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ABSTRACT 

The purpose ofthis study wss to evaiuate the nutritive value of micronized dehukd 

barley for pigs and pouitry. Bedford bariey was mechanidy dehuiied and micronized 

pnor to mOoqe in the dieîary treatments. The mimnized dehulied bariey (MB) was 

eV8fuated for iid and total tract starch and apparent amino acid digesti%Wes in 12 kg 

bodyweight csnnulated pigs. Micronkation of dehuiied bariey (DB) iacread the ileal 

starch digestiity of the DB by 13%. There were reWe1y no differences in the 

apparent ileai and total tract amho acid digestiiilities of the pigs féd either the DB or 

MB diets. Two pig fee&ng trials were conducted uSng MB hcluded at different levels 

compareci with eitùer wheat pria1 1) or corn unal 2). The ûials started at 10 kg 

bodyweight and ended at market weight (105 kg), with three different phases per trial 

In triai 1, 96 pigs (48 güts and 48 barrows) were randomiy assigned to one of four 

treatments (100% wheat (W),75%W/250/oMB, SO%W/SO%MB, lOO%MB). In triai 2. 

120 pigs (60 gilts and 60 banows) were randomiy assigneci to one of three treatments 

(LW! corn (C), 5û??C/500/oMB, 1W?é). The pigs fed any level of MB in triai 1, 

f?om 10 kg to 37 kg bodyweight, and fiom 10 kg to 20 kg bodyweight in trial 2, 

showed a deaease in ADFI (P0.05)  without changes in the ADG. The feed 

co11versio11~ were improved in the starter 0 . 0 5 )  and grower phases in trial 1 

0 . 0 5 )  and the starter phase of triai 2 (PXl.05). From these results, it was concluded 

that partial replacement (SV!) for corn or wheat in starter pig diets with micronized 

dehulied barley improved average daiiy feed intakes and feed efficiencies- One-hundred 

and &y-eight Cotswold pigs were féd one of four dietary treatments. The diets were 
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hded badey, c o q  MBcaEyme or MB+enzyme. The inclusion of enzymes to the MB 

diet impfoved the fked aciency by 9.1% m.OS), however there were no signifiant 

d i f fhms between îhe remabhg diets fbr ADF& ADG or F/G egiciencies There was 

a signitïcaat dïEhnce in the ADG w.01) between the pigs nd either of the MB 

diets and those fid the corn or berley diets in the gmwer phase. The overail 

pedormance of the pigs féd the MB-enzyme diet throughout the study showed a lower 

f d  acieacy m.01) than those pigs fed the MB+eiiyme diet. These resuits suggest 

that pigs do not have improved performatlce by supplexnenting etlzymes to the MB diet. 

Nmeteen hundred and twenty bmilers were fed a diet composed of either corn, wheat, 

bar1ey or MB with or without enzyme supplementatioe The broiiers fed the Ml3 diets 

had a lower ADG (P<O.OS) and lower ADFI @<O.OS) than the broilers fed the other 

tnatment dias. There was a @*enzyme interaction (P0.05) with the FfG efficiency 

between the two wheat diets and between the two barley diets. There was a significant 

graintperiod interaction (P<O.OS) for ADG with the broilers on the bariey diets 

perfiorming better in the growa phase than the starter phase. The bkds fed the wheat 

diets showed a grain *perïod intefaction (Pe0.05) for FIG with the birds doing better in 

the starter phase than the grower phase. The broilers fed enzymes showed an 

enzyme*period interaction with the birds fed the enzyme diets @<O.OS) in the grower 

phase having lower fad &ciencies @IG) thaa the birds in the starter phase compared 

to those fed the unsupplemented diets. A gah*eiiyme *period interaction (Pe0.05) 

occureci with the broikrs fkl the wheat+enzyme diet baving a higher feed efficïency in 

the grower phase than those féd the wheat-enzyme diet. The birds fed the MB-eayme 
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diet had higher viscosity levels than those b ~ d s  fd the other diets (p4.01). The 

addition of enzyme to the MB diet causcd a decrease in the digesta viscosity (p4 .01)  

by 49.1%. These resultJ hdicate that the inclusion ofMB in broüa diets demeases the 

paforrm~~lce of the ô i i  The addition of entymes to MB di& for broilers does not 

appear to increase the availabüity ofthe mfffients, and resuhs in poorer performance of 

the broiiers compand with other grain sourcesurceS 
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Grains cormnody used in young pig diets are wheat, coni and hulless oats. Bariey 

is commoaly used in hog diets throughout western Canada, as it is readily avaîlable at a 

cost4Wve price. The choice of grsin is dependent on the geographicai location of the 

producer and the availability and economic admniage ofushg one grain over another. 

Wheat, corn and M e s s  oats are high en- grains and are beneficial in energy 

dense dieta Cereals are also usefûi proteh souras shce they are included at high levels in 

swine diets. Corn contains about 8.5% protein, wheat between 12916% protein and 

hulless oats between 1416% proteh The considerable variations in protein and energy 

levds ammg the sarne cereais may be partidy attnnted to environmental conditions 

during gtowth (Zhaag et 4.1994). The percent fibre in wheat, corn and huliess oats is very 

low (2.3, 2.6 and 2.5 respeaively (NRC, 1988) and ailows for easier digestion of other 

nutrients by the young pig. 

Throughout western Canada millions of pigs are raised a m d y  on barley-based 

diets. The amount of protein and aiergy in bariey avaüable for swine are intermediate to 

those of wheat and corn. The bigh aude fibre content (5.1%) of barIey is one of the major 

reasons for its cornparably low energy value. Barley, because of its lower energy content, 

finds ody limited use in diets fed to starter pigs. However. when the price of other grains 

are hi@, it is possible to include high quality barley in starter pig diets. provideci a 

supplewnt of liquid &ts, or oils are used. Barley can be fed very successfidiy to growing 

pigs. High aiergy cereals such as corn or wheat are offen used in combination with barley 
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to maMmize growth rate. Recent ewidence indicates that pellethg may also improve the 

digesti'büity ofbariey-based diets- 

The huii of bariey coaJUts of two &mes tbat completcly enclose the seed and has 

a low digestibiiity. The coaesntration of eaergy in barley should, thdore, k increased 

wheo the huii is removed. TIU sâouid yieid a product that W comparable in feeding value 

to wheat or corn in hog d i e  

The proccssiiig of bariey using ddnilling and heating processes should increase the 

availabiiay of d e n t s  to the pig and thdore its level of @ormance. This should be of 

benefit to hog producers in western Canada It is hypothesized that the performance of 

pigs fed this type of processed bariey will be better than that of pigs fd wheat or corn An 

increased local usage ofbariey for hog production wül result in a reduced export of barley 

from western Canade, and greater econornic returns to both the grain and iïvestock 

producer. 

The objectives ofthese studies were: 

1. To determine the digestibilities of starch and amino acids (hl and total tract) of 

microoized dehuileci barley in young pigs. 

2. To determine the nutritive and economic value ofmimnized dehulied barley for starter, 

grower and M e r  pigs. 

3. To determine the influence of enzyme supplernentation on the utibtion of micronized 

dehulled barley by starter and grower pigs. 
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4. To detamine the nitritive vahie ofrnicronized debulleci bariey in broilers. 



CHAPTER ONE 

Nutrient Content of Bul+J 

Bdey may contain 9511.5% protek Its content of protein may vary with 

cuitBrar and gcowing conditions @ola et ai. 19%). 

Lysine is genaaUy the nnt timiting amho acid in practicai swine diets (NRC, 

1988). The lysine levei of barley (0.4û?!) is similar to the lysine lwel of wheat (0.40), 

higher than that of corn (0.25%), and lower than that of hulless oats (0.53%) (NRC, 

1988). 

Fibre 

Barley contains a higher level of aude fibre (5.0%) than wheat (2.3%), corn 

(2.3%) or hdess oats (2.5%) (NRC, 1988). This may contribute to the lower 

performance obsaved when fading bariey to young pigs. The high nbre content of barley 

r d t s  in lower digestible eaergy @E) (13.05 MJ/kg) and metaboiizable energy (ME) 

(12.72 MJ/kg). The removal of the huii, aiairone and outer endosperm of bartey by 

abrasion produces pearled barly grain (Sumner et al. 1985). Pearling for 1.5 minutes 

removes about 1546% by weight of the original kemei. This consisted of the h a  and 

some of the other outer layas (Sumner et ai. 1985). The protein wntent of huiled and 

pearled bar19 were 10.5% and 10.2%, raspectively. The hull fkaction that was removed 
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had a protein content of 12.3%. Its high protein cornent was am%uted to the inclusion of 

protein fkom the outa Iiyns and the gam The fiber level deaeased h m  4.5% in whole 

batiey to 1.5% in dehulied badey. The starch 1eveI iacrrased h m  68 to 72.4%. 

The tnie metabObable en- m) vahie of h W  bariey varies inverseiy with 

the crude fibre content (Sibbald and Price, 1976). For swi~e, the ME of bariey is 12.72 

Mikg, and the DE is 13.05 W k g  (NRC, 1988). Since the hull fiaction accounts for a 

large B e  of the fibre of the badey kemel (Sumner et ai. 1985), removing the hd - 

shodd proportionally inaease the avaJable energy of the dehulied barley. The energy 

content of barley is also affectexi by the emironmentai tonditiom durùig growth and the 

cultivar ofbadey. (Zhang et aL 1994; Boila et al 1996). 

Chernical d y s e s  show that bariey is generaily a poorer source of minerais than 

wheat or huiiess oats, and a better source than corn Copper and magnesium levels of 

bariey are higher than wheat or huliess oats (NRC, 1988). The iron level is superior to 

wheat, and the zinc levei in barley is higha then hulless oats. 

Bariey Y not gmerally considered to be a mejor source of vitamjns for hestock It 

has however, higher concentrations of vitaniin E (tocopherol) than huiiess oats or wheat, 

of biotin and niacin than huüess oats, wheaî or mm, and of choline and pantothenic acid 
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than corn Excessive heat, g~ pelleting, long fied storage periods, moistue and 

mold can lowa the concentration oftoeophd m g r a h  (Young a aL 1975). 

The major d e n t s  in barley, starch and p r o t e  are mclosed within endosperm 

aii walls consïsthg mainiy of non-starch polysaccharides made up of mïxed (1-3),(1-4)P 

D-glucans and acabioxylans (Aman and Grabam, 1987). Shidies with pigs have shown 

that the level of are bomd protein in cenals correlates weii with their protein/arnino acid 

digesbiiiity @..ka et al. 1992). The use of  appropriate processing methods andlor 

supplementation with enymes could allow gceater access to the nutrients in barley for the 

pig's endogenaus aizyme secretions to act on The inweased nuaient availability would 

lead to improved o v d  digestiiility o f  the nutrients. Investigations in broiler chickens 

have estabfished that supp1ementation of bariy based diets with P-giucanase preparations 

can substantidy improve th& nutritive value (Newman and Newman, 1987; Brenes et al. 

1993). This has beai attriied mainly to a breakdown of endosperm ce11 waii 

componentq nsuhg in a more complete digestion of stanh and protein in the srnaII 

intestine. @(Hessclmaa and Aman, 1986'). Heat treatments can hcrease ileal starch 

d iges t i i i  (FaM et al. 1988). Graham et ai. (1989) concluded that pelietiag and 8- 

glucanase suppiementation disnipts the endosperm cell walls in barley, with pelIeting 
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r d t i n g  in s o l u b ~ o n  of the mixeci-linked fbglucans and the p-glucanase 

supplementation leading to a pater pi leal  digesti%iiÈry of starch in pigs. Graham et ai. 

(1989) qorted a greater iweesa in ü d  starch digdbiiity der pelieting than &er 

enzyme supplementation which they conchideci was probably due to a partiai gelathkation 

or disuption ofthe starch grades during the pdlaing 

mess bariey appears to be more hamfid in féeding than hded barley (Classen et 

al. 1985). Its poorer mitntive d u e  may be related to its bigh content of water-soluble fb 

glucan (Newman and Newman, 1987)resulting in bigh viscosities (Rotter et ai. 1989). 

Grain Proccuiag 

Structurai and Physid Roperüu of Starch 

Starch is a wmmon matehl of great nutritional and industrial importance. It 

ocnus as minute granules in laves, stems, roots, fhits and seeds. Starch is considered to 

be a resave material that is stored for fiiture use in the plant. 

Chemicai Structure of Starcb 

Amylose: 

Amyiose is a straight chah starch containing ody a(1-4) glucose units. Most 

commercial starches (e.g. potato, corn) contain about 25% amylose, the rernainder being 

amylopectin. (French, 1973) (Figure 1). 
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Amy lopectin: 

Amylopecth is the branched fiaction of starch. This chah is branched at 

approximateiy 25 monomer intavals by a(l-6) glycosidic linkages. These a(l-6) branch 

b comprise about 4 to 5 5 of the total number offinLases in amyfopectin (Figure 2). 

Proper proœsshg of grains improves the digesti'biiity of starch by livestock Gelathization 

is msahted with the rupture of the secondary hydrogen bonds that hold the polymer 

chains together in the crysialltes and nsuhs in complete destruction of the ordered 

m o l d a r  arrangement. Since it is not possible to re-establish the molecular arrangement 

possessed in the original granule, the process is completely irreversiible (French, 1973). 

Gelathidon temperature (GT) csn thus be defineci as the temperature of water at which 

starch granules placed in it lose t h e  property of birefiingence. Starches containing 

relatively large amounts of amylose, such as wriakled peas and amyIomaize, gelatinize at a 

higher temperature and may even contai. some granules that resist gelathkation in boiling 

water (French, 1973). Gelatinization of grain starch is indicative of animai utilization but 

the improvement obsaved may not be due only to the gelatinization of the grain The 

protein matrk of the endosperm is disrupted during processing, which aiiows for easier 

access to the starch granules by enzymes. Prior to 1960, little progress had been made in 

grain preparation otha than simple ghding or dry r o h g  @hie, 1973). There are at least 

18 diffefent methods of grain processing. The processed grains that are of possible 

importance in modern livestock production are gnwnd grains, pressure cooked, dry roiied, 



O O 4- 1,6 - LINKAGE 

H OH O H 

1.4 - LINKAGE 

Figure 2. Chernid structure of amylopectin illustrating an alpha 1 6  branch point. 
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steam flaked, extrudeci, popped, and micronized caeals, with the exception of grindbg are 

methods thaî use heat treatment and cause some starch gelatinization. 

1. Crackai or Gmund Cereib. Giains with initiel moisture of 1042% are ground 

through a hammer min @l''a, 1971). Lawrence (1970) showed that barley diets that 

were gmund were si@cmtly bette digested in swine thau whole barley diets. Lawrence 

(1970) also dernonstrated that digesti'biiity de~~eased as the percentage of largei-sized 

particles i n d .  Sibbald (1982) found that fine grinding comparexi to coarse grinding 

decreased rather that enhanced energy availability, possiibly because of heat damage to 

protein 

2. Pressure Coolred C e d .  The proass as ddbed by Mercier (1971) involves 

steaming dried whole ceteals for 1.5 miautes under a pressure of 60 psi. The steamed 

cereal is then passed through a roiler. Pressure cookiag and Oakiiig sorghum grain 

increaseâ digestibüity of the nitrogen fiee extract in cattle by 14% when compared to dry 

roiied sorghum @ @usteci et aI.1968). The starch fiom pressure cooked sorghum was 

sigificantiy less digestiile in the small intestine of the ruminant than that of the starch 

fkom steam rolled sorghum (Holmes et a11970). The Merences in digestion of processed 

compared to iaw starch was attributed to a pater  degree of amyiolysis in the small 

intestine in the treated sorghtim (Himan and Johason, 1974). 

3. Drg-roiid Cereal. In this process. ciried whole grains (8.12% moisture) are passed 

through a roller with no stearn (Merciery 1971). Rolied barley is only slightly, and not 
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SiBnificaatly, more &ciently digested and utüiad tban whole barley in growiag pigs 

@ape et aL 1968). Lawrence (1970) showed that a wld-rolled diet was significantiy 

M a  digesteci by pigs t h  a wholbbartey diet. Them was also a tadmcy for the cold- 

rolied diet to bave the highest digeJbibÜay whea compareci to a ground- and crimped- 

barley diet @amence, 1970). It was aiso mggesteci that the cold-rolled diet produced the 

best growth rate and food conversion &ciency compareci to those obtained with ground- 

bdey, wholebarley or crimped-bdey diets (&awrence, 1970). 

4. Steam-FIrkcd Cemal. Mercier (1971) steamed dried whole grains (842% moisture) 

for 3-5 minutes in an atmospheric s t e a ~ ~  chamber before passing them through a rouer. 

The roilers were set to prodwe Whia" aad "thick" fiakes (distance between rollers 0.025 

and 2.0 mm). Immediate1y der  rohg, wheat and barIey had a moisture content of 16%, 

corn, 18% and sorgbum, 200/0. As soon as the grain was rolleâ, it was dried to 12% 

moi- @y air ventilation). Zi (1993) showed that stem processing in addition to 

rollhg will fÙrther increase the net energy vahie for maintenance ofbarley by 2.8 to 7.0% 

in steers, depending on the thinness of the fiake. 

5. Estmdtd C e d  6th Stcim. Dned whole graias were put through the extruder 

making "fiakes" under 300 psi (Mercier, 1971). Extrusion, which has been shown to 

thoroughly gelatiinze starch evm at normal food moisture levels, enhances starch 

diges t i i i  (Gomez and Aguüera, 1983). Camire et d. (1990) stated that the extrusion- 

cooking process produces fàvorable propaiies for starch digestiiility whüe rnaintaining 

availability of other nutrients. The degree of 'coolcing' of an extrudeci cereal-based 
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pmduct is an important industriai variable because an incomplete 'cook' is beiieved to be 

invohred with wdsfàctory storage stabi i ,  p a k b i i  and digestiiility of extruded 

products (Paton, 1981). The degree of 'cook' is BSSOCiafed with the de- of irreversible 

sweikg and ev- the compIete rupture of the starch granule. 

6. Poppeà C e r d  hied whole graias, with an initiai moisture of 1244% were dry- 

steansed, under vacuum, at the tempemtm of 200-3WC (Mercier, 1971). Dry heat 

expansion or "pupping" of d o  was more slowty digesteci in vitro compareci to d o  that 

was steamed at atmospheric pressure and flaked, or pressure cooked and flaked (Walker 

et al 1970). Popping slightty incfeslses the amount of water-soluble material, does not 

deaease the apparent availabüity of lysine, but lowers the amount of extractable protein 

Walker et ai. (1970) demonstrated that the perfomiaace of nimutaots was similar when fed 

either popped, steamed and roiieâ, or pressure-cooked and roiied grains. Riggs et al. 

(1970) reported that the percentage of grain that was actudy popped varieci fram 13 to 

45% and appeared to be iduenced by moisture content, temperature to which it was 

expod  end the rate of flow through the machine. The popped sorghum mixture that 

Riggs et al. (1970) fd to finisihg s t a r s  had sigmfi~a~ldy higher digestiîilities of ail 

fhctions except for ether extmct, fiber and protein compareci to those obtained with the 

nonheated grain. Reduced f d  intaice occmed and was accompanieâ by increased feed 

efficiency and a tendency for a decreased rate of gain, dressing percentage, carcass grade 

and fàt thichess (Ri- a ai. 1970). 



The N d  for Grain Procdng 

Fariin (1974) suggested that paocessiDg wouid improve feed efficiency, improve 

rate of gain, and hcrease the m o b  Ievei in grain F a d  efnciency and tete of gain are 

important factors in cost of gain, thadore processing grain to improve the féeding value 

is one way ofattemptmg to reduœ en- costs of the din 

G e n d  reviews on proceshg bave ban reported by Mercier (1971). Lawrence 

(1970). EIale (1973), Theurer (1986). Ainmsn aad Johnson (1974), and Zinn (1993). 

Mercier (1971) stated that micronin'ng seemed to be the most efficient processing 

treatment for barley, but for corn and sorghum, s t e m  fiaking offered the most efficient 

processing technique. Himnan and Johnson (1 974) noted that the degree of gelatinization 

was greatest for micronized and steam flaked sorghun with small dinerences between dry 

roiied and ground sorghum, Stearn processiag and rolling inmeases the net energy for 

maintenance value of barley, dependkg on the thinness of the flake (Zinq 1993). Haie 

(1973) remgnized that proper processing of grains improves the ciigesti'b'ity of starch by 

ruminants. He stated that gelatinization of starch in grain is indicative of animal utilization 

but the improvement may not be entirely due to the gelahkation of the grain. Hale 

(1973) suggested the protein rnatrk of the endosperm of the grain is disrupted during 

processhg wbich permits easier e~lzymatic access to the starch granules. 

The digestive tract of the young pig changes dramatidy in the fht few weeks of 

the pig's Lat. These changes include changes in SaliVary a-amylase, gastric, pancreatic and 

small intestine secretions (Hirümn et al. 1961; Aumaitre and Co- 1978; Cranweii, 
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1995). The absorption capacity of the intestines is relatiwly low duMg this pend. 

Lactose in mülr is the main source of energy in the young piglet's diet before w-g. 

Starch U the main en- source in the weaned young pigletys diet and sûould be d y  

digested (Cunningham, 1959). However, an excess of indigestible starch such as mono, di- 

aud trisaCCbarides may d t  in scouriag (Weijer and van de Kawr, 1965)- 

Digestiiüity of starch U affected by n m y  fhctors, such as its amylopectin content, 

its physical form and the weight of the pig. The presence of hhiiitors and the physical 

&tribution of the siarch in dation to dietary fibre components are important Qerat, 

1978; Dreher d al 1984; Bengala a ai. 1987). The digestion of raw starch by newborn 

pigs is restricted by the structure ofthe starch grande (Cunningham, 1959) and because of 

imuflïcient production ofenymes such as amylase, the accessl'bility of the starch granules 

by enzymes is reduced. Starch can be modifiecl by different heat treatments which result in 

changes in its crypraiiiaitv d o t  gelathkafion, and makes it more accessible by enymes. 

Swelling of starch granuîes occurs when the starch is exposed to water and is 

gradually heated. Starch granules sweU and take up water up to 50% of their weight, and 

with increased heat (60° to 80' C) wüI undergo irrevemible sweliing, or gelatinization The 

starch molecules sweU, and release amylose fiom its crystaiiïne structure. This o c c m  

when energy is applied to break the inter-moledar hydrogen bonds of the crystalline 

structure (Rooney and Pflugfelder, 1986). The gelatinization process is initiated in the 
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amorphous areas of the gramile, but as water and heat are addeci, they penetrate into the 

more cryscilüne regions, however, at a slower rate. 

Rooney and Pflugtielder (1986) observeci that the presence of fkee water is criticai 

in the p- of starch gdaûmaû 
. . 'on When water is limiting, a greater amount of heat 

(mechanid energy) is nqumd to plasticize the amorphous regions and decrease the 

oqanhdon of the aystalüne areas. 

Mechanical gelatinization imiolves milling and for grhding of c d  grains wbich 

produces 'damageci' starch (Evers and Stevens, 1985). Some 'damaged' or gelatinilred 

starch is desirable sime it is more accessiile to amylase. Non-damaged or non-gelatinized 

starch has lower aaylase suscepti'bility. Grain type, moisture and mihg conditions affect 

this process (Rooney and Pfhgfelder, 1986). It is important and aiticaI that adequate 

uptake of water into the endospem takes place which aüows gelatinïzation to occur. 

Enzyme susceptiiiiity analysis which is conducted to determine the extent of 

gelathkation, assumes that gelaîjnized starch is rapidly hydrolyzed by enzymes. Thus, the 

extent of g e l a h t i o n  is directly related to the amount of sugar produced when the 

sample is incubateci with gluwmylase for a certain time under prescn i  conditions 

(Rooney and PBugfeder, 1986). 

The e&ct of proceshg on utiiization of starch has been reviewed extensive1y 

(Mercier and Feillet, 1975: Hale, 1973; Fade1 et ai., 1988; Theurer, 1986.). Fade1 et al. 

(1988) noted that klason 1ign.h i n d  and starch decreased with extrusion of barley, 

and that extrusion cookhg of barley ceusesi a shift of insoluble nonstarch polysaccharides 
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to soluble nonstarch polysaccharides such as galacturonar~~, arabi~l~galacms, and fl- 

giucans. MaQa and Feillet (1975) demonstmed tbat starch h m  extrudeci grain was 

solubiEzed, without any h d o n  of maltodexttk The amount of solubilued starch was 

depend- on tempemhm ofextmion, mouture content of starch bdoce extrusion, and 

the amy1o~e-amylopeaUi ratio of the d. Th- (1986) indicated that starch 

utüization may be mzirkedly enhanced by proper grain proceshg however, the extent of 

impmvement is primarüy dependent upon the animal species, grain source, and method of 

processing. 

Processin8 changes the physid and chernical characteristics of starch resulting in 

improvements of digestiiility by livestock Physical processes include breakiag, cracking, 

@ding, rolling or pellethg dned grains. Physiochemical processes involve the application 

of water and heat which act to hydrate and swell the amorphous and crystailine structures 

of the starch granules This alteration in structure enhances arnylolytic digestion. The 

degree of moist heat application to grain, in addition to physicaily reduchg the particle 

size has benefits greater than either process alone (Theufer, 1986), partidarly in sorgbum 

and con Theurer (1986) reported that stem flalriDg coasistently improves the 

digest i i i  of starch by canle féd corn or sorghum based diets over whole, ground, or dry 

rolied processes. This improvement in starch utilization appears to be the primary reason 

for enhaaced fecd conversion of d e  fed these processeci graias. 

Dry heat processed cereals are not &&ely utilized because of insoluble protein 

caused by the excessive heat prooess. In studies where starch is completely gelatinized and 
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niptured (pressure roIlin@fiakïng) the insduôie proteh & i  has been indicated to be 

* .  
po~riy utüized by monogastrics. Dadnmzation (fdtmation of fhgments of amylose and 

amylopectin ( d e ) )  ocaas as a result of dry heat processing of grains Qwney and 

Pfiugfalder, 1986). DadnmPd starch is p w  soluble in mer, tends to be sticky and is 

a*ually usefiil in the formation of adhesives. Also, some enzyme resistant glycosidic 

bonds are fbrmed miriag thh pfocess. (Rooney and PBugfeIder, 1986). 

Facton tbat affect the u-tion of nutrients in monogastrics: 

Moran and Summers (1970) disaissed protein denaturation, the Maillard reaction 

and the possible need for ex- protein in a diet (processed or contslining processed 

hgredients) to capitalue upon gains in productive energy due to processing. Protei. 

denaturation, 8ccording to M o m  and Summers (1970), is one of the most obvious of the 

changes that ocaus upon heat processing a feedstuff. Most of the poor digestiibility of the 

protein in some feedshias r d t s  Eom the structural stabilization that builds with the 

accumulation of cystine c l idde  Iinkages, hydrogen bonds and ionic interactions. The 

secondary and tertiary imrolvement greatly influences the availability to the animai and 

dictates the severity of p r d g  conditions necessary to effect a dishevehent of 

structure. in di cases, moisaire must be present if denaturation is to effkctively take place. 

The Uaillsrd or browning d o n ,  in addition to denaturation, is another alteration in the 

protein that ocans upon heatkg a feedstuffwith a large amount of carbohydrates. (Mom 

and Summers, 1970). At high tempenitUres several of the amino acids may react with 

carbohydrates to fonn a wmplex which renders the amino aQds unutililuable by the body 
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although di present as indicated by dysis. Moran and Surnmers (1970) used pressure 

cooking of kaatin as an example of how temperatures in excess of those utilized in cereal 

pmxsshg, can yidd llufntionally duaôle meals despite protein denaturation 

The micronization process uses a macbine callad a miaonizer to process the 

grains. The micronizer consists of gas fired inf'ra-red ceramic heaters under which a 

moving belt amies grains or seeds one layer thick The inna-red rays d e  the moleailes 

in the seeds which vibrate at a fiesuency of 6004,200 d o n  megacycles per second 

resdting in rspid i n t d  heating and a rise in water vapor pressure (Lawrence, 1973a). In 

e f f i  the grain is cooked fiom the inside out and it swelis and hctures. The sofk, turgid 

ruptureci grain is then rolled and Baked when the starch is gelatinized thus coasiderably 

enhandg the grain's digestr'bility and feecüng value, either in direct form or foiiowing 

fùrther processing, such as griiPding in the feed miii. The micronïzer, compared to other 

grain processing techniques, has a greater capacity, is much cleaner and simpler to operate 

and produces a tougher 0ake which does not go moldy. The aim of hot, wet processing 

techniques is to make the cereal grains more available for breakdown by livestock 

@awrence, 1973a). The féed carbohydrates are rendered more susceptiible to degradation 

by enzymes in the animal. ûelatinization wbich increases the suscqti'bility of cereal starch 

to enzyme attack is believed to be the key change in the structure of the starch. This will 

thereby increase the energy content of the cereal. m e n  (1975) demonstrateci that 
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micronization alters the starch granuies and produces srnail wngiomerates of nondescript 

starch. Hiubers (1975) concIuded thas p d g  grain ait- starch so it is more 

suscepti'ble to aqioiytic attack 

The average anaiysis of raw whole soybeans is 10% moisture7 18.8% oil . 37% 

protein, 5.2% a r e ,  and 4.5% rninerals. The main advantages of using soybeans in 

Iivestock nutrition include its high energy and high digestiile 03 content (1 5-17 MJ/kg 

ME )WC, 1988)) and as high protein content. N o d y ,  soybeans are extracteci to make 

use of the oii for human consumption, and the residue, a 44% protein product, is sold for 

use in animal feeds. 

The nutritive value and protein digesti i i  of soybeam are very poor unless they 

have been cooked or aibjected to a fom of heat treatment. This is due to the presence of 

biologically active anthutritive substances, the most important being the proteases (trypsin 

inhibitors), and haemagglutinins (iectins). There are also urease. aliergenic and flaîuius 

factors, saponins, and goitrogens. Runitz (1945) demonstrateci that a protein isolated nom 

the raw bean wss able to comb'me with the digestive enzyme, trypsin. This formed an 

inactive cornplex, caiied the trypsin-trypsh inhibitor cornplex These trypsin inhtiitors also 

cause hypertrophy and hyperpiasia of the pancreas which results in excessive loss of 
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protein fiom the body through the secretion ofpancreatîc enzymes. The trypsin &or can 

be Mactivated by heat m e n t  and ciutodaving at abait 120° C for 15-45 minutes wbkh 

wiii impve the avaWBy of the protek The process of ordinary oil extracton does not 

involve temperahm of higher tban lûûO C, so the m d  nnut be mer processed to - 

render it die- If the soybean meai is overcooked, esseraial amiw acids such as lysine and 

metbionine can be destroyed and the ~mtritive vahie ofthe meai wiU be Senously impairecl. 

The urease test asays fbr the ptesence of unase in the meal. There is a reciprocal 

correlation between the urease actiVity and trypsin mhibitor level of the meaL The urease 

activity determines if underheating has ocaind during processing- A dye binding test 

using awol red as an indicator, indicates whaher or mt heat-processing has been 

su&icient to destroy anti-nutritionai factors without serioudy reducing the protein quality. 

The micronllaton process was developed for the cooking of whole soybeans to 

keep the high energy bighly digestible oü in the fished micronized soya Hutton and 

Foxcrofk (1975) duated micronized flaked soybean processed under diEerent 

temperatura- They determineci that the urease activity, -sin inhibitor capacity and 

protein solubility may be r e d u d  to a minimum levei without a serious loss in availabiiity 

of lysine. The r d t s  of the cresoL red dye absorption test are consistent with these 

observations, as a value of 3.843 mg dye absorbeci pei g of oil-âee meal is considered 

acceptable, and it is madudeci that a micronkhg tempeniture of between 200 and 22S°C 

is required for optimal processiDg of whole soybeans. Hutton aad Thompson, (1975) used 

male rats to c i e t d e  the apparent digestiile energy (ADE), true digesti'biiity of nitrogen, 
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biological vahie aud net protein mibation ushg different soybean treatments. They 

detennined that intmasbg p d g  tmpemhm had no signifiant &ect on ADE. The 

biological value @V) ofthe protein in the dias containhg soyûean processed at 200" C or 

above were signïficady greata than those ofthe ot6er dias. The Net Protein Utihation 

@PU) vaiues fbr the diets oontammg the 2W0 C processed soybeans wae sigpificantiy 

greater than those for the other diets Parker (1974) paformed a trial with IO-day oid 

chicks using soya processed at diffaent tempaatures. He demonstrated that the 

microaizer was abie to remove the adverse efFiects present in raw soya. The r d t s  of the 

birds fed rnicronized nin fht soymeal was equivalent to the r d t s  show using reguiar 

processed soymeal and added fat. The rnicronizRd full fat soya meal was also superior in 

physicai qpaWes over regular soymeal. 

Heating affects the physicd structure of both the protein and carbohydrates while 

the presence of moisture can increase the effdveness of the heating process. It partiaily 

denatures the protein making i ts digestion more effective, especiaily in pigs and poultry, as 

weii as increasing the metabokabie energy content and fat absorption. It also destroys 

trypsin inhibitors and other enzymes. ûvaheating of féeds may d u c e  the nutritionai 

value of the féed, especially for the amino acids that undergo a Maillard reaction. This may 

r d t  in the formation of lyshoalanine or methionine sulphoxide (Yannai, 1980). 

Therdore, the feed proccssor must be aware of the processing temperature. 

Micronkation is a process which is effective in increasing the dry matter, oii, 

protein and energy content of the treated feedstuff. The process a h  reduces the trypsin 
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mhibitor l d  in soyabeans to less than 10./. of that found in the raw bean and improves 

the müitioaal vilw as measund in terms of protan digesti'biiity, net protein utilkition, 

and biological d u e .  

Evidence lm showm that the fuli fkî soya oil meal, due to its high content of C-18 

nitty acids (e.g linoleic acids) hiis a synagistic effcct on the digest i i i  of tdow type fat 

in the diet (Sibbald et al. 1962). Thus microninition resuits in improved performance when 

it replaces extractecl soyabeaa meal and animai fht in the diet, because of the improved 

digestiiity of the oil in the diet. The oii in miaonized whole soya flakes is mostiy 

intraceilular and, for a produa containing 18% oïl, feels very dry and possesses Eee 

fiowing characteristiics. It also avoids problems with soft pellets, by ailowing high energy 

diets to be mauufàctured, reducing the use of liquid oils or tiits. 

2. Micronbation of Field Bcand Pm: 

McNab and Wilson (1974) stated that the major changes in the composition of 

field bans (Vicia Ma L.) caused by micronihg were that the moisture content was 

reduced by 4%, the trypsin Wiitor acîivity was reduced fiom 2.49 to 0.21 -sin 

inhibitor units/mg dry matter and the a d a b l e  carbohydrate content was raised form 40.6 

to 50.2%. Growth and food consumption were not affecteci when micronized beans 

replaced raw bans in poultry diets. Food conversion efficiency, apparent dry matter 

digestcbility and nitrogai retention were hproved and pancreas sue signincantly reduced 

when the birds were f d  the diet containing the micronized beans. The ME of beans was 

improved by by m i c r o ~ o n  fiom 10.59 to 11.67 MJkg dry matter. The 
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improvement in mitntive value is a#nbuted partly to the destruction of the trypsin 

inhiior and partly to the increased avaîlabiiity of the carbohydrate M o n  of the beans. 

van Zuilichem a d  van der P d  (1988) compared the extruder with the micronkr. They 

investigated two varietics of  peas (PisMi srdivum), with each V8Ciety undergohg either 

extrusion or micronization. Both treatments duced the concentration of anti-nutritive 

fàctors iüre the trypsin inhiibitor and l& but tannins wae only partly degraded. The 

m i c o ~ o n  procedure had better results in tams of lysine availability than the extruder 

method. 

Myer and F r o w  (1983) suggested that extrudeci smaii red beaiis @haseolus 

vuigmis) may require methionine supplementation when fed to young pigs for better feed 

utiliirntioa, Red beam are a good source of lysine, but they are deficient in the sulphur- 

containing amino acids. Extrusion of the r d  beam resuited in significantly higher apparent 

digesb'b'ities of all amino acids except methionine, cystine and alanine than autoclaving. 

3.0 MicmniWitîon of Corn 

Micronization of corn for pigs has ban reported by Lawrence (1973a,b; 1975). 

The micronization process slightly increased the DM content of the corn by 2%, 

partiderly when the micronized cereai was fiaked. Micronin'ng, flaking and grinding 

reduced the nitrogen content of the grain by 0.8% on a DM basis. The crude fibre content 

was also siightly reduced by these three treatments while the ether extract content was 

markedly reduced by the thking treatment. Starch availabiiity of the ground cereai was 

hcreased by 1.8% foilowing the micronizing and grinding treatment and 24.1% when 
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fiaking fo l lod the heahg of the miaomzation process. Fiaking, compared with 

microniziq and grhding therefore kemed the a-ility of the starch by 22.3% 

@wrence, 1973a,b). 

Lawrence (1973qb) oonciuded that micronking and fiaking were the best methods 

for the pmcesshg of corn The results fiirther suggest that m i c r o ~ o n  is a more 

effective method for improving Jtarch availabüity then steam fiaking. The micronization 

process increased DM nihogen and gros energy digestiiiüty but this &ect was only 

statisticaiiy signiikant for the gros energy W o n  of the diet. A rnicronUed-corn diet 

significantly gave better growth rates and DM conversion &ciencies in pigs than a simple 

gromd corn diet (Lawrence 1973b). Dias based on micronized cereais gave signincantly 

higher carcass yield (küling-out percemges) compared to those obtained with diets based 

on ground cereais. Carcass length was signincantly gr- in pigs fed the micronized corn 

diet compared to those fed a ground corn diet. The bacfit  thickness of the loin and 

shoulder positions were greater for the gromd corn diet compared to the micronized corn 

diet. 

4.0 Micronid Wheat 

Lawrence (1973b) saw no respom for improved growth rate or improved DM 

conversion efnciencies when hogs nom 17 to 50 kg bodyweight were f& micronized 

wheat vasus those fed ground wheat. Lawrence (1973b) also noted a signincant 
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depression in growth rate and DM conversion &ciencies in 50-90 kg pigs féd the 

micronizeâ wheat. 

Iawreaa (1975) conchdeci that the micronhion process has Me potential as a 

p d g  technique for impmvhg the mitntive d u e  of wheat for the growing pig. He 

suggested that this dinérence in response compared with barley and &e may be 

BSSOCiafed wit& the difkences whkh exist h e e n  cered in starch content, in the make 

up of that starch (Greenwood, 1970; M&, 1971) and in the dce-up of the protein. 

The hi@ gluten content of wheat may have been responsible for the sticky consistency 

after micronizing which couid explah differences in d t s  obtained between in vivo and 

in vitro respo~~ses. The mieronized wheat diets were very sticky and difiïcult to eat when 

k e d  with water in a wet féedmg system (Lawrence, 1975). 

Lawrence (1973a) conducted in vitro starch availaôility tests and observed that the 

micronization pro- on barley i n a W  the starch avaüability, cornpareci with that in the 

ground un-micronized cereai. The improvements were by 25.7% when grinhg foiiowed 

the process and by 29.W when the process was subsequently flakeâ or flaked and 

ground. The fiaking proces, thadore, marghally improved starch availabiiity compared 

with the efféct of the micronization and grinding process alone. Lawrence (1973a) 

showed the DM content of the barley increased after micronization fiom 2.3 to 2.4% and 

the nitrogen content decreased fiom 0.4 to 0.5% on a DM basis. The ether extract and 
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cmde fibre contents of the caeals were not affecteci by the micronization process. The 

resuits of d i g e s t i i i  md nitrogm balsna shidies that Lawrence conducted (1973a) 

showed a sisnifiant impmvtmettf in gros eaergy digestiiility of the micronid bariey, 

with a diffaaice of approximateiy 4.3% occurring between the ground dkts and the 

micronized, fiaked aad ground Qets and an insi@cmt hcrease in the DM and nitrogen 

digestib'i. 

In vivo experiments coaducted by Lawrence (1973b) indicate that for barley the 

micronization proass signifidy hproved growth rate and the efliciency of conversion 

ofdietary DM Lawrence (1973b) discovaed that the diets b d  on the barley féd in the 

micronized fonn had a sigpincantly higher carcass yield (kiiiing-out percentages) than for 

pigs which were offered féed in the ground fom These ciifferences were not accompanied 

by a si@cady higher deposition ofback fat. 

Fernandes d al., (1975) also saw an increase in the DM of  the micronized barley, 

and marked improvement in the in vitro starch availabilay, but noted that micronkation 

decreaseâ the aude protein content of the grain. This study confirmeci Lawrence's (1973 

ab) work that the micronization process acbiens its major aim of increasing the 

availability to the animal of the starch in the grain. Fernandes et al. (1975) determiued that 

the improvement shouid have caused a similar increase in rate of liveweight gain. Its 

fdure to do so may be explaineci by the lower crude protein content (5%) of the 

micronized-barley diet compad to the non-micronized diet, or possibly, to an adverse 

effect of  the procesSine treatment on protein qui@. 
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The use of dcroaized kdst t15 has had e e d  r d t s  in difEereat livestock 

species and in the darcnnt feebhins that are pracessed through miaonizatioa hproved 

growth rates and feed comrcfSi011~ in hop that wae fkd micronitPA corn or mimnized 

huileci-bariey diets suggest that xuicmmzstion causes starch gda&lization and thereby 

increases the availabiiity of the starches to the digestive m e s .  

The micronid bsrley that has pfeviously ban studied bas always bad the hull on 

the k a n d  The microniration of a mechanically dehulled-barley should produce a 

nutntious, d y  digested feedstuff for young pigs. The starch in micronized dehuileci- 

barley, in theory, shodd k gdatinized and t h d o r e  shouid be highly digested by young 

animais. Heat processes may decrease protein qdïty,  and a b i i  of the animal to utilize 

the protein The concem of B-glucatls in the barley and its influence on young pigs and 

broilers may rrquire enzyme supplementation to yield the best performance. These 

thoughts and concems will provide new information on how micronked dehulled barley 

will afEect the performance of m o n o ~ c s .  The benefïts of the micronization process 

must of&$ the increase in cost that micronization incurs on the diet. The cost of 

micronitaton is substantialiy higher than the cost of non-processed grains. The 

improvements in the livestock production must be large enough to be econornically 

advantageous. 



EFFECT OF MICRONIZA'ITON OF DEHULLED BARLEY ON ILEAL 

AND FECAL DIGES'I'IBILITIES OF STARCE AND AMIN0 ACIDS BY 

YOUNG PIGS 
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ABSTRACT. Dehuileci and micronized d W e d  bariey were evaluated for ileal and 

total tract d i g e d i i e s  of starch and amino acids by young pigs. Seven Cotswold gilts of 

12 kg hitid liveweight wac used to detamine the ef€éct of micronkation on the 

nutritional Mhie of dehuiIed Mey OB). The animas were surgicaüy fitted with camulsre 

a .  the iieoceaun vdve m order to study nutrient digestion in the smaîi iatestine- Apparent 

ileal amino acid d i g e s t i i  of DB was not dfkted 0 . 0 5 )  by micronizatioa There was 

an increase in the apparent iieal d i g e s t i i i  of threonine, serine, gîycine, tyrosine and 

histidine w.05) of micronized dehuiîed bariey @dB) compand with DB and a decrease 

(P<0.01) in the total tract digestiiility of methionine. The MB had improved glutamic 

acid, glycine, serine and histidine apparent total tract digestibiüty p0.05). There was a 

13% in- in ileal starch digesti'bility of MB mmpared with DB p0.05), with the ME3 

digestt.b.iiity bang 98.2%. The resuits suggest there is relatively no change in the apparent 

amino acid digestiiilities of the micronized MB diet. Micronkation improves the 

digdbility of the starch iu dehded b d e y  by 13%. 

INTRODUCTION 

The major aim of the micronkation process is to increase the avaiiability of the 

starch within the dehuiled bariey to the animal. Lawrence (1973a) saw an increase in the in 

vibo starch availabiiity by 29.M when the material was flaked and grwad. The in vivo 

digest i i i  d t s  (Lawrence, 1973a) were vay simüar to the m virro starch availabilities. 

Lawrence (1973a) ah noticed a c h g e  in the p r o h t e  analysis of the micronized 
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graias widi a change in the Mttogen (aude protein) content. Lawrence (1973b) saw no 

change in the aude protein content ofgraiaJ af€er micronkation. 

The a h  of thU errperiment was to examine the effêcts of the micronkation process 

on the digestibilities of starch and amino aads in the young pig- 

Micronized dehulled bariey ( d c t u r e d  by WestCan Micronization) and 

mechanicaiiy dehuiied bariey were ground. Chromiwn oxide which was included at 1 @g 

in the diets as the indigestMe d e r ,  was finely ground and thoroughly mixed with the 

diets to ensure an even distriion Two experimental diets were formulated to determine 

the infiuence of micronization on mechanidy dehulled barley (Table 1). Mash feed was 

provided to the mimals- Water was adable âee choice. 

Seven Cotswold güts (12 kg liveweight) were fitted with a simple T-annula, 

approximately 5-10 cm anterior to the il-ecum, The anmials were surgicdy fitted with 

a steered iieo-caecai vahe annula (SICV), in which an inner ring was placed inside the 

distal ileum and another outer ring was fixeci outside the iieo-caecai junction to prevent 

the inner riag nom siiding into the caecum. A canaila was fitted in the caecum opposite 

the ileo-caecal vaive, and a string comecting fhe inner ~g came through the ca~ula, out 

of the abdominal Wan. The ile0-C8eC81 valve opened when the string was 



TABLE 1. Diet formulation for pig digtstibiiity trial. 

Microniaxi DeMecl Dehuiied Bariey 
Barlew 

Chromiwn ûxide 1.0 1.0 
'PremixpiovidedpaIrgofdiez=9,ûûûIUvitrmiinA, l,SûûIUvitaminD3, ISmgvitaminE, 15mgvitamink, 
250mg-chbrtde,30mgm275mg-pantotIraiate, 9-4mgB2,l mgB1, ImgB6,25 nicgB12, 
50 mcg bi&, 05 mg M c  5.75 g cnkium, 26 g phosphate, 3.5 g sodium chloride, 27.5 mg mangrnese, 105 
mg hm,125 mg coppa, 0.6 mg iodme 
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puiied, aliowing quantitative collection of ileai digesta. AAer coiiection, the string was 

r e l d  and the vahm rdunied to n o d  position ailowhg a normal digesta flow to the 

large intestine. A detailed procedure is d e s c n i  by Mroz et aL (19%) Pigs weze ho& 

in individual metabiism mes and f#l a stauckd dia The pigs were fed at 4.5% of theV 

h e  body weight during the npaiment. and th& dai(y dowance was divided imo two 

me& nd a .  8:00 and 17:OOh The triel consisteci of three paiods. The first period (8 days) 

was an adaptation period to the diet, in which the aaimals re!ceived test diets at the same 

amount as during the collection penod Afta the adaptation pexiod, two coiiection penods 

followed. nie first was a 2 day f d  collection h m  7:30 to 19:30h, then a third day ileal 

digesta coiiection âom 8:O to 23:ûûh. The samples were stored at -20° C imrnediately 

after coiiection untii required for aaalysis. Room temperature was kept constant aï around 

20° C and the animals bad fiee access to water. The trial was repeated twice witbîn a cross 

over design. 

Andyticai Techniques 

For mino acid determination, 100 mg sample was prepared for acid hydrolysis 

using the method of AOAC (1984) as rnodified by Müls et al. (1989). This involveci 

digestion h 4d of 6 N HCL in vacuo for 16h at 121°C, foiiowed by quantification using 

an LKB 4151 Alpha AA d y z e r  (LKB Biocbrom Ltd. Cambridge, England). Samples for 

the anaîysis of methionine and cystine were prepand ushg formic acîd oxidation foiiowed 

by acid hydrolysis (Hirs, 1967). Non-AA N content was caldateci by Merence between 
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total N and N m e d  as AA The average amino acid digestiiüity coefficients were 

derived h m  four duplicate sample determinaiions 

Starch content was detefmMed ôy an eqmatic procedure (Wüliams, 1968). Iieal 

digests ind Eecrl sampIes were mMed with a solution of81lly1ogiucosidase and hydrotysed. 

The control sample which wps cornstarch was subjected to the same hyddysis procedure. 

ûiucose was deteraiiaed by using a modified deprotanized procedure (Sigma Glucose Kit 

#510). In tbïs procedure, 50.100 pi of deproteimzad solution was mixed with 5 ml of the 

wlor enzyme reagent. 

The Sigma procedure is based upon the foliowing coupleci eaymatic reactions: 

fleal and total tract amino acid digestibilities were caldatexi using the relative 

concentrations of chromic oxide in the diets, iieal digesta and f a .  The apparent amino 

acid digestibÜity d c i e n t  was calculated using the foilowing equation (Aagkanapom et 

al. 1996): 



apparent amui0 acid d c i e n t  = 

'on of amino aci çoncentratr 'd in - concentration of amino acid in m ~ i e  

concaitntion ofcbromic oxide in fad concentmtion of chromic oxide in sample 

'on of amino act cunceatraa -d in feed 

concentration of chromic oxide in feed 

Starch digesti'b'iies were detefmined by calailating the concentration of starch in 

the diet, and compaing diem to the amount nmeiniog in the ileal digesta and féces. 

Starch digestiiity = Glucose concentration of sample x 100 

Glucose concentration of diet 

Starch and amino acid digestiibilities of digesta and feces were subjected to an 

analysis of variance ushg General Linear Modeling (GLM) in the Statistical Analysis 

System (SAS Institute Inc., 1988). 

The mode1 used was Y* = + 9 + Pj + + tpg where Ys = the digestibility of 

the pig fed dia i in the ja periocl, p= the population mean, ti = the efféct of the i* diet, 

pj = the Sect of the j' paiod, ail = the efféct of the kh period, tp, = the effect of the 

interaction of the i* diet and the j' period. 



RESULTS AND DISCUSSION 

Amino Acids 

Ih the digestion trial, the nnmialn cotl~umed ail th& doted f d  and gained 

weight. In gened, there was a relativeiy small Merence in apparent uable 2) b a l  and 

totai tract (Table 3) digesttiilities between pigs fd the dehded and the micronized 

dehuiied batley dîets. A signifiant inpiovement was o b d  @<0.05) in the iieal amino 

acid digestiiiiity of threonine, histidine, glycine, serine aad tyrosine in the MB diet. There 

was a decrease (P<0.01) in the total tract methionine digestiiility of the micronized 

pearîed barley, and an increase in the glutamic acid, glycine, serine and histidine 

digestiiiiiîty (P<O.OS). Significaat difbmnces were observeci for these amino acids but in 

most cornparisons the abs01ute differences were relativdy d. 

Starch 

There was sigaifiant improvement (Pc0.05) in the digestiiliity of the starch in the 

ileum of pigs fed the MB diet compared to those fed the DB diet. (Table 4). The 

micronized diet was 98.2% digested in the ileum, whereas ody 69.7% of the pearled 

barley diet was digested in the il- This 13% improvement in starch digestiiility 

indicates that the micronidon process mskes the starches more available for the animal. 

Fadel et al. (1988) saw higher ileal starch digesti'bility in pigs fed extmded barley diets 

compared to those fed ground barley diets. The improvd digestiiility showed the effect of 

increased upper tract digestiiility of starch afkr extrusioa Douglas and Sullivan (199 1) 



Table 2. Effect of micronbation on apparent ilcil d o  acid digestibüity of  dehiincd 

Diets e cd Bari DehisedBidep.- SEM' S i e  

E8unti.l AA (96) 70.5 74.0 1.4 NS 

Non-Eucatiai Ab (36) 66- 1 69.4 1.1 

Glutamic Acid 77.4 79.5 0.8 NS 

Serine 64.2 69.5 1.3 ** 



TABLE 3. Efféct of mkrodzation on apparent totd tract (fd) amino acid 

Methiaine 86.4 

726 

Histidine 820 

IsoleUCMe 72.8 

Leucinc 77.4 

Aspartic Acid 70.7 72.7 0.7 NS 

Glutamic Acid 86.3 87.9 0.4 ** 

Senne 77.1 792 0.6 ** 

Tyrosine 69.6 73.1 1.2 NS 



Table 4. Effmt of micronization on ileal and total tract (fecal) digcrtibiîity of 14tarch. 

Dehulled Barley Micronued Dehulled SEM1 Sig2 
Barley 

Totd Tract (%) 98.1 98.1 O, 73 NS 

standard error of the means 
NS = non signifiant at PMI.05; ** = statistically sigaificant at P<O.OS 
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and Savage et aL (1980) concludeci that m i c r o ~ o n  increased the in vitro starch 

dige~b'biüty~ Pigs fèû extrudeci bariey di& had higher energy digestiiilities as a result of 

an increase in ileai starch digestion (Fadei et ai. 1988). 

The total tract (fecal) s~irch digestibiüty war very higb, with approximately 98.1% 

of the starches behg digested for both diets More it was excfeted (Tabk 4). Tbis 

suggests that digestion of starch for the dehuileci barky d k t  was completed in the large 

intestine. Fadei et al. (1988) conciuded that the ladc o f  fecal digesti'bility diffiences 

between extrudeci and reguîar b d e y  diets is not an indication of âigestiiüity merences 

anterior to the colon, but a shift of the location of starch digestion in the gastrointestinal 

tract. 



EFFECT OF MSCRONIZATION OF DEHULLED BARLEY ON 

STARTER, GROWER ANID FINISBER PIGS 

COMPAREDWITEK-T 



ABSTRACR Micronhl  deinriled bariey @dB) was compareci with wheat to 

determine the d o n a l  and economid benefit of  MB. Nmety-six. Cotswold pigs 

(farty-eight b m w s  and forty-eight giits) were randomly doted by sex into one of four 

dietary treabiraits. MB was included at diffhnt leveis wmpared with wheat. The trial 

started at 10 kg bodyweight and ended at market weight (105 kg), with three diffient 

phases in the trial. The dietary treatments were 1W/o wheat (W), 75%W/25%MB, 

5O./oW/500?oMB aud Lûû?/aMB. The pigs fd any levd of MB in this study fiom 10 kg 

to 37 kg bodyweight showed a decrease in ADFI (PX.05) without changes in the 

ADG. The feed co~~~ersions were irnproved in the starter (P<0.20) and grower phases 

(Pa).28). The use of MB in the starter diet at an inclusion rate of 25 to 50% 

replacement with wheat is more econornical than the total wheat diet. From these 

redts, it was eoncIuded that partial replacement (SV!) for wheat in starter pig diets 

with micronized dehded barley improved average daily feed intakes and feed 

efficiencies. 

INTRODUCTION 

In the previow di8estiiility study, the d t s  suggest that rnicronization of 

dehulled barky produces a product that is almost entireiy digested in the s m d  intestine of 

the young pig. There was vay iittle change in the amino acid digestiities of the dehded 

bariey aAer the mimnization process, which aüows us the ability to formulate the 
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treatment d i a  with the confidence that the pigs will be able to utiiize the amino acids in 

the xnimnized grain. The methionine digestiiihy is a fkctor that needs to be wnsidered 

since the previous resuits indime deaacued digesti'büay afta micronizatio~ With this 

knowiedge, ï t  leads to the question as to whether the increased digesûii i  of the starch 

wiU cause increased perfiJmmce in the growth of p i e -  Lawrence (1973b) reported an 

impmvement in the growth rate and f#d comremion ofpigs fed micronized barley or corn 

diets. Wheat is cammonly fed in hog production uaits in western Canada. For micronized 

dehuileci bariey to be used by the hog industry, it mst have an hcreased performance that 

offsets the extra cost of micronization. The purpose of this study was to investigate the 

effects on pig performance ofdiets that contained high leveis ofwheat, or various levels of 

micronized dehuiied barley. 

MATERIALS AND METHODS 

Complex dietary treatments were fed to pigs f?om 24 days of age to 70 kg iive 

weight. A common finisha diet was féd &om 70 to 105 kg bodyweight. Treatment diets 

differed by the amount of microniad dehuiied barley tbat was included as part of the 

overd grain portion of the diet (T'able 5, 6, 7). The diets contained O, 25, 50 or 100 

percent MB, with the remainder of the grain portion of the ration made up of  wheat. The 

feed was stem-pelieted and 8V8ilable ad I t ï i  from self feeders. AU diets were 

formulateci to be iso amino acid and isoenergetic in digestibie energy @E). The pigs were 



TABLE 5. PxnJtmrtL and a k d a t d  anaiysb ofstarter dietr for pig Id vvkPs e~ll~~lltratbos of 
m i c r o l l & e d d e h r i t k d b ~ ( M B ) a n d ~  

WhimdBB.ti0 1009(wk 7S%Wbcit so%Wbt IOOHMB 
2% MB HmMB 

Chemihemical Analysis (As Fed Basis) 

- .  

IPrcmirt pmvidd tbe fdbwbg per kg ofdOrcl3ûsngrPir. 6% l6Smg h 1- ooppa, 1- iodmt. =mg sclau'urrr. 
2 8 ~ ~ c b l a i & .  11445iviLmin A, 1700ni vitiininDj, 1OON vdrnim E,2.3mgva;MinK, 6mg ribofla* 2Mmg niscia, 184mcg 

1 û 1 n g a l C a i m ~ 4 6 a ~ g v r l r m P i B 1 2  
u c u b d r a r l y r i r  



TABLE 6, Piiodmah and akdated analys& of gruwer dkts for pip f i  vubur couceatntioar of 
mkmakeddeâiiHedbrrlty(MB)and~ 

WbimdBR.Li0 loonwbt 7S%WbciP so%Whtso%MB 1 m M S  
2Snm 



TABLE 7. Pmdnnatt and dcuiated andysh of W h e r  ditt of pigs fed various 

Wheat (13.PA) 

Soybean Meal (44.0%) 

Calcium 

Phosphate 1.80 

Iodized Salt 0-28 

TaUow (Animsl Fat) 4-00 

Chemicai Analysis (as fd basis) 

Cnide Protein (%) 

Dry Matter (%) 

Gross Energy (ruo/kg) 

Neutral Det Fibn (%) 

Lysine (%) 0.86 

Methionine (%) 0.26 
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fed a starter diet f?om 10 kg to 37 kg bodyweight. a p w e r  diet &om 37 kg to 70 kg 

bodyweight, and a comrnon finish- diet h m  70 kg to market weight- Water was 

aVSlj18ble W h o i c e  for 1 pigs W d i a  met or exceeded the nutrient requirements of the 

NU-NRC (1988). 

Nmety-six Cotswold pigs (48 güts ami 48 barrows) weaned at approximately 24 

days of age were raadomly aiîoted by sex into one of four dietary treatments. These 

experiments wae of completely mdoniiad design with an incomplete block arrangement 

in which the animals wece ranciomiy assigneci to one of two mom, and raadomly assigned 

to one of the four test diets. At the end of the starter phase at 37 kg bodyweight, animals 

were randomiy assignecl to one of four rooms, with the treatments remallung the same. 

Two animals (one fiom the 25% and 10W MB &s) were removed ftom the trial in the 

grower phase due to lameness. 

Data Coilection 

Pigs were sexed, weighed and randornly assigned to pens of four with the average 

pig weight per pen being approximateiy 10 kg. The pigs were housed in a total 

confinement heated building. The pigs were weighed individdy at weekly intervals, and 

the feed intake per Pen was recordeci wedrly as well. 
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Blood Sampiing 

Ninety-fo~ pigs h m  the study were prepared for blood anaiysis. The pigs were 

f&sted ovan*ght, prior to sampling F d  was removed at 17:ûûh and sampling started at 

7:30h Blood was coiIected v h  the juguiar veh at approrrimateiy 70 kg bodyweight- The 

animals were bled the day thy were chengirig fiom the grower to the hisher diets. 

Samp1es wexe collecteci in h e p M  VaCUfaitler tubes (Bedon Dickinson, Rutherford, 

NJ) and kept on ice d u k g  sampling. W W  an hour ofcoIIecting, tubes were centrifiiged 

and plasma pipetted hto viais. These vials wae then fiozen at -2û0 C untii analyzed for 

plasma urea nitrogerl. 

Feed semples wae coîiected at random intervals during the experiment, and 

stored. Pnor to anaiysis, samples were mixed and ground in a Tecator cyclotec 1093 

sample miii @ogam, Sweden). SampIes were dned in a convection oven at 10SO C for 

24 hours to determine dxy matter content. The percent crude protein, gross energy, dry 

matter and neutral detergent fibre of the féed were determined according to the 

Association of Officiai Anaiytical Chernists (AOAC, 1990). Gross energy was determined 

by ushg an adhbatic oxygen bomb dorimeter (Parr, mode1 1241). Piasma samples were 

amlyzed for urea mtrogen concentrations ushg a standard kit (Procedure No. 535) fiom 

Sigma Diagnostics (St. Louis, MO). 



Avaiige deily gain, average daily fèeû intake, fèed e8ticiency were analyzed by 

am@& of variance using Gemmi Linear Modehg (GLM) in the Statistical Analysis 

System (SAS lnstiMe hc., 1988) 

The modd used for average da* féed intake and fad efnciency was Y* = p + ti + 

5 + rt+ tu + whae, Y* =the average daüy f d  intake and feed efficiency per stage of 

each pen on the ih diet in the jh sex wïthh the k!' rwm, p = the o v e d  mean, ti = the 

e&a of the ith treatment, = the &kt of the ja sex, rt = the e f f i  of the kh room, ts, = 

the &ed of the interaction of the ib m e n t  and the jh sex,  fi= random error. 

The mode1 used for average daily gain was Yhl = p + ti + y + ri; + tu + ei* where, 

Y* = the average daüy gain per pig on the i& diet in the jh sex within the k& room, p = the 

overall mean, ti = the &ect of the i" treatmea = the effect of the j& se& = the eff'ect 

of the kh roorn, tsj = the eect of the interaction of the ih treatment and the jU sex, = 

random error. 

Di&rences between means were cornparad using orthogonal cornparisons at a 

si@cance level of P< 0.05. 



RESULTS GND DISCUSSION 

The addition of micronkd dehulled b d e y  @fB) did not significantly improve the 

ADG of pigs h m  10 to 37 kg bodyweight féd Mirent inclusions of MB and wheat 

mie 8). Howevef, the mchuion ofMB at 25 and 50% of the grain portion of the diet 

reduad the ADFL by 8.2% (FQ).û6) and 10.9% f9r the 1W/o MB diet when compared 

with the di wheat d i e  with the ADG of the pigs remeining very s i r d u  to that of the 

wheat control diet. Feed eBciency (WG) for the pigs fed 25, 50 or 100% of MB nom 10 

to 37 kg bodyweight was improved by 5.5 to 6.8%, dthough the e f k t  was not s i g d ï c t  

(PI0.05). 

The foliowing -on analysis of the r d t s  for the starter phase ADFI 

indicates that each percent inclusion of MB to the diet resulted in a iinear (Pc.02) inaease 

in ADFI: 

The pigs fed the grower diet f?om 37 to 70 kg bodyweight had no improvement in ADG 

compared with those féd the wheat control diet Fable 8). There was a signincant 

improvement (P<0.05) in the ADFI of these pigs with the decrease in food coasumption 

relative to the wheat diet king 7.2% for the 25% MB diet aud 12.8% for the 100% Ml3 

diet. There was an improvement in the FIG of 5 9 %  in the pigs fed the 25% MB diet and 

7.2% in the 1W/o MB diet, although the &êct was not significant (P0.05). No studies 

have looked at the &ects of micronized dehded barIey compared to wheat, although 

there have been some researchers that studied micronized hulled bar1ey. Lawrence (1973b) 



Table 8. Performance starter and grower pigs fcd various concentrations of micmnizcd dehulkd bariey 
and wheat. 

% MiCT013iZCd O 25 50 100 SEM' Sie 
Barlev 

Finish wt (kg) 36.5 37,6 37,l 37.2 

C&g Gain $0.63 $0.61 $0,62 $0,67 

%Ut wt 0%) 36.5 37,6 37.1 37,2 

Finish wt @g) 73.10 74.4 77,3 71-0 

AD0 (g) 925 914 930 879 20 NS 

(8) 2 1 79" 2022~  2220a lmb 50 ++ 
F/G 2.36 2,22 2,39 2.19 0.08 NS 

Cosükg Gain $0.7 1 $0.7 15 $0.81 $0.82 

1** - statistical simcance at P4),01; NS = nonsigiificant (P>O,OS) 
2 pooled standard error of rneans 
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reported a 4.0./. improved dry matta cornersion aciency of pigs fed micronized hulled 

barley o v a  pigs ad a wheat diet from 17 to 50 kg bodyweight. Improved average daily 

gains of 3.5% wae alw reportecl by Lawniw (1973b) in pigs fed micronized hded 

barlgr b m  22 to 50 kg comparecl with wheat The foilowing ngression analysis of the 

r d t s  for the grower phase ADFI indicates that each percent inclwion of MB to the diet 

resulted in a iinear w . 0 1 )  and cubic (Kû.01) iacrease in the ADFI: 

The d t s  of the hkher stage uabie  9) indicate that the animais that were fed 

MB diets through the starter and grmm stages bad a poorer F/G efficiency (B0.05) 

compared to pigs fed wheat throughout the study. The same fkisher diet was fed to d the 

pigs fiom 70 to 105 kg bodyweight. The pigs fd 100% MB through the starter and 

grower phases had an improved ADG of 7.2% in the finisher stage (PXl.05) compared 

with pigs féd the wheat control treatment throughout the trial. 

There was a sex effm (P<0.05) with b m w s  hahg a higher ADG than the gilts 

in aii stages in this study and a Iowa NlFI  (P<0.05) in the grower and hisher stages 

(Table 10). Thae was an improvernent in the FIG (Dû.05) of the barrows in the grower 

and finisher phases of bath feeding trials, with conversions becoming very similar to that 

of the giits in the diets with an inclusion of MB or more. 

Plasma urea nitrogen @UN) is offen used to determine the efficiency of nitrogen 

utihtioa A reduction in PUN concentration rdects a decrease in urea synthesis and 

therefore more efficient utilization of d o  acids (Coma et al. 1995) The plasma urea 



TABLE 9. Perlormance of finlher pigs and the ovenll pedormance of piga fed varioua concentrationa 
of microaiad dehuiid barley and wheat. 

%Wheat 100 75 50 O 

Finish wt (kg) 104.3 105.3 105.2 lOS.7 

AD0 (g) 991 1023 960 1062 40 NS 

Cosükg Gain $OS $0,64 $0.6 1 $0,63 

Ovtrall Performance (10 to 105 kg) 

S!art Wt (kg) 9,8 9,9 9.8 10.0 

Finish Wt (kg) 104.3 105.3 1052 1057 



Table 10. PtriTonnance of male and fernale itarter, g m e r  and finirhcr plgi fcd varbur conantratbnr of mkmnkcd 
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nitrogen @UN) l e d s  (Table 11) of the pigs at 80 kg body indicate bat pigs fed MB in 

the diet through the starter and grower phases had lower PUN concentrations @?<0.01) 

compad  to those fed the all wbeat diet There appeared to be a rexiprocal relaîionship 

between the indusion lmls  of MB in the diet and the corresponding PUN concentration. 

This suggests that the protein in the MB may be more available to the pigs than the protein 

in the wheat. The fimaies had lower PUN values than the males Qable 12), which 

indiCates the ferdes utüizt protein more efiïcienîiy than the males (P<0.05). The higher 

protein efllciency of the f d e s  is possible, which would explain the better feed 

conversion &ciencies shown by the f d e s .  

The diets were p r i d  out at curent prias (Table 13.14, 15), and the cost per kg 

gain was caidated. The cost p a  kg of gain is $0.02 lower in pigs that were fed the diet 

with 25% M B  in the starter phase compareci with those fed the totai wheat diet. Even the 

addition of SV!% MB shows a cost advantage of $0.01 per kg of gain over the wheat 

controL This shows there is an advantage in both performance and economics to the hog 

industry when up to 5 W  MB is used to replace wheat in the starter diet. There were no 

cost savings in the other stages by the addition of MB to the diets. 



TABLE 11. Plasma urea nitrogen (PUN) levels (mgldL) of pigs fed difennt concentratioos of micmiiizcd debuilcd 
barley and whcat. 

%Wheat 100 75 50 O 
- - 

% Micronized Barley O 25 50 100 SEM' Si@ 

Plasma Urea Nitrogen 24.42' 19.79' 19.89' 15.15~ 1,53 +a* 

lSEM = poolcd standard cnrn of the maus  
a *** = s&tistically sigoSicant at P4.01 



TABLE 12. Plasma urea nitrogen (PUN) levels (mgldL) of male and female pigs fd  differcnt concentrations of 
micronized dehulled barley and wheat. 
%Wheat 100 75 50 O 

% Micnmized Barley O 25 50 100 

sex rn f m f m f m f SEM' de' 



TABLE 13. Cost for starter diet of pigs fed various concnetrations of micronized debulied barky and wbeat. 

Wheat 

ME 

Bartey 

Soybean 
Meal 

H d n g  Meal 

Milk 
Products 

Iodized Salt 

Dicalcium 
phosphate 

Calcium 
carbonate 

L-lysine 

Methionine 

Threonine 

Starter 
Premix 

Canola Oil 
- - . . . . . - . . 

Total 1000.00 $ 389.59 i000.00 $ 402.58 1OOO.00 $4 13S9 1O00,OO $439.99 
VI 
00 



" " ' E -  2 
Cr) 



TABLE 15. Cost of finisher diet for pigs feà micronized debulied barity and 
various concentrations of whtat. 

Iodized Salt S 85.00 2.80 $ 0.24 

Dicalcium phosphate S 445,OO 18.00 $ 8,O 1 

Calcium carbonate S 60.00 

Premix S 700,oo 

Lysine $ 6,500,ûû 

Methionine $ 5,100.00 

Tallow (Animal Fat) S 690.00. 40.00 $ 2760 
- - - -  - -- - - 

Total 1OOO.00 $ 239,93 



CHAPTER FOUR 

EFFECT OF MICRONIZATION OF DEHULLED BARLEY ON 

STARTER, GROWER AND FIN?SHER PIGS 

COMPAREXI WITH CORN 
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ABSTRACr'. Micfonized dehulied b d e y  @AB) was compared with corn to 

determine the Illlfrifional and economical bene& of- in pigs. The trial starteci at 10 

kg bodyweight and d e d  at market wQght (105 kg), with three different phases in the 

trial ûae hundred and twenty Cotswold pigs (six& gilts and skty barrows) were 

raadornly assigneci to one of thne dietary treatments (10003 corn (C), 5003C/S00/i, 

1000/oMB). The pigs fid any Id of MB h m  10 to 20 kg bodyweight showed a 

decrease in ADFI @<O.OS) without changes in the ADG. The feed conversions were 

improved in the starter phase (P>0.05). There were no differences in carcass quaiity 

(PXI.05) or organ sLe m.05) among the pigs in the différent treatments. From these 

results, it was concludeci that partial replacement (500h) for corn or wheat in starter pig 

diets with microniad dehuiied barky improved average daily feed intakes and feed 

&ciencies. From these results it was concluded that partial replacement (50%) for 

wheat in starter pig diets with microaized debuüed barley improved average daily feed 

intakes and feed &ciencies. 

The r d t s  Born the digestiibility study suggest that micronked dehded barley 

produces a product that is almost entireIy digested in the small intestine of the young pig. 

The preMous feeding shidy, with micfoaized dehulled barley showed that animais on the 

micronized diets consumeci less f d  but had very similar weight gaias compared to those 

féd an ali wheat diet. This d t e d  in hproved f d  c~~~~ers i ion  for pigs fed micronized 
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bariey. Corn is a grain t h  is comrnoniy fed to hogs in Eastern Canada and the United 

Staîes. The lower digestii1e methionine levels of micronized dehuned bariey that were 

determinecl in the previous digestibiiity study may play a fàctor in a cornparison with corn 

since corn has a high digesbi1e methionine value. Micro* dehded bariey, to be used 

by the American and eastern Canadh markets, must bave a level of pafonnance that 

offsets the extra wst ofmicronization. The purpose of thiP shidy was to invdgate the 

& i  on pig pexformaace ofaeding diets that contained hi& 1eveIs of corn and various 

levels of micronized dehded barley- 

MATERLUS AND METHODS 

Complex treatrnent diets were fed to pigs fiom approxkmtely 28 days of age to a 

live market weight of 105 kg. Treatment diets difEered by the amount of micronired 

dehulled bar1ey that was indudeci as part of the overail grain portion of the diet (Table 16, 

17, 18). The diet containeci O, 50 or 100 percent of the grain as micronized dehdied 

barley, with the remahder being com. The feed was stem pelieted and avadable ad 

l i b i i  fiom self feeders. AU diets were formulateci to be iwamho acid and in terms of 

digesticble mergy (DE) to be isoenergetic. The pigs were fed a starter diet from 10 - 20 kg 

bodyweight, a growa ciin from 20-38 kg and a finisher diet fkom 38 kg bodyweight to 

market weight of 105 kg. Watei was avaiiable fiee-choice for a i i  pigs. Aii diets met or 

exceeded the nutrient repuKements of the NAS-NRC (1988). 



TABLE 16. Prosimate and crlcuiattd mdysis for starter diets o f  p i g  f d  various 
concentrations o f  micronized dehalleâ bulcy (MB) and corn, 

vitmin y 6mg nifiavin, 2&5mg niacin, I8Smcg biotin, l8mg calcium pantothenate,46rncg vitrimin B 12. 
- 

* Caicuiated analysis. 



Table 17. Proximatt and dcpI.ted mdysis for grower diet of pïgs f d  various 
- - 

concentntionr of mic~onized dehuiîeâ bulcy (MB) and corn. 

-- - - - - - - - -- - 

Chernid Amdysis (as fed basis) 



Table 18. Proximate and dcahtcd -sis for finirber diets of pigs f d  various 
concentrations of microaaed dcbantd bulcg (MB) and corn. 

Caan(MBRati0 1004C Corn mMB 1Oû?! Mi3 

Lcvel afMB oc) O 34.07 69.85 

Insrcdicnts tr6) 
Corn (8.6%) 68-00 34.07 0.00 

M i d  bdeg (1 1.4%) 0.00 34.07 69.85 

Wab- m a l  (440%) 22.68 2159 19.00 

Canola Oil 1.85 2-80 3.65 

Iodized Sait O28 028 028 

Dicalcium phosphate 

CaIciirm carbonate 

Chernical Adysk  (as fed basis) 

'xlmmhe @/O) 0.72 0-7 1 0.70 
~Prianix- tht Mow@ per kg of diet: l3Omg zinc, 6û mg manganese, l6Smg iron, l4Omg copper, 1.9mg 
iodine, 2Smg seleniinn, 28Omg cbdmc doride,  1 144Siu vitrnnin A, l7OOiu vitivnin D3,l OOiu vitamin E, 2.3mg 
vitamin K, 6mg nifûtvin, 23.Smg niacin, 185mcg biotixi, 18mg calcium pantothenate,#mcg vitamin B12. 

Cdculated analysis. 



Oee-hunW and twenty Cotswofd pigs (sirby b m w s  and &y giiîs) weaned at 

a p p r o h e i y  twensyleight drys of age w a e  randomly doted by sex into one of three 

treatments. These acperiments were ofa wrnpletely randomiIed design. with a complete 

block arrangement in which aninÿils were raadomly assigned to one of the three test diets. 

One pig h m  the lûû?? MB diet, two pigs h m  the 50?6 MB diet and one pig nom the 

corn control diet died âom illness at the start of the tri& The remaining one-huncired and 

sixteen pigs were fed for the remainder of the trial- 

Data Collection 

Pigs were sexed, weighed and randomly assigned to pens comaining ten pigs per Pen with 

the average pig weight per pen behg approhtely 10 kg. The pigs were houseci in a total 

confinement heated buiiding with straw bedding. The pigs were weighed individuaiiy 

wery two waks, and the f d  intake p a  pen was recorded bi-weekly as weii. At 80 kg 

bodyweight, blood samples were taken Eorn al1 pigs. 

Blood Sampling 

One-hundred and sixteen pigs âom the corn study were prepared for blood 

analysis. Feed was nmoved at 17:OOh the eveaiag prior to the blood coiiection. Sampling 

starteci at 8:00 the following moming. Blood was coliected via the juguiar vein at 
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approximately 80 kg bodyweigk Samples were cofiected in heparinued vacutainer tubes 

@-on Dickinson, Rutherford, NJ) and kept on ice during sampling. Withui an hotu of 

coflecting. tubes were d g e d  and piasma pipetted into vials. These vials were then 

fiozen at -20' C untü analyzal t9r plasma m a  nitmgen. 

Twelve p i e  four h m  each treatment were randomly selezted for carcass 

evaluation at market. After siaughter, a hdfacass of each pig was cut into the different 

meat cuts, and weighed. This was conducteci by a butcher, with each carcass being divideci 

into the separate cuts by the same indMduaL 

Organ Size Evahtion 

Twenty-two pigs, six h m  the 1ûû% corn diet, nine form the 50% MB diet, and 

seven fiom the 1W/o MB diet were selected for organ evaiuation at market. The organs 

were removed at the slaughter plant, and weighed. The intestinal contents were in the 

intestines at the tune of weighhg. The stomach had the contents removed prior to 

weighing. 

Feed sampies were coiîected at rmdom iutervals during the experiment, and 

stord. Prior to analysis, samples were mixed and ground in a Tecator cyclotec 1093 

sample d (Hopus, Sweden). Samples were dned in a convection oven at 10SO C for 

24 hours to d e i d e  dry matter content. Dry matter, crude protein, and the neutral 
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detergent fibre were determincd accordhg to the Association of Official Analfical 

Chemists (AOAC, 11990). Gmss eaergy was detennined by using an adiahatic oxygen 

bomb dotirneter (Parr, modd 1241). Plasma samples were adyzed for urea nitrogen 

concentrations using a standard kit @ocdure No. 535) ttom Sigma Diagnostics (St. 

Louis, MO). 

Average daily gain, average daily feed intake, and feed aciency were analyzed by 

anaiysis of variance using Geaaal Linear Modehg (GLM) in the Statisticai Analysis 

System (SAS IastinJte Inc., 1988). 

The model used for average daüy fad intake and fied efficiency was Y* = p + 

+ + t% + e& where Y* = the average daily feed inîake and feed efficiency per stage of 

each pen on the i%eatment on the j'sex within the k~ room, where p = the overd mean, 

ti = the efféct of  the i" treatment, sj = the effect of the j' sex, tsj = the effect of the 

interaction of the ih trpatment and the j' sex, 6 ,  = random error. 

The model wed for average daüy gain was Yi$ = p + ti + sj+ t q  + where Yi1 

= the average daily gain pet pig in the ih treatment of the j' sex within the ka room, 

where = the o v d  mean, %= the &kt of the i?' treatment, sj = the effkct of the j" se% 

tsj = the dféct of the interaction of the i' treatment and the jh sex, Q = random enor. 

Doifferences between means were compareci using orthogonal cornparisons at a 

significance levd ofPCO.05. 



RESIJLTS AND DISCUSSION 

The dietary inclusion of 5% micmnized dehuîiexi bdey  m) tignificantiy 

v.01) improved tés ADG of pigs when compared to a diet of 1000/o corn nom 10 to 20 

kg bodyweight (TabIe 19). The foilowing -011 a d . .  of the r d t s  for the starter 

phase ADG indiates that each percent inchision of MB to the diet d t e d  in a hear 

(P<.ûû15) and quadratic response (P<.0297) inmase in ADG. 

M o u s  studies have looked at the e f f i s  of micronized huileci barley compared 

to corn, however none have been dont with bariey that has ken dehulled and micronized. 

Lawrence (1973b) reportai an improved average daily gain of 3.5% of pigs fed 

micronized h d e d  barIey compared with corn fiom 17 kg to 50 kg bodyweight- The F/G 

for the pigs fed 5o./o or 1W/o MB nom 10 to 20 kg bodyweight compared with corn had 

an improvernent of 5.6% to 14.7% (PXl.05). 

The ADG of pigs fkl the MB di& compareci to corn fiom 20 to 38 kg 

bodyweight was decread by 5.1% to 6.8% (?X.05). The ADFI and F/G for the pigs fed 

the corn control ration in the grower phase were betta than that of the diets with MB 

inciuded, however, these r d t s  are insigmficant (P>O.OS). The digestibility of 

methionine in the MB diets in the grower phase may have been lower than the 

corn diet, which may have c a w d  en amino acid imbalance, and subsequently 

hindered the growth of the pigs on the MB diets. Improved dry matter conversion 



Table 19. Performance of starter and grower pigs fed various concentrations of micronized dehuiled barîty and 
corn, 

FIG 

Cosükg Gain 

Finish wt (kg) 38.6 38.1 38,7 

Cost/kg Gain $0.38 $0.50 $0,55 



efficiencies wen nported by Lawreace (1973b) in pigs féd corn ove pigs fed micronized 

hulied barley. Our rrsults are vay Smüar to those seen by Lawrence (1973b). 

The addition of MB in the phase of pigs Born 38 to 106 kg (Table 20) 

compareci to a corn coiitrol diet did not sigdicamly împrove the ADG, ADFI or FE. 

Plasma una nitmgen @UN) is often used to determine the dciency of nitrogen 

utilidon. A feduction in PUN concentmtion dec t s  a decrease in m a  synthesis and 

therefore mon dticient utüization of ;mirno acids (Coma et ai. 1995). The PUN of the 

pigs at 80 kg bodyweight d e c t  a tendency for those pigs with higher levels of micronized 

d e h W  barley in the àiet, to have higher PUN levels flable 21, 22). This suggests that 

the protein in the MB may not be as avaüable to the animais as tbat from the corn 

Lawrence (197%) reporteci a reduaxi N content in minonued hulled hIey and amibuted 

it to a physical limitation of the flaking process. How- when cereals were micronized 

at a later date in better controlleâ conditions, crude protein ccntent remained unchangeci in 

the bariey @awrence, 1973b). 

The overail ADFI of the pigs fd lW? MB fiom 10 kg bodyweight to market 

(Table 20) bas a tendency to be higher than that of the corn control or the 50% MB diets 

(P<0.07). The folowing regression anaiysis of the o v d  results indicated that each 

percent of MB to the diet resuited in a hear @<-003) and quaàratic (Pç.01) increase in 

the total feed efficiency (F/G). 





TABLE 21. Pluma urtr nitmgen @UN) levelr (mg/dL) of pigs f d  différent concentrationr of micronhd 
dehuileci badey and corn. 

% M i m m i d  Barlcy O 50 100 SEM' Si@ 

Plasme Urwi Nitmgen 16.2 159 17.4 0,49 NS 

Pooled staDdard mur of the means 
NS = non signifiaut at I30.05 



TABLE 22. Plasma urea nitrogen (PUN) levels (mg/dL) of male and femde pigs fed different concentrations of 
micronized dthulled bartey and corn. 

Pooledstaadardernwfo~ means 
a NS = non sisnificant at P4.05 
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Thae was a sar e&et (P4.05) with barrows having a hi* ADG than the gilts 

in the starter, grower and firn'sher stage (Table 23, 24). Thae was an improvement in the 

F/G of the ~ZUTOWS in tâe nmsber pbase of this study, with conversions becomîng very 

similar to that of the gbs in the d i a  with an indusion of5W MB or more. 

Thae were m e n t  interactions for the ADG in the grower phase 

(P<O.Ol).Thm was a tendaicy for there to be a w e a t m e n t  interaction in the ADG of 

the starter phase md in the ADFI of the ovedl triai (PQ.12). The overail F/G efficiency 

showed a siflcant interaction between sex  and treatment (P0.03). 

The slaughter evduation of diffèrent m a t  cuts ühistrated that no signiacant 

différences in cut quality was determineci by féeding MB when wmpared with corn uable 

25). Fernandes et ai. (1975) nported that micronkation of huiied barley did not 

significady influence the carcass characteristics of growiug pigs. There was an increase in 

the stomach weight (11%) of the pigs fed 1W/o MB when compared to the corn diet, 

aIthough this increase was not sigdicant (Table 26). 

The diets were priced out at wreat prices Qable 27,28,29), and the cost per kg 

of gain of pork was calculateci using these prices W l e  19.20). The cos per kg of gain 

was SO.O1S/kg lower when the pigs were fed the diet with 50.h MB in the starter phase 

wmpared to those f i  the ail corn diet. This shows there is an advantage, both in 

performance and economics to the hog industry, to feed an inclusion of 50% MB in the 

starter ration. It was not emnoPncaliy advantageous to add MB into the diets of grower 

or fhisher pip.  



Tabk 23. Performance of male and femde starter, growcr and finshcr pigi fcd varbur conoontmtbni of snkmnbAd 
dehuüed barlcy (MB) and corn. 

srart wt PB) 9.45 9.48 9.50 9.48 9.70 9.49 

Finish mg) 22.5 20.7 252 22.9 23.9 24.1 

AD0 (g) 428 369 517 444 465 482 30 *a 

ADFI (g) 627 513 582 587 655 623 70 NS 

FI0 1 .46 1.39 1.13 1,32 1.41 1.30 OJ2 NS 

start wt fit!) 22.5 20.7 25.2 22.9 23,9 24.1 

Finish wt(kg) 41.7 36,l 40.4 40.1 41,2 39,7 

(g) 1067 856 844 950 960 865 110 * C i  

A . 1  (g) 1379 1180 13 19 1320 1306 1391 20 NS 

FI0 1.30 1.30 1.61 1.40 1.37 1,62 O, 16 NS 
-- 

star& wt (kg) 41.7 36,l 40.4 40.1 41,2 39.7 

Finish wt(kg) 108.1 105.0 107,9 107.4 109S 1 08.9 

AI30 (B) 1066 974 1054 989 1065 976 1 O **+ 

(g) 3426 2761 3208 2976 3442 3 178 250 NS 

FI0 3,18 2.83 3,Ol 2,98 3.20 3,24 O, 15 NS 



TABLE 24.0veraII performance of male and female pigs fed various concentrations of' micronized 
dehulled badey and corn (10 kg-105 kg). 

- 

sex m f m f m f sem' &t 

'pooled standardcrnirofmeens 
a for sex d80t : **-dstical signüicance et P4.05; *** = statistical signiîïcance at P4.01; NS = ndgnificant (I3.0.05) 



TABLE 25. Shughtet evaluition of finisber pigs (105 kg) fd various concentrations of 
rnicmnized d e h d d  b.ileg and corn. 

-- - 

% Com 100 50 O SEM? SigZ 

0%) 
Halfcarcass 

Head 

Loi.n+Belly 

Leg 

S houider 

Picnic 

Butt 

Hock 

Beliy 

Trim 

Fat Trimmings 

Spareriis 

Lei! 

Riilets 

Back Fat l3 

Back Fat2 

Back Fat 3 

Back Fat4 

1 - SEM= pooled sîmdard cmr ofthe means 
2 - NS = non signifiant at pdI.05 
3- Four backfat mammm&s were taiCen per carcass at foyr ~~ lOC8fions on the back 



Table 26. Organ evaluation of pigs fed various concentrations of micronized dehulled 
barley and corn. 
Treatment (% MB) O nl 50 n 100 n MSiP Sig' 

-- - - -- -- 

Slaughter wt (kg) 89.0 6 87.1 9 86.1 3 3.54 NS 

Liver wt (kg) 1.54 6 L58 9 1,SS 7 O, 19 NS 

Tdal Inlstinewt (kg) 7.91 6 7.44 9 7.78 7 0.95 NS 

!%oJmCh wt (kg) 0.56 4 0.33 7 0.63 6 0.09 NS 

n = number of observations 
mean square errors 
' NS = non sigdioant at PN.05 



TABLE 27. Cost of starter diet for pigs id various concentrations of micronized dehuiied bariey and corn 

Ingrsdients CostlMT 1W0k EExlendedCo~t 50%Coan ExtendcdCost lo0'%MB I3xWkdCoBt 
Wo ME3 WO MB OHConi 

C m  

MiCfOniZCd Biy 

Soyberrn Mcal 

Iodized Salt 

Didcium 
phosphate 

Calcium 
carbonab 

Miik Products 

Hemng Meal 

Lysine 

Methionine 

Threonine 

Grower Premix 

Canola Oil 

Total 1000.00 $383.15 1000.00 $439,24 1ooo,00 $459,93 



TABLE 28* Cost of grower diets for p ig  fcd varions concentrations of micronized dehulled barley and corn. 

Inmats Cost/MT fOO%Com ExtededCost 50%Com ExtendadCost lûû%MB ExteddCost 
0% MB WO Ml3 OHCorn 

c m  

Microaized Bly 

Soyb«uiMd 

I c x k d  Salt 

Dicalcium 
phosphate 

Calcium 
carbonab 

Hemhg M d  

Lysine 

Methionine 

Threonine 

Grower Premix 

Canola Oil 

Total 1OOO.00 %295,73 1000,00 $333.34 1OO0,OO S367,2 1 



TABLE 29. Cost of finisber diets for pigs fed various concentrations of micronized dehuiied barky and corn. 

Ingredients CosUMT 1W/oCorn ExtendadCost 500/0Coln ExtesirledCost 1CWMB ExttndedCoat 
OO/o Mi3 5Wo hm 096Corn 

c m  

M i c m  Bly 

S o y b  Med 

lodizeâ Salt 

Dicalcium 
phog,hte 

Calcium 
carbonate 

Hening Meal 

Lysine 

Methionine 

Threonine 

Grower Premix 

Canola Oil 

Total 1000,OO $282.03 1000,OO $32 1.67 1000,00 S352,67 



EEFECT OF &GLUCANASE SUPPCEMENTATION OF MICRON][ZED 

DEHULLED BARLEY DIETS ON THE PERFORMANCE OF STARTER 

AND GROWER PIGS 
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ABSTRACT. This study was wnducted to detemine the &ect of p-giucanase 

supplementation of micfonizeù dehuned badey dias on the performance of starter and 

grower pigs. One huadd and smty-eight Cotswod pigs were fed diets wntaining either 

corn, bariey, micronized dchulled barley @dB) or MB with 8-giucanase supplementation 

Two growth phases were fsd, the nrst h m  10 to 20 kg bodyweight and the second f?om 

20 to 35 kg bodyweigbt. Enzyme supplememation of the MB did not improve the ADG, 

ADFI or the F/G @?W.05) of the starter pigs wmpared with the o t k  diets. The grower 

pigs fed either of the Ml3 diets had lower ADG rn.01) than those pigs fed the corn or 

bariey diets. Thae was no âiEemce in the ADFI or FIG conversions 0 . 0 5 )  among the 

different diets in the grower stage (20-35 kg), however the MB diet with enzyme was 

15.4% higher in the F/G efficiency than the unsupplemented MB diet The overail 

performance of the pigs (10-35 kg) imlicate that the MB diet-enzyme has a lower FIG than 

the pigs fed the MB+emyme, mm, or barley diets. These results indicate that P-giucanase 

supplementation does not appear to be usefirl in improving the performance of pigs fed 

MB diets fiom 10 to 35 kg bodyweight. 

INTRODUCTION 

Cereal grains are major energy co~ibutors in hestock diets. The arnount of 

energy that is a d a b l e  to the aaimal fiom the cereal is innuenuxi by the fibre content and 

the amount and type of ceii wd polysaccharides. Mixeci-linksd P-glucans are the 

predominant non-starch polysaccharides in barley. H ' e s s  bartey appears more harmful 

tban bulleci barley (Clessen et ai. 1985). Its poorer nutritive value may be related to its 
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hi@ content of water-soluble B-giucans @kwman and Newmaq 1987) and high 

viscasities compared with huiied bPrky (Rotter et ai. 1989). 

The ad-IIUtnfiVe properties of bdey can be ovacome by the addition of B- 

glucanase enzymes in the diet of chicks @essehm and Aman, 1986). B-Gtucanase 

supplementation disnipts the endospenn di walls in b d e y  which leads to a greater pre- 

ileal digestiiiiiity of tbis component in pigs (Graham et al 1989). PGlucanase 

supplementation of bariey-based diets also can lead to an improvement in feed conversion 

efficimcy (Newman et aL 1983). The objectm of this study was to determine if P 

glucauase wodd improve the nutritive value ofmicronized dehded barley for starter and 

grower pigs. 

MATERIALS AND METHODS 

Experimentai Diets: 

P i g  fiom approximately twenty-four days of age to 35 kg bodyweight were fed 

dies containing am, barley, micromzed dehded barley @dB) or micronized dehded 

barley with enzyme supplementation (Table 30,31). nie feed was in a cnimbled form and 

available ad liiitwa fiom sdfhders. Aii diets were f o d a t e d  to be isonitrogenous and 

in terms of digestible energy @E) to be isoenergetic. The pigs were fed a starter diet from 

10 to 20 kg bodyweight, and a grower diet from 20 to 40 kg bodyweight. W- der was 

available âee-choice for ail pigs AU diets met or exceeded the nutrient requirements of the 



TABLE 3û. Rmbate aod akahted rnrlyrb af-r dirtr for pigs fd corn or b e y  and microahatd 
d&tiDcd b e r r f t h  mdrritbwt-~t ~UPP- aWk& 

1m-W 1OOHMBly IoOHMBs.+ E=Y= 

Chernical Antirysis (as fed basis) 

wm(O/o) 92-10 

Cnide Rotein ph) 20.83 

- m ( U T / k g )  16.59 

Calciutn 1.36 

Phosph- 0.85 



TABLE 31. R.oItim.tt and dcuiated a d p i s  for gancr dieb of pigs fed corn or 
bulcg and micronid d e h d d  bulrg with and without enzyme supplementation 

Chemid Anaiysïs (as fed basis) 

Wm(d/o) 9120 

Protf5.n ("A} 19.00 

mE=l3Y('MJko 17.91 

Calcium 0.94 

Phos~hanis 0.82 



Che hundred and Jodyught (Cotdd)  pigs, weaned at approximately twenty- 

four days of age were randomiy aüotted to one of fwr dietary treatments flMe 3 9 3  1). 

These experîments were of complddy riillaomkd design, with a complete block 

arrangement in *ch a n b i s  wae randomiy assigneci to one of twehre pens. Fourteen 

pigs (seven bamws and seva güts) were assiped to each pen 

Data Coiidon 

Pigs were weighed and randomly assignecl to pais with fourteen pigs per pen with 

the average pig weight pa Pen being appmm'mately 10 kg. The pigs were weighed 

individually each week, aad the feed mtake was remrded weekly for each pen 

Feed samples wexe wllected at d o m  intervals during the experiment, and 

stored. Prior to analysis, samples were mixed and ground in a Tecator cyclotec 1093 

sample mül (Hoganas, Sweden)* Samples wexe dried in a convection oven at 10SO C for 

24 hours to determiae dry matter content. Dry matter, aude protein, and the neutrai 

detergent fibre were detennined according to the Association of OfFicial Analytical 
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Chemists (AOAC, 1990). Omss energy was determineci by using an adiabatic oxygen 

ôomb dorimeter (Pm, mode1 1241). 

A w e  daiiy gain, average daily f#d intake and féed efkiency were analyzed by 

anaiysis of variance ushg Generai Lin- Modehg (GLM) in the Statistical Aaalysis 

System (SAS InstiMe Inc., 1988). 

The model used was Y4.= p + + e,j, whem Y, = the average d d y  f d  intake and 

feed &ciency per stage of the j" pen of the iÜ treatment, = the o v e d  meao, ti = the 

effèct ofthe ih treatment, 6 = random error. 

The model used for average daily gain Y, = p + + eij, where Y, = the average 

daily gain of the j& pig in the ihtreatment, p = the overd mean, = the effect of the ih 

treatment, % = random e m ~ .  

Differences between means wae c o m p d  using SM< at a sipnincance level of 

PQ).05 (Steel and Tome, 1980). 

RESULTS AND DISCUSSION 

The supplementation ofthe micronized dehuiied barley diet @dB) with P-glucarme 

did not signif~cantly 0 . 0 5 )  improve the ADG of the starter pigs fiom 10 to 20 kg 

bedyweight compareci with the other diets (Table 32). There was not a significant 



Table 32, Performance of starter and grower pigsand the overaii performance of plgi fd  micionkeâ dehukd bailey with and 
without enzyme and corn orbarky, 

Ovcmü Perla- (10-35 kg) 

Finish w (kg) 39.1 37.5 33,6 35.4 
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improvement in the ADFI or the FIG (Dû.05) in the starter phase, although the F/G of 

the pigs on the M8+enyme &et had an improvement of 8.3% compared to the MB- 

e q m e  diet. This agrees with the findings of Newman et al (1983) who reporteci 

glucaaase supplementation of bariey-based die& wilt improve the feed comrefsion 

efficiency of pip. These resuits were not consistent with the previous corn study where 

the addition of MB impmveâ the ADG w0.01) and the FIG (PW.05) in pigs fiom 10 to 

20 kg bodyweigh. 

The grower phase h m  20 to 35 kg boctyweight had a decrease in the ADG 

(PW.05) for the pigs fd the MB+eayme diet campareci to the MB diet without enzyme. 

The FIG efticiency was 15.4% higher in the enzyme supplemented diet than the control 

MB diet (P>0.05). There was a sigdicant ciifference (P<0.05) between the ADG of pigs 

fiom 20 to 35 kg bodyweight fed the MB+aizyme diet or MBenzyme diet and those fed 

the corn diet. There was a differeace of 4.5% in the ADG (PW.05) between the pigs on 

the MB+eqme diet and those without enzyme supplernentati~n~ The grower pigs fed the 

MB diet without enzyme supplementation appeared to do better than those fed the MB 

diet with the enzymes, although not es good as the wrn or barley diets. The gross energy 

1eveIs of the MB diets were Iowa tban the bariey or corn diets. The pigs on the lower 

energy diets wodd have consumeci more feed to compensate for the lower energy density. 

However, the MB-enyme had a lower feed conversion (PX.05) than the corn or barley 

diet. This may suggest that because the animal is able to ubilize more of the starch in the 
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micronized diet, it has a Mer  DE value fiom its diet than is assumeci. This dws not 

explain why the pigs fèd enzymes had such a poor @ormance- 

The o d  @-ce (IO to 35 kg bodyweight) of the pigs fed the MBcnzyme 

diet had a hi* ADG -.OS), and lower ADFI @W.05) and F E  efficiency (P<0.05) 

tban the enzyme supplemented treatment. The -+enzyme diet had a significantly poorer 

ADG o . 0 1 )  than the corn diet. The overaîi feed cornersion was significantly higher 

(P4l.05) for the M B m e  dkt than the MB-enryme diet The MBaizyme diet had a 

slightly better F E  (PM.OS) than the barley m e n t ,  however, the barley treatment had a 

better ADG through the o v d  trial @?<O.OS). The overail performance of the pigs fed 

MB diets are not comparable to the performance in the previous corn study. This may be 

due to the lower energy levds féd in the MB diets in the grower phase- 



CHAPTER SIX 

EFFECT OF ENZYME SUPPLEMENTATION ON TEE PERFORMANCE OF 

BROILERS FED CORN, WHEAT, BARLEY OR MICIRONIZED DEHULLED 

BGRLEY DIETS 
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ABSTRACI:. This study was conductecl to study the effkcts of enzyme preparations on 

the paformance and carcass characteristics of bioilers fed corn, wheat, barley or 

miaoaiEed d W e d  Mey (MB) diets. The b d e y  used in this expaUnent was 

bedfbrd bariey. A-e 1500 wu used in the corn diet, A-e 1300 in the wheat diet 

and Aviyme 1100 in the bulled barley and MB diets. Niaeeen hundred and twenty 

broüas were fêci a diet composeâ of atha mm, wheat, b d e y  or MB with or without 

eayme s u p p l e m d o n  The bmilers fZd the MB dias had a lowa ADG (P<0.05) and 

lower ADFI (P<0.05) than the broüers fed the other treatmeut diets. There was no 

ciifference in the o v d  FIG &ciency of any of the treatments. There was a grain*eazyme 

interaction (P<0.05) ôetween the two wheat diets with the birds fed the wheat+enyme 

diet having a FIG &ciency that was 2.8% higher than those fed the wheat-enqme- There 

was an interaction between the two bariey diets. The birds fd the bartey+enyme diet had 

an improved feed efficiency of 3.5% compand with those fd the bariey-enzyme diet. 

There was a signifiant paiod*grain intefaction 0 . 0 5 )  for ADG with the broilers on the 

barley diets perfiormiLlg Mer  in the grower phase than the starter phase. The birds fed the 

wheat diets showed a grain *peziod interaction (P~0.05)for faed efficiency with the birds 

doing better in the starter phase than the grower phase. The broilers f d  enzymes showed 

an eqme*period intaaction with the feed efficiencies of those biirds f d  the enzyme diets 

(PO.05) in the grower phase doing better than in the starter phase compared to those fed 

the unsupplemented diets. A grain8eozyme *period intefaction ('W0.05) occurred with 

the broilas fed the wheat+enzyme diet having a bigher féed efiïciency in the grower phase 

than those fed the wheatenzyme diet. The birds fed the hded barley or MB diets had 
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higher Mscosity levds than those b i  féd the wm or wheat diets (p<O.Ol).The birds féd 

the Med barley diets had Iowa digests VuCoSay leveis than those fed the MB diets 

p0.01). The addition of aiym to the MB did caused a decrease in the digesta 

(jHl.05) by 49.1%. These d t s  indicaîe that the inclusion of MB broiler 

diets wiii decrrase the p a f o r ~ ~ ~ c e  of the V i s .  The addition of enzymes to MB diets for 

broiiers did not appear to inmase the avaüability of the nutrients, and resulted in poorer 

pafocma~lce of the broiiezs compared with otha grain sourcesces 

INTRODUCTION 

C d  graiiis are major energy contributors in livestock diets. The amount of 

energy that is avaiiable to the animal fiom the cereai is influenced by the fibre content and 

the amount and type of ce1 wd polysaccharides. Moced-linked p-glucars are the 

predomuiant non-starch polysaccharides in barley. This carbohydnte creates a viscous 

environment in the intestmel tract of a broüer, and r e d t s  in a reduced nutrient utilkation. 

Hulless barley appears more hamfbi than hulied barley (Classen et al. 1985). Its poorer 

nutritive value may be related to its high content of water-soluble f3-glucans (Newman and 

Newm~, 1987) and high viscosities compareci wiîh hded barley (Rotter et aL 1989). 

The anti-nufntive propaties of barley can be overcome by the addition of p- 

giucanase enzymes in the diet @esselman and ibnan, 1986). The objective of this study 

was to determine ifa fl-giucanase aryw would improve the nutritive value of micronized 

dehuileci ôariey for broilers. 



MATERIALS AND METBODS 

Cornplex ment di- wae féd to bi ler  chicks km one day of age to 40 days. 

Dietaq treatments di&rrd by the grain type use& and each grain was fèd with or without 

enzyme aipplementation (Table 33.34). The grains used were corn, wheat, hulled bariey 

and micronized dehuiied barley @dB). The féed was fkd in a cnimbled form and avdable 

ad libitum from self fadas. Ail diets were f o d a t e d  to be isomtrogenous and 

isoenergenic in texms of metabolizable energy w). Diets containhg 23% crude protein 

(CP) were fed for 20 days and dias containhg 2W CP were fed for the Iast 20 days. 

Water was available firee-choice for di birds. Al1 diets met or exceeded the nutrient 

requirements of the NAS-NRC (1994) for pouItry- 

One thousand nine hmdred and twenty day-old commercial male broder chicks 

were randomly assigneci to àght dietary treatments Fable 33,34). Sixty birds were 

randomly assigneci to one of thirty-two pens, with four pens per treatment. 

Data Collection 

Viscosity meaSuTements w a e  taken at 20 days of age on five randomly selected 

birds per pea The contents of the duodenurn of each selected bird was coilected and 

centrifuged. The supematant was pipetecl OR and the viscosity measurement was taken 

twice for each sample using a BrookGeld digitai plate viscorneter (Mode1 DV-II) 
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TabIe 33. FomPlr uid e i s  for the s C u t v  die& of bmiiers fcd corn, wheat, bar@ 

Whcat 

Corn 

M i M B l y  

Barley 

Meat Meai 

Iodized Salt 

Calcium 

Phospahte 

PremixL 

Cauoia Oil 

Lysine 

Methionine 

Elizyma 

3r without enzyme 

Phosphorus(?4) 1 1 1 
LPremix provides per kg ofcanplctc fcrd: 5 h g  mandesganese, 27mg zinc, 8Omg iron, ûOmg copper, lmg iodine, 
. lmg selepirim, 12400iu vitamaiA, 27OOiu vitaminD3,20mg v i t a d ,  3.2Smg thiamine, 4Smg n'boflaviu, 14mg 
niacin, 9mg d h  pantothaietc, 3 15mg choline, 2mg pyrodoxine, 1 . h g  folk acid, 150mcg biotin, 1 5mcg 
vitamin B 12- 
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Table 34. FocmuL ind andpis for the grmr die& of b r o h  f d  corn, wheat, bariey, 

Chemicai Adysis (as féd basis) 

'Ranix provides per kg of compktt fced: 50mg man-, 27mg zinc, 80mg üon, 80mg copper, lmg iodine, 
. h g  d e n h ,  12400iuvitamm4 2700iu vitwninn3,20mg vitluninE, 3.25mg thiamine, 4Smg riiflavin, 14mg 
niacin, 9mg calcium pantothniatt, 3 15mg choline, 2mg pyrodoxine, 1.2mg foiic a d ,  LSûmcg biotin, 15mcg 
vitamin 812. 
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(Veldman and Vau 1994). &dom dection of birds for carcass evaluation o c m e d  at 

40 days of age. Fourteen k d s  per m e n t  were selechd for the carcass evduation 

Feed sampies were wund in a Tecator cyclotec 1093 sample mül (Hoganas, 

Sweden). Samples were dned in a comrection oven at lOS0C for 24 hours to determine 

dry matter content. Dry matta, aude protein, calcium and phosphorus were determineci 

according to the Assoaation of M c i a i  Analytical Chemist (AOAC, 1990). Gross energy 

was detennined by using an adiabatic oxygen bomb dorimeter (Parr, modei 1241). 

Average daüy gain, average daüy feed intake, and feed efficiency were analyzed by 

analysis of variance ushg General Linear Modeling (GLM) in the Statistical Analysis 

System (SAS Lastitute Inc., 1988). This experiment was a completely randomized design, 

with a 4 x 2 factorial arrangement of treatments in which a<iimals were randomly assigned 

to one of the four grains, aud with or without eazyme supplementation This was further 

split by period. 

Themode l~sedwasY~=p+g i+q+gz i j+p+p~+pzj~+pgz i~+e i ju ,  where 

YiM = the average daiîy feed ktake, average daily gain, and feed efficiency per stage of 

each Pen on the jlL enzyme within the i& grain within the k* period, p = the overail mean, 

gi = the effect of the ia grain, 3 = the &kct of the j* enzyme, g q  = the e f f i  of the 

interaction of the gb grah and the enzyme, pt = the effect of the k& period, pgii, = the 
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&ect of the interaction ofthc ga grain and the kh period, p a  = the interaction of the k~ 

period end the P enzyme, p m  = the effkct of the intetaction of the ia grain and the d" 

enyme and the Ppaid, qf the d o m  m r .  

DBèmces b a n  mems were compared usulg the Sadent-Neuman-Kds 

(SNK) method at a siemficance levd of M.05 (Steel and Torrie). 

RESULTS AND DE3CUSSION 

ovMn Pertormance (Tabk 36) 

The broilers fed the MB diets had a lower ADG @<O.OS) ad ADFI (?<O.OS) than the 

broüers féd the corn, wheat or bariey diets. This may be due to the increased viscosity that 

occurs due to the gelatinized starches produced by micronization. There were no 

Herences in the overall feed &ciencies (WG) of any of the grah diets (Bû.05). There 

were no significant enzyme effécts m.05) in the overall penormance of the broilers. 

There was a si@& @*enzyme i n t d o n  betweec. &h w!xat+enqme and wheat- 

enzyme dietq and ais0 the MB-enzyme and MB+enzyme diets (P<0.05). The feed 

efficiency of the MB+aLzyme diet was 3.5% lower than the MBenzyme diet. The broilers 

fed the wheat+enzyme diet had a FIG ef16:ciency that was 2.8% higher than the wheat- 

eqme diet. The other di- corn and bariey, with enzyme supplementation had slightly 

higher FIG wmpared to the reciprocetiag diet without enzyme supplementation The 

broilers fed the wheat-enyme, corn-enzyme or bariey-enzyme diets had higher ADG of 
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4.8.4.5 aud 3.6% respectiVely @Wl.05), compared to those fed the MB-enzyme diet. The 

broilers téd MB-enzyme had a 3.5% decrease in the ADG compared to those fed the 

barlgf-enzyme diet. This U simiiac to the 3.3% Merence of the overali grain e f f i  with 

the ADG between the broilers fid MB or badey dietsets 

There was a sieaificant paiod*grah intedon for ADG (P<0.05) with the 

broüers on the barley diets pe&orming relatively better in the grower phase than in the 

starter phase. There was a sigmficaid grain*paiod interaction (puO.05) for F/G with the 

performance of those birds fd the wheat diets in the pwer  period being poorer than in 

the starter phase. Thae was an eayme*paiod interaction (P<O.OS), with the broilers fed 

enzymes doing better in the grower phase than in the starter phase compared to those 

broïiers fed the non-supplemented diets. A g*iin*enzyme*period interaction @'<O.OS) 

occurs with the broilns fed the wheat-tenqme diet having a higher feed efficiency (FG) 

in the grower phase than those féd the wheat-enzyme diet. This is very diffèrent than the 

performance of these bders in the starter phase. The broiiers fd the barley+eqe diet 

in the gmwer phase have different F E  conversion &ciencies than the broilers fed the 

barley-enyme diet The pafommce of the birds on the enzyme diet do not have the same 

response to the enzyme that t h y  did in the starter phase. Ln the starter phase, the addition 

of enzyme to the barley diet improved the FIG cornremion efficieniy by 4.7%. The low 

productive value of unwipplemented batley when fed to broder chickens has been 

attriiuted to b-giucaus which causes kgMy viscous conditions in the srnd intestine aud 



Table 36. The periormance of broilen as affected by the feeding of corn, wheat, bariey and 
mirroniztd dehulled bariey (MB) with and without enzyme rupplementation. (Vdw 8m bmem~ t 
SEM for dèct a ptrbd htsncth) 

1-20 dayi Start wt (g) Finish wt (g) F/O SEM8 Sie 

a for pcriod inkrrccion ** - Etatistically s i ~ ~ c a d  ai PcO.05; NS = non signincant at PAl.05 



Table 36 (continueù). The prionname of brolers as affixteà by the fctding of corn, wheat, barley and 
microniaed dehuiid bailey (MB) with and without enzyme supplementation. (vdw in hwiu + SEM 
Ibr cllsct * perlod lateradion) 

(20-40 &YS) Start wt (g) Finish wï (g) 

Onin 

Cam 714,8 2381.8 

Wbut 712,2 2361.3 

Biuby 631.8 2361.3 

MB 631.3 2274.6 

Eatyms 

widhEnz 680.7 2353.6 

w/out Enz 674.4 2335,8 

onin*Eaz 

Comt 7 17.3 2392,8 

Com- 712.3 2370,7 

whmlt 709.0 2364.2 

Wiwi- 715.3 2358,3 

Bulay + 67 1.4 23753 

 la^ - 632.3 2347,O 

MB t 625, 1 2282,O 

MB - 637.5 2267.2 

ADG (g) SEM1 Sigl FI0 SEM1 Sip 
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interferes with the d e n i  absorption (Bwett, 1966). The F/G &ciency of the broilen 

fd MB+enyme diet is 3.4% Iowa in the starter phase and 4.0% lower in the grower 

phase c o m p d  with the broilers fèd the MBlenyme diet. Brenes et aL (1993) reporteci a 

matked improvernent (PX.05) in fced collsumption, wagM gain and fad cornersion in 

birds ftd barley-based diets with enzymes. Them were no paiod inîeractions in the ADFI 

for a q  ofthe &écts @?W.OS). 

Carcws Evrluation 

A significaut difference (Pe0.05) was seen in the liveweight analysis of the broilers, 

with the hded b d e y  di& and the MB-enzyme diet having lower keweights than the 

wheat treatments Fable 37). The birds féd the MB+enzyme diet were 3.7% heavier than 

those fed the MB diet *out etlzyme supplementation @>O.OS). There was also a 

decrease of 4-4% in the dress weight of the birds fed the MB-enzyme compared to those 

fed the MB+eazyme diet. There was a significant decrease in the dress weight @<O.OS) of 

birds fed the barl-e or the MB-enyme diets compared with the broilers fed the 

wheat+enyme diet. The lower dress weight is expected on the broilers fed the MB- 

enzyme diet since those broüers had poorer ADG throughout the study. The breast weight 

for the biids fed the MB+enzyme diet was 6.Vh higher than those fed the MB-enzyme 

diet (PMl.05). 



Table 37. Carcass evaluation of broilers fed wheat, barley or micronized barley with and without Enzyme 
supplementa tion. 
Treaûnent Wheat 

Enzyme +Enz -Enz % 
b 

Livewt (g) 2725 2657 2.6% 

~resswt (g) 1905' 1869.5* 1.9% 

Abdominal Fat (g) 66.7 62,6 6.6% 

C01d wt (g) 1825 1937 -58% 

~~ ~ 3 ( g )  44 1.6 434.9 1.5% 

Dressing (%) 69.9 70.3 -0.6% 

Cold Dressing (%) 67.4 72.9 -7.5% 

1 - Nurnber of birds per treatment = 14 
2 - ** - staridcd significance at ~ 4 . 0 5 :  NS = non significant al @.O5 
3 - Breast wt = weight of &bond breast filet 
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vùcosity M a s ~ ~ ~ m e n b  

The r d t s  of the viscos@ measurements (Table 38) show there was a Merence 

in the viscosities of the digesta of the birds féd the various diets (P41.01). The digesta 

âom broilers fixi the huiîed bariey and the MB diets had higher viscosity lewls than those 

fd the mm or wheat diets. Barky &glucans inmase the digesta viscusity and thereby 

decrease the absoqtïon of nitrogen and carôohydrate @asseiman and Aman, 1986). The 

birds féd the hineci barley-enyme diet had lowa digesta viscosity levels than those fed 

the MB dias. The viscosity of the M B  diet without enzymes is very hi& which may be 

explaineci by the changes the starches undergo duriag starch gehthhtion. The viscosity 

of the digesta of the birds féd the MB+enyme remains higher than those fed the barley 

diet without enzyme. This would expiain the poorer performance of the birds on the MB 

diets. It appears the mechanical dehuning and m e r  processing by micronization 

inmeases the fl-glucan content, and therefore the digesta viscosity. This high viscosity 

product becornes pooriy absorbeci in the gastrointestinal tract, and the poor performance 

of the birds reflects this inability to utüue the diet. 



Table 38. Digcsta visconity muwnments of bmüen ted corn, wbcat, barley and micronared debulied badty with and without 

Grain Corn Wheat Barlev Micronized Bdev SEM' Sin2 

Treatment + Enz - Enz + Enz -Enz + Enz -Enz + Enz -Enz 



CaAPTER SEVEN 

GENERAII DISCUSSION 

The aim of micronkation is to maite the cenal grains more availabIe for 

brealrdown by the digestive enzymes ofthe animai Starch gdatmUaton is believed to be a 

key part in cimgkg the shucture ofthe starch granule to a fom that is more susceptiile 

to enzyme attack Barky contains appmximate1y 65% starch mercier, 1971) with 22% of 

the starch behg amylose (Greenwood, 1970). Greaiwood (1970) suggested that the 

geiatinhtion temperature range for barky shouid be between 59 and 640 C. Mercier 

(1971) studied the effkc-ts of various processing treatments on barIey and suggested fkom 

in vitro studies that micronization is a more efficient method than steam-flaking for 

irnproving starch availab'rlity. 

The data ftom the in vivo starch digestiiility shidy suggests that the starch of the 

micronized pearled barley is h o s t  100 percent digested in the smail intestine of the pig. 

This was 13% greater than the digestiiility obtained &th the non-microaized product. 

This information indicates the micronization process defiiiitely makes the starches more 

available to the animal. With this improvement in digdbiiiiy, the digestible energy (DE) 

content of the micronized grain shouid be hi* than that of the unprocessed grain. 

Lawrence (1973a) reported an increase in the DE contents of micronized maize and barley 

over the non-processeci grains. The apparent ileal and total tract digestiii of most of 

the amino acids were not affected by rnicronization of the pearled barley. The decrease in 

the apparent total tract digesti'biiity of methionine in pigs fed the MB diet may suggest that 
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the dde-bonds may be fbrming indigestiible complexes through the micronization 

process. This d a ~ a s e  in methionine avaüabüity may cause problems in achieving 

maximum growth p o t e  as amho acid imbalances may d t  ia the pig. 

The substitution of MB fw wheat and corn in the starter phase improvd the f d  

comnnion &ciencies. The ADFI in these studies were reduced ôy these substitutions 

while ADG was not afkcted. The nsults of the corn study fiom 20 to 37 kg bodyweight 

were not the same as the rewihs to 37 kg in the wheat shidy. The poorer performance of 

the pigs féd MB compared to those fd corn in the corn cornparison study may be related 

to the lower methionire digestibWy in the MB. Corn bas a high methionine digestiiility, 

and it may be possible that the pigs on the MB treatments had an amino acid Unbalance 

which affécted @ormance. The use of MB M e a d  of corn in the starter stage up to 20 

k g  resulted in improved ADFI and feed conversions. The addition of 50% micronized 

dehded barley is more cost effecfive when used in the starter stage compared to the use 

of diets contahg aîi corn or wheat. 

The barrows consistently had higher ADG's than the gilts in both these studies. In 

both trials, the barrows had fkd conversions tbat impnwed as more MB was introduced 

to the diet. The inclusion of 50% MB or more appeared to improve the feed conversions 

in the finisher stage (40 kg to 105 kg bodyweight) in the corn study, and the grower stage 

(40 kg to 70 kg bodyweight) in the wheat study. The fiaisbers in the wheat study were aii 

fed the same controt diet, so it is not possible to see the effècts of added MB in those 

fiaisher pigs. These resuIts suggest that the addition of MB in barrows may improve their 

utilkation of feed. 



112 

The add'on of enzymes to the MB diet improved the ADG, but not the ADFI 

w m p d  to the MB-enqme tregfmmt in the starter phase of the pig enzyme study. This 

reSuIfed in an miproved fied comersion Bath of the MB tnatments did not perfom as 

w d  as the corn or the hulled barky treatmeats. These resuIts are not consistent with the 

previous tom shidy where the addition ofMB improved ADG and the FIG in the starter 

phase bom 10 to 20 kg body weight. Even the addition of a f3-giucanase emyw did not 

signincantiy impmve the ADG or FIG over that of the corn control. The addition of 

enzyme to the MB diet in the gmwer phase actudy decraised the ADG and decreased the 

FIG. Thae were differences in the gros energy l d s  of the treatment diets, with the 

barley and corn grower diets being much higher than the MB diets. This may explain the 

difkences which were seen in the perfofmatlce of the pigs fed the MB diets. It is possible 

that the micronized dehded barley used in the diets was over-heated or micronwd at a 

lower moisture content. This may decrease the amount of starch gelatinization that wouid 

have occutred, and subsequently decreased the availability of the starches to the animal's 

digestive enzymes. It is possible that a Maillard reaction may have occureci with lysine 

and starch forming unavaiiable complexes. This may also explain the poorer performances 

of the pigs fed the MB diets. 

The addition of MB into broder feeds reduced the performance of the birds. The 

addition of B-giucmase did not improve the perfomce (ADG, ADFI) of the birds fed 

the MB diet cornpanxi to those fed no enzymee The broilers féd the MB+enqme diet did 

have an improved feed efnciency compared with the birds féd the MBzatyme diet. The 

peflomce of broüers (ADG, ADFI) fed either MB diet was poorer than those birds fed 
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the other grain âiets. This obsavation couid be due to the high digesta viscosity values 

with the MB diets without enzyme suppiemeatation The bird is unable to digest water 

soluble non-starch p o 1 ~ d e s  which couid hsve been inaeased by the micronkation 

process. 

The comparkon of the bi ler  study to the pig studies indicates that viscosïty and 

enzyme-supplementation are not as important to the w-ed pig. The young pig ha3 better 

abilities to digest the viscous product than the yomg broüer. The addition of e~lzymes to 

the MB diets fed to the young pigs did not sigpificantly improve their growth or feed 

uiiijzation. 



SIJMMARY AND CONCLUSIONS 

An ileai aud total tract digesbtbüity study was conducted to detemMe the apparent 

amiw acid digesti ies and the starch digestiiility of micronized dehded bariey. Three 

pig féedmg studies were conducted to determine the nutritive and economic advantages of 

feedùg MB to pigs. A broiier study was conducted to determine the nutritive value ofMB 

for broilers, and the possible advantages of B-glucanase supplementation to the MI3 diets 

for broiiers. 

The improved feed intake and feed conversions of the pigs fed micronued dehuiied 

barley suggests the hog industry can bemfit &om its use in starter feeds. The high iieal 

starch digesti'bility of the micronized grain suggests it may be very beneficial in pre- 

weaned and eariy weaned pig diets. The decreased methionine digestibihty in the total 

tract may cause decreased or inconsistent growth pefiowmaace of pigs. This inconsistent 

growth, however, could be solved with the addition of synthetic methionine to the diet. 

The addition of eaymes to the MB pig diet did not improve performance, wbich 

suggests it does not increase the avaüability of the nutrients in the MB. The poorer 

perfomance of broilas féd MB, with or without eiuyme supplementation indicates that 

MB is not suitable for broiler production 

There are some areas of fûrther study tbat should be considered. The use of oat 

groats are commonp1ace in segregated early weaning diets, and it would be interesting to 

compare the mimnized dehulied barley with oat groats in the d y  wmed diet. The high 
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dige~b'bility of the micmnized d W e d  berley should produce an exceiiemt grain source for 

young pig diets. The replacement of lactose with miaonized dehuneci barley in young pig 

diets is another area that shed be studied in the future. The high digestiibüty of the 

micronized product may be a very good partial replacement for lactose as weii. The 

effkcts of micronization on methionine digesbïity shodd be fw&her studied to better 

understaud the causes ofthe demaseci digestiôility. 
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