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Abstract: A significant increase in interest in new, naturally occurring sources of an-
tioxidants is evident not only in the food industry but also in the pharmaceutical and
cosmetic industries. Plant sources such as fruits, both traditional and less common, are
often investigated. Goji berries (Lycium barbarum, Lycium chinense, and Lycium ruthenicum)
represent fruits rich in polyphenols, especially phenolic acids (38.91 to 455.57 mg/kg FW)
and flavonoids, with black goji berries (L. ruthenicum) containing a predominance of an-
thocyanins (119.60 to 1112.25 mg/kg FW). In this review, a comparison of polyphenol
occurrence and content in the orange-red and black berries of L. barbarum, L. chinense,
and L. ruthenicum is described. Goji berries represent a valuable source of nutrients and
bioactive compounds that manifest a wide range of health-promoting effects. These benefits
represent antioxidant, neuroprotective, and cytoprotective impacts, with effects on the
metabolic control of glucose and lipids. This review is focused on an overview of the
polyphenolic compounds occurring in these fruits, as well as their antioxidant activity and
health benefits.

Keywords: goji berry; Lycium spp.; polyphenol; anthocyanin; antioxidant activity;
health benefits

1. Introduction

Goji berries of the Lycium genus belong to the Solanaceae family. The genus includes
closely related species that are the most cultivated and utilized: barbary wolfberry (Lycium
barbarum L.) and Chinese boxthorn (Lycium chinense Mill.). They have ellipsoid orange-red
berries that are known for their sweet, tangy flavor. The goji fruits of Lycium ruthenicum
Murr. have a sweet, tangy, and pungent taste and black berries, and are less utilized than
the other mentioned species, even though they have important edible value and medicinal
qualities [1,2].

Goji berries are widely distributed in China, especially in its northwestern part, such
as the Ningxia region and the provinces of Gansu, Xinjiang, and Qinghai, as well as in
North and South America and Western Europe, where the fruit was introduced in the 18th
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century [3]. Commercial goji berries are mainly produced in the above-mentioned areas
of China, Mongolia, Korea, and Japan. In 2022, the harvesting area of goji berry reached
62,600 acres, and the total fresh fruit output was 300,000 tons, with its processing conversion
rate being 30% solely in Ningxia, a Northwestern Chinese autonomous region [4].

Goji berries represent a great source of nutrients and bioactive compounds, such as
lipids, with the neutral lipid contents of the commercially available fruit of L. barbarum
and wild L. ruthenicum being 6.1 and 7.5%, respectively. They also contain proteins—with
the most abundant essential amino acids being proline and serine—polysaccharides (com-
prising 5-8% of the dried fruits), dietary fiber [1,5-8], vitamin C [6,9,10], and minerals,
especially potassium, copper, manganese, iron, and zinc [10,11]. The important biologically
active compounds, which include phenolic compounds, carotenoids, phenylpropanoids,
coumarins, lignans, and their derivatives, are of great significance as well. From the
phenolics, the most valued are phenolic acids and flavonoids [1,11-15].

Goji fruit is also gaining attention as one of the most modern functional foods due to
the use of its juice, peel, and seeds [1,4], with a wide range of supporting health activities
of the available substances, supplementing the Western diet [16]. It is even considered
a superfood in Europe and North America [3]. The prophylaxis effect is illustrated in
Figure 1.
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Figure 1. Prophylaxis of polyphenols in goji berries.

Worldwide, three general strategies to process and utilize goji berry plants have been
distinguished: (1) the primary processing of goji berry products (dried goji berry pulp and
fruit wine with its by-products); (2) the deep processing of sugar peptides and carotenoids;
and (3) the extraction and utilization of plant-based by-products (roots, stems, leaves,
flowers, and fruit residuals) [2].

The fruit, stems, leaves, and roots are used in traditional Chinese medicine [17] in the
treatment of diabetes, hyperlipidemia, hepatitis, immune disorders, thrombosis, male infer-
tility, and cancer [18]. Goji berries” health-promoting activities can be characterized by the
combined effect of their individual components, nutrients, and bioactive components [1,14].
The berries are commonly consumed in fresh form, dried, or processed. They can be used
in berry infusions, juice, wine, liqueur, jams, sauces, salads, beer, or additives (e.g., to ice
cream and baked and dairy products) [1,19-21].

The goji fruit displays a wide range of health-promoting effects such as anti-aging, neu-
roprotective, cytoprotective, antioxidant, and immunomodulatory impacts. It is effective in
the metabolic control of glucose in diabetics and in lipid reduction [19,22,23].
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Many research studies have focused on the health properties of polysaccharides and
carotenoids in goji berries. On the other hand, polyphenols are also an important group of
compounds that contribute to the high antioxidant activity and health benefits of this fruit.
Therefore, this review summarizes and discusses the individual polyphenolic substances,
their content in different species (Lycium barbarum, Lycium chinense and Lycium ruthenicum),
and their health benefits from different perspectives.

2. Total Polyphenolic Content (TPC) of Goji Berries and Factors
Influencing Polyphenol Content

Goji berries are a rich source of polyphenols, one of the primary groups of bioactive
compounds with a wide spectrum of biological activities.

Agagiindiiz et al. [24] determined the total polyphenol content of dry goji berry fruits
(L. barbarum) harvested in Turkey. The TPC was determined by the Folin-Ciocalteu method,
with an average value of 207.2 mg GAE (gallic acid equivalents)/100 g FW (fresh weight).
Ili¢ et al. [25] studied the total polyphenol content of methanolic extract of L. ruthenicum
berries from Serbia using the Folin-Ciocalteu microplate method. They found a TPC value
of 1459 mg GAE/100 g DW (dry weight) in the goji sample.

The differences among goji species are also noticeable in the study of Kafkaletou
et al. [26], who studied six genotypes of L. barbarum and one genotype of L. chinense, derived
from dried fruits obtained from different retail markets in Europe and originating from
China. L. chinense cultivated in Greece accumulated higher levels of phenolics (4-13 mg/g
DW) and other antioxidants in its organs than L. barbarum. By attenuated total reflection
FTIR (ATR Fourier-transform infrared spectroscopy), Skenderidis et al. [27] provided a
comparative analysis of the phenolic content of goji fruits originating from two species
(L. barbarum and L. chinense) from plantations located in Greece, one L. barbarum from
Mongolia, and another from China. The results of their study showed that the fruits
of Greek L. barbarum presented higher concentrations of phenolics (6.9-10.1 mg GAE/g)
than L. chinense Mill. (7.4-8.9 mg GAE/g). Furthermore, the TPC value from the Chinese
fruit was lower (9.9 mg GAE/g) than for the Mongolian fruit (10.9 mg GAE/g). Species
variance is closely linked with the color of the fruit. Significant differences were noticed
among black, red, and yellow goji berries. The experiments showed higher total phenolic
content (8.33 mg GAE/g) in black goji berry samples compared to red goji berry (3.16 mg
GAE/g) [28]. A comparative study [29] of black and red goji berries showed that black goji
berry samples had a relatively higher total phenolic content (9.01, 8.95, 8.08, and 7.26 mg
GAE/g DW) compared to red goji berry samples (2.17, 2.87, 3.12, and 4.48 mg GAE/g DW).
Ili¢ et al. [11] studied and compared the bioactive compounds of three different samples
of L. barbarum L., red and yellow, and black goji berry (L. ruthenicum Murr.) cultivated in
Serbia. The results proved that the highest level of TPC and the highest antioxidant activity
were observed for the extract of black goji berry.

Another important factor is the place of cultivation. The origin of samples and its
effect on total polyphenol content was evident in the study by Rajkowska et al. [30]. They
compared the phenolic content of naturally dried and freeze-dried goji berries from the
Ningxia region in China and freeze-dried samples from Poland. The results showed that
naturally dried fruits from the Ningxia region had the highest content of polyphenols and
high antioxidant potential. The lowest amount of bioactive compounds was determined in
the freeze-dried goji berries cultivated, processed, and packaged in Poland. Lu et al. [31]
analyzed L. barbarum fruit samples from 13 different regions of China, with their total
polyphenol content within a small range of values from 6.89 to 8.25 mg GAE/g DW.
According to the TPC values, the fruit of L. barbarum produced in Guyuan in Ningxia
had the highest value compared to the best-evaluated product from Zhongwei in Ningxia,
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China. Similarly, Ma et al. [32] evaluated and compared the TPC in goji berries from
various regions of China. They found that the total polyphenol content of goji berries in the
Ningxia region (183.41 pug/g FW) was higher than in the Qinghai and Gansu (156.81 and
111.17 ug/g FW, respectively) regions.

Another important factor to consider is genotype/cultivar. Genotype variance was also
proven for three genotypes of L. barbarum fruits from Northern Italy by HPLC fingerprinting.
Donno et al. [13] examined the range of total polyphenols in samples of genotypes from
Northern Italy, which ranged from 255.87 to 281.91 mg GAE/100 g FW. Zhang et al. [33]
quantified the levels of predominant polyphenols present in eight native Chinese goji
genotypes. The total polyphenol content ranged from 26.9 to 73.4 mg GAE/g FW, with
the ‘Baihua’ genotype having the highest content and ‘Heiguo’ the lowest. The ‘Damaye’,
‘Zhongguo’, ‘Ningji’, and ‘Beifang’ genotypes had significantly higher TPC levels than the
other tested genotypes, with TPCs higher than 50 mg GAE/g FW.

Mocan et al. [12] compared two cultivars of L. barbarum grown in Northwest Romania.
The results of total polyphenol content showed that the cultivars provided different TPC
values compared to another cultivar (11.6 and 15.7 mg GAE/g DW, respectively). Wo-
jdyto et al. [34] found high amounts of polyphenols, especially in a new Polish genotype.
Kosinska-Cagnazzo et al. [35] evaluated the polyphenolic profile of six goji berry cultivars
originating from Switzerland. The analysis of polyphenols proved that the cultivar ‘Num-
ber One” had the highest TPC, with phenolic compounds (identified by HPLC-DAD) such
as rutin as well as ferulic, chlorogenic, caffeic, and p-coumaric acids. The lowest value was
found in the ‘Tibet’ cultivar.

Polyphenol content depends on the stage of ripening. Poggioni et al. [36] observed
secondary metabolite accumulation in goji fruits (L. barbarum L.). Berries from Italy were
analyzed according to the time of harvesting during two ripening seasons. The berries
harvested in September showed the highest TPC values (3.22 mg GAE/g). The fact that
the stage of ripeness is correlated with the content of phenolic compounds was confirmed
by principal component analysis in the study by Zhao et al. [37]. They analyzed the
phenolic spectrum of four varieties of goji berry, including four stages of ripeness—green
skin, yellow-green skin, orange skin, and red skin. The highest concentrations were
shown by the phenolics rutin, isoquercitrin, and chlorogenic acid, with a tendency to
decrease during fruit ripening. Caffeic acid was determined only in earlier stages and
not at the ripening stage, while p-coumaric acid content showed an increase in the first
stages followed by a decrease. The mentioned changes in polyphenolic compounds can
be explained by increased phenol oxidase activity, a reduction in primary metabolism
during fruit ripening stages, and the conversion of phenolic compounds (polymerization,
oxidation, and conjugation reactions) [38].

The total polyphenol content is influenced by the extraction method, as confirmed
by Stanoeva et al. [39]. Methanol with ascorbic acid (2%) was identified as the most
efficient solvent for obtaining the highest TPC values. Methanol solution was more efficient
for extraction compared to distilled water or acetone. Aqueous solutions of citric and
ascorbic acid yielded highest content of phenolic acids and flavonoids. Benchennouf
et al. [16] tested the effect of the extraction method on the TPC in Lycium barbarum berries
cultivated in Crete. The total phenolic content ranged from 14.13 mg GAE/g DW (water
fraction, the least effective) to 109.72 mg GAE/g DW (ethyl acetate fraction, the most
effective). The research group of Skenderidis et al. [40] also determined the TPC values
of Greek goji fruit (L. barbarum) extracts extracted with different solvents (distilled water;
a mixture of ethanol and distilled water (70:30); a mixture of hexane, distilled water, and
ethanol (33:33:33)). The highest yield of total polyphenols was obtained from the sample
extracted with ethanol and distilled water (79.458 mg GAE/g of encapsulated extract dry
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weight), followed by the sample extracted with water solvent, and the minimum amount
of polyphenols (25.307 mg/g) was found in the mixture of hexane, water, and ethanol, as
hexane diminished the extraction efficiency.

The different forms of various products prepared with goji berries may affect the
final amount of these components. Shang et al. [41] analyzed the phenolic compounds in
dried Lycium barbarum and a by-product of L. barbarum seed oil, isolated by supercritical
fluid extraction. They identified 40 phenolic compounds by HPLC-MS/MS, classified as
phenolic acids and their derivatives, flavonoids and their derivatives, lignanamides, and
other phenolic substances. They detected differences in different goji samples extracted
by different methods (the ultrasonic method, reflux method, and enzymatic method). It
was noticed that the dried product had higher phenolic content than the by-product of L.
barbarum. Gallic acid, p-coumaric acid, ferulic acid, and chlorogenic acid, from the phenolic
acid group, were found in both products. Kaempferol-3-O-rutinoside, kaempferol, rutin,
rutin hexose, and quercetin were significant flavonoid representatives.

Boleslawska et al. [42] detected different total polyphenol contents in various goji berry
products (dried berries, juices, and capsules containing goji berry extract of L. barbarum).
The results showed that the dried goji berries had the highest content of polyphenols and
flavonoids, with the highest AA among all the analyzed products. Significantly lower TPC
values were found in the juices, followed by the capsules. Taneva et al. [43] confirmed
that dairy products enriched with goji berries displayed higher contents of polyphenols
and antioxidant activity compared to control samples. Yogurts with the addition of dried
berries had higher phenolic contents and higher AA than control yogurt samples.

To sum up, the TPC depends on the species of goji, cultivar/genotype, extraction and
detection method, place of origin of the samples, stage of ripeness, climatic conditions, and
the form in which the goji was examined—fresh, dried, or as products.

2.1. Polyphenolic Spectrum of Goji Berries

Polyphenolic compounds present in goji berries include flavonoids such as antho-
cyanins, flavonols, flavones, flavanols, flavanones, as well as isoflavonoids, phenolic acids,
and tannins [44,45].

In the study by Mocan et al. [12], representatives of phenolic substances, rutin and
ferulic acid, were the most dominant in all goji berry extracts from two Romanian cultivars
(Erma and Big Lifeberry), with contents ranging from 8 to 58 nug/g DW and 12.5-55 ug/g
DW, respectively.

In goji fruit from a Greek organic farm, seventeen phenolic compounds were identi-
fied by Benchennouf et al. [16]. The spectrum included cinnamoylquinic acids and their
derivatives, hydrocinnamic acids and flavonoid derivatives, quercetin 3-O-hexose coumaric
ester, and quercetin 3-O-hexose-O-hexose-O-rhamnose, which were reported for the first
time. The most common flavonoids present in berries in Zhong et al.’s [46] study were
quercetin-3-O-rutinoside and kaempferol-3-O-rutinoside, and among the phenolic acids
were chlorogenic acid, caffeic acid, and small amounts of caffeoylquinic acid and p-coumaric
acid. Zhao et al. [47] determined 11 compounds by UPLC/MS/MS (ultra-performance lig-
uid chromatography). Rutin, isoquercitrin, and chlorogenic acid were identified as the main
phenolic components present in goji berries during ripening. Their contents decreased with
fruit ripening. Zhang et al. [33] examined eleven phenolic compounds in goji fruits, includ-
ing six flavonoids (quercetin, myricetin, kaempferol, rutin, quercetin-rhamno-di-hexoside,
and quercetin-3-O-rutinoside) and five phenolic acids (caffeic acid, p-coumaric acid, ferulic
acid, vanillic acid, and chlorogenic acid). Forino et al. [48] identified phenolic compounds
present in goji berries. In addition to previously identified phenolic compounds, including
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caffeic acid, p-coumaric acid, rutin, and scopoletin, they also examined the presence of
N-trans-feruloyltyramine, N-cis-feruloyltyramine, and N-feruloyltyramine dimers.

In another study, phenolic compounds isolated from methanol extracts of goji fruits
from Turkey were estimated by LC-MS/MS. The analysis identified flavonoids, phenolic
acids, and anthocyanins as the main compounds, especially cyanidin-3-O-glucoside, cyani-
din chloride, pelargonin chloride (a derivative of cinnamic acid), pelargonidin chloride, and
pelargonidin-3-O-glucoside. Pelargonidin-3-O-glucoside and cyanidin-3-O-glucoside were
the main anthocyanins in the aqueous extract, with concentrations ranging from 119.60 to
1112.25 mg/kg FW [49]. Covaci et al. [10] analyzed the polyphenolic profile of Macedonian
goji berry (Lycium barbarum and Lycium chinense), finding a predominance of anthocyanins,
especially delphinidin-3-O-rutoside (880 mg/kg), while salicylic acid predominated among
phenolic acids (875 mg/kg). They also identified ellagic acid, ferulic acid, and cinnamic
acid (14, 9, and 28 mg/kg, respectively).

Phenylpropanoids represent bioactive compounds with high antioxidant activity. The
determination of phenylpropanoids in different medicinal Chinese herbs has confirmed
the occurrence of these constituents in goji berry in the amount of 22.7 mg GAE/g [50].

Based on the above findings, polyphenols could be used as biomarkers to distinguish
different Lycium species or the same Lycium genotype from different geographical areas [13].

2.1.1. Phenolic Acids of Goji Berries

Phenolic acids, occurring as abundant compounds, have been evaluated in many
research studies. Montesano et al. [51] evaluated goji fruit samples (L. barbarum) cultivated
in Southern Italy, and identified phenolic acids as the most important phenolic compounds,
followed by flavonols and flavanols. Analysis by Donno et al. [13] confirmed this finding
in their study of polyphenol groups in goji berries. The most important classes observed
were cinnamic acids (7.94%) and catechins (5.99%), followed by flavonols and benzoic
acids. Wang et al. [52] identified p-coumaric acid as the predominant and most abundant
phenolic acid in goji berries, with a content of 6.06 ng/g. According to Wojdylo et al. [34],
the content of phenolic acids in 21 new cultivars of goji berries from a breeding program in
Poland ranged from 38.91 to 455.57 mg/kg, with an average value of 239.72 mg/kg. The
lowest levels of phenolic acids (below 100 mg/kg) were found in 3 out of 21 genotypes.
The highest content of phenolic acids was determined for four acids, namely chlorogenic,
caffeic, ferulic, and coumaric acids, present in goji fruit in amounts ranging between
111 and 126 mg/100 g FW. Vuli¢ et al. [53] studied goji fruit extract samples cultivated in
Serbia. The phenolic acid spectrum analyzed by HPLC included gallic, protocatechuic,
vanillic, chlorogenic, coumaric, caffeic, and ferulic acids, with gallic acid predominating
(40.44 mg/g). Zhang et al. [33] determined chlorogenic acid to be the most abundant
phenolic acid among eight Chinese cultivars of goji, with amounts ranging from 113 to
526 pg/g. Inbaraj et al. [54] quantified 15 phenolic acids in Lycium barbarum using the
HPLC-DAD-ESI-MS method, with p-coumaric acid predominating (64.0 ug/g), followed
by caffeic acid (23.7 ug/g) and vanillic acid (22.8 ug/g). Wang et al. [52] and Zhong
et al. [46] described chlorogenic and caffeic acids as the predominant phenolic acids. Only
trace amounts of caffeoylquinic acid and p-coumaric acid were detected by these research
groups. Qian et al. [55] mainly identified protocatechuic acid and chlorogenic acid. Donno
et al. [13] isolated cinnamic acids, specifically caffeic acid, chlorogenic acid, coumaric acid,
ferulic acid (110.84, 113.18, 111.32, and 125.80 mg/100 g DW, respectively), and gallic acid
(15.31 mg/100 g DW), as the most dominant fractions of L. barbarum berries.

Ozkan et al. [49] evaluated the content of phenolic acids in methanol and water
extracts of goji berries (L. barbarum) and detected fumaric acid (338.00 and 126.72 mg/kg,
respectively), p-coumaric acid (77.81 mg/kg and Nd (not detected), respectively), gallic
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ferulic acid

cinnamic acid

gallic acid

benzoic acid

acid (2.95 mg/kg and Nd, respectively), and chlorogenic acid (60.72 and 55.56 mg/kg,
respectively). Wojdylo et al. [34] also described the presence of 5-caffeoylquinic acid
(89.4%) and 1,5-di-O-caffeoylquinic acid (10.6%) in goji berries. Total caffeic acids and
their derivates from methanolic extracts of Serbian goji berries represented an amount
of 23.91 mg CAE (catechin equivalents)/g, with chlorogenic acid and p-coumaric acid
present in amounts of 3.39 and 3.32 mg/g DW, respectively [35]. Mocan et al. [12] identified
the presence of p-coumaroyl-quinic acid isomers of dicaffeoyl-quinic acid, coumaric acid
glycoside, and isomers of caffeoyl derivatives in goji berries. Significant phenolic acids
included 5-caffeoylquinic acid (89.4%) and 1,5-di-O-caffeoylquinic acid (10.6%).

The TPC value in goji berries is cultivar-dependent, as proved by the study by Donno
et al. [13]. Three cultivars contained similar amounts of caffeic acid (110.45, 110.44, and
111.65 mg/100 g FW, respectively), chlorogenic acid (114.87, 112.78, and 111.89 mg/100 g
FW, respectively), coumaric (111.38, 110.91, and 111.66 mg/100 g, FW respectively), and
ferulic acid (125.18, 126.04, and 126.17 mg/100 g FW, respectively).

The research of Gao et al. [56] proved that chlorogenic acid is the major compound
responsible for the enzymatic browning of goji berries. Phenolics and flavonoids, whose
content first increased and then decreased during storage, correlated with the browning
activity. The chlorogenic acid content decreased the fastest under the action of the enzyme,
degrading by 75% within 5 min. The amounts of ferulic acid and rutin followed this trend.
The most abundant phenolic acids are summarized in Figure 2.

ellagic acid " chlorogenic acid

Main phenolic acids
present in goji fruits

‘ \
\

caffeic acid

Figure 2. Overview of the most abundant phenolic acids in goji berries.

2.1.2. Flavonoids of Goji Berries

Flavonoids, similar to phenolic acids, are important and abundant compounds present
in goji berries.

The flavonoid spectrum of goji fruit (L. barbarum) was determined by Wang
et al. [52], with the most abundant fractions being quercetin-3-O-rutinoside, kaempferol-3-
O-rutinoside, and quercetin-diglycoside. According to Donno et al. [9] and Mocan et al. [12],
the predominant flavonol was hyperoside (genotype G, 1115.57 and 2116.90 mg /100 g FW,
respectively). Wang et al. [52] detected quercetin-di-glucoside, rutin, and kaempferol-O-
rutinoside in L. barbarum fruits, with rutin being the dominant flavonoid at a concentration
of 42.0 ug/g. Inbaraj et al. [54] and Zhang [33] identified quercetin-rhamno-di-hexoside
as the dominant flavonoid in native Chinese L. barbarum fruits. The rutin content in
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the fruits of L. barbarum cultivated in China was higher (from 0.73 to 1.38 mg/g) than
in wild varieties (0.09-0.22 mg/g). Le et al. [57] identified only three flavonoids in L.
barbarum fruit extract: myricetin, quercetin, and kaempferol. On the other hand, Qian
et al. [55] separated flavonoids from L. chinense Mill., identifying rutin, hyperoside, hes-
peridin, morin, and quercetin. Wojdyto et al. [34] identified five flavonols in goji culti-
vars by LC-MS-Q/TOF (quadrupole time-of-flight): quercetin derivatives (quercetin-di-
hexoside, quercetin-rhamno-di-hexoside, quercetin-3-O-rutinoside) and two kaempferol
derivatives (kaempferol-pentoside-hexoside and kaempferol-3-O-rutinoside). Additionally,
two aglycones, quercetin-3-glycoside and kaempferol-3-glycoside, were detected. The
major compound was quercetin-3-O-hexoside (from 169.1 to 1107.7 mg/kg), followed
by quercetin-3-O-rutinoside (from 7.1 to 232.7 mg/kg). Inbaraj et al. [54] determined by
HPLC-DAD-ESI-MS in L. barbarum L. 37 flavonoids with a predominance of quercetin,
kaempferol, and isorhamnetin derivatives. Quercetin-rhamno-di-hexoside was present
in the largest amount (438.6 pg/g), followed by quercetin-3-O-rutinoside (281.3 ug/g),
dicaffeoylquinic acid isomers (250.1 pg/g), and chlorogenic acid (237.0 pug/g). At lower con-
centrations were quercetin-di-rhamnohexoside (117.5 png/g), quercetin-di-rhamno-hexoside
(116.8 pg/g), kaempferol-3-O-rutinoside (97.7 ug/g), and isorhamnetin-3-O-rutinoside
(72.1 ng/g). Among flavonoids in water extract, Ozkan et al. [49] detected quercetin
(2.12), isoquercetin (2.90), luteolin-7-O-glucoside (8.8), epicatechin (8.63), epigallocatechin
(5.37), epigallocatechin gallate (5.23), and kaempferol-3-O-rutinoside (13.37 mg/kg DW) in
methanol extract.

Zhang et al. [33] examined quercetin-rhamno-di-hexoside and quercetin-3-O-rutinoside.
Quercetin-rhamno-di-hexoside was identified as the predominant flavonoid. Its content
was cultivar-dependent, ranging from 434.7 (Baihua) to 1065 ug/g FW (Damaye). The
rest of the analyzed cultivars, such as Ningji No.1, Zhongguo, Yunnan, and Heiguo, had
concentrations of quercetin-rhamno-di-hexoside over 800 ug/g FW. Significant differences
in quercetin-3-O-rutinoside content were also noticed, ranging from 158.9 (Beifang) to
628.9 nug/g FW (Ningji No.1). Other cultivars reached quercetin-rhamno-di-hexoside con-
centrations of more than 500 pug/g FW. Quercetin represented the third most predominant
flavonoid, with concentrations ranging from 89.6 (Ningxiahuangguo) to 369.8 ug/g FW
(Baihua), while others contained more than 200 pg/g FW. Myricetin amounts ranged
from 16.89 (Baihua) to 117.3 ug/g FW (Zhongguo), and the content of kaempferol var-
ied from 15.3 (Ningxiahuangguo) to 93.6 pg/g FW (Baihua). Rutin had the lowest
concentration values among the evaluated flavonoids, with concentrations from 43.2 to
76.1 ug/g FW (Heiguo).

Mocan et al. [12] also detected eriodictyol glucosides such as eriodictyol-3-O-glucosyl-
O"-dihydrocaffeate (C30H9O15~), quercetin-3-O-caffeoyl-glucoside, and rutin. Donno
et al. [13] proved the presence of catechin (118.76) and epicatechin (229.18 mg/100 g FW).
The concentration was genotype-dependent for catechins (G1 118.26; G2 118.68; G3
119.35 mg/100 g FW) and epicatechins (G1 227.74; G2 230.54; G3 229.26 mg/100 g FW).

Values of TFC (total flavonoid content) are cultivar-dependent, as shown in the study
by Vidovic et al. [1]. They analyzed goji samples from Serbia and identified different values
of TFC (0.27-12.32 mg/g DW). According to Ili¢ et al. [25], they evaluated the TFC of goji
berries with a value of 4.76 mg/g DW. Lu et al. [31] analyzed L. barbarum fruit samples
from 13 different regions in China and found TFC values varying from 0.1812 to 0.4391 mg
RE (rutin equivalents)/g DW. Islam et al. [29] provided a comparison of flavonoid amounts
in black and red goji fruits. Similar to TPC, higher content of flavonoids was found in
black goji berry samples (12.32, 11.90, 10.37, and 9.77 mg CAE /g DW) than in red goji berry
samples (2.67,2.69, 2.78, and 3.16 mg CAE/g DW).
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Du et al. [58] described the changes in flavonoid content of goji berry juice during
fermentation with Tibetan kefir grains (TKGs). The results showed that TKGs grew well
in the juice, and the content of total soluble flavonoids in the juice significantly increased,
from 42.28 to 85.69 mg RE/100 mL, after complete fermentation. It was determined that
alpha-amylase and xylanase were significantly responsible for the release of flavonoids
such as mangiferin, rutin, hyperoside, isoquercitrin, and quercetin during fermentation.

Ma et al. [32] tried to explore the possible molecular mechanism of flavonoid accumu-
lation. According to their findings, the MYB1 gene positively regulates the expression of
quercetin-3-O-glucoside, quercetin-7-O-glucoside, and isohyperoside. Several genes and
related transcription factors control the variation in flavone accumulation in goji berries.
This can be important for understanding the accumulation and molecular mechanisms of
goji flavonoids.

Differences in polyphenol and flavonoid composition relative to published literature
data may be due to differences in Lycium species, growth conditions, and different extraction
and purification parameters. The most dominant flavonoids can be seen in Figure 3.

quercetin - . quercetin 3-O-
d rutinoside.

rutin

Main flavonoids in
goji fruits

quercetin-3-O-
PN ANl zlucoside

kaempferol 3-O-
rutinosidee

Figure 3. Overview of the most dominant flavonoids in goji fruits.

2.1.3. Anthocyanins in Goji Berries

Anthocyanins represent the predominant flavonoid compounds in Lycium ruthenicum
fruit extract, as stated by Sharma et al. [59]. They comprise about 2.3% of the dried fruit,
with the highest reported content being 24.04 mg/g [60]. In contrast, anthocyanins have
not been investigated at any stage of fruit development in L. barbarum [61].

Lycium ruthenicum fruits contain over ten times more anthocyanins compared to rasp-
berries and grapes. The compounds occurring in the largest quantities in black goji berries
are monoacylated anthocyanins derived from petunidin. Petunidin derivatives constitute
more than 95% of the black goji anthocyanin spectrum. They can be characterized by
3,5-diglycosylation and acylation by phenolic acids, such as ferulic, p-coumaric, and caffeic
acids, and the coexistence of cis- and trans-isomers [62,63]. Acylated anthocyanins present
in berries show better stability than non-acylated ones, as analyzed in berry crops such
as blackberries and blueberries [64,65]. Tang et al. [66] examined the anthocyanin profile
(HPLC/PDA /MS) of black goji berry extract. They identified petunidin derivatives, with
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cis- and trans-isomers of petunidin-3-p-coumaroyl-rutinoside-5-glucoside, as predominant.
The trans-isomer of petunidin derivatives contributed the most to the color expression
of black goji extract and showed the highest stability [67]. Acylation enhanced the color
retention of petunidin derivatives and increased color intensity and stability. In terms
of petunidin concentration in L. ruthenicum berry extract, it was 5.81 mg/g DW, with
delphinidin being the second most abundant (0.34 mg/g DW) [45].

Lycium ruthenicum berries also contain anthocyanins in methanol extract, including
pelargonin chloride (3.35 mg/kg DW), pelargonidin chloride (19.52 mg/kg DW), and
cyanidin chloride (1.53 mg/kg DW). In water extract, they contain cyanidin-3-O-glucoside
(1112.25 mg/kg DW) and pelargonidin-3-O-glucoside (119.60 mg/kg DW), as demon-
strated by Ozkan et al. [49]. Wang et al. [68] also determined anthocyanins in the extract
of stored, air-frozen L. ruthenicum. They detected anthocyanidins, with delphinidin as the
most abundant (about 51%), followed by cyanidin, petunidin, malvidin, and peonidin.
Not only do freezing and storage affect the anthocyanin profile, but the stage of matu-
rity and cultivar/genotype of Lycium ruthenicum fruit also significantly influence it [69].
Stanoeva et al. [39] proved that the yield of anthocyanins can be significantly influenced
by the extraction solvents used for their isolation, with the highest yield obtained using
methanol /water/ascorbic acid in a 7:28:2 ratio. Fatchuraman et al. [20] determined antho-
cyanins based on the storage conditions of goji berries at three different temperatures (0, 5,
and 7 °C) for 12 days. Significant changes were observed in anthocyanin content, with a
storage temperature of 5 °C for 9 days being most suitable to maintain the higher quality of
fresh goji berries.

2.1.4. Antioxidant Activity of Goji Berries

Total antioxidant activity (TAA) can be evaluated by several methods to determine free
radical scavenging activity, such as methods using DPPH (2,2'-diphenyl-1-picrylhydrazyl)
and ABTS (2,2’-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid)) reagents, and the FRAP
(Ferric Reducing Antioxidant Power) assay.

FRAP analysis has been performed to determine the total antioxidant activity of goji
fruits from Northern Italy, in comparison with other types of berries and other fruits. The
results indicated differences between the fruits. Berries showed the highest antioxidant
activity, especially blackcurrant and blueberry (76.86 and 49.36 mmol Fe?* /kg, respectively).
Goji berries showed a higher FRAP value (19.36 mmol Fe?* /kg) than kiwifruit, raspberry,
apple, and orange [9]. Lycium fruit extracts, evaluated by the DPPH free radical scavenging
activity, ABTS, and FRAP methods, showed similar TAA values (49.65 uM TE/g FW) to
bayberry fruit extracts (47.8 uM TE/g FW) and blackberry extracts (56.3 uM TE /g FW) [70].

Vuli¢ et al. [53] studied goji fruit extract samples cultivated in Serbia. Antioxidant
potential was examined by measuring the ability to scavenge DPPH and hydroxyl radicals
using methanol and hexane as solvents. ICsy values of the DPPH: method ranged from
26.64 umol TE/g for hexane extract to 62.15 umol TE /g for methanol extract. Reducing-
power values ranged from 952.23 pmol TE/g for methanol extract to 1360.48 mg/mL for
hexane extract. Covaci et al. [10] compared the TAA of Lycium barbarum berries cultivated
in Macedonia to L. chinense. The average TAA values of the L. barbarum berry extracts
were about half those of the L. chinense variety. The antioxidant potential measured by
the PCL (photochemiluminescence) method had a TAA of 2037 mg TE/kg. Similarly,
Skenderis et al. [27] compared the DPPH and ABTS free radical scavenging activities of
L. barbarum and L. chinense berries. The results confirmed that both assayed species had
high antioxidant activity, with the DPPH TAA ranging from 784 to 1254 pug/mL and ABTS
values ranging from 192 to 407 ug/mL. Moreover, the antioxidant capacity based on the
half-maximal inhibitory concentration (ICs) measurements of DPPH and ABTS free radical
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scavenging showed better values for L. barbarum than L. chinense berries. Mocan et al. [12]
also examined both goji berries by the DPPH radical scavenging assay, acquiring similar
results: 8.79 and 9.35 mg TE/g. Agagiindiiz et al. [24] determined the antioxidant activity
of dry goji berry fruit (Lycium barbarum) from Turkey by the ferric reducing ability of
plasma (FRAP) assay. Their analyses determined the antioxidant activity at 32.6 umol TE/g.
Benchennouf et al. [16] tested the TAA of Lycium barbarum berries cultivated in Crete after
degreasing and extraction with dichloromethane and methanol using a Soxhlet apparatus,
and fractionation with ethyl acetate and butanol solvents. The ethyl acetate extract had
the highest scavenging activities (as ICsp) using DPPH and chemiluminescence assays
(4.73 and 0.47 mg/mL, respectively).

Ili¢ et al. [25] evaluated the TAA of L. ruthenicum fruit, originating from Serbia, by the
DPPH method (58.65 uM TE/g) and ABTS (144.7 uM TE/g) and FRAP assays (61.75 uM
TE/g). The TAA values of L. ruthenicum fruit extract were stated to be higher than those of
other Lycium species [11]. Wojdylo et al. [34] examined the antioxidant activity of 21 new
cultivars of goji (Lycium barbarum L.) using the ABTS and FRAP methods. The results of the
ABTS and FRAP assays varied from 1.60 to 6.83 mmol TE/100 g and from 1.44 to 6.30 mmol
TE/100 g, respectively. The authors also identified the most promising cultivars. Zhang
et al. [33] analyzed eight samples of Ningxia goji (Lycium barbarum L.) genotypes. The
Ningxiahuangguo genotype was rich in polyphenols and showed significantly higher TAA
values than those of the other genotypes. Differences among analyzed genotypes were also
demonstrated by the study of Donno et al. [13].

Islam et al. [29] compared the DPPH and ABTS radical scavenging activity of
eight black and red goji berry samples. The measurements proved that higher values
of DPPH and ABTS activities were detected in black goji berry samples (35.86, 35.68, 33.30,
and 32.90 ymol TE/g for DPPH and 180.03, 167.59, 150.51, and 147.00 umol TE/g for ABTS)
in comparison to red goji berry samples (16.07, 16.46, 16.61, and 17.47 pmol TE/g for DPPH
and 53.92, 55.87, 62.40, and 64.38 umol TE/g for ABTS).

The most important anthocyanin in L. ruthenicum fruit, identified by Tang et al. [71] as
petunidin 3-O-[6-O-(4-O-(trans-p-coumaroyl)-o-L-rhamnopyranosyl)-3-D-glucopyranoside]-
5-O-[B-D-glucopyranoside], exhibited excellent antioxidant activity in vitro and had bet-
ter AA than a crude extract of anthocyanins determined by DPPH, superoxide, and
ABTS assays.

It is important to observe TAA and its changes in goji berry products that are prepared
from the fruits. Liu et al. [72] studied goji berry infusion, a traditional herbal drink prepared
from red and black goji berries. The research studied the effect of water temperature and
soak time on the antioxidant potential (ABTS, DPPH, and FRAP assays) of two goji berry
drinks. They stated that both red and black goji berry drinks have a high amount of
bioactive compounds that contribute to high antioxidant potential. The levels of bioactive
compounds and the antioxidant activity of both the goji berry drinks increased with
increasing soak temperature and time. The black goji berry drink displayed higher values
of TAA in comparison to the red one. Preparing the drink with 100 °C water increased the
TAA value (550 pmol/100 mL) of the black goji berry drink by five times compared to the
red goji berry drink.

Liu et al. [73] prepared fermented goji berry juices from Lycium barbarum L., containing
bacterial strains obtained from fermented foods, Bacillus velezensis, Bacillus licheniformis, and
Lactobacillus reuteri mixed with Lactobacillus rhamnosus and Lactobacillus plantarum. They
tested the antioxidant activity of these juices attributed by the used microorganisms. The
TAA was improved significantly in the fermented juices as the fermentation influenced the
conversion of the free and bound forms of phenolic acids and flavonoids in the juices. The
TAA values were correlated with the phenolic composition.
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Goji fruit antioxidant activity is affected by several significant compounds or groups
of components, such as polyphenolic compounds, phenolic acids, flavonoids such as
anthocyanins, and others. Liu et al. [71] reported that phenolics were the most significant
for the antioxidant potential of Lycium ruthenicum fruit extract, especially considering
the anthocyanin content. The positive linear correlation between phenolic compounds
and antioxidant activities in goji berries was also exhibited by Islam et al. [29]. TAA was
positively correlated with the content of carotenoids, flavonoids, and polysaccharides, as
evaluated by Guo et al; Jiang et al.; Lin et al.; and Wang et al. [31,52,74,75]. Phenolic
compounds, especially flavonoids, phenolic acids, and condensed tannins, contribute the
most to the antioxidant capacities of goji fruit, as discovered by Cai et al. [76]. Antioxidant
activity shows a strong positive correlation with total polyphenols (r = 0.9996), as Donno
et al. [13] stated. According to Wang et al. [52], flavonoids in goji berries exhibited the
strongest effect in removing free radicals. The correlation between TAA values, measured
by the ABTS or FRAP method, and total polyphenolic content reached up to r = 0.523 and
0.038, respectively; for phenolic acids, r = 0.277 and r = 0.328, respectively; and for flavonols,
r=0.531 and r = 0.506, respectively, as published by Wojdyto et al. [34].

3. Health-Promoting Activity of Goji Berries

Considering the many published studies, it can be said that goji berries display numer-
ous health-promoting activities [3,76-78]. Goji berries can be utilized in the prophylaxis of
several diseases, such as diabetes, cardiovascular diseases, and cancer. However, attention
should also be focused on people who suffer from food allergies and intolerances due to
the high degree of cross-reactivity between goji and several types of fruits such as peach
and tomato [3].

It is known that the presence of polysaccharides, glycopeptides, polyphenols,
flavonoids, carotenoids, and their derivatives is related to the health potential of goji
berries [78]. Despite the fact that the majority of studies have focused on polysaccharides
and carotenoids in goji fruits and their benefits, goji’s phenolic compounds also exert
strong effects such as antioxidant and anti-inflammatory. Polyphenols from goji berries
can be used to treat different diseases influenced by oxidative stress and inflammation,
which are some of the causes of diabetes, neurological and cardiovascular diseases, and
cancer [25]. Phenolic compounds in goji fruits such as rutin, isoquercitrin, and chlorogenic
acid play an important role in the prevention of metabolic and chronic diseases [27,79].
Many animal research studies and in vitro cell culture studies have shown a significant
effect of the application of Lycium barbarum berries, with the predominant antioxidants
being polyphenols and carotenoids, on protection against different peroxidation-related
conditions such as lipid peroxidation [80-84].

The study by Lee et al. [85] confirmed that most of the health properties of Lycium
ruthenicum are related to the presence and synergism of flavonoids such as anthocyanins
and functional polysaccharides. Phenolics of black goji (Lycium ruthenicum) berries, like
anthocyanins, show positive health benefits such as antioxidant, anti-inflammatory, hypo-
glycemic, hypolipidemic, and antimicrobial properties [86,87]. The study by Ili¢ et al. [88]
proved that the flavonoid extract of Lycium ruthenicum also has prebiotic properties.

3.1. Neuroprotective Effect of Goji Berries

Free radicals, as products of oxidation, play an important role in many diseases and
age-related problems. High antioxidant potential is related to the presence of bioactive
compounds, polyphenolic compounds that, together with polysaccharides in goji berries,
can be utilized in the future as alternative therapeutic agents for neurodegenerative diseases
such as Alzheimer’s and others [89], as shown in Figure 4.
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A positive effect of Lycium ruthenicum Murr. anthocyanin extract was shown in an
animal model of amyloid beta-protein 1-42-induced Alzheimer’s disease. An extract
concentration of 80 mg/kg significantly improved the animal’s memory capacity and signif-
icantly reduced markers of neuronal oxidative stress and inflammation in the hippocampus
tissue of a rat brain [90,91].

Bioactive compounds in goji berries display antioxidant potential that is important for
the prevention of brain oxidative mitochondrial damage. They are also significant in the
prevention of cognitive dysfunction associated with prenatal stress, as reported by Haiyang
etal. [92]. An extract isolated from L. barbarum berries, containing flavonoids, displayed a
strong antioxidant effect, and mitochondrial lipid peroxidation was significantly inhibited
by flavonoids from L. barbarum in a dose-dependent manner, as published by Huang
et al. [93]. In another study, the scavenging effects of goji berries were proven using the
ESR-spin trapping technique. Flavonoids scavenged free radicals in the xanthine/xanthine
oxidase (Xan/XO) system, and in the Fenton reaction [93].

The neuroprotective effect of L. barbarum fruit can be explored not only through
antioxidant action but also by inhibiting pro-apoptotic signaling pathways. Goji berries
also showed a neuroprotective effect against homocysteine [94].

Another treatment option for neurodegenerative disorders is the inhibition of acetyl-
cholinesterase (AChE), responsible for the breakdown of the acetylcholine neurotransmitter.
Berries of L. barbarum inhibited AChE, as evaluated by Mocan et al. [12]. Illic et al. [88]
observed the inhibition of AChE by Lycium ruthenicum flavonoid extract. However, the
inhibition rate of L. ruthenicum extract was much lower than that of L. barbarum. This
observation can be explained by the higher content of zeaxanthin in L. barbarum. Wojdyto
et al. [34] compared the inhibitory activity of 21 new goji cultivars. The results showed that
goji fruits are effective in inhibiting AChE by 50% (from 29.9 to 46.3%) and also BuChE
(butyrylcholinesterase) by 30% (from 4.9 to 27.0%). The inhibitory activity significantly
depends on the genotype.

Pre-treatment with aqueous L. barbarum fruit extract lowered the release of lactate
dehydrogenase (LDH) activity. Yu et al. [95] investigated the mechanisms of the neuropro-
tective effects and confirmed that the prepared fruit extract reduced the phosphorylation of
JNK-1 (Thr183/Tyr185) and its substrates c-Jun-I (Ser 73) and c-Jun-II (Ser 63).

The neuroprotective effect of Lycium ruthenicum berry extract with anthocyanins on
D-galactose-treated rats was studied by Chen et al. [96]. Ethanol extract from dried goji
fruits with a high content of anthocyanins reduced RAGE (receptor for advanced glycation
end products) and inhibited oxidative stress caused by D-galactose. Anthocyanins reduced
the overexpression of NF-kB (nuclear factor kappa B), IL-1p (inter-leukin-1-f), and p-JNK
(Cun N-terminal kinase), thus inhibiting memory dysfunction and neuroinflammation,
possibly through the RAGE/NF-«B/JNK pathway:.

Hu et al. [97] studied the neuroprotective effect of polyphenolic glycosides such as ly-
ciumserin A (C34H42051) and lyciumserin B (C4Hs7O9), isolated from Lycium ruthenicum
extracts. They showed the moderate inhibitory activity of monoamine oxidase B (MAO-B),
finding MAO-B inhibition rates of more than 50% at a concentration of 100 uM. They demon-
strated important neuroprotective properties (69.22 and 72.38% cell viability, respectively)
in the 6-hydroxydopamine-induced injury of the PC12 cell model (54.41%).
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Figure 4. Neuroprotective effect of goji berries [37,44,81,83,90,91,94-96].

3.2. Metabolic, Anti-Obesogenic, and Antidiabetic Effect of Goji Berries

Goji berries represent a significant source of polysaccharides, carotenoids, fiber, phe-
nolic compounds, vitamins, and minerals, which display pro-metabolic effects [98]. Rutin,
isoquercitrin, and chlorogenic acid, significant phenolics in goji berries, directly provide
antioxidant, hypoglycemic, and hypolipidemic effects, further enhancing the berries” po-
tential to support metabolic health and decrease the occurrence of chronic diseases [27].
Goji berries improve lipid and glucose metabolism (Figure 5), reduce oxidative stress, and
indirectly affect human health by regulating gut microbiota [79]. Three weeks of regular
consumption led to a decrease in triglyceride levels, increased HDL cholesterol levels (by
about 10-15 mg/dL), and reduced fasting glucose concentrations (by about 7-6 mg/dL),
as detected by Antonelli et al. [79]. Krucek et al. [99] also proved the presence of in vitro
antidiabetic properties of fruit extracts isolated from L. barbarum and L. chinense. A study
by Wojdylo et al. [34] proved in vitro antidiabetic potential too (the inhibition of alpha-
amylase and alpha-glucosidase) in a Polish goji genotype. Lycium ruthenicum anthocyanin
extract demonstrated in vitro inhibitory effects on x-amylase (6.56 mg/mL), x-glucosidase
(7.28 mg/mL), acetylcholinesterase (5.28 mg/mL), and tyrosinase (5.32 mg/mL). Inhibition
of these enzymes may reduce the increase in blood glucose levels, leading to the sup-
pression of postprandial hyperglycemia, essential for the management of type 2 diabetes
mellitus [88].

Goji anthocyanins display inhibitory effects on «-Gls in Saccharomyces cerevisiae
and Caco-2 cells. The ICsy values for these inhibitory effects were 1.32-1.57 pg/mL
and 25.3 pg/mL, respectively, comparable to acarbose, a known «-Gl inhibitor [68,100].
Similarly, the phenylpropanoid derivative ethyl-p-trans-coumarate isolated from Lycium
ruthenicum flavonoid extract demonstrated a-glucosidase- and «-Gl-inhibitory activity,
similar to the positive control (acarbose) [37].

Anthocyanins, flavonoids isolated from L. ruthenicum extract, were determined to
have an anti-obesogenic effect on metabolism. They lower body weight in animal models
by changing the gut microbiota [101,102]. A study by Yin et al. [103] proved that the
consumption of an anthocyanin-rich extract of L. ruthenicum Murr. was significant for a
reduction in body weight and decrease in the Lee index.

According to Sun et al. [104], the regular consumption of goji berries decreased the
prevalence of inflammatory bowel disease (IBD). A wide range of bioactive compounds
such as polysaccharides, carotenoids, and polyphenols contribute to prebiotic effects, which
can prevent dysbiosis associated with IBD. Several studies have shown that anthocyanin
metabolites have probiotic activities, maintaining healthy gut microflora. They significantly
increase the occurrence of Bifidobacterium [59]. Skenderidis et al. [105] examined the pre-
biotic properties of goji berry powder on selected probiotic bacteria grown in a nutritive
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synthetic substrate and in simulated gastric and intestinal juices. The selected probiotic
strains of Bifidobacterium and Lactobacillus were cultivated in these substrates with/without
the addition of encapsulated goji berry extracts with various contents of polysaccharides
and polyphenols. The addition of the goji berry powder increased the proliferation of
probiotic strains. According to the work of Peng et al. [106], the prebiotic effect is positively
correlated with goji berry polysaccharides and/or polyphenols. They showed that the
application of crude extract of anthocyanins from L. ruthenicum Murr. fruits to mice had
a positive effect on strengthening the intestinal barrier (through the regulation of several
barrier proteins) and the proliferation of positive intestinal microbiota (Coprobacter, Bar-
nesiella, Eisenbergiella, Alistipes, and Odoribacter). A study by Milin¢i¢ et al. [107] proved
that lyophilized fruit extracts of Lycium ruthenicum Murr. and Lycium barbarum L. have a
growth-promoting effect on probiotic strains in a dose-dependent manner (0.3-5 mg/mL).
Therefore, they recommended using these extracts, containing anthocyanins and some
phenylamides, as supplements or functional food additives.

Lu et al. [108] stated that Lycium ruthenicum fruit extract has a positive effect on liver
health problems, inhibiting the development of non-alcoholic fatty liver disease in mice,
caused by cholesterol and a high-fat diet. Serum aspartate transaminase (AST) levels were
significantly increased in the group fed a Western diet (WD) compared to the group fed a
normal diet. AST levels and the size of hepatic fat droplets were reduced in the WD group
supplemented with L. ruthenicum fruit extract. Also, fatty acid oxidation was increased,
and fatty acid synthesis in the liver reduced, leading to an amelioration of the development
of non-alcoholic fatty liver disease induced by WD. Chen et al. [109] proved the alleviating
effect of ethanolic extract of dried Lycium ruthenicum anthocyanin supplementation on
D-galactose-induced liver damage. The D-galactose-treated group displayed an unclear
structure of hepatocytes and cell necrosis, which was improved by goji anthocyanin treat-
ment. The intake of goji anthocyanins reversed the results by reducing D-galactose-induced
serum AST, alanine transaminase (ALT) levels, and blood LDH concentrations. AST and
ALT levels correspond to the extent of liver damage. LDH concentrations correspond to
the extent of cellular damage and inflammation. Goji anthocyanin treatment mitigated
D-galactose-induced hepatocyte death by reducing this mRNA level.

antidiabetic effect of
goji berroies

anthocyanin extract of L. flavonoid extract of L.
ruthenicum ruthenocum
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Figure 5. Antidiabetic effect of goji berries [44,46,59,68,100,106,107].

3.3. Anti-Inflammatory and Antimicrobial Effect of Goji Berries

Generally, polyphenols and their metabolites are able to reduce inflammation and
modulate the intestinal microbiota [88,110], as shown in Figure 6.
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Figure 6. Anti-inflammatory effect of goji berries [4,96,103,111-114].

The anti-inflammatory effect of anthocyanins, isolated from L. ruthenicum Murr. berries
(doses of 100, 200, and 400 mg/kg, fed for 6 weeks), on a hyperlipidemia atherosclerosis
animal model (mice) was studied by Lin et al. [111]. They stated that anthocyanins signifi-
cantly improved the severity of inflammatory damage in the aorta, heart, and liver tissue
in comparison to the simvastatin drug group. The administration of anthocyanin-rich
L. ruthenicum extract brought positive results in a pre-clinical animal model of Western
diet-induced fatty liver disease. The animal group that consumed the fruit extract dis-
played reduced hepatic inflammation [108]. Hou et al. [112] studied the anti-inflammatory
effect of anthocyanin extract of L. ruthenicum Murr. in a rat model of carbon tetrachloride-
induced hepatic injury. The results showed that oral administration of L. ruthenicum extract
(30 mg/kg) for 7 days caused a significant decrease in the levels of pro-inflammatory
markers NO, ROS, IL-1, and IL-6. Moreover, Chen et al. [109] showed the mechanism of
action of anthocyanins in the regulation of inflammatory markers, tumor necrosis factor-o
(TNF-0), cyclooxygenase-2 (COX-2), nuclear factor kappa B (NF-kB), and interleuin-1-f3
(IL-1B), which are hallmarks of inflammatory diseases. Another possibility to decrease
colon inflammation is by regulating mitogen-activated protein kinase (MAPK) pathways
and the reduction in NF-«B levels [113]. Yin et al. [103] showed that the consumption
of anthocyanin-rich extract of L. ruthenicum Murr. is important for the regulation of the
established pro-inflammatory markers TNF-«, IL-6, NF-«B, IFN-y, and iNOS.

Another practical application of anthocyanin extract of Lycium ruthenicum is the treat-
ment of rheumatoid arthritis. Goji anthocyanins (100, 200, and 400 pg/mL) notably inhib-
ited the hyperproliferation and aggressive invasion of synovial fibroblasts and reduced cell
viability in a concentration-dependent manner. Immunosuppressive reactions, a major side
effect of methotrexate, a conventional chemotherapeutic agent, were not observed with goji
anthocyanins [114].

Phenolic extracts of goji berries display antimicrobial effects against some Gram-
negative and Gram-positive bacteria, as presented by Pires et al., Ilic et al. [11,115], and
Shah et al. [116]. A preliminary in vitro study with L. barbarum extract showed the signifi-
cant antibacterial effects of goji berry extract on 17 kinds of bacteria, including Staphylo-
coccus aureus, Staphylococcus epidermidis, Salmonella Typhi, Salmonella Paratyphi, Salmonella
Typhimurium, Bacillus subtilis, Bacillus anthracis, Pseudomonas aeruginosa, Bacillus dysente-
riae (Shigella dysenteriae), E. coli, Candida albicans, and Typhoid bacillus [117]. On the other
hand, the study by llic et al. [11] showed that methanol extract from black goji berry
(0.125-2 mg/mL) did not inhibit the growth of Gram-positive and Gram-negative bacteria
and the yeast Candida albicans. The best antimicrobial activity was obtained with yellow
goji berry extract, which inhibited the growth of three Gram-negative strains (K. pneumo-
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nige, S. abony, and P. aeruginosa) and yeast C. albicans at 2 mg/mL. This can be explained
by the higher concentration of flavonoids in the yellow goji berry extract compared to
other analyzed extracts. Skenderidis et al. [27] evaluated the antimicrobial properties
of water and ethanol ultrasound-assisted extracts of dry goji berries. They determined
the antimicrobial activity against several species of foodborne Gram-negative bacteria
(Escherichia coli, Salmonella typhimurium, and Campylobacter jejuni), Gram-positive bacteria
(Staphylococcus aureus, Listeria monocytogenes, and Clostridium perfringens), yeasts (Yarrowia
lipolytica, Metschnikowia fructicola, and Rhodotorula mucilaginosa), and fungi (Penicillium
expansum, Aspergillus niger, Fusarium oxysporum, and Rhizoctonia solani). Although the goji
berry samples displayed strong antibacterial activity, they had minimal or no antifungal
effect. Antimicrobial properties seem to be related to the polyphenol content.

In the study by 1li¢ et al. [88], they proved that Lycium ruthenicum extract most stimu-
lates the growth of the yeast Saccharomyces boulardii among all the tested microorganisms,
2.8 times more than the extract of L. barbarum. The important prebiotic properties could
be affected by the significant anthocyanin amount that is the major part of L. ruthenicum
extract. Peng et al. [118] found the in vitro conditions needed for the modulatory properties
of Lycium ruthenicum anthocyanins and their metabolites on probiotic (Lactobacillus and
Bifidobacterium) and pathogenic bacteria (Escherichia/Shigella species). One of the possible
mechanisms of action is the selective fermentation of anthocyanins to some short-chain
fatty acids.

3.4. Anticancer Activity

Several studies have determined that compounds present in goji berries exhibit pro-
apoptotic and antiproliferative activities against cancer cells [119].

Miranda et al. [78] examined several fractions extracted from goji berries that demon-
strated antitumor properties and were efficient against breast cancer without showing
cytotoxic effects on normal human cells. They studied the biochemical mechanisms modu-
lated in breast cancer cells and investigated the antitumoral properties of ethanolic extract
of Lycium barbarum fruits on different breast cancer cell lines. The extract showed activation
of the P-IRE1 alpha/XBP1/NLRP3 axis in MCF-7 cells. It did not exhibit cytotoxicity
against healthy human cells but manifested antioxidant qualities by neutralizing ROS
(reactive oxygen species) generated by doxorubicin. These results highlight the potential of
goji berries as a promising natural product in cancer treatment.

To sum up, further studies are needed to explore and understand deeper the potential
mechanism of action of polyphenols, the biological activity of polyphenol metabolites,
and their interaction with the microbiome in goji berries. Moreover, no studies have
focused on the bioaccessibility and bioavailability of polyphenols in goji berries. Studies
on bioaccessibility have mainly focused on carotenoids in goji berry (Lycium barbarum L.)
using in vitro digestion models and metabolomics approaches [120].

Members of the Solanaceae plant family, including the goji plant, contain alkaloids
such as tropane (L-hyoscyamine, scopolamine) and steroidal alkaloids (alpha-solanine,
alpha-chaconine), whose content decreases with the ripeness of goji fruit [121]. Magnetic
fields can also be used to reduce the quantities of toxic glycoalkaloids during storage,
thereby improving their postharvest quality [122].

4. Conclusions

Goji berries of Lycium barbarum, Lycium chinense, and Lycium ruthenicum are reported
to be rich sources of bioactive substances. These compounds mainly belong to the group
of polyphenols, with the main representatives being phenolic acids and flavonoids. Other
nutrients and biologically active compounds include lipids, polysaccharides, carotenoids,
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alkaloids, sterols, tocopherols, and terpenoids. All representatives of Lycium spp. are
known for their health benefits related to the presence of polyphenols, polysaccharides,
and carotenoids. The biological qualities of goji berries include neuroprotective and anti-
inflammatory effects. They play an essential role in the prevention of diabetes, cardiovas-
cular diseases, and cancer. Their cytotoxic effect against some cancer cell lines is mainly
attributed to flavonoids, especially anthocyanins, isolated from L. ruthenicum berries.

Author Contributions: T.J. writing—original draft preparation; SM.T. and S.S. writing—review
and editing; J.Z. and L.S.—editing manuscript, ].M.—review manuscript, K.F.-S. and Z.K.—draft
preparation. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: No new data were created or analyzed in this study. Data sharing is
not applicable to this article.

Conflicts of Interest: Author Simona Morvay Tinakova was employed by the company Medic Cells
5.1.0., 949 01 Nitra, Slovakia. The remaining authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a potential conflict

of interest.

References

1. Vidovi¢, B.B.; Milin¢i¢, D.D.; Marceti¢, M.D.; Djuris, ].D.; 1li¢, T.D.; Kosti¢, A.Z.; Pesi¢, M.B. Health Benefits and Applications of
Goji Berries in Functional Food Products Development: A Review. Antioxidants 2022, 11, 248. [CrossRef] [PubMed]

2. Yu,J;Yan, Y, Zhang, L.; Mi, J.; Yu, L.; Zhang, F; Lu, L.; Luo, Q.; Li, X.; Zhou, X.; et al. A comprehensive review of goji berry
processing and utilization. Food Sci. Nutr. 2023, 11, 7445-7457. [CrossRef] [PubMed]

3. Kulezynski, B.; Gramza-Michatowska, A. Goji Berry (Lycium barbarum): Composition and Health Effects—A Review. Pol. |.
Food Nutr. Sci. 2016, 66, 67-75. Available online: https:/ /www.researchgate.net/publication/288630233_Goji_Berry_Lycium_
barbarum_Composition_and_Health_Effects_-_A_Review (accessed on 27 February 2025). [CrossRef]

4. Lu, Y;Guo,S,; Zhang, F; Yan, H.; Qian, D.W.; Shang, E.X.; Wang, H.Q.; Duan, J.A. Nutritional components characterization of
goji berries from different regions in China. J. Pharm. Biomed. Anal. 2021, 195, 113859. [CrossRef]

5. Pedro, A.C.; Sdnchez-Mata, M.-C.; Pérez-Rodriguez, M.L.; Camara, M.; Lépez-Colén, J.L.; Bach, F; Bellettini, M.; Haminiuk,
C.W.I. Qualitative and nutritional comparison of goji berry fruits produced in organic and conventional systems. Sci. Hortic. 2019,
257,108660. [CrossRef]

6. Niro, S,; Fratianni, A.; Panfili, G.; Falasca, L.; Cinquanta, L.; Alam, M.R. Nutritional evaluation of fresh and dried goji berries
cultivated in Italy. Ital. J. Food Sci. 2017, 29, 398-408. [CrossRef]

7. Zhao, D,; Li, S.; Han, X; Li, C.; Ni, Y; Hao, ]. Physico-chemical properties and free amino acids profiles of six wolfberry cultivars
in Zhongning. J. Food Compos. Anal. 2020, 88, 103460. [CrossRef]

8. Yunusova, S.G.; Lyashenko, S.S.; Sekinaeva, M.A.; Sidorov, R.A.; Denisenko, O.N.; Yunusov, M.S. Neutral Lipids from Fruit of
Lycium barbarum and L. ruthenicum. Chem Nat. Compd. 2020, 56, 793-798. [CrossRef]

9.  Donno, D.; Mellano, M.G.; Raimondo, E.; Cerutti, A.K.; Prgomet, Z.; Beccaro, G.L. Influence of applied drying methods on
phytochemical composition in fresh and dried goji fruits by HPLC fingerprint. Eur. Food Res. Technol. 2016, 242, 1961-1974.
[CrossRef]

10. Covaci, E.; Senild, M.; Leopold, L.E; Olah, N.K.; Cobzac, C.; Petropulos, V.I.; Balabanova, B.; Cadar, O.; Becze, A.; Ponta, M.; et al.
Characterization of Lycium barbarum L. berry cultivated in North Macedonia: A chemometric approach. J. Berry Res. 2020, 10,
223-241. [CrossRef]

11. 1i¢, T.; Dodevska, M.; Mar¢etié¢, M.; Bozi¢, D.; Kodranov, I.; Vidovi¢, B. Chemical characterization, antioxidantand antimicrobial
properties of goji berries cultivated in Serbia. Foods 2020, 9, 1614. [CrossRef] [PubMed]

12. Mocan, A.; Moldovan, C.; Zengin, G.; Bender, O.; Locatelli, M.; Simirgiotis, M.; Atalay, A.; Vodnar, D.C.; Rohn, S.; Crisan, G.

UHPLC-QTOF-MS analysis of bioactive constituents from two Romanian Goji (Lycium barbarum L.) berries cultivars and their
antioxidant, enzyme inhibitory, and real-time cytotoxicological evaluation. Food Chem. Toxicol. 2018, 115, 414-424. [CrossRef]
[PubMed]


https://doi.org/10.3390/antiox11020248
https://www.ncbi.nlm.nih.gov/pubmed/35204130
https://doi.org/10.1002/fsn3.3677
https://www.ncbi.nlm.nih.gov/pubmed/38107149
https://www.researchgate.net/publication/288630233_Goji_Berry_Lycium_barbarum_Composition_and_Health_Effects_-_A_Review
https://www.researchgate.net/publication/288630233_Goji_Berry_Lycium_barbarum_Composition_and_Health_Effects_-_A_Review
https://doi.org/10.1515/pjfns-2015-0040
https://doi.org/10.1016/j.jpba.2020.113859
https://doi.org/10.1016/j.scienta.2019.108660
https://doi.org/10.14674/1120-1770/ijfs.v649
https://doi.org/10.1016/j.jfca.2020.103460
https://doi.org/10.1007/s10600-020-03154-4
https://doi.org/10.1007/s00217-016-2695-z
https://doi.org/10.3233/JBR-190450
https://doi.org/10.3390/foods9111614
https://www.ncbi.nlm.nih.gov/pubmed/33172053
https://doi.org/10.1016/j.fct.2018.01.054
https://www.ncbi.nlm.nih.gov/pubmed/29448090

Foods 2025, 14, 1387 19 of 23

13.

14.

15.

16.

17.

18.
19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Donno, D.; Beccaro, G.L.; Mellano, M.G.; Cerutti, A.K.; Bounous, G. Goji berry fruit (Lycium spp.): Antioxidant compound
fingerprint and bioactivity evaluation. J. Funct. Food. 2015, 18, 1070-1085. [CrossRef]

Jiang, Y.; Fang, Z.; Leonard, W.; Zhang, P. Phenolic compounds in Lycium berry: Composition, health benefits and industrial
applications. J. Funct. Foods 2021, 77, 104340. [CrossRef]

Zhou, Z.Q.; Xiao, J.; Fan, H.X,; Yu, Y;; He, R R.; Feng, X.L.; Kurihara, H.; So, K.F.; Yao, X.S.; Gao, H. Polyphenols from wolfberry
and their bioactivities. Food Chem. 2017, 214, 644-654. [CrossRef]

Benchennouf, A.; Grigorakis, S.; Loupassaki, S.; Kokkalou, E. Phytochemical analysis and antioxidant activity of Lycium barbarum
(Goji) cultivated in Greece. Pharm. Biol. 2017, 55, 596—602. [CrossRef]

Yu, Z.; Xia, M; Lan, J.; Yang, L.; Wang, Z.; Tao, H.; Shi, Y. A comprehensive review on the ethnobotany, phytochemistry,
pharmacology and quality control of the genus Lycium in China. Food Funct. 2023, 14, 2998-3025. [CrossRef]

Kocyigit, E.; Sanlier, N. A review of composition and health effects of Lycium barbarum. Int. ]. Chin. Med. 2017, 1, 1-9. [CrossRef]
Amagase, H.; Farnsworth, N.R. A review of botanical characteristics, phytochemistry, clinical relevance in efficacy and safety of
Lycium barbarum fruit (Goji). Food 2011, 44, 1702-1717. [CrossRef]

Fatchurrahman, D.; Amodio, M.L.; Colelli, G. Quality of Goji Berry Fruit (Lycium barbarum L.) Stored at Different Temperatures.
Foods 2022, 11, 3700. [CrossRef]

Lopatriello, A.; Previtera, R.; Pace, S.; Werner, M.; Rubino, L.; Werz, O.; Taglialatela-Scafati, O.; Forino, M. NMR-based
identification of the major bioactive molecules from an Italian cultivar of Lycium barbarum. Phytochemistry 2017, 144, 52-57.
[CrossRef] [PubMed]

Jin, M.; Huang, Q.; Zhao, K.; Shang, P. Biological activities and potential health benefit effects of polysaccharides isolated from
Lycium barbarum L. Int. ]. Biol. Macromol. 2013, 54, 16-23. [CrossRef] [PubMed]

Skenderidis, P.; Kerasioti, E.; Karkanta, E.; Stagos, D.; Kouretas, D.; Petrotos, K.; Hadjichristodoulou, C.; Tsakalof, A. Assessment
of the antioxidant and antimutagenic activity of extracts from goji berry of Greek cultivation. Toxicol. Rep. 2018, 5, 251-257.
[CrossRef] [PubMed]

Agagiindiiz, D.; Koseler-Beyaz, E.; Duman, S. Assessment of the Physicochemical and Antioxidant Profile of Dried Goji Berries.
Prog. Nutr. 2021, 23, €2021193. [CrossRef]

Ili¢, T.; Krgovi¢, N.; Bozi¢, D.; Samardzi¢, S.; Marcetic, M.; Zdunié, G.; Vidovi¢, B. Polyphenols profile and in vitro biological
activities of black goji berries (Lycium ruthenicum Murr.). J. Berry Res. 2024, 14, 1-14. [CrossRef]

Kafkaletou, M.; Christopoulos, M.V,; Tsaniklidis, G.; Papadakis, I.; Ioannou, D.; Tzoutzoukou, C.; Tsantili, E. Nutritional value
and consumer-perceived quality of fresh goji berries (Lycium barbarum L. and L. chinense L.) from plants cultivated in Southern
Europe. Fruits 2018, 73, 5-12. [CrossRef]

Skenderidis, P.; Lampakis, D.; Giavasis, I.; Leontopoulos, S.; Petrotos, K.; Hadjichristodoulou, C.; Tsakalof, A. Chemical properties,
fatty-acid composition, and antioxidant activity of goji berry (Lycium barbarum L. and Lycium chinense Mill.) fruits. Antioxidants
2019, 8, 60. [CrossRef]

Xin, G.; Zhu, F; Du, B.; Xu, B. Antioxidants distribution in pulp and seeds of black and red goji berries as affected by boiling
processing. J. Food Qual. 2017, 2017, 3145946. [CrossRef]

Islam, T.; Yu, X.; Badwai, T.S.; Xu, B. Comparative studies on phenolic profiles, antioxidant capacities and carotenoid contents of
red goji berry (Lycium barbarum) and black goji berry (Lycium ruthenicum). Chem. Cent. J. 2017, 11, 59. [CrossRef]

Rajkowska, K.; Otlewska, A.; Broncel, N.; Kunicka-Styczynska, A. Microbial Diversity and Bioactive Compounds in Dried Lycium
barbarum Fruits (Goji): A Comparative Study. Molecules 2023, 28, 4058. [CrossRef]

Lu, Y; Guo, S.; Zhang, F; Yan, H.; Qian, D.W.; Wang, H.Q.; Jin, L.; Duan, ]J.A. Comparison of Functional Components and
Antioxidant Activity of Lycium barbarum L. Fruits from Different Regions in China. Molecules 2019, 24, 2228. [CrossRef]

Ma, R; Sun, X.; Yang, C.; Fan, Y. Integrated transcriptome and metabolome provide insight into flavonoid variation in goji berries
(Lycium barbarum L.) from different areas in China. Plant Physiol. Biochem. 2023, 199, 107722. [CrossRef]

Zhang, Q.; Chen, W.; Zhao, ].; Xi, W. Functional constituents and antioxidant activities of eight Chinese native goji genotypes.
Food Chem. 2016, 200, 230-236. [CrossRef]

Wojdylo, A.; Nowicka, P.; Babelewski, P. Phenolic and carotenoid profile of new goji cultivars and their antihyperglycemic,
anti-aging and antioxidant prope. J. Funct. Foods 2018, 48, 632—-664. [CrossRef]

Kosinska-Cagnazzo, A.; Weber, B.; Chablais, R.; Vouillamoz, ].E.; Molnar, B.; Crovadore, J.; Lefort, F.; Andlauer, W. Bioactive
compound profile and antioxidant activity of fruits from six goji cultivars cultivated in Switzerland. J. Berry Res. 2017, 7, 43-59.
[CrossRef]

Poggioni, L.; Romi, M.; Guarnieri, M.; Cai, G.M.R.; Cantini, C. Nutraceutical profile of goji (Lycium barbarum L.) berries in relation
to environmental conditions and harvesting period. Food Biosci. 2022, 49, 101954. [CrossRef]

Zhao, S.; Li, S.; Luo, Z.; Zhou, Z.; Li, N.; Wang, Y.; Yao, X.; Gao, H. Bioactive phenylpropanoid derivatives from the fruits of
Lycium ruthenicum Murr. Bioorg. Chem. 2021, 116, 105307. [CrossRef]


https://doi.org/10.1016/j.jff.2014.05.020
https://doi.org/10.1016/j.jff.2020.104340
https://doi.org/10.1016/j.foodchem.2016.07.105
https://doi.org/10.1080/13880209.2016.1265987
https://doi.org/10.1039/D2FO03791B
https://doi.org/10.11648/j.ijcm.20170101.11
https://doi.org/10.1016/j.foodres.2011.03.027
https://doi.org/10.3390/foods11223700
https://doi.org/10.1016/j.phytochem.2017.08.016
https://www.ncbi.nlm.nih.gov/pubmed/28888145
https://doi.org/10.1016/j.ijbiomac.2012.11.023
https://www.ncbi.nlm.nih.gov/pubmed/23200976
https://doi.org/10.1016/j.toxrep.2018.02.001
https://www.ncbi.nlm.nih.gov/pubmed/29854596
https://doi.org/10.23751/pn.v23i4.11321
https://doi.org/10.3233/JBR-230029
https://doi.org/10.17660/th2018/73.1.1
https://doi.org/10.3390/antiox8030060
https://doi.org/10.1155/2017/3145946
https://doi.org/10.1186/s13065-017-0287-z
https://doi.org/10.3390/molecules28104058
https://doi.org/10.3390/molecules24122228
https://doi.org/10.1016/j.plaphy.2023.107722
https://doi.org/10.1016/j.foodchem.2016.01.046
https://doi.org/10.1016/j.jff.2018.07.061
https://doi.org/10.3233/JBR-160144
https://doi.org/10.1016/j.fbio.2022.101954
https://doi.org/10.1016/j.bioorg.2021.105307

Foods 2025, 14, 1387 20 of 23

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.
58.

59.

60.

Gruz, J.; Ayaz, FA.; Torun, H.; Strnad, M. Phenolic acid content and radical scavenging activity of extracts from medlar (Mespilus
germanica L.) fruit at different stages of ripening. Food Chem. 2011, 124, 271-277. [CrossRef]

Stanoeva, J.P.; Stefova, M.; Bogdanov, J. Systematic HPLC/DAD/MS" study on the extraction efficiency of polyphenols from
black goji: Citric and ascorbic acid as alternative acid components in the extraction mixture. |. Berry Res. 2021, 11, 611-630.
[CrossRef]

Skenderidis, P.; Mitsagga, C.; Giavasis, I.; Petrotos, K.; Pakis, D.L.; Leontopoulos, S.; Hadjichristodoulou, C.; Tsakalof, A. The
in vitro antimicrobial activity assessment of ultrasound assisted Lycium barbarum fruit extracts and pomegranate fruit peels.
J. Food Meas. Charact. 2019, 13, 2017-2031. [CrossRef]

Shang, Y.F; Zhang, T.H.; Thakur, K.; Zhang, ].G.; Cespedes-Acuna, C.L.A.; Wei, Z.]. HPLC-MS/MS targeting analysis of phenolics
metabolism and antioxidant activity of extractions from Lycium barbarum and its meal using different methods. Food Sci. Technol.
2022, 42, €71022. [CrossRef]

Boleslawska, I.; Kosewski, G.; Jagielski, P.; Dobrzynska, M.; Przyslawski, ]. Analysis of antioxidant capacity and polyphenol
content of Goji fruit products available on the European market. Acta Pol. Pharm. Drug Res. 2021, 78, 345-351. [CrossRef]
[PubMed]

Taneva, I; Zlatev, Z. Total phenolic content and antioxidant activity of yoghurt with goji berries (Lycium barbarum). Sci. Study Res.
Chem. Chem. Eng. 2020, 21, 125-131.

Rocchetti, G.; Chiodelli, G.; Giuberti, G.; Ghisoni, S.; Baccolo, G.; Blasi, F.; Montesano, D.; Trevisan, M.; Lucini, L. UHPLC-ESI-
QTOF-MS profile of polyphenols in goji berries (Lycium barbarum L.) and its dynamics during in vitro gastrointestinal digestion
and fermentation. J. Funct. Foods 2018, 40, 564-572. [CrossRef]

Golovinskaia, O.; Wang, C.K. Review of functional and pharmacological activities of berries. Molecules 2021, 26, 3904. [CrossRef]
Zhong, Y.; Shahidi, F.; Naczk, M. Dried Fruits: Phytochemicals benefits of goji berries. In Dried Fruits: Phytochemicals and Health
Effects, 1st ed.; Alasalvar, C., Shahidi, F., Eds.; Wiley-Blackwell: Hoboken, NJ, USA, 2013.

Zhao, W.H.; Shi, Y.P. Comprehensive Analysis of Phenolic Compounds in Four Varieties of Goji Berries at Different Ripening
Stages by UPLC-MS/MS. |. Food Compost. Anal. 2022, 106, 104279. [CrossRef]

Forino, M.; Tartaglione, L.; Dell’Aversano, C.; Ciminiello, P. NMR-based identification of the phenolic profile of fruits of Lycium
barbarum (goji berries). Isolation and structural determination of a novel N-feruloyl tyramine dimer as the most abundant
antioxidant polyphenol of goji berries. Food Chem. 2016, 194, 1254-1259. [CrossRef]

Ozkan, E.E.; Ozden, T.Y.; Toplan, G.G.; Mat, A. Phenolic content and biological activities of Lycium barbarum L (Solanaceae) fruits
(Goji berries) cultivated in Konya, Turkey. Trop. J. Pharm. Res. 2018, 17, 2047-2053. [CrossRef]

Guo, D.J.; Cheng, H.L.; Chan, S.W.; Yu, PH.F. Antioxidative activities and the total phenolic contents of tonic Chinese medicinal
herbs. Inflammopharmacology 2008, 16, 201-207. [CrossRef]

Montesano, D.; Rocchetti, G.; Cossignani, L.; Lucini, L.; Simonetti, M.S.; Blasi, F. Italian Lycium barbarum L. berry: Chemical
characterization and nutraceutical value. Nat. Prod. Commun. 2018, 13, 1151-1156. [CrossRef]

Wang, C.C.; Chang, S.C.; Inbaraj, B.S.; Chen, B.H. Isolation of carotenoids, flavonoids and polysaccharides from Lycium barbarum
L. and evaluation of antioxidant activity. Food Chem. 2010, 120, 184-192. [CrossRef]

Vulig, J.J.; Canadanovié¢-Brunet, J.M.; Cetkovi¢, G.S.; Djilas, S.M.; Tumbas éaponjac, V.T,; Stajci¢, S.S. Bioactive compounds and
antioxidant properties of goji fruits (Lycium barbarum L.) cultivated in Serbia. J. Am. Coll. Nutr. 2016, 35, 692—698. [CrossRef]
[PubMed]

Inbaraj, B.S.; Lu, H.; Kao, T.H.; Chen, B.H. Simultaneous determination of phenolic acids and flavonoids in Lycium barbarum
Linnaeus by HPLC-DAD-ESI-MS. J. Pharm. Biomed. Anal. 2010, 51, 549-556. [CrossRef] [PubMed]

Qian, ].Y;; Liu, D.; Huang, A.G. The efficiency of flavonoids in polar extracts of Lycium chinense Mill fruits as free radical scavenger.
Food Chem. 2004, 87, 283-288. [CrossRef]

Gao, Q.L,; Yang, S.; Li, HX,; Hu, L.W,; Liu, Y.P; Chen, H.P,; Chen, L. Metabolomics analysis, combined with enzyme and in-vitro
simulation system analysis, provide new insights into the browning resistance mechanism of goji berries (Lycium barbarum. L).
LWT 2024, 203, 116356. [CrossRef]

Le, K,; Chiu, F; Ng, K. Identification and quantification of antioxidants in fructus lycii. Food Chem. 2007, 105, 353-363. [CrossRef]
Du, G; Qing, Y.; Wang, H.; Wang, N.; Yue, T.; Yuan, Y. Effects of Tibetan kefir grain fermentation on the physicochemical
properties, phenolics, enzyme activity, and antioxidant activity of Lycium barbarum (Goji berry) juice. Food Biosci. 2023, 53, 102555.
[CrossRef]

Sharma, R.; Raghuvanshi, R.; Kumar, R.; Thakur, M.S.; Kumar, S.; Patel, M.K.; Chaurasia, O.P.; Saxena, S. Current findings and
future prospective of high-value trans Himalayan medicinal plant Lycium ruthenicum Murr: A systematic review. Clin. Phytosci.
2022, 8, 3. [CrossRef]

Yang, X.; Lin, S.; Jia, Y.; Rehman, F,; Zeng, S.; Wang, Y. Anthocyanin and spermidine derivative hexoses coordinately increase in
the ripening fruit of Lycium ruthenicum. Food Chem. 2019, 311, 125874. [CrossRef]


https://doi.org/10.1016/j.foodchem.2010.06.030
https://doi.org/10.3233/JBR-210717
https://doi.org/10.1007/s11694-019-00123-6
https://doi.org/10.1590/fst.71022
https://doi.org/10.32383/appdr/138989
https://www.ncbi.nlm.nih.gov/pubmed/39811448
https://doi.org/10.1016/j.jff.2017.11.042
https://doi.org/10.3390/molecules26133904
https://doi.org/10.1016/j.jfca.2021.104279
https://doi.org/10.1016/j.foodchem.2015.08.129
https://doi.org/10.4314/tjpr.v17i10.22
https://doi.org/10.1007/s10787-008-8016-9
https://doi.org/10.1177/1934578X1801300913
https://doi.org/10.1016/j.foodchem.2009.10.005
https://doi.org/10.1080/07315724.2016.1142404
https://www.ncbi.nlm.nih.gov/pubmed/27710210
https://doi.org/10.1016/j.jpba.2009.09.006
https://www.ncbi.nlm.nih.gov/pubmed/19819093
https://doi.org/10.1016/j.foodchem.2003.11.008
https://doi.org/10.1016/j.lwt.2024.116356
https://doi.org/10.1016/j.foodchem.2006.11.063
https://doi.org/10.1016/j.fbio.2023.102555
https://doi.org/10.1186/s40816-021-00328-7
https://doi.org/10.1016/j.foodchem.2019.125874

Foods 2025, 14, 1387 21 0f23

61.

62.

63.

64.

65.

66.
67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

Zeng, S.; Wu, M.; Zou, C,; Liu, X,; Shen, X.; Hayward, A.; Liu, C.H.; Wang, Y. Comparative analysis of anthocyanin biosynthesis
during fruit development in two Lycium species. Physiol. Plant. 2014, 150, 505-516. [CrossRef]

Zheng, J.; Ding, C.; Wang, L.; Li, G,; Shi, J.; Li, H.; Wang, H.; Suo, Y. Anthocyanins composition and antioxidant activity of wild
Lycium ruthenicum Murr. from Qinghai Tibet Plateau. Food Chem. 2011, 126, 859-865. [CrossRef]

Kumar, R.; Sharma, R.; Thakur, M.S.; Saxena, S.; Kaur, A. Comparative study of phytochemicals, antioxidant activities and
chromatographic profiling of different parts of Lycium ruthenicum Murr. of Trans-Himalayan region. Phytomed. Plus. 2022,
2,100339. [CrossRef]

Qi, Q.; Chu, M,; Yu, X,; Xie, Y.; Li, Y.; Du, Y. Anthocyanins and proanthocyanidins: Chemical structures, food sources, bioactivities,
and product development. Food Rev. Int. 2022, 39, 4581-4609. [CrossRef]

Vidana Gamage, G.; Lim, Y.Y.; Choo, W.S. Black goji berry anthocyanins: Extraction, stability, health benefits, and applications.
ASC Food Sci. Technol. 2021, 1, 1360-1370. [CrossRef]

Tang, P.P.,; Giusti, M. Black goji as a potential source of natural color in a wide pH range. Food Chem. 2018, 269, 419-426. [CrossRef]
Giusti, M.M.; Peipei, T. Uses of Acylated Anthocyanins Extracted from Black Goji (Lycium ruthenicum murr.) as a Source of
Natural Color. W02017205173A1; PCT/US2017/033290, 18 May 2017.

Wang, Z.; Sun, L.; Fang, Z; Nisar, T.; Zou, L.; Li, D.; Guo, Y. Lycium ruthenicum Murray anthocyanins effectively inhibit
a-glucosidase activity and alleviate insulin resistance. Food Biosci. 2021, 41, 100949. [CrossRef]

Yan, Y; Nisar, T.; Fang, Z.; Wang, L.; Wang, Z.; Gu, H.; Wang, H.; Wang, W. Current developments on chemical compositions,
biosynthesis, color properties and health benefits of black goji anthocyanins: An Updated Review. Horticulturae 2022, 8, 1033.
[CrossRef]

Fang, Z.; Zhang, M.; Wang, L. HPLC-DAD-ESIMS analysis of phenolic compounds in bayberries (Myrica rubra Sieb. et Zucc.). Food
Chem. 2007, 100, 845-852. [CrossRef]

Tang, ].; Yan, Y.; Ran, L.; Mi, J.; Sun, Y,; Lu, L.; Gao, Y.; Zeng, X.; Cao, Y. Isolation, antioxidant property and protective effect on
PC12 cell of the main anthocyanin in fruit of Lycium ruthenicum Murray. ]. Funct. Foods 2017, 30, 97-107. [CrossRef]

Liu, B.; Xu, Q.; Sun, Y. Black goji berry (Lycium ruthenicum) tea has higher phytochemical contents and in vitro antioxidant
properties than red goji berry (Lycium barbarum) tea. Food Qual. Saf. 2020, 4, 193-201. [CrossRef]

Liu, Y,; Cheng, H,; Liu, H.; Ma, R,; Ma, J.; Fang, H. Fermentation by Multiple Bacterial Strains Improves the Production of
Bioactive Compounds and Antioxidant Activity of Goji Juice. Molecules 2019, 24, 3519. [CrossRef] [PubMed]

Jiang, L.F. Preparation and antioxidant activity of Lycium barbarum oligosaccharides. Carbohydr. Polym. 2014, 99, 646—648.
[CrossRef] [PubMed]

Lin, C.; Wang, C.; Chang, S. Antioxidative activity of polysaccharide fractions isolated from Lycium barbarum Linnaeus. Int. ]. Biol.
Macromol. 2009, 45, 146-151. [CrossRef] [PubMed]

Cai, Y.; Luo, Q.; Sun, M.; Corke, H. Antioxidant activity and phenolic compounds of 112 traditional Chinese medicinal plants
associated with anticancer. J. Life Sci. 2004, 74, 2157-2218. [CrossRef]

He, N.-W,; Yang, X.B.; Jiao, Y.D,; Tian, L.; Zhao, Y. Characterisation of antioxidant and antiproliferative acidic polysaccharides
from Chinese wolfberry fruits. Food Chem. 2012, 133, 978-989. [CrossRef]

Miranda, M.R.; Basilicata, M.G.; Vestuto, V.; Aquino, G.; Marino, P,; Salviati, E.; Ciaglia, T.; Dominguez-Rodriguez, G.; Moltedo,
O.; Campiglia, P,; et al. Anticancer Therapies Based on Oxidative Damage: Lycium barbarum Inhibits the Proliferation of MCF-7
Cells by Activating Pyroptosis through Endoplasmic Reticulum Stress. Antioxidant 2024, 13, 708. [CrossRef]

Antonelli, M.; Donelli, D. Health-Promoting Effects of Goji Berries (Lycium barbarum): A Literature Overview. Biol. Life Sci. Forum
2024, 40, 1. [CrossRef]

Xin, Y.E; Zhou, G.L.; Deng, Z.Y.; Chen, Y.X.; Wu, Y.G.; Xu, P.S.; Xuan, Y.X. Protective effect of Lycium barbarum on doxorubicin-
induced cardiotoxicity. Phytother Res. 2007, 21, 1020-1024. [CrossRef]

Huang, Y.; Lu, J.; Shen, Y.; Lu, J. The protective effects of total flavonoids from Lycium barbarum L. on lipid peroxidation of liver
mitochondria and red blood cell in rats. Wei Sheng Yan Jiu 1999, 28, 115-116.

Wu, S.J.; Ng, L.T.; Lin, C.C. Antioxidant activities of some common ingredients of traditional Chinese medicine, Angelica sinensis,
Lycium barbarum and Poria Cocos. Phytother Res. 2004, 18, 1008-1012. [CrossRef]

Amagase, H.; Nance, D.M. A randomized, double-blind, placebo-controlled, clinical study of the general effects of a standardized.
Lycium barbarum (goji) juice, GoChiJ. J. Alt. Comp. Med. 2008, 14, 403—412. [CrossRef] [PubMed]

Tang, L.; Zhang, Y.; Jiang, Y.; Willard, L.; Ortiz, E.; Wark, L.; Medeiros, D.; Lin, D. Dietary wolfberry ameliorates retinal structure
abnormalities in db/db mice at the early stage of diabetes. Exp. Biol. Med. 2011, 236, 1051-1063. [CrossRef] [PubMed]

Lee, H.S.; Choi, C.I. Black Goji Berry (Lycium ruthenicum Murray): A Review of Its Pharmacological Activity. Nutrients 2023,
15, 4181. [CrossRef] [PubMed]

Khoo, H.E.; Azlan, A.; Tang, S.T.; Lim, S.M. Anthocyanidins and anthocyanins: Colored pigments as food, pharmaceutical
ingredients, and the potential health benefits. Food Nutr. Res. 2017, 61, 1361779. [CrossRef]


https://doi.org/10.1111/ppl.12131
https://doi.org/10.1016/j.foodchem.2010.11.052
https://doi.org/10.1016/j.phyplu.2022.100339
https://doi.org/10.1080/87559129.2022.2029479
https://doi.org/10.1021/acsfoodscitech.1c00203
https://doi.org/10.1016/j.foodchem.2018.07.034
https://doi.org/10.1016/j.fbio.2021.100949
https://doi.org/10.3390/horticulturae8111033
https://doi.org/10.1016/j.foodchem.2005.09.024
https://doi.org/10.1016/j.jff.2017.01.015
https://doi.org/10.1093/fqsafe/fyaa022
https://doi.org/10.3390/molecules24193519
https://www.ncbi.nlm.nih.gov/pubmed/31569407
https://doi.org/10.1016/j.carbpol.2013.08.084
https://www.ncbi.nlm.nih.gov/pubmed/24274555
https://doi.org/10.1016/j.ijbiomac.2009.04.014
https://www.ncbi.nlm.nih.gov/pubmed/19409411
https://doi.org/10.1016/j.lfs.2003.09.047
https://doi.org/10.1016/j.foodchem.2012.02.018
https://doi.org/10.3390/antiox13060708
https://doi.org/10.3390/blsf2024040001
https://doi.org/10.1002/ptr.2186
https://doi.org/10.1002/ptr.1617
https://doi.org/10.1089/acm.2008.0004
https://www.ncbi.nlm.nih.gov/pubmed/18447631
https://doi.org/10.1258/ebm.2011.010400
https://www.ncbi.nlm.nih.gov/pubmed/21750018
https://doi.org/10.3390/nu15194181
https://www.ncbi.nlm.nih.gov/pubmed/37836464
https://doi.org/10.1080/16546628.2017.1361779

Foods 2025, 14, 1387 22 0f 23

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

Ullah, H.; Jan, T.; Ahmad, B.; Nawaz, T.; Khan, I.; Ahmad, K.; Rehman, A.U.; Murshed, A.; Lu, ].; Ali, A.; et al. Phytochemical
Profiling and Therapeutic Potential of Abelmoschus esculentus Fruit Extracts: Insights Into Antidiabetic Potential in In Vitro and In
Vivo Experiments. J. Food Qual. 2024, 2024, 7096736. [CrossRef]

Ili¢, T.; Duricic, I.; Kochanov, 1; Usjak, L.; Kola, S.; Milenkovic, M.; Marcetic, M.; Bozic, B. Nutitional value, phytochemical
composition and biological action of Lycium barbatum fruit Serbia. Plants Food Hum. Nutr. 2014, 7, 662—-668. [CrossRef]
Mancuso, C.; Bates, T.E.; Butterfield, D.A.; Calafato, S.; Cornelius, C.; De Lorenzo, A.; Dinkova Kostova, A.T.; Calabrese, V.
Natural antioxidants in Alzheimer’s disease. Expert Opin. Investig. Drugs 2007, 16, 1921-1931. [CrossRef]

Kelsey, N.; Hulick, W.; Winter, A.; Ross, E.; Linseman, D. Neuroprotective effects of anthocyanins on apoptosis induced by
mitochondrial oxidative stress. Nutr. Neurosci. 2011, 14, 249-259. [CrossRef]

Wu, X,; Li, X;; Liang, S.; Liu, Y.; Dai, X.; Zheng, Q.; Sun, Y. Neuroprotective Effect of Anthocyanin Extract from Lycium ruthenicum
Murray in AB1-42-induced Rat Model of AD. Preprints 2017. [CrossRef]

Haiyang, G.; Ping, S.; Li, ].LN.; Chang-Hong, X.; Fu, T. Therapeutic effects of Lycium barbarum polysaccharide (LBP) on mitomycin
C (MMC)-induced myelosuppressive mice. |. Exp. Ther. Oncol. 2005, 4, 181-187. [CrossRef]

Huang, Y.; Tan, A.; Shen, Y.; Lu, J. Scavenging effect of total flavonoids of Lycium barbarum L. on active oxygen radicals and
inhibitory effects on heat output from L1210 cells. Wei Sheng Yan Jiu 1998, 27, 109-111+115. [PubMed]

Ho, Y.S.; Yu, M.S,; Yik, S.Y.; So, K.E,; Yuen, W.H.; Chang, R.C. Polysaccharides from wolfberry antagonizes glutamate excitotoxicity
in rat cortical neurons. Cell. Mol. Neurobiol. 2009, 29, 1233-1244. [CrossRef] [PubMed]

Yu, M.S,; Leung, SK,; Lai, S.W.; Che, C.M.; Zee, S.Y.; So, K.F; Yuen, W.H.; Chang, R.C.C. Neuroprotective effects of anti-aging
oriental medicine Lycium barbarum against beta-amyloid peptide neurotoxicity. Exp. Gerontol. 2005, 40, 716-727. [CrossRef]
Chen, S.; Zhou, H.; Zhang, G.; Meng, J.; Deng, K.; Zhou, W.; Wang, H.; Wang, Z.; Hu, N.; Suo, Y. Anthocyanins from Lycium
Ruthenicum Murr. Ameliorated d-Galactose-Induced Memory Impairment, Oxidative Stress, and Neuroinflammation in Adult
Rats. J. Agric. Food Chem. 2019, 67, 3140-3314. [CrossRef]

Hu, YK,; Bai, X.L.; Yuan, H.; Zhang, Y.; Ayeni, E.A; Liao, X. Polyphenolic Glycosides from the Fruits Extract of Lycium Ruthenicum
Murr and Their Monoamine Oxidase B Inhibitory and Neuroprotective Activities. J. Agric. Food Chem. 2022, 70, 7968-7980.
[CrossRef]

Liu, H.; Cui, B.; Zhang, Z. Mechanism of Glycometabolism Regulation by Bioactive Compounds from the Fruits of Lycium
barbarum: A Review. Food Res. Int. 2022, 159, 111408. [CrossRef]

Kruczek, A.; Krupa-Malkiewicz, M.; Lachowicz, S.; Oszmianski, J.; Ochmian, I. Health-Promoting Capacities of In Vitro and
Cultivated Goji (Lycium chinense Mill.) Fruit and Leaves; Polyphenols, Antimicrobial Activity, Macro- and Microelements and
Heavy Metals. Molecules 2020, 25, 5314. [CrossRef]

Wang, Z.C.; Tanzeela, N.; Sun, L.; Fang, Z.; Yan, Y.; Li, D.; Xie, H.; Wang, H.; Guo, Y. Effect of in vitro gastrointestinal digestion
on the composition and bioactivity of anthocyanins in the fruits of cultivated Lycium ruthenicum Murray. CyTA-]. Food 2019, 17,
552-562. [CrossRef]

Liu, P; Zhou, W.; Xu, W,; Peng, Y.; Yan, Y.; Lu, L.; Mi, J.; Zeng, X.; Cao, Y. The main anthocyanin monomer from Lycium
ruthenicum Murray fruit mediates obesity via modulating the gut microbiota and improving the intestinal barrier. Foods 2022,
11, 98. [CrossRef]

Li, N.; Liu, X;; Zhang, J.; Lang, Y.Z.; Lu, L.; Mi, J.; Cao, Y.L.; Yan, Y.M.; Ran, L.W. Preventive effects of anthocyanins from Lycium
ruthenicum Murray in high-fat diet-induced obese mice are related to the regulation of intestinal microbiota and inhibition of
pancreatic lipase activity. Molecules 2022, 27, 2141. [CrossRef]

Yin, J.; Wu, T. Anthocyanins from black wolfberry (Lycium ruthenicum Murr.) prevent inflammation and increase fecal fatty acid in
diet-induced obese rats. RSC Adv. 2017, 7, 47848-47853. [CrossRef]

Sun, Q.; Du, M,; Kang, Y.; Zhu, M.]. Prebiotic effects of goji berry in protection against inflammatory bowel disease. Crit. Rev.
Food Sci. Nutr. 2023, 63, 5206-5230. [CrossRef] [PubMed]

Skenderidis, P.; Mitsagga, C.; Lampakis, D.; Petrotos, K.; Giavasis, I. The Effect of Encapsulated Powder of Goji Berry (Lycium
barbarum) on Growth and Survival of Probiotic Bacteria. Microorganism 2020, 8, 57. [CrossRef] [PubMed]

Peng, Y,; Yan, Y.; Wan, P,; Dong, W.; Huang, K.; Ran, L.; Mi, ].; Lu, L.; Zeng, X.; Cao, Y. Effects of long-term intake of anthocyanins
from Lycium ruthenicum Murray on the organism health and gut microbiota in vivo. Food Res. Int. 2020, 130, 108952. [CrossRef]
Milin¢ié, D.D.; Kostic, A.Z.; Levic, S.; Gasic, U.M.; Bozic, D.D.; Surucic, R.; Ilic, T.D.; Nedovic, V.A.; Vidovic, B.B.; Pesic, M.B.
Goat’s Milk Powder Enriched with Red (Lycium barbarum L.) and Black (Lycium ruthenicum Murray) Goji Berry Extracts: Chemical
Characterization, Antioxidant Properties, and Prebiotic Activity. Food 2025, 14, 62. [CrossRef]

Lu, K; Wang, J.; Yu, Y.; Wu, Y.; He, Z. Lycium Ruthenicum Murr. Alleviates Nonalcoholic Fatty Liver in Mice. Food Sci. Nutr. 2020,
8, 2588-2597. [CrossRef]

Chen, S.; Wang, H.; Hu, N. Long-Term Dietary Lycium Ruthenicum Murr. Anthocyanins Intake Alleviated Oxidative Stress-
Mediated Aging-Related Liver Injury and Abnormal Amino Acid Metabolism. Foods 2022, 11, 3377. [CrossRef]


https://doi.org/10.1155/2024/7096736
https://doi.org/10.1007/s11130-024-01208-4
https://doi.org/10.1517/13543784.16.12.1921
https://doi.org/10.1179/1476830511Y.0000000020
https://doi.org/10.20944/preprints201705.0144.v1
https://doi.org/10.1089/cbr.2005.20.155
https://www.ncbi.nlm.nih.gov/pubmed/10682619
https://doi.org/10.1007/s10571-009-9419-x
https://www.ncbi.nlm.nih.gov/pubmed/19499323
https://doi.org/10.1016/j.exger.2005.06.010
https://doi.org/10.1021/acs.jafc.8b06402
https://doi.org/10.1021/acs.jafc.2c02375
https://doi.org/10.1016/j.foodres.2022.111408
https://doi.org/10.3390/molecules25225314
https://doi.org/10.1080/19476337.2019.1613449
https://doi.org/10.3390/foods11010098
https://doi.org/10.3390/molecules27072141
https://doi.org/10.1039/C7RA09846D
https://doi.org/10.1080/10408398.2021.2015680
https://www.ncbi.nlm.nih.gov/pubmed/34991393
https://doi.org/10.3390/microorganisms8010057
https://www.ncbi.nlm.nih.gov/pubmed/31905688
https://doi.org/10.1016/j.foodres.2019.108952
https://doi.org/10.3390/foods14010062
https://doi.org/10.1002/fsn3.1445
https://doi.org/10.3390/foods11213377

Foods 2025, 14, 1387 23 0f 23

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

Plamada, D.; Vodnar, D.C. Polyphenols-gut microbiota interrelationship: A transition to a new generation of prebiotics. Nutrients
2021, 14, 137. [CrossRef]

Lin, L.; Li, J.; Lv, H.; Ma, Y,; Qian, Y. Effect of Lycium ruthenicum anthocyanins on atherosclerosis in mice. J. Chin. Mat. Med. 2012,
37, 1460-1466. [PubMed]

Hou, C.W,; Chen, I.C; Shu, ER,; Feng, C.H.; Hung, C.T. Protective effect of supplementation with Lycium ruthenicum Murray
extract from exhaustive exercise-induced cardiac injury in rats. Chin. Med. J. 2019, 132, 1005-1006. [CrossRef]

Zong, S.; Yang, L.; Park, H.J.; Li, J. Dietary intake of Lycium ruthenicum Murray ethanol extract inhibits colonic inflammation in
dextran sulfate sodium-induced murine experimental colitis. Food Funct. 2020, 11, 2924-2937. [CrossRef] [PubMed]

Xu, K; Qin, X.; Zhang, Y.; Yang, M.; Zheng, H.; Li, Y.; Yang, X.; Xu, Q.; Li, Y,; Xu, P; et al. Lycium ruthenicum Murr. Anthocyanins
Inhibit Hyperproliferation of Synovial Fibroblasts from Rheumatoid Patients and the Mechanism Study Powered by Network
Pharmacology. Phytomedicine 2023, 118, 154949. [CrossRef] [PubMed]

Pires, T.C.S.P; Dias, M.I; Barros, L.; Calhelha, R.C.; Alves, M.].; Santos-Buelga, C.; Ferreira, I.C.ER. Phenolic compounds profile,
nutritional compounds and bioactive properties of Lycium barbarum L.: A comparative study with stems and fruits. Ind. Crops
Prod. 2018, 122, 574-581. [CrossRef]

Shah, T.; Bule, M.; Niaz, K. Goji Berry (Lycium barbarum)—A superfood. In Nonvitamin and Nonmineral Nutritional Supplements;
Nabavi, S.M., Silva, A.S., Eds.; Academic Press: Cambridge, MA, USA, 2019; pp. 257-264.

Jin, Z.C,; Jia, Y.; Wang, L.; Li, X. Antibacterial effects of Lycium barbarum extract. Inn. Mong. ]. Med. 1995, 15, 203.

Peng, Y.; Yan, Y.; Wan, P.,; Chen, C.; Chen, D.; Zeng, X.; Cao, Y. Prebiotic effects in vitro of anthocyanins from the fruits of Lycium
ruthenicum Murray on gut microbiota compositions of feces from healthy human and patients with inflammatory bowel disease.
LWT 2021, 149, 111829. [CrossRef]

Tang, W.M,; Chan, E.; Kwok, C.Y;; Lee, YK,; Wu, ].H.; Wan, CW.; Chan, R.YK.; Yu, PH.E; Chan, S.W. A review of the anticancer
and immunomodulatory effects of Lycium barbarum fruit. Inflammopharmacology 2012, 20, 307-314. [CrossRef]

Hu, Z.; Ma, Y,; Liu, J.; Fan, Y;; Zheng, A.; Gao, P.; Wang, L.; Liu, D. Assessment of the Bioaccessibility of Carotenoids in Goji Berry
(Lycium barbarum L.) in Three Forms: In Vitro Digestion Model and Metabolomics Approach. Foods 2022, 11, 3731. [CrossRef]
Kokotkiewicz, A.; Migas, P; Stefanowicz, J.; Luczkiewicz, M.; Krauze-Baranowska, M. Densitometric TLC analysis for the control
of tropane and steroidal alkaloids in Lycium barbarum. Food Chem. 2018, 221, 535-540. [CrossRef]

Irungu, EG.; Tanga, C.M.; Ndiritu, F.G.; Mwaura, L.; Moyo, M.; Mahungu, S.M. Use of magnetic fields reduces x-chaconine,
a-solanine, and total glycoalkaloids in stored potatoes (Solanum tuberosum L.). . Food Process. Preserv. 2022, 46, €16941. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.3390/nu14010137
https://www.ncbi.nlm.nih.gov/pubmed/22860462
https://doi.org/10.1097/CM9.0000000000000185
https://doi.org/10.1039/D0FO00172D
https://www.ncbi.nlm.nih.gov/pubmed/32285052
https://doi.org/10.1016/j.phymed.2023.154949
https://www.ncbi.nlm.nih.gov/pubmed/37418838
https://doi.org/10.1016/j.indcrop.2018.06.046
https://doi.org/10.1016/j.lwt.2021.111829
https://doi.org/10.1007/s10787-011-0107-3
https://doi.org/10.3390/foods11223731
https://doi.org/10.1016/j.foodchem.2016.11.142
https://doi.org/10.1111/jfpp.16941

	Introduction 
	Total Polyphenolic Content (TPC) of Goji Berries and Factors Influencing Polyphenol Content 
	Polyphenolic Spectrum of Goji Berries 
	Phenolic Acids of Goji Berries 
	Flavonoids of Goji Berries 
	Anthocyanins in Goji Berries 
	Antioxidant Activity of Goji Berries 


	Health-Promoting Activity of Goji Berries 
	Neuroprotective Effect of Goji Berries 
	Metabolic, Anti-Obesogenic, and Antidiabetic Effect of Goji Berries 
	Anti-Inflammatory and Antimicrobial Effect of Goji Berries 
	Anticancer Activity 

	Conclusions 
	References

