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Sorghum (Sorghum bicolor L. Moench, 
Poaceae) is a  multipurpose cereal that belongs 
to the group of the oldest cultivated plants and, 
by areas and economic importance, it ranks fifth 
in the world, after rice, wheat, maize and barley. 
The European production share of sorghum is the 
lowest in the world among the five most produced 
cereals [1], regardless of the continual increase in 
its production areas, as well as the demand for di-
versification of European agriculture in the trans-
formation of agricultural systems in a changing cli-
mate. Primarily, this crop is used as feed and food, 
because of its grain, which contains 1.3–3.5 % total 
ash (minerals), 4.4–21.1 % proteins, 2.1–7.6 % li-
pids, 1.0–3.4 % crude fibre, 57.0–80.6 % total car-
bohydrates and 55.6–75.2  % starch [2, 3]. Since 
sorghum is a nutritious and gluten-free grain, it is 
an attractive raw material in the food sector.

Numerous studies showed that sorghum grain 

has significant health benefits due to its unique 
phenolic composition, which provides its seed 
with white, yellow, red or black colours [4, 5]. Fla-
vonoids, the most abundant phenolic compounds 
found in sorghum, are responsible for the colour 
of pericarp (the outer layer of the seed coat) and 
pigmented testa (the inner layer of the seed coat) 
[2]. Besides condensed tannins, the main flavo-
noids reported in sorghum grain are anthocyanins 
(3-deoxyanthocyanidins, up to 80 %), flavones and 
flavanones [6]. In contrast to anthocyanins, the 
lack of a hydroxyl group at the C-3 position leads 
to increased stability of 3-deoxyanthocyanins at 
high pH values and temperatures, making them 
suitable for the food industry as natural food 
colorants [7]. Sorghum grain contains dominantly 
orange luteolinidin and yellow apigeninidin and 
their methoxylated derivatives. Since 3-deoxy
anthocyanins are uncommon in higher plants, sor-
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consumers’ demand for health-promoting, func-
tional meals, knowledge about variations in the 
nutritional and functional quality, including the 
conmtent of bioactive compounds, of different 
genotypes is essential to support plant breeding 
programmes to develop high nutritious grain culti-
vars for human consumption. 

Shaped by metabolic processes that occur in 
plants under the influence of environmental fac-
tors and the genetic potential of the plant, the 
chemical composition of the grain determines its 
quality. Considering the variability, origin and 
scope of the analysed collection of restorer lines, 
it can be considered one of the largest in the South 
and Southeast Europe. Additionally, there is no 
such report in the available literature that pre-
cedes the number of genotypes processed in the 
presented research. 

Therefore, this study aimed to identify and 
evaluate the primary bioactive compoounds and 
nutritional quality characteristics of grains from 
various sorghum genotypes from various parts of 
the world, to evaluate their diversity and select the 
best food-grade genotypes. Furthermore, analysed 
bioactive compounds and antioxidant activity of 
sorghum grain extracts were used for the construc-
tion of an artificial neural network (ANN) to pre-
dict antioxidant activity of sourgum grains.

Materials and methods

Plant material
Seeds of 172 sorghum restorer lines from the 

collection of Institute of Field and Vegetable 
Crops Novi Sad, National Institute of the Repub-
lic of Serbia (IFVCNS, Novi Sad, Serbia), with 
high genetic variability were used in this study. 
Genotypes were standardised as a part of various 
breeding collections listed in Tab. S1 in supple-
mentary data. Grain samples analysed in this pa-
per were produced in the IFVCNS Department 
of vegetable and alternative plant species (Bački 
Petrovac, 45°34’N 19°67’E) in 2020. 

The experimental plots consisted of 3  rows 
5 m long, spaced 0.7 m between rows and 10  cm 
between plants in each row. In order to avoid un-
controlled cross fertilisation, 10 panicles were iso-
lated with paper bags before flowering. At the time 
of technological maturity, the isolated panicles 
were removed by hand, dried in a dryer and, after 
threshing, the seeds of the selected panicles were 
merged and stored in paper bags.

Seeds 
Sorghum seed samples were cleaned of im-

ghum is considered to be the main source of these 
compounds for the human population [8]. 

Tannins are phenolic compounds with an  as-
tringent taste and high molecular mass They 
possess antibacterial properties, allowing them 
to act against plant pathogens [2]. Tannins con-
tent in sorghum grains is a  subject of concern 
because these phytochemical constituents reduce 
food digestibility [9] due to irreversible denatura-
tion of digestive enzymes and their general ability 
to cross-link with proteins and polysaccharides, 
which positions these compounds in a  group of 
antinutritional factors. On the other hand, these 
properties are regarded as potentially beneficial 
since the molecular interaction of tannins with 
starch, proteins and enzymes decreases their di-
gestibility, which further reduces caloric intake 
and brings benefits to obesity and type 2 diabetes 
[10], in addition to other health benefits such as 
anticancer and anti-inflammatory activities.

The place of sorghum grain in crop produc-
tion is determined by its tolerance to various en-
vironmental conditions. Since sorghum is a cereal 
that originates from the arid regions of Africa, this 
indicates its great adaptability to extreme condi-
tions. In fact, the plant needs only small quantities 
of water and is very tolerant to drought and poor 
soils. Abiotic stresses are location-specific and can 
occur at any stage of plant growth and develop-
ment. Water-soluble pigments, 3-deoxyanthocyani-
dins, play important roles in plant resistance and 
tolerance to various diseases and environmental 
stresses [5]. Pinheiro et al. [10] found a  notable 
increase in the total content of 3-deoxyantho
cyanidins in tannin-free genotypes when 
exposed to drought conditions, while it remained 
unchanged in tannin-containing genotypes. The 
increase of 3-deoxyanthocyanidins only in tannin-
free sorghum genotypes suggests that the presence 
of tannin in grain reduces the plant’s  need to 
produce 3-deoxyanthocyanidins. The selection 
of varieties tolerant to drought or other abiotic 
stresses is of great importance in order to achieve 
high yields in adverse growing conditions. 

Breeding for tolerance to stresses and for 
high nutritional quality is a very important breed-
ing objective. It involves a  continuous process of 
searching for suitable genotypes and using them 
as donor parents in crop improvement programs. 
Restorer lines are used to restore the fertility in 
hybrids and have a  central role in breeding pro-
grams, so they should be adaptable to various en-
vironments [11]. 

Coloured cereals including coloured sorghum 
have recently become an attractive raw mate-
rial for food production. Due to the growing 
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purities and foreign matter (foreign impurities 
of organic and inorganic origin, as well as bro-
ken grains) and ground in a  basic analytical mill 
IKA A11 (IKA-Werke, Staufen, Germany) to 
pass 0.5 mm square holes of a  sieve. The ground 
seeds were stored in vacuum bags in a refrigerator 
(maximum temperature of +4  °C) until analysis 
for a maximum of two months.

Nutritional quality determination
Moisture content was determined gravimetri-

cally by drying at 103 °C for 3 h in a universal oven 
UN55 (Memmert, Büchenbach, Germany). 

The ash content was determined gravimetri
cally by burning samples in a  muffle furnace at 
550 °C in porcelain vessels, and percent of ash was 
calculated from the initial grain material. 

The starch content was determined polarimet-
rically (method by Ewers) [12]. 

The determination of nitrogen content in 
sorghum seeds was performed by the Kjeldahl 
method [13]. 

The content of total proteins was calculated by 
multiplying the obtained value for nitrogen con-
tent by 6.25. 

The lipids content was determined by the 
Soxhlet method [14], using 8 h extraction at 70 °C.

The obtained values for moisture, ash, starch, 
proteins and lipids content in sorghum seeds were 
expressed as percent in relation to the dry matter 
of sorghum seeds. These are standard analyses of 
sorghum seed quality for the human diet, which 
are recommended according to the requirements 
of international food standards Codex Alimen

tarius CXS 172-1989 [15] and Technical specifi-
cations for sorghum grains (CERSOR010) [16]. 
Accordingly, the limit values for individual para
meters are: moisture content – max. 13 %, ash – 
max. 1.5 %, proteins – min. 7.0 %, lipids – max. 
5.0 % and tannin – max. 0.5 % of dry seed matter.

Bioactive compounds

Extraction of phenolic compounds
Extraction of phenolics was performed in two 

variants, where absolute methanol acidified with 
1% hydrochloric acid and 70% aqueous acetone 
solution were used as extraction agents because 
these solutions were the most often used in the 
available literature for extraction of phenolics 
from sorghum seeds [17–19]. The ratio of plant 
material subjected to extraction was 1  g of plant 
material per 10 ml of extraction agent. Ground and 
sieved samples were weighed (1.0000 ± 0.0001 g) 
on an analytical balance PI-214.3 (Denver Instru-
ment, Bohemia, New York, USA) the extraction 
agent (10  ml) was added and the extraction was 

performed in an ultrasonic bath for 45  min, with 
the addition of ice to prevent heating of the 
samples. Afterwards, the extracts were centrifuged 
(10 min, 1 960 ×g) and the obtained supernatants 
were transferred to separate tubes and used for 
further work. Extraction of phenolic compounds 
was performed in three replicates per sample. 

Phenolic compounds 
The contents of total phenolics, tannins, flavo-

noids and anthocyanins, as well as the antioxidant 
activity of the extracts were determined spectro-
photometrically using UV-Vis spectrophotometer 
Lambda Bio 20 (Perkin Elmer, Waltham, Massa-
chusetts, USA).

The determination of total phenolics (TP) con-
tent in methanolic and acetone extracts (marked 
as TPM and TPA, respectively) was performed by 
the Folin-Ciocalteu method [20]. Results were ex-
pressed as grams of gallic acid equivalents (GAE) 
per kilogram of dry grain weight.

To determine the tannins content in sorghum 
seeds, in addition to chromatographic methods, 
butanol-HCl [20], vanillin HCl/H2SO4 [18], ferric-
ammonium citrate method [21] and precipitation 
methods [20] could be used. The chosen extrac-
tion agents (methanol and acetone) have shown 
the highest efficiency in extracting tannins by the 
standard ferri-ammonium citrate method [19]. 
In this research, total tannins (TT) content in 
methanolic and acetone extracts (marked as TTM 
and TTA, respectively) was determined by precipi-
tation by polyvinylpolypyrrolidone (PVPP)/Folin-
Ciocalteu method for determination of condensed 
tannins and by the butanol-HCl method for deter-
mination of proanthocyanidins (ProA), respective-
ly [20]. Results were expressed as grams of GAE 
per kilogram of dry grain weight and grams of 
leucoanthocyanidin standard per kilogram of the 
dry grain weight, respectively.

Total flavonoids (TF) content was determined 
in methanolic extracts (marked as TFM) of sor-
ghum grains [22]. Results were expressed as grams 
of rutin equivalents per kilogram of dry weight of 
plant material. 

Monomeric anthocyanins (TA) contents were 
determined in methanolic extracts of sorghum 
grains using the differential method described by 
Lee et al. [23]. Total monomeric anthocyanin con-
tent (marked as TAM) was calculated as grams 
cyanidin-3-O-glucoside equivalents per kilogram 
of the dry grain weight.

Antioxidant activity
Antioxidant activity (AA) of methanolic ex-

tracts was determined by the method of Kumar 
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[24], which is based on the difference in quench-
ing 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical 
by the blank and the working sample. DPPH ra
dical-scavenging activity is expressed as percent of 
inhibition relative to the blank and as milligrams 
of ascorbic acid equivalents (AAE) per kilogram 
of dry weight.

Sorghum grains colour 
The sorghum grain colour spaces were de-

termined colorimetrically using Minolta CR-400 
Chroma Meter (Konica Minolta, Tokyo, Japan), 
Light Protection Tube with glass protection plate 
CR-A33a and expressed as L*, a* and b*. L* 
values represent lightness (0 black, 100 white), 
a* values represent redness – from green to red 
(–a* greenness) and b* values represent yellow-
ness – from blue to yellow (–b* blueness). Before 
the measurement, the calibration was performed 
using the white standard. D-65 lighting, a standard 
viewing angle of 2° and a contact surface diameter 
of 8 mm were used. All measurements were per-
formed in six replications per sample.

Artificial neural network modelling
A  multi-layer perceptron model (MLP) with 

three layers (input, hidden layer and output) was 
used for the construction of an artificial neural 
network (ANN). This was used for the prediction 
of antioxidant activity (expressed as DPPH value) 
according to the amount of active compounds in 
the samples TPM, TTM, TFM, TAM, TPA, TTA 
and ProA. The experimental database for ANN 
modelling was randomly divided into training, 
cross-validation and testing data (60 %, 20 % and 
20 % of experimental data, respectively). The ex-
perimentally obtained data were normalised using 
the min–max normalisation approach to improve 
the behaviour of ANN. The Broyden-Fletcher-
Goldfarb-Shanno (BFGS) algorithm was em-
ployed in solving non-linear problems during the 
network modelling [25]. A  series of topologies 
(approximately 100 000) were tested during the 
modelling, changing the number of neurons in the 
hidden layer from 5 to 20 and randomly setting ini-
tial weights and biases [26]. As a result, the ANN 
model could be presented in the matrix form:

𝑌𝑌 = 𝑓𝑓1[𝑊𝑊2 ∙ 𝑓𝑓2(𝑊𝑊1 ∙ 𝑋𝑋 + 𝐵𝐵1) + 𝐵𝐵2] 	  (1)

where W1, B1, W2 and B2, are the coefficients 
associated with the hidden and the output layers 
(weights and biases) in the matrix, respectively, 
while Y is the matrix of the output variables. The 
transfer functions in the hidden and output layers 
are f1 and f2, respectively, while X is the matrix of 
input variables.

Global sensitivity analysis
The Yoon’s interpretation method was used 

to determine the relative influence (RI) of TPM, 
TTM, TFM, TAM, TPA, TTA and ProA content 
in samples on the antioxidant activity (expressed 
as DPPH value in percent, according to the ANN 
model). Yoon’s method of global sensitivity was 
used to calculate the direct influence of the input 
parameters on the output variables, correspond-
ing to the weighting coefficients within the ANN 
model [27]:

𝑅𝑅𝑅𝑅𝑖𝑖𝑖𝑖 =
∑ (𝑤𝑤𝑖𝑖𝑖𝑖 ∙ 𝑤𝑤𝑘𝑘𝑘𝑘)𝑛𝑛
𝑘𝑘=0

∑ [∑ (𝑤𝑤𝑖𝑖𝑖𝑖 ∙ 𝑤𝑤𝑘𝑘𝑘𝑘)𝑛𝑛
𝑘𝑘=0 ]𝑚𝑚

𝑖𝑖=0
∙ 100 	 (2)

where w is weighting factor in the ANN model, 
i is input variable, j is output variable, k is hidden 
neuron, n is number of hidden neurons and m is 
number of inputs.

Statistical analysis
The values of the biochemical parameters 

were expressed as mean ± standard error of de-
terminations made in duplicates. Principal com-
ponent analysis (PCA) was performed to classify 
the genotypes based on the obtained results and 
to identify patterns among samples and methods 
used for testing nutritional parameters and bioac-
tive compounds. The results of correlation analysis 
(CA) and PCA of 172 sorghum grain samples from 
the collection were presented according to the ob-
tained research variables such as biochemical pa-
rameters (nutritional and functional quality) and 
colour parameters of samples. These data were 
analysed using StatSoft Statistica  12 (StatSoft, 
Tulsa, Oklahoma, USA).

Results and discussion

Nutritional quality parameters 
A  wide diversity among genotypes was 

recorded for the main nutrients analysed in 
sorghum grains from the tested collection (the 
results are presented in Fig. S1–S3 in supplemen-
tary data). The oil content in the tested grains of 
various sorghum genotypes ranged from 1.6  % 
to 6.6  % of dry matter, and the protein content 
averaged 19.8 % of dry matter. The results showed 
that the ash content ranged from 1.2 % to 3.6 %, 
while the starch content ranged from 57.1  % to 
93.3  % of dry matter. The obtained results were 
similar to those available in the published litera-
ture [28, 29], except for the starch content, which 
was slightly higher than previously reported data.

PCA of the nutritional quality parameters of 
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samples explained that the first two principal com-
ponents explained 56.4 % of the total variance in 
the six parameters (the contents of moisture, dry 
matter, ash, starch, proteins and lipids). According 
to the results of PCA, the content of dry matter 
(which contributed 44.8  % of the total variance, 
based on correlations) and proteins (7.2  %) 
exhibited a  positive influence on the first prin-
cipal component (PC1), while moisture content 
(44.8 %) negatively affected the value of PC1. The 
starch content (29.2 % of the total variance, based 
on correlations) showed a  positive influence on 
the second principal component (PC2), while the 
contents of ash (31.1  %), proteins (19.1  %) and 
lipids (19.2  %) affected PC2 negatively (Fig.  1). 
From the obtained data, it could be confirmed 
that the key parameter for the selection of suitable 
genotypes for breeding are the protein or starch 
content, since moisture, protein and starch con-
tents were singled out as the main parameters. 
This is consistent with the standard for sorghum 
grains [15, 16]. 

Total phenolics content and antioxidant activity
Sorghum has a  unique phytochemical profile 

among cereals, which involves anthocyanins and 
tannins. These phytochemicals are important and 
give sorghum a  higher antioxidant activity than 
wheat, rice or maize and their high levels make 
sorghum an interesting cereal for functional foods 
production. Sorghum could be used for the de-
velopment of health-promoting food products for 
people with celiac disease, as a gluten-free ingre

dient [6]. The major phenolic compounds de-
tected in sorghum were flavonoids (anthocyanins 
such as 3-deoxyanthocyanidins), flavones and 
flavanones; tannins (condensed tannins or proan-
thocyanidins), as well as phenolic acids (vanillic, 
gallic, cinnamic, protocatechuic, p-coumaric, 
syringic, p-hydroxybenzoic, caffeic, ferulic and 
sinapic acids) [3]. According to the literature, 
the content of phenolics varies greatly depend-
ing on the extraction method and the type of sol-
vent used [30]. Therefore, to achieve efficiency 
in the measurement of the content of mentioned 
bioactive components in this study, the sorghum 
extracts were obtained by extracting the samples 
with both methanol and acetone as solvents. 

The results showed that total phenolics con-
tents (expressed as GAE) in the tested sorghum 
genotypes ranged from 0.6 g·kg-1 to 11.3 g·kg-1 
in methanolic extracts and from 1.1 g·kg-1 to 
17.1 g·kg-1 in acetone extracts. These results are 
in agreement with the TP contents reported in 
previously published results [30], where TP con-
tents (expressed as GAE) ranged from 2.1 g·kg-1 
to 8.9 g·kg-1 in methanolic extracts. In addition, 
Rao et al. [4] reported the highest TP content of 
11.50 g·kg-1 (expressed as GAE) in the black peri-
carp variety of sorghum grain, while the brown 
pericarp genotype had a content of 3.58 g·kg-1. 

The level of tannins in sorghum is the most 
important factor influencing its nutritional value. 
The amount of tannins does affect the extent of 
protein digestibility, but sorghum’s  antioxidant 
activity is strongly linked to the total content of 
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Fig. 1. Principal component analysis of nutritional parameters in sorghum grain.

A – tested nutritional parameters, B – sorghum genotypes tested for nutritional parameters data.



Jaćimović, S. et al.	 J. Food Nutr. Res., published online 21 June 2024

6

condensed tannins [6]. The total tannins content 
(expressed as GAE) obtained in this study using 
the precipitation with PVPP ranged from 0.0 g·kg-1 
to 8.4 g·kg-1, while the results obtained by butanol-
HCl assay ranged from 0.0 g·kg-1 to 14.3 g·kg-1. 
Therefore, the tannins levels were in accordance 
with values reported previously [4, 31]. 

When compared statistically, results of the 
same method obtained from two different ex-
traction solvents for total phenolics content 
showed that TPA was in a  positive correlation 
with TPM (r = 0.903, p  ≤  0.001). Results of the 
butanol-HCl assay (ProA, as a  content of tannins 
in acetone extracts) positively correlated with 
the results of total tannins determined by pre-
cipitation of tannins with PVPP from methanolic 
(TTM, r = 0.950, p ≤ 0.001) and acetone extracts 
(TTA, r = 0.686, p ≤ 0.001), as well as with 
TPM (r = 0.938, p ≤ 0.001) and TPA (r = 0.881, 
p ≤ 0.001).

The antioxidant activity of sorghum grains is 
linked to the total phenolics content [30, 32], so it 
can be noticed that it showed a good correlation. 
However, since there are a  couple of different 
methods and ways of expressing results, which 
contributes to some deviations between results, 
antioxidant activity data are hard to compare. This 
is due to different standard compounds, as well as 
modifications of protocols for several antioxidant 

tests. Therefore, correlation analyses was per-
formed with all the obtained data on the phenolics 
content in the presented research. In this study, 
the DPPH assay was used to assess the antioxi-
dant activity of the samples by determining their 
free radical-scavenging activity. At the applied 
concentration of the samples, the lowest ability to 
scavenge DPPH free radicals was 25.6  % DPPH 
neutralisation, while the greatest one was 90.4 %.

The antioxidant activity positively correlated 
with the contents of TPM (r = 0.775, p ≤ 0.001), 
TTM (r = 0.787, p ≤ 0.001), TPA (r = 0.720, 
p ≤ 0.001), TTA (r = 0.544, p ≤ 0.001) and ProA 
(r = 0.783, p ≤ 0.001). PCA of the phenolic com-
pounds content and antioxidant activity in samples 
(Fig. 2) explained that the first two principal com-
ponents summarised 78.1 % of the total variance 
in eight parameters (TPM, TTM, TFM, TAM, TPA, 
TTA, ProA and AA). The contents of TPM (18.1 % 
of the total variance, according to correlations), 
TTM (18.0 %), TPA (17.5 %), TTA (12.6 %), ProA 
(17.3 %) and AA (12.9 %) showed a negative in-
fluence on the PC1 coordinate. On the other hand, 
TFM and TAM (14.5 % and 74.1 %, respectively) 
positively influenced PC2 coordinate.

Sorghum grains colour 
PCA of the colour coordinates in grain sam-

ples (Fig. 3) explained that the first two princi-
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pal components summarised 97.4 % of the total 
variance in three parameters (L*, a* and b*). The 
colour coordinate L* (49.3 % of the total vari-
ance, according to correlations) showed a positive 
influence on PC1 coordinate, while a* (50.5 %) 
showed a  negative influence on PC1 coordinate. 
The colour coordinate b* (94.2 %) showed a posi-
tive influence on PC2 coordinate.

Grain colour is influenced by pigments from 
both pericarp (outer layer of seed coat) and testa 
(inner layer of seed coat). Genetics behind the 
colour formation suggests that seed colour is 
not always in correlation with tannins content 
[2], which was confirmed by correlation analysis 
among colour parameters and tannins content 
(results from all methods applied, determined r 
values were under 0.5) obtained in our research 

(Tab. 1). Since tannins represent antinutritive 
compounds, it is important to determine geno-
types with low tannins content but higher content 
of other phenolics, deoxyanthocyanins in the first 
place, due to antioxidant activity and dietary diver-
sity that such materials provide.

Artificial neural network model
In developing the model ANN, the output 

variable (AA value) should be determined by the 
input variables (TPM, TTM, TFM, TAM, TPA, 
TTA and ProA), using Eq. 1. The weights and 
biases defined in Eq. 1 were determined by the 
ANN model calculation, enabling the model to 
be accurate enough to predict the output. The 
ANN model developed for predicting AA values 
showed a good ability to generalise data and pre-
dict the output. The optimal model was built with 
12 neurons in the hidden layer within the network 
(with seven inputs and one output), which reached 
a high r2 value of 0.969 and a low sum of squares 
value of 2.403 during the training cycle. The train-
ing algorithm was Broyden–Fletcher–Goldfarb–
Shanno (BFGS) 5019. The logistic activation 
function was used in the hidden layer, while the 
tangent hyperbolics were used in the output layer. 
The developed ANN model was complex, having 
109 weight-bias coefficients.

A  scatterplot is one of the most common 
visualisation techniques to present the compari-
son between experimental and predicted data 
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Fig. 3. Principal component analysis of sorghum grain colour.

A – tested grain colour parameters, B – sorghum genotypes tested for grain colour.
L* – lightness, a* – redness, b* – yellowness.

Tab. 1. Correlation among colour parameters 
and tannins content in sorghum grain.

Colour 
parameters

r
TTM TTA ProA

L* –0.49 –0.37 –0.47

a* 0.37 0.30 0.32

b* –0.10 –0.04 –0.14

r – correlation coefficient, TTM – total tannins in methanolic 
extracts, TTA – total tannins in acetone extracts, ProA – 
proanthocyanidins in acetone extracts, L* – lightness, a* – 
redness, b* – yellowness.
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to display the behaviour of the developed ANN 
model [33, 34]. Thus, the data shown in Fig.  4 
illustrate the predicted and experimentally gained 
AA values, which largely indicated the good pre-
dictive capabilities of the ANN model.

Global sensitivity analysis 
In this section, we studied the influence of in-

put variables (TPM, TTM, TFM, TAM, TPA, TTA 
and ProA) on antioxidant activity, based on the 
Yoon’s interpretation method of the developed 
ANN model. The graphical presentation of the 
ANN model results is presented in Fig. 5. Each 
input variable’s positive or negative influence was 
expressed as the relative influence compared to 
the average influence of all variables, which could 

be realised by the interpretation of Eq. 2. Accord-
ing to Fig. 5, the AA value was strongly influenced 
by the contents of TPM, ProA and TPA, showing 
a relative influence of 41.4 %, 22.5 % and 15.9 %, 
respectively.

Conclusions

In European agroecological conditions, 
sorghum’s nutritional value has been relatively 
overlooked compared to other staple crops. 
However, there is a  growing interest in sorghum 
due to the need for new high-quality food sources 
aligned with the trend toward healthier lifestyles 
and natural products. This study aimed to explore 
the nutritional quality of sorghum within wide 
sorghum grain collections, emphasizing genetic 
variation to aid in developing new food-grade 
varieties. Additionally, it seeks to comprehensively 
analyse standard biochemical parameters across 
a  wide range of samples. Our study suggested 
that 16 of the presented genotypes of coloured 
sorghum grains (Re2, Re31, Re45, Re161, Re168, 
Re169, Re187, Re192, Re218, Re230, Re248, 
Re258, Re261, Re262, Re279 and Re284, Tab. S1 
in the supplementary data) have a  high poten-
tial for further application in the food industry, 
fulfilling standard nutritional requirements and 
poviding additional properties by the contained 
bioactive compounds. This screening showed that 
sorghum has a great potential for growing in Euro-
pean climate conditions, consequently, it is a very 
suitable plant species to be included in the further 
improvement of new genotypes, both in terms of 
nutritional quality of food grade grains as well 
as adaptability to climatic variations and abiotic 
pressure.
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