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SUMMARY

Maize is one of the most important agricultural crops due to its adaptability
and a wide use in the food industry, animal-feed industry, and in other sectors of
the economy. This paper compared the nutritional composition of hybrid and tradi-
tional maize varieties (the white and the red maize) under the influence of different
drying methods. The samples dried in a fluidized-bed dryer and a vacuum dryer at
the temperatures of 60, 70, and 80°C were analyzed. The nutritional properties were
determined by the content of protein, starch, fat, and the proportion of the elements
such as carbon (C), hydrogen (H), nitrogen (N), oxygen (O), and sulfur (S). These
elements’ analysis helps to optimize animal nutrition, increase the utilization of nu-
trients, and improve production results (milk, meat, and eggs). The study results
indicate that the nutritional properties are better preserved during a vacuum dry-
ing (VD), while the maize dries faster in a fluidized bed. The hybrid maize released
moisture faster than the conventional varieties. After the vacuum drying, the higher
levels of carbon (C), hydrogen (H), nitrogen (N), and sulfur (S) were detected, while
a decrease in the protein content was mainly influenced by a higher temperature.
The most favorable treatment for protein preservation was the vacuum drying at
60°C, while the highest percentage of starch was established after the vacuum dry-
ing at 70°C. The fat content was highest after drying in a fluidized bed at 70°C and
the lowest after the vacuum drying at 80°C.
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INTRODUCTION

Maize (Zea mays L.) is one of the most impor-
tant agricultural crops in the world and plays a key
role in the food industry and as animal feed (Rouf
Shah et al., 2016). Its nutritional composition varies
according to variety, growing conditions, and pro-
cessing methods, which has a direct impact on its
nutritional value and uses (Augustin et al., 2016).
The main maize components include moisture, pro-
teins, starch, and fats, while its elemental composi-
tion consists of carbon, hydrogen, oxygen, nitrogen,
and sulfur, which determine the nutritional and en-
ergy properties of the grain (Ashogbon, 2022). The
maize’s moisture content is particularly important,
as it influences stability during storage and sus-
ceptibility to spoilage (Matin et al., 2007). A protein
composition is also important for animal nutrition,
with the varieties with a higher protein content, such
as the white maize, having an advantage when feed-
ing poultry and pigs (Stein et al., 2016). On the other
hand, the red maize, which contains most starch,
is a valuable source of energy. The hybrid maize,
with a balanced composition of proteins, starch,
and fats, can serve as a universal option for different
nutritional needs (Poole et al., 2021). In addition to
the variety itself, the drying methods play an impor-
tant role in the maintenance of maize’s nutritional
properties (Matin et al., 2021). A fluidized-bed dry-
ing (FBD) and a vacuum drying (VD) are used to
extend the maize’s shelf life and adapt its nutritional

properties to the end consumer (Sivakumar et al.,
2016). Temperature fluctuations, however, can exert
different effects—the higher temperatures increase
the protein content in some cases, while they lead
to its decrease in other cases. The fat content is less
sensitive to temperature fluctuations, but a slight
reduction is observed at the higher temperatures
(Hansen et al., 2004). The maize’s elemental com-
position can also be changed, depending on the
drying conditions, with the white maize generally
containing most carbon and nitrogen (Liu, 2011).
In this paper, the nutrient and elemental composi-
tion of different maize varieties and the influence of
a drying process and temperature on the change
of their chemical properties were investigated. The
aim of the research was to determine the optimal
processing conditions to preserve the maize’s nutri-
tional value, with a focus on its use in animal nutri-
tion and its potential industrial benefits.

MATERIALS AND METHODS

The study was conducted in 2023 and three
maize hybrids/varieties were used — the hybrid
maize and the white and red maize varieties grown
in Zagreb County. The analyses were first conduct-
ed on the raw samples and then on the samples
dried at three different temperatures, at 60, 70,
and 80°C, respectively, to a maize-grain equilibrium
moisture content amounting to 14%. Drying was
performed in two ways, as a fluidized-bed drying

Table 1 The content of the researched parameters of hybrids and the white and red maize in a natural state (%)

Tablica 1. Sadrzaj istrazivanih parametara hibrida, bijeloga i crvenog kukuruza u prirodnome stanju (%)

Researched parameters Hybrid White Red P value
Istrazivani parametri Hibrid Bijeli Crveni p vrijednost

Moisture / Vlaga 24.13 = 0.93? 2491 = 1.292 23.97 = 0522 0.237
Proteins / Bjelancevine 5.40 + 0.012 7.83 + 0.782 7.017 = 0.91° 0.033
Starch / Skrob 43.59 = 0.09° 39.68 + 0.47° 44.77 = 0.06° 0.009
Fats / Masti 4.56 + 0.022 4.12 = 0.01° 4.23 = 0.022 0.021
Carbon (C) / Ugljik (C 32.78 + 0.14° 33.35 + 0.30° 33.47 + 0.17° 0.042
Hydrogen (H) / Vodik (H) 5.43 + 0.31° 5.48 + 0.50° 5.48 + 0.90° 0.871
Nitrogen (N) / Dusik (N) 0.86 + 0.022 1.25 = 0.13° 1.12 = 0.15% 0.018
Oxygen (O) / Kisik (O) 60.91 = 0.112 59.90 + 0.36° 59.91 = 0.23° 0.027
Sulfur (S) / Sumpor (S) 0.03 + 0.022 0.02 = 0.012 0.02 + 0.012 0.523

The mean values + the SD values marked with an identical letter are not significantly different (p < 0.05).
Srednije vrijednosti = SD vrijednosti oznacene identi¢nim slovom znacajno se ne razlikuju (p < 0.05.).
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and as a vacuum drying. The nutrient-composition
analyses were executed prior and subsequent to
the drying process. The standard methods were
applied to determine the moisture content in a labo-
ratory oven (Memmert UN55plus, Germany; HRN
ISO 712:2010), protein content by the Kjeldahl
digestion (Behr Labor-Technik, Germany; HRN
EN ISO 20483:2014), total starch by a polarimeter
(Kriss, P3001, Germany; HRN ISO 10520:2021),
fat using the Soxhlet extractor R 304 (Behr Labor-
Technik GmbH, Germany; HRN ISO 6492:2001),
and the content of carbon, hydrogen, nitrogen, oxy-
gen, and sulfur elements using a Vario Macro CHNS
analyzer (Elementar Analysensysteme GmbH, Ger-
many; HRN EN ISO 16994:2016; HRN EN ISO
16993:2016). In this study, a total of 64 maize-
grain samples were analyzed, including both the
raw and the treated samples, subjected to the differ-
ent drying methods and temperatures.

Subsequent to a laboratory test, the data ob-
tained were statistically analyzed using the Statistics
program, version 9.4. (SAS Institute Inc. 2023). The
statistical analysis included the calculation of the
mean value and the standard deviation.

RESULTS AND DISCUSSION

The Tables 1 to 4 show the nutrient composition
of hybrid and the white and the red-grain maize ap-
plying the different drying treatments.

Table 1 analyzed the nutritional parameters
such as moisture, protein, starch, and the fat con-
tent, as well as the elemental composition (C, H,
N, O, and S). Statistically significant differences are
illustrated by the different letters in a column accor-
ding to Tukey’s post hoc HSD test. It is known that
the moisture content in the samples influenced the
storage and spoilage of food. The white maize had
the highest moisture content (24.91%), whereas the
red maize had the lowest (23.97%) one. Proteins
are crucial for the animal growth and development.
The white maize had the highest protein content
(7.83%), making it more suitable for feeding the
animals with the higher protein requirements (e.g.,
poultry, pigs, etc.), while the hybrid maize had the
lowest protein content (5.40%). Starch is the main
source of energy, and the red maize contained the
most of it (44.77%), making it the most energy-rich
maize type, in contrast with the white maize, which
contained the least starch (39.68%). Fats are anoth-
er source of energy, and their content was similar
in all species, with the white maize containing the
least of it (4.12%; Ortiz-Islas et al., 2019). C, H, and
O form a basis for the organic compounds, such as
the carbohydrates and fats, which are crucial for the
food’s energy value (BeMiller, 2018). N is an indi-
cator of protein content, and a higher value means
more protein (the highest value was in white corn,
1.25%; Adeyeye et al., 2021). S is essential for the
amino acid composition (cysteine and methionine),
and the lowest level was discovered in the red maize

Table 2 The protein content of the hybrid and of the white and red maize subsequent to a fluidized-bed and

vacuum drying (%)

Tablica 2. Sadrzaj bjelancevina hibrida, bijeloga i crvenog kukuruza nakon susenja u fluidnome sloju i pri podtlaku (%)

Temperature Hybrid White Red
Temperatura Hibrid Bijeli Crveni
Fluidized-bed drying / Susenje u fluidnome sloju
60°C 5.72 + 0.16° 8.92 +0.63° 7.54 = 0.162
70°C 5.92 = 0.20? 8.69 + 0.28° 7.89 = 0.15?2
80°C 6.44 = 0.912 8.31 = 0.112 7.10 = 0.07°
Vacuum drying / Sus$enje pri podtlaku
60°C 6.43 = 0.222 10.86 + 0.99° 8.46 + 0.012
70°C 5.90 = 0.222 8.14 £ 0.17° 8.07 = 0.04
80°C 6.07 = 0.262 8.67 + 0.55° 7.67 = 0.122

The mean values + the SD values marked with an identical letter are not significantly different (p < 0.05).
Srednje vrijednosti + SD vrijednosti oznacene identi¢nim slovom znacajno se ne razlikuju (p < 0,05).
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(Wang, 2023). Based on the abovementioned facts,
it can be concluded that the white maize, in its nat-
ural state, was the best choice for the animals re-
quiring a higher protein intake, the red maize was
the most energy-rich type, suitable for the animals
with the high energy requirements, while the hybrid
maize had a balanced composition and could be a
good universal choice.

Table 2 presents the protein content (%) in the
hybrid, white, and red maize subsequent to dryingin
a fluidized bed and under a vacuum at the tempera-
tures of 60, 70, and 80°C. In the columns, the statis-
tically significant differences are indicated using the
different letters according to Tukey’s post hoc HSD
test. A fluidized-bed drying shows that the protein
content of the hybrid maize increased with an in-
creasing temperature, from 5.72% at 60°C to 6.44%
at 80°C (Nwadi et al., 2023). The white maize had
the highest protein content among the samples, but
it decreased with an increasing temperature, from
8.92% at 60°C to 8.31% at 80°C. A fluctuation was
observed in the red maize as the content increased
to 7.89% at 70°C and then decreased to 7.10% at
80°C. Drying under a negative pressure manifested
slightly different trends. For the hybrids, the pro-
tein content fluctuated between 5.90 and 6.43%,
with no clear incremental or decremental trend.
The white maize had the highest protein content at
60°C (10.86%), but it dropped to the similar values
as in the fluidized bed at higher temperatures. For
the red maize, the values varied between 7.66 and
8.46%, with a slight increase at 70°C. In general,
the results demonstrate that a temperature and the

drying methods influenced the protein content, with
a tendency toward a protein reduction at the higher
temperatures, especially with regard to the white
and the red maize. In some cases, vacuum drying
led to a higher protein content than a fluidized-bed
drying, which might be a consequence of a lower
thermal stress and the preservation of protein struc-
tures (Schuck et al., 2013).

Table 3 illustrates the fat content (%) in the hy-
brid, white, and red maize subsequent to a fluidized-
bed and vacuum drying at different temperatures
(60, 70, and 80°C, respectively). The statistically
significant differences are identified by the different
letters in a column according to Tukey’s post hoc
HSD test. A fluidized-bed drying proved that the fat
content in the hybrids was between 4.57 and 4.58%,
in the white maize between 4.23 and 4.24%, and in
the red maize between 4.36 and 4.39%. The results
exhibited minimal fluctuations in the fat content with
an increasing temperature. A vacuum drying led to
the slightly lower fat-content values if compared with
a fluidized-bed drying (Zielinska et al, 2013). The fat
content in the hybrids was between 4.51 and 4.52%,
in the white maize between 4.01 and 4.09%, and in
the red maize between 4.16 and 4.21%. With an in-
creasing temperature, a slight decrease in the fat
content could be observed, especially in the white
and the red maize. The results confirmed that a dry-
ing process and the temperatures exerted a certain
influence on the fat content, with a drying under a
negative pressure leading to the slightly lower val-
ues when compared with a drying in a fluidized bed
(Manju et al., 2021).

Table 3 The fat content of the hybrid and of the white and red maize subsequent to a fluidized-bed and vacuum

drying (%)

Tablica 3. Sadrzaj masti hibrida, bijeloga i crvenog kukuruza nakon susenja u fluidnome sloju i pri podtlaku (%)

Temperature / Temperatura Hybrid / Hibrid White / Bijeli Red / Crveni
Fluidized-bed drying/ Susenje u fluidnome sloju
60°C 4.57 + 0.032 4.23 + 0.022 4.36 + 0.022
70°C 4.58 + 0.012 4.24 = 0.01° 4.39 + 0.042
80°C 4.57 + 0.022 4.23 + 0.02° 4.37 = 0.012
Vacuum drying / SuSenje pri podtlaku
60°C 4.52 + 0.022 4.09 + 0.02° 4.21 = 0.022
70°C 4.51 £ 0.212 4.05 = 0.01° 4.18 = 0.02°
80°C 4.50 + 0.022 4.01 = 0.02° 4.16 = 0.03°

The mean values + the SD values marked with an identical letter are not significantly different (p < 0.05).
Srednije vrijednosti + SD vrijednosti oznacene identi¢nim slovom znacajno se ne razlikuju (p < 0,05).
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Table 4 illustrates the elemental composition of
grains —that is, the content of C, H, N, O, and S (%)
in the hybrid and in the white and red maize subse-
quent to drying in a fluidized bed and under vacuum
at the temperatures of 60, 70, and 80°C. The statisti-
cally significant differences are identified by the dif-
ferent letters in a column according to Tukey’s post
hoc HSD test. In a fluidized-bed drying, a carbon

content varied between 37.51 and 39.27%, with the
white maize having the highest percentage, while
the hybrid maize and the red maize had similar val-
ues. A hydrogen content remained relatively stable
(approximately 6.2-6.4%), without significant varia-
tions between the samples and temperatures, while
a nitrogen content was highest in the white maize
(up to 1.43%) and the lowest in the hybrid maize

Table 4 The carbon content of the hybrid and of the white and red maize subsequent to a fluidized bed and vacuum

drying (%)

Tablica 4. Sadrzaj ugljika hibrida, bijeloga i crvenog kukuruza nakon susenja u fluidnome sloju i pri podtlaku (%)

Temperature Carbon (C) Hydrogen (H) Nitrogen (N) Oxygen (O) Sulfur (S)
Temperatura Ugljik (C) Vodik (H) Dusik (N) Kisik (O) Sumpor (S)
Fluidized bed drying / SuSenje u fluidnome sloju
60°C
Hybrid/ Hibrid 37.51 + 0.207 6.23 = 0.022 0.92 + 0.03° 55.34 + 0.18% 0.01 = 0.01°
White/ Bijeli 39.27 + 0.222 6.43 = 0.172 1.43 + 0.10% 52.85 + 0.242 0.02 = 0.01°
Red/ Crveni 38.12 £ 0.132 6.27 = 0.08° 1.21 + 0.262 54.39 + 0.16% 0.02 = 0.01°
70°C
Hybrid/ Hibrid 37.82 £ 0.272 6.29 = 0.012 0.95 = 0.03° 54.93 + 0.26* 0.16 = 0.012
White/ Bijeli 37.71 = 0.072 6.34 = 0.03?2 1.39 = 0.052 53.54 = 0.15? 0.17 = 0.012
Red/ Crveni 38.35 = 0.262 6.27 = 0.052 1.26 = 0.04° 54.10 = 0.322 0.16 = 0.012
80°C
Hybrid/ Hibrid 37.52 = 0.032 6.24 = 0.082 1.08 = 0.15° 55.20 = 0.20? 0.14 = 0.012
White/ Bijeli 38.90 = 0.06a 6.33 = 0.882 1.33 £ 0.172 53.40 + 0.012 0.36 + 0.022
Red/ Crveni 37.68 = 0.352 6.27 = 0.322 1.14 = 0.112 54.91 = 0.522 0.15 = 0.022
Vacuum drying / Susenje pri podtlaku
60°C
Hybrid/ Hibrid 38.61 = 0.062 6.31 = 0.072 1.08 = 0.04° 54.03 = 0.072 0.17 = 0.012
White/ Bijeli 38.40 = 0.112 6.24 = 0.042 1.74 = 0.022 53.57 = 0.16? 0.02 + 0.02°
Red/ Crveni 38.02 = 0.022 6.31 = 0.022 1.35 = 0.022 54.29 = 0.18?2 0.02 + 0.02°
70°C
Hybrid/ Hibrid 37.16 = 0.072 6.15 = 0.052 0.94 + 0.04° 55.73 = 0.64? 0.17 = 0.012
White/ Bijeli 37.60 = 0.3122 6.24 = 0.0212 1.30 = 0.032 6.24 = 0.212 0.02 + 0.02°
Red/ Crveni 38.39 = 0.33 6.29 = 0.052 1.29 = 0.07° 54.01 = 0.382 0.02 + 0.01°
80°C
Hybrid/ Hibrid 38.03 + 0.06° 6.275 + 0.0122 0.97 + 0.04° 54.71 = 0.08? 0.01 = 0.01°
White/ Bijeli 38.76 + 0.330° 6.38 + 0.022 1.39 + 0.09% 53.46 + 0.35% 0.02 + 0.02°
Red/ Crveni 38.54 + 0.397 6.251 + 0.032 1.23 + 0.022 53.97 = 0.392 0.02 + 0.03°

The mean values + the SD values marked with an identical letter are not significantly different (p < 0.05).

Srednije vrijednosti + SD vrijednosti oznacene identi¢nim slovom znacajno se ne

razlikuju (p < 0,05.)
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(approximately 0.92-1.03%). An oxygen content de-
creased slightly with a temperature in the white and
the red maize, while it remained relatively stable in
the hybrid maize (Majamanda et al., 2022). A sul-
fur content was very low and lay between 0.01 and
0.36%, although there was no evident trend in rela-
tion to a temperature.

A vacuum drying led to different results, and,
in general, a carbon content was slightly higher
when compared with a fluidized-bed drying, with
the highest values recorded in the white maize (Ji-
moh et al., 2023). The hydrogen content remained
stable across all samples and conditions, ranging
from 6.2 to 6.4%. The highest nitrogen content was
measured at 60°C in the white maize (1.74%), while
the hybrid samples had the lowest values (around
0.94-1.03%). A slightly higher oxygen content was
observed in the hybrids at 70°C (55.73%), while the
white maize had the lowest oxygen content at 80°C
(53.46%). The sulfur levels were low and stable, with
slight variations (0.01%-0.02%).

CONCLUSION

Based on the analysis, it can be concluded that
the nutrient composition of maize varied greatly,
depending on a variety, drying method, and tem-
perature. The white maize had the highest protein
content and was therefore suitable for feeding the
animals with the higher protein requirements, while
the red maize had the highest starch content and
was best suited as an energy source. The hybrid
maize had a balanced composition and could be
used universally. Drying affected a nutritional value:
a drying temperature in a fluidized-bed process in-
creased the hybrid maize’s protein content, while
a protein content of the white and red maize de-
creased at the higher temperatures. In some cases,
the proteins were better preserved by a vacuum
drying due to a lower thermal stress. A fat content
decreased slightly at the higher temperatures, and a
vacuum drying led to the slightly lower values when
compared with a fluidized-bed drying. The elemen-
tal composition manifested slight changes, with the
white maize containing the most carbon and nitro-
gen. The results substantiate that the choice of a
drying process is crucial for the maintenance of nu-
tritional properties and that an optimal process de-
pends on the desired properties of a final product.
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SAZETAK

Kukuruz je jedna od najvaznijih poljoprivrednih kultura zbog svoje prilagodliji-
vosti i Siroke primjene u prehrambenoj industriji i drugim sektorima gospodarstva.
U radu se usporeduje nutritivni sastav hibridnih i tradicionalnih sorata kukuruza
(bijeli i crveni) pod utjecajem razli¢itih nacina susenja. Analizirani su uzorci suseni
u susari s fluidiziranim slojem i vakuumskoj susari na temperaturama od 60, 70 i
80 °C. Hranjiva svojstva odredena su sadrzajem bjelancevina, $kroba, masti te
udjelom elemenata ugljika (C), vodika (H), dusika (N), kisika (O) i sumpora (S).
Analiza ovih elemenata pomaze optimizirati hranidbu Zivotinja, povecati iskoristivost
hranjivin tvari i poboljSati proizvodne rezultate (mlijeko, meso, jaja). Rezultati
istraZivanja pokazuju da se nutritivna svojstva bolje ¢uvaju tijekom vakuumskoga
suSenja (suSenja pri podtlaku), dok se kukuruz brze susi u fluidiziranome sloju.
Hibridni kukuruz brZe je oslobadao vlagu od konvencionalnih sorata. Nakon susenja
u vakuumu utvrdene su vece razine ugljika (C), vodika (H), dusika (N) i sumpora
(S), dok je na smanjenje udjela bjelanéevina najviSe utjecala visa temperatura.
Najpovoljniji tretman za o€uvanje bjelancevina bilo je suSenje u vakuumu na 60 °C,
dok je najveci postotak Skroba utvrden nakon susenja u vakuumu na 70 °C. Sadrzaj
masti bio je najveci nakon susenja u fluidiziranome sloju na 70 °C, a najmaniji nakon

suSenja u vakuumu na 80 °C.

Klju¢ne rije€i: kukuruz, hibridi, tradicionalne sorte, hranjiva vrijednost, susenje
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