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Summary Sorghum, known for its nutritional value, health benefits and gluten-free status, is now widely produced

and suitable for human consumption in developed regions due to advancements in sorghum research and

processing techniques. The research looked at how well the husking fraction time unit (HFTU) technique

worked by examining its effects on the nutritional value of three varieties of sorghum grain. The efficiency

of the husking process was assessed at 87% for concentrated and redistributed nutritional contents and

60% for variation of mineral contents based on bran/ endosperm. The technique reduced the T.K.W.

compared to whole grain to the endosperm (grits). Moreover, the redistribution of the crude protein %

showed the precision of the HFTU procedure by demonstrating an average of 26.6% as a variation ratio

of the bran/endosperm in the data set. Contrary to the content of the total dietary fibre content, for

example, the variation of TDF % attributed to bran/endosperm was 10.9%. On the other hand, the aver-

age ash % of whole grains (hummer) and husked products (TM05C) was increased by 33.2% based on

averages of 1.5% and 2.1%, respectively. Accordingly, it was approved that the HFTU procedure effec-

tively separated the endosperm (grits) and bran. This study also found that minerals such as Ca, Cu, Fe,

K, Mg, Mn, Na, P, S and Zn changed over 30-to-80-time units by 29%, 13%, 8%, 4%, 17%, 18%, 1%,

13%, 6% and 12% in the bran and endosperm. The HFTU process has influenced the colour attributes

of variation sorghum varieties, particularly within a time scale of 80 (S) units. The research revealed that

the husking technique substantially impacted the different sorghum grain varieties’ nutritional composi-

tion and colour properties. The method can be useful for developers in enhancing sorghum grain prod-

ucts’ nutritional properties attributed to various varieties and regions, allowing them to provide high

nutritional quality sourced from sustainable products.
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Introduction

Sorghum, scientifically called Sorghum bicolor, is a
widely cultivated crop in the Gramineae family. The
crop has successfully naturalised in several places
worldwide, including the Americas, Asia and Europe.
Sorghum is mostly grown in Africa (39.2%), the
Americas (38.2%) and Asia (18.3%), according to
(Rumler et al., 2022). S. bicolor is known as an SDG
crop globally; recently, sorghum has replaced maise
and wheat in several regions due to climatic change

and CO2 emissions (Henley, 2010; George et al., 2022).
Sorghum crop is commonly known as a profit cereal
grain due to its productivity and efficient resilience to
various environments. It is a crucial component in
agricultural practices across various regions (J�ov�er
et al., 2020; Thilakarathna et al., 2022). Climate
change has led to an increase in the utilisation of sor-
ghum in the Mediterranean due to advancements in
agricultural practices for production and health bene-
fits; addressing new challenges can contribute to food
science research to expand sorghum production in the
European region (Dahlberg et al., 2011; H€ohn &
R€otter, 2014; J�ov�er et al., 2018). Hence, Research and*Correspondent: E-mail: maha.khalfalla@agr.unideb.hu
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development approaches are required to enhance
sorghum-based products’ physical characteristics and
nutritional properties (Deribe & Kassa, 2020). Result-
ing in consider grain processing as one of the strategies
for improving the bioavailability of minerals in pro-
cessed sorghum grain (Aslam et al., 2018). Previous
studies outlined the urgent need for modern processing
technology to improve the quality of sorghum-derived
foodstuffs, highlighting the common traditional treat-
ments in the processing of sorghum grains (Tay-
lor, 2018; Abdelhalim et al., 2019; Aguiar et al., 2023).
These methods involved soaking, germination, fermen-
tation and technical processes such as heat treatments
and irradiation to eliminate or reduce anti-nutritional
components (Punia et al., 2021; Rashwan et al., 2021).
Despite to process advantages, the most common tra-
ditional technique of processing sorghum grain con-
sumes time. For instance, a recent paper on sorghum
germination indicated that nutritional improvements
were seen after 7 days of the procedure (Kayisoglu
et al., 2024), confirming, to literature as outlined sor-
ghum processing issues addressing the inefficiency of
germ removal and time-consuming, which can leads to
decreased shelf life and discolouration, ultimately
affecting the quality and appearance of the final prod-
uct (Li et al., 2022; Khoddami et al., 2023), Hence, it
is necessary to involve more effective time processing,
as the HFTU procedure provides. Furthermore, the
modern grain processing equipment prioritises environ-
mental protection requirements and operational safety,
ensuring a people-centric and sustainable approach
(Lovegrove et al., 2023). Scientific literature empha-
sises that the dry-fractionation approach is beneficial
in enhancing the nutritional profile of cereal grains
(Kołodziejczyk et al., 2018; Lang�o et al., 2018). Sor-
ghum dry milling includes steps such as bran and germ
removal, kernel breaking and decortication milling
(Khoddami et al., 2023). Which were supported to
(Proietti et al., 2013), the authors were examined the
impact of several parameters on the chelation charac-
teristics, trace mineral levels and bioavailability in sor-
ghum food. Nutrition is crucial for body function,
requiring a balanced diet with macro- and micronutri-
ents to sustain metabolism and prevent uncommunica-
ble diseases and poor health (Kiani et al., 2022).
Therefore, the increasing of the sorghum grain proces-
sing had influenced on the interest in sorghum
utilisation due to its nutritional properties can contrib-
ute to human diet, addressing in the high protein
content (4.4–21.1%), total carbs (57.0–80.6%), crude
fibre (1.0–3.4%), fat (2.1–7.6%), starch (55.6–75.2%),
total ash (1.3–3.3%) and total minerals (179–
1360 mg/100 g; Baholet et al., 2018; Maurya
et al., 2023). In addition, sorghum ash content, can
indicates the mineral richness of the grains depending
on the variety and anatomical parts (Adebo &

Kesa, 2023). Despite distinct nutritional compositions,
sorghum’s nutritional composition is properly limited,
focusing on starch levels, protein digestibility and
anti-nutritional compounds (Rodr�ıguez-Espa~na
et al., 2022).
Sorghum is a versatile ingredient used in different

recipe, particularly in developed countries seeking
gluten-free and high quality alternatives (Dahir
et al., 2015; Zhou et al., 2023). Sorghum used for
human consumption must confirm the specified stan-
dard parameter (East Africa Communities, 2011;
WHO, 2019). Table A1 demonstrates the recom-
mended daily allowance of the element supplements
for diverse age groups.
According to the literature, processing cereal grains

for human consumption is crucial due to their geo-
graphical influence on their nutritional properties
(Ikem et al., 2023; Rubio-Armend�ariz et al., 2023).
The findings of these tests may be linked to the final

product’s performance and used to verify that the
husked grain fulfils the customer’s criteria for a
healthy diet (Ertl & Goessler, 2018; Souza et al.,
2023). Specifically, the previous investigations indi-
cated the efficiency of time-unit processing on sorghum
nutritional properties (Sruthi et al., 2021).
Grain colour profile is a crucial parameter since it

directly impacts the grain’s nutritional composition
and overall quality (Black & Panozzo, 2004). Sorghum
exhibits variations in pericarp colour, including white,
black and red, which might affect the nutritional and
antioxidant characteristics of the grain (Sedghi
et al., 2012). Moreover, in industry, it is advantageous
for the grain colour variation to enhance the texture
and appearance of end product responses within a
product shape quality, which can allow for the crea-
tion of novel products based on the colour variation
properties (Thilakarathna et al., 2022; Omer
et al., 2023). All the mentioned characteristics indi-
cated the crucial role of colour measurement for our
tested sorghum varieties (Li et al., 2023). The investi-
gation employed the Konica Minolta CR-410 colorim-
eter for general colour profile categorisation (Konica
Minolta, 2002; Steinberg et al., 2020).
The research aimed to evaluate the efficiency of the

husking approach used for sorghum grains and its
implications for the nutritional composition and col-
our characteristics of diverse varieties obtained from
various regions of Hungary. The study assessed how a
particular technique affects the quality of husked grain
by examining the influence of two distinct time inter-
vals, especially 30 (s) and 80 (s), on the nutritional
composition. This assessment was essential to verifying
that the husked sorghum grain raw material aligns
with the necessary nutritional parameters, establishing
it as a suitable and nutritious food for human
consumption.

� 2024 The Authors. International Journal of Food Science & Technology published by John Wiley & Sons Ltd
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Materials and methods

Materials and sample preparation

We obtained identical samples of three sorghum grain
varieties (ES F€oehn, ES Monsoon and AS2 2021IMI)
from three locations inside Hungary. The regions were
categorised based on the soil types as follows:
Ny�ıregyh�aza (sandy), Eszt�ar (Luvisol) and Hortob�agy
(humic gley). The samples were analysed at the Central
Chemistry Laboratories of the University of Debrecen.
The samples were dried and finely ground using the
Retsch SK-3 hammer mill, equipped with a 1 mm
sieve. The meticulous grinding procedure, ensuring the
samples achieved homogeneity, was crucial in generat-
ing precise and consistent analytical outcomes. The
processed whole grains, obtained via a hummer mill,
were compared to the husked grain for the results and
two processed grains were passed through all proce-
dure protocols. The codes and origin sources of the
varieties are listed in Table A2.

Thousand kernel weight

A sensitive weighing scale was counted and weighed
for 1000 kernels in three replications and the mean
value was recorded per (g).

Application of grain husking process

The sorghum grains were processed using the husker
machine (TM05C, Satake Engineering Co., Hiroshima,
Japan). The employed Satake TM05C grain testing mill
has features of various controllable time units
(Wang, 2005). The procedure was applied by weighting
50 g of sorghum grains into the husker (TM05C, Satake
Engineering Co., Hiroshima, Japan) fitted with an abra-
sive wheel (46–60 mesh) and 54 Kw (SATAKE, 1896).
The abrasive wheel’s rotation speed was operated at
800–1100 rpm and screened on a No. 60 mesh sieve
(4760 lm). According to our investigation, the efficient
grain size diameters ranged from 3.0, 3.2, 3.6, 4.0 and
4.5 mm, respectively. The diameter of 4.0–4.5 mm of
grain size was the most efficient size and was admitted
for the study investigation for the HFTU process.

Determination of the crude protein

The nitrogen content of sorghum samples was determined
using the Kjeldahl method (ISO 20483:2013, 2013). The
technique is based on a three-step process: digestion, dis-
tillation and titration.

Samples were broken down by concentrated sulfuric
acid (H₂SO₄) and a catalyst (CuSO4�5H2O) and the com-
positions were mixed in the specified proportions, which
changed nitrogen molecules into ammonium ions.

Distillation: The ammonia produced in the digestive
process is evaporated and collected in a solution with
boric acid (H3BO3).
Titration is used to evaluate the nitrogen content in

the sample by titrating the collected ammonia with a
standardised acid, usually hydrochloric acid (HCl).
The nitrogen-to-protein conversion factor was con-

sidered when calculating protein content based on the
protein source. Therefore, the conversion factor of
6.25 was used for the total protein calculation and the
expression unit of a mass fraction of the dry product
is represented as a percentage.

Determination of the total fibre content

The enzymatic-gravimetric technique for assessing die-
tary fibre includes extracting starch, protein and fat
from grain samples to generate a dried and weighed
residue. The residual protein and ash were adjusted
and the outcome was presented as a ratio of the initial
material. This approach is based on the concepts out-
lined in AOAC 985.29 and AACC 32-07.01. Several
nations have widely accepted it as the official tech-
nique for analysing dietary fibre. The Megazyme Total
Dietary Fibre Kit is based on the approach described
by Megazyme (2017).

Determination of ash content

The crude ash content of a sample was calculated by
incinerating it at 550 °C and measuring the residue
left, then expressing it as a percentage of the sample’s
weight.
Measure 4 g of the homogenised test sample with an

accuracy of 0.001 g and place it in a warmed and
cooled ash pan.
Place the crucibles in an annealing furnace at

200 °C for 1 h, then at 550 °C for 3 h. Inspect for car-
bon particles and re-anneal if needed.
Cool the crucibles in a desiccator and measure the

mass using an analytical balance.
Determine the ash content by using the formula: ash

% = (M3 � M1)/(M2 � M1) 9 100, where M1 repre-
sents the vessel’s mass, M2 is the combined mass of
the sample and vessel and M3 is the mass of the ash
and vessel. After combustion, the ash content is calcu-
lated using the same formula (AOAC, 2016).

Determination of mineral elemental contents

The grain samples obtained from the experiments were
analysed at the Central Chemical Laboratory of the
Agricultural Centre, University of Debrecen, for our
investigation, we verified the precision of the measure-
ments using an authentic wheat sample selected as
BCR CRM 189 (whole grain) from the International

� 2024 The Authors. International Journal of Food Science & Technology published by John Wiley & Sons Ltd
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Plant Exchange Network, University of Wageningen,
as referenced by (John & Taylor, 2023). The measure-
ments were conducted in multiple rounds (Kov�acs
et al., 1996). We employed inductively coupled plasma
optical emission spectroscopy (ICP-OES) iCAP 7400
(Thermo Scientific) technology. The provided chemical
reagents were sourced from VWR International Ltd.
(Geldenaaksebaan, Belgium). to carry out element
measurements at specific wavelengths: P 177.495 nm,
K 404.721 nm, S 183.801 nm, Ca 183.034 nm, Mg
285.204 nm, Na 330.237 nm, Cu 324.754 nm, Fe
238.204 nm, Zn 213.856 nm, Mn 259.373 nm. We
weighed 1 g of each sample. The samples were sub-
jected to aqueous acid digestion, which included predi-
gesting and digestion phases. We heated the samples
at 60 °C for 30 min in a model block digestion (MIM
OE-718/A) apparatus after adding 10 mL of nitric acid
(HNO3, 69% v/v). After a few minutes of chilling,
3 cm3 of hydrogen peroxide (H2O2, 30% v/v) was
added to the samples and they were redirected to the
primary digestion stage. We heated the digestor to
120 °C for 90 min before turning it off and allowing it
to settle for 10–20 min. The volume was increased to
50 cm3 using ultra-pure water (Millipore, S.A.S.
France). Finally, we purified the homogenised suspen-
sion using an MN 640 W filter paper. The concentra-
tion of elements was expressed on a grain dry-weight
basis (mg kg�1).

Assessment of husked S. bicolor grain colour

The husked grain colours were measured in terms of
L* (whiteness), a* (redness), b* (yellowness) and Y
(brightness) values using a colour difference metre
(Chroma metre, CR-410, Minolta Co. Ltd., Japan;
Konica Minolta, 2002).

Statistical analyses

The statistical analysis was conducted using SPSS 28
software. Descriptive data was utilised to indicate the
sample size of the original data results for all respec-
tive variables, which involved three replications of
mineral measurements with the units reported as
mg kg�1, a thousand kernel weight (TKW) and two
replications of readings for total protein, total dietary
fibre and ash with the units reported as % and the
average TKWs (g) for whole grain samples, as was
presented as the (average). The data sets were tested
for Gaussian normality, which indicated status follow-
ing normality and was involved in the total protein,
total dietary fibre, ash and mineral contents (Chat-
field, 1989). A one-way ANOVA was performed for
total dietary fibre and ash variance detection and the
model was performed independently for mineral con-
tent variance determination. The linear regression was

performed to assess the total protein and colour profile
variance and ascertain the statistical significance at a
significance level of P ≤ 0.05 (Draper and Smith, 1998).
Pearson correlation was conducted for colour parame-
ter relationships. The visualisation was done using
SAS 17 software.

Results and discussion

Assessment of S. bicolor nutritional properties

All the nutritional composition content was evaluated
in the processed whole grains by hummer mills and
the husked grains by TM05C husker based on the
fraction times of 30 (s) and 80 (s). In Table A4, with a
significance level of P < 0.05, lined with (Sruthi
et al., 2021), the authors discussed how processing
grains changed their nutritional properties. They found
that the nutritional content was concentrated in the
grains’ bran and endosperm (grits) parts and
the TKWs of whole grains and endosperm (grits) were
decreased. The findings revealed variations in the min-
eral contents based on the diverse grain varieties
before and after conducting the HFTU process
(Table A4), with a significance difference of P < 0.05,
as were lined to lined (Balasubramanian, 2015; Rumler
et al., 2022), Investigations reported that sorghum pro-
cessing significantly enhanced grain nutritional distri-
bution, particularly in endosperm and bran. The levels
of distinct minerals exhibited fluctuations, with some
minerals being concentrated while others were
decreased. We selected the ES F€oehn variety from
three distinct sites as a sorghum seed benchmark for
its nutritional properties. The evaluation of the
obtained results is detailed below.

Thousand kernel weight
The study findings showed a reduction in the TKW (g)
after the HFTU process, as were presented for the
whole grains and husked grains endosperm (grits)
Table A4. Considering the physical property of TKW
on flour quality and its role in defining phytochemical,
milling, pasting and cooking qualities, we presented
the average TKW (g) of the whole grain cases. The
findings were aligned with (Sruthi et al., 2021), grain
processing resulted in TKW reduction.

Total protein
A higher protein concentration in the endosperm
(grits) part of the husked grains proved the efficiency
of the HFTU process; this aligned with the findings of
(Khalid et al., 2022; Omer et al., 2023), pointing to a
high concentration of crude protein in the endosperm
(grits) part (Table A4). The ESMonsoon variety from
Hortob�agy had the highest average of 1.9% in the
endosperm (grits) component. This result was

� 2024 The Authors. International Journal of Food Science & Technology published by John Wiley & Sons Ltd
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attributed to 30 (s) and 80 (s)-time units, when the
averages were 1.62% and 1.64%, respectively.
Although the endosperm (grits) had a higher protein
% content, the bran exhibited a significant protein %
concentration of 1.43%. A 12% variation between
endosperm and bran showed a significance value of
P < 0.05. The study showed that the protein distribu-
tion changed after the HFTU process compared to the
whole grain distribution. The results suggest that the
protein content in husked grain could meet dietary
protein needs depending on sex and age (Poutanen
et al., 2022); they discussed and examined how plant
protein sources optimise human health. Furthermore,
flour is categorised based on the milling process and
protein levels (Ejaz et al., 2021), which can be evi-
denced by the sufficiency of the HFTU procedure in
enhancing sorghum grain protein, as shown by protein
content belonging to the respective varieties
(Table A4).

Based on data from three regions, the ES F€oehn
variety benchmark had the highest protein content in
the bran among the H1, E1 and Ny1 varieties, with
average values of 1.8%, 1.7% and 1.5%, respectively.

Total dietary fibre contents
Table A4 shows that dietary fibre content varied
among whole and husked grain varieties. The AS1
2021 variety from three regions had the highest con-
centration of dietary fibre in the endosperm (grits),
13.6% higher than in the bran, as evidence for a nutri-
tional redistribution of S. bicolor after the HFTU pro-
cess, as was implied from 30 (s) and 80 (s) time units
with a significance level of P < 0.05, according to pre-
vious studies by (Kołodziejczyk et al., 2018; Sruthi
et al., 2021). The study discussed the impact of dry
fraction milling on enhancing the total dietary fibre
content of various processed cereal grains.

Ash content
The findings from Table A4 show the influence of the
HFTU technique on the separation between endo-
sperm and bran based on ash results, apparent from
the documented percentages of 1.9% and 2.3%, show-
ing an increase of 22.6%. Besides that, there was fur-
ther proof of the husking process’s sufficiency. For
example, at the demonstrated levels, the average per-
centage of whole grains (hummer) and husked prod-
ucts (TM05C) increased by 33.2% from the recorded
averages of 1.5% and 2.1%, respectively, with a signif-
icance value of (P < 0.05). The findings highlighted the
beneficial impact of the HFTU approach on the degree
of mineral content accumulation in both parts of the
husked products. The revealed values of ash% were
lined with the reported value by (Keyata et al., 2021),
as the investigation reported that the sorghum ash%
range was 1.1%–2.4% lower than our revealed values

in our findings; however, our revealed values of ash%
were in the reported range of 1.3%–3.3% by (Baholet
et al., 2018).

Phosphorus (P)
Phosphorus (P) mg kg�1 was impacted by the HFTU
process. When the highest average of 9004 mg kg�1

was observed by the ES F€oehn variety from Eszt�ar
(P < 0.05), While the Hortob�agy site showed the high-
est average of P mg kg�1 (5115 mg kg�1) attributed to
the regions in Table A3.
While the fraction times of 30 (s) and 80 (s) were

recorded averages within 3601.9 and 5247.2 mg kg�1

with observable variation at 46%, which can provide a
good insight into P mg kg�1 attributed to the HFTU
process (Table A4), according to (Guti�errez, 2013), the
author discussed the connection between cardiovascu-
lar diseases and adequate dietary phosphorus con-
sumption (Table A1).

Potassium (K)
Potassium (K) mineral showed an abundant content
compared to other nutritional content attributed to
the whole grain and husked grains Table A4. The vari-
ation of bran/endosperm was 65%. Table A3 shows
that the Ny�ıregyh�aza region had the highest average
for whole grains (hummer) and husked grains HFTU,
at 7030 and 6871 mg kg�1, respectively, based on a
significance level of (P < 0.05).
On the other hand, the K mg kg�1 content averages

were attributed to 30 (s) and 80 (s) and observed at
4543.5 and 6149.2 mg kg�1, respectively.
The findings were evidence of the acceptable

K mg kg�1 content range, which can meet the recom-
mended ranges for the quality requirements and
human dietary needs, as observed in Tables A1 and
A4 (National Academies of Sciences, Engineer-
ing, 2019). The reports recommended a daily potas-
sium intake between 2300 and 7950 mg kg�1; based
on these values and recommended values (Table A1),
our revealed amounts of K mg kg�1 among the inves-
tigated varieties emphasised the efficiency of fulfilling
the potassium mineral dietary requirements.

Sulphur (S)
The content of S mg kg�1 showed a noticeable
increase attributed to the HFTU process among all
the examined varieties, which ranged from 899 to
2061 mg kg�1 aligned with (Hill et al., 2023) recom-
mendation for adequate balanced dietary sulphur for
disease prevention. The findings showed a ratio of N/S
at 16:1 based on (w/w), after the HFTU process,
which was indicated by previous findings (Bonnot
et al., 2023; Hill et al., 2023); their reports showed that
sulphur is a vital element for ensuring the quality of
seeds and the production of proteins that include high

� 2024 The Authors. International Journal of Food Science & Technology published by John Wiley & Sons Ltd
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levels of amino acids that contain sulphur, such as
methionine and cysteine. In comparison, the recorded
variation attributed to bran/endosperm was 36%. In
comparison, the noticed variation based on the 30 (s)
and 80 (s) fraction times was 18% attributed to dem-
onstrated averages at 1197.9 and 1415.9 mg kg�1 and
the values implicated from both time units are detailed
in Table A4.

Calcium (Ca)
The calcium (Ca) mineral showed a significant effect
implied by the HFTU process. The average Ca
mg kg�1 in bran and endosperm (grits) was 1371.7
and 603 mg kg�1, respectively, as was shown in
Table A4, with a significance value of P < 0.05.
According to (Hill et al. 2023); Papanikolaou
et al. 2020), processed grains may fulfil calcium min-
eral dietary requirements, as represented in Table A1.
At the same time, the Ny�ıregyh�aza site recorded the
lowest average of 830 mg kg�1, which was higher than
the reported range of 0.233–0.411 g kg�1 by (Maurya
et al., 2023); the reported range was implied by pro-
cessed sorghum. The ratio of Ca:P was revealed at
0.2:1 in the husked products, referring to the quality
of the tested grain varieties.

Magnesium (Mg)
According to Table A4, the HFTU technique signifi-
cantly impacted the Mg mg kg�1 contents, as was evi-
denced by the averages of whole grains and husked
grains outcomes (P < 0.05), within averages of 1379.8
and 2681.0 mg kg�1within variation at 94.4%, The
findings were aligned with (Papanikolaou et al., 2020),
a study that discussed the implications of grain proces-
sing on mineral bioavailability enhancements of whole
grains and grain products.

Sodium (Na)
The amounts of sodium (Na) minerals among the dif-
ferent varieties of S. bicolor increased, attributed to
the HFTU process. For example, the ES Monsoon
variety was sourced from different sites, while the AS1
2021 IMI variety was sourced from the Ny�ıregyh�aza
site (Table A3). In comparison, the Hortob�agy site
showed the highest average of Na mg kg�1 within
116 mg kg�1, as was shown in Table A4, (P < 0.05).
The observed variation of Na mg kg�1 can play vari-
ous roles based on the final product, when the Na
mineral concentration in processed grains is crucial for
conserving nutritional content, enhancing flavour and
texture, ensuring food quality, resolving public health
issues and optimising processing methods (Henney
et al., 2010; National Academies of Sciences, Engineer-
ing, 2019), specifically when the result ensured that the
lowest ratio of K:Na was 30:1 as presented by the

lowest average of K and Na mg kg�1 at 2236 and
75 mg kg�1, respectively, (P < 0.05).
The difference in Na mg kg�1 resulted from 30 (s)

and 80 (s) fraction times, shown at 0.38%, implied
from the averages of 104.5 and 104.9 mg kg�1.

Copper (Cu)
Table A1 and A4 show that the copper mineral fell
within the acceptable ranges (P < 0.05) of the recom-
mended values from the grain sources (EFSA, 2015).
The report discussed the acceptable copper intake
levels for different human food groups. The influence
of the HFTU technique was emphasised by revealing
the average of whole grains and husked grains of 3.6
and 8.3 mg kg�1, respectively.

Iron (Fe)
The revealed results showed the sufficient impact of
the HFTU process on the iron mineral, as displayed
in Table A4, with a significance value of (P < 0.05).
When the highest average of Fe mg kg�1 was
observed among the varieties, they were sourced from
the Eszt�ar site within 66 mg kg�1 (Table A3) and the
ratio variation of bran/endosperm was 62%. In com-
parison, the implied average of 30 (s) and 80 (s) was
demonstrated at 43.2 and 59.6 mg kg�1, respectively.
As evidence of the HFTU process precision and
accuracy, that Fe mg kg�1 was associated with N %
contents, for example, H1 and Ny1 varieties
(Table A4), the result was aligned with previous find-
ings (Ashok Kumar et al., 2013), The research sug-
gested that increasing the iron concentration in
sorghum grains might enhance their protein content,
hence improving the nutritional value and quality of
the respective varieties and offering the opportunity
to create unique products that meet elderly dietary
requirements.

Zinc (Zn)
The HFTU process significantly impacted the zinc
mineral bioavailability in the husked S. bicolor grains
(Table A4), with a significant value of P < 0.05. When
the variation % of 30 (s) and 80 (s) time units were
recorded at 63.9%, it was attributed to an average of
18.5 and 30.3 mg kg�1, respectively.

Manganese (Mn)
Manganese mineral content was similar to other min-
eral content as implied from the HFTU process, as
was observed by the average of whole and husked
grains within 21.9 and 27.8 mg kg�1, respectively.
Despite the good implication from the HFTU tech-
nique, the difference did not show a significant value
(P > 0.05). Additionally, Table A4 showed that the
variation percentage of 30 (s) and 80 (s) was 18%.

� 2024 The Authors. International Journal of Food Science & Technology published by John Wiley & Sons Ltd
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Detection of correlations between the mineral
compositions and examined factors

A discriminant analysis test assessed the correlation
feature to distinguish between mineral composition
and other analysed factors, as shown in Figure A1,
and it showed that the original data had a total corre-
lation of 78.4% between C1 (69.2%) and C2 (8.6%),
indicating a good connection between the main data
items. The classic plot displayed the average ellipses,
normal 50% contours and biplot rays. Furthermore, a
substantial connection was seen among the three sites,
including Nyregyh�aza, Eszt�ar and Hortob�agy. Conse-
quently, the Ny�ıregyh�aza site had a weak correlation
with two other sites on C2 at 8.6%, contrary to Eszt�ar
and Hortob�agy, which showed a strong correlation on
C1 at 69.2%. The discriminant analysis revealed a sub-
stantial linear association among minerals such as P,
Na, Ca and Zn, whereas the other minerals exhibited
weak correlations. The discriminant analysis revealed a
strong relationship between the mineral composition
and the origin sites, such as Ny�ıregyh�aza, Eszt�ar and
Hortob�agy. The correlation between the analysed vari-
ables in the data was illustrated in its raw form. For
greater reliability in mineral composition correlations
and quality assessment issues, the revealed findings
were compared to previous studies (Ikem et al., 2023;
Rubio-Armend�ariz et al., 2023), in which the
researchers reported that the associations between
the nutritional composition of cereal grains vary by
geographical source.

Colour measurements analysis

Due to the quality evaluation issues, the researchers
have investigated the colour parameters in Table A5.
The evaluations were created attributed to the influ-
ence of HFTU process for the 30 (s) and 80 (s)-unit
time compared to grinding flour by a hummer mill
aligned with (Sruthi et al., 2021; Adebo & Kesa, 2023),
influencing the colour properties by grain processing.
The explanation of the obtained results is detailed
below.

According to colour profile assessments Table A5
and Figure A2, the L* darkness parameter was
reduced after the HFTU process of 30 (s) unit time
showed a varied correlation between the colour com-
ponent spectrum (L*, a* and Y ) and diverse S. bicolor
variety group (ES F€oehn, ES Monsoon and AS1
2021IMI) as follows: r = 0.627, P = 0.01, r = 0.796,
P = 0.05 and r = 0.901, P = 0.03. In contrast, a weak
correlation was observed in the b* component spec-
trum within r = 0.382*, while the colour correlation
between the colour parameters spectrum, namely L*,
a* and Y, had correlation coefficients of r = 0.806,
P = 0.5, r = 0.808, P = 0.02 and r = 0.895, P = 0.04,

respectively. However, a weak link was discovered
between the b* (yellow) and the S. bicolor variety fac-
tor being studied. The correlation coefficient was
r = 0.349, P = 0.21 for 80 (s) time units. Despite the
varied correlation coefficient, there is no mentionable
variation for the colour parameter average and the
respective varieties Figure A2. The increasing fraction
time units, specifically 80 (s), had reduced the darkness
and perhaps reduced the condensed tannin, which evi-
denced that the HFTU can enhance the physical prop-
erties of the sorghum product, similar to previous
report findings by (Sejake et al., 2020; Sruthi
et al., 2021; Rumler et al., 2022).

Conclusion

The inquiry was conducted to develop improved husk-
ing technologies to provide more efficient, cost-effective
and time-efficient sorghum products to meet research
advancements and market demands. We investigated
the advancement of mechanised husking techniques,
optimisation of husking factors and enhancement of
post-husked products to evaluate the effectiveness and
sustainability of sorghum grain processing.
We used two different time units, 30 (s) and 80 (s),

to regulate the synthesis of husked fractions, namely
endosperm (grits) and bran, to accomplish this goal.
Using these time units resulted in the synthesis of two
featured fractions: the HFTU technique efficiently
redistributed and concentrated nutritious components
such as TKW, crude protein, total dietary fibre, ash,
K, S, Cu, Fe, Zn and Mn in the husked grains. This
method allows for the development of unique products
with varied nutritional compositions customised to
individual dietary needs, as thoroughly explored in the
current study literature. Statistical variations in nutri-
tional compositions were found across regions, empha-
sising the impact of the husking method based on the
variety’s source.
Despite to no noticeable variation resulted from col-

our profiles assessing, the statistical analysis of colour
parameters was indicated the significant impact of the
HFTU process on the varieties colour characteristics,
which can provide a range of goods tailored to differ-
ent customer tastes based on their preferences.
The knowledge obtained during the husking process

may be used as useful instructions for carrying out the
HFTU procedure. Moreover, smaller producers and
processors may improve the competitiveness of sor-
ghum products on the market and promote environ-
mentally friendly production by adopting current
husking technology.
Based on the obtained results, the research suggests

creating items from the analysed varieties through fur-
ther physical and chemical examinations. Furthermore,
it is recommended to do in vivo research to examine

� 2024 The Authors. International Journal of Food Science & Technology published by John Wiley & Sons Ltd
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the nutritional makeup of the different sorghum types
to have a comprehensive knowledge of the advantages
of the employed husking procedure.

Author contributions

Maha Khalfalla: Writing – original draft; data curation;
software; formal analysis; visualization; investigation;
validation; methodology; writing – review and editing.
L�aszl�o Zsombik: Methodology; conceptualization;
supervision; investigation; validation; project adminis-
tration. Gerda Di�osi: Investigation; validation. Zolt�an
Gy}ori: Supervision; data curation; resources;
validation; project administration; funding acquisition;
writing – review and editing; methodology;
conceptualization.

Funding

The study was financed by the Stipendium Hungari-
cum under register number SHE-14103-007/2020 and
included collaboration with the agricultural institutes’
exchange programme at the University of Debrecen.

Ethics declarations

Not applicable.

Conflict of interest

The authors state that they have no competing finan-
cial interest or personal connections that may have
impacted the study’s conclusions.

Data availability statement

The authors state that the data behind the results of
this study can be found in the paper’s contents. The
corresponding author may provide the raw or analysed
data that backs up the conclusions of this inquiry
based on the request.

References

Abdelhalim, T.S., Kamal, N.M. & Hassan, A.B. (2019). Nutritional
potential of wild sorghum: grain quality of Sudanese wild sorghum
genotypes (Sorghum bicolor L. Moench). Food Science and Nutri-
tion, 7, 1529–1539.

Adebo, J.A. & Kesa, H. (2023). Evaluation of nutritional and func-
tional properties of anatomical parts of two sorghum (Sorghum
bicolor) varieties. Heliyon, 9, e17296.

Aguiar, E.V., Santos, F.G., Queiroz, V.A.V. & Capriles, V.D.
(2023). A decade of evidence of sorghum potential in the develop-
ment of novel food products: insights from a bibliometric analysis.
Food, 12, 3790.

AOAC (2016). Official Methods of Analysis of AOAC INTERNA-
TIONAL, 20th edn. Washington DC: AOAC. https://doi.org/10.
1093/9780197610145.002.001

Ashok Kumar, A., Anuradha, K. & Ramaiah, B. (2013). Increasing
grain Fe and Zn concentration in sorghum: progress and way for-
ward. Journal of SAT Agricultural Research, 11, 1–5.

Aslam, M.F., Ellis, P.R., Berry, S.E., Latunde-Dada, G.O. & Sharp,
P.A. (2018). Enhancing mineral bioavailability from cereals: current
strategies and future perspectives. Nutrition Bulletin, 43, 184–188.

Baholet, D., Mrvova, K., Horky, P. & Pavlata, L. (2018). Compari-
son of nutrient composition of sorghum varieties depending on dif-
ferent soil types. Proceedings of 25Th International Phd Students
Conference (Mendelnet 2018), 25, 100–103. Available at: http://
mendelnet.cz/artkey/mnt-201801-0019_Comparison-of-nutrient-
composition-of-sorghum-varieties-depending-on-different-soil-types.
php

Balasubramanian, S. & Patil, R.T. (2015). Modern processing tech-
nologies for sorghum products, Processed Food Industry (January
2011). Available at: https://www.researchgate.net/publication/27868
6120%0AModern

Black, C.K. & Panozzo, J.F. (2004). Accurate technique for measur-
ing color values of grain and grain products using a visible-NIR
instrument. Cereal Chemistry, 81, 469–474.

Bonnot, T., Bachelet, F., Boudet, J. et al. (2023). Sulfur in determin-
ing seed protein composition: present understanding of its interac-
tion with abiotic stresses and future directions. Journal of
Experimental Botany, 74, 3276–3285.

Chatfield, C. (1989) ‘The initial examination of data’. pp. 214-253.
file:///C:/users/TT/downloads/applied-regre. https://www.jstor.
org/stable/2981969%0D

Dahlberg, J., Berenji, J., Sikora, V. & Dragana, L. (2011). Assessing
sorghum [Sorghum bicolor (L) Moench] germplasm for new traits:
food, fuels & unique uses. Maydica, 56, 85–92.

Deribe, Y. & Kassa, E. (2020). Value creation and sorghum-based
products: what synergetic actions are needed? Cogent Food and
Agriculture, 6, 1722352.

Draper, N.R. & Smith, H. (1998). Applied Regression Analysis. Wiley
Series in Probability and Statistics: Texts and References Section,
Third Edition. Pp. 1–738. John Wiley & Sons.

East Africa Communities. (2011). Sorghum flour Specification Stan-
dards. 95. Pp. 1–11. Available at: https://law.resource.
org/pub/eac/ibr/eas.95.2011.pdf

EFSA Panel on Dietetic Products, Nutrition and Allergies (NDA)
(2015). Scientific opinion on dietary reference values for copper.
EFSA Journal, 13(10), 4253.

Ejaz, I., He, S., Li, W. et al. (2021). Sorghum grains grading for
food, feed, and fuel using NIR spectroscopy. Frontiers in Plant Sci-
ence, 12(September), 720022.

Ertl, K. & Goessler, W. (2018). Grains, whole flour, white flour, and
some final goods: an elemental comparison. European Food
Research and Technology, 244, 2065–2075.

George, T.T., Obilana, A.O., Oyenihi, A.B., Obilana, A.B., Akamo,
D.O. & Awika, J.M. (2022). Trends and progress in sorghum
research over two decades, and implications to global food secu-
rity. South African Journal of Botany, 151, 960–969.

Guti�errez, O.M. (2013). The connection between dietary phosphorus,
cardiovascular disease, and mortality: where we stand and what we
need to know. Advances in Nutrition, 4, 723–729.

Henley, C. (2010). Sorghum: An Ancient, Healthy and Nutritious
Old World Cereal Table of Contents. p. 33.

Henney, J.E., Taylor, C.L. & Boon, C.S. (2010). Strategies to reduce
sodium intake in the United States. Washington (DC): National
Academies Press (US). https://doi.org/10.17226/12818

Hill, C.R., Shafaei, A., Balmer, L. et al. (2023). Sulfur compounds:
from plants to humans and their role in chronic disease preven-
tion. Critical Reviews in Food Science and Nutrition, 63, 8616–
8638.

Himani, P., Jayanti, T, Anurag, M., Satpal & Sangwan, S. (2021).
Characterization of phenolic compounds and antioxidant activity
in sorghum [Sorghum bicolor (L.) Moench] grains. Cereal Research
Communications, 49, 343–353.

� 2024 The Authors. International Journal of Food Science & Technology published by John Wiley & Sons Ltd

on behalf of Institute of Food, Science and Technology (IFSTTF).

International Journal of Food Science and Technology 2024

Advancements in sorghum grain husking process M. Khalfalla et al.8

 13652621, 0, D
ow

nloaded from
 https://ifst.onlinelibrary.w

iley.com
/doi/10.1111/ijfs.17117 by U

niversity O
f D

ebrecen, W
iley O

nline L
ibrary on [14/04/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org/10.1093/9780197610145.002.001
https://doi.org/10.1093/9780197610145.002.001
http://mendelnet.cz/artkey/mnt-201801-0019_Comparison-of-nutrient-composition-of-sorghum-varieties-depending-on-different-soil-types.php
http://mendelnet.cz/artkey/mnt-201801-0019_Comparison-of-nutrient-composition-of-sorghum-varieties-depending-on-different-soil-types.php
http://mendelnet.cz/artkey/mnt-201801-0019_Comparison-of-nutrient-composition-of-sorghum-varieties-depending-on-different-soil-types.php
http://mendelnet.cz/artkey/mnt-201801-0019_Comparison-of-nutrient-composition-of-sorghum-varieties-depending-on-different-soil-types.php
http://mendelnet.cz/artkey/mnt-201801-0019_Comparison-of-nutrient-composition-of-sorghum-varieties-depending-on-different-soil-types.php
http://mendelnet.cz/artkey/mnt-201801-0019_Comparison-of-nutrient-composition-of-sorghum-varieties-depending-on-different-soil-types.php
http://mendelnet.cz/artkey/mnt-201801-0019_Comparison-of-nutrient-composition-of-sorghum-varieties-depending-on-different-soil-types.php
http://mendelnet.cz/artkey/mnt-201801-0019_Comparison-of-nutrient-composition-of-sorghum-varieties-depending-on-different-soil-types.php
http://mendelnet.cz/artkey/mnt-201801-0019_Comparison-of-nutrient-composition-of-sorghum-varieties-depending-on-different-soil-types.php
http://mendelnet.cz/artkey/mnt-201801-0019_Comparison-of-nutrient-composition-of-sorghum-varieties-depending-on-different-soil-types.php
http://mendelnet.cz/artkey/mnt-201801-0019_Comparison-of-nutrient-composition-of-sorghum-varieties-depending-on-different-soil-types.php
http://mendelnet.cz/artkey/mnt-201801-0019_Comparison-of-nutrient-composition-of-sorghum-varieties-depending-on-different-soil-types.php
http://mendelnet.cz/artkey/mnt-201801-0019_Comparison-of-nutrient-composition-of-sorghum-varieties-depending-on-different-soil-types.php
http://mendelnet.cz/artkey/mnt-201801-0019_Comparison-of-nutrient-composition-of-sorghum-varieties-depending-on-different-soil-types.php
http://mendelnet.cz/artkey/mnt-201801-0019_Comparison-of-nutrient-composition-of-sorghum-varieties-depending-on-different-soil-types.php
http://mendelnet.cz/artkey/mnt-201801-0019_Comparison-of-nutrient-composition-of-sorghum-varieties-depending-on-different-soil-types.php
http://mendelnet.cz/artkey/mnt-201801-0019_Comparison-of-nutrient-composition-of-sorghum-varieties-depending-on-different-soil-types.php
https://www.researchgate.net/publication/278686120%0AModern
https://www.researchgate.net/publication/278686120%0AModern
file:///C:/users/TT/downloads/applied-regre
file:///C:/users/TT/downloads/applied-regre
https://www.jstor.org/stable/2981969%0D
https://www.jstor.org/stable/2981969%0D
https://law.resource.org/pub/eac/ibr/eas.95.2011.pdf
https://law.resource.org/pub/eac/ibr/eas.95.2011.pdf
https://doi.org/10.17226/12818


H€ohn, J.G. & R€otter, R.P. (2014). Impact of global warming on
European cereal production. CAB Reviews: Perspectives in Agricul-
ture, Veterinary Science, Nutrition and Natural Resources, 9, 1–15.

Ikem, A., Odumosu, P.O. & Udousoro, I. (2023). Elemental compo-
sition of cereal grains and the contribution to the dietary intake in
the Nigerian population. Journal of Food Composition and Analysis,
118(February), 105207.

ISO 20483:2013. (2013). INTERNATIONAL STANDARD of the
nitrogen content and calculation of the crude protein content —
Kjeldahl method iTeh STANDARD PREVIEW iTeh STAN-
DARD PREVIEW.

Ja�cimovi�c, S., Kiprovski, B., Ristivojevi�c, P. et al. (2023). Chemical
composition, antioxidant potential, and nutritional evaluation of
cultivated sorghum grains: a combined experimental, theoretical,
and multivariate analysis. Antioxidants, 12, 1485.

John, R.N. & Taylor, J.T. (2023). ICC handbook of 21st century
cereal science and technology. Pp. 161–171. https://doi.org/10.
1016/B978-0-323-95295-8.00039-3

J�ov�er, J., Kov�acs, E., Riczu, P., Tam�as, J. & Blask�o, L. (2018). Spa-
tial decision support for crop structure adjustment - a case study
for selection of potential areas for sorghum (Sorghum bicolor (L.)
Moench) production. Agrokemia es Talajtan, 67, 49–59.

J�ov�er, J., Kov�acs, G., Blask�o, L., Juh�asz, C. & Kov�acs, E. (2020).
Evaluation of sweet sorghum (Sorghum bicolor) hybrids As bioe-
nergy feedstocks in relation to climatic aspects. Natural Resources
and Sustainable Development, 10, 161–174.

Kayisoglu, C., Altikardes, E., Guzel, N. & Uzel, S. (2024). Germina-
tion: A powerful way to improve the nutritional, functional, and
molecular properties of white- and red-colored sorghum grains.
Foods, 13(5), 662.

Keyata, E.O., Tola, Y.B., Bultosa, G. & Forsido, S.F. (2021). Pre-
milling treatments effects on nutritional composition, antinutri-
tional factors, and in vitro mineral bioavailability of the improved
Assosa I sorghum variety (Sorghum bicolor L.). Food Science &
Nutrition, 9(4), 1929–1938.

Khalid, W., Ali, A., Arshad, M.S. et al. (2022). Nutrients and bioac-
tive compounds of Sorghum bicolor L. used to prepare functional
foods: a review on the efficacy against different chronic disorders.
International Journal of Food Properties, 25, 1045–1062.

Khoddami, A., Messina, V., Vadabalija Venkata, K., Farahnaky,
A., Blanchard, C.L. & Roberts, T.H. (2023). Sorghum in foods:
functionality and potential in innovative products. Critical Reviews
in Food Science and Nutrition, 63, 1170–1186.

Kiani, A.K., Dhuli, K., Donato, K. et al. (2022). Main nutritional
deficiencies. Journal of Preventive Medicine and Hygiene, 63, E93–
E101.

Kołodziejczyk, P., Makowska, A., Pospieszna, B., Michniewicz, J. &
Paschke, H. (2018). Chemical and nutritional characteristics of
high-fibre rye milling fractions. Acta Scientiarum Polonorum. Tech-
nologia Alimentaria, 17, 149–157.

Konica Minolta. (2002). Chroma meter Konica Minolta Cr-400/410.
Instruction Manual. P. 160. Available at: http://sensing.
konicaminolta.com.mx/products/cr-410-chroma-meter-difference-
with-colorimeter/support/cr-400-410_instruction_eng.pdf
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Appendix A

Table A1 Recommended daily allowance for human age groups

Variables Daily intake mg/100 g Grain RDA/Al (mg day�1) –F RDA/Al (mg day�1) –M % Intake –F % Intake –M

P 308.06–678.19 700 700 44–97 44–97

K 96.35–232.26 2600 3400 4–9 3–7

Ca 8.01–19.00 1000 1000 1–2 1–2

Mg 57.58–92.74 320 420 18–29 14–22

Cu 0.12–0.30 0.90 0.90 13–33 13–33

Fe 1.36–3.37 18.00 8.00 8–19 17–42

Zn 1.32–2.54 8.00 11.00 17–32 12–23

Na 0.30–0.54 1500 1500 0 0

Mn 0.47–1.31 1.80 2.30 26–73 20–57

Cr 0.01–0.06 0.025 0.035 32–228 23–163

AI, adequate intake; F, female (31–50 years); M, male (31–50 years); RDA, recommended daily allowance.

Source: (Ja�cimovi�c et al., 2023).

Table A2 Details of the names and geographical origins of
the variety

Code Variety Regions

H4 ES Monsoon Hortob�agy

E4 ES Monsoon Eszt�ar

Ny4 ES Monsoon Ny�ıregyh�aza

H7 AS1 2021 IMI Hortob�agy

E7 AS1 2021 IMI Eszt�ar

Ny7 AS1 2021 IMI Ny�ıregyh�aza

H1 ES F€oehn Hortob�agy

E1 ES F€oehn Eszt�ar

Ny 1 ES F€oehn Ny�ıregyh�aza

� 2024 The Authors. International Journal of Food Science & Technology published by John Wiley & Sons Ltd

on behalf of Institute of Food, Science and Technology (IFSTTF).
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Table A3 Sorghum grain nutritional content based on the various regions

Variables

Whole grains (Hummer) Husked grains (TM05C husker)

Hortob�agy Eszt�ar Ny�ıregyh�aza P-value Hortob�agy Eszt�ar Ny�ıregyh�aza P-value

Total dietary fibre g kg-1 134 � 23.0 134 � 18.0 134 � 17.0 0.3 149 � 12.3 138 � 14.1 139 � 8.2 0.05

Total protein g kg-1 16 � 2.0 15 � 2.0 15 � 2.0 0.22 16 � 7.8 19 � 8.2 16 � 8.0 0.2

Ash g kg-1 15 � 0.5 14 � 0.1 13 � 0.1 0.04 27 � 0.03 21 � 0.05 14 � 0.07 0.01

P mg kg�1 4883 � 1193.0 5075 � 1096.0 4426 � 964.0 0.44 5115 � 3623.3 4482 � 3258.1 4995 � 3038.3 0.71

K mg kg�1 5901 � 745.4 6175 � 849.4 7030 � 1180.0 0.04 5852 � 3202.2 5013 � 3013.6 6871 � 3509.0 0.05

S mg kg�1 1280 � 633.8 1280 � 633.5 1234 � 403.2 0.73 1360 � 505.5 1264 � 319.8 1447 � 461.3 0.05

Ca mg kg�1 519 � 120.2 502 � 104.8 507 � 127.2 0.59 1071 � 579.7 1061 � 557.0 830 � 544.9 0.02

Mg mg kg�1 1356 � 211.9 1356 � 159.8 1400 � 163.6 0.67 2697 � 2114.1 2137 � 1303.1 3210 � 1209.0 0.05

Cu mg kg�1 3 � 1.0 4 � 1.0 4 � 1.0 0.51 9 � 4.7 9 � 3.3 6 � 4.4 0.03

Fe mg kg�1 66 � 9.1 54 � 6.5 53 � 5.3 0.01 59 � 33.9 66 � 38.5 46 � 32.5 0.05

Zn mg kg�1 20 � 1.3 24 � 2.3 22 � 3.0 0.05 34 � 25.9 28 � 7.0 21 � 14.4 0.04

Na mg kg�1 35 � 13.5 35 � 10.5 44 � 13.5 0.14 116 � 32.2 108 � 27.5 93 � 22.2 0.03

Mn mg kg�1 21 � 6.4 28 � 5.1 20 � 5.5 0.02 33 � 26.0 37 � 24.0 30 � 22.0 0.53

Values 0 refer to the processed grains by hammer mill, while 30 (s) and 80 (s) refer to the husked grains by TM05C, husker.mean � SD, mineral

contents were calculated from three replication readings, while the total protein, total dietary fibre and ash were calculated from two replication

readings, P ≤ 0.05.

� 2024 The Authors. International Journal of Food Science & Technology published by John Wiley & Sons Ltd

on behalf of Institute of Food, Science and Technology (IFSTTF).
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Table A5 Statistical descriptive of the colour parameter based
on whole grains and husked fraction time units

Parameters 0 (s) 30 (s) 80 (s) P-value

L* 69.8 � 2.9 66.3 � 2.2 65.0 � 1.5 0.88

a* 5.1 � 1.0 5.2 � 1.0 4.9 � 1.5 0.009

b* 16.2 � 1.1 16.4 � 1.0 16.8 � 1.0 0.45

Y 40.7 � 1.1 36.0 � 1.2 38.0 � 3.5 0.05

Values 0 refer to the grond grains by hammer mill, while 30 (s) and 80

(s) refer to the husked grains by TM05C, husker. Mean � SD were cal-

culated from three replication readings.

Figure A1 Discriminant analysis plot correlations between Sorghum bicolor varieties, regions and mineral patterns in the basic data, P ≤ 0.05.

Figure A2 Evaluation of colour profiles based on the Sorghum bicolor respective varieties P ≤ 0.05.
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