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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 re.;istance. 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 levelopment 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. 
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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 

extensive decay. Such quiescent infections habe been observed in tropical 

subtropical and deciduous f. iits. The resultant decays habe great economic 

importance, since they reduce the shelf life of fruits during storage and 

transport. The disease prob!ems habe been further exacerhated by the 

development of pathogen resistance to fungicides and withdrwal of 

pesticides or. 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. 



5. Methods and Results 

EVALUATION OF ANTIOXIDANT TREATMENTS FOR 

PREVENTION OF AVOCADO ROT 

The use of antioxidants to delay the onset of anthracnose and stern 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. 



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. D. 19E. The use of antioxidants to dela the onset of anthtacnose antidstem end decay in 
a.ocado fruits after harvest. Plant Disease 72.381-394. 

tnfiltration ofavocadofruits (cultiws Iuerte) withO. I mMf solutions ofan antioidant (butylated 
h.,droxy toluene [BHTJ n-tocophrrol. eer.butlh)droquinone [111. epicatechin. ot 0.01 
gum guaiac)dclayd the appearance ofanthracnosc smpt ns for 1-; days. A mixture 01. 1 mM 

IT and either OS ascothic or 0.lr' citric acid enhanced the aclivily of 1t11I alone and delayed 
the appearance of anthracnose s)npnms for a further day uithoul affecting fungal grosulh in 
,itro. lBur.ated h.droxy anisole nd prop~l pallatelO I mMl had no effect on di ree expression. 
Treatments of fruits uith. 1ml epicatechinora mixtureofO.l mM fllTand OSi ascorbicacid 
delayed the disappearance of endogenous epicatechin and the antifungal diene. and delayed 
disease expression: infiltration ssith I mM 1IlIlQ. hoisever, enhanced the disappea,an and 
diseasrexpression. In semicommercial trial, stein end tot in culti.ars Ettinger and fIe sr.teaalsa o 
delayed for 1-4 days as a result of dip treatment in r initii of 0.1mM Itll r and .-ither 0.57, 
ascorbic or 0. I%citric acid. 

Additional ke) %ords: antifungal compounil 
postharsest treatments 

Anthracnose. caused by Colletoiritiitm 
gloeospbrioides Pen,., and stem end rot. 
caused by Diplodia notaleni.s Pole-
Evans.are important fruit-rotdiscasesof 
avocado in the U.S.A., Israel, and 
Australia (1,12,17.18). C gloeo.sporiodlca 
infectsasozado peel (2)and D. natal s. 
infects the fruit pedicel (I) during tie 
growing season. but the infections 
remain quiescent until fruit ripen after 
harvest. Under commercial conditions, 
'ekay development can usually be 

N..uclayed either by storage at low 
temperature (5-6 C) (13) or by fungicide 
treatmentt (7) The latter is applied a-
preharvest orchard sprays or. more 
efficiently, as postharvest dip treatments 
(7). 

Prusky et at (10) isolatcd a preformed 
antifungal compound from the peel of 
unripe avocado fruits and identified it as 
rijcis-l-acetoxv-2-hydroxy-4-oxo-
heneicosa-12.15 diene (Fig. I). This 
compound was shown to be involved in 
the mechanism for quiescence of C. 
gloeosporioides infections in unripe 
avocado (10). The antifungal diec also 
inhibited elongation of germinating I). 
notalensis hyphae with an ED,. similar to 
that of C. gloeosjorioidej(480pg/mll. It 

Contribution from the ARO. No 1961. 1917 
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Iliiescent infrctions. postharesi diseases. 

wassuggested that lipoxygenasecatalyses 
the oxidation of the antifungal diene 
during fruit ripening, resulting in its 
decreasetosubfutngitoxic concentrations 
and. therefore, in its decrease ip 
actisatioot of fungal infections (fig. 2) 
(9). Infiltration (if fruits %sith o-
tocophctol (PDII). an inhibitor of 
lipoxygcnase activity. inhibited the 
dccrcase of the antifungal diene ard also 
the desclopmcnt of antliracnose lesions 
(9) It was concluded that lipoxygenase 
actisityinthe peel ofripening fruilscould 
he regulated by concentratien of the 
nitural antioxidant epicatechin (Fig. 2) 
II1). Reduction in concentration of 
epicatechin in the peel after harvest ssas 
alsays found to be associated with a 
decrease in diene concentration and 
development of anthracnos¢ lesions 
(inptid-IirFed). 

I his contribution reports on exogenous 
po;tharvest treatments that inhibited 

lipoxygenase aclivity antd dcla ed the 
actisation of quiescent infections and 
dcslopnticnt of anthracnose and stern 
mnd decay. 

MIATERIAl S AND METIIODS 
Asocado fruits (CUitivars Ettinger and 

Fuerte) uere obtained from an orchard 
near Rehovot, Israel. A single-spore 
isolate of C. gloeo.sporioides front 
decayed avocado fruits was used in all 

experiments. Cultures of this strain vee 
maintained either on avocado fruits or on 
pntato-dextroie agar IPDA) plates (10). 

Fruits were inocuted with a IO-pil drop 
of a spore suspension 01" spores/ml) 
placed at four different positions along
placed t oitditns ongboth sides of the longitudinal axis of each 

of 20 freshly harvested fruits and then 
incubated at 20 C. Fruits were eximined 
daily for disease symptoms using a 
binocular microscope. Peel darkening 
exceeding I mm in diameter was 
considered positive for disease expression. 
The effects of tbe Irtatments v&ere 

expressed as days fromtnoculation to 

sascalculated for 11Oittectiun points per 
treatment. 

Effect of antioxidmnts on C. gioeo. 
sporioides decay deselhtpnrent. Twenty. 
four hours after inoculation, opposite 
hal, es of th: same fruits were infiltrated 
with either antioxidant or solvent 
sctlions (9). Infiltration was carried out 

by inmersing the appropriate half of the 
fruit and reducinL!he pressure to 100mm 
lig for 60 sec. The amount of solution 
absorbed by each half fruit was 0.20 ± 
11.08g per 100 g of fruit. Fruits were 
infiltrated vsith a-tocopherol, butylated 
hydroxy toluene (BHT), butylated 
hydroxy artisole (BIA), gum guaiac, 
tert-butylhydroquintone(m'IBQ), and 
epicatechin in 0.1% ethanol, 0.1% 
dimethyl sulfoxidc (DMSO). and 0.01% 
Triton X-100. The same detergent
ethanol mixture, without antioxidant, 
served asa control. Insome experiments, 
ascorbic or citric acid at 0.5% and 0.1%, 
respectively, were added to BIT as 

-, 0-
" 

diene from aSocado. 
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1-l.2. Sequence of reactions leading toactive 
infections of coIllerotrichumn gh osmporimde.in ripening avocado: lipoxygenase-catalyred 
decrease in diene concentration facilitates 
acti,ation of quiescen infection. Epicatechin 
inhibits liponygenase activity. 
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synergista of antioxidant activity (14). unamendtd plates were inoculated with stored at 2 C for 10 days and then 
Experiments were repeated at least twice. 5-mm-diameter plugs offtrngal mycelium transferred to 20 C. Symptoms of 

Effect of antloaldants on C. Ioieo . sampled from a 7-day-old culture. The Diplodia stem end rot exceeeding I cm 
sporioldesgrowth In vitro. diameter of growlh deveeloped at 20 C deep in the fruit flesh were consideredAntioxidants 
dissolved in 95% ethanol were amended and was checked daily. Presence of positive for disease expression. Each 
into PDA. Antioxidant-amended and 	 ethanol at a concentration of 1% in the treatment was replicated six times with 

media did not affect C. g/oeosporioides 20 fruits in each replicate. Experiments 
growth. were conducted twice in each of two 

. Extractlon and quantitative analyss of harvesting seasons.
 
. . the anilfungal diene nnd epicatechln. The
 
I., lot let antifungal diane was extracted from 	 RESULTS 

s 	 avocado peels and quantified as described Effect of antlosidants on C. gleD
by Prusky et al (10). the lipoxygenase sporioldes decay development. Infiltration 

o 	 inhibitor, ertcatcchin, was extracted in of avocado fruits with 0.1 mM IIT.0.1 

S5-mM sodiu..i phosphate buffer (pl1 7.2). mM n.tocopherol. or 0 01% gum guaiac 
,, partially purified hy flash chroma- delayed decay development by C. 

tography. and quantified by IIPLC as gloo.porioideson the treated side of the 
S- described by Prusky etal(9). fruits (Fig. 3) compared with Ihecontrol 

- 3 r s 1 1 = Effect of antIoxidant and fungicide dip side. Butylated hydtoxy toluene delayed 
s.1 "Erra ,aocutU0n treatment on development ofD. naotalensi disease expression by I day. and a

decay In semlcommerclal trials. In these 	 tocopherol and gum guaiac delayed it byFIg. 3. Effect of antionidants on decay experiments, fruits were not artificially 2 days Inhibitionof lesionexpansion 
developmentof Colletorichumgloeosorioides2 
in avocado fruits stored at 20C One-half of inoculated. To assure a high incidence of Was observed until 9-11 days after 
the whole fruit was infiltrated 24 hr %fter stem end rot, avocado cultivars Fuette harvest in the antioxidant-treated versus 
inocultion offreshly harvested ftuits with(A) and Ettinger Were pi.ked earlydutingthe control halve; of tie fruits. Treatments 
tutylated hydroxy toluene. (B) i-tocipherol harvesting season from orchards known with 0.1 mM 3I1A or 0.1 mM propyl 
at 0.1 mM. and (C)gum guaiacat 0O01%in 	 for high incidence of the disease (12,13). gallate were ineffective (results not 
o01%lriton X-100.0 t% DMSO. and 0 t% Th fungicide imidazole (Procblorar. 45 presetited) The effect of TBIIQ differed 
ethanol(a) Control hates(o)uereinfilhrated EC) I-,".propyl-N-[2-(2,4.6-trichlor- withconcentration. Terr-hutylhydro
with the solvent alone. )ecay development is oplenoxy)ethyl]carbarnoylimidarole quinone at 0.1 mM delayed disease 
expressed as th diameter of peel darkeningat (7.12)was compared ,ith'antioxidant expression by I day (Fig 4B). ut 
the inoculated site Darkering of the peel
exceeding an area of I mm in diameter was treatments for control of stem end rot. licatnrent with I toM I lllQsignificantly 
cnnsidered as symptom expression of disease. Twent)-four hours aftc harvest, fruits hastened disease expression by I day 
Standard deviation isprovided in brack-. were lipped for 30 sec in 900 ug/ml (Fig. 4A). Effects of treatriients lasted for 

piochlorat or in aqueous antioxidant at cast 8 days after iarvest. 
solutions at 0.1 mM IT and 0.5% I he addition of either 0.1% citric or 

6 ascorbic acid, and 0.1 niM Bil- and 0 5%ascorbic acid enhanced the activity 
0.1% citric acid. Alter treatment, fruits of BIIT. In both treatments disease 

4 (A were air-dried and stored at 20 C or expression was delayed by I day. Eight 

da)s after intueulation, the lesionE r diameter on the BIlT-ascorbic acid- and 
-.20 W - - - - - - - ll -citric acid treated sides was 1.0 -± 

s-nu 	 ta00 0.2 mm and 0 7± 0.3 mm.As 	 respectively; inU) 0 the fillIcontrols, the lesion averaged 1.8 

if lw + 0.3 mm. Neither 0.1% citric nor 0.5% 
_j ascorbic acid affected decay developmentI., 

(8) too 	 s___-ignificantly. Eight days after itiocul at ion, 
t ). lesiondiameler averaged 1.5 ± 0.3 nm ott 

t tilecontrol side anti 1.7 ± 0.5 nim on the 
4 -I. too ,4 ancorbic acidt-infiltratedside.On fruits
 

u treated %kithcitric acid, 	 the lesionf control side2 - o0 	 averaged 2.2 ± 0.3 mm on hle 

compared with 1.8 ± 03 mm on the 
I I I I E otreated side. 

SaY, AFr[n ,tAavEsr A14) ttFcvsaUrios C. goeituporioide, growth wits not 
3 5 7 9 
 affected by mixtures of 0.1 mM IIT 

HARVEST ofepicatechin notDAYS AFTER 	 FIs. 5. flfecl the antifungal With either 0. 1% citric or 0 5% ascorbic 
dine concenrratitn and decay development acid added to PDA. After 7days at 20 C,FIg. 4. Elfeet of tert-hutylhydtnqrinone on 	 b Collrtr,hu,ngloe-%pr...l aeinavocalho 

decay development of Coletiitrichum .heto. fruits stored at 20 C. rpicatechin 10.1 mi, . in the diameter of 5 mot fungus circleshad 
rponolder in avocado fruits stoed at 20 C. 0 0t1 Triton X-I1n.IIt1" t)MSO. and 0. 1" grown to 5.8 ± 0.1 mm in the antioxidant-
Freshly harvested fruits were inoculated. 9ll. was infiltrated intofruit amended and unamended plates.elhanil halves 24 
Twenty-four hours later, one-half'ofthe wshole hi after inoculation of reshl, har%evted uts Effect or antioxldants on epicalechin
fruit was infiltrated either with the stlsent Cointrol halves were infiltrated v ith the atd diene concentration and on decay
(controls) consisting of 001% Tritnn X-t00. solvent alone (ot.Concentration of the development of C. Sloeosporioiles.
0.1% DMSO.and 0. te.ethanol (0. or with antifungal diene in crude extrats (if peel Effect of epicatenhintreatments on diene 
solvent atti, cintaining T IIIQ Is) at Ileated with epicatechin (hatched bar)or the cotcentratto and deuor detelopment.
concentrations of(A) I mM or (8101 I riM. solvent alone lopcn bar). Tto different Iwoexperiments sserecatried out during
fecay development is expresved as the 	 exeriments were carried out (A) in the 
diameter of peel darkening at the inoculated beginning of the harvest seasion and (B)3 mo one harvesting season. At the beginning 
site Darkening of thipeelexceeding an area later t)arkenmtg Ofthe peel exceeding an area of the season, the concentration of the 
oft mm in diameter was considered symptom of t mm in diameter was consideted symptom antifungal diene in the fruit peel was 
expression of disease. Standard deviation is 	 expression of disease. Slandard deviatitin is 3,450 pg/g fresh wt I day after harvest 
provided in bracket provided in bracket. (Fig. 5A). Infiltration with 0.1 mM 
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epicatechin delayed the decrease of the 
antifungal diene. Seven days aftr 
harvest. diene concentration was 451) 
pg,' fresh wt en the epicatechin-treated 
side and 60 jag/g fresh wt on the control 
side. Concentrations of endogenous 
epicatechin on the epicatechin-treated 
and control sides were 674 and 451 pg/g 
fresh wt, respectively. 2 days after 
treatment. Four days after treatment, 
epicatechin concentrations were similar 
in both ,ides. In the second experiment. 3 
mo later, the initial concentration of the 
diene was 1.100pg/g fresh wt. Five days 
later, concentrations of the diene on the 
epicatechin-treated and control sides of 
the fruit were 250 and 90 jug/g fresh wt, 
respectively (Fig. 58). Epicatechin 
treatment delay..a expression of disease 
in both experiments by I day. 

Effect of BIr-ascorbicacid treatment 
on epicatechin and diene concentration. 
Infiltration of avocado fruits with a 
mixture of 0.1 mM MilT and 0.5% 
ascorbic acid delayed the decrease of 
endogenous epicatechin concentration 
that occurs after harvest (Table I). In the 
peel on the antioxidant-mixture-treated 
side. the concentration of epicalechin 
was higher throughout the experiment, 
The antioxidant treatment also delayed
the diene decrease that occurred in the 

peel on the control side following the fifth 
day after harvest. Cn the seventh day. 
diene concentration on the control side 
was about 25% of that on the treated side. 
Nine days afire harvest, disease was 
expressed on the control side. whereas on 
the treaied side it was expressed on the 
tenth day. 

Effect of TBltQ treatment on 
epicate, /hin onddiene contcentralion. 
Infiltration with I rM IlBIIQenhanced 
disease expression by I day (Fig. 41 nd it 
also enhanced the decrease ofendogenous 
epicalechin and antifungal diene concen
tration of the fruit (Table 2). Concen
tration of epicatechin on the control side 
had decreased to288 pg/g fresh vt on the 
eighth day after harvest, whereas on the 
treated side it was already 62 pglg fresh 
we. Diene concentration in the TBiHQ
treated side of the fruit was lover 
throughout the experiment. On the 
eighth day after harvest, it was 520 ug;g 
fresh wt on the treated side and 2.050 
pg'g fresh wNton the control side. Ott the 
twelfth day after harvest, disease 
expression occurred on the FT IIQ-
treated side. whereas on the control side 
it occurred on the thirteenth day. 

Effect of antioxildanls and fungicide 
dip treatment on development of 1). 
natalenstdecayin semicormmercial trials. 
Dip treatment of Ettinger ttis itn a 
mixture of B11 l and either 0 I7 citric or 
0.5% ascorbic acid delayed symptoms of 
stem end rot by about 4 dais (Fig 61. 
After the decay appeared, it increased 
more rapidly in fruits dipped in lil IFand 
ascorbic acid than in the mixture of rIl r 
and citric acid. Dip treatments of Fuerte 

fruits (Fig. 7) on a mixture of BIIT and compounds that inhibited lipid pero
citricaciddelayeddiseaseexpressionby2 xidation activity of lipoxygenase (4.16) 
days compared with controls. The weretestedaspossibleinhibitorsofdiene 
mixture of BHT and ascorbic acid and peroxidation. They delayed the develop
the commercial fungicide prochloraz at ment of anthracnose and stern end rot. 
900pg'ml delayed disease expression by Infiltration treatments of avocado with 
only I day. a-tocopherol, BHT, TBHQ at 0.1 rrM, 

and 0.01% gum guaiac delayed the 
DISCUSSION expression of anthracro.e symptoms by 

The resistance ofunripe avocado fruits 1-2 days (Figs. I and 2). 
to attack by postharvest pathogens was Treatments with mixtures of 0.1 mM 
associated with the preformed antifungal BIlT and either 0.5% ascorbic or 0. M% 
compound called diene (10). Previous citric acid delayed the expression of 
results (9,11) led to the belief that diene disease symptoms by I day more than 
decrease was a result of increased BIlT alone. These mixtures did not 
!ipoxygenase activity. Activity of this inhibit the fungus in culture, and their 
enzyme was regulated by the decrease in effect must have been on plant 
concentrationoftheflavan 3-ol inhibitor, metabolism. Plant lipoxygenases are 
epicatechin (II). In the present work, strongly inhibited by some polyphenols 

Table I. Effect of infiltration of avocado frui .. tivar Fucrte) with a misture of 0.1 mM
 
butytated h-droxy ouene(Bll)and 0.5% ascor. cacid on theconcentrationotpicatechinand
 
antifungal diene. and on decay development of Colleoitrichum g/oeotporioiderat20 C
 

Eplcatechln* Dlene" Decay development 
(uglg fresh wt (Plt/g fresh wt) (mm) 

BItT +.b Blt + MIlT+ 
Days after ascorbic ascorbk ascorbic
 
harvest Control acid ontrol acid Control add
 
5 913 1.173 1.490 .00
 
6 1.431 1.817 500 .40
 
7 516 786 120 500
 
9 12 47 1.9' 1.0
 

t0 3.3 1.8 *
 
'Samples of partially purified extracts were chromatographed on re vrse-phase IlPLCcolumns
 
and peak heighlts %cre compared with those of standards.
 

'Fruits iereinfiltrated iith anatiueous soiutionoff0.0let, Triton X-100,-0,1"dichltysulfosiide
 
and 0.117etlhanol. ThesamesIution. without the antioxidant, was i-filtrated into control fruits.
 

' 
'Fruits were inoculated byplacing I-,al drops of a spore suspeniion rlO sporesmll at four
 
different positions along hosh sides on each of 20 freshly har'ested fruits Decaydevelopment ias
 
mcasired asdarkening of the peel Espresion of disease wasrecorded when peel darkening
 
exceeded anarea of I mm in diameter. * =Nleans for treated versus control %ere different at P=
 
005 

Tablel.Effectofiniltration o! avocadofruitttcuhivar Fuerte)with I mMt eri-ut)lhydroquisone 
(iflllQi on the concentration of epicatechin and diene. and on decay dceelopment by 
Colleorri,hi,m gioerrioridersat 20 C 

Epicalechin' Dlene' Decay development 
Days after fpc/l freshwl (pg/g fresh .l) (mm) 
harvest Contrnt TBIIQ Control IBIIQ Contro TBIQ 

I 1.235 7M0 
4 572 231 910 560 
, 6:19 273 1.940 510 
4 288 62 2.050 5211 

11 28 I 830 440 
12 0 7, 1.0' 
I! t0 2.0' 
14 16 16' 
'Sample%of partially purilied erxravrs ucre chronatogiaphed (in rescrue-phae Ill't.C Caliirtts 
anit peak heights wte cuinpired w 1ithIhis of standards
 

't rtiswere infiltrated with an ,queot silition of I tMIQin0 fili. triton X-100,0 i'> dimetih.%
 
t

suliioide. and 0 I' et.tnil I he saic solution , ithoul he anliioxdant. %as infiltrated into 
contirl fruit% 
rtts were inoculated hs placing IO-pl drops of a pore stJspcnsion (O' spores ni) at four
 

different povitins alonghitir sides (n rach of 20 frestly hasested fruits F)ccaydcsclopmentvas
 

ineasred asdarkening of the peel F:prcssiion of diseasewar recorded when peel darkiring
 
excecded iii area t Iri in diamler. '= Mean%for treated versus cuntrol were ditferent at P= 
oo5. 
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DAYS AFTER HARVEST

Fig. 6. Effect of postharvest dips in 

antiosidants on the incidence of Dipfodia 
natofenuifstemendrot onstoredavocadj fruit 
(cultivarmisture rfOImEttinger). Fruits were dip'ed in a]TadOS' sobc 

icf.1 mM 3T and 0.5% ascorbic 

acid (0) or 0.1 mM MIlT and 0.1% citric acid 
(Al. Controls (e)sere dipped in water onl). 
Dipped fruits were stored at 2 C for 10days 
and then transferred to 20 C. D. nataertts 
penetration
into fruit flesh to a depth of I cm 
was considered rot development, 
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DAYS AFTER HARVEST 
FIg. 7. Effect of posthusvest dips in 
antioxidants and fungicide on the natural 
incidence of Isphidia nomolerii vten end rot 
on stored avocado fruits (cutivar tuerte). 
Fruits were dipped in a mixture of 0 I mn 
HlHT and 0.5% ascorbic acid (11).0 I mM 
SMIlTandO % citric acid (0). Or900 pgm ' 
prochlorar JAl. Control fruitslo were dipped 
in water. Fruits were stored at 20 C"
throughout sie experiment, Dilodi a 

penetration into fruitflesh tonadepth of I cm 
wasconsidered dsseaseexpression. Itloirontal 
arrow indicates fruit were completely 
softened. 

(6.15). The inhibition, which is often 

competitive, is the result of the removal 
olt1977 

freeradicalsrequired tiereaction 
(3). When functionirg as antioxidants. 
phenols constitute a trap for free radicals, 
resulting in their own oxidation toa very 

stable product (3), preventingepicatechin 

oxidation and inhibiting lipoxygenase 
increase and diene decrease. A similar
effect was observed with an exogenlsw o v i e n 
treatment ofepicatechin, which prevented 
endogenous epicalechin decrease and 
delayed the dienc decrease. 

Teri-butylhydroquinone (0. 1 tM) 

delayed disease expression by I daybutatI mM. epicatechin and antifungal diene 

decrease and decay development were 
enhanced (Table 2). Antioxidants at 
certain concentrations act ascranocnrtoscaprooxsdantx 

(5), indicating the importance of 

optimization of treatments because 
different concentrations may have 
opposite effects. This indicates that the
regulation of decay development, 

initiated by the decrease of epicalechin 
and then of the diene, is a process that 

might be affectedineitherwry.
The mixture of li r and ascorbic or 


citric acid delayed the beginning of stem 

end rot development in scmicommercial 

experimetnts by 1-4 days A mixture of 

eimns w4aysAm ure o 

Fi11Tand citric acid was more effective
than the commercial fungicide prochloraz 
used in Israel for this purpose (II). 

Treatments of avocado fruits with 

antioxidants delay the conversion or 

quiescent infections of C. gloeosporioid-s 

and D. na aersis into active infections 


and disease. I hisdelay seems to depend 

on prevention of the decline of the
natural mechanisms of resislance. 
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1 The Use of the Antioxidant Butylated Hydroxy Anisole and the Fungicide 

2 Prochloraz for the Control of Postharvest Anthracnose of Avocado Fruit 

3 during Storage 

4 D. Pruskyl, H. Ohr2 , N. Grech 2 , S. Campbell2 , I. Kobiler', G. Zauberman' 

5 and Y. Fuchs'. 'Department of Postharvest Science of Fresh Produce, 

6 ARO, The Volcani Center, Bet Dagan 50250, Israel and 2Department of 

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

8 ABSTRACT 

9 Prusky, D., Ohr, If.,Grech, N., Campbell,S., Kobiler, I., Zauberman, 

10 G., and Fuchs, Y. 1994. The use of the antioxidant Xedaphen-20 and the 

11 fungicide Prochloraz for the control of postharvest anthracnose of 

12 avocado fruit during storage. Plant Dis. 78:000 

13 The incidence of post-harvest anthracnose of avocado caused by 

14 Colletotrichum gloeosporioides was reduced significantly after dip or 

15 spray treatment with the anti-oxidant butylated hydroxy anisole (BHA) 

16 or BHA + prochloraz. In small, medium and semi-commercial experiments 

17 in California on cv. Hass or in Israel on cv. Fuerte there was a 

18 significant reduction of decay by a single treatment with BHA at 1200 

19 pg ai/ml and by BIIA at 1200 pg ai/ml + prochloraz at 250 pg ai/ml. 

20 Prochloraz at 1000 jig ai/ml alone did not always reduce the incidence 

21 of decay while BHJ\ or BHA + prochloraz reduced decay consistently. 

22 The effect of BHA ± prochloraz was longer lasting than BHA alone. It 

23 is suggested that the antioxidant might reduce postharvest decay in 

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

2 postharvest diseases, postharvest treatments. 

3 Anthracnose, caused by Colletotrichum gloeosporioides (Penz.) Penz. 

4 Sacc. in Penz., and stem end rot caused by Diplodia natalensis Pole

-5 Evans, Dothiorella gregaria Sacc. or D. aromatica (Sacc.) Petr. & Syd. 

6 are the most important fruit rot diseases of avocado Persea americana 

7 Miller in the USA, Israel, Australia and South Africa (1,3,9,10,11). 

8 In avocado, anthracnose in its early stages is essentially a cosmetic 

9 disease. The peel of Hass avocados turns black as they ripen masking 

10 early disease symptoms. When avocados are ripe enough to eat the 

11 disease has not progressed beyond the peel into the fruit to any great 

12 degree and is removed with peeling. The Fuerte avocado is shipped 

13 from Israel to Europe where the blemishes of early disease development 

14 do not alarm the consumer. In California, postharvest decay in avocado 

15 was not considered a significant problem until prolonged rain during 

16 the winter of 1992-93 resulted in an increase in its incidence. C. 

17 gloeosporioides infects the avocado peel and D. natalensis infects the 

18 fruit pedicel during the fruit development season, but because 

19 avocados do not ripen on the tree the infections by both pathogens 

20 remain quiescent until after harvest when the fruit ripens. Under 

21 commercial conditions, decay development can be delayed by storing 

22 fruit at a temperature of 5-6 C during short-duration shipment or 

23 storage. When the fruit must be held for longer periods, (e.g., 20-24 

24 days as with the South African fruit), a combination of low 

25 temperature and fungicide treatments are needed (1). Fungicides are 

26 applied as prehaivest sprays or, more efficiently, as postharvest 

27 treatments (1,3). 
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1 The regulations limiting the use of agrichemicals in local and
 

2 export markets have stimulated the search for new alternatives to
 

3 postharvest fungicides. Biological control has been suggested as a
 

4 possible alternative to fungicides but in spite of the significant
 

amount of work invested in their development, there are no commercial
 

6- products on the market for the biological control of postharvest
 

7 diseases (2). Prusky and Keen (5) have suggested a new approach for
 

8 the prevention of postharvest disease; it involves the enhancement of
 

9 the natural resistance of fruits. Prusky et al. (6,7) isolated an
 

antifungal compound from the peel of unripe avocado fruit and
 

11 identified it as cis,cis-l-acetoxy-2-hydroxy-4-oxo-heneicosa-12,15
 

12 diene, that prevents the development of C. gloeosporioides and D.
 

13 natalensis beyond the initial infection in unripe avocados. The anti

14 fungal diene is apparently oxidized by lipoxygenase during fruit
 

ripening which allows the fungi to resume colonization of the fruit
 

16 tissues (7). Lipoxygenase activity in thq peel of ripening fruit is
 

17 regulated by the concentration of the natural antioxidant, epicatechin
 

18 (4). Infiltration or dip treatment of avocado fruit with several 

19 antioxidants such as a-tocopherol, butylated hydroxy toluene (BHT), 

butylated hydroxy anisole (BHA) and tert-butylhydroquinone (TBHQ),
 

21 that inhibited lipoxygenase in vitro, inhibited the decrease of the
 

22 antifungal diene arid also inhibited development of anthracnose.
 

23 Prusky has described the possibility of using antioxidants to delay
 

24. the onset of postharvest diseases in avocado (4). Although BHA and BHT 

are common food additives commercial formulations of these
 

26' antioxidants suitable for agricultural use have only recently been
 

27 developed. A commercial formulation of BHA was tested and found to be
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1 effective, in several trials, in preventing postharvest diseases in 

2 avocados cv. Fuerte (10). 

3 Below we report on several small and medium scale experiments, and 

4 semi-commercial level treatments with the ant.oxident, BHA. 

5 Experiments were carried out in Israel and the USA, using two 

6. different avocado cultivars. 

7 MATERIALS AND METHODS 

8 General. Avocado fruit, cv's Hass and Fuerte, hand harvested by 

9 commercial crews were obtained from groves around Rancho California 

10 and in Israel respectively. All disease in these experiments resulted 

11 from natural infections. Chemicals used were prochloraz (Prochloraz 

12 50 WP) Nor Am and butylated hydroxy anisole (BHA)(Xedaphene-20, 20% 

13 ai) Xeda International. Data analysis was done using Duncan's multiple 

14 range test. 

15 Small- and medium-scale experiments with Hass cultivar in 

16 California. Fruit were dip treated within 4-5 h of harvest or after 

17 being precooled for 24 h at 5 C in a laboratory cold room. Fruit were 

18 dipped for 30 sec in 1200 pg ai/ml aqueous BHA, 1000 pg ai/ml 

19 prochloraz, or 1200 pg ai/ml BHA + 250 pg ai/ml prochloraz. A 250 pg 

20 ai/ml prochloraz control was not included because of Prusky's :-esults 

21 that concentrations at 300 pg ai/ml or lower were ineffective (9). 

22 After treatment, fruit were either air-dried and stored at 20 C for 

23. 11 days or stored at 5 C for 14 days and then transferred to 20 C for 

24 another 11 days.3Symptoms of anthracnose exceeding 1 c:- in diameter 

25" in the fruit peel were considered positive for infections] In small

26 scale experiments, each treatment was replicated four times with 10 

27 fruit in each replicate. In medium-scale experiments, each treatment 
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1 was replicated five times with 20 fruit in each replicate. Experiments 

2 were conducted three times during the harvesting season. 

3 Semi Commercial-scale experiments with cultivar Fuerte in 

4 Israel. Experiments were carried out in three different packing 

houses, Mehadrin, Granot and HaEmek, representing the main southern, 

6 central and northern avocado growing areas in Israel, respectively. 

7 All fruit was brought to the respective packing house on the day of 

8 harvest, cooled at 5 C overnight and treated commercially 1 day later. 

9 In Mehadrin the fruit was washcd, brushed and air dried before the 

treatment. In Granot and HaEmek, the fruit were only brushed before 

11 treatment. Materials were applied through A transverse pipe fitted 

12 with six nozzles covering the complete 1.5-m width of the packing 

13 line. The spray nozzles were conical and placed 15 cm apart at a 

14 height to allow overlapping of the individual spray patterns. Spray 

pressure was maintained at 4 atmospheres for a flow rate of 188 L/h 

16 and an effective rate of 0.5 L per metric ton of fruit. Following 

17 treatment the fruit were waxed and sorted under commercial conditions. 

18 Treatments were BHA at 1200 pg ai/ml, prochloraz (45 EC)at 900 pg 

19 ai/ml, BHA at 1200 pg ai/ml + prochloraz at 225 pg ai/ml or water for 

the control. These identical treatments were used in each packing 

21 house. 

22 In the first trial at Mehadrin approxamately 650 kg of fruit were 

23 treated with prochloraz, prochloraz + BHA or water, packed as 

24 described above and stored for 14 days at 5 C, then transferred to 20 

C and evaluated for disease after 8 days. Six replications of 20 fruit 

26 each were used to evaluate each treatment. in the second test the 

27 fruit were treated and stored at 5 C for either 7 cr 14 days, then 
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1 transferred to 20 C and evaluated for disease after 4 and 6 days. Ten 

2 replicates of 14 fruit each were used to evaluate the treatments. 

3 At Granot the fruit were treated with prochloraz + BHA, sorted 

4 according to weight and packed commercially 18 fruit/carton (each 

about 220 g) and 14 fruit/carton (each about 280 g) . There were 10 

-6 replicates (cartons) in each treatment. The fruit was stored either 

7 at 20 C or at 5 C for 21 days and then 20 C. Those fruit stored only 

8 at A0 C were evaluated after 9 and 12 days while those stored 

9 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 

11 progress. . 

12 At HaEmek, fruit. from two different g e haar Ha makim and 

13 Daliah, were treated or not with BRA + prochloraz 4xfe--at either 

14 2 C or 5 C for 14 clays then transferred to 20 C and evaluated after 

9 days. 

16 RESULTS 

17 Small-scale experiments 

18 With fruit treated within 5 h after harvest the decay incidence in 

19 untreated fruit after 11 days at 20 C averaged nearly 60% (Fig I A, 

B) whereas the incidence among fruit treated with 1000 pg ai/m' f 

21 prochloraz alone averaged 76%. In contrast the decay incidence among 

22 fruit treated with 1200 pg ai/ml BHA and the mixture of 1200 pg ai/ml 

23 BHA + 250 pig ai/ml prochloraz was significantly lower at 10% and 30% 

24 respectively after 9 days in storage. However, 2 days later, only 

fruit treated with the mixture had a significant reduction of decay, 

26 averaging 22% in two groves (Fig I A, B). 
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1 With fruit from a third grove, the decay incidence among the 

2 controls after 11 days at 20 C was only 10% and each of the treatments 

3 reduced the decay by 60-70%(Fig 1 C). 

4 With pre-cooled fruit, disease incidence in untreated fruit 

averaged 10, 14 and 33% after 7, 9 and 11 days resp2ctively. By 

.6 contrast fruit treated with BHA + prochloraz averaged 0, 2 and 6% 

7 respectively, The difference between the control and respective 

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

9 Medium-scale experiments 

Fruit precooled at 5 C for 24 h before treatment followed by 17 

11 days of storage at 5 C, showed no decay at the time of transfer to 20 

12 C (Fig 3) . Six days later however, decay incidence among the control 

13 fruit was nearly 10% whereas treated fruit averaged 4-5%. After an 

14 additional 4 days at 20 C no differences in decay development were 

observed a-.,ong fruit treated with BHA,. prochloraz or a mixture of 

16 both. All the treatments reduced the incidence of decay by about 45% 

1- compared with the control (Fig 3) 

18 Semi-connercial experiments 

19 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 

21 after 8 days at 20 C was 12I%. In contrast fruit treated with 900 pg 

22 ai/ml prochloraz or with 1200 pg ai/ml BHA + 225 pg ai/ml prochloraz 

23 had a decay incidence of 6+1%. 

24 In experiment 2 at Mehadrin (Table 1) as storage time at 5 C 

increased the ircidene of decay increased (Table 1). The treatment 

26 with BHA reduced the incidence of decay compared with the control; BHA 
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1 + prochloraz showed the greatest reduction of decay but was not always 

2 significantly different from prochloraz alone. 

3 At Granot, Israel with fruit of two different sizes, after 9 days 

4 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 

6 control had 1.6 times the decay of treated fruit after 9 days (Table 

7 2) . Three days later, the incidence of decay in both sizes had 

8 increased, but treated fruit still showed significantly lower decay 

9 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 

11 of treated fruit while 280 g control fruit had 3.2 times the decay of 

12 treated fruit. Again, 2 days later, the incidence of decay in all 

13 fruit had increased bt treated fruit still fared better than 

14 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 

16 fruit always showed a significant decrease in decay symptoms (Table 2). 

17 After 14 days storage at 2 C or 5 C followed by 9 days of storage 

18 at 20 C, the treated fruits from Shaar Haamakim and Daliah, Israel 

19 showed a significantly lower decay development at both storage 

temperatures relative to the controls(Table 3). 

21 DISCUSSION 

22 Postharvest diseases in avocado have been reduced significantly in 

23 South Africa and Australia by .ostharvest dip treatment with the 

24 fungicide, Prochloraz (1,3, 9) .'his treatment-_Was effective against 

the three major po t-harvest diseases anLhracnose, stem end rot and 

26 Dothiorella rot. In Israel, Prochloraz was also found to be effective 
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1 in preventing post-harvest decay, at 900 pg ai/ml, but was ineffective
 

2 at 300 pg ai/ml or less(9,10).&9
 

3 A second method to control postharvest disease in avocado fruit is
 

4 the application of antioxidants, which delay the loss of anti-fungal
 

compounds in the peel and hence the'onversion of quiescent infections
 

6 of C. gloeosporioides into active infections (5). A commercial
 

7 formulation of BHA, Xedaphen-20, used to inhibit lipid pero::idation
 

8 , y foods was used to prevent the oxidation of the antifungal
 

:'' diene (4). In the present work, BA at 1200 pg ai/ml, alone or in a
 

mixture with low concentrations of prochloraz at 225 to 250 pg ai/ml,
 

11 provided some control of postharvest decay in cultivars Fuerte and
 

12 Hass respectively.0
 

13 Lneach of the various experiments, a single treatment with BHA at
 
3 A..( 74(D 

14 1200 pg ai/ml delayed the onset of disease. The mixture of BHA at 1200
 

pg ai/ml and prochloraz at 225 pg ai/ml reduced decay development 2-4
 

16 times more than the BHA alone during short storage conditions.
 

17 Pr6dhlcraz -at--900--ig--i-/ml/m is-an--e-ffet±ve---eat-men- for the 

18 control of postharvest decay in avocado (--0)n. in California, 
19 however, at 1000 pg ai/ml, prochloraz failed to control disea and 

BHA at 1200 pg ai/ml was less effective on no. pre-cooled fruit with
 

21r a high amount of infection (Fig 1 A, B) than in pre-cooled fruit (Fig 

23 2, 3) or fruit ith less infection (Fig 1 C). Thus when favorable 

23 conditions for latent fruit infections exist in the avocado groves 

24 pre-cooling the fruit before treatment could enhance the effectiveness
 

of the anti-oxidant and the fungicide.
 

2E The application of low dosages of fungicide in combination with BHA
 

27 have enhanced post-harvest disease control in avocados, possibly by
 

28 an additive or synergistic effect. The mixture was also observed to
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1 be effective in experiments in which the fruit was stored for almost 

2 21 days, suggesting that, even at low concentrations, the fungicide 

3 in combination with BHA has an effect on disease development. 

4 Our results indicate that it is feasible to reduce postharvest 

5 disease in avocado by modulation of the natural resistance of the 

.6 fruit.jl the present cas % the application of an antioxidant that 

7 prevented the conversion of\a quiescent infection into an active 

8 infection w s enough to delay cecay development. A limitation of the 

9 use of the an ioxidant is that th treatment should be applied within 

10 a day of harve . Previously the e ficacy of the treatment decreased 

11 if the treatment as applied later t n 24 h after harvest(4,10). 
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1 FIGURES 

2 Figure 1. Effect of postharvest dip treatmeunt of avocado cv. Hass on 

3 the percentage of decay development. Fruit from three groves in 

4 southern California (represented in A, B and C) were harvested and 

treated within 5 h in the laboratory with 1000 pg ai/ml prochloraz, 

6. 1200 pg ai/ml BHA or BHA 1200 pg ai/ml + prochloraz at 250 pg ai/ml 

7 and compared to untreated fruit. Fruit were stored at 20 C and scored 

8 for disease incidence at 7, 9 and 11 days. Different letters above 

9 bars (within each observation day) indicate significant differences 

(P<0.05) as determined by Duncan's multiple range test. 

11 Figure 2. Effect of postharvest dip treatment of avocado cv. Hass on 

12 the percentage of decay development. Fruit from a grove in southern 

13 California were harvested and cooled at 5 C for 24 h before dip 

14 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 

16 disease incidence at 7, 9 and 11 days. Different letters above bars 

17 (within each observation day) indicate significant differences 

18 (P<0.05) as determined by Dupna-s Wlit--e rre- . 

19 Figure 3. Effect of postharvest dip treatment of avocado cv. Hass on 

the percentage of decay development. Fruit from a grove in southern 

21 California were harvested, cooled for 24 h at 5 C and dip treated in 

22 the laboratory with prochloraz at 1000 pg ai/ml, BHA at 1200 pg ai/ml 

23 or BHA at 1200 pg ai/ml + prochloraz at 250 pg ai/ml and compared to 

24 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 

26 days. Different letters above bars (within each observation day) 

27 indicate significant differences (P<0.05) as determined by Duncans's 

28 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 pg 2.1 b 24.0 b 11.2 b 41.3 b
 

ai/ml
 

prochloraz, 2.1 b 16.7 b 1.0 c 21.4 c
 

900 pg ai/ml
 

BH1A, 1200 pg 0 b 6.3 c 3.1 c 18.8 c
 

ai/ml:
 

prochloraz,
 

225 pg ai/ml
 

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 culhivars were defined assusceptible atid resistant to Colletorrichum gloemsporioidej 
depending upon the length of the incubation period of the disease after fruit softening. In the 
susceptible culivars Fuerte, Horshim, Vurtz, Rincon and Benik. epicatechin concentration of the peel 
decreased .., 60--130 jig-g -', fr. wt. at fruit softening and symptoms appeared on the same or one day 
later. In the resistant culhivars I lass, Nabal, Netaim and Pinkerton, epicatechlin concentration was still 

-632--1740 itg 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 I-acetoxy-2
hydroxy-4.oxo-heneicosa-12,l diene. had decreased to 120.ig g-' Ir. wt. and symptoms appeared. 
In resistant iass fruits, the antifungal diene was still 23Rpjg g-' fr. ws.at fruit softening; and it had 
further decreased to IS9 jg j fr.f; t. slien symptots appearpd, four days latet. A modified 
atmosphere and 0.2 NI CaCl, infiltration btth delayed softening of Fuerte fruits; but synptom 
appearance on these fruits was related to dirne decrease attd not to fruit softening. 

The tesuhs are diLscussed in ellion to the hypothesis that the susceptibility of avocado culivars 
to post-harvest decay by C. ghrenpon s ts is related to tie t'nradation of the antifungal diere, 
catalyzed by avocado lipoxygenase, the activity of which is regulated ',v the decline of its inhibitor 
epicatechin. 

' Cont-ibution front the ARO, No. 1828-F, 1996 series. This work was supported by a grant from 
the BARDI Fund. 
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141 Involvement of Epicatechin in Cultivar Susceptibility of Avocado Fruits 

Zusamnenfassung 

Beteiligung von Epicatechin in der Sortenanfilligkelit von Avocadofrtichten 
gegeniiber Colletotrichumn glorosporioidesnach der Ernte 

Avocadosorten wurden alsanfillig oder -;chanfillig gegeniiber Colletotrichurmgloeosporioides
anhand der Dauer der lnkubationsperiode Ier Krankheit nach dem Wcichwerden der Frucht
unterteilt. [lei den anfilligen Sorten Fuerte, F.)rshirm, Vurtz, Rincon und Benik verringerte sich die 
Schalenkonzentration von Epicatechin " aof60--130 1ig-g Frischgewicht (Fr. Gew.) zur Zeit des
Weichwerdens, und Befallssymptome waren am selben oder am darauf folgenden Tag zu erkennen. 
Bei den nichtanfilligen Sorten Hass, Nabal, Netaim und Pinkerton dagegen lagdie Epicatechinkon
zentration noch bei 632-1740 jigg' Fr. Gew. und Befallssymptome wpren erst4-10 Tage spiter
sichtbar. Beim Weichwerden von Fuerte-Frichten hattesich die Konrzentration der antipilzlichen
Substanz I-Acetoxy-2-hydroxy-4-oxo-heneicosa-12,15-dien auf 120,pg-g ' Fr.Gew. verringert und 
die Befallssymptome erschicnen. Bi den nichtanfilligen Hass-Frfichten betrug die antipilzliche
Dienkonzentration noch 238 jig-g' Fr. Gew. beim Fruchtweichwei'den; vier Tage spiter, alserste 
Symptome sichtbar wurden, hatte ich die Konzentration auf 159tig-g' Fr. Gew. weiter verringert.
Eine modifizierie Amosphare und 0,2 M CaClz-Infiltration verz6gert zwar dal Weichwerden von 
Fuerte-Frilchten, aber dasErschelnen von Symptsomen war mit der Dienkonzentrationsabnahme und 
nichtmit dem Fruchtweichwerdcn %erbunden. 

Die Ergebnisse werden in Zusammenhang m:tderIlypothese diskutiert, daa die Anfilligkeitvon Avocadosorten gegeniiber C. gloeowporioides-Fufe nach der Ernie mit dem Abbau desantipilz
lichen Dien korreliert, daswiederum dutch die Avocadolipoxygenase katalysiert wird, deren Aktiviitt 
dutch dieAbnahme itesInhibitors Epicatechin reguliert wird. 

The preformed antifungal compound l-acetoxy-2-hydroxy-4-oxo-henei
cosa-12,15 diene is apparently responsible for the quiescence of Colletotricbum 
gloeosporioides Penz. infections in unripe avocado fruits (PRUSKY et at. 1982). 
Activation of quiescent infections seems to be dependent on the post-harvest 
decrease of the antifungal diene that is catalyzed by endogenous lipoxygenase
(PRUSKY etal. 1983) and regulated by the enzyme's inhibitor, epicatechin (PRUSKY 
et at. 1985). ZAUBFR MAN and SCHIFFMANN-NADEL (1977), investigated factors 
determining the length of th, incubation period of Fusariun sp., another quies
cent fungal infection ott avocado fruit. They suggested that the incubation period
is related to the duration from harvest to fruit ripening (softening); namely the 
earlier the fruit softens the shorter is the incubation period of infective fungi.
Since the concentrations of the antifungal diene decrease in many avocado 
cultivars simultaneously with fruit softening, it has been difficult to deteltiine 
whether renewed development of quiescent fungi depend only on the diene 
decrease or also oi 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. It ako proposes criteria for classifying avocado cultivars 
according to their differential post-harvest succptiblit),. 

Materials and Methods 

General 
Avocado fruits of cultivars Fuerte, Vurtz, t,incon, Ilorshim, Benik, Pinkerton, I-lass, Netaim 

and Nabal were obtained from orchards near Rehovot, Israel. Firmness, an inverse parameter of 

Acm 
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ripening, was measured by recording the force (kg) required to penetrate the fruit sk;n and flesh with a 
conic probe (5mm in diameter and 4 mm in length). The average of two determinations on each of 
five fruits is te,-orted. The fruit wa, considered soft when firmness reached _ I kg. 

A single spore isolate of C. gloeosporiotdes from avocado fruits was used for inoculation in all 
experiments (PRUsK" et at. 1982). []is isolate was maintained by inoculatin 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 10id1 drop of a spore suspension (106spores-ml-') at three different spots along 
the longitudinal axis of each 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 nim in diameter. The 
incubation period was defined asthe number of days taken for these symptoms to beobserved in 50% 
of inoculated sites. 

Extraction and quantitative analysis of epicatechin and the antifungal compound 

Epiritechin and the antifungal diene in avocado peel were extracted according to the methods 
described by PRUSKY 19Kj ;%d determined by I IPLC. For epicatechin determination,et al. (1982, 
100 ul aliquots of the 1.0 nil .on.-rntrated flasl-chromatographed material from the crude extract, 
obtained from 10 g fr. wt were hrosmatographed (PRusitY et al. 1985). For diene determination, 
1001Al aliquots of the 1.0 ml concentrated biologically active fraction isolated by flash chromatogra
phy from an extract of 30 g fr. wt., were chrotmalographed (PUSKY ertal. 1982). Epicatechin was 
monitored with a UV detector at 275 nm and the antiftngal dicne with a differential refractive index 
detector. Calculations of concentrations of epicatechin and the diene compound were based on the 
comparison of the hIPLC peak areas of the compounds with thore of standards. The average of three 
separate determinations of each compound is reported. 

Fruit Treatments 

Treatments affectinig fruit ripening wee applied to Fuerte fruits. Fruit firmness was determined 
at different intervals afle. harvest in uninsoculated fruits. 

Modified atmosphere treatment. - A modified atmosphere was obtained by storing avocado 
fruits continuously in closed 2-1jars with a small [sole in the !id. The jars were incubated at 20"C and 
gas -samples were taken every hsour. A concentrat;-.n of 81% CO and 13% 0, was reached after Bh. 
These concentrations with a standard deviation o .j.5% was maintained during the whole experiment. 
Control fruits were kept at the same temperature, under atmosphere conditions. 

CaClz treatment. - Fruits were completely immersed in 0.2 M CaCIt or H20 and infiltrated 
by reducing tire ambient pressure to 150 mm Hg for 2 sain. The amount of the solution infiltrated was 
0.5 	± 0.2 g per 100 gof fruits. Fruits were then stored at 20'C. 

Each experiment affecting fruit ripening was repeated at least twice. 

CO 2 and Oa Determination 

CO and O were determined by gas chromatography according to EARS(1966). The instru
ments were calibrated for each setof samples by injecting 10 ml of standardized CO:-sitrogen and 
Oa-nitrogen mixtures. 

Results 

The relation between fruit softening, epicaitechin decrease and incubation period 
of C. gloeo.sforioides in avocado cultivars 

When the cotscentration of epicatechin was deternsinrd it the peel of nine 

avocado cultivars during post-harvest tipening, it was possible to divide the 

cultivars into two groups (Table 1). One group included Euerte, Rincon, Ifor

shim, Vurtz and Benik, where the epicatechis concentration at softening ranged 
" 

between 60 and 130 ,g-g i fr. wt. In these cultivars symiptoms appeared on the 

30
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Table I
Comparison of fruit softening, epicatechin concentration and incubation period of Colletotricum 

gloeosijiiode in several avocado cultivars stored at 20°C after harvest 

Cultivar Davs to Epicatechin atsoftening- Incubation period
softening" (;igg' fr. wt.) (days) 

Fuerte II 60 11
 
Rincon 
 10 70 10 
Vurtz 15 100 I5 
Benik 16 110 16 
Horshim 9 130 t0 
Netaim 10 636 15 
Hass 16 1500 24
 
Pinkerton 8 
 1740 16
 
Nabal 
 I-1 822 24 

Softening was considered firmness ! I kg.
 
' The average of three separate determinations is reportcd.
 

same or one day after fruits became soft. These cultivars were considered to be 
susceptible. Tie second group of cultivars included Netain, Hass, Pinkerton and 
Nabal, where epicatechin concentration at softening ranged between 636 and -
1740 /g-g'fr. wt., 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) cutivar (Table 2).
Epicatechin concentration in the peel of Fuerte fruits decreased to 121ig/g -I 
fr. wt. ce.iconitantly with fruit softening. In cv. Hass, 10 days after harvest, 

7",Tble
2
Fruit firmness, epicatechin atid antifungil diene conccntrations and symptom appearance of Colletatrichunt glneneporidet on the peel of cvs Fuerte and Hass avocado fruits stored at 20°C 

Days Iocite Hass 
after lfitmss Fpicatechl Iieic Svttrptot Firmncss Epicatcctehin Diene Symptom
harvest (kg) jeg Ir. nt appeatanrce (kg) jigg fr.wt. appearance 

1 ij.7 433 4120
 
2 
 12.3 519 620 
4 5.2 344 540 
6 0.5 12 120 4 
7 8.5 59 1 821 

30 1.0 456 238 
14 0.5 i5 159 + 

0 The average of three separate determinations of eacLtcompound is reported. 
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12 4000 Fig. I. Effect of modified at
- nosphere on fruit firmness 
0 (V---V),concentration of the 

300 antifungal diene(0, Ql) and 
0 symptom appearance (1) of 

j.8 	 Colletotrichurni gloensr'nrini
des in Fuerte fruits stored at 

C2000 20°C. The modified atmos-
S lpherewas obtained by storing 

freshly harvested fruits in jars 
4- with a small outlet, in which 

I000 O 	 theatmosphere contained 9 % 
CO, and 131% O (T.,0)Un
treated fruits (V, ) were 

o stored at normal atmosphere 

0 2 	 4 6 6 10 12 14 

DAYS AFTER HARVEST
 

when the fruit was completely soft (firmness -_ I kg), the epicatechin concentra

tion was still 456 jigg 'fr. wt. Four days later, epicatechin decreased to 15 PgMg

fr. wt. 
-


Diene concentration in cv. Fuerte was 1420 pig'gt fr. wt. one day after 

harvest and then decreased to 120 fig.g -t fr. wt. on the 6th day, when symptoms1 
I lass fruits, the diene concentration was 620 tig-gt

appeared. Inthe peel of cv. 

fr. wt. 2 days after harvest and it decreased to 238 jig.g -t fr. wt. insoft fruits, 10 

days after harvest. Symptoms appeared 4 days later, when the diene concentration 
had decreased to 159 /tgg fr. wt. 

The fruir 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, wete inoculated when the diesse 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 CaCI2 on fruit firmness, 
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 Pg. 
g-'fr.wt. (Fig. 1).At the same time modified atmosphere-treated fruits were still 

-
firm and symptomless, and their diene concentration was 3415 pgg t fr. wt, 
After three additional days, s)'nsptonls of C. gloeosporioides appeared on mod
ified-atmosphere treated fruits, and the diene concentration had decreased to 
160 ig-g "t fr. wt., but fruit firmness was still 8.5 kg. 

Treatments with CaCh, 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. gloeosporioides synsptoms appeared in treated as well as un
treated fruits (Fig. 2). Upon symptom appearance, diene concentration was 5 jig. 
g-t fr. wt. in calcium-treated and 75 igg-' fr. wt. in untreated fruits, where 
symptoms had appeared. 

Discussion 

BINYAMINI and SCIIIIIMANN-NADEIt (1972) and SCrIFFMANN-NADEL et at.
 
(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. gloeosporioides
 
development after harvest and appearance of decay were not necessarily related to
 
fruit softening. Cultivars that are generally considered as susceptible showed
 
symptom development coincident with fruit softening, but those that are consid
ered resistant showed decay synptoms only 4-10 days after fruit softening.
 

Development of C. gloeosporioidcs decay on ripening avocado fruits was
 
usually found (PRUSKY et a. 1982) to -)ccur wt en the preformed antifungal diene
 

-
had decreased to less than 200 ,gpg' 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 (PRUSK, et al.
 
1985). The present results show thtat epicatechin concentrations in cultivars of the
 

-
susceptible group, decreased to levels of 60-130 ,ig-g' fr. wt. when the fruits 
softened, while in resktant cultivars, in the same experiment, epicatechin concen
trations ranged still between 636 atnd1740 jig-g' fr. wvi.at the time of softening. 
In a separate experiment with t1e susceptible and resistant cultivars Fuette and 
Hass, diene concentamion was de'ertuined inaddition to epicatechin. At soften
ing, the diene concentration inthe resistant cultivar was also higher than in the 
susceptible one, and above the subfungitoxic level (Table 2). These results seem 
to indicate that the process leading to increased lipoxygenase activity and diene 
decrease, are responsible for sytmptom appearance (PmoJsKY Ct 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 frtits. Both treatments 
delayed fruit softening, as already reported by S'ALDING and REtJFER (1975) and 

J,Ph" ) 'd I. , Itt,5 2 10
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TINGWA and YOUNC (1974). However, this delay did not prevent symptom 

tilelatter concurred with diene decrease to subfungitoxic levels.appearance; 
In addition to delayed diene disappearance, resistant avocado cultivars differ 

from sensitive ones in their thicker peel. Thickness of avocado fruit peel cultivars 

(HODGSON1950). Thin-peeled cultivarsranges between less than I and over 2 mm 
thick, while thick-peeled cultivars over are considered those with less than I mm 

1 mm thickness. When fruits of thick- and thin-peeled cultivars were inoculated 

diene had decreased to subfungitoxic levels, thewith C. gloeosporioidtes, after 
identical. This indicated that diene concentration, and notincubation period was 

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
 

LEAtt KARNIt, 1). PRItSKYt§, IhANA KonsLElif, EINAV BAR-SuIRA t 

and D. KoI.:r-
Department nJFruit and |qetcble .Storate,AgriculturalReicarch Organization, The I'kani Center,P.O. Box 6,
 

Bet Dagan 502.50, Israel, and sloat Ilctctutefor Bioleqioal Scifene,I'.O. Box 19,Nret Z!ona 70450, hnael
 

(Acepted for publation.june 1989) 

Avocadh lipoxygrnase a,iii y ijrteased flron 20 so 40 pnoile 0, 11 ' g-lfici weightofpeel in 
unripe Fruit% hour afier harirst, and in ripeningriiit 4 to 5 days after harvest.during dihlirst 
Conc iiniantl , hnerii rntratimir fe riantiftiigal compoundri, is- I*acetoxy-2-hydroxy-4-nix
iencricoa- fccreawcd front,ppxr 1700 to 2(M)jg g- freo, weighii orperI. The12,15-dirmr 
conretir;stori ofeJieluirihinin thr Ierl %vs iiei. elv ioridlatirl thlipoxygrnase activity iii each 
case, and drtrr[e if niii ipoiyr rlasr inrtasrd. The lIipoxygeiasr ire thranly wicit (illrrtilll 
crude rxtract of the fritUeel hich the ELISA irchrnirlue,ulirinigript-niig, %% was determined hy 
ranged bretween I0)ancd 30 pg g - 4t %as noutctirrelated withlicsh rigli perl during rtprning, andll 
thechanges ins the ciulric ;nrtkiity. 

The irstlist grst tt the illitn(c in lipcxcgr'nase activity are not corlefit-rd with crhanges 
in thearrcntnt i)f this etlcw)ric, bilt rathrr irsult Frot changes in the co iIentratioiO oilits inthibitor, 

rpicairtthin. 

INTRODUCTION 

Cotktoleictint gloen.tul,aioides Penz. allacks avorado fruits durissg the gtr'Oillg season, biut 

the infection iemsains quietsctt untilti e fruit ripens after harvest [2]. Prusky elat. [9] 
isolated cit, (it-. -asetoxy-2-Ihydlroxy-4-oxo-hneticosa- 12,15-diene, a prefurrned anti
fungal compotti present its It wasthe peel of' unripe avocado fruits. suggested that 
this comptond is resptmsibl for gloeno.porioides infectiosthe iltit-sctley of(.'. ilt unripe 

avocado fruit. 
Lipoxyg .ra1se (I.)X liloleatt:oxygct rcxidirrecu tase EC I . 13. lI . 12) was shown 

to catalyse the oxidatiot of the astifisngal ie-se illals ill vi't systens [R]. ''hsespecilic 

activity of LOX is avc rlo i the saine workI is losei by 80"0 during ripening [8J. ]It 

§TI', h,,nr..+I,,ndr'm r 4....I be' addor,",& 

Coniili,ti Nor 2116 811,w1srisc,hri lh Bet I.Igan.hRfI, 
Aba itcc.i.....in i, xt:ACI ' ,.iiado 4i tic ixiacl AIOX, ,c' 'rciarf lrciitrI. hpircxygrisase; BSA, 

seirumalburin; tI.SA. riz-r- linkerd itmttscdwl assay; LOX, lipoxygrnase (El.I. 13. I1 12);1111S, 

phosphate fndilfer'd aliur; SIIIOX, mhrean lipo grnase. 
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there was an indication of the possible function of LOX in reducing tile concentration 
of the antifungal diene duing fruit ripening; infitrating eicosa-tetraynoic acid and 

a-tocopherol, which are known to inhibit LOX in vitro into the fruit delayed 

development of disease symptorns. 
It was furtlic. found that LOX activity in the peel of ripening fruits can he regulated 

by the presence of the entI,)genous antioxidant epicatechin [10, 11]. C. gloeosporioides 
symptom appearance after fruit harvest was related to the reduction of the epicatechin 
concentration [11). Furtlirmorec, the decrease of epicatechin to a non-inhibitory 
corcentration wss [w¢tr in v-"''ibh' iu,4nr c°:staw¢ .iis [I. 

The present study was designed to test whether an increase in LOX activity during 
ripeining indeed resuIts from i degradaoton of its endogenous inhibitor epicatechin or 

from an intnreae of thr amount of enzyme in the fruit. The use of an immunological 
technique for quantitationi of I.OX in crude extracts of avocado peel (ACE), enabled 

us to probe the relationships amnong I.OX activity, LOX aniount and epicatechin 
concentration during fruit ripenhig. 

MATERIALS AND METHODS 

Avocado fI'uits [PeFirtea ameiicana Miller var. di"vinfi'lia (Schlect and Chamh) Blake] of 
the cutivac Fuerte we obtai md From an orchard at Ayanot, Israel. 

A single spore isolate of C. gloeoporoides from decayed avocado fruits was used to 
inoculate friits in all expeirois [81. l)atkening of the peel at the inoculation 
sites in excess of 5 nun diainetor ras considered a symptom of (lisease. 

Firmness of the avocado Fiuits was tiiermincd by recording tie force (kg) required 
to penetrate the fruit skin nd flesh with a 5 mi dialmeter, 4 nin long conic probe [3]. 

The average value fi mi two determinations on each of five fruits is reported. 

Extraction and aima o/ lil/sxio a e 
Peels (I to 2 mm thick) fa.ocado fruits stored at 20 *C s'ere extracted at various times 
after fruit harvest, as desrmifid by Prusky rt al. 11] with some roodifications. Iwetty 
five grams of peel were honlogenized iii 50 i of ice cold5 mm sodiurn phosphate buffer, 

pH 7'2, containing 2%, ''titor X-I00 I'.The extract was filtered through four layers of 
cheesecloth atirl centrifig,,d at 2000g for 15 min. The supernatant was filtered 
through Nliiracloth (Calbiwtn, l~a .Jolia, CA), kept on ice, aid used as an enzyme 

source. 
Iipoxygenase activity %sasdtermined symonitoring the uptake of() "ith a Y.S.I. 

Biological Oxygen Monitor (Yellow Springs Instruntrnt Co., Yellow Springs, Ofl, 
U.S.A.) in tie pit-tiie i f litiohi'ati at 3 O(. Ilifl"rld 7"5 rni linoleate solution, 
containing Tween 20, wai prepared as descibed by Ben-Aziz et al. [/]. A volume 
(2'5 itl) %%as placrd int, tie reaction vial s ith 0'5 mmIof eizyne solution. Oleic acid 
(Signa % as tmolesrs urcdr Ithe routiI sistate [51. FrIzyme activity was expressed as 

O I gi-' Fresh wright.h
-

Preparationo/ lipo.senae-il itjii antihodir 
iLipoxygenase Irm avocado peel, piified approximately 35-fold 15, was used for the 

immunization of live female lfalli/c mice. Five subcutaneous injections ofSO fig enzyme 
per mouse, ernulsified in uompl-te Frrurud's adjuvant (Disco), were given at 2-week 
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intervals. One week after the last injection, all mice were injected with 5 x 10 NSO 
mycloma cells, to produce ascitic fluids. The ascites were tested for the presence or 

enzyme antibodies by ELISA. 

Competitive immunoassaifor LOX quantitation 
The murine ascitic fluids were used as the source of LOX antibodies and the optimal 

parameters for a solid phase ELISA %ere 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 (l)ynatech) of96 wells, by adding to each well 50 l ofa 10 Vg ml ' 
SBLOX solution in 50 mM carbonate buffer, p- 9'6, 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 PI of 2% BSA in 100 mM tris 

buffer, pi1 7"2. After incubation for 60 olin 4t 37 'C, the plates were washed four times 

with saline and immediately used for the imnlunoassay. 
Samples to be assayed .ere prepared by serial two-fold dilutions of the ACE 

(designated as "sample free antigen") in 2,' BSA-100 mst Tris buffer, pH 7'2, and 
added to the wells (50 itper well). Ascitic fluids containing anti-LOX antibodies were 

diluted (1 :200) in 2%"yoBSA-100 moM tris buffer, pit 7-2, and added to the wells (50 pI). 
After incubation for 90 toinat 37 *C, the plates were washed five times with saline. 

Fifty microlitres per well of rabbit antimouse IgG antibodies conjugated to alkaline 

phosphatase (Sigrsa, diluted 1:500 in 20%,BSA-tris buffer) were added and the plates 
were incubated for 60 min at 37 'C.After washing the plates five times with saline, 

t

50 pt of freshly prepared I mg ml solution of alkaline phosphatase substrate (Sigma, 
p-nitrophenyl phosphate, disodium) in diethanolanine 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 nmn in a MicroELISA Auto 
Reader (Bio-Tel. Instruments, EL-310). 

For each 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 cac experiment (Fig. Ib) and 
used for comparison between assays and for the estimation of LOX content in 
experimental preparations. 

For caledation of LOX quantity in the ACE, a curve of the means of three 
replications for each of tell plotted (Fig. I a). Standard errordilutions of the ACE was 
for the msean of each triplicate did not exceed 9%. The adsorption of the dilution 
slowing 50 ,,, inhibit inn of binding was defi ned aird used to determine the amount of 
free antigen in the ACl based rot the staldald curve (Fig. It). The value was 
multiplied by tie dilttioniFactor anzlthe result was expressed as jigLOX g fresh 
weight. IExpliemrots wire reprated at least three times. 

Analyi.i of epicalrclo and ansi/nlral rompouti 
inavocado peel were determined 

by ItPLC according to the methods descibed by Prusky elal. [9, II]. Three separate 
extractions of amiifingal diene and two of epicatechin were done at cach sampling 
time. Experiments were repeated at least twice. 

Epicaterhir and the antifungal dien( extracted amndi 

III-rl' ,-,,,,An C, P' 
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Fio. I. Method for deterttitaI oo tf amount of lipoxgenase protein in crude extracts of
 

avocado peel: (a) ELISA readitu .It105 not for hining of..:'nrldo peel crude e'ract (ACE)
 
dilutions to antibodies Jrepared towad purified a;ocado lipoxygenase; (b) ELISA readings at
 

405 nm for binding of soybean lipoxygriase (StI.OX) dilutiot tn antibodties prepared toward
 

purified aocado lipoxygenaie. 'Ile ahtorbance valre of 50% inhibition of binding was otlained
 

from a curve of the mcan o' three replications of eactt nine dilutions of the homogenized peel
 

tissue (Fig. la) and this %alt as used to determine the amount of proteiln front astandard curve
 
with soybean lipoxygenase Fig. I I). I lie standaird error of the mean i. indicated by bars.
 

RESULTS 

Lipoxygenase amount and att4tr, anti/iin a dinte antd epiatechin in Theped offieshl. 
harvestedfruits 
During the first hour afitcr htarvest, LOX activity in avocado peel increased from 

-t t20 pmol 02 h g flesh %,eightto 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 ineastied by it' EI.ISA, were not related to its activity. 

The concentratitn of the antifit tgal dienoe in tre peel decreased during the first hour 
after harvest fiotn 1700 it, 20) fg g- fresh weight attd itcreased again to about the 

initial value 3 Itlater (Fig. 2b). 'lie epicatechit concentratiotn varied between 145 and 
155 pg g-' fresh weight during the first 2 It after harvest aind increased to 250 ig g' 

frtsh weight 2 It later; thetr it decrease(] again to a low valitue l'approx. 90 pg g-' fresh 

weight, 6 ihafter harvest (Fig. 2b). F rtit irmniess did not citange significantly during this 

period and ranged betwecen 10'2 and 9'8 kg. 

Lipovg:nase amount and a t'dily, antitftutl dtene ctonpoutd and rpicatechin concentration in 
the peel of ripning atocado.iuits 
Lipoxygenase activity vari-¢lduring tie fitst day.alter harvest, attaining twice its initial 
value at 24 I after harei 'ITh, a( tiv it itt treased further on ite irsiurth day after 

harvest, when it reached ;t maxmtimtt level. Ltiptxygenase activity declinecl thereafter 

in completely soft fruits, 6 days afiet harvest (Fig. 3a). The enzyme content, as 
determined by EISA, ranged frot 10 to 30 pg g' fresh weight of peel, and was not 

directly related to the enz, me activity. Epicatechin concentration decreased during the 

first day after harvest, firom 167 to 52 pg g-I flesh%weight when LOX activity started 

FF:c w,, IL-,BL.E COPY 

1000 



Activation of quiescent infections 371 

2 40 40 

30- 30 

070 

20- 20 
Ln 

:0to ' I I I I I 

(b) - 1800 
350 

1500 .300 

250 2001200 ,2oo. 

S-900

-60150 20M 

m 

lO00 
-

50 

01 I I I I 0 
0 I 2 3 4 5 6 

Time afler rarastv (h) 

li. 2. (a) lipoxygrtnae (I)X) actuty arid arnount of lipoxyenare protein and (b) 

antifungal di in arid epi( atrhin coient rinrort in the prel ruffreshly harvmrted avocado fruits cv. 

Fuer islor'rd at 25 'C [,r 6 I P'"l tiitur ar tim riz'd in cold 5 toi sodint phophate buiffer, 

pll 7"2 cotaining 2', Iitf X -100. .OX a ritity was drtrrminrd tninedliaily, in three 

replications of thr fihltred snpt:natint, ry nxygrn crnunmplion in trc prcrri o linolate. 

Lipoxvg'rnsr protein tritinri the situr in maiterials 

aid t rbliods and Fig I. 1 hr a'rragc ,f l r indepeident antifungal dirne and two rpicatechin 

extracts ate repotrdl 'I li standard error (if dtir oran is indicatid by bals 

%,ards i on extract ly EI.ISA as dhescribed 

to increase. Onl the secrnd day, epicatechin concentralion increased to its initial value 

in the prel offrshly harvestcd fruits. Front the second day on, epica~echin concentration 

decreased to a ininitnum of60 pg g-' fresi weight concomitantly vitlh the increase of 

LOX activity to its maximuin (Fig. 31). The increase in LOX activity during the first 

4 days after harvrst %%as accompanied by a continuous decrease ct the antifungal 

compound. 
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DISCUSSION 

It was suggested previously that LOX activity during fruit ripening is regulated by its 

endogenous inhibitor, epicatechin [//]. This was tested in the present study, where 

as well as LOX activity were determined atconcentrations of epicatechin and diene 
same avocado peel. An inverse relationship betweeneach sampling in samples from tile 

24 h1afterLOX activity and epicatechin concentration was found during the first 

harvest (Fig. 2) and during fruit softening (Fig. 3); LOX activity was high (50 ttmoles 

01 I- g-' flesh weight peel) when epicatechin concentration was low (60 pg g-, fresh 

weight). The arnnunt of ,OX, as determined by ELISA, was found to range from 10 

to 30 fig g-' firesh weight, exhibiting no direct relation with the enzyme activity (Figs 

2 and 3). These suggested that the changes inLOX activity did riot result from
results 

the enzyme auount, The lick of relation between lipoxygenase proteinchanges in 
amount and LOX activit) was found also in soybean cotyledons [6], where the increase 

inprotein 	content was concnitan with a decrease in its activity. 

the first hour ahler haivest, I.OX activity increased rapidly; this was
During 

in the anttlfigal diene concentration by approx. 90,/accompanied by a decline 
Another decline indicne content occurred

compared to unharvested fru~t (Fig. 2b). 

during fruit softening, begitnig oi the third day after harvest, coinciding with the 

These results lend further support to the
second peak of enzyme activity (Fig. 31)). 


previous hypothesis concerning the possibl: involvement of LOX in the degradation of
 

the antifinigal diene 110]. 
the
The present data indicate that the variations ill LOX activity, involved in 

riot due to changesdegradation u"antifungal diene duiring avocado0 fruit ripening, are 

in tire enzyme pioteit contentt, bit are closely related to changes ferpicatechin, It was 

reported that: (1)epicatechin inhibited lipo\ygctiase iI i itro [5]; (2)
previously 


and other antioxidantis delayed the decrease of the
 
treatmentts ithepicatechin 
antifinrgal dier [7I,and (3) phenolic antioxidants are present in plant lipophylic 

Taken togethcr, these findings suggest that epicatcchin a(tis inrit,o as aregions [4,121. 

rcgulator of nieobrane bound lipoxygenase [5].
 

The review ofthe manuscript iy B.jacuhy is gratefilly aI,niwledged. This work was 

supported by a grant fronm the United Staies-Israel Binational AgricItuhral Research 

and )evelopment Fund (BARI)). 
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unripe avocado fruits: effect of inoculation with
 
Colletotrichum gioeosporioldes 
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avocado fruits was suggested to restith fitim the presetnce otf the tIelfrtited antifungal
compound I-acetoxv-2-h ydrx N- -ox -lheieicosa- 12.15 -d erie [221. 'Ihis was coil
sidcered to Iie tfhe same Cotmpound as AVI I fiiitid hy Sivattalliai & Adikarain [261 wro
also flottid three other less toxic Coiittiolilds. All these ctottmpoundlsdecrease to i sutb
filgitoxic level, thus allowitig the patthogeo to I cotn ettce growth ..2, 241. Karni 
et al. [131 clesctil-d a signilitd;ini tecline ill the concetlttltit of :1 lite ilt Iieshlvharvested mu., it ispossible that this occts isa result ofiarvestitig stress. lit the latter 
case, althogh lile dictit dereiased to subfinntgitoxic levels, the petriod of low
crucentratit ., is short and fhungal development does not occur utu litit ripening 7-10
days later [131. It appears that fitngal qtiescetece or fitit t esistattce is depetdent otilthe (iratiot, I(,or toidulation of 1ie pe oild of declite itt diene coicrtntratiot (25).
Antifintgal dicie( deereast is regulated bly lipoxygenas activity which, ill turn, is
regitlated l a decieasi concemtriatio,, ithlie endogellus antioxilaitt, epicatechioill til i 

[13, 231. 
This vii k is palt (if a tlpwitt dealing with itothtlatioti ,' the concentratiott of a 

1tretf, tteedcldiette which itict-eases t 'sistaltc, to psthtarvest diseases. '.e reprt oini thespecific effect of inoculation with C. j o,/tstioide. oil (lite indtctit of inereased 
coit,centrations I tlte prefbrmcd iliett ill avtcadio fruits. 

MATERIALS AND METHODS 

General
 
Avocado friuits [l''lsea atricanaNtilhrltat. dtviaUblia (Schleet and Chai.) Blakel ofcv.

Fuerte were obtained fIro atitoicfrd at Aysatot, Israel. 
 Fruit firiness (a paratteter
inversely re'lated tit ripening) was deterttined after harvest by recodingl the force (kg)
required to pentetrate ite iit skill and flesh wcitfh a -ll-diatliiter, -till-long citic 
probe [221. Ile avit age yalt if two determinalius ott each of five tiits is reported.Unripe Iitits at twt stage,.o 'i'atitot wete odtainel buyharvesting at filfeent tillies
 
after ftuit sv".
 

Sirg le-splite isolIates rl"C.. g,'o.wpuloider ati l)i/dodia italurlim fiolt decayed avocado
 
and Prnlicillitton ,hgilatni fiott, 
 ileca ed titage fi'its, were used fir fruit inoculation.
Isolates were mnaintained by inoculation of cither avoeadio or mitnge fruits every 10 
days, or oil pottah distit rae agar at 2.5 C. 

One hour after hat-vest, peeled atnd utilee'led fruits Were iloClatd bV ittielsing the
lotgitudinal alof hO acontiuiitoislv stilled spore sitspiullSt
I litfruit it (approx. 2 x I10
 
spores il') (mitining 'lriton-X 1010(510Id ill 100 ltil) for I tmin. 
 hl stem entd was
prevented fiom touching he ituttitm. Conltll halves wrie dipped iin water. Iruitswere ineubated at 25 O( iil a moist <hitrhe (allpiox. 98 ", R 11) tik 2.1 Ih altl tOtel

trausfe'red to 20 (, att!0", Rt . S 
 itlh fstlitase ill peeled fuits wceut delitiled as
the occuirence of' i ctrated listie t) a deptlh o"3 tin it the itnoculatitti poiIt.


Iltcut;uioti oI wfhli. uttliatstslcd caried htt
itils was by paitinitg theuti with the 
spore suspensii utsintg a cttti swah. Afiet ittctilatin, the fruits ,ue individtially
covered with a .Ilytthylete bag for lit 21 Ii. No s iits . weir.. iseved itt tirse
Fritts, since tie fiigitsu lt, Ih ecoue (rlliesceitl. UN ll cu latl.f frioils ufrit, Ow samte tree 
were used as cittfols. Explrititients were doe at 270, 300 and '310 days after fIit set 
ott fruit tf applrxiltiately 250 g. 

PrFT AVti .APF (,.fl'Y 
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For woolnd treatmentrs, li( longitudinal halves or the wholile friit were pricked with 

thumb tacks placed I1 x 01 tcmapart on a Ipice of'cardboard. The unwounded halves 

were used as coltlrols. 
Thirly to Ibty Iuits were inoculiated or wouided ileach experiment, which was 

repeated at least twice. 

Extraction anmd quantitatit"mitl'.otst!/ the difne 
The dielii ill aviocado peel was xtiacted acoiding to the iieilod descrihed by Pinsky 

elal. [22] s%iti some changs to sltoiten the ext ractinn process. lit ex eriments wilh 

unharvested 1ruits, ihe fiuits sseirpieled while onlthe tire,. The peel was weighed and 

placed illethanol fo'r tralisiFt I(otiih laiiiiiatiiiy. Fit peel (10g) lissue was 

homop-nizeil f1r3 min il 95", edhanil (501ml). Aflcr filtration, the filtrate was 

conce traird ill Roitavaliir uidir vactuln at If0to 5 il a OC aid pai titioned twice 

with dichlhirintet lhiiti. Thei rgailic laycis wie piilvd, third with anliydritus MgSO4 , 

filtered aid dlicd olre N.vItiotim as efItte. The active comipiund ill5 ill hexane was 

irther purifiil by fhash, Iiimatiigraphy of'a 105 fill sample, on a 6 til capacity 

Spe-ed Silica gel liin (I ,alt;mitory Impex LItd., U.K.). The 1'2ci diameter colulllln 

was filled wilt 115 g ti1,10-63 Iln silii a toia dvplh of 2-2 ciii. h'licolumn was pie

equilibratedl with I tiil iexatte. Inactive mattlial w.as elited using Ifnil hiexatie 

containing 25%, dicltliwt thaie followid by 6 titl oi 100),dichliiietlhaie. The 

active fractiiii w%,asthin ltited iywashing tihe colutn twice withi i till oif25 % ethyl 
acetate iti dichlorotiieliat' and drild toder nitrogeit. 

Determinatioti iii'thedieile was dot e hoy1IP.C analysis of'50 IIsamples ofthe active 

fiaction in etlhanil [221. (Caliulatiois of' the diree concentlatiuols were based oit 

compatison of' III.C Ieak areas witl that obtained with a standard. Values from 

threeldiferelit extractiolns wrc takiul illeach experiitett, which was repeated alleast 

twice. 

Puification aid tma.'ntI witheilopidradttdoniai (1'(;) /iom C. gloeosporioides
 
PC fritir cltile fitlt'ae of' (,.glo MpoJiiideiws puifiCd by l'rusky eliul.
, as described 

(.hr1onlatograplhy of tle culture 

filtrate on ;Ipliryl seplharose liii ulsing di-crleasiig coi'eitatiolts of' (NI I4).SOl. 
The preparatitin used for fruit tratmentits cottained two prilygalaitirittase species off6l 

and 62 ki), hiscd notSI)S gel electrupli, and thin laver gelele(trofiuusing that 

[21 ].Tile iiurificatiotn systlt involved tce it 'ratell 

Isis 

repr-sett difleirtit d'grecs tif glycosilatiti of a sinigle prol.-in .pv-,. ].PC :ietivitv 

wvas (liantiifieih by ieastling thi, ie if libiraliin 4&ithdtuhMg it-rinilli fronta I 
i)11.
solution tif'plygala(tllltllic aith ill1I ntsi sodillilla (tatehliler at '0.Reducing 

)ho(hiletric 

iunit of, Ite ttivihy dihiilnd as (hat1 liltetating hll if 
grouplis %sereIt;isirlil tising il"N'lsuini-Simgvi siectrifi assay [18]. One 

llitl a wa.i allOlll IpIl Ieditcig 
e(qllivalentls tii. 

Macerai(irn activity' was dilthiicl hby iitiatitig fiv( tl ii wildgs (atitroxiliahely 
0'2 x0.(-fin, tliirk(, (iiitintig exo- tlsiiCrall (1'aidf 05 0 (-lil ou' tIh(- antd avocado 

fruit with 5(1)0if] ir (Iillit 'i 25 iom sudiliu lilufr,5-0, Imof' ne I ill acetate loll 

7Iat 37 o:. 
PG t.alnietit wvas dIi by aiilying ilt to 0'5 till o'u zyme sllion 1'25 nitsIll 

Id ilatniertstofreshly harvesteld and pelt ilits. Elnzyitme were done at f,21 antl11lI 
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after peeling. Thc effect (if this treatment on the concentration of the diene was tested 

during the first 96 I after tnvallnetit. 

RESULTS 

Efect of inocultion with C g]ocospOi inides on dient increle in avora do imit 
Unharvestedfruits. Inoculation of unhairvested fiuits with C. gloeotiporioides resulted in an 

increase of tie (liene concentration front 1300 to 1700 jig g- fiesh weight in the peel 
and from 1050 tol200( jig g ' fresh weight in the flesh (hiring the first 3 (lays after 

inoculation (Fig. ). I roin the fIbtirth dayI the diene concentration had decreased to 

3000 

ii 2500

2000

"1500 

- 1000 

' 500 

I I I I I I I I I I 

0 I 2 3 4 5 6 7 8 9 10 

Daysofler noculation in the orchord 

Fil. I. (htnge. ill tie f tthe ditir ill - 4tunharsroedl1cradornctrruntltion thr pel and Ilbe-h 

fruits o['v. Furte.joslnn eII %iuif1Cg,emprioidti. A, Irl ( otrol; 0, peel itiroulater; o, flesh 

conti l; 0, flesh in rrlatwd. Unharsrrterd ruils oin h tree , e inoculated fry paitting the peel 
" ,

Wilh a ilpcll llrl istrllsilti of aplprltm. 2 x 10' spores i.l Fruiis wre tititColtoo swat aino 
covesd with plastic :mg lir Ii h. Urninr t ulaird F, (ittn tile same tree were wled as cottrols. the 
mean of tfhrre %.pal.ate r. tractions rf the dies " ,th SE; is shrrn. 

that found in unchallenged friuils. I)iene concentratiotn in uninoculated, unharvested 
fruits remained at aliprtximately 1250 jig g fi esh weight throughout tile 10 days of 

the experimen t. 

lIarretedfrtntis. Itoclatil o'fiv'shly harvested fiuit approxittately 2'10 days after fruit 
set, caused all increase itl li( (lii'ne ('otieltirtioti it the flesh anid peel (Fig. 2 A and 
B). After alt initial &-chcase of' the dliente iitttentralion on otih sides of the fruit, the 

concentratiliotf the dilie in tile peel offlhechallenged side of tire fit incleased more 
rapidly, and to a higher howil, tian in the tutchallenged side oslth' sate fruit (Fig. 2 11). 

In tlt flesh of lIt, ihaletigcd sidt of fil ftiuit, the diene cticentiatilt was significantly 
higher than tlhat ifr he tiichalle.tgcd side (Fig. 2 A). Ott fe uIrth day after harvest, 
flit diette collmmtatinr had incteased to 326() ig g fresh weight, while it was only 
650 fig g t eirshweight ,it the cottrol sithe if Ih fruit. 'le effect of' inoculatiotn was 

observed (liringtfi liit ,l clays after harvest. Five days after harvest Oile dine 
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Days after harvest 

Fill.2. ( h1,.iqr, i m not aiifiiiltl 4J tji'r ill11l411)tlaagrstrd ;-ciad., frtiuiuI', i. FU liwtr 

Si. lhs h .t (.l l,,rrl ,ilnoculaltd wilh C. it s1 1d Ii 2)1N: 1hk)i.rdr ;uv'a uru I Tl ru 
atuti Yliil mtrr t. f;240 thiys trmit i; (i ,' ,I a., ,dh ri 1Od. Atc), C)n lh, 

0, tnumv+iliru ill;S. iTiit I i hy iulluliuuhaoll alln, L ullllilst us r ir,..slait il,,; 1i1e; hiIlit, 
its uiniigiul il il l iimr s C pin..nde.. h hilkes;I\E. it I mimini .4 rh 'It ilnli tlaitlr ric 

unul-iuusrd illusall anduii as-m't im; ,! ii. %,,r(i, u.inni at 25 for 21 h at high Rif in 
plasti(( 11.6 1si t hr' st,,ue t im20'lC. iniu itparatr rxira[ it thel1 '11idOwn u[1ih thner lions tinenr 
uilhSE. is fIm l 
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430 D. Prusky et al. 
concentration was the same" on both sides of the fruit, and continued to decrease in 
parallel until fruit soflcning. 

More mature fruits, harvested 300 days after fruit set (Fig. 2 C) showed that the 
initial amount ofthe antifiimgal compound was sialler and the p riod of initial decline1 
in d iene concentration was shorter than Ibr harvested 2,10 days after fruit set (Fig.fi'uis 
2 13). In fruits of both harvesitig periods however, inoculatioui With C.gloo(porioidej 
enhanced the increase of the diene. Challenge inoculation with C.giepoyioid. 3 days 
after harvest on fruits fl'both hbrvesting ieriods did tnt eihatce the effect on the diene 
concentrationi in Ihe picel or flesh (rsults nt shouiwn). 

Ejfct of inoulation with I). nataletsis and P).digitatum 
Inoculation of the pecelof fresh lyh;,rvest d avocado fluits with . natalenjis, a wountd 
pathogen ofravocado fruits, pieedi:ed no significant eltlitcthe antilungal compoundon 

2500 --A 

t2 
2000- 0 

1500 
5to
 

6 

-4 

0 f I f I I I 0
 

1250 1 B 

Iooo to 

50700 
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__ __ _ _t_ -_I 0 
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Days after harvest 

I~fl.T (:hallg il ,, ,i ii ,'( ",it , , il it pri. r(ffirshlthIai(,er+ ;dv.,ado friil(of 
cv.Firr i ,-,ieh t l 1). natalrni, (, isiti (itj 11 digatuti at2i0 (:.tliiiis ,wereul, n, %se',,,I 
ileculat+'iI oilt a C i, aq drsJcibrdrig 2. 0, c-mhii half; 0,'sil''twimi ofthr Filngrtil iI 
ii,,,ritl;ait hlfI. [fhr im aIi t thier , (xlrctionci dooihr tire %itlh S1. it showie.s,rp.ortrdI 

Exprri(ell wit h P digailst e(i, , ,,ii ,,it1i lte -, lalt th soraisi.
e ill 
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concentraltion when conpated t A). Tlhewith Ih(non-noclated part oflhe fruit (Fig.. 
antifutgal diei," conentration was ilall'tctd by a 'ltlaleige inocutlation with I'. 

digitatum, a iion-pathlgt-n ,l1avocado (Fig. 3 1B).liflritttitial aturity of tilefruits 

inoculatei with I1).nrtltttllo atdIP. dttiitittm is h (ause o lil dilti'retce in tilelength 

of the ititial (hop il ti, COllVtltlti;lli i the aitihungal diette. 

E/ai qf untug )i Iut"illt imt of the drlnei/4. chr 

ii ill cl and fesh doing tlhe 

first day afier harvet; 3 h aiter w.itlitg, conentiuratiionu tie antifiligal 
\outdin g of Ititstilhaidtt' tl ditit.ielrflhiolt lhe .' 

tille of 
coillpoult ill of the wotlid'd sidh' if the iuit was 2350 jig g-' fresh weight 
compared to 7118)it,,g litsh wvight oil the cotill-ol 

thr fiesh f 

side ofilhe fruit (Fig. 4). The eflet 

oilthe Ited ,v;is less significa;lnt Fig. .I.By tli'second day no effect on the anttingal 
compouln(I (ontceturatiott ill or illtie peel of th Ii cated ifruits.; aushusuivefd Ihl fIhsh 
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rili-lu'l-i ol isntuit ..I tr hly eh, rdim-(ad,, 1itil tics titli t ht Ct"t'tltvlri 
i ltI stmt d at2')(C . (A ), ll). sert t -ed as 

.t. l t of t i 
or thedirt - i d ;i lifd . I'm it halm.cs s',vti (0 ) 
flercriteud is M a tit. M vil i s. Tieitism utmIhidside tli " (01) red a conliol.alsl of tuit tias ;ti 

'le ttrilt ill Ihree selparate vttaui ttts sith SK L-], fitires.
ofihe liritiv is shv.st fou 
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IAnLE 1. 
Concentration of the die in the firth of aordo .;fi, r'. Futile /) lr treatnent with puified 

endopo?.Igasartrsr[osafm C. glhormporirrides 

Antirlngal dirue (jig g ifiesh wei,-ght) 
I lo u r%alter .. . . ... . . . . .. . . . . . . . . . 

ruzIysI I carIsestsIt Conitrol ErllZ.,lmr-oeatrd S"M 

2 21;0 11170 I (0 
6 11170 I Wil 00 

22 2820 2I1) 159 
47 1290 120 lo(ll 
72 2060 2090 l100 

Fieshly I it,hir %me p-tIed ani iril u n I hr lsigugiial hall with 15 nil of 
purifirs erinzie solutiri , miliair ning 1-25 iliti oau fivhy pli ailesribed in laterials and 
Nielhods. Results icp rwsl thr mras of four riulii-aliuuris. 

I siwv2. 
Contnttation o] the dienein the flesh of avow'udoJits or'. IFuertea ttr rhallenge inotulatio, with 

C. gloeosporioides 

flours anri hmarOt't and peeling 

2-1 Ih 4ll I 
Itours sier - . . . . . .. . . . . . . 
noculaihr Crn(rl Ilnt ulmr-cd SI:M Control loculaer SENI 

II 1420 1210 139 950 730t 72 
22 1120 1270 116 1270 II0:30 110 
31) 1320 1600 153 1670 1670 65 
411 1-120 1650 151 1230 10610 64 

Frcslily harvested 13iis wri c prele-t Iiocuilah with a susrrinsioir or C. gloopeopri doidt 
(arppilix. 10' spoirs nd ) was d lrir 2I nr l 1Ithisler uiarvcsi. Resuli rincrseit lie ran 
client coilrrtusratiol in jig g - fhis iu r m slti e rxiilti lii, 

Effet qf PG or inoolation oJpecled DfIti br (. s disn inductionGghroslioio n 
ic; was ail i) Ilr ;sar-;ritu';I%casrlrrsidgise i 37 '-: duriing 7 I hicublion. P'G (lill not, 

Ilowevcr, aflfst dissfir (s icrilisliill whil apllird 1o tIhielsh s'lsriV-lily-hrtvest'tI fruit 

kept at 25 ': (Taiil, I 

W\'hsll licsIll IlVrestui- nls Nsi psirhd aisd isisi'llhited with (. /rsspossiuohiri ii" 
(, 1, 41-8 ir 72 I, tih ( filsrslirtiut ri dir ;rssdidwiirsl comuni d was inhaisccdtllii nlsl 

s i sllillt 2ir 18 Ih('sititsalisi Ie ii us h oh , o i-ll il (Tahle 2, shiwinig (Litli 2.1,tiuui 
inociilatios oiis). 

DISCUSSION 

A diine, the iajor rilifigaI uoprtiird i avoadro i|ul, was sy cialeng1i)lird 
jinocuiliroii with C. go uritioidie.iornhrarvesledi aidl ilesh, liyarvested I tiils.This is not 
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433 Interaction between C.gloeosporioides and avocado fruit 

the first report that a preformted antifung'al compound can be induced by challenge 
iin, a-solanlne and 0-chaconine haveinoculation. Clhlorogenic and catl'eic acids, scopl 

of thesebeen shown to accumulate in it 'ured antid itfeted tissue [/61, biut tiorte 

ws 3as dircctly inv(lved i lhost resistance as tile diene inpreformed compounds 
1. In unharvested fruis the diene concentratitu wasavocado fruits [20, 2-2,23, 24, 2'.5 

almost doubled in Ohe peel and flesh Ct;-a period olf3 dlays after challeng itnoeulationt 

friuits, after tie initial drop itt .oncenlratiotby C. gloeosporioides. Ini freshly tavested 

of the diene resulting front harvrsirt stiess 113I, the concentration ill the peel and inl 
levels than controls. 'T'histle flesh of the chalienited p)ul oflthe fruit increased to higher 

suggests that tlte diette is not oliy a pre-itfectitotal ithibitor [2VI but the concentration 

could be enhaIcel by a iolie fact or froir C. hw rp<iosldes. 

Fruits harvested at diltiuent ages alfter frtuit set showed that the natiral changes it 

ill tntireated fruits were dependent on 

fruit maturity. Fruits harvest'd at a mollre mature siage showed that the p erild until 

the antifungal diene regainetd ie initial concentration fitllowitrg ithe(decrease after 
Ite cliracteric pattern 

tite concentration of rite atiflrtrgal comrpound 

harvest, was shortened. This hlehaviour is sirikiogly similar to 
The l'tngtl of the lagof respiration for htarvested avocado fruits hrt.17, Ihy ripen [5]. 

period until ilte rise itr iespiration (tile preclittilceric period) [5, 311 ;rd the diilne 

rf fruit rnaturity. ,Challenge inoculation of' iitactchanges are a refleetion tf tihe stare 

fruits at harvest always iltduced ilhe mntilunigal comrpound 2-3 days after inoculation. 

If fruits were challenge inoculated 3 days after harvest, ile ctettraitoio of the 

comipound did not ilrease. Sivantathan & Adikaram [261 were unable to show atn 
challenge ioculationt ,lllowingincrease in the concettration ofantifungal cotoonp,ds 

I rsetsilivity(if avocado fruits willi C.glosoritidet.This Irtay have hreer because (oftle 

of their deteectiot iTtethtod, tlte tie ol icttfulatlion alter harvest or the ihmniii it' of tile 

fruit. Their fruits were harvested 110-901 days after attihesis, is opposed to 2,1( days itt 
1261 were slated to heour experiment;tlr fruits used by Sivanathan & Adikaia 

degree rof intruaturity was itol oleitilinled. Diftrent varieties areinmature, but ilte 

known to require varying natturatitn tittcs under the saire conditions [191.
 

Enhanced conentratio ns l'rIte diene persistcd itt ehalleittge-itnocutlated It iiis ftr 3-4 

clays, compared with only I da' followintg rrechanical wounding. Ke [1.51 suggested 

lead to apprcithIle acciuttlation ofthat mechanical w.oundintg generally does not 

phytoalexits and after sources ol' stress are rettowed, plhyloalexin levels decline, tiless 

a bitotic elicitor causes the release of additional cliolrs of host origint. It ipjpears that 

a low level of persisteitt sless is iir'itd ftr the accunt r highlevels of tilelatirn (if' 
1101 valill thtat whelr itllectiolts ofIL.anilifnuttgal clirte 1I1. This is coiskit( with 1te 

slortotro/, f.et m'trne quiescent il uitult lvtcitd Ifuis [(;I, levels Ilt ;inlifiltgal diere 

tlltse ftulld ill tnilltiitd fr is. Mlw ipozzling is diw illdtriott of, tlt(rdeclinte to 
ll tt' Ifesh o(f th' fl il Silt lhphav f (.. 1l,,t',/,,,tiidri re'rr:rrnantifillgal dirte i ill,-.' i ll= [6, ,.; i alld (11)noti Iriutrate into tihr fle-sh.(IllieSCeill finr sw,'ril ra% l', e 

This result taises thev tossibilihN tisigila l'tlti tt;tlia lid i;trllsducliot %lli('1 llay lead 
the plhinti f infection.

ttt anl itleleast' (if till ltriftull(ldice ;at t distancl.fitl
aanih'nhllam rd eihxlh'ne pr,,dueiiolnC:hallenge hllocul linil in avr'wa;do ititits by I.ro~amoi(d 

[32]. The invol eelt ofeIrhselle in (.lcliili it t lr'l'ltce rel lions has hetn discussed 

s that etllylente inlld phellyllatlitepreviously 17, 10,I1, 171. Cialttz [101 ;gesterd 

aitntonia Il'ease, it key etizyle intsecondary nllttahlistli (if plattts, bt this horrtlte hias 

trot beert shown It ie a siglal siulsttctt [/ Ill iriue itntit'ductiri. 

SlI' I1 

;:Lr. , r " =,.. 
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The antilong1al dit'ie %,;isno~t intluc'Pl irll oit, were, chllenge+ ino<Lulatc:+l w..{itheither 

A) n+atale.if -- I wo)und Il-athoig<ll .l';avoctado, l.rwith 1'. dfli,.'tflfllnl :1 nll-at-l ih3lle oI" 
alvocadoh. The+limite'd (11ration ol"tli' inhduction (f"tile atililonal die'n, res.ulting+From 

votllliilg sutgq"ts that Ihe llh +-sirl st ess il t' lpeeIratiIn by C.. lle+mptiioides citte. 
not indt c''ftl 3-ti:iv.i g pet.l tiiitirs) of ilheftitgus appte;als to heindihdtiot ; ': 

5;tt'olvr,,d in div plllr 1121. P(; hin irlit/ i/Ivf tilir oil timlll i (,t/lth utm anlluurn,
lesuhtud inli~ 'Je c';II.iiiol potfutl l .+++0l. 	 inlducedTIhe. PG; oIlhi.:,ipw sli#Ioli 

tile h)';ym.Itt , ,\ ntllvsi, (dIc'asl-'lic ill +'vw he.all 191 , hill, ;it a 'im ilmt c t -ti'tllrationt,
 

tite PG iv ,"., tttttlltld/ / I did .,4t io. ill- anil'tolal in avocado flheh.
+shim ]hily, illoil l~tilol [IN ('. '+/,++ i (+/t pe'l e,d fillhs dlid [lo~t indluct." HIl alitiilligal 
dit'lle.. 'I:Itv atiiligtal 4.'111lp tn~d %Na'+ d only l i filnits byhfihlm rti'lltathon r 'lltac<t 

Ow<ril'u~i . 'Ilkd uu't Illil ;tlllth g t -,e.,plim l't initial Iv..ion~ lprolhly occuls
 
i the+pI ;I:"si wl " Ilighi f l flicsth in (he' Ilh'h ,
.: ,ta t ill-t<" s 11m1-chaliml, S it . 'tioll 

tor' the, ii .t;1 p, i lIt tutil inthtu l l xut l andilik It. lhl vi"i ila.i ofit ilt tpeet 

7latlu t t'ltc ll ;,wall o. Sl tat . I1?.. t ,, / i I;i lk :wiltIi.. itt Ibass ]li t ri rtut tntits.ui.
 

isN' ti k11 ; pi1. I- ! hN'g i h,; I t\D . [it-B']+atio i( I.S. lsmi-I i cli luth lItec'arc'h anld l)% (.(.h~ltell[ F~und andl Al I ',lDR with adt(ionah l Funlds fioln fill
Overse'as lcrvk.incitt ,\<hinistrition, Natiral lest .slr' anld I-imihtinnt Drt

pat 	ts' , U.K. 
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The relationship between antifungal diene levels and fungal
 
inhibition during quiescent infection of unripe avocado fruits
 
by Colletotrichum gloeosporioides 

D. PRIlSKY,* R. A. PLUNi13LEYt and I. KO3IL ER 
*Departrnentof Iruit and IVegetabhe Storage, gtAgiciidtmralResearch Organization, 
T/re I'olcani Center, I' Bx 6.Mt l)agan 50250.,liael
 
tNalral Resources In.tittmte, Central .,rnul,,Chatham Maritime,Chathzm, UK
 

Quantitative changes in thelanliltItal coalpouMd,I-a'Ctoxy-2-hydroxy-,l-oxo-heneicosa-12,15-diene, in 
freshly harvested avocado fruits dktmtii the inilial stages offtngal development were investigated to 
determine the possible it voleilent of the cotm pound it quiescent infcclions of ('oll'titrichiuln 
gloeosporinies.'rie concentralion of the anttitng11al compound intie peel decreased to subfungitoxic 
concentrations 16 h after harvest. Fifty-sixhours later the antifuigal diene had increased to c. 3800 jig/g 
fresh weight. At this stage. germittated appressot ia had penetrated lie cuticle to the epidermal cells but 
no ftngal developlment %.%asohscred until 7 days later when (he concentrationt of'tiediene had 
decreased to 100 I I jig/g fresli weight. Following a dip treattment at 55"C for 5or 10mi, I lie antifungal 
diene concentration decreased as inthe controls, but it retrained at siiftingiioxic concentrations for a 
longer period enabling fungal developmient and early ssinpiol expression. 

The corcentraiion of ihcdiene iilthe flesh halvested fruit decreased to 1201jig/g fresh %%eightoflfreshly 

24 h after harvest. Inoculation of peeled fruits with spores of C. gti'o.sporioid's showed germination 
without appressoria fortuation atd symptoit expression occurred 24-18 1later. Symptom expression 
was delayed iffruiis were inoculated aftercoating the flesh with epicuticular wax extracts or if the flesh 
was inoculated 3 ys al'lehat scst wlhca tie antifttg ti diete had regained a fungitoxic concentration. 
Disease sytrplomnr were expressed insoftfruits coantainiig siihfungitoxic concentrations of the diene. 

We conclude that the diene ill unripe avocado fruits inhibits of germinatedfungal developmet 
appressoria or conidia. I he quiescent structure of C. ghtcosporioids in unripe avocado fruit is a 
subcuticular hypha. 

INTRODUCTION infection, while fruits after fruit setcovered ilte 

were exposed for a longer period to infection, and 
Anthractiose ca used by C'ilhctotritltui gla'i.ior- showed a high incidence of post-harvest disease 
ioides is the most iniporiail fruit-rolling disease (Binyamini & Schifftanti-Nadel, 1972). 
of avocado. linyamini &. Schill'mtaitt-N:idel Several hypotheses have been proposed to 
(1972) have sho i by Iuit pecl i,.ol;itioiji that he explain tihe folitmltio of applessolia by ('Odl'ti. 
fnuit hecotties inle.'cted it ;aerY eal[.\r tochit' species' Stal ijotn {l'arely, 1t081) , StirSl;ge dililtg 
thegrowing seiatqi, althl0gh (lie fruits are ice fice iardness (Vai Ilurgh. 1950; I'arbcry &

front visihle disease qynlplojlns 111(ll haml..'st,Foinctt, 1977), co~mpetition wilhi sap~rophytic 
Lesions develop during fruit 6ipeting atnd sillent. irgaulsms (Ilakeian & Parherv, 1977) or with 
ing 7-15 days allethars est heIti:itmliiical antagonistic orgattistlls (I.etnc & l'arbery, 1976), 
studies of Ifinyaniii & Schilliniant-Nailel 11972) desiccation (Parbety & itiiet, 1977), inhibitory 
itt hand-ctt slices recaled that %,x-entbeddcd chemicals (Piherr & Illakelan. 1178) antd the 
appressoria of C. gls',potioid,.i %sere thesiltic- induction by epicutictilar wax (l'rutsky & Saka, 
lureswhich petsisletf in tinripe fIuits. lieviafri- 1989). In some C'ollioirjhihm species, such as 
lity of tftc early infeclions svas deternined by ('..gratitlicit,C. liitleotuthianiin antl C. trililii, 
coveri, fruit with bags it dil'efelt petids hostpenetratiohiocetirsiitntediaielvafterappes
during giowth in the orchatd. It hits covered sori litntonati (l'arbery, 19Il;. Iliother spe
early ifter fruitset shtowefd a fos incidence of cies, shi C'. lid C. iitlt.Vai'.as tiid,.. anIid.i 
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environtmental conditions nmay be f'ungitatic to force (kg) required to penetrate the fruit skin and 
appressoria germination (NI uirhead. 1981) and flesh (or directly into tileflesh after peeling tlr 
cause a prolonged petioil of dormancy. The fruit) nm in diamecter and 4with a conic probe 5 
eventual disappeatance (ifininhibitorin combi- 1ot in hlngth (Prusky etal.. 1983). The average of 
nation with tie greater itailahilit. of nltmelts two duterniiit6, is on cach of livefruits was 

lay be associa ted with lite hirCalkinlg of (|lileS- recorded. Tilefrlits w'erehaivested at firmness 
cece. 

The natlitte of the tiiescent stiuctire ot C. 

ghwosporioidh's ilepends ipoirto tie tlion%%hichili 

the interaction swastested It pip;iya (Stangliel-
lii & Aragaki, 1966), citrus jllrown. 19)75), 
banana (Muithead & l)eserall, I19I) and avo. 
cado (Ilinyamini & Schifinann-Nadel, 1972), C. 
glooporioil'l persisls on thepeel of the matule 
fruit as (ikilesccill ippiess li.i In ruaugpo (Ver. 
hoeff, 1974). hluebeur fiuiluII)ia in.1)8.1)antl 
in some cascs inciii ii)ttroiii, 9l75. theiappres-
soria ma germinate aiid protliice inctlioi 
hypltae that [lie and ema.inptuell;ite rticle 
quiescent as h5phae 
The role of subcuilicuilir I.ph/ut of C. ooim, in 

green baitana futit ssas te-e\ailtlcl. I b, Nluiiu head 
& Deverall( 1 19 ) Illc ontrast to ilefinidinugs of 
Sitrtnoris (19.11) ald fhaiikraau 1, (19571. it was 
observed thlt the sibcllll,ilulr hphac original-
ing from h.aliuue ippresoria of niotwAMdid iiot 
resuinte actimily iiiring iipennit_ Tle anthracntce 
lesions originated hloridatk thick-walled appres-
soria, sitich gerninatted it the onset o , fruit 

rip:tting. Muilieid (1981)sugcsicdtl1ht thesc 
appress,,ria, rath'ri that siuubUitIculat liy'1hae, 
were tihe key stricmtli es ilquiescence if C. MIut. 

In itnattelipt to uinderl tlI Ile tuiechlanisin (If 
quiescence in lnrilp Irutsl,I'utiky et(d. (1982, 
1983) isolated a pietnrmed antiftitgal coipoind 
fron utnripe asocado tIiilits. 'I his comipoiilid \%as 

present in tilepeel inti flesh of lite fruit (t'rusky 
a al.. 1993h billits relitiont ssith tile qiuie ctit 

structure ofC.. ilolqiiorionth i unrile I'its his 

not been stuleld. "1 to
lie aim of fhis rescarch %%a,; 
deletineitw the relatit bels,cei lite inhibitioit' 
futgal developnuelt and ile Isicseluce of fle 
antifurgal diene dliring the IlIliescetit staire '1id at 
the ottSet of disease des elnpntleilfl. yhlil'Om m-

iohes in freshl il arsesteil al i ipetting avicaido 

fruits. 

MA'It IA LS AN1) 1 1 IOiS 

Mature avocadoi ft uits (5 t imntl, alicrfruil set) 

(Per'sea aiteriemli vair.drirmillilia cv. 'tierte 
were obtjined fiom irchalis ieair Rehovot, 

Israel. 'File were 6) itinexpetigients started 30 
after fruit harsest. Firmness, itt insere para-
reer ofripenring,ws Itieasui tl by tecrinthuig the 

salues of Ilt12kg and ere considered ripe when 
lirtnness decreased to Ikg. 

A single-spore isolateof C. gloo.iosrioides
 
obtained from decayed avocado fruits was used
 
for inoculation inall experinents. This isolate
 
wi'., maintairned b) inoculation of fruils every I0
 
days arid also maintained ol potato dextroseaar
 
at 25"(C fPrusky a al.. 1982). Spores %%erewashed 
and collected ii distilled ksatcr by centrifugation 
it 1IM10g for 15min. Fruits ,\ereinoculated by 
plicing a I0-jil drop of a presvashed spore 
suspensiotn (10It'spores/iml) on itepeel at three 
diltreit spots along tlhe lngitudinal axis of each 
of livefruits. In some experimuents nIuts %%ere 
peeled (I 2 mn thick I and iheiinoctuilated simi
latly theflesh. oron Fruits\sere incubated at2tt 
25 C. depending (in the espeliiment, ina itnoisl 
chamber at ". 9)':,r.h.Symptoms slere identilied 
its 5 im in diameter.ilarkened lesions larger thIan 

I-raciit of clitular vsa\ from iocado peel 
hioassay
 

i 
I init weie dewaxed by dipping thenr for I 2 nil 
inlicaane or etlh~ acetate {Albiigo. I972; Iltusky 
& S/ika, 19891. 1hisextract was Conicenitrated i0 
di tess, weighed, and redissolsed itt hexane 

belore use in lite bioassaY. 'lie sequence "io 
conidial germination of"C. y/lo.asporioids ad 
uppressorial fortmatiorn ani germoination wa,.s 
determined oit millipore discs covered with 4,8 
itgavocado peel-ssax extract, Fpicuticilr wax 
exitlctsdissolved in hesille Wele spotted ott a 13
min-diamneter uilliptre lilter (t45 iin pore sie.
 
NIilipiie) , itdsimilai amounts of the solvent
 

lotie were placed (in a coutuol filter. Allei 

ittill ofhtil I (ivilng, 25 jil nf/a sispenL\e 
Siil of washed spores of C. lt'oVioioihs {II" 
i1il Iwas placed ott the dli lax or on rontiorls. 
I lie filters were incubated in a tmoist atchalibiel 

25 C. At dilliercil pliriOls after itllCbaliolr. the 
5,ell/lititioll tttiit'li/tef witl cotltiptocess %%;is 
bhe in lactophenol Actisity of the epiculicular 

\ax extracts wsi determined by comi:ring the 

percentage ofcontlal gertninatioun, apresswrial 
fotillationt itd ;ijlpiessol'il get ittiti/illtIll tile 

treatments aindin lie controls. (;cerminated ctni
dia wre deliiedi as those witlh lubes logergern 
titu three times the length of lite spltes (59 .22 
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jon). 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, pcetrating irregularly through the 
epicuticular wax deposit. A geris-tuhe length 
> 180+45 pm was considered as a germinated 
appressoriuri. One-hundred conidia were 
observed uder the microscope oileach of three 
inillipore discs. 

n-vivo bioassay (ifappressorial production 


At different stages after harvest and inoculation, 

tangential I-mm thick peel slices were removed 

,ithia razor blade and the ftneris N%;ai
fixed with 


cotton blue in lactophenol. Conidial get uination
 
and sippressoriil 'ormation on the fruit stularce
 
were observed with a light microscope. 


Assay of decay deseloprnent on iax-coated fruits 

The effect of epicuticular wax oildceca)develop. 
ment was determined by placing 10 jilof a 
urexane-wax suspension (48 Ing wax/rl) on tile 
fleshof freshly harvested, peeled fruits. 'Ile 
hexane evaporated rapidly ,vithout causing visual 
damage to the flesh. Drops (5ji)of a suspension 
of C. gloco.sporioide conidia (0 5 x I rndol) were 
then placed onto thedricd wax and symptom 
development was determiined as before, 

Microscopic observations 

Fixation and dehydration of specimenis for scan-
ning-electron microscopy (SEM) antd light-
microscope observations were done ina series of 
ethanol and acetone solutions. For SEN observa-
tions, the dehydrated tissue was handled accord-
ing to the irethod ofCohen (1974). Samples were 

Threediffrent extractions wereexamined at each 
particular sage of the experiment. Chrorirto
graphs were made of IN)-i aliquots of a 1.0ml 
concentrated extract from 30fg fresh weight of 
tissue. Calculationsofconce trationsofthedine 
were based on comparison of the ItPLC peak 
areas of thecompound with a standard. The 
average value of three replications is presented. 

Ileattreatment of fruits 

Freshly harvested fruits were imimiersed in waler at 55"C for 5or 10loinand allowed to cool for II 

prior to inoculation as previously described. 
Fruits immersed in water at room temperature foi 
10 nin were used as controls. 

RESULTS
 

Appressorial formation on thepeel of avocado 
fruits 

At 16 It after inoculation 97% of the conidia ofC. 
glo'ciporioides had germinated and most (97%) 
had formed appressoria immediately after germi
nation on avocado peel (Fig. I). The appressoria 
had germinated, perctraled tie cuticle and 
reached theepidermal cells by 72 It after inocnla
tion (Fig. 2). Disease symptoms were observed 10 
days after inoculation, when tire truitbecame 
soft. 

Effect of extracted avocado peel wax on 

appressorlal formation and germination 

Fifteen hours after incubation on wax-coated 
millipore filters, 99% of the coaidia had germi
hated ard 95% had formed appressoria (Fig. 3). 
Gerrrinaled appressoria were first observed after 
2,tI. Twenty per cent of tIhe appressoria had 

observed it a J ')I..ISM-35C ,.cannintg-elcctrogermitated by 60 Ihafter incubation and 28,%,by 
microscope. For light-microscpe oh,,ervations. 

tire deh.dri'ated tissue enhcddedI
-',;is in Sptirr's 
ow- iscs tynmedit n (Sp ort . IotW n s,' . I hI i 

slices were collece d intdistilled NsateldlOps il" 
gliss slides arndItnoiinterl it itnl ersioi l l 
Several infccon pints were olser ,ct ilha 
phase-conrast inicroicope. 

of theExtraction atilt quanitatire anrltysis 

TIre anlifungal diene inasocadis peel and flh 
wsas extracteu accoding tothe inellod described 
by Prusky eI ind. (182) and deternitned fy I IPI.C. 

10f4 Ih. 

1ie r e-ati on betrv r-r dirre cr rc errr ior antI 

"rptn; exprtssit of Coll-tortritun 
'Incriporioideiin intact and lcat-treated frutits 

"Ilie cotncentslration of tOleanfiltingal diene itlthe 
peelof avocado ft to be aroundfits %is found 

2800 jig/g fresh seight afterharvest. Within 24 Ih 
lecrtcenttatiou had decreased rmpidly to 19f0t g/g freshwkeight (Fig. 4). Inunhealed control 

littthe levels rose rapidly after 24 htand had 
once again reached over 3000fjiilg/g fresh weight 
after ,18h (Fig. 4a). Itt heat-lreated fluit tihe initial 

,
pI "-.A''' ITLrf3r-
 7 
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Fig. 1,Scanning-elecirt.,, micrograph ofcoidium (Co)gerrinatine hypha (GI) of Coll'toirichuw gloeosporioides
forming appressoria (Ap, on peelof avocado fruit cv [7tierie (bar I pci. 

Ap 

Fig. 2. Light tnicrigraph .f a getllina ted appicqsmc iln (Ap) ol Colh'toiridnocluho riide.,breachiiig cuticle (C)
tip o tilec p i der i;i lcells 72 h aft rr i ncullin 4 l h harcsled m a ur eIruil. if hipha (11 isd no ed yInfec 


arrows (x 3(J{KI). 
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Rg.3. Geniination of conidia if ( ,lh'tutr(hun gloel. 
sparioides ir:d formation and germinalio of appres
soria on avocado 'eil extractpeel-wax elratLcs wa 
(4-8 mg) was placed on mitlipore discs and jiwculated 
with a spore suspension. The discs sserestained tith 
cotton blue for obervation after various periods of 
incubation. Standad devialins aredenoted by hars. 0, 
germination ofconidia; 0. gerliiation ofconidia with 
appressolia; A, gc-nifnatedpres~ria..aI 
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the controls but the lag petiod untiltc-establish. -, 
ment of tileoriginal high levels was delayed 
depending on the length of (ie tine of treatment 
at 55°C (Fig. 4b.c). The original diene levels were 
not regained until 72 It after it 5-nin treattent or 
96 It after a 10-min treatment. 

No significant difTerences infrtit irmness were 
observed tip to 96 It in untreated and heat-treated 
fruits; firmness ranged between 9-5 and 105 kg in 
all the treatments during this period. Appressoria 
formation was not alfected by tie pre-inoculation 
heat Ireatment and the percentage of formed 
appressoria wa, 14 + I in heat- reated arid non-
treated fruits. Lesion development and symptom 
expression was dependent ot tcaretmen tirtre and 
occurred earlier ott treated fruits than orr non
treated fruits (Fig. 5).The lime required flit" 
sytmptom t.'xpres it cItllrll [rnilwas 7 day- ,

ion 


iscomparel with. anll 2 dais for a 5- or il-tiii 

Ireatrent. respectively. 


Trherelation Ibl~eeii diene colcentratiron and 
symptom expression of C. ghlefifporioides 
on avocado fruits peeled and coated will 
peel-wax extract 

Ioculttion o1 the flesi rf ieshly hiarvested 
peeled fruits resulted in sytrrpthrns 2 da.S later. 
when the friuit were still liir uipe Fig. 6). 
Ftngal conidia began rillingIo gernlilate tre 
periol when corcrrlrentlionts tlccre;isetlflti21 

4000 -(c) 

2000 

0 I I I 
0 20 40 60 80 100 

Hours after harvest 

Iig. 4.(hages inthe touceitralion o antifirngal dieri 
Il alocato1iuis cv. icile It 211C after iiheal 
ttliilWlleli at155 ( *. tll rnrtirrtd Cltlili.[ () 5rtrili theat 
Il ltilelt, (C)It-inin llil icalleU. 

to I 21i ;rg/gfresh weight. No appressoria were 
Iored and the pit tritbes beganto nacerate tie 
tissue when tite concentration was aboull110 
/ig/g fresh weight. Ifthe fleshof freshly harvesled 
iur[its
was coaled with art epicuticular wax extract 
flldinociltlated wilh (. gloleo.i/orioides, syrup
tms dleteloued 6 7 hays after inoculatiin when 
[lie clrncenrlratioln of'threalirngal diene was 120 
ipg'g liesh%weight ard fruis becatle soft (Fig. 6). 
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32 - DISCUSSION 

28- Appressoria of('.gloeonspnrioides ,tre produced in 
- 10 min 55 'C response to abiotic and biotic stimuli (Emmett & 
E24 Parbery, 1975; Parbery, 1981). Prusky & Saka 

20 (b) (1989), reported that appressoria formation of C. 
gloeo.rporioides is triggered by the epicuticular16 - 15 r 55"Ca wax of avocado fruits, as increasing conccntra> (a) tions of wax raise tile incidence of appressoria 

12 -/ formation to 100%. This suggests that a stimulus 
4 of chemical origin present in avocado wax 

SCono induces appressorium formation in C. gloeospor
4 inidhes. The stimulation of appressorial formation 

by cuticular wax was reported for ,llternariaporri 
.. (Akai eta/., 1967) and several rust fungi (Mahesh.0 1 2 a 4 5 6 7 8 wari el al.. 1967). Appressorial formation was notDays after Inocuilation indtuced by the antifungal diene involved in fruit 

Fig. 5. Effect ot heal treatment of a'ocaido fil its cv. resistance (Prusky el al., 1982) as he compoundFuerte on decay deelopient by Collelotrihuatighie, was not delectable in the epicuticular wax
p.'ioides.Fruits were dip-Ireated at 55' C fo 5 (h), and extracts and formation occurred equally well on
t0 min (c). Untrealed controls (a) were dipped at 20-C. ripening fruits showing decreasing levels of anti-
Afler treatment fruits were ieiulatledand incbated at
25OC and high humidity for 24hand then transferred to fungal diene (Prtsky & Saks, 1989).
20'C until symptom expression. Germination of appressoria started on 

extracted epicuticular wax, 24 I after inoculation. 
Almost 30% of the appressoria had germinated 
104 h after inoculation. On avocado peel, 72 I 

after inoculation, appressoria had germinated 
and the hyphae had penetrated the fiuit peel. No 

2500 - 12r further iyphal growth was observed until the 
2000 - concentration of the antifungal compound 

01 decrcased to subfungitoxic concentrations in ripe 

u 0o 60 in2 that the subcuticular hypha is the dormant struc4 
. -40 i'- lure of C. g/oeosporioidcesin unripe avocado. This

500 2 -2 o S is not in accordancewith the results ofBinyamini0 -0 1 2 3 4 5 6 7 8 0 & Sehiffmann-Nadel (1972), who did not observe 
Days atter harvest germinated appressoria in hand-cut sections of 

Fig. 6.Diene concentration, fruit tirinness and symttor unripe avocado fruit peel.
expression of Coileoioriclurni govopi'rioiules is peeled fIt freshly harvested fruits, the concentration ofavocado fruits cv. Iunerte stored t 25 " coated or the anlifuntgal diene drops to subfungitoxic conuncoated with cpicuticular %%:tx cer'uratlins andI Incoatcd fruits wece ihen increases, after a lag period,eilher inoculated iniiediately (w - - i or l dhus after to the linal concenttratiot pilseilt ill unharvesled

iai velcst(17 Ipiril tcnl.rviseth Luu , 
 ,si fruits ,1rusk y, 1988. Kaini e't Wi., 19819). iliespotted uointheflesh )i fresily held tih~ lil I,,lt~,ed proess leading to Ihe ast decrease ofthe anlifin
by conidial iouL.11it1i (t. 
 '1 Inocall1 -A;las gu diciee w.a; suggested to he similar to theitone swilh 5 i drop %ispenioiof lii' poi'jil iil) process cturing iii nornual 6ipeiing fruits, where 

he breakdown of Ihe antifungal dieiie is cat
I*sed by lipoxygeinie s hose activity is regulatedlnocu;.tiion of lie peeled ft hit 3 days after by the flavaii 3-ol. epicalechin (Prusky et al..

harvest, when theciencentralion of theaitifungal 1988; Karni et al., 1989). [in freshly haiested
diene had regained its original futngitoxic concen, fruits a fast increase in epicatechin was observed,
tration, showed syniptom expression 3 4 days accompanied 1y an increase tn liporygenase
later, when the concentration of the antifuigal activity and consequently a decrease in tle con
diene had decreased to 120 jigIg flesh weight centration of tle anitifungal diiene (Karni et at.,
(Fig. 6). 1988). 
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Two factors affected the development of C. 
gloeosporioides in !.hepeel of freshly harvested 
fruits: the time required for the germinated 
appressoria to penetrate theepiculicular wax and 
become susceptible to the antifungal diene, and 
the period of time that the anlifunngal diencis 
present at subfungitoxic concentrations. In 
freshly harvested fruits this period is very shot 
and tire pathogen could not establish suflicient 

growth to overcome the subsequent increase in 

diene levels. In heat-treated fruits tIre period of 

subfungitoxic concentration was sulficient to 
allow further development of tie germinated 
appressoria. A 5- or 10-iin heat treatment 
prolonged tIre subfnngitoxic period by I or 2 
days, respectively. The re-establishier of fungi-
toxic concentra.tions of tire anlifungal diene did 
not contain lesion expansion once Ire ftgus had 

becom." established. suggesting that fungitoxicily 

of the diene is dependent oiltie fungal bionmass 

present.
Ipee

In peeled fruits only one factor afflots fungal 

development, fungitoxic concentrations of tIe 
diene. Germinated conidia did not form appres-
soriaon fruit flesh (Prusky & Saka, 1989) arid 
direct maceration occurred when subfungitoxic 
diene concentrations were present in the fruit. 

Disease symptoms were expressed within 2 days 

in firm-unripe fruits. Coating of peeled fruits wilh 

epicuticular wax enhanced apprcssoria formtaion 

and as a result fungal development, as growing 

hyphae, did not occur during the period when the 

diene was at a subfungiloxic concentration: the 
onset of fungai development was delayed untilthe 
antifungal diene decreaed to sulliciently low 
levels. Inoculation of peeled fruits 3 days after 
harvest, at high diene levels, where no appressoria 
were formed, gave synptom expression when 

diene concentration decreased to subfungitoxic 

cotcentraitions. 
suggest thattire quiescence 

of C. gloeospotioiehs i unripe avocado ft ils is 
Ire result of the presence of fungitoxic cont'enitra-
lionsof the arilifungal dicne oi ihc subetilicular 
hyphae of tire germinated appresoria. 

The present results 
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Involvement of Preformed Antifungal Compunds

inthe Resistance of Subtropical Fruits to Fungal Decay
 
Fungal pathogtrns must perf,.in pie- resistance during ripening is the level of 

cise functions and overcome several preformed antifirgal compounds. 
barriers before they are able to initiate 
disease in plants. First, the pathogen Activity of Preformed 
must locate and adhere to suscept tissue Anungalngo 
and then initiate infection (10,12,14). I he 
frIrst plant barriers ercounttced ale gen- Critical tests of tihe role of preformed 
erally the cuticle and cell wall, which may comrpounds in disease resistantce are dif-
be breached by enzymatic (6) or physical icolt, primarily because of problems in 
(12) assault, or the pathogen may infcet accutalcly assessing the quantities of in-
ltlrough wounds (27). Contact with un- hihilory cormpounds that may contact art 

derlying plant tissues presents (Ihe invad- invading patho)gen, uncertainty as to 
ing pathogen with a different set of bar- their in vivo biological activity, and dif-
riers, most notably preforred antibiotic liculty itt relaling changes in their con-
conrpourtds and/or torphohgic bar- celtl alirns to resistance (27). '1lie most 
tiers arril phytoalexins induced by the compelling evidence for a functional role 
plant (13,25,26). of pielurrred antifungal compounds in 

f'alhogens thait infect fruits are con- disease resistance has been produced by 
fthoned by several proslens not ou rmally using geneticallv related pathogen strains 
facing pathogens of vegetative plant lis- that ditler in their ability to tolerate or 
sues. Fruits are generally protected by degrade a plant antifunigal compound or 
differentiated inlegumentary structures, harrier (2,4,5). On the tither [land. simple. 
and their physiology changes markedly correlations of changes in the level of 
during developirrent, particularly ,ihen a preformed compound with resistance 
ripening occurs. Pathogens Irequently in- may be serendipitous and must therefore 
feet unripe fruits but cause relatively be interpreted cautiously. lfosweser, if 
minor damage until ripening, when they mrechanisms accounting for the in vivo 
may cause extensive decay, Such uties- concentration oif a prcfuirned inhibitory 
cent infections have been observed in comporir are determined, then it may 
tropical (15), subtropical (8), and dccid- he possible to exogenously modulate 
uous fruits (9). The resultant decays have trese systems art btiserve whether an 
great economic importance, since they al'ered level of tire inhibitory compound 
reduce the shell life of fruits during stor- all, disease resistance are in fact linked. 
age and transport (27). 'Trese disease 1Fo examiple, Ilolowctak et al (11) used 
problems have been further exacerbated exugenously supplied tit -phenylalanine 
by the development of pathogen resis- to alter the levels of phenolic compounds 
tance to fungicides atd tie withdrawal and resislance of apple fruits to tire scab 
of pesticides on cnvirontrsenral griiunds. disease. Itt addition to providing a criti-
Consequently, there is considerable in- cal test of whether a putative preforrmed 
terest in determining mechanisms ac- resistance itechanism is physiologically 
counting for the natural resistance of important, this appioach may provide
unripe fruits to fungal patlhogens and cx- treatments ihat call have practical trses 
tending its elfectiveness to fruits after in disease contrl. 
harvest. One of tire possible mechanisms In this paper we discuss tire rrole of 
that may account ftr such differential lreforied inlibitors in fungal decays of 

avocatro (Pers-,r americana Miller) and 
mango (Afrngifera indica I..). We cot-
pltsie tie interaction of avocado fruit 

address ti t)cpaiiten Pith-
oIlogy.tniesitr ot {ahon,.. Rietside, (A (Pc t.) Pen. & Sacc. in Pleni. (Fig. I),
92521-0122 irswhich external ttodulators have been 

____.. ... itsed to ehicidate the nature of a pre-
Si953 TheAmrilcan t'hytopathotogicarSociety ifrtrrned fungal Iesistance nechanisn. 

It Kcen's tof I'in with Collet otrichunt ghorosporioides 
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Preformed Antifungal Compounds
In Mango Fruits 

C gloeospor attackschrdes unripe 
fruits in the orchard. Geinating 

spores prod uce appressrria, but the re
sultant srtbculicular hyphae do not de
velop fi ther until fruit ripen (7). A inix
title of antifungal compounds consisting 
of 5-12-ci..heptadecenyl resorcinurl and 
5-pentadecenyl resorcirol (Fig. 2) was 
found at furtgitoxic concentrations irt tlne 
peel but not in tile flesh of unripe mango 
rruits (7,8). thre antifungal 5-alkylated 
resicirrols occurrred in unripe fruit of 
several mango cultivars at concentra
tions r" gi ng between 154 and 232 
1igrml fresh weight but declined to 
levels between 74 and 125 pg'ml -

I in ripe 
fruits when decay developed (Fig. 3). 
Inhibition (if geri tube elongation in
dicated an ID50 of approxirately 120 
,uw'nl-. a corrcentration similar to that 
present in fruits when symptonms begin 
to develop. 

Several lines of evidence suggested 
tIat tie ireformed antifitgal cot
pounds might be involve] in tIhe resist
ance of mango fruits iu fungal develop
ttent: I) The concentration of 5-sub
stituted rcsnrciiols occurred at fungi
toxic levels in the peel of unripe fruits 
of eight mango curlivars tested and tIe
creased to nontoxic levels in uninocu
lated fruits at the same time that decay 
appeared in inoculated fruits; 2) the con
centration of (lte 5-substituted tesorci
1tils decreased faster during ripening in 
disease-susceptible cultivars than in 
resistant cultivars; 3) delayed reduction 
in levels (if the anlifungal compounds 
was related to delayed decay develop
ment; and 4) the flesh of unripe fruits 
contained subfungitoxic concentrations 
of the antifungal compounds and Was 
susceptible to fungal attack. 'Ihese ob
scrvatins suggested, but did not con
cluisively prove, that the resistance of 
unripe mango fitius results frtom fungi.
toxic cosncentrations of the antifurngal
5-substituted rcsorcinols present in tihe 
peel acting on subcuticular hyphae from 
germsinated piessoria. Ihowcver, addi. 

Rf ST AVA1LAPI C (;O1Y 

http:perf,.in


tional experiments are required to more 
thoroughly evaluate the role of the 
preformed resorcinols in resistance, 

Resistance of Avocado Fruits 
to C. gloeosporloldes 

Theaeistance of unripe avocado fruits 
to attack C gloeoeorioidel wasby a 
shown several years ago to be correlated 
with the presence of high oncentrations 
of preformed antifungal chemicals 119). 
Extracts from the peel of freshly nar-
vested fruits inhibited fungal growth 78% 
as compared with 7% for extracts from 
ripe fruits showing disease symptoms, 
The major antifungal compound was 
shown to be I-acetoxy-2-hydroxy-4-oxo-heneicosa-12,15diee (Fig. 4). This
compound inhibited in vitro germ tube 
elmoninhith d itof g tue 
elongation with an E)0d of 450 

n [ 
igi l ' 

unienfruis ere h igs n elsgof0 
unripe fruits were a. high as 1,200 tg'g 1 
fresh weight offpel (approximately ,600 
pgrn-') but decreased 10-fold during 
ripening (Fig. 5). A second antifungal 
compound was subsequently purified 
from unripe avocado fruits arid identified 
as I-acetoxy-2.4-dihydroxy-n-leptadeca
16-cne (Fig. 4) (20). This monoerne was 

Fig. 1.Symptoms of decay caused by Col-
letotrlchum glotosporlofdes on a ripe 
avocado fruit. 

H 

0 
H"o 

0 
N 
H 

H ,,.. .. , r.t 

H, 
ftesorcIm1-5-(1- he.t~pAdenyi )aceIox 
Fig. 2. Chemical structure of the 5-
aubatluted resorclnols Isolated from 
mango fruits, 

less fungitoxic than tie dicne, and its less, fungal development does not occur 
concentration in the peel of unripe fruits during this period and is observed only 
varied between 500 and 650 pg-g-1 fresh when fruits become ripe (Fig. 6). 
weight (approximately 900 pg'm-1) and Two factors affecting development of 
decreased to 40 pg-g-' fresh weight C. gloeosporioides in the peel of freshly 

-
(approximately 60 jigml ) when decay harvested fruits (23) are the time required
symptoms were conspicuous. It therefore for germinated appressoria to penetrate
appeared that the diene accounted for the epicuticular wax and the period of 
most of the antifuigal activity while thre time in which the antifungal diane is 
monoene had a smaller effect (20). Cul- present at subfungitoxic concntra. ons. 
tivars that were more susceptible to decay In freshly harvested fruits, the periou f 
also showed a faster decrease in both decline of tire antifungal diene is very 
compounds as tire fruit matured, short and the pathogen is unable to es-

The concentration of the antifungal tablish sufficient growth before the sub
diane in avocado fruits is affected by sequent increase in diene levels. Fruits 
harvesting as well as by ripening. Freshly treated with hot water at 55 C, however, 
harvested fruits showed a rapid, almost showed a delay in recovery of the anti
10-1old decrease to subfungiloxic levels fungal dime (23) (Fig. 7). This treatment 
I 2 days afteriharvest(Fig. 5)(23). l.cvels resulted in a longer period of subfun
subsequently recovered to toxic concen- gitoxic dicne concentration, and the fun
trations. The durations of the decrease gus caused decay in these unripe fruits.
argtl recocry periods were related to fruit All of these observations are consistentmaturity, with more mature fruits having with, but do not prove, the view that 
a shorter recovery period. The cause of resistance to fungus development dc
this decrease in diane concentration is pends on a threshold concentration of 
not clear h-t seems to be related to stress tire antifungal diene that is present in 
occurring duritg fruit harvest. Nevethue- unripe, bit not ripe, fruits. 
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Fig. 3. Changes In the level of 5-substItuted resorclnohls during fruit growth and after 
harvesting Inripening mango cv. Hayden fruita. 
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OH OH 0
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, y-n-hepIadeca-1-oceloxy-2,4-dihydroxy-n- hepladeco-16-ene
Fig. 4. Chemical structures of the anillungal dlene and monoene compounds Isolated 
from avocado fruits. 
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Induction of Avocado Preformed 
Antifungal Compounds 

The possibility that preformed bio-
cides can be induced to higher levels in 
fruits after fungal infection has not been 
widely investigated. In avocado fruit,
however, concentrations of tie antifun-
gal diane increased in response to 
challenge inoculation with C. gloeospor-
ioideson unharvested or freshly bar-
vested fruits (17). In both cases, the level 
of the antifungal compound in freshly 
harvested fruits for 2-3was enhanced 
days but fungal resistance was not 
affected. Certain abiotic treatments alsoincreased the conce tntration of the anti-
fnreaseddie oentraexansp,( ofesntiy 

diene (Fig. 4) contains a ,iscis-1,4-pcnta 
diene system and serves as a substrate 
for oxidation by lipoxygenase (18). Scv-
etalexperiments (22) indicated that 
lipoxygease activity in avocado fruits 
was related to degradation of the diene: 
It The apparent specific activity of the 
eneyme increased by 80% (luring fruit 
ripening 2) partially purifiedavocado 
lipoxygenase oxidiPed te antifungal 
diene is vitro; 3) treatments witll -toco-
pherol acetate, an antioxidant that 
nonspecificalyinhibits lipoxygenase, de-
layed edecrease of eantifungaldiene
ly 
as wellas he appearance of disease 

s well a th apecatc o easym pto tts; anti 4) a specific ittiibitor of 
lipoxygenase, 5,8,1l1,14-.icosatetraynoic 

fungal diane (24).For example, freshly acid, inhibited decay development by C. 
harvested fruits exposed to 30% CO2 
showed an initial increase in the diene 
level immediately upon retioval front tie 
high CO 2 atmosphere (Fig. 8).'he con-
ceotration of thecliene then decreased 
before a second increase that correlated 
with delayed development of fungal 
decay. Exposure ol avocado fruits to II 
or 16% CO enhanced the initial increase 
in diene concentration but not the 
second. The I I and 16%CO2 treatments 
did not affect decay development, stg-
gesting the importance of the second 
increase in diene level forfruit resistance. 
Theseexperinents arc (if ihnterest becausedrse n inter epicatecin co,cettration was it its
they show that the avocado dine com-
pound has some of thecharacteristics of 
classical phytoalexins. 

Concentration of the Compounds 
and Decay Resistance 

Because disease susceptibility in avo-
cado fruits was closely related to tIc-
creased concenttrations of thepreformed 
antifungal compounds, the mechanist 
controlling this reduction may predis-
pose fruits to disease. The antifutgal 

1500 -- £ 

gloeosporioides. 
Lipoxygenase activity it ripening avo-

rado fruit was affected by at endogenous 
ihibitor, epicatechin, present its avo-
cado peel (21). This flavan-3-ol com-
petitiJyinhibited lipoxygenase activity. 
Its concentration decreased front500 
pg'g fresh weighlt ofpeel ilt ipe fruits 
titp/g'g'fresh weight in ripe, symptom-
exspressing fruits. The concentration of 
epicalcchin in fruits of a highly sciscep-
tihlr ctivar decreased inparallel with 
decieastsg fruit firmness (Fig. 9), and 
symptom expiession occurred when the 

lowest level (21). In a resistant cultivar, 
however, the initial concentration of 
epicatechin was much higher and con
siderable epicatechin was still present inthe peel of soft, ripe fruits. Decay re-
sistance was thcrefore related to the 
period requited forcomplete decrease of 
epicatechlin levels in softening fruits. 
1 hess lestlts suggested that lilioxygenase 
activity and degradation of tie anti-
fitngaldine might be regulated by epi
catechin acting asa trap horfree radicals 
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(Fig. 10). This mechanism could, in prin
ciple, be exogenously modulated in 
various ways to test whether corresponding changes occurred in development of 
anihracnose disease in ripe avocado 
fruits. 

Modulation of Dlene Levels 
and Practical Disease Control 

As with the experiments involving 
mango fruits, theco derable correls
tive evidence (lid not conclusively link 
altered concentrations of tire avocado 
diene with decay resistance. We therefore 
searched for treatments thatwould modu at al e ti s in d e e ev s in r p 
ulatealterations inripenindiahe levels 

ingfruits
and observed Ahether they led 
Io concomitant changes in decay re
sistance. 

Levels of the antifungal diene in 
avocado fruit tissue could be increased 
by exogenously supplying inhibitors of 
lipoxygenase (16,22). For example, a 
commercial formulation of butylatecd 
hydroxy anisole, Xedaphen-20, sprayed 
on fruits in a packinghouse (luring the 

1-a,'est 

1 1-3 days at 6-8 C 
SortvrQpackin ar 0-vtipa 

/ 
o 

-
Local markets. [ cr t mkets. 
risrno at 20 C stoa,, at 6-8 C 
wthn 7-4 days to 3-.4 weeks 

Transte to local
maikets, rioenrO 
at 20 C wthn 

4-6 days 
Fig.. 6. The commercial processes and 
time frame of harvest, storage, and 
ripening of avocado fruits. 
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Fig. S.AntIfungal diene and monoene levels In the flesh and peel, effects on germ
tube elongation (bars), and fruit firmness (open squares) Infreshly harvested avocado 
cv. Fuerte fruits maintatned at 20 C. Arrows Indicate the appearance of decay symptoms. 
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HOURS AFTER
 

HURST 
Fig. 7. Changes Inthe concentration ofthe antIfungal dtene In avocado cv. Fuerte 
fruits at 20 C alter heat treatment at 55 
C: (A) Untreated control and (8) 10-mln 
heat treatment. 
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first day after harvest, provided signif- Freshly harvested Iruits exposed to aii 
icant decay control (Fig. II). Inhibition atmosphere of 3{1), C0 2 also contained 
of lipoxygenase activity in these fruits higher concentrations of the antifungal 
was accompanied by a delayed decrease dine arid showed reided decay (Fig. 
of tie antifungal diene compound and 12) (24). Hlowever, several factors were 
reduced fungal colonization. critical to enhancing the levels of the 
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Fig. 8. Diane levels (curves at lelt) and decay development by Collefotdichum 
gloeoaporoldea (curves at right) In avocado cv. Fuerte frut peel exposed to ambient 
air (0) or 30% CO 2 (0) at 20 C. LSD - 0.05. 
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Fig. 9. Epteatechin concentration (A) and firmness (0) at fruits of two avocado cultivars 
at various days alter harvest. Arrows Indicate the appearance of decay symptoms caused 
by Collelotrichumglooospoiolder. 

preformed compound and achieving a 
signilicant delay of symptom develop
ment: I) Concentrations or Co 2 below 
30% and application for less than 24 lr 
were less effective, 2) fruits required 
treatment as soon after harvest as pos
sible, and 3) more mature fruits were less 
capable of reacting to the CO2 treatment. 

In addition to providing independent 
evidence suggesting a role for the anti
fungal diene level in decay resistance, tie 
results with Xcdaphen-20 and high CO2 
atmosphere indicate that these treat
ments may he useful iii postharvest decay 
control. While it is not yet clear front 
pilot scale experiments whetlher either 
treatment will in fact provide economical 
and effective postharvest disease control, 
they clearly constitute feasible and en

vironmentally sound approaches. 

Potential Toxicity of Natural
 
Compounds In Food Products
 

One of the important considerations 
involved in attempts to enhance disease 
resistance by increasing concentrations 
of natural antifungal compounds is their 
potential toxicity to animal and human 
consumers. No information is avaiilable 
concerning potential toxicity of tile
avocado antifungal diae and monoene 

compounds, bill several reports exist on 
toxic preformed compounds in other 
plants (3). In potatoes, o-solanine and 
T.-chaconine are plasma cholinesterase 
inhibitors in humans and leratogens iii 
animals. Because of the toxicity of these 
compounds, tie potato cultivar L.entape 
was withdrawn from the market. Celery, 

parsley, and parsnip contain tile linear 
furanocoumarin phytoalexins psoralen, 
bergapten, and xarilnhotoxin, which can 

photosensitization and also are 
photormutagenic and plotocarcinogenic. 
Sweet potato roots produce phytoalexins 

are toxic to vertebrates. 'Thus, pre
formed or induced plant antifungal com
pounds can be highly toxic, which may 

enthusiasm for elevating their
 
levels its 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 cosumed. There is evidence that this 

occur%itt some cLses. Intimmature pep
pes inoculated with Collettrichuin cap.kr,,u.oALt i,.t 

ausiscer ,s Ac1iVr 
tvrEcriON INFECTION 

,c., c.,u 

SOENASEl 
ACTIVITYf 

Fig. 10. Apparent relailonshlp between 
relative diane concentration (as thickness 
of arrow), Ilpoxygenase activity, and epl
calechin levels during avocado fruit rpen-
Ing and susceptlblilty to anthrocnose 
decay. 
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aci, the level of the phytoalexin capsi- atime when latent fungal iafcctionscause 
cannol increased, but the compound was proliferating lesions that make fruit un-
absent in ripening fruit at the onset of marketable. Such correlative evidence, 
lesionexpansion(I). Inavocado, wehave however, does not prove a role for the 
shown that the level of preformed com- diene c)mpoends in resistance. To 
pounds can be enhanced during f!uit provide more critical tests, we employed
ripening hut decreases markedly in ripe various exogenous treatments that 
fruits. Although additional experimen- modulated the normal disappearance of 
tatlion is needed, it appears that anti- the diene during the lipening of avocado 
fungal diane levels in avocado fruits can fruits and observed whether the treat-
be effectively modulated to control mauls concomitantly affected the devel-
disease with minimal risk of toxicity opment of fungal decay. The most effec-
during human consumption. live measures %ere antioxidant and high 

carbon dioxide treatments, which in-
Conclusions 	 hihited decreases of tire avocado anti-

By means of comparative biochemical fuogal diene compound during ripening 
apprc aches, we elucidated putative de- or induced the accumulation of higher 
fense mechanisms controlling posthar- levels. lie fact that modulation of diene 
vest disease in unripe avocado and levels by these agents let to the predicted 
mango fruits. l.cvels ofthe avocado dicne changes in fruit resistance constitutes 
compound and the 5-substituted resorci- important evidence that the diene is a 
nols were high in unripe, disease-resistant physiologically important agent elfecting 
fruit hut decreased during fruit ripening, resistance to C.glreo.sporivides. 
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Fig. 11. Effect of anloxldant on decay caused by Collelotrlchum gloeosporolden on 

avocado cv. Fuerte fruits.
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Fig. 12. Effect of 
3 0% CO 2 on decay caused by Coflelofrfchum gfoaosporloldos on 

avocado cv. Fuerle frults. 
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Treatments such as the antioxidants 
that affect levels of preformed antifungal 
compounds may be useful for practical 
diseasecontrol. Forexample, wearecur
rently investigating the possibility of ap
plying antioxidants or 30% carbon 
dioxide treatment of avocado fruits after 
harvest to control anthractrose 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 disease control. 
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Abstract 
Aithracnoie amed by Colletotiubi r gloempmades in ripe avocados originates as latent 

infections in ihe immature fruits. Corcenrtr.ated ether extract of the peel oi apparently heailt),
inature .airaoc.uls rfher ti a%.aved on thinl , tr-lfitnatographic plates Witi coridia rf eitherClaaolphorprir dadmp e,'. glorralmtide5 irtIrCdced four inhiibiti aieas at f 0.30, 0.32,

/iaotdh's al r 
0.70 and 0.75 (these rere denoted as AvIV, Av11, Avdl ann Avi respectivel). A hot dloroform 
extract war partitirned oirl a slica gri Lvoimiand the four aritaifigal compounds werei separated.
Spectroscopic data revealed tht ole of thesw ompounds, Avrl, Was similar to cis- -aaetoxy-2lyaIroxry-4-xo-lhereicosa-12,15-dinc od another (AvIV) was a long chain satiated compound
comprisipig hI'draxiI group(%) li'raiig rramlet lar %eig.ht ,f 268. Toxicity of Ali to C. gloepormr de 
was 2 tines tha. of AvIV and 6.5 iaid 7.5 times that if Avill al Av! respectively. The anouwts of
these four antifungal comp unds ocintased gtaduall during fruit developrrint and reached their
maxinta at harvest 1The ci ntra!ao if Aa, AA,11,At-IIfI and AvIV w.,s 1300, 920, 1050 a d 780 jIg/g
fresh peel trcpectivecly irailh, fui at haresting maturity. ilie aniount of Avil and Avl 'decreased to
53 and 6-4 ig/g fre h peel rca-eti*ele in tile fririr it the ripe t.age at whirid neiter Avl nor Avill was
detected. 'lir tok place in coincielnace with tle ounst aIf pgressive lesion developmnt bY thie 
fuirguis. 

Z ma.ln rerr [ass rng 
Biologisce Aklivitrit Oil vier .ntiilzlicherr Subst.nzer hrnintreifen Aitncados 

Fine Antlor.imos,, wdhe haii ("l, .rt.,ti I. ,, rirsahtiu iv , gehr in Ieilen
aca%c ln hticitryon iNmhrml. -II lt, u lell defr aIlledcni ill lite iris. Kfs IINat 0triairAtirt -a it aer3Schale aus s 'iinlkil r vl%ntltltIi, ailealt A claollih i, ht'ri,n. d,r 1 i alt h iitmllih ra 

Timing mt eanlcel 
l -ia hfisf r 

iridirn a'tIi ( L.aalal/a.l..rI dadapoai/ ittl-lei ( glo.a;,o,Iile rimik
kelt wurde, ztngie tier I fritrlnlea mrit f-W\ertrt 0,30, 0,32, 0,70 mtid0.75 h(ir ils AIV, Avill, 
AvIl b;,r%.ArI bireiclet r rtitIcn). Naih eiter hteiliet Chlarofocara t.ilinor , trde der [itraki air
einen Sificagel iairhfiAltiniit,, tiod dic ti hiagiiiden Vrl'idutge geirtllI Silrkirskopid 

eAnalyse egab, alhadi VcbihifIg Avlil eme Ahrdhakcitit mil air-i -.)rraxy-2 hytihxy-4 oxo-

Us c'l,. .......... 093 - 1785/89/2502-0097$02.50/0
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98 atid AIIKNRAAMSIVANAPiIAN 

lIagkenige, sitiriric Vcrbinidliiig, die aus I lydioxylgrup
hlicrosa-1

2,t5-diell 1esaR uitd Av IVeine 
ltiderpe(n)iteiiei Nt,lekiilargewiclit v,,Nii 2(,X,St. 'l'rit.it cot Acll gegrriier C.gl chiptil 


Dcc hrAvl ermitiet. Gchi ec 
wiurdeili2-. ,,.5- 7,Sinal als A'.IIlbh7v. hiher AclV, hw. 

mo zurZeit dntFrt' dr'itdierFrthentwicklhng Iaiig.aii an,' ,,'iidtrg stiegl'ungitoxischeniMaxirniii 77,t hnt ri die Avl. Avl, bizw.erteict rn. , der Lrte treicugKon,cvitatioi vun AvllI 
veri gerte780 1,g/g. I der Zeit his cur Reife %iclh der

l,.,0i. 

koininte
AvIV infrischen Schiilrn 

A'.IV 
1300. 
infisehen 

920. 1Q90 
S-itl.ien auf 53liw. 64 tg/g; Ill liescill ZCitpunl., ein 

Gehah anAli untd 
Mllt Abnamiue der funigitoxi'cheii Vobindun-

Avl- hzw. A'%I eh niIluuhtsc",tellh weulei. tier 

pildiche lltefall
bebacitet.
errcuti..ickliutig dulh del 

gen tiurde ce I .,,ill 

Anthriacnose causel by Colh'tottirhii gloeosporides (Penz i Peni. & Sacc. 
uis are usually

is recognized as tilemost important disease of avocado. Young f 

visible symptonts of anthracnose before harvest and characteristic decay 
free fhom 

harvest showing that this disease
fruit ripenilg alterlesions develtp during 

avocado fruit (PINYAMINI andthe izumatureoriginate' as hiont infections in 


SCIuIn-IMANN- NAt 
 1 1972) 
In an attempt t,,cxplalin the basis of latency in avocado by C. gloeo

05 et ,ll. (11652) isolated a preformed antifungal com pund from 
spi rioicies, lPits 

the peel of unripe avocado fruits which they identified as 1-acetoxy-2-hydrixy-4-

This compound had previously been isolated from 
oxo-lhenictici;-12,15-(ienie. 

It inhibited in vitro vegetative growth of1975).avocado leavcs (CHlAN; et ll. 

C. gloiosporioides at ii totally itlibited spore germin ation at 790 pg/ml. Concen

fruit tissue and declinedthe
tration of thi Is compound wa high in imature 

during ripening to non-toxic levels in coincidence with the renewed development 

of previously latent infections. 
(1983) revealed that the purified diene was 

Further work 1by,Pis.. Ct,el. 
peel altd soybean. The 

oxidized in Vitro by lipoxygcnase extracted from 	avocadi 
also increased by 80 % during

specific acitivity of lipoxygenase in peel extracts 


the climacteric stage, coincident with the rapid decrease of thie diene in fruit peel,
 

.s'ere expressed. Th.y also 
and before symptoms of C. gtocosjiorioides infection 

demonstrated that butylatcd hydroxy anisole and (L-tocopherol acetate inhibited 

oxidation of linoleic acid a11d of the avocado diene by lipoxygenase from avotado 
a natural inhibitor of 

lastssKY et ,a.(1985) subsequently isolated
agnd soybean. 

peel unripe avocado fruit atd identified it as 
avocado lipoxygenase from of 

lipoxygenase with a Ki of 0.64 pin. The 
epicatechin. It inhibited avocado 

514t !tg/g fresh weight of peel,wasconcentration of epicatechin in unripe flt its 
fresh weight, before symptoms of 

this decreaqed dutrinlripctinit to 8 tig/g 

itt:t,'s infe'ction wtre expre, sd.C. gloets/o, 
fored aistillmnsal 

itl t the prese!ice cf thii'e ni.tletIn thmi.,piper We 
Iii their rile in the develoipment

compound,; ]it the itimnat,10C avotiado fitit peel 
gltee lmoioitl'i. 

of latent infcktitlo. ii the miumtatutre avcado fruits by (,'. 

Materials and Methods 

ungit's 

C.gh oetii id,'i was k Iitleud ,min itithra ir se l'eiti I'll a natirally ithetted ripe asiciulti 

on pti.i ii lcoixtre agir n ti,,mreitperaltie. tI.lhtgelliciis oh (lie tolae Was 
indmaintainted
fiuit 
 tiontiths.rire i t l'.

lltiiir tI rdti,iaiii itit111111Iclits ii i of iot itre thtan twit 
rnaiiitaii',d li i .in 
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Irutits
 
Fruit of Pc-c, mitpil.ta cv. '(;r'ei' were 
 Oitaitl lillSti, frolnl Iteesgiiitn in theUniversitv ar1a. 'lhey ittce ilihi-cd to IilIllaill Il the tc eSftr O to90 daisater jnthesiIefore bringharvested lctuse it tile t.jl'iceitand these-+ + cte ,cs-riiced at immatuce fruits. it Sioie experinrents. (rui f lhe +alli'ctiisar ioughtill lilt'1 1

kei(imid,,wit iir ii ,iri.i tisi' Fruitsfree from atr kil ,,ddcl pi wt-ereseiected at tire ia.'rae aic ciscil . int'le expctirtets. 

F.Ira~crtr dfarntifrirrgal COMPOrit"dS from immature av-ocado fruit peel
lice lit' esirrctilc cci .rtimt lrciitrmciiiicds, tire cricer ski1 itiltt I-.2 tttt V,.ts c'Lutlt++) frot 

tttttrr' irtitsc~iat ccci , cured in th dvep freezer (- 20 "C)forI-2 das. DeepI freezing idtrotaffect the ceCrc-lratjc II all I coipin (Is.itcncaI Solent extra-tici %%asdone I,S twi diiervtt 
I letittic asas cltc s: 

Mettod 1:
 
Peel tissce (25 11Ills hiurhmogenizedi twice wir ttltc 50 in po tis (if dicthvichleicor 5 rin it] ahomogerrizer operat i i it.highest speed. Tle extracts were combined, filtert'd through WhatrranNo. I filterpaper aird 11 ., !t.II com at40' C. -siie s'-cs ss idisiicdi c art101Ciet1Cairoi 

used irtheassayforalltiftng.11l, o 
Method 11:
 

lcrcrrrrcce acio(ado
peel tissue (25 g) isas extractel in 95 '% ethicanl ridci fie extract wIspartitirned ithdcc-ic tlmline. The resitice ob:aincd aftere'.ap cr rir
c ic if the diic lrrtrrthae 

'Iare was taknillI F)i0 iletlcaicl (lUtSK et.r/. 1982). 

Detection of antifrinogla compounds 
Spore gerinimtio say:


Pcrions cif i: 
 two extracts (I i) ,blailledlir lltethod I and tercitl II rv-rcestreaked aitdChrflttagiphed seiiarate- ccr, ItI lil .ivr(Chromratographic ('i.C) plates(20 x 20 cm;Kieselgel 254 Icj'6,; MERCK; 0.5 j1111thick)acci thecompccitds clutedi tdifierent Rifregions W.eretestedfir the getmination (ifconidia if C glip',.iunltei as decribcd ii liuS et /.(1982).
TILC Icicassay: 

'lC i s' i<tracts oblained is ahioc e %et, rested fur tile presence if artifuilgal tom nttds isingTLIC Iiassay iKr ARlMANand SIl;Nl<Rtt) 1968). Aliciuts (1001d oI tre e"rraets csere spicrvd roTI.C ;r.lte%(i0 x 20 ci; Kieselgel 254 iF60;MI:i( K; 03 mn thick). litplateswere developed inchloroforrmc :ctii.iuthol (90 :10, vv) and ;ili iricd overnight. Spoulting ccultures(ifC'.c/adtcspor i ildediti-ere wirh ('zapek- Dox nutrient adsoliitorn 'wirihtiehelp ofa s
glass csool ti 

p atutla ' rmyceliacs-ere scrapied. The mrcelial tispcension cs-aspassed ihroucgh iemo'e hrphaifragmcntsart1dfile filtrate (containingtheconidiaws-ascolhvCted.Th- susfiinsiiit cIFclildia wc-ascarefrlly.prayedicro the developcedclroatlgrami atid tie plates %t.ereinccibatedina Ilii c.haetirot 2--3 da,,,sromr reciperarture. at 
iepieence cfClrtIpmc Ics toicc C. /idiccidc,- sc-asidicated by thelack
ti(aerraillitIcc'ii ill that /ciic Anotier sc-cof 
crslori chrccncatIcgtar c.vs-assinilarlv Sprayed s-tin
a sct ' icr if cccici ci C. ci.....'cc,,
cci (ziaCc m x nutrient redciuicccr.lt .l The plat's were
 

nctiii tedili I mcihlcicc, ,acis de'-scrilcbet ,ai'lc. I lice theplt's c ' - cciioc,,
e itlitce vapou illrier cccviscc( iii inhil-iii itel, 

Antifrcrgal ativits if the i rmmrcite fci inocul.ted i ithC. g/heorsprc rhil/cS 

', Ilici tccIi., 1,A vt tit 20 c ,5 1 ccclii liI i I iifIC ti l it ( Ihccc,c/ . , an d aloth',1et csastrcied cit ' shot.,c sic-:Il,9 ,hSdliclt 1- c- SIlsc'i illlts ci 1 %vcr,, Isch'ccibedcccc.a iliepclred
iv AIiK TIXc',t<! ci i'tq11 I1 i cI ls ccl (6iltilliiicl -i.'tr add e t fron2 mll thr )i Itii theii l...ulatci iglol cif Il- cfil%cctil ;i s i-i%, Aa ttrilioctall tio Ic irig It Ic lcitcl. Sitiilar discs fit
tiSil- t' Oh icr1ici ditsV Lilt INI111 c icecc'Jic.tlh' t cre (lcc.,ci lhc itc mlces cc-i iilcile'latel
picecd il -1 fitc-,c-r At C 11111Itiltl (C IS lt iXtILui;c WI, , Cile - ci fcilllc'cd

Fc,ilst- ("I C1icrit'( .5 g)pllt ice heiel cm at,c, ilccr i seprvrl islact-ci cisiug inchtic Ias t LriC i ce. Ill- ct ilici e ainijitg Actre'.cairacrionf thesoJi'enwas takenci, in2.5 nilt 

T"Q (COPY.
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100 SIVANATIIAN and ADIKARAM 

ethanol and I001d aliquots subjected to T.C bioassay asdescribed above. Extra precautions were 
taken to spot all tire extracts ott tire TIC plates over areas of 0.5 cot diameter. Tire diameters of tie 
resutiant inhibitionri areas were neasurcd and recorded. 

Isolation anid partial purification of antifungal compounds 
Above experinents indicated rite presence of four antifungal compounds at Rf 0.30, 0.32, 0.70 

and 0.75 (these were denoted as AvIV, Avill, Avll ant Avl respectively) and further work was 
carried nut to separate theri. Prelimti nary experinments sbov. ed that freeze dr) ig of tissues facilitated 
solvent extAtini arid that Iwo chlorifo, i extracted all the antifungal compounds it) tire tissue 
efficiently. Ftesh avocado peel tissue (400 g) was first freeze dried overnight at -60 'C and 90 g of 
frecie dried material was extracted with 500 nil chloroformn in a Soxhlet apparatus for 3 days at 
50---55 'C. The ci:;oniftrm extract was filtered through ceilite to remove suspended par:icles, dried 
over anrhydrois/ NigSt., arid evaporated at 45 'C. 

(.elutran chromatograptic separation of antifungal compounds 

Crude extrl t (i 25 p) as obtained above was chrotnratographed in a column (length 20 c; 
diameter 2 ct) packed sr-ith100 g in active neutral Kieselgel 254 PF60 (MERCK) using solvent 
combinations o inceasing irlaiii, The crude extract %as first dissolved in a minimun volume of 
chlorolrm and a slury was then prepared with silica gel. This was applied to the column pre
equilibr.,ied %sitIpetroleum ether. Fractions were collected using the following solvent sv stems: 
i)petoletui 'tter, ii) petroleum ether : dichloronrethane (50 :50, v/v), iii) dichloromethane, iv) 
dichloroueti.iwe : itetlhanol (99: 1, v/v), v) dichlorrmethane rmethanol (98 :2, v/v), vi) di
chloronicrliane : nmethanol ('17:3, v/v), vii) dichloronerthane : methanol (96 :4, v/v), viii) di

itlorctMehatc : rethianol (95: 5, v/v), ix) dichlorrsetnite : nrethanol (90 : 10, v/v) and x) di
chloromethane : methanol (50 :50, v/v). Approximately 1000 n:1 rf each solvent combination was 
passed through the t:ohtrm and 50 ,il fractions were collected. A iqucts of each fraction eluted were 
spotted oti small 'Il.Cplates (7.5 >×2.5 cr) with the help of capillary tubes. After air-drying, the 
plaItes were developed in chloroform : methanol (9 : 1, v/v). Tlhese were then sprayed with anisal
dchlryde reageir and heated to about 330 'C for I mit.:rlhe fractitts having similar T'.C behaviour 
ivere combined and lie contibined fractins were evaporated to Irvness and tie residues were 
suiected to 'I.C- Cl+,dosporitm bioassay for antifungal comtpounds. 

Purification nif antifungal conspoutds Avil and AvIV from fractions 82-160 

The tssi antifungal compounds AvlI and AvIV were further purified using two separate 
pressure columns. One column (A), was pre-eqitlibiated with solvent ctibhiration v and tie other 
i)1with solveit combination vii. The compounds in the fractions 82 to 126 were eluted with solvent 

conbirrati,, v and vi using the column A and the compottids iii the fractions 127 to 160 were cluted 
with solvent combination vii and viii using the column B. Approximately 500 nil of each solvent 
vstent was passed through eachcoluin and 25 rol fractirns were collected. 

The eluted fractions having sitmilar 'TLC behaviour (with atisaldehyde reagent) were combined 
arid the eombied fractions were evptrated to dryness. The residues were tested (tsr antifungal 
activil it l'l.(" phinC up (. . tl t.i .. dritti 

(licrical atalysis of the antiftrngal cottitrntrds AvIl atnd AsIV 

C( emni, a{ .1,t.1 ts ,1 (is tri i.I itr,,pnttn,,s l ,: at the I)cp.r ttIntint-! (.herinistry,III. s 
Unive, sit nl tlc tiea, StkiI.atkt, u1inlg Ill , i, is%and i'i" ls srpl:tioscopy. St,,mv ,:heinll,.al data 
vere .1,w ,,i, Ine, lv 'tndinli, i, iple tit AsIV to the IDep.rtment (if (rg.inic Cleiini ty, Queen's 
tlniversit, oft ll{calt, t.K Physi. nitertt,,ieq ot these c ,nmpounds sntch as solubility arid Iehing 
potit svcte ,lts determinted. 

Toxicity of the arrtifungal compounds to C. glocosporioides 

A setici (,I st.hiins containing 2.50, 2.25, 2.00, 175, 150, 1.25, 1.00, 0.75, 0.50 and 0.25 rg/ 
rol ethatl, if each artIfltNgal conq...tund was prepared. Aliquots (20 Irl) if each were spotted or TL.C 

BEST AVAIl. , " 3 
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101 Biological Activity of Four Antifungal Compounds in immature Avocado 

plates, the area of each spot being restricted to I cor diameter. Care w.astaken to keep the area of tire 
spot corresponding to eachdilution constant. A fter air -drying overnight, theplates were sprayed with 
a suspension of Colidi.a of C. gloeuspotoniis in Czapek.Dox nutrient tmedium atrd incub ated in moist 
chambers for2-3 days at 26 ± 2 'C. 'rise areas of inhibitionof fungal growth caused by varying 
amounts of the four comporrds were determined by tracing them on to a graph paper with I nil 
squares. Dose-response curves were drawn b% plottitg tire amount of antifungal compound applied 
against tire tesultatt irea of inhibition. of eacrh cotpound to bring aboutThe aviount teqrrired 

inhibition of growth over a I cutr was calculated.
These curves were aiso ived to estimate the 
approximate amounts of tire four antifungal compornds present intissue extracts iade in subsequent 
experiments following Tl.C-bioassay under tire same conditions. 

Vertical distribution of antifungal cotpourtds 

Cylindersof tissue oi6 mitt diameter were cut through thepeel and thepulp of immature fruit 
to about 8 no depth, Using a cork rier. These were then sliced intosmallerdiscs of 2 ins thickness 
and thediscs corr.espouiding todifferent depths from the surface of th"fruit were bulked separately. 
"wo g oi tissue from .ach layer were extracted 3 tnes in three 25 m: volnies of dieirhylether. The 
ether extracts were comtbinted, dried over anhydrous MgSO, and evaporated todryness at 45 'C. The 
residue was dissolved in ethanol(I il) anti I0 i aliquots were bioassayed on TLC plates using
C. glornsporinindes. The platcs is-ere examined forinhibition zones, the diameters of which ssere 
measured. 

Antifungal ictivity of the fruit at different stages of maturity 

Fruitsat differet stages of imaturityrangiing from 15 to 90 days after anthesis were obtained 
from a single tree aird thefruits free from damage of any kind were selected and divided into 6 sets,
each containing 8 fruits, according to theirmaturity. Discs of tissue (2 g),6 mn diiteter and 2 mn
 
thickness, were cui rut frirrt thepeel of ea,Is set of fruits
using a cork borer. Anotirer set of fruits 
whichswas at hat-vesting maturity was allowcn to ripen and discs of tissue were cutat two day intervals 
untilthey reached the fillly ripenedstage. The cut tissues were subsequently extractedin diethylether 
as described above. The residues remaining after evaporating tie solvent were take.1 up ill I nil 
portions of ethanol. Aliquots (100 /d)were applied toTLC plates and bioassayed using C. gloeos
pnrinidre. The plates were then examined for inhibition were measured.zones the diameters of whib 

Concentration of each antifrrngal compournd in 
 thepeel at harvest anti during fruit ripening was
 
determine] by using a dose-response cursc ,-btaitied asdescribed previously.
 

All theexperiments were repeated ,sttwice.
 

100 100

50 *~0 IIIIII I 

Rf R 
Fig. I. Perectage gerirnationi rofcottiria ohfC. p.loo stpnrii'cs its comprjonets closted at different Rf 
regiorns fronmcitroirtgrasns prepared with 95 %Vethanol (al and ether (b) extracts of imnimature 

avrcador fruit peel 
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SI ig,2. ]'hl, 11lit.1TIgl-, "'C 
plhit s+pi)ted %% e'xiihether 


av'ocad1q)
Otla.hloml im aIIttvIf 


-,lii i tsis and sp.ls Cdll. e 

wt	ilSplmo<itl lif onidia 

.1 qa~w, show 
--mlL~l~iI -	 I+ -huCcI,,~isju., lt'-¢ 

ing Imur nibtor/le 
--" df.. iii iuctr.ugi4.i_ | 


8I 2, %vv 

Av I 

Av rI 

AvIlI 

Av IV' 

Rest, Its 

were tested 
fir a0ntifullgal bY gerIn inatitt, and bth extracts 

Ioith the ether and tihe eth.auoll extr;cts if tile immature fruit preel 
activIitvspore assay in the 

citpmIld(s) clutd I1,m silica gel at Rf 0.6-0.7 inhibited (erminationof 
ctoidia by about 90 ", (Fig. 1) wice;ls tlltilte other ColnlpoulldIS 'tited at the 
other Ri regions were stitulattory or had ito effect oil germninatit (Fig. I). 

Thiun . (ht tut itgr.anls prepared with the ether extra.ct of uinripc 
avrca.lh peel tiss.leanidovCsptaycd with (. ,da rimioides produnced four 
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[a] Ibil 
20 02 i 

115 1I 

0 0 i.....0 1 2 3 4 5 0 1 '2 3 4 5lrouttion timer.yO lcubation fieldas) 

Fig. 3. (a) Antifitgoal activitv of etlber extracts of avocado fruit peel removed after varied incubationtimes follov'irg ijlcrilat ,, I .With C. ghiropomidriec (exprcssed as the diarnrtet of inhibition areasproduced no I LC plates), A%I I-. Av! -0-, Avll -[I-, AvIV -0-. (b) Antifungal activity ofether extracts ot tnirroculated a, ,cad,,i uit peel at varied incubatiOtl times (expressed asthe dianreter 
of inhlibitiotn areas prridUcrd oil TLt pl.ai ). As! -E-, Avil -0-, Avll -0-, AvIV -0

inhibition areas at RI 0.30, 0.32, 0.70 and 0.75 (Fig. 2). In the plates which were
oversprayed with C gloeoqsorioides there were ts.tch larger inhibition areas at 
these Rf values than those found it C. cldosporioidessprayed plates. In both, the 
inhibition areas at R, 0.30 and 0.70 were much larger and clearer than those found 
at Pf 0.32 and 0.75. The toxic Cotpon tits which caused inhibition at Rf 0.75,
0.70, 0.32 and 0.30 were assigned symbols Avi, AvIl, AvIll and AvIV respec
tively. 

Chromatograns prepared with extracts from fruit peel taken 24, 48 and 72 It
after inoculatiot with C. gloeosporioides showed inhtibition areas at Rf 0.30, 0.32,
0.70 and 0.75 as in those chromatogratns which were prepared with extracts taken 
front corresptnding hteahlrv fruit peel (Fig. 3 a, b). The size of tile inhibition area 
at each Rf value was similr itt the two sets of chrornatograms. Inoculated regions
of the fruit started to turn brown gradually 48-72 It after inoculation and these 
browned areas developed into progressive lesions following another 3-4 days of 
incubation. lxtratcts of the tissures cut from the fruits, both inoculated and 
control. ott the Ith, 5th anti 6th day" ftotltwing iroculation, when birrassayed
showed a gradual tier litre of tire size of thiese iinibition areas. 

'l[C-bitiassa ,i ;lit 1,.t,:ti,'is t'hred ftloi the cohlrtnir intdicatedl that the 
co pt' uttis elitct 16itr slvett s,;tcr i Nv(dict'hrometttllmne :nitarrol. 98 : 2, ./v), -i (dichr(rtthat. : f.ledt1t.1t, i, 97 :3, v/s). vi: (dichlororretlrare :methantdI,9 

6 .1, s-/).t l viii (rltchtir ,ethartei:ltrhianotl, 95 : 5, v/) cottriftd arrtifuntgal
activity. 'I'ho, ative CmrlttletS ,d with solsent ssstemrs v attd i wele similartlltt 

A.,l .aid Av-I 
active cmtp 

in RI valte tle tthoise dh'.,,tcd by tire sy omthrls iespectively and the 
tPtttetis ehlittl witIt stlvent system vir and viii were similar to those of 

Avill atdt AIvlV. Fracti s cluted with solvent conibinatioi v arid vi (1.76 g) and 

----------------........
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Fig.4. Ar'as (Ifihi .,itiir, (11C gli'opuii,,uhi6 
',ued bv N', i.... ItIcfour atifullgl"A i its otf 

5 uinl uitd,, Ad -U-. AsII -0-,As1 1_. 
aid AvIV -6

25
0 05 10 is 20 

ml11
 Comctntrationl(mg 

also ws'ith vi' and viii (I.77 g,)were cOirthitred separately and passed through two 

for further purification. Iolihwing this 1.13 mg and 
separate pressure columns 

1.41 I ngf putriled AvI and AviV respectivei y were obtained. Pure tuatetals of 

after the sciond column chromatog
and Av Ill could not be obtaled evenAvi 

raphic seplaatiin and the partiall ypurified toimterials obtained from this were not 

lutoir coluinif chromangraphic separation.soiffic enttto pricceed twatds 

loitifitd comopou tndAvII was a light yellow setni-scilid at room tempcrature, 

i water bit cotpletelv soluble in dichlorontetlhatnc, chloloform,
insolublc 

-58 'C; IR spectrtim showed absorption bands at
thianotl and mt-thanl, m.p. 5.1-

1725, 1625, 1-450, 13(0, 12.15, 1105, 1060,
0 max (Kl'r) 36"0-3050, 2860, 2790, 

7.67, 5.63, 5.07,
1025 and 895 it- i itshoswed 'II NM R (,0 Ni I Iz)signals at i' 

4.90, .I.13,3.31, 2.13 atd 1.33. The purified conpound AvIV was a white semi

itl water but completely soluble itdi
solid at r,orm trcnpretture, insoluble 

its mass
chlorometliane, ciloroitt, ethattol and methanol, m.p. 51--55 'C; 

(relative abunid.itce) 268 (3.6),spectrum sitiwed ,ignificait I ss [ragmtents at mz 

239 (I), 237 (2), 2190 (0.9), 19.1(1(,), 149 (1.2), 135 (1.9). 121 (2.g,, !C9 (3.5), 95 

(100); the lit spectitut iif AsIV showed absirption balds at i)max(7.4), 87 

(KBr) 307h-3025, 292i, 2875. 2170, I15,905 and 815 cm I; 'ItNNIR (60 Ml1)
 

8.3, 1.70 mtd 1.30.signals apt',cd at 6 3.93' 3.60, 

'lte tci t 11ittitlt of fttgal gtsisvrh ciwsd oi tile 'I'1 lates b 

.- I', -,ttpi,ltid at pisc ilti . !J,ilgCil'Ititt. ti , :t l .11[ttrihig.ii 
.I. it' t C ,t tidtI' l gabouttlelc s is res,t .11,ii hI 'ind ilIIW d I.. ris"t(hc' 


i 1,l6 I t I t' s, il uidatd. s ,mttutt . ,.iAv l .d
tilat att.) h h-it 
.,lt'ea sandAvIll.AvIV s,,tt ti I,'ttt jlitil :tthiilitiits Ill I -it than Asl 

I t'. ft I inhillittii are.r ssIs st a ilirthatlit uirl Itii ,thii ,it,A"%11 itt"d ri.'" 

that ofA V. Thc .itrotirs i1tA-I mid Avll requitcd fir the same inhiitirt area
 

s'ere urn ,,',tolir (I'ralh'.
IH. 

'Te ,iz'ot thte inttibitiit .teI ctrrsj)oiiditlg to tie tUtr arttifsrgal com

itt "I.( plates IY tie tissue extract increased with increase inpisittds pi oduccd 
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,The anrourtr of milriftngaI cotti.rund trequired to cau.es I cm' inhibiin 
Comnpound 
 Conmrtentration, mg/ml 

Al1.7
 
AOvI 
 0250 
AkIIi I. ,2S
A%IV 0.525 

tite depth amwhich tie tistles were cut fromi the fruit peel and pulp. This increase was noticed up to a depth otf 6 miln and thereafter the sie of itl inhibition areas 
CecrCased (F ig. 5). 

Fxtracts f tiltpt.c (ile taken frotl fruits at different developmentail stagesi.e., from 15 da ,f ater alth, is lip to ripening, produrced fout inhibition areas ont
TIC plates. Tie liz Of tite ilhillutiOrl atlS ptr)dUCed h'V th extract takenr fiorrithe fruit peel tisue 15 days after ,itlesi, was the smiall st ai ing all (Fi g. 0) aird,uip to aluvest, this increased gradually when the age of the iit,, lli)t whichextrlcts were takei, i tcreased. The higlhest antifungali activity was iountd if] thetissuCes taken fiorr ft ils .tt harvesting niatuiity. Fruits whict were at harvesting
in, turitit vwere obtained and allowed to ripen; t issutes eit from these at two-dayintervals till thev becanitt filly ripe wet, bioassayed. A gradual lecrease itt thesize of tire inimbitiotn aIreas crrtlling to all forur antifunigal conpountds was 

E3 

1 2 3 4t I Z 1 2 3 4, 1 2 3 4. 
Aui Avtl AvIt! AvIV 

Fig. 5. ,'ertic.il di trt1,tii, 1,1.0antiiilig.dwrupmiuik A, I, Avll, AvIll mid AvIV
i ilc irlr itir, trutiliI ni; 2 - m2 2- --.I = nlill; 4 =(--8 rm thick)I- 6i m 

I..
Alr 0r
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R--, I 
Avi C7 a 0 CD 0 0 C 
Avil 0 0 r) ~ (D C> 0() (D 

AVitI0 0 C 0 C) a
Avl 0 0 ) 0 00 0 C3 

is 30 45 60 70 90 9? 94 92 98 
Age of frutdays) 

Fi1'. 6. Sktch 4,a thm 1.-r hwm, p.l,am lpteprd with ethiextractst .oii.'doi,fruit peel 
at differlt i sipr.irr ipl irdesIutl tag.es, d ithC y' 

noticed dting fruit tipeing IJ1ig. 6,)anrd il' a trace sir no antifungal activity 
was detecied it tissues taken ftotm frllyripenIed Iruit (Table 2). Symptomns of 
anthratnose disease art irt,.ily nticeakile a: thisstage of fruit ripening. 

lab/i 2 
Cn; lita !.i.onofri1,,.,u1,1, I i , ii d lii p ri Jif . 1 i d S m,,pto xpesiIill C 

( rmipoidil ( i 11'it1t.i16i. jll'gitlIrih weright 
atliar,irM it esfplymlnploilil illlir 

A-1 
 1300 t1ol1 
A.11 920 5: 
AIl1 10,0 none 
A IV 790 64 

Discussion 

I 1/. 1 I lllvt",l glll activity tilt 

*voi't. i lt ill tiltilir li tile ie"elplletnt of iltelt infectiolns 11 C. ghleo
Spelrimitl,'l. IP.latt'dl iclIrm d attillungal tlo otlltrd, I-alttci,:\ 2-hvdioxy
.4-s,.il-il rej'is<,.t-12,15-dwn" (ri,'e.) trirt til ftult peel. They Collcill,. that this
 

'F , I h, tgated tire antif i i 1t1ripe 

5 c.1 ,lc 
un/lipc httlltofl.;.ata, Ilx (hiI hmuligI. 
Ctlm llld l 55 Si , llllile firr tile estab~liiiit't of ltet infetttions illtire 

A ,itmi.t stiish, atrid Illt Itl fiiin, l ikorat r i iden( tire f .ctor iht 
glveltl latetcy Io , Iire Stcrsitiv: I',io-lassa letiltliques,ll 1trt) avado% tig 

revealed that "icste at Iesi fIur prelorited artifrirrgal c:ltlulltds In tile 
imitrletll .vocadoll fit peel (these wete denrited IlyAvI, AiIl, Avlll And AV'). 

. jX'r(~r ~ j~ 
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enaployed to dete:t the .1 tihlnigal
tissue extracts was spore germiitatitoan assay and it tis possible that this muethod may
have failed to identil the toxic effect of the (other three comFpounds. Their 
experimcnit ,.,repeated lttills l.aboratory lsihg the proccdui ado pted bY themt
and it was hound tiat the fungitoxicitv of oily one compound eluted at RIf 
0.6-0.7 (dienci) could hr dcetectcl bY %ps- : 'r;,tnation assav. Our later experi
meits rtevetalcd tic ,,ther threr ceattpcunds were onlyspartIglY soluble in 

The Iethod 1that 'Litt,L ct,da. .activity of the 

tlt 

Water asd that 
itwas [lot paassibl'l !.detect their presence b slide germinatio|| 
assay techtniquce. Solliilitv of the test matecrial is a pre-rejcisite oafthis assay.
There is a 1%.a slig ht ,t(lat tIhCa vea iCties t S YCta .L i I,osib ilit cada vat sc d by I' 

their tespecriitclt did 
 nt contain thtew, three coclt .inds. I.Experiinents whichl 
were cactadlctCd tao Cxauctrccs if clalfctagt iIaOCaI!atill of Itjit by the funtrgtsrestlis 
ill itint'ease Of tlt" atiflruagal c mcpatatcas gave cegative results. 

The l{l .pects ciaI tfae antifungal caaaapouaad Avli indicated the presence aaf 
hydroxyl (0)max 1650-3>,,.3 Intester caaci -vl (itmax 1725) groups and C-fl 
stretching (f max 2860 and 27' T NMR1tt). l spectrum indicated the 
preseace af ;its acetate gatp (ab2.13) iald olefitsic protans (65.63-4.90) insthe 
compound. The spectral data af AvIl cocmparcd welI withilthose caf (tei diele 
described Is,P t 

tis,, at ,/.(1982) and the compound was thus idetntified as cis-l
acctoxy-2-h'ydrax -4-, iac ceicasa-12,15-dlivne. 'lhis cosmpoutd was previ
oIsly reptted by C.,(,at al. (1975).

.THie lIt atd II NNIR spectral data of AvIV itlicattad tilepresence of

hyvdrox% I gaacttp(s) (0 ccax 1675-3025cm I) and a satuated iong chait (6 I.30).
The ptesescc (af It drass-tnccttintttalld iviraoxymthylctne prottts its 
 tle malecule 
was inferted froam the saultiplets at 5 3.9.3and 3.60. The lIt slctr-cm also
 
indic tredthc ashsetrc of a carl',x)'i waatup 
 iI tile coIpuntd. The mcass ftagients

at +I/z 268, 239 ana 237 ;ciaV he assignced to M ',\-C.l Is ad M-Cl *.()11.This
 
siggested that AvIV cmld he a saturated l: g-chain cotmpountt with hdtc xvi
 
graus ,), I.hich is tot amtog those reported previotils'v from avocado plants

(KASHiM^.N et 11. 1969, 
 Ni IMSNNNt al. 1970). I -'stever, tile structure of AviV
 
Cold 110 ie c tccd lt tattice present data. Attempts st adc tat purify the
 
cotmaptnds 
 AvI and As-lll were not saiccessfctl allitherefore thceir chtmical
 
stitictures ctut nit ib(studiied falter.
 

Relative tcxicit), of the f ur c cttii antds tat C. glocostnaim.ciwas estimated
by deterhiccaing tise amountt required to bring about actianhibitin area oaf I ctia t oi
 
tie TIC plase. Antitcgal campaunds Avii (diete) atd AvIV were foundt 
 to lhe
HtIMe taxIc tat (. ./,ocf,al,,,c thalaAvi anadAv-ll. [he.highest toxcity W,,as
f+icl%ws-ithe (stpac,,rrai Avl (aItalie) wiih isca,,ut 2 tim.esa% taaxit as A%V
 
and ah it 
 (,as .mid .S Iatar' as <,xic, A% III miad Avl rtespctirvlve.

Ice t ttlac the aur a, tiftttaf Ccmtllcuaadsi hashiwas faaaictiec t-r i, ,It cf 
vel' yaI.Itt , 1 111,..lC.tCic.ltlul-- with itul develpnlaactct ad iachecd .5' ' 

cc,IXitcUtLlc at farv-t. A ait-tc icIlie kicaac tlatiIcsc if all fIaIc1 Ctoctci otundcis was
 
actia-etd (icric1 , fit Irifacaficg .ad crls tricts af Avl (ct-ate) acai AvIV were 
detctlcd illfutlfN lipe d itits, at which ittile attIar.ICacast It.iccs were polatiucat. Sinit.r cbservaticnc s wert maaa wihe hy I' mK ct ,L(1982) respect it the 

aratifailngal dictle, whtre the cacttatin oc the dicne, as high .as1200 Ii./gfr.wt. 

Rf .TAV.\LAIA (,;oPy 

http:glocostnaim.ci
http:5.63-4.90
http:Aatifun.aa


108 SIVANATIOAN arid AIIKARAM 

in the peel of unripe fruit, decreased to 120!tg/g fr. wt. during ripening. 'rhe 
decrease apparently varied with the cultivar. In the cuitivar that was used in our 
experiments, the amount of As lI(diene) and AvIV in the fruit peel was about 920 
and 780 lig/g fr. wt. respectively at harvest. Tiese amounts decreased to about 52 
and 64 jig/g fr. wt. respectively in the ripe fruit, at the tine of visible symptom 
development. Cootmpoui nds Avi and Avill were found to be in hirgih concentra
tions, 1300 and 1050 !g/g fr. Wt., at tie tile of harvest and ite presence of these 
compou nds could tot be detected in the ripe fruit. 

PI.USK, ct 11. (1982) hound that the concentration of the dierre by itself was 
adequate to prevent the growth of tile pathogen in irmature fruit, i.e. a solution 
containing 7'90 jg/g caused total inhibition of gerlminatiotn of tire pathogen. 
I lOwever. rhC situation here appeiars to be different in that the resistance of tile 
fruit ti,sue is,wilently due to all four attifungal compounds rather than a single 
compound. \\lt chrr or not the fungitoxicity of these compounds is additive has 
trot yet beent deterintmrd. 

Considering the situation in the ripe fruit at tite tne of anthrart'tise lesion 
development, tire peel tissue contains onl) 52 and 6.1lrg/g fresh weight of Avh 
and AvlV r',pectively and no detectable amounts of Ad aid Avil a1d these 
amounts a;e int sufficient to cause total or even partial inhibition of the fungus. 
This 11ma'Y tlie that the to andbe factor allors pathogen reactivate develop 
progressively in the ripe fruit tissue. 

Th c of compounds higher the utnderlyingconcentratio these was in 
2-6 min(deep layers of tire fruit (this includes both peel and pulp tissue) than in 
tile outer 2 mi iavet of tire fruit. 'l e fact that the fungus in the atitrracnose 
lesions is nornially restricted to tie peel suggests dim tire higher antifungal 
activity in the deeper tissues prevents the colonization of tire fungus at deeper 
levels. 

In coichsmn these results further strengthen tie hypothesis put forward by 
PRUsKY Ct al., that tire antifungal activity of the peel is the factor responusible for 
the development oh latent infections in tire unripe avocado fruit by C. gloeo
sporioides. It has also been shown that tire latency in unripe avocado was not dtte 
to nutrient dilerences between the tirilpe and ripe fruit (PRUsK' et , 1 . 1984) nor 
to the inadequate enzyme potential Of tie fungus (SIVANAIIIAN anti ADIKAI(Am 
1989). 

ThIe resitnice of certain othet fruits to fungal diseases has been attributed to 
preformed antilhnnrg compont , fo example, Ar I l> (1952) reported that tire 
presence of t ;reirrrrtC fuirgiroxic cotirpt,oid. solimtre, fmond it frntrrh.x 
concentrations iin tilnato Init, prvt'ltl tieldevelhplent of (olltotirl rlo 
phomutides, arid anothei prefrtil, .rttifirgad compitrl., tmatte, I-sernt ill 
high con lltlrertt llr ill tilte peel ,if grcell tlinlarto, seas inriribitoy to ittycelial 
growth (tif lolto,-r ; ,o (VI )mt tIalld i.In m 1975). 

' in i k ,llaIupprr ,,d b) grant, from NARFSA. Sri I .ik aid IFS,Stede The authors 
wit) wtiank l It. BAIAr Anti % M.W M Ile chemical analynsiIt. NI , atd t. l ASIi fit their hIlp in 
aitd Pret,, t M ),"SA A I. crical cript.I). sA)r lr re.tdiig (ifthe mnt.tm 
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ANTIFUNGAL COMPOUNDS FROM IMMATURE AVOCADO FRUIT PEEL 
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Key Word Index--Pr'seaatnerica ; Ifaut ,cdii;ftlt peel; antifungal ydr . yheptadec.tcea activity; 1,2,I-I 
16-yne;1,2,4-1rihvdroxns leplalec- 16-vtn I -aicChlIt )lieptadec.I16-yne;v-24-dihtyd ro safynol. 

Abstract--Three antifungal compounds isolated frot1mthe peel of immature Avocado fruit have been identified as 1,2,4
trihydroxyheptadec.16-yie, 1,2,,4-rihiydroxyheptalcc- 6-etie and I-acetoxy-2,,-dilydroxyheptadec- I6-yne, previous
ly detected illextracts froit avocado seeds. 

IN I ROlUt I[ON chromatography ott Sephadex 1.1120 and linally pre-

Avocado anthracttose, caused by (tollrlturiitm qloeos- paratiye scale lIPI.C on a reverse phase column. This 
porioides (Penz.) Pen,.& Sacc. is a major disease factorprocedure piodiced two aotifungal compounds AV(4a) 
contributing to post-harvest rolling inavocado fruit.and AV(4c) in the ralio 1:4.Species AV(4b) was only a 

Unripe fruit show no evideice of incipient decay lesions Itace component.A similar purification of fraction AV(3) 
but the decay process develops rapidly during ripening, aoorded oly one activecompound AV(3a).These three 

compounds were while or off-white crystallinematerials
indicating the presence of latent infection [I]. This char-
acteristic behaviour has been attributed io the presence of and were examined by rtl NiR spectroscopy.
 

features india significant concentration of atlifitgal ,'oipoundsin The presence of chnracterimic spectral 
the peel tissue inthe early stages of growth [2,3]. These rated that both compounds AV(4a) and AV(4c) 
compounds suppress the vegetative grosslb of C. utoes. were unbranched long chain aliphatic compounds con
porioides but during ripening this natural antifungal taiing a pritary atd 1wo secotdary tethoxyl 
activity is rapidly lost, presumably due to chemical or groups. ly analogy with I the presence of the 
enzymatic degradation of the active species [4]. Detailed --(.1OIlCICItOI IC-10Hsmoiety was inferred. The 

study of extracts of avocado peel tissue have shown that essential difference between AV(4a) and AV(4c was the 
at least four antifungal fractions were present [3] but only presence of a terminal vinyl group (CH2=C!I-) in the 
one compounJ was fully chiaracterised [2, 3]. This com-ws ull, [2 3] Ths latter and acorresponding alkynylappearedgroup lC|I-C-)the in theonecomounlcaraterse m-fiorner. Compoc~nd AV(3a) to be mono

pound was a long chain alkadiene with a dth)droxyke- actae oVI3aI T pese t iette were 
tone moiety at one end, isolated inthe form of a mono- acetate of AV(4a), These structural assignments were 

-

acetate (I). confirmed by I l 'Hcorrelation spectroscopy and,in the 

IseItl C1II=CItCII ICOC II,CIIOIIC1 ICH=,CICIIt1 CI 2OCO~te 

These antifungal species inunripe avocado have been 
reexamined and we now report the characterisation of a 
further three active constituents of peel extract. case of AV(3a) (atca 99%. the purest of the thr.e 

colpounds).by the 'C aod DI ' 111 spectra. Thus AV(4a) 
was assigned the structure of 1.2,-ttihydroxyheptadec-

RESt I.is V111Ills( IssION 16-)ie121,AVI4cI is I,2,.lthydroxyhiptndec-16-cite 13 
Frecee-dried isicldo petI %sispiotvdciltd atd ex- ansd AVInla liepladtic- 16-yneis I-acetloy- 2.t-dihdlvthox. 

tracted wilth dichlottmelliane al,(1this esxtrct cllritoittli. 11 I lie full NNIR chtractetistinil of 2 4 is giscit in 
graphed orssilica gel ts lToidfotr ftacilits vsith lable I. At a literaluite search rev t'Ied thata tiifun- this polint. 
gal activity lNsdeterinitcd h%ol iioassayttetlhid 13. citipitds f this type had been di,cosered Ity Kashilan 
5]).These four ftactiotts hid R, salestilhlacetatetif .-I al.I61oer 211years igr it extracts of avocado seed or 
0.78, 1.610, 11.54, aid 01t2. smilar to tlose repolited dried catlofruit. Ihe antifinagil activity was untt
previously [3] and are habtlldt AVIll. AVI2. AVI3I antd stspected hut the %ncttires appeared to be lirmly estab-
AVI) respecikelY. Fraction AVII was further putilicdlished. 
by flash chronatography on silica gel, gel pernutalion 

....... ........ (11:-. (IliCtII )1 (IIoICI 1ittII(| IC| 
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CH--C(Cl,), CIOltClCtlolt 1,011uXr2 Ott 

CH-.C(CItI,CHlOIICIl 2 CItOIl.1 1 OCONIe 

4 

To confirm the chain length in coMpounds 2 4 he Il 
mass spectra were examined. The expected [NI] ' ion was 
not observed for 2 nor was the ion [Mi-CI,Olt 
- HO ] which is reported [6] lo have an intensity 
of 63%. Furthermore the ion with tril/: 209 [NI
-CH 2 CHOiCI OII]' had an intensity of 3% com
pared to 62% reported by Kashuan etl. [6]. COn-
pound 3showed similar icst s, the ion with highest m,'ss 
being that at m/z 211 (4%). The acetate 4 had a 2% ion at 
ml. 209 [NI -CIIaCIIOII('II 2 OAc] '. Foth these species 
are reported [6] to have El nrass spectra with a high
intensity peak for the loss of the three carbon fragment
from the hydroxylated end of the molecule. Our rruts 
were unchanged by variation in the electron acceleration 
voltage and fully reproduced oni a different instrument. 
We are unable to account for the difference between our 
El mn~s spectral results and those (of Kashman eaal. [6].
The CI mass spectra (with N113 as icactant gas) gave the 
expected results in all cases vsith peaks for %I+ II]' and 

1

[M+ NIl 4 ], and evidence for successive hss of three 
molecules of water. 

We have previously established the presence of the 
dihydroxyketone (I) in avocado peel and demonstrated 
that it is the most potent of the fugitoxic fractions which 
were isolated [3]. Although the other active fractions 
obtained from peel extract were all less fungitoxicthey 
had a similar activityvs Coulcntrat:on rolile, shoved a 
siuilar pattern ot dvevhpen thpel tissue of 

rable I. 't and 'C NNIR data for hidrocarbons 2 4 

Position 2 

1 3.65 (3.5. I1.0) 
I' 3.49 (6.5, 1.01 
2 3.98 is 
3 1.5 dd 
4 3.91in 
5 1.6 

6-13 1.26-1.45 


14 15 
15 2.1 122.,7.0) 
16 5 42 

17 1.9,142.21 

17' 

0l -2 2.75 lr 
Ot-3 

O 
Me 

ri an had a arallel behaviou,r in tl& ir 
bt. - esrtit to de th in the fruit a 

maximum concentration at ca 5 mm. T ese strong simil
antics in general behaviour of all the fungiloxic fractions 
suggested a similar chemical structure and this has now
been confirmed by the present results. 

The most signilicant structural feature is the trihydroxyfragment which could be present in a precursor to all 
active compounds. If this structural feature is taken to be 
a five carbon fragment then the whole series of con
pounds can be represented as 5 or derived species. 

I i I 
O1 O11 Ofl 

Thus the oxygenated fragment can occur as a triol, a triol 
acetate or a kelto-diol acetate and the hydrocarbon 
residue corresponding to C 1 2-l-ene, C 1 -l-yne. or CIr
6,9-diene. 'I neir distributinn in avocado plants is sum
marised in Table 2. The biochemistry of the antifungal
activity of these compounds is unknown. The keto acetate 
I is the most active sr-cies [3] but compounds 2 -4 have 
intrinsic activily and are not simply precursors or de
gradation products ofa forn similar to t. The signilicance
of the length 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 17), phytoalexins from safflower (Car
thntnis tinctorius), which have a potent toxic effect on 
many fungi [8]. The oxygenated fragment in 6 differs 
from that in 2 -4onilybythe loss ofone molecule of water. 

° 

3 4 

3 61 i 4.14 rn 
3.49 i 4.A)0(7.7, 12.2) 
3.97 in 4.10 in 

157 dd 1.6t 

3.90 in 3.89 in 
1.6 1.61 
1.26-1.45 1.26-1.45 

1.5 1.51 
2.41 Ih 2.19 122, 7.11 

4.99 (1.5, 18.01 1.94 12.21 
4.7311 5, 710) 

3.0)hr 340 
2.65 

2 11. 

•1 NMR: 270 17 Ntit;, C3 'NI,TNS as inter nal slandad; 'C NMR! 
77.1ppm, implied multiplicities from DEPt' spectrrn. 

f Established by a COSY spectrush. 
Idenlified b) Ihe albsene or ,i signal in t)11' F spctum set for J - 130 lIt. 

4 

68.66 t 

72.63 d 
39.11 r 
70.92 d 
38.23 t 
25.39, 28.84, 29.19 
29.57, 29.64 

184 t
 
64 13 s
 
84.92 it 

171.31 a
 
21 .,Xtq
 

67.94 Niliz. CDCIl., solvent at 

." " so- r t(^., 
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Table 2. Occurrence of fusngisoxic derivatives of compound 5 in the avocado plant 

Triol Triol-l-acetate Keto-diol-l-acctate 

C,2ene Cl, yne Cl 2 ene 

Peel 
Seeds 
Leaves 


*This work and ref. [3].
 
tRer.[2].
 
(Ref. [6j.
 
§Ref. [7].
 

Extension of these structural features into the area of 
prcinfective activity in avocado is significant. 

CI I..CCItOHiCHOllMeCH=CH(-C),Clt3 

6 

ClACIl--=CH(C=C,CItOlICIt,5.Il 

7 

EXPERIMENTAL 

NMR spectra were obtained using standard conditions (32 K 
acquisition giving data point resolution of 0.24 lIz for 'If and 
1.2lie for 'C spectra respectively) DEPT and COSY spectra 
were also obtained with standard conditions. Mass spectra were 
obtained on a Finnigan 1020 instrument lEt) and on a VG 12-25' 
instrume; t lEt and CIt. 

Isolation of antifunyal conmponds. Inimature fruit of Persea 
were obtained as described previously [3].americana cv 'Green' 

The outer skin (1-2 min thick) was peeled. bulked, freeze-dried 
and powdered. This material (.179g)was extracted Msitllhexane, 
CII,CI, and McOH under reflux conditions. Both tthe hexane 

extract (23.1 g) and the CItCI2 extract (25.2 g)gaoe dark green 
semi-solids v,hich displayed antifungal activity. The latter, more 
active, extract was fractionated by CC (silica gel 250 g, Merck art 
7734 ASTMI). Sequential elation vvilh hexane, EtOAc and 
MeOll gave 80 frs which ,,ere reduced t) 12 by pooling on the 
basis of TLC behaviour. These were tested for antifungal actis ity 
(Table 3). Trhefraction labels AV(I) AV(4) correspond to the 

four different zones of antifungal activity vshich were distingui-
shed try our TLC assa v see )serlo" . Part ol tie AVII material 

(ft. 9, 2.0g. actise spot R,0421, was frtrhcr pnrilierl by 

flash chromatography (silica gcI, 231t 40) rrwi, 30 g 'ith 

CIICI Metoll (97:3) as chant. 'I',ofiv%Cieirlrhnta d andittie 

lesspolar, roreactiveone was pased throriglr a chSepelr'ds112ft 

colunn(CIICI,-Ma()I, 3:7) to rermre pignicts, A solid .as 

collected anrl subjected to prep IIPI.)' or a pltrr.rlopack C,, 

co lumn eltedlith MeOl n111)17:1) at a ho w rate 4 rlnrirrrI 

using refractise irles detectisn). Four species were detecterd: 

AVI4r),) ,caspacityfacrrr.k' 3 5I.AVt4br l",,r'9.3). AV~te) 

(68%, k' 11.7), AV)4d), 117%, ,' 2,)1 Onl, AVI-a) arnd A\'4cI 

showedl antifusgal acti ity. 
Part ofthe AV(3) material (fr. 7, 1.6g, acise spot R; 051) was 

further parliediby flash chromatograhly (collirrsr as above, 
CICI, as cluantl. Usur frs were obtained llt lsosing s'orre 

anlifungal activity. 1h, rorst polar 1 s,as separated by jre-

parative iIPI.C~ts aho issto two cssnsponrert,,,\V )62'.A' 

CIyoe Cofle" C1 yne C1,diene 

t 

I 
§ 

Table 3. Distribution ofantifungal activityinchromatographic 
fractions 

Fraction number Antifungal activity R, 

1 
2 - 

3 + 0.78 AV(I) 

4 + 0.60 AV(2) 
5 - 

6 + 0.54 AV(3) 
7 + 054 AV(3) 

8 + 0.42 AV(4) 
9 + 0.42 AV(4) 
it) + 0.42 AV(4) 
I I + 0.42 AV(4) 
12 . 

9.6), and AV(3b) (38%, k' 23.11of which only tIe former had 
antifungal activity. 

Ifetecrion ofunifunalarctiity.Antifungal activity was rroni
tored throughout the purification process by a TLC bioassay 
[5]. Thus, aliquots ofthe extracts were spotted ott 1o TLC plates 

(Kieselgel 254 PIF60 Merck, 0.5 mm thick), the plates developed 
wills EtOAc and air-dricd overnight. Tie plates were then 
sprayed with a suspension of conidia of Clrdospf.iAum rladspar. 
loides and incubated ina nmoist chamber for 2-3 days at 28'. The 
presence of com'pounds toxic to tie fungus was indicated by a 
zone characterised by a lack of ae:ial mycelium. 

(2,4-Trihydrosyhetrdee-r.-.ne(2). Nip 71-711, .I/MS 

711eV m/ (rel. int) (belos, tn/z 121only major peaks are given): 
253 1NI - CII ,O12] (2) 235 1NI --CII2011 -- II1,0 - (2), 209 

I -('lCIIOItCII:OIll t). 114(1), 135 (7), 123 (3). 121 (Rl) 

10I)()IS, 1lS(22).95(31), 7(10)). 81(38).69(38), 67(43), 5S (591 

(l, MS INI1,1 ri,:(el. :it., old v peaks ahove i,': 2301 312 [M 

Ntl,1'f(25),185 [Nt + III, 5.267 ( NI If - I[,()] ' ) , 2,49 

(M I II 211) i 'I7), 231 [J 111 - 311,0]' 121 

1,2,4.1 illdrodiptrdec.16-cn, 131NIp 64 65, [a jr,' -- 3.5 
((: ' lINtS m/: int.) nirr:W I20); 7oeV Irel. (belcrw 
121 only major peaks are givers) 255 [NI-CI ,OlI]" 

12), 211 [NI--C(IIMIt - 1101' (3), 219 (4). 211 [1 

CII(slOll('lOtl] ). 1,11(2). 13513). 123151, 121 )t, 109 
I16), 105116). 95 1351,87 (IM)1, 81) 33), 69 152).67 139), 551781; 
CI, NIS INI i, lr/ (tel. int.. snlv peaks above mi/: 230): 304 1 NI 

Nil, '1(25), 287 [NI f I1' 131), 2t9 INI elIIf-I(]' 117), 
251 [I ± 11 - 211,(0 13), 233 (NI i I -311,O' (3).' 

I.rvy-2,4.dihrreptrdss.16ne 141 Nip 69 70', 

[a' - 7.0' ICIICI,; c It)r: El/MS 70eV n/: IrI int.) 

:F 1 -IT A/A AIIPI.E COPY 

http:2,4-Trihydrosyhetrdee-r.-.ne
http:CH(C=C,CItOlICIt,5.Il
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(below m/z 121 only major peaks arc givea): 253 [M 
-CH2OAc]' (I), 235 [.M--CHl2OAc-1l1OJ* (2), 209 [M 
-CII 2CHOQICHOAc]' (2), 147 (25), 135 (6),129(9), 121(8), 
117(9),109 (12), 100(32),117(),1932)9595(2),00(28,28)87 (00)81(7),9 (8).7 (8),87 (I), 81(37) 69 (38),67 (3 
55 (49); CI/MS (NH 3 )m/z (rel. int.,only peaks above rnt: 230): 

+ N * (23),327 1]* (63),309 - '344 [N Hf4] C CM A CM + 1 H20 ]
(63), 285 [M + 2H-MeCO]*5l,[MI + --MeC0,11] (51,249
[M 4 I- 2HO *5), 231 [',%1 -H2O' (3).1 It 
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6. IMPACT, RELEVANCE AND TECHNOLOGY TRANSFER 

By means of comparative biochemical approaches, we have
 

elucidated putative defense niechanims 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. gloeosoporiides. 

Treatments such as antioxidants affect levels of preformed 

antifungal compounds may be used for practical disease control. As 

described in one of the is, this treatment is currently beeing tested in 
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Israel for the prevention of postharvest diseases during storage and 

shipment. 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 disease. 

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 calabilities have broaden since he has done very 

important finding 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 ACTIVI'iiES 

The scientists of this project have met twice as proposed by the 

project activities. Furthermore the close friendship developed by tile 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 visik in Israel, he was able 

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

Y,
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8. PROJECT PRODUCTIVITY 

The project has achieved 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 

rhe project has resulteld in the development of a new idea, the use 

of treatment with high concentration of C02 as a possible stress for the 

induction of fruit resistance and it is presently being studied. 


