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Goji (Lycium L.) fruit has been an important element of traditional Chinese medicine for centuries. In
Asian countries, they are used as an essential component of a healthy diet, a source of many nutrients.
Due to their health-promoting properties and chemical composition (phenolic acids, flavonoids, pro-
anthocyanidins, coumarins, tannins, carotenoids, anthocyanins), they deserved the term superfruit.
In recent years, goji berries have also become very popular in Europe and America. The fruit is used
primarily after drying and is available in the form of various supplements. Two species of Lycium
barbarum L. and Lycium chinense Mill. are cultivated on a larger scale. These species are closely related
to each other. They differ slightly in morphological features. L. chinense leaves are longer and wider than
L. barbarum. L. chinense fruits are slightly smaller and more elongated. There are several less specific
species and botanical varieties in natural sites in central and western China, such as L. barbarum
var. aurantiocarpum, L. chinense var. potaninii, L. ruthenicum, L. truncatum. Not only fruits contain
biologically active substances, but also other parts of plants, especially leaves. This review highlights
the healing properties of the fruits and leaves of these species. The most valuable and most interesting
component of goji berries is the water-soluble bioactive polysaccharide complex LBP (Lycium Barbarum
Polysaccharides) playing an important therapeutic role. The LBP complex has a beneficial effect on
the functions of the immune system, inhibits the growth of cancer cells, has antioxidant properties,
improves the function of the digestive tract, well-being and sleep quality. Due to the presence of LBP,
goji fruit extracts have a hypoglycemic effect, lowering the content of lipids in the blood serum. The
diversity of their use as food, medicinal and cosmetic agents was shown.

Keywords:  goji berries, Lycium barbarum, Lycium chinense, health benefits

Introduction

Nowadays, underutilized and less-known species, such as Pseudocydonia sinensis Schneid.
(Monka et al,, 2014; Grygorieva et al,, 2020), Morus nigra L. (Kucelova et al,, 2016), Ziziphus
jujuba Mill. (IvaniSova et al.,, 2017), Diospyros virginiana L. (Grygorieva et al., 2018), Sambucus
nigra L. (Horcinova Sedlackova et al, 2018), Asimina triloba L. (Brindza et al, 2019),
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Chaenomeles japonica (Thunb.) Lindl. (Klymenko et al., 2019) ect., are becoming more and
more well-known for scientific and laic public (Klymenko etal.,, 2017). One of them is the genus
Lycium L., which belongs to the family nightshade (Solanaceae) includes about 88(97) species
found in temperate and subtropical climates (Levin et al., 2011; Barboza et al., 2016). Several
of them: Lycium barbarum L., L. chinense Mill,, L. ruthenicum Murray have been recognized
in eastern medicine for over 4,000 years and are popularly called Gougqi in China, and Goji
berries, Wolfberry, Christmas berry, Desert-thorn, Matrimony vine, Duke of Argyll‘s tea tree in
other countries of the world. There are also a few less popular botanical species and varieties
of natural sites in central and western China, e.g. L. barbarum var. aurantiocarpum, L. chinense
var. potaninii, L. truncatum (Zhang et al., 2001). In South Europe there are L. europaeum L.,
L. intricatum Boiss., Sounth Africa (L. afrum L.), and South and Central America (L. chinense
Bert.,, L. horridum Thunb., L. pallidum Miers. (Seneta and Dolatowski, 2012; Yao et al., 2018).

The first L. barbarum plantations were established over 600 years in China, in Ningxia Hui
Autonomous Province, mainly in Zhongning. Fruits from this region are considered to be
of a particularly high quality due to optimal soil and climatic conditions, such as sunshine,
the sum of effective temperatures, large amplitude between day and night temperatures. An
excellent substrate is flood plains with a lot of humus (Wang et al., 2015).

Currently, from the beginning of the 21°' century, the cultivation of Goji berries has become
very popular due to the numerous beneficial properties of compounds contained in fruits,
leaves, root and bark. These compounds delay the aging processes, improve eyesight, liver
and kidney function, and generally have a positive effect on the well-being and immunity of
the body (Dong etal., 2009; Amagase and Farnsworth, 2011). In search of ways to increase the
profitability of farms, growers decide to cultivate new plant species. In European countries:
[taly, Serbia, Bulgaria, Poland, there is a growing interest in commercial cultivation. Bulgarian
cultivars of L. barbarum (JB1, JB2, ]BX, and ]B4) are recommended. Also outside Europe, there
is an interest in the wider cultivation of Goji berries. In Korea, when examining the suitability
for the cultivation of some natural forms and selected cultivars, differences in growth, the
habit of shrubs, yield, and fruit shape were observed. Cultivar Yosong 2 (L. chinense) turned
out to be the most promising. L. barbarum cultivars are bred in the USA and Canada: Crimson
Star, Phoenix Tears and Sask Wolfbery. Plants, due to their high frost resistance, tolerate even
large, down to -30 °C temperature drops in winter. They have low requirements concerning
the position - they grow well and bear fruit, when planted in weaker sandy and permeable
soils. They grow worse on heavy, loamy and wet soil (Marosz, 2017).

Description of species and their natural range

The species from which the raw materials for the production of the currently popular
“Superfood Goji“ are obtained, are those found in the natural flora of China: L. barbarum,
L. chinense, and L. ruthenicum (Wanh et al., 2015). The Goji berries occurs in Tibetan valleys and
the Himalayas, in areas not contaminated with agricultural chemicals and civilization pollution.
Currently, it is also commonly grown in countries with milder and subtropical climate, e.g. in
Japan, Korea, but the raw material obtained there has a lower nutritional and medicinal value
(Qian et al, 2004). Wolfdogs are shrubs up to three meters high, arched twigs armed with
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Figure 1 Lycium chinense Mill. (Foto: M. Zhurba, I. Szot)

spikes (the common name boxthorn), small inconspicuous purple flowers, and orange to red
fruits (black for L. ruthenicum), which reach up to 2 cm in length. The first two species are very
phylogenetically similar. They grow in the same environment, are harvested at the same time
(usually from August to October), and have been used in traditional medicine throughout East
Asia for thousands of years (Potterat, 2010). Wetters et al. (2018) showed that the structure
of the flower, and specifically the appearance of the crown, is helpful for the morphological
differentiation of L. barbarum and L. chinense. The flower tube of L. barbarum is elongated and
significantly longer than the petals, L. chinensis crown tube is twice as short as the hairy at
the edges petals. The calyx of L. barbarum flowers generally consists of two sepals and in the
case of L. chinensis four sepals, however, there are also flowers with only two sepals. Moreover,
the seeds of L. barbarum are brownish-yellow and have almost twice as much surface area as
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Figure 2 Lycium barbarum L. (Foto: M. Zhurba, . Szot)

the yellow seeds of L. chinense. L. chinense leaves are up to 4 cm longer and twice as wide as
L. barbarum leaves. These species can also be distinguished by the shape of the fruits. The fruits
of L. barbarum and L. chinense are oblong or ovate, the former being red or red-yellow in color
and the latter red. The fruits of L. ruthenicum are spherical, purple-black (Wang et al., 2015).
Within L. barbarum there are many varieties, in Tibet alone there are 40 (Amagase et al., 2009).

Nutritional properties and bioactive substances found in fruits

Modern research has confirmed the high nutritional content of goji berries. The dried fruit
contained 5.5% protein (18 amino acids), 26.7% carbohydrates (8 polysaccharides and
6 monosaccharides) including 3.7% crude fiber and 1% fat (including 5 unsaturated fatty
acids from the omega-6 group), responsible for the production of hormones and the proper
functioning of the brain and nervous system (Qian et al., 2004; Amagase et al., 2009; Bogacz,
2009). Poteranska and Ochmian (2015) report that L. barbarum fruits contain from 12.2-17.6%
of the extract and 1.12-1.3 acids (g/100 g) Consuming L. barbarum fruits provides many health
benefits, mainly due to the vitamins they contain. They have a high content of vitamin C, which
is fresh fruit is 42 mg/100 g, which is comparable to fresh lemon fruits (Toyoda-Ono et al,,
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2004). It is assumed that the consumption of only 7 goji berries covers the daily requirement
of this vitamin (Amagase and Farnsworth, 2011). A large group of metabolic compounds are
carotenoids, the amount of which increases with the ripening of the fruit. They are represented
mainly by zeaxanthin and ester derivatives, the content of which in fruits ranges from 0.03 to
0.5% of dry weight (Inbaraj et al., 2008; Amagase and Farnsworth, 2011). Zeaxanthin is a very
important component of the human diet, also provided by some vegetables, the presence of
which is particularly important in the macula for the improvement of visual acuity (Cheng et
al,, 2005). Goji berries are also a source of vitamins B,, B,, B, and E and minerals (phosphorus,
calcium, iron, copper, zinc, selenium) (Qian et al., 2004). In the chemical structure of L. barbarum
fruits, the most known are water-soluble polysaccharides, the amount of which is estimated
at 5-8% of the dry weight of the fruit, and the molecular weight ranges from 24 to 241 kDa
(Peng et al., 2005). In nature, polysaccharide complexes occur naturally as glycoconjugates, e.g.
as combinations of glycans (structures made up of sugar units) with proteins or fats. Luo et
al. (2004) found 6 monosaccharides in the goji polysaccharide complex: rhamnose, galactose,
glucose, arabinose, mannose, and xylose. The analysis showed the presence of 17 amino acids,
and the total amino acid content was 8.46% (Peng etal., 2001). The LBP polysaccharide complex
(Lycium Barbarum Polysaccharides) inhibits the growth of cancer cells (He et al, 2012). In
studies with experimental animals, the antitumor activity of goji berries against gastric cancer
and colon cancer was found (Mao etal., 2010; Mao et al., 2011). During chemotherapy, they play
a significant role in protecting the liver cells. In addition, the polysaccharide complex contained
in goji fruit has a strong antioxidant activity, which allows inhibiting the aging process (Mao et
al,, 2011). Due to the presence of LBP, goji berry extracts show a hypoglycemic effect in rabbits
with experimental diabetes, while they did not cause such an effect in the organisms of healthy
mice. Also, a significant reduction in serum lipids and an increase in HDL cholesterol were found
in the organisms of hyperlipidemic rats (Luo et al,, 2004). Similar observations were made
by Ming et al. (2009) experimenting on mice fed a high-fat diet. They observed a significant
reduction in the level of triglycerides, total cholesterol, and LDL fraction, as well as an increase
in HDL cholesterol. They also found a drop in blood glucose levels.

The fruit should be eaten regularly but in moderate amounts. Consumption of unripe fruits
may lead to poisoning, which is manifested by disturbance of the functions of the digestive
tract and the nervous system. In addition, the fruits is are recommended for people taking
anticoagulants, pregnant women, and nursing mothers. Side effects of excessive fruit
consumption, such as nosebleeds, have been reported (Bogacz, 2009). Increased consumption
of goji fruits in Europe has resulted in the emergence of people showing allergic reactions
after their consumption (Carnés et al,, 2013; Uasuf et al., 2020). Potterat (2010) presented
areview based on 150 different reports and does not mention any serious intoxication caused
by the consumption of L. barbarum or L. chinense. However, cases or other gastrointestinal
complaints may occur in susceptible individuals. In fully ripe goji berries, traces of atropine
were found, without any toxicity, up to 19 ppb (Adams et al., 2006).

Health-promoting properties of leaves and other parts of plants

L. chinense leaves are considered in traditional Chinese medicine as herbs for eternal youth
and long life (Soga, 1985), as a nutrient and tonic reducing the risk of arteriosclerosis and
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essential hypertension (Mizobuchi et al., 1964). Among the bioactive substances in the leaves
are betaine (Hansel etal., 1992; No etal., 1995) and substances used to reduce the risk of fatness
or as a digestive aid for people with insufficient stomach acid production. The leaves contain
vitamin C and anti-aging tocopherols (Park, 1995), a group of antioxidant compounds such as
rutin, quercetin (Aubert and Kapetanidis, 1989; Duke, 1992; Han et al., 2002), chlorogenic acid
(Terauchi et al., 1997). L. barbarum and L. chinense leaves are a valuable source of flavonoids
with important antioxidant and antimicrobial properties. Duan et al. (2010) report that the
leaves of L. barbarum contain gentistic acid (2.5-dihydroxybenzoic acid) with antioxidant
properties and enhancing the fungicidal effect of fludioxonil. Grygorieva et al. (2020) studied
the content of phenolic compounds in the leaves of several non-traditional crops. The leaves
of L. barbarum had the highest content of polyphenols and flavonoids (95.84 mgGAE/g and
54.61 mgQE/g, respectively). Phytochemical studies by Mocan et al. (2014) indicate that the
leaves of both species are important sources of flavonoids and chlorogenic acid. L. chinense
leaf extract was characterized by a higher antioxidant activity than L. barbarum. Based on
antimicrobial tests, it was shown that L. chinense leaf extract was more active than L. barbarum
against strains of Gram-positive and Gram-negative bacteria. L. chinense extract against
Bacillus subtilis had the best antibacterial activity. Terauchi et al. (1998) noted in L. chinense
leaves the presence of lyciumoside I, a methanol extract showing antimicrobial activity
against Gram-positive bacilli. Yeh et al. (2008) showed that L. chinense leaf extract stimulates
the growth of Pedicoccus bacteria - P. acidilactici, widely used in the dairy industry in the
production of yogurt. Dong et al. (2009) compared the chemical composition of L. barbarum
from crops to wild plants. They proved that the total content of flavonoids (21.25 mg/g) in the
leaves of the cultivated plants was much higher than in the wild (17.86 mg/g). They therefore,
found that the leaves of the crops are more suitable for consumption in salads and as a tea.
Liu et al. (2012) investigated the content of polysaccharides in L. barbarum leaves. They
found that leaves, like fruits, are a rich source of polysaccharides with immunostimulating
properties and should be used more widely in the production of dietary supplements.

Possibilities of use in the food industry

The fruits of edible wolfberry (L. barbarum, L. chinense) are very delicate. Poteranska and
Ochmian (2015), comparing the fruits quality of two L. barbarum cultivars showed that
their firmness (172-182 G/mm) is comparable to that of the honeysuckle berry cv. Wojtek
(176 G/mm). The taste of goji fruits is very specific, perceived by some as delicious, similar
to licorice (Velder, 1999). Others compare their taste to cranberries with a hint of tomato and
herbal flavor, very tart and moderately sweet (Stobnicka et al., 2011). Some cultivars have
a less bitter taste. The taste of the fruits is determined by the ratio of the extract to the acidity.
The amount of the extract in the fruits is positively correlated with the sugar content. There
is more extract, less sour taste is felt. According to the studies by Poteranska and Ochmian
(2015), the ratio of extract to acidity of L. barbarum cv. New Bing fruits was 14.7. The fruits
are usually used after processing. Most of the fruit is dried immediately after harvesting. Less
commonly, they are available frozen. In Western countries, dried goji berries are eaten as
a snack, similar to raisins or other dried fruits (Bogacz, 2009). The fruits are also used to
make juices and jams. Qil is pressed from the seeds. In Chinese cuisine, dried goji berries are



Szot, ., Zhurba, M., Klymenko, S.
Agr.bio.div. Impr. Nut., Health Life Qual., 2020, 134-145

boiled before consumption. They are added to rice, soups, chicken, and pork, and mixed with
vegetables. The fruits are also cooked as herbal tea, often with the addition of chrysanthemum
flower or red tea (Bogacz, 2009). Powdered dried goji berries have a beneficial effect on the
physical organoleptic properties, including the flavor and aroma of the bread. Ziemichdd and
Rézyto (2018) showed that the addition of goji berries improved the colour of the bread.
With an increase in the addition of dried blueberries in the range of 3-15%, the hardness
of gluten-free bread decreased, and the flexibility increased significantly. For some time,
when the term “Superfoods” came up, Goji berries quickly became an established product
around the world. Due to the fact that the name Goji is a term that covers a wide variety of
closely related plant species, mislabeling and adulteration (unknowingly or intentionally) is
possible. In China, dried “Goji“ berries are generally L. barbarum, but are sold in different
grades: super, “king", “special“and “Grade A (Wang et al.,, 2015). This is due to the differences
in the size of the berries. The various uses of goji berries in the production of traditional and
new products, with the use of innovative technologies, are described by Ye and Jiang (2020).
The food industry in China uses the young shoots and leaves of L. barbarum and L. chinense to
make salads. In the East, leaves have been used for 2,000 years as an endurance, calming, and
thirst-quenching tea (Kim et al., 1997). In addition, the leaves are added to soups and sauces
or chopped and fried with eggs (Velder, 1999).

In the pharmaceutical industry

The herbal industry uses fruits (Lycii Fructus), flowers (Lycii flox), bark (Lycii Cortex), leaves
(Lycii Folium), and roots (Lycii radix). The individual parts of the plant, such as leaves, flowers,
fruits, and roots, should be harvested at different times of the year, i.e. in spring, summer,
autumn, and winter, respectively. In the last decade, goji fruits have been prescribed by
dieticians in the form of natural products as a powerful supplement to help lose weight (Carnés
etal.,, 2013). Itis available to choose the least processed goji berry products. Unfortunately, the
standard procedure in the production of pharmaceuticals using goji powder is the addition
of chemical excipients, which are inactive micronutrients devoid of therapeutic effects. They
are added to give such products a taste and protect them against the undesirable influence of
microorganisms (Vasconcelos etal., 2012). Preservatives, dyes, flavors, sweeteners, thickeners,
emulsifiers, and stabilizers are commonly used in pharmaceutical laboratories (Balbani et al.,
2006). Moura et al. (2018) used the root meristem of Alliym cepa L. (onion) as an efficient
bioassay for the initial screening of the genetic toxicity. They found that industrialized goji
berries at all concentrations, including those indicated for use by pharmaceutical companies,
had significant potential for toxicity.

In the cosmetics industry

Cosmetic preparations are applied to the external tissue of our body, which is the skin.
They have a nurturing and anti-aging effect, due to their anti-inflammatory properties and
protection against excessive water loss. The following active substances of plant origin are
used in cosmetics, such as antioxidants, exfoliating substances, moisturizing, brightening or
protecting against UV rays. In each part of the plants of the described Lycium species, there
are antioxidants, which, according to the free radical theory of aging, are also important in
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skincare. The dominant component with antioxidant properties in the case of L. barbarum
are peptidoglycans, also called LB polysaccharides (Zhang, 1993; Qiu et al., 2014), and also
vitamin B, C, taurine, and carotenoids in fruits, and rutin in leaves (Jin et al., 2013). Carotenoids
are a group of plant pigments that are lyophilic. Due to the fact that these pigments are
fat-soluble, they perfectly penetrate the epidermis. Apart from the fact that they neutralize
free radicals, they give cosmetics a yellow shade. B vitamins have been used externally to
relieve dermatitis, acne, oily hair, and anti-wrinkle creams. Vitamin C shows anti-radical
activity because it reduces the tocopheryl radical and reduces the consumption of vitamin
E. Vitamin C after penetrating the stratum corneum, regulates the collagen biosynthesis. It
brightens the skin by inhibiting the activity of tyrosine and reducing melanin synthesis. Zhao
et al. (2005) applied LB polysaccharides topically to full-thickness human skin explants by
a selectively inhibiting metalloproteinase. One of the five major LBPs, LBGp5, was applied to
fibroblasts grown under suboptimal conditions. It has been found to stimulate the production
of type I collagen and promote cell viability. Plant substances can also have a beneficial
effect on wound healing. Several experiments have demonstrated the stimulating effect of
LBP on human skin fibroblasts and the role of directional fibroblast migration during wound
healing has been explained (Wang et al,, 2011; Song et al,, 2013; Zhao and Bojanowski, 2015).
These experiences justify the advisability of developing the production of cosmetics based
on LBP. The seeds contained in the goji fruit contain a cosmetically valuable oil with anti-
inflammatory properties and improving the skin‘s protective barrier by reducing epithelial
water loss. However, until now cosmetics based on substances derived from Lycium species
have not developed on a large scale, mainly due to the lack of registration as a cosmetic raw
material in countries such as China and Japan. Another limitation is the high cost of extracting
the oil from the fruit due to its low content.

The fruit, popularly referred to as goji, have been well-established for centuries as a medicine
for many ailments: in treatment heart, liver, lung, kidney diseases, and above all as a means
of human longevity. Thanks to the content of various bioactive substances such as vitamins,
flavonoids, carotenoids,anthocyaninsandtheso-called LBP (LyciumBarbarumPolysaccharides)
has strong antioxidant, anti-inflammatory properties and regulates carbohydrate and lipid
metabolism. The fruit is usually used as a dried raw material. Apart from fruit, other parts of
plants, especially leaves, are a rich source of health-promoting ingredients. Currently, there is
an intense interest in consumption, and hence in the production of these fruits. Although the
highest quality fruit is obtained in the Chinese province of Ningxia, its commercial cultivation
is also beginning to develop in other countries. The climatic and soil requirements of the two
most important species, L. barbarum and L. chinense, enable their cultivation also in European
countries. Of course, it is necessary to select the appropriate variety, which fruits are high
quality, i.e. with a high extract-acidity ratio, less tart, yet rich in bioactive substances. As in
the case of elderberry and viburnum, goji berries intended for consumption must be fully
ripened. Sensitive people, allergy sufferers should consume them in moderation.
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