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Two separate investigations of substrate digestion by a culture

of rumen microorganisms were conducted. The effect of processing

method viz. dry ground, dry heat, reconstituted ground, reconsti-

tuted whole, steamed (o kglcr| and 6.8 kglct#) and cooked, on dry

matter digestibility and volatile fatty acid production of common

feed grains r.^ras evaluated using a closed in vitro technique. In

addition, in vitro dry matter digestibility of faba bean (Vicia faba)

cuftivars containing vari-ous amounts of condensed tannin was studied'

Thereappearedtobelitt].eadvantageinprocessingrye,high-

fat oats, normal oats, waxy barley and normal bartey either by "hot"

or ,lcold" processing methods. cooking increased (p ( o.o5) in

vitro digestibitity of waxy barley compa,1'ed to the dry ground treat-

ment, possibly by increasing the digestibirity of components other

than starch. Heat treatments including popping and roasting de-

creased in vitro dry matter digestibility of corn compared to the

dry ground treatment, while reconstituting whole and ground corn

inereased in vitro dry matter digestibitity. Heat treatment did

not always produce a low acetate:propionate ratio in the in vitro

fermentation system for all grain species. In addition, the lowest

acetate:propionate ratio was not always concomitant with the highest

in vitro dry matter digestibirity. A determination of extent of

gela-r,inization of heat treated cereal grains revealed that cooking

altered all cereal starches to the greatest degree (1> < O.O5).

Steaming at O or 6.8 kg/cï? and dry heating did not appear to alter

rye starch.

ABS1RACT
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i,trhol-e bean in vitro dry matter digestibility was significantly
f ^ t ^ ^-\(P < O.OJ) greaLer in tan¡in-free faba bean cul-tivars than in tannin-

containing cultivars. rn subsequent trials where the cotytedons

and hulls of some of the cultivars were exaf,nined separately, this

difference i/üas shown to be largeJ-y due to the higher digestibility

of hull-s from the tannin-free cultivar. Regression analysÍs in-

dicated that in vitro digestibiJ-ity of the whole bean may be equally

rel-ated to hull tannin content and hull lignin content. Autocl-aving

various faba bean fractions decreased (p < o.o5) in vitro dry matter

digestÍbitity of protein concentrate, whole beans and cotyledons,

but, had no effect on digestibility of hul_l-s and starch. Adding

condensed tannin, isolated from faba bean hul]s (cuttivar, Diana),

to the fermentation media decreased (p < o.o!) in vitro dry matter

diqestibilitv a.nd in vitro nrotein dic¡estihilitrr nf f¡lro Laon!r v uvr¡r vJ vr f @U@ UçAt

protein concentrate. It is unknown whether the effect of added

tannin was mediated through binding of sample protein or binding of

iha rnn-n¡nf oì- l¡art of microbia.l pnzvmes _ prcliminarv exneriments-*_- *l.- ufi¿JrrruÐ. If,u¿!¡rrri(.A

indicate that condensed ta¡nin added to the fermentation media

had no effect on i-n vitro dry matter digestibility of corn starch,

but, further experimentation is necessary to confirm this observation.
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rn order to maximize the grov-bh rate of feedlot cattle, large

amounts of feed. grains are being incfud.ed in the finishing ration.

since feed. costs constitute roughly two-third.s of the total cost

of gain, there is a sustained. interest in obtaining maximum per-

formance with the feedstuffs. As a result, preparation and pro-

cessing of feed. grains is receÍving considerabl-e attention.

-2-

INTRODUCTION

To determine vhich grain processing methods prod.uce beneficial-

resul-ts in terms of efficíency of feed conversion, livestock'performance

end dìooeJ:'íÏrr''l ìfr¡ friq'la m..o*'l^.vrurfruJ rJr-ra-LS lilusu oe carried. out. Tn attempting to eír-

crmvent these costly and. time consuming feeding trials an¿ establish

reliable indicators of utilization, in Vitro techniques have been de-

veloped. The present investigation mad.e use of such a technique to

screen a large number of samples of rye, corn, barley and. oats proces_

sed under various cond.itions ranging from mil_d. to very extreme.

Research evaluating processed. oats and rye is fimited. therefore. it

was thought that in vitro information on these tvo species may be

useful . Tt rn¡as anticipated that a study of in vitro dry matter dis_

appearance and. in vitro volatile fatty acid production would contribute

to'the general knowledge of util-ization of processed cereals by rumen

microbiota.



cereaf processing methods are aimed. prinarily at increasing the

efficiency with which nutrients are util_ized.. other objectives of
processing are the improvement of grain hand.ling and storage character-

istics. sínce the optimur degree of processing for each feed. grain is
not yet known, evaluation of grain treatments have been the subject of

numerous investigations. Grain processing techniques and theír effect

on in vitro and in vitro digestibility, and_ cattle performance are

revieved in this thesis with ernphasis on physical and chemical alter-

ations of grain components which affect digestion by ruminants.

-3-

LTTMATURE REVTTT,I

A. Methods of Processine

Production aspects of feed grain processing have been extensivelv

reviewed in the fiterature (6, f3, fB , ZI, \6, ]7l, I2T).

Processing methods can be d,esignated as either t'hott' or 'rcol-drt

processes. Addition of moisture is essential in some of these method.s

but not required in others.

a. Cold Processes

Cold processing methods involving only mechanical alteration of
foa¿l o¡qi nc âvô Tlrr¡ Rnl I i no ar?ôcki ns'- Pel I etì ns frpìmni næ nnÄ ttri n¡t j ¡æv uL.r rrvrrrrtx . v¿ @e-!¿rrh r r v!rv urrrÉ., Uf ].mlang and G= :.,.*=..= .

These method.s are believed to improve digestion by exposing the endo-

sperm to hydrolytic enz¡rmes in the rumen (T).

Reconstitution refers to the addítion of moisture to øra.ìn ¡6 ¿

fevel of 25-30% fofloved. by fermentation in an oxygen timited. atmo-

sphere for approximatery tventy-one days (Lg). The grain may be



subjected to rol-l-ing or grinding prior to or following reconstitution.

During fermentation ít appears that partial- disruption of the protein

matrix surrounding starch granules rel-eases free starch granules and

protein bodies (ffO). It has been suggested that protein matrix dis-

ruption is the primary reason starch util-ization is improved by

f 
-- 

\reconstr]-IuI]-on \ (> ).

Soaking grain twelve to twenty-four hours in water prior to rolling

or grinding has been shown to be beneficiaf- (48). T'his process softens

the endosperm and waxy coating and results in a feed that is very

palatable to the animal, thus increasing consumption and subsequent

¡arfnvmqnapvvr ¿ vr ¡r¡sr¡v v .

Hígh-moisture harvested grains with a moisture content of 25-1O/o

are ensifed in oxygen limited structures and usually ground or rolled

when fed. Organic acids, usually propionate or combinations of pro-

rri on¡te a.nd a.eet¡te ea.n lre a.n¡l i erì to hi sh-moisture s-ra.'i n to nrevent

mold and fungal growbh during storage (6). rt has been suggestea (19)

that extensive protein solubil-ization may occi-rr during storage of the

moist grain. A readily availabfe source of nitrogen may allow micro-

flora in the rumen to utilize high-moisture grain starch at a faster

ra.te -rha,n drv srain starch.

b. Hot Processes

-4-

Tn the Extrusion process heat is generated from friction developed

rc J-.'Ìrc oreir, is fnz.nerì t'hrnrrc¡h e t.¡nered qorêr,J r¡n diê rrritlr tamncr:----- Þr .r tapered scre\{ o. u¡e, ,y¿v' vvru.,v+e

tures approaching llO C (96) at extrusion point. The heat vaporizes

moisture in the grain erpanding the starch granules.

D^--inr rrnìg¡6¡jzins anfl Roa.stins reol¡ire â.nrr-lieation of difeCtf vyPrl¡É, a\veu w+¡ió r uYq:r



'lâ^^+ r\.-;-^ +t- ' ìs - â.ir-drv grâ.in i s ex¡osefl t.) a1frleau. lJLLrrlg r"rle popplng proces-, s-!,

tem¡eratrlres betwpen 178 e fq8) ¡.nd 2nÕ î. (lp)+\ fnr 30 secnnôs. Thisus¡rryçl@uwçÞ usuwevlf llv v \/v/ qtJv L-/v v LvL /

treatment pops the seed coat and resul-ts in a low density feed. The

grain is usually roll-ed to reduce bulk before feeding. Micronization

is similar to popping, except that infa-red radiation is the source of

heat. Following a short exposure (0.>-f.O min) to tfre radiation at

f am¡orefrrraq nf 1)rô-1RA ¡ ( q)r \ ørrin is thcn fl:kerì hw n¡ssi¡p' *Ìr-^rrrlauLrrrIJçI @ul¿ çù vr I+\J-JUV U \ /+ / b- **-- -- -rrluu vJ lsÐurrrõ uru uuórr

rollers. The last mentioned dry heat processing technique is roasting.

pn:ctino iq aãnêT1llrr ¡'¡rrierl olli. in ¡ reWolWinr¡ nr¡-ì in¿lor anrrinrrerlrlvcD uarf ó rù óurrvr arrJ v*u lti @ I u v vlv 1116 uJ !¿riuvr

with fins to tift the grain through the jets of a gas flame. An exit

tcmneretrrre of 1l'7 c. for roested sra.in ha.s treen found to be satisfac-L)l

tory (16). In these dry heat processes as in extrusion, natural moist-

ure in the grain is vaporized to steafl, expanding the starch granules

of the enrlosnerrr¡.

Steam processing, Pressir.re Cooking and Expansion are hydrothermal

processing methods requiring the addítion of both moisture and heat.

Stprm nrnncssinr- el. :tmosnherie nressllre for B--^ ' r^- ì ' \
É-¡o .-v _ ,u mfn \¿(, +L) or

pressuïe cooking at pressures of L.\-5.6 ug/cy? for t-l-O min (40, 67,

A6 QO'l ere rrsrr¡'llr¡ fnl-ì owed bw rol'ling or flakinrr of the still hotlvt ././ J wv

product. The production of expanded grain is similar to production

of extnrded sra.in cxeent tha.t the gra,in is tem¡ered with steam heat

prior to passage through the die (6). The objective of hydrothermal

rrroeessinø methods is to a'lter nhwsie.a-l cha.ra.eteristics of the starch!rvuvÐuJ¡¡6¡¡rv

granul-es, Tendering them more susceptible to degradation. Heat and

moisture cause starch granules to swell and mechanical forces rup-r,üTe

the granufes (48). Harbers (\9) fras observed that hydrothermal proces-

sing also dÍsrupts the protein matrix surrou¡ding the starch granul-es.



B. Properties of Starch Affecting Digestibility

Starch contained

the la.rsest nro¡6¡li9¡

Table l-. Starch concentration in grain dry matter

in the endosnerm of

of a cereaÌ grain

crFt f n

i^Iheat
ç nr c¡hr rm

U@Uò

hnv'l crr

cereal grains constitutes
f _--
( see IaþIe I ,) .

From NRC (84)

Not all- cereal starches are equarly digestíble by ruminants.

As noted by Hale (46) sorghrrr starch appears to be most resistant to

digestion in the runen of any cornmon feed starch. varietal and type

differences also affect the extent of starch degradation (!4, l2j).
Differences in digestibility probabJ-y reflect variations in chemical-

composition and physical properties such as granular organization and

swelling abitity.

a. Chemical- Composition

T2NCÞ

Ø .r -tB.\
cL c-vt 'l

t L. L

6o.\-16.6
1\.4-7o.o
q, ) -'71 7/¿.¿ | +. I

71 0

7Õ2
ltlt 'z
a\ /

Starch comprises a mixtrrre of amylose and amylopectin and rel-ative

amou¡ts of these two fractions differ according to the t¡4pe of cereal.

Table 2 gives the proportions of amylose in whole granular starches

from a nr¡nber of cereals. rn the majority, values range from 22 to
280/ t^¡i tJr --l"ra ovnon* i ^h ^+ f 't i -+Lvto wLuu urrc uÀ(:s}ju-Lurl u-L r-rrrrr, maiZe where arqylose is virtually



absent.

Tabl-e 2. The amylose contents and
Tange of whofe granular

-T -

(1orø q 1

Barley
Maia e
0ats
I.nIheat
l{izizø ltf ;t"tl
Q 

^- 
aìar rmv vr órr wrI

Amrr-inmqize¿u¡u +v¡¡¡s4È v

^1An\]Iose "/o

in starch

From Armstrone (7)

gelatinization temperature
cereal- starches

22

2'7
¿o

1

tq
o,L

Banks and Greenwood (11) noted that starches with high amylose

content are very resistant to alfa-amylotysis, and are l-imited in their

swelling abitity. However, r,rork by Sands-r,edt et af (fO4) provides

evidence that amylose content in itsetf, is not the major factor de-

termining digestibitity. fhey (Sandstedt et al, fO4) propose that

differences in susceptibility of high-an,yJose and normal starches to

enzJ,¡rne action are probably due to differences in bonding between starch

molecules and possibly anomafous linkages within the molecufe.

It has been reported that amylopectin is more readily digested

than amylose ( 1Oi ). Ttre greater digestibility of amylopectin may not

be refated to its higher solubil-ity in water. An investigation by

Goering et al- (41) witn high-amylopectin starch has shor^¡n this starch

to be less solubl-e than higir-amytose starch ye-,, more susceptible to

enz¡rmatic hydrol-ysis than normal starch. Ttris has lead to speculaiion

that non-waxy starches contain an enzlrme-resistant fraction which

Gelatinization temperature
range (c)

^.) -' 
/ ,)

o)-o /
ñrl-rìv
Lq qry
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rliffers in ma.snitrrrJe amnnr. .,rain varieties (41 ).u If r vI o ¡Ii ¡¡¡kE)r 9q¡¡v¿¡b

b. Granul-ar Organization

Starch accumulates in discrete particles in the endosperm and

ma.v be tishtlv n¡eked torrether in a continuous protein matrj-x (hard
trqJ

anrfnqnerml nr lonselr¡ necked j¡ o *Ìrin fi'ìm nf nrntein lflÕìtrv endo-
-.. 

Q ÚLILLI J IIII VI

sperm) (:O¡. From histological studies of Sul-tins and Rooney (ffO),

Hale (46) inferrcd that the nature of the protein matri-x may affect

e.r.eessihiIitv of cinrnÌ'ì c¡r¡nrrTêS tO anj:nal enzlfmes.Øuvv p p ¿v !f4 vJ

Hellman, Boesch and Mefvin (52) reported that most starch granules

consist of approximately equal parts of highly organized crystalline

regions (crystaltites) and amorphous or gel-like regions. In cereal

starches dhe atotphous regi-ons account for about Zrlt of the granule

( fOZ ). The texture of the gel phase is too fine to admit large a.rqlrlase

molecules therefore a.ugrlase acts at fissures or structql'¿| imperfect-

ions on the granule surface (rB). ft is possible that processing

methods such as steam rolling, alter the gel-like regions or create

flaws in the granule surface allowing easier enz¡rme access.

c. Optical AnisotrophY

.4.

Due to the presence of crystatline regions in the predominantly

amorphous mass, the starch granule is optically anisotropic i.e. the

index of refraction is not the sarne in al} directions resulting in a

phenomenon termed double refraction or birefringence. Under the

nntari zino mfêt.ôsnôrre- rlnzltered starch øra.nules exhibit a trmaltese
yvr@ LLLLT6 r,rf vr vDvvl/v,

crosstt formed by two zones of light extinction (fOZ). Birefringence

is }ost when crystallinity is destroyed.



d. Si^¡el-ling Ability

lnlhen starch is placed in water, the amorphous regions of the

granules swelJ as water is absorbed. Below 55 C bírefringenee is

retained and the process of swelling is reversible. However, above

55 C irreversi-ble swelling or gelatinization occurs and crystallinity

of the sra.nules is destroved 118\ ^^^^-^iñ- +o Banks and Greenwooduf¡v ór cI¡uIUÐ ¿o uuo 9! vJ uu \-/9 I . nuUvI urrló u

(tt) factors sueh ns sra.nu]e size. emwlnse eontent a.nd desree of as-sp br

sociation between molecules in the amorphous region inffuence gelat-

inize.f.ion temnerature. As a result there iS a ra.nse of temneratures

/ ^ - - ^\( see Table 2 ) over which foss of birefringence occurs.

^'r-^--^^ .r.,^ l^ -^f ^¡;.^;-^+ion â.T,e senera'l'lw he'liewed to makeUll4.tlËEù UUg uU Ë;çf¿ufllJ¿4urv¡r ar ç õurrvr srrJ vurre v eu uv ¡,rq

starch more available to rumen organisms and postruminal digestive

enzymes, consequently the extent of gelatinization has been used to

estj-rnate the efficacy of grain processing (48). Although the level

of gelatinization of some cereal starches has correlated wel} with

efficiency of gain, gelatinization of starch as the only evaluatj-on

of processed grains has been shown to have l-imitations (1t, 81, l-18,

12B ).

Although heat and. moj-str:re cause gelatinization, subsequent treat-

ment of the hot materiaf influences the extent of selatinization.

The studies of Pfost (94) ana Johnson et af (62) revealed that ftaking

steam ¡ronessed sraì n si oni f -i ea.nt'l v i nerea.serì oelatinization.

ff over-cookÍng occrlrs during hydrothermal processing, starch

granules rupture and soluble amylose l-eaks out. On slow cool ing a

gradual alignment of glucose chains of sofuble arqlrlose into tightly

l'lollnd a.rrører¡a.tes i,¡kes r¡l ¡r'c T,h'i s nhenomenon is referred to as

-9-



retrogradation and is irreversible. Retrograded amylose is quite

resistant to the action of alfa-amylase (ff).

The extent of gelatinization of a starch can be estimated by the

technique of Sung (fff). A more accurate measÌrrement of gelatinizatíon

is easily achieved by suspending a small sample of starch in water and

onrrntino fhe nrrmher of pra.nuìes that stitf retain birefringence usinguv lA¡ v 1116

q mi nrncnnne errd nol eri zed 1i r¡hl r ' ^' \- \-LUo/'

C. In Vitro Techni-ques for Estimating the Effect of Processing on

-10-

Graíns

According to Hal-e (46), in vitro assay techniques which measure

parameters such as gas producti-on, enz¡rmatic starch digestion, dry

matter disappearance or volatife fatty acid production appear to be

good indicators of in vivo digestibility and util-izabion of starch.

These techniques involve incubation of the grain samples with a pure

enzvrnê nrenara.ti.on or inoculum obtained from the rumen. Electron

microscopy has atrso been used in cornbination vith in vitro techniques

to observe the effects of processing on digestion of feed grains.

a. fncubation with Pure Enz¡rme

Purified enz¡Ãne extracts may be used to determine dry matter

disappearance or starch availability. Starch availabil-ity is usually

expressed in terms of amount of reducing sugar released from -the sample

ìì-^h innrrlroiinn rrith thp ênz1/ïnê îì1ra nrnnpÄrrrcç USed by l^lalkef et alu_uuli IIluuwouf,vll w r uff uffu vll¿.Yllrv

lrp)+) for stareh ava.ì'la.bi'l'itv and White et aI (tZ6) for dry matter

¡l i qa¡nonrânnê âTê trrni o¡ I nf the he si e teehni orreuIÈ@Iryçtu @fruu (I

I,lhite et at (tZ6) measi:red in vitro dry mat-r,er disappearance



/._--^ \ â
\r-vrrvr, ) or raw) roasted, vol-atife fatty acid (VFA) treated, high-

moisti;re ensiled and reconstituted corn incubated with amyloglucosidase.

fVD¡40 of VFA treated corn was significantly higher than other treatments

except high-moisture corn. The lowest IVD¡D values r¡¡ere obtai-ned

with roasted and raw corn and these were similar.

Tonroy and Perry (11Z) investigated starch digestion by deter-

r - -r --i !ì^mining fVDI4D of processed corn incubated with alfa-1r4-glucan gluco-

hwdrolase- No sis'nifiea.nt clifference was observed between rar¡I and

roasted corn however, pressure ftaking corn resulted in a significant

increase in IVDMD over raw corn. In another study Tonroy and Perry

(ff6) observed starch digestion by amylogfucosidase of ensiled high-

moisture (tryl), air-dry (lnY), ensiled reconstituted (nECON) and vofatile

fatty acid (VFA) treated corn. fn vitro starch digestion by the amylo-

glucosidase indicated that DRY contained the same a.lnount of digestible

starch as HM and RECON corn and more digestibl-e starch than VFA.

The smafl- difference beluween treatments suggest only slight if any

differences in starch structure or content between the four treatments.

Ttre susceptibility of corn starch to enz¡rmatic degradation 'was

studied by Felsman et af (16) who also used. an amyloglucosidic enzJrme

f-- - -^^\(Diazyme L-1OO). ResuJ.ts indicated that enzymatic degradation, mea-

srrred as glucose production increased isith increasing roasting temper-

atnre, with the optimum temperature at f27-L17 C.

Walker et al (fZ4), estimating starch digestion of sorghum grain

by release of reducing sugar upon incubation with anryloglucosidase,

found pressure cooking and rolfing to increase starch avail"ability

l.¡ n çreeter fleo'ree t.þnn nnnni nø anfl slrêañ rol'l i no r.¡ì'ri nJr ì n J-.- - * Þ- * -Þ- - r -¡r ---o - --rri6, 
wr¡ruar, -r, .ILTll ¡

were more digestible than ralr grain.

-11 -



McNeÍ11 et at (Be) reported that carbohydrate susceptibility to

amloglucosidase was greater for steam-fl-aked and micronized than dry

or reconstituted sorghum grain. McNeill- et al- (Br) suegest that dis-

ruption of the protei-n matrix around starch is the primary reason

starch utilization is improved by micronizati-on and steam-flaking.

Using an amyloglucosidase procedure, Liang et al (67) reported an

increase in susceptibility of sorghum starch to enz¡rmatic attack as

pressure for pressi;re-cooking was increased by increments from 1.8

,.^-12to 6.0 kg/cm¿. Lengthening cooking time from one to ten minutes r^Ias

also beneficial-.

Prasad et af (!6) estÍmated in vitro starch avaíl-ability in pro-

cessed sorghum and starch avaitabitity as well as IVDMD in processed

wheat using Diazyrne-lOO, an amytoglucosidase. Their resul-ts indicated

that expanded sorghum contained more available starch than sorghum

treated by dry rolling, steam-ffaking, pressure-cooking or extruding.

1VD¡4D of wheat was not significantly affected by processing but starch

availabil-ity of extruded and steam-fl-aked wheat was significantly

greater ihan dry-rolled wheat.

Croka and Wagner (29 ) and Aimone and Inlagner (1) used amylogluco-

sidase dígestion coupled with yeast fermentation to evafuate processed

grain samples. Gas production from yeast fermentation indicated that

micronization increased si;arch avail-abil-ity in sorghum erai'-n (29)

, /- \and wneaï \, J.

-12-

cessed barley and sorghum with porcine pancreatin or a homogenate

In vitro studies by Osman et al- (BZ) utifized incubation of

lr¡n¡hilizoÄ hnrrine rìânnreâs- St lre-eooking a.t 1.4v ¿¡rv !*'v - -eaml-ng or pressl-

kgfcm¿ for one minute without further processing decreased in vitro

t/' "

of



staïch digestion of barÌey and sorghum as compared to u¡treated grains.

Digestibility of both grains r'^ras improved. with increased steam pressure

and increasing fl-ake flatness. They suggested that degree of flaking

was the principal factor inffuencing susceptibility of barley and

sorghum starch to enz¡rme attack (BZ).

1'he effects of all processing methods on enzJrmatic digestion of

cereal starches have not been fulfy elucidated, however, erperimental

evidence to date indicates that moist heat treatments improve the

in vitro djs'estíhilitv of sta¡ch in common feed grains to a greater

desree than other treatments.

_13_

b. fncubation with Rumen fnoculum

Most of the in vitro methods used for determining the effects

of sra.in nrocessins a.re rnodifications of a technique described by

T'ìllar¡ qnÁ rlprrrr lf lq) r^rhinh wes deweloned for in witro dioestion of\ LL ) I Wlllvrf VY@D Uv V vfvVeu ¿ vr

forage crops. Methods used by Salsbury et al (fOf, LOZ), Baumgardt

et al (fe) ana Johnson et at (6f) for cellulose digestion have also

been modified bv a number of researchers for evaluation of cereal

processing methods. Some of the in vitro techníques involve two stages;

digestion with rumen inoculum followed by incubation with pepsin.

The peptic digestion of the two-stage procedures is omitted when an

estimate of ruminal dieestion is desired.

Salsbury, Hoefer and Luecke (fOO) carried out in vitro fermenta-

tions to determine the effec-r, of heat treatments on corn sùarch.

Digestion by rumen microoganisms was fol'lowed by hydrolysis in 0.5 M

HCI- for one hour at 12] C to estimate "readily hydrolyzable dry matter"

lpi+nrr.,r) corn st¡reh susr¡enrled in water and boiled for three minu-ues\ rr¡JJ¡ ¡ / .



lras digested more rapidly by rumen microorganisms than untreated starch.

Application of dry heat to corn starch resulted in a decrease in rate

of disestion of RHT)N4 eomna.red to untreated starch.¡L¡s¿ r vv¡¡Àyvg+ vg

Ttre inffuence of roasting, VFA treatment, reconstituting and high-

moisture storage on IIDMD of corn was studied by l^lhite et al- (lZ6).

fVDID was significantly greater for raw and VFA treated corn than for

roasted. corn r¡¡hen inoculum was taken from a high concentrate fed steer.

In vitro starch digestibility was 98.6,98.8, 98.9, )Bg and )+.51,

for raw, fatty acid treated, high-moisti:re, reconstituted and roasted

eôrn - resrrer-iirrelw- 't¡Ihite et ¡f ( t-26\ sussested tha.t gela.tini zationvrrqv bvrkv¿rr¿¿

Jrrr rìrrr he:t I nr¡ere| f.he fi i oestihi I i +ar ^f o* o¡nl¡ -lrrr rlrman mi n¡nr_*uJrt- uy o-L s u¿L.C cn .,,___ _Jrgan]-stlls .

However, the possibility also exists that roasting rendered the corn

proteÍn unavailable to rumen microorganisms, thereby decreasing IVDMD.

Based on a 48 hour incubation period, Tonroy and perry (ff/)

found that processing raTì¡ corn either by roasting or pressure flaking

increased starch digestibility but decreased dry matter diges-r,ibility

indicating that the utilizaLíon of other components in corn was impair-

ed by processing. The fact that both dry matter and starch digestion

at shorter incubation periods were enhancdby processing indicated that

processing increased the rate at r.vhich total- dry ma-tter and starch

were utilized.

fn another study Tonroy and Perry (ff6) compared IVDI\4D of four

types of cold processed corn viz. dry (nnY), ensiled high-moisture

(mtl), ensiled reconstituted (RECON) and volatil-e fatty acid treated

(V¡g). They fou¡d that HM and VFA had the greatest percent dry matter

digestibility, DRY had the lowest and RECON was intermediate.

Croka and l{agner (29) investigated the effecis of micronizing on

-14-



¡¡¡MD and gelatinization of sorghum grain. MicronizaLíon appeared to

increase sorghum starch avaitability to rumen microorganisms and produce

a greater degree of gelatinization compared to dry-roIling.

Micronization has been found (, ) to lo'¡¡er 12- and 2\-hour IVD¡/D

values of wheat al-thoueh at 6 hours there was no significant differ-

ence between micronized and dry-rolled wheat. Ajmone and llagneT (t)

suggested that micronization may reduce protein solubility in wheat

thus reducing IVDMD.

In their ex'periments, Newhaus and Totusek (85) found that the

greatest increase in IVDIÐ of whol-e-reconstituted and high-moisture

harvested sorghum grain were achieved at moisture levefs between 2J

and 260lo at temperatures ot \3 C. Storage time had l-ittle effect on

high-moisture sorghum grain but significantly affected whole-recon-

stituted grain; digestibility increasing with each successive day

of storage lo 12 days. Drying whofe grain fotlowing the reconstitu-

ti-on process appeared to decrease dry matter digestibility (85).

An in vitro screening technique employing gas production by rumen

microorganisms was deveJoped (11!) to evaluate the effect of grain

nz.oaessinø metho|s on fli oeStion lli olr nncìti¡ro COffelations Wefe
}/IvvuÐù¿Iró ¡rrv rr¡6r¡ yvÞ¿v¿vv

found between gas production and in vitro starch digestion. Steam

processing and flaking of either milo or barley significantly in-

creased gas production (ffç). Either steam processing and flakíng

rìr nressrrre-eookins a.nd fla.kino resulted in similar gas production

r¡¡lues for sorshum (ff9). According to Trei et al- (ng) both disrup-\--/ /

r.ìnn nf t'lra nrnlsin matrix and al-teration of the starch granule mayu lull vr wrrv yr v L

l-re imnl i eated i n ì nerea.serì ga.s oroduction .Þ*" I

Christiansen and Waþner (e4) investigated the effect of



reconstitution and physicaf form of 'nrheat on IVDMD. Their data sug-

sested tha.t drv-rolfed wheat was superior to whole-reconstituted wheat

an wheat ï'econstituted then roll-ed, and similar to wheat rofled before

being reconstituted. In addition, dry-rolled sorghum was found to

be less digestible than wet or dry processed wheat (24). fhey ventured

the nossibilitv f,hat the ¡roteinaceous matrix sr¡rrori¡ding starchv¿LLvJ

granules of wheat was }ess resistant to attack by digestive enz¡nnes

than that surrounding sorghum starch (e4). Thus, special processing

teehnioues mâv not enhance starch availability as much in wheat as

in sorghum.

c. Electron MicroscoPY

- to -

In a ¿nique investigation, Harbers (49) enpfoyed purified porcine

pancreatic alfa-amyfase to hydrolyze steam-flaked, micronized and pop-

ped sorghum grain. He (49) tnen studied starch granule structgral

changes due to processing and amylolysis by scanning electron micro-

scopy. Steam-fJ-aking attered starch granules such that they resembl-ed

erybhrocytes or becane shapeless conglomerates. Popping sorghum

çrain ehenoed the starch sranules into thin l-attices of intercon-

necting sheets. Micronizing had much the same effect as popping but

granules near the surface of the kerneJ rese¡nbled those processed

hr¡ ste¡m-flakins Þrntein bodies remained intact but the matri:< pro-UJ ÈUsalI-Ml!¿I¡ó. II

tein was disrupted. Although the rate of hydrolysis was not de-r,ermined

in the individual samples, Harbers (\! ) otserved that amylolysis first

starts on gelatinized starch and indentations of damaged granuÌes.

Outer edges of damaged granuì-es appeared to be more resistant than

indentations, but less resistant than raw sorghr:m grain starch granules.



D. The Processíng of Grain and Livestock Performance

A true indication of the efficacy of feed grain processing is

obtained through livestock performance triafs. The following discus-

sion of grain processing and tivestock performance will be restricted

to cattl-e since sheep appear to be unique ín their ability to digest

and utitize graLn (46, BB). Due to the importance of sorghum as a

feed grain in south-west U.S.A. it has been incfuded along with grains

of more signifieance in Canada.

a. Processing Sorghum and Livestock Performance

- 17 -

In fattening trials (Hate et at, 47), steam proeessing and flaking

of milo resuJted in a 940 increase in rate of growth, \ofo tn feed intake

a.nd a. 54^ imnrovement in feed conversion efficiency compared with the
/lv 4tly1 v' 

-

ôrw-rolled sra.in. Simil-ar results with stearn processed and dry-rol-led

sorghumwere also obtained by others (4r, 44, )22, 127). However,

T.ra.nks et a.l (\7\ ana Sn'Ìrakc cf' al (fOf ) fou¡d no advantage in gain
r¿srr¡!Þ \/ | / 

qlta

and feed efficiency of steam-flaked sorghum over the dry-rolled

prod.uct.

Trha imnnrt:noc nf nroôtlninrr a fle't, f'lake a.fter steamins haS been
-- --!lgç uf lrvuqulrló @ rlav vvvw¡Á+¡¡Þ ¡¡e

illustrated in a nurnber of studies (44, \r, BT) If2, l-l8, I27) and

confticting results may be due to variations in physical character-

istics of erperimental stea¡n-flaked rations. Simply steaming the sor-

ghum without fl-aking has been shown (44, 127) Lo reduce feed conversion

efficiency compared to the raw roffed product.

Tn a. nerformânce tri¡.1 ¡6¡¡arìno rçf.innc ng¡f¿ining press'ì.rre-!r q !çt

cooked (6O psi for l-.5 min), fl-aXed and steam-fl-aked (ZO rain at fOO C)



sorghum, Erwin (1f) reported non-significant differences Ín average

daily gains bgt a 6/o increase in feed efficiency t^¡ith the ration con-

taining pressuïe-cooked sorghum. A simitar study by Catifornia re-

searchers (lZZ\ indicated that feeding pressure-cooked sorghum pro-- \*| /

cessed at 20 psi for l-.5 min improved average daily gain and feed

efficiency compared to sorghum processed by steaming, dry-rolling

or pïessure-cooking at 6O psi for l-.5 mÍn. Garrett et al- (40, 4f )

demonstrated that steers were better ab'Ie to utilize steam-pressure

processed sorghum than, sorghum steamed at atmospheric pressu-re.

fn a finishing tria}, Prasad and eoworkers (!6) found extruded

sorghum to be util-ized as wel-] as steam-fl-aked and better than dry-

rolled sorghum but there was no significant effect on average daily

gain.

In a nunber of studies (1f , W,90, l-05) cattte fed reconstituted

grain gained at the same rate as cattle fed dry-rolled sorghum but

consumed less feed resulting in a more desirable feed conversion.

Early-harvested high-moisture grain has been shown to be comparable

to reconstituted grain in terms of efficiency of util-ization (79,

9O). Steam-ftaking may (tl) "" may not ¡e (fO5) as beneficial as

reconstituting sorghum grain.

Feeding popped sorghum grain to finishing steers has been reported

(qB- ç) to sienifir'¡ntlw reduee feed intake as eompared to dry-rolled
\7vt ,/¿ v+J ¿

sorghurn. The reduced feed intake llas accompanied by increased ef-

fieienew of feerl. utíl-ization and a non-significant decrease in rate

of gain.

b. Processing Barley and Lives'tock Performance

-_LO-



fn two out of three feeding trials fhomas and lr4yers (ffr)o¡-

ta.ined nô resrìônSe tO heat tfeatment of ba.r'lev n^mnârad l-n dnrr-¡gllgfl

barley l¡hen fed to steers in a high concentrate ration. Average

daily gains reported for the third triat were Ì. fB tg/aay for steam-

rnl'ì o¡1 hqr] arr qr ' - ^r ' I -*^ld l.04 kg/ day for dry-ro}}ed. No feed conversion

cff i ni anarr |¡ta rrÌêrê nrêaanf.e¡l .i - +l^.i ^ ^+"å"sf f, f UJSIIUJ uavø vrvr v pr uÐvrr ueu fll Ulf Iò ò UUUJ .

Comna.ri ns drv-rol I erl b¡.r'l el- -'i +L ^+ ^^* Fr ^ked 1r¡r'l err i n hi øhvvirrl/qr rrró ur J r v¿rvu v@r ruJ W I UII È UEøIl-l ldrluu w@ ILJ rlt rlrø_

concentrate rations, Hale et al- (47) anA Hale (41+) found a significant

increase in rate of weight gain and feed intake due to stean processing

with no difference in feed conversion efficiency. fhese findings are

in agreement with results obtaj-ned by Christensen, Duck and Nicholson
/ ^^ \122 | 'y¡þ1¡' in..ôr¡nrâ.tefi drv-rolled ¡a'l'raf a'r ê+ô3¡n-folled and Steam-

rofled pelleted,bartey into four (gl.>tl' barley) rations for Holstein

steers. Treatment did not affect feed efficiency but the feeding of

steam-rolled diets resulted. in significantly faster rate of daily gain

e.nrl srnerior dressins' nereenta.cte. No s'ìønifiea.nt resnÕnse w¡.s obtained

f¡am ¡o'l-la-fino flro hr¡lê1r ô^ññâFaA fn ¡n]-lìnoç v ru6 vvr¡r!(4 uu uv I v !!rrt6 .

rlaaÄ'l^+ ñ^øfofmance Of catt'le fed drw-rollefl a.nd nïessltre-eooked-¡ eeurv rvr¡rrsrruv vr vøuuru rvu u!J -f vf,J9u @tlu },ruùù49-uvvrlvu,

fla.ked ha.rlew w¡.s sisnifiea.ntly ìm-r^rraÄ L:¡ tl¡a ln.tter ..'.,ïôcess aSvqlJvJvvqvJvrlUlauvur!r

/ - ^- \ / - ^- \indicated by gain and feed util-ization \127 ). trn the same study lI27 )

stearning barley B min at atmospheric pressujre reduced average daily

ø¡ i n and feed eff i oì enorr nnmn:red tn drr¡-rnl I i nrb..+^r ..¡rg _______u 
" 

^__**--3.

c. Processing Corn and Livestock Performance

- lq -

fhe vafue of cracking or grinding corn compared to other types

of nrocessins for cattfe has been investìga.ted in a m-unber of studies

(t7,26, )+2, 11,62,7L, )25, I2B). T¡e degree of grind (or particle



size) appears to c.ritical. Finely g¡ound grain has been criticized

because of its association with reduced palatability (48), digestive

upsets and liver abcesses (fzr). Fine grinding has afso been shown

to decrease the coneentration of probozoa in rumen fluid (fZB).

Gerken et al (4e ) anA I^Ihite and Hembry G2r) reported a reduced

retc of o¡in enfl feefl effieienew in steers fg¡l ¡nnrrnÂ ¡nrn trq SteefSr øuu vr óarrr srru r ¿etçuçJ rtl D uuur

fed r^¡hole shelled coïn. Ho'v¡ever, Burkhardt, Embry and Luther (fZ)

fou¡d no difference in feedtot response of steers fed u:rprocessed

corn and corn rofled to a medium degree of fineness. Feeding finely

ground corn and cracked corn resutted in similar average daily gain

and feed efficiency in yearling heifers ( 51, ll).

Ctanton and Woods (e6) found that steers fed a ration containing

fJl, corn had significantty slorn¡er rates of gain and consìxred signifi-

cantty less com when the grain was offered ground and pelleted rather

than cracked.

It has been observed (rI, fz8) that feeding high tevels of gel-

atini z,eð sra.in stareh in hish eoncentrate rations had adverse effects

on livestock performance. DeBie and Woods (1f) foirnd that steers re-

cieving BOy', expanded corn in a mixed ration gained less and consumed

]ess feed than those fed cracked corn. Performance of steers fed rations

containing !, lO, 20 or JOl, expanded corn was not significantly dif-

ferent from the cracked corn ration (rI). Wood.s and Wilson (fZB)

noted a marked decline in livestoek performance when u¡heated corn

was replaced with )Oofo and LOO/o geLatinized corn. In contrast,

p]marimonJ..q 1¡rr MllÄÀ qn¡l Þarrrr lqr \ ^L^-.^¡ +t^^+ ^..L^+;+r.+ir I 2 / S¡rC)WeO Urlil'U öuUù u-L uuurlró a @w

cracked corn with expanded corn in a high concentrate steer ration

was possibl-e wi-uhout reducing daily gain. An improvement in feed

-20-



conversion t,ras assocj-ated with the heat processed grain (7r).

Reconstituted (L7, 7L) and high-moisture (71-, 91) corn has been

found to reduce rate of gain when fed to steers. However, Perry gt al

(91) reported a significant increase j-n feed efficiency for those

steers fed high-moistire corn compared to those fed raw rolled corn.

Studies by Burkhardt et af (f7) and Matsushjma and Stenquist (71)

indicated that no advantage in feed efficiency was to be gained from

feedinq reeonstjtlrted a.nd hish-moistr.re corn rather than dry-rolled

nôTn anr,nr.óinrr to Armbnlste, (6\ the exneeted imnrovement ín feeduv¿ ¡l . õuuv! u!rr6 vv \ " ,/

efficiency when feeding reconstituted and high-moisture corn shoufd

te 1l' and J/' respectively over dry-rolled corn. In a recent inves-

tigation, Utley and McCormick (Ì2f) found that steers fed high-moisture

corn gained about Bofo f ast,er and were 6lo more efficient in converting

nnnr.entr¡f'e drw m¡.ti,er f,o boflv 'r-^'i-r^+ -^;* +r^^- steers fed drv COfn.dcf örIU 6arll urr@u ù uuur È r uu ut J

Inconsistent results among trials may be due to physical form and

moisture content of grai-n, time in storage and temperature during

reconstitution and the kind of facility used to store the high-

moisture corn.

Hc¡t rlroeessin.o eorn bv steam-f-lakins 153- 71 )- steamins andireau yr vuvÐD4r¡ó vvr rr vJ ' 
LqL\LLró \ // t | - L

cracking Q+7), roasting (92, 91) and pressu-re-eooking (r27) has been

found to enhance feed conversion efficiency. Feeding corn pressr.Lre-

nnnl¡od I E min c' ' /-^-\
-., ,.1+1. ¿L 20 psi (L2f ) or roasted at 148 C (92, 93) has been

ra¡a¡la¡f fn raqrrlt in hio1rcr:rre--na Àoi'lrr aai-s oomnnrefi tO flftr-rollerl1ClUa UçU uU I çÞqrv rrr r¡¿õ¡rvr sv Ça ¿È;ç UqIIJ 6ørrlù çvllly@I eu uu urJ r

corn.

Tn slrmmerw- 1-.Jrorcfnrc it. anne¡rs likelv th:t nerformanee Oí!u Ù wrurr(u J , vr¡vr v¡ v4 v ,

cattle fed corn rations can be improved to the greatest exient by stea:n

heat and dry heat treatments and to a lesser extent by high-moisture

-2L-



harvestins and reconstitution.

d. Processine I,lheat and Livestoek Performance

Ljmited comparisons with dry-rolled wheat have sho¡n that proeessing

wheat by reconstitution (Zt) o, various heat (both rvet and dry) treat-

ments (!, 15, )+L) in order to increase feed efficiency and average

daily gaÍn appear to be of littl-e or no value. However, the results

of Christiansen and WagneT (21) inaicated that intake of cattl-e fed

reconstituted wheat tended to be higher thus increasing average daily

sa.in- Tt ha.s 1-reen sllssested that reconstitution decreases dustinessbe¿¡¡.

of rol-Jed or ground wheat resulting in íncreased feed consumption (6).

In recent experiments with micronized wheat, Aimone and \nlagner (2)

reported a )y'' increase in rate of gain and an B/, increase in feed con-

sumption in steers fed. micronized wheat compared to those fed dry-

roll-ed wheat. No significant differences existed in feed efficiency.

Roasted wheat substituted for raw rolled wheat in a steer finishing

ratÍon has been shown to improve feed efficienc¡ bV 7l' (rL). Roasting

had no effect on average daily gain in one out of two trials (f4).

E. Effect of Processing Grain on its Digestibility

-22-

One of the aims of processing is to increase digestibility of the

starch component of feed grains by modification of the chemical and

physicat properties of starch. Processing may also affect (i) site

of 11 isestion of sta.reh- lii ) nronortl'ons a.nd eoncentra'r,ions of indiv-s¿õvp p v(,4 vrr,

idual volaiile fatty acids produced in the rumen and (iii) dlgesti-

bility of protein in the rumen. These latter aspects must be considered

-.L^- ^--^r..^!i-_ nrôeeSSinrr methOdS.IYltçfl Evdluóulrló pruuuÞÐrrr5 ¡rruvrfr



a. Processing of Sorghum and Digestibility by Cattle

FÍne grinding of sorghum did not increase the digestibility of

dry matter or nitrogen compared to dry-rolling or coarse grinding
f -/ -ô -^\ 

f --\(1b, 5ö, 72). However, Hinman and Johnson \rr) fou::d that starch

digestion was greater for ground than dry-rofled sorghum in finishÍng

ratÍons.

Ttrere is overwhelming evidence that col-d processing by reconsti-

tution greatly increases digestibility of various components of sorghum

/^- \grain. Potter, McNeiJ-J. and Riggs \9>), McGinty, Breuer and Riggs

/-ô \ /-^ \(tö) and McGinty and RÍggs (/!) found an j-ncrease in protein digesti-

bility of reconstituted grain compared to dry ground sorghum when fed

to finishins'ea.ttle- Steroh disestibilif,v ha.s also been shown to be!¿¡b v*v vlv .

improved by reconstituting rather than dry grinding (Bf). îre digest-

ibility of other fractions such as dry matter (t6, 78, 79), organic

matter and non-protein organic matter (lB, 19) nas been reported as

significantly greater for reconstituted than for dry ground sorghum.

Digestibility of r^¡et and dry heat processed sorghum has been the

srrh i aof. nf nrrmornrrq <trrÄ i cq ( 16 4n 17 )rr Ll qq trÂ q'7 cR ÂltÐuvJuuu vI tJwrlulvuD ÐuuuruÐ \Lvt )vt J) t -J) -l t ))) )Vt )l I )Vt Wt

a- ô- ^a ^o\67r TZ, öf, 9rr 9br 9ö). Heat processi-ng of sorghum grain improves

digestibility of dry matter without significantly altering the digest-

ibility of crude protein (falfe 5). Although pressuïe-cooking appeaïs

to increase digestibitity of gross energf (4f), there is disagreement

between studies of Garuett et aI (4f) ana Husted et al- (58) as to

whether stea:n-flaking influences digestibiJ-ity of gross energy. From

a. eomna.rison of the rìifferent ø7'.rr'rrrs nf reqrrlf'q nrcçeniod ìn lshlc 3LrJ Lqe ¿e ) ,

it cart be seen that apparently similar physical forms of sorghum show

_23_
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wirtelw differi¡s rr:mina.l sta.reh dígestibilitíes when fed to cattle.wIuçIJ u¿f rvrr¡¡b r

Ttrese differences may be partially due to differences in sorghum type

(r\). Variation in processing conditions and their interaction with

grain souïce may account for differences in Tesponse to dry heat and

hydrothermal processing.

b. Processing of Sar1ey and Digestibility by Cattle

_27_

Tt is generellv a.eeentecl that barley should be coarsely ground
¿u ¿p bv¡rv¿ ef+J

or rofled prior to feeding to beef cattle. Extremely fine grinding

-^+ ^h1.' -on¡rivo ì time- hllt redllees feeding va.lup¡rvv urrlJ rv\au¿r-S mofe poWef âllCr ullrc, uwú açuuuuÞ ruçu¿r¡6

compared to coarsely grou:::d barley (48). Finely ground barley has

also been associated with increased tendency to bloat (gl)'

I:a digestibility trials, Parrott et aI (9f) found that steam

nrneessing a.nd flakins of batlelr does not im¡rove digestibilíty of the
yI vuçÐÐr¡ló arru r rørlrrrb v! v(,4 lvJ

proximate fractions or the avaílability of total- digestible nutrients

l,r,-nnr) exeent when the TDN of the bartey is low. Similarly, Garrett
\ rr¡r /

et at (i+f) fognd no significant effects due to various steam and pressure

conditions on gross energy or nitrogen di-gestibiJ-ity of barley.

c. Processing of Corn and Digestibitity by Cattle

Since eighteen to thirty-five percent of whofe shelled corn con-

sumed by dairy cattfe was observed unaltered in the feces, Morrison

(74) concluded that grinding of shetl-ed corn was necessary for more

r'nm¡'l ei,e d i oest'ì on .v v¡u.|/ !v

No significan-,, differences in digestibitity of dry or organic

ma-.tê?- of stereh or of nrot,ein was found in steers fed ra-,,ions of dry
¡r]øvver ) v¿

r+hole shelled corn or dry crimped corn (7). In contrast to these
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findings, Adeeb, I{ilson and Campling (}) reported that grinding in-

erea.sed di øestihi'l itv of eorn ìn cattle.

Heat processing of corn has little effect on dry matter and crude

protein digestibifity (rabre 4). However, Johnson et al (62) reported

+L^+ ^+^^*i -- +¡l I or,¡ed lrw ernc,ki r¡ø si Oni f i Ca:ftlw rerìlleed drw ma,ttefUffOU ò UEdJllIllË f Ulrvwuu vJ 9a @ur!rr¡6 ù¿órr¿¡ ¡vl4J v¿J ! euuuuu ur J lrq

end nnrdc ¡rnf.oin d jsestìon of eôr^n oômne.red to Steam-flaked Cornvv¿ r¡ ev¡¡¡}/

thus demonstrating the in'portance of fl-aking after stea:ning. In three

different investigations (27, 19, 77), steam-fl-aking significa-ntly

increased starch digestion in the rumen. There is evidence (27, 19)

that steam-flaking also increases starch digestion postruminally.

High-moisture ensiling was ineffective in increasing dry matter and

protein digestibility but may have inereased starch digestibility
(zo renì\/ / )

I¡lhen the ratio of eelatinized corn to raw corn was increased in

"n R6o/^ nnrn rq+.inn linanr danra:scs in TÐT\T ..rr¡ðe nrotein diøe^+jLj1;+i'tv vv+ * - -* -@ÐuÐ rr¡ r!r! , ur uuv }Jr v vvrri u!Éuù UIU lJr uJ

and dry matter digestibility were observed but could not be repeated

Qr). Mclaren and Matsushima (BO) found that ruminal digestion of

corn starch in cattle fed an 85$ coneentrate finishing ration was

môrê ôômñl aJ..a i f ef'arnl,r r^¡a q OC) nn )tqd^ oel eti ni q.cã r,nmnered f.o 1ad
-w70

^^-t^+i-;-^^ 1r;'+rì^'l-1 "' ^'t'l ^+ +,he Sta.fCh eSea,n.ino +'ha Tììmên i.taCt
óçl¿U¿IlI¿gU . V Ia UuóIlJ d,fl Ur U¡¡v ù vueqljt¡ló ulrs ! wrrerMI

was digested in the smaJf intestine regardless of the l-eveJ' of gelat-

ized starch in the ration.

-30-

d. Processing of l,lheat and Digestibílity by Cattle

Garrett et aI (4f) found no significant effects on digestibility

nf enaro-r¡ nr nitrnopn drra Ln ôrr¡ hcri. nr hrrdrotherm:l nror.essinr¡ of

wheat, which comprised 7f-BI+q' of rations for steers. A digestibility



study conducted by Cornett, Sherrod and Albin (eB) inA:.cated that dry

matter, organi-c matter and crude protein digestibilitíes were not

significantly different for dry-rol-l-ed, steam-fl-aked and micronized.,

flaked wheat. Digestibility of the energy component, however, was

highest for steam-flaked r^¡heat (ZB).

Prasad et af (96) compared the effects of pressrre-cooking, steam-

compacting, dry-ro}ling, dry grinding and dry compacting wheat on

digestibility of the proximate fractions by yearling steers fed a ration
. -õ^1containinC 7ö% r,rheat. Compacting was effected by a Komarek-Greaves

Briquet press. Processing the wheat by these various methods did not

affect digestibility of dry matter, nitrogen, ether extract or ni-trogen-

free extract.

In a recent investigation, Aimone and ltragner (2) observed the

inffuence of micronizing wheat on digestibility of the proximate frac-

tions and starch by steers fed BJ/o wheaL ratíons. No significant

differences existed between dry-rolJ.ed and micronized wheat for any

of the components measured. Aimone and Wagner (2) suggested that

whea.t is r¡erw diseStibl-e and is not imnroved hv nroeessino to the

extent noted for corn and sorshun.

F. Sites of Digestion of Starch and Grain Processing

-31--

Factors sueh as the ty¡re of cereal starch, level of dieiary starch

and grain processing influence the site of starch digestion. Barley

s'r,arch is afmost completely fermented in the rumen while appreciable

amor:¡ts of corn and sorghurn starch may pass intact into the lower

rlio'estirro tr¡nL rñ t ' -^-\ //-\(ö, 4b, 121). Karr et aI 161) found that as the starch

content of steer rations increased, the percent digested in the rilnen



decreased, Their data and that of Little et al (69) afso suggest that

there is a bioloeical maximum to starch util-ization i-n the small in-
+ ^^+; *^Uçù U !1]g .

Starch escaping digestion in the small intestine is subjected to

further fermentation in the large intestine and caecum. The nutri-

tional- significance of caecal starch fermentation is not cl"early defined

but it is known that starch is acted upon by caecal microbiota pro-

ducing VFA's which are then absorbed into the bl-oodstream (1r, 76).

Losses due to methane production and heat of fermentation should

be l-ower if some starch from cereal grains is digested in the intest-

inaf tract. However. there is no evidence that feed utilization is

improved by increasing the postruminal digestion of starch. On the

other hand, there is evidence that util-ization may be improved by

increasing ruminal digestion. Feedfot performance studies with steers

. ft.l ì- -^^\ - f -- --\ -I'ed sorghum \44r 47, L22) and corn \5),7I) have show¡ that steam-

flaking improves feed conversion of these feed grains. At the same

time, digestibility erperjments with sorghum (61+, Bf ) and corn (2f ,
>a \
59 ) in steer rations have indicated that steam-fJ-aking substantially

increases starch digestion in the rumen thus decreasing the amount

of starch entering the small- i-ntestine. trrcreased ruminal digestion.

of starch may result in increased microbial grow-bh and, therefore,

entrv nf miernJrisl nrntein ìnf.n the dUodenum.

-32-

G. Grain Processins anrl Vola,tile l'a.ttv Aeids in Rumen T,iollor

Ruminal- volatile fatty acids (Vf-e) serve as the major source of

energy for ruminants rather than gtucose (!). fhe rel-atively smafl

amorrnts of glucose absorbed from the alimentary tract of ruminants in



relation to known rates of glucose entry into the total body pool

shows that gluconeogenesis is a major metabol-ic activity (68).

Propionate, the only VFA which makes a net contribution to glucose

synthesis, is quantitatively the most important single precursor of

- / -\glueose (l). Since acetate is used Ìess efficiently than propionate,

efforts have been made to alter VFA production by rumen rnicrobiota.

Tn L)6O, Shaw et af (fOB) reported that grain processing method

affected the aeetate:propionate (a/e) ratio, which was associated with

rate of ga.Ín anrl fepd effieipnorr- Trhe inflr:enee of nrocessins Cerealóqr¿r s¡¡s

grains on in vivo VFA production has since been widely investigated

but to date reports appear to be inconcfusive.

In an in vitro investigation, fheurer, Trei a¡rd Hal-e (ffe) found

that steam-flaking sorghum and barl-ey significantly increased total

\II'A production by Ltz and \6/' over the untreated sorghum and barley,

resneetivelv- A'r+1^^"'-1^ -^'r^- *ercents of individuaf acids were notwrvurJ . nIUIMórr ¡l¡vJ@ }/'

markedly altered by steam-flaking, increasing flake flatness resulted

in. an increase in propionic and butyric acid concentrations.

In vivo studies by Hinman and Johnson (55, !6) comparing heat

processed and dry ground sorghum indicated that feeding heat processed

sorghum tended to i-ncrease total- VFA concentrations and decrease the

^ t^A,/P ratio in rumen ffuid from fistufated steers. However, Franks et

- /-- \ ^aI (17 ) found that feeding reeonstituted or steam-fl-aked sorghur rather

than dry ground sorghum did not significantly affect VFA patterns or

levels in the rumen fluid of steers.

Woods and Lrilson (fZB) observed that substituting getatinized

corn for raw ground corn resulted in decreased molar proportions of

acetate and butyrate and increased propionate. Sirnilarly, Hentges

-33-



et al- (51) reported that steam-fl-akíng raw gro'und corn íncreased the

mol-ar proportion of propionate and total VFA concentration in rumen

fluid. However, other research groups have found no significant dÍf-
ferences in mol-ar proportions of individuat fatty acids (ZT, 19, 86,
r - t. \rl4) or total- vFA concentrations (zT, Tr) when either ground or heat

processed corn was fed to steers. There have al_so been reports of

decreased morar proportions of propionate and butyrate (l>), propionate

alone (rr) .na decreased total vFA concentrations (ff4) when heated

instead of raw gro-,mC or cr:acked corn r^¡as included in the steer ration.

A.:rother investigation (116) showed that feeding rations containing

high-moisture and reconsti-tuted corn rather than raw ground corn ïe-
sulted in higher Ìevel-s of acetate and Ìower levels of pror:ionate in

rulnen fluid. rn contrast, Galyean et al (19) round that steers fed

a ration containirg TBI' ground high-moistu.re corn had significantly
higher proportions of propionic and bu-'¡rric acid and significantÌy

l-ower prc.oor-rions of acetic acid in the rumen riquor than those fed

roU-ed corn.

Papsolomontos and Wilkinson (89) ccmmented that animal variation,

the nature and physical form of other components of the diet, the

ratio of concentrate to roughage and l-evel of feeding as rvell as the

degree of processing are probabJ-y factors contriburing to the incon-

sistent effect of processing methods on VFA production.

-1.-J+-



A. Animal-s

Two steers, one Angus (:6i1 f.g) an¿ one Hereford. (hS6 tg) fitte¿

r¡ìf.lr ¡armnnent rumen cannufae, were maintained as sources of inoculum'
w r urf yvr ¡r¿

They vere housed- in an unheated. barn with access to an outdoor pen

and- fed simpl-e hay and grain maintenance diets '

Twenty-oned.aysverea]-lowedforthesteerstoadapttothe

experimental diets. Tkre animals were confined in a stanchion while

nnnsnmino their diet.Çvarv q¡r4¿¿Ô

The Angus received a 65/' concentrate d.iet consisting of 4.5 kg

of a 50:50 rnixture of localty growÏr barley and oats anð- 2.3 kg of

good_ quality alfalfa-grass hay. Rumen fluid from thís animal was

used for in vitro d-igestibility d-eterminations of barfey, oats and

rye. The Hereford- consumed- 2.7 kg of coarsely ground corn d.aily'

which vas the maximum that vould. be consumed, voluntarily, and- 2.3 kg

of good. quality alfalfa-grass hay. Rumen fluid- obtaíned from the

Hereford. was used for in vitro digestibility d.eterminations of corn'

A salt btock and fresh water were availabfe at alf times. Half of

the d-esignated grain d.iet vas fed- to each animal at B:30 AM and at

4:00 PM.

_3r-

MATffiIALS AND METHODS

B. Grain Processing Method-s

!la4¡ barley (irigh amylopectin) and- normal barley grovn at Indian

Head_, saskatchewan and locally gro.wn rye, high-fat oats and. normal

oats vere processed by seven different methods. Localfy grovn dent

corn r^ras processed- in the salne manner as the other grains and' also by



a popping and roasting process. Following processing, the grains

were dried in a forced air dryer at 10 C for )+B n tnen ground in a

Wiley rnil-l through a l rmn mesh screen. Details of the processing

methods are as follows:

Dry gfound - The dried, but otherwise unprocessed whole grain, was

ground through a 1 mm mesh screen of a itliley }ifilf .

Reconstituted r+hol-e - I,'Iater (ZZ C) was added to the graín to raise

the moj-sture l-evef to approximately 5O/0, tne grain was mixed' and the

container covered with parafilm. Ttre grain was left at room ternper-

ature (ZZ C) for B tr wittr periodic mi:<ing. At the end of this time

¡eriorl- the srain was tightly compacted in tOO ml boiting tubes and

seafed with parafin wax. A sampfe was reserved for dry matter analysis.

The tubes 'I^rere stoïed for twenty-one days in the dark at 22 C.

Reconstituted grorrnd - Ttre procedrrre was the satne as the reconstituted-

whofe method erce¡rb that the grains were grorlnd tlirough a I rmn mesh

screen prior to reconstitution.

Dry heat - whol-e grains were spread in a single layer in a large

metal pan and heated in an oven at )2 C fot B min.

Steam processed - Steaming l\ras accomplished in a Retort Steam Pro-

cessor, Sprague Sells, Model 2!. A sample of whole grain was pro-

cessed for B min at 95 C at a pressuïe gauge reading of O kgf cr&.

Another sample of whole grain was processed in the same processor

for f.5 min at ll-5 C and a pressr.rre gauge reading of 6.8 Uglcr?.

Cooked - fhe cooking procedure was carried out as described by

Keating et al- (6r). One part whole grain was combined i.vith two parts

water in a shatfow metal- pan, the pan was covered tightly with atu-

minum foiÌ and the srain cooked in an oven at 70 C for 14 h.



Popped - Corn 'v¡as heated in an oven

sional shaking of the cooking pan.

endosnerm snlit the testa.

Roasted - \nlhole corn was roasted in a

Burns and Sons, Model No, 12X114, for

C. In Vitro Technique

-37-

investigation was a method described by trrgalls ( 59 )

evaluation. with minor modifications.

The in vitro dry matter disappea.rance technique

at L76

tn \-o,1,

C for 10 min with oceas-

of the grain, the expanding

a. Fermentation Vessel-s

fhe fermentation vessels consisted of BO mi flanged boiling

tubes fitted with one-hole rubber stoppers (No. i+) and bu¡sen val-ves.

The valve was made from a I cm piece of glass tubing inserted into a

7.5 cm piece of rubber tubing which had a I.5 cm slit to alfow fer-

mentation gases to escape.

b. Buffer Solution

coffee bean

6minata

roaster, Jabez

temperature of 1J4 C.

Approximately 12 h pri-or to col-l-ection of the rumen fluid, IOOO

mJ. of a O.l- M phosphate buffer was prepar.ed by dilu-ting \.OB g of

-õ--K:H2PO4 and ö.71 C Na2If04 with distifled water. The buffer was warmed

to 39 C over this 12 h period. Stock solutions of urea and sodium

carbonate weïe prepared by diluting 8.OO g of urea a¡d 18.40 g of

employed in this

fnr fnr.¡cre

sodium carbonate (WarCO,

hour before collection of

stock sol-ution and 25 ml

. 
%o ) to roo ml with distilled water. one

rumen fluid 20 m} of the sodium carbonate

of the urea stock sofution hrere added to



the prevarmed phosphate buffer. Concentrated. H"PO), was added- to bríng
J+

tha nH nf thc hrrffs¡ to 6.8.u¿rv v¡f v¿

t^ \ - ,-Samples (0.5000 B) of the ground. processed grain vere veighed.

into the boiling tubes and 20 ml. of the prepared buffer ïras ad.d.ed. to

lha <qm¡'laq irrcf þgfgre rçmen flUid COlleCtiOn.vf¡v sL!:ry!

c. Rumen Inocufum Preparation

Rrmen fl-uid- was col-lected prior to the B:30 AM feeding. l^Iater

vas vithheld. at least % tr ¡efore the coflection. fngesta was obtained

by hand- from the central- region of the rumen and the liquor was

expressed. through four layers of cheescloth into a prevarmed- thermos

jug and transported. quickly to the laboratory. The rumen fluid was

transferred. to l-000 ml Erlyn:meyer flasks and. maintained at 39 C foy %

h to allow particulate matter to form a layer on the surface of the

fl-uid. Most of the particulate matter was then removed- by aspiration

and. the rumen fluid was fiftered through four layers of cheescloth

into a l-0OO ml- beaker. A gas mixture of 9O/' N^ and IO/' CO^ was¿¿
'l-,"L'h'rô/l +1.ì?^,.æL the rumen fluid lor 2 min whife st-i rrìnp,, sentlw withÐ urr r J uó óvr] u¿J

a maEnetic stirrer.

d. fnocul-ation of Fermentation Vessel-s

Fol I owi ns rrrmên i nner¡l rrm n?eT)â.ra.ti on - 2O rn'l Of ff.imen fluid_ wef efvlfvrv:r¡byfvyur'Lv¡r¡!

ad.d.ed to each boiling tube with a volumetric pipette and- the beaker

was stirred continuously. A gas mixture of 9O/' N^ and IO/o CO^ was¿¿
bubbled through the n¡rnen ffuid d-uring inocul-ation of the tubes.

tr'our to six bfanks containing buffer and. rumen ffuid. onfy l¡ere

incl-ud.ed in each digestibility trial to determine residuaf nonfilterable



rlrv ma.tter ori oinatjns from the inoculum. fhe entire inoculation

procedure was carried out in a wal-k-in temperature controfled incuba-

tor (Cantab. Modet I2BOHP) maintained at 19 C.

Inlhen all- fermentation tubes had been inocuJated, they were stop-

pered, swirled and incubated for Z4 n in a converted refrigerator unit

with an attached temperature controf (trloOet BO5, hcubator, Cat. No.

ll2Lt) set at 19 C. fhe contents of the fermentation tubes were

swirl-ed after 4 and B n of incubation. At the end of the fermentation

period, the tubes were placed in a freezer u¡til- thoroughly cooled.

Dry matter disappearance was determined by filtering the fermented

materiaf through a tared Pyrex crucibfe (see Appendix A) with a

coarse sintered gtass fil-ter. To aid filtering a pad of Cefite 545

Diatomite Filtering Agent i¡ras prepaïed in the crucible. Supernatant

was removed by light vacuum. Two to th¡ee washings with 60 ml of

distitl-ed water were reouired to transfer all of the material from the

tube to the filter. The filterins crucible was then dried in a forced

air oven at BO C for 24 h, placed in a dessicator for at least L., h

then weighed. Percent in vitro dry matter disappearaJlce (IUO¡,O) was

calculated according to the fotl-owing formula (4):

_39_

g DM in /residual g DM in 20 rnl\
IVD¡/D=Áu¡strate - (' ¡u -ãrinocutum / x hoolo

g DM in substrate

Four digestion trial-s with each trial- including three replicates

of each treatment were conducted for each species of grain. The trials

were carried out on four different days using a fresh inoculum pre-

*--^+;^- +-^* +1-!cr@urv' rrvru çrl.€ same steer for each day. tr'urther detail-s are provided

in i.hc Py¡67j¡p¡{-^l r\¡-ì -*!^yvr lrrurl udl IJEù IÉI.l .



D. Volatile Fatty Acid AnalYsis

trr one of the for:r digestion trials described for the IVD¡40

determinations, duplicate samples for each processing method were

included for volatile fatty acid analysis. At the end of the 24 h

fermenta.tion neriod the contents of the duplieate tubes were conùined

and filtered through three layers of cheesecloth into a plastic con-

tainer. One mitl-iliter of concentrated Hgcfe was added to each con-

tainer to stop fermentation and the samples were lrozen rrntil analysís

coul-d be carried out.

On the day of analysis the samples were thawed and prepared as des-

cribed by Erwin (lU¡. One mil-tititer of metaphosphorie acia (25/',

w:v) was added to 5 rnl- of rumen fluid in a 20 ml capped centrifuge

tube. After standing for 10 min, the contents were centrifuged at

3OOO rnm for lQ min Trha srrnernatant WaS removed jmmediately and
2.vvvLy¡lrJvr

stored in screw cap viafs. Analysis by gas-l-iquid chromatography was

carried out in duplicate.

The instrument used was a BurrefJ gas-liquid chromatograph

(ltoaet JG, Burrelt Corp., Pittsbu4, Pa.) fitted with a ffame ion-

i'zal-íon detector. The fl-ash vaporizer temperature lras maintained at

22O C. to nrovìde renid wanori z,a.i.ion of the samnle. fhe 2 m stainJessLLv v uv }Jr ¿ qyrs

steel- cohlnn with a 0.6 cm diameter was packed with 20% I4PGS on Fire-

brick 6O;8O wi-Lln 2/o þP04. Oven and detector temperatures were J5O

and 220 C respectively. The hel-ium carrier gas flow rate was 5O nl.fmín,

hydrogen flow to the flame jet r+as 20 mlr/min and air flow to the

detector cha¡nber was lOO mf/min. Under these conditions free fatty

acid.s and their isomers were eluted in approxirnately 16 min. Molar

-40-



proportions of the vol-atile fatty acids were determined by comparing

np¡k area.s with those of a standard solution of known concentration.
vvefl e¡

E. Feed Grain Ana1ysís

Dry matter, crude protein (tU x 6.25), fat (ether extract), and

crude fiber were determined by methods according to the Association of

Official Agriculti.rral Chenrists (fO). Starch content was determined by

an unpublished method (n. A. MacGregor, Barley Lab., Canadian Grain

Commission, tr{innipeg, Manitola) in which a ground (O.Ol rrn screen)

grain sample was dispersed in 25 ßa of distilled water, boiled for

approximately 1rn-in, autocfaved aL f2I C for 4 h, then digested with

amyloglueosidase (genus Bþizopgq, Sigrna Chenrica] Co. ) at ,, C, pH 4.8.

Total- glucose refeased was determined by adding 2 m-l- of enzyme-buffer-

chromogen mi:<ture (Gtucostat Special, Worthington Biochemica] Corp.,

Freehotd, N.J. ) to the digested sampJ-e and allowing cofor to develop

in the dark at 17 C for 10 nin. Absorba¡ce was measured at 540 nrn

and compared to a sta¡dard D-glucose cìrrve. The extent of gelatinLza-

tion of heat treated grains llas determined as rng maltose/g sample

refeased after incubation with beta-amylase (llt).

F. Erperimental Design

-4,1 -

A randomized complete block siatistical design was used to

encltrqo in r¡ifr¡ rìnr¡ mqLtpr dioc^+;L;'ì;l-.,.1 ^l-n of rWe a.nfl COfn l'lCç)-*-oiö u-LLJ-L-Lf, UJ U4uA vr r J u øuu vvf t¡ \

Each of the feed srains studied was blocked on four rumen inocula,

each block representing a separate in vitro digestion trial of three

replications of each treatment (tabfe 5).

TLre means of in vitro dry matter disappearance determinations



T¡¡ere compared for statistically significant differences aJTrong treatments

using Student-Newman-Keul's multiple range test (66).

Talrì a q C+e*i c j¿2.-l flesisn for z.rrc nnfl onrn orjg1'jïgnlal tf ial_Sr J e q¡¡u vvr r¡ u^j

Trial-

Lo
-+a-

t

a

7

4

!u

DH

SA

SP

tDG - Dry ground
DH - Dry heat
RGr - Reconstituted ground
R\^7h - Reeonstituted r,¡hol-e
SA - Steamed at O kgfcmz ^SP - Stea:ned at 6.8 Xgf cm¿
Cook - Moist cookins for l-4 h

DH

Cook

RWh

RGr

Treatments -i

RGr

DG

SP

RT¡Ih

RI^]h

RGr

Cook

DH

^ -*-t;+ -'t-ö Þ¡,rru-¡,rùt randomized complete block design (70) was used. to

a.naLyze data from in vitro dry matter disappearance trial-s involving

barley and oat cultivars. Again, results were bl-ocked on four rumen

inocula, each block representing a separate in vitro digestion trial
nf threc renlir.ateS of each treatment lta¡le 6)- Mnirr nlnt treatmentsr'@4rl yrv u ur Ç

were variety and the sub-pl-ot treatments were processing method.

This design r/ras used. because it is very sensitive j-n determining sub-

prot treatment differences and. indica-t ing arly interaction beti,¡een.

rnai n ¡'l ni c¡,i crrh-¡-ì nt f raaimonts . tr nl'l nr¡i no i.he a.nnfo¡ri a.i,e l. teStSIvrrvw¿!ó urrv a!!rv}Jrravu I

for main and sub-plot treatments and interaction, trea-r,ment means

r.¡a¡a errl'iaa*aÄ +,o Student-Newman-Keul ts mll'l-"inl e r?,r,r"e test _vv uuquu¡¡u-f\gw¡r@tj r\uqf ù lluIUMv r @¡6u

SA

SP

DG

Cook

SP

RI^]h

DH

a^

Cook

SA

RGr

IJLT



Tabl-e 6. Statistical design for oat and barley experimental trials

Trial- I
Vll--- vã+-

DG RGT

DH SA

Cook Ri,Jh

RGr Cook

R1^7h SP

SA DH

SP DG

l,--+J-

V1
Trja:. 2

DH

Cook

DG

Rl^lh

RGr

SP

SA

Cook

SA

RGr

SP

DH

DG

RI^lh

't'Pìâ | a

vl- v2

i'1¡l - rrqri ofr¡
i\T2 - rrq¡ì af r¡

RGr

SP

SA

DH

ñ^Ug

Cook

RI^ih

fn vitro vol-atile fatty acid data and gelatinization data were

analyzed for statistical significance using a completely randomized

design and significarrce a:nong treatment means was determined by

T\rkey's test ( I09 ) .

I
2

RWh

Cook

DH

SA

RGr

SP

!u

- t.lr].al- +
V] V2-

SP

RGr

Cook

SA

DH

RI^Ih

DG

SA

RI,lh

SP

UU

Cook

RGr

DH



A. ïn Vitro Dry l,{atter DÍsappearance (fVlm)

The data for rye, corn, oats and barley are tabulated separately

since treatment differences aJnong the cereals were not compared.

TLre vafues given are the means of observations from four digestion

triafs. A surmary of the mean squares from the analysis of variance

is presented in AppendÍ:< B.

a. RYe

-)+\-

RESULTS

Dry matter disappearance data for rye aïe arraliged in order of

inaro¡q'irro dìøest,ihilitw lTnh-ì e -\
v4vJ!!vd \¿.-v+v 

( ).

Table 7. Average IVDI\D of rye processed by various methods

Treatment

cooked 62.\ta

-/Õ.t2¿1,.Steamed 6.8 kg/cm' a+.75ab

,2.--
Stea:ned O kg/cm' 67.rob

r"rrr¡ ornrrn a 68.46¡!I J Ér vt4ru

Reconstituted ground 6B.6tO

Dry heat 6g.99a

Reconstituted whole 70.65b

arb Treatment means bearing different l-etters differ sig-
nificantly (r < o.ol).

SE = 1.16

rvDl,D (%)



Cooked rye had a significantly (p ( 0.0!) lower IVÐI\4D than other

treatments except for rye steam heated at a pressure of 6.8 ugfcnz.

Although reconstituted whole rye had the greatest I\|D¡4D vaLue, it was

similar to al-l- treatments other than cooked rye.

b. Corn

Reconstituted groltnd corn had a significantly (P < O.Or) greater

IVD¡4D than any other treatment (faUfe B). Corn which was popped or

steamed at 6.8 xe/crÊ had a significa:rtfy (r 10.o5) l-ower IVDIÐ

than the other treatments. Small though significant (p ( 0.05)

Table B- Averase nmlm of eorn nrneessed hv va.rious methodsr¡v vr ebv vvvvvvs vJ

Treatment

Popped

Steamerl 6 .B ks / e.tÊ

Roasted
,a>

Stcqrnorl Õ kc.l omc

Cooked

Dry heat

Tlvrr rvnr rn Äy! J Ér v4ru

Reeonstituted whofe

Reconstituted ground

nml,,n I d")
\ tv/

arbrcrdrerf Treatment means bearing different letters differ
significantry (P < 0.05).

SE = O.B7

+r.tta

47.Zl.ab

49.48¡

49 DOo

51 I 5Añ
// . +/vv

)>.+¿de

58.\ze

O¿. t,'I



differences existed between vafues obtained for cooked. steamed O

.t2^RE/em'a.nfl ron.starl nnrn TÞrr mq.f,f,pr flisestjbilitieS Of Whol-e regon-s¿bvu

stituted corn, dry ground and dry heated corn were not statistically

lp ) o-o5) different.\. -

The IVDMD of dry ground corn was found to be IJto lnígher than

that obtained by Tonroy and Perry (ff6) and 2.Solonigner than that of

another publication by Tonroy and Peruy (117).

e. Barley

-)+6-

For both cul-tivars of barJ-ey, cooking improved f\fDlD over all

Table !. Average IIIDI,E of normal and waxy barley processed
hw 'r¡ariolrs methodsvJ

Treatment

Tl¡rr ænnrrnÄ!r J 6À v\aru

Reconstituted ground

Reconstituted whole

Dry heat

-/Õ.t2stearned o. Õ Kgl cm-

,Õ
sïêâmêd l) kolnm-

Cooked

SE

Normaf
IrrDIvD (%)

ou. ))a

ol. )oa

or. o?a

o'¿. uoaD

1^ | - -o¿.+>aD

o¿.YoaD

r.o2

arb Treatment means in the same col-umn bearing different
l-etters differ significantfy (P < O.O5).

^ -a / - \ ,qh' - | \k\ +'^r crrh¡lnt lnrnnasqìnr¡ ) treetments fOf diffefgntu! - I. ltv LvL Ð qu}/rv u \ -¡+ vuÇùÞIIiÉ /, uf vcurrlu¡l uD l

main (variety) plots

Irtraxy

ar ^ a

64 ',l LlD

o). LUA

a- t -l-r I ll.át

o).¿La

oy . +r-D

L.02



other treatments but this was signíficant (f < O.Or) only for waxy

barley (ratfe 9). Íhere was an interaction (e < o.o5) between variety

of barley and two processing methods, dry grinding and steam pressure

,/ ^ - I 2,(b.ö kglcm* ) processing.

Processi ns nnrmnl lrerl ew hevond a. simn'l e s'ri nrì i ns nroeess in-r r vueDplrlõ rlvr r¡ra! v4 rvJ

creased II|DID although non-significantly (p > O.05) for most treat-

ments. In eontrast, subjecting waxy barley to various treatments

except for the cooking process, reduced (p < o.o5) IIDMD slightly

compared to dry grou:rd wa^rcy barley. Among those proeessing treatments

w'here there r¡ras no variety-processing method interaction, there were

no significant (f ) O.O5) differences due to variety.

d. Oats

-47-

Analysis of data by split-plot randomized complete bl-ock revealed

that interaction between variety and processing treatment was not

sicrnifinant fp > O OS) norrertl,eless nonforrndinø'of v¡.rietv
\r . v.v2/,/) LJvvelvrrelvps, v\,r-lvvJ

and blocks was suspected (fatfe fO). fhe effect of variety on IVDID

inst annroaehed sionifiea.nce so the awera.r'e of the varieties could

be taken to d.etermine overall processing treatment effect. fn gen-

eral, high-fat oats had an average advantage of 4.7t1, in dry matter

disappearance compared to normaf oats.

As wíth the barley cultivars, cooking substantially increased

the fVDivID of oats compared to all other treatments. The average

nrÐ¡/D for al-l- treatments except cooked oats were simil-a¡. Steaming

al. e, ko/o^Z n. â rrT*sllre nf 6 B ' 2
- --ot ,-.- -.- kg/cm- appeared to be detrimental-

to IVDMD of both hieh-fat and normal oats.



Table l-0. Average TVÐ¡4D of normal and high-fat oats processed
by various methods

Treatment

,2
Steamed O kg/cm

Steamed 6.8 ks/ ctÊ

Dry heat

Reconstituted whol-e

Tlør¡ æ¡nr r nÄtr J 6r vt4ru

Reconstituted ground

Cooked

SE

-)+8-

NormaI

40 ô6a

)¡ n r ìr ^TV. !r4

¿ll ) h5â l^r
tv. //sv

aL. ))qw

+L. (yao

,l I XA^ha!.v)øw

+).)oD

r.22

rvDr,4D (%)

arb Treatment means
letters differ

+).¿oa

+t.ooa

llA A'/^^+v.) Iaw

4b. ÕIab

+>.y taD

L'/ l!'lDh:'
'¡. 

¡f ev

qô 7çh

L.22

B. Tn

VFA concentrations were calcutated on the basis of the quaniities

of sc'etir'- r'rron'ionie. isohliturie. hrrtr¡rie- isovaleric and valericvr @uv uru, Irt v}/rv¡r¿v, ¡PvvqvJ¿ ¿e,

¡nìds nreqalrt in rrrmcn flrrid - hrrt nnlw we'llres for aeetie- nronioniCøuJuÐ !,I eÐullv rll I utlvll ¿ rulu, vqw vrrlJ , :!- -l,-

a¡d butyric acids aïe reported because isobutnric, isovaleric and valer'

ic acids varied only stightly among treatments. fhe molar proportions

of acetic, propionic and butyric acids and the acetate:propionate

(f/p) ratio are tabulated separatel-y for each cereal; rye, corn,

oats and barley. No statistical comparisons were made between cereals

since the in vitro digestibility trials v¡ere caruied out on different

days.

Vitro Production of Votatil-e Fatty Acids (V¡n)

Arrpr¡ crc

in the same column
sisnificantl-v (P (

+1. OUa

¿lá llht

)+4. r8a

)ra R8"

\\.66a

48. o6¡

o. 86

heari no ri i fferent
o.05).



â Þ1rê

Generally the heat treated rye had lower l-evels of acetate and.

higher l-evel-s of but¡a^ate than non-heat treated rye (talte 1l).

Although non-significant (p > O.05), two heat processing methods,

dry heat and cooked, resulted in higher in vitro propionate production.

Steaming rye at pressr.res of 6.8 kg/crß significantty (P < o.o5)

'lowercd rrroninnn.te levels erlmnâ.red to eooking or drv hea.tiïìø rve.vv¡u_I,@ vu ¡rÞ r./

The A/P ratio was somewhat foi¡¡er for the heat processed grain than

the ttcoldrt nroeessed sra.in with the exeention of rwe stenmed at. 6.8õr k¿rJ

. t 2 . . . /^ \ ì . r ^ t-}ig/cm'which had a significantfy (P < O.Ol-) higher A/P ratio than

cooked or dry heated rye.

b. Corn

!,^-+>-

Generally "cold" processi-ng resulted in l-ower level-s of acetate

and higher }evels of butyrate than corn processed with dry or moist

f ^ - - -^\ f ^ / ^ ^- \ -heat (Table t2). Acetate was significantly (P < O.O1) lower and

propionate significantly (p < O.Ol-) higher for reconstituted ground

corn than for any other treatment. Popping corn resulted in signifi-

cantly (p < O.Of ) hi-gher l-eveJ-s of acetate than all treatments except

corn steamed at 6.8 Ugfcmz and significantly (p < O.O1) lower levefs

of propionate. Heat treated corn tended to have a higher AfP raLio

than reconstituted ground and dry ground. corn but not reconstituted

whol-e grain. Cooked corn produced the most favorable I'fV ratto of the

heat processed grain.

n Rqr'i arr

Molar proportiors of VFA and the A/P ratios for normal and wa.ry
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barley are given in Table þ. fhe amount of data was insufficient

to eomnare the two cultivars sta.tistieellw- s'inee onl v a. sinr''lev+v9+!./,pl¡¡gvvr¡¿.,qp¿¡JbJv

e>çerlmental run i,ras carried out.

VFA patterns of waxy and normal barley were very simil-ar atnong

treatments. Generally, stearn processing and reconstitution resulted

in higher Jevel-s of acetate and fower l-evels of propionate for both

varieties of barley compared to cooked, dry heated and dry ground

barley. Tn addition, stea.rning, either at O or 6.'8 kgf crf tended to

increase the Jevel- of butyrate. For both varieties the A/P ratios

were significantly (p < O.01) loiuer for cooked than for reconstituted

whole, reconstituted grou:rd barley or barfey steamed at O kg/ct#.

d. Oats

-\2-

Although the two varieties of oats shor^¡ed nearly identical

response to treatment in dry matter digestibility trials, fewer

sjmilarities in VFA production were readily diseernable (fatfe f4).

Steam processing normal oats either at O or 6. B Xgf" 2 and reconsti-

tuting ground normal- oats increased acetate production and decreased

propionate production significantly (p < O.01) compared to dry ground

normal oats. A simil-ar response was obtained with the high-fat oats

but it 'was non-significant (P > O.O1). However, steaming high-fat
,1)oats at O kgfcm¿ significantly (P ( O.Of) increased acetate and de-

erea.sed nroniona.te eomnarerl to eooked and reconstítuted r,¡hole hioh-fa,t

oats. Again a similar response was noted with normaf oats r,¡ith the

only significant (p < O.Ol) difference oceurring in propionate pro-

duction.

Cooked high-fat oats produced the most favorabl-e AfP ratío which
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was significantly (p < O.01) lower than that obtained from fermenta-

tion of steam processed. high-fat oats. The fowest A/P ratio for

normal oats was obtained with the dry ground treatment while steam

processing produced the feast favorable AfP rati'o. Al-l- other A/P

ratios were intermediate.

C. Starch Gel-atinization and Chemical Analysis

trtr

A measurement of gelatinization of starch in heat treated grain

was made to assess the extent of starch structural change. Gelatin-

ization determinations for various treatments are given in Tabl-e l-5.

fhe gelatinization data for corn is consistent with the expecta-

tion that increasing cooking intensity wil-l increase the extent of

-^t ^+; -.; -^+; ^* D^- *^-*^f L^-^r ^-- ^-l *^-^*^r ^^+ ^ +L^ ^--+^-+ ^óylavLLllLauru'. For normal barley and normal oats the extent of

sela.tinization for drw heated and steam treated (O l<s./ c1r?) srain rnras

simil-ar to dry ground grain. Dry heated and dry ground high-fat oats

also sho¡¡ed the same degree of gelatinization. Ttle mg maltose/g

grain released. from dry grou::rd l.iaxy barJ_ey was the same as that from

waxy barley steamed at O Xg/crß but significa^ntly (p < O.O!) greater

than that from dry heated i+axy barJ.ey. Rye, which was dry heated and

^+^^*^¡ ^+ ^ 1-*l 2 t^Þuuøusu @u v Ã6/ cm' showed a significantly (P < O.Ol) lower degree of

crel¡ti nlry.al..ion than Àrrr ornrrnä qnÄ qtarm nrêearrrê annl¡crì (6 B V t 2t
r -'- '-8l em- /

rve . T'nr e.l 'l of the sra.i ns si,llrl i ad nnnki nr rê^"r + ^r 'i - ^ ^ì -.if i-rJU. IUa ø!f vr vrrv 6rqr¡¡D uwqUIçUt UUUÃ¿ljÈ; 1çù4iUçU III A ÈIóU

f * \ . . -cantly (P < O.Ol) higher degree of gelatinization than any other heat

processÍng method.

Chemical- analysis for rye, oats, barJ-ey and corn are given in Tabl-e

-alb. High-fat oats and normal- oats differed substantially in crude fat

and crude fiber content whereas the barl-ey varieties were similar.
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A. Closed In Vitro Systems

a. lrlicrobial Populations

In vitro systems designed for the quantitatíon of a few processes

occurring in the microbial population are marked by simplicity of

their design and procedr-:re and also the ability to conduct large

ni.mbers of studies. This simplicity, however, has caused the system

to be subject to criticism and question as to whether the microorga¡-

isms being propagated are typical of the rumen pçuJation in the

intact animal-. Johnson (60) betieves that there is enough published

evidence to demonstrate that bacteria propagated in vitro can be truly

representative of those found in the intact rumen. Ttrus, the assump-

tion can be made that the aetivities being measured are simifar to

those occuruing in vivo.

Another major criticism of closed systems is the elimination of

protozoa from the population. What effect this would have had on

- ')a) -

DISCUSS ÏON

the present investigation of i4

rumen microorganisms is unknoi,¡n.

b. pH

since the buffering capacity of the buffer medium is the only

meâns hw whieh nH can be controlfed internally in an atl-glass system,
¡¡¡vsr¡u vJ

the pH in these systems often changes during the process of fermenta-

tion. The pH optimum for starch digestion has been formd to be

around 6.8 (71). Moore et al (7r) fou¡d that pH did not drop markedly

vitro feed grain degradation bY



until- between 6 and, 12 hours after inoculation. After this time the

pH dropped rapidly necessitating hourly readjustment of the pH to 6.8

in order to maximize starch degradation activíty.

The buffer media used by Moore et al (f) naa a nmch lower.:

buffering capacity than the media used in the present investigation.

ft was fel-t that any benefit to be had from adjusting pH of the

fermentation mixture would be offset by loss of anaerobic conditions.

c. Inoculurn Source

-59-

Source of inocufi:m has been found to have a profou-nd effect on

dry matter disappeaïance of various physical forms of eorn (lZ6).

t{ith inocul-um from steers fed a hieh concentrate ration the IVDMD of

raw corn was significantly greater than that of reconstituted corn

l¡oA\ ß;^ --^^ reversed when inoculum i.¡as taken from a steer fed\ LLv J . arr¿È w@ù

an alfalfa-hay ration (V6). ft is likely that in vitro results more

truly represent in vivo activities if the donor ration and the sample

to be examined are sjmilar in composition.

ft has been reported elsewhere (tZ6) a¡rd was noted in the present

investigation that inoculum from a steer fed a high concentrate ration

creates sample inoculation and filtering problems with resutting

error. fn addition, the inocul-um which is very thick in consistency

produces Ìarge blank weights which can be extremely variable within

trials. Rumen ftuid from steers fed a 65% grain ration ov 2.7 kg

of coarsely-ground corn i^r'as somewhat viscous but pipetting and

filtering vrere carried out with a minjmum of difficulty. Whole rumen

ffuid was desired since it contaíns nutrients and erow-th factors for

the microorganisrns.



d. fncubation Time Period

Tonroy and Perry (1f7) have emphasized a need for more than one

incubation period to evafuate grain processing effects. Apparently,

comparisons based on only one length of incubation period do not

sirre e eomnlete niof.rrre of e.ha.nses in ease of utilization or totafbrvv q vv¡¡¡y+vvv y4v

utilization that may result from processing. However, upon evaluating

reeent observations on in vitro dry matter digestibil-ity of various

processed grains over different incubation periods (t, 29, 39, f16),

it appeared that a 24 hour fermentation period would be suitable for

the present investigation. ft was felt this length of incubation

period would best represent changes in total utilization that may

have resulted from processing. Due to the large nurnber of grain

processing treatments to be screened, particularly with barfey and

oats, it was not feasible to use more than one incubation period.

B. In Vitro Dry lvtratter Disappearance

-ou-

q Prro

Reeent ercoerimentation with concentrate rati-ons containing O, 40,

6O and BOlo rye at Federal- Research Stations (f9, 20) has indicated

that 6O-80lo ergot free rye can be inctuded in growing arrd finishing

rations without a reduction in intake or gain. To date there are no

renorts of rwe.l;-^^+-iL;r;+*' ^;+,her in the intact bovine or in vi-troa çyvt uÞ v¿ rJu uJÈ;gù UIUIIIUJ çrUrrçI rlJ Urrç lrlUQUV UVv rllv vr rrr _

since rye is not con.sidered an important feed grain due to its low

palatability and tendency to produce digestive upsets.

The IVDIvE value for dry ground rye (Table /) was simil-ar io that

reported for the 24 hour incubation of wheat (24). The high starch



and l-ow fiber content could be factors contributing to high I\ID¡4D.

ft appears that digestibility of rye like wheat (1, Zl+ ) is not improved

by processing, and. may, as in the case of cooked rye, be reduced by

intensive processing. Perhaps the natr.:¡e of the starch granule or

the protein matrix surrounding the starch is such that unprocessed

rye starch is readily available to hydrolybic enz¡rmes.

Aimone and Wagner (1) suggested that heat treatment during micron-

ization fowered protein solubility of wheat in in vitro rumen cultures
-lâñr'; 

-È ..'L^^+ ^ ^ +1^^ ^*1.' ^^rì-^^ ^+ *-i l--næan e-¡¡@v¿'ó w*ç@u *o the onl.y source of nitrogen. Supposedly a lack of

avaifable protein resulted in fower IVDMD of micronized wheat compared

to dry-rolled wheat. However, this cannot be the case with cooked rye

or rye steamed aL 6.8 kg/cv? since 18 mg of urea were added ì;o each

cuftrrre tube. A orobable exr¡lanation for the decreased in vitro

digestibility of rye treated in this manner is retrogradation of the

starch.

Since the ÏVDID of rye so cl-osely approaches that for wheat, the

feeding value of rye may also approach that of wheat, however, it has

been suggested that rye may contain growLh-limiting factors (Z>).

b. Corn

-or-

Reconstituting whol-e corn (Tabfe B) did not significantly

(p > O.O!) affect I\IDYD compared to dry grinding. Sirnilar results

were obtained by Tonroy a::d Perry (116) but White et at (tz6) , using

a 48 noi;r incubation period and a buffer media lrithout supplemental

nitrogen, found reconstituted whote corn to be more di-gestible than

untreated corn. Further erperimentation (lZ6) showed that addition

of r.uea to the incubation media altered relative IVDÞD values of



processed corn.

reconstitution (ra¡te B) rraa a significantly (p < o.o!) greater rvDI¡D

thandrygroundcornandwho]-ereconstitutedcorn.fheseresults

are not in agreement.*ith those of Nerthaus and Totusek (B¡) wfro form

that reconstituting sorghum grain in the ground fornt resulted in

-ìirrte im¡rovement in in vitro digestibitity, whil-e digestibility of

the graÍn reconstituted in the whole form was increased greatly. They

(85) reasoned that beneficial effects of reconstitution resuJt from

partiat gerrn-ination within the j-ntact grain rather than a simple

fermentation process. From their microscopic exarninations sullins and

Rooney (rro) estabtished that a high degree of disorganization of

subcellular constituents occuÏs in the whol-e sorghum kernel during

reconstitution. fhey believe this disorgan,rzation is probably caused by

erlzymeactivitysjmi].artothatwhichtakesplaceduringmalting.

Sullins and Rooney (ffO) contend however, that some proteolybic and

amylolybicactivitytookplaceinreconstitutedgroundsorghum.

Furthermore, it was observed that water added to the ground sample

pen.etrated the particles thoroughly, softening the protein matrix (ffO)'

The natr:re of the seed coat of corn may be responsible for lack

of a favorabte response both in vitro (116) and in vivo (17,7;-) when

dry whote corn is reconstituted. It is very difficult to distribute

moistrrre evenly in whole corn to raise the moisture level to lolo

without the addition of heat. Grinding prior to reconstitution in-

cïeases ease of moisture penetration a¡d perhaps, as a result, the

enzymatic hydrolysis of protei-n, starch and other carbohydrates begins

earlier in the storage period. Trhis could accou:rt for the i-mprovement

ïn the present investigation, corn which was gror:nd before

-o¿-



in IVDMD of dry corn when it was subjeeted to grinding prior to

reconstitution in the present investigation (Tabte B).

Processing corn by roasting or pressuïe-flaking (t17, lZ6) lnas

been found to decrease IIDMD aÌthough j-n vitro starch digestion may

/---\ ô .lre imnrowed l¡rr ¡nocr-inæ r-ìr,/ ì IVDI/D valueS in Table ö indiCate thatuç !¡rÌrr vv Lu wJ r u@ù ú!uó \ r! I / .

heat treatment reduces dry matter digestibility by rumen organisms

compared to unheated corn. Cooked corn had a significantJ-y (p < O.Ol)

higher IVDI4D than popped, roasted and pressure steamed corn whieh is

sr-uprisÍng since the starch must eertainly have been mostly, if not

comptetely, retrograded by the moist cooking process. Ttre gelatiniza-

tion results (Tabl-e 1)) show that changes in starch structure due to

cooking r^rere very extens j-ve. Heating corn at fow moisture levels was

evidently more detrimental to IVDMD than overcooking in the presence

of excess moi-strrre.

TÀ ; ^ *^^^*.ble that the nature of corn starch is such that some-Lt, IÞ !UÞù-t

of the retrograded starch resol-ubil-ized in the fermentation media

becoming susceptíble to enz¡rmatic degradation. A¡other possibilíty

is tha.t in the nresence ot B-pCylo moisture the addition of heat

resulted in some of the undesirable reactions described by Sieb (IOT),

these being: (i) formati-on of u¡natural glycosidic l-inkages between

sugar u¡its in the polymer chains of starch; (ii) depolymerization of

starch fotl-owed by reaction of newl-y exposed. aldehyde groups witih the

e-a¡nino group of lysine; (iii) encapsulation of starch within a tough

rubbery protein matrix and (iv) production of free fatty acids by

hydrolysis of fats and subsequent formation of relatively stable

complexes of am¡rlose with the newly formed. fatty acids and monoglycer-

ides.

-oJ-



Lack of optimum processing conditions and equipment may account

for the very low IVDI4D observed for popped corn (falfe B).

e. Barley

Since it has been reported that amylopectin is more readíIy

digested than anrylose ( LO3), it was considered desirable to introduce

the waxy gene into a colnrnercial feed barley variety. Al-though waxy

barley and normal barley used in this study were not analyzed for

anylopectin content, it is known that starches from contrnon varieties

of cereal-s contain 71-BOq' a;nrylopectin and starches from waxy varieties

of corn, sorghum, barley and riee contain g1-LOOolo amylopectin (fOZ).

Trr the present investigation no significant (e > 0.05) aifferences in

IVDI,ID were fou:rd between waxy and normal barley, however, lra.t(y barley

appeared to be slightly more digestibl-e than normal barley. Perhaps

firther study of these two varieties is warranted to deterrn-ine the

rel-ative value of waxy barley as a feed grai-n.

Barley starch has been folnd to be highly digested in the rumen

9U1':2.4) and very littte variation in digestibility occr,:rs from

using different processing methods (lZ>). Nevertheless, it is

possible that proeessing methods could enhance the digestibility of

other components of barley. The results for f\fDMD in Table ! indicate

that most processing methods did not significantly (I) > O.O5) affect

dry matter digestibility of barley. However, cooking of barley

increased IVDNID of both varieties of barley compared. to other treat-

ments. fhis increase may have been due to the effect of cooki-ng on

.l-lra 'laco ,lì -^-+ihla filra¡ ¡nr*inn nf LJrc orqinur¡s Jgùù uf Ëçù uJLrIc I IUçI l vr uJv! vr vrrv ór qrr¡.

Statistical analysis of the data revealed a significant (P < 0.05)

-614-



interaction betr,¡een variety of barley and processing method' If in

vitro digestibility techn.iques are sensitive enough to indicate such

interactions, possibly these techniques may be useful- in quality

controJ of premixed feedstuffs and commercially processed feed grain'

d.. Oats

Oats are not considered an important feed grain due to low energy

content compaïed to other feed grains. oats also have a high fiber

content which makes them undesirable for swine or poultry rations.

However, oats a¡.e a popular feed grain for horses, dry cows and young

nlninants because of their palatability. In addition, oats are usef\rJ

in diÌuting the eneïgy content of grain mixtr.ires whil-e maintaining

protein level.

Recently a high-fat oat variety has been bred urhich contains

approximateLy 71, crude fat (fatle 16). A total energy determination

by bomb calorimetry showed that high-fat oats contain IOO cal,/g more

gross energy than nor:nal oats. crude fiber content of high-fat oats

has been found to be substantially lower than that of normal oats'

Processing beyond a dry grinding treatment had l-ittle effect on

IV¡I{D of oats (fatfe fO). Intensive cooking with 2 parts water to

I nnrt s-ra.in i¡¡reesed drv matter digestibility compared to otherr P@ u 6r ørrl

treatments, possibfy by renderíng the fiber component of oats more

digestible. Since there were no significant (P > O.Or) variety or

interaction effects, treatment means weïe averaged and IVDMD for cooked

oats was forind to be significantÌy (P < O.Or) greater than for any

other treatment. The consistently higher IVD}D of high-fat oats com-

pared to normal oats, though non-significant (p > O.O!) was probably



due to its lower crude fiber content and hieher crude fat content

rather than the effect of processing on starch. Wal-do (tZl) suspects

that intact oat starch is mostly if not completely digested in the

7ì ìmên

C. fn Vitro Volatile I'a.ttw Anirl Production

-66-

A cfose rel-ation.ship between VFA patterns a¡d feedlot performaJlce,

¡artie,ulnrlw feed effieiênnv- r¡ould facilitate research with l-imited

nimbers of animafs to circurm¡ent costly, time-consunr-ing feedl-ot trial-s

and aid in interpretation of results. UnfortunateJ-y, to date there

is l-ittl-e evidence that this relationship exists. The often accepted

bel-ief that a fower AfP raLi-.o favors greater feeding efficiency due

to a small-er heat increment for propionic acj-d may be condÍtional .

ft has been observed that feeding steam-flaked corn reduces tne A/p

ratio (39) ana enhances feed conversion efficíency compared to raw

rol-led corn (rt, 7f). Reconstituting whofe corn has been found to

¡vnÀrrna 11ìn%a- r.evel-s of acetate and Jower levels of nronionate thanøvv vøvu @r¡u ]vvyur !u v u!Ð vr }Jr up¿v¡l@ut

dry corn (ff6) but also enhances feed conversion efficiencv rc).

Most eerta.inlv earârar frma ¡f foefl sra.in is not altefed in the Same

way under the same processing conditions.

Although data Ín Tables 11, L2, 11, and 14 could not be compared

statistically, there appears to be interactions bet'ween grain t¡rpes

and processing method. ft is possibl-e that day of inoculum collec-

tion and donor steer may be responsibJ-e, in part, for the different

7'esnñnses tn t,reatment.

It is notabfe that cooked rye which had the lowest w¡¡m in the

- /- - - - \rye trials (Table 7) al.so prod.uced. the lowest l-evel of acetate and



highest fevel- of propionate compared to other processing treatments
t^ - - -- \(Table 11). As mentioned previously, the rye starch may have been

retrograded during the cooking process thus reducing its suseepti-

bility to enz¡rmatic hydroJ-ysis. Reconstituted rye which had a signifi-
cantly (p < O.O)) greater flIDMD than cooked rye also had a significantly
f ¡ z a ^- \ - ^ l^(v < U.ol,l Jarger A/P ratio than cooked rye.

The vFA production data for processed corn (ta¡te J2) shows a

reversal- of the situation noted for rye. The popped corn which had

the l-oi^¡est IVDI\4D (tatte B), produced the highest level- of acetate a¡d.

l-owest l-evel- of propionate a.¡rd reconstituted grourrd corn, which had

the most favorable f\fD¡4D also produced. what is thought to be the most

- t-desrrable A/P ratio. Therefore, it appears that a high mol-ar proportion

of propionate and a l-ow AfP ratio are not arways concomitant with

maximum feed grain dry matter digestibiJ-ity by a culture of rumen

rnicroorganisms. rn addition, heat treatment does not necessarily

result in a Jower in vitro A/p ratio.

Processing of barley and oat cul-tivars (taltes l-J and r4 ) aia not

resul-t in substantial al-teration in the pattern of vFA production

although cooking consistently produced a row A/p ratj-o for all grain

varieties. rt appears therefore, that the cooked grains, which con-

tained the highly aftered starch, tended to create conditions where

propionate production was favored.

D. Gel-atinization

ït is difficult to erplain the apparent reduction in degree of

gelatinization in rye and waxy barley due to the dry heating process.

Rye, in particular, presents an enigma in that only very severe



processing condítions appeared to gelatinize the starch. The me

mal-tose/g of rye and corn grain released upon incubation of the cooked

sample with beta-amylase was somewhat loi,¡er than that for the barley

varieties which may indieate that cooked rye and corn starch were

l-ess susceptible to beta-amyfase. If this was the case, these results

may not represent an, absolute determination of geJ-atinization and are

useful- for comparing treatment effects only within each grain species.

However, it is possible that corn and rye starch were not as exten-

sively gelatinized by the cooking process as barl-ey starch.

Pfost (9\) tras compared methods of measuring starch gelatiniza-
.|.inn in æ^.i-^ ^".Li^^+^¡ l^ --^-' ur-ufl r-ri 8r'arns subjected to various cooking processes. He found that

a microscopic method which d.etermines the pereentage of starch

granules stained by Congo red dye indicates comptete gelatinization

before the enz¡rmatic method which utilizes beta-amyl_ase.

(.4
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processed Tye, corn, normal and waxy barley, and

oats was studied. The effect of processing on in

fatty acid production and gel-atinization was also determined for each

cereal.

There appears to be littl_e advantage in terms of IVDMD in

processi-ng rye either by t'hottt or rtcol-d'r processing methods. Anarysis

of in yl$g VFA indicated that heat treated rye produced a tower A/p

ratio than unheated rye. The cooked treatment, which had the greatest

degree of starch gelatinization, had the 1owest A,/p ratio.

The IVDIvD data with corn agree with other reports of a decrease

in dry matter digestibifity by treating corn with dry heat (ff7) or

steam heat r,¡ithout flaking or rolring (6o). Reconstítuting ground

corn resulted in the highest TV¡MD r¡¡lrc fnl'lnwed lTw reoonstitutedvvJr

whole and rar¡r ground corn which had statísticalry sinil-ar rvDMD

values. Ttre AfP ratio was the fowest for reconstituted ground corn

and raw ground corn ¡¡rhile heat treatment appeared to elevate l-fe ratio,

with the exception of the cooked treatment which had a Afp ratio

statistically similar to that of rar¡i ground corn.

Processing treatments other than cooking did not affect rvDl4D

of waxy or normar barley. Possibry cooking for long periods with

excess moj-st'ure increased the digestibility of non-starch component,s

of the barley kernel-, thus increasi-ng r¡D¡/D. statistical- analysis

of the data indicated a variety-treatment interaction with the dry

ground and steam pressure (6.8 ug/cm2) treatments being responsibre

-oy-
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for the interaction effect. All- processing treatments tended to

elevate AfP ratio compared to raw dry ground barley, with the excep-

tion of the cooked treatment. Simil-ar trends ín VFA production were

noted for both waxy and normaf barley.

IVD¡4D of normal and high-fat oats were not significantly (P> 0.05)

affected by "hot" or "cold" processing. TLrere were no apparent

differences in f\IDI4D beti,¡een the two oat varieties. Vol-atile fatty

acid analysis for the two varieties was not similar but the cooked

treatment tended to have a fow A/P ratio for both varieties.

A search of the literature revealed that increasine rìrminal

digestion rather than postruminal digestion of cereal starch may

enhance efficiency of feed conversion. If this supposition is correct,

in vitro techniques utilizing rumen inocula coul-d be useful in scre-

ening large nurnbers of processed grai-n samples to determine if various

treatments are beneficial- or if a newly developed cereal variety has

vafue as a potential feedstuff.
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Fifty mil]iliter pyrex crucibfes fitted with a porous sintered-

glass fil-ter were used to fil-ter the fermentation mixture upon ter-

mination of the incubation period. A pad of Celite !4! fittering

agent (approximately 5 mr thick) was prepared for each crucible by

mlxing a shrrry of Cel-ite and distilled water, pouring the mixture

into the crucible and drawing off the excess moistrrre by light vacuum.

These cruci-bles were then dried for 24 horrrs in an oven at BO C.

nla.eed in i,he rlessicator to coo-l then weiohed to forlr denimal nlaces.

It is essential to have a ¡ad of Cel-ite to filter the nmen--buffer

liquor. A precaution that must be taken is that all the rumen--

buffer liquor must be filtered off before washing through with

distilted water. If any liquor remains in the crucible when the

r.rofa¡ io orl¡la¡l franrronl. lrr e anllofiia.l nree.initate iS fOffned. WhiChyr uu r}/f u(

slo'ws the f iltering process.

After several- weeks of use, the fíltering process becomes slow

due to the partial bl-ocking of the sintered-glass fil-ter by very

smal-l particles of Celite. This can be avoided by first irnmersing

the Celite in a large vohrme of distilled water, allowi-ng it to

stand for a few minutes and decanting the suspended material. The

Cel-ite remaining is then dried in an oven before Ìlse.

-o_L-
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Summary of Statisticat Analysis of IVDITD Data for Processed
Rye, Corn, Oats and BarIeY

(1ere n 1

Qô
-wa-

Rye Total 27
Treatment 6 ,+.\5 \.62x
Block 1 llr.ol L5.rox
Residual 18 7 .\6

Corn Total 15
Treatment B 11B.rB tB -9+x
Bfock 1 7r.71 2\ -9Lx
Residual 2\ 1.o\

Waxy Totat ,,
and variety (V) l- 57.oT 6.zt
Normal Block t \>.O1 4.90
Bartey Residual (a) 1 9.I9

treatment (i) 6 28.16 rt.6o
rxv 6 9.14 \.15x

DG r 20.48 9-T5x
DH I r.9\ o-92
Cook r 4.71 2.24
RGr t 2.81 r.t,
sA I 6.21 2.97
Sp l_ tT .2L ti,,:72*

Residual (b ) 16 z.Lo

High-fat Total ,,
and Variety (V ) l lLB -71 9 .BB

Normal Bloek 1 5\.71+ I.7O
oats Residual (a) t 12.26

rreatment (T) 6 4r.r9 Lt.grx" \* /
Tx v 6 z.t9 0.7)+
Residual (b ) 16 2.96

APPIX\TDD( B

Q nrrvna df ¡,F F

r( P < o.o5



SECTION TT

]N VITRO

RUMEN DTGESTÏON

OF

FABA BEANS (VICTA FABA)



Animar productivity from certain feedstuffs may be low because

of the presence of pJ-ant constituents which reduce the quantity eaten

and the avaitability of the nutrients. one important group of such

compounds is the t'tannins".

A nr:mber of investigations of the effect of tannins on digesti_
bility of feedstuffs by l-ivestock have been reported (for exarnples

see 2, ), 10, 14, 24, 27, 3\). presently, however, few investigations
have involved digestion of tannin-containing substrates by ruminants,

particurarly bovine species. section rr of this thesis describes a

prelimínary investigation of in vitro digestibility of tannin-free
and tannin-containing cultivars of vicia faba L. var. major and

v. faba L. var. minor using bovine inoeulum. Attempts were also made

to determine if extracts of pure condensed tannin from faba bean

hul-l-s had a direct effect on mic'obia] enzyrne activity.

al,

]NTRODUCTTON



I'aba beans (Vicia faba L. var. minor) have recently been intro-

duced into Canada as a potential protein supplement for animal feed-s.

Provid-ed. that reasonable yields are obtained, faba beans coufd offer

an alternative to imported soybean protein and the less palatabl-e

r¡naqecrl menl - Hn¡,rar¡er, the use of faba beans in livestock rationsI @VUo uvu rlv f' v v vr r

may be restricted due to the presence of a grov-bh-l-imiting factor

or factors. fn a recent investigation vith chicks, Marquardt et al

(2)+) orovided evid-ence that condensed tannin .¡Ias a major growth-

inhibiting substance in faba beans. Bond (h) maintaíns that the

nrêsence of ta.nnin in faba bean hufl-s vas associated. with inhibitiony¿ vsv¿¿ev v¡

nf i n rri lro drw me.tter dì p'estibi l i tr¡ nf fahe Ìrca¡S .vI f If, v f ur v ur J illúu uef uróve

The importance of tannin in animal feedstuffs has been thoroughly

reviewed by Mclleod- (26). In this thesis, recent líterature regarding

l'rioloo.iea.l nro¡erties of tannins and their effect on d.igestibility

of feed.stuffs by animals wifl- be reviewed. 0f particular interest

¡re the inwestìs¡tions involvins faba beans.

L]TTRATT]RE REVIEW

A - Ri o'l og.i ea.l prnncrtì cq nf T¡nnlnSufv!vb:ve

The most widely accepted cfassifj-cation scheme in one in which

tannins are grouped on the basis of structural type (26). On these two

groups of tannins, hyd.rolysable and. condensed., the fatter is not

hrrrlrnlwzerl hw either acid.s or enz¡rmes (26). Only cond.ensed tannins4vu vJ

wilf be consid.ered. in the present review.

2 . En zr¡me Tnh i hition



In vitro studies (Uifió et qt, 2J) on the effect of tannin

isofated from lucerne upon activity of purified tr¡rpsin, L-amylase

and lypase in incubation mixtures with casein, starch and refined

olive oil substrate, respectively, showed the existence of j-nteraction

between enzJrmes and tannins. ft is believed that hydrogen bonds l^r'ere

formed between the hydroxyl groups of poryphenor tannj-ns and the car-

bonyl groups of peptide bonds of enz¡rme proteins (ZI). Uncertainty

stil'l exists rega.rrlins inter¡.etinn nf ¡¡n*aa'l ..1-ie enzr¡mes- nrotein!r v uvvfJ u¿u vr¡¿J!¡uÐ , !r v v

and tannins. Mifió et al (25) suggest that tannins may inhibit a

nnnf'onìrr'l-in anzr¡¡¡s either hw forminE com¡lexes With the SUbStfatevJ L vL

npn*aih ^T r.,iiL -r,he nfOtein ne.rf nf llro ôh'1ltÂ Tn erlflition. rrfOtein-yrvvçrl¡ y@ u V¿ Urfç çItáJIlrç. !J 6UUJUJVII , I/

tannín complex formatj-on can occur in two ways, producing soluble and

insoluble complexes depending upon the concentration of the reactants

and their heterogenítV Q>).
/-\Daiber (7) fou¡d that enz¡rme production and activity in maft

produced from intact birdproof sorghum grains r,iere unaffected by the

end.ogenous polyphenols in the testa and nucellar layer of the grain.

However, when the mal-t was mil-Ied and suspended in water for mashing

or analysis, the tannins reacted with proteins and enzJrmes to form

insoluble complexes (/). fn an earlier study, Strumeyer and Mal-in

(12) isotated a condensed tannin from the germ fraction of Leoti

-86-

sorghrm grain. Upon incubating the tannin with a variety of enz¡rmes,

varying degrees of enz¡rme inactivation were observed.

ft appears, therefore, that tannins are non-specific in the

binding of enz¡rme protein. However, the degree of inhibition probably

Äo¡on¡lc nn tlra offini*rr nf +1lô tannin tO bind a s¡eeifie enz.w¡euørtrlrr¡ uv Urriu @ ulvu¿r ¿u v¡l¿Jtlre.



b. Physiological Effects of Tannins on Animals

MeT,eod ( p6\ lnas reviewed the nhvsi ol oc¡i ca l j nvest j Eati ons ofurvrvó¿uqf ¿rr v ee v¿õqv¿vrru \

tannins. A review of the most recent literature is siven in Table I.

B. Effect of Tanni-ns on the Quality of Feedstuffs

a. Voluntary Intake

- Õt -

The presence of tannj-n in a feedstuff has been assumed to affect

voluntary intake (lO, I)+,27) ¡ut the exact significa^nce of tannin as

a cause of low intake is not known. Faciors other than tannin may

have an influence on intake since it was noted by Jambrmathan and

Mertz (ft) ttr"t average intake of rats on high-tannin sorghum was

sreater tha.n those on low-tannin sorøhllm-

b. Digestibitity

( i ). rn vitro

In vitro dry matter disappearance resul-ts obtained by Bond (4)

indicate that tannin was associated with }ow digestibility of the

hul] fraction of faba beans. Those faba bean varieties which were

determined to be tannin-free had, on the average, l+.7q, higher whole

bean dry matter digestibility. Bond (4) suggests that factors other

than tannins may have affected in vitro digestibílity of faba beans.

Cummins (6) founa a strong linear relationship between tannin

content and in vitro dry matter disappearance of whole plant sorghum

rrrinr. f.n cncilìno Rneìlìno inr!uùrrrrró rrrùr€âsed in vitro dry matter disappear-

ance of high-tannin sorghum apparently through loss of tannins from the
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grain portion (6).

An investiEation of in vìtro drv m¡.tter disestihiIities of hiøh-., ¡¡¡sw vv¡ vf uD vr ¡¡!b¡¡

and low-tannin sorghum grain by schaffer et ar (29) showed that there

was a negative linear relationship between tannin content and in vitro

dry matter disappearance. Upon addition of urea to the buffer media,

the percent in vitro dry matter disappearance of the high-tannin

varieties r¡/as more than doubl-ed. schaffert et al- (29) suggested that

tannin does not inhibit digestion of sorghum grain directly but rather

indirectly by reducing the anou¡t of nitrogen available for bacterial

growth and rapid substrate digestion. They (29) tefieve that if

tannin inhibited bacterial growth directly, then little or no increase

in in vítro dieestihilitr¡ r^¡nrrl,l t¡e exneete6 hv ad6ing a. sma.l'l amountø Dfir@r! G

of urea.

Lyford gt qf (f7) frave provided evidence that tannins may inhibit

Ín vitro enz¡rmatic hydrolysis of cetfulose directly. Addition of

casein to the incubation media afforded considerable protection to

the cellulose degrading system but at hþþ levels of extracted tannins,

casein had no effect.

/.. \(ii). fn Vivo

-q0-

Schaffert et al (50) o¡served that suppJ-ementatj-on of a high-

tannin sorghum diet with 5 and 1Olo soybean meal- did not increase rate

of gain of rats. A supplementation of ì-ll, soybean meal al-Iowed rats

to gain at the same rate with the same efficiency as those fed low-

tannin sorghum. Their resufts indicate therefore, that the influence

of tannins j-s not a toxic effect but rather affects the avail-ability

of dietary protein (1O1. Results of other investigations r¿ith chicks



/^ô\ f ^-\(2ö) and sheep (2/) support the possibility that tannins affect per-

formance by binding dietary protein. Gartner and llurwooa (fO)

deduced from their analysi-s of mulga leaves, that supplemental dietary

sulfur improves sheep and cattl-e performance by overcoming a sulfur

defieiênorr rìreâ.ted bv ta.nnins hindins to sillfrlr-eonta.inins amino acids.

Katiyar et al (f4) found a decrease in protein and fiber digesti-

bility in sheep fed oak-kernel-. They (14) assune that cellulose

assimil-ation was decreased due to inactivation of cellulol¡rbic

enzJrmes by tanníns in oak-kernel. Low crude fiber retention has been

observed in chicks fed faba bean hulls (11) and cond.ensed tannin

extracts from faba bean hulls (e4); in some cases there i,ias a negative

retention of crude fiber. fhis was attributed to an enhanced excre-

tion of Ìignin-like condensed tannin-protein complex which was included

in the analysi-s of crude fiber (24, 1l).

The effect of tannins may be more pronotmced in one species of

livestock than in another. This species specifieity is illustrated

in the work of ltard et aL (11) and Edwards et al (!). It has been

observed that feedj.ng )+Ool' raw faba bean hulls in chick rations will-

reduce rate of weight gain and feed efficiency eompared to chicks fed

autoclaved faba bean hull-s or water-extracted hutls (ll). Edwards et

af (9 ) found no evj-dence of toxicity in sheep consrxning diets contain-

ing 6Z/' faba bean hutl-s for 28 days. They (9 ) concluded that mechan-

ie.a.'llv nrerrared faba bean hUl-ls mirrht he v'e'll utilizerl bv sheen

comparing favorably r¡¡ith other f ibrous feedstuffs.

U. Surnmary

Thus far most of the work investigating tannins has been done with



animals other than ruminants. It is quite possible that runinants

can i-ngest larger amounts of tannin per unit of body weight with tittle
adverse effect due to their unique physiological_ characteristics.

I{hether tannins red.uce enz}rme activity in the rumen is not known,

however, it is probable that tannins which bind dietary protein will-
decrease efficiency of utilization of the ratj_on.

-42-



A. Animals

One rumen fistul-ated steer, maintained on

was used for this investigation. l4ineralized

were availabl-e at al-]. times.

Collection of rumen fluid was carried out

of the daily ration.

-93-

MATERTALS AND METHODS

B. ïn Vitro

Preparation of rumen fluid, buffer media, sample inoculation,

incubation and dry matter disappearance measuïement procedtlres were

the same as in Section I except urea was omitted from the buffer media.

In every experiment except where specified, sample weights were

approximately O.1OOO g and incubation of the samples took place over

a 48 tr time period.

a. Experi-ment I

Dry Matter Disappearance Technique

nrt a1î ç1f ç -1r q rr â i otq4v v,

salt and fresh water

The pirrpose of this erperiment was to determine in vitro dry

matter disappearance (IVDI{D) of several- varieties of whole faba beans

known to contain variabl-e levels of condensed tannin (falfe Z).

Triplicate samples of each faba bean varíety were incubated with

rumen inoculum in two digestion trials. The data were statistically

analyzeð. using a randomized complete block design (1f) ana treatrnent

means were subjected to student-Newman-Keul-'s lfultiple Range test (r5).

Regression analysi-s was used to determine if a correlation existed

between rvDMD and tannin content andfor rvDþD and tignin content of

prior to consumption



the faba bean varieties examined.

Tabl-e 2. Faba bean varieties, seed coat col-or and location
of supply

-94-

Vicia faba

Variety

maJor
Fidri¡n

'I'Pah tê tÁ¡hìfô

Kodrim

Small- Pod

Vicia faba

Seed
Color

Broad l,'Iindsor White

Exhibition Long Pod

minor
Diana

Her^tz -Itnpr¡e

white

white

white

brown

white

U øI]

dark brown

brown

Location
nf ql r¡n'l r¡

b. Experiment 2

Two faba bean varieties containing the least amor.i.¡t of condensed

tannin (foarlm and Triple l¡,Ihite ) and two containing the greatest eon-

centration of tannin (Hertz-Freya a¡d Diana) were subjected to compara-

tive IVDMD analysis. The effect of the addition of urea to the ferm-

entation media on ilrDMD of the four varieties of faba beans was examined

to determine if availabirity of nitrogen was a limiting factor in
the utilization of hish-tennin faba beans by rumen microorganisms.

Two digestion trials with triplicate observations of each treatmenr

were ca^rried out. Data was analyzed by using a two-factor model and.

Hol-land

Hol-land

Hol-land

Manitoba

Manitoba

Manitoba

Manitoba

Manitoba



following the appropriate F tests, treatment means were subjected to

Student-Newman-Keul's Multiple Range test.

c. Experiment 5

fVDI{D of hulls, cotyledons and whofe faba beans of Broad I,lhite

windsor, Tripre I,,Ihite and Diana varieties were determined in a 48 n

incubation period. Tlee faba bean fractions of Diana were obtained as

described by l^iard et aI (ll). Fracti-ons from Broad White Windsor and

Triple'tnlhite were obtained by splitting the beans by hand. The purpose

of this experiment was to determine which fraction was responsible for
the l-ow in vitro digestibirities observed with tannin-containing

faba beans. Two digestion trial-s with triplicate observations were

performed and the data-were.subjected to analysis of varj-ance using a

randomized complete brock design and treatment means tested for sÍ_g-

nificant-differences usi-ng Student-Ner,¡man-Keul's tvlultiple Range test.

d. Experiment \

NF- >) -

rvÐ¡4D of protein concentrate (cultivar, Diana; J6/, crude protein)
i¡¡as determined for different incubation periods with and without qrea

in the buffer media. A single digestion triat with triplicate obser-

vations of each treatment; o and 30 ng urea, was carried out for each

incubation period.

e. Experiment I

The effect of heat treatment on rrDMD of various fractions of
the faba bean variety Diana, was determined. cotv'l edon anrì hrrr]

fractions were obtained as in Experiment J. starch and protein



concentrate r,rere obtained by an air-classification process in a

commercial plant. Íhe faba bean fractions were divided i:rto two

parts and one part of each fraction was heat treated whil-e the other

was feft untreated. Heat treatment was carried out as described by

Maroua.rdt et a.l (pp\- T\^¡o disestion trials with triplicate observa-a'jgr \a4s¡

tions in each trial were performed. One-r¡¡ay analysis of variance

was used to assess sienificanee of heat treatment effect.

f - Ex-neri.ent 6

- vrl -

In this experiment, faba bean protein concentrate (cuttivar,

Diana) was incubated with a water soluble extract and an acetone

solubfe extract from faba bean hulls (cuttivar, Diana) prepared and

described by Marquardt et af (e\). The water and acetone extracts

contained approximately !O and 751'pure condensed tannin, respectively.

IVD¡4D and in vitro protein disappearance ( I\æD ) were d.etermined

. ^lfnl I owi np a. ?4 h i neìrhât'r on ¡err-Od .rfrb s

The dried tannin extracts were d.issolved in distilfed water a¡rd

made up to concentrations of O. OJZJ gfnL. One milliliter of the

tannin extract solution was added to the samples of protein concen-

trate in the fermentation vessel prior to the addition of buffer or

rumen fluid. The experimental treatments for both IVDMD and IVPD

determinations were: (i) protein concentrate, (ll) protein concen-

Ì re1.e nlrls w¡f er extr¡nf. :.nd I i ¡ ¡ I nrntpi n nnnr-entr¡f.e nllls a.eetOnev! @uu }/luÐ wauul v^vl øu u qr¡s \ ¿4r /

extract. The remainine tannin extract solutions were sealed in a

fI a.sk and refri ser¡ted for further use.

f\IPD ana]ysis was carried out in 50 mI centrifuge tubes fitted

with bunsen valves. Forr blanks were also included in the analysis.



Buffer media, tube inoculation procedure and incubatÍon were the same

as for IIDI\4D determinations. Foftowing a 24 h incu¡ation period, the

tubes r¡¡ere eentrifuged aL L91o å for lo min, the supernatant decanted

and the residue dried aL 6O C in a forced ai_r oven for I+B tr. The

residue r+as then weighed, ground in a mortar, míxed to secure a

uniform sa:ryile and nitrogen content determined on O.O, g duplicate

samples by microkjeldahl procedirre (J). The amou¡t of protein de-

graded was calculated from the foll_owing formul_a:

-97-

g protein in
r\IPD = substrate

One digestion trial- with triplicate observations for f\IDMD

determinations and quadruplicate observations for IVPD was performed.

g. Experiment 7

Corn starch (feed grade) was mixed l¡ith disti]led water to make

up a solution of approximately o. 05 g/ml. This mixture was heated to
â,¡ rt ^^ ^ 1^^+ *lvv u ur.r d. rrLru prate and held at that temperature for ) min in order

to sJ-ight\y gelatinize the starchr.then cooled gradualty Lo 22 C. It

was fou¡d earl-ier that treating the starch in this manner reduced the

variability betueen tripticate in vitro determinations. The gelatin-

ized starch stayed in suspension in the incubation media rather than

settling to the bottom of the tube, thus making mi:<ing easier. fn

addition, starch samples could be pipetted rather than weighed into

the fermentation vessel-s and this considerably shortened preparation

+'ì *^u!11ç.

^f 
;^,.^+^ ^¡A-Lr-quors or the gelatinized starch (fO mf ) were pipetted into

/rpcirìrrql

\ protein
s nrotein in sr:hstrateÞ r*-

s nrnf,eìn in 20\ö _Y--
ml of inoculum ,/ x ruu"þ



fermentation vessels whil-e stirring the starch sofution continually

with a magnetic stirrer. At four intervals during sampling, tO mI

of starch sol-ution were pipetted into four dried., preweighed beakers

in order to determine exact sample weight. The beakers were dri_ed

for 2\ h at B0 C in a forced air oven, cooled for at l-east 2 h in

a dessicator and reweighed. The average weight of the starch sample

in the four beakers l^r'as used as the sample weight for all fermentatíon

vessefs. fhe greatest variation between starch sample weights using

this method did not exceed O.OOI q.

To determine the effect of the condensed tannins on starch

digestion, I ml aliquots of water and acetone faba bean hull extracts,

as described in Experiment 6, were added to the starch sampl-es. fhe

treatments were: (i) starch eontrol-, (ii) starch plus 'water extract

and liii ) sta.reh nlrs ¡eetnne erçl¡¿sf,,.

T\uo digestion trials were performed with six observations for

each treatment in the first n;¡ and three observations for each

treatment in the second. Urea was add.ed to the buffer media to ensrrre

that availabl-e nitrogen was not a limiting factor in starch digestion.

Four bl-anks were included to determine residual drv ma.tter of the

inoculum. The datar,rerê tested for significant differences using a

compretely randomized design with variabirity due to day of j-nocuhm

coll-ection considered as error.

h. Experiment B

-oB-

This experiment was carried

7. It was felt that there may be

therefore alfa-amylase activity,

out in the same manner as Experiment

such an excess of microorganisms,

in the rumen inoculum that inhibi-



tion of alfa-amyrase by tannins could not be detected. The three

treatments described in Experiment J were incubated with 20 ml of

buffer and 20 ml- of rumen fluid diluted to various concentrations

with buffer. The dilutions were: (i) whole rumen fluid, (ll) 66:11

rumen fluid/buffer and (iii) 3j:66 rumen fluid/tuffer. As in

Experiment 7¡ urea was added to the buffer. one disestion triar

with triplicate observations for each treatment within each inoculum

dÍlution was performed.

-99-

C. Analyses

Dry matter, crude protein (w x 6.Zj), fat (ether extract),

crude fiber, acid detergent fiber, lignin and ash were determined by

methods according to the Association of Official Agricul-tural Chemists

3). Starch analysis was carried out as described in Section f.

Assays for condensed tannins were carried out accordine to the

vanill-in-hydrochlorie acid method of eurns (5).



ïn Vitro Dry Matter Disappearance

a. Experiment l-

Rankino the culiivars in aseendins order of mea.n nereenta.ev¿¡c CLlILJ-VaI's l-Il AÞçcrruJ-1r6 ur-uç-L' Lz¿ ¡¡¡vq¡¡ y-r --rr.*Ele

IVDI\4D indicated a distinct difference between tannin-eontaining

and tannin-free faba beans (faUfe 1). fhere was also some indication

of greater digestibility in broad beans (V. fala major) tfran field

beans (V. fa¡a minor). A high negative correlation (yi = T9.ZB -

1.45X; r = -O.BB) existed between tannin content and IVDMD. Those

varietj-es which were tannin-free had consistently higher TVDMD than

the other cultivars. In addition, there was also a high negative

correlation (Vi = 86.\Z - Z.J€IX; r = -0.85) letween percent lignin

in the hull- and IVÐ14D. Percent hutt for each cultivar was quite

sjmi-lar. Chemical composÍtion of the eight cul_tj_vars is given in

Table I of the Annendix.

b. Experiment 2

-100-

RESULTS

The addition of urea to fermentation medi-a had no si-snificanr

(p > O.O!) effect on IVDMD values for hioh-ta.nnin and tannin-free

cul-tivars of ll:_{g.bs (ratfe 4). The difference in IVDMD betr,reen

cultivar Diana and the tannin-free faba beans was non-sisnifícan¡

(f > O.O!) when urea was added to the buffer.

c. Experiment J

Bond (4 ) attributed differences in IVDIvD of whole faba bean
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cultívars to the presence of a factor or factors contained in the hull-

portíon of the seeds. rn the present study there r.vere signif icant

differences (p < 0.05) in IID¡4D between tannin-containing a¡d tannin-

free hulrs in the thee cultivars evaluated (ralre 5). rn addition,

there T¡ras a significant (r < o.or) aitrerence i-n r\rDi\dD between v. faba

minor and Y:_!aba major cotyredons. l^lhore bean r[D]Ð of the three

curtivars examined were afl significantly (p < o.05) a:_rrerent from

one another, the trend in digestibility being in agreement with results

of Experiment l- although varues w'ere somewhat higher. chemicaf com-

position of cotyledons and hufrs is given in Tabre 2 of the Appendix.

-f03-

Table l. IVDÌ\4D of whol_e beans, cotyl_edons and hull_s of three
cultivars of V. faba

Cultivar

Diana

I{hite Windsor

'¡'rlñ lê l^lhrlê

SE

Whole bean Cotyledon

arb rc Treatment means in the same eolu¡n bearing different
letters differ significantfy (p < O.O]7).

nz 
^)1^

'7'7 011\

oo. rrc

IVD¡,D (%)

Id. .tjxperrment 4

This experiment was conducted to determine a suitable incubation

time for protein concentrate. IVDI{D of protein concentrate of V. faba

cultivar, Diana, for different incubation periods, is shown in Figure 1

/v 4nt

o). (oÐ

Q.c n)rr^

r ¡1,
J- . ¿-+

-t-1u-_Lr

¿l-¿L hl-L â

\t.z6a

Bo.4Z¡

L.74



-roh-

H Ureo Absent From The Buffer Medio
f- =-{

I

9eo¿.o

=

Ureo Presenl in =The Buf fer
Medio

Denotes Slondord Error of
Eoch Observofion

òe

Figure l. f\IDMD of faba bean
aL 1, 6, J2, z\ and
fermentation.

Hours

t2

nvniaì h â^h^ôh+Fn#aIJr uuçrll uultuçllua ouç

\B nours after the

?4

| -,. \
\ currl_var , Dtana )
initiation of

48



together with the standard eï'ïors. Tt appears that the protein

concentrate is afmost completely digested 24 h after the beginning

of the incubation period.

e. Experiment 5

Autoclaving had no signifícant (p ) O.O)) effect on IVD¡/D of faba

bean starch or hulls (faUfe 6). However, autoclaving significantly
l^ / a ^-\ -(P < O.O)) decreased the IVD¡4D of the whole bean, cotyledons and protein

concentrate compared to raw (unheated) faba bean fractj-ons. Chernical-

composition of the various faba bean fractions is given in Table l
of the Appendix.

1^tr

Tabl-e b. The effect of autoclaving on IIDMD of various
fractions of V. faba, cul-tiva¡ Diana

lreatment

T'41¡I

autoclaved

SE

-*,^ /../ \tv DIVJD \70 )

Hulls bean concentrate Cotyledons Starch

arb Treatment means in the same column beari_ng different }etters
differ significantly (p ( o.o5).

zô ôr)> . ¿J-

lr r lt,7Tr.Tl

r l,n

7) 1)q

Ác )rñ.

2.2I

/ï . ¡;xperr_men-E o

Condensed tannin added to the incubation media reduced IVDI\4D

a¡d IVPD (fafte 7) of the faba bean protein concentrate (pC). Since

only one l-aboratory run was performed the amou¡t of data was

B)+. ooa

zR Áor-,

1 ql

(o. ()a

o.98

Bo.t5

Br.6r

170



insufficient for statistÍcal analysis but standard errors for each

value are given. The water and acetone extract depressed digestí-

bility to the safle magnitude. In the protein concentrate control,

nearly al-t of the protein was digested in vito in 2l+ h.

- _LUO -

Tab1e 7. The effect of added condensed tanni-n on IIDMD and IVPD
of faba bean protein concentrate (PC)

Treatment

PC control 88.64 t r.o8 92.01+ ! o.rj

PC + r^¡ater extract 79.16 t O.\4 6l .69 t O.tI

PC + acetone extract 78.2I ! O.g6 66.O8 ! I.1J

Condensed tannin added to the incubation media had no sienifi-

cant (P > O.O5) effect on in vitro stareh rligestion (falfe B). This

o
I

rv-DlD (%) rvPD (%)

Table B. Effect of condensed tannin on
f\IDND of corn starch

Starch control 6r.46

Starch + water extract 6l+.\l

Starch + acetone extract 6l+.2\

Treatment

SE = O.92

rvD¡D (%)



may índicate that there

by condensed tannins or

was present.

1r Ï-mori-o-t Â

fhe effect of condensed tannins on in vitro corn starch digestion,

using a mmber of different rumen inoculum dilutions. is unclear
/^ . - ^ \(l-'ab-Le 9). Again, only one l-aboratory run was performed providing

on,ly a smal-l- amount of data. For some treatment means the standard

effors r¡rere unusual-ly large. Cfearly a nr:mber of digestion trials

would be necessary before a statment can be made whether or not

tannins affect starch dioestion in vitro.

-r07-

was no

that an

inhibition of microbial al-fa-a¡nvlase

excess of microbial- al-fa-amylase
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The hioher dioestibilitv of the tannin-free faba beans woul-d

make them more desirable as a livestock feed (tabl.e 1). l,ihil-e there

was a significant (P < 0.05) Iinear relationship between tannin

content and IVDIÐ, it was suspected that another factor affected

digestibility. The present study shows that digestibilíty of the

whole faba bean in the rumen may be affected to the same degree by

the amount of lignin in the hulÌ, as the a.nount of condensed tannin

in the hull. Lignin may be the unknown factor affecting in vitro

_109_

DÏSCUSS ÏON

digestibility which Bond (4) feft must be present.

Unlike the findings of Schaffert et al- (29) with sorghum, the

addition of urea to the incubation media did not increase ïVDMD of

high-tannin faba beans significantly (P > O.05) (fa¡fe 4). This

could be due to the fact that faba beans have larse amorrnts of avail-

able protein compared to sorghum grain, and the sma}l amount of

protein bound by the tannins would not easily be detected in vitro.

According to Schaffert et at (29) lack of an increase in f\IDMD upon

addition of urea would indicate direct inhibition of bacterial

growbh, however, this may not be true of a high-protein substrate.

Ttre data contaj-ned in Tabl-e 5 indicate that the tannin-free

faba bean hulls had a high IVDIÐ compared to the hul-Is of those var-

ieties containing tannin. This is in agreement with the in vitro

trials of Bond (4) who found that the testa accou¡ted for differences

in dioestibilitv values of various faba bea¡ cultivars. Unl-ike

/ì- \Bond (4) it was found that not all cotyledons from various eultj-vars

had the same digestibilities. Cotyledons of the high-tannin variety,



Diana, had a significantly (p ( o.o>) t-ower digestibility than tow-

tann,in or tarrni-n-free cultivars. This may be an indication of the

presenee of an inhibitor substance in the cotyledon, but, it might

also refl-ect differences in ehemicar and physicar properties of the

constituents of cotyJ-edons from different cult j_vars.

A nurnber of studies have demonstrated that faba beans (vicia

-110-

faba L. var. minor) contain a thermolabil-e growth depressing factor

(rB, L9, zo,2rr 2zr 21, 11,1\). In a recent investigation,

Msrnrrordt af. q'l /^l' \*- (24) identified this factor as a condensed tannin.

The results in Tabl-e 6 inaicate that autocl-aving did not improve j-n,

r¡ìtrn di oe<f.ìÏri I itr¡ nf r¡ovinrrcuróvÐu¿vlrruJ ur- vir^f.'r-ous eomponents of faba beans, in fact,

autoclaving appeared to be detrimental- to i-n vitro protein digestion,

possibly due to denaturation of the protein. Digestibirity of faba

bean hulls was slight].y though non-significantry (p > o.o)) increased

by autoclaving. since ni-trogen is r-ow in the hur_ts (\.\1, crud.e

protein), additional, nitrogen in the form of urea could have increased

the utilizaLion of faba bean hul-Is but these results indicate that

heat processing of faba bean hulls for ruminants may not be warranted.

fhe data presented in Tabl-e f , though l-imited, confirms other

observations (l-1, l+, 2)+, 27, z9r 30) on the effect of cond.ensed

tannin on protei-n util-ization or retention. Whether the decreased

protein digestibirity r,ras due to binding of proteolytic enzymes or

binding of dietary protein is not known.

fn an in vitro rumen system where microorganisms are intact, dif-
ficulties are encountered in determining the effect of inhibitors on

enzJrme activity. Ceffular disruption increases ease of enz¡rme assay

but oestroys the normal system. AJ-so, rittl-e is known about the



association between rumen organisms and substrates. Protozoa can

engulf food particles or other microorganisms and digest them rather

than, rel-easing free enz¡rmes to degrade the substrate (fZ). Efectron

microscopy teehniques have been used by Akin (f) to study the manner

of attachment of different morphological types of bacteria to plant

cel-l waJls during degradation. In the rumen ecosystem, bacteria

appeared to adhere closely to plant substrates durÍng degradation by

capsule-Ìike material and by small amounts of extracel-ful-ar material,

as wel-l as by other mealrs not observable by electron microscopy (f).

Ttrere is a possibiJ-ity, therefore, that tannins may not have

access to microbial en.z¡rmes because of the natrre of the cl-ose associ-

ation between microorganisms and substrates. This hypothesis is

supported by data shown, in Table B which shows starch IVD¡4D to be

slightly but non-significantfy (P ) 0.05) reduced by adding condensed

tannj-n to the sample. Possibily alfa-am¡rlase was in great excess

compared to the amount of condensed tannin added, although this is

thought to be unlikely since added tannin extract was 7.4/o of the

weight of starch substrate. Afthough the results contained in Tabfe

I a.re la.rBelv innonclrlsive- it ma.w he rlseftl'l to e¡.rrw orlt a. nllmber
// wv +(,4bvlty rrrev¡¡v+4v¡vv,

of such trials in attempt to determine the effect of condensed tannin

on mi erobi a.l svstems. A dil-ution trial such as this wou]d be more

meaningful than disruption of microorganisms in order that enzyme

p.ssâvs ea.n he nerformed.

-lfl-



This preliminary investigation was undertaken in order to de-

termine the in vitro digestibility of tannin-containing and tannin-

free faba bean cultivars by rumen microorganisms. The effect of

condensed tannins, previously extracted from faba bean hulls, on

IVD¡4D of faba bean protein concentrate and corn starch was also

studied.

The resufts indicate that tannin-free cultívars are more d.is-

estibl-e in vitro than tannin-containing faba beans probably due to

the much higher digestibility of the hutl portion of the tannin-

free beans. ft appears that both tannin content and }ignin content

of the huU- are equally responsibl-e for the lower IVDND of tannin-

containing faba beans. Autoclaving various faba bean fractions to

destroy the thermol-abile growbh depressing factor had no effect on

IVDI4D of hulls and starch but reduced IVDI4D of the protein concentrate,

cotyledons and whol-e bean fractions. Condensed tannin added to the

incubation media decreased IVDMD and IVPD of protein concentrate

but did not affect I\IDMD of corn starch.

Further investigations are necessary to determine if the tannins

affect proteolytic and amylotybic activity of intact rumen rnicrobial-

svstems or if f,þo mrin¡ affan+ Of tannin iS ¡¡gflintod thrnrroh t.hguu ur¡a v s6r¡ ur¡

binding of avail-abIe dietary protein.

_II2_

SUMMARY
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Table I. Chemical analysis of eight faba bean cultivars
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Tab1.e i. Analysis of faba bean fractions (cultivar, Diana)

Fraction

In/hole
-raw
-autocl-aved
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