
215 

Inhibition of Aflatoxin Production in Aspergillus flavus Infected Cotton 
Bolls After Treatment with Neem (Azadirachta indica) Leaf Extracts 
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In separate treatments ,  a spore suspens ion of A. flavus 
(control), an aqueous leaf extract of the subtropical neem 
tree plus a spore suspension of A. flavus, or an aqueous 
neem leaf extract fol lowed by an A. f[avus spore suspen- 
sion were injected 48 hr later onto  the surfaces of  locks 
of developing cotton bolls {3(~day post  anthesis). Thirteen 
days after the treatments,  the seeds from the locules were 
harvested and both fungal  growth and af latoxin produc- 
t ion were determined. Fungal  growth was  unaffected by 
the treatments  but the seeds from locules receiving both 
neem leaf extracts and A. flavus simultaneously exhibited 
16% inhibition of af latoxin production, while the seeds 
in locules receiving A. flavus spores 48 hr after neem ex- 
tract was  added exhibited >98% inhibition in af latoxin 
production. N e e m  leaf extracts  contain an af latoxin in- 
hibiting factor, however,  the neem leaf extract m a y  need 
to translocate from the fibrous locule surface to the seed, 
prior to the fungal  inoculation, for maximal  effect. 

Neem, Azadirachta indica A. Juss. is a subtropical tree 
native to the drier areas of Pakistan, India, Indonesia, 
Thailand, Burma, Sri Lanka, Malaysia, and Eas t  Africa. 
Several tetranortr i terpenoids,  mainly found in the seeds 
of the neem tree, have been described to be quite active 
as insect feeding deterrents, toxicants, and/or disruptants 
of growth and development against a large var ie ty  of in- 
sect species and nematodes (1}. 

Aflatoxins are secondary metabolites produced by the 
two fungi, AspergiUus flavus Link ex. Fries and Aspergil- 
lus parasiticus Speare, which are carcinogenic to both 
man and animals (2). Aflatoxin contaminat ion of cot- 
tonseed is prevalent  in cot ton Gossypium hirsutum L., 
which is grown in the desert regions of the Southwestern 
United States.  Wounds caused by insects on the carpel 
surfaces of developing green cot ton bolls have been im- 
plicated in the aflatoxin problem of cot ton (3). The pink 
bollworm (Pectinophora gossypiella) is common in 
Arizona cot ton fields, and the 3 mm exist hole it makes 
in the developing cot ton boll is believed to be one of the 
major causes of A. flavus infection of cot tonseed (4,5}. 
Recently, we have demonstra ted tha t  neem leaf extract  
added to submerged cultures of aflatoxin producing 
strains of A. flavus at the time of spore inoculation could 
essentially block aflatoxin biosynthesis without affecting 
fungal growth (6). 

The purpose of the present  investigation was to test  
neem extract  in vioo on a natural  substrate.  We attemp- 
ted to determine: (i) the effect of neem leaf ext rac t  on A. 
flavus growth on seeds contained in developing cot ton 
bolls; (ii) if neem leaf extract  could inhibit aflatoxin pro- 
duction in cottonseeds contained in developing cot ton 
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bolls; and (iii) the set of conditions which might favor 
aflatoxin inhibition in the developing cot ton boll. 

MATERIALS AND METHODS 
A wild-type afiatoxigenic isolate of A. flavus (SRRC 
1100), obtained from Arizona cotton, was cultured on 
potato-dextrose-agar (PDA) Petri plates. The spores were 
harvested after seven days incubation at 28~ and a 
spore suspension tl0 G spores/ml in sterile, distilled water 
with 1% Tri ton I00) was used in the cot ton bolI inocu- 
lations. 

Fresh neem leaves were obtained from the ARS/USDA 
Subtropical Hort icul ture Research Stat ion {Miami, FL). 
After washing the leaves thoroughly with sterile, distilled 
water, extracts  were prepared by blending 100 g (wet 
weight) of fresh leaves in 1 1 sterile, distilled water. Ex- 
tracts  were filtered through several layers of cheesecloth, 
and the fil trate was centrifuged for 15 min at 7,000 • 
g. The pellet was discarded and the supernatant  extract  
was stored at 4~ 

Thir ty  days post anthesis developing cot ton bolls ob- 
tained from approximately 4-month-old Acala SJ-2 cot- 
ton plants growing under greenhouse conditions were 
utilized throughout the experiment. Two 3 mm holes were 
produced on the surface of all t rea ted bolls, simulating 
the exit holes of the pink boll worm, Pectinophora gossy- 
pieUa, one of the main sources of A. flavus cotton boll in- 
fection 13). All inoculations were introduced through these 
surface holes. The holes were produced approximately 
1 mm from one side of the exterior  capillary suture line. 
This position allowed the t rea tment  area to be located in 
the center of the surface area of the developing fibers and, 
therefore, confined the t rea tment  to an individual lock. 
Ten ~l of A. flavus spore suspension and 50 ~l neem leaf 
extract, each inoculated in separate bored holes, were used 
in the t reatments .  The controls included inoculations of 
10 ~1A. flavus spore suspension and 50 ~l of sterile, dis- 
tilled water. The developing bolls were harvested 13 days 
after spore inoculation. 

The seeds in the t reated locks from bolls harvested 13 
days after t rea tment  were delinted and extracted for 
afiatoxin B1, according to previously described pro- 
cedures (7). Afiatoxins were separated on silica gel thin- 
layer chromatographic (TLC) plates in ether:methanol: 
water  (96:3:1) iv/v/v), the toxins were quant i ta ted  by 
fluorometric scans {excitation wavelength 360 nm) of TLC 
plates containing extracts  from the cot ton seeds, and 
aflatoxin s tandards were co-chromatographed on the 
same plate 18). 

Cottonseeds were separated from either neem leaf ex- 
t rac t  and A. flavus-treated or A. flavus-treated locks to 
assay the fungal growth within the seeds. These seeds 
were acid delinted with concentrated sulfuric acid (1 man}, 
rinsed in distilled H~O, t reated in 10% NaOC1 (1 min) 
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and  r i n sed  seve ra l  t i m e s  w i t h  s ter i le ,  d i s t i l l ed  H20.  The  
su r f aced  s t e r i l i zed  seeds  were  p o s i t i o n e d  on P D A  Pe t r i  
p l a t e s ,  and  a f t e r  i n c u b a t i o n  for four  d a y s  a t  28~ the  
r ad i a l  g r o w t h  of e m e r g i n g  deve lop ing  cu l tu re s  were  com- 
p a r e d  to  r a d i a l  g r o w t h  of con t ro l  seeds  16). 

RESULTS AND DISCUSSION 

N e e m  has  been  r e p o r t e d  to  con t a in  v a r i o u s  c o m p o n e n t s  
wi th  insect ic idal  and  fungic idal  p roper t i e s  Ill. In  an earl ier  
r epor t  f rom our  l a b o r a t o r y  t6), we have  d e m o n s t r a t e d  t h a t  
aqueous  e x t r a c t s  of neem leaves  i nh ib i t ed  a f l a tox in  pro-  
d u c t i o n  b y  s u b m e r g e d  c u l t u r e s  of A. parasi t icus  and  A. 
f lavus  w i t h o u t  a f f ec t ing  funga l  g rowth .  The  i n h i b i t o r y  
componen t I s )  in t h e s e  e x t r a c t s  were  n o n v o l a t i l e  and  af- 
f ec ted  the  r e g u l a t i o n  of t he  s y n t h e s i s  of t he  s e c o n d a r y  
me tabo l i c  enzymes  invo lved  in a f l a tox in  b io syn the s i s .  In  
t h a t  s t u d y ,  however ,  no p r a c t i c a l  a p p l i c a t i o n  of use  of 
neem leaf  e x t r a c t s  in con t ro l l i ng  p r e - h a r v e s t  a f l a tox in  
c o n t a m i n a t i o n  was  d e m o n s t r a t e d .  In  th i s  r e p o r t  we have  
c a r r i e d  ou t  g r eenhouse  e x p e r i m e n t s  to  m e a s u r e  t he  in- 
h ib i to ry  effects  of neem leaf  e x t r a c t s  on a f la tox in  produc-  
t ion  b y  A. f lavus in d e v e l o p i n g  c o t t o n  bolls .  

T r e a t i n g  deve lop ing  c o t t o n  bol ls  (30 d a y  p o s t  an thes i s )  
wi th  the  neem leaf ex t r ac t  48 hr  pr ior  to  infec t ing  the  bolls  

TABLE 1 

Effect of Neem Leaf Extracts on Aspergillus flavus Growth 
and Aflatoxin B 1 Production in Developing Cottonseed a 

A, ]~avus 
Afiatoxin B 1 growth 

Treatment Experiment {% of control) (% of control) e 

Neem extract and 
A. flavus spores 
inoculated at the I b 79.60 +_ 4.35 d 96 _+ 2 d 
same time II c 87.83 +_ 5.27 94 _+ 1 

A. flavus spores 
inoculated 48 hr 
after neem extract I 2.18 +_ 0.82 94 +_ 3 
injection II 0.32 +_ 0.12 93 -4- 2 

aDetermined 13 days after fungal spore suspension inoculation. 
bExperiment I represents mean % of control of total seeds of at least 

10 individual treated locules; 100% of control = 38,692 ng BJg 
seed. 

CExperiment II represents mean % of control of total seeds of at 
least 10 individual treated locules; 100% of control -- 44,731 ng 
BJg seed. 

d_+ Standard deviation. 
e Four-day radial growth of emerging A. flavus from seeds of treated 

locules; 100% of control = 25 cm. 

wi th  a spore  s u s p e n s i o n  of A. f lavus p r o d u c e d  a l m o s t  
t o t a l  (>98%} inh ib i t i on  of a f l a tox in  s y n t h e s i s  m e a s u r e d  
in co t tonseeds  f rom t r e a t e d  co t ton  boll  locks 13 days  af ter  
spore  i nocu la t ion  (Table  1). S imi l a r  c o t t o n  bolls ,  which  
rece ived  a s i m u l t a n e o u s  a p p l i c a t i o n  of b o t h  A. f lavus 
spore  s u s p e n s i o n  and  neem leaf  e x t r a c t  t r e a t m e n t ,  ex- 
h ib i t ed  on ly  a 16% inh ib i t i on  of a f l a tox in  p r o d u c t i o n  in 
the  c o t t o n s e e d s  a f te r  the  13 d a y  incuba t ion  period.  Thus ,  
m a x i m u m  inhib i t ion  of a f la tox in  syn thes i s  r e su l t ed  when 
the re  was  a l ag  pe r iod  be tw e e n  neem leaf e x t r a c t  appl ica-  
t ion  and  funga l  spore  infect ion.  This  d e l a y  pe r iod  m a y  
p o s s i b l y  be  needed  for t he  ac t ive  fac to r  in t he  neem leaf  
e x t r a c t  to  t r ans loca te  f rom the  deve loping  f ibrous l int  sur- 
face of t he  boll  to  t he  seed.  

W h e n  del in ted ,  sur face-s te r i l i zed  seeds  f rom con t ro l  or 
t r e a t e d  locks  were  p l aced  on p o t a t o - d e x t r o s e - a g a r  P D A ,  
P e t r i  p l a t e s  and  the  fungus  was  a l lowed to  g row for four  
days ,  t he  r ad i a l  funga l  g r o w t h  in the  case  of seeds  f rom 
t r e a t e d  locks  was  9 3 - 9 6 %  of t h a t  of cont ro ls .  N e e m  leaf  
e x t r a c t  a p p a r e n t l y  d id  no t  kil l  the  fungus ,  for we were  
able  to  recover  the  fungus  f rom the  n e e m - t r e a t e d  locules.  

E x p e r i m e n t s  are u n d e r w a y  us ing  individual ,  s e p a r a t e d  
c o m p o n e n t s  f rom the  neem leaf  e x t r a c t  in o rde r  to  deter-  
mine  the  component ( s )  r e s p o n s i b l e  for the  b i o a c t i v i t y  
desc r ibed .  De l ive ry  s y s t e m s  (e.g., fol iar  s p r a y  or  soil  ap- 
p l ica t ion)  a lso  are  be ing  d e v e l o p e d  in g r e e nhouse  s t ud i e s  
for e f fec t ive ly  u t i l i z ing  the  neem c o m p o n e n t s  in control -  
l ing a f la tox in  con tamina t ion .  The  p rac t i ca l  app l i ca t ion  of 
th i s  d i s c o v e r y  could  on ly  t hen  be u t i l i zed  in f ield t r i a l s  
to  e l im ina t e  the  p r e h a r v e s t  c o n t a m i n a t i o n  of c o t t o n s e e d  
w i th  a f la tox in .  

ACKNOWLEDGMENTS 
The authors thank T. M. Lewis for capable technical assistance. 

REFERENCES 
1. Jacobson, M., in Natural Resistance of Plants to Pests, edited 

by M. Green and P. Hadin, ACS Symposium Series #296, 1986, 
p. 220. 

2. Cast. Counc. Sci. Technol. Rep. 80, Ames, IA, 1976, p. 56. 
3. Lee, L.S., P.E. Lacey and W.R. Goynes, Plant Disease 71:997 

(1987). 
4. Henneberry, T.J., L.A. Bariola and T.E. Russell, J. Econ. Entomol 

71:440 (1978). 
5. Stephenson, L.W., and T.E. Russell, Phytopathology 64:1502 

(1974). 
6. Bhatnagar, D., and S.P. McCormick. J. Am. Oil Chem. Soc. 

65:1166 (1988). 
7. Official Methods of Analysis, Association of Official Analytical 

Chemists, Arlington, VA, 14th edn., 1984, 26.052-26.060. 
8. Bhatnagar, D., S.P. McCormick, L.S. Lee and R.A. Hill, Appl. 

Environ. Microbiol. 53:1028 (1987). 

[Received October 16, 1989; accepted February 8, 1990] 
[JSC5830] 

JAOCS, VoL 67, no, 4 (April 1990) 


