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Abstract: This article provides information about starch contained in corn, its importance in food production and human
health, and its applications in other industries. Additionally, the starch composition of two different corn samples, one
unprocessed and another soaked in water for a specific period, was studied and analyzed. For the experiment, corn samples were
ground and heated in a 50 ml measuring flask using a water bath to prepare a solution. The solution was then cooled, and NazMoOx
solution was added for clarification before filtering. The starch content in the filtrate was determined by measuring the polarization
angle using a polarimeter and applying a special formula. The results showed that the “Makkajuxori-1” sample contained 70.9%
starch in its unsoaked state, while the “Makkajuxori-2” sample, which was soaked in water at 26-30°C for 36 hours, contained
62.1% starch. Corn is considered a starch-rich plant among cereal grains, and the resistant starch in its composition is important
for human health. Regular consumption of corn in the daily diet plays a significant role in preventing various diseases. Moreover,
due to its rheological properties and high gelatinization characteristics, corn starch is widely used in the alcohol industry. It was
determined that after soaking corn in water for a certain period, the starch content in the grain decreased by 8.8%.

Keywords: Corn, resistant starch, amylase, gelatinization, acrolein, amylopectin, food, alcohol industry, polarimeter,
molybdate.

Introduction. Among all types of starch, corn (Zea mays L.) starch is considered a
valuable component in food production, accounting for over 80% of the global starch
market [1].

Achievements in obtaining starch from grain crops are very important, as this type
of starch constitutes 55-75% of the daily food consumed by humans and serves as the
main source of feed for domestic animals [2].

Like other cereal crops, the main component of corn grain is starch. It exists in the
form of starch granules of a certain size and shape, surrounded by a protein shell. The
granules are mainly composed of simple concentric layers, with a cavity in the center
from which star-shaped cracks radiate in different directions [3, 4].

From the perspective of specialists in the alcohol industry, the rheological
properties of starch and the phenomenon of gelatinization are of great interest. During
the process of starch gelatinization, the ability to double refract light in polarized
conditions, characteristic of natural granules, is lost. Therefore, the temperature at which
secondary light refraction completely disappears is used as the criterion for the
completion of gelatinization. This temperature is a characteristic feature of grain starches.
Corn grain is boiled at a much higher temperature regime because it absorbs water and
swells much slower than rye and wheat grain.
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Table 1. The starch content in grains of various cereal crops

Ne Grain type Amount of starch, %
1 Wheat 60-65

2 Rye 46-53

3 Barley 43-55

4 Corn 65-75

The gelatinization of corn starch begins at a relatively high temperature (65-75°C),
and the structure of corn grain endosperm is more robust than that of other grain crops.
This can also be observed from the fact that the endosperm forms the majority of the grain
in its cross-section (Figure 1).

Corn is a traditional starch-containing raw material for the alcohol industry. Corn
has significant advantages over other crops, especially due to the content of its main
valuable component - starch. However, processing this type of raw material is associated
with several difficulties due to the peculiarities of its biochemical composition,
particularly its high fat content. This component is a potential source of acrolein
formation in the mixture. Acrolein, even in small amounts, sharply deteriorates the
quality indicators of alcohol and reduces its grade. Furthermore, unlike wheat and rye
starch, corn starch undergoes a more difficult water-thermal and enzymatic processing.
For this reason, corn is traditionally processed under harsh conditions at alcohol plants.
This process involves boiling the mixture at high temperatures, allowing the starch to
dissolve [5, 6].

Starch consists of a mixture of amylose and amylopectin and is the most common
reserve carbohydrate found in corn kernels. The amounts of amylose and amylopectin
provide specific properties in food production and industrial applications. The starch
content in the endosperm of common corn is about 25% amylose and 75% amylopectin
[7].

The ratio of amylose to amylopectin is important for the structure and quality of
food and processed products. The amount of amylose determines the firmness of the
starch, while amylopectin is responsible for the formation of crystalline granules and the
thickening of the dough [8,9].
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Figure 1. Anatomy of corn grain
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The beneficial properties of resistant starch in corn have been thoroughly studied.
Consuming an average amount of corn starch (about 10 grams) per day can help reduce
blood glucose and insulin levels. Higher consumption of corn starch (20 grams per day)
improves digestive system health [10, 11].

Commercial corn varieties contain starch composed of 100% amylopectin.
Processing other commercial varieties allows for the production of starch with an
amylose mass fraction of up to 70%. These types of starch have different specific
properties: for example, starch from waxy corn, like traditional corn starch, transitions to
a gelatinous state, but forms gels with higher viscosity [12].

According to the Corn Refiners Association of the USA, starch obtained from grains
with a high mass fraction of amylose does not gelatinize even when boiled and possesses
high resistance properties [13].

Unlike glycemic starches, resistant starches do not break down in the human
gastrointestinal tract, but improve its peristalsis and are used by intestinal bacteria to
form short-chain fatty acids. These fatty acids can reduce the level of oncogenic molecules
that cause the development of rectal and colon cancer [14].

Resistant starch from corn (RS), also known as high-amylose corn, has various
health benefits. Corn endosperm contains 39.4 milligrams of RS per 100 grams [15, 16].

It is indigestible, and its consumption alters intestinal microflora, reduces
cholesterol levels and increases its excretion through the digestive system, increases
fermentation in the colon and production of short-chain fatty acids, and reduces
symptoms of diarrhea [17].

All of this reduces the risk of complications associated with colon cancer,
atherosclerosis, and obesity [18].

Its consumption affects cholesterol metabolism, reduces fat accumulation in the
body, thus lowering the risk of atherosclerosis, hyperlipidemia, diabetes, and obesity
[19].

Research methodology. For the study, two types of corn samples were taken to
determine the amount of starch in their composition: unprocessed (“Makkajuxori-1”) and
soaked in soda water for 36 hours (“Makkajuxori-2”).

The method for determining the mass fraction of starch in grain samples is applied
to products with a mass fraction of starch exceeding 10% [20]. The amount of starch is
determined by the polarimetric method through hydrolysis with a hydrochloric acid
solution.

Materials needed for analysis: A saccharimeter or polarimeter. A saccharometer or
polarimeter.

A laboratory mill that ensures the required degree of grinding. A wire mesh sieve
No. 08 according to TU 14-4-1374-86.

Hydrochloric acid according to GOST 3118-77, a solution with a mass concentration
of 11.24 g/dm?, for potato analysis - 3.77 g/dm?.

Potassium ferrocyanide according to GOST 4207-75, a solution with a mass
concentration of 150 g/dm?.
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Zinc sulfate according to GOST 3765-78, a solution with a mass concentration of 150
g/dm?.

Ammonium molybdate according to GOST 3765-78, solution with a mass
concentration of 100 g/dm?.

Sodium molybdate according to GOST 10931-74, a solution with a mass
concentration of 150 g/dm?.

Phosphotungstic acid, a solution with a mass concentration of 40 g/dm?.

Samples with moisture content above 17% are pre-dried in air or in one of the
following devices: a drying oven, a thermostat, or a laboratory drying apparatus, with an
air temperature not exceeding 50°C. The sample is thoroughly mixed, and all the ground
material is milled so that it passes through a No. 8 wire mesh sieve. The sample is
thoroughly mixed, and all the ground material is ground so that it passes through a mesh
sieve No. 8.

Simultaneously with the collection of samples for analysis, samples for moisture
determination are also taken. Moisture determination is carried out according to the
GOST adopted in the relevant field.

A 5 g sample with an error of no more than 0.01 g is taken from the analytical
sample, placed in a 100 cm? centrifuge tube, and 18 cm? of 10% ethanol solution is added
(when determining the mass fraction of starch in bran - 28 c¢m?® ethanol solution) and
mixed with a glass rod. The glass rod is rinsed with 2 cm? of ethanol solution. The
centrifuge tube is closed with a rubber stopper and vigorously shaken by hand for 2
minutes.

After shaking, the wall of the centrifuge tube and the rubber stopper are washed
with 25 cm? of ethanol. The sample is then centrifuged at 4000 rpm for 20 minutes, after
which the clear supernatant is discarded. 20 cmm? of hydrochloric acid is gradually added
to the residue, stirred with a glass rod until a suspension is formed, and transferred to a
100 cm? volumetric flask. The residue of the sample adhering to the wall of the centrifuge
tube and the glass rod is washed several times with a hydrochloric acid solution with a
mass concentration of 11.24 g/dm3 and poured into the volumetric flask; the total amount
of hydrochloric acid solution is 50 cm?.

The volumetric flask is immersed in a boiling water bath while constantly shaking.
The boiling process of the water bath should not be disturbed due to the immersion of
the volumetric flask: it should be kept as closed as possible using special sealing rings.
The volumetric flask is shaken for 3 minutes according to a stopwatch without lifting the
flask from the water bath. After that, the flask for all starch samples is held for 12 minutes
without shaking.

After a total of 15 minutes for all starch-containing samples, the flask is removed
from the bath and cold water is quickly added to about 10-15 cm? below the mark. The
liquid inside the flask is cooled to 20°C under running water. The protein substances in
the solution are precipitated by adding 2 cm? of potassium ferrocyanide solution (150
g/dm3) and after mixing, 2 cm? of zinc sulfate solution (150 g/dm?).
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The volumetric flask is then held at room temperature for 10-15 minutes, after which
it is allowed to settle for 10-15 minutes at room temperature and is filled to the mark with
distilled water, mixed, and allowed to settle for 5 minutes. In the absence of the two
mentioned reagents, 5 cm® of ammonium molybdate solution (100 g/dm3), or 5 cm?® of
phosphotungstic acid solution (40 g/dm?®), or 3 cm® of sodium molybdate solution (165
g/dm?3) are added to the flask to precipitate proteins and clarify the solution. When using
molybdates as protein precipitants, it is recommended to prevent sunlight from reaching
the reagents. The liquid inside the flask is filtered through a dry pleated filter into a dry
conical flask, discarding the first few drops of the filtrate. The polarimeter tube is filled
with the clear filtrate and the optical rotation is measured in the polarimeter. The angle
of rotation of the sample solution is measured 5 times in the polarimeter tube.

Before and after every second measurement, the polarimeter is checked for zero
setting. The average value of the 5 measurements serves as the initial value for further
calculations of the mass fraction of starch.

Results and discussion. 5.0 ¢ of ground corn is weighed on a technochemical
balance. The sample is placed in a 50 m! measuring flask (p=1.125 g/cm?), stirred in a water
bath for 3 minutes, and heated for 15 minutes. The starch in the sample transitions into a
solution upon heating. The flask is removed from the water bath, and distilled water is
added to cool it to 90 ml. To clarify the solution in the flask, 3 ml of 15% Na2MoOs solution
is added, then distilled water is added up to the flask's mark, mixed, and filtered. The
polarimeter tube is filled with the clear filtrate. It is placed in the polarimeter to measure
the angle of rotation of the polarized plane.

When using a circular scale polarimeter, the mass fraction of starch (X) in
percentages is calculated using the following formula:

X = (K xa)/0.3468,

Where: K is the transfer coefficient, which equals 1.9 for a tube length of 2 dm; a is
the reading on the saccharimeter or polarimeter scale (for a tube length of 1 dm, the
transfer coefficients K are multiplied by 2). The permissible differences (r) between the
results of two parallel determinations should not exceed the following values:

Metrological characteristics. The permissible differences (r) between the results of
two parallel determinations should not exceed the following values:

r=0.03 +0.04 x X,

Where X: is the arithmetic mean of two parallel determinations. However, the
absolute difference in starch content in the sample should not exceed 0.5%.

The permissible difference between the measurement results of two different
laboratories should not exceed the following values:

R=0.05+0.06 x X,

Where X: is the average value of the results of measurements conducted in two
different laboratories. However, the absolute difference in starch content in the product
should not exceed 1.2%.
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Table 2. Amount of starch detected in two different samples

No Samples Starch amount, %
1 “Makkajuxori-1” 70,9
“Makkajuxori-2” 62,1

The decrease in starch content within the grain can be explained by the hydrolysis
of starch due to water penetration into corn kernel cells and the activation of enzymes
during soaking in soda water. During the hydrolysis process, starch molecules break
down into glucose and maltose.

Conclusion. The rich starch content of corn has made it a primary source of raw
materials in the global food and alcohol industries. The high proportion of amylose and
amylopectin, which are the main components of corn kernel starch, determines the
specific characteristics of its use in food production and industrial applications as a
valuable carbohydrate reserve. Furthermore, including corn starch in the diet serves as
an important factor in preventing diseases such as diabetes, colon cancer, obesity,
diarrhea, and atherosclerosis due to its resistant starch content. It was found that during
the process of soaking corn at a temperature of 26-30°C for 1.5 days, the amount of starch
in the grain decreased by almost 9%. This decrease can be attributed to the reduction of
starch content for energy production in the organism, with sugars and other
carbohydrates taking its place.
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