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A pot experiment was carried out to investigate the effect of different levels of micronutrients (0, 2, 4, and
8 g/5 kg soil) and a fixed amount (6 g/5 kg soil) of macronutrients fertilizer on the antinutrients content,
protein content and digestibility, total and extractable macro- and micro-elements, amino acid content
and score of grains of sorghum cultivar (Gadambalia) grown for two consecutive season. Protein content

and essential amino acids composition of sorghum grains significantly (P < 0.05) increased with
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micronutrients level for both seasons. Tannins and phytate contents dropped significantly (P < 0.05) with
a concomitant increase in protein digestibility, macro- and micro-elements extractability for both seasons
and treatments. The content of macro- and micro-elements of the grains increased with micronutrients
level during both seasons. The essential amino acids scores of the grains were significantly (P < 0.05)
increased for both seasons and treatments.

© 2014 Elsevier Ltd. All rights reserved.

1. Introduction

Sorghum (Sorghum bicolor L. Moench) is considered as a most
important food crop in the world following wheat, rice, maize
and barley (FAO., 1997). Grain sorghum represents the staple food
for a large population of Africa, India and the semi-arid parts of the
tropics (FAO, 1997). It is commonly consumed by the poor mass of
many countries and forms a major source of proteins and calories
in the diet of large segments of the population of India and Africa
(FAO, 1997). Besides being a staple food, it is also used as feed
for animals and it is an industrial raw material; its straws provide
fodder, fuel, shelter and raw material for syrup production. Grain
sorghum is the leading cereal crop in the Sudan and acts as a
principal source of energy, protein, vitamins and minerals for the
low income population living in Sudan (Abdelseed, Abdelwahab,
AbuelGasim, Isam & Babiker, 2011). Most of sorghum cultivars
grown in Sudan contained only 9-11% protein content and most
of the amino acids are limited (Elbashir, Mustafa, Eltinay & Babiker,
2008), which is critical for determining the nutritional value of
foods. It is evident that the nutritional importance of a given
food/feed stuff depends not only on nutrient composition or
content, but also on the amount utilized by consumers
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(Vijayakumari, Siddhuraju, Pugalenthi, & Janardhanan, 1998). Soil
pH influences solubility, concentration, ionic form and mobility
of elements and consequently acquisition of such elements by
plants (Fageria, Baligar, & Wright, 1997). The deficiency of essential
micronutrients induces abnormal plant tissue pigmentation, size,
and shape, which causes low leaf photosynthetic rates, and
leads to various undesirable outcome, such as grain yield and
composition (Masoni, Ercoli, & Mariotti, 1996). Today, although
the production of energy and protein appears to be adequate to
feed the developed world, agriculture systems in many developing
countries still do not provide enough nutrients to meet human
needs (Welch & Graham, 2004). Different approaches have been
tried to improve the nutritional value of sorghum grain such as
fermentation and malt pretreatment (Abdelhaleem, Eltinay,
Mustafa, & Babiker, 2008) and supplementation with legumes
(Asma, Babiker, & Eltinay, 2006), cluster bean (ELbashir, Mustafa,
Eltinay, & Babiker, 2008) and pigeon pea (Abdallah, Babiker,
Yagoub, & Isam 2010) as well as conventional breeding (Abdelseed,
Abdelwahab, AbuelGasim, Isam & Babiker, 2011). Moreover,
previous research only focused on the effect of micronutrients
fertilization on total yield. Therefore, the objective of this study
was to investigate the different effects of the varying micronutri-
ents levels and fixed level of macronutrients fertilizers on the
grains nutritional quality of sorghum cultivar (Gadambalia) grown
under controlled conditions for two consecutive seasons.
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2. Materials and methods
2.1. Materials

Grains of sorghum (Sorghum biocolor L. Monech) cultivar
(Gadambalia) were obtained from the Department of Agronomy,
Faculty of Agriculture, University of Khartoum, Shambat, Sudan.
Micronutrients blend (MB) was obtained as a mixture of 14% water
soluble Mo + 0.3% water soluble Mn + 0.3% water soluble B + 1.2%
FeS +0.02% CU2504 +0.02% ZHSO4 +0.004% (NH4) 5[MO7024]-4H20,
and macronutrients fertilizers (MF) (N-P,05-K,0) were donated
by the Arid Land Research Center, Tottori University, Japan. Unless
otherwise stated all the reagents used in this study were of
analytical grade.

2.2. Plant experiment

A trial experiment was carried out to optimize the conditions
suitable for minerals absorption. The conditions tested are pH,
environment and soil temperature and soil type. After adjustment
of the conditions, the final experiments were carried out (2010 and
2011) at the Experimental Station of the Faculty of Agriculture,
University of Khartoum, Shambat (latitude 15°40’N and longitude
32°32’E). The soil was sandy clay (82% sand and 18% clay) with
pH of 7.2. The grains of the cultivar were seeded in pots with three
grains per pot and after germination, were reduced to one plant per
pot. Four doses (0, 2, 4 and 8 g/5 kg soil) of MB were applied to
each pot. Beside micronutrients, all treatments received MF
(N-P,05-K,0) at a fixed dose of 6 g/5 kg soil. After addition of
fertilizer and germination of the seeds, the pH of the soil dropped
to 5.7 and temperature between 20 and 25 °C. To avoid water loss,
the pots were watered under controlled conditions (weight
difference). Each experiment was arranged in a factorial design
with four replicates. At the end of each season, the grains were
collected, sun dried, cleaned from dirt and broken grains and then
ground to pass a 0.15 mm screen and stored at 4 °C.

2.3. Protein content determination

The protein content of the grains was determined according to
AOAC (1995).

2.4. Tannin determination

Quantitative determination of tannins was carried out using the
modified spectrophotometric vanillin-HCl method according to
Price and Butler (1978) by using 200 mg sample. A standard curve
was prepared and results were expressed as catechin equivalents,
i.e. amount of catechin (mg per ml) which gives a colour intensity
equivalent to that given by tannins after correcting for blank.

2.5. Phytic acid determination

Phytic acid content was determined by the method described
by Wheeler and Ferrel (1971) by using 2.0 g dried sample. A stan-
dard curve was prepared and results were expressed as Fe(NO3)3
equivalent. Phytate phosphorus was calculated from the standard
curve assuming a 4:6 iron to phosphorus molar ratio.

2.6. In vitro protein digestibility (IVPD) determination
IVPD was carried out using single enzyme (pepsin) digestion

according to the method of Maliwal (1983). The digestibility was
calculated using the following equation:

Protein digestibility (%) = N1 S”pe;“?;a;tn;pll"em PEPSIN | 4090

2.7. Total minerals determination

Minerals were extracted from the samples by the dry ashing
method described by Chapman and Pratt (1982). About 2.0 g of
sample was acid-digested with diacid mixture (HNOs3:HCIO,,
5:1,v/v) in a digestion chamber. The digested samples were
dissolved in double-distilled water and filtered (Whatman No.
42). The filtrate was brought to 50 mL with double-distilled water
and was used for determination of total calcium, phosphorus and
iron. Calcium was determined by a titration method. Iron was
determined by atomic absorption spectrophotometer (Perkin-
Elmer 2380). Phosphorus was determined by spectrophotometric
method using molybdovanadate and the absorbance was
measured at 730 nm.

2.8. HCl extractability of minerals (in vitro bioavailability)

Minerals in the samples were extracted by the method
described by Chauhan and Mahjan (1988). About 1.0 g of the
sample was shaken with 10 mL of 0.03 M HCI for 3 h at 37 °C and
then filtered. The clear extract obtained was oven-dried at 100 °C
and then acid digested. The amount of extractable minerals was
determined by the dry ashing method described by Chapman
and Pratt (1982). HCl extractability (%) was determined as follows:

Mineral extractability (%)

_Mineral extractable in 0 : 03 NHCI (mg/100g)

Total minerals (mg/100g) < 100

2.9. Amino acids composition

The amino acids composition of the samples was determined on
hydrolyzed protein using amino acids analyzer (Sykam-S7130,
Tokyo, Japan) based on high performance liquid chromatography
technique. Sample hydrolysates were prepared following the
method of Moore and Stain (1963). About 200 mg of the sample
was taken in a hydrolysis tube. Then 5 mL of 6 N HCl was added
and the tube tightly closed and incubated at 110 °C for 24 h. After
incubation, the solution was filtered and 200 mL of the filtrate was
evaporated to dryness at 140 °C for 1 h. The hydrolysates after
dryness were diluted with 1.0 mL of 0.12 N citrate buffer (pH
2.2). Aliquot (150 pl) of the sample hydrolysates was injected in
an action separation column at 130 °C. Ninhydrin solution and an
eluent buffer (solvent A, pH 3.45 and solvent B, pH 10.85) were
delivered simultaneously into a high temperature reactor coil
(16 m length) at a flow rate of 0.7 ml min~'. The buffer/ninhydrin
mixture was heated in the reactor at 130 °C for 2 min to accelerate
chemical reaction of amino acids with ninhydrin. The products of
the reaction mixture were detected at wavelengths of 570 and
440 nm on a dual channel photometer. The amino acids composi-
tion was calculated from the area under the curve of the standards
and expressed as mg/100 g sample.

2.10. Essential amino acid (EAA) score determination

The essential amino acid (EAA) score was determined by
applying the formula:
g of EAA in 100 g test protein
g of EAA in 100 g FAO/WHO reference pattern

x 100

AAS score % =




Download English Version:

https://daneshyari.com/en/article/7597737

Download Persian Version:

https://daneshyari.com/article/7597737

Daneshyari.com


https://daneshyari.com/en/article/7597737
https://daneshyari.com/article/7597737
https://daneshyari.com

