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whole grains, The current study was carried out to prepare functional flakes from various cereals and to assess the nutritional value of
cereal flakes, breakfast cereal flakes and their sensory acceptability. Oat, soft wheat and durum wheat, barley (hull-less and hulled), triticale,

sensory evaluation,
physicochemical
characteristics,
functional properties

millet and sorghum grains have been used. Physicochemical, functional, phytochemical properties and sensory evaluation
were determined. The developed cereal flakes have high nutritional value and are high in dietary fiber. Concerning the overall
acceptability of flakes, durum wheat, hull-less barley and triticale were more preferred than the other samples. Meanwhile,
hulled barley and millet flakes showed the lowest scores compared with other flake samples due to the lowest score of their
appearance and color. Triticale, durum wheat and hulled barley turned to be good alternatives for oat to prepare flakes of
high-quality characteristics, as they have high protein (13.46, 11.92 and 11.67%, respectively) and ash contents along with
low content of fat and low calories. In terms of nutritional quality, the results indicated that oat flakes were higher in Mg and
P content, durum wheat flakes showed higher content of Mn, triticale had the highest content of K and Ca, and millet had the
highest content of Zn and Fe. Triticale flakes showed significantly higher content of dietary fiber and water absorption index
at room and hot temperatures when compared with other flakes. While comparing total phenolic content, the millet and bar-
ley flakes showed the highest values. Additionally, most flake samples had significantly higher values of antioxidant activity
compared to oat flakes used as control samples.

IMocrynuna 21.09.2023

ITocTynmia nocie penexnsupoBanus 12.03.2024
IIpuusTa B meuats 15.03.2024

© Tanan, B. K., A6n dnb-Canam, P. C., Mapu, A. M., 2024

BBICOKAS{ ITUINEBASI HEHHOCTD I'OTOBBIX XJIOIIBEB,
IMTPOU3BEJEHHBIX N3 PA3JINYHbBIX 3/TAKOB
T'anman B. K., A6x 9nb-Canam P. C.,* Mapu A. M.*

HayuHo-nccienoBaTe/bCKMUii MHCTUTYT NNUILEBBIX TEXHOJIOIMA, LIeHTp cenbCcKOX03s1/iCTBEHHBIX MccaenoBanuii, ['msa, Eruner

KJ/IIOYEBBIE CJIOBA: AHHOTALI S

https://www.fsjour.com/jour
HayuyHas cTtaTbs
Open access

yenbHoe 3epHo, Hacrosimas ctaThsl MOCBSILEHa MCCTeNOBaHNIO QYHKIMOHAIBHBIX X/IOIbEB ISl 3aBTPaka U3 Pa3HBIX 3ePHOBBIX [JIs1 OLIEHKU
371aK08ble XJI0NbSl, MX MATATENIbHOI LIEHHOCTY Y YYBCTBEHHOTO BOCIIPUHSTHUS. BbUIM UCIIONB30BaHbl COPTA OBCA, MSITKOI IIIEHWUIIBI Y TBEPAO
opz2aHonenmuueckast  TIIEHUIbI AyPyM, copTa siuMeHs (6e3 LIeTyxu ¥ C LIeayXoit), TpUTUKae, IIpoco 1 copro 3epHa. [IpoBeneHbl MCCIeL0BaAHMUS
oyeHKa, (GU3MKO-XMMUYECKMX XapaKTePUCTUK, GYHKUMOHANBHBIX, GUTOXMMIYECKMX CBOJCTB M IPOBEIEHa OpPraHONENTHIeCcKast
usuko-xumuueckue  oleHKa. XJIOIbs [JIsl 3aBTPAKa MMEIOT BHICOKYIO IUTATEIbHYIO EHHOCTb U BBICOKOE COfIEPYKAHME NVEeTUYECKO KIeTUaTKu.
Xapakmepucmuxu, VccmenoBaHust TOKa3auiy, YTo IIIEHNLIA, STIMeHb 63 IIeTyXu, TPUTHKAE, KaK ChIpbe AJIS1 M3TOTOBIEHMS XJIONbeB 0Ka3aIiCh
(yHKYUOHANbHBLIE 6oJtee MpenoYTUTETbHBIMY, UeM JIPyTYe 3JIaKU. B TO 5ke BpeMsi XJIOTIbsI U3 STYMEHsI U IIPOca, TOKa3alIu caMble HU3KYE OlleH-
ceoticmea KM TI0 CPaBHEHMIO C JPYTMMU 06pa3LiaMi XJIOMbsI M3-3a HU3KUX [TOKa3aTeseil BHEIIHero B1aa U nBerta. TpUTKKaie, TBepast

IMIIeHNIA AYPYM U STYMeHb SIBJISIOTCS XOpOolIeii albTepHaTUBOM OBCY [JIS1 IPUTOTOBJIEHMSI BLICOKOKQYeCTBEHHbBIX X/IOIbEB,
TTOCKOJIbKY OHU MMEIOT BbICOKOE cozepskaHue 6enka (13,46, 11,92 1 11,67% cOOTBETCTBEHHO) U COZleP>KaHMsI 30/1bl, B TO BPEMSI
Kak coziepykaHye JXupa 60ree HI3KOe, TAKKe KaK 11 KalopyuifHOCTh. C TOYKY 3peHNs KauecTBa IIUTaHYsI, Pe3y/IbTaThl TOKa3al,
YTO OBCSIHbIE XJIOIbSI OT/INYAINCH O0Jee BHICOKMM conepskaHueM Mg u P, X/101bst 13 TBepAOi MILEHUIIBI JyPYM OTINYaTNCh
60os1ee BBICOKVM CofepykaHyueM Mn, y XJIOIIbeB 13 TPUTHMKaIe GbUIO caMoe BbICOKoe comepkanme K v Ca, a MpoCsiHbIe XJIOIbsI
MMeJM CaMblil BBICOKMIT YpOBeHb cofepykanus Zn u Fe. XJI0Tbsl U3 TPUTMKAJIE NTOKA3a/IM 3HAYUTETbHO O0Jiee BBICOKOe Cozep-
>KaHMe IMeTUYeCKMX BOTIOKOH M BOZIOIIOIVIONeHNSI IIPY KOMHATHOJ ¥ TOBBILIEHHO} TeMIlepaType 110 CpaBHEHMIO C APYTMMU
obpasuamu. CpaBHMBAs obliee cogepskaHKe deHosa, clefyeT OTMETUTD, YTO XJIOMbsI M3 COPTOB IIpoca U SUMeHs [10Ka3aIn
camble BbICOKMe 3HaYeHMsI. Kpome Toro, 60/1bIIMHCTBO 06pa31ioB MMey 3HAUUTeIbHO BbICOKME 3HAUeHNST aHTUOKCUIAHTHOM
aKTMBHOCTY 110 CPaBHEHMIO C OBCSIHBIMY XJIOIIBSIMY, MCIIONb3YeMbIMM B KaUeCTBe KOHTPOIBHOTO 06pasiia.

1. Introduction achieve and keep a healthful body mass index [3]. Generally, cereal grains

Cereal products cover about half of the daily calorie intake of humans
worldwide, ranging from 25 to 55% in several European countries and
some developing countries, respectively [1]. Recently, breakfast cereals
have become considered one of the staples in the human diet [2]. They
are common food products made of whole grain cereals. Cereal grains
have nourished humanity since their domestication thousands of years
ago and they continue to be the most important food source for human
consumption.

Whole grain food consumption has received considerable attention for
its health benefits. It is a main factor that maintains a healthy lifestyle to
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are the most substantial source of energy in the human diet, as they have
high contents of carbohydrates (70-80%), proteins (7.5-15%), and min-
erals (1.5-3%), and low content of fat (1-4%) [4,5]. They are rich sources
of vitamins (E and B), minerals (in particular zinc, highly available iron,
copper, manganese, phosphorus, potassium, calcium and magnesium),
carbohydrates, fats, protein and phytochemicals. Whole grains of cereals
and pseudo-cereals contain various dietary fiber profiles such as arabi-
noxylan, f$-glucan and fructan. These help to reduce the risk of obesity,
diabetes of type-2, heart and cardiovascular diseases, certain types of
cancer and other health concerns [6,7].
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Wheat, triticale, sorghum and corn have a high content of arabinox-
ylan, whereas oat, barley, and triticale feature functional properties due to
high f3-glucan level [8,9]. From a nutritional point of view, triticale grains
are more nutritionally valuable than other cereals such as wheat, due to
their high essential amino acid content [10]. Furthermore, soluble dietary
fiber such as that found in oats and barley, slows carbohydrate absorption
and suppresses rising of blood sugar and regulates insulin response [11].
According to the modern science of nutrition, food is not only a source
of energy but also a complex of biologically active matters that regulate
the different functions of the human body. There is increased demand
for functional foods as a main source of external antioxidants [12]. Millet
and sorghum contain a wide variety of phenols and possess antioxidant
activity [13,14]. Millet grains have a high potential as a gluten-free food
for human consumption, as well they have a high content of dietary fiber
and essential amino acids [15].

Whole grains can be consumed as intact, cracked, ground, flaked,
or processed kernels after the removal of inedible parts [16]. Thus, the
processing is an important task to enhance the bioavailability of nutri-
ents and sensory properties and to decrease the content of antinutrients
[17,18]. Additionally, quick and easy-to-prepare whole grain foods would
help people increase their consumption of these foods. Ready-to-eat ce-
reals are produced by various technological processes such as cooking,
drying, shaping, flavoring, and enrichment with micronutrients [19].

Globally, oat flakes are the most common commercial oat products [20].
They can be classified according to the processing technology into rolled
oats, steel-cut oats (Irish oats), instant oats and quick oats [21]. Part of con-
sumers prefer to use traditional flakes for not only making porridge but also
for consuming them with milk or yogurt. Traditional cereal flakes are pro-
duced by steam treatment up to definite moisture content and then flaking.
Various techniques are developed for flake production technology to pro-
duce high-quality food products. These techniques could influence the bulk
density and sensory properties of products [22]. Ready-to-cook foods based
on nutritious grains such as millet, sorghum and triticale would be more
reasonable in the modern times in the management of lifestyle disorders.

Owing to the high nutritional value and versatile health benefits of
various cereals, this study has been carried out to develop functional
cereal flakes as alternatives for oat. Various local whole grains (wheat,
barley, triticale, millet and sorghum) have been used to produce the ce-
real flakes samples. The produced flakes from various cereal grains were
compared with commercial oat flakes and the differences in the physi-
cochemical and functional properties, nutrient composition and sensory
characteristics between the flakes were evaluated.

2. Materials and methods

Various cereal grains: soft wheat (Triticum aestivum L. Misr-3 variety),
durum wheat (Triticum durum L. Sohag-3 variety), hull-less barley (Hor-
deum vulgare. Giza-129 variety), hulled barley (Giza-123 variety), triticale
(Triticosecale, Balady variety), millet (Cenchrus americanus, Shandawel-1
variety), and white sorghum (Sorghum bicolor, Giza-10 variety) were ob-
tained from the Field Crops Research Institute, Agricultural Research
Center, Giza, Egypt. Naked oat grains (Avena sativa) and commercial
ready-to-eat rolled oat flakes as a control sample obtained from a local
market (Harraz).

The weight of 1,000 kernels in grams was determined by weighing 100
kernels in triplicate and then extrapolating this weight to 1,000 kernels.
Test weight (hectoliter) of different cereal grains was carried out accord-
ing to the method of AACC (2010) [23].

Cereal flakes were produced simply, as shown in Figure 1, from vari-
ous cereal grains after being cleaned and washed with water. Flakes were
manufactured according to the method of Takhellambam et al. [24] with
some modifications. Processing technology includes soaking for 8 h,
cooking (for 20-40 min at 80 °C), and then flattening to flake shape be-
tween two spinning rollers (at a roll clearance of 0.6 mm) using a simple
rolling pasta machine (Pastadrive, Atlants, China). The produced flakes
were air dried for 4-6 h at 45 °C, then packed in polyethylene bags and
stored in the refrigerator till further analysis.

The produced flake samples mixed with warm milk were evaluated, us-
ing a nine-points hedonic scale, by ten members of the Food Technology
Research Institute, Agricultural Research Center, Giza, Egypt [25]. They
were asked to score the various flakes by general appearance, color, odor,
taste, mouth feel and overall food acceptability. All samples were coded
and presented in a randomized arrangement.

The colorimetric measurements were measured in triplicate using a
colorimeter (Konica Minolta Chroma Meter CR-400, Japan) according to
McGurie [26]. The color values were recorded as: L' =lightness (0=black,
100=white), a"=greenness- redness (—a’=greenness, +a'=redness) and
b"=blueness- yellowness (-b"=blueness, +b"=yellowness).

iticale - Millet
Figure 1. A photograph of the produced flakes from various

cereal grains
PuicyHoK 1. @oTorpadus x/ionses, MPOM3BEIEHHBIX U3 Pa3INYHbBIX 3/IAKOB

Bulk density (specific mass) of flake samples was determined accord-
ing to the method of Akaaimo and Raji [27] as a ratio of the mass of the
flake sample to its volume occupied as shown in the following formula.

. Flakes weight (g)
Bulk density (g/ml) = 1
Flakes volume (ml)

The true density of the flakes was measured according to the method
of Mwithiga and Sifuna [28] using the toluene displacement method. It
is calculated as a ratio of the flakes weight to the volume of toluene dis-
placement using the following formula:

Flakes weight (g)
Rise in toluene level (ml)

True density (g/ml) = 2)

Water activity (a ) was determined using LabStart-aw (Novasina, Swit-
zerland) equipment. The a  values were ranged from 0 to 1 for a com-
pletely dehydrated food and for pure water, respectively.

Room temperature water absorption index (RTWAI) of cereal flakes
was determined according to the developed method for cereals [29].
Twenty grams of flakes were weighed (W1) in a 250 ml beaker and 150 ml
of distilled water was added. The beaker was kept in a water bath at 25 °C
for 20 min. The samples were filtered, weighed (W2), and then calculated
according to the following equation:

RTWAI (%)=[(W, - W,)/ W,]x 100 3)

High temperature water absorption index (HTWAI) of different cereals
flakes were examined according to the method of Hu et al. [21]. Twenty
grams of flakes (W) were placed in a 250 ml centrifuge tube, 150 ml of
distilled water was added, and kept in a water bath at 80°C for 10 min.
After that, the slurry was centrifuged at 3,000 rpm for 15 min, and the
precipitate was collected and weighed (W,) and then calculated according
to the following equation:

HTWAI (%) =(W,/ W,)x 100 ()

Rehydration ratio was calculated according to Huang et al. [30]. Two
grams of each flake sample were rehydrated in (20 ml) distilled water in
a water bath at constant temperature and was agitated at constant speed.
The samples were taken out from the bath after 10 min and weight. The
rehydration ratio was defined as the ratio of the weight of rehydrated sam-
ples to the dry weight of the samples. The rehydration ratio was calculated
using the weight of samples before and after rehydration as follow:

W,-W,

2

Rehydration ratio = 5)
1
W, is the initial weight of the flake samples and W2 is the final weight of the
flakes.

Chemical parameters (moisture, crude protein, fat, ash, crude fiber
and carbohydrates) of various cereal grains and produced flake samples
were determined according to the methods outlined in AOAC [31]. The
values obtained for fat, protein, and carbohydrate contents were used to
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calculate the food energy or calorific value of the cereal flake samples
according to the AOAC methods [31]. It was expressed as the following
equation:

Calorific value (kcal/100 g)=(Fatx9) + (Protein x4) +
+ (Carbohydrates x4) 6)

The total dietary fiber (TDF) content was determined in the all stud-
ied flake samples according to AOAC [31]. Duplicate samples are processed
which enabled subtraction of protein and ash for TDF content calculation.

The minerals content of different flake samples were determined
by using the flame photometer (Galienkamp, FGA 330, England) and
Perkin Elmer Atomic Absorption Spectrophotometer (Model 80, Eng-
land) as described in AOAC [31] for magnesium, potassium, zinc, calci-
um, manganese and iron. Phosphorus content was detected calorimet-
rically using a spectrophotometer at 650 nm according to the method
of AOAC [32].

Total phenolic content (TPC) was determined according to Singleton
and Rossi [33] using the Folin-Ciocalteu reagent method. Total flavonoid
content (TFC) was determined using the aluminum chloride colorimetric
method as reported by Eghdami and Sadeghi [34].

The free radical scavenging activity was determined using the 2.2-di-
phenyl-2-picryl-hydrazyl (DPPH) method and the absorbance at 517 nm
according to Fischer et al. [35]. The scavenging activity was calculated
using the following equation:

DPPH radical-scavenging activity (%)=[(A - B)/A]x 100 (7)

where A is the absorbance of the control sample, and B is the absorbance of
the cereal flake extracts.

Statistical analysis of experimental data was performed by analysis of
variance (ANOVA) of the producers using SPSS16.0 software to examine
differences of statistical significance among the analysis means of experi-
mental data. Duncan’s multiple range tests at (P < 0.05) level was used to
compare the mean values.

3. Results and discussion

Physical and chemical characteristics of various cereal grains (soft
wheat and durum wheat, hull-less and hulled barley, triticale, millet, sor-
ghum, and oat as a control sample) are shown in Table 1. A significant dif-

ference was observed in the 1,000-kernel weight among the used cereals,
and the weights ranged from 9.34 g for millet to 53.20 g for durum wheat
grains. The specific weight (hectoliter) of various grains ranged from
65.89 to 81.72 kg/hl for triticale and durum wheat grains, respectively.

The moisture content of cereal grains was in the range of 9.06-10.50%.
All used cereals, except triticale, contain significantly lower protein con-
tent compared to the oat as a control sample. Significantly, triticale flakes
have the highest protein content (13.71%) among other cereals which is
consistent with the obtained results of Glamoclija et al. [36] who reported
that the protein content of triticale was higher than in other cereals. Also,
they mentioned that the increasing interest in triticale grains is due to
the high protein content compared to other cereals. Regarding the fat
content, it could be noticed that millet has the highest content (6.41%)
followed by oat and sorghum grains (5.68 and 4.05%, respectively). Millet
grain has a high content of fat because the germ represents about 21% of
the whole grain [37]. On the other hand, triticale has the lowest fat con-
tent (1.84%). Among all cereal grains, triticale has the highest ash con-
tent (2.68%) while sorghum and soft wheat have the lowest content (1.76
and 1.77%, respectively). The crude fiber content of cereal grains varied
from 1.82% for hull-less barley to 3.45% for triticale.

Sensory parameters should be taken into account as important values
of flakes where consumers can select flakes from the markets depending
on sensory evaluation and price. The sensory attributes of the flakes from
different cereal grains assessed on a 9-point hedonic scale are given in
Table 2 in comparison with commercial oat flake sample.

Whole grains contain biopolymers and flavor-active compounds as
well as cell wall structures which may change flavor and texture attri-
butes during processing [38]. Various cereals and varieties may cause ma-
jor variations in the results, due to the sensitivity of some cereals and
varieties to the hydrothermal treatment and form toasted characteris-
tics more than others [39]. Results showed that no significant differences
were observed in appearance scores of oat, soft wheat, durum wheat and
sorghum flakes compared with commercial oat. Concerning the color pa-
rameter, there were no significant differences among all samples except
that of hulled barley, triticale and millet flake samples. All flake samples
were not significantly different in odor at a 0.05 level of significance. The
higher scores of the taste parameter were recorded for commercial oat,
hull-less barley, triticale and durum wheat samples. Millet flakes had

Table 1. Physicochemical characteristics of whole grain cereals
TE\6HI/IL[Z1 1. ®u3uKO-XxMMIECK1e XapaKTepPUCTUKU LEJIbHO3EPHOBBIX XJIOIIbEB

Physical properties

Chemical properties

Cereal grains 1,000-kernel Hectoliter Moisture Protein Fat Ash Crude fiber ~ Carbohydrate
wt. () (kg/hl) %) %) %) %) %) oy
Oat 25.44+0.31° 73.11+0.26° 9.47+0.10¢ 13.07+0.06" 5.68+0.06° 2.17+0.02¢ 2.55+0.09« 76.53+0.07¢
Soft wheat 45.25+0.4° 81.65+0.44° 9.44%0.02¢ 10.81+0.084 1.92+0.05¢% 1.77+0.03¢ 2.28+0.04¢ 83.22+0.05°
Durum wheat 53.20£0.05° 81.72+0.04* 9.06+0.10¢ 12.24%0.12¢ 1.86+0.02¢ 1.84+0.09¢ 2.40%0.054 81.66+0.17°
Hull-less barley 35.68+0.58¢ 79.33£0.21° 10.22+0.03" 10.51+0.10¢ 1.97+0.10¢% 2.23+0.02¢ 1.82+0.028 83.47+0.03*
Hulled barley 44.51+0.52° 76.19+0.03¢ 9.84+0.05¢ 11.75+0.05¢ 2.06%0.13¢ 2.43+0.05° 2.12+0.18¢ 81.64%0.06"
Triticale 28.13%0.18¢ 65.89+0.33f 10.31+0.04° 13.71£0.072 1.84%0.09¢ 2.68+0.05° 3.45+0.06° 78.33+0.08¢
Millet 9.34+0.53¢ 81.55+0.06° 10.50+0.022 10.79+0.04¢ 6.41+0.02° 2.12£0.061 2.70£0.10%¢ 77.98+0.104
Sorghum 39.03+0.61¢ 73.62%0.36¢ 9.85+0.11¢ 10.42+0.75¢ 4.05+0.02¢ 1.76+0.06° 2.76+0.06° 81.01+0.44¢

Values are means of three replicates*standard deviation. Values in the same column followed by different superscripts are significantly different (P<0.05).

Carbohydrate content is calculated by the difference.

Table 2. Sensory evaluation of the produced flakes from various cereal grains
Ta6m/1ua 2. OHeHKa OpraHoJIENITUYECKNUX CBOVICTB XJIONIbEB, IIPOMU3BEAEHHBIX U3 PAa3/IMYHbBIX 3/IaKOB

Flake samples Appe(e;;ance C?;;)r 0((;()‘.1‘ T?;:)te Mou(tgh) feel (()9; 1(&3;)*
Commercial oat 8.94+(.33* 8.94+0.00? 8.78+(0.35° 8.83+(.33* 8.61+0.65° 8.79+0.22° 97.94
Oat 8.56+0.73®¢ 8.67+0.56* 8.72%(0.78* 8.22+0.86" 7.83+0.96% 8.31+0.53" 93.17
Soft wheat 8.56+0.46%%¢ 8.83+(0.35° 8.67+0.73* 7.89+0.83 7.81+0.88" 8.21+0.49 92.54
Durum wheat 8.78+0.44% 8.89+0.33* 8.72+0.44* 8.33+(.35%¢ 8.11+0.70% 8.45+0.44® 94.96
Hull-less barley 8.39+(0.93 8.44+(.68 8.61+0.60? 8.47+0.69 8.06+0.76%%¢ 8.37+(.522¢ 93.22
Hulled barley 8.06+0.66 7.78+0.74¢ 8.56+0.53* 8.00+0.61° 7.67+0.43¢ 7.97+0.39 88.96
Triticale 8.28+0.71% 8.08+1.06" 8.72%0.57° 8.42+0.56% 8.33+0.90 8.37+0.49> 92.96
Millet 7.56+0.974 7.61+0.84¢ 8.33+0.68° 7.83+0.98¢ 8.17+(.88"¢ 7.94+0.46° 87.85
Sorghum 8.50+0.712b¢ 8.56+0.58 8.61%0.492 7.89+0.89% 7.89+0.74b 8.22+(.34% 91.98

Values in the same column followed by different letters indicate a significant difference (P < 0.05). Liking scale ranged from 1 to 9 for extremely dislike to
extremely like, respectively. OA*: The Overall Acceptability. AI**: the Acceptability Index (%).
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the lowest appearance and the less taste values among all flake samples.
Similar findings were reported by Cabrera et al. [40], who observed a de-
creased food acceptability of millet based products. Furthermore, higher
scores in mouth feel were observed in commercial oat, hull-less barley,
triticale and millet when compared with other flakes (P < 0.05).

Regarding the overall acceptability, commercial oat, durum wheat,
hull-less barley and triticale flakes were preferred over other samples.
Meanwhile, hulled barley and millet flakes showed the lowest scores com-
pared with other flake samples. Color is an important sensory parameter
that affects the appearance and is used as an index of the acceptability of
the product [40]. Consumers mostly prefer flakes to be not sticky or ad-
hering to teeth and should not require much mastication or break down
[41]. All the produced flakes were well accepted by the panelists with an
acceptability index of more than 87% as shown in Table 2. From the ob-
tained results, it could be concluded that durum wheat, hull-less barley
and triticale flakes are the good alternatives to oat flakes with good char-
acteristics due to their highest scores in numerous sensory characteris-
tics compared with commercial oat flakes as a control sample. Although
millet flake had the lowest overall score as well as the appearance and
color scores, it still has a high acceptability index (87.85%) as shown in
Table 2. Nonetheless, millet as well as sorghum can be used as a func-
tional gluten-free alternative to oat, wheat and barley.

Physical and functional characteristics of flakes produced from vari-
ous cereal grains such as color, density, water activity (a ), RTWAI, HTWAI
and rehydration ratio are presented in the Table 3. Color is an essential
quality parameter that directly effects on the acceptability of food prod-
ucts. For color parameters, dark whole-grain products are not attractive
for the consumers who choose refined products. Results showed that
commercial oat flakes showed significantly the highest L* and b* values,
while Sorghum flake has the highest a* value compared with the other
samples. Hulled barley flake has the lowest L* and b* values but millet has
the lowest a* value among all samples.

There was no significant difference in the true density among all pro-
duced flakes from various cereal grains and it ranged from 1.10 to 1.27 g/ml.
Millet flakes have the highest value of bulk density (0.51 g/ml) meanwhile
hulled barley and triticale have the lowest bulk density (0.35 and 0.25 g/ml,
respectively). Bulk density is an indicator of flake flatness and it is used as
an indication of the storage space required for a definite quantity of various
flakes. The lower bulk density indicates the good flaking quality [24].

Water activity is a useful value to predict food safety and quality where
it indicates the available amount of water to microorganisms. Water ac-
tivity of the produced flake samples was varied from 0.31 to 0.43 indicat-
ing high storage and microbial stability. Abbas et al. [42] reported that, at
a water activity of less than 0.6, the activity and the growth of all microor-
ganisms could be inhibited. There is an increase in the possibility of lipids
oxidation, at very low water activity (<0.25) [43].

The water absorption index at room temperature (RTWAI) measures
the quantity of water absorbed by starch and is used as a starch gelatini-
zation index as native starch does not absorb water at room temperature
[44]. RTWAI of oat and triticale flakes was significantly higher compared
to other samples (P < 0.05) as shown in the Table 3. These results might
be attributed to the higher content of protein and crude fiber [45]. Signifi-
cant differences were found in water absorption index at high tempera-
ture (HTWALI) of flake samples and ranged from 313.05 to 498.81% for soft
wheat and triticale flakes, respectively. The different water absorption in-
dex could be attributed to the surface of flakes, which can absorb water
into the matrix, differently [46].

Rehydration ratio of flake samples is presented in the Table 3. Results
showed no significant differences in rehydration ratio between hulled
barley, triticale and millet flakes and they have the highest ratios. On
the other hand, soft wheat and durum wheat flakes have the lowest re-
hydration values among the flake samples. Depending on the physical
characteristics of produced flakes from various cereal grains, it could be
concluded that durum wheat, sorghum and triticale were the cereal flakes
with nearest values to the control sample (commercial oat).

The chemical composition of cereals mainly influences their quality as
well as the derived products. The chemical composition of the produced
flakes is presented in the Table 4. It could be noticed that commercial
oat and triticale flakes had higher protein contents (13.89 and 13.46%,
respectively), meanwhile sorghum and hull-less barley had the lowest
contents (10.23 and 10.20%, respectively) among all flake samples. Fat
content of flakes ranged between 1.55% for hulled barley and 6.22% for
commercial oat. Concerning the ash content, it ranged from 1.53% in soft
wheat flakes to 2.26% in triticale. Among all flake samples, triticale has
the highest fiber content (3.36%). Noticeably, there were no significant
differences in the fiber content of commercial oat, hull-less barley and
hulled barley and they have lower content compared to other samples.
Carbohydrates, as the major components of cereals, were more than 76%

Table 3. Physical and functional characteristics of the produced cereal flakes
Ta6m/[ua 3. dusuveckue u !l)yHKH]/IOHa!IbeIe XapaKTepUCTUKU IIPOU3BEAECHHBIX 3/IAaKOBBIX XJIOIIBEB

Flake samples Color Density (g/ml) Water activity RTXVAI HT:NAI Rehydration
L* a* b* True Bulk @) (%) (%) Ratio
Commercial oat ~ 82.58+1.96*  3.22+0.03>  21.23+0.41*  1.16%0.12? 0.44%0.01° 0.52%+0.02 112.72+0.62f 351.33+5.838  1.97+0.08¢
Oat 58.09+2.23¢  3.09%+0.15>  12.77%£0.39¢  1.20%+0.09° 0.40%0.01¢ 0.43+0.05 216.49+0.12* 382.05+2.26° 1.98%0.01¢
Soft wheat 57.81+2.40¢  3.27%£0.27° 13.10%0.33¢  1.26+0.02% 0.43+0.01° 0.36+0.01 106.60£2.038 313.05+0.47" 1.66*0.06¢
Durum wheat 59.71£0.83> 3.12+0.21> 16.20%0.16>  1.26 +0.01° 0.40%0.01¢ 0.37+0.03 122.36+3.97¢ 351.44+4.09¢ 1.38%0.16%
Hull-less barley ~ 52.53+1.18%  2.44+0.10¢ 10.85+0.54"  1.18+0.09* 0.40£0.01¢ 0.40+0.01 175.03+1.46¢ 422.94+0.37¢  2.43%0.01°
Hulled barley 48.68+1.37¢  2.86%0.05° 6.68%0.028 1.10+0.02® 0.35+0.01¢ 0.35+0.04 179.44%0.96* 466.33+5.55°  3.43+0.04°
Triticale 56.28+6.64  2.46*0.02¢ 12.97+0.07  1.19%0.10° 0.25+0.01¢ 0.34+0.01 215.22%+0.67* 498.81+3.58* 3.41%0.26°
Millet 56.15+1.41¢  2.10+0.06° 11.70*0.36°  1.27+0.01* 0.51+0.01° 0.31£0.03 125.50+0.37¢ 409.68+4.81¢  3.23%0.17¢
Sorghum 64.02+1.77°  3.62%0.27°  13.78+0.28  1.19%0.10? 0.40%0.01¢ 0.39+0.02 164.85+3.61¢ 443.38+5.59° 2.71+0.06"

Values are means of three replicates *standard deviation. Values in the same column followed by different superscripts are significantly different (P<0.05).
RTWALI: room temperature water absorption index; HTWAI: high temperature water absorption index.

Table 4. Chemical composition of the flakes produced from various cereal grains
Ta6muua 4. XuMUYEeCKUii COCTAaB Pa3INYHBIX I[eTbHO3€PHOBHIX X/IObEB

Flake samples Mo(ig/ot)ure
Commercial oat 8.53+0.23¢
Oat 7.88+0.08°
Soft wheat 5.39+0.19¢
Durum wheat 5.28+0.09¢
Hull-less barley 4.97+0.04¢
Hulled barley 5.29#£0.05¢
Triticale 4.87+0.14¢
Millet 4.36+0.01f
Sorghum 4.57+0.08f

Protein
(%)

13.89+0.02*
12.98+0.09¢
10.46+0.10¢
11.92+0.20¢
10.20+0.12f
11.67+0.05¢
13.46%0.04°
10.73+0.18¢
10.23+0.11°

Fat
(%)

6.22%0.03°
5.45* 0.06¢
1.84%0.04¢
1.77%0.09¢
1.55+0.08¢
1.75%0.01¢"
1.70£0.03f
5.81£0.04°
3.52+0.104

1(&1;’1)1 Cru(zs/D ;iber C(?orrl:?e};ls;d(r‘%e Energy (Kcal)
2.13+0.012 1.70£0.02¢ 76.06+0.63" 416.43+1.13°
1.78+ 0.06" 2.41+0.03> 77.38+0.048 408.53+0.73¢
1.53£0.06¢ 2.17+0.07¢ 84.01+0.05° 393.75+0.80¢
1.64+ 0.09" 2.24+0.02< 82.42+0.054 393.09+0.11¢
1.78+0.04° 1.69+0.11¢ 84.78+0.10* 394.31+0.04¢
2.08+0.15* 1.83+0.02¢ 82.67+0.11¢ 394.41+0.61¢
2.26%0.132 3.36%0.232 79.22+0.16" 386.43+1.15"
1.76£0.07° 2.33+0.02< 79.37+0.18f 418.33+0.07°
1.60+0.03> 2.56+0.07° 82.09+0.11¢ 399.92+0.55¢

Values are means of three replicates+standard deviation, values in the same column followed by different superscripts are significantly different (p<0.05).
Carbohydrates content was calculated by difference.
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and ranged from 76.06% in commercial oat flakes to 84.78% in hull-less
barley flakes. It was observed that all the flake samples exhibited signifi-
cantly lower protein, fat, ash and crude fiber (Table 4) than the native
grains (Table 1) which could be due to the processing treatment used for
flakes production [47,48]. The lower fat content of flakes compared to
grains was attributed to the amylose-lipid complex formation which has
lower extractability [49].

The calculated energy values of flakes are shown in the Table 4 and
they ranged from (418.33 kcal) in millet to (386.43 kcal) in triticale. From
the above results, it could be concluded that triticale, durum wheat, and
hulled barley are the good cereals to prepare the flakes of high character-
istics, as they have high protein and ash contents, low fat and low calories
content.

The content of total dietary fiber in the flake samples is shown in the
Figure 2. Previous studies indicated that ready-to-eat cereal consump-
tion may increase fiber intake and lead to a high nutritional quality of
the whole diet [50]. The obtained results indicated that triticale, hulled
barley and hull-less barley flakes have higher contents of TDF among all
flake samples (22.38, 21.33 and 20.01%, respectively). Meanwhile, millet,
commercial oat and sorghum flakes have less TDF contents (12.72, 13.57
and 15.55%, respectively) compared to other flake samples. These results
were in agreement with the reported result of Prasad and Joye [9].

The mineral contents of flakes from various cereal grains were deter-
mined and are shown in the Table 5. There was a wide range of mineral
contents in various cereal flakes.

Table 5. Mineral contents (mg/100g) and RDA* (mg/day)
of the produced cereal flakes

Ta6nuia 5. ComepykaHue MUHepaabHbIX BemecTs (Mr/100 r)
¥ peKOMeHIyeMasi CyTOYHasi HOpMa MoTped/ieHns® (Mr/qeHb)
B IIPOVM3BEAEHHBIX 3€PHOBBIX X/IOMbIX

Mineral contents (mg/100g)
Macroelements
Mg K P Ca

Microelements
Mn Zn Fe

Flake samples

Commercial oat 118 210 370 48 3.5 2.1 3.9
Oat 138 196 380 49 3.62 1.8 3.8
Soft wheat 85 365 290 39 3.2 3.1 2.9
Durum wheat 95 220 185 27 4.32 2.7 2.6
Hull-less barley 96 380 260 41 2.0 2.26 4.7
Hulled barley 102 330 275 45 2.2 2.17 5.1
Triticale 93 390 360 64 2.4 2.9 3.4
Millet 128 260 286 37 2.80 4.8 5.7
Sorghum 120 370 352 16 1.50 2.7 4.2
RDA* 3201-420™ --- 700%™ 1000f™ ~---  8f-11m 8m-18f

*RDA: Recommended Dietary Allowance (mg/day) according to DGA (2020-2025)
[51]. The superscripts (* and ™) is the RDA for females and males, respectively.
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Data are expressed as means*standard deviation and the different letters
are significantly different at 0.05 level.

Figure 2. The total dietary fiber content of the produced
cereal flakes. Control: commercial oat flakes
PucyHoOK 2. OG11ee cogepskaHue MUIIEBbIX BOJIOKOH B IPOM3BEIEeHHBIX
3epPHOBBIX X/I0NbsAX. KOHTPO/IbHBIN 06pasel: IOKYITHO OBeC

Among all flake samples, oat had the highest Mg and P content, du-
rum wheat showed highest Mn content, triticale had the highest K and Ca
content, and millet had the highest level of Zn and Fe. The results of the
present study are consistent with other previous works [10,22].

Dietary intakes of minerals in flakes were estimated and compared
with the Recommended Dietary Allowance of daily (RDA) values for
adult females and males aged 31-50 (Table 5). Comparing the RDA mac-
roelements and microelements, it could be concluded that most cereal
flakes (100 g) contribute more than 24-43% for males and females, re-
spectively of the Mg RDA. Furthermore, all the produced flakes except
durum wheat can supply around 40-55% of the phosphorous RDA. Ad-
ditionally, about 44-60% (for males and females, respectively) of the
Zn RDA can be obtained by 100 g of millet flakes. Concerning the iron
content, 100 g of millet, hulled and hull-less barley could provide about
50% of RDA of iron.

Generally, whole grains contain various phytochemicals depending
on the cereal type and how the grains have been processed [7]. Phyto-
chemical properties such as total phenolic content (TPC), total flavo-
noid content (TFC) and antioxidant activity (DPPH) of flake samples are
shown in the Figure 3. According to Nani et al. [52], phenolic compounds
(phenolic acids and flavonoids) in whole grains have an immunosup-
pressive effect that can be used as dietary supplements for autoimmune
disease treatment. Beneficially, it is better to consume whole grains or

35 - (b)
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Antioxidant activity (%)

Flake samples

Data are expressed as means * standard deviation and the different letters are significantly different at 0.05 level.

Figure 3. Phytochemical properties of the produced cereal flakes. Control: commercial oat flakes.
(a): TPC and TFC and (b): Antioxidant activity of flake samples
PucyHOK 3. ®UTOXMMMUYECKME CBOICTBA IPOM3BEAEHHbIX 3€PHOBBIX XJIONbeB. KOHTPOIbHBI 06pasel: MOKYITHOI OBeC.
(a): TPC (o61ee cogepskanue ¢enonos) u TFC (o6uiee cogepkanue ¢paaBoHOUIO0B), U (b): AHTMOKCHMAAHTHASI AKTMBHOCTb 06GPa31[0B XJIONbEB
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bran because phenolic compounds are not equally distributed in the
grain but are mainly found in the pericarp [53]. Concerning the TPC,
there was differentiation among all flake samples and it varied from
103.77 mg GAE/100g for oat flakes to 210.20 mg GAE/100 g for millet
flakes. Hull-less barley flakes contained the highest value (58.86 mg
CE/100 g) of TFC while the soft wheat had the lowest value (46.81 mg
CE/100 g).

The DPPH method is efficiently used to determine the antioxidant
activity [54]. The antioxidant activity of the flake samples was detected
by the evaluation of the free radical scavenging effect on the 1.1-diphe-
nyl-2-picrylhydrazyl (DPPH) radical. The results revealed that the anti-
oxidant activity of various flakes was ranged from 10.83% for oat flakes to
29.70% for millet. Also, the results showed that all flake samples except
durum wheat had higher antioxidant activity values compared to both
commercial oat and oat flakes as control samples.

4. Conclusion

Whole grain products are considered as health-beneficial ingredients
that should be consumed regularly. They contain flavor-active compounds
and cell wall structures which may affect the flavor and texture attributes
as well as the consumers’ acceptance. Concerning the nutritional quality
of the produced cereal flakes, they have various contents of minerals and
phytochemicals. Oat flakes have higher Mg and P content, durum wheat
show higher Mn content, triticale has the highest K and Ca content, and
millet has the highest level of Zn and Fe. Triticale flakes has significantly
higher dietary fibers and water absorption index compared with the other
flakes. The sensory characteristics of all the produced flake samples in the
present study are favorably accepted with more than 87% acceptability
index. Wheat, barley, triticale, millet and sorghum grains could be used
as oat alternatives to produce promoting, functional and ready-to-eat ce-
real flakes with various characteristics. Fortunately, millet and sorghum
flakes are functionally gluten-free alternatives to the oat flakes.
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