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Ochratoxín A (O.q),

ABSTRACT

a mycotoxin produced by the Aspergí1lus or

Penícíllíum mold species, may develop on grain and feeds in storage. 0A

contamínation of feeds is common in Europe and western Canada and it ís

toxic to growing pígs. Consumptíon of 0A contamínated feeds by pígs can

result ín degeneratíve kidney changes descríbed as mycotoxic

nephropathy.

Molded feeds may reduce feed utilizatíon in domestic animals

índependent of mycotoxin contaminatíon. Therefore moldy mycotoxin-free

(MB) ¡artey-based starter pig diets were tested in the fírst experíment.

In the second and third experíment barley-based starter and grower píg

diets contamínated wíth mycelia contaíníng OA were evaluated. Mycelía

contaíning OA was used to símulate moldy OA contaminated barley. In the

last experíment the hypothesís of developing a tolerance towards 0A by

feeding increasíng concentrations of OA r.ras tested. The resídual

effects of MB and 0A were tested ín the first and thírd experíment,

respectively.

The ínclusíon of 502 MB in the díet decreased feed íntake (p<0.05).

Average daily gain was ímpaired (P<0.05) after the adminístration of.252

and 502 MB, but feed efficiency was not signíficantly impaíred. Amíno

acid digestibílities lrere decreased (pcO.05) wíth 502 MB ín the diet.

Adminístering 2.7 mg kg 1 OA in the diet resulted ín reduced (P<0.05)

feed intake. Average daily gaín was depressed after feeding 2.5 and 2.7
_f

mg kg ' dietary OA, but feed efficiency Í¡es not sígnificantly impaired.

Succeedíng a MB or 0A contaminated díet with a control díet resulted ín

a return to normal performance.

Serum creatinine and serum total proteín, indicators of kidney
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impaírment, were increased (p<0.05) after the admínístratíon of 0.5 mg

_1
kg ' OA in the diet, but levels returned to normal values after the

experíment.al díets had been replaced by control diets. Serum paramet.ers

indicatíng extrarenal damage were changed after the admínistration of

2.5 or 2,7 mg tg-1 ol, ín the diet. These were íncreased serum globulín

(P<0.05) and serum calcium (P<0.05) concentrations, d.ecreased serum

glucose (P<0.05) and y-glutamy1 transpeptídase activítíes (p<O.OS)

concentratíons.

Pigs did not adapt (p>0.05) to 2.5 mg tg-l Oe after they had been

conditioned wíth 0.5 mg tg-l On.

Based on the results of these experiments, less than 252 MB or 0.5
_1

mg kg ' OA ín the feed may be administered for a short period of time.

Addítíonal research is needed on the effect of FDM or mycelia contaíníng

OA on serum parameters, because, compared to other studies, more serum

parameters were affected.
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INTRODUCTION

Wet, lJarm storage harvest conditíons favor the growth of post-

harvest fungí such as the Peníci11ium and Aspergillus specíes.

Toxígenic fungal strains may evolve over tíme and consequently,

ochratoxín A (04), a secondary metabolíte toxic to monogastríc anímals,

may be produced. OA has been found on varíous grains and feeds in

Europe (Krogh 1978) and western Canada (Prior 1981) since its first

identíficatíon on naturally contamínated corn ín the Uníted States

(Shotwelt et aI. 1969). Clímatic conditíons ín parts of Manitoba are

favorable for mold productíon and 0A ís the most coÍnmon toxic

contaminant (Andrews et al. 1981). Levels as hígh as 27.0 ng tg-l Oe

have been observed ín feed samples in Saskatchewan (Scott et al. 1972),

but the normal range observed for OA is 0.01 mg tg-l On (Sinha et al.

1986) to 6.0 mg kg-l oa (nr,¿rews et al. 1981).

Feedíng an OA contamínated díet to market pigs results ín OA

residues in blood and tissues and may be a human health hazard (Petkova-

Bocharova and Castegnaro 1985). OA has been detected ín blood from

slaughter pigs in Poland (Golinski et al. 1984, 1985), Sweden (Hu1t et

al. 1984) , West-Germany (Bauer et al. 1984) and western Canada

(Marquardt et al. 1937). Its presence indícates that 0A conLamination

ín feed may be a problem. Therefore, research on the effect of 0A on

growing pígs was carried out at the Department of Anirnal Science,

University of Manítoba, Canada

In the Praíríe Provinces moldy graín contaminated with the

Penicilliurn and Aspergillus species ís usually not contamínated wíth

mycotoxíns (Sinha et al. 1986), but research data in this area were

limited. Therefore the effects of moldy mycotoxín-free barley were
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studied first. The maín objectíve \,ras to determíne íf the mycotoxin-

free mold had a detrimental effect on pig performance, crude proteín and

amíno acid digestíbí1ity. Another objectíve was to clarífy íf the mold

had any residual effects on pig performance.

Secondly, the effects of 0A contaminated barley-based diets on pígs

were tested. The hypothesis of developing a tolerance to 0A was tested

on pig performance, serum 0A and bíochemical blood parameters. Thus, ín

this part of the study, 1ow and hígh levels of OA v¡ere tested as rn¡ell- as

low level followed by hígh level feeding of OA. As ín the first part of

the study another goal \,¡as to determine íf 0A had any residual effects

on píg performance, serum OA and bíochemícal parameters.



1.

LITERATURE REVIEW

Field and storage toxins - bríef overvíew

Mycotoxíns are secondary metabolites of fílamentous fungí r¿hích are

detrímental to animals and man when ingested (Scott 1985a). Table 1

summarízes the toxíns of mâjor concern ín Canada.

In the fíeld, plant debrís, soil and infected crops form the growth

substrate for mold spores. The díspersion of spores takes place through

aír movement, ínsects or birds. During the floret stage or even up to

the soft dough stage grain kernels are receptive to germinatíon of

spores. Temperatures of 15-35oC and frequent raín fall are essential

for inducing fungal growth (seaman 1985, Hunter and Sutton 1985). t4íth

the predominance of toxígeníc mold strains mycotoxins may be produced.

Field mycotoxins once produced can persist during storage (Abrarnson and

Mil1s 1985).

Development of post-harvest fungi ís promoted by storíng grain at

hígh moisture and temperature or by development of moíst pockets ín the

grain bín through moísture leakage ínto the bín (Trenholm et al. 1985).

Prímary fungal metabolítes ínclude fatty acíds, fatty alcohols and CO2.

Fungal odors are caused by the fungal volatíIes 1-octen-3-o1, 1-octanol,

3-ocLanone and 3-methyl-1-butanol (Abramson et a1. 1980, 1983).

Toxígenic fungal strains may produce secondary metabolites, mycotoxíns,

such as aflatoxíns, sterigmatocystin or ochratoxins (Abramson and Mílls

1985). tr'igure 1 summarizes the steps to mycotoxín production ín

storage.

2. Ochratoxin

Ochratoxíns

and Penícílliun

A - Chemícal structure, occurrence and mode of action

are secondary metabolites of several fungal Aspergill-us

sp. or subspecies (ssp.). Ochratoxin A (OA), the mosL



Table 1. Field and storage toxins of major concern ín Canada

Fungí
Mycotoxíns

produced 0ccurrence

Field fungí
tr'usaríum

Storage fungi
Aspergí1lus

PeníciIlium

zearalenone

Tríchothecenes
deoxynivalenol
(lOll, vomitoxín)

T2 toxin

aflatoxins

sterigmatocystín

ochratoxin A

ochratoxin A

Corn and other graíns

I¡/inter wheat, corn

Graíns, hay

Peanuts, cottonseed
corn, hay, flaxseed

Wheat, barley

Barley, wheat
other grains,
forage, hay

Clavíceps ergot alkaloids Grains, grasses, weeds
more conmon on open-
pollinators like rye and
grasses, seldom on
self-pollinators like
wheat, barley, oats
except iri wet weather
at anthesis

From: Scott et al. (1985).



S PORT S

AIR

OTHIR GRAIIi

DOCKAGT

SUBSTRÁTt

I NOCULATEO

SUBSTRAIT

HTCHAJ{ I CAL

OA¡IAGT

¡ ¡rsEcTS

- DA},IAG[

- SPORE

vt cT0RS

I NOCULAT T D

SUESTRAIT

Fig

Fig. tb.

Ia

Hzo

(rn.c. )

wstqs-2

CondiËio
storage.

TATTY R-OH

IOXI G5N I C

5 TRAI NS

Fig.1

TIHE
(t)

Fig. Ic

IOXICINIC
FU!{GAL

PRI. OOHI NAÌiCt

'tox I N

rls of myco toxin produc tion ln pos t-harves t

HTAT

From: Abramson and Mills (r985)



6

toxic compound (Chu et aI. L972), is a dihydro-ísocoumarín derivatíve

línked through its 7-carboxygroup to L-$-phenylalaníne as depicted in

Figure 2a. It was first ísolated by South-Afrícan researchers from

cultures of Aspergíllus ochraceus Wilhelrn, (Van der Merwe et al. 1965),

a fungus that grov/s well under subtropical or tropícal condítions.

Penícíl1ium verrucosum var. cYclopium (\,{estling) Sarnson, Stolk and

Hadlok and Penicillíum vírídicatum tlestling have been identífíed since

as OA producers ín moderate clímates (Abramson et al. L982, Abramson and

Mi11s 1985, Abramson et al. 1985, Krogh 1978). Other Penicíllium and

Aspergíllus sp. or ssp. are also OA producers (Mills and Abramson 1982,

Scott 1985b, Chu 1974).

OA prevents proteín synthesís by competíng with phenylalaníne for

the phenylalanine-t-RNA synthetase (Roschenthaler et al. 1984). In an

ín-vívo study, Creppy et al. (1984) measured the percentage of protein

ínhibition ín mice liver and kidney. They observed that the kidney was

more susceptíble to proteín ínhíbitíon than the líver. Recent research

suggests the possíbílíty of tumor formation in liver and kidney by OA

metabol-ítes produced ín the liver (Kane et al. 1986).

Acíd hydrolysís of the amide bond between phenylalanine and the

dihydroísocoumarin moíety produces Ochratoxin ot (Oo), (Fígure Zb) a

nontoxic derívative. Feeding 1 rng Ou to day-old chícks produced no í11-

effects, however, feeding 0.2 mg OA to day-old chicks resulted ín a 902

death rate (Chu et al. 1972).

OA ís hydrolysed in the body although the site of detoxifícatíon

and the amount hydrolysed ís controversíal. Patterson et al. (1976)

suggested that OA was detoxífied ín the intestine before being absorbed.

In laboratory studies, homogenates of rat pancreas, duodenum and íleum
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hydrolysed OA, but Oct could not be detected in rat liver or kídney

homogenates (Suzuki et al. L977), Moroí et al. (fgAS) tested míce liver

homogenates for OA hydrolysatíon, but agaín no Ocr could be found.

Creppy et a1. (1934), however, hypothesízed that the liver might be a

síte of detoxification, because a smaller degree of protein inhibítion

had been measured in the liver of míce compared to that observed in the

kidney of mice. Moroí et aI. (fqgS) suggested that hydrolysís was

taking place ín the íntesLíne. Oq. and part of OA are mostly excreted

through feces (Suzuki et al. 1977, Patterson et al. L976).

3. Experíments with growing pigs

3.1 Performance

3.1.1 Admínistratíon of molds or moldy feed

Fungal proteins have been tested for nutritíve value in animal

feeds (Reade and Gregory 1975, Nielsen and Gregrory 1978). Fungi of the

Aspergillus, Fusarium and Tríchoderma species (=p. ) were incorporated

into a semí-synthetíc diet as the only source of proteín and were

compared to casein-based diets when fed to grower pígs (Smith et al.

1975). Apparent N-digestíbility and apparent net protein utíl-izatíon

(¡¡pU) of the fungal protein viere 27-5IZ and 15-302 Lower than the

caseín, respectíve1y. Fungal proteins vlere deficíent in the S-

containing amíno acids (AA), methionine and cystíne. The addítion of

methíoníne ímproved the NPU of the fungal protein, however, fungal

protein was still of lorver biological value than the casein. Santos and

Gomez (fgS:) observed that fungal protein supplemented with methionine

resulted ín a lower feed intake, but símilar performance to soybean meal

diets wíth pigs in the 15-90 kg liveweíght range. Forster et al. (1986)

substítuting half of the protein of a starter pig diet with the fungal
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mass of Chaetomíum cellulolvtícun Chahal and Hawksr,¡orth for a three week

períod did not report any adverse effects on performance.

I^Ihíle molds grol.rrì and prepared under controlled condítíons may be a

good source of protein, mold ínfested grains in uncontrolled conditíons

are of concern to the farmer, since the nutritíonal propertíes and toxic

potentíal of the graín ís undefined. Jones et al. (tqss) replaced

normal oats and/or wheat rvíth moldy oats and/or wheat containíng

Aspergíl1us, Penící11íum and other specíes in starter and

grower/finísher pig diets and tested feedíng va1ue, palatability and

dígestibility. fn general, palatabílíty was not decreased as could be

seen ín average daí1y feed consumption, average daily gaín (ADG) and

feed to gaín ratíos. As the moldy oats was íncorporated ínto the diets

at a 1ow level (25 or 367.), the authors concluded. that differences in

feedíng value rníght have been masked by the other ingredients of the

experimental diets. Lower bushel weíghts of the moldy oats corresponded

to hígher crude fibre values. In additíon the organic matter, crude

proteín, nítrogen-free extract (¡ifE) and gross energy dígestibilíty were

decreased.

3.I.2 Adninistratíon of ochratoxín A contaminated feed

Danísh research indicates that less than 0.2 mg tg-1 OA ín

naturally contaminated feed will not índuce adverse effects ín swíne

during the 20-50 kg growth period (Madsen et al. I982a). Madsen et al.

(1982a) restricted-fed market pígs when administeríng naturally OA

contamínated feed. In the 20-50 kg liveweight range, when feeding at

concentrations of 1.4 mg kg-l OA, the daíIy feed allowance had to be

reduced by up to 267" whereas the ad.minístration of 1.9 mg kg 1 OA in ,h"

50-90 kg 1íveweight range caused a reductíon of the daily feed allowance
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by only 42. Krogh et aI. (1974) díd not observe any change in daíly

feed íntake after feedíng 4.0 mg tg-1 oR from 20-90 kg. However, from

20-50 kg and 50-70 kg the daí1y feed intakes (feeding to scale) were 6-

202 and 2-r0z lower than the ones descríbed by Madsen et al. (tggza),

respectively.

In another experíment, an 0A contamínated diet (1.a mg kg-l Ol,) was

fed to starter pigs (20 kg líveweight) for six r¿eeks followed by a

toxin-free díet for the 35-70 kg liveweight range. Performance in thís

latter period was comparable to control values índícating that no

resídual- effect of the toxin v¡as present (Madsen et al. 1982a).

concentrations of 0.2,1.0 and 4.0 mg tg-1 oe ín feed administered

in the 20-90 kg range resulted in reduced weight gains and feed

conversíon. The adverse effects were especially noticeable at the

híghest concentratíon (Krogh et a1. 1974). Madsen er aI. (1982a)

studíed the ínfluence of oA during the early (zs-so kg) and later (50-90

kg) growth period. Exposures to 1.4 and 1.9 mg tg-i Oe ín the feed

during the 25-50 and 50-90 kg líveweíght range, respectívely, reduced

weíght gains.

Madsen et aI. (1982b) compared the potency of crystalline OA to OA

present ín naturally contaminated barley and found that performance \.ras

depressed to a greater degree by the naturally contaminated barley.

They suggested that fungal odors were partly responsíble for the reduced

feed intake and that other unknown factors were acting synergístically

wíth OA.

3.2 Ochratoxin A resídues in blood and tissues

OA residues in blood are posítively correlated to OA concentrations
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in tíssues and feed (Mortensen et aI. 1983). Both tíssue (Mortensen et

al. 1983) and feed (Hu1t et aI. 1980) concentratíons of OA have been

calculated from OA concentratíons ín blood. A plateau leve1 of 0A in

blood and tissues ís reached after havíng fed the same dietary OA

concentratíon for two to three weeks (Madsen et al. I982a, HuIt et a1.

Ig7g, Mortensen et al. 1983).

Most of the 0A present in blood is bound to albumin (Rutquíst et

al. 1978) and yet unídentifíed lov¡ molecular weíght plasma constituents.

The low molecular weíght species are able to pass the glomerular

membrane and accumulate in the kidney (Stojkovic et aI. 1984), where the

highest concentratíon of 0A ín tissues is found (Krogh et al. 1974,

1976, 1979, Madsen et aI. I982a, Mortensen et al. 1983). There ís no

agreement on the dístributíon of OA, in the other tissues. No adequate

explanation for the dífferences can be given, but one explanatíon míght

be the sarnplíng of muscle and fat from different parts of the carcass.

OA was detected ín decreasing order in muscle, líver, fat (Madsen et al.

I982a, Mortensen et al. 1983), liver, muscle, fat (Krogh et al. 1976,

1979) or liver, fat, muscle (Krogh et al. 1974).

Naturally contamínated barley when added to a standard diet caused

higher resídues in blood and tissues than crystalline OA (Madsen et al.

1982b). The authors suggested that other unknown factors in moldy

barley míght act synergistically wíth OA and therefore increase the

amount deposíted.

When a standard diet replaces an 0A contamínated díet, OA ís

elímínated at an exponential rate from blood and tissues. The half-1ife

was calculated to be six days for OA in blood (Mortensen et aI. i983)

and 3.3, 4.3,4.5 days for 0A in muscle, liver and kídney, respectívely



(Krogh et al. 1976)

et al. (1976).

I2

No half-life for OA ín fat was determined by Krogh

3.3 Bíochemical parameters in blood and uríne

Plasma, serum and urine samples have been tested for abnormal

levels of metabolites after the administratíon of OA ín the feed.

Increased t.otal plasma protein r¡¡as considered to be a sign of

dehydratíon (Szczech et al. 1973) as observed ín renal disease. Reduced

glomerular filtratíon rates were índicated by elevated creatinine (Krogh

et al. 7974, L979, Tapía and Seawright 1984) and blood urea nítrogen

(gUm) levels (Szczech et al. 1973). Both creatiníne and BUN are

normally fíltered by the glomerulus and excreted through the uríne

(Co1es lg74). Glutamic oxaloacetic transamínase (COf) was the onÌy

enz)¡me to show increased activitíes in the serum after the íngestion of

very hígh OA concentrations (Szczech eL al. 1973). Since GOT ís present

ín many tissues, it is an indícator of hepatíc and muscular cel1 damage

only in conjunction wíth other enz1¡mes (Kramer 1980).

Renal damage was confirmed through the presence of protein and

glucose ín the uríne (Krogh et a1. 1974, 1979, Szczech et al. L973,

Zímmermann et al. 1979, Tapia and Seawríght 1984). An íncrease ín

albumín and proteíns with simílar molecular weight in the urine

suggested a higher permeability of the glomerulus to macromolecules

(Krogh et al. 1974). Zimmermann et a1. (tglg) also found blood in the

uríne resulting from leakage of hemoglobin or myoglobin through the

glomerulí or from extravasatíon of red blood cells ínto the urogenital

tract (Fínco 1980). Increased activities of leucine amínopeptídase

(LAP), (Krogh et aI. L974), lactate dehydrogenase (LDH), isocítrate

dehydrogenase (ICDH) and GOT (Szczech et al. 1973, Zímmermann et al.
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1979) in the uríne ímplied kídney damage, because all of these enzymes

were considered to be of renal orígin.

3.4 Nephrotoxicity

Mycotoxic porcine nephropathy is caused by chronic exposure to

diets containíng less than 10 mg kg 1 On (nffing 1977, Krogh 1980).

Extrarenal effects, such as a fatty infiltratíon of the líver,

enterítís, necrosís of the lymphoíd tissue and leucocytosís have been

observed at hígher concentratíons of OA (Szczech et al. L973) whích are

rarely found ín naturally contaminated feed.

3,4.I Renal functíon

Polydipsia and polyuria are visible clínícal symptoms of mycotoxíc

nephropathy. fn a water deprívation test, a standard test for measuring

kidney function, the observed low specific gravíty of the uríne will not

íncrease suggesting that pígs lost the abilíty to concentrate urine.

Reduced glomerular fíltration rates and tubular absorption were

indícated by a reduced para-aminohíppuríc acíd (pAtt) and ínulín (ar*)

clearance. Decreased maxímal tubular excretíon (fmr*) and a lower

ratío of Tmr*/Cr* occurred which are signs of reduced kidney transport

capacíty (Krogh et al. L974).

3.4.2 Renal structures

Gross pathologícal changes produced by OA included enlarged kídneys

pale in color (Elling and Moller 1973, E1ling 1977). Mícroscopícal

lesions are confined to the cortex. fn the proximal tubules a reduction

in height of the brush border and desquamatíon of the epithelial ce1ls

are followed by tubular atrophy coupled wíth a thíckeníng of the

basement membrane. Addítional- changes ín advanced cases include focal

ínterstítíal fíbrosís, degeneratíve changes of the glomeruli and cysts
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glomeruli and cysts containing dilated lymphatícs (ulting rg77).

Adninistering 0.2 mg kg 1 OA in feed ín the 20-90 kg liveweíght range

produced microscopical changes ín four out of níne pígs without any

gross pathologícaI changes (Krogh et al. 1974). After two weeks of

exposure to 1.4 mg kg-l O¡, in feed, four out of ten starter pigs

exhíbíted clinícal changes whereas only one aníma1 showed hístological

damage. The impaírment progressed wíth the length of exposure and all

the anímals displayed sígns of mycotoxíc nephropathy after síx weeks

(etting 1983). Elling (fg8:) also found that renal lesions v/ere more

advanced in younger pígs and were not reversíble when a toxin-free diet

succeeded the experímental díet (2.3 *g tg-l OA in the feed) for the 70-

90 kg líveweight growth phase

4. Prevention and treatment of moldy grain

4.L Preventíon - use of mold inhíbítors

Research has been directed towards the use of preservatíves as mold

inhibítors for hígh moisture grain. Propioníc acid and ammonia rvhen

added at a concentration of 1 and 27" respectíveIy, to yellow corn

reduced mold growth wíth propíoníc acid beíng more efficíent at

preventíng toxin productíon (Vandegraft et al. 1975). A N-oxine ether

had the same or superior mold ínhibitory properties as propioníc acíd,

but ít was heat labí1e whích would probably make it unsuítable for

pelleting (Burditt and Hamilton 1983).

In a yeast extract-sucrose (YES) medium at pH 4.4, potassíum

sorbate !/as most effícíent ín preventing mold growth and toxin

production, followed by sodíum propionate, nethyl paraben and sodium

bisulfite. At pH 5.5, methyl paraben and. potassíum sorbate prevented

mold growth and toxin production more efficiently than sodiun
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propíonate. Sodium bisulfíte was not suitable at the hígher pH range

(Tong and Draughon 1985).

Sorbíc acid added at 0.I7" to a hígh moisture sorghum díet or a

reconstitut.ed sorghum diet was effectíve in prevenlíng mold growth when

stored aerobically for seven days. No adverse effects of the sorbíc

acíd on pig performance were noted (Crenshaw et al. 1986).

The concentrations and effectíveness of preservatives are dependent

on the moisture content of the grain (Burdítt and Hamílton 1983).

Repeated applícations may be necessary to ínsure an efficient treatment

(Vandegraft et aI. 1975).

4.2 Treatment - detoxífication of Ochratoxín A contamínated barley

Three methods of detoxífication (ammoníation, heating and addition

of NaOH or autoclaving) lrere evaluated by Madsen et al. (fg8:) in

feedíng and residue studíes. Although all three methods reduced the

amounts of OA in the feed substantiallyr piB performance did not ímprove

as anticipated and tissue 0A residues were higher than expected. Since

extra soybean meal had been added to the autoclaved barley díets to

account for lost amino acids during the autoclaving process, the authors

concluded that OA metabolítes were responsíble for the lower

performance. They also reasoned that partial reconversion into OA must

take place under the acíd condítions of the pigts stomach in order to

explaín the persísting 0A residues in kidney and tissues.
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MANUSCRIPT I: EFFECT OF MOLDY }fYCOTOXIN-FREE BARLEY ON YOUNG

GROIÁIING PIGS
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ABSTRACT

Píg performance, crude protein and amíno acid (AA) digestíbi1itíes

were studíed for 28 days (part 1) when 25 or 502 standard barley of a

starter píg diet was replaced by 25 or 507 mycotoxín-free moldy barley

(U¡). Performance rias also recorded when a control grower píg díet was

fed to each treatment group in part 2. Increasing the concentration of

MB ín the díet decreased feed consumptíon (p<O.OS) and gaín (P<0.05),

but not feed effícíency. The crude protein dígestíbility was not

affected ( p>O . OS ) , but a hígher concentratíon of MB ín the díet

decreased AA dígestibílítíes (P<0.05). In parL 2, growth returned to

normal when pigs were fed the mold-free gro!¡er diet. The evídence

índicated that increasing dietary concentratíons of MB resulted ín a

progressive impaírment of performance when fed to young pigs. This

impairment was reversible.

Key words: Growing pígs, moldy barley, performance, dígestíbílity
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INTRODUCTTON

Wet harvest conditions in the fall or duríng a spríng harvest,

favor growth of storage fungí. Such condítions are a problem ín western

Canada, especially in the Peace Ríver Valley in Alberta or ín the Red

River Region in Manitoba. Even wíthout the development of mycotoxins

the acceptabilíty and nutrítíonal value of the feed may be affected.

Sínce informatíon of moldy toxin-free graíns on píg performance is

limited, a study was initíated to determíne íf barley contaminat.ed wíth

Aspergillus ilavus Línk and PenícÍ11íum verrucosum var. cyclopíum

(Westling) Samson, Stolk and Hadlok, had a detrimental effect on píg

performance, crude protein and amíno acíd digestíbilities. A second

objectíve was to evaluate performance when a control diet had replaced

the experimental diets.

MATERIALS AND I"IETHODS

AnÍma1s and Diets

Thírty-six (90) pigs (Managra, York and Managra x York crosses)

were divided ínto two weíght groups (f0.t t 0.2 kg and 18.5 I 0.2 kg

starting weight tSD) and were allotted to síx pens wíth three barrows

and three gílts per pen. Each pen measured 2.6 x 2.9 m and no bedding

material r+as used on the concrete floors.

Control barley-soybean meal starter and grol¡er pig diets were

formulated to meet or exceed NRC (1979) requirements. Moldy Bedford

barley had been collected from a storage bin in Elkhorn, Manitoba ín the

spríng of 1985 and was found to be contaminated wíth the storage fungi

Aspergillus flavus Link and Pencí11íum verrucosum var. cyclopium

(Westling) Samson, Stolk and Hadlok. Experimental diets were mixed ín a

vertícaI Marion Míxer (Rapids Machinery Co., Marion, Iowa, USA) (Table
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Table 2. Startcr niÂ dlets and thefr performance in Part t of the exDerlhent

I dlets+

clean
Bedford barley

Holdy
Bedford barley

0z tß+
Tt

252 ß
T2

502 lfB
Tj

Proximate analysls (Z)

Dry matÈer

Ash

Crude proteln
Crude Fa t
Acld detergent ffbre (ADF)

Chromlc oxlde

Anfno acld analysis (Z)

Lys lne

Methlonine

Cys tlne
Th reonine

Pe r forma nc e

Average dally feed
consumptton/pen (kg)

^verage 
datly gafn (kg)

Feed:galn raÈ[o

Dfges tfb lll ty (Z) 5

l,ys lne

Hethlonfne

Cys È1ne

Threonlne

88. 5

7A

ll.6
1.5

7.1

87 .9

2.8

t4,5
1.0

9.4

88 .8

5.9

15.8

1.5

6.7

0.¿

0 .82

0.10

0. 34

0 .60

8,6 3a

0 ,59a

2.44

46 .6ab

)4. /ab

17.3a

5 l. lab

88 .6

6.1

i7.t
1.5

7.3

0.3

0 .84

.o,34
0 .38

o.62

7,27ab

0.43b

3 .01

52.8a

56,7a

76 .0a

56 .6a

88.6

6.0

18.3

1.4

1.9

0.4

0.79

0.34

0.38

0.61

5.33b

0.28c

l.6t

4I 7b

45.4b

69.9b

48.2b

0.21

o.02

0. t6

2.7

2.6

L.2

2.1

0.43

0.28

0. 3t

0.36

0 .40

o.27

0.10

0 .45

tconposLtlon oi starter diet eas: 822 barley, l5l soybean neal (472), lZ dlcalcim phosPhate, lZ llmestone,
O.251 rrace nlnerallzed salt, 0,252 ædlcated vltantn and mlneral nlx and 0.52 chrmlc oxlde. Trâce mlnerallzcd
salt provided the follovlng nutrlenta per kg of diet: 2.4 g sodtun chloride, 0.25 ng iodlne, 0.1 mg cobalt,
4 mg lron, 0.83 ng copper, J oB Mnganese, l0 ng zlrc.

Mcdlcared vltanln and ulneral olr provfded the follætng nutrlents per kB of dlet: 22OO lU vftamln 
^, 

ll0 ltl
vftâmln D, t2 ug vitanin B¡¡-,123 eB zlrc oxtde (88.6 mg zlæ nln.), 2.5 g necadox.

+i/" llï = Percent moldy bartey of the dfeÈ; T - treatnent' SE = standard error.

Soverall crude proteln dlSesctbillÈy lsE = 61,82 ! 1.0,

a-c lleâns qfch dffferent letters wlthin â row dlffer slgnfflcântly by the Bonferronl mean seDaratlon tesr (P<0,05).
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2), The grower díet fed to all pigs in part 2, contaíned 83.02 barley,

14.52 soybean neaL (477. crude proteín), 0.752 dicalcíum phosphate, 1.02

límestone wíth 0.252 trace míneralized salt and 0.502 medícated vitamin

and míneral premix províding Lhe identical nutríent supplements to diets

ín part 1. The experímental starter pig díets were fed for 28 days and

the control grower díet was fed for 14 days. At the end of part 1 pígs

on 25 and 507 MB had not reached the appropriate weíghts for a grower

diet and therefore requíred an addítional 10 or 14 days on the control

starter díet, respectively. Chromíc oxide (0.52 of the experimental

díets) was used as a marker to determine apparent digestíbility

coefficients of crude protein and amino acids for part 1 of the study.

The pígs had access to the mash diets and water at all times. Feed

consumptíon per pen and índívídual weight gaíns were recorded on days 3

and 7 and weekly thereafter during part 1 of the study. Subsequently

(part 2) performance \¡Ias recorded twice. a week. Fecal samples were

collected from each pig on day 8 of the experíment (part 1 ) and

subsequently freeze-dríed to preserve the nutríents to be measured.

Chemical Analysis

Clean barley, moldy barley and the three experimental diets frorn

part 1 of the experiment were analysed for dry matter, ash, crude

protein, crude fat and acid detergent fibre (ADF) accordíng to standard

methods of the Association of Official Analytical Chemísts (1984).

Dietary and fecal proteíns were subjected to acid hydrolysís prior to

being determíned on a LKB 4151 ALPHA PLUS amíno acíd analyzer. A

hydrolysis on 100 mg of aír-dried diets or freeze-dried feces was

carried out in 4 mL of 6N HCl in test tubes with ground glass joints and

glass stopcocks. The aír was removed with the aíd of a vacuum pump and
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the sealed tubes r{iere heated ín an autoclaved for 16 hrs at 121'C.

Fo11owíng hydrolysis, the acíd was evaporated ín a Buchler Instrument

Evapo-Mix. The resídue was díssolved ín 10 mL of a sodíum (o.zl¡)

cítrate buffer (pH 2,2), fíltered through a l{hatman number 40 fí1ter

paper and stored f.rozen until analyzed. Before analysis the sample was

f íltered through a O .22 um nylon membrane f í1ter (t,tSI, Fisher

Scientífic) and 50 uL !/ere applíed to the column. Methíoníne and

cystíne were oxidized príor to hydrolysís accordíng to the nethod of

Hirs (7967). Chromíc oxide levels in feed and feces were determined by

the method of tlíIlíams et al. (tgîZ) on a an Instrumentatíon Laboratory

atomic absorption spectrophotometer model 551. The apparent

digestíbílities of crude protein and amino acíds viere calculated

accordíng to the formula of Maynard et al. (1979). Multitoxin analysís

whích included an analysis for aflatoxins, ochratoxín A, penicíllíc

acid, cítrínín, sterigmatocystin, patulín and zearalenone was done by

the methods of Wílson et al. (tgl0) and Joseffsson and Mo11er (L977).

Statistícal Analysis

A randomízed complete block desígn rias used with weight as the

blockíng varíable. About 507" of the animals selected for the experíment

were Managra pigs. York and Managra*York breed crosses r¡rere represented

by about 33 and I7Z, respectívely. The two breeds and the breed cross

r¡rere expected to perform símilarly. Sp1ít-p1ot analysís for repeated

measurements (Snedecor and Cochran 1980) was applíed to the índívidual

weight gains, feed íntakes per pen and the feed to gaín ratíos in part 1

of the experiment. A trend over tíme was explored if a signifícant

treatment x day (of the experiment) or a sex x day interactíon occurred.

Factorial analysis (Snedecor and Cochran 1980) was done on apparenL
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crude protein and amino acid digestíbí1íty (part 1), overall weíght

gain, overall feed íntake per pen and overall feed to gaín ratios (part

2). The ínítíal weight at. the start of the experíment as a covaríate

was also tested, but was found not to signifícantly contríbute to the

assumed models. When a significant F-test (P<0.05) of the maín effects

occurred, differences among means were tested usíng the Bonferroní mean

separatíon test (P<0.05) (Neter and Wasserman 1974). The data r,¡ere

analyzed by using the Statístical Analysis System (SAS Institute Inc.

iess ) .

RESULTS AND DISCUSSION

Although the MB had a higher crude protein content than the clean

barley, there was no proportional increase in the årnino acid (fu\)

cornposition of the MB [Tab1e 2 (f.or a complete list of fu\ see Table

A1)]. Hence, a hígher crude protein content of the diets containíng MB

resulted ín a AA composítion similar to the one of the control diet. A

hígher fíbre content of MB increased the fíbre content of the diets

accordingty (table 2).

Performance and digestíbilíty were affected by diets contaíníng MB

(tabte 2). Feed consumptíon and average daíly gaíns were reduced

(p<0.05) by 38 and 527" respectívely with 502 MB in the díet. Average

daily gain was also depressed (p<0.05) by the admínístratíon of the díet

contaíning 257" MB. A significant day (of experinent)*treatment (P<0.05)

and day*sex interaction (P<0.05) for average daíly gaín (ADG) were

explored by perforrning regression analyses of day on ADG for three

treatments and two sexes. The shape of the growth curves were found to

be different for each treatment. The growth curves for treatment l-

(t1), t2 and T3 were línear, quadratíc and cubic, respectívely (l'ig.
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Al). The growth curves for gilts and barrows \rrere both línear, but the

rate of gain for gílts was hígher until day seven of the experiment

(Figure A2). Feed effícíency was not sígnifícantly impaired (p>O.OS)

when moldy barley was íncluded in the díet. However, there \¡/as a

sígnífícant day*treatment (P<0.05) ínteractíon. A trend over Líme was

explored by evaluatíng means of feed to gain ratíos for the three

treatments on day three, seven, fourteen, twenty-one and twenty-eíght of

the experíment (Tigure A3). An ínfluence of MB on feed effíciency was

partícularly notíced on day three of the experíment and appeared to

occur throughout part 1 of the study.

The present fíndings are ín contrast to research from Jones et al.

(fgSS) who díd not observe any difference ín performance r,¡hen moldy oats

or wheat was íncorporated ín starter or gro!'¡er-fínisher diets. A hígher

crude fibre value and lower bushel weight of the moldy oats were signs

of lower qualíty and made ít less digestible. Lower bushel weights are

generally assocíated with lower dígestíble energy values and hence may

influence performance negatíveIy. Moldy oats I^Ias íncorporated at 257"

and. 362 of the díet from 18-50 kg and 50-90 kg liveweight, respectively.

The researchers concluded that performance lJas not affected due to 1or¡

levels of moldy oats in the starter and grower-finisher pig diets. MB

used in the present experiment also had a higher fíbre vaIue, but when

it was included at 25% of the diet and was fed to starter pigs in the

16-32 kg liveweight range, performance was depressed. It is not clear

\,Ihy 257" of moldy barley in the diet had an ínf luence on the

acceptabilíty of the feed and contrasts with the data of Jones et al.

(1955). One reason may be a different grade of moldíness in the two

trials. Heavíly molded feed will have more of a "moldy smell" caused by



the productíon of some prímary fungal met.abolítes (Abramson et. aI

1983) and may reduce the acceptability of the feed.

/u

r980,

No explanatíon can be gíven for the 1or,¡ crude proteín and amíno

acíd dígestibílíty from part 1 of the experíment (ta¡te Z) and the data

should be used for internal comparíson on1y. Sauer et al. (rg77)

reported 85.9, 77.5, 79.9, 88.7 and 8r.42 for the crude proteín, lysíne,

methíoníne, cystine and threoníne dígestíbílíty of barley, respectively.

The crude proteín digestíbi1íty was not affected by the treatments, but

the digestibilities of the four amino acíds lysine, methionine, cystine

and threoníne (Tabïe 2) decreased sígnífícantly (p<0.05) when 502 MB

instead of 252 MB Ìtas íncluded in the díet (for a complete líst of

digestíbilities see Table A2).

[,i'hen a control gror,Ier diet was fed for tv¡o weeks in part 2, normal

performance was seen. No signifícant dífference (p>0.05) between

treatments was found in feed consumptíon per pen and average daíly gain.

The overall means t standard errors for feed consumptíon per pen and

average daily gain were L2.96 t 0.16 and 0.83 t 0.02, respectively.

Heavier pígs consumed more (p<0.05) than lighter pigs. Least square

means tsE for the feed consumption per pen were 13.73 ! 0.23 kg and

12.18 t 0.23 kg, respectívely. Barror.¡s gaíned signifícantly more

(p<0.05) than gílts. A simílar trend had been observed. in the first

part of the experiment. The least sçluare means t SE of average daíly

gains for barrows and gilts were 0.90 t 0.03 kg and 0.77 t 0.03 kg,

respectively. A signíficant dífference between treatments (P<0.05) was

observed for feed to gain ratios, but due to a small sample size a

Bonferroni mean separatíon test was not able to show any differences.

Least square means t SE for T1, T2 and T3 were 2.65 t 0.03, 2.40 t 0.03



and 2.65 I 0.03, respectível_y. The feed conversions

study were better than indícated by NRC (Ig7g)

liveweight range.

The present results agree ¡*rith data

fed moldy feed for síx rveeks in the 20-35

feed ín the 35-70 kg Iíveweight range.

the latter part of that study.

25

in thís part of the

for the 35-60 kg

from Madsen et al. (tg8Za) w¡ro

kg 1íveweíght range and normal

Normal performance occurred in

rn summary, it can be said that mordy toxín-free feed can be

adminístered t.o weanling pigs for short períods of time, but wí11 result
in more days to market and probably poorer feed efficiency. In ord.er to

reduce or avoid these problems the following recommendations can be

given based on the results obtained ín thís experíment. Less than 252

MB símilar to the kínd used in thís study could be íncluded in a starter
píg díet for a short períod of time provided that inítialry, a row

dietary concentration of MB is fed. If no adverse effects on

performance are detected, more MB could be íncluded ín the diet.
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MANUSCRIPT II: EFFECT OF OCHRATOXIN A CONTAMINATED BARLEY-BASED
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ABSTRACT

The effect of ochratoxin A (04) contamínated diets was tested ín

two experíments wíth young growíng pigs. rn experíment 3 mycelía

contaíníng OA r+ere incorporated into starter mash diets to produce lor^¡

(lf) (0.5 ng tg-l Oe) or high (HT) (2.5 mg tg-l oe) concenrrarions. The

specífíc treatments (1-4) for two consecut.ive 2I-day periods were: 1-no

toxin (¡¡t), ¡¡r; 2-NT, HT; 3-LT, NT; 4-LT, HT. rn period 3 (Zt days) a

toxín-free barley-based gror.rer mash diet was fed to all pigs. tr'eed

consumption and feed to gain ratios r/¡ere not influenced (p>0.05) by

príor treatments. Average daily gain (ADG) was decreased signifícantly

(p<0.01) wíth the administration of the hígh OA concentration in períod

2. Serum OA levels varied dírectly with the OA levels in the feed. Two

serum parameters, serum total proteín and creatinine, were íncreased

sígníficantly (p<0.05) even after the administratíon of a low OA dose.

No adaptatíon from feedíng a 1ow OA leve1 and then a hígh OA leve1

(p>0.05) could be found in ADG or the two serum parameters. After the

adninístration of a control grower diet ADG, serum total protein and

creatinine approached control values. In summary, pígs fed a low OA

1eve1 followed by a hígh OA leve1 (treatment 4) performed no differently

than those fed only the hígh OA level (treatment 2). All pígs were able

to recover from the 0A levels fed during the early part of the growth

períod.

Key Words: Ochratoxin A, barley, young growíng pigs.
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]NTRODUCTION

Ochratoxín A (OA) is a díhydro-ísocoumarin derivative linked

through íts 7-carboxy group to L-S-phenylalaníne. ft ís a toxíc

secondary metabolíte of storage fungi such as the Aspergillus or

Penícíllium specíes (Cfru fgZ¿). Since its fírst detection on naturally

contamínated corn ín the United States (Shotr.¡ell et al. 1969) ít has

been found on graíns and feeds in Europe and r,¡estern Canada (Krogh

1e78 ) .

Madsen et al. (fgSZa) demonstrated that performance of market pigs

was depressed when OA concentrations ín the feed exceeded 0.2 *g kg-l.

OA has been detected ín blood from slaughter pigs in Poland (Golinski et

al. 1984, 1985), Sweden (ttutt et al. 1984), West-Germany, (Bauer et al.

1984) and western Canada (Marquardt et al. 1987 ) and a high correlatíon

has been found between feed, blood and tissue concentrations (Mortensen

et al. 1983).

The kidney is the organ most affected at exposure levels, below 5-
_1

10 mg kg ' OA in the feed (Krogh 1980) and the degenerative changes of

the proxímal tubules as well as the glomerulus are described as

mycotoxíc porcine nephropathy (n11ing I977). Extrarenal effects such as

a fatty infiltratíon of the liver, enteritis, necrosis of the lymphoid

tíssue and leucocytosís have been observed at higher concentrations

(Szczech et al. 1973) and are rarely attributed to naturally

contaminated feed.

This study was conducted ín order

effect of OA in barley-based díets on

parameters of young growing pígs.

to provide addítíonal data on the

performance, uríne and bíochemical

Parameters índícating kidney

blood urea nítrogen and serumímpairment such as serum total- protein,
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creat.inine were of partícu1ar interest.

The fungal contamínatíon of naturally 0A contaminated feed was

símulated by adding myeelia containing OA to a standard pig diet. Thís

mycotoxín source was evaluated in an ínítía1 experíment (experíment 2)

and was subsequently used in experíment 3.

Compared to other published research data, starter pígs wíth a

lower ínitial weight were used ín experiment 3. The possible adaptatíon

to 0A was studied by ínitía11y feeding a low dietary concentration of OA

followed by a high dietary concentratíon of OA. The low or high toxín

diets were also tested separately. Subsequent to the toxin-feeding (for

3 or 6 weeks) all pígs were fed a barley-based control gro\¡/er díet.

Informatíon obtaíned from this study could assist in planning feeding

alternatíves for commercía1 píg production where OA contaminatíon ín the

feed ís a problem.

MATERIALS AND METHODS

Source of toxin

Freeze-dríed rnedía (¡'ll't) províded OA only, but mycelia supplíed the

fungal mats íncluding OA. Both OA sources T^rere produced at the same

tirne by surface liquíd fermentation for 10 or 12 days at 28"C. The

nutrient solutíon for the fungi contained 42 sucrose, 2Z yeast extract

(BBL MicrobíologicaI Systems, Cockeysville, MD, USA), 17" of L-

phenylalanine, 0.257" of L-glutamic acid and L-prolíne and minerals

according to Davis et al. (tglZ) and Yamazakí et al. (1970). The medía

were ínoculated r,¡ith well sporulated Aspergillus ochraceus (Unni, 3I74)

grown on potato dextrose agar wíth 22 sodíum chloride. The mycelíal

mats were mechanically separated, autoclaved, dríed at 50"C and ground

wíth the use of a Cyclotec grinder (lnm screen). The 1íquid media were
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pooled, initially concent.rated by a steam evaporator (cyclone) and

finally concentrated to dryness by f.reeze-drying. Both toxín sources

were subjected to a multítoxín analysís ¡¿hích included an analysís for

aflatoxins, ochratoxín A, penícíl1íc acid, cítrinin, sterigmatocystín,

patulin and zearalenone accordíng to the methods of Wílson et al, (1976)

and Joseffsson and Mol1er (L977).

fu1imsls and diets

Experírent 2

Eighteen (18) pigs (Managra, York

an average starting weight of 35.3!2.

randomly allotted to three pens with

pen. Each pen measured 2.60 m x 2.90 m

materíal on the concrete floors.

and Managra x York crosses) wíth

6 kg (startíng weight fSD) were

three barrows and three gílts per

and strar.¡ was used as bedding

A basal barley-soybean meal grower pig diet ltreatment 1 (T1)] rvas

formulated to meet or exceed NRC (tglg) requírements. Eíghty-three

percent barley and 14.52 soybean meal (477" crtde protein) were míxed

wíth 2.52 of a conmercíal medicated premix (for a detaíled composítíon

of the commercial medícated premix see Table A3). FDM (0.32) and

mycelía (1.47") were mixed with 99.72 and 98.67 of the basal grower diet,

respecLívely to yield a símílar 0A concentration. A concentration of
-12.7 ng kg ^ OA had been calculated for both OA contaminated díets. The

three treatments l/ere randomly assígned to the three pens. The

experímental mash díets r¿ere fed for twenty days. Feed and water were

avaílable at all times duríng thís period. Feed consumptíon per pen and

individual weight gains v¡ere recorded twíce a week.

On day twenty-one each pig was bled from the external jugular vein

afLer a 24-hour fast. Serum was collected ímmediately from the clotted
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blood samples and was divided ínto tr+¡o portíons. One portion was stored

ín the refrigerator overníght for ímmediate analysis of the biochemical

parameters. The second portion was frozen at '20"C untí1 analyzed for

oA.

Uríne samples from each barrow housed in a metabolísm cage for a

24-hour period were collected after the blood samplíng had taken p1ace.

The uríne samples were f.rozen untíl- analysis.

Experí-rent 3

Thirty-two (lZ) barrows (Managra and Managra x York crosses) were

dívíded ínto two weight groups [13.611.1 and 16.011.8 kg (starting

weight tSD)l and were allotted to eight pens with four barrows per pen.

Each pen measured 2.60 m x 1.45 m and straw bedding was used on the

concrete floors. Basal barley-soybean starter and grower píg díets were

formulated to meet or exceed NRC (7979) requirements. Table 3 shows the

composition of the starter píg díet. The composítion of the grower píg

diet was the same as ín experiment 2. Two concentrations of nycelia

contaínínC 0A (0.2 and I.07") were mixed with 99.8 and 99.02 of the basal

starter pig diet, respectívely. Four treatments (fig. 3) were randomly

assigned t.o eaeh of the two weíght groups. The pígs had access to the

mash díets and water at all times. Feed consumptíon per pen and

indivídual weíght gains l^iere measured weekly.

Before the start of the experiment and at the end of each períod

all the anímals were fasted for 24 hours so that blood could be

collected from the anterior vena cava. At the beginníng two animals per

pen \.rere bled, but during the tríal blood samples were collected from

each aníma1 and two pooled serum samples per pen \^Iere prepared. Serum

collectíon and storage procedures were ídentical to the ones described
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Table 3. Composition of the basal starter pig diet -
Experiment 3

Ingredíents (7")

Barley 82.0

Soybean r;'eat (+7.02) 15.0

Dicalcíurn phosphate 1.0

Límestone 1.0

Trace míneralízed saltf 0.25

Medicated vítamin and míneral mixf 0.75

{Trace mineralized salt provided the following
nutrients per kg of díet: 2.4 g sodíum chloríde,
0.25 mg iodíne, 0.1 mg cobalt, 4 mg íron, 0.83 mg

copper, 3 mg manganese, 10 rng zínc.

{Medicated vítamin and míneral míx provided the
followíng nutrients per kg of diet: 2200 TU

vitamín A, 330 IU vítamin D, 12 uC vítamín 812,
123 mg zínc oxide (49.6 mg zinc min.),
2,5 g mecadox.
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ín experiment 2.

Chemical analysis

For the OA quantificatíon the following extraction procedures \,rere

used. Feed or mycelía h¡ere ground ín the Cyclotec grinder (Tecat.or ab,

Sweden) (i rnm screen) and a 5 g sample was extracted with constant.

shakíng in a 100 mL flask wíth 2.5 mL of 0.1 M H3po4 and 30 mL of

chloroform for 30 minutes. The extract was fíltered through l.Ihatman

filter (//4) containing 3 g of anhydrous Na2so3. To transfer the

resíduar materíal from the flask and rínse the fílter, 20 mL of

chloroform v¡ere used. The chloroform r¿ias evaporated ín a rotary

evaporator, the residue vras díssolved with an appropríate volume

(usually 2-5 mL) of chloroform and the sample was applíed to a reverse

phase thin layer chromatography (RPTLC) plate, type KC 18F (t^ihatman,

Inc., C1ífton, NY 07014). In case of the freeze-dried medium, 1 g of OA

containing materíal was díssolved ín 15-18 mL of redístilled water and

the pH was adjusted to 2 wíth 8N HCI. Water was added to a final volume

of 20 mL. An alíquot (2 mL) was used for extraction wíth two 25 mL

volumes of chloroform in a separatory funnel. The RPTLC plates were

first developed wíth hexane, then dríed and redeveloped with

methanol:water (ZO::O) (v/v), yielding a well-separated OA zone.

Visualized under UV 1íght, OA spots !¡ere quantítatively recovered from

plates, eluted from the RP material r,rith 2 mL of HPLC-grade methanol

(Físher Scientífic Ltd., Canada) and evaporated under a stream of

nitrogen. Extractíon of serum samples for OA v¡as performed by the

method of Hult et al. (1979). Quantítative analysis of OA was done by

high-performance Iíquid chromatography (itpLC). Samples were

reconstituted with 200-1000 pL of methanol and fíltered through 3 mm
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membrane nylon filters (Micron Separatíon Inc., Honeoye Fal1s , ñY 14472)

with 0.45 un pore size. Alíquots of 50 frl were ínjected ínto a 250 x

4.6 mm column contaíning 5 um dianet.er C-18 bonded-phase adsorbant

(Altex Ultrasphere ODS, Beckman Canada Ltd., Missíssauga, Ontarío). The

mobile phase r¡as methanol:water 70:30 (v/v) and had a flov¡ rate of 1.5

ml/mín and a temperature of 50"C. OA was monítored as a well-resolved

peak at 4.4 min using a fluorescence detector (Schoeffel FS970, Krotos,

Inc., l,lestwood, New Jersey) wíth excítation at 333 nm and detection at

418 nm. The detectíon lírnít for TLC-HPLC was 0.1 Vg/g and the recovery

was determíned to be 947".

Biochemical analyses of serum viere performed by Dacos (Coulter

Electronícs Inc., Haileah, FL, USA) using procedures outlíned in the

companyts manual . Analyzed serum enzJ¡mes and serum constituents \,¡ere

creatínine kinase (Cf) (nC 2.7.3.2), aspartate aminotransferase (AST)

(nC 2.6.1.1), alaníne amínotransferase. (nlf) (eC 2.6.I.2), amylase (EC

3.2.1.1), lipase (uc ¡.1.1.3), alkaline phosphatase (RLp) (ec:.1.3.1),

y-glutarnyl transf erase (ccr) (nC 2.3 .2.2) , sodium, potassíum,

sodíun/potassíum ratio, chloride, blood urea nitrogen (BUN), creatinine,

BUN/creaLínine ratio, glucose, total bilirubin (conjugated plus

unconjugated), dírect bilirubin (conjugated), indirect bilirubin

(unconjugated), cholesterol, uríc acid, total protein, albumin,

globulin, atbumin/globulín ratío, phosphorus, calcium and magnesíum.

A dip and read test !¡as done on uríne for color, sediment,

leucocytes, nitrites, pH, proteín, glucose, ketones, urobí1ínogen,

bilirubín, blood and hemoglobin wíth Chernstríp (Boehringer Mannheim,

West-Germany).
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Statistlcal analysls

A completely randomízed desígn (experíment 2) and a rand.omízed

complete block design (experíment 3) wíth weight as the blockíng

varíable were used. Managra pigs and Managra*York crossbred pigs were

represented by 72 and 227. in experiment 2 and by 31 and 692 in

experíment 3, respectively. Six percent of York pigs had been

additionally selected for experíment 2. The two breeds and the breed

cross were expected to perform simí1ar1y. Splít-plot analysís for

repeated measurements (Snedecor and Cochran 1980) was applied to the

índívidual weight gains (experiment 2 and 3), feed intakes per pen and

feed to gain ratios (experíment 3). Factoríal analysís was done on feed

intakes per pen and feed to gaín ratios (experíment 3) as well as on the

bíochemical blood parameters (experiment 2 and 3). Inítia1 control

values ín experiment 3 were not íncluded in the analysis, as the

varíatíon was hígh. The ínítíal weight at the start of the experíment

as a covariate did not contribute to the models assumed (P>0.05). When

a sígnífícant F-test (P<0.05) for main effects occurred, differences

among means v¡ere tested using the Bonferroní mean separation test

(P<0.05) (Neter and Wasserman 1974). Signíficant treatment x períod

interactíons (experiment 3) I¡rere explored by the means of contrasts

(Steet and Torríe 1980). In the case of sígnífícant treatment x period

x weíght group interactions no test !¡as applíed, but rather trends r¡ere

ínvestigated. The data were analyzed usíng the Statístical Analysís

System (SAS Institute Inc. 1985).

RESULTS AND DISCUSSION

A multi-toxín screeníng test indicated that OA v¡as the only

contamínant to be added to the control diets.
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CIA Levels ln the feed

Quantitative analysis of the dietary OA concentration (experíment

2) showed that formulated diets T2 and T3 had a concentration of 3.3 and
_1

2.9 mg kg'OA, respectively and were similar to the calculated value of
-t2.7 mg kg - 04.

Performance

A períod of three weeks (experírnent 2) reduced performance in pigs

fed OA contaíning diets in the 30-50 kg liveweíght range (ta¡te 4).

Although the average daíIy gaín (ADG) and feed consumptíon increased

significantly (P<0.05) over time, the daily feed intake per pen was

signíficantly lower (p<0.05) with the addition of OA to the diet. A-Dc

was signíficantly reduced when the diet was contaminatäd wíth mycelía

contaíníng 04. The feed conversíons were not sígnificantly affected

(P>0.05) by OA contamínatíon of the feed.

No significant dífference lras found in the potency of FDM and

mycelía. FDM ís comparable to crystalline 0A and by addíng mycelia

containing 0A to the diet a moldy OA contaminated diet was símulated.

In contrast to the present study, Madsen et a1. (1982b) compared

crystalline 0A to 0A present ín naturally contaminated moldy barley.

They found that performance !¡as more depressed by the latter and

suggested that fungal odors were partly responsíble for the lower

acceptability of the feed. Fungal odors are caused by various prímary

fungal metabolites (Abramson et al. 1980, 1983).

Feed intake and feed conversíon íncreased signíficantly (P<0.05)

over tíme in experiment 3. However, an exposure to a low (0.5 mg tg-l)

and/or a high (2.S mg tg-l) concentratíon of OA neither decreased feed

intake per pen (P>0.05) nor reduced (P>0.05) feed efficíency
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signíficantly (Table 5). Treatment)kperíod means for ADG are displayed

in Figure 4. A dífference ín ADG was only noted after feeding a hígh

level of OA. A sígnificant treatment*period ínteractíon for ADG was

explored r¡ith contrasts of treatment díffeïences in two periods (Figure

5). Feedíng a low OA concentration did not result ín a sígnificant

reductíon of ADG (p>o.os), but admínisteríng a high oA concentratíon

depressed ADG sígnifícantly (P<0.01). When a control díet replaced the

d.iet contamínated wíth 2.5 *g tg-1 oA, performance val-ues approached

control values indícatíng that no permanent adverse effect on

performance had occurred from the earlíer toxín feedíng. Pigs

conditíoned wíth a low concentration of OA did not develop (f>0.05) a

tolerance for a high concentration of OA (ta¡te 4, Fígure 5).

rt is not clear why 2.7 *g tg-l oA ín the feed depressed. feed

intake in the 30-50 kg liveweíght range (experírnent 2), but 2.5 mg kg-1

OA ín the feed did not affect feed consumption significantly ín a

similar growth period (experiment 3). Madsen et aI. (1982a) reported

lower feed intakes when 1.4 and 1.9 mg tg-l ol, were fed to pigs ín the

20-50 and 50-90 kg liveweíght, respectívely. The pigs were fed at 85-

907" of ad 1íbitum feeding. Feedíng the lower OA concentratíon to

younger pígs reduced the daí1y feed intake by up Lo 267", but feedíng the

hígher OA concentration to older pigs caused a reduction of the daí1y

feed allor¡/ance by only 47. Krogh et a1 . (197 4) did not observe any change

ín daíly feed intake even after feeding 4.0 mg kg 1 OA frorn 20-90 kg

liveweíght. However, from 20-50 kg and 50-70 kg 1íveweíght the daily

feed allotlances were 6-207" and 2-707. lower than the ones descríbed by

Madsen et al. (1982a), respectively

In experíment 3 ADG was not significantly affected by a 1ow 0A
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concentratíon in the díet (o.s mg tg-l oA), but a hígh dietary oA

concentratíon (2.5 mg tg-1) caused depressed growth when fed for 3

weeks. when concentratíons of 0,2,1.0 and 4.0 mg tg-l oa ín the feed

were adminístered ín the 20-90 kg 1íveweight range, reduced weíght gains

v/ere also noticed at the lowest concentration (Krogh et a1. lg74).

Krogh et al, (tglg) confirmed theír earlíer results r,¡hen administeríng
-11.0 mg kg ^ 0A in the same líveweight range (20-90 kg). Exposures to

1.4 and 1.9 mg tg-1 Oe duríng rhe early (ZS-SO kg) and 1arer (50-90 kg)

growth períod, respectívely, reduced weíght gaíns signífícantly (Madsen

et al. 1982a).

fn another experiment (Madsen et al. I982a) an OA contaminated diet
-1(t.a mg tg-' Ol) was succeeded. by a toxín-free diet in the 35-70 kg

liveweíght range. Performance was comparable to control values

indicating that no permanent adverse effect on performance had occurred

from t.he earlíer toxin feedíng which agrees with data from experíment 3.

Serr:m OA levels

Serum OA leve1s were dependent on dietary 0A concentratíons. In

experiment 3, a low OA contaminatíon of the feed (0.S mg tg-l Ol)

resulted in 1ow serum OA residues and hígher 0A levels were detected

after having fed a higher concentratíon of OA (Z.S mg tg-l OA) in the

diets (ligure 6). In experíment 2 only a hígher concentratíon of OA

-1(Z.l ne kg ') was fed. The serum OA levels were 22531161 and 3373!253

-1ng mL ^ (mean t standard error) for pigs on I'DM and mycelia,

respectively and !/ere sinilar to the serum OA levels of pígs having

receíved 2.5 mg tg-l OR. in the feed. OA contaminated diets had been fed

for 3 weeks before serum was analyzed. The 0A concentrations in serum

were expected to be stable by that time, because a plateau level in the
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serum is usually approached after tv¡o to three weeks on OA contamínated

feed (Madsen et al. 1982a, Hult et al. 1979, Mortensen et al. 1gg3).

A períod of three weeks '^ras sufficíent to elíninate most of the OA

from the serum (figure 6). Thís was confírmed by data from Mortensen et

al. (1983) who calculated the half-life of oA in serum to be 6.0 days.

Biochemical serum and urine parareters

Serum total protein and serum creatiníne were significantly

increased (P<0.05) after feeding diets contamínated wíth 2,1 mg tg-l oR

ín experiment 2 (ta¡te 0). Both parameters are indícators of impaired

kídney functíon and are assocíated wíth mycotoxic nephropathy (Szczech

et al , 1973). I^rhen pigs lose the ability to concentrate uríne, they

dehydrate easily and this is indícated by increased serum protein

leveLs. clinical symptoms include porydipsía and polyuria, but water

consumptíon and uríne excretion rrrere not measured ín the present

experíment. Increases in serum creatinine indicate a reduced glomerular

filtration rate (Coles L974), a conditíon which is observed in porcíne

mycotoxic nephropathy.

Decreased (P<0.05) serum glucose levels and íncreased (p<0.05)

g1obulín levels were also a result of the addition of OA to the diet in

the second tríal (ta¡te 6). Although the treatments were signífícantly

different for calcíum as wel1, a Bonferroni mean separation test

(p<0.05) r¿as not able to show any differences due to the small sample

size. Decreased glucose levels may result from a normal hepatic glucose

output wíth an increased perípheral uptake or a decrease ín hepatic

gluconeogenesis wíth normal peripheral utílization or a combination of

both (Coles I974). However, feeding of mycotoxíns includíng OA have

been associated wíth íncreased serum glucose concentrations and reduced
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hepatic glycogen Ievels (Hsieh 1979). Therefore it is not clear why the

glucose levels \¡/ere lower in the present experíment. Coles (I974)

related díffuse fibrosís and hepatitís to an íncreased serum globulín

1eve1. A further partítíoníng into the various globulin fractions would

be necessary to ídentify a specífíc cause.

Gilts had signíficantly hígher (P<0.05) serum creatiníne and

calcium Ievels than barrows. Overall means of serum parameters not

infl-uenced by the treatments are presented in Table A4. Uric acíd and

1ípase were not detected. Total bilírubín, dírect bilírubin and

indírect bilirubín were not included in the statistical analysis, as too

many values \.rere unrelíable due to hemolysis ín some samples.

Serum total proteín, serum creatinine, serum glucose and serum

grobulín were equalry affected by FDM or mycelia (p>0.05). rn order to

again símulate naturally contamínated feed, mycelia was chosen as

contaminant for the third tría1.

A sígníficant treatment x períod ínteraction of serum total protein

and serum creatíníne, indícators of kidney functíon, r¡ras explored with

contrasts of treatment differences in two períods (Fígure 7, 8). Both a

1ow (o.s mg tg-1 oA) and a high (z.s ng tg-1 oA) dierary oA

contaminatíon resulted in a significant increase (P<0.05) of serum total

protein and creatinine. When a toxin-free diet replaced the 0A

contaminated díets, serum total protein and serum creatiníne levels

approached control values (P>0.05) indicating that no peïmanent damage

on kidney functíon had occurred. Pigs that had been conditioned wíth a

1ow 0A concentration did not develop (p>0.05) a tolerance towards a high

0A concentratíon.

A signífícant treatment x períod x weight group interaction
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occurred in the case of blood urea nitrogen (BUN), BUN/serum creatinine
ratío, serum glucose and chroride revels. There seemed to be an

indícatíon that 1íghter pígs were more affected iy the addition of toxin
to the díet' This trend was especíally noticeable ín the second period
(see Figure 44, 45, 46, A7).

GGT, ALp and calcíum r.iere affected by treatments (p<0.05) (rable
7)' Pígs after having been exposed to hígh oA levers in the feed had

sígnificantry hígher calcium levels than pigs on a contror- díet.
Parameters not affected by the treatments are listed ín Table A5.

Most of thern íncreased (p<0.05) over time. GGT, alburnín,

albumin/globulin ratio, total proteín, creatínine, potassium and

sodíum/potassium ratio were found to be significantry lower (p<o.os) in
líghter pígs than ín heavíer pigs.

The díp and read test for the uríne parameters (rable A4) was only
performed ín experiment 2 and díd not revear any major changes. since
protein and blood were also detected. in the uríne of some or all the
control Pí8s, contamínatíon of the urine duríng the collection process

was assumed. Detection of protein (Krogh et al. rg74, rg7g, szczech et
a1. L973, Zímmermann et al. rg7g, Tapía and. seawright 19g4) and blood
(zímmermann et al. IgTg) are normally a sígn of impaired renal functíon.

From thís experiment there ís evídence to suggest that there is no

benefít in feeding increasing oA concentrations over tíme. pigs can be

exposed to 2.5 mg tg-l oA during a short period of tíme, but lower
performance and maybe even permanent darnage of the kídney tíssues
(ntting 1983) may be the result. At least one month before slaughter

"clean" feed should replace toxíc feed so that oA resídues can be

elíminated. These were the fírst tríals with pigs in Manítoba usíng
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mycelia ín order to símulate naturally contaminated feed. Compared to

other published data, more serum parameters were affected by 0A

contaminatíon of the feed. Addítional research ís needed to verífy the

present results.
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GENERAL DISCUSSION

Ochratoxín A (OA), a mycotoxín, ís associated wíth the formatíon of

storage fungi such as Aspergillus ochraceus l^iílhelm (Van der Merwe et

al. 1965) or Penícillium verrucosum var. cvclopium (Westlíng) Samson,

Stolk and Hadlock (Abramson and Mílls 1985). However, invasíon of grain

by storage fungí does not necessarily result ín mycotoxín production.

Both the admínistration of moldy toxin-free and OA contamínated

feed were studíed. The consequences of feeding an OA contaminated diet

to pígs have been studied by several groups (szczech et al. 1973, Krogh

1978, Krogh et al.7974, 1976,7979, Madsen et al. 1982a). However, the

questíon of possíble adaptatíon to OA has not been raised so far and. we

decíded to study ít.

Performance \¡¡as affected by moldy and OA contaminated diets. f{hen

502 moldy mycotoxín-free barley (¡'tg) was included in starter píg diets,

feed intake and average daily gain (ADc) were depressed. A 252 MB díet

had less effect depressing gains only. The dígestíbílíty of most amino

acíds was negatívely ínfluenced (p<0.05 ) with the hígher MB

concentratíon ín the feed. In the third trial feed íntake per pen was

not signíficantly affected (p>0.05) by the oA contamínated díets, but

ADG was significantly depressed (p<0.05) by the high oA concentratíon.

Feed effíciencíes l¡ere not signíficantly different (p>0.05) in both

trials after the administratíon of the experímental díets. In ord.er to

compare the results of experiment 3 wíth the results of experiment 1,

only síx weeks of data should be considered in the third experiment,

because mycelía containing toxin was only fed for up to síx weeks. I,ihen

the statístical analysís of the third trial was done on síx weeks of

data (Tabte 45, Figure A8), the results were the same wíth one
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exceptíon. Pígs that had received both low and high OA concentratíons

had signíficantly poorer feed conversions (p<0.05) than pígs on the

other treatmenl groups.

fn the fírst trial a 16 or 382 reductíon in feed intake resulted in

a 28 ot 532 reductíon of' ADG, respectively. Sínce a larger reductíon

occurred in AÐG than ín feed íntake, not all of the depressíon ín gain

can be attributed to the lower feed intake. Various prímary fungal

metabolites responsíble for the "moldy smellr' of the MB (Abramson et al.

1980, 1983) or other yet unidentífied factors (Madsen et al. 1982b) may

have lowered the acceptability and utilízation of the moldy feed and

once ingested must have further affected the weight gains. In the thírd

tríal the difference between depression ín AÐG and feed íntake per pen

üias not as large as in the fírst trial although two antínutrítíonal

factors (mycelía and oA) had been add.ed to the diets. However, díets

contamínated wíth mycelía containíng OA were only administered during

the fírst two períods and a toxín-free ration was fed duríng the last

períod. I^/hen the last toxin-free períod vias excluded f rom the

calculations, the dífferences between depression in feed intake and

gains approached those of the first trial.

Naturally contaminated moldy mycotoxín-free barley was used in the

first tría1 and rnycelia (containing OA) was added to a control diet ín

the thírd tríal to simulate naturally contamínated feed. Mycelia

(containing oA) grown naturally on barley may be linked to the grain

kernel whereas mycelía (contaíníng 0A) mixed with hígh quality feed may

be considered one of two separate entities and may therefore have a

dífferent effect on the animal. In the second experiment there was no

difference ín performance (P>0.05) between mycelia containíng OA and
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freeze-dríed media (FDM) whích ís simílar to crystatline OA. i.rrhen

Madsen et al. (i982b) compared naturally contamínated feed to control

feed contamínated with cryst.alline OA, they found that naturally

contamínated feed depressed performance more. Therefore naturally

contaminated feed may have more depressing effects on performance than

mycelía containíng 04. In order to best cornpare the three experíments

moldy barley naturally contamínated wíth OA should have been used in the

second and thírd tríal.

When moldy toxin-free or OA contamínated feed was replaced by a

control díet in the fírst and thírd experíment, respectívery,

performance approached control values índícatíng that no permanent

damage on performance had occurred. Thís ís in agreement wíth results

from Madsen et al. (iqaza). No compensatory growth occurred ín the

present study, because growth díd not exceed normar varues.

Serum 0A levels and biochemical parameters were monítored during

the admínístratíon of 0A in the second and third experíment. Serum OA

concentratíons reflected the feed 0A concentratíons. A hígh correlatíon

has been found between oA administration ín the feed and the oA

appearance ín the serum (Mortensen et al. 1gg3). Hult et al. (19g0)

related the OA content ín plasma to feed OA concentrations, but referred.

to a nodifícation of the formula if serum instead of plasma was

analyzed. Serum creatiníne and total protein, both indícators of kídney

impairment occurring in porcine mycotoxic nephropathy (szczech et ar.

L973), !/ere signifícantly increased. (p<0.05), even after a low oA dose.

Pigs did not develop a tolerance towards a high concentratíon of OA when

they had been condítíoned wíth a 1ow concentration of OA. Thís was

demonstrated ín ADG, serum creatínine and, tot.al proteín. Compared to
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other publíshed data, additional serum parameters affected (p<0.05) by

the administration cf OA were y-glutamyl transpeptidase (GGT), alkalíne

phosphatase (Alp), calcíum, blood urea nítrogen (gUN), BUN/serum

creatíníne, chloride and glucose. Serum GGT and ALP íncrease ín liver
disease (Kramer 1980). BUN and BUN/serum creatiníne ratio are used to

detect renal dysfunctíon (Finco 1980). Alteratíons of serum calcium and.

chloride concentratíons are sígns of imbal-ances in calcíum/phosphorus

(Símesen i980) and electrolyte metabolism (Tasker 1980), respectívely.

serum glucose levels depend on the supply and removal of glucose by the

1íver (Kaneki 1980). More research, however, is needed to confírm the

results obtaíned in the present experíment, because in comparíson,

Szczech eL al. (1973) fed very high OA concentrations, but apart from

indícators of kidney impaírment only one enzyme Iglutaníc oxaloacetic

transaminase (GOT)] showed íncreased actívities. A higher serum GOT

level ís an índicatíon of a líver dysfunction only in conjunction with

the increase of liver specífíc enz)¡mes (Kramer 1980)

Bríefly, iL can be said that both moldy mycotoxin-free and toxic

feed reduced performance and are therefore undesírable as feedstuffs.

Spoílt feed can be diluted, but a commercíal pig producer would have to

consider the costs of more days to market and poorer feed efficíency.

rdeally, market pigs should have access to high qualit.y feed at all
times.
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SUMMARY AND CONCLUSIONS

The effects of moldy mycotoxin-free (MB) and ochratoxin A (oA)

contaminated díets on market pígs were studíed in t.hree experiments.

Feed intake per pen was lowered (p<0.05) when 502 MB and.2,7 rg kg-1 OA

were incorporated ínto starter or grovrer pig diets. Average daily gaín

was sígníficantly ímpaíred (p<0. os ) , but feed effícíency was not

sígníficantly reduced after the admínístratíon of MB, 2,5 or 2.7 mg kg-t

OA. Most of the amíno acid dígestibilíties were decreased (p<0.05) wíth

502 MB. Succeeding a MB or OA contamínated diet wíth a control diet

resulted ín a return to normal performance.

None of the urine parameters showed any major abnormalitíes after

the admínistration of 2.2 mg kg-1 oA ín the diet. Higher than normal

levels of serum creatiníne and serum total protein, sígns of kídney

damage as observed ín porcine mycotoxic nephropathy, were measured after

the ad.ministratíon of 0 . 5, 2. 5 and 2'.7 ng t g- 1 Ol, ín the díet. Serum

glucose levels were sígnífícantly decreased (pcO.05) and serum globulin

revels were significantly increased (p<0.05) by the feeding of 2.7 mg

-'l _1kg'OA ín the díet. I^títh the addition of 0.5 and/or 2.5 mg kg-r OA to

the diet, decreased 1-glutamy1 transpeptidase actívities and increased

calcium levels were observed. Calcium values increased significantly
(P<0.05) when 2.5 mg kg-l oR had been fed. There were no defínite

trends in the case of alkaline phosphatase.

From the experíments the following conclusíons can be drawn:

1. Both MB concentrations (25 or 507" of a starter pig díet) or OA

concentrations (2.5, 2.7 mg tg-l ol, of a starter or gror4/er pig diet) can

be admínistered for a límited amount of time to market pígs, but will

result in more days to market.



58

2. Lor.¡er concentrations of both MB (<25Ð or oA (<0.s mg tg-t oa)

may be fed for a short period of time without any major adverse effects

on performance.

3. Since pígs ín this experiment díd not adapt when fed a low OA

leve1 and then a high oA leveI, there is no benefit ín supplyíng oA

contamínated feed at íncreasing levers over a period of time.

4. More serum parameters than have been reported by other

researchers were affected by the admínistratíon of freeze-dríed medía

contaíning OA or mycelia containing OA.

Future research could ínclude the following:

1. A lower MB concentration for starter pígs or a hígher MB

concentratíon for grov¡er or finísher pigs could be tested in ord.er to

determine a concentratíon which could be safely fed to pigs.

2. Mycelía contaíning oA should be compared to naturarly 0A

contamínated feed to evaluate possible differences.

3. serum parameters should be monítored agaín after the

adminístratíon of FDM containíng 04, mycelía containing OA and naturally

OA contaminated barley, but samples should be taken more frequently in

order to observe any changes more closely.

4. Urine should be collected wíth a catheter in order to avoid

contamination and subjected to a more intense examinatíon.

5. Determining a method of detoxifying OA contaminated feed and

the effect on market pigs should be further explored.

6. For statistícal purposes, individual feedíng of pigs should be

encouraged and the number of pigs used increased.
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Tab1e 43. Compositíon
premíx (per

the commercíal medicated
of diet)

of
kg

Calcíum (g)

Phosphorus (g)

Sodíum chloride. (g)

Sodium (g)

Copper (mg)

Tron (mg)

Zinc (mg)

Manganese (mg)

Magnesium (mg)

Cobalt (mg)

Iodine (mg)

Vitamin A (IU)

Vítamín D (IU)

Vitarnín E (IU)

Vítamin K (rng)

Choline (mg)

Níacin (mg)

Pantothenic acíd (mg)

Riboflavín (mg)

Thíarnine (mg)

Pyridoxíne (mg)

Vitamín n12 (uS)

Seleníurn (mg)

Chlortetracycl íne
hydrochloríde (g)

5.9

2.3

3.5

1.5

10.0

100.0

105. 0

27 .5

15.0

0.5

2.3

9, 000

1 ,500

18

2.2

262.5

36. 3

11.3

4.5

1.0

1.0

13.8

0.1

22.0
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Table 44. Means and standard errors of serum parameters
not affected by dietary treatments -
Experíment 2

Minerals

Sodium (mmot l,-1)

Potassíum (mmot f-1)

Chloride (mmot l,-1)

Phosphorus (runot l,- 1 
)

Magnesium (nmot L-1)

Enzymes

Anylase (u t -1¡

Creatinkínase ICK] (u l-1)

Aspartate amíno transferase
lASrl (u l-r)
Alanine amíno transferase
talrl (u L-1)

Y-Glutamyl transpeptidase
lcGTl (U l-r)

A1kalíne phosphatase [ALp]
(u L-1)

Proteíns

Albumin

Blood urea

Cholesterol

(, t-t)

nitrogen (mrnot i,-1)

(mmot L-1¡

142.2!7 .I

5. 08t0 . 22

97 tr

3. 09r0 . 08

1.2110.03

1 194195

1 8 14r550

43!3

49t2

33!2

215!r4

41 . 010. 7

7 .4!0 .3

2. 39r0 . 3



1t

Table 45. change of serum parameters over time (Experinent 3)

Períod

Parametersf SE

Mínerals

Sodium (mmot L-1)

Potassíum (mmot t,-1)

Cal-cíurn (mmot l,-1)

Enz¡rmes

Creatinkinase ICK] (u L-I)

Aspartarte amíno !çans-
ferase [AST] (U l, ')

Alaníne amíno tra!ç-
ferase [elf1 (u I ')

Y -Glutamy1 
_ Çranspept idase

lecrl (u I '¡ç
AIkalíne phqsphatase
IALPI (U L ')

Proteíns

Albumín (e i,-1)

Globulín (g L-1)

Alburnin/globu1ín ratío

138.3a

6 .67 ab

2.68a

t4I .4b

6.46a

2.7 6ab

I47 .3c

7.36b

2. 80b

0. 55

0. 20

0. 02

1157a

56ab

37a

42

298a

964a

44a

44a

36

287 ab

3844b

110b

59b

35

249b

553

t6

J

2

I2

28.La

33.2a

0.85a

33.6b

37 .2b

0.91a

38. 7c

34.7 ab

1.13b

0.7

0.7

0. 04

þveral| mean tSE of cholesterol and phosphorus 2.62!0.04 and 3.54t0.08
mmol L -, respectívely; SE = standard error.

fThe treatments were found to be signíficant (p<0.05) ín the analysís
of varíance, but a Bonferroni mean separatíon test. was not able to
detect any dífference due t.o a smalr number of degrees of freedom.

a-c-Least square means wíth dífferent letters within a row díffer
significantly by the Bonferroni mean separation test (p<0.05).
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Table 47. Least square means and standard errors of performance for
four dietary treatments - Experiment 3 (6 weeks)

Dietary treatments (T)

T1 T2 T3 T4 SE+

Performancef

Average daily feed
consumptíon/pen
(t e) 6.63 5.60 6.ss 4.s8 o.so

Feed/gain ratio 2.46a 2.87a 2.70a 3.08b 0.06

fSf = Standard error.

fFor average daily gain see Figure 48.

a,b-Least square means with different letters withín a row díffer
signifícantly by the Bonferroni mean separatíon test (p<0.05).
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Fig. 48. Treatment díffererrces in two periods for average daily
gain (ADG) - Uxperíment 3. InËerpretation: Fig. Aga. Ahigh ochratoxin A (oA) leve1 decreased ADG significantly;
Fíg. A8b. A 1ow oA revel did not decrease ADG sígnificant-ly; Fig. ABc. No adaptaËion effecË from a 1or¿ to a hogh oA
1eve1 \¡¡as seen.
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