
Journal on Processing and Energy in Agriculture 17 (2013) 2 93 

Biblid: 1821-4487 (2013) 17; 2; p 93-96 Original Scientific Paper 
UDK: 665.7.038.5 Originalni naučni rad 
 

ANTIOXIDANT PROPERTIES OF BUCKWHEAT ENRICHED  
GLUTEN-FREE COOKIES 

 

ANTIOKSIDATIVNA AKTIVNOST BEZGLUTENSKOG KEKSA 
OBOGAĆENOG HELJDINIM BRAŠNOM 

 

Nataša NEDELJKOVIĆ, Marijana SAKAČ, Anamarija MANDIĆ, Aleksandra MIŠAN, Pavle JOVANOV, Dubravka JAMBREC,  
Vojislav BANJAC, Bojana ŠARIĆ, Mladenka PESTORIĆ 

University of Novi Sad, Institute of Food Technology in Novi Sad, Bulevar cara Lazara 1, Serbia 
e-mail: natasa.nedeljkovic@fins.uns.ac.rs 

ABSTRACT 
In the present study new formulations were made for gluten-free cookies based on mixtures of rice and light buckwheat flour, in 

the proportions of 90:10, 80:20, and 70:30. The gluten-free cookies were investigated for their total phenolic content, antioxidant ac-
tivity (AOA) by β-carotene bleaching method, reducing power, scavenging activity on 1,1-diphenyl-2-picrylhydrazyl (DPPH•) radi-
cals, and chelating activity on Fe2+. From the examined levels of substitution, cookies with 30% of buckwheat flour showed the high-
est antioxidant activity except in the chelating activity on Fe2+ assay. Overall, light buckwheat flour representsa potential rich source 
of polyphenol compounds for enhancing the nutritive properties of foods such as gluten-free cookies. 
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REZIME 
U ovom radu ispitano je poboljšanje nutritivnog i funkcionalnog profila bezglutenskog keksa, obogaćivanjem standardne formu-

lacije za bezglutenski keks bazirane na pirinčanom brašnu (kontrolni keks) belim heljdinim brašnom (u količinama od 10%, 20% 
30%). Antioksidativna aktivnost etanolnih ekstrakata keksa ustanovljena je određivanjem sadržaja ukupnih fenola, njihove antioksi-
dativne aktivnosti (AOA) u sistemu β-karoten/linolna kiselina, antiradikalske aktivnosti na DPPH·, redukcione aktivnosti, i he-
latacione aktivnosti na Fe2+ jone. Od ispitanih nivoa supstitucije, najveću antioksidativnu aktivnost je pokazao keks sa 30% heljdinog 
brašna u svim testovima sem helatacione aktivnosti na Fe2+. Sveukupan zaključak je da belo heljdino brašno predstavlja bogat izvor 
polifenolnih jedinjenja koji poboljšavaju nutritivni profil proizvoda kao što je bezglutenski keks.  

Ključne reči: bezglutenski keks, belo heljdino brašno, antioksidativna aktivnost, funkcionalnost. 
 

INTRODUCTION 
Celiac disease is becoming an increasingly recognized auto-

immune enteropathy caused by a permanent intolerance to glu-
ten. Cereals such as wheat, rye, barley, and probably oat are 
toxic for celiac patients. The only acceptable treatment to date 
for celiac disease is the strict lifelong elimination of gluten from 
the diet. The replacement of gluten presents a major technologi-
cal challenge, as it is an essential structure-building protein, 
which is necessary for formulating high quality cereal-based 
foods.  

Rice flour can be a safe substitute of wheat for celiacs due to 
its bland taste, white colour, ease of digestion, and hypoaller-
genic properties (Sanchez et al., 2002). The global poor quality 
of gluten-free products has lead technologists to investigate new 
ingredients and formulations to obtain gluten-free products (Sa-
kač et al., 2011a).  

Buckwheat (Fagopyrum esculentum Moench) is highly nutri-
tious pseudocereal known as a dietary source of protein with fa-
vourable amino acid composition and vitamins (Bonafaccia et 
al., 2003a), starch and dietary fibre (Skrabanja et al., 2004), es-
sential minerals (Steadman et al., 2001) and trace elements 
(Bonafaccia et al., 2003b). Many of the health benefits of buck-
wheat have been attributed to its high levels of phenolic com-
pounds and antioxidant activity. Phenolic compounds are found 
in abundance in buckwheat, including rutin, hyperin, orientin, 
vitexin, quercetin, isovitexin, kaempferol-3-rutinoside, isoori-
entin, and catechins (Dietrych Szostak and Oleszek, 1999).  

According to a recently published study, long term dietary 
habits and food choices of celiac patients on a strict gluten-free 

diet resultedin a limited intake of certain essential nutrients (Al-
varez-Jubete et al. 2010a). Well balanced nutrition containing 
necessary constituents provides good health and protection 
against illnesses (Radosavljević, 2010). For increasing the nutri-
tional value of gluten free products, buckwheat flour could be 
used to enhance the overall nutritional value of the gluten-free 
products.Therefore, a number of gluten-free bakery products 
containing buckwheat have been developed, such as gluten-free 
bread (Wronkowska et al., 2010; Torbica et al., 2010), biscuits 
(Schober et al., 2003; Filipčev et al., 2011), spaghetti (Verardo 
et al., 2011) and crackers (Sedej et al., 2011). However, avail-
ability of these products in the market is still quite limited. 

Due to increased demand for gluten-free products on the 
market, this work represents a step towards improving the as-
sortment of gluten-free cookies in terms of their functionality. 
The subject of this study was to evaluate the functionality of 
buckwheat enriched cookies in terms of their antioxidant poten-
tial.  In order to improve the cookies’ nutritive profile and func-
tionality, the standard formulation based on rice flour (used as a 
control sample in this study) was enriched with light buckwheat 
flour (at the level 10%, 20% and 30%).  

MATERIAL AND METHOD 

Materials 
Rice flour - RF (moisture 10.6%, protein 7.7% dmb, starch 

88.8% dmb, lipids 0.44% dmb and sugars 0.27% dmb) and light 
buckwheat flour - LBF (moisture 11.3%, protein 12.3% dmb, 
starch 80.5% dmb, lipids 2.87% dmb and sugars 0.27% dmb) 
were obtained from Hemija Komerc, Novi Sad, Serbia. Sodium 
carboxymethyl cellulose (CMC) was obtained from Alfa Aesar, 
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Germany, sodium bicarbonate (NaHCO3) from Carl Roth, Ger-
many, and diacetyl tartaric acid esters of mono- and diglycerides 
of fatty acids—DATEM (PANTEX DW 90) from Incopa, Ger-
many. Vegetable fat was donated by Puratos, Belgium, while 
other ingredients (salt, granulated sugar and honey) were pur-
chased at the local market. Cookies were prepared according to 
Torbica et al. (2012). 

Proximate composition of cookies 
Standard methods of analysis (AOAC, 2000) were used to de-

termine protein (950.36), fat (935.38), reducing sugar (975.14), 
and water content (926.5). In the protein determination, a nitro-
gen-to-protein conversion factor of 6.25 was used. Starch con-
tent was determined by hydrochloric acid dissolution according 
to the ICC Standard (ICC Standard No. 123/11994) using the 
specific optical rotation for rice starch 185.9 grd mL/g dm-1 in 
the calculations. The analysedsamples were as follows: control 
sample(cookies made by using RF)and samples made by substi-
tuting RF with 10%, 20% and 30% of LBF. 

Preparation of extracts 
Ethanolic extracts were prepared by suspending 5 g of pow-

dered cookies in 50 mL of ethanol/water (80/20, v/v) as solvent. 
After 1-h shaking, the suspension was left overnight at ambient 
temperature. Following extraction, the sample was filtered 
through filter paper (Whatman, Grade 4 Chr, UK), and the pro-
cedure was repeated three times with 50 mL of solvent. The re-
sulting supernatants were combined and dried by vacuum-
evaporator. The dried extract was redissolved in ethanol/water 
(80/20, v/v) to 10 mL volume and used to determine total pheno-
lics and antioxidative potential. 

Determination of total phenolic content 
Total phenolic content of cookies extracts was determined 

spectrophotometrically by using Foline-Ciocalteu’s reagent 
(Singleton et al., 1999). The extracts (0.1 mL) were diluted in 
pure water (7.9 mL). Foline-Ciocalteu’s reagent (0.5 mL) and 
sodium carbonate solution (1.5 mL; concentration 20 g/100 mL) 
were added and then mixed thoroughly. The mixture was left for 
120 min, after which the absorbance was measured at 750 nm. 
Gallic acid was used as a standard and results were expressed as 
gallic acid equivalents (GAE) (μg GAE/ g of sample on dry 
mass basis). 

Antioxidant activity (AOA) by β-carotene 
bleaching method 
Antioxidant activity (AA) of the examined extracts was de-

termined using β-carotene bleaching method, an in vitro assay 
which measures oxidative loss of β-carotene in β-
carotene/linoleic acid emulsion. Thermal autooxidation at 50°C 
was performed for 2 h. The degradation rate of β-carotene was 
calculated according to first-order kinetics and the AA was ex-
pressed as percent of inhibition relative to the control (Al-
Saikhan et al., 1995). The IC50 value (mg/mL) was defined as 
the concentration of the extract at which AA was 50% under the 
experimental conditions. It was obtained by interpolation from 
linear regression analysis. 

DPPH radical scavenging activity 
The method was a modified method from Hatano et al. 

(1988). 0.1 mL of extract, 1.0 mL of DPPH•(90 mmol/L) and 2.9 
mL methanol were vigorously mixed and left tostand in the dark 
for 60 min. Then, its absorbance wasmeasured at 517 nm. The 

IC50 value (mg/mL) was defined as the concentration of an anti-
oxidant extract which was required to quench 50% of the initial 
amount of DPPH• under the given experimental conditions. It 
was obtained by interpolation from linear regression analysis. 

Reducing power 
The reducing power of the examined extracts was deter-

mined according to the method of Oyaizu (1986). This method is 
based on the reduction of Fe3+ to Fe2+ and measuring absorbance 
(at 700 nm) of the Perl’s Prussian blue complex. The IC50 value 
(mg/mL) was defined as an effective concentration of extract at 
which the absorbance of reaction mixture reaches 0.5 for reduc-
ing power. It was obtained by interpolation from linear regres-
sion analysis. 

Chelating activity on Fe2+ 
Chelating activity of the examined extracts on Fe2+ was 

measured according to the method of Decker and Welch (1990). 
The IC50 value (mg/mL) was defined as the concentration of ex-
tract that chelates 50% of Fe2+ under the experimental condi-
tions. It was obtained by interpolation from linear regression 
analysis. 

Statistical analysis 
All analyses were performed in triplicate. Analysis of vari-

ance and Duncan's multiple range test were used. Statistical data 
analysis software system STATISTICA (StatSoft, Inc. (2011), 
version 10.0, www.statsoft.com) was used for analysis. P values 
< 0.05 were regarded as significant. 

RESULTS AND DISCUSSION 

Proximate composition 
In this paper values of parameters of proximate composition 

for all cookies were investigated and summarized in Table 1. 
 

Table 1. Chemical composition (%, drymass basis) of gluten-
free cookies 

 

Light buckwheat flour 
Control 10% 20% 30% 

Moisture 4.24±0.05c 3.88±0.09a 4.06±0.04b 3.93±0.01a

Protein 4.41±0.13a 4.48±0.02ab 4.60 ±0.06b 4.86±0.12c

Fat 19.56±0.05a 19.58±0.05a 19.78±0.24a 19.89±0.30a

Starch 53.19±0.51a 52.60±0.74a 52.32±0.10a 52.30±0.04a

Sugars 15.25±0.12c 15.07±0.09ab 15.20±0.05b 14.96±0.03a

Values are means of three determinations ± standard devia-
tion. 

Values of the same row with the same superscript are not sta-
tistically different (P< 0.05). 

 

Partial replacement of rice flour with buckwheat flour im-
proved the protein content compared to the control sample, 
whileit did not affect the fat content. The obtained results are in 
accordance with previously published results of  Torbica et al. 
(2012). The starch contentshowed a decreasing trend with in-
creasing supplementation levels, although it was not statistically 
significant (P<0.05). 

Total phenolic content 
Previously published results have shown that the total pheno-

lic content in LBF is significantly higher (P<0.05) than in RF 
(Sakač et al., 2011b). In this study the increase of LBF in the 



Nedeljković, Nataša et al. / Antioxidant Properties of Buckwheat Enriched Gluten-Free Cookies 

Journal on Processing and Energy in Agriculture 17 (2013) 2 95 

mixtures for gluten-free cookies (from 10% to 30%) resulted in 
cookies with increased total phenolic content compared to the 
controlsample (Fig. 1). Therefore, the cookie with 30% of LBF 
possessed the highest total phenolics content, 1329.03μg/g dmb. 
 

 
Fig. 1. Total phenolic content in gluten-free cookies containing 

different amount of light buckwheat flour  
Bars signed with a different letter are significantly different 

(P<0.05) 

Antioxidant properties 
The antioxidant potential of gluten-free cookies was deter-

mined by applying four different antioxidant assays (DPPH· 
scavenging activity, reducing power, antioxidant activity (AOA) 
by β-carotene bleaching method and chelating activity on Fe2+). 
The values of parameters for antioxidant activity are graphically 
illustrated using histograms (Fig. 2). Lower IC50 values indicate 
a higher antioxidant potential. 

 

The order in antioxidant activities measured by the inhibition 
of bleaching β-carotenewas: cookies with 30% of LBF > cookies 
with 20% of LBF > cookies with 10% of LBF > control cookie 
(100% RF).This assay is the only one which indicates the total 
antioxidant capacity of the examined extracts (Sakač et al., 
2011a). There was a strong correlation (r= -0.93) between AOA 
IC50(Fig. 2) and total phenolic content (Fig. 3) suggesting that 
phenolic compounds present in cookies mainly contributed to 
their overall antioxidant properties. In other words higher pheno-
lic content leads to a lower AOA IC50 value or higher antioxidant 
activity. 

These findings are in accordance with results of Filipčev et 
al. (2011) who reported that ethanolic extractsof buckwheat en-
hanced biscuitshave significantly higher phenol content than rice 
biscuits. 

The ability to scavenge DPPH• by the extracts of buckwheat 
supplemented cookies at the level of 20% and 30% was 
significantly higher (P < 0.05) than the ability of an extract ob-
tained using the control sample.Strong scavenging activity on 
DPPH• of buckwheat enriched cookies extracts was partly due to 
the presence of rutin which possesses a strong ability to scav-
enge DPPH•.This is in accordance with the results presented by 
Sakač et al. (2011b) which indicated that IC50 values on DPPH• 
for buckwheat flour are more than 20 times lower than the IC50 
value for rice flour. 

Reducing activity is an indicator of electron-donating capac-
ity of the examined extracts. The results showed that reducing 
activity increased significantly with additional of LBF which is 
in accordancewith Alvarez-Jubete et al. (2010b) who noted 
buckwheat extract as a potent source of reducing agents. This 
finding explains the evident increas of reducing activity after the 
flour mixture was enriched with LBF. There was no significant 
(P < 0.05) difference between 10% and 20% of substitution 
level.  

One of the important mechanisms 
to protect against oxidative damage 
and lipid peroxidation is to chelate 
metal ions. When there is no chelating 
agents, Fe2+ may take part in the Fen-
ton reaction which results in forming 
OH·which could cause oxidative dam-
age (Halliwell and Chirico, 1993). The 
obtained results showed that there is an 
increase of reducing activity Fe2+with 
the addition of LBF, but there are no 
differences between different levels of 
LBF. It is likely that the enrichment of 
biscuits with buckwheat flour contrib-
uted to metal chelating activity on Fe2+ 
since rutin has been evidenced as a po-
tent metal chelator. 

The obtained results indicated a 
benefit of using buckwheat flour in or-
der to achieve better functionality of 
produced cookies.  

CONCLUSION 
There is a noticeable advantage in 

using light buckwheat flour in rice-
based cookies in terms of their antioxi-
dant potential. The obtained results 
indicated better antioxidant activity of 
the enriched gluten-free cookies com-
pared to the control cookies. Gluten-

 
Fig. 2. Antioxidant properties of gluten-free cookies containingdifferent amount of light 

buckwheat flour 
Bars signed with a different letter are significantly different (P<0.05) 
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free cookies with light buckwheat flour exhibited significantly 
higher (P< 0.05) antiradical activity on DPPH·, antioxidant activ-
ity using β-carotene bleaching method and reducing power than 
the control cookies, when their corresponding IC50 values were 
compared. In addition, the buckwheat flour enrichment signifi-
cantly (P < 0.05) increased the content of total phenolics in the 
examined cookies in comparison with control cookies. Finally, 
the results shown that buckwheat flour possesses great potential 
for the contribution of the functionality of gluten-free prod-
ucts.Improving the nutritional quality of gluten-free products is 
essential, as the presently available gluten-free products in the 
market have been shown to be of poor nutritional quality.  
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