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INTRODUCTION

The mango, Mangifera indica L., is onc of the most widely eaten fruits
in Puerto Rico where many varieties are available during a 3-month season.
It is a very nutritious tropical fruit, containing ascorbic acid and carote-
noids in abundant quantitics (9,13,17).2 The sweetness of the fruit and its
surface appearance play important roles in consumer acceptance.

Mature mangos arc susceptible to fungal spoilage and physiological
breakdown during storage, thus have a short shelf life. Great losses of fresh
ripe fruits occur usually in both market places and ficld. Several methods
are used to lengthen shelf life of mangos, such as picking them green but
mature, and keeping them in cool storage. The fruits are canned or frozen
sometimes, but this alters or partially loses the natural flavor.

Marketing of fresh Puerto Rican mangos on the mainland of the United
States is restricted because of excessive spoilage of the fresh fruit before it
reaches the consumer. Delay in fruit ripening and reduction in spoilage are
two important factors in prolonging shelf life. Control of these two factors
would be of much significance to the Puerto Rican economy.

Fruit ripening in mangos has been retarded by ionizing radiation (3,4,
5,7). Penctrating ionizing radiation, such as gamma rays from cobalt-60,
has shown great potential in the preservation of fresh fruit (1,16). The fruit
is exposed to intermediate doses of radiation. These reduce populations of
microorganisms which cause spoilage and retard the ripening process,
thereby extending shelf life. Post-irradiation refrigeration is needed usually
to prolong prescrvation. Previous work at the Puerto Rico Nuclear Center
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showed that mangos treated with 75 Krad of gamma radiation had an ex-
tended shelf life (3,7).

The Agricultural Experiment Station of the University of Puerto Rico
has introduced a large number of exotic mango varicties with great adapta-
bility to various tropical climates. The genetic and agronomic history of
these varieties are known. The effect of gamma irradiation on the bio-
chemical components of some of these well-characterized mango varicties
is the basis of this report.

MATERIALS AND METHODS

I'ruit of the mango varietics Sensation, Eldon, Keitt, Xent and Rubi,
presently considered to have most marketing potential by Pennock (15),
were obtained from the Fortuna Substation of the Agricultural Experi-
ment Station, University of Puerto Rico. I'ull-green but mature-stage fruits
were collected the day before irradiation. All fruits of each variety were
collected from a single tree. Fruits were graded in the laboratory to size and
surface color. Those bruised or otherwise defective were excluded. They
then were divided into five groups of eight or 14 mangos each, depending
on size. The fruit then was exposed in groups to 25, 50, 75, 100 or 150 Krad
doses of gamma radiation from a cobalt-60 source at the Puerto Rico
Nuclear Center, Mayagiiez (11), at a dose rate of 1.3 Krad/min.

The irradiated fruit and non-irradiated controls were stored at 68° F. in
a constant temperature chamber. Extent of ripening was noted at intervals
and observations made for appearance of skin blackening or other defects
duc to exposure to irradiation. Single fruits from cach treatment were with-
drawn at the same time and analyzed for ascorbic acid (vitamin C), total
-arotenoids, total acidity and total carbohydrates. Samples from the edible
portion of cach fruit were analyzed in triplicate in two different replications.
Ascorbic acid content was determined by titration with 2,6-dichloro-
benzenoncindiphenol dye, as desceribed by Gyorgi (8). Total carotenoids
were determined by the method deseribed in A.O.A.C. (14). Total acidity
was determined by titration with standard 0.1N¥ NaOH. Total carbohydrate
content was determined by the anthrone method (12).

RESULTS AND DISCUSSION

Results of only the 75-Krad treatment and non-irradiated controls are
being reported here because that dose level resulted in maximum extension
of shelf life. Table 1 summarizes ascorbie acid levels as a funetion of dose
and storage time for the five varieties. Considerable variation was noted
among the varieties in the content of ascorbie acid the day of irradiation
(day zero). The highest ascorbie acid level was found in varieties Sensation
and Eldon, the lowest in Kent. These findings agree with those of Iguina de
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TasLe 1.—Effects of 76-Krad gamma irradiation on the ascorbic acid conlent
of mango fruils

Ascorbic acid content, as mg./100 g. pulp

Radiation dose, Storage time, in days

Variety

in Krads 0 5 11
Sensation 0 56.0 46.5 49.2
75 G6.8 52.1 45.3
Eldon 0 56.2 46.6 45.1
75 44.8 56.6 43.7
Keitt 0 53.0 53.3 24.7
75 38.0 38.9 22.7
Rubi 0 39.6 25.3 19.0
75 37.4 27.8 19.8
Kent 0 29.3 32.9 29.6
75 23.9 29.6 24.2

TasLe 2.—EfJects of 76-Krad gamma irradiation on the tolal carolenoid
conlent of mango fruils

Total carotenoid content, as u#g./g. pulp

Radiation dose, Storage time, in days

Variety

in Krads 0 5 11
Sensation 0 97 57 225
75 120 90 181
Eldon 0 55 124 244
75 73 51 172
Keitt 0 150 158 201
75 121 122 233
Rubi 0 74 131 184
75 61 100 113
Kent 0 209 304 247
75 260 330 183

George ct al. (9) who also reported varietal differences in ascorbic acid con-
tent for non-irradiated mangos. There was no appreciable difference after
the 5- and 1l-day post-irradiation storage periods between ascorbic acid
levels of irradiated and non-irradiated fruits.

The total carotenoid content of the five varieties of mangos is shown in
table 2, again as a function of radiation dose and storage time. It is clear
that the level of earotenoids inereased in all samples, except those of Sensa-
tion at day-5 and Kent at day-11, as storage time increased. This is con-
sistent with the finding that the carotenoid content increases as fruits ripen
(6). A varietal difference in total carotenoids exists in the five varicties, with
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TABLE 3.—Effects of 76-Krad gamma irradialion on the carbohydrale
conlent (sugar) of mango fruils

Carbohydrate content, as g./100 g. pulp

Storage time, in days

Variety Radm;.{:g:dgose, in - S m
Sensation 0 9.6 13.2 18.8
75 12.8 15.9 18.2
Eldon 0 6.9 15.5 17.0
75 7.4 15.2 19.0
Keitt 0 9.4 22.0 30.2
75 8.8 21.9 29.8
Rubi 0 9.0 17.4 23.0
75 12.4 19.4 22.5
Kent 0 12.8 21.6 26.0
75 10.9 18.4 19.5

Kent showing highest content. Irradiation at a 75-Krad dose appears to
have no significant effect on the content of these pigments, as indicated by
statistical analysis of the data.

The most important biochemical change taking place during fruit matura-
tion is the increase in the amount of sugar (carbohydrates). During ripen-
ing, the starch content of the fruit falls quickly while the sugars content
increases. The content of anthrone-positive carbohydrates for the five varie-
ties is presented in table 3. An increase of total carbohydrates expressed as
glucose, as the fruits ripen during storage, is clearly indicated for all varie-
ties. The data shows that no effect of irradiation occurred on the carbohy-
crate content at the several storage times.

The increase of sugar content with storage time and ripening was re-
flected in acid content (see table 4). The acidity of the fruit normally de-
creases as the sugar content increases, thus giving a higher sugar to acid
ratio, as shown in table 5. This increase occurred in all five varieties, with
Eldon, Keitt and Rubi having average sugar/acid ratios of about 6 at day
zero, 15 at day 5, and 15 to 38 at day 11. Kent and Sensation showed a
lesser increase in this ratio, with values of 12 increasing to about 15 for the
former and of about 25 increasing to about 35 for the latter. There was
little or no irradiation effect on the sugar/acid ratio within 5 days of storage
in Eldon and Kent. The effect was notable in Sensation and Keitt, in which
the sugar/acid ratio increased faster than in the controls. In Rubi, the ratio
in the irradiated material increased more slowly than in the control. On the
11th day of storage, irradiated fruits, excepting Keitt, tended to have a
lower ratio than the controls, indicating the radiation-induced delay in
ripening.
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TasLe 4.—Effects of 76-Krad gammna irradialion on lhe tolal acidily of mango fruils

Total acidity, expressed as ml 0.1 N NaOH/100 g. pulp

Variety R“di“}é‘r’;‘d‘i"“’ e Storage time, in days
0 5 i1
Sensation 0 0.34 0.51 0.48
75 0.62 0.56 0.58
Eldon 0 1.45 1.30 0.51
75 1.11 1.02 0.69
Keitt 0 1.24 1.38 1.31
75 1.03 0.95 1.17
Rubi 0 1.98 1.10 0.60
75 2.02 1.54 1.49
Kent 0 1.05 1.44 1.51
75 1.01 1.35 1.57

TanLE 5.—EfJects of 76-Krad gamma irradialion on the sugar
to acid ralio of mango fruils

Sugar/acid ratio

Variety Radiation dose, in Storage time, in days

Krads 0 5 11
Sensation 0 28.2 25.9 39.2
75 20.6 28.4 31.4
Eldon 0 4.8 11.9 33.3
75 6.7 14.9 27.5
Keitt 0 7.6 15.9 23.1
75 8.5 23.1 25.5
Rubi 0 4.5 15.8 38.3
75 6.1 12.6 15.1
Kent 0 12.2 15.0 17.2
75 10.8 13.6 12.4

The ripening process was delayed to 7 days in irradiated mango fruits.
No adverse effects, such as skin discoloration, were observed at any radiation
dose employed. FFungus growth was controlled effectively by the radiation
treatment ; non-irradiated controls were heavily infected by the 11th day in
storage. This finding is consistent with previous investigations indicating
that gamma radiation prevents fungus spoilage in fresh fruit (1,2,10,18).

The results of the present study indicate that radiation pasteurization is
feasible for the tropical fruit mango. The investigation confirms that gamma
irradiation at a 75-IXrad dose produces no appreciable effeet on the bio-
chemical components (ascorbic acid, carotenoids, carbohydrates, or acidity)
in mango.
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A statistical analysis was made of the data obtained for the various con-
stituents determined in all the varieties to substantiate general observation.
The results indicate significant differences cxist between varicties with re-
specet to content of ascorbic acid, total carotenoids, carbohydrates, and total
acidity. Storage time also had a significant influence on all these constitu-
ents, except acidity. Our statistical analyses, however, show that irradi-
ation treatment had no significant influence on any of the biochemical
components determined. This appears to confirm the principal function of
irradiation merely as a retardation of ripening without significant destruc-
tion of valuable nutrients.

SUMMARY

The cffects of gamma radiation were investigated on the content of as-
corbic acid, total carotenoids, total carbohydrates and titratable acidity in
five varicties of mangos grown in Puerto Rico. Irradiation with 75-Krad
doses did not significantly influence biochemical components. Subsequent
changes were related closely to delay in fruit ripening, and reduction of
fungal spoilage, effected by the radiation pasteurization. Radiation at the
75-Krad level extended shelf life to 7 days.

RESUMEN

Se estudiaron los efectos de la radiacién gamma en el contenido de 4cido aseérbico,
carotenoides totales, hidratos de carbono totales y acidez valorable en cinco varie-
dades de mangos cultivados en Puerto Rico. La irradicién con dosis de 75 Krads no
tuvo efecto significativo en los compuestos bioquimicos. Los cambios posteriores se
relacionaron intimamente con la tardanza de la fruta en madurar y una reduccion en
la podredumbre que los hongos causan en la fruta, como resultado de la pasteurizacién
por irradiacién. El tratamiento con 75 Krads prolongd en 7 dias la duracién de la
fruta almacenada.
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