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ABSTRACT. The consumption of fruits,
leaves, and roots of Lycium barbarum L. and
Lycium chinense (Mill.) species has a long
tradition, especially on the Asian continent,
due to their health benefits. In recent
decades, social and economic factors, along
with scientific progress, have stimulated the
expansion of the consumption and
cultivation of goji plants on a global scale,
but mostly in Western countries. The
traditional therapeutic properties attributed
to goji plants, scientifically demonstrated
through clinical and pharmacological studies
in vitro and in vivo, are due to a diversified
content in antioxidants (polysaccharides,
flavonoids, carotenoids, and antioxidant
capacity). With the development of
technological capabilities for the detection
and extraction of biocompounds from plant
resources  (including from secondary
metabolisms), the completeness of research
on the beneficial and secondary effects of the
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use of these species in human nutrition has
increased. In most of the published studies,
the chemical profile of L. barbarum or L.
chinense species was analysed in terms of
the therapeutic benefits of the variety, the
different plant components subjected to
extraction, the prior processing of these
components, the method of extraction of
active biocompounds, and to some extent,
the correlation of this profile with
geographical origin. The objective of this
study is to provide a comprehensive and
updated summary on some chemical
compounds with therapeutic effects from
Lycium  spp. plants, addressing the
correlation of the phytochemical
composition in relation to their cultivation
area, in the perspective of identifying and
creating new goji varieties with high
adaptability to local pedoclimatic conditions.
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INTRODUCTION

Due to the nutritional properties
and the high content of different
phytochemical compounds with multiple
effects on health, goji fruits have
received the generic name of 'superfruit'
or 'superfood' (Van Straten and Griggs,
2006; Llorent-Martinez et al., 2013;
Kulczyhski and Gramza-Michatowska,
2016; Chang et al., 2018; Ma et al.,
2019; Jiao and Liu, 2020; Chang et al.,
2020; Wang et al.,, 2022). Lately, the
special attention generally enjoyed by
the species of the Lycium genus emerges
from the research carried out on them by
numerous authors, including through
reviews that cover an increasing amount
of data. Qian et al. (2017a) showed that
in a period of 41 years (1975-2016),
more than 350 chemical compounds
have been isolated from different parts
of plants of the genus Lycium and
described. Lu et al. (2017) mentioned the
consumption of goji fruits due to the
special taste as a 'unique aroma' and
talked about the detection of 193 volatile
substances in the fruits of Lycium
barbarium L. grown in the Ningxia
Region of China, and Kim et al. (2009)
detected 130 volatile substances in the
fruits of Lycium chinensis Miller
(Chungchungnam-do, South Korea).

Geographical distribution
and taxonomy

The generic name 'goji' is attributed
to the fruit and, by extension, to the
perennial  shrubs of the family
Solanaceae, genus Lycium. The genus
includes between 75 (Miller, 2002) and
80 species (Levin and Miller, 2005;
Zhang et al., 2018; Liu and Sun, 2020),
with a fragmented distribution in
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temperate, arid, or semi-arid climate
areas and temperatures between 15 °C
and 40 °C (Jatoi et al., 2017; Yao et al.,
2018a) (Figure 1). Carl Linneaus made
the first description of the genus, with
three of its species (Lycium europaeum,
Lycium barbarum, and Lycium afrum),
in his 1753 work, 'Species Plantarum'
(Yao et al., 2018a), where he gives the
species name L. barbarum. Miller named
the species Lycium chinense in 1768
(Kulczynski and Gramza-Michatowska,
2016). The first taxonomy, including 43
species of the genus Lycium from the
Northern Hemisphere, was made by
Hitchcock in 1932 (Yao et al., 2018a).

The generic name 'goji' is a
derivative of the term 'gouqi' (Potterat
and Hamburger, 2008) or 'gou qi' (Chen
et al., 2018; Yao et al., 2018a), resulting
from the extrapolation of several native
Chinese words and stated in this form
for the first time in 1973 by Tanaduk
Botanical Research Institute researchers
(Amagase and Farnsworth, 2011 cited
by Shahrajabian et al., 2018). The first
mention of the term 'gou qi' is found in
"Shen Nong Ben Cao Jing", a book of
Chinese origin written between 200 and
250 AD that describes agricultural
practices and presents information about
medicinal plants (Chen et al., 2018).

The endemic species of the genus
Lycium are mainly found in North
America, South America, South of
Africa, Asia, Europe, and Australia
(Table 1). Three taxonomic varieties and
seven species of goji are found in China
(Zhang et al., 2018). Analyses carried
out by genetic sequencing (Miller et al.,
2011; Cao et al, 2021) support the
hypothesis that species of the genus
Lycium migrated from South America to
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North America and Africa, then to
Eurasia, East Asia, and Australia.

L. barbarum and L. chinense were
the species intensively promoted under
the name of goji, and they spread

worldwide from the point of view of
cultivation for commercial purposes, on
the background of the superior quality of
the fruits, exploited as food with
therapeutic effects.

=

Domain: Eukaryota
Kingdom: Plantae
Phylum: Spermatophyta
Subphylum- Angiospermae

Class: Dicotyledonae
Order: Solanales
Family: Solanaceae

Genus: Lycium

Figure 1 - Genus Lycium distribution and taxonomy. A) Global distribution of genus Lycium
based on the records associated with the number of occurrences (yellow dots) of its species
from 1600 to 2022 (cumulated values) in the Global Biodiversity Information Facility (GBIF,
2022). B) Genus Lycium taxonomic tree (CABI, 2022)

Table 1 - Species of the genus Lycium

Continent Lycium spp. Authors
L. chinense, Lycium ruthenicum, L. barbarum,
Asia Lycium truncatum, Lycium dasystemum, Lycium Levin and Miller, 2005;
cylindricum, L. chinense, Lycium yunnanense, Cao et al., 2021
Lycium changjicum, Lycium depressum
E Lycium ruthenicum Levin and Miller, 2005
urope Lycium europeaum Yao et al., 2018
Lycium arenicol, Lycium bosciifolium, Lycium
cinereum, Lycium ferocissimum, Lycium hirsutum,
Soyth of L}_/qum. horr/dum, Lyc:um oxycarpum, LyCIum" Levin and Miller, 2005
Africa pilifolium C, Lycium schizocalyx, Lycium shawii,
Lycium sp. N-309, Lycium tenue, Lycium villosum,
Lycium villosum,
Australia Lycium australe Levin and Miller, 2005
L. barbarum, Lycium berlandieri, Lycium
californicum, Lycium carolinianum, Lycium cooperi, Levin and Miller, 2005;
North Lycium exsertum, Lycium exsertum, Lycium Cao et al., 2021;
America fremontii, Lycium macrodon, Lycium pallidum, Shahrajabian et al.,
Lycium parishi, Lycium puberulum, Lycium Shockley, 2018
Lycium sp. 202, Lycium texanum, Lycium torreyi,
Lycium ameghinoi, Lycium. americanum, Lycium
and.ersonuz Lycium b(eVngg, Lycium qestro:des, Levin and Miller, 2005
South Lycium chilense, Lycium ciliatum, Lycium cuneatum, Shahraiabi |
America Lycium elongatum, Lycium fremontii, Lycium ahrajabian et al.,
Yy g , Ly , Ly

gilliesianum, Lycium infaustum, Lycium moronga,
Lycium nodosum, Lycium vimineum

2018
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Although  the  quality and
productivity of other species or
subspecies of the Lycium genus may be
lower, they are valued locally under the
same common name (goji) (Wetters et
al., 2018) or similar names (e.g.,
wolfberry or boxthorn). Based on the
distribution of the two species, Yao et al.
(2021) postulated the impossibility of
differentiating the two based on their
geographical origin, given the overlap of
their distribution areas (Figure 2).

According to some authors (Wenli
et al., 2021), goji is native from China, a
perception justified by the fact that this
country is the main grower of goji for
commercial purposes (Sun et al., 2017;
Chen et al., 2018). The most recent data
(Yao et al., 2018b) indicated an area of
about 150 thousand hectares (at the level
of 2015) that was cultivated mainly in
the regions of north and northwest China
in the provinces of Inner Mongolia
(Inner Mongolia), Xinjiang, Gansu,
Qinghai, Ningxia, and Hebei (Potterat
and Hamburger, 2008; Sun et al., 2017;
Yao et al., 2018b; Zhang et al., 2018).
Other authors (Kulczynski and Gramza-
Michatowska, 2016) advance values of

about 82,000 hectares in terms of
cultivated area, with an annual
production of about 95,000 tons.
Moreover, the beginning of the

domestication and cultivation of the
species L. barbarum and L. chinese
about 600 years ago in northwest China,
the endemic character of the species L.
ruthenicum for this area (Shahrajabian
et al., 2018; Zhang et al., 2018), and the
use of different component parts of goji
plants (fruits, roots, leaves, calyx, bark,
or even the whole plant) in traditional
Chinese medicine or as food for about
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4,000 years (Wang et al., 2015; Yao et al.,
2018a) have facilitated the perception of
goji as a native plant in China. This
perception is to some extent justified for
the commercial goji varieties that were
obtained over 600 years of natural and
artificial selection (Zhang et al., 2018).
In addition, in the Ilast decades,
significant government resources have
been allocated to support the cultivation
and promotion of the consumption of
goji berries, especially L. barbarum and
L. chinense, a fact that led to the
expansion and international recognition
of the two species, assimilated most
frequently under the name of goji (Yao,
2019).

Goji was first introduced to Europe
in the 18™ century (Sopher, 2013 cited by
KulczyhAski and Gramza-Michatowska,
2016); however, since the 2000s, due to
effective marketing strategies promoting
goji berries as a quasi-miracle remedy
for health and anti-aging (Potterat and
Hamburger, 2008; Potterat, 2010; Jiao
and Liu, 2020), the two species (L.
barbarum and L. chinense) were
introduced for cultivation in North
America, southeastern Europe (Romania,
Bulgaria), and in Mediterranean agro-
climatic conditions (Italy, Portugal)
(Amagase and Farnsworth, 2011) where
new  varieties  were developed
(Dzhugalov et al., 2015; Protti et al.,
2017; Mocan et al., 2018, 2019). In the
southern region of Italy, L. barbarum is
cultivated on about 38 ha, the largest
plantation in Europe (Juan-Garcia et al.,
2019), and the fruits are sold as a fresh,
dried, or processed products. The
geographical origin of the fruit is
essential from the point of view of
quality because the chemical
composition changes depending on the
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climate, water, soil, and cultivation
conditions (Li et al., 2017). In Romania,
Stavrescu-Bedivan et al. (2022) showed
that the species L. Barbarum was
reported in 37 counties out of a total of
41, including the Bucharest area.

Phytochemical constituents

The interest in researching goji
species derives from the complexity of
the plant's chemical composition. This is
especially attributed to the content of
different classes of biocompounds with
antioxidant,  anti-inflammatory, and
antineoplastic effects (Chen et al.,
2018), with the predominant ones being
polysaccharides, flavonoids, carotenoids,
lipids, steroids, alkaloids, terpenoids,
and phenolic compounds (Protti et al.,
2017; Chen et al., 2018; Jiang et al.,
2021). In the different parts of the plant
(reproductive: fruits, flowers, and seeds,
but also vegetative: roots, leaves, and
bark), Lycium spp. contain 355 active
compounds that can be grouped into
glycerogalactolipids (6%),
phenylpropanoids  (9%), coumarins
(3%), lignans (4%), flavonoids (9%),
amides  (10%), alkaloids (20%),

anthraquinones (1%), organic acids
(9%), terpenoids (11%), peptides (1%),
and sterols, steroids, and other

constituents (16%) (Qian et al., 2017a;
Jiao and Liu, 2020). Total phenolic
content differed according to cultivation
conditions and variety (Table 2). Lycium
spp. fruit contain a total of 186 phenolic
compounds, with flavonoids and
phenolic acids being the predominant
classes (Jiang et al., 2021) in red goji
berries (L. barbarum, L. chinense) and
anthocyanins being the main
polyphenols in black goji berries
(varieties of L. ruthenicum) (Sun et al.,
2017).

Goji berries are a source of
potentially bioactive substances, but the
chemical profile could differ depending
on their origin, cultivation, and/or
processing method (Mocan et al., 2019).
Environmental conditions influence both
the fruit appearance and the metabolic
profile (Zhang et al., 2012; Shen et al.,
2016) of goji plants, in terms of the amount
of  polysaccharides (Table 3),
carotenoids (Table 4), flavonoids (Table
5) and betaine.

Figure 2 - Distribution maps of L. barbarum (A) and L. chinense (B); data reflect the number of
occurences of the species (yellow areas) based on the number of occurrences from 1600 to
2022 (cumulated values) and are based on the Global Biodiversity Information Facility
(GBIF, 2022)
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Yang et al. (2021) identified strong
correlations between chemical profile
constituents and geographic distribution
of L. chinense  with  higher
concentrations of flavonoids and
polysaccharides in cultivars from central
and southern China. Zheng et al. (2010)
observed such variations in a study on
the fructose, glucose, sucrose,
polysaccharide, and sugar content of L.
barbarum and L. chinense fruits from
different cultivars and regions. The
research revealed that the pedological
specificity of the cultivation area, from
the point of view of pH, organic matter,
and nitrogen content but also the salt
content (HCO3", Na®, Ca*", Mg**, and
Cl), influences the accumulation of
sugar in the fruits of goji. Bondia-Pons
et al. (2014) highlighted the importance
of the geographical origin in analysing
the chemical profile of the plants, as it is
influenced by climate and soil conditions
and cultivation methods, which can
change the chemical composition and
impact the quality of the fruits or other
parts of the plant.

Bertoldi et al. (2019) identified a
higher total carotenoid content (355 mg/
100 g DWcompared to 198 mg/100 g
DW), a higher magnesium content (from
72 to 267 mg/100 g compared to values
between 78 and 161 mg/100 g), and
higher wvalues of the micronutrient
content (K, B, Cu, Mo, Se, Zn) in Italian
goji berries compared to those of Asian
origin.

The sterol content of goji berries
differs according to the geographic area
of cultivation (Cossignani et al., 2018).
The results of the research carried out by
Cossignani et al. (2018) showed that goji
berry samples of Italian origin had a
higher content of B-sitosterol, whereas
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the content of AS5-avenasterol and A-
5,23-stigmastadienol was representative
of fruits of Asian origin. Moreover, the
content of essential fatty acids was
higher for samples from China and
Mongolia (61.0% and 61.6%) and lower
(47.8%) for Italian fruits, and the content
of phytosterols varied between 42.8
mg/100 g for Italian fruits and 130.1
mg/100 g for Mongolian ones. Wojdyto
et al. (2018) analysed 21 new cultivars
of L. barbarum obtained in a breeding
program developed in Poland and
identified differences in the biochemical
profile and functional properties of the
new varieties, postulating the
opportunity to use only some of them as
a source of bioactive compounds with
high biological activity.

Yossa Nzeuwa et al. (2019)
identified slight differences in the
chemical profile of dried fruits from
different varieties of L. barbarum and L.
chinense cultivated in China (in the
regions devoted to these species, like
Ningxia, Xinjiang, Qinghai, and Gansu)
and Nepal, without obtaining specific
results to support the prevalence of a
geographical area in terms of chemical
composition (Table 2).

Research on  the  chemical
composition and antioxidant activity of
the dried fruits of L. barbarum
(cultivated in Greece, China, and
Mongolia) and L. chinense (cultivated in
Greece) highlights differences both in
the total carbohydrate content and the
total phenolic content (Skenderidis et al.,
2019). The highest total carbohydrate
content was recorded in L. barbarum
fruits grown in Greece and harvested in
August (490 mg/g dw), and the highest
total phenolic content (10.9 mg/g dw) is
identified in the Mongolian variety.
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Moreover, L. chinense shows a lower
concentration of carbohydrates and
phenols compared to L. barbarum
varieties (Skenderidis et al., 2019). The
antioxidant activity of Lycium spp. fruits
has been validated by numerous authors
(Table 6), and the wvalues of this
parameter vary depending on the
variety/cultivar and the cultivation area.

Nutritional uses
Between 31 (Yao et al., 2018) and
36 species (Yao, 2019) of the genus

Lycium are exploited for food or
medicinal  purposes  globally. L.
barbarum, L. chinense, and L.

ruthenicum are the species most often
reported in Asia, especially in China
(Yao et al., 2018) where the fruits have
been used in traditional medicine for
thousands of years (Cossignani et al.,
2018). Goji berries are also used in
traditional Korean, Vietnamese,
Japanese, and Tibetan medicine (Potterat
and Hamburger, 2008; Shahrajabian et
al., 2018). As food, the fruits are usually
consumed fresh or dried, or they are
processed as juices, tinctures, or jellies
(Kulczynski and Gramza-Michatowska,
2016; Jiao and Liu, 2020). Along with
the fruits, the bark and leaves of Lycium
spp. are boiled for infusions, individually
or in combination with Chrysanthemum
morifolium, Chrysanthemum indicum,
Zizisiphus jujube, or Camellia sinensis
(Sun et al., 2017). In Chinese cuisine,
goji berries are often cooked before
consumption and used in vegetable
soups in combination with rice porridge,
chicken, or pork (Kulczynski and
Gramza-Michatowska, 2016; Sun et al.,
2017). Goji wines are another form of
processing the fruits of these species
(Xia et al., 2016; Kulczynski and
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Gramza-Michatowska, 2016; Jiao and
Liu, 2020). Traditionally, goji wine is
obtained by macerating the fruit in an
alcohol (Sun et al., 2017), and fermented
goji wines have gained special attention
in recent years due to their distinctive
aroma and taste (Xia et al., 2016). In the
last decades, L. barbarum and L.
chinense have been promoted on a
global scale as 'superfood' (Yao et al.,
2018) or 'superfruit' (Jiao and Liu,
2020), terms used to define a food rich
in elements, nutrients, and antioxidants
(Chang et al., 2018) with properties to
prevent or treat certain conditions (Jiao
and Liu, 2020). Although L. europeaum,
L. intricatum, and L. shawii are endemic
species reported in the Mediterranean
area and the Middle East, L. pallidum in
North America, and L. afifum in Africa
(Yao et al., 2018), L. barbarum and L.
chinense have been promoted for
cultivation on a global scale and are
culturally accepted under the name goji.
The two species were initially promoted
for consumption in Europe, America,
and Australia in juice form (Potterat and
Hamburger, 2008). Later, the fruits were
integrated into cakes, protein bars,
chocolate, muesli, sausages, and even
soups (Potterat and Hamburger, 2008),
but most frequently they are consumed
as a food supplement or used in the form
of tea (Sun et al., 2017).

The  popularization of  goji
consumption in Western countries is in
close interdependence  with  the

expansion of research on deepening the
nutritional profile of the species but also
investigating the potential for new uses
of them for food purposes.



Tudor et al.

saljolBA = $Y 0} LY ‘papodal Jou = Ju ‘Joeljxa [ouByaW = J|\ JoeXS Jajem = JM sjus|eAinba pioe oljieb = Jyo Jublem Aip = p\a Jublem ysaiy = M4

Ma b/3vo bw g1 vl Ju

jedaN

610C “/e Jo BMNSZN BSSOA - - Md b/3vo bw 286 Ju

aoulnold leybuld ‘1Iyleqg ‘eulyd

Ma b/3vo bw 9g'g u - -

90UIA0Id UOOSUOI 1809H ‘BuUIyD

Ma 6/3avo bw 6z
Mda b/3vo buw 8602
Ma 6/3vo bw gee', Ju
Mda b/3vo buw 0692
Ma 6/3vo bw y68°,

610Z “/e e N - -

Buellury ‘eulyd

eljobuo|\ Jauu| ‘euilyn

[eyBuIo eulyD

nsueo ‘euiyn

eXBUIN "Bulyd

Ma b/3vo bw gy 7Y
. Md b/3vo bw /1 e
‘e J@ we|s - -
£h0G 154 L Ma 6/3vo buw /8 zd
Ma b/3vo bw zi¢ (R

INH eIXBUIN ‘BuyD

. Bw ¢ 106 mo||8A) Ilo) 10ams Jaqui
020z 18 38 | R B 00L/3vo co/l  ( I194) 1loo S Jlequiy

00}/3VO BW ¥'z9l (o pal) | 'oN

ulayinos ‘elqies

120z /e Je znpunbeby - - 6001/3vO Bw 9'80C Ju

aoulnoud esiue|y ‘Asyan]

6001L/3vD bW, 716

eljojeuy [ejua)

810c 12149 HEH=0 - - 6001/3vo bw 0178 - eAuoy| ‘Aesun
10T "[8 Jo %3SA0Mad-OlINIA = = B/3vo Bw 6LEL 1u EIUSAO|S
Ma b/avo bw 120 1eqiL
Ma B/3vo Bw g7} A1agay1 10ams
110z “Ieje ) B M@ 6/3vo bw /0'Z uoxes WIa)saMyINos ‘sijlepmy
ONchmmO-mv_wc_wov_ Ma m\m_<mu Bw L 3JI7 pay >®£EOO puelazIms

Md b/3vo bw y6°Z L ON

Ma b/3vo bw oz'| fi1agay] big

GL0Z “/e Jo ouuoQ (M6 00L/3vo6W) Ge'g9g “dds wnioi7 Ju

uIsyyoN ‘Aey

‘ Ma B/avo bw /6L Ausgey big
810¢ /e Jo uedo|\ - -

Md b6/3vo bw gLl ewu3

1SSMULION ‘BlUBWOY

610C ‘e je sipuspusys  AQ B/Bw 6°g 0} ¥/ Ju M@ b/6w |01 0169 Ju

AvO bw gL/

e b A pw ¢- ol ¢’
/3o PU £ /62 1/3vo €v6e0leCle

810Z /& Jo Siplapusys senelen saljaLeA g

Alessay] ‘@28819

anjeA 0dl  Ajeueaueanng anjep od1 Kauenjzeaning

leak ‘sioyiny

‘1IN @suaulys winioAq ] wnieqieq wnioAq

(uoibai) An3unon

ploMm a8y} Jo seale Juaiaylp ul syniy dds wnioA7 1o (Dd1) Jusuod dljousyd |ejo] - Z a|qel

118



Main active components of goji berry and their nutritional importance

‘pauodal Jou = Ju Jyblam ysall = A ybiem Aip = M@ (810is [B00] = ST ‘apleyooesAjod apnio = 49 ‘wosso|q Jaje sAep = 4yQ

Ma b/6w g/ 9z

Buelluix ‘eulyo

MQ B/bw gg'9z elj0buo\ Jeuu| ‘euly)
610¢ “Ie 3o N7 = - Ma b/6w 85°Gg - leyburo ‘euly)n
Ma b/6w /G°0¢ nsueg ‘euly)
MQa b/6w 96°ce eIxBUIN ‘euly)d
010z ‘e jo Buepp - - 6/6w 4ol LS au B_ma_m._. ‘uemie |
. i M4 B/6w g yg Buiyd "4 Y wndieonueiny
M4 B/bw /29 enyleq
o 6 BuN
Sl0c feje BHiEnz M4 B/6w 9’61 NN 'V (Melod) lluluelod M4 6/6w 6'9G L'ON IIBUIN EXOLIN BUito
M4 B/6w 62 onbbuoyz M4 B/bw 665 akewe(q
2202 “[e }8 JINOPIA pueilur ‘reybuip
A pawo 6107 78 o Buem b/ow 80 u ‘exBUIN ‘BUIYD
800z ‘Bueq pue UIA - - %El €C Ju uiyo ‘noyiey
M4 B/6w 09°/2 L 'ON IbBUIN ( o2)
y - - E 4va
qs1oz “je 1o oeyz M4 B/Bw ¢g'zy enyleg K exBUIN ‘BUIyD
M4 B/6w 989/ afewe(q
anjep 9sdl fyauea/reAning anjep 9sdl fueareanng
leak ‘sioyiny (uoibai) Ai3unon
"IN @suBuIyd winidA] ] wnieqieq wnidA]

pliom 8y} Jo seale jJualaylp ul syndy ‘dds wnioA7 10 (Dsdl) 1usjuod apleyoddesAjod |Bjo] - € 3|qel

119



Tudor et al.

"'SallalieA = ¥ 0} LY ‘Jepew Alp = wp ‘payodal Jou = Ju Jubiem Aip = pAQ QubBlem ysaly = M4 (j9ad = 34 ‘dind = Nd ‘uesw = |\ {noj abeys = S ‘palp =  ‘ysal = 4

M4 6/309 bw y9°€

Buiyd "4 Yy wndieonueiny

“ M4 6/30¢ bw €87/ enyieg _
910z “'[e}e bueyz exBuiN ‘eulyo
M4 6/30g bwgg's n7 NV (Mielod) nuuejod M4 6/309 bw ggLL L "ON I[BUIN
M4 6/309 bw y6°G onbbuoyz M4 6/309 bw /62 afeweq
Mab/aod ezl Buellury ‘eulyn
Ma b/309 L¥'0z eljobuoy Jauu| ‘eulyd
610z “lele nq - - Ma 6/309 1681 du leybuip ‘eulyn
Ma b/309 68°61 nsueo ‘eulyy
Ma 6/309 661 exBuIN “eulyy

120z “Ie }o oueds

245970

Jbbw 01821

Kl1agayiT 199MS

JBbw  vi2e0

JB/bw _086lL

Ausqeyr Big

oize yinos ‘Ajey|

‘. %90€°0 N7 N'Y liuluejod %SG€0°0 Buiyd "4y wndiednueiny .
5002 1232 busd %Yy 0 “ds esusuiyn %98¢°0 “ds wnieqieg BUILD 'INH eXBUIN
8102 “|e 1o eothplop - - wp BY/6w yv'621C WSIBAIND L MEBJOOIM - }SOM ‘PuBjod
7102 “1e 18 ni - - M4 B/61 06'805 S/IU Ajunoo Bulubuoyz ‘eulyd
B/6M €9'zee o
‘. 6/6r Lz yze ey uoiBay snowouojny
£10C "Ie1e weys| 660 vz 2l 2y InH eIxBuIN ‘eulyd
B/6M 8o'cee 1o
[§ bw
810C “le19 0IN - - 5 oﬂo&mE u_%meF . uieyinos ‘Ajey|
a
“ 6 00L/Bw 09'¢ 1l09 19aMg Jaquiy .
0c20c ‘e 2l 500L/BW L1 1D TON ulayinog ‘eiqies
anjeA 301 Kysuensreanind anjeA D01 Kyauienjreaniny

l1eak ‘sioyiny

‘NN @SuUauUIyd wnjoAg

] wnieqieq wniaA]

(uoibai) Ai3unoo

plom 8y} jo seale jualayip ul synyy “dds wnioA7 o (DD 1) JUSUOD plousioled [BJo] - ¢ dlqel

120



Main active components of goji berry and their nutritional importance

‘palsa) AlalieA =gr ‘papodal jou = Ju ‘sjusjeAinba unaosanb = 3P ‘syuseainba pioe a1j1eb = Jyo
“qubiam ysall = M4 Gubrem Aip = ApAQ SusjeAinba unni = 3y {J0BIIXS [oUBYIBW = J\ ‘JO0BAXD J8Jem = JA\

M4 b/34 bw g'g¢

Bulyd "4 "y wndieonueiny

. M4 b/3Y bw z'gp enyreq .
910z ‘e jo Bueyz eixBuiN ‘eulyd
M4 B/adBwz e nT WY (uelod) iuluelod M4 6/3d Bw 2'pg L'ON IIBUIN
M4 b/3Y bw ¢'Gy onBbuoyz M4 b/3Y bw 9'zp aheweq
B oolL/Awge oLar
B 00lL/bw 9T yar
‘Asua( pue Aojebnyz - - AIPAO|d ‘eleBn
0coe ap [ebnyzq B 001,60 2 zar Iprold ‘euefing
B 00L/6w 6L Lar
MQ B/3d bw /L€ Buellurx ‘eulyo
MA B/3 bw 96 ¥ eljobuol\ Jauu| ‘eulyo
610z “1eje n . = MQA B/3d bw zo/'€ Ju leybuip ‘eulyo
Ma B/3Y bw /96°G nsueg ‘euly)d
MQA B/3d bw 8z’ eIxBUIN ‘eulyo
‘ B/30 Bw 68°8Y aheweq BI|0JeUY UI8}SEaYIN0S
uebopi3 pue znb - - : A
910¢ P3P © B/30 bw 60°LS |ON Kaxn .
.“ _ _ joeixe 6/30 Bw m€9¢ ejjojeuy |ejus)
810 /e jo ueyzZO JoeIxe 6/30 Bul L, 8/} A ‘eAuoy] ‘kexn
q/10z /e }e ueip 7/3vO Bw 62810/ Ju 1/3vO Bw 8918 vLE Ju BuUIYD ‘uoibay INH eIxBulN
B/3vobw 91°¢ vy
. ) ) B/3vobw 69°Z 3] aInjpayeld snowouony
L10C /e 38 Weys| B6/3906W g/ ¢ zy InH exBUIN ‘eulyD
B/3vobw 192 Ly
. B 001/3H bw g'gee fo9 199Mg Jaquiy .
e ]o Jl - - ulayino: eliqla
020z “Ie jo 2l B001/H B0 Z 51T oN uinos ‘elqiag

. anjeA 041
Jeak ‘sioyjny

Adueajeaning

anjeA 041

Adueajieaning

“IIIIN @SuauIyd winidofg

] wnieqieq wnioAq

(uoi1bai1) Ai3uno9

pHOM 8y} Jo seale Jualayip Ul syiniy “dds wnioA7 jo (D41) JUSIU0D pIoUOARY) [e10] - G dlqel

121



Tudor et al.

‘papodal jou = Ju ‘jAzeipAyjAioid--jAusydip-z‘z = HAdA ubiem ysauy = P4 ‘Jusjeainbs xojol) = 31

910z ‘e jo Bueyz

M4 B6/3L INA 8229 Buiyd "4 )y wndieoyueiny

M4 B6/3L NA ¥ 22 enyleg

eIxBuIN ‘eulyo

M4 B/3L WA 617°€S N7 °IN Y (Melod) uluelod M4 B/31 INA 97768 J'ON IBuiN
M4 B/3L WA 8g'se onbbuoyz M4 B/aL Nl 99/ afeweq
M4 B6/3L WA 159 9
‘ M4 B/3L NA 8128 €9 soulnold ljziuaQ
‘Je je Yejo -
910z e o YEI0) M4 B6/31 NA Z8'9g 9 [UAID ‘Aexuny
M4 B6/31 NA 8Z'ze 19
GL0OZ “'[e je sepu3z - %8/1°0C u eljojeuy [ejua) ‘Aexin]
1202 ‘e }@ znpunbeby - 6/3] jown ¢ u aouinoud esiuely ‘Aayin
GL0Z ‘e 3@ ouuoQ mv_\&on_ joww 9¢°6| ds wnioA7 Ju ulayuopN ‘Aey
B/3L jowr s4721 7Y
. B/31 jowr 9t°91 cd aInjosyeld showouony
S B/31 jowr 199l 2y InH exBuiN ‘eulyo
B/31 lowr z0'91 [RY]
.. yesnxe 6/3] bw G¢'6 A11aqay1 big .
810¢C ‘'|e je uedo|\ PEIE BEL U 6/E CTE| JSOMUUON ‘eluewoy
. 6 00L/3L lowr 9 ¢y oo 1eams Jaquiy .
0c0c 1eje | - ulayinos ‘eiqias
6 00L/3L lowr 9'gsy L 'ON
anjeA Hddd [SETEY VTV anjeA Hddd [SETEY VTV

Jeak ‘sioyiny

(uoibai) A13uno)

‘N @SuUauIyd winidfg

1 wniequeq wnidoA7

ploMm ayj Jo seale jualayip ul syniy “dds wnioA7 1o (Hdda) Aq AuAnoe juepixonuy - 9 ajqeL

122



Main active components of goji berry and their nutritional importance

Dried and fresh goji fruits are a rich
source of proteins and minerals (Niro ef
al., 2017; Pires et al., 2018). One hundred
dry grams of goji berries can contain: 1)
10.2% (Niro et al, 2017) -14.26%
(Potterat, 2010) protein; 2) 101.3—190
mg of calcium; 3) 861.9-2,233 mg of
potassium; 4) 3.4-9 mg of iron; 5) 0.17-
0.5 mg of selenium; 6) 0.33—-1.3 mg of
vitamin B2 (riboflavin); 7) 29-148 mg
of vitamin C; 8) 45.9-140 mg of
magnesium; 9) 209.8-448 mg of
natrium; and 10) 140-174.3 mg of
phosphorus (Potterat, 2010; Niro et al.,
2017; Pedro et al., 2018; Shahrajabian
etal., 2018).

Rybicka et al. (2021) compared
dried goji berries with a selection of
other dried fruits (raisins, prunes, sea
buckthorn, rose hips, etc.; all
commercially available in Poland), and
the results obtained show the importance
of dried goji berries as an alternative to
snack foods, due to their high protein
content (13.3%).

Other authors (Pop et al, 2013;
Bora et al., 2019) successfully test the
use of goji fruit and powder to improve
the nutritional and sensory properties of
muffins and cookies. Ducruet et al.
(2017)  successfully developed an
antioxidant-rich beer based on goji
berries.

Through a study on the
development of yogurt microflora, Rotar
et al. (2015) validates the fact that goji
berries can be successfully used as a
potentiator of the level of probiotics in
yogurt. The high antioxidant content
makes Lycium spp. plants a candidate for
obtaining extracts with potential use in
the food industry. Using non-toxic
solvents, Pedro et al. (2018) obtained a
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goji fruit extract with applications as a
natural antioxidant in the food industry,
especially for edible oils. Other research
(Juan-Garcia et al., 2019) suggests the
consumption of goji berries have a
preventive or curative role in the case of
phytotoxic effects generated by the
mycotoxin beauvericin, attributed to
Fusarium infestation of cereals and
cereal-based products. Fadiloglu and
Coban (2019) proved the effectiveness
of goji extracts as antimicrobial and
antioxidant agents to extend the shelf
life of smoked fish sausages by up to
seven days.

Potential health
and therapeutic uses

Through their chemical composition,
goji fruits have a high potential in
reducing oxidative stress, including
preventing the effect of free radicals on
the damage of proteins, lipids, and DNA
(Ma et al., 2019). They are also used to
treat diabetes and a variety of problems
related to blood circulation (Chen et al.,
2018). The Asian pharmacopeia
postulates the therapeutic use of the
fruits and peel of L. barbarum / L.
chinense (Chinese pharmacopoeia) and
sometimes of the aerial parts of L.
barbarum and L. europeaum (Indian
pharmacopoeia), while the European one
includes only the dried fruits of L.
barbarum (Yao et al., 2018).

Various modern in vitro or in vivo
clinical research  validated  the
therapeutic effects of the species (Jiang
et al., 2021). Research by He et al. (2012)
demonstrated that goji plants, through
their content in polysaccharides, have
the potential to be used in protection
against cancer. This action is attributed
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to the ability of Lycium Barbarum
Polysaccharide to stop the cell cycle and
inhibit some signalling flows,
eliminating excess abnormal cells (Jin et
al., 2013). Li et al. (2007) proved the
positive effects of L. barbarum
polysaccharides in reducing the risk of
lipid peroxidation and the decline of the
total antioxidant capacity in the body of
mice. Hsu et al. (2017) identified the
ability of a carotenoid nanoemulsion
from L. barbarum to inhibit the growth
of HT-29 cancer cells, associated with
colon cancer.

In vitro research (Huang et al.,
2019) reveals the positive effect of the
pectic polysaccharide XLBP-I-I,
extracted from the fruits of L. barbarum,
in reducing endoplasmic reticulum stress
and protecting cells against apoptosis
induced by this type of stress. Gan et al.
(2004) analysed the regulatory capacity
of a polysaccharide-protein complex
extracted from L. barbarum on the
immune system and the size of S180
sarcoma tumours in mice, their results
indicated a very significant effect on
tumour weight in the case of treatment
with 10 mg/kg polysaccharide-protein
extract from L. barbarum, associated
with immunostimulatory activity.

The phenolic compounds extracted
from L. barbarum are correlated with the
inhibition of lipid peroxidation and the
increase of the antioxidant and
hepatoprotective effects, applicable in
the case of high-fat diets, according to
the in vivo research (on laboratory mice)
carried out by Cui et al. (2011). Ming et
al. (2009) also observed the positive
effect obtained as a result of the
administration ~ of  polysaccharides
extracted from L. barbarum in the sense
of decreasing, on the background of
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antioxidant  activity, = both  total
cholesterol and LDL, HLD fractions,
triglycerides, and glucose content in the
blood and glycogen from the liver.
KulczyhAski and Gramza-Michatowska
(2016) identified the reduction of
cholesterol concentration (LDL and
HDL) in the case of laboratory mice
subjected to a high-fat diet, which were
administered polysaccharide fractions
extracted from L. barbarum.

Cheng and Kong (2011)
demonstrate that the polysaccharides
specific to the L. barbarum species have
a significant impact in improving liver
damage, preventing the progression of
fatty liver associated with alcohol
consumption, and improving the
antioxidant activity of the body of
laboratory mice. Other in vivo research
postulates the hypoglycaemic and
antidiabetic effect of the polysaccharide
extract from L. barbarum in particular
(Zhou et al., 2009; Jing and Yin, 2010;
Zhao et al., 2015a), and the results are
supported by in vitro studies (Wojdyto et
al., 2018).

CONCLUSIONS

The rediscovery of the food value
and the commercial importance of goji
fruit is reflected in the effort of the
scientific literature of the last decades to
validate and deepen the state of
knowledge of the species of the genus
Lycium.

Numerous studies have followed
the chemical composition of Lycium spp.
plants, mainly analysing the chemical
profile of L. barbarum fruits, since this
is generally accepted as the superior
quality species from the point of view of
human consumption. Therefore, future
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research can also focus on L. chinense,
also accepted as goji, or other species of
the genus Lycium.

The scientific literature reports
differences in the chemical composition
and antioxidant action of goji plants;
these changes are associated with the
cultivar/variety, geographical origin, and
the cultivation technology or the
processing method.

Any change in the chemical profile
of goji plants influences the nutritional
or therapeutic effect on the body, in
addition to affective consumption.
Therefore, either their commercial
destinations (food, medicinal, industrial)
are adapted accordingly, or the
possibility of acclimatization or creation
can be deepened by new
cultivars/varieties of goji in different
areas to ensure the supply of these
'superfruits' locally.
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