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ABSTRACT

The biological properties of antioxidants dependtlogir release from the food matrix during the digen process.
Cereals contain a wide range of phenolic compouwtitch are of great significance due to their aniit@nt
activity. In vitro digestion is a rapid and inexgive method used to determine the availabilityutfients involved
in the absorption studies with humans. Total pheftevonoids, flavonol and antioxidant activityfofe cereals was
evaluated by in vitro digestion and chemical exi@atalong with effect of cooking. All the raw atwbked in vitro
digested cereal samples showed significantly higiternolic value and flavonoid content compared hendical
extraction. Cooked in vitro digested cereal samgleswed highest amount of flavonol content. Highasibxidant
activity was observed in raw in vitro digested wheample as measured by FRAP method. Cereal samples
extracted using chemical approach showed highesttibition followed by raw in vitro digested sampleooked
in vitro digested samples as measured by DPPH mdethahe TEAC (% inhibition) of all cereal samplegasured
by ABTS method, raw in vitro digested samples stiasignificantly higher values followed by cookedvitro
digested samples, control samples and chemicallperd cereal samples. Maximum TEAC was obsenvedw
in vitro digested pearl millet sample (79.39 %).

Keywords. Antioxidant, Chemical Extraction, Enzymatic Extiact Phenolic compounds

INTRODUCTION

There is growing scientific evidence associatingtgirich in antioxidant compounds which occur gattrly in
plant foods with a lower risk of developing cardiseular disease, certain kinds of cancer and dgede
degenerative processes. (Onyeneho and Hettiaract29®; Maillard et al. 1996; Bourne and Rice-EvaB98;
Deighton et al. 2000). Particular attention hasnbea&id to their role as “free radical scavengersd has provoked
numerous studies into phenolic compounds in maaytp) including cereals. But the study of each vidldial
antioxidant compound is not cost effective dueht® comxbplex nature of antioxidants in foods. Ssittdies will
be of less significance due to the fact that syiséoginteraction of antioxidant compounds is nobsidered. Due to
these reasons, nowadays, antioxidant activity nreagent assays are used widely (Serrano et al. 28@#@pxidant
capacity of different cereal products such as codneat, rice, oats and ready to eat breakfast lsehes been
reported previously (Adom and Liu 2002; Ruffian-rtdees and Delgado-Andrade 2009, Singh et al. 20 these
cereals, antioxidant activity of different extraatsrrelates with their total plant phenolic contégtelinski and
Kozlowska 2000). Cereals contain many phenolic ammpgs, having different chemical structures, of alihi
phenolic acids are of great significance (Kahkoeteal.1999). But, the extraction of antioxidantnfr cereals can
be partial, which can lead to misinterpret thetuatbiological availability and activity (Perezviénez and Saura-
Calixto 2005). The widely used solvent for phendaidraction is ethanol, acetone alone or in contlmnawith
water (Yu et al. 2002a; Yu et al. 2002b; Adom et28103; Liyana-Pathirana and Shahidi 2005; Naml.e2G06,
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Saura-Calixto and Goni 2006, Annegowda et al. 20dtixh can be more improved by using methanol almmia
combination with water (Handelman et al. 1999).cAlantioxidants have to be present in some amauihe
specific tissue or organ to employ their biologigabperties. Thus, release of antioxidants from mem food
materials during digestion may decide the effecttradir biological properties. This biological extti@n of
antioxidants within the digestive system might iféecent from the chemical extraction methods uisethe studies.
Thus, release of antioxidants from the food maltedaring the digestion process affects their biatab
characteristics, which can be different than antiants extracted by chemical methods. It has aésmlsuggested
that antioxidant activity from the chemical extsadf the food material might misjudge the actudicidant
capacity in the digestive tract (Serrano et al. 20Bence measurement of actual antioxidant capa€icereal
becomes necessary, which depends up to a largatextethe method of extraction of antioxidants frémods
(Perez-Jiminez et al. 2008). Long-term and shamtbioavailability studies of different compoundespessing
antioxidant activity have been conducted in hunsnwell as appropriate animal models (Boileau.et299, 2000;
Bub et al. 2000; Bugianesi et al. 2002; Gomez Amacet al. 2003). However, human and animal stualiegime
consuming and costly, and therefore there is a teedein vitro digestion models that simulate the chemical and
enzymatic reactions that occur during food digestio human digestive system. Due to these reasuvsadays,
research work is increasing regardingritro digestion models in different food systems (Gavidikiki et al. 2009;
Toor et al. 2009, Bouayed et al. 2011;3 Cilla et28l11; Hur et al. 2011; Wootton-Beard et al. 2014)vitro
digestion method measures the bioavailability ef tiatrient, which is the amount of the nutrienetidited from the
food material during gastrointestinal digestion,ichhis available for absorption in the body (Hedetral. 2002;
Kulp et al. 2003). It can be used to evaluate gelarumber of food systems, which would be costlgrialyze for
different parameters using human or animal mods&fect of cooking on different foodstuffs is widedyailable in
literature, like enhancement of aroma, test andofigDeol and Bains 2010). However, still littlefénmation is
available regarding its effect on cereals. In dstdahas been found to enhance its antioxidativiac (Fares et al.
2010). The present study was planned to compareptacedures; an enzymatic extraction (which is Isinto in
vitro physiological extraction) with chemical extractifor total phenol, flavonoid and antioxidant actyvif five
selected cereals, which are commonly consumeddia.Inurthermore, the effect of cooking was alsalyred on
the total antioxidant capacity (TAC) of cereals.

MATERIALSAND METHODS

Procurements of cereals, chemicals and preparafimooked cereals Five commonly consumed cereatselya
Wheat {Triticum aestivunL.), Pearl millet Pennisetum glaucurh.), Rice QOryza sativa) Maize (Zea may4d..),
Sorghum Sorghum bicoloiL.. Moench) were obtained from the local market. Toweal varieties procured were
GW-273, GJ-39, Ganga-2, GHB-526 and GR-2 for Whsatghum, maize, Pearl millet and Rice, respegtivkll
the enzymes, Gallic acid, DPPH, TPTZ (2,4,6 -tiighyrs-triazine), Catechin, Rutin, Trolox were purchasexnn
Sigma, St. Louis, USA. Rest of the chemicals ohbig purity grade was purchased locally. All fiereals were
ground using a grinder (Maharaja Whiteline MX — 18&haraja Manufacturing, New Delhi) and obtainkxifs
were sieved using 500 mesh sieve. To obtain cooked samples, each osesatooked traditionally, i.e., Chapatti
was prepared from wheat; Rotlas were prepared frearl millet, maize and sorghum. Rice was boileaddok.
After cooking, each sample was dried at 50°C iro&dir oven till removal of moisture and groundedtlier using
mortar pestle to get the fine powder. Sample Eftvacusing Chemical and Enzymatic Approach The dham
extraction and enzymatic extraction were employedidtermine the total content of antioxidant capaii the
cereals according to Serrano et al. (2007) with ifitadions. Chemical ExtractiorBO0 mg of each of cereal flour
were taken in 50 ml conical flask and 5 ml of Metbla water (80:20) was added. The mixture was shd&e 30
minutes using a mechanical shaker at 150 rpm. ©heent of the flask was centrifuged at 5000 g fomiinutes at
4°C and supernatants were collected. 5.0 ml ofsdmae solvent was added again to each flask anégsogas
repeated. Both supernatants were combined, filtesény Whatman filter paper No. 1 and used to dater total
phenol, flavonoid, flavonol, Total Antioxidant Cagty by FRAP and DPPH method&nzymatic Extraction
Enzymatic extraction oin vitro digestion was carried to make an effort to mimie fastrointestinal conditions.
Raw and cooked cereal samples (5 raw, 5 cookedntat in which only buffers were added, and 1 klanwhich
only enzymes were added) were successively incdbaith digestive enzymes. Briefly, 300 mg of flonir each
cereal (cooked and raw) were incubated in a tenyreraontrolled water bath with pepsin (0.2 ml 3GD mg/ml
solution in HCL — KCL buffer 0.2 M, pH 1.5, 37°C,hbur), panceatin ( 1 ml of a 5 mg/ ml solutiorpimosphate
buffer 0.1 M; pH 7.5, 37°C, 6 hours), lipase (2afla 7 mg/ml solution in phosphate buffer 0.1 M; pi3, 37°C, 6
hour), bile extract porcine ( 2 ml of a 17.5 mghAulution in phosphate buffer 0.1 M; pH 7.5, 37°Chdiirs) and-
amylase (Iml of a 120 mg/ml solution in tris-mageatffer 0.1 M; pH 6.9, 37°C, 16 hours). Then sasphere
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centrifuged (15 minutes at 5000 rpm) and supertstaere transferred to another tube. Residues weashed
twice with 5 ml of distilled water and supernatawesre combined. Each supernatant was incubated®idtul of
amyloglucosidase for 45 minutes at 60°C. Thenhalbé supernatants were stored at -20°C for vakimehemical
parameters’ determination. Total Phenolic CompouBkdtimation Total phenolic compounds were estimated
according to the method described by Schwarz (2@Q% ml aliquote from each extraction was takea test tube
and volume was made up to 1 ml with distilled waler this, 1 ml each of folin-ciocalteu reagentutild with water
(1:2) and 35 % Na2CO3 were added. The contents iweubated for 30 min at room temperature. 2 ndisfilled
water was added and intensity of blue colour waerded at 620 nm in UV visible double beam spettobpmeter
(Hitachi 220S, Japan). Gallic acid of known concatitn (5-20 mg) was used as standard.

Total Flavonoids Estimation

Flavonoid content was estimated by the method destiby Zhishen et al. (1999). 0.1 ml of aliquainfr each
extraction was taken and volume was made up to Withl distilled water. At 0 time, 5 % NaNO2 (0.3 )nwbas
added, after 5 min, 10 % AICI3 (0.6 ml), and at éib min, 1 M NaOH (2 ml) solution was added ane tbtal
volume was made up to 10 ml with distilled wateneTsolution was mixed well and the absorbance weasaored
against prepared reagent blank at 510 nm. Starstaiels was prepared using known concentration tof, rinal

volume as made up to 5 ml with distilled water #mefe after treated in similar way as for sample.

Total Flavonol Estimation

Total flavonol estimation was carried out accogdin Yermakov et al. (1987). 0.05 ml of aliquotendtract was
taken and volume was made up to 1 ml with methafteén 0.5 ml of vanillin (1 % in methanol) and @b 25%
H2S04 (in methanol) were added successively. Thestuvere cyclomixed and allowed to react for 15uteis at
ambient temperature. The absorbance was read atrbdf a UV visible spectrophotometer (Hitachi 2208&pan)
against blank. Standard series of known conceatraif catechine (10-4Qg) was taken and volume was made up
to 1 ml with methanol. Thereafter all test tubesevieated in the same way as sample. For blafkml.of
methanol was taken and treated in the same wagragls.

Total Antioxidant Capacity

Ferric Reducing Antioxidant and Power assay (FRAP)

The FRAP (Ferric Reducing Antioxidant Power) methas used to evaluate the Total antioxidant capéTAC)
of cereal extract according to Benzie and Stra@96). For preparation of FRAP reagent, 20mM TPTitsin (2.5
ml) was reacted with 40 mM HCI (containing 20 mMJF&6 H20, 2.5 ml; 0.3 M sodium acetate buffer pd; 25
ml). The reagent was prepared freshly and priase was warmed at 37°C. 0.1 ml of cereal extrast taken in a
test tube and volume was made up to @0@ith distilled water. 1.8 ml of FRAP reagent wexded and allowed to
incubate at 37°C for 10 minute. The coloured complas measured at 593 nm using double beam U.V.
spectrophotometer (Hitachi 220S, Japan). For stan#taown concentration of trolox (50-10QM) was taken and
treated similar to sample. The FRAP values forgammples were then determined using the standave eund the
values were expressed as mg trolox equivalent/d@0fgsample. For blank, 3Q0 of distilled water was taken and
1.8 ml FRAP reagent was added and treated similsample.

DPPH Radical Scavenging Activity

2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scagerg capacity of cereal extract was measured acuprib
McCue and Shetty (2003). 0.2 ml of cereal extraas taken and volume was made up to 1 ml with methd@hen

3 ml of DPPH reagent (1 mM in methanol) were addéut content was mixed properly. It was incubate87aC

for 20 minutes. After incubation the absorbance wasasured 517 nm in a UV visible double beam
spectrophotometer (Hitachi 220S, Japan). For chn&anl of DPPH was added to 1.0 ml of methanolr Fo
standard, known concentration of trolox (1044§) was taken and volume was made up to 1 ml witthaml.
There after all test tubes were treated in the sameas sample. Methanol was used as a blank. meéndgbition
was calculated using the following formula: % intidn = (Abs of control — Abs of sample)/Abs of ¢oi x 100

Statistical Analysis

Experiments were carried out in triplicate (n =f8) each analysis and their means + Standard deniatere
reported. Differences between variable were te$tedsignificance by using a one way analysis ofiarce
procedure, Ducan, using level of significance @05 using SPSS 10.0 software for windows.
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RESULTSAND DISCUSSION

Total Phenolic Content Plant phenolic compoundsnawgadays getting increased attention in the diet td their
natural antioxidant potential. Increased consunmptib phenolic compounds has been associated withietiuced
risk of cardiovascular diseases and certain car(€&rs2004, 2007; Dykes and Rooney 2007). The medne of
total phenolic content of five commonly consumeceads extracted using chemical and enzymatic appesaare
shown in Table 1. In spite of cooking, the contehtotal phenolics was significantly<{p0.05) lower in cooketh
vitro digested (IVD) samples. All the raw and cooked I'¢&real samples showed significantly<(p.05) higher
phenolic values than cereal samples treated wigmatal approach. Thus, maximum amount of total phenwere
released duringn vitro digestion process. The highest amount of total plienwas found in the samples obtained
from IVD Pearl millet. Extracts of wheat and maietained by chemical approach did not differ sutitsitly than
control samples. Thus, due to the effect of hydislyphenolic compounds were liberated in the trovéystem.
Among all the experimental samples, rice samplatéc: using chemical approach showed lowest valaeeral
reports mentioned that Rice phenolic compounds giren free, esterified and insoluble-bound forn)d
insoluble-bound phenolics may be liberated by basé&l or enzymatic treatment of samples prior ttraetion
(Adom and Liu 2002; Zhou et al. 2004; Choi et &02). Raw IVD rice samples showed significantlg (.05)
higher values than treated with chemical appro@hbk.reduction in total phenolic compounds duringking might
be due to cooking treatment which may destroy sbeeg sensitive phenolic compounds. Recently, Fares
(2010) reported decrease in free phenolic acidoiwked wheat pasta samples. They reported the decieahe
phenolics after heat treatment was mainly due twadese in the p-hydroxybenzoic acid decrease, tiedncrease
in bound phenolic acids during vitro digestion is mainly due to increase of ferulic adidthe present study, IVD
samples showed significantly higher(f.05) amount of phenolic compounds compared teatexamples treated
by chemical approach. This is mainly due to releafsbound phenolics from cereals. Ferulic acid ne @f the
important phenolic acids present in cereal cellsy@ancho et al. 1999). Corn has 15 % whereasase38 % free
phenolics, while 62 % and 85 % bound phenolicspaesent in rice and corn, respectively (Adom and 2002).
Since in normal circumstances phenolics naturailyuo in bound form, it is necessary to count therfabphenolic
content to measure the total antioxidant activitgereals.

Flavonoids Content

The mean values of flavonoids obtained by chen@pakoach were found to be the highest in pearkemiibllowed

by sorghum, wheat, maize and rice (Table 1). Thexe significant (g 0.05) increase in the total flavonoid content
of raw and cooked IVD cereal samples compared tdrocbsamples. Also, total flavonoids increasedsigantly
(p< 0.05) in traditionally cooked IVD samples compateccontrol samples. Vallejo et al (2004) reporsaailar
results inin vitro digestion of broccoli and mentioned that flavonadpecially kaempferol and gercetin had no
significant loss compared to their initial valuemang all the cereal samples, rice samples showethatively
lower values. The results are in accordance witlorAdand Liu (2002), who reported the flavonoid conbtef
various grains and found out that the total flaudnoontent of wheat and oat were similar, and Hwt levels
higher than the rice. Shen et al (2009) reportedl tte flavonoid content in different varietiesrimfe ranged from
88.6 to 286.3 mg %. They also stated that the pigsngresent in the cereals contribute in totaldteid content.

Flavonol Content

The flavonol content was increased significanthalhfive raw as well as cooled cereal samples wagzymatic
digestion was carried out and this increase wa®stlmouble than the flavonol content in the sampfeshemical
approach (Table 1). The flavonol content was fotmnde decreased significantly<(|0.05) in control samples of all
cereals compared to chemically approached samiMesn raw and cooked VD samples were compared &¥gtih
other, the cooked samples showed a significaniO(p5) increase in the total flavonol content ofeat) pearlmillet
and sorghum. The increase in the flavonol conteightrbe an outcome of thermal effect during cookiige
formation of Maillard compounds during cooking nmag/responsible for it (Serpen et al. 2008). HowgVadela et
al (2002) reported a partial loss of flavonols dgrdomestic cooking of potatoes.
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Table 1 Total phenolic, flavonoid and flavanol content of chemical extractsand enzymatic extracts of selected cereals (n =3)

Total phenolic content (mg %)
Chemical Enzymatic extract
Cereals (Metﬁgtr:glc-:\t/v tor (In vitro digestion)
extract) Control Raw IVD Cooked IVD| Control Raw IVD CookedD | Control Raw IVD Cooked IVD
Wheat 346.7 + 45.234 381.8 +38.04a 2292.9 +59.35¢ 1920.1 + 49.55b
Pearl millet| 726.9 + 41.33b| 266.5 +27.99a 2438192.99d 1982.9 + 225.26¢
Rice 38.9 +4.98a 180.0 + 11.71b 1900.8 +9.10d 6128 66.30c
Maize 244.9 +43.28a 224.6 +14.73a 2112.3 +78.38c 1703.3 +45.94b
Sorghum 348.3 +18.21b 251.7 + 26.41a 1973.3 HHV.9 1369.3 + 74.42c
Total flavonoid (mg %)
Wheat 279.4 +36.95b 135.8 +24.13a 407.5 +34.42¢c 482.9 +39.15d
Pearl millet | 430.9 + 18.69b| 294.9 +59.78a 4173 46b 601.5 + 66.63c
Rice 119.0 +16.59 52.6 +5.77 257.8 £ 37.55 219.7 + 26.96
Maize 234.7 £23.17b 157.7 £ 14.20a 248.8 +31.28b 341.1 +12.70c
Sorghum 338.5 +25.97h 224.9 +19.96a 331.8+38.15 346.7 +20.23b
Total flavanol (1g %)
Wheat 234.5+14.34b 87.6 £ 3.49a 653.9 + 39.24c 9.168 50.71c
Pearl millet | 503.3 +41.91b| 245.0 + 30.12a 8055426¢ 1106.2 + 39.07d
Rice 148.6 £5.17 51.6 +4.92 333.0+27.94 240.4+4.74
Maize 229.0+18.91b 1241 +12.74a 435.0 + 15.85¢ 417.4 £11.70c
Sorghum 462.9 + 24.04b 185.5 + 11.52a 446.4 + 40.13 636.1 +12.52c
Values are the mean +S.D; n = 3 for each obseoratdifferent letters in the same raw indicate #igant difference (”0.05), IVD = in vitro
digested

Table 2 Total antioxidant capacity (mg equivalent Trolox) measured usng FRAP method and DPPH radical scavenging assay (%
inhibition) of chemical extractsand enzymatic extracts of selected cereals (n = 3)

Total antioxidant capacity (mg equivalent Troloy) BRAP
Chemical Enzymatic extract
Extract (In vitro digestion)
Cereals (Methanol-water
extract) Control Raw Raw IVD Cooked IVD
Wheat 121.5+9.53b 452 +3.38a 608.7 + 14.74d
Pearl millet| 404.2 +15.66¢c| 69.5+2.3% 463.1 308
Rice 46.5 + 3.83b 13.0+1.63p  100.5 +4.24d
Maize 210.0 £ 8.76d 63.9 +2.28a 95.3+4.32b
Sorghum 155.0 £ 6.71c 68.0+2.00a 159.4 + 13.83c
DPPH radical scavenging assay (% inhibition)
Wheat 79.1 £3.77b 25.1+1.77a 80.5 + 3.65¢c 723%8¢c
Pearl millet 83.2 +2.28¢ 36.1 +3.10a 84.6 + 1.92¢70.7 + 3.75b
Rice 81.6 +4.06 10.6 £2.10 31.0+2.03 29.0+1.11
Maize 82.3+0.74c 17.8 + 1.54p 34.0 + 2.50b 371844 b
Sorghum 82.7 +0.86d 20.2 +0.85a 32.6 +1.74c 20P4b
Values are the mean +S.D; n = 3 for each obseorgtdifferent letters in the same raw indicate #igant difference (”0.05), IVD = in vitro

digested

Total Antioxidant Capacity using FRAP and DPPH M ethod

In FRAP method, ferric 2,4,6- tripyridyl-s-triazim@mplex gets reduced to its ferrous form. HowdvRAP assay
does not respond quickly with some antioxidants tikutathione, it can be performed for cereals $asngue to the
fact that human body can absorb very few amouptaft glutathione (Schafer and Buettner 2001, Gua. 2003).
In the chemical extracts, pearlmillet showed highedue, whereas rice showed the least (TablerR)kalse of
enzyme extracts of raw IVD, wheat showed the higkeakie, while maize showed the least. Except cddké
maize sample, all other cooked IVD samples showssl TAC as compared to their raw IVD samples. Heneall
the cooked IVD samples showed significantly high&C as compared to their respective control samglésis,
domestic cooking was found to be effective in emhamthe TAC of cereals as measured by FRAP metibd.
higher TAC values among raw and cooked IVD cerealdd be due to release of bound phenolic compotnods
their conjugation with carbohydrate. The decreashé TAC values of cooked cereals compared to teepective
raw samples might be due to the heating procestogatpto cook the samples. Ranilla et al. (2009)tioeed that
cooking time, temperature, soaking and draining sigmificantly affect the antioxidant activity. lthe present
study, Raw IVD Pearl millet exhibited highest DPRP&Hical scavenging activity (83.28 %) followed Hyet
chemically extracted sorghum (82.72 %), maize 824, rice (81.63 %) and wheat (79.17 %) as repteskein
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Table 2. All the experimental cereal samples shosigdificantly (p< 0.05) higher values than their respective
control samples. When chemically extracted and eddWD samples were compared, chemically extrastedples
showed higher values. Maximum % inhibition was obseé in the chemically extracted pearl millet sagnplhe
results were found to be in accordance with thelteebtained by Dykes and Rooney (2007), who tepdnighest
antioxidant capacity of millet among their testezteals. Boiling or cooking is generally consideee having
detrimental effects on antioxidant compounds (Kretwamy and Raghuramulu 1998; Xu and Chang 20@@)inB
the present study after cookinmy vitro digested cereal samples showed an increase inx@aia capacity
compared to control samples in both the methodsAFFRNnd DPPH). Fares et al (2010) reported increased
antioxidant activity in cooked wheat pasta andestahat the increase is due to the increase indaienolics,
particularly bound ferulic acid, which get releafeain the cereal cell wall during cooking, might tee to the
effect of boiling water. In the present study, oled variation of the TAC in all cooked cereal s#spgs mainly
ascribable to the increase in the extraction ofnboferulic acid (Fares et al. 2010). However, otimechanisms
must be involved, like production of Amadori compds from the Maillard reaction during differentteof food
processing like extrusion and drying. In the préssndy, rice samples showed lowest TAC. Theseitiartal
deficiencies can be tackled by biofortificationriwle, traditional breeding and also using gendtigireering.

CONCLUSION

From the present study, it can be concluded thatitio digestion (enzymatic extract) of cerealswbd higher
values of total phenolics, flavonoid, flavonol aslWas increased antioxidant activity measured BAF method
compared to their chemical extracts. Cooking oéaksr also resulted in increased TAC and enhan¢aldpioenolic,
flavonoid and flavonol content. In general, it cae concluded that antioxidant components like pheno
compounds, flavonoid and flavanol of selected dere@re clearly affected bin vitro digestion.In vitro digestion
studies can be applied to analyze the dietary,gasing factors on bioavailability of antioxidant4easurement of
in vitro physiological extracts of cereals could be usentayae the effect of cereal antioxidants in différailment
conditions. Further research can be carried oantdyze the effect of each individual antioxidaoinpound from
cereals in gastrointestinal digestion.
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