Review article / Derleme makalesi

Article language “English” / Makale dili “ingilizce”

Department of

Pharmacognosy, Faculty

of Pharmacy, Marmara
University, istanbul,
Turkiye

*Correspondence:
ali.sen@marmara.edu.tr
alisenfbo@yahoo.com

ORCID iD:
0000-0002-2144-5741

Received:
13 January 2025
Accepted:
15 January 2025

JIntegrative Anatolian Med & Butunleyici Anadolu Tibbi Derg, 2025; 6(1): 29-39
DOI: 10.53445/batd.1618598

Phytochemistry and biological activities of the genus Rubus

Rubus cinsinin fitokimyasi ve biyolojik aktiviteleri

Deniz Oylumlu

r-—----

, Ali Sen”

ABSTRACT

The genus Rubus, a member of the Rosaceae family, includes important species with both food and
medicinal uses. With an emphasis on the anti-inflammatory, anti-cancer, antioxidant, and antibacterial
properties of the main chemicals present in Rubus species, this review aims to synthesize the results of
recent studiesin orderto better understand the biological activityand chemical composition of these species
and their value as natural bioactive resources. This work also seeks to identify future directions for research
that could enhance the clinical applications of Rubus-based bioactive compounds. For this purpose, NCBI,
MDPI, ScienceDirect, Google Scholar, MEDLINE and Springer Nature Link databases were searched for
recent articles on phytochemical and biological activity studies on Rubus species. The results showed that
Rubus species are rich in compounds belonging to different chemical groups (phenolic acids, tannins,
flavonoids, anthocyanins, etc.) and extracts and/or secondary metabolites of these species have important
biological activities such as antioxidant, antimicrobial, anti-inflammatory, and anticancer effects.
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OZET

Rosaceae ailesinin bir Uyesi olan Rubus cinsi, hem gida hem de tibbi kullanimlari olan 6nemli turleriigerir. Bu
derleme, Rubus tirlerinde bulunan ana kimyasallarin anti-inflamatuar, anti-kanser, antioksidan ve
antibakteriyel ozelliklerine vurgu yaparak, bu turlerin biyolojik aktivitesini, kimyasal bilesimini ve dogal
biyoaktif kaynaklar olarak degerlerini daha iyi anlamak igin son galismalarin sonuglarini analiz etmeyi
amaclamaktadir. Bu galisma ayrica Rubus bazli biyoaktif bilesiklerin klinik uygulamalarini gelistirebilecek
arastirmalar icin bir rehber olma niteligini amaglamaktadir. Bu amagla NCBI, MDPI, ScienceDirect, Google
Scholar, MEDLINE ve Springer Nature Link veri tabanlarinda Rubus turleri Uzerinde yapilan fitokimyasal ve
biyolojik aktivite galismalarini igeren glincel makaleler taranmistir. Sonuglar, Rubus tirlerinin farkl kimyasal
gruplara ait bilesikler (fenolik asitler, tanenler, flavonoidler, antosiyaninler, vb.) agisindan zengin oldugunu ve
bu tirlerin ekstraktlarinin ve/veya sekonder metabolitlerinin antioksidan, antimikrobiyal, anti-inflamatuar ve
antikanser etkiler gibi 5nemli biyolojik aktivitelere sahip oldugunu gostermistir.
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Introduction

Plants not only form the basis of many medicines used in
the treatment of various diseases, but have also found their
place in many fields from textile production to food and
cosmetics (Bhatt et al., 2023). Through the experiences
recorded from past generations to the present, plants have
gained significant importance in our lives due to their
therapeutic effects.

One of the existing plant species, Rubus species
traditionally used worldwide for their food and medicinal
properties. Rubus species belong to the Rosaceae family,
with approximately 1,500 species worldwide. In Tlrkiye, 16
species grow naturally (Guner et al., 2012). The common
ones are Rubus idaeus, Rubus sanctus and Rubus saxatilis.
Rubus species are commonly known as ‘blackberry,
raspberry, wild grape’. Plants of this genus can spread from
sea level to an altitude of 4500 meters (Bhuyan & Dutta,
2021).

Some of the plants belonging to this genus have woody
stems with thorns, similar to roses. The leaves are mostly
palmate or pedate compound, sometimes pinnate. The
leaves are compound, consisting of 3 to 5 leaflets, with the
central leaflet being the largest; leaf edges range from
serrated to irregularly toothed. Small flowers, measuring
0.5-1.5 cm and varying in color from white to pink, begin to
emerge in the second year after planting. The stipules are
mostly narrow and they may be directly attached to the
petiole. Most of the plants in this genus are perennial and
they are shrubby plants. Except for Rubus chamaemorus,
the majority of species are hermaphrodites, meaning that
both male and female reproductive parts are present in the
same flower. The color of the fruit varies from white to
black. Fruits of many of the speciesin this genus are edible.
In many countries, the fruit is primarily grown for fresh
consumption. Processed Rubus fruit, on the other hand, is
widely utilized in the food and beverage sectors to create
products such as wine, beer, soft drinks, jam (Davis &
Meikle, 1972).

Rubus species are adapted to very extreme conditions
such as cold/hot climate conditions, and high altitude etc.
(Wairegi et al., 2024). The phytochemicals found in plants
of the Rubus genus, such as tannins, flavonoids, phenolic
acids, terpenoids, anthocyanins, lignans and vitamins
make this genus an important and ideal subject for
scientific research. Numerous cultures, despite lacking
awareness of the specific chemical compounds, have
recognized the medicinal qualities of Rubus and utilized
them in various applications owing to their significant
nutritional and medicinal benefits.

Rubus species have been commonly utilized either on their
own or as part of traditional Chinese and Indian medicine
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(Hummer, 2010). In Indian medicine, leaves and barks of
Rubus species are used for its astringent and diuretic
properties (Hummer, 2010). In traditional Chinese
medicine, Rubus is utilized to strengthen and stabilize the
kidneys, helping to conserve vital energy and treat liver and
kidney deficiencies (Hummer, 2010).

It has been applied to enhance vision, reduce lower back
pain, stop frequent urination or treat blurred vision, and
prevent cancers of the uterus, cervix, and colon (Hummer,
2010). In ancient Greek, Hippocrates recommended
applying stems and leaves of blackberries steeped in white
wine as an astringent remedy to heal wounds and facilitate
childbirth (Hummer, 2010).

The aim of this review is to compile recent phytochemical
and biological activity studies on Rubus species by
searching NCBI (National Center for Biotechnology
Information), MDPI (Multidisciplinary Digital Publishing
Institute), ScienceDirect, Google Scholar, MEDLINE and
Springer Nature Link databases and to reveal the
phytochemical richness and medicinal importance of the
species belonging to this genus.

1. Phytochemistry of Rubus species
1.1. Anthocyanins

Anthocyanins are phenolic compounds responsible for the
coloration in many plants, flowers, and fruits. These
compounds are also highly valued for their
pharmacological properties. Different anthocyanins such
as cyanidin pentoside, cyanidin-3-O-glucoside and
cyanidin-O-hexoside were found by chromatographic
examination of Rubus fruticosus (Vega et al., 2021). By
using chromatografhic techniques, the anthocyanin profile
in methanol extracts from the fruits of hybrids (R. idaeus /
R. occidentalis) and five cultivars of R. occidentalis was
determined. Research findings indicated that Rubus spp.
(Shuofeng) has a high anthocyanin content and identified
cyanidin and pelargonidin as the primary anthocyanin
components in this plant (Zhao et al., 2023). In a study
using edible berries including R. fruticosus, R. palmatus,
Rubus x medius, R. trifidus, R. hirsutus, R. idaeus, R.
microphyllus, anthocyanin contents of berries were
analyzed by using quantitative NMR spectroscopy. Among
these berries, R. hirsutus had the highest total anthocyanin
concentration, according to an NMR spectroscopy
examination. The two main anthocyanins found are
pelargonidin-3-glucoside
(Kumazawaetal., 2024). The anthocyanin contentin Rubus

cyanidin-3-glucoside and

coreanus known as Korean black raspberries was
measured quantitatively through liquid chromatography.



According to the cyanidin-3-0O-
rutinoside, phelagonidin-3-O-glucoside and cyanidin-3-O-
glucoside are the primary anthocyanins present in R.

research findings,

coreanus (Kim et al., 2024). The Chinese raspberry, or
Rubus chingii, is a plant that grows widely throughout Asia,
including China, The primary
anthocyanins in R. chingii consist mainly of cyanidins,

Japan and Korea.

including glucosides, sophorosides, rutinosides,
sambubiosides, and glucosylrutinosides (Hua et al., 2023).
Cyanidin-3-rutinoside and cyanidin-3-glucoside are the
two main anthocyanins found in Rubus discolor, also
known as wild blackberry, according to an examination of

its anthocyanin content (Kopjar et al., 2024).

1.2. Tannins

Tannins are widely dispersed, naturally occurring phenolic
chemicals that have an astringent quality. They are
commonly found in various plant parts and are primarily
categorized into hydrolysable tannins, which break down in
water, and condensed tannins which are generally more
resistant to hydrolysis (Pizzi, 2021). Bolatkyzy’s research
showed that the major tannin compound in Rubus vulgaris
is tannic acid (Bolatkyzy et al., 2024). The analysis of tannin
content of Rubus adenotrichos was indicated that the
major tannin compound in the plantis composed of ellagic
acid (Schmidt-Duran et al., 2023). A chemical examination
of the unripe fruits of R. chingii revealed the presence of
four ellagitannins: pedunculagin, casuariin, casuarinin,
and casuarictin (Li et al., 2019). Phytochemical analysis of
leaves of Rubus chamaemorus was showed that 4-O-a-L-
arabinofuranosylellagic acid and epicatechin (one of the
components of the tannin) are the tanninsisolated (Whaley
etal., 2021). The primary constituents of the tannin content
of Rubus ellipticus, also referred to as the yellow
Himalayan raspberry, were determined to be ellagitannins,
specifically lambertianin C and sanguiin H6 (Burlando et
al., 2023). The presence of many tannin compounds was
discovered by the phytochemical investigation of Rubus
ulmifolius. The hydromethanolic extract of R. ulmifolius
fruits sourced from lItaly includes chlorogenic acid (one of
the components of the tannin). On the other hand, the
ethanolic extract of R. ulmifolius fruits collected from the
same region contains hydrolyzable tannins, including
compounds like pedunculagin and geranin (Candela et al.,
2021).
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1.3. Terpenoids

Terpenoids are found in large quantities in the kingdom of
plants and have a number of uses. Phytochemical analysis
of leaves of R. suavissimus and R. chingii Hu was indicated
that rubusoside which is diterpenoid glycoside found in the
plants. Rubusoside is used as bioactive sweetener (He et
al., 2023; Liu et al., 2024). One of R. chingii’s distinctive
diterpenes is goshonoside. While goshonoside G is found
solely in fruits, goshonoside F1, F2, F3, F4, and F5 are only
found in leaves (He et al., 2023; Z. Liu et al., 2023). A study
using a steam distillation extract of R. idaeus leaves
revealed that the sesquiterpene B-caryophyllene and (-
linalool, geraniol, 1,8-cineole and a-citral found terpenoids
in the plant (De Santis et al., 2022). Linalool, a-terpineol,
and geraniol are the main monoterpenes found in Rubus
rosifolius essential oil profiles, whereas &-cadinene has
been determined as a sesquiterpene (Rambaran & Ginigini,
2020). In a research on anti-toxoplasma activity and
compositions of aquatic extract
idaeus L., m-cymene and carvone were identified as

chemical of Rubus
monoterpenes whereas anethole has been identified as
sesquiterpenes (Mohammad Rahimi et al., 2020).

1.4. Phenolic acids and flavonoids

The plant tissues of Rubus species are abundant in
phenolic compounds, which contain an aromatic structure
with one or more hydroxyl groups that can be free or
substituted. A study analyzing R. fruticosus L.s cultivars
indicated that
ellagic acid, catechin, chlorogenic acid, p-coumaric acid,
quercetin-3-O-rutinoside,

kaempferol-3-O-glucoside, myricetin,

kaempferol, quercetin-3-0O-
glucoside, and hydroxybenzoic acids detected in these
cultivars (Cechovigiené et al., 2024). HPLC analysis of R.
ellipticus indicated that kaempferol was one of the main
compoundswas identified (Muniyandi et al., 2019). Studies
on the aerial parts of Rubus niveus indicated that gallic
acid, quercetin and rutin are major compounds were
detected (Pancholi & Rana, 2020). In a study of chemical
composition of Rubus ulmifolius Schott indicated that
gallic acid was the major phenolic acid identified. Also, the
flavonoids with the highest quantities were quercetin and
isoquercitrin (Schulz et al., 2019). Analysis of chemical
composition
examined that B-sitosterol and campesterol are the
phytosterols existing in the extract prepared from fruits of
R. glaucus Benth (Alvarez & Hurtado, 2024). Study
analyzing of chemical composition of Rubus caesius

identification of Rubus glaucus Benth

indicated that rutin, hyperoside, naringenin 7-O-glucoside,
tiliroside, astragalin and luteoloside are the flavonoid
glycosides identified from the ethanolic extract prepared

from R. caesius leaves (Hering et al., 2022).

31



32

A review on the genus Rubus

2. Biological activities of Rubus species
2.1. Antidiabetic activity

One strategy to control blood glucose levels in diabetic
patients is to inhibit enzymes that hydrolyze carbs, such as
pancreatic a-amylase, which lowers the gastrointestinal
system’s absorption of glucose. In a study using the root
parts of R. sanctus, potential a-amylase inhibitory activity
was found in methanol, aqueous, acetone, and hexane
fractions; ICso values ranged from 20.12 to 50.9 pg/ml. The
a-amylase inhibitor acarbose was used to compare this
effect. The most active fraction; methanol, had an ICs
value of 20.12 pg/ml, while acarbose had an ICs, value of
6.56 pg/ml. These extracts were found to have nearly the
same a-amylase inhibitory potential as acarbose (Jaradat
etal., 2021a).

Also, with an approximate ICso 0f 269.94 pug/mL, methanol
extract from R. ellipticus leaves demonstrated a moderate
level of a-amylase inhibition. The authors proposed that
the antidiabetic properties of this species might result from
its antioxidant properties (Subba et al., 2019).

In another study using a polyphenol-enriched extract of the
fruits of R. chingii Hu claims that R. chingii may help mice
with streptozotocin (STZ)-induced diabetes by reducing a
number of diabetes symptoms including preventing the
pancreas from being destroyed by streptozotocin, lowering
hyperglycemia, reversing the atrophy of skeletal muscle
and weight loss. Mice with STZ-induced diabetes were
given aqueous extract of Rubus chingii fruits as 30 mg/kg
every day for 18 days, and the anti-diabetic effects were
evaluated. In comparison to mice given STZ alone, the anti-
diabetic effects of R. chingii extract (30 mg/kg) given daily
18 days
assessed. These study findings imply that R. chingii may be
an effective treatment for the symptoms of diabetes and

for to STZ-induced diabetic mice were

hyperglycemia (Huo et al., 2021).

Furthermore, the antidiabetic qualities of fruit extracts
from R. fruticosus L. at various stages of maturity were
studied by Akylz in 2022. Study findings demonstrated
significant inhibitory effects on the enzyme a-amylase,
which are essential for postprandial glucose management.
Ethanol and water extracts of the immature, intermediate,
andripening phases of R. fruticosus L. showed antidiabetic
benefits through different levels of a-amylase enzyme
inhibition. Strong a-amylase inhibition was shown by water
extracts, especially in the intermediate stage. Acarbose, an
antidiabetic medication, was also used to compare the
extracts’ inhibitory properties. Based on fruit ripeness, the
results indicate that R. fruticosus fruit extracts are effective
natural antidiabetic agents that may be used to treat
postprandial hyperglycemia (Akytiz, 2022).

Two varieties Rubus rosifolius were studied by Rambaranin
orderto investigate the hypoglycemic effect of fruit extracts
made of n-hexane, ethyl acetate, and methanol. Fasting
blood glucose levels were examined. 50 mg/kg of the
extracts were administered orally to each animal, while 15
mg/kg of metformin served as a positive control. Analyses
showed that, out of all the extracts, n-hexane extract had
the
triacylglycerol extracted from the n-hexane extract shown

strongest hypoglycemic activity. The oxidized
more activity and was more effective at reducing blood
glucose levels than and hypoglycemic
medications. The oxidized triacylglycerol had a notable
hypoglycemia effect over metformin for the first half hour

(Rambaran et al., 2020).

metformin

2.2. Hepatoprotective activity

In a study conducted with ethanolic extract prepared from
all parts of R. sanctus oral administration of 40% ethanol
over 21 days followed by a single subcutaneous injection of
CCl, caused significant hepatocellular damage in rats. A
significant rise in the rats’ serum enzyme activity (ALT, AST,
ALP, and y-GT) indicated this damage. These increased
enzyme levels were decreased after the administration of
ethanolic extract orally. The effects of R. sanctus’s
ethanolic extract were comparable to those seen in the
silymarin-treated group (Badr et al., 2009).

In another study done by VandenAkker (2020), the
hepatoprotective effect of R. idaeus enriched diet on obese
rats was observed. Eight weeks of an 8% R. idaeus-

enriched diet were followed by measurements of plasma

triglycerides (TGs), total cholesterol, High density
lipoprotein cholesterol (HDL-C), Non-high density
lipoprotein  cholesterol (non-HDL-C), and hepatic

triacylglycerol (TG) concentration. A diet supplemented
with R.
accumulation in obese rats while decreasing plasma TG,
plasma cholesterol and HDL-C (VandenAkker et al., 2021).

idaeus was found to diminish hepatic TG

2.3. Antimicrobial activity

R. idaeus leaves extracts were tested for antimicrobial
activity against two strains of yeast (Saccharomyces
cerevisiae and Candida albicans) and four Gram-negative
(Enterobacter aerogenes, Escherichia coli, Salmonella
typhimurium and Pseudomonas aeruginosa) as well as four
Gram-positive (Enterococcus faecali, Staphylococcus
aureus, Listeria monocytogenes and Bacillus subtilis)

bacteria. Gram-positive bacteria were effectively inhibited



by the extracts, as evidenced by inhibition zones ranging
from 9.0 to 21.0 mm. However, they did not demonstrate
any antibacterial action against Gram-negative bacteria,
with the exception of S. typhimurium, which had inhibition
zones between 9.0 and 18.3 mm. Notably, E. coli and E.
aerogenes showed resistance to the extracts. Furthermore,
there was no biological activity of raspberry plant
components against S. cerevisiae, E. aerogenes, E. coliand

C. albicans (Ispiryan et al., 2024).

In addition, ethanolic extract from R. fruticosus L. fruits
(E. coli, P
aeruginosa, Vibrio harveyi, and Proteus mirabilis) and
Gram-positive (S. aureus, B. subtilis, Enterococcus hirae,

was used against both Gram-negative

and Enterococcus faecalis) bacteria. The antibacterial
activity assessment was carried out using a well- diffusion
assay. Every extract that was tested shown efficacy against
the bacterial species that were examined in this
investigation. With inhibition zones measuring 8.53 mm
and 9.85 mm, respectively, S. aureus and E. coli were the
Gram-positive and Gram-negative bacteria that reacted
most favorably to these treatments (Salah-Eldin et al.,

2024).

Furthermore, antibacterial activity against S. aureus and E.
coli was tested in aqueous and methanol extracts of the
leaves, flowers, fruit, and stem of Rubus ellipticus known
as Himalayan yellow Raspberry. The antibacterial activity
of plant extracts were evaluated using the agar well
the inhibitory
concentration (MIC) assay. R. ellipticus methanol fruit and
leaf extracts demonstrated antibacterial activity against S.
aureus with 19 mm and 7 mm zones of inhibition,
respectively. Effective antibacterial activity against S.
aureus was demonstrated by R. ellipticus methanol leaf

diffusion method and minimum

and fruit extracts, with MIC values of 0.203 mg/ml and
0.813 mg/ml, respectively (Das et al., 2021).

The antibacterial properties of methanolic and aqueous
extracts of leaves and stems as well as juice of Rubus
canescens DC. were investigated against a range of Gram-
positive and Gram-negative bacteria using the disc-
diffusion method. Gram-positive bacteria Streptococcus
pneumoniae and Methicillin-resistant Staphylococcus
aureus (MRSA) and Gram-negative bacteria E. coli and
Klebsiella pneumoniae, were the bacterial isolates that
were used. K. pneumoniae and S. pneumoniae were not
affected by fruit juice, leaf and stem aqueous and
methanolic extracts, or both. Fruit juice was the only
substance that reduced E. coli growth, with an average
inhibition zone of 18 mm. The antibacterial activity of R.
canescens DC leaf aqueous extract against MRSA was
found to have an average inhibition zone of 46 mm (Assafiri
etal., 2020).
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Ethanol, acetone, methanol, and aqueous extracts of the
fruits of Rubus discolor were tested for their antibacterial
properties against Micrococcus flavus, E. coli, L.
monocytogenes, P. aeruginosa, and S.
Ampicillin was the positive control for the assay. The
(MIC)

bactericidal concentration (MBC) of the extracts ranged

typhimurium.

minimal inhibitory concentration and minimal
from 1.2 to 5.0 mg/mL, whereas ampicillin showed values
between 0.2 and 1.2 mg/mL. Gram-positive bacteria were
more susceptible to the effects of all extracts than Gram-
negative bacteria. The most susceptible Gram-positive and
Gram-negative bacteria,
extracts were L. monocytogenes and S. typhimurium

(Velickovi¢ et al., 2021).

respectively, to the ethanol

2.4. Antioxidant activity

Studies onthe antioxidant activity of the Siberian raspberry,
Rubus matsumuranus H. Lev. & Vaniot, were conducted. A
methanol extract of R. matsumuranus leaves was prepared
for the DPPH scavenging experiment. The scavenging
ability of the R. matsumuranus methanol extract (1000
pg/mL) against DPPH was investigated using a microplate

spectrophotometric test. The microplate
spectrophotometric assay demonstrated excellent
scavenging action with an |ICs, value of 24.68

pg/mL (Kashchenko et al., 2021).

In a study conducted with extracts and fractions of R.
caesius leaves, (water, 50% methanol, ethyl acetate,
chloroform /diethyl methanol
antioxidant capacity is analyzed by 2,2’-Azino-bis(3-
(ABTS) and 2,2-
diphenyl-1-picrylhydrazyl (DPPH) assays. Ethyl acetate
fraction of R. caesius leaves exhibited the strongest
antioxidative activity, while the water extract showed the

ether, and n-butanol)

ethylbenzothiazoline-6-sulfonic acid)

lowest activity (Grochowski et al., 2019). In another study,
the ferric reducing power (FRAP), metal chelating assay,
and ABTS radical scavenging test were used in vitro models
to evaluate the antioxidant property of an aqueous extract
prepared from the aerial parts of R. sanctus. Trolox served
as the control in the ABTS** radical scavenging activity
assessment, and R. sanctus extract showed ABTS radical
scavenging activity of 98.9%, which was comparable to
Trolox’s (99.9%). Ferrozine creates colored complexes with
Fe®* ions. However, the presence of an efficient chelating
agent disrupts this complex formation, which lowers the
complexes’ red color intensity. EDTA was used as positive
control(99.7 %). R. sanctus has cheating ability at 3 mg/mL
with 90.1%. According to ferric reducing power assay
(FRAP), reducing capacity of R. sanctus at 3 mg/mL was
found 2.281 which is higher than ascorbic acid’s reducing
capacity. Ascorbic asid was used as control the reducing
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ability at 3 mg/mL was found 2.199 (Deliorman Orhan &
Hosbas Coskun, 2019).

Shoukat et al., focused on the the antioxidant activity of
both R. idaeus and R. strigosus fruits by the help of two
methods; free radical cleansing and ferric reducing
antioxidant power methods. The antioxidant properties
measured by the radical scavenging method and ferric
reducing antioxidant power showed similar results. For
both species examined, the free radical scavenging
percentage in R. idaeus ranged from 55.2 mg/mL at the
immature stage to 81.4 mg/mL at full maturity. In R.
strigosus, this percentage ranged from 56.1 mg/mL at the
immature stage to 89.2 mg/mL at full maturity. There was a
significant difference in antioxidant activity across stages
immature, semi-ripe, and fully mature in both species.
However, in the mature stage, the free radical scavenging
percentage did not significantly differ between the two
species (Shoukat et al., 2022).

The antioxidant activity of R. fruticosus L. was analyzed by
applying DPPH and FRAP assay. Ethanol, acetone,
methanol and acetonitrile extracts were prepared.
According to both the FRAP and DPPH techniques, the
extract prepared with acetonitrile had the maximum
antioxidant capacity. The DPPH radical is less effectively
bound by components extracted with higher polarity
solvents (e.g. ethanol polarity index: 0.654) than by those
extracted with lower polarity solvents (e.g. acetonitrile
polarity index: 0.460) (Albert et al., 2022).

Furthermore, the antioxidant potential of distilled water
extracts from Rubus apetalus Poir. and Rubus steudneri
Schweinf. leaves was investigated in rats with diabetes
induced by alloxan. The animals were separated into
groups as normal control, diabetic control, tested groups
antidiabetic drug
glibenclamide. Animals tested were feeded after

and diabetic animal receiving
intraperitoneally injection of alloxan monohydrate in saline.
Animals received oral treatments oral administration of
leaf extracts from R. steudneri Schweinf. and R. apetalus
Poir. as 150 mg/kg and 300 mg/kg was administered to the
animals. The animals’ organs were dissected for study and
blood samples were gathered. The livers of both normal
and treated animals were examined for levels of
glutathione (GSH), malondialdehyde (MDA), superoxide
dismutase (SOD), total thiols, and catalase (CAT). R.
apetalus and R. steudneri leaf extracts both enhanced the
antioxidant activity with increased SOD, GSH, total thiols,
and catalase findings (Hi, 2019).
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2.5. Anti-inflammatory activity

A new pectin polysaccharide that was obtained from R.
chingiiHuwas tested forits anti-inflammatory properties in
mice with colitis produced by dextran sulfate sodium
(DSS). Following the administration of polysaccharides and
anti-inflammatory medications, the findings of the DAI
score showed that the test group receiving high-dose
polysaccharide treatment was able to successfully reduce
the symptoms of colitis. Inflammatory factors IL-6 and
TNF-a in colon tissue was remarkably elevated.
Inflammatory factors IL-6 and TNF-a are much lower in the
high dosage polysaccharide treatment group than in the
DSS-induced colitis mice group. According to the findings,
polysaccharides can reduce intestinal inflammation by
preventing inflammatory agents (Kong et al., 2022).

By identifying COX-2 inhibitory activity and anti-
hyaluronidase activity, the anti-inflammatory properties of
an aqueous extract made from the leaves of the R.
fruticosus cultivars Chester, Loch Ness, Loch Tay, and
Ruczaj were examined.One of pro-inflammatory
compounds is hyaluronidases. The anti-hyaluronidase
activity of each of the four cultivars of water extracts was
assessed. The Ruczaj and Loch Tay varieties had the most
activity with 1Cs values of 129.30 and 127.36 pg/mL,
respectively. The percentage of COX-2 inhibition of was
similar for all tested variants. The best results are shown by
the strongest COX-2 inhibition and the lowest ICs

(Paczkowska-Walendowska et al., 2021).

In an investigation carried out with leaves of Rubus
suavissimus S. Lee, the inhibitory effect of ethanolic extract
on H;O»-induced inflammation in retinal pigment epithelial
cells was anayzed. Present study has demonstrated that
H,O, administration induces inflammation in ARPE-19
cells. ELISA was used to assess the secretion of TNF-q, IL-
1B, and IL-6 in cell culture, showing that these
inflammatory markers were significantly elevated in ARPE-
19 cells. Treatment with RS extract reversed H,O,-induced
cytokine decrease in

expression, leading to a

proinflammatory cytokine production (Liu et al., 2023).

In another study, the impact of reducing inflammation of
aqueous extract prepared from fruits of R. coreanus on
atopic dermatitis which is chronic inflammatory skin
disease was examined using HaCaT cells. TNF-a (Tumor
Necrosis Factor Alpha), IL-6 (Interleukin 6), and IL-18
(Interleukin 1B) are proinflammatory cytokines that help
cause systemic inflammation. Expression levels of all
genes were examined using real-time PCR. In TNF-a/IFN-y-
stimulated HaCaT cells, the mRNA expression levels of
these cytokines markedly elevated. However, treatment of
these stimulated cells with RCW led to a dose-dependent
reduction in the mRNA expression of TNF-q, IL-6, and IL-1B.



These findings indicate that RCW effectively reduces
inflammation (Pyeon et al., 2021).

In a study conducted with ethanolic extacts of mature and
immature fruits of R. occidentalis, the extracts were used
on pain management in an operated rat model. The rats
received an intraperitoneal injection of several doses of
ethanolic extracts of both mature an immature fruits of R.
occidentalis two hours following the plantar incision. Rats’
blood samples were taken after injection, and tests for
TNF-aq, IL-1B, and IL-6 were conducted. The study’s findings
showed that intraperitoneal administration of ethanolic
extracts of R. Occidentalis’s immature fruits had a dose-
dependent analgesic effect in the rat model. At 24 and 48
hours following surgery,

ethanol extracts from R.

occidentalis immature fruits dramatically decreased
proinflammatory cytokine levels, and compared to mature
R. occidentalis fruits, ethanolic extracts of immature fruits
showed a greater anti-inflammatory activity (Choi et al.,

2023).

2.6. Cytotoxic activity

In a cytotoxicity investigation with aqueous, hexane,
methanol and acetone fractions prepared from the root
of R. sanctus, the cytotoxicity evaluation was conducted
on the Hep3B cell line. The impact of these extracts on
Hep3B cells’ cell cycle stages was investigated. The
methanol fraction was identified as the most potent
inhibitor due to its ability to extend the G2-M phase over
time, thereby reducing the rate of cell proliferation.
Furthermore, it was demonstrated that extracts from the
roots of R. sanctus reduced the secretion of a important
marker, a-fetoprotein, by decreasing the cell population in
the G1 and S phases while inducing an extended duration
of the G2-M phase. Hep3B cells treated with aqueous,
methanol, acetone, and hexane fractions showed a drop in
average levels of a-fetoprotein (AFP) from 1205 ng/ml to
355, 530.6, 237, and 268 ng/ml, respectively. The greatest
notable suppression of a-fetoprotein secretion was
observed in the acetone fraction (Jaradat et al., 2021b).

In another study, the MTT test was used to evaluate the
cytotoxic effects on the MCF-7 cell line of methanolic
extract and hexane, ethyl acetate, and methanol fractions
prepared from Rubus hyrcanus roots and leaves. Over the
course of 48 hours, the MCF-7 cell line was exposed to
each sample at different concentrations. The ethyl acetate
fractions from roots and leaves had the strongest cytotoxic
effects on the MCF-7 cell line, with I1Cs values of 247 and
227 pg/mL, respectively (Yousefbeyk et al., 2022).

The acetone extract of Rubus fairholmianus roots was
tested on the human breast cancer cell line MCF-7 for
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cytotoxicity study. From this extract, two main components
identified: 1-(2-hydroxyphenyl)-4-methylpentan-1-
one (C1), 2-[(3-methylbutoxy) carbonyl] benzoic acid (C2)
(George & Abrahamse, 2019). MCF-7 cell viability was
shown to decrease after treatment with chemicals C1 and

were

C2. The impact of these substances on cell survival was
assessed using the trypan blue viability test. Both C1 and
C2 produced a dose-dependent reduction in cell viability,
with ICso values determined at 4.69 pg/mL for C1 and 8.36
pg/mL for C2. MCF-7 cells treated with a higher
concentration of compound C1 showed a significant
decrease in cell count, with cell viability of 21.75%, while
those treated with a higher concentration of compound C2
showed cell viability of 48.25% (George & Abrahamse,
2019).

The conducted study with the methanolic seed extract of
Rubus idaeus L., cytotoxic effects of methanol extracts
from R. idaeus L. seeds on severalhuman cancer celllines
were evaluated (Simonovic et al., 2021). According to the
National Cancer Institute guideline, crude extracts with an
ICs0 value below 30 pg/mL are considered active (Mbaveng
et al., 2019). At effective concentrations (IC5,<30 pg/mL),
the methanol extract of R. idaeus L seeds was found to
inhibit the growth of A-549 lung cancer cells (Simonovic et
al., 2021).

The cytotoxic effects of methanol extracts from R. idaeus
fruits were evaluated on the hormone-dependent ovarian
cancer cell line CHO-K1 using the MTS assay. Methanol
extracts were prepared using two different extraction
techniques: soxhlet and microwave-assisted extraction,
with their efficiencies in producing phytochemical extracts
being compared. R. idaeus extract obtained through the
soxhlet method showed cytotoxicity toward CHO-K1 cells
at a concentration of 50 pg/mL. However, the extract
produced via microwave-assisted extraction did not show
cytotoxicity at 1000 pg/mL (Ryan Deweese et al., 2021).

Conclusions

This review has explored the findings related to the
chemical composition and biological effects of Rubus
species. In numerous studies, the bioactive components
of Rubus species, including ellagitannins, phenolic acids,
flavonoids and anthocyanins, have been demonstrated
anti-inflammatory, anti-cancer, anti-microbial, and
antioxidant properties. These compounds are the main
contributors to the biological activities of Rubus species.
The chemical diversity within Rubus species enhances
their potential therapeutic effects and supports the
pharmacological use of extracts obtained from these

plants.
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Better understanding of the structural and functional
aspects of these bioactive compounds highlights the
importance of Rubus species in promoting public health
and suggests their promise in future drug discovery.
Additionally, further researchs on the bioavailability and
biotransformation of these compounds is essential to
increase their effectiveness and supporting their clinical
applications.

Author contributions

Deniz Oylumlu, Ali Sen: Collection and compilation of data,
writing of the manuscript. Ali Sen: Review and editing of the
manuscript. Deniz Oylumlu, Ali Sen: Correction and analysis of
chemical compounds. Deniz Oylumlu, Ali Sen: Designing,
supervising and editing of the manuscript. Deniz Oylumlu, Ali Sen:
Allauthors read and approved the final manuscript.

Declaration of interests

The authors declare that there is no conflict of interest.

References

Akylz, M. (2022). The
anticholinesterase and antioxidant properties of ethanol and

determination of antidiabetic,
water extracts of blackberry (Rubus fruticosus L.) fruits at
different maturity stages. South African Journal of Botany, 151,
1035-1048. https://doi.org/10.1016/j.sajb.2022.11.012

Albert, C., Codina, G. G., Héjja, M., Andras, C. D., Chetrariu, A., &
Dabija, A. (2022). Study of antioxidant activity of garden
blackberries (Rubus fruticosus L.) extracts obtained with
different extraction solvents. Applied Sciences, 12(8), 4004.
https://doi.org/10.3390/app 12084004

Alvarez, G.E. G., & Hurtado, N. C. (2024). Secondary metabolites
expressed in the fruits of Rubus glaucus Benth grown in
Colombia as a defense mechanism against Peronospora
sparsa. Scientia Horticulturae, 326.
https://doi.org/10.1016/j.scienta.2023.112754

Assafiri, O., Abdallah, H., & El-Dakdouki, M. (2020). Antibacterial
effectand phytochemicalanalysis of the shoot system of Rubus
canescens DC. growing in Lebanon. BAU Journal - Science and
Technology, 2(1). https://doi.org/10.54729/2706-784X.1050

Badr, A. M., El-Demerdash, E., Khalifa, A. E., Ghoneim, A. I,
Ayoub, N. A., & Abdel-Naim, A. B. (2009). Rubus sanctus
protects against carbon tetrachloride-induced toxicity in rat
isolated hepatocytes: isolation and characterization of its
galloylated flavonoids. Journal of Pharmacy and Pharmacology,
617(11), 1511-1520.

Bhatt, S. C., Naik, B., Kumar, V., Gupta, A. K., Kumar, S., Preet, M.
S., Sharma, N., & Rustagi, S. (2023). Untapped potential of non-
conventional rubus species: bioactivity, nutrition, and

livelihood opportunities. In Plant Methods (Vol. 19, Issue 1).

BioMed Central Ltd. https://doi.org/10.1186/s13007-023-

01094-y

Bhuyan, B., & Dutta, A. (n.d.). A review on the phytochemical,
pharmacological and traditional profile on the Rubus Genus in
north-eastern and western parts of India. In Current Trends in
Pharmaceutical Research. www.dibru.ac.in/ctpr

Bolatkyzy, N., Nurmakhanova, A. S., Berganaeva, G. E., &
Dyusebaeva, M. A. (2024). Study of the chemical composition of
the Rubus vulgaris plant. Chemical Journal of Kazakhstan, 1,
77-88. https://doi.org/10.51580/2024-1.2710-1185.08

Burlando, B., Cornara, L., & Boggia, R. (2023). Nutraceutical
potential of high-latitude and high-altitude berries rich in
ellagitannins. Current Medicinal Chemistry, 30(19), 2121-2140.
https://doi.org/10.2174/0929867329666220224151938

Candela, R. G., Lazzara, G., Piacente, S., Bruno, M., Cavallaro, G.,
& Badalamenti, N. (2021). Conversion of organic dyes into
pigments: Extraction of flavonoids from blackberries (Rubus
ulmifolius) and stabilization. Molecules, 26(20).
https://doi.org/10.3390/molecules26206278

Cechovigieng, I., Viskelis, J., Viskelis, P., Hallman, E., Kruk, M., &
Tarasevigiené, Z. (2024). Potentially bioactive compounds and
sensory compounds in by-products of several cultivars of
Blackberry (Rubus fruticosus L.). Horticulturae, 10(8), 862.
https://doi.org/10.3390/horticulturae10080862

Choi, G. J., Kang, H., Lee, O. H., & Kwon, J. W. (2023). Effect of
immature Rubus occidentalis on postoperative pain in a rat
model. Medicina (Lithuania), 59(2).
https://doi.org/10.3390/medicina59020264

Das, H., Samanta, A. K., Kumar, S., Roychoudhury, P., Sarma, K.,
Akter, F., Subudhi, P. K., & Dutta, T. K. (2021). Exploration of
antimicrobial, antibiofilm and antiquorum sensing activity of
the Himalayan yellow raspberry (Rubus ellipticus) against
clinicalisolates of Escherichia coliand Staphylococcus aureus.
Indian Journal of Animal Research,
https://doi.org/10.18805/1JAR.B-4514

De Santis, D., Carbone, K., Garzoli, S., Laghezza Masci, V., &
Turchetti, G. (2022). Bioactivity and chemical profile of Rubus
idaeus L. leaves steam-distillation extract. Foods, 77(10), 1455.
https://doi.org/10.3390/foods11101455

Deliorman Orhan, D., & Hosbas Coskun, S. (2019). The
antioxidant activities and total phenol contents of eleven
Turkish medicinal plants. Journal of Gazi University Health

Sciences Institute, 1(1), 1-9.

George, B. P., & Abrahamse, H. (2019). Increased oxidative stress
induced by Rubus bioactive compounds induce apoptotic cell
death in human breast cancer cells. Oxidative Medicine and
Cellular Longeuvity, 2019.
https://doi.org/10.1155/2019/6797921


https://doi.org/10.1016/j.sajb.2022.11.012
https://doi.org/10.3390/app12084004
https://doi.org/10.1016/j.scienta.2023.112754
https://doi.org/10.54729/2706-784X.1050
https://doi.org/10.1186/s13007-023-01094-y
https://doi.org/10.1186/s13007-023-01094-y
http://www.dibru.ac.in/ctpr
https://doi.org/10.51580/2024-1.2710-1185.08
https://doi.org/10.2174/0929867329666220224151938
https://doi.org/10.3390/molecules26206278
https://doi.org/10.3390/horticulturae10080862
https://doi.org/10.3390/medicina59020264
https://doi.org/10.18805/IJAR.B-4514
https://doi.org/10.3390/foods11101455
https://doi.org/10.1155/2019/6797921

Grochowski, D. M., Uysal, S., Zengin, G., & Tomczyk, M. (2019). In
vitro antioxidant and enzyme inhibitory properties of Rubus
caesius L. International Journal of Environmental Health
Research, 29(3), 237-245.
https://doi.org/10.1080/09603123.2018.1533532

Glner, A., Aslan, S., Ekim, T., MVural, & M Babag. (2012). Turkiye
bitkileri listesi // bizimbitkiler.org.tr - Nezahat Gokyigit Botanik
Bahgesi - 2013. Nezahat Gokyigit Botanik Bahgesi ve Flora
Arastirmalari Dernegi Yayini.

He, B., Dai, L., Jin, L., Liu, Y., Li, X., Luo, M., Wang, Z., & Kai, G.
(2023). Bioactive components, pharmacological effects, and
drug development of traditional herbal medicine Rubus chingii
Hu (Fu-Pen-Zi). Frontiers in Nutrition, 9.
https://doi.org/10.3389/fnut.2022.1052504

Hering, A., Stefanowicz-Hajduk, J., Hatasa, R., Olech, M., Nowak,
R., Kosinski, P., & Ochocka, J. R. (2022). Polyphenolic
characterization, antioxidant, antihyaluronidase and

antimicrobial activity of young leaves and stem extracts from

Rubus caesius L. Molecules, 27(19), 6181.

https://doi.org/10.3390/molecules27196181

HL, R. (2019). Antidiabetic and Antioxidant Activity of Rubus
apetalus Poir. and Rubus steudneri Schweinf. Leaf Extract on
Alloxan Induced Diabetes Mellitus. Article in Journal of
Bioanalysis & Biomedicine, 11(2), 149.

Hua, Y. J., Xie, F., Mao, K. jun, Luo, Y. Y., & Ding, Y. J. (2023).
Insights into the metabolite profiles of Rubus chingii Hu at
different developmental stages of fruit. Journal of Separation
Science, 46(16). https://doi.org/10.1002/jssc.202300264

Hummer, K. E. (2010). Rubus Pharmacology: Antiquity to the
Present. HortScience horts, 45(11), 1587-1591.

Huo, Y., Zhao, X., Zhao, J., Kong, X., Li, L., Yuan, T., & Xu, J. (2021).
Hypoglycemic effects of Fu-Pen-Zi (Rubus chingii Hu) fruit
extracts in streptozotocin-induced type 1 diabetic mice. Journal
of Functional Foods, 87.
https://doi.org/10.1016/].jff.2021.104837

Ispiryan, A., Atkociuniene, V., Makstutiene, N., Sarkinas, A.,
Salaseviciene, A., Urbonaviciene, D., Viskelis, J., Pakeltiene, R.,
& Raudone, L. (2024). Correlation between Antimicrobial
Activity Values and Total Phenolic Content/Antioxidant Activity
in Rubus idaeus L. Plants, 13(4), 504.
https://doi.org/10.3390/plants 13040504

Jaradat, N., Dwikat, M., Amer, J., Hawash, M., Hussein, F., Qneibi,
M., Issa, L., Asab, J. A., Hallak, H., Arar, D. N., Masri, H. Z.,
Obeid, K., Sharabati, M., & Kittaneh, R. (2021a). Anticancer,
Free Radicals, and Digestive Enzyme Inhibitory Activities of
Rubus sanctus Schreb Root Four Solvent Fractions. Evidence-
Based Complementary and Alternative Medicine, 2021.
https://doi.org/10.1155/2021/6690646

Oylumlu and Sen

Jaradat, N., Dwikat, M., Amer, J., Hawash, M., Hussein, F., Qneibi,
M., Issa, L., Asab, J. A., Hallak, H., Arar, D. N., Masri, H. Z.,
Obeid, K., Sharabati, M., & Kittaneh, R. (2021b). Anticancer,
Free Radicals, and Digestive Enzyme Inhibitory Activities of
Rubus sanctus Schreb Root Four Solvent Fractions. Evidence-
Based Complementary and Alternative Medicine, 2021.
https://doi.org/10.1155/2021/6690646

Kashchenko, N. I., Olennikov, D. N., & Chirikova, N. K. (2021).
Metabolites of Siberian Raspberries: LC-MS Profile, Seasonal
Variation, Antioxidant Activity and, Thermal Stability of Rubus
matsumuranus Phenolome. Plants, 10(11), 2317.

https://doi.org/10.3390/plants10112317

Kim, H., Jung, Y. S., Song, N. E., Yoo, M., Seo, D. H., Kim, H. S., &
Nam, T. G. (2024). Ultrasound-assisted extraction of major
anthocyanins in Korean black raspberries (Rubus coreanus
Miquel) using natural deep eutectic solvents. LWT, 799.
https://doi.org/10.1016/j.lwt.2024.116121

Kong, Y., Hu, Y., Li, J., Cai, J., Qiu, Y., & Dong, C. (2022). Anti-
inflammatory Effect of a Novel Pectin Polysaccharide From
Rubus chingii Hu on Colitis Mice. Frontiers in Nutrition, 9.
https://doi.org/10.3389/fnut.2022.868657

Kopjar, M., Raucher, D., Lila, M. A., & Simunovig, J. (2024). Anti-
Glioblastoma Potential and Phenolic Profile of Berry Juices.
Processes, 12(2). https://doi.org/10.3390/pr12020242

Kumazawa, S., Kurihara, S., Kubota, M., Muto, H., & Hosoya, T.
(2024). Anthocyanins and the Antioxidant Capacities of Wild
Berries that Grow in Shizuoka, Japan. International Journal of
Fruit Science, 24(1), 166-173.
https://doi.org/10.1080/15538362.2024.2348716

Li, K., Zeng, M., Li, Q., & Zhou, B. (2019). Identification of
polyphenolic composition in the fruits of Rubus chingii Hu and
its antioxidant and antiproliferative activity on human bladder

T24 cells. of Food Measurement and

Characterization, 13(1), 51-60.

https://doi.org/10.1007/s11694-018-9918-x

cancer Journal

Liu, M., Wang, P., Zhao, B., Gao, X., Meng, N., Li, J., Sun, J., Lu, W.,
& Sun, B. (2024). Chemical components and health benefits of
Rubus suavissimus S. Lee (Chinese sweet tea) and the
production method of rubusoside. Trends in Food Science &
Technology, 143, 104252.
https://doi.org/10.1016/].tifs.2023.104252

Liu, M., Wu, S., Wu, Y., Zhang, J., Chen, J., Peng, X., Yang, Q., Tan,
Z., & Zeng, Z. (2023). Rubus suavissimus S. Lee Extract
Alleviates Oxidative Stress and Inflammation in H202-Treated
Retinal Pigment Epithelial Cells and in High-Fat Diet-Fed Mouse
Retinas. Frontiers in Bioscience - Landmark, 28(11).

https://doi.org/10.31083/j.fbl2811279

Liu, Z., Mi, Z., Han, N., Zhai, J., Li, S., & Yin, J. (2023). Diterpenoid
glucosides with anti-inflammatory activity from Rubi Fructus.
Fitoterapia, 164, 105325.
https://doi.org/10.1016/j.fitote.2022.105325

37


https://doi.org/10.1080/09603123.2018.1533532
https://doi.org/10.3389/fnut.2022.1052504
https://doi.org/10.3390/molecules27196181
https://doi.org/10.1002/jssc.202300264
https://doi.org/10.1016/j.jff.2021.104837
https://doi.org/10.3390/plants13040504
https://doi.org/10.1155/2021/6690646
https://doi.org/10.1155/2021/6690646
https://doi.org/10.3390/plants10112317
https://doi.org/10.1016/j.lwt.2024.116121
https://doi.org/10.3389/fnut.2022.868657
https://doi.org/10.3390/pr12020242
https://doi.org/10.1080/15538362.2024.2348716
https://doi.org/10.1007/s11694-018-9918-x
https://doi.org/10.1016/j.tifs.2023.104252
https://doi.org/10.31083/j.fbl2811279
https://doi.org/10.1016/j.fitote.2022.105325

38

A review on the genus Rubus

Mbaveng, A. T., Damen, F., Simo Mpetga, J. D., Awouafack, M. D.,
Tane, P., Kuete, V., & Efferth, T. (2019). Cytotoxicity of Crude
Extract and Isolated Constituents of the Dichrostachys cinerea
Bark towards Multifactorial Drug-Resistant Cancer Cells.
Evidence-Based Complementary and Alternative Medicine,
2019. https://doi.org/10.1155/2019/8450158

Mohammad Rahimi, H., Khosravi, M., Hesari, Z., Sharifdini, M.,
Mirjalali, H., & Zali, M. R. (2020). Anti-Toxoplasma activity and
chemical compositions of aquatic extract of Mentha pulegium
L. and Rubus idaeus L.: An in vitro study. Food Science and
Nutrition, 8(7), 3656-3664. https://doi.org/10.1002/fsn3.1648

Muniyandi, K., George, E., Sathyanarayanan, S., George, B. P.,
Abrahamse, H., Thamburaj, S., & Thangaraj, P. (2019).
Phenolics, tannins, flavonoids and anthocyanins contents
influenced antioxidant and anticancer activities of Rubus fruits
from Western Ghats, India. Food Science and Human Wellness,
8(1), 73-81. https://doi.org/10.1016/j.fshw.2019.03.005

Paczkowska-Walendowska, M., Gosciniak, A., Szymanowska, D.,
Szwaijgier, D., Baranowska-Wojcik, E., Szulc, P., Dreczka, D.,
Simon, M., & Cielecka-Piontek, J. (2021). Blackberry leaves as
new functional food? Screening antioxidant, anti-inflammatory
and microbiological activities in correlation with phytochemical

analysis. Antioxidants, 10(12).
https://doi.org/10.3390/antiox10121945
Pancholi, B., & Rana, A. C. (2020). Traditional Uses,

Phytochemistry and Pharmacological Aspects of Rubus niveus
thumb Plant — A Review. The Journal of Phytopharmacology,
9(6), 438-444. https://doi.org/10.31254/phyt0.2020.9610

Pizzi, A. (2021). Tannins medical / pharmacological and related
applications: A critical review. Sustainable Chemistry and
Pharmacy, 22. https://doi.org/10.1016/j.scp.2021.100481

Pyeon, S., Kim, O. K., Yoon, H. G., Kim, S., Choi, K. C., Lee, Y. H.,
Lee, J., Park, J., & Jun, W. (2021). Water extract of Rubus
coreanus prevents inflammatory skin diseases in vitro models.
Plants, 10(6). https://doi.org/10.3390/plants 10061230

Rambaran, T. F., & Ginigini, J. (2020). Essential oil profiles of two
Rubus varieties and the antimicrobial activities and lethality of
their extracts. ~ 1 ~ American Journal of Essential Oils and

Natural Products, 8(3). www.essencejournal.com

Rambaran, T. F., Nembhard, N., Bowen-Forbes, C. S., &
Alexander-Lindo, R. L. (2020). Hypoglycemic effect of the fruit
extracts of two varieties of Rubus rosifolius. Journal of Food
Biochemistry, 44(9). https://doi.org/10.1111/jfbc.13365

Ryan Deweese, Ryan Hunter, Connor Davey, Christina Stacy,
Dorota Abramovitch, Diana Ivankovic, & Donna Weinbrenner.
(2021). Cytotoxic Effects of Trifolium pratense, Baptisia
australis, and Rubus idaeus Extracts on CHO-K1 Cells. GSC
Advanced Research and Reviews, 8(1), 128-139.
https://doi.org/10.30574/gscarr.2021.8.1.0149

Salah-Eldin, A. A., Ibrahim, H. H., & Ali, M. R. (2024). Antimicrobial
and therapeutic potentials of the blackberry extracts against
Escherichia coli infection in male albino rats. Journal of the
Science of Food and Agriculture, 104(13), 7776-7787.

https://doi.org/10.1002/jsfa.13572

Schmidt-Duran, A., Calvo-Castro, L. A., Alvarado-Ulloa, C.,
Acosta-Montoya, O., & Rodriguez-Monroy, M. (2023). Cell
suspension cultures for the production of antioxidant phenolic
compounds: experiments with tropical highland blackberry
(Rubus adenotrichos Schltdl. cv. Vino). Plant Cell, Tissue and
Organ Culture, 152(3), 669-676.
https://doi.org/10.1007/s11240-022-02428-9

Schulz, M., Seraglio, S. K. T., Della Betta, F., Nehring, P., Valese,
A. C., Daguer, H., Gonzaga, L. V., Costa, A. C. O., & Fett, R.
(2019). Blackberry (Rubus ulmifolius Schott):
composition, phenolic compounds and antioxidant capacity in
two edible stages. Food Research International, 122, 627-634.
https://doi.org/10.1016/j.foodres.2019.01.034

Chemical

Shoukat, S., Mahmudiono, T., Al-Shawi, S. G., Abdelbasset, W. K.,
Yasin, G., Shichiyakh, R. A., Iswanto, A. H., Kadhim, A. J.,,
Kadhim, M. M., & Al-Rekaby, H. Q. (2022). Determination of the
antioxidant and mineral contents of raspberry varieties. Food
Science and Technology, 42.

https://doi.org/10.1590/fst.118521

Simonovic, M., Kojic, V., Jakimov, D., Glumac, M., & Pejin, B.
(2021). Raspberry seeds extract selectively inhibits the growth
of human lung cancer cells in vitro. Natural Product Research,
35(13), 2253-2256.
https://doi.org/10.1080/14786419.2019.1666391

Subba, B., Gaire, S., & Raj Sharma, K. (2019). Analysis of Phyto-

Constituents, Antioxidant, and Alpha Amylase Inhibitory
Activities of Persea Americana Mill., Rhododendron Arboretum
Sm. Rubus ellipticus Sm. from Arghakhanchi District Nepal.
Asian Journal of Pharmaceutical and Clinical Research, 12(1),

301. https://doi.org/10.22159/ajpcr.2019.v12i1.29679

VandenAkker, N. E., Vendrame, S., Tsakiroglou, P., McGilvrey, M.,
& Klimis-Zacas, D. (2021). Whole Red Raspberry (Rubus
idaeus)-Enriched Diet Is Hepatoprotective in the Obese Zucker
Rat, a Model of the Metabolic Syndrome. Journal of Medicinal
Food, 24(8), 817-824. https://doi.org/10.1089/jmf.2020.0130

Vega, E. N., Molina, A. K., Pereira, C., Dias, M. I., Heleno, S. A,,
Rodrigues, P., Fernandes, |. P., Barreiro, M. F., Stojkovi¢, D.,
Sokovié, M., Carocho, M., Barreira, J. C. M., Ferreira, . C. F. R,
& Barros, L. (2021). Anthocyanins from Rubus fruticosus L. And
Morus nigra L. applied as food colorants: A natural alternative.
Plants, 10(6). https://doi.org/10.3390/plants10061181

Veligkovié, 1., Zivkovig, J., Stojkovi¢, D., Sokovic, M. D., Marin, P.
D., & Gruji¢, S. (2021). Evaluation of Antioxidant, Antimicrobial
and Potential Food Preserving Properties of Rubus discolor
(Rosaceae) Fruit Extracts. Natural Product Communications,
16(4). https://doi.org/10.1177/1934578X211009692

Wairegi, L. (2024).
Compendium.
https://doi.org/10.1079/cabicompendium.47995

Rubus fruticosus (blackberry). CABI



https://doi.org/10.1155/2019/8450158
https://doi.org/10.1002/fsn3.1648
https://doi.org/10.1016/j.fshw.2019.03.005
https://doi.org/10.3390/antiox10121945
https://doi.org/10.31254/phyto.2020.9610
https://doi.org/10.1016/j.scp.2021.100481
https://doi.org/10.3390/plants10061230
http://www.essencejournal.com/
https://doi.org/10.1111/jfbc.13365
https://doi.org/10.30574/gscarr.2021.8.1.0149
https://doi.org/10.1002/jsfa.13572
https://doi.org/10.1007/s11240-022-02428-9
https://doi.org/10.1016/j.foodres.2019.01.034
https://doi.org/10.1590/fst.118521
https://doi.org/10.1080/14786419.2019.1666391
https://doi.org/10.22159/ajpcr.2019.v12i1.29679
https://doi.org/10.1089/jmf.2020.0130
https://doi.org/10.3390/plants10061181
https://doi.org/10.1177/1934578X211009692
https://doi.org/10.1079/cabicompendium.47995

Whaley, A. K., Ponkratova, A. O., Orlova, A. A., Serebryakov, E. B.,
Smirnov, S. N., Proksh, P., lonov, N. S., Poroikov, V. V., &
Luzhanin, V. G. (2021). Phytochemical Analysis of Polyphenol
Secondary Metabolites in Cloudberry (Rubus chamaemorus L.)
Leaves. Pharmaceutical Chemistry Journal, 55(3), 253-258.
https://doi.org/10.1007/s11094-021-02407-y

Yousefbeyk, F., Ghasemi, S., Evazalipour, M., Dabirian, S.,
Schubert, C., Hekmatnia, S., Habibi, Y., Eghbali Koohi, D., &
Bohm, V. (2022). Phytochemical analysis, antioxidant,
antibacterial, and cytotoxic activities of leaves and roots of
Rubus hyrcanus Juz. European Food Research and Technology,
248(1), 141-152. https://doi.org/10.1007/s00217-021-03866-z

Oylumlu and Sen

Zhao, F., Zhao, H., Wu, W., Wang, W., & Li, W. (2023). Research

on Anthocyanins from Rubus “Shuofeng” as Potential
Antiproliferative and Apoptosis-Inducing Agents. Foods, 12(6).

https://doi.org/10.3390/foods12061216

39


https://doi.org/10.1007/s11094-021-02407-y
https://doi.org/10.1007/s00217-021-03866-z
https://doi.org/10.3390/foods12061216

