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5000 ppm of Cl-, Br-, I, oxalate, citrate, sulphite,
phosphate, nitrate, nitrite, tartrate, carbonate azide,
acetate, bromate and 1000 ppm of urea, hydroxyl-
amine, semicarbazide, thiourea, glucose, starch,
50 ppm of thioglycollic acid do not interfere, while
even minute quantities of thiocyanate, perchlorate,
periodate and iodate obscure the colour formation.
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OCCURRENCE OF AFLATOXINS AND CITRININ IN GROUNDNUT (4RACHIS HYPOGAEA L.)
AT HARVEST IN RELATION TO POD CONDITION AND KERNEL MOISTURE CONTENT

P. SUBRAHMANYAM anD A. S. RAQ*
Microbioiogy Laboratory, Department of Botany, S.V. University, Tirupati 517502 (A.P.), India

ABSTRACT

Groundnut pods were collected from fiélds on the day of harvest in November, 1972,
graded into undamaged and damaged pods and kernel moisture content was determined. The
accumulation of a yellow pigment in some groundaut kernels, especially in damaged pods,

was noticed and it was identified as citrinin.

Only Aspergilius flavus isolates were found to

produce aflatoxins while isolates of Penicillinm citvinum, P. jenseni and A. terreys produced

citrinin,

High levels of aflatoxins and citrinin were associated with kernels having less than
30% of moisture, which occurred under rain-fed conditions.

Where the mopisture content

of kernels is high (under irrigation) there was very little or no formation of the mycotoxins.,

In all the cases damaged kernels were found to contain the toxins.

Kernel motsture content

and pod damage appear to be the major governing factors for fungal infestation and toxin

accnmulation before harvest.

INTRODUCTION

P!RESENCE of aflatoxins in groundnut kernels

before harvestd and at the time of harvest6¢ 14
had been reported. Their presence was attributed
to low kernel moisture content (309%), over
maturity, vnfavourable weather conditions and
excessive  pod damags.,  Aspereiftus  flavus Link.
invades groundnut pods in the field before harvest,
during storage or during handling3:6-13 13, Optimum
hernel moisture content of 20-30%2 and tempera-
ture of 25°--35° C9% are favourable for aflatoxin
production. Kernels are more susceptible to fungal
infestation and toxin production when their mois-
ture content is between 10 and 3098

* Present address : Professor of Botany, Andhra
University, P.G. Centre, Guntur-5 (A.P.), India.

During our studies on fungal infection of ground-
nut and aflatoxin accumulation before hairvest, we
found an accumulation of a yellow pigment in
groundnut kernels, especially in lernels fiom rotted
pods (¥Fig. 1). Such kernels emit golden yellow
fluorescence when eaposed to UV light (Fig. 2).
The chemical nature of this substance was deter-
mined and the conditions for its accumulation was
alvo nvestinnied.

NATERIALS AND Nt 1MoL

Groundnut saumples were collected fromy the fields
around Tirupati (AP, oa the day of harvest in
November, 1972 from three Jitterent  localivies.
Two samples of 1 hg of pods for each were collected
in polythene bags,  The pods were eraded into
undanuiged  (sound matwe) and  danwged  peds
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(rottcd. insect bored, broken shells, etc.). The
moistuie content to hkernels was determined by
dry'nz 20 of shiced kerncls for Shr at 102° C,
cooled in a desiccator and weighed.

Fic. 1. Damaged pods of groundnut.

FI1G. 2.

Undamaged
kernels as seen under Ultraviolet light.

and damaged groundnut

Frem each sample 100 kernels were surface
sterilized by immersing for two minutes in 0-19,
HgCl,, rinsed repeatedly in sterilized distilled water
and plated out on Czapek-Dox rose bengal strepto-
mycin agar (CDRSA) in petridishes (5 seeds/9 cm
plate). The plates were incubated at 28 =+ 2°C
and examined for fungi after 4 and 8 days. Fungi
coming out from the kernels were counted and
isolated on potato dextrose agar (PDA) slants.
The isolates were purified by single spore isolation
in case of sporulating fungi or by cutting and sub-
culturing the hyphal tips in the case of non-
sporulating fung.

Groundunt samples were analysed for mycotoxins.
50 g of each sample was extracted with 250 ml of
methanol-water (55; 45, V/V) plus 100ml of
n-Hexane in a waring blender. After centrifuga-
tion of the mixture, 50 ml of the aqueous methanol
layer was shaken with two 50ml portions of
chlorcforn. The combined chloroform extracts
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were evaporated on water bath, residue was redis-
solved in 1ml! of chloroformm and analysed for
aflatoxins by thin layer chromatography (TLC).
Another 50 ml of the aqueous methanol layer was
acidified to 1-5 to 2-0 pH with conc, sulphuric
acid and extracted as above and was analysed by
TLC13, The following solvent systems were used :
Toluene ; Ethyl acetate; 90% Formic acid (60 :
30; 10, V/V/V) and Ether; Methanol ; Water
90% Fomic acid (95; 4; 1; 1, V/V/V/V) in a
tank lined with filter paper. The plates were viewed
under UV light and estimated quantitatively by
comparing the intensity of fluorescence of spots
form extracts with that of stamdards. The kernels
which showed the yellow pigment were found to
contain citrinin by this method.

The fungal isolates were screened for aflatoxin
and citrimn production by the method of van
Walbeed et al. (1968). They were grown on PDA
slants enriched with 0-29;, yeast extract. Conidial
or mycelial suspension was made with sterile water
containing Twz2en-80 (0-05%) and 0-1 ml cf this
suspension was added to a test-tube containing
5ml of yeast extract sucrose (YES) medium (15g
of sucrose, 23 of yeast extract and 100ml of
distilled water). The test-tubes were incubated in
a slanting position for one week at 28 #+ 2°C. For
each 1isolate 5 replicates were maintained. The
culture filtrate of all the replicates pooled and
extracted by shaking vigorously for two minutes
with 50 m! of hot (60° C) chloroform in a separat-
ing funnel. The lower chloroform layer was passed
through anhydrous sodivm sulphate in a2 co'umn.
The column was washed with another 10ml of
hot chloroformm and the washings were pooled,
evaporated on water bath to dryness aod kept in
deep freeze (0° C) for TLC analysis.

The extracts were redissolved in 0-5 ml of chloro-
form and appropriate amounts were spotted on
TLC plates alopg with authentic samples of afla-
toxins and citrinin. The following solvent systems
were employed to detect the toxins in the extracts.
Chicroform ; Acetone (9; 1, V/V). Chloroform -
Methanol (93; 7, V/V), Toluene ; Ethyl acetate :

90% Formic acid (60; 30; 10, V/V/V) and
Benzene; Methanol; Acetic acid (24; 2: 1.
V/V/V). Extracts containing fluorescent materials

having the colour and R, values similar to those
of authentic aflatoxins and citrinin were co-chromato-
graphed.

RESULTS AND D'SCUSSION

The ipfestation of kern~is -nd the accumulaticn
of aflatoxins and citrinin ‘n lLzrnels obtained from
undamaged and damaged pods were estimated in
1972 Kharif crop (Aveus:-Novamber) under rain-

fed conditions and wun’:r cunplement irrigation
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TABLE 1

Fungal infestation and toxin content in groundnut kernels in 1972-Kharif Crop

——

9 of Kernels infested with % Kernel Toxin content
Water Pod —— — ——— e et e e e of moisture (zg/kg)
source condition A. flavus  Penicillium  Other clean content —
SpS. fungi Kernels % Aflatoxins Citrinin
Rain-fed Undamaged 32 76 §2 18 29-2 940 10 |
Irrigated . 25 50 55 45 46-0 68 0
Rain-fed Damaged 85 1G0 100 0 35-0 4980 950
Irrigated s 100 100 100 0 50-1 2100 86
TABLE ]I

" Toxin content and kernel moisture content in groundnus at harvest in relation to pod condition and
nature of water source

No. of samples containing

No. of Range of Range of Range of
Crop season Water Pod  samples moisture Only Only Aflatoxins No. aflatoxins  citrinin

source condition tested content  afla- citrinin @ 4 toxins contént  content
( %) toxins citrinin (kg’kg)  (ug/kg)
1972 Kharif RF UbDp 25 28-31 12 0 5 8 360-1200 0-60
I UDP 20 38-46 6 0 0 14 Tr-130 0
RF DP 25 25-31 20 0 5 0 2500-5850 200-140
i Dp 20 45-40 17 0 3 0 1500-2250 Tr-1200
1973 Rabi { UDP 10 42-45 0 0 0 10 0 0
| DP 10 41-43 8 0 0 2 Tr-210 4
1973 Kharif RF UDP 15 28-32 6 0 1 8 176-950 0-Tr
I UDP 10 40-42 1 0 0 9 0-Tr 0
RF DP 15 30-33 13 0 2 0 7502800 70-150
I DP 10 40-44 10 0 0 0 420-1850 O
RF=Rain fed; I=Irrigated; UDP=Undamaged pods; DP-—”—DamaE;;d pods. T B
separately (Table 1). Kernel moisture content was In all the cases the presence of aflatoxins and

lower while the percentage of kernels infested with  citrinin were confirmed by spraying p-anisaldehyde?®,
fungi was much higher under rain-fed conditions The presence of aflatoxins and citrinin was further
than under irrigati(}n_ All the damaged kernels confirmed b}’ biGHSSH}’ lising Bacillus nmg.{’fcrfmn
were infested with fungi, (NRRL, 1368), B. brevis (INRRL. 1874) and
Aflatoxin and citrinin content o©of kernels of B. subtilis. The spots on TLC plates were eluted
undamaged and damaged pods collected from and dissolved in chloroform. centrifuged and the
fields in 1973-Rabi (February-May) and 1973- chloroform layer was evaporated to dryness. They
Kharif were also estimated (Table ). No toxins were redissolved in chloroform. These eluates
were found in 1973-Rabi samples and only a low were transferied to Whatman No. 1 filter paper
per cent of samples containing toxins were found discs (3 em), dried and placed on seeded agar
in 1972 and 1973 Kharif under irrigated conditions.  plates.  The inhibition  zones were notwed  after
The range of aflatoxins and per cent of samples 24 hr.
containing toxins was high in samples of rain-fed Out of 233 isolates belonging to 19 spectes of
plots in 1972 and 1973 Kharif. In all the cases Tungi tested for aflutonins and citrinin production,
damaced kernels were found to contain the toxins  only A. flavus solates (38 out of 52) produced

but the toxin content was much higher under rain-  atlatoxine, A ferrens (53 out of 14) and ull the
fed conditions. isolates of Penmicillueen cirinimy and  Po jenseni

Curr. Sc—3
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rroduced citrimin {Table 111}, Qut of 38 aflatoxin
producing A. flavus isolates, 29 produced B, + Gy
and the others produced B, + Gy 4+ B, + G..
KRernel moisture content and pod damage appear
to be the major goverming factors for fungal
infestation and toxin accumulation before harvest.
Hundred per cent Kkernel infestation was observed
i damaged pods and this 15 said to be due to
the exposure of kernel surface to the 5011134712
Even 1in undamaged pods high per cent of fungal
infestation was observed 1n rain-fed plots. Here
the kernel moisture content seems to exert much
influence on fungal infestation because kernel mois-
ture was around the maximum limit of 30% {or
aflatoain accumulation. Though the per cent of
Lernels 1ofested by fungi in damaged pods in both

TaeLe 1II
Aflatoxtn and citrinin productionn by fungi isolated
from groundnut kernels in 1972 Kharf crop

T —r

No. of No.of No. of
Fungus iIsolates  isOlates isolates
screened producing producing

aflatoxins citrinin
Alternaria tenuis 2 g 0
Aspergillus flavus 52 38 0
A, fumigatns ¥2 0 0
A. niger 28 O 0
A. rerveus 14 0 0
A, ustus N 0 ¢
Cunninghamella sp. 1 0 0
Fusarium equisefs 2 0 O
F. oxysporum 12 0 0
F.solani 15 0 0
Macrophomina 12 O 0

phaseoli
Neochosmospora 2 O 0
vasinfecta

Penicillium citrinum 26 0 26
P. funiculosum 5 0 0
P. jenseni 20 0 20
Penicillinm sp. 18 0 0
Rhizoctonia solani 1 0 0
Rhizopus sp. 5 G 0
Sclerotium rolfsii 1 0 0

——— - — —

irrigated and rain-fed plots is more or less same,
higher levels of toxin accumulation were observed
under rain-fed conditions. This s most probably
due to low kernel moisture content in rain-fed plots.

This study indicates that fungal infestation as
well as the kernel snoisture content are 1important
in determining the accumulation of toxins in the

Occurrence of Aflatoxins and Citrinin in Groundnut

Current
Science

field. Even in the damaged pods toxin accumula-
tion seems {0 be governed to a greater extent by
kernel moisture content. From this point of view
supplement irrigation of fields during Kharif season
1s beneficial. Another interesting aspect brought out
by this study is the finding that citrinin also
accumulates in groundnut kernels in the field, which
has not been so far reported.
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