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ABSTRACT 
In order to improve the use of common buckwheat (Fagopyrum esculentum Moench) in various food applications, it is important 

to better understand the impact of buckwheat inherent characteristics on product textural characteristics and palatability. Analysis of 
waterholding, pasting and rheological properties of buckwheat dough is important in revealing this impact. In this study, a set of nine 
buckwheat cultivars collected during 2010 growing season was evaluated for physical properties, chemical composition, rheological 
and pasting properties. Rheological and thermo-mechanical analyses showed that dough set back was significantly positively (+0.73) 
correlated to maximal resistance but negatively (-0.83) to dough extensibility. Greater setback may indicate higher starch retrogra-
dation and thus enhanced hardness in product which is undesirable. Therefore, buckwheat cultivars that tend to form harder, more 
resistant and less extensible doughs might be expected to diminish product textural characteristics. The starch content of buckwheat 
flour was positively correlated to maximal torque during heating and starch gelation range indicating that higher starch content gave 
viscous and more stable gels. Interestingly, dough extensibility was significantly negatively correlated to starch content. The buck-
wheat proteins did not contribute to dough stability. Moreover, higher cellulose content in buckwheat flour contributed to enhanced 
dough weakening at the beginning of heating and reduced elasticity. This suggests that protein, starch and cellulose in buckwheat 
flour are important factors that might affect texture properties.  
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REZIME 
U cilju povećanja i unapređenja upotrebe obične heljde (Fagopyrum esculentum Moench) u raznim prehrambenim proizvodima, 

potrebno je bolje razumevanje njenog uticaja na senzorna i teksturna svojstva proizvoda. Ispitivanje fizičkih, reoloških i termo-
mehaničkih svojstava testa od heljdinog brašna može da doprinese boljem razumevanju ovih uticaja. U ovom radu, ispitivan je set od 
9 sorti heljde gajenih tokom 2010. god. u pogledu njihovog hemijskog sastava, fizičkih, reoloških i termo-mehaničkih osobina. Reolo-
ške i termo-mehaničke analize su pokazale da postoji značajna pozitivna korelacija (+0.73) između maksimalnog otpora testa i "set 
back" vrednosti dok je korelacija sa rastegljivošću bila negativna (-0.83). Veća "set back" vrednost može da ukaže na veću sposob-
nost retrogradacije skroba i samim tim povećanu tvrdoću proizvoda koja je nepoželjna. Prema tome, može se očekivati da će sorte 
heljde koje imaju tendenciju da formiraju tvrđa, žilavija i manje rastegljiva testa, pogoršavati teksturu onih proizvoda kod kojih je 
mekoća zahtev kvaliteta. Sadržaj skroba je pozitivno uticao na vrednosti maksimalnog viskoziteta tokom kuvanja i na opseg želatini-
zacije skroba pokazujući da su sorte heljde sa većim sadržajem skroba dale viskoznije i stabilnije gelove. Zanimljivo je da je rasteg-
ljivost testa bila obrnuto proporcionalna sadržaju skroba. Proteini heljde nisu doprineli povećanju stabiliteta testa. Istovremeno, veći 
sadržaj celuloze je doprinosio jačem slabljenju testa na početku zagrevanja i smanjenju elastičnosti testa. Ovi podaci ukazuju da pro-
teini, skrob i celuloza u heljdinom brašnu predstavljaju važne faktore koji mogu da utiču na teksturna svojstva proizvoda. 

Ključne reči: heljda, testo, Mixolab, otpor, rastegljivost, proteini, skrob, celuloza. 
 
 

INTRODUCTION 
There is a general tendency to increase the use of alternative 

crops in food processing. This is mainly due to their feasibility 
for environmental friendly cultivation or cultivation in harsh 
conditions and at last but not least, considerable nutritional and 
health benefits associated with their consumption. Common 
buckwheat (Fagopyrum esculentum Moench) is an alternative 
crop that shared similar faith. Buckwheat is a pseudocereal 
which belongs to minor crops in terms of its production although 
it has considerable importance in regions where it has been tradi-
tionally used. In present times, buckwheat has been receiving a 
resurgence in cultivation due to its outstanding nutritional prop-
erties and abundance in many bioactive and nutraceutical com-
pounds providing high health beneficial impact. Food supple-

mented with buckwheat is considered excellent for preventive 
nutrition. 

Despite growing knowledge on the nutritional and health as-
pects of buckwheat enriched products, appropriate palatability 
still remains the key factor that affects consumers’ decision mak-
ing. Although many studies addressed the behaviour of buck-
wheat flour in processing of various foods (bread, noodles, pasta, 
gingerbread type cookies, biscuits, etc.) (Filipčev et al, 2012; 
Baljeet et al. 2010; Fessas et al. 2008; Mariotti et al., 2008; 
Alamprese et al. 2007; Maeda et al., 2004; Ji-Soon et al. 2003), 
the functional role of its constituents is still not completely clear. 
However, they generally agree that characterization of buck-
wheat in this respect is essential to enhance its exploitation in 
food industry. This study aimed at characterizing the physico-
chemical properties of buckwheat grains and waterholding, past-
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ing and rheological properties of buckwheat dough in a set of 
nine buckwheat cultivars grown organically.  

MATERIAL AND METHODS 
Buckwheat samples were obtained from 9 buckwheat culti-

vars grown in 2010 on certified organic experimental field at the 
Institute for Field and Vegetable Crops, Novi Sad, Serbia. De-
hulling and milling were performed on laboratory equipment 
Eltex (McKinnon&Co.LTD, India). The mixture of hulls and 
flour was separated by sieving. Fractions less than 355 μm were 
considered throughout experiment. For rheological and 
Mixolab® measurements, the samples were remilled on a labo-
ratory mill Knifetec™ 1095 (Foss Tecator, Sweden). 

Mixolab® measurements 
Thermo-mechanical properties of buckwheat dough were 

analyzed using Mixolab® Chopin apparatus (Tripette&Renaud 
Chopin, France). The standard Chopin+ protocol was followed 
(Rosell et al., 2007). This analysis measures the dough proper-
ties during mixing at 30°C and subsequent heating  to 95°C, 
holding at 95°C and cooling to 50°C by recording in real time 
the torque produced by dough passing between the kneading 
arms. Measurements were performed in duplicate. 

Rheological measurements 
Dough load-extension tests were performed on a TA-HD 

plus texture analyzer (SMS, UK) using a Kieffer rig. Measured 
parameters were peak force or resistance to extension and the 
distance of extension at the point of peak force. At least, twelve 
measurements per sample were made. 

Chemical composition 
Chemical composition was determined according to standard 

methods from the national regulation book (Pravilnik o meto-
dama, Sl. list SFRJ 74/88). 

Statistical analysis 
One-factor analysis of variance was employed in analysing 

data variability. Tukey’s test was used to differentiate between 
means at 95% confidence. Pearson’s coefficient was used in cor-
relation analysis. The software package STATISTICA (Data 
Analysis Software System) v.11.0 (2011), Stat-Soft, Inc. USA 
(www.statsoft.com) was used. All measurements were run in 
duplicates if not otherwise stated. 

RESULTS AND DISCUSSION 
Some physical properties of buckwheat kernels are presented 

in Table 1. Buckwheat kernels significantly differed in maximal 
diameter and weight. Diameter among the tested buckwheat cul-
tivars ranged between 5.06 mm (Francuska) and 6.82 mm (Čebe-
lica). The mass of 1000 hulled kernels spanned between 17.4-
24.6 g. The lowest weight was recorded for cultivars Bamby, 
Francuska and Čebelica whereas the highest for Češka. The vari-
ability in kernel hull proportion was also significantly affected 
by cultivar effect. The cultivars with the highest hull proportion 
were NS, Godijevo and Darija (22.1-22.9%) whereas Češka was 
the lowest.  

 

Chemical composition was determined in hulled kernels and was 
also affected by cultivar (genetic characteristics). The chemical 
parameters were mainly in the ranges reported elsewhere. Culti-
vars with the highest protein content were NS, Francuska and 
Prekmurska (18.69-19.03% dm) whereas Spačinska was the 
lowest (16.74% dm). Buckwheat is a starch rich crop. Literature 
data report buckwheat starch content ranges between 59-70% 
dry mass. In our set of buckwheat cultivars, the starch content 
ranged from 60.87% (Darija) to 71.67% (Francuska). The fat 

content was mainly below 3.5% dm which is an expected value 
in buckwheat. The cellulose content was in the range 3.66% 
(Prekmurska)-5.37% (Francuska).  Cellulose is an insoluble fi-
bre. Wijngaard and Arendt (2006) reported lower amounts of 
insoluble fibres in buckwheat groats (2.2%). Higher values for 
cellulose in this study may be associated to the efficacy of the 
dehulling procedure. Ash content was the lowest in Francuska 
cv. (2.19%) and the highest in Godijevo (4.11%). Higher ash 
content may be associated with higher mineral content in buck-
wheat. Indeed, Bodroža-Solarov et al. (2011) found that Godi-
jevo had the highest content of microelements, iron and copper. 

Main parameters derived from Mixolab data are obtained at 
several stages of measurements: (1) firstly, dough development 
during mixing at 30°C is characterized by water absorption, 
dough development time, elasticity, dough stability data; (2) in 
the second stage when dough is heated, intensity of dough con-
sistency decrease as the consequence of protein network weak-
ening is measured; (3) in the third stage, starch pasting proper-
ties are recorded during further heating (to 95°C), holding on 
95°C and cooling (to 50°C). Mixolab measurements (Table 2) 
showed that there were differences in thermo-mechanical behav-
iour of doughs made from nine buckwheat cultivars although 
there were groups of cultivars which shared similar behaviour. 
The water absorption widely ranged from 57.7% (Prekmurska) 
to 65.1% (Spačinska). Regarding dough development time, the 
majority of cultivars had similar times except cv. Češka with the 
shortest time and Spačinska with the longest time. Bamby 
formed dough with least elasticity whereas Spačinska had the 
most elastic dough. Majority of buckwheat cultivars promoted 
similar protein behaviour during heating reaching minimal 
torque values (C2) between 0.43-0.47 Nm, except Češka and 
Spačinska. Češka showed the lowest protein heat stability 
whereas Spačinska the highest. The recorded values for C2 were 
in general lower than those reported for buckwheat cultivars 
elsewhere (0.66-0.69 Nm) (Mixolab data).The difference C1-C2 
also indicates protein stability; the lower the value, the higher 
the stability. This value also supports that Spačinska showed the 
most stable proteins to heating whereas all others showed more 
protein weakening except Novosadska which performed some-
what better, in between Spačinska and others. Spačinska also 
greatly varied in dough stability among others by showing the 
highest value.The cultivars showed similar protein breakdown 
times, approximately 19.5-20 min whereas Godijevo performed 
somewhat faster, 18.5 min. During further heating, starch gelati-
nization can be observed. The cultivars varied in gelatinization 
ranges. The highest peak viscosity (C3) was observed in Prek-
murska, Spačinska and Francuska showing good ease of cook-
ing.  But, good ease of cooking did not contribute to good stabil-
ity of starch pastes; Spačinska had the lowest resistance to 
breakdown (high C3-C4 values) alongside with Godijevo, fol-
lowed by Francuska. The highest starch paste cooking stability 
was registered with Novosadska and Darija followed by Prek-
murska nad Čebelica. Very important parameters are total set-
back (C5-C4) and cold paste viscosity (C5) which are indicatives 
of starch retrogradation tendencies (mostly due to amylose crys-
tallization). Retrogradation greatly affects food textural proper-
ties. Higher retrogradation may be associated with increased 
firmness, crumbliness and shorter shelf-life of products. The 
lowest retrogradation tendencies regarding both parameters can 
be attributed to Novosadska whereas the highest to Francuska. 
High cold paste viscosities were recorded also for Darija, Prek-
murska and Spačinska but their setbacks were at medium levels 
among cultivars.  
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Table 1. Physical properties and chemical composition of buckwheat kernels (values marked with the same letter within column 

are not significantly different, p<0.05) 
 

Cultivar 
Max. 

 diameter 
(mm) 

1000-kernel 
 mass  

(g) 

Hull  
content 

(%) 

Moisture 
 (%) 

Ash 
(% dm)

Proteins 
(% dm)

Starch
(% dm)

Fat 
(% dm)

Cellulose 
(% dm)

NS 6.36b,c 22.6a,b 22.1c 10.68a 3.55e 18.69d,e 63.19b 3.39c,d 4.21d 

Godijevo 6.11b,c 19.6a 22.8c 11.15c 4.12h 17.70b,c 64.16c 3.31b 3.78b 
Bamby 5.84a,b 17.4a,b,c 20.9a,b,c 10.91b 2.37b 17.66b 67.87b 3.17a 4.84g 

Češka 5.88a,b,c 24.6a 18.5a 10.84b 3.07d 18.40d 65.99d 3.45e 4.70f 

Darija 5.90a,b,c 20.2a 22.9c 11.07c 3.71f 18.26c,d 60.87a 3.42d,e 3.98c 

Prekmurska 5.84a,b 20.2d 19.2a,b 10.90b 2.66c 19.03e 67.87f 3.33b,c 3.66a 

Čebelica 6.82c 18.2c,d 21.6b,c 10.80a,b 3.94g 18.30d 66.50e 3.20a 4.41e 

Francuska 5.06a 18.2b,c,d 20.9a,b,c 11.08c 2.19a 18.98e 71.67d,e 3.45d,e 5.37h 

Spačinska 5.97a,b,c 23.2a,b,c 21.6b,c 11.61d 2.70c 16.74a 65.80d 3.53f 3.94c 

 

Table 2. Thermomechanical and rheological properties of buckwheat dough (values marked with the same letter within column 
are not significantly different, p<0.05) 

 
Cultivar Mixolab parameters Kieffer 

 WA 
(%) 

Dev 
(min) 

Stab 
(min)Ampl C1 

(Nm) 
C2 

(Nm) 
C3 

(Nm)
C4 

(Nm)
C5 

(Nm)
C1-C2
(Nm)

C3-C2
(Nm)

C3-C4
(Nm)

C5-C4
(Nm)

Peak  
force 
(g) 

Distance
(mm) 

NS 59.5b7.13a,b8.65d0.05a,b 1.02a 0.45b1.63b1.58b,c 2.15a 0.57b 1.18c 0.05a 0.57a 25.10a,b 2.27c

Godijevo 62.6c,d 8.3c 10.2e 0.06c1.11c,d,e0.47b,c1.55a 1.42a 2.13a0.64b,c 1.08b 0.13c 0.71d30.01b,c,d 1.78a,b,c

Bamby 63.4d 8.2b,c 10.0e 0.04a 1.10c,d0.43a,b1.65b1.58b,c 2.2a,b,c 0.67c1.22d,e 0.07c 0.62b31.46c,d,e 2.06b,c

Češka 61.5c 6.68a7.12b 0.05b 1.08b,c 0.40a1.63b 1.56b 2.2a,b,c 0.68c 1.23e 0.07c0.64b,c30.03b,c,d 1.97a,b,c

Darija 60.0b 8.62c7.05b0.06b,c 1.14e0.47b,c1.65b 1.6b,c 2.25c,d 0.67c 1.18c 0.05a 0.65c 28.35b,c 2.27c

Prekmurska 57.7a 8.4c8.92d 0.06c 1.20f 0.51c1.72c 1.66d 2.31d 0.69c 1.21d 0.06b 0.65c 34.92d,e 1.70a,b

Čebelica 59.4b7.98b,c 7.9c 0.05b 1.06b 0.45b1.64b1.58b,c 2.17a,b0.61b,c 1.19c 0.06b 0.59a 21.97a 2.16b,c

Francuska 62.3c,d8.07b,c 6.63a 0.05b 1.08b,c0.43a,b1.86d 1.77e 2.52e0.65b,c 1.43f 0.09d 0.75e 35.80e 1.51a

Spačinska 65.1e 10.8d 14.0f 0.07d 1.12d,e 0.88d1.75c1.62c,d2.24b,c,d 0.24a 0.87a 0.13c 0.62b 34.92d,e 1.48a

 
Table 3. Correlations between rheological, thermo-mechanical properties and chemical composition of doughs from various 

buckwheat cultivars (P<0.05). 
 
 WA Dev Stab Ampl C1 C2 C3 C4 C5 C1-C2 C3-C2 C3-C4 C5-C4 Peak force Dist 

WA         
Dev         
Stab         
Ampl         
C1  0.64       
C2 -0.63 0.67  0.72 0.67     
C3         
C4   -0.60   0.96   
C5      0.97 0.89   
C1-C2     0.79     
C3-C2   -0.62   0.94 0.90 0.90   
C3-C4         
C5-C4       0.66 0.71   
Force       0.71 0.69 0.73   
Dist       -0.69 -0.61 -0.83 -0.82  
Moisture  0.65     0.67 0.87   
Ash       -0.76 -0.73 -0.71 -0.77 -0.76  
Protein -0.62  -0.53   0.70 0.74 0.63 0.56   
Starch      0.74 0.62 0.69 0.76  -0.75 
Fat   -0.64      
Cellulose 0.57   -0.75 -0.80  0.81   

 
Extensibility data according to Kieffer showed that cultivars 

Novosadska and Čebelica had the lowest resistance to extension 
whereas Francuska, followed by Prekmurska and Spačinska, had 
the most resistant dough. This coincided with extensibility val-
ues recorded for the cultivars; the cultivars which had higher 

dough resistance showed the lowest elasticity. Practically, statis-
tically the highest difference was registered between two groups 
of cultivars (Novosadska-Darija (highest elasticity) and Spačin-
ska-Francuska (the lowest elasticity). 
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When analyzing all cultivars together, low correlations were 
found among the parameters. However, on elimination of culti-
var Spačinska which was found to differentiate the most from 
others in the set, several interesting correlations were observed 
(Table 3). The total setback (C5-C4) was significantly positively 
correlated to dough resistance (r=0.73) and negatively to dough 
extensibility (r=-0.83). Thus, the formation of firmer and less 
elastic dough is associated with greater setback i.e. retrograda-
tion tendencies. This suggests that those cultivars that form 
harder doughs may be less suitable in food applications requiring 
absence of starch retrogradation. Of buckwheat constituents, 
starch and proteins were positively correlated to maximal and 
minimal torque during heating (C3, C4), starch gelation range 
(C3-C2) and cold paste viscosity (C5). This may suggest that 
more starch and proteins contribute to more viscous and stable 
starch paste but also to higher retrogradation affinity. This syn-
ergistic effect of buckwheat starch and protein on starch pasting 
properties coincides with the finding of Bejosano et al. (1999) 
who explained that proteins increase the pasting viscosity of 
starch by stabilizing the starch granule integrity but in the same 
time, weaken the gel structure. Moreover, higher buckwheat 
starch could be correlated to less dough extensibility. Inglett et 
al. (1999) suggested that buckwheat cultivars that give high vis-
cosity pastes might be suitable in food formulations requiring 
little heat processing whereas low viscosity cultivars may be 
used with other cereals to modify their structure. Buckwheat pro-
teins did not contribute to dough stability (r=-0.53). Buckwheat 
proteins mainly consist of albumins and globulins (Wijngaard 
and Arendt, 2006) which cannot form protein networks like 
wheat gluten but exert emulsion forming and stabilizing effects 
(Choi et al., 2006). Interestingly, higher cellulose content in 
buckwheat flour contributed to reduced dough elasticity and in-
creased protein weakening at the beginning of heating.  

CONCLUSION 
The present results suggest that protein, starch and cellulose 

in buckwheat flour are important factors that might affect texture 
properties of buckwheat enriched products. However, to eluci-
date the adequacy of buckwheat cultivars for various food appli-
cations, the study should be completed with correlation data in 
relation to textural properties of the end products. 
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