



A

Table 3

EFPECT OF MOISTURE GOl ON I VITRO CA3 YISLD AND SIEVE AUALYST.

ML _mas/em Particle 3Surface ! gas/ Standard Two-stage
Treatment Incubation time (min) diameter area/gm 100 em* raw milo oven
30 60 120  microns sq em (30 min) (30 min} moisture
Raw grain
Dry 14,25 15455 2150 392 147428 9.68 12.5 1547
Normal 12.75 .00 19.60 387 147453 B.64 1245 14,5
+1% 12.85 15.20 19,90 387 146.31 8.78 1245 15.9
+29, 15465 19.35 25,80 397 48,59 10.53 13.0 19.6
+3% 1485 18,20 2k.40 410 139.23  10.46 13.0 22,1
+4% 14455 18,15 24.25 423 129,54 11.21 13.0 2143
Steamed-unflaked
Dry 10.35 12.30 14.95 379 140.81 735 12.05 T8 7
Normal 10.05 12,05 14,85 L0l 127.79 7.86 - 12.05 217
+15 14,30 15,70 18400 363 150.20 9.52 11.20 20,9
+2% 13475 16,20  19.70 L8 128.07 10 7% 11,20 21.6
+4% 12475 15«35 18+85 416 136,61 933 11.20 )
Flzked 25 1bs/bu
Dry 672 98,9  132.9 365 140,55 7,01 12,05 1549
Forrnal 650 95,4 129.0 392 131.65 9,37 12.25 15.3
+1% 735 107.1  138.0 386 136.69 53,8k 12.05 153
+04, A5e5 20.4  136.0 428 125,07 52437 1045 153
+3% 657 99,7 137.8 - 427 127,04 51472 10445 202
w42 £7.8 103.7 141.2 H15 130,87 51.81 10.45 20,9
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Table 4
FMULTIPLE REGRESSION EQUATIONS OF THE VARIABLE PARAMETERS
. 5 Data
Variable RHegression Equation R Points

Test wt Y

52,2810 = 1.44600 + 1.4717T — ,0005THE .93716 270

Retention time

Unflaked Y & 55628 m_.0?o2R + ,1507T 84053 108
Flaked Y = 7.2168 + ,0673R + 1,3137T 97112 90
(25 1bs/bu)
Moigture
Raw grain ¥ = =3,8528 + ,33591 + ,2404T - .0011T2 89111 108
Steaned ¥ = ~7.5090 + .46301 + ,2192T - .00127° .80443 108
Flaked Y = -19,0960 + 1.2653H + 1.6166T - .0069T2 .98217 108

(25 1bs/bu)

i

where ¥ = ml gas/lOO cm2 surface area

W = test weight (1bs/bu)

It

T = incubation time (min)
R = retention time (min)

¥ = moisture content (%)



Table 5

ZFFECT OF VARTABLES CMN FLAKING KILL CAPACITY

Variahle

No. Sanples

Test weight {1bs/bu)

28
26
25
24

2345

22
21
20

HENDE oM

Retention time (min)

20
40
50
Folsture

Dry

Normal

+1%
+27
+37%
+%

LI LI W L WO AW

Mill capacity
(Los/min)

H

i§§§Ch~q-q\ot4

O oo O
- @

-

WMn o oo 0o

D0 O 3 N N T
O~ oOo WK

Lnin\w N ©

1 samples taken wilh 757 full-load amperage
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Summary

An experiment was instigated to study the effect of individually varying
flake flatness, retention time or mecisture content when steam processing and
flaking sorghum graine. A&n in vitro system was used to estimate starch damage
in which gas was.produced by yeast fermentation of suzars from amyloglucccidase
degradation of starch.

Surface area of the incubated grain samples was estlmated from sieve
analy;is data and gas production comparisons made on an equal area basis.

Increasing flake flatness was particularly effective in increzsing 8o
yield, cspecially below 33 lbs/bus Over the range of 16.5 to 47 1bs/bu, the
average response was about 2.5 ml gas/100cm? area (30 minute incubation) for
each 1 Ib decrease in wt/bu. 7

Retention time at 210°F had little influence.on starch damage within the
range of 20 to 50 minutes. There was a small increase in gas yield with addi-
tional cooking time, bul the coefficient was small and of little conseguence.

Increasing the moisture content 6f the raw grain from 13.8 to 22.8% prior
to steam processing aﬁd flaking increésed both gas yleld and machine capacity
with no difficulty in flaking the wet grain.

Flake flatness had the most influence on starch gelatinization. Test
welght of the flaked grain is apparently an accurate predictor of ranking in
rezard to starch damage. HNolsture contcnﬁ of the grain prior to flakinz had a
lesser bub noteble effect. Surface arca/sm tended to decrease as flake flatness
increased. The magnitude of this difference appears sufficient to Justify a
surface area corrcctlon when using enzymatic susceptibility tesls to evaluate

grailn processinge
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Appendix A
Prelininary York
J
4n enzymatic susceptibility technique utilizing bheta-amylase degradation

of sorghum starch was used to study the relatlonship between test weight and

elatinization of flaked sorghum grain. The parcent gelatinization wes
obtained by comparing maltose yleld of the sample grain with that of extruded

milo. Samples were collected at random over a long period of time and showed

consideratle variation within test weight; probably duc to non-uniform srain,

+

AT
L

retentlon tine, moisture or machine load The results arc shown in table 4A-1.
The method of comparing against extruded milo was not coasidercd satisfectory,

as the 1 hour maltose yield of extruded milo may vary from less than 200 ng to

330 mg or more due to variation in extrusion precsure or noisture content.

Table A=l

DFFECT OF FLAKE TeST WEIGHT ON 3TARCH GuLATINIZATION

Test wte Gelatirlzation, Test wta Gelatinzzation

1bs/bu % 1bs/bu %
25.0 - 38.70 2245 37456
2.0 Wy 53 2245 5253
2.0 30.30 22.0 39.01
2h.0 35.12 22,0 36.84
21,0 37.5% 2140 49.33
2345 50447 2140 B1.60
2300 3?-"',‘6 20-0 ?5-05
230 L6472 popped milo 79450
23.0 52,02 popped milo 7347
2245 L2 L8 flaked wheat 108.19

' cereal

extruded milo 100,00
An attermpt was made o utilize an in vilro zas production system which wuas

built Tor the purpeze ol screenlng crein sorshun varictics foirr possible
differences in digectibility. The system involved incuboting 1.00 zm samples
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phosphate buffer in a water bath at 39°C. The doner animals were fistulated
“otecrs fod én an all-concentratc milo diet. This system appeared to offer
possibilitics for rapid evaluaiion of grain processing; howevor, there was
some problem in the variability of rumen fluid concentration and rather large
blanks due to substrate particles remaining in the Filtered rumen fluid.
Typical results are illustrated in table A-2.
Table A-2
Il VITRO GiS PRODUCTION EVALUATION OF CRAIN PROCIS3ING
Description Incubation time (hours)

0e5 1.0 1.5 2.0
nl gas/gn

blank 34 6.2 Ball 10.9
unprocessed milo 6,0 11.0 161 2140
steaned-unflaked 7.0 13.3 206 28.2
flaked milo 20 1bs/bu 27 1 2345 32.8
flaked milo 20 1bs/bu el 1543 235 3345

6.0 12,3  19.2 26k

reconstituted milo

=

The in vitro system was then modified by using a commercially available
amrlozlucecidace (Diazyne 160) in place of rumen Fluid, Yeast was added to

convert the Clucose Lo carbon cdioxidce. This systen eppeared to be much better

L]

adapted to evaluzte the effects of grain processing. A shaker water bath
replaced the conventional water bath and helped to solve the problem of cub-
strate settlinge. Results obtained with this modifled system are shown in table
i=3s This table also presents data on the ability to duplicate a selling on
the flaking mill. The indicated samples were all produced on the same day with

the sane let of grain, but the machine seblings were altered and later reset.

3

Theze results indicated that a2 given test weight within a lot of grain ard with

equal moisture and xelention time anpeared to be guite similar in gas yicld.
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Table A=3
SVALUATTON OIF ABILITY TO DUPLICATH MACHIND SOTTING

Test wt Incubatior im e (min)

n Lol
Sample no. 1bs/bu 15 30 45 o0 e a0 105 120
11 gas/gn
69 | 26 B.6 17.3 25.5 32.3 38.9 L4.9 - 50,80 56.2
69 26 9.7 194 28.6 36,0 L3.2 bo.7 56,0 $1.0
76 26 0.2 17+9 2642 33.0 39,6 45.8 51L.8 57.3
76 26 9,2 18.2 26.5 33,9 k0.1 46,9 5344 59.2
71 2l 10.4 21.5 21.1 40.3 49.2 564 63.6 69.9
71 2 10,1 205 29.5 37.9 h6& 53,2 60,0 66.0
- 75 2l 10.3 21«4 30.3 37,9 bL5.9 52,5 58,9 6.0
295 2l 10,6 21.6 303 30.2 46,3 52.8  59.4 65.3

At this point, 1t was thought to be desirable to look at enzyme and yeast
concentrations in the golutione It was necesscary to have a soluilon 1n which
substitute availability was the only limiting factor. Since D-Glucose is the
degradation product of amyloglucocidase action on.starch, Glucosc was used Lo

am

test the effcct of yeast concentration. The use of 0.60 gn yeast with 0.50 gn
Glucose was adequate to provide complcte fermentation in an hours This was
T

considered adequate since plans were to use 2 hours of incubelion time. These

vesults are Lllustrated in table A-l.
 Table A-d

EFFPECT OF YBAST CGCHCLMTRATION Ol GAS YILLD PER CGRAM SUBSTRATE
(D-Glucose)

Substrate Yeost Haler .
(an {(gn) (1) 15 30 &5 G0 75 S0 105 120

Z0L.0

0.50 0425 20 32.2 55,8 B0.6 106.% 132.0 153.0 135.2

1.00 0e25 20 33.8 58,0 83.6 111.0 138.2 152.2 156.9 1814
1.00 0.75 20 5149 93,9 133.7 175.2 216.2 241.0 211.0 242.5
0450 0.60 20 864 152. 21046 20b5.0 20,0 24G.8  2h7.4 247.0
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A highly fermentable flaked wheat prodnct (Vheaties) was used to chock
the engyme concentration. From the data (table i-5) 1t appearcd that 0.0 zm
Diagzyme to 0450 gm substrate was probably adoﬁuatc. However, it was decided
te use 0.05 gm engyne in case more highly fermenlable substrates might be

encountered.

Table A-5
IFFICT OF INZYIE CONCHITRATION O GAS YIELD PER CRAN SUBSTRATE
{: hoatlca
Substrate  Enzyme Vater Incubation tine (nin)
(rm) o) (m1) 15 30 [ 60 75 90 105 120
Kl gas /gn
0.50 0.01 20 71.6 110.2 132.0 14,6 153.,0 158.2 160.2  163.4
0450 0.02 20 73,2 124,00 143.8 153.0 158.2 1614 1624 164.0
0450 0.04 20 89.2 148.6 1A4.6 169.6 172.0 173.6
0450 0.05 20 90.0 184.8 169.6 173.8 1756 177.2

The finalized procedure is shown in Appendix D.
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Appendix B
Stean IMaked Milo
B

I
ie

lare loth, Maurice Pennexr and Dr.
{1971 wapublished )

A brief investigation was made to study some quallty control parameters
of the steam flaking process. Previously cleoned whole grain sorghum (14.57
noisture) was introduced into a 96 cu £t steaming chamber. Live stean was intro-
duced into the chamber at éight positions until the grain reached 210°1. This

required about 13 ninutes.

Yhen the feeder roll was engaged the process becane continuous with jrain
entering the steaning chanber as fast as it was dischaxrged to the rells. The

grain temperature vas maintained at 21007, The rolls'were corrugated (24
tevens/inch) and were operatod at zoro tolerances
Jo samples were talken during the first hour of operatlon so the rolls cowldd
reach normal operating teﬁperature; Samples were talken of original, steanecd-
Test weight

wnflalzed and flaked grains. was taken by collecting a sanple Tfrom

immediately below the rolls and from ine
full-load amperage dray of the motor was
The naltose yleld was determined on

using beta-anylase.

{1

Male thicknes

micironcters. A

tension was The tenslion

corrusations on tha flales.

Steinlite »eadinngs uvere nade on flal

Peplbing was made by using equal sample welghts or cqual cample volumes.

entire width of the rollse. The percent
noved. at the time of sanpling.

oven-dried, ground samples of 1.00 gn

neasured on noist, room tenperature flakes using e
placed in the nicrometer which was then closed unlil

epolied woas sufficicent to [latien the

;oo that had been alr-dried for 3 days.
Nead-~



The oven molstures were only single stege and may be 1 to 29 low.

The results of the various neasurcnents arce 1llustratod in table T-ls
Faltose yicld trended upward as lLest welsht decrensod, The use of the Sho

molsture tester as a quality control per-neter anpeoars to hove considezobl
merits The A seale reozding s the most censililive and the cdunl volume met
arpears equal to welzhing the sanples. Iinear corvelation cozfficients ax

shovn in tabhle 3-2.

inlite

el
2

hed

'e)
-



Table B-1

PARAVMETERS OF 3TuAM FLAKED FILO

Steinlite

Flake * fqual wté  iqual voll Roll motor

Sample & Test wt  thickness  scale scale taltose  amperage %
Process (1bs/bu) (.001 in) A B A B {mg) (% 50
Raw 1 57.60 L4i.c 14.0
Steaned

1 56420 23.8 18.0

2 56420 2341 19.0

3 56,20 ' 25.0 18.6

Ly 56430 2245 17.9

5 56.30 23.8 18.7

6 56,00 . : 2245 18:2

5
5

WM H ONEuo A
g
™
~3
\n

30248 35.6 95.0 29.2 99.0 23.0 47 60-61 16.5
26425 28,1 85,0 22.1 85.0 22.0 53.8 6263 1646
2542 73,7 1.2 73,0 14.0  76.2 76=77 1544
21.00 27.0 68.0 11.0 68.C 11.0 69.4 7775 1
20.50 271 £6.2 10.2 4.0 9.0 1.8 7778 15.8
18.50 25.8 58.7 6.5 56,0 .5.0 91.0 75-77 1543

Standard 225.0
ixtruded
Table B-2

LINEAR CONRELATION CORFRICIINTS DRTVEE INDICATIED PARANETIRS
Steinlite '

L3 ] oL - in - %,
Test wt Make thickness™ BEgual wt? lquald vol3 Ialtoze
r = (1bs/bu) (.001 in) Scale A Scale A (1)
L < X X
A A ¥
- g DL b b
- QL0 h4 ' X
35 e X
T
997 X )
-998 A A

1 Averase of 10 flokes
100 m

- g v

Iy



hppendix C

Sanple Printoul of Sicve Analysis Data

K.3.Us SIEVE ANALYSIS

Mnter the weight of the material on each indicated sieve., Be sure to index

GO after entering each weight.

Tyler Ho. Grams
3 .00
b ; 00
6 +00
8 +00
10 «00
20 ' 1.65
28 34.80
35 24.90
b8 11.80
65 10470
100 6410
150 5407
200 1:32
270 1,10
pan A0
The geometric mean particle diemeter is 417,33 microns
The geometric mean stondard deviation is 1.80
mter true specific welzht for the naterial 1350
The total surfacc area per gran is 28,52 square cn

If particles resenble cubes, index 1, if spheres, index 5238  1.0000

The number of particles per gram is 5535159

5l



Appendix D
In Vitre Mfas Production ¥or Ivaluating Processed Crain

3 W o |

Ga [l Roth and R. L. PeCollough

Departnent of xﬂlmal Science and Tndust;
lansas State University

Procedure
I. Apparatuc.
Ae  Cas manometer system: 50 ml burelts were used as collectilon vessels,
displacement liquid was 1 M. svrfuric acid with nethyl red added to
facilitate rcading., Two burets were connected by use of a "I Jex

processed sanples

By Thermostatic shaker water bath with reck suitable for holding 125 ml

1.

Erivnnmeyer flasis
Ce. Iaboratory balan ée with O 0L #n accuracy.
IT. Prepzration of Grain Sanples.
de  Alr dry canples.
Bs Grind samnles through a 1 mm screen in'wiley mill.

C. Roll samples until blended and D]”Pe in oamnle contaiqer with spatula.
Jontainer should be molsture tight.

IIT. Fnzyme - Yeast Solution.
Ae Weish out 1425 gn of Diazyne 160,
B. Heigh out 15.0 gnm Meischmann's dry yeast.
€. Jnantitatively transfer enzyme and yeast to 250 nl volumetzic Tlashk.

D. 4dd distilled water at 39°C to 250 ml. Shake vigorously after zdding
about 1/2 of thec water.

By Transfer to 500 ml Arlynmeyer flask, shalke vigorously. 4Add another 250
nl 300 diztilled water and shake againe

e Tlace [agk coniw ininy nixed solution into 39°C water bath until uscs
Une as soon as nooaiblc.
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TVs Operation.

As Ralse discharge tube holders to top of burets, add acid to 0 ml maxlk,
insert stoppers of gas inlet hoses into buretz, lower dischorre tube
clamp wntil menisel coincide ot O nl.

Be CUheek to see thal all vents are unclampod.

€. Iiix enzyme-ycast solution.

Do Weigh 1.00 gm unprocessed samples oxr 0.50 gm processed grain into 125 nil
Orlyameyer flasks and place flasks in shaler water bath which has beon
prehsated to 390C. Wator level in shaker bath should be at aboul 50 =l
level of the HErlynmeyer flasks.

e Add 20 ml of engyme-yeazt solution to each fermentatlon flask.
y ¥

F. 1Insert stoppers fron gas inlet tubes into fermentation flasks. Desin
shaking action on water bath.

Ge Close vents beginning with buret 1 and continuing in oxder to buret 18.
Turn on laboratory timer sel for 15 minutes at closing of vent 1.

Ha Take readinss on burets 1 through 18 every 15 minutes by first Tovoring
discherge tube until acid levels coincide, then recording buret level
at bottom of meniscus.

II0TE: When there is no interest in plotting gas jicld or using statisticzl

regression, one reading at 30 minutes may suffice to compare starch damage.



Appendix B
faw Data
The raw data, usol in the calculation of the regression equations prescnted
in this paper,A’s punched on IDN cexds and filed with the Department of Animal

Science and Industry, Kansas 3tate Universitye. The cards are in six decls and

are labeled as follows:

Column 1 Column 2 Column 3 Column 4
Deck 1 Test wt Incubation time &wﬂm Surface area

(1bs/bu) {min) (L) (cmzjgm)
Deck 2 Retention time  Incubation time Cuz/gm Surgace area
(iMaked 25 1bs/bu) (min) (min) (1) {en=/gn)
Deck 3  Retention time  Incubation time Cas/gm Surface area
(Steamed only) (min) ~ (min) (nl) (er? /em)
Deck 4 Moisture Incubation time Cas/gm Su§face area
{(Moisture-xaw) (%) (min) (n1) (em</gn)
Deck 5 Moisture Incubation time Gas/zm Surgace area
(Moisture-steamed ) (%_ (min) (ml) (cm? /gm)
Deck 6 Moisture Incubation time Gas/gn Surface area
(Modsture-Flaked () (min) (nl) (cr/gm)

25 1bs/bu)
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FACTORS AFFICTING STARCI DAMACE DURING
THE 3TEAM FLAKING OI' SORCHUM GRAII

Abstract

The contribution of flake [latness, retention time and moisture content teo
the amount of starch damege obtained during the steam processing and flaling of
sorghum grain was studied. The cleaned, whole grain was introduced into a 96 cu
Tt steaming chamber and the temperature elevated to 2100F with atmospheric
pressure steams The conditioned grain was then flaked through 18"x24" flaking
rolls.

The effect of flake flatness was studied by simultancously altering feed
rate and roll pressure to produce flakes ranging from 16.5 to 47 1bs/bu while
mainfaining the amperage draw at 75% of the rated full-load for the 40 hp motors

Retention time was studied by batch steaming the grain after a preliminary
rolling period to heat the rolls. Samples were taken which had been steamed at
2100 Tor 20 to 50 minules.

Original grain (14.5% moisture) was slouly dried to 13.8% or was welted in
a.horizontzl mixer by adding 1, 2, 3 or 1% water and tempering a day prior to
flakinz. OSanples were taken of the raw, steamed and 25 lbs/bu flaked grain.

Samples were air-dried, ground in a Wiley mill through a 1 mm screen and
re-blended. Duplicate samples of 1.00 gm raw or steamed grain or 0450 gn flaked

ain were incubzted 2 hours at 390C with 0.05 gn amyloclucocidese (Diazyme 160),

=
F

0,60 gm Fleischmann's yeast and 20.0 ml distilled water. Cas yleld readings were
taken every 15 minutcs and convertod to an equal substrate surfece area basis
where surface area was calculatoed from sleve analysis data.

2

The regression equation relating wl jas/100 cw™ surface arca (Y), test

&

weight (V) and incubation time (T}, was Y = 52,2010 -~ LJAGOT + 147177 -

L0005~ and illustraies that decreasing tost weipht increoces gas yiclde A



1 1b roduction in wt/bu reswWlted In a 2.5 11l averaze increase in gas yield/
100 cn? at the 30 minute readinz. Test weight appeared to be an excellent
predictor of gas yield ranking.

Retention time {within the range of 20 to 50 minutcs) did not influence
gas production since the coefficient of the retention *"we (R) term qf the
regression equation was only 0.0673.

Flaking nilo at elevated moisture (I) appcared to increase both starch

ar

damage and machine capacitys The flaked grain regression cquation ¥ = -19.095
§ 1.265310 ¢ 1.6166T - .0069T2, supports this conclusions
The three variables stulied, test weight; retentlon time; and moisture,

o

were all of sufficient importance to be retained in their respcctive regression

equations efter using a delete opticn with alpha = .05 in a multiple rcgression
program. lloviever, ltest weight of the flaked grain was most useful in altering

starch damage.
Sieve analysis and surface arca calculations indicate that there may be

considerable differences in the grinding properties of processced grains, with

=

differences large enoush to justify incorporating surfece area as a correclion

Tactor when using enzymatic susceptibllity to evaluate grain processing.



