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Abstract	

Grape seeds are a great fount of bioactive molecules and can be recovered to obtain enriched 
bakery products. The high amount of fiber from grape seeds has a considerable influence on the rheological 
behavior of wheat dough. This research was designed to determine the impact of particle dimension, 
dose, and cultivar of grape seed flour (GSF) on the complex viscosity of dough made from white wheat 
flour. The complex viscosity was recorded in the linear viscoelastic region by performing a frequency 
sweep analysis and temperature sweep testing. The differences among samples were evaluated by 
using ANOVA univariate statistical test, along with the least significant difference (LSD) post hoc test. 
The data obtained revealed that GSF affected the viscoelastic behavior of dough depending on the 
cultivar, dose, and particle dimension. These findings could be of interest to the baked goods industry 
concerned with novel functional product development, and consumers aware of a healthy diet. 
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INTRODUCTION		

Grape seed flour can be considered a functional ingredient that can be included in 
bakery products like bread. This kind of product is included in the human diet all around the 
world from the oldest times. One of the main advantages of incorporating grape seed flour 
in food products leads to the chemical composition of this by-product. It is rich in valuable 
fatty acids, dietary fibers, and phenolic compounds (Aghamirzaei et al. 2015).  

Fiber-rich ingredients have a significant influence on dough rheology, especially because 
of the interactions with the other constituents of wheat dough. This effect is displayed mainly 
in the gluten matrix and makes visible rheological differences of these enriched doughs 
during the processing phases. Adding an ingredient with a high amount of fiber makes the 
wheat flour dough stronger and elastic, so its rheological behavior becomes closer to the solids. 
These changes are directly influenced by the ingredient source, particle dimension, and dose 
(Mis 2011). The matrix containing water, starch, and gluten is considered to be a viscoelastic 
biopolymer system with rheological behavior between solid and liquid (Fadda et al. 2010).  
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The rheometers are suitable to describe the rheological behavior of grape seeds-
enriched dough. His operating principle includes the determination of the relation between 
strain, stress, and time. Dough structural modifications are best evaluated using dynamic 
oscillatory analysis. Dough pieces are exposed to a strain or stress with sinusoidal variations. 
Because the strain and stress applied are small and the measurements are performed in the 
linear viscoelastic region, the sample's structure is not damaged (Mis 2011).  

The aim of this research was to determine the viscoelastic behavior of dough samples 
fortified with grape seeds flour of two varieties at various particle dimensions and doses. 
This information can be used by processors to estimate bread quality.  

MATERIALS	AND	RESEARCH	METHODS		

In this study wheat flour of 550 flour type (harvest 2016) from S.C. Dizing S.R.L. mill 
(Brusturi, Neamț, Romania) and grape seeds from red and white wine grape pomace from 
Jarișea, Odobești ecosystem were used. Grape seeds were separated by hand from dry grape 
pomace and then they were ground in a domestic blender. To obtain grape seeds flour (GSF) 
with various particle dimensions (large, L > 500 μm, medium, 200 μm < M < 500 μm and 
small, S < 200 μm), they were sifted by using a Retsch Vibratory Sieve Shaker AS 200 basic 
(Haan, Germany).  

The dynamic rheological parameters were analysed on a MARS 40 rheometer (Thermo-
Haake, Karlsruhe, Germany) which has titanium parallel plates (diameter 40 mm). Dough 
pieces were put on the measuring system at 3 mm gap and left for 5 min to rest, time chosed 
according to the previous time sweep tests performed within the linear viscoelastic region. 
A vaseline layer was applied on the outskirts of the pieces to avoid sample moisture losses 
during analysis. The complex viscosity η* of dough samples (Equation 1) were evaluated by 
applying frequency sweep test from 1 to 20 Hz in the linear viscoelastic region. Also, 
temperature sweep tests at the rate of 4.0 ± 0.1°C per minute during heating from 20 to 
100°C were applied. The complex viscosity η* at the initial (To) and final (T1) gelatinization 
temperatures was measured. The complex viscosity (η*) is expressed in Pa·s.  

 (1) 

where G' is the storage modulus, G" the loss modulus, ω the frequency in rad/s; ω = 2 π  f, 
where f is the frequency expressed in Hz (Shchipunov et al. 2010). 

Statistical analysis of the experimental data was performed by univariate analysis of 
variance using SPSS trial version. If ANOVA proved significance of difference at the significance 
level of 0.05 between samples, post hoc analyses by the LSD comparison test (< 0.05) were 
employed to evaluate statistical differences among the mean values of the parameters. 

RESULTS	AND	DISCUSSION		

The mechanical spectra obtained give information about the effects of GSF addition in 
wheat flour dough on dough complex viscosity. The ANOVA test (Table 1) showed that GSF 
type significantly (p	<	0.05) influenced the complex viscosity at 1 Hz, the complex viscosity 
at the initial gelatinization temperature and the complex viscosity at the final gelatinization 
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temperature. The dose has an influence on the complex viscosity at 1 Hz, the complex 
viscosity at the initial gelatinization temperature (p	<	0.05), but the complex viscosity at the 
final gelatinization temperature is not affected (p	>	0.05). The interaction between the two 
factors is influencing significantly (p	<	0.05) the viscosity measured in all three cases.  

 
Table	1.	ANOVA	univariate	for	complex	viscosity	mean	comparison	

Source	 Sum	of	Squares df Mean	Square F	 p	

Complex	viscosity	at	1	Hz

Intercept 1893446997.042 1 1893446997.042 609.235 0.000 

GS type 184576427.042 1 184576427.042 59.389 0.000 

Dose 117789013.792 3 39263004.597 12.633 0.000 

GS type * Dose 85675075.125 3 28558358.375 9.189 0.001 

Complex	viscosity	at	the	initial	gelatinization	temperature

Intercept 380511957.042 1 380511957.042 404.241 0.000 

GS type 30134727.042 1 30134727.042 32.014 0.000 

Dose 10851540.792 3 3617180.264 3.843 0.030 

GS type * Dose 8525852.125 3 2841950.708 3.019 0.061 

Complex	viscosity	at	the	final	gelatinization	temperature

Intercept 20421917004.167 1 20421917004.167 834.277 0.000 

GS type 888531704.167 1 888531704.167 36.298 0.000 

Dose 63548245.833 3 21182748.611 0.865 ns 

GS type * Dose 580789412.500 3 193596470.833 7.909 0.002 

ns – not significant, GS – grape seed 
 
The complex viscosity (η*) decreased with frequency decrease in the case of all the 

studied samples. As it is shown in Fig. 1 (a, b, c, d), the complex viscosity of samples with 3, 
5, 7, 9% white GSF was higher than the control sample. In all cases, the lowest influence was 
recorded for the large particle dimension (L), while the medium particle (M) dimension 
influenced the most the complex viscosity of 3, 7 and 9% GSF dough. At 5% GSF dose the 
small particle dimension (S) had the greatest influence on dough viscoelastic behavior (Fig. 
1b). The results are in accord with those obtained by Berland and Launay (1995) for wheat 
flour dough. Grape seeds are rich in polyphenols and fatty acids which may affect the 
polymeric part of the gluten which determines the formation of lipoprotein complexes that 
may change the rheological behavior of dough (Valková et al. 2020). The polyphenols from 
grape seeds could interact with the proteins by forming covalent and non-covalent bonds 
which will produce changes in the secondary and tertiary structure of proteins (Xu et al. 
2019).  
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a)	 b)	

	

   
c)	 d)	

Fig.	1.	Complex	viscosity	η*	variation	with	frequency	for	dough	with:		
a)	3%	white	GSF,	b)	5%	white	GSF,	c)	7%	white	GSF,	d)	9%	white	GSF	

 
The influence of red GSF on the viscoelastic behavior of wheat flour dough is shown in 

Fig. 2 (a, b, c, d).  
 

   
a)	 b)	
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c)	 d)	

Fig.	2.	Complex	viscosity	η*	variation	with	frequency	for	dough	with:	a)	3%	red	GSF,		
b)	5%	red	GSF,	c)	7%	red	GSF,	d)	9%	red	GSF	

 
The complex viscosity of red GSF-wheat flour dough samples wasn't strongly affected 

by the dose and the particle dimension as compared with the control sample, except the 
medium particle dimension at 9% dose (Fig. 2 d). At 7% GSF addition the complex viscosity 
was influenced by the medium and small particle dimension more than at 3 and 5% (Fig. 
2c). The results are similar with those presented by the literature (Berland and Launay 
1995). The differences compared to the white GSF incorporation could be related to the 
distinct chemical composition of grape seeds, especially regarding the type and content of 
polyphenols determined by the cultivar particularities, climatic conditions, geographical 
position, and level of fruit maturity (Crews et al. 2006). 

The post hoc statistical analysis showed that there are significant differences (p	<	0.05) 
of complex viscosity measured at 1Hz frequency between almost all the addition levels. 
There are no significant differences (p	>	0.05) between 3 and 5% doses and 7 and 9%. 

Fig. 3 and 4 show the complex viscosity (η*) variation during heating. GSF had affected 
the viscoelastic deportment of dough samples depending on the dose and particle dimension. 
The complex viscosity initaly decreased with temperature increase, until the initial gelatinization 
temperature was reached. Then, it increased until the final gelatinization temperature and 
decreased again until 100 °C. This behavior can be attributed to the proteins weakening (Rosell 
et al. 2007). The results obtained are in agreement with those reported by (Burešová et al. 
2016) for rice-buckwheat dough enriched with calcium, sodium caseinate, xanthan gum and 
carboxymethyl cellulose. 

The white GSF – wheat flour dough samples had higher values of complex viscosity 
than the control sample (Fig. 3a, b, c, d). At 3 and 5% dose the highest influence was recorded 
for the medium dimension particle (M) (Fig. 3a, b), while at 7 and 9% the small particle 
dimension had a greatest effect (Fig. 3c, d). The raise of G’ values during temperature 
increase was proven to be linked to the modification of starch structure (He and Hoseney 
1991). The ingredients incorporated in dough interact with starch, generating changes in 
gelatinization temperatures depending on the concentration and particle dimension (Rojas 
et al. 1999). 
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a)	 b)	

 

		 	
c)	 d)	

Fig.	3.	Complex	viscosity	η*	variation	with	temperature	for	dough	with:		
a)	3%	white	GSF,	b)	5%	white	GSF,	c)	7%	white	GSF,	d)	9%	white	GSF	

 
Dough samples with red GSF presented a lower influence on the complex viscosity as 

compared to the white ones. At 3, 5 and 7% dose the complex viscosity values are close to 
the control and are smallest than it (Fig. 4a, b, c). At 9% GSF the small particle dimension 
addition decreased the complex viscosity, while the medium and large ones increased it (Fig. 
4d). This lower influence of red GSF compared to the white cultivar could be related to the 
differences in chemical composition of the two ingredients.  

 

   
a)	 b)	



Journal of Montology, vol. XVII – 2022 

20 

   
c)	 d)	

Fig.	4.	Complex	viscosity	η*	variation	with	temperature	for	dough	with:		
a)	3%	red	GSF,	b)	5%	red	GSF,	c)	7%	red	GSF,	d)	9%	red	GSF	

 
The post hoc analysis for the complex viscosity at the initial gelatinization temperature 

showed that there are significant differences (p	<	0.05) between 3 and 7%, 3 and 9% and 5 
and 9% doses and not significant differences (p	>	0.05) between 3 and 5%, 5 and 7% and 7 
and 9% doses. The post hoc analysis for the complex viscosity at the final gelatinization 
temperature revealed no significant differences (p	<	0.05) between any GSF doses. 

CONCLUSION		

The viscoelastic deportment of wheat flour dough was visible changed by the GSF 
addition. The particle dimension, the dose and the grape seeds cultivar were found to influence 
dough rheological properties. For the white GSF containing dough, the complex viscosity 
was significantly higher compared to the control, while for the red cultivar the differences 
were small. The addition of white GSF in wheat dough resulted in higher complex viscosity 
during heating, while in the case of red GSF an opposite trend was obtained. This may be 
due to the chemical compounds present in grape seeds, namely fiber, fat and phenolich 
compounds with antioxidant character. These results clould represent a starting point for 
the prediction of dough deportment during bread processing steos so that it a product with 
acceptable sensory and textural properties can be obtained. 
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