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ABSTRACT

Beauveria bassiapan important insect pathogen was used to evaliisiteffect on the feeding, behavior, histology
of the digestory system and anatomysaflus domesticusThe fungus (strain Unioeste 4) was administratedly
treated with chicken food. Chicken feces were cal: and the birds observed for 28 days. Alsogvesaluated
the weight of the birds, as well as any sign obxitation or pathological modification. Tissue sdespwere
withdrawn to test lesions with the optic microscopblere was 100% of survival of the birds, and ehédvior
alteration or external lesion was found. The tesiup presented the highest weight gain (1383.9i%.¥iable
conidia were observed in the feces until 24 h aféeding the fungus, indicating that there was eorgnation
inside the digestory system. No tissue lesion viagreed, providing overwhelming evidence for thietgeof B.
bassiando non-target organisrts. domesticus.
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INTRODUCTION only its effect on the environment, but also on
other control agents and non-target organisms,
The development of resistance by many importaréispecially vertebrates (Jonsson and Maia, 1999;
insect pests, the continuous increase in ohlves, 1998). Due to these facts, organisms
chemicals price used for the pest control, alongelieved as safe should be tested in all possible
with the concern about the environment protectiogonditions in which they could cause any harm
has encouraged studies and use of biologicélaird et al., 1990).
control (Laird et al., 1990; Slinninger et al., 200 As information about the safety & bassianao
One of the most important entomopathogenivertebrates is relative scarce and the results are
fungi used as biocontrol agents Beauveria conflictive (Ignoffo, 1973; Burges, 1981; LAIRD
bassiana  Bals. Vuill. (Deuteromycota: et al., 1990; Genthner and Middaugh, 1992; 1995;
Hyphomycetes), which is able to cause high leveldliddaugh and Genthner, 1994; Genthner et al.,
of mortality in Coleoptera, Lepidoptera, 1995; Jonsson and Genthner, 1997; Alves, et al.,
Hemiptera, Diptera, Hymenoptera and Orthopterd008). Several authors have emphasized the need
(Alves, 1998). Although there is increasingof conducting additional tests (Ignoffo, 1973;
interest in the use of this and other microbiaBurges, 1981; Parker et al., 1997; Brimner and
control agents, there is little knowledge about noBolland, 2003). However, Zimmermann (2007 a,b)
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published an extensive review about the effects dfhe fungus viability was evaluated before the
B. bassianaand Metarhizium anisopliadungi on experiment. In order to inactivate the fungus, it
vertebrates. was autoclaved at 121°C for 20 minutes at 1 atm.
The Ministério da Agricultura, Pecuaria eThe organisms used in the test were male chickens
Abastecimento  (MAPA) also  establishes(Gallus domesticyswith 11 days old, provided
procedures to study the efficacy of biopesticideby Diplomata Industrial e Comercial Ltda. from
and their possible action upon non-targeCascavel, PR. The birds were maintained at 20 to
organisms (Mapa, 2006). Nardo et al. (1999B0°C and 16h photophase for three days until the
suggested the use of chicken to test aiming texperiment installation. The animals were fatl
evaluate the effect of entomopathogenic fungi tdibitum with commercial chicken food composed
bird as non-target organism. by corn, soybean and sugarcane meal and amino
Gallus domesticuds a cosmopolitan and easy-acids and without antibiotics, to avoid interferenc
breeding bird, besides of being a non-targein the fungus viability.
organism ofB. bassianan the field and poultry
houses where this fungus occurs epizootically dfungus and birds evaluation
its applied to control of the lesser mealwormThe birds were separated into three groups,
Alphitobius diaperinus (Coleoptera, maintained in 0.80M cage (1.0x0.80x1.0m —
Tenebrionidae) (Panzer, 1979) in poultry housek:W:H), being the top movable so that the
(Steinkraus et al. 1991; Geden and Steinkrauspaintenance of the birds were easier during the
2003; Alves et al. 2004; Rohde et al., 2006; Alvesest. Each group was composed by 10 birds
et al., 2005). Therefore, this work aimed toidentified with colorful rings around their inferio
evaluate the effect ofB. bassianaupon the limbs. The groups were: (1) Active fungus: birds
feeding, behavior, histology of the digestoryfed with diets containingB. bassiana (10°
system and anatomy &f. domesticus conidia/g chicken food); (2) Inactive fungus: fed
with inactivated fungus at the same concentration
and (3) Controlbirds fed just with the diet, but
MATERIAL AND METHODS also left in the same conditions as the formers.
Daily, for five days, the birds were fed with diet
The methodology used was based upon theontaining fungus, being previously maintained in
“Protocolo de avaliagdo de agentes microbianos dast for 15 h. The fungus was mixed to the chicken
controle de pragas para registro comdood immediately before the administration to the
bioinseticidas” (Nardo et al., 1999), whenbirds. After the treatment period, the birds were
regarding to the birds. The fungus used wafed ad libitumwith the commercial ration without
Beauveria bassianatrain UNIOESTE 4, obtained antibiotics.
from the lesser mealworm cadave/Aphitobius
diaperinus Panzer) from poultry houses in Feces evaluation
Cascavel, PR. This strain was chosen because Hagmples of the test group feces were collected
great potential for the control oA. diaperinus daily, at the same daytime, from th tb the ¢
(Panzer) in poultry houses (Rohde et al., 2006ylay of experiment in order to verify the
The entomopathogen was multiplied, from thedoresence/absence of fungus after the passage
original inoculum, stored as pure conidia in freezethrough the animals’ gastrointestinal tract.
(-10°C), onto Petri dishes containing cultureSuspensions with 1g of feces + 9mL of distilled
medium (PDA) with tetracycline and incubated inwater + Tween 80 0.1% were prepared, and
an incubator (26°C, 14h photophase) for sevef.1mL was inoculated onto the selective media for
days. From these dishes was then inoculatefie fungus isolation. These dishes were incubated
fungal onto plastic bags containing pre-cookedt 26°C and 14h photophase for 7 days (Alves et
rice, which were incubated from seven to ten dayal., 1998).
on the same conditions as Alves and Pereira
(1989). The fungus was separated from the ricBirds evaluation
and the conidia were stored in plastic bags iThe birds were observed for 28 days, for any
freezer (-10°C) for 10 days, until the beginning otlinical signs of any effects associated with the
the test. treatment. These included: uncommon
vocalization, change in gait or coordination,

Braz. Arch. Biol. Technol. v.53 n.2: pp. 465-471aiApr 2010



Safety ofBeauveria bassianéBals.) Vuill. toGallus domesticuk. 467

anorexia, ruffled or denuding of feathers,treatment, showing no kind of visible alterations.
weakness or decreased responsiveness $milar observation was reported in tested ducks
investigator  presence. Any evidence ofexposed to injection of concentrated suspension of
gastrointestinal disorder (vomition or diarrhea)Llagenidium giganteunby intraperitonial route.
(Johnson et al., 2002) or skin lesions were vatifie Also, Rezende (2009) no observed significatively
The birds’ weight was measured before the fungualterations on Gallus domesticus after oral
administration and on the days 0, 7, 14 and 2Boculation ofB. bassianasuspension. Otherwise,
days after the ingestion (DAI). when feeding the birds with the fungus there was
All the birds were sacrificed at the end of theone death which was not attributing to the fungus
evaluation period (28 DAI), and three birds fromadministration (Kerwin et al. 1988, 1990). The
each group were selected at random angame fungus was administrated by Burges (1971)
necropsied in order to observe internato rats by tracheal instillation causing 67% of
pathological alterations. Samples from the lunganortality. This high mortality percentage was due
heart, small intestine, kidney and liver wereto the obstruction of the airway or inflammatory
collected. These tissues were fixed in 70% alcohgkaction due to the huge amount of strange
and embedded in paraffin blocks, sectioned at material.
um and stained with HE (Hematoxilin and Eosin),Relating to the birds behavior, all the individuals
following techniques from Ganter and Jollespresented the same pattern with no deviations from
(1970) and Behmer et al. (1976) to verify possibléhe normal (Table 1). Similar results were found
lesions caused by the fungus, as alterations twoy Johnson et al. (2002) when feeding kestrels
normal cellular structure, inflammation or necrosigFalco tinnunculud..) with grasshoppers infected
of the tissue (Johnson et al., 2002). Théy B. bassianaand Metarhizium anisopliaeand
experimental design was completely randomizedly Althouse (1997), cited by Johnson (2002),
with three treatments (control, active fungus andesting B. bassianain Phasianus colchicusAs
inactive fungus) and ten replications. The resultaoted by Laird (1990), these entomopathogens are
of the weight gain of the birds were evaluatedspecific, which reduce the risk of infection of
using the F ratio and means compared with Tukegpecies in different taxonomic classes from the
test (P<0.05). A split-plot arrangement was used ttarget species. Pereira et al. (1998) assertedtthat
evaluate the weight of the birds. happens due to the great difference between the
physiology of the organisms, as the body
temperature of the birds (40°C), much higher than

RESULTS AND DISCUSSION the insects’ organism. Besides, the homoeothermic
immune system is complex and efficient,
Bird evaluation hindering fungi growth. Inglis et al. (1999)

All of the birds survived during the experimentclaimed that this fungus was very sensitive to
and no kind of external lesions was foundyvariable temperatures, and Alexandre et al. (2006)
Histological examination of the tissues (lungsyverified that at 32°C, the germination d.
heart, small intestine, kidney and liver) revealedassianavas totally inhibited.

no consistent changes associated with any

Table 1 - Survival and behavior evaluation Gfllus domesticusubmitted to feeding dBeauveria bassiana 3
treatments: active fungus, inactive fungus and rognturing 4 weeks (Temperature: 25+5°C; photophdst
hours).

Observed response
Individuals per Behaviour

Treatments . Dead individuals Survival (%)
treatment (n) alteration
Control 9 Negative 0 100a
Inactive fungi 10 Negative 0 100a
Active fungi 10 Negative 0 100a
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Birds’ weight the last evaluation, the birds treated with active
There was no interaction betweBnbassianaand fungus showed higher weight 1718.9 (+£58.46),
the time of evaluation on the birds’ weight (Tablewhen compared to the other two groups: control
2). Besides, there was no statistical differencél610.0 +63.31) and treated with inactive fungus,
between, the values of beginning (0 time) and tw¢1603.3 £47.05). The same was observed about the
following weeks among the three groups. But omnmean weight gain.

Table 2 - Mean weight gain (g) oGallus domesticug 3 treatments: active fungus, inactive fungud aantrol
group on week 0, 1, 2, 3 and 4 of evaluation, al a® mean of total weight gain (g) (temperaturb+%C;
photophase: 14 hours).

Weeks Mean weight

gain

Treatment
0 1 2 3 4

Active fungus  335,0+10,44Ad 342,8+11,16A%61,1+16,51Ac 1093,3+30,41Ab 1718,9+58,46Ad 383,9+54,4A
Control group  323,3%9,75Ad  335,6+8,52Ad578,9+11,45Ac 1046,7+26,93 ABb 1610,0+63,31B&1290,0+40,4AB

Inactive fungus 313,3+11,79Ad 325,6+13,78A885,6+25,87Ac 986,1+33,02Bbc 1603,3+47,05B4.150,0+64,1B

CV treatment (%) = 12,24 CV time (%) = 11,37 CV weighin (%) = 12,39

Means (+SE) followed by the same capital lettecdgtumns and minuscule letter in lines are not dffé from each other by the
Tukey test at 5% significance.

In all the treatments, there was an exponentigirevented the conidia to germinate and cause
increase of weight starting from the second weelnfection or release any kind of toxins in the bird
of evaluation, until the last weighing (Fig. 1),body. These results were according to Alves
indicating that there was no physiological(1998), who found that fungi only germinated
alteration caused directly by the intact or diggstewhen they found favorable conditions of humidity,
conidia, mycelium or by their toxins, which couldtemperature, pH, oxygen and nutrition, which
lead to the reduction or to the non gain of weightcorroborate with the results found in this study.
According to Gonzéles and Sartori (2002), a fagturlan and Macari (2002) related that in both
increase of the body mass of the chicken in thehickens and turkeys, when markers were used to
beginning of the development takes place whicthe food, these were found in the feces around
diminishes as time passes by, until it reaches futhree hours after the ingestion, and after 24 h all
development. Rezende (2009), testing the effect aharkers were recovered.
oral administration ofB. bassianain broiler However, Smits et al. (1999) disagreed with these
chickens, also found no statistical significativelyresults, mentioning that they did not obseMe
difference in weight gain. Johnson et al. (2008) diflavoridae conidia in the feces of pheasants treated
not find evidence that the consumption of infectedvith this fungus in its food. Johnson et al. (2002)
grasshoppers witiM. anisopliaeand B. bassiana evaluating the same specid?. (colchicu3, were
by male pheasant® ( colchicu} had affected the not able to find other fungi thamucor and
weight gain of the birds. Penicilliumwhen analyzing feces and blood of the
birds fed with B. bassianaand M. anisopliae
Presence ofB. bassiana in G. domesticus feces Although, the authors explained that, appraising
The conidia ofB. bassianawere viable between samples of the birds’ diet, a small number of
the ' and the 8 day, indicating that those went viable conidia were found. Thus, they concluded
through the gastrointestinal tract rapidly, stayinghat the absence &. bassianaand M. anisopliae
for not more than 24 h (Table 3). This factin the birds’ body fluids was not conclusive.
associated with the different pH through theThe data presented here led to the conclusion that
gastrointestinal tract and the high temperature d3. bassianawas present and viable in the birds
the body of the birds (40°C) is believed to havdeces until 24 h after the ingestion, indicatingtth

Braz. Arch. Biol. Technol. v.53 n.2: pp. 465-471aiApr 2010



Safety ofBeauveria bassianéBals.) Vuill. toGallus domesticuk. 469

it did not germinate in the birds body. In addition behavior alteration, external or tissue lesionhi@ t
there was no negative effect upon the birds gaiavaluated organs. Thus, it could be concluded that
weight. Also, there was no bird mortality due toB. bassianaid not cause harm da. domesticus
the fungus ingestion, nor there was any sign dbeing secure for this non-target organism.
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Figure 1 - Weight gain (g) irGallus domesticus three treatments: active fungus, inactive fungu
and control on 4 weeks of evaluation (temperat25e5°C; photophase: 14 hours).

Table 3 -Presence of viablBeauveria bassianaonidia inGallus domesticufeces treated with activ®. bassiana
during the first 9 days of evaluation (25+5°C; Ripbtase: 14 hours).
Days of evaluation
1 2 3 4 5 6 7 8 9
Presence/ Absence + + + + + +
+ = presence of conidia Ballus domesticufeces; - = absence of conidiaGallus domesticufeces.
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RESUMO Alves, S.B. and Pereira, R.M. (1989), Producédo do
Metarhizium anisopliaéMetsch.) Sorok. Beauveria
bassiana(Bals) Vuill. em bandejas. Ecossistenial,

Beauveria bassiana é um importe
P 3}88'192'

entomopatdgeno, sendo avaliado seu efeito sobreBehmer O.A. Tolosa. EMCD. and Freitas Neto

alimentacdo, comportamento e histologia do A.G.D. (1976), Manualde técnicas para histologia

sistema digestorio deallus domesticusO fungo hormg) e patolégica. Sao Paulo, Edart/Edusp, 240 p.
(isolado Unioeste 4) foi administrado oralmente agrasil, Ministério da Agricultura, Pecuaria e
aves, misturado a racdo. Estas foram observadagbastecimento, Instrugdo Normativa Conjunta no. 3,
por 28 dias e as fezes coletadas diariamente parae 10 de marco de 2006., Diario Oficial da Unido, p
analise. Também foi avaliado o peso das aves,23-25.

bem como sinais de intoxicacdo ou modificagad®@rimner, T.A. and Boland, G.J. (2003), A reviewtbé
patolégica. Amostras teciduais foram retiradas non-target effects of fungi used to biologically
para verificar lesdes com o microscopico optico. control plant diseaseAgric. Ecosyst. Environ.Agric
Houve sobrevivéncia de 100% das aves avaliadag-o2 93-16-

h It ~ t tal | urges, H.D. 1981. Safety, Safety Testing and Quali
€ nenhuma afteragao comportamental ou 1€Sa0cq 6 of Microbial Pesticides. In.___: Microbial

externa durante'o experimento. O grupo testé .gnirol of pests and plant diseases. London,
apresentou o maior ganho de peso (1383,9+54,49) academic Press Inc. 738-768.

sendo mais acentuado a partir da segunda semapgrlan, R.L. and MACARI, M. (2002), Motilidade
Observou-se a presenca de conidios vidveis nasGastrintestinal. In:_ Fisiologia Aviaria Aplicada a
fezes somente até 24 horas apoOs a ingestdo dérangos de Corte, 2a edicdo, 375 p.

fungo, indicando que ndo houve germinacdo ngsanter, P. and JOLLES, G. (1970), Histochimie
aves. Nenhuma lesdo tecidual foi verificada, de Normale et pathologique. Paris, Gauthier-Villars, t

forma queB. bassianamostrou-se seguro para o 1003 p. :
organismo néo-alve. domesticus Geden, C.J. and Steinkraus, D.C. (2003), Evaluaifon

Three Formulations ofBeauveria bassianafor
Control of Lesser Mealworm and Hide Beetle in
Georgia Poultry Housesvet. Entomal 96, 1602-
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