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RESUME

La mangue est un fruit tropical important et très populaire. En
raison de sa courte durée de conservation en magasin, sa consommation se
limite aux régions qui la produisent. Comme la mangue est un fruit climac-
térique, on peut prolonger sa durée de conservation en magasin en retardant
le processus de mûrissage et le vieillissement par l'irradiation. Le pro-
cessus de mûrissage est très complexe: il semble qu'on pourrait obtenir le
retardement du mûrissage par le rayonnement par l'intermédiaire de l'inhi-
bition de l'enzyme (des enzymes) liée(s) à la production de l'éthylène. La
dose nécessaire pour prolonger la durée de conservation en magasin est
<1,5 kGy. Des doses supérieuies peuvent entraîner une brûlure, le brunis-
sement de la chair et la production de poches creuses. Cette étude porte
sur les aspects chimiques du prolongement de la durée de conservation en
magasin des mangues par l'irradiation.

Aux faibles doses d'irradiation nécessaires pour prolonger la
durée de conservation en magasin (<1,5 kGy), les effets chimiques sont
négligeables. L'irradiation n'influe pas sur la teneur en caroténoïdes et
n'a qu'un faible effet sur la teneur en vitamine C chez quelques variétés
de mangue. On n'a décelé aucune différence importante de teneur libre et
totale en glucides (hydrolisés) ou de teneur en protéines chez les mangues
de la variété Kent entre les échantillons irradiés et non irradiés. Au
cours du mûrissage des mangues, la teneur en sucre réducteur et la teneur
totale en sucre augmentent mais, chez la plupart des variétés de mangue
(échantillons irradiés et non irradiés), ils restent très semblables. Il
n'y a aucune variation importante de teneur en acide gras au cours de l'ir-
radiation. Il y a quelque différence de teneur en composés volatils entre
les mangues irradiées et non irradiées de la variété Kent; cette différence
n'a cependant aucun effet apparent sur le goût et la saveur des mangues
irradiées.
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ABSTRACT

Mango is an important and very popular tropical fruit. Because
of its short shelf life, however, its use is restricted to the areas of
production. Since mango is a climacteric fruit, it is possible to extend
its shelf life by delaying the ripening process and senescence by irradia-
tion. The ripening process is very complex: it appears that the radiation-
induced delay in ripening may be mediated through the inhibition of the
enzyme(s) involved in ethylene production. The dose required for shelf-
life extension is £1.5 kGy. Higher doses can lead to scalding, flesh
darkening and development of hollow pockets. This review focuses on the
chemical aspects of radiation-induced shelf-life extension of mangoes.

At the low irradiation doses required for this shelf-life exten-
sion (£1.5 kGy), the chemical effects are negligible. Irradiation does not
affect the carotenoid levels, and has only a minor effect on the vitamin C
level in a few mango varieties. No significant differences in the free and
total (hydrolyzed) amino acids, or the protein content of Kent mangoes,
have been detected between irradiated and unirradiated samples. During
ripening of the mangoes the reducing sugar and the total sugar levels in-
crease, but in the majority of the mango varieties these levels remain very
similar in irradiated and unirradiated samples. There are no major changes
in the fatty acid content upon irradiation. There are some differences in
the volatile compounds between irradiated and unirradiated Kent mangoes;
however, these differences have no apparent effect on the taste and flavor
of the Irradiated mangoes.
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1. INTRODUCTION

The mango, Mangifera indica L., is a very popular fruit of the
tropics and has been known as a cultivated species for about five thousand
years (Singh 1968). Among hundreds of cultivars grown all over the world,
only a few are grown commercially (Salunkhe and Desai 1984). The mango is
one of the more important commercial fruit crops of the world, with India
being the largest producer. It is also grown in Australia, Brazil, Burma,
Egypt, Florida, Haiti, Hawaii, Indonesia, Israel, Java, Malasia, Mexico,
Phillipines, Sri Lanka, South Africa and Thailand. The world production of
mangoes was about 14.3 million metric tons in 1980 (Food and Agriculture
Organization 1981). Table 1 shows a breakdown of this total world produc-
tion for the major producing countries along with the number of mango
varieties grown.

TABLE 1

PRODUCTION OF MANGOES AND THE NUMBER OF VARIETIES
FROM DIFFERENT PARTS OF THE WORLD1

Place

World
Africa
Brazil
Haiti
India
Mexico
Pakistan
Philippines
U.S.A.

Thousand Metric Tonnes

1978

13 751

670
310

9 000
541
561
335

1979

14 067

680
318

9 300
566
538
359

1980

14 342
821
690
326

9 500
610
560
330

Number of Varieties

Pulpy

52

42
15

2
41

Juicy

10
2

2

1 Data taken from Thomas (1986) and Lakshminarayana (1980).
2 These varieties are from South Africa.

Mango is a highly perishable commodity and needs to be used with-
in a short period (days or weeks, depending on the variety) after being
picked in the mature green state. Losses during ripening are very large.
Trade, and in particular international trade, in mangoes is currently res-
tricted mainly because of the lack of established technologies related to
handling, transport, storage and ripening. Methods used to ripen mangoes
in the major producing countries often result in high levels of wastage,
unsynchronized ripening and poor quality fruits. Good quality depends on
several factors, among which the ripening regime of the fruit is important.
Therefore studies into the effects of factors that delay ripening, such as
low-temperature storage, relative humidity, controlled atmosphere storage,
ethylene and other hormonal controls, and gamma irradiation are important
(Akamine and Moy 1983, Farkas et al. 1972, Hossain and Hamid 1968,
Medlicott et al. 1986, Salunkhe and Desai 1984, Thomas 1986).
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Gamma irradiation of mangoes hay been studied for disinfestation
of irnit flies and mango seed weevil (Akamine and Moy 1983, Moy et al.
1971); f(ji shelf-life extension by delay in ripening (Beyers et al. 1979,
Cueva;;-Kuii! et al. 1972, Dharkar et al. 1966a, Moy 1977, Thomas 1986,
Upadhya et al. 1966, 1967); and for fungal decay control (Moy 1977). A
survey ot these studies indicates that different doses are required for the
different end points, and different varieties of mangoes require different
doses toi the same end point (Singh 1988a, 1990). However, it is clear
that for all mango varieties a dose of less than 1 kGy may be adequate for
shelf-life extension. As pointed out in the Joint Expert Committee Report
(FA0/IAEA/UH0 1981), evidence from most studies suggests that in the low-
dose range (up to 1 kGy) there are only minor chemical changes in foods
accompanying irradiation. The aim of this report is to review the relevant
literature on the chemical effects of irradiation of mangoes at the doses
required for extension of their shelf life by delay in ripening. Nutri-
tional aspects on irradiated mangoes have been reviewed in a separate
report (Singh 1988a, 1990).

2. CHEMISTRY-Q£- EXTENSION OF SHELF LIFE

The mango is a climacteric fruit like apple, avocado, banana,
nectarine, papaya, passion fruit, peach, pear, plum and tomato. Climac-
teric fruits are characterized by a sharp increase in respiratory activity,
and a continued high respiration rate, more or less coincident with the
obvious changes in color, flavor and texture that typify ripening during
storage (Fox and Morrissey 1984, Haard 1985) (as compared to the nonclimac-
teric fruits like oranges and grapefruits). Growth, maturation and senes-
cence (the post-ripening decay of fruit) are the three important phases in
the climacteric fruits' cycle. One of the beneficial effects of gamma
irradiation of the climacteric truits is that their shelf life is improved
as a result of the radiation-induced delays of ripening and senescence.
Following harvesting, their rates of carbon dioxide evolution and oxygen
consumption slowly decline until the rates reach a minimum, called the
"preclimacteric minimum" (Figure 1). The onset of the ripening process
occurs soon after this minimum has been reached. The beginning of ripening
is marked by a rapid increase in respiration, accompanied by the following
effects (Thomas 1986):

(i) the biosynthesis of aroma and fJavor constituents;
(ii) an increase in sugar levels due to hydrolysis of polysaccharides

and changes in the acid:sugar ratio;
(iii) an increased rate of ethyleiie production;
(iv) chlorophyll degradation and synthesis of carotenoids and/or

anthocyanines, resulting in changes in colors from green to
ye How/red;

(v) changes In texture, paiticnlarly softening, due to the conversion
of insoluble protopectins to soluble pectins and pectic acids;
and

(vi) conversion of low-molecular-weight polyphenols into Insoluble
constituents, leading to shrivelling.
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The respiratory rate reaches a maximum, known as the "climacteric peak",
within a few days (Figure 1). The time required to reach the peak and the
rate of respiration at the peak depend on the maturity of the mangoes at
the time of their harvest and the temperature at which they are stored.

Dharkar et al. (1966b) have compared the respiratory pattern of
preclimacteric Alphonso mangoes irradiated to 0.25 kGy with that of the
unirradiated samples. An immediate spurt in respiration was observed in
irradiated mangoes, which reached a maximum after day 1 and dropped gradu-
ally thereafter till it became comparable to that of unirradiated mangoes
between day 3 and 6 of storage. The onset of the climacteric rise occurred
in both unirradiated and irradiated mangoes by day 6 and by about day 7,
respectively, but both reached the peak by about day 10. In general, the
rate of respiration in irradiated mangoes was lower than in the unirradi-
ated mangoes from day 3 to the time of the climacteric peak (Dharkar et al.
1966b).

A somewhat similar respiratory behavior was observed in the Haden
variety of mangoes irradiated to 0.25 kGy by Akamine and Goo (1971). They
reported that the respiratory pattern of the Haden mangoes irradiated in
the green preclimacteric stage to doses of 0.25, 0.5, 0.75 and 1 kGy was
similar to the pattern observed from Alphonso mangoes: there was an initial
increase in respiration, attaining a peak a day after the treatment, then a
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FIGURE 1: Graphical Representation of Respiratory Pattern of Fruits After
Harvest (Adapted from Biale 1960)
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decrease approximately to the level of untreated fruits, followed by an ap-
parently normal increase until the climacteric peak was reached (Figure 2).
A delay in the occurrence of Che climacteric peak was seen in fruits irra-
diated to 0.5, 0.75 and 1 kGy, the maximum delay occurring at 0.75 kGy
(between day 10 and 11 after irradiation as opposed to day 8 in the un-
tieated and 0.2b-kGy treated fruits), and this was directly related to the
rate? of i i pen ing.

Some of the biochemical changes occurring during ripening of
preclimacteric mangoes have been identified. Mitochondrial fractions that
control the respiration of mangoes have been isolated in seven varieties
(Patwardhan 1965). During ripening, the activities of many enzymes have
been found to increase several fold. These enzymes, which are presumably
responsible for the ripening process, include amylase, catalase,
glucose-6-phosphate dehydrogenase, pectin esterase and peroxidase (Matto et
al. 1968, Modi and Reddy 1967).

Matto and Modi (1970) also reported an increase in the citrate-
cleaving enzyme in the citric acid cycle (CAC), during the ripening of
mangoes. This enzyme probably reduces the acidity during ripening. Mat^o
and Modi (1970) suggested that the acetyl Coenzyme A, and oxaloacetic acid
formed from the citric acid in the CAC, also participate in the ripening
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FIGURE 2: Respiration Pattern of the Haden Variety of Mangoes After
Irradiation (Day 0) in the Preclimacteric Stage at 21.7°C.
(Based on the data of Akamine and Goo (1971)).



process, and that the breakdown products of lipids, dining ripening, regu-
late the activities of the enzymes responsible for ripening. It is possi-
ble that a slight increase in lipid breakdown product(s) formed during
irradiation is responsible for the delay in ripening.

The process of ripening is very complex, and neither the underly-
ing biochemical mechanisms nor the delay in ripening upon irradiation are
adequately understood. Numerous hormonal and biochemical changes are
associated with the ripening process. Ethylene's role in the process as a
plant hormone is widely accepted (Matto and Modi 1969). Evidence is
accumulating that suggests other plant hormones, such as auxins, cytokinins
and gibberellins may also be involved in the ripening process (Murthy and
Rao 1982, Thomas 1986, Yang 1981).

Most postharvest practices (such as the use of refrigeration or
modified, controlled atmospheres) are designed to extend the preclimacteric
green life of the harvested fruits by interfering with the biochemical
processes so the fruit can be transported with ease from producing centres
to consuming centres, and then ripened as per market requirements. The
effect of irradiation at low doses on delaying the ripening and senescence
of mangoes appears to reside in interference with the respiration pattern.
There is some evidence that the production of ethylene may be suppressed by
certain radiation doses.

Ahmad et al. (1972) have shown that when Dusehri mangoes were
irradiated with a dose of 0.2 to 0.6 kGy, suppression of ethylene produc-
tion was most pronounced between 0.5 and 0.6 kGy (Figure 3). It is known
that ethylene plays a vital role in the process of ripening, and that this

!OO

UJ

2 4 6 8

STORAGE TIME (DAYS)

10

FIGURE 3: Evolution of Ethylene in Dusehri Mangoes as a Function of Gamma
Irradiation Dose. Mangoes were irradiated on day 0. (Data taken
from Ahmad et al. 1972).
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gas triggers a multitude of complex biochemical changes (Biale 1960, Kader
1986, Matto and Modi 1969, Yang 1981). Suppression of ethylene production
accompanied by a delay of ripening of the Mohammadwala variety of mangoes
has also been reported by irradiation at a dose of 0.25 to 0.3 kGy (Khan et
al. 197/*).

Two major but somewhat different concepts to explain the initia-
tion of the ripening process in climacteric fruits have been postulated
(Thomas 1986). The first considers fruit ripening to be a differentiation
process that is under genetic control and involves the programmed synthesis
of specific enzymes required for ripening. The second concept suggests
that the ripening process is caused by progressive increases in cell perme-
ability, which results in greater contact between the ripening enzymes and
their substrates already present in the fruit tissue. These concepts are
not mutally exclusive.

3. PHYSICO-CHEMICAL CHANGES

Radiation, like any other physical agent, has an effect on the
physico-chemical properties of foods. The amount of change depends on a
number of factors, Including the radiosensitivity of each individual pro-
duct, the temperature of the environment and of the material irradiated,
and the radiation dose absorbed.

The most prominent physico-chemical effect that manifests itself
as a result of high doses of irradiation of mangoes is scalding (surface
browning or brown spots) of the mango peel (skin). As indicated in the
introduction, different varieties of mangoes have different optimal radia-
tion doses for extension of shelf life (delay in ripening), and doses
higher than the optimal result in widespread confluent areas of brown
discoloration and/or dark brown areas of variable size and shape on the
mango peel (Jessup et al. 1988, Spalding and von Windeguth 1988). Similar
scalding, internal blackening, softening, etc., were also noted by other
workers (Akamine and Goo 1971, Dharkar et al. 1966a, Graham et al. 1967,
Upadhya et al. 1966, 1967) when other mango varieties were irradiated at
higher than the optimal radiation doses for extension of shelf life.
Information on such effects is summarized in Table 2. Higher radiation
doses can also lead to hollow pockets in the flesh and flesh darkening, as
in the Tommy Atkins and Keitt mangoes (Table 2).

A. CHEMICAL CHANGES

The chemical composition of several varieties of ripe mangoes has
been determined (Beyers et al. 1979, Lakshminarayana 1980). Ripe mangoes
are a good source of carbohydrates, vitamin C and vitamin A (/J-carotene).
From a comparison of the chemical compositions of four varieties of mangoes
(Haden, Kent, Peach and Zill), Beyers et al. (1979) concluded that there
were no statistically significant differences in the chemical composition
between the irradiated and unirradiated mangoes. A representative chemical
composition of irradiated and unirradiated mangoes is given in Table 3.
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TABLE 2

INTERNAL DISORDERS AND SURFACE SCALD (BROWNINGS INJURY
IN IRRADIATED MANGOES

Radiation
Dose
(kGy)

0
0.15
0.25
0.50
0.60
0.75
0.90
1.50
2.00

Degree
of

Scald1

(X)

Haden

0

0

0
0
1-5

Scald2'3

Index

Keitt

1.5
2.7
3.3
5.2

6.5

8.3

Tommy
Atkins

1.1
1.3
1.8
3.8

6.3

8.8

Observed Internal Disorder2

(Z of Fruit)

Flesh Darkening

Keitt

0.0
0.0
0.0
0.0

1.3

29.3

Tommy
Atkins

2.8
0.0
0.0
0.0

1.4

80.5

Hollow Pockets

Keitt

0.0
2.7
0.0
1.3

0.0

33.3

Tommy
Atkins

5.6
2.8
0.0
1.4

2.8

8.3

1 Data taken from Upadhya et al. (1966). Degree of scalding was based on
visual observation of brown spots; exact details not available.

2 Data taken from Spalding and von Uindeguth (1988).
3 Scald index was rated on a scale of 1 to 9, where 1 = none and
9 = severe.

4.1 VITAMINS

Vitamins are usually divided into water- and fat-soluble vita-
mins. They are only a small fraction of the food components, a notable
exception being vitamin C. The medium in which they are present (water or
lipids) determines the types of possible radiation-induced free-radical
reactions (Simic 1983). On irradiation, the fat-soluble vitamins would be
exposed mainly to radicals produced by direct action of radiation on
lipids. For further details on the possible types of free radical reac-
tions, see Singh (1987, 1988b) and Simic (1983). Reactions of electrons
would be negligible because of the predominant recombination of electrons
with positive lipid ions. In aqueous media some vitamins may react with
hydrated electrons directly or acquire an electron from other radicals pro-
duced In the aqueous medium (Bielski 1982). However, most of the electron
adducts of vitamins would lose the electron to oxygen, in the presence of
air.

In view of the small fraction of vitamins present in foods, the
direct reaction of hydroxyl (#0H) radicals with vitamins is of minor con-
cern. The #0H radicals are expected to react predominantly with other food
components, e.g., proteins, lipids and carbohydrates. Hence, only the
secondary radicals of these components (e.g., peroxy radicals) should be
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TABLE 3

REPRESENTATIVE COMPOSITION OF UNIRRADIATED AND IRRADIATED MANGOES1

Component

Water
Fat
Ash
Acidity
Protein
Starch
Sugar

Carotene

Ascorbic acid
Rlboflavin
Niacin
Thiamin
Calcium
Phosphorus
Iron
Sodium
Potassium

Unirradiated

80.782

0.07
0.36
0.30
0.44
1.07
9.07

6727

12.23
0.07
0.72
0.07
13.11
12.17
0.29
0.66
87.54

Irradiated
(0.75 kGy)

g/100 g of Mango

80.47
0.08
0.36
0.34
0.45
1.26
8.64

I.U./100 g of Mango

7017

ing/100 g of Mango

11.70
0.06
0.74
0.06
11.67
12.90
0.28
0.58
91.69

Data taken from Beyers et al. (1979).
These values do not add up to 100, the reason for which is not
stated by the authors. It may be noted that Church and
Nichols-Church (1975) reported much higher values for sugars
in an unknown variety of mangoes.

considered as possible reactants with the vitamins. Although the reactions
of hydrated electron (eaq) and *0H have been widely studied, elucidation of
the kinetics and mechanisms of various organic radical reactions with
vitamins is still in its infancy. While studies of model systems in place
of foods can overcome this difficulty, the effects of radiation on vitamins
observed in such simple systems may not be Indicative of what occurs in the
more complex food systems. As it happens, vitamins do survive irradiation
of foods quite well in all but a few cases, and for this reason lack of
knowledge of the radiation chemistry of their degradation is not especially
serious (Urbain 1986).
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4.1.1 Ascorbic Acid: Vitamin C

Much progress has been made in recent years in the chemistry of
vitamin C, and the literature has been reviewed extensively (Seib and
Tolbert 1982). Vitamin C is the most active reducing agent known to occur
naturally in living plant tissues. It is a two-electron redox system. Its
role as an electron donor in enzymatic reactions involving the metal ions
is well known (Simic 1983). This vitamin is easily and reversibly oxidized
to dehydroascorbic acid, which is still physiologically active though less
stable than vitamin C (Osborne and Voogt 1978), but more stable than the
other oxidized products (Tolbert and Ward 1982). Figure A shows the struc-
ture of the reduced form and the oxidized form of ascorbic acid.

-r 2e- -f EH

ascorbic acid dehydroascorbic acid
(reduced) (oxidized)

FIGURE 4: Oxidation and Reduction of Ascorbic and Dehydroascorbic Acid

This reversible oxidation also occurs rapidly in pure solutions, on irradi-
ation (Bielski 1982). Further oxidation reactions can lead irreversibly to
biologically inactive products. However, these reactions are substantially
prevented in matrices like food by the other components present in the
system. The effect is also dependent upon the radiation dose, presence or
absence of air, and temperature of storage.

Vitamin C is very sensitive to enzymatic oxidations induced in
cellular tissue by cutting or bruising of fruits, which is likely to occur
in processing and transportation (Sauberlich et al. 1982) at room tempera-
ture (Osborne and Voogt 1978). Because vitamin C is very soluble in water,
any processing that involves washing, blanching (through leaching) or heat-
ing (cooking or warm water wash, which can lead to temporarily accelerated
action of enzymes) can lead to serious losses (Erdman and Klein 1982). The
distribution of ascorbic acid within one individual fruit or between var-
ious different varieties of a fruit is often extremely variable. For
example, differences in the levels of vitamin C present in different varie-
ties of mangoes range from 4.3 to 136 nig/100 g for the unirradiated fruit
(Singh 1988a, 1990). Significant differences can also be found between the
skin and the pulp of fruit (Sauberlich et al. 1982). In general, the irra-
diation losses of vitamin C are not severe, except for a few varieties like
Alphonsc and Totapuri (Dharkar et al. 1966a, Mathur and Lewis 1961, Thomas
1986, Thomas and Janave 1974), which show significant losses depending on
the radiation dose, temperature of storage and degree of maturity of the
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fruit. A majority of the varieties show insignificant changes (e.g. Eldon,
Keitt, Kent, Okrong, Rubi, etc.). Some varieties (e.g. Carabao and
Sensation) even show an increase in the amount of vitamin C on irradiation
(Manalo 1985, Cuevas-Ruiz et al. 1972), presumably because of radiation
activation of the relevant synthetic enzymes, while others (e.g. Dusehri
and Zill) show no differences (Ahmad et al. 1972, Beyers et al. 1979).

In general, there are no significant differences between the
levels of vitamin C in the unirradiated green mature fruits and the unirra-
diated ripe fruit in most varltles of mangoes, with the exception of the
varieties Keitt, Rubi, Sensation and Totapuri, where substantial differen-
ces were reported on ripening at 20°C (Singh 1988a, 1990). Thomas (1975)
has reported a substantial decrease in the vitamin C level of the Alphonso
variety after ripening, as shown in Table 4. The fully ripened fruit,
having been at room temperature for 14 days, had a much lower vitamin C
level (28 mg/100 g pulp) than the green hard unripe fruit (88 mg/100 g
pulp). These results (Table 4) also clearly show that the temperature of
storage during ripening affects the vitamin C level in the final ripe pro-
duct. Fully ripened Alphonso mangoes had the lowest amount of vitamin C
when ripened at room temperature. However, refrigeration (7 to 20°C),
which may or may not be followed by room temperature ripening, generally

TABLE 4

EFFECT OP RIPENING AND STORAGE TEMPERATURE ON VITAMIN C CONTENT
IN ALPHONSO MANGOES1

Maturity
Stage

Green, hard,
unripe fruit

Fully ripe
fruit

Storage

Low Temp.

OC

-

-
20
20
15
15
15
7
7
7

Days

-

_
-
16
22
16
23
43
16
23
43

Room Temp.

Days

-

14
21
2
-
7
6
-
7
6
-

Vitamin f
vitamin L*

(mg/100 g pulp)

Unirradiated

882

28
30
75
84
59
97
106
79
100
122

Irradiated
(0.25 kGy)

-

19
26
-
_
-
-
_
-
-
-

1 Data taken from Thomas (1975).
2 Values rounded off to whole integer.
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leads to higher values of vitamin C. Lakshminarayana and Subramanyam
(1970) and Lakshminarayana (1980) have shown that fruits held at a temper-
ature below 25°C do not ripen satisfactorily, and this may be the reason
for the large differences in the levels of vitamin C in the Alphonso vari-
ety, when it is ripened at different temperatures. Irradiation of ripe
fruit at 0.25 kGy leads to some loss of vitamin C (Table 4). Similar
results have been reported by others for this variety (Dharkar et al.
1966a,b, Mathur and Lewis 1961). However, as mentioned above, a majority
of the mango varieties show only a small loss or no loss of vitamin C
content on irradiation (Singh 1988a, 1990).

4.1.2 Carotenoids; Vitamin A

The structure of vitamin A is shown in Figure 5. Several carote-
noid compounds (series of C20 to C40 unsaturated hydrocarbons widely dis-
tributed in the plant and animal kingdom) show various levels of provitamin
activity. These carotenoids, like vitamin A, are readily oxidized by oxy-
gen and light (Moore 1975, Tannenbaum et al. 1985). Although more than 80
naturally occurring carotenoids are known, only 10 have provitamin A
activity, and of these the greatest activity is shown by /J-carotene (Roels
1967). Some examples of biologically active and inactive carotenoid struc-
tures are shown in Table 5. The most potent provitamin, ^-carotene, yields
two equivalents of vitamin A (Tannenbaum et al. 1985). The other commonly
present carotenoids in plants, xanthophylls, have good pigmentation
properties but no vitamin A activity (Roels 1967).

Me
Me

Me v J
CH2OH

FIGURE 5: Structure of Vitamin A

Thomas (1975) has determined the relative contents of total
carotenoids, carotenes, xanthophylls and xanthophyll esters of mangoes
stored and ripened at different temperatures (Table 6). The data show that
there was a large increase in the carotenoids content on ripening and that
their development was maximal in the fruits stored at room temperature
(~16 mg/100 g fresh pulp, Table 6), whereas those stored at low tempera-
tures (7 to 20*C) for 16 to 23 days and then ripened at room temperature
developed less carotenoids (Thomas 1975). However, once the ripening
process was initiated during low temperature storage, moving the mangoes to
room temperature did not fully compensate for the low temperature Inhibi-
tion of the formation of the carotenoids (Thomas 1975). Very similar
results have been reported by Hedlicott et al. (1986) on the Tommy Atkins
variety of mangoes at storage temperatures from 12 to 37°C.
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TABLE 5

STRUCTURES OF BIOLOGICALLY ACTIVE AND INACTIVE CAROTENO1DS:

Compound Structure Relative
activi ty

/J-Carotene
(widely distributed)

/J-Apo-8'-carotenal

Cryptoxanthin
(orange)

a-Carotene
(widely distributed)

Echinenone
(sea urchin)

Astacene
(crustacean)

Lycopene
(tomato)

Examples taken from Tannenbaum et al. (1985).

Results for carotenoid levels in various mango varieties from
different laboratories show, in general, that the total carotenoid and
^-carotene levels increase as the fruit ripens (Ahmad et al. 1972,
Cuevas-Ruiz et al. 1972, Dharkar et al. 1966a, Khan et al. 1974, Manalo
1985, Mumtaz et al. 1968). Total carotenoids vary in quantity in the mango
varieties that have been studied, with Kent and Carabao showing the highest
content (Singh 1988a, 1990). Irradiation appears to have no significant
effect on the total carotenoids or ^-carotene in these varieties. In some
varieties there is even a slight dose-dependent increase in /J-carotene con-
tent following irradiation in the 0.3 to 0.6 kGy dose range, as in the case
of the Dusehri variety (Ahmad et al. 1972). Whether or not this increase
is due to better extractabillty of the carotenoids in the irradiated fruit,
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TABLE 6

EFFECT OF RIPENING AND STORAGE TEMPERATURE ON CARQTENOID CONTENT
IN THE FLESH OF ALPHONSO MANGO1

M a l-ii r 1 tV
1 Id l u i -L L y

Stage
of Mango

Green, hard
unripe

Fully
ripe

oc

-

20
20
15
15
15
7
7
7

Storage

Low Temp.

Days

-

16
22
16
23
43
16
23
43

Room Temp.

Days

-

14
2
-
7
6
-
7
6
-

Carotenoids (mg/100 g pulp)2

Total
Carotenoids

1.0

15.8
7.9
8.1
11.7
7.4
5.4
12.4
8.1
4.7

Carotenes

0.6

9.6
4.3
4.9
7.1
5.3
3.6
8.1
5.9
3.1

Xanthophylls

0.4

6.2
3.6
3.1
4.6
2.1
1.5
3.4
2.2
1.6

1 Data taken from Thomas (1975).
2 Values rounded off to first decimal place.

is not clear. It is also evident that changes in the formation of carote-
noids during ripening are influenced by storage temperature. The consensus
is that the level of vitamin A precursor in mangoes is not affected signif-
icantly by low doses of irradiation. Using very high doses (10 kGy),
Savant et al. (1970) reported ~24Z destruction of carotenoids in Alphonso
mango.

4.1.3 Other Vitamins

Only three other vitamins, riboflavin, thiamin and niacin, have
been detected in mangoes, in very small amounts. There is only limited
work, under different conditions, on these three vitamins in mangoes. Vork
of Beyers et al. (1979) suggests only minor effects, if any, from irradia-
tion, as seen for the three varieties of mangoes shown in Table 7.

4.2 AMINO ACIDS AND PROTEINS

The radiation chemistry of amino acids and proteins remains an
active field of research because of its relevance in radiobiology and food
irradiation (Delincee 1983b, Simic 1983, Singh and Singh 1982, Taub 1983).
The range of possible chemical and physical changes resulting from irradia-
tion of proteins in foods is similar to that caused by other treatments.
The reactions that occur include deamination, decarboxylation, reduction of
disulfide linkages, oxidation of sulfhydryl groups, breakage of peptide
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TABLE 7

Kfi'KLJ QE .ii
AND RIBOFLAVIN IN MANGOES1

.NlACliJ...

Mango
Vaiiety

Kent
Peach
Zill

Riboflavin
Unirrad. Irrad.

0.06
0.06
0.09

0.05
0.05
0.08

VITAMIN (mg/100

Niacin
Unirrad.

0.42
0.09
1.65

g pulp)

Irrad.

0.38
0.07
1.78

Unir

0.
0.
0.

Thiamin
rad.

06
05
09

Irrad.

0.05
0.03
0.09

Data taken from Beyers et al. (1979).

bonds and changes in valency states of the coordinated metal ions in
enzymes (Delincee 1983b, Taub 1983, Taub et al. 1979a,b). Some bonding of
free amino acids to proteins, protein-protein aggregation and protein-lipid
cross-linking also occur.

Studies on radiation inactivation of enzymes (Singh 1987) show
that, in general, enzymes (proteins) are radiation resistant, but to
varying levels. The products of irradiation of proteins include carbonyl
groups, ammonia, hydrogen peroxide and organic peroxides.

Proteolytic enzymes are only partially inactivated at doses
required for food irradiation. Thus, the proteolytic and the lipolytic
enzymes are not fully inactivated at doses optimum for food irradiation
(Diehl 1982, Josephson 1983). In fact, on irradiation at low doses,
increases in the activities of some enzymes may be observed (Diehl 1982,
Singh and Singh 1982).

In general, during fruit ripening, the free amino acid content
decreases while the protein synthesis increases (Passera and Spettoii 1981
and references therein).

4.2.1 Amino Acids

Blakesley et al. (1979) reported on the free amino acids and
total aminw acids content in irradiated (0.75 kGy) and unirradiated Kent
mangoes. The results are shown in Table 8. It is apparent from the
results that, in general, no significant differences between the free or
total hydrolyzed amino acid compositions of mango pulps could be detected
between gamma Irradiated and unirradiated samples. There are two excep-
tions: free arglnine and total proline when determined as total amino acid,
both showing a decrease on irradiation. The authors do not comment on this
result nor do they indicate their experimental error. However, these
decreases may be nutritionally unimportant.
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TABLE 8

FREE AND TOTAL AMINO ACIDS COMPOSITION OF KENT MANGOES3

Essential
histidine
isoleucine
leucine
lysine
methionine
phenylalanine
threonine
valine

Semiessential
arginine
cystine
glycine
tyrosine

Nonessential
alanine
aspartic acid
glutamic acid
proline
serine

Free

Unirrad.

T3

0.1
0.1
0.3
0
0
0
0.3

1.7
0
0.2
T

5.4
2.5
2.9
0
2.8

Amino Acids

Irrad.2

(mg of amino

T
T
0.1
T
0
0
0
0.3

T
0
0.1
T

5.8
2.3
2.8
0
2.7

Total Amino Acids

Unirrad.
acid/100 g of pulp)

7.0
10.0
21.0
21.0
4.0
10.0
13.0
15.0

12.0
T
15.0
5.0

22.0
31.0
46.0
10.0
16.0

Irrad.2

8.0
11.0
23.0
22.0
3.0
10.0
14.0
13.0

11.0
T
16.0
5.0

23.0
28.0
47.0
7.0
14.0

Data taken from Blakesley et al. (1979).
Irradiation dose used vas 0.75 kGy.
T = trace only

4.2.2 Proteins

Proteins are a relatively minor constituent of mangoes. Thus
very little work on the proteins in mangoes seems to have been done.
Mangoes of the Haden variety were analyzed for their protein content after
an 8-day post-irradiation storage (Table 9, Upadhya et al. 1966). Irradia-
tion doses below 3.5 kGy showed no significant changes in the protein con-
tent of the mangoes.

There is some information available on enzymes, especially on
some of the enzymes involved in the browning reactions. Malic acid enzyme
(malate decarboxylating enzyme system) activity has been used as an indica-
tor of the ripening stage as well as a measure of the effect of gamma
irradiation on ripening (Frylinck et al. 1987). Thomas and Janave (1974)
reported a delaying effect of gamma irradiation (2 kGy), resulting in
enhancement of polyphenol oxidase activity in the Totapuri variety of
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TABLE 9

PROTEIN CONTENT OF IRRADIATED HAPEN MANGOES'

Dose2

(kGy)

0.6
0.9
1.5
2.0
2.5
3.0
3.5
4.0
5.0

Protein
(g/100 g of mango)

0.31
0.46
0.39
0.43
0.42
0.32
0.38
0.29
0.23

Data taken from Upadhya et al. (1966).
Values for 0 kGy (unirradiated) mangoes, not available.

mangoes. They suggested this was a result of In vivo synthesis of the
enzyme induced by irradiation rather than a result of activation of the
latent polyphenol oxidase enzyme or conformational change in the enzyme.
The increase in the polyphenol oxidase enzyme activity on irradiation, re-
ported by Thomas and Janave (1974), was accompanied by visible radiation
injury (browning or scalding) on the surface (peel) and in the pulp of the
mangoes. The browning reaction Is produced from oxidation by the phenolic
compounds (Thomas 1986). Some workers have attributed the browning injury
to ozone formed during irradiation. Kertesz and Parsons (1963) reported
that air in closed containers exposed to 10 kGy showed ozone concentrations
up to 18 /*L/L. However, the overall effect of ozone would be minor
compared with the effect of irradiation. Details of precise reactions of
ozone with various food components are not available.

4.3 CARBOHYDRATES

Similar to the case of biological systems (Singh and Singh 1982),
the chemical effects of irradiation in mangoes are largely initiated by the
radiolysis of water (Basson et al. 1979, Simic 1983, Urbain 1986). In the
presence of oxygen or air, the main primary reactive species are hydroxyl
radicals (#0H) and superoxide anions (0'2

m). The products formed on radi-
olysis in air include lower molecular weight polysacharides and sugars,
carbonyl compounds and acids. The formation of peroxy radicals, subsequent
to the formation of carbon-cent red radicals on hydrogen abstraction reac-
tion of the *0H radicals, is an important step in the radiation-induced
oxidation process that leads to the formation of the carbonyl and carboxyl-
ic compounds. While these oxidation reactions require the presence of
oxygen, the breakage of the glycosidic bond occurs in the absence as well
as the presence of oxygen (Urbain 1986).

Studies on radiolysis of aqueous solutions of sugars (Kawakishi
et al. 1975, Phillips 1972, von Sonntag et al. 1976, von Sonntag and
Dizdaroglu 1977) are relevant to understanding the radiation effects on
fruits. Of the products observed, hydrogen peroxide, a-fi carbonyls and
malondialdehyde are the only ones that may be toxic.
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Toxicity of H2O2 is most likely due to the production of hydroxyl
(•OH) radicals through the Fenton reaction (Singh and Singh 1982, Singh
1988b).

H2O2 + Fe
2+ > Fe3+ + OH' + »0H

However, H2O2 does not produce cytotoxic agents in the presence of high
concentrations of sugars (Schubert and Sanders 1971). This is attributable
to scavenging of the *0H radicals by sugars

•OH + Sugar > Sugar-OH

i

a~P Unsaturated Carbonyls
(in air-free solution)

The deoxy sugars produced during irradiation of oxygen-free sugar solutions
may lead to the formation of a-f) unsaturated carbonyls (Schubert and
Sanders 1971). However, these carbonyls are cytotoxic in vitro but practi-
cally non-cytotoxic la vivo (Schubert 1974). In the case of strawberries,
little or no a-p carbonyls were formed on irradiation (Schubert et al.
1973).

Formation of malondialdehyde on radiolysis of some carbohydrates
has been reported (Adam 1983). However, it is formed in oxygenated solu-
tions at alkaline pH and Its yield decreases with decreasing pH. There
appear to be no reports of its formation in significant amounts on irradia-
tion of foods. Similar to the case of the a-fi carbonyls, its toxicity may
also be suppressed by the presence of high concentrations of sugars.

Since carbohydrates are the major chemical constituents of tropi-
cal fruits, they provide the main caloric value to these foods. During
storage and distribution, commercial fruits ripen and become sweet as a re-
sult of the generation of sucrose or other sweet carbohydrates from reserve
starch. The enzymic activities associated with this ripening process also
lead to increasing softness of the fruit (Whistler and Daniel 1985).
Similarly, the most significant single effect of high-dose irradiation on
carbohydrates is the breaking of the glycosidic bond, which can affect not
only the functional properties of materials such as starches but also
quality aspects of fruits through softening (Urbain 1986). At low doses
used in the extension of shelf life of mangoes, this effect would be very
small (Basson et al. 1979, 1983).

4.3.1 Sugars and Starches

It is well documented (Medlicott et al. 1986) that there is a
large increase in soluble sugars (reducing sugars, glucose and fructose;
and non-reducing sugars, sucrose) as a result of starch hydrolysis, which
takes place during ripening of the mangoes. A considerable amount of work
has been done on these carbohydrates in many different mango varieties,
which were irradiated to delay ripening (Ahmad et al. 1972, Beyers et al.
1979, Cuevas-Ruiz et al. 1972, Dennison and Ahmad 1967, Dharkar et al.
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1966a, Parkas et al. 1972, Khan et al. 1974, Hanalo 19HL, K.u.iii.i cu,>i
Farooqi 1984). However, no significant differences in tho rolublo .'..nj;jr.':
have been observed between unitiadiated ai\d •> ri adia ted iiuiiiguu.̂ , JI IIII.SL.S
optimal for the delay in ripening (Singh 1988a, 1990).

In a tew mango varieties (e.g. Dusehri, Rent, etc.) a .'.niaii
dectease in the level of the reducing sugais was ubseived iiimiediat eiy aiu.-i
irradiation. However, this decrease was not reflected in i.iie total .sugar
content (Singh 1988a, 1990). The differences are no more than \b% in
irradiated samples, and this is most likely a reflection of the delayed
ripening of mangoes on irradiation. In most varieties the sugar content
(reducing, non-reducing and total) increased on storage in both irradiated
and unirradiated mangoes (Singh 1988a, 1990).

4.3.2 Pectins

Pectins (or pectin substances) are polymers composed mainly of
esterified D-galacturonlc acid units found in the middle lamella of plant
cells. Highly esterified pectins (propectins) are present in the flesh of
immature fruits, and the degree of esterification decreases as ripening of
fruit takes place (Whistler and Daniel 1985). It is generally accepted
that softening of fruit and vegetables during ripening is related to alter-
ations In the pectic substances through the action of pectic enzymes. It
has been suggested also that cellulase, in addition to pectic enzymes,
might contribute to softening of fruit (Hall and Mullins 1965). The acti-
vities of cellulase and hemicellulases in cell walls during ripening have
been discussed, but details of their role in tissue softening is not quite
clear (Hobson 1968).

Dennlson and Ahmad (1967) and Ahmad et al. (1972) have described
similar results on pectins in the varieties Kent and Dusehri, respectively.
In general, the results indicate that the degradation of higher molecular
weight pectins (versene insoluble) to lower molecular weight pectins (water
soluble) is associated with the ripening process as seen in the case of un-
irradiated Kent mangoes (Table 10). On storage of mangoes (up to 8 days),
the water-soluble pectins increase while the versene-insoluble pectins
decrease. On irradiation, the water-soluble pectin values are higher on
day zero, after which, on storage, their rate of increase is lower than n.
the unirradiated mangoes. The value of the versene-insoluble pectin
decreases on Irradiation, on day zero, after which, on storage, its rate of
decrease is slower than in the unirradiated mangoes.

4.3.3

Degradation of some carbohydrates in fruits leads to the forma-
tion of aldehydes and acids. Analyses of these degradation products are
usually reported either as percent acidity or pH, or both. Raw mangoes are
sour, i.e., they have high acidity and low pH. During ripening, the acidi-
ty level falls and the pH goes up. These changes in irradiated and
unirradiated mango varieties have been compared in Table 11. In general,
irradiation has very little effect on acidity in roost varieties, with a few
showing a very small decrease (e.g. Eldon) or increase (e.g. Tommy Atkins).
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TABLE 10

CHANGES IN PECTINS ON IRRADIATION AND ON STORAGE
DURING RIPENING OF KENT MANGOES1

Storage Time
(Days)

Water Soluble
0
4
8

Versene Soluble
0
4
8

Versene Insoluble
0
4
8

0

11.5
22.3
31.5

35.2
32.6
48.0

76.22

45.0
20.4

Percent of

Dose

1

26.4
23.3
30.2

29.1
33.0
48.1

44.4
43.7
21.7

Total Pectin

(kGy)

2

29.6
20.0
30.6

29.1
35.5
45.1

41.3
44.5
24.3

3

41.9
23.2
24.9

29.3
40.1
39.5

29.8
36.2
35.6

1 Data taken from Dennison and Ahmad (1967).
2 This value may be in error (typographical) and should probably be
53.3Z.

The slight decrease could be associated with the delay in the ripening pro-
cess of the mango. One variety (Sensation) is an exception: it shows a
substantial increase in acidity immediately after irradiation. However, on
storage, both the unirradiated and irradiated samples show a decrease in
acidity during the ripening process. The pH measurements, which are avail-
able for only a few varieties of mangoes, in general &how either no in-
crease or a very small increase on irradiation and a small increase on
storage of both the irradiated and unirradiated mangoes. All in all the
changes are minor and are associated mostly with the ripening process of
mangoes.

4.4 LIEIDS

Autoxidation of unsaturated fatty acids and liplds is a well
known phenomenon. In the absence of oxygen, irradiation leads to cleavage
of lipids at various sites, and a variety of products result that seem to
depend mainly on the fatty acid composition of the lipids/fat (Delincee
1983a, Nawar 1983, 1985, Taub 1983). These products include hydrocarbons,
aldehydes, esters, and dimeric and polymeric compounds. In the presence of
oxygen, peroxides and hydroperoxides are formed and autoxidation of unsat-
urated lipids (mainly phospholipids) via peroxy radicals is accelerated
(Aust and Svingen 1982, Delincee 1983a, Pryor 1976).
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TABLE 11 (continued)

VARIETY

Eldon

Haden

Keitt

Keitt4

Kent

Peach

ADDITIONAL2
TREATMENT
UUU/UAYWWW/WAA

None

50°C,
5 min/+

None

None

50°C,
5 min./+

50°C,
5 min./+

STORAGE
DAYS/°C

0/20°
5/20°
11/20°

Ripe/20-24°

0/20°
5/20°
11/20°

15.0/24°
17.7/24°
17.0/24°
15.8/24°
15.5/24°
13.1/24°

0/20°
5/20°
11/20°

0/20°
4/20°
8/20°
0/20°
4/20°
8/20°
0/20°
4/20°
8/20°

Ripe/20-24°

Ripe/20-24o

DOSE
(kGy)

0.75
0.75
0.75

0.75

0.75
0.75
0.75

0
0.15
0.25
0.50
0.75
1.50

0.75
0.75
0.75

0.1
0.1
0.1
0.2
0.2
0.2
0.3
0.3
0.3

0.75

0.75

ACIDITY

UNIRRAD.

1.45
1.30
0.50

0.293

1.2
1.4
1.3

3.65

1.0
1.4
1.5

11.06
11.6
5.8
11.0
11.6
5.8
11.0
11.6
5.8

0.243

0.413

IRRAD.

1.10
1.00
0.70

0.33

1.0
0.9
1.2

3.85

4.3
4.5
4.3
4.6

1.0
1.3
1.6

12.66

10.3
6.6
13.6
11.2
7.2
11.4
8.6
7.3

0.233

0.463

pH

UNIRRAD.

-

-
4.85

_

3.6
4.2
4.5
3.6
4.2
4.5
3.6
4.2
4.5

-

-

IRRAD.

_

-

-

4.85

4.7
4.7
4.7
4.7

3.8
3.8
4.4
4.0
4.0
4.6
3.9
4.2
4.6

-

-

REFERENCE

Cuevas-Ruiz et

Beyers et al.

Cuevas-Ruiz et

Spalding and
von Windeguth

Cuevas-Ruiz et

al.

1979

al.

1988

al.

Dennison and Ahmad

Beyers et al.

Beyers et al.

1979

1979

1972

1972

1972

1967

I

continued ...



TABLE 11 (concluded)

VARIETY ADDITIONAL'
TREATMENT
VW/WAX

STORAGE
DAYS/°C

DOSE
(kGy)

ACIDITY pH REFERENCE

UNIRRAD. IRRAD. UNIRRAD. IRR..D.

Rubi

Sensation

Tommy Atkins4

Zill

None

None

50° C,
5 min./+

0/20°
5/206
11/20°
0/20°
5/20°
11/20°

12.4/24°
13.3/24°
13.5/24°
12.8/24°
12.9/24°
13.3/24°

Ripe/20-24°

0.75
0.75
0.75
0.75
0.75
0.75

0
0.15
0.25
0.50
0.75
1.50

0.75

2.0
1.1
0.6
0.3
0.5
0.5
1.85

0.253

2.0
1.5
1.5
0.6
0.6
0.6

r

2.65

2.6
2.3
2.8
3.8

0.363

-
_

_
-
-

5.25

-

-
_
_
-
-
-

4.
5.
4.
4.
4.

-

c

85
0
9
7
5

Cuevas-Ruiz et

Cuevas-Ruiz et

Spalding and
von Windeguth

Beyers et al.

al. 1972

al. 1972

1988

1979

All mango varieties given in this table were harvested at the mature green stage before irradiation.
Additional treatment like warm water wash (VW) or waxing of the mango before irradiation.
Data given as g of citric acid per 100 g.
Mangoes stored for 3 days at 13°C post-irradiation before the start of ripening at 24°C. The storage days/°C
column refers to the days required for ripening at 24°C.
Data given as ineq/100 g.
Data given as mL of 0.1N NaOH, without any other details.
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The large number of products formed from lipids can be explained
by possible cleavage of the triglycerides at the various sites shown in
Figure 6. Similar cleavage can also take place in fatty acids and phospho-
lipids (Delincee 1983a, Nawar 1983, Taub 1983).

Lists of the typical products formed in model systems and in
different foods are given in several review papers (Merritt et al. 1978,
Merritt and Taub 1983, Taub et al. 1979a,b, Nawar 1983, 1985, Delincee
1983a, Diehl 1982). The types of free radicals and other transients that
lead to the products have been reviewed by Taub (1983) and Nawar (1983).

0

H2C

HC

e - -

H2C

0 C — C

0

0

0
II
c

FIGURE 6: Cleavage Sites (a - t2) and Resulting Products in Triglycerides
Following Irradiation. (Based on data in Delincee 1983a.)
Examples of products produced by cleavage at the specific site:
a, fatty acids; b, aldehydes, ketones and alcohols; c, d, fi,
f2, hydrocarbons; and e, esters and diesters.

4.4.1 Glvcerides and Fattv Acids

As seen In Table 3, fats amount to less than 0.1% of the mango
weight and thus are not amongst the important components. There has been
some attempt, however, to analyse the content and types of the fatty acids
and their metabolic role during ripening. In general, during ripening of
the fruits, the amount of glycerides and also the degree of unsaturatlon of
fatty acids was shown to increase (Bandyopadhyay and Gholap 1973).
Table 12 shows the results of the fatty acid composition analyses of the
Alphonso mango pulp at different stages of ripening. As the pulp ripens
(Table 12), a considerable decrease in linoleic acid (Cn:2) and a subse-
quent increase in llnolenlc acid (Cie:3) Is observed, while oleic acid
(C18:i) remains relatively unchanged during this period. The distribution
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CHANGES l H FA'lTX-ACIU_CilM£ilSIUUN.. lit1. JILY£EBJ DJES
OF ALPHONSO MANGO PULP DURING

P a l t y Aci<i

C" l4 :0 C1 f, ; o C j 6 : l Cja . -O C1 e : 1 C i ;

(Percent Weight)

Raw
Halt
Table
Fully
Ovpr

Ripe
Ripe
Ripe

Ripe

0.3
0.2
0.3
0.3
0.4

0.9
2.0
2.8
2.9
2.9

28.9
23.9
23.6
26.8
25.6

17.7
22.1
26.3
31.3
30.7

1.4
1.2
1.4
1.5
1.7

25.2
25.8
24.2
19.4
20.4

15.7
7.9
2.5
2.2
2.0

9.9
16.6
18.6
14.9
15.5

taken from Bandyopadhyay and Gholap (1973).

of palmitic (Ci6:o) and palmitoleie (Ci6-.i) acids in different stages of
ripening are inversely related. Unsaturated fatty acids (e.g., Cih:i,
C u 2, Ci8:3) appear to be more metabolically active than saturated fatty
arids during ripening, because they show a greater change at this time.

According to Bandyopadhyay and Gholap (1973), changes in distri-
bution of the palmitic and palmitoleic acids are of interest in view of the
strong aroma and flavor characteristics of mangoes. These workers suggest-
ed a relationship between the intensity of aroma and flavor characteristics
and the ratio of palmitic to palmitoleic acid in ripening mango pulp
(Table 13). They found that as the mango ripens, the strong aroma and
flavor of Alphonso mango appears when the mango is in a table-ripe state,
vhen the ratio of palmitic to palmitoleic acid becomes less than 1, and
tint (liis ratio remains practically constant in advanced stages of ripen-
ing. In the raw and half-ripe state when the mango has a very mild aroma
and flavor, the ratio was always greater than 1 (Table 13). It seems like-
ly that among the fatty acids, the ratio of palmitic to palmitoleic acid
might be an index of aroma and flavor of mangoes. The mango has a mild or
strong aroma and flavor depending upon whether this ratio is greater or
less than 1.

Blakesley et al. (1979) reported the fatty acids compositions of
uniiradiated and irradiated ripe mangoes (Kent variety) as summarized in
Tat) If 14.

The linolenic acid level in this variety (Kent) is higher
(Table 14) than that seen In the Alphonso variety (Table 12). Linolenic
,u id tends to oxidize readily, in air, because of its high degree of unsat-
uration. Similarly, irradiation can lead to its oxidation (Nawar 1983).
Tt is interesting therefore, that irradiation with a 0.75-kGy dose causes
only a small decrease (9%) in the level of linolenic acid (Table 14). It
remains to be determined whether even this small difference is in fact a
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TABLE 13

RELATIONSHIP OF AROMA AND FLAVOR WITH THE RATIO OF PALMITIC ACID
AND PALMITOLEIC ACID DURING RIPENING OF ALPHONSO MANGO1

Mango

State

Raw
Half Ripe
Table Ripe
Fully Ripe
Over Ripe

Cl6 : 0

Cl6 : 1

1.63
1.08
0.89
0.86
0.83

Aroma and

Flavor2

None3

+
+++
+++
++

Data taken from Bandyopadhyay and Gholap (1973).
Organoleptic score: +, mild; ++, strong; +++, very strong.
Vith respect to the aroma and flavor in ripe state.

result of irradiation or is instead due to the delay in ripening. Thomas
(1986) cites unpublished work of Bandyopadhyay and Gholap vhere somewhat
similar differences in glycerides were detected in irradiated and unirra-
diated mangoes during storage, and the low values of the irradiated samples
were attributed to the delay in ripening.

TABLE 14

FATTY ACID COMPOSITION OF IRRADIATED AND UNIRRADIATED
KENT VARIETY OF MANGOES1

Fatty Acid

Heptadecanolc Acid
Laurie Acid
Linolelc Acid
Linolenic Acid
Myristic Acid
Oleic Acid
Palmitic Acid
Palmitoleic Acid
Pentadecanoic Acid
Stearic Acid

Cl 7 : 0

Cl2 : 0

Cl 8 : 2

Cis : 3

Cl 4 : o

Cll : 1

Cl 6 : 0

Cl6:l

Cl5 : 0

Cl8 : 0

Irradiation Dose

0 kGy 0.75 kGy

(g/100 g of Total Fatty Acid)

0.5
0.4
5.3
29.32

4.5
19.8
19.8
17.0
0.4
0.6

0.4
0.4
5.6
26.7
4.4
20.8
21.7
17.7
0.4
0.6

1 Data taken from Blakesley et al. (1979).
2 Underlined data indicate significant differences.
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4.4.2

it is well known that enzymatic reaction, autoxidnI inn and iri.i
dial ion produce small molecular weight components îich as hydi ocai-bons..
aldehydes and ketones, from fats that impart particular flavors to the
foods. Similarly, some products (e.g., sulfur-containing compounds) die
obtained fiuni pLoteins that impart characteristic fiavoLs to UK. fwods.
Hunter er al. (1974) identified 41 volatile compound?; in Alphonso mango
extract, using the gas chromatographic and mass spectrometric (GC/MS)
technique. These are listed in Table 15. Organoleptic evaluation of these
individual compounds did not provide evidence of any of them being individ-
ually responsible for the mango flavor. However, the mango flavor is most
likely a result of the combined effects of many of them. Hunter et al .
(1974) do not seem to have attempted to Identify any combination of these
compounds in this study.

TABLE 15

COMPOUNDS IDENTIFIED BY GC/MS IN ALPHONSO MANGO EXTRACT'

Alcohols

2-Phenylethanol
a-Terpineol
Isoamyl alcohol
Linalool
n-Butanol
Terpinen-A-ol

Eslfixs

Ethyl acetate
Ethyl decanoate
Ethyl laurate
Isoamyl butyrate
Isobutyl butyrate
Methyl pyruvate
n-Butyl butyrate

Hydrocarbons

/J-Caryophyl lene
c.is-Alloocimene
cis-Ocimene
Cyclopentane
Humulene
Limonene
Myrcene
trans-Allooclmene
trans-Ocimene

Lactones

Butyrolactone
a-Methylbutyrolactone
6-0ctalactone
7-Decalactone
7-Heptalactone
7-Hexalactone
7-Nonalactone
7~0ctalactone

OjJl££fi

2-Acetylfuran
2,5-Dimethyl-2-H-furan-3-one
2,5-Dimethyl-4-methoxy-2-H-furan-3-one
5-Methylfurfural
Acetic acid
Acetoin
/J-lonone
cis-Linalool oxide (5 merabered)
Furfural
trans-Linalool oxide (5 membered)

Data taken from Hunter et al. (1974).
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Blakesley et al. (1979) compared the gas chromatographic profiles
of the volatile compounds from irradiated (0.75 kGy) and unirradiated Kent
mangoes. The mature green mangoes were stored at 13°C for 21 days after
irradiation and allowed to ripen at 20-24°C. The edible portions of the
fruits were homogenized and stored for 3 months at -20°C before analysis.
They detected 137 peaks and found only minor differences between irradiated
and unirradiated mangoes in a few of these peaks. These differences were
in the same range as those detected in replicate extractions of identical
samples. It is clear therefore, that only slight changes in product forma-
tion, if any, are seen on irradiation at low doses. These workers did not
report on the identification of the volatile compounds.

Aboul-Enein et al. (1983) reported on the presence of 20 volatile
compounds in the vapor phase over the pulp homogenate of the Evais variety
of mangoes. They identified 16 of these compounds in the green mature
stage of the fruit, many of which were lost during ripening (Table 16,
compare vertical column 1 and 6). Many of these compounds were also lost
on irradiation (Table 16). Three compounds whose levels actually increased
on ripening, were identified: myrecene, limonene and cis-ocimene
(Table 16). The results of irradiation on these three components varied,
but except in the case of myrecene in the green mature stage, they showed
some decrease on irradiation at 0.25 kGy in both the green mature and ripe
stages. It is interesting to note that many volatile compounds observed in
the unirradiated green mature state disappeared during ripening, except
again for these three: myrecene, limonene and cis-ocimene. However, in
the irradiated mangoes the levels of these three volatiles and their rela-
tive ratios are different than in the unirradiated mangoes (Table 16).
This may contribute to a slightly different flavor (but not necessarily
detectable in organoleptlc tests) in the irradiated ripe mangoes, as com-
pared to the unirradiated ripe mangoes. Furthermore, most of the other
volatiles (Table 16) that are absent in the UP'eradiated ripe mangoes (but
present in unirradiated unripe mangoes) are present in the irradiated ripe
mangoes in small amounts, with the exception of butyrolactone. These vola-
tiles may also contribute to a difference in the flavor between the two.
In the case of butyrolactone, the value of 40% at a dose of 0.25 kGy drops
to \7, at 0.5 kGy in the ripe mangoes. The reasons for this severe drop are
not clear. Obviously, these studies need to be replicated and various
mango varieties of interest need to be investigated similarly to relate any
observed organoleptic differences between irradiated and unirradiated
mangoes to the volatiles that contribute to their flavor. Such studies
would, however, be primarily of academic interest since the overall results
of organoleptic studies at low doses (< 1.5 kGy) do not show significant
changes in the taste and flavor of the irradiated mangoes.

4.5 ORGANOLEPTIC QUALITIES

Organoleptic work on Irradiated mangoes has been reported in the
literature (Hatton et al. 1961, Hossaln and Hamid 1968, Moy et al. 1969,
Pablo et al. 1971, Thomas 1975, Upadhaya et al. 1966). The quality attri-
butes of Alphonso mangoes irradiated to 0.25 kGy were found to be accep-
table by a panel using the 9-point hedonic scale. A comparison of the
mangoes irradiated in air, nitrogen, and carbon dioxide resulted in the
ratings of those in nitrogen being the highest and those in carbon dioxide
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TABLE 16

RELATIVE PERCENTAGE OF IDENTIFIED VOLATILE COMPOUNDS
FROM EVAIS MANGOES BY GAS CHROMATOGRAPHY1

Compound

2-methyl-
furfural

fl-Terpineol
Butyrolactone
cis-Alloocimene
cis-Ocimene
Ethyl acetate
Furfural
7-Decalactone
7-Hexalactone
7-Octalactone
Limonene
Linalool
Myrecene
n-Butanol
Terpinen-4-ol
trans-Ocimene
Unknowns

Green Mature J

Unirra-
A 1 atc±A
QldlcO

2.8

1.7
15
2.3
33
0.3
7.1
0.3
1.8
0.2
5.5
2.2
11
4.5
0.3
9
3.0

RELATIVE

Stage

Irradiated (kGy)

0.25

2.6

2.8
15
1.3
27
1
9
0.5
1.8
2.1
2.3
2.1
16.8
1.2
1.1
9
4.4

0.5

2.6

5.5
15
2
17.8
1
7
2
3.4
4
3
2.2
9
9.5
4.5
2.7
8.9

1.0

2.7

0.1
10.1
8.5
22.5
1
6
0.5
5.2
1.3
3.5
2
10
5
0.2
18.5
3.1

2.0

1.5

1
11
5.4
24.4
-
7
2.3
2.3
1
2.3
1.5
14
4
1.2
16
5.3

PERCENTAGE

Ripe

Unirra-

U idLeu

_

-

-

-

55
-
-
-
-
-
20
-
25
-
-
-
-

Stage

Irradiated (kGy)

0.25

3

-
40
0.7
25
-
6
0.1
0.4
0.3
15
4
6
-
0.1
-
0.4

0.5

_

-
1
-
50
-
0.1
0.1
0.1
0.1
24.3
~
14
10
0.1
-
0.1

1.0

_

-
2
_
60
-
0.2
0.1
0.2
0.2
20
_
12
6
0.1
-
0.2

2.0

—

-
-
_
50
-
-
-
-
-
37
-
13
-
-
-

Data taken from Aboul-Enein et al. (1983).

as being the lowest (Dharkar et al. 1966a). Hossain and Hamid (1968) also
reported good organoleptic results for the Fazli mangoes irradiated to
0.3 kGy.

An organoleptic comparison of the ethylene dibromlde treated and
irradiated (0.33-1.5 kGy) Golden Glow and Haden mangoes did not show any
differences in aroma, color, flavor or texture during storage up to two
weeks at 7.2°C (Moy et al. 1969). These mangoes were treated at the
color-turning to yellow-ripe stage and not at the preclimacteric mature
green stage. The organoleptic qualities of different varieties of mangoes
subjected to a warm water wash and irradiation were also found to be accep-
table (Buangsuwon et al. 1982, Manalo et al. 1985, Paduai-Desai et al.
1973).

There have been a few reports suggesting some deterioration of
the organoleptic quality of irradiated mangoes. However, in these studies
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(Bandyopadhyay and Gholap 1974, Blakesley et al. 1979) the comparisons seem
to have been made between irradiated and unirradiated mangoes at different
stages of ripeness.

5. CONCLUSIONS

Mango is an important world fruit crop; however, its trade
(national and international) is inhibited because of its perishable nature
and short shelf life, which restrict its transport over large distances.
Low-dose gamma irradiation appears to be a good method for shelf-life
extension and for disinfestation of fruit flies and mango seed weevil.
Mango is a climacteric fruit, which makes it possible to extend its shelf
life by delaying the ripening process and senescence by irradiation.

The ripening process is very complex, and though some of the
steps/enzymes involved in it have been identified, neither the underlying
biochemical mechanisms nor the steps involved in the delay in ripening on
irradiation are adequately understood. However, it appears that the ripen-
ing process may be mediated through the inhibition of the enzyme(s)
involved in ethylene production.

The dose required for shelf-life extension is equal to or less
than 1.5 kGy for most of the mango varieties. The optimal dose can vary
from variety to variety. At doses higher than optimal, scalding (browning
of sk^n) can occur. In some cases, flesh darkening and development of
hollow pockets can also occur on irradiation at doses higher than the
optimal.

A comparison of the chemical composition of the four varieties of
mangoes (Haden, Kent, Peach and Zill) showed no statistically significant
differences between the irradiated (warm water wash + 0.75 kGy) and
unirradiated mangoes. A few varieties of mangoes show a substantial loss
of vitamin C levels. However, this loss may not be of great significance
since the mango is not the major or the only source of vitamin C in North
America. The temperature of storage of mangoes can greatly affect the
level of vitamin C. The amount of vitamin C also decreases on ripening of
mangoes.

/7-carotene is the most active precursor of vitamin A in mangoes.
In general, the total carotenoid and /?-carotene levels increase as the
mango ripens. Irradiation has no significant effect on these levels. Of
the other vitamins detected in mangoes, riboflavin, thiamin and nlacin are
present in very small amounts, none of which show any significant change on
irradiation of mangoes.

No significant differences between the free and total (hydro-
lyzed) amino acid compositions of Kent mangoes (except for arginine and
proline) have been detected, between irradiated and unirradiated samples.
Irradiation doses below 3.5 kGy showed no significant changes in the
protein content of Kent mangoes.
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During ripening ot mangoes, the reducing sugar and the total
sugar levels increased, as expected. However, in a majority of mango
varieties these levels remain very similar in irradiated and unirradiated
samples. Mo significant radiation-induced changes in the pH and titratable
acids in mangoes have been detected. While a-/J unsaturated carbonyl com-
pounds (which might be toxic) are formed on irradiation of sugar solutions
(in the absence of oxygen), they are absent, or are formed at negligible
levels, when some fruits are irradiated, a-f) unsaturated carbonyl com-
pounds are also known to occur in many unirradiated fruits, presumably
through normal metabolic reactions.

There are no major changes in the fatty acid content tween the
irradiated and the unirradiated Kent mangoes except for the linolenic acid
level, which decreased slightly (9%) on irradiation. There are some dif-
ferences in the volatile compounds between irradiated and unirradiated Kent
mangoes; however, these differences have no apparent effect on the taste
and flavor of the irradiated mangoes. All of the identified volatile com-
pounds present In Irradiated samples, even if not present in the unirradi-
ated ripe mango samples, were present in higher amounts in the mature green
State of the unirradiated samples.

In general, most varieties of mangoes can tolerate irradiation
doses around 1 kGy without significant effect on their chemical components.
This is consistent with the evidence cited by the Joint Expert Committee
Report (FAO/IAEA/WHO 1981) that at low doses (~ 1 kGy), nutrient losses are
insignificant.
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