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to ,determine dif beta-glucans?;and \pther )

;Qaffected the performance of cattlo fed hlbh

~noﬂled) thh beta glucan contents ranglng from
¢ dr§ matter were fed to 120 steers There were no'

j‘e' barleys Ln terms of theLr affect on average

s N ' :
{» ﬂ- 0 81) Feed dry matter galn ratio (DM C) was also

.1

i'w

RS N
-A\gunaffectegyﬁg Vjég>0 l%) by barley type No segnlflcant drfferences in

v : R -
p&;&; bgtween cattle fed dry rolled and steam
,_v“'*‘y__), S . [ .

&
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toligdfﬁﬂgt

‘\,1

nl nd§<2éalh_.inl 51tu dry matter degradability\ were.
e . k e

resp tlvely) BetalgluCan ;cOntent of thenbarley'was

3on»-SLgnlfl atantly related -to DM ¢ (r;; -0.79; P = 0.06), and t%;

dally feed lntake (r -'-0 SO P - 0 31) In a second experxment .with

‘four» other barley samples, the dlgestlblllty of. beta glucans (98.6%)

Y

and starch (98 11) were 31§%l1a 1

'-It,;was -concluded that bj

" the nntritide value of . graln fér feedlot cattle but that factors

such?jas ,volume‘weight starch content f}ber content «and 24 hour in

¢ Fa

vsitu dry 'matter degradablllty accounted for a 51gn1f1cant proportlon

:L

»of varlatlon in feed conversxons when hrgh concentrate diets are fed.

» - e

Further,. steam rolled barley fed to feédlot cattle does not improve

K

_’performance or carcass tralts Ln comp§rison to dry rolled barley

Y L .
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1984 Grimson et al. 1987), but not to the degree that its importance:

in Wésternqcanada-warranc .
. ; .

also. found in the aleurone layer where they constitute approximntoly‘;
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- ~ - / owrt
N ® . - ! e B
: . - 1. INTRODUCTION ¢ - :%, p .
c b ,".‘_-':‘ [N R CEE. . N
i . . R \' : T \ ‘ t
v . S .. ” © . o
{.._ . k . 8 R "D' .(45 o N R . : ‘ . »
f ' ) ey °".v LI ' . - . . ) » ) . N
Barley 1is often the cheapest? source - of energy and the most .
T » . ¢ R . e R B - . , = . .
frequently used grain - in the feedine industry of WegtéYh Canada. - .4

. . . ] T *
Vé‘ume weight, moisture content and dgckagev have, been® the main

qualityf crit%;iav.considered by 'cqnmereial feedmills and feedlots %

(Crimsop ét,,al, 1987). Quallty of barley for feedlot cattle hﬁg.bcen ' N

'

inVestigéﬁed (Thomas et al. 1963% Hlnman 1978, Mathison and Milligan

: 3 (2N A ? 22 Y
v ‘ 4 - ’

“~

¥

Beta-gluéans are s ructural carbohydrates fﬁZt account f01 75% ot

the éndosperm ‘cell wa materlal of - barley graln (Fincher 1975; \,

Ahluwalia and*Ellis 19855 and thUS's&rround starch granules; They are 1a
ZQZ-fof ﬁotal gell wall maﬁeriél'(Bécic and Stbng 19%1). Beta-glucans
are cBemica%ly'vand sfructﬁraliy similar -to Qelluﬁugiegcapt that the
glucosé résidues} éfé betafl,ﬁ and ‘béta-l,B“iinked (Bémforgh 1982;
Woodward and Flnéher 1983? s | | J‘_. | S
Beta- glucans have - been | cqqsidered responsible for .rGAuccdf

performagce and séiéky dropfings when Sérley-based diets were;}cd to
poultry (Gohi etl.al.. 1978) Reduced performance in growing pigs oﬁ
barley based diets is thought by some (Honeyfleld et al. 1983, Taylor
ét al. 1985) to be related to beta glucan content However,the ileal

Ty

»digestlblllty ofy.beta-glucan in " swine ‘is high (Graham et al. 1986;

‘ Welt21en and Aherne 1987), 11kely due to the beta glucanase actlvxty

- .

of the lactobaccili populatlon of the small 1ntest1ne of the pig._

-
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. Beta-glucanase ﬁctivity ’has been identified in several sbecies of
rumen microorganisms .(Teather and. Wood 19827). but the effect of

‘beta-glucan on the digeStion and metabolism of barley in ruminants

- has not been inv stigated. ’ //r’i
. ’ » ) ; . : —_— .
"Steam rolli ‘6f barley-is practiced by many feed manufacturers.

Reasbns '}forx_ghis include a. reduction, iﬁ}‘cﬁeuiamqunt of sm@%
-parci;les, compared to dry.rollihg or grindihg, thé gelatiéatiog‘;};f
Sy e . : ) - ) . 1

'stérch. apd imProyed palacabilicy. Howevér; in g&o recent feedlot
L _trials conductéd in  A1§erta (Mathfsoﬁ and Milligan 1984; Cfih$qn et

——

~al.. 1987) steém rolling. of barley did not result in imprbved feed
intaké; average dailylgai% (ADG) or feed efficéency.~

Q, D}ffe;eﬁCés “in quuﬁe.-weigbt, _protein content, été%ch content, .

aﬁd‘ the various':fibérifpaétio s of bariey have been»investigated bg‘

o ;everal 'researchers (Mathison 984) .. ‘ﬁinmanv (1978) fepo;téd Eﬁag
QVerage Aaily gain (ADG) and‘fégg efficienqy of steérs was advérsely
ffected by feediﬁg'_liggt weight barley. Other fesults wiﬁh feedlot
. ! ' .- » ' e
cattle (Mathison ahd Milligan 1984; Grimson ec al. 1987) indicat.

' .i;hat " ADG iS: not affected by voiume‘Qeight but ;Hét feéd effigiencyA
Qas edycled.

.‘.Thév ob{gc:ivevof these experiments was to determinebthé,éffecﬁ-of

‘ bété;glucan;  starch,. fiber copteht ;nd.steaﬁ rolliﬁg on’thé ihtabe,

 <§digesti§n, and _féed‘ efficiency'fof barley . in finishing diets for

- cattle.

« N



[ W ) : AN L .
o o o Y - /" T > 3
1.1., REFERENCES ‘ ' '

FQ - . » o é )

AASTRUPJ S. and ERDAL.%JKm, 1980]' Quantitétive determination of
endosperm modificacionk and  1its relationship to the content of
l,3:1,4-beca-g1ucans' during mglting ~of  barley. Carlsber} Res.
Commun. 45: 369-379, o

AHLUWALIA; %}_;and ELLIS, E. 1985. Studies of beta-gluéan in bdrley}
malt and endosperm cell walls, PP. 285-290 in" R.D. Hill and L.

'ﬁ*<”4(//¥dnck, eds.

e . ‘
'%%Elsev1er Science Publishers B.V. Amsterdam. o

New Approaches to Research on Cereal Carbohydrdrus.

BACIQ,‘ A. and STONE, B.A. 1981. Chemistfy_ and Qfganization of
| aie@rone cell wall ‘compqnenés from wheat and barley. Aust. J.i 
_Piant Phy#iol.va75~95
BAM!;“ORTH, c.w;‘1982. _14@ beltva-gluca'nsd...Brew. Dig. 57: 22-27.
FiNCHEk, G.B. 11975.' &orpgology and chemical composition of bﬂrIey
.'endosperm céllpwélis.‘J;,InSC. Brew. 81: 1164122,, ‘
GOHL, B., ALDEN, s ELWINGER, K, AND THOMKE, §. 1978.: Influence of
bgta-giucaﬁasé,i'on‘;%gediné value ' of barléy -for pégltry and
. ﬁqisture'conteht'oflexcreta. Br. Poult. Sci. 19; 4?-&?.
GRAHAM, H | HE‘SSLE)MAN,; K., JONSSON, E. and AMAN, P. 1986 Influence
of bété-giucanase suppiémentation oﬁadiéest{oh of a barlgy-bdsed
diet in tﬁe F@g ,ga#trpintgstiﬁal gract. Nuth ‘Re§1 Int. 34:
1089-1096.. A |
cRiMSON, ‘R.E., WEISENBURGER, R.D., BASARAB, J.A. and STILBORN, R.P.
. - : -

- 1987. Effects< of ‘barley‘vqlume-weighc and pfOéessiniioh feedlot



performance of'v‘finishing steers: Can. J. AnimI Sci. K 67:
43-53.HINMA¥, D.D: 1978. vBérley ‘test weight{iand beef cat:&e_
Vﬂe—iperformand%. - Proc. Pacific Northwest An}ﬁ; .Nu;r. Conf.
‘Qancéuver,‘B.C. PP. ‘34~38. | o '
‘. HONéYFIELD, 5?C. FROSETH, J.A. and LANCé, ;R. 1983, CamponenCS Qf 
| bérley ‘that predict its nutr;cionai vélue for }inishing pfgs.,J;
Anim.>Sci. 57 (Supﬁl. 1) :250 (Abstr.). |

MARTIN, H;L. and  BAMFORTH, C.W. 1980. The' relationship between

beta-glucan solubilase, barley autolysis and malting potential.

- Inst. Brew. 86: 261-221.
MATHISON, G.W.. 16984. Effect of barley - test wefght»on‘beef cattie

performance. Proc. Fifth Western Nutr. Conf. CalgaryJ Alta. bp.

79-85 .

{ .

MATHISON, G.W. and MILLIGAN, L.P. 1984. Quality of barley for
feedlot cattle. Farming For Ihe Fuéurev Pfoject 84-0030}

a3

Alberta Agriculturei Edmonton, AiCa. ™

TAYLOR,X P.F., FROSETH, Jfgna .ULLRICH, S.E. AND MALE@_J.R.'légs.The
éffect‘ ?f cultivar ;g;ﬁ%érowing seasonlongthe feeding value of
barley for swine. Précr West. Sec. §$;\\éoé¥ Aniﬁﬁ se i
36:260{26&.- - | ..

nTEATHER, ‘R.M.J and WOOD,‘ P.J. 1982. Use of congo red-polysacf%arihe.
interactions in benumerétion and cﬁa?accefizatioﬁ of cellulolyt;ﬁ -
bacteria from ﬂthe bovine rumen. Appl. Env. Microbiology 43:

777-780.

. THOMAS, 0.0., KRALL, J.L., MYERS L. and MATZ J. Jr. 1963. Value of -



.

light and heavy barley for fattening cattle. Proc. West. S

eC.

Anim. Sci. 14: 42.1-42.5. -

AQELTZIEN, E.M. _and -AHERNE,. F.X. 1987. The efféc;s of anaerobic
gto;age a%d processing of ﬁigh moistufe ‘barleQ oﬁ‘iﬁs ileal
>y .jdigest{bilicy  by. and'performance pf growiﬁg swine. Can.oﬁ; Ayim.
Scil-67: 829-840. | |

1

- WOODWARD, J.R. ‘and FINCHER, GkB: 1983. Water soluble beta-glucans.
Fine sttucture,.:solution behavior énd.organizhtion in the cell
’ T ) R ’

wall. Brewer's Digest, May 19837 ~ . -

4y



- : .. 2. LITERATURE REVIEW

»

2.1, Barley Beta-glucans

<~

£l

2.1.1. Strycture and Distribution
The 'carbohydraCe 'portion of barley grain consists of llnear

glucose polymers of rwo types (Bamforth 1982). The alpha glucan

. polymer (starch) ~is the major storage carbohydrate in the grain and

is ~identified by the alpha-l,&~lihkage of the glucose residues

~ found iﬁ barley exhibits beta- llnkage of the glucose resxdges and in

that sense is . similar to cellulose However cellulose is a
i \ .

homoglucan exhiblting only beta-1,4- llnkage while the beta- glucan of

barley contalns both beta 1,4 (701) and beta- l 3 (30%) linkage of the

glucose re51dues (Flemlng and Kawakami 1977; Ballance and,Manners

1978;‘ Qsmforth 198Q; Woodward and Fincher l%S}). For this reason it

~is termed a "mixed-linkage" .bera-glucan. Various reports in the

8 ' : e
~ (French 1973' Bamforth 1982 Manners '1985) . The beta-giucan pol\mer

S

litérature  also refer to barley beta-glucan 8s ;"barley gums" . -

(Bamforth 1982)8 , -

In a 40°C - water soluble isolateq{rom two barley varieties,'the

<y !

- beta-glucan polymer consisted primarily of blocks of two or three

1,4-Tinked “glucose molecules separated’ by,‘a single 1,3-linked

molecule._ However, blocks of four or ﬁore 1,4-1linked molecules made
up over 5%  of the veta-glucan oolymer. This pattern is very similar
to a beta-glucan isolated from oats (Pdrrish et al. 1960)

According to Woodward and Flncher (1983) glucose accounts for 98%

of the monosaccharides found in barley with arabinose, xylose, and

S



galactose present in ‘'small amounts.

‘Beta-glucan in fbarley ‘can 'be 'divided into two categories:'the

fraction freely soluble in water or buffer, referred to as the "gum",.

and the insoluble residue - (Forrest and Wainwright 1977: Bamforth

1982). The relative amount. of soluble beta-glucan varies = with
“ : ‘ : T IR
~extraction media, temperature, and  time.' - However, - 65° . ¢ waieg

)

soluble ’ values are commonly reported . and 'range from 20 to 37% of

total beta-glucan 1in barley floe}'(Anderson et al. 1978;'Martin and
o . e ‘
Bamforth  1981; - McCléar ,vand Glennie-Holmes 1985). 1In isolated

. ) &
endosperm cell walls, a greater proportlon of the beta- glucan (up to

75%) are soluble under these condltlons (Forrest and Waxnwrxght 1977
1]

Ahluwalia and Ellis  1985).- Varietal deferences‘ and cell wall
isolation® teehniques’ may affect the fraction of beta-glucan which is

soiuble.

i

[ .
Increasing ’the-,tempera%ure of aqueous eitracpion media markedly

¢ 2

&

increases the -relative: aj%unt of extractable beta-glucan'in barley

flour and isolated endosperm cell walls'(Flemiﬁg and Kawakami 1977;
o v o

Ahliwalia ‘and~ Ellis @85). The solubility of beta-glucans decreases-
: ? : .

~with maﬁurity of the,graiﬁv(Aastrup’l9Z9a; HeSselﬁan et al. iéSl).
Bariey» bete-glueans re not homogeeeous with respect to moleculqr
size, fine structure,
rather represent a arge and diverse group of polysacche\ides
(Woodward éhd Finehe 1983) Rev1ew1ng the llterature Wbodward and

Fincher (1983) repor ed that beta- glucans isolated from barley flour

nor chemical- and phy51ca1 propé%ag\ but

or 'ehdosperm cell walls;.varied‘in,molecular Qeight"from_?0,000 to 40



g

,

million daltons. | Their .- review represented. a wide variecy' of -
extraction media and teqperatures as well as several molecular

N ™ . N . ' ' . P " )
separation techniques. The larger molecular weight Qolymers yere

extracted ‘at higher solution températures_(Fléming and Kawakami 1977;
W66dward and Fincher 1983 Ahluwalia and Ellis 1985). The use bf‘

alkali, rather than aqueous media does not appear to éxtract polviners

of significantly . diffepéntﬂ-molecular weight (Forrest and Wainwright

1977). . . S T A -
' ey 0T Y ; ' ' _
In barley grain, beta-glucans are, logated primarily in the
endosperm cell wall .where they account for 70 to 75% of ‘total cell’
wall material (Fincher 1975; Forrest ahd-Waihwright‘l977;.Billéﬁce

P

“and  Mannets 1978; Ahluwalia and Ellis 1984,1985). They are also found .
. . e, - ’ . -

ine the aleurone layer -where they 'cbnstitute apprdkiﬁétely 247 of
total “cell . wall materiél'_(Baci;- and Stone 1981). Pentosans (18 to

20%), proteins (3 to 52)  and mannose make,. ‘'up the remainder of

- - endospérm cell wall composition (Forrest and Wainwright 1977:

Bamf?rth and Martin 1981)J"BeCa-glucané play aﬂétrUCCur;I rqﬁ% in che
 endos§erm béélln'wall;. similar to that ‘oficelluioseAin other plant

gfssués (Bamforch .L§82).’jﬁowever, seéause‘of‘their.mi¥ed-iinkage§,

beta;glucans'. are much’:more' soluble’viq- “ater and more easiL;r

v

hydrolyzed than cellulose égimforth 1982) .
Although protein i§ a _relativély miner component of total cell
wall material; it plays a"méjor role in maintéining cell wall -

L@tegrity. Forrest and ‘Wainwright (1977) reported that'50% of the

", total beta-glucan could be removed by solubilization in water without
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oEStroying 'cell wall integrity - However, when endosperm cell ualls

were 1ncubated with the proteolycxc enzyme thermolysxn more than 967
. .

of the’ beta glucan was extracted and no cell wall structule LOUld bg“

dlst1ngu1$hed. under the. mlcg%scope Thompson and.Laberge.(1977), as
vc1ted by We1t21en . (1986), feol that’lthe. becafglucang areéfirmlyV“
vlinked .to peptide sequences vin'the coll wall. Forrest and Wainwright
(;9z7snifound 5.5 moies oﬁ’ alpha-omino‘.nitrogen oerYIOO moEes.of\
- glucose in the ' hot aqueous extract‘ from endosperm corl walls, an
'indication that peptide bonds may also be presgnt‘in_che soluble
'betaAgiuoans. ‘ . . B .‘.. ¢
In' developing grains; beta-glucans can be decacted ot'low 1evols
as eariy as 12 days aftéf énthosis and reach maxlmal concenotatlons
,aronnd 30 days after anthe51s (Prentlce et -al. 1981)" PhysiologicalLy
éhé structural role of beta-glucans is important in, the developing,
_barley .ondosnerm, but léos’ so in’ the méture kefnol (Thompson»and
.‘Laberge 1581). Endosperm cell walls ‘oompletely enclose the cell
/moking ~Stafch ‘granules and storage proteins'largely inacceésible to
B} ;phe endogenous degradlng enzymes (ﬁorgan and Gothard: 1977; Allison et
.al.; 1978 Bamforth 1982). Thus degradatlon of endosperm~céll'odlis,
rspec1f1ca11y beta-glucan comolekes, vmust occurv'before the food

. . . -

vregerves‘oan be enzymatically hydroljsed.:

2.1.2. Bétéfgluchn Content,ofigarley and Other Grains ©

MiXedflinEage Beta-gfucans are fohnd in "a variety of planc
_tiéouoSc-_-but endosperm cell walls -of some species are'parC1cularly'

A a
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- 3 R
‘

ricH in  this type of beta-glucan (Bamforth - 1982). %Yhe total

-beta-glu:an' content of barley grain has been reported to be as low as

- -

2.62 (Bourne -et" al. 1982) and as higﬁ as 13.5%2 (Newman 1986). Séveral‘

w_lthdrs _have refp‘lorted Yalues.within this rangeQAﬁdéfson et al;/,l978;

Pre-ﬁcicel et a‘ﬁ" 1,9}181; McClear énd .Clg‘nnie-Holmes" 1985).;“ These
~extremés 'are  dii in"part to method of extrgction and.analysis:‘but
ais; to -génécic and ‘environméqtal. effects. Anderson et ;l.i(l978)

‘repor;ed‘ that fogr egggdian -barley vagieties_grown.ét cwo_p;a;rie_'J
locations had béta-glucan levels of 3.77 to 5.62%. Eleven other
varieties ' from around the world .haa beta-gluéan }evels~;f 3.64 to

6.44%  which iﬁdicate; that Canadian: barley is vsimi}ar. to Korld

ba;ley. , v R '

.Varietdl differenées account for mucﬁ of the variacion’in the
beta-glucah cOnteqt' of barley. Ullrich et al: 01986) reportea that
four waxy barley - lines had a mean beta-glucan céhCent §f 6.;2'
céﬁpared to 4.87 'in “the -néfmal isogehic pairs. Hulless mutants of
~waxy 'Barléy may cobtain ub to 13.5% total beta' 1u9an'(Newman 1986.)
BourAé and Wheeler (1984) feporc d that the ranking of four barley
varieties ‘for beCa-glucan content was identical over sevenvlocatioh;
ap¢ three crop years. Molino-Cano and Conde (¥9$2) reported;that

genetic factors _gccounted for 89% of the variation in beta-glucan

P/ 'I\
. ! » X - g t&
content. a, »\%iw,_

Ehvirgnment also has a pronounced effect g&‘bega?glucén content,

e
'variations

- -

Bourne and':WBEglér‘ (1984) _found- Y uptﬁq.ZéZ between .
VoS - t R - ° V 154 ‘

locations for a singlé‘ﬁariety. Molino-Cano and ébnde (I982);reported_«

Q .
. L. s R

AR ,.; 7% Joa R s

,O'fn‘.""[ e

5
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that sowlng date accounﬁed for 12.5% of the>var1aCLon ln.beta glucan
Eontent and  that location acqouﬁted. for -10%. European research
indicatéd. that drpughf SCreSS: at all étages >of-c:op~developmént
increased beta-glgcan conteﬁt, kColes 1979 Morgan and Riggs 1981)
Watering from . a. spri?kler versu§~ root 1rr1gat;on was»,found " to
deéreése  béta;gluéan conténc (Aastrup 1979b; COLGS‘[1979)- It is
guggested ﬁhat betaigluéans,r because of théir hygroscopicity, mav
pe:form an osmoregﬁiacory fuﬁgtion as well as ﬁ structural vole in ‘
_plants (Bamforth 1982); Ho?ever, recent work 1in the northwestern
United States reported = that betéwglucan cohteﬁt was higher in five E
o , : _ 6
barley cultivars grown under irrigation compared  to drylandéj
conditions (Honeyfiéld et al. 1987). ,'. \EJL;

" Since beta-gluﬁans comprlse 70 to 75% of the endospexm cell .

it is reasonable . to assume that varieties with thicker L6l1;§§115
D

would have higher levels of beta-glucans in the total grain:'f‘is“Ls

of Minerva barley and its low beta- glucan mutant,

Beta~g1ucan levels reported for oat grain range: % 2.5 to 6.6%
of total Ary weight. Rye grain levels have béenig
Z.jZ,i‘and wheat, triticale,. . corn, r}ce'and'sorgth ;fé found to be

low ~(< 1%2) in beta-glucans (Ande:soh et al.v1978;‘WOdd et al.ll978;§ﬁ
. o ' K

Prentice et al;»1981; McClear and Glennie-Holmes 1985).

o

2.1.3. Beta-glucanases

v

Barley beta-glucans are diverse in nature particularly with

.
.
. IS
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feseect ‘to molecular. weight ~(Woodward and Fincher 1983)\and to the
ratio of beta- 1 ,3 to beta l = llnkages (Flemmlng and Kawakam1 1977)

Also the bondlng of beta-glucans to other compounds such as protelns

plays a SLgnlflcant role in cell wall infegrity (Forrest and

- Wainwright 1977). For these reasons a spectrum of enzymes is fequlred

to completely degrade beta-glucans of the: endosperm cell walPjto’

glucose. : o : S .

The solubilase _enzyme is ‘endogenous to mature barley grain and

increases rapidly ‘ vdhring seed germination (Bamforth et 'al. 1979).

' During germination solubilase is noted in the embryo by day two, in

the middle section by . day three, and in the discal.portion‘By_day

S

four (Morgan ‘et al. '1983). Tt is extremely heat stable and upon

purification has 'befn identified properly as a carboxypeptidase

K
oy -

rather than' a true betafglucaﬁase (Bamforth et al. 1979).,Marcin ehd

~
-

Bamforth (1980) found a direct . correlatlon between the amount of
solubllase and the extent of beta- glucan release during autolysxs It
likely }ULknlyses the peptide* bonds invelvedxinfbinding beta-glucan

to the cell wall-matrix (Forrest and Wainwright 1977; Bamforth et al.

. 1979): Baxter (1978) ffeund soiubilaée to exhivit esceraee activity

~and - it may be involged' in hydrolysis of an ester linkage between
) < ) N e ? ]

beta-glucan = and glufemece Oor aspartate (Bamforth et al. 1979;
Bamforth and Martin l9g Thus, solubllase has - a vr.ole in the
extraction of beta-glucan (Marcxn and Bamforth 1980)

Endogenous endo-beta-glucanases of three' ;ypes' have " been

characterized: L) endo-beta-1;3-glucanase (2) endo-beta-1,4-



L

‘polysaccharidesr

.

<

glucanase  and (3) ‘endo;beta-l;3-1,4-g1ucanase (BaMforth 1982) Tﬁé>
latter . is also. referred to as’ endo-barley- beta glucanase

. N 4 .
Ehdo-beta-l 3Fg1ucanase act1v1ty in barley has been reported by ..

several authors (Manners and Marshall 1969 Be%lance et, al. 1976

Manners and Wllson 1976 Ballance and Manners 1978) . Ballancc et al.

(1976) found that’most of the act1v1ty was‘located in the embrvo 1ndi
scutellum-’of unsteeped bérlex kernels , and that duan%’§érm1natxon
this activrty increased markedly in - the aleurone and'endosperm

Menhers and Marshall"(1969) >suggested that the substrate for thls:
enzyme may be callose (a beta- 1,3- glucan) while ‘Bathgate aod Palmer®
(1974) suggest that thls enzyme - is responSLble for .degrading
beta-glucan in the'early‘stages of germination. Eallance end Menners
(19785' isolated an ‘endo-beta-iw3:glucahase from maited barleifthot

eeused extensive solubilization of 'endospe ' oell wall
;Endo-beta-l,a-glucanase is pot detected in’ unsteeped ;Barley
@allance et al.’ 1976). After steeping it is detected primarily in .

R -

| the husk where it is thought to degrade eellulose (Ballance et al.

*1976; Bamforth 1982). Menners and Mar:hall (1969) indicated that this

enzyme is the largest in the barley beta- glucanase system havxng a
molecular welght of 20,000 daltons
Endo-barley-beta-glucanse specificelly v hydrolyées.‘a beta-1,4

linkage with a beta-1,3v linkage, on the non- reducxng side and a

_beta;1,4 ,linkage " on the éeduCLng side (Parrlsh et al 1960 Manners .

L3

’ end ‘Wilson '1976; Woodward ‘and - Fincher 1982).‘Woodward and-Eincher,,

i
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(1982) purified two ymonomeric forms from germinating barley that

Lo
wig 7

hydiolyzed barley beta glucan “at SLgnificantly different rates and

exhibited‘ different thermostability One monomer lost more than 50%
~of original act1v1ty after heating -at &00 , while the. -other.

-

f@aintained 86% of original. activicy. Nelther were stable at 60 C

%ever, Gohl: et’ al. (1978). found more than 80% of beta:glucanast
activity  was retained ‘in barley that was subJected to 1309C for 20¢

- — -

minutes._ Ballance et: al. (1976) ‘also found two SLmllar enzymes with

)

lendo barley beta-‘ glucanase activ1ty Activ1ty wgs negligible ln all

‘but  hull tissue in unsteeped barley, but was detected in the huil,

] J/ ’

‘embryo, ‘scutellum ' -alleurone and endosperm after three days

germlnation Act1v1ty was markedly higher in, the endosperm
A  number of fungal specres have been reported to exhihit beta-
. ’ : 5, ot o

glucanase  activity of ‘some type (Ballance and Manners‘l978'- Bamforth

1983;v Hesselman and Aman 1985). Severai bacterial SPECleS ha\e also

shown beta- glucanase act1v1ty (Huber.and Nevins 1977 Andersgn-et ‘al.

';'\Grahaﬂ et al. 1986) . Numerous rumen microblal species possess

,zyﬂés necesgary for cellulose ( beta-1, 4 linkage; degradation

t cell wall mater1al "(Hungate 1975; Akin 1986)u>5pecific

endo£GEt% l 4= glucanase activity has .been-repqrted‘QPettipher et al.

. 1979; Groleau a;d; Forsberg 1981).. Endo;barley-beta‘uglueanase
Vo=

activity, required to hydrolyze mixed- 11nkages has been prevxously

reported in the cultures of rumen f1u1d (Teather and Wood 1982)

-2.1.4. Effects of Beta-glucans on Extract’ViscosiCy




. 1§.A

v ° ’ )
. . N - ° . -

‘ Aastrup (l979a) ehtracred beta- glucans,\and other conpounds from

e
18 varieties of barley wlth an ac1d buffer (pH -1 5. szcosrty of

.

acid . extracts was determined and found to correlate well . wlth percent

sol%ble beta glucan content (R2 - O 99) “but le;s so thh total~i

. '~;w1§:\can b(R2 = -O._78). Smith e_t -al.”™ (1980a) reported slrmlu '
cort™ations. In <the -acid extracts of three varieties o

beta-glucun
.8 ' .

content represented 14, 38, and 411 of the total carbohydrate but
7 | : : . . . - S N . , - .v. B .
was responsible ~for .70.0,. 98.5 -and 99. SZ respectlvely of “the —-~

viscosity -(Aastrup‘ 197%9a). Smith et  al. (l980a,b) confirmed  that
beta-glucan made the _major contribution to acid extract-viscosity.

Hesselman et al.__(l981) found that ‘acid extracts (pH - 1.5) were
. approximately twidg‘.as‘viscous as the aqueous extracts of one barlcylp;:

variety. For barley varieties exhibiting blgh ektract visqmsitj

.

Aaatrup (1979a) found . that maleate buffer extracts (pH - 6 S) had K
M v ’ Lo

viscésities 51mllar ‘to those obtalned at pH L.5. However, ‘the varxety
exhibiting 'low extract viscosity at pH of* l 5 showed a two fOLd

reduction in v15coslty compared w1th the extract obtalned at a pH of
. P el ‘

6.5, R T

'betaFglucanb are also regponsible’for:the vlscoSity obseryed_in ;;;)
aqueoue extracts of barley (Preece and MacKenzle 1952 Burnett'l9665:
‘Bendelow (1975) using a complex enzymatlcfextraction tecbnlque"also .
concluded that.-vi;cosity .due to components other than beta glucans
was 1nsrgn1f1cant V15c051ty>or aqueous extracta lS related to source

of barley and proceSSLng (Burnet 1966) Heat and/or'steam treatment

generalily increased = extract v;scoslty, likely by inactivating



'endogenous'eneymes (BUfnett'l966'ﬂCohl et al. 1978).

.'Wood et al (1978) reported that alball extraccs (pH = 10) of TwQ

oat varletles- were higher in both beta- glucan content and v1sc051ty

than two barley varletles \
o

: ) . R
2.1.5. Endosperm Modification

AL

« During germination endosperm cell walffs must first be disrupted

. . . 2 . . e
~ to . allow starch and 'protein reserves to become accesslble"to
endogegnous or ekoéenous enzymes 'ZBamforth 1982 Enar1 and Sopanen ;
o - :
- ca

1986). The beta glucan ﬁgontent of barley is nghry conrelated (R2

0. 95) with' the .modlﬁlcatlon of endosR\Em tissue durlng germlnatlon \\!'_

as.  is the beta-glucanase act1v1ty (Aastrup and Ergel l980). Martin

’

-

and  Bamforth = (1980) agree  that beta-glucan content . of 'berley

~influences modification' rate but indicate that solubilase activity
) c T

‘blays'a role as well.

2.1-6. Nutritional Effects -
~ # . . o

If left undegraded after ingestion beta-glgcan§ could.be expected/

to impart viscosity - to digestive' tract contents. The viscosity of .
o 0y . <

intestinal {contents ®f three-week-old chicks was . ihcreaseﬁ three.fold

P
2

by the addltlon of exogeneous beta glucans to the basal diet (Wh}te

Tl

et al. 1981) White-et al. (1983) Lsolated a beta glucan polymer w1th

a moleeular weight of 47 OOO from the lntestlnal contents of cthks
_fed a barley based diet.

Beta-glucans are generally believedvto'be the compound in‘barley

i;\.’i-’l - . ‘ o /‘

.*lvil'@\ ; I o L L : . e



-
that. reddces'.chlck growth rate and feed efflc;ency and lncreases the -
B moiSture"content and ‘stickiness of dropplngs (Burnett 1966 Gohl et.
al. - 19785. .The‘ effect is morevpronounced 1n'young chickens.than in.v:'
mature layers ”(Peterson and %autner 1968; Gohl .et al. 1978). éasaway %
(19745 “claims »that‘vbroiler chickens _iack beta-glucanaees'in their
digestive tract. The dfgestibility of .dry matter and some other

: L%

ndtrientsi is thought to be adversely affected by beta-glucans :v some’
: workers (Herstad and McNab 1975: Hessefgan and Aman L985}‘but noc by
others (Gohl and Thompke 1976) . | |
| ,Evidence 1that beta-glucans are responsihie for the lowerﬂndtrient
valde of barley for chickens is supportedrby the improvements seen in
performance ’Qhen hetaagldcanaseé are suhplemented to the diets.of
young chickensﬂ Imorovenents. in growth rate and feed efficiency, as
'well as rncreased dry. matter and reduced stlcklness of drooplngs have
. observed. when a beta-blucanase is added to the diet (Gohl et al.
1978' 'White et al; 1980; Hesselman et al. h981 1982 Cambell et al.

198?3\

\\Ehe\ dletary 1nc1u51on of even crude preparatlons of bacterial
and plant enzymes have lead to improved performance of chickens feq
“barley based diets (Daghir _and Rottensten 1966; Herstad and McNab

1975).

i

The '; reaaon .for' ‘the 1 improved performance ' thh Enzymev‘-
supplementatlon ‘cannot be attributed to addltlonal glucose*ecommg‘
available " from hydrolyzed beta-glucan. If all-the beta- glucan were
hydrolyzedg to glucose, only 3% more glucose would be available

_whereas improvemé!t in growth is commonly observed to be 15'to 20%

Jd

-
e

b



properties at the mucosal surface (White et al. 1981,1983).

18
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h

(White et al.'j1983). The . 9i§cosity that beta-glucans impart to

intestinal contents is thought to adversely effect the mixing of food "

-with enzymes, and to interfere with normgl nutrient transport

Both the additiénA of water dhg"anaerqb;c storage _appear to

activate endogenous ‘b,e!_-a‘-vglucayées in barléy, and have imprdved thé

nutrient value of barley for ckens (Gohl et al. 1978; Hesselman et .

al. 1981).- Autoclaving barley, presumed ' to- inactivate endogenous
. : : : o ‘

‘enzymes, reduced - chick performance_(Herstad‘and'MCNab-1975fféohl}et

al. 1978). However, these effects are not seen with all barley diets.
Gohl‘ et al. (1978).feporced the expected improvements fn.péfformanpe'

with both water treatment and beta-glucanase supplements to a barley

that yielded a high acid.extract viscosity. When the same.'treatmepts
7 . ] K AR It . ! [ .
¢ :

' were applied to a barley of medium extract visc§§ity, no signifitant

differences were observed. This.provides additional evidence that it
is&the.viscosity of barley thét reduces its nutrient value.
Beta-glucans appear t;Vcauseiéghilar but less severe problems in
other honogéstrics. Bhatty ét’al. (1974) reportédﬁaiweak correlatibn
(r = -0.16) Befween ‘Ehe digés§ion coefficient of bafley and its
5eta4gldc§n content whgn"fed to mice. Géhl and Cohi'(l977) repofted
that beEa-glucans " and similar gumg deléyeq che passage of igest;iin
rat;. Several workers haQe reporgéd,that béta-glucans are fééponsible
for reduced ‘performance in’ growing pigs,‘ and * for loweréd

digestibility of certain dietary components  (FrosetB et al. 1981;

Honeyfield et al. 1983; Taylor et al. 1985), ﬁéwman'et al. (1980)

. g
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_ _ : : _ |
found that bacterial diastase, a source of beta-glucanase, produced a

. ’ : I
small improvement .in- daily gain in diets based on a covered barley,-

but - no improvement in a hulless barley. However, others have reported

no significant’ difference irrdfhe _performance of pigé fed barley
' : : 3 : C

cultivars of different beta-glucan content (Davies - and Radcliffe

1984) but very young pigs may be more Eusbeptible to the effects of

. : .

beta-glucans (Thomke et al. 1980).

iBetanlucans appgér' co'vBe‘ readily digeséible in the  smd1l
intesc{ne of swine. ’bigéSCibi¥ity cocfficients of 7dvt0 80% at the
tgrminal ileﬁm have .béen repbrted'(crahaﬁ et al. 1984; wolt:fbn and
.Aherné 1987). Graham et al.“kl986) féélateé lactoﬁa;if[i fEOm'
d;odénal ‘and iieal 2-digesc; tgat were capable of dcgradiﬁg
ﬁiﬁed;linkéée‘ beta-gluéansh ‘ They ﬁ coﬁciu&ed that bacteuiql and
eﬁdogenous enzymes degraded beca-gluéaqs_ to the  point where
beté;glucanase supplementatioﬁ Qould be of limited value.

To> the writers’ “kﬁowlgdge, cée effect of beta-glﬁcans v the
d}gestion' and metqbol%sm of ruminants has not been .ﬁrevigu;ly 

-

. . . . \\
reported. ~ J S ' N
- .. - r .

. , e
I 4

2.1.6. Methods of Beta-glucan Analysis

A vaqu%y of methods for betatglucan determination have been

developed,‘ mostly by researchers in the brewing industry. Differences -

)

in  the " extraction techniques result in different beta-glucans bie¢ing
. _ - . : .

.available. 'for measirement (Woodward and Fincher 1983), . ¥ml  are
“: . 1 . .w-,'.w' N ‘ . . B 6 . d Co
" " redpongible for a 1argéfp$it,of the ¥ariation reported infbetd-glucan o
FO A o o : _ X

' . . [ v



qon&ent of bariey (Anderson ec'al: 1978).
" Most quantitative‘procedufes étaftiwith boiiing Lhe'sample iﬁv80
o S : e -
to 85% ‘ethanol for about fiVe ‘minutes to  inpactivate endogenous’
enz;més and' ta rém§Ve .solﬁble sugars> (Fleming and:Kawakami'1977;

Anderson et al. l978{'Bamf6r:h 1983; Henry 1984). A highly efficient

'pfochpre (Ahluwalia and Ellis 1984) employs weak perchloric acid for

DIR

this purpose.
-]

2.1.6.1.:Extraction'

s

Extract icn 'techniques 'varyfdepending on the beta-gluéan_fraccion;
ﬁﬁat is ro be dete:minéd. Aqﬁeous. extraction media‘at 40 to‘600¢
are often uséd CO. ﬁeasgre w;;er'soluble beta;glucanj a fraction ofv
importancé 1 to' the brewiﬁé ihduétry (Martin aﬁd Baﬁforth 1581;
>Bamfor§h l982}_Wo§dward'and‘Fincher'l983). Alkaliiexffgétibn Eas;Seen.
USed‘ oﬁ endosperm céll wall .pféparationéi (forresp ;nd Wainwright 
1977) ‘and bicarbonaté buffer'has béen used cn béfley flour;kPrehtice
et al; 1980). Acid extraction media have bégﬁ'uséd, éspecially when
viscometric Cechnique; are _émployed tdtestimate beta-élucan ;onteht,

(Greenberg and Whitmore 1974- Morgén “and - Gothard 1977).~Bendelow

(1975)  used a mixture  of albha-amylase ~.and papain o extract-

‘

beta-glucans for viscosity measurements. The weak perchloric acid

\

media (50 mM) used by Ahluwalia and Ellis (1984) extracts all

beta-glucan and starch polymers in only three minutes a;-96°Cw‘Fof o

some time hydrazinolysis, was the best method available for complete

extraction of beta-glucans and was used when total beta-glucan was to

. . A
» .

'

& . . .



be determined ' (Anderson et a1l 1978 Martin .and . Bamforth 1981:-
Bamfo;rh.‘1983)ri However, the removal of hydra21ne by d1a1ysxs prxor
“ g . ‘

‘to the measurement of beta- glucans also removes low molecular wvlght

A’Q’

beta- 11nked ollgo#accharldes .g1v1ng an underestimane \of_ total

beta~glucans. Several beta glucanases have been recencly repoxted to

“be effecrive' in degradlng beta glucans in barley flour wlthout p1101

»chemical extraction (Anderson et al. 1978; ‘Henry 1984 ; Aman and
" Hesselman 1985) .

2.1.6. 2€,Ind1rect Measurement -
. Ry : .
‘Once extracted, beta-glucans can be measured”in several ways
- Soluble 'beta-glucan content _correlates well with extract viscosity,

N .
-

6@52 = 0.99), (Aastrup 1979a), and this feature can be used to

’ "o

rapidly screen large ;numbers of barley’ samples (Greenberg and
_Whirmore 1974; Bendelow 1975 Morgan and Gothard 1977) Allison et
al. (1978) found that 1nfrared reflectance spectroscopy predlctlons
-

--coTrelated falrly well (r = 0.87) with soluble beta-glucans. However,
values used for oerCent soluble beta-glucans‘were»actually_oredicred
from extract’ viscos}gf and were not made by direct measurement..
Jensen and ‘Aastrup, (1981) reported a fluromertic procedure_that
utilizes the‘\ginding ‘of beta-glucanv toi éhe opticaI brightener
Calcoflour. Tne metnod>‘is rapid and repro&ucible but requires
callbratlon wlth an 1ndependent mechod (Aman and Hesselman 1985).

Acid hydrolysxsv of the extract yields glucose, mainly from

beta-glucans and, ‘starch. By comoaring'this'amount w%fh the amount of

a



glucose liberated from starch by gmylbglucosidase;‘ be;a-gluéan‘

content can be calculated by difference (Fleming et al. f974{ F1emiﬁg

I3

~and .Kawakami 1977). This method is subject to error if large “

N

quantities | of stafch are presencn - (Bamforth f1982), .if_‘;heg

>, . N - ,
-amyloglucosidase or .acid hydrolysis reactions don’'t go to completion

(Martin . and Bamforth-1981), or if there is»beta-glucaﬁase‘activi;y,ih‘

the amylogldcosidaée-preparation (Bendelow 1975).

2.1.6.3. Enzymatic Quantification fl» ' :'7~

beta~glucénéses which specifically'degrade.betéiglucans aré used- "
In the most réliable,QuanciCative procedures (Bamférth 1982). Crude

enzyme preparations (commercial cellulases ‘and amylases) -contain

22

‘alpha-amlyase . as well as beta-glucanase. Pure beta-glucanase activity“;_ o

can be obtained by several methods. Hea¢.treatmént (70 to 90°C)@
BN . R )

followed by dialysis, 1is effective because beta-glucanases -are

y

generally more heat stable than amylases (Martin ‘and Ba@?orfh.l981;

~ Bamforth 1983). Ion ,exchange' chfomatography, usihg DEAE-é}nglose}"'
has been . effective in a column (McClear and Gleqpie-Holmes»l985) and
a filter appafétgs (Prentice et al. 1980). Further purification of:

elutant has been accomplished with gel chromatography (Weltzien and

-~

Aherne 1987) and by precipitation of remaining amylase activify with

starch and ethanol (Henry 1984). - - .

After purificalion, ‘beta-glucanase activity from several sources

"has been effective in assays. beta-1;3-1,4-glucanase activity was

"purified by Anderson et - al. (1978)‘ from Bacillis'subcilis. This

A\

e



23

;'Aenzyme spetlflcally depolymerlzed beta l G- 11nkages in ml\ed linkage

.polymers The oligosaccharldes releaSed were then acid hydroly"ed to

glucose beta glucanase purlfled from Trichoderma reesi (also called
I*H v1r1de) complegely hydrolyzed beta glucans to gluCose (Prentlce et

~.a l 1980 Martln and Bamforth 1981) as’. did the purlfxed enzyme from

li..Pen1c1111um funlculosum (Bamforth 1983 ' Ahluwalla and Ellls 198Q)

' f.The 'beta-glucanaSe Aused by Anderson et al (1978) and Henry (198A)

- were capable of degradxng beta glucanszln flnely ground barley and

: LU' :
o ; B2
3',thus prlor extractlon prOCedures were not requ1red

- ‘fhe;; meésutement ;ofi llberated glucose is commonly done
entymetlcally. :uslng'f hexoklnase/glucose 6 phosphate dehydrogenase
..kMattln and Bamforth 1981 Ahluwalla and Ellls 1984) . Other.mengAS
1havé" also been reported u51ng p hydroxyben201c acid ‘hydrazide_

.‘(PAHBAH) (Henry 198&), glucose oxxdaSe (Bamforth et al. 1979) and

‘nfchromatography (Prentlce et al 1980); B

?2,2; Stetch Digestion“inukumlnants

'32 2 1 Form and Structure of Cereal Graln Starch.
Starch occurS' in- most gteen.plants;where,lts rqle is-as a store

. 1of.ienergy 'for future'~QSQ (Van7'Soestli982)lkThe tarch content of

{'cereél gralns represents 60 to 80%. of total dry weight and is a maJor ’

‘source - of highly dlgestlble energy for llvestock throughout the world

."f(Rooney and Pflugfelder 1986) Starch -is an alpha-llnked polymer
. .o . X’

lcomposed " of tVo _maJor types “of molecules; amylose and amylopectin

”Q(French' l973;».Manners ”19&5; Ré@ney;;na Pflogfelder 1986). In cereal



graim starch -occurs. primarily within the \endo;pq{ﬁi peﬁls of the..-
kernel (Briggs 1978). BT I  P: P s L
Most cereal starches contain 20 é?Q;tB gox. -’
) . . : X . & ‘b .'l 3, P ."‘. . ®
. N e i G SR TR
amylopgctin, though “"waxy" varieties ofaacgiaf: sorg qmygndgbaplgy-_
contain almost all (99%) amylopegtin and %Figh amylose" varievies”

~——

contain up to 80X amylose (Mahners 1985;_ Rooney and Pflﬁgfeldér
1986); ) o | AN |

Amylose consists of ‘almqst enfirély ~of long linear chains of
vélpﬁa-l,a-linked D-glucose units (French 1973;°Manners 1985) though
~ very limited granching méy also occur (Hizurkuri 1981; Whistler and
Qaniel_.1984;. Rooney énd Pfiugfglder;1986). Average chain length is
approxim;tely. 103 .and  the chain is in the forﬁ'of a hgli# (Frcpcﬁ
A 1973}.Madners‘l985; Rooney.and‘Pflugfeider 1986) .

Amylopectin is a much larger bolymer chah'amylose‘and has linear
alphé-l,&-linked chains. whiég _have albhafi,é branch pgints everyv20.
to 25 glucose units’ (Ffeﬁch 1973; Manners 1985; Roonéy_ and

' L3

i'Pflugfelder 1986). The total nﬁmber of glucose units in amylopectin

range from 1,000 to 500,000 (French 1973).

2.2.2. Starch Granules
Rooney. and ‘Pflugfelder (1986) state ‘"starch exists in highly

organized granules in ~which .amyIOpectin and amylose molecules are

held tsgether by hydrogen bonding". Starch granules contain highly

organized .crystalline areas as well as non-organized . amorphous

)

(gel-like) areas (French 1973; Rooney and Pflugfelder 1986) WBrafiules



vary in size, from sub-micron to greater than 200 mierons, depending .
n ¥the ' type of plant tissue, and are synthesized in the amyloplast
during seed developmenﬁ.. ‘Cereal and ' root - starclies- can be

vdlfferentlated by their «x-ray pattern and exhibit birefringence

-.L;French 1973' Rooney and Pflugfelder 1986) Granules are minimally -

hydra@,d “which permlts a large amounﬁ of carbohydrate to be stored in

a. small volume (French 1984) ' The granule may contain a small amount

AR

of non%carbohydrate components ~such as lipids,, proteins, ohosphate

and as'h,:‘(French 198!1) : . o

The amorphous region 'of- the granule (geI’ phasej is rich 16,

. amylgse and freely accepts water:(French 1984, -Rooney and Pflugfelder:

4 1986). Water uptake in the gel phase‘ causes swelling and stress
hthrough’ the -entiré granule (Freneh' 1984) . Dehydracion' Lneleas§s

inter-" and. intra-hydrogen bonding ‘and also  causes straln on the;
. PR " ,-_v

‘entire structure -fo the extent that fractures become‘visible in the

granule., (French 1984). Enzyme attack on'thevgranule begins in the
amorphous reglon (French 1984). o ‘
The wcrystalline .area 'of the starch granule is though to be

g

cr

primatily comﬁbsed_‘bf amylopectin - (Rooney and inlugfelder‘1986),
though"granulesf of' "waxy" starohes do exhibit amorphous reglons

(Manners 1985). The crys;alline area is resistant to wat;

to enzyme -attack or acid hydrolysis (Manners 19854 Rpeney and
Pflugfelder. 1986). It 1is also respon51ble for the birefringence of

bthe granule_‘(ROQney and Pflugfelder 1986). Both French (1984) and

T.&;\é“f‘l‘}ﬁr . . L N .
*Manners (198%} - consider . the starch ‘granule to consist of radial

s

- :""_",:'; R - )
A&\ * T
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~

" chains of amylopectin separated by amylose’ molécules, though the

exact role of 'amylose‘ in the structure is not known (Rooney and

Pflugfelder 1986). Growth rings 1in . the granule are visible with

scanning electron micrbscopy after the amorphous layers have been

attacked by enzymes (French 1984) . . ' @ Lo
14
2.2.3. Gelatinization

 Gelatinization of the  granu1e' generally refers to the swelling

and&\ig;j of crystallinity that otTars in the presence of water and a

heat. "The swelling is reversible if the temperature of the granule
remains below about 55°C, but once the,“gelacinization.témperaturet
R .- . kY .

is Vreached‘ (60 to 80°C) " the ‘swelling% and 'subSequent loss of
crystallidity is irfevgrsible' (French 1973,1984; ‘Rooney and

Pflugfelderj 1986).. Gelatinization 1is highly ‘dependant‘ upon the

presence of free water in the granule and considerable more
. ' - ¥ . ‘ ‘ I3 ) o-
mechanical,” thermal, =~ or ¢hemical energy 1is —required to cause

gelatinization in the absgnce of free water (Maurice et al. 1985 as

cited by Rooney and Pflugfelder 1986). Gélatipization;&with heat and
. . . . .9 I .

'water, starts with the swelling of the . amorphous region which puts

strain on ‘the crystalline areas. Amylose is leached from thé granule

in the early stages of gelatization. Continued swelling and heating

results in the melting and hydration of the crystalline region

(French  1984: Rooney and Pflugfelder 1986). The resulting loss of

*

crystallinity yields ijggpanuie_ that is much more susceptible to

‘enzymatic - atta#k (McRae éind *Armstrong 1968; Rooney and Pflugfelder



._1986);

The degree of gelatinization in va starch can bermeagured,by
chenges- in 'viscoeity,Auioes of birefringencey\S}fferentiel scanning'
calorimetry, ehanges inj.syerling and sol.bility, and suseepcibilicy
ito ~enzymes '(Zobel - 1984)-. Loss of,‘ irefringence and lenryﬁe‘
susceptibility are the methods used when evaluating: geletlnlzatlod ofJ
feed gralns (Rooney and Pflugfelder 1986)

. . ¥

2.2.4. Retrogradation

Retrogradarion~ refers. to the return of swollen gelatxnlzed or

diséolyedi starch to “an. aggregated or lnsoluble f0rm (French 1973)‘ It

[

.results in a'_three-dlmen51ona1 network__of‘ malnly -amylose (Young

1984). The extent of »retrogr§dacion,'is dependant upon the fine
structure of amylose ‘and amylopectin, moisture content, remperaturej,

_complexing Hagents and starch concentratgon (Rooney and Pflugfelder
. 1986) . .Thns,‘.retrogradation' can- be,consioered'a‘realignnent of ene
‘molecules ;nd bthe oposite of gelatinization. When proeeSSed grain i;
used for livestock feed‘ retrogredacion may decrease dlgestxbxllcy

(Van Soest 1982; Rooney and Pflugfelder 1986) . S

232.5-Dextrinization;
Dextrinization is the’ formarion‘Aof amylose .and .amylopeccin:‘”

fragments . through the heating of dry starch in the presence of

moisturgm acids or salts. Some enzyme resistant. glycosidic‘bonds may
. ¢ / . . . . .
be formed and thus the process'is,undeéirable.infterme of maximizing -
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\ L)

=~ starch-digestibility (Ropney‘add Pflugfelder‘l986):-.
) RO L . ) o )
2.2.6. Digestion of Cereal Grain Starch

1 : ’ . =

Among native polysaccharides, 'starch “is one of the most digéstible

————

“for the " ruminant énimal which has both microbial and endogenous

amylases available - to hydrolyée _starch.  In monogistrics the

digestibiliCy of starch is genefally affected by its coﬁpositidn and

- .physical form, . protein interactions, -integrity of starch containing

cells, anti-nutritional factors and jphysical' form of the grain

(Thorne et al. 1983; Dreher et al. 1984). | o o
R o |

2.2h6:1. Hydroiases . | Q@ _'

Accord?hg to  Rooney an® Pflugfelder (1986), 'séVeraI ‘starch -
,_hydfolases exist. Alpha-amylases exhibit endo-amylase activity,

g o . < :
hydrolyzing ' alpha-1,4 glucosidic ' bonds at random and producing

N

maltose and branched and linear dextrins. Beta-amylases exhibit

exo-amylase activityi attackiné alternate ‘alpha-l,h-linkages and

. . . e A
producing - maltose as .the only end product. Glucoamylases

(amyloglucosidasés) "hydrolyze both alpHa;1;4 and alpha-l;641inkages,

from -the réducing. end of  a residue producing -only gidcose. The -

debranching ° enzymes, pullanases - and isoamylases, exhibit

'endo-alpha-1,6 activity producing’ linear fragments (dextrins) of

glucose. The latter two are important in that they produce numerous-

short chain linear dextrins that can be attacked by beta-amylases. ¢

- . ’ .



Dreher et al.  (1984) report that, in the monogastric, cereal

T e

starches are generally more easily digested than -root. or tuber..

“

starches. Legume starches are iptermediate in terms of" their
. : C . ' e S .
digestibility. This 1is supported _by other work withwpancﬁeatic and
. ‘. & <

V\hacterieIC_enzymee (Banks and Greenwood 1975 as crégd by Roonev and
Pflugfelder .1986; ’Moran 1982)\ However -maJor dlffer's exist even
'Qithim the;cereel group (Waldovl§73‘ Galyean et al. déél)’.j .
Rooney and Pflugfelder -2;956) suggest that the proportlon of

amylose in; a starch is one factor affectlng its dlgestLbLlLty Ln__?

monogastrics . because  high amylose cereal cultlvars \arei less

>
o
2 .

‘digestible than. those high in emylopectin. Thls“applies to corn-and
sorghum . (Rooney and Pflugfelderﬂ 1986) but the resultsi'dre not
consistent with barley.. Krall (1973),' as cited"by Newman et al.

) . ¢ ..
v(l978) reported that calves: fed low energy diets gained weight mor

»qulc’kly when fi a hlgh amylose barley (var. Glac1er) compared with

those. fed a normal barley However, with dlets hlgh in dlgestlble .

\

energy calves fed the high amylose barley were less eff1c1ent 1n feed .
"

conversion, For groving rats, high amylose barley (var. Glacier) has

‘been reported to be superior to low amylose barley (Rubin et al. 197&
as c1ted by' Newman et al. '1978y. However,jCalvert et al. (1976)
reportedl‘thev purified-.starch of the high amylose cultlvar to’be
inferlor as. an ‘energy source for rats.. Newman et al. (1978)'suggest
that the uhigher:'lysine content of the high amylose cultlvar may be
the domlnant factor in the improved performance

'In some cereal. species starch granules are imbedded in.a protein

’



H”

matrix. Parts of the endosperm -of’*corn and sorghum exhlblt thns
. . , v

charactérrstic and reduced dlgeStlblllty of thls fraction is observed
. (Rooney .and Pflugfplder 1986) . Antijnutritional, factors_ such bas
amylose inhibitors} phytates,_ 1yso-lecithins;ﬂahd tanning arebkhown

to:reduce starch digestibility (Dreher et'al{ 1984);

’

2;2;6.2fSite of Digestioh

| In ruminants, starch vdiéestioh -occurs  primarily byimicrobial
fermentation in the fumen and secondarily by the action of endogenous
enzymes in..the' small intestine (Waldo 1573;-i0wens ‘et alf‘l986}
Theurer et alp 19865V_ Any starch passing these major sites of
: digcstioh lesubJected te‘further microbial - fermentatlon in thenlarge :
intestine (Owens et a1.>1986).

Several species’ of amylolytic © rumen bacteria and protozoa have

been isolated (Hobson 1979; ‘Russell and Hespell 1981 Baldwin and

Allison 1983); The end products of starch hydrolySLS are prlmarrly

«
organic acids) methane,- and carbon ,dioxide, "and vary with - the
: " . ' ’ . ) ) . z
microbial spECies. Specles of mlcroorganlsms also exist that relycon

v

the products of ‘initial starch hydroly51s (dextrins ‘and malto;e) or
the acxdlc fermentatlon products such as lactate or formatiéiRuséell‘ -

itidn to

l

and Hespell 1981 Baldw1n and Alllson 1983) Protozoa, in ad
¢ ] . : A3

'lhydrolyZLng starch, "are‘_thought to engulf starch granuiﬁs théreby

preveﬁting the granules from being‘rapidly fermen lactate, an

rd
]

undesirable intermediary if present in Parge'quantiti' (Russell and

Hespell - 1981). The volatiie ?fatty acids uced . &y vstarch



o i .
: - : , : : . ‘
fermentation are absoEbed through * the rumen wall ‘and make a major

contpibutioh to’ energy metabolism in ‘the Tuminant (Baléwin ‘and
Allison " 1983; Van lgoeéc 19§2). fhe polar\proportién.of éhe ﬁajqr
volatile 'fatﬁy acids shifts in favor»of %zﬁ?ionate Qhen starch rather’
‘than celluloée. of hemicellulose is fermented in the rumgn.(church

1976; Orskov 1986).

- Starch is-vhighly digestible in the toﬁaL ruminant tract. égldp

(1973) repb;ted ~a ‘mean total tract.,digéstibilicy of 9§i over SL 
' ) S |

observations in feeding  trials . that ' included corn, 'sorghdm, and’”’
bérley fgd-co sheeﬁ and cattié. Owens‘et al. {1985),.iﬁ‘a more recent
review, qundA.tﬁat?'in 40 cattle trials with cérﬁ‘and:sorghum td;alvh
' tract_ digestibi}ify pff stafch ;averaged 92.1%. Spicer etjal,101986)'
reported total tract starch digestion of 99.2, 99.1, and 97.22 when
vBéfley, corn and sorghum WHere.fed to steers.

: ’ ’

‘The 'proportidn' of totél starch digééted in the rumen is high.
Waldé. (1973)‘reported rumen digestion coéff?gients of 94, 78, and 76%
.;. for barléy,. corn and sorghum, respectively. The‘gtandard deviations

.:fepoftéd_ in tﬁis‘ rgvieﬁ Qere_?.é, 2.5, and 22.4%: respectively. The
high"‘coeffiCieﬁt and low. standard dgvfation for barley'vstafbh
Sugge#ts gﬁat,'little £esp6nse té brocessipg can be‘expecped and that
vbarléy 'staféh is relatively unifarm ;in structure.. More reéentiy
Spice; et ai;c(I§86) repértéa rumen digeSﬁioh coefgiéien;s'in st;ers
 of ,87.?_, 83.7, aﬁd 75.2% for barley, cofn and sq-rghwﬁ._

Starch presented to the abomasum, after being subjected . to

ruminal attack, cannot be considered idéntical_to the dietary. starch

J o
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<

enfering the rumen. It includes the less soluble forms of starch plus
microbial istérch. (Owens et al. 1986). Nonetheiess, post-rumihal

digestion effidiency of séarch is aiso‘high. Spicer et al. (1986)

reports scarcﬁv disappearance of 92.9, 93.8, and 87.3% for barlev,

. cofn_ and sorghum respectively when egpressed as percentage of the
starch enﬁering the ebomasﬁm.‘Owens et al. (1986) found lower values
for cofh (77.22) and- sorghum (66.5%). when summariéing 28 ;rials.
Large'fpu;cicle” size may be the major limitation to starch digestion
in ﬁhe small'intgst{ne of ruminants kOweﬁé et al. 1986).

The efficienc; of utilizétion ofl inéestedf starch: will be
‘influenced By tge ‘site of digestion. If .fermentedwin the rumeﬁ,
losées in energy due to methane'(‘up to 9%) and heat of ferm=ntation
( 5 to ;91) may occur (Russell 1981). Also, the efficiency of
Utiiizacion “of absorbed glucoée'is greater than ghe absorbed produéﬁs
‘of_ rumen ferménfation (Bléck 2971). Arﬁstrong et alf,(1960) repbrted_
that gluéose infused into the rumen was used only 69 to 762 as
'effiéiénFly,“for -gain as glucose thﬁsed into theyébomasum of shefb.

gBased' on ‘the data of Héle and P;outy k1980), Owens‘et a1. (l9865
‘%cénéluded that corﬁ.énd sorghum‘starch'fermented in the rumen is used
\3§i<~ 762 as éfficiently. for éain Ey steers, as stafeh'diges;ed in

the . small intestine.  Thus, starch digested in the small intestine
: s , : e

provides more net energy than starch digested in the rumen.

‘2,2.6.3 Effect of Processing Grains on Starch Digestion

: . .’ - S . - *
In this section processing ‘'refers -to physical destruction of
& : : '
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. ‘. : o Lo

B S
k3

grain . kernel - integrity with, or without, heat or chemical treatment:;
. : S . ; . o] .
Grinding, cracking and rollinmg of air dry grains reduces particle.

size but does .little in - cterms of starch gfanule gelatihi:ation

(McNeill et al. '1975; Galyeen‘et al 1981) Rolllng after steamlnv :

[ -

prodices a steam roiled_'or- flaked product that doe rexhibit Gome
. . ) . . -

degree of :gelatinization (Hale,“lQBOgi Galyean et al 1981) Ali ot

these methods are currently uséd.&n the 11vestock feedlng 1ndu5c1\ of
' . - i H
Western Canada - and thexr effect on - starch utlllzation w111 ‘ba
discussed: in brlef Extreme mechods of'.protessing sdch as
micronizing, popping;- explodlng, and roastlng‘w1ll not: be dlscusscd
N - 4

e
0

Processing of gréins for sheep and goats is of le's 1mp0rtanta thdn ’

it .ié- for cattle (Barnes and. Orskov 1982) erally the‘effect of

. |
Lo ‘ !

_processing corn and- sorghum on the nutritive{yaer‘of}the'grq a2 s

S . ‘ . . . . . . e

L . o o . ,;:: o .
much more pronodﬁoed than;is the effect of processing barley (Waldo
. L EE J ) C _ cor e
1973). T C ; : ? 2 T

( ] o | P:%i -
* . . L ‘ ’ . . O . . ,“ - g 4 ;; ;
2. 2. 6.4. Dry Hethods v . . B . . ‘e .'): ; J‘., K

The dry ~proﬁessing methods (grlndxng, cracklng, rolllng) ;;3322\\\

particle size and. increase -the_ surfdce area exposed to enzqutxgh

activity (Matsushima 1980).‘These methods also rupture-the seed dont'

or husk, a tiséue that by deslgn Ls—semewhat resxstant to mxcrobral
Y ,i’

pénetratidn (Calyean 1981 ”Orskov 1986) also"occufs.‘To 2 éertain

extent endosperm cell’-walle ,Qill ‘also be destroyed (Hesséiman and .

v

Aman 1985). Thesel methods‘ 1nvar1ab1y increase the degradabilicy of.

-
’ kY .

starch in’ the rumen and therefore increase total tr@dt dxgestlbylxty

;o . f ¢

1 IS



JGalyean et al.

* o SRR . : .
Posc-ruminal  digestion of starch can,’aléo be, improved - by dry
: - ¥ SRR BP0 D ved by ers
5 . S i R L
processing methods (Owéng et al. 1986)% ticle size maximizes
‘ ST A T TR nET AR
i e

posc-ruminal digestion (Owens* et #i. 519865.' HOWQVerf'.very small

particle’ size can be " defrimental overall 'id that fermentation of

starch in the rumen occurs too rapidly. This
R ‘__* o ’ o A . T . N
In rumen ' pH. and has beey associated with bloat, acidosis, rumenitis

and 1iver_absc£ss (Barnes

al. (1979) found that rumenitis and the presence of abrormal papillée"'

decreased  as particle size of an all-concentrate diet increased. Rate =~

\

of gain, "feed intake and protein digestibility were maximized for .

.

cattle fed the medium particle size.(868 }(h) die:.fFééd-éfticieqcy’.

. B

and digestible energy contert were not affécted_by;péréi¢léjsizé:
2.2.6.5. Stecam Methods

Steam rolling or;flaking.of cereal grains disrupts the seed coat

¢

and ‘gelatinizes the starch. (Hale '1980). 'Thevflakingyprdéésé'dlsb;ux'
disrupts the ‘protein matrix’ surrounding starch granules, a factor

that is important in carn  and éorghum (McNeill et al 19755.'.
e SRS o SE T

GeLntinizatio%w_ 1s accomplished by the steam trea:ménc_'ahdL'the
pressure of ° the subsequent rolling (Van Soest 1982). The rolling or

- r

tlaking portjon of - .the process 1is critical to the improvement in

. w , _ . . _
enzvinatic starch digesgibility and is in*ependenc of particle. size
> &St . : ) ‘
o v g , :

. (Osman . 19%03  Frederick ;qt al 1973; Galyean et al. 1981). With corn,

gtedming  without  subsequent flaking does not improve starch

¥

2 G . ' .

6; Theurer 1986).

causes’ a sharp reductign

kov.1982; Orskov 1986)." Hironaka et

N
1
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d1g@§éxb111ty in the total traée (Ramlrez et al. 1985)
\" - v_ l

2.2, 6 6 Effect of graln ptoce551ng on performance

. J‘
Performance trials don’ C" always support rhe conclusxons reached

\2\\wich in vitro or dlgestrbllltv trlals ‘This 1s'part1cularlv true with
" respect. to the effects of processxng barley For sheep and g01ta rho'
.4‘;2 1 :

feeding of whole barley is recomm nded because very l1ttle whol¢

grain = leaves the rumen (B&rnes and Orskov 1982) Several trials have

indicated thag for lambs.;whole gralh.f}e é?g is preferred to eyen ,
,minimalv processing  (Tait ano .Bryapt l9ljﬁ£grskoy and Fraser 1972
Orskov and Mehrez 1975). T ATy

‘For , cabcle minimal proceésiné .of dry ybarley is 'generally
recommeoded ‘(Hale - 1980; 'Barees' and Orskov 1982; Qrekovvl986l.«Tth
iﬁcluoes coarse, grinding or rolling. Steah rolling_or.flaklog rS'a

more expenéive method - of processing and has not - always lead to’

_improved performance. Early work (Hale 1966;, Christensen_et'al. 1968 ;"
. ‘ : _ \

yParrot» 1969) indicated. . that stéam, rolling' oould improve.»the?
, » \ o . | -
digestibility of barley: but other reﬁgrt%fshoﬁ no advantage{in the
éerformaoee' of cattlev red sceam-rolled:or‘flaked co@pared to‘oatrle'
vi fed dry-rolled barley (Garrebﬁ-1965; Mathljfn {ano‘ Milligan 1986;
'Grlmson et a1 1987) Mabhlson and Milligan (198&)' observedvlan
'ﬂ1berease in bloat 1n in cattle fed steam versus dry- rolled barley
'xThe. vartability in results observed with sream-rolled or flakeo°
-barley: in cattle rations oould be due to rhe applioarion of;too

.little:_heaQQ too mucb‘heat, or retrogradation (Van Soest 1982). Also,



Q

'ﬁ‘;

total , geiatinization of ‘the starch in corn which was fed to steers
: e _ ‘ :
markedly reduced their performance (DeBie and Woods' 1964).
‘ ‘d" . |_q N
- - . -

.2.3 Factors in Grain quat_ - . e

Bloat, or ruminal tympany, 1is the abnormal distension of the

»
.

ryminoreticul _caused by . retention of tﬁe éases»of'fermentation.
(Blood et al. 1979; Howarth,et al. 1986)..W;th fro;hy bloat thg gases
?eméin dispersed thfoughout the rﬁmen céntents in a.pgrsiSCehc foam
:aqd are not free for erugtagion (Reid et al.-l975).’ln;free‘gas bloat
thg éaSes ;fe. separaté from the ruﬁen confenté'but éccumuléte in

lpbckgts ‘within\ the rumenv-(Howarﬁh“et'al.-1986).‘Causes qf freevgié
blbat. are ‘related ﬁo  §Hysio1ogica1 disorders in vthe  anima1'and
include nepfal-:digorders, ruﬁinAI aCOn§! and oesbphageal obstruction
(Blood et al. 1979). | | o

LI

This review is limited to a discussion of frothy bloat,.

P)

specifically the 'type% observed when ruminants confined to .a feedlot

- are consuming high, cosgﬁnggg&e diets. Ffothy legume bloat will be

e e E

“ discussed ‘when itiiédfelaﬁant.tb-chg_aetiology‘of-grain plpgt._Frothy

i

bloat 1is the result of}a complex interaction between'plént‘tissue,A

the microbial populétioni and the animal itself. As a result,

B

research limited to the. investigation of ‘a single factor uﬁde: in

‘ .

vivo or in vitro conditions often results irn erroneous or incomplete

conclusions. .

2.3.1. Gas Production



i 37
. s ] L ey !

Gas productibn, while being a -natural. product 'if microbial
5‘fe:mentation, s "essential. to the occurrence = of bloat. While gas

. . . . . ‘,' ) . i L ' “'A .
productlon_.alone doeés not cause frothy bledt, factors. that increase

the * rate of fz{medtive gas production may contribute to the severity,

of it. Microbial'éctivity; as measured by gas production, is reduced

by " the- addition of ‘ionophorés to rumen contents (Katz ct al. 1986).
‘The ionophore monensin reduced im vitro gas production, from a legume

diet, to ' a greater, ekt:nt than didxlaSalocid. This'corresponded to

théirv respect1ve efflcacv in reducxng the severxcv of lepume bloat. in

cénﬁulatgd cattle (Bartley et al. 1983 Kath éc al. 1986). Poloxalene

has liﬁ;le' gffect’on’mxcrqblal gas production‘(Katé et al. l986)'and'

~1is = less effectlve in preventlng graln bloat than legume bloat These

'6bsérvatlons suggesc tbat mlcroblal gas productlon pldys a major xole

in graln bléat. N o .'.f_' "
Thé rate of»'férmentation"of ‘grain-in the rumen, and hence gas

~ e o : R S T A : o

production as  well, : is’ cOncrolled' by several factors.. Perhaps the
most _signifibanc -is' parclcle size. Small grain particles are more
susceptible ' to hydrolySLS byﬂchterial enzymes becausc:surfacc area

exposed to attack‘“;s greatly lncreased and c;ll wall Lntcgrle is
somewhat compromlsed (Hale et al 1980) Hironaka:ét qlf 61973) found

-

that one .hour after feedlng, in vitro gas producclon from the rumcn

'

coritents Of cattle fed : fine ,particle *ratiOn '(geometric ‘mean

 part1c1e ‘Slze of 388 /Lm) was a7z grcater than gas: productlon from

1catt1e fed a coarse 'partlcle, ration (partlcle size 715 pm) lhey

also observed that _thé fine 'partigle;;ation,more readilyﬁproduced

Ve
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froth and bloat than the coarse particle ration. Other work supports
] _ : ( ' ,

these findings (Mead et al. 1944 Linﬂabl et al. 1957; Cheng and

Hironaka 1973). _ : -,
A ' v ..
Processing methods that increase the availability of starch
through gela%inization should also increase the rafe of fermentation '

°

and gas 'pro?uction (Bartley' et al. 1975). Mathison and Milligan‘

(1984) fepoﬂged' a. cdr}elécion (r = +O:99) between thé rate of

enzymatic glhcose release in vitro and bloat observed in a feedlok
| .

trial. Kudo.)et al. k19 5) indicate thét the bloat causing potenciai
~of  alfalfa ﬂ%igh@ﬁ be keduced.by séle;tion]fgr_slower initial rété bf.,
digest-iOﬁ. ‘  && ' o
The ‘intégrity  f;p1ant'cS11 yalls hgs been suggescéd as a factor
in legume bloaﬁ ‘ _¥arth et.al. 1978 Lees et‘al. 1981)..The ruppufe>
of ceii, waflé fpro?idgs microbial -access to readily fermenfggaé
nutrieﬁts_ agd ff;cilit;tés the ‘releasé‘ of”pétentigl»foaming agénts
(Howarﬁh .et  éll- 1986). Fay et al. (1980) showed that gas prpduc&ion
’ S - ,
from bioaéféausing iegumes was greater than from bloat-igfe legumes,
’ w5 ‘ '

and that the relative order of gas production in six legume species

.was similar to the rates of dry matter degradation in vitro (Cheng et

.

~al. 1980) and in nyldn Bags (Howarth et al 1982). Bloat-saféh legumes
v - SN _ R ‘

have ktronéef _éeli'wallé than bloat- causing legumes (Howarth et al.

1978;_$Lees_qét,ai;>1981). Endosperm.cell walls surrounding starch and

B . 4“ . ) v . 14 : ) ’ .
protein in  barley grain are composed primarily of beta-glucans
(Bamforchi'1982l.'&rhev amount of ‘beta-gluéan in barley has' been> 
: oo . . ‘ ~

correlated to the .rate of endosperm dissolution during germination”

- . . ) ) -

RO



¢ (Aastrup and Erdal 1980), and may be a factor: in the rate of -

" digestion and gas production in the rumen.

©2.3.2. Foam Stability ¢ T -
‘Entrapment of gases‘ inf a staole foam orlfroth is ot‘prxmlxy
‘importance in the frothy bloat observed in cattle fed both legume , apd
grain{ diets. Plant _and mlcroblal factors have ‘been extenSLchy
~inves 'gated‘ as causes of foam etability and more‘fecently rumen flow
‘-kiheti s ﬁa;e been coneldered (Howarth et al. 1986). |
7 The role lof soluble plé%t oroteins in stabiliiing foam. oas been
elueidatedb~by the . work\\of several . groups (McArthur et al. l96&
Stifel et al. 1968 ,McAtthur and Miltimore l969a,b;v Jones and
»Lyttletod 1972; Jopes et al. bl978). However, ‘sinoe the levcl of
soluble proteihe .in the rumenoof cattle fed alfalfa (Howarth-ZC al.
1986) and clover (Jones and Lyttleton 197%) is low, it is unlikely
vthat they are the exclusive foamlng agents in cau51ng,bloat (Howarth

et al.il986). Furthermore, although soluble protein concentrations in

rumen fluid are -adequate to stabilize foams inﬁvit:o, there does nat

o ’ ~ . : .
appear to be a relationship to the incidedée og‘ﬁloat in vivo (Majak
. : o DN
“et al 1985) o . R R : v

o ‘ L :
L Smith et al. (1953) and others used a graln diet hlgh in proteln

(approxlmately 191) - to cgnsistently produce bloat but'proteln level

4 * .

‘may not have been the ‘major factor since alfalfa meal made up 22% of
the -total dlet. Alsor Hironaka 'et_ al. (1973) was able to produce

frothy. rumen contents _Qith a more typical dlet_of approx1mately 11%

¢

2.

I
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protein. The presence of soluble protein in the rumen cgntents of

‘grain’ ‘bloated cattle has not been closely examined, but is not, likely

to be a- major factor in grain bloat. ﬁowever; under some conditions
the possibility of ‘soluble proteins"contributing to foam_scability
cannot fbe ‘ignored. . ) : : B © :
. ’ ©
Lindghl et .al. (1957)‘ indicated that saporins in alfalfa mlght

-

concfibuﬁe to Vblbat. However J'Majak 'ét al. (1980) found that a.

.low-saponin strain produced no significant increases in the incidence-

of 'bloat compared to that observed with a high-saponin strain. Grains

do not contain saponins but do contain low amounts of lipids. (Briggs
. : i -

. Y
1978).  However, planc lipids = are generally ;conskjgﬁed'.to be
’ anti-foaming ageﬁks which 'may prdmdte 1coale$cénce.'of ,the‘st;ble

.bubbles of . foam (Stlfgl et al. 1968; Howarth 1975).
Y
|

2.3.3. Rumen Fluid Viscosity .~

High. viscosity of rumen fiuid has‘been :eportadico Be related §o
grain 'blqatb;(Jacobﬁén et al.”195 ;:Gutierrez et al. 1961;‘Méyef.and
Ba;tley 1971; ‘Chang. ana Hironaka lQ{ij. Viscosity‘prevehss drainage
ofé” the fluid from 'between; the _Ehss bubplés,» thé:eb?» éraatiag.

frothiness . (Howarth et al. 1986). The sduﬁce'of'this viscosity is

[N

\\7 generally thought' to be bacter1a1 7,s].lme,'(Bart:ely al. 1975)

g \Eisterlal " slime éan orlglnate from the polysaccharlde capsules of

. an\tf'ﬂ~3cter1a or from substances WLChln the bacterlal cell (Bartely
" et al. 1975). Ethanol precipitated'slimé increased with the onset and
sevefity of bioat and was found to contain 33% pfoteinw 29Z»asﬁ,'an

v K
|
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8% .carﬁehydrate apd. nﬁcleie 'acids (Gusierrez -1961).i Cheeg and
_ Hironke (19i3) found a relatiohsﬁiéfv between ' vieseeityv and

carbohydfate ‘eonte%t of cell free ruﬁén fluia,rbet did not beliove
thac ‘parbehydrate/‘level 'yas the- prim;ry faecor Lnfluencxng'Lumcd

© fluid viséosity. The = source of the qarbohydrate was not determined.

In.  a. later 'paperl by the. same¢=workersv (Cheng et al. 1975)

extracellular dextran from Strepcococcus ‘bovis was shown &p be hlghly

viscous, but only . partlally ﬁfbonsxble Eor ‘the viscosity of cell
. free rumen fluld S, .bov1s ha; been 1mpllcated in graln bloat by
other_ workers"as well (Bartley~ et"alT“ 1975) Lasaloexd is more

effective than monensin 'as' an S. bovis thlbltor (Dennis et al,

981), which co

féeponds to the relactve"effeétiveness_of‘chesé two
[% s
i nophores in ﬁ%eVentlng grain bloat (Barcley et al. 1983).

. Thus tbp role of microbial carbohyd:ateS'ln grain bloat cannot -
be 1gnored.' Whether or not the-source oflcarbéhydrate in rumen f£luid

s of plant .or microbial origin has not'abeen determined. Plant
R ‘ R : e T a

“fcarbohydrates;' such as beta-glﬁcans, could be "at least partially

‘responsible  for ‘the increased visc051ty of rumen  fluid, = since
L ) ) " - "v'. . N l,’-"

’ H-extraCts‘~c9ntainiﬁg ~high levels: of_.be;a-glgcan‘areihighly viscous
‘(hastrup 1979a; Smith et al. 1980; Ullrich et al. 1986) . -
R R . RN, ¢
‘:7,2}3;4.'Surface;Tension , ) .
Sk : e B ‘ ) . : d
;-,Surfaee. tenﬁion -of cell free flq‘d is reporCed to be related to
h Blbét by some' (Meyer and Bartley 1972) but not by ochers (Elam and

) . b;vis 1962a b) In. theory,_ fow surface-.tension of a fluid should




42

-

L - .
> (%

reduce = the entrapment of gases. Poloxalene, 'a surfactant which lowers
. . . X . LR
é?th&) surface tension of ruminal fluid, prevents the formation of foams
. .

andA'is effective ~ in preventing. legume bloat (Bartley et a1.11983;

Katz et al, 1986). .

¢ Y

2.3.5. Partiélg Dispersion .

v
w

The dispérsion of fine particles - of chloroplast membranes in.
rumen fluid - is thought to be a major contributor to legumg;blda;

. (Howarch. et al. 1986).. Majak et al. (1983,1985) ‘found che

'

concentration of such particles to b higher in frothy than in

oA

non-frothy . rumen fluid on days .when .Blqat was observed. - The'»

\

frothiness is likely caused by the partiélgsyinéré‘ ing the Qigcosity

' of. lameilér fluid, thus'retarding the draihage'o fluid between the

v

‘bubblés;‘(Héﬁértﬁ‘eﬁ‘éi{ 1986).’Small féed'parcicleé:from'a‘grain diet
may. éon;rlbute ‘to,_frotgy bloat in a similar faghioh (Howértg,e; al.
1986)qv1Fiﬁe particle diefsv are, khbwn to' increase the incidgnce of
‘grain biqatlh(Cheng ~and’ Hirbhaka 1973; 'Hironaké.;c 2}. 1973). T%e'u
iprecise mechanism - Sy"which; the fine particle diets caﬁse‘bloét'iéﬂb'
‘undetgrminéa, but likély‘i§ due to aicombinagiOn of increaééd rate of
gas"pfpduction, -increéSéd Qiscosity due to squble;carboﬁydraté, and
digﬁérsion‘of_fine,pérciclés. ' o - . . | | |
' 2;3.5.vApimalfFactor$ - )
"Thé ?nimali f#c;dfs ‘that  have been .considered"i; relation to

frothy - bloat iﬁélude ;natémibal diff;rénces, .gaté» of ‘eating,

’. ’ \\



microbial,.population rumen voldme rumen fluid dilution rate, 511iva
productkgp and comp051t10n and rumen motility (Bartley et al. 1975;

Howardiv%t ‘a 1. 1986). Rate of eating does not appear to.be a mdjdr

factor in susceptib}lit; to bloat (Clark and Reid 1973) nor does .

rumen'-motility '(Mendel and Boda 1961),. Also, research has shown that

1

anatomical. or microbiological differences do not significantly

account for the susceptibility to bloat that is observed in some

~animald (Howarth et al. 1986). The areas that do show promise are .

related " to '§§liyary» flow, ~rumen fluid dilution rate, and rumen

. 4 '.{ ."
, volume. ,

4
»

Saliva seéretion;, ‘can - exceed 150 litres per dayiih adult dairy'

n~. ﬂv .';»""“‘

ancity of saliva varies with. the nature of the

cows (Churchh,l976)

vl976). Mendel and - Bodaw (1961) repotigd thac rate of salivation was

closely related to susceptibility -to bléat. This is likely»dué to the-

effect saliva production has on rumen fluid dilution rate (rate of

passage of rumen fluid) since -saljva  production .can account for

L)

two-thirds of the daily volume of fluid passed from the rumen (Church E

1976). The amount of - fluid recycled fyom plagma through the rumen

'walll is " unknown,. but may have a significa&; affect onlrgmen fluid

dilution rate (Church 1976). S
DR .

Rumen - volume was observed to be the maJcr difference becween two:

lines of - catclg selected * for. high or low susceptibility to legume

bloét. Lower rumen volume was observed in cattle selected for low

-



v“;‘éév
isusaeptibiiity to bloat (Cockre; et al. 1983'as éitadjby Majak etlal.;
1986) . M.ajak.‘e't 41'». (1986), using ma_rk‘ér‘.v techfri'_ithés rather than
"dirémt‘ﬁ%easu:emehtﬂ.arépofted ﬁd,:différence'i; ruﬁenvxoiume'batwean'
Bloatiﬁg Aﬁd npn-blbating cattle: Howe?er,‘they Aidtfindisighificaﬁt‘
.dgfferencésv iﬁ"tgeijtatei of‘ fluid pasaaga Qith :Bloating cattle
axhibicing-'oniy;'sb{751 of_the'fiow heasﬁredvin hog-bidatiﬁg'cattlé‘
'_Majak et alé (1986) also observed that chlorophyll content (a measure
v_of chloroplastv partlcles; to ,be slgnlflcantly.hlgher in the.liquid
vphase of bloatlng than'non-bloat}pé cattle; Thus,‘a highet rate>ofa
_ fluia. pasaage would conceivablyv "waah. out“"disparSéd,chloroélast
partiC1¢él‘théréby: redutingavsusceptibiiity ‘Co bloat.i(ﬂajak'et‘al‘
:1986).-'Ruﬁen fluid lailution ‘rate is'alao-a'factor‘iafgrainabIOét.
Cheﬁg Ft"al. :(198&):tbcqmmended theiaddition.of 4% sattito QQe'diat:
aé a ”method of btréating gtain bloat. Thisvlevei.af'SOGinm‘would
'~st1mu1ate ‘water 1ntake and'sallva productlon and anrease\rumenifluld'
dllutlda rate thus= reduc1ng ‘the conqentratlon Qfg;small'-g;aln
e _ R
partlclestand ahy~other foam étabilizing compoundsﬁ

Coe

'.2 3 6. Conc1u51ons Concernlng Bloat . L io.h‘ .

o

Frothy bloat .ia likely the result'6f_severa1“fact%rs occurring
siﬁdltahedUSIy ‘rather than being thliy a'tit:r:i'b\itable‘z/i to any one’
factdr in :particuiar. Soluble‘proteins ahd carbbaydtates af plant'otb
: michbial origin no doubt contribute to ruméh’flqid'ﬁiscasity aﬁd:i‘

froth”_stabiliay. In batticular dextran, from . S. Bov1s ‘15 highly

- viscous. ' Grain diets of fine patqgkie_izgljfnd rapldly dlgested plant

-

T
Rl
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tié#ﬁe _inéreaéé ché»raté of'éas produétion:aﬁd?rumeﬁ fluidfyiécosity
‘when‘ the> pé;ficies "are .disperséd. Lby ééliva.pfgductiﬁn;_obser?éd'“
.with_Qéatcié fed{:finély' ground 1éréin :fétiohsf:ahd lush,,'rapiAIy
_digestéd ‘legumes; 'redﬁ;egllﬁheu;ratéhof ﬁluid paséagé,vwhiéh in tutn,

increases 'the concentration of bloat causing factors in the rumen.
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"+ - 3. EFFECT OF BETA-GLUCANS, PROCESSING METHOD AND OTHER FACTORS -
ON THE DIGESTION AND UTILIZATION OF BARLEY BY CATTLE.

"
- e

3. 1 HATERIALS AND METHODS

3. 1 1. Experlment 1 Cattle feedlot trlél
. 0;; R

One hundred and twenty yearling stee:s weré used 'in.a 6 X 2 X 2
- factorial = desigh to assess the effect of beta-glucan content -
processing - method, ard 'barnitype on feedlot performance and cu:caQS“

»

quality.

_ Feed preparation

- Barley grain was selected- on the basis of beta- glucan content tLom

Jv

six different sdurces. "~ Dry rolled (DR) barley was préﬁaﬁud by .
 processihg the graln through .a Roskamp roller mill (Roskamp Mfg Iﬁc‘
Cedér Falls, 1Iowa) . equlpped with 'Lorrugated roklers, (76 cm in
length).  Steam-rolled (SR) barley was p;epargd by adding :steam (63.9
KPa) .to'barley iﬁ.a 1359 litre chamber, open”to the atmosphere, fdr a-
pgrioa of 20 p%n befofe rollihg. When tﬁe tembérature of the grafn
' “rose to lOOOC the $céém valves were . closed. This occured wiphin
épproximatély 12 min. at 'the “top of the chamber, and 16 min at The
bottom of the chamber.

‘Barley from’_each 'séurce,' iﬁ.;he'DR or SR form, was:ﬁsed as the
majpr ingredient in the ’concéntraCe pbftion (Ta51e4‘3.1{ Qf' 12
experimengal 'dietsf"chehical dohpo#ition Vof the concentrates is
presented | in Taﬁle 3.2; The concen;fates wére significantly différenc
in,crude protein, beta-glucan,'starch, potassiu@, sulphur, and

69 : .
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selenium - oontent. Since the 1ngred1ent compositlon of the dlets was
' 1

identical, - these dlfferences can be attrlbuted to the composxtlon of

.

the _bartley’ _ratheru than the supplements. Except for potassium,

managese, and selenium, all :éonéentrates met-or exceeded published

(National_ Academy'of Sciences 1984) minium dletary standards for the

o ' ,

' e . RS T
-~ class -of cattle used Ln this experiment The'theoretical defiCiences

‘potas51um,‘ manganese and ,selenium were minor and dld not likely
influence. the results of this experlment ~Mixed grass-legume hay-of

;medium quality  (12.0% uprotein,. 36;82 “acid detergent-fiher L1.137%

e

calcium, and'-0.17 % phosphorus on a dry matter (DM) ba51s) was

processed through a7l.6 cm screen in a tub grlnder (Model 390 Sperry.

New Holland New Holland Pa.) and fed as ‘the roughage source. -’ .

Animal management
N ’ . e}
-One - hundred and twenty yearling crossbred steers were purchased and

. delivered to the feedlot over .a 6 day period. Prior #o commencement

g‘of the trial 'all steers were ear tagged and'vaccinated for Blacklegi
‘and’ Malignant edma (Bay Vet bivision, Miles Laboratory'lnc;, Shawnee,
Kan’). "+ A .2 'nL intramuscula; injeotion _pf 'vitamin ADE.solution
. (Doninion Veterinary Lahoratories, Winnepeg,,Man:) provided l,dO0,000
1U 4of vitamin A, 150,000 IU of vitamin D, and 100 IU of vitamin E. A
growth . promotant (Ralgro}.lnternational Minerals and Chemical'Corp.,
Terre Haute Ind.) was also administered and 22 steerS'were dehorned.
At the start of the trial steers  were Qweighedv on three
consecutive days.v Weights. were taken before feeding and after W tpr

4§? | R

20
"
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vas withheld. for 16 ‘x. . Based _on“ the<first'two‘weights ohtained L
LT L | ) ' '
steers ‘were ranked in ascending order. The ranks were drvxded {uto

flve_ groups of 24 anlmals each. Animals from each woxght group were

then allocated at random to one of 24 partially covered pens (u x 8

my _1ocated in’”one- of two types Hu | types were of the’ open

<.froht' shed de51gn : 'ne measured A: :4nt“of'the roor whlle
the ozher type measured 6 m to the frl}r i\, : ,quf;.

Over theA l‘ d.preceedlng the starl of the trlal all anﬂhals WDIL.
changed from,k a diet. of,  100% chopped hay, offered ad - llbltum tm.a_'
dlet ?of L7Z chopped hay ®lys 33% concentrate ThlS'amdunted to liO

and 5.0 kg _animal']'d'1 £ hay and. concehtrate Luapectlvelv

' After' the trial started the amount of hay allotted remalntd at L. O kg

<

'afnimal'l ‘ d -1 . (as fed basrs) and the concentrate was fed ad
~libitum. This resulted in - total ration that was 90 &4 % concentrite

and 9.6 % hay for the total feedlng perlod q

The animals were'welghed at 14 d intervals throughout the trial.

Final .weights were taken on two consecutive days. Marketing, based on .

- L ¢

Qeight occurred on d 103, 110 4nd 117 of the ctrial. At the slaughter
‘house 1nc1dence of liver _condemnation‘due to absce£s4was'recorded.

Carcass data were collected by Agrlculture Canada personnel (Beef

.7

Carcass Apprarsal Program) -
. o

».('

3 1.2 Exper1ment 2: Degradablllty of Barley Dry Hatter Starch and
Beta- glucan o .

In vitro .
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~of the 'in situ ‘or feedlot performance ~data. (Table 3.9). It is

' ‘surprising that . poor correlations with starch contgnt of barlev (r: =,
. . . - . = . .

’

.04) and starch dissapearance in situ (r = 0.07) were evident. This

(@]

* suggests “that an,amyLoglucoéidase‘ﬁrqura;ion alone is nof usctul for -

“in vitro evaluation of ‘the quality of barley for —cattle:. A

multi-enzyme  preparation including . i microbial protease may jmpreve’

»

< i A : '
this technique. However; the in situ disappearang: of‘starch was also -

5 . I o 4 . " . .
~ poorly correlated with feedldt performanc~ of cutt®e. L

L . 4 ;. L LN :
The - in situ technique, although time consuming, did provide some

K : R o : »
good cdrrelations with feedlot  performance. 'The bost regression
equation  indicates «that DM:G decreases 0.09 units  For ewvery

L33 ’ A

onepercentage. unit . increase of ik situ DM disappearance at 24 h (P -

0.01, 2‘ = 0.83). Since this equation aceounts for more variation
. q ) !

.

in DM:G than the starch or beta-glucan disappearancé equations, there

is no advantage to _determining the content of these components it

v

. ;baplex or residues. Interestingly the best in' situ factor . for
< ~ : - ] : . ) . . - )
' _pre%}c;ing DMI was’the disappearance of betarglucan at 8 h (P < 001,
ST . Lo , ‘ o .
R2 = O . 91) . . Ty e , . o ) ’
. § . . .y ‘- -

R . {
“
ao e . E

.“3;3.2._Processing Metﬁqhi

The ;differenée betweén:SR and DR in ADIN ,and |ADF cgntent (Table 407
: ' ! kD ) : r ) ' .
is- in agreement with gbe' §gSuIts»Qf Mathisbn and Milligan (1984).

Steam roILﬁngfwéb\gibectéd'to gelatinize barle starch making”iijorc‘
1980; Galyean ét n?&#

.

accessible to enzymatic atf@ék (Waldo_}973; Hal
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3.9). " are” sin agreement with this expectation. However, results from
_ SN ' ‘ ol .
the in .situ. trial. are not in agrement with the observations of in
vitro glucose release. In situ more DM, starch. and beta-glucan
e S : : ' ' - T
. < : N . - Coge )
disappeared £®m. -DR than.  from ags. ‘he reason for this discrepancy-
" ¢clear.

,

between techniques- is not Howéver, alchough”botb-SR-and‘DR
were air .dried to the same moisture content prior to grinding and

~

placing in Bags, DR”/barley'may have contained more small particles

_L%hn SR. -Some .of these particles may have disappeared from the bag
;wiﬁhqu{; nced . for microbial‘dég{Qdatfoh..Thé.Q h disappearance losses

> E .

%ﬁf‘ DM, were Hfghér tq4an expected but, not unlike»fhé~valhes.reporCed.‘
by other workers for . this - technique.  De Boer et al. (1987)‘Us%ng

'idontical (48 - pm pore size) nylon bags reported DM disappearance of
. ., - . ‘) . . . a e
sround (1 mm screen) barley tor be 67.2 and 81.7 % after 0 and B\h in
situ respéctively. Lihdberg (1981) reported DM disappedrance of 40.0
and  78.4 % after 2 and 12 h in situ respectively when nylon bags of
. './‘ s . o . . \ - / .‘ ’
"I00 um _pore size were used and barley was ground through a 1 mm
‘ L] . N . . - . .
SCreann.
- . ' - 4 ] :
'h'e lack of improvement in animal performance from 5steam rolling
Iy \% agreament with other work (Nicholson '1969; Mathison. and

[}

' e Ne——— i ' N

Aitligan 1984; Grimson et &L. 1987). As mentioned steam treatment
Y : ki . o . ' B :

tollowed by vrolling should make the starch fraction mére accessible

to enzymatic degradation. However, bagley starch is highly digéstible

and does - not respond.to gelatinization to the same degree that corn
or sorghum starch do (Rooney and Plfugfelder 1986). Also, excessive.

. . L , o . » Y
amounts  of heat and ptessure may have reduced the digestibility of

~— PO ~ - . ~ . . ﬁ
. 4 .
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starch'ﬂby; the formatlon of dextrlns (Rooney and Pflugfildex IUQb) orf

‘ bye retrogradatlon (French 1973 Roenéy and Pflugfelder 1986) triy

also possible that - the ‘increased partlcle sxze~0f SR mepates -the
- - : .
: : . e o A iy

benefits of . gelaqinization. .Larger.-p&rticle' 5120_’wa§- bolieved

respon51ble"for 134:12, to lhéylncrease if DM G rAqulLd w1th Steams
’rolled cbmpared to ground barley (HLronaka .(1970). Somv' oL the

vsmallerf partlcles present 1n DR may qu1ckly escape flom Lhe xLLnxx nui_
. - .~ . .
bé. dlgested in the “small llntestlne Small partlcl(s hqv a'highvre

digeStibility in the small intestine than do. large‘pdrtiﬁlcs Ochﬁ\vL.
al. (1986). Also,'Owens 6t al. (1986) calculated that starch dipgested
' ‘ 4 ‘ . ; : , .

in the ~small intestine provides _42% nfore net enerpgv than slarch
digested in the rumen. Shifting starch digestion from the-rumen would

.

3

also  reduce - the cbncenératfqn*’ of organic acids and -improve
" digestibility of the fiber fraction af the diet (Orskov 1986) -
. . , A : . ) .

"Improvement -in dressing percentage in cattle fed DR-has not Leen’

' ' _ o BN .
previously reported. .The? reason for the .improvemént in the present -
experiment is -not apparent. . Other carcass -characteristics were not

[

affected by  the method of processing which- is én egfeemcn; wi&%a
. previdus werk (Mathison 'and Milligan -1984; Grimson- et "al. 1987)

'Although not significant, .there were fewer liver abscesses from the

SR treatment. Grimson et al.’ (1987) found fewer (P = 0.02) livCr

- abscesses in cattle fed steam flaked 'barley. Liver abscesse¢s in
/ .

cattle fed Afinish'hg diets are . related to aeiddgis and rumenitis
" (Brent '1976) and are responsible for reduced performance of feedlot

eatcle (Rust et "al. 1980). In our trial feedlo® performance did not

" )
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appear to be adversely affected by the bresencé of liver abscesses,

" but . even livers with very 'small abscesses were cdasidered abscessed
‘ ‘ » ,. L e : “\\ ) ‘
in the'analysis of our:data’ -~ v =
R N . . ’ ) - 3
“In ‘summary, ; beta-glucans. in bartey are highly digestible, are
‘J o '1_._“,‘ / : ! . . : o B s
s Yoo ) ‘ :
positively correlated with VW, and have no adverse affects - on,
oy ] - -
digestion and utilgzatlon,of barley in cattle. Volume weight and ADF
. u-' ’ - £ ’ ’

‘have value as predictors of barley quality for cattle. The practice
. . w ! . ’ ““(‘ . Lo : i .
of steam  rolling '0>\ﬁf15k1ng of” barley does not, relative to dry
' SE ) . . S
rolling, ~improve the performdnce or carcass characteristics of
. . . L SN

feedlot.

finishing catclé¢ in a
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* Amount
‘Barley - B B 90.50
Canola meal - - . . . o - ‘:5l5027v
wﬂmoiasses o V v . - 2.00
Qfouhd limesfone. - ’ i;ao
Trac%ﬁminefalized saltl o b.35f"
Vitaﬁin premi\(2 " ..“. . o f.r 0r 25 =

el

'Contained the follow1ng per kg 940 g sodium
Thloride, 100 mg iodine, 40 mg cobalt 7500 mg, -

zinc, 2500 mg copper, 3500 mg manganese and 23 mg

’ elenlum

Gontained the follow1ng per g: 2000, 200, anq_z

[U of v1tam1n A, D, and E respectlvely

' o - o

95,
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~Vitamin premix

Tabl= 3.3, Composition (% as-fed basis) of

diets.used for exp. 3

~Ingredient » /f&\J/ A@Ount
c -

Barley, dry,rolled - ) 983
Gréﬁndrlimestone' - 1.10
" Trace mineralizéd saltl . 0.35

2 0.25

'Contained vhe following per kg: 940 g
sodium chloride, 100 mg iodlne, 40 mg

cobalt, 2500 mg zinc, 2500 mg copper, 3500

18 manganése and 25 mg selenium.

Contained the following per g: 2000, 200,

and 2 IU of vitamin A, D, and E
‘respectively. '
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Table 3.4, Means for various chemical,componen.t_s of: barle; ’ﬁry mat,t.er_ prx{:r to o
N prdcessmg B . ~ i SN \ \(
< : o ° 1T _ IR
’ . v . ' - B . " '
/ o Beta- : B f" AE f ) ’ . & -
. T R v
. Glucans Starch , brotein  ADF NpE> w9 Moisture
, K . -' v . ¥ » - n "'_ .
Item - . ¢S TG 3 () €3] S (kg hL™Yy PR
Barley . . .0 » ,
lct no L L
1 T35S 1P 12.0 ;
2 3.9° 61.8° 11.%
v \?_ '
3 ’ o.1” h 62.0 ° s ¥
: : H .5!?,” y
4 LA 56:5° s
5 4,62 64.9° 12.3%0 5 40 14 49 67.2° 11.8
5 4. 8® 0.1 g.ad 16.sC 70 k2
RS R 9 Sad7 118
seM> 0.07 6. 31 0.15 0 47 0.60 019 _
Probability . <0,01 %0.01 <0.01 <0.01 <001 Y 9.3 s \.

X -
>

All values except annd moisture are on dry matter basis
Acid detergent fibar '

<
Neutral detergent fiber. ~ .

“““0

Volume weight:

L W

Standard error of the mean based on t'xv‘e‘s;amplas' per lot except for :NDF

gfour per lot)
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‘JTable 3.6. Effgcts of processing methods on chemical
. components of barley dry matter

» : Steam, ny A o ,
Item : Rolled Rolled’ seml Probability
BGZ (%), a4 4.4 0.18 " 1.00
Starchi ()  54.9 557  .1.05 0.33"
\,ﬁm"(%) 0.26 0.08 0.019 0.01
ADF® (3) 8.8 < 7.0 .54 0.01

Qb;gj . .

. -Standard error of the mean was based on 12
' samples per proceSSLng method, two from each barlev
lot. 4
Beta- glucan
n Acid detergent 1nsolub1e nltrogen
Acid detergent fiber.

s ’ ,‘ 4 * » ‘

‘lOi\
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Table 3.7. Leas~ squares means for fEGdLOL per‘ormance c£ yearlxng sEiers by barley lot ard
. procystng meLhod ’ : o : ,
Y
» Inxtxqil Averageqdqxlv n,ainl Dry matter 1ntakeg DM:Gg
¥oight | . (kg) {kg)
: | . . . - L
St em . (kg) -0-34 d .overall . . 0-34 d overall 0-34 d overall
Barley ' . ] ) o .;

’ nn . . R
1 s - 342 .2 1.46 1.49 6.78 3.462 4. 72 6.35
2 340.9 T 1l6u 157 0 sk 372 . 4.3 6.12
3 341.8 1.42 1.53 6.78 9.09 4.92; 5.97

LA 343.0 1.67 1.55 7.21 9.77 4.43 6.34
s 3421 "1.87 . 1.5 5.84 9.1 4.35 . 5.8%

s g 339.9 155 1.56 6.84  9.19 447 sgp
SEM . 5.12 0.10 0.05 .- 0.18 0|2A ' 0:33 0.14
Probability 1.00 ' 0.42 0.81 0.65— -0729 074 -..0.17

i~

Processing methods E s i o . o

. Steam rolled 341.9 * 1 60 1.3 - 6.9 . 935 Ll Teles
Dry_gplled 341 .4 1.5%0 1 . 6.86 9.41 4 B 6. 16

R W ’ ‘ ‘ B : _
T SEM Co 2.90 0.06 , 0.03 0.10 0,14 0 18 0.08

Probability  0.89 0.86 .1£0.33 0.59 -0.78 0.42  0.33

[l

1Mnaﬂs for barley lots were based on 20 animals per treatment except for barley lot no °5
where only 19 animals werse included. ‘Sbandard error of the mean (SEM) was calculaf}ﬁ with 20
xeplxcatxonq. For procos:Lng method 59 and 60 animals were included in steam and dry  rolled
- & means, respectxvel& . * ) Ry .
Meuns for baéley fots and SEM were based upon four pens per treatment. For processing

‘meathod there were 12 observatxons per mean.

°

w
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" Table 3.9. Least squares means'of glucose S
released from alpha-linked polymers ' .

-~

’ in barley grain by an amylase (mg. N
g dry matter)
Ttem Ih 2n .  27h
~ Barley . = - ’ . :
ot no. K : '
1 1388 2222 5038 .
: : N . o %
2 13928, - 2288 46928
3 1183 ag1b - ©a20®
' : N | 4
4 .ooo1mb v qgsh 413P
5 12032 1g3P - 4y7e
6 1293 2012b 4395
seml - 6.3 92 155
Probability  <0.01 <0.01", <0.01
N b

Processing me thod

None - 121P 201¢ 489
Dry rolled 117°  179P 445
Steam rolled = #i02 2212 * 455 \
1 ’ . (A’(ﬁ .
SEM 4.5 <+ 6.5 o 111
Probability <0.01 <0.01 - 0.26
~Igteraction
eractio ] -
' Probability 0.06 . <0.01 - 0.03
" , .
ar CMeans within columns w1th different . .
_superscripts are 31gnif1cantly dlfferenc(P < )

05)
?btandard error of the mean i:. based on elght
'samples per barley lot and 16 samples per
-processing method , -
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Table 3.10.

Least squares meanv of barley .dry matter (DM),

. e

starch, and beta-glucan (BG)
dxsqppeirance (Z) from nylon bags incubated in Lhe rumen for 0 8 or. 24 h.
< A Y
N . » . .
T 0_h 8h : 2 ,
Item . : DM BG Starch- DM .. BG Starch - . DM
i .
L 2N .
Barley . )
lot no.i i ‘ . . AT
1 o ue2® 61.4 59.3. 76.5¢ 9 5 a3 g UL 4y
) d - et
2 51.1 69.3 63.4 75459 g3 8P 90 .7 810"
- . N\ -
3 55.2 69. 5 68.7 78.2° 95.4%  gp g° g2 ab
, .
4 - u5. 8% 70.4 62 .4 7669 7 93P 92 9° 18 5"
EY — I3 .
500 5%,3° 697 67.1 78.4° 96.2" 91.79 ~ 83,920
Sy h Loz . ‘ ‘
6 59.1% 68.0 76.02 82.2% 9575%% g7 )0 84 4°
sem? 0.44 - .1.99 2.29 0.43 044 - 0.26 AT -
Probability ©<0.01 - 0.07 <0.01 <0.01 - 0.01 <0.01 " w0 01 .
. | -
" Processing method . !
," . S
Steam rolled .  47.5 63.8 58.3 716 939 - 868 78 8
e T -/ .
) , ,
Dry rolled 57 .4 72.3 7&10 83.5 45.8 99 .5 By 2
, 2 o o T L
. SEMT 0.25 1.15 1.32 Q.25 0.25 0.15 0 32 c
Probability <0. 01 6<o 01 <0.01 <0.01 <0.01  <0.01 <0.01
R . B -y
Interaction .
Probability <0.01 0.17 0.15 <9.01 ©0.32 <0.01 - n.24

£Means within columns with difforent superscripts are sxgnxficancky different (P<0.QS).

Standaxd error of the mean bused on

starch

Standard error of bhg mean based o

starch.

6 samples per barley lot for DM and four for BG and

{
/

48 samples per barley lot for DM and 12 for BG and
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Table 3 1l Istimates of regress:on coeff:cients, standard errors (SE  and 2quation’ probabilisiaes (D)

between selected zhemica. zomponents of barley, :n viiro.and :n sity results, and faeclot

-~ performance
1 Denerdant var:ables T &
iraependant Statistic orv r‘:ter intake [xg 1':—;‘ ) piald ﬂé::er-:g.:m [T
estizpated ;snmates 3E P 3 Istimates 32 2 R"
.
e . L ~ ’ - h
I a 1004 17 <3.31 759 3.43 <73t
b 932 228 Nogar 0 ooas s -2 36 5.14 996 252
o 4 39 _ . .
stageh a 13.79 13 <93t . & 3.53 e s <331
5 -3.37 3.33 381 3, -3.25 o 2 P R X
NpET a 759 3,87 .91 4031 3.39 <031
b 210 9.22 3.33 iz . 3.37 3.2 3.23 .71 o
3 N N -
ADF - - a 3.24 5051 <0. 21 s.37 3.17, <. 21"
' b 2.16 v.07 3.38 2.87 0.13 0.12, <. 330 ‘
-, o .
St a S 12,37 2.32 <0.31 ’ ] 0.72 <0.91
) b -9.05 3.3: 9.23 9.73 -9.03 3.0 2.95 3.56
In situ a 16.11 2.72 <0.31 10.57 2.29 <0.31
. y -
o ) b -0.29 2.0¢ 3.37 0.50 PRCERL 2.33 0.:0 3.53
In ity a 18.70 2.79 <3.21 13.08 .51 <091
2o024° . b -0.11 223 3.22 9.74 > =02 2.32 s oo 383
nositu a 37.13 449 <031 23.13 .72 i.cz' .
8GCa. 5 -0:29 0.05 <0.91 .31 -2.1 218 5.4 D35

T -
“Zata-glucan (I dry matter).

3

“Heutral Jetergent fiber (T-dry matter!.

w
.

Ac:d de.r.qx'-gant. fiber (‘1 dry mat.r.arl). gy
‘:Volgneuwexghr_'(l_(g h L-l,_ air dry). o : : 3 l
i:‘dry matter disappearance after 8.h :n sity.

?2 iry matter disdppearance ;Iter 24 h in sity. ¢ )

2 Saca-glucan disappearance after 3 h :n situ.
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Table 3.12 Least 3quares means ‘or chemical composition anu percent appacent digastibrlity  af
chemical components of b:ar'.ay o different.volume dsx-ih:: -
* 4
- Volume . .
Weight "Ory matter Protain ) Stareh . Beta-glucan NDFT - are’
. . -1 — ’. - - .
Light (4373 xg hL ) 8.4 13 : 50.2 2T 233 SR
[ . . . - ‘
Medium '58.3 kg hL ) 87.9 2.8 52.1 42 6.3 T,
Jeavy .53.7 kg hL *) 7.5 _ 2.4 §2.3 st SRR 41
- -
. : =
L . . . . . LW
Zxtra ) ‘ : -
-1 o ) . N -
‘heavy (56.2 kg hL °) 86.7 . 3.1 i 53.5 LY P Tl
: v , s
! o . . i
Apparent - :
P TN o . v . .
digest:dbiliesy () L - ’ . .
N ' ' ' ’ ) DA
. Light . : . . 768 86.5” 38.5 399 N 333 2ty
Medium - LT 98.3 98 1 - 28 3 23
deavy 8i.0 - 4.8 9713 98.1 12 3 RS
) Zxheavy : 30.1 o w2 32.0 . 265 i
M4 ) .
SEM . 1.20 2.12° " olas 823 415 “ i
- . B "
) Probability : .02 0.07 0.27 0.25 3 ™ R
Y .
3eta-glucan.
2 % -
Neutral detergent fiber.
3Ac;d detergent fiber.
4 .
Standard erzor of the mean based on five observations per Lrsatment.
. ! t a ’
.
R -
~
N
i 3
- 1
h o
g M
. N
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4. CENERAL DISCUSSION]ANDFCONCLUS10&5 o
-Barley Quality -
Although * bdlley used in these e.\:peﬁments differed ‘(P'<
- I . :
0.05)  in bet;)glucqn ngrch, procein; "ADF  and NDF content, no

«

with other work Ci;?hCCEd in Alberta (Mathison and Milligan 1984:

Grimson et al.;1987).uﬁbwever, in the presen} expérimencs signifiEanr
v(é. < 0.05) regressions existed between DM:G ratios %nd,éeveral
EémponéHCS df the barleys. Acid dé;érgent fiber contéaz was the mos:
usefui ‘independenp variable v (R2_ - O.éO) which is  somewhar

surprising since it comprised less than 10% of the DY of any of the
& . . N

bdrleys. As independant - variables NDF, starch, VW and beta-glucan

were .somewhat wuseful as indicated by rR? values of 0.73, 0.69 0.66,

and 0.62, . respectively. Volume weight 1is the easiest of ali these
: . / _ .

components to measure and is frequently used as<ﬁbe basis for trade

differences in animal performance were apparent. This is consiscant

(Agriculture ‘Canada 1987; Grimso et al. '1987). Based on resules

s

presented in this thesis, whenéver laboratory analvses are heing

N

N2

recommended. It  is much easier to determ%ﬁe than W?F (Dr. H. Hsu,
personal communication) and based ’ h§§iresul;s presented is a
better Lndluator of barley quallt» for caccle&g T

b
A

-

As aq .Lndependant variable -1n 51cu DM dlsappcacance after 24-h

o o

conducted on a _sample of barley the determination of ADF is "

-

produced ‘a useful regressxon‘~YR° -0 83) wxch DM: G 13:10 Thus in

o

situ dlsappearance of DM can be consxdered a usefuL measuxment in. the

o
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[

screening of .new barley cultivars to be fed to cattlée. additional in

';situ work to characteriie the degradation of barley thrbugh the first
8 h of digestion should be considered.
' From the results presented beta-glucans do not appcdr.Lb have an

-adverse affect on the digestion and utilization of barlev by cattle.
) . s . . . v. . ) N
Beta-glucans are rapidly digested in the rumen as indicated bvs8 b in

s_tu disappearance values of 93.8 to 96.2%. Comé§rablb values for

.st;rch were 90.9 to 97.1%. Total tract apparent digestibili;y is also’

[

similiar to starch and thus beta-glucans can be considercd to be part =
‘ » ) . ‘ . ! . ' ’ ‘ i v é,
of . the rapidly digested carbohydrate fraction. Additionalse
. o . v ‘ L
experimental work: to determine ‘the effect sfrbeta-glucan convent

.barley on the visfbsity, foaminess and surface tension of rumen 1%
- ‘ ]

is not yet complete.

—

Processing Method

The results presented indic te that steam rolling ofg

finishing cattle is not warran ed. No improves

barley in feed intakeb,4ADG or-DM:G ratio was"ob3 JThis sS4

i . ' .'- ' ’T\:‘.
agreement with other work in Alberta (Mathison™ag .Wﬁlignn_lqaa;

e

G:imsoﬁ et al. 1987) The greater in,situ d;sappeafance of starch, DM

and beta-glucan from dry rolled barley may be partially respoﬁbibleﬁﬁ

. : ‘ . ) I '

for this observation. Additional work on the effect of steam pollfngf'“)

tempering and other treatments on initial ‘rates of digestion in situ
’ ' -

- ¢

should be considered.

W
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Air dry samples were ground through a 'l mm screen in o 1 bhoratory

e

Y : I .
_‘Appendix 1-Methods of starch_andfbeta-gluéan analysis
. o ,

3

mill (GChriscy and” Norris ° Led., ~Chelmsford, England) and sroved. in

‘ plastic ‘capped - vials prior to analysi§.

' : o N

Starch hydrolysis ~

~

In this procedure, adapted from McRae and Armétrong (lacsy, o2 5ol

4

ground bquey (1 mm screen) was mixed with S0 ml of de-ionived water,

v2 :mL of NaF . (4% wt/vol) and_SO ml df acetate buff&y'(U.P‘H sadiuam

.

acetate plus glacial acetic acid, pH =a.5).'Amyloglucoaidﬁuw RITRAC T

(Aspergillus. niger, No. A3514, Sigms’Chem,-Co., St.;)muisw'HU )A(U ;

'

o : . . . > . .
mL) was added and - the material ‘was ipcubated at 60%C.  ar intervals

of 1, 2, and 27 h after the start of .incubation, Loml, atiquots were

taken and- clarified with 1 mL addition of 0.3 N barium hydrﬁxiﬂo unﬁ
' ’ ' ' DR X

0.3 N zinc 'sulphéte; Soluble potato starch *(Sigma Chem. Co. Mo -
5-2630) was used to standardize the procedure. After centrifuging av

1000 g for. 8-10 min a 30 sl aliquot was then removed for the

“determination of free glucose: Glucose  was determined usihp the -

’

“hexokinase-  glucose-6-° phosphate dehydrogenase kit of  Sigma

-Diagnostics (No._ llS-A)."This' method ‘has been used by others,

)

" (Bamforth' 1983), and relies pn the colorimetric measurement (370 nmy "

of reduced iodonitrotetrazolium. Appropriate standards, substrate and

.

enzyme blanks~were incngg@.»'
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. : t u.'
Betaylucan analvsis " T G
4 & =S . .

Eigh;y o 100 mg of ‘ground sample was weighed into-a 10 mL centrifuge

tube.  Fiwm mL of_8OZ<(vol/vol) ethanoL was #ded and the'mix;ure was

,Hboile ‘gently for 5 min n a water bath (909C); This step:

hactivated  ‘endogenous enzymes  and  removed soluble ' sugars.
Ccnﬁrifuging car 1000 g ®for 10 min followed by discarding of the
. . Y ) T . . - R
supernatant - removed most of the ethanol from the sample. Leaving the
tubes. in. an  oven (dOQC, 16 h) with the tops'qff'pfakydéd complete -
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rémoval  of  ethanol. Five-mL of buffer solution (50 mM sodium acetate
C ) 2 .
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» plus  glacial acetic "acid, pH' = 5%0) was mixed with the sample and
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cvntrifuging*”as. above was - done. This step was repeated once befdy
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2.5 mL of buffer and 300 ‘f<L of -the purified beta-glucanase were
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added  to - the sample. Incubation (uOOC, 16 h) with:shaking followed.
Increasing .the —~amount. of. betahglucanfse to 1 mL per samplg “allowed

g-lnicubation time  to be reduced to Qig and this was done on a portion
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o the “sapples. After ‘incubation the samples were again centrifuged
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;‘;GIUCOS@ was .determined in -the supernatant as. described
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-~ Starch analysis'
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Starch was determined on the same samples using a modification of the
. ! . . . v E
- .

me thod '_6f.'Snlmonssop et al.: (1984).’ Samples were prepared as

indicated for beta-glucan determination. Fifty to 60 mg of ground

v

sample  was weighed into a 50 mL test tube along with 25 Rle of ‘buffer’

. (0.2 M sodium acetate plus glacial -acetic acid, pH = A:é) and 100 uL ..
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of -a thermostable bacterial alpha-ﬁmylase {Temamyl, 60L, « Nova

Induscries A/S, Bagsyaerd, Denmark) . The CUbe_WAé placed in a water
“bath - (90°C) ‘for 43 "min with- occasional shaking. After  cooling
80 .- ML qf_amyldglucosidase (Aspergillus nigér, Stgma Chem. CQJ'SO,

i

was added and the contents were incubated for 18 h (UOQC)

wich‘_bontinuous'_shaking. ‘Approximatley 2 mL were then removed from
the tube and centrifuged at 2000 g for®9 min. The clear supernatant
, o . B ) o . :
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was analyzed for glucose as described previously.
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