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ABSTRACT: This study investigated wheat milling fractions (flours T-400, T-500, T-850, wholegrain
flour and bran) and buckwheat (Fagopyrum esculentum Moench) milling fractions (hull, groat, dehulled
grain, wholegrain flour and refined flour). Content of total polyphenols and total flavonoids, and
antioxidant activity were determined in ethanolic extracts of wheat and buckwheat milling fractions.
ESR spectroscopy was used for investigation of antiradical activity of wheat and buckwheat milling
fraction extracts on reactive superoxide anion and hydroxyl radicals. HPLC analysis was used for
gquantitative and qualitative determination of polyphenols and tocopherols composition of wheat and
buckwheat milling fractions. The correlation between phytochemicals content and antioxidant activity
of wheat and buckwheat milling fractions has been analyzed.

After investigation of rheological properties of buckwheat dough, new cracker formulation has been
developed and two types of gluten-free buckwheat crackers have been produced. Quality parameters
of produced buckwheat crackers (refined and wholegrain) were analyzed and compared with control
wheat crackers (refined and wholegrain). Content of total polyphenols and quantitative and qualitative
composition of polyphenols and tocopherols were determined in crackers. Scavenging activity of
crackers on DPPH radicals has been tested. Shelf-life of buckwheat and wheat crackers was deter-
mined applying gas chromatographic analysis of the formed aldehydes as secondary products of lipid
oxidation. Sensory quality of the new buckwheat crackers has been established applying point-based
method and instrumental analyses of color and texture.
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INTRODUCTION

Consumers are increasingly interested in
functional foods and this has led to greater
supply of such products on the market. In
the area of bakery products this trend is
still relatively underdeveloped (Siro et al.,
2008). Therefore, different alternative
crops (amaranth, quinoa, buckwheat, etc.),
as raw materials, are in focus for de-
velopment of new bakery products.

Buckwheat  (Fagopyrum esculentum
Moench) is highly nutritious pseudocereal

known as a dietary source of protein with
favorable amino acid composition, vita-
mins, starch, dietary fiber, essential mine-
rals and trace elements (Bonafaccia et al.,
2003). Phenolic compounds are also
found in abundance in buckwheat, inclu-
ding rutin, orientin, vitexin, quercetin, iso-
vitexin, kaempferol-3-rutinoside, isoorien-
tin, and catechins (Kreft et al., 2006).

In comparison to most frequently used
cereals, buckwheat has been reported to
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posses higher antioxidant activity, mainly
due to high rutin content. Another function-
nality of buckwheat stems from its gluten-
free characteristics making buckwheat
suitable for the diet for celiac disease pa-
tients.

MATERIAL AND METHODS

Commercially available buckwheat milling
fractions (hull, groat, dehulled grain, who-
legrain flour and refined flour) and wheat
milling fractions (flours T-400, T-500, T-
850, wholegrain flour and bran) were
compared by: 1) quantification of main
antioxidant components: phenolic com-
pounds and tocopherols, and the total
phenolics and flavonoids content, and 2)
determination of antioxidant activity of
milling fraction extracts by different direct
and indirect methods (through measuring
scavenging activity on 1,1-diphenyl-2-pi-
crylhydrazyl (DPPH), hydroxyl ((OH) and
superoxide anion (O,") radicals, reducing

activity, and chelating activity on Fe?.
Rheological properties of two types of
buckwheat and wheat flours (refined and
wholegrain) were investigated in order to
estimate the potential usage of flours as
appropriate ingredients for formulation of
bakery products.

New formulations for gluten-free buck-
wheat crackers (refined and wholegrain)
were developed under the laboratory
conditions and compared with wheat ba-
sed crackers (refined and wholegrain).
Proximate composition, content of main
antioxidant compounds (polyphenols and
tocopherols), antioxidant activity (scaven-
ging activity on DPPH") and sensory qua-
lity were analyzed and compared with
those of wheat crackers made from refined
and wholegrain wheat flours. Additionally,
shelf-life of created crackers was compa-
red by determination of five aldehydes
selected as markers for lipid oxidation.

Table 1.
Total phenolic content, phenolic compounds of crackers and scavenging activity on DPPH’
Refined Refined Wholegrain Wholegrain
wheat buckwheat wheat buckwheat
cracker cracker cracker cracker
Total phenolic content a c b d
(mg GAE/100g) 84 + 1 2311 143 +£3 292+0
Phenolic compounds
(mg/100g)
Protocatechuic acid 0.29 +0.01? 1.59 + 0.03° 0.55 +0.01° 2.42 + 0.05°
Ferulic acid 0.53 + 0.00% 0.69 +0.01° 1.11 £ 0.01¢ 0.75 + 0.00°
Rutin n.d. 2.06 +0.05° n.d. 5.02 +0.04°
Quercetin n.d. 0.26 +0.01° n.d. 0.91 +0.06°
Scavenging activity on 282+117° 163007 16.2+1.85°  0.95+0.17°

DPPH" (ICsq mg/mL)

Values are means of three determinations + SD. Values in each row with the same superscript are not significantly different

(P < 0.05). n.d.- not detected

RESULTS

Considering all applied assays for deter-
mination of antioxidant activity (electron
spin resonance (ESR) spectroscopy and
spectrophotometry) it has been concluded
that all investigated milling fractions sho-
wed remarkable antioxidant activity. Buck-
wheat milling fractions expressed higher
antioxidant potential (Sedej et al., 2010a,
2010b).

These findings suggest the potential im-
provement of the antioxidant properties of
wheat-based food products through addi-

tion of buckwheat flour (Filiplev et al.,
2011) or even complete replacement of
wheat flour.

Mixolab measurements confirmed that the
absence of structure-forming gluten pro-
teins influences the resistance of buck-
wheat dough (Sedej et al., 2011a). In con-
trast to bread, in crackers the gluten
network needs to be only slightly develo-
ped for the dough to be cohesive without
being too elastic, and therefore formulation
of crackers with complete substitution of
wheat buckwheat flour was accomplished.
Buckwheat crackers were characterized
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with higher content of dietary fiber in com-
parison to wheat crackers. Furthermore,
crackers made from buckwheat flours
have significantly higher (P < 0.05) total
phenolic content than wheat crackers.
Quantitative HPLC analysis (MiSan et al.,
2011) revealed the presence of protoca-
techuic and ferulic acid in all tested cra-
ckers, whereas two flavonoids, rutin and
quercetin were found in buckwheat cra-
ckers (Table 1). a-, y-, d-tocopherols in
crackers were found in the following order:
a- >> y- > d-tocopherol for all samples
(Sedej et al., 2011b).

Content of y-tocopherol and total toco-
pherols were significantly higher (P < 0.05)
in both buck-wheat crackers in comparison
to wheat ones.

Consequently, buckwheat crackers were
superior in scavenging activity on DPPH’
in comparison to wheat crackers as evi-

Table 2.
Sensory scores of crackers

denced by their lower 1Cs, value (Table 1).
Sensory analyses of the crackers, which
included evaluation of the representative
properties of crackers done by the points-
based method (Table 2), determination of
surface color and texture analysis showed
that buckwheat flours may be used in
gluten-free cracker formulation without
adversely affecting the sensory properties
of crackers. Buckwheat and wheat cra-
ckers are presented in Figure 1.

Lipid oxidation in crackers, containing
approximately 30% of vegetable fat, was
monitored at the first day when they were
baked, after 2 weeks, 1, 4, 6 and 12
months of storage at ambient temperature
(22 + 2 °C). According to the obtained
results of static headspace gas chroma-
tographic (SHS-GC) method, there was no
significant change in content of propanal,
pentanal, hexanal, heptanal and octanal in
all cracker samples during four months.

Refined Refined Wholegrain Wholegrain
Property wheat buckwheat wheat buckwheat
cracker cracker cracker cracker
Appearance 3,97+0,40° 4,57+040° 4,66 +044> 4,37 +0,39%
(shape, uniformity, surface)
Texture
Structure, break, firmness 4,49+ 0,79 4,79+0,28° 4,25+0,52* 4,14 + 0,65*
Chewiness and other 357+060° 446+051° 397037 3,83+ 066
textural properties
Aroma
Odour 3,25+0,67* 3,18+0,67* 3,18 +0,58° 3,27 £ 0,68%
Taste 4,42 +1,04%° 483+141% 4,70+0,93° 4,39 + 1,47°
Weighted mean value 3,94 4,57 4,35 4,20

Scores are means of seven evaluations by seven panelists + SD. Values in each row with the same superscript are not
significantly different (P < 0.05). Scores: 1 — unacceptable, 2 — acceptable, 3 — good, 4 — very good, 5 — excellent.

Figure 1. Appearance of crackers: 1 — refined wheat cracker, 2 — refined wholegrain cracker,

3 — wholegrain wheat cracker, 4 — wholegrain buckwheat cracker
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After the sixth month of storage higher
increase in aldehydes content was noticed
in wheat than in buckwheat crackers, im-
plying longer shelf-life of buckwheat cra-
ckers.

CONCLUSION

The results of this PhD thesis could be re-
levant for the production of gluten-free
crackers based on buckwheat flours.
Further research needs to be done in
order to examine consumer acceptance of
the new products and confirm biological
activity of new products through in vivo
experiments. The introduction of buck-
wheat crackers in the market would in-
crease the diversity of functional bakery
products and, even more importantly, of
functional foods suitable for celiac disease
patients.
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OYHKLIMOHAJIHA U AHTUOKCUAATUBHA CBOJCTBA HOBUX
NMPOMU3BOAA O XEJbAE

Cepnej J. ViBana®

'Yhusepautet y HoBom Cagy, HcTtutyT 3a npexpambeHe TexHonorunje y Hosom Caay,
Bynesap uapa Jlazapa 6p. 1, 21000 Hoeu Capg, Cpbuja

- 13800 u3 dokmopcke ducepmauuje -

CaxeTak: Y pagy cy ucnutaHe dpakumje mnesewa nwenuue (6pawHo T-400, T-500, T-850,
WHTErpanHo nweHn4YHo BpallHO 1 Mekukbe) n dpakumje mnesewa xerbae (Fagopyrum esculentum
Moench) (ueno 3pHO xerbae, fbycka xerbae, o4YMwheHo 3pHO, UHTerpanHo xerbauHo 6palHo n 6eno
XersAnHo BpallHo). Y eTaHONMHMM ekCcTpakTuma dpakumja mrneeemwa niieHuue n xeroae ogpeheH je
cagpaj YKynH/UX pacTBOpPSrbMBUX NonudeHona, yKynHux oriaBoHonaa U aHTMoKCuaaTMBHa akTMBHOCT.
ESR cnekTpomeTpujoM MCnuUTaHa je aHTMpaguKaricka akTMBHOCT eKcTpakaTa dpakuuja MneBemna
NnweHVLe 1 XerbAe Ha peakTUBHE Cynepokcup aHjoH M xuapokcun pagukane. HPLC aHanunsom
yTBpREH je KBanuTaTUBHU N KBAHTUTATUBHU cacTaB NonMdEHONHUX jeAnHera U Tokodepora NcnuTu-
BaHUX dopakuvja MneBew,a nNuwleHuue u xerbae. AHanmsvpaHa je kopenauuja mamehy cagpxaja
duTOXEMMKaNWja u aHTMOKCHAATMBHE aKTUBHOCTU (ppakLmja MreBera MiueHuLe 1 xerbae.

HakoH ncnutuBama peornoLlKNX CBOjCTaBa TecTa of xerbauHor OpallHa, passujeHa je HoBa
dopmynaumja 3a Kpekepe u npoussedeHn cy 6e3rnyTeHCKn Kpekepu of xerbauHor 6pawHa. Noka-
3aTeru KBanuTeTa NpomsBedeHMX Kpekepa o4 XerbAuHor 6paiuHa (6enor n uHTerpanHor) ncnutaHu
Cy y nopeherwy ca KOHTPOMHMM KpekepuMa o nweHnyHor 6pawHa (T-500 n uHterpanHor). Y kpe-
Kepuma je ogpefeH cagpxaj YKymHUX pacTBOpSbMBMX nonudpeHona, ytBpheH je kBanmuTaTMBHU M
KBAHTUTATMBHM cacTaB MONUMEHONHMX jeaursera N Tokodpepona M ucnutaHa je aHTupagukancka
aktmBHOoCcT Ha DPPH pagukane. VcnuTuBawe OOPXKMBOCTM Kpekepa O XerbOWHOT W MLUEHWYHOr
OpawHa obyxBaTuno je ogpehuBare HacTanux angexuaa, kao cekyHaapHWX nMpoussoa okcupaumje
nunuaa, racHom xpomartorpadujoMm. CeH30pCcKM KBAanNUTET HOBOKPEMPaHMX Kpekepa of, XxerbanHor bpa-
WHa ogpeheH je meTogom 6o40Baka U MHCTPYMEHTaNHMM aHanusama 6oje n TekcType.

Krby4yHe peuu: xesbda, nonugheHosrHa jeOur-era, moKogheposiu, aHmuokcudamueHa akmues-
Hocm, Kpekepu, ¢hyHKYUOHanHocm, 6e3a/1ymeHCcKU rnpou3soou
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