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/\BSTRACT
Two studies were undertaken at The University of Alberta to determine the feeding
value of high moisture barley (HMB) for growing swine. The HMB containing approxjmately
6 - .

25% moistare and a dry barley (approximately 13% moisture) whre both harvested from the

samc 54-acre field . On a dry matter basis, the HMB yielded_ l9.6% ‘more than did the dry

barley . ’ . e
Ia the first experiment, 56 crossbred gilts and 24 crosstrl‘é'“cl barrow"s’of an average initial

weight of 28 kg were randomly assigned to diets based on either anaerobically stored HMB that

had been hydrated to a moisture level of 28.8% or dry barley. The pigs ‘were allowed feed and

- w"éra ad libitum and taken off test at 55 kg. Pigs fed the HMB-based diet consumed

N

significantly mo‘re feed (P<_0.05), on a dry matter basis,”than did 'pigs fed the dry bafley-hased
dict. Average dhily gairt (ADG) and Teed conversion efficiency (FCEV) were not significantly
achctcd by diet (P>0.05). The average daily feed intake ‘(ADFI) was significantly higher
' (P{0.0S) for barrows than for gilts but there were no si’gm'ficant differences (P>0.05) in
ADG or FCE among the sexes. |
In the second experrment erght ileally cannulaged crossbred barrows (57.6 kg
bodyweight) were allocated to diets based on ground or rolled HMB and ground of rolled dry
“barley, us1ng adx 4 Latrn square desrgn Pigs were f ed on-an equal dry mattf:r basis and fecal,

E ileal, and urinary samples were collected. The B-glucan contents of the HMB- and dry

barley - based diets were similar (5%) on a dry matter basis.

ir; " L3

. There were no signifi 1cant drl;f erences an}B\n,% 'the f our treatment groups in the apparent
lleal dtgesttbrlttres of the dry matter crude protein, gross energy, starch or B- glucan / ‘/,
l. .7,

components of the diets. The average ileal dtgesttbtltty coeff ment for B-glutan of the four dlets
4":-,
was 79 6% (range: 7610 82.2%), suggestmg that this component is readrly dtgested by growing

plgs The ileal dlgGStlbllIy coeffi icients for neutral detergent fibre (NDF) and phosphorus were,
however, lowelr (P <0.05) for the ground dry barley-based diet than for the other dtets The ‘

apparent ileal dtgesubrltttes of lysme methtonme 1soleucme alanme valme and asparttc acnd

i



were sigﬁiﬁcamly highcf (P <0.05) for the ground HMB-based dict than {& the drv
barley-based diets. Fecal digestibility coefficients for crude protein, NDF | starch. and 8-glucan
- were higher (P <0.05) for the ground HMB ‘d;el than for the rolled dry barlev dict. For both -,
e S
the HMB dnd dry barley diets, gr_ipding resulted in a significant (P<O.(j5) improvcmcmlhv

apparent fecal lysine digestit;‘lfily‘ﬁs compared to rolling. "

4
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L. INTRODUCTION =
Barley is the primary cereal grain used in West_ern Canada as a source of encrgy in

swine feeds. Although the digestible energy of barley as compar‘ed to that of wheat or corn is

lower for swine, economics as well as thae vrronmcntal condmons favour 1he produtuon lmd

use of barley in Western Canada. Because of the unpredictable and usuall\ short growing.

-

when il contains enough moisture (at least 20%) to promote f e‘rmer‘itation when ensiled is
referred to;as high moisture grain (Hunt et al. 1960). “ |

Advantages that have been claimed for the use of high ioisture barley (’HMB) include
the { Olloyving: | | |

l.  Earlier harvest reduces dependeney upon the weather‘ N
|
2. Harvesung of HMB results in a higher dry matter yield as compared 1o dry barley (l\rall

1972; Marx 1981). -

3. Grain quality is maintained since the possiblity ol".. damage to the' grains due to the heat of_
drymg is eliminated

.4, HMB is more palalable than dry barley (l(rall 1972) poSsrbly because ol" its lower dust

content (Errchsen and Martm 1970) ¥

”
=

5."' Fermentation of HMB‘during anaerobic storage increases the availabi-lity of ‘phos‘phor'us in

»

. swine diets (Trotte@nd Allee 1979) and improves feed consumption averagc daily gain

(ADG) and feed. conversxon eff iciency (FCE) of poultry by altermg the composmon ol

. -

' the ﬂ glucan fractron (Hesselman et al 1981)

There are a number of alternative methods of preservation of HMB. and these, 10gether
' with methocl .of processmg may srgmf rcantly mf luence-the perf ormance ol" swme fed

.Q~".

: HMB based diets Af urther important consrderation 1s the eff ect of anaerobic storagc on the . L

[

B- glucan component of ,barley on the;perf ormance of swme. 3



a

| M 1L HIGH MOISTURE BARLEY
I One of the major economic advantages of HMB is the'increasc in dr_\' matter.yield

: whrah is associated wuh earhcr harvcaung Yield increases of 1.4 10 17% have becn observed for

-

HMB as compared 10 dr\ barlev (Krall 1972; Marx 1981). The potenual dry matter yield of -

PR

barley is at a maxrmum if harvesled when the morsture comcm of the kernel is: reduced 10

apprg)xxmalely 42% (Harlan 1920 as cited by Krall 197") S

A Mecthods of Presenahon of Hrgh Moisture Grain ' ) N &
VN ‘ : !

The hrgh morsrurc levels render HMB extremel) susceptrbl?‘lo r#pid de’tenb-:ﬁtron by

&

“molds and baclena unléss prcventauve measureés are taken to avoid thrs The convenu,onal
prcservauon merhod of drvmg has become Iesc popular in recent vears, due to mcreased{uek
prices. Thrs has sumulated or at least sustamed an mterest in alternatrve methods of

| preser\'auon such as chemreal trearment or anaerobrc storage. |

L] N

Chemical Preservatives _ B -
N - . Ehd . )
‘HMB can be chemically preserved by treatment with organic acids. alkalis, or sulfur

3

- dioxide gas.

Orgamc Acrd

Orgar;ft acrds such as proprQ,mc acetrc and butvrrc acids, are the main cherincal
. Y
prcscrvauves uscd 1o. treal hrgh morsture grams These acrds mhrbrt seed respiration and f ungal

growth and thnas preVent heatmg and subsequent deterror;auon of the gram (J ones et al. 1970;

\oung et al 1970) The) of T er an alternatrve to artrf icial drymg allowmg HMB to be stored

- % )

aerobrcallw wrthout dererrorauon and do not adverse]y af fectuthe feeding value of the grams

v
(J Qhes et al 1973) Organrc acrd treated HMB has generally been reported to havea f eedmg

ﬁ

va}uc f or’ prgs equal 10 that of dry barley on a dry Tmatter basrs (Cole et al. 1970; Livingstone et

\' al ~1971 Pérez Aleman et al 197} Bowland and Corbett 1973 Cole et al. 1975 Cole etal.

-

M 1980) . .w‘ ‘ . - “. ‘.,,‘ ‘. .. .. 'T.i ’ -
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Although propiq'gic acid (or a combination of propionic ;\/ilh other organic acids) s the
most effective (Goerjr?g and Gordon 1973) and most frequently used .organic acid in the
prescrvation of higﬁ moisture grain. it is fungistatic. not fungicidal; therefore, tolerant fung

J | Y
may grow if sgffici‘enl acid is not applied evenly to Ihc' grain (l.ord ctal 1982). Salciv
precautions must be used when treating grain with orgqn’ic ‘Acids in order mr;wmd inhalation of
) fumeS or confaci of the acid with the skin or cyes (Jones et al. 1974). A serious disadvantage of
usir}g'su_éh grain is lha{ it corrodes metal equipment (Forsyth 1975). In addition, lower vitanun
E and/cqrotcnc levels have been observed in acid treated high moisture corn fhzm i non-treated
“high moisture corn (Lynch él al. 1975).

Alkalis

/ Sodium hydroxide and ammonia arc alkal‘is that have been successiully used 1o the
preveniion of microbial growth in high moisture grain (Berger et at. 1981 l_aksésvcla 1981) and
have been shdwn to increase fibre digestibility in ruminants (Orskov et al. !98())_ Howcircp
since alkalis are capable of destroying amino acids of of reducing their avguability (,l‘)q‘g%am"
al. 1976), the treatment of grain with alkali sfnificantly lowers its protcin digcslibilit)l t;,pr pigs
zind rats and is therefore not recommended (Prinélc et al. 1983).

Su!phu.r" Dioxide Gas

Although Lhe use of sulfur dioxide gas as a preservative for high moisture grains has -

showq some promise'(Mathison et al. 1985), it has been suggested that its fungicidal propertics

)

may be inferior 1o its baclericidal properties and that it may induce thiamin deficiency and

i

cause a léwqred nutritional value (Gibson and Kennelly 1985). In addition, sulfur dioxide gas is

extremely corrosive® to storage equipment and may produce odour and flavour problems when
. ¢ o l ) : ‘
fed to livestock (Vidal and Jayaraman 1982). TthS.' it cannot w2 recommended as an alternative

to other methods of preservation of moist grain at the .pfesenl time.
,‘:\‘-

‘. N
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Anaerobic Storage of High Moistl;rc Grain ’

Hyde and Burrell (1982) described the principle behind airtight storage (%gram; as the
'provision of an oxygen-{ree atmosphere in order to kill or inactivate harmiul organisms
including insc‘cls, microorganisms and molds before they can cause serious damage to the grain_‘
Such organisms respire écrobically using oxygen to break down carbohydrates to carbon dioxide
and water. Mi_lncr ¢t al..(1947). as cited by Hydc.and Burrell (1982), reported that the
respiration of grain, and thus the production of carbon dioxide, increased in grain containing
grealer than 15% mo.islurc. Some organisms. including certain yeasts and bacteria, can respire
anaerobically apd cause fermentation of carbohvdrates to produce lactic or-acetic acids or
alcohol bui considerably less heat is released Iha‘n with aerobic respiration. Thus,iwhen dealing
with higl; moisture grain, 1L 1s impcrati.vc that the silo be completely airtight in order to prevehl
the proliferation of insects and 10 limit the growth of acrobic organisms that could cause

deterioration angm'c?hcz{ling of the grain. Anacrobic storage may be carried out in pits or

/ s

sealed tower sifos that are Sfteri glass linéd.
Since HMBwnds tqhgal shortly after removal from the silo due to microbial activity
(Jones et al. 1970; Young et al. 1970), it cannot be left in the feeders in large amounts for
. feeding over an extended period of time as can dry‘barley:. Instead, i; must be mixed, on a daily
basts and fed m ;amounts that can be consumed within aA;jay (Jones et al. 1974). 1t has been
reponéd that the ADG and f-‘CE of pigs fed HMB that was allowed to become moldy were,
significafitly poorer than those of pigs fed dried, unmolded barley (Livingsione and Livingston
1970;'Livir'1'gstonc et al. 1971).
. . : ¥
B. Clianges in Grain During Anaerobic Storage

Certain changes occur to a much greater extent in moist grain during airtight storage

than in dry grain. The appearance of the grain does not change much but the anaerobic |

3
©

fermentation process that occurs at moisture levels above 16% results in a sour odour and a

' bitter taste to the grain (Hyde and Oxley 1960). Virtually no changeés occur in the chemical



c-omposiliqn of low mois}u're grainé during anacrobic storage, but at higher moisture contents,
there is an increase in lh;:' lﬂcvcl of reducing sugars and a corresponding dccrc:;sc in nonreducing
SHgars (Shvelsova‘ and Soscdov 1958, as cited by Hvde and Burrell 1982) . Protein, nitrogen,
starch, and fat contents are not significanuy affected by anacrobic storage of HMB (Hyde ;m;l
Burrell 1982).

The availability of phosphorus hlas bcc? reported o increase dunhg storage through (i)r
action of phytase on phvtin, the organic form of phosphoru‘s present in grain (Greaves and
Hirst 1925, as cileq by Pomeranz 1982; Trotier andAAllcc 1979).

Vitamin E levels have also been reported to decrease during storage of hgh moisturc
corn, allihough sclenium content does not appear 1o be affected (Young ct al. 1975).

| A claim that has been made to support the argument that HMB is a supcetior Teed 1o dn
barleyv is that fermentation during anacrobic storage increases the digestibility of §-glucans

(Hesselman et al. 1981). These substances have been implicated in the lowered feeding vfaluc ol

barley and will be discussed in detail later.

Cf Feeding Valpe of HMB for Swine

i

Despite the fact that there has been widespread interest in the use of high moisture
grains, most of the résearch has dealt with high moisture corn or s?gghum, acid prescrved high
moisture grain, or storage systems that were not oxygen limjting. In addition, much of the
research has focused on the feeding of HMB to dairy and beef calﬂc. rather than to swine. 11
has been suggested that the chiefl advar;lage of HMB for cattlc lies not in improved anim/al
performance but in its high palatability (Kfall 1972).

Jamieson et al. (»1967) reported that, in swine diets, the digcsliﬁlc energy of ground or '
rolled HMB was lhe» same as that of grou;id. or rolled dry barle)j. Fbrbcs and coworkcry( 1%34;
1964; 1965), as cited by Livingstoné and Livingston (1970), and Erichscr'{ and Martin (1970)
r'ep'orleq similar growth rates and FCE for pigs fed dry barley or HMB (22.5% 10 33.8%

e .

moisture) that had been stored in airtight steel containers. Cole et al. (1970) also reported no

P2 -
- N .



differe/.nces in the digestibility coefficients for dry matter, nitrogen Or gross energy between pigs
fed HMB dnd dried barlc_\" diets. Pringle ct al. (1983) compared dicts based or; HMB stored in
an airtight silo, acid- preserved HMB, sodium hydroxide-preserved HMB, ax;d air-dried barley.
There were no significant differcncés iﬁ the dry matter or protein digestibilities between the ™=
gnacrobically stored or acid - preserved HMB diets but the ncutral detergent fibre (NDF) _
digestibility was reduced in the dried barley diet relative to the other diets. Protein dig:csliblily
was severely decreased in the alkali-treated HMB diet. o
In conlfasl to these findings. Livingstone and Livingston (1970) reported that, on a dry
matter basis, the use of anaerobically stored moist barley had an adverse*cffecl on the gr.owlh '
rate and FCE of pigs. This can be explained byrthe fact that fungal ’and bacterial growth was
observed and, as a result, fermentation and deterioration of the diets was sometimes allowed 1o

occur prior 10 feeding. Thus, proper storage of moist grain is essential if growth rates and feed

conversion cffjeicmties similar 1o those typical of swine fed dry barley diets are to be achieved.

2

D. Effgtt of Particle ‘Size - Grinding versus Rolling

An important consideration in the feeding of HMB is the optimum method of
procesding. It has traditionally been suggested that the nutritive value of grains may be _

improvgd by physically breaking the grain kernels so as to expose the starch and proteins to
. :

digestive enzymes {Morrison 1956). The conventional method of processing barley has 'begn 10
grind it in a hammer mill before its inclusion in pig diets, However, hammer milling becomes

very difficult with barleys containing more than 22% moisture and rolling is sometimes carried

»

©out as a more convenient alternative (Cole ;3[ al. 1970; English et al. 1973). Varied results have
. " ) ‘&,-( - * .
been obtaf\ned in studies comparing the perf. ormance%f pres fed hammer milled barley with that

of pigs fed rolled bar_]éy.

: Lawrence _('I§70),compared the feeding of whole, ground, rolled, and coarsely crimped
dry barley to pigs and observed:;hat the overall digestibilities of the whole or crimped barley

diets were significantly poorer and that the rate of ﬁassage of these diets thrbugh the gut was



~

faster than for ~lhc other diets. In the same study, there were no significant diffcrcncc;s in
zrowth rate and FCE among pigs fed rolled barlevy or barley that haq been ground through
1.56.4.68, or 9.36 mm scrcen's. However, the barléy that was ground lk;c mos! finely had the

. .
greatest rctemior‘l time in the alimentary tract and had the highcst‘b digcstibili;y coefficients for
ether extract and crude fibre fractions of the diet. These findings aércc \Qith }‘5050 of Beames :

and Ngwira (1978), Simonsson (1978, and Simonsson and Bjorklund (1978). Owsley € al. * "

(1281) also rcporléd that increasing the fineness of the gm';nd of barley significantly improved

the apparent ileal digestibility coefficients for dry matter, starch, gross energy . and nitrogen

components of the diet. On the other hand. Cole et al. ¢1970) reportéd that pigs given rolld
: - .

moist barley, whether chemically or anaerobically preserved, required 11% more feed on a dry '

fhatter basis per unit of gain than those fed milléd barley. However, the authors indicated that

difficulty in obtaining an even distribution of the chromic oxide marker in the rolled barlc_\‘k

\

diets may have resulted in a bias against the digestibility of the rolled barley dicl‘é. Livingstone
et al. (1971) a]éo reported reduced nitrogen digestibility for pigs fed rolled versus ground

anaerobically storéd HMB, ac-id-trcaled HMB, or dry baruley_. Young (1970) obscrved that the
rollir:g or grinding of ‘eith.er dry or high moisture corn had no significant im’luence on feed
consumptiomor average daily gain of pigs. Cole ét al. (1975).reported a significant iﬁigr“zaclionw
between vstorage method and feed lprepar’aliorlx. In their study, pigs f cd'pr‘opionic acid-treated
barley grew more quickly when the barley was ground' tather than, rolled vwhcrcas no significant
difference in growth rate was observed among pigs fed groﬁt;d\or rQl]cddry'bar‘lcy.

The incidencf: of gastric lesions in swine has been observed to increasc with fineness of
the grind of barley (Simonsson and Bjorklund 1378). Lower dry matter contents and acidic pH
in thé stomach ingesta, pbssibly ciue to the faster rate of passage of )/ery finely ground parliclcsv/
thfpugh the stomach were also noted. Simonsson an‘d-.Bjorklund (1978) suggcstefj that the causé
of the lesions was probably not directly dﬁe to the lowered gastric pH but to't'hc intrcascd | -

' , . v H
fluidity of the ingesta which comes more into contact with the unprotected mucous membgancs,

-
~

thus exposing it to a greater acidic effect than when coarser diets are { ed.



I,iv/ingsl;)nc and Livingston (1970) reported that grinding or rolling had no siénificam
effect on lhc performance o{ pigs fed eilhér HM'B or dry barley diéls. Lawrence et al. (1980)

- also obscrvcd no significant difference in the pcrfor;nancc of pigs fed rolled; finely ground, or
coarsely gro:md dry barle) They observcd 1mprovcd performancc with decreased partxcle size
of moist barlc‘y dxcls and Suggesled that an interaction may éxist between moisture content and
the optimium degree of lineness of grinding.

The failure of researchers to reach a consénsus'as to the influence of method of
processing barley on the performance of pigs n;ay be due to a n’umber of factors. One reason is
that the term "rolled” has been used to describe anything from barley that has been almost
ground ;o barléy that is mcrel\y cracked (Cole et al. 1975). In addition, genetic and |

- environméntal differences resulting in differences in chemical and physical properties of the

« barleys may also be responsible (L.awrence et al. 1980).



N L. BARLEY B-GLUCANS
Extensive research has been conducted for many vears t'(; determin€ the nutritve value v
of barleyv and possible methods for‘ivls improvement. Jakobscn ct al. (lé()()). as cited by Herstad
and McNab (1975), reported low digeslibilily cr)cfficicrrta for nutrients of barlcy‘ as compared

, .
lo corn or wheat in experiments with -poultry. Reduced ADG, lowered FCE, and an increased

inciderice of slicky droppings usually occur in poultry fed barley-bascd di'cl's ‘(Brrrncll 1966;
> White et al. 1981) Lowered pcrformance has also been demonslraled for swinc fed

barlew based diets as compared to corn- or wheat-based dxcls (l,arscn and Oldhcld 19()1)
.v":;, -

" The inferior performance of poultry and swine fed barley based diets has bccn hnkul 1o
the présence in barley of high levels of a compound identified as B-glucan (Rickes ct al. 1‘)@

Burnett 1966; Petersensand Sauter 1968; Hesselman and Thomke 1982). B-glucans comprise
[
approxrmalel) 410 10.7% of the total dry maucr content of barley {Anderson ct al. 1978

Prentice et al. 1980; Martin and Bamforth 1981, Bourne et al. 1982; Henry 1984). 1t has beén
observed that a high percentage of B-glucans in the diet "results in an increased viscosity of both

‘the digesta in the small intestine and the feces (sticky droppings) of poultry (Burncrél‘)()();'

@ )

White et al. 1981). White et al.(1983) postulated that the greater viscosity caused an
impairmem of nulriem absorption in the small intestine and could potentially reduce the
nutritive vglue of barley. Whrle a number of studies have eXammed the adverse effccts of

dietary B- glucan on the performance of poultry, there is lmle mformauon available concermng

* the effects of these polysaccharides on the digestibility of dretary component(s for swinc.

v
v : [

Prerequisites to such an investigalion are: 1. an %derstanding of the physical.and

~ chemical properues of B- glucan and of the enzvmes capable of degrading this componcm oI

‘ barley and 2. the selection of an approprrate method of analysis of B-glucan.
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A. Structure and Distribution of Barley'B-Glucans

B~gluéans are polysaccharides that are locdted primarily in the endosperm cell walls of

— ‘

barley (Finchcr 1975; Forrest aﬁd Wainwright 1977b; Wainwright and Buckee 1977; Martin and
Bamforth 1981). They include all compognd(s of two or more glijcosc molecules linearly joined
together by B-glucosidic linkages (Bourne and Pierce 1972; Thompson and LaBerge 1977).
Barley B-glucan chains contain a mixture of randomly arranged B8-1.3- and B-1.4-linkages
) whAich occur in approximately a 3:7 ratio (Clarke and Stone 1963; Bourne and Pierce 1972;
Fleming and Kawakami 1977). Approximately 50% of the endosperm cell wall B-glucans can be
removed by walter at 65°C without deétroying the cell wall structure (Forrest and Wainwright
1977a.b). These water soluble 8-glucans give rise to very‘viscou’s solutions when solubjlized
(Aastrup 19l79a) and are somelimés referred to as "gums” (Preece and Mackenzie 1952). The
waler-insoluble B-glucans .are thus responsible fbr retaining the structural iﬂlegrily of the
7 endosperm cell walls (Forrest and Wainwright 1977a,b).

B-glucans, especially mixed-linkage 8-glucans (1,3-1,4-8-glucans), account for
approximately 75% of thé endospcrm cell walls of k;ar]ey (Fincher 1975; Forrest and |
Wainwright 1977a.b; Wainwright and Buckee 1977). Palmer (1975) suggested that the
endosperm cell wall of barlc)_/ is composed of three layers: an inner layer of‘B-glucan, é middle
layer of protéin, and an outside layer of 8-glucan and pentosan. The B-glucans are firmly
linked to pepl‘ide' sequences which account f or3tos pérq’em of total cell wall f;)me‘m
(Thompson and‘Laberge 1981), f o'rming‘polymers of very high molecular weight (4 vx .10"
daltons). This protein material f orms‘ an integral part of the £-glucan structure of the
‘endosperm cell wall (Fleming and Kawakami 1977; Forrest and Wairnwright 1§77a). The Test of
the endosperm cell wall consists mainly of pentosans comammg "arabinose and xylose but these
do not appear o be covalently bound to B glucans (Forrest and Wainwright 1977a)

- By f orming such a large proportion of the en‘dosperm cell wall, ‘B-glucans play an

important structural role in the endosperm and a lesser one in the aleurone layé;\ where
v ‘ N

»arabinoxyl;m is the major polysaccharide (Coles 1979). This role changes as the. bérley matures,

N
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however. The endosperm cell walls provide structural suppor/lj’s_;'lbé barley grains develop, but

at maturity, when the endosperm cells are filled with starch and protein, structural ngidits of
the wall becomes less important (Thompson and LaBerge 1977). Since the endosperm cell walls
of barley. unljke those in other grains, completely enclose the cell, they form a ph_vsicaj bar;ricr
1o proteolytic and amylol?'lic enzymes that would otherwise hydrolyze the endosperm reserves .
(Morgan and Gothard 1977; Thompson and l.aBerge ‘1977; Allist)n ct al. 1978). Thus, the |

“endosperm cell walls must be degraded. at least partially, Before hydrolytic enzveds can aon

the cell contents or food reserves (i.e. starch and protein) of the cndoépcrm (Fincher 1975).

Y
e

B. Endo-B-Glucanases
Barley B-glucans are not homogencous in nature; molecular weights of 23 10" o 4y

10 have been reported (Bourne and Pierce 1970: Ducroo and Delecourt 1972; Prentice ct al.
1980) and the proportibn of B-1.3-linkages to Bzl .4-linkages is variable (Fleming and
Kawekami 197‘7) Thus{a speclrurr; of enzymes is required for compk:le dcgradation of

e
B-glugan to glucose (Bathgate and Dalghesh 1975) Enzymes capablec of ulumalely degrading

B- glucans into simple sugars of low v1scosny may be described as either endQ of P
Q h e %
ex0- B- glucanases (Bourne and PICICC 1972). Barlev contains both types of ﬂtg]ucagases bul it

is th f‘former gréup that is of greater importance in lowermg the viscosity of“Baglucal‘?é\?

Py

solunon (Scott 1972a). The endo-B-glucanases can further be divided into three groups: '
.- #-

;o endo -B-14- glucanase endo B 1,3-glucanase, and endo-B8-1,3-1,4-glucanase, each spccxﬁc for

the cleavage of a particular type of glucosidic linkage (Manners and Marshall 1969; Ballancc ct

~al. 1976). Endo~ﬂ-‘1,3-glucana}se is spec1f1c fonsubstrates such as laminarin which co.mam only
B-1,3-glucosidic iink'ages; it is activated by calcium ions and inhibited by EDTA and
"‘ci[ra‘t‘e‘-phogpliate buffer (Manners and Marshall 1969). Endo-B8 -1.4';g1ucanase is capablc of
hydrblyzing substr:;:es containing B-I,4-glucds‘i‘dic‘ linkages such as cérbo;ymcthylcellul‘osc; and

barley B-glucan but has little ef fect on insoluble cellulose or lammarm and

Wl ,4- gluca;@e hydrolyzes only 8- glucans containing both B- 13-or B 1.4-linkages

a
-
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" (Manners and Mars : ners and Wilson 1976). .

freeing 6f B-glucan .lhus e ~$plitting of the peptide linkages that are bound Io,lh@;glucan \'é
in the endosperm cell w.all matrix (Bamforth etal. 19795. This enzyme is produced in the

aleurone layer and is released at the orise_t of germinalion befote endjo-ﬂ—glucanase. a-amylase,

or protease (Bamforth 1981). In addition t’oi sélﬁbilizing the B-glucan from the endosperm cell
walls, endo-f8-glucan solubilase 'may also be involved in the initial catabolism of the
high-mdlecular‘;éi‘ghl B-glucans into smaller B-glﬁcan subunits (Martin and Bamforth 1981).
"The B-glucan subunits reicased by endo-B8-glucan solubilase are of high viscosity and become

the substrate-for endo-B-l,3-élucanase té g;ve a product which can subsequently be degraded

~

by endo-8-1,4-glucanase and endo-8-1,3-1,4-glucanase (Bamforth 1981).

C .'. Factoré Influencing B-Glucan Content of Barley. . ) -

Barley endosperm cell walls are unique amongst those of the éomrﬁon cereals in that
they contain such a high percentage (75%) of B-glucan (Finéher 1975; Forrest and Wainwri'ght
1977a): Rye grass cell walls, which are compdse’d of approxi}nately 40% B-glucan, contain the
n(;xt largest prdporti‘on of B-glucan (Burke et al. .1974) and Oa;s}hé\:e 'been‘reported to have a |
B-glucan content similar to that of rye (Clarke and Stone 1963; Wood .et al. 1977; Anderson et.
al. 1978). While Wheal' én’doSperm cell walls contain approximately. 7.5% B-glucan (Mares and
- Stone 1973), rice, corn, and triticale contain little 8-glucan (Andérson et al. 1§78).

%

Total B8-glucan content in b\arIEyl is influenced by both environmental and varigtal
N : '

factors (_Willingham 6}5\1960; Bourne et ValA. 1976; Aastrup 1979b; Morgan ana Riggs~198l).



Varietal Factors
Some varieties of barley consistently contain more 8-glucan than others whether they
arc grown under similar or diﬁj&é,r,cn'_t conditions and locations. For example. Coles (1979)

i

reported that Triumph, a varietyi:of 'béﬂcy. had a lower 8-glucan content than Mincrva under
all cvcr)ndmons tested. Bamfofth"-aﬁd }viartin (‘1981.) studied the S-glucan content of cight

cultivars of barley grown m several locauom and observed that a varietal rather than an (\\
env:ronmemal effect was largely respons.lble for lhe wide range of B-glucan values (6.13 10

10.7 ) oblamed Other researchers (Bourne and Pnerge 1972; Prentice et al. 1980; Bournc ¢t al.
1982 Hesselman and Thornke 1982) have shown similar varietal differences in 8- glman

comem Molma Cano and Condc (1982) calculated that genetic factors accounted for R9% of-

the variation in B-glucan conlent over geographical locations and 71.5% of the v‘arialion‘()vcr
location aad sowing d‘a‘t‘c..‘ bifferences in the B-glucan content of barley cultivars observed by |
othg:r researchers (Anéérson ei,l al. 1978; Bourne et al. 1982; Morgan ¢t al. 1983) also suggested

that this trait may be controlled to a large extent by génetic factors rather than environmental

factors:.

 Environmental Factors

»

The envnronmental factors that can influence the ,B glucan comcm of barley are:

cllmale soil moisture, fertilization, and sowing date. Bourne and Plerce (1972) rcporlcd that .
five varietes of barley were ranked the same in Biglucan_ content in each of five locations but’
that iﬁé\ﬁ-gluc’an content varied considerably f'rom location'”lo location. Hesselman and

Thomk{: (,1982) also observed vanetal diff erencesotg be less 1mportam than climatic factors or

stagenf npeness of the grains in mfluencmg the ,B giucan content of gram

Cl:matlc conditions have been shown to greatly affect B glucan content in barley. Hot, ‘ '

-

sunny and dry condmons leadmg 10 sml moisture stress durmg Lhc rxpenmg perlod have been
I

reported to cause an increase in B-glucan levels. whereas cool mopsp cor_lldmons,,tcnd lo lower

them (Aastfup‘1979b;'Coles‘ 1979; Hesselman ‘and Thomke 1982). AaStrup (,197f)b') observed a

-
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decrease in the amount of soluble and total B-glucans in rain- treated grains. Since there wtas
negligible endo-B-glucanasc activity in rairf—geated grains and no real difference'in B-glucan
structure between the rain-treated and control grains, it seemed, unlikely that precipitation
A s .

brought aboutFB-glucan degradation. Coles (1979) suggested that this phenomenon. could be
due to lower production of B-glucans or a modification of the 8-glucan structure which
renders it inaccessible to endogenous B-glucanase.

Ewertson (1977), as cited by Hesselman and Thomke (1982), reported an increase in

B-glucan content with increased nitrogen fertilization up to a level of 80 kg of nitrogen per

hectare.

¢

The results of Molina-Cano and Conde (1982) indicated that, of all the environmental
factors, sowing date had the greatest influence on 8-glucan content. They observed that the

t

later the sowing date, the higher the gum content.

D. Methods of 8-Glucan Analysis

Numerous methods of determining the B‘glucan content of barley have been developed
over the years. However, differences between the methods, especially in the extraction and
. -

fractionation procedures, along with variations in the fractions of B-glucan measured, have

resulted in a wide range’in the estimates of the total B-glucan content of barley.

harly ProcedUres

Most of the earlter procedures involved solubilization of the B-glucan.from barley w1th
water, after treatment wrth 80 to 85% ethanol under reﬂux 0 inactivate endogenous
B glucanases and amylases (Preece and Mackenzre 1952; Bourne and Pterce 1970; Fleming et al.
1974; Fleming and Kawakami 1977). Aqueous extracts of barley however contamed starch and
arabmoxylan as well as. B-glucan (Prreece and Mackenue 1952). The amount of ﬁ-glucan |
obtamed was also dependent on the temperature of extractlon (Flemmg and Kawakamr 1977;

. ‘Wood et al 1978) Srgrth rcantly more material was extracted at 80°C thar at 45 C and it

«
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aomanln:ed a lower proporuon of protem and a higher proportion of starch Papain (Bass an(d
Mcredlt_lj 1955; Sparrow and Meredilh 1969) and a-amylase (Bourne and Piercc 1970). or both
pa’p)ain and a-amylase (Scott 1972b) were used wilﬁ waler to extract S-glucan from raw barley.
jhese enzymes may have been contaminated with 8-glucanase enzymes, however. All these
mé\l‘hﬂo—ds involved precipitation of the B8-glucan for subsequent measurement by weight (;r by

2 o ) R PR
glacose estimation following acid hydrolysis (Anderson et al. 1978).

Viscosity Determination of 8-Glucan
Greenberg and Whitmore (1974) developed a method whereby the viscosity of an acid
extract of barley could be used to estimate the f-glucan content, Mo_rgan and Gotgard [ 1977‘)
de.'veloped a rapid viscometric lechn“ique which related the falling time of a ball in a precision
bore tube filled with barley extract to {he B-glucan content of barley. Aastrup (197%‘) 3
_demmonstrated a close ;elationship (R?=0.99) between the Viscosﬁy of an acid cxlrlacl ofs barlrcv
~ and the so]uble B-glucan content but not the msoluble B- glucan content. Other workcrs (Smxlh
et al. 1980; Morgan et al. 1983) showed that the viscosity was atmbulable mamly 10 8- glucan
However, Anderson et al. (1978) reported that vxscospy measurements were no[: alway§ well
correlated with B-glucan content. The viscoﬁ':ctric tichnique gave lower values f or.B- gl,ucani
content than enzymic mett’xogs in most é;lses. Althoﬂugh‘ the viséés‘ity of barley. is .mainl; duc to ‘
water-soluble B-glucans, ihe presence of any other viscous méle;ial would influence lhé

LI

interpretation of a viscometric méthod. Bathgate (1977) speéulated that proteins and starch,
o L . A : h

’ extrac‘ted with. the B-glucan couid also contribule 10 the ‘viscosity of a ba‘rlley cxtraét\ Thic»
usually lower values for B- glucan tontent that are obtained using vxscosuy tests may ‘be partly.
explained by the fact that viscosities of most extracls start to decrease after 1hrce hours
mcubauon, thus indicating enzymlc or acidic hydrolysxs. (Bathgatc 1977). Vnscosnty | A
measurements have ‘also Bee,n shown to increase with barley niirdéen content ('M(:)rgar‘i 1977)
and ‘to{v;;r‘y with the moléculéf wéigh‘t éf the B-glucani extracted (Bourne aﬁd Pierce ,1.972.; '

. - Fleming et al. 1974; Martin and Bamforth 1981). Thus, the Valuc of viscosity tests appcérs o
' , R . 3 : N . ,\‘ ..
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' FluordMetric Procedure .
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be limited 1o 3 rapid screening’method for ranking barl%y on the basis of its B-glucan content.

- " -

1

"

R A rapid. fluorometric :screening procedure-for the determination of barley B8-glucans

3
using the fluo?esccm dye Calcofluor has also been developed (Jensen and Aastrup 1981):

e
S

, ¢ g . ' :
Calcoglror is specific for, 8-glucosidic linkages and quantitgtively binds to B-glucans (Aastrup

. and Erdal 1980). Ivisa rapid reproducible method; however, the correlation between the values

. o e o . .
derived for'B-glucan content from enzymatit-methods and those derxved from lhe fluotometric

a !1”

method was not as good for malt and bartey samples as it was for beer samples (Jensen and’
‘d a b R
Aa&,trup 1981) Th;s may be due lO the fact that Calcofluor also staifis non- B- glucan L

compounds such as the ﬂ»glucosidic linkages of ccllulosé (Jegsen and Aastrup 1981). -

Infra-Red Reflectance

Allison et al. (1978) calibrated a near infra-red reflectance instrument to estimate the

acid-soluble B-glucan content of barley. It is a very rapid (approximately one minute per

. sample) and simple test designed for screening large numbers of barley samples. 1ts values
I - a8 : St

correlate well (r=0.87) with direct estimates of B-glucan al the correlation is lower at

- o

clevated B-glucan levels (Allison et al. 1978). - .

Vo
LN

l):fl'crence Method ® .
Another method used for the determmat:c;n of B-glucan in barley is the difference
method in which B- glucan conlem 1s calculated as the difference in yield between the glucose
) released f rom'comple;e acid ,hydroly_sis of a bayley extract b&' glucose oxidase and the glucose
' reieased by arnyloglucosidase f 'rom a-glﬁcans s)uch as starch (Fleming et al. 1974; Fleming and

}.awakaml 1977; Wood ef al. 1977) This méthod however is subject to large errors when large

amoums of starch are present, as is the gase for barley or when the acid hydrolysis or
‘g,s“ﬂ —
# amvloglucosndase degradauon do not go to compleuon (Forrest and Wainwright 1977b Martin

- ~

/

«



«nd Bamforth 1981). Bendelow (1975) reported that another source of error was the presence

ol B-giucanase activity in amvloglucosidase preparations.
A

a

lznqmatic Methods
More recent methods fo? B-glucan analvsis of barlev relv on direct estimauon, ol the
extracted B-glucan. Purified B-glucanase of cither bacterial or fungal origin is used 10 degrade
the .B-gluca.n into glucose unité which are then enzymically measured to determine total
B-glucan content (Forrest and Wainwriéhl 1977b; Anderson'cl al. 1978; Prentice et al. 1980
Martin and Bamforth 1981). The main difference between these nfethods is that they utihisce
| vz?rious metI{ods to extract B-glucan from the barley grainvfor subscquent en/zvmic
measurement. Forrest and Wainwright (1977a) and Martin and Bamforth (1981) used
hvdrazine to extract barley 8-glucan and to destroy endogenous cnzymes. Hvdrazinolysis
extracts all the B-glucan by degrading the peptide linkagg which bind thc'B‘—glucan 1o the
endosperm cell wall (Fortest and Wainwright 1977a). A

Although the extraction and fractionation methods as well as:the methods of

determining the fractionated product vary in these procedures. th&y all require purified enzyme

. 'S N

preparations that are exclusively sperci‘fic for B-glucan. Since pure B-glucanase is not vet
commercia'lly available, extensive purification procedures of crude proteolvtic 0; amylolylic
enzyme preparations$ \Yhich cdrﬁain B-glucanase activity must be undertaken to ensurce that they
are free of amylase and other polysaccharide-degrading enzymes in order 10 prcvcni
deg;adation Qf starch .in the extracts and thus give a deceplively‘ high B-giucan estimation. .
Enzyme purification involves methods such aS ion exch\angc chromatography, ultrafiltration,
gel f illratioﬁ, and heal inactivation (Bourne et al. 19§}).

Thus, enzymatic methods, although Eurrently the most reliable, are extremely
labour-inte‘nsive‘, tfme-consuming, and unsuitable for screening large numbcrg of barley

samples. A simple, rapid, and reliable method of analysis is needed 0 predict the feeding and

malting qualities of barley, if barleys with low levels of B-glucan and high lcvdg of



B-glucanases arc 1o be selected. Until such a method is developed. rapid methods such as the
viscosity or infra-red reflectance methods will have to suffice for screening purposes and direct

enrzymatic methods will have 1o be used 1o substanuate or verify samples of particular interest.

E. Nutritional Effects of 8-Glucans in the Diet

B-glucans have long been implicated as an important factor in the lowered feeding

.value of barley ag compared to corn diets. Burnett (1966) connected the presence of sticky
droppings and poor performance of chicks fed "low-enzyvme” barleys with B-'glucan. He
concluded that this component of barley gave rise to fairly stable viscous conditions in the small

- intesline and.was thus responsible for the sticky nature of the droppings as well as impaired
nutrient uptake. The Produclion of sticky droppings along with increased water consumption by
poultry fed barley diets commonly occur in poultry fed indigestible’ hydrocolloids (Gohl et al.
1978).

Other compounds that give viscous solutions in water have been tested to verify that the
lowered feeding value of barley is due, at least in part, to the presence of B-glucans. Burnett
(1966) reported that the addition of methylethylcellulose, hydroxypropylmethylcellulose, gum

*arabic, and pectin to the diets of chicks impaired feed conversion efficiencies markedly.
Addition of pectinase to the pectin-subplefnemed diets significantly improve':d chick
" performance. Kratzer et al. (1967) fed a variety of natural and synthetic hydrocolloids to
chicks and noted a marked reductibq in growtﬁ. Gohl and Goh! (1977), as cited by Lance
(1984), showed similar Tesponses 1o pectiﬁ, gum arébic, and ,bg_rley B-glucan in rat f eediqg
trials d_u¢ 1o delayed passage of digesta. White et al. (1981) noted an increase in the viSco;iI)' of
the intestinal contents in chicks fed a corn-based diet supplemented with barley 8 -glucan.
There is a paucity of information, however, concerning the effects of barley B-glucan
on swine.perf ormance. Froseth et al. (1981) observed that growing pigs performed better wheh
" fed diets based on cerltéin barle); cultivars than on others and suggested that this was due o

high B-glucan and (or) crude fibre contents in these barley cultivars. Thomke et al. (1980) also
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ttributed the reduced growth and iowered digestibility of drganic matter, crude protein, and
#1oss energy for starter pigs fed barley -based dicts to the presence of 1.3-1.4-8-glucans.
H(mc_\'ﬁgld et al. (1983) suggested that the high B-glucan levels present in barley -lowered the
digestibility coefficient for energy and thus the available metgbolic energy of the gran for
growing and finishing pigs. I)a\:ics and Radclilffc (1984) comparcd two barley varicties) one
which wz;s rcpdrlcd by Anderson et al. {1978) 10 contain 30% more 8-glucan than the other and
observed no significant difference in performance of growing pigs f'ed dicts based on these

barleys.
f'. Methods to Improve the Feeding Value of Barley

Water Treatment

.

Numicrous attempts have been made over the last thirty years to improve the feeding ol
barley for monogastrics. Fry et al. (1957), as cited by Petersen and Sauter (1968), were the -
first to. demonstrate that-water treatment increased the fecding value of pearled barley. The

positive effect of water treatment on the feeding quality of barley has since then been

confirmed by many workers ( Willingham et al. 1959, 1960; Potter ctal. 1965; Gohl ct al.

1978). )
Gohl (1977). as cited by Hesselman and Thomke (1982), réporled that treatment of

hiéh visgosill‘_v barley with distilled water re;ulled in lhc liberation of cérbohydralcs of low
molecular wgight with a simultaneous decreasc(n viscosity. Since this decrease in,visc'osil_y
occurred’ belwecn‘ pH 3.8 an:j pH 6.5, it was presumed to be linked to enzymatic activity. It is

‘ ]ikgly Lh_atipro'longed moist condilidns. may Tavour the activity or increascd prodhciion of
endogenous enzymes in lhe barley and thus solubilization of 8-glucans into smaller units which

| have lower viscositives in solution (Gohl 1977, as éitéd by Hesselman and Thomke 1982)!.
HeSselman and Thomke (1982) suggested that the lowered vAiscosil“_v’ll?cy observed in barley

»

harvested under wet conditions was due to enzymatic degradation of B-glucans similar to that
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thought 10 occur in water treated barley.

Anaerobic Storage
-

Hesselman et al. (198]) observed that the pcrformahcc of broilers fed diets based on
HMB (55% and 70% dr) matler) that was anacrobically s.iored ﬁnor 1o drying was superior to -
that of broilers fed dict« based ;:1 the same HMB dried 1mmcd1alel\ after harvest. Thesc
authors reported that the B-glucan contént of the HMB was reduced during anaerobic storage
and that no significant difference was ot;lained between the performance of broilers fed diets
based on anacrobically stored HMB dicts and that of broilers fed B-glucanase supplemented
dricd barley dicts. Hesselman et al. (1981) speculated that the beneficial effect of anaerobic
storage and B-glucanasc supplementation ;)f barley for broilers was due to endogenous
enzymalic changes to the structure of 8-glucans. The effect of anaerobically induced changes o

oA

the B-glucan fraction of barley on the performance of swine has ve® to be determined.

Enzyme Supplementation of Diets
| Since water or heat treatment of barl(:) would be 1mpracueal in most fegding systems,

the more direct approach of enzyme supplementation of barley diets has been studned

cspccially in pou]try diets. Most expgrimems involving enzyme sup'plememalion of ba{ley-based
diets utilized irude enzyme preparations of bacterial, fungal, or malt origin. Many reseavrchers‘
(Jensen et al. 1957; Willingham et al. 1959, 1960; Arscott aﬁd Rose 1960) oblaiﬁed a growth
.response in chicks f ec.i gnzyme-supplememed barley based diets that was similar to that |
observed with water lrea[meﬁl‘of barley. ?etérsgh and-Sauter (1968) tested the supplemematioh
of various indus;irial enzymé preparations containing amylase, protease, lipase, or‘ cellulase to
barley diets and repoﬁed a growth response in chiéks of 10 to 15% that di& not appear 1o be
related to any specific enzyme. | | =
The é‘fgde enzyme preparations used in theée ex_per_iments typical]& com'aineﬁ high levels

of gx-ar'nylase activity which was thought to be .]ar'gely responsible for the improved i"eeding _



value of barley. Cunningham a.nd Brisson (1957). however, opscrved that supplemental
pancreélic or malt amvlases had no effect on piglet growth rate and survival rates or ;)n the
digestibility of raw or cooked starch b\ baby pigs. Thev suggestied that orally ingc%cd amylases
are destroved by unfavourablt; pH conditions in the ;lomach and that starch may require the
action of other enzymes or activators for its complete breakdown 1o glucose. Although
Willingham et al. (1959) detected the presence of a-amylase in several crude enzyme
preparations of various origins that were successful in improving growth rate and !’ccd
utilization by chicks fed barley -based diets, crystalline d-émylasc, when addét_l to these &lgcls.
" was completely ineffective in improving the growth ralcl of‘chic‘ks. Since pH inactivation of
a-amylase in crude preparations did not alter chick growlh rate. enzymes other than a-amvlasce
were possibly responsible for the improvement in feeding value .(‘Willingham et al. 1959}
B-glucanase, an active component of many of the crude enzyme preparations, was

associated with the positive responsc iﬁ chicks fed barlcy-lﬁscd dicts (Rickes et al. 1962).
Moscatelli et al. (1961) reported that B-glucanase from Bacillus subtilis was a very specific and&'/
rapidly acting enzyme with an optimum temperature of 50°C and an optimum pH of 6.5 to 6.6
at 45°C. In addition, they observed no loss of activity after 24 hours at pH 2 and pH 10 at room ‘
temperature (20 to 22°C). B-glucanase isolated from Bacillus subl)‘lis is active from pH. 5.9 io . |
7.7 with an oplirﬁum pHof 6.5106.8 (Ducroo and Delecourt 1972; Huber alnd Nevins 1977). "
' . B-glgcanases are very thermolabille (Bourne et al. 1976; thl et al. 1978) and arc rapidly
inactivated at, temperatures above 6Q°C {Ducroo and Delecourt 1972; }-rdal and G jcrgscn 1971;
Scott 1972b). "

| Rickes et al: (1962) ;e'po“rted fhat after extensive purification oI';a B-glucanase obtained
f rom a Bacillus subtilis the préparation proved Lo be eilremve‘ly potent, ndl Lonly in vitro bui also
in vivo, and sighif iéamly improved growth rate of chicks whgn fed at a..lgpcl of 10 ug/kgof a
barley-based diet. This provided additional evidéj,nce‘ that the relativély hig'h. levels of B‘-'glucan

in barley were at least partially responsible for the growth depression observed when barley

replaced corn in chick diets.
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Another potent sourcé: of B-glucanase activil,v‘ that has been used to improve the
fecding‘j"va’lim of barley is Trichoderma viride, a cellulase degr'ading fungus (White 1981y White
et al. 1983). The addition of this fungal enzyme lowered the intestinal fluid viscosity of chicks
fed barley diets as well as that of chicks fed B-glucan added to a corn-soybean meal diel.'Gohl
et al. (1978) reported that the addition of B-glucanase 1o autoclaved barley diets caused rapid.
hydrolysis of B8-glucan and thus improved lhé berformance of chicks. The dry matter content
of lhe excreta has also been shown to increase as a result of ,B-glucapase supplementation
(Gohl et al. 1978; Hesselman et al. 1982). Manm’o;l (1981) studied the influence of bacterial

-and fungal enzyme preparations known to contain eﬁdo-B-glucanase éilclivity on'lhe'feeding
valué 'of barley for broiler chickens. Body weight gain and feed ‘consumption'were increased by
12 te 25% and 3 to 21%, respectively. The metabolizable energy of the diets was improved by
1.53 M) péf kg of dry matter. Hesselman et al. (1982) reported that increasing the leveis of
B-glucanase supplemcmali('m‘ of diets based 6n barley harvested at 55% and 70% dry matter
incréased live wcighl'of chicks at three weeks by 10 10 26%, improved FCE Ey 4910 11%, and -
rgduced the incidencé-.;if sticky droppings. These ‘results agree with those of~Thomke (1972),

Hesselman et al. (1981), and De Silva et al. (1983).

- Age, al least in the case of poultry, seems to be an important determinant of the degree

rof enzyme response, with younger birds generally showing a much greatér resbonse than older‘
birds (Petersen and Sauter 1968). Mannion (1981) observed aﬁ increase in growth-of chicks ‘due
to enzyme sUppleme_:nlalion only up to two and t.h'ree‘ weeks of age. Gohl et al. (1978) observed
that wet ar‘x‘d sticky droppingé are a much greater problem in yéiméer ~bird_§. Berg (1961) was

.unable 10 increase the growth of eight-Week old pullets fed enzyme-supplememed barley diets

‘ ~and like other researchers ( Arsbott and Rose 1960; Petersen and Sauter 1968‘), faviled to obtaih

‘an improvement in egg proddction, or feed efficiency in laymg‘hens from enzyme-supplemented
barley -based diets.l Thus, enzyme supplementation of ba}ley-based diets may not be

cost -effective for older birds since the benefit decreases with age.

L

aE



Until fairly recently, littie work had been done in lhc.arca of B-glucanase
supplementation of swine diets. Newman et al. (1980) and Newman and Pcpper (1984)
supplemémcd barley dic1’s of growing pigs with bacterial diastasc, ano\lhcr source of r
B-glucanase activity. They observed a small ir’npr_ovcmcm in growth rate and FCF in pigs fed a
covered barley cultivar supplemented with diastasc and no responsc-in pigs fed a hulless waxy
barley cultivar. Without diastase supplementation, the pigs fed the hulless waxy cultivar
performed better than those fed the covered barley cultivar. These authors also observed a
sli%ht increase in carcass yield and loin eye area of carcasses from pigs fed both barI‘cys
supplemented wilh diastase. Newman et al. (1982) compared the feeding valuc of two hulless
barley isotypes of different viscarities foy growing pigs with and without the addition of
baclefiél diaslaée. The diastase 1;ez;lmenl resulted in a higher‘ralc of gain and better FCE in
pigs fed the higher viscosity cultivar and significantly improved lhc digcglib]c encrgy and the
digeslible protein of both cultivars. Nevertheless, the reported improvcmcnls‘in pcrl‘orhancc of }

swin'e fed B-glucanase supplemented Qicls have been much smaller than for poﬁllry.
Although there is much evidence that dietary enzyme supplementation improves the
‘f eedirig value of barley, there is not much data concerning the effect on the digestibility of
sp?cific nutrients. Leqng et z;l. (1958) and Potter et al. (1965) réporled increases in the
metabolizable energy. of barley of 23.8% and 18%, re::.pectively, in response 1o enzyme.
supplementation, Pétler» et al. (1965) attributed the i_nc'rease to aﬁ improved digegtibility of
protein and fat and 'an apparent increased d'igest\iblityof. nitrogen-f ree extract. Burnett ( 1966)
also svuggested that fhe preseﬁce of highly viscous material in the ihte_stine could lead to lowered .
;)rhdle@:and carbphydraie digestibiliti;:s: o ? ' . |
v’ Growth réspdnse 10 eniyme .supplemer/nalion was influenced by both the varicty of -
A barley‘(Daghir and Rottensgen 1966; Hcr’stad and McNab 1975) ancli‘ the environmental
conditions in which the barley was grown (Willingham et al. 1960). Willingham et al. (1960)

reported that bérleys grown in arid areas respond to a greater extent to dictary enzyme

- suppleinentation than barleys grown in humid areas. Even though it has been shown that the
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failure 10 get a response to waler treatment or enzyme supplementation of barleys in some

studies was due 1o varietal differeaces, it could not be attributed solely to environmental factors

since differe fults were somcetimes obtained for barleys grown in the same area (Willingham

et al. 1959).

It has been speculated that the beneficial effect of water-lreatment, enzyme

supplementation, or anaerobic storage of barley on the performance of poultry or swine is due,

a

at least in part, to the action of enzymes of endogenous or exogenous origin on the 8-glucan

'

componehl (ﬂ the grain. However, there is little evidence concerning the digestibility of barley
B-glucan on swine diets. Anaerobic storage of HMB may combine the beneflits of water’

treatment and endogenous enzyme actlivity on the 8-glucan fraction.

The objectives of the studies described herein were 1o investigate the effect of

anacrobically strored HMB on the pérformance of swine and on the digestibility of dictary

B-glucan and other dietary components.



.1V. EXPERIMENT 1

A. OBJECTIVE
“The objective of this experiment was to compare the performance of pigs fed a diet
based on anaerobically stored high moisture barley (HMB) with that of pigs fed a dry

barley-based dief’.

B. MATERIALS AND METHODS

Fifty-six crossbred (Yorkshire x .andrace) g}lis and twenty -four crossbred ( Yorkshire
x Landrace) barrows of an average initial liveweight of 2§ i(g were allocated on lh‘c basis of
initial weight and sex to one of two dietary treatments (Table 1V.1). Both dicts were
formulated on an as fed basis to meet or exceed the nutrient rcéuirémcm recommendations of
the National Academy of Sciences-National Research Council (NAS-NRC i979) for growing
swine.

The HMB and Ih;: ary barley were of the same variety (Klondike) and were grown in
thé same field under the same conditions. The S4-acre field was divided into four equal )
rectangular area‘s.Which were assigned to either high moisture or dfy harveéling. Sections one
and three were harvested at a moisture content ol a,ppro‘ximately 25% and sections two and four
were harVested ai a moisture content of approximatcly 13%. The dfy barley was stored in
gra_nari.es while the HMB was h}dratedto a moisture level of 28.8% and anerobically stored in a
Harvestoreo. ’

The HMB \&as ground daily ir'x a hammer mill e-mdAthen mixed with the remaining
dietary ingredients to ensure that the pigs were fed “f rves_h feed daily. The hry ‘barl_cyv diet was fed - ‘
once weekly because a prelifninary trial indicated no signif i-canl difference in [ eqd intake of pigs

fed this diet once daily versus once_Weekly; Both diets were fed ad libitum and water was |
available at all times r;)m water rbowls. The uneaten portion of the HMB ration was weighed

“daily and discarded. Feed conshmption of the dry barley diet was delermined weékly as were the

et
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Table 1V .1 Formulation and chemical composition of experimental diets.

High moisture barley

—_—

Dry barley

Ingredients, % dry matter basis

High moisture barley 80.4
Dry barley —
Soybean meal 15.2
Iodized salt , 0.6
-Ground limestone ' 1,35
Dicalcium phosphate 1.35
Vitamin-mineral premix* 1.1
Total 100.0

Chemical analysist

Dry matter, % . " 74.2
Crude protein, % 18.2
Gross encrgy, MJ/kg 18.8
Ether extract, % - 3.6
Neutral detergent fibre. % 228
Starch, % 53.5
B-glucan, % ’ 49
Phosphorus, % . , 0.75
Calcium, %% 0.83
Ash, % 5.9

80.4

15.2
0.6
1.35
1.35.
1.1

100.0

88.6
18.8
. 18.4
34
23.0
54.1
5.2
0.79
0.83
6.6

*Supplied the following per kilogram of air dry diet: 60 mg zinc; 6 mg manganese; 75 mg iron;
6 mg copper; 0.1 mg selenium; 250 mg choline; 2500 IU vitamin A; 250 IU vitamin D; 11 IU

By,.
1Dry matter basxs
fCalculated values.

)

vitamin E 6 mg nboflavm 22.5 mg niacin; 12.5 mg calcium pantothenate; and 15 pg vitamin
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pig weights. The pigs were housed in groups of four of the same.sex in solid concrete - floored.
1.5x 4 6 m pens, with straw bedding. The environmental lempera'lurc was maintained at 22 to

23°C throughout the experimental period. Pigs were taken off test when they reached an

o

average of 55 kg body weight.

. ) t
Diets were analyzed for dry matier, crude protein, ether extract, and ash contents |

accordTng to the methods of the Association of Official Analytical Chemists (AOAC 1980).

Gross energy was determined using an-adiabatic bomb calorimetér (Parr Instrument Co. .

Moline, 1L, U.S.A.). Following.starch hydrolysis in an a-amylase solution for 24 h {McQuecen

and Nicholson 1979), diets were analyzed for neutral 'déler‘g"cjnl' i’ibre {NDF) content (Van
Soest and Wine 1967). Starch content of the diets was dclérmf_r;ed by acid hydrolysis (AQAC

1980) and subsequent glucosc analysis (Oser 1965). I)Viet‘s were analyzed for B-glucan content as

\

described in experiment 2.
Statistical Analysis

The pen was considered the experimental unit. Performance data Wl analyzed by least

LA

squares analysis of variance of unequal numbers (Harvey 1960). Performance means were
< « ‘- ,

adjusted by covariate analysis to the mean initial pig weight of 28 ker(Steel and Torric 1980).

a

C. RESULTS -

" Fresh weight yields of the HM'BvanNd dry barley were 1921 kg/acre and 1398 kg/acrc,‘ _
respeclively..On a_dryr matter basis, the HMB yielded 19.6% more than did the dry barley (Ta;ble .
1V.2). | |

Two pigs failed toﬁ cbmple;e the test, éne due to pneumom’g and the Qlﬁcr due o
lameness. While there was no significant diff erence in initial weight among treatments, therc
was considera within-treatment variéiion in initial weight. The effect of initial 'weight‘wa.s |
‘found to be gignificant in the case of average daily feed intak“e (ADFI) and average daily gain

y

(ADG); therefore, it was removed by covariate analysis.
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. e
Table 1V .2 Yields of drv and high moisture barley. -
: 'HMB as %
Dry HMB1 of dry barley
Fresh weight yicld (kg/acre) ' 1398 1921 137
Yicld on dry matter basis (kg/acre} - 1210 1448 120
% dry matter A6.7 75.4 87.0

1 High mois?ure barley.

)



Pigs fed the HIMIB-based diet consumed significantly (P <0.05) more fecd. on a dry {natter
basis, than did pigs fed the dry barley-based diet (Tabie IV.3). However! ADG and feed
Conyersion'cfﬁciency (FCE) were not significantly affected b\ diet (P>0.05).

The ADFI vwas‘significantly higher (P <0.05) tor barrows than for gilts but there were
no signiuficant differences (P>>0.05) in ADG or hCE among the sexes. There was no significant
(P'\'>0.05)' sex by diet interaction efrec(‘ on performance of the pigs.

D. DISCUSSION
It has long been realized that the dry matter yield of barley peaks several weeks before
it 1s/hormally harvested (Brenchley 1912, as crted b) ngpt and Pelletier 1980) Harlan (1920),
as cited by Krall (1972), r.eported that barley kernels reached phvsrologrcal malturity when
translocation of plant materrals to the kernel had cease%nd the moisture content droppcd
" below 42 /o..The higher .dry matter yield (19.6%) observed in the present expcrimgnt for HMB as
cornpzrred to dry barley iis slight]y greater than preyious reports of yield increases for HMB.
Krall (1972) reported yield increases for HMB that ranged from 1.4 to 16.9% on trrrgated land
and f rom - -5.9 to 17.3% on unirrigated land Similar yreld increases in favour of HMB were
r_freported by Marx (1981). Mathrson (1981), however reported that at least 5 to 15% of the dry
matter in HMB can be Tost during ensrlmg due to the productron of ethanol Iactrc acid, and
volatile f atty acrds. | |
.Th‘e ,results of this exr‘)eri‘ment suggest that pigs I ed diets b‘ase‘d on anaerobically stored '
s .HMB perform as well as.pigs fed diets based on dry b‘arley ’These'observations are in-agrcemcnt
' wrth those of other researchers (Forbes 1965, as cited by vamgstone and Lrvmgston 1970
w0 y
Erichsen a?rd Martin 1970). The crude protein, gross energy, ether extract, and ash content of

the two diets were similar, suggestmg that d fferences in proxrmate analysis of the drets were

, not responsrble for the mcreased ADFI of prgs f ed the HMB- based diet. The daily’ grmdmg

\ mrxrng, and f eedmg of the HMB dret along with daily removal of uneaten feed, may have bcen '

IS

responsrble for the hrgher f eed intake of pigs. f ed thls dret Another possrbthty is that

'}
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v
fermentation of the HMB during anaerobic storage may have increased the palatability of the
grain. This is consistent with the suggestion by Krall (1972} lh;l the benefit of HMB as a fecd
for cattle was in the increased palatability and not in improved gains or FCE which were small.
In the present study. the observed increase in ADF! of pigs fed the HMB-based dict®@id not
result in a significanl improvement in either ADG or FCE:‘fmwcvcr_ there was a tendency for
ADG 10 be improved. The greater (P <0.05) fced intake of barrows versus gilts observed i the

present experiment concurs with previously reported differences in feed intakes of barrows and

gilts under ad libitum feeding conditions (Walstra et al. 1977, as cited by Fuller 1955) .



V. EXPERIMENT 2

A. OBJECTIVES
The objectives of this experiment were:
1. To compare the digestibility of ground or rolled high moisture barley (HMB)-based diets
» with that of ground or rolled dry barley-based diets fed to grower pigs.
2. To determinc the influence, if any, of rﬁelhod of processing (grinding versus rolling) on the
digestibility of high moisture or dry barley -based diets fed 1o grower pigs.
3. To investigate the possibility that fermentation of HMB during anaerobic storage increases

the digestibility of B-glucans.
B. MATERIALS AND METHODS

l)ig‘eslibilify T‘rial

| Eight crossbred barrows were fiftéd with T-piece cannulac at the distal end of the
ileum, gpproxifnately 5 cm from the ileocaecal junction, by an adaptation of the method of
Sauer et al. 1983. The p{gs weighed an .average of 57.6 kg at the start and 79.0 kg at the end of
the experiment. The‘y were individﬁally confined in stainless steel metabolism crates ‘thal
Pérmmed separate collection of ﬁrine and feces. The environmental temperature was .
ﬁaimained at 22 1o 23°C throughout the seven week trial. ' ) ‘

A 4x 4 Latin squa.r‘e‘deéign was used to allocate the pigs to ground or rolled HMB and
ground or rolled dry barley diets (Table V.1). The diets were f ormulated on an as fed basis to
meet or exceed the nutrient requirements of growing swine, és outlined by the Nationall |
Academy of Sciences-National Research Council (NAS-NRC 1979).

The high moisture and dry barleys wﬁere obtained from the éource: Idescribed in
Experiment 1. The‘HMB was stored in a Harvestoree and ground in a hammermill or rolled

daily and then mixed with concentrate to ensure that the pigs were fed fresh feed each day.

P
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-
#iable v Formulation and chemical composition of experimental dicts based on dry harley or
7

h'x_gh moisture barles (HMB),

Ground dn Rolled dry Ground Rolled
harlev barlev HMB HMB
Ingredients, % dry matter basis
-High moisture barley — - 80 .4 80 4
Dryv barley : 80.4 80.4 : :
Sovbean mecal 15.2 15.2 15.2 152
lodized salt : 0.6 0.6 0.0 T0 6
Ground limestone 1.35 1.35 1.3s 13
Dicalcium phosphate . : 1.35 1.35 1.35 1.3
Vitamin-mincral premix® 1.1 1.1 oL . 11
' o |
Total . ‘ 100.0 100.0 100.0 100 0
Chemical analysist .
Dry matter, % P 879 87.9 R T A O
Crude proteih, % . 18.4 18.3 18.5 8.2
Gross energy, MJ/kg’ : 181 18.2 1.4 15.8
Ether extract, % , 3.6 3.4 39 . 38
Neutral detergent fibre, % o 22.7 21.7 25.0 24.6
- Starch, % - 53.0 54.5 51.7 517
B-glucan, % 5.1 5.1 5.0 5.0
* Phosphorus, % 0.75 0.79 0.72 0.71
Calcium, %% : 0.83 0.83 0.83 - . 0.83
Ash, % : 7.0 6.1 S6.7 6.3
Dysprosium, ppm 5.3 5.3 5.2 ' ‘5.2

*Supplied the followmg per kilogram of air dry diet: 6Q mg zinc; 6 mg manganese; 75 mg iron;
6 mg copper; 0.1 mg selenium; 250 mg choline; 2500 IU vitamin A; 250 IU vitamin D; 11 1U
vitamin E; 6 mg nboﬂavm 22.5 mg niacin; 12.5 mg calcnum pantothenate; and 15 pg vitamin
By, : .
1Dry matter basis..
fCalculated values. L ' : ’
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For cach treatment, the pigs wcrlé allowed a six day adjustment period, followed by a
six day colléclion period. The pigs were fed equal amounts twice daily. at 0800 h and 1600 h.
The HMB diets contained the same lcvél of barley, on a drv matter basis, as the dry barley diet.
Each pig rcc~civ‘ed 1856 g of the HMB diets or 1600 g of the dry bafle_v diets per day for the first
test pcriod. This was increased 1o 2324 g and 2000 g per day of the HMB and dry barley diets,
respectively, for the remainder of the eral. Water wa-15 available ad libitum.

A fivc- dayv total collection of urine and feces v;/as carried out from days 7 to 11 of each
lc;t period for each pig. Ilc;l digesta were collected for a total of 12 hours: 0800-1030.h, 1230
to 1430 h, and 1630 to 1830 h on day 11 and from 1030 t0 1230 h, 1430 to 1630 h, and from
1830 10 2030 h on day 12 of each test period. Urinc. was filtered through glass wool and a mesh
screen in ,or‘d(:{ 0 prevent contamination from feces and feed and was c.ollgcled‘in polvethvlcne
c\omaincré to which 100 mi. of 1% HCI were added to prevent nitrogen loss. One bcfcem of the |
urine collected on cach day of the five day perigd was kept for subsequent analysis. Feed, lecal,
and ileal sampl;:s were frozen at -20°C, freez.e-dfiéd,xa\nd then ground in a Wiley mill equipped
with a 0.4 mm mesh screen and thorouéhly mixed. Fecai,\i-leétl‘;nd urine samples for each pig
were pooled within each period and stored for analysAis at 4°C.

'

Dry matter, ash, crude protein, and phosphorus contents of feed, fecal. and ileal

samples were determined according to the methods of the Association of Official Analytical
Chemists (AOAC 1980). F0110wiﬁg starch hydrolysis in an a-amylase soh:tion for 24 hours

(McQueen and Nicholson'l979)_ samples were analyzed for neutral detergent fibre (NDF)

P 4 ¢

content (Van Soest an’d*iv‘v’ine 1967). Hydrolysis of the samples in 4N HCI was carried out prior
‘lo cther éxtract det;rmiriation (AOAC. 1980) as well as before glucose measurement for starch
determination (Oser 1965). An adiabatic l;omb calorimeter (Parr Ihstrurhem Co., Moline, IL
U.S.A.) was used to determine grdss energy. Amino acid contents weré determined in duplﬁte
f o;lowing acid hydrolysis in 6N HCI for 24 hours (Blackburn 1968) usingé Beckman 121MB

amino acid analyzer. Dysprosium chloride (DyCl,.6H,0) was incorporated as an inert marker

into each diet al a concentration of 5.2 ppm. Feed,' fecal, and ileal samples were énalyzed for
: 1

!
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dysprosium concentration according 1o the instrumental neutron activation analvsis method

(Kennelly et al. 1980).

Fndo-1,3-1,4-8-Glucanase Purification

The enzyme source, Novo Cereflo 200L, was a generous gift of Van Waters and Rogers
. (Lachine, Quebec). This crude preparation contained an cndoA1.3—1_4-B—gllxcanasc 'which was
derived from Bacillus subtilis. The Novo Ccreflo 2001. v;/as stored at 4°C and all purification
steps were carried out at this temperature.

Following ammonium sulphate precipitation of protein. the crude enzyme prcp&_ralion
was Eemrifugcd (Lance 1984; Scolpes 1982) and resuspended in 820 ml. of 0.2 mM Cilralzt‘-?()
mM phosphate buffer, pH 8.5 (Sober 1968). The resuspended énzymc was washed with
approximately 2.5 L of 0.2 mM citrate-20mM phosphale buffer (pH 8.5) ina recircula'ling
ultrafiltration flow unit (Millipore Ltd., 3610 Néshua I)rive., lMissisauga,.Omario) driven by a
peristaltic pump. A Millipore ‘ggllicon Cassette system was used with a PTGC 000 01 membranc
,(1(()2,)000 mw exclusion), a PSSi’ 00F 11 filtrate scféen (10¢ mw), and a PSSP 000 00 retentate -
screen. Ulffaf iltration wa‘s“cominued until the relematé v;'as concentrated to a final volume of
500 mL. , | K | —

A column (4.5 cm X 13 cm) of diethylaminoethyl (DEAE) cellulose (Whatman DE 32,
Whatman Co., Clifton, New Jersey, 07014) was equilibrated_ with 0.2 mM citrate-20 mM
'bhosph;ié buf fer, pH 8.5. The ultrafiltered ehzyme preparation was applied o the column and
‘washed wiih 4L of tﬁe equilibrating buffer. The en&yme wasA eluted with a 0-1 M NéC] lincar
gradient ’(Lance 1984). Fifteeq mL f :acliohs were collected by an aﬁtomaﬁc fraction c_ollcdor,
These fractions were analyzed for. protein (Bradf ord 1976) énd endo- B-glucanasc activity
(Figure V.1) (Bendelow 1963; Lance 1984). A unit of aciivity (U) was defined as the am(;unt
of enzyme that produced 1 umolé of glucose equivalents per minute al 40°C from' substrate in
- 50 mM maleate buffer, pH 6.5. Those f raétionsv containing the highest enzyme activity

(fractions 25 to 64) were cbmbined, equilibrated"during ultrafiltration with 0.2 mM citrate-20
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mM phosphate buffer (pH 6.5) containing 0.15 M NaCl, and concentrated 10 a volume of 75
ml.. A column (4.5 cm x 53 cm) was packed with Bio-Gel P-30 (100—260 mesh)
polyacrylamide gel (Bio-Rad Laboratories, Richmond California 94804, U.S.A.) and
equilibrated with 0.2 mM citrate-20 mM phosphate buffer, pH 6.5, containing 0.15 M NaCl
(Lance 1984‘). Sodium azide, to a final concentration of O.OZ%A(w/v) was added to preclude
microbial grovr/,th. Blue dextran 2000 (2 x 10®* mw) and bromphenol blue (670 mw) were used to
mcasure void volume and elutant volume of the column, respectively. Fifty mL of the
concerrtreted enzyrrre solution were applied to the column and 15 mL fractions were collected by
an automatic fraction collector and analyzed for protein and endo- 8-glucanase activity as
before. Fractions containing the highest enzyme activity were pooled.

Although the purification procedures described removed most of the conlantinating
enzymes, 2.06 U of a-amylase aclir'ity per mg of prolein remained in the gel-filtered enzyme.
This residual :rcilivity was removed by two cqnsecurive.precipitalioné with starch in cthanol
(Schwimmer and Bélls ,1949' Henry 1984).

. Aliquots of the bu]ked Bio-Gel fracuons were analyzed for endo 1,3-1,4-8- glucanase
activity by the neocuprome h;drochlorrde procedure for determining reducing sugars (Dygert et
al. 1965). A 0.5% (w/v) solution of - purified bar]ey B-glucan (84.7% dry‘marter) (ngma
Chemical Co., St. Lduis,'Missburi, US.A) rn a 0.05 M maleate buffer (pH 6.5) containing
| 0.005 M sodium azide was rrsed as a substrate for rhe enzyme and ’100 ul eamplee were re{movedv

from the incubation medium at S-minute intervals for glucose determination (Lznce 1954). — -

Glucose \xras used as a 'stanvdard-v. X

Starch, ca‘rboxym.ethyl cellulose. arnd reduced lamiharin, each m 0.05 M rrraleale buffer,
pH 6.5 cdmaining 0.005 M sodium azide were used as subelrates to test for activity of
- amylase endo 1,4-B-glucanase, and endo-1,3- 8-glucanase, respecuve]y (Lance 1984) Since
‘ acuvmes of these ‘potentially comammaung enzymes were not detectable after 20 minutes,

‘ mcubauons were carrred qut at 40°C for 24 hours The neocuproine hydrochlorrde procedure

was used 1o measure the reducing sugars produced by hydrolysxs of these substrates
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B-Glucan Analysis
bor the determination of B-glucan content. samples (50 mg) ‘o(' dicts and freeze-dried \\

digesta were washed with 80\% (w/v) cthanol to inactivate endogenous €nzymes; B~glucan.was N
| sblubilized by autoclaving at .121"C and 18 psi for 1 hour; 8-glucans were hyqrol_\'zcd by the

addition of 3.5 units (U) of purified endo-1.3-1.4- B-glucanase; and the resulting o

oligosaccharides were hydrolyzed with 0.5 M H,SO. (Lance 1984). Glucose content of the

neutralized hydrolysates was determined using the glucose oxidase -peroxidase (GO -PAP) kit

of Boehringer Mannheim (Cat. No. 166391). To calculate the B-glucaﬁ rccovcr;\: factor. frecre

dried digesta samples (50 mg) were spiked with purified barley 8-glucan (20 mg) and analvzed

using this procedure. The recovery factor was also determined for purified barley B-glucan

alonc. A factor of 0.9 was included in the calculation to convert glucose into 8-glucan

equivalcnlé to account for water of hydrolysis ( Bourne et al. 1982).

Statistical»_f\_‘nalysis
| Vi'),'atza'-‘vv?ere analyzed by analysis of vari;ince of a Latin square design (Stec! and Torrie
1980). Means for signif i§an1 treatment dif f erenées were cbmpared using the
Student-Newman-Keuls multiple range test (Steel and Tdrrie.198Q). Sufficient ilcal. digesta for
. chémical analysis could not bebollecle‘d from two pf the pigs‘ in the third period; thercfore, ”

adjustments were made for unequal numbers of observations per mean.

C. RESULTS
(e
B-Clucanase Purificatin
/ * The ammonium sulphate precipitation, ultrafiltration, ion exchange chrbmalography,
and gel f_iltra[ion steps resulted in an endo- B-glucanase specific activity of 415 U per mg of
protein (Tablei‘v’.Z). The endo-B-gl‘ucanase'was elutgd from the Bio-Gel column as a singlc

» peak and f ractions 20 to 26 were pooled (Figure V.2).
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&
When incubated with carboxvmethylcellulose for 24 hours, the crude cnzyme |

preparauon was found to contain a very small amount of endo-1 4-B-glucanase ‘g}() 004 U) but
this was removed during the purlﬁcauon procedure. Both the crude and the purlflcd enzyme

4
preparauons were free of any endo-1,3-8-glucanase acnvny There remained. however, some
amylase contamination of the elutant from the Bio-Gel column : All traces of amylase activity
were removed by two consecutive precipitations with starch in ethanol but
e‘rldo-l,3-l,4fB-glucanase activity was not reduced by this procedure. The final

endo-1,3-1,4- B-glucanase specific activity was found to be 400 U at 40°C and pH 0.5 using 6.7
. ' ! ) Q

mg B-glucan/ml as substrate.

Digestibility

Mean recovery factors of 89.9% and 91.8% were obtained for the spiked ileal samples
and the purified barley B-glucan, respectiyely; the standard error of the mean fof rcé'ovcry o
T actors was %.67%. The dietary 8 -ghrcan values oblained in this experiment (5%) .werc\wr'thin
the ranges reported previously: forf bzrrley (Andereon et al. ~l978.; Prentice et al. 1980; Martin -
and Bamf orth 1981)

There were no SIgmf icant (P>O 05) dif f erences among the f our treatments in Lhc
apparent ileal digestibilities of the dry matter, crude protein, gross energy ethcr extracl starch
or 8- gluean camponents of the diets (Ta‘;le V. 3) The ileal dngesubrhly cocf ficients f or Nl)k
and phqsphorus, we_re,zhowever,' lower (P <0.05 ) for the ground dry barley-based diet than f or . o
“the other diets. The :‘ap,p:a,renyt iieal digestibilities of rrrethionine and al‘ar}ine were fsi{miﬂcamly ,
higher '(P<0.0S) for the HMB-based diets than for ,brhe dry.barle'y-based diets (Table ’\'/‘.4‘),_

higher (P <0 05) f or the ground HMB diet than for exther of the dry barley drets There was a

The apparent ileal digestibilities of yyie isoledcihe Valine and asparlic acid werc signif’ i‘camlyb o
trend f or 1mprovemem of the 1leal dxges\ubrhty coeff 1c1ems for these amino “acids for the rollcd
HMB-as compared to éither of the dry barley diets but thrsﬁxmprovemem was not sr_atlstxcally o

significant (P>0,05). The fecal digestibility coefficient for NDF was higher (P <0.05) for the
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e .
Table V.3 The effect of moisture content and method of processing of barleyv on the apparent

ileal digestibilities of diet components for growing pigs.

Ground dry Rolled dry  Ground Rolled

barleyv barley HMBt * HMB SEMi
Dry matier. % 61.7 658 66.1 64.6 1.29
Crude protein, % 71.3 7.4 74.2 711 - 1.07
Gross cnergy, % : ©63.6 67.5 67.7 66.6 1.32
Ether extract, % 66.0 68.0 67.1 67.6 1.75

., Neutral detergent fibre, % 40.70 . 46.8a 49 8a 54.0a 2.01

Phosphorus; % 23.2b 36.2a 38.3a 32.6a 3.02
Starch, % = o 74.8 C 187 79.2 74.8 1.48
B-glucan, % 76.0 81.6 78.7 82.2 1.98

1 High moisture bariey.
tStandard error of fhe mean.
a.b Means in the same row with different letters are significantly different (P<0.05).

#

13
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Table V.4 The apparent ileal digestibilities of amino acids of ground or rolled dry and high

moisture barley for growing pigs.

Ground

Rolied

Grounddry  Rolled dry
barley barley HMBt HMB
Indispensable amino
acids, %
Arginine 81.9 80.6 8§3.9 81.8
Histidine 80.9 80.7 82.7 81.0
Isoleucine 74.3b 74.2b 79.0a 77.3ab
Leucine 73.4 75.4 79.2 77.0
Lysine 74.0b 74.4b 78 .6a 75.7ab*
Methienine 71.5b 71.4b 77.6a 76.3a
Phenylaldhine 71.4 71.7 75.7 73.7
Threonine , 69.7 68.7 74.6 71.8
Valine 72.3¢ 73.3bc 77.5a 76 .6ab
Dispensable amino acids, %
Alanine 68.1b 67.3b 74.6a 72.2a
Aspartic acid 71.3b 70.4b 76.0a 73 8ab
Glutamic acid 80.7 80.0 82.5 79.8
Glycine 62.3 61.9 - 66.9 65.3
Proline L1727 100 75.6 74.2
Serine 71.9 " 70.5 75.6 72.2
Tyrosine 62.5 61.5 67.4 63.1

SEMT

0.78
0.63
0.86
(.95
1.0t
1.8
1.05
1.31
1.08

1.23
.14
0.%5
1.56
1.53
1.22
1.50

45

tHigh moisture barley. -
iStandard error of the mean.

a,b,c Means in the same row with differ‘nl letters are significantly different (P <0.05).
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HMB dicts than for the dry barlev diets (Table V.5). This was the only clearcut difference
between the fecal digestibility coefficients of the HMB diets and those of the dry barley diets.
The other differences arc best expressed between the, methods of processing of the barlz;ys. The
- ground HMB diet had higher (P <0.05) crude protein, starch, aﬁd B-glucan fecal digestibility
coefficients than the rolled dry barley diet. A similar difference (P <0.05) was observed
between the fecal cther extract digestibilities of the ground and rolled dry barley diets.
However, the folled dry bérlcy diet had higher kP<0.05) dry\ matter, gross encrgy, starch, and
fecal B-glucan digestibilities than had the ground dry bar}y diet. No significant difference
(P>0.05) was observed in the digestibility of fecal phosphorus among the four diets.

For both HMB and dry barley die.ts, grinding resulted in a significant (P <0.05)
improvement in the apparent fecal lysine digestibility as compared to rolling. However, within
cach processing method (grinding versus rolling), fhe HMB diet had a sig‘nific'am])' high.er
(P<0.05) apparent fecal lysing digeslibili;y than the dry barley dfets (Table V.6). The fecal
threonine and arginine digestibilities of /g}é‘und barleys were also higher (P‘<'0.05) than for the
" rolled barleys. This relationship was also noted for histidine, glutamic acid, :nd proline between
the ground HMB and rolle(g HMB diets (P <0.05). In addition, the ground HMB diet was
. observed to have significantly higher (P <0.05) lysine, methionine, alanine, iéoleuéinc, leucine,
glycine, serine, and valine fecal digestibilitiesy than the other diets. |

Aﬁparem fecal digestibilities were significantly (P <0.01) higher (3t0 ¢ perceniage
points) than apparent ileal digestibililiés for glutamic acid, glyciﬁe, proliné, and serine but not '
for aspartic acid, alanine."a‘nd tyrosin'e. In the case of the indispensable amino acids, the
apparent fecal divgestibilities were signif icantly ﬁigher ‘( P <0.0l) than the apparent ileal
digestibilities for arginine and histidine only. ‘

Significant differences (P >0.05)in ‘the excrétion, retenlio'n,‘. absorption and apparent

g e . f
digestibility of nitrogen were not observed among treatments ( Table V7).

e



Table V.5 The effect of moisture content and method of processing of barley on the apparent
{ .

fecal dxgcsnb}'lilies of diet components for growing pigs.

- , Ground drv Rolied dry  Ground Rolled

barley °  barlev HMB1 HMB %}-'M:t
Dry matter, % 71.4b 74 .4a 73.4ab 1.7 (.60
Crude protein, % 73.9ab 74 .2ab 75.8a 72.3b 0.53
Gross energy, % 70.9b 73.7a 72.3ab 70.8b 0.60
Ether extract, % 44 8a © 39.4b 44 .0ab 43 3ab. 1.26
Neutral detergent fibre, % 38.7b 42.2b 46.8a 46 .6a 1.21
Phosphorus, % . 35.4 38.0 - 37.8 354 - 1.70
Starch, % : 86.4b 89 .9a "~ 88.5a 86.1b (.57
B-glucan, % 87.8b 9252  9l.2a 86.2b 0.79

. THigh moisture barley.
1Standard error of the mean.
a.b.c Means in the same row with dlffcrcm ietters are significantly different (P <0.05)



Table V.6 The apparent {ecal digestibilities of amino acids of ground or rolled dry and high

moisture barleys for growing pigs.

48

Ground dry }‘{olled dry  Ground Rolled
barley " barley HMB1t HMB SEM1
Indispensable amino acids, % ‘
Arginine 85.7a 83.3b 86.7a 82.4b 0.46
Histidine 86.0a 85.1ab 86.2a 84.0b 0.35
Isoleucine 74.2b 72.7b 77 .0a 72.8b 0.58
Leucine 4 77.2b 75.5b 78.9a 75.4b 0.50
L.ysinc 72.7b 70.4¢c 74 5a 72.1b 0.47
Methionine A 63.6b 60.5b 68.0a 62.3b 1.17
Phenylalaning - ——— .- - - 746 - - BF— 765 74.0 0.67
Threonine . : 73.8a 70.1b 75.6a 71.9b 0.59
Valine ‘ 75.0b 75.3b 78 .2a . 76.2b 0.59
Dispensable amino acids, %
Alaninc 66.9b 64.5¢ 70.8a 68.3b 0.77
Aspartc acid 74,1b 71.8¢ 75.8a 72.7bc 0.58
Glutamic acid 84.9a 84 .4a 85 .4a 81.9b 0.47
" Glycine 69.9b 69.4b 72 .5a 69.8b 0.69
Prolin¢ 32.5ab 82.9ab 83.8a 81.2b 0.50
Serine v 'T7.4b 76.6b 79 .4a 76.3b 0.47
55.9b 65.6a 64.1a 1.28

" Tyrosine ' 61.0a

THigh moisture barley.
1Standard error of the mean.

]

a.b,c Mecans in the same row with different letters are"si_gnifican't]y different (P <0.05).



Table V.7 The effect of moisture content and method of processing of barley orf the nitrogen

balance of growing pigs.

Ground
dry Rolled dry Ground Rolled
barley barley HMB? HMB

Nitrogen (g/day):

Intake - 49.2 48.9 48.7 - 479
Fecal output : 9.4 9.8 9.5 10.8
Urinary output 19.1 16.8 16.5 11.9
Retained o 20.6 224 22.7 . 351
Absorbed 3907, 39.2 39.2 37.1
* Apparent nitrogen digestibility (%) ' 80.9 80.1 80.5 7.3

tHigh moisture.barley .
}Standard error of the mean: r significant treatment differences (P >0.05)

SEM1

.30
1.84
1.91

0.29

0.65



50

D. DISCUSSION’

There were no significant differences (P>>0.05) in the apparent ileal digestibility
coefficients for dry mauer, crude protein, gross energy, ether extract, or starch between the
HMB and dry barley diets. Previous studies have indicated that fecal digestibility coefTicients
for dry matter, crdde proleinA, and gross energy were not significantly influenced by the
‘moisu‘Jre content of barley (Cole et al. 1970; Pringle et al. 1983).

Anaerobic storage significantly improved (P <0.05) the ileal digestibility coefficients
for phosphorus and NDF for the ground barley diets but not for the rolled barley diets. li has
been reported (Greaves and Hirst 1925, as cited by Pomeranz 1982; Trotter and Allee 1979)
that the availability of phosphorus in barley increases during anaerobic storage. Thelileal
digestibility for phosphdrus was significantly higher (P <0.05) for the ground HMB diet than
for the ground dry barley diet; therefore, anaerobic storage ma,\i have caused an increase in the
availability of phosphorus. However, the ileal digestibility coefficients for phosphorus were
similar for the [rolled barley trealmems. No significant differences (P >0.05) were observed in

. the fecal dlgesnbllny coefTicients f or phosphorus among the four treatments. It should;be
noted that smce much of the dietary phosphorus was supplied by dicalcium phosphate which is |
hxghly digestibleby the pig, it would b¢ difficult to detect differences in phosphorus’
digestibility altri‘eutable to the barley component of the diets.

Pringle et al; (.1983) reported a 6 percentage point improvemem in the fecal dige‘stibility
coeff i?ciem for NDF for anaerobieally stored grouhd ‘HMB asvcompared to ground dried bariey '
while the results of this experiment indicated 2 9.1 percedtage point increase in the ileai
digestibi‘lity coeff iciedt for t_his component. Also observed were percentage point increases of
4.4 10 8.0 in the apparent fecal digestibility coefficients of NDF for the gfound HMBend

{,:‘@}i’c‘)lled HMB as compared to the groud_d dry and rolled dry barley diets, respeciively. NDF is a
measure of the tetal pldni ’cell wall content and ihcludes lignin, cellAulose and hemicellulese
(Van Soest and Wine 1967) It has been suggested that fermentanon durmg storage of HMB

renders the B-glucan, a major component of the endosperm cell wall more suscepuble to
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degradation (Hesselman et al. 1981). Analysis of the diets indicated that the B-glucan content
of barley which had been harvested from the same field was not affected by anacrobic storage.
This indicates that substantial hydroly‘sis of B-glucan td-glucosc did not take place. although
incomplete degradélion to oligosaccharides may have occurred during storage. This would not
" have been detected by the analytical procedure used, however.

The NDF contents of the barley diets used in this experiment ranged from 22 1o 25% on
a dry matter basis. The 8-glucan content of thesc‘; diets wa; approximately 5% of the dry
matter, or approximately 20 to 23% o,f the NDF content, The ileal digestibility coefficients for
NDF were no higher than 54%; however, lhoselof the B8-glucan component were as high as
82%. This suggests ihal barley B-glucan is as higﬁ!}digesliblc as starch in the ‘growing:pig and
that any improvement in the nutritive valuiéf/barlc;' during anacrobic storage is diic 10 an
improved digestibility of NDF constituents o{hcr than B-glucan. Thgse observations are
supported by the lack of a significant Lrealmeni effect on the ileal digcslibilify cocfficients for
starch. Barley B-glucan comprises 75% of the endosperm cell wall and surrounds the starch
granules within the ehdosperm. Because of the hiéh ilgal digestibility>coef ficients or B-glucan
which werevsimil'ér Among ;he four diets, it is unlikely lhal‘ protection of starch by this cell wall
constitueht significantly inﬂﬁenced ;he degradability of starch.- |

“The presence of high levels of 8-glucan in barley has been cited as a reason for the
mf e;rior perfl orfnance observed in poultry (Bﬁrneu 1966; Hesselman and Thomkcv 1982) and
swine (Honeyfield et al. 1983) f edv barley -based diets as compa}ed‘io comn- or whcal-i)ascd
diets. HoWever, ,B-gluc;anas_e su‘pplemeniation of Barley-based@ielghas resu'ltea ihuonly a 6%
improvement'in ADG in pigs (Newman and Pepper 1984) while improvements of up to 25%.7
have beén observed in the ADG of chicks (Mannion 1981; Whi'le et al. 1983). The f ailuré 10
obtain a comparable improvémegt in the ADG of growiﬁg pigs in response to the addition of
B-glucanase to the diet aixs with poultry may be due to the abilify of pigs to degrade 8-glucan. '
‘High levéls of B«,-glucan in barley can Ig_éd to very _visédﬁétonditions in the ai;mcntary tfacl of

~ the chick. Increased viscosity of the intestinal contents may be a problem of greater concern in_\“'
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chicks than in other animals such as pigs since poultry have a lower water content as well as low

A
enzyme activity in the upper part of their digestive tract (Sturkie 1975) . In fact, it has been

~

suggested (Munck 1972) that while increased intestinal viscosity due 1o the feeding of \

«

barley~based diets may cause problems in chicks, it may have a beneﬁciaﬁf}”ect in starter pigs
by preventing scours. Another possibilit_v’ for the less dramati; response in pigs fed B8-glucanase
supplememeq barley diets rﬁay be that the enzyme is inactivated by the stomach pH of the pig
which is much more acidic (pH 2 10 4) than thé crop pH of 4.4 10 6.7 in the chicken. The
" discrepancy between fecal and ileal digestibility coefficients for B-glucan indicates a
.considerable degree of hindgut fermentation of 8-glucan.

One possible explanation for the high digestibility of B-glucan in Lhisgéxperimem was
the cxiglcncc of a heat-stable inhibitor of endo-ﬁ—giucanase in the digesta. Such an inhibitor
could cause an underestimation of 8-glucan contemt of iteal and fecal samples. This possibility
wa.s investigated by s;;;king samples of d?gcsta wilj} pufified barley B-élucan. The recovery
factors for ﬁ-‘glucan- weré similar for the spiked 'digé;sta samples and for the purified 8-glucan
substfate alone, Thus, it is uhlikely that heal-stablefinhibitors of endo- B-glucanase were

” :

present in the digesta. )

\

The digestibility coefficients for dietz;ry nutrients for pigs have traditionally been
determined through fecal collectnon and analysis methods (Schneider and Flatt 1975). However £ /‘
Zebrowska (1973), as cited by Low (1985), demonstrated that mosl of the nitrogen from |
protein-and-f r¢e amino acids infused into 'the large intestine was not absorbed by the pig for

protein synthesis. The amino acids instead undergo h]‘(>dif icétion by the microflora in the

hin_dghl ofthe pig and most of the éﬁsorbed nit'rog'-env is éxcreted in the urine as ammonia,

amines, or amides (TEnksley, Jr. and Knabe 1984). Since the large intestine does not play a role

in ammo acid absorpuon by the pig, one would expect a more accurate esumauon of amino
acid avaxlabnhty by recovery of the amino acxds from the ileal dlgesta than from the feces
(Hodgdon et al. 1977; Sauer et al. 198¢). Sauer et-al. (1981) noted that 11eal dlgestlblhty

measurements give a more sensitive indication of amino acid availabilities than fecal
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digestibility measurements since they are not confounded with the effects of hindgut.
fermentation. Tqyc observed lénden.cy for fecal digeslibiiily coefTicients of dispensable amino
acids 10 be ‘ovcrestimaled relative to ilgal digestibility coefficients in this study is in agreement
with'previous reports (Sauer et al. 1981; Owsley et al. 1981). Of lhg if;dispcnsablc amino acids,
only the digestibilities of arginine and histidine were overestimated (P <0.01) by fecal analﬁns.
In contrast, Sauer et al. (1981) observed an overestimation of fecal vcrsus‘ilcal digestibility
coefficients for all indispensable amino acids with the exception of arginine, lysine, and
methionine. No clear explanation can be offered for the discrepancies between these reports but
it should be noted that while the diets of Sauer et al. (1981) contained approximately 11% crude
protein on a dry matter basis, the dic[s used in the present study conlaincd approaimately 18%
crude protein on a dry matter basis. Modification of amino acid profiles duc to hindgut
fermentation may be influen;:ed by the quantity of amino acids pfcscnl in the d'igcsm. A
| pfobable reason for the lower lev‘cl of significant differences in the ilcal digestibility values s
that there were missing data due to the difficulty in obtaining sufficient ileal digesta from two
of the pigs during the fourth period. One of these pigs was fed the rolled HMB diet; collection
of ileal samples from swine fed the‘rolled HMB-based diet pfoved difficult because the
apparently large pariicle size of the digesta impaired digésta flow through the cannula. fhus_
a ile/al séfnples ‘colle.ctéd from these animals were typically of smaller volume than those g‘ollcclcd N
from pigs fed the other three diets. Although not all of the dif feren»ces were statisticady
significant (P <0.05), there was a def inité trend f or impfoved ileal amino acid digestibilities for
pigs fed the HMB diets as compared to those fed the dry barley diets, particularly for the
ground HMB diet. |

Of particular interest are the ileal diéestibility coefficients for iysine, threonine, ahd
methionine, the tthe most limiting amiano acids in barley. The ileal digeétibility coefTicient for
lysme was the hlghest{or pigs fed the ground HMB diet while that of the rolled HMB dict was
intermediate belwéqn the ileal digestibility coef ficients of the ground HMB and dry barley dnels

The ileal digestibility coefficients for methionine were also highest for the HMB diets. Allhougn
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§
not significant, there was a trend for improved ileal digestibilities of threonine for the HMB

diets. The fecal digestibility coefficients were also highest (P <0.05) for all the amino acids
measured, except for phenylalanine, for pigs fed the ground HMB diets. However, the

‘ .
improvements in the apparent ileal digestibility coefficients of some of the essential amino acids

that were observed fo; the giound HMB diet were not reflected by imprqvé}mems in apparent

[y

_ nitrogen digesu’blig or biological value.
| While there was a consistent trend (P <0.05) for thlé ground HMB dief to have
improved ileal dig‘esu’bili'ly coefficients for lysine, isoleucine, valine, and aspartic acid,
digestibility coefTicients for the rolled HMB diet tended to be intermediate be[wee&;hose of the
ground HMB and dry barley diets. This trend was not s’ignil-“ican/l (P >0.05) but was observed in

the apparent ileal digestibilities of most of the other amino acids studied. Thus, it seems that
N _

anaerobic storage of HMB méy improve the digestibility of mafxy of thé amina acids but that

the magnitude of the improvement is dependent upon the method ol%rocessing\These
' ' /

observations are consistent with those of Sauer et al. (1977) who observed that increased

\

fineness of grinding improved apparent ileal amino acid availabilities. It appears that grinding,

aé a method of processing HMB, is preferable 10 rolling and that anaerobic storage genefally

improyes the digestibility-of HMB as compared to dry barley.
X ' ,

. i
~ /
-~



"~ V1. CONCLUSION

The results of the-present studies suggest that harvesting of barley at a moisture content

*

of 25% results in up to a 20% improvement m dry matter yicld as compared 10 harvesting at a |

grain moisture content of 13%. This is attributed maml\ to a reduction in grain losses during
harvesting.

P;gs fed a HMB-based diet consumed sighificanlly (P<b.05) more feed on a dry '
matter basis thar'; did pigs fed a dry barley-based diet. FCE was not significantly affected by
diet (P>0.05) but there was a trend towards an improvement in ADG of growing swinc fed a

diet based on HMB. The daily grinding, mixing, and feeding of HMB, the daily removal of

uneaten feed, and the lower dust level associated with this dief may have contributed to the

%
t

observed increased feed intake of }hc pigs. In addition, fcrmemau'on during anacrobic storage
may have increased the palatability of the grain.

Moijsture content of dietary barley had no significant effect (P>0:05) on the apparent
ileal digestibilities of the dry matter, crude protein, gross.energy, ether extract, or Slarch-
components of the barley‘based diets. Aqaerpbic storage s'énif icamly improved the ileél
dlgesublluy coefficients for phosphorus and NDF for the ground barley diets bul not f or the
rolled barley dlets However there were no sxgmf 1cam differences (P>0.05) among lrcamems

in the ileal or fecal digestibilities of the B- glucan f raction. Because the 1Ieal digestibility

coefficients for NDF were nB\higher than‘ 54% whjle those of the B-glucan component were as

high as 82%, it appears that the observed improvement in the digestibility of the NDF
compdnem of énaerobically stored HMB for swine is due to an improved digestiblity of NDF

) . ) y . - . N . .
constituents other than B-glucan. There was a consistent trend for the ground HMB diet to

- have improved digestibiiity coefficients for ]ysine isoleucine, valine, and asparlic acid relative

to the dry barley diets but digestiblity coefficients for the rolled HMB diet tended 10 bc

mtermedlate between the two. Thus, grmdmg asa method of processing HMB is pref erablc 10

.

rolling and anaerobxc storage generally improves the ileal digestibility of NDF and phospho_r_u_s,

components of HMB as compared to dry baf}ey o
J

055
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V1i1. APPENDICES

Appendix 1. Amino acid (AA) contentst of experimental diets (Experirgent 1) and anuno acid
requirements for 35 to 60 kg pigs.

High moisture Dry barley NAS-NRC (1979)

barley . requirenients
Indispensable AA, % - o '
-Arginine 0.99 : 0.92 0.20
Histidine 0.42 038 g 0.18 ¥
Isoleucine : . 074 0.64 0.49
Leucine ’ ' . 1.33 ‘ 1.18 0.58
Lysine 0.89 0.80 : 0.68
Methionine 0.23 0.20 —
Phenylalanine 0.86 0.77 , -
Threonine 0.69 8 +0.60 o 0.43
Valine 0.97 g 0.84 r0.49
Dispensable AA, % ' .
Alanine 0.80 0.68
Aspartic acid , 1.47 1.37
Glutamic acid 3.68 3.35
Glycine 0.76 . = 066 - - - : ‘
Proline 1.42 Y 1.27 S
Serine 0.85 Z’g 0.76 }
Tyrosine - | . 044 0.40
AA tecovery as-nitrogen, % 86.03 - 83.25 T

4 Dry matter basis.

@
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+DDry malter basis.
tHigh moisture barley.

Lt )

Y

X

Appendix 2. Aminq acid (AA) contentst of experimental diets (Experiment 2). J
Ground dry  Rolled dry  QGround =~ * Rolled
barley” barley HMB1 HMB - /\‘}

Indispensable AA, % .Y #/

Arginine 1.05 1.01 1.04 1.02 (. ©
Histidinc 0.43 0.44 0.44 044
sy soleucine 0.71 0.73 - 077 0.76 ,
Leucing 1.23 s L24 +1.36 1.34
J.ysinc 0.90- 0.90 0.93 0.90
Methionine . 0.22 0.24 0.24 0.24
Phenylalaning 0.84 087 0.88 0.89
Threoninc ' 0.71 <5 0.69 0.74 0.72
Valine- " 0.90 0.97 100 1.00
Dispensable AA, %. : ‘ : -
Alanine 0.76 0.77 083 0.81
Aspartid acid: - 1.47 1.45 ~ 152 1.50
Glutamic acid 3.67 370 . 369 365
Glycind 073 . . 074 0.76 0.75
Prolinc® . 140 ;. 140 1.44 1.47
- Serine 084~ - - (84 087 . 0.85
Tyrosine. - 0.45 . 0.43 - 0.494 © 051"
AA tecovery as nitrogen, % 873 ¢ 86.50 87.56 87.14
A



