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~----- ------_ 
AbQtrrct -The stress response of ripening mango fruits treated in the preclimacteric phase with radiation doses of0.75. 
I.25 and 1.75 kGy was investigated. t_-Phcnylalanine ammonialyase. polyphcnol oxidasc, pcroxidasc and catalase 
activities were determined and significant differences were observed. Diffcr~ in the patterns of total phcnolics. 
flavanols and proteins were also observed. Malk enzyme activity was used as an indicator of the ripening stage 
(climacteric rise, climacteric peak and postclimacteric phase) as well as a measure of the effect of y-irradiation on fruit 
ripening. II seems that radiation treatment causes a stress condition in the fruit which, depending on the dose, may kad 
to browning of the tissue or necrotic &cay. 
--.--.-.-..-- ---.-. _----- 

INTRODUCTION 

The y-radration-mduccd delay in ripening processes and 
senescence In fruits and the accompanying advantages, 
such as shelf-life extension and disatsc control, have been 
reported by several authors for different types of fruit [I]. 
In a recent communication [Z], we showed that irradi- 
ation does not cause a true delay in the onset of ripening of 
fully mature mango fruit, but rather distorts certain 
biochemical processes so thaw senescence is delayed. 

Dcpcndmg on the cultivar. the physiological state of the 
tissue at the time of irradiation, and the dose, some fruits 
do not tolerate the treatment, and a stress condition arises 
which can manifest itself in the form of pitting in citrus 
fruit peel [3] or browning of the skm and flesh tissue in 
banana 141, mango [S] and avocado [6] fruits. 
Momtoring the following enzyma. and their substrates 
and products. VIZ. phenylalanine ammonialyasc (PAL) 
(EC 4.3.1.5). polyphcnol oxldase (PPO) (diphenol:O, 
oxrdoreductax, EC 1 10.3.10). pcroxidase (POD) (donor: 
HzOI oxidoreductax. EC I.1 1.1.7). atalasc (HzOz: 
HzO1 oxidoreductasc, EC I .I 1.1.6). might give an indi- 
catron of the enkent of stress the ;-lrradlated fruit is 
undergomg, irrcspectlve of the potential outward symp- 
toms [ 1.7 IO]. 

dccarboxylattng system, and plays an important role in 
the ripening process of some climacteric fruits 12, 1 I 133. 
Malic enzyme activity normally increases during the 
climacteric rise, r&aching a maximum slightly ahead of the 
respiration peak (climacteric peak) and then decreases 
during the post-climacteric phase [2. IS]. Figure I shows 
a similar result for Kent mango fruit as well as a y- 
irradiation dose-dependent effect on the enzyme. 
According to this, the following stages of ripening could 
be idcntlficd, viz_ climacteric rise, climacteric peak and 
post-climacteric phase. The climacteric rise stretches from 
days I to 10 reaching the climacteric peak whereafter the 
postclimacteric phase follows from the 12th day onward 
(cf. Fig. I). The increase in malic enzyme activity, usually 
observed during the ripcnmg process of mango fruit. was 
sigmficantly decreased but not delayed by y-irradiation 
(Fig. 1). These results are complimentary to those pub- 
lished previously for Haden mangoes where a 0.75 kGy 
Irradiation dose resulted In extensive dimimshing of the 
malic enzyme climacteric peak 121. According to our 
results for Kent mangoes, the malic enzyme climacteric 
peak still exists, but flattens noticeably when increased y- 
irradiation IS administered (Fig. I). 

The blochernial changes associated with the stress 
condition induced by y-irradiation were studled against 
the background of ripening and scncsana of mango 
fruit. Malicenzymc activity [ L-malate: NADP ’ oxidorcd- 
uctasc (oxaloaatatc dccarboxylating), EC I 1. I .40] was 
used as an indicator of the climacteric rise, climacteric 
peak and postclimacteric stage in the fruit. 

PAL acrlciry 

Identificarion of the decelopnental stages o/ rhe stressed 
ripenrny mango fruir 

PAL is a key enzyme in the metabolism of phenolin; it 
catalyses the dcamination of t_-phenylalaninc IO IroN- 
cinnamic acid and thus diverts it from the channels of 
protein synthesis into those of phcnohc synthesis [3]. 
PAL seems to be extraordinarily sensitive to the 
physiological state of the plant [IO]. Changes in activity 
can occur during growth, or they may follow traumatic or 
pathological events or the action of light [ IS]. Enchanced 
PAL activity and cthyknc evolution in citrus fruits are 
symptoms of stress conditions. also caused by irradiation 

1161. 
Malic enzyme is synthesized de nmo during the climac- The present report gives cvidcna for the induction of 

teric rise which kads to the development of the malatc PAL activity after y-irradiation. which is dependent on the 
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Fig. I. Cluop ia m&c cnzyn~ activiry during ripening in 
1.75 kGy (m-m). 1.25 kGy (0-O). 0.75 kGy (C--O) 

p-madia~ed and control (O-.0) Kent mangoes •~ 20+. 

irradiation dose and the duration of storage thereafter 
(Fig. 2). Within 24 hr after y-irradiation the 1.75 kGy and 
1.25 kGy fruit showed inaeaJod PAL activity, reaching a 
maximum 34 days after irradiation (1.75 kGy, 12-fold 
increase; 1.25 kGy, 8-fold increase; 0.75 kGy, S-fold in- 
crease) compared with a negligible PAL activity peak in 
the control fruit. After attaining the initial maximum level. 
the PAL activity declined during the next 3-4 day period. 
A subsequent second PAL activity peak, similar for all the 
groups, was reached after the tenth day. The PAL activity 
declined during the subsequent storage and post- 
climacteric period. Similar characteristics of the PAL 
induction process were observed in a number of fruit 
systems, viz. grapefruit [ 163 and oranges [3,93. This rise 
in activity is symptomatic of plant tissues subjected to 
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Fig. 2. Ctungcs IO PAL enzyme rtiviry dunng riperung in 
I.75 kGy (m- -mL 1.25 kGy (o- -O), 0.75 kGy (C-4) 

y-irradiated and control (O-O) Kent muqoea II W. 

wounding or infection [ 10, I73 and could be due to an 
increase in cxtractibility of the enzyme, caused by irradi- 
ation damage to the cell, or it could have been due to 
activation of a pro-enzyme, or latent forms of the enzyme, 
if present, or due to some changes caused at the active site 
of the enzyme [18,193. 

The results obtained support the idea that radiation 
damage to the tissue in some way triggers the syn- 
thesis,+xctivation of PAL. 

PPO acririry 

The specific enzyma that take part in browning 
reactions involving polyphenols have been known by 
different names, but in general can be referred to as 
polyphenoloxidases 181. In food browning catecholase 
action is more important than cresolase action sina most 
of the phcnolic substrates in food are dihydroxyphenols 
[S]. In banana fruits subjected to -&adiation, skin 
browning was observed to be due to activation of PPG 
[4]. The presence of PPG in mango fruit and changes in 
this enzyme by y-irradiation have been shown [S]. 

Figure 3 shows the relative PPG activity patterns of 
extracts obtained from mango fruits subjected to different 
doses of y-irradiation compared to the control fruit 
during the ripening and senescence periods. It can be seen 
that irradiation resulted in a dose-dependent increase in 
enzyme activity. PPG activity was detected as from the 
sixth day after irradiation in the I .75 kGy dose group. The 
1.25 kGy group showed PPG activity from the seventh 
day and the 0.75 kGy group from the tenth day. The 
control group started showing PPG activity only from the 
eleventh day, which coincided with the postdimacteric 
phase. Although highly visible tissue browning was not 
observed in the Kent cultivar, the changes in the pattern of 
PPG activation imply a strcJs response to a condition 
other than senescence. 

Mayer and Hare1 reported that the strength of binding 
of latent forms of PPO to membranes appears to vary 
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Fip. 3. Chanw in PPO enzyme activity duriq ripenin in 
I.75 kGy (m--m), I.25 kGy (O- 0). 0.75 kGy (04) 

y-irradiated and control (0- -0) Ken1 mangoes at 20‘. 
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depending on the tissue and the stage of development of 
the piant [20]. Apparently, conversion of particulate 
forms of PPO to soluble forms occurs in fruit following 
exposure IO stress conditions [20]. Irradiation causes 
mcmbranc damage which results in the soluhilization of 
PPO and manifests itself in an earlier rise in activity than 
in the control group. Solubilization also occurs under 
more natural conditions, e.g. ripening of fruits or agcing 
[ZO]. This explains the rise in PPO activity in the control 
group at the postclimacteric stage. 

POD and catalase acriairy 

POD is known to be involved in the metabolism of 
phcnolic compounds 1213 and catalyses the oxidation of a 
large number of phenols and aromatic compounds which 
occur naturally in plant tissues (223. POh similarly to 
PPO. are located in the all partly in a soluble cytosolic 
form, and partly in an insoluble, all-membrane bound 
form. POD is an inducible enzyme and factors such as 
physiological stress, wounding, fungal or viral infections 
are known IO bring about changes in POD isocnzymc 
patterns [7]. 

The development of POD activity in ripening mango 
fruit is a specific and orderly process, progressing steadily 
from the young IO the old all [23.24]. as is reflected in the 
POD activity pattern of the control fruit (Fig. 4). y- 
Irradiation resulted in an almost immediate stimulation of 
POD activity. which incrcascd steadily during the ripcn- 
ing phase up IO the climacteric peak, after which the POD 
activity seemed IO decline. The I.75 kGy irradiation dose 
did not increase the POD activity more than the 1.25 kGy 
Irradiation dose and the POD activity patterns overlap- 
ped (Fig. 4); it seemed as if the maximum POD activity in 
the ripening mango fruit was reached at the 1.25 kGy 
dose. A similar, but relatively lower increase in POD 

activity was observed for the 0.75 kGy irradiation dose 

group* 
If there is any causal relation between the rise in POD 

activity and y-irradiation, one could speculate that it 
might be mainly related to the dimination of HJOI, the 
production of which in alls incmascs with incmased stress 
[25]. One of the main pr&K%s generated during 
radiolysis of aerobic aqueous solutions is HxO1 [26]. 
Thus an increase in POD activity would represent an 
induced protective reaction (perhaps delaying scncscena 
and stabilizing fruit decay). 

The stimulation by @radiation ofmango fruit catalasc 
is somewhat dclaycd and can be seen from the eleventh 
day onward. which coincides with the post-climacteric 
phase of the fruit (Fig. 5). The higher the irradiation dose 
apphcd. the higher the stimulation. The substantial in- 
crease in the catalasc activity towards the beginning of the 
post-climacteric phase may be attributed to the dis- 
organization of the fruit tissue alls caused by all 
membrane damage by y-irradiation. 

The increased supply of oxidizable substrates in in- 
tensely respiring tissue. such as ripening fruit [27], is 
reflected by the increased activities of the oxidativc 
enzymes viz. pcroxidasc and catalasc [28]. Catalasc 
increased from I - 7 days and thereafter remained constant 
for control mango fruit (Fig. 5). Irradiation enhanced the 
pcroxidasc activity in citrus fruit peel, beginning l- 2 
waks after irradiation [I]. A similar increase in the 
catalasc activity of the external pctl layers was observed in 
irradiated grapefruit. but not in oranges [IS]. 

Total phenolics and jfacanolr 

There have been several reports on the accumulation of 
phcnolic compounds in plant tissues following irradiation 

Fig. 4. Changes ID POD enzyme activity duriog ripcniog ia Fig 5. Change in atdue enzyme activity during ripclung m 
1.75 kGy and 1.25 kGy (m-m), 0.75 kGy (M) 1.75 Kiy (m--B). I.25 kGy (O---o), 0.75 LGy (U) 
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jwradiatcd NKI control (0 .-0) Kent mangoes 6.1 m. y-irradiated and cootrol(0~) KCIN mangoes at X3’+. 
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[3]. It seems that increased phcnolic biosynthesis is a 
typical response of plant tissues IO irradiation, reflecting a 
stress condition [3]. 

There was no clear additional accumulation of phenols 
after the PAL activity peak had been attained (Fig. 6). 
This may be due to the removal of phenols by some 
mechanism like oxidation of phenols to quinoncs, which 
are not reactive to the assay for phenoliccompounds [29]. 
Such oxidation may be carried out by PPO. which has 
ban shown to be enhanced as an CNCCI of irradiation 
(Fig. 3). Similar results were obtained for citrus fruits [9]. 

On examining mcthanolic extracts from the irradiated 
frutt tissues as compared to the control fruits, a marked 
accumulation of tlavanols was observed (Fig. 7). 

Proteins 

There seems IO be no significant difference between the 
total soluble proIein content pattern during the ripening 
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Fig 6. Changes In the Iota1 phcnohc concemrauon dunng 

rtreued rtpening In 1.75 kGy (W -M ). 1.25 kGy (O- q A 

0.75 kGy (a -0) ~Irradratcd and control (0-, 0) Kent 

mangoes a1 20’. 
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Fig. 7. Changes In Ihc ftavanol conIcnI dunog sIrased 

ripming in 1.75 kGy (m .--m ), 1.25 kGy IO - -0). 0.75 kGy 

(O--O) ~-irradiated and conIrol (O- 0) KenI mangoes al 
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and scnesana periods of the irradiated groups m com- 
parison to the control fruit. The protein content seems to 
increase during the ripening phase until it reaches the 
climacteric peak whereafter it stabilizes and may even 
decrease during the postchmacteric stage. In the case of 
grapefruit peel, a linear relationship between the increase 
in irradiation dose and the inhibition of protein synthesis 
has been found [30]. This is in conlrasl IO our finding. 

COS4’LLSIONS 

The physiological effects of y-irradiation may be im- 
mediate or somewhat delayed 1311. During this study, we 
observed an immediate increase in PAL and POD activity 
soon after irradiation. In contrast. the enhancement of 
PPD and catalasc activity in Kent mango fruit appears to 
be a delayed efFect of y-irradiation similar to that reported 
for the activation of PPO [ 51 and catalase [ 321 of flavedo 
of citrus frutt. 

The activation of PPO m mango fruit upon irradtation 
could be caused in many ways. It can be due IO an 
activation of a pro-enzyme or a latent enzyme or due to 
conformational changes in the enzyme [ZO]. It is a spbcial 
characteristic of many, if not all. plant tissues that 
phcnolic substances, which act as substrates for PPO and 
POD, are either sequestered in special alls or in the 
vacuole, away from the enzymes. When there is any 
mechanical or physiological injury (e.g. by y-irradiation). 
these sub~tratcs and enzymes come into contact wtth each 
other, and in the presence of atmospheric oxygen rapid 
browning could occur [8]. The strength of binding of 
PPO and POD to membranes appears to vary depending 
on the t~ssuc and the stage of development of the plant. 
Solubtlization occurs under more 'natural' conditions. e.g. 
ripening of fruits or agcing. Thus, PPO and POD become 
incrcasmgly soluble durmg fruit ripening [Il. 203. 
Consequently. they become more and more extractable 
and thts could bc the reason why a higher activtty was 
detected in the post-climacteric stage of the control frutt. 
Solubiliration could also occur as a result of membrane 
damage caused by y-irradiation. 

The results obtained indicate that radtation treatment 
of mango fruits leads IO a stress condttion which, depcnd- 
ing on the dose, can be overcome or can lead to a gross 
distortion of normal btochcmical patterns durmg the 
phases of ripening and senescence. 

EXPDIIMLh’CAL 

Source oJ Jrwrs. Mature. fully developed KenI mangoes 

(.Wongljcro &co L.). were obramcd from orchards m the 

Tzanccn area. Fruu were sckcted for the cxpts according IO 

sImrtariIy m YZL. map rtpenmg phase (prcchmactenc) and 

ahscncz of dlsensc. 

Rodiafron trramenf. IrradraIIon was done In a gamma hcam 

650 (AECL) ura&Ior cqu~ppcd wuh a ‘To souroc aI a dose raIe 

of C(I 4 kGy;hr. Dosunc~ry was performed uun8 a Fnckc 

doslm*cr [33). Irraduuon was performed MI air and aI room 

temp. The IrulIs were dlvtded mIo Ihrcc groups IrepIed wlIh doses 

of 0.75 tuscd for shelf-Me exIensIon of SouIh ATrun fibrekss 

cul~~vars) 1.25 and 1.75 kciy. rcspec~vcly 

Srorugr Md wvnplulg Icchnqucs. The same SCI of expts was 

repeated on mango fruit over a few seasons and sunlIar raulIs 

were obIamcd. The control and lrradutcd groups conlamed 70 

fruns each and were kcpI m an alr-cor&Iloncd room at 20 The 
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samphng was conducIcd over a penod of 14 days. 6 8 fruirs per 

group were peekd. immcdlatcly shredded. mixed thoroughly and 

frozen wuh IIquId Nl. The frozen IISSILCS were sIored a1 -20 

unIIl further use. 

Exrrarrton and aaw~ of PPO und POD acfwffy. Enzyme 

exIracIlon was bavd on the method dcrnbed by Van Lciyvckl cf 

ul. [Y J. 7.5 g of fruI1 IISSIX. I .5 g of polyzIhykne glycol4000 and 

45 ml Me:C’O ( - 20 ) were homogcmtrd wlIh a Sorval Chnnr- 

mixer for 60 see The homogcnale wasfil~ercd Ihrough a smlercd- 

glars filIer (G3l and washed wiIh a funher 50 ml Me,CO ( - 20 ). 

‘Ihe Me,CO powder was homogcnirzd for 2 min with I5 ml (4 ) 
IOmM OAc huNcr (pH 5.0) and ocnIrtfugcd a~ lOOC0y for 

20 mm a1 0 ‘The rupcrnatanr soln was IrcaIcd wiIh a furlher Iwo 

vols. of Me:CO f 20 ) and ccnrrifugcd a1 2OooO g for 30 min 

a1 0 The pp~. was suspended In 7 5 ml 14 ) 10 mY OAc buffer 

(pH 5.0) and cxnIrIfugcd a1 2OooOy for 30 mm a1 0 The 

raulbng supcrnaIan1 was then used for POD and PPO enzyme 

assay. 

The POD rcaclion mixlure consnrcd of 20ml 2OmM OAc 

bulTer (pH 5 0) IO whch was added I ml 100 mM H,O, and I ml 

40 mM guaiacol [ 271.0. I ml enzyme exIrac1 was added IO 4 ml of 

the rcacnon mixture and ~ncuba~cd for 2 mm at 30’ whercafrer 

POD acbvuy was dcrermmcd by measuring Ihe raIe of change In 

absorplion a1 420 nm and 30 Calculations were made from rhc 

mural s~ccpcs~ portion of increase In Ihc absorbance curve. One 

uni1 of enrynx activuy II Kal) was defined as the amoun1 of 

enzyme Ihar caralyxs the consumprion of I mol of H,O1 and 

I mol of guaiacol per see 

PPOacliviIy wasdetermined by mcubalmg IO ml IO mM OAc 
bulTcr IO which was added 0 I ml 0.13”, CuSO, and 2 ml of the 

same bulfcr conIamIng 0 02 g caIechol. ImmcdiaIely after addmg 

I ml of enzyme cxlracl 10 4 ml of lhc above-mentioned rtdcIion 

mixture. ~hc raIe of browning was recorded a1 Aa, and 30 

PPO X~IVII~ was expressed In terms of AA~~/rnm. 

fixfrcc-fron and asuly of I’AL acffc~f~. An Mc,CO powder 

prepared as described above for Ihe exIracIion and assay of PPD 

and PO was homogemrrd for 2 mm wnh IS ml (4 ) IO mM 

borale buflcr (pH Y.2) conrammg I mM DTT and 0.1 mM 

mcrcapIobcnzoIrazolc and cenIrifugcd a1 2OOIXl P for 30 mm a1 

0 The supcrnaIan1 soln was used for the PAL assay. ‘The PAL 

rcacoon mixlure consisted of I00 mM borate buITer (pH 8.9) 

conlammg I mM DTI’. 0.1 mercapIobcnroImzok and IO mM I.- 

phcnylalanmc 1n4wcd a1 40 .0.5 ml enzyme exIrac1 was added 

IO 2.5 ml of Ihe reaction mIxIure and mubated for 2 hr a1 40 

whcrcafrer the absorbance was dcIermmed at 270 nm. A conIrol 

was dcIermmed by reading the absorbance of the abovc- 

mcnlioncd soln immcdlaIcly wiIhou1 Incubation. By rukractmg 

the absorbance reading of the control from the absorbance 

rcadmg of the reaction mixIure ~rxubn~nl for 2 hr. Ihe PAL 

acrivity was dcIermmed as A,42mow. 2 hr. One uni1 of PAL 

enrymc acIIviIy (I Kal) was defined as Ihe amount of PAL 

eruymc that calalyses the conversron of I mol of I-pbrnylabnmc 

per xc under the assay condmons. 

Exrracf~cm proccdurr for mahc m.-yme and caralase. ‘Ihe 

proudure derrtbcd by Dubcry PI al. [35] for malic enzyme was 

apphcd Mango IIMLK II5 g) was homogenized with 30 ml 

IO0 mM Tris HCI buITer IpH 8) for I mm a1 4” in the prcsencc of 

0.3 g Polyclar AT. ‘The homogcnaIe was adJustal IO pH 7. I and 

lhcn anlrifugcd al I5ooO II for IO mm a1 4.. Thcsupcrnanml was 

used for dcIcrmming Ihe mahc enzyme and calalasc acIIvIty. 

CaIalase was assayed by rccordmg the change in absorbance a1 

240 nm. The reacnon mixlure (3 ml) conuuned 0.3”, H,O> in 

0.05 M Na-Pi bulTer (pH 6.5)and 0 5 ml cnrymc CXII~~I [6]. One 

unn of enzyme activuy (I Kar) was defined as the amoum of 

calalasc lhal caIalyscs the conversion of I mol of tiJD1 per sot. 

MalK: enzyme actIvi1y was monIIorcd as described by Dubcry 

(I ol. [35] by measuring the rcdualon of NADP a1 340 nm. The 

resction mIxlure contained l0mM TrIs-HCI buffer a1 the 

opIImum pH of 7.1. I mM MnSO.. 5 mM ~r( - tmalate.0.5 mM 

NADP and enzyme In a total vol. of 3 ml [36]. The rcacIion was 

IniIraIcd by the addibon of enzyme and under these conditions 

Ihe r&non bctwun reaction rake and cnxymc concn wyu Immr. 

The Iemp. of the cell compartmcn1 was thcrmosIatically con- 

Irolkd a1 30 One unt1 of enzyme aaivity (I KaI) was defined as 

rheamount ofcnzymc 1ha1 caralyscs Ihe conversIon of I mol of L- 

( - )_malaIe IO pyruvare and CO, per sec. 

‘Ihful phcnol~ otd~puwwls 5 g mango tissue Iinslanlly frozen 

with N, and rIored a1 - 20 ) was homogcmzcd wiIh 40 ml 70’. 

M&Ii in a Sorvall Omm-mixer for 5 mm and then cenlrtfugcd a1 

2OOOO u for 10 mm. Total phenol and Aavanol concns were 

deIcrmmcd by the melhods descrlbcd by Swam and Hilla [29]. 

‘I oIal solubk proIcm conlen for each extrac1 was measured by 

the method of Lowry rf al. [ 371 wnh bovine albumrn as slamlard. 
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