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Instrumental neutron activation analysis
(INAA) was applied to determine the ele-
ments Br, Ca, Cl, Cu, Fe, I, K, Mg, Mn, Na,
Rb, 8, V, Zn in five varieties of Brazilian
corn, resulting from the studies carried
out in order to increase their protein con-
tents. The accuracy of the method was
evaluated by means of reference material
analysis. In general, the precision of the
method was lower than 15%, except for Cu,

I and S. Sensitivity and detection limit
were also determined. Besides, tryptophan
contents were determined. It was observed
that the tryptophan content in improved
corn samples was twice as large as in the
normal samples. However, the same ratio

was not observed in the inorganic element
contents.
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INTRODUCTION

In the last vears, researchers involved in the genet-
1¢ improvement of corn, similarly to those from Wheat
and Corn Improvement International Center, located in
Mexico, have developed studies in order to increase the
nutritive value of the protein contained in this food-
stuff. Corn production with larger contents of lysine
and tryptophan, two essential amino acids for the human
diet and for animals such as swines and birds, was in
this way attained.

In the present work, it is prcoposed to estimate the
concentration of some important inorganic nutritient
elements 1n five varieties of corn obtained as a result
of these studies, as well as to verify whether a corre-
lation between the contents of tryptophan and mineral
elements exists or not.

Inorganic elements concentrations were measured by
instrumental thermal neutron activation analysis. This
method allows to obtain information about concentra-
tions of a large number of elements simultancously and
it has been applied to the analyses of biologlical mate-
rials by several researchersi_5 during the last vyecars.

In this work the accuracy of the method was evaluatea
by means of retercence material analyses.

At lenst four determinations were obtained for each
clement 1n each sample and, in this way, the precision
of the method was estimated. Sensitivity and detection

limit were also determined for all analyzed elements.
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EXPERIMENTAL

Sample collection and preparation

Four of the corn samples used in this study were
provided by the Genetic Department of Luiz de Queiroz
agronomy School (ESALQ), Piracicaba-S5FP, and another one
by the Brazilian Company for Agropecuary Research
(EMBRAPA) . This last corn sample was planted in two dif-
ferent places and the product obtained was analyzed.

An aliquot of about 60 g of each kind of corn was
picked up from the total amount of the sample, by quar-
tering process. These aligquots were rinsed several times
with distilled, de-ionized water to remove external im-
purities, and then dried at 50 °C for 72 h. After cool-
ing to room temperature, samples were ground until all
the powder passed through a 40 mesh sieve.

Aliguots weighing about 200 mg were sealed in clean
polvethylene bags for irradiation.

Preparation of standards

Stock solutions of elements were prepared by dissolu-
tion of the elements, or their salts, spec-pure, in
suitable réaqents. Aliquots (20-100 pl) taken from such
solutions were pipetted on analytical filter paper
(Whatman No 42) for irradiation. After drying, filter
papers were transferred to clean polvethylene bags.

Four sets of standards containing the following ele-
ments were prepared: 1.) Ca, Cu, I, Mg, S, V; 2.) K,

Mn, WNa, Cl; 3.) Rb, Zn; 4.) Br, Fe.
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Irradiaticon and counting

Two types'of irradiation were carried out. In one
case, the sample and standard sets 1 and 2 were irradi-
ated together in nylon tubes, for a period of 5 min;
after a cooiing period of 2.5 min, the following radio-

nuclides were measured: 49Ca, 3801, 66Cu, 1281, 27Mg,

375, while the radionuclides 421{, SGMn, 24Na were mea-
sured after 90 min. In the other case, the sample and
standard sets 3 and 4 were irradiated together in alu-

minium tubes, for a period of 8 h. The counting was
82

carried out after 3 d to detect Br, and after 10 d to
detect 59Fe, 86Rb, 65Zn. The thermal neutron flux was
approximately 3x10'2 n.cm™ 2 as™ 1,

Countings were carried out using a high resclution
solid state ORTEC POP TOP Ge detector, with a resolu-
tion of 2.1 keV for the 1332 keV peak of 60Co. The de-
tector was coupled to a 4096-~channel analyzer. Data re-
duction was carried out using minicomputers and one or
both of the following softwares for spectral analysis:
Program FALA6 in BASIC language, and Program GELIGAM in

ORACL language from ortec.

RESULTS AND DISCUSSION

In order to check the validity of the method, the
following refcrcnée materials, Rice Flour/NIES-CRM-10A
and Citrus Leaves/NBS-1572, were analyzed. Results ob-
tained in this work and values presented in the certif-

r

. .7 . .

icate of analysis are shown in Table 1. Vanadium

value remained uncertified in those refgrence materials.
Concentration of inorgantc clements and tryptophan

in corn samples are presented in Table 2. In general,
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TABLE 1

Results obtained for Reference Materials Rice Flour
(NIES-CRM-10A) 7 and Citrus Leaves (NBS-SRM-1572)8

Element Concentration No. of Mean + SD
unit determina- This work Published val:
tions
Br* g kg™ 7 344 = 28 300
Ca* mg kg_1 5 91 + 15 93 + 3
c1¥ mg kg | 4 312 + 46 260
cu* mg kg™ 5 4.6 + 1.2 3.5 + 0.3
Fe* mg kg~ 6 12.0 + 1.3 12.7 + 0.7
T*% ug g 6 2.2 + 0.5 1.84 + 0.03
K* g kg~ 7 2.5 + 0.2 2.8 + 0.08
Mg * g kg‘1 6 1.2 + 0.2 1.34 + 0.08
Mn* ng kg 5 32.9 £ 2.1 34.7 + 1.8
Na* ng kg™ 6 10.7 + 0.9 10.2 + 0.3
Rb* mg kg | 4 4.2 + 0.2 4.5+ 0.3
g** g kg~ 4 4.8 + 1.3 4.07 + 0.09
Zn* mg kg~ 6 25.6 + 1.2 25.2 + 0.8

*Rice Flour /NIES-CRM-10A7.
**Citrus Leaves/NBS-SRM-15?28.

the precisicon of the method was lower than 15%, except
for Cu, I and S.

The alternative for getting a better precision for
Cu and I results could be to decrease the Compton back
ground, by means of radiochemical separations of the
clement to be determined. Since the element § does not
present favorable nuclear characteristics for its ac-

tivation with thermal neutrons, its sensitivity is low
(Table 3).

A possible occurrence of systematic error might hap-

pen in the analysis of Mg since 27Mq can also be pro-
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TABLE 3

Sensitivities and detection limits for the elements

analyzed

Sensit{yity,_]

Detection limits,

Blement counts s = mg mg kg~!
Br 2483 0.02
Ca 22 2k
Cl 74 2.5
Ccu 1331 0.35
Fe 15 2.0
I 13000 0.04
K 12 6.1
Mg 60 6.1
Mn 51000 0.002
Na 412 0.18
Rb 276 0.9
s 0.4 122 .

138000 0.005
Zn 272 0.15
27

duced from the reaction

Al(n,p) ?7Mg.

In this work,

standards of Mg and Al were irradiated under a thermal

and epithermal neutron flux to check such interference,

which was verified to be negligible.

Sensitivities and limits of detection within experi-

mental conditions are shown in Table 3.

tion were calculated according to Kaiser‘sg

Limits of detec-

criterion.

The calculated limits of detection were practically

the same for all varieties of corn,

are similar.

Therefore,

once the matrices

values shovn in Table 3 are the

averages of the limit obtained for each element in each

sample.
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CONCLUSION

In a general way, the micronutrient contents in the
plants are consequences of the elemental contents of
the soil and the environment where they are grown,
although there is some selectivity in absorption by
different plants10. Then, the differences found in the
inorganic element contents for the five varieties of
corn, analyzed in the present work, can be due to the
characteristics of the variety and the place where corn
Was growrn.

The effect of soil composition can be observed in the
variety EMBRAPA-451 that was cultivated in two different
places. In this case, significant differences were found
between the contents of Ca, Cl, Cu, Fe, K, Mn, Rb, V and
in.

It was observed that the tryptophan content in the
improved samples was twice as much as the content of
the normal samples. However, the same ratio was not ob-

served in mineral element contents.

Authors are grateful to Prof. G.A. Torsello for his
helpful analysis. The experimental work was partly sup-
ported by the IAEA and CNPOQ.
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