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ABSTRACT

Bananas and mangoes irradiated at 30 and 50 Krad were fed to albino
rats for 12 weeks. Parameter used included food consumption, weight gain,
hemoglobin, hematocrit, white and red blood cell counts, differential count,
protein, albumin, blood sugar, blood urea nitrogen and bilirubin. Irradiation
at the 2 dose levels did not show any ill effects.

Researches during the past years have shown that extension of shelf-life
of fruits is feasible through irradiation with gamma rays, but a major inhi-
bitory influence in its development in the food industry is the wholesomeness
test problem. Protection of public health demands convincing evidence that
irradiated food would cause no adverse effects on the consumers. Despite
the economic advantage to be derived from irradiation this new process has
not been utilized to a great extent maybe because biological testing, to
show the wholesomeness of irradiated foods, must be undertaken before a
decision can be made. This test is quite expensive and time consuming and
yet it is necessary to determine the absence of substances that produce ill
effects in man. Ethical consideration also in the protection of human rights
do not allow testing of irradiated foods directly to humans without prelimi-
nary feeding to experimental animals, the results of which can be a reasonable
basis for predicting the safety of food intended for human consumption.

The Joint FAO/IAEA/WHO Expert Committee on the Wholesomeness of
Irradiated Foods has offered considerable reassurance as to the correctness
of its reoriented approach to wholesomeness testing. Ldng term animal
testing of individual foods are already being phased out gradually in favor
of shorter term toxicity testing, and greater emphasis being given to eluci-
daticn of radiation-induced chemical changes in foodstuffs. The food commo-
dities are also categorized according to composition in order to permit
extrapolation of data from one food to other similar foods in the same
category. Where gaps in the knowledge are identified, further studies
specially designed to provide the needed information will be done.

This investigation is part of a national research program for food
irradiation initiated by the Atomic Research Center. Philippine Atomic Energy
Commission (ARC, PAEC) to explore the possibility of undertaking researches
in the area of wholesomeness, particularly animal feeding test of irradiated
bananas and/or mangoes. These two fruits were chosen because they are presently
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exported to neighboring countries and hold greater potential for large scale
exportation to other farther countries.

The main objective of this phase of the study is to determine the safety
for consumption of irradiated bananas and/or mangoes using albino rats as the
experimental animal. Two dose levels, 30 and 50 Krad were used. The bananas
were obtained from Del Monte, Philippines and mangoes of the carabao variety
were purchased from local markets.

inSTHODS

Diets; Two types of diets were used in these studios. Basal Diet I (table 1)
contains casein as the sole source of protein while Basal Diet IX is the
typical breeder's diet being used in the FiHlI animal laboratory. Basal Diet I
was utilized for the banana experiment and Basal Diet II for the mango
experiment. 1

TABLE I
DIET COMPOSITION

BASAL DIET I (26% Protein)

Casein 30.19%
Salt mixture 5.00
Vitamin mixture 1.00
Wesson Oil 8.00
Alphacel 5.00
Corns tar ch 50.81

BASAL DIET II (26% Protein)

Rice flour 34.00%
Dilis flour 26.00

Malunggay 8.00
Vitaminized cornstarch 2.00
Coconut oil-corn oil mixture- 6.00
Cod liver oil 2.00
Wesson oil w/ tocopherol — — 2.00

Irradiated and unirradiated bananas and mangoes were hemogenized
separately, divided into serving portions and frozen. They were incorporated
in the basal diet at 35% level (wet weight basis) only when needed. All the
experimental diets were made to contain the same level of protein as the control.

Animals: All rats in these experiments were raised in this laboratory. They
were descendants of the Sprague-Dawley strain. Forty male and 40 female wean-
ling rats were distributed into 4 groups according to weight for the banana
study and 20 males and 20 females for the mango study. They were fed diets
consisting of the following: I-Control (no banana or mangoes); II- Unirra-
diated; Ill-Irradiated (30 Krad);: and IV. Irradiated (50 Krad).

All animals were housed in individual screen-bottom cages and given
food and water ad libitium. Weekly weights and food intake were recorded.
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Bematological, clinical and histopathological methods. Blood was drawn
before the start of the feeding experiment (initial) and every 3 weeks
thereafter for hematological and clinical blood chemistry determinations
using micro methods. One-half of the animals in each group in the banana
study were utilized for hematological examinations and the other half
for clinical determinations due to the very limited amount of blood drawn
from the tail. In the second study using mangoes, blood was obtained by
heart puncture starting on the 3rd week of the feeding experiment.

Parameters used included food consumption, weight gain, hemoglobin,
hematocrit, white and red blood cell counts, differential count, protein,
albumin, blood sugar, blood urea nitrogen and bilirubin. Blood hemoglobin
was determined using an lib meter. Uicro was used for hematocrit determi-
nation. White, red and differential blood cell counts were performed by the
standard methods. Protein and albumin ware determined using the Uiuret
method, sugar by the Folin-Wu test, the single reagent method of L.S. Foster
et al for blood urea nitrogen and Heites and Hcggs test for bilirubin.
Analyses were done immediately after collection on single samples only.

The animals were sacrificed at the end of the experiment with chloro-
form. The tissues were excised, weighed and fixed in formalin for histopa-
thological examinations. The tissues examined included the following:
esophagus, stomach, intestines, liver, spleen, kidney, adrenals, sex organs,
lungs> heart, thymus and brain. They were embedded in paraffin and stained
with hematoxylin and eosin.

RESULTS AND DISCUSSION

Preliminary feeding trials to test the type of diet to be used showed
that a synthetic diet using casein as the sole source of protein and the
breeder's diet being used in our animal laboratory can be utilized as the
basal diet. The actual daily consumption of the fruits was also determined
to estimate the amount of samples to be consumed for the duration of the
experiment. These samples (7 grams) had to be incorporated into the basal
diet only when needed due to the high moisture content and therefore, the
tendency for molds to develop in the feed.

The mean food intake and weight gain every 3 weeks for bananas and mangoes
are shown in Figures 1 and 5 respectively. The Food intake of all groups
after the third week of feeding were more or less stable. The rats in the
experimental group (II, III and IV) for both bananas and mangoes, irradiated
and unirradiated, ate more than their respective negative control groups (I),
but their weight gain were comparable. There was a gradual decline in weight
gain as the animals matured.

Mortality was very minimal. Two rats died in Group IV (bananas) and
one each in Groups I, III and IV (mangoes). All deaths were due to natural
causes. The animals were observed daily and no obvious indications of
toxicity due to irradiation were noted.

Hematological and clinical blood chemistry observations are shown in
Figures 2, 3, 4, 5, 6, 7 and 8. In the absence of a normal standard value
for hematological and clinical observations for our specific strain of rats,
comparisons were made with their respective negative control group and the
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unirradiated banana and mango groups. The changes in the hematological
values were due to maturation. It will be noted that in both experiments
the values for the levels of irradiated bananas and mangoes follow the same
trend as the negative control and the unirradiated groups. This is also
true with the clinical blood chemistry values except for blood sugar, since
the animals ware not fasted before blood was drawn. Vh.cn compared with
values for human blood, the results are within the normal ranges except in a
few cases, like blood urea nitrogen in which case the values for rats are
definitely higher than humans. Tl:o effect of the two levels of irradiated
bananas and mangoes in the diet did not show any untoward effect due to
irradiation.

Regression analyses were done to test for significant differences among
groups in the parameters used. Further analysis of regression coefficients
were also undertaken. Except for bilirubin in the banana group and blood urea
nitrogen in the mango group, which gave highly significant differences, very
minimal or no significant differences were observed when two or three groups
were teken at a time, in the other parameters. While no explanation related
to the feeding of the irradiated food could be offered, it is worth while
investigating the possible causes of the significant differences in the values
for bilirubin and blood urea nitrogen.

No significant differences were observed in the organ weights of both
the banana and mango groups except for the lungs of the former. Histopathological
examinations revealed incidence of granulomatous lesions in the lungs of 2
treated females, which are characteristic lesions of tubercolosis, but a cause
and effect relationship cannot be concluded in this study. Small calcified
uroliths were seen in the kidneys of almost all females, both treated and
control and in one kidney of a male control rat. The uroliths were most
commonly found within the tubules at the corticomedullary junction. Varying
degrees of intestinal pneumonia were also seen in almost all rats, both males
and females, treated and control, and is characteristic of chronic murinc
pneumonia. The lesions seen are all spontaneous meaning, they are not
related to the experimental procedure.

Under the conditions of these studies results tend to show no untoward
effects attributable to irradiation.

The authors wish to thank the PAEC-GIA Implementing Cotmittee for the
financial assistance given in the implementation of this project and the FAEC
Radiation Facilities Division for dosing the bananas and mangoes used in the
experiment, Dr. Arturo Librea (Consultant) of the U.P. Institute of Public
Health for the statistical analysis, Dr. Asuncion Gonzales (Consultant) of the
Bureau of Animal Industry for the histopathological examinations, the staff of
the Biological Assay Section, HED, FNRI for the assistance in the conduct of
the feeding experiment and Miss Benigna V. Roxas and Mr. Leon G. Alejo for
editing the paper.
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