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The study was conducted to determine some minerals in popcorn
genotypes. Twenty genotypes, hybrid and open-pollinated, were
evaluated for potassium, calcium, magnesium, sodium, copper, zinc,
manganese and iron contents. The samples were analyzed by flame
atomic absorption spectrometry. Contents of K, Ca, Mg and Na of
the kernel of genotypes varied from 429-519, 45.8-126, 25.5-42.9
and 20.6-80.8 mg/kg, respectively while the ranges of trace ele-
ments were 1.73-11.89 for Cu, 39.0-63.0 for Zn, 13.746.5 for Mn
and 57.9-112.0 mg/kg for Fe. In general, contents of trace elements
tended to be higher in hybrids than open-pollinated populations.
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INTRODUCTION

Corn (Zea mays L.) is the crop with the highest grain production in the world
and provides feed, food and resources for many industrial and commercial
products. Many plant breeders have devoted their efforts to its improvement.
Because of the genetic improvement of maize, grain yield has continued to
increase at a fairly constant rate during the last 50 years'. In recent years,
questions have been raised about possible changes in grain quality associated with
this yield increase.

Some redustion in chemical quality of maize may have occurred with breeding
for higher grain yield because some® macro- and micronutrient concentrations
were higher in the earlier dent corn hybrids than those of the modern ones?.
Quality and chemical composition of grain may be influenced by growing
conditions®™, cultivars™® and agricultural practices®’. It is recognized that the
mineral concentrations of crops are influenced by the mineral composition of the
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soil and environment in which plants grow® °. Therefore, fertilization is one of
the important factors that affect the grain quality including mineral composition.

Corn is used as one of the major sources of protein and energy in the
preparation of different types of human foods in many parts of the world. Thus,
chemical composition of maize for human and animal nutrition is important.
Some minerals such as Ca and P are required as structural components of the
skeleton and others such as Na and K function in acid-base balance. Cu and Fe
are also required for the activity of enzymes'®. Zinc is an essential element for
all living organisms. Zinc deficiency has been shown to be the cause of dwarfism
and hypogonadism among adolescents from low social classes'!. On the other
hand, toxic heavy metal contamination in soils and crop plarts is of major
importance due to their health effects on humans and other animals'?.

Besides the human and animal nutrition, mineral compositions are also
important in physiological and biochemical functions in plants. Several plant
metabolic processes, i.e., photosynthesis, cellular respiration, nutrient uptake and
photolysis of water, may be affected by presence of trace elements such as Cd,
Zn, Cu, Fe, Mn and Mo 13,

In contrast to dent and flint corns, popcorn is used primarily for human
consumption as a favourite snack food and consumption continues to grow
annually. Popcorn is also nutritious since it is low in energy and high in fibre'.
Extensive data on various popcorn compositions including protein, fat, total
carbohydrate, crude fibre, ash content, vitamin, fatty acid and amino acid
compositions are available® !>, However, data for the mineral composition of
popcorn grain are limited. Thus, in this study, mineral compositions of 20 popcorn
genotypes, hybrid and open-pollinated, were investigated.

EXPERIMENTAL

Twenty popcorn genotypes, grown in Tokat province of Turkey, were used in
this study. Of these genotypes, 16 were single-cross hybrids while four (Ankara,
Amasya, Samsun and Tokat) were open-pollinated populations. The kernel type
of all genotypes is classified as yellow pearl except Tokat, which is dark (deep
purple) and rice type. Also, they were categorized based on popped colour and
shape as white butterfly and yellow mushroom.

A field experiment was carried out at the research fields of the Research
Institute of Rural Services, altitude 640 m, in Tokat. Soils of the research area
had a texture classification of loam. The soils were slightly alkaline, medium in
lime content and very low in salt content. The soils had a low available
phosphorus (51 P,O5 kg/ha) but a rich potassium (83 K,O kg/ha) level. Thus,
sufficient fertilizer was applied so that yield potential would not be limited by
soil fertility. 75 kg N/ha and 60 kg P,Os/ha were applied and incorporated into
the soil prior to seeding. An additional 75 kg N/ha was applied six weeks later.
Plots were irrigated three times in the growing period.

Maize was planted using a 0.7 m by 0.20 m spacing in a completely
randomized block design on 30 April 2002. At maturity, ears were hand-harvested
at about 25% moisture content and shelled by hand. The grain was air dried at
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room temperature until a moisture content of 14% was reached. Kernels were
then ground in a wood mortar and pestle and samples were sealed in polyethylene
bags for analysis. No metal tools were used in any stage of sample preparation.

The samples were dried at 105°C for 24 h. Dried samples were homogenized
and stored in polyethylene bottles until analysis. All reagents were of analytical
reagent grade unless otherwise stated. Double deionized water was used for all
dilutions. HNO; and H,0, were of suprapure quality (Merck). A Perkin-Elmer
Analyst 700 model atomic absorption spectrometer with deuterium background
corrector was used in this study for the elemental analysis. All measurements
were carried out in an air/acetylene flame.

Samples (1.0 g) were digested with 6 mL of HNO; (65%), 2 mL of H,0, (30%)
in microwave digestion system for 31 min and diluted to 10 mL with deionized
water. A blank digest was carried out in the same way (digestion conditions for
microwave system were applied as 2 min for 250 W, 2 min for 0 W, 6 min for
250 W, 5 min for 400 W, 8 min for 550 W, vent: 8 min, respectively). This
procedure was preferred because of its higher accuracy with respect to both time
and recovery values. The recovery values were nearly quantitative (95%) for the
above mentioned digestion method.

RESULTS AND DISCUSSION

Potassium, calcium, magnesium and sodium contents of kernels of 20 popcorn
genotypes are shown in Table-1. Os 30 x 31, hybrid variety, had the highest K
content (519 mg/kg) while Ankara population had the lowest K content (429
mg/kg). Calcium content of genotypes varied from 45.8 to 126 mg/kg and the
lowest concentration was obtained from Os 252 hybrid. The Tokat population had
the highest ratio (126 mg/kg) followed by the Amasya population (105 mg/kg).
The other open-pollinated populations, Ankara (52.9 mg/kg) and Samsun (66.9
mg/kg) had considerably lower Ca than many hybrid genotypes.

Variation for Mg content among genotypes was lower than other macronutri-
ents (K, Ca and Na). Os 252, which had the lowest Ca concentration, had the
highest magnesium content. Although both hybrid and open-pollinated group had
high and low K, Ca, Mg and Na containing varieties, in general, Mg contents of
open-pollinated populations were lower than hybrids (Fig. 1). There was not a
clear difference between hybrids and open-pollinated populations for others. The
biggest variation for macronutrient concentration of genotypes (20.6—-80.8 mg/kg)
was determined in sodium. There were almost four times differences among
varieties for sodium.

Copper contents of the genotypes were between 1.73 (Samsun) and 11.89 (Os
604) mg/kg while zinc contents varied from 39.0 (Tokat) to 63.0 (Os 252) mg/kg.
Also, manganese and iron contents in popcorn grain ranged between 13.7-46.5
mg/kg and 57.9112.0 mg/kg, respectively (Table-2). The highest iron content (112
mg/kg) and the lowest zinc content (39 mg/kg) were obtained from Tokat
population. Except for Fe content of Tokat, concentrations of trace metals tended
to be higher in hybrids than open-pollinated populations (Fig. 2).
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CONTENTS OF K, Ca, Mg AND Na O';AC?I;‘EIIEJ IN POPCORN GENOTYPES (mg/kg)
No. Genotypes K Ca Mg Na

1. Os 6868 x 6867 444 £27 59.7%5.6 357+2.8 69.7+£6.2

2. 0s252 513143 458+39 = 429136 48.11£3.7

3. Os30x31 51937 746+6.4 353128 294126

4. Os135x134 503 £26 820173 347t2.1 66.2+4.9

5. Os 2996E x 31 478 £21 67.8%55 316126 68.5+3.3

6. Os 504 467 + 24 65954 287+27 20619

g | 7. Os604 496+33 904182 31819 49.7+3.8

E. 8. Os MED 452145 644152 31.1+£2.0 30.5+23

= 9. OsGP3 444 + 37 88.3+8.7 31.7+22 258+24

10. Os 605 480143 771.5+68 343+3.1 703+5.6

—
—

. 85Ant2503x2509 491146 96.219.3 30927 80.8+6.3

12. P206 x 85Ant2503 492+ 39 80.5+72 305+2.6 419+3.2
13. OKUR 370 51027 89.7+7.8 266+%1.5 49.3+3.7
14. OKUR 232 467122 96.8+5.6 31.7+1.6 249+2.1
15. P608 460 * 35 103.0+6.0 266+ 1.4 35.1+49
16. P 4050 460 + 42 62.1+5.5 284+2.1 29.3+2.9
§ 17. Ankara 429 +28 529+27 299+2.6 39.4+3.7
E 18. Amasya 466 t 45 105.0+7.8 263+1.3 47.1t£42
$' 19. Samsun 492 26 669159 27.1+1.8 206+1.8
g’ 20. Tokat 456 + 4€ 126.0+10.7 25517 69.615.4

Differences in grain mineral element contents among varieties could be associated
with differences in adaptation ability of genotypes and reacted differently to soil
and climate conditions. Oikeh et al.'® also reported that genetic component
accounted for 34% of the total variation in kernel-Zn and for 11% of the variation
in the kernel-Fe levels.

There were differences for macro and micronutrients between our results and
the previous reports in kernel of dent corn of Vyn and Tollenaar?, who reported
that 340-390 for K, 16-21 for Ca, 79-93 for Mg, 13.1-17.1 for Zn, 1.18-2.:17
for Cu and 2.88-4.56 mg/kg for Mn, respectively, and Oikeh et al.'® determined
that the ranges were 15.5-19.1 for Fe and 16.5-20.5 mg/kg for Zn. The reason
for these differences may depend on the contents of mineral nutrients and their
combinations in soils and also species. Nan et al.* and Jarausch-Wehrheim ez al. 7
reported that mineral element uptake by plants was influenced by both soil and
plant factors such as the quantity and mobility of elements in the soil solution
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around the plant roots, source and chemical form of elements in soil, pH, organic
material, plant species and tissues, plant age, etc.

CONTENTS OF Cu, Zn, Mn AND Fe O'II;A(]:RLiIiJ IN POPCORN GENOTYPES (mg/kg)
No. Genotypes ‘ Cu Zn Mn Fe

1. Os 6868 x 6867 4221023 547132 38027 753%6.2

2. 0s252 7.10+0.34 630154 26719 749153

3. Os30x31 9381043 6241037 46.513.2 90.8+6.2

4. Os135x134 6561028  46.810.29 362135 90.0+7.5

5. Os 2996E x 31 873+042 5891027 40.112.6 845+5.2

6. Os 504 324+0.13 5331024 301118 78.8+39

é 7. Os 604 11.89+0.78 58.0+4.73 4719 81.7t46

;;' 8. Os MED 6941042 58.8+0.23 87130 823+73

9. OsGP3 595+037 56.0%4.02 2411129 973%7.5

10. Os 605 594 +0.33 553147 304128 104.016.3

11. 85Ant2503x2509 7.32+0.28 572%58 357+3.1 105.6+9.2

12. P206 x 85Ant2503 5241017 499136 18313 71739

13. OKUR 370 4.84 £0.11 417138 19.1+0.7 944163

14. OKUR 232 6.00+0.22 423121 233118 104756

15. P608 6.25+0.47 544149 246112 111.1+8.7

16. P 4050 6.13+0.53 51.3+29 233%19 99.8+7.2

T 17. Ankara 4931024 51.1%5.1 159114 645152

% 18. Amasya 498027 53.7+42 222+1.7 57932

19. Samsun 1.73£0.10 58.6+4.0 13.71£0.8 60.3+2.8

g’ 20. Tokat 3.15+0.17 39.0t21 192116 1120+ 11.3

On the other hand, physical characters of popcorn kernel are very different
from those of other corn types. Popcorn kernels are smaller and harder than dent
corn and contain a much greater hard endosperm to soft endosperm ratio'®. The
most important difference between popcorn and others (dent, flint and sweet
corns) is that popcorn has the thickest pericarp'®. Since corn pericarp is very rich
in mineral nutrients®® differences between our findings and the results reported
here may arise from pericarp character of popcorn.

The data obtained from our study indicate that mineral concentrations of the
popcorn vary markedly depending on varieties and seed types (hybrid or open

pollinated).



696 Gokmen et al. Asian J. Chem.

Nouwswwe

10.
11.
12.
13.
14.
15.

16.

17.
18.
19.
20.

REFERENCES

M. Tollenaar, D.E. McCullough and L.M. Dwyer, Physiological Basis of Genetic Improve-
ment of Corn, Marcel-Dekker, New York (1994).

T.J. Vyn and M. Tollenaar. Field Crop Res., 59, 135 (1998).

P.R. Warman and K.A. Havard, Agric. Ecosys. Environ., 68, 207 (1998).

Z.Nan, J. Li, J. Zhang and G. Cheng, Sci. Total Environ., 285, 187 (2002).

D.G. Bullock, PL. Raymer and S. Savage, J. Prod. Agric., 2, 157 (1989).

D.Park, K.G.D. Allen, ER. Stermitz and J.A. Maga, J. Food Compo. Anal., 13, 921 (2000).
0. Sencar, Misir Yetistiriciliginde Ekim Siklii ve Azotun Etkileri. Oz Emek Matbaasi, Sivas
(1988) (in Turkish).

E. Sikora and E. Cieslik, Food Chem., 67, 301 (1999).

R.C.Rivero, P.S. Hernandez, E.M.R. Rodriguez, J.D. Martin and C.D. Romero, Food Chem.
(2003) (in press).

D.C. Church and W.G. Pond, Basic Animal Nutrition and Feeding, Wiley, New York (1988).
A.S. Prasad, Federation Proceedings, 43, 2829 (1984).

A.A. Farmer and A.M. Farmer, Sci. Total Environ., 257, 53 (2000).

F.V. Assche and- H. Clisjsters, Plant Cell Environ., 13, 195 (1990).

A. Schepers, Environ. Nutr., 12, 4 (1989).

R. Cutrufelli and P.R. Pehrsson, Composition of Food: Snacks and Sweets, Washington, DC
(1991). -

S.0. Oikeh, A. Menkir, B. Maziya-Dixon, R. Welch and R.P. Glahn. J. Agric. Food Chem.,
51, 3688 (2003).

B. Jarausch-Wehrheim, B. Mocquot and M. Mench, Eur. J. Agron.. 11, 23 (1999).
A R. Hallauer, Specialty Corns, CRS Press, London (1994).

W.E. Tracy and W.C. Galinat, Hort. Sci., 22, 645 (1987).

A. Elgiin and Z. Ertugay, Tahil 1sleme Teknolojisi Erzurum (1992) (in Turkish).

(Received: 27 January 2004; Accepted: 11 October 2004) AJC-3994

FIRST INTERNATIONAL CONFERENCE ON
COMPLEX MEDICAL ENGINEERING
(CME 2005)

TAKAMATSU, JAPAN

15-18 MAY 2005

For more informationplease visit:
http:/www.eng.kagawa-u.ac.jp/CME2005




