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Introduction. The by-products from the processing of apples and
grapes can be excellent materials for the production of functional foods.
In this case, the environment is preserved, and food products are enriched
with important nutrients.

Materials and methods. A systematization of the latest scientific
research in terms of management of the waste from the production of
apple juice and grape wine.

Results and discussion. By-products of apple and grape processing
contain important nutrients such as fibers, minerals, vitamins,
polyphenols, and possess high antioxidant activity. In recent years, a lot
of research has been conducted to study the application of this type of
waste in preparation of different food products (biscuits, cookies, cakes,
bread, pasta, noodles, yogurt, cheese, kefir, salami, sausages, patties, and
burgers). Regarding the percentages of substitution of conventional flours
with by-products of apple and grape processing, variations are observed.
For cereal products, the minimum percentage of substitution was 1% and
the maximum was 100%. For meat products, the percentages of added
by-products of apple and grape processing varied from 1 to 20%, while
for dairy products, these contents were between the values of 0.2 and
10%. An improvement in nutrient quality with the addition of by-products
of apple and grape processing was observed, such as increase of fiber,
total polyphenol, flavonoids, anthocyanins and mineral contents and
antioxidant activity. Incorporation of apple and grape processing by-
products leads to changes of the volume or height of the products
(biscuits, cookies, cakes, and bread), and changes in texture (hardness,
crunchiness), appearance (surface properties, color, density), and
intensity of smell and taste. It was found that the optimum cooking time
of pasta/noodles/spaghetti decreased and cooking loss increased with the
increasing amount of incorporated apple and grape processing waste.
Addition of these by-products reduced fermentation time and syneresis
during yogurt storage. It was found that the addition of by-products of
apple and grape processing in the meat products increased cooking yield,
emulsion stability, radical scavenging activity, and decreased pH.

Conclusions. Use of waste from the processing of apples and grapes
in the food industry is an opportunity to reduce environmental pollution,
to create new functional and innovative food products, which will be
enriched with important nutrients and biologically active substances.
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Introduction

The by-products of fruit processing are rich with nutrients and bioactive compounds
and can be used as ingredients for functional food production (Stabnikova et al., 2021). In
recent decades, the demand for functional food with bioactive compounds has increased, and
the food industry is constantly improving and reaching new sustainable solutions for the
production of food using the by-products of plant origin (Colantuono, 2019; Ivanov et al.,
2021).

During processing of fruits for production of juices, wine, jams, canned fruits and
others, various fruit by-products are created, which are belonging to so called “food waste”,
which can be considered as additional sources of valuable raw materials to be used in
manufacturing of new products (Galanakis et al., 2012).

By-products released in the processing of apples are presented by skins, peels, seeds,
stems, flesh, pulps, and pomace (Figure 1), and skins, stalks, pulp, seeds and pomace are
accumulated during grape processing (Figure 2).

Skins or peels are one of the by-products most often thrown away during fruit
processing. Pomace is the remaining solid after juice extraction and usually consists from
remaining seeds, skins, pulp and stems of the fruit (Lau et al., 2021). For example, apple
pomace is a heterogeneous mixture composed mainly of skin and flesh, 95%, while the seeds
and stems are represented by a smaller percentage, 2-4% and 1%, respectively (Lyu et al.,
2020).

Grape pomace is composed of seeds, 22.5%, skins, 42.5%, stalks, 24.9%, and other
minor constituents (e.g., water) (Spinei et al., 2021).The amount of by-products that are
created from processed fruit varies depending on the type of product to be obtained, the type
of fruit, its variety, the size and the stage of maturity (Larrosa et al., 2021).

Grape pomace, the main by-product of wine production, consists up to 20-25% of the
weight of grapes crushed used for wine production (Yu et al., 2013). Apple pomace, the main
by-product of apple juice production, accounts for 25-30% of all fresh apple fruit processed
(Lyu et al., 2020). It is well known that fruit by-products are an important source of
carbohydrates, minerals, vitamins, organic acids, raw proteins, dietary fiber, carotenoids,
polyphenolic compounds, and other nutritionally significant components (Fierascu et al.,
2020) and possess antioxidant, antimicrobial, anti-carcinogenic, antiviral, and antibacterial
activities (Leyva-Lopez et al., 2020).

The amount and composition of biological useful components in fruit by-products vary
depending on the type of fruit, its variety, the climatic conditions in which it is grown and
the way it is processed (Erinle et al., 2022). The composition of dry apple pomace includes
carbohydrates: 18-31% fructose, 3.4-24% sucrose, and 2.5-12.4% glucose (Waldbauer et al.,
2017), dietary fiber, 35-60%, with a high amount of insoluble fiber, 36.5%, as well as soluble
fiber, 14.6% (Dhillon et al., 2013), small amounts of protein, fat, and ash, high content of
phytochemicals primarily phenolic acids and flavonoids. Some of the phenolic compounds
identified in apple pomace possess antioxidant capacities (Reis et al., 2014). Grape pomace
is known to be a source of proteins, mean value of 10% on DW, as well as minerals, especially
iron (18 mg/100 g DW), dietary fiber (approx. 50% on dry weight (DW)), and phenolic
compounds such as flavonols, catechins, anthocyanins, and phenolic acids (Balli etal., 2021).
However, apple and grape processing by-products contain a large amount of water, which
makes them susceptible to rapid spoilage. In order to obtain stable products with a long shelf
life, most often they are dried. Various drying techniques can be used to prolong shelf life,
to avoid microbiological contamination, and to preserve nutrients, bioactive compounds, and
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antioxidant activity. In addition, dry by-products are ground to reduce particle size, and
standardization of grain size is recommended (Larrosa et al., 2021).

Potentially valuable compounds of the by-products of apple and grape processing can
be used as nutrients in people's diets. Using by-products is one option to avoid environmental
problems and help the economy and society. This review summarizes some of the available
literature related to the use of the by-products from apple and grape processing in human
nutrition.

Figure 1. By-products from apple processing

Figure 2. By-products from grape processing
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Materials and methods

The materials used in this review cover information from the authors who focus on the
most recent trends in the management of waste (fruit by-products). Material for the research
served as literary sources in which the current food applications of by-products of apple and
grape processing and the influence of their addition on the characteristics of food products
are exposed. Literature referenced in this review article was obtained from bibliographic
information in Google Scholar, Web of Science, Science Direct, Scopus, Springer Link,
EBSCO host, Wiley online library, and PubMed.

Results and discussion
Utilization of fruit processing by-products

Fruit by-products have gained importance as a functional ingredient due to their
superior nutritional properties (Bora et al., 2019). There have been numerous reports of the
use of by-products derived from the processing of various types of fruit in the food industry.
The authors design foods with different applications of fruit by-products as a supplement.
Usually, fruit processing by-products are dried, ground and added to products prepared from
flour or in yogurt, milk, and cheese (Larrosa et al., 2021). The advantages of adding fruit
processing by-products include improved nutritional properties of the products, increasing of
total phenolic content, total flavonoid content, antioxidant activity and dietary fiber content.
In addition, some qualitative, technological and sensory properties of those food products
can be improved (Piasecka et al., 2020). The dried fruit pomace can be used in bakery
products as a substitute for flour, sugar or fat, increasing the amount of fiber and antioxidants
and reducing energy consumption (Djeghim et al., 2021).The most studied products enriched
with fruit by-products are: bread, muffins, cakes, cookies, biscuits, snack products, and pasta
(Piasecka et al., 2020).

Utilization of apple processing by-products

The by-products obtained in the processing of apples have a significant potential for
application in the production of nutritionally enriched food prepared from flour, because of
its favorable nutritional profile due to the presence of phenolic compounds and dietary fiber
and good sensory characteristics, namely pleasant fruity aroma. Their addition to food
products increases in the amount of dietary fiber and polyphenols and prevents undesirable
oxidation reactions caused by the action of free radicals, which affects the quality and
sustainability of the product itself, as well as consumer health (Sudha et al., 2016). Different
applications of apple pomace are shown in Figure 3.

Multiple reports of studies are available on the enrichment of flour products by adding
apple processing by-products. Karkle et al. (2012) prepared corn-based extrudates in which
they added 17%, 22%, and 28% apple pomace. The added pomace did not adversely affect
the mechanical properties and structure of the products and contributed to a fruity aroma and
a greater share of dietary fiber and polyphenols.
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Figure 3. Application of apple pomace

Jung et al. (2015) prepared cookies and muffins replacing 10% and 20% of wheat flour
with apple pomace. The partial substitution of wheat flour with apple pomace (up to 20%)
had a positive effect on the physical-chemical and sensory characteristics of cookies and
muffins. The addition of apple pomace to brown rice flour in the formulation of gluten free
crackers in a proportion of 3, 6, and 9% resulted in better antioxidant properties, higher
polyphenol content, total dietary fiber and minerals, and sensory acceptability (Mir et al.,
2017). A higher value for total dietary fiber content compared to a control wheat sponge cake
was determined by Torbica et al. (2018), who substituted wheat flour in the formulation for
a sponge cake with apple pomace coextruded with corn grit in a ratio of 45:55.

The use of the apple pomace can affect the reduction of the glycemic index of the
products to which it is added, while not affecting sensory descriptors, such as taste,
sweetness, acidity, hardness and crunchiness. Alongi et al. (2019) produced biscuits replacing
wheat flour (10 and 20%) with apple pomace powder and found a decrease in the glycemic
index, from a glycemic index of 70 to a glycemic index of 65 and 60 respectively, and were
ranked as products with a mean glycemic index.

Apple skin powder replaced with wheat flour in the production of muffins in an amount
of up to 16% increased the share of dietary fiber and polyphenolic compounds, while not
worsening sensory characteristics (Rupasinghe et al., 2008; 2009). Research conducted by
Nakov et al. (2020) found that apple peel powder-enriched cookies (4, 8, 16, 24 and 32%)
had significantly higher moisture, ash, lipid, fiber, total polyphenols, and antioxidant capacity
than control cookies. The addition of apple peel powder did not worsen the physical
characteristics of the products but helped to improve their sensory quality. Cookies with 24%
apple peel powder proved to be the best in terms of appearance, internal structure, texture,
and taste.

Several studies have focused on noodles and bread enriched with apple pomace. Apple
pomace powder is incorporated into noodles at three different levels (10, 15 and 20%).
Noodles enriched with apple pomace had a higher total dietary fiber and protein content, and
showed improved antioxidant activity compared to control noodles. Analyses of cooking
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characteristics, such as texture, quality, color, and sensory evaluation, found that noodles
enriched with 10% apple pomace powder were the most acceptable product in terms of both
taste and nutritional composition (Suman et al., 2015). The addition of a 5% to 10% of apple
pomace has been shown to be best when enriching Chinese raw pasta (Xu, 2020). Bchir et
al. (2022) studied the impact of incorporating the by-products of pear, date, and apples
processing on the properties of pasta. From the overall results, it was concluded that the by-
products have a positive impact on the physical-chemical properties and quality attributes of
pasta. Pasta with a 2.5% share of by-products proved to be the most acceptable.

Jannati et al. (2018) rated the quality of traditional Iranian bread that had apple pomace
powder added to it (1, 3, 5 and 7% w/w of flour). The results showed that adding the apple
pomace powder can reduce the hardness of the bread, and the color of the crust of the bread
added with apple pomace was darker compared to the bread without pomace powder. Sensory
analysis showed that adding up to 3% of the pomace can improve the aroma, texture, and
overall acceptability of bread. Bread formulated with gluten-free raw materials has low
nutritional properties, poor taste, and is of poorer quality, and due to the absence of gluten,
the dough has poor rheological properties and is unable to develop a protein network, which
affects the final quality of the resulting bread. Adding fruit by-products such as apple
processing by-products to a gluten-free bread formulation can improve the texture, mouth
feel, acceptability, shelf life, and nutritional properties of gluten-free bread (Djeghim et al.,
2021). Apple pomace also has a high potential to be used as a natural stabilizer and texturizer
in the fermentation of yogurt, while enriching the final product with dietary fiber and
phytochemicals (Wang et al., 2019). Studies of the sensory and textural characteristics of
probiotic yogurts indicate that apple pomace flour can be added in the optimal amount of 3%
(Jovanovi¢ et al., 2020).

Most studies to date have emphasized the use of apple pomace in meat products such
as salami (Grispoldi et al., 2022), chicken sausages (Choi et al., 2016), beef burgers (Pollini
et al., 2022), chicken patties (Junget al., 2015), buffalo meat patties (Younis and Ahmad,
2018), and buffalo meat sausages (Younis and Ahmad, 2015) to improve nutritional
properties, reduce fat content and energy value, increase the content of dietary fiber and
antioxidants. The obtained results confirm an increased content of dietary fiber and phenols,
along with lower values for fat and calories in enriched meat products with apple pomace.
The summary of the various studies on application of apple pomace in food product
preparation is presented in Table 1.

Table 1
Application of apple pomace in food product preparation
Food Apple Results References

product pomace

IAdded, 10-30% |Increased fiber and phenolic content, antioxidant [Reis et

on a dry weight |capacity. al.,2014
Extruded basis - - -

Added, 5-20% |Increased bulk density, total phenolic content, [Singha et
products W/W and antioxidant activity. al., 2018

IAdded, up to 30 |Increased total contents of phenols and [Ledn et

% antioxidant activity. al.,2022
Gluten- [Replacement of |Increased elastic modulus, viscosity, specific [Kirbas
free rice flour, gravity, and crumb hardness. Decreased specific |et al., 2019
cakes 5—15%. volume.
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Food Apple Results References
product pomace
Replacement of [No detrimental effects on the physicochemical [Junget
wheat flour, and textural properties. al.,2015
10% and 20%

Muffins [Addition of Increased ash, fiber, and phenolic contents. [Younas
apple pomace |Decreased protein and moisture contents. et al.,2015
powder, 5, 10, |Muffins with 10% of apple pomace had higher
and 15%. sensory evaluation.

Replacement  [No detrimental effects on the physicochemical [Junget
apple pomace |and textural properties. al.,2015
flour, 10 and 20%

Replacement of [Reduced physical properties (volume, diameter, [Laukova
flour, 5, 10, and |porosity). Increased the rheological properties of |et al.,2016
15% with dough (water absorption, stability). Prolonged

hydrated apple [dough development time and reduced the mixing

Cookies [pomace powder. ftolerance index. High overall acceptance.

Addition of Increased water absorption, dough development |[Usmanet
apple pomace [time, dough stability, and falling number. fal.,2020
powder, 5, 10, [Decreased width, and thickness, and increased
15, 20, and 25% [spread factor.
to wheat flour |Reduced color. Increased moisture, ash, crude

fat, and crude fiber contents. Good quality

cookies with improved organoleptic properties

can be prepared using 10%.
Addition of Reduced the whiteness and specific volume. |[He and Lu,
apple pomace, 1,[French bread with 1% apple pomace (100-mesh) [2015
2,3, and 4% had highest sensory score.
(60-mesh and
100-mesh).
IAddition of Increased in total polyphenol content, |Gumul et
whole apple flavonoids, and anthocyanins by 55, 200 and |al.,2019
pomace, 5, 10, [160% as compared to control, respectively.

Bread land 15% to Reduced volume. Recorded baking loss. The
wheat bread. bread with 5% whole pomace received the best

scores (good volume, small baking loss, low

crumb hardness).
IAddition of Increased ash, total carbohydrate, total |[Valkova
apple pomace  [polyphenols contents, and antioxidant activity. et al., 2022
powder, 1,2, 5, [Decrease protein and fat contents, and loaf
and 10%. volume. Sensory evaluation — no significant

differences in all tested attributes. The addition

of 10% can be recommended.
Replacement of [Increased cooking loss and the amount of |Loncari¢

Pasta/ dl}ﬂlm semolina [absorbed water. Hardness and a(.ihe.siveness haye et al.,2014

Noodles with 10 and 15%|decreased. Increased total antioxidant activity
of apple peel  |and total phenolic content.
powder.
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Food Apple Results References
product pomace
Replacement of [The total dietary fiber and protein content of the [Yadav and
10, 15, and 20% mnoodles increased from 6.0 to 13.28% and 10.20 |Gupta,
of wheat flour [to 11.80%, respectively, as compared to the [2015
with apple control noodles. Increased ash content, cooking
jpomace powder. loss, swelling index, and antioxidant activity.
The most acceptable product is noodles with
10% substitution.
Addition of Increased total polyphenols, phenolic acids, |Gumul et
milled apple quercetin derivatives, flavon-3-ols, |al., 2023
pomace, 10, 20, dihydrochalcones, dietary fiber, and minerals
30, and 50%.  |contents. Decreased protein and fat contents,
hardness and maximum cutting energy. Water
absorption capacity is not influenced up to a level
of 50% apple pomace rep.
Buffalo [Replacement of |Increased the dietary content, cooking yield and [Younis and
meat 2,4, 6,and 8% |emulsion  stability, firmness, toughness, |[Ahmad,
sausages [lean meat by  |hardness, springiness, and gumminess, while the [2015
apple pomace |cohesiveness and chewiness decreased.
powder.
Chicken [Replacement of [Meat products with apple pomace had Jung et
patties  |chicken with 10 fhigher dietary fiber content (0.7-1.8 % vs. 0.1— [al.,2015
and 20% (w/w) 0.2 % in control) and radical scavenging
of wet apple activity.
[pomace
Beef Replacement of
jerky eround beef with
10 and 20%
(w/w) of wet
apple pomace
Chicken [Replacement of |[Lower cooking loss, total expressible fluid |Choi et
sausages [pork fat by separation, fat separation, pH, and redness. |al.,2016
incorporation of [Reduction of pork fat from 30 to 25 and 20%.
apple pomace
fiber, 1 and 2%.
Beef Replacement of [Meat products with apple pomace had Junget
jerky ground beef withlhigher dietary fiber content (0.7-1.8 % vs. 0.1- [al.,2015
10 and 20% 0.2 % in control) and radical scavenging activity.
(w/w) of wet
apple pomace
Buffalo [Replacement of |Increased cooking yield, emulsion stability, [Younis and
imeat 2,4, 6,8% of [water holding capacity, diameter, and thickness. |[Ahmad,
patties  |meat by apple [The texture like firmness, toughness, hardness, 2018

pomace powder.

and cohesiveness has increased. Sensory
evaluation showed acceptability up to 6% level
of incorporation.
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Food Apple Results References
product pomace
Fish Replacement of |Decreased pH, crude protein, moisture, crude fat, |Akhtar
fingers 2.5, 4.5, 6.5 of |and total ash and increased crude fiber content. |et al.,2019
fish meat by Increased emulsion stability and cooking yield.
apple pomace  [Sensory evaluation showed decreasing trend.
powder.
Italian  |Addition of Increased fiber and phenol content, together with |Grispoldi
salami  (dried apple the lower fat and energy value. et al.,2022
pomace, 7 and
14%.
Beef Addition of Increased fiber and phenol content. The colour [Pollini
burger |freeze-dried and sensory analysis of beef burger with apple |etal., 2022
apple pomace, 4 [pomace were graded better than the control.
and 8%.
Yogurt |Addition of Increased gelation pH and shortened |Wang et al.,
freeze-dried fermentation time. The most stable structure over 2019
apple powder, |a 28-day storage period — the yogurt fortified
0.1, 0.5 and 1%. [with 0.5% apple pomace.
Addition of Increased dietary fiber content, viscosity, |Wang
freeze-dried firmness, and cohesiveness. Decreased whey |etal., 2020
apple pomace [release during cold storage.
powder, 1, 2,
and 3%.
IAddition of Increased total phenolic content, radical |Jovanovi¢
apple pomace [scavenging and reducing activity. The highest fet al., 2020
flour, 1, 3, and |firmness, cohesiveness, and viscosity index
5%. values, and the highest scores for color and taste,
were obtained for yogurt with 3% of apple
[pomace.
IAddition of Reduced fermentation time. Increased total Popescuet
apple pomace |dietary fiber content and antioxidant activity. al., 2022
powder, 0.2—  [Improved the textural properties and significant
1.0%. reduction in syneresis during the 20 days of
storage. Sensory evaluation found that that
sample with 0.6-0.8% of apple pomace had the
highest score.

Utilization of grape processing by-products

It has been shown that by-products obtained in the processing of grapes due to their
chemical composition including proteins, ash, lipids, carbohydrates, vitamins, and substances
with important biological properties such as phenolic compounds, can be used as potential
ingredients for enrichment of various cereal products (Boff et al., 2022). The resulting
enriched bakery products are distinguished by improved nutritional characteristics, without
causing significant changes in the sensory profile. However, the incorporation of by-products
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of grape processing requires adjustment of recipes and technological parameters to preserve
the quality of baked products (Garcia-Lomillo, 2017). Different applications of grape
pomace, the main by-product of grape processing, are shown in Figure 4.

Antimicrobial
Components

Food
Additives

Application of
grape pomace

Medical Dietary
Remedies Supplement
‘ L/

Functional Nutraceuticals
ot J L

Figure 4. Application of grape pomace

Grape processing by-products can be used in the production of cereal products after
drying and the formation of powder or flour, according to the relevant specifications. Thus,
when using flours from grape pomace up to a maximum of 10%, cookies with a high content
of phenolic compounds, antioxidants, and dietary fiber are produced, from which consumers
can be satisfied (Acun et al., 2014).

Pasqualone et al. (2014) studying functional biscuits with the addition of grape pomace
extract found that enriched biscuits have a strong antioxidant activity and contain a greater
amount of total phenolic compounds, flavonoids, anthocyanins, and proanthocyanidins in
terms of control. The intense color, fruity smell, and sour taste of enriched biscuits did not
affect the product's acceptability.

Walker et al. (2014) prepared cereal products, namely bread, muffins, and brownies
with 5-25% grape pomace, finding that the dietary fiber and total phenol content increased
compared to the control. It has been found that enriching muffins with 20% grape by-products
improve their nutritional value without showing significant changes in the sensory profile
(Mildner-Szkudlarz et al., 2015). No significant changes in the sensory profile were also
determined by Kuchtova et al., 2016, who replaced up to 15% composite flour in the formula
for cookies, with a grape skin pomace.

In this context, Bender et al. (2017) did a study to evaluate the effects that Riesling and
Tannat grape skin flour had on muffins and their taste, appearance, and texture. The inclusion
ofratios 5, 7.5, and 10% of these flours affected the texture, mainly hardness, which increased
as the level of addition increased, as well as the color and content of total dietary fiber. This
study showed that Tannat and Riesling grape skin flour could be used as an alternative to
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increasing the dietary fiber content of muffins without having a negative effect on the sensory
properties of the products.

In functional biscuits prepared with grape pomace powder, it was found that the addition
of grape pomace does not affect the physical parameters of the cookies, but significantly
affects the increase in protein and dietary fiber content. Biscuits with 4% and 6% grape
pomace (w/w) tasted better, and cookies with 6% grape pomace showed higher antioxidant
potency, lower anthocyanin losses, and greater hardness retention during the shelf life study
(Theagarajan et al., 2019).

Nakov et al. (2020) prepared cakes by replacing wheat flour with 4%, 6%, 8 %, and
10% grape pomace powder, and it was found that as the share of pomace powder increased,
the ash, fat, protein, fiber, free phenols, anthocyanins, and total polyphenol content, as well
as the antioxidant capacity gradually increased, and the moisture and pH value decreased.
Cakes containing 4% pomace powder had the best sensory characteristics. Studies for adding
fruit by-products to different types of bread include the use of by-products ofgrape
processing.

Mildner-Szkudlarz et al. (2011) developed a new formulation for mixed rye bread
produced with grape pomace as an alternative source of dietary fiber, ash and dietary
polyphenols. New formulations have been shown to have a significantly higher total dietary
fiber content and have been characterized by significantly higher antioxidant activity
associated with their phenolic compound content.

According to a study conducted by Hayta et al. (2014), incorporating about 5% (w/w,
flour basis) grape pomace powder into bread formulation positively affects the total phenol
content and anti-radical activity. It has been found that the addition of grape trop powder
contributes to the bread to improve its functional properties.

Tolve et al. (2021) prepared wheat bread in which a portion of wheat flour, 5, and 10
2/100 g have been replaced by grape pomace powder. The inclusion of a higher level of grape
pomace powder caused a decrease in the total starch content (from 85.5 to 75.3 g/100 g DM)
and an increase in the total dietary fiber content (2.8 to 6.3 g/100 g DM). As the proportion
of pomace in bread increased, total phenolic compounds and antioxidant capacity increased.
The total phenolic compounds increased 3.5-fold and 7-fold as GPP replacement increased
from 0% to 5% and from 0% to 10%, respectively. The grape pomace powder addition did
not have a significant impact on the overall acceptability of the product.

Rainero et al. (2022), in their study with breadsticks, replaced wheat flour with 5 and
10 g 100 g! of powdered grape pomace, and they observed that the total phenolic
compounds, dietary fiber, and antioxidant capacity increased. The content of total phenolic
compounds increased from 72.21 to 171.83 mg GAE 100 g'' DM, the dietary fiber from 3.47
to 5.81 and 8.55 g 100 g' DM and antioxidant capacity evaluated by FRAP (ferric reducing
ability of plasma) increased from 360.60 to 2801.00 uM TE 100 g! DM. Breadsticks with 5
g 100 g!' of powdered grape pomace flour showed lower overall acceptability.

When foods are enriched with fiber, it is necessary to evaluate the effects that added
fiber has on consumers' perceptions of color, texture, and acceptability. For example, the
baking properties of some products can be significantly affected when a portion of wheat
flour is replaced by ingredients that are rich in fiber. Such effects include a decrease in the
volume or height of the bread and changes in texture (increases the hardness of the crumb,
loss of crunchiness), appearance (surface properties, color, density), and intensity of smell
and taste (Bender et al., 2017; Sporin et al., 2018). Sensory assessment of bread with added
pomace suggests that a maximum of 6% grape pomace can be incorporated to prepare
acceptable products (Mildner-Szkudlarz et al., 2011).
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Smith et al. (2015) used grape pomace of four grape varieties to substitute 5 and 10%
flour in a white bread formulation. The results showed that bread with 5% grape pomace has
a similar volume of bread, but a darker color compared to the control, while bread with 10%
grape pomace became denser. Dietary fiber, polyphenols, and antioxidant activity of bread
increased with increasing content of grape pomace in the formulation. Grapes can also be
used in the production of pasta. Choosing this by-product as a functional ingredient for pasta
production can improve the nutritional profile of this widely consumed food, increase the
daily intake of phenols and fiber, and add economic value to wine production (Balli et al.,
2021).

Namely, Tolve et al. (2020) performed enrichment of pasta by replacing 5 and 10 % of
semolina with grape pomace. By incorporating grape pomace in pasta optimal cooking time
and the swelling index were significantly reduced, the firmness and adhesiveness of the pasta
were improved, the total phenolic content and antioxidant activity increased, and sensory
analysis showed that enriched spaghetti had good overall acceptability.

Balli et al. (2021) conducted a study in order to assess the possibility of using dry grape
pomace as a source of phenolic compounds and fibers in tagliatelle pasta, which are usually
characterized by a negligible amount of phenolic compounds and fibers. The profile of pasta
enriched with 7% dry grape pomace was studied, focusing on phenolic compounds after
cooking. The enriched tagliatelle was characterized by improved organoleptic and nutritional
characteristics, retained phenolic compounds after cooking, and an increased amount of fiber.
The enriched tagliatelle retained the same monoglycolized and acetylated anthocyanins
found in grapes. In enriched tagliatelle, the fiber content increased by = 3%, while the added
phenols retained after cooking the enriched tagliatelle amounted to 6.21 mg/100 g.

Grape by-products have been added to various dairy products (Antoni¢ et al., 2020),
such as yogurt, kefir, cheese, and salad dressing. Some studies have shown that the
effectiveness is lower than in cereal products due to instability and loss of nutritional
components in the processing and storage of dairy products, as well as other technological
problems (Garcia-Lomillo et al., 2017).

In addition, several studies have reported the use of grape pomace in meat products such
as chicken nuggets and chevon nuggets. The summary of the various studies on application
of grape by-products in food product preparation is presented in Table 2.

Table 2
Application of grape by-products in food product preparation
Product Grape Results References
by-products
Biscuits Addition of white Increased total dietary fiber from 0.85 mg [Mildner-
grape pomace GAE g'DM to4.45mg GAE g ' DM,  [Szkudlarz
powder, 10, 20 and total phenolic compound content from etal., 2013
30% (wW/w) 0.11 mg g”' DM to 1.07 mg g"' DM, and

significantly higher antioxidant activities.
Sensory profile analysis showed
acceptability up to 10% level of
incorporation.
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at levels of 10 and
20%

red grape pomace. Increased chewiness
and firmness. High levels of acceptability
of the muffins that incorporated white
and red grape pomace products at

concentrations of 10%.

Product Grape Results References
by-products

Adding grape seed Adding grape seed powder to wheat flour [Samohvalo
powder, 5, 10, 15 and, | lowers the output gluten reduces its va et al.,
20% of the weight of | sensibility and increases elasticity. 2016
flour Adding 15.0 % of grape seed powder to

butter biscuits improves their

physicochemical (specific volume and

wetting ability) as well as organoleptic

quality indices.
Replacing cocoa The grape powder does not significantly ~ [Molnar et
powder with grape affect the height, spread ratio, hardness,  fal., 2020
pomace powder in flexibility, toughness, appearance, and
ratios of 50 and 100%. | odor of biscuits. A positive impact on

biscuits flavor, despite fruity taste.
Wheat flour Increased the content of total polyphenols [Olt et al.,
substitution by Tannat | and antioxidant capacity. Greater o- 2022
grape pomace flour, 10| glucosidase and pancreatic lipase
and 20% (w/w) in the | inhibition capacity compared to the
total wet biscuit mass. | biscuits without grape pomace flour.

Cookies Addition of whole Not significantly affected on the width,  |Acun and
grape pomace flour | thickness, and spread ratio of cookies. G, 2014
and pomace flour Total dietary fiber and total phenolics
without seeds at levels | increased as compared to the control.
of'5, 10, and 15%, and | Cookies with 10% seed flour had higher
seed flour at levels of | total dietary fiber and total phenolics
5,7.5, and 10%. (153.10 g/lkg GAE and 5.61 mg/mL,

respectively) than others. The best

acceptable product is cookies with 5%

seed flour.
Replacing wheat flour | Increased colour intensity, antioxidant Maner et
with wine grape properties, total phenol content, al., 2017
pomace powder at flavonoid, and anthocyanin. Samples with
levels of 5, 10, 15, and| 5 % of wine grape pomace powder had
20 %. the maximum score.
Replacing wheat flour | Well accepted due to their good Temkov et
with grape pomace appearance, likable colour, pleasant al., 2021
powder at levels of aroma, and taste. Those that contain
2.5,5.0,7.5,and 10.0 | grape pomace powder in granulation 1.00
% with 3 different mm are the best.
granulations (0.25,
0.50, 1.00 mm)

Muftins Replacing whole- The high content of fiber. Decreased Ortega-
wheat flour with white | elasticity, cohesion, resilience, and color ~ |[Heras et
and red grape pomace | parameters of the muffins with white and [al., 2019
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Product Grape Results References
by-products

Replacing rice flour | Improved nutritional composition of the  [Baldanet al.,
with grape pomace gluten-free muffins. Increased protein from 2021
powder at levels of 15,| 5.00 g/100 g dwb to 5.72 /100 g dwb and|
and 25%. 6.64 g/100 g dwb, crude fiber content from

0.05 g/100 g dwb to 1.47 g/100 g dwb and

2.19 g/100 g dwb. Good level of

acceptability.
Addition of 7.5% and | Increased protein, lipid, moisture, phenolic [Yalcin et al.,
15% grape seed flour | contents, and antioxidant capacity with an 2021
substituting whole increased amount of grape seed flour
wheat, whole siyez addition. Decreased hardness and
wheat, and whole oat | chewiness of the muffins with whole wheat
flour. flour and whole siyez wheat flour, and

increased of the muffins with whole oat

flour.
Addition of 15% grape| Thinner granulometry -higher values of  [Troilo et al.,
pomace powder with | antioxidant activity, anthocyanin, and 2022
different particle size | phenol content. From a textural and
fractions (600-425, sensorial point of view, the smaller particle
425-300, 300-212 and | sizes negatively affected the hardness and
212-150 pm) color in terms of lightness, as well as the

homogeneity of the pores.

Bread Addition of ‘Merlot’ | Positive correlation with phenolic content [Sporin et al.,
and ‘Zelen’grape and antioxidant activity, and negative 2018
pomace flour, 6, 10, | correlation with brightness and firmness.
and 15%. The variety ‘Zelen’ is suggested for use.

Replacement of wheat | Positive effect on dough manifesting with [Valkova et
flour with 1%, 2%, rheology by increased dough stability. al., 2020
5%, and 8% (w/w) of | Significantly decreased bread volume was
grape seeds observed in the bread supplemented with >
micropowder (GSMP) | 2%. The bread supplemented with 1% had
with nanosized the highest scores for all the quality
particles (10 pm). attributes.
Replacement of wheat | Increased fiber, protein, and minerals. Oprea et al.,
flour with 3%, 5%, Declined rheological parameters and 2022
7%, and 9% (w/w) of | technological performance. The samples
grape seeds flour. with 3% and 5% can be considered a fiber

source and Cu source, respectively, and are

rich in Zn. The samples containing 7% and

9% — unsatisfactory from rheological and

sensorial points of view.

Panettones | Incorporation of Not differ statistically from the traditional [Souza et al.,
powdered compound | formulation in terms of moisture content, 2023

produced from grape
bark and arrowroot in
the proportions of
10%, 15%, and 20%
(m/m) in place of
wheat flour.

lipids, proteins, and water activity.
Increased color intensity, flavonoids (1.58
mg QE g-'; 1.71 mg QE g-'; 1.83mg QE g-
1, and anthocyanins content (1.20 mg.g-';
1.34mg.g-'; 1.41 mg.g-') in contrast to

traditional panettone (0.03 for both).
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distillation)/ at two
concentration levels
0.8 and 1.6 % (W/w).

highest total phenolic content and radical
scavenging activity values at the end of
ripening (30 days and 120 days
respectively) showed cheeses fortified with

Product Grape Results References
by-products
Pasta / Incorporation of 25, 50| Increased total phenolic content, condensedSant’ Anna et
Spaghetti and 75 g/kg of grape | tannins, monomeric anthocyanin and al., 2014
marc powder. compounds antioxidant capacity. The
sensory analysis found that the
incorporation reduced the acceptance of
aroma, aftertaste, flavor, and appearance.
The best overall acceptance, with lower
changes of color is fettuccini pasta with 25
g/kg incorporation.
Replacement of wheat | Improvements in the polyphenolic content. (Gaita et al.,
flour in proportions of | Increased antioxidant capacity. Improved 2020
3, 6 and 9% (w/w) with sensory and functional properties up to a
grape pomace skins. | level of 6%.
Grape marc extracts | Higher content of phenolic compounds,  [Marinelli et
(grape marc suspended| flavonoids, and antioxidant activity. No  fal., 2015
in water at a ratio of 1:| difference in optimum cooking time
10 (Ww/v)). (around 10 min.). Low cooking losses.
Without altering sensory characteristics..
Addition of 15% Increased total polyphenol, anthocyanin ~ [Marinelli et
(w/w) red grape marc | content, and antioxidant activity. Decreasedpl., 2018
flour with a different | bioaccessible glucose.
particle size (500 um;
125pm) to durum
wheat semolina.
“Vegan” Addition of the grape | Increased antioxidant capacity and Tremlova et
sausages seed flour with polyphenol content. Decreased protein. Thefal., 2022
different concentra- most acceptable product is vegan sausages
tions 0,1,3,7,10,20%. | with 1% and 3% addition.
Chicken Replacement of flour | Higher antioxidant activity. Reduced lipid |Cagdas and
nuggets mix (wheat flour, corn | oxidation. Decreased thiobarbituric acid ~ [Kumcuoglu,
flour, leavening agent, | reactive substance, para-anisidine values, [2015
salt) with grape seed | and conjugated diene concentration values.
flour amounts of 1, 2,
5, 8, and 10%.
Chevon Addition of grape seed | Lower thiobarbituric acid reactive Meena et al.,
nuggets extract, 5% stock substance and free fatty acid, %. Reduced [2021
solution (0.5g of dried | total plate, total psychrophilic, and yeast
extract /10 mL). and mold count. A superior score of flavor,
juiciness, and overall acceptability.
Semi-hard | Added grape pomace | Higher antioxidant activity and phenolic ~ [Marchiani et
and hard powder (Barbera, content in all fortified cheeses, but to al., 2015
cheeses Chardonnay before obtain a significant increase in cheese
distillation, antioxidant activity it is necessary to add at
Chardonnay after least 1.6 % of grape pomace powder. The

Chardonnay after distillation powder.
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Product Grape Results References
by-products
Spreadable | Addition of white and | Increased total phenolic content (2.74 + Luceraet al.,
cheese red grape pomace 0.04 and 2.34 + 0.15 mg GAEs/g dw, 2018

powders at a
concentration of 5%

respectively) compared to the control (0.66
mg GAEs/g dw). Increased flavonoids, and

(W/w). antioxidant activity. Decrease of pH.
Fresh ovine | Addition of 1% (w/w) | Reduced fat content and increased protein | Gaglio et
“primosale” | grape pomace powder | and secondary lipid oxidation. Increased | al., 2021
cheese with four selected antioxidant activity of the cheese after that
Lactococcus lactis the dairy matrix was degraded by the
strains. simulated digestive process.
Ovine Incorporation of 1% | Higher protein, polyphenols content, and | Barbaccia et
Vastedda- (w/w) red grape lower fat content. Favorable influence on | al., 2022
like pomace powder Nero | sensory traits.
stretched d’Avola
cheese Cultivar into ovine
stretched cheese.
Kefir Addition of Better antioxidant activity. Good Carullo et
Sangiovese skins and | performance in the inhibition of key al., 2020
seeds extracts at a enzymes linked to metabolic syndrome (a-
concentration of 1,5, | amylase, o-glucosidase, and lipase).
and 10 mg.
Yogurt, Addition of 1%, 2%, | Higher dietary fiber content. Decreased Tseng et al.,
Italian and | and 3% (w/w yogurt) | total phenolic content and DPPH radical |2013
Thousand grape pomace powder; | scavenging activity during storage. Best
Island salad | 0.5 and 1% grape received products are 1% (w/w) fortified
dressing pomace powder (w/w | yogurt, 0.5% (w/w) fortified Italian
Italian salad dressing); | dressing, and 1% (w/w) fortified Thousand
1 and 2% grape Island dressing.
pomace powder (W/w
Thousand Island salad
dressing).
Yogurt Addition of grape skin | Yogurt containing grape skin flour Marchiani et
flours (Chardonnay, | presented significantly higher total al., 2016
Moscato, and Pinot phenolic content (+55%), antioxidant
noir varieties) in a activity (+80%), and acidity (+25%)
proportion of 60 g/kg | whereas lower pH, syneresis (—10%), and
in yogurt. fat (—20%) than control. Retained total
phenolic content and radical scavenging
activity during yogurt storage (no
significant changes observed).
Addition of Tannat Increased a-glucosidase inhibition Fernandez-
grape skin powder in a| capacity. The antioxidant capacity Fernindez
proportion of 0.5% increased slightly with time until day 12 | et al., 2022

(W/w) in yogurt.

and then remained unchanged up to the end
of the study (28 days). Higher overall

acceptance.
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Conclusion

The utilization of waste from the fruit processing industry to be used for preparation of
new food products is an innovative and functional way for environmental protection. In
addition to reducing environmental pollution, functional food products with better nutritional
characteristics are created. It has been proven that waste from apple and grape processing
contains biologically active substances such as polyphenols, dietary fibers, proteins, fats,
minerals, has antioxidant, antimicrobial, anti-carcinogenic, antiviral and antibacterial
characteristics and can be successfully incorporated into new functional food products.
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