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INTRODUCTION 

Vast quantities of grain are required to feed the world 

population. Grain supplies are at risk of spoilage 

prior to harvest , especially during damp environmental 

conditions. Feedstuffs contaminated with trichothecene 

mycot oxins often result in reduced animal performance. 

Little scientific information is available for practical 

application o f dec ontami na tion of trichothecene contaminated 

feedstuffs. Als o , sparse information is available 

concerning mechanisms by which trichothecene rnycotoxins 

cause reduced feed intake, or why in some circumstances 

reduced feed intake persists after removal of trichothecene 

contaminated feedstuffs. 

The object ive of this project was to evaluate hydr ogen 

peroxide as a decontaminating agent for feedstuffs 

contaminated with T-2 toxin. Th e second aspect of the 

project was to investigate changes in feeding behavior 

associated with T-2 toxin conta minated feed, and to eval uate 

development of taste aversion a ssociated with T-2 toxin. 
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REVIEW OF LITERATURE 

Trich othecene Mycotoxins 

The tr i chothecene mycotoxins comprise a large class of 

fungal metabolites that occur natura l ly in various 

f oodstu ffs. Trichothecene mycotoxins are characterized by 

chemical structures consisting of a tetracyclic 12 , 1 3-

epoxytrichothec-9-ene nucleus . At present , at l east 45 

nat urally occurring trichothecene mycotoxins have been 

identified, of which only a fe w appear t o be o f economic or 

health - related interest (Ueno et al ., 1973a). Mos t o f the 

trichothecenes are pr oduc ed by Fusarium spp. of fungi , which 

are common thr oughout the world. Envir onmental conditions 

appear to dictate whet her or not a par t icular Fusarium spp . 

wi ll pr oduc e a tri chothecene mycot oxin. 

Several di seases have been associated with molded 

f oods tuffs in past hist ory , from which Fusarium spp . wer e 

i so lated. Trichothecene myc oto xins were associated with 

many of the diseases . Due to th e lack o f analytical 

meth od ology devel oped f or spec i fi c trichothecenes , diagnoses 

we r e often made according to clinical signs or symptoms , 

combined wi th i solation of particular Fusarium spp. from the 

f oodstuffs . Since many of the Fusaria spp . have the ability 

to produce many different mycotoxins , it was diffi cult to 

d ete rmin e the specific myc o t oxin that wa s responsible for 

the syndrome in question (Pfei ff er , 1986 ) . 
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Trl c h othecene 1uycotoxl ne that have recei ved the most 

attenti o n ar e deoxynivalen o l ( DON , vomitoxin) , T-2 t oxin , 

diace to xysci rpenol (D AS ) , and ni valenol . 

Deoxynivalenol was is o lated from corn ass ociated with 

poor feed c onsumpti on (Vesonde r et al. , 1 973) . 

Deoxynivalenol is not uncommon in feed grains i n t h e United 

states ( Cote et al., 19 8 4 ) . F usarium g raminearym and 

Fusarium culmo rum are most o ften r es p onsible f or pr oducing 

deoxynivalenol in feed grains , h o weve r Fusarium tricinctum 

and F usa ri um nivale a ls o have been sho wn to pr oduc e 

deoxynival e n o l (Ves onder et al. , 1 98 1b ) . 

Nivalenol was first detected in barley infested with 

Fusarium r oseum (Mor oo ka et al ., 1 972) . Nivaleno l was also 

found to b e produced by Fusarium n ivale ( Tats uno et al., 

1968) . 

F usa r iurn s pp. that pr oduce diacet o xys c irpeno l i nc l ude 

Fusarium r oseum (Mir ocha e t al ., 1976 ) and Fusarium 

monil iforme (Rukmini a nd Bhat , 1 978) . 

T-2 toxin is p roduced by Fusarium tric i nctym ( Hsu et 

al ., 1 97 2) , Fusa r ium s p o r o tr ichi oides , Fusarium ~' 

F usa rium solani (Joffe and Palti , 1975 ) , Fusa r ium 

semitectum, Fusari um roseum ( Burmei s ter et al. , 1972 ) , and 

Fu s ar iu m mo niliforme (Vesonder et a l. , 1981b). 

To xicity 

Th e g ene ral t oxic effects of trichothecene mycotoxins 
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incl ude oral epithelial necrosis , vomiting, food refueal, 

hemorrhaging, neural disturbances, and immunosuppression 

(Joffe , 1 986 ). 

Chemistry £lli1. mechanism Q.f. action 

The trichothecenes have been subdivided by chemical 

structure into four types: A, B, c , and D (Ueno et al., 

1973a). Type A trichothecenes include T-2 toxin, 

diacetoxyscirpenol , neosolaniol , HT-2 toxin , and others. 

Type A toxins contain an H, OH , or extra ester at the eighth 

carbon. Figure 1 illustrates chemical structures of the four 

types of trichothecenes. 

Type B trichothecenes are characterized by a ketone 

function at the eighth carbon , rather than an H, OH , or 

ester as is present in Type A trichothecenes . The r est of 

the chemical structure i s very similar to the Type A 

trichothecene nucleus. Deoxynivalenol is an example of a 

trichothecene that belongs to the Type B group. 

Type C trichothecene mycotoxins contain an oxirame ring 

at the 7-8 carbon positi on , and includes only one compound , 

crotocin, which is produced by Cephalosporum crotocenigenurn 

(Ishii , 1983 , cited by Joffe, 1986). 

The fourth type , Type D, includes the macr ocyclic 

derivat ives of verrucarins and verrucarol. Thi s type 

contains a macrocyclic ring at the fourth and fifteenth 

carbons , and includes various compounds produced by severa l 



Figure 1. Chemical structures of the classes of 
trichothecene mycotoxins 
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fungi . Type D trichothecenes are not produced by Fusarium 

spp. (Joffe , 1986) . 

Type A trichothecene toxins caused stronger vomi ting , 

feed refusal , der mal necrotizing effects , and hemorr hages 

in the gastrointestinal tract than Type 8 toxins. 

Leuk openia , reduction in weight gains , infertility , 

abortion , and inhibition of protein synthesis were also 

more pronounced wit h Type A trichothecene toxins (Ueno , 

1977) . 

The C-12 - C-13 epox ide ring of the trichot hecene 

molecule appears t o impart the biological effect s o f the 

substance , as opening the C-12 - C-13 epoxide abolishes 

toxicity of the trichot hecene (Ueno , 1977). Derivatives of 

the basic trichothecene nucleus with a hydroxyl o r acetate 

group at C-3 or C-4 have about the same toxicity , and 

r educi ng the C-9 - C-10 double bond only slightly decreases 

toxicity (Ueno , 1977 ) . 

The mechan ism of inhibition of protein synthe s is has 

been investigated. T-2 toxin was f ound to bind to a 

re ceptor site on eukaryotic ribos omes , and wa s proposed to 

inhibit peptide bond formation on ribosomes (Cannon et al ., 

1976) . Trichothecene mycotoxins have also been shown to 

inhibit DNA synthesis (Cannon et al . , 1976). 

The mode o f administration of a trichothecene toxin 

also has an effect on the degree of toxicity. The LDs o for 
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fusar eno n-X in mice was f ound to be 3 .4 mg/kg whe n 

admini s tered intravenously , 4.2 -4.6 mg / kg when admini s t e red 

subcutaneously , 3.4 mg/kg wh en gi ve n i ntrape rit onea lly, and 

4 . 5 mg / kg with oral dosing (Ueno et al. , 1971) . 

Th e effects Q.f tri chothe cenes on gou ltry 

Chickens . Reports of decreas e d feed consumption and 

reduced gr owth rate s in chickens c aused by T-2 toxin exist. 

Growth rate in chickens is inhibited significantly by levels 

of T-2 toxin as low as 4 mg /kg in feedstuff s ( Wyatt et al. , 

1972b) . Ch ickens oral ly gavaged with T-2 toxin at levels o f 

1 . 5 t o 3 . 0 mg/kg of body weight f o r 14 daily doses als o lost 

weight (Hoerr et al. , 19 82b). 

The 72 hou r single or al LD 5o for T-2 toxin in the 

ch icken is 4.0 mg / kg o f body weight , and the 14 daily oral 

LD50 is 2 . 9 mg/kg of body weight ( Hoerr and Carlton , 1981) . 

An o bvi ous sign of dietary T-2 toxicosis i n broiler 

chicks and laying hens ar e ora l lesions (Chi et a l. , 1977) . 

Detailed descripti ons o f the oral lesions have been 

publishe d . Oral le sions caused by T-2 t oxin fir st appear 

on the ha rd palate and al o ng the margin of the tongue (Wyatt 

et al ., 197 2b ). Gr oss l esions are described as bei ng 

r aised , yell owish t o whit e , and caseous in nature . Lesi ons 

may progress to the underside of the t ong ue , a nd on the 

inside o f t he l ower beak (Hoe rr et al. , 1982a) . In some 

chicke ns , th e lesions become so seve re that they were unable 
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to completely close their mouths (Wyatt et al., 1972b). 

Lesions also occur on the tip of the tongue , flo or of the 

buccal cavity , and beak near the commissures (Hoerr et al. , 

1982a). oral lesions occur in chickens consuming feedstuffs 

with T-2 toxin as low as 1 mg/kg in the feedstuff (Wyatt et 

al. , 1972b) . Oral lesions were reported in chickens 

consuming feed containing 0.5 mg/kg of T-2 toxin, although 

the trichothecene neosolaniol was also present in the feed 

at 0 . 05 mg/kg (Hoerr et al., 1982a) . Oral les ions are 

reported to be present as early as 4 days after T-2 toxin 

contaminated feeds are offered to chickens (Hoerr et al . , 

1982a) . 

Field reports of oral lesions in poultry have been 

documented in the United States. Lesi ons resembled thos e 

caused by T-2 toxin, although no feed analyses wer e 

performed to confirm the presence of T-2 toxin or other 

trichothecene mycotoxins. Lesions were also present on the 

shanks , feet , and around the eyes ( Wyatt et al. , 1972a ) . 

Hi stopatho logic examination of oral mucosal lesi ons 

revealed intense inflammat ory reacti ons , coupled wi th 

l ocalized necrosis of the oral mucosa. The outer layer o f 

the lesions cons isted mainly o f fibrin o us material. 

Underlying epithelium wa s heavily infiltrated wi th granula r 

leuk ocytes (Wyatt et al., 1972b ) . Within the outer laye r o f 

f 1br1nous mater ial were fe ed parti cles , keratinized J ebrls , 



10 

and aggregates o f bacte ria . Necr osis was report ed to 

spread fr om the epi thelium t o the maxillary salivary 

glands , mandibles , and cartilagenous extens i ons of the 

basihyo id bones . I n this study , oral lesi ons were reported 

to decrease in time , even thou gh chickens were continually 

fed the t oxin (Hoerr et al. , 1982a) . 

Other hi stopat hologic lesions that occur in chickens 

o r ally gavaged wi th large d ose s of T- 2 t oxin or 

diacetoxysci rpen o l include necrosis wit h depleti o n of 

lymphocytes in the bu r sa o f Fabri cius , thymus , spleen , ceca l 

tonsil and ectopic lymp ho id ti ssue. Necr osis with depletion 

of hemat opo ietic ti ss ue in the bo ne marr ow occurr ed . 

Necros is was present i~ the intestinal vi llus and crypt 

epithelium, and lymph oc y tes in the lamina pr opria . Other 

tissues with ne c r otizing lesions included liver and kidney 

(Hoerr e t a l. , 1982b) . 

Mi c r oscop i c le s i ons in ch i c kens that we re allowed to 

eat fe edstuff s contaminated with T-2 t ox in and neosolaniol 

in combination includ ed severe necrosis o f lymphocytes 

wi thin lymph oi d a nd hematopoietic tissues , and necr o tizing 

l esions o f t he al imentary trac t mucosa , liver and g~ll 

bladder , f eat he r s , and thyr oid glands (Hoe rr e t al ., 1982a) . 

T-2 t oxin s igni ficantly reduced s pleen a nd bursal 

weights when chicks were orally gavaged wi th high doses of 

the t ox in (Hoerr et al ., 19 82b) . Wh en allowed to orally 
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ingest feed contaminated with T- 2 t oxin and neos olanio l , 

spleen and bursal weights were also decreased (Hoerr et al. , 

1982a). In another study, T-2 toxin fed to chicks at 

dietary concentrations up to 10 mg/kg did not reduce spleen , 

bursal , or thymus weigh ts (Richard . et al. , 1978). 

Feather abno r malities in growing chickens have resulted 

from ingestion o f T-2 toxin. Feather changes were present 

at doses of T-2 toxin in the feed as l ow as 4 mg / kg, and 

severity of the feather abnormalities was dose related. 

Chickens were sparsely covered wi th feathers , which 

protruded at odd angles , and tail feathers were short (Wyatt 

et al ., 1975). Feather changes were also r eported in 

chickens orally gavaged with T-2 toxin (Hoerr et al ., 

1982b). 

Neurological signs in chicks f ed a combination of T-2 

t oxin and ne osolaniol consisted of an abnormal righting 

reflex. The author stated that thi s clinical sign was not 

associated with anemia or mi c roscop i c lesions in the central 

nervous system (Hoerr et al ., 1982a) . 

T- 2 toxin has also been incriminated in hemorrhagi c 

anemia syndrome of chickens . T-2 t oxin has been shown to 

increase prothrombin times in chickens fed growth i11hibitory 

doses o f T-2 toxin , however blood clotting t ime s we re not 

s i gnificantly prolonged (Doerr et al. , 1974). The 
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coagulopathy of T-2 toxin has been attributed to a primary 

defect in Factor VII activity and secondary effects on 

prothrombin and fibri nogen (Doerr et al ., 1981). 

T-2 toxin and diacetoxyscirpenol both resulted in 

significant reductions in hernatocrit values of chickens 

which we r e ora lly gavaged with relatively high doses o f the 

rnycot ox ins (Hoer r et al ., 1982b) . 

Th e effect o f deoxynlvalenol on chic kens appear s to be 

similar t o the other trichothecenes that have been studied , 

although a higher dosage is r equired for equivalent effects . 

The single oral d ose LD5o for the chicken for deoxynivalenol 

is approximately 14 0 mg/kg (Huff et al ., 19 81). Feed 

containing up to 1.87 mg/kg deo xynivalenol had no 

significant effect on body we i g ht gain in one-day old 

broiler chicks (Hulan and Proudfoot, 1982). Reduced feed 

intake caused by deoxynivalenol fed to ch ick ens did no t 

occu r until a l evel of approximately 116 mg/kg in feed was 

reached (Moran et al ., 1982). 

Other clinical findings of chickens int oxicated with 

deoxynivalenol include neural disturbances and diarrhea. 

Pos tmort e m findings included ecchymotic hemorrhages 

throughout the intestinal tract , liver , a nd musculature 

(Huff et al. , 1981). 

Oral mucosal lesions were produced in chickens fed 

deoxyniva l enol. Chi cks offered feed contaminated with 116.1 
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mg/kg deoxyniva lenol at 6 days of age d eveloped lesions of 

the ora l muc ous membranes , whe reas c hicks receiving 49 .4 

mg/kg in fe ed did not develop necrotizing oral lesions 

(Moran et al. , 1982). 

Turke ys . The effect o f trichothecene mycotoxins on 

turkeys is simi lar to the effect on ch i ckens . Decreased 

weight gains are manifest ed at T-2 toxin concentrations as 

l ow as 2 mg /k g in the diet (Richard et al. , 197 8) . 

Necr otiz ing oral lesi ons were pr oduced at dietary 

concentrations o f 10 mg/kg in the diet (Richa rd et al ., 

197 8) , and 5 mg/k g in the diet (Dziuk et al. , 1979). 

Thymus weights of pou lts offe red 1 0 mg /kg of T-2 toxin ln 

the f eed wer e significantly reduced , but bursal and spleen 

we i ghts o f poults were not affected (Richard et al. , 1978) . 

I.h,g_ effects Q.f trichothecenes on r odents 

Tr ichothecene mycotoxins have been found to cause feed 

r efusa l in rats . T-2 t oxi n i n rat s ' diets at 40 mg/kg 

resulted in 75% f ood refusal , diacet oxyscirpenol in the diet 

at 40 mg / kg r esulted in 74% f ood r e fusal, and deoxynivalenol 

at 40 mg/ kg in the f ood r esulted in 54i refusal (Vesonder et 

al ., 1 979) . 

T-2 t oxin in the food of mice at 20 mg/kg resulted in 

decreased c onsumpti on, Control mice ate 2 to 3 times as 

much food as mice on the T-2 toxin diet (Hayes and Schiefer , 

19 80) . 
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Tri chothecenes instill ed into the wat er supply o f mice 

caused reduced water intake . T- 2 toxin in the wa ter at 2 

mg/L r educed water consumption in mice , as did 

diacet oxyscirpenol also at 2 mg/L . Deoxynivale nol 

concentrat i ons in water were required to be 5 mg/L befor e 

significant depression of wat e r consumption was re cogni zed 

in mice (Burmeister et al. , 198 0) . 

Reduced body weight gain ls also an effect o f T-2 t o x in 

when rats' diets are contaminated with the toxin. Rats fed 

5 mg/kg T- 2 toxin l n the diet f or 3 weeks had only a slight 

depressi on in weight gai ns , but when the dietary 

c oncentra ti on wa s increased to 1 5 mg/kg in the diet, marked 

r educti on in body weight gain was pr esent . Reduced growth 

r ate wa s attributed only t o the reduction in f ood intake 

( Mara sas et al. , 1969). 

A single d ose ora l Lo 50 va l ue reported for T- 2 toxin in 

ra ts is 3 . 8 mg/kg (Kosuri et al. , 1 971) . 

Hematologic changes in rodents ha ve been re ported due 

t o the effects of T- 2 t oxin . Mi ce fed a diet conta ining 20 

mg/k g T- 2 toxin became anemic and reticulocytopenic. 

Eryth r opoies is in the spleen and bone marrow o f t he mice was 

dimini shed ( Hayes and Schiefer , 1980) . Rats dosed with 2 

mg/kg T-2 toxin had prothrombin times which were nearly 

doubled over c ontrol ra ts (Kosuri et al ., 1971) . 

Organ lesions described in rats dosed intraperitoneally 
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wit h T-2 toxin at relatively high doses inc luded myocardial 

lesions. Les i ons wer e not pr esen t in ra ts necr opsied at 6 

hours post-exposure, but were present when rats were 

necr opsied at 24 or more hours pos t-exposure (Yar om et al. , 

1 983) . 

Det oxlf i cation .Q..f tri chotheceoes 

Attempt s have been made t o alleviate the effects of 

trichothecene mycotoxins in feed s tuffs. Diets containing 20 

mg/kg T-2 toxin wer e f o rmulated to contain thr ee l evels of 

protein , which were the n fed to mice t o dete rmine if highe r 

l evels o f dietary pr ote i n wou ld lessen the toxic e ff ects o f 

the trichothecene . All mice in the s t udy that received the 

t oxin developed atr ophy of hematopoletlc ti ss ue in bone 

marrow and sp lee n . However , the degree of myeloid and 

me gakaryocyte pr o li feration in the splenic r ed pulp wa s 

greater in mi ce receiving the highest protein level. The 

author postulated that the higher dietary protein level may 

have resulted in increased hepatic mixed function oxidase 

enzyme l evels , which may be r espons ibl e for 

bi ot ransformation of the toxin (Hayes and Sc hi efer , 1980 ) . 

In another study , rats we r e fed diets with 3 mg/kg T-2 

t oxin , wi th the a dd ition o f 20% alfalfa in the diets o f the 

test animals . Rats f ed alfalfa had a higher level of fee d 

co11sumpt i on than the contro l s wh ose diets had no aJded 

alfalfa . The ef fe ct o f alfalfa in the diet wa s attributed 
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to the ability of increased fiber to bind and inc r ease fecal 

excretion of the toxin (Car son and Smith , 19 83). 

Copper wa s added to swine diets contaminated with 

de oxyn i valenol , i n an attempt to relieve effects of reduced 

feed intake . The additi on of 250 mg/ kg co pper to feed 

containing deoxynivalenol at levels up to 3.6 mg/kg did not 

result in s ignificantly increased feed intake or average 

dally gain as compared to no added c opper (Carl so n et al. , 

1983) . 

An expe ri ment wa s d one t o evaluate the effect o f water 

washing corn contaminated wit h Fusarium graminearum . 

Myco t oxin identificat ion wa s not menti oned by the author. 

Washi ng the corn f or 10 hours with wa ter did not imp r ove the 

decreased feed intake in pigs wh ich wa s thought t o be caused 

by mo ld corntamlnatl on , but was hing f or 48 hours wi th rins e s 

every 2 hour s removed the toxic factor from the corn . P igs 

fed the corn washed for 48 hour s had feed intakes and weight 

gains equivalent t o t hose f ed cont r ol corn (Forsyth et al ., 

197 6) . 

A s tudy wa s d one to determi ne the effect of physical 

tr ea tment on deoxynivalenol in wheat. Whea t naturally 

contaminated wi th deoxyniva l enol at 0.45 mg / kg was milled 

int o fl our. I t was f ound t hat most of the deoxy nivalenol 

was i so lated in the bran portion of the milled products , and 

l o wer level s were pr esent in the flour . Baking products 
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fr om the contaminated flour resulted in no reduction t o a 

35% decline in deoxynivalenol concentrations (Young et al., 

1984). 

Oxidizing agents have been used to destr oy aflatoxins , 

whi ch are mycotoxins produced by Aspergillus spp . 

Hydrogen per ox ide ( HP O) is. an example of an oxidizing agent 

whi c h is acceptable to use in certain food pr ocess ing . A 

combination o f riboflavin and HPO were used with 

pasteurization to i nactivate up to 98% o f aflat oxin M1 in 

milk (Ap plebaum and Marth , 1980 , cited by Doy le et al . , 

19 82) . The citing author stated that the a mount of HP O and 

ribo flavin required are excess ive and would pr obab ly not be 

suitable f or practical application . 

Wheat natura lly contaminated with deoxyni valeno l was 

tr eated with aqueous solutions o f HPO in an effort t o r educe 

de oxynivalen o l levels (Young et al., 1986) . Applica t ions o f 

6% HP O at 33 ml / kg of wheat ( low volume) did no t reduce 

d eoxynivalenol level , however 6% HP O a t 75 0 ml/kg o f wheat 

(high volume) r ed uced de oxynivalenol concentration t o 34% of 

the value prior to treatment . The procedure in this study 

used aqueous solutions whi c h were applied to wheat for 24 

ho ur s then milled (low vo lume) o r all owed to air dry ( large 

volume) pri or t o milling. In thi s study, sodium bisulfite 

was found t o be very effe c tive in reducing de oxyniva len ol ir1 

wheat , reduc ing levels t o less than 2\ o f concent rati on 
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prior to treatment . 

In another study, autoclaving deoxynivalenol 

contaminated corn after application of sodium bisulf ite 

reduced deoxynivalenol levels from 7 . 21 mg / kg to 0.79 mg/kg 

(Young et al ., 1987). ?igs were fed treated and untreated 

corn , and the sodium bisulfite treatment in combination wit h 

autoclaving removed the toxic effect of deoxynivalenol in 

the pigs. 
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MATERIALS AND METHODS 

Chick Trial I 

Preparat i on Qj_ T-2 toxin 

An agar slant containing a live culture of Fusar ium 

sporotrichioides was b lended with 50 ml o f sterile wa ter . 

Twenty ml of this solution was added to 50 grams o f 

sterile corn grits in a sterile container , ~hich was then 
0 incubated at room temperature (25 ) f or 7 days , at whi ch 

time visible growth wa s pre se nt. This culture was pla ced 

in an incubator for 5 we eks at 12 ° c . The culture wa s then 

air-dried , and forced thr ough a sieve to reduce the 

particle size to a mor e homogeneous cons ist ency . The 

prepared T-2 toxin concentrate wa s then analyzed for T-2 

toxin concentrati on and stored in a freezer unt il mixed 

int o feed . 

Th e T-2 toxin concentrate contai ned 4744 mg/kg T-2 t ox in . 

Pr eparation Q.f feedst uffs 

Control feed. Th e contro l f eed (C feed) used wa~ ~ 

commercial broiler-starter-finisher f eed 1 which contained 

n ot less than 22% crude pr otein and not less than 5% fat . 

It also contained 0.0125% amprolium and 100 gr ams per ton o f 

chlortetracycline. The feed was ground to a fin e 

1 Pr otein Blenders , Inc . , Iowa City , IA . 
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consistency, using a laboratory mill 2 with a screen diameter 

of 2 mm . 

T-2 toxin feed . The T-2 toxin feed ( T-2 feed) was 

fo r mulated by using the contro l feed as a bas e . The T-2 

toxin concent r ate containing 47 44 mg/kg T-2 toxin was 

diluted to 474 mg/kg by blending 400 grams o f the T-2 toxin 

concentrate with 3 . 6 kg of control feed. The 474 mg / kg T-2 

toxin concent r ate was then blended with cont r ol feed to a 

final calculated level of 19 mg/kg (see p. 21 for mixing 

details). 

Peroxide - treated T..=..2.. toxin ~. The pe r oxide-treated 

T-2 t oxin feed (P-T-2 feed) was made using t he T-2 feed 

listed above as a base. This feed was mixed with 15% 

hydrogen peroxide (HPO) at a rate o f 1.3 liters of HPO per 

2 kg o f feed. This mixture was then allowed to dry in 

plastic and galvanized metal pans in an outdoor, sunlit 

l ocation , with an ambient tempe r ature ranging fr om 25-35° 

C. Drying required approximately 4-6 hours . Pri or to 

feeding , the feed was regr ound through a laborat ory hand 

mill to a consistency similar to the control feed . 

Peroxi<ie-treated T..=_2_ toxin concentrate ~. The 

peroxide-t r ea ted T-2 toxin concentrate feed (P-T-2 Cone 

NJ. 
2

Thomas Wiley Model 4, Th omas Scientific , Swede s bor o , 
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feed) wa s prepared by treating the T-2 concentrate directly 

as follows . Two hundred grams o f the concentrate was mixed 

wit h 16 00 ml of 15% HPO and blended in a laboratory blende r 

slowly for . approximately 15 minute s . This mixture was then 

filtered , saving the treated concentrate. Th e concentrate 

was then rinsed wi th 500 ml o f water and filt ered again . 

The above pr ocess was repeated two more time s , the n the 
0 concentrate material wa s dried in a drying oven at 40 c. 

The treated T-2 toxin concentrate material was the n mi xed 

with contr o l feed in an amount t o pr ovi de 19 mg/kg T-2 t oxi n 

based on the orig inal level o f T-2 toxin in the concentrate . 

Per oxide-treated contr o l ~- The per oxide-tr ea ted 

cont r ol feed (P-C feed) was f ormulated by using the cont r ol 

f eed as a ba s e. Th e control feed was treated wi th 15% HP O 

at a rate of 2 liters of HPO per kil ogram of control feed . 

After all owing this mixture t o stand f o r a few minutes , t he 

HPO was decanted o ff, and the fe ed wa s rinsed three times 

with water. Af te r each rinsing , the feed was st rai ned us ing 

cheesecloth. After the final rinse , the f eed wa s allowed t o 

air dry on plasti c or galvanized metal pans in the outside 

ai r, in a sunlit location , with an ambie nt temperature of 25-

350 C. Pri or t o fee di ng , th e fee d was reground th r ough a 

laborat ory hand mill to a consistency s imilar to the cont r ol 

fe ed . 

Mi xing Q.f. f eedstuff s . A modified ceme nt mixer sl owed 
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t o a rate o f 6 revo l uti ons per minute was used to mi x the 

feedstuffs . To mix the 474 mg/kg concentrate , the 

ingred i ents wer e placed in an encl osed plastic containe r 

wit h approximate l y 16 liters capacity. I t was the n placed 

in the mixer (Figure 2) , which r evolved t he container end to 

end. The concentrate was mi xed f or 3 hours . 

To mix the T-2 feed as fed , 2 kg o f the 474 mg / kg 

concent rate was placed in t he drum o f the mixer , along wit h 

50 kg of cont r ol feed . Mixing wa s allowed t o take place f or 

2 t o 3 hours. This same procedur e wa s used to mix t he 

P-T -2 Cone feed , first mi xing 200 grams o f the pe r oxide-

trea ted concentrate with 1. 8 kg o f cont r o l feed , t hen mixing 

2 kg o f this mixt ure with 50 kg of cont r ol f eed . 

Anal ys i s .Q.f feedstuffs 

Nutri en t ana lys i s . Contro l, P-T-2 , and P-C f e eds wer e 

analyzed for nutrient levels 3 . The result s of this analysis 

a r e shown in Table 1 . The pro tein and e nergy constit uen ts 

o f the feedstuffs wer e not markedly altered by t he peroxide 

tr ea tmen t proces s , nor wer e macromineral va lues al tered 

greatly. The major c hange in the nutritional anal ys i s wa s 

the great increase in zinc and ir on c ontent of the per oxi de-

tr ea ted fe eds . Sodium and potassium we re a l so decreased in 

the peroxide-treated f e ed s . 

3
Livest ock Nutriti on Labora to ry Se r vi c e , Co lumbia , MO . 



F igure 2 . Mixer that wa s used t o mix feed s tuff s 
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Table 1 . Nutrient analysis of feedstuffs used in CHICK 
TRIAL I 

Feed 

Analysis a Control b P-Cc P-T-2 d 

Moisture 11. 7 9.1 7.7 
Crude protein 25.6 28 . 5 23.4 
F iber 5.3 6.5 6.8 
TON 77 . 8 79.0 79 . 9 
Calcium 1.1 1. 6 0.9 
Phosphoro u s 0 . 8 0.9 0.7 
Magnesium 0 . 18 0.13 0 . 18 
Sodium 0 . 19 0.09 0 . 12 
Potassium 0.8 0 0.39 0 .75 
Sulphur 0.22 0.22 0.22 
Iron 252.0 666.7 339.2 
Copper 6.0 8.9 6.0 
Manganese 85.3 92 . 8 98.2 
Zinc 89 . 3 790 . 2 971.9 

a Values are expressed as % except iron , copper, 
manganese , and zinc, whi ch are expressed as mg/kg. All 
values are represent on an as-fed basis . 

bcontr o l feed. 

cPeroxide - treated control feed. 

dPeroxide-treat ed T-2 toxin feed. 
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'..I:=-2.. toxin analysis. The feedstuffs were analyzed f o r 

T-2 toxin quantitatively. The analyses were performed by 

first extracting 20 gram samples of feed with a 90% 

acetonit ri le , 10% water solution . Extracts were then 

defatted with petr o leum ether , and a ferric gel soluti on was 

used for cleanup. Samples were then dried under nitrogen, 

and derivatized wi th acetic acid and pyridine. Analyses 

were performed by gas chromatography4, using a 1% OV-17 , 100 
5 - 120 mesh Gas-Chrome Q column . The temperature used was 

230° C., with a flame ionization detector. 

A sample of the peroxide-treated 4744 mg/ kg T-2 toxin 

concentrate contained 18 mg/kg T-2 t oxin. Thr ee samples o f 

T-2 feed and two samples of P-T - 2 feed were tak en fr om the 

mixer after the mixing process. The T-2 feed samples 

contained 19.1, 18.9, and 25.0 mg/kg T-2 toxin (21 +/ - 3 . 5). 

Both samples of P-T-2 feed contained no detectable amount of 

T-2 toxin (less than 1 mg / kg). Three samples of P-T-2 feed 

taken after grinding with the hand laboratory mill contained 

15.7 , 15.9, and 14.6 mg/ kg T-2 toxin (15 . 4 +/- 0 . 7). One 

sample each of control and P-C contained no detectable 

amount of T-2 toxin (less than 1 mg/kg). 

4sendix , Model 2500 , Romcevert , wv. 
5ohio Valley Specialty Chemical , Inc. Mari etta , OH. 
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Ch icks 

Chicks used were Heavy White Rock broiler-type chic ks 6 , 

r ece ived at one day of age . Aft e r r ece ipt , chicks were 

acclimated to their surround ings and given access to c ontr o l 

feed for the first 6 days . 

Exgerimental design 

~desi gn. Pens used f or the chicks were located in 

an enclosed r oom that was divided i nto 6 areas , using 

plywood partitions. Pine wood sawdust wa s used f or litte r . 

Each pen was appr oximately 2 m by 3 m in s ize , and held a 

sing le treatment gr oup . A single heat lamp was l oca ted 

approximately one meter above the lit te r i n each pen. The 

r oom temperatur~ wa s maintained at 27- 30° c . A sing le 

gravity fl ow metal wate ring contai ner wa s l ocated in each 

pen . 

Rand omization Q.f_ c h icks . Th e c hick s were rand omly 

divided into treatme nt groups (Coch ran and Cox , 1 957) , and 

aluminum wing bands wer e applied , wh i c h all owed 

identification of individual s . Twenty - one c hi cks we re 

allotted t o each tr eatment . 

6WELP , I B ft I nc. , ancro , A. 
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Treatment gr oUDS · The treatment groups used in the 

experiment were: 

Gr OU D 

Control 

Peroxide-treated 
control 

Peroxide-treated 
T-2 toxin concentrate 

Peroxide-t reated 
T-2 t oxin 

c 
P-C 

P-T-2 Cone 

P-T-2 

Inanition control I-C 

T-2 t oxin T- 2 

Feeding techniques. The r espective feeds were offered 

to tr ea tment groups on the first day of the experiment 

through day 21 (chicks were 7 days of age on day 1). The 21 

day feeding period was divided into 3 weekly feeding periods 

which we re designated Periods 1 , 2, and 3. Feeders were 

galvanized metal wi th r eels to pr event the chicks from 

standing in the fe eders . As the chicks increased in si=e , 

larger feeders wer e used . Feeds were offered in the 

morning , and feed remaining i n the feeder s pri or to re-

f e eding was weighed and s ubtracted fr om th e amo unt o ffer ed 

on the previous day. The I-C group was offered only the 

a mount consumed by the T-2 gr oup on the pr e vi ous day . Fe eds 
. 7 

were we ighed us ing an e l ectronic balance . 

7ohaus scale Corporati on, F l orha m Park , NJ . 
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Weighing Q.f chicks. Chicks were indi vidually we ighed 

on an electronic balance 7 at the beginning of the experiment 

(day 0) , and again on days 8 , 15 , and 22 . Chicks f ound dead 

in the pens were weighed pri or to ne c r opsy , and all chicks 

euthanatized were weighed pri or t o necropsy. 

Scoring oral lesi ons. Chicks we r e observed for oral 

mucosal lesions on the days they wer e weighed . Mouths were 

manuall y opened and the pr ese nce of gross lesions was noted . 

oral les i ons were sco r ed a t necr opsy according to l ocation 

and seve rity. Four l ocati ons used were 1) epithelium o f the 

hard palate , 2) epit he lium o f the l owe r beak , 3) commissures 

of the mouth , and 4) mucosa o f the to ngu e . Se veri ty of the 

l esions wa s es timated subjec ti vely by the area o f the l esion 

and t he appr oximate thickness of the l esion , with scor ing 

fr om 0 (no lesi on apparent) t o 4 (mos t severe lesi on) . 

Necroosv . All chicks were necropsied after dying in 

the pens or immediately after euthanas ia. Eu thanasia was 

accomplished by cervical di s l ocation . Ti ssues were observed 

grossly , and sections o f tissues were fixe d in buf f ered 

neutral formalin f or hi stopatho l ogic examina ti on . Ti ssues 

collected f o r histopath ol ogy includ ed oral muc osal lesi ons , 

thymu s , esophagus , l ung , liver , pr ove ntri cu l us , ventriculus , 

s mall intestine , col on , cecum, bur sa of Fabricius , spleen , 

7 
Ohaus Sca l e Corporati on , Fl or ham Pa rk , NJ . 
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and kidney . 

Spleen weights. Spleens were weighed on an electronic 

balance 8 immediately after necropsy. 

Hi stopa tho l ogy. Ti ssues were examined by light 

microscopy on two chicks from each group. Ti ssues were 

embedded in paraffin blocks and secti oned at a thickness o f 

5 microns , and s tained with hematoxylin and eosin . 

Statistical methods . Data analyzed were feed 

consumption , weight gains , and spleen weights . Individual 

chicks wer e t he experimental units. Analysis o f variance 

techniques 9 wer e used along wi th least significant 

differe nce s to compare gr oup means for significant 

differences at p < 0 . 05. 

Chick Trial II 

Preparation Q..f_ feed stuffs 

The T-2 toxin concentrate and control feed wer e the 

same as described previous ly in Chick Tri al I ( Tri al I) . 

Control and T-2 toxin feed (T-2 feed) were prepared and 

mixed as d escribed in Trial I. 

Peroxide-treated .T.=.l. toxin ~. To prepare the 

perox ide treated T-2 toxin feed (P-T-2 feed) , T-2 toxin feed 

wa s treated with 1.3 liters of 15% HPO per 2 kg of feed . 

8Mettler PC 2200 , Mett l er Instrume nt Corp , Highstown , 
NJ. 

9statistical Analysis System, SAS , Inc., C3ry, NC . 
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Thi s mixture was dried indoors on plastic pans at an ambient 

temperature of appr ox imately 30° C. Drying wa s accomplished 

within 24 hours . Feed wa s ground f or feeding using a food 

mill, to make the particle size similar to the co ntro l f eed . 

Peroxide -treated cont r o l feed. Th e peroxide-treated 

control feed (P-C) wa s prepared by treating control feed 

with HP O in the same manner as the P-T-2 feed. 

Anal ysis .Q.f f eedstuff s 

T.=.2.. toxin analysi s . Feedstuff s were analyzed 

quantitatively f or T-2 toxi n (see p. 26) . Fou r 20-

gram samples of T-2 f eed were taken a t rand om f or analysis 

as the feed was r emov ed fr om the mixer . These samples 

conta ined 12.5 , 19. 0 , 1 4 . 0 , and 8.5 mg/kg T-2 t oxin (13 . 5 

+/- 4. 3) . Thr e e r epresentative 20-gram samples of P-T-2 

feed contained 15 . 7 , 1 5 . 9 , and 14 . 6 mg/kg T-2 toxin ( 15.4 

+/ - 0 .7 ) . One sample each o f C and P-C f eed contained no 

d etec tabl e amount of T- 2 t oxin ( < 1 mg / kg) . 

Chi c ks 

Ch i cks used we r e Cornish-cross broiler-type chicks , 

st raight run 10 . One day old c hi c ks we r e acc limated to 

surroundings a nd give n fr ee c ho ice access t o control f eed 

f or t he first 6 days a f ter being r eceived . 

10 Hoove r Ha tchery , Rudd , IA. 
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EXDPrimental design 

Rand omization of chicks , environment and location of 

chicks , weighing of spleens , histopathologic techniques , and 

statistical methods were accomplished as described in Trial 

I . 

Treatment gr oups. The treatment groups and number of 

individuals per group were: 

GrOUQ Code ti 

Control c 20 

Peroxide treated P-C 20 
control 

Inanition per oxide I-P-C 1 0 
treated control 

Inaniti on control I-C 10 

Peroxide treated P-T-2 20 
T-2 toxin 

T-2 toxin T-2 20 

The experiment originally had two groups of controls , 

however on day 4 one of the control groups was used Lo f orm 

another peroxide-treated control group and a counterpart 

l nanltlon control group. The control group of 20 chicks 

was divided randomly int o two groups of 10 chicks . The 

inaniti o n peroxide-treated control gr oup was fed P-C feed , 

and the inanition contr ol group wa s pairfed with control 

fe ed t o match the amount of feed consumed by the inanition 

per o xide -t reated contr ol group on the previous day . 
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Feeding technigues . Treatment feeds were o ffered to 

chicks each morning , beginning at 8 days of age . Feeders 

used were the same a s Trial I. 

After 14 da ys on trea t ment feeds , chicks were placed on 

control feed f or t he remainde r of the experiment ( 14 days). 

Feeding peri ods were de signated a s periods 1 , 2 , 3 , and 1 , 

the first two pe r iods being peri ods whe n treatment f eeds 

were offered . Feeding periods were 7 days dur ati on e xce pt 

per i od 4, which was 8 days. 

The I - P-C and I-C groups were assigned feed i ng peri ods 

separately fr om the remai nde r o f the groups. Periods 1 and 

3 were 3 days du r ation , period 2 was 4 days , and peri od 4 

was 5 days durat i on. 

Wei ghing Q.f chicks . Chicks were weighed at the 

beginning o f the experiment (day 0) , and also on days 3 , 7 , 

11 , 1 4, 17 , 21 , 2 4, a-nd 29 . On days whe n chicks were 

euthanatized , we i g h t s were taken just prior t o necropsy . 

Scoring ora l le sions . Oral cavity l esions were scored 

as described in Trial I. Scoring was done on days 7 , 11 , 

14 I 15 I 1 7 , 21 , 2 3 , 2 4 I and 2 9 . 

Nec r o i;i s y techn i <J IJ PS. Fi ve ch i c ks were removed at 

random fr om each gr oup on days 7 , 14 , 21 , and 29. They were 

euthanat i zed by cervical dislocati on and necropsied . Organs 

were exa mi ned grossly for lesi ons , and tissues wer e fixed in 

10% buffered neutral formalin f or hist opathology. Ti ssues 
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collected were o r al mucosae , esophagus , crop , s pleen , 

proventriculus , stomach , small intestine , pancreas , colon , 

bu rsa o f Fabricius , thymus , liver , and kidney. 

Ra t Taste Ave r sion Trial 

Preoaration Q_f f eedstuffs 

~. Commer c i a l l aborato r y rodent fee d11 was the 

control f eed , a nd was a base for the toxin feed gr ou ps. The 

feed contained no t l ess t han 2 4\ protein , not less than 6\ 

fat , and not more than 4. 5\ fiber. Feed was g~ound using 

a laboratory mi ll (see p. 20) with a 2 mm diameter screen 

size . After grindi ng , novel diets were formulated by adding 

22 grams of sodium saccha r in 12 per kilogram of feed , al ong 

with T-2 t oxin c onc e nt r ate wh ic h co n ta i ned approximately 474 

mg/k g o f T-2 tox in (formulated as described on page 17). 

Nove l die t s we r e f ormulated to contain approximately 0 , 10 , 

and 20 mg/kg of T- 2 toxin . The control diet had no 

saccharin a nd no T- 2 t oxin added . Diet ingredients were 

placed in plastic containers of appr oximately 16 liter s 

capacity and thor oughly mi xed by revo l v ing i n a ce ment mixer 

as described ear li er (seep . 21) . 

MN. 

11 Rat / Mouse Di et 1526 , Simonsen Mill , Inc. , Quimby , IA. 
12sprinkle Sweet , The Pillsbury Company , Minneapoli s , 
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Feeds we r e then labeled as follows : 

Con t rol c 

Nove l + 0 mg/kg T-2 t oxi n N+ O 

Novel + 10 mg/kg T-2 tox in N+lO 

Nove l + 20 mg/kg T-2 tox i n N+ 20 

Anal ysis Q.f. feedstuffs 

T..=.2. t n:d n anal ye. i e.. Feeds t uffs were a na l yzed 

quantitat i vely f or T-2 toxin content (seep. 26). Eight 

2 . 5-gra m samples each of N+O , N+lO , and N+20 feed we re 

taken di r ectly fr om f eeders du r ing t he period when these 

feeds we r e offe r ed. All samples of N+O conta ined no 

detectab l e amoun t of T-2 toxi n . The N+lO samples contained 

a mean o f 8 . 1 mg/kg T-2 toxin , +/- 1 . 1 , and N+20 sample s 

co ntai ned a mean of 1 3.2 mg/kg , +/- 3 .4 . 

Twenty-fou r male Sprague-Dawley rats13 weighing 

approximately 150 to 175 grams each were placed in 

individual cages , offered standard laborato r y rodent feed , 

and started on the trials within 24 to 48 hours of being 

received . The experiment was executed in t wo time periods 

with 12 r ats in each period. Rats were randomly assigned 

tp cages (Cochran and Cox , 1957) . 

13B. b io-La Corp . , St . Paul , MN. 
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ExQerimental design 

Cages . A bank of stainless steel laboratory animal 
14 ' th · h fl d t h th rats cages w1 wire mes oors was use o ouse e . 

Th e cage design is shown in Figure 3. Backs and sides o f 

the cages were solid stainless steel , and the fronts were 

wire mesh . Sawdust was used under cages to abs orb urine and 

collect feces. Nipple waterers were used . 

Feeders. Two feeders were fastened inside the front of 

each cage . Figure 4 demonstrates a feeder that has bee n 

opened to show internal details . Feeders were fabricated 

using aluminum sheeting, and dimensions were 10 by 1 0 by 5 

cm. A square opening in the front of the feeder was sized 

at 5.75 by 5.75 cm to allow feeding but prevent rat s from 

climbing into the feeder. Small pans were placed under each 

feeder to collect spilled feed , whi ch was placed back into 

the respective feeder prior to being weighed. 

The feeding activity detection system in the feeder 

consisted of a Plexiglas framework t o which an infrared 

light emitting diode15 was attached on o ne side and a light 

detector photodarlingt on 16 wa s placed on the opposite siue . 

This is also shown in Figure 4. The pathway of the 

14 Waumann (Lab Products, Maywood, NJ) . 
15ECG 30 17, res Computer Products , San Diego , CA. 
16ECG 3036 , r es Computer Pr od uct s , San Dieg o , CA . 



Figure 3 . Rat cage with feeders present 
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Figure 4. A rat feed e r that has been opened t o 
demon s trate internal parts 
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infrared light beam was therefore located in a position 

that required that it would be interrupted upon feeding 

attempts by a rat . 

. t . t 17 Fe eding activity monitoring s ys em. A m1crocompu er 

was used to col lect feeding activity data. An interface 

card 1 8 wa s connected to the computer , to which individual 

leads were distributed to feeders. Leads fr om feeders were 

connected to a 0 . 01 microfarad capacitor and a hex 

invertor 19 . Individ ual wire s to each feeder were fitted 

with banana plugs to allow easy disconnection of wi res from 

feeders for removal of the feeders for weighing the feed 

consumed each day. 

RQQm lighting . Room lighting was supplied by 3 high 

intensity incandescent flood lamps mounted appr oximate ly 1 

m above the top row of cages. The light s wer e direc ted at 

the fronts of the cages. An automatic timer was used to 

turn the lights on at 0800 hours. Lights remained on 

during daylight hours , and wer e automatically turned off 

at 1700 hours . The room housing the rats was not entered 

by personnel during the period wh en li ghts were out . 

We ighi ng Q.f ~. Rats were wei ghed individually on an 

17
IBM PC AT , IBM Corp. , Charlotte, NC . 

18 
Model 01024 , !CS Computer Products, San Diego , CA . 

19ECG 74LS04 , !CS Computer Pr oducts , San Dieg o , CA . 
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electronic balance (see p . 28) on the ini tial day of the 

trial , and on days 7 , 1 0 , 16 , 19, and 26 . 

Feeding schedu l e . Af te r the electronic monitoring of 

feeding activity was completed for each day at 12 00 hours , 

feeders were removed fr om the cages . Feeders wer e weighed 

using the balance f or we ighing rat s , and the f eeder weights 

before and after the feedi ng period were r e c ord ed . The 

feeders we re re-fi lled with feed to a we igh t of 165 grams , 

then returned t o the cages between 1 630 and 1700 hours . 

Feeding behavior was monito r ed from 17 00 hours one day 

through 12 00 hour s t he foll owing day, f or all test days . 

Watering. Wat er consumpt i on was measured at 

approximately 1230 hours daily by we ighing the water bottles 

on the electronic balance used to weigh feed . 

Treatment gr oups . Rats were rand oml y assign ed to 

treatment groups (Cochran and Cox , 19 57). Groups were 

identified as 0 ppm (control), 1 0 ppm, and 20 ppm. 

f eeding pa radigm. The feeding paradigm i s summarized 

in Ta ble 2 . For t he first 7 day s o f the trial , all rats 

were offe red control f eed . Feed was placed in both feeders 

in each rat ' s cage . Thi s feeding period was labeleJ 

ACCLIM. Days within per iods a re a l so referred to by period 

names . 

On dayJ 8 through 10 o f the experiment , ra ts i11 each 

group were of fered novel feed f or their respect ive group (8 
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Table 2 . Feeding pr o t oco l for RAT TASTE AVERSION TRIAL 

Day of trial GrOUI? Feed offered 

Days 1 -7 All Control (both feeders) 
(ACCLIMATION) 

Days 8-10 0 I? 1?m N+Oa (both feeders ) 
(NOVEL) 

N+lOb 10 ppm (both feeders) 

20 Pl?m N+20c (both feeder s) 

Days 11-15 All Control (both feeders) 
(RECOVERY 1) 

Day 16 All No feed 
(NO FOOD) 

Days 17 - 1 8 All Cont r ol d (one feeder) 
(CHOICE 1) 

N+O (one feeder) 

Days 19-25 All Control (both feeders) 
(RECOVERY 2) 

Day 26 All Cont r o l (one feeder) 
(CHOICE 2 ) 

N+O (one feeder) 

a Novel feed containing 0 ppm T-2 toxin . 
b Novel feed containing 10 ppm T- 2 toxin. 
c Novel feed containing 20 ppm T-2 toxin. 
d Feeders were placed at 

days . 
random in cages during CHOICE 
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rats in the 0 ppm group received N+O feed , 8 rats in the 10 

ppm group received N+lO feed, and 8 rat s in the 20 ppm group 

received N+2 0 feed). Novel feed was placed in both feeders 

o f each cage. This period was labeled NOVEL. 

Days 11-15 of the experiment were a recovery period in 

which rats were offered the control diet , again in both 

feeders. Thi s period was labeled REC 1. 

On Day 16 , no food was offered to the rats . Feeders 

were removed from the cages on the previous day at 1200 

hours as usual , but were not placed back in the cages with 

the rats. Only water consumption was monitored on day 16 , 

which was designated NO FOOD. 

Days 17 and 18 were the first choice test. This period 

was labeled CHOICE 1, and rats were offered N+O feed in one 

feeder, and control feed in the other feeder in the cage. 

The posi tion of the feeders in each ra t ' s cage was as signed 

randomly t o reduce the effects of previous feeder 

preferences or a preference of feeder posit i on by the rats . 

Days 19-25 of the experiment were a second recovery 

period , during whi ch control feed wa s offered to all r ats in 

both feeders. Thi s period was named REC 2. 

During day 26 rats again received a choice o f control 

versus N+O feed , and this day wa s labeled CHOICE 2 . The 

feed choice was placed at the same random position that was 

used during the CHOICE 1 peri od . 
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NecroDsy. Rats were euthanatized by carbon dioxide 

asphyxiation within 24 hours of termination of the second 

choice test, and necropsied immediately afte r euthanasia . 

Internal organs wer e observed gross ly for lesions, and 

tissue sections were fixed in 1 0% buffered neutral formalin 

for histopathologic examination . Tiss ues fixed included 

lung , heart, stomach , small intestine , colon , li ver , kidney , 

adrenal , pancreas , and mesenteric lymph node . 

Histogathology . Tissues from the rats were cast in 

paraffin blocks , s ect i oned at 5 microns , stained wit h 

hematoxylin and eosin~ and examined by light microsc opy. 

Tissues were examined f rom all rats in the e xper iment . 

Statistical analysis. Data collected during the 

experime nt were daily food consumption per rat per feeder , 

daily water consumption per rat, and body weights . The 

daily feeding activity collected included the number o f 

times the rat's body interrupted the path o f the infrared 

beam for greater than 0 . 50 seconds (number of feeding 

attempts) , and the duration o f each feeding attempt , in 

seconds. Feeding attempts wi th durati ons greater than 30 

minutes were assumed to be nonsense values , and wer e 

excluded fr om data. 

Data were analyzed by analysis o f variance methods 

{seep . 30). Least significant difference techniques we r e 

used to compare gr ou p means f or significant differ ences . A 
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group by feed interac ti o n was used t o evaluate differences 

du ring CHOICE period s . Data analyzed included feed 

consumpti on , weight gains , water consumption , daily f eeding 

attempts , and duration of feeding attempts. 
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RESULTS 

Chick Tr ial I 

All chicks appeared to be acting and feeding n ormally 

by direct observation for the fir st 4 days after being 

placed on their respective treatment feeds. The contr o l and 

P-T-2 Cone groups had less feed was ted ar ound their f eede r s 

than t he othe r 3 groups . The inaniti on c ontr o l gr oup 

displayed much greater hunger behavior than the other 

grou ps, by moving quickly t o the feeder whe n their pen was 

entered. 

By day 6 o f the fe eding peri od , chicks i n the P-T-2 

gr ou p and the P-C group were listless and we re not eating . 

They did not move to the feeders when feed was offered , as 

chicks in the other groups did. On day 1 0 , one chick in the 

P-C group was found in a moribund condit i on , and all o f the 

chicks in this gr oup and in the P-T-2 group were very 

depressed and inactive. Severely debilitated and weakened 

chicks were removed from the pens, euthanatized , and 

necropsied . All chicks we re removed from the P-T- 2 group 

by day 14 , due to their debilitated condition. Chi cks in 

the P-C group followed a similar pattern, h owe ve r th e course 

of their c onditi on was somewhat delayed as compared to the 

P-T-2 gr oup. All ch i cks in the P-C gr ou p were euthanatized 

by day 19 , due to emaciation. 
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Chicks in the T-2 group displayed behavior patterns 

similar to those in the C and P-T-2 Cone groups. However , 

when feeding , they scratched more litter away from around 

the feeders. 

Oral lesions were .first noticed on day 8, and were 

found only in the T-2 group. Ten of 21 chicks in this group 

were affected by day 8 , and all chicks in the T-2 gr oup 

eventually developed necrotizing oral mucosal lesions. 

Lesions were most obvious on the mucosa of the hard palate , 

and appeared as a thickened, yellow to white pseudomembrane. 

Feed particles and litter adhered to lesions in some o f the 

chicks. As a lesion progressed , it affected the tip of the 

tongue , and the commissures of the mouth. 

Even though all chicks in the T-2 group devel oped oral 

mucosa lesi ons , only one individual in the group became 

severely debilitated requiring euthanasia. Three chicks in 

this group developed distorted beaks due t o adherent litter 

and feed particles in their oral cavities. Oral mucosal 

lesions were not detected in chicks in treatment groups 

other than the T-2 group. 

~consumption . Feed consumption by tr ea tment yroup 

i s shown in Figure 5. P-T -2 and P-C groups consumed 

very little feed . Since feed co nsumpti on wa s not mea s ur ed 

on an individual chick basis, stati s tical analyses cuu ld not 

be us ed to compare group differences . 



Figure 5. Mean feed consumpt i on per chick in CHICK TRIAL I during 
days of the exper iment . All groups were offered their 
respective treatment feed 

P- C group=Peroxide-treated control 
I - C group=Inanition cont r ol 
P- T- 2 group=Peroxide-treated T- 2 toxin 
P-T-2-Conc group=Peroxide-treated T-2 toxin concentrate 
T-2 group=T- 2 toxin 
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Weight gains. Weight gains in the various treatment 

groups followed feed consumption. Group means are shown in 

Table 3 . In this table and others following , lower case 

letters positioned to the right of mean values are used to 

indicate significant differences (p<0.05) between treatment 

groups. Different lower case letters among mean values 

designate significantly different values . For example , a 

versus ab indicates values that are not significantly 

different , whereas a versus b indicates significa ntly 

different values. Wei ght gains were divided into 3 we ekly 

periods . The P-T-2 Cone group weight gain wa s not 

significantly different from the controls during any of the 

3 weeks. The T-2 group gained significantly less than 

controls during all 3 weeks of the experiment. The P-T -2 

gr oup and P-C group gained significantly less than the 

c ontrol , T-2, and I-C groups during the firs t week of the 

test. Due to l oss of chicks from the P-T -2 and P-C groups , 

comparisons with these groups were made only during the 

first week. The P-T-2 group actually lost weight , and the 

P-C group gained very little weight during this period . 

Inanition cont r ols gained significantly more weight 

than the T-2 group during the first two week s o f the 

experiment , h owever there wa s not a significant difference 

during the third week. There wa s not a significant 

difference in weight gains between the r-c gr oup and the T-2 
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Table 3 . Mean weight gains by group during CHICK 
TRIAL I by feeding period (values in grams 
per chick per day) 

Group Peri od 1 Period 2 Period 3 Overall 

Control 13.9a 2 18.2a 30.2a 20.3a 

P-T-2 Cone 3 13.7a 17.9a 28 . 9a 20.2a 

I-C 4 9.lb 9.8b 14.Jb 11.lb 

T-2 5 4.9 c 7.5c 15.7b 9 . 0b 

P-c6 1. 4d 

P-T-2 7 -l.4e 

SEM 8 0. 4 0 .6 1.1 0 . 8 

LSD 9 1.1 1. 8 3.1 2 . 3 

1 Values averaged over all 3 feeding periods. 
2oifferent lower case letters within a given period 

denotes significance (p <0 . 05). 
3Peroxide-treated T-2 toxin concentrate gr oup . 
4rnan ition controls. 
5 T-2 toxin group. 
6 Peroxide-treated control group. 
7 Peroxide-treated T-2 toxin group. 
8 Standard error of treatment mean. 
9Least significant difference (p <0 .05, df= 5 , 125 for 

Period 1 , and df=J,83 for other periods). 

1 
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g r oup wh en the weight gains over the entire f eeding per i od 

were compared. 

QL..a1 lesion scores . Oral muc osa! lesions were scor ed 

in the T-2 group at necropsy . The mean lesi on score was 

5 . 5 , +/- 3 . 3 . Oral l es i ons were not present in other groups 

f o r scoring . 

Spl een we i ght s . Spl een weight s of the chicks were 

expressed as a percentage of body weight (SWP ) , since there 

wa s great variability in weight of the ch icks in t he 

diffe rent groups at necropsy. SWP values wer e significantly 

decreased in the T-2 , r -c , P-C, and P-T- 2 groups as compared 

to controls (Table 4). Th e SWP value for the T-2 gr oup was 

not significantly less than the r-c group , however it was 

significantly l ower in the P- T- 2 gr oup as compared t o the P-

C group. 

Necr ops y. Gross necropsy fi ndings in the P-T- 2 and the 

P-C gr oups consisted of emaciated carcasses . Thymus glands 

in these two groups were also small and di ff icult t o l ocate . 

No o ther lesions wer e obse r ved i n chicks of these gr oups . 

All chicks in the T-2 group had oral mucosal l esi ons 

when necropsied. Lesions consisted of caseous necr oti c 

exudate o n the mucosa of the hard palate , necr os is o f the 

tip of the t ongue, and crusting le s i ons on the comm issures 

of the mouth and beak margins. Le s ions were not obse rved 

grossly in other or gans o f chicks in the T-2 gr o up . Gross 
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Table 4. Mean spleen weight values (SWP) 1 of chicks by 
group in CHI CK TRIAL I 

Group SWP 

Co ntrol 2 0.154a 

3 P-T-2 Cone 0.155a 

T- 2 4 0 . 095b 

I -C 5 0 .1 02b 

P-C 6 0 . 071c 

P - T-2 7 0 . 041d 

SEM 8 0 . 008 

LSD 9 0 . 022 

1 Spleen weight expressed as a percentage of body 
weight. 

2oiffe rent l o wer case l ette rs denotes significance 
(p <0 . 05). 

3 Per o xide-treat ed T-2 toxin concentrate gr o up. 
4T-2 t ox in group . 

5 •t• t 1 Inan1 ion con ro s. 
6Peroxide -treated control group. 
7Per oxide- treated T- 2 toxin group . 
8 Standard error of treatment me an . 
9Least signifi cant di f fere nc e ( p <0 . 05 , df=S,125) . 
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lesions were not present in chicks of the I-C group . 

Histopathology. Oral mucosal lesi ons were present 

only in chicks in the T- 2 group . The se lesions were 

characterized by diffuse hyperkeratosis and multifocal 

erosions of the epidermis. Inflammatory cells and bacteria 

were adhering to the er oded sur fa ce of the epidermis. Mild 

epidermal hyperplasia was present, along with mild 

infiltrates of · inflammatory cells in subepidermal areas. 

Thymic atrophy wa s present in the P-C and P-T-2 groups . 

Thymic lobules were much smalle r in these g r oups as compa red 

to those in control , P-T-2 Cone , T-2, and I-C groups . 

The atr ophic thymic lobules had poorly defined cortical Jlld 

medullary areas , and foci of degenerating cells . 

Chick Trial II 

Observations 

By day 5 of the experiment , chicks in the P-T-2 a nu P-C 

groups were huddled up , depressed , and inactive. The y diu 

not move to the f eeders when feed was offe red, a s chicks in 

othe r groups did . Poor weight gains of chicks in the P-T- 2 

and P-C groups as compared to controls was apparent by day 4 

of the experiment , and became more obvious as the experiment 

proceeded . On day 13 , one of the chicks from the P-T-2 

group wa s in lateral re cumbency , due to cachexia . All 

c hi cks ln the P-T- 2 and P-C groups were emaciated by duy 13. 

Oral mucosal lesi ons were present in the T-2 group by 



56 

day 3 of the experiment. The lesions at this po i nt were 

mino r fibri nous exudates on the mucosa o f the hard palat e of 

14 o f the chicks . By day 7 o f the experiment , all ch i cks 

in the T-2 group had obv i ous oral mucosa l lesi ons . Le sions 

were present on the mucosa o f the hard palate , tip o f the 

tongue , and c ommissur es o f the mouth , and wer e very simi l ar 

t o those described previously in Trial I . Chick s i n the T-2 

group displayed normal feeding beha vior, except the litter 

surrounding the f eeder in the T-2 group was more disturbed 

t han in ot he r groups . 

Four c hicks in the P-T-2 gro up develo ped mild 

necrot izing ora l muc osa l lesi ons , whi ch were present by day 

11. Lesi ons wer e not sco r ed in this group , since the 

lesions were ve ry mi l d , and on ly a f e w chicks were affected. 

Oral cavity l esions were not obse rved in the o ther 11 chi c ks 

in the P-T-2 group , or in the c , P-C , I -C , or I -P-C groups. 

Feather abnormalities were observed in the T- 2 group on 

day 14. Chicks in thi s group had areas on their backs wh ich 

were not cove r e d wi th feathers , and f eather s on the wings 

were s hort e r a nd more sparse as compared t o control chicks . 

The r e maining c hi cks in all groups were p l aced on 

control feed on day 16 . Chicks in the P-T-2 and P-C groups 

began feeding ravenously within one hour of receiving 

control f eed . Th e sec ond day after being changeJ to control 

feed , 2 chicks in the P-C group and 6 chicks in the P-T-2 
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had l ocomotor difficulties. Affected chicks could wal k only 

short distances , and appeared t o have weakness o f the l egs . 

Wings o f affected ch icks we re carri ed in an abn ormal 

position , and were dragged along the litter as they 

attempted t o walk . Chicks with locomotion disturbances all 

recovered within 5 days of ons e t o f the signs , e xc e pt for 

t wo t ha t were euthanatized and necropsied . 

After chicks in the T-2 gr oup were given control feed , 

their oral mucosal lesions regressed . Lesions were 

noticea bly improved after 7 days on contr o l fe ed. Wit hin 1 4 

days of being pla ced on control feed , ora l mucosa l l esio ns 

c ould not be obser ved gr ossly in chicks in the T- 2 g r oup . 

Feed consumpti on . Feed consumption va l ues are shown by 

graph in Figur e 6 . Feed consumption by gr oups consuming 

pero x ide trea ted f eeds wa s markedly reduced (on days 1-14 ). 

Wei gh t gains. Weight gains of the different groups 

during the first two f eeding peri ods are sho wn in T~ble 5 . 

Weight gains in peri od 1 are means for 20 chicks in each 

gr ou p which received their r es pective fe ed f or 7 days , and 

weigh t gains shown in peri od 2 are the for-the 15 rema ining 

chicks in each gr oup from period 1 . Period 2 wa s also 7 

days in duration . 

During pe r iod 1 , chicks in the T-2 group gained 

significantly less than controls . The P-C and P-T-2 gr ou ps 

bo th gained s ignifi can tly l ess than cont r o ls . There wa s no t 



Figure 6 . Hean feed consumption per chick in CHICK TRIAL II 
during days of the experiment. All groups were offered 
their respective treatment feed on days 1 - 14. Control 
feed was o ffer ed to all groups on days 15- 28 

P-C group=Peroxide - treated control 
P-T- 2 group=Per oxide- lr eated T-2 toxin 
T-2 group=T-2 toxin 
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Table 5. Mean weight gains in CHICK TRIAL II by group 
during first two feeding peri ods (weight gain 
per chick per day in grams) 

Group 1 Period 1 Period 2 

Control 28.la 2 37.2a 

T-2 3 17.Sb 25 . 7b 

P-T-2 4 -4.4c -l . 3c 

P-C 5 -3.9c -2.5c 

SEM 6 0.7 0.9 

LSD 7 2.0 2 . 6 

1 All groups were offered their respective treatment 
feed during Periods 1 and 2 . 

2 Different lower case letters within a given period 
denotes significance (p <0 . 05). 

3T-2 toxin group. 
4Per o xide-treated T- 2 t o xin group. 

5Peroxide-treated control group . 
6 Standard e rr or of treatment mean. 
7Least significant difference (p <0.05 , df=J , 79 for 

Period 1 , df=J,59 for Period 2). 
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a significant difference in weight loss between the P-C and 

the P-T-2 groups during this peri od. 

During peri od 2 , all groups gained s ignificantly less 

than controls . Aga in, the r e wa s not a s ignificant 

di ff erence between weight l oss in the P-C and the P-T-2 

gr oups. 

Weight gains f or the inanition cont r o l s a s compared to 

the I-P-C group ar e shown ln Table 6. On the second day of 

the second period o f the expe rimen t , it was di scovered that 

the I-P-C g roup was wasting a significant amount of feed , 

which resulted in the I-C group being fed more feed than the 

I-P-C group actually consumed. Th e ref ore, the wei ght gains 

du ring Periods 1 and 2 we re inaccurate , and were no t used . 

During Peri ods 3 and 4, there wer e not signi fi cant 

differences in we ight loss between the r-c and P~c groups. 

Weight gains during the r ec overy period i n which all 

gr oups r ecei v ed control feed a r e s hown in Tab l e 7. Chicks 

in the P - T-2 and the P-C gr oups gained sign ifi cantly l ess 

than cont r o ls and the T-2 gr oup during Period 3 , however 

durin g the period 4, there were not significant differ erces 

in wei ght gain betwee n groups . Chick s being compar ed i n 

the gr ou ps were differ e nt in body weights when started in 

the r ecovery peri od , due t o the effect of the various 

treatment feeds offered pr evious ly . 

Feed conve r sion . Table 8 d emonstrates f eed efficiency 
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Table 6. Mean weight gains for inanition control group 
and inanition peroxide control group by period 
in CHICK TRIAL II (grams per chick per day) 

Group 

I-P-C 

I-Cd 

SEMe 

LSD£ 

c 

aPe r iod 3 

bPer i od 4 

was 

was 

Period 3a 

-1. 8 

-3.6 

0. 7 

2 . 2 

3 days duration . 

5 days duration. 

Period 4b 

-1. 4 

-3.5 

0. 8 

2 . 4 

cPeroxide-treated control group, which received 
peroxide-treated control feed. 

dinanition control group, which received control feed . 

estandard error of treatment mean . 

fLeast significant diff e rence (p<0.05, df=l,19). 
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Table 7. Mean weight gains by gr oup for CHICK TRIAL II 
during Periods 3 a nd 4 (grams per chick per day) 

1 Group 

Control 

Peri od 

32 . la 2 

31.2a 

1 9.3b 

19.lb 

1. 7 

4 . 8 

3 Peri od 4 

26.0a 

23.Sa 

20 . ?a 

21.7a 

2.2 

6. 7 

1All groups were offered contr o l fe ed during Periods 3 
and 4 . 

2Different l o wer case letters within a given period 
denotes significance (p<0.05). 

3T-2 toxin group. 

4Peroxide-treated control gr oup . 
5 Peroxide-treated T-2 toxin group. 
6 Standard error of treatment mean. 
7Least significant difference (p<0 . 05 , df=3,39 for 

Period 3, df=3 , 1 9 for Period 4). 
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Ta ble 8. Feed conversion of chicks in CHICK TRIAL II by 
group during periods (grams of feed consumed 
per gram of weight gained) 

Group a Period lb Period 2 Period 3 Period 

Co ntrol 1.6 1.5 1. 7 2 . 0 

P-T-2 c -0 . 9d -1. 7 1.1 1. 4 

P-Ce -1.1 -4.0 0.9 1. 3 

T-2f 1. 4 1. 6 1. 5 2 . 0 

4 

a Groups received their r espective treatment feed during 
Periods 1 and 2, and all groups r eceived control 
Periods 3 and 4 . 

bPeriods were all 7 days duration . 

cPeroxide-treated T-2 toxin group . 

dNegative values indicate weight loss. 
e Peroxide-treated control group. 

fT-2 toxin group. 

feed during 
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values for groups, by weekly peri od . Negative values f or 

P-C and P-T-2 groups during the fir st t wo peri ods are d ue t o 

weight losses during these peri ods. A slight difference wa s 

present between control and T-2 groups. During periods 3 

and 4 in which all chicks consumed control feed, P-C and P-

T-2 groups were also quite similar, and feed efficiencies 

during these periods were similar to controls during the 

first two periods. 

SQleP-n weights. Spleen weight was expressed a s a 

percentage of body weight (SWP value). SWP values wer e not 

sign ificantly decreased in the T-2 group as c ompared to 

controls, but were decreased in the P-T-2 and P-C groups 

(Table 9) . P - T-2 and P- C groups did not have a s i g n ificant 

difference in SWP values. SWP values f o r the I -C group 

could not be included because of an error which resulted in 

a mixup of spleens from this gr o up. 

Oral les ion scores . The method of scoring oral 

le s ions wa s described previ o usly (see p. 29) . A to tal 

score was then given to each chick , by summing t he sco r e 

f o r eac h l ocat i o n . Mean values were then calculated f or 

eac h peri o d the o ral cavities wer e examined for l esions . 

Lesio n scores in the T-2 toxi n g r o up increased between days 

7 and 11 (Table 10). This group was placed o n co n trol feed 

o n day 15, and the l es i o n sco r es declined s t eadily 

f o llowing the change in feed. 
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Table 9 . Mean spleen weight va l ues (SWP) 1 of chicks by 
group i n CHICK TRIAL II 

Group SWP 

Control 0.099a 2 

T-2 3 0 . 084a 

P- T-2 4 0.064c 

P-c 5 0.053c 

SEM 6 0.005 

LSD 7 0.01 6 

1spleen weight expressed as a per ce ntage of body 
weight. Values were calculated fr om chicks necropsied 
at the e nds of Period 1 and 2. 

2oifferent l ower case letters denotes significance 
(p<0 .05). 

3T-2 toxin group. 
4Pe r oxide-t r eated T-2 toxin gr ou p . 
5Pe rox i de- tr eated c ontrol gr oup . 
6 standard error o f treatment mean . 
7Leas t significant difference (p< 0.05 , df =3 , 39) . 
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Table 10. Mean oral mucosal lesion scores for chicks in 
in the T- 2 toxin group during CHICK TRIAL I I 

Day a Score SEMb 

0 0.0 

7 3.1 1. 7 

11 5. 7 3.0 

15 4.7 2.6 

17 3.6 1. 6 

21 1. 4 1.1 

23 0 . 8 0. 8 

24 0.2 0.4 

28 0.0 

aChicks wer e offered feed containing T-2 toxin on ' days 
1-14, and control feed on days 15-28. 

bstandard error of mean. 
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Necr o ps y . Necropsy of chicks ln the P-T-2 and P-C 

g r oups revealed emaciated carcasses and s mall thymus glands. 

No ot her l esions wer e noticed grossly in these groups . 

Lesions were f ound on the oral mucosa of a ll chicks i n the 

T-2 group , wh ich consisted of f ibrinous plaques o n the 

mucosa o f the ha rd palate , and necrotizing les ions on the 

tip of the t ongue (Figure 7) . Crust s we re present at 

commissu r es of t he mouth and on the external margin o f 

beaks o f many o f the chicks in the T- 2 group. Gross l esions 

were not d etected in other organ s o f the chicks in the T-2 

group . 

Histopatho l ogy. Mi c r oscopic le s i ons were pr esent only 

in the oral mucosa o f chicks in the T-2 group ( F i g ure 8) . 

These lesi ons were simila r to those described previ ously in 

Trial I. 

Thymic atrophy occurred in c hick s in the P-C , P-T-2 , I-

P-C , and I-C gr ou ps . Microscopically, the le sions were very 

similar t o those described in Trial I . Thymus glands fr om 

the P-C , P-T-2 , I-P-C, and I -C groups were very similar i n 

appea ranc e . Thymus glands from contr ol chicks were very 

simila r in a ppea r ance t o those f rom c hi c ks in the T-2 g r oup 

(Figure s 9 and 1 0). 

Rat Ta ste Aversion Trial 

Feed consumption 

ACCLIM period . During the 7 day acclimation period 



Figure 7. Gross appearance of a lesi o n involving the 
mucosa o f the palate of a chick that was 
o ffered f eed conta ini ng 13.5 mg/kg T-2 t oxin 

Figur e 8. Micr oscopic appea rance of a lesion invo lving 
the mucosa o f the palate of a chick that wa s 
offered feed containing 13.5 mg / kg T-2 toxin . 
H&E s tain 





Figure 9 . Mi croscopic appearance of a thymus gland from 
a control chick . H&E stain 

Figure 10. Micr oscopic appearance of a thymus gland 
from a chick that wa s o ff ered peroxide-
treated control feed. Thymic atrophy is 
present , with no definition between cortical 
and medullary areas . H&E sta in 





73 

there were no significant differences in feed consumption by 

group. Feed consumption is shown in Figure 11 and Table 

11. 

NOVEL period . The novel peri od was the only period 

during which rats were exposed to T-2 toxin. Significdnt 

differences in feed consumption between groups were observed 

during this period . on all 3 NOVEL days , the 10 ppm group 

had reduced fe ed intake as compared to controls. Rats in 

the 20 ppm group consumed significantly less feed than those 

in 10 ppm and 0 ppm groups on all 3 NOVEL days als o . 

R,E£ periods . There were no significant differences in 

feed consumption between groups during days of either REC 

period . 

CHOICE peri ods . During CHOICE days , rats had a choice 

of control versus N+O feed to consume. Based on total feed 

consumed , there were no significant differences between 

groups during any of the CHOICE days. A group by feed 

interaction was evaluated to determine if a gr oup pr eferreu 

N+ O f eed or control f eed , as compared to other gr ou ps. 

Significant differences wer e not present (Table 1 2) . 

Wei ght gain s 

Weight gains by gr ou p are shown in Table 13 . 

ACCLIM peri od. There were no significant differences 

in weight gain between groups during the ACCLIM peri od in 

which rats received control feed in both feeders. 



Figure 11 . Hean feed co nsumption per r at in grams by group 
during days of the feeding paradigm. Rats were 
offered control feed on days 1-7 (ACCLIH 
period) , days 11 - 15 (REC 1 period), and days 
19-25 (REC 2 period). On days 8 - 10 (NOVEL 
period) rats were offered novel feed , which 
contained sacchar in and T-2 toxin at O, 10 , or 
20 mg / kg for the respective group . No feed wa s 
offered on day 16 . On days 17 -18 (CHOICE 1 
peri od and day 26 (CHOICE 2 day) , rals were 
o ffered a choice of contro l feed versus novel 
feed with no T- 2 toxin (N+O feed) 
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Table 11. Mean feed consumption per rat per day in grams 
by group during days of the feeding paradigm 

Day 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 

1 Code 

ACCLIM 1 
ACCLIM 2 
ACCLIM 3 
ACCLIM 4 
ACCLIM 5 
ACCLIM 6 
ACCLIM 7 
NOVEL 1 
NOVEL 2 
NOVEL 3 
REC 1.1 
REC 1.2 
REC 1.3 
REC 1.4 
REC 1.5 
NO FOOD 
CHOICE 1.1 
CHOICE 1.2 
REC 2.1 
REC 2 . 2 
REC 2.3 
REC 2.4 
REC 2.5 
REC 2.6 
REC 2.7 
CHOICE 2 

0 ppm 

20.4 
21. 9 
22.6 
23.3 
23.9 
23.8 
23.9 4 
24.7a 
24.7a 
26.4a 
25.8 
25.2 
25.5 
25.7 
25.4 

30.2 
26.0 
25.6 
23.8 
25.9 
24. 9 
25.6 
26.4 
26.1 
27.9 

Group 
10 ppm 

20.6 
21. 2 
20.1 
22.1 
22.9 
23.2 
23.5 
20 . 8b 
20.9b 
18.7b 
26.4 
25.1 
24.2 
24.7 
24.l 

29.6 
26.4 
24 . 9 
25.4 
23 . 9 
24.6 
24.5 
25 .4 
24.9 
26.2 

20 ppm 

22.1 
20 . 4 
23.4 
23.2 
23.4 
23.2 
23 . 6 
17.0c 
15.3c 
1 3 .l c 
32 . 2 
24.4 
25 . 8 
24 . 7 
26.2 

30.1 
27.4 
25.4 
25.6 
25.6 
26 . 0 
27.0 
27.1 
24 .0 
26 . 6 

1. 3 
1. 6 
2.0 
0 . 7 
1. 0 
0 . 7 
0.7 
0.8 
0.9 
0.7 
2 . 0 
0.9 
1. 2 
1. 0 
1. 2 

1.1 
1. 0 
1. 0 
1.1 
1.1 
1. 2 
1. 4 
1. 4 
1. 5 
1. 5 

3 . 8 
4 . 7 
3.8 
2 . 1 
3.0 
2.0 
2.2 
2 . 2 
2.8 
2. 2 
6 . 0 
2.8 
3 . 5 
3.0 
3 . 6 

3.3 
3 .0 
3 . 0 
3 .2 
3 .2 
3 . 6 
4.2 
4.1 
4 . 3 
4 . 3 

1 Rats received control feed during ACCLIM and REC 
periods . During NOVEL period, rat s were offered n ovel feed, 
which contained saccharin and T-2 toxin at O, 10, o r 20 
mg/kg for the respective treatment gr o up. During CHOICE 
periods, rats received a choice of control feed versus novel 
feed with no T-2 toxin (N+O feed). 

2 Standard error of treatment mean. 
3Least significant difference ( p <0 .05 , df = 3 , 23) . 
4Different lower case letter s within a given day 

denotes significance (p <0 . 05). 
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Table 12 . feed consumption a day in Mean per rat per 
grams by group and feed during CHOICE (CH) days 
of the feeding paradigm 

Grou 
0 ppm 10 ppm 20 ppm 

F d 
SE Mb Day c N+ O c N+O c N+O Pc 

CH 1.1 1 2.4 17.8 13.8 15. 8 1 3.0 17.1 2 . 8 0.83 
CH 1. 2 9.1 16.9 11. 7 14.7 5.5 21. 9 3 . 7 0 . 20 
CH 2 7.1 20.6 8. 7 17. 5 7 . 6 19 . 0 2 . 8 0.69 

aRats were offered a choice of Control (C) feed ve r sus 
nove l feed with n o T- 2 toxin (N+O) during CHOICE periods. 
Feeders were placed at rand om in r ats' cages. 

bstandard e rr or of treatment mean. 

cProbabi lity of a greater value of F (df=2 ,4 7). 
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Table 13 . Mean weight gains per rat per day in grams by 
group during periods of the feeding paradigm 

Period1 GJ;:QUQ 
SEM2 LSD 3 0 ppm 10 ppm 20 ppm 

ACCLIM 9 . 8 9 . 4 9. 3 0 . 4 1. 2 

NOVEL 9 . 4a 4 2.6b -2.2c 0.6 1. 9 

REC 1 3 . la 4.9b 6.8c 0 . 5 1. 5 

REC 2 8.5 7 . 9 8 . 9 0.6 1. 7 

1 Pe r iods varied in length. ACCLIM=7 days , NOVEL= 3 
days, REC 1 =5 days, and REC 2=7 days. Rats received 
control f eed during ACCLIM , RECl , and REC2 pe ri ods , and 
novel feed during the NOVEL period. Novel feed contained 
saccharin and T-2 toxin at O, 10 , o r 20 mg / kg for the 
respective treatment gr oup. 

2 Standard error of treatment mean . 
3Least significant difference (p<0.05 , df=3 , 23)~ 
3Different lower case letter s within a given period 

denotes significance (p<0.05). 
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NOVEL geriod. During the NOVEL period , there were 

significant differences between groups in the weight gain. 

Both the 10 ppm a nd 20 ppm groups gained significantly less 

weight than the 0 ppm group. The 20 ppm group also gained 

signi ficantl y less weight than the 10 ppm group . 

~ i geriod. During the REC 1 period, rat s in the 1 0 

ppm and 20 ppm gr oups gained signifi cantly more weight than 

those in the 0 ppm group . The 20 ppm group also gained 

signif ican tly more than the 10 ppm group during this period. 

RE..C. 2 De ri od . During the REC 2 period, there were no 

significant dif fer ences in weight gains between gr oups. 

Water consumption 

Wat er consumption was significantly reduced during all 

3 NOVEL days in the 1 0 ppm and 20 ppm gr ou ps as compared to 

c ontrols (Table 14 ). The 20 ppm group did not consume less 

water than the 10 ppm group during these days . The 10 ppm 

group consumed less water t han controls during ACCLIM 4 , 

ACCLIM 7 , REC 1 . 5 , and REC 2 . 7 days , although the 20 pp1n 

group did not consume l ess than controls during these days. 

The 20 ppm group c onsumed le ss water than controls on NO 

FOOD day. 

Feeding behavio r 

Numbe r .Q..f. feeding attemots. Significant differences in 

number o f feeding attempts per day by group were present 
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Table 14. Mean water consumption per rat per day in ml by 
group during days of the feeding paradigm. 

1 Day Code 

1 ACCLIM 1 
2 ACCLIM 2 
3 ACCLIM 3 
4 ACCLIM 4 
5 ACCLIM 5 
6 ACCLIM 6 
7 ACCLIM 7 
8 NOVEL 1 
9 NOVEL 2 
10 NOVEL 3 
11 REC 1.1 
12 REC 1.2 
13 REC 1 .3 
14 REC 1. 4 
15 REC 1 . 5 
16 NO FOOD 
17 CHOICE 1.1 
1 8 CHOICE 1.2 
19 REC 2.1 
20 REC 2.2 
21 REC 2.3 
22 REC 2 .4 
23 REC 2.5 
24 REC 2.6 
25 REC 2.7 
26 CHOICE 2 

0 ppm 

61 
35 
41 3 
39a 
41 
42 
45a 
4 6a 
42a 
43a 
43 
42 
41 
41 
45a 
32a 
61 
42 
41 
4 2 
4 2 
43 
45 
47 

.4 3a 
45 

Grouo 
10 ppm 

56 
35 
34 
32b 
35 
37 
37b 
35b 
33b 
32b 
4 0 
38 
35 
37 
37b 
22ab 
54 
38 
39 
36 
37 
37 
38 
39 
35b 
39 

20 ppm 

60 
30 
39 
36ab 
36 
38 
39ab 
33b 
30b 
29b 
46 
39 
40 
40 
40ab 
18b 
58 
41 
39 
41 
39 
41 
41 
42 
40ab 
42 

1. 8 
3 . 8 
2. 4 
2 . 1 
2. 5 
2. 0 
2.5 
2. 7 
2.7 
2.8 
2 . 3 
2.5 
2. 8 
2. 0 
2. 3 
4 .1 
2.9 
1. 9 
2.7 
2.2 
2.5 
2.3 
2 . 4 
2.8 
2.4 
2.7 

5 . 4 
11. 4 

7. 3 
6.0 
7.5 
6.0 
7.5 
8. 0 
8 . 1 
8.4 
6.9 
7.4 
8.4 
5.9 
7 . 0 

12.1 
8 . 9 
5.9 
8.1 
6.6 
7.6 
6 . 9 
7.3 
8 .4 
7 . 2 
8 . 2 

1 Rats received control feed during ACCLIM and REC 
periods. During NOVEL period, rats were offe red novel feed, 
which contained saccharin and T-2 toxin at 0 , 10 , or 20 
mg/kg for the respective treatment group . During CHOICE 
periods, rats were offered a choice of control feed versus 
novel feed that con tained no T-2 toxin ( N+O feed ) . 

2 Standard err o r o f treatment mean. 
3Least significant difference (p <0 .05, df=3 , 23 ) . 
4Different lower case letters wi thin a given day 

denotes significance ( p <0 .05 ). 
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during ACCLIM 6 , ACCLIM 7, and REC 1.5 days ( Figure 12 and 

Table 15) . Du ring these days , t he 10 ppm gr ou p had fewer 

feeding attempts than controls , although the 20 ppm group 

was not different from controls. 

A group by feed interaction was evaluated for all 3 

CHOICE days , to determine if a feed choice differe nce was 

present among groups . Significant differences wer e present 

during CHO I CE 2 day (Table 16) . On this day , rats in 

the 10 ppm and 20 ppm groups had more feeding attempts at 

feeders containing contr ol feed than at feeders containing 

N+ O feed , as compared to control rats, which had 

comparatively more attempts at feeders containing N+ O feed 

than at feeders with control feed. Significant differences 

were n o t obse rved in the 20 ppm group as compared t u the 10 

ppm group during the CHOICE 2 day. 

Data were analyzed during the first two hours after 

whi ch rats received feed during CHOICE 1.1 day , in 

comparison to the first t wo hours of CHOICE 1 . 2 and CHOICE 2 . 
days . The group by feed by day interactions that were used 

to evaluate this parameter did not disclose difference s . 

Dur7tion Qj_ feeding attemgts . Significant differences 

among gr o ups in mean duration of fe eding attempts were 

present during NOVEL 1 and REC 2.7 days (Figure 13 and Table 

17). On NOVEL 1 day , the 20 ppm group had a reduction in 

dura ti on of feeding attempts as compared to contr o ls . The 



Figure 12 . Mean nu1i1ber of feeding atternpt3 per rat per 
day by group during days of the fe eding 
paradigm. Rats wer e of fered con tr ol feed on 
days 1 - 7 (ACCLIM period) , days 11-15 (REC 1 
period) , and days 19 - 25 (REC 2 period) . On 
days 8-10 (NOVEL period) rats were offered 
novel feed, which contained saccharin and T-2 
toxin at O, 10, or 20 mg/kg for the respective 
group. No feed was offered on day 16 . On days 
17 - 18 (CHOICE 1 period) and day 26 (CHOI CE 2 
day), rats were o ff ered a ~hoice of control 
feed versus novel fe ed with no T-2 toxin (N+O 
feed) 
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Table 15 . Mean number of feeding att empts per rat per day 
by group during days of the feeding paradigm 

Day1 Code 

1 ACCLI M 1* 4 
2 ACCL IM 2 
3 ACCLIM 3 
4 ACCLIM 4 
5 ACCLIM 5 
6 ACCL IM 6 
7 ACCLIM 7 
8 NOVEL 1 
9 NOVEL 2 
10 NOVEL 3 
11 REC 1 .1 
12 REC 1.2 
13 REC 1.3 
14 REC 1.4 
15 REC 1.5 
16 NO FOOD 
17 CHO I CE 1.1 
18 CHOICE 1 . 2 
19 REC 2.1 
20 REC 2 . 2 
21 REC 2. 3 
22 REC 2 . 4* 
2 3 REC 2.5 
24 REC 2. 6 
25 REC 2.7* 
26 CHOICE 2 

0 ppm 

1 092 
690 
714 
618 
861 5 
525a 
443a 
948 
746 
794 
41 1 
370 
593 
423 
301a 

186 
273 
4 03 
409 
4 52 
223 
360 
457 
52 6 
157 

Group 
10 ppm 

285 
277 
279 
232 
194 
21lb 
234b 

1174 
926 

1088 
358 
240 
197 
267 
214b 

149 
112 
274 
247 
254 
185 
221 
248 
314 
114 

20 ppm 

1152 
543 
583 
509 
431 
30lab 
300ab 

1622 
1477 
1349 

330 
319 
397 
452 
267ab 

163 
133 
232 
269 
246 
228 
210 
248 
203 
134 

41 9 
186 
200 
146 
232 

93 
62 

291 
250 
266 
101 

67 
210 
128 

29 

25 
64 
7 8 
75 
80 
31 
62 
89 

12 2 
24 

1340 
549 
591 
429 
683 
274 
182 
860 
738 
784 
297 
198 
619 
368 

86 

72 
189 
230 
222 
235 

98 
1 83 
263 
389 

73 

1Rat s received control feed during ACCLIM and REC 
periods. During NOVEL period , rats were offered novel feed, 
which contained saccharin and T- 2 toxin at 0 , 10 , or 20 
mg/kg for the respective treatment gr o up . During CHOICE 
peri ods , rat s received a choice of control feed versus novel 
feed with no T- 2 toxin (N+O feed). 

2standard error of treatment me a n . 
3Least signi fi cant difference (p <0.05, df =3 , 23). 
4 On days marked by *, n =l2. 
5Different lower case letter s within a given day 

denotes significance (p < 0 . 05) . 
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Table 16 . a Mean number of f eed ing attempts per rat per 
day by group and fe ed during CHOICE (CH) days 

~t: QUQ 
0 ppm 10 ppm 20 ppm 

Day c N+O c N+O c N+O SE Mb Pc 

CH 1. 1 115 258 138 1 61 158 168 35 0.13 
CH 1. 2 73 472 1 06 11 7 79 188 90 0.1 0 
CH 2 42 272 87 142 100 168 34 0 . 03 

aRats were offered a choice of control (C) feed ve r sus 
novel feed with no T-2 toxin (N+O) on CHOICE days . Feede r s 
wer e placed at r and om in ra ts ' cages . 

bstandard e rr or of tr e atment ~ean. 

cP r obabi li ty of a greate r value of F (df=2 , 47). 
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10 ppm gr oup was not signifi can tly different fr om contr o l s 

during this day. During REC 2 .7 day , the 10 ppm group had 

signi ficantly shorter feeding atte mpt s than c ont r ols , 

a lthough the 20 ppm group was not different fr om cont r o l s on 

that day . 

Wh en gr oups wer e analyzed for differences in duration 

of feeding attempts by cho ice o f feed d uring CHOICE days , 

sign ifica nt diffe r ences were not present (Table 18) . 



Figure 13. Mean duration of feeding attempte per rat per 
day by group during days of the feeding 
paradigm. Rats were offered control feed on 
days 1 - 7 (ACCLIM period) , days 11-15 (REC 1 
period), and days 19-25 (REC 2 period). On 
days 8 - 10 (NOVEL period) rats were offered 
novel feed , which contained saccharin and T-2 
toxin al O, 10 , or 20 mg/kg for the respeclive 
group. No feed was offered on day 16. On days 
17-18 (CHOICE 1 period) and day 26 (CHOICE 2 
day) , rats were offered a choice of control 
feed versus novel feed wi th no T-2 toxin (N+O 
feed) 
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Table 17. Mean duration of feeding attempts of rats by 
group during days of the pararadigm (seconds) 

Day1 Code 

1 ACCLIM 1* 4 
2 ACCLIM 2 
3 ACCLIM 3 
4 ACCLIM 4 
5 ACCLIM 5 
6 ACCLIM 6 
7 ACCLIM 7 
8 NOVEL 1 
9 NOVEL 2 
10 NOVEL 3 
11 REC 1.1 
12 REC 1.2 
13 REC 1.3 
14 REC 1.4 
15 REC 1.5 
16 NO FOOD 
17 CHOICE 1.1 
18 CHOICE 1 . 2 
1 9 REC 2.1 
20 REC 2.2 
21 REC 2.3 
22 REC 2.4* 
23 REC 2.5 
24 REC 2.6 
25 REC 2.7* 
26 CHO I CE 2 

Oppm 

27.0 
24.3 
24 .7 
27.2 
24. 7 
31.1 
36.4 5 
25.0a 
27 . 8 
24.2 
36.4 
41. 5 
37 . 2 
35 . 1 
48.8 

36.3 
25.6 
36.4 
35.9 
32.1 
23.1 
35.9 
33 . 3 
SS.Sa 
35.9 

Group 
l Oppm 

1 8.9 
23.5 
37 . 9 
40 . 3 
43. 4 
45.2 
39.2 
14. lab 
18.5 
16.3 
37 . 4 
41.1 
39.7 
33 . 6 
40.9 

37 . 7 
41. 9 
31. 8 
36.7 
32 . 9 
60.2 
36.0 
36.5 
15.Sb 
35 . 6 

20ppm 

13.2 
33.8 
27.0 
23.2 
24 . 2 
25.6 
33.4 
12.2b 
14.4 
36 . 9 
22.6 
33.3 
27.8 
32 . 1 
23.0 

22.2 
18.8 
22.9 
20 . 2 
20.7 
22.4 
22.6 
21. 2 
24.4b 
18.1 

4. 9 
8 . 7 
8. 6 
8 . 2 
8 . 4 
9 . 9 

10.8 
3.9 
5 . 4 

17 . 0 
9 .9 

11. 3 
10.2 
10 . 3 
15.1 

11. 4 
12.1 

6.8 
9.5 
8.2 

18.6 
9.5 
8 . 8 
9 . 6 

10.7 

15.8 
25.9 
25.4 
2 4 .1 
24.8 
29.1 
31. 7 
11. 4 
1 6 . 1 
50.2 
29.3 
33.5 
31. 4 
31. 6 
44.4 

33 . 8 
36 . 1 
20 . 1 
28.1 
24 . 1 
59.4 
28.2 
25 . 8 
30.6 
32 . 3 

1 Rats received control feed during ACCLIM and REC 
periods. During NOVEL period , rat s were offered novel feed, 
which contained saccharin and T- 2 toxin at 0 , 10 , or 20 
mg/kg for the respective treatment group. During CHOICE 
periods , rats were offered a choice of control feed versus 
nove l feed with n o T-2 toxin (N+O feed). 

2 Standard error of treatment mean. 
3Least significant difference (p <0 . 05 , df=3 , 23). 
4 On days marked by *, n=12. 
5Different lower case letters within a given day 

denotes significance (p <0.05). 
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Table 18 . Mean durati on of feeding attempts of :rats a 
by group and feed during CHOICE (CH) days 
(in seconds) 

Q;i;: QlJQ 
0 ppm 1 0 ppm 20 ppm 

F d 
SEMb Day c N+O c N+ O c N+O Pc 

CH ·1.1 23 . 8 48.8 19.8 55.6 22.9 21. 4 16 0 . 1 3 
CH 1. 2 22 . 2 29.0 21. 0 62 . 8 11. 8 25.8 17 0 . 5 7 
CH 2 22.1 45.6 16.7 54.5 13.6 22.7 15 0. 6 5 

aRats were offered a choice of control (C) feed versus 
novel feed with no T-2 toxin (N+O) on CHOICE days . Feeders 
we:re placed at ra ndom in rats' cages. 

bstandard error of treatment mean . 

cProbability of a greater value of F (d£=2 , 47). 
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DISCUSSION 

Chick Trials I and II 

Effects Q.f_ T-2 toxin on chicks 

The most striking effect of T-2 feed on chicks was 

development of oral mucosal lesions. Lesi ons deve l oped in 

all chicks of T-2 groups in both Trials I and II. Lesions 

were not present in control g r oups . Oral lesions developed 

in patterns very similar to those described previously 

( Wyatt et al. , 1972a; Wya tt et al. , 19 72b ; Hoerr et al . , 

19 82a). Histopathologic lesions wer e also very similar to 

previous microscopic descriptions (Hoerr , 1982a). 

Oral lesions in chicks in the T-2 group in Tr ial II 

quickly regressed after contro l feed replaced T-2 feed on 

day 15 . Gr oss lesions in this gr o up were not visible after 

day 28. Pr e vious reports have not evaluated regression of 

l esions after uncontaminated feed was offe red to affected 

chi ck ens. 

Lesions were not present grossly o r micro scopically in 

tissues other than oral epithelium in chicks in T- 2 groups . 

Ne c rotizing lesions caused by T-2 t oxin have been described 

in salivary glands , mandibles , and basihyoid bones ( Hoerr et 

al. , 1982a ) . Necrosis in lymphoid tissues, liver , and 

thyroids has also been desc ribed previously (Hoerr et al. , 

1982b). Ga s trointestinal mucosae , kidneys, livers , spleens , 

thymus glands , and bursae of Fabricius were examined 



92 

microscopically in chicks in thi s study for such lesions . 

Although T-2 toxin was present in P- T-2 feed s i n Tr ial 

I and II, or a l mucosal lesi ons were not present in chicks in 

the P-T-2 group in Trial I, and wer e minimal in only 4 

chicks in the P-T-2 gr oup in Tri a l II. The most plausible 

reason for this finding is due to lack o f intake of feed , 

resulting in lack of intake of T-2 toxin s uffic i ent to 

induce lesions as wer e present in T- 2 groups. 

Feather changes were noted in chicks in the T-2 group 

of Trial II. These changes, whi ch consis ted o f sparseness 

and shortening of feath e rs as compared to controls, were 

simi lar to those prev iously described (Wyatt et al ., 197 5). 

Spleen weight va l ues expre ssed as percentage of body 

weight (SWP) wer e decreased in chicks in the T-2 group as 

c ompared to controls in Trial I. SWP va l ue s were not 

signif icantly diff erent between T-2 and I-C groups in Trial 

I . These findings indica t e that reduction in the SWP value 

in the T-2 gr oup was caused by lack o f fe ed intake rathe r 

than direct toxic effects of T-2 toxin on this lymphoid 

organ. Previous reports of reduction in s plee n weight s 

(Hoerr et al. , 198 2b) suggest that reduction in spleen 

wei ght wa s d ue to T- 2 toxin , but does not pr opose mechanisms 

by which thi s occurred. Another study (Richard et al ., 

1978) determined that spleen weight values expressed as 

percentage of body we ight in chickens fed T- 2 toxin at 10 
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mg/kg i n feed we r e not depressed as compared to controls. 

Findings in this experiment are in agreement with those 

repo r ted by Richa r d et al . 

Feed inta ke o f the T-2 gr ou p was 92% of cont r ol values 

during period 1 o f Trial I , 99 . 7% during period 2, and 98' 

during pe ri od 3 . In Trial II , intake of T-2 feed by the T-2 

group was 82% of controls during period 1 , and 96 . 9\ during 

period 2 . These values were determined by ca l culating feed 

consumption as a percentage of average body we ight du r ing 

the respective peri od . The most likely reason for 

increasing values as the experiment progress e d is due to the 

fact that as body weight increased , feed intake as a 

perce n tage of body weight dec lined . Chi c ks i n the co ntro l 

gr oup were considerably large r than thos~ i n the T- 2 group , 

and feed consumption as a per ce ntage of body weight declined 

i n this group as compared to the T-2 group , as a functi on of 

larger body size . Values of percentage of feed consumed by 

T-2 gr o ups compared to contr o ls during later periods may be 

overestimated because of this effect . 

Effects Qi_ hydr ogen Dero xid e tr ea tment .Q..D. ~ 

Tr eatment of the 47 44 mg/ kg T-2 toxin concentrate with 

hydrogen peroxid e (HPO) in preparing the P-T-2 Cone feed 

gr eat ly reduced T-2 toxin co ncentra ti on . When this feed was 

mixed for feeding , there wa s no detectable amou nt of T-2 

toxin present (< 1 ppm) . Further evidence o f re moval o f T- 2 
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toxin from this feed was substantiated by performance of 

chicks in the P-T-2 Cone group in Trial I . Weight gains in 

this group were not significantly different from controls, 

nor were oral mucosal lesions present in this group. Spleen 

weights also were not affected as compared to controls . 

Treatment of T-2 feed with HPO as done by methods for 

the P-T-2 groups in Trials I and II did not effectively 

remove T-2 toxin. T-2 toxin concentration was reduced from 

21 +/- 3.5 mg/kg to 15.4 +/- 0 . 7 mg/ kg by HPO in P-T-2 feed 

in Trial I, however in Trial II, HPO treatment did not 

reduce T-2 toxin concentration (13.5 mg/kg +/- before, 15.4 

+/- 0.7 mg/ kg after HPO). 

Oral lesions were not found in the P-T-2 group in Trial 

I , but minor lesions were present in 4 chicks in this group 

in Trial II. This indicates that the biological effect of 

T-2 toxin in P-T-2 feed in Trial II was still present. 

Reduction of lesions in chicks in P-T-2 groups as compared 

to chicks in T-2 groups is most likely due to lack of 

sufficient intake of T-2 toxin to induce oral lesions. 

Feed consumption and we ight gains were drastically 

reduced in chicks consuming P-T-2 feeds. Chicks in P-T-2 

groups did not consume enough feed to maintain body weight 

in either Trial I or II. Chicks in the P-C gr oups in both 

Trials I and II also had severely reduced feed intake with 

subsequent lack of body weight gains as compared to 
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controls. Chicks in the P-T-2 group in Trial I had 

significantly lower weight gains as compared to chicks in 

the P-C group, however weight gains by chicks in P-T-2 and 

P-C groups in Trial II were not significantly differ ent . 

Methods used on P-C feeds were different in Trial I versus 

Trial II, which may explain the difference among these 

groups in the different trials. P-C feed used in Tr ial I 

was rinsed with water after HPO treatment, whil e P-C fe ed 

in Trial II wa s not rinsed with water after HPO treatment . 

This finding suggests that rinsing of feed after HP O 

treatment may limit damage that is done to feed causing 

reducti on in feed intake. Regardless of method, HPO 

treatment o f feed in these trials reduced feed intake to 

levels that did not allow chicks to maintain body weight. 

SWP values in chicks in the P-T- 2 group were 

significantly lower than those of the P-C group in Trial I , 

however SWP values were not significantly different between 

the P-T-2 and P-C groups in Trial II. Thi s again suggests 

that rinsing of P-C feed after HP O treatment limited damage 

ca us ed by HP O in Trial I. 

Oral mucos a l les i ons were not pre se nt in P-C groups , 

wh ich indicates that T-2 toxin wa s the fact or that caused 

minor o ral lesions in 4 c hi c ks of the P-T-2 group in Trial 

I I . 

Inanition controls in Trial II did not have 
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significantly different weight gains from those in the I-P-C 

group. This indicates that poor weight gains in chicks of 

the P-C group was due to lack of feed intake, and there were 

no additional toxic effects of HPO causing lack of weight 

gain beyond that of reduced feed intake. 

The proposed reason that chicks in the P-T- 2 Cone group 

performed much better than those in the P-T-2 group in Trial 

I is that T-2 toxin was subjected to much more rigor ous 

treatment in the P-T -2 Cone feed preparation method than in 

the method used to prepare the P-T-2 feed. The T-2 toxin 

concentrate used to prepare P-T-2 Cone feed was mechanically 

agitated with large volumes of HPO and water and filtered 6 

times. Th is is in comparison to simply applying HPO to feed 

in preparation of the P-T-2 f eed. The treatment method used 

in preparing P-T-2 Cone feed, if attempted on large 

quantities of feedstuff, would be impractical due to amounts 

of HPO required, and difficulties encountered in liquids 

fr om feedstuffs after application of HPO. 

Even though methods used in treating P-T-2 feed in 

Trials I and II wer e similar , the method used in Trial I 

r educed T- 2 toxin more effec tively. The major difference in 

methods was drying of HPO treated feed outdoors in sunlight 

in Trial I versus indoors in Trial II. Exposure to sunlight 

of T-2 feed containing HPO may have resulted in a n 

interaction , reducing T-2 t oxin more effectively than drying 
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indoors. However, neither method satisfactorily removed T-2 

toxin . 

HPO treatment of P-T-2 and P-C feeds used in Trial I 

did not markedly alter protein and energy constituents of 

the feedstuff. Phosphorous, sodium, and potassium were 

decreased in P-C feed as compared to C and P-T-2 feeds , 

which suggests rinsing out of these nutrients. The markedly 

increased values of iron and zinc in P-C and P-T-2 feeds in 

Trial I resulted from drying HPO treated feedstuffs on 

galvanized metal pans. This was corrected when preparing 

feedstuffs for Trial II by using plastic pans to dry 

feedstuffs. Even though zinc and iron levels were greatly 

elevated in Trial I, it did not appear to affect chicks in 

the P-T-2 and P-C groups differently from Trial II. Had 

chicks in these groups consumed more feed, toxic effects 

from zinc or iron may have been present in Trial I. 

Thymic atrophy wa s present in chicks in P-T-2 and P-C 

groups in Trial I , and chicks in P-T-2, P-C , I-P-C, and I-C 

groups in Trial II. Thymic atrophy in these chicks appears 

to be due to lack of feed intake rather than due to direct 

toxic effects of T-2 t oxin or HPO treatment of feed on this 

tissue. 

The cause of reduced feed intake in P-C and P-T-2 

groups wa s due to HPO treatment of f eed . The mechanism for 

this phenomeno n wa s not fully disclosed . HPO treated feeds 
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were blanched in appearance and lacked the normal odor of 

control feed. Factors that normally cause prehension and 

consumption of feed by chicks were apparently destroyed by 

HPO treatment of these feeds. The effect does not appear to 

persist after offering normal feed, as chicks in P-T-2 and 

P-C groups in Trial II were eating ravenously within one 

hour of being offered control feed on day 15 . Furt her 

investigation into this area is necessary to disclose 

mechanisms by which HPO treatment of feed causes reduced 

intake. 

Eight c hi cks out of 20 from P-C and P-T-2 groups had 

l ocomoto r difficulties less than 2 days after receiving 

control feed on day 15. Clinical signs of leg weakness and 

partial paresis gradually improved until chicks were normal 

by day 20. Chicks in these groups were emaciated o n day 15, 

but all chicks appeared to consume control fe ed readily. 

Lack of intake of essential nutrients or cofact o rs in HPO 

treated feeds may have existed , with sudden onset of neural 

disturbance after sudden growth which occurred when control 

feed was offered. Intake of essential nutrients in control 

feed may n o t have met demands quickly enough in the first 

few days of return to control feed. 

The deleterious effects of T-2 feed and HPO treated 

feed did not appear to cause residual effects on chicks 

after replacing these feeds with contro l feed o n day 15. 
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This was substantiated in Trial II, when chicks were offered 

control fee d after receiving treatment feeds for 2 weeks. 

Marked increases in feed consumption was evident in P-T-2 

and P-C groups. Feed intake also increased in the T-2 group 

after receiving control feed. Weight gains were 

significantly lower in P-C and P-T-2 groups compared to 

controls and T-2 groups during period 3 , however weight gain 

differences cannot be evenly compared during this period , 

due to a great difference in weight of chicks between 

groups. During period 4 there were no weight gain 

differences between groups , even though chicks in P-T-2 and 

P-C groups had not attained body weights equivalent to those 

in C and T-2 groups. This suggests no residual effects of 

HPO treated feeds on chicks from P-T-2 and P-C groups. 

Rat Taste Aversion Trial 

Effects Q.f T-2 toxin fe ed on rats 

Feed intake was significantly reduced when feed 

containing T-2 toxin was offered to rats during days 8-10 

(NOVEL days). A dose-response effect was also present, as 

feed consumption values differed significantly as the level 

of T-2 toxin increased from 10 mg/kg to 20 mg / kg in novel 

feeds. Rats receiving N+lO feed consumed 79.7% of controls 

(N+O group) during novel periods, whil e rats receiving N+20 

feed consumed only 59.8% of controls. Control rats received 

control feed with saccharin (N+O feed) during NOVEL days . 
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Reduced intake of feed containing T-2 t oxin has been 

previously reported (Vesonder et al ., 1979). Rats in that 

study had f eed intake of 75 % of normal when T-2 toxin was 

present in feed at 40 mg / kg , which is consistent wit h 

results of the present study. 

Weight gains were reduced as expected when reduced fe ed 

intake resulted from ingestion of T-2 toxin during t h e NOVEL 

period. Weight gains were significantly lower i n the 10 ppm 

group compared to controls , and also in the 20 ppm gr oup 

compared to the 10 ppm group. 

On day 1 1 {REC 1.1) , rats in N+lO and N+20 groups 

compensated f o r reduced intake during the NOVEL period by 

increasing feed intake. Rats in the 20 ppm group consumed 

significantly more control feed than con tr o l rat~ on Udy 11 . 

This suggests that residual effects of l oweri ng of feed 

consumption by T-2 toxin were not present for more than 2~ 

hours. 

Water consumption was also reduced in 10 ppm and 20 ppm 

groups compared to controls during days 8-10. Water intake 

declined as feed intake decreased in these rats . 

When feed containi ng T-2 toxin was offered to ra ts , t he 

number of feeding attempts increased in 10 ppm and 20 ppm 

groups c ompar ed t o controls. Although the increase in 

number of feeding attempts was not sign ificantly different at 

p<0 . 05 , a definite trend wa s apparent . Thi s suggests that 
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T-2 toxin caused rats to search for a more preferable feed. 

Durations of feeding attempts were significantly shorter in 

the 20 ppm group compared to controls on day 8 (NOVEL 1), and 

values approached significance (p<0 . 09) on day 9 (NOVEL 2 ) . 

This finding indicates that when rats search for a more 

preferable feed, the duration of feeding attempts declined. 

Aversive effects associated with novel ~ 

The major purpose of this experiment was to determine 

if rats in 1 0 ppm and 20 ppm groups would associate the 

novel taste of saccharin with T-2 toxin when novel feeds 

were offered on days 8-10, and later display taste aversi on 

to N+O feed . This was accomplished by offering rats a 

choice of N+O feed versus control feed on CHOICE days, after 

rats had consumed novel feeds. 

A group by feed interaction was used to evaluate taste 

aversion on CHOICE days. Fe ed consumption was not 

significantly different by group and feed choice during 

these days. This suggests that rats previously exposed to 

novel feed with T-2 toxin did not show aversi o n to N+O feed 

based o n feed consumption. 

Differences in the number of feeding attempts were also 

evaluated to determine if taste aversion to N+ O feed 

occurred during CHOICE days. On CHOICE 1.1 and 1.2 days , a 

significant interaction was not present , alth ough a trend 

was present. On CHOICE 2 day, a significant interacti on was 
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present. This suggests a mild aversion to N+O feed by rats 

in the 10 and 20 ppm groups a s compared to controls during 

the first two choice d ays , and a definite effect during 

CHOICE 2 day, based on number of f e eding attempts. The 

proposed reason for this effect is that rats which rece ived 

novel feeds containing T-2 toxin during the NOVEL period 

recognized s accharin in the N+O feed during CHOICE days. This 

theory would be greatly supported if feed consumption data 

had agreed with the number of feeding attempts on these days, 

days, but this was not the case. 

Differences in the duration of feeding attempts between 

groups by feed choice were not observed on CHOICE days. 

This finding agrees with feed consumption on these days. 

When a choice of feed was present, the durati on of feeding 

attempts at a feeder was dir ectly proportion to the amount 

of feed consumed from that feeder. 

If r ats devel oped feeder pref e rences dur i ng days prior 

to CHOICE days, they may have eaten from f eede rs based on 

preference of feed e r rather than feed in the feeder during 

the CHOICE days . Feeder preference was determined on day 15 

by identifying rats that consumed more than 75% of their 

feed from one feeder. Feede r preference wa s obse rved in 13 

of the 24 rats. Of the 13 rats that developed a feeder 

preference , 7 rats were offered control feed in the 

preferred feeder on day CHOICE 1 . 1 . Feed e r preference wa s 
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maintained in the previ ous ly preferred feeder i n only one of 

the 7 rats during day CHOICE 1 .1. This suggests that feeder 

preferences were overcome by the N+O feed offered o n day 

CHOICE 1.1. 

The results of this experiment appea r contradictory . 

Evaluati on of feed consumption and duration of feeding 

attempts do not suggest that taste aversion to N+O feed 

occurred in rats previously exposed to novel feeds 

containing T-2 toxin. However , behavioral data during 

CHOICE days indicate possible aversion, based upon the 

number of feeding attempts. Since the amount of fee d 

consumed will determine performance of weight gains in food 

producing animals, perhaps the best parameter to evaluate 

feed aversion would be feed consumption . 
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CONCLUSIONS 

In Chick Trials I and II, hydrogen peroxide was used to 

detoxify feed contaminated with T-2 toxin. Hydrogen 

peroxide was successful in removing T-2 toxin from the T-2 

toxin concentrate by methods that employed large volumes of 

hydrogen peroxide and water rinses. Weight gain of chicks 

that consumed feed mixed with the detoxified T-2 toxin 

concentrate was not different · from controls. 

Application of hydrogen per ox ide .directly to feed 

containing T-2 toxin did not reduce toxin levels to 

acceptable concentrations. Furthermore, treatment of feed 

with hydrogen peroxide caused a reduction in feed intake in 

chicks to a degree that body weights were not maintained. 

In conclusion, applicable methods of detoxifying animal 

feedstuffs containing T-2 t ox in were not afforded . Although 

T-2 toxin could be reduced to a concentration that did not 

hinder growth , the methods necessary t o accomplish the task 

were beyond the realm of pr ese nt feed pr ocessing potential. 

Rats were used in a separate experiment to evaluate 

taste aversion associat ed with T- 2 toxin. Tas te aversi on 

based on the amount of feed consumed by rats wa s not 

discovered. Based on feeding attempt frequencies, 

recognition of saccharin in novel fe ed with no T-2 t oxin (on 

CHOICE days) resulted in mild behavior changes that were 

probably associated with taste aversion. Since the amount 
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of feed consumed dictates animal performance in healthy 

animals , perhaps feed consumption is the more reliable 

parameter to use for evaluation of taste aversion. 
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