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Abstract: Wheat pasta is one of the most important cereal products and is becoming increasingly
popular worldwide because of its convenience, simple formulation, long shelf life, and high energetic
value. Wheat pasta is usually obtained from refined flour rich in carbohydrates but with low content
of phytochemicals, micronutrients, and fibre. The increased demand of consumers for healthy foods
has generated interest among both researchers and food producers in developing functional food
products. This review showcases the current trends in pasta fortification. Changes in the nutritional
value, cooking quality, sensory attributes, and antioxidant properties of durum and common wheat
pasta enriched with both plant and animal raw materials are discussed.
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1. Introduction

Wheat pasta, after bread, is among the most popular, easy to prepare, and versatile
food products. It is a rich source of complex carbohydrates (74-77%) and protein (11-15%)
and a poor source of sodium, amino acids, and total fat. The best-quality pasta is obtained
from durum flour (semolina) [1]. Semolina is produced by milling durum wheat (Triticum
durum) with a high level of gluten, which allows a final product with very good quality to be
obtained. Moreover, the high content of carotenoids in semolina and the coarse granularity
result in pasta with a more attractive yellow colour than common wheat pasta [2]. However,
durum wheat constitutes only approximately 5% of the world’s wheat production, and
its cost is higher than that of common wheat (Triticum aestivum L.) [3]. Therefore, pasta is
frequently produced from common wheat flour.

Most pasta products are obtained from refined flour rich in easily digestible carbohy-
drates. These products have a low content of fibre and other biologically active compounds
such as phenolic acids, flavonoids, and vitamins. A diet rich in these compounds plays
an important role in the prevention of cardiovascular diseases, diabetes, and cancer [4,5].
Traditional pasta provides only approximately 5% of the recommended daily intake of
magnesium and zinc [6]. Pasta from wholemeal wheat is highly nutritive but has poor
sensory properties [7]. In recent years, there has been a global trend of consumption of
cereal products enriched with different plant materials rich in antioxidants, dietary fibre
(DF), protein, vitamins, and minerals. Plants are a rich source of many bioactive com-
pounds with antioxidant properties, such as phenolic compounds, vitamins, alkaloids,
and other phytochemicals [8,9], which have a positive influence on human health and
could decrease the risk of the development of many diseases [10]. Epidemiological studies
have strongly indicated that the long-term consumption of foods rich in polyphenols in
particular protects against the development of certain types of cancer, diabetes, osteoporo-
sis, and neurodegenerative and cardiovascular diseases [11]. Polyphenols are the most
abundant plant secondary metabolites and can be divided into several structural groups:
phenolic acids, flavonoids, stilbenes, tannins, and lignans [12]. Foods rich in phenolic acids,
flavonoids, and fibre have been shown to exert a positive influence on human health [11,13].
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Enrichment of pasta with plant additives increases the level of phenolic compounds in the
prepared product [9]. Moreover, in the last few years, the possibility to incorporate animal
raw materials such as fish by-products or insects into pasta has also been widely tested
(Figure 1). These materials are a rich source of protein, fat, and fibre [14,15].

\LQLl'lhlL\
"
[ »
] Animals )
\ \
\ l ibre rich 4 /
\ materials /

——

-\
‘_{“. ,? p e
Food by- Seeds and

products grains

~ -

Figure 1. Current trends in pasta enrichment.

Pasta quality is related to its sensory properties, such as texture, colour, appearance,
and flavour [16]. The cooking properties of pasta, such as optimal cooking time, weight
increase index, swelling properties, and cooking loss, are also important characteristics of
this product [14]. Pasta quality depends mainly on the ingredients used for its preparation.
The method of production (lamination or extrusion) [17,18], dough mixing process, and
drying conditions also have a significant influence on pasta properties [19].

The incorporation of different raw materials into wheat pasta has changed its cooking
quality, nutritional value, and sensory attributes [1]. The present review summarises
current research on common wheat pasta and durum wheat pasta enriched with different
plant and animal raw materials and the effect of this enrichment on the quality, nutritional
changes, and antioxidant activity of the final products.

2. Enrichment of Pasta with Fruits and Vegetables

Fruits and vegetables are a valuable source of many pro-health compounds, such
as vitamins, fibre, minerals, carotenoids, glucosinolates, and polyphenols in particular,
with strong antioxidant and anti-inflammatory properties [20]. Their strong antioxidant
properties protect the human body from many diseases [9]. In recent years, many studies
have been conducted on the enrichment of pasta by adding dried and powdered or pureed
fruits, vegetables, or compounds extracted from these raw materials. Bustos et al. [21]
studied the antioxidant, sensorial, and cooking quality of berry-enriched pasta. They par-
tially replaced common wheat flour with freeze-dried and air-dried blackberry, raspberry,
and black and red currant powder. Because of this enrichment, the content of polyphenol
and anthocyanin content increased in pasta. Consequently, the enriched product showed
increased antioxidant activity (ABTS (2,2'-azino-bis (3-ethylbenzothiazoline-6-sulfonic
acid)) assay). The incorporation of berry, however, caused high swelling of pasta, which
negatively influenced its cooking properties. Despite this drawback, enriched pasta sam-
ples were highly accepted by consumers. Berry-enriched pasta was perceived as fruity
and tasty, with good firmness. Biernacka et al. [22] partially replaced wheat flour with
banana powder and produced common wheat pasta. The enriched product had a higher
level of total phenolics and enhanced antioxidant properties (ABTS assay and DPPH
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(2,2-diphenyl-1-picrylhydrazyl) assay) than the control product. The colour and cooking
properties of the pasta also changed due to banana powder addition. Raw banana pasta
was brighter in colour than the control product, whereas the opposite was true in the
cooked pasta. Moreover, the optimal cooking time decreased and cooking losses increased
with the increase in the percentage of banana powder in the pasta recipe. The incorpo-
ration of banana powder at a concentration greater than 3% decreased the firmness of
pasta and negatively influenced its sensory attributes. Additionally, other authors [23]
found that the incorporation of ripe banana flour into pasta increased its resistance to
enzyme digestion as compared to the unfortified product. Lucas-Gonzalez et al. [4] studied
the bioaccessibility of polyphenols and starch digestion of durum wheat pasta enriched
with persimmon flour obtained from Diospyros kaki fruit. This tropical fruit belongs to the
Ebenaceae family and contains many phytochemicals such as proanthocyanidin, tannins,
flavonoids, and catechin [24]. The incorporation of persimmon flour into pasta changed
its polyphenolic profile, wherein gallic acid and p-coumaric-o-hexoside in particular were
detected in the enriched pasta. However, the content of phenolic compounds in raw pasta
did not change following the incorporation of persimmon flour. Additionally, the bioacces-
sibility of polyphenols in pasta was poor, and the incorporation of persimmon flour did
not improve it. Moreover, the cooked pasta showed decreased content of free polyphenols
and decreased antioxidant activity (ABTS assay) in terms of the fraction of free phenolics.
Importantly, ABTS values increased after the digestion process of pasta proportionally to
the concentration of persimmon flour. Interestingly, the incorporation of 3% persimmon
flour decreased the kinetics of starch digestion, but this effect was not observed when
6% persimmon flour was added. Other authors [25] incorporated unripe and ripe gac
fruit (Momordica cochinchinensis) powder into common wheat pasta. They found that ripe
fruit powder-enriched pasta with carotenoids such as lutein, zeaxanthin, 3-cryptoxanthin,
a-carotene, and (3-carotene. Moreover, the enriched pasta showed approximately twofold
higher content of total phenolics and fourfold higher antioxidant activity (FRAP (ferric
reducing antioxidant power) assay) than the control product. Interestingly, cooking did not
significantly change the content of total phenolics and antioxidant activity but decreased
the content of carotenoids. Additionally, the replacement of wheat flour with both unripe
and ripe gac flour increased the total DF content by approximately twofold and decreased
the carbohydrate content. Tolve et al. [26] used powdered and dried grape pomace for
durum wheat pasta fortification. This fortification increased the cooking loss and firm-
ness of pasta, but drastically decreased its swelling index. Importantly, the total phenolic
content and antioxidant activity of raw and cooked pasta increased significantly after the
addition of grape pomace as compared to the control product. However, despite the loss in
phenolics during cooking, the enriched pasta still showed good antioxidant activity (FRAP
and ABTS assays) due to the retention of phenolic compounds in the pasta. Moreover, the
results of the starch digestibility test showed that the content of rapidly digestible starch
and resistant starch slightly but significantly decreased, whereas that of slowly digestible
starch increased. Consequently, the glycaemic index of pasta decreased from 57.5 (control
pasta) to 53.2 (addition of 15% grape pomace). Additionally, the enriched pasta showed
good sensory acceptability. Minarovic¢ova et al. [27] replaced common wheat flour with
powder obtained from dried celery root and dried sugar beet pulp. The incorporation of
these ingredients into semolina led to higher absorption of water by the pasta product,
because of the increase in the content of fibre. Moreover, the cooking loss increased due
to the dilution of the protein network by fibre. Cooking loss is a commonly used index of
pasta cooking quality and should not exceed 8% for good-quality pasta [28]. When the
incorporation of both celery root and sugar beet pulp into pasta was 20%, the cooking loss
exceeded this value. Furthermore, the enrichment of pasta with powder from celery root
resulted in an acceptable brown colour and pleasant flavour of the product, whereas the
incorporation of root sugar beet pulp negatively affected these attributes. Additionally,
both enriched pastas were softer and had a more granular structure than the control sam-
ple [27]. Other authors [29] used extracts prepared from artichoke canning by-products
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for wheat pasta fortification. According to their results, the enriched pasta showed 70%
increased content of total phenolics (with a prevalence of luteolin-7-O-rutinoside) and
approximately 50% higher antioxidant activity (ABTS assay) than the control product.
Importantly, the added extract did not have a negative effect on the cooking quality and
texture of pasta but decreased its lightness and yellowness. Djeukeu et al. [30] partially
replaced semolina with yam flour (Dioscorea schimperiana). The enriched pasta showed a
higher level of total phenolic content and enhanced antioxidant activity (DPPH, ABTS,
and FRAP assays) but higher cooking loss and decreased firmness. Moreover, in vitro
starch digestibility decreased with the increase in the percentage of yam flour, from 62%
for control pasta to 50% for pasta with 60% yam flour. Additionally, yam flour decreased
the lightness and yellowness of pasta. Other authors [31] incorporated sweet potato starch
into wheat pasta. They found that this additive increased the content of resistant starch in
the fortified product. However, the incorporation of this additive decreased the firmness
and increased the stickiness of pasta. Consequently, the enriched pasta received lower
scores for sensory evaluation. Vital et al. [32] used asparagus flour for functional pasta
production. The content of total phenolics and flavonoids and the antioxidant activity
(FRAP, DPPH, and ABTS assays) of the enriched pasta increased with the proportion of
asparagus powder in the pasta recipe. Additionally, the proposed additive modified the
chemical composition of the product; in particular, it increased the fibre content and protein
content. The incorporation of asparagus flour into semolina also significantly influenced
the pasta cooking properties, with a reduction in cooking time but with higher cooking loss
and decreased water absorption of the product. Interestingly, the firmness and hardness of
pasta increased with a higher concentration of this additive. The addition of this component
also decreased the lightness and imparted yellow-green colouration to the product.

An interesting method of pasta fortification is the incorporation of puree from fruits
and vegetables into wheat flour or semolina. This method of pasta enrichment is eco-
nomically justified because the pureed material is added directly (without drying). Pong-
hal et al. [6] added blanched and pulped Syzygium cumini fruit directly into semolina
during pasta production. This fruit is rich in many nutrients, exhibits strong antioxidant
activity, and thus possesses several pharmacological characteristics [33]. They observed
that the enriched pasta had increased total phenolic content and antioxidant activity (DPPH
radical scavenging activity). The phenolic content increased from 111.2 mg GAE (gallic acid
equivalent)/g dry matter (d.m.) for control pasta (without enrichment) to 176.3 mg GAE/g
d.m. for pasta with 40% fruit pulp. Moreover, the fibre content in the pasta increased
approximately twofold, and both the water absorption index and water solubility index
also increased (from 1.65 to 2.38 and from 7.0% to 9.33%, respectively). Additionally, the
incorporation of fruit pulp into semolina resulted in lower lightness and yellowness of the
product, but increased redness [6]. Rekha et al. [34] added puree from different vegetables
(carrot, spinach, beetroot, and canned tomato puree) into wheat pasta. They found that the
addition of vegetable purees led to an interaction between starch granules and the protein
matrix, because of which the structure of dough from common wheat flour was enhanced.
Consequently, the cooking loss and the swelling index of pasta decreased. However, the
incorporation of vegetable puree decreased pasta firmness but increased the content of fibre
and nutritional pigments such as carotene, chlorophyll, lycopene, and betalains. Moreover,
the colour of the enriched pasta was more attractive, although the overall quality was
slightly decreased. Only for pasta containing carrot puree, the overall quality of pasta was
not significantly different from that of the control product.

To summarise, the enrichment of wheat pasta with fruits and vegetables is a very
interesting future trend that enables more attractive pasta products to be obtained for
consumers, in terms of not only enhanced sensory attributes but also increased nutritional
and pro-health value (Table 1). It also frequently leads to an increase in starch bioavailability
and consequently increases the glycaemic index of pasta [20]. On the other hand, such
pasta enrichment results in the modification of the gluten network and causes higher water
absorption of starch granules. These changes often have negative effects on the cooking
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quality and sensory attributes of pasta. Thus, the level of the individual ingredients has to
be precisely estimated before their addition into pasta.

Table 1. Effect of wheat pasta fortification with fruits and vegetables.

Main Raw Materials and

Method of Pasta Production

Main Effect and Recommended Level of

Replacement Level and Drying Conditions Additive References
Semolina and pulo of The dough was extruded Enhanced antioxidant activity (AA) and
Suzyeinm cumizi ffuit (10,20 through die into spiral shape nutritional value of pasta, moderate effect on [6]
3% ‘Z‘i d 40%) T and cut to 5 cm, drying at 70 °C  the quality attributes. The recommended level
! ° for 60 min of fruit is 20% and 30%
Common wheat flour and The doush was laminated and Decreased starch digestibility. Increased
powder from unripe and ripe cous . content of dietary fibre and AA. The
. cut into fettuccini form and . o . [25]
pulp of gac fruits dried at 60 °C for 18 h recommended level of powder is 5% for unripe
(5,10, and 15%) gac fruit and from 5 to 15% for ripe gac fruit
The dough was laminated and . . .
. . Increased level of bioactive compounds in
Common wheat flour and cut into strips of around 5 mm . .
. enriched pasta, increased TPC and AA, and
berry powder (blackberry, wide and 15 cm long. Pasta was |
rasob black and red then dried at 30 °C for 30 mi improved sensory acceptance. The [21]
pberty, blackand e erereca or o) mm recommended level of berries in the pasta
currant (2.5% and 7.5%)) and at 45 °C at 75% RH for S o P
recipe is 2.5%
17.5h
Durum wheat semolina and ;1;hea d}?;%ihdx;\;als ;;T;i;zjn d cut Reduced glycaemic index and enhanced AA of
grape pomace powder Pag . pasta. The recommended level of proposed [26]
to 250 mm length. The pasta
(5 and 10%) o o additives was not determined
was air-dried at 50 °C
Common wheat pasta and The d'oug.h was ext.ruded and Enhanced AA and increased TPC, reduced
vermicelli (3 mm diameter) was ..
banana powder duced dried cooking time. The recommended level of [22]
(1,2,3,4,and 5%) produced, pasta was dried at banana powder is up to 3%
e 25°Cfor24h
Common wheat flour and Zf:te ji:)ousgt};;\;aspl;sﬁtjici}?:f Increased content of protein, TPC, TFC, and
asparagus flour (5, 10, 15, 20, dried for 12?11.in at 30 °C and for enhanced AA. The recommended level of [32]
and 25%) 3hat 60 °C proposed additives was not determined
Semolina and puree from . More attractive colour of pasta with improved
different vegetables: carrot ;Hsliend?;sgngf; ::iljfiiz?ﬁg cooking quality, especially less cooking loss.
(420 g/kg flour wet basis g Increased level of nutritional pigments but
. spiral shaped pasta and cut to a . [34]
(fwb)), spinach (200 g/kg¢wb), leneth of 2.5 cm: drvine at 60 °C decreased firmness of pasta. The
beetroot (150 g/kggwp), and forg3 ho s Arymg recommended level of proposed additives was
canned tomato (400 g/kggp) not determined
Semolina and puree from . More attractive colour of pasta with improved
different vegetables: carrot ;Hsliend?;sggngi ::ilj:jizs;;g cooking quality, especially less cooking loss.
(420 g/kg flour wet basis g Increased level of nutritional pigments but
. spiral shaped pasta and cut to a . [34]
(fwb)), spinach (200 g/kg¢wb), leneth of 2.5 cm: drvine at 60 °C decreased firmness of pasta. The
beetroot (150 g/kggwp), and forg3 ho s Arymg recommended level of proposed additives was
canned tomato (400 g/kggp) not determined
Semi-coarse common wheat The dough was extruded and Increased level of dietary fibre in pasta.
flour and powder from celery . o L . .
dried at temperature 25 °C for Negative influence on pasta cooking properties. [27]
root and sugar beet pulp three days Good-quality pasta with celery roots up to 10%
(5,7.5, 10, and 20%) y quality p y pto 107
The dough was laminated
(s?-;ig ;rl(?;};s;}ta?;i( ; Zr;dlgit MO 1 creased level of dietary fibre in pasta.
Common wheat flour, water, TW(I)) stes drvine: T—30 mjngz.at Increased cooking loss, swelling index, and
and kafiawa flour ps Arying: water absorption, decreased firmness. The [28]

(10, 20, and 30%)

30 °C without controlling
humidity in an air convection
drier; II—at 45 °C in an air
humidity 75% drier for 17.5 h

recommended level of kafiawa flour is up to
20%
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Table 1. Cont.

Main Raw Materials and Method of Pasta Production Main Effect and Recommended Level of References
Replacement Level and Drying Conditions Additive
Enriched pasta was characterised by higher
Semolina and yam flour The dough was extruded at level of total phenolics content and enhanced [30]
(10, 20, 30, and 60%) 55°Cfor3h antioxidant activity. In vitro starch digestibility
decreased with the percentage of yam flour
Semolina and persimmon The dough was extruded ferrllcriiliseecld gazltl: ssilir}:;zgu;n:rﬁ;;z;;:;lde m
(Dyospyros kaki) flour (spaghetti) and dried at 50 °C riciied pasta, enflance g [4]
(3 and 6%) for 24 h kinetics of starch digestion. The recommended
¢ level of persimmon flour is 3%
Semolina and inulin from The dough was extruded The inulin from cardamom was released to
. (spaghetti shape 30 cm in length  higher extent in the digestive tract than inulin
pag p g g g
cardoon roots and chicory [35]

(4%)

and 1.7 mm diameter). Drying from chicory. The recommended level of
conditions were not included additives was not determined

AA—antioxidant activity, TPC—total phenolic content.

3. Enrichment of Wheat Pasta with Grains and Seeds

Seeds and grains, and their parts, by-products, or isolates, can be a valuable addi-
tive in the development of new pasta products. In recent years, numerous studies have
discussed this issue. Littardi et al. [36] partially replaced wheat flour with chestnut flour
in pasta production. They found that chestnut flour significantly increased the antioxi-
dant activity (DPPH assay) in both raw and cooked pasta. Both chestnut flour and the
cooking process increased the antioxidant activity of pasta. Moreover, the hardness of the
product significantly decreased with the addition of chestnut flour because of the weak
pasta structure. Gupta et al. [37] added quinoa protein isolate to semolina. Cooking loss
and volume expansion of pasta increased following the incorporation of this additive into
semolina. They attributed this phenomenon to the higher hydration capacity and fine
particles of isolates. Importantly, the protein content of pasta increased from 11.73% for the
control sample to 21.52% for pasta supplemented with 12.0% of protein isolates, whereas
crude fat and carbohydrate content significantly decreased. Sensory evaluation showed
that the incorporation of this additive decreased the overall acceptability of the product,
especially when the proportion of protein isolates exceeded 8%. Interestingly, the structural
morphology analysis of pasta revealed that the control product had a smooth surface, while
the supplemented pasta product had a rough surface with an irregular gluten network.
Interestingly, the enriched pasta showed stronger firmness than the control sample. In
another study [28], ground seed of kafiawa (Chenopodium pallidicaule Aellen) was incorpo-
rated into common wheat pasta. Kafiawa is an annual pseudocereal cultivated in Bolivia,
Ecuador, and Peru. Seeds of this plant have a similar nutritive value as those of quinoa.
Furthermore, they do not contain saponins as quinoa does and thus can be used directly as
food [38]. The addition of kafiawa into wheat flour resulted in higher water absorption and
a higher swelling index of the pasta. Consequently, the enriched pasta showed decreased
firmness and springiness and had a higher fibre content. Importantly, both fibre and protein
content significantly increased after the cooking process as the percentage of kafiawa in
the pasta recipe increased. Microscopic pictures of kafiawa-enriched pasta showed some
holes and a disrupted protein matrix, with less ungelatinised starch granules [28]. Another
study [39] analysed the effects of oat bran and whole barley flour addition on the physical
and cooking quality of semolina pasta. The incorporation of fibre-rich components led to
a shorter cooking time and darker pasta. A lower cooking loss was obtained when the
addition of barley flour did not exceed 10%. Cankurtaran and Bilgicli [40] incorporated
wheat bran and wheat germ into common wheat fresh pasta. The nutritive value of the
enriched pasta significantly changed. The proposed additives increased the protein content
and micronutrients in pasta. In particular, pasta enriched with wheat bran showed higher
content of calcium, iron, and potassium, whereas pasta enriched with wheat germ showed
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higher content of magnesium, phosphorus, and zinc as compared to the control sample.
Importantly, the incorporation of wheat germ and wheat bran increased the content of
total phenolics and the antioxidant activity (DPPH assay) of pasta. However, high ratios
(15-20%) of these ingredients had a negative effect on the sensory and cooking quality of
pasta. In another study [41], the authors added a debranning bran fraction from purple
wheat into semolina. They observed that the level of anthocyanins and phenolics signifi-
cantly increased following pasta enrichment. Similarly, Sethi et al. [42] incorporated black
rice bran into wheat pasta. The content of protein, fat, crude fibre, minerals, and free fatty
acids significantly increased as the percentage of rice bran in pasta increased. Most impor-
tantly, rice-bran-enriched pasta with anthocyanins showed increased antioxidant activity
(DPPH and FRAP assays). The addition of bran, however, decreased the pasta firmness
and brightness and increased the cooking loss. However, these changes had little influence
on the sensory evaluation of pasta, and, in general, the enriched pasta received higher or
slightly lower scores than the control product. An interesting study was recently reported
by Alzuwaid et al. [43]. They incorporated into durum wheat pasta wheat bran protein
concentrate. Consequently, the enriched pasta showed increased content of phytosterols,
phenolic acids, and protein. Importantly, enrichment of pasta with protein concentrate
did not have a negative influence on pasta in vitro starch digestion. In another study,
Teterycz et al. [18] used flour of legume seeds (green pea, red lentil, and grass pea) for the
partial replacement of durum wheat semolina in pasta production. The enriched pasta
showed significantly increased fibre and protein content. Moreover, the enriched pasta
was more yellow and darker, with increased firmness compared to the control sample. The
incorporation of legume flour, however, had a negative influence on the cooking properties
of pasta. The cooking loss of the enriched pasta increased and the weight increase index
decreased as compared to the control product. An interesting study was conducted by
Biernacka et al. [16]. They enhanced the nutritional and antioxidant properties of pasta
by adding cereal coffee into common wheat flour. Cereal coffee is prepared mainly from
the roasted grains of barley and rye. It is rich in fibre and bioactive compounds [44]. En-
richment of pasta with cereal coffee increased the total phenolic content by approximately
twofold when wheat flour was replaced with 5% cereal coffee. Moreover, both the raw
and cooked products showed increased antioxidant activity (ABTS and CHEL (chelating
antioxidant power) assays). Additionally, pasta with cereal coffee had a shorter cooking
time and higher cooking loss than the control sample. Importantly, the addition of cereal
coffee into common wheat flour at up to 4% improved the sensory quality of pasta. In one
study, the authors partially replaced semolina with flaxseed flour and flaxseed cake [45].
Both these additives decreased the cooking loss of pasta and increased the weight of pasta
after cooking. The whiteness index and firmness of pasta also decreased. Importantly, the
enriched pasta showed higher content of protein, fat, and fibre than the control sample.
However, the energetic value of enriched pasta did not change significantly. Interesting
results were reported by Arnibar et al. [46] and Pigni et al. [47]. They added partially
deoiled chia flour into common wheat pasta. Consequently, the fortified pasta showed
increased content of protein, fibre, and omega-3 fatty acids. Additionally, the total phenolic
content and the antioxidant activity (FRAP assay) of the enriched pasta were increased
with the increase in the concentration of chia flour. This tendency was observed for both
raw and cooked pasta. Cooking generally had little influence on the total phenolic content
and the antioxidant activity of the fortified product, but it increased the phenolic content
and FRAP in the control pasta. Consequently, the enriched pasta (containing up to 5% of
partially deoiled chia flour) received similar scores for taste, smell, and firmness to the
control product. Ten months of storage of pasta resulted in similar sensory scores for the
control and enriched pasta products. Importantly, the incorporation of chia flour had a
positive effect on pasta cooking properties (shorter cooking time and lower cooking loss)
and did not have a negative effect on pasta firmness and adhesiveness [46]. The HPLC-
MS analysis of partially deoiled chia-enriched pasta showed the presence of 14 phenolic
compounds, and most of these compounds were hydroxycinnamic acids, with prominent
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abundance (tenfold as compared to the remaining detected compounds) of rosmarinic acid
and its glycosylated derivative [47]. These compounds show many remarkable biological
effects on human health, with anti-inflammatory, antibacterial, anticancer, and antiallergic
properties [48]. The simulated gastrointestinal digestion of pasta also showed that only a
small amount of polyphenols is absorbed in the small intestine, while the majority of these
compounds enter the colon. Importantly, rosmarinic acid and its glycoside were detected
in the intestine [47], allowing others to replicate and build on the published results. Other
authors [49] incorporated defatted hemp flour (Cannabis sativa L.) into durum wheat pasta.
This additive enhanced the pasta’s protein, dietary fibre and mineral content but had a
negative effect on the taste and smell. Pasta with 30% of hemp flour was characterised by
satisfactory sensory properties and good cooking quality.

In recent years, einkorn wheat (Triticum monococcum L. subsp. monococcum) has been
used as a pasta ingredient. This diploid wheat is a promising candidate for the production
of cereal products because of its positive nutritional features. Einkorn grain is characterised
by a higher content of protein, tocols, carotenoids, conjugated polyphenols, microelements,
and phytosterol compared to the grain of polyploid wheat [50]. In addition, low 3-amylase
and lipoxygenase activities decrease antioxidant degradation during einkorn grain and
flour processing [51,52]. Brandolini et al. [53] compared the quality of pasta prepared from
einkorn, durum, and bread wheat. They found that einkorn pasta was less firm but had
lower cooking losses and better nutritional value than durum wheat and bread wheat pasta.
Hidalgo et al. [50] produced wheat pasta from einkorn flour (five types of einkorn wheat
pasta were prepared: einkorn, pregerminated einkorn, decorticated einkorn, einkorn-egg
albumen, and einkorn-whole egg pasta). All the einkorn pasta products showed lower heat
damage and higher protein and carotenoid content than the control durum wheat product.
Additionally, cooked einkorn pasta samples were more yellow and cooking loss was always
lower in the einkorn products than in the durum wheat pasta. Other authors [54] showed
significant differences in structure and starch digestion of pasta made with einkorn and
durum wheat. Pasta produced from einkorn flour showed a less compact structure and
a lower rate of starch hydrolysis compared to the durum product. This can be explained
by the differences in the gluten properties of durum and einkorn pasta and the higher
ability of durum pasta in binding water [54]. Recently, Nocente et al. [55] incorporated
brewers’ spent grain from einkorn wheat into durum wheat pasta. The enriched pasta
showed higher protein content, dietary fibre, and antioxidant activity (trolox equivalent)
than the control durum wheat product. Importantly, enrichment of durum wheat pasta
with brewers’ spent grain did not negatively affect its sensory quality.

An interesting trend is the enrichment of cereal products with fermented seeds. Seed
fermentation is recognised as an effective tool to improve the nutritional properties of
different seeds and to reduce the content of antinutritional compounds [56]. Soluble fibres,
total phenolic content, free amino acids, and protein digestibility significantly increased
during seed fermentation [57]. In the study conducted by Rizzello et al. [58], wheat
pasta was fortified with fermented faba bean flour. A 50% replacement of semolina with
fermented faba bean flour resulted in twofold higher content of protein, fat, ash, and total
DF than that in the control sample. Importantly, the content of essential amino acids such
as lysine, methionine, and threonine increased significantly (from 44.5% to 70.2%). The
enriched samples also showed a lower glycaemic index and a higher level of resistant starch.
A 30% replacement of semolina with bean flour increased pasta firmness without negatively
affecting its sensory quality. Lorusso et al. [59] incorporated fermented quinoa flour into
pasta. Pasta enriched with this additive (20% of semolina replacement) exhibited improved
nutritional value (higher fibre, protein, and free amino acid content), low glycaemic index,
improved protein digestibility, and higher antioxidant activity than the control sample.
The tenacity and elasticity of the enriched pasta also increased following the addition of
fermented quinoa flour. Importantly, the enriched pasta showed improved flavour and
taste attributes as compared to the control sample. Quinoa addition decreased the optimum
cooking time and water absorption, but increased the cooking loss.
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Considering the above findings, it could be concluded that various seeds and by-
products of their processing as well as fermented grain or flour can be a valuable additive
for increasing the nutritional value of pasta (Table 2). On the other hand, such additives
have often negative effects on the cooking quality of pasta.

Table 2. Effect of cereal grain and seed addition on nutritional value of wheat pasta.

Main Raw Materials and

Method of Pasta Production

Main Effect and Recommended Level of

Replacement Level and Drying Conditions Additive References
The dough was extruded at a Enrichment of pasta in protein (especially in
Semolina and quinoa protein  emperature of 37-40 °C, using  methionine and lysine), higher firmness, but
isolates (4, 8 a(rll d12 05) shell-shaped die. Pasta was cut  increased cooking loss. Recommended level of [37]
T - to length of 2.5 cm and dried at  inclusion of quinoa protein isolates is up to
45-50 °C for 4-5 8.0%
Enhanced nutritional value of pasta. Increased
Common wheat flour and The dough was laminated and TPC and AA. Enrichment of wheat pasta with
partially deoiled chia flour cut into strings rosmarinic acid and its glycosylated form. The [45,46].
(2.5, 5, and 10%) (2 x 2 x 200 mm) recommended level of proposed additive was
not determined
Semolina and chemp flour (5 The dough was extruded and Enrichment of pasta in protein, fibre, ash, and
10.15. 20 25. 30. 35 I; nd 400/; pasta (Fusilli) was dried fat content. Recommended level of chemp [49]
ettt ® (35-55 °C) at 85-55% RH flour: 30%
Semolina and einkorn The dough was extruded and Enrichment of pasta in 3-glucan content and
brewers’ spent . pasta (macaroni shape) was . d AA R ded level of eink [55]
pent grain . 3 increase . Recommended level of einkorn
(5 and 10%) dried for 18 h at 58 °C (max) brewers’ spent grain is up to 10.0%
° and 70-85 RH pents pro 1RAe
Sve}?; i)el;rluei;{) g;flzanf’lour The dough was extruded into Enrichment of pasta in fibre and decreased
resistant starch (gach a é ditive spiral-shaped pasta and pasta cooking loss. The recommended level of both [39]
at 5,10, and 15%) was dried at 71 °C for 6 h proposed additives is up to 5%
. . The dough was extruded (spiral Improved nutrltlopal value of pasta,
Semolina and black rice bran hape) and dried at 50 °C for enrichment pasta in anthocyanins, and [42]
(5, 10, 15, 20, and 25%). ;_ 41:;? ¢ © enhanced AA of pasta. The recommended
level of proposed additive was not determined
Semolina and wheat bran The dough was ex.truded o Increased content of protein, phytosterols, and
protein concentrate (1, 5, 10, (spaghetti) and d.“ed at65“Cat phenolics in fortified pasta. The recommended [43]
and 20%) 70% RH for 45 min then at level of bran protein concentrate is 10 and 20%
50 °C, RH 70-80% for 13 h
The dough was laminated and
Common wheat flour. e then put into ravioli mold.
wheat bran and erm,bci% at Steam (91 °C for 9 min) was Enhanced nutritional profile and AA of pasta.
5 10,15, and 20§ in relation applied to all products. The recommended level of bran and germ is up [40]
t(; wileajc flour ¢ Immediately after steaming, the to 10% and 15%, respectively
pasta was cooled to room
temperature
The dough was laminated. The
Semolina and legume flours: dough sheets were cut (strands ~ The content of lysine in fortified pasta was
green pea, lentil flour, and of 7 mm wide and 500 mm increased by 60-88%. Increased yellowness [18]
grass pea flour (5,10, 15,and  long). Pasta was dried at and firmness of pasta. The recommended level
20%) 35-55 °C for 7 h, humidity was  of proposed additive was not determined
changed from 75% to 55%
The dough was extruded and Incre:flsefi content of amino acids (lysine,
Semolina and fermented faba  cut into short forms (grooved methionine, and threonine). Decreased
glycaemic index. The recommended level of [58]

bean flour (10, 30, and 50%)

“macaroni”). Pasta was dried at
55°C

replacement of semolina with fermented faba
bean flour: 30%
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Table 2. Cont.

Main Raw Materials and

Method of Pasta Production

Main Effect and Recommended Level of

Replacement Level and Drying Conditions Additive References
The dough was extruded and chreased n'utrltlonal Valu? of pa}sta (dietary
. . fibre, protein, and free amino acids content),
Semolina and fermented cut into short forms (grooved . T,
. 5 Y . . improved protein digestibility, and enhanced [59]
quinoa flour (20%) macaroni”). Pasta was dried at .. ..
o antioxidant activity. The recommended level of
55 °C . .
proposed additives was not determined
The dough was laminated. The Enhanced TPC and AA. Positive influence of
Common wheat flour and dough sheets were cut (strands
o . taste, smell, and colour of pasta. The [16]
cereal coffee (1,2, 3,4,and 5%) of 7 mm wide and 500 mm long). recommended level of cereal coffee up to 4%
Pasta was dried at 24 °C for 25 h p ?
Semolina and flaxseed flour, The dough was extruded. Pasta  Enriched pasta in fibre, fat, and protein. The
and flaxseed cake (5,9,13,17, was dried at temperature from enrichment of pasta with 23% flaxseed flour [45]
20, 23%) 35t055°Cina7 hdrying cycle  and 17% flaxseed cake is recommended
Common wheat flour and Then, the dough was laminated
chestnut flour (20, 30, and up to 1 mm thickness and sheets =~ Enhanced AA and decreased hardness of pasta [36]

40%)

were cut into “tagliatelle” shape

AA—antioxidant activity, TPC—total phenolic content.

4. Enrichment of Pasta with Animal Raw Materials

An interesting trend in recent years has been the addition of animal raw materials
such fish, insects, or meat by-products into pasta (Table 3). These types of materials are
considered to be healthy and nutritious as they have a rich content of protein, beneficial
fat, fibre, vitamins, and minerals [14,52,60]. Duda et al. [14] incorporated edible cricket in
powder form into semolina pasta. Edible cricket powder is a valuable source of protein,
unsaturated fatty acids, fibre, and minerals, especially zinc, calcium, and iron [61]. The
substitution of semolina with cricket powder significantly enhanced the nutritional value of
pasta. The content of protein, fat, and ash increased in pasta, whereas carbohydrate content
decreased after adding cricket powder. The highest changes were noted in fat content
(increase from 1.31% for control pasta to 4.73% for pasta enriched with 15% of cricket
powder). Moreover, the energetic value of pasta significantly increased with the addition
of cricket powder. This additive also increased the optimum cooking time and firmness of
pasta, while decreasing cooking loss and lightness. Importantly, more than 5% addition
of cricket powder negatively affected pasta sensory attributes. Other authors [62] found
that cricket powder significantly increased the total phenolic content and the antioxidant
activity (FRAP assay) of pasta. In another study, Cabuk and Yilmaz [63] investigated the
influence of grasshopper flour and mealworm flour addition on the properties of wheat
pasta. Similar to the study of Pauter et al. [61], the incorporation of edible insects into
pasta increased the protein content and decreased the starch content in the final product.
Moreover, the enriched pasta product (with 15% insect powder) showed approximately
twofold higher content of crude fibre than the control sample. The colour of pasta also
significantly changed after the addition of powdered insects; in particular, the lightness and
yellowness of pasta decreased. Additionally, the sensory evaluation showed that partial
replacement of wheat flour with both kinds of insect powder decreased notes for pasta
sensory attributes such as colour, odour, and smoothness.
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Table 3. Incorporation of powdered animal materials into pasta and its effect on pasta quality.

Main Raw Materials and

Method of Pasta Production

Main Effect and Recommended Level of

Replacement Level and Drying Conditions Additive References
. Enhanced nutritional value of pasta and
Semolina and smoked trout The dough was extrude.d (die increased level of TPC and AA. Decreased
. 6 mm wide, 0.85 mm thick) and . . .
fillet powder (5, 10, 15, 20, - cooking quality and sensory attributes. The [15]
cut to 10 cm. Drying at room .
and 25%) recommended level of trout powder is up
temperature for around 20 h o
to 15%
The dough was extruded Enhanced protem. ash and fat level of enriched
. . . . pasta. Increased firmness but decreased
Semolina and red cod fish (2.25 mm diameter die) and . . -
o cooking quality and sensory attributes. The [64]
powder (5, 10, 15, and 20%) extruded fresh pasta was frozen ..
o recommended level of proposed additives was
at —18 °C .
not determined
The dough was extruded and
Semolina and cricket powder ~ Pasta was dried as follows: Enhanced nutritional value of pasta. Decreased
(5,10, and 15%) p 45°C,RH =75% for 3h; 63 °C,  sensory attributes. Application of cricket [61]
T ° RH = 85% for 12 h and 40 °C, powder at the amount of 5% is recommended
RH = 60% for 4 h
The dough was laminated and
Common wheat flour, eggs, Cu.t into pieces with re.gular Improved nutritional value of pasta but
. thickness. Flattened pieces were . .
and edible insects (mealworm . o . decreased cooking quality and sensory
o dried (60 °C, 10 min) and cut . [63]
(15%) and grasshopper . . attributes. The recommended level of
into 3 cm long stripes. The - .
flour (15%)) . proposed additives was not determined
second drying was performed
at 60 °C for 90 min
Dough was laminated and cut Enhanced nutritional value of pasta without
Common wheat flour and into pieces (260 mm length and neeative influence on pasta cookine qualit
tilapia waste flour (10,20, 30, 5 mm width). Pasta was dried & ) p g quaity [65]
o o . . and sensory attributes when the level of tilapia
and 40% of wheat flour) at 45 °C for 2 h, with a drying . o
) . powder did not exceed 10%
air velocity of 1.5 m/s
. . The doough was extruded at Enhanced nutritional value of pasta. Improved
Semolina and pangas protein ~ 37—40 °C. The pasta was dried . . o
- o colour but increased optimum cooking time
isolates (2.5, 5.0, 7.5, (Penne/tube-shaped) at 50 °C . [66]
. . -7 and cooking loss. The recommended level of
and 10.0%) with a relative humidity of Aneas protein isolates is up o 5%
60-70% for 4-5 h pangasp p o
Semolina and paneas protein Enrichment of pasta with essential amino acids.
) pansasp The dough was extruded (penne  Increased fish flavour of pasta. The
isolates (2.5, 5.0, 7.5, . 5 L. [67]
and 10.0%) form) and dried at 50 °C for 5h  recommended level of pangas protein isolates
s is up to 5%
Semolina and beef emulsion Increased protein and fat content in fortified
(beef meat was mixed with The dough was extruded and pasta. Decreased glycaemic index and
distilled water (1:1)). The level fresh pasta was used enhanced tensile strength and elasticity of [68]
of semolina replacement: 15, for analysis pasta. The recommended level of beef
30, and 45% emulsion is up to 45%
. The dough was extruded Improved nutritional quality (enriched pasta
Semolina and beef lung (spaghetti) and fresh pasta in dietary fibre, calcium, and iron). The [69]

powder (10, 15, and 20%)

was produced

recommended level of beef lung powder: 10%

AA—antioxidant activity, TPC—total phenolic content.

In recent years, the enrichment of pasta with by-products of fish processing has also
become popular. Fish powder is a cheap source of high-quality nutrients with a high level
of essential amino acids, polyunsaturated fatty acids, vitamins, and minerals [64]. Ozgoren
and Yapar [15] added smoked trout fillet powder (production waste material) to durum
wheat pasta. Partial replacement of semolina with smoked trout significantly enhanced the
nutritional value of pasta. Protein content and fat content in pasta increased from 13.87%
to 25.76% and from 1.70% to 7.88%, respectively, with the addition of trout powder from
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0% to 25%. The enrichment also decreased the carbohydrate level from 73.66% to 53.63%,
and consequently, the energy value of pasta increased from 365.39 to 388.4 kcal/100 g.
Importantly, the replacement of semolina with smoked trout significantly increased the
total phenolic content (from 35.93 mg GAE/100 g for control to 42.21 mg GAE)/100 g
for pasta with 25% trout addition and increased the antioxidant activity (DPPH assay) by
several times. The enriched pasta showed increased optimum cooking time and cooking
loss, with decreased water absorption and swelling index. Moreover, the sensory analysis
showed that the addition of trout powder negatively affected pasta odour, taste, and texture,
and therefore, the percentage of the trout powder in the pasta recipe should not exceed 15%.
Monteiro et al. [65] studied the physicochemical and sensory characteristics of common
wheat pasta enriched with tilapia waste flour. Similar to insect powder, tilapia powder
improved the nutritional composition of pasta. The enriched pasta showed significantly
increased protein content and ash content and decreased carbohydrate content. Control
pasta had 9.1% protein content and 1.9% lipid content, whereas pasta enriched with 23%
tilapia waste powder showed 18.4% and 4.9% content of these compounds, respectively.
The cooking time, water absorption, and swelling index of pasta decreased, and cooking
loss increased following the addition of tilapia powder. These changes resulted in the
enriched pasta becoming harder and showing less springiness. Moreover, the lightness and
yellowness of pasta decreased with the addition of tilapia powder, but redness increased.
Importantly, the replacement of 10 g/100 g of wheat flour with tilapia powder had no
negative influence on the sensory quality of pasta. In some other studies, the authors
incorporated protein isolates from pangas waste into semolina pasta [58,59]. They found
that these isolates significantly increased the protein content of pasta and altered the
cooking characteristics of the product. An increase in the content of protein isolates
extended the optimum cooking time from 6.5 to 8.5 min and increased the water uptake
ratio, volume expansion ratio, and cooking loss [66]. Moreover, Singh et al. [67] reported
that protein isolates from pangas decreased the firmness and toughness of pasta when
the concentration of this additive did not exceed 7.5%. These indices of pasta texture are
very important parameters for pasta quality assessment and are related to the strength of
the protein network and swelling of starch granules [70]. Notably, protein isolates from
pangas showed no significant influence on pasta appearance, colour, and palatability and
had a less negative influence on pasta flavour. The incorporation of protein isolates led to a
rougher surface of the pasta and a compact starch structure deeply embedded into the non-
gluten protein matrix, which resulted in a longer time for starch gelatinisation. In another
study by Desai et al. [71], semolina was partially replaced with salmon (Oncorhynchus
tschawytscha) powder, and fresh pasta was produced. Similar to the study conducted by
other authors [66], protein, fat, and ash contents were found to be significantly increased
following the addition of fish powder into pasta. However, the cooking properties of
pasta decreased. The cooking loss increased by approximately twofold (above 8%) as
compared to that in the control sample when 20% wheat flour was replaced with salmon
powder. Moreover, the firmness of cooked pasta was decreased after the incorporation
of fish powder into semolina. These changes were mainly caused by the disruption of
the starch—protein matrix by salmon flour. Desai et al. [64] also conducted a study on
the effect of red cod fish (Pseudophycis bachus) powder addition on the nutritional profile
and physical properties of durum wheat pasta. The fortification of pasta with 20% red
cod fish powder increased the content of protein, fat, and ash in pasta by approximately
twofold as compared to that in the control product. In contrast to the results obtained
for salmon-enriched pasta [69], red cod-enriched pasta showed enhanced firmness and
resistance to uniaxial extension as compared to the control product, which was probably
due to decreased water absorption during cooking. Moreover, the cooking quality of the
fortified product decreased. Red cod-enriched pasta exhibited higher cooking loss and
lower water absorption during cooking. The sensory evaluation of red cod-enriched pasta
was, however, not performed.
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Jayawardena et al. [69] incorporated beef lung powder into durum wheat pasta. Beef
lungs are a rich source of protein and iron [72]. As compared to the control product, the
enriched pasta exhibited a higher content of amino acids. The lysine content in particular
increased by approximately twofold in the enriched pasta. Moreover, the firmness of pasta
increased following lung powder addition. The cooking loss of the enriched pasta was,
however, significantly higher than that of the control sample. Both cooked and uncooked
pasta were darker and more red in colour with the addition of lung powder, whereas the
yellowness of pasta decreased. Importantly, the addition of 10% lung powder into pasta
increased the iron content by fivefold, increased the protein content by 60%, and improved
the score of essential amino acids (from 0.48 to 0.91) [69]. In another study, Lin et al. [68]
investigated the nutritional value and structure of pasta enriched with beef emulsion. The
glycaemic index of pasta significantly decreased with the increase in the percentage of this
additive. Moreover, the fortified pasta showed higher protein, fat, and ash content than the
control product. The study of pasta microstructure revealed that beef emulsion enhanced
the protein matrix. Because of this enhancement, the tensile strength and elasticity of the
enriched pasta increased, which was positively received by the consumers. Additionally,
beef-enriched products were more preferred in terms of flavour than the control pasta. This
phenomenon could be attributed to the presence of reducing sugars and amino acids in the
enriched pasta because of the occurrence of the Maillard reaction during pasta cooking.
This reaction generated heterocyclic compounds responsible for the meaty flavour of the
enriched product. Boundalia et al. [73] obtained interesting results when sweet whey was
used for pasta enrichment. The replacement of semolina with 20% powdered whey in
pasta production significantly increased the protein content, but did not negatively affect
the sensory attributes of pasta. Moreover, the cooking properties of the enriched pasta only
slightly altered following whey addition.

To summarise, the enrichment of pasta with animal raw materials effectively enhances
its nutritional value. In particular, the enriched pasta shows increased protein and fat
content and decreased carbohydrate content. Such fortification, however, frequently has
a negative effect on pasta quality in terms of higher cooking loss and decreased sensory
acceptability (Table 3).

5. Enrichment of Pasta with Herbs, Spices, and Different Parts of Plants

In recent years, some researchers have been studying the possibility of enriching
pasta with herbal raw materials (Table 1). Padalino et al. [74] enriched durum wheat fresh
pasta with an extract from the Salicornia europaea plant. This is an annual herbal plant
with enhanced anti-inflammatory and anticancer properties [75]. The addition of the S.
europaea extract into durum wheat semolina showed little influence on the cooking quality
and sensory attributes of pasta and increased the total phenolic content, total flavonoid
content, and antioxidant activity (DPPH and ABTS assays) of the enriched product. Inter-
estingly, the content of this compound significantly decreased after cooking; however, the
antioxidant activity did not change significantly. Importantly, the results of pasta diges-
tion confirmed that the S. europaea extract enriched durum wheat pasta, with high total
phenolic content and enhanced antioxidant (FRAP assay) properties. Lisiecka et al. [76]
added Cistus incanus L. leaves into common wheat pasta. C. incanus L. is a medicinal plant
with anti-inflammatory, antiulcerogenic, and antimicrobial properties and is commonly
used in herbal infusions [77]. Following the incorporation of the Cistus leaves into pasta,
the total phenolic content and antioxidant properties of pasta (DPPH and ABTS assays)
significantly increased. The replacement of wheat flour with 5% Cistus leaves resulted
in an approximately twofold increase in the total phenolic content as compared to that
of control pasta and changed the colour of the enriched product. Both raw and cooked
pasta showed an increase in redness and yellowness. However, the enrichment of pasta
with this herb significantly increased the cooking loss and decreased the sensory attributes,
particularly when the amount of addition exceeded 3%. Among the wide variety of spices,
saffron (dried and powdered Crocus sativus L. flowers) has received special attention in the
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food industry because of its pleasant aroma and pro-health and colouring properties [78].
Armellini et al. [79] incorporated saffron extract into durum wheat flour pasta and found
that this additive decreased the starch digestibility and glycaemic index of the enriched
pasta. Furthermore, the addition of saffron led to the release of crocin (a major component
responsible for the colour of saffron) in the digestive fluids.

Leaves of different plants are a valuable source of many bioactive compounds with
pro-health properties and can be used as functional additives in foods. Recently, Si-
monato et al. [80] incorporated Moringa oleifera L. leaf powder into wheat pasta. The leaves
of this plant enriched pasta with phenolic compounds, DF, protein, and minerals. The
total phenolic content and antioxidant activity (FRAP and ABTS assays) were also signif-
icantly increased in the fortified pasta. However, this effect was partially reduced after
the cooking process. The cooked pasta showed a decrease in the total phenolic content,
antioxidant activity, and micro- and macro-elements. Pasta enriched with Moringa leaves
also showed lower firmness, darker colour, herbaceous aroma, and higher cooking loss.
However, these changes had no significant influence on the overall acceptability of the
enriched product. Other authors [81] added amaranth flour and dried and powdered
leaves of amaranth to durum wheat pasta. The leaves of amaranth significantly increased
the total phenolic content and the antioxidant activity of pasta (ABTS, DPPH, FRAP, and
ORAC (oxygen radical absorbance capacity) assays) in both raw and cooked pasta prod-
ucts. The cooking process increased the content of phenolic compounds from 3.5% (control
sample) to 26.2% (pasta with 55% amaranth flour and 5% amaranth leaves). Moreover,
the addition of amaranth leaves enriched pasta with iron, zinc, magnesium, potassium,
and fibre. Additionally, the enriched pasta exhibited decreased optimum cooking time
and increased cooking loss due to the reduction in gluten content and inhibition of gluten
development. Alemayehu et al. [82] enriched wheat pasta with dried and powdered nettle
(Urtica simensis) leaves. The leaves of this plant have high nutritional value, with high
content of protein, carbohydrates, and minerals [83]. The replacement of wheat flour with
dried nettle leaves at a 20% level increased the content of protein (from 9.9% to 13.4%),
ash (from 0.73% to 2.66%), and DF (from 0.48% to 2.65%) in the enriched pasta as com-
pared to that in the control sample. Importantly, the content of iron, zinc, and calcium
in particular also significantly increased in the fortified product. Parsley leaves are an
interesting additive in pasta production. Seczyk et al. [84] studied the effect of the addition
of powdered parsley leaves on the nutraceutical and nutritional potential of durum wheat
pasta. They found that parsley-enriched pasta showed a higher content of phenolics and
increased antioxidant activity (ABTS and FRAP assays). This tendency was also observed
after the in vivo digestion of pasta, and the enriched pasta showed high bioaccessibility of
phenolics. The incorporation of parsley leaves into the wheat sample did not significantly
influence starch digestibility, but significantly decreased protein digestibility (a decrease of
approximately 20% for pasta with addition of 4% parsley). Another study [85] investigated
the effect of the addition of dried and powdered leaves of Pereskia aculeata Miller on the
properties of common wheat pasta. The leaves of this vegetable are a rich source of protein,
fibre, minerals, and vitamins [86]. As compared to the control product, the incorporation
of this additive at 10% and 20% proportions relative to wheat flour led to a threefold
and fivefold increase, respectively, in fibre content in the enriched pasta. Furthermore,
the enriched pasta showed a significant increase in calcium and iron content. It is worth
emphasising here that cooking loss decreased after the incorporation of P. aculeate leaves
into pasta. The firmness and sensory quality of pasta, however, decreased remarkably
when wheat flour was replaced with 20% of leaves.

On the basis of the abovementioned studies, the fortification of pasta with herbs
and leaves of different plants is an interesting trend that results in obtaining a functional
product with an enhanced level of bioactive compounds and with good sensory quality
(Table 4).



Processes 2021, 9, 1280

15 of 23

Table 4. Influence of addition of herbs and different parts of plants on wheat pasta properties.

Main Raw Materials and

Method of Pasta Production

Main Effect and Recommended Level of

Replacement Level and Drying Conditions Additive References
Common wheat flour. ezes The dough was laminated, Enriched pasta in dietary fibre, calcium, and
1 €85 sheets were cut into pasta form, iron; improved cooking and sensory quality of
and leaves of Pereskia culeate [85]
asta was dried at 60 °C for pasta. The recommended level of Pereskia )
(10 and 20%) pasta
40 min culeate leaves: 10%
Semolina and Salicornia . . . .
ewropaea extract (concentration The .dough was lammated. to Enrichment of pa.sta in ph.er.mls and flavonoids,
. obtain sheets and shaped into enhanced antioxidant activity. The
of extracting solvent 40% . . . [74]
(0/0), ethanol and ratio of tagliatelle (strands 1 cm width ~ recommended level of proposed additive was
1:30 (,w /9)) and 3 mm thickness) not determined
Common wheat flour and The dough was extruded for Enhanced AA of pasta and increased level of
powdered leaves of Cistus spaghetti with 2 mm diameter; ~ TPC phenolics. The recommended level of [76]
incanus L. (1,2, 3, 4, and 5%) pasta was dried at 22 °C for24h  Cistus incanus is up to 3%
Semolina and Moringa oleifera ~ The dough was extruded Enhanced pas'ta 'm mlnerglg and TPC,
. increased antioxidant activity. The
L. leaf powder (5, 10, through a 0.22 cm diameter . ) [80]
o s recommended level of Moringa oleifera leaf
and 15%) spaghetti die powder is up to 15%
Semolina and mixture of Enhanced pasta in minerals and phenolics,
. The dough was extruded . - o
amaranth leaves with throush and dried at 80 °C for increased AA. Pasta with 35% of amaranth [81]
amaranth seed flour (sixteen ih 8 flour and 4% dried amaranth leaves
different formulations) was recommended
Semolina and dried nettle . Increased level of protein, minerals, and fibre
C . The dough was laminated up to o
(Urtica simensis) leaves (5, 10, 22 mm thickness of pasta in fortified pasta. The recommended level of [82]
15, and 20%) pasta. nettle powder is up to 15%
Parsley-enriched pasta was characterised by
higher content of TPC and increased AA.
Semolina and dried parsle The dough was extruded and Phenolics from enriched pasta were highly
P y dried at 40 °C until pasta bioaccessible. Incorporation of parsley leaves [84]

leaves (1, 2, 3, and 4)

reached 12% of moisture significantly decreased protein digestibility of
pasta. The recommended level of proposed

additive was not determined

AA—antioxidant activity, TPC—total phenolic content.

6. Pasta Enriched with Raw Materials Rich in DF

DF is defined as the “edible parts of plants or analogues of carbohydrates that are
resistant to digestion and absorption in the human small intestine with complete or partial
fermentation in the large intestine” [87]. DF plays a very important role in the human
body. The lack of DF in the diet often leads to gastrointestinal diseases and increased
risk of cardiovascular diseases [88]. The consumption of high-fibre foods contributes to
a reduction in blood pressure [89] and cholesterol levels [90] and is associated with a
lower risk of obesity [91]. The recommended level of total DF intake depends on sex and
age and ranges from 21 to 38 g per day [87]. The development of fibre-rich pasta allows
products with health-promoting properties to be obtained. Thus, for the past several years,
much attention has been focused on the possibility of enriching pasta with DF of various
origins [92-94]. This trend continues even today. Recently, Garbata et al. [35] studied the
quality and nutritional characteristics of pasta enriched with inulin (fructose polymers
classified as a highly water-soluble fibre) with a high and low degree of polymerisation
from cardoon roots and chicory, respectively. The incorporation of both types of inulin
into pasta decreased its cooking time. The inulin extracted from cardoon was released
to a higher extent in the digestive tract than that extracted from chicory. Additionally,
the inulin from cardoon did not modify the sensory properties of pasta. This can be
explained by the fact that inulin from cardoon shows greater resistance to the hydrolytic
activity of the enzymes in the upper human digestive tract. Simonato et al. [95] added
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oil pomace to durum wheat pasta. Oil pomace is an industrial by-product obtained after
the extraction of olive and contains around 48% DF [95]. The increased content of this
additive in pasta significantly influenced the rate of starch digestibility. A decrease in
the content of rapidly digestible starch and an increase in the content of slowly digestible
starch and resistant starch were observed. Both cooked and uncooked fibre-rich pasta
showed a higher content of total phenolics and higher antioxidant activity (DPPH and
ABTS assays) than control samples. However, the cooking process drastically decreased the
total phenolic content (approximately 70%) and the antioxidant activity of both control and
enriched pasta. Moreover, oil pomace addition decreased the lightness and yellowness of
pasta, but increased its redness. Pasta fortification also altered the cooking properties and
texture of the product. The enriched pasta required a shorter cooking time but exhibited
higher cooking loss and higher water absorption. Additionally, the fortification of pasta
increased its firmness and adhesiveness. These changes were caused by the modification
of the pasta structure by the fibre addition. Biernacka et al. [96] partially replaced wheat
flour with carob fibre. Carob fibre is a by-product of carob syrup processing and contains
mainly insoluble DF with a high content of polyphenols [97]. The authors found that carob
fibre addition increased the total phenolic content and the antioxidant activity of common
wheat pasta (FRAP, ABTS, CHEL, and LOX (lipoxygenase activity) assays). Moreover,
after in vitro digestion, the phenolic content and the antioxidant activity of the enriched
pasta increased several times. It is worth emphasising here that the addition of carob flour
had little effect on the cooking quality of pasta, but decreased its lightness and redness.
Additionally, Seczyk et al. [98] reported that the incorporation of carob fibre into semolina
pasta decreased both starch and protein digestibility. Piwiriska et al. [99] used fibre-rich oat
-glucan flour to enrich durum wheat pasta. The oat flour contained 23% insoluble fraction
of DF and 21% soluble fibre with 16% 3-glucan. The authors found that the additive
had no significant influence on the optimum cooking time of pasta, but increased the
cooking loss, swelling index, and water uptake of pasta during cooking. The addition
of B-glucan also strongly influenced the texture of pasta and decreased its firmness and
adhesiveness. Moreover, the content of DF increased from approximately 2% in control
pasta to approximately 18% in pasta with 20% DEF. Other authors [100] replaced durum
wheat pasta with oat powder containing 80% insoluble fibre. A similar influence on pasta
quality was noted for pasta enriched with fibre-rich oat 3-glucan [99]. Pasta with 20%
insoluble fibre increased the DF content by sevenfold as compared to that in the control
product. Additionally, the authors found that a higher reduction of oat powder particles
resulted in pasta with better quality [100]. Padalino et al. [101] produced durum wheat
pasta enriched with tomato peels. This processing residue contains approximately 84%
DF, with a major fraction of insoluble DF (approximately 72%). It is also rich in rutin and
carotenoids [102]. The incorporation of tomato peel enriched spaghetti with lycopene and
-carotene. The soluble and insoluble fibre content in the fortified pasta also increased
as compared to that in control pasta. This additive, however, had a negative influence
on pasta sensory quality due to the unpleasant odour, decreased elasticity, and increased
hardness. Marinelli et al. [103] used red grape marc, a by-product of winemaking, as a
pasta ingredient to improve the nutritional value of the final product. Grape marc is a rich
source of DF (usually above 70%) with excellent antioxidant properties [104]. Enrichment
of pasta with this by-product increased the content of phenolics and anthocyanins and the
antioxidant activity (FRAP assay) in both raw and cooked pasta as compared to that in
the control product. The cooking process had no negative influence on either the phenolic
content or the antioxidant capacity of pasta. Most importantly, the addition of grape marc
to pasta increased the bioaccessibility of polyphenols and decreased the glycaemic index.
However, this additive had a negative influence on the sensory properties of pasta. In
particular, a reduction in firmness and elasticity and increase in adhesiveness were observed
for the enriched pasta. An interesting study of pasta fortification with brewer’s spent grain
was conducted by Cappa and Cappa [105] and Nocente et al. [106]. Brewer’s spent grain
is rich in DF (approximately 70%) and protein (approximately 20%) and is a by-product
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generated in the beer-brewing process [107]. This additive increased the fibre content of
pasta, especially the insoluble fraction, but it decreased the cooking quality because of
higher starch granule swelling and weakening of the protein network [105]. Kim et al. [108]
studied the effect of the addition of insoluble DF from kimchi by-product (approximately
73% DF) on the properties of pasta. Kimchi is a fermented dish prepared from a mixture of
vegetables (cabbage, radish, and red pepper as the main ingredients), with many health
properties [109]. On the basis of cooking quality and sensory acceptance, the authors found
that the proportion of this by-product in semolina pasta should not exceed 2%. The addition
of this component at a higher proportion increased cooking loss and led to lower scores for
texture, flavour, and taste. Michalak-Majewska et al. [94] enriched wheat pasta with dried
and powdered onion skin. Onion skin is a valuable source of many pro-health compounds
such as DF, fructan, fructo-oligosaccharides, quercetin, and minerals [110]. The total DF
content in the enriched pasta (7.5% of onion skin) increased by approximately twofold
as compared to that in the control sample, while the content of carbohydrates, protein,
and fat decreased. Consequently, the energetic value of the enriched pasta decreased.
The incorporation of onion skin in pasta increased both the total phenolic content and
total flavonoid content. Consequently, the antioxidant activity (DPPH and FRAP assays)
also increased. Interestingly, the content of these compounds did not decrease after pasta
cooking; moreover, the cooking process enhanced the antioxidant activity of pasta because
of the release of some phenolic acids during hydrothermal treatment. However, the
enrichment of pasta with powdered onion skin decreased its cooking quality and sensory
value. The lightness and yellowness of both raw and cooked pasta decreased, whereas
redness increased with the increase in the percentage of onion powder in the pasta recipe.

On the basis of the above information, it can be concluded that enriching pasta with
fibre-rich by-products from the food industry is a current trend. The incorporation of such
raw materials into wheat flour or semolina increases the content of bioactive compounds
in pasta and enhances its antioxidant activity, which further increases the pro-health value
of pasta (Table 5). This type of food fortification also has a positive influence on waste
reduction. On the other hand, the use of such materials can have a negative effect on
consumers’ acceptability. Additionally, fiber can especially negatively affect the quality of
pasta if not properly distributed [111].

Table 5. Effect of pasta fortification with different raw materials rich in DF.

Main Raw Materials and

Method of Pasta Production

Main Effect and Recommended Level of

Replacement Level and Drying Conditions Additive References
Pasta was extruded as Increased TPC and AA. Positive influence on
Common wheat pasta and vermicelli with around 3.0 mm  sensory attributes and cooking quality of pasta. [96]
carob fibre (1, 2, 3, 4, and 5%) thickness, 80 mm length and The recommended level of carob fibre is up
dried at 50 °C to 4%
Semolina and soft wheat ﬂoour . Increased fibre content in pasta but decreased
(1:1), egg powder up to 12%, Pasta was laminated and fresh . . .
? . cooking quality. The calculated optimal level [105]
brewer’s spent grains from 3 lasagna sheets were produced £ flour f b , S o
to 25% of flour form brewer’s spent grains is 6.2%
Increased TPC and AA. Decreased content of
. . The dough was extruded rapidly digestible starch and increase in
Semolina and freeze-dried . . . .
olive pomace (5 and 10%) (spaghetti 2 mm diameter). content of slowly digestible starch. The [95]
p ? Pasta was air-dried at 50 °C recommended level of proposed additive was
not determined
Semolina and onion skin The dough was extruded and Increased TPC, TFC, and AA. Decreased the
dried at 35-55 °C and a caloric value of pasta. The recommended level [94]

powder (2.5, 5.7, 5.0, and 10%)

humidity level of 85-55%

of onion skin powder is up to 2.5%
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Table 5. Cont.

Main Raw Materials and

Method of Pasta Production

Main Effect and Recommended Level of

Replacement Level and Drying Conditions Additive References
The dough was extruded and
dried in two ways:
Semolina and oat dietary fibre 1) Ai1; drying: for .10 min St .Increased fibre content 1.n pasta..Negatlve
rich in B-glucan (4, 8, 12, 16 80 °C, for 40 min at 94 °C  influence on pasta cooking quality and texture. [99]
and 20%) s (37% RH), and for 180 min  The recommended level of proposed additive
at 80 °C and (69% RH). was not determined
(2)  Vacuum drying: at 80 °C,
15 kPa for 180 min
The dough was extruded and
dried in two ways:
@ Airodrying: for .10 min St Increased fibre content in pasta. Negative
Semolina and insoluble oat 80°C, fo.r 45 mlrl at 60 °C, influence on pasta cooking quality and texture. [100]
dietary fibre (10 and 20%) for 45 min ato65 C and The recommended level of proposed additive
2) @5 o atc162 s tgoec  S10%
acuum drying: a
at three 60 min cycles, 50,
30, and 10 kPa for 180 min
The dough was extruded and
dried in five steps: . .
. . o Increased content of dietary fibre and
Wholemeal semolina and 1 20 min at 60 OC’ RH 65% Z carotenoids (lycopene and [3-carotene) and [101]
tomato peel (10 and 15%) (2) 130 min at90 OC' RH 790/ °  dietary fibre. The recommended level of
(3 150 min at75°C, RH 78% proposed additive was not determined
(4) 160 min at 45 °C, RH 63%
(5) 1040 min at 50 °C, RH 50%
The dough was extruded and
dried in five steps: Increased TPC, anthocyanin content and AA.
Semolina and grape mare (1) 20 mir} at 55 OOC, Increased bioaccessibility of polyphenols and
flour (15%) (2) 580 min at 75 °C, decreased amount glycaemic load. The [103]
3) 40 min at 60 °C recommended level of proposed additive was
(3) ; ded level of proposed additi
(4) 200 min at 45 °C, not determined
(5) 840 min at 40 °C
Semolina and extract from Fresh pasta (short-cut pasta, Eﬁfjﬁig (;rrfcazrtl;cﬁii]r?ld rrl((;t ;atfeir;i%atwe
artichoke canning by-products  “little ears” shape) was P & prop [29]

(55 mL/100 g)

produced manually

texture. The recommended level of extract was
not determined

AA—antioxidant activity, TPC—total phenolic content, TFC—total flavonoid content.

7. Conclusions

Pasta, similar to bread, is an excellent and easy-to-use food for fortification. Recently,

pasta has been the subject of many food fortification strategies to improve its nutritional
value and functional properties. The incorporation of different plant and animal raw
materials into pasta can be a very attractive alternative for consumers who prefer healthy
food. Pasta formulations with animal raw materials such as powdered fish or insects
increased the content of protein and polyunsaturated fatty acids. Furthermore, the addition
of different parts of plants, such as fruits, vegetables, or seeds, into pasta improved the
content of bioactive compounds and increased its antioxidant capacity (Figure 2). The
incorporation of industry by-products into pasta can also result in the reduction of pollution
and significantly improve the nutritional value, particularly for pasta enriched with fibre
and phenolic compounds. Additionally, the incorporation of fibre-rich raw materials into
pasta increases the content of slowly digestible carbohydrates and decreases the glycaemic
index. Such methods of determination of antioxidant activity assays as DPPH, ABTS,
and FRAP confirm that the incorporation into pasta of different plant materials increases
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its antioxidant capacity. Enriched pasta, however, is often characterised by increased
cooking loss and decreased sensory scores due to decreased firmness, colour changes, and
unacceptable taste or smell. Therefore, obtaining a fortified pasta product with acceptable
quality is often a challenge, and the proportion of individual additives should be precisely
determined considering the preferences of consumers. The effect of pasta fortification and
factors influencing consumers’ acceptance of pasta are presented in Figure 2.

Total phenolics
Antioxidant activity

Nutritional value |
Satarch digestability | Effect of pasta

Glycemic index | fortification Cooking quality
Caloric value |

Sensory quality |

Consumers’ acceptance

Figure 2. Effect of pasta fortification and factors influencing consumers’ acceptance of pasta.

In particular, such additives as dried blackberry, raspberry, black and red currant pow-
der, grape pomace, powdered whey, and beef emulsion increased both the nutritional value
and antioxidant activity of pasta without a negative influence on consumer acceptance.
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