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Abstract

Pasta, a staple food worldwide consumed, was fortified with maqui (Aristotelia chilensis) berry powder (MBP) and the effect
of MBP inclusion was evaluated concerning technological, nutritional, and sensory properties. Fresh pasta samples were
formulated by replacing 0, 7.5, and 15 g 100 g~! of durum wheat semolina with MBP. The inclusion of MBP did not affect
the moisture content, but the water activity decreased in the fortified samples, while pH values decreased with increasing
MBP levels in the recipe. The pasta fully cooking time and the swelling index were reduced, while the cooking loss and the
firmness increased with increasing MBP levels. In addition, MBP increased the total dietary fiber, ash, and phenol contents,
along with the in vitro antioxidant activities. The starch hydrolysis index and the predicted glycemic index of cooked fresh
pasta decreased along with the increase of MBP addition. The MPB addition to fresh pasta could represent a valuable strategy
for increasing its nutritional value, maintaining pasta’s technological properties without affecting the sensory acceptability.
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Introduction

The interest in producing high-quality and highly nutritious
cereal-based foods is increasing. To this end, several func-
tional vegetal ingredients with potential beneficial effects
have been incorporated in different foods, aiming to enhance
their nutritional profile (Wang et al., 2021).

Among the different ingredients, maqui (Aristotelia
chilensis (Mol.) Stuntz) is an endemic species of the sub-
Antarctic forests of Chile that produces small edible purple/
blackberries. Pharmacologically, fruits and leaves of maqui
have been investigated for anti-inflammatory, analgesic,
antioxidant, antidiabetic, antiviral, and antimicrobial
activities (Misle et al., 2011). The maqui fruits contain
high levels of anthocyanins, mainly delphinidin, malvidin,
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petunidin, cyanidin, and peonidin. Thanks to the high level
of bioactive compounds with antioxidant activity, like
polyphenols including flavonoids, condensed tannins, and
phenolic acids, it is considered a “superfruit” (Zafiga et al.,
2017). Several epidemiological studies on human health
underlined the beneficial role of phenolic compounds in
the prevention of cardiovascular diseases, diabetes, and
cancers (Cao et al., 2019; Rodriguez Montealegre et al.,
2006; Rothwell et al., 2017). Beyond the health benefits that
could be provided by including maqui berries in the diet, this
fruit, like other berries, has a concise shelf life (2—-3 days at
room temperature and 5-10 days under refrigeration), thus
affecting its consumption (Bustos et al., 2020). This fact
encourages the development of products like jams, powders,
and concentrates with a longer shelf-life to be used in foods
acting as a vehicle for bioactive compounds (Bianchi et al.,
2021a; Cisneros-Yupanqui et al., 2020; Rainero et al., 2021;
Simonato et al., 2019, 2020).

Durum wheat pasta consumption is increasing globally,
thus making this staple food a potential vehicle to deliver
functional ingredients (Bianchi, et al., 2021b; Wang et al.,
2021). Traditional wheat durum pasta is generally rich in
carbohydrates, especially in starch, but relatively poor in
other nutrients, including dietary fiber, thus representing
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an ideal target for functionalization. Accordingly, several
attempts have been reported in the literature concerning the
incorporation of functional vegetable ingredients into pasta,
including, but not limited to, pigmented cereals, legumes,
and various origin ingredients showing interesting results
in terms of nutritional, technological, and overall sensory
attributes (Bianchi, et al., 2021b; Simonato et al., 2019;
Wang et al., 2021). In addition, certain ingredients used in
pasta formulation have proven the potential to further modu-
late the starch digestibility, at least in vitro, thus providing
a two-pronged approach to improving the nutritional profile
of this food product (Rocchetti et al., 2020, 2021). Jeon &
Lee (2021) have studied the addition of maqui berries in
cookies. Fortified cookies showed acceptable physical char-
acteristics, improved antioxidant activities, and satisfactory
sensory scores (Jeon & Lee, 2021).

However, to the best of our knowledge, this is the first
work that performs maqui berry powder (MBP) as an ingre-
dient in durum wheat fresh pasta. This study aimed to eval-
uate the suitability of MBP incorporation in wheat-based
pasta formulation by examining the products’ cooking prop-
erties, color, and texture. From a nutritional point of view,
the effect of MBP was evaluated on the phenolic content and
the in vitro antioxidant activity, including their maintenance
during pasta cooking. In addition, we considered the impact
of MBP fortification on starch digestibility. Lastly, the newly
formulated pasta experienced a sensory analysis.

Materials and Methods
Maqui Fresh Pasta Preparation

Durum wheat semolina (WS) (Molino Rosso, Italia, 2020
production) and organic MBP (Erbavoglio, Italy, 2020 pro-
duction) were commercially purchased. The WS and MBP
contained 72.1 and 48.9 g 100 g~ total carbohydrates, 11.3
and 6.8 g 100 g~ crude proteins, 1.0 and 9.4 g 100 g~! total
fat, and 3.7 and 26.7 g 100 g™' total dietary fiber, respec-
tively, as reported in the label.

Experimental fresh pasta samples were formulated by
substituting 0, 7.5, and 15 g 100 g~ of WS with MBP, giv-
ing PMO (control), PM7.5, and PM 15 samples, respectively.
The dough contained 35% v/w of tap water (37 °C) and
samples of fresh pasta were obtained after extrusion with a
professional pasta maker machine through a 0.22-cm diam-
eter bronze spaghetti die (Mod. Lillodue, Bottene, Marano
Vicentino, Italy) and cut when reached 25 cm length. For
each recipe, three pasta batches were produced following
the procedure detailed by Rocchetti et al. (2020) (Rocchetti
et al., 2020). Pasta samples were cooked in distilled water
ina 1:10 (w/v) ratio.
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Technological Properties

The moisture content, the fully cooked time (FCT), and the
cooking loss (CL) of fresh pasta were determined using the
AACC methods 44-15A, 66-51.01, and 66-50 (AACC,
2000). The swelling index (SI) was determined following
the procedure reported by Clearly and Brennan (2006). The
water activity (a,,) was measured using a Hygropalm HC2-
AWmeter (Rotronic Italia, Milano) at 23 °C, as reported in
Rainero et al. (2021).

Texture Analysis

A TA-XT2i Texture Analyzer (Stable Micro Systems, UK)
equipped with a 5-kg load cell was used. After cooking in
deionized water, samples were dipped in cool deionized
water for 45 s to stop the cooking process. Pasta firmness,
defined as maximum cutting force (AACC method 16-50;
AACC 2000) (AACC, 2000), was measured with a light
knife blade (A/LKB) and a speed of 0.17 mm s™!. The adhe-
siveness was measured following the procedure detailed by
Murray et al. (2018). Ten measurements were done for each
sample.

Color Analysis

The surface color of samples before and after the cooking
was measured by a reflectance colorimeter (Illuminant D65)
(Minolta Chroma meter CR-300, Osaka, Japan) based on
the color system CIE — L* a* b*. Analyses were performed
at ten different points of each pasta sample. Minolta Egs.
(1) and (2) were used to calculate the total color difference
(AE), respectively:

AE = VAL? + Ad? + AB? (1)

AL = (L — Ly);Aa = (a—a,);Ab = (b — by) )

where L, L), a, ay, b, and b, are the measured values of pasta
fortified with MBP or the control pasta.

Proximate Composition of Pasta

The chemical composition of raw fresh pasta was performed
according to AOAC for dry matter (DM; method 930.15),
ash (method 942.05), crude protein (method 976.05), crude
lipid (method 954.02 without acid hydrolysis), total starch
(method 996.11, using thermostable a-amylase) (Megazyme
cat. no. E-BSTAA), and amyloglucosidase (Megazyme cat.
no. E-AMGDF). The total soluble and insoluble dietary fiber
contents (TDF, SDF, IDF, respectively) were determined
according to the AOAC method 991.43 (AOAC, 2007).
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Free sugars were assessed using the Megazyme assay kit
K-SUFRG 06/14 (Megazyme, Wicklow, Ireland). Batches
were analyzed in triplicate.

Determination of Total Phenolic Compounds,
Monomeric Anthocyanin Content, ABTS, and FRAP
Assay

Cooked and uncooked pasta samples were freeze-dried,
finely ground (Moulinex AR1108, Moulinex, Milan,
Italy), and sieved (200 pm) (Simonato et al., 2019, 2020).
Five hundred milligrams of each powdered sample was
extracted for 16 h with 7.5 mL of MeOH/HCI 97:3 (v/v),
with stirring, in the dark, at room temperature. After
centrifugation (3500 X g for 10 min at room temperature),
supernatants were collected for the determination of
the total phenol compounds (TPC) by Folin—Ciocalteau
assay, for ABTS (2,20-azino-bis (3-ethylbenzothiazoline-
6-sulfonic acid)) and FRAP (ferric reducing ability of
plasma) radical scavenging activities determination. TPC,
FRAP, and ABTS measurements were made as described
by Tolve et al. (2020) (Tolve et al., 2021). The monomeric
anthocyanins content (MAC) followed pH differential
method AOAC 200.02 (AOAC, 2007). Anthocyanin
content has been expressed as mg of cyanidin-3-glucoside
equivalent (CE).

In Vitro Starch Digestion and Starch Fractions
of Cooked Pasta Samples

Samples were in vitro digested after cooking using a 3-step
multi-enzymatic in vitro starch digestion protocol with minor
modifications (Giuberti et al., 2015; Rocchetti et al., 2019).
Cooked pasta samples were minced by an electric meat mincer
to simulate mastication (Rocchetti et al., 2020), weighed
(500 mg of total starch), and suspended in a solution con-
taining a-amylase (5 mg mL~"; A3176, Sigma-Aldrich® Co.,
Milan, Italy) at 37 °C under gentle agitation for the oral diges-
tion phase. After 3 min of incubation, a 0.05 M HCI solution
containing pepsin (5 mg mL~!; P-7000, Sigma-Aldrich® Co.,
Milan, Italy) was added to mimic the gastric digestion phase.
After 60 min, the solution pH was adjusted to 5.2 with a 0.1-M
sodium acetate buffer, and an enzyme mixture mimicking the
pancreatic digestion phase (with an amylase activity of about
7000 U mL~") was added (Giuberti et al., 2015). Aliquots were
carefully taken at O (before the addition of the enzyme mix-
ture) and every 30 min up to 180 min after the enzyme addi-
tion and mixed with absolute ethanol. The amount of released
glucose was determined with a glucose oxidase kit (GODPOD
4058, Giesse Diagnostic s.n.c., Rome, Italy; factor of 0.9). The
absorbance values were then plotted on a graph vs. time, and
the area under the hydrolysis curve (AUHC; 0—180 min) was
measured using the trapezoid rule. The starch hydrolysis index

(HI) value was calculated as the AUHC with the product as a
percentage of the corresponding area using commercial fresh
white wheat bread over the same period. Analyses were run in
triplicate on each pasta batch. From the HI, a predicted glyce-
mic index (pGI) was determined with the formula of Granfeldt
et al. (1992) (pGI=8.198 +0.862 x HI).

The rapidly digestible starch (RDS) and slowly digestible
starch (SDS) were measured following the Englyst method
(Englyst et al., 1992) slightly modified by Simonato et al.
(2019). The resistant starch (RS) content was quantified
using a commercial K-RSTAR assay kit (Megazyme,
Wicklow, Ireland).

Sensory Evaluation

The sensory profile of FCT pasta samples was carried out
by a panel of 21 judges (11 men, 10 women; 22—64 years
old) recruited from students and staff of the Universita Cat-
tolica del Sacro Cuore. Each member was trained prior to
the test. The judges were trained to recognize and assign an
intensity score to 12 sensory attributes (i.e., pasta and berry
odor, color uniformity, and roughness for the appearance;
overall flavor, berry flavor, sweetness, and acidity for the
taste; gumminess, adhesiveness, grittiness, and elasticity for
the texture). A scale whose score ranges from 1 for the low-
est intensity to 9, the highest intensity, was used to define
the intensity of the descriptors. Each judge received 15 g of
cooked pasta placed in a covered container and served in
random and balanced order. After sample testing, panelists
cleansed their palates with tap water. In addition, the judges
gave an opinion on the overall acceptability of pasta using
a nine-point hedonic scale (1 =dislike extremely; 9 =like
extremely). Pasta samples were considered acceptable if
their mean scores for overall acceptability were above 5
(neither like nor dislike).

Statistical Analysis

The analyses were carried out at least in triplicate. All data
represent the means of at least three measurements and
results are expressed as the mean values + standard devia-
tion. The comparison of means was conducted using the
analysis of variance (ANOVA) with a post hoc Tukey test at
p <0.05. Statistical analyses were performed by XLSTAT
(Addinsoft SARL, Paris, France).

Results and Discussion
Proximate Analyses

The chemical composition of pasta fortified with differ-
ent levels of MBP in the recipe is reported in Table 1. The
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Table 1 Chemical composition of wheat-based fresh pasta fortified
with increasing level of maqui berry powder in the recipe (MBP; g
100 g~! dry matter)

Table 2 Technological and cooking properties of wheat-based fresh
pasta fortified with increasing level of maqui berry powder in the rec-
ipe (MBP)

PMO PM7.5 PM15 PMO PM7.5 PM15

Ash 0.71+0.11*  1.02+0.01° 1.19+0.01° FCT (min) 6 4 3

Fat 0.18+0.09° 0.57+0.03" 1.89+0.07° a, 0.96+0.01* 0.94+0.01°> 0.94+0.01°

Glucose 0.26+0.06 1.51+0.16° 2.99+0.15° Moisture content % 30.14+1.04 30.99+1.44 2825+1.89

Fructose 0.12+0.02°  1.69+0.1°  3.33+0.14° pH 6.32+0.03*  5.55+0.50° 4.73+0.20°

Protein 11.74+0.01° 11.54+0.09° 11.19+0.08* Cooking loss 9.1+£0.9° 9.8+0.9° 10.5+0.7°

Insoluble dietary fiber  1.36+0.05*  3.45+0.25° 6.61+0.14° Swelling index 0.571+£0.01* 0.575+0.01* 0.525+0.01°

Soluble dietary fiber ~ 1.21+0.13*  1.41+0.07° 1.73+0.07° (g water g™' dry

Total dietary fiber 257+0.18°  4.86+024" 834+0.18° pasta)

Total starch 77084049 7178+1.19° 60.5140.13° Firmness (N) 106.4+17.2°  143.5+25.7° 169.6+33.8°
Adhesiveness (N) —0.39+0.02° —-1.22+0.01> —1.87+0.04°

Means in the same row with different superscripts differed at p <0.05.
PMO, pasta formulated with 100:0 durum wheat semolina:MBP.
PM?7.5, pasta formulated with 92.5:7.5 durum wheat semolina:MBP.
PM15, pasta formulated with 85:15 durum wheat semolina:MBP

substitution of WF with increasing levels of MBP influenced
most of the selected chemical parameters. In particular, the
PM15 was characterized by the highest TDF content (i.e.,
8.34 g 100 g~! DM.; p <0.05). These changes are strictly
related to the MBP composition, which contains a signifi-
cant amount of dietary fiber. The PM15 pasta sample can
be therefore claimed as a “high fibers content” food prod-
uct, being the TDF higher than 6 g 100 g~!, while MP7.5
pasta as a “source of fiber” since the TDF was greater than
3 g 100 g~! (European Parliament, 2006). Furthermore, the
IDF represented the most relevant portion of TDF in MBP-
fortified wheat-based pasta, accounting for about 75% of the
TDF content. In addition, the MBP inclusion in pasta formu-
lation caused an increase in ash (from 0.71 to 1.19 g 100 g~!
DM for PMO and PM15, respectively; p <0.05), as a func-
tion of the macro-and micro-elements contained in MBP.
Moreover, glucose, fructose, and fat contents increased
(p <0.05), while the total starch decreased (p < 0.05) in MBP
pasta samples when compared to the control. Comparable
results have been reported in black currant and jostaberry
powder—enriched biscuits (Molnar et al., 2015).

Technological and Cooking Properties of Pasta

The MBP level in the recipe affected the selected
technological and cooking properties of fresh pasta
(Table 2). In particular, fresh pasta had to comply
with the limits allowed by the law of aw (0.92-0.97)
and moisture content (>24%) (Simonato et al., 2020).
All pasta samples in the current study fall within these
legal limits. The MBP fortification did not affect the
moisture content of pasta, with a final average content
of 29.79 g water 100 g~! pasta. On the contrary, water
activity decreased (p <0.05) in MBP-fortified samples
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Means in the same row with different superscripts differed at p <0.05.
FCT fully cooked time. PMO pasta formulated with 100:0 durum
wheat semolina:MBP. PM7.5 pasta formulated with 92.5:7.5 durum
wheat semolina:MBP. PM15 pasta formulated with 85:15 durum
wheat semolina:MBP

when compared to the control. As referred by Littardi
et al. (2020), this could be due to a stronger water-protein
interaction or due to the higher dietary fiber content of
the MBP-fortified samples. The pH values decreased
(p <0.05) upon the addition of MBP in the recipe, ranging
from 6.32 to 4.73 for PMO and PM15, respectively, due
to the strongly acidic nature of MBP ingredient, typical
of fruits (Bianchi, et al., 2021b; Jeon & Lee, 2021). A
similar reduction in pH has been reported in cookies
formulated with increasing amounts (up to 10% w/w) of
MBP in the recipe (Jeon & Lee, 2021).

An important parameter to control the technological
quality of the pasta is the amount of solid loss in the cooking
water. The cooking water of pasta may become cloudy
mainly after the solubilization of the starch fraction. Non-
starchy polysaccharides can also be lost by leaching (Aravind
et al., 2012). In our experimental conditions, the PM15
sample was characterized by the highest cooking loss, being
10.5%. However, this value of solid loss can be considered
acceptable for the production of fresh durum wheat-based
pasta, being lower than the threshold value of 12% for fresh
pasta (Sant’Anna et al., 2014). The higher cooking loss
characterizing PM15 could be related to the level of TDF
in the sample, which can contribute to weaken the pasta
gluten network, causing less solid retention and thus higher
leaching of components in the cooking water (Bianchi, et al.,
2021b). Accordingly, Bustos et al. (2019) reported a higher
cooking loss in pasta samples enriched with 2.5 and 7.5 g
100 g~! with different berry compared to the control (Bustos
et al., 2019). In addition, the inclusion of fiber in a pasta
blend can cause structural modifications to different extents,
allowing quicker water penetration on cooking. This can
affect the starch gelatinization, thus justifying the reduction
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in the FCT, in line with previous findings (Bustos et al.,
2019). A similar trend has already been reported in pasta
formulated with increasing amounts of grape pomace in the
recipe (Gaita et al., 2020; Tolve et al., 2020), with Eikorn
brewer’s spent grain (Nocente et al., 2019), apple pomace
(Loncari€ et al., 2014), with olive pomace (Simonato et al.,
2019), and orange by-product (Crizel et al., 2015). The SI
decreased in PM15 compared to PMO and PM7.5 samples.
Similar trends were reported by Aravind et al. (2012), and
Simonato et al. (2019) (Aravind et al., 2012; Simonato et al.,
2020). Moreover, Bustos et al. (2019) reported that air-dried
berry pasta had lower SI compared to control pasta (Bustos
et al., 2019). The reduction in SI could be attributed to water
competition between fiber and starch (Aravind et al., 2012;
Simonato et al., 2020; Tolve et al., 2020).

The textural characteristics of pasta can play a crucial
role in determining the final acceptance by consumers,
showing a preference for pasta that retains texture char-
acteristics following cooking. As the substitution level of
WS by MBP increased, the firmness of samples cooked to
FCT increased (p <0.05). It is well-known that incorporat-
ing fiber, whether soluble or insoluble, in wheat-based pasta
can lead to changes in the texture properties of the final
products (Sissons, 2022). Following incorporating a high-
fiber ingredient, firmness is expected to decline due to the
interaction with the gluten network (Bustos et al., 2019).
However, as a function of the selected fiber-rich ingredients,
several studies have reported opposed results, indicating an
increase in pasta firmness (Rakhesh et al., 2015; Tolve et al.,
2020). These discrepancies are likely to be related to dif-
ferences in pasta-making methods and the fiber type in the
formulation. In addition, one of the possible explanations
leading to a greater value of firmness can be the competition
of the selected fiber ingredient with starch for water; as the
MBP reduced the swelling index (p < 0.05), this would have
contributed to making the pasta firmer, as observed by other
authors (Rakhesh et al., 2015).

Adhesiveness also increased in the PM7.5 and PM15
samples with respect to control pasta, in line with previous
findings (Tolve et al., 2020). This could be related to the
breaking of the continuous structure of the pasta after inclu-
sion of a given fiber-rich ingredient (Kim et al., 2017). In
addition, fiber components, modifying the pasta structure,
can increase the sample adhesiveness because of the starch
leaching, in agreement with the increase in the cooking loss
(Tolve et al., 2020).

Color Analysis

The color of pasta, even in the uncooked and cooked
forms, was influenced by the addition of MBP in the rec-
ipe (Table 3) (Fig. 1). In particular, L* and b* parameters
decreased (p <0.05), while a* value increased (p < 0.05) as

the level of MBP increased in the recipe. Similar results were
shown in cookies formulated with an increasing amount of
MBP in the recipe (Jeon & Lee, 2021). In particular, the
authors reported that as the level of MBP in the formulation
increased, the cookies became darker and browner in color
(i.e., lower L* value) while the a* value increased (Jeon
& Lee, 2021). Furthermore, cooked MBP-containing pasta
tends to lose brightness (i.e., L*), compared to the raw coun-
terpart. This is mainly due to the loss of MBP pigments dur-
ing the cooking phase, in line with previous findings (Tolve
et al., 2020).

TPC, FRAP, ABTS Assays, and MAC

The addition of MBP in the pasta recipe increased TPC by
750% in PM7.5 and 1272% in PM15 cooked samples with
respect to control pasta (Table 4). The FRAP increased with
the level of MBP fortification and between cooked and raw
samples (except for control pasta). The substitution of semo-
lina with 7.5 and 15% of MP in the formulation enhanced
the antioxidant activities detected with FRAP of cooked
samples of about 2330 and 6119%, respectively. The ABTS
had a similar trend with the FRAP assays, but the cooked
PM15 sample did not differ statistically from raw samples.
Overall, two-way ANOVA confirmed that the cooking pro-
cess affected all antioxidant contents (p < 0.05). Indeed, as
reported in the literature, the reduction of TPC in cooked
pasta could happen due to the degradation of polyphenols
during the boiling treatment and/or to the leaching of some
polyphenols (mainly from the free fraction) into the cooking

Table 3 Color parameters of cooked and uncooked wheat-based fresh
pasta fortified with increasing level of maqui berry powder in the rec-
ipe (MBP), and color difference (AE) between cooked pasta samples

Parameters PMO PM7.5 PM15
Uncooked 71.99+225%  37.54+1.319  32.94+1.54°
L>l<

Cooked 73.23+1.33%  29.14+2.13°  22.39+1.26°
L*

Uncooked 0.20+0.13* 7.32+0.85¢ 6.67+0.61°¢
a*

Cooked —2.13+0.12°>  6.61+0.30° 6.51+0.20°
a*

Uncooked 16.18+1.01°> 042+0.11¢ 0.20+0.13¢
b*

Cooked 17.00+0.75*  2.18+0.38° 0.58 +0.20¢
b*

Color difference PM0-PM7.5 PM7.5-PM15 PMO0-PM15
AE 4732 6.94 54.11

Means in the same row with different superscripts differed at p <0.05.
PMO pasta formulated with 100:0 durum wheat semolina:MBP.
PM?7.5 pasta formulated with 92.5:7.5 durum wheat semolina:MBP.
PM15 pasta formulated with 85:15 durum wheat semolina:MBP
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Uncooked pasta

Cooked pasta

PMO PM7.5

PM15

Fig. 1 Image of uncooked and cooked pasta (from top to bottom). In
order, from left to right: control pasta without maqui (PMO0), pasta
with 7.5 g 100 g~! of maqui berry powder (PM7.5), and pasta with
15 g 100 g~.' (PM15)

water (Bianchi, et al., 2021b; Simonato et al., 2019; Tolve
et al., 2020). Despite this loss, all cooked pasta samples
with MBP still had a greater (p < 0.05) antioxidant capacity
compared to the control PM0. The MAC in MBP-fortified
pasta statistically increased from the raw to cooked sample
and approximately improved anthocyanin content in cooked
PM15 of 57-fold.

Considering a raw pasta serving of 80 g, current data
indicated that with PM15, the TPC intake is about 1040 mg
of gallic acid equivalent and 290 mg of cyanidin-3-glucoside
equivalent. The antioxidant activities were positively

correlated with TPC and MAC according to the data reported
for both ABTS (r=0.99) and the FRAP assays (r=0.97) in
cooked samples. A similar trend was also observed for olive
pomace— and grape pomace—fortified pasta (Simonato et al.,
2019; Tolve et al., 2020).

In Vitro Starch Digestion and Predicted Glycemic
Index

Cooked pasta samples were evaluated in terms of in vitro
starch digestibility to explore the role of MBP addition on
the nutritional important starch fractions (i.e., RDS, SDS,
and RS) and on the overall in vitro starch digestion. Starch
can be classified into three main categories as a function of
the rate and extent of in vitro digestion. The first two include
RDS and SDS fractions, which are completely digested in
the small intestine with different rates (Englyst et al., 1992).
Nutritional indications suggested that the RDS is the starch
fraction that causes a rapid increase of plasma glucose and
insulin levels after ingestion, whereas the SDS fraction is
degraded completely, but more slowly by human digestive
enzymes, thus resulting in reduced postprandial glucose and
insulin response (Lehmann & Robin, 2007). The third cat-
egory defined as RS is referred to that fraction of starch not
enzymatically degraded in the small intestine but fermented
in the large intestine (Fuentes-Zaragoza et al., 2011). Sev-
eral functional and health benefits are associated with RS
consumption, including hypoglycemic effects, prevention of
colorectal cancer, and lower plasma cholesterol and triglyc-
eride concentrations (Birt et al., 2013). In addition, there
is growing interest in predicting the likely in vivo glucose
response of food of interest (i.e., glycemic index) using vitro
digestion methods, especially for the screening processes
occurring during the development of a new food product,
as a precursive method to in vivo measurements (Argyri
et al., 2016).

Table 4 In vitro antioxidant activity of uncooked and cooked wheat-based fresh pasta fortified with increasing level of maqui berry powder in

the recipe (MBP)

Assays Cooked/uncooked PMO PM7.5 PM15

TPC (mg GAE 100 g~! DM) Uncooked 116.6+11.5° 721.5+14.9° 1301.5 +82.6°
Cooked 74.5+3.8° 537.8+6.7¢ 961.2+83.0°

FRAP (umol L™!' TE 100 g~! DM) Uncooked 256.8+25.2° 6704.6 +474.9° 14,346 +1389.7*
Cooked 198.7+14.6° 4614.9 +226.9¢ 12,710.6 +1109.4°

ABTS (umol L™! TE 100 g~ DM) Uncooked 61.5+10.2¢ 1654.0+55.5° 3087.6+415.3
Cooked 38.7+5.1¢ 1306.5 +38.3° 28253 +311.8*

MAC (mg CE 100 g~! DM) Uncooked 6.20+2.89¢ 178.74 +7.28° 359.15+28.49°
Cooked 3.40+1.09¢ 110.39 £3.55° 195.99 +3.48°

Means in the same row with different superscripts differed at p <0.05. MAC monomeric anthocyanin content. PMO0 pasta formulated with 100:0
durum wheat semolina:MBP. PM7.5 pasta formulated with 92.5:7.5 durum wheat semolina:MBP. PM15 pasta formulated with 85:15 durum

wheat semolina:MBP
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The addition of MBP in the recipe affected the in vitro
starch digestion of samples (Table 5). In particular, the
PM7.5 and PM15 samples, compared to the PMO control
sample, showed a decrease in RDS (19.70 and 16.48 g
100 g~! food product for PM7.5 and PM15 versus 22.74 g
100 g~! food product for PMO, respectively; p <0.05) and an
increase in SDS (21.23 and 21.75 g 100 g™ food product for
PM7.5 and PM15 versus 20.37 g 100 g~! food product for
PMO, respectively; p<0.05) and in RS contents (1.03 and
1.09 g 100 g~! food product for PM7.5 and PM15 versus
0.69 g 100 g~! food product for PMO, respectively; p <0.05).
Similar results have been previously reported in biscuits for-
mulated with different berry powders in the recipe (Molnar
et al., 2015). In addition, the starch HI decreased at higher
MBP inclusion levels, ranging from 57.92 to 52.11 and
49.65 for PMO, PM7.5, and PM15, respectively (p <0.05).
Therefore, the calculated pGI values were 58.13, 53.12, and
50.99 for PMO, PM7.5, and PM15, respectively (p <0.05).
Being the in vivo glycemic index values below the threshold
of 55, the newly formulated MBP-pasta might be considered
a low glycemic index food product, even if in vivo trials are
strongly warranted to confirm current in vitro results.

The lower in vitro starch digestibility of MBP-fresh
pasta can be attributed to several factors, including the
changes in the chemical composition following the MBP
addition and to potential interactions among different
food components and starch-hydrolyzing enzymes (Sun
& Miao, 2020; Tian & Sun, 2020). The increase in the
dietary fiber content can have influenced the in vitro starch
digestibility of samples through starch granule encapsula-
tion, thus limiting the access to amylolytic enzymes, in
line with previous findings (Garcia-Valle et al., 2021). In
addition, the more rigid texture (i.e., greater firmness)
of PM7.5 and PM15 as compared to PMO could have
decreased the in vitro starch digestion of MBP-added
samples, being recognized the role of the physical tex-
ture of the food in modulating the in vitro starch digestion
(Singh et al., 2010). This appeared in line with previous
findings (Alam et al., 2019; Rocchetti et al., 2021). Lastly,

Table5 Rapidly digestible starch, slowly digestible starch, resist-
ant starch (RDS, SDS, and RS, respectively; g 100 g‘1 food), starch
hydrolysis index (HI), and predicted glycemic index (pGI) of cooked

the higher anthocyanin content characterizing the MBP-
added pasta can also have played a role in modulating the
in vitro starch digestibility of cooked samples through two
possible mechanisms: as inhibitors of starch-hydrolyzing
enzymes and/or by interacting with the amylose chains,
contributing to the creation of complex structures with
limited access to the enzymatic attack itself (Giuberti
et al., 2020).

Sensory Analysis

As a final analysis of pasta samples, a quantitative descrip-
tive analysis was performed to observe changes in sensory
characteristics following maqui fortification. The inclusion
of MBP in doughs has led to a variation in the sensory
attributes of the samples (Fig. 2). As for the aromatic part
of the analysis, the pasta and berry odor showed a reverse
behavior because of maqui fortification. Indeed, in the for-
tified pasta, the berry’s odor prevailed significantly over
the control sample, where the odor of pasta was perceived
the most.

The PMO exhibited more color uniformity than PM7.5
and PM15, which scored similarly. Roughness and the
overall flavor were not modified by the addition of maqui
in the pasta. While, regarding the taste, the sweetness and
berry flavor were more perceptible in the fortified pasta. In
addition, the acidity taste increased in PM7.5 and PM15,
but without substantial differences between them. The tac-
tile sensations and consistency of the samples were modi-
fied by maqui fortification. The attributes most influenced
by the fortification process were the grittiness and elastic-
ity of pasta samples. The overall acceptability value of the
PM15 being 5.3 was lower than the control one but over-
came the threshold value of 5. MPO sample had the best
acceptability by the panel with a score of 6.8, and PM7.5
recorded a mean score of 6.0 and did not differ statistically
from the control sample.

wheat-based fresh pasta fortified with increasing level of maqui berry
powder in the recipe (MBP)

Sample Starch fractions Starch HI' pGI?

RDS SDS RS
PMO 22.74+0.47° 20.37+0.78* 0.69+0.08" 57.92+0.95¢ 58.13+1.05¢
PM7.5 19.70+0.92° 21.23+1.70° 1.03 +0.04° 52.11+£1.25° 53.12+1.07°
PM15 16.48+1.15 21.75+2.08° 1.09+0.05° 49.65+0.54* 50.99 +0.45%

Means in the same column with different superscripts differed at p <0.05. PMO pasta formulated with 100:0 durum wheat semolina:MBP. PM7.5
pasta formulated with 92.5:7.5 durum wheat semolina:MBP. PM15 pasta formulated with 85:15 durum wheat semolina:MBP. !Calculated using
white wheat bread as reference (starch HI= 100 by definition). >Calculated using the formula: pGI=8.198 +0.862 x HI
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Fig.2 Sensorial attributes and
their intensities of control pasta
(PMO) and pasta fortified with
maqui powder (PM7.5 and

=0—=PM0 —0—PM7.5

PM15)
Grittiness
Adhesiveness
Gumminess
Conclusion

The MBP has potential application as a value-added ingre-
dient to produce fresh pasta with higher total dietary fiber
content. The replacement of durum wheat semolina with
increasing levels of MBP resulted in shorter cooking
time, higher firmness, and adhesiveness. The lightness of
uncooked and cooked pasta decreased as the level of MBP
increased in the recipe, which may reduce the attractiveness
of the newly formulated pasta to consumers. The fortified
pasta received good sensory feedback from the panel with
a score of acceptance superior to the threshold of accept-
ability. PM 7.5 and P15 benefit from the “source of fiber” or
“high in fiber” claim, respectively. The predicted glycemic
index values classified PM7.5 and PM15 as low glycemic
index pasta, giving valuable results in terms of starch digest-
ibility of the products. In addition, the experimental pasta
proposed in this study has a good content of polyphenols
such as anthocyanins and antioxidant capacity. The results
reported highlight that MBP could represent a valuable and
novel ingredient in the formulation of functional pasta.
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