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ABSTRACT

Isoiation from diseased peanut seeds showed that Aspergillus flavus, A
parasiticus and A. ochraceus were the most dominant fungi associated with tested
seeds and the frequency of their occurrence were 63.5, 27 4 and 7.9 % respectively.

Acetic acid vapors at 4.0 pl/] caused complete inhibition for A. flavus and A.
parasificus and, at 6.0 pli for A. ochraceus in vitro.

In vivo , under natural infection , acetic acid vapors at 150 plfl completely
inhibit fungi associated with peanut seeds . High reduction in infected seeds was
obtained with acetic acid vapor at 125 and 100 pl1 , which reduced the infection
by 858 and 73.7 % respectively, as compared with untreated seeds. Moderate
effect was obtained with concentration at 75pi/) which reduced the natural infection by
681.9%. Peanut seeds were arfificially inoculated individually with spore suspension
( v+ spores/mi)of A flavus, A . parasiticus or A.ochraceus, then stored for 7
days. Incculated seeds were fumigated with different concentrations of acetic acid
vapors, in fumigation chamber. Results indicate that acetic acid vapor at 40.0 i A
completely inhibit A. flavus and A. parasiticus infection of peanut seeds and at
50.0pl1 for A.ochraceus. Higher reduction was cbtained with acetic acid vapor at
30.0 pW fit reduced the artificial infection more than 69.7% for all tested fungi as
compared with unfumigated seeds. While acetic acid vapors at 20.0pi1 has
moderate effect.

It can be suggested that acetic acid vapors might be safely used
commercially for controlling storage fungi of peanut seeds..
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INTRODUCTION

Peanut is one of the most important oil crops in Egypt. Aspergillus
flavus and the closely related fungus, A. parasiticus are two species of fungi
that are capable of invading peanut plants and fruits. They cause extensive
economic losses either by destroying the plant or by contaminating peanut
kernels with the toxic fungal metabolites, aflatoxins (Badeaa, 1992 and
Surekha & Reddy 1890).

Also as well known previously, peanut seeds are able to be infected by
different species of storage fungi during curing, picking and handling. These
storage fungt consists principally of species of Aspergillus, Penicilium,
Rhizopus, Sclerotium and Fusarium (Patee and Young 1982 and Holbrooket
et al., 1892 ). Generally, most storage fungi which attack stored grains are
producing mycotoxins, that cause food and feed hazards. ( Abou-Zeid et al.,
1997 and Ragab and Ei-Sayed, 1998).

The incidence of infection and severity of damage by these fungi
depend on storage temperature, grain moisture content, relative humidity,
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fungal species and their counts present at pre-harvest and mechanical
damage of kernels (White and Toman, 1994 ).

Cereals could be preserved by reducing grains moisture content to
less than 13.5% and for oil seeds to less than 7.8%, to prevent storage fungi
such as Aspergillus spp. or Penicillium spp. to grow at these low moisture
content (Wallace, 1973).

Acetic acid is a universal metabolic intermediary and occurs in plants
and animals (Busta and Foegeding, 1883). It was commonly used by food
manufactures as antimicrobial preservative or acidulates in a variety of food
products (Davidson and Juneja, 1990).

Vapors of acetic acid were extremely effective for killing spores of
post-harvest fungi which cause decay to various fruits {Sholberg et al., 1998).
Fumigation with acetic acid vapors prevented post-harvest decay of apple,
kiwifruit, pear, tomato, tabie grape, citrus and stone fruits (Sholberg and
Gaunce, 1995, Sholberg and Gaunce 1996, Sholberg et al. 1896; Sholberg
et al., 1998 and Abd -El-Kareem, 2001 )}Morsy et al.,(1999) found that
- acetic acid vapors caused complete inhibition of growth and spore
germination of Botrytis cinerea and Rhizopus stolonifer in addition to a
reduction of the percentage of post-harvest decay of strawberry fruits.

Treatment of cereal grains, i.e. wheat, rice, maize and millet grains
with acetic acid vapors caused complete inhibition of natural and artificial
fungal infection during storage ( Morsy et al.,, 2000 aand b ). Sholberg et
al.(1996) reported that, acetic acid vapors controlled post-harvest decay of
table grapes when stored at 2 or 5°C.

The present study was designed to study:

The effect of acetic acid fumigation at different concentrations on
growth and spore germination of common fungi associated with peanut seeds
to determine the best concentration that prevents the growth of the tested
fungi.

The effect of acetic acid fumigation on post-harvest diseases of
peanut seeds to stop the development and distribution of the disease.

MATERIALS AND METHODS

Survey of fungi associated with peanut seeds:

Peanut seeds (Giza 4) collected from three different local markets in
a big Cairo representing three regions (Dokki, Heliopolis and Zamaiek) were
classified in two groups, heaithy and decayed. The decayed ones were
stored at 28°C for 7 days then examined for funga! occurrence as follows:
The seeds were plated on potato dextrose agar (PDA) medium . Five seeds
were used per dish and the plates were incubated at 28C for 5-7days. Five
replicates were used for each represented sample .

The developing fungal colonies were singly transferred to PDA plates for

later microscopic examination.

The isolated fungi were purified and identified according to
Gilman(1957) and Barnett and Hunter (1972). The purified cultures were
maintained on PDA medium for further studies.
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Fumigation: Acetic acid fumigation was carried out in specially designed
fumigation chamber 270 L in volume with fan to have closed  circulated air
current { Morsy ef af., 2000 a ).

Effect of acetic acid fumigation on the linear growth of storage fungi:

Four concentrations of acetic acid vaporsi.e. 0.0, 2.0, 4.0, 6.0 and
8.0 ull were tested against linear growth of Aspergillus flavus, A . parasiticus
and A. ochraceus. Disks (6-mm-diameter) of 10- days -old cuitures were
fumigated with acetic acid vapors at previous concentrations for 30 min in the
fumigation chamber, then transferred lo plates containing PDA medium.
Linear growth of fungi was measured when the control plates reached the full
growth and the average diameter was calcuiated. Ten replicates were used
for each treatment.

Effect of acetic acid fumigation on spore germination of storage fungi

Drops of spore suspension (107 spores/ml) of Aspergiilus flavus,

A. parasiticus and A. ochraceus were placed on PDA medium at six
equidistant points in Petri-plates containing 10 ml of the medium.

Inoculated plates were uncovered and fumigated with acetic acid
vapors at 0.0, 2.0, 4.0, 6,0 and 8.0 plfi for 30 min in furnigation chamber.
Fumigated plates were covered and incubated for 24h at 25°C. Percent
germination of the spores was determined by counting 100 spores five times
in each drop microscopically (Sholberg and Gaunce 1995).

Effect of acetic acid fumigation on the natural infection of peanut seeds
after 21 days of storage .

Peanut seeds cv. Giza 4 ( 500 g ) apparently free of physical
damage and diseases, were fumigated with different concentrations of
acetic acid vapors, i.e. 0.0, 25,50, 75, 100, 125and 150 wlfl for 30 min in
fumigation chamber. Fumigated peanut seeds were stored in sterilized Petr
plates { 18 x 18 cm ~-Diameter ) at 25°C for 21 days. Stored peanut seeds
were planted on Petri plates containing water agar medium at 28°C for 7-10
days. Each treatment was represented by 10 replicates , 5 seeds for each
were used. . Percent of seeds infection was recorded . unfumigated seeds
served as control.

Effect of acetic acid fumigation on artificial infection of peanut seeds
after 21 days of storage.

Peanut seeds cv. Giza 4 (500 g) apparently free of physical damage
and diseases were disinfected with Sodium hypochlorite (3 %) and
individually inoculated with spore suspension (10° spores/ml ) of
Aspergillus flavus, A. parasiticus or A. ochraceus, then stored at 23-
25°C  for 7 days . Inoculated seeds were fumigated with different
concentrations of acetic acid vapors, i.e. 0.0, 10.0, 20.0, 30.0, 40.0 and 50.0
plt for 30 min in fumigation chamber. Fumigated-inoculated seeds were
stored in sterilized Petri plates (18 x 18 cm —Diameter ) at 25°C for 21 days.
Treated seeds were planted on Petri plates containing water agar medium at
28°C for 7-10 days. Each treatment was represented by 10 replicates , 5
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seeds for each were used. Percent of seed infection were recorded.
unfumigated- inoculated seeds served as control.

Statistical analysis: Tukey test for multiple comparisons among means was
utilized ( Neler et al. 1985).

RESULTS AND DISCUSSION

Survey of fungi associated with peanut seeds:

Isolation from diseased peanut seeds showed that Aspergifius flavus,
A. parasiticus and A.ochraceus were the most prevailing fungi. As shown in
Table (1), the number of colony forming units (CFU) of the occurrent fungi
obtained from different localities was different. Generally A.flavus fungus was
recorded the highest (CFU) number in the three different market samples,
followed by A. parasiticus and A.ochraceus. Also the frequency of A.flavus
was the highest one (63.5%), followed by A. parasiticus (27.4%), while A.
ochraceus Existed in a relatively low frequency (7.9 %).

From the previous studies on the peanut mycoflora, its well known that
after digging, the field fungi tend to die out during the curing period, and
species of saprophytic and weakly parasitic fungi proliferate at the fower
kernels moisture and soon became dominant.

This second group of fungi that are associated with peanut during
curing, picking and storage consists of principally species of Aspergiflus and
Penicillium. (Badeaa,1992). Vainhanv ef al.,(1989), reported that the storage
fungi associated with stored peanut seeds were A. flavus and
A. parasiticus. Also, Surekha and Reddy(1990), found that the population of
storage fungi increased with storage time. They detected about 18 species of
13 genera including A. flavus, A. parasitcus, A. niger, Curvuloria lunata and
Rhizopus stolonifer differed in their count according to the storage periods.
Also Patee and Young (1982) and Holbrooket al., (1992 ) isclated many
fungi genera from stored peanut seeds included Aspergillus, Penicillium,
Sclerotium, and Fusarium. .

Table (1): Frequency of isolated fungi from peanut seed samples
collected from three different local markets .

Sample Frequency of isolated fungi %

A, flavus . parasiticus |A. ochraeus !Others
Sample 1 65.2 30.3 4.3 0.2
Sample 2 63.9 28.6 8.9 0.6
Sample 3 61.4 253 10.6 2.7
Means 63.5 27.4 7.9 1.2

Effect of acetic acid fumigation on the linear growth and spore
germination of storage fungi:
Four concentrations of acetic acid vapors i.e. 0.0,2.0,4.0 and 6.0 ul/l
were tested against the linear growth and spore germination of tested fungi.
Results in Tables (2 and 3) indicate that all acetic acid concentrations
inhibited linear growth and spore germination of all tested fungi. Acetic acid
vapors at 4.0 ui/l caused complete inhibition for both mycelial growth and
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spore germination of A. flavus and A. parasiticus , while , at 6.0ulfl for A.
ochraceus . The most resistant fungus to acetlic acid vapors was A.
ochraceus which was inhibited at 6.0pl/. It is noticed that, acetic acid vapors
affected spore germination and the mycelial growth at the same trend. it
was previously reported by many investigators that acetic acid fumigation
was effective against a wide range of post-harvest fungi (Sholberg and
Gaunce, (1996 ) Sholberg et a/.,1998 ; Morsy et al,, 1999, 2000a and b and
Abd-El-Kareem, 2001).

Table (2): Effect of acetic acid fumigation on linear growth (mm) of
tested fungi

AA (pﬁ:;’gl A. flavus A. parasiticus A. ochraceus
N 90.0 a 90.0 a 90.0 a
Y, 367 b 3850 651 b
£, 00.C ¢ 00.0 ¢ 244 c
1, 00.0 ¢ 000 ¢ 000 d

Figures followed by the same letterin each column are not significantly different (P=
0.05) according Tukey“s studentized range test.

Disks of tested fungi were fumigated with acetic acid vapors for 30 min in fumigation
chamber,

Table (3): Effect of acetic acid fumigation on spore germination of
the tested fungi (%)

(1 "':;" ngt A. flavus A. parasiticus A. ochraceus
.. 100.0a 100.02 100.0 a
Y, 294 b 285 b 541 b
£, 00.0 ¢ 00.0 ¢ 271 ¢c
1. 000 ¢ 000 ¢ 000 d

Figures followed by the same letterin each column are not significantly different (P=
0.05) according Tukey"s studentized range test.

Effect of acetic acid fumigation on the natural infection of peanut seeds
after 21 days of storage.

Seven concentrations of acetic acid vapors were tested against the
natural infection of peanut seeds. Results in Table (4 )and plate (1)
indicate that all tested concentrations significantly reduced the natural
infection  of peanut seeds. As the increasing of acetic acid concentration,
the natural infection of peanut seeds was significantly decreased . Acetic
acid vapors at 150u I/l compietely inhibit fungi natural asscciated with peanut
seeds . This means that, at this concentration (150pM) no fungal infection of
peanut seeds would occur. Acetic acid vapor at 125 and 100 yl/l reduced
the natural infection by 85.8 and 73.7 %, respectively, as compared with
untreated seeds. Moderate effect was obtained with the concentration of
75pi/l  which reduced the natural infection by 61.9 % as compared with
unfumigated seeds.
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Plate (1): Effect of acetic acid fumigation on storage
infection of peanut seeds.

Table (4): Effect of acetic acid fumigation on natural infection of
peanut seeds after 21 days of storage.

AA (U 1N Matural infection of peanut Seeds remained healthy
seeds % %
0.0 100.0 2 0.0
25 65.2 b 34.8
50 528 c 47.2
i~ 381 d 61.9
100 26.3 ¢ 737
128 4.2 f 85.8
150 000 g 100.0

Figuras followed by the same letter in each column are not significantly different (P=
0.05) according Tukey"s studentized range test.

Effect of acetic acid fumigation on artificial infection of peanut seeds
with pathogenic fungi.

Peanut seeds were inoculated individually with spore suspension
of tested fungi, then stored for 7 days and fumigated with different
concentrations of acetic acid vapors . Results in Table ( 5) Indicate that all
tested concentrations of acetic acid vapors significantly reduced the artificial
infection of peanut seeds inoculated with Aspergillus spp . Acetic acid
vapor at 40.0 ul/l completely inhibit the Seed infection with A. flavus and
A. parasiticus, while the complete inhibition of seed infection with A.
ochraceus required a concentration of acetic acid vaporof 50.0 g/l . The
concentration of 30.0 pl/l /freduced the artificial infection by more than 69.7
% for all tested fungi as compared with the untreated seeds. Moderate effect
was obtained with concentration of 20.0 pl/l, which reduced the infection by
more than 58.9 % for all fungi.
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Table (5): Effect of acetic acid fumigation on artificial infection of

peanut seeds .
Artificial infection of peanut seeds (%)

AA (1 1N) A. flavus A. parasiticus A . ochraceus
00.0 100.0 a 100.0 a 100.0 a
10.0 395 b 424 b 521 b
20.0 263 ¢ 291 ¢ 411 ¢
30.0 135 d 16.1 d 304 d
40.0 00.0 e 00.0 e 125 e
50.0 00.0 e 00.0 e 000 f

Peanut seeds were inoculated with spore suspension of each tested fungi and stored for
7 days then fumigated with acetic acid vapors for 30 min.

Figures followed by the same letter in each column are not significantly different (P=
0.05) according Tukey"s studentized range test.

The all abovementioned data were in agreement with the many
investigators who suggested the use of acetic acid vapor to control the post
harvest diseases {Sholberg and Gaunce, 1996 ; Morsy et al.,2000a and b
and Abd-El-Kareem, 2001 ) ,

Acetic acid vapors controlled storage mould of canola, corn, rice and
wheat when inoculated with A. flavus (Sholberg and Gaunce ,1996 }, Acetic
acid vapors were more effective for controlling post-harvest decay (Sholberge
et al 1986 , Sholberg ef al., 1998 ; Morsy et al,, 1999 and Morsy et a/.,2000 a
and b). The inhibitory effect of acetic acid vapor on microorganisms is
greater than that due to pH alone and nonedissociated acetic acid, it can
penetrate the microbial celi to exert its toxic effect (Banwart, 1981). The
mechanism of acetic acid inhibition to microorganisms is apparently that it
may affects the cell membrane interfering with the transport of metabolites
and maintenance of membrane potential (Shoiberg et al. 1998). In fact the
mode of acetic acid vapors action still needs farther investigation.

Acetic acid vapor at low concentrations as these used in present
study, has many qualities that make it an excellent biocide : firstit kills
spores, second it does not injure the fumigated fruits surface, third itis
effective at low temperatures which means that fruits in 1°C cold storage
could be effectively treated with acetic acid vapor, forth, it is not lammable at
the low concentration that are required to kill fungal spores { Sholberg and
Gaunce, 1995).

There are several advantages of using acetic acid fumigation to control
post-harvest diseases: it is a natural compound found throughout the
biosphere posing litte or no residual hazard at low levels required to kill
fungal spores; it is also generally - regarded-as-safe compound in the United
States and does not require rigorous registration procedures; it is
inexpensive, and it can be used to treat products in airtight storage rooms or
containers without requiring handling of the products,{ Sholberg et al.,
1898). Thus, it could be suggested that acetic acid vapor might be safely
used commercially as a new approach for controlling storage infection of
peanut seeds and against all storage fungi.

3913



Ismail, Badeaa R. and F. Abd-El-Kareem

REFERENCES

Abd-El-Kareem, F. 2001. Fumigation of table grapes with acetic acid
vapors for controlling gray mould decay. Egypt J. Phytopathol., 29:
(189 ~-98 .

Abou.-Zeid, A, ; Metwally, M. and Badria, F. 1987, Physiolegical and
hepatotoxic . studies on fungal aflatoxins isolated from Egyptian
cereals. Egyptian J .of Microbiclogy, 32:83-98.

Badeaa, R.. 1992. Studies on the preduction of aflatoxins in peanut. Ph.D.
Thesis, Agric. Micro. Ain Shams Univ. pp.291.

Banwart, G. J. 1881, Basic food microbiclogy. AVl Westport
conn. (c.f. Sholberg and Gaunce 1995).

Barnett, H. L. and Hunter, B. B. 1872 . lllustrated Genera of imperfect

fungi. Burgess Fubl. Co., Minnesota 241 pp.

Busta, F. F. and Foegeding, P.M. 1983. Chemical food preservatives, In:
Block, S. S. (ed} Disaffection, sterilization and preservation.
Lea & Febiger, Philadelphia pp. 655-688.

Davidson, P. M. and Juneja, V. K. 1980. Antimicrobial agents. In:
Branen, A. L., Davidson, P. M. and Salminen, $S. (eds.)
Food additives. Marcel Dekker, Inc., New York. pp. 83-137.

Gilman, J. C. C. 1957. A Manuai of soil fungi . The lowa State College
Press. Ames, lowa. 450pp.

Holbrook, C. C. ; Wilson, D. M. and Anderson, W. F. 1997. Aspergillus
colonization and aflatoxin contamination in  peanut
genotypes  with resistance to other fungal pathogens. Flant Dis.
81: 1429-1431.

Morsy, A. A. ; Abd-El-Kareem, F. and Abd-Alla, M. A. 1999. Effectof
acetic acid on post-harvest decay of strawberry fruits.
Egypt J. Phytopathol 27 : 117 -126.

Morsy, A. A. ; Abd -El-Kareem, F. and Abd Alla, MA. 2000 a .
Effect of acetic acid fumigation on common storage
fungi of some grains. Egypt J. Phytopathol. 28: 85-106.

Morsy, A. A. ; Abd Alla, M. A, and Abd -El-Kareem, F. 2000b. Effect of
acetic acid fumigation of wheat grains on fungal infection during
storage . EgyptJ. Phylopathol. 28:107 - 117 .

Neler, J., Wasserman, W. and Kutner, M.H. 1985. Apgplied linear statistical
models. Regression analysis cf variance and experimental design: 2™
Ed. Richard, D. Irwin Inc. Home wood. llinois.

Pattee, H. E. and Young, C. T. 1982, Effect of seed size, storage moisture,
and storage time on chemical composition and flavor of peanut and
peanut products. Amer. Chem. Soc. Fall Meeting Abs. 58.

Ragab, W. 8. and El-Syied, S. I. 1998.  Afiatoxin production on some
food grains as affected by moisture content and autoclaving. Assuit. J.
Agric. Sci. 29:1-9

Sholberg, P.L. and Gaunce, A. P. 1995. Fumigation of fruit with acetic acid
to prevent post-harvest decay. Hort Science 30: 1271-1275.

3914



J. Agric. Sci. Mansoura Uniy., 29(7), July, 2004

Sholberg, P.L. and Gaunce, A. P. 1996. Fumigation of stone fruit with
acetic acid to control post-harvest decay. Crop. Prot. 15: 681-686.

Sholberg, P.L. Regnolds, A. G. and Gaunce, A. P. 1996. Fumigation of
table grapes with acetic acid to prevent post-harvest decay .Flant
Dis. 80: 1425-1428,

Sholberg, P.L. Delaquis, P. J. and Moyls, A. L. 1998. Use of acetic acid
fumigation to reduce the potential for decay in harvest crops. Recent
Res. Devel. In Plant Pathology 2: 31-41.

Surekha, M. and Reddy, S. M. 1980. Succession of mycoflora on
groundnut fodder. Animal Feed Science and Technology,
31.(1/72): 167-171.

Vainhanv, K. A.; Savaifla, R.;, Patel, V. J. and Patel, R. S. 1989.
Afiatoxin  in groundnut, problems and remeies. Seeds and Farms.
15(2): 12-15.

Wallace, H. A. H. 1973. Fungi and other organisms associated with
stored grain in: Sinha,RN. and Muir, W.E.(eds) Grain
storage: Part of a system. The AVl Publishing Co. Inc
Westport, CT.

White, D.G. and Toman, J. 1994, Effect of post-harvest oil and
fungicide application on storage fungi in corn following high
temperature grain drying. Plant Dis. 78: 38-43.

g-i‘.l}dl J gl uﬁgqég,j&dl Skl g glial LIAY aa Ay cudadl)
M e nd g deland il Ay
._ym-us.m =&igaall e gill 38 padl ~ladl) ol sl ‘u-us

Jae @Bl eae Ljsear B A dedadd) al e i Sl by
gl J5e P S o pe il Gyl Sl Sl a3 Lalad) kil Y s
s Y& 4 ve a A ochraceus ; A. parasiticus 3 Aspergillus flavus,
cam gl Je % VA

£ S5 e Hyd e Aty el ekl JO S el gl b€l Lyl S
Sl Ay S 1V 585 ey A parasiticus 5 A flavus phill Ludly AY Ady K.
aaa Jlag O ddlaa WS A Jagadl Jaill sk e S ue A Ochraceus kil dud
[ SmilsSae Voo 385 e Agaplall Siadd LIS Sl g (0 3 o TE Yol e
Jatey paeall digas Aes JED B DA S Ve y VY0 G ey, 3
Lt Jawgia guliad /Al S ve S0 heiy il e % VYV  AcA
- spores/mi) ol e Gtaay  Jasdl Joill pdsgee e % VT lhiy gl igea
viud oS5, A ohcraceus y A. parasiticus 5 A. flavus, kil g 0 ()
bt deleSBb il i B 5 S £ S0 G B e e Laldes S WU
Lamh W3S Al 0. o 58 i s AL parasiticus 5 A flavus, kil
G JdizEar A Al ST S g s Al ochraceus phkily dladd st
I A [ Al S Yo 5n S o Wi IV e % YY) iy hagdl Spa
gl Gipra Gl dasgie ualidd

o g AN s ey e Jaill 5yl Aabae oF AL 0 (e il
Asliall g Laphll gl Gayok Ciad 00 Laladd G580 ki e b oLl

3915





