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Abstract 

The objective of this study is to conduct a survey comparing ten dif-

ferent genotypes of corn. (zea mays L.) cultivated in Qlyassan re-

search station of College of Agricultural Engineering Science, were 

to find out the type of crystalline form of starch extracted from stud-

ied corn genotypes. There were significant differences between the 

studied corn genotypes in the chemical composition, especially am-

ylose and amylopectin, in which the amylose range was between 

19.935 and 31.095 there were also differences in the mean sizes of 

the starch granules which was 12.795 to 15.915 m, as well as for 

Gel consistency, despite of significant differences between corn gen-

otypes starch, all genotypes undergo to soft gel consistency, but all 

of these were not have affects the type of amyloid crystal, which was 

type A. 

 

Keywords: cornstarch, amylose, amylopectin, granule size, Gel con-

sistency, X-Ray diffraction. 
Introduction 

   Understanding starch crystallinity is a crucial factor in determining the type of starch 

and its physicochemical properties and the effect of these properties on manufacturing 

quality, in addition to the close relationship between starch crystallinity and its re-

sistance to digestive enzymes such as Alfa amylase enzyme. This is what made a lot of 

research tend to modify the starch associated with changing its crystal form, whether 

by thermal, physical, chemical or enzymatic methods [1]. Cultivation of corn in Iraq 

constitutes an important economic pillar for the state and farmers. In 2020, maize pro-

duction for Iraq was 365 thousand tonnes [2]. Finding new ways to manufacture corn 

will greatly help in increasing the cultivation of this bio-product. The identification of 

the type of starch crystal in corn genotypes grown in Iraq did not receive clear interest 

in the research adopted in Iraq on corn starch The primary objective of this research is 
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to investigate the crystal models of starch extracted from several of the most widely 

cultivated varieties in Iraq. 

Materials and Methods  

Samples collection  

   Ten corn genotypes were used in this study that obtained from different sources Table 

(1). Six of these genotypes which are ZP.434*A, ZP.434*B, MSI*B, Dhqan, Corpeto 

and Dracma has been cultivated in 2019 in Qlyassan research station of College of 

Agricultural Engineering Science at Sulaimani University for grain production. 

 

Table (1): The corn genotypes used in this study and their sources 

 Genotypes Sources 

1 Sara 

General Commission for Iraqi Agricul-

tural Research - Field Crops Research 

Section 

2 Al Maha 

3 Fajr-1 

4 Bagdad-3 

5 ZP.434*A 
Ministry of Agriculture and water Re-

sourse in Kurdistan region-Iraq 
6 ZP.434*B 

7 MSI*B 

8 Dhqan 
University of Kurdistan, Sianandaj, 

Iran 

9 Corpeto 
Syngenta Italia S.p.A company 

10 Dracma 

 

Starch isolation 

    In this research, approximately 1 kg of corn grains was ground using a laboratory 

blender (zeveloo, 150 g, stainless steel, 1500 w) to obtain corn flour. After sieving the 

flour, it mixed with water to make a ball of dough. Subsequently, the dough was placed 

in a pot, having small amounts of water left resting for an hour. The was done to prepare 

the dough for analysis related to starch crystallinity in the corn genotypes being studied. 
putting the slurry through filtration of 75μm mesh sieve, to distinct the non-starchy 

residue, then centrifuged at 4000 rpm for 20 minutes. The top protein rich layer in grey 

color removed by spatula. Amount water was added to re-suspend the sample, and cen-

trifugation was done again for 20 min, this process was repeated several times until the 

obtain starch. The crude starch was refined by using proteinase-k solution (18000 

units/mg) to erase filter as much proteins as possible. The purified starch was dried for 

24 h at 40°C [3, 4]. 
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Chemical composition 

     Moisture, for each starch sample was determined according to [5], while protein, 

lipid, and ash were set on [6]. Total carbohydrate was calculated by the differences also 

according to [7]. 

 

Amylose content 

     Estimation of amylose content of isolated starch was conduct by using the method 

of [8] with some modifications, then the amylose content was found by using the fol-

lowing equation; 

         Amylose content (%) = (85.24 x A) - 13.19  

         Amylopectin (%) = 100 - % Amylose 

 

Determination of starch granule size 

    Starch samples' granule sizes were measured using a procedure expressed by [9] 

with some modifications. After measure the granule sizes of starch it was formulated 

by using the mean diameters of the granules then multiplied by a factor of 2.5 µm to 

determine their actual sizes, (which was formulated previously by using the parallax 

obtained between platform micrometer and the calibrations of the eyepiece). 

 

Gel consistency 
    The method of [10] was used to know the gel consistency of corn genotypes starch. 

 

X-ray diffraction 

     The crystalline structure of the starches was taken through X-Ray Diffraction 

(XRD) analysis that described by [11] with some modifications by using a Bruker D8 

advance X-ray diffractometer.  

 

Statistical Analysis 

    The data’s obtained were faced to one-way analysis of variables (ANOVA) at P < 

0.05. The analysis was performed and the results were separated using the Multiple 

 Range Duncan’s test using XLSTAT, version (2016. .02.28451) statistical software 

for the analytical data, mean values and standard deviation. 

 

Results and Discussion 

Chemical composition 

    The chemical components of the starch samples which analyzed in this study dis-

played on Table (1). Moisture content ranged between (9.253 to 12.245%). According 

to statistical analysis of the results, moisture content is  less than the permissible value 

which is 13%, according to the (Iraqi Standard Specifications, No. 1209 of year 1988) 

for imported starch. Therefore, the lower content of moisture diminishes the danger of 
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microbial growth while being stored, this was mentioned by [12]. The samples' protein 

content ranged from (0.770 to 1.540 %). Significant differences in the protein compo-

sition of five samples of starch were shown by statistical analysis of the results [13]. 

Oil content of these starch samples ranged between (0.309 to 0.664 %), Although it is 

unacceptable, but the reason might be due to the method of extraction, like that, it has 

been reported by [14], the high purity of separated starches is indicated by low fat and 

protein levels. Ash content ranged from (0.122 to 0.214 %), These results were in a 

good agreement with the results which reported by [15, 16]. So, the starches which 

obtained from these genotypes might be categorized and utilized as normal corn 

starches [17, 18]. The higher values of the chemical components may be attribute to 

their responses to extraction treatments due to their differences in their structure or the 

physical state surrounding or the inner of starch granules. 

Table (1): Proximate analysis of cornstarch extracted from studied corn genotypes 
Genotypes 

 

Ash content 

% 

Moisture con-

tent % 

Oil content 

% 

Protein con-

tent % 

Carbohydrate 

content % 

Sara 0.126±0.001h 9.812±0.001h 0.453±0.001h 1.433±0.058b 88.176±0.055c 

Al Maha 0.194±0.001b 9.253±0.001j 0.491±0.001f 1.210±0.010d 88.852±0.009a 

Fajr-1 0.146±0.001e 10.212±0.001d 0.461±0.001g 1.433±0.015b 87.748±0.013f 

Bagdad-3 0.141±0.001f 10.283±0.001c 0.592±0.002c 1.250±0.010c 87.734±0.006f 

ZP.434*A 0.122±0.001i 12.245±0.001a 0.432±0.001i 1.150±0.010e 86.051±0.010h 

ZP.434*B 0.214±0.001a 10.152±0.001e 0.612±0.002b 1.540±0.010a 87.482±0.009g 

MSI*B 0.136±0.001g 9.644±0.001i 0.664±0.001a 1.433±0.015b 88.123±0.014d 

Dhqan 0.172±0.001d 9.953±0.001g 0.584±0.002d 1.150±0.010e 88.141±0.006d 

Corpeto 0.176±0.001c 10.563±0.001b 0.309±0.002j 1.143±0.015e 87.809±0.015e 

Dracma 0.136±0.001g 10.143±0.001f 0.507±0.002e 0.770±0.010f 88.444±0.011b 

Means with a different small letter in the same column are significantly different (P<0.05) 

Amylose and Amylopectin content  

    The results in Table (2) showed that there was a significant difference between corn 

varieties starches in their content of amylose and amylopectin. The amylose content 

varied among all of the variety’s starches. The maximum value of amylose was rec-

orded for ZP.434*B which was (31.095%) and minimum value was recorded by Sara 

which was (19.935%).  These values of amylose percentages are in accordance with 

[19] who found that the range of amylose was between 18-35% for studied normal 

starch. The percentage of amylose to amylopectin plays the most important role in ef-

fect of all physical and biochemical properties which the resistant starch formation 

completely depends on this ratio more than other studied measurements. 

Table (2): Some physiochemical properties of cornstarch extracted from studied corn 

genotypes 
Genotypes Amylose % Amylopectin % Granule size 

µm 

Sara 19.935 ±0.010j 80.078 ± 0.004a 13.126±0.001h 



Journal of Kerbala for Agricultural Sciences Issue (3), Volume (10), (2023) 

  

103 
 

Al Maha 24.113 ±0.012g 75.897 ± 0.001d 13.863±0.001c 

Fajr-1 20.140 ±0.002i 79.864 ± 0.002b 13.730±0.036d 

Bagdad-3 20.271 ±0.005h 79.735 ± 0.001c 12.795±0.001i 

ZP.434*A 26.669 ±0.005e 73.344 ± 0.004g 13.360±0.010f 

ZP.434*B 31.99 ±0.015a 68.910 ± 0.002j 13.317±0.001g 

MSI*B 29.531 ±0.025d 70.486 ± 0.001h 15.915±0.001a 

Dhqan 30.192 ±0.002b 73.811 ± 0.002e 13.520±0.010e 

Corpeto 29.944 ±0.003c 70.061 ± 0.002i 14.415±0.001b 

Dracma 26.319 ±0.002f 73.681 ±0.001g 13.370±0.010f 

Means with a different small letter in the same column are significantly different (P<0.05) 
 

     The importance of estimating the starch content of amylose and amylopectin comes 

from the fact that these two factors are the determinants of the starch crystal model, 

whether by the ratio of one to the other or by the type of structures that each of them 

will be, whether in the natural state or during thermal and chemical treatments. It is 

known that increasing the percentage of amylopectin to 99% will produce a waxy 

starch, and the crystal pattern will be different from that of natural starch [20, 21].  

 

Granule size means 

    There are differences among starch granules size that shown in Table (2). An average 

granule size mean’s varied from (15.915 µm) for MSI*B to (12.795 µm) for Bagdad-

3. Variation in starch granule size is influenced by both genetic composition and envi-

ronmental conditions, which significantly impact the quality of starch [22, 23]. Addi-

tionally, the shape and size of granules play a crucial role in the starch extraction in-

dustry, as they determine the mesh size of sieves used for application and purification 

[24]. Furthermore, starch granule size has a direct effect on water absorption, solubil-

ity, and swelling power [25]. Smaller starch granules, as mentioned by [26], tend to 

exhibit greater solubility and an increased capacity to absorb water. 

 

Gel consistency (mm)  

    Deferent letters in the figure refer to significant differences (p < 0.05) of gel con-

sistency values among various starches of corn genotypes that observed in Figure (1), 

which were recorded from 67 to 121 mm, despite of different values recorded in the 

results, all cultivars undergo to soft gel consistency and viscosity [10] which they re-

ported that the distance of gel flow (long  which is mean soft gel and short means hard 

gel) inversely correlated with the amylose content. Gel consistency is a measure of how 

likely gelatinized starch is to retrograde upon cooling. Amylose, with its linear form, 

tends to retrograde more readily than amylopectin within the starch. This difference 

arises from amylose's ability to readily form hydrogen bonds between molecules due 

to its straight chain structure. Starch gel formation primarily relies on swollen starch 
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granules that trap water in the granule's network [27]. As a result, the mechanical 

strength of starch gels is mainly influenced by the composition, granule characteristics, 

and molecular interactions with water [28]. 
 

 

     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (1): Gel consistency of ten cornstarch genotypes under the study. 

Means with a different small letter are significantly different (P<0.05) 
 

X-Ray diffraction 

     Figure (2) shows the X-ray diffract graph of starch samples, revealing a consistent 

A-type crystalline pattern across all starch samples. The pattern exhibits high-intensity 

peaks at specific Bragg's angles (2θ) approximately at 15.15°, 17.39°, 18.11°, and 

23.20°. This A-type crystalline structure is similar to that observed in other cereal 

starches, indicating the semi-crystalline nature of corn starches, as reported by [29]. 

Previous studies on corn starch X-ray diffraction, including [30], also confirmed the 

presence of the A-type pattern with strong reflections at 2θ around 15°, 18°, and 23°. 

The crystalline structure of starch indicates the absence of organized helices, and it is 

influenced by factors such as the chain length of amylose and amylopectin, as well as 

the arrangement of double helix chains, as stated by [31, 32]. Differences in the type-

A pattern are attributed to the chain length of amylopectin. Hizukuri [33] identified 

that in type-A crystalline pattern, amylopectin consists of a higher proportion of short 

chains (below DP 19), whereas in Type-B crystalline pattern, it comprises a higher 

proportion of longer chains (DP = 20 to 37). However, despite the amylopectin per-

centage ranging from 68.910 ± 0.002 to 80.078 ± 0.004, it does not have any significant 

effect on the crystallinity model of the tested cornstarch. 
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Figure (2): X-ray diffraction patterns of starches isolated from ten corn genotypes 
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    The research findings indicate that the variations in starch granule size and the pro-

portions of amylose and amylopectin observed in this study did not have a notable 

impact on the starch crystal model. Surprisingly, even the starch extraction processes 

employed did not significantly influence the type of crystal formed, despite some prior 

research suggesting that extraction processes might affect crystal type [20]. Conse-

quently, it can be inferred that the genetic factor plays a more crucial role in determin-

ing the crystal form compared to other factors investigated in this study. 
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