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Abstract: Pasta nutritional and functional value can be enhanced by incorporating fiber-rich 

ingredients such as grape peels and/or by applying hydrothermal treatments to wheat flour. The 

purpose of this study was to characterize dough rheological behavior, chemical and sensory 
charateristics of pasta from heat moisture treated (HMT) wheat flour, native wheat-grape peels 

composite flour and treated wheat-grape peels flour mix. The results revealed that grape peels 

addition increased the nutritional value of pasta by raising the ash, fiber and polyphenols content, 
while HMT determined higher resistant starch values. The elastic and viscous moduli of dough 

increased when HMT was applied to wheat flour and/or grape peels were incorporated. The addition 

of grape peels led to higher glass transition temperature, while an opposite effect was observed for 
HMT. Both grape peels addition and HMT caused lower maximum creep and recovery compliances. 

Acceptable sensory scores were obtained for all the analysed samples, pasta from treated wheat - 

grape peels composite flour was characterized as nutritious, fruity, sourish, pasta from treated wheat 

flour as elastic, gummy, sweet, pleasant, while pasta from native wheat-grape peels was characterized 
as satiating, fragile, innovative, sourish. These results evidenced the opportunity to increase the 

functional and nutritional value of pasta by applying physical modification of flour and/or by 

incorporating grape peels as a source of dietary fiber and bioactive compounds.       
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1. Introduction 

Consumer preferences for food are constantly 

changing as society evolves and globalization 

occur. Vinification generates valuable by-

products that can be introduced in various 

forms into human nutrition. Their use has an 

advantage from both economic and 

environmental point of view. Recently, 

researchers have turned their attention to the 

development of new products by 

incorporating functional ingredients such as 

grape peels [1, 2]. 

Grape peels are considered sources of dietary 

fiber [3], being in the same time rich in 

phenolic compounds with antioxidant 

activity [4]. Consumption of foods with high 

amounts of fibers and antioxidants can 

reduce the occurrence of chronic diseases 

such as constipation, some cancers, 

cardiovascular diseases [5, 6]. Some studies 

revealed the influence of grape by-products 

on pasta quality. Gaita et al. [1] revealed that 

polyphenolics and anioxidant activities of 

wheat pasta enriched with grape peels were 

higher compared to the control, acceptable 

sensory characteristics being observed at 

levels up to 6%. The results obtained by 

Sant’Anna et al. [7] showed a decrese of the 

sensory scores of fettuccini pasta when grape 

pomace was incorporated. In the study of 

Mironeasa et al. [8] on the effects of grape 

peels on wheat bread dough rheology it is 
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stated that the viscoelastic moduli and the 

gelatinization temperature increased, 

depending on the addition level and particle 

size. 

Starch-based foods are known to posess high 

glycemic index, which can lead to obesity 

and / or diabetes [9]. Reducing the glycemic 

index of foods can be achieved by 

introducing whole grains and pseudo-cereals, 

by using phenolic compounds that reduce the 

digestibility of starch [9] or by modifying 

flour by hydrothermal treatment in order to 

increase the content of slowly digestible 

starch and resistant starch, and to decrease 

digestible starch content [10, 11, 12].  

Hydrothermal treatments applied to wheat 

flour produce a reorganization of starch 

amylose and amylopectin chains, which leads 

to changes in crystallinity of the granules, 

viscosity, thermal and gelatinization 

properties and also digestibility. All these 

changes, along with protein denaturation that 

occur during hydrothermal treatment [13] 

and interactions between components, result 

in rheology and texture of final product 

modification [10, 11, 14]. Heat moisture 

treatment (HMT) supposes starch or flour 

treatment at high temperatures (50 < x < 120 

°C) and low moisture (10 < x < 35 %) for a 

given time [15]. 

HMT caused the decrease of wheat noodles 

slowly digestible starch and rapid digestible 

starch, while resistant starch contents were 

higher than of the native [16]. Chandla et al. 

[17] presented improved sensory 

characteristics of noodles made of HMT 

amaranth and corn starch compared to the 

native, mostly in terms of flavor, taste and 

overall acceptability. The study conducted by 

Lazaridou et al. [18] on wheat-barley rusk 

dough revealed that HMT caused an increase 

of elastic (G') and viscous (G") moduli, while 

the compliances (J) were lower compared to 

the control.  

The aim of this study was to characterize 

dough and pasta products made of heat 

moisture treated wheat flour, wheat-grape 

peels composite flour and treated wheat-

grape peels composite flour in terms of 

dough rheology, pasta chemical and sensory 

characteristics.   

 

2. Materials and methods 

Materials, treatment conditions and pasta 

production 

Grape peels were obtained after manual 

separation from dry pomace of Feteasca 

Regala variety, then they were grinded and 

sieved to particle size < 180 μm.  

Wheat flour of 650 type was treated 

according to the methodology presented in 

the literature [19]: moisture content was 

increased by adding corresponding amount of 

water in small portions with continuous 

stirring, then the samples were kept for 24 h 

in hermetically sealed containers for moisture 

equalization. Flour was treated in a closed 

system for the given time and temperature, 

and after cooling, it was grinded and sieved 

to particle size < 300 μm.  

Dough was made by mixing flour with 

appropriate quantities of water to achieve 

40% dough moisture in a Kitchen Aid mixer 

(Whirlpool Corporation, USA). After 15 min 

of resting, pasta modeling was done on a 

Kitchen Aid accessory for short pasta. 

Drying was made firstly at room temperature 

for 1/2 h, then at 40 °C for 1 h, at 80 °C for 2 

h and again at 40 °C for 2 h [20].     

The samples considered in this study were 

obtained after previous optimizations. 

Control sample was made of untreated wheat 

flour, OTH sample was made of wheat flour 

treated at 85.30 °C, for 1 h and 26.80 % 

moisture [21], OPS was formed of native 

wheat flour with 4.62 % grape peels [22] and 

OTPS sample was made from trated flour at 

64.35 °C, for 3 h and 26.65 % moisture 

mixed with 4.94 % grape peels [23].     

Dough rheology 

In order to characterize dough behavior 

during processing, dynamic oscillation and 

creep-recovery tests were applied using a 

Thermo-HAAKE MARS 40 rheometer 
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(Karlsruhe, Germany) with parallel plates of 

40 mm diameter, at a gap of 3 mm. The 

dough was laminated to a thickness of 3 mm 

and allowed to rest for 1 hour before testing 

to relax internal strain. Then, the sample was 

placed in the measuring system and kept for 

120 s at 20 °C before testing to allow 

relaxation and temperature stabilization. 

Excess dough was removed and a layer of 

vaseline was applied to the exposed edge to 

protect it from moisture loss during testing. 

Before evaluating the variation of the 

viscoelastic moduli with frequency, the limits 

of the linear viscoelastic region (LVR) were 

established by applying a strain range from 

0.1 to 100 Pa, at a constant oscillation 

frequency of 1 Hz. 

The variation of the elastic (G′) and 

viscosous (G″) modulus with frequency was 

evaluated by applying a constant strain of 15 

Pa (in the LVR) and a frequency range from 

0.1 to 20 Hz.  

In order to evaluate the behavior of pasta 

dough at heating, the dynamic oscillation 

tests were applied at a constant frequency of 

1 Hz, and the temperature was varied from 

20 to 100 ºC with a heating speed of 4ºC / 

min.  The elastic (G′) and viscoscous 

mdoulus (G″) were recorded. The initial 

glass transition temperature (Ti) determined 

at the minimum value of G′ and the glass 

transition temperature (Tg) determined when 

the maximum value of G″ was reached were 

identified [24]. 

Creep and recovery tests allowed the 

evaluation of compliance (J) at a constant 

temperature of 20 ºC and a strain of 50 Pa as 

follows: the strain was applied for 60 s, then 

it was removed to allow the sample to 

recover for 180 s. Burgers mathematical 

model was applied [8, 25] for the 

experimental data obtained in the creep phase 

(equation 1) and in the recovery phase 

respectively (equation 2). 

 

    (1) 
 

     (2) 

where: JCo (Pa-1) is the instantaneous 

compliance in the creep phase, JRo (Pa-1) is 

the instantaneous compliance in the recovery 

phase, JCm (Pa-1) is the retarded elastic 

compliance in the creep phase, JRm (Pa-1) is 

the retarded elastic compliance in the 

recovery phase, t (s) is the phase time, λC, λR 

(s) are the retarded time in creep and 

recovery phase, μCo (Pa·s) is the shear 

viscosity at time 0, Jmax (Pa-1) is the 

maximum compliance during creep phase, Jr 

(Pa-1) is the equilibrium compliance 

calculated as the sum of JRo and JRm. Also, 

dough recovery capacity (Jr/Jmax) was 

determined. 

Pasta chemical composition 

Pasta moisture, ash, protein and lipids were 

measured according to SR EN ISO 712/2010, 

SR ISO 2171/2002, SR EN ISO 20483/2007, 

and SR 91/2007 respectively standards. Fiber 

content was measured by NIR spectrometry 

(FOSS 6500 NIR device, Silver Springs, 

SUA) and the carbohydrates were calculated 

by difference.  

Megazyme kit was used to measure resistant 

starch (RS), slowly digestible starch (SDS) 

and rapid digestible starch (RDS) of boiled 

pasta. The principle of determination 

consisted of samples digestion with α-

amylase and amyloglucosidase for a specific 

time and spectrophotometric quantification 

of the glucose resulted. 

The procedure described by Melili et al. [26] 

was used for extract preparation in order to 

quantify total polyphenols: grinded sample (2 

g) was extracted with methanol (80%) in a 

sonication bath at 37 ºC and 45 Hz for 40 

min. After filtration, the extract (0.20 mL) 

was mixed with 0.80 mL distilated water, 

Folin-Ciocalteu reagent (0.50 mL) and 

sodium carbonate 20% (2.50 mL). The 

absorbance was read after 40 min of resting 

in the darkness at 725 nm on an UV–VIS–

NIR Shimadzu 3600 (Tokyo, Japan) 

spectrophotometer. The content of total 

polyphenols was calculated from a 

calibration curve with gallic acid (R2 = 0.99).     
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Sensory profile of pasta 

Pasta sensory profile was established 

according to the descriptive method Check 

All the Attributes (CATA) described by 

Bustos et al. [27], with some modifications. 

A panel of 9 semitrained judges evaluated 

fresh boiled pasta in one session. The coded 

samples were randomly presented, water 

being provided for mouth cleaning. The 

terms used for characterization were 

previously discussed and established in the 

training session. Texture was characterized 

by the following attributes: grainy, pasty, 

sticky, al dente, seed, soft, gummy, elastic or 

fragile; color was evaluated as unpleasant or 

pleasant; flavor was characterized by sweet, 

back flavor, sourish, flavored, fruity or bitter; 

general aspect attributes used were healthy, 

tempting, tasty, light, natural, satiating, 

pleasant, artificial or nutritious. Global 

acceptability was evaluated on a scale from 1 

to 9 points.     

Statistical Analysis 

All the measurements were performed in 

triplicate. Tukey post-hoc test was applied in 

order to underline significant differences (p < 

0.05) between samples. The data of CATA 

analysis were processed using Principal 

Corespondence Analysis (PCoA). In order to 

identify the relationships between 

characteristics, Principal Component 

Analysis was applied. All the statistical 

analysis were made using XLSTAT for Excel 

2021 version (Addinsoft, New York, SUA) 

software. 

3. Results and discussion 

Chemical composition 

Pasta proximate composition is presented in 

Table 1. Significant higher (p < 0.05) ash 

content was observed for OPS and OTPS, 

samples containing grape peels. The obtained 

results underlined the positive effects of 

HMT and grape peels addition on fiber 

content which was enhanced compared to the 

control. The carbohydrates were lower in 

pasta from treated wheat flour (OTH) and 

pasta with grape peels (OPS) which could led 

to lower glycemic index. These results are 

due to the nutrients intake of grape peels, 

similar findings being reported by Acun and 

Gül [28] for baked products supplemented 

with grape pomace, seeds, seedless pomace.  
 

Table 1.  

Chemical and sensory characteristics of pasta 

 

Characteristic Control OTH OPS OTPS 

Moisture* (%) 11.54 ± 0.03a 7.02 ± 0.12d 11.27 ± 0.07b 8.40 ± 0.03c 

Ash* (%) 0.56 ± 0.02b 0.58 ± 0.07b 0.71 ± 0.08ab 0.75 ± 0.06a 

Lipids* (%) 0.11 ± 0.01c 0.31 ± 0.05a 0.19 ± 0.02b 0.27 ± 0.01a 

Proteins* (%) 12.33 ± 0.09b 12.59 ± 0.09ab 12.68 ± 0.09a 12.42 ± 0.16ab 

Fiber* (%) 0.02 ± 0.00c 1.55 ± 0.05b 1.45 ± 0.05b 2.35 ± 0.05a 

Carbohydrates* (%) 75.44 ± 0.10b 77.95 ± 0.19a 73.71 ± 0.21c 75.81 ± 0.15b 

RS* (%) 0.88 ± 0.00d 1.56 ± 0.03c 1.61 ± 0.00b 2.24 ± 0.01a 

SDS* (%) 5.87 ± 0.14b 3.38 ± 0.00a 6.59 ± 0.32d 4.67 ± 0.17c 

RDS* (%) 23.80 ± 0.04b 26.80 ± 0.00d 18.29 ± 0.08a 23.18 ± 0.11c 

TP* (μg GAE / g) 93.00 ± 0.83b 96.41 ± 3.01b 129.89 ± 2.38a 124.43 ± 1.89a 

Global acceptability 8.41 ± 0.04a 8.00 ± 0.00b 7.78 ± 0.03c 7.55 ± 0.05d 
*The results are expressed to sample weight as it is, RS – resistant starch, SDS – slowly digestible starch, RDS – 

rapid digestible starch, TP – total polyphenols, OTH – sample from heat moisture treated wheat flour, OPS – sample 

from wheat-grape peels composite flour, OTPS – sample from treated wheat flour and grape peels, a-d means followed 

by different letters in the same row are significantly different (p < 0.05). 

 

Resistant starch (RS) has been proved to be 

higher in products from heat moisture treated 

starch or flour [29], which is in agreement 

with our results. The increase of RS could be 

due to starch structure reorganization during 

HMT and/or to the starch-polyphenols and 

polyphenols inhibition effects on digestive 

enzymes [12, 30]. Slowly (SDS) and rapid 
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digestible (RDS) starch decreased when 

HMT was applied compared to the control, 

similar trend being reported by Li et al. [16] 

for noodles from HMT wheat flour. As it was 

expected, no significant changes (p > 0.05) of 

total polyphenols (TP) were observed 

between control and sample from treated 

flour (OTH), while the addition of grape 

peels resuted in significant (p < 0.05) higher 

TP contents (Table 1). Gaita et al. [1] also 

reported increases of TP and antioxidant 

activity of pasta as the grape peels level was 

higher. It was stated that the polyphenols 

from grape pomace presented high 

bioaccesibility and availability for the 

intestinal absorption [31], the metabolism of 

phenolic compounds being directly 

influenced by hydrogen, ionic, covalent, and 

hydrophobic linkages with proteins [1].  

Dough rheology 

Frecuency sweep test revealed that the elastic 

and solid-like character of all pasta dough 

samples since G' > G" (Figure 1).  
 

 

Fig.1. Variation of the elastic (G') and viscous (G") 

moduli with frequency: OTH – sample from heat 

moisture treated wheat flour, OPS – sample from 

wheat-grape peels composite flour, OTPS – sample 

from treated wheat flour and grape peels 

 

The addition of grape peels and wheat flour 

HMT determined higher elastic and viscous 

moduli compared to the control, probably 

due to the starch and proteins modifications 

during treatment and to the fiber content of 

grape peels which may compete with gluten 

for water [8, 29]. The highest impact on G' 

and G" was observed for pasta made from 

HMT flour which may be related to the 

formation of protein and starch aggregates, 

leading to solubility and interactions between 

components changes [12]. 

The variation of G' and G" with temperature 

is showed in Figure 2. 
 

 
Fig. 2. Variation of the elastic (G') and viscous (G") 

moduli with temperature: OTH – sample from heat 

moisture treated wheat flour, OPS – sample from 

wheat-grape peels composite flour, OTPS – sample 

from treated wheat flour and grape peels 

Grape peels and HMT determined higher G' 

and G" values compared to the control. In the 

first heating step, a decrease of G' up to a 

certain temperature value could be due to the 

protein denaturation phenomenon which led 

to water absorption capacity changes [8]. In 

the next step, a rapid increase of G' until the 

maximum gelatinization temperature was 

reached, followed by a decrease was 

observed which can be related to the 

gelatinization process that occurs at about 50 

°C. Dough samples made from HMT wheat 

showed different behavior in the second 

heating step, showing an increase of G' and 

G" at the end of the test, at temperature > 90 

°C. This trend could be explained by the 

gliadin content of the samples [32]. Heat 

moisture treatment showed a lowering effect 

on flour onset gelatinization temperature (Ti) 

and glass transition (Figure 3). On the other 

hand, grape peels addition resulted in higher 

Ti values compared to the control. These 

G
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" 
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changes may be due to the interactions 

between starch components and lipids and/or 

to the bonds formed during HMT, similar 

findings being reported by Collar and 

Armero [33].  
 

 
Fig.3. Glass transition parameters of flours: Ti – onset 

temperature, Tg – glass transition (peak) temperature, 

OTH – sample from heat moisture treated wheat flour, 

OPS – sample from wheat-grape peels composite 

flour, OTPS – sample from treated wheat flour and 

grape peels, a-d means followed by different letters in 

the same row are significantly different (p < 0.05) 

  

Creep and recovery tests could provide 

information about dough rigidity [8]. Dough 

compliances evolution in time is presented in 

Figure 4. HMT and grape peels addition 

determined higher resistance to deformation 

showed by the decrease of creep compliances 

compared to the control. Similar trend was 

reported by Mironeasa et al. [8] for bread 

dough enriched with 7 and 9 % grape peels. 
 

 
Fig. 4. Creep and recovery of pasta dough: OTH – 

sample from heat moisture treated wheat flour, OPS – 

sample from wheat-grape peels composite flour, 

OTPS – sample from treated wheat flour and grape 

peels 

  

Lower values for Burger’s parameters were 

obtained for samples from treated wheat 

flour and/or with grape peels (Table 2). 

Compared to the control, the instantaneous 

(JCo, JRo) and the retarded compliances (JCm, 

JRm) for both creep and recovery phases were 

lower for OTH, OPS and OTPS, indicating 

lower instant and retarded deformation which 

may be led to dough water content of the 

treated and/or enriched samples [34]. 

 
Table 2.  

Burger’s model parameters 

Parameter Control OTH OPS OTPS 

Creep phase 

JCo  105 (Pa-1) 3.89 ± 0.31a 0.72 ± 0.01c 2.82 ± 0.23b 1.17 ± 0.04c 

JCm  105 (Pa-1) 10.01 ± 0.01a 3.51 ± 0.20b 9.06 ± 0.86a 4.51 ± 0.35b 

C  (s) 33.20 ± 1.64bc 43.94 ± 1.21a 30.82 ± 1.97c 36.28 ± 0.73b 

Co  10-6 (Pa  s) 1.08 ± 0.06c 3.64 ± 0.21a 1.51 ± 0.16c 2.86 ± 0.38b 

Jmax  105 (Pa-1) 14.24 ± 0.79a 3.39 ± 0.10c 10.81 ± 0.81b 4.91 ± 0.36c 

Recovery phase 

JRo  105 (Pa-1) 4.03 ± 1.33a 1.84 ± 0.00b 2.92 ± 0.20ab 1.67 ± 0.28b 

JRm  105 (Pa-1) 5.59 ± 1.15a 0.67 ± 0.00b 4.50 ± 0.54a 1.93 ± 0.06b 

R (s) 42.53 ± 11.90a 9.89 ± 0.00b 45.78 ± 2.00a 37.40 ± 2.24a 

Jr  105 (Pa-1) 9.61 ± 0.31a 2.51 ± 0.00d 7.42 ± 0.50b 3.60 ± 0.35c 

Jr/Jmax (%) 67.51 ± 4.27a 74.19 ± 2.32a 68.68 ± 1.02a 73.33 ± 1.71a 
OTH – sample from heat moisture treated wheat flour, OPS – sample from wheat-grape peels composite flour,  OTPS – 

sample from treated wheat flour and grape peels, JCo – instantaneous compliance for creep phase, JRo - instantaneous 

compliance for recovery phase, JCm - retarded elastic compliance for creep phase, JRm - retarded elastic compliance for 

recovery phase, t – phase time, λC, λR – retardation time, μCo – zero shear viscosity, Jmax - maximum creep compliance 

obtained at the end of the creep phase, Jr – recovery compliance calculated as sum of JRo and JRm , Jr/Jmax – dough recovery 

capacity, a-d means followed by different letters in the same row are significantly different (p < 0.05) 
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Dough recovery capacity given by the ratio 

between Jr and Jmax was higher for pasta 

dough made from treated wheat flour and/or 

with grape peels addition compared to the 

control. The results are in agreement with 

those reported by Mironeasa et al. [8] for 

dough with different levels and particle sizes 

of grape peels. The recovery capacity may 

provide information on dough 

macrostructure. For example, increased 

recovery capacity could be due to the 

presence of small molecules in dough 

system, while small values could be 

associated with large molecules [35]. 

 

 

Sensory profile of pasta 

Both HMT and grape peels addition in wheat 

pasta resulted in lower global acceptability 

(Table 1). Sant’Anna et al. [7] also reported 

lower sensory characteristics score when 

grape pomace was incorporated in fettuccini 

pasta. Another study showed that the 

appearence of noodles made of HMT 

amaranth starch presented lower values 

compared to the samples from native starch 

[17]. Pasta attributes resulted from CATA 

analysis are presented in Figure 5. The first 

dimension (F1) explained 56.71 % and the 

second one (F2) 29.65 % of total inertia. 

 
Fig. 5. Principal Corespondence Analysis (PCoA) results for pasta sensory attributes: OTH – sample from heat 

moisture treated wheat flour, OPS – sample from wheat-grape peels composite flour, OTPS – sample from 

treated wheat flour and grape peels 

 

Control sample was characterized as light, 

gourmet, tempting, while OTH made of 

treated wheat flour was identified as being 

elastic, gummy, sweet, soft. Both samples 

containing grape peels were described as 

being nutritious, fruity, sourish, fragile, 

innovative, with pleasant color and satiating, 

being positionated closely one to each other. 

Grape peels were responsible for the back 

flavor identified by the panelists probably 

due to the polyphenol’s presence.   

Relationships between characteristics 

Principal Component Analysis bi-plot 

exhibiting relationships between 

characteristics and samples is shown in 

Figure 6. The first principal component 

(PC1) explained 47.10 % of the total 

variance, while the second one (PC2) 

explained 40.92 %.   
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Fig. 6. Principal Component Analysis bi-plot: OTH – sample from heat moisture treated wheat flour, OPS – 

sample from wheat-grape peels composite flour, OTPS – sample from treated wheat flour and grape peels, RS – 

resistant starch, SDS – slowly digestible starch, RDS – rapid digestible starch, Tg – glass transition temperature, 

TP – total polyphenols, Jr – recovery compliance, Jmax – maximum creep compliance 

 

PC1 was associated with RDS, moisture, 

Jmax, carbohydrates, lipids, while PC2 was 

associated with RS, ash, TP fibers contents 

and global acceptability. RDS was strongly 

correlated with moisture content (r = 0.96, p 

< 0.05), while RS content was positively 

correlated to fibers (r = 0.98, p < 0.05), 

which was in agreement with the statement 

that RS behavior in the digestion system is 

similar to that of fibers [36]. Moisture was 

significantly (p < 0.05) related to the creep 

and recovery complinances (r = 0.97), 

underlying the influence of water on dough 

rheological behavior previously established 

[34]. Pasta acceptability was negatively 

correlated with the RS content (r = 0.97, p < 

0.05) and with fibers (r = 0.96, p < 0.05), 

these results supporting Gaita et al. [1] 

findings which showed that the sensory 

scores were directly influenced by grape 

peels level and fibers presence.  

 

4. Conclusion 

Heat moisture treatment and grape peels can 

be useful techniques for pasta nutritional and 

functional value increase. HMT determined 

higher resistant starch values, while the 

addition of grape peels resulted in higher 

pasta fiber and polyphenols contents 

compared to the control. Dough rheology 

showed significant changes when HMT was 

applied and/or when grape peels were added, 

viscous and elastic modulus showing higher 

values. Dough resistance to deformation 

increased when HMT and/or grape peels 

were used, while the recovery capacity was 

improved. The sensory profile revealed that 

pasta from treated wheat flour was associated 

with elastic, sticky, gummy texture, while the 

samples containing grape peels were 

described as nutritious, fruity, sourish, 

satiating, innovative and fragile. These 

results evidenced the opportunity to use 

HMT and/or grape peels in pasta production. 
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