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Abstract

Rapeseed (Brassica napus) stands as one of the preeminent oil-bearing crops globally, attributable to its elevated seed
oil concentration, robust hybrid production capabilities within the extant crop, and its versatile applications. The advent
of erucic acid and glucosinolate-free hybrids has significantly broadened the utility of rapeseed-derived cakes and meal,
characterized by a substantial protein content ranging from 38% to 41.9%. This study aimed to elucidate the impact of
mineral fertilizer type on the protein content of both rapeseed and its resultant meal. Three distinct mineral fertilizers
were tested in the experiment: E34 (10:24:0 + 0.1Zn + 0.1Br + 20 SO3), DAP (18:46:0), and the 20:20:0 fertilizer type.
The findings unequivocally underscored the discernible impact of fertilizer type on the protein content of rapeseed seeds.
Notably, the protein content ranged from 19.80% in the 20:20:0 fertilization variant to 22.04% in the E34 fertilization
variant. Similarly, the protein content of the resultant meal exhibited variance, oscillating between 38.07% in the 20.:20:0
fertilization variant and 39.81% in the E34 fertilization variant. These outcomes accentuate the pivotal role of mineral

fertilization in modulating the nutritional composition of rapeseed and its derivatives.
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INTRODUCTION

According to the US Department of
Agriculture/Foreign ~ Agricultural ~ Service
(USDA/FAS, 2018/19), rapeseed meal is the
second largest global production of protein
meals in the world, following soybean meal
(Gherasimescu et al., 2023). The emergence of
erucic acid-free and glucosinolate - free
rapeseed hybrids has expanded the use of
rapeseed for fodder in cattle feed, being an
important source of proteins and amino acids
that stimulate lactation, and more recently in
human nutrition as a source of plant protein due
to its special fatty acid composition (Batrina et
al., 2021; Suvet et al., 2021; Dziekanski et al.,
2022; Sitnicki et al., 2024).

Rapeseed-based feeding is the most important
source of non-GMO proteins in Europe and is
very important for dairy and meat producers in
meeting the market demand for non-GMO
products (Gofferje et al., 2015; Reichert et al.,
2020; Schafer et al., 2018; Batrina et al., 2020).
Another use of the cakes resulting from oil
extraction is to produce natural fertilizers (Suvet
et al., 2023).
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Many studies (Sanchez-Vioque et al., 2001;
Chang and Nickerson, 2014, 2015; Jang et al.,
2011; Shin et al., 2011; Bandara et. al., 2017,
Zhang et al., 2018; Fetzer et. al. 2019; He et al.,
2019;) mention the use of rapeseed proteins for
use in the production of adhesives, polymers,
adhesives, and lubricants.

This study aimed to elucidate the impact of
mineral fertilizer type on the protein content of
both rapeseed and its resultant meal.

MATERIALS AND METHODS

The study examining the impact of various
mineral fertilizers on the protein content of
rapeseed seeds and meal was carried out on
cambic chernozem soil. This research also
explored how different fertilization levels
interact with the specific climatic conditions
experienced during 2021-2022 at the
Educational Station of the University of Life
Sciences 'Regele Mihai I' from Timisoara. The
experiment was focused on the influence of
three types of mineral fertilizers, namely: E34
(10:24:0 + 0.1Zn + 0.1Br +20 SOs3), DAP
(18:46:0) and fertilizer type 20:20:0. The



fertilizers were applied fractionally: 200 kg for
preparing the germination bed and 200 kg in
spring. The used rapeseed hybrid was Astronom.
The preceding plant was autumn wheat.

In order to assess the protein content, rapeseed
meal and seeds were first defatted, then proteins
were extracted using a strong alkali solution,
followed by hydrolysis to break down proteins
into amino acids. These amino acids are
derivatized using phenyl isothiocyanate to form
volatile derivatives suitable for GC-MS
analysis. The total protein content was estimated
by quantifying these derivatives using
calibration curves based on standard proteins.

RESULTS AND DISCUSSIONS

The study of seed protein content [8.5%
moisture|

The data regarding the protein content in seeds,
presented in Table 1 and Figure 1, indicate that
it ranged from 19.80% in the fertilization variant
a3 (20:20:0) to 22.04% in the fertilization
variant al (E34). The average protein content
recorded for the experiment was 20.63%. Com-
pared to the experiment's average, the al ferti-
lization variant registered an increase of 1.42%,
a difference statistically marked as highly
significant. The protein content in the case of a3
fertilization level was 0.83% below the experi-
ment's average, recording a negative increase,
statistically significant in a negative sense.
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Figure 1. Variation of seed protein content
in the 3 types of fertilization (factor A)

In conclusion, factor A (type of fertilization) has
a significant action on protein synthesis; among
the three levels of fertilization followed in the
experiment, there are significant differences
regarding the protein content.
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Table 1. Protein content in the seed, depending on the
type of fertilization

Factor A Protein (%) Diff. Signif.
al - E34 22.04 1.42 HHK
a2 - DAP 20.04 0.59 ns
a3 - 20:20:0 19.80 0.83 0

Average 20.63 Mt

DL 5% = 0.75 %; DL 1% = 1.02; DL 0.1% = 1.40

The protein fluctuations from one level of
fertilization to another are significant.

The protein content decreases with the level of
fertilization, showing a descending trend.
Protein content varies between 22% and 19.8%.
The differences between fertilization levels are
highly significant (p<0.00).

The protein content in seeds, based on the
experimental year, is presented in Table 2 and
Figure 2.
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Figure 2. Yearly variation of protein content in seeds
[factor B]

Table 2. Protein content in seed by experimental year

Factor B Protein (%) Diff. Signif.
bl -2019 22.24 1.61 Hrk
b2 - 2020 20.20 -0.43 ns
b3 -2021 19.44 -1.18 **
Average 20.63 mt

DL 5% =0.75 %; DL 1% =1.02; DL 0.1% = 1.40

Beyond the level of mineral fertilization, the
protein content in seeds is also influenced by
climatic conditions, namely temperature and
humidity during the fruiting period. As a result,
the protein content in the experimental cycle
from 2019 to 2021 ranged from 19.44% in 2021
to 22.24% in 2019, a year characterized by very
high temperatures and a lack of moisture.
Therefore, compared to the experiment's
average of 20.63%, in 2019 the protein content
exceeded the control value by 1.61%, a
difference statistically assured as highly
significant. The protein content in 2020



registered a value roughly equal to the
experiment's average.

In years with a precipitation deficit during the
fruiting period, the protein content was higher,
but seed production was lower. In conclusion,
we can state that factor B (year) has a highly
significant impact, the difference between
production years being highly significant. The
annual fluctuations in protein content are highly

significant (meaning they are
assured at the 0=0.001% level).

The protein content in seeds resulting from the
interaction of the factors fertilization level x
experimental year (A x B) and the significance
of the content differences compared to the
control are presented in Table 3 and Figure 3.

statistically

Table 3. Protein content in seed obtained from the interaction between A x B
and the significance of the production differences compared to the control

Factor A (fertilization)
Factor B al - E34 a2 - DAP a3 - 20:20:0
(year) protein Diff. Signif protein Diff. | Signif. protein Diff. Signif.

% [%] . % [%] % [%]
bl -2019 23.74 3.11 HAx 21.71 1.08 ns 21.27 0.64 ns
b2 - 2020 21.78 1.15 ns 19.72 -0.91 ns 19.10 -1.53 0
b3 - 2021 20.62 -0.01 ns 18.68 -1.95 ns 19.03 -1.60 0
Average 20.63

DL 5% = 1.295%; DL 1% = 1.774% DL 0.1% = 2.418%

Regardless of the experimental year, the protein
content in seeds shows a descending trend
relative to the level of fertilization (from E34 to
20:20:0), except for the year 2021, which has a
descending trend from al to a2, and from a2 to
a3, the trend is ascending.
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Figure 3. Variation in protein content
(A x B interaction)

The contribution of factors A (fertilization), B
(year), and the interaction AXxB to the
achievement of protein content in rapeseed is
presented in Figure 4.

Factor A (fertilization) contributes to the
achievement of production by 35.73%, factor B
(year) contributes 49.22%, and the interaction A
x B contributes 1.61%. Therefore, the greatest
contribution comes from factor B(year),
followed by factor A (fertilization) and the
interaction A x B.
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Figure 4. Contribution of factors A (fertilization),
B (year) and A x B interaction

The protein content in meal [12% moisture]

The protein content in meal is presented in Table
4 and Figure 5. The obtained data indicate that it
ranged from 38.07% in the fertilization variant
a3 (20:20:0) to 39.81% in the fertilization
variant al (E34).

Table 4. Protein content in meal, depending
on the type of fertilization

Factor A Protein (%) Diff. Signif.
al - E34 39.81 1.00 ns
a2 - DAP 38.55 -0.26 ns
a3 - 20:20:0 38.07 -0.74 ns

Average 38.81 Mt

DL 5% = 1.20 %; DL 1% = 1.65; DL 0.1% = 2.25

These results confirm the exceptional value of
the meal obtained from oil extraction as fodder,
considering that the Astronom hybrid is free
from erucic acid and glucosinolates, and the
resulting fodder contains approximately 38%
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protein. Depending on the experimental year,
the protein content in the meal (Table 5 and
Figure 6) varied according to climatic conditions
from 37.68% (in 2021) to 40.27% (in 2019).
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Figure 5. Protein content variation in meal across the
three types of fertilization (factor A)

The protein content decreases with the level of
fertilization; the two variables are inversely
proportional. The evolution of protein content is
descending. The protein content varies between
39.8% (al), 38.5% (a2), and 38% (a3). The
differences between the levels of fertilization are
significant (p = 0.02, i.e., p<0.05).

The protein content in meal depending on the
experimental year is presented in Table 5 and
Figure 6. From the data analysis, it is observed
that it is directly correlated with the protein
content in the seed.

Table 5. Protein content in meal by experimental year

[Factor B]

Factor B Protein (%) Diff. Signif.
bl -2019 40.27 1.46 HHk
b2 - 2020 38.48 -0.33 ns
b3 - 2021 37.68 -1.13 Hx
Average 38.81 mt

DL 5% =1.20 %; DL 1% = 1.65; DL 0.1% = 2.25

The highest protein content, around 40.3%, was
obtained in bl (year 2019) — class B, a content
that significantly differs from the protein content
obtained in b2 (year 2020) and b3 (year 2021).

F(2, 18)=10.692, p=.00087
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Figure 6. Yearly variation of protein content
in seeds (factor B)

The protein content in the meal under the
interaction of experimental factors, fertilization
and year, is presented in Table 6 and Figure 7.

Table 6. Protein content in meal obtained from the interaction between A x B
and the significance of the production differences compared to the control

Factor A (fertilization)
Factor B al - E34 a2 - DAP a3 - 20:20:0
(year) protein Diff. | Signif protein Diff. | Signif. protein Diff. | Signif.

% [%] ] % [%] % [%]
bl -2019 41.69 2.88 ok 40.62 1.81 ns 38.51 -0.30 ns
b2 - 2020 39.19 0.38 ns 37.87 -0.94 ns 38.37 -0.44 ns
b3 - 2021 38.54 -0.27 ns 37.17 -1.64 ns 37.34 -1.47 ns
Average 38.81 %

DL 5% =2.09%; DL 1% = 2.86% DL 0.1% = 3.90%

Compared to the control — the average of the
experiment, only at al variant in the year 2019,
was there a significantly distinct difference in
the protein content in the meal, while for the
other wvariants, the differences were not
significant. Regardless of the production year,
the highest protein content was obtained at the
fertilization level al, and the lowest protein
content was achieved at the fertilization level a3.
The protein contents obtained at al, over the
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three production years, varied between 41.7%
and 38.5%, and those from a3 varied between
38.5% (b1), 38.4% (b2), and 37.3% (b3).

The contribution of factors A (fertilization), B
(year), and the interaction A x B to achieving the
protein percentage in the meal is presented in
Figure 8. Factor A (fertilization) contributes to
the production by 18.06%, factor B (year)
contributes 39.54%, and the interaction AxB
contributes  9.2%. Therefore, the greatest



contribution comes from factor B (year),
followed by factor A (fertilization) and the
interaction A x B.
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Figure 7. Meal protein content variation
(A x B interaction)
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Figure 8. The contribution of factors A (fertilization),
B (year), and the interaction A x B
to the protein content in the meal

CONCLUSIONS

The protein content in seeds fluctuated between
19.80% for the fertilization variant with the
20:20:0 type of fertilizer and 22.04% for the E34
fertilization variant. The average protein content
recorded for the experiment was 20.63%, a
value close to the protein content in soybeans.
These results underline the significance of the
type of fertilizer on protein production, with
significant differences in protein content among
the three types of fertilization used in the
experiment. The fluctuations in protein content
from one fertilization level to another are
significant.

Beyond the type of mineral fertilization, the
protein content in seeds is also influenced by
climatic conditions, namely temperature and
humidity during the fruiting period. Accor-
dingly, the protein content in the experimental
cycle from 2019 to 2021 varied between 19.44%
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in 2021 and 22.24% in 2019, a year
characterized by very high temperatures and a
lack of moisture. Thus, compared to the
experiment's average of 20.63% in 2019, the
protein content exceeded the control value by
1.61%, a difference statistically significant as
highly significant. The protein content in 2020
recorded a value approximately equal to the
experiment's average.

In the production of seed protein content, the
type of fertilization contributed 35.73%,
climatic conditions contributed 49.22%, and the
interaction of fertilization type x climatic
conditions contributed 1.61%.

The protein content in meal varied between
38.07% for the 20:20:0 fertilization variant and
39.81% for the E34 fertilization variant.
Depending on the experimental year, the protein
content in the meal fluctuated due to climatic
conditions from 37.68% (in 2021) to 40.27% (in
2019).

The contribution of the fertilization type to the
protein content in the meal was 18.06%, climatic
conditions contributed 39.54%, and the interac-
tion of fertilization type x climatic conditions
contributed 9.2%.

These findings confirm the exceptional value of
the meal resulting from oil extraction as fodder,
considering the Astronom hybrid is free from
erucic acid and glucosinolates, and the fodder
obtained contains approximately 38% protein.
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