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Abstract
Winemaking industry generates high quantities of valuable byproducts that can
be used to enhance foods in order to diminish the environmental impact and
to obtain more economic benefits. Grape byproducts are rich in phenolic com-
pounds and dietary fiber, which make them suitable to improve the nutritional
value of bakery, pastry, and pasta products. The viscoelastic behavior of dough
and the textural and the sensory characteristics of baked goods and pasta con-
taining grape byproducts depend on the addition level and particle size. Thus, an
optimal dose of a finer grape byproducts flourmust be found in order tominimize
the negative effects such as low loaf volume and undesirable sensory and textural
characteristics they may have on the final product quality. In the same time, an
enrichment of the nutritional and functional value of the product by increasing
the fiber and antioxidant compounds contents is desired. The aim of this review
was to summarize the effects of the chemical components of grape byproducts on
the nutritional, functional, rheological, textural, physical, and sensory character-
istics of the baked goods and pasta. Further researches about the impact of foods
enriched with grape byproducts on the human health, about molecular interac-
tions between components, and about the effects of grape pomace compounds
on the shelf life of baked goods and pasta are recommended.
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1 INTRODUCTION

People’s interest for functional foods increased last years,
high-quality products development being an important
research direction. The nutritional value of food prod-
ucts can be increased by adding vegetable, fruits, or non-
grain plants flours (Galanakis, 2012; Kuchtová, Kohaj-
dová, Karovičová, & Lauková, 2018; Liu, Ragone, &Murch,
2015). Nowadays, consumer awareness regarding func-
tional foods and their relationship with health led to an
increase of innovations in this field (Bornkessel, Bröring,
Omta, & van Trijp, 2014; Šporin, Avbelj, Kovač, & Možina,
2018). Thus, in many countries some governmental pro-

grams are implemented, aiming to improve the nutritional
aspects in people’s diet. Most of these programs refer to the
enrichment with functional ingredients in food products
(Parker, Burns, & Sanchez, 2010; Samohvalova, Grevtseva,
Brykova, & Grigorenko, 2016).
The increase of food demand at global level requires

changes of foods manufacturing processes to make them
sustainable by protecting the environment and reducing
costs. Vegetables and fruit byproducts are valuable ingre-
dients that can be used to enrich foods, wine industry
being one of the fields that produce this kind of waste.
Grape pomace is the solid waste that remains after press-
ing; it represents about 20% of the grape and is composed
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of peels, seeds, and stalks (Bordiga, Travaglia, & Locatelli,
2019; Taşeri et al., 2018; Walker, Tseng, Cavender, Ross,
& Zhao, 2014). About 30% to 40% of winery byproducts
are valorizedworldwide, being used for different purposes,
mostly as animal feeds or fertilizers (Karnopp et al., 2015;
Lavelli, Torri, Zeppa, Fiori, & Spigno, 2016;Maner, Sharma,
& Banerjee, 2017). Grape production takes an important
place on the worldwide crop growth, being considered the
most abundant fruit (García-Lomillo & Gonzalez-SanJose,
2017; Gülcü et al., 2019; Zhu, Du, Zheng, & Li, 2015). Cur-
rently, the global annual production of grapes exceed 75
million of tones, the most important producing countries
being China, Italy, the United States, France, Spain, and
Turkey (OIV, 2019). About 50% of grapes go to the wine
industry, which generates valuable byproducts after the
fermentation processes (OIV, 2019; Tkacz, Wojdyło, Now-
icka, Turkiewicz, & Golis, 2019) with several health and
technological benefits (Lavelli et al., 2016; Preedy & Wat-
son, 2019).
The impact ofwinerywaste disposal on the environment

can be evaluated by carbon footprint assessment by using
Life Cycle Assessment methodology (Lucarini et al., 2018;
Petti et al., 2015). For example, according to the results
presented by Bevilacqua, Morassut, Serra, and Cecchini
(2017), the CO2 emission from pomace calculated for a
wine production of 51 million hectoliters in Italia in 2016
was 834,300 tons. Thus, by analogy, at a global produc-
tion of 292 million hectoliters of wine (OIV, 2019), an esti-
mated emission from grape pomace will be more than
4,776,776 tons of CO2. For this reason, the promotion of
grape byproducts that present high biological value val-
orization in new food formulation development is urgently
needed.
Whole grape pomace chemical composition consists of

cell walls polysaccharides, such as hemicelluloses and cel-
lulose and of pectin, lignin, protein, fat, and minerals
(Beres et al., 2016; Deng, Penner, & Zhao, 2011). Thus,
whole grape pomace is considered a source of dietary fiber
(DF) composed of these non-amidic polysaccharides that
are polymers with at list 10 monomeric units (Beres et al.,
2019; Meini, Cabezudo, Boschetti, & Romanini, 2019). DF
has an important role for the digestion processes, lipids
absorption, glucose and cholesterol levels decrease, and
weight control (Fuller, Beck, Salman, & Tapsell, 2016;
Smith & Yu, 2015). Grape pomace DF represents a com-
plex matrix because it contains also phenolic fractions,
which make it have also antioxidant properties (Eski-
cioglu, Kamiloglu, & Nilufer, 2015; Zhu et al., 2015). Saura-
Calixto introduced the concept of antioxidant dietary fiber
(ADF), which means that 1 g of ADF may have the rad-
ical scavenging capacity of a 50 mg vitamin E and more
than 50% of the dry matter of fibers (Saura-Calixto, 1998;
Tseng & Zhao, 2013). An amount of the grape pheno-

lic compounds, approximately 70%, remains in pomace
after winemaking, themost important being tannins, phe-
nolic acids, anthocyanins, and resveratrol, the quantities
depending on the variety (Cerda-Carrasco, López-Solís,
Nuñez-Kalasic, Peña-Neira, & Obreque-Slier, 2015; Sousa
et al., 2014; Walker et al., 2014).
Grape seeds represent about 17% of fresh grape pomace

weight and 38% to 52% on a dry matter basis of the pomace
(Brenes, Viveros, Chamorro, & Arija, 2016; Fernandes,
Casal, Cruz, Pereira, & Ramalhosa, 2013; Mateo & Maicas,
2015). Its constituents are DF, oils, proteins, phenolic com-
pounds, and other substances such as minerals and vita-
mins, sugars, organic acids, and so forth. The chemical
composition of grape seeds is similar to those of vegeta-
bles, so they are classified also in the pulse-protein category
(Mironeasa, Codinǎ, & Mironeasa, 2012). Grape seeds can
be considered as ADF due to their high content of antiox-
idants and DFs (Iuga, Mironeasa, & Mironeasa, 2019;
Sharma et al., 2016). The antioxidant constituents in grape
seed are in highest concentration than in peels and steams
and include several flavonoids with a phenolic nature such
as monomeric flavanols, procyanidins, and phenolic acids
(Jaisanthi &Banu, 2014; Tang et al., 2018). Themost impor-
tant polyphenols from grape seeds and peels are proantho-
cyanidins, flavonoids, phenolic acids, and stilbenes (Bor-
diga et al., 2019; Taşeri et al., 2018). Polyphenols digestion
consists of absorption in the intestine along with the DFs
and releasing from the matrix formed with fibers into the
colon due to the favorable antioxidant environment cre-
ated by the bacteria (Kawabata, Yoshioka, & Terao, 2019;
Saura-Calixto, 2011). Antioxidants contribute to the pre-
vention of various cancer types, cardiovascular diseases,
neurodegenerative diseases, and several dermal disorders
(Kawabata et al., 2019; Seifried, Harrison, & Seifried, 2017).
Grape seeds are rich in monounsaturated and unsaturated
fatty acids, one of them being the linoleic acid (Lachman
et al., 2015; Pérez-Navarro, Da Ros, et al., 2019), whereas
grape peels have high amounts of saturated acids mainly
stearic, palmitic, and lignoceric (Pérez-Navarro, Da Ros,
et al., 2019).
Grape peels represent approximately 50% of the grape

pomace but the ratio between peels and seeds can vary
depending on the grape variety and cultivation condi-
tions (Hogervorst, Miljić, & Puškaš, 2017; Mironeasa,
Iuga, Zaharia, & Mironeasa, 2019a). They have a high
health potential, being a source of DF, mostly cellu-
lose, hemicelluloses and pectin, sugars, proteins, pheno-
lic compounds, vitamins, andminerals (Karovičová, Koha-
jdová, Minarovičová, & Kuchtová, 2015; Mironeasa et
al., 2019a). Deng et al. (2011) found that the grape peels
are particularly interesting for their content in fiber and
phenolic compounds. Total DF content up to almost 60%
of dry matter was reported, dominated up to 98.5% by
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insoluble dietary fiber (IDF). Also, the content of proteins
ranged from 5% to 12%, ash from 2% to 8%, and soluble sug-
ars from 1% to more than 70%, depending on the winery
process, if the pomace is fermented or not (Deng et al.,
2011). The antioxidant properties of grape peels are pro-
moted by the anthocyanins, hydroxycinnamic acids, cat-
echins, and flavonols, which contribute to the inhibition
of low-density lipoprotein oxidation (Deng et al., 2011;
Meini et al., 2019). Dwyer, Hosseinian, and Rod (2014)
found that red peels contain higher amounts of pheno-
lic compounds and DF than white peels. In other studies,
Mironeasa (2017) and Iuga, Mironeasa, Zaharia, Ropciuc,
and Mironeasa (2017) reported that red grape byproducts
present a high content of DF, but have lower total phenolic
content compared to white grape pomace.
Many studies revealed that winery byproducts can be

used to enhance food products such as bread, muffins,
cookies, biscuits, or pasta (Aksoylu, Çağindi, & Köse,
2015; Bender et al., 2017; Gaita, Alexa, Moigradean, &
Poiana, 2018; Iuga et al., 2019; Kuchtová et al., 2018;
Mironeasa et al., 2019a; Smith & Yu, 2015). The addition
of grape byproducts in bakery and pastry products influ-
ences dough rheology and final product texture, nutri-
tional value, and sensory characteristics (Aghamirzaei,
Peighambardoust, Azadmard-Damirchi, &Majzoobi, 2015;
Boudová Pečivová et al., 2014; Gaita et al., 2018; Iuga,
Mironeasa, et al., 2017; Kuchtová et al., 2018; Maner et al.,
2017;Mironeasa et al., 2019b). The particle size, the amount
of grape seeds or peels, and the grape variety play an
important role on dough rheological and textural prop-
erties and final product quality (Mironeasa et al., 2019b;
Mironeasa, Iuga, Zaharia, Dabija, & Mironeasa, 2017).
Thus, the aim of this review is to underline the chemical
composition of grape byproducts such as pomace, seeds,
and peels and their addition effects on the rheological,
textural, and nutritional characteristics of baked goods
and pasta.

2 GRAPE BYPRODUCTS CHEMICAL
COMPOSITION

The main winery byproducts are pomace, seeds, and peels
and represent a good source of bioactive compounds that
make them suitable to be considered as functional ingre-
dients. The chemical composition of grape byproducts
depends on the maturity level, pedoclimatic conditions,
environmental factors, and on the grape variety (Bordiga,
2018; Cerda-Carrasco et al., 2015; Sousa et al., 2014). Grape
byproducts chemical composition of different varieties is
presented in Table 1. The chemical characteristics of win-
ery byproducts depend on the grape variety and processing
methods. Zhao, Zhu, Zhang, and Tang (2015) showed that

the physicochemical properties and the antioxidant capac-
ities of grape pomace are influenced also by the particle
size, the superfine grinding having a great potential appli-
cation for foods development.
The protein content of grape pomace was reported to

be more than 8 g/100 g (Beres et al., 2019; Sousa et al.,
2014; Teles et al., 2019; Tseng & Zhao, 2013), whereas some
studies (Abdrabba & Hussein, 2015; Maman & Yu, 2019)
revealed higher proteins content in grape seeds, depend-
ing on the variety. Some studies showed that the protein
content of grape peels can vary from 5.3 to 12.7 g/100 g
(Deng et al., 2011; Maurer et al., 2019; Mendes, Xavier,
Evtuguin, & Lopes, 2013; Mironeasa et al., 2019c), as it is
shown in Table 1. The amino acid profiles of grape byprod-
ucts depend on the variety (Iuga, Codină, Mironeasa, &
Oroian, 2017; Tangolar, Turan, Tangolar, & Ateş, 2019);
Iuga, Codină, et al. (2017) showed that grape seeds have
high contents of glutamic acid, aspartic acid, glycine, and
arginine, whereas grape peels are richer in lysine, glu-
tamic acid, aspartic acid, and leucine—both grape seeds
and peels proteins qualities being close to those of other
cereals and oilseeds like sunflower, safflower, and flaxseeds
(Mironeasa, 2017; Secen, 2017; Zhou, Li, Zhang, Bai, &
Zhao, 2010). Dietary proteins are present in high amounts
in grape seeds and after purification processes can be used
in order to enhance food products nutritional and sensory
characteristics (Yu &Ahmedna, 2013; Zhou, Zhang, Liu, &
Zhao, 2011). Compared to soy protein isolates, grape seeds
protein has better solubility and emulsifying capacity and
forms more stable emulsions, whereas the foaming capac-
ity is lower (Zhou et al., 2011). Grape seed proteinwas listed
as being nondigestible or resistant protein (Saura-Calixto,
Goñi, Mañas, & Abia, 1991; Yu & Ahmedna, 2013) due to
the protein–tannin complexes formed, which affect grape
seed protein digestibility due to the inhibitory effect of tan-
nin on digestive enzymes (Alipour & Rouzbehan, 2010; Yu
& Ahmedna, 2013).
The fat content depends also on the grape variety and

processing conditions, most of the fat being located in
grape seeds (Deng et al., 2011; Maurer et al., 2019; Mendes
et al., 2013; Mironeasa et al., 2019c; Tseng & Zhao, 2013)
and consisting of about 90% of monounsaturated fatty
acids (Sousa et al., 2014). Baydar and Akkurt (2001) found
that the oil contents for both red and white pomace seeds
are similar with a total average of 16.3% (v/w), approxi-
mately 87% being unsaturated, which has more benefices
for health as compared to saturated oils. In respect to
antioxidants, tocopherol was found to be in higher concen-
tration in red grape seeds compared to white seeds (Baydar
& Akkurt, 2001), α-tocopherol being the dominant type of
tocopherols in seeds and its content depending on climatic
conditions, the growing zone, and grape variety (Burčová
et al., 2019). Assessing the composition of unsaturated oil,
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TABLE 1 Chemical components of grape byproducts, expressed in g/100 g

Fibers
Byproduct Protein Fat Sugars Ash TDF SDF IDF Others Moisture Reference
Grape pomace
Red pomace 13.8 2.12 14.17 6.40 59.13 2.35 14.25 Lignin

42.53
4.31 Beres et al., 2019

Benitaka 8.4 8.16 29.2 4.65 46.17 9.76 36.40 Pectin
3.92

3.33 Sousa et al., 2014

Pinoit Noir 13.8 4.2 19.6 5.50 51.30 ND ND ND ND Beres et al., 2016
Grape seeds
Sultana 18.89 7.39 ND 0.33 48.9 ND ND ND 6.93 Abdrabba & Hussein, 2015
Defatted grape seed 11.5 0.4 5.3 3.0 79.7 4.06 75.7 ND ND Costa et al., 2019
Muscadine Noble 13.2* 13.6* 62.3* 4.4* 45.5* ND ND ND 6.4* Maman & Yu, 2019
Muscadine Carlos 15.0* 14.9* 60.3* 16.4* 58.2* ND ND ND 4.5*

White grape seeds 9.7 18.3 ND 2.8 40.8 ND ND ND 7.7 Iuga et al., 2019
Red grape seeds 12.7 20.7 ND 2.6 45.2 ND ND ND 7.6

Grape peels
Muller Thurgau 6.5 2.64 55.77 2.53 28.01 0.72 27.29 Pectin

2.5
ND Deng et al., 2011

Morio Muscat 5.3 1.14 77.53 3.31 17.28 0.84 16.44 Pectin
3.3

ND

Cabernet sauvignon 12.3 6.33 Soluble
1.71

7.59 53.21 0.81 52.40 Pectin
7.5

ND

Merlot 11.2 3.35 Soluble
1.34

7.19 51.09 1.51 49.59 Pectin
7.1

ND

Pinot Noir 12.1 4.74 Soluble
1.38

6.17 56.31 1.72 54.59 Pectin
6.1

ND

Isabel 6.1 3.6 58.2 6.1 25.8 8.4 17.4 ND ND Maurer et al., 2019a
Red peels 12.7 5.5 ND 5.6 45.9 ND ND ND 5.7 Mironeasa et al., 2019c
White peels 7.4 3.1 ND 3.7 28.5 ND ND ND 5.8 Mironeasa et al., 2019a

Abbreviations: TDF, total dietary fiber; SDF, soluble dietary fiber; IDF, insoluble dietary fiber; ND, not determined.
*Mean value of different particle sizes was presented.

Da Porto, Porretto, and Decorti (2013) found that linoleic
acid represented approximately 72% of the grape seed oil
analyzed. All grape byproducts were found to be abun-
dant in linoleic, oleic, and palmitic fatty acids, according
to the results obtained by Gülcü et al. (2019) and Lucarini
et al. (2020). The same authors reported high contents of
palmitic acid in pomace, which may be caused by the high
amount of saturated compounds in their waxy structure
(Gülcü et al., 2019). Unsaturated fatty acid (UFA) and sat-
urated fatty acid (SFA) contents of grape seeds oil depend
on the grape variety (Jokić, Bijuk, Aladić, Bilić, & Molnar,
2016; Yu & Ahmedna, 2013; Zdunić et al., 2019). According
to the results obtained by Yu and Ahmedna (2013), grape
seeds oil from Cabernet Sauvignon and Royal Rouge con-
tained 61% and 64% UFA, respectively, whereas Jokić et al.
(2016) reported a content of 75% of linoleic acid and 12% of
oleic acid in grape seeds oil. Zdunić et al. (2019) revealed
that grape seed oil from Prokupac clone 43/3 variety has
the highest UFA content of 95% among the studied sam-

ples, whereas Prokupac clones 41/1 and 43/5 varieties pre-
sented the lowest UFA content of 87%. Grape pomace was
reported to have a ratio of polyunsaturated fatty acid/SFA
above 3 (Yi et al., 2009), whereas for grape seeds and oil
the ratio ranged between 4 and 7, depending on the variety
(Fernandes et al., 2013). Values higher than 0.45 are rec-
ommended for human consumption due to the fact that it
may influence blood cholesterol levels (Barbi et al., 2019;
Hamulka, Głąbska, Guzek, Białkowska, & Sulich, 2018;
Vehovský et al., 2019).
Compared with other vegetable oils, grape seed oil has

low quantities of linolenic acid (Harbeoui et al., 2018;
Ovcharova, Zlatanov, & Dimitrova, 2016), which increases
oxidative stability and can represent an advantage in terms
of human consumption and shelf life of the oil. The
studies confirm that the fatty acids composition of grape
byproducts differs depending on the processing method,
the oil contents of grape juice byproducts being lower
than of the wine byproducts (Gülcü et al., 2019). Taşeri
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et al. (2018) showed that the drying method significantly
affected (p< .05) the free fatty acid contents of seeds,which
depend on the lipase activity, the open air method provid-
ing better results.
Grape byproducts are rich in sugars, the peels con-

taining the highest quantities (Table 1). Peels from white
grape pomace contain higher sugar content than red peels
(Dwyer et al., 2014). Gülcü et al. (2019) reported that
the principal sugars of grape juice and wine byprod-
ucts are fructose and glucose, whereas saccharose can be
found only in seeds. According to the results reported by
Taşeri et al. (2018), the drying method significantly affects
(p< .05) the sugar content of grape peels, the open air solu-
tion being better than a solar collector. Mendes et al. (2013)
analyzed white grape peels and showed that themain neu-
tral sugars were rhamnose, fucose, arabinose, xylose, man-
nose, galactose, and glucose.
According to the data presented in Table 1, the ash con-

tent and the moisture depend on the grape variety. The
moisture directly affects the chemical and microbiological
stability of grape byproducts (Mironeasa, 2017; Sousa et al.,
2014). The final moisture of grape byproducts that can be
used as food ingredients depends on the processing meth-
ods and drying conditions (Mironeasa et al., 2017; Taşeri
et al., 2018).
Grape byproducts are rich in DFs, usually ranging from

50 to 75 g/100 for dry matter (Saura-Calixto, 1998), the sol-
uble dietary fiber (SDF) being composed mostly of pectins
and the IDF of cellulose, hemicelluloses, and lignin (Beres
et al., 2019; Deng et al., 2011; Sousa et al., 2014; Teles et al.,
2019). The fiber composition of grape byproducts may
be influenced by variety, field characteristics, and wine-
processing procedures (Iora et al., 2015). Grape byprod-
ucts are considered a good source of DF because they have
the appropriate ratio of SDF and IDF (Sousa et al., 2014)
and exhibit a better nutritional quality than those from
cereals because of the presence of significant amounts of
associated bioactive compounds (flavonoids, carotenoids,
etc.) (Saura-Calixto, 1998). Grape pomace, seeds, and peels
contain higher IDF than SDF (Table 1). Deng et al. (2011)
studied various grape peels chemical compositions and
revealed that the white varieties contain higher quantities
of pectins than the red ones. The same study showed that
there are small quantities of water-soluble and hydroxide-
soluble pectins in grape peels. Grape pomace contains high
quantities of lignin (Table 1), which affects the enzymes
production, making difficult the access of the microorgan-
isms to cellulose and hemicelluloses (Teles et al., 2019).
Grape byproducts DF can be considered ADF (Eskicioglu
et al., 2015; Tseng & Zhao, 2013; Zhu et al., 2015) as
they have a radical scavenging capacity similar to vita-
min E and high amounts of fibers reported to the dry
matter.

Functional properties of fibers such as water binding
capacity, water holding capacity, and oil retention capac-
ity must be considered when fiber-rich ingredients are
used in food formulations. Water binding capacity of
fibers is important for both physiological and technolog-
ical points of view and is given by the hydroxyl groups
(Maurya, Pandey, Rai, Porwal, &Rai, 2015; Oladiran , 2018).
The hydration characteristics of fibers can be evaluated
trough thewater retention, swelling, and absorption capac-
ities, the affinity for water depending on the number for
hydroxyl groups and by default on the fiber source (Oladi-
ran , 2018; Saikia & Mahanta, 2016). Water holding capac-
ity of fibers is related to their processing, particle size, and
physicochemical structure (Maurya et al., 2015; Zhao et al.,
2015; Zhu, Du, & Li, 2014). SDFs content such as pectin
is another factor that influences water absorption due to
its higher water binding capacity compared to cellulose
(Maurya et al., 2015). The oil retention capacity of fibers
is of technological importance and it is influenced by the
insoluble fibers content, particle size, overall charge den-
sity, hydrophilic nature, and dehydration method (Mau-
rya et al., 2015; Zhao et al., 2015). Saikia and Mahanta
(2016) reported a water holding capacity of grape peels of
7.56 g/g, an oil holding capacity of 10.64 g/g, and a swelling
of 9.40 mL/g, higher values being obtained for mandarin
peels and lower for cellulose. High hydration properties
of DFs are related to an improved fecal bulking process,
whereas a good oil absorption capacity leads to a reduced
fat absorption in intestine and an enhanced excretion,
which may conduct to lower cholesterol values (Oladiran,
2018; Saikia&Mahanta, 2016). The grinding process affects
the functional properties of fibers. Some studies showed an
increase of about two times of the water retention, absorp-
tion, and swelling capacities and oil binding capacity after
grape pomace IDF superfine grinding (Zhao et al., 2015;
Zhu et al., 2014), regardless the pomace type, as a result
of the surface area increase.
Themineral profile is an indicator of the origin and vari-

ety of grapes and is related to the soil composition and cul-
tural practices (Beres et al., 2019; Chikwanha, Raffrenato,
Muchenje, Musarurwa, & Mapiye, 2018). According to the
results presented byBeres et al. (2019), grape pomace is rich
in potassium, phosphorus, and calcium (Table 2). Other
minerals present in grape pomace are magnesium, man-
ganese, iron, zinc, copper, aluminum, strontium, and sul-
fur (Gomes et al., 2019; Gülcü et al., 2019). Many studies
showed that grape peels are richer in potassium, magne-
sium, and calcium than grape seeds, whereas the seeds are
richer in iron, manganese, and zinc (Gomes et al., 2019;
Gülcü et al., 2019). Potassium is essential in plant growth
and development (Rogiers, Coetzee, Walker, Deloire, &
Tyerman, 2017) and this is why it is found in high amounts
in grape byproducts (Gomes et al., 2019; Tangolar, Alkan
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TABLE 2 Minerals contents of grape byproducts

Byproduct
K
(mg/g)

Mg
(mg/g)

Ca
(mg/g)

P
(mg/g)

Mn
(µg/g)

Fe
(µg/g)

Zn
(µg/g)

Cu
(µg/g) Reference

Grape pomace
Red wine pomace 26.5 0.9 3.2 3.6 60.0 94.3 18.8 386.5 Beres et al., 2019
Pinotage 24.1 1.1 2.6 2.3 14.2 147.0 11.5 7.93 Chikwanha et al., 2018
Shiraz 22.3 1.2 3.7 3.2 17.7 115.0 14.6 13.4
Sauvignon Blanc 15.0 0.9 2.3 2.3 18.5 115.0 7.3 8.0
Cabernet
Sauvignon

27.3 1.0 3.8 2.7 ND 85.0 15.0 ND Corbin et al., 2015

Sauvignon Blanc 20.2 0.7 2.1 2.3 ND 60.0 9.0 ND
Grape seeds
Syrah 9.3 0.4 1.2 1.1 4.2 18.3 3.5 7.3 Tangolar et al., 2018
Kalecik karasi 10.2 0.4 1.5 0.9 5.6 19.6 3.1 6.7
Carignane 7.8 0.6 1.7 0.8 6.4 15.2 3.2 5.8
Semillon 8.9 0.4 1.0 0.9 3.6 13.9 2.6 5.2
Chardonnay 10.9 0.5 1.0 0.9 4.1 23.1 2.8 5.9
Cabernet
Sauvignon

21.0 0.5 1.1 1.2 10.9 18.9 4.7 18.4

Mixture white
seeds

2.6 ND 5.5 1.5 25.3 ND 12.3 6.9 Mironeasa et al., 2010

Aligoté 2.7 ND 5..3 1.6 31.4 ND 14.9 8.2
Hybrid Nohan
white

2.3 ND 5.5 1.9 ND ND 7.0 5.4

Hybrid Frăguță a 2.4 ND 5.2 2.1 23.6 ND 8.2 10.0
Hybrid Frăguță b 2.3 ND 5.3 2.2 17.3 ND 9.7 6.8
Juice pomace 8.9 1.2 4.2 21.0 16.2 106.0 12.5 69.6 Gülcü et al., 2019
Wine pomace 33.1 1.3 4.7 23.7 16.5 101.0 18.2 77.3

Grape peels
Juice pomace 10.4 1.0 3.1 18.9 14.9 102.0 9.5 71.2 Gülcü et al., 2019
Wine pomace 26.6 1.5 5.2 24.8 16.4 79.0 16.2 79.0
Sultana 2.5 0.6 3.1 0.8 ND 16.5 ND ND Abdrabba & Hussein,

2015
Red grape peels 24.8 0.9 4.7 ND ND 121.0 ND 125.0 Oprea et al., 2018

Abbreviations: ND, not determined.

Torun, Tangolar, & Torun, 2018). Thus, grape byproducts
are rich also in minerals and can be considered as a
functional ingredient that will improve the nutritional
value of food products.

3 POLYPHENOLIC PROFILE,
ANTIOXIDANT, AND ANTIMICROBIAL
PROPERTIES OF GRAPE BYPRODUCTS

3.1 Polyphenolic profile of grape
byproducts

Grape byproducts are recognized as a source of polyphe-
nolic compounds, the amount depending on the grape

variety, the winemaking conditions, and the extraction
method (Iuga. Ropciuc, Mironeasa, 2017; Luchian et al.,
2019). The phenolic compounds found in grape byproducts
can be classified into (a) phenolic acids including hydrox-
ybenzoic and hydroxycinnamic acids; (b) flavonoids
including flavonols, anthocyanins, and flavan-3-ols;
(c) tannins and proanthocyanidins; and (d) stilbenes
(Thomas, 2017). The processing conditions during pomace
drying have a great influence on byproducts characteris-
tics such as appearance and color, but also on the content
of bioactive compounds (Horszwald, Julien, & Andlauer,
2013). The drying methods can affect the polyphenols
content of grape byproducts. Polyphenols have the ability
to diminish or inhibit free radicals effects by hydrogen
atom transfer (Oroian & Escriche, 2015; Santos-Sánchez,
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Salas-Coronado, Villanueva-Cañongo, & Hernández-
Carlos, 2019). Goula, Thymiatis, and Kaderides (2016)
reported losses of polyphenols when grape pomace was
dried at temperatures higher than 60 ◦C. Taşeri et al. (2018)
showed no differences regarding the phenolic content of
grape seeds and peels dried in open air or in a solar col-
lector. Higher processing temperatures (>90 ◦C) produce
structure ruptures of phenolic compounds molecules,
as for the fibers (Minatel et al., 2017). The type of wine
processing significantly affects the polyphenolic profile of
grape byproducts. In the case of red winemaking process,
marc fermentation for several days leads to lower polyphe-
nolic compounds retention in byproducts compared to
white pomace, which is kept less in contact with the stum
(Gómez-Brandón, Lores, Insam, & Domínguez, 2019).
Some bioactive compounds compositions of grape

byproducts are presented in Table 3. Whole grape pomace
is rich in polyphenols and non-anthocyanin phenolic com-
pounds such as gallic acid, catechin, epicatechin, and β-
type (epi) catechin dimer, the gallic acid being present in
seeds, whereas anthocyanins such as malvidin-rutinoside,
petunidin-rutinoside, malvidin hexoside, and delphinidin-
rutinoside were found in peels (Sales et al., 2018). The phe-
nolic compounds, anthocyanins, tannins, and flavonoids
of grape byproducts depend on the variety (Guaita & Boso,
2019; Luchian et al., 2019; Silva et al., 2018). According to
the results showed in Table 3, grape seeds have greater
phenolic compounds content than grape peels. Silva et al.
(2018) reported that the main polyphenols from two vari-
eties of grape byproducts from Portugal were phenolic
acids, flavan-3-ols, flavonols, stilbenes, and anthocyanins.
Grape peels contain high amounts of malvidin-3-O-
glucoside, followed by peonidin-3-O-glucoside, cyanidin-
3-O-glucoside, and catechin, whereas grape seed’s most
abundant polyphenols are epicatechin, catechin, resver-
atrol, and gallic acid, depending on the variety (Biniari,
Gerogiannis, Daskalakis, Bouza, & Stavrakaki, 2018; Silva
et al., 2018).
Cerda-Carrasco et al. (2015) reported that white grape

winery byproducts have greater total phenols and proan-
thocyanidins contents than the red ones, which con-
firms that the polyphenols extraction is better during the
red winemaking process. White grape varieties do not
contain anthocyanins, fact supported also by the color
intensity. The phenolic profile of grape pomace strongly
depends on the extractions that occur during thewinemak-
ing processes (Cerda-Carrasco et al., 2015; Jara-Palacios,
Rodríguez-Pulido, Hernanz, Escudero-Gilete, & Heredia,
2016).
Tkacz et al. (2019) reported higher total phenols and

flavan-3-ols values for grape seeds from different cul-
tivars, whereas peels have higher phenolic acids, stil-
benes, and anthocyannins contents. From the phenolic

acids, the caftaric acid was detected in all studied sam-
ples, for both seeds and peels, whereas the anthocyanins
were found only in seeds of white grape varieties (Jara-
Palacios et al., 2016; Sousa et al., 2014; Tkacz et al.,
2019). Grape peels contain flavonols such as myricetin,
quercetin, kaempferol, isorhamnetin, and derivatives of 3-
O-galatoside, 3-O-rutinoside, 3-O-glucuronide, and 3-O-
glucoside, all the studied samples containing quercetin-
3-O-glucuronide. The flavan-3-ols are most abundant in
grape seeds than in peels, catechin and epicatechin being
reported for all samples (Jara-Palacios et al., 2016; Tkacz
et al., 2019). According to the results obtained by Tkacz
et al. (2019), the content of total phenols varied from 24.0
to 112.5 mg gallic acid equivalents (GAE)/g in grape seeds
and from 13.8 to 104.4 mg GAE/g in grape peels, depend-
ing on the variety (Table 3). Gülcü et al. (2019) underlined
the difference between the grape juice and winery byprod-
ucts. Grape juice pomace presented lower tannin, antho-
cyanin, and flavonoid than wine pomace, the total phe-
nols values being close. Grape seed fromwinery had higher
phenolic contents than those from juice pomace, whereas
the peels from juice pomace are richer in tannins, but have
lower values for anthocyannins and flavonoids, indicating
that the processing methods affect the polyphenols profile
of grape byproducts (Gülcü et al., 2019). The total pheno-
lic, anthocyanin, tannin, and flavonoids contents of grape
pomace were reported by Gülcü et al. (2019) to be 58.9 mg
GAE/g, 1.3mg/g, 107.2mg tannic acid equivalents (TAE)/g,
and 26.9mg/g, respectively, whereas in juice pomace it was
59.6 mg GAE/g, 0.5 mg/g, 96.9 mg TAE/g, and 20.5 mg/g,
respectively (Table 3). The most abundant phenolic com-
pounds were reported to be epicatechin, catechin, gallic
acid, syringic acid, caftaric acid, and quercetin. Both juice
and wine pomaces, seeds, and peels major component was
epicatechin (Gülcü et al., 2019).
Among different grape peels cultivars, Barbera and

Albarossa presented higher anthocyanins and lower
vanillin-reactive flavans and condensed tannins amounts
compared to Nebbiolo and Uvalino varieties, whereas
grape seeds from Barbera and Albarossa varieties had
smaller quantities of vanillin-reactive flavans, proantho-
cyanidins, and condensed tannins compared to Nebbiolo
and Uvalino, these differences disappearing after fermen-
tative processes application (Guaita & Bosso, 2019).
Flavanols are bioactive secondary metabolites found in

skins and seeds and can be found as monomers, polymers,
or as glycosylated hexoside forms (Pérez-Navarro, Cazals,
et al., 2019; Popov, Hejtmánková, Kotíková, Střalková, &
Lachman, 2017; Zerbib, Cazals, & Enjalbal, 2018). Pérez-
Navarro, Cazals, et al. (2019) studied the flavanol glyco-
side profiles of three white (Airén, Albillo Dorado, and
Montonera del Casar) and three red (Moribel, Tempranillo,
and Tinto Fragoso) grape seeds and peels and revealed
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TABLE 3 Antioxidant activity and bioactive compounds of grape byproducts

Antioxidant activity

Byprod-
uct

Total
phenol (mg
GAE/g)

Total
antho-
cyanin
(mg/g)

Total
tannin (mg
TAE/g)

Total
flavonoid
(mg/g)

TEAC
(µmol
TE/g)

ORAC
(µmol
TE/g)

IC50
(mg/mL) Reference

Grape pomace
Juice
pomace

59.6 0.5 96.9 20.5b 46.7 ND ND Gülcü et al.,
2019

Wine
pomace

58.9 1.3 107.2 26.9b 49.7 ND ND

Alicante
bouschet

5.0 0.2 ND ND 36.6 127.8 ND Teles et al.,
2019

Grape seeds
Touriga
Nacional

261.3a ND 33.9a ND ND ND 0.1 Silva et al.,
2018

Preto
Martinho

363.0a ND 56.3a ND ND ND 0.1

Seyval
Blanc

112.5 <LD ND <LD ND 207.9 ND Tkacz et al.,
2019

Hibernal 131.9 <LD ND <LD ND 293.1 ND
Pinoit gris 114.4 <LD ND <LD ND 457.0 ND
Freiminer 240.4 <LD ND <LD ND 215.8 ND
Roter
traminer

16.7 <LD ND <LD ND 421.9 ND

Regent 16.2 <LD ND <LD ND 479.7 ND
Rondo 24.0 <LD ND <LD ND 476.6 ND

Grape peels
Seyval
Blanc

19.0 < LD ND 2.4 ND 67.6 ND Tkacz et al.,
2019

Hibernal 13.8 <LD ND 3.3 ND 35.3 ND
Pinoit gris 46.2 1.3 ND 3.4 ND 103.8 ND
Freiminer 28.8 2.6 ND 1.5 ND 49.2 ND
Roter
traminer

61.8 30.4 ND 1.2 ND 17.6 ND

Regent 95.5 30.6 ND 4.6 ND 339.2 ND
Rondo 104.4 22.8 ND 2.7 ND 261.3 ND
Juice
pomace

36.8 1.0 104.9 13.4b 31.9 ND ND Gülcü et al.,
2019

Wine
pomace

35.3 2.1 97.5 15.8b 40.9 ND ND

Touriga
Nacional

35.5 9.3 7.2a ND ND ND 0.7 Silva et al.,
2018

Preto
Martinho

360.2 65.8 86.7a ND ND ND 0.1

aExpressed as µg EE/mg—epicatechin equivalents.
bExpressed as µg CE/mg—catching equivalents.
Abbreviations: GAE, gallic acid equivalents; TAE, tannic acid equivalents; TE, trolox equivalents; IC50, DPPH inhibition percent; TEAC, trolox equivalent antiox-
idant capacity; ORAC, oxygen radical absorbance capacity; ND, not determined; LD, detection limit.
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that grape seeds have higher total content of glycosylated
monomers compared to peels, derivatives of (epi)catechin
gallate being abundant. Higher monomeric flavanol digly-
cosides amounts were found in seeds, whereas monogly-
cosylated dimmers were identified only in peels. Greater
quantities of glycosylated flavanols were found in red vari-
eties compared to the white ones, suggesting the depen-
dence of flavanol glycoside profiles on the variety, grape
maturity, and environmental conditions (Pérez-Navarro,
Cazals, et al., 2019; Zerbib et al., 2018).
The particle size of grape byproducts also influences

the phenolic content as Beres et al. (2016) and Zhao et al.
(2015) showed. Thus, smaller particle size of grape pomace
had higher total phenolic compounds content due to the
increase of the extraction yield grace to a better surface
contact. The extraction performance depends also on the
temperature and the solvent concentration (Beres et al.,
2016; Zhao et al., 2015).

3.2 Antioxidant properties

The nutritional value and sensory and textural charac-
teristics of food products can be affected by oxidative
degradation of lipids and proteins (Ahmed et al., 2016;
Gürbüz, 2018; Hellwig, 2019), which may occur during
production, storage, culinary preparation (Estévez, Li,
Soladoye, & Van-Hecke, 2017), or even during digestion
(Hellwig, 2019). Lipids and protein oxidation products
were found to be harmful for the human body due to their
direct contact with the intestine lamina, which may result
in inflammatory and/or carcinogenic processes promotion
and oxidative stress increase (Estévez et al., 2017; Gürbüz,
2018; Xiang, Yang, Beta, Liu, & Yang, 2019; Zhang et
al., 2015).
Chemical, photochemical, and enzymatic reactions pro-

duce reactive oxygen species such as hydroxyl, peroxyl,
alkoxyl, hydroperoxyl radicals, singlet oxygen, hydrogen
peroxide, and ozone, which are the most important cat-
alyst for lipid oxidation reactions (Bartosz, 2016; Gür-
büz, 2018). The main pathways of lipid oxidation in
foods are free radical-driven autoxidation, photooxida-
tion, and enzymatic oxidation (Ahmed et al., 2016; Gür-
büz, 2018). Lipid oxidation occurs in two stages. In the
primary stage lipid peroxyl radicals and hydroperoxides
are generated, whereas in the secondary stage they are
decomposed to aldehydes, ketones, alcohols, hydrocar-
bons, volatile organic acids, and epoxy compounds (Gorji,
Smyth, Sharma, & Fitzgerald, 2016; Srivastava, 2013). Reac-
tive oxygen, nitrogen, or sulfur species are also responsible
for protein oxidation, which comprises radical start reac-
tions, prolongation, and branching reactions, followed by
termination reactions (Ahmed et al., 2016; Gürbüz, 2018).

The oxidative stress refers to the imbalance of the reac-
tive oxygen species and antioxidant substances found in
an organism or system that generates lipids, proteins, and
DNA changes (Galano et al., 2016; Hellwig, 2019). Endoge-
nous antioxidants of the biological systems are enzymes
such as catalase and glutathione peroxidase or compounds
such as bilirubin or albumin (Niedźwiedź, Aksymovych,
Кubiak, & Jankowski, 2017; Santos-Sánchez et al., 2019;
Shastri, Srivastava, Jyoti, &Gupta, 2016).When high quan-
tities of reactive oxygen species are produced and the sys-
tems antioxidants are not sufficient, the deficit can be com-
pensated by exogenous antioxidants from foods (Santos-
Sánchez et al., 2019).
Antioxidants are able to reduce oxidative stress negative

effects through enzymatic and/or chemical reactions. Free
radical scavenging mechanism of antioxidants comprises
transfer of hydrogen atom, proton-coupled electron, single
electron, sequential electron proton, proton loss electron,
proton loss hydrogen atom, and radical adduct formation,
but also the chelating capacity of antioxidants plays an
important role in oxidative stress reduction (Galano et al.,
2016; Marković, 2016).
In vitro antioxidant activity of foods and byproducts can

be evaluated trough methods with various mechanisms of
action, the most common being based on hydrogen atom
transfer (HAT) or single electron transfer (SET). There-
fore, it is necessary to determine the antioxidant capacity
of grape byproducts by using many assays for a better
characterization. The evaluation of the nonenzymatic
chain-breaking antioxidant ability can be done by kinetic
assays, by measuring the rate, or by establishing the
thermodynamic reaction efficiency between an oxidant
and an antioxidant (Apak, Özyürek, Güçlü, & Çapanoʇlu,
2016). The assays based on HAT determine the ability
of the antioxidant compound to inhibit free radicals
such as peroxyl activity trough hydrogen atom donation
(Apak et al., 2016; Lewoyehu & Amare, 2019). Among the
HAT-based assays, oxygen radical absorbance capacity
and total radical trapping antioxidant parameter can be
mentioned. SET-based methods imply antioxidant action
simulation by reacting with a fluorescent or colored probe
as oxidizing agent instead of peroxyl radicals (Lewoyehu
& Amare, 2019). In spectrophotometric SET methods, the
color changes when the antioxidant reduces the oxidiz-
ing agent, which is proportional with the antioxidants
concentration of the sample (Lewoyehu & Amare, 2019).
Some of the SET methods are based on discoloring and
absorbance decrease, for example, the assays using 2,2′-
azino-bis(3-ethylbenzothiazoline)-6-sulfonic acid (ABTS),
2,2-di(4-tert- octylphenyl)-1-picrylhydrazyl (DPPH), and
trolox equivalent antioxidant capacity (TEAC). In others,
the increase of the absorbance occurs during the reaction
of the antioxidant with the chromogenic reagent, for
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example, ferric reducing antioxidant power and cupric
reducing antioxidant capacity (Shahidi & Zhong, 2015).
Guaita and Bosso (2019) reported higher antioxidant

activity of grape seeds compared to peels, underlining a
positive correlation with the tannins content. Tkacz et al.
(2019) revealed that grape seeds have higher antioxidant
activity ranging from 207.9 to 479.7 µmol trolox equiva-
lents (TE)/g compared to peels for which it varied from 17.6
to 339.2 µmol TE/g in function of the variety, with higher
values for the red ones (Table 3). The flavan-3-ols present
in seeds give high antioxidant activity, whereas for peels
the phenolic acids and the flavonols are more important.
Monophenols antioxidant power increases in the pres-
ence of methoxy substituents, but still remains less effec-
tive than polyphenols. The antioxidant activity of grape
byproducts depends also on the synergistic effects of these
compounds and on their glycosylation level (Georgiev,
Ananga, & Tsolova, 2014; Tkacz et al., 2019). Silva et al.
(2018) showed that Preto Martinho grape seeds and skins
presented higher antioxidant activity measured by ABTS
and DPPHmethods compared to Touriga Nacional variety,
the seeds exhibiting higher values (185.2 TE/g for Touriga
Nacional and 206.3 for Preto Martinho) than peels (33.2
TE/g for Touriga Nacional and 80.6 for Preto Martinho).
Xu, Burton, Kim, and Sismour (2016) showed that the
antioxidant capacity of many grape pomace varieties mea-
sured by DPPH assay ranged from 3.54 to 28.2 µmol TE/g,
whereas by ABTS assay it ranged from 334 to 1,013 µmol
TE/g.
Among the factors influencing the antioxidant proper-

ties of grape byproducts, the conditioning and process-
ing methods, extraction protocols, grape variety, and cli-
matic conditions, which imply different chemical compo-
sition, can bementioned. Grape byproducts dryingmethod
can influence the antioxidant activity. Carmona-Jiménez,
García-Moreno, and García-Barroso (2018) revealed that
red grape pomace of many varieties dried in a climatic
chamber at 40 ◦C and 10% humidity presented 2.4 to
2.8 times higher antioxidant activity than untreated sam-
ple. On the other hand, heat pump drying of grape
pomace induced a decrease of the DPPH scavenging activ-
ity proportional with temperature increase (Aktaş et al.,
2019). Microwave pretreatment of grape pomace deter-
mined antioxidant activity against peroxyl radical, accord-
ing to the results obtained by Álvarez et al. (2017). The
micromilling process of grape byproducts can be applied
to produce a nanosized material and therefore enhanced
extractability of phenolic compounds with higher antiox-
idant capacity, similar to the results reported by Mayer-
Miebach, Adamiuk, and Behsnilian (2012) for choke-
berry pomace. The antioxidant activity was high for the
superfine grinded grape pomace powder, indicating low
values of the inhibition percent (IC50), which represents

the amount of antioxidants required to decrease the initial
DPPH concentration at 50% (Zhao et al., 2015). Samavard-
hana, Supawititpattana, Jittrepotch, Rojsuntornkitti, and
Kongbangkerd (2015) showed that the highest antioxi-
dant activity of grape seeds was obtained at larger par-
ticle size (>40 mesh) after applying a degreasing proce-
dure and ultrasonic-assisted extraction, compared to unde-
fatted, smaller particle size of grape seed extracted by
shaking. According to the results obtained by Vergara-
Salinas, Vergara, Altamirano, Gonzalez, and Pérez-Correa
(2015), grape pomace hot water extract presented higher
antioxidant activity as the temperature was higher prob-
ably due to the cell wall disintegration and Maillard reac-
tions at >100 ◦C. Grape byproducts antioxidant capacity
depends on the variety, for example, Tkacz et al. (2019)
obtained higher values for red grape pomace (Regent,
Rondo) than for white ones (Seyval Blanc, Hibernal),
as it is shown in Table 3. Gülcü et al. (2019) reported
difference between grape pomace from juice and from
wine processing, the latter presenting higher antioxidant
activity.

3.3 Antimicrobial properties

Antimicrobial activity can be estimated by the minimum
inhibitory concentration (MIC), which is the lower con-
centration of a compound that prevents visible bacte-
ria development, lower values indicating higher antimi-
crobial activities (Ma, Xu, Lu, Ren, & Lu, 2018; Tseng
& Zhao, 2012). The antimicrobial performances of grape
byproducts extracts depend on the variety, processing,
and extraction conditions (Sanhueza, Tello, Vivanco, Men-
doza, & Wilkens, 2014; Silva et al., 2018; Tseng & Zhao,
2012). Tseng and Zhao (2012) suggested higher antimi-
crobial activities of Pinoit Noir grape pomace or peels
extracts compared toMerlot, better inhibition effects being
obtained against Listeria innocua than against Escherichia
coli, grape peels exhibiting higher antimicrobial activ-
ities than whole pomace. Total phenols content have
an essential role in microbial growth, the number of
hydroxyl groups influencing the antibacterial activity as
they form hydrogen bonds with the bacteria’s membrane
protein, which leads to permeability changes and con-
sequently cell disintegration (Boulekbache-Makhlouf, Sli-
mani, & Madani, 2013; Tseng & Zhao, 2012). Grape seeds
extract presented higher antimicrobial activity than peels
due to their higher contents of catechin, epicatechin,
and trans-resveratrol (Silva et al., 2018). Similar results
were obtained by Peixoto et al. (2018), grape seeds extract
MIC values being lower for Gram-positive bacteria Ente-
rococcus faecalis and Staphylococcus aureus, whereas for
Gram-negative bacteria the greatest antimicrobial activity



POTENTIAL OF GRAPE BYPRODUCTS. . . 11

was against Klebsiella pneumoniae. Some studies revealed
that extracts from Cabernet Sauvignon grape pomace
exhibited higher antimicrobial activities compared to
Syrah and Merlot pomaces, as a result of the total phe-
nolics contents differences (Oliveira et al., 2013; San-
hueza et al., 2014). Antimicrobial activity against S.
aureus and Listeria monocytogenes of different grape
pomace varieties extracts was also reported by Xu
et al. (2016), whereas for Salmonella typhimurium and
E. coli growth no effects were obtained, probably due
to the cell structure of Gram-negative bacteria, which
have two-layer cell membrane and high outer mem-
brane hydrophilicity, leading to great resistance on grape
pomace extracts (Singh, Mallick, Banerjee, & Kumar,
2016; Xu et al., 2016). On contrary, other study reported
growth inhibition of grape pomace on both Gram-
negative and Gram-positive bacteria, depending on the
extract concentration, better results being obtained at
higher extract concentrations (Faisal, Mosammad, &
Heri, 2015).
According to the results presented by Sousa et al. (2014),

grape pomace microbiological characteristics are accept-
able for human consumption probably due to the fact that
it do not provide good conditions for bacteria growth, hav-
ing low pH and moisture values. Also the toxicity absence
was reported, which means that grape pomace is suit-
able to be used in food or pharmaceutical industry (Kalli,
Lappa, Bouchagier, Tarantilis, & Skotti, 2018; Sousa et al.,
2014). Bogoeva andDurakova (2020) obtained the numbers
of pathogenic microorganism below the admissible limits
in full fatted grape seeds stored for 3 months at a tempera-
ture of 18◦C ÷ 25 ◦C and at 45% ÷ 55% humidity, “packed in
co-extruded barrier film with copolymer covering for heat
sealing.” Similar results were reported by Durakova et al.
(2018) for grape seeds flakes stored for 1 month at 25 ◦C,
75%humidity, in the same package type and for grape seeds
flour (Bogoeva et al., 2017) stored for 3 months in identical
conditions.

4 EFFECTS OF GRAPE BYPRODUCTS
ADDITION ON THE NUTRITIONAL
CHARACTERISTICS OF BAKED GOODS
AND PASTA

Grape byproducts chemical composition confirms the pos-
sibility of using them to enhance the nutritional and func-
tional values of food products. Regarding grape byproducts
as a bioactive food ingredientmay growproducers profit by
considering them as value-adding products. Grape byprod-
ucts incorporation in bakery and pastry products may
lead to many health benefits (García-Lomillo & González-
SanJosé, 2017; Mildner-Szkudlarz, Siger, Szwengiel, &

Bajerska, 2015). Bakery products, mainly bread, cookies,
biscuits, muffins, and pasta, have been enriched by partial
replacement of flour with grape byproducts flour (Table 4)
because it is as gluten-free ingredient and represents a
rich source of DF and bioactive compounds (Gaita et al.,
2018; Maner et al., 2017; Mildner-Szkudlarz, Zawirska-
Wojtasiak, Szwengiel, & Pacyński, 2011; Sant’Anna, Chris-
tiano, Marczak, Tessaro, & Thys, 2014; Rosales Soto,
Brown, & Ross, 2012). Due to their potential, grape byprod-
ucts are considered a valuable functional ingredient that
can be successfully used to develop novel formulations of
products as healthy foods.
Grape pomace addition to wheat muffins formulations

increased the phenolic content of the final product, which
contributed to the advanced glycation end-products
(AGEs) reduction (Ravichandran et al., 2019). AGEs are
endogenously produced by the human body, but can
result also from a nonenzymatic reaction between sugar
and proteins (Maillard reaction) and are considered as
a stressor for the human body cells (Nowotny, Schröter,
Schreiner, & Grune, 2018; Ravichandran et al., 2019).
Foods thermal processing is related to the formation
of AGEs that are considered promoters of oxidative
stress, aging, diabetes, cancer, degenerative diseases, and
hormonal disruption (Ravichandran et al., 2019). The
phenolic antioxidants have an inhibitory effect on AGEs,
depending on their free-radical scavenging activity and
concentration, heating temperature, and time (Mildner-
Szkudlarz et al., 2015; Sharma, Kaur, Thind, Singh, &
Raina, 2015). Carboxylmethyllysine (CML) is one of the
AGEs detected in muffins, its concentration being reduced
by grape-pomace addition (Mildner-Szkudlarz et al., 2015).
The inhibitory effects of grape pomace on CML may be
due to its antioxidant phenolic contents, such as Gallic
acid, catching, epicatechin, and procyanidins. Lower effect
was observed for the sample with protein-rich ingredients
because of the protein–polyphenols binding mechanism.
The antiglycation property of phenolic compounds is
given by their inhibition of free radicals derived from the
glycation processes capacity and the inhibition of protein
modifications (Mildner-Szkudlarz et al., 2015). Bread
prepared with 10% grape pomace powder had a significant
increase in total phenolic content compared to bread with
wheat flour (Hayta, Özuǧur, Etgü, & Şeker, 2014). Also, the
antiradical activity (DPPH scavenging activity) of bread
samples significantly increased with the increase of grape
pomace powder levels. Similar results were reported by
Sharma, Dagadkhair, and Somkuwar (2018) for cookies
enriched with grape pomace.
Grape seeds enhance the antioxidant capacity of wheat

flour by increasing the phenolic compounds content in
function of the amount added (Aghamirzaei et al., 2015;
Meral & Köse, 2019). The total polyphenolic and flavonoid
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TABLE 4 Effects of grape byproducts addition on the nutritional value of baked goods and pasta

Food matrix
Grape
byproduct

Amount
added (%) Effects Reference

Muffins Pomace 10; 20 -Decreased protein content
-Increased dietary fiber and fat contents

Ortega-Heras et al.,
2019

Bread Pomace 5; 10 -Increased the phenolic and flavonoid contents
-Increased fat content at levels higher than 10%
-Decreased protein contents of bread
-Increased dietary fiber contents

Smith & Yu, 2015

Cookies Pomace 5; 10; 15; 20 -Increased anthocyanin content Maner et al., 2017

Cookies Pomace 20; 25; 30 -No significant changes on lipids and protein
contents

-Increased fiber content

Karnopp et al., 2015

Fettuccini pasta Pomace 2.5; 5.0; 7.5 -Increased phenolic, anthocyanin, and tannin
contents

Sant’Anna et al.,
2014

Bread
Muffins
Brownies

Pomace 5; 10; 15 -Increased total phenolic content and radical
scavenging activities, except for brownies
with white pomace

-Increased dietary fiber contents

Walker et al., 2014

Cookies Pomace, seeds,
seedless
pomace

5; 10; 15 -Increased ash and dietary fiber content
-Increased protein contents at levels higher
than 10% of grape seeds and seedless pomace

-Increased fat contents when pomace was
added

-Decreased sugar contents

Acun & Gül, 2014

Bread Seeds 2; 4; 6; 8; 10 -Increased ash, proteins, fat, and fiber contents Boudová Pečivová
et al., 2014

Biscuits Defatted seeds 5 -Enhanced storage stability
-Increased phenolic content and antioxidant
activity

-Increased ash, protein, fat, dietary fiber,
magnesium, and calcium contents

Aksoylu et al., 2015

Pasta Peels 3; 6; 9 -Increased total phenolic content and
antioxidant activity

Gaita et al., 2018

Wheat flour Peels 5; 10; 15 -Increased mineral contents of flour
-Decreased short chain saturated fatty acids
and increased total unsaturated fatty acid
contents

Oprea et al., 2018

contents of white bread with grape pomace increased
linearly with the addition level, the magnitude depending
on the grape pomace variety (Smith & Yu, 2015). Depend-
ing on the grape variety, higher amounts of pomace lead
to a better antioxidant activity of bread, which can slow
down the oxidation reactions (Smith & Yu, 2015; Šporin
et al., 2018). The amount of polyphenols from the final
product depends on the processing conditions, especially

the temperature, the antioxidant capacity being given by
the phenolic compounds of the ingredients, the interme-
diate phenolic compounds generated during the Maillard
reactions, the thermal-induced degradation products,
and the polyphenols–polysaccharides complexes (Šporin
et al., 2018). Biscuits enriched with defatted grape seeds
presented better storage stability by increasing the total
phenolic content and the antioxidant activity (Aksoylu
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et al., 2015; Arvik, 2012), similar results being obtained by
Theagarajan, Malur Narayanaswamy, Dutta, Moses, and
Chinnaswamy (2019) for grape pomace-enriched cookies.
The addition of grape pomace to cookies formulations
promoted an increase of total phenolic content, which
leads to a higher antioxidant activity, the results indicating
that a great amount of antioxidants remains in the final
product after baking (Karnopp et al., 2015; Theagarajan
et al., 2019). According to the results obtained by Maner
et al. (2017), the anthocyannins content of cookies with
grape pomace significantly increased, grape pomace being
rich in malvidin 3-O-glucoside, peonidin-3-O glucoside,
hydroxycinnamic acids, and flavonol glycosides. The same
trend was observed for total phenols, flavonoids, tannins,
and antioxidant activities due to the grape pomace content
of gallic acid, ellagic acid, catching, epicatechin, procyani-
dins, and anthocyanins (Maner et al., 2017). The total phe-
nolic content and the radical scavenging activity of bread,
muffins, and brownies enriched with white and red grape
pomace increased with the addition level compared to the
control, except the brownies with white grape pomace for
which the phenolic content decreased and the antioxidant
activity magnitude increase were not big probably due to
the reactions that occur during baking (Walker et al., 2014).
Products enrichedwith red grape pomace presented signif-
icantly higher phenols contents and antioxidant activities
(Cobb, Yu, Zhu, Smith, & Chen, 2018; Walker et al., 2014).
The antioxidant activity and total phenolic content can
be influenced by the fermentation and baking process of
bread enriched with grape seeds, as Meral and Köse (2019)
showed. Thus, an increase of the antioxidant activity
and gallic acid content with the fermentation time was
recorded as a result of the fermentation, which can change
antioxidants structure and polarity, whereas the alcohol
formed can enhance phenolic extraction (Jayaram et al.,
2014; Meral & Köse, 2019; Wang, Wu, Shyu, Al, & Ioeng,
2014). The same trend was obtained after bread baking,
the temperature not having a significant influence on the
antioxidant activity of breadwith grape seeds, the phenolic
compounds disintegration during baking being compen-
sated by the formation of antioxidant compounds from the
Maillard reactions and by the phenolic release acceleration
(Ertürk &Meral, 2019; Meral & Köse, 2019). An increase of
the total phenolic content was also reported by Acun and
Gül (2014) when different levels of grape pomace, seedless
grape pomace, and grape seeds flour were incorporated
in cookies, grape seeds having the biggest influence,
whereas significant antioxidant activities increases were
obtained for grape seeds containing samples due to the
high amounts of phenolic compounds present in seeds.
The phenolic contents of grape byproducts change dur-

ing the digestion. Thus, Beres et al. (2019) showed that
the amount of phenolic and the antioxidant activity of

grape pomace is higher in the intestine than in stomach,
which suggests an increase of their bioaccessibility in the
intestinal tract. In pomace flour, the phenolics are mostly
bound to macromolecules, their absorption depending
on their structure, interactions with other phenolic com-
pounds, glycosylation, molecule size, and solubility (Beres
et al., 2019). The phenolics that are bounded do not suf-
fer any transformation until they arrive in the colon where
the bacterial flora fractionates the molecules into smaller
ones, releasing the bioactive compounds (Acosta-Estrada,
Gutiérrez-Uribe, & Serna-Saldívar, 2014; Beres et al., 2019).
The effects of phenolic compounds on the human health
depend on the quantity consumed and on the presented
form; the free phenolics are rapidly absorbed by the body,
whereas the bounded ones act more as local antioxi-
dants, preventing colon cancer and gastrointestinal dis-
eases (Beres et al., 2019; Ficco et al., 2018). The changes
of the phenolic profile of grape byproducts depend on the
grape matrix, rather than on the variety (Gomes et al.,
2019). The phenolic compounds from grape byproducts
had high bioaccessibility and availability for the intesti-
nal absorption, as Gomes et al. (2019) reported that the
anthocyanins, flavonols, flavanols, hydroxybenzoic, and
hydroxycinnamic acids contents and antioxidant activi-
ties were kept after the gastrointestinal passage. Higher
bioaccessibility was reported for quercetin after diges-
tion, whereas in the gastric phase the most bioaccessible
were anthocyanins diglucosides (Gomes et al., 2019). Tkacz
et al. (2019) showed that grape seeds and peels have high
anticholinergic activity due to their phenolic compounds,
which leads to a reduction of neurological disorders such
as Alzheimer, Parkinson, Down syndrome, Wernicke-
Korsakoff syndrome, dementia, delirium, ormigraine. The
same authors reported for grape peels and seeds higher α-
glucosidase than α-amylase inhibitory effects as a measure
of the antidiabetic activity (Tkacz et al., 2019).
The main phenolic acids found in pasta enriched with

grape peels were gallic, caffeic, coumaric, ferulic, and ros-
marinic acids, the amounts depending on the addition
level and grape variety (Gaita et al., 2018). Furthermore, the
bioavailability of phenolic compounds in pasta depends
on the hydrogen, ionic, covalent, and hydrophobic inter-
actions with proteins. Higher antioxidant activity and total
phenolic content were obtained after grape peel incorpora-
tion in pasta, the amount increasing as the addition level
was higher (Gaita et al., 2018). The same trend of total phe-
nolic, anthocyannins, and tannin contents was reported
by Sant’Anna et al. (2014) for raw and cooked fettuccini
pasta enriched with grape pomace. The cooking process
significantly affects anthocyannins quantity due to their
high solubility and heat sensitivity, which may result in
lower amounts due to the leaching process and thermal
degradation during cooking (Sant’Anna et al., 2014). On
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the other hand, the total phenolic and tannin contents
were little affected by cooking, as they are resistant to
the leaching phenomenon due to the fact that they are
bounded and are stored into the organelles of vegetable
cells (Sant’Anna et al., 2014; Sant’Anna, Brandelli, Dam-
asceno, Marczak, & Cristina, 2012). Similar results were
obtained by Marinelli, Padalino, Conte, Del Nobile, and
Briviba (2018) for spaghetti with red grape pomace.
Some studies showed that the chemical composition and

the digestibility of wheat flour and bread changed depend-
ing on the grape seeds flour addition level (Aghamirzaei
et al., 2015; Boudová Pečivová et al., 2014). Thus, at
higher grape seeds amounts, pH and moisture decrease,
whereas ash, proteins, fats, and fiber contents increase,
due to the composition of grape seeds (Aghamirzaei et al.,
2015; Boudová Pečivová et al., 2014). Smith and Yu (2015)
reported no significant changes of fat content of bread
enriched with 5% grape pomace, increases being observed
at 10% addition level. The moisture and ash content
increased, whereas the protein content slightly decreased
because of the dilution effect caused by the pomace, which
has not high protein content (Table 1) (Smith & Yu, 2015).
According to the results presented by Oprea et al. (2018),
the nutritional value of bakery products may be aug-
mented by incorporating grape peels. The protein, ash, and
fat contents of grape peels–wheat flour blends increased
compared to the control, whereas the carbohydrates level
decreased. Higher minerals contents such as magnesium,
potassium, iron, and copper were observed in flour blends,
grape peels–wheat flour formulations being considered a
source of copper (Oprea et al., 2018). The same authors also
reported an increase of UFAs. Aksoylu, Çağindi, and Köse
(2015) reported higher ash, protein, fat, magnesium, and
calcium values for biscuits enriched with defatted grape
seeds. The ash content of cookies with Bordeaux grape
pomace varied with the amount added, whereas for the
lipids and proteins did not registered significant differ-
ences (p > .05) (Karnopp et al., 2015). Higher ash val-
ues for cookies with grape pomace indicate the oppor-
tunity to obtain nutritionally improved products, rich in
potassium,magnesium, iron, manganese, copper, and zinc
(Maner et al., 2017). The muffins and brownies samples
registered higher moisture value with the grape pomace
addition level increase, whereas for the bread formula-
tions there were not significant changes because of the
optimal hydration use for each loaf (Walker et al., 2014).
The muffins and brownies with white grape pomace had
higher moisture values than the control and those with
red pomace, due to the high concentration in sugar, which
plays a humectants role (Walker et al., 2014). Lower protein
content and higher fat and DF contents of muffins with
grape pomace flour incorporation compared to the control
were obtained byOrtega-Heras, Gómez, de Pablos-Alcalde,

and González-Sanjosé (2019). The ash and DF content of
cookies increased with the addition level of grape seeds,
seedless grape pomace, or whole grape pomace, whereas
the protein contents increased at levels higher than 10%
whole grape pomace and seedless grape pomace, the same
trend being obtained for oil when whole grape pomace
was added (Acun & Gül, 2014). Lower sugar contents
reported for cookies with less than 10% grape byproducts
can be due to the higher amount of DF (Acun & Gül,
2014). Theagarajan et al. (2019) reported higher protein,
ash, and DF contents of cookies containing grape pomace
compared to the control, whereas the carbohydrates,
fat, and energy values were not significantly (p > .05)
different.
Minerals are important for some body functions such as

bones and teeth growth, enzymatic activity and structure,
muscle contraction, kidney performance, heart activity,
nerve signaling, hormone, and immune system function-
ing (Beres et al., 2019). Gomes et al. (2019) reported vari-
able bioaccessibility ofmacro- andmicronutrients in grape
byproducts, from the macronutrients potassium being the
most bioaccessible, whereas frommicronutrients iron was
predominant in peels and seeds from the studied varieties.
Grape peels digestion resulted in higher bioaccessibility of
minerals compared to the seeds (Gomes et al., 2019), which
underlines their nutritional value and supports their use as
functional ingredient.
Linear increase of the DF content with grape pomace

concentration of enriched white bread was observed for
many grape varieties (Smith & Yu, 2015). High amounts of
DF, especially the soluble ones, are related to the increase
of bread and cookieswater retention capacity (Maner et al.,
2017; Smith & Yu, 2015). DF has the ability to hold water,
which plays an important role in the kinetics of water
uptake. Due to the fact that water is present in capillary
structure in DF as a consequence of surface tension, it
can interact through hydrogen bonds or dipoles with other
components, leading to better product porosity (Maner
et al., 2017). Deffatted grape seed addition to biscuits led
to a threefold increase of crude fiber (Aksoylu et al., 2015).
The DF contents of bread, muffins, and brownies with red
and white grape pomace were significantly higher than
of the control, increasing with the addition level, bigger
changes being reported for those with red pomace (Walker
et al., 2014).
Maurer et al. (2019) reported an amelioration of colitis

in rats feed with grape peels, the DF being responsible for
the intestinal barrier function reestablishment, whereas
the phenolic compounds bounded to fiber fractions con-
tributed to the cecalmetabolism restoration, improving the
production of beneficial compounds such as cecal short-
chain fatty acids with anti-inflammatory and antipro-
liferative effects on the colonic cells and reducing the
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activation of the unfolded protein response (Maurer
et al., 2019; Yuan, Wang, Chen, Zhu, & Cao, 2016). DF
presents many biological functions such as anticancer
activity, gastrointestinal activity improvement, anti-
apoptotic activity, cardiovascular disease prevention, anti-
hypercholesterolemic activity, and anti-hyperglycemia
effect (Kurek & Wyrwisz, 2015; Özkaya, Baumgartner, &
Özkaya, 2018; Zhu et al., 2014).

5 DOUGH RHEOLOGY ANDWHEAT
FLOUR PROPERTIES AS INFLUENCED BY
GRAPE BYPRODUCTS ADDITION

The complex dough matrix is formed mainly of gluten,
starch, and water and it is considered a viscoelas-
tic biopolymer (Collar & Angioloni, 2014). The tech-
nological processes and the quality of the final prod-
uct are directly influenced by dough’s rheological behav-
ior, which can be evaluated trough empirical (consis-
tency, viscosity, and extension properties measurements)
or dynamic (viscosity functions, elastic modulus, creep,
and recovery compliances measurements) methods (Bel-
ton, 2012; Faridi & Faubion, 2012). The viscoelastic behav-
ior of dough suggests that when a mechanical force is
applied, dimensional changes occur, but they will be
partially reversed when the force is removed, which
means that dough stores mechanical energy dissipated
as elastic potential energy, fact that may give informa-
tion about the maximum dough resistance during mixing
(Belton, 2012).
The addition of fiber-rich ingredients affects dough rhe-

ological properties (Table 5), depending on the addition
level (Arufe et al., 2017; Bender et al., 2017; Elawad et al.,
2016; Kurek, Wyrwisz, Karp, Brzeska, & Wierzbicka, 2017;
Mironeasa et al., 2019a; Shiau, Wu, & Liu, 2015) and par-
ticle size (Iuga et al., 2019; Kurek, Wyrwisz, Piwińska, &
Wierzbicka, 2016; Mironeasa et al., 2019c; Wang, Hou, &
Dubat, 2017), the changes leading especially to the dilu-
tion effect of the main endogenous biopolymers such as
starch and gluten, which give dough viscoelastic proper-
ties (Elawad et al., 2016; Shiau et al., 2015). The addition
of high amounts of fibers in wheat dough can cause neg-
ative effects on final product volume, porosity, and crumb
color darkening, but the addition of an appropriate propor-
tion of soluble and insoluble fibers and/or enzymes such as
hemicelluloses and pentosans can minimize these effects
(Koletta, Irakli, Papageorgiou, & Skendi, 2014; Kurek et al.,
2016). Also the decrease of fiber-rich ingredients particle
size can reduce the negative effects on the final product
quality (Iuga et al., 2019; Mironeasa et al., 2019c; Wang
et al., 2017). Grape byproducts are rich in fibers (Beres et al.,
2019; Deng et al., 2011; Sousa et al., 2014; Teles et al., 2019)

with a good proportion between SDF and ADF (Sousa
et al., 2014), which upholds the possibility of using them to
enrich bakery and pastry products without damaging their
final quality.
According to the results reported by some studies, the

water absorption measured by means of the farinographic
method was reduced after grape pomace addition to wheat
flour due to the fiber content increase, depending on
the grape variety (Mildner-Szkudlarz, Bajerska, Zawirska-
Wojtasiak, & Górecka, 2013; Šporin et al., 2018). Mildner-
Szkudlarz et al. (2013) obtained a decrease of dough stabil-
ity compared to the control sample and an increased mix-
ing tolerance index with grape pomace addition, whereas
Šporin et al. (2018) reported an increase of dough stability
and softening degree when Merlot pomace was incorpo-
rated and a decrease for Zeleny variety of pomace contain-
ing samples.
The solvent retention capacity is a measure of dough

polymer networks swelling and was studied by Walker
et al. (2014) for flour, bread, muffins, and brownies
enriched with white and red grape pomaces. The water
holding capacities of floursmixed with grape pomace were
lower than of the control and may cause texture changes.
Wheat dough textural characteristics are influenced by
grape peels addition by increasing hardness anddecreasing
adhesiveness compared to the control, as a result of gluten
matrix dilution (Aghamirzaei et al., 2015; Mironeasa et al.,
2019c). Depending on the amount and on the particle size,
dough springiness and cohesiveness have a decreasing ten-
dency compared to the control, changes related to the com-
ponents of grape peels and to the intermolecular interac-
tions that occur (Iuga, Mironeasa, 2017; Mironeasa et al.,
2019c). Higher hardness and cohesiveness of dough with
small particle sizes can be attributed to the higher water
absorption capacity of finer grape peels flour (Mironeasa
et al., 2019c). Boudová Pečivová et al. (2014) reported
higher firmness and stickiness values for bread doughs
with grape seeds compared to the control, but the fresh-
ness was maintained for a longer time.
The result obtained by Mironeasa, Zaharia, Cod-

ină, Ropciuc, and Iuga (2018, 2019a) showed that the
addition of red grape peels with different particle sizes
affected dough rheological properties measured by both
empirical and dynamic methods. Thus, the stability and
the softening degree of white wheat dough decreased
when grape peels flour was added probably due to the
lower water availability and the gluten dilution effect
caused by the fiber presence, especially the insoluble
one (Collar & Angioloni, 2014; Mironeasa et al., 2019b,
2019c). The gelatinization temperature, the temperature
at peak viscosity, and the gas retention coefficient was
reported to be higher in dough formulations with greater
amount of grape peels; the fiber and minerals contents
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TABLE 5 Effects of grape byproducts on dough rheology

Food matrix
Grape
byproduct

Amount added
(%) Effects Reference

Biscuits dough Pomace 10; 20; 30 -Reduced flour water absorption
-Reduced dough stability
-Increased mixing tolerance index

Mildner-Szkudlarz
et al., 2013

Wheat bread dough Pomace 6; 10; 15 -Decreased water absorption when Merlot
pomace was added

-Increased stability time
-Decrease dough strength, except for Merlot
pomace addition

-Decreased dough softening degree for Merlot
pomace addition and increased for Zelen
variety

Šporin et al., 2018

Wheat bread dough Peels 3; 5; 7; 9 -Decreased dough stability and softening
degree

-Increased the gelatinization temperature,
temperature at peak viscosity, and gas
retention

-Increased the viscous modulus and decreased
the loss tangent

Mironeasa et al.,
2019

Wheat bread dough Peels 5; 10; 15 -Not significant effects on dough stability
-Increased dough elasticity
-Increased mixing resistance and dough
consistency

Oprea et al., 2018

Wheat bread dough Peels 5; 7.5; 10 -Decreased flour extensibility
-Decreased falling number and wet gluten
content

Bender et al., 2017

Cookie dough Peels 5; 10; 15 -Decreased dough consistency and stability
-Increased water absorption

Kuchtová et al.,
2018

Seeds -Increased dough consistency and stability
-Decreased water absorption

Butter biscuits Peels 15 -Increased butter biscuits dough viscosity
-Decreased the modulus of instantaneous
springiness and the elasticity modulus

-Increased dough plastic viscosity

Brykova et al., 2018

Seeds
Biscuits dough Seeds 5; 10; 15; 20 -Decreased butter biscuits dough extensibility

-Decreased water absorption capacity
-Strengthening effect on gluten matrix

Samohvalova et al.,
2016

Wheat bread dough Seeds 3; 5; 7; 9 -Decreased loss tangent values
-Delayed starch gelatinization

Mironeasa et al.,
2017

Wheat bread dough Seeds 5; 10; 15; 20; 25 -Decreased Zeleny sedimentation value
-No significant changes on wet gluten were
observed

-Increased dough softening degree
-Improved dough stability at addition levels
lower than 10%

Aghamirzaei et al.,
2015
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of grape peels may be responsible for the gelatinization
process changes because of the different gelatinization
temperature of fiber fractions and because of the calcium,
which improves the alpha-amylase activity (Mironeasa
et al., 2019b, 2019c; Oprea et al., 2018). At high addition
levels and particle sizes of red grape peels, dough becomes
stronger as the increase of the viscous modulus and the
decrease of the loss tangent showed (Mironeasa et al.,
2019b). Similar results were found for the wheat–white
grape peels dough formulations (Mironeasa et al., 2019a).
As the creep recovery test indicated, the elasticity and
the recoverable proportion were higher for the wheat-red
grape peels dough formulations with small particle size
and 5% addition level (Mironeasa et al., 2019c). Therefore,
small particle sized and lower replacement levels were
found to be recommendable to obtain bread with good
quality (Mironeasa et al., 2019a, 2019b, 2019c). An increase
of the water absorption capacity of wheat flour mixed with
grape peels as the addition level increased was indicated
by several studies (Kuchtová et al., 2018; Oprea et al., 2018).
It may be caused by the presence of hydroxyl groups in
the structure of fibers, which leads to higher water inter-
actions through hydrogen bonds (Kohajdová, Karovičová,
Jurasová, & Kukurová, 2011). The enrichment has not sig-
nificant effect on dough stability, but a better elasticity was
observed especially for high replacement levels (Oprea
et al., 2018). The decrease of the gluten amount by grape
peels incorporation caused a decrease of dough stability,
its properties depending on the gluten quantity and qual-
ity (Helgerud et al., 2016; Kuchtová et al., 2018). Higher
mixing resistance and dough consistency were recorded
due to the negative protein dilution effect, whereas the
starch gel formation, stability, and retrogradation were
influenced in a minor way by the addition of grape peels
(Oprea et al., 2018). In opposition, Kuchtová et al. (2018)
obtained lower consistency and higher resistance to
degradation for cookies dough made of white wheat flour
and grape peels in various concentrations, probably due
to the interactions with the other ingredients from the
formulations.
The extensibility of wheat flour enriched with grape

peels decreased with the added amount increase due to
the high content of fibers (Bender et al., 2017). The gluten
development was negatively influenced by the fiber from
fruit processing byproducts, resulting in less extensible
dough because they reduce the hydration rate of the wheat
proteins, leading to gluten network weakening (Abebe,
Ronda, Villanueva, & Collar, 2015). The protein films are
damaged by the presence of DFs such as cellulose and
lignin, which may create a physical barrier and can affect
the water absorption capacity of gluten (Abebe et al., 2015).
A better dough resistance to deformationwas reported and
can be attributed to the high soluble fiber content, which

leads to a higher water retention capacity (Bender et al.,
2017; Fu, Wang, & Dupuis, 2017). The falling number (FN)
index and the wet gluten of wheat–grape peels formula-
tions decreased with the addition level (Bender et al., 2017;
Mironeasa et al., 2019a). A decrease of FN index was also
found when grape seed flour was incorporated in wheat
flour (Mironeasa et al., 2012, 2016, 2017), indicating an
increase of alpha-amylase activity in the composite flour.
Bender et al. (2017) reported a decrease of FN and wet
gluten values with the addition level of Riesling and Tan-
nat grape peels increase, which can be explained by the
wheat flour amount lowering and thus the enzymes were
able to act in the grape peels flour (Bender et al., 2017).
The same trend of the wet gluten content was obtained by
Aghamirzaei et al. (2015) for wheat flour containing differ-
ent levels of grape seeds powder. According to the results
presented by Brykova, Samohvalova, Grevtseva, Kasabova,
and Grygorenko (2018), butter biscuits dough viscosity and
plastic viscosity increased when grape peels or seeds pow-
derswere added, themodulus of instantaneous springiness
and the elasticity modulus decreasing compared to the
control.
The Zeleny sedimentation value of wheat flour, a

measure of the baking quality, decreased with grape seed
addition increase due to the diluting effect of fibers on the
gluten matrix. Also, the grape seed proteins can decrease
the swelling power of glutenin macropolymers, leading
to low Zeleny test values (Aghamirzaei et al., 2015).
The arabinoxylan found in flour has a negative impact
on gluten properties because it interacts with proteins
and can be evaluated through hydration and swelling
of accessible arabinoxylans with sucrose (Katyal et al.,
2018; Walker et al., 2014). The results obtained by Walker
et al. (2014) showed that the formulations with grape
pomaces had higher sucrose retention, which means
that the fibers may contribute to the smaller loaf and
extensibility. No significant changes of wet gluten content
were observed for the wheat flour enriched with grape
seeds (Aghamirzaei et al., 2015).
The addition of grape seeds flour to wheat flour aug-

ments the hydrophobic compounds contents due to their
high amount of fats and lignin, which leads to a decrease
of mixes water absorption capacity (Aghamirzaei et al.,
2015; Deng et al., 2011; Kuchtová et al., 2018; Mironeasa
et al., 2017; Samohvalova et al., 2016; Sousa et al., 2014).
The improvement of dough stability at concentrations up
to 10% grape seeds can be attributed to the fatty acids pres-
ence, which interacts with the polymeric fraction of gluten
and forms lipoprotein complexes, higher grape seeds con-
centrations having negative effects due to the high amount
of fibers (Aghamirzaei et al., 2015; Kuchtová et al., 2018;
Mironeasa et al., 2012; Mironeasa et al., 2017). The increase
of the softening degree with grape seeds addition level
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indicates a reduction of dough tolerance caused by the
dilution of glutenins and the weakening of crosslinks
between the proteins, which influences gluten formation
(Aghamirzaei et al., 2015; Mironeasa et al., 2017). Dough
consistency reduction after grape seeds addition can be
attributed to the increase of flour amylase activity, fact
revealed also by the decrease of FN index (Kuchtová et al.,
2018; Mironeasa et al., 2012; Mironeasa et al., 2017).
The rheological behavior of wheat–grape byproducts

flour dough depends on the amount added, the parti-
cle size, and the grape variety (Bender et al., 2017; Iuga,
Mironeasa, et al., 2017; Iuga et al., 2019). According to the
results presented by Iuga et al. (2019), the elastic modulus
ofwheat–red grape seed doughwas lower than of thewhite
seed mix, whereas the particle size and the addition level
had a synergistic effect on the elastic and viscous mod-
uli, which means that some interactions between grape
seeds chemical constituents and wheat flour occur (Iuga,
Mironeasa, et al., 2017). Similar results were obtained by
Parra, Sahagún, Ribotta, Ferrero, and Gómez (2019) for
doughwith different levels and particle sizes of dried apple
pomace addition. The gelatinization temperatures of the
white grape seeds–wheat flour mixes were higher than
for the red ones, the addition causing a delay of starch
gelatinization (Mironeasa et al., 2017), similar to the data
reported by Kiumarsi et al. (2019) for gluten-free bread
enrichedwithDFs. The resistance to deformation of dough
with red grape seeds was also higher at small particle sizes
probably due to the strengthening effect of the pheno-
lic compounds that interact with proteins (Iuga, Ropciuc,
et al., 2017; Iuga et al., 2019). Some studies reported lower
CO2 production during fermentation at large grape seeds
particle sizes additions because they may act as weak-
ness points due to their high fiber content, which break
down the starch–gluten network (Iuga, Mironeasa, et al.,
2017; Mironeasa et al., 2017). The high gas production for
small particle size can be related, probably, to the interac-
tions between fats and the polymeric fraction of gluten,
which leads to a better gas holding (Mironeasa et al.,
2017). The dynamic moduli changes of grape seeds–wheat
flour dough depend on the particle size and addition level,
the loss tangent of all studied samples being lower than
of the control as a result of the lower water availability
(Iuga,Mironeasa, et al., 2017; Mironeasa et al., 2017; Tietze,
Jekle, & Becker, 2016). Low gluten quality of dough incor-
porated with grape seeds was reported by Samohvalova
et al. (2016), the extensibility of butter biscuits dough being
also affected. The strengthening effect of grape seeds flour
on the gluten matrix can be attributed to the nonstarch
polysaccharides, tannins, and polyphenols, which form
complexes with proteins and to the oxidation of sulfhydryl
groups to disulfides caused by the high amount of oxi-

dizing substances (Samohvalova et al., 2016; Tkacz et al.,
2019).

6 INFLUENCE OF GRAPE
BYPRODUCTS ON FINAL PRODUCT
QUALITY

Consumer’s acceptance depends on the physical and
sensorial characteristics of the final product. Grape
byproducts addition in bakery and pastry goods has some
advantages as the increase of the polyphenols content and
antioxidant activity, a higher intake of SDFs and IDFs,
but some negative effects such as reduced loaf volume
or harder texture and low consumer acceptability can be
obtained (Table 6) (Maner et al., 2017; Smith & Yu, 2015;
Walker et al., 2014). To minimize these effects, the optimal
amount and particle size of such a fiber-rich ingredient
must be found such that good technological, physical,
textural, and sensorial characteristic can be achieved
(Iuga & Mironeasa, 2019; Karnopp et al., 2015; Mironeasa
& Mironeasa, 2019; Mironeasa et al., 2019a; Walker et al.,
2014).

6.1 Effects of grape byproducts addition
on the physical characteristics and
shelf-life

DF-rich ingredients can alternate the aerated structure of
bakery and pastry products through gluten dilution, gluten
network physical ruptures, and/or competition for water,
fruit fibers having lower effect compared to cereal bran
due to their high SDF content (Alba, Campbell, & Kon-
togiorgos, 2019). The influence of fibers on gas cells sta-
bility can be better understood through the dual mecha-
nism described by MacRitchie (2016): gas retention is pro-
vided by means of gluten network, but there is also a thin
layer of liquid around the gas cells, which contributes to
the volume stabilization. During dough proofing and bak-
ing, coalescence of gas cells can occur promoted by the
ruptures in the starch–gluten network, but the liquid film
present around can fill the discontinuities, promoting bet-
ter stability, higher loaf volume, and finer pores (Alba et al.,
2019, MacRitchie, 2016). As grape byproducts IDF can act
as inert fillers and can create ruptures in doughmatrix, the
diminishing of the negative effectsmagnitude on gas reten-
tion and loaf volume of the final product can be explained
through this mechanism.
Physical characteristics of baked goods and pasta can

be affected by grape byproducts incorporation, depend-
ing on the amount added, grape variety, and particle size.
No significant influence of grape pomace addition up to
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TABLE 6 Effects of grape byproducts addition on baked goods and pasta quality

Food matrix
Grape
byproduct

Amount
added (%) Effects Reference

BreadMuffins
Brownies

Pomace 5; 10; 15 -Decreased loaf volume
-Increased firmness and chewiness
-Determined darker color
-Grainy texture

Walker et al.,
2014

Bread Pomace 2; 5; 10 -Hardness increase
-Darker crumb color
-Low acceptability for bread with more than 10%
grape pomace

Hayta et al., 2014

Muffins Pomace 10; 20 -Decreased loaf volume
-Increased hardness
-Decreased resilience and cohesiveness
-Negatively affected the sensory characteristics at
levels higher than 10%

-Decreased lightness

Ortega-Heras
et al., 2019

Pasta Pomace 2.5; 5.0; 7.5 -Decreased sensory characteristics scores
-Decreased lightness and redness tone

Sant’Anna et al.,
2014

Cookies Peels 5; 10; 15 -Decreased volume and thickness
-Decreased fracturability and hardness
-Decreased lightness
-No significant changes of the sensory
characteristics at less than 5% addition

Kuchtová et al.,
2018

Muffins Peels 5.0; 7.5; 10.0 -Increased hardness
-Decreased cohesiveness and resilience
-Decreased lightness
-Improved sensory scored at levels up to 10%

Bender et al.,
2017

Pasta Peels 3; 6; 9 -Improved sensory characteristics scores at levels
up to 6%

Gaita et al., 2018

Biscuits Seeds 5 -Decreased hardness
-Determined darker color
-The maximum storage time is 5 months, after
lower texture, flavor and, acceptability scores
being obtained due to the rigid, grainy, and
rough structure

Aksoylu et al.,
2015

Bread Seeds 2; 4; 6; 8; 10 -Higher dough stickiness and firmness
-Determined darker color
-Addition levels higher than 8% determined low
sensory scores

Boudová
Pečivová
et al., 2014

Cookies Pomace, seeds,
seedless
pomace

5; 10; 15 -No changes on spread ratio
-Lower brightness
-Lower sensory characteristics scores at addition
levels higher than 10%

Acun & Gül,
2014
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6% in cookies regarding the weight, diameter, thickness,
spread ratio, spread factor, and water activity was reported
by Theagarajan et al. (2019). According to Acun and Gül
(2014), there were no changes in cookies width and spread
ratio when whole grape pomace, seedless grape pomace,
and grape seeds flours were incorporated, the thickness
decreasing only when pomace flour without seeds was
added as a result of the gluten dilution effect. The decrease
of cookies volume and thickness with grape peels addition
is related to the high fiber content, which reduces the gas
retention capacity (Deng et al., 2011; Kuchtová et al., 2018;
Walker et al., 2014). Grape peels or seeds were added to
butter biscuits to slightly increase the specific volume and
to increase the stability and wetting ability as compared to
the control, as Brykova et al. (2018) showed. On contrary, a
decrease of butter biscuits volumewith the grape seed flour
addition level increase was reported by Samohvalova et al.
(2016), acceptable results being obtained for replacements
up to 15%.
The loaf volume of muffins, brownies, and bread with

grape pomace decreased with the addition level increase
as a result of higher fiber content, which harms dough
structure and determines a lower CO2 retention, and
due to the fibers water absorption, which makes diffi-
cult starch–gluten matrix development on water restric-
tion (Cruz Requena et al., 2016; Mildner-Szkudlarz et al.,
2011;Mironeasa et al., 2017; Smith&Yu, 2015;Walker et al.,
2014). Similar results were obtained also by Ortega-Heras
et al. (2019) for muffins with white and red grape pomace.
Šporin (2019) reported lower bread loaf volume supple-
mentedwithMerlot andZeleny grape pomace compared to
the control, the decrease being proportional with the addi-
tion level increase, probably due to dough tensile strength
reduction by the complexes with high molecular mass
formed between the ferulic acid and gluten and/or to the
inhibitory effect of phenolic compounds on yeast activity.
The results obtained by Koca, Tekguler, Arif Yilmaz,

Hasbay, and Koca (2018) showed that the incorporation of
grape seeds in Turkish noodle led to cooking loss, water
absorption, and volume increase as the addition level was
greater, probably as a result of gluten content and strength
decrease, which was related to lower water retention and
more intense solids leaching.
Backed goods and pasta shelf life can be affected by

pathogenmicroorganismdevelopment. The phenolic com-
pounds found in grape byproducts can represent natu-
ral ingredients, which can be used to extend the shelf
life of foods as they have showed significant antimicro-
bial activity. Furthermore, SDF with low molecular mass
present in grape pomace powders and smaller available
water amount enhance the microbial shelf life of the prod-
uct, whereas texture shelf life is rather influenced by the
fraction of IDF (Mehta, 2014).

The main action mechanism of the polyphenols against
microorganisms supposes the penetration of cell mem-
brane and reactions with the cytoplasm or cellular pro-
teins (Yadav,Kumar,Kumar,&Mishra, 2015). Šporin (2019)
studied the effects of red (Merlot) andwhite (Zeleny) grape
pomaces addition at 6%, 10%, and 15% levels in bread
and revealed that both exhibited an inhibitory activity
against microbial growth proportional with the addition
level increase. After 5 days of incubation without exoge-
nous inoculation, the enriched breads presented lower
number of mold colonies compared to the control, higher
effectiveness being observed for Merlot pomace. However,
no statistically significant effect (p > .05) of bread sup-
plementation on the inhibitory activity against Aspergillus
flavus, Aspergillus ochraceus, Penicillium nordicum, and
Penicillium verrucosum inoculated was obtained, except at
some concentrations on certain day of incubation (Šporin,
2019). According to the results obtained by Savla and
Yardi (2016), the addition of white grape pomace in rice
gluten-free pasta determined better antimicrobial activ-
ity, the total number of microorganism of the enriched
pasta being significantly lower in the first and fifth day of
storage compared to the control. Final products microbial
growth can be reduced by water activity lowering, which
can be achieved through grape byproducts incorporation
as they contain sugars and polyphenols, which are known
to decrease the water activity of the food system (Cauvain,
2016).
Bakery products shelf life extension should include also

staling retardation. Staling is a complex phenomenon that
starts immediately after baking and involves physicochem-
ical changes during storage that alternate consumer accep-
tance. Structural changes that led to firmness increase,
available water loss, starch retrogradation, and oxidation
reactions that affect products flavor and taste occur (Preedy
& Watson, 2019; Rosell, Bajerska, & El Sheikha, 2015).
The main mechanisms of bakery products staling include
water redistribution, amylopectin molecules recrystalliza-
tion, and gluten protein network rigidity decrease (Šporin,
2019). The increase of crumb firmness during storage
can be attributed to the rearrangement of branched amy-
lopectin starch fraction within the swollen grain, the
chains spread into the available water associating through
intramolecular bonds, leading to structure rigidity increase
(Rosell et al., 2015). Water migration through direct dif-
fusion, vapor phase transfer, or syneresis from the poly-
meric structure influences bakery products staling. The
gradient of moisture between crust and crumb will deter-
minemovements ofwater until equilibrium, leading to loss
of bread consumer acceptance, whereas in pan bread this
migration is beneficial because soft crust is expected (Cau-
vain, 2016). The rate of moisture migration depends on the
product volume, such as amore porous structure facilitates
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water diffusion, which implies crumb dehydration and
crust softening (Cauvain, 2016). Fruit byproducts used in
baking goods have been found to limit the staling process,
which can be associated with the fiber content that may
reduce the retrogradation of amylopectin and enhance the
water retention capacity (Gómez & Martinez, 2018). Mois-
ture loss during bread staling can be lowered by grape
byproducts addition because the high insoluble fiber con-
tent plays the role of bulking agent and they retain more
water (O’Shea, 2014). Grape byproducts proteinsmay prob-
ably contribute to bakery product staling process slowing,
loaf volume increase, and crumb firmness decrease due to
their ability of water retention, similar to gluten proteins.
Luo et al. (2018) obtained lower hardness increase rate dur-
ing storage of Chinese steamed bread enhancedwith grape
seeds extract, more pronounced effect being observed at
higher concentrations. Lower magnitude of cohesiveness
values increase and chewiness and resilience decrease dur-
ing storage was also reported, which indicate staling inhi-
bition determined probably by the ability of phenolic com-
pounds to form complexes with starch and protein (Luo
et al., 2018). The decrease of retrogradation enthalpy indi-
cated that grape seed extract can reduce wheat starch ret-
rogradation by retarding the recrystallization as the high
number of available hydroxyl groups of phenols is form-
ing hydrogen bonds with amylose/amylopectin, influenc-
ing amylopectin retrogradation (Luo et al., 2018; Lv et al.,
2020). Šporin (2019) reported lower increase rate of wheat
bread firmness during storage, proportional with the addi-
tion level of grape pomace increase, as a result of fiber
interactions with starch and their water absorption capac-
ity, which slow down the retrogradation phenomenon.
The addition of 2.5% and 5.0% grape seeds determined a
decrease of bread firmness during storage compared to the
control, whereas at 7.5 % bread firmness increased faster
probably as a result of gluten dilution effect (Meral &
Dogan, 2013).

6.2 Effects of grape byproducts addition
on texture

Food products’ texture is important as it may influence
consumers’ purchase decision and can be influenced by
the addition of fiber-rich ingredients. The phenolic com-
pounds and DF present in grape pomace may induce
negative effects in the final product texture as a result
of the interactions with other components of the formu-
lation. In dough matrix, interactions between polyphe-
nols and proteins occur; the hydrogen linkages forma-
tion and/or hydrophobic interactions result in soluble
and insoluble polyphenol–protein complexes formation
(Lavelli, Kerr, García-Lomillo, & González-SanJosé, 2017).

The degree of polymerization and the number of galloyl
ester groups of the polyphenolic compound are responsi-
ble for the interaction pathway. Therefore, the formation
of protein–phenolic aggregates through linkages of pep-
tides rich in proline with galloylated monomers is more
important, mainly with flavanol oligomers with the degree
of polymerization higher than 4, than with nongalloy-
lated monomers such as catching and epicatechin (Lavelli
et al., 2017). Proanthocyanidins found in grape byproducts
are more susceptible to form cross-linkages with proteins
because they present higher number of potential interac-
tion sites than monomers, but this process can be affected
by pectin presence because it can form ternary aggregates
from proteins, polyphenols, and polysaccharides (Lavelli,
Sri Harsha, & Fiori, 2015). It was demonstrated that proan-
thocyanidins with higher molecular mass are forming
stronger interactions in foods than other phenolic com-
pounds (Lavelli, Harsha, Ferranti, Scarafoni, & Iametti,
2016). The lignin and hemicelluloses ratio of fiber-rich
ingredients significantly influences baked goods texture,
for example, lower lignin content leads to softer and finer
mouthfeel, whereas high amounts determine crunchy tex-
ture (Mehta, 2014). Final product softness, spread, and
shape can be influenced by the molecular mass and link-
ages types of low-viscosity SDF such as inulin and fruc-
tooligosaccharides (Mehta, 2014).
Grape pomace addition was responsible for hardness

increase in cookies due to the gluten dilution effect and to
the increase of fiber content (Karnopp et al., 2015). On the
other hand, Mildner-Szkudlarz et al. (2013) reported that
when white grape pomace powder was used in wheat bis-
cuits, the hardness and color deterioration were reduced.
Lower fracturability andhardness valueswere observed for
cookies with grape peels and grape seeds, the decrease of
hardnesswith the replacement level being attributed to the
gluten content reduction, which leads to a retardation of
gluten matrices formations (Chauhan, Saxena, & Singh,
2016; Kuchtová et al., 2018). Aksoylu et al. (2015) reported
a decrease of biscuits with grape seeds hardness compared
to the control, the values increasing gradually during stor-
age due to the starch retrogradation phenomenon (Chung,
Cho, & Lim, 2014; Mironescu & Mironescu, 2014).
An increase of bread, muffins, and brownies firmness

and chewiness was reported for wheat bread with grape
pomace as a consequence of their lower loaf volume,
the polyphenols present in grape pomace also having an
important role because they affect yeast performance by
increasing the amylase activity resulting in maltose avail-
ability decrease (Mildner-Szkudlarz et al., 2011; Walker
et al., 2014). Muffins springiness decreased with grape
pomace addition level increase, but an opposite trend was
observed for the brownies samples (Walker et al., 2014).
Another study underlines that grape pomace addition in
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muffins decreased resilience and cohesiveness with the
amount increase as a result of the fiber desegregation
effect, which leads to lower requirement of energy for the
second compression (Ortega-Heras et al., 2019). Muffins
containing different grape peels varieties flours presented
higher hardness as the amount increased, suggesting an
increase of dough density and a reduced air incorporation
during mixing and an insufficient gel formation caused by
the protein and starch dilution effect (Aghamirzaei et al.,
2015; Bender et al., 2017; Ortega-Heras et al., 2019). No sig-
nificant influence was reported for muffins springiness,
whereas the cohesiveness and resilience were lower as the
grape peels amounts augmented (Bender et al., 2017).
Hayta et al. (2014) reported that hardness of bread

increased with level of grape pomace (seeds and peels)
powder increases from 0% to 10%. Fresh breads exhibited
the lowest values of hardness compared with breads in the
first and second day, hardness gradually increasing with
staling. Probably, the binding water by pomace fiber can
result in an increase of hardness value. In addition, all the
loaves with grape pomace were less cohesive than the con-
trol bread after 48 hr of storage. Textural characteristics
changes of bakery products are negatively influenced by
pomace probably due to the gluten dilution effect (Hayta
et al., 2014). Grape seed extract incorporation in Chinese
steamed bread determined higher firmness compared to
the control, which might be associated with the lower vol-
ume caused probably by the interactions of polyphenols
with the gluten network (Luo et al., 2018).
Elasticity, adhesiveness, and bulkiness were negatively

affected by the incorporation of grape pomace in spaghetti,
the addition of transglutaminase diminishing these effects
(Marinelli et al., 2018). Hardness value of Turkish noo-
dle enriched with grape seeds flour increased compared to
the control and decreased proportionally with the added
amount increase, probably due to the higher water uptake
during boiling caused by the fiber content of grape seeds
(Koca et al., 2018). Grape pomace addition in durumwheat
pasta led to an increase of firmness and adhesiveness due
to the breaking of the continuous structure of pasta caused
by fibers (Tolve, Pasini, Vignale, Favati, & Simonato, 2020).

6.3 Effects of grape byproducts addition
on the sensory profile and color

One of the most important aspects in novel food devel-
opment is the sensory profile that can be changed by
grape byproducts incorporation. Cookies fromwheat flour
replaced with grape pomace were found to have good sen-
sory characteristics depending on the addition level. Thus,
at 5% of grape pomace good scores for appearance, texture,
mouth sensation, taste, aroma, and acceptability were

obtained, higher than the control, but at more than 10%
amounts of grape pomace these values decreased (Maner
et al., 2017; Smith & Yu, 2015). Better sensory characteris-
tics in terms of color, taste, odor, texture, and appearance
of cookies with grape pomace incorporation up to 6% com-
pared to the control sample were obtained by Theagarajan
et al. (2019). Acun and Gül (2014) reported lower scores
for color, taste, chewiness, hardness, and affordability of
cookies with more than 10% grape pomace byproducts. On
the other hand, improved sensory characteristics in terms
of external appearance, taste, and smell of butter biscuits
with grape seeds or peels addition of 15% were obtained
by Brykova et al. (2018). Sharma et al. (2018) underlined
that grape pomace variety influences the sensory charac-
teristics of cookies, Sauvignon Blanc pomace-containing
samples obtaining the best sensory scores. An addition of
about 15% organic grape peels flour to cookies was found
to be optimal in order to obtain the best scores for appear-
ance, flavor, texture, and overall acceptability (Abreu
et al., 2019). Karnopp et al. (2015) obtained no significant
differences of sensory characteristics of cookies from
whole wheat flour and grape pomace, underlining that
there are no negative effects of the addition on the con-
sumer’s preferences. Natural pigments of grape seeds and
the promotion of nonenzymatic browning reactions are
responsible for the darker color of biscuits enhanced with
grape seeds (Aksoylu et al., 2015). The luminosity increased
during storage probably due to the pigments degradation
in time, which has a strong relation with the product’s
pH values (Aksoylu et al., 2015). The sensory evaluation
of biscuits with grape seeds revealed that they cannot be
consumed after 5months, lower texture, flavor, and accept-
ability scores being registered after storage as a result of
the rigid, grainy, and rough structure of grape seeds
fractions (Aksoylu et al., 2015). The presence of catching,
epicatechin, and proanthocyanidins in grape seeds led
to a decrease of cookies pleasant sensation in the mouth
caused by the astringent sensation (Kuchtová et al., 2018;
Silva et al., 2018). The fat content of grape seeds positively
influences the flavor intensity and perception (Kuchtová
et al., 2018). Adding up to 15% grape seeds flour to butter
biscuits did not modify significantly their sensory charac-
teristics, except the color, which was darker, but at higher
levels the product became firm and too compact (Samo-
hvalova et al., 2016). Cookies containing grape pomace
byproducts presented lower brightness, whereas when
grape seeds flour was added higher redness and greenness
of cookies were obtained compared to the samples with
whole and seedless grape pomace (Acun & Gül, 2014).
Mildner-Szkudlarz et al. (2015) also reported a decrease

of scores for color, appearance, taste, flavor, and over-
all acceptability with the grape pomace level increase in
muffins, at 30% a fruity–acidic and pungent tastewas noted
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due to the phenolic and mostly catching presence (Kuch-
tová et al., 2018; Mildner-Szkudlarz et al., 2015). Simi-
lar trend was reported by Ortega-Heras et al. (2019) for
muffinswith grape pomace, an incorporation ofmaximum
10% being recommended. A decrease of lightness of wheat
muffins and cookies incorporated with grape peels was
observed, the color being influenced by the grape variety as
they contain different pigments (Bender et al., 2017; Kuch-
tová et al., 2018; Ortega-Heras et al., 2019). Good color,
taste, flavor, texture, and acceptability score were reported
by Bender et al. (2017) for muffins with different grape
peels at levels up to 10%, the authors showing also that
the consumers have a positive purchase intention for this
kind of products, females being more receptive. No signifi-
cant differences compared to the control on cookies with
5% grape peels sensory characteristics were obtained, so
at this level the overall acceptability will not be affected
(Kuchtová et al., 2018).
Muffins, bread, and cookies from wheat flour contain-

ing grape pomace presented darker color as the amount
increased due to the higher sugars content, which pro-
motes the Maillard reactions and to the polyphenols pres-
ence (Giuberti, Marti, Fortunati, & Gallo, 2017; Maner
et al., 2017; Smith & Yu, 2015; Walker et al., 2014). Good
acceptability of wheat-grape pomace bread was reported
for levels up to 10%, whereas for muffins 5% addition level
was acceptable and for brownies levels up to 15% can be
accepted by consumers (Walker et al., 2014). The panelists
also notified a grainy texture of the products, which sug-
gests that smaller particle sizes are recommended (Kuch-
tová et al., 2018; Walker et al., 2014). Bread with 10% grape
pomace was evaluated with the lowest overall acceptabil-
ity scores, whereas breads with 2% and 5% addition level
had similar acceptability values (Hayta et al., 2014). Grape
seeds incorporation in bread formulation led to darker
color, depending on the amount added, due to the enzy-
matic reactions and to the oxidation of monophenols to
diphenols (Boudová Pečivová et al., 2014). According to
the results presented by Boudová Pečivová et al. (2014), an
incorporation of grape seeds in bread at levels higher than
8% is not recommended from sensorial point of view.Grape
pomace-containing bread samples had darker crumb color
values depending on the chemical composition of the
added ingredient and the anthocyannins content (Hayta
et al., 2014).
Wheat flour substitution by grape pomace powder led to

the decrease of fettuccini pasta sensory scores, the flavor,
aftertaste, and texture being not dependent on the addi-
tion level (Sant’Anna et al., 2014). The sensory scores did
not significantly differ (p > .05) among the samples with
different substitution levels, but were lower compared to
the control (Sant’Anna et al., 2014). Similar results were
reported by Savla and Yardi (2016) for gluten-free pasta and

by Marinelli et al. (2018) for spaghetti with grape pomace
addition. According to the results presented by Marinelli
et al. (2018), smaller red grape pomace flour particle
size (<125 µm) determined improved sensory attributes
of spaghetti compared to smaller ones. Sant’Anna et al.
(2014) reported a decrease of lightness and reddish tone
values of fettuccini pasta with grape pomace flour addition
increase, which can be related to the anthocyannins con-
tent increase. Furthermore, the cooking process led to the
decrease of lightness and reddish tone of pasta probably
as a result of the leaching phenomenon of anthocyannins
from the grape pomace added and pigments degradation
(Sant’Anna et al., 2014). Gaita et al. (2018) obtained better
scores for the sensory characteristics of pasta with 3% and
6% grape peels compared to the control, probably due to
the fact that nowater was added to the recipe and pasta did
not broke. Consumers can associate the darker color with a
healthier product, being considered more attractive (Ben-
der et al., 2017; Kuchtová et al., 2018; Walker et al., 2014).
The color changes depend not only on the added amount,
but also on the grape variety (Bender et al., 2017; Smith &
Yu, 2015).

7 CONCLUSIONS AND FURTHER
RESEARCH

Grape byproducts are an important source of DF and com-
pounds with antioxidant properties, their chemical com-
position depending on the grape variety. The bakery, pas-
try, and pasta products nutritional and functional charac-
teristics can be improved by adding grape pomace, seeds,
or peels, augmenting the amount of fibers, phenolic com-
pounds, andminerals. The impact of these fiber-rich ingre-
dients on the rheological properties of dough depends
on the basic matrix, on the addition level and particle
size. The incorporation of fiber-rich ingredients results
in higher nutritional value of the baked goods or pasta,
but at the same time can alter the rheological character-
istics of dough and consequently the physical and sen-
sory properties of the final product. The texture, volume,
color, and sensory characteristics are strongly affected at
high amounts of grape byproducts, thus an optimization
being required in order to obtain desirable technological
and sensorial quality and in the same time a nutrition-
ally enhanced product. The researches made until now
underline the possibility of using grape byproducts as func-
tional ingredients in bakery, pastry, and pasta industries
without damaging products quality if appropriate amounts
are added. However, more investigations on the effects
of grape byproducts on baked goods and pasta quality at
molecular level are required, because some contradictory
results were reported until now. There are limited studies
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regarding the effects of grape byproducts on the microbio-
logical shelf life and staling of baked goods andpasta. Thus,
further researches should be focused on the effects of foods
containing grape byproducts on the human health, on the
molecular interactions of grape byproducts with the food
matrix components, and on the possibility to extend the
shelf life of bakery, pastry, and pasta products by using such
natural ingredients.
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