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3. Executive Summary

By means of comparative biochemical approaches, we have
elucidated putative defense mechanims controlling postharvest disease in
unripe avocado fruits. Levels of the avocado diene and monoene were high
in unripe, disase-resistance fruit but decreased during fruit ripening, a time
when latent fungal infections cause proliferating lesions that make fruit
unmarketable. Such correlative evidence, however, does not prove a role
for the diene compound in resistance. To provide more critical test we
employed various exogenous treatments that modulated the normal
disapearance of the diene during the ripening of avocado fruits and
observed wheter the treatment concomitantly affected the development of
fungal decay. The most effective measures were antioxidant and high
carbon dioxide treatments, which inhibited decreases of the avocado
antifungal diene compound during ripening or induced accumulation of
higher levels. The fact that modulation of diene levels by these agents led
to the predicted changes in fruit resistance constitutes important evidence
that the diene is a physiologically important agent affecting resistance to

C. gloeosoporioides.



4. RESEARCH OBJECTIVES

Fruits are generally protected by differentiated integumentary
structures, and their physiology changes markedly during development,
particularly when ripening occurs. Pathogens frequently infects unripe
fruits but cuase relatively minor damage until ripening, when they cause
exiensive decay. Such quiescent infections habe been observed in tropical
subtropical and decidunus f:uits. The resultant decays habe great economic
importance, since they reduce the shelf life of fruits during storage and
transport. The disease problems habe been further exacerbated by the
development of pathogen resistance to fungicides and withdrwal of
pesticides on environmental grounds. Consequently there is considerable
interest in determinig mechanisms accounting for the natural resistance of
unripe fruits to fungal pathogens and extending its effectivness to fruits
after harvest. One of the possible mechanisms that may account for such
differential resistance during ripening is the level of preformed antifungal
compounds. In the present proposal we have determined the importance of
preformed antifungal compounds as one of the main factors in the

resistance of unripe avocado fruits.



£. Methods and Results

EVALUATION OF ANTIOXIDANT TREATMENTS FOR

PREVENTION OF AVOCADO ROT

The use of antioxidants to delay the onset of anthracnose and stem end
decay in avocado fruits after harvest.

By Dov Prusky

The use of the antioxidant butylated hydroxy anisole and the fungicide
prochloraz for the control of postharvest anthacnose of avocado fruits
during storage.

By D. Prusky, H. Ohr, N. Grech, S. Campbell, I. Kobiler, G. Zauberman,

and Y. Fuchs.
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Research

The Use of Antioxidants to Delay the Onset of Anthracnose and Stem End Decay
in Avocado Fruits After Harvest

DOV PRUSKY, Department of Fruit and Vegetable Storage, ARO, The Volcani Center, Bet Dagan 50250, Israel

ABSTRACT

Prusky, . 1988. The use of antiaxidants to delay the onset of anthracnose and stem end decay in
avocado fruits after harvest. Plant Disease 72.381-184.

Infiliration of avocado fruits (cultiva; Fuerte) with 0.1 mM solutions of an antioxidant (butylated
hydroxy toluene {BHT], a-tocopherol, reri-butylhydroquinone [TRHQ), epicatechin, or 0.01¢7
gum guaiac) delayed the appearance of anthracnose symptoms for I-2 days. A mixtureof 0.1 mM
BHT and either 0.5% ascorbic or 0.1 citric acid enhanced the activity of BH T alone and delayed
the appearance of anthracnose symploms for a2 further day without affecting funpal growth in
vitro. Butylated hydroxy anisole - ad propal gallate {0 | mM) had no effect on disessc expression,
Treatments of fruits with 0.1 mM epicatecbin ora mixture of 0.8 mM BHT and 0.5 ascorbicacid
>~ delayed the disappearance of endogenous epicatechin and the antifungal diene. and delayed
discase expression: infiltration with | mM TBHQ, houever, enhanced the disappeaiance and
discasc expression. Insemicommercial trials. stem end tot in cultivars Ettinger and Fuerie wasalso
delayed for 1-4 days as a result of dip treatment in 2 miatuse of 0.1 mM BHT and :ither 0.5%

ascorbic or 0. 1% citric acid.

Additionalkeywords: antifungal compounds izscentinfections, postharvest diseases,

postharvest treaiments

Anthracnose, caused by Collerotrichum
gloeasporioides Penc., and stem end rot.
raused by Diplodiu naialensis Pole-
Evans, are important fruit-rot discases of
avocado in the U.S. A, Isracl, and
Australia (8,12,17.18). C. gloeosporioides
infects avocado peel (2) and D. natalensis
infects the fruit pedicel (1) duning the
growing scason, but the infections
remain quiescent until fruit ripen after
harvest. Under commercial conditions,
-’:.ltay development can usually be

\._uclayed cither by storage at low

temperature (5-6 C) (13) or by fungicide
treatment (7). The latter is applied a-
preharvest orchard sprays or, more
efficiently, as postharvest dip treatments
.

Prusky et al (10) isolated a preformed
antifungal compound from the peel of
unripe avocado fruits and identified it as
cis,cis-l1-acetoxy-2-hydroxy-4-oxo0-
heneicosa-12,15 diene (Fig. 1). This
compound was shown to be involved in
the mechanism for quiescence of C.
glocosporioides infections in unripe
avocado (10). The antifungal diene also
inhibited elongation of germinating /).
natalensis hyphae with an E D similar to
that of C. gloeosporioides (480 pg/ml). It
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was supgested that lipoxygenase catalyses
the oxidation of the antifunga) diene
during fruit ripening, resulting in its
decrease to subfungitoxic concentrations
and, therefore, in its decrease ip
activation of fungal infections (Fig. 2)
(9). Infiltration of fruits with a-
tocopheiol (RDH), an inhibitor of
lipoxygenase activity, inhibited the
decrease of the antifungal diene and also
the development of anthracnose lesions
(9). It was concluded that lipoxygenase
activity in the peel of ripening fruits could
be regulated by concentraticn of the
n~tural antioxidant epicatechin (Fig. 2)
t11). Reduction in concentration of
epicatechin in the peel after harvest was
always found to be associated with a
decrease in diene concentration and
development of anthracnose lesions
(unpublished).

This contribution reports on exogenous
postharvest treatments that inhibited
lipoxvgenase aclivity and delayed the
activation of quiescent infections and
development of anthracnose and stem
end decay.

MATERIALS AND METHODS
Avocado fruits (cultivars Ettinger and
Fuerte) were obtained from an orchard
ncar Rehovot, Israel. A single-spore
isolate of C. glocosporioides from
decayed avocado fruits was used in all
experiments. Cultures of this strain were
maintained cither on avocado fruits or on
potato-dextrose agar {PDA) plates (10},

Fruits were inoculnted with a 10-ul drop
of a spore suspension (10* spores/ml)
placed at four different positions along
bothsides of the longitudinal axis of cach
of 20 freshly harvested fruits and then
incubated at 20 C. Fruits were examined
daily for discase symptoms using a
hinocular microscope. Peel daskening
exceeding | mm in diameter was
considered positive for disease expression.
The effects of the triatments were
expressed as days from inoculation to
discase expression. Standard deviation
was calculated for 80 ir.fection points per
treatment.

Effect of antioxidants on C. gloeo-
sporioides decay development. Twenty-
four hourts after inoculation, opposite
halves of the same fruits were infiltrated
with cither antioxidant or solvent
seletions (9). Infiltration was carried out
by immersing the appropriate half of the
fruitand reduciny, the pressure 1o 100 mm
Hg for 60 sec. The amount of solution
absorbed by each half fruit was 0.20 *
0.08 g per 100 g of fruit. Fruits were
infiltrated with a-tocapherol, butylated
hydroxy toluene (BHT), butylated
hydroxy nmsole (BHA), gum guaiac,
tert-butylhydroquinone (TBHQ), and
epicatechin in C.1% ecthanol, 0.1%
dimethyl sulfoxide (DMSO), and 0.01%
Triton X-100. The same detergent-
ethanol mixtuce, without antioxidant,
served asa control. Insome experiments,
ascorbic or citric acid at 0.5 and 0.19,
respectively, were added to BHT as
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Flg. 1. Structural formula of the antifungal
diene {rom avocado.
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Fig. 2. Sequence of reactions leading to active
infections of Colletotrichum glocosparioides
in ripening avocado: lipoxygenase-catalyzed
decrease in diene concentiation facilitates
activation of quicscent infection. Epicatechin
inhibits lipoxygenase activity. .
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synergists of antioxidant activitv (14),
Experiments were repeated at least twice.

Effect of antioxidants on C. gloeo-
sporioides growth In ritro. Antioxidants
dissolved in 956, ethanol were amended
into PDA. Antioxidant-amended and
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Fig. 3. Effect of antiosidants on decay
developmentof Colletotrichumgloeosporioides
in avocado (ruits stored a1 20 C. One-half of
the whaole fruit was infilteated 24 hr after
inocu'>tion of freshly harvested fruits with (A)
butylated hydroxy toluene, (B) a-tocopherol
at 0.1 mM. and (C) gum guaiac at 0015 in
001% Triton X-100,0.1% DMSO, and 0 17
ethanol{e) Control halves (o) were infiltrated
with the solvent alone. Decay development is
expressed as the diameter of pecl Jarkening at
the inoculated site. Darkering of the peel
exceeding an area of | mm in diameter was
considered as symptom expression of discace,
Standard deviation is provided in brack «t.
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Fig. 4. Elfect of tert-butylhydroquinone on
decay development of Colletotrichum gloeo-
sporioldes in avocado fruits stored at 20 C.
Freshly harvested (ruits were inoculated.
Twenty-four hours later, ane-half of the whole
fruit was infiltrated ether with the solvent
{controls) consisting of 3.01¢, Triton X-100,
0.1% DMSO, and 0.1% cthanol (0), or with
solvent also containing TBHQ (e) at
concentrations of {A) I mM or (B) 0 | mM.
Decay development is expressed as the
diameter of peel darkening at the inoculated
site. Darkening of the peel exceeding an area
of | mm in diameter was considered symptom
expression of disease. Standard deviation is
provided in bracket
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unamend=d plates were inoculated with
S-min-diameter plugs of fungal mycelium
sampled from a 7-day-ola culture. The
diameter of growgh developed ai 20 C
and was checked daily. Presence of
cthanot at a concentration of 1% in the
media did not affect C. gloeosporioides
growth.

Extraction and quantitative analysis of
the antifungal diene and eplcatechin. The
antifungat diene was extracted from
avocado peels and quantified as described
by Prusky et al (10). The lipoxygenase
inhibitar, ericatechin, was extracted in
5-mM sodiu.a phosphate buffer (pH 7.2),
partially purified hy flash chroma-
tography, and quantified by HPLC as
described by Prusky et al (9).

Effect of antloxidant and fungicide dip
treatment on development of . notalensis
decay in semicommercial trials. In these
experiments, fruits were not artificially
inoculated. To assure a high incidence of
stem end rot, avocado cultivars Fuerte
and Ettinger were picked early dutingthe
harvesting season frtom orchards known
for high incidence of the disease (12,13).
The fungicide imidazole (Prochloraz, 45
EC)1-N-propyl-N-[2-(2,4,6-trichlor-
ophenoxy)ethyl]jcarhamoylimidarole
(7,12) was compared with antioxidant
treatments for control of stem end rot.
Twenty-four hours afte: harvest, fruits
were dipped for 30 sec in 900 ug/ml
prochlorar or in aqueous antioxidant
solutions at 0.1 mM BHT and 0.57
ascorbic acid, and 0.1 mM BHT and
0.1% citric acid. Alter treatment, fruits
were air-dried and stored at 20 C or
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Fig. 8. Fifect of epicatechin an the antifungal
diene concentration and decay development
by Colletotrichum gloemporioides in avocado
fruits stored at 20 C. Fpicatechin (0.1 mM), in
0.01F Triton X-100, 0 15 DMSO, and 0.17¢
cthano! (8), wasinfiltrated into fruit halves 23
hraftecinoculation of freshly harvested fruits
Control halves were infiltrated with the
solvent alone (0). Concentration of the
antifungal diene in crude extracts of peel
trcated with epicatechin thatched har) or the
solvent alene (open bar). Two different
expeniments were carried out {A) in the
beginning of the harvest scason and (B) } mo
later Darkening of the peel exceeding an area
of I mm in diameter was considered symptom
expression of discase. Standard deviation is
provided in bracket.

stored at 2 C for 10 days and then
transferred to 20 C. Symptoms of
Diplodia stem end rot exceeding | em
deep in the fruit Aesh were considered
positive for disease expression. Each
treatment was replicated six times with
20 fruits in each replicate. Experiments
were conducted twice in cach of two
harvesting seasons.

RESULTS

Fffect of antioxidsnts on C. gloeo-
sporioldes decay development. Infiltration
of avocado fruits with 0.1 mM BHT, 0.1
mM a-tacopherol, or 0.019 gum guaiac
delayed decay development by C.
gloeasporioides on the treated side of the
fruits (Fig. 3) compared with the control
side. Butylated hydroxy toluene delayed
disease expression by | day, and o-
tocopherol and gum guaiac delayed it by
2 days. Inhibition of lesion expansion
was observed until 9-11 days after
harvest in the antioxidant-treated versus
control halves of the fruits. Treatments
with 0.1 mM 3HA or 0. mM propyl
gotlate were ineffective (results not
presented) The effect of TBHQ differed
withcarcentration. Tert-butylhydro-
quinone at 0.1 mM declayed diseasc
expression hy | day (Fig 4B), but
tieatment with 1 in M TBHQ significantly
hastencd disease cxpression by | day
(Fig. 4A). Effects of treatments lasted for
at east B days after harvest.

The addition of either 0.15 citric or
0.5% ascorbic acid enhanced the activity
of BHT. In hoth treatments disease
expression was delayed by | Jay. Eight
days after incculation, the lesion
diameter on the BH T-ascorbic acid- and
BH I-citric acid treated sides was 1.0 %
0.2mmand 0.7+ 0.3 mm, respectively;in
the BH T controls, the lesion averaged 1.8
+ 0.3 mm. Neither 0.1% citric nor 0.5%
ascorbic acid affected decay development
significantly. Eightdays afterinoculation,
lesion diameter averaged 1.5+ 0.3 mmon
the control side and 1.7+ 0.5 mm on the
ascorbic acid-infilteated side. On fruits
treated with citric acid, the lesion
averaged 2.2+ 0.3 mm on the control side
compared with 1.8 * 0.3 mm on the
treated side.

C. gloeosporioides growth was not
affected by mixtures of 0.1 mM BHT
with cither 0.1¢5 citric or 0555 ascorbic
acid added to PDA. After Tdaysat 20C,
the diameter of 5 mm fungus circles had
grownto 5.8 + 0.1 mminthe antioxidant-
amended and unamended plates.

Effect of antioxidants on epicatechin
and diene concentration and on decay
development of C. gloeosporioides.
Effect of epicatechin ireatmenis on diene
concentration and decay development,
Twoexperiments were carried out during
one harvesting season. At the beginning
of the scason, the cancentration of the
antifungal diene in the fruit peel was
3,450 ug/g fresh wi 1 day after harvest
(Fig. SA). Infiltration with 0.] mM



epicatechin delayed the decrease of the
antifungal diene. Seven days after
harvest, diene concentration was <50
ug'g fresh wt cn the epicatechin-treated
side and 60 pg/g fresh wt on the control
side. Concentrations of endogenous
epicatechin on the epicatechin-treated
and control sides were 674 and 451 ug/g
fresh wt, respectively, 2 days after
treatment. Four days after treatment,
epicatechin concentrations were similar
inboth sides. Inthe second experiment, 3
mo later, the initiat concentration of the
dienc was [,100 ug/g fresh wt. Five days
later, concentrations of the diene on the
epicatechin-treated and control sides of
the fruit were 250 and 90 ug/g fresh wt,
respectively (Fig. 5B). Epicatechin
treatment delay.a expression of disease
in both experiments by | day.

Fffect of BH T-ascorbic acid treatment
on epicatechin and diene concentration.
Infiltration of avocado fruits with a
mixture of 0.1 mM BHT and 0.5%
ascorbic acid delayed the decrease of
endogenous epicatechin concentration
that occurs after harvest (Table 1). In the
peel on the antioxidant-mixture-treated
side, the concentration of epicatechin
was highur throughout the experiment.
The antioxidant treatment also delayed
the diene decrease that occurred in the
peelon the control side following the fifth
day after harvest. Cn the seventh day,
diene concentration on the control side
wasabout 255, of that on the treated side.
Nine days aftcr harvest, discase was
expressed on the control side, whercas on
the trcaied side it was expressed on the
tenth day.

Effect of TBHQ treatment on
epicatechinanddiene concentration.
Infiltration with | mM TBHQ enhanced
disease expression by | day (Fig. 4) and it
also 2nhanced the decrease of endogenous
epicatechin and antifungal dicne concen-
tration of the fruit (Table 2). Concen-
tration of epicatechin on the control side
had decreascd to 288 ug/gfreshwtonthe
eighth day after harvest, whereas on the
treated side it was already 62 ug/g fresh
wt, Diene concentration in the TBHQ-
treated side of the fruit was lower
throughout the experiment. On the
eighth day after harvest, it was $20 ug/g
fresh wi on the treated side and 2,050
ug!g fresh wt on the control side. On the
twellth day after harvest, discase
expression occurred on the TBHQ-
treated side, whereas on the control side
it occurred on the thirteenth day.

Effect of antioxidants and fungicide
dip treatment on development of D).
natalensisdecay insemicommercial trials.
Dip treatment of Ettinger truits n a
mixture of BH T and either 0 177 citric or
0.5¢z ascorbic acid delayed symptoms of
stem end rot by about 4 days (Fig. 6).
After the decay appeared, it increased
more rapidly in fruits dipped in BH T and
ascotbic acid than in the mixturc of BH! T
and citric acid. Dip treatments of Fuerte

fruits (Fig. 7) on a mixture of BHT and
citricacid delayed disease expression by 2
days compared with controls. The
mixture of BHT and ascorbic acid and
the commercial fungicide prochloraz at
900 g/ ml delayed discase expression by
only | day.

DISCUSSION

The resistance of unripe avocado fruits
to attack by postharvest pathogens was
associated with the preformed antifungal
compound called diene (10). Previous
results (9.11) led to the belief that diene
decrcase was a result of increased
lipoxygenase activity. Activity of this

compounds that inhibited lipid pero-
xidation activity of lipoxygenase (4,16)
were tested as possible inhibitors of diene
peroxidation. They delayed the develop-
ment of anthracnose and stem end rot,
Infilteation treatments of avocado with
a-tocopherol, BHT, TBHQ at 0.1 mM,
and 0.01S; gum guaiac delayed the
expression of anthracre.e symptoms by
1-2 days (Figs. 1 and 2).

Treatments with mixtures of 0.1 mM
BHT and either 0.5% ascorbic or 0.15
citric acid delayed the expression of
disease symptoms ty 1 day more than
BHT alone. These mixtures did not
inhibit the fungus in culture, and their

effect must have been on plant
metabolism. Plant lipoxygenases are
strongly inhibited by some polyphenols

enzyme was regulated hy the decrease in
concentration of the (lavan 3-ol inhibitor,
epicatechin (11). in the present work,

Table 1. Effect of infiltration of avacado frui sltivar Fuerte) with a mixture of 0.1 mM
butylated hydroxy toluene (BHT) and 0.5% ascor...c acid on the concentration of epicatechin and
antifungal diene, and on decay development of Colletotrichum gloeosporioider at 20 C

Epicatechin® Diene® Decay development
(ug/g fresh wi) {ug/g Iresh wi) (mm)
BHT +* BHT + DHT +
Days after ascorbic nscorble ascorbic
harvest Control acid Control acid Cuntrol acid
s 91} 117} 1.490 1.500
6 1,434 1817 500 14RO
7 516 186 120 500
9 12 47 19" 10°
10 33 18°

‘Samples of pantially punified extracts were chromatographed on reverse-phase HPLC columns
and peak heights were compared with those of standards.
"Fruits were infiltrated with anaqueous solution of 0.015 Triton X-100,0.17% dimethytsulflovide,
and 0.17 ethanol. The same solution, without the antioxidant, was irfiltrated into contro! fruits.
‘Fruits were inoculated hy placing 10-ul drops of a spore suspension (10° spores’ mi) at four
different positions along both sides on cach of 20 freshly harvested fruits Decaydevelopment was
measered as darkening of the peel. Expression of discase was recorded when peel darkening
exceeded anarca of I mmin diameter. * = Means [or treated versus control were different at P=
0.05.

Table 1. Effect of infiltration of avocado fruits (cultivar Fuerte) with t mM rerr-hutylhydroquinone
(TRHQ) on the concentration of epicatechin and diene. and on decay development by
Colletotrichum gloeasporioides at 20 C

Epicatechin® Diene* Decsy development
Days after tre/g (resh wt) (ug/g fresh wr) {mm)
hasvest Control TBHQ" Contral 1BHQ Control 18HQ
1 1.235 720
4 5n pAY) 910 S60
4 819 273 1.940 510
4 288 62 2,050 520
H 28 1 LR} 440
12 07 10
R 1o 20°
14 16 l6*

*Samples of partially purified extracts were chromatographed on reserse-phase HPLC columns
and peak heights were comparcd with those of standards

"Fruits were inliltrated with an aqueous solution of TBHQ in 0 017 Triton X-100,0 16 dimethy1
sulfoxide. and 0 1'¢ ethanal The same solution without the antioudant. was infiltrated into
conteol fruty

“Faunts were inoculated by placing 10-41 deops of a spore suspension (10* spores ml) at four
dulfesent positions along hoth sdes on each of 20 freshly harvested fruits Decaydevelopment v as
measured av darkening of the peel Fypression of discase was recorded when peel darkcaing
excecded an arca of 1 mm in diameter. * = Means for treated versus control were different at P=
005,

Plant Disease/May 1988 383
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Flg. 6. Effect of pastharvest dips in
antioxidants on the incidence of Diplodia
natalensis stem end rot on stared avocad. fruit
(cultivar Ettinger). Fruits were dipped in a
mixture of 0.1 mM BHT and 0.5% ascorbic
acid (0) or 0.1 mM BHT and 0.1 citric acid
(). Controls (®) weee dipped in water only.
Dipped fruits were stored at 2 C for 10 days
and then transferred to 20 C. D. natalensis
penetration into (ruit flesh to a depthof | cm
was cansidered rot development.
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DAYS AFTER HARVEST

Flg. 7. Effect of posthaivest dips in
antioxidants and fungicide on the natural
incidence of Mplodia naralensis stem end 1ot
on stored avocado fruits (cultivar Fuerte).
Fruits were dipped in a mixture of 0§ mM
BHT and 0.5% ascorbic acid (), 01 mM
BHT and 0 15 citric acid (#), or 900 pg;/m1 '
prochloraz (A). Control fruits{o) were dipped
in water. Fruits were stored at 20 C
throughout the experiment. Diplodia
penetration into fruit Mlesh to a depthof | ¢cm
wasconsidered disease expression. Horirontal
arrow indicates fruit were completely
softened.

384 Plant Disease/Vol. 72 No. 5

(6,15). The inhibition, which is often
competitive, is the result of the removal
of frec radicals requiced {ar the reaction
(3). When functionirg as antioxidants,
phenols constitute a trap for free radicals,
resulting in their own oxidation to a very
stabdle product (3), preventing epicatechin
oxidation and inhibiting lipoxygenase
increase and dienc decrease. A similar
effect way obscrved with an exogenaous
treatment of epicatechin, which prevented
endogenous epicatechin decrease and
delayed the dienc deciease.

Tert-butylhydroquinone (0.1 mM)
delayed disease expression by | day butat
| mM. epicatechin and antifungal dienc
decrease and decay development were
enhanced (Table 2). Antioxidants at
certain concentrations act as prooxidants
(5), indicating the importance of
optimization of treatments because
different concentrations may have
opposite effects. This indicates that the
regulation of d=cay development,
initialed by the decrease of epicatechin
and then of the diene, is a process that
might be affccted in either way.

The mixture of BHT and ascorbic or
citric acid delayed the beginning of stem
end rot development in semicommercial
experiments by 1-4 days A mixture of
BHT and citric acid was more effective
thanthe commercial fungicide prochloraz
used in Israel for this purpose (11).

Treatments of avocado fruits with
antioxidants delay the conversion of
quicscent infections of C. gloeosporivides
and D. natalensis into active infections
and discase. This delay seems to depend
on prevention of the decline of the
natural mechanisins of resistance.
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The Use of the Antioxidant Butylated Hydroxy Anisole and the Fungicide
Prochloraz for the Control of Postharvest Anthracnose of Avocado Fruit

during Storage

D. Prusky', H. Ohr?, N. Grech?, S. Campbell?, I. Kobiler', G. Zauberman!
and Y. Fuchs'. !Department of Postharvest Science of Fresh Produce,
ARO, The Volcani Center, Bet Dagan 50250, Israel and ’Department of

Plant Pathology, University of California, Riverside, CA 92521, USA.

ABSTRACT

Prusky, D., Ohr, H., Grech, M., Campbell,S., Kobiler, I., Zauberman,
G., and Fuchs, Y. 1994. The use of the antioxidant Xedaphen-20 and the
fungicide Prochloraz for the control of postharvest anthracnose of

avocado fruit during storage. Plant Dis. 78:000

The incidence of post-harvest anthracnose of avocado caused by
Colletotrichum gloeosporioides was reduced significantly after dip or
spray treatment with the anti-oxidant butylated hydroxy anisole (BHA)
or BHA + prochloraz. In small, medium and semi-commercial experiments
in California on cv. Hass or in Israel on cv. Fuerte there was a
significant reduction of decay by a single treatment with BHA at 1200
Mg ai/ml and by BHA at 1200 pg ai/ml + prochloraz at 250 ng ai/ml.
Prochloraz at 1000 pg ai/ml alone did not always reduce the incidence
of decay while BHA or BHA + prochloraz reduced decay consistently.
The effect of BHA + prochloraz'yaéélpnger lasting than BHA alone. It
is suggested that the antioxidant ﬁight recduce postharvest decay in

avocado by modulating the natural fruit resistance.
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Additional keywords: antifungal compounds, quiescent infections,

postharvest diseases, postharvest treatments.

Anthracnose, caused by Colletotrichum gloeosporioides (Penz.) Penz.
Sacc. in Penz., and stem end rot caused by Diplodia natalensis Pole-
Evans, Dothiorella gregaria Sacc. or D. aromatica (Sacc.) Petr. & Syd.
are the most important fruit rot diseases of avocado Persea americana
Miller in the USA, Israel, Australia and South Africa (1,3,9,10,11).
In avocado, anthracnose in its early stages is essentially a cosmetic
disease. The peel of Hass avocados turns black as they ripen masking
early disease symptoms. When avocados are ripe enough to eat the
disease has not progressed beyond the peel into the fruit to any great
degree and is removed with peeling. The Fuerte avocado is shipped
from Israel to Europe where the blemishes of early disease development
do not alarm the consumer. In California, postharvest decay in avocado
was not considered a significant problem until prolonged rain during
the winter of 1992-93 resulted in an increase in its incidence. C.
gloeosporioides infects the avocado peel and D. natalensis infects the
fruit pedicel during the fruit development season, but because
avocados do not ripen on the tree the infections by both pathogens
remain gquiescent until after harvest when the fruit ripens. Under
commercial conditions, decay development can be delayed by storing
fruit at a temperature of 5-6 C during short-duration shipment or
storage. When the fruit must be held for longer periods, (e.g., 20-24
days as with the South African fruit), a combination of low
temperature and fungicide treatments are needed (1). Fungicides are
applied as preharvest sprays or, more efficiently, as postharvest

treatments (1,3).
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The requlations limiting the use of agrichemicals in local and
export markets have stimulated the search for new alternatives to
postharvest fungicides. Biological control has been suggested as a
possible alternative to fungicides but in spite of the significant
amount of work invested in their development, there are no commercial
products on the market for the biological control of postharvest
diseases (2). Prusky and Keen (5) have suggested a new approach for
the prevention of postharvest disease; it involves the enhancement of
the natural resistance of fruits. Prusky et al. (6,7) isolated an
antifungal compound from the peel of unripe avocado fruit and
identified it as cis,cis-l-acetoxy-2~-hydroxy-4-oxo-heneicosa-12,15
diene, that prevents the development of C. gloeosporiroides and D.
natalensis beyond the initial infection in unripe avocados. The anti-
fungal diene is apparently oxidized by lipoxygenase during fruit
ripening which allows the fungi to resume colonization of the fruit
tissues (7). Lipoxygenase activity in the peel of ripening fruit is
regulated by the concentration of the natural antioxidant, epicatechin
(4). Infiltration or dip treatment of avocado fruit with several
antioxidants such as a-tocopherol, butylated hydroxy toluene (BHT),
butylated hydroxy anisole (BHA) and tert-butylhydroquinone (TBHQ),
that inhibited lipoxygenase in vitro, inhibited the decrease of the
antifungal diene and also inhibited development of anthracnose.
Prusky has described the possibility of using antioxidants to delay
the onset of postharvest diseases in avocado (4). Although BHA and BHT
are common food additives commercial formulations of these
antioxidants suitable for agricultural use have only recently been

developed. A commercial formulation of BHA was tested and found to be
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: | 15



w N

10
11
12
13
14
15
16
17
18
19
20
21

23
24
25
26
27

effective, in several trials, in preventing postharvest diseases in
avocados cv. Fuerte (10).

Below we report on several small and medium scale experiments, and
semi-commercial level treatments with the antioxident, BHA.
Experiments were carried out in Israel and the USA, using two

different avocado cultivars.

MATERIALS AND METHODS

General. Avocado fruit, cv's Hass and Fuerte, hand harvested by
commercial crews were obtained from groves around Rancho California
and in Israel respectively. All disease in these experiments resulted
from natural infections. Chemicals used were prochloraz {Prochloraz
50 WP) Nor Am and butylated hydroxy anisole (BHA) (Xedaphene-20, 20%
ai) Xeda International. Data analysis was done using Duncan's multiple
range test.

Small- and medium-scale experiments with Hass cultivar in
California. Fruit were dip treated within 4-5 h of harvest or after
being precooled for 24 h at 5 C in a laboratory cold room. Fruit were
dipped for 30 sec in 1200 pg ai/ml aqueous BHA, 1000 pg ai/ml
prochloraz, or 1200 pg ai/ml BHA + 250 pg ai/ml prochloraz. A 250 ug
ai/ml prochloraz control was not included because of Prusky's results
that concentrations at 300 pg ai/ml or lower were ineffective (9).
After treatment, fruit were either air-dried and sﬁored at 20 C for
11 days or stored at 5 C for 14 days and then transferred to 20 C for
another 11 days.[égmptzwiﬁﬁf¢£2f2233nose exceeding 1 cu in diameter
in the fruit peel were considered positive for infectionsl In small-
scale experiments, each treatment was replicated four times with 10

fruit in each replicate. In medium-scale experiments, each treatment
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was replicated five times with 20 fruit in each replicate. Experiments
were conducted three times during the harvesting season.

Semi Commercial-scale experiments with cultivar Fuerte in
Israel. Experiments were carried out in three different packing
houses, Mehadrin, Granot and HaEmek, representing the main southern,
central and northern avocado growing areas in Israel, respectively.
All fruit was brought to the respective packing house on the day of
harvest, cooled at 5 C overnight and treated commercially 1 day later.
In Mehadrin the fruit was washed, brushed and air dried before the
treatment. In Granot and HaEmek, the fruit were only brushed before
treatment. Materials were applied through A transverse pipe fitted
with six nozzles covering the complete 1.5-m width of the packing
line. The spray nozzles were conical and placed 15 cm apart at a
height to allow overlapping of the individual spray patterns. Spray
pressure was maintained at 4 atmospheres for a flow rate of 188 L/h
and an effective rate of 0.5 L per metric ton of fruit. Following
treatment the fruit were waxed and sorted under commercial conditions.
Treatments were BHA at 1200 pg ai/ml, prochloraz (45 EC)at 900 ng
ai/ml, BHA at 1200 pg ai/ml + prochloraz at 225 ng ai/ml or water for
the control. These identical treatments were used in each packing
house.

In the first trial at Mehadrin approxamately 650 kg of fruit were
treated with prochloraz, prochloraz + BilA or water, packed as
described above and stored for 14 days at 5 C, then transferred to 20
C anc evaluated for disease after 8 days. Six replications of 20 fruit
each were used to evaluate each treatment. I[n the second test the

fruit were treated and stored at 5 C for either 7 or 14 days, then
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transferred to 20 C and evaluated for disease after 4 and 6 days. Ten
replicates of 14 fruit each were used to evaluate the treatments.
At Granot the fruit were treated with prochloraz + BHA, sorted
according to weight and packed commercially 18 fruit/carton (each
about 220 g) and 14 fruit/carton {each about 280 g). There.were 10
replicates (cartons) in each treatment. The fruit was stored either
at 20 C or at 5 C for 21 days and then 20 C. Those fruit stored only
at 20 C were evaluated after 9 and 12 days while those .stored

initially at 5 C were evaluated after they had been stored at 20 C for

7 and 9 days. The evaluation times were dictated by the disease
progress. Sonlial ol duierc bed b /am
==

haar ,Haamakim and
He fuct bd )
R Ted at either

2 Cor 5 C for 14 days then transferred to 20 C and evaluated after

At HaEmek, fruit from two different groves,

Daliah, were treated or not with BHA + prochloraz

9 days.

RESULTS

Small-scale experiments

With fruit treated within 5 h after harvest the decay incidence in
untreated fruit after 11 days at 20 C averaged nearly 60% (Fig 1 A,
B) whereas the incidence among fruit treated with 1000 pg ai/m’ »f
prochloraz alone averaged 76%. In contrast the decay incidence among
fruit treated with 1200 pg ai/ml BHA and the mixture of 1200 pg ai/ml
BHA + 250 ng ai/ml prochloraz was significantly lower at 10% and 30%
respectively after 9 days in storage. However, 2 days later, only
fruit treated with the mixture had a significant reduction of decay,

averaging 22% in two groves (Fig 1 A, B).
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With fruit from a third grove, the decay incidence among the
controls after 11 days at 20 C was onlv 10% and each of the treatments
reduced the decay by 60-70%(Fig 1 C).

With pre-cooled fruit, disecase incidence in untreated fruit
averaged 10, 14 and 33% after 7, 9 and 11 days resp=ctively. By
contrast fruit treated with BHA + prochloraz averaged 0, 2 and 6%
respectively. The difference between the control and respective

treatments were significant at P=0.05(Fig 2).

Medium-scale experiments

Fruit precooled at 5 C for 24 h before treatment followed by 17
days of storage at 5 C, showed no decay at the time of transfer to 20
C (Fig 3). Six days later however, decay incidence among the control
fruit was nearly 10% whereas treated fruit averaged 4-5%. After an
additional 4 days at 20 C no differences in decay development were
observed a-.ong fruit treated with BHA,. prochloraz or a mixture of
both. All the treatwents reduced the incidence of decay by about 45%

compared with the control (Fig 3)

Semi-commercial experiments

In trials at Mehadrin, Israel after storage for 14 days at 5 C
followed by transfer to 20 C the incidence of decay in untreated fruit
after B days at 20 C was 12+1%. In contrast fruit treated with 900 pg
ai/ml prochloraz or with 1200 pg ai/ml BHA + 225 pg ai/ml prochloraz
had a decay incidence of 6+1%.

In experiment 2 at Mehadrin (Table 1) as storage time at 5 C
increased the incidence of decay increased (Table 1). The treatment

with BHA reduced the incidence of decay compared with the control; BHA

PLANT DISEASE 7 Prusky et al.
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+ procnloraz showed the greatest reduction of decay but was not always
significantly different from prochloraz alone.

At Granot, Israel with fruit of two different sizes, after 9 days
in fruit initially stored at 20 C the disease incidence in the 220 g
size control was 7 times that of treated fruit. In the 280 g size, the
control had 1.6 times the decay of treated fruit after 9 days (Table
2). Three days later, the incidence of deccay in both sizes had
increased, but treated fruit still showed significantly lower decay
incidence than the untreated controls. In fruit stored 21 days at 5
C before storage at 20 C, 220 g control fruit had 2.2 times the decay
of treated fruit while 280 g control fruit had 3.2 times the decay of
treated fruit. Again, 2 days later, the incidence of decay in all
fruit bad increased but treated fruit still fared better than
controls. Fruit of 280 g average size showed an overall higher
incidence of decay than fruit of an average size of 220 g, but treated
fruit always showed a significant decrease in decay symptoms{Table 2).

After 14 days storage at 2 C or 5 C followed by 9 days of storage
at 20 C, the treated fruits from Shaar Haamakim and Daliah, Israel
showed a significantly lower decay development at both storage

temperatures relative to the controls(Table 3).

DISCUSSION
Postharvest diseases in avocado have been reduced significantly in

South Africa and Australia by_postharvest dip treatment with the

_ 3) Foehlerea 7
fungicide, Prochloraz (1,3,9).“This kreatment_was effective against

the three major p?ft—harvest diseases anthracnose, stem end rot and

Dothiorella rot. 1In Israel, Prochloraz was also found to be effective

PLANT DISEASE 8 ; Prusky et al,
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in preventing post-harvest decay, at 900 pg ai/ml, but was ineffective
at 300 pg ai/ml or less(9,10)(§)

A second method to control postharvest disease in avocado fruit is
the application of antioxidants, which delay the loss of anti-fungal
compounds in the peel and hence the(ggnversion of quiescent infections
of C. gloeosporioides into active infections (5). Lﬁgnpommercial
formulation of BHA, Xedaphen-20, used to inhibit lipid peroxidation

1
dlene (4) . In"the present work, BHA at 1200 pg ai/ml, alone or in a

¥& ;Laaﬁy foods was used to prevent the oxidation of the ant1funga1

mixture with low concentrations of prochloraz at 225 to 250 pg ai/ml,
provided some control of postharvest decay in cultivars Fuerte and
Hass respectively.c9
l—ESIeach of the various ewperlmeqif, a single treatment with BHA at
1200 pg ai/ml delayed the onset of disease. The mlxture %f'ggl\ at 1200
ng ai/ml and prochloraz at 225 pg ai/ml reduced decay development 2-4
times more than the BHA alone during short storage conditions.
Procthloraz -at900--pg—eai/mi—is—amreffective treatment for the

control of quthgrvest decay in avocado_ _{(9+10).” In cCalifornia,

wor Ly (1 duci
however, at 1000 pg ai/ml, ptochloraz failed to control diseafsland

BHA av 1200 pg ai/ml was less effective on non pre-cooled fruit with
a high amount of infection (Fig 1 A, B) than in'pre-cooled fruit (Fig
2, 3) or fruit wvith less infection (Fig 1 C). Thus when favorable
conditions for latent fruit infections exist in the avocado groves
pre-cooling the fruit before treatment could enhance the effectiveness
of the anti-oxidant and the fungicide.

The application of low dosages of fungicide in combination with BHA
have enhanced post-harvest disease control in avocados, possibly by

an additive or synergistic effect. The mixture was also observed to

PLANT DISEASE 9 Prusky et al.
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be effective in experiments in which the fruit was stored for almost
21 days, suggesting that, even at low concentrations, the fungicide
in combination with BHA has an effect on disease development.

Our results indicate that it is feasible to reduce postharvest
disease in avocado by modulation of the natural resistance of the
fruit, the present casq{ the application of an antioxidant that
prevented \the conversion of\g guiescent infection into an active
infection wg§s enough to delay aqcay development. A limitation of the

use of the antioxidant is that thk treatment should be applied within

a day of harve Previously the eRficacy of the treatment decreased

if the treatment was applied later than 24 h after harvest(4,10).
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FIGURES

Figure 1. Effect of postharvest dip treatment of avocado cv. Hass on
the percentage of decay development. Fruit 'from three groves in
southern California (represented in A, B and C) were harvested and
treated within 5 h in the laboratory with 1000 pg ai/ml prochloraz,
1200 pg ai/ml BHA or BHA 1200 pg ai/ml + prochloraz at 250 pg ai/ml
and compared to untreated fruit. Fruit were stored at 20 C and scored
for disease incidence at 7, 9 and 11 days. Different letters above
bars (within each observation day) indicate significant differences
(P<0.05) as determinad by Duncan's multiple range test.

Figure 2. Effect of postharvest dip treatment of avocado cv. Hass on
the percentage of decay development. Fruit from a grove in southern
California were harvested and cooled at 5 C for 24 h before dip
treatment in BHA at 1200 pg ai/ml + prochloraz at 250 pg ai/ml and
compared to untreated fruit. Fruit were stored at 20 C and scored for
disease incidence at 7, 9 and 11 days. Qifferent letters above bars
(within each observation day} indicate significant differences

t degt
(P<0.05) as determined by Duncas*s muléiple range lLest:

Figure 3. Effect of postharvest dip treatment of avocado cv. Hass on
the percentage of decay development. Fruit from a grove in southern
California were harvested, cooled for 24 h at 5 C and dip treated in
the laboratory with prochloraz at 1000 pg ai/ml, BHA at 1200 pg ai/ml
or BHA at 1200 pg ai/ml + prochloraz at 250 pg ai/ml and compared to
untreated fruit. Fruit were stored for 17 days at 5 C, then
transferred to 20 C and scored for disease incidence at 4, 6 and 10
days. Different letters above bars (within each observation day)
indicate significant: differences (P<0.05) as determined by Duncans's

multiple range test.
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Table 1. Effect of BHA and prochloraz on post harvest decay
by C. gloesporiodes and D. natalensis of Fuerte avocados
stored 7 or 14 days post treatment at 5 C followed by

transfer to 20 C for 6 days.

Storage at 5 C

7 days 14 days

Storage at 20 C-

4 days 6 days 4 days 6 days
Control 16.7 a 53.2 a 20.5 a 77.7 a
BHA, 1200 ng 2.1b 24.0 b 11.2 b 41.3 b
ai/ml
prochloraz, 2.1 b 16.7 b 1.0 ¢ 21.4 c
900 g ai/ml
BHA, 1200 pg 0 b 6.3 cC 3.1 c 18.8 c
ai/ml+
prochloraz,

225 pg ai/ml

i

Means of 10 replications of 14 fruit each.

Numbers within columns followed by different letters
indicate significant differences between treatments
(P<0.05) using Duncan's multiple range test.
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Abstract

Avocado cultivars were defined as susceptible and resistant to Colletotrichum gloeosporioides
depending upon the length of the incubation period of the disease after fruit softening. [n the
susceptible cultivars Fuerte, Horshim, Vurtz, Rincon and Benik, epicatechin coneentration of the peel
decreased 1.0 60—130 pig-g”, fr. wt. at fruit softening and symptoms anneared an the same or one day
later. In the resistant cultivars I {ass, Nabal, Netaim and Dinkerton, epicatechin concentration was still
632--1740 pig-g”' fr. wt. when fruit softening and symptoms appeared only 4-—10 days later. When
susceptible Fuerte fruits became soft the concentration of the antifungal compound 1-acetoxy-2-
hydroxy-4-oxo-hencicosz-12,15 diene, had decreased 10 120 yig-g”' fr. wt. and symptoms appeared.
In resistant Hass [ruits, the antifungal dienc was still 238 pg 7! fr. we. at fruit softening; and it had
further decreased 10 159 g ' fr.wt. when symptoms appeared, four days later. A modified
atmasphere and 0.2 M CaCl, infiliration both delayed softening of Fuerte fruits; but symptom
appearance on these fruits was related to diene decrease and not to fruit softening,

The tesults are discussed in relation 1o the hypothesis that the susceptibility of avocado culiivars
to post-harvest decay by C. gloensporioides is related 1o the d=eradation of the antifungal diene,
catalyzed by avocado lipoxygenase, the activity of which is regulated by the decline of its inhibiror
epicatechin.

! Contribution from the ARQ, No. 1828-E, 1986 scrics. This work was supported by 2 grant from
the BARD Fund.
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Involvement of Epicatechin in Cultivar Susceptibility of Avocado Fruits 141

Zusammenfassung

Beteiligung von Epicatechin in der Sortenanfilligheit von Avocadofriichten
gegeniiber Colletotrichum gloeosporioides nach der Ernte

Avocadosorten wurden als anfillig oder ~ichuanfillig gegeniiber Colletotrichum gloeosporioides
anhand der Dauer der Inkubationsperiode .ter Krankheit nach dem Weichwerden der Frucht
unterteilt. Bei den anfilligen Sorten Fuerte, . >rshim, Vurtz, Kincon und Benik verringerte sich die
Schalenkenzentration vom Epicatechin auf 60—130 pg-g”! Frischgewicht (Fr. Gew.) zur Zeit des
Weichwerdens, und Befallssymptome waren am selben oder am darauf folgenden Tag zu eckennen.
Bei den nichtanfilligen Sorten Hass, Nabal, Netaim und Pinkerton dagegen lag die Epicatechinkon-
zentration noch bei 632—1740 pg-g* Fr. Gew. und Befallssymptome waren erst 4—10 Tage spiter
sichtbar, Beim Weichwerden von Fuerte-Friichten hatte sich die Konzentration der antipilzlichen
Substanz 1-Acetoxy-2-hydroxy-4-oxo-heneicosa-12,15-dien auf 120 ug'g* Fr. Gew. verringert und
die Befallssymptome erschicnen. Bei den nichtanfilligen Hass-Friichten betrug die antipilzliche
Dienkonzentration noch 238 jig-g” Fr. Gew. beitn Fruchtweichwerden; vier Tage spiter, als erste
Symptome sichtbar wurden, hatte sich dic Konzentration auf 159 ng'g" Fr. Gew. weiter verringert,
Eine modifiziertc Atmosphare und 0,2 M CaCl,-Infiltration verzogert zwar das Weichwerden von
Fuerte-Friichten, aber das Erscheinen von Symptomen war mit der Dienkonzentrationsabnahme und
nicht mit dem Fruchtweichwerden verbunden.

Die Ergebnisse werden in Zusammenhang mét der Hypothese diskutiert, daf die Anfilligkeit
von Avocadosorten gegeniiber C. glocosporioides-Fiule nach der Ernte mit dem Abbau des antipilz-
lichen Dien korreliert, das wiederum durch die Avocadolipoxygenase kataly siert wird, deren Aktivirit
durch die Abnahme ihres Inhibitors Fpicatechin reguliert wird.

The preformed antifungal compound 1-acetoxy-2-hydroxy-4-oxo-henei-
cosa-12,15 diene is apparently responsible for the quiescence of Colletotrichum
gloeosporioides Penz. infections in unripe avocado fruits (PRUSKY et al. 1982).
Activation of quiescent infections secems to be dependent on the post-harvest
decrease of the antifungal diene that is catalyzed by endogenous lipoxygenase
(PRusky et al. 1983) and regulated by the enzyme’s inhibitor, epicatechin (Prusky
et al. 1985). ZaUBERMAN and ScHIFFMANN-NADEL (1977), investigated factors
determining the length of the incubation period of Fusarium sp., another quies-
cent fungal infection on avocado fruit. They suggested that the incubation period
is related to the duration from harvest to fruit ripening (softening); namely the
carlier the fruit softens the shorter is the incubation period cf infective fungi.
Since the concentrations of the antifungal diene decrease in many avocado
cultivars simultancously with fruit softening, it has been difficult to deterinine
whether renewed development of quiescent fungi depend only on the diene
decrease or also on fruit softening. The present work was designed to investigate
the relative importance of fruit softening and the processes leading to diene
decrease in the resistance of avocado cultivars to post-harvest development of
C. gloeosporioides. 1t also proposes criteria for classifying avocado cultivars
according to their differential post-harvest susceptiblity.

Materials and Methnds

General

Avocado fruits of cultivars Fucrte, Vurtz, Rincon, Horshim, Benik, Pinkerton, Hass, Netaim
and Nabal were obtained from orchards near Rehovot, Israel. Finnness, an inverse parameter of
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142 PrusKY, KOPILER and JACOBY

ripening, was measured by recording the force (kg) required to penetrate the fruit skin and flesh with a
conic probe (5 mm in diameter and 4 mm in length). The average of two determinations on each of
five fruits is 1eorted. The fruit was considered soft when firmness reached =< 1 kg,

A single spore isolate of C. gloeosporioides from avocado fruits was used for inoculation in all
experiments (PRUSKY ez al. 1982). This isolate was maintained by inoculation of avocado fruits every
10 days or on Petri dishes with potato dextrose agar incubated at 25°C. Freshly harvested fruits were
inoculated by placing a 10 ul drop of a spore suspension (10° spores-mi™) at three different spots along
the longitudinal axis of rach of five fruits. These fruits were incubated at 20°C in high humidity.
Disease expression was defined as the occurrence of darkening over an area of 5 mm in diameter. The
incubation period was defined as the number of days taken for these syniptoms to be observed in 50%

of inoculated sites.

Extraction and quantitative analysis of epicatechin and the antifungal compound

Epicatechin and the antifungal diene in avocado peel wete extracted according to the methods
described by PRUSKY er al. (1982, 1985 ard determined by HPLC. For epicatechin determination,
100 ul aliquots of the 1.0 ml _on-entrated flash-chromatographed material from the crude extract,
obuained from 10 ¢ fr. wt were chromatographed (PRUSKY et al. 1985). For diene determination,
100 4l aliquots of the 1.0 ml concentrated binlogically active fraction isolated by flash chromatogra-
phy from an extract of 30 g fr. wt., were chromatographed (PRUSKY et al. 1982). Epicatechin was
monitored with 2 UV detector at 275 nm and the anifungal dicne with a differential refractive index
detector. Caleulations of concentiations of epicatechin and the diene compound were based on the
comparison of the HPLC peak areas of the compounds with those of standards. The average of three
separate determinations of each compound is reported.

Fruit Treatments

Treatments affecting fruit ripening weie applied to Fuerte fruits. Fruit firmness was determined
at different intervals aftes harvest in uninoculated fruits.

Modified atmosphere treatment. — A madified atmosphere was obtained by storing avocado
fruits continuously in closed 2- jars with a smnall hole in the lid. The jars were incubated ar 20°C and
gas samples were taken every hour. A concentration of 8% CO, and 13% O, was reached after 8 h.
These concentrations with a standard deviation o' 1.5 % was maintained during the whole experiment.
Control fruits were kept at the same temperature, under atmosphere conditions.

CaCl, treatment. — Fruits were completely immersed in 0.2 M CaCly or H,O and infiltrated
by reducing the ambient pressure to 150 mm Hg for 2 min. The amount of the solution infiltrated was
0.5 £ 0.2 g per 100 g of fruits. Fruits were then stored at 20°C.

Eacli experiment affecung fruit ripening was repeated at least twice.

CO; and Oy Determination

CO,; and O, were determined by gas chromatography according to EAKS (1966). The instru-
ments were calibrated for each set of samples by injecting 10 mnl of standardized CO;-pitrogen ard
O,;-nitrogen mixtures.

Results

The relation between fruit softening, epicatechin decrease and incubation period
of C. gloeosparioides in avocado cultivars
When the concentration of epicatechin was determined in the peel of nine
avocado cultivars during post-harvest ripening, it was possible to divide the
cultivars into two groups (Table 1). One group included FFuerte, Rincon, Hor-
shim, Vurtz and Benik, where the epicatechin concentration at softening ranged
between 60 and 130 up-g fr. wt. In these cultivars symptoms appeared on the
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Involvement of Fpicatechin in Cultivar Susceptibility of Avocado Fruits 143

Table t
Comparison of fruit softening, cpicatechin concentration and incubation period of Colletotrichum
glocosporiotdes in several avocado cultivars stored ar 20°C after harvest

Cultivar Days 10 Epicatechin at softening®®  Incubation period
softening” (ug-g™ fr. wt) (days)
Fuerte 11 60 1
Rincon 10 70 10
Vurtz 15 100 15
Benik 16 110 16
Horshim 9 130 10
Netaim 10 636 15
Hass 16 1500 24
Pinkerton ] 1740 16
Nabal 14 822 24

* Softening was considered firmness < 1 kg,
** The average of three separate determinations is reported.

same or one day after fruits became soft. These cultivars were considered to be
susceptible. The second group of cultivars included Netaim, Hass, Pinkerton and
Nabal, where epicatechin concentration at softening ranged between 636 and
1740 pg-g™ fr. we,, and symptoms appeared 5—10 days later. These were consid-
ered resistant cultivars.

Epicatechin and diene decrease in a susceptible and a resistant cultivars

The time sequences of epicatechin and diene decrease were determined in the
peel of one susceptible (Fuerte) and one resistant (Hass) cultivar (Table 2).
Epicatechin concentration in the peel of Fuerte fruits decreased to 12 ug g™
fr. we. ccacomitandly with fruit softening. In cv. Hass, 10 days after harvest,

Table 2
Fruit fixmness, epicatechin and antifungal diene concentrations and symptom appearance of Colleto-
trnchum gloeosporiordes on the peel of cvs Fuerte and Hass avocado fruits stored at 20°C

Days Tuerte Hass

after Firmness Epicatecln”™  Dienc Sympror Firmness Epicaechin”  Diene  Symptom
harvest (kg) pees ' browt appearance (kg) pgog ' frowi. appearance
1 Va7 413 1420

2 123 519 620 -

4 5.2 344 540 - '

6 0.5 12 120 4

7 8.5 591 821 -

10 1.0 456 238 -

14 0.5 15 159 +

* The average of three separate determinations of each compound is reported.
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when the fruit was completely soft (firmness < 1 kg), the epicatechin concentra-
tion was still 456 ug- ! fr. wt. Four days later, epicatechin decreased to 15 pg-g™
fr. wt.

Dicne concentration in cv. Fuerte was 1420 ug-g™ fr. wt. one day after
harvest and then decreased to 120 ug-g™' fr. wt. on the 6th day, when symptoms
appearcd. In the peel of cv. Hass fruits, the diene concentration was 620 g
fr. wt. 2 days after harvest and it decreased to 238 ugg™ fr. wt. in soft fruits, 10
days after harvest. Symptoms appeared 4 days later, when the diene concentration
had decreased to 159 pp-g ! fr. wt. ’

The fruit peel of all the resistant cultivars is thicker than that of the
susceptible ones. It was determined whether this affects the incubation period of
C. gloeosporioides. Fruits from resistant and susceptible cultivars, Hass and
Fuerte respectively, were inoculated when the diene concentration had decreased
to subfungitoxic levels. Under these conditions the incubation period was 2 days
in both groups of cultivars.
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Effect of modified atmosphere and CaCl, on fruit lirmness,
diene concentration and symptom appearance

Untreated Fuerte fruits softened nine days after harvest, together with
disease symptom appearance. The diene concentration in these fruits was 116 ug-
g fr. wt. (Fig. 1). At the same time modified atmosphere-treated fruits were still
firm and symptomless, and their diene concentration was 3415 ug-g™ fr. we,
After three additional days, symptoms of C. glocosporioides appeared on mod-
ified-atmosphere treated fruits, and the diene concentration had decreased to
160 ug-g™ fr. we,, but fruit firmness was still 8.5 kg,

Treatmenes with CaCl, prevented softening of Fuerte fruit. Their firmness
was 4.8 and 0.3 kg, respectively in treated and untreated fruits on the 8th day after
harvest when C. glocosporivides symptoms appeared in treated as well as un-
treated fruits (Fig. 2). Upon symptom appearance, diene concentration was 5 pg-
g fr. wt. in calcium-treated and 75 pgeg™ frowt in untreated fruits, where
symptoms had appeared.

Discussion

BinvaMiNt and ScHireMANN-NADEL (1972) and ScHIFFMANN-NADEL et al,
(1970) reported that the avocado pathogens C. gloeosporioides and Diplodia
natalensis remained quiescent in firm fruits, and that rot development started
concomitantly with or after fruit softening. The present comparison of nine
avocado cultivars showed, that the renewal of quiescent C. glocosporioides
development after harvest and appearance of decay were not necessarily related to
fruit softening. Cultivars that are generally considered as susceptible showed
symptotn developinent coincident with fruit softening, but those that are consid-
ered resistant showed decay symptoms ouly 4—10 days after fruit softening.

Development of C. glocosporivides decay on ripening avocado fruits was
usually found (PRusky er al. 1982) to occur when the preformed antifungal diene
had decreased to less than 200 g™ fr. wt. Oxydation of the diene seems to be
catalyzed by lipoxygenase (Prusky et al. 1983) and regulated by the decrease of
the enzyme’s endogenous inhibitor, epicatechin, during ripening (Prusky et al.
1985). The present results show that epicatechin concentrations in cultivars of the
susceptible group, decreased to levels of 60—130 yugg™' fr. wt. when the fruits
softened, while in resistant cultivars, in the same experiment, epicatechin concen-
trations ranged still between 636 and 1740 pg-g ™! fr. wi. at the time of softening,
In a separate experiment with the susceptible and resistant cultivars Fuerte and
Hass, diene concentration was determined in addition to epicatechin. At soften-
ing, the diene concentration in the resistant cultivar was also higher than in the
susceptible one, and above the subfungitoxic level (Fable 2). These results seem
to indicate that the process leading to increased lipoxygenase activity and diene
decrease, are responsible for symptom appearance (Prusky et al. 1982) and not
fruit softening. Further support for the lack of a relationship between fruit
softening and disease appearance comes from results of experiments with mod-
ified atmosphere and with calcium treatments of Fuerte fruits. Both treatments
delayed fruit soltening, as already reported by SpaLbiNG and Reentr (1975) and

. Phytopatholopy, Bd 123, Heh 2 . 10
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Tincwa and YOUNG (1974). However, this delay did not prevent symptom
appearance; the latter concurred with diene decrease to subfungitoxic levels.

In addition to delayed diene disappearance, resistant avocado cultivars differ
from sensitive ones in their thicker peel. Thickness of avocado fruit peel cultivars
ranges between less than 1 and over 2 mm (HoDGSON 1950). Thin-peeled cultivars
are considered those with less than 1 mm thick, while thick-peeled cultivars over
1 mm thickness. When fruits of thick- and thin-peeled cultivars were inoculated
with C. gloeosporioides, after diene had decreased 1o subfungitoxic levels, the
incubation period was identical. This indicated that diene concentration, and not
peel thickness per se, is responsible for differential post-harvest resistance of
avocado cultivars.
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Involvement of epicatechin in the regulation of
lipoxygenase activity during activation of quiescent
Colletotrichum gloeosporioides infections of ripening
avocado fruits

Lean Karntt, D. Prusky {§, lana Kobniiert, Einav Bar-Simirat

and D. Konrr?

t Department of Fruit and Vegetable Storage, Agriculiural Research (rganization, The Volcani Center, P.O, Borx 6,
Bet Dagan 50250, Israel, and } fyvael Insitute for Biological Science, P.O. Nlox 19, Nes Jivvona 70450, Issael

{Ateepted for publication June 1989)

Avocado lipoxygenase activity increased from 20 10 40 pmole Oy h'! g~ fiesh weight of peel in
unripe fruits during the first hour after harvest, and in ripening (ruits 4 to 5 days after harvest,
Concomitantly, the concentration of the antifungal compound s, c1s-1-acetoxy-2-hydroxy-4-oxo-
heneicosa-12,15-diene decreased from approx. 1700 to 200 pg g™" fresh weight of peel. The
concentration of epicatechin in the peel was inversely cortelated with lipoxygenase activity in each
case, and decreased significantly whea lipoxvgenase inceeased. The amount of lipoxygenase in the
crude rxtract of the fruit peel during ripening, which was determined by the ELISA technique,
ranged between 10t and 30 pg g ' fiesh weight of peel during ripening, and was not correlated with

the changes in the enzyme activity. .
The results suegest that the differences in lipoxygrnase activity are not conelated with changes
in the amount of this enzyme, but rather result from changes in the concentrations of its inhibitor,

epicatechin,

INTRODUCTION

Colletotrichum gloeosporiotdes Penz. attacks avorado fruits during the growing season, but
the infection remains quiescent until the fruit ripens after havvest [2). Prusky ef al. [9)
isolated cis, cis-1-acetoxy-2-hydroxy-4-oxo-heneicosa-12,15-diene, a preformed anti-
fungal compound present in the peel of unripe avocado fruits. It was suggested that
this compound is responsible for the quiescency of C. gloeosporioides infections in unripe
avocado [ruit.

Lipoxygenase (LOX linoleate:oxygen oxidoreductase EC 1.13.11.12) was shown
to catalyse the oxidation of the antifungal diene in an in vitro system [8]. The specific
activity of LOX in avocado peels rose by 807 during ripening [#]. In the same work

§ 10 wham correepondence shold be addressed.

Contribution Noo 2016 E, 1988 series, rom the ARO, Bet Dagan.

Abbreviations ased in text: ACE, avocado cude exttact; ALOX, avocardn lipoxygenase; BSA, bovinr
serum albuming ELISA, enzyme linked ininunosorhent assay; LON, lipoxygenase (EG 1. 13.11.12); PBS,
phosphate buflered <dine; SBLOX, coyhean liposy genase.
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there was an indication of the possible function of LOX in reducing the concentration
of the antifungal diene during fruit ripening; infiltrating cicosa-tetraynoic acid and
a-tocopheral, which are known to inhibit LOX in vitro into the fruit delayed
development of discase symptomns,

It was furthe. found that LOX activity in the peel of ripening fruits can be regulated
by the presence of the endogenous antioxidant epicatechin [10, 111, C. glocosporiotdes
symptom appearance after fruit harvest was related to the reduction of the epicatechin
concentration [/1]. Furthermare, the decrease of epicatechin to a non-inhibitory
corcentration was faster in sveceriible dhan o redstane caliivars [19).

The present study was designed to test whether an increase in LOX activity during
ripening indeed results from degradation of its endogenous inhibitor epicatechin or
from an increase of the amount of enzyme in the fruit. The use of an immunological
technique for quantitation of LOX in crude extracts of avocado peel (ACE), enabled
us to probe the relationships among LOX activity, LOX amount and cpicatechin
concentration during fruit ripening.

MATERIALS AND METHODS

Avocado fruits [Persea americana Miller var. drymifolia (Schlect and Chamb) Blake] of
the cultivar Fuerte were obtained from an orchard at Ayanot, Israel.

A single spore isolate of C. gloeosporivides from decayed avocado fruits was used to
inoculate fruits in all experiraents [8]. Darkening of the peel at the inoculation
sites in excess of 5 mm dinmeter was considered a symptom of disease.

Firmness of the avocado fruits was determined by recording the force (kg) required
to penetrate the fruit skin and flesh with a 5 mm diameter, 4 mm long conic probe [J].
The average value fiom two determinations on each of five fruits is reported.

Extraction and assay of lipoxygenase

Peels (1 1o 2 mm thick) of avocado fruits stored at 20 °C were extracted at various timnes
after fruit harvest, as described by Prusky et al. {11] with some modifications, Twenty
five grams of peel were homogenized in 50 ml of ice cold 5 mu sodium phosphate buffer,
pH 72, containing 29, 'Triton X-100. The extract was filtered through four layers of
cheesecloth and centrifuged at 20000 g for 15 min. The supernatant was filtered
through Miracloth (Calbiochem, La Jolla, CA), kept on ice, and used as an enzyme
source.

Lipoxygenase activity was determined by monitoring the uptake of O, with a Y.S.1.
Biological Oxygen Monitor (Yellow Springs Instrument Co., Yellow Springs, OH,
U.S.A) in the presence of linoleate at 36 °C. Buffered 7°5 mu linoleate solution,
containing Tween 20, was prepared as described by Ben-Aziz of al. [1]. A volume
(25 ml) was placed into the reaction vial with 0:5 ml of enzyme solution, Oleic acid
(Sigma) was used as the contiol substrate [5]. Enzyme activity was expressed as pmole
O, b g7 fresh weight.

Preparation of lipoxygenase-sgecifu antibodies

Lipoxygenase from avocada peel, purified approximately 35-fold | 5], was used for the
immunization of five female Balb/c mice. Five subcutaneous injections of 50 pg enzyme
per mouse, emulsified in complete Freund's adjuvant (Disco), were given at 2-week
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Activation of quiescent infections 369
intervals. One week after the last injection, all mice were injected with 5x 10* NSO
myeloma cells, to produce ascitic fluids. The ascites were tested for the presence of
enzyme antibodies by ELISA.

Competitive immunoassay for LOX quantitation

The murine ascitic fluids were used as the source of LOX antibodies and the optimal
parameters for a solid phase ELISA were determined. A standard competitive
immunoassay based on the ELISA was established.

A commercial preparation of soybean lipoxygenase (SBLOX, Sigma grade V) was
absorbed by plates (Dynatech) of 96 wells, by adding to each well 50 pl of a 10 pg ml™
SBLOX solution in 50 mum carbonate buffer, pH 96, and incubating the plates for
60 min at 37 °C. After washing the plates twice with saline, the remaining non-specific
binding sites were blocked by adding to each well 100 pl of 2% BSA in 100 mmM tris
buffer, pH 7-2. After incubation for 60 min ut 37 °C, the plates were washed four times
with saline and immediately used for the iinmunoassay.

Samples to be assayed were prepared by serial two-fold dilutions of the ACE
(designated as “*sample free antigen™) in 29 BSA-100 mm Tris buffer, pH 7°2, and
added to the wells (50 pl per well). Ascitic fluids containing anti-LOX antibodies were
diluted (1:200) in 2%, BSA-100 mM tris buffer, pH 7-2, and added to the wells (50 pl).
After incubation for 90 min at 37 °C, the plates were washed five times with saline.
Fifty microlitres per well of rabbit antimouse IgG antibodies conjugated to alkaline
phosphatase (Sigma, diluted 1:500 in 2%, BSA-tris buffer) were added and the plates
were incubated for 60 min at 37 °C. After washing the plates five times with saline,
50 pl of freshly prepared 1 mg mi™* solution of alkaline phosphatase substrate (Sigma,
p-nitrophenyl phosphate, disodium) in diethanclamine buffer, pH 9'8, was added to
each well. The enzyme reaction proceeded at 37 °C for 30 min and the amount of the
coloured product was measured as absorbance at 405 nm in a MicroELISA Auto
Reader (Bio-Tek Instruments, EL-310).

For cach assay, a standard curve was prepared by use of commercial SBLOX
dilutions (‘standard free antigen’) in PBS, to give a concentration range of 5 to
100 ng per well. The standard curve was plotted for each experiment (Fig. 1b) and
used for comparison between assays and for the estimation of LOX content in
experimental preparations.

For calculation of LOX quantity in the ACE, a curve of the means of three
replications for each of ten dilutions of the ACE was plotted (Fig. 1a). Standard error
for the mean of cach triplicate did not exceed 9%, The adsorption of the dilution
showing 509, inhibition of binding was defined and used to determine the amount of
frec antigen in the ACE based on the standard curve (Fig. 1b). The value was
multiplicd by the dilution factor and the result was expressed as pg LOX g™ fresh
weight. Experiments were repeated at least three times,

Analysis of epicatechin and antifungal compound

Epicaterhir and the antifungal diene in avacado peel were extracted and determined
by HPLC according to the methods descnibed by Prusky ef al. [9, 11]. Three scparate
extractions of antifungal diene and two of epicatechin were done at cach sampling
time. Experiments were repeated at least twice,
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Fio. 1. Method for detevminat’ w of amount of lipoxygenase protein in crude extracts of
avocado peel: (a) ELISA readings at 405 nm for hinding of wwacado peel crude extract (ACE)
dilutions to antibodies prepared toward purified avocado lipoxygenase; (b) ELISA readings at
405 nm for binding of soybean lipoxygenase (SBLOX) dilutions to antibodies prepared toward
purified avocado lipoxygenase. The ahsorbance value of 507 inhibition of binding was obtained
from a curve of the means o three replications of each ¢ © nine dilutions of the homogenized peel
tissue (Fig. 1a) and this valus was used to determine the amount of protein from a standard curve
with soybean lipoxygenase \Fig. 1b). The standard error of the mean is indicated by bars.

RESULTS

Lipoxygenase amount and activily, antifungal diene and epicatechin in the peel of fieshly
harvested fruits .

During the first hour after harvest, LOX activity in avocado peel increased from
20 pmol O, h™* g™! fresh weight to twice that value (Fig. 2a). Three hours later the
activity decreased to that found in just-harvested fruits. Changes in the amounts of
LOX in the same extracts, as measured by the ELISA, were not related to its activity.
The concentration of the antifungal diene in the peel decreased during the first hour
after harvest from 1700 ¢ 200 pg g™* fresh weight and increased again to about the
initial value 3 h later (Fig. 2b). The epicatechin concentration varied between 145 and
155 pg g~ fresh weight during the first 2 h after harvest and increased to 250 pg gt
frash weight 2 h later; then it decreased again to a low value of approx. 90 pg g™' fresh
weight, 6 hafter harvest (Fig. 2b). Fruit firmness did not change significantly during this
period and ranged betweeen 102 and 98 kg.

Lipoxygenase amouat and act.vity, antifungal diene compound and epicatechin conceniration in
the peel of ripening avocado f:utts

Lipoxygenase activity vari~d during the first day alter harvest, attaining twice its initial
value at 24 h after harvest. The activity increased further on the fourth day after
harvest, when it reached i maximum level. Lipoxygenase activity declined thereafter
in completely soft fruits, 6 days afier harvest (Fig. 3a). The euzyme content, as
determined by ELISA, ranged from 10 to 30 pg g™" fresh weight of peel, and was not
directly related to the enzyme activity. Epicatechin concentration decreased during the
first day after harvest, from 167 to 52 pg g™' fresh weight when LOX activity started
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LOX Activity
{pmoles O, h™' g™' tresh werght ) (0)

Fra. 2. ia) Lipoxygenase (LOX) activity and amount of lipoxygenase protein and (b)
antifungal diene and epicatechin concentration in the peel of freshly harvested avocado fruits cv.
Fuerte stored at 25 °C lor 6 h. Peel tissue was humogenized in cold 5 mat sodium phosphate buffer,
pH 72 comaining 2°, Triton X-100. LOX activity was determined immediately, in three
replications of the filtered supernatant, by oxygen consumption in the presence of linoleate.
Lipoxygenase protein was detevmined on the same extract by ELISA as described in materials
and methods and Fig 1. The average of threer independent antifungal diene and two epicatechin
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to increase. On the second day, epicatechin concentration increased to its initial value
in the peel of freshly harvested fruits. From the second day on, epicatechin concentration
decreased to a minimum of 60 pg g™* fresh weight concomitantly with the increase of
LOX activity 1o its maximum {Fig. 3b). The increase in LOX activity during the first
4 days after harvest was accompanied by a continuous decrease cv the antifungal

compound.
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Fia. 3. (a) Fruit firtaness, lipoxygenase (LOX) activity and amount of LOX protein and (b)
antifungal diene and ep.catechin in the peel of avorado fruits cv. Fuerte during storage at 25 °C
for 6 days. Details as deseribed in Fig 2. Arrow indicates €. glocasparioider sympiom appearance
in ripe fruits after harvest. Darkening of the peel causing lesions in excess of 5 mm diameter at the
inoculation sites was considered as positive symptom appearance. Standard error of the mean is
indicated by hars.
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DISCUSSION

It was suggested previously that LOX activity during fruit ripening is regulated by its
endogenous inhibitor, epicatechin [{7]. This was tested in the present study, where
concentrations of epicatechin and diene as well as LOX activity were determined at
each sampling in samples from the same avacado peel. An inverse relationship between
LOX activity and epicatechin concentration was found during the first 24 h after
harvest (Fig. 2) and during fruit softening (Fig. 3); LOX activity was high (50 pmoles
0, h™! g™ fiesh weight peel) when epicatechin concentration was low (60 pg g™* fresh
weight). The amount of LOX, as determined by ELISA, was found to range from 10
to 30 pg g™ fresh weight, exhibiting no direct relation with the enzyme activity (Figs
2 and 3). These results suggested that the changes in LOX activity did not result from
changes in the enzyme amount. The Lick of relation between lipoxygenase protein
amount and LOX activity was found also in soybean cotyledons [6], where the increase
in protein content was concoymitant with a decrease in its activity.

During the fust hour after havest, LOX activity increased rapidly; this was
accompanied by a decline in the antifungal diene concentration by approx. 90%,
compared to unharvested fruit (Fig. 2b). Another decline in diene content occurred
during fruit softening, beginning on the third day after harvest, coinciding with the
second peak of enzyme activity (Fig. 3b). These results lend further support to the
previous hypothesis concerning the passible involvement of LOX in the degradation of
the antifungal diene [10].

‘The present data indicate that the variations in LOX activity, involved in the
degradation of antifungal diene during avocado fruit ripening, are not due to changes
in the enzyme protein content, but are closely related to changes of epicatechin, 1t was
previously reported that: (1) cpicatechin inhibited lipoxygenase in titro [5]; (2)
treatments with epicatechin and other antioxidants delayed the decrease of the
antifungal diene [7], and (3) phenolic antioxidants are present in plant lipophylic
regions [4, 12]. Taken together, these findings suggest that epicatechin acts in vivo as a
regulator of membrane bound lipoxygenase {5].

The review of the manuscript by B. Jacoby is gratefully as nowledged. This work was
supported by a grant from the United States-Tsrael Binational Agricultural Research
and Development Fund (BARD).
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Induction of the antifungal diene in
unripe avocado fruits: effect of inoculation with
Colletotrichum gloeosporioides

D. Prusky, Lean Karny, Teana Kosieer and R, AL PrumBsLEY
Depantment of Fruzt and Vegetahle Storage, ARO, The Veoleant Centes, I"O. Rox f, Bet Dagan 50250, Israel

(Accepted for publicatton Norember 190

The concentiation of the preformed antifungal compound 1-acetoxy-2-hydroxy-4-oxo-heneicosa-
12,15-licne in unharvested avoeado Toit was almost doubled for a priiod of 3 days [ollowing
inoculation by Calletorrichum gioeasprioides "The natural diene concentration in the prel and flesh
of barvested fruits decreased heween the fost and third day afier harvest but the initial level was
egained faster the more mature the fuits were when havested, A further decline in the
concentration of the antifingal componnd ocasied during fraic ripening. If freshly harvested
fruits were inocalated with C glacosponiondes, the concentiation of the dicne was always enhanced
2-3 days ater. Four days afier inoculation of harvested fruits, the diene coneentration in the peet
and in the flesh of control frui . sae was 190 and 650 e g hesh weight, respeetively, compared -
with 1900 and 3260 pg g U tied weight on the jnocalited tissae, Merhanical wounding enhanced”’
the concentration over a 24 h period only of the diene in the peel and the fiesh. Fraitinoenlation
with the wound pathogens, Lipledia natalenys and Pensaillium digitatur at harvest, did not increase
the concentration of the diene. The diene concentration in freshly-hatvested and peeled fruits was
not cnhanced by inacalation with € glaesporivides or treatment of the flesh with putified
endopolygalactutonase of £ gloenipariondes.

s suggested that the cancentration of the prefovmed diene may be induced by the interaction
between €. gloeospariodes ane the fruit peel.

INTRODUCTION

Various causes have been considered as an explanation for quiescent infections by a
pathogen in niripe frvits: insuflicient enzyme production, nutritional requirements
and the presence of amtifungal compounds that inhibit pathogen development in
unripe bat notin ripening fiuits {29, 29]. The involvenient of antifungal compounds in
quiescent infeetions of unripe froits was suggested o be the result of ecither their
induction or their presence as preformed compounds {2/, The capsicannol
phytoalexins, 1 deoxycapsidiol and the refated  endesmadienol [30], have been
associated with the formation of quiescent infections in Capsicum annuum truits infected
with Glomerella cinoudata {1]. 1t has been suggested that these compounds also
accumulate at the site of arrested fesions produeed by Butrytis cinerea, hut not in
progressive lesions [ 2], and diminish considerably at the onset of 1ot development [ 7],

Fungal inhibition during quirseent infections of Colletotrichum glocosporivides on unripe

Conttibution rom the Auricultnral Resean by Ouganization, Ber Dagan, Israel No. 2958-F, 1990 Series,
t Natural Resontees Institute, Central Ay , Chatham Maritime, Clatham ME4 41 B, UK.
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avocado fruits was suggested to result from the presence of the preformed antifungal
compound  l-acetoxy-2-hydraxy-1-oxo-heneicosa-12.15-diene [22]. This was con-
sidered to be the same compound as AVIT found by Sivanathan & Adikaram [26] who
also found three other less toxic compounds. All these compounds decrease to a sub-
fungitoxic level, thus allowing the pathogen to recommence growth [22, 24]. Karni
et al. [13] deseriliod a significant decline in the concentration of a diene in lreshly
harvested fruis; itis possible that this oceurs as a result of harvesting stress. Tn the latter
case, altho.gh the dicue decreased 1o sublungitoxic levels, the period of low
concentratic . is short and fungal development does not oceur until fruit ripening 7-10
days later [/3]. Tt appears that fungal quiescence or fruit resistance is dependent an
the duration of, or modulation of the period of decline in diene concentration (25).
Antifungal diene decrease is regulated by lipoxygenase activity which, in turn, is
regulated by a decrease in the concentration of the endogenous antioxidant, epicatechin
[13, 23].

This work is part of & project dealing with modulation of the concentration of a
prefuimed diene which increases resistance 1o postharvest diseases, We report on the
specific effect of moculation with (., glocosporiotdes on the indvction of increased
concentrations of the preformed diene in avocado fruits.

MATERIALS AND METHODS

(Feneral

Avocado fruits {Pevsea americana Miller var. drymifolia (Schlectand Cham.) Blake] of cv,
Fuerte were obtained from an orchard at Ayanot, Isriel. Froit firmness (a parameter
inversely related to ripenmg) was determined after harvest by recording the force (kg)
required to penetrate the fruit skin and flesh with a S-mm-diameter, 4-mm-long conic
probe [22]. The average value of two determinations on each of five fruits is reported.
Unripe fruits at two stages of maturation were obtained by harvesting at different times
after fruit set,

Single-spore isolates of €. glovosporioides and Diplodia natalensis lrom decayed avocado
and Penicillivm digitatum from decayed ovange fiuits, were used for fruit inoculation,
Isolates were maintained by inoculation of cither avocado or orange fruits every 10
days, or on potato dextrose agar ar 25 °C,

One hour after harvest, pecled and anpeeled fruits were inoculated by immersing the
longitudinal hall of the fruit in a continnously stirred spore suspension {approx. 2 x 10®
spores ml™') containing Triton-N 100 {30 gl i 100 mly for | min. The stem end was
prevented from touching the inoculum. Control halves were dipped in water. Fruits

5°C i a moist chamber fapprox. 98% RH) for 21 1 and then

were incubated at 25
transferred 10 20 °Car 900, R, Svinptoms of disease in peeled fruits were defined as
the occurrence of macerated tissue to a depth of 3 mm at the inoeulation peint.

Inocuiation of whole unharvested fruits was carried omt by painting them with the
spore suspension using a cotton swith, After inoculation, the fruits were individually
covered with a polyethyvlene bag for 18 24 h. No symptoms were observed in these
fruits, since the fungus had become uiescent. Uninoculated fruits from the same tree
were used as contiols. Experiments were done at 270, 300 and 310 days after fruit set
on fruit of approximately 250 g.
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Interaction between C. gloeosporioides and avocado fruit 427
For wound treatments, the longitudinal halves of the whaole fruit were pricked with
thumb tacks placed 0+4 x 04 e apart an a picce of cardboard. The unwounded halves
were used as controls,
Thirty to forty lruits were inoculated or wounded in each experiment, which was
repeated at least twice,

Extraction and quantitative analysts of the diene

The diene in avocado peel was extracted according to the method deseribed by Prusky
et al. [22] with some changes to shorten the extraction process. In experiments with
unharvested fruits, the fruits were peeled while on the tree, ‘Fhe peel was weighed and
placed in ethanol for transport to the Taboratory. Froit peel (10 g) tissue was
homogenized for 3 min in 95, ethanol (50 ml). After filtration, the filtrate was
concentrated to 5 mlin a Rotavapor under vacuum at 40 °C aund partitioned twice
with dichforomethane. The organic layers were poaled, dried with anhydrous MgSQO,,
filtered and diied under vacuum as betore. ‘The active compound in 5 ml hexane was
further purified by Hash hromatography of a 0-5 ml sample, on a 6 ml capacity
Spe-ed Silica gel column (Labovatory Timpex Lid., U.K.). The 1'2 em diameter column
was filled with 145 g of 40-63 pun silica 1o a depth of 22 em. The column was pre-
equilibrated with 4 ml hexane, Inactive material was elated using 8 ml hexane
containing 259, dichloromethane followed by 6 ml ol 1009, dichloromethane, Fhe
active fraction was then eluted by washing the column twice with 8 ml of 259%, ethyl
acetate in dichloromethane and dried under nitrogen.

Determination of the diene was done by HPLC analysis of 50 pul sampies of the active
fraction in ethanol [22]. Caleulations of the diene concentrations were based on
comparison of HPLC peak areas with that obtained with a standard. Values from
three different extractions were taken in cach experiment, which was repeated at least
twice,

Purification and treatwents with endopolygalacturonase (I'G) from C. glocosporioides

PG from culture filtrate of C. glocosporiotdes was purified as described by Prusky ef al.
[21). The purification system involved chromatography of the concentrated culture
filtrate or: a phenyl sepharose column using decreasing concentrations of (NH,),S0,.
The preparation used for fruit treatments contained two polygalacturonase species of 68
and 62 kD), based on SDS gel electrophoresis and thin layer gel electrofocusing that
represent diflerent degrees of glycosilation of a single protein species {27, PG activity
was quantified by measwing the vate of libevation of reducing termini from a 19
solution of pelygalacturonic acid in 10 my sodium acetate buffer at pH 6:0. Reducing
groups were measured using the Nelson-Somogyi spectrophotometric assay [18]. One
unit of enzyme activity was defined as that amount Jiberating 1yt mol of redecing
equivalents min',

Maceration activity was determined by incubating five thin wedges (approximately
0:2 x 04 e, and -5 06 cin thickY, consisting of the exo- and mesocarp of avocado
fruit, with 500 pt of enzyme (1 unit gl 'y in 25 ms sodium acetate bufler, pH 50, for
7hat 37°0,

PG treatment was done by applying up to 0-5 ml of enzyme solation (125 units pl'*)
ta freshly harvested and peeled fruits. Enzyme treatments were done at 0, 24 and 48 h
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after peeling. The effect of this treatment on the concentration of the dienc was tested
during the first 96 h after treatment.

RESULTS

Effect of inoculation with C. glocosporioides on diene increase in avocado Jruits

Unharvested fruits. Inoculation of unharvested fruits with C. gloeosporioides resulted in an
increase of the diene concentration from 1300 to 1700 pg g™ fresh weight in the peel
and from 1050 to 2600 pig g~ * fresh weight in the flesh during the first 3 days alter
inoculation {Fig. 1). From the fourth day the diene concentration had decreased to

fresh weight)

-t

1500 -

1000 i~

Anhifunqol diene {2q g

500 -

ol 1 ! 1 ! 1 ) 1 i | 1
o] 1 2 3 4 5 6 7 8 9 10

Days ofter inoculation in the orchord

Fia. 1. Changes in the concentration of the dienc in the peel and Aésh of unharvesied avocado
fruits of ev. Fuerte-inoculiuted with €. glocasporioides. A, peel control; @, peel inoculated; A, flesh
control; O, fesh inocukated. Unharvested fruits on the tree were inoculated by painting the peel
with a cotton swab dipped into a spore suspension of appras. 2 x 108 spores il "%, Fruits were then
covered with plastic hags for 18 b, Uninoculated finits on the same tree were used as controls. The
mean of theee soparate extractions of the diene with SE is shown,

that found in unchallenged fruits. Diene concentration in uninoculated, unharvested
fruits remained at approximately 1250 pg g™* fresh weight throughou. the 10 days of
the experiment,

Harvested fruits, Inoculation of freshly harvested fruitapproximately 240 days after fruit
sct, caused an increase in the diene concentration in the flesh and peel (Fig. 2 A and
B). After an initial decrease of the diene concentration on both sides of the fruit, the
concentration of the diene in the peel of the challenged side of the fruit increased more
rapidly, and to a higher level, than in the unchallenged side of the same fruit (Fig. 2 B).
In the flesh of the challenged side of the fruit, the diene coneentration was significantly
higher than that of the unchallenged side (Fig. 2 A). On the lourth day after harvesy,
the diene concentratinn had increased to 3260 pg g7' fresh weight, while it was only
650 pe ¢! fresh weight on the control side of the fruit, The effect of inoculation was
observed during the first 4 days after harvest. Five days alter harvest the diene
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Fic. 2. Changes in concentration of the diene in fieshly hasested avacadn fruss of ev. Fuerte
inoculated with € gloratpartordes and staredd at 20 °C, (A), flesh and (B, prel of avocado harvested
240 days after froicser; (03, peel of avocado Tanvested 300 days after fiuit set. O, control half;
@, inoculated halt; (7. Auit feness. Proits were inoculated by immeising hall ol each T, at
its longitndinal anis, in spore suepension of (0 gleeosponiordes. The uninnculated halves were
immersed in water and used as controls Froits were incubated at 25 °C for 24 hoar high RH in
plastic containers and then stored a0 20 °CL The mean of three separate extractions of the diene
with SE is shown.
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concentration was the same on both sides ol the fruit, and continued to decrease in
parallcl until fruit softening,

More mature fruits, harvested 300 days after fruit set (Fig. 2 C) showed that the
initial amount of the antifungal compound was smaller and the period of initial decline
in diene concentration was shorter than for fruits harvested 240 days after fruit set (Fig.
2 B). In fruits of both harvesting periods however, inoculation with €. glocosporioides
enhanced the increase of the diene. Challenge inoculation with €. gleeosporiotdes 3 days
alter harvest on [ruits of both harvesting periods did not enhance the effect on the diene
concentration in the peel or flesh (results not shown).

Effect of tnoculation with 1. natadensis and P. digitatum
Inoculation of the peel of freshly hirvested avocado {ruits with 1. natalensis, a wound
pathogen of avocado fruits, produced no significant effect on the antifungal compound
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Fig. 3. Changes in concentration of the diene in the peel of fieshly harvested avocada fruits of
ov. Fuerte inoculated with (A} D, natalensis or with (B) P dygatatum, stored at 20 °C. Fruits were
innculated with a spore suepension of the fungus as described in Fig. 2. O, contiid half; @,
inoculited hall. The wcan of thiee separated extractions of the diene with SE is shown,
Experiment with PP digitatum were cantied out on matuze fruits late in the seasan.
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Interaction between C. gloeosporioides and avocado fruit 431
concentration when compared with the non-inoculated part ol the fruit (Fig. 3 A). The
antifungal diene concentration was unaffected by a challenge inoculation with P,
digitatum, a non-pathogen of avocado (Fig. 3 8). Differential maturity of the fruits
inoculated with D. natalensts and P. digitatum is the cause of the difference in the length
of the initial diop in the concentration of the antifungal diene.

Effect of wounding on the concenbiation of the diene

Wounding of lruits enhanced the diene concentration in the peel and flesh during the
first day after harvest; 3 h alter wounding, the concentration of the antifungal
compound in the flesh of the wounded side of the fruit was 2350 pg g™ fresh weight
compared ta 780 g ¢ ! fvesh weight on the control side of the fruit (Fig. 4). The eflect
on the peel was less significant (Fig. 1), By the second day no effect on the antilungal
compound concentration wis observed in the flesh or in the peel of the treated fruits,
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Fra. 4. Eflect ol wonnding of freshly harsested avocadn fiuits of ev. Fuerte on the concentiation
of the diene when stored at 20°C. (AY, peel; (B), flesh. Feoit halves were wounded (@) as
described in Materials and Methods, The anwonnded side of the fruit (O) was used as a control,
The mean of three separate extiactions of the diene with SF s shown. {7, fruit firmness,
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‘Tante L.
Concentration of the diene in the flesh of avocads fiuits v, Fuerte after treatment with purified
endopolygalacturonase from C. glocosporioides

Antilungal diene (pg g

Hours alter -
enzyme treatment Control

2 60 1870 166
6 1870 1890 oy
2 2820 HBo 159
47 1290 1420 108
72 20060 2090 10y

Freshly hatvested huits were peeled and teeated on the longitudinal halt with (-5 ml of
purified enzyme solutions cantaining 1425 units ol activity pl ¥ as described in Materials and
Methods., Results represent the mean of four replications.

Tame 2.
Concentration of the diene in the flesh of avocado frurts cv. Fuerte after challenge inoculation with
C. gloeasporioides

Hours after harvest and pecling

24 h 48 h
Houes after  —em v e —oe e e e e e e

inoculation Control Inoculated  SEM Control Inoculated  SEM

It 1420 1210 139 9250 | 730 72
22 1120 1270 86 1270 130 1o
30 1320 161X} 153 1670 1670 65
L] 1420 1650 151 1230 1060 64

Freshly harvested finits were preled. Tnoculation with a suspension af C. glocosparivides
(approx. 10* spores mt ') was dune 24 and 48 b alter barvest. Resulis represent the mean
dicne concentration in pg gt fresh cut from three extiactions,

Lffect of PG or inoculation of pecled fruits by C. glocospovioides on diene induction

PG was able to macerate avocado wedges at 37 °C during 7 b incubation, PG did not,
however, aflect diene concentration when applied to the flesh of freshly-harvested fruit
kept a0 25°C (Table 1.

When freshly harvested troits were peeled and inoculated withe €. glocosporioides after
0, 24, 48 ar 72 h, the concentiation of the antifangal compound was not enhanced
campared to the uninocalated part of the fiuit (Table 2, showing data for 24 and 48 h
inoculations only),

DISCUSSION

A diene, the major antifungal compound in avocado fruit, was induced by challenge
inoculation with . glocosperiordes of unharvested and freshly harvested fruits, This is not

BEST AVAILARI & COFY
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the first report that a preformed antifungal compound can be induced by challenge
inoculation. Ghlorogenic and catleic acids, scopolin, a-solanine and a-chaconine have
been shown to accumulate in injured and infected tissue [/6], but none ol these
preformed compounds was as directly involved in host resistance as the dienc in
avocado fruits [20, 22,23, 24, 25]. In unharvested fruits the diene concentration was
almost doubled in the peet and flesh fur a period of 3 days after challengt inoculation
by C. glocosporioides. In freshly harvested fruits, after the initial drop in concentration
of the diene resulting from harvesting steess [/3], the concentration in the peel and in
the flesh of the chalienged part of the fruit increased to higher levels than controls. This
suggests that the diene is not only a pre-infectional inhibitor {28} but the concentration
could be enhanced by a hiotic factor from C. glocosporioides.

Fruits harvested at different ages after fruit set showed that the natural changes n
the concentration of the antifungal compound in untreated fruits were dependent on
fruit maturity. Fruits harvested at 2 more mature stage showed that the period until
the antifungal diene regained the initial concentration following the decrease after
harvest, was shortened. ‘This behaviouy is strikingly similar to the climacteric pattern
of respiration for harvested avocado fruits belore they ripen [5]. The length of the lag
period until the rise in respiration (the prectimacteric period) (5, 3/ ] and the diene
changes are a reflection of the state of fruit maturity, Challenge inoculation of intact
fruits at harvest always induced the xntilungal compound 2-3 days after inoculation,
If fruits were challenge inoculated 3 days after harvest, the concentration of the
compound did not inerease. Sivanathan & Adikaram [26] were unable to show an
increase in the concentration of antifungal comprmnds following challenge inaculation
of avocado fruits with C. glocosporioides. This may have been because of the insensitivity
of their detection method, the time of inocalation after harvest or the immaiur ity of the
fruit. ‘Their fruits were harvested 80-90 days after anthesis, as opposed to 240 days in
our experiment; the fruits used by Sivanathan & Adikaram |26 were stated to be
immature, but the degree of immaturity was not mentioned. Different varicties are
known 1o require varying maturation times under the same conditions [/9].

Enhanced concentrations of the diene persisted in challenge-inoculated fruits for 3-4
days, compared with only 1 day following mechanical wounding. Kue {13] suggested
that mechanical wounding generally docs not lead to appreciable accnmulation of
phytoalexins and after sources ol stress are removed, phytoalexin levels decline, unless
a biotic clicitor causes the release of additional clicitors of host origin. It appears that
a low level of persistent stress is required for the accumulation of high levels of the
antifungal diene {75]. This is consistent with the ubservation that when infections of €.
glocosparioides hecame quicscent in unhirvested fruits [6], levels of the antifungal diene
decline 10 those found in aninfected fruits, More puzaling s the induction of the
antifungal diene in the flesh of the frait sinee hyphae of €0 plucocporividey remain
quiescent for several days after inoculation |6, 23] and do not penetrate into the flesh,
“This result raises the possibility of signad generation and ransduction which may lead
o an increase of the antifungal diene o distance from the point of infection,
Challenge inoculation in avoeadao fraits by Fusarium solani enhanced ethylene production
(32]. The involvement of ethylene in elicitation of delence reactioms has been discussed
previously 17, 10, 11, 17]. Chalutz [10] si jgested that ethylene induced phenylidanine
amnmonia lyase, a key enzyme in secondary metaholism of plants, but this hormone has
not been shown w be a signal substance [17] for diene induction,
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The antilungal diene was not induced if fruits were challenge inoculated with cither

D. natalensis - a wound pathogen of avocado, or with P, digitatum a non-pathogen of’

avocado. The limited diration of the induetion of the antifungal diene resulting from
wounding suggests that the physical stress of peel penetration by €. glocosporioides does
not induce the 3-day-lot g induction petiod; 1 elicitoris) of the fungus appears to be
mvolved in the process {121 PG lrom Aspergilivg niger on anripe Capicum annuum,
resulted in increased capsidiol production [30]. The PG of Rhizapus stolonifer induced
the biosynthetic synthesis of casbene in castor bean [2], but, ata similar concentration,
the PG of € glocosporiviars did not induce the antifungal compound in avocado flesh,
Similarly, inoculation by €. gloeosporioides of peeled fraits did not induce the antitungal
diene. The antifungal compound wias induced only afier penetration of intact fruits by
the lungus. This snggests thatdthougl veception of the initial 1eaction probably oceurs
in the peel, s “signal™ might activate the synthesis mechanisnd in the Hesh, Induetion
of the diene may posiblv result from: the intimate interaction of the fruit peel and
pathogen cell wall comyponents {34, 8, H | this will be the basis lor tuture research,

Thisswork wassupported by grants iom BARD, the Binational (U8, - Tsrael) Agrienltaral
Research and Developrient Fund and AdD-CDR with additional funds from the
Overseas Development Administration, Natural Resources and Eavitomnent De-
partment, UK.
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The relationship between antifungal diene levels and fungal
inhibition during quiescent infection of unripe avocado fruits
by Colletotrichum glocosporioides

D. PRUSKY,* R. A, PLUMBLEY?t and 1. KOBILER®

*Department of Fruit and Vegetable Storage, Agricultural Research Organization,
The Volcani Center, 'O Box 6, Bet Dagan 50250, Israel

tNatural Resources Institute, Cemtral Avenue, Chatham Maritime, Chatham, UK

Quantitative changes in the antifuneal compound, 1-acetoxy-2-hydroxy-4-oxo-hencicosa- 12, 1 5-diene, in
freshly harvested avocado fruits duting the initial stages of fungal development were investigated to
determine the possible involvement ol the compound in quiescent infections of Cofletorrichum
gloeosporivides. The concentration of the antitungal compound in the peel decreased to subfungitoxic
concentrations 16 hafter harvest. Fifty-six hours later the antifungal diene bad increased to ¢. 3800 jig/g
fresh weight. At this stage. germinated appressoria had penetrated the cuticle to the epidermal cells but
no fungal development was observed until 7 days later when the concentration of the dience had
decreased to 100 110 ug/g Iresh weight. Following a dip treatment at $5°C for S or 10min, the antifungal
diene concentration decreased as in the controls, but it remained at sublungitoxic concentrations for a
longer period enabling fungal development and early symptom expression.

The concentration of the diene in the flesh of freshly harvested fruit decreased 1o 120 pig/g fresh weight
24 h after harvest. Inoculation of pecled fruits with spores of C. glocosporioides showed germination
without appressoria formation and symptom expression occurred 24-48 'y later. Symplom expression
was delayed if fruits were inoculated after coating the flesh with epicuticular wax extracts or if the flesh
was inoculated 3 ysalter harvest when the antifungal diene had regained a fungitoxic concentration.
Disease symptoms were cxpressed in sott fruits contamning subfungitoxic concentrations of the diene.

We conclude that the diene in unripe avocado fruits inhibits fungal development of germinated
appressoria or conidia. The quicscent structure of €. glocosporioides in unripe avocado fruit is a
subcuticular hypha.

INTRODUCTION

Anthracnose caused by Colletotrichum glocospor-
ivides is the most important fruit-rotting disease
of avocado. Binyamini & Schillosann-Nadel
(1972) have shown by [ruit peclisolations that the
fruit becomes infected at o very carly stape during
the growing season, althoogh the Truits are free
from visible disease symptoms unul harvest.
Lesions develop during truit tipening and solien.
ing 7-15 days alter harvest. The anatomical
studies of Binyamini & Schitliann-Nadel (1972)
in hand-cut slices revealed that wax-embedded
appressoria of C. glocosporioides were the strue-
tures which persisted in uneipe Iruits. The viahi-
lity of the carly infections was determined by
coveri+ frint with bags at different petiods
during growth in the orchied. Fruits covered
carly after fruit set showed a low incidence of

infection, while fruits covered late after fruit set
were exposed lor a longer period to infection, and
showed a high incidence of post-harvest discase
(Binyamini & Schiffmann-Nadel, 1972).

Several hypotheses have been proposed to
explain the formation of appressoria by Colleto-
trichum species: starvation (Parbery, 19813, sur-
face bardness (Van Burgh, 1950, Parbery &
Emmett, 1977), competition with saprophytic
organisms (Blakeman & Parbery, 1977} or with
antagonistic organisms (Lenne & Parbery, 1976),
desiceation (Parbery & Fmmett, 1977), inhabitory
chemicals (Parhery & Blakeman, 1978) and the
induction by cpicuticular wax (Prusky & Saka,
1989). In some Colletotrichum species, such as
C. graminicolu, C. lindepuathiamaon and C. trifolii,
host penetration occurs immediately after appres-
sorium formation (Parbery, 19813, In other spe-
aies, such as . glocosporioides and C. nusae,
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environmental conditions may be fungistatic to
appressoria germination (Muirhead, 1981) and
cause a prolonged period of dormancy. The
eventual disappearance of an inhibitor in combi-
nation with the greater availubility of nutrients
may be associated with the breakimg of quies-
cence.

The nature of the quicscent structure of
glocosporioides depends upon the fruit in which
the interaction was tested. In papaya (Stanghel-
lini & Aragaki, 1966), citrus (Brown, 1975),
banana {Muirhead & Deverall, 1981) and avo-
cado (Binyamini & SchifTmann-Nadel, 1972), ¢
glocosporioides persists on the peel of the mature
fruit as quiescent appiessorit In mango (Vers
hoelT, 1974), blucherey fruits (hasking 198:4) and
in some cases in citrus (Brown, 1975 the appres-
saria may  germinate and  produce infection
hyphac that penetrate the cuticle and temain
quiescent as hyphae

The role of subcuticular hy phac of Copmsac in
green banana fruit was re-exanmnned by Muirhead
& Deverall (1981). In contrast to the findings of
Simmons (1941) and Chakravarts (1957), it was
observed that the subcuncalar hyphace originat-
ing from hyaline appressoria of C musae did not
resume activity doring ripening The anthraciose
lesions originated fram dark thick-walled appres-
soria, which germinated at the onset of fruit
ripzning. Muithead (1981) supgested that these
appressoria, rather than subcuticulas hyphac,
were the key structures in quicseence of C.musac.

{nan attempt to understand the mechanism of
quiescence in anripe fruits, Prusky ef al. (1982,
1983) isolated a preformed antifungal compound
from unripe avocado fruits. Thic compound was
present in the peel and Nesh of the froit (Prosky
et al, 1983) but its relation with the quiescent
structure of € glocosporiondes in unripe Ninits has
not been studied. The ain of this research was to
determine the relation between the inhibition of
fungal development and the presence of the
antifungal diene during the quiescent stage and at
the onset ol disease development ol €. glocaspor -
fofddes in freshly Darvested and tipening avocado
fruits.

MATERIALS AND MEFTHODS

Mature avocado fruits (5 6 month after fruit sel)
(Persea americana var. drymifolia cv. Fuerte)
were obtained from orchards near Rehovot,
Isracl. The experiments were started X 60 min
after fruit barvest. Firmness, an inverse para-
meter of ripening, was measured by tecording the

force (k) required to penetrate the {ruit skin and
fiesh (or directly into the flesh after peeling the
fruit) with a conic probe § mm in diameter and 4
mm in length (Prusky ef of., 1983). The average of
two determinations on ecach of five fruits was
recorded. The fruits were harvested at firmness
values of 10- 12 kgand were considered ripe when
firmness decreased to 1 kp.

A single-spore isolimte of C. glocosporivides
obtained from decayed avocado fruits was used
for inoculation in all experiments. This isolate
wes maintained by inoculation of fruits every 10
days and also maintained on potato dextrose agar
at28°C (Prusky ef al., 1982). Spores were washed
and collected in distilled water by centrifugation
at 1500 g for 15 min. Fruits were inoculited by
placing a 1040 drop of a prewashed spore
suspension (10° spores/ml) on the peel at three
ditferent spots along the fongitudinal axis of each
of tive fruits. In some experiments fruits were
peeled (12 mm thick) and then inoculated simi-
latly on the flesh, Fruits were incubated at 20 or
25 C, depending on the experiment, in a moist
chamber at ¢, 98" e.h. Symproms were identified
as darkened fesions farger than S mm in diameter.

Extraction of epicuticular wax from avocado peel
and in-vitro hionssay

Fruit were dewaxed by dipping them for 1 2 min
in hexane or ethylacetate (Albrigo, 1972; Prusky
& Saka, 1989). This extract was concentrated to
dryness, weighed, and redissobved in hexane
belore use in the bioassay, The sequence of
conidial germination o C. glocosporivides and
appressorial formation and germination was
determined on millipore dises covered with 48
mg avocado peel-wax extract, Fpicuticular wax
extracts dissolved in hexane were spotted ona 13-
mm-diameter millipore filter (045 g pore size,
Millipore) ond similar wmounts of the solvent
alone were placed on a control filter. After
temoval of hexane by deving, 25 gl of 4 suspen-
ston of washed spores of C. glocosporioides (10%f
mi) was placed on the dricd wax or on controls,
The filters were incubated ina moist chamber at
25 €L At different periods alter incubation, the
germination process was terminated with cotton
blue in factophenol. Activity of the epicuticular
witk extracts was determined by comparing the
pereentage of comdial germination, appressorial
formation and appiressorial gesnunation in the
treatments and in the controls, Germinated coni-
dia were defined as thase with germ tubes longer
thitn theee times the length of the spores (58 122
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ym). Appressorium formation was identified by
its brown colour in the presence of cotton blue
staining. Germinated appressoria had hyphal
threads originating from the bottom of the dark
structure, peactrating irregularly through the
cpicuticular wax deposit. A germ-tube length
22180445 ym was considered as a germinated
appressoriury.  Onc-hundred  conidin were
observed under the microscope on cach of three
millipore discs.

In-vivo bioassny of appressorial production

At different stages after harvest and inoculation,
tangential I-mm thick peel slices were removed
with a razor blade and the fungus was fixed with
cotton blue in factophenol. Conidial germination
and appressorial Jormation on the fruit suiluce
were observed with a light microscope.

Assay of decay development on wax-coated fruits

The effect of epicuticular wax on decay develop-
ment was determined by placing 10 gl of a
hexanc-wax suspension (4-8 mg wax/ml) on the
flesh of freshly harvested, peeled {fruits. The
hexane evaporated rapidly without causing visual
damage to the flesh. Drops (5 ul) of a suspension
ol C. gloeosporioides conidia (0-5 x 10*/ml) were
then placed onto the dried wax and symptom
development was determined as before.

Microscopic obseryations

Fixation and dchydration of specimens for scan-
ning-clectron  microscopy  (SEM) and  light-
microscope observations were done in a seties of°
ethanol and acctone sotutions. For SEM observa-
tions, the dehydrated tissue was handled accord-
ing to the method of Cohen (1974). Samples were
observed in w JEOL ISM-35C «canning-clectron
microscope. For light-microscepe observations,
the dehydrated tissue was embedded in Spurr's
low-viscosity medium (Spurr, 1962y Thin (5 ymy)
slices were collected in distilled water drops on
glass shides and mounted in immersion oil.
Several infection points were observed with
phase-contrast microscope.

Extraction and quantitative nnelysis of the
antifungal compound

The antilungal diene in avocado peet and Mesh
was extractea according to the method described
by Prusky er af. (1982) and determined by HPLC,
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Three diflerent extractions were exainined at each
particular saage of the experiment. Chromrato-
graphs were made of 100-p1 aliquots of a 10 ml
concentrated extract from 30 g fresh weight of
tissue. Caleulations of conce trations of the diene
were based on comparison of the HPLC peak
areas ol the compound with a standard. The
average value of three replications is presented.

Heat treatment of fruits

Freshly harvested fruits were immersed in water
at 55°Cfor Sor 10 minand allowed to cool for 1 h
prior to inocu'ation as previously described.
Fruits ininersed in water at room temperature o1
10 min were used as controls.

RESULTS

Appressorial formation on the peel of avocado
fruits

AL 16 hafter inoculation 97% of the conidia of C.
gloeasporivides had germinated and most (97%)
had formed appressoria immediately after germi-
nation on avocado peel (Fig. 1). The appressoria
had germinated, penctrated the cuticle and
reached the epidermal cells by 72 h after inocula-
tion (Fig. 2). Discasc symptoms were observed 10
days after inoculation, when the lruit became
soft.

Effect of extracted avocado peel wax on
appressorial formation and germination

Fifteen hours after incubation on wax-coated
millipore filters, 99% of the conidia had germi-
nated and 95% had formed appressoria (Fig. 3).
Germinated appressoria were first observed after
24 . Twenty per cent of the appressoria had
germinated by 60 h after incubation and 28% by
104 4.

‘The relation between diene concentration and
syptom expression of Cofletotrichum
glocosporioides in intact and heat-treated fruits

The concemiration of the antifungal diene in the
peel of avocadao fioits was found to be around
2800 pug/y (resh weight after harvest. Within 24 h
the concentration had decreased rapidly to 190
pg/p tresh weight (Fig. 4). In unheated control
it the devels rose rapidly after 24 h and had
ance again reached over 3000 g/ fresh weight
after 48 h (Fig. 4a). In heat-trcated fruit the initial
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Flg. L. Scanning-electrin micrograph of conidium (Co) germinatin

& hypha (Gh) of Colletotrichum glocosporioides
forming appressoria (Ap, on pecl of avocado fruit cv. Fuerte (bar

=] um).

¥

Fig. 2. Light micrograph of a germinated appressorinm (Ap) of Colletotrichum glocosparioides breaching cuticle (C)
up to tie epidermal cells 72 b after inoculation of freshly harvested matore fruit. Infection hypha (Ih) is denoted hy
arrows ( x 3(KN).
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Fig. 3. Germination of conidiu of Colletotrichum gloco-
sparioides wi:d formation and germination of appres-
soria on avocado peel-wax eatracts Peel wax extract
(4-8 mg) was placed on millipore discs and inoculated
with a spore suspension. The discs were stained with
cotton blue for observation alter various periods of
incubation. Standard deviations are denoted by bars. 0,
germination of conidia; @, germination of conidia with
appressoria; &, germinated appressoria.

decrease in concentration was similar to that of
the controls but the lag period unti re-establish-
ment of the original high levels was delayed
depending on the length of the time of treatment
at 35°C (Fig. db.c). The original diene levels were
not regained until 72 h after a S-min treatment or
96 h after a 10-min treatment,

No significant differences in {ruit lirmness were
observed up to 96 h in untreated and heat-treated
fruits; firmness ranged between 9-5and 105 kg in
all the treatments during this period. Appressoria
formation was not affected by the pre-inoculation
heat treatment and the percentage of formed
appressoria was 944 | in heat-ireated and non-
treated ruits. Lesion development and symptom
expression was dependent on treatment time and
occurred carlier on treated fruits than on non-
treated fruits (Fig. 5). The tme required for
symptom expression on control frait was 7 days
as compared with Yand 2 daystora §- or 10-min
treatment, respectively.

The relation between diene concentration and
symptom cxpression of C. glocosporioides
0 avocado fruits pecled and coated with
peel-wax extract

Inoculation of the flesh of lieshly harvesied
pecled fruits resuited in symptoms 2 days later,
when the fruit were sull firm unripe (Fig. 6).
FFungal conidia began to germinate during the
period when concentrations decreased from 2010
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Fig. 4. Changes in the concentration ot antifungal diene
in avocado froits cv. Fuerte at 20 C after a heal
treatment at $5°C. () Untreated control, (b) S-min heat
treatiment, {¢) 10-min heat teatment.

to 1200 gg/p fresh weight. No appressoria were
formed and the germ tubes began to macerate the
tissue when diene concentration was about 110
pgfp fresh weight. I the Aesh of (reshly harvested
fruits was coated with an epicuticular wax extract
and inoculated with C. glocosporioides, symp-
toms developed 6--7 days after inoculation when
the concentration of the antifungal diene was 120
pe/ fresh weight and fruits became soft (Fig. 6).



- (c)

284
10 min 55 <C
24}-

20f (b)

/é/Smln 55°C (a

¥

Decay development {mm)
>
i

¢
v

N4

oL 1

0 1 2 3 4 5 6 7 8 9
Days after inoculation
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Fig. 6. Dienc concentration, fruit irmness and symptom
expression of Colletotrichum glocosporioides in peeted
avocado fruits cv. Fuerte stored at 25 € coated or
uncoated with cpicuticular wax, Uncoated fruits were
cither inoculated immeditely (B - - B or Ydaysalter
harvest (Q 0) Epicuticalar wax extract (10 ) was
spotted on the flesh of freshly harvested fruits, folfowed
by conidial inoculation (s - a) Inocwtation was
done with § g drop suspension of 14 spores‘md

Inocuiation of the peeled fruit 3 days after
harvest, when the concentration of the antifungal
diene had regained its original fungitoxic concen-
tration, showed symptom expression 3 4 ditys
later, when the concentration of the antifungal
dicne had decreased to 120 pp/g fresh weight
(Fig. 6).

D. Prusky et al,

DISCUSSION

Appressoria of C. gloeasporioides are produced in
response to abiotic and biotic stimuli (Emmett &
Parbery, 1975; Parhery, 1981). Prusky & Saka
(1989), reported that appressoria formation of C,
glocasporioides is triggered by the epicuticular
wax of avocado [ruits, as increasing concentra-
lions of wax raise the incidence of appressoria
formation to 100%. This suggests that a stimulus
of chemical origin present in avocado wax
induces appressarium formation in C. gloeospor-
ioides. The stimulation of appressorial formation
by cuticular wax was reported for diternaria porri
(Akaieral., 1967) and several rust fungi (Mahesh-
wari et al., 1967). Appressorial formation was not
induced by the antifungal diene involved in fruit
resistance (Prusky et al., 1982) as the compound
was not detectable in the epicuticular wax
extracts and formation occurred equally well on
ripening fruits showing decreasing levels of anti-
fungal diene (Prusky & Saka, 1989).

Germination of appressoria  started on
extracted epicuticular wax, 24 h after inoculation.
Almost 30% of the appressoria had germinated
104 h after inoculation. On avocado peel, 72 h
after inoculation, appressoria had germinated
and the hyphac had penctrated the fruit peel. No
further hypha! growth was observed until the
concentration of the antifungal compound
decreased to sublungitoxic concentrations in ripe
fruits (Prusky er al., 1982, 1983). This suggests
that the subcuticular hypha is the dormant strue-
ture of C. gioeosporioides in unripe avocado. This
is not in accordance with the results of Binyamini
& Schiffinann-Nadel (1972), who did not obscrve
germinated appressoria in hand-cut sections of
unripe avocado (ruit peel.

In freshly harvested fruits, the concentration of
the antifungal dienc drops to subfungitoxic con-
certrations and then increases, after a lag period,
to the in,ual concentration present in unharvested
fruits Prusky, 1988, Kaini e wl, 1989). The
process leading to the fast decrease of the antifun-
gal diene was suggested to be similar to the
process occuring in normal ripening fruits, where
the breakdown of the antifungal diene is cuta-
lysed by lipoxygenase whose activity is regulated
by the flavan -0l epicatechin (Prusky er al.,
1988; Karni er al., 1989). In freshly harvested
fruits a fast increase in epicatechin was observed,
accompanied by an increase in liporygenase
activity and consequently a decrease in the con-
centration of the antifungal diene (Karni et .,
19ES).
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Two factors affected the development of C.
gloeosporioides in the peel of freshly harvested
fruits: the time required for the germinated
appressoria to penetrale the epicuticular wax and
become susceptible to the antifungal diene, and
the period of time that the antifungal diene is
present at subfungitoxic concentrations. In
freshly harvested fruits this period is very short
and the pathogen could not establish suflicient
growth to overcome the subsequent increase in
diene levels. In heat-treated fruits the period of
subfungitoxic concentration was sulficient to
allow further development of the germinated
appressoria. A 5. or 10-min heal treatment
prolonged the subfungitoxic period by 1 or 2
days, respectively. The re-establishment of fungi-
toxic concentrations of the antifungal diene did
not contain lesion expansion once the fungus had
become established, suggesting that fungitoxicity
of the dienc is dependent on the fungal biomass
present,

In peeled fruits only one fuctor affects fungal
development, fungitoxic concentrations ol the
dicnc. Germinated conidia did not form appres-
soria on [ruit flesh (Prusky & Saka, 1989) and
direct maceration occurred when subfungitoxic
diene concentrations werc present in the (ruit.
Disease symptoms were expressed within 2 days
in firm-unripe fruits. Coating of peeled (ruits with
epicuticular wax enhanced appressoria formation
and as a result fungal developinent, as growing
hyphae, did not occur during the period when the
diene was at a subfungitoxic concentration: the
onset of fungai development was delayed until the
antifungal dienc decreased to sufliciently low
levels. Inoculation of peeled fruits 3 days after
harvest, at high dienc lcvels, where no appressoria
were formed, gave symptom expression when
diene concentration decreased to sublungitoxic
concentralions.

The present results suggest that the quiescence
of C. gloeosporinides in unripe avocado frits is
the result of the presence of fungitoxic concentra-
tions of the antifungal dicne on the subcuticular
hyphac of the germinated appressoria.
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Involvement of Preformed Antifungal Compounds
in the Resistance of Subtropical Fruits to Fungal Decay

Fungal pathogens must perform pre-
cise functions and overcome several
barriers before they are able to initiate
discase in plants. First, the pathogen
must locate and adhere to suscept tissue
and then initiate infection (10,12,14). The
first plant barriers er.counteted are gen-
erally the cuticle and cell wall, which may
be breached by enzyniatic (6) or physical
(12) assault, or the pathogen may infect
through wounds (27). Contact with un-
derlying plant tissues presents the invad-
ing pathogen with a different set of bar-
ricrs, most notably preformed antibiotic
compounds and/or morphologic bar-
riers and phytoalexins induced by the
plant (13,25,26).

Pathogens that infect fruits are con-
{ronted by several problenis not normally
facing pathogens of vegetative plant tis-
sues.? Fruits are generally protected by
differentiated intcgumentary structures,
and their pbysiology changes markedly
during development, particutarly when
ripening occurs. Pathogens lrequently in-
fect unripe (ruits but cause relatively
minor damage until ripening, when they
may cause cxtensive decay. Such quics-
cent infections have been observed in
tropical (15), subtropical (8), and decid-
uous [ruits (9). The resultant decays have
great economic importance, since they
reduce the shelf tife of fruits during stor-
age and transport (27). These disease
problems have been lurther exacerbated
by the development of pathogen rcsis-
tance to fungicides and the withdrawal
of pesticides on environmental grounds.
Consequently, there is considerable in-
terest in dctermining mechanisms ac-
counting for thc natural resistance of
unripe fruits to fungal pathogens and ex-
tending its etfectiveness to fruits after
harvest. Onc of the possible mechanisms
that may account fur such differcntial
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ology, University of Califurnia, Riverside, CA
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resistance during ripening is the level of
preformed antifungal compounds.

Activity of Preformed
Antifungal Compounds

Critical tests of the role of preformed
compounds in discase resistance are dif-
ficult, primarily because of problems in
accurately assessing the quantities of in-
hibitory compounds that may contact an
invading pathogen, uncertainty as to
their in vivo biological activity, and dif-
ficulty in relating changes in their con-
centrations to resistance (27). The most
compelling evidence for a functional role
of preformed antifungal compounds in
disease resistance has been produced by
using genetically related pathogen strains
that differ in their ability to tolerate or
degrade a plant antifungat compound or

barrict (2,4,5). Onthe ather hand, simple.

correlations of changes in the level of
a preformed compound with resistance
may be serendipitous and must therefore
be interpreted cautiously. However, if
mechanisms accounting for the in vivo
cancentration of a preformed inhibitory
compound are determined, then it may
be possible to exogenously modulate
taese systems and obscrve whether an
al-ered level of the inhibitory compound
an.d discase resistance are in fact linked.
Foir example, Holowczak et al (11) used
cxogenously supplicd pi-phenylalanine
toalter the levels of phenolic compounds
and resistance of apple fruits to the scab
discase. In addition to providing a criti-
cal test of whether a putative prefurmed
resistance mechanisin is physiologically
impaortant, this approach may provide
treatinemts that can have practical uses
in disease control.

In this paper we discuss the role of
preformed inhibitors in fungal decays of
avacado (Persca americana Miller) and
mango (Mangifera indica 1.). We em-
phasize the interaction of avocado fruit
with Colletotrichum glocosporioides
(Penz.) Penz. & Sacc. in Peny. (Fig. 1),
in which external modulators have been
used to elucidate the nature of a pre-
formed fungal resistance mechanism.
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Preformed Antifungal Compounds
In Mango Fruits

C. gloeosporioides attacks unripe
mango fruits in the orchard. Germinating
spores produce appressoria, but the re-
sultant subcuticular hyphae do not de-
velop further until fruit ripen (7). A mix-
ture of antifungal compounds consisting
of 5-12-cis-heptadecenyl resorcinol and
5-pentadecenyl resorcinol (Fig. 2) was
found at fungitoxic concentrations in the
peel but not in the flesh of unripe mango
fruits (7,8). The antifunga! S-alkylated
resorcinols occuried in unripe fruit of
several mango cultivars at concentra-
tions rr .ging between 154 and 232
ppninl” fresh weight but declined to
levels between 74 and 125 ug'ml ™' in ripe
fruits when decay developed (Fig. 3).
Inhibition of germ tube clongation in-
dicated an EDy, of approximately 120
pg-ml™', a concentration similar to that
present in fruits when symptoms begin
to develop.

Several lines of cvidence suggested
that the preformed antifungal com-
pounds might be involved in the resist-
ance of mango fruits to fungal develop-
ment: 1) The concentration of S-sub-
stituted resorcinols occurred at fungi-
toxic levels in the peel of unripe fruits
of cight mango cultivars tested and de-
creased to nontoxic levels in uninocu-
lated fruits at the same time that decay
appeared in inoculated fruits; 2) the con-
centration of the 5-substituted resorci-
nols decreased faster during ripening in
discasc-susceptible cultivars than in
resistant cultivars; 3) delayed reduction
in levels of the amifungal compounds
was related to delayed decay develop-
ment; and 4) the (lesh of unripe fruits
contained sublungitoxic concentrations
of the antifungal compounds and was
susceptible to fungal attack. These oh-
scrvations suggested, but did not con-
clusively prove, that the resistance of
uaripe mango fruits results from fungi-
toxic concentrations of the antilungal
S-substituted resorcinols present in the
pecl acting on subcuticular hyphae from
gcrmina(cd)pp(cssmin. Howecver, addi-

.
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tional experiments are required to more
thoroughly cvaluate the role of the
preformed resorcinols in resistance.

Resistance of Avocado Fruits
to C. gioeosporioldes

The resistance of unripe avocado fruits
to attack by C. gloeosporioides was
shown scveral years ago to be correlated
with the presence of high concentrations
of preformed antifungal chemicals 719).
Extracts from the peel of freshly nar-
vested fruits inhibited fungal growth 789,
as compared with 7% for extracts from
ripe fruits showing disease symptoms.
The major antifungal compound was
shown to be l-acetoxy-2-hydroxy-4-oxo-
heneicosa-12,15-diene (Fig. 4). This
compound inhibited in vitro gersn tube
elongation with an EDy; of 450 pgeml ',
Concentrations of the diene in peels of
unripe fruits were as high as 1,200 pgg '
fresh weight of pecl (approximately 1,600
pgemb™") but decreased 10-fold during
ripening (Fig. 5). A second amtifungal
compound was subsequently purificd
from unripe avocado fruits and identificd
as §-acetoxy-2,4-dihydroxy-n-heptadeca-
16-cne (Fig. 4) (20). This monoene was

Fig. 1. Symptloms of decay caused by Col-
letolrichum glososporioldes on a ripe
avocado frull.

(€H),,
H,
Resorcinol-S-(pentadecyl)

)
Resorcinol-5-(12.peptadecenyl)
Flg. 2. Chemical structure of the 5-
substituled resorcinols Isolated from
mango fruils.

less fungitoxic than the dicne, and its
concentration in the peel of unripe fruits
varied between 500 and 650 pg-g" fresh
weight (approximately 900 pg'mi™') and
decreased to 40 pgg™' fresh weight
(approximately 60 pg'mi™") when decay
symptoms werc conspicuous. It therefore
appeared that the diene accounted for
most of the antifungal activity while the
monoene had a smaller effect (20). Cul-
tivars that were more susceptible todecay
also showed a faster decrease in both
compounds as the fruit matured.

The concentration of the antifungal
diene in avocado fruits is affected by
harvesting as well as by ripening. Freshly
harvested fruits showed a rapid, almost
10-fold decrease to subfungitoxic levels
I 2days after harvest (Fig. 5)(23}. Levels
subsequently recovered to toxic concen-
trations. The durations of the decrease
and recovery periods were refated to fruit
maturity, with more mature fruits having
a shorter rccovery period. The causc of
this decrease in diene concentration is
not clear but seems to be related to stress
occurring during fruit harvest, Neverthe-

less, fungal development does not occur
during this period and is observed only
when fruits become ripe (Fig. 6).

Two factors affecting development of
C. gloeasporivides in the peel of freshly
harvested fruits (23) are the time required
for germinated appressoria to penetrate
the epicuticular wax and the period of
time in which the antifungal diene is
present at subfungitoxic concentra. ons,
In f1cshly harvested fruits, the perioa of
decline of the antifungal dicne is very
short and the pathogen is unable to es-
tablish sufficient growth before the sub-
sequent increase in diene levels. Fruits
treated with hot water at 55 C, however,
showed a delay in recovery of the anti-
fungal diene (23) (Fig. 7). This treatinent
resulted in a longer period of subfun-
gitoxic dicne concentration, and the fun-
gus caused decay in these unripe fruits.
All of these observations are consistent
with, but do not prove, the view that
resistance to fungus development de-
pends on a threshold concentration of
the antifungal diene that is present in
unripe, but not ripe, fruits.
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Induclion of Avocado Preformed
Antifungal Compounds

The possibility that preformed bio-
cides can be induced to higher levels in
fruits after fungal infcction has not been
widely investigated. In avocado fruit,
however, concentrations of the antifun-
gal dienc increased in response to
challenge inoculation with C. gloeospor-
ioides on unharvested or freshly har-
vested fruits (17). In both cases, the level
of the antifungal compound in freshly
harvested fruits was enhanced for 2-3
days but fungal resistancc was not
affected. Certain abiotic treatments also
increased the concentration of the anti-
fungal diene (24). For example, freshly
harvested fruits exposed to 30% CO,
showed an initial increase in the diene
level immediately upon removal from the
high CO; atmosphere (Fig. 8). The con-
centration of the diene then decreased
before a second increase that correlated
with delayed development of fungal
decay. Exposure of avocado fruits to (1
or 16% CO, enhanced the initial increase
in dienc concentration but not the
second, The || and 169 CO, treatments
did not affect decay development, sug-
gesting the importance of the sccond
increase in diene level for fruit resistance.
These experiments arc of interest because
they show that the avacado diene com-
pound has some of the characteristics of
classical phytoalexins.

Concentration of the Compounds
and Decay Resistance

Because disease susceptibility in avo-
cado fruits was closely related to de-
creased concentrations of the preformed
antifunga! compounds, the mechanism
controlling this reduction may predis-
pose {ruits to disease. The antifungal

diene (Fig. 4) contains a cis,¢is-1,4-penta
dience systern and serves as a substrate
for oxidation by lipoxygenase (18). Sev-
eral experiments (22) indicated that
lipoxygenase activity in avocado fruits
wis related to degradation of the diene:
1) The apparent specific activity of the
enzyme increased by 80% during fruit
ripening; 2) partially purified avocado
lipoxygenase oxidized the antifungal
dicne in vitro; 3) treatments with a-toco-
pherol acetate, an antioxidant that
nonspecificully inhibits lipoxygenase, de-
layed the decrcase of the antifungal diene
as well as the appearance of disease
symptoms; and 4) a specific inhibitor of
lipoxygenase, 5,8,11,14-cicosatetraynoic
acid, inhibited decay development by C.
gloeosporioides.

Lipoxygenase activily in ripening avo-
cado fruit was affected by an endogenous
inhibitor, epicatechin, present in avo-
cado peel (21). This flavan-3-ol com-
petitivzly inhibited lipoxygenase activity.
Its concentration decreased from 500
ppe fresh weight of peelin uniipe fruits
08 pgrg” fresh weight in ripe, symptom-
cxpressing fruits. The concentration of
epicatechin in fruits of a highly suscep-
tible cultivar decrcased in parallel with
decteasing fruit firmness (Fig. 9), and
symptom expression occurred when the
epicatechin concentration was at its
lowest fevel (21). In a resistant cultivar,
however, the initial concentration of
epicatechin was much higher and con-
stderable epicatechin was siitl present in
the peel of soft, ripe fruits. Decay re-
sistance was therefore related to the
petiod required for complete decrease of
epicatechin levels in softening fruits.
These results suggested that lipoxygenase
activity and dcgradation of the anti-
fungal diene might be regulated by epi-
catechin acting as a trap for free radicals
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(Fig. 10). This mechanism could, in prin-
ciple, be exogenously modulated in
various ways to test whether correspond-
ing changes occurred in development of
anthracnose discase in sipe avocado
fruits.

Modulation of Diene Levels
and Praclical Disease Control

As with the experiments involving
mango fruits, the considerable correls-
tive evidence did not conclusively link
altered concentrations of the avocado
diene with decay resistance. We therefore
scarched for treatments that would mod-
ulate alterations in diene levels in ripen-
ing fruits and observed whether they led
to concomitant changes in decay re-
sistance.

l.evels of the antifungal diene in
avocado fruit tissue could be inereased
by exogenously supplying inhibitors of
lipoxygenase (16,22). For example, a
comimercial formulation of butylated
hydroxy anisole, Xedaphen-20, sprayed
on fruits in a packinghouse during the

Harvest
1-3 days al 6-8 C
Sorting. packing and shipping

fEapat markets,
storage at 6-8 C
for 3-4 weeks

Local markels,
mpening at 20 C
within 7-4 days

Transfer to local
markets, ripening
at 20 C withn
4-6 days
Fig. 6. The commerclal processes and
time frame of harvest, storage, and
ripening of avocado frulls,
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Fig. 7. Chonges In the concentration of
the antlfungal diene in avocado cv. Fuerte
frults at 20 C alter heat treatment al 55
C: (A) Untreated control and (B) 10-min
heat treatment.
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first day after harvest, provided signif-
icant decay contro! (Fig. $1). Inhibition
of lipoxygenase activity in these fruits
was accompanicd by a delayed decrease
of the antifungal diene compound and
reduced fungal colonization.

atmosphere of 304 CO, also contained
higher concentrations of the antifungal
dienc and showed reduced decay (Fig.
12) (24). Howevcr, several factors were
critical to enhancing the levels of the
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Fig. B. Dlene levels (curves at lefi) and decay development by Collefolrich
gloesosporioldes (curves at right) in avocado cv. Fuerte frull peel exposed lo amblent
air () or 30% CO, (O) at 20 C. LSD - 0.05.
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Fig. 9. Epicatechin concentration (A) and firmness {O) of frults of two avocado cultivars
at varlous days after harvesi. Arrows Indicate the appearance of decay symploms caused
by Colletolrichum glososporioldes.

Freshly harvested fruits exposed to an -

preformed compound and achieving a
signilicant delay of symptom develop-
ment: 1) Concentrations of CO, below
30% and application for less than 24 hr
were less effective, 2) fruits required
treatment as soon after harvest as pos-
sible, and 3) more maturc fruits were less
capable of reacting to the CO, treatment,
In addition to providing independent
evidence suggesting a role for the anti-
fungal diene level in decay resistance, the
results with Xcdaphen-20 and high CO,
atmosphere indicate that these treat-
ments may be useful in postharvest decay
control. While it is not yet clear from
pilot scale experiments whether either
treatment will in fact provide economical
and cffective postharvest disease control,
they clearly constitute feasible and en-
vironmentally sound approaches.

Potential Toxlcity of Natural
Compounds i{n Food Products

One of the important considerations
involved in attempts to enhance discase
resistance by increasing concentrations
of natural antifungal compounds is their
potential toxicity to animal and human
consumers. No information is available
concerning potential toxicity of the
avocado antifungal diene and monoene
compounds, but several reports exist on
toxic preformcd compounds in other
plants (3). In potatoes, a-solanine and
a-chaconinc are plasma cholinesterase
inhibitors in humans and leratogens in
animals. Becausc of the toxicity of these
compounds, the potato cultivar Lenape
was withdrawn from the market. Celery,
parsley, and parsnip contain the linear
furanocoumarin phytoalexins psoralen,
bergapten, and xanthotoxin, which can
cause photosensitization and also are
photomutagenic and photocascinogenic.
Sweet potato roots produce phytoalexins
that are toxic to vertebrates. Thus, pre-
formed or induced plant antifungal com-
pounds can be highly toxic, which may
tcinper cnthusiasm for clevating their
levels in edible foodstuffs.

An optimal situation would be the
induction of high levels of antifungal
compounds for a limited period while
fruits are at risk of pathogen attack, with
decline of these levels before the produce
is consumed. There is evidence that this
occurs in some cases. In immature pep-
pers inoculated with Colletotriclnan cap-

ANTIFUNOAL DIFNE
CUNCENIRATION

ACTIVE
INFECTION

QUILSCENT
INFCCTION

APICATECHIN
INIRITION

LIPORYAEMNARE
ACTIVITY

Fig. 10. Apparent relailonshlp belween
relatlve diene concentratlon (as thickness
of arrow), lipoxygenase actlvily, and epl-
calechinlovels during avocado frult ripen-
Ing and susceptlbllity lo anthracnose
decay.
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sici, the level of the phytoalexin capsi-
cannol increased, but the compound was
absent in ripening fruit at the onsct of
lesion expansion (1). In avocado, we have
shown that the level of prefornicd com-
pounds can be enhanced during fruit
ripening but decreases markedly in ripe
fruits. Although additional experimen-
tation is necded, it appears that anti-
fungal dienc levels in uvocado fruits can
be effectively modulated to control
discase with minimal risk of toxicity
during human consumption.

Conclusions

By means of comparative biochemical
apprcaches, we clucidated putative de-
fense mechanisms controlling posthar-
vest disease in unripe avocado and
mango fruits. Levels of the avocado dience
compound and the 5-substituted resorci-
nols were high in unripe, disease-resistant
fruit but decreased during fruit ripening,

. ANTIOXIDANT

atimne when latent fungalinfections cause
proliferating lesions that make fruit un-
marketable. Such correlative evidence,
however, does not prove a role for the
diene compounds in resistance, To
provide more critical tests, we employed
various exogenous treatments that
modulated the noumal disappearance of
the dience during the ripening of avocado
fruits and observed whether the treat-
ments concomitanily affected the devel-
opment of fungal decay. The most effec-
tive measures were antioxidant and high
carbon dioxide treatments, which in-
hihited decreases of the avocado anti-
fungal dicae compound during ripening
or induced the accumulation of higher
levels. The fact that modulation of diene
levels by these agents led to the predicted
changes in fruit resistance constitutes
important evidence that the dienc is a
physiologically inportant agent effecting
1esistance to C. gloeosporivides.

CONTROL

Flg. 11. Effect of anfioxidant on decay caused by Collelotrichum glososporioldes on
ayacado cv. Fuerte frults.

B R0 j({,"*»f’.'?r'? el

. i

Flg. 12. ElHect of 30% CO, on decay caused by Collefotrichum glososporioldes on

avocedo cv. Fuerie [rults.
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Treatments such as the antioxidants
that affect levels of preformed antifungal
comnpounds may be useful for practical
discase control. For example, we are cur-
rently investigating the possibility of ap-
plying antioxidants or 30% carbon
dioxide treatment of avocadn fruits aflter
harvest to control anthracnose disease
during fruit storage and shipment. In-
creasing environmental pressure for re-
duced pesticide usage encourages exper-
imentation to determine if levels of pre-
formed antifungal agents in fruits of
other plants can be similarly modulated
to provide postharvest discase control.
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Abstract

Anthracnose caused by Colletotsichum glocosportordes in ripe avocados originates as latent
infections in the immature fruus. Concentrated cther extract of the peel of apparently healthy,
immature avocados when bioassayed on thin layer chiomatogeaphic plates with conidia of either
Cladosporium cadosporiordes or . glocosporiotdes produced four inhibition areas at Rf 0.10, 0.32,
0.70 and 0.75 (these were denoted as AvIV, AL, Avil and Avi respectively). A hot chloroform
extract was partitioned on a silica gel column and the four antifungal compounds were separated.
Spectroscopic data revealed that one of these campounds, Avil, was similar to cis-]-acetoxy-2-
hydrosy-4-oxo-heneicosa-12,15-dienc and another (AvIV) was a tong chain saturated compound
comprising hydroxyl group(s) having molecular weipht of 268, Toxicity of Avil o C. glocosparindes
was 2 times that of AvIV and 6.5 and 7.5 times that of AvIH and Avl respectively. ‘The amounts of
these four antifungal compounds increased gradually during fruit development and reached their
maxima at harvest The concentration of Al Av, AvIl and AvEV was 1300, 920, 1050 and 780 el
fresh pect cespectively in the fruit ar harvesting maturity. The amount of Avil and AvIV decreased to
53 and 64 pre/p fresh peel respectively in the fruir ac the tipe stage at which neither Avi nor AvIll was
detected, This took place in coincidence with the onset of progressive lesion development by the
fungus.

Zusammenfassung
Biologische Aktivitit von vier antipilelichen Substanzen in unreifen Avocados

Eme Anthraknose, die dueek Colletotr b oeosporondes verursacht i, weht in reifen
Avocadofruchien von Latensen Infektionen der unseifen iichie aus. Konzentrienter Atherextiake der
Schale aus schembar gesunden, wnr ifen Avocadodiichien, der pah disnnsehichichromaropraphischer
Trennung mit Konidien von entweder ¢ Lidosporon dudosporinides oder ¢ soenyponoides entwik-
kelt wurde, reigre vier Hewmzonen mir Rf-Werten 0,30, 0,32, 0,70 und 0,75 (the als AVEV, Avill,
Avll bew, Avi bezeichnet wurden). Nach ciner heifien Chloroformextraktion wurde der Fxtrakt an
ciner Silicagelsaule fraktionient, und die vier fungiziden Verbindungen getrenm Spekuroskopische
Analyse ergab, daft die Verbindung AvIT eme Ahnlichkeit mit us-1-acetoxy-2 hydroxy-4-oxo-
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hencicosa-12,15-dien besaf und AvIV eine langkettige, saturicrte Verbindung, die aus Hydroxylgrup-
pe(n) mit einem Molckulargewicht von 268, ist. Die Toxitit von Avll gegeniiher C. glocosponoides
wurde als 2-, n5- bzw. 75mal hoher als AvIV, AvTEE bz Avl crmittelt, Der Gehale der

fungitoxischen “erbindung stieg mit der Iruchtentwicklung langsam an, um zur Zeiv det Finte ahe
Maximum erveicht 7u haben. Bei der Lrnte betrug die Konzentration von Avl, Avil, Al baw.
AvIV in frischen Schalen 1300, 920, 1050 {rew. 780 pig/gs. In der Zcit bis zur Reife verringerte sich der
Gehalt an Avii und AtV in frischen Schalen auf 53 brw. 64 pg/gs tu diesem Zeipunl: konnte ein
Avl- bew. AT Gehale nicht festgestellr werden. Mit der Abnahme der fungitoxischen Verbindun-
gen wurde eine Lasionencatwicklung durch den pilzlichen Befall beobachtet.

Anthracnose caused by Colletotrichum glocosporioides (Penz. Y Penz. & Sace.
is recognized as the most important disease of avocado. Young [ tits are usually
{ree from visible symptoms of anthracnose before harvest and characteristic decay
lesions develop during fruit ripening atter harvest showing that this disease
originates as laent infections in the immature avocado fruit (BINYAMING and
SoHIrEMANN-Nabir 1972),

In an attempt o explain the basis of latency in avocado by C. gloeo-
sporioides, Prusky et al. (1952) isolated a preformed antifungal compound from
the peel of unripe avocado fruitz which they identified as 1-acctoxy-2-hydroxy-4-
oxo-heneicosa-12,15-diene. This compound lad previously been isolated from
avocado Jeaves (Criane et al. 1975). 1t inhibited in vitro vegetative growth of
C. glocosporioides and totally inhibited spore germination at 790 ng/mi. Concen-
tration of this compound was high in the immature fruit tissue and declined
during ripening to non-toxic levels in coincidence with the renewed development
of previously latent infections.

Further work by Prusky et al. (1983) sevealed that the purified diene was
oxidized in vitro by lipoxygenase extracted from avocado peel and soybean. The
specific acitivity of lipoxygenase in peel extracts also increased by 80 % during
the climacteric stage, coincident with the rapid decrease of the diene in fruit peel,
and before symptoms of C. glocosporioides infection were expressed. Thay also
demonstrated that butylated hydroxy anisole and a-tocopherol acetate inhibired
oxidation of linoleic acid and of the avacado diene by liposygenase from avocado
and soybran. Prusky et al. (1985) subsequently isolated a natural inhibitor of
avocado lipoxygenase from peel of unripe avocado fruit and identified it as
epicatechin. [t inhibited avocado lipoxygenase with a Ki of 0.64 um. The
concentration of epicatechin in unripe fruits was 514 ug/g fresh weight of peel,
this decreased during ripening to 8 pu/y fresh weight, before symptoms of
C. glocosporivides infection were expressed.

In this paper we report the presence of thiee more preformed antifungal
compounds in the immature avocado froit peel and their role in the development
of latent infections in the immature avocado fraus by (.. glacosporioudes.

Materials and Methods

Funpus

C. glacosporinides was isolated franmn an anthracnose lesion on a naturally infected ripe avocado
fruir and maintained on potato dextrose agar at room temperate. Pathogenicity of the isolate was
maintained by inoculation and reisolaticn from nipe {ruits at intervals of not more than two months.
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Fruits

Fruits of Peviea americana ov. “Green” were obtained mostly from trees grown in the
University area. They were allowed to remain on the tees for 80 t0 92 day s after anthesis before being
harvested for use in the experiments and these were described as immature fruits. In some experi-
ments, fruits of the same cultivar bought in the market (Kandy and Peradeniva) were also used. Fruits
free from any kinl of damage were selected at the labetatory and used in the experiments.

Extraction of antifungal compounds from immature avocado fruit pecl

Forthe extraction of amitungal compounds, the outer skin (ahout 12 m thick) was cut from
immature avocado freuits and stored in the deep freezer (- 20 °C) for 12 days. Deep freczing did not
alfect the concentration of antitungal compounds. Solvent extraction was done by two different
methods as fallows:

Method |:

Pecl tissue (25 g1 was homogenized twice with two 59 ml portions of dicthylether for 5 min in a
homogenizer operated 1t ir- highest speed. The extracts were combined, filtered through Whatman
No. 1 filter paper and evaporated 1 vacuo at 40 °C. The ~siduc was dissotved in 10 m! ethanal and
used in the assay for antifungal vompounde,

Method 1:

Immatare avocado pecl tissue (25 B) was extracted in 95 % ethanol and the extract was
partitionied with dichloromethane, The residue obtained after evaporation of the dichloromethane
bager was taken up in 10 mi ethanol (PRUSKY et ul. 1982),

Detection of antifungal compounds
Spore germination assay:

Portions of the two extracts (1 ml) obtained from method 1 and method 1 were streaked and
chromatogiaphed separately on two Thin Layer Chromatographic (TLC) plates (20 X 20 cm;
Kieselgel 254 PF60: MERCK: €.5 mm thick) and the compounds cluted at different Rf regions were
tested far the germination of conidia of €, glocosporiondes as described by Prusky er al, (1982),
TLC bioaseay:

The two extracts nbtained as abos e wer. tested for the presence of antifungal compounds using,
TLC bioassay (K1ARMAN and STANTORD 1968). Aliquots (160 pil) of the exteacts were spotted onto
TLC phates (20 x 20 em; Kieselgel 254 PE60: MERCK; 0.5 mm thick). The plates were developed in
chloraform : methanol (90:10, v/v) and air-dried overnight. Sporalating colres of C. clado-
sporiondes were Hooded with Czapek-Dox nutrient solution and with the help of a spatula the mycelia
were seraped. The mycelial suspension was passed through glass wool to remove hyphal fragments
and dhe filtrate containing the conidia was collected. The suspension of conidia was carcfully sprayed
onto the developed chromatograms and the plaes were incubated in a moist chamber for 23 days at
room temperature. The presence of compounds 1oxic 10 €. chadospmrioides was indicated by the lack
ol aerial mycelium in that zone. Another set of developed chromatograms was similarly sprayed with
a suspension of conidia of € glocosporiondes i Crapek-Dox nutrient medium, The plates were
incubared in moist chambers as deseribed above, Here the plates were exposed o jndine vapout in
order o visiwalize inhikien areas

Antifungal activity of the immatune fruit inoculated v ith . glocosporivides

A et of 20 fornes s as macalated with conidin 5 18 ) Yof O q/m'm/wmu/rl and another
sevwas treated with drogs of seerile disnlled wager Suspensions af contdia were prepared as described
by Abiaray o of 19k, Phscs of ussue (6 mm duameter and 2 mm thih) were cut from the
moculated regions of the fones daily sl 5 davs atter inaculation wsing a coth borer. Similar dises of
tissue were cut from the control fraits beneath the water drops. The ut tissues were immediately
phced in v deep freeree at 18 Cunl the solvent extraction was performed

Facl cet of cut nve (2.5 ) placed in the deep freezer way separately extacted using method |
as descnbed abweve, Fhe rendue remainuyg aler evaporation of the solvent was taken upin 2.5 ml of
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ethanol and 100 ptl aliquots subjected to TL.C bioassay as described above. Extra precautions were
taken to spot all the extracts on the TLC plates over areas of 0.5 cm diameter. The diameters of the
resubtant inhibition areas were measured and recorded.

Isolation and partial purification of antifungal compounds

Above experiments indicated the presence of four antifungal compounds at Rf 0.30, 0.32, 0.70
and 0.75 (these were denoted as AvIV, Avill, Avl and Avl respectively) and further work was
carried out to separate them. Preliminary experiments showed that frecze drying of tissues facilitated
solvent extraction and that hot chloroloim exiracted all the antifungal campounds in the tissue
elticiently. Fresh avocado peel tissue (400 g) was first freeze dried overnight at ~60 °C and 90 g of
freeze dried material was extracted with 500 m) chloroform in a Soxhlet apparatus for 3 days at
50--55 °C. The chioroform extract was filtered through ceilite 1o remave suspended particles, dried
aver anhydrous MgSt, and evaparated at 45 °C.

Column chromatographic separation of antifungal compounds

Crude extract (525 ) as obtained above was chromatographed in a column (length 20 cmy;
diameter 2 cm) packed with 100 g of active neutral Kieselgel 254 PE60 (MERCK) using solvent
combinations of increasing polarity. The crude extract was first dissolved in a minimum volume of
chloroform and a sleiry was then prepared with silica gel. This was applied 1o the colomn pre-
equilibriated with petroleum ether. Fractions were collected using the tollowing solvent systems:
i} petroleuin wther, i) petroleum cther @ dichloromethane (50 : 50, v/v), iii) dichloromethane, iv)
dichloromethane : methanol (92 : 1, v/v), v) dichloromethane : methanol (98 :2, v/v), vi) di-
chloramethane : methanol (97 : 3, v/v), vil) dichloromethane : micthanol (96 : 4, v/v), viii) di-
chloromethane @ methanal (95 : 5, v/v), ix) dichloromethane : methanol (90 : 10, v/v) and x) di-
chlorumethane : methanol (50 : 50, v/v). Approximately 1000 il of cach solvent combination was
passed through the column and 50 ml fractions were collected. A iquats of each fraction cluted were
spotted an small TLC plates (7.5 x 2.5 em) with the help of capillary tubes. After air-drying, the
phites were developed in chloroform @ methanol (9 : 1, v/v). These were then sprayed with anisal-
dehyde reapent and heated to about 110 °C for 1 min..The fractions having similar TLC behaviour
were combined and the combined fractions were evaporated to dryness and the residues were
subjected to "TLC- Cladosporium bioassay for antifungal compounds.

Purification of antifungal compounds Avil and AvIV from fractions 82—160

The two antifungal compounds Avll and AvIV were further purified using two separate
pressure columns. One column (A), was pre-equlibriated with solvent combination v and the other
(B) with solvent combination vii. The compounds in the fractions 82 1o 126 were eluted with solvent
combination v and vi using the column A and the compounds in the fractions 127 1o 160 were eluted
with solveat combination vii and viii using the coluwnn B. Approximately 500 ml of each solvent
system was passed through each column and 25 ml fractions were collected.

The cluted fractions having similar TLC behaviour (with anisaldehyde reagent) were combined
and the combined fractions were evaporated to dryness. The residues were tested for antifungal
activity on TLC plates using C. dadosporiosdes.

Chiemical analysis of the antifungal compounds Avll and AvIV

Chemical analysis of the two putified compaunds was don: at the Department of Chemistry,
University of Peradeniva, St Lanka, usdng IR, nass and FH'NMi spectroscopy. Some chemical data
were abso obtuned by sending a sample of AvIV to the Department of Organic Chemistry, Queen's
University of Belfast, UK. Physieal properties of these compounds such as solubility and melting
point were alo determmed.,

Toxicity of the antifungal compounds to C. glocosporicides

A series of solutions containing 2,50, 2.25, 2.00, 1.75, 1.50, 1.25, 1.00, 0.75, 0.50 and 0.25 my/
ml cthanol of each antifungal compound was prepared. Aliquots (20 pil) of each weie spotted on TLC
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plates, the area of each spor being reswricted to 1 em diameter. Care was taken 10 keep the area of the
spot cortesponding to each dilution constant. Alter air-drying overnight, the plates were sprayed with
a suspension of conidia of C. glucospornides in Czapek-Dox nutrient medium and incubated in moist
chambers for 23 days ar 26 + 2°C. The areas of inhibition of fungal growth caused by varying
amounts of the four compounds were determvined by tracing them on to a graph paper with 1 mm’
squares. Dose-response curves were drawn by plotung the amount of antifungal compound applicd
against the resultant area of inhibition. The amount of each compound required to bring about
inhibition of growth over a 1 em’ was caleulated. These curves were alvo used 10 estimate the
approximate amounts of the four antifungal compounds present in tissue extracts made in subsequent
experiments following TLC-bioassay under the same conditions.

Vertical distribution of antifungal compounds

Cylinders of tissue of 6 mm diameter were cut through the peel and the pulp of immature fruit
10 about 8 min depth, using a cork borer. These were then sliced into smaller discs of 2 mm thickness
and the dises corresponding to different depths from the surface of the fruit were bulked separately.
Two g of tissue from rach layer were extracted 3 times in three 25 m’ volumes of dicthylether. The
cther extracts were combined, dried over anhydrous MgSQ, and evaporated to dryness at 45 °C. The
residue was distolved in ethanol (1 ml) and 100 pl aliquots were bicassayed on TLC plates using
C. glocasporioides. The plates were examined for inhibition zones, the diameters of which were
measured.

Antifungal activity of the fruit at different stages of maturity

Fruits at different stages of maturity ranging from 15 to 90 days alter anthesis were obtained
from a single tree and the fruits free from damage of any kind were selected and divided into 6 sets,
cach containing 8 fruits, according to their maturity. Dises of tissue (2 g)h 6 mun diameter and 2 mm
thickness, were cut out from the peel of each set of fruits using a cork borer. Anotier set of fruits
which was at harvesting maturity was allowed to ripen and discs of tissue were cut at two day intervals
until they reached the fully ripened stage. The cut tissues were subsequently extracted in diethylether
as described above. The 1esiducs remaining after evaporating the solvent were take.s up in I ml
portions of ethanol. Aliquots (100 uf) were applied to TLC plates and bivassayed using C. gloeos-
porioides. The plates were then examined for inhibition zones the diameters of which were measured.
Concentration of each antifungal compound in the peel at harvest and during fruit ripening was
determined by using a dose-responsc curve chtained as described previously.

All the experiments were repeated a1 cast twice.

(3) {bl
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Fig. 1. Percentage germination of conidia of €. glocosporicides in components ¢luted at different Ri
regions from chromatagrams prepared with 95 % ethanol (a) and ether (b) extracts of jmmature
avocado fruit peet
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Lig. 2. Photograph of a T1HC
plate spotted with ether ex-
uact fram immatare avocado
frait peel tissue and sprayed
with a suspension of conidia
ot (,.(I.ull)(]’mll'lt’m, s||0\\.u
ing lour inhibiuon zones
(chloroform @ methanol,
B:2, v/v)

AvI_

AvII

AvIll

AvIV?

Results

Bt the ether and the ethanol extraets of the immature fruit peel were tested
for antifungal activity by spore germination assay and in both extracts the
compound(s) eluted from silica gel av Rf 0.6—0.7 inhibited germination of
conidia by about Y0 %% (Fig. 1) whereas all the other compounds eluted at the
other Ri regions were stimulatory or had no effect on germination (Fig. 1).

Thin Laver Chromatograms prepared with the ether extract of unripe
avacado peel dssue and oversprayed with Cdladospaniordes produced four
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Fig. 3. (a) Antifungal activity of ether extacts of avocado fruit peel removed after varied incubation

times following inoculanon with €. glocosporiotdes (expressed as the diameter of inhibition areas

produced on TLC platesy, Avl 8-, Avl] -O-, Avill -[1-, AvIV -@-, (b) Antifungal activity of

cther extracts of uninoculated avocado fruit peel at varied incubation times (expressed as the diameter
of inhibition areas produced an TLC plates), Avl -8-, Avl] -O—, Avlll ~-[J-, AvIV -@-

inhibition areas at Rf 0.30, 0.32, 0.70 and 0.75 (Fig. 2). In the plates which were
oversprayed with C. gloeosporioides there were much larger inhibition areas at
these Rf values than those found in C. dadosporioides sprayed plates. In both, the
inhibition areas at Rf 0.30 and 0.70 were much larger and clearer than those found
at Rf 0.32 and 0.75. The toxic components which caused inhibition at Rf 0.75,
0.70, 0.32 and 0.30 were assigned symbols Avl, Avll, Avill and AvVIV respec-
tively.

Chromatograms prepared with extracts from fruit peel taken 24,48 and 72 b
after inoculation with C. gloeosporioides showed inhibition areas at Rf 0.30, 0.32,
0.70 and 0.75 as in those chromatograms which were prepared with extracts taken
from corresponding healthy fruit peel (Fig, 3 a, b). The size of the inhibition area
at cach Rf value was similar in the two sets of chromatograms. Inoculated regions
of the fruit started to turn brown gradually 48—72 h after inoculation and these
browned arcas developed into progressive lesions following another 3—4 days of
incubation. Extracts of the tissues cut from the {ruits, both inoculated and
control, on the 4th, 5th and 6th day following inoculation, when bioassayed
showed a gradual decline of the size of these inhibition areas.

TLC-bioassay of the fractions eluted from the column indicated that the
compounds eluted with solvent systern v (dichloromethane : methanol, 98 + 2, v/
v) vi (dichloromethane < methanod, 97 : 3, v/v), vi (dichloromethane : methanol,
96 14, v/v) and vii (dichloromethane methanol, 95 15, v/v) contained antilungal
activity, The active components eluted with solvent systems vand vi were similar
in Rt values to those denoted by the symbals Avl and Avll respectively and the
active components eluted with solvent system vit and viii were similar to those of
AvHI and AvlV. Fractions cluted with solvent combination v and vi (1.76 g) and
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6 Fig. 4. Areas of inhivition of C. glocospaniondes
* caused by varving amounts of the four antifungal
compounds, Avl -H-, Avll -Q-, AvIID -E)-,

and AvV - @-
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also with vii and viii (1.7 1 were combined separately and passed through two
separate pressure columns for further purification. Following this 1.13 mg and
1.41 mg of puritied AviLand AvIV respectively were obtained. Pure matenals of
Avl and Aclli could not be obtained even after the second column chromatog-
raphic separation and the partially purified materials obtained from this were not
sufficient to proceed towards turther column chromatographic separation.

Purificd compound Avil was alight yellow semi-solid at room temperature,
insoluble in water bot completely soluble in dichtoromethane, chloroform,
ethanol and methanol, mop, 54--58 “Ci IR spectrum showed absorption bands at
0 max (KBr) 3650-3050, 2860, 2790, 1725, 1625, 1450, 1360, 1245, 1105, 1060,
1025 and 895 cm s it showed 'HNMR (60 MEz) signals at & 7.67, 5.63, 5.07,
490, .13, 3.31, 2.13 and 1.33. The purified compound AvIV wasa white semi-
solid at reom temperature, insoluble in water but completely soluble in di-
chlorometlane. chloroform, cthanol and methanol, m.p. 5155 "C; its mass
spectrum showed significant mass fragments avm/z (relative abundance) 268 (3.6},
239 (1), 237 (2), 219 (0.9), 194 (1.6), 149 (1.2), 135 {1.9). 121 (2.8}, 129 (3.5), 95
(7.4), 87 (100); the IR spectrum of AvIV showed absorption bands at i} max
(KBr) 3675-3025, 2925, 2875, 2470, 1115, 905 and 845 cm U NMR (60 M1 2)
signals appeared at d 3,93, 3.60, 1.83, 1.7C and 1.30.

The area~ ol whibition of fungal growth caused on the TLC plates by
dilferent amounts of the Tour antifungal compounds ate given in Fig, 4 Heang
these dose tesponse curves the amount ot each compennd required o hing about
inhibition i an atea of Tem® was calevlated. Mach smaller amount. o Avil and
AvIV were tequited to brmg abow inhibiton m 1 em” area than Avl and AviL
The concentiation of Avi reguired for Lem” inhibiton area was sialler than
that of AV, The amounts of Avland AV requied for the same inhitioon area
were almest sumilar (Table 1.

‘The size of the inhibition areas corresponding to the four antifungal com-
pounds produced on TLC plates by the tissue extract increased with increase in

-
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Table |
The amounts of antifungal compounds tequired to cause | co? inhibition

Compound Concentration, mg/mi

Avl 1.875
Avll 02580
Asllt 1.62%
AV 0.525

the depth at which the tissues were cur from the fruit peel and pulp. This increase
was noticed up to a depth of 6 mm and thereafter the size of the inhibition areas
decreased (Fig. 5).

Extracts of the poed tissue taken from fruits at different developmental stages
i.e., from 15 davs after anthiesis up to ripening, produced four inlibition areas on
TLC plates. The size of the inhibution areas produced by the extracts taken from
the fruit peel tissue 15 days after anthesis was the smallest among all (Fig. 6) and,
up to harvest, this increased gradually when the age of e ruits, from which
extracts were taken, increased. The highest antifungal activity was found in the
tissues taken {rom fruits at harvesting matarity. Froits which were at harvesting
maturity were obtained and allowed 10 ripen; tissues cut from these at two-day
intervals dll they became fully ripe were bioassayed. A pradual decrease in the
size of the inhibitjon areas corresponding to all four antifungal compounds was

T
—

~
T

Intabition area(cm?)

1t

o_mL”D
I?!klZlLl?]LIZJL

Al Avll Avll! Aviy

Fig. 5. Vertical divtribunon of antifungal compounds Avl, Avil, Avill and AviV
4 ¥

in the immature frui (1 - 0.- 2 mmy 2 = 2-tmmg Vo= 4 bmim; 4 = 6--8 mim thick)
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A harvest Symptom exprestim
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Fig. 6. Sketch of a thin Liver chromatogram prepated with ether extracts of avouado fruie peel
at ditferent maturiry suages, sprayed with € plocosporiordes

noticed duting fruit ripening (Fig. 6) and only a trace or no antifungal activity
was detected in tissues taken from fully ripened fruit (Table 2). Symptoms of
anthracnose disease are usually noticeable at this stage of fruit ripening,

Table 2

v thefruie peel acharvest and symprom expression

Concentration ol anufungal compounds i

Concentration, pp ‘g fresh weight
at harves at symptont expression

Compound

Al 1300 none

AN 920 5

Al 1050 none

ALY 780 64
Discussion

Prosky er alo (19825, who investigated the antifungal activity of the unripe
avocade fruit in relaton e the development of latent infections by €. gloco-
sporviotaes, isolated one prelormed antitungal compound, L-acetony 2-hydroxy-
t-ovo-heneicosa- 12,18 diene (diened trom the fraic peel. They concluded that this
compound was sofelv respamible for the establishiment of Litent infections in the
unripe frait of avocado by this fungus.

A simifar stady, cartied oue in tine Liboratory o identily the factors that
povern latency in unripe avocados using more sensitive bio-assay techniques,
revealed that there are at leawt four preformed antifungal compounds in the
immature avoeado frait peel (these were denoted by Avl, Avtl, Avliland AviV).
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The method that Prusky et al. emploved to detert the antifungal activity of the
tissue extracts was spore germination assay and it 1s possible that this method may
have failed to identity the toxic effect of the ather three compounds. Their
experiment v 5 repeated i this laboratory using the procedure adopted by them
and it was tound that the fungitoxicity of only one compound eluted at Rf
0.6—0.7 (diene) could be detected by spore ; erimnation assay. Our later experi-
ments revealed that the other three compounds were only sparingly soluble in
water and that it was not possible t detect their presence by shde germination
assay technique. Solubility of the test material is a pre-requisite of this assay.
There is also a slight possibility that the avocado varieties used by Prusky et al. in
their experiment did not contain these three compends. Experiments which
were conducted to examine if challenge inoculation of fruit by the fungus results
in an increase of these antifungal compounds gave negative results,

The IR spectrum of the amtifungal compound Avil indicated the presence of
hydroxyl () max 3650-30521 1nd ester canbonyl (i) max 1725) proups and C-Hi
stretching () max 2860 and 2793 cm "), The 'H NMR spectrum indicated the
presence of an acetate group (8 2.13; and oletinic protons (& 5.63—~4.90) in the
compound. The spectral data of Avll compared well with those of the diene
described by Prusky e al. (1982) and the compound was thus identified as cis-1-
acetoxy-2-hvdroxy-4-0x0-heneicosa-12,15-diene. “This compound  was previ-
ously reported by Crane ez al. (1975).

The IR and "HNMR speetral data of AvIV indicated the presence of
hydroxyl groupts) (8 inax 3675-3025 cm ') and a saturated long chain (& 1.30),
The presence of hydrosymethine and hvdroxymethylene protons in the molecule
was inferred from the multplets at § 3.93 and 3.60. The IR spectrum: also
indicated the absence of a carkuayi group in the compound. The mass fragments
at m/z 268, 239 and 237 iway be assigned to MY, M-CiHg and M-CH,OH. This
suggested that AvIV could be a saturated long-chain compound with hyvdroxyl
proupts), which is not among those reported previoulsy from avocado plants
{(Kastnan et al 1969, Nitaan er ol 1970). awever, the structure of AviV
could nnt be deduced from the present data. Atempts made to purify the
compounds Avl and AvIIl were not successful and therefore their chemical
structures could not be stndied further,

Relative toxsicity of the four compounds to C. gloeosporioides was esthimated
by determinmy the amount required to bring about an inhibition arca of 1 em? on
the TLC plates. Andifungal compounds Avll (diene) and AvIV were found to be
more toxic 1o £ glocacpormondes than Avl and Av] The highest toxicity was
found with the compaonnd Avlt (dieney which i about 2 thines as tosic as AvIV
and about 6.5 and 755 tmes as osic a Avi and Avl respectively.

The concentration of the four antifungal compounds which was low in the
very voung it mcreased pradually with fraie development and reached
nuasimum at harvest. A decrease i the concentration of all four compounds was
noticed during fru ripening and only traces of Avll (diene) and AvIV were
detected in fully vipened fruits, at which time anthracnose Jesions were promi-
nent. Similar observations were made by Prusky et al, (1982) with respect to the
antifungal diene, where the concentiation of the diene, as high a5 1200 pig/p fr. wt.
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in the peel of unripe fruit, decreased to 120 pg/g fr. wt. during ripening. The
decrease apparenty varied with the cultivar. In the cultivar that was used in our
experiiments, the amount of Avil (diene) and AvIV in the fruit peel was about 920
and 780 pg/g fr. wt. respectively at harvest. These amounts decreased to about 52
and 64 pg/g fr. wu respectively in the ripe fruit, at the time of visible symptom
development. Compounds Avl and AvIIl were found to be in high concentra-
tions, 1300 and 1050 pep/p fr. wi., at the time of harvest and the presence of these
compounds could not be detected in the ripe fruit.

Prusky ef al. (1982) found that the concentration of the diene by itsell was
adequate to prevent the growth of the pathogen in immature fruix, i.e. a solution
containing 790 up/g caused total inhibition of germination of the pathogen.
However, the situation here appears to be different in that the resistance of the
fruit tiesue is evidently due to all four antifungal compounds rather than a single
compound. Whe:her or not the fungstoxicity of these compounds is additive has
not yet been deternnned. .

Considering the situation in the ripe fruit at the time of anthracnose lesion
development, the pecl tissue contains only 52 and 64 jp/g fresh weight of Avil
and AvIV respectively and no detectable amounts of Avl and AvHI and these
amounts are not sutlicient to cause total or even partial inhibition of the fungus.
This may be the factor that allows the pathogen to reactivate and develop
progressively in the ripe fruit tissue.

The concentration of these compounds was higher in the underlying
2—6 mm deep layers of the fruit (this includes both pecl and pulp tissuey than in
the outer 2 mm laver of the fruit. The fact that the fungus in the anthracnose
lesions is normally restricted 1o the peel suggests that the higher antifungal
activity in the deeper tissues prevents the colonization of the fungus at deeper
levels.

In conclusion these results further strengthen the hypothesis put forward by
PrUSKY et al., that the antifungal activity of the peel is the factor responsible for
the development of latent infections in the unripe avocado fruit by C. gloco-
sporioides. It has also been shown that the latency in unripe avocado was not due
to nutrient ditferences between the unripe and ripe fruit (PRuskY et al. 1984) nor
to the inadequate enzyme potential of the fungus (SvaNATHAN and ADIKARAM
1989).

The resistance of certain other fruits to fungal diseases has been attributed 1o
preformed antifunga! compounds, for example, Artisos (1952) reported rhat the
presence of a preformed fungitoxie compoand. solanine, found in funpitosic
concertiations m tomato frait, prevented the development of Colletotrichum
phomoides, and another preformed antifengal compound, tomatine, present in
high concentrations i the peet of gieen tomato, was inhibitory o mycelial
growdh of Booves arevaea (Vienorr and Liest 1975),

This wonk was supported by prants from NARESA, Sri [anka and 1FS, Sweden. The authors
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ANTIFUNGAL COMPOUNDS FROM IMMATURE AVOCADO FRUIT PEEL
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16-yne; 1,2, 4-trihydroxyheptadec-16-ene; 1-acetony-24-dihydroxyheptadee- 16-yne; safynal.

Abstract—Three antifunga! compounds isolated from the peel of immature Avocado fruit have been identified as 1,2,4-
trihydroxyheptadec-16-yne, 1,24-trihydroxyheptadec-16-cne and 1-acetoxy-2,4-dihydroxyheptadec-16-yne, previous-
ly detected in extracts from avocado seeds.

INJRODUCTION chromatography on Sephadex LH 20 and finally pre-
parative scale HPLC on a reverse phase column. This
procedure produced two antifungal compounds AV (4a)
and AV{de) in the ratio 1:4, Species AV (4b) was only a
trace component. A similar purification of fraction AV (3)
afforded only one active compound AV (3a). These three
compounds were white or ofl-white crystalline materials

Avocado anthracnose, caused by Colletotrichum yloeos-
porioides (Penz.) Penz. & Sacc. is a major disease factor
contributing to post-harvest rotting in avocado fruit.
Unripe fruit show no evidence of incipient decay lesions
but the decay process develops rapidly during ripening,
indicating the presence of latent infection [1]. This char- ) B h .
acteristic behaviour has been attributed to the presence of .md"\\crc cx..m‘unc? t})y (” NMR spnclrt?slc?py. ¢ indi
a significant concentration of antifungal ~ompounds in 1_ ;c p'rf:SLll;.)C ? c1.1mclmzlfc f\p\c,c‘:l:" ca:‘urc;\nlnsl-
the peel tissue in the early stages of growth [2, 3]. These c.n'tu that "Oé‘l compoun ;‘ | (4a) an 4 (4c)
compounds suppress the vegetative growth of C. gloeos- were unb.mm e ] ong chdmn n' iphatic c((;’m[?oun Sl coni
porioides but during ripening this natural antifungal taining 'll‘ p”"}‘l"y and } mlo lsccon ary mc(rxoxg’
activity is rapidly lost, presumably due to chemical or gr(()ll;r(‘;ilcl\; Cﬂ}l}do(;%é}]wgl\{ .“c' prcsc_:nfcc 01 Tthc
enzymatic degradation of the active specics [4]. Detailed " ld'ﬂ'l b 3 A\Tzlm ‘;“;;,":rm' hc
study of extracts of avocado peel tissue have shown that essentia If crence | c'l“c.c" | (da) ag” C(‘!C) was the
at least four antifungal fractions were present [3] but only lprcscncc (? a (crmmad.vmylkgmrp ( ’al__{é) n ”}:C
one compound was fully characterised 2, 3] This com- 2 'H¢T and a corresponding atkynyl group (CH=C-}in the
pound was a long chain alkadiene with a dihydroxyke- former. Compound AV(3n) appeared lo.bc the mono-
acetate of AV(da). These structural assignments were

¢ moie one end, isolated i q - " . .
;2;3:: ('“ly at one end, isolated in the form of a mono confirmed by 'H-'H correlation spectroscopy and, in the

Me(CH,;),CH==CHCH,CH==CH(CH,),COCH,CHOHCH,0COMe
1

Thesce antifungal species in unripe avocado have been  —--- -
reexamined and we now report the characterisation of a

further three active constituents of peel extracl. case of AV(3a) (at ca 98%, the purest of the thrse

compounds), by the ! YCand DEPT spectra. Thus AV (4a)
was assigned the structure of 1,24-trihydroxyheptadec-
RESULIS AND DISCUSSION 16-yne (2), AV{de) is 1,2 4-trihydroxyheptadec-16-cne {3)
Freeze-dried avecado peel was powdered and e and AV3a) is facetoxy-24-dihydroxyheptadec-16-yne
tracted with dichlotomethane and this extract chromata- (41 The full NMR chiriacterisation of 2 4 s given in
graphed on silica gel to afford four fractions with antifun-  Table L AU this point, a literature search reveiled that
gal activity (as deterinined by our bioassay method {3, compounds of this type had been discovered by Kashman
51). These four fractions had R, values ethyt acetatey of et al. [6] over 20 years ago in extracts ol avocado seed or
0.78, 0.60, 0.54, and 042, amilar to those reported dried avocado fruit, The antifungal activity was un-
previously [3] and are labelled AVil), AV(2), AV{3yand  suspected but the structures appeared to be lirmiy estab-
AV respectively. Fraction AV(4) was further putified  lished,
by flash chromatography on silica gel, gel permiation

Cllym- CHCH, ), CHOHCH,CHOHCH,OH
e g ~ )

*Author to whom correspondence should be addiessed 2
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CHa=C(CH,),, CHOHCH,CHOHCH, Ol
~_r ~ /
3

CH=C(CH,),,CHONCH,CHOHCH,0COMe
St s ~
4

To confirm the chain length in compounds 24 the I3}
mass spectra were examined. The expected [M]* fon was
not observed for 2 nor was the ion [M—CH,OH
—~H,03" which is reported [6] '0 have an intensity
of 63%. Furthermore the ion with m/z 209 [M
—CH,CHOHCH, 017" had an intensity of 3% com-
pared to 62% reported by Kashraan et al. [6]. Com-
pound 3 showed similar sesults, the ion with highest mass
being that atm/z 211(4%). The acetate 4 had a 2% ion at
mfz 209 (M — CH,CHOHCH,0Ac] *. Both these species
are reported [6] to have EI mass spectra with a high
intensity peak for the loss of the three carhon fragment
from the hydroxylated end of the molecule. OQur results
were unchanged by variation in the electron acceleration
voltage and fully reproduced on a different instrument.
We are unable to account for the difference between our
El mass spectral results and those of Kashman et al. [6].
The CI mass spectra (with NH, as reactant gas) gave the
expected results in all cases with peaks for [M 4-11]* and
[M+NH,]" and evidence for stceessive loss of three
molecules of water,

We have previously established the presence of the
dibydroxyketone (1) in avocado peel and demonstrated
that it is the most potent of the fungitoxic fractions which
were isolated [3]. Although the other active fractions
obtained from peel extract weic all less fungitoxic they
had a similar activity vs concentration prolile, showed a
sileilar_pattern_ol developuient i the peel tissue of

ripening fruit and had a_parallel behaviour in their
distribution_with réspect_to_depth in the fruit with a
maximum concentration at ca S mm. These strong simil-
arities 10 general behaviour of all the fungitoxic fractions
suggested a similar chemical structure and this has now
heen confirined by the present results.

The most significant structural feature is the trihydroxy
fragment which could be prescnt in a precursor to all
active compounds. If this structural feature is taken to be
a five carbon fragment then the whole scries of com-
pounds can be represented as § or derived species.

R--CH,- CH--CH, - Cl1--CH,
on ol on

Thus the oxygenated fragment can occur as a triol, u triol
acctate or a keto-diol acelate and the hydrocarbon
residue corresponding to C,,-1-ene, C,,-1-yne, or Ce-
6,9-dicne. ‘I neir distribution in avocada plants is sum-
marised in Table 2. The biochemistry of the antifungal
activity of these compounds is unknown. The keto acetate
Lis the most active sp~cies [3] but compounds 2-4 have
intrinsic activity and are not simply precursors or de-
gradation products of a form similar to 1. The significance
of the iength of the hydrocarbon chain or the type and
degree of unsaturation has not yet been established but it
is notable that the structural features of these avocado
antifungal compounds are similar to those of safynol (6)
and dehydrosafynol(7), phytoalexins from safllower (Car-
thamus tinctorius), which have a potent toxic effect on
many fungi [8). The oxygenated fragment in 6 differs
from thatin 2-4 only by the loss of one molecule of water.

Table 1. *H and **C NMR data for hydrocarbons 2 4%

‘H
e e e o JE U I\C
Position 2 k) 4 4
! 365 (3.5, 11.0) 364 m 414 m 68.66 ¢
I’ 349 (6.5, 1.0 3R m 400 (7.7, 12.2)
2 398 m 19T m 410 m 7263 d
3 1.58 dd 1.57 dd 1.6¢ 3901 ¢
4 3otm 390 m 389 m 7092 d
5 1.6 1.6 1.6¢ 3823,
6-13 1.26-1.45 1.26-1.45 1.26-1.45 25.39, 28.84, 29.19
29.57, 29.64
14 1.5 1.5 1.5¢
1S5 218422, 100 24 di 219122, 2.1 (849 ¢
16 592m 6813«
17 19422 499(1.5, 1RO 1.942.2) R192 13
17 433(15, 70
OH-1
OH-2 } 275 br 3.00 br Y40
OH-3 2.65
O 17031 5
Me 211 s 2100 ¢

*THNMR: 27007 MUz, CDCl,, TMS as internal standard; "*CNMR: 67.94 MHz, CDCl,, solvent at

1.1 ppm, implied multiplicitics from DEPT spectrum.
1 Established by a COSY spectrum.

ftdentified by the absence of a signal in DEPT spectium set for J - 130 Ha.

TR TR a4
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Table 2. Occurrence of fungitaxic derivatives of compound § in the avocado plant

Triol Triol-1-acetate Keto-diol-1-acetate
C,,ene Cypyne C,,ene Cypyne C,,enc C,s¥yne C,dicne

Peel . . . ot
Seeds $ $ 1 $ $ 1
Leaves §

*This work and rcf. (3].

tRefl. (2}

{Ref. (6},

§Ref. [7].

Extension of these structural featurcs into the arca of
preinfective activity in avocado is significant.

MeCH=CH(C==(),CH=-CHCHOHCH,0H
6

CH,CH=CH(C=C),CHOHCH Ol
7

EXPERIMENTAL

NMR spectra were obtained using standard conditions (32 K
acquisition giving data point resolution of 0.24 Hz for 'H and
1.2 Hz for '3C spectra respectively). DEPT and COSY spectra
were also obtained with standard conditions. Mass spectra were
obtained on a Finnigan 1020 instrument (Elyand ona VG12-25°
instrume; t (El and Cl).

Isolation of amtifungal compounds. Immature fruit of Persea
americana cv 'Green' were obtained as deseribed previously [3].
The outer skin (I-2 min thick) was pecled, bulked, frecze-dried
and powdered. This material (479 g) was extracted with hexane,
CH,Cl, and McOil under reflux conditions. Both the hexane
extract (23.1 g) and the CH,Cl, extract (25.2 g) gave dark green
semi-solids which displayed antifungal activity. The latter, more
active, extract was fltactionated by CC (siticn gel 250 g, Merck art
7734 ASTM). Secquential elution with hexane, FtOAc and
MeOH gave 80 frs which were reduced to 12 by pooling on the
basis of TLC behaviour. These were tested for antifungal activity
(Table 3). The fraction Jabels AV(1)-AV(4d) correspond to the
four different zones of antilungal activity which were distingui-
shed by our TLC assay (see below). Part of the AV(4) material
(fr. 9, 20g active spot R, 042), was farther purified by
Mash chromatography (sitica gel, 230 400 mesh, 30 g5 with
CHCEy- MeOM (97 1) as chiant. Two fis were obtained and the
less polar, more active ane was passed through a Sephodec LH0
column ({CHCI,-M2OH, 3:7) to remove pigmemts, A sohid was
collected and subjected to prep HPLC on a gBoudopack Cyy
cotuinn cluted with McOH H,O(7:3yata flow rate 4 nil min !
using refractive index detection). Four species were detected:
AV({4a),(14%, capacity factor, k" 3 SLAVE@DI %0 k7 9.3) AV
(68%, k' 11.7), AV(d), (17%, A" 24). Only AVELa) and AV(4e)
showed antifungal activity.

Part of the AV{)) matenal (fr. 7. 1.6 . active spot R, 0.5 was
further purified by Nash chromatography {column as above,
CHCly as cluant). Fou, [rs were obtained all showing some
antifungal activity. The most polar fr. was separated by pre-
parative HPLC (as above) into two components AV{34)(62%, &°

' :

Table 3. Distribution of antifungat activity in chromatographic
fractions

Fraction number  Antifungal activity R,

1 — -
2 —_ —
3 + 0.78 AV(1)
4 + 0.60 AV(2)
s —— —_—
0 + 0.54 AV(3)
7 + 054 AV(3)
8 + 042 AV(4)
9 + 042 AV(4)
10 + 042 AV(4)
1 + 0.42 AV(4)
12 - -

9.6), and AV(3b) (38%, k' 23.1) of which only the former had
antifungal activity. '

Detection of untifungal activity. Antifungal activity was moni-
tored throughout the purification process by a TLC bioassay
(5]). Thus, aliquots of the extracts were spotted on 1o TLC plates
(Kiesclpel 254 PF60 Merck, 0.5 mm thick), the plates developed
with EtOAc and air-dricd overnight. The plates were then
sprayed with a suspension of conidia of Cludospr.rium cladospor.
ivides and incubated in a moist chamber for 2-3 days at 28°, The
presence of compounds toxic to the fungus was indicated by a
zone characterised by a Jack of ac:ial mycelium.

1.24-Trikydroxyheptadec-to-yne (2). Mp 71-7°, Li/MS
70 e\ m/z (rel. int.} (below m/z 121 only major peaks are given):
253 [M -CH,OM}" {2) 235 [M ~CH,0H - H,0]"* (2), 209
IM - CH,CHORCH,OH " (1), [49(4), 135(7), 123(3), 121 (R},
109 (151, 105 (22), 95 (31), £7 (100}, RT (38), 69 (38), 67 (43), §5 (89,
CUMS (N )z (el sut, only peaks above oz 230) 302 [M

ENHL Q25,285 [MAHT (49,267 M + H - H,0] 19,249
[N H - 2H,01 (7, 230 [M -1 - 3H,0] ()

1,24 Irihydroxyhepradec-16-cne (3). Mp 64 65, (2] - 3.5
(CHCly: 20y, EI/MS T0eV /s (rel. int) (below myz
121 only major peaks are given) 255 [M-CH,OH]*
(), 27 [M-CH,OH-HB.O0]1° (3, 219 (4. 211 M
< CHRCHOHCH,OH® (5 149(2). 135(30 123(5), 121 (1, 109
(L6), 105 (16), 95 (35), 87 (100), R] (33), 69 (32). 67 (39), 55 (78);
CLMS INHL) my7 Gel. int, only peaks above m/: 230): 304 [M

FNHGE (29 287 [M +HE (30,200 [M4-H=-H,0)0 (D,
251 (M4 1~ 2H,00° (3, 23 M+ H - 3H,0)* ().

1-Acetoxy-24-dihydroxvheptadec-16-yne  (4). Mp
L]t - 100 (CHCH,; c Loy EI/MS 70eV om/fz (re]

670",
int.)
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(below mfz {21 only major peaks arc given): 253 [M
- CH,0Ac)* (1), 235 (M--CH,0Ac-H,0]* (2), 209 (M
—CH,CHOHCH,0Ac}" (2), 147 (25), 135 (6), 129 (9), 121 (8),
117(9), 109(12), 100 (32), 95 (28), 87 (100), 81 (37), 69 (38), 67 (38),

N. K. B. ApIKARAM et al.
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6. IMPACT, RELEVANCE AND TECHNOLOGY TRANSFER

By means of comparative biochemical approaches, we have
elucidated putative defense mechanims controlling postharvest disease in
unripe avocado fruits. Levels of the avocado diene and monoene were high
in unripe, disase-resistance fruit but decreased during fruit ripening, a time
when latent fungal infections cause proliferating lesions that make fruit
unmarketable. Such correlative evidence, however, does not prove a role
for the diene compound in resistance. To provide more critical test we
employed various exogenous treatments that modulated the normal
disapearance of the diene during the ripening of avocado fruits and
observed wheter the treatment concomitantly affected the development of
fungal decay. The most effective measures were antioxidant ard high
carbon dioxide treatments, which inhibited decreases of the avocado
antifungal dicne compound during ripening or induced accurulation of
higher levels. The fact that modulation of diene levels by these agents led
to the predicted changes in fruit resistance constitutes important evidence
that the diene is a physiologically important agent affecting resistance to
C. gloeosoporivides.

Treatments such as antioxidants affect levels of preformed
antifungal coimpounds may be used for practical discase control. As

described in one of the ms, this treatment is currently beeing tested in

a



Israel for the prevention of postharvest diseases during storage and
shipmert. Increasing environmental pressure for reduced pesticide usage
encourages experimentation to determine if levels of preformed antifungal
agents in fruits of other plants can be similarly modulated to prevent
postharvest discase.

This project has developed a new way for the control of postharvest
disease that should further be tested in several developing countries.
Dr.Adikaran scientific capabilities have broaden since he has done very
important {inding on the chemistry, analysis of new antifungal compounds
in avocado. Further more he has been exposed to new aspects of the
biochemistry of resistance of unripe fruits and new aspects in the same

direction are being studied in his lab at present time.

7. PROJECT ACTIVIYIES

The scientists of this project have met twice as proposed by the
project activities. Furthermore the close friendship developed by the two
scientist have resulted in several other meeting during international
conferences like in Internation..} Plant Pathology Meeting in Kyoto, Japan
and in Montreal, Canada. During Dr. Adikaran visii in Israel, he was able

to check our laboratory methods and the use of the antioxidants.



The list of published ms of this proposal is very significant and
represent the basis for the study of resistance of unripe fruits to

postharvest diseases.
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8. PROJECT FRODUCTIVITY

The project has achicved most of his goal. The project has
described new antifungal compounds, the are involved in the resistance to
postharvest diseases. It has been described the possible regulation or
modulation of the natural resistance and we have resulted in a commercial
treatment that should be further tested in order to be included in a

packinghouse treatment.

9. FUTURE WORK
The project has resulted in the development of a new idea, the use
of treatment with high concentration of CO2 as a possible stress for the

induction of fruit resistance and it is presently being studied.

.
1

it
PSS g



