Minufiya J. Agric. Res. Vol. 28 No. 6 : 1781 - 1791 (2003)

BIOCHEMICAL STUDIES ON THE INFLUENCE OF FOLIAR
APPLICATION OF SOME MICRONUTRIENTS AND ASCORBIC
ACID ON THE PROTEIN AND LIPID CONTENTS OF MAIZE

SEEDS
Samia, M. Khalil; K.M. Taha and G.A. Khalil
Faculty of Agriculture, Menufiya Univ., Egypt.
(Received: Aug, 12, 2003)

ABSTRACT: Field experiments were conducted to evaluate the effect of
foliar application of some micronutrients (Mn + Fe + Zn), ascorbic acid and
their Interaction with or without usual fertilization (N/P) on biochemical
constituents of maize seeds.

All applied treatments caused significant increase in crude protein percent in
both seeds germ and endosperm. Different effect on the protein fractions
percentage was observed, whereas In most of cases albumin and globulin
were significantly increased.

These treatments also improved the maize seeds oll quality as they
increased essential fatty acids, unsaturated fatty acids, campesterol esters
and B-sitosterol esters relative percentage, while squalene and some other
hydrocarbons were significantly decreased.
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INTRODUCTION

Maize is one of the most important cereal crops all over the world. Many
efforts are made in egypt to improve its nutritional value and to increase its
yield. Recently, interest has been manifested to micro nutrients, which cause
various physiological and biochemical effects on the growth and
development of plants. In this connection there were many attempts by
several scientists to study the effects of micro nutrients Zn, Fe and Mn on
maize and wheat plants. Belokobyi (1976) reported that Mn alone and in
combination with P or N showed an increase in production of maize hybrid
seeds as well as P and protein contents of the seeds while zein content
decreases. Soaking of maize seeds in 0.02% solution of MnSO, increased
their protein content, the water and salt — soluble zein fractions, while
alcohol soluble zeln fraction decreased (Belokobyi, 1972). Maize seeds
treated with Mo, Zn and Mn lead to an increase in graln ylelds and grain
protein contents, also a change In the proportion of the different protein
fractions was showed, (Vliasyuk et al., 1974). Asthana and Srivastava (1978)
indicated that soaking of maize seeds in ascorbic acid enhanced the ethanol-
soluble protein content. Zn and Mn caused a decrease in soluble nitrogen
and an increase in insoluble and total nitrogen in the different stages of
wheat and maize growth. As reported by Kitagishi and Obata (1986), Dhillon
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ot al. (1987), Kvyatkovskii (1988), Moussa et al. (1993) and Jeeenl«o antJ |.02éL
(1998) Zn and Mn showed an increase In crude protein, albumine, globuline
and insoluble protein wheat seeds while the prolamine content showed an
opposlte trend.

Eissa et al., (1992). Mentloned that foliar application of Fe, Mn and Zn
individually or togother increased seeds yield wheat and protein percentage,
while oil percentage showed no change. Also unsaturated fatty acids,
essential fatty acids, total sterols and B-sitosterol relative concentrations
were increased while hydrocarbons were decreased in soybean seed oil
under the same conditions (El-Fiki 1894).

Addition of Zn or Mo individually and a combination of them led to a
decrease in protein and oil contents in maize, whereas Zn and Mo combined
with some macronutrients (K and P) caused an increase in total
hydrocarbons, total sterols and - sitosterol in maize seed oil (Bayoumi et al.
2002).

The aim of this investigation was to study the effect of foliar application of
some micronutrients (Fe, Zn, Mn) and ascorbic acid on protein and lipid
contents in zea maize seed.

MATERIALS AND METHODS ,

The farm experiment was carried out in Agriculture Research Center Giza.
Variety of malze seeds (Cutivar Giza 2). The seeds were planted in winter
{2000-2001). The plants were follar sprayed with sulphate salts of Zn, Fe and
Mn mixture with ratio of 1:2:1 respectively, and the conentration of that
mixture was %z g/L. Ascorbic acid was added in the conc. of 1 g/L. The above
salts and ascorhic acld were used as follow:

A- With usual fertlllz%tlo’n {Nitrogen and phosphate).
B- Without ferﬁllzatlon

The fertlllzatlon with nitrogen and phosphate were performed according

to the recommendations of Ministry of Agricuiture for this crop.

As.A,M.N. and As.A + M.N. mixture as foliows:

1- Control: spray with distilied water.

2- Spray with Ascorblic acid (1 g/L.) (As. A)

3- Spray with Zn + Fe + Mn mixture ( % g/L) (M. N.)

4- Smy with Ascorbic acid (1 g/L) + Zn, Fe and Mn mixture ( V2 g/L.) (As. A +
.N.)

At the harvest the grains were collected and washed by tap water, then
?en;:hwere soparated from Indosperm mechanically and both dried at 40 °C

or 24hr
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-Chemical analysis:

-Total nitrogen was determined in defatted samples in both germ and
indosperm by micro- Kjeldah method (A. O. A. C. 1986). The N content was
muitiplied by the factor 6.25 to obtain the protein content.

-Protein fractions were determined as stated by Van Etten et al. (1967).

-Oil was extracted from seed germs by hexane according to AOAC (1990).
The fatty acid methyl esters and unsaponifiable matters were analysed by
gas liquid chromatography as reported by Ibrahim et al. (1964).

Statistical analysis:

The obtained results were computed and analyzed according to Selvin,
1996. Moreover variability between the two treated groups was done by
analysis of variance (ANOVA test) and Least Significant Difference (LSD) was
conducted to compare between means on a computer program (SPSS 2000).

Results and Discussion:

Table (1) demonstrated the effect of ascorbic acid (As.A.) and
micronutrients (M_N.), which Include Mn + Fe + Zn, individually or combined
on the crude protein percentage and protein fractions relative percent
(relative to crude protein) In maize seed germs. It was noticed that the
application of M.N. and As.A. combined or solely showed a significantly
increase in the crude protein percentage with or without fertilization as they
compared with control. Gab Alla et al. (1986) observed that spraying wheat
plant with Mn SO, or Zn So, increases significantly the protein percentage in
the grains. This result are in agreement with those obtained by Abido et at.
(1995) and Hassan (1996), they found that N content of wheat grains was
significantly increased when Zn was added. This effect may be attributed to
the effect of these nutrients on plant growth and enzymes activity (Moussa
and Barsoum, 1995 and Fecenko and Lozek, 1998). As for protein fractions,
data in Table (1) revealed that the relative percentage of the protein fractions
albumin, globulin and prolamin were increased significantly as ascorbic acid
was applied with or without fertilization, while glutelin percentage was
increased only when fertillzation was applied. The application of (M.N.) with
fertilization led to significant increase of the realtive percentage of albumin
and globuline, while the other protein fractions were decreased. On the other
hand only globulin and non soluble protein showed significant increase
while the other fractions were decreased if the above treatment was applied
without fertilization. These results are partially in agreement with those
obtained by Viasyk et al. (1974). Spraying with (As. A.) and (M.N.) combined
with fertilization increased significantly the ratio of prolamin, glutelin and
non-soluble protein, while albumin and globulin decreased. Without
fertilization the application of the previous mixture lead to significant
increase in albumin, globulin and non-soluble protein percentage whereas
the other fractions decreased .
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Table (1): Effect of asorbic acid (As. A.} and some micronutrients QM. N.\ on
the relative percentage of protein fractions in maize seed germs.

Crude Protein fraction reiative %
Treatment pr(t:/te)ln Albumin |Globulin|Prolamin| Glutelin | Residue
0
With Fertilization
Control 11510 13.38e | 11.94b ) 14.59g | 1696 ¢c | 43.01¢
As. A. 1412a | 17.00b | 13.95¢c | 15.22f | 17.63¢c | 36.19d
M. N. 1341b | 1402d { 13.42d | 1156 h | 14.69d | 42.20 ¢
As. A. + M.N. 13.70b | 11319 | 13.72g | 1569f | 21.24a | 43.86 b
Without Fertilization
Control 10.21g | 16.75¢c | 5.88f | 19.29d | 20.18b | 3281 e
As. A. 11.22¢ | 17.56b | 6.06e | 22.90a | 3.83h | 4590a
M. N. 13.50b [ 11.38g | 17.19a | 15.26g | 9.40f | 42.89¢
As. A. + M.N. 13.60b { 1890a | 6.32¢ | 18.89d | 10.74e | 43.82Db

(M. N.) = Micronutrients : Zn + Fe + Mn

As. A. = Ascorbic acid

Values in the same column with different letters are significantly different (P > 0.01).

Table (2): Effect of asorbic acld (As. A.) and some micronutrients (M. N.) on
the relative percentage of protein fractions in maize seeds

endosperm.
Crude Protein fraction relative %
Treatment pr(t:/te;ln Albumin |Globulin|Prolamin| Glutelin | Residue
0
With Fertilization
~ Control 712g | 421g | 1081e | 25.00c | 30.2a | 29.21e
As. A 9.83¢c | 437f | 875f | 21.77d | 25.33b | 34.082a
M. N. 9.12e | 756¢c [ 2445a | 31.03a | 7.89g | 25.77f
As.A. + M.N. 1264a | 1290a | 13.61d | 17.00f | 23.02¢c | 31.25¢
Without Fertllization
Control 832f | 829b | 21.64c | 3101a | 517h | 30.89¢c
As. A 10.36b | 743c [ 2153c | 19.11e | 19.88d | 30.21d
M. N. 941d | 6.38d |2285b | 21.89d | 1467f | 31.03¢
As.A. + M.N. 10.35b | 5.02e | 21.55¢c | 24.93¢c | 14.11f | 32.08b

(M. N.) = Micronutrients : Zn + Fe + Mn

As. A. = Ascorbic acid

Values In the same column with different letters are significantly different (P > 0.01).
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In Table (2) the application of As.A. and M.N. individually or as a
combination of them- caused significant increase in crude protein in maize
seeds endosperm with or without fertilization. For protein fractions the
application of (As.A.) with fertllization caused significant increase in albumin
and non soluble protein relative percentage but the other fractions were
decreased, whereas the spray with (M.N.) increased albumin, globulin,
prolamin relative percentage significantly while the other fractions were
decreased.The combmed(AsA) and (M.N.) with fertilization showed a
significant increase in albumin, globulin and non-seluble protein relative
percentage, whlle the other fractions were decreased. Without fertilization,
the application of (As. A.) and (M. N.) solely or combined caused significant
increase in glutelin relative percentage while albumine and prolamin were
decreased and the other fractions showed no great change.

Table(3) illustrates the effect of (As. A.) and (M. N.)on the fatty acids
content in maize seed oil. It is clear that (As.A.) and (M. N.) solely and
combined increased the ratio of essential fatty aclds (linolelc and linolenic)
as well as the total unsaturated fatty acids with and without fertilization
significantly. It Is worthy to Indicate that linolenic acid exist only when (As. A.
and M.N.) were applied solely with fertilization.

Araschidic acid was decreased clearly as (As. A.) and (M. N.) applied
solely with fertilization and disappeared in all other cases. EI-Flki (1994)
indicated that follar appiication of Fe + Mn increased the unsaturation degree
and essential fatty acids of soybean seed oil.

From (Table 4) the application of (As. A) and (M. N.) individually or
combined together caused significant increase in campsterol relative
percent, while a negative effect on the B- sitosterol was observed not only
with fertilization but also without it, Bayoumi et al. (2002) indicated that the
addition of Zn + Mo + Macronutrients increased the relative conc. of B-
sitosterol in maize seeds oil.

Table (5) indicated the effect of (As. A.) and (M. N.) individually or
combined on the composition of less polar compounds in maize seeds oil.
Dodecane, tetradecane, octadecane, campsterol ester and B-sitosterol ester
significantly increased as (As. A.) was applied with fertilization, while
tetradecane, tetracosane, pentacosane, hexacosane, tricontane and squaleng
showed significant decrease. Treatment withont fertilizatlon caused
significant increase in dodecané, tetradecane, hexadecane, eicosane,
tetracosane, hexacosane and B-sitosterol ester when ascorbic acid was
added whereas octadecane, squalene and tricontane was markedly
decreased. The application of (M. N.) Increased significantly the relative
concentration of the major components tricontane, campesterol ester and B-
sitosterol ester with or without fertilization while squalene and other
hydrocarbons decreased. Bayoumi et a/. (2002) were demonstrated that the
application of Zn + Mo + K caused an Increase in total hydrocarbons.
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Table (3): Effect of asorbic acid (As. A.) and some micronutrients (M, \.) on
the fatty acids percentage in the maize seed oil.

With fertilization Without fertilization
:;tg Control| As.A. | M.N. [As.A.+|Control| As.A. | M.N, [As.A.+
M.N. M.N.
Ciwo |16.75b {12610 {1517 e |16.68b | 16.33¢c | 14.21f|17.73a|15.56d
Cuo {098b | 480a | -b -b -b -b -b -b
Cigq 137.89f|37.69d| 39.59 [37.38¢(38.52c|39.68a|3644g|35.76 h
Cio [43.019g(43.12h| 4404 | 4594 (45.15e (4611 b |4583d 48.59a
Ciss -c 0.79a | 064b -c -c - -C -c
Cxo | 1.78e | 0952 { 0.56b -c -c -C -C -C
Ty 80.90 f | 81.60 c | 84.27 e | 83.32d |83.67d 8579 b |82.27 e | 84.35d |
Ts 19.10e | 1840f |15.73a|16.68¢c (1633 b |14.21d | 17.73f | 1556 a
Tyl/Ts | 4.24b | 443c | 536 h | 5.0e | 512¢ j 6.04g | 464c | 539h

(M. N.) = Micronutrients : Zn + Fe + Mn
Ty = Total unsaturated : F.A,
Values in the same column with different letters are significantly different (P > 0.01).

Ts = Total saturated : F.A.

Table (4): Effect of asorbic acid (As. A.) and some micronutrients (M. N.) on
the sterols fractions percent in maize seed oil.

Sterols
fractions

With fertilization

Without fertilization

Control

As.A.} M.N.

As.A. +
M.N.

Control

As. A.

M. N.

As.A. +
M.N.

Campsterol

%

B-sitosterol

23.47

76.53 b

2692 ¢

73.08 f

26.11d)23.72 f

73.86e¢!76.28 ¢

11.61h

88.31a

3130 b

68.70 g

2411 e

75.89d

(M. N.) = Micronutrients : Zn + Fe + Mn

Retintion times of campsterol and p-sitosterol were 28.85 and 31.67
respectively .

Values in the same column with different letters are significantly different (P

> 0.01).
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Table (5): Effect of asorbic acid (As. A.) and some micronutrients (M. N.) on
the relative percentage of the less polar compounds in maize

seeds oil.
With fertilization Without fertilization

Fatty acids  |Control| As. A.| M. N. |As.A. +|Control| As. A.| M. N. |As.A. +

M.N. M.N.
Cia 3.59b (21.87a(3.36¢c(3.36¢c| ~d |1.61b|141c|3.60a
Cis 117a|0.39¢ | 0.53b|0.53b|099d{1.46a|0.33¢c |0.69b
Cis 491b [1.97d 297c|542a|0.77d(444a(147c|3.28b
Cis 1.41¢|36.822|1950h|0.70d |30.11a{1.23d | 4.75¢c | 5.25b

Unknown 475a| -b -b -b -~b |495a| -b -b
Ca 268a|047d|0.80c|143b(1.02¢c|2.07a({0.77d | 1.09b
Cx 1.08¢c |195b|349a|3.45a2|096¢c|091c|6.07a|579b

Cax 3.83a/1.01¢c|2.08b| --d (049c{4.18b 19.77a] --d
Cau 22.26a(11.08d|20.75b|14.24c | 0.11d |31.17b| 1.45 c |56.86 a
Cas 8.00a(215b| ~c -Cc |0.83d|9.08a/243b 095¢C
Cas 3.77b)0.97d  3.22¢c | 492a|035¢c 4.73a|2.52b|0.22d
Cas 594a 496c |586b 049d/0.39d(3.55b 15.o3a 156 ¢
Unknown 3.62b| --c |440a| --c -~¢ |11.26a] --c¢ [1.49b
Unknown 356c)142d)446h | 687 a|11.642/138d|500b ) 2.34¢C
Unknown 6.02b(1.87d|(4.34c (833a(407c|266d538a 494D
Squalene 8.42b|0.61d|6.99c|13.20a|40.65a) 5.11¢|8.17b | 3.63d
Tricontane |4.46b!299c|8.03a| ~d |0.24d|219b|5.25a|1.83¢
Dotricontane {4.03c¢|2.04d(5.63b|8.77a|6.23a[3.39¢ |4.07b|1.53d
Compestevol [0.98d |3.70 ¢ (10.02a|5.80b ! 0.24 ¢ |0.09d |7.40a|243 b
B-sitosterol |0.12d|3.77 ¢ [11.12b|11.50a|1.81d |4.54 b|8.73a | 249 ¢

M.N. = Micronutrients (Zn + Fe + Mn)
As.A. = Ascorbic acid
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The mixture of (M. N.) and (As. A) caused significant increase in
hexacosane, octacosane, squalene, dotricane, campesterol ester and f-
sitosterol ester relative percentage with fertillzation. Tetracosane
represented 56.8% from the total less polar compounds as the above mixture
was applied. In ali cases some unknown compounds appeared and
disappeared when (As. A.) or (M. N.) were applied individuaily or as a
combination of them. Generally it was noticed that the application of (As. A.)
or (M. N.) caused significant increase in total protein of malze seeds (germs
and endosperm), whereas their effect was varied on the protein fractions
relative concentration when they were applied solely or combined, but in
most cases albumin and globulin relative concentrations increased
significantly. It also, improved the quality of maize seeds- oil where it
increased the essential fatty acids, unsaturated fatty acids, campesterol ester
and B-sitosterol ester relative percentage.
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