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APRESENTAÇÃO

A obra “Avanços Científicos e Tecnológicos nas Ciências Agrárias” é composta pelos 
volumes 3, 4, 5 e 6, nos quais são abordados assuntos extremamente relevantes para as 
Ciências Agrárias.

Cada volume apresenta capítulos que foram organizados e ordenados de acordo com 
áreas predominantes contemplando temas voltados à produção agropecuária, processamento 
de alimentos, aplicação de tecnologia, e educação no campo. 

Na primeira parte, são abordados estudos relacionados à qualidade do solo, 
germinação de sementes, controle de fitopatógenos, bem estar animal, entre outros assuntos.

Na segunda parte são apresentados trabalhos a cerca da produção de alimentos 
a partir de resíduos agroindustriais, e qualidade de produtos alimentícios após diferentes 
processamentos.

Na terceira parte são expostos estudos relacionados ao uso de diferentes tecnologias 
no meio agropecuário e agroindustrial.

Na quarta e última parte são contemplados trabalhos envolvendo o desenvolvimento 
rural sustentável, educação ambiental, cooperativismo, e produção agroecológica. 

O organizador e a Atena Editora agradecem aos autores dos diversos capítulos por 
compartilhar seus estudos de qualidade e consistência, os quais viabilizaram a presente 
obra.

Por fim, desejamos uma leitura proveitosa e repleta de reflexões significativas que 
possam estimular e fortalecer novas pesquisas que contribuam com os avanços científicos e 
tecnológicos nas Ciências Agrárias.

Júlio César Ribeiro
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ABSTRACT: Grape peel (GP) and rice flour (RF) 
blends were processed by extrusion in order to 
add value to the by-products of the grape juice 
and winery industry. The (GP) inclusion levels 
of (10, 15 and 20%) temperature (120, 130 and 
140º C), and feed moisture (15, 17 and 19%) on 
the physicochemical and properties of extruded 
RF and GP flour where investigated. Screw 
speed extruder was constant at 150 rpm; barrel 
temperatures in the first and the second zones 
were constant at 50 and 90 ° C, respectively. The 
addition GP at a level of 15%, combined with 
the higher moisture content (20.4%) significantly 
decreased the water absorption index (WAI), and 
the water solubility index (WSI) increased with 
the lowest level of moisture (13.6%). The total 
phenolic did not reduce content significantly, 
compared to the raw GP flour sample. The results 
indicated the presence of active interactions 
between the grape rind and the rice starch during 
the expansion process that is not present as an 
inert material. The precooked RF and GP can be 

indicated for food formulation/development, with 
emphasis on natural antioxidants and fibre.
KEYWORDS: Grape peel, rice flour, extrusion, 
expansion, absorption, by-products.

POTENCIAL ANTIOXIDANTE E 
CRACTERÍSTICAS DE QUALIDADE DE 
FARINHA DE ARROZ E CASCA DE UVA 
EXTRUDADO COMO NOVO PRODUTO 

ALIMENTÍCIO
RESUMO: As misturas de casca de uva (FCU) 
e farinha de arroz (FA) foram processadas por 
extrusão, a fim de agregar valor aos subprodutos 
da indústria de suco de uva e vinícola. Os níveis 
de inclusão (FCU) de temperatura (10, 15 e 20%) 
(120, 130 e 140 º C) e umidade de alimentação 
(15, 17 e 19%) nas propriedades físico-químicas 
e nas propriedades da farinha extrusada de 
FA e FCU foram investigados. A velocidade 
do parafuso da extrusora foi constante a 150 
rpm; as temperaturas do barril na primeira e 
na segunda zonas eram constantes a 50 e 90° 
C, respectivamente. A FCU de adição em um 
nível de 15%, combinado com o maior teor de 
umidade (20,4%) diminuiu significativamente o 
índice de absorção de água (WAI), e o índice 
de solubilidade em água (WSI) aumentou com 
o menor nível de umidade (13,6%). O composto 
fenólico total não reduziu significativamente 
comparado com a amostra de farinha de casca 
de uva crua. Os resultados indicaram a presença 
de interações ativas entre a casca da uva e o 
amido de arroz durante o processo de expansão 
que não está presente como material inerte. A 
FA e FCU pré-cozidos podem ser indicados para 
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formulação/desenvolvimento de alimentos, com ênfase em antioxidantes e fibras naturais.
PALAVRAS-CHAVE: Casca de uva, farinha de arroz, extrusão, expansão, solubilidade, 
absorção, subprodutos.

1 |  INTRODUCTION
Collection of food processing industries are sources of compounds of considerable 

value, such as dietary fibres, antioxidants, essential fatty acids, antimicrobials, and minerals, 
which can be used in the elaboration and development of new products, due to their properties, 
nutritional and technological. It is estimated that 73 million tons of grapes, mainly cultivated as 
Vitis vinifera, are produced worldwide of which grape pomace represents approximately 20% 
of the total volume (ROCKENBACH et al., 2011). 

 Not surprisingly, there is an increased demand for the conversion of agro-industrial 
waste into products of high nutritional and functional value, for example, the use of grape 
marc. Besides the possibility of developing new ingredients or finished products with a 
transformation of these, and to be obtained with low cost and in large quantity, another factor 
that justifies its use is a reduction of the environmental impact caused by its generation and 
deposition (FERREIRA, 2012).  The main agroindustry residues of winemaking are separated 
during the crushing and pressing stages of the grapes, of which only small quantities of these 
grapes are valued or used (MONRAD et al., 2010).  

 The grape peel is characterized by a phenolic content, due to the low quality availability 
during winemaking, since, even after contact with a wine fermentation, the grape marc 
continues to contain phenolic compounds with a potential antioxidant capacity (GONZÁLEZ-
NEVES et al., 2015). 

 Rice (Oryza sativa L.), a crop that adapts to different soil and climate conditions, is a 
cereal grown and consumed worldwide. Approximately 90% of all the world’s rice is grown and 
consumed in Asia (FAOSTAT, 2016). In the impossibility of consuming wheat, usually uses a 
rice flour for being one of the best options for elaborating foods products for celiac. In addition 
to being non-allergenic, rice flour and a versatile product have mild taste, low sodium levels 
and high proportion of readily digestible starch (PRASAD et al., 2012). Rice consists mainly 
of starch, presenting smaller amounts of proteins, lipids, fibres and ashes. As outer layers, 
higher concentrations of proteins, lipids, fibre, minerals and vitamins, while the centre is rich 
in starch.

 Developing foods and suitable technologies for fibre and antioxidants addition in food 
is often a challenge.  The presence of fibre in rice-based extruded products may shorten the 
intestinal transit time of the product, increase the rate of intestinal absorption of glucose, 
decrease blood cholesterol levels and reduce the content of calories ingested (ASCHERI, 
2014). It is believed that grape marc (by-product of viticulture) can provide in addition to 
dietary fibre, mineral salts and proteins remaining from the biological agent used for the 
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fermentation of grape juice.
 Fortunately, extrusion provides one alternative technology. Extrusion commonly used 

to produce breakfast cereals and snacks (BRENNAN et al., 2011) generally composed of 
cereal grains with significant amounts of starch (BRNCIC et al., 2011; PEKSA et al., 2016; 
PATHAK and KOCHHAR, 2018).  The extrusion process causes hydration of starch and 
proteins, homogenization, starch gelatinization, fat liquefaction, partial protein denaturation 
and expansion of the processed material, among others (TOLEDO  et al., 2019). The starch, 
being pregelatinised, undergoes chemical transformations that cause swelling and rupture of 
the granules, causing modifications of the crystalline structures that consequently increase 
the solubility and the viscosity in cold water (SHI et al., 2011), increasing the potential in the 
production of instant foods. Variations in the extrusion operating conditions can be used which 
allow the production of extrudates with various characteristics, such as providing high level 
of water absorption, indicated in the preparation of porridges and soups, or high degrees of 
solubility allowing their use in beverages (SWAPNIL et al., 2016).

 In view of the above, the object of this work was to evaluate the effect of GP inclusion 
levels, the moisture content and extrusion conditions on the expansion, water absorption and 
solubility indexes during extrusion processing and valorisation of antioxidants of extruded rice 
and grape peel flour as potential novel food.

2 |  MATERIALS AND METHODS

2.1 Raw Materials

2.1.1  Preparation of extruded flour from rice flour and grape peel

 The grape bagasse was supplied by Embrapa Semi arid (Petrolina, PE, Brazil), from 
the Alicante Bouschet variety, from the 2016/2017 harvest, from the production of red wine, 
provided by the Santa Maria winery of the ViniBrasil group (Lagoa Grande, PE, Brazil).  The 
sample was collected after fermentation of the grapes (2 or 3 weeks). The bagasse in natura 
(bark and seed) was previously dried in an oven at 45ºC for 168 hours (7 days) at Embrapa 
Semi arid.  The bagasse in natura (bark and seed) was previously dried, and the conditions of 
the drying process were established from results obtained in preliminary tests. After cooling, 
the bagasse was sent to Embrapa Food Agroindustry (Rio de Janeiro, RJ, Brazil), and the 
separation procedure was started. The separation of the bark and seeds was carried out 
with the aid of sieves. Firstly, the dried bagasse was passed through a 3 mm sieve in order 
to reduce the particle size and, afterwards, a 2 mm sieve was used in order to separate the 
seed husk and the seed was retained in the sieve. Both methods were performed by manual 
friction.

 The peels were then the ground in a zero-aperture disk mill (Perten Laboratory Mill 
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3600, USA) to obtain the grape-flesh flour, which was sieved in a Ro-tap vibrating classifier 
with a set of 5, 9, 12, 16, 24 mesh and a base for 10 minutes and at maximum speed for 
standardizing the particle size in a set of 16 to 24 mesh screens, for use in extrusion.

 The rice was supplied as grains (type 2), obtained by local commerce, analysed 
microbiologically, and physically, milled in disco mill, obtaining rice flour.

 Grape peel and rice flours were then stocked at room temperature and under light, 
and then vacuum packed. 

2.2 Extrusion Processing Conditions and Experimental Design
 A single screw extruder brand Brabender, model DSE20 DN (Duisburg, Germany), 

with compression ratio of 3:1 was used. The screw rotation was constant at 150 rpm. The 
aperture of the circular die was 3 mm in diameter, constant temperatures in the first and 
second heating zones of the extruder of 50° C and 90° C, respectively. The temperature in the 
third zone varied as described in the experimental design. Totally 19 runs using the mix flour 
(rice flour/ Grape peel flour) using 10, 15 and 20% of grape peel flour and the difference with 
rice flour, beyond the axial points (6.6 and 23.4% of grape peel flour).

 Before the extrusion process itself, mixed flours according to the established 
proportions (rice/grape peel) were subjected to a moisture conditioning process, as described 
in the experimental design.

 In order to better correlate extrusion parameters in the preparation of pre-cooked 
mixed rice and grape rind flour, a rotational central composite (DCCR) type design was used, 
considering three variables (percentage of grape/rice flour in the mixture, temperature (°C) 
and processing moisture (%) for the preparation of a pre-cooked mixed flour.

 Data processing and statistical analysis were performed using the statistical software 
Statistica, version 7.0 (STATSOFT INC. 2004), with the coded independent variables. The 
levels of each independent variable were set according to the preliminary tests and data 
related to the literature. The coded value (± 1 and 0) and the value of the independent variables 
with a project matrix are given in the tables with the results. A second-order polynomial model 
was employed for the three-factor design, which is given a

where Y is the expected response, β0 the constant coefficient, βi the linear coefficient, 
represent, βii the quadratic coefficients, βij the interaction coefficients and Xi, Xj the coded 
values of the process variables and ε the residual error (Diamante et al. 2012). In the current 
study β1, β2 and β3 are the coefficients of flour level of grape rind, temperature in the third 
zone of the extruder and moisture content, respectively.
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2.3 Process Responses

2.3.1 Specific Mechanical Energy

 Specific Mechanical Energy (SME) is the mechanical energy input per unit mass of 
extrudates. The results were expressed as kilojoules per kilogram. Torque was recorded by 
the data acquisition system for Intelli-Torque (CW Brabender, S. Hackensack, NJ, USA) every 
30-s interval during steady-state operating conditions. 

2.3.2 Radial Expansion Index

 The radial expansion (REI), was determined by calculating the mean diameter of 15 
randomly chosen locations on the extrudates with calipers for a single process condition and 
then dividing by the final die diameter of 3 mm.

Bulk Density.
 Bulk density (BD) was determinate by displacement of 1.0-mm-diameter glass beads 

(General Laboratory Supply, Pasadena, TX, USA). The results were expressed as kilograms 
per cubic meter (Alvarez-Martinez et al. (1988).

Water Solubility Index and Water Absorption Index.
 The determination of the water solubility (WSI) and water absorption (WAI) indexes 

of the samples was performed according to the basic principles of the method described by 
Anderson et al. (1969).

2.3.3 Pasting properties

 The pasting properties where performed according to the methodology recommended 
by the American Association of Cereal Chemists (AACC 2010). Extruded samples of GP and 
RF were determined in Rapid Visco Analyser (RVA), (RVA4, Newport Scientific, Warriewood, 
NSW, Australia), with analysis profile “extrusion 1 no-alcohol”. This analysis was performed 
in duplicate and a ground sample suspension (3 g in 25 mL) corrected to 14% moisture was 
used such that the final mass was 28 ± 0.01 g. Initially the system was maintained at 25°C 
for 2 minutes, and heating then reached 95°C at 7 minutes, where it remained for 3 minutes. 
Soon after, the cooling was started until the temperature of 25ºC again, totalling 20 minutes of 
analysis. The viscosity peaks (V) in cP and the corresponding time (t) in min were recorded by 
a computer using the Thermocline software (Newport Scientific, Warriewood, NSW, Australia). 
Samples were kept 2 min at 25°C, heated to 95°C, held at 95°C for 3 min and cooled to 25°C, 
under stirring at 160 rpm. The parameters of initial viscosity (or cold viscosity), maximum 
viscosity, breakdown, tendency to retrograde (setback) and final viscosity in the cooling cycle 
were analysed.
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2.3.4 Mechanical properties 

 The samples used in the determination of the expansion indices were dried in an 
air-circulating oven (WTB Binder, Tuttlinger, Germany) at 60°C until a remaining moisture of 
less than 4% (approximately 4 h) was reached. Then the snacks were cooled in a desiccator 
to room temperature. The mechanical properties of the extrudates were measured using the 
puncture test with a TA-XT Plus texture analyser (Stable Micro Systems, Surrey, England) 
equipped with a 50 kg load in which was coupled a cylindrical stainless steel probe of 2 mm in 
diameter. The probe dropped to 5 mm.s-1, when it reached a contact force of 0.196 N under 
the sample, then the drilling started at 1 mm.s-1 up to 50% of the extrudates (D/2) diameter. 
The probe rose to 10 mm.s-1, up to a height of 20 mm. A total of 15 perforations were made 
for each type of extrudates. The peaks of compression forces (F) in N, and the corresponding 
time (t) in min were recorded by Exponent software version 4.0.13.0 (Stable Micro Systems, 
Surrey, England).

2.4 Physicochemical characterization of extruded flours

2.4.1 Centesimal composition 

 Moisture, protein, lipids and ash analyses were based on the methods described by 
AOAC (2010). Total carbohydrates were obtained by the method described by USP (2008). 
The total dietary fibre content was determined according to the enzymatic-gravimetric method 
(AOAC 2010).

2.4.2 Determination of color 

 The instrumental color of the extruded blends and grape peel flour was measured using 
the Konica Minolta CR 400 colorimeter.  Using the L*, a*, b* CIE (Commission Internationale 
de L’Eclairage) system, in which L* determines the brightness, that is, how bright or dark the 
sample is, a *, the chromatic intensity of green to red, and b * which expresses the intensity of 
blue to yellow (Patel et al. 2016).

2.5 Determination of the antioxidant capacity of grape peel flour and extruded 
blend products

 The lack of standardization of these methods makes it difficult to compare data 
published by different research groups, mainly by the use of different solvents and the different 
ways of expressing the results. In addition, variations in the antioxidant complex of a food 
matrix may provide different responses in each method. Therefore, it is recommended the 
combination of at least two of these methods to provide more complete and representative 
results of the antioxidant capacity of fruits (Pérez-Jiménez et al. 2008).

Preparation of extracts
 For the determination of the antioxidant capacity, an extract was used for the analysis 
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by ABTS (2,2’-azino-bis (3-ethylbenzothiazoline) 6-sulphonic acid), a method adapted from 
Jeng et al. (2012) and by ORAC (Oxygen Radical Absorbance Capacity), a method adapted 
from Thaipong et al (2006).

2.5.1 ABTS (2,2’-azino-bis (3-ethylbenzothiazoline) 6-sulphonic acid) 
Method

 The antioxidant capacity equivalent to Trolox was estimated according to a procedure 
proposed by Jeng et al. (2012) with some modifications. The ABTS • + radical was prepared 
from the reaction of 7 mM aqueous ABTS solution with 140 mM potassium persulfate, leaving 
the mixture at room temperature for 16 hours in the absence of light. Then, the ABTS solution 
was diluted with ethanol to obtain an absorbance of 0,70 ± 0,05 at 734 nm. Aliquots of 30 μL 
of the samples were added to 3 mL of the diluted ABTS solution, and the absorbance were 
recorded at the end of six minutes. The antioxidant capacity was calculated using standard 
Trolox curve (100 to 2000 μM) and their respective inhibition percentages, and the test results 
were expressed in μmol of Trolox equivalent per gram fresh weight (μmol TE.g-1 PF ).

2.5.2 Oxygen Radical Absorbance Capacity (ORAC) Method

 The absorption capacity of oxygen radicals was analysed as proposed by Thaipong 
et al (2006). In microplates, 25 μL aliquots of the extracts were mixed with 150 μL of the 
fluorescein solution (40 nM) and incubated at 37°C for 30 minutes to the addition of 25 μL of 
the AAPH solution (153 nM). All reagents were prepared in phosphate buffer (75 mM, pH 7,1). 
Fluorescence intensity (excitation at 485 nm and emission at 525 nm) was monitored every 60 
minutes on the Sinergy Mx microplate reader (BioTeK, Winooski, USA). The standard curve 
was prepared with Trolox solution (6.25 to 100 mM), and the results were expressed in μmol 
equivalent of Trolox per gram fresh weight (μmol Trolox.g-1 PF). 

2.5.3 Determination of total phenolic compounds

 The quantification of the total phenolic of extracts and products was performed as 
recommended by  Georgé et al. (2005). The reading was carried out at 720 nm after reduction 
of the reagent by the phenolic compounds. The results were expressed in mg of catechin per 
100 g of grape peel flour and in the extruded product in order to evaluate the effect of the 
extrusion on the total phenolic compounds content.

2.5.4 Determination of total anthocyanins

 The methodology used in the determination of total anthocyanins from the extracts 
was of pH difference, according to Lee et al. (2005). The determination was carried out in 
the grape peel flour sample and in the extruded flours in order to evaluate the effect of the 
extrusion on the total anthocyanins content. 
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3 |  RESULTS AND DISCUSSION

3.1 Physicochemical characterization of extruded flours

3.1.1 Centesimal composition

The results of the centesimal composition for the extruded mixed rice and grape rind 
are presented in Table 1. 

Treatment
Grape* 

peel 
proportion 

(%)
Temperature 

(° C)

Moisture 
Content 

(%)

Moisture 
content 

after 
extrusion Ash Protein Lipid Carbohydrate Fibre

1 10 120 15 6.78 1.14 1.21 1.98 88.89 N.D

2 10 120 19 6.14 1.21 1.23 1.82 89.60 N.D

3 10 140 15 6.56 1.26 1.22 1.92 89.04 N.D

4 10 140 19 5.41 1.20 1.25 2.14 90.00 N.D

5 20 120 15 5.95 1.90 1.30 2.50 88.35 N.D

6 20 120 19 6.24 1.86 1.34 2.59 87.97 N.D

7 20 140 15 6.70 1.83 1.27 1.52 88.68 N.D

8 20 140 19 6.12 1.77 1.33 1.90 88.88 N.D

9 6.6 130 17 6.80 0.94 1.22 1.43 89.61 N.D

10 23.4 130 17 6.57 2.00 1.31 2.55 87.57 N.D

11 15 113.2 17 6.10 1.37 1.26 1.96 89.31 N.D

12 15 146.8 17 6.25 1.39 1.28 1.99 89.09 N.D

13 15 130 13.6 6.86 1.33 1.27 1.75 88.79 20.45

14 15 130 20.4 6.38 1.40 1.28 1.66 89.28 20.32

15 15 130 17 7.01 1.65 1.28 1.74 88.32 19.46

16 15 130 17 6.32 1.69 1.25 1.98 88.76 N.D

17 15 130 17 5.87 1.60 1.27 1.99 89.27 N.D

18 15 130 17 6.39 1.71 1.28 2.13 88.49 N.D

19 15 130 17 6.54 1.62 1.27 1.86 88.71 N.D

Table 1. Chemical composition of extruded mixed rice and grape peel according with 
experimental design. Results of centesimal composition expressed in g. 100 g-1; ND = not 

determined. * The other percentage corresponds to rice flour.

 The moisture content of the extruded flours was between 5.41 and 7.01 g.100 g-1 of 
dry sample, reflecting the ideal for a rice flour, which should have a maximum of 13 g.10 g-1 of 
moisture (AACC, 2010). The protein content varied from 1.21 to 1.34 g.100 g-1 of dry sample, 
values found below those reported by Llobera and Cañellas (2007) and Sáyago-Ayerdi et al. 
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(2009). The protein content of the grape depends on the cultivar and its proteins are present 
mainly in the grape pulp. In vinification and in the pressure stage, depending on the intensity, 
may lead to a decrease in the content of soluble proteins in the bagasse. At the end of the 
fermentation process, many proteins precipitate with the tannins, mainly in the elaboration of 
the red wine (Jackson 2008). Differences in the chemical composition of agroindustry residues 
from winemaking, such as GP, are attributed to agro climatic factors and oenological practices 
of the vineyard region, such as vineyard management, irrigation, fertilization and sanitary 
status of grapes of the harvest. The low lipid content observed (2.59%) is due to the use of the 
peel alone to obtain the flour, with the highest lipid content being found in the seeds, between 
10% and 16% depending on the variety (LUQUE-RODRIGUEZ et al., 2005). The lipid content 
ranged from 1.43 to 2.59 g. 100 g-1. This component is mainly associated with the seeds and, 
as the flour is from the GP and there may be some seed remnants, presented a value closer 
to the fraction of the peel. The lipid content of the GP fraction of this study is included among 
the values found by Romero et al. (2016), which was 1.07 g. 100 g-1.

 Carbohydrates are the components that are found in higher percentage in the pre-
cooked mixed RF and GP. Although the protein and lipid content is close to 2.5 and 1.5%, 
respectively, this flour cannot be considered as a source of protein, but as a source of energy.

 The regression variables (Table 2) for the centesimal composition indicated that the 
second-order polynomial model did not have a good correlation for the responses (R2 = 
0.6412) and lipids (R2 = 0.7091), not being valid for predictive purposes (p <0.05). The results 
of the regression analysis revealed that the temperature in the third zone of the extruder (x2) 
and the moisture (x3) had a significant quadratic effect under the ash content in the flours, 
related to the proportion of 1. 

Answer
Model

R2

β0 β 1 β 2 β 3 β 11 β 22 β33 β 12 β13 β 23

Moisture after 
extrusion 6.436 -0.211 0.6412

Ash 1.614 0.317 -0.063 -0.069 0.9361

Protein 1.269 0.035 0.012 0.8448

Lipid 1.934 0.186 -0.241 0.7091

Carbohydrate 88.711 -0.518 0.8576

WAI 13.758 4.409 5.540 0.5848

WSI 11.704 -1.967 0.8417

BD 229.747 15.603 86.845 0.9001

REI 5.310 -0.604 -1.348 0.178 0.9737

CMV 466.570 0.4769

Breakdown 356.451 0.3914

Setback 240.300 -77.475 47.9276 0.8689

HMV 487.433 0.447
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Nrs 8.937 0.7033

Frs 1.462 -0.131 -0.147 0.630 0.158 -0.188 0.9333

F 2.846 1.005 0.447 0.6791

Wc 0.302 0.130 0.8842

Torque 68.516 -0.683 0.7234

SME 547.011 -29.491 -42.760 43.672 0.6937

L* 60.867 -4.173 0.9476

a* 2688.248 1168.523 1477.176 0.4884

b* 8.035 1.200 0.122 -0.208 -0.208 0.9862

°Hue 1.568 0.0005 0.6364

ABTS 9.528 2.853 0.7579

ORAC 36.728 0.6264

Table 2. Regression analysis results calculated under the coded levels of extruded mixed rice 
and grape peel. βi: regression coefficients; R2: coefficient of determination

 Even without a good correlation, one can analyse that the variable x1 (% GP) interfered 
in the majority of flours proximal composition responses, as can be illustrated in Pareto 
Diagram (Graphic 1a), as it can be analysed in ashes, proteins, lipids and carbohydrates, thus 
reflecting that with the insertion of fibres, such as GP, in food products, macronutrient levels 
show better results. For the protein response, there was also a linear relationship between the 
proportion of GP and temperature in the third zone of the extruder.

 Table 1 also shows the results of the fibre contents for the treatments that correspond 
to the best results of water solubility and absorption and expansion indexes, which reflect the 
best technological functional characteristics of the precooked flours. Rice flour is considered a 
low-fibre food with a content of 0.76 g. 100g-1 (AUGUSTO-RUIZ et al., 2003), but when mixed 
with undergoing extrusion process, there was an increase in the fibre content to 20.59 g. 100 
g-1, as can be observed in treatment 13. The chemical composition of the grapefruit flour is 
high in crude fibres, about 58 g.100 g-1 (FERREIRA, 2012). According to ANVISA 54/2012, 
this flour can be considered a fibres source, since it has a content superior to that established 
by the legislation, of 3 g.100 g-1. Similar results (51.1% to 56.3%) were reported by Deng et 
al. (2011). The insertion of grapefruit flour, in this way, is able to add nutritional and functional 
value to food products.

3.1.2 Color determination

 The extruded mixed RF and GP flour (Table 3)  showed characteristic coloration of 
the rind of the grape, with L * values ranging from 55.33 (for treatment with 23.4% inclusion of 
GP flour) to 69.00 (for  6.6% inclusion treatment of GP flour), being close to the middle of the 
scale and, according to the Hue angle (13.14° to 44.23°). The coloration approximates of the 
red chroma, so the FCU presents red chroma with dark tonality. L * values being statistically 
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affected by the proportion of GP flour, as can be illustrated in Pareto Diagram (Graphic 1d), 
and b* affected by the proportion of GP flour, proportion of moisture and with the relation 
between extrusion temperature and moisture and the proportion of GP and temperature, as 
can be illustrated in Pareto Diagram (Graphic 1e). The dark coloration of an ingredient, in 
some cases, limits its use in food products, but the inclusion of dark-colored ingredients in food 
products has been associated by consumers with whole and therefore healthier ingredients 
(SELANI et al., 2016).

3.1.3 Process response

 Table 3 shows the torque values, specific mechanical energy (SME), bulk density 
(BD), radial expansion index (REI), water absorption index (WSI) and solubility index (WSI).

Treatment Grape peel* 
proportion (%)

Temperature
(° C)

Moisture 
Content 

(%) Torque SME BD REI WAI WSI

1 10 120 15 72.0 673.73 212.46 7.60 18.94 13.55

2 10 120 19 65.5 541.90 400.01 4.68 10.49 9.51

3 10 140 15 78.0 610.05 206.76 7.43 19.50 13.78

4 10 140 19 73.5 549.50 403.20 4.58 17.27 7.68

5 20 120 15 75.5 609.49 233.06 6.15 11.13 15.16
6 20 120 19 60.0 557.56 425.73 3.76 11.15 10.64

7 20 140 15 74.5 605.57 226.99 6.05 19.12 11.80

8 20 140 19 56.5 602.48 374.75 3.61 18.05 10.15

9 6.6 130 17 58.5 725.38 242.97 6.25 19.56 13.62

10 23.4 130 17 63.0 545.41 347.02 4.16 18.44 11.76

11 15 113.2 17 75.0 641.63 339.25 5.20 11.45 11.24

12 15 146.8 17 76.5 628.94 270.33 5.22 34.03 11.55

13 15 130 13.6 80.0 673.70 171.06 8.14 35.76 15.91

14 15 130 20.4 51.0 533.03 445.54 3.50 33.25 9.64

15 15 130 17 76.5 577.03 292.75 5.45 34.19 11.98

16 15 130 17 70.0 569.18 246.64 5.95 11.62 12.09

17 15 130 17 61.0 544.46 266.76 5.16 11.84 11.83

18 15 130 17 76.5 534.64 303.90 5.13 12.13 10.77

19 15 130 17 59.0 507.61 286.02 5.30 11.48 11.69

Table 3. Results of technical properties for precooked mixed rice and grape peel flour according 
to the experimental design. *The other percentage corresponds to rice flour; Torque (N.m); 
SME: specific mechanical energy (kJ.kg-1); BD: bulk density (kg.m-3); REI: radial expansion 

index; WAI: water absorption index (g. 100 g-1); WSI: water solubility index (g. 100 g-1).
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3.1.4 Specific Mechanical Energy (SME)

 The SME, is related to factors which include, first of all, the composition of the food raw 
material, high carbohydrate, high protein, low or high fat, or high fibre will have different values 
and SEM. Secondly, the moisture processing, high moisture content products, will basically 
have lower SEM values, single or twin-screw configuration also have an influence on SEM, low 
shear configuration tends to have lower SEM, but it depends on processing moisture.  Other 
factor that influences is diameter, type and number of dies as it is away to restrict the flow of 
the material. Sandrin et al. (2017), the adjustment of the parameters, using rice and oat blends, 
resulted in optimal results, such as good expansion, water absorption, although there was a 
small loss of lipid, which evidently may have been lost during the process.  The proportionality 
of rice flour (RF) and grape peel (GP) (90:10, 85:15, 80:20), respectively, (Table 3), related 
fibre content of GP, will have an SME behaviour, according to the temperature and moisture 
content.  The values of the extremes, by experimental design, -α (6.6%), of GP, + α (23.4%) 
presented 725.38; 545.41 (kJ.kg-1), respectively. This explains why, the fibre content causes 
mechanical stress to decrease, of course, considering the material moisture processing, there 
will be some differentiations. On the other hand, considering  chemical  effects, according to 
Khanal et al., (2009), the screw speed also affect the materials components, as demonstrated 
in the procyanidin contents of grape seed and pomace, showing increasing results as speed 
increases, although in this experiment the screw speed has been maintained at 150 rpm. 

3.1.5 Torque

 In the mixtures of rice flour and grape flour, when extruded, the torque, which is 
important for checking mechanical stress during the extrusion process, was higher, the higher 
the grape skin content. (Table 3). However, among the treatments, it was not significant (p> 
0.05). Altan et al, (2008) have observed a similar effect by extruding the mix of barley – tomato 
pomace. This was significant in the treatments with higher level of grape peel inclusion (p < 
0.05). 

With higher level of fibre inclusion, the grape peel particles have a tendency to disrupt 
the flow of the starch melt imparting greater resistance to flow resulting in higher torque. 
Torque decreased as the screw speed increased. Increased screw speed leads to increase in 
shear rate and decreased residence time. This in turn will help reduce the torque. 

3.2 Technological characterization of the extrudates

3.2.1 Radial Expansion index (REI) Ratio and Bulk density (BD)  

 For all treatments with GP flour inclusion, there was an increase in screw speed, 
which increased REI, although not statistically significant for all treatments (p > 0.05). For 
treatments with inclusion of 20% grape peel flour, there was a slight decrease in REI (p > 
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0.05) (Table 3). This suggests that dew at lower inclusions and with smaller particle, sizes 
can increase expansion during extrusion. This may indicate that, at lower concentrations, 
there was a uniform distribution of fibre in the starch matrix, allowing expanding and reducing 
premature cell rupture in the extrudates (GUAN et al., 2004). In addition, finer particle size 
fibres provide more nucleation sites that can result in more air cells being formed and greater 
overall expansion. 

 With 15% of bagasse inclusion, depending on the other process variables, such 
as moisture and temperature, ER decreased significantly (p <0.05). The bulk density is an 
important feature of the expanded extrudates that, in general, is inversely proportional to the 
expansion index. Samples BD with the lowest level of grape peel flour inclusion presented the 
lowest values.  

This can be attributed to the fact that the apparent density of mixed flour extruded 
with lower inclusion level of grape peel flour was lower in comparison with the higher levels. 
The mixed flour with higher inclusion levels of smaller grape peel flour was distributed more 
evenly in the starch matrix, leading to a lower density product at the same inclusion level. An 
increase in BD with an increase in the level of grape peel flour was due to the presence of 
more fibre particles that have a more pronounced ability to break down the cell walls before 
the gas bubbles expand to their full potential. Similar results were observed of extrusion of 
barley with grape marc (ALTAN et al., 2008) and corn flour with sugar beet fibre. There was 
an inconstancy of results due to the 

3.2.2 combination of three variables in the process

 Product expansion depends mainly on the composition of the material and the 
processing conditions, low percentages of processing moisture, usually generate higher 
exposure values Peska et al. (2016). It is a parameter dependent on the water vaporization 
intensity and flow properties of the molten starch. 

 Water is not a limiting factor, with the rheological properties of the molten material 
being the main variables, since the longitudinal and radial expansions are dependent on the 
viscosity and elasticity of the molten material, respectively. Usually, the expansion expressed 
by the ratio of the cross-sectional area of the extrudates by die diameters of extruder. It has 
been observed that in expanded extruded products, air occupies 85 to 92% of the total volume, 
except for samples extruded at low temperature. In this way, extrudates with density values in 
the range of 0.04 to 0.38 g.cm-3 are obtained.  

The maximum degree of expansion can be predicted based on the starch content. 
In pure starches, (depending on the starch source and its composition on amylose and 
amylopectin) the expansion may reach 500%, followed by 400% whole grains and 200-300% 
oleaginous seeds. The starch content in these materials is 100, 65-78 and 0-10%, respectively. 
According to some references, the maximum limit of starch in a product for expansion to occur 
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is 60 to 70%. The increase in the level of damaged starch in the raw ingredients leads to 
products with pores, soft texture, greater solubility and sticky character when eaten.

 According to Table 3, the calculated BD values ranged between 171.06 (treatment 
13) and 445.54 (treatment 14) kg.m-3, being statistically affected by the proportion of grape 
peel flour, as can be illustrated in Pareto Diagram (Graphic 1b). In expanded products, it is 
desirable that the densities be low, which have been achieved in combinations of low moisture 
extrusion. In treatment 14, where there is interaction of higher level of extrusion moisture, 
contributed to an increase in extrudates density. The calculated REI of the extrudates varied 
between 3.504 (treatment 13) and 8.317 (treatment 14), being statistically affected by the 
extrusion variables moisture and proportion of grape peel flour, as can be illustrated in Pareto 
Diagram (Graphic 1c).

3.2.3 Water Absorption and solubility Properties 

 Hydration properties play an important role in protein-water and carbohydrate-water 
interactions. The main functional properties of extruded starches, when dispersed in excess of 
water, are water absorption and water solubility. The water absorption index (WAI) is a measure 
of the degree of modification of the starch, denaturation of the proteins and macromolecular 
formation and complexes. The water solubility index (WSI) reflects the amount of soluble 
polysaccharides released from the granular structures in excess water  (AL-RABADI et al., 
2011).

 As is known, native starch hardly absorbs water at room temperature and its contribution 
to viscosity is practically zero. Meanwhile, the extruded starch absorbs water rapidly, forming 
a slurry at room temperature, without any heating. The degree of conversion of the starch 
during the extrusion process was studied by the technique of absorption and water solubility 
indices. The absorption of water molecules begins by fixing them to the polar zones of the 
polymers until they reach their swelling. The swelling properties encompass an increase of the 
hydrogen bonds between water molecules and hydroxyl groups of the polymers. In starch, this 
property is primarily the result of the molecular structure of amylopectin, with amylose acting 
as a diluent (SRICHUWONG et al., 2005). The fibre has a lower potential for swelling due to 
its greater insolubility (BEMILLER and HUBER 2008).

 During the extrusion process, the proteins are affected by both the heat effect and the 
mechanical shear. Heat causes denaturation and protein aggregation, whereas mechanical 
shear causes dissociation / depolymerisation (FANG et al., 2013). These transformations 
may decrease the surface of the protein molecule and the availability of polar groups to fix 
water. In proteins of very compact structure dissociation and cleavage of molecules occurs, it 
being possible that peptide bonds and previously inactive polar side chains, reach the protein 
surface, improving the hydration properties.

 The results of WAI and WSI are presented in Table 3. Extruded treatment flour 13 
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(15% grapefruit, 130° C and 13.6% moisture) revealed the highest WAI, reflecting that lower 
moisture increases the absorption of water of the product, and also with the transformation 
of insoluble fibres into soluble fibres. Treatment 14 (15% grape peel, 130° C and 20.4% 
moisture) revealed the lowest WSI, reflecting that water solubility decreases with increasing 
moisture in the process. The treatment in which the concentration of grape peel was higher 
(treatment 10) had its WAI much lower than the treatment 13, 18.44 g. 100 g-1, reflecting that 
the higher fibre concentration leads to a lower water absorption in the product. 

 The starch granules were heated, swollen and crosslinked to disrupt the grape peel 
fibre particles in the formation of the starch fibre matrix, in addition to starch dextrinization, 
resulting in low WSI (Kumar et al. 2010). The high mechanical shear caused a breakdown 
of starch to small molecules with greater solubility (ALTAN et al., 2009). This characteristic 
justifies its use in instant foods. The combination of process temperature and moisture content 
generated inconsistent results.

 Low WAI values reflect the restricted access of water to extruded starches, attributed 
to a compact structure. On the other hand, the solubility may be related to the lower molecular 
weight of the starch components, which can be separated very easily from each other due to 
the limited interaction between them.

 The WSI and WAI values can be used to estimate the suitability of the use of extruded 
starch products in suspensions or solutions. Applications in media with a limited amount of 
water are based on these functional properties and often involve hydrogen bonding ability.

3.2.4 Pasting Properties and Mechanical Properties

 Starch recrystallization chains are called retrogradation. This process is irreversible 
and is usually attributed mainly to the compaction of the amylose chains, where during the 
gelatinization many amylose molecules leave the interior of the granule and are suspended 
in the medium and, upon cooling, these molecules unwind and interact with each other to 
form hydrogen bonds, and then the water exits between the molecules, which then become 
compacted (HOOVER, 1995). 

 The retrogradation is responsible for the shrinkage, syneresis and hardening of starch 
gels preserved for a certain period, mainly at the refrigeration temperature. These effects are 
most evidenced when the gel is frozen and thawed several times. In foods such as breads, 
sauces and puddings, the occurrence of retrogradation is undesirable and should be avoided, 
but is desirable in forming insoluble films, for example (HOOVER, 1995).

 According to Table 4, the cold maximum viscosity (CMV) ranged from 308.5 (treatment 
10) to 522.5 (treatment 14) cP, and it could be verified that it was smaller with the increment 
of grapefruit flour (23.4%) and higher when the moisture content increased (20.4%). The 
breakdown ranged from 70.6 (treatment 2) to 551.5 (treatment 9) cP, while the tendency for 
setback ranged from 130.0 (treatment 5) to 472.5 (treatment 4) cP. Hot maximum viscosity 
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(HMV) ranged from 95.5 (treatment 2) to 672.0 (treatment 9) cP.
The increase in extruder jacket temperature causes an increase in the temperature of 

the product in the same order, mainly by conduction, which leads to a decrease in viscosity, 
without significant changes in residence time.  

Consequently, the increase in jacket temperature tends to produce a more processed 
product, but to a limited extent, because the decrease in viscosity causes a decrease in 
heat generation (ASCHERI and CARVALHO 2014; BERRIOS; ASCHERI; LOSSO, 2012). 
This behaviour was confirmed in the processing of rice flour and grape rind in the single screw 
extruder, observing the decrease in the intrinsic viscosity of the product with increasing the 
jacket temperature (from 120 to 140 ° C), through Table 4.

Treatment
Grape peel* 
proportion 

(%)
Temperature

(° C)

Moisture 
Content 

(%) CMV Breakdown Setback HMV Nrs Frs F Wc

1 10 120 15 325.0 170.0 348.0 312.0 10.16 1.01 1.87 0.20

2 10 120 19 185.5 70.6 381.0 95.5 8.30 2.72 5.11 0.61

3 10 140 15 651.0 489.5 300.0 609.0 11.87 0.90 1.99 0.17

4 10 140 19 398.0 93.5 472.5 419.0 7.55 2.63 4.21 0.54

5 20 120 15 336.0 259 130.0 339.0 12.41 0.89 2.64 0.22

6 20 120 19 409.0 320.5 216.5 439.5 8.42 2.14 4.11 0.46

7 20 140 15 396.5 284.5 169.5 396.5 12.39 0.81 2.37 0.20

8 20 140 19 401.5 310.0 212.5 460.0 9.30 1.51 3.24 0.34

9 6.6 130 17 662.0 551.5 330.0 672.0 9.26 1.55 2.68 0.30

10 23.4 130 17 308.5 277.0 160.5 341.5 12.32 1.63 5.83 0.47

11 15 113.2 17 490.5 388.5 287.5 510.0 5.20 2.30 2.76 0.48

12 15 146.8 17 346.0 309.0 222.0 397.0 9.72 1.65 3.40 0.37

13 15 130 13.6 326.0 268.0 154.5 324.0 9.68 0.55 1.38 0.14

14 15 130 20.4 522.5 404.0 344.5 565.0 9.52 2.45 4.90 0.50

15 15 130 17 478.5 383.5 245.0 488.5 8.99 1.40 2.56 0.30

16 15 130 17 409.5 330.0 236.5 418.5 9.01 1.37 2.68 0.28

17 15 130 17 480.5 336.5 230.5 492.0 9.47 1.49 2.91 0.31

18 15 130 17 462.5 356.0 256.5 516.5 9.24 1.47 2.80 0.30

19 15 130 17 491.5 353.5 238.5 505.5 8.12 1.47 2.74 0.31

Table 4. Results of pasting properties and mechanical properties for precooked mixed rice and 
grape peel flour according to the experimental design. * The other percentage corresponds 

to rice flour; CMV: cold maximum viscosity (cP); Breakdown: break of viscosity (cP); Setback: 
tendency to retrograde (cP); HMV: hot maximum viscosity (cP); Nrs: frequency of structural 

ruptures (mm-1); Frs: specific breaking force (N); F: compression force (N); Wc: work of 
crocance (N.mm).
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 In the extruded flours, a considerable reduction in viscosity values is observed 
throughout the profile. At the beginning of pasting viscosity determination, a certain water 
absorption capacity is observed which increases the past viscosity, being characteristic starch 
processed by thermoplastic extrusion and thus subjected to shear. The mixture with the highest 
moisture content, 20.4% (treatment 14), showed a marked viscosity peak in the temperature 
increase phase, which may indicate the presence of starch with a certain molecular integrity 
capable of swelling with increasing temperature, typical of raw starch. In the case of flour with 
higher fibre content, for example, 17% (treatment 10), the lower paste viscosity was observed 
at 25 ° C, which indicates greater breaking of the starch granules by the greater shear.

 It was also observed that the retrogradation of the extruded starch pastes varied 
according to the processing moisture content of the rice flour and grape rates. The blend 
under low moisture conditions, the shear occurs due to the higher solids content inside the 
extruder, which leads to higher SME by increasing viscosity (Table 3).

 The regression variables for the viscosity properties (Table 2) indicated that the 
second-order polynomial model did not have a good correlation for the responses (R2 < 0.90) 
and was not valid for predictive purposes (p < 0.05).

 An expanded extrudates is a porous material, where the voids are called air cells. 
The distribution of cell size, organization and cell wall thickness determine the mechanical 
and sensory properties of the extrudates. The burst strength of air cells is a measure of cell 
wall resistance and has been well established to correlate with REI, indicating that increase in 
pore size, along with a decrease in cell wall thickness, results in extrudates of structure weak 
(DOGAN and KARWE, 2003).

 The instrumental texture analysis was performed with the objective of evaluating the 
“hardness” parameter of the extrudates, by means of the determination of the maximum shear 
force (N).

 According to Table 4, the calculated values of Nrs ranged from 5.20 (treatment 11) to 
12.41 (treatment 5) mm-1. The calculated Frs of the extrudates ranged from 0.55 (treatment 
13) to 2.72 (treatment 2) N, while F ranged from 1.38 (treatment 13) to 5.83 (treatment 10) N. 
The calculated W varied from 0.14 (treatment 13) at 0.61 (treatment 2) N.mm. The regression 
analysis of the texture properties of pre-cooked mixed rice and grape rind snacks (Table 2) 
indicated that the second order polynomial model correlated well only with the experimental 
data of Frs (R2 > 0.90). The other data (Nrs, F and Wc) had no good correlation and were not 
valid for predictive purposes (p < 0.05). Frs was linearly related to the proportion of grape-
meal, extrusion temperature and moisture content with the proportion of grape-meal, and 
quadratically with temperature, moisture and temperature and rates of grape-meal. The Pareto 
diagram and the response surfaces, presented in Graph 1, further illustrate these facts.
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Graphic 1.  Pareto diagrams for results:  asches, bulk density (BD), radial expansion index 
(REI),   L* and b* of extrudates. Grafic 1a)  Pareto diagrams for the results of ashes (g. 100 

g-1), according to the regression coefficients. Equation: Y=1,614+0,317x_1-0,063x_2^2-
0,069x_3^2; Grafic 1b)  Pareto diagrams for the results of BD (kg.m-3), according to the 

regression coefficients. Equation: Y=299,747+15,603x_1+0,86,845x_3; Grafic 1c)  Pareto 
diagrams for the results of REI, according to the regression coefficients. Equation: Y=5,310-

0,604x_1-1,348x_3; Grafic 1d)  Pareto diagrams for the results of L*, according to the 
regression coefficients. Equation: Y=60,867-4,173x_1; Grafic 1e)  Pareto diagrams for the 

results of b*, according to the regression coefficients. Equation: Y=8,035+1,200x_1+0,122x_3-
0,208x_1 x_2-0,208x_1 x_3.

3.3 Determination of the antioxidant capacity, phenolic compounds, 
anthocyanins of grape peel flour and extruded products 

 The antioxidant capacity of precooked rice, grape rind and grapeseed meal was 
expressed by the parameters, including the removal of a peroxyl radical (ORAC) and the 
removal capacity of organic radical (ABTS -2,20-azino-bis (3-ethylbenzthiazoline-6-sulfonic 
acid).

 In the ABTS radical sequestration test, ABTS +● is first produced by the reaction with 
potassium persulfate in which it is green. When this radical is mixed with the antioxidant, the 
radical is reduced to ABTS with a consequent decrease in absorbance at 734 nm (GUEDES et 
al., 2013), and the extent of the reduction depends on the duration of the reaction, the intrinsic 
antioxidant activity and concentration in the sample (GUEDES et al., 2013).

 According to Table 5, it is possible to verify that, according to the ORAC method, the 
antioxidant capacity ranged from 9.313 (treatment 9) to 36.996 (treatment 16 - center point) 
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mol Trolox. g-1, whereas by the ABTS method, the antioxidant capacity ranged from 0.942 
(treatment 9) to 11.772 (treatment 7) mol Trolox. g-1. For the purpose of comparison, the 
antioxidant capacity of the grape hull flour (raw) was determined, and, according to the ORAC 
method, it was 310.046 μmol Trolox. g-1 and, by the ABTS method, 43.794 µmol Trolox g-1, 
which resulted in the same extrusion product still retaining 11% of its antioxidant capacity 
according to the ORAC method and 26% according to the ABTS method. The treatments with 
the highest proportion of grapefruit flour had the highest values of antioxidant capacity.

 The regression analysis for antioxidant capacity for precooked rice flour and grape 
rind (Table 2) indicated that the second-order polynomial model did not correlate well with the 
experimental data ORAC and ABTS (R2 < 0.90), and were not valid for predictive purposes 
(p < 0.05).

Treatment Grape peel* 
proportion (%)

Temperature
(° C)

Moisture Content 
(%) ORAC ABTS

Total phenol 
compounds

Anthocyanins

1 10 120 15 15.54 4.495

2 10 120 19 32.54 1.665 284.45 102.23

3 10 140 15 15.40 7.832

4 10 140 19 9.81 4.585

5 20 120 15 26.42 6.909

6 20 120 19 36.43 9.220

7 20 140 15 32.49 11.772

8 20 140 19 30.08 12.151 249.12 86.9

9 6.6 130 17 9.31 0.942

10 23.4 130 17 37.70 11.341 267.04 91.95

11 15 113.2 17 22.78 4.747

12 15 146.8 17 23.44 4.730

13 15 130 13.6 30.38 6.154

14 15 130 20.4 17.81 6.570

15 15 130 17 33.67 7.153

16 15 130 17 37.00 13.572

17 15 130 17 40.57 6.876

18 15 130 17 32.74 11.127

19 15 130 17 31.28 9.267

Grape 
peel 

flour** 310.05 43.794

1772 1731

Table 5. Antioxidant capacity by ABTS and ORAC and average contents of phenolic compounds 
and anthocyanins for precooked mixed rice and grape peel flour according to the experimental 
design. * The other percentage corresponds to rice flour; ABTS and ORAC expressed in µM 

Trolox eq /g DW. 
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3.3.1 Total phenol compounds and Anthocyanins

 Table 5 shows the results of total phenolic compounds and anthocyanins for extrusion 
temperature zones and for grapefruit flour. The mean triplicates of the content of total phenolic 
monomeric compounds anthocyanins extracted from the samples expressed in gallic acid 
equivalent per 100 g of sample and equivalent of malvidin-3-glycoside per 100 g of sample, 
respectively. 

 It is possible to verify that there was a decrease of the values with the increase of the 
temperature. When the results compared to those of the still raw grapefruit flour, it is known 
that the extrusion process affected the concentration of these compounds, with the extrudates 
remaining at about 16% (120°C), 15% (130°C) and 14% (140°C) of phenolic compounds, and 
5.9% (120°C), 5.3% (130°C) and 5% (140°C) anthocyanins. Compared to the treatment with 
lower temperature (113.2°C) and higher temperature (146.8°C), no significant difference in 
antioxidant capacity was observed. Thus, even with the extrusion process, it is still possible to 
have antioxidant capacity in the products, since the residence time in the equipment is short. 
The processing effect on the antioxidant capacity of the grape is quite complex due to the 
diversity of the present compounds.

 The contents of phenolic compounds and anthocyanins were analysed for the best 
treatments at 120, 130 and 140°C in order to analyse the effect of the extrusion process. 
Extrusion processing in rice flour and whole grains of total phenolic content affected the total 
phenolic content, as can be observed in Table 5, but showed intermediate values of phenolic 
compounds and anthocyanins. 

 It may be that the phenols have been protected by the starch matrix and thus were 
not totally lost during the extrusion processing. It is also important to consider that during the 
extrusion processing, the residence time of the materials in the extruder is very short (LOPES 
et al., 2016). The combined effects of protection of phenolic content by starch coating and 
short residence time should not result in significant loss of phenolic content. Increasing the 
proportion of grape peel flour inevitably increased the total phenolic of extrudates. Processing 
for the preparation of the extruded rice flour and grape peel decreased its antioxidant capacity, 
and anthocyanins were more affected than total phenolic compounds because they were 
more sensitive to heat.

4 |  CONCLUSION
 Extrusion is a technology useful in the processing of grape marc as a way of 

preserving its nutritional quality. The processing of the pre-cooked mixed flour of rice and 
grape peel under various processing conditions (rates of grape peel/rice flour, moisture and 
temperature), resulted in effects on the various process-dependent variables and physical-
chemical properties. The fraction of the peel was increased with the purpose of enriching 
the rice flour, which, although possessing energetic potential, but low in fibre, provides a 
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contribution of dietary antioxidant fibres. The use of extruded flour for obtaining certain 
foodstuffs is advantageous, since the extrusion process leads to the pre-cooking of the starch 
granules, causing loss of molecular order and complete degradation of the polymers, with the 
formation of fragments highly soluble.  

Therefore, suspensions of extruded pre-cooked flours are capable of rapidly increasing 
their viscosity, exhibiting a low agglomeration tendency, since the starch granules were 
modified, and showed great swelling power in cold and hot, and it is highly recommended 
for the development of instant food products. There is a further need to investigate the active 
interactions between the fibers and the starch polymers during extrusion processing. This can 
uncover new areas of research that can benefit the food industry significantly.  

Understanding these interactions can lead to the development of higher fibre expanded 
starch extrudates with comparable quality or better than starch extrudates. In this context, it 
can be concluded that the process of obtaining food products from pre-cooked mixed rice and 
grape rind flour is capable of increasing the value added of the product, as well as encouraging 
the rational consumption of agroindustry by-products in food human. In this way, it can be 
affirmed that the mixed flours obtained, in agreement with the processing conditions, can be 
obtained flours for different uses in the food preparation, thus allowing the ingestion of fibres 
and antioxidant compounds.
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