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Summary. Solid-state fermentation of  rice bran or rice- 
bran-husk mixtures by Metarhizium anisopliae proved 
to be highly successful in spore yield. Optimum sporu- 
lation response on bran medium occurred when the in- 
itial water activity values ranged from 0.982 to 0.999. 
When bran was supplemented with 50% rice husk, the 
spore yield almost doubled, but a narrower initial water 
activity range (0.997-0.999) was optimum. Under these 
conditions, spore yields were 5-15 times higher (de- 
pending on the strain) than those currently obtained on 
the basis of  rice grain fermentations. 

On the basis of  rice grain fermentations, M. aniso- 
pliae spores are currently produced in Brazil on an in- 
dustrial scale by business companies, grower coopera- 
tives and plantation owners, yielding about 10% fungal 
mass (Alves 1986), which is considered economically 
viable. Since rice is commercially valuable as human 
food, it may be possible to device some cheaper and 
more highly productive methods for producing M. ani- 
sopliae spores than those based on rice grain fermenta- 
tions. In this report we describe a novel and highly pro- 
ductive process for growth and sporulation of  M. aniso- 
pliae based on rice-bran-husk fermentation. 

Introduction 

The entomopathogenic fungus Metarhizium anisopliae 
is utilized for biological control of  many insect pests 
(Roberts and Yendol 1971; Wraight and Roberts 1987; 
Alves 1986). Generally, high levels of field inocula are 
required if this fungus is to be used efficiently as an 
insecticide (Wraight and Roberts 1987; Alves 1986), so 
it is important for processes producing infectious mate- 
rial to yield high levels of  spores at low cost. 

Techniques that have been applied for culturing M. 
anisopliae on defined or semidefined media (Roberts 
1966; Barnes et al. 1975; Pontecorvo et al. 1953; Camp- 
bell et al. 1978) usually become tedious and expensive 
for producing large quantities of spores; consequently, 
their use is restricted in practice to laboratory bioas- 
says. In large-scale field applications using M. aniso- 
pliae, the need for large quantities of  infectious materi- 
al has prompted the development of  inexpensive meth- 
ods for culturing this fungus, based mainly on the fer- 
mentation of  rice grains (Aquino et al. 1975; Costa and 
Cl6vis 1974; Costa et al. 1974; Daoust et al. 1983; 
Daoust and Roberts 1983) or bran (Goettel 1984). 
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Materials and methods 

Microorganism. M. anisopliae isolates A4, A19, E6, M, and M/~ were 
kindly supplied by Dr. J. L. Azevedo, Instituto de Gen~tica, Esco- 
la Superior de Agricultura "Luiz de Queiroz", Universidade de 
S~o Paulo, S~o Paulo, Brazil; isolate B J-1110 of our strain collec- 
tion was originally obtained from Instituto Spegazzini of La Plata, 
Argentina. 

Culture media. Culture media were based on rice bran (bran me- 
dium) or rice bran-rice husk mixtures (bran-husk medium). Media 
were prepared in preweighed 500-ml cylindrical screw-capped 
glass bottles of 8-cm bore. The water content (on a wet weight 
basis) varied from 2.8% to 68% for bran medium and from 9% to 
49% for bran-husk medium. Media-containing bottles were auto- 
claved for 20 min at 120°C. After cooling, each bottle was 
weighed in order to measure any water loss during autoclaving, 
which was corrected during media inoculation if necessary. 

Inoculum and media inoculation. Spore suspensions for inoculum 
were obtained from 2-week-old cultures grown on rice grains 
(Alves 1986) by adding sterile 0.1% Tween 80 in distilled water 
and shaking by hand. Spore counts were made using a Neubauer 
haemocytometer, and the media were inoculated at a concentra- 
tion of 106 spores/g dry matter. Preparations were hand shaken 
for spore spreading. 

Culture conditions and harvestin 9 technique. Bottles were incu- 
bated for 2 weeks at 28 ° C, under static conditions, in a thermo- 
stated room saturated with water vapour and continuous artificial 
light. These conditions have been reported as optimal for growth 
and sporulation of M. anisopliae on rice grains (Alves 1986). Dur- 
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ing incubation the bottles remained stationary. After incubation, 
cultures were suspended for spore harvesting into 25 ml of 0.1% 
Tween 80/g initial dry matter. Suspensions were stirred for 10 min 
using a magnetic bar and filtered through a 50-mesh sieve. The 
process was repeated twice and the filtrates collected were po61ed 
for spore counting as mentioned above. All data were subjected to 
variance analysis. 

Viability measurements. After harvesting, germination was exam- 
ined. A sample of 0.1 ml suspended spores was plated on Difco 
(Detroit, Mo, USA) YpSc agar coated slides to be able to count 
about ten spores per field under microscopical examination 
(400 x ). Slides which were placed into moist saturated petri dis- 
hes were incubated at 28°C for 48 h, with continuous artificial 
light. Germination was recorded by examining about 500 spores for 
the presence of visible germ tubes. 

Water activity. Water activity of bran and bran-husk media, was 
measured at 28°C using a Novasina Thermoconstanter Humidat- 
TH2 (Zurich, Switzerland). 

Results and discussion 

Water availability is a very important parameter in sol- 
id substrate fermentations (Grajek and Gervais 1987; 
Oriol et al. 1988; Gervais et al. 1988). Our experiments 
were carried out at various initial water activities (aw) 
for measuring the sporulation response of B J-1110 and 
E6 strains on bran and bran-husk media. Sorption iso- 
therms of each medium were determined (Fig. 1). A 
non-linear regression analysis was made on the fitting 
abilities of various two-parameter equations (Iglesias 
and Chirife 1982) as applied to each experimental set of 
data. Smith's equation best describes the experimental 
sorption data, being for bran medium: 

wc = - 0.00746- 9.7651 ln(1 - aw) (1) 

and for bran-husk medium: 

wc = 3.8977 - 6.8077 In (1 - aw) (2) 
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Fig. 1. Sorption isotherms of bran (A) and bran-husk (B) media, 
as fitted from Eqs. 1 and 2 (see text). Husk content (on a dry 
weight basis) in the bran-husk medium was 50% 
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where wc is the water content. The correlation coeffi- 
cients were higher than 0.995. These equations were 
used for calculating the initial wc at which the corre- 
sponding media were to be prepared to give aw values 
ranging from 0.835 to 0.999. 

The wc for bran medium becomes almost 20% high- 
er than that of bran-husk medium at the same aw values 
beyond 0.990, meaning that rice husk enhances water 
availability in the culture media. Similarly, lignocellu- 
losic supports improve the water availability in solid 
substrate fermentations (Sato et al. 1982; Oriol et al. 
1988). 

For bran-husk medium, the optimum sporulation 
response of B J-1110 and E6 strains occurred when the 
initial aw values ranged from 0.997 to 0.999 (Fig. 2), 
meaning that high water availability was required in 
this medium. Nevertheless, a wider aw range was ob- 
served for bran medium, where the concentration of 
soluble nutrients becomes higher than in bran-husk me- 
dium, as to be expected from the diluting effect of ad- 
ded husk. The minimum aw for growth of fungi is often 
affected as a consequence of variations in several phy- 
sical and chemical factors, including nutrient availabili- 
ty (Corry 1978). 

The spore yield for bran medium was about half 
that for bran-husk medium. This difference could be 
ascribed to the high degree of agglomeration shown by 
the bran medium, where porosity was lower than that 
of the bran-husk medium. Space availability is one of 
the various factors limiting fungal biomass concentra- 
tion in solid substrate fermentations (Laukevics et al. 
1985). 

Requirements for growth and sporulation of M.  an-  
isopliae on the bran-husk medium are mainly supplied 
by bran (see composition in Table 1), because, as ob- 
served in our laboratory, autoclaved washed husk is un- 
able to support mycelial growth. Crude fibre and silica 
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Table 1. Composition a of rice bran 

Compound Content 
(% on dry weight basis) 

Table 3. Sporulation response of various Metarhizium anisopliae 
strains on bran-husk medium a 

Strains 

E6 ~119 A4 MT M BJ-1110 

Spore yield b 15.3 A 12.0 B 9.3 B 6.1 C 5.9 D 5.8 D 
Viability (%) 99 88 99 98 97 85 

Non-N-extract 57.72 
Fibre 8.00 
Protein b 14.44 
Lipid 8.93 
Ash 10.91 

a Determined according to the AOAC Official Methods of Anal- 
ysis (1984) 
b Calculated as total N× 6.25 

~ Medium containing 10 g bran + 10 g husk at an estimated initial 
a~. of about 0.998 
b Spore/g initial bran ( × 10 9) 
Means (based on eight replicates) that are followed by the same 
letter are not significantly different by Tukey's procedure 
(P< 0.05) 

a re  the  m a i n  c o m p o n e n t s  o f  husk  ( H a w k e y  1974). Si l ica  
is a so l id  s t ruc ture  in the  ou te r  ep ide rmi s  and  a dis-  
p e r s e d  sys tem ins ide  the  husk  (De  L h o n e u x  et al. 1988), 
so it behaves  as a re la t ive ly  iner t  suppor t .  F u r t h e r m o r e ,  
r ice husk  increases  the  m e d i a  po ros i ty ,  wh ich  w o u l d  en- 
h a n c e  gas  t ransfer .  

H u s k  a m o u n t  ( H )  and  % o f  husk  con ten t  (h )  in 
b r a n - h u s k  m e d i u m  were  eva lua t ed  in c o n n e c t i o n  with  
the  s p o r u l a t i o n  r e sponse  o f  the  B J-1110 strain.  Tab le  2 
shows  tha t  when  H was var ied ,  to ta l  spore  p r o d u c t i o n  
was s ign i f ican t ly  af fec ted ,  r each ing  the  h ighes t  spore  
coun t  (5.6 x 101°) for  10 g husk.  Never the less ,  va r i ance  
ana lys i s  i n d i c a t e d  tha t  there  was a s ign i f ican t  in terac-  
t ion  be tween  H and  h,  m e a n i n g  tha t  the  husk  con ten t  
effect  d e p e n d e d  on  the a m o u n t  o f  husk  used.  In  to ta l  
spore  p r o d u c t i o n  no  s ign i f ican t  d i f fe rences  were  ob-  
se rved  for  low H values  (5 g) when  h was var ied .  On  
the  o the r  hand ,  for  h igher  H values ,  s ign i f ican t  d i f fer -  
ences  were  o b s e r v e d  when  h was var ied ,  r each ing  the 
h ighes t  spore  p r o d u c t i o n  at  h va lues  o f  45.4%-50.0% 
a n d  55.5%-62.5% for  10 and  15 g husk,  respec t ive ly .  
Based  on  those  resul ts  it was d e c i d e d  to use the  10 g 
bran-10  g husk  m e d i u m  ( H  = 10 g a n d  h =50 .0%)  in or- 
de r  to measu re  the  s p o r u l a t i o n  r e sponse  o f  o the r  M. an- 

Table 2. Husk amount and husk content effects on the sporulation 
response of strain BJ-1110 on bran-husk medium 

H 

5 g 10 g 15 g 

h (%) Total spores h (%) Total spores h (%) Total spores 
x 10 ~° x 10 ~° x 10 ~° 

45.4 3.95 A 45.4 7.48 A 55.5 6.43 A 
41.6 3.80 A 50.0 5.93 AB 62.5 6.09 A 
50.0 3.15 A 41.6 5.44 BC 45.4 4.29 B 
55.5 2.49 A 55.5 5.25 BC 50.0 3.30 BC 
62.5 2.27 A 62.5 3.92 C 41.6 2.41 C 

~=3.13 C ~=5.60 A ~=4.50 B 

H=husk  amount; h=husk content. Means within columns 
(based on three replicates) that are followed by the same letter are 
not significantly different by Tukey's procedure (P< 0.05). Means 
among columns are significantly different according to the same 
test. Initial water activities (aw) were estimated to be about 0.998 

isopliae strains.  F o r  E6, AI9 , A 4 a n d  M T  strains ,  this  me- 
d i u m  is h igh ly  successful  in spore  y ie ld ,  as c o m p a r e d  to 
BJ-1110 s t ra in  (Table  3). Spore  y ie lds  ( expressed  as 
s p o r e s / g  b ran )  va r i ed  f rom 5.8 × 109 to 15.3 × 109 de-  
p e n d i n g  on  the  strain.  Viabi l i ty  values  were  h igher  t han  
85%. 

The r e p o r t e d  p r o d u c t i o n  m e t h o d s  o f  M. anisopliae 
spores ,  b a s e d  on  r ice g ra in  f e rmenta t ions ,  y ie ld  a b o u t  
109 s p o r e s / g  r ice (Alves 1986). Yie lds  o b t a i n e d  as 
s p o r e s / g  b ran ,  in the  b r a n - h u s k  m e d i u m  ( d e p e n d i n g  on  
the  s t ra in  used) ,  are  5-15 t imes  h igher  than  those  usua l -  
ly o b t a i n e d  on  rice gra ins  (Table  3). G i v e n  tha t  the  
m e a n  th ickness  o f  such a b r a n - h u s k  m e d i u m  was 
3.6 cm ( d a t a  not  shown) ,  the  ca l cu l a t ed  a p p a r e n t  vol-  
ume  o f  the  cu l tu re  bed ,  a cco rd ing  to the  size and  shape  
o f  the  f e r m e n t o r  used ,  was a b o u t  0.18 1. This  makes  the  
vo lume t r i c  y ie ld  3.2-8.5 x 1011 s p o r e s / l ,  i.e., 1.2-3 1 cul- 
ture  m e d i u m ,  wi th  a m e a n  th ickness  o f  3.6 cm, is re- 
qu i red  for  p r o d u c i n g  the 1012 spore  i n o c u l u m  cur ren t ly  
a p p l i e d  pe r  hec t a r e  (Alves 1986) in la rge-sca le  f ie ld  ap-  
p l ica t ions .  
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