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Abstract: Sorghum is the fifth most used cereal and contains many bioactive compounds which
enhance the antioxidant capacity. The aim of this study was to investigate the antioxidant capacity and
the total phenolic content by applying different organic solvents and extraction times on sorghum
grain at different particle sizes which were subjected dry heat treatment. The antioxidant capacity
values varied between 53.5% to 100%, and the total phenols content ranged from 6.58 mg GAE/g to
54.90 mg GAE/qg for the sorghum flour particles sizes, indicating a significant increase when the dry
heat treatment was applied. From the solvent used point of view, it can be seen a rise in antioxidant
capacity and concentration of total phenols extracted in the following order: methanol > water >
ethanol. Also, when the particle size of sorghum flour decreased and extraction time increased, the
values of antioxidant capacity and total polyphenols components increased. This study revealed the
potential of different sorghum particles size from the total polyphenols and antioxidant capacity point
of view and to use them as ingredients to raise the shelf life of food products.
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1. Introduction phenolic compounds are phenolic acids,
Sorghum is a gluten-free grain that flavonoids (anthocyanins, catechins, and
contains bioactive components (phenolic leucoanthocyanidins), and condensed
acids, flavonoids, and anthocyanins), tannins [8]. Phenolic compounds from
being a good cereal alternative for human sorghum grains manifest a great
consumption, especially for celiac antioxidant capacity, which is mainly
patients [1,2]. Many researchers have characterized by scavenging radicals
focused on the health benefits of sorghum [1,9].

phenolics and their antioxidant capacity, The extraction yield, content, and profile
which found that the antioxidant capacity of phenolics compounds in sorghum
of sorghum is higher than that of any present significant differences when are
other grain [3]. used different extraction methods, such as
Sorghum grain contains from the outside refluxing extraction, water extraction,
to the inner: outer covering - pericarp maceration extraction, Soxhlet extraction,
(5%), layer - testa (1%), storage tissue - and organic solvent extraction [10,11].
endosperm (84%), and embryo - germ Various solvents including water, ethanol,
(10%) [4]. Testa is placed over the methanol, ethyl ether, etc. were used for
pericarp and under the endosperm, being the  phenol’s  extraction  [12-14].
unique through other cereals [5]. Phenolic Furthermore, physical treatment methods
substances are mostly placed in the applied to sorghum grains change the
pericarp and testa [6], this fact is phenolic profile and antioxidant capacity.
influenced by varieties and growing One of the methods that enhance the
conditions [7]. The principal sorghum nutritional quality  and phenolic
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compounds of cereal grains is the thermal
processes [15], such as baking, roasting,
and extrusion which lead to physico-
chemical modification when starch,
protein, and other, compounds interact,
and Maillard reactions are producing [16].
These modifications will improve the
antioxidant  characteristics, nutritional
quality, organoleptic properties,
inactivating of high temperature sensitive
toxic components and enzyme inhibitors.
These increases might be possible due to
the damage to cellular components which
release phenolic acids and hydrolyze the
polyphenols in simple phenols [17,18].
Some authors highlight an increase in
vitamin E and a decrease in the
carotenoids, flavanones, flavones, and
proanthocyanidins when sorghum flours
were treated with dry heat in a
conventional oven [19]. Contrarily, in the
same study, was demonstrated that the
antioxidant activity in treated flours with
dry heat remained constant or increased
[19]. This can be possible due to various
bioactive substances which have different
sensitivity to heat and the carotenoids,
flavanones, flavones, and
proanthocyanidins are more sensitive than
vitamin E to heat.

The processing technology of sorghum
includes the partial removal of the germ,
endosperm, and pericarp, through the
decortication, malting, fermentation,
roasting, flaking, and milling process
[20]. For cereal grains, milling represents
the operation of the bran and germ
separation from the starchy endosperm
which results in refined flour, because the
pericarp, testa, and aleurone layers are all
separated [21]. Some studies reported
higher flavonoid content in sorghum bran
compared to other fractions [22] and an
improvement of total polyphenols content
when particle size decreased in sorghum
fractions [9], in barley [23], because once
the fiber matrix was broken, the phenolic

components were released or exposed.
These results demonstrated that grinding
treatment could effectively improve the
antioxidant capacity [24]. This leads to
the conclusion that particle size has a
great influence on compound present in
grains such as minerals, vitamins, fibers,
and phytochemicals. Some authors stated
that the bran particles represent a very
valuable natural source of antioxidants
due to phenolics, the bran being a a value-
added product in the preparation of
functional food ingredients and/or for the
enrichment of particular products [16].
The phenolic compounds from sorghum
are bound to the cell wall and these makes
it difficult to extract it [21], and are
important to find the techniques that
enhance polyphenol extraction at different
temperature conditions and time.
Sorghum, one of the most diverse cereals
in terms of the types and amounts of
polyphenols [25], presents the following
beneficial effects such as reducing the
oxidative stress and chronic inflammation,
prevention of some types of cancer,
enhancement of glucose metabolism and
reducing insulin resistance, improving
lipid metabolism and changing the gut
microbiota for good colon function [8,26].
It has been observed in the literature that
recently, studies on sorghum have
intensified, regarding bioactive
compounds and their effects on health
[27-29].

Even though there are many studies about
the phenolic compounds and antioxidant
activity in the sorghum flour, from our
knowledge are no reports about the total
phenolic content and antioxidant activity
of particle size of dry heat treatment
sorghum grains at different temperatures,
and the impact of the type of solvent and
extraction time on them.

The aim of this research was to assess the
influence of dry heat treatment of
sorghum grain on phenolic compounds
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and antioxidant activity in different
particle sizes of sorghum flour by using
different organic solvents and extraction
times.

2. Materials and methods
2.1. Materials

The white sorghum seeds (ES Albanus
hybrid) from harvest 2021, were
purchased from the Secuieni Agricultural
Development Research Station (Neamt,
Romania). The proximate composition
includes: 11.50% moisture, 10.35%
protein, 3.07% lipids, 1.16% ash, 8.35%
dietary fiber and 65.56% carbohydrates.

2.2. Sorghum treatment

Dry heat treatment of sorghum was
performed at different temperatures (121
°C, 132 °C, and 140 °C) for 15 min in a
Binder ED53L convection oven (Binder,
Tuttlingen, Germany). The sorghum grains
heat treated and untreated were milled
into a laboratory machine (Grain Mill,
KitchenAid, Model 106 5KGM, Benton
Harbor, MI, USA). Then, the integral
flour was sieved on three mesh (Retsch
Vibratory Sieve Shaker AS 200 basic,
Haan, Germany), and was obtained three
flour particle sizes large (L > 300 um),
medium (200 pm < M < 250 um), small
fractions (S < 200 pm). In this study,
large particle size was selected from
grains treated at 140 °C (LT), medium
particle size from grains treated at 132 °C
(MT) and small particle size from grains
treated at 121 °C (ST). The selection was
made based on the results obtained in our
previous research [9]. The untreated
samples of sorghum grains sieved on the
same three meshes, L, M, and S were
coded as LN, MN, and SN and considered
as control.

2.3. Methods
2.3.1. Antioxidant capacity

To determine the antioxidant capacity of
sorghum particle sizes was used the 2,2
diphenyl-1- picrylhydrazyl  (DPPH)
method at four different times (10, 15, 20,
and 30 min). Briefly, 2 mL of DPPH
reagent was mixed with 2 mL extract,
prepared as reported in a previous study
[9]. The absorbance was reading at 517
nm after incubation for 10, 15, 20, and 30
min at room temperature. The DPPH
scavenging activity was calculated using
Equation (1), where Asample IS the
absorbance of the sample with sorghum
flour extract and Avianck, IS the absorbance
reading without extract.

Asampie

DPPH (%) = (1 — ) 100 (1)

blanck

2.3.2. Total polyphenol content

In order to determinate the total
polyphenol content (TPC), 0.2 mL extract
was mixed with 2 mL Folin—Ciocélteu
reagent and 1.8 mL sodium carbonate
(7.5%) [30]. After resting at room
temperature in the darkness for 10, 15, 20,
and 30 min, the absorbance was read at
750 nm [30]. The calibration curve made
with gallic acid had R? = 0.99 and the
equation y = 0.00949 x + 0.02950.

2.4. Statistical Analysis

All assays were done in triplicate.
Statistically significant differences at a
95% confidence level were evaluated by
means of one-way ANOVA with Tukey’s
test, by using XLSTAT for Excel 2021
version (Addinsoft, New York, NY,
USA).

Ana BATARIUC, Tonica COTOVANU, Silvia MIRONEASA, Influence of dry heat treatment on antioxidant activity and
total polyphenol content of different sorghum particle sizes, Food and Environment Safety, Volume XXI, Issue 3 — 2022,

pag. 257 — 264



Food and Environment Safety - Journal of Faculty of Food Engineering, Stefan cel Mare University - Suceava
Volume XXI, Issue 3 — 2022

3. Results and discussion

3.1. Effect of dry heat treatment and
extraction solvent type on the antioxidant
capacity of sorghum particle size

All three types of untreated and treated
sorghum flour particle sizes were
analyzed from an antioxidant activity
point of view obtained after 10, 15, 20,
and 30 min extraction times, and the
results are presented in Figure 1. The
obtained  results demonstrated that
treatment temperatures remarkable
influenced the antioxidant capacity of
sorghum flour.
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Fig. 1. Effect of the water solvent on samples
antioxidant capacity

During phenolic compounds extraction
with water, it is observed that particle
sizes of sorghum flour obtained from dry
heat-treated sorghum grains show higher
values of antioxidant capacity. It can also
be seen in Figure 1 that the medium
particle size has the highest antioxidant
capacity, and when the extraction time
increase, the antioxidant capacity
increases proportionally. This fact can be
possible due to higher temperatures
during processing which leads to the
enhance of total phenolic content and free
radical scavenging capacity. Similar
results were obtained in other studies,
which presented an increase in barley

flour antioxidant capacity when was
applied a roasted treatment to the grain
[31,32].

In the case of ethanol extraction, there
were significant differences observed
between the particle sizes of thermally
and non-thermally treated samples (Figure
2).

Ethanol extraction showed an enhanced
antioxidant capacity of the samples as the
particle size decreased and the extraction
time increased. Sorghum phenolic types
influenced the antioxidant activity of the
samples. The increase of antioxidant
activity with the diminishing of grain
granularity was noticed by other authors.
This fact can be due to the damage of the
fiber matrix [33], and when was applied a
heat treatment on sorghum grains it could
lead to the release of phenolic compounds
from glycosidic components and the
hydrolyzation  of  higher  phenolic
components into smaller ones [34].
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Fig. 2. Effect of the ethanol solvent on samples
antioxidant capacity

Extraction with methanol of the phenolic
compounds from the sorghum flour
different particle sizes showed higher
values, a similar trend with the water
extraction. Significant differences were
observed between samples from the heat
treatment applied, the size of the particle,
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and the extraction time used point of view
(Figure 3).
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Fig. 3. Effect of the methanol solvent on samples
antioxidant capacity

Our results were similar to those obtained
by the Morais Carddoso et al. [19].

The increase of antioxidant activity in the
dry heat-treated samples can be explained
by the formed compounds such as
Maillard reaction products [35], and the
release of bound phenolic acids from cell
walls during baking [36]. This variation in
sorghum samples’ DPPH values can be
based on the chemical extracts structure
and on the radical-antioxidant reactions
parameters. The value which presented
higher antioxidant activity was with
methanol extracts and this result can be
based on the presence of higher content
and synergistic action of antioxidant
components  with  hydrophilic  and
hydrophobic nature [36]. The use of an
alcoholic solvent could be more adequate
for extraction of antioxidant compounds
from sorghum [6].

3.2. Effect of dry heat treatment and
extraction solvent type on the total
polyphenol content of sorghum particle size

The extraction of polyphenols from white
sorghum flour was strongly influenced by
the treatment applied to the grains, the
sorghum flour particle size, and extraction
time.

The highest particle size values of
polyphenols were found in the samples
where the extraction time was applied for
20 and 30 min (Figure 4).
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Fig. 4. Effect of the water solvent on samples total
polyphenols contents
Statistical analysis of the data shows that
the extraction solvent had a positive effect
on the phenolic compounds in the following
order: methanol > water > ethanol (Figures
4, 5, and 6). The Maillard reaction and
chemical oxidation of phenols can be
responsable for the increase of total
polyphenols content.
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Fig. 5. Effect of the ethanol solvent on samples
total polyphenols contents

Some authors demonstrated that heat
enhanced the total phenols content [36].
Some phenols can also be deposited in the
cellular vacuoles [37], and processing
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release

with high temperatures may
unavailable phenolics.
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Fig. 6. Effect of the methanol solvent on samples
total polyphenols contents

The processing conditions considerable
influenced the phenolic compounds. The
release of phenolic compounds depend of
moisture content, time and temperature
during extrusion processing [38].

Based on the indicated results, we found
significant differences (p < 0.05) on the
total phenolic content of non-treated and
heat-treated samples. This enhance can be
explain by the hydrolization of conjugated
phenolic moiety during the thermal
process and a polymerization reaction
which lead to the obtaining of phenols
[16].

This suggests that even though the
phenolic components are considered a
major group of antioxidants, the non-
phenolic components can also
significantly contribute to the antioxidant
activity of this cereal [6].

4. Conclusion

The processing with dry heat treatment
affected the antioxidant capacity and total
polyphenols compounds of different
particle-size sorghum flour depending on
treatment temperature. The type of
solvent and time of extraction that can
facilitate the release of phenols

highlighted an increased antioxidant
activity in some sorghum particle sizes.
The highest antioxidant capacity was
found for medium fractions when
methanol was used as extraction solvent
at 10 min extraction time.

5. Acknowledgment

This work was performed within the
framework of the “DECIDE—
Development through entrepreneurial
education and innovative doctoral and
postdoctoral research, project code
POCU/380/13/125031, supported by
project cofinanced from the European
Fund through the 2014-2021 Operational
Program Human Capital®.

6. References

[1]. SHEN, S., HUANG, R, LI, C., WU, W.,
CHEN, H., SHI, J., CHEN, S., YE, X., Phenolic
compositions and antioxidant activities differ
significantly among sorghum grains with different
applications. Molecules, 23, 1023, (2018).

[2]. KUMARI, P.K., UMAKANTH, AV,
NARSAIAH, T.B., UMA, A, Exploring
anthocyanins, antioxidant capacity and a-glucosidase
inhibition in bran and flour extracts of selected
sorghum genotypes. Food Bioscience, 41, 100979,
(2021).

[3]. DLAMINI, N., TAYLOR, J., ROONEY,
L., The effect of sorghum type and processing on the
antioxidant properties of African sorghum-based
foods, Food Chemistry, 105, 1412-1419, (2007).
[4]. SLAVIN, J., Whole grains and human
health. Nutrition Research Review, 17(1), 99-110,
(2004).

[5]. EARP, C.F., MCDONOUGH, C.M,
ROONEY, L.W., Microscopy of pericarp
development in the caryopsis of Sorghum bicolor
(L.) Moench. Journal of Cereal Science, 39, 21-27,
(2004).

[6]. DE CARDOSO, L.M., PINHEIRO, S.S,
DE CARVALHO, C.W.P., QUEIROZ, V.AV., DE
MENEZES, C.B., MOREIRA, AV.B., DE
BARROS, F.AR., AWIKA, JM., MARTINO,
H.S.D., PINHEIRO-SANT’ANA, H.M., Phenolic
Compounds Profile in Sorghum Processed by
Extrusion Cooking and Dry Heat in a Conventional
Oven. Journal of Cereal Science, 65, 220-226,
(2015).

Ana BATARIUC, Tonica COTOVANU, Silvia MIRONEASA, Influence of dry heat treatment on antioxidant activity and
total polyphenol content of different sorghum particle sizes, Food and Environment Safety, Volume XXI, Issue 3 — 2022,

pag. 257 — 264



Food and Environment Safety - Journal of Faculty of Food Engineering, Stefan cel Mare University - Suceava
Volume XXI, Issue 3 — 2022

[7]. DYKES, L., PETERSON, G.C., ROONEY,
W.L., ROONEY, L.W., Flavonoid composition of
lemon-yellow sorghum genotypes. Food Chemistry,
127, 173-179, (2011).

[8]. TAYLOR, J.R.N., BELTON, P.S., BETA,
T. DUODU, K.G., Increasing the utilization of
sorghum, millets and pseudocereals: developments
in the science of their phenolic phytochemicals,
biofortification and protein functionality. Journal of
Cereal Science, 59, 257-275, (2014).

[9]. BATARIUC, A., UNGUREANU-IUGA,
M., MIRONEASA, S., Characterization of Sorghum
Processed through Dry Heat Treatment and Milling.
Applied Sciences, 12(15), 7630, (2022).

[10]. BILLA, E., KOULLAS, D.P., MONTIES,
B., KOUBIOS, E.G., Structure and composition of
sweet sorghum stalk components. Industrial Crops
and Products, 6, 297-302, (1997).

[11]. AWIKA, J. M, ROONEY, L W,
WANISKA, R. D., Anthocyanins from black
sorghum and their antioxidant properties. Food
Chemistry, 90(1-2), 293-301, (2005).

[12]. HONG, S., PANGLOLI, P., PERUMAL,
R., COX, S, NORONHA, L.E. DIA, V.P,
SMOLENSKY, D.A., Comparative Study on
Phenolic Content, Antioxidant Activity and Anti-
Inflammatory Capacity of Aqueous and Ethanolic
Extracts of Sorghum in Lipopolysaccharidelnduced
RAW 264.7 Macrophages. Antioxidants, 9, 1297,
(2020).

[13]. GAYTAN-MARTINEZ, M., CABRERA-
RAMIREZ, AH., MORALES-SANCHEZ, E.
RAMIREZ-JIMENEZ, A K.., CRUZ-RAMIREZ, J.,
CAMPOS-VEGA, R., VELAZQUEZ, G,
LOARCA-PINA, G., MENDOZA, S., Effect of
nixtamalization process on the content and
composition of phenolic compounds and antioxidant
activity of two sorghums varieties. Journal of Cereal
Science, 77, 1-8, (2017).

[14]. IUGA, M., ROPCIUC, S., MIRONEASA,
S., Antioxidant activity and total phenolic content of
grape seeds and peels from Romanian varieties.
Food and Environment Safety Journal, 16(4),
(2017).

[15]. LI, Z, ZHAO, X., ZHANG, X., LIU, H,,
The Effects of Processing on Bioactive Compounds
and Biological Activities of Sorghum Grains.
Molecules, 27(10), 3246, (2022).

[16]. RAGAEE, S., SEETHARAMAN, K,
ABDEL-AAL, E.S.M., The impact of milling and
thermal processing on phenolic compounds in cereal
grains. Critical Reviews in Food Science and
Nutrition, 54(7), 837-849, (2014).

[17]. XIONG, Y. ZHANG, P., LUO, J,
JOHNSON, S., FANG, Z., Effect of processing on
the phenolic contents, antioxidant activity and

volatile compounds of sorghum grain tea. Journal of
Cereal Science, 85, 6-14, (2019).

[18]. WU, L., HUANG, Z., QIN, P.,, REN, G.,
Effects of processing on phytochemical profiles and
biological activities for production of sorghum tea.
Food Research International, 53, 678-685, (2013).
[19]. DE MORAIS CARDOSO, L., MONTINI,
T. A, PINHEIRO, S. S., PINHEIRO-SANT’ANA,
H. M., MARTINO, H. S. D., MOREIRA, A.V.B.,
Effects of processing with dry heat and wet heat on
the antioxidant profile of sorghum. Food Chemistry,
152, 210-217, (2014).

[20]. MIR, S.A., MANICKAVASAGAN, A,
SHAH, M.A., Whole Grains: Processing, Product
Development, and Nutritional Aspects; CRC Press:
Boca Raton, FL, USA, ISBN 1351104756, (2019).
[21]. BARROS, F., DYKES, L., AWIKA, J. M.,
ROONEY, L. W., Accelerated solvent extraction of
phenolic compounds from sorghum brans. Journal
of Cereal Science, 58(2), 305-312, (2013).

[22]. WOOQ, K.S.,, SEO, M.C., KANG, J.R., KO,
J.Y., SONG, S.B,, LEE, J.S., OH, B.G., DO PARK,
G., LEE, Y.H., NAM, M.H., ET AL., Antioxidant
compounds and antioxidant activities of the
methanolic extracts from milling fractions of
sorghum (Sorghum Bicolor L. Moench). Journal of
the Korean Society of Food Science and Nutrition,
39, 1695-1699, (2010).

[23]. ZHU, F., DU, B., XU, B., Super fi ne
grinding improves functional properties and
antioxidant capacities of bran dietary fi bre from
Qingke (hull-less barley) grown in Qinghai-Tibet
Plateau, China. Journal of Cereal Science, 65, 43—
47, (2015).

[24]. XU, Q., HUANG, R., YANG, P., WANG,
L., XING, Y., LIU, H., ZHANG, P., Effect of
different superfine grinding technologies on the
physicochemical and antioxidant properties of
tartary buckwheat bran powder. RSC Advances,
11(49), 30898-30910, (2021).

[25]. GIRARD, A. L., AWIKA, J. M., Sorghum
polyphenols and other bioactive components as
functional and health promoting food ingredients.
Journal of Cereal Science, 84, 112-124, (2018).

[26]. LI, R, WANG, Q., PENG, H., ZHAO, G,
ZHANG, D., LI, Z Exploring the effect of
microwave treatment on phenolic flavonoids,
antioxidant capacity, and phenolic in vitro
bioaccessibility of sorghum. International Journal of
Food Science & Technology, 57(4), 2510-2522,
(2022).

[27]. LI, Z., ZHAO, X., ZHANG, X., LIU, H.,
Bioactive Compounds and Biological Activities of
Sorghum Grains. Foods, 10(11), 2868, (2021).

[28]. LI, Z., ZHAO, X., ZHANG, X., LIU, H.,
The Effects of Processing on Bioactive Compounds

Ana BATARIUC, Tonica COTOVANU, Silvia MIRONEASA, Influence of dry heat treatment on antioxidant activity and
total polyphenol content of different sorghum particle sizes, Food and Environment Safety, Volume XXI, Issue 3 — 2022,

pag. 257 — 264



Food and Environment Safety - Journal of Faculty of Food Engineering, Stefan cel Mare University - Suceava
Volume XXI, Issue 3 — 2022

and Biological Activities of Sorghum Grains.
Molecules, 27(10), 3246, (2022).

[29]. NNAMANI, D.O., ALEKE, P.C,
ONYEKERE, P.F., Sorghum Byproducts as Sources
of Nutraceuticals. In Food and Agricultural
Byproducts as Important Source of Valuable
Nutraceuticals (pp. 203-213). Springer, Cham.,

(2022).

[30]. SINGLETON, V.L, ROSSI, JA,
Colorimetry of total phenolics with
phosphomolybdic-phosphotungstic acid reagents.

American Journal of Enology and Viticulture, 16,
144-158, (1965).

[31]. OMWAMBA, M., AND HU, Q,
Antioxidant Activity in Barley (HordeumVulgare
L.) Grains Roasted in a Microwave Oven
underconditions Optimized Using Response Surface
Methodology. Journal of Food Science, 75, 66-73,
(2010).

[32]. GALLEGOS-INFANTE, J. A., ROCHA-
GUZMAN, N. E.,, GONZALEZ-LAREDO, R. F., &
PULIDO-ALONSO, J., Effect of processing on the
antioxidant properties of extracts from Mexican
barley (Hordeum vulgare) cultivar. Food Chemistry,
119(3), 903-906, (2010).

[33]. ZHU, F., DU, B., XU, B., Super fi ne
grinding improves functional properties and
antioxidant capacities of bran dietary fi bre from
Qingke (hull-less barley) grown in Qinghai-Tibet
Plateau, China. Journal of Cereal Science, 65, 43—
47, (2015).

[34]. ALMAIMAN, S.A., ALBADR, N.A,
ALSULAIM, S., ALHUTHAYLI, H.F., OSMAN,
M.A., HASSAN, A.B., Effects of microwave heat
treatment on fungal growth, functional properties,
total phenolic content, and antioxidant activity of
sorghum  (Sorghum bicolor L.) grain. Food
Chemistry, 348, 128979, (2021).

[35]. MICHALSKA, A., AMIGO-BENAVENT,
M., ZIELINSKI, H., AND DEL CASTILLO, M. D,
Effect of bread making on formation of Maillard
reaction products contributing to the overall
antioxidant activity of rye bread. Journal of Cereal
Science, 48, 123-132, (2008).

[36]. DEWANTO, V., WU, X., ADOM, KK,
LIU, R.H., Thermal processing enhances the
nutritional value of tomatoes by increasing total
antioxidant activity. Journal of Agricultural and
Food Chemistry, 50(10), 3010-3014, (2002).

[37].  CHISM, G.W, HAARD, N.F.,
Characteristics of Edible Plant Tissues in Food
Chemistry, (Fennema, O. ed.), (1996).

[38]. DIMBERG, L. H., MOLTEBERG, E.L.,
SOLHEIM, R., FR@LICH, W., Variation in oat
groats due to variety, storage and heat treatment I:
Phenolic compounds. Journal of Cereal Science,
24(3), 263-272, (1996).

Ana BATARIUC, Tonica COTOVANU, Silvia MIRONEASA, Influence of dry heat treatment on antioxidant activity and
total polyphenol content of different sorghum particle sizes, Food and Environment Safety, Volume XXI, Issue 3 — 2022,

pag. 257 — 264

264



	1. Introduction

