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Abstract: Ipomoea batatas (L.) Lam is a dicotyledonous plant originally from tropical regions, with
China and Spain acting as the main producers from outside and within the EU, respectively. The
root, including only flesh, is the edible part, and the peel, leaves, stems, or shoots are considered
by-products, which are generated due to being discarded in the field and during processing. There-
fore, this study aimed to perform a comprehensive review of the nutritional value, phytochemical
composition, and health-promoting activities of purple-fleshed sweet potato and its by-products,
which lead to its potential applications in bakery products for the development of functional foods.
The methodology is applied to the selected topic and is used to conduct the search, review abstracts
and full texts, and discuss the results using different general databases. The studies suggested that
purple-fleshed sweet potato parts are characterized by a high content of essential minerals and
bioactive compounds, including anthocyanins belonging to the cyanidin or the peonidin type. The
flesh and leaves are also high in phenolic compounds and carotenoids such as lutein and [3-carotene.
The high content of phenolic compounds and anthocyanins provides the purple-fleshed sweet potato
with high antioxidant and anti-inflammatory power due to the modulation effect of the transcription
factor Nrf2 and NF-kB translocation, which may lead to protection against hepatic and neurological
disorders, among others. Furthermore, purple-fleshed sweet potato and its by-products can play a
dual role in food applications due to its attractive color and wide range of biological activities which
enhance its nutritional profile. As a result, it is essential to harness the potential of the purple-fleshed
sweet potato and its by-products that are generated during its processing through an appropriate
agro-industrial valorization system.

Keywords: sweet potato; Ipomoea batatas (L.) Lam.; food application; antioxidants; anthocyanins

1. Introduction

Ipomoea batatas (L.) Lam. or sweet potato (SP) is a dicotyledonous plant and herbaceous
perennial vine that is native to the neotropics [1-3]. The migration of the plant spread its
growth to 114 countries worldwide [4]. It belongs to the series Ipomoea batatas, which is
taxonomically placed in the genus Ipomoea; recent research has found that 14 wild species are
related to the SP. These are the following: 1. cordatotriloba Dennstedt, I. cynanchifolia Meisn,
I. grandifolia O’Donell, I. lacunose L., I. leucantha Jacquin, 1. littoralis Blume, I. ramosissima
Choisy, I. splendor-sylvae House, I. tabascana McDonald and Austin, I. tenuissima Choisy,
L tiliacea (Willd.) Choisy in D. C, 1. trifida (H. B. K.) G. Don, and I. triloba L. [5]. All these
species belong to the family Convolvulaceae, although Ipomoea batatas is the only known
cropped and major-economic-importance species in the family [6].
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SP is the seventh most important crop worldwide [7]. According to FAOSTAT, the
world production of SP was 86.4 million tons in 2022. The main destination of the total
amount produced was the food supply (58%), followed by feed (32%) and waste (7%).
Asia and Africa are the biggest SP producers, making up 61% and 34% of the world’s total
production, respectively. The Chinese SP total production accounts for 54% of the total
global production, while only 2% of the production belongs to industrialized countries,
mainly in the USA and Japan [8]. In the European Union, SP production has increased
since 2012, predicting an upward trend in future years (Figure 1). In this context, the
latest data from the FAO database show Spain’s leadership as the largest SP producer in
the EU, with 83 thousand tons being produced in 2022 [8]. In Spain, the crop is located,
mainly, in Andalucia and Valencia, but also in Extremadura, Baleares, Aragén, and Murcia,
raising its production to 79 thousand tons in 2021 [9]. Due to its neotropical origin, SP has
been a traditional Mediterranean harvest crop. SP crops are grown as annual plants by
vegetative propagation with a short growing period of 90 to 120 days [10]. The planting
period requires a moderate temperature (21-26 °C), plenty of sunshine, sandy loam with
clay subsoil, and a soil pH range between 5.5 and 6.5 [11]. However, SP is sensitive to
salinity and alkalinity conditions [12,13].

8000
L—e—a
a0 S/ AN 6000
/’;{,11\ /,/"” I European Union
Ly Production
) X / <
v \ p / =
a - 4000
b O —e
'4: /,:f} — @ —— European Union
AN P &/ Area harvested
| P
2000
T T T T T | T T T T T T T T T T T 1 0
S\ Y \ O O Q 9 N % b a
Y o) \ \ \} \ \ S \5 N N
N + 3 3 > ® > & P

Figure 1. European Union production and harvested area of SP from 1997 to 2017 [8].

The SP cultivar has an elongated and tapered appearance, and this plant may produce
40-50 roots reaching an average length of 30 cm, with a weight between 100 and 1000 g,
although it differs among commercial cultivars [14]. The edible part of the SP is the root, the
most consumed worldwide and used as food or as a raw material for starch production [15].
However, SP leaves, young stems, and shoots are often discarded in the field or used as
livestock feed [16]. In fact, these above-ground parts are also edible and consumed as a
leafy or green vegetable in parts of Asia and Africa due to the richness in minerals, vitamins,
proteins, pigments, and polyphenols [17,18]. The processing of SP generates a wide variety
of bio-waste and by-products depending on whether they are a result of the agricultural
phase or the industrial processing phase [19]. In the field, bio-waste is generated from
the removal of leaves, young stems, and shoots and also from the root tubers that do
not achieve size requirements or are damaged due to harvesting techniques [20]. During
processing, by-products come from peels, trimming, chunks of tuber, and nutrient-rich
wastewater (Figure 2) [21].
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SP color has led to a divide among commercial cultivars, resulting in two categories,
which depend on (i) the color of the skin and (ii) the flesh color. SP skin colors include white,
cream, yellow, orange, pink, red, and purple. SP flesh colors include white, cream, yellow,
orange, and purple. The differences between these commercial cultivars only extend to
the bioactive and non-nutrient compounds [22]. Due to the wide variety of SP commercial
cultivars, this review is going to focus on the study of purple-fleshed sweet potato (PFSP).
The high accumulation of acylated anthocyanins in the root leads to the common purple
color of the skin and the flesh [23,24].

\
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Figure 2. (A) Cross-section of a mature PFSP roots; (B) Cultivar of PFSP; (C) Different parts of
a PFSP plant.

The therapeutic and medicinal benefits of PFSP have been known since its domestica-
tion 5000 years ago, playing a significant role in combating food shortage and malnutrition
because of its nutritive values and biological activities [25]. The high content of bioactive
compounds, such as phenolic acids, anthocyanins, vitamins, dietary fiber, or resistant
starch, provides purple-fleshed sweet potato with beneficial effects against a variety of
diseases. Numerous studies have found that PFSPs present an anti-inflammatory [26],
antioxidant [27], antimicrobial [28], antidiabetic [29], antimutation [30], anti-tumor [31],
and hypouricemic [32] effect, as well as hepatic [33], and neuroprotective action [34]. On
the other hand, new alternatives use for PFSP bio-wastes have been proposed to avoid
environmental problems [35]. Purple-fleshed sweet potato by-products in combination
with ultrasound and microwave extraction techniques can be a valuable raw material to
obtain the pure bioactive compounds, anthocyanins and dietary fiber, for the manufacture
of value-added products such as functional foods [36-38].

Due to the growing interest in research on agricultural by-products and its beneficial
effects for applications in food industry, especially in bakery products, this article aims to
review the existing literature about the functional characteristics, health benefits, and food
application of purple-fleshed sweet potato.

2. Materials and Methods

This comprehensive review followed four steps: selecting the topic, conducting the
literature search, reviewing abstracts and full texts, and discussing the results. For this
purpose, the Science Direct, Google Scholar, PubMed, Web of Science, Scopus, and Dialnet
databases were searched to recognize the appropriate studies, according to the review’s
aim. The final search was conducted in July 2024 and included English and Spanish-
language-based international articles, including reviews and research, reports, and theses.
The keyword “purple-fleshed sweet potato” was utilized combined with other terms such
as antioxidant, anti-inflammatory, bakery products, food waste, anthocyanins, phenolic
acids, minerals, peel, or hepatoprotective effects. After the full search, duplicates were
removed, and the abstracts and their specific sections of the articles were read to ensure
that they addressed the review inclusion criteria. The eligible criteria were studies that
analyzed PFSP in at least one of the three dimensions focused on in this review (nutritional
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characteristics, health benefits, and food application). Therefore, the studies of interest
focusing on sweet potato, or sweet potato varieties different from the purple one, were
summarized and synthesized to integrate into the comprehensive review. Finally, no
specific platforms were necessary to document the comprehensive search due to the nature
of this review.

3. Nutritional Characteristics
3.1. Proximate Composition of Purple-Fleshed Sweet Potato

There is a large variability in nutrients between the different botanical parts of PFSP
(flesh, leaves, stems, stalks, shoots, or peels). Genetic [39], agricultural practices [40],
geographic [41], maturation stage [42], and environmental factors also contribute to this
variation. According to the U.S. Department of Agriculture [43], PFSP provides 85 kcal
per 100 g of FW of the edible portion and is considered a high-calorie food due to its high
moisture content (ranging from 62.6 to 73.6%) [44].

Carbohydrates represent up to 72.10 g/100 g (Table 1) of the dry weight (DW) of PFSP.
Free sugars of low molecular weight or reducing sugars constitute a small fraction of the to-
tal carbohydrates, reporting ranges between 1.01 and 5.94 g/100 g depending on the variety
or the maturity stage, with maltose, sucrose, and glucose + fructose being the predominant
reducing sugars with 11.98, 8.33, and 6.52% of FW, respectively [45,46]. However, a large
part of these constitute starches reaching values of 56.7 g/100 g of DW [47,48]. Native
starch is composed of amylose and amylopectin, and its starch digestion rate depends
on the proportion of amylose/amylopectin generating different absorption rates dividing
starch into three categories: (i) rapidly digestible starch (RDS), (ii) slowly digestible starch
(SDS), and (iii) resistant starch (RS) [49]. The results shown in Table 1 fit with the values
reported by another study that compares the physicochemical characterization of seven
PESP varieties establishing an amylose content that varied from 18.2 to 27.2%, and RDS,
SDS, and RS contents from 40.66% to 53.50%, from 10.40% to 23.84%, and from 29.25%
to 43.50%, respectively [50]. Wang et al. [51] revealed that starch degradation provided
abundant substrates for anthocyanin biosynthesis in PFSP roots since the most abundant
PESP starch, phosphorylase (SP), and phosphoglucomutase (PGM) promoted the synthesis
of precursors for anthocyanin metabolism explaining the high anthocyanins content of
PFSP (Section 3.2.1).

Dietary fiber is defined as a group of non-digestible carbohydrates that can lower
blood glucose and act as substrates in the intestinal tract reducing digestive tract disorders,
among other functions [52,53]. PFSP roots present around 16% DW total dietary fiber,
having an insoluble fiber content higher than the soluble fiber content (Table 1). However,
the content of this nutrient varies in other parts of the PFSP considered as by-products,
being higher in peels containing more than 60% dietary fiber, of which 77.6% is insoluble
dietary fiber [54].

Purple-fleshed sweet potato root has a low protein content of 2.33 g/100 g DW
(Table 1), with the finding that the crude protein extracts are rich in amino acids indi-
cating that glutamic acid, aspartate, arginine, alanine, and leucine had the five highest
amino acids contents, with 565.75 mg/kg, 479.74 mg/kg, 413.54 mg/kg, 371.87 mg/kg,
and 336.67 mg/kg, respectively [55,56]. Despite the low protein content of the flesh, some
studies have revealed a high protein content reached in the leaves ranging from 16.2 to
30.3 g/100 g DW across diverse cultivars [57,58]. In addition, some studies have indicated
that polysaccharides from PFSP contain proportions of proteins and uric acids that could
enhance their antioxidant activities [59].
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Table 1. Proximal composition of the edible part of PFSP (flesh).

Nutrient Value Ref.
Moisture (/100 g FW) 63.51 + 0.20 [60]
Ash (/100 g DW) 2.06 + 0.01 [61]
Proteins (g/100 g DW) 2.33 £0.04 [62]
Crude Fat (g/100 g DW) 0.51 £ 0.04 [63]
Total Dietary Fiber (g/100 g DW) 15.8 +0.50 [64]
Insoluble Dietary Fiber (g/100 g DW) 8.4 +1.30 [64]
Soluble Dietary Fiber (g/100 g DW) 74 +1.40 [64]
Carbohydrates (g/100 g DW) 79.10 £ 0.03 [65]
Starch (g/100 g DW) 56.7 £ 0.35 [63]
RDS (%) 46.1 £ 0.20 [66]

SDS (%) 10.4 +0.20 [66]

RS (%) 435 +0.20 [66]

Reducing Sugar (g/100 g DW) 3.09 £ 0.01 [63]

DW: dry weight; FW: fresh weight; RDS: rapidly digestible starch; SDS: slowly digestible starch; RS: resistant starch.

3.2. Bioactive Compounds

More than 100 different bioactive compounds have been identified from diverse PFSP
parts, including flesh, skin, and leaves, such as flavonoids, non-flavonoids, carotenoids, or
organic acids. However, a large variety of these bioactive compounds show values that
vary sharply in different PFSP varieties from trace to elevated content due to factors such
as the genotype, harvest, postharvest, or extraction procedures [67]. The following sections
described the major bioactive compounds located in PFSP.

3.2.1. Anthocyanins

Anthocyanins, responsible for the color of purple-fleshed sweet potato, represent
one of the most important constituent groups of PFSP. These compounds are secondary
metabolites and water-soluble pigments belonging to the phenolic group with fundamen-
tal functions in the plant [68]. However, PFSP anthocyanins are usually glycated and
acylated, with 3-sophoroside-5-glucoside and mono- or di-acylation with phenolic acids
such as caffeic, ferulic, vanillic, p-coumaric, or p-hydroxybenzoic acids being the common
glycation and acylation forms, respectively [69]. Concretely, these anthocyanins belong
to the cyanidin or the peonidin type acylated with caffeic, ferulic, and p-hydroxybenzoic
acids [70]. The acylation form guarantees heat stability, improving their application in
heat-treated products [71]. Therefore, the importance of these compounds resides mainly in
their function as antioxidant agents, being considered one of the most potent antioxidants
of PFSP leaves, flesh, and peel [72,73].

The most abundant anthocyanins in PFSP are cyanidin 3-sophoroside-5-glucoside, cyani-
din 3-(6,6'-dicaffeoyl-sophoroside)-5-glucoside, cyanidin 3-(6,6'-caffeoylphydroxybenzoyl
sophoroside)-5-glucoside, cyanidin 3-(6,6'-caffeoylferuloylsophoroside)-5-glucoside, peoni-
din 3-(6,6'-dicaffeoylsophoroside)-5-glueoside, and peonidin 3-(6,6’-caffeoylphydroxybenzoyl
sophoroside)-5-glucoside, which have been identified in diverse flesh, leaves, and peels as the
richest anthocyanins. Although these cyanidins and peonidin derivatives are found mainly
in purple sweet potato flesh [74], higher levels of cyanidin 3-(6"-feruloyl sophoroside)-5-
glucoside and caffeoylated (cyanidin 3-sophoroside-5-glucoside) have been reported in leaves
and peel [75]. Furthermore, the anthocyanins distribution in leaves and peel is similar to that
in flesh with the former mainly consisting of cyanidin derivatives regardless of the cultivar.

However, relevant differences are appreciated in the supporting data indicating that
TA seems higher in leaves and peels. In contrast, Su et al. [76] reported that the total
contents of anthocyanins in PFSP var P40 leaves were much lower than those in the roots,
suggesting an exceedingly diverse phenotype of anthocyanin biosynthesis between leaves
and roots. This fact was attributed some years ago by Mano et al. [77] to the presence
of a one-member transcriptional factor, MYB, which induces all structural anthocyanin
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biosynthesis genes, and is predominantly expressed in the roots but not in stems, leaves, or
flowers either in the roots of orange-, yellow-, or white-fleshed varieties.

Finally, the increasing attention to PFSP anthocyanins, due to their high contents and
multiple biological activities, has led to new anthocyanins constantly being identified in
flesh, leaves, and peels, yet absent from stems [78,79].

3.2.2. Phenolic Acids

A rich diversity of phenolic acids has been successfully quantified and identified in
PESP (Table 2). Around 30 phenolic acids and their derivatives have been reported, specifi-
cally hydroxybenzoic, chlorogenic, caffeic, ferulic, and p-coumaric acids are the primary
phenolic acids in the flesh, leaves, and peels of purple sweet potato. Among the multiple
functions they contribute, it has been shown how some phenolic compounds, such as ferulic
and caffeic acids, increase anthocyanin stability via intermolecular co-pigmentation shield-
ing the flavylium cation from nucleophilic attack by water and improving its functional
structure [80,81].

Table 2. Micronutrients and bioactive compounds of diverse botanical parts of PFSP.

Composition Flesh Leaves Peel
Minerals
Macroelements
K (mg/100 g DW) 12001 1786.56 14 557211
Ca (mg/100 g DW) 98.20 1 0.26 14 134.30 11
Mg (mg/100 g DW) 120.40 1 0.16 14 49.7 11
Na (mg/100 g DW) 55.00 ! 03114 38310 11
Microelements
Zn (mg/100 g DW) 111!t 1.99 14 751
Se (mg/100 g DW) 0.23 10 - -
Fe (mg/100 g DW) 1.951 22.0114 41011
Mn (mg/100 g DW) 2.081 3.90 14 151
Cu (mg/100 g DW) 0.69! 0.005 14 0.94 11
Vitamins
Vitamin By (mg/100 g DW) 1.891 - -
Vitamin B, (mg/100 g DW) 0.831 - -
Vitamin B; (mg/100 g DW) 2561 - -
o (mg/100 g DW) 63.40 ! 0.30 4 -
Vitamin C (mg/100 mL DW) ; ) 0.74 16
Vitamin E (mg/100 g DW) 11215 - -
No Flavonoids
Phenolic Compounds
m-Hydroxybenzoic acid (mg/g DW) 0.112 - -
P-hydroxybenzoic acid (mg/100 g DW) 11.34 22 - -
4-Hydroxybenzoic acid (ng/g DW) 3.67% - -
Protocatechuic acid-3-glucoside (mg/g DW) 0.122 - -
Chlorogenic acid (mg/g DW) 0.342 24.90 24 -
Neochlorogenic acid (mg/100 g DW) - 158.40 % -
Cryptochlorogenic acid (mg/g DW) 0.07 2 2.06 % -
Isochlorogenic acid (mg/g DW) 0.202 - -
o (mg/g DW) 0.17 6 - 0.34%
Caffeic acid (mg/Kg DW) _ 629.45 17 _
Caffeoyl-hexoside (mg/100 g DW) - - 142 %
5-O-caffeoylquinic acid (mg/100 g DW) 47 93 245.30

3,4-di-O-caffeoylqunic acid
3,5-di-O-caffeoylqunic acid

(mg/g DW) - 3.79 % 0.50
(mg/g DW) - 4162 6.07
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Table 2. Cont.
Composition Flesh Leaves Peel

2
Dicaffeoyl quinic acid isomer 1 (frrg;//lfg?)v\\/]\;) 4.7_6 105—1 " :

2
Dicaffeoyl quinic acid isomer 2 (frr;g/é;g%v‘\/]\;) 2'5_6 191_-32 17 :
p-Coumaric acid (mg/g DW) 0.72° - -
Trans-p-coumaric acid (mg/100 g DW) 50422 - -
Coumaroyl-hexoside (mg/100 g DW) - - 60%
Ferulic acid (mg/g DW) 0.152 - -
Feruloyl glucose (mg/g DW) 8.092 - -
Feruloyl sucrose (mg/g DW) 9.522 - -
Feruloylquinic acid (mg/100 g DW) - - 22.10%
3-Feruloyl quinic acid (mg/g DW) 10.62 2 - -
4-Feruloyl quinic acid (mg/g DW) 11.77 2 - -
1,5-Diferuloyl quinic acid (mg/g DW) 29.56 2 - -
3-Feruloyl-4-caffeoyl quinic acid (mg/g DW) 11.772 - -
1-Feruloyl-5-caffeoyl quinic acid (mg/g DW) 191.57 2 - -
Salicylic acid (ug/g DW) 197.88 23 - -
Protocatechuic acid (ug/g DW) 747223 - -
Vanillic acid (mg/100 g DW) 1.98 22 - -
Flavonoids
Anthocyanins

7 7

Cyanidin 3-sophoroside-5-glucoside (m(gnl:gl\/fiv;g;(l)i él}(;gv\[/))W) 312'_10 3'8_0 50.-6 25
Cyanidin 3-(6"-caffeoyl sophoroside)-5-glucoside (mg/100 g DW) 58.00 1 - 3.6%
Cyanidin 3-dicaffeoyl sophoroside-5-glucoside (mg/g DW) 12.20 20 - -
Cyanidin 3-(6"-feruloyl sophoroside)-5-glucoside (mg/100 g DW) 95.00 1 - 178.4 %
Cyanidin 3-caffeoyl-p-gydroxybenzoyl sophoroside-5-glucoside (mg/g DW) 14.80 20 - -
Cyanidin 3-caffeoyl-feruloyl sophoroside-5-glucoside (mg/g DW) 16.20 20 - -

7 7
Peonidin 3-sophoroside-5-glucoside (mﬁr{;\ﬁgtf ékgvl\?)W) 52'?0 0'8_0 12(-) 25
p-hydroxybenzoylated (Cyanidin 3-sophoreside-5-glucoside) (mg PN3GE/kg DW) 604.60 7 2.707 -
Caffeoylated (Cyanidin 3-sophoroside-5-glucoside) (mg PN3GE/kg DW) 180.107 3.307 -
p-hydroxybenzoylated (Peonidin 3-sophoroside-5-glucoside) (mg PN3GE/kg DW) 132.807 1.007 -
Caffeoylated (Peonidin 3-sopheroside-5-glucoside) (mg PN3GE/kg DW) 46.60 7 1.007 -
Feruloylated (Cyanidin 3-sophoroside-5-glucoside) (mg PN3GE/kg DW) 2977 1.107 -
Cyanidin 3-(6,6'-dicaffeoyl-sophoroside)-5-glucoside (mg PN3GE/kg DW)  1481.407 11.607 -
Cyanidin. 3-(6,6' -caffegylphydroxybenzoyl (mg PN3GE/kg DW)  5667.907 9.807 )
sophoroside)-5-glucoside
Cyanidin 3-(6,6'-caffeoylferuloylsophoroside)-5-glucoside (mg PN3GE/kg DW) 1877.307 1.907 -
Peonidin 3-(6"-feruloyl sophoroside)-5-glucoside (mg/100 g DW) 2919 - -
Peonidin 3-(6,6"-dicaffeoylsophoroside)-5-glueoside (mg PN3GE/kg DW) 381.60 7 2307 -
Peonidin 3-feruloyl-p-hydroxybenzoyl sophoroside-5-glucoside (mg/g DW) 58120 - 11225
Peonidin 3-(6”, 6"”’-diferuloyl sophoroside)-5-glucoside (mg/g DW) 24320 - -
Peonidin 3-(6"-caffeoyl sophoroside)-5-glucoside (mg/g DW) 22920 - -
Peonidin 3-feruloyl sophoroside-5-glucoside (mg/g DW) 7.1220 - -
Peonidin 3-dicaffeoyl sophoroside-5-glucoside (mg/g DW) 57.90 20 - -
Peonidin 3-caffeoyl sophoroside-5-glucoside (mg/100 g DW) 27519 - -
Peonidin 3-caffeoyl-p-hydroxybenzoyl sophoroside-5-glucoside (mg/100 g DW) 116 1 - -

1 /

fsgﬁﬁgiz2)6_';_gclifcfsgﬁg’hydmxybe“myl (mg PN3GE/kg DW) 1620907  1.307 -
Peonidin 3-(6,6'-caffeoylferuloylsophoroside)-5-glucoside (mg PN3GE/kg DW) 344.307 1.007 -
Peonidin 3-caffeoyl-feruloyl sophoroside-5-glucoside (mg/g DW) 69.20 20 - -
Peonidin 3-caffeoyl-p-coumarylsophoroside-5-glucoside (mg PN3GE/kg DW) 59.30 7 1.107 -
Peonidin 3-coumaryl-p-hydroxybenzoyl sophoroside-5-glucoside (mg/g DW) 1.8120 - -

8
Cyanidin-based anthocyanin (I(I:ng/ /l;gFQVV;]) 696_4 8. 3: 513 :
Peonidin-based anthocyanin (r(Ing/ /l;gF]:‘)NV;]) 22?9 i m O- 113 :
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Table 2. Cont.
Composition Flesh Leaves Peel
Flavonols and Flavones
DW) 23.38 21 - -
Kaempferol (ug/8
aemprero (mg/100 g DW) nd ? 60.9° nd ?
Luteolin (ng/g DW) 15.17 % - -
L DW) 152.11 % - -
Muvricet (ng/g
yrieen (mg/100 g DW) 4219 36.79 20.6°
Apigenin-6-C-glucoside-8-C-arabinoside (mg/g DW) 0.822 - -
Naringenin (mg/g DW) 1.122 - -
Naringenin-glucoside (mg/g DW) 0.2472 - -
Isoquercitin (mg/100 g DW) 59.9 9 26837 3397
2 24
in-3-cal . (mg/g DW) 0.91 0.78 -
Quercetin-3-galactoside (mg,/Kg DW) . 45513 17 )
Quercetin diglucoside (mg/g DW) 1.022 - -
Isorhamnetin-3-O-glucoside (mg/g DW) 0.942 - -
Isorhamnetin-3-glucoside 4-rhamnoside (mg/g DW) 2122 - -
Epicatechin derivative (mg/g DW) 0.102 - -
3/-O-Methylepicatechin derivatives (mg/g DW) 0.052 - -
4'-Methyl-epigallocatechin derivatives (mg/g DW) 0.09 2 - -
4'-Methyl-epigallocatechin derivatives (mg/g DW) 0.022 - -
Carotenoids
, (mg/100 g DW) - 100.22 17 -
Lutein (ng/g DW) 0.2821 ] )
_ (mg/100 g DW) - 33.60 17 -
Zeaxanthin (ng/g DW) 01121
B-Cryptoxanthin (mg/100 g DW) 0.07 18 - -
o-Carotene (ug/g DW) nd 2 - -
(All E)-p-Carotene (ug/g DW) 15321 - -
(92)-p-Carotene (ug/g DW) 0.022 - -
(13Z)-p-Carotene (ug/g DW) 0.282 - -
All-Trans-B-carotene (mg/100 g DW) 0.3018 56.94 17 -
Cis-B-carotene (mg/100 g DW) - 711V -
ABTS (mg AAE/100 g DW) 710° 53007 8807
(mg TE/100 mg DW) 0.775 - 0.03 11
DPPH 9 9 9
(mg AAE/100 g DW) 330 2920 410
FRAP (mg TE/100 g DW) 46° 550 9 47°9
A (mg GAE/100 mg DW) ~ 94.80 * - -
(mg CGE/100 g DW) 170° 1010° 230°
TPC (mg GAE/100 mg DW)  167.403 3.687 289.01 12

DW: dry weight; FW: fresh weight; FRAP: ferric reducing ability of plasma; TA: total content of anthocyanins; TPC:
total content of phenolic compounds; GAE: gallic acid equivalent; DPPH: 2,2-diphenyl-1-picrylhydrazyl; ABTS:
2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic) acid; nd: not detected; PN3GE: peonidin 3-glucoside equivalent;
AAE: ascorbic acid equivalent; TE: Trolox equivalent; CGE: cyandin-3-glucoside equivalent. 1 Mean values of PFSP
cultivated in Wanju-Gun rural guidance center [65]; 2 Mean values of dry hydroalcoholic purple sweet potato [82]; 3
Mean values of the purple-fleshed sweet potato genotype “JNRX12” [83]; * Mean values of the purple-fleshed sweet
potato genotypes “JNRX2” [83]; ® Mean values of the purple-fleshed sweet potato genotypes “Trabuca” [83]; ® Mean
values of the purple-fleshed sweet potato genotype “JNRX1” [83]; 7 Mean values leaves or flesh of PFSP “P40” [74];
8 Mean values of the purple-fleshed sweet potato variety “Gyebone108” [84]; * Mean values of the PFSP variety
“Yuzi No. 7” [85]; 1 Mean values of the PFSP variety “Jishu No.2” [63]; 1 Mean value of a PFSP variety bought from
the King’s market, Akure, Ondo State, Nigeria [86]; 12 Mean value of Ipomoea batatas Lam cv. Anggun 1 harvested
in Malaysia [87]; 13 Mean value of the PFSP cultivar Fushu No. 317 [74]; 1* Mean value of PESP from community
gardens in Koya Koso Jayapura [88]; 15 Mean value of PFSP accession from a farmer’s field for planting material [89];
16 Mean value of Ipomoea batatas Lam cv. Anggun 1 [90]; 17 Mean value of PFSP leaves of Purple-purple X VS-8 WAP,
and Purple-purple X TMS-16 WAP samples [91]; 18 Mean value of the PFSP variety Yeonjami [92]; 1° Mean value of the
PESP variety P40 [93]; 20 Mean value of Ipomoea batatas L. cultivar Eshu No. 8 [33]; 2! Mean value of the PFSP cultivar
Sinjami [94]; 22 Mean value of the PFSP cultivar Dphi potato 1, Wuxi, and Jiangsu [95]; 22 Mean value of the PFSP cv.
Yeonjami [96]; 2 Mean value of a purple sweet potato cultivar [97]; % Mean value of the PFSP genotype Ea3-1 [75].
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Chlorogenic and caffeic acid and their derivatives are the most widely distributed
phenolic acids in the leaves and peels of purple sweet potato, while salicylic and ferulic
acids are more frequently present in the flesh. As mentioned, Jang et al. [98] quantified
that 3,5-dicaffeoylquinic acid was the most abundant in the leaves of all varieties analyzed.
Another research study conducted by Ooi et al. [99] evaluated the phenolic content of
the skin and flesh from a purple sweet potato variety obtaining a similar total phenolic
content in flesh and skin with 52.80 & 0.84 and 48.19 £ 1.29 mg GAE/g, respectively. In
addition, purple sweet potato varieties contain a significantly higher total phenolic content
as compared to yellow and orange varieties due to genotype variations that influence the
accumulation and types of synthesized phenolic acids [100,101].

Finally, phenolic acids are not distributed uniformly through the plant, suggesting
that their distribution and content depend on a set of factors such as the extraction method,
solvent, genotype, plant part, and environment, with flesh color being a relevant factor
affecting the total content of phenols in sweet potatoes that could explain the wide range of
data supported [102-104].

3.2.3. Flavonols, Flavones, Carotenoids, and Other Bioactive Compounds

Non-anthocyanins flavonoids have also been identified in PFSP including flavonols,
flavanes, and flavones [105]. A good source of flavonols and flavones is found in the flesh
of the tuber where kaempferol, luteolin, and myricetin are the major constituents, while
quercetin is mainly found in their leaves and peel. These compounds play significant
biological regulatory functions such as their remarkable effect on protein regulation by
reversibly combining with various proteins and enzymes in the body [106]. Furthermore,
18 organic acids from the roots of PFSP have been reported such as acetic, lactic, or pyruvic
acids, although more studies are needed to quantify [107].

On the other hand, the considerable number of carotenoids located in the flesh and
leaves of the tuber make it a valuable source of these compounds. Lutein, zeaxanthin,
and carotene are the main carotenoid compounds identified. However, total carotenoid
content varies depending on the extraction and drying method, as well as environmental
factors where climate temperature influences the total carotenoid content in vegetables and
fruit [108].

3.3. Minerals and Vitamins

PFSP and its by-products represent a rich source of essential minerals for the or-
ganism [58]. Compared to the mineral composition of other vegetables reported in the
literature, purple-fleshed sweet potato presents a good source of Na, and mainly K, and Mg
(Table 2) [109]. Deficiency of these minerals can lead to several metabolic disorders, such
as DNA and RNA synthesis [110], neurological [111], and cardiovascular alterations [112].
The concentration of macro- and microelements varies depending on the botanical part
of I batatas (L.) Lam [113], although generally PFSP can cover part of the mineral require-
ments [86]. However, relevant differences could be attributed to genotype variation [41]. A
significant mineral amount can be found in their flesh, leaves, and peel, with major values
in most of the evaluated minerals in the peels compared to the flesh and leaves.

The purple-fleshed sweet potato has a high content of vitamins C and E (Table 2);
although the higher contents are found in the flesh, some studies have found low quantities
in peels and leaves. Furthermore, B group vitamins, such as By, By, and B3, have been
detected in the flesh of the tuber in minor proportions. In addition, it has been shown
that the content of vitamin C in PFSP is reduced after cooking methods such as boiling
and frying with a loss of 72, and 61%, respectively [114]. Purple sweet potato has a high
vitamin C content, reaching similar values to those of lemon, oranges, and grapefruits [115].
Vitamin C is involved in the biosynthesis of collagen, cholesterol metabolism, modulation
of the iron pathway, and scavenging reactive oxygen and nitrogen species as part of its
antioxidant mechanism [116].
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4. Health Benefits
4.1. Antioxidant Activity

As described above, PFSP contains many bioactive compounds, such as caffeic, chloro-
genic, and ferulic acid derivatives, naringenin, quercetin, and diverse anthocyanins. Apart
from performing essential functions in the plant, these compounds, once ingested, can per-
form protective functions against the generation of ROS and oxidative damage, as well as
playing a crucial role in the color stabilization of anthocyanins [117,118]. Even though ROS
act as signaling molecules in physiological functions, the overproduction of ROS can dam-
age lipids, membranes, proteins, or DNA, resulting in oxidative stress and damage [119,120].
Phenolic compounds provide purple-fleshed sweet potato with a high antioxidant capacity,
showing significantly higher ABTS (2,2-azino-bis-3-(ethylbenzothiazoline-6-sulfonic acid))
and ORAC (oxygen radical absorbance capacity) activity, and up to 10 times higher DPPH
(2,2-diphenyl-1-picrylhydrazyl) values than other sweet potato varieties such as white-
fleshed, yellow-fleshed, or orange-fleshed sweet potato [121,122]. This high antioxidant
capacity is mainly found in the peels, which contain the major levels of both total and
individual phenolic compounds, although the rest of the PFSP by-products represent a
good source of these phenolic compounds [75].

Several studies have observed the potential action of anthocyanins and polyphenols
from PFSP against oxidative stress at in vitro levels in different types of cell lines. Esatbe-
yoglu et al. [123] reported that the application of three different polyphenol extracts from
PFSP, mainly peonidin, and cyanidin derivatives, (1, 5, 10, 25, 50, and 75 pg/mL) in the
Huh?7 human cell line, resulting in a decrease in xanthine oxidase enzyme (XO), an enzyme
involved in the generation of reactive oxygen species [124], and an increase in nuclear
factor E2-related factor 2 transcription (Nrf2), a transcription factor that regulates the ex-
pression of genes involved in the oxidative stress response [125]. Ye et al. [126] observed
similar results in the protective effects of PFSP anthocyanin on PC12 cells, obtaining a
reduction in intracellular reactive oxygen species (ROS) generation and lipid peroxidation,
in a dose-dependent manner. In addition, Insanu et al. [127] found that the higher content
of phenolic acids and flavonoids had higher antioxidative activity, identifying that the
highest antioxidative activity was in the leaves.

The antioxidant effect of PFSP has also been confirmed in in vivo experiments [128,129].
Zhang et al. [130] investigated the effects of HFD-induced rats treated with PFSP antho-
cyanin extracts daily for 6 weeks, reporting a level reduction in ROS and an inhibition of
the receptor of advanced glycation end products (AGEs). It involved anti-obesity effects
via attenuation of oxidative stress. Chang et al. [131] explored the effect of consumption of
PFSP leaves on oxidative stress markers in healthy, nontrained, young male populations,
revealing that consuming a high-polyphenol diet can modulate antioxidative status and
decrease exercise-induced oxidative damage and pro-inflammatory cytokine secretion. In
addition, Kano et al. [132] evaluated the antioxidative activity of anthocyanins from the
PFSP cultivar Ayamurasaki in in vitro, and vivo trials, with rats and volunteers. The in vitro
results suggested that the PFSP anthocyanin pigment showed higher radical-scavenging
activity than ones from grape skin, elderberry, red cabbage, purple corn, and even ascor-
bic acid. Meanwhile, the in vivo results revealed that the urine of rats and humans that
ingested PSFP increased their radical-scavenging activity.

However, a relevant point in in vivo experiments is the stability and antioxidant
activity of these bioactive compounds after gastrointestinal digestion. Yang et al. [133] in-
vestigated the bioaccessibility and antioxidant activity of PFSP anthocyanins after intestinal
digestion, obtaining a significant decline after digestion, although its stability depended on
the type and number of acylated groups.
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Several mechanisms explain the antioxidant action of the bioactive compounds present
in PFSP. Oxidative stress is an imbalance between the production of ROS and their elim-
ination by a protective mechanism [134]. Anthocyanins can induce the expression of
antioxidants via the nuclear erythroid 2-related factor 2 (Nrf2) pathway and by reducing
inflammation [135]. Polyphenols can reduce the catalytic activity of enzymes involved in
ROS generation such as nitric oxide synthases (NOs), or XO [136,137]. However, the antiox-
idant capacity of these bioactive compounds can be attributed to their specific structural
characteristics. Phenolic compounds and flavonoids react with ROS and thus terminate
the chain reaction before cell viability is seriously affected [138]. For instance, chlorogenic
acids possess one to two aromatic rings linked to hydroxyl groups, which lead to forming
complexes with free radicals that are quickly broken down into further products that cannot
generate any free radicals [139]. In fact, some studies have reported that antioxidant activity
was positively correlated with the TPC of leaves and roots and the TA content of roots in
sweet potato [140,141].

4.2. Hepatoprotective Action

The liver is an essential organ for a variety of physiological processes including
macronutrients, alcohol, and drug metabolism, detoxification, endocrine control, choles-
terol homeostasis, or immune defense [142]. Liver disease is the eleventh-leading cause of
death annually and accounts for 4% of all deaths worldwide [143]. Dysfunction is associ-
ated with numerous liver diseases, such as alcohol-associated liver disease (AALD), non-
alcoholic fatty liver disease (NAFLD), non-alcoholic steatohepatitis (NASH), drug-induced
liver injury (DILI), cholestasis, viral hepatitis, and hepatocellular carcinoma (HCC) [144].
Recently, it has been suggested that the antioxidant and anti-inflammatory properties of
PESP bioactive constituents, such as phenolic compounds, anthocyanins, or polysaccha-
rides, could prevent liver diseases by a reduction in alanine aminotransferase (ALT) and
aspartate aminotransferase (AST) enzyme levels [145,146].

Polysaccharides exert hepatoprotective effects by modulating different signaling path-
ways. They downregulate key molecule expressions in the TLR4-P2X7R/NLRP3 signaling
pathway, which controls inflammatory responses. Furthermore, polysaccharides activate
the PI3K/AKT signaling pathway to recover redox balance and inhibit the expression of
NF-kf to mitigate pro-inflammatory cytokine expression (Table 3). This dual function
ameliorates oxidative stress and liver inflammation [147]. The study by Sun et al. [148] ob-
served changes in liver weight and size, increased scavenging activity and reducing power,
and increased levels of superoxide dismutase (SOD), catalase (CAT), glutathione peroxi-
dase (GSH-Px), and glutathione (GSH) after the consumption of PFSP polysaccharides for
31 days in mice, as well as a reduction in ALT and AST and the hepatic lipid peroxidation
marker malondialdehyde (MDA). Another study observed the hepatoprotective effect of
PESP extracts in CCly-induced oxidative hepatotoxicity fibrosis mice, reporting a reduction
in serum levels of ALT, AST, and MDA, and increased SOD and GPx activity levels [149].

On the other hand, a relevant number of studies have found changes in the lipid
profile after PFSP intake [150]. The reduction in triacylglycerides (TG) and total cholesterol
(TC) decreases the lipid hepatic accumulation after the intake of PFSP leaves, suggesting
that PFSP could exert a hypolipidemic action [151]. This effect could be attributed to the
presence of chlorogenic acid, and its derivatives, a PESP leaf constituent that regulates lipid
metabolism by reducing preadipocyte differentiation and inhibiting fatty acids and total
cholesterol synthesis [152-154]. Therefore, the hepatoprotective effect of PFSP extracts is
achieved through multiples signaling pathways and mechanisms.
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Table 3. Health benefits of different PFSP parts.
Botanical . .
Type Part Experiment Design Results Ref.
Antioxidant activity
1 Plasma polyphenol
Clinical . concentration, vitamin E and C
trial Leaves Consumption of PSPL (200 g/day) by basketball players for 7 weeks levels, and LDL lag time [129]
1 8-OHdG
1 LDL lag time, glutathione
Clit.lical Leaves Healthy adults were treated with PSPL (200 g/day) for 7 weeks concentratlon{ and urinary total [128]
trial phenol excretion
1 8-OHdG
. Eight-week-old male Sprague Dawley strain rats were administered with
Invivo Flesh 100, 200, and 400 mg of PFSP anthocyanin/kg b.w. once a day for 6 weeks + ROS and AGESs [130]
. Evaluation of the inhibitory effect of PFSP leaves on endothelial T Free radical scavenging activity
In vitro Leaves I-mediated LDL oxidati [155]
cel-mechate oxidation 1 Lag time for LDL oxidation
In vitro Stem, Application of extracts from PFSP stems, leaves, and flesh to evaluate T DPPH and CUPRAC activity [127]
arlflal;/liz% in vitro antioxidant activities by DPPH and CUPRAC assay 1 TPC and TFC level
| a-amylase, x-glucosidase, and
. Huh?7 cells were treated with three different PFSP-derived polyphenol XO enzyme
In vitro Flesh [123]
extracts (1, 5, 10, 25, 50, and 75 pg/mL) for 24 h 1 Nrf2 factor and PON 1
transactivation
In vitro Fleshand Isolation and quantification of colorless caffeoyl compounds from PESP to 1 Total antioxidant capacity [156]
Peel test their antioxidant abilities 1 Reducing power and DPPH
Flesh and Six healthy volunteers were administered with a PFSP beverage, rich in
In vivo Peel anthocyanins (2.49 mg/mL), collecting blood and urine samples at fixed 1 Urinary DPPH activity [132]
times (0, 0.5, 1, 2, 3,4, 6, 8, and 24 h) after feeding
In vitro Flesh PESP species Gm].zr.lgshu 09—Z was treated to four different cooking 4 FRAP and DPPH [157]
methods (raw, boiling, roasting, and steaming)
1 Ap-induced cytotoxicity and
In vitro Flesh Utilization of PFSP anthocyanin (0, 0.1, 1, 10, 20, 40, 50, 80, 100, and Ca2* concentration [158]
200 g/mL) on PCI2 cells for 24 h | Intracellular ROS generation and
LPO
TPC and FRAP
Clinical Leaves PSPL (200 g/day for lunch and dinner) was consumed by 15 healthy male T an [131]
trial volunteer for 5 weeks 1 TBARS, plasma PC, oxidative -
damage, and IL-6
1 AB-induced toxicity, ROS, and
In vi Flesh PFSP anthocyanins were isolated from Ipomoea Batatas Poir Cv lipid peroxidation levels [126]
1 Vitro €s (520 pg/mL) and administered in PC12 cells for 24 h ot - )
J} Ca** intracellular concentration,
and mitochondria dysfunction
Hepatoprotective action
L ALT and AST enzyme levels
In vi L Five-week-old male C57BL/6 mice received alcohol + PSPE (400 mg/kg J Blood alcohol concentration and [151]
nvivo caves bw for 7 days) inflammatory cells :
} TG and TC levels
L ALT and AST enzyme levels
Application of PSPP-1 (200 and 400 mg/kg; once daily until Day 28) in
In vivo Flesh control mice (without any liver injury) and concanavalin A-induced liver 150D and GSH levels [147]
injury mice 1 MDA level

J} TNF-ac and IEN-y levels
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Table 3. Cont.
Botanical . .
Type Part Experiment Design Results Ref.
) Application of a novel polysaccharide (PSPP-A) extracted and isolated + Body weight and liver index
In vivo Flesh from PFSP in C57BL/6] male mice fed for 8 weeks with a high-fat diet J ALT and AST content [145]
blended with PSPP-A (100 mg/kg, 200 mg/kg and 400 mg/kg) 1 TG and TC levels
1 Relative liver weight
Female ICR mice were treated with three kinds of polysaccharides | ALT, AST, alkaline phosphatase
Invivo Flesh obtained from PFSP (100, 200 and 400 mg/kg bw of each extract per day) and MDA levels [148]
for 31 days 1 SOD, CAT, and GSH-Px enzymes
1 GSH and T-AOC levels
Utilization of anthocyanins extract from PFSP (227.5, 455, and | Relative liver weight
In vivo Flesh 910 mg/kg bw) in male mice after hepatic fibrosis induced by carbon 1 ALT, AST, and MDA levels [149]
tetrachloride for 3 weeks —
1 SOD and GPx activity levels
+ AMPK and ACC
In vitro Flesh HepG2 hepatocytes were treated with AF (0, 50, 100, and 200 pug/mL) phosphorylation [150]
} TG and TC levels
1 ROS, GPx, and GR
In vitro Flesh II;IFeSpPG(Z1 Sgll:gv;rerl;i )trfiitgi }\1/\-/1th raw, steamed, microwaving and roasted 1 GSH levels [159]
1T HO-1, NQO1, and GCLC
expression
Anti-inflammatory effect
J} TNF-a-induced
monocyte-endothelial cell
adhesion
In vitro Leaves HAECs were treated with 100 ug/mL PSPLE for 24 h 1 ERK1, and ERK2 expression [160]
1 VCAM-1, IL-8, and CD40
expression
) Effect of PFSP TNG 75 extracts ((1, 2, 3, 4, and 5 mg/mL) on RAW264.7 | NO production
In vitro Flesh - [161]
murine macrophage cells for 24 h 1 NF-kB, IL-6, and TNF-« levels
, Application of two anthocyanins, FAC-PSP and p-BAC-PSP (25,50,100, ~ + NO production level
In vitro Flesh - [162]
and 200 pg/mL), on RAW264.7 macrophages 1 NO production level
In vivo Flesh EDS?())—E\duced colitis mice treated with 400 mg/kg of ASPP once per day  + TNF-a release level [163]
or ays J IL-1p3, IL-6, and TNF-«
. Monosodium urate-induced RAW264.7 cells were treated with different T SCFAs contents
In vitro Leaves - [164]
concentrations (20, 40, 60 ng/mL) of PSPLP for 24 h L IL-1B, IL-6, and TNF-&
In vi Flesh Male Wistar rats were given purple sweet potato extract (400 mg/kg/day li IL-ll B, MDA, COMP, and MMP-3 [165]
nvive €s for 9 days, once per day) evers )
1 chondrocytes
. Differentiated 3T3-L1 cells treated with PSPLE (0, 1, 2, and 4 mg/mL) for 4 IL-6 and TNF-« expression
In vitro Leaves - [166]
72h 1 PARP and cellular apoptosis
Hypoglycemic and antidiabetic effect
. Alloxan-induced diabetic male Wistar rats of 810 weeks old were treated + MDA and blood glucose levels
In vivo Leaves [167]

with purple sweet potato leaves (50, 100, and 200 mg/kg bw) for 15 days

1 Pancreatic histopathological
features
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Table 3. Cont.
Botanical . .
Type Part Experiment Design Results Ref.
Utilization of three anthocyanins
(3-caffeoyl-phydroxybenzoyl-sophoroside-5-glucoside, peonidin 3-caffeoyl
In vitro Flesh sophoroside-5-glucoside, and peonidin 3-(6"-caffeoyl-6"'-feruloyl 1 Glucose production [168]
sophoroside)-5-glucoside) from PFSP (0, 10, and 50 pg/mL; 3 h) on human
HepG2 cells
. Evaluating the effect of anthocyanin on fasting blood glucose levels in .
In vivo Flesh 6-week-old male C57BL/6 mice fed a 60% high-fat diet for 14 weeks } Glucose production [168]
1 TG, TC, MDA, fasting blood
. Application of diacylated AF-PSPs (25 and 50 mg/kg bw) into free glucose values, and blood glucose 169
In vivo Flesh (SPF)-grade male Kun-Ming strain mice induced by a levels [169]
high-fructose /high-fat diet for nine weeks 1 T-SOD activity
. Male mice were fed with a high-fat diet and STZ to induce T2DM. The 1 Blood glucose levels
In vivo Flesh model mice were treated with 0, 227.5, 455, or 910 mg/kg bw of PSPA for [170]
ten days 1 GSH-Px level
Abplicati " i dIBW . 1 PI3K, AKT, and Glut4
In vitro Leaves pplication of four crude extracts (IBH, IBM, IBB, and IBW; 0.1 mg/mL) in phosphorylation [171]
3T3-L1 preadipocytes
1 Glucose uptake
| MDA
Clinical  Flesh and Double blinded pre-post test control group design in patients with T2DM -
1r'11c1a eIs) ?n (75 mL of PFSP that contained 11 g of anthocyanins—3 times per day | Fasting plasma glucose and [172]
tria ee 30 min after meal) for 4 weeks 2hpppg levels
1 Glycated albumin level
Neuroprotective effect
1 Memory function, HFD-induced
impairment mouse behavior, and
Application of PESP anthocyanin (700 mg/kg/day) in eight-week-old IL-10 level
. pplication o anthocyanin mg/kg/day) in eight-week-o -
Invivo Flesh C57BL 6] mice for 20 weeks by oral gavage | Body weight, fat content, [173]
hyperlipemia, and endotoxin level
1 COX-2, TNF-«, IL-1p3, IL-6,
iNOS, ERK, JNK, and NF-kf
1 TNF-«, p53, and GFAP
ilization of 1 2 * i i
ivo Ry YAt of puple svet ot vatr s G00m/g by n_xresion s
1 BDNF levels and spatial working
memory
. BV-2 microglia cells were treated with purple sweet potato leaf extract 1 NO, iNOS, COX-2, and TNF-x
In vitro Leaves (10-200 pg/mL) for 24 h levels [175]
| Step-through latency, AGEs,
Cu/Zn-SOD, and CAT activity
In vi Flesh 15-month-old D-galactose-induced male Kunming mice were treated with - : [176]
nvive €s PFSP anthocyanins (500 mg/kg*day bw) for 8 weeks by oral gavage TbS{:aahal learning and memory
ability
J JNK and cytochrome c levels
; BT e’ il - 1 Bcl-2 expression
In vivo Flesh Anthocyanins extracted from “Balinese” cultivar of PFSP administered to [177]
rat models of induced ischemic stroke 1 Cytochrome C, caspase-3 levels,
and apoptosis rate
1 GFAP, COX-2, NF-kp, and iNOS
9-week-old male Kunming mice induced by D-galactose were expression
In vivo Flesh administrated with PFSP anthocyanins (100 mg/kg*day) for 4 weeks via [178]

the oral route

} MDA content

1 Cu/Zn-SOD and CAT activity
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Table 3. Cont.
Botanical . .
Type Part Experiment Design Results Ref.
Antimicrobial and prebiotic activity
T Bifidobacterium bifidum,
Bifidobacterium adolescentis,
In vit Flesh Application of five peonidin-based anthocyanins from PESP (0, 0.5,1, 1.5,  Bifidobacterium infantis, and [179]
nvitro €s 2,and 2.5 mg/mL) to test the growth of probiotics and harmful bacteria Lactobacillus acidophilus
1 Staphylococcus aureus and
Salmonella typhimurium
1 Bacteroidetes, Ruminococcaceae,
Invi Fleshand  Three polysaccharides were extracted from PFSP and administered in Lacﬁnospfmceae, Ruminococcus, and [180]
nvive peel female ICR mice (400 mg/kg bw) for 30 days by oral gavage Oscillospir
| Firmicutes, Proteobacteria,
Alcaligenaceae, and Sutterella
T Bifidobacterium and
In vi Flesh and  Utilization of PFSP anthocyanin to evaluate the modulatory effect on Lactobacillus/Enterococcius spp. [181]
nvitro Peel human intestinal microbiota using fecal samples from volunteers (1% w/v) | Bacteroides-Prevotella and
Clostridium histolyticum
1 SCFA concentration
1 Dorea, cecal mucin, and cecal IgA
In vivo Flesh Z{;:efvl:,;(}lgrr;l;gaFi:cher 344 rats were treated with PFSP polyphenols level [182]
y 1 Oscillospira and Bacteroides, and
indole production
T Eubacterium spp., Lactobacillus
spp., Bifidobacterium spp.,
In vi Flesh Assessment of PFSP polyphenols (0.16%) by colonic fermentation using Collinsella stercoris, and Bulleidia [183]
nvitro €s pig colonic digest under anaerobic conditions at 37 °C for 48 h p1630c] -
1} Clostridium spp. and
Acidaminococcus spp.
Hypouricemic action
SPF grade 8-week male Kun-Ming induced-hyperuricemia mice were | Serum uric acid level
In vivo Flesh treated with PFSP anthocyanins (25 mg / kg bw) and allopurinol (2.5 and | TNF-«, IL-1B, IL-6, and TGF-B1 [184]
5mg/kg bw) expression
In vivo Flesh Oral am}hcatlon of PFSP anthocyamr.ls (190 mg/kg bw) in three-week-old | Serum acid uric concentration [185]
potassium oxonate-induced hyperuricemia ICR male mice
. Fleshand  PFSP anthocyanins were evaluated for their inhibitory activity on a .
In vitro Peel commercial XO by spectrophotometrically measuring the formation of UA T Inhibition XO activity rate [186]
. Fleshand Hyperuricemia mice were administered with PFSP anthocyanins (25 and 4 Uric acid level
In vivo 100 mg /kg bw) orally for 7 d i [32]
Peel mg/kg bw) orally for 7 days 1 5/-NT and XO enzyme activity
Utilization of an anthocyanin-rich purple sweet potato extract (75, 150, and | Serum uric acid level
In vivo Flesh 300 mg/kg bw, once daily) in potassium oxonate-induced hyperuricemia [187]
male Kun-Ming strain mice for 7 days + BUN and Crlevels
Antitumoral and antimutation activity
NALMS6 h B-ALL cell d with PFSP anth ins (0, 20, g NALMO cell viability and
. uman B- cells were treated wit anthocyanins (0, 20, S100A4 protein expression
Invito  Flesh 40 314 60 ug/mL) for 24 h P P [188]
T NALMGS cells apoptosis and p38
Utilization of three polysaccharides, PSPP1-1, PSPP2-1, and PSPP3-1,
In vitro Flesh isolated from PFSP (100, 200, 300, 400, 500 ug/mL for SGC7901; 200, 400, 1 % Inhibition of tumor cells rate [59]

600, 800, 1000 pg/mL for SW620) on SGC7901 and SW620 tumor cells
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Table 3. Cont.
Botanical . .
Type Part Experiment Design Results Ref.
Application of anthocyanins isolated from the PFSP cultivar Bhu Krishma g . ,
In vitro rlldsaFvlesh and the leaves of accession S-1467 (100, 200, and 400 ug/mL) in human T MCtF 71’ HeLa, and HCT-116 cells [189]
a ©s mammalian epithelial cells (MCF-10A) apoprosis
PFSP glucan was extracted and tested (0, 15.625, 31.25, 62.5, 125, 250, 500, 4% Inhibition in liver, colonic, and
In vitro Flesh and 1000 ug/mL) on HepG2, LOVO, MCF-7, LO2, GES-1, MCF-10A, broast cells 0 €1, cotomc, a [190]
NCM460, SGC-7901, and HGC-27 cells for 72 h
. Human colon cancer HT-29 cells were treated with PESP polysaccharide s
Invitro Flesh 40 20, 40, 80, 160, and 320 pg/mL) for 24, 36, and 48 h + Tumor cell viability (191]
Evaluation of PFSP anthocyanin (100, 500, or 1000 mg/kg bw) in
In vivo Flesh SPF-grade ICR mice implanted with mice S180 anal sarcoma cells for 1 % Inhibition of tumor cells rate [192]
5 weeks by oral gavage
. Fleshand  C57BL/6J-APCM™N/* mice were treated with purple sweet potato flesh
In vivo Peel and peel (10%) for 18 weeks + Adenoma number (193]

FAC-PSP: free anthocyanin compounds from purple sweet potato; p-BAC-PSP: protein-bound anthocyanin
compounds from purple sweet potato; NO: nitric oxide; TNF-o:: tumor necrosis factor-o; PSPP1-1: purple
sweet potato polysaccharide composed of rhamnose, xylose, glucose, and galactose and their corresponding
molar ratios of 17.54:1.00:2.67:1.10; PSPP2-1: purple sweet potato polysaccharide composed of rhamnose and
galactose; PSPP3-1: purple sweet potato polysaccharide composed of rhamnose, xylose, glucose, and galactose,
and their corresponding molar ratios of 3.51:1.92:1.44:1.00; DSS: dextran sulphate sodium; ASPP: alkali-soluble
polysaccharide from purple flesh sweet potato; IL: interleukin; PSPLP: purple sweet potato leaf polyphenols;
PSPP-1: purple sweet potato polysaccharide of glucose, galacturonic acid, galactose, arabinose, rhamnose, and
glucuronic acid (molar ratio 320:20:19:10:8:2); ALT: alanine aminotransferase; AST: aspartate aminotransferase;
IFN-vy: interferon-y; T-SOD/SOD: total superoxide dismutase; GSH: glutathione; MDA: malondialdehyde; PSPP-
A: purple sweet potato polysaccharide composed of L-thamnose, D-arabinose, D-galactose, D-glucose, and
D-glucuronic acid (molar ratios 1.89:8.45:1.95:1.13:1); TC: total cholesterol; TG: triglyceride; bw: body weight;
ICR: Institute for Cancer Research; T-AOC: total antioxidant capacity; CAT: catalase; GSH-Px/GPx: glutathione
peroxidase; AF: anthocyanin fraction from purple-fleshed sweet potato; AMPK: adenosine monophosphate-
activated protein kinase; ACC: acetyl-coenzyme A carboxylase; ROS: reactive oxygen species; GR: glutathione
reductase; HO-1: heme oxygenase-1; NQO;: NAD(P)H quinone oxidoreductase 1; GCLC: gamma glutamate-
cysteine ligase; AF-PSPs: diacylated anthocyanins from purple sweet potato; AGESs: advanced glycation end
products; COMP: cartilage oligomeric matrix protein; MMP-3: matrix metalloproteinase-3; LDL: low-density
lipoprotein; CUPRAC: cupric reducing antioxidant capacity assay; TFC: total flavonoids content; IBH: n-hexane-
fraction; IBM: 95% MeOH-fraction; IBB: n-BuOH-fraction; IBW: H,O-soluble fraction; PI3K: phosphoinositide 3
kinase; AKT: protein kinase B; Glut4: glucose transporter type 4; PSPLE: water-extracted purple sweet potato
leaves authenticated by the National Plant Genetic Resources Centre of Taiwan Agricultural Research Institute
with the account number Pin 375; PARP: cleaved caspase-3 and poly ADP-ribose polymerase; XO: xanthine
oxidase enzyme; Nrf2: nuclear factor E2-related factor 2 transcription; PON 1: paraoxonase 1 enzyme; PFSP
TNG 75: purple-fleshed sweet potato var. “Tainung 73”; NF-x8: Nuclear factor kappa-light-chain-enhancer of
activated B cells; HAECs: human aortic endothelial cells; PSPLE/PSPL: purple sweet potato leaf extract/purple
sweet potato leaves; ERK/ERK1/ERK?2; extracellular signal-regulated kinase; VCAM-1: vascular cell adhesion
molecule 1; CD40: Cluster of differentiation 40; Bcl-2: B-cell lymphoma 2; GFAP: glial fibrillary acidic protein;
iNOS: inducible nitric oxide synthase; COX-2: cyclooxygenase-2; Cu/Zn-SOD: copper/zinc superoxide dismutase;
2hpppg: 2 h post-prandial plasma glucose levels; 2DM: type 2 diabetes mellitus; AB: 3-amyloid peptide; LPO:
lipid peroxidation; HepG2: human hepatoma cell line; LOVO: human colonic carcinoma cell line; MCF-7: human
breast carcinoma cell line; LO2: human normal hepatocyte GES-1: human normal stomach mucosa epithelial cell
line; MCF-10A: human normal breast epithelial cell line; NCM460: human normal colon epithelial cell; SGC-7901
and HGC-27: human gastric carcinoma cell lines; TBARS: thiobarbituric acid-reactive substance; Plasma PC:
protein carbonyl, a marker of protein oxidation; HFD: high-fat diet; JNK: c-Jun N-terminal kinase; p53: tumor
protein P53; GFAP: glial fibrillary acidic protein; BDNEF: brain-derived neurotrophic factor; TGF-f1: Transforming
growth factor 3; BUN: serum blood urea nitrogen; Cr: creatine; SCFA: short-chain fatty acid; IgA: immunoglobulin
A; 8-OHdG: urinary 8-hydroxy-2-deoxyguanosine; 5'-NT: 5 -nucleotidase enzyme; STZ: streptozotocin; DPPH:
2,2-diphenyl-1-picrylhydrazyl, 1 increase; | decrease.

4.3. Anti-Inflammatory Effect

Numerous research studies have exhibited that oxidative stress is correlated with
the development of inflammation [194]. The inflammatory process is often triggered
by factors such as diet, alcohol, smoking, insufficient sleep, infections, antibiotics, or
dysfunction [195]. During the inflammation process, inflammatory mediators, ROS, and
cytokines play crucial roles [196]. Several studies conducted in vivo and in vitro have
shown evidence about how certain bioactive compounds obtained from PFSP report anti-
inflammatory properties [113,197].
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Jiang et al. [162] measured the anti-inflammatory effect of two anthocyanins, FAC-PSP
and p-BAC-PSP, obtained from the root of PFSP after an in vitro experiment evaluating
the effect on inflammatory markers in LPS-induced RAW264.7 macrophages. Both antho-
cyanins showed significant anti-inflammatory activity by attenuating LPS production of
NO, TNF-«, and ROS. Another study reported the potential benefits of a novel ASPP from
PFSP on inflammation after an in vivo intervention in (DSS)-induced colitis mice. The
alkali-soluble polysaccharide significantly inhibited the IL-1§3, IL-6, and TNF-« cytokine
levels in colitis tissue mice [163]. Sun et al. [164] investigated the effect of polyphenols
from purple potato leaves on hyperuricemia, and their results showed that PSPLP signifi-
cantly reduced the secretion of pro-inflammatory cytokines (IL-1f3, IL-6, and TNF-«) in a
dose-dependent manner [32].

Many of the beneficial properties of PFSP are attributed to the large number of bioac-
tive compounds present in their flesh, peel, leaves, or stems. The mechanism involved
in the anti-inflammatory effect appears to be similar for every bioactive compound. For
instance, the anti-inflammatory property related to the higher anthocyanin content resulted
in reduced protein expression of TNF-«, IL-13, and IL-6 in colonic cells due to the pre-
vention of NF-kB translocation reducing phosphorylation levels and the gene expression
of pro-inflammatory cytokines and mediators [198-200]. However, the anti-inflammatory
property related to the higher complex polysaccharides content is related to their ability
to produce SCFAs modulating gut microbiota since human microbiota is not capable of
digesting these polysaccharides, lowering the inflammation status [201,202]. While chloro-
genic acid, the main polyphenol substance in the leaves of PFSP, has a proven capacity to
inhibit the production of pro-inflammatory cytokines and chemokines because chlorogenic
acid significantly attenuates the nuclear translocation, with the inhibition of the NF-kB sig-
naling pathway being the mechanism responsible for the suppression of pro-inflammatory
cytokines [203].

4.4. Hypoglycemic and Antidiabetic Effect

Diabetes mellitus (DM) is a heterogeneous metabolic disorder characterized by a
chronic hyperglycemia status; a physiologically abnormal condition caused by disturbed
insulin secretion, insulin effect, or both [204,205]. Approximately 95% of patients with DM
present type 2 diabetes (T2DM) based on insulin resistance and (3-cell dysfunction [206,207].

Many studies have evidenced the ability of PFSP to show beneficial effects due to
its hypoglycemic action [208]. Solihah et al. [167] evaluated the effects of PFSP leaves in
alloxan-induced diabetic rats, obtaining positive results with a reduction in blood glucose
levels. The treatment with the leaf extract also had significantly lower MDA levels and
better pancreatic histopathological features than untreated animals. A study in T2DM
patients with the consumption of PFSP tubers treated with three daily oral doses of 75 mL
for four weeks showed similar results, improving fasting and two hours post-prandial
plasma glucose, as well as reducing the glycated albumin level [172].

The possible mechanisms responsible for the hypoglycemic effects of PFSP are multi-
ple and unknown. However, it has been evidenced that polyphenols, anthocyanins, and
protein-bound anthocyanins can increase AMP-activated protein kinase (AMPK) leading
to an increased level of glucose transporter type 2 (GLUT2), glucokinase protein (GK), and
insulin receptor « (INSR) [57]. Acetylated anthocyanins, mainly peonidin and cyanidin,
revealed a low glucose production using an in vivo model with high-fructose /high-fat diet-
induced mice for nine weeks, as well as reduced TG, TC, and MDA concentrations [169].
The cyanidin 3-caffeoyl-p-hydroxybenzoylsophoroside-5-glucoside showed glucose tol-
erance improvement and inhibition of hepatic gluconeogenesis in in vitro and in vivo
experiments [168]. These facts are attributed to the capacity of anthocyanins to show affin-
ity with insulin-regulated glucose transporter 4 (GLUT 4) and the competition with glucose
in the small intestine of rats [209]. As a result, the hypoglycemic and antidiabetic effect of
PFSP is determined by the diverse bioactive compounds with different target actions.
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4.5. Neuroprotective Effect

Neurodegenerative diseases (NDs) are a heterogeneous group of complex diseases
characterized by neuronal loss and progressive degeneration of different areas of the
nervous system, making aging the most important risk factor in the development of
NDs [210,211]. The elderly have increased in the last years, accounting for 15% of the global
population, and this will double over the next two decades [212,213]. Alzheimer’s disease
(AD), Parkinson’s disease (PD), and amyotrophic lateral sclerosis (ALS) are the three most
prevalent age-related neurodegenerative conditions in the elderly [214]. Although the
action mechanism of these diseases has not been elucidated, a common feature is that
neuronal damage is caused by the abnormal aggregation and deposition of proteins which
alter specific molecular mechanisms leading to cell toxicity and degeneration [215].

In recent years, research has focused on the role of some PFSP bioactive compounds
in the reduction in neuroinflammation [174,176,178]. Neuroinflammation is associated
with NDs, with microglia and astrocytes being key regulators of inflammatory responses
in the central nervous system (CNS). In response to neuronal damage, inflammatory me-
diators secreted by pro-inflammatory microglia, such as IL-1p or TNF-«, may activate
pro-inflammatory astrocytes and induce an inflammatory response [216]. A recent study
tested the effects of I. batatas L. purple-fleshed variety on neuroinflammation-induced
male mice with an HFD [173], observing that the anthocyanins present in the tuber can
significantly reduce inflammatory markers, such as IL-1 and IL-6, COX-2, TNF-«, body
weight, fat content, hyperlipemia, and endotoxin level, as well as causing an improve-
ment in memory function. Kang et al. [175] evaluated the neuroprotective effect of PFSP
leaves in LPS-induced BV-2 microglial cells, reporting scavenging DPPH radicals in a
dose-dependent manner, and also observing a reduction in the release of NO and the con-
centration of inflammatory mediators such as iNOS, COX-2, and TNF-c. In this way, the
anthocyanins mechanism in neurodegenerative diseases has been studied and explained as
the combination of four effects: (i) their radical scavenging ability to eliminate ROS and
nitrogen reactive species (NRS) and their promotion of antioxidant enzymes, (ii) the inhi-
bition of inflammatory pathways in the CNS, (iii) their cytoprotective and anti-apoptotic
effects on neurons; and (iv) the promotion of cholinergic neurotransmission [216-219].

4.6. Antimicrobial and Prebiotic Action

Prebiotics have recently been redefined as a substrate that is selectively utilized by a
host microorganism conferring a health benefit [220]. Some previous research studies have
highlighted that bioactive compounds from PFSP can exert their anti-inflammatory effect
by regulating the intestinal microbiota composition [221]. Concretely, two mechanisms are
involved in this effect: (i) the reduction in intestinal pathogens, such as Clostridium spp.
or Staphylococcus spp., which produce components and metabolites that can initiate the
inflammatory response with the corresponding release of pro-inflammatory cytokines, and
(ii) the improvement in the healthy gut microbiota profile promoting the proliferation of
short-chain fatty acids (SCFAs) involved in the suppression of inflammatory pathways and
strengthening of the intestinal barrier [222-225].

According to the above-mentioned, an in vitro fermentation was carried out using
fecal samples from healthy volunteers to test the modulatory effect of purple-fleshed
sweet potato anthocyanins on human intestinal microbiota, showing a significant increase
in the proliferation of Bifidobacterium and Lactobacillus / Enterococcus spp. and the SCFAs
level, as well as an inhibition of the growth of Clostridium histolyticum [181]. Another
study revealed similar results using a pig colonic digest where the polyphenolic content of
PFSP was responsible for the drastic reduction in putrefactive products, especially p-cresol,
increasing the population of beneficial bacteria and decreasing the pathogenic bacteria [183].
This effect has been also confirmed in an in vivo experiment where cyclophosphamide
(CTX)-treated mice were administered with three different polysaccharides from PFSP,
obtaining an enhancement in the production of acetic, propionic, and butyric acid, as well
as decreasing the ratio of Firmicutes/Bacteroidetes [180].
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Neuroprotective action

4.7. Hypouricemic Effect

Hyperuricemia status is caused by the impaired renal excretion of uric acid (UA)
which reflects an extracellular fluid supersaturation for UA [226]. Uric acid is the product
of the purine metabolism and excreted by the kidneys [227]. The enzymatic degradation
of the purine pathway in humans transforms the oxidized hypoxanthine to xanthine, and
then to uric acid by enzymes [228]. Hence, the regulative action on the key enzymes in the
pathway of uric acid synthesis, 5’-nucleotidase (5'-NT), adenylate deaminase (ADA), and
xanthine oxidase (XO), would be essential in their treatment [229,230].

In this line, some in vivo researchers have studied the hypouricemic effect of PFSP
anthocyanins on hyperuricemic mice (Figure 3) [184,185]. Yang et al. [32] reported a signifi-
cantly decreased level of UA, as well as 5'-NT and XO enzyme activity. The mechanism
involved in this action was explained as the insertion of the acyl group of anthocyanins
into the hydrophobic region of XO occupying the catalytic center to avoid the entrance
of substrate due to the interaction with certain amino acid residues [186,231]. Similar
results were reported by Zhang et al. [187] who evaluated the hypouricemic effect of PFSP
anthocyanins in hyperuricemia mice showing a reduction in the serum UA level and a
regulation of blood urea nitrogen (BUN) and (Cr) levels.

! ERK T Memory function ® Hypouricemic action <+—
@ LINK 1 BDNF -
1 COX-2 1 B2 { UA
! BUN
. ot I Cr
— Antitumoral activity | TGE-BI
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Figure 3. Beneficial effects of Ipomoea batatas (L.) Lam. 1 increase; | decrease.

4.8. Antimutation and Antitumoral Effect

Cancer is a disease of uncontrolled proliferation by transformed cells subject to evolu-
tion by natural selection [232]. The most common cancers are breast, prostate, lung, colon,
and bladder cancer which is expected to rise to 29.9 million new cancer cases by 2040 [233].
Several studies conducted in vitro and in vivo reported the antiproliferative and apop-
totic effect of components of PFSP and its by-products through the enhancement of their
anti-inflammatory and antioxidant properties [234]. Wu et al. [59] isolated three polysac-
charides from PFSP and tested its in vitro antitumoral activities confirming that the three of
them possessed an inhibitory effect against SGC7901 and SW620 cells in a dose-dependent
manner. This effect is related to the structure and spatial conformation of polysaccharides
since those with a lower molecular weight and higher sulphate content exhibited stronger
antiproliferative activities [235,236]. Another in vitro research project studied the effect
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of fresh root tubers of the PFSP variety Bhu Krishna and the leaves accession S-1467 on
multiple human cancer cell lines, reporting that the cyanidin-rich leaf extracts showed
a superior action against colon and cervical cancer cell lines compared to the root [189].
The explanation for this effect is found in the B ring structure of cyanidin which has two
hydroxyl groups instead of one in peonidin, predominantly in the leaves [237].

In addition, the antitumoral and antimutation roles of the principal bioactive com-
pound of PFSP, anthocyanins, have been also tested. Guo et al. [188] evaluated the effects
of PFSP anthocyanins on acute lymphoblastic leukemia cells (ALL) confirming their an-
tileukemic action through the induction of the p38/c-Myc/CDK1-Cyclin B axis, essential in
the progression of the G, phase to the M phase and arresting tumoral DNA synthesis in
cells [238,239]. Similar results were found in the administration of PFSP anthocyanins to
SPF-grade ICR mice for one month, where the extract inhibited sarcoma 5180 cell growth,
and the sarcomas were significantly fewer and smaller than in the control mice, achieving
an inhibition rate of 69.03% [192].

4.9. Other Biological Activities

Over the last few years, more biological activities have been tested, such as cardio-
protective, anti-obesity, hypolipidemic, and immunomodulatory effects, as well as lung
protection to elucidate the extent to which PFSP bioactive compounds can benefit a healthy
status [240,241].

Potential cardioprotective effects of PESP anthocyanins against low-density lipoprotein
(LDL) oxidation in vitro, and atherosclerotic lesions in apolipoprotein E-deficient mice
in vivo, reported a potential LDL oxidation protection in vitro and a significantly lower
atherosclerotic plaque area, plasma soluble vascular cell adhesion molecule-1 (sVCAM-1),
and thiobarbituric acid-reactive substances level than the control mice, suggesting a possible
suppression of the development of atherosclerotic lesions [242]. Ju et al. [243] tested the
anti-obesity action on high-fat diet-induced obese mice, achieving a reduced body weight
and fat accumulation and an improvement in the lipid profile, as well as modulation of
the energy intake, reducing the metabolic risk. The immunomodulatory effect of PFSP
extracts in immune-deficient induced mice was investigated for 12 weeks, showing the
inhibition of lymphadenopathy and the suppression of T- and B-cell proliferation and T
helper 1/T helper 2 cytokine imbalance, as well as an increase in SOD and GPx enzyme
levels, suggesting an amelioration of immune dysfunction [244]. Dong et al. [245] studied
the therapeutic effect of PFSP anthocyanins on Klebsiella pneumoniae-infected mice to test
the lung protective action. The results showed dampened lung injury, inflammatory
responses, and bacterial systemic dissemination in vivo, as well as eliminating pyroptosis
and restricting NLRP3 inflammasome activation in alveolar macrophages. According
to the data, PFSP bioactive compounds may ameliorate and exert the protective actions
mentioned above by modulating antioxidant and anti-inflammatory defense systems [246].

5. Food Application

Due to its remarkable health benefits, the use of purple-fleshed sweet potato may be a
key opportunity for the food industry in the development of functional food to improve its
nutraceutical and functional properties and as a strategy to reduce food waste and improve
nutrition [247]. Several studies have considered the incorporation of the I. batatas L. purple
variety in different food products, especially in bakery products [248-252]. However, none
of them have used another PFSP by-product different from flesh and peels. The valorization
of PFSP by-products in the form of extracts has become a promising possibility due to the
high energetic value of the flesh, as well as the antioxidant properties of the leaves and peels
because of their high content of phenolic compounds and anthocyanins (Table 4) [253].



Antioxidants 2024, 13, 954

21 of 34

Nowadays, bakery products formulated from refined wheat flour (WF) are dietary
basics being consumed in the world despite their being nutritionally poor [254]. Enrich-
ment, fortification, and replacement of some ingredients from staple foods are essential
mechanisms to improve the nutrient intakes of the population, in both developed and
undeveloped countries, when the staple food is being consumed daily [255]. Worldwide
food markets supply a wide spectrum of bakery products, such as various types of bread,
biscuits, muffins, cookies, pretzels, or pastries, with protein- and fiber-rich, gluten-free,
or sugar-reduced new trends leading a diversification and innovation of the demanded
products [256-258].

Bread, cookies, muffins, and biscuits are the bakery products studied for the intro-
duction of purple-fleshed sweet potato. Its high anthocyanin and starch content and
high-water holding capacity make purple-fleshed sweet potato a great option to incor-
porate into bread [259]. Several studies have used purple sweet potato flesh and peel in
the form of flour to replace wheat, resulting in textural characteristic improvements, and
bread with a higher firming rate related to a greater starch—gluten interaction [260,261].
Kweman et al. [262] investigated the physicochemical characteristics and glycemic index of
bread made from purple sweet potato flesh flour, starch, and fiber obtained from the solid
waste of PFSP starch processing and mixtures in different ratio proportions. The results
revealed a higher dietary fiber content than bread made only from wheat flour, indicating
its ability to reduce the blood glucose level due to its low glycemic index. Similar results
were shown by Zhu et al. [263], who incorporated whole PFSP flour in different mixture
ratios with wheat flour, resulting in a 10% replacement PESP-WF with enhanced functional
properties (polyphenols content and in vitro antioxidant activities) and sensory acceptance.
However, part of the polyphenols were lost during the steaming stage, suggesting that
microencapsulation would be a great strategy to avoid their degradation [264].

Incorporation in pastry products, such as cookies, has also been described [265]. Liu
et at. [266] evaluated the quality characteristics and antioxidative activities of cookies using
several proportions of PFSP flour, reporting that a concentration between 10 and 20% of
PESP powder was optimum to increase TPC and TA content and antioxidant effects with the
best sensory evaluation without altering the sensorial cookie characteristics. Accordingly,
another study revealed that PFSP can be incorporated into cookies at up to 20% without
affecting the cookie quality and contributing to the deterrence of lipid oxidation after
storage at 65 °C for 80 days [267]. Furthermore, Muhammad et al. [268] tested the addition
of PSP mashed flesh into crackers, reporting that the PFSP trials were higher in fiber,
carbohydrates, protein, anthocyanins, vitamins, and minerals, such as calcium.

Finally, PFSP extracts have also been used to prepare healthier biscuits and
mulffins [269,270]. Its use in the form of peel extract has also been investigated as an
effective way of reducing PFSP by-products from the processing industry and improving
functional and nutraceutical properties [271]. The findings suggested that the incorporation
of 2% PSP peel powder was optimum for increasing dietary fiber, TPC, TA, and ABTS con-
tent, sensory acceptance, and texture preference, since higher concentrations of dry extract
would disturb the development of the gluten matrix because of higher amounts of solids
and a decreasing amount of gluten—protein content [272]. Nevertheless, limited research
studies on PFSP by-product utilization have been performed. According to the outcomes
in Table 4, there is a need to investigate the suitable addition form, as well as the optimal
percentage that guarantees the health benefits without altering consumer preferences and
new encapsulation techniques, which protect the bioactive compound, preventing their
degradation and enhancing their stability and bioavailability [192,273-275].
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Table 4. Application of PFSP in bakery products.
Food Product Formulation Outcomes Ref.
Bread Bread made from PSP flesh flour, starch, and fiber Higher dietary fiber content and anthocyanins [262]
rea . . .
from a mixture with a ratio of 75:5:20 Lower blood glucose response and glycemic index
Higher TPC and antioxidant activities in the
Mixture of whole PESP (roots and peels) reformulated bread
transformed as a freeze-dried flour (5, 10, 20, 30, A lower elvcemic response
263
Bread 40, and 50%), and wheat flour to incorporate into a &Y p [263]
traditional Chinese steamed bread Improvement in the overall sensory acceptance at
5-10% levels
Cookies and Replacement of wheat flour by the flesh of purple Richness in amino acids and minerals [270]
Muffin sweet potato in dried form (25, 30, 35, 40, and 45%) Higher global acceptability
D d vi ity in PFSP bread
Mixture of whole PFSP (flesh and peels) ecteased viscosTy I — red S .
transformed as a freeze-dried flour in a proportion ~ Increased TPC and antioxidant activity
Bread ‘ 75 and 100% with wheat flour ] [260]
of 0, 25,50, 75, and 100% with wheat flourintoa  pacjlitated pasting wheat flour, decreasing the
traditional Chinese steamed bread dough strength
Fresh, flour (using hot air-drying), and paste Enhancement of the purple color
Biscuit (by steaming, cooled, and mashed) PFSP was Increased TPC, and TA content and antioxidant [276]
incorporated at 30% with wheat flour in biscuits activity in a trial formulation
. Combination of PSP flesh flour (30.93—44.19%) Improvement in anthocyanin levels
Cookies : . . - [265]
with corn starch in cookies Enhancement of the sensory attributes
Bread 4% substitution of the original wheat flour content ~Higher firming rate and greater starch—gluten [261]
with PFSP flour in bread interaction
Highest TPC and TA contents and DPPH activity at
30% of addition
Cookies Substitution of 0, 10, 20, and 30% of PFSP powder [266]
Increased sensory evaluation in cookies with 10,
and 20%
Higher content in fiber, vitamins, and minerals, such
2
Cracker Addition of PSP mashed flesh (53%) to crackers as Ca™ [268]
Elevated TA content
Dietary fiber increased significantly
. . PFSP peel powder was incorporated at2, 5 and Enhancement of the TPC, total flavonoids content,
Biscuit L. ’ r . .. [271]
10% in biscuits and ABTS radical activity
Acceptable sensory evaluation at 2% biscuits
.. PSP flesh flour, fiber, and starch was added in Biscuits produced from 75% flour and 25% fiber of
Biscuit [269]

different mixture proportions in biscuits

PSP flour had a good physical and chemical quality

PSP: purple sweet potato; PESP: purple-fleshed sweet potato; TPC: total content of phenolic compounds; TA: total
anthocyanin; DPPH: 2,2-diphenyl1-1-picrylhydrazyl; ABTS: 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic) acid.

6. Conclusions and Future Trends

According to the Food and Agricultural Organization of the United Nations (FAO),
food waste contributes to economic losses as well as environmental impact due to the
depletion of natural resources such as inputs, water, land, or energy, and market policies
result in discarding fit products for human consumption because of aesthetic criteria or
due to market prices not being sufficient to cover costs. On the other hand, consumers
are concerned about the importance of a healthy diet, generating a change in their food
consumption preferences, and they are demanding natural and higher quality products.
Additionally, the growing need for a vegetable-based diet where the consumption of
animal-based foods is limited for reasons of sustainability, health, and animal welfare has
led to the development of new trends in the food industry. Thus, these new trends are
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focusing more on the revalorization of agricultural by-products, prompting the industry to
search for new ingredients that boost efficiency and sustainability. Purple-fleshed sweet
potato and its by-products generated during processing have gained increasing attention
from companies and consumers due to their richness in bioactive compounds, especially
anthocyanins. The flesh, peel, or leaves can be processed into value-added products, which
are particularly useful in bakery products with higher added value, such as replacing
or substituting traditionally used wheat flour with purple-fleshed sweet potato flour to
enhance the nutritional profile. Also, its high leaf protein content could be a good option
to enrich pastry products. Hence, the incorporation of PFSP and its by-products could
play a dual purpose: (i) integrating the circular economy concept and (ii) providing effects
on hepatic, neurological, and glycemic disorders, among others. However, despite the
widely recognized health benefit of purple-fleshed sweet potato through in vitro and
in vivo studies, the existing literature on the application of its by-products in food is
limited. More research is needed to effectively mask the color provided by PFSP, as well as
new encapsulation techniques which could provide a promising approach to protect the
bioactive compound, preventing its degradation after cooking and enhancing its stability
and bioavailability. These aspects are crucial for optimally incorporating PFSP extracts in
food products.

In conclusion, Ipomoea batatas (L.) Lam is an ideal food in terms of its contents of key
bioactive compounds, which are essential for maintaining beneficial health activities that
could be utilized for value-added purposes such as food fortification or food additives.
For this reason, it is fundamental to harness the significant potential of the purple-fleshed
sweet potato and the by-products generated during its processing through an appropriate
agro-industrial valorization system.
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